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Manual Guard Duty, United States Army, 214.
Matiual of Irrigation Engineering. 314, 509.
Massachusctis Institute of Technology, Prospectus

of, 58.

Master Car & Locomotive Painters' Association of
the United Slates and Canada, Proceedings of

the 2^d Annual Conveniion, 57.
Master Car & Locomotive Painters* Association,

23d Annual Convention, 57.
Master Car-Builders' Association, Twenty-seventh

Annual Report, 555.
McSherry Manufacturing Company, Catalogue of,

162.

Measurement of Electric Currents, 214.
Mesiibi Iron Range in Minnesota, The, no.
Metal Working Machine Tools, also Sleam Ham-

mers, Hydraulic Machinery, etc., Illustrated
Catalogue of, 461.

Mexico? Si Sefior. 362.
Modern Electric, Steam and Hand Cranes, 162.

Modern Traveling Crane, 363.
Molesworth's Pocket-Book of Engineering For-

mulae, 412.

Monographs of the United Slates Geological Sur-
vey, 412.

Mupicipal Improvements, 214, 314-

Nebraska City Bridge, The, 507.
New Process Balls, 315.

New York Central & Hudson River Railroad Looo-
moiives, 413.

New York Equipment Company Calendar, 58.

New York Safely Steam Power Co. Catalogue, 556.
North American Review, 6, 57.
Notes on the Year's Naval Progress, 5.

Objects of Interest to Engineers and Others, 509.
Oflicial Railway List, 362, 412.
Original Papers on Dynamo Machinery and Allied

Subjects, 5.

Our Exhibit, World's Columbian Exposition, Brown
& Sharpe Manufacturing Comp-my, 413.

Outing, 6, 57.

Overland Monthly. 7, 57.

Papers on the Subject of Steel Railway Ties, Ex-
tracts from Vaiious, 362.

Papers Regarding the C"nsumption of Wood for

Railroad Ties, Extracts from VaNous, 362.

Pintsch System of Car Lighting by Compressed Oil
Gas, 556.

Pittsburgh Locomotive Works Evhihit at the
World's Columbian F«xhibilion, 412.

Poole & Son Company, Robert, 362.

Poor's Hand-Book of Investment Securities, 57.

Poor's Manual of the Railroads of the United States
for 1893, 412.

Popular Science Monthly, 7, 57.
Practical Engineer, 'J he, 714.

Practical Treatise on Voundalions, 57, 362, 508.

Prpceedincs of a National Convention of Railroad
Commissioners, -^62.

Proceedings of the Twenty-third Annual Conven-
tion of ihe Master Car-Painters' Association of

the United States and Canada, Held at De-
troit, Sept. 14, 15 and 16, 1892, 57.

Proceedings of a National Convention of Railroad
Commissioners, 509.

Professional Papers of the Corps of Roya-I Engi-
neers, 162, 214.

Professional Papers of the Corps of Engineers of

the United States Army, 412.

Pumping Machinery. 265, 313.

Railroad Commission of California on Freight
Rates, Report to, 58.

Railway, Steamship and Stationary Engine Appli-
ances, Catalogue of, 413.

Reference Map of the United States, 362.

Rensselaer Polytechnic Institute Hand-Book of

Information, 509.
Report of the Chief of the Bureau of Medicine and

Surgery to the Secretary of the Navy, 1892, 58.

Report of the United Stales National Museum, un-
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der the Direction of the Smithsonian Institute,

for the Year ending June 30, 1892, i6^.

Report to the Railroad CcmmfShion of California
upon Just and EquitaWe Rates of Freights and
Fares for the Railroads of California, 58.

Results of Tests of Crucible, Basic and Galvanized
Basic Steel VVire Ropes and Basic Steel Wire
Rods, 7.

Riehle Brothers Testing Machine Company, 460.
River Pollutioii and River Purification, 7.

Rogers Locomotive Company, 413.
Root Improved Water-'l"ube Boiler, 411.
Rules and Regulations Governing Freight Traffic,

214.

Schutte & CompaHy, L.. 459.
Science of Mechanics, The, 510.
Scnbner's Magazine, 7, 57.
Selected Papers of the Institution of Civil Engi-

neers, 7.

Sewage Treatment and Sludge Disposal, 214.
Siemens & HaUke Electric Co. of America, 510.
Sioux City, its Commerce and Manufactures, 59.
Sixth Annual Report of the Interstate Conimerce

Commis?;ion, December, 1892, 58;
Slide Rule. 362.
Standard Steel Works, 316.
Steam Engine Indicator, Practical Instruction Re-

lating to the Construction and Use of, 555.
Steel Castings, The Pittsburgh Steel Casting Com-

pany, Pittsburgh, Pa., Catalogue of, 7.

Stevens and his Sons, John, Early American En-
gineers, 7.

Stone, 7.

Stresses in Statically Indeterminate Structures, 109.
Surveying Instruments and their Uses, 556.
Switch Layouts and Curve Easements, 214.

Tables for the Computation of Railway and Other
Earthwork.

Technical Society of the Pacific Coast, Transac-
tions, 58.

Tenth Annual Report of the Board of Railroad
Commissioners of Kansas for the Year ending
December i, 1892, i6r.

The Chilian Revolution of 1891, 412.
The Coal Trade, 411.
The Compass, 412.
The Delamatcr Iron Works of New York, 459.
The Edward P. Allis Company Reliance Works, 4O0.
The Great Lakes Register of Shipping. 412.
The Law of Incorporated Companies Operating un-

der Municipal Franchises, 412.
The Mesabi Iron Range in Minnesota, no.
The Michigan Enginacrs' Annual, Containing Pro-

ceedings of the Michigan Engineering Society
for 1893, 412.

The Niles Tool Works, 460.
Theory and Practice of Modern Frame Structures,

554-
Theory of Structure and Strength of Materials, 108,

Timber Physics, 362.

Tips to Inventors, 6.

Transactions of the American Institute of Electri-
cal Engineers, 214.

Transactions of the Liverpool Engineering Society,

509-

Transactions of the Technical Society of the Pacific
Coast, Volume IX, No. ir. 58.

Transition Curve by Offsets and by Deflection An-
gles, S09.

Transportation, 507.
Treatise on Gear Wheels, 161.

Triangular Surveys from Single Stations, 214.
Turret Machinery, Catalogue of, 363.
Twenty- fourth Annual Report of the Board of

Railroad Commissioners of the Coinmonweallli
of Massachusetts, 162.

Twenty-third Annua! Report of the State Board
of Health of Massachusetts, 7.

United States Geological Survey, 263, 412.

Visitors' Directory to the Encineering Works and
Industries of Cleveland. O., 362.

Ward's Patent Sectional Safety High Pressure
Boiler, 363.

Water Tower, pumping and Power Station De-
signs. 160.

Watson & Stillman, Catalogue, 58.
Wells Balanced Marine Engines, 364.
Weir Frog Cf>mpany, 413.
White Lead, What we Know about it and its Sub-

stitutes, 109.

Whitney & Sorts, Messrs. A., 510,
Worcester Drill Grinder, 413.
World's Columbian Exposition at Chicago, 509.
Worth ington Steam-Pumping Machinery at the

World's Columbian Exhibition, 413.

MISCELLANEOUS ARTICLES.

Accidents to Locomotive Engineers and Firemen,
197, 248, 301, 351. 401. 449, 494, 543, 591.

Accidents to Work People, 128.

Aerial NavigatioH at the Columbian Fxposition, 82.

Aerial Navigation, The Conference on, 415.
Air Ship, Professor Langley's, 207.

Aluminum and its Futnre Applications, Techni-
cal Importance of, 369.

American Railway Association on the Labor Ques-
tion, President Haines of the, 574.

A Real Work of the Geological Survey, 23.
Argentine Governtnent z-ersus Railways, 455.
Armor TriaJs at Indian Head, 49S.
Artillery, Germany's New, 285.
Atlantic Greyhounds, Evolution of the, 587.
Atmospheric Air, Liquefied, 176.

Balls, Forged Steel, 49.
Baltimore & Ohio Exhibit at the World's Fair, 90.
Belknap Motors at the Fair. 502.
Blue Printing in Cloudy Weather, Rapid, 124.
Boiler Inspection, Some Thoughts on, 193.
Boilers, Care of Marine, 535.
Boiler, The Multitubular, 472.
Brass on Annealing, Influence of Temperature on

the Mechanical Properties of, 399.
Bridge, Oregon's Cantilever, 198.
British Railways, Hours of Labor on, 355.

Cable Railways, Curve Device, 398.
Caoutchouc Industry of Assam, 343.
Canal. The Corinth, 575.
Canals in India, 23.

Car Coupler Bill, 122.
Care of Brakes, Foundation, 138.

Care of Marine Boilers, 53;.
Cars, Weights and Dimensions of Certain Freight,

183.
Channel, The Lake, 21.

Chemical Work, Di^crapancy in, 144.
Chignecto Ship Railway, 131.
Chinese Imperwl Railway, The, 43J.
Coal, The Smokeless Combustion of. 182.

Calumljian Exposition, Aerial Navigation alt the,

82.

Columbian Exposition Notes, 31, 86.

Columbian Exhibition, 355,
Comparative Durability of Wooden and Metallic

Ties, 578.
Concrete, Strength of, 183.

Cot*ference on Aerial Navigation, 415,
Contributions to Practical Raijroad Information,

Mplhod of Determining Carbon in Ifion and
-§6?^'- 347. .^91 ; Method of D'terraining Free
"jpatjstic and Carbonated Alkali in Soaps, 199,
*5i ; Method of Determining Sulphift- in Steel,

413 ; Wethod of Determining Sulphur in Pig
and Wrought Iron, 579; Phosphorus in Steel.
16.

Corinth Canal, The, 573.
Corridor Trains, French, 521.
Corridor Trains, German, 333.
Curve Device for Cable Railways, 398.
Cylinder Condensation and Steam Engine Econ-

omy, 20.

Cylinder Sizes of Lake Engines, *23.

Delhi Water-Works, 77.

Detentions and Defects of Locomotives, Reports
of, 594.

Detentions to Trains from Defective Machinery,
Summary of Reports of, 548.

Distribution of Profits to Employees of H. K.
Porter & Co., 155.

Electrically Welded Steel Barrels. ^26.
Electric Car Lighting on the Northern Railway of

France, 126.

Electric Healer. An, 453.
Electric Mine Railway at Bleibcrg, in Carinlbia,

183.
Engineering Societies of America, 596.
Engineers in Wiirtemberg, Practical Training of,

516.
Engine Economy, Cylinder Condensation and

Steam, 20.

Engine, Novel, Triple-Expansion, 538.
Ejigines, Cylinder Sizes of Lake, 223.
Engines, Lubrication of Marine, 328.
Evolution of the Atlantic Greyhounds, 587.
Exposition Flyer, 358.

Flying Machine, Phillips's, 349.
Forged Steel Balls, 49.
Four Hundred Miles as the Crow Flies, 504.
Free Technical School, 47.
Flight Cars, Weights and Dimensions of Certain,

183.

French Corridor Trains, 525.

Geodetic Work in France. 72.
Geological Survey, Real Work of, 23.
German Corridor Trains, 333.
German Railways, The New Regulations on, 281.
Germans as Drummer*, The, 601.
Germany's New Artillery, 285.
Good Roads. The National League for, 34.
Guns, Nstes on Long, 601.

Haines, of the American Railway Association, on
the Labor Question, President, 574.

Hours of Labor on British Railways, 355.
Hydraulic Forging Press, Four-Thousand Ton,

133-

Influence of Temperature on the Mechanical Prop-
erties of Brass on Annealing, 399.

Iron, Effect of Temperature on the Strength of,

173-
Italian Progress'in Transportation Freight, 271.

Jack's Run Viaduct, 414.
John Bull, I'he, 214.

Krupp's Nickel Steel Cannon, 129.

Labor on British Railways, Houis of, 355.
Labor Question, Prcbident Haines, of the An eri-

can RailwayAssotiation, on the, 574.
Lake Channel, The, 21.

Lake Engines, Cylinder Sires of, 223.
Lamination in Metal, 232.
Langley's Air Ship, 207.
Launches for China, 398. 1

Liquefied Atmospheric Air, 176.

Locomotive Engineers and Firemen, Accidents to,
sot, 351, 401, 449, 494, 543, 591.

Locomotive Returns for September, 42.
Locomotive'Returns for the Month of October, ^92,

96.
Locomotive Returns for the Month of November,

92. 154 .

Locomotive Returns for the Month of December,
'92, 206.

Locomotive Returns for the Month of January,
'93- 258.

Locomotive Returns for the Month of February, '95,

300.
Locomotive Returns for the Month of March, '93,

35°-
Locomotive Returns for the Month of April, '9^,

400.
Locomotive Returns for the Month of May, '93,

448.
Locomotive Returns for the Month of June, '93,

496.
Locomotive Returns for the Month of July, '93,

544- .

Locomotive Returns for the Month of August, '93,

592.
Locomotives, Reports of Deteniions and Defe* ts

of. 594.
Locomotives on the New South Wales Railways,

English and American, 408.
Long Guns, Notes on, 601.
Lubrication of Marine Engines, 328.

Maddox Cotton and Wire Belting, 549.
Manganine, 498.
Manitou, A New Lake Steamer. 281.
Marine Boilers, Care of, 535,
Mechanical Science. 577.
Metallic Railroad Ties, Tests of, 25.
Metallic Ties, Comparative Durabilily of Wooden

and, 378.
Middlesbrough Salt Industry, 477.
Motion of Flowing Water, 132.
Multitubular Boiler, 472.

New Lake Steamer. The Manitou, 281.
New Regulations on German Railways, 2S1.
New York and Westinghouse Air-Brake Pumps,

Tests of the, 546.
New York Central Railroad Exhibit at Chicago,

254-
NovelTripIe-Expansion Engine, 538.

Oldest Railway in Germany, The, 437.

Paint for Lighthouses, 46.
Passenger Cars, Regulations of the Temperature

of, 225.
Pennsylvania Train Shed at Jersey City, Ventila-

tion of, 365.
Petroleum Mining at Mendoza, Argentine Repub-

lic, South America, 542.
Phillips's Flying Machine, 349.
Piles, Protecting, against the Tcfredo Navalis on

the Louisville & Nashville Railroad, 563.
Pneumatic Tubes Abroad, 183.

Porter & Co., Distribution of Profits to Employes
of, 15s.
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Present Status of the United Stales Timber
Tests, 13.

Progress of Transatlantic Navigation, 337.
Progress in Flying Machines, 533, 580.

Protecting Piles agiunst the loredo Navalis on
the Louisville A: Nashville Railroad, 563.

Railroad Statistics, 72.

Rifles, The Manufacture of, 79.

Railway in Germany, The Oldest, 437.

Rear-end Collisions, Dangers from, 498.
Rolling Stock Statistics, 583.
Rowell-Potter Automatic System of Block Signals,

550.

Salt Industry, Middlesbrough, 477.
" Sandy Skirled Awa* and Drowned the Electrical

Piano," 511
'* Schnebelitc," a New Explosive, 537
Schneider's Nickel Steel Armor for Ku

S»7-

Nickel Steel Armor for Russia, Trial of,

School, Free Technical, 47.

Screw- Threads for France, A Proposed Uniform
System of, 584.

Selection and Treatment of Steel for Forgings,
The, 227.

Ships for the Lakes, New, 121.

Smelling and Casting Metals, A New Method of,

241.

Smokeless Combuslion of Coal. The. i8s.

Special Tools ol the DcKiware & Hud-on Canal
C.>mpany"s Sliop>» 170

Specilic Gravity with a Platform Scale, Obtaining,

Speeds. Some Exrreme, 22a.

Sicam Engine Economy, Cylinder Condensation
and, ao.

Steamer Manitou, The New Lake. a8l.

Steam Healing on the Ea&teru Railuay of Fiance,
406.

Steel Barrels, Elecirirally Welded, 326.

Steel for Forgings, The Selection and Treaimcnt
of. 227.

Strength of Concrete, 183.

Tanite Company's Exhibit of Abrasives at the
Chicago Exhibition, 551.

Technical Importance of Aluminum and Its Future
Applications. 369.

Tclc^tope. Naval Obseivatory, 155.
Teinpfratnrc of Passenger Cars, Regulation of the.

23$
Teniptr.ilurc on the Strength of lion. Effect of.

Tests of the New York and Westinghcnse Air-

r.rrtke I'unips, 546.

Tie-;, Comparative Durability of Wooden and
Metallic, 378.

Ties. Te^tv of Metallic Railroad, 25.
'1 imber Tehts, Present Status of the United States,

Toredo Navalis, Protecting Piles against the, on
the Louisville & Nashville Railroad, 563.

Train Detentions from Defective Machinery,
548.

Train Deieniions, 554.
Training of State Engineers in Wiirtemberg, Prac-

tical, 526.
Transatlantic Navigation, Progress of, 327.
Trials of the Vesuvius, 107.

Turpentine Gathering on the Timber of Longleaf
Pine, EfTect of, 137.

Ventilation. 368.

Ventilation lor the Pennsylvania Train Shed at

Jersey City, 365.
Vesuvius s Guns, Report on the, 170.

Vesuvius, Trials of the, 107.

War Ships under Construction, 120
Water Works, The Delhi, 77.

Westinghouse Air Brake Company's Exhibit, 405.
Westinghouse Air-Brake Pumps, 'lests of the New
York and, 546.

W'ooden and Metallic Ties, Comparative Dura-
bility of, 378.

World's Fair Route. 504.

PERSONAL NOTES.

Allen, A. A., 149.

Anderson, The Hon. T. H.,

Baker Submarine Boat, 9.

Beckler, E. H., 509.

Benson, Christopner, 101.

Boiler, Alfred P., 254.

Bradley, L. W., 254.
Buchanan, James, 599.

Campbell, R. B., 599
Chamberlain, Eugene, 101.

Clayton, Thomas G., 499.
Cook, W. L, 50.

Cooper, Theodore, 353.
Crocs, J. J. R., 50.

Dagrou. James G., 253.
Davis, Phineas, 599.
Dolbeer, Alonzo, 201.

Du Barry, Joseph N., 50.

Edwards, D. G., 499.
Ely, Theodore N., 301.

Flynn, P. J., 35,.
Folger, Commodore, 101.

Fouquet, John D., 547.
Frey, J. J., :49-

Frick, George, 101.

Fritz, John, 101.

Fry, W. H.. 353-

Gantt, H. L., 305.
Garlinghouse, F. L., 404.
Gavett, Blaine, 354.
Gilbert, Edward S., aoi.

Gillis, H. A., 149.

Goodwin. H. Stanley, loi.

Green, William, 499.

Halladay, J. C, 253.

Harris, Joseph S.. 149.

Harvey, Hayward A., 501.

Hasellon. George H., 599.
Hill, Eclward J, 253.

Hunt, Capl. Alfred E., 5».

Ironmonger, C, 305.

Johann, Jacob, 50.

Johnson, John Taylor, 254.
Johnson, Chas. Roberts, 499.

Jones, Frank, 404.

Kend tl, A. E., 305.
Kendrick, C. H., 201.

Kendrik, J. R.,2S4.

Lawler, C. M., aoi.

Loncrgan, P. T., 599.
Lewis, Frederick H., 101.

Lord, E. P., 305.

Macbeth, James, loi.

Manchester, A. E., 254.
Martin, Edward H., 101.

Mayo, Dudley D., 254.
McDonald, Hunter, 50,

Medway, John, 50.

McQueen, W'alier, 354.
Milholland, Henry A., 50.

Moidecal, Augustus, 50.

Mulcahy, R. K., 201,

Newberry. Prof. John Storey, 50.

Neale, D. H., 354.
Nickerson, Theodore, 547.

Odell, J. T., 599.
Ortton, John, 50.

Orlton, John, 149.

Peddle, Charles R., 254.
Pottinser, David, 50.

Renshaw, William, aoi.

Rogers, Jacob S., 254.
Rosenberg, F., 305.
Rudd, A. H., 149-
Russell, E. G.,201.
Ryan, J. J., 305.

Sargent, F. W., 50.

Schefller, Frederick A., 254.
Scheffler. F. A., 305.
Shoemaker, A. T., 50.

Siemens, Dr. Werner, 50.

Smith. Horace, loi.

Sockridgc, H. F,, 149.

Stephenson, John, 453.

Townc, Chief Engineer Nathan H., 101,

Tuttle, Lucius, 499,

Van Etten. Edgar, 149.

Van Smith, ]., 2^4.

Voorhees, I'heodore, 50.

Voorhees, Gen. Superintendent Theodore, 150.

Vose, Colonel Richard, 201.

Wall, Edward P., 354.
While, W. Howard, 149.
Whilmure, John, 404.

NOTES AND NEWS.

Advertisements Prohibited, 163.

Agricultural Implements in Sicily, 465.

Air-Brakes for Street Cars. 415.

Air Stcks for Wrecking, 450.

Ajax Metal Company incorporated, 156.

Akron Tool Company, 49. 501.

Aluminum Boats, 576.

Aluminum for Slate Pencils, 68.

Aluminum Soldering, 67.

Aluminum Cutter, 4^0.

American-English Screw Factory, 53.

American Forestry Association, io3.

American Institute of Mining Engineers, 51.

American Line of Steamers, 112.

American Railway Master Mechanics' Association,

Annual Convention, 3*^4,

American Society •( Civil Engineers, 51.102,148, 253,

American Society of Eleciri. al Engineers, 546.

American Society of Mechanical Engineers, 51. 598.

American Society of Naval Architects and Marine
Engineers, 51.

Ameiican Society of Naval Engineers, loa.

Ammonia Motor Again, 305.

Amphibious Boat, An, 451.

Amphitritc's Barbettes Completed, The. 120.

Appropriation for Flying Machine Experiments,

365-
Argentine Republic Railroads, 10.

Armor Plates. Large Contracts for. 89.

Armor-Plate Test lor the lexas, 305.

Association of Foremen Blacksmiths, 453.
Atlantic Derelict, 112.

Austrian Forestry, 67.

Automatic Block Signaling by the U--e of Incandes-

cent Larnp^, ^63.
Automatic Electric Signal Company, 97.

Bacterial Purification by Light, 113.

Baker, Offices of William C. 49-

Baldwin Locomotive Works, 97.
Baltimore & Ohio Depot at Siaten Isl..nd, 48.

Baltimore He Ohio Railroad, 256.

Bannockburn, The, 411.

Battleshi{) Iowa, 170.

Battlohip Oregon, 596*
Battleship Resolution, 450.

Battleships for the French Navy, 462.

Belt Railroad at Terrc Haute, Ind., 156

Bethlehem Iron Company's Exhibit, 350.

Bids for War Vessels, 596.
Bi-mrtallic Wire, 113.

Blowing lip Derelicts, 451.

Blowing up of Derelicts, 516.

Bonaventure, The, 452.

Books Handled by Machinery, no.
Booth, G.-irrett & Blair, 08.

Boring to a Depth of 6,560 ft., 559.

Borings for Prince Edward Island Tunnel, 9.

Bosphorus, Electric Lighting of the. 596.

Boston Society of Civil Engineers, 1481200,353,598.
Bow Rudder, 450.
Brick Pavement, 11,

Bridge at Duliith, no.
British Mercantile Marine, The, 451.

Broke htr Shaft. 116.

Broken Rails, 405.
Brooklvn, New Armored Cruiser, 89.

Buffalo, Rochester & Pittsburgh Railroad. 49.

Builders' Iron Foundry, 257.

Canal Project, A Ship, 596.

Carlisle Manufacturing Cempany, 97.
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Cambrian, The, 164.

Cast-Steel Bells, 365.

Chicago Korge & Bolt Company, 257.

Chicago Train Service, no.
Chignecto Sliip Railway, 'Ihe, 9.

Chloric Germicide, 9.

Civil Engineers' Club of Cincinnati, 598.

Civil Engineers' Club of Cleveland, 149.

Civil Engineers' Society of St. Paul, 10?, 253.

Closing of the Sault Ste. Marie Canal. 10.

Coal and the Channel 'I unnel, 201.

Coal in Arizona, m.
Coal for Uses on War Ships, Mo^t Suitable, 597.

Coal Mined ihr-aighoul the Wurld, 8.

Coal Supply ot Europe, 112.

Coaling at Sea. 517.

Coaling Vessels at Sea, 560.

Coast Defense. 89.

Colborne Maauf.icturing Company, Oliver, 204.

Columbia, Trial of the, 597.
Columbian Engineering Congress, 147.

Columbian Exposition Notes. 250.

Combination Tank Steamer, 116.

Condenser for Exhaust Steam, A Cheap, 560.

Condition of the Chicago, The, 517.

Congdcjn Brake Shoe Company, 49. ^

Consolidated Car Healing Company, 49.

Consolidation of ihe J. A. Fay and Egan Companies
of Cincinnati. 150.

Consumption cf Ccal, 111.

Copper Plating Ships' Bottoms, 596.
Copper Production in the United States in 1892, 63.

Correction, 415.
Cruiser Brooklyn, 35.

Cruiser Concord, 1 iq.

Crushed Steel, no.
Curious Clock, 357.
Curious Transformation of Brass, 163.

Dam of the Housatonic River, 11.

Deduction of a Right Line, 113,

Defense Nets, Test of, 596.

De Julio, 'Ihe. 165.

Destroyer to be Tested at Newport, The, 119.

Destruction of a California Dam, 11.

Destruction of Valuable Engines, iit.

Detection of Weak Smoke Tubes in Tram Locomo-
tives, 365.

Determination ef the Amount of Chromium in

Steel, 365.
Determinaiion of the Quality of Vulcanized Rub-

ber, 41s-
•

Diamond Machine Company, The, 204.

Dietz Passenger Uraw-Bar Company, 49.

Disappearance of Wooden Ve-^seis ol ttie Navy, 36.

Dixon Crucible Company, 1 he Joseph, 49.

Dixon Crucible Company, Joseph, 257.
Double Gun Carriage, 597.
Draining Lake Angeline, 49,
Drake Machine Works. J. C, 204.
Dry-I)ocks at Brooklyn and Pugct Sound to be

Lengthened, 119.

Dunkirk Engineering Company, 97.

Economy of Gas-Engines, 112.

Efficiency of Boilers, 163.

Electric Car Healer, 204.

Electric Feeder for the Gatling Gun. 463.
Electric Hoists for Whalcbacks. 597.
Electric Light in Shore Defense, 596.
Electric Lighthouse, Powerful, 596.
Electric Lighting, A Novelty in, 557.
Electric Lighting of the Bo&phorus, 596.
Electric Power for Seattle, 203.

Electric Railway under Paris, 557.
Ele.tric Stop, The, 307.

Electric Transmission of Power, 104.

Electrical Power m Switzeriaml, 559.
Electrically Controlled Clocks, 55S.

Electricity in the Navy, 120.

Engineering Association of the South, 149, 304, 353,
404, 547.

Engineering Society of the South, 305.
Engineering Society of Western Pennsylvania, 453.
Engineers' Club of Cincinnati, 102. 201, 304,403, 54D.

Engineers' Club of Minneapolis, 147.
Engineers* Club of Philadelphia, 201. 353, 598.
Engineers' Club of St. Louis. 147, 201, 546.
Engineers' Society of Western Pennsylvania, 304,

4031 547- ,

Engine, The Improved Greene, 205.

Ensign Manufacturing Company, The, 97.
Eppinger & Russell Creosoting Works, 256,

European Coal Fields, 356.
Exhibition Number of *' Scribner's," no.
Export of Steel from the United States, 9.

Fast Atlantic Line for Canada, 114.

Fast Boat, 113.

Fast Torpedo Boats. 114.

Fay ife Egan Companies of Cincinnati, Consolida-
tion of the J. A , 204.

Ferrules for Marine Boilers, 516.
Ferry Bndje. A, 558.
Fire Protection at Cleveland, 203.
First Australian Locomotives. 10,

Fletcher Company, The W. A., 98.
Folkeston Locomotive, 415.
Foreign Whalebacks for American Trade, 164.
Forest Preservation. 67.
Foiests Required to Supply I'ies, 201.

For the Pennsylvania Railroad Company, in.
Frank Kneeland Machine Company, 49.

Franklin Avenue Freight Station in St. Louis, 415.

Freak of Electricity, 357.
French Warship Jureqmbberrer, 596.

Fritz Receive"- the I'essemer Medal, 365.

Furnaces in Blast, 10.

Furnaces in Operation January ist. 67.

Gas for Passenger Car Lighting, 68.

Gas Holder, A Large, 104.

General Engineering Ccinpany, 257.
Geometric Boring Tool, 52.

Giffard Gun, The, 560.
Gilbert Car Company, 49.

Good Roads. 67,

Gordon Disappearing Carriage, The, 463.
Grant Locomotive Works, The, 97.
Great Mersey Bridge, 415.

Great MissTssippi River Bridge, iii.

Gun Carriage, Double, 597.

Hankow Iron Works, n.
Hannan Bridge at Chicago, 11.

Harlem River Lifting Bridge. 68.

Heat of the Sun's Su.tace, 463.

Heavy Coal Consumption not Unprofitable, 451.

High Smoke-Stack, 462.

Honors to Comn^pdore Melville and Constructor
Wilson, III.

Hyatt Roller Bearing Company, 49.

Hydraulic Pump for Mines, 463.

Hydraulic Ram, A Large, 156.

Hydrophone, The, 513.

Indiana Car and Foundry Company, The, 150.

Indiana's Coal Exhibit, 251.

Infanta Maria Teresa, Spanish Cruiser, 597.
Inter-Continental Railuuy, iii^

Iron-Ore Shipments from Lake Superior, 11.

Iowa Society of Engineers and Surveyors, 147.

Jaffa and Jerusalem Railway, no.
Japanese Railroads. 557. -

Johnson Railroad Signal Company, 204.

Jurequibbcrrer, French Warship, 596.

Kenka-Hebler Projectiles, 557.
Kite to Send Life- Lines Ashore, 451.
Krupp E.vtension, 201.

Lack of Torpedoes, 120.

Laidlaw & Dunn Ceimpany, 257.
Lake Eric Engineering Woi ks, 257.
Lake Tulare Irrigalion Canal, 11.

La Libtriad, 43.
Lansberg Brake Comp.tny, 49.
Large Gas-Holder, A. 104.

Large Ship Plates, 516.

Largest Dredge in the World, 450.

Largest Express Engine in the World, 163.

Largest Floating Crane, The, 11.

Largest Freight Sieamer in the World, 450.
Largest Order for Car-Heating Material, 49.

Large Steamers for the Soulhern P^i_mc Rail-

road, 357.
Large Steel Plates, 415.

Latest Addition to the Italian Navy, 114.

Launching of a Big Ship, 367.
Launch of the Cruiser Columbus, 11.

Launch of the Hudson, 1C9.

Launch of the Indiana, i6g.

Leaky Tubes, 114.

Lengthening a Steamship. 517.
Lifting Bridge over the Harlem River, 68.

Lighthouse, Powerful Electric, 596.
Lighting Passenger Cars, 68.

Link-Belt Machinery Company, The, 204.

Liverpool Elevated Raiilroad, 68.

Liverpool Engineering Society, 253.
London Tower, 559,
Longest Balloon 'I'rip, 68.

Long Run with Little Oil. iii.

Long Trolley Road 111 Pennsylvania, in.
Loss of Heat in Steam Generation, 68.

Lucania, The, 114.

Lunkenheimer Brass Manufacturing Company, 97.

Magnesia Sectional Covering Company, 204.
Magnetized Towing Drum, A, 451.
Manhattan Equipment Company, 98.

Master Car-Builders' Association, 102, 304.
Master Mechanics' & Car-Builders' Association

Next Year, Place of Meeting of the, 598.
Master Mechanics' A-sociation, 51, 102.

Meeting ot the Chemical Section. 547.
Montana Society of Civil Engineers, 253, 403, 546.
Mont Blanc Observatory, 463.
Monterey, Trial of, 89.

Morgan Line's New Sieamer El Rio, iia.

Mortar in Frosty Weather, 557.
Most Suitable Colors for Signal-Posts and Sema-

phore-Arms, 464.

Naphtha Cab, 205.
National Car Spring Company, 98.

National Hollow Brake-Beam Company, 98.

Naval Armaments of Europe, Ihe, 517.
Naval Premiums, 415.

New Anemometer, in.
New Armored Coast-Defense Ship, 114.

New Armor Specifications, 119.

New Explosive. A, 512.

New French Cruiser, 462.

I
New Idea in Ship-Building, 450.

New Inman Line Steamers, 9.

New Italian Batlle-Ship. 116.

New Magazine Gun, 305.
New Method of Casting Steel Ingots, 464.
New Method of Rolling Old Steel Rails, 366.
New Railroads in 1892, 68.

New Shaft for the Umbria, 116.

New Ships for the International Steamship Com-
pany, in.

New Ships of the Monitor Type, 120.

New Smokeless Powder, 463.
New Sound Steamer, A, 104.

New Steamer for the Old Colony Line, 1 10.

New Steamer for Kail River Line, 451.
New Steamers for the Hamburg-American Line»

516.
New Steamers for the Lakes, 16S.

New York Central & Hudson River Railroad Com-
pany, 256.

New ^'ork, New Jersey & Eastern Railway Com-
pany i'unnel, 9.

New Railroad Mileage in 1892, 68.

New York Railroad Club, 51, 147, 200, 498, 546.
New York Safety Car-Heating and Lighting Com-

pany, q8.

Northwestern Railway Club, 403.

Northwest Railroad Club. 102.

Novel Method of Photographing the Camp of an
Enemy, 365.

Novel Street Railway, 356.

<>iI-Distributing Sea Anchor, 461.
On the Life of iron Bridges, 513.
Oregon, Battleship, 596.
< )regon's Armor Plating, The, 119.

Palleograph, 557.
Panhandle Trestle, 356.
Passenger Car Truck, 68.

Peat as Fuel, 357.
Pennsylvania Steel Refining Company, 49.
Peruvian Trans-Andean Railway, 558,
Persian Telegraph Line, 464.
Phonograph as a Cure for Deafness, The, 513.
Pittsburgh Testing Laboratory af Hunt & Clapp,

98.

Police Boat for New York Harbor, 597.
Pollution of the Seine by Paris Sewage, 9.

Polyphemus, The, 516.
Powdered Coal and Smoke, 368.
Preservation of the Adirondack Forests, 67.

Pressure Regulators, 501.
Preventive of Timber Rot, 256.
Proceedings of Societies, 51, 102.

Properties of Matter at very Low Temperatures,
"3-

Pyrometers, High-Temperature, 557.

Railroads in Newfoundland, 512.
Railway, A Curious, 597.
Railway to Victoria Nyanza, 557.
Railways of the United Stales, 558.
Ram for Coast Defense, 34.
Rapid-P'ire Guns, 34.
Rapid-Fire Guns, Test of, 559.
Raymond Brothers Impact Pulverizer Manufactur-

ing Company, 204.

Readjusting a Misfit Jacket, 112.

Reciprocating Mechanism, Automatic Balance for,

557-
Reclamation of the Zuyder Zee, The, 9.

Regularity of the Turning of Steam Vessels, 461.
Relative Visibility of White and Colored Lights, g.

Remarkable Artesian Well-Boring, 163.

Repairs to the Umbria Shafts, 68.

Report of Chief- Engineer United Slates Navy, 35.
Report of the Board on Ordnance and Fortifica-

tions, 10.

Report of Yards and Docks, 35.
Rhode Island Locomotive Works, 98.
Richmond Locomotive Works, 49.
Riehle Brothers Testing Machine Company, 204,

759.
Rifle for Canadian Volunteers, 551.
Rifle Trenching-Tool, A, 512.

Road Improvement in the State of New York, 67.
Road Improvement in the Slate of Pennsylvania,

67.
Roadmasters, Association of American, 51.

Roanoke Machine Works, 49.
Rolling Stock of the Holland Railways, 305.
Russian Cruiser Rurik,43.

Safe for Express Messengers, 465.
Safely Metallic Tie Company, 49.
St. Louis Bay Drawbridge, 557.
Santiago de Cuba, 8.

Sargent Company, 204.

Schenectady Locomotive Works, 49.
Schenectady Locomotive Works, The, 97.
Schirm Flash Light, 9.

Schoen Pressed Steel Brake-Beam, 49.
Scrap-iron Chain Cables, 516.

Sellers & Company Shops, William, 49.
Ship Building in the United Kingdom, 114.
Ship Canal Project, A, 596.
Ship on Rollers, 596.
Shore Defense, Electric Light in, 59b,
Signaling Direct to a Locomotive, 305.
Simplex and the Huge Torpedo, 451,
Sims-Edison Torpedo, 10.

Singular Drainage Arrangements. 465.
Snow Blockade on a French Railway, 367.
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Social Reunion of the American Society of Mechan-
ical P'ngineers, 147.

Society of Naval Architects and Marine Engineers,

Soldering Aluminum, 67.

Southern and Southwestern Railroad Club, 102.

Spanish Cruiser Infanta Maria Teresa, 597.

Speaking at the Engineering Congress at the

World's Fair, 513.

Spontaneous Combustion of Coat, 367.

Siaten Island Industries, 204.

St. Charles Car Company, 96.

Steamer, A New Sound, 104.

Steam Artillery Wagon, A, 512.

Steamer Building at Cleveland, 10.

Steam from Molten Slag. 558.

Steam Hammer on Board Ship, 164.

Steel Chords Broken, 452.

Steel Crank Shaft, A, 516.

Steel Rail Mills, 11.

Stillwell-Bierce and Smith-Vaile Company, 49.

Storage Battery Electric Car, g.

Submarine Foundations Made by Solidifying Sand,

464-
Submanne Sentries, 510.

Subterranean River System, 104.

Suppressed Patent Improvements, 111.

Tail Shaft Preserver, 462.

Taniie Company, 551.

Tank Ship for Cotion-Seed Oil, 516.

Teihnical Society of the Pacific Coast, 499, 599.

Telephone for Diving Purposes, 596.

Telephone Wire, 557.

Testing the Hardness of Metals, 366.

Test of Armor Plates, 367.
Test of Armor-Piercing Shells, 366.

Test of Smokeless Powder. 405.
Test of HoU/er Projectiles at Sandy Hook, 463.
Tests of Indiana Building Stones, 8.

Third Avenue Bridge in New York, 558.

Thirteen-in. Gun for the United Stales Navy,
463.

Three Classes in Europe, 565.
Torpedo Boats for the Maine and Texas, 89.

Torpedo Cruiser, 89.

Trajectory of a Big Gun, 462.
Transfer Boat Ann Arbor, 34.

Transfer Boats as War Ships, 119.

Trans-Alpine Tunnel, A New, 557.
Trans Siberian Railway, 305.
Transmission of Power hy Electricity, 104.

Traveling Engineers' Association, 51.

Tree Planting on Railroad Slopes, 67.

Trial of a New Solarometer, 169.

Trial of Harvey Steel Armor-Plate, 113.

Trinl.of the Cruiser Bancroft, 120.

Trial of tlie Vesuvius, 35.
Trial Trip of the Columbia, 461.

Trolley System for Boats on the Colorado River,

450.
Truck for Long Passenger Cars, 68.

Tube-Plate Buring-Tool. 512.

Turbine Water Wlieels for Niagara, 357.
'I'win-Screw Steamer for Hamburg-American Packet

Company, 9.

Two British Cruisers, 461.

Two New English Battle-Ships, 461.

Umbria*s Sliaft, Repair of, 68.

Underground and Overhead Railways, 548.
Union Pacific Railroad, 98.

United Siaiy; Army Balloon, 250.
United States Navy Coast-Defense Ship Monterey,

89.

United States Navy New Armorod Cruiser Brook-
lyn, 89.

United States Engineer Corps, 10.

Unloading Petroleum at Madras, 385.
Utilization of Heat in Steam Engines, 68.

Ventilation for the Pennsylvania Train Shed at

Jersey City, 365.
Victoria, 516.

Viking Ship, 163.

Visibility of Colored Lights, 45a.

Walbiirn-Swenson Company
, 49.

War Vessels, Bids for, 596.
Weight of a Crowd, 112.

Weisel & Victor Machine Company, 49.
Welding Steel, 305.
Western Society of Engineers, 102.

Wcstinghouse, Gluirch, Kerr & Company, 257.
Westinghouse Machifcc Company, 257.
Whalebacks, Electric Hoists (or, 597.
Wheeler Condenser and Engineering Works, 256.

When Coal was First Used, 465.
Wilmoi & Hobbs Oiler, 551.

Work on Coast Fortifications, 10.

Verk^is Telescope, y.
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ANNOUNCEMENT.

With the present number, the first of the volume for

1893, the title of the Railroad and Enoineering Journal,

under which it has been published since 1887—when the

old Americnn Railroad Journal and Van NostraiuV s Engineer-

ing Magazine were consolidated—is changed to The Ameri-

can Engineer and Railroad Journal.

The chief reason for making this change is that the for-

mer title is somewhat cumbrous, is lacking in definiteuess,

and is not easily remembered. It has been found that many
persons familiar with the Journal, and even those who are

regular readers of the paper, do not readily recall its name,

and that it is often difficult to identify it by its title alone.

At the time of the consolidation of its progenitors the name
which wotdd have been preferred to any other, for the new
publication, was The American Engineer, but at that

time a paper with that title was published in Chicago.

Since then it has been discontinued, and therefore the name

could be assumed by us if we were disposed to adopt it.

For the reasons given it has been determined to make use of

that privilege ; and although a change in the title of a

periodical publication is attended with obvious—but, it is

thought, merely temporary—disadvantages, it is believed

that they are not so great as the detriment resulting from

the continued use of a name which is not sufficiently dis-

tinctive and is difficult to recall.

It must be understood, however, that the change of name

does not imply any change of control ; nothing but the title

of our late cotemporary has been adopted, and the owner-

ship and the editorial staff of the paper will continue the

same as heretofore.

The new name will indicate distinctly the character which

this publication is intended to have. It was announced in

the iirst number of tlie Railroad and Enoineeuino Jour-

nal that it " will be devoted to the discussion of engineer-

ing and_ mechanical subjects. Railroad construction and

operation being, however, the most important branches of

engineering in this country, more space will be devoted to

them than to any other one department of engineering."

The general scope of the paper under its new title will not

be materially changed. Its form and size will remain the

same, but new type and a quality of paper better suited for

the printing of process engravings will be used. It is in-

tended to have a larger proportion of original articles than

heretofore, and to make material improvements in the char-

acter of the illustrations published.

Among the articles already provided for, it may be men-

tioned that Dr. Dudley's interesting series of Contributions

on Practical Railroad Information will be continued ; and

Jlr. Chanute's on Progress in Flying Machines will also be

continued and concluded. Fully illustrated descriptions of

locomotives, cars, stationary and marine engines, shop ap-

pliances and practice by different builders will be given

from time to time.

A series of articles on what may be called Comparative

Anatomy of English and American Locomotives is com-

menced in the present number. These will be illustrated by

very complete detailed engravings showing the construction

of the engines and of the different parts or organs of the

most recent express locomotives built for the London &
Southwestern Railway, and of the engine with 7-ft. driving-

wheels now running on the New York Central & Hudson

River Railroad, an illustration of which was given in the

November number. These illustrations will be fully de-

scribed in critical articles comparing the construction and

performance of both engines. This discussion will be con-

tinued through the greater part of the year 1893, and will,

it is thought, give a better idea of the peculiarities of con-

struction of both English and American locomotives than it

is possible to obtain from any existing source.

Other new features will be added to the paper from time

to time, and it will be the aim of its editors and proprietor

to make the rechristened paper such a record of the work

of The American Engineer as shall be a warrant for the

use of that title.

EDITORIAL NOTES.

The report of the Interstate Commerce Commission, which

has just been presented to Congress, shows that the work

of the Commission has been well continued. A large num-

ber of cases have been passed upon, and the report gives

some idea of the great amount of detail work required in

carrying out the law. _
Some important questions have

arisen during the year, and in several cases references to the

courts have been required. The Commission is decidedly a

working body, and as little delay as possible is allowed in

its de(;isions.

The work of the Commission has brought about many

changes in the way of equalizing rates and removing dis-

criminations. This is a result of the law which is generally

appreciated, and has done much toward securing public sup-

port for it. The regulation or fixing of rates is not within

the powers of the Commission, but unjust discrimination

and unequal charges can be prevented, and the action taken

under the law has been steadily directed to that end.

Some reference has heretofore been made to the statistical

work done under direction of the Commission and its value.

The report refers to this, and to the improvements which

are looked for in future work of this class.
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Some important amendments to the law are [leiuling,

chiefly in the direction of increasing the powers of the Com-

mission in sccviring information and in enforcing its deci-

sions. Tlie weak points have been shown bj' experience,

and the amendments recommended are chiefly in the direc-

tion of making the law more complete.

Reports come from Russia of some trials of armor-plates,

in which the methods adopted at Annapolis and Indian

Head seem to liave been quite closely followed. The re-

sults were not favorable for the English Brown plates,

which were badly shattered, while the Cammell plates also

suffered severely, although one of the latter almost succeed-

ed in passing the test. The best results were obtained with

plates from the St. Chamond Works, in France. One of

these, it is said, is reserved for a further test in competition

with an American steel plate treated by the Harvey process.

Reference was made in our issue of April last to an ex

periment w-ith a closed cylinder, representing a section of

the 5-in. Brown wire-wound gun. A maximum recorded

pressure of nearly 54,000 foot-pounds failed to burst the

cylinder ; but reasons for declining to accept this test as con-

clusive of the endurance of the finished gun were given at

some length.

On December 3 three shots were fired from a completed

gun, or, rather, from a gun which had reached the stage of

being rough bored. Charges of 10 lbs., 15 lbs. and 18 lbs.

of sphero-hexagonal powder behind an 84-lbs. projectile

were used. For the second and third shots pressures of

something over 28,000 and 60,000 lbs. per square inch re-

spectively are reported. The gun was uninjured. In view

of the often erratic beliavior of pressure-gauges, however, we
can be pardoned for hesitating to accept the record of a single

shot as proving this gun superior to any other heretofore

known, the ordnance expert to the contrary notwithstanding.

THE SIBERIAN RAILROAD.

In the Joukxal for March, 1891, it was stated that the

surveys for the Oussouri Section of the Great Siberian Rail-

road were made in 1887 and 1888. This is the extreme east-

ern section, connecting the line with its terminus on the

Pacific.

In the spring of 1891 work on this section was formally

begun, the occasion being marked by the presence of the

Czarevitch Nicholas. It was then decided that this section

should be built from the port of Vladivostok to Grafskaia

on the Oussouri, a distance of 356 miles ; and that surveys

should be made for an extension of 200 miles from Grafskaia

to Khabarovka, the administrative capital of the province.

But little work, however, has been accomplished during

the seasons of 1891 and 1892. According to recent advices

from St. Petersburg the work has been scattered over the

first 160 miles, the grading at some points being completed,

but at others hardly begun. About half of the earthwork

—or 4,500,000 cubic yards—is completed, but the half re-

maining to be done is in a marshy and diflicult country.

Tracklaying was begim in September, but only 8 miles have

been completed.

The working force employed consisted of about ;i,000 sol-

diers and an equal number of convicts and exiles. A few

Chinese and Coreans were employed for a time, but they did

not prove satisfactory, being hardly strong enough, and the

prisoners formed the main working force. After finishing

the heavier earthwork of the first section, they are now em-

ployed in building the road through the great taiga or for-

est, about 150 miles from Vladivostok, where the convict

administration has concentrated its force.

The tracklaying from Vladivostok to Nikolsk, the first

important station—a distance of OG miles—can hardly be

finished before next fall.

The first cause of delay was the wreck in the Suez Canal

of the German steamer Triton, which had on board six loco-

motives and a large quantity of rails, which shouhl have

been delivered to the road last spring. After much delay it

was only in October last that the locomotives were finally

recovered and forwarded on the steamer Kostroma.

Another correspondent says that there is still much >mfin

ishud work. A few section-houses have been built, but

nothing has been done on the stations, and only the founda-

tions of the terminal buildings at Vladivostok have been

built.

At the beginning of 1891 the work was placed in charge

of Chief Engineer Ursatti. He unfortunately became in-

volved in misunderstandings with Baron Korff, the Gov-

ernor-General of the Amour territory. This trouble culmi-

nated in the sending out of a commission of investigation,

at the head of which was Mr. O. P. Viazemski, who was

finally, in October last, appointed Chief Engineer in charge

of construction, Mr. Ursatti being removed.

The new Chief Engineer, Mr. Viazemski, is well known
in Russia as a civil engineer of ability. He had charge of

the surveys of the Trans-Baikal section of the Siberian road

and of the Baikal loop line, and is thoroughly acquainted

with Eastern Siberia. He is, moreover, a personal friend of

the Governor-General, Baron KorlT, and will work in har-

mony with him. It is hoped that under his control the con-

struction of the Oussouri Railroad will be quickly com-

pleted.

Still later advices give the otficial programme adopted by

the Ministry of Lines of Comimmication, which provides for

the construction of the entire line from Chelabinsk toVladivo-

stok in 12 years ; the distance being 7,350 versts, or 4,900

miles. It is proposed to use for the present steam ferries at

the crossings of the Irtish, the Obi, the Tenisei and the

Amour, the building of the great bridges over these rivers

being postponed until later.

In the season of 1893 work w-ill be in progress on the fol-

lowing lines :

1. The Western Siberian Line, from Chelabinsk to the Obi

River, 1,328 versts—885 miles—under charge of Chief En-

gineer Mikhailovski.

2. The Central Siberian Line, from the Obi River to

Irkoutsk, 1,754 versts—1,170 miles—under charge of Chief

Engineer Mejininov.

3. The Ekaterinburg-Mias Branch of 238 versts—159

miles—which will connect the Oural Railroad with the sys-

tems of European Russia. This will al.so be under the

charge of Mr. Jlikhailovski.

This official programme names the dates for completion

of the several sections of the line as follows :

1. In 1894 the Oussouri Line, from Vladivostok to Grafs-

kaia and the Ekaterinburg-Mias Branch.

2. In 1896 the main line from Chelabinsk to Krasnoiarsk,

including the entire Western Siberian Line and a portion of

the Central section.

3. In 1900 the remainder of the Central Siberian Line

from Krasnoiarsk to Irkoutsk, and the extension of the

Oussouri Line from Grafskaia to Khabarovka.

4. Finally, in 1904, the remainder of the main line from
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Trkoutsk to Khabarovka, including the Baikal loop, the

Trans-Baikal Line and the Amour Line. The last named

has not yet been located.

It will be of interest to give the estimated cost of the line

as now presented by the engineers :

Section.



THE AMERICAN ENGINEER [January, 1893.

average steam pressure ; but as we understand our cor-

respondent's inquiry, he wants some rule by which he can

calculate the horse-power of any locomotive of which he

knows nothing but its dimensions and the boiler pressure.

The missing link in such cases is the average effective steam

pressure in the cylinders. In starting and at very slow

speeds it is, of course, possible to get an average pressure

in the cylinders very nearly as great as that in the boiler,

but a little calculation and less practical expense will show
that at high speeds —say GO miles an hour—no locomotive can

liave an average pressure in the cylinders anywhere near to

that in the boiler. Even if it was practicable at that speed

to get enough steam of that pressure into the cylinders to

fill them and get it out again at the end of the stroke, no
boiler now in use could supply enough of it. Locomotive

driving-wheels 5 ft. in diameter, at 00 miles an hour, would
make over 30,000 revolutions |)er hour. If the cylinders are

18 X ~i in- they would consume more than 100,000 lbs. of

steam of 150 lbs. pressure if they were filled with it and it

Diameter of ilriv-

iiig-whcclsiii

inches.



Vol. LXVII, No. I.] AND RAILROAD JOURNAL.

Owing to the fact that indicator diagrams are not always,

and in fact seldom are, taken when locomotives are doing

the maximum work of which they are capable at the speed

at which they are indicated, it seems probable that Jlr.

Wells's figures of average effective pressures may be too low,

and it also appears likely that the curve of pressures may
assume the form of a straight line, as indicated by the

dotted line in the diagram. If this should prove to be the

case, then, determining the average pressure for any piston

speed would become a very simple matter, and if the aver-

age effective pressure at a piston speed of 1,500 ft. per min-

ute was 35 per cent, of the boiler pressure, as indicated in

the diagram, then the pressures for the intervening speeds

would be as shown by the figures above the dotted line.

Who will undertake the making of such a series of in-

dicator diagrams as have been sugsjested ?

NEW PUBLICATIONS.

Cab and Caboose : The Story of a Railroad Boy. By
Kirk Munroe. New York ; G. P. Putnam's Sons. Illus-

trated. 364 pages
;
price, $1.25.

ilr. Munroe has a talent for writing boys' stories which is

not very common among authors, for there are many who can

write for men where there is one who can suit boys. His

stories are usually bright, lively and full enough of incident

to be interesting, without descending to the level of sensa-

tionalism. In the present book he has told the story of a boy

who left home to take up the life of a trainman. Of course

his hero is successful, and of course he meets with many ad-

ventures which do not often fall to the lot of the occupants of

a caboose ; but the action is not more overdone tlian we have

to expect in a story, and the Author does not conceal the fact

that hard work and hard knocks are a large part of life with

the brakeman, as indeed they are with most of us. The hero

of Cab and Caboose succeeds because he is a bright boy, and if

chance throws opportunities in his way that come to a very

few in ordinary life, we cannot blame the story-teller. The
book is a good one for boys, who may learn some worthy les-

sons from its pages ; and the pictures of railroad life are fairly

truthful ones.

Engineers' Surveying Instruments ; their Construction,

Adjustjient ^\jrt) Use. By Professor Ira O. Baker, C.E.

Second Edition, Revi.ted and Enlarijed. New York ; John

AViley <& Sons. Illustrated, 391 pages
;
price, $3.

The first edition of Professor Baker's book has found gen-

eral acceptance as a convenient text and reference book, and

the present edition should be 'still more acceptable. Origi-

nally prepared for the use of his students in the University of

Illinois and used in manuscript form for several years, the

author was able to improve it by consideration of the questions

brought up in the classes from time to time, thus adapting it

to the requirements of students.

It Is not intended to be a treatise on survejing, but simpl}',

as the title indicates, to acquaint the student with the con-

struction of instruments and the best methods of adjusting and

using them. Some instruction on methods of surveying has

necessarily been included, but this has been avoided as far as

possible. It has been found that the practical instruction

given to students in a college cour.se needs to be supplemented

in order to make them sufficiently familiar with the instru-

ments they have to use.

An appendix gives a number of problems, with methods of

solution. The valde of the book is increased by a very com-
plete index, and the whole arrangement of its contents is very

convenient. The student will find it a valuable work, and
the engineer a very useful addition to]^his library.

Original Papers on Dyn^uio Machinery and Allied Sub-

jects. By Dr. John Hopkinson. New York ; the W. J.

Johnston Company, Limited. Illustrated, 249 pages
;
price,

SI.

The value of Dr. Ilopkinson's studies and investigations on

electrical subjects and of his resulting discoveries is w-ell

known ; but the papers which he has had time to publish have

existed heretofore only in a scattered form, as they were first

issued in various publications. In this volume they have been

collected, by his authority, making tliem much more useful

and accessible to electricians.

Nearly every one of these papers has been the result of some
new discovery or marked advance in electrical knowledge.

The first three papers are devoted to the Characteristic Curve,

which has been so great an aid in .studying and designing

dynamos.

The fourth and fifth papers are on the theory and design of

contiiraous current dynamos, and furni.shed the fundamental

principles of the design of such dynamos.

J The sixth paper established most important principles in re-

lation to coupling alternate current machines. The seventh,

eighth and ninth are on Transformers ; the tenth on the Theory

of the Alternate Current Dynamo ; and the last on Electric

Lighthouses.

Most of these papers were originally published in the trans-

actions of different societies. With two or three exceptions

they contain no mathematical formulas, and most of them can

be read and the reasoning followed without any special knowl-

edge of mathematics.

The illustrations, chiefly diagrams, are sufficient, though

some of them have been reduced- to rather too small a scale.

It may be added that the book includes all the original

papers Dr. Hopkinson has published ; and some of them are

now made generally accessible for the first time.

Notes on the Year's Naval Progress. Anmial of the

Office of Natal Intelligence, Compiled for the Use of Naval

Officers and Others. Compiled by the Ofl5ce of Naval Intel-

ligence, Navy Department. Washington ; Government
Printing Office.

This volume is tlie eleventh in the series issued yearly by

the Naval Intelligence Office, and while it follows the general

lines of the previous ones, there has been some change in the

methods of treating the different topics.

The general headings are : I. Notes on Ships and Torpedo

Boats. II. Notes on Machinery. HI. Notes on Ordnance.

IV. Notes on Naval Administration and Personnel. V. Notes

on Electricity. VI. Naval Manceuvres of 1891. VII. Armor
in 1892. VIII. Some Standard Books on Professional Sub-

jects.

The notes on Ships and Torpedo Boats, on Machinery and

on Ordnance form the principal features of the volume.

Chapter IV, Notes on Administration and Personnel, forms a

new heading, although it is a continuation of articles which

have appeared in previous numbers. Chapter V, on Electric-

ity, is in the form of notes on progress made since the appear-

ance of the last volume.

Especial interest attaches to Chapter VII, on Armor, which

gives a summary of the very important tests made during the

year. Tliis chapter is accompanied by numerous illustrations

showing the condition of plates after the tests.

The Notes on Ordnance include some very interesting ac-

counts of recent developments in rapid-fire and machine guns.

This chapter also is well illustrated, and, it may be added,

does not neglect the subjects of small arms and torpedoes.

The notes on Machinery include accounts of the progress

made on new engines for our own Navy, and comparative

accounts of the results derived from a number of speed trials.
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The vilmitinns of innrinc cngiiK'S and cxperinionts in tlie use

of li(|iii(i fiR'l are also included in tlio subjects touched on.

The chapter on Naval Jlanwuvrcs gives critical accounts of

Hie evolutions of the English, French, German. Austrian und

Russian fleets during their customary summer exercises.

While these are chiefli' valuable to naval otlicers, they arc not

without their interest to non-tcclmical readers, as showing the

way iu which modern ships may be fought in case of actual

war.
; It may be said that the jireseut volume shows that the Naval

Intelligence Office intends to fully maintain the standard .set

in its previous publications, and to establish its claims to use-

fulness.

Electhicity and M.vgnetism : Being a Series of Advanced

Primers. By Professor E. J. Houston. New York ; the

W. J. Johnston Company, Limited. Illustrated, 306 pages
;

price. SI.

A set of Electrical Primers was issued by Professor Houston

in 1884 for the benefit of those who desire to acquire some

knowledge of the fundamental principles of electricity. The
present series is a new one, written in view of the great ad-

vances made in electrical science during the past eight years,

and also of the fact that the many commercial applications of

electricity have made the public generally acquainted with at

least the first principles, and that more advanced instruction

was asked for. The book, however, can readily be under-

stood by those who have no previous knowledge of the sub-

ject.

The book may be divided into three heads : the first. Elec-

tricity and Magnetism ; the second. Electric Currents and

their Measurement^ the third, the Electric Telegraph and

other applications. The concluding section is a general re-

view. Tlie subjects of the sources of electricity, atmospheric

electricity, the earth's magnetism, the electro-magnet, and

induction are treated in an interesting way.

To each chajiter there are appended abstracts from and ref-

erences to standard electrical books, a very useful feature for

readers who would like to extend their studies.

Although intended for popular reading, the book is not

without its uses for electricians.

Teps to Inventors. Telling what Inventions are Needed and

How to Perfect and Develop New Ideas in any Lines. By
Robert Grimshaw, Ph.D., M.E. New York : the Practi-

cal Publishing Company
;
price, $1.

This is a kind of book which is difficult to criticise. It is a

collection of hints as to inventions for which there appears to

be a demand ; as to methods by which they can be worked

out and the routine to be followed in securing a patent. It

can hardly be said to follow any definite plan, although it is

classified into chapters on dilT'crent subjects. Of course there

is much iu it not especially new, liut it contains some good

suggestions, and the reader may find in it hints that may be

of value to him.

CURRENT READING.

TiiK writers in the NouTir American REvmw for December
cover a wide range of topics, and some notaljlc names are in-

cluded among them. Mr. Balfour discusses the Iri.sh Ques-

tion from a Tory standjwint
; Colonel Dodge writes of the

Horse in America ; J>ord Dunraven of International Yacht-

ing ; M. Naquet of Divorce ; Minister Grubb of Ballot Re-

form ; and Dr. II. G. Williams has a warning if somewhat
gloomy article on General Paresis of the Insane. The Gov-
ernor of .Jamaica tells of the Opportunilics for Yo\ing Men in

that island ; and there are the usual notes anil connnenis on

current events.

The oldest of all the magazines now in existence has recent-

ly experienced a revival. Godey's Magazine, which for

many years had been published in Pliiladel|ihia in the same

form which was given to it fifty years ago, has passed into

new hands, and appears in a shape which indicates the Jiub-

lislier's purpose to bring it to a front rank among its con-

temporaries. While still devoting a part of its space to the

ladies who have heretofore been its chief supporters, it has en-

tered the field of the general literary magazines with a vigor

which promises well for the future. The December number,

being the special holiday number, is chielly devoted to Action,

containing a complete novel and several shorter stories. It is

very handsomel}' illustrated, and has several fine colored plates

which will be especially interesting to its lady readers.

An article by Professor Heilprin on Summer Travel in the

Arctic Regions ; one by W. H. Russell on the Fall of Sebasto-

pol and one by C. F. Lummis on an incident in the romantic

history of the Southwest, are among the attractions of Schib-

neh's Magazine for January. Stories, sketches luul other

lighter matter complete the number.

Some very attractive illustrated articles appear in the Janu-

ary number of Harper's Magazine. Among these Julian

Ralph's account of The Old Way to Dixie, and Theodore

Child's descrijition of life and scenes iu Proletarian Paris, will

enlist the attention of every intelligent reader. Other articles

which will forcefully appeal to the tastes of a cultivated audi-

ence are a paper of personal reminiscences of Tennyson, by

Annie Fields, and a comprehensive article on Pensions by Ed-

ward F. Waite. The number is also particularly rich in fic-

tion, including the opening chapters of two important serials.

The editorial departments contain a variety of inviting fea-

tures.

The December number of the Arena, which begins a new
volume, has some valuable articles presenting different opin-

ions on such questions as Government Ownership of Rail

roads ; Compulsory Arbitration ; the Opening of the AVorld's

Fair on Sundays ; Socialism ; and others of almo.st ecjual mo-

ment. This magazine has done much toward drawing out the

best thought on current topics hy opening its columns to free

discussion and presenting all phases of opinion ; and readers

who are interested in such discussion owe much to the editor,

Mr. B. O. Flower, who had the enterprise to start the maga-

zine and the courage to present the arguments contributed.

In no other periodical can the reader find .so rnueh food for

serious thought and such entire freedom from prejudice and

custom.

In OuTi.vG for December Lieutenant Bowen concludes the

history of the National Guard of New Jersey. There are

sketches of hunting and travel in the Platte Valley, in Mani-

toba, on tlie Paraguay, in Ceylon and in the almost luiknown

region along the border between Canada and the United States

west of Lake Superior. An article on Athletics in Japan is

illustrated by some very striking reproductions of drawings

by .Japanese artists. It is a very good number on Hie whole,

and quite worthy of the special holiday cover which orna-

ments it. The January number is a sjiecial holiday number,

and is marked by some illustrations of a very high class, and a

number of excellent articles.

In the numlier of Haiu'er's Weekly for December 7 there

is a well-illustrated description of the .Militarj' Academy at

West Point, showing the imiirovemcnts made in recent years

and al.so those now in progress. There is also an article on the

Panama Canal Crisis in France.

Probably the best of the special magazines which eumes to
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ouv table is Stone, a monthly issued iu ludiauapolis by the

D. II. Uaack Publishing Company, and devoted, as its name
indieates, to tlie stone quarrying and building interests. It

has !)6 pages about the size of ITarper's, is handsomely printed

and well illustrated, and contains much information valuable

to its special constituency, while quite a number of its arti-

cles have interest for the general reader. The November num-
ber has articles on the Marble Region of East Tennessee ; the

Sandstone Interests of Northern Ohio ; the Areal Work of the

Geological Survey : Drawing for Workmen ; Durability of

New York Building Stones ; Whetstones iu the United States
;

and a number of short articles, including Notes from the Quar-

ries,' Building Items and similar matters.

In the Overland Monthly for December the paper on the

University of California is concluded, the present number con-

taining some excellent illustrations. The centennial of Van-

couver's vLsit to the Bay of San Francisco in 1793 is the

occasion of an interesting paper. Other articles include the

Restaurant of San Francisco ; a Mexican Ferry ; Congres-

sional Reform ; and several stories and sketches.

A. paper in the Populah Science Monthly for January

gives an account of the independent invention of tlie light-

ning rod by a Bohomiau named Divis, a contemporary of

Benjamin Franklin. Other leading articles are on Genius and

Suicide ; on Vegetable Malformations, an'd on Marriage and

Kinsliip among the Ancient Israelites. There are also several

shorter articles of interest.

The December number of the Eclectic Magazine gi yes arti-

cles on Cholera, from the Nineteenth Century ; Columbus,

from the National lii-Bicw ; China, from the Corn/tiU Maga-

zine; the Recent IIe:it-Wave, from the Contemporary liedeio ;

Over Education, from the Saturday Bevieto ; Our Molten

Globe, from the Fortnightly Bevieio ; and a variety of shorter

articles, making altogether an excellent specimen number of

current English literature.

The November number of Good Ro.vds has several effective

articles, including some illustrations of roads as they are and

as they ought to be. That on Street Improvements in Dun-
kirk shows what can be effected by well-directed work in a

small town.

The December number of the Engineering Magazine has

articles on Reciprocity with Canada ; Architecture in Wood ;

Building the Cable Railroad in New York ; Industrial De-

velopment in the South ; Our Remaining Hardwood Re-

sources ; Irrigation Problems in the West ; Labor Troubles

and the Tariff ; Gold Fields of Bendigo, Australia ; the

World's Fair and tlie Death-Rate ; Are American Mechanics

Boastful ? and the usual special departments.

In the Journal of the American Society of Naval Engineers

for November Chief Engineer Isherwood gives an analysis of

the results of the experiments recently made on the side wheel

steamer Ville de Douvres, which have attracted much attention

abroad. Tliere are papers on Speed Trials, by Naval Con-

structor Taylor ; Propeller Efficiency, by Professor W. F.

Dnrand ; and some excellent lectures delivered at the Naval

War College by Passed Assistant Engineer lloUis on the Coal

Endurance and Machinery of the New Cruisers. There arc

also several shorter papers and a number of notes on points

connected with naval work.

The articles in Goldtiiwaite's Geograpiiical Magazine
for November include a continuation of that on Columbus,

and pajsers on Stream Corrosion ; the Prehistoric Races of

Italy ; Modern Palestine ; the Chinaman in America ; the

Florida Gulf Coast ; the Temperature of the Circurapolar Re-

gions ; the 84lh Eruption of Mt. Etna ; and several sliorter

articles.

BOOKS RECEIVED.

Twenty-third Annual Report of tlie State Board of Health

of Massachusetts. Henry P. Walcott, M.D., Chairman of

Board ; Samuel W. Abbott, M.D., Secretary ; F. P. Stearns,

C.E., Engineer. Boston ; Stale Printers.

Results of Tests of Crucible, Basic and Qahanized Basic Steel

Wire Ropes and Basic Steel Wire Rods. Bulletin No. 11 0/ the

Department of Mechanieal Engineering, University of Califor-

nia. San Francisco ; published for the University.

Rioer Pollution and River Purification. By 11. Alfred Roech-

ling, C E. This is a reprint of a paper read recently before

the Association of JIunicipal & County Engineers, at the an-

nual meeting in Bury, England.

Selected Papers of the Institution of Cioil Engineers. Lon-

don, England
;
published by the Institution. The present in-

stallment includes the annual address of the President, Mr.

Ilayter ;
papers by ]Mr. Donkiu on Measurement of the Veloc-

ity of Air in Pipes ; Mr. Preller on the Zurich Water Power

and Electric Light Works ; and Mr. Szluniper on the Water-

loo New Signal Statioa.

The Inclined Planefor the Transfer of Canal Boats at Beauval,

near Meaux. By M. A. Mallet. Paris. This is a reprint of a

paper read by M. Mallet before the French Society of Civil

Engineers.

John. Stevens and Ilk Sons : Early American Engineers. By
J, Elfreth Watkius. Washington

;
published for the Author.

This is a reprint of a very interesting paper read b}' Mr. Wat-

kins before the Philosophical Society of Washington.

Animal Report of the Postmaster- General of the United States

for the Fiscal Tear Ending June 20, 1893 : Hon. John Wana-

maker, Postmaster-General. Washington ; Government Print-

ing Office.° «

TRADE CATALOGUES.

How to Use Portland Cement. The Buckeye Portland Cement

Company, Bellefontaine, 0.

This little pamphlet contains notes on various uses to which

Portland cement can be put ; and incidentally, some advertis-

ing of the Buckeye Company's cement, the good qualities of

which are well known.

Hydraulic and Rolling Mill Machinery. H. V. Loss, Hydraulic

Engineer, Philadelphia.

This pamphlet describes several hydraulic machines devised

by Mr. Loss, including riveting and forging machines ; shears

and punches ; high-pressure pumping engines ; accumulators

for hydraulic presses ; valves, packing and other fitting.

Steel Castings. The Pittsburgh Steel Casting Company, Pitts-

burgh, Pa.

This pamphlet contains some interesting information about

steel castings in general, and some statements as to the work

done by this company. Some of its specialties are hammer

heads and dies, cams, rolls, gearing of all sorts, and wheels,

although all classes of castings are made in its works. Re-

ports of recent tests show excellent results, which can only be

obtained by the use of the best material and most approved

processes.

The Columbia Daily Calendar. The Pope Manufacturing Com-

pany, Boston, New York and Chicago.

This is a very handy pad calendar, consisting of 366 loaves,

one for every day in the year, and a calendar for the entire
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j-ciir. The day of the weoU, of the month, and of the year

arc given, and on eaeh leaf is a short sermon on the Gospel of

Outdoors, Health and Happiness, witli valuable liints on prac-

tical road-making. The leaves are so arranged that there will

be uo stub left, and each one can bo referred to at any time dur-

ing the j'car. The pad is ujion a metallic stand of ivory black,

arranged so as to rest upon the desk at a convenient angle.

Catalogue of tlie Consolidated Car-IIeatlng Company, Albany,

N. T. Part IV. Multiple Circuit System. Illustrated.

The Consolidated Car-Heating Company has adopted the

novel plan of sending out its new catalogue in parts, so ar-

ranged that as each additional part is received it can be bound
up with the earlier ones, a simple binding arrangement being

provided. The present part contains an illustrated descrip-

tion of the company's multiple circuit system of car heating,

a new arrangement for heating by hot water. When complete

this catalogue will form quite an encyclopiedia of continuous

healing. It is handsomely printed and well illustraled.

AMERICAN AND ENGLISH LOCOMOTIVES.

The double-page engraving with this number is the first

of a series of illustrations of two passenger locomotives, one
of them designed by Mr. William Buchanan, Superintendent
of Moti^'e Power and Rolling Stock of the.JSTevv York C"en-

tral & Hudson River Railroad, and built by the Schenectady
Locomotive Works. This engine. No. W3, is now running
on the New York Central Line, and is one of the en-

gines employed to haul the celebrated Empire Express.
The other one was designed by Mr. W. Adams, Loco-
motive Engineer of the London & Southwestern Railway
of England, and built at the Nine Elms Works of that com-
pany. These two engines are fair representatives of recent
locomotive practice in the two countries. In succeeding num-
bers of this Joi'iiNAL it is intended, as already announced,
to give a series of engravings, which will be published
on opposite pages, showing the design and construction
of all the principal parts or organs of these two machines,
with descriptive and critical articles comparing the methods
of construction of the two, and showing the relative ad-
vantages and disadvantages of each. In this introduc-
tion but little seems to be demanded, e.\ce])ting to give
the general dimensions, weight, etc., of the two locomo-
tives, reserving the summing up until after the details have
been fully illustrated and described.

From the table and the engravings it will be seen that
the size of the driving-wheels of the two engines is within
half an inch of being the same. The cylinders are of e<iual

diameter, but the pistons of the English locomotive have
two inches more strake than those of its American com-
petitor. Mr. Buchanan's engine, however, is 18,968 lbs.

heavier than Mr. Adams's, and the former has V3,'S28 lbs. of
its excess of weight on the driving-wheels. The New York
Central machine, therefore, has GO. 83 per cent, of its weight
on the driving-wheels and the London & Southwestern "en-

gine has C3.2G.

The rule which has been given for ascertaining what has
been called the modulus of propulsion., or the measure of the
capacity of the cylinders in projjortion to the size of and
weight on the driving-wheels, is :

" Multiply the area of one jiiston (in i-quare inches) by
the stroke (in inches) and the product by four. Divide this
product by the circumference of the driving-wheels (in

inches] and by the weight (in tons of 2,000 lbs.) on all the
driving-wheels. The quotient will be the modulus of pro-
pulsion."

By applying this rule to both engines, we find that Mr.
Adams's engine has a modulus of 3.28, whereas Mr. Bu-
chanan's has only 2.49. It is true that the latter has a
boiler pressure 5 lbs. greater than the former, which partly
compensates for his smaller cylinder capacity. If we mul-
tiply the moduli by the boiler pressures it will give us
quantities which represent correctly the relative capacity
of cylinders, taking all the elements into account. These
will be •'590.4 for the English and 4(50.0.") for the American
engine. It will be seen from the.se figures that Mr. Adams's

Okneual Dimknsions, Weights, etc., op Locomotive No. 90.3, or the
New York Centk.u. & IIodson Rivkii Railroad, and Looomo-

TiTB No. 577 OP the London & Southwestern Railway.

Diameter of driving wheels
" " engine, truck and tender wheels
" " cylinders

Strolie of pistons

Lapofviilvo

Maximum travel of valve

Length of connecting-rod, center to center

Proportion of length of connecting-rod to stroke

Smallest onteide diameter of boiler

Nnmbor of tubes

Length " "

Diameter of tubes

Area of grate

Total heating surface

Height from top of rails to center of boiler

Boiler pressure

Total weight of engine and tender

American
Engine.

" on driving-wheels
" of tender, loaded

length of engine and lender, over all.,

wheel-base " " " *'

Driving wheel base

Weight of engine and tender per foot run of total

length

Weight of engine per foot run of total length
" " tender " " »k »i •» "

Water capacity of tank

Coal " " "

MM In.

86 in.

inin.

24 in.

1 in.

.^H in.

8 ft. 1 in.

1 to 4.04

.58 in.

268

12 ft.

2 in.

27.3 eq. ft.

18-21.5 sq. ft.

8 ft. lOK in.

180 lbs.

203.600 lbs.

123,000 lbs.

82,200 lbs.

80,600 lbs.

56 ft. 1% in

46 ft 8K' in

23 ft. 11 in

8 ft, 6 in.

3,595 lbs.

8,471 lbs.

3,795 lbs.

3,587 galls.

14,500 lbs.

English

Engine.

85 in.

AS^'i in.

19 in.

20 in.

lln.

6 ft. Sin.

1 to 3 07

52 in.

240

11 ft. 4 in.

li£l",

18 sq. ft.

l,3(i7.7C8.rt.

7 ft. n in.

175 lbs.

180,712 lbs.

10.1,032 lbs.

(i7,8"2 lbs.

71.680 lbs.

5.-!fi.8;i in.

45 ft. 8Hin.

23 ft.

8 ft. 6 in.

3,364 lbs.

3,404.8 lbs.

3,300 lbs.

3,3110 galls.

engine has, relatively to its weight, considerably more cylin-

der capacity than the American competitor. On the other
hand, the grate and heating surface in the latter is consid-

erably greater than in the English machine, which is a con-
sequence or result accruing from the excess of weight.

These features will be discussed more fully in future. In

the mean while, many of our readers will be interested in

comparing the designs of the two machines.

SOME CURRENT NOTES.

As an example of the useful work which a technical school

may undertake, Professor W. F. M. Goss, of Purdue Uni-
versity, at Lafayette, Ind., offers, through Stone, to make a
full series of tests of Indiana building stones. The only
conditions are that samples of the stone shall be forwarded
to the Testing Laboratory of the University in 2-in. cubes
ready for testing and |)roperly marked and authenticated.

The results of the tests will be a matter of record at the
Laboratory, but will not be published except at the request

of the owners of the specimens.

Siiirs, like men, sometimes come down in the world very

much in their old age. .lust before the War the Santiago

de Vuht was the crack ship of the line between New York
and Havana ; during the War she was a naval cruiser and
was considered one of the finest and fastest vessels in the

blockading squadron, capturing as many prizes as any ship

in the Navy. After the War she was sold, with many
others, and after a varied service her hull, stripped of its

cabins and other upper works, is now doing duty as a coal

barge. The beam engine is still at work, however, having
been put into the large excursion steamboat Columbia some
years ago.

A FnKNCH authority estimates the quantity of coal mined
throughout the world in 1891 at 48.1,000,000 tons, the out-

put from different countries being as follows : Great Britain,

182,000,000 ;
United States, 141,000,000 ; Germany, 90,000,-

000 ; France, 28,000,000 ; Brdgium, 20,000,000 ; Austria-

Hungary, 9,000,000 ; Russia, (>,000,000 ; other countiies,

9,000,000 tons.
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The production for 1892 has probably been over 500,000,-

000 tons. At tlie present rate of increase the deposits of

some of the leading coal-producing countries must soon be

at least partially worked out. Witliin a few years Great

Britain and Belgium will probably show a decrease ; in a

few years more the United States will become a coal-export-

ing country, while further in the future North China and
Eastern Siberia will begin to contril>ute to the world's s\ip-

ply from the great coal deposits wliich are believed to exist

in them.

WouK has been begun on the reclamation of the Zuydor Zee

in Holland. This will require the construction of a dam from

Ewijelvsluis, in North Holland, to the island of Wieringen
and thence to Makkum, in Friesland. The dam will be 18

miles long, and will be built through water from 13 to 20

ft. in depth ; it will be carried to a height of lO-J ft. above

low water, and its slopes will be protected by mattresses

and riprap. There will be 24 flood-gates, each with an

opening of 41 ft. Near the center of the present water area

enclosed a lake will be left, which will be called the Yssel

Meer, and this will be connected with the sea at Harlingeu,

in Friesland, by a canal 1,640 ft. wide and 14 J ft. deep.

This lake will also be connected with Amsterdam by a

canal. The estimated cost of the work is |9.j,000,000,

which will be more than repaid by the value of the land re-

claimed, nearly 1,000,000 acres.

Till-: work of draining Lake Angeline, in the Lake Supe-
rior iron region, has been completed. This lake was three-

quarters of a mile long, one-third of a mile wide and 4.5 ft.

deep at the center, and the work was undertaken by the

raining companies whose properties adjoined it, and who
wished to extend their workings under the bed of the lake.

The outlet was closed and the water has been pumped into

Carp River by large centrifugal pumps.

It is now stated that the Hamburg-American Packet
Com])any has closed a contract with the Vulcan Ship-build-

ing Company, at Stettin, Germany, for a twin-screw steamer
to be 000 ft. long and fo have a guaranteed speed of 23

knots an hour. The ship will be about the same size as the

new Cunard Line steamers, and is to be finished in two
years.

The University of Chicago is to have the largest tele-

scope in the world, which will be named the Yerkes Tele-

scope, after the giver. It will have a 40-in. objective, that

of tlie Lick Observatory telescope, in California, being ;iO

in., and that of the new Naval Observatory telescope, in

"Washington, 20 in. The tube of the new telescope will be
7.5 ft. long, and will weigh about 12,000 lbs. It is to be

built by Warner & Swasey, of Cleveland, O., the builders

of the Lick instrument. •

TiiK export of steel from the United States to England
has not been considered an ordinary operation ; but it seems
that steel and also files are now being sold in that country

by American makers. A recent number of the London
Engineer gives the following note from its Sheffield cor-

respondent : "A Sheffield commission agent called upon me
this week with specimens of American-made files, of wdiich

he had been asked to undertake the sale in this country.

The United States pco()le offer their files on terms which cut

out local makes— viz., 70 per cent, discount and 5 off ; in

other words, for a nominal value of £100 they will take

£28 lO.s. The files have been shown to file makers, and have
been declared to be satisfactory in regard to quality. The
United States firm, whose place of business is in New Jersey,

state that they are sweeping the Canadian and Australian

markets by running out the best brands of English files. To
Canada, where the duties on English and American files are

similar, they state that they are sending from |2o,000 to

$40,000' worth of goods a year, and are now opening up a

connection in England itself, sending over from 200 to 300
dozen files per month. The American, of course, does not

underrate himself or his .productions ; but it is certainly

significant that he can place on the English market files

which English managers declare to be excellent, at rates

below local price lists. The files, it should be added, are

machine-made in every instance. Another American steel

house has stored in London several hundred tons of the best

crucible steel, and have already engaged a Sheffield gentle-

man to represent them in this country."

The Canadian Government engineers have completed bor-

ings and preliminary surveys for the proposed tunnel under

Northumberland Straits, to connect Prince Edward Island

with the main-land. The distance is eight miles, the great-

est depth of water 90 ft., and the bottom is generally favor-

able for tunneling.

The pollution of the Seine by the sewage of Paris has

become recently so serious a matter that it is proposed to

build a trunk or canal sewer the entire distance from Paris

to the sea. At present the sewage is distributed to farms

at points just below the city, but this arrangement lias

proved insufficient, and a large ciuautity passes into the

river.

Under the direction of the Lighthouse Board some inter-

esting experiments have lately been made at Long Beach to

determine the relative visibility of wdiite and colored lights.

While there is some diificulty in securing uniform results,

it was decided that a white light of one candle-power could

be seen one mile distant ; two candle-power, two miles, and

30 candle-power, five miles. Red and green lights required

four candle-power to make them visible at one mile, and

40 candle-power for two miles. The great difference is due

to the absorption of light by the colored glass.

It is stated that arrangements are in progress for resuming

work on the ship railroad across the Chignecto isthmus, in

Nova Scotia, which is to carry vessels from the head of the

Bay of Fundy to Northumljerland Straits. A large part of

the work has been completed, but work was stopped some

time ago on account of lack of money.

Some experiments are to be made at the lighthouse sta-

tion at Tompkinsville, N. Y., with a flash-light of great

power, invented by Professor Schirm, of Berlin. Jhe flash

is produced by a jet of magnesium powder ignited by a

small beii/.ine lamp. Air is passed through cylinders con-

taining pumice stone saturated with benzine, and the gas is

thrown out with a spray of magnesium powder against the

lamp and thus ignited. The interval between the flashes is

regulated by clock-work.

TuE addition of small portions of citric acid, tartaric acid,

or hydrochloric acid to water is said, by good medical au-

thority, to be eflicacious in destroying cholera germs. This

can often be done where it would be difficult to boil the

water.

A NEW storage battery electric car is now running experi-

mentally on the Ninth Avenue surface line, in New York,

which has very heavy grades. The car weighs 12,500 lbs.,

the batteries of 144 cells weighing about 3,900 lbs. They

can operate the car for about six hours of continuous run-

ning without renewal.

Some tests of the Baker submarine boat, which has been

described and illustrated in our columns, are now being

made in Lake Michigan, near Chicago. So far this vessel

has been remarkablv successful.

The new steamers for the Innian Line between New York

and Southampton have been begun. Two of them are to be

larger than the City of New Tori; and will have engines

capable of working up to 25,000 FI.P. ; four will be some-

what smaller, and will have engines of 17,000 H.P. All the

ships will have twin screws and quadruple-expansion en-

gines, working at 210 lbs. pressure.

The New York, New Jersey & Eastern Railroad Company
has recently filed maps and profiles for a double-track rail-

road tunnel to extend from the Long Island Railroad tracks

in Brooklyn, under Atlantic Avenue and the East River to

the lower part of New York, and thence under the Hudson

River to a connection with the Pennsylvania Railroad in
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Jersey City. The plans incluile stations at convenient
points, to be connected witli the tunnel by elevators. The
project has before been referred to, and it is understood that

it has the support of Austin Corbin and others connected
with the Long Island Railroad. The tunnel will be about

3i miles long, and its estimated co.st is about $7,000,000.

TiiK report of General T. L. Casey, Chief of Engineers,

for the year ending June 30 shows that there are now 117

officers holding commissions in the Corps of Engineers. Of
these 20 arc employed on various special duties ; 20 on
detached service ; li are serving with the Engineer Bat-

talion and the Engineer School ; 30 are eng.aged on forti-

fications and river and harbor work, and the remaining 33

I

On December 1 there were, according to the Amcrienn

I

iftinuf'actiin'r's tables, 2o.') furnaces in blast, having a total

capacity of 17.),!I21 tons of pig iron per week—an. increase

of 1.1 per cent, over the Xovendier statement. The com-
parison with December 1, 18!)1, however, shows a decrease
of about 10 per cent, in the weekly output. Itisstill large,

and the present tendency is toward a gradual increase.

The Globe Iron Works, in Cleveland, have now on the
stocks two steamers, the first of a line to run between
Bufl'alo and Duluth for the Great Northern Kailroad (Com-

pany. They are 300 ft. keel, 380 ft. over all, 44 ft. beam
and 34 ft. deep. They will have accommodations for 320
cabin and 300 steerage passengers. They will carry water

PASSENGER STEAMER FOR THE GREAT NORTHERN LINE ON THE L.\KES.

are exclusively employed on river and harbor improvement
work.

For the first time in 15 years construction work on coast

fortifications has been resumed, ap|)ropriations having been
made in 1890 and 1891 for the building of new batteries at

Boston, New York, Hampton Roads, Washington, and San
Francisco.

The report of the Board on Ordnance and Fortifications,

which has just been submitted, makes some important rec-

ommendations. In brief the Board asks for :

1. Greater facilities and increased appropriations for test-

ing and proving guns, mortars, etc.
;

3. A Government gun and mortar carriage factory which
can turn out mounts commensurate with the production of

guns and mortars ;

3. The early test and selection of an acceptable type of

disappearing carriage for S-in. and 10-in. guns
;

"^ 4. Increased and immediate appropriations for the acquire-

ment of sites and construction of additional gun and mortar
batteries, and

5. A constant supply of forgings commensurate with the

output of the army gun factory.

The Board submits an estimate of an appropriation of

$270,207 to make purchases, experiments and tests to ascer-

tain the most elTective guns, small arms, ammunitions,
armor-i)lates, etc. The Board recommends a repeal of the
law pledging the United States to the purchase of oO cast-

iron mortars, 50 lO-in. and 50 12-in. guns.

The Sault Ste. JIaric Canal closed for the season on
December 7. The freight which passed through this year
reached 11,241,000 tons, an increase of 2,325,000 tons over
last year. Every important article of commerce shows an
enormous increase—grain 61 per cent., flour 43 per cent.,

and iron ore 38 per cent.

It is stated that recent improvements in the Sims-Edison
torpedo have much increased its speed and the ease with
which it can be steered. Some extraordinary results in pass-

ing under booms and other obstacles have been attained in

recent experiments at the torpedo station at Willet's Point.

A speed of 18 miles an hour has been given the torpedo,
and at that rate it struck and then passed under a heavy
spar and continued its course without damage.

ballast in a double bottom so that their draft of 18 ft. on

the open lakes can be reduced when necessary to enter a

harbor. As will be seen from the accompanying sketch

—

from the Marine Jieview—they will present the general ap-

pearance of an ocean steamer, rather than of the ordinaiy

lake boat, the sides being carried up to the top of the

cabins.

Mechanically their peculiarities will be in the use of twin

screws, each driven by a quadruple-expansion engine with

cylinders 25 in., 30 in., 51^ in. and 74 in. X -12 in., and in

the use as steam generators of tubulous boilers of the Belle-

ville type, working at 210 lbs. pressure. Each ship will

have 28 of these boilers, and their arrangement has been
designed by Mr. Miers Coryell, of New York. The engines

are designed to develop 7,000 II. P., and to give the ship

a speed of 20 miles an hour.

Thp: first locomotive built in Australia has just been com-
pleted by the worlfs of David Monro <k Company in Mel-

bourne, for the Victorian Government Railroads. It is

similar to a number in use on those lines, and is a tank en-

gine having four coupled drivers GOJ in. in diameter under

the boiler ; a pair of 42-in. leading wheels at the forward

end and a pair of 42-in. trailing wheels behind the fire-

box. The cylinders are 17 X 2G in., placed inside the

smoke-box. Water is carried in side tanks and in a tank

placed on the frames behind the fire-box.

The Argentine Republic lias now 7,310 miles of railroad,

besides 1,520 miles under construction. Of the completed

mileage 4,523 miles are of 5 ft. G in. gauge ; G34 miles of 4

ft. 8i in.; and 2,153 miles of meter gauge. The average

cost of all the lines is reported at about $50,000 i)er mile.

Only 186 nules have a double track.

The State lines include 038 nnles ; the guaranteed lines

—that is, lines built by companies whose securities are guar-

anteed by the Government—2,024 miles; and the unguar-

anteed lines owned by companies 4,G48 miles. There are

in use on these roads G!)l» locomotives and 1,192 passenger

cars ; the number of freight cars is not stated, but their

total capacity is rated at 208,000 tons.

Business and political complicittions made last year a very

unfavorable one for the Argentine lines, and tlieir tratfic

anil earnings show heavy decreases when compared with

more prosperous years. Parallel lines and competition have
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also begun to affect business, and the original faults of con-

struction are becoming manifest.

Stbeet pavement of brick has been laid in Dunkirk,

N. Y., at a cost varying from |1. GO to $3.o7 per square yard,

and experience has shown tluu it stands well under heavy

tvattic. Vitrified brick is to be used extensively in paving

the streets of Toledo, O. There is no doubt that good
brick presents many advantages for street paving.

The steel rail mills are not very busy at present, the rail-

road companies having apparently held back their orders

for the year as much as possible. There are few orders at

present for rails for new construction, and while a large

ijuantity will be needed for renewals, as usual, there is a

delay in placing contracts.

A BRIDGE of the Harman pattern is now in use at the

Weed Street crossing of the river in Chicago ; it has a span

of CO ft., and another of 80 ft. span is to be built at the

Canal Street crossing. As shown in the accompanying
sketch, this is a double-jointed bascule or folding bridge,

an outer joint permitting the end of the lifting leaf or panel

to fold back. This requires a peculiar arrangement of the

H.^EMAN'-lIFTING BRIDGE, CHICAGO RIVEK

counterweights. The advantages claimed for this form of

bridge are that it requires less counterbalancing than an

ordinary lifting bridge, is less likely to interfere with a ship's

rigging, and offers less resistance to wind when open. On
the other hand, it is somewhat more costly, and is neces-

sarily less stiff than the ordinaiy lifting bridge of a single

span.

One of the largest floating cranes in existence is now in

use at the Cramp yards in Philadelphia ; it is at present era-

ployed in placing the boilers, engines, and heavy armor-

plates on the new cruiser Nexo York. It is of the usual form

of these cranes, a mast rising from a floating pontoon and

steadied by a conical framework ; this mast carries a hori-

zontal arm or boom on which the traveler carrying the load

works. The capacity of this crane is rated at 125 tons.

The pontoon is of iron and is braced and divided into com-
partments by several bulkheads ; it is 69 ft. long, 62 ft.

wide, and 13 ft. deep. It is provided with capstans for

moving itself when near a dock or other point where cables

can be attached. When at work water can be let into some
of the compartments to balance the weight of the load_;

pumps are provided to pump out this water rapidly.

The conical framework staying the mast is built up of

steel plates and angles ; it is 65 ft. high from the deck of

the pontoon. The lower part is covered with a wooden
framework forming a house in which are placed the four

engines, of 40 H. P. each, which work the crane, and the

boilers which supply the steam. The mast is of steel, is 3

ft. in diameter and is hollow ; it extends 51 ft. above the

framework, or 116 ft. above the deck of the pontoon. It

rests in a socket on 42 steel balls, each 4 in. in diameter.

Another set of ball bearings is placed at the top of the

cone.

The lifting arm of the boom is 65 ft. long, and is stayed

to the top of the mast by steel cables. The short arm is 50

ft. long, and from its outer end a steel stay, strongly braced,

extends to the top of the mast ; it is also anchored to the

pontoon by heavy cables. The boom is of steel. The lift-

ing arm has two sets of pulleys, one for heavy and one for

light weights.

Separate drums and cables are provided for lifting, for

moving the traveler backward and forward on the boom,
and for swinging the boom around. The size of the crane

and the length of the boom give it a considerable range of

work.

The American Steel Barge Company recently launched
at West Superior, Wis., the whaleback steamer Christopher

Columbus, which is to be fitted up as a passenger boat, to

carry excursionists to Chicago next summer. The hull is

of the ordinary whaleback type, and is 362 ft. long, 42 ft.

beam, and 24 ft. deep. There are on this hull seven ellipti-

cal turrets which will serve to support a deck on which the

main cabin and saloon will be built, and will also contain the

communications between this cabin and the hold. The
engines, boilers, crew accommodations, dining-room, kitchen

and other offices are below, leaving the entire deck clear

for passengers. The main cabin will be 325 X BO ft., with

a ]>romenade all around it, and above this will be the texas

or hurricane deck. The hull is divided into several com-
partments and can carry 750 tons of water ballast.

The Christopher Columhus will have a single propeller 14

ft. in duuneter and '^ ft. pitch, driven by a triple-expansion en-

gine with cylinders 26 in., 42 in., and 70 in. X 43 in. There
are six steel Scotch type boilers 11 ft. in diameter and 12

ft. long, built for 100 lbs. working pressure.

A. new company has been organized and will ask the

Connecticut Legislature for permission to build a- dam
across the Housatouic River near Oxford, "Conn., where a

fall of over 30 ft. can be obtained. The water-power will

be used to operate dynamos and the power will be trans-

mitted to the cities of New Haven and Bridgeport. It is

believed that a profitable business can be done in supplying
factories with power in this way. The distances from the

site of the proposed dam to the cities named are less than

those which have been successfully covered by electric

transmission in Germany and Switzerland.

The dam of the Honey Lake Valley Land Company at

Long Valley, Cal., was carried away recently for the second
time. The water rose rapidly after a heavy rain, and began
to run over the crest of the dam, and in a few minutes cut

out a gap 100 ft. wide. The accounts of the failure are not

full, but it is said that poor construction and insufficient

allowance for overflow had much to do with it.

The total shipments of iron ore from the Lake Superior

region by water during the season just closed were 8,485,210

tons ;
an increase of 32 per cent, over last year, and of 5 per

cent, over 1800, which was a year of very large production.

This does not include the rail shipments, which are not yet

fully reported, but which are expected to reach 1,000,000

tons

The Chinese Viceroy Chang Chih-tung has established

large iron works near Hankow, on the banks of the Yang-
tse-Kiang River. Iron ore is brought about 80 miles down
the river, and coal about 17 miles by a railroad lately built

to the mines. At these works a rolling mill for the manu-
facture of rails is being put in, and they are also to be pro-

vided with the necessary tools for the manufacture of small

arms and rapid-fire guns of different patterns.

The surveys are in progress for an irrigation canal to run

from Lake Tulare northward to the San Joaquin River near

Mendota, Cal. The canal will be about 80 miles long, and
will supply water for irrigation to a laige area of land in

the San Joaquin Valley. The intention is to use Lake
Tulare for a storage reservoir.
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THE PRESENT STATUS OF THE UNITED
STATES TIMBER TESTS.

The examinations and testa of timber now in progress

iinrler the Forestry Division of the Agricultural Department,
Washington, were suspended from January to July of last

year from want of funds. Mr. B. E. Fernow, Chief of the

Forestry Division, asked Congress, in a special bill, for an
appropriation of $40,000 for this work. This was wholly
disallowed in the House, but the Senate added an amend-
ment to tlie department bill giving $13,000 to this investi-

gation. This was finally cut down in conference to $4,000,
which, with some additional funds from the general depart-

ment appropriation, constitutes the working means for the

current year. The work of testing was renewed in July, at

the Washington University Testing Laboratory, St. Louis,

under Professor .J. B. .Johnson, and the collectors are again
in the field.

Tests of strength have now been made on specimens from
32 trees of long-leaf pine, 4 short-leaf pine, and 8 loblolly

])ine, all from Alabama ; on 30 trees of white pine from
Wisconsin, and on 34 different species of oak from Ala-
banui.

Collections are now being made in Missouri, Arkansas,
Texas, and Louisiana of short-leaf and long-leaf pine.

Results have been compiled for a bulletin on the strength

of long-leaf pine, commonly known in the Eastern States as

Georgia pine. Eleven of the 33 trees of this species tested

had been bled or boxed—that is, they had been tapped for

turpentine. This timber is usually excluded entirely from
use in standard specifications, but the mills regularly saw
and ship it, and claim no inspector can identify it. It is

tlioiight this bulletin will settle the question of the value
of tins bled timber so far as its strengtli is concerned.

Mr. William Kent, M.E., of New York, has been consult-

ed as to the best plan to adopt in the analysis and publica-

tion of the vast mass of correlated facts brought out in these

elabai-ate inve.stigations, and how to compare the mecliani-

eal properties developed by the tests of strength with the
]ihysical properties found by tlie biologist, Mr. Philibert
Roth, at Ann Arbor, Mich.
Between 5,000 and 0,000 tests of strength have now been

made and a good foundation laid for future work. One
bulletin describing the scope of the proposed investigation

and the methods used, with illustrations of the machines
employed, has been published and can be procured on ap-
l)lication to Mr. B. E. Fernow, Chief of the Forestry Divi-
sion, Agricultural Department, AVashington, D.C. A great
deal of interest in the work has been manifested, and many
demands are already made for results. The first bulletin of

results is delayed in order to fully mature a plan of publica-
tion which can probably be adliered to. After this has
once been done the results will be given to the public more
promptly.
Another special appropriation bill will probably be intro-

duced into the next session of Congress for this work, and
it is to be hoped it will fare better than its predecessor.
There has been a wide demand for information concerning
tlie strength of the famous Douglass, or Oregon fir, which
is now coming into general use as far East as Chicago for
biidge timbers especially, and of which Ilowe-truss railroad

l)ridges are now built up to 2.')0 ft. long. No information
has been obtained as yet on this subject. If any of our
readers are interested in learning more of the laws of the
growth, strength, seasoning and preservation of timber they
cannot do better than try to interest their congressmen in

the work now so well started in tlie Forestry Bureau.

COMPOUND LOCOMOTIVE BY THE ROGERS
LOCOMOTIVE AND MACHINE WORKS*

Ox another page we give a perspective view of a new
compound mogul locomotive designed by Mr. Reuben
Wells, Superintendent of the above works, and which has
recently been put into service on the Illinois Central Rail-
road. It is of the two-cylinder type, with cylinders 30 and

* The ongravinj/ is made from a macinilicciit photograph by Reid, 29 x 13
in .-ize, unmoiiuted copies of whicli iiiiiy lie; obtained in tliis office, or will
be btut by mail, postage paid, on receipt of the price, $2.75.

39 in; diameter by 26 in. stroke. The driving-wheels are

.50^ in. diameter ; rigid wheel-base, 14 ft., and the total

wheel-base, 21 ft. 8 in. long. The total weight of engine in

working order is 128,500 lbs. ; weight on driving-wheels,

107,100 lbs.

In our next number we hope to give a fuller description

of the peculiarities which distinguish this machine from
other compound locomotives of the two-cylinder type.

THE FIRST LOCOMOTIVE IN AMERICA.

There are a great many traditions afloat concerning the

early history of locomotives in this country, and there is

hardly an old road anywhere on which the claim is not

made that it had tlie " first locomotive." It is the purpose
of this article to give some really reliable history with refer-

ence to this somewhat mythical subject.

It has been 1 elated a great many times that in the begin-

ning of the year 1838 the late Mr. Horatio Allen was com-
missioned by the Delaware & Hudson Canal Company to

have built in England for the company three or four loco-

motives on plans to be decided by him when in England.
In accordance with his instructions he made a contract with
Messrs. Robert Stejihenson & Company, of Newcastle-on-
Tyne, for one locomotive, and with Messrs. Foster, Ras-

trick & Company, of Stourbridge, for three more. One of

the latter was the Stotirhridge Limi, which made the famous
first trip on the Delaware & Hudson Canal Company's line

at Honesdale, Pa., on August 9, 1839, with Mr. Allen as en-

gineer. The story of this has often been told, and will not

be here repeated again. Although the Stourhridge Lion
made the first run in this country, it was not the first loco-

motive which arrived here. The engine built by the

Stepliensons, which was called the America, was in reality

the first one to reach this country.

We are indebted to Mr. Clement E. Stretton, of Leicester,

England, who has been an enthusiastic and interesting

writer on the history of the locomotive, for the drawing
from which our engraving herewith of the America was made,
and also for the following description of the engine ob-

tained from the Messrs. Stephenson, which was published in

our November number, and is here reproduced :

Description of Locomotive Engine "America," Built
BY R. Stephenson & Comp.-^nt, for the Del.\w.\re &
Hudson Canal Company, to the Order of Mr. Hora-
tio Allen, 1838, .\nd No. 12 on the Books op the
Makers.

Diameter of boiler 4 ft. 1 in. *-

Length " " 9 " 6 "

Dimensions of fireplace 4 ft. X 3 ft.

Diameter of steam cylinder 9 in.

Length of stroke 3 ft. "
Size of chimney 1 " 8 "
" " hot-water pump IJ

"

Stroke " " 3 " "
\V heels (wood), diameter 4 " "
Angle of cylinders to the horizontal.. 33°

Size of tubes 1 ft. 7 in.

Number of fire tubes 3

Tubes were straight.

The general plan of the engine was very similar to tliat

of the Lancashire Witch, wdiich was built by the Stephensons
in 1838 for the Bolton & Leigh Railway.

The following extracts, taken from correspondence pre-

served in the office of the Delaware & Hudson Canal Com-
pany, fix the date of the arrival of this engine, built by the

Stephensons, and also shows that Foster, Rastrick & Com-
jiany were very dilatory in the delivery of the three wliich

they built, among which was the Siourhridge Lion. As a

bit of authentic railroad history it will, it is thought, inter-

est many of our readers. The curious part is the fact

that no trace can now be obtained to indicate what became
of the Stephenson engine. Before his death, Mr. Allen

stated that one of the engines was set up in the iron yard

of Abeel & Dunscomb, in New York, and was raised up so

that the wheels were clear, and the engine was then run
with steam and publicly exhibited. Whether this was the

Stephenson engine or one of the others is now uncertain.
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The correspondence, however, establishes beyond doubt
that the AmerMi was the very first locomotive on this side

tlie Atlantic.

Extracts fuom Correspondence in Office of the Dela-
w^uiE & Hudson Canal Company.

S. FleietcelUng, Treasurer, to John Bolton. Dated Ifeie To/'h,

Januaiij 17, 1829.

" The locomotive engine made by Ste|)hcnson ifc Company
has arrived, and I regret that Mr. Allen is not here to direct

about taking it from the ship and placing it in a proper
situation for putting it up."

S. Flewwwelling, Ireasurer, to John B. Jerois. Dated New
Torh, January 20, 1820.

" The locomotive engine made by Stephenson & Company,
which is the most expensive one, has arrived."

S. Flewwelling, Treasurer, to W. & J. Broum & Company {of
Liverpool). Dated New York, February 7, 1829.

" The locomotive engine shipped by your request by Ed-
ward F. Starbuck, agent from London, on board the ship

Columbia in November last has been received."

S. Flewieelling, Treasurer, to W. & J. Brown & Company (of
Liverpool). Dated New Yorh, March C, 182',).

" Mr. H. Allen, when in England, contracted with Messrs.

Foster & Rastrick for three locomotive engines, which were
to have been shipped shortly after he sailed for this coun-

try. As a considerable time has elapsed since we had rea-

son to expect their arrival, and it being very important that

they should be sent on as early as possible, I have to ask
the favor of you to inquire of Messrs. Foster & Rastrick

when these engines will be forwarded, and that you will be
pleased to inform me of the result of your inquiry.
" Mr. Allen is now in the country. Had he been here I

would have requested him to write to the makers direct."

S. Flewwelling, Treasurer, to Messrs. W. & J. Brown & Com-
pany {of Liverpool). Dated New Yorh, April 23, 1829.

' " On the Gth of March last I wrote you, requesting you to

inquire of Messrs. Foster & Rastrick when the three loco-

motive engines ordered by Mr. Allen last fall would be com-
pleted, and to inform me of the result of your inquiry.

They have been expected by every ship that has arrived

here from Liverpool for some months, as one of them was
nearly completed when Mr. Allen left England in October
last, and the two others were to have been finished, and the

whole shipped in a short time after his departure, and we
are greatly disappointed in their not having yet arrived.

The reasons for this delay we are unable to account for, but
it is certain the makers h.ave not performed their contract.

I have to rctpicst that you will immediately employ a com-
petent person, at our expense, to go to Messrs. Foster &
Rastrick and insist upon the three locomotive engines or-

dered l)y Mr. Allen being finished with all dispatch, and to

superintend and see that they are made in the shortest time
possible and forwarded to you, that they may be shipped
for this place immediately thereafter.

" You will perceive the necessity for my urging your par-

ticular attention to this business when you are informed of

the imi)ortance of the work on which these engines are to

be employed. They are for tlie transportation of coal on
our railroad, which is the princi[)al article to be conveyed
on our canal of W't miles in length. The canal is finished,

and the railroad with its machinery is expected to be com-
pleted early in the montli of .June next. Without the loco-

motive engines the whole will be in a great degree inopera-

tive, and all delay in receiving them afteathe other part of

the work is ready for the transportation of tlie coal will be
the loss of the income from a work which will have cost

upward of two millions of doUiirs."

John Bolton to John B. Jenis. Dated New York, Mat/ i:!,

1839.

" One of the locomotives was to be shipped in the John

Jay, then in Liverpool, and she is daily expected. The
other two are promised, one in o and the other in .5 weeks
from 8th April. They pretend that an accident to their

works has caused the delay. So I yet hope they mny reach
us in time."

John Bolton to W. & J. Brown & Company {of Liverpool).

Dated New Yorh, May 14, 1829.

" I have the pleasure of acknowledging your favor of the
10th ulto. covering a letter from Messrs. Foster, Rastrick &
Company, of the 8th, assigning reasons for the delay in exe-

cution of their contract for steam-engines, and fixing the

time for their deliverance. I trust they will perform their

new engagement strictly, Init the slight nninner in which
they notice the lapse of ."j months since the time they en-

gaged to make the delivery does not, I confess, afford strong

grovmd of confidence. Our work is now nearly ready to re-

ceive the engines, and so great would be the sacrifice if dis-

apjiointed that we had determined on sending Jlr. Allen out
immediately, and should have done so by this packet if I

had not received your favor of the Kith
" The John Jay arrived yesterday with one of the steam-

engines."

S. Flewwelling, Treasurer, to Messrs. W. & J. Broken {of

Liverpool). Dated New Yorh, May 15, 1829.

" By the arrival of the John Jay we have received one of

the locomotive engines, and your account is credited £498
18s. Zd. for the amount of the invoice and the insurance

notes enclosed in your letter to the President of the 7th

ulto."

W. & J. Brown c6 Company to John Bolton. Dated Liverpool,

May 22, 1829.

" By the packet of 16 ult. we wrote you, and handed a

copy of a letter from Messrs. Foster, Rastrick it Company,
stating that one engine would be sent off in three weeks,
and the other in five weeks or sooner if possible. Their
letter was dated 8th ult., but six weeks have now elapsed,

and we have no further accounts of them. We have again

written to these gentlemen requesting to know distinctly

what we are to expect ; and if their reply is not entirely

satisfactory, we will, as you suggest, send a competent per-

son to their works to see that no further unnecessary delay

takes place."

8. Flewwelling to Jolin Bolton. Dated New Yorh, June %'A, 1829.

" The two canal boats arrived here on Sunday, and one
of them has been left at the dock near Kimble's ; the other

was to be taken round to Abeel & Dunscomb's to-day.

Mr. Allen understood from Mr. .lervis that the locomotive
engines were not to be sent up until the breach at the Pul-

pit (?) was repaired, of which Mr. .lervis was to advise him
;

and thinks if they are sent this week, the boats will be de-

layed some time with the engines in them."

S. Flewwelling to John Bolton. DatedNew Yorh, July 1, 1829.

" The locomotives will be put on board the Congress to-

morrow, and the canal boat will be loaded with wheels,

and (?) towed up."

S. Flewwelling to John B. Jcrvis. Dated New Yorh, July 2,

1829.

" Jlr. Allen is putting the locomotive engines on board
the Congress, that goes u]) to-day, and he goes on her to

Kingston."

,s'. Flewwelling to J. B. Jervis. DatedNew Yorh, July -22, 1829.

'' By the arrival of the BtHannia I have just received a
letter from Messrs. W. & .1. Brown & Company, of Liver-

))Ool, in which they say :
' We have received from Messrs.

Foster, Rastrick & Company an invoice for the 2d locomo-
tive engine—amt. £488—which they inform us lias been
sent off. and we have no doubt it will be here in time for

shipment by the packet of 8th proxo. The other, they say,

will be forwarded in ten days.' That letter from W. J. B. &
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LOCOMOTIVE ENGINE " AMERIOA."

BUILT BY R. STEPHENSON & COMPANY, NEWCASTLE-ON-TYNE, FOR THE DELAWARE & HUDSON CANAL COMPANY, TO THE

ORDER OP MR. HORATIO ALLEN, IN 1828.

Company is dated the 29 May, and the packets of the 8th

and 15th of .June are daily expected which may bring both

of the engines."

8. FlemoellingtoJ. Bolton. Dated Neio Tori; July 39, 1829.

" We are again disappointed in the locomotive engines

not being on the Sihanus Jenhins. A letter of the 8th of

June from W. & J. Brown & Company says :

" ' The locomotive engine has been here several days ;

but the packet having had but little time to load we could

not induce the Cap't to take it owing to the difficulty of

getting it on board. We then engaged to ship it by the

Titos. Dicker-son to sail 12th inst., but the master has just

called to say that in measuring his hatchway he finds the

boiler is too large to go down it, and we shall now endeavor
to get it on board the JVeio Tork, to sail 16th inst.' "

S. FlewwelUng, Treasurer, to J. Bolton. Dated New Torh,

July 31, 1829.

" The New Yorh has arrived without the locomotive en-

gine, but letters are received from Jlessrs. Brown, saying
that it is on board the Splendid, to sail on the 20th June."

S. FlewwelUng, Treasurer, to J. Bolton. Dated New YorTc, Au-
gust 3, 1829.

" I omitted to mention that a copy of a letter from John U.
Uastrick was enclosed in the letter rec'd from W. & J.

Brown & Co., in which he says :

" ' The last engine would have been sent off last week,
but as I have made some very important additions and nn-

provements to our locomotive engines that we started the

2d inst., I determined to alter the one on hand ;
we are now-

adding these, and I shall also send the additional parts for

the t%vo engines already sent off free of any additional

charge, being desirous to make them as perfect as possible,

and when I have written Mr. Allen, from whom I have had

a letter, and sent liim the drawings and details, I know he

will feel I have done everything for their advantage, and

that the delay of a few months will be amply compensated

for by the improvements of tlie engines. I will send the

whole off in ten days.' " {Dated June 13, 1839.)

S. FlewwelUng, Treasurer, to Messrs. W. <& J. Brown & Com-

pany (of Liverpool). Dated August 7, 1829.

" In the copy received of the letter from Messrs. Foster &
Rastrick they give a reason for the delay in completing and

forwarding the locomotive engines, which they appear to

hope will be satisfactory. They caunot, however, be in-

sensible of the great responsibility they have assumed in ex-

tending the time six months beyond the period at which

they contracted to deliver them ;
and it is a subject of sur-

prise that they should conceive any improvement made in

the engines could warrant or excuse so great a delay in their

delivery.
" The engine shipped on the Splendid has not yet arrived,

and at present we cannot calculate the injury we may sus-

tain from the delay.''

S. FlewwelUng, Treasurer, to W. & J. Brown & Vompany [of

Liverpool). Dated August 15, 1829.

" The locomotive engine, by the ship Splendid, is received

with jour letter of the 19th of June last, covering invoice
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and bill of lading ; .uul your aceount is credited f.lOS 3s.

Til., the nnidiint of the invoice and the cost of insurauee."

S. FlewwelUng, Treasurer, to John Bolton. Dated Septcmher

6, 1839.

" The locomotive engine is on board the Cornelitt ; but
could I have known that she would have been so deeply
loaded, I should have sent it by the steamboat on Thursday.
C'ajit. Goetchies (?) says tliere is no hazard ; but I shall feel

anxious until I hear of its safe arrival, although the wind is

moderate, with the prospect of its being fair."

S. FlevywelUiiff, Treasurer, to 3f. Wurts, Age/it. Dated Septem-
ler 13, 182i).

" The day before yesterday a report was circulated here
that the locomotive engine called the Lion had by accident
been run oil the railroad and dashed in pieces. I am glad
you mentioned the accident of the wagon running oil the
road, as it gave me an opportunity of explaining the cause
of the report."

5. Flemeelling, Treasurer, to John Bolton. Dated New Yorl-,

8e])temher 15, 1839.

" Mr. Lord has returned, and says he had the pleasure of
seeing you at Kingston. All the i)ersons with whom I have
conversed, who have witnessed the moving of the locomo-
tive engines on the railroad, say that they cannot perceive
that the iron plates are pressed out of place so as to be any
way injurious, and could not discern any damage which
they considered important, even after it was pointed out to

them."

8. FlewwelUng to John Bolton. Dated New Toi-h, Septemher \%,

1829.

" The John Jay arrived yesterday, and brings the last

locomotive engine. When landed, I shall send it up unless
instructed to tiie contrary."

S. FlewwelUng to John Bolton. Dated New York, Octoher 21,

1839.

" Mr. Dunscomb has put the boiler of the loromotive en-
gine on board the sloop Forrester, Captain Betts."

CONTRIBUTIONS TO PRACTICAL RAILROAD
INFORMATION.

Chemistry Applied to Railroads.

SECOND SERIES.-CHEMICAL METHODS.*

I.—PHOSPHORUS IN STEEL— Co/ilinued.

By C. B. Dudley, Chemist, and F. N. Pk.\se, Assistant
Che.mist, of the Pennsylvania Railkoad.

(Copyright, 1801, by C. B, Dudley and P. N. I'casc.)

{Centlmiedfrom page 550, Volume LXVI)

With regard to the method given in the last number, a
few words in explanation of the reasons why certain modes
of procedure and certain reagents were chosen, ratlier than
others which are likewise in use by good chemists, may por-
lia])s not be amiss.

We have no doubt that many chemists will think that one
gram is a small amount to work on, and would prefer to
work on a larger amount of stetl, thus reducing the possi-
ble error. Our decision to use one gram is based on this.

* The first series of these articles was published in Tiik Railroad and
ENoiNEEiiiNd .Iouknal, ncci-mber, 1880-Junc, IttW. Tlie present article is
thetliirdofa new series ; Uie first' of tliuse was introductory, the second
on tlie same subject as the present one.

There is a belief, possibly not fully demonstrated, that the
complete separation of phosphoric acid from iroti is difficult,

if not quite ini|)0ssible, by means of molyi>dic acid. When
we say complete seiiaratioii we mean the very last and most
minute trace. If our memory serves us correctly, eminent
chemists have atlirnled that siu;h separation was inijiossible

;

and the published work of Dr. J. Lawrence Smith—notably
his article in the Amcrirau Jourital of IScicno', third series.

Vol. XXII, p. ;!1()—seems to indicate that the sepiu-ation of

phosphoric acid from iron is most complete when the pro-

))ortion of molybdic acid to the iron in the solution in which
the yellow precipitate is formed is large. Furthermore, we
made this experiment— namely, we took a neutral water
solution of cliloride of iron and a neutral water solution of

molybdatc of ammonia, and on mixing these a precipitation

ensued of apparently wliite molybdate of iron, which pie-

cipitale is readily soluble in nitric acid. We are inclined to

think, therefore, that when the molybdate solution is added
to the iron solution in the regular jihosphorus determina-
tion, molybdate of iron is formed, and that the chances of a

complete separation of phosphoric acid are greater, provid-

ed tl\e amount of molybdic acid is sullicient to convert all

the iron into molybdate. But with the molybdate solution

at present in use this result cannot lie accomplished without
an exces.sive amount of the molyl)date solution, and a very
large dilution of the menstruum in which the yellow pre-

ci])ilate is formed, if we start with 3 grams of steel. AVith

the method as we have given it the amount of molybdic acid

in the 75 cubic centimeters of molybdate solution is suffi-

cient to convert all the iron into molybdate, and leave a

quite considerable excess of molybdic acid to combine with
the phosphorus. There are some indications that low re-

sults when using the molybdate method may lie explained
in this way—namely, starting with 5 or 10 grams of steel and
only adding the ordinary amount of molybdate solution, the
separation of phosphoric acid is possibly not complete.
Another series of experiments which we tried also proved in-

structive. We took a certain amount of nitrate of iron solu-

tion containing jihosphorus and added 5 cubic centimeters

of molybdate solution which contained twice as much molyb-
dic acid as was necessary to precipitate all the ])hosphoius,

everything being done to sectire the most favorable condi-
tions for the formation of the yellow precipitate. No yel-

low precipitate was formed in some time. We then added
5 cubic centimeters more without any precipitation, and so

proceeded until we had added 25 cubic centimeters, when
the precipitate began to form, and ultimately all the phos-
phorus came down. Another series with the normal amount
of nitrate of ammonia jiresent before adding the molybdate
solution showed similar results. Apparently, therefore, a
certain amount of molybdatc solution, in excess of what is

necessary to form the yellow .salt, is essential before the yel-

low precipitate will form in presence of nitric acid and
nitrate of iron. .lust exactly where the limit is it would
require further work to demonstrate ; but in view of the un-
certainty, we decided on such proportions of metal to start

with and of molybdate solution as would convert all the
iron and still leave enough molybdate to combine with the

phosphoric acid. One consider.ation further, the perman-
ganate solution given in the method above is of such strength

that even though an error of 0.10 cubic centimeter should
be made in the readings at the final titration of the molyb-
dic acid, the error introduced by this 0.10 would be but a

trille over 0.0005 per cent. Since, therefore, it is easy to

read burettes as close as 0.10, we are inclined to think that

the error introduced, even in steels very low in phosj)horus,

by working on one gram can be safely ignored.

It will be noted that, in the course of the method as de-
scribed, it is stated tliat the specilic gravities of the solu-

tions are essential. It seems to be generiilly agreed that the
concentration of solutions, the bulk of tlie solutions, the
temperature of precipitation, the amount of free acid pres-

ent, and also the amount of other salts present, all have an
inlluence on the composition of the yellow jirecipitate, also

that if these conditions are made constant, a yellow jireeipi-

tate of constant composition or practically so is obtained.

It would be, perhaps, too much to say that we have our-

selves made experiments to demonstrate each one of these

points. We find these points claimed, with more or less

demonstration accompanying them, in the literature of the



Vol. LXVII, No. I.] AND RAILROAD JOURNAL. 17

method, and our experience is limited more especially to the

last clause—namely, if we make the conditions constant we
have no difliculty in getting uniform results working on the

same steel. Duplicate, triplicate and ijuadrnplex deter-

minations on the same steel, on dilTerent days, and with

different steels, rarely differ more than 0.003 per cent, or

O.OOo per cent, on very low steels, provided tlje directions are

carefully followed and the conditions made uniform. Many
duplicates show the same result even to 0.001 per cent. It is

only, however, by having all the conditions constant that such

results can be obtained, and this is why so much importance

is attached to the specific gravities of the solutions. It is

very interesting to note that dilute nitric iicid, even so dilute

as i.13.5 specific gravity, gives exactly the same results as if

concentrated nitric acid was used for the first solution, as

we have proven by duplicate determinations on the same
sample, using the different gravities of nitric acid to start

with, [t seems probable that the reaction between the steel

and tlie nitric acid is a complicated one, resulting in the

formation of several products. Apparently one of the first

reactions, especially if dilute acid is used, is to form a

proto-nitrate of iron. The subsequent boiling of the solu-

tion after the steel is dissolved converts this, with decom-
position of some of the free nitric acid, into the sesqui-salt

;

and it this boiling is carried out as the directions state,

much less of the permanganate will be used in the subse-

quent oxidation than if the solution is not boiled. It is

barely possible that the action of the permanganate may not

be completely understood, and there seems a threefold

action possible : tir.st, to convert any proto-nitrate of iron

that may be left, into the sesqui-salt ; second, to oxidize

the carbon in the nitric acid solution ; and, third, to com-
pletely oxidize the phosphorus to phosphoric acid. It is

believed that the directions cover the complete oxidation

for all steels, but it is obvious with steels containing large

amounts of carbon, such as spring steel and tool steel, more
oxygen will be used up from tlie nitric acid and perman-
ganate than from steels containing small amounts of carbon.

The desirability of securing the 'necessary oxidation of

tlie iron salt and of the carbon, and pos.sibl}' of the phos-

phorus to phosphoric acid, by permanganate rather than
chromic acid, is a question about which there may be some
difference of opinion. In our experience the permanganate
seems to accomplish the result fully as satisfactorily as the

chromic acid, and does not introduce any free acid into the

solution. We have not made exhaustive experiments on the

use of these two oxidizing agents, but the method which is

especially characterized by the use of chromic acid re<[uire3

evaporation, which is not essential in the method which we
have recommended. Moreover, as will be stated a little

later, the amount of free acid present we think has an influ-

ence on the composition of the yellow precipitate, and pos-

sibly on the amount of it ; so that since we can secure the

result desired by the addition of the neutral salt, we think

it safer and better in every way to do this than to use the

free chromic acid. This peculiarity—namely, the use of

permanganate instead of chromic acid— is one of the princi-

pal differences between the method as we recommend it

and Wood's method, which has already been published and
largely used. This perhaps is the place to give another rea-

son why we prefer the method as published to Wood's
method—namely, in addition to the greater ease and equal

certainty obtained by the use of permanganate, we are in-

clined to think the method that we recommend gives more
readily obtained constant conditions than Wood's method.
With the latter a certain amount of evaporation to approxi-

mately certain bulk of the nitric acid solution is requisite.

In our experience, covering now two or three years, we find

it very difficult to get uniform conditions as to free nitric

acid present with this evaporation. The evaporation itself

is a disagreeable operation, is conducted in a beaker not

capable of accurate measurement, and results in very con-
centrated nitric acid, so that a small error of bulk makes a

wide difference in the amount of free nitric acid present in

the subsequent operation. We have obtained excellent re-

sults with Wood's method, but we think the labor and un-
certainty of the method are greater than of the method
whicli we recommend.
The amount and strength of the nitric acid used to dis-

solve the steel and the subsecjuent manipulation and use of

the solution have been designed in such a way that after the

raolybdate solution is added the percentage of free nitric

acid in the resulting solution is the same as in the molyb-
date solution itself. Our reasoning was this : It is believed

that the yellow precipitate is more insoluble in the molyb-

date solution than in any other known menstruum, and the

insolubility of the yellow precipitate is affected by the

amount of free nitric acid. We therefore base our quanti-

ties and manipulation so as to secure a final solution in

which the yellow precipitate should be formed that would
have the same amount of free nitric acid as the molybdate
solution. Of course if a molybdate solution can be made in

which the yellow precipitate is more insoluble than the one

given in the method as published, it would be a step for-

ward. At present, and until further work is done on this

point, our method as puldished rests, so far as the insolu-

bility of the yellow precipitate is affected by free nitric acid,

on the amount of free nitric acid in the standard molybdate
solution. We of course recognize that the nitrate of iron

may have an influence on the insolubility of the yellow pre-

cipitate, and our only point here is that, as stated above, so

far as the insolubility of the yellow precipitate is affected

by the free nitric acid, the method as given assumes that

the molybdate solution contains that amount of free nitric

acid in which the yellow precipitate is most insoluble.

Those who are familiar with the literature of phosphorus

determinations will remember that it has been recommend-
ed to reduce the molybdic acid in a flask or beaker by treat-

ment with granulated zinc, and it will be observed that

instead of this procedure, we pass the liquid through a re-

ductor containing powdered zinc. We have used both

methods, and our experience very greatly favors the re-

ductor method with the powdered zinc. Even with plati-

num and a little mercury present foi amalgamation, the very

last portion of the reduction is extremely slow with granu-

lated zinc, and it is difiicult to completely discharge the

port-wine color. Even a few minutes' standing after the

liquid is poured off from the granulated zinc before titration

will give this color, indicating incomplete reduction of the

molybdic acid. On the other hand, with the reductor the

reduction is apparently complete within the first half inch

of the powdered zinc in the top, and we have never had the

slightest ditliculty with any subsequent oxidation. We
have run across some parties who claimed that they did not

get good results with the reductor, but this is so contrary

to our experience that it is difficult for us to see why. We
will say, however, that if the yellow precipitate is washed
in nitric acid, or in a wash-water containing nitrates, or if

all the nitrates are not washed out of the yellow precipitate,

there will be trouble subsequently with the reductor. The
deleterious effects of nitric acid can be readily demonstrated

by any person for himself, by adding a drop or two of

nitric acid to dilute sulphuric acid, and passing it through

the reductor simply as a blank, followed by subsequent

titration. Of course, when nitrates are treated with sul-

phuric acid, free nitric acid results, producing the same
effect. The amount of permanganate used up by even a sin-

gle drop of nitric acid, under the conditions above, will, we
think, astonish any one who has not made the experiment.

It is probable that many chemists will prefer to dry and
weigh the yellow precipitate instead of titrating with per-

manganate, as we recommend, and it is only fair that the

reasons which led us to choose the permanganate method
should be given. There are two reasons. We may say pre-

liminaiily that we have obtained almost identical results by
both methods, but in our experience the weighing of any

substance on the dried fliler is alwaj-s an operation attend-

ed with uncertainty, especially unless one has had a good
deal of experience. We have also obtained very satisfactory

results by catching the yellow precipitate in a Gooch cruci-

ble on an asbestos filter, but find at the best that the gradual

change of a dried filter, or a Gooch crucible, during the

operation of weighing, is sufficient in our experience to

introduce a little feeling of uncertainty as to results. There

is another consideration which has some influence here

—

namely, in steels containing 0.20 to 0.30 of silicon there is

always a danger of weighing a little silicon with your yellow

precipitate. In view of these uncertainties and in view of

the fact that almost every laboratory has or should have a

standard permanganate solution which can be easily stand-
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ardizod and easily kept standard, we finally decided, after

a good deal of study and thought, to use the permangiuiate

method. If the reduetor is kept in good order and the

laboratory has a supply of standard steel or iron, proper

care being taken to secure good permanganate of potash and

to age it properly before it is used, there are few reagents,

if we may trust our experience, tliat are more satisfactory

than permanganate solution.

The end reaction in washing the yellow precipitate may
possibly need a word or two of e.vplanation. It will be ob-

served that the directions practically recjuire to allow a few

drops of the washings from the funnel to fall into a dilute

sulphide of ammoniimi solution. The wash-water is acid,

and the sulphide of ammonium more or less alkaline. It is

obvious, therefore, that there may arise two conditions.

Enough wash-water may run in to change the sulphide of

ammonium solution into an acid solution, or only enough
washings may run in to still leave the sulphide of ammonium
alkaline or neutral. Under which condition is the greater

sensitiveness obtained ? Some chemists prefer the acid

condition ; but our directions call for the alkaline condi-

tion, which we prefer, and for the following reason : If we are

testing for molybdenum, it is obvious that the acid solution

should be used, since molybdemnn forms no precipitate in

the alkaline solution, but simply changes color slightly. If

we are testing for iron, no precipitate or change of color is

formed in the acid solution, but a marked change of color

residts in the alkaline solution. In view of the fact that

the yellow precipitate is believed to be slightly soluble in

the wash-water if we test for molybdenum, it is obvious we
would never get an end reaction, provided the test is suffi-

ciently delicate. On the other hand, we are washing out of

the filter molybdate of iron, and when the molybdate of

iron is out it is perhaps safe to assume that the filter is

washed clean. We accordingly prefer that manipulation

which shows the iron, especially since the molybdenum pres-

ent assists the change of color, even in the alkaline solution.

^ The use of sugar and other organic substances to reduce

the binoxide of manganese formed during the process of

solution and o.xidizing the phosphorus has been proposed.

It will be observed that we prefer to use proto-sulphate of

iron. It is claimed that there is not much dilference be-

tween the action of these various substances ; and as the

amount is quite small, it is probable that the results will

not be seriously affected whichever reducing agent is used.

We prefer the proto-sulphate of iron, as we do not like to

introduce into a steel solution, where we have been trying

to get rid of the organic matter, any organic substance. Of
course a very large amount of sulphate of iron might pro-

duce sulphates enough to interfere with the successful sub-

sequent precipitation of the yellow precipitate, but there

seems little danger of this if the directions are followed.

Some questions may arise in regard to the calculations.

There is a good deal of variation in the literature of the

phosphorus method as to the composition of the yellow pre-

cipitate. Our own explanation of these variations is that

probably the composition of the yellow precipitate is affect-

ed by the conditions under which it is formed. Our figure

showing the relation of phosphorus to molybdic acid was ob-

tained as follows : We took three samples of steel, one con-

taining about 0.1.5 per cent, carbon, one containing about
0.55 per cent, carbon, and another containing about 1.00

per cent, carbon. We made careful phosphorus determina-

tions on each of these three samples by what is known as

the combination method—that is, starting with 10 grams,

we separated arsenic, and proceeded exactly as described

under the acetate method in the " Chemical Analysis of

Iron,'' by A.A.Blair (second edition), up to the point of ob-

taining the basic acetate precipitate, except that instead of

adding two or three drops of bromine to oxidize iron

enough to carry down the phosphorus, we added enough
bromine to oxidize one-half gram of the iron, 'i'his half

gram, after being washed on the filter, was treateil with

nitric acid and the phosphorus separated from it by means
of molybdic acid. The yellow precipitate obtaiiKMl from

this precipitation was then dissolved in ammonia and the

molybdic acid converted into the sulphide in alkaline solu-

tion by passing sulphuretted hydrogen gas, after which the

molybdic acid was separated by acid and removed by !ilt ra-

tion. In the filtrate concentrated to a very small bulk, the

))hosphorus was precipitated by magncsial mixture. The
results obtained from tliese analyses were regarded as the

amount of pliosphorns contained in the three steels, and the

factor used in the volumetric method was based on these

analyses.

Witliin the last year a method of treating the yellow pre-

cipitate different from that which we recommend was pub-

lished by Mr. .1. O. Handy, Pittsburgh, which consisted

practically in dissolving the yellow precipitate in caustic

soda, and titrating the excess of soda by means of nitric

acid, using i)henolphtalinc as the indicator. This method
has been received with a good deal of favor, and, according

to our experiments, gives practically the same results as the

method which we recommend. Two reasons, however, led

us not to adopt this in preference to the permanganate treat-

ment of the yellow precipitate : first, it is more difficult to

secure standard solutions of caustic soda and nitric acid

than it is to secure a standard solution of permanganate of

potash. Starting with metallic iron, the strength of the

permanganate solution is easily and quickly obtained, and
the same solution is used in almost every laboratory for

other purposes. The Handy metliod requires the mainte-

nance of two special solutions not useful for other i)ur]ioses.

There is another phase of the case— namely, phenolphtaline

is not delicate in presence of ammonia salts ; and while the

solutions can be so manipulated that this ditheulty is small,

provided the amount of yellow precipitate titrated is small,

we are inclined to fear that with high phosphorus, consider-

able difficulty would result ; so we really saw no advantage

in this over the permanganate method, while what advantage

there is seems to be the other way, and accordingly we
chose the permanganate method.

Also during the past year Mr. II. C. Babbitt, Chemist of

the Wellman Iron & Steel Company, Thurlow, Pa., pro-

posed a modification of the method of getting the yellow

precipitate, which is claimed to eliminate the co-precipita-

tion of the arsenic with the phosphorus. The method con-

sists practically in precipitating at a temperature not above
35" centigrade. We tfiink it luis been taught in some of

the scliools for a considerable time past that the chances for

carrying down arsenic along with the phosphorus by means
of molybdic acid were diminished at low temperatures, but it

has also been taught that in order to secure a complete pre-

cipitation of the phosphorus under these circumstances it

was essential to have considerable time. Mr. Babbitt's

paper would seem to claim that even at low temperatures

and short time, phosphorus might be completely precipitated

with the avoidance of the co-precipitation of the arsenic.

We have not been able to do much positive work on this

question. A little work on a single sample of steel known
to contain quite considerable arsenic with considerable phos-

phorus, does not confirm the view that the phosphorus is

completely precipitated at low temperatures and in short

time. Further work should be done on this point, and it is

fair to say that the question of how to secure the phosphorus

in steel by any rajiid method without the arsenic mterfering,

so far as our knowledge goes, is not at present satisfactorily

answered. " In view^ of this state of all'airs, we decided to

take the other horn of the dilemma—namely, to call all that

comes down by the method which we have published phos-

phorus, recognizing at the same time that in steels contain-

ing considerable arsenic there is a strong probability that a

portion of the material called phosphorus is arsenic. It is

barely possible that within the next six months or a year

somemethod of overconnng this difficulty nuiy be devised.

It is to be regretted that there is so little jjositive knowledge
of the infinence of arsenic on steel. The best authorities

that we can consult indicate at least that arsenic is not so

harmless an element in steel tliat it can be ignored, also

that its infiuence is much the same as that of phosphorus
;

so that, in view of the fact that the steel-makers are fore-

warned that arsenic will be counted against tliem, we think

no hardship can result.

It will be observed that the method as published is not

recommended to be used for pig iron, nor have we experi-

mented with it on ores. It is to be hoped that enough work
will be done in the near future to not only check up what-

ever weak points there may be in the method as it now
exists, but also to expand its application.

(TO BE CONTINUED.)
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A LARGE PUMPING ENGINE.

The engraving given herewith is from a drawing of an

engine which is notable not only tor its large size, but also

for the special adaptation of its design to tlie work which
it is intended to do. It was recently built by the Edward
P. Allis Company in Milwaukee, Wis., for the Chapin Min-

ing Company of Iron Mountain, Mich. It is a compound

type. The cylinders have poppet valve-gear with a trip

cut-off on the high-pressure cylinder and a Stevens cut-off

on the low-pressure cylinder. There is an independent
steam-power air pump and a surface condenser ; in the

latter, part of the water raised from the mine will be used
for condensing purposes.

A peculiar feature of this engine is that the cylinders and
valve-gear are so proportioned and arranged that the en-

gine can be run by compressed air instead of steam, if de-

TKS Ecw.p.ALLls CO. E.BEvr:::,ns svPT.j

engine of the steeple pattern and is designed to raise water
up a vertical shaft from a depth of 1,500 ft.

The work will be done by plunger pumps placed in the

shaft about 200 ft. apart. These pumps have plungers 28
in. in diameter and 10 it. stroke ; the plungers are connected
and driven by a steel rod 7 in. in diameter extending to the
bottom of the shaft and working in guides placed about 20
ft. apart. At its upper end this driving-rod is connected
to the beam shown in the engraving, from which it receives

a reciprocating motion, and which is, in turn, driven directly

by the engine.

As before noted, the engine is of the compound type
;

the high-pressure cylinder is 50 in. in diameter and 10 ft.

stroke, and the low-pressure cylinder 100 in. in diameter
and 10 ft. stroke. The ratio of the cylinders is 1 : 4. The
engine is designed to work with 135 lbs. pressure. Steam
will be supplied by vertical tubular boilers of the Reynolds

sired.>.,i jln"running'',with.air;the large or low-pressure cylin-

der would be used as the initial cylinder. The Chapin
Company has a plant of large capacity at Quinnesec Falls,

where air is compressed by water-power, and from this

plant the engine can be supplied, should it be decided to

dispense with steam.

The great size and capacity of the engine will be better

understood from some of the details. The journals of the

main shaft and of the beam centers are 24 in. in diameter

and 36 in. long. The crank-pin, crosshead-pin, and the

pins on the beam have bearings 16 in. in diameter and 18

in. long. The connecting-rod is 30 ft. in length and is 15

in. in diameter at the center. The fly-wheel is 40 ft. in

diameter and weighs IGO tons. The main beam is 32 ft.

between centers, and its weight complete is 100 tons. The
total weight of the engine, including only the parts shown
in the engraving, and excluding the jmrnps and other work
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in the shaft, is tiOO tons. Its total height above the engine-

room floor is 54 ft. It is one of tlie largest stationary en-

gines in the countrj' and is cxpecteil to do notable work.

This engine is all in place and erected at the mine, and
will be started up as soon as tlie work on the pumps in the

shaft is completed. The deiith of the main shaft of the

mine is now (iOO ft., and three sets of piimps are in ])lace.

Additional pumps will be added as the shaft is sunk deeper.

The works of the Allis Company have turned out many
engines of large dimensions wliich are now doing excellent

work.

CYLINDER CONDENSATION AND STEAM-
ENGINE ECONOMY.

(From address of W, Cauthorne Unwin. F.R S.. President of Mechanical
Science Section, at tlie Annual Meeting of the British Institution.)

AViTii the knowledge he had acquired of the relations of

the pressure and temperature of steam, its volume at differ-

ent pressures, and the heat absorbed in producing it, James
"Watt was able to determine that the quantity of steam used
in a model at '. ospheric engine was enormously greater than
that due to the volume described by the piston. There was
waste or loss. To discover the loss was to get on the path
of finding a remedy. The separate condenser, by diminish-

ing cylinder condensation, annulled a great part of the loss.

. So great was Watt's insight into the action of the engine
that he was able to leave it so perfect that, except in one
respect, little remained for succeeding engine builders, ex-

cept to perfect the machines for its manufacture, to improve
its details, and to adapt it to new purposes. Now it very
early became clear that there were two directions of advance
which otight to secure greater economy. Simple mechani-
cal indications showed tliat increased expansion ought to

insure increased economy. Thermodynamic considerations
indicated that higher pressures, involving a greater tem-
perature range of working, ought to secure greater economy.
But in attempting to advance in either of these directions,

engineers were more or less disappointed. Some of Watt's
engines worked with .5 lbs. of coal per indicated horse-power
per hour. Many engines with greater pressures and longer
expansions have done but little better. The history of
steam-engine improvement for a quarter of a century has

been an attempt to secure the advantages of high pressures

and high ratios of expansion. The difficulty to be over-

come has proved to be due to the same cause as the ineffi-

ciency of Watt's model engine. The separate condenser
diminished, but it did not annul, the action of the cylinder
wall. The first experiments which really startled thought-
ful steam engineers were those made by Mr. Ishcrwood, be-
tween 1800 and 1865. Mr. Isherwood showed that in en-

gines such as those then in use in the United States Navy,
with the large cylinders and low speeds then prevalent, any
expansion of the steam beyond three times led, not to an
increased economy, but to an increased consumption of
steam. Very little later than this M. Hirn undertook, in

1871-75, his classical researches on the action of the steam
in an engine of about 150 indicated horse-power. Experi-
ments of greater accuracy or completeness, or of greater in-

sight into the conditions which were important, have never
since been made, and Ilirn with his assistants, ]\IM. Hallauer
and Dwelshauvers-Dery, has determined, once for all, the
whole method of a perfect steam-engine trial. M. Hirn was
the first to clearly realize that the indicator gives the means
of determining the steam present in the cylinder during
every period of the cycle of the engine. Conse<]uently,
superheating in ordinary cases being out of the question, we
have the means of determining the heat jiresent and the heat
already converted into work. The heat delivered into the
engine is known from boiler measurements, combined with
caloriraetric tests of the quality of the steam, tests which
Hirn was the fir.st to undertake. The balance or lieat unac-
counted for is, then, a waste or loss due to causes whicli
have to be investigated. Ilirn originated a complete method
of analysis of an engine test, showing at every stage of the
operation the heat accounted for and a balance of heat \m-
accounted for

; and the latter proved to be a very con.sider-

able (juantity.

Jleanwhile theoretical writers, especially Rankine and
C'lausius, had been perfecting a thermodynamic theory of

the steam-engine, based primarily on the remarkable and
irrefragable principle of Carnot. The result of Ilirn's analy-

sis was to show that these theories, applied to the actual

steam-engine, were liable to lead to errors of 50 or (jO per
cent., tlie single false assumption made being that the inter-

action betwr;en the walls of the cylinder and the steam was
an action small enough to be negligible.

In England, Mr. JIair Kumley, following,IIirn's method,
made a series of experiments on actual engines with great
care and accuracy and completeness. All tliese experiments
demonstrated the fact of a large initial condensation of

steam on the walls of the cylinder, alike in jacketed and
unjacketed engines. This condensed steam is reevajiornted

partially during expansion, but mainly during exhaust, and
serves as a mere carrier of heat from boikr to condenser, in

conditions not permitting its utilization in producing work.
It became clear from Ilirn's experiments, if not from tlie

earlier experiments of Isherwood, that for each engine there

is a particular ratio of expansion for which the steam ex-

penditure jier horse-power is least. Professor Dery has since

deduced from them that the practical condition of securing

the greatest efficiency is that the steam at release should be
nearly dry. In producing that dryness the jacket has an
important influence. In spite of much controversy among
practical engineers aliout the use of the jacket, it does not

appear that any trustworthy experiment has yet been ad-
duced in which there was an actual loss of efficiency due to

the jacket. In the older type of comparatively slow engines

it is a rule that the greater the jacket condensation the

greater the economy of steam, even when the Jacket con-

densation approaches 20 per cent, of all the steam used. It

appears, however, that as the speed of the engine increases,

tlie influence of the jacket diminishes, so that for any en-

gine there is a limit of speed at which the value of tlie

jacket becomes insignificant.

Among .steam-engine experiments directed specially to

determine the action of the cylinder walls, those of tlie late

Mr. Willans should be specially mentioned. Mr. WiUans'
death is to be deplored as a serious loss to the engineering

profession. His steam-engine experiments, some of thtin

not yet published, are models of what careful experiments
should be. They are graduated experiments designed to

indicate the effect of changes in each of the practically

variable conditions of working. They showed a much
greater variation of steam consumption (from 40 to IS lbs.

per indicated horse-power hour) in different conditions of

working than, I think, most practical engineers susjiected,

and this has been made more significant in later experiments,

on engines working witli less than full load. The first

scries showed that in full load trials the compound was
superior to the simple engine in practically all the condi-

tions tried, Ijut that the triple was superior to the compound
only when certain limits of pressure and s])eed were passed.

As early as 1S78 Professor Cotterill had shown tliat the

action of a cylinder wall was essentially equivalent to that

of a very thin metallic plate, following the temjieratuii' of

the steam ; the exceedingly rapid dissipation of heat from
the surface during exhaust especially being due to the

evaporation of a film of water initially condensed on its sur-

face. In permanent regime the heat received in admission
must be equal to that lost after cut off. In certaiii condi-

tions it appeared that a tendency would arise to accumulate
water on tlie cylinder surfaces, with the effect of increasing

in certain cases the energy of heat dissipation. Recently
Professor Cotterill has been able to carry much further the

analysis of the complex action of condensation and re-

evaporation in the cylinder, and to discriminate in some de-

gree between the action of the metal and the more ambigu-
ous action of the water film. By discarding the less

important actions, he lias found it possible to state a semi-

empirical formula for cylinder condensation in certain re-

stricted cases which very closely agrees with experiments
on a wide variety of engines. It is to be hojied that, with

the data now accnniulating, a considerable practical advance
may be made in the clearing up of this cmnph'X .subject.

There are, no doubt, some people who are in the habit of

depreciating (juantitative investigations of this kind. They
are as wise as if thev recommended a manufacturer to carry on
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his business without attending to liis account books. Fur-

ther, the attempt to obtain anj' clear guidance from experi-

ments on steam-engines has proved a hopeless failure with-

out help from the most careful scientific analysis. There is

not a fundamental practical question about the thermal

action of the steam-engine, neither the action of jackets or

of expansion or of multiple cylinders, as to which contradic-

tory results have not been arrived at, by persons attempting

to deduce results from the mass of engine tests without any

clear scientific knowledge of the conditions which have

alTected particular results. In complex (picstions funda-

mental principles are essential in disentangling the results.

Interpreted by what is already known of thermodynamic
actions, there are very few trustworthy engine tests which
do not fall into a perfectly intelligible order.

There is only one known method, not now much used, by
uiiich the cylinder condensation can be directly combated.

Tliirty years ago superheating the steam was adopted with

very considerable increase of economy. It is likely that it

was thought by the inventor of superheating that an advan-

tage would be gained by increasing the temperature range.

If so, his theory was probably a mistaken one. For the

cooling action of the cylinder is so great that the steam is

reduced to saturation temperature before it has time to do
work ; but the economy due to superheating was unques-
tionable, and was very remarkable considering how small a

quantity of heat is involved in superheating. The heat ap-

pears to diminish the cylinder wall action so much as almost

to render a jacket unnecessary. The i)lan of superheating

was abandoned from purely practical objections, the super-

heaters then constructed being dangerous. Recently super-

heating has been tried again at 5Iulhouse by M. Meunier,

and his experiments are interesting because they are at

higher pressures than in the older trials and with a com-
pound engine. It appears that even when the superheater
was heated by a separate fire there was an economy of steam
of 2.J to 30 per cent, and an economy of fuel of 30 to 25 per

cent., and four boilers with superheating were as efficient

as five without it.

It may be pointed out as a point of some practical impor-
tance that if a trustworthy method of superheating could be
found, the advantage of the triple over the compound en-

gine would be much diminished. For marine purposes the

triple engine is perfectly adapted. But for other purposes

it is more costly than the compound engine, and it is less

easily arranged to work efficiently with a varying load.

There does not seem much prospect of exceeding the effi-

ciency attained already in the best engines, though but few
engines are really as efficient as they might be, and there

are still plenty of engines so designed that they are exceed-
ingly uneconomical. The very best engines use only from
13 to lo lbs. of steam per indicated horse-jiower hour, hav-
ing an absolute efficiency reckoned on the indicated power
of IG per cent., or reckoned on the effective power, 13 per

cent. The efficiency, including the loss in the boiler, is

only about 9 jjer cent. But there are internal furnace en-

gines of the gas-engine or oil-engine type in which the ther-

mal efficiency is double this.

THE LAKE CHANNEL.

Thk Cleveland Murine Record states that the contracts for

the completion of the 20-ft. channel from Buffalo to Chicago
and Duluth will be awarded in eight distinct sections, and
work must be begun by May 13, 1893, and completed within
three seasons of 200 working days each, between May 1.5

and November 30. Congress has limited the cost of the
channel to $3,340,000, of which $375,000 are now available.

The first section comprises the improvement of two shoals

in St. Mary's River above the canal. ' The upper shoal lies

northwesterly and the lower shoal northeasterly from the
old Round Island lighthouse. The work to be done consists

in excavating a channel within the side and end lines, the
estimated excavation being 90,000 cubic yards.

The second section comprises the improvement of Little

Mud Lake, between the lower end of Sugar Island and the
lower end of the Dark Hole, St. Clary's liiver, the estimated
excavation being 380,000' cubic yards.

The third section comprises the improvement of a reef

abreast of Sarton Encampment Island, St. Mary's River, the

estimated excavation being 90,300 cubic yards.

The fourth section comprises the improvement of a shoal

about 1-J miles below Sarton's Encampment in Mud Lake,

St. Mary's River, the estimated excavation being 67,100

cubic yards.

The fifth section comprises the improvement of a number
of small shoals at the foot of Lake Huron, the estimated ex-

cavation being 356,000 cubic yards.

The sixth section comprises the improvement of the St.

Clair Flats, the estimated excavation being 950,000 cubic

yards.

The seventh section comprises the improvement of Grosse

Point Flats, the estimated excavation for the width of 300

ft. being 130.000 cubic yards,

The eighth section comprises the improvement of the bar

at the mouth of the Detroit River, the estimated excavation

for the width of 300 ft. being 11,000 cubic yards.

IRRIGATION IN INDIA.

(Trausliited from Minwlre by Chief Engineer Barois, in Les Annates des

PonU et Chaussees.)

(Continuedfrom page 5&9, Volume LXVI.)

RESERVOIRS.

In many districts of India, and especially in the central

and southern provinces, the reservoirs are the chief reliance

for irrigation. This is the case not only in the dry season,

when the flow of the streams becomes very small, but also

in the rainy season, because the rains last but a short time

and the water which falls flows away rapidly, although there

are occasionally violent storms when the rainfall amounts to

as much as 10 in. or 13 in. in 24 hours.

These regions have, from almost prehistoric times, been

dotted with reservoirs of all sizes, which are fed by the rain

falling on the neighboring slopes, by the smaller streams

and by the rivers.

In the government of Madras there are between 50,000

and 60,000 of these reservoirs. The dykes or dams inclos-

ing them have a total length of over 30,000 miles, and they

have altogether some 300,000 works of masonry, small and

large.

These reservoirs vary very much in size
;
many of them

are of small extent, as may be seen by taking some districts

of the province as examples.

In the Kistna District there are 657 reservoirs, of which

5 only supply water for irrigating over 1,000 acres each
;

15 supply from 500 to 1,000 acres, while 384, or more than

half, supply less than 50 acres each.

The North Arcot District has 3,297 reservoirs, of which

981 supply less than 10 acres each ; 506 from 10 to 20 acres
;

777 from 20 to 50 acres each, vjhile 17 .supply from 500 to

1,000 acres, and 4 only over 1,000 acres each.

In the South Arcot District, out of 3,495 reservoirs 1,970

—nmch more than half—supply less than 50 acres each, while

only 37 are large enough for the wants of over 500 acres.

The Madura District has no less than 13,291 reservoirs
;

but of these 48 only supply more than 1,000 acres each,

while 13,580 furnish water for less than 200 acres, 1,116 sup-

plying from 30 to 30 acres each ; 3,073 from 10 to 20 acres

each, and 5,518 less than 10 acres each.

The banks of the old reservoirs are built entirely of earth.

Many of them are formed by dams closing narrow gorges,

above which are found natural basins of greater or less

extent. Thus the reservoir of Cammun, in the Guntoor

District, which has an area of 10,000 acres, is formed by a

dam 100 ft. high closing a ravine about 300 ft. across. The

dam is of earth with slopes of about 1 to 3 ; the upper slope

is covered with stone. This reservoir holds water enough

to irrigate the district it serves for two seasons.

In the Mysore District the Nuggur Reservoir has a perim-

eter of 49 miles, but the dam is only 1,000 ft. long ;
this

dam has a maximum height of 84 ft. and is 580 ft. through

at the base. In the same district, on a branch of the Lokain

River, there is another large reservoir with a dam closing a
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defile only 225 ft. in width ; the height of this dam is 125

ft., and it is about 400 ft. through at the base.

In many cases reservoirs are established on undulating
plains, where the slope of the ground is from 1.5 to 2 ft. in

1,000. They are then formed by a dam crossing the jiliiin

at right angles to the general slope, and by two lateral dams
or dykes running up the slope. Reservoirs of this class re-

((uire a great length of dyke. They are placed as much as

possible in situations where tliey do not dei>end entirely on

the rainfall, and are most frequently stipplied by a natural

watercourse or a feeder canal from a river.

Some of these reservoirs, supplied by rivers or natural

streams, are of great extent. The Chebranbankam Keser-

voir, near Madras, covers about 0,200 acres ; it has a dam
3.4 miles long, which holds back a maximum of 20 ft. of

water. The overflows have a total length of O.jO ft. ; the

reservoir will hold nearly 2,0150,000,00(1 cub. ft. of water,

and will irrigate 10,000 acres of rice. The Veeranum Reser-

voir, in the South Arcot District, is fed by a canal from the

Coleroon Kiver ; its dams are 12J miles long and 20 ft. in

niiiximum heiglit. Its surface is 20,000 acres and its capac-

ity is about 2,800,000,000 cub. ft. Red Hill Lake, which
furnishes water to the city of Madras, is supplied by a spe-

cial canal. It has a dam ;if miles long and 20 ft. high, a

surface of 0,200 acres and a capacity of 27,000,000,000"cub.

ft. ; tlie overflows are 300 ft. in length.

In the Mysore District, where every drop of water is

saved, we find a series of reservoirs arranged in echehti one
above the other in the same valley ; the reservoir below is

placed at the point where irrigation from the next one above
ceases.

The English engineers have not established new reservoirs

in the presidency of Madras, but have only improved and
developed the works whicli tliey found already in existence.

Tliey have taken care tliat the dams should be kept up to

their normal height and profile, the overflows properly ]iro-

portioned and solidly built, the feeder canals provided with

suitable head works ; in short, that the system should work
with the regularity and safety necessary to a successful sys-

tem of irrigation.

The earth dams are generally built of material taken from
])its near tlieir sites. The earth is puddled or worked down
simply by the feet of the men employed in their construc-

tion ; but as the work generally requires at least two sea-

sons, the rains of the monsoon a.ssist. The inclination or

slope varies from 2 to 3 of base to 1 of height ; on the outer

slope li or 2 to 1 is generally sufficient. It is generally

considered necessary to make the dam at high-water level

as wide aa the maximum depth of tlie water held back. It

is recommended also, as a measure of security, that tlie dam
should extend from 8 to 10 ft. above the highest water

level.

Tlic upper slopes of earth dams are generally protected

by a covering of stone, clay or turf. Tlie stone protection

varies from 3 to 4 ft. in thickness ; in some large reservoirs

the stones are from 5 to cub. ft., carefully placed with

headers, or arranged in steps ; in others the facing is simply

riprap placed without special care.

The natives often consider it a suflieient protection to

plant trees on the dykes.

In tli(! small reservoirs they often use as facing fascines

of rushes placed horizontally along the slope. After a short

time these rushes take root and the slopes are soon covered

with a thick vegetation. This system is so efficaciinis that

along the rivers in the Tanjore Delta, where stone is not to

be found, all the dykes are protected in this way.
Each reservoir is provided with one or more overflows.

When these are not founded on rock or solid bottom, they

are protected by stone facing having at least three or four

times the width of the opening ; "this is at least ecjual to

twice the height of the fall measured from the surface of

tlic water to that of the base. The thickness of the stone

depends on the fall ; with a fall of 10 ft. and a depth of 3

ft. passing over the crest of the outflow the stone is at least

4 ft. thick.

The aijueducts taking water from the reservoirs are usually

of masonry. They are often so arranged that tliey can be
used to supply several canals at different levels.

In Upper India there is less need of reservoirs, because

the rivers there usually supply water throughout the year.

There are, however, several in places where all the rain of

the monsoon falls in a short time and where the surface is

undulating in such a way that tlie water falling during heavy
rains will flow off rapidly, producing only a very transient

effect on the land. IJcservoirs so placed which have had a

verv good result are those of Ajnicre. of Cairwara and of

Kafra. The last named holds about 530,000,000 cub. ft. of

water.

In Central India there are many small dams on the less

important rivers, the object of which is to maintain a cer-

tain reserve of water which will, by infiltration, feed the
wells from which water is drawn for irrigation. The util-

ity of these works is, however, not admitted by many ex-
perts. A dam of this class is that of Nya-Nagar, which is

a masonry wall founded on a rocky bed. It is 312 ft. long,

10 ft. thick at the base and 7 ft. at the crown, and is 13 ft.

high. It holds back the water in the stream for about
4,000 ft.

In the presidency of Bombay the English engineers have
begun the construction of several fine irrigation reservoirs

which deserve some special description.

1. The Mutha Reserroir.—This is on the Mutha, a trib-

utary of the Kistna, about 10 miles from Poona. It is fed

by the periodical rains which fall on the slopes of the West-
ern Ghats and is intended to irrigate a very dry district on
the great plain of the Deccan ; it also furnishes water for

the city of Poona and a number of villages.

This reservoir is formed by a wall of masonry founded on

rock and having a length of 3,680 ft., not including an
overflow 1,450 ft. long. The crest of the dam is "J'J ft.

above the river bed, and the overflow is 11 ft. below the

crest, making the maximum depth of water'in the reservoir

88 ft. The superficial area of the reservoir is 3, TOO acres,

and its total capacity is 5,152,500,000 cub. ft. of water.

^H;^qt£r^

B^r"(i)a KcstYuoir J^ck.t*i.

2. '/'/((' Eknik Rcxcnoir.—This work is in the same region

as the Mutha Reservoir ; it is on tlie Adiiila River, 5 miles

northeast of Sholapur. The dam is 7,200 ft. long ; it is

formed at the two ends by two masonry walls respectively

1,300 ft. and 1,400 ft. long, the central portion, 4,500 ft.

long, being an earth dam, the maximum heiglit of which
above the river bed is 75 ft. This dam has a slope on the

u|)-stream side of 1 in height to 3 of base, and of 1 to 2 on

tlie lower side. On the up-stream side the slope is protect-

ed by riprap about 2 ft. thick. An overflow is made in the

rock on each side, at each end of the dam, the total width

of the openings being 370 ft.

The capacity of this reservoir is about 3,320,000,000 cub.

ft. of water. Its superficial area is 4,000 acres. The water-

shed from which it is supplieil covers about 00,000 acres.

It supplies water to irrigate 21.500 acres of land through

three canals located on different levels.

3. The Jktwa R<:«en)iiir.—'V\\\s reservoir is formed by a

dam built across the valley of the River Betwa ; the flow of

the river in flood times rises to a maximum delivery of

700.000 cub. ft. per second.

This fine dam is founded on the rocky bed of the river,
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anil is built entirely of granite blocks with cement mortar.

At the highest point the crest is 50 ft. above tlie river bed.

Tiie crest is 15 ft. in width. The front of tlie wall is verti-

cal for a short distance and then has a batter of 24 in 100.

The up-stream side has a curved profile. For a height of

50 ft. the wall is 01 ft. thiclv at the hase.

A section of this dam at the highest point is shown in

fig. 17. In front of the dam there is a counterfort of ma-
sonry, as shown in the section, placed there to protect the

foundation against the wearing effect of the immense mass
of water which falls over the dam in time of flood.

During the dry season water is taken from the reservoir

by a canal ; the head of this canal is provided with gates to

regulate the flow. In the season of floods the water flows

over the crest of the dam in a stream which is sometimes 18

ft. or 20 ft. deep.

This dam is one of the best of the new works constructed

by the English engineers in India. It is at a point where
an earth dam could not possibly stand, and where some
means of retaining water for the dry season was necessary.

(to be continued.)

AREAL WORK OF THE GEOLOGICAL SURVEY.

(Condensed from paper by W. J. McGee, read before the American Insti-

tute of Mining Engineers.)

When the United States Geological Survey began its

work some 20 years ago, it was apparent that the first thing

needed was the preparation of a topographical map. What
was required was not a detailed map, but one giving the

main landmarks and contour lines, and this has been carried

out. At first scales of four miles, two miles and one mile

to an inch were proposed for different sections, but finally

a uniform scale of one mile to the inch was adopted, as the

smallest meeting the requirements of geologists.

Up to the present time the area surveyed has been 537,000

square miles, distributed over 42 States and territories.

The District of Columbia and four States—Connecticut,

Massachusetts, New Jersey and Rhode Island *—have been

completed. The maps are printed in sheets about 15 x 18

in., the side of each representing 15 minutes of latitude.

The sheets are engraved on copper and printed from stone

transfers, and it may be added that they are beautiful speci-

mens of cartographic work. Each sheet is in three colors,

the hydrography being given in blue, the altitudes between
contour lines in brown and the topography in black. Sur-

veys are completed for 694 sheets, of which 615 have been

printed.

The law makes no provision for the sale of these maps,

but it is expected that some arrangement will be authorized

hereafter by which those who desire them can procure them
at a fi.xed price.

Unfortunately the geologists of different countries have
never agreed upon any uniform system of representing geo-

logical structure in maps, so that each country has adopted
some plan of its own. The Geological Survey has adopted
a system which has met with general approval thus far.

This provides for the separation of rock formation into four

classes, as follows :

1. Fossiliferous or Fragmental.

2. Volcanic.

3. Granitoidal and Schistoidal.

4. Superficial.

These classes of rocks are represented by ground colors

and pattern overprints in such a way that the entire range
of available colors may be used for each. The fragmental

rocks are represented by the primary colors in orderly ar-

rangement, each color indicating an age-group (Carbonifer-

ous, Silurian, etc.). These colors, used as uniform ground
tints and overprints in line patterns, represent the distinct

formations of which the group is made up. The volcanic

rocks are represented by angular figures either on a white
ground or over a ground tint representing an age-group.

The crystalline rocks are similarly represented by hachures
disposed either irregularly or in sucli a manner as to indi-

* In Massachusetts and New Jersey the work has been done in co-opera-
tion with the State geological surveys.

cate structure. The superficial deposits are represented by
round figures in such a manner that they may be majjped in

their normal relation, overlying the older rocks, on the

sheets showing the underlying formations.

The general system provides for the representation of the

geology on the topographical maps. The atlas sheets are

colored in manuscript by the geologists in the field and the

geological symbols are afterward engraved on zinc. In

order to make these sheets available for all uses, provision

has been made for printing each sheet in portfolio form,

supplemented by as many different impressions of the same
rnap as may be required. Thus the portfolio will usually

include a topographic sheet without geological symbols ; a

geological sheet showing only the age-groups and forma-
tions ; a structure sheet in which sections drawn to scale are

printed on a sheet showing the groups and formation
boundaries ; sometimes a sheet of columnar sections show-
ing the structure in greater detail ; in some cases a sheet

showing the superficial deposits only ; and, when the occa-

sion requires, a sheet of mineral resources, showing the loca-

tion of mines, quarries, coke ovens, smelters and furnaces,

as well as mineral areas.

These geological surveys consume much time. Moreover,
a variety of circumstances have combined to delay the com-
pletion of the surveys except in special districts, such as the

Lake Superior iron region, the quicksilver and gold regions

of California, the phosphate belt of Florida, the Eureka
and Virginia City districts in Nevada, and some mining
areas in Colorado.

Final geological surveys of greater or less extent have
been executed in o3 States and territories. These surveys

cover an area of 117,000 square miles, and are in part repre-

sented on 100 regular atlas sheets and a large number of

special maps.
The cost of the topographical surveys has varied with

the scale and other conditions from less than $1 to over $5
lier square mile. The average cost of the survey, including

drawing, has been .f3 per square mile on the one-mile-to-

the-inch scale, and the total cost since the first has been
about $4 per square mile. The cost of the geological sur-

vey has varied between much wider limits. In fairly repre-

sentative districts it has averaged !f;5 to .$6 per square mile.

The cost from the beginning has averaged .|8 per square

mile, but this includes preliminary expenditure on instru-

ments, books, laboratories and similar matters.

CANALS IN INDIA.

(Condensed from the Indian Engineer.)

We seem, if exchange goes on falling, likely for this cause

alone to be soon entering upon a great canal-making era in

Indian public works. For canals are the only class of large

works (except planting State forests) which require but little

imported plant. They can be carried out by excavation,

stone-cutting and carpentry, as far as the bulk of the ex-

penditure is concerned.
The disfavor attached to canals hitherto has been also in

a great degree due to the attempts at combining the irriga-

tion which involves a rapid current, with navigation requir-

ing nearly still water. Then it was claimed for canals that

they were better suited to India than trunk railroads, which
few will be ready to admit.
Now that 16,000 miles of trunk railroad lines have been

opened in this country, and silver is cheap in the West while

it retains its former purchasing power in the East, the cir-

cumstances are totally changed ; and canals are wanted, not

in order to take the place of railroads, but to relieve them
in some measure of their superabundant traffic.

There is, however, not the same field for canal as for

railroad extension in India. The summit levels at which
water to keep the canals full can be obtained in the interior

are limited, and far apart. Then very little use can be
made of the rivers themselves in navigation, on account of

the strong current and considerable fall of their bed in most
cases. They also run almost dry between rainy seasons.

This scarcity of water during the summer months necessi-

tates the construction of one or more huge inland lakes, if

canal communication is to be uninterrupted throughout the
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j'ear. There are favorable sites for lakes of this kind, par-

ticiihirly in the HFysorc Ghat rej;ion ; and examples are not
wanting, in those long ago fornieil iinrler native dynasties,

at Jhansi, Hyderabad, Ajniere and other places.

Having fixed upon a choiec out of the small number of

sumniit levels availalile, laying down the canal routes on a

map becomes an almost mechanical operation. Notwith-
standing the many seeming dilliculties, it would be (juite

practicable to lead a navigable canal—some 41) ft. wide and
5 ft. to 10 ft. dee))—all the way from Allahabad, througli

the I?ewah territory, and the heart of the Deccan, down to

the Coromandel Coast ; and then by a canal route already

WORKS ON THE GANGES CANAL.

(From liiilian Enijinterlnrj.)

Tin; works at Ulyaiioro and Dhunowri are the most im-

portant of the drainage works on the Ganges Canal in the

tract of country above Koorkee. Although they may be

classed under the head of iidets as well as escapes for regu-

lating the supply, they fall more appropriately under the

denomination of dams and drainage works.
In fig. 1 we give a plan of tlie works which were origi-

MVAPORE ReOCUTI.VO Hp.Itv.E.

partially opened, right round Cape Comorin to the Bom-
bay frontier in North Canara.

The highest summit level of such a canal, it is true, would
be 1.500 ft. above the sea, and yet what at tlie first blush

seems a troublesome obstacle may be shown, owing to the

command of water-power it gives, a striking advantage.

By an adaptation of the trolley system used on electric

railroads, the boats could be projielled by power furnished

from turbines and dynamos at the locks. In many places

locks could be replaced by inclines operated by water-
power.

In designing canal systems for India there are one or two
considerations to be kept in view. The evaporation is so

great in a tropical climate that it is important to have
depth rather than width. So that though 5 ft. of water
would accommodate a fair amount of traffic, and it may be
a long time before steam vessels are employed, the depth to

be aimed at should not be less tlian 10 ft., either at once or

by degrees.

Again chcaj) freight requires capacious boats, and they
should therefore be of the largest size the locks will admit
(or multiples of that size so as to go through in a batch).

There are no examples in India of either rivers or canals

which have been able to compete with railroads.

AVe have said that irrigation ought not to be combined
with navigation in an Indian canal ; but some exception

may be made. A current of a mile-—and perhnps even up
to two miles an hour—docs not sensibly affect the speed of

animal traction on a canal, so that a certain amount of water
could be sold for irrigation.

As a precaution against famine in the Deccan, where rain-

fall is at intervals scanty and always light, the presence of

a deep river-su])plied navigable canal must prove a vast

benefit. It would save the crops for miles on either side,

and fill vilhige wells.

Little has to be said about a system of canals for naviga-
tion in the plains watered by the Ganges and Indus. It is

obvious that as they prove successful on a moderate scale

further south, immense canals will be required following the
CDurse of, as well as branching olT from, these rivers. Nor
will it take long for the railroad managements to see that
much of their bulky freight should go l>y canal rather than
in expensively hauled trains ; and then to bid to have the
working of canal traffic, with the result of cheaper average
freight rates for India all round.

nally constructed in connection with the departure of the

Ganges Canal supply from the Ganges Kiver and its branch
at Myapore.
The Myapore Regulating Bridge—shown in the first of

the large engravings—at the head of the Ganges Canal is

the main connecting link between the towns of llurdwar
and Kunkhnl, and the high road from Koorkee to Dehra
passes over it. It was intended to serve the dual purpose
of a public thoroughfare as well as the means for determin-

ing the amount of water passing into the canal, having a

roadway of 30^ ft. in width.

The original Jlyapore head works consisted of a brick

regulator, with 10 bays of 20 ft. each, 10 ft. high, two
wooden gates in each bay, inside the mouth of the canal,

C.KNIMIUT Pi. AN'

MVAI'Olil. IIlMl Wollks.

shown in our illustration. The river was governed by means
of a weir r)17 ft. in length. Its central escajie, resting upon
an 8-ft. fioor of brick, over bowlder masonry \\ ft. wide,

had 15 openings between brick piers, :'. ft. high and 10 ft.

apart, fitted with drop gntes and further raised by means
of planks. The weir rose'from the center to Hank walls on
each side 24 ft. in lieight, extending 800 ft. down stream,

a lock-stand above the canal mouth running from it at an

acute angle.

The second large engraving is a general view of the
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Dhuiiowri works, which consist of a clam and inlet thrown
across the Uutnioo torrent ; a regulating bridge, and a

bridge of cross communication in connection with the canal

channel ; and revetments with a variety of drainage works
appended to them. These various details are shown in the

site plan, fig. 3, which will lead to an easy understanding
of the subject.

suit local reijuirenipnts. These works are said to have cost

nearly six lakhs of rupees.

It should 1)C mentioned that the dam which appears in

the illustration of the Dlumowri works shows a footway,
which has now been superseded by a bridge. The box-
work, filled with stones and held in position by piling, on
the down-stream side of the dam has furnished the model

Dhonowhi Works. Ganges Caual,

The Dhunowri works are situated about 13 miles below
the head of the Ganges Canal, at its intersection with the

Rutmoo River, which it meets on its own level, and the

sills of the different works are therefore on the same level.

Our view shows the dam as originally constructed. It

consists of 47 sluices of 10 ft. in width separated by piers

3i ft. thick. These vents are flanked on each side by five

sluices of the same width but having their sills raised (J ft.,

the piers being of the same thickness as those of the center
sluices. On the extreme flanks are platforms raised to a
height of 10 ft. above the canal bed and corresponding in

height with the rest of the piers. These elevated platforms,
which are 17 ft. in length, are connected with the revet-

ment by inclined planes. The revetment walls both on the
right and left are of the sani^ design, and, like the inlet,

call for no remark. The bridge over the canal consists of

three bays of .">;) ft. each, 20 ft. in height from soffit of arch
to floor of canal. The regulating bridge is almost identical
with the Myapore Regulator, with minor modifications to

for the crib-work weirs lately constructed in connection

with the Irrigation Works of Upper Burma.

TESTS OF METALLIC RAILROAD TIES

An interesting note on a test of track laid on metallic ties

has been made public by Herr Ast, Chief Engineer of the

Kaiser Ferdinand Northern Railroad in Austria. In Au-
gust, 1883, a trial section of 2 km. on the Vienna-Cracow
line of this road was laid with Bessemer steel ties of the
Heindl pattern, the rails—of the Vignoles or Stevens type,

weighing 71 lbs. to the yard—being secured to the ties by
clips and bolts. The corresponding section of the opposite
track was at the same time laid with new oak ties treated

by the chlorate of zinc process. The rails and rail-joints

used were of the same pattern on both sections, and the

traffic over each would, of course, be very nearly the same.
The section is on a grade of 0.5 per cent.

;
part on a tangent

and part on a curve of 4,350 ft. radius.

The arrangement of the ties on the two sections is very

nearly alike, eight metal or eight wooden ties being used to

a 22-ft. rail. Both kinds of ties are the same length, 8 ft.

From the time these sections were laid, in August, 18?3,
up to December 31, 1891, the number of trains passing over
the section with metal tics was : Express passenger, 26,303 ;

local passenger, 2,520 ; freight, 51,014 ; total, 80,443 trains.

The average total weight of trains was 528 tons, and the

total weight passing over the section was 42,480,000 tons.

It should be noted that one kilometer of the test section

was ballasted with gravel and the other with broken stone,

the stone being a hard limestone.

The results of this trial have proved altogether favorable

to the metal ties. The rails have been kept in good align-

ment and level, and during the whole period there wa3 no
necessity for correcting the gauge. A careful account kept
of all labor and material shows that the section on metal ties

cost 14 per cent, less for maintenance than the correspond-
ing section on wooden ties. The expense of the latter in-

creased toward the end of the eight years, because some of

the ties had to be replaced ; and this expense, it is expect-

ed, will continue to increase for several years, as more new
ties are needed.

After a service of nine years the metallic ties are, to all
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.ippearances,

any time at

iittacliments

Fig

perfect, and the cnn'inccr in charge cannot fix

wliicli tlicy will probalily reipiire renewal. The
of the rail arc also in good condition, and the

Tt/tfte^ M'!

not due to the form or material of the tics, for the material

was the same, and tli(^ form does not inreatly differ ; nor to

the strains thrown \ipon tlicm, which do not ])ass the limit

of elasticity, and which were really less on
the Beljiian lines than on the Kaiser Ferdi-

nand Uailroad. The dilference in rcsidts

lie attributes entirely to the method of

fasteninj; the rails to the tics, which lie

considers imperfect in the Post and ISract

systems, while in the Ileindl tic the fast-

eninjjjs are so arranged as to properly snp-

jiort the rail, hold it in place and prevent

too great strains on the bolts or undue
wear and deformation of the holes in the

ties.

These results seem to be the most favor-

able yet obtained in Europe with metallic

ties ; and the test seems to have been made
with entire fairness and freedom from preju-

dice.

A JAPANESE CANAL.

INCLINED PLANE ON THE BI'W.^ CANAL IN JAPAN.

only material required for renewals has been a few bolts

and nuts ; even these were called for not on account
of actual wear, but because of the misuse of tools by
trackmen. The rails laid on these ties are in excel-

lent condition, and show
only the normal wear
which might be expect-

ed from the loads they
^ :i.

have carried. No rails

were broken.
It is noted that the

average annual expenses
of maintenance of the

kilometer ballasted with
gravel were 4 per cent,

less than those of the ki-

lometer with broken
stone. Other considera-

tions also showed that

with metallic ties the

gravel ballast is much to

be preferred.

There has been no com-
plaint of lateral move-
ment of the track, al-

though many trains pass

oyer it daily, including
five fast express trains

which sometimes attain a

speed of 45 to .50 miles an
hour.

The results obtained
have been so satisfactory

that the management of the road has decided to use these

metallic tics for all renewals, and has already 304 km. of

track laid upon them.
Results quite as good have been obtained with steel ties

of the Heindl type on the Bavarian State Railroads, in a test

extending over several years.

Herr Ast refers to the unfavorable results obtained on the

Belgian State railroads with metallic tics of the Post and

Braet types. lie considers that the difference in results was

I
Some reference has heretofore been made

to a canal recently completed in Japan,
which extends from Lake Biwa to the city

of Kioto. This canal is 0.9 miles long, and
its construction has required some difficult

work. It passes through three tunnels which
arc respectively 8,040 ft., 411 ft. and 2,803

ft. in length. Just below the third tunnel, at

a distance of 5.:i miles from Lake Biwa, the

canal is divided into two. One branch

—

the high-level—is used for irrigation pur-

poses, while the other, which is designed for navigation,

descends 118 ft. in a distance of 1,800 ft. to the level

of the city, a slope of about 1 in 1.5. The boat traflic at

this point is worked by an inclined plane-way, the boats

BOAT INCLINE ON THE BIWA CANAL IN JAPAN.

being iiut into a wheeled cradle, which is hauled up and let

down by means of a wire TO])e. In the illustrations—which

are from Induiftviea—fig. 1 is a plan and fig. 2 a profile of

the incline. Fig. 3 is a view taken on the slope, showing

the cradles in wliich boats are carried.

The cables of the inclined" plane are operated by electric

energy furnished by a Sprague motor driven by a Pelton

water-wheel. The fall of the canal also affords a very valu-

able water-power, a part of which has already been utilized
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for various mccluinical purposes by means of electric trans-

mission. From tij(s. 1 and 2 it will be seen that the power
station is located at the foot of the incline, water beiny sup-
plied by three lines of oO-in. ])ipe, 1,300 ft. in length, deliver-

insj water to the wheels under a head of about 100 ft.

The canal extends l.(i miles from the foot of the incline

to the Kamagawa River, with which it connects by a lock.

The canal has been built for a moderate sum, the whole
cost not exceeding .^1,250,000. The works were designed
by Mr. Sakuro Tanabe, Professor of Civil Engineering in

the Imperial University, and were executed under his super-
vision.

THE LOCOMOTIVE PROBLEM AGAIN.

In the Railroad and Engineering Jouhnal for April
last there was given the following

PROBLEM.

Let it be supposed that the stroke of the pistons of a loco-

motive is 3 ft., the diameter of the driving-wheels 7 ft. and
the speed 00 miles ])er hour ; what is the maximum and
minimum velocity of the piston relatively to the earth, and
not with regard to the locomotive, and when does each
occur ?

Several answers were received to this and were published
in the July, August, October and Novemljer numbers of the
Journal ; since then an additional reply has been sent in,

which is given below :

X.—BT PROFESSOR F. A. WEIHE, DELAWARE COLLEGE.

In solving this problem, the following assumptions have
to be made : 1. Tliat the speed of the locomotive is perfect-

ly uniform. 2. That tlie cylinders are horizontal, and lliat

a horizontal line passing tlirough the axis of the cylinder
passes also through the cross-head pin and the center of the
wheel.

In lig. 8 let A B re|iresent the connecting-rod. The crank-
pin will travel in the circle whose radius = r = A and

the cross-head pin B in the horizontal line B. Find the
virtual center V. The velocities of iJand A will tlien be
directly proportional to the virtual radii V B (= a) and
VA {= h) respectively.

We have -. = ^ • .-. -r = -.— This will be a
sill, a sm. /3 Sill. /}

maximum when ,1 ('') = ''^^^^ = 0. This will be
\llj CUS. ji

the case

when a = 90°. The velocity of B will therefore be great-
est when the angle A B = 90"

r c
tdiin. = - = cut. 13=-,-

Therefore J> = — • Now
)•

ir = V' -I- c=

At this position

+ 6- -5 (<- + V-),

and + r-

i/ c= + r"

1 mile per min-

- V c- 4- ?•=

I ='l
-

c

r

By making c = 3 we have

a t/To .= — , since r = 1.
3

= 1.05409

Since the velocity of the locomotive is

ute, the crank will make „ ,
' ~',. = 240.0970 + revolu-

' 3.141G X 7

tions per minute, and the velocity of the crank-pin will be
= 240.0970 X 3.141G X 3 = 1508.578 ft, per minute.

The maximum velocity of the piston will therefore be

= 1508.578 X 1.05409 = 1590.1770 -I- ft. per minute.

Since the velocity of the locomotive with respect to the

earth is 5280 ft. per minute, and since the maximum veloc-

ity of the piston will occur twice in every complete revolu-

tion, once in the same direction as that of the locomotive

and once in opposite direction, we will have for the maxi-
mum velocity of the jiiston with respect to the earth 5280 +
1590.1770 + ft. per minute, and for the minimum velocity

5380 — 1590.1770 + ft. per minute.

Expressing this in a ratio, we have

Max. vel. of pi.-t. (same direc t, as locomotive) _ 5280 -t- I.'>flO.I770_

velocity of locomotive
~

5280

Min. vel. of pist. (op. to direct, of locomotive) _ 5aS0 — 1590 1770

velocity of locomotive
~

5280

= 1.301-1-

= 0,698 -f

THE NEW MANNLICHER RIFLE.

An article in the London Daily Neics gives some interest-

ing statements in relation to a new gun which has been de-

vised by Herr von Mannlicher,. the inventor of the repeating

rifle which has been adopted by the Austrian and Italian

armies.

There is nothing particularly striking in the outward ap-

pearance of the new automatic repeating rifle. It possesses

the ordinary characteristics of the various repeating systems

now in use. The beautifully-finished models shown, how-
ever, are somewhat shorter than the latter, their dimensions

being about those of an ordinary carbine, and their length

40 in. The weight, so important a factor, is slightly under
that of an ordinary repeating rifle. The bore is G.5 milli-

meters in diameter, the same as that of the latest Mannlicher
pattern adopted by the Roumanian and Italian governments.

The rifle is a meter in length, while it is siglited up to

2,700 yards, and will carry a bullet 500 yards without loss

of elevation ; and its weight is less than an ordinary re-

peater.

The mechanism of the rifie consist of five essential parts,

simple in detail and strongly made. First, there is the bar-

rel containing the cartridge chamber ; secondly, the lock-

ing lever, attached to the lower part of the barrel imme-
diately underneath the cartridge chamber, and serving to

engage and hold firm the third part—that is, the recoil and
spring operated breech-bolt, when the cartridge is pushed
home. The fourth part is the breech receiver, and lastly

there is the trigger mechanism, which is so constructed that

the shots may be fired in the most rapid succession or at any
desired intervals. The mechanism, therefore, is simplicity

itself.

With regard to the new weapon's performances, there was
no space at disposal at the works for long-range firing.

Descending into a big underground vault, bullets were fired,
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or ratlicr poured, into siindbasjs \n\et\ up anainst the base of

a section of the hnjre fortification wall that was thrown
round Vienna li_v I'rincc Kuj;('nc early in the eighteenth cen-

tury. Ilerr von Mannlielier lired first, to show the handling
of the rifle. The method of loading is the same as that

practised with tlie ordinary Jlantdieher icpeater in Germany
and Austria—the sure and practical clip containing five car-

tridges pressed downward into the magazine exposed to view
wlien the breech-bolt is drawn back. A touch of the trig-

ger of the automatic repeater, and the breech-bolt Hies back
upon its closed position.

Then followed live piercingly sharp explosions, and the

empty clip dropped ringing from the inagazine on the floor.

The explosions seemed instantaneous. With a stop watch
they were timed and found to occupy a xiNijIe xecoiid. Bare-

ly li seconds to come down from the " present" to the
" ready" position, to insert another clip ; and then five

more shots banged forth in the same limit of time. There
is no more recoil than in the case of a rook rifle. The
mechanism seems to absorb the kick. The breech-bolt flies

backward and forward at every discharge, ejecting the used-

up smokeless powder cartridge, and ])ushing home a fresh

one from the magazine. The eye cannot follow the move-
ment, so instantaneous does it seem. And there is no es-

cape of gas. In the hands of its inventor tlie ritle can dis-

charge about 120 rounds per minute. The barrel becomes
hot, but not so hot as to render the rifle useless for a time.

According to Ilerr von Jtannlicher, his automatic rifle is

not at the present time suited for general use by infantry,

on account of the diflieulties still encountered in supplying
ammunition to the rank and file in the field in quantities

sutKeieiit to satisfy the demands of this cartridge-swallowing

monster. It might, moreover, be a risky experiment to place

in the hands of a soldier a rifle that can easily expend in one
minute 100 rounds out of the supply of 1.50 that he carries in

his cartridge pouches. Herein lies a serious difficulty, for

every one knows how apt soldiers are to lose their heads
and blaze away. On shipboard, however, when, for in-

stance, sailors on an ironclad have to repel a torpedo-boat

attack, the rifle would be extremely serviceable. The men
could, with plenty of ammunition lying beside them, pour
out bullets like a hailstorm. In such circumstances the fire

from these rifles would be terrible, because after the first

shot the aim need not be changed from the object first

sighted at.

A PLAN FOR LOCOMOTIVE SHOPS.

At a meeting of the New York Railroad Club, held on

October 27 last, Mr. M. N. Forney read a paper on a pro-

posed plan for shops for building and repairing locomotives.

A plan of the shops accompanied the paper, and is given in

the accompanying illustration. The reasons for recommend-

ing the proposed plan is given in the paper as below.

The following seem to be the principal considerations

w hieh should govern the arrangement of shops in relation to

each other.

1. Facility in moving material to and from them.

2. Facility of access from one shop to another. This
should be in proportion to the amount of intercourse be-

tween them.
3. ilaterials should always be moved in the direction of

tlieir destination, and not backward and forward over the

same route.

4. Safety from fire.

r>. Facility of sujiervision.

C. Amount of railroad track recjuired.

7. Facility of drainage.

These considerations will be taken up in the order in

which they are named.
One of the chief problems of transportaticm in locomotive

shops is how to move boilers, locomotives partly or com-
pletely finished, tenders, trucks and wlieels from one sho|)

to anothei, or from one part of a sho]) to another part. To
do this a transfer table is usually em])loyed. The impres-

sion is very general that such a tal)le alfords the most satis-

factory means of transferring boilers, locomotives, etc., from
one shop or part of shop to another. As there are some very

grave objections to transfer-tables, and as locomotives and
tlieir parts may be handled with ecpinl or greater facility

with other means, some consideration will be given to the

subject here.

Under any and all circumstances a transfer-table is the
cause of a great deal of inc^onvenience. A ])it of greater or
lesser c.\tent is required. This is an obstacle in the way of

conuiiunication from one side to another. A wheelbarrow
cannot be wheeled across it, nor a wagon and horse driven
over it excepting on the table, which can only be at one place

at a time. \\'alking across the pit is uncomfortable, esjie-

cially when the hinges of the knee lack the lubrication of

youth. Unless thoroughly drained, water accumulates in

the |>it wlien it rains, and it is filled with snow in winter,

and is a recejitacle of rubbish at all times and, excepting
for the one purpose which it is intended to serve, it is a per-

petual obstruction to free intercourse between some of the
shops, and a nuisance generally. Happily, since the intro-

duction of traveling cranes transfer-tables are not essential,

if there is room enough to lay out the shops as may be de-
sired. Boilers and engines can be moved inside the erecting

shops with equal or greater facility with such cranes than
they can be witli the aid of a transfer-table, with the added
advantage that a great deal of work can be done or facili-

tated by traveling cranes which canaot be done bv a trans-

fer-table.

If three tracks arc arranged longitudinally in the erecting

sho]), with pits below the two outside tracks only, and the

middle one is kept clear, the movement of the boiler and
engines, and the handling of their parts by the traveling

crane are very much facilitated.

By connecting the middle track with a turn-table outside

of the shops, and then arranging the other buildin_gsso that

each of them may be connected with the turn-table, the

transfer-table, with all its inconveniences, may be dispensed
with.

Such an arrangement is shown in the plan herewith. In

this the buildings are grou])ed around a central turn-table,

which is connected directly with each of the shops, except-

ing the smith-sliop and foundry, liy a separate track.

The materials for the smith sliop and foundry are deliv-

ered from side tracks connected with the main line as shown.
Besides those already mentioned, a transfer-table has the

added disadvantage that separate power, either electric or

steam, and an attendant are required to run it, whereas a

turn-table does not require either power or attendant, ex-

cepting the person or persons w ho use it. A turn-table can
be used at all times, either Sundays or holidays or nights,

whereas a transfer-table requires either steam power or elec-

tricity to run it.

AVith reference to the cost of the two systems, it may be
said that a (>0-ft. turn-table without track, pit or masonry,
will cost !i;l,.500. The carriage for a 40-ft. transfer-table will

cost .$1,200, but the track, pit and masonry for the transfer-

table W'ill cost considerably more than the corresponding
portions of a turn-table, so that of the two the turn-table

w.ill be the cheaper.

With reference to traveling cranes it may be said that

probably no one acquainted with the uses of these npi'.li-

ances would recommend building an erecting shoj) without

one or more of them, if it is intended to do work in it in the

most exiicditious way and at the lowest total cost, count-

ing interest and all other charges. To serve their [lurpose

fully, cranes must be made callable of lifting engines so as

to put their wheels under them. If transverse tracks are

used, engines must be lifted with one crane whose girder is

parallel to the tracks and travels crosswise to them, and it

must have two trolleys and a capacity equal to or exceeding
the weights of the heaviest engines to be lifted. If tlie

tracks are longitudinal the cranes extend across the tiack

and travel parallel to them, and two cranes, each with one

trolley and a capacity equal to half the weiglit of the heavi-

est engine, are re(piired to lift it. As the concentrated

weight of a single crane is greater than that of the two
cranes, the structure on which the latter run may be lighter

than is recpiired for the single crane, so that probably the

total cost of two light cranes and their supporling structuies

will be little if any greater than that of the single crane.

The use of two cranes has also the advantage that when
not employed in lifting engines they can each be used simul-



Vol. LXVII, No I.] AND RAILROAD JOURNAL. 29

tancously in doing otlici- -Kork in clifToiX'tit parts of the shop,

whereas one crane can lie used at one place only.

It will also lie shown further on that if the nuicliine shops

anil machinery are arranged as contemplated in this paper,

the cranes in the erecting sliops can also be used for serving

some if not all of tlic heavy machine tools.

It has been suggested that a single light crane may l)e

used for handling' the parts of locomotives in an erecting

shop with transverse tracks. It is doubtful whether any

one who has ever seen the facility with which locomotives

can be handled with cranes i» an erecting sliop would
propose the use of ajipliances of tliat kind wliich would be

too light to lift the licavicst locomotive. It is safe to say

that the time reipiired to do work with cranes would be

and carried and droppefl in its place after the frames and
cylinders are all ready for the boiler, and all parts of the

engine can be put into their places and the engine ]iickcd

up as a whole, carried and set down at either end of the

shop witli water aud steam put into the engine from a bat-

tery of stationary boilers, so that the engine is ready to go
when she is set down at the door. If desired, as the engine

progresses in her construction, she can be picked up in any

stage of the erection and carried to any otiicr part of the

shop for the diflcrent men that are erecting llie diiTercnt

parts. This avoids all outside transfer pits, which are very

expensive in this country, from being blocked with snow,

and put all the transfer work inside of the shop, wliere it is

comfortable in all kinds of weather for men to work. It

S

ll.ii PMlt:r.£«gr;..K.r.

PLAN FUK LOCOMOTIVE BUILDING aHOKS.

counted by minutes, whereas it done without cranes it would
be counted by hours.

The work done and the labor saved by the use of cranes

in erecting shops is not, however, confined to lifting engines

and boilers. In practice in shops equipped with these ap-

pliances eveiy piece too heavy for a man to lift is handled
with cranes, with a great saving of labor and time. As
evidence of this, I submit the following letter from Mr. Joel

West, blaster Mechanic of the West Builiugton shops of the

Chicago, Bnrlington & Quincy Railroad, which are provid-

ed with cranes :

" Dear Sir : Some of the advantages of an erecting shop
constructed with overhead cranes and longitudinal tracks in

place of transverse pits, in my mind are as follows :

" All the material for the erecting of an engine can be
brought from tlie finishing shops on rubble cars over small

turn-tables and delivered at either end of the erecting sliop,

and the rubble car with its load can be picked up and taken

to the point where the engine is to be erected, and each part

can be handled from the rubble car directly on the engine
;

the engine frames aud cylinders can be all bolted up and the

boilers brought in in the same way from the boiler shop,

avoids a great many expensive side doors in a shop ; makes
a shop much warmer in winter and gives room where
these doors would be located for work benches, heating ap-

paratus, etc. I consider an overhead crane an indispensable

necessity for handling all heavy parts of an engine. Two
men can handle the cylinders, frames, decks, boilers, cabs,

sand-boxes, dome casing, smoke-stack and the like, aud iiut

them in their places with all ease. In our shops we do not

use jack-screws of any kind ; an overhead crane is also an
indispensable article in a tank shop, frame shop, as well as

lu a truck shop. It saves a great many tracks, as trucks

can as well be put on a floor as anywhere else, and when
completed can be carried to any track wliere they are want-

ed. Overhead cranes can be used in any part of the shop,

while all such arrangements as drop pits can only be used

for a small proportion of the work, while an overhead crane

can be used for the largest or the smallest, and is not in the

way of any one.
" I think that any one that sees the workings of an over-

head crane in an erecting shop would not build a shop in

any other way."

If it is contemplated to do repairs as well as new work in
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shops, such cranes will be cspceially useful, because in

doinn rejiair work locomotives must l>u taken olT as well as

put on tiieir wheels, anil the tlitlereiit parts tnust lie taken
down as well as jiut up.

Testimony to show the ccononiy of time and labor in

erecting locomotives by means of travelinfi' cranes miyht be
extended almost indctinitely. After diligent iiu|uiry the
writer has failed to tind any one who lias had experience in

their use who has not been an earnest advocate of them.
The opponents of the system, as far as the writer's ex-

perience goes, arc found only among those who have no
practical knowledge of its advantages.

It may be added that, so far as convenience or facility of
doing work is concerned, other things being equal, it makes
no difference whether erecting tracks are longitudinal or
transverse.

As already explained, the erecting shops should be pro-
vided with three tracks from 20 to 24 ft. apart between
centers and with about 10 to 12 ft. clear from centers of

outside tracks to the supporting posts of the traveling
cranes. The two outer tiacks should have jiits, l)ut the
middle one should be without. The work of erecting is

done in the outer tracks alone, the inner one being kept
clear for the movement of material either with the cranes
or by trucks.

These reasons have led to the recommendation of an
erecting shop with longitudinal instead of transverse tracks,
and an arrangement of shops whose tracks communicate
with each other by means of a central turn-table, as shown
in the plan herewith.
With the space specified between tracks the width of such

an erecting shop will be from 00 to 72 ft. clear inside. The
n-idth given in the jilan is 70 ft. to the outside of crane-
posts.

There should be room for six engines on the erecting
tracks, and not less than 40 ft. length of track should be
allotted to each engine. Those on each side track would
occupy 120 ft. of the length of the shop, and if room is

given on those tracks for repairing the same number of
engines at the same time, 240 ft. in length of shop would be
required.

The erecting shop represented in the plan is 300 ft. long.
This not only gives standing room for 12 engines in the erect-
ing tracks, but leaves rtO or GO ft. of the length of the shop in

which it is proposed to locate some of the heavy tools at A
and B. The floor area of the shop is greater than the cal-

culations show will be needed, but the additional room is

provided to give space for doing repair work.
The second and third considerations which should gov-

ern the arrangement of shops— that is, facility of inter-
course between them and the movement of materials, will
be considered together.

As most of the finished work must be taken directly from
the machine shops to the erecting shops, these buildings
should be adjoining each other. If traveling cranes are
used in the erecting shop, its height must be equal to about
two stories of an ordinary shop. With the use of elevators
work can now be moved vertically as cheaply as it can be
carried horizontally. Therefore the machine shops are
placed alongside of the erecting shop, and if its sides are
not enclosed by walls but only by posts to carry the struc-
ture and the traveling cranes, the machine shops may be
arranged on each side of the erecting shop in the form of
bays in the ground floor, and of galleries above the bays, as
shown in the plan. This gives the greatest possible facility

of intercourse between the machine shops and the erecting
shops.

Suitable elevators must be provided for raising and lower-
ing the work to or from the galleries. The floors of the
galleries are supported from the roof, which leaves the lower
floor clear of obstructions.

The heaviest tools may be located at A and 1) in the
north end of the erecting shop, as indicated in the plan.
In these two positions they can be served by the traveling
cranes in the erecting shoj). Balconies, either movable or
fixed, may project from the galleries to receive work which
is handled by the cranes.

The smith shop, it will be seen, is located on one side of
the erecting and machine shops, and the foundry on the
other. The distance—95 ft.—between the machine shops

may be greater than is required, but can be reduced when
the buildings arc laid out on the ground. If it is reduced,
the radii of tlie curves leading from the several shops to the
turn-table must be made shorter.

With this arrangement work from the smith shoj) would be
taken direct to tlie machine shop next to the smith shop,
and castings from the foundry would be taken to the shop
adjoining it. Naturally the heavy tools to do wrought-iron
work would lie placed next to the smith shop and those for

cast-iron work will be next to the foundry.
The arrangement of the other sho])s is shown clearly in

the plan. They are all grouped around the center turn-

table, as shown, and all of them, excepting the smith shop
and foundry, are connected with it. By this means work
can be transjiorted from an3'one shop to any other, and by a
very direct route.

The oflice commands a view of all the shops excepting
the hammer shop. This facility of observation from the
oflice is regarded as a matter of some importance.
With this arrangement proposed, work will always be

moved toward its destination, and material can conveniently
be delivered at any rccpiired point.

The buildings are all more than 30 ft. apart. No reduc-
tion in insurance can be obtained by locating them further
apart.

The amount of track required outside of the buildings is

about 2,900 ft., and only three switches are needed to con-
nect the branches with the main track. The drainage can
all be conducted to a central drain running either north
and south or east and west.

The total floor area of the buildings is as follows :

Sq. ft.

Erecting shops. 70 X 300 21,000
Two machine shops, 2 floors each, 40 X 300... 48,000
Foundry, 80 X 180 14,400
Cupola, sand-house, etc., 00 X 180 10.800
Brass foundry, 60 X <>0 3,000
Boiler shop, 80 X 200, two wings 70 X 75 . . . 2(i,500

Smith shop, 75 X 175 13,125
Hammer shop, 70 X l'?5 12.250
Boiler house, 50 X CO 3,000
Dynamo house, 50 X 00 3,000
Wood shop, 80 X 200 10,000
Pattern storage, 50 X 100 5.000
Ofiice, two floors, 150 X 50 7,500

Total 184,175

In addition to these, a tender shop, 80 X 200, and a paint
shop 70 X I'i^S are proposed. These may not be needed
when works are first started. They will give an additional

area of 28,250 ft., making the total of 212,425 sq. ft. The
two shops last named are shown on the plan.

»
A QUADRUPLE-EXPANSION MARINE ENGINE.

The accompanying illustrations, from Indiitstrics, show a

quadruple-expansion engine altered from an old compound
engine iu the works of Denny & Company, at Dumbarton,
Scotland. The new engine is of a type designed by Mr.
Walter Brock, having two cranks only, the high-pressure
cylinder being placed above the first intermediate and the
second intermediate above the low-pressure cylinder. In
this design the lower or front heads of the two upper cylin-

ders form the covers for the two lower ones, there is no
stufling-box exposed between the top and bottom cylinders,

and no alteration to any of the original valve or other gear
is required. N<itlier are the number of stuffing-boxes and
glands increas( d after the transformation is comjilete, as the
valves for the four cylinders are all situated in the casings
of the two lower cylinders.

The engines shown were built for the steamship Diil-e of
WtnlminxUr, now running in a line owned by the New Zea-
land Shipjiing Comp;inv. The vessel was built in 1882, is

400 ft. long, 40.3 ft. beam and 28.7 ft. depth of hold.

The old engine was of the ordinary compound surface-

condensing ty]>e, with cylinders 43 in. and 80 in. X 54 in.

stroke. Steam was supjilied by three double-ended boilers

working at a pressure of 75 lbs. As altered there are two
double-ended boilers, working at 100 lbs. pressure

; they
are fitted with the Ilowdcn forced-draft apparatus, and
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supply steam for two engines running the refrigerating ma-
chinery of the ship, as well as for the engine described.

The cylinders of the new engines are 25^ in., 38 in., 51 in.

and 73 in. X 54 in. stroke ; the ratios of the high-pressure

cylinder to the others are thus 1 : 3.33 ; 1 : 4.00 and 1 : 8.30.

On the trial trip after the new engines were completed the

mean speed was 13^ knots an hour in a run of several hours.

The power developed by the engines, as computed from dia-

grams taken while running at the speed named, was : First

cylinder, 036 ; second, 590 ; third, 596 ; fourth, 733 ; total,

3,503 11. P. This is an increase of about 40 per cent, over

the old compound engine.

The ship is a freight carrier, not built for speed, but since

the change of engines has made one trip in which she

showed a greatly improved performance, with a saving

in fuel.

Denny & Company have built a considerable number of

quadruple-expansion engines of the same general type.

COLUMBIAN EXPOSITION NOTES.

The great transfer table, which is to be used in running
the locomotives and coaches of the trans])ortation exhibit

on to their respective tracks, is now completed. It is about
70 ft. in length, and will travel on seven pairs of wheels.

^ I fit

QUADRUPLE-EXPANSION MARINE,; ENGINE.

BY DENNY & COMP.\NY, DUMBARTON, fSCOTL.^ND.

The tracks upon which it will ply are situated about 3 ft.

lower than the tracks to be occupied by the exhibits. This

allows the track on the surface of the transfer table to come
on a level with those on which the exhibits are to be

shunted.
Extending about three-fourths of the length of the trans-

portation annex is a cut in the flooring about 3 ft. in depth

and 70 ft. in width. Seven rails are laid its entire length,

and it is on these that the transfer table will travel.

Tlie table will have a carrying capacity of 100 tons, fit

will be operated by electricity, and one man will have com-

plete control of it. According to the amount of weight on

it the table can be made to travel back and forth at a speed

varying from 130 ft. to 335 ft. per minute.

A dynamo of 30 II. P. operates the machinery. The
dynamo and gearing are on a small platform attached to the

car at its center. The electricity operating the dynimo is

carried to it through two protected wires placed within a

few inches of the ground on w hieh the traveling table rails

are laid. The dynamo is of the Tliomson-lloiiston make,

and the method by which the electricity is eariied to it by

the wires is known as the douljle trolley system. The elec-

tricity will go around the circuit of the wires and back to

where it is generated. The rails will, therefore, not require

to act as return circuits for the electric fluid as in the street
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car electric systems. The car is designed by W. L. Clem-
ents, Mcclianioal Engineer of the Industrial AVorks, liay

City, Mich., which is f\irnisliing the apparatvis.

Tlie manner of shifting the loconiutives, coaclics, cars,

wagons, etc., from tlie track on whicli tliey come into the
yard to the one on which they are to be placed on exhibition
is a very simple one. The table is rnn down along its liicl

until its surface tracks are even with those from wliicli tlie

exliibit is to be removed. In the machinery of the motor is

a revolving drum and small, but strong, steel cable. The
cable is attached to the locomotive, or whatever the exhibit

is, to be drawn on. By iiulling down on a small lever the
man operating the motor sets the drum revolving. The cable"

is wound up and the locomotive drawn on the tracks.

Then the gearing is started and the table jilaced opposite
the track intemled for the exhibit. By running the cable

of the drum aroiuid a post the locomotive is drawn off in

much the same way that it was drawn on.

TiiK pumping machinery for the Fair grounds is now
being put in place in the building constructed for it at the
northeastern end of Machinery Hall. Altogether, the ap-
])aratus in this building will have a pumping capacity of

40,000,000 galls, of water every 24 hours.

The machinery is from the works of Henry R. Worthing-
ton. New York. There are four different types of engines
to be employed. One of these, a horizontal, high-duty,
duplex engine with a capacity for supplying 12,500,000
galls, of water daily, is almost ready for work. It is identi-

cal with one now in use in the city of Lowell, Mass.
Its two low-pressure cylinders are t]0 in. in diameter and

have a piston stroke of 28 in. ; length of plunger, 2T| in.

The high-pressure cylinders, of which there are also two,
arc 2.5 in. in diameter. The air chamber stands G ft. 6 in.

in height and has a diameter of 40 in. The air in this

chamber is used for feeding the compensating cylinders,

which act as tl J'-wheels do on engines. The pumping works
to be used at the World's Fair grounds occujjy comparative-
ly little space for the capacity they are to develop.

Tlie bed-plate of a vertical duplex engine has just been
put in position. It weighs 40,000 lbs. and will support the

water and the steam cylinders and all the machinery neces-
sary to pump 15,000,000 galls, of water daily. The entire

height of this will be 49 ft. 2i in. Of "this 10 ft. will be
below the floor proper.

The suction pipes of lioth engines are 30 in. in diameter
and the delivery pipes into which the water is forced from
all the four engines are 40 in. in diameter. In the center of

the building is a well about 18 ft. in diameter from which
the suction pipes draw the water. The well is connected
l)y a tunnel with the main lagoon, and the water is to be used
in the fountains, etc.

The two other engines of the pumping station arc a triple-

expansion vertical condensing engine and a high-speed en-
gine with a capacity of 5,000,00'0 galls, a day.

A RECENT Washington dispatch says that it is the inten-
tion of the Geological Survey in its exhibit at the World's
Fair to elucidate the geology of the United States, which
will represent its work in both the field and the office.

Mineralogy in the United States will be sliown as perfectly
as possible, mainly by selected specimens, and not a large
mass of material from any of the localities. Rocks of the
United States will be shown as an educational collection.

There will be dis))layed cases of American fossils, so ar-

ranged as to show both their distributian in the United
States and their order of geological column. In connection
with these will be included restorations of some of the enor-
mous fossil animals discovered by Professor Marsh. Office

work of the Survey will be illustrated very largely by ])hoto-

graphs, photographic transparencies, maps and drawings.
With these will be displayed the instruments used in the
work of the Survey, together with a series of enlarged re-

lief maps, constrticted to show the geology and topography
of the country. In addition to the collections having a
purely scientific value, a collection will be ])repared to show,
by direct association of specimens, descriptive labels ami
maps, the economic resources of the United States, includ-
ing ores and other minerals of commercial value, arranged
so as toilhistrate at a glance the wealth of the United States
as regards each particular class of objects.

THE FIRST IRON WORKS IN AMERICA.

An interesting reli(% which was for many years carefully

jireserved, was recently presented to the city of Lynn, Mass.,

by Jlr. .John E. Hudson, a descendant of the original owner.

This relic, which is well authenticated, is believed to be the

first casting made in America, and is shown in the accom-

r

'^

THE FIRST IRON CASTING M.\DE IN AMEIUCA.

pnnying engraving, made from a pliofogra])li of the orig-

inal. It is a kettle, weighing 3 lbs. 4 oz. and holding al'ont a

quart, and the somewhat rough workmanship of the
moulders of that day is well brought out in the photograph.
It will be carefully preserved, and is placed in the Lynn city

hall in a case, the back of which is formed by an iron tablet

|=;fltE^Rsr CashNgi^ H

:
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j
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-S ^892^ |5g

bearing an inscription, whicli is sliown in the second illus-

tration. This tablet illustrates the skill of the iron founders

of to-day, and is used just as it came from the foundiy,

untouched by tools
; it has been treated by the magnetic

oxide process to guard against corrosion. The groundwork
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is a woven bamboo pattern upon which tlie letters of the

insei'iption appear.

The formal presentation to the city was made November
33, when Mr, Hudson made a brief address, to whieh Mayor
Hayes responded. Mr. C. J. H. Woodliury, of Boston,

then made a very interesting historical address, giving an
account of the first beginning of iron working in America,
of which this relic is a memorial. This was made about
1(U3 at the Saugus Iron Works near Lynn, where a blast

furnace was established to work the bog ore found in the

meadows along the Saugus River. To this was added later

a forge or blooraary for making wrought iron from the pig

iron of the blast furnace, and it is known that steel was
also made there. A machine shop afterward formed part

of the works. The head and manager was Joseph Jenks,

wlio seems to have been an aceoraplislied workman and a

man of much ingenuity. He built the first fire-engines used
in Boston, he invented a saw-mill and a new form of water-

wheel, and to him is due the form of scythe now universally

used— long and narrow, stitt'ened by a ridge along the back

formed by the mass of grain plundered by the population in

a revolt against the Tar(juins. Tradition has it that the god
Esculapius hid himself in this island in the disguise of a

serpent, which the priests had captured in a Greek temple
and brouglit to Rome in order, to avoid a plague. This

island was afterward cut to the shape of a vessel, and there

was built the temple of Esculapius, of which are still to be
seen the remains.

The bridge has a total length of 470 ft., and is formed
with two large iron arches of 17^ ft. 8 in. chord and 10 ft.

4 in. pitch. The distance between the parapets is 65 ft. (i

in. Each span is composed of Id arched ribs, and the pave-

ment is of stone. The central pier is 110 ft. 6 in. long, 39

ft. 3 in. wide at the top, and 4G ft. wide at the base. Tiie

abutments and the central pier were put in place upon
foundations sunk by means of compressed air caissons to a

depth of 50 ft. below low-water level of the river, and rest

upon a layer of compact sand. The foundations of the abut-

ments and central pier have required 29,935 cubic yards of

masonry, while 3,930 cubic yards of travertino and 1,007

Firi. l.^S'iuE Elrvation OV BRHiOR

in^uBlIl<l»

<
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;!87. There were on board these vessels 3,570 persons, of

whom 2,550 were saved and 20 lost. The number of sliip-

w recked persons who received succor at the stations was
TtT, to whom 1,847 days' relief in the aggregate was
afforded.

The estimated value of the vessels involved in the disas-

ters was .*5,584,l(i0, and that of their cargoes iS!2,7(l(),8()5,

milking a total value of property imperilled .fS, 284,525. Of
thi.s amount $7,111,005 was saved and |1, 173,520 lost.

The number of vessels totally lost was 59.

In addition to the foregoing there were during the year

170 casualties to small craft such as sail-boats, row-boats,

etc., on which there were ;!5;! persons, 010 of whom were

saved and 7 lost. The ])roperty involved in these instances

is estimated at !j!G7.810, of which $0:5,470 was saved and
|4,:!40 1ost.

In addition to the number of persons saved from vessels

there were 36 others rescued who had fallen from wharves,

piers, etc., and who would have perished without the aid

of the life-saving crews. The crews saved without outside

assistance 107 vessels, valued with their cargoes at $730,345

and assisted other efforts in saving 101 vessels, valued with

their cargoes at $2,942,340, making the aggregate number
of vessels saved during the year 208, involving $3,078,085.

Assistance of minor importance was rendered to 213 other

vessels in distress, and 205 vessels were warned from dan-

ger by the signals of the patrolmen.

The cost of maintenance of the Service during the year

was $1,009,234, a sum which has been w^ell and judiciously

expended. There are few departments of Government work
which will be so generally apjiroved as this, and certainly

few in which good results have been secnred at so moderate
a cost.

Since the last report stations have been established and
put in operation at Burnt Island, near the mouth of St.

George's River, Maine
;
Quonocontaug, Rhode Island

; Pen-
wick's Island, Delaware ; and Ilwaco Beach, Washington

;

and a station is in process of construction at Brant Rock,
Massachusetts. A station is also in course of construction

on the grounds of the World's Columbian E.vposition, to

take the place of the old Chicago station. This station will

also be utilized for exposition purposes during the World's
Fair.

Repairs and imjirovements have been made at a number
of stations, and a telephone line has been established be-

tween Cape Charles, Va., and Assateague Island.

The General Superintendent expresses his gratification

upon the passage at the last session of Congress of the act

increasing the compensation of the keepers and surfmen dur-

ing employment at the stations. He states that its good
effects are already apparent in the fact that in all instances

men of the very best qualifications for the work of the Ser-

vice are now obtainable, and the officers in charge find

themselves able to dispense with some inferior men whom
the rate of compensation formerly prevailing compelled them
to take. Moreover, the men accept with greater cheerful-

ness the hardships and privations of their calling, and an

improved ettprit de corps throughout the Service is obvious.

THE NATIONAL LEAGUE FOR GOOD ROADS.

In reply to many inquiries, the National League for Good

Roads makes the following statement of its plans for work :

1. To combine, as far as practicable, the efforts of all per-

sons now engaged in the work for road reform.

2. To awaken interest in the suljject among the people at

large.

3. To receive, puldish and discuss any well-considered

plans for local, State or national action or legislation.

4. To urge the jiassage by the House of Representatives

of the Senate's bill for a national highway.

5. To aid in providing for a proper road exhibit and for

free instruction in road making at the World's Fair in

Chicago.
0. To establish the league upon the broadest possible basis

throughout the country, so that its infiuence may be of

weigirt in any direction in which it may ultimately be

thiown.

The temporary management does not feel authorized to

adopt any line of policy nor conunit the league to any spe-

cial scheme which miglit antagonize the partisans of others,

and thus defeat its immediate purpose to unite and solidify

the movement.
The immediate formation of county leagues is recommend-

ed as a step toward the spread of the organization into

township and school districts. County secretaries will be

appointed by the State roads upon the recommendation of

prominent citizens.

Until the State boards are fully organized all correspond-

ence will be conducted through the General Headquarters,

45 Broadway, New York.

All State, county and local leagues are at liberty to act

independently in local matters of road improvement, and
will be supported by the national organization as far as is

practicable and proper.

HOME NAVAL NOTES.

The new ordnance department of the William Crami) &
Sons Ship & Engine Building Company is at work on a

large contract for Driggs-Schroeder 0-pdr. rapid-fire guns
for the Navy. The first lot of these, 12 in number, was
recently com|ileted and accepted, after undergoing the usual

test. The 0-pdr. guns are 2.224 in. caliber.

The use of a new type of ram for coast defense is pro-

posed by Commodore Folger, Chief of the Ordnance Bureau.

The projjosed ship differs from the Ammen ram somewhat
in form, i^nd also in carrying guns, with which the Ammen
ship is not provided. The new type of ram is shown in the

accompanying sketch, fig. 1 being a side view ; fig. 3 a

view of the Ijow, on a larger scale, and fig. 3 a cross-section

amidships. It will be seen that the ship somewhat resem-

bles the whaleback ty))e in general form. She would be

protected by water-line armor and a heavy curved deck.

A shii) of this type 275 ft. long and 45 ft. beam would have

about 2,700 tons displacement. As a ra?n she would, of

course, carry heavy engines, capable of giving her a speed

of 18 or 19 knots.
" The armament proposed for such a vessel

is four 9-in. or 10-in. ritieil mortars, intended to carry shells

loaded with high cxjilosives ; also two Ericsson submarine

guns of 12-in. or 15-in. caliber. The vessel, in fact, seems

to be intended to combine the ipialities of a ram and a

torpedo-boat.

The transfer boat Ann Arhor, No. 1, built to carry cars

across Lake Michigan, has been inspected, and will jiroba-

bly be enrolleil as one of the reserve vessels of the Navy.

This boat, which was described in the .Touhnai- for Novem-
ber last, is especially suited for naval work. The heavy

main deck, built to carry loaded fi eight cars, is well adapt-

ed for heavy guns, whiU^ the great strength of the hull and

the wooden backing extending for 30 ft. from the bow,

meant to enable her to breakthrough the ice in winter, will,

with her twin screws and powerful engines, make her a

formidable ram, should her services ever be needed in a

warlike way. She is also sheathed along the water-line

with heavy boiler-plate, and has room for a large coal sup-

l)ly and a numerous crew.
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The bids for the construction of the armored cruiser

Brooklyn and the battle-sliip I<ywa were opened at the Navy
Dejiartment, December 15. The BrooMyn is to be very sim-
ilar to the New York, and tlie Inwd to the three battle-ships

now under construction ; but some modifications were made
in the designs from the earlier types, and tlie battle-ship is

larger.

Four firms presented bids, all being made on the designs
prepared by the Xavy Department, except as noted. These
bids were as follows :

Bath Iron Works
Newport News Shipbuilding Co
Union Iron Worlcs, San Francisco

William Cramp & Sons Ship and Engine Co.

:

1. On Department designs

2. With quadruple expansion instead of triple

engines

3. On lines of New York and Indiana respec-

tively

Brooklyn. Iowa.

83,165,000

3,I4T,O0O

3,050,000

2,986,000

3,086,000

2,880,000

$3,185,000

3,233,300

3,150,000

3,010,000

3,no,noo

2,880,000

Tlie Newport News Shipbuilding Company appears as a

bidder for the first time. The other bidders all have naval
work on hand.

It is understood that the Secretary of the Navy lias at last

decided that the Vesuvius should have a thorough trial with
loaded shells. The previous partial trials for range and
accuracy of the dynamite guns have beemnade with dummy
or unloaded shells, but in the new trials a considerable
number—75, it is said—of loaded shells will be used, and a

full opportunity for testing their efficiency will be given.

The report of Commodore Farquhar, Chief of the Bureau
of Yards and Docks, states that permanent iniprovenicnts

have been made at several of the navj* yards, although the

appropriations have not been large enough to do all that

appears desirable.

The report says that there is a great necessity for a dry
dock on the New England Coast capable of taking the

largest battle ships, and he points to the possibly disastrous

results of a naval combat oil that coast without facilities for

repairs. The same could be said of the necessity of a dry
dock on the Gulf Coast.

lu the report stress is laid upon the necessity for an in-

crease in the number of civil engineers to meet the demands
of the service, and legislation is suggested looking to tile

increase of the corps to twenty, twelve to be civil engineeis
and eight to be assistant civil engineers, the assistants to bo
selected from graduates of the Naval Academy showing an
aptitude for civil engineering and given a course in some
civil engineering school. Vacancies in the grade of civil

engineers should be tilled by promotion from the grade of

assistants, after examination.

The annual report of Engineer-in-Chief George W. ]\Iel-

ville shows the large amount of work done by the Bureau
during the year in construction of new engines and in de-
signing machinery for the new ships which have been
authorized. The engines for the Brooklyn have already
been described, and the other work has been referred to

from time to time.

Mr. Melville recommends an appropriation of |2o,000 for

experiments with liquid fuel, in view of the many consider-
ations in favor of the use of such fuel in ships. He also

recommends that the present compound engines of the
Chicago be replaced with new ones of a more modern type,
which will add largely to the efficiency of the ship, and
can be made to increase her sjjeed, with considerably less

weight and space than the pre.sent machinery.
The report renews the recommendations of last year for

an increase in the number of engineer officers. Notwith-
standing the greater variety of machinery on the new ships,

the number of engineers has not been increased, and the
amount of work and responsibility has become too great to

permit a proper distribution. The need of more engineers
is urgent for the ships already completed, to say nothing
of those approaching completion ; and the present law does

not take account of the fact that the modern naval vessel

depends upon her engineers almost entirely for her efficiency.

Mr. Melville sj)enks plainly in his report, and his argument
is a strong one. An increase in the number of machinists
and petty officers in the engine-room is also much needed.

The report of the Chief of the Bureau of Ordnance gives

at length an account of the armor tests which h.ave been
from time to time described in our columns. In view of

the results obtained in these tests it is believed that the

tendency manifested abroad to decrease the caliber of the

larger guns is to some extent unwise, and that great mass
in the projectile will still be required to pierce the best

qualities of armor as now made.
Of the 381 guns, of calibers from 4 to 13 in., required.

337 have been completed and 110 are already afloat.

The first 13-in. gun is approaching completion, and the

forgings for a second one have been received.

Five 12-in. guns have been completed, of which two have
been proved and are being installed on the Monterey. The
test of this caliber upon the firing ground was entirely satis-

factory.

All the 10-in. guns required have been completed and are

ready for installation oq the ships to which this caliber has

been assigned.

A marked step in advance has been made in ths ap])lica-

tinn to the 10 in. and 12-in. guns of a device for operating
their breech closure by hand. After considerable trial and
experiment a simple and efficient mechanism has been de-

veloped, and thereby not only is the rapidity of fire of these

heavy guns considerably increased, but the apparatus for

working them is much simplified. The serious disadvan-

tages attending the use of power, whether hydraulic, elec-

tric or other, in the working of naval ordnance are now
generally recognized, and, as far as practicable, the Bureau
proposes to use hand power for operating heavy guns.

All the 0-in. guns required to arm ships building or au-

thorized have been completed, but the Bureau has contracted

for forgings for six 6-in. guns of 40 calibers length o bore,

which it proposes to make rapid-fire guns, using brass rt-

ridge cases similar to those of the 4-in. and 5-in. rapid- e

guns. These will be supplied to certain of the fast cruising

vessels.

The metallic cartridge cases now adopted for the 4-in.,

5-in., and G-in. calibers will probably before long be applied

to the larger calibers as well. The Bureau is convinced
that it is merely a question of time before this innovation

will be a definitely recognized neces,sity in the military ser-

vices of all nations. The advantages of doing away with
the obturator, of eliminating sponging, of replacing present

powder tanks in the magazines by cartridge cases as fixed

ammunition and the increase in rapidity of fire are too ob-

vious to need discussion.

The manufacture of brown powder for the Navy has been
coutinuerl. No changes in the requirements of the powder
have been made, 3,000 feet-seconds, 3,100 feet-seconds, and
3,175 feet-second.s, respectively, being demanded in guns
of 30, 35, and 40 calibers length of Iiore, the maximum
pressure in no case to exceed 10 tons per square inch. With
these requirements powder is supplied without difficulty

for the guns of 8-in. caliber and less, and for 10-in. guns
enough powder has been accepted to supply ships com-
pleted, but as yet no entirely satisfactory 12-in. powder has

been tested. The difficulty would undoubtedly be removed
by allowing an increase of pressure to 17 tons, and this is

the usual limit abroad ; but the Bureau prefers not to do
this on account of the considerable increase of the gun's
life which will result in the use of only moderate pressures,

and it is thought that finally powder up to the specifications

will be supplied for the larger calibers with _as uniform suc-

cess as it already is for the smaller.

Since the last report marked progress has been made in

the development of the Navy smokeless powder. At that

date tests had been made only in small arms— 3-]idrs. and
6-pdrs., and once in the 4-in. rapid-fire gun. During the

past year 1,500 lbs. of smokeless powder, made at the tor-

pedo station at Newport, have been tested in various ways
with most gratifying results.

The square flat grains first used have been given up and
the macaroni form adopted, the diameter of the sticks vary-
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iiig from .,'j in. for tlic small arms to about 0.3 in. for tlie

G-in. gun, aiul the larger of the sticks being jiorforated.

Kepeatud o.\])eriuicnts have finther demonstrated the stabil-

ity and safety of this powder. One portion placed in an
iron vessel, wrapped in felting and cx|)osed to a tenn)era-

turc of 308° Fahrenheit for six hours, was absolutely un-
affected ; another, similarly treated, stood a temperature of

S12° Fahrenheit for 30 hours before showing signs of
change ; a third sample exposed to a tem|)eratnre .5° below
zero, Fahrenheit, was likewise lUialTeeted. Attempts to

detonate this powder by the service detonator, wlicn closely

confined in iron cylinders, have failed, though the cylinders

themselves were ruptured and tile powder scattered.

Otiier features treated by the report are the use of em-
mensite as a high exjilosive bursting charge for shells, the
manufacture of armor-piercing projectiles, the tire of sub-
marine guns, and the development of torpedoes.

The gradual disappearance of the wooden vessels of the

old Navy is forcibly sliown in the ann\ial report of Chief
Constructor T. D. Wilson.
During the past year the Pcnsfiaila and Iroquois have been

put out of commission, and the Tullnpoomi condemned and
sold. The Kearmrge and llartfurd have liecn exempted
from th(i operation of the 10 per cent, limit for repairs.

There are only nine wooden steam vessels in active cruising

service—viz., Lanaistcr, second rate ; Marion, Mohienn,
Kcarsarge, Adams, Alliance, Essex, and Thetis, third rate,

and Yanlic, fourth rate. The following vessels are in ordi-

nary subject to the action of the Department : Peiisacola,

Oiaalia, Sicatara, and Iroquois, all of which are at the Navy
Yard, Mare Island. During the past year the Nipsic has
been fitted out as quarters for officers on duty at the new
naval station on Puget Sound. The Enterprise is to be
turned over to Massachusetts as a nautical schoolship. The
only wooden vessels remaining on active duty are the Ports-

mouth and Munongahda. The MonongaJiela has been com-
pletely overhauled during tlie past year, has had a spar deck
added, and is now a most efficient and serviceable training

vessel. The Jamestown lias been found unfit for further

active service, and is now being temporarily used as a hos-

pital ship at Cape Charles, Va. The pi ogress of work on
vessels under contract and those building at Navy yards is

on the whole satisfactory, but, in many instances, has been
greatly impeded by the delay in supplying armor-plates.

It is believed, however, that the contnictors for armor are

now iu a position to fulfil their contracts with greater ra-

pidity and that delay from this source will soon disappear.
Fourteen new vessels, including three tugs, were launclied

during the year — the Detroit, JSfetc York, Montgomery,
Machias, Narhceta, Wahneia, Iwana, Paleigh, Bmicroft, Gas-

tine, Texas, Columhia, and Mnrhlehead. The tugs Iwana,
Walineta, and Narl-erla have had successful trial trips and
have been accepted by the Navy Department. The others
are in an advanced state of progress and, with the excep-
tion of the Texas, will probably have their trial trips witliin

the next year. The following estimates for improvement
of Navy-yard plants are submitted : $35,000, Portsmouth,
N. II.

-
$:!(),()00, Boston ; .$100,000, New York

; $45,000,
League Island

;
$130,000, Norfolk

; $140,000, Mare Island.

The Bureau renews its former recommendation that all new
ships of the Navy should be subject to progressive speed
trials, supplemented by turning trials whenever practicable,

and again asks for an experimental tank.

The appointment of an Assistant Chief of Bureau, wlio
shall have authority to act in the absence of the Chief,
and an increase of pay to Chief Clerk and Chief Draftsman,
are earnestly recommended. In view of the increasing de-
mand for the services of carpenters as new ships are put in

commission, it is urgently recommended that appointments
be made to fill the vacancies now existing, and that the miiii-

muui number l)e rcrestablished at 51, thenumber on the Navy
Register in 1880. In conclusion the Bureau urges upon tlie

Dejiartment tlie necessity of continuing the recent liberal

))olicy of thorouglily ecpiipping the various Navy -yards for

all kinds of building and repair work, and training a force

of skilful mechanics capable of doing the intricate and diJii-

cult work necessary in the construction .and repair of mod-
ern ships of war.

TnK report of the Secretary of the Navy includes a re-

view of the work of the Deiiartment under his administra-
tion, necessarily repeating much that has been published
before. Although this ])art of the report is interesting, its

repetition here is hardly necessary. The Secretary's recoiu-

meiidations for the future we give, as follows :

" Anc/tlier year of experience, of discussion and of criti-

cism, lioth at home and abroad, confirms the Department
in the views which it adopted in the annual report of 18S0
as to the policy of construction which the Navy should
pursue. The policy then advocated, which was a radical

departure from any view previously presented in this coun-
try, consisted in the prodiu'tion of tliree principal types :

First, the armored battle-ship of 10,000 or more tons ; sec-

ond, the armored cruiser of from 8,000 to 9,000 tons, and,
third, the commerce protecting ami destroying cruiser, of
extreme speed, of 7,500 tons.

" Before the first battle-ships were undertaken the num-
ber required was fixed at 20. In the report of 18!I0 it was
stated that such w'as the great power, both olTensive and
defensive, of the design evolved that the Department could
safely modify its previous figure, and that 13 such battle-

ships as were then in course of construction would equal in

erticiency for our purjiose the 30 that were previously con-
templated. Four have now been authorized, and it remains
to provide eight more, or 13 in all, of which eight should
be stationed on the Atlantic Coast and four on the Pacific."

[Secretary Tracy deprecates the building ol unarmored
cruisers between 4,000 and 5,000 tons, and recommends the

construction of several torpedo cruisers of 33-knot speed
and 800 to 1,000 tons displacement ; also of four 1,200-ton

vessels for river services.]
" I would also renew thii recommendation previously

made for the building of torpedo boats. A supply of

American torpedoes is now at liand, and the United States

cannot afford to be any longer destitute of the boats spe-

ciall}' adapted for their use. At least 30 such boats should
be constructed in the immediate future.

''The problem of reorganization of the Navy is yearly

becoming more jiressing, and delay in action renders it more
difficult of solution. It is clearly impossible to deal ad-
ei|uately with the subject in its reference to only one branch
of the service, and I therefore recommend that it be referred

to a Congressional commission, empowered to deal with the

question as a whole, and that the various measures proposed
for reorganization of the service or any part of it lie consid-

ered by this commission. In addition. I would urge the

passage of legislation at this session which shall give to the

Navy the benefit of the laws long applied to the Army, by
which an officer may retire after ;iO years' service on his

own application iu the discretion of the President, and shall

be allowed commutation for quarters where no quarters are

provided.
" Of all the changes in organization made by this admin-

istration the most important is that which relates to the

employment of labor at the Navy yards.
" For the selection of workmen a board is established at

each yard composed of the captain of the yard and two of

the officers of technical departments, who act as a board of

registration to classify all workmen who apply in their sev-

eral trades and register them for certification to de])artments

requiring workmen. Upon the receipt of recpiisilions fiom
adepaitment reipiiring men the Board is required to furnish

them in the order in which they stand on the register—that

is to say, in the order of their application.
" Under these rules the Navy yards have now been con-

ducted for 15 mouths. During these 15 months occurred a
Presidential campaign, the first within the memory of the

jiresent generation iu which the yards have not been used
as a political machine. In all departments of labor and at

all tlie yards the (piestion whether a man was a Uepublican
or a Democrat has been absolutely and totally ignored. The
foremen, whether new or old, are to-day in every case the

foremen recommended by the Board ; and the old had no

advantage in the selection, for every foremunship was
vacated before the selection was made. Not a workman
has been taken on except in accordance with the rules ; and
while in former Presidential campaigns the yards have been

))acked with voters, in the last no increase whatever took

place during the CO days before the election, nor was a
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woi-kman employed beyond the normal number. The evi-

dence of increased efBciency under this system is clear and
une(|uivociiI.

" The estimates for the fiscal year ending' June oO. 181)4,

for the Navy and the Marine Corps, including those for

public works and for increase of the Navy, amount to

$34,471,408, being $3,713,141 less than those for the fiscal

year ending June 30, 1893.
" The -estimates for the running expenses of the Navy

and Marine Corps for the fiscal year ending June 30, 1894,

amount to $14,707,841, being $135,043 less than the esti-

mates for the fiscal year ending .June 30, 1893.
" The estimates for the increase of the Navy amount to

$9,703,0.57 for the fiscal year ending June 30, 1894, and are

$3,577,198 less than those for the fiscal year ending June
30, 1893."

PROGRESS IN FLYING MACHINES.

By O. Ciiandte, C.E.

{Continuedfrom page 505, Volume LXVl.)

OcuLATi demonstration being always more satisfactory

than description, those readers who have been sufficiently

interested in the subject to try the experiments which have
been described with paper planes (falling by gravity) may
also like to see for themselves how an aeroiilane behaves
when motive power is applied. Tliey can probably obtain
in a shop one of the toys which have already been alluded
to, under the head of " Screws to Lift and Propel," as one
of the series produced in 1879 by M. I)andricii.v, and which
is shown in tig. 59.

This is a true aeroplane, the wings being fixed, and the
propulsion being produced by the screw at the front, which

Fig. 59.—DANDRIEUX-1879.

represents the antennae of the butterfiy. This screw is

driven by the unwinding of the rubber threads, and has
practically no pitch except that produced by the yielding of

the posterior edge of the gold-beater's skin, of whichthe
vanes are composed. Its peculiar shape, giving a maximum
of surface near the outer end, with a rigid anterior edge and
an clastic posterior edge, is the result of a good deal of ex-
periment, and may furnish a useful liint for those desiring
to experiment upon a larger scale. The wings are also of
gold-beater's skin, and instead of being .stretched tightly
upon the frame, the anterior margin only is made rigid, the
rest of the surface being left ([uite loose, so that it may
undulate when under forward motion, as in the case of
M. Brearey's device, which will presently be described.
This feature in construction, which diifers greatly from that
which obtains in the case of birds and insects, whose wings
are elastic, but do not undulate, is said to be intended to

compensate for defects in workmanship and equilibrium.

Upon being tested in still air within doors, the toy will Ije

found ([uite erratic in flight. It will generally go up to the
ceiling, and then flutter in various directions until the power
is exhausted, and seldom twice pursue the same course.

Out-of-doors it will rise some 20 or 30 ft., dart about, or

drift with the wind, imtil the ruliber threads are unwound,
and then glide down to the ground sustained by its aero-

plane alone.

As a matter of course the sustaining surfaces have to be
made very large in proportion to the weight, in order to

prevent injury in alighting. One of these little toys, com-
puted by the writer, weighs 80 grains or 0.0133 lbs., and
measures 50 sq. in. in aeroplane surface, or 0.3473 sq. ft.;

this being in the proportion of 38 sq. ft. to the pound, or

about 0.7 of that of the real butterfly, which, being much
smaller, measures some 40 sq. ft. to the pound, and which
in consequence is capalile of but slow flight, although it is

not infrequently found by aeronauts floating about in the
upper air a mile or so above the earth, a fact to which
fui'tlicr reference Avill be made when we come to consider
the prevalence of upward trends in aerial currents.

The propulsion of a loose undulating surface was at

about the same time, somewhat difllerently and quite inde-

FiG. GO.-BREAREY—1879.

pendently, proposed by M. F. W. Brearey, the Honorary
Secretary of the Aeronautical Society of Great Britain. Ho
patented, in 1879, the apparatus shown in fig. GO, in which
a flexible fabric is attached to a central spine and to vibrat-

ing wing arms at the front, which latter beat up and down
like the wings of a bird. The effect of this action is to

throw the fabric into a state of wavelike motions, both
lengthwise and in a smaller degree also laterally, which are

said to cause the apparatus to be both supported and pro-
pelled in the air, while an adjustable tail regulates the angle
of incidence. The wing arms are flexible and stayed to a
bowsprit by cords, and the power for an actual machine is

to be placed in a car or body affixed along the central

spine.

JI. Brearey records that he took the idea from watching
the movements of a " skate" fish in an aquarium, which in

swimming undulated its whole body, and that he found
that when api)lied to propiUsion in air the loose fabric

greatly added to the stability, so that the device might be
considered as a sort of dirigible parachute, which would
come down safely if the motive power became exhausted
from any cause. In the various models which he made to

illustrate tlie experimental lectures, with which he was ac-

customed to popularize " the problem of flight" in Great
Britain, he used the torsion of india-rubber to produce the
revolution of the crank which vibrated the arms, thus get-

ting a dozen strokes or so, and he claimed that the smaller

model (5 ft. X 8 ft.) flew from his hand, on one occasion
at least, perfectly horizontally to the extent of 60 ft., no
angle of incidence of the apparatus being perceptible. The
larger model was ft. wide by 10 ft. long, with about IG

sq. ft. of surface, and a weight of 3 1 lbs. (of which 0.44

lbs. was added ballast, which it easily carried), being thus
in the proportion of some 5.15 sq. ft. per pound of weight,
with which the falling velocity would be about 9 ft. per
second, or equal to a descent from a height of 1.37 ft., but
which was nevertheless found to be too heavy to be safely

used iu public experiments over the heads of an audience.

From his experiments M. Brearey drew the following con-
clusions as to the possibilities of his apparatus :

We are thus at liberty to contemplate the construction of
an aerial vehicle who.se dimensions would sufHce to mainlain,

in wave-action, 600 or 70U square feet of canvas, actuated by
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steiim-powtT, and capable of supporting llic aiiditional wpij;lit

of a man, whosu weight, togelliLT wilh the niacliiiii', would
certainly not exceed 500 lbs.; and we can contemiilate the

man as being able to move a few feet backward or forward
without niucli affecting the stability of the machine. His
descent under the parachute action can thus be grailuated at

will. This can also be elfected by a cord attached to the tail,

which by thai means can be elevated or depressed at pleasure.
Placed upon wheels it has, of course, yet to be ascertained
what distance of preliminary run woulil be required, assisted

by the action of the fabric, l)efore it would rise from the
ground.

Subseciuently (his second American jjatent is dated in

1883) M. Brenrey further proposed the superposition of two
or more sets of such '' wave-action" aeroplanes, and the
important addition of what he calls the " pectoral cord,"
which consists in an elastic cord (or suitable spring) at-

tached to some point underneath each of the lower set of
wing-arms and passing underneath the carriage, car or
central spine, so that it may be thrown into tension on the
up stroke, and restore the jiower thus stored upon the down
stroke of the wing-arms. This device is designed to imitate
in its action the functions of the pectoral muscle of a bird.

The tension of this cord or spring is regulated in accordance
with the weight to be sustained, and is said to be perfect
when, upon the whole apparatus being committed free to

the air, the wing-arms are retained at a suitable diedral
angle against the upward pressure. It follows from this

action that the up stroke, being assisted by the air pressure
which sustains the weight of the apparatus, expends less

power than the down stroke, and that nearly all the power
can be used in depressing the wing-arms to compress a wave
of air, which undulating backward and outward along the
loose fabric may assist the air pressure already due to the
forward speed, in sustaining the aeroplane, and serve at the
same time to propel it.

M. Brearey, however, seems to have applied this " pec-
toral cord" chietiy to those of his models which showed the
wing-action proper, and in the practical demonstration
which he gave to the Aeronautical Society of Great Britain,

at its meeting in 1S82, he said :

Working in the Held of experiment, I am enabled to state
that the power requisite to propel and sustain a body in the
air has been greatly overestimated, even by those who took
the more favorable estimate in view of the ultimate attainment
of fliglit. I am not aware, however, that the true reason for
the minimum display of actual power exerted in the Bight of
birds has ever been propounded. Certainly it has never before
been demonstrated by actual experiment.
The action of the pectoral muscles of the bird alone accounts

for this. Consequently the advantage would be altogether
lost in anything but a reciiirocal action. The bird commits
himself to the air, and the pressure of the air underneath the
wings forces them upward. The weight of the bird is i)idic-

ative of the pressure ; and as a consequence of this automatic
raising of the wing by the pressure of the air underneath, we
should imagine that the elevator muscle need not be strong.
As a matter-of-fact, we tind it is weak. I doubt whether any
muscular elTort is made to elevate the wing at all in flight ;

but when not in fli.ght, the bird of course requires the power
to elevate its wing in preparation for it.

Committed, then, to tlie air. the elastic ligaments connected
with the wings are stretched to that degree which allovi-s of
the wings being sutliciontly raised for effective supjiort with-
out Happing, and without, as I conceive, any muscular exer-
tion upon the part of the bird. The limited ])owcr of the
elevator muscle may here come into use occasionallv in aid of
the imder air-jiressure, and with the further elb'ct of stretch-
ing the ligaments. Now it will Ijc argued that in the down-
waril stroke there must be as much muscular force cnqiloyed
as will raise or, at least, prevent from falling, the weight of
the bird ; but this is not so, because the reai-tion of these
ligaments, which have been stretched entirely by the weight
of the bird, assists materially the ac'ion of the depressor
muscle

M. Brearey licre produced a model having wings measuring
4 ft. from tip to tip. He showed the elastic cord unih^neath
the wings, but for the purpose of the lirst experiment be de-
tached it. He then wound \\\i the India rul)her strands 32
times, and showed that this, although sutlicient to tlap the
wings with energy while held in the hand, was insutlicient to
cause the model to lly. This was demonstrated by letting the

model free. He explained its Inability to fly fron\ its want of
power to bring the wings down with sullici''nt force.

He now unwound the action and proceeded to wind it up
again 32 times, and attached the pectoral cord. Holding the
model in his hand, he called attention to the fact that it was
jiowerlcss to tlap the wings because the two forces were in

equilibrium. It rcquireil flie addition of another force to elfcct
flight, and he asked what that other force could be except
Weight? If now it flew, he proved beyond the possibility of
donht that weight was a necessity for flight. The model
was then set free, and flight was accomplished.
He also showed that the mode', would only fly without the

attached pectoral cord when wound up 40 times. With the
cord it would fly when wound up only V6 times, thus showing
the great saving in power which accrued through the action
of tlic pectoral cord.

M. iln-Krcy then produced a model of his " wave aerial

machine," having 4 sq. ft. of loose .surface weighted to i lb.,

and he demonstrated by its flight that the principle was equally
applicable to that.

It may be questioned whether this "wave action" is

likely to prove economical of power in either sustaining or
propelling an aeroplane, for it seems difficult to conceive
that a wave of air compressed at the front by the wing-arms
should travel back to the rear, uneonfincd as it is either at

the bottom or sides. Still, the loose surface may add to the
stability, as claimed for the Dandricux toy, and it would
certainly diminish by its yielding the strains that would
otherwise occur at the points of attachment of a rigid sur-

face in an aeroplane ; but M. Bretirey's wave-action seems to

be chiefly applicable as a dirigible parachute, and a small
model upon this principle, but without motive power, was
once liberated as an experiment by Cajitain Tcmpler, from
a balloon which had risen 200 ft. or 300 ft. from Woolwich
Arsenal, and it traveled back again to the arsenal, half a
mile, against the wind.

It seems somewhat singular that so few efforts have been
made to devise dirigible parachutes, a system which 51. de la

Landelle constantly extolled, as constituting the first recjuisite

step toward eventual flight by working out the problem of

absolute stability and safety. The only one of these devices

which the writer has been able to find recorded is that of

M. Cijuturier, patented in France in 1875, and this is so

briefly described in the Aeromiiite for November, 1878, that

its mode of operation cannot be made out.

The " pectoral cord" attachment is probably a valuable

device for flapping wings, as furnishing that inequality of

effort between the u]i and the down stroke which undoubt-
edly obtains in bird flight. This effect was produced in a
" wave-action" model exhibited by 51. Brearey at the aero-

n.autical exhibition of the Aeronautical Society of Great
Britain of 1885, by a " trunk engine" designed and built

by M. Hollands, which, hovi-ever, was not shown under
steam, as the boiler was only just completed in time for the

exhibition ; but M. Ilolhinds said that the model flew well,

and s\ipported weights, when the engine was supplied with
compressed air through an india-rubber tube. He does not

seem to have stated what power was exerted.

While almost all inventors and experimenters of aero-

planes have proposed some sort of motive power, and have
found their designs paralyzed very soon by the want of a
sulliciently light motor, there have been at various times,

as already intimated, keen observers of the flight of soaring

birds, who have held that once under way in a sutlicient

breeze, the i)erformance involves no muscular movement
whatever, save in balancing, and that the wind alone fur-

nishes sufficient motive power (if blowing from 10 to 30
miles per hour) to enable man to soar and to translate him-
self at will in any direction, even (paradoxical as it may
seem) against the wind itself.

Chief among these observers in recent days stands M.
Mouilhird, of Cairo, Egypt, who has spent over 30 years in

watching birds soar in tropical latitudes, and who pub-
lished, in 1881, a very remarkable book (in French),

"L'Empire de I'air," which shoiild be read by all those

seriously interested in the solution of the problem of flight.

This book, the result, as the author explains, of a passionate

vocation wdiich began at the age of 15, is almost wholly a

record of personal observations and deductions. Its sub-

title designates it as an " essay upon ornithology as relating

to flight," but it is far more than that, for it not only de-
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scribes the flight and manniuvres of birds, and gives good
reasons for the anthor's belief that they can be imitated by

man, but it describes four attempts wliich he has made to

do so with various forms of apparatus.

M. MouiUard underrates, perhaps, the value of mathe-

matical investigation, and he sometimes errs in his explana-

tion of physical phenomena ; but his observations are un-

rivaled, and they are presented with a particularity of cir-

cumstance, a vivacity and a charm which photograph them
at once on the mind of the reader. He begins by explain-

ing the difference between useful and unfruitful observations

of creatures so willful, so swift, and so shy as the birds
;

then he describes the various modes of flight (lioth rowing

and sailing), and the movements of the various organs, such

as the wings and the tail ; the influence of their shape in

determining the mode of progression and the speed of the

various species, and he shows conclusively that if these or-

gans are properly shaped therefor, the heavier the bird the

more perfectly he soars, and can, once initial speed is

gained, sail indefinitely upon the wind without furtherflapping

his wings. This is the keynote of the book ; observation

after observation is described, anecdote after anecdote is

related, to impress upon the reader that tliere need be no
flapping whatever, if only the wind be strong enough ; and

that when there is no wind, the soaring bird must come
down to the ground or resort to flapping, like the rowing-

birds.

Then the effect of the speed of the wind is discussed.

It is shown that certain species of soaring birds with broad

wings, such as the kites, the eagles, and the vultures can

sail upon a wind blowing at 10 to 25 miles per hour, but

must seek shelter when it increases to a gale, while the sea-

birds, with long and harrow wings, such as the gulls, the

frigate bird, the albatross, sport indefinitely in the tempest

blowing at 50 or more miles per hour. He arrives at the

conclusion that when man succeeds in imitating the ma-
noeuvres of the soaring birds, he will utilize the moderate
winds, and attain to speeds of about 35 to 37 miles per

hour.

M. MouiUard also passes in review the individual mode
of flight arrd characteristics of the various species of birds,

both the rowers and the sailers ;
comprising some liS dififer-

ent types, and giving tables from his own measurements of

weights, surfaces, dimensions, etc., which have been com-
piled by M. Brzewiecki, and have already been quoted by the

writer under the head of " Wings and Parachutes ;" while

he finally expresses a strong opinion that the easiest type

for man to imitate is the great tawny vulture of Africa

(Gyps fiilvus), which weighs some 1G.50 lbs., and spreads

some 11 sq. ft. of surface to the breeze.

M. MouiUard explains how, in his opinion, the manoiuvres
of this bird can be imitated, so as to obtain botli a sustain-

ing and a propelling effect from the wind, and he describes

(nnich too briefly) the four several attempts which he had
then made to demonstrate the correctness of his theory of

the possilile soaring flight of an aeroplane for man.
The third "of these aeroplanes, as described in 1881, is

shown in fig. 61. It consisted of two thin boards, properly

stilTeued, to which were attached ribs of "agave" wood

Fig. 61.—MOUILLAED—1865.

(an African aloe, exceedingly light and strong), which ribs

carried the fabric constituting the two wings. The two
boards were hinged vertically together (somewhat imper-

fectly) at the center, and the operator stood u))right in the

central space at c, suspended by four straps attached to the

boards near the hinge ; two of these straps passing over

the shoulders and two between the legs. Moreover, light

wooden rods extended from the feet to the outer ends of

the boards, so that the angle of the wings with each other

could be varied at pleasure.

Standing upright, with this apparatus strajipcd on, the

liinge was about at the height of the pit of the stomach, the

arms being extended out flat upon the boards, and slipping

under straps ; M. MouiUard trusting to such shifting of his

body within the space c as he could effect by resting his

weight on his arms, to produce the necessary changes in the

center of gravity of the apjiaratus, which were required by
the changes in the angles of incidence.

The whole apparatus weighed 33 lbs., but was found
unduly light, as the parts yielded and the wood cracked

when tested with vigorous thrusts of the legs. It had been
hastily constructed, with such materials as the country

afforded, and the builder was not satisfied with it.

M. MouiUard gives but a scanty description of his experi-

ments with this aero|>lane in " L'Empire de I'air,'" so little,

indeed, as to suggest furtlier inquiry ; but he has since

written another book, which he entitles '' Le vol sans batte-

ments" (flight without flapping), which is now nearly ready

for the press, and wherein he records further observations,

explains more fully his ideas and the results of his medita-

tions, giving freely, as he expresses it, " all that he knows,''

and in wliich there is a fuller account of the experiment in

question.

From this forthcoming book M. MouiUard has kindly fur-

nished the following extract concerning the experiment with

the apparatus shown in fig. 61.

It was in my callow days, and on my farm in the plain of

Mitidja, in Algeria, that I experimented with my apparatus,

No. 8, the light, imperfect one, the one which I carried about
like a feather.

I did not want to expose myself to possible ridicule, and I

had succeeded by a series of profound combinations and pre-

texts in sending everybody away, so that I was left all alone

on the farm. I had already tested approximately the working
of my aeroplane by jumping down from the height of a few
feet. I knew that it would carry my weight, but I was afraid

to experiment in the wind before the home folks, and time

dragged wearily with mc until I knew just what the machine
wouid do ; so I finally sent everybody away— to promenade
themselves in various directions-and as soon as their backs
were turned, I strolled into the prairie with my apparatus

upon my shoulders. I ran against the air and studied its sus-

taining power, for it was almost a dead calm ; the wind had
not yet risen, and I was waiting for it.

Near by there was a wagon road, raised some 5 ft. above
the plain. It had thus been raised with the soil from ditches

about 10 ft, wide, dug on either side.

Then came a little putt' of wind, and it also came into my
head to jump over that ditch.

I used to leap across easily without my apparatus, but I

thought that \ might try it armed with my aeroplane ; so I

took a good run across the road, and jumped at the ditch as

usual.

But, oil horrors ! once across the ditch my feet did not come
down to earth ; I was gliding on the air and making vain

efforts to land, for my aeroplane had set out on a cruise. I

dangled only one foot from the soil, but, do what I would,

I could not reach it, and I was skimming along without the

power to stop.

At last my feet touched the earth, I fell forward on my
hands, broke one of the wings, and all was over ; but good-

ness ! how frightened I had been ! I was saying to myself
that if even a light wind gust occurred, it would toss me up
30 to 40 ft. into Uie air, anil then surely upset me backward,
so that I would fall on my back. This I knew perfectly, for

I understood the defects of my machine. I was poor, and
I had not been able to treat myself to a more complete aero-

plane. All's well that ends well. I then measured the dis-

tance between my toe marks, and found it to be 138 ft.

Here is the rationale of the thing. In making my jump
I acquired a speed of 11 to 14 miles per hour, and just as

I crossed the ditch I must have met a puff of the rising wind.

It probably was traveling some 8 to 11 miles per hour, and
the two speeds added together produced enough pressure to

carry my weight.
I caniiot say that on this occasion I appreciated the delights

of traveling in the air. I was too much alarmed, and yet

never will I forget the strange sensations produced by this

gliding.

Then M. MouiUard repaired the injured aeroplane, and
he tried it again a few days later. Of this later experiment

he says in " L'Einpire de Pair" :

I had no confidence, as I have already stated, in the strength

of my aeroidane. A violent wind gust came ; it picked me
up ; I became alarmcil, did not resist and allowed myself to

be upset. I had one shoulder sprained by the pressure of the
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two wiiijrs. which folded up against each other like those of a
bulteilly when at rest.

Jl. ilouillard then determined to make no more exi)Cri-

ments with this incomplete machine, but to build a better

one, with whicli he could control all the manoMivrcs neces-

sary for soaring, but sliortly afterward liis circumstances

led him to leave the farm and to remove from Algeria to

Cairo, Egypt. Here, in a trreat city, lie no longer had tlie

facilities for experimenting that he possessed on the farm,

for lie had to go out some distance to secure space and
privai y for ea(^h experiment. Then came illness ; the former

gymnast became a cripple, so that he could no longer per-

form for himself the acrobatic manieuvres necessary to ex-

periment with a soaring apparatus, but still he persevered,

and he describes in " L'Empire do I'air" the design for the

fourbi apparatus, of which he began tlie construction in

1S7S, b\it which was interrupted by ill-health.

Since the publication of his book in 18S1, M. MmiiUanl is

understood to liave been continuously engaged in perfecting

and simplifying his pro-

posed soaring apparatus,

and in trying exjieriments

(Ijy proxy) witli models on a

small scale. He says that

lie will soon l)e pre]iared to

have the matter tested on
a large scale, ami that he
has never wavered from ab-

solute conviction in the truth

of the principles which he
laid down in " L'Empire de
I'air," in wliich heexpresses
himself as follows :

I hold t/idt ill the flight of

the smiring birds (the vul-

tTires, the eagles, and other
birds which liy without flap

ping) iisct union in pivdueed by
the xliiUfrd iixc ot' the force of
the iriiid. and the steering, in

auii direction, is the result of
skillful manoinmes ; so that

by II moderate wind a man
can, with an aeroplane, un-
providtd icith any motor what-
ever, rise up into the air and
direct himself ot will, even

against the wind itself.

Man therefore can, with a
rigid surface and a jiroperly

designed apparatus, repeat the

exercises performed by the soar-

ing birds in <iseension and
steering, and will need to ex-

jyend noforce whatever, save to

perform the mana'ucres re-

quired for steering.*

The exact shape of these

aeroplanes need not be dis-

cussed in tliis chapter, for it

will be seen further on that there are scores of shapes and
devices wliich can be employed, but all forms of apparatus,
however dissimilar, must be based upon this idea,which 1 rejieat

:

^IscensioH is the result of the skillful use of (lie power of th'e

wind, and no other force is required.

M. Mouillard then continues :

It Avill doubtless be vcrj' diflicult for many persons to ad-
mit that a bird can, with a moderate wind, remain a whole
day in the air with no expenditure of power. They will en-

deavor to suppose some undelerniiued jiressures or some unseen
flappings, in point of fact, the human understanding does
not readily admit the above truth ; it is astonished, and seeks
for all th(' evasions it can find. All those who have not seeti

say, when ascension without expenditure of force is mentioned
to Ihein, " Oh, well, there were some motions which escaped
your oliservalion."

It even occurs sometimes that a chance or superficial ob-
.server, who has h.ad the luck to see this mnnmivre well per-
formed by a bird, when he turns it over in his mind afterward
feels a doubt invading his understanding ; the performance
seems so astonishing, so much again.st ordinary experience,

The italics are IS., Mouillard's own.

that the man asks himself whether his eyes did not deceive hint.

For this observation, in order to carry absolute conviction,

must bear upon the performance ot the largest vultures, and

they alone ; and this is the reason : it is because! all the other

birds which ascend into the air by this process do not perform

the necessary decomposition of forces required in all its naked
simplicity.* . . .

To be "convinced, a man must see; for to .see the perform-

ance even once is better than a whole volume of explana-

tions. Therefore. () reader, if you are interested in this sub-

ject, go and see for yourself, and be editieil. Go to the reijions

wdiere cUvell the birds which perform these demonslrations
;

anil when vou have beheld tliem for a few instants, being

already initiated as to what to ob.serve, comprehension will at

once come into your understanding.

AVlioever has seen a boy's kite ascend into the air, and

considered that the string may be replaced by a weight, if

only the equiUhrium he secured and maintained, will have no

difficulty in granting the correctness of "SI. Mvuillard's asser-

tion that the power of the wind is quite sufficient to secure

./T\.

ENGINES OF THE "HIRAM BINGHAM.'

ascension, but it will not so~readily be understood how it

is also sufficient to secure progression even against the wind.
It will, indeed, be conceived that an aeroplane jiossessed of

initial velocity can soar in a circle in the wind like a bird,

and by changing its angle of incidence, descend somewhat
when going with the wind, and rise again in conseipieiice of

the greater " lift" when facing the wind, thus gaining in

height at every lap, and eventually utilizing the elevation

thus gained in gliding in any desired direction, nlwai/s j>ro-

rided that the equilihriiim he maintained ; but this involves

very delicate mano'uvres, which will be further considered

when we come to sum up the results of all the experiments
with soaring devices, and indeed the subject warrants a
pajier by itself, which may be placed in an a|)))endix.

It may, however, be said here that the French aviators,

after having long doubted the reality of the jierformance of

sailing flight by the birds, whose evolutions they were? un-

able to watch in their climate, have had so many corrobora-

tions furnished to them bv trustworthv witnesses, lliat tliev

• The present writer has seeir th« feat perforined.by gulls man}' limes.
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now generally admit that a soaring bird can sustain himself

indetinitely on a wind, witliout flapping, anil that man may
learn to imitate him if only a proper apparatus be de-

signed, and the operator possesses the necessary knowledge
and skill to work it, so as to perform the right maucouvres

and at the riglit time.

(to be continued.)

A SHIP WITH GASOLINE ENGINES.

(From Industrij, S-in Francisco.)

Tn?; Hiram Bintjhnm, a vessel 50 ft. long, 14 ft. beam,

fitted with full schooner rig, and also with gasoline engines

of 25 H.P., by Messrs. Palmer & Rev, of San Francisco,

the proportions, and all their connected gearing, is much
heavier and stronger than is employed for stationary work,

and so made in view of use in a distant land where there are

no facjlities for repairing, and not much for maintenance

and care.

The engines were tested by Chief Engineer Kontz,

U. S. N., at the works of Messrs. Palmer & Rey, and gave

out over 31 H.P., or 24 per cent, more than the power con-

tracted for. They were managed on the trial trips by Rev.

Mr. Walkup, who is to take the vessel out to the Gilbert

Islands, where he will employ her for missionary purposes.

It is a most remarkable adventure in several ways. Rev.

Mr. "Walkup has a scientific turn, and holds his certificate

as a navigator, but to start across thousands of miles of wide

ocean in a craft of this size with a crew of three persons—

a

Swedish mate and two natives of the Gilbert Islands—seems

a remarkable venture, which we hope will

turn o\it successful. At sea the sails alone

will be used, unless in the case of a calm,

the screw being disengaged so it will re-

volve free. There is fuel enough provided

for emergencies, and a fresh supply will bo

taken in at Honolulu, if the vessel gets

there.

A NEW VERTICAL COMPOUND
ENGINE.

VERTICAL COMPOUND engine;; BY the
WORKS.

LAKE ERIE ENGINEERING

sailed October 31 for the Gilbert Islands, via Honolulu.

We were out on one of the trial trips of this strange vessel,

and must confess to a modification of some previous views
respecting propulsion by engines of the kind for boats of

this size. Their performance was admiralde, driving the

schooner at 10 miles an hour without tlie least hitch of any
kind, and running with a steadiness that could not be ex-

ceeded by a steam-engine. As may be seen from the |)late

above, made from a photograph of the Bingham's engines.

On account of the extremely severe ser-

vice of engines for driving generators sup-

plying current for electric railroads, light-

ing and power plants, the ordinary com-
mercial engine heretofore used has been
found inadequate to meet the demands of

this service as regards regulation and sud-

den changes of load. Builders furnisliing

engines for this service have found it neces-

sary to change their old designs in such a

way as to make practically new designs,

in order to meet these requirements.

A new type of engine, designed espe-

cially for this class of work, has been re-

cently brought out by the Lake Erie En-
gineering Works of Buffalo, of which com-
pany the Field Engineering Company are

tlie Eastern representatives. IlUistrations

of their standard design will be found liere-

with, the engiavings showing a 500-H.P.
vertical compound engine, having two
cranks at 00° and with belted wheels. The
design, however, is extremely flexible as

regards the arrangement of wheels and cyl-

inders for compound or triple expansion,

either for belted work or direct connection

to multipolar generators. The smaller cut

is a general view of the engine, and the

larger one is a section through the center.1

The cast-iron columns are of the double-

box girder type of A frame, securely bolted

to the lower ])art of the cylinder and to the

main pedestals, carrying brackets for valve

rockers, and having the guides bolted to

their inner faces. These guides are easily

removed and renewed in case of accident.

Each cylinder frame consists of two double
columns secured to a main pedestal at the

lower extremities and supporting the cyl-

inder bolted to their upper ends. This
main pedestal carries at each side a main
bearing which is removable, and between

these bearings the cranks are situated. A cylinder, its

columns and main pedestal compose a unit. These units

do not diflier materially in the three cylinders of a triple or

the four cylinders of a quadruple, except in the diameter

of cylinders for their respective positions in the sequence of

expansion. These units are placed on a common bedplate,

extending to a sufficient distance below the shaft to allow

the wheels or generators to be placed in any desired locality

along the crank shaft. This bedplate is practically a sub-
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structure of iron, to wliicli direct coujiled generators may be

Hrmly secured.

The piston speed is kept uniform in all sizes of engines,

being (j.50 ft. per minute, tlie rotative speed varying from
80 revolutions on a '2,000 H.P. triple to 240 revolutions per

minute ou a 100-H.P. compound, thus allowing the engine

to be connected direct to generators.

The cylinders are of the four-valve type, having two ports

for steam and two ports for e.xhaust, with a steam-chest on one
side and an exhaust-chest diametrically opposite on the

other side, standing at right angles with the crank-shaft,

and allowing perfect freedom of access. The clearances are

from 2^ to 7 or 8 per cent., according to the diameter of the

piston, being least on the greater diameters, and moditied
somewhat by the pressures of steam, higher pressures re-

quiring larger port areas and larger clearances.

The cylinders are substantially and neatly lagged with
iron, and the intervening spaces between the cylinders and
lasaiug filled with uon-conductinfj material. The stcam-

l.Ml'tU SU E.NCjilNE.

chest covers are provided with hoods, paneled and polished
on the exterior surface. The valves are small, light and
four ported, the high-pressure steam valve being perfectly

balanced and the others working under light pressures ou
their seats. The steam and exhaust valves are worked by
independent gear and the lap is adjustable, permitting of
the most advantageous setting for either conde^ng or non-
condensing service. The governor and steam valves are

constructed to carry the steam as far as seven-eighths stroke
in the first cylinders should the demands of the load at any
time require it, permitting the engine to exert not less than
30 per cent, more power than any engine with releasing
valve gear of same diameter of cylinders and piston speed.
This feature specially qualifies the engine fur railroad and
other work requiring high powers through short periods of

time.

In most marine engines using piston valves in the high-
pressure cylinder, the diameter of the valve-cliest is often
as large, if not larger, than that of the high-pressure cylin-

der itself. In a triple-expansion engine, and with the same
style of valve used on the low pressure, it becomes neces-
sary to use two and sometimes three different valves, hav-
ing their centers on a circle whose center is coincident with
that of the low-pressure cylinder.

The movement of the high-pressure admission valve is

controlled in these engines by the centrifugal shaft gov-
ernor, by which means the engine is regulated as regards
speed of revolution. This point is of course a very impor-
tant one in this class of work, and in this governor, which
has only one weight, one spring and four pivoted joints,

the sensitiveness is very great, as is shown by the variation
of speed of the engine in regular work, which does not
exceed 1 per cent, under extreme changes of load, and is

not over 3i per cent, when two-thirds of the rated load of

the engine is thrown off or on. Some objections have been
raised to the advisability of governing an engine of large
.powers— say 500 II. P. and upward—by means of a shaft
governor. The fact that these engines are running to-day
successfully on this class of work and under the above regu-
lation meets this argument conclusively.

The makers have given much care to the details of con-
struction. For instance, the piston-rod and cross-head are
forged in one piece, and babbitted slippers fastened to the
head of the rod, set out, not by wedges, but by liners only.

The connecting rod is forged and of the forked |)attern, hav-
ing the wrist-pin secured firmly in the ends of the fork, and
a cmtral bearing in the cross-head. The crank end has a
two-part box independent of the rod forging, with through
bolts.

Another very important consideration, and too often
overlooked, is that of main bearings. The pressure per
square inch of projected area and the surface velocities are

often so near the limit that, when any slight overload comes
on the engine, heating occurs immediately. Special atten-
tion has been given to this point, and the main bearings are
so proportioned that the pressures and the velocity of the
rubbing surfaces are uniform in all engines, whether the
engines be simple, compound, triple or quadruple, and the
service is within the limits of remarkable durability and ease
of management ; bearings being supplied with appliances
for grease or oil lubrication as desired. All wearing sur-
faces on the larger size engines are water-jacketed.
As regards the economy, it can be readily seen from the

steam distribution effected by means of the valve gear de-
scribed on this engine, that the economy shown sliould be
equal to that of a Corliss. The cylinder condensation is

low, the clearances are small and the steam distribution
through the cylinders is nearly perfect. The engines arc
built in all types and sizes, in simple, compounds, triples

and quadruple expansion, up to 8,000 H.P. units. No ex-
pense has been spared to make this engine fit the exact re-

quirements of the service, and this is the first engine, proba-
bly, that has ever been designed under these conditions for

general commercial sale.

Further inl'orniation can be obtained from the Field En-
gineering Company, 14:J Liberty Street, New York.

Foreign Naval Notes.

The armored coast-defense ship La Liberiitd, just completed
by Laird Brothers at I3irkenhead, England, for the Argentine
Navy, has had her speed trials, making an average speed of
13.35 knots with natural draft and 14.33 knots with forced
draft. La LibeHad is a twin-screw steel ship 240 ft. long,
44.4 ft. beam. 13 ft. draft and 2,300 tons displacement. Slie
has a water-line armor belt, a heavy protective deck, two
armored barbettes and a central breastwork. Each screw is

driven by a triple-expansion engine with cylinders 21 in., 31^'

in. and 46 in. X 24 in. ; on the trial they worked up to 3,900
H.P., with 145 lbs. steam pre.ssure. The armament includes
two 9.5-in. Krupp guns ; four 4.7-in. Armstrong rapid-fire
guns ; four 3-pdr. Maxim guns and four machine guns ; there
are also four torpedo-tubes.

The new Russian cruiser Ruiik was successfully launched
from the yard of the Baltic Shipbuilding it Machine Works,
at St. Peterslmrg, November 3, with appropriate ceremonies,
the Imperial Family and a large number of officers and invited
guests being present. The Hurik is a first-class cruiser, the
largest yet built in Russia ; her construction was begun in Au-
gust, 1890, and the engines are not yet quite ready. The gen-
eral dimensions are : Length, 435 ft ; breadth, 67 ft. ; mean
draft, 25 ft. 9 in. ; displacement, 10,933 tons.

The hull was built by the Baltic Works, the steel being fur-
nished by the Puliloff Works of St. Petersburg, and the armor-
plates by the Naval Works at Izhora, near St. Petersburg.
The hull is sheathed up to the water-line with double planking
covered with copper. In building the hull there were used
3,060 tons of steel and 28 tons of copper, besides 100 tons of
bronze for the rudder, the shaft bearings, stem and stern cast-
ings and such work. The wood used in construction was fir

for the inner layer of hull sheathing and for deck planking
;

larch for the outer layer of sheathing and for backing for the
armor plates.

^Tlie Rank^\\\\ have four triple-expansion engines, two to
each screw. They are now under construction at the Baltic
Works, and are expected to develop 13,350 H.P. The coal
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storage capacity will be sufluicnt to carry tlie ship from St.

Petersburg to Vladivostok williout callinj; at any (lort.

The ariiiamciit will consist of four long-range 8-in. giins
;

sixteen (i-in. rapiil-tirc guns of the latest pattern ; six 4.7-in.

rapid-Mre guns ; sixteen -IT-mm. and ;{"-niin. rapid-tire guns ;

two Baranovski niachine guns ; and six torpedo-tubes.
Next j-ear tlic building of a still larger cruiser will be begun.

Manufactures.

A Modern Boiler Plant.

TiiK illustrations given below show a steam plant designed
and constructed for Curtis Davis & Company, (.'anibridgeport,

Mass., by Westinghouse, Church, Kerr & Company, of Bos-
ton ;

the detail work being carrieil out by William II. Honey,
the Engineer of their stoker department. Carte bUinclic was
given the engineers to design a boiler house to contain
every i)raclical element of economy which could bear ujion
the sum total of the cost of making steam ; they being limiled
only to the horizontal return-tuliular type of boiler by certain
considerations outside of economy.

In the carrying out of this work the ornamental side of the
problem was not forgotten, and the arehileetural design of the
boiler house was prepared t)y ITartwell & Uiehardsou, of Bos-
ton. It is worthy of emphasis that the owners of this plant
have set a ereditalile example to manufacturers in general in

providing a biulding which shall not only be adapted to the
matter-of-fact work to be done in it, b'ut shall present a fitting

and dignilied appearance. The building is of pressed brick
with trimmings of pink Milford granite. The roof is of iron
trusses, covered with slate and lined on the inside with wire
lath and plaster, for tlie purpose of preventing condensation.
The fire-room floor is of concrete. An annex to the building
contains a scale-room for tallying the weight of coal, and a
complete wash-room for the fireman, who has now become a
gentleman of leisure.

Passing to the operative portion of the plant, it will, when
completed, consist of eight horizontal return-tubular boilers of
12.5 nominal II. P. each, to carry a working pressure of U'O
lbs. These boilers are arrangedin two batteries of four each
in either end of the bnilding (one battery is now in operation),
the space between being utilized as a pump-room. Following
the progress of the coal, after it is weighed it is dumped on a

grating at the end of the boiler house, shown in the general

SECTION THROUGH STOKEIi.

view. The large lumps are easily broken by the teamsler, tlie

grating serving as a screen to reduce the coal to a uniform
maxinuun size. From the grating the coal falls into a bucket
elevator carrying it to an overhead conveyer extending tlie en-
tire length of the boiler house, from whieli it distril)ul(S into

square iron buid<ers having hopper bottoms. The b\inkers
are supported on iron girders in front of and above the boilers.

From till' bunkers the coal Hows by gravity through swivel
si)outs to the hoppers of the stokers.

Each boiler is equipped with a Roney mechanical stoker,

which furnishes a continuous sujiply of coal to the furnace at

a slow rate of feed ; the quantity of coal and its distribution

being regulated at will by hand-wheel adjustments on the
traverse motion. The power to ojierate the entin^ battery of
stokers is a small engine carried on ;i bracket at one end of each
battery, and driving a slow-moving eccentric shaft.

Fig 2.

SECTION THROUGH "ECONOMIZER.

l>--«l»ia."^

The action of the stoki-r is first to liberate the free gases and
partially coke the coal on a dead plate underneath the coking-

arch, in connection with an indraft of hot air through per-

forated channels in the firebrick tile. This portion of the de-

vice constitutes a strictly smokeless furnace, the result being
ol)tained, not by concealing or consiimiiif/ the smoke, but by
actually preivntiiifj it by complete combustion from the start.

In this is a large portion of the economy due to mechanical
stoking, to say nothing of the -extermination of the smoke
nuisance. After leaving the coking arch the coal is slowly
worked down over the rocking grates into the hottest portion

of the fire, and -n-hen cnnsunied, the ash and cinder falling on
the dumping grates is (Irojiped into the ash-pit. From the ash-

pit the ashes fall into a screw conveyer, which carries them to

one end of the building wheri^ they are elevated into an ash-

liin and discharged as i-e(|uired through a spout into carts for

removal. Thus, from llie time the coal is first duuqicd liy tlie

teamster until the ashes are in the cart, there is ])raelieall.y no
manual lalior emi)loyed, and the duties of the lii-eman reduced
e-sentially to watchfidness and sujjervision only. One man
constitutes the force of firemen and runs the entire plant.

A most int( resting portion of the plant is the meansof secur-

ing controllable draft. The usual expensive ehinuiey slack is

eonsiiicuous l)y its alisenee, anil in its place will be found a

steel stack 72 in. in diameter, extending 17 ft. above the ridge of

the roof and showing a total bright to the to)) of about .').') ft.

above the ground. 'I'his stack is lini'd with one course of
l)rick merely to prevent rust, and is finished witb ornamental
top. The stack having no functions, so far as the production
of draft is concerned, i.s only of a length sulUcient to deliver
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Fig. 3-

ELEVATION OF PLANT.
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Fig. 4.

PLAN OF BOILEE EOOM.

tbe'gases^above fie roof. The stack" is supported on an ea-

tablature, which in turn is carried on I-beams over tlie boiler

room. On these I-beams is a large slow-iunning exhaust fan,

whose outlet discharges directly up into the linttom of

the stack. The waste gases from the furnace pass through a

Lowcock economizer, which opens into the suction of the fan.

The economizer is carried on iron columns, and the whole sys-

tem is therefore overhead and out of the way, leaving a clear

lloor space below. A by-pass damper is provided on each side

of the economizer, so that the draft can be direct to the stack

in case the economizer is temporarily out of service for re-

pairs. A .steam-cone n6zzle may be set in the base of the stack

as a relay in the remote contingency of any necessity for over-

hauling the fan. The probability of repairs is best judged by
the fact that the usual speed of the fan in ordinary service is

from 40 to .50 turns per minute, and when driven at the slow

speed of 80 turns per nunute it is'sufflcient to cause a draft

adequate to the most intense combustion. The motive power
of the fan is a small Westinghou&e engine, nominally of 10

H.P., but in fact running at so slow a speed and under such a

close throttle as to develop only a fraction of that power. The
draft is automatically controlled by a pressure regulator in the

steam pipe to the engine, so that the speed of the fan is varied

according to the steam pressure in the boilers, being in this

respect the equivalent of the most sensitive steam damper.
This scheme of mechanical draft is capable of producing a

draft pressure equal to that of a 300 ft. chimney costing ten

times as much to build, and additionally po.ssesses the feature

which no natural draft- enjoys, of absolute flexibility in meet-
ing sudden demands of steam. The fireman is thus rendered

independent of weather conditions, and has nothing to fcal'

from a dirty fire after a long run, or from any of the emergen-
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cius wliicli may throw an excessive duty upon liis boiler jilant

without warniiij;. He has the tire at all times wholly within
liis eoiitnil. while at the same time the regular service is per-

foriueil uiuler the most |)erfect automatic rejiulation.

The action of the economi/.er is, of course, to extract all the

available heat from the waste gases ami return them into the

boiler. The temperature of llie up-take is about HH) , the

temperature of the feed water leaving the economizer being
upward of 300°, and representing an amount of heat saved
which would otlierwise be wasted up the stack as the only
means of producing a natural draft. A nu)ment's reflection

will show the comparative value of the heat thus returned to

the boiler, as against the insignitieant amount of steam re-

quireil to run the slow-moving fan. The mechanical exhaust
draft in this case was not a part of the original scheme, but
was finally adopted when it was discovered that the cost of the

entire batterv, at will. Witlr a water meter in the feed line

and a [tair of scales at the gate, it is ))ri)]>osed that the condi-
tion of the entire plant, as to its evaporative duty, shall be
daily logged and reported to the ollice, and any decline of

ellieieney thereby promptly and practically detected.

A New Horizontal Car Borer,

TiiK accompanying illustration shows a new multiple hori-

zontal car borer, one of the most useful aiul powerful niaehines
made for rajiid and heavy boring. It is especially adapted for
car anil bridge work.
The cobmui is one heavy casting, planed perfectly true for

the mandrel frames to raise and lowi-r in, kec'ping them per-

fectly rigid. Each mandrel frame is raised iind lowered by a

NEW MULTIPLE HORIZONTAL CAR BORER.

piling alone for a suitable chimney stack was more than the
entire cost of the mechaidcal draft system, leaving the economi-
cal value of the economizer as a clear gain.

Incidentally the design of the hydraulic system, including
the pumps and service line, was also made a part of the duty
of the engineers, Westinghouse, Church, Kerr it C'omi)any.
The pump-room is located, as before mentioned, between the
batteries of boilers imderneath the economizer, and in it are
two duplex pumps of a capaeitv of ")00 gallons per mimite
each. These piuups are controlled by pressure regulators, and
are so connected that while one of them is furnishing the ordi-

nary elevator service the second one is kept slowly moving, so

as to be in condition for instantaneous tire service. The work
of these pumjis is alternated daily, and in case of lire both
can be concentrated immediately on the tire lines. In the same
pump-room are double boiler-feed |iumps. each one ade(|uate
to the entire capacity of the plant. All the hot-water lines

and liftings are of brass, and by-i)asses an' provided so that
the feed water can be pumped throiigh the economizer, or
direct to the boilers in case of repairs to the latter. A further
system of a water meter with by-pass valves is so arranged
that the feed water om be measured and jnimped to either

boiler iuJependeutly, or to any number of boilers, or to the

combination of gears and friction, operated.independently by
power, l)y means of trea<lle conveiucnl to the operator.

The roller frame is of large size, extra heavy, and carries

.six large feed rolls driven bv power in either direction, or by
hand at the will of the operator.

The spindles are of steel, of large diameter, brought to the
work by hand and stops provided for gauging the depth of
borini;-. The machine is of great ca])acity. Holes can be
bored as deep as Ki in., and each spindle can be raised 11 in.

above the table.

The tight and loose pulleys are 18 in. in diameter and 5J in.

face, and should make 450 revolutions a minute.
'Phis machine is a new one pist added to the extensive li.st

of the makers, the Egan Comiiany, Nos. 1!)4-214 West Front
Street, Cincinnati, O.

Paint for Lighthouses.

The Hnn of \V. W. Lawrence & Company, in Pittsburgh,
recently Idled an oriler from the United Slates Government
for nearly 10,000 galls, of jiaint, which is to be used on the

lighthouses and Uovernment buildings on the xVtlantic Coast
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from Maine to Florida. The exposure to the winds and salt

air of the sea-coast is very severe on paints, and very few will

stand the test. Two years since this tirni filled a similar order,

which indicates that its paint has fully satisfied the strict re-

quirements of the Government service.

A New Water-Tube Boiler.

The accompanying illustrations show a new form of sec-

tional water-tube boiler made by the New York Safety Steam-
power Company, ami known as the Worthington boiler.

Fig. 1 shows this new boiler complete, and fig. 3 with the

casing removed. It belongs to the sectional class, in which
the water is contained in small tubes and chambers, designed

Outside the furnace, opposite each end of each tube, a hand-

hole of proper size to admit a tube or a tube expander is pro-

vided and fitted with a cap held to place with a cross-bar and
bolt. This cap is accurately faced and ground to a perfect

steam and water-tight joint. The caps are exposed upon open-

ing the side doors, and can be examined or tightened if neces-

sary. Upon removal of the cap, the internal condition of a

tube is open to inspection, to cleaning, or, in case of leakage

in the expanded joint, to re-expansion. And in case of acci-

dent to a tube or ileprecialion due to long usage, a new tube

can be substituted with but Utile trouble and delay. Each
end of each mud drum is provided with a removable cap ac-

cessible from outside.

The furnace is lined with fire brick. The only other brick

work required to erect a stationary boiler consists of two

Fig. 1. Fig. 2.

THE WORTHINGTON SAFETY WATER-TUBE BOILER.

to secure the important requisites of safety, durability, accessi-

bility and high evaporative efliciency, and is designed to be
economical of valuable space and at the same time to be of
liberal proportions in grate area and heating surface. The in-

terior of the entire construction, in every part and detail, is

accessible from the outside for examinalion, cleaning or re-

pair. The furnace extends under the entire boiler and is of
proper height to permit the use of any kind of fuel. As will

be noted, the tubes are arranged in transversely inclined series

of several tubes per section.

The heating surfaces and waterwa_ys are so arranged that
the movement of the water contained in the boiler is constant
and rapid. Its course is as follows : From the steam-and-
water drum located above the tubes, into which water is fed,

it descends the water legs, four in number, placed outside the
furnace, to the water-and-mud drums, at the base ; thence it

passes vid the tube connections into the lower series of head-
ers ; thence through the tubes, over the fire, into the upper
series of headers ; thence vid the tube connections into the
steam and water drum again (from whence it started). The
proportion and combination of parts throughout the boiler is

such that expansion and contraction due to changing tempera-
tures can occur without straining or disturbing the position of
any part or system of parts.

The tubes being short, tTd)ular expansion is reduced to a
small fraction, as compared to that which is due to the em-
ployment of tubes of to to 20 ft. long.
The headers for tubes are made of steel or iron, according

to the service required. They are placeil closely together side

by side, forming comph^te side walls to the furnace and afford-

ing a limited amount of effective heating surface.

foundation walls of proper depth, rising above floor level

about 12 in.

Tliese boilers are proportioned and rated for generating

power on the basis of the Centennial standard—namely, the

evaporation of 30 lbs. of water, at 70 lbs. pressure, from tem-

perature of 100°, to be 1 H.P. Said duty to be accomplished
with a consumption of anthracite coal of good quality at the

rate of 12 11)S. per hour per square fool of grate with good
natural draft. It is claimed that the actual steaming etliciency

and also the ultimate capacity are largely in excess of the rat-

ing on the above basis. A 100 H.P. boiler of this kind occu-

pies a floor space 7i ft. square, and is less than 10 ft. high.

A Free Technical School.

In the educational department of the Yoiuig Men's Institute,

of the Young Men's Christian x\ssoeiatiou of the City of New
York, at 222 and 224 Bowery, much attention is given to tech-

nical studies, and the work is becoming more and more valu-

able to young mechanics and artisans. The evening classes

in Electricity, Steam Engineering, Carriage Drafting. Mechani-
cal Drawing, Freehand Drawing, Shorthand and Type-writ-

ing, Vocal Music, Arithmetic, Book-keeping and English Gram-
mar have an enrollment of almost 300 young men. A free

exhibition of work done in the classes was given on December
36, making an interesting showing of progress.

The Institute Committee of Management and the Carriage

Builders' National Association award diplomas, prizes, and
certificates of progress at the close of each class year.
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An Appliance for Wood-Working Shops.

One of llio problems requiring careful attention in a wood-
workins shop is the disposal of the sawdust, which would
accumulate in large quantities if not carried off as it is made.

not. If MOW it is forced with the wrench, the lock yields, and
is gradually forced down .squarely on the nut and lies Hat on

top of it. In this position it exerts a siron;: frictional contact

with the top of tin- nut, and the thread in IJie lock beinn forced

from its natural |)osilion, tends to cross the thread on the holt,

and the two threads thus grip each other. The lock is thus held

DUST-COLLECTOR AND FURNACE-FEEDER AT THE MADISON' CAR WORKS.

An excellent method of meeting this problem is shown in the
accompanying cut. which is from a drawing of a dust-collector
and furnace feeder made l\y the United States Blow-Pipe Com-
pany, of Chicago, for the extensive car shops of the Madison
Car Company, at JIadison, 111. The drawing shows the gen-
eral arrangement of the shops and the apparatus.
The dust collector and furnace-feeder itself, as shown, is the

smallest part of the apjiaratus. The shop is equipped with
galvanized steel piping and exhaust fans, by wliich the dust
and shavings from the machines are collected and carried to

the dust-collector, which feeds them directly to the boiler fur-

naces withoiit the interposition of any manual labor whatever.
Shoulil mor<' fuel be made than I lie furnaces can jirojierly con-
sume, a slight change will direct the surplus intoa vault made
for its reception, and in this way the fires can be regulated and
choking of the furnaces avoided.
By experience with this apparatus, it is found that the regu-

lation is an important point, giving an even and steady lire

and keeping steam at any desired point. Economy in fuel is

also secured, as well as a great saving in labor. In fact, the
company claims that the cost of its apparatus in a large shop
will be repaid in two or three years fron\ the saving in labor
alone. The apparatus has worked satisfactorily wherever
tried.

The address of the United States Blow-Pipe Company is

No. Ifl South C!anal Street, Chicago, and estimates can be fur-

nished for litting uji shops of any size and capacity.

The Fougere Nut-Lock.

Tins nut lock, which is shown in the accompanying illus-

tration, is certainly simple in form and appe.-irs to have some
excellent points. The lock is about the size of an ordinar_v
washer, and is hexagonal in form. It is cut from a lliin plate
of miUl steel proportioned in size and thickness to the liolt on
which it is to be used. A thread is then cut in it obli(|nely,

the angle of the lock nut to the cutting tool being from ;5° to

8% according to the size of the bolt. The loekiuit when
screwed on the bolt assumes an obli(|ue position thereto, so
that when it is screwed down lightly until it reaches the nut
or other resisting surface, one side bears and the other does

by this grip and by the spring of the plate, forming a strong
and positive lock. It is found by experience that the action

of screwing up the lock does not injure the threads in any
wa_y. It has also been proved that the nut will not be loosened

by vibration, nor can it be started by a wrench without lirst

loosening the lock-nut.

Among the advantages claimed for this lock-nut are that it

can be used where any other could be ; it will hold the nut at

THE FOUGKRE NUT-LOCK.

any )ioint on the bolt, whether it is screwed up tight or not
;

it can be used again and again without injury to itself or the

bolt , and it forms a neat finish.

Tliis nut-lock is iirotected by patent No. 4().T,(t04, i.ssned to

Angus Fougere. Any information in relation to it can be ob-

tained from K. II. (Pushing, of Moncton, N. 15.

Some i.").(10(l of the locks are in use on the Intercolonial Rail-

way of Canada, where they have bec-n thoroughly tested for

over a year on track-bolts, locomotive tender frames and other

positions.

Plans have been completed for a large depot to be built by
the Baltimore A' Ohio Company, at St. George, Staten Island.

The plans were prejiared by B.aldwin A Pennington, who have
made duplicate coiiies for the use of the r.ailroad oHicials.

Bids for this work will be asked for in a few days.
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General Notes.

Trre Safety Metallic Tie Company has been organized at

Siiniinit, N. .1., with $oOO,000 capital stock, to make metallic

tics anil rail fastenings.

The Pennsylvania Steel Refining Company has liought the
old works of the Bates Steel Company, in Pliiladelphia, and
will put them in operation, using the ReedmanTilton process
for refining and hardening steel. Mr. Walter J. Scott, late of
New Albany, lud,, will be Superintendent.

The Hyatt Roller Bearing Company has been organized in

Newark, N. J., to make roller bearings for car journals and
other purposes.

Tee Gilbert Car Company, Troy, N. Y., has taken a con-
tract to build 30 Ijaggage cars, 10 combination cars, 20 smok-
ing cars, 50 jiassengers cars and 30 passenger cars with vesti-

bule ends for the New York Central ct Hudson River Rail-

road.

The Richmond Locomotive "Works, Richmond. Va., recent-

ly completed an order of 30 freight engines for the Cleveland,
Cincinnati, Chicago & St. Louis Railroad.

TiTE Weisel & Victor Machine Company, whose works were
destroyed in the recent great fire in Milwaukee, Wis., will re-

build tliem on a larger scale.

The Schoen pressed steel brake-beam is to be used on 600
cars now building for the Duluth, Mesaba & Northern Rail-

road. These cars will also have Schoen pressed steel center-

plates.

Tite Roanoke Machine Works, Roanoke, Va. , are building
a number of locomotives for the Norfolk & Western Railroad.

The shops of William Sellers & Company, Philadelphia, are
building for the Massachusetts Institute of Technology a
300,000 lbs. Emery testing machine. This machine will be
equipped with all the latest and most improved recording ap-
paratus, and will have embodied in its construction some de-
tails that are not found in any other machines of its class. It

is strictly a tensile machine, being horizontal, but compression
tests could be made by the use of special appliances.

The Frank-Kneeland Machine Company, recently organized
in Pittsburgh with I. W. Frank as President and Edward
Kneeland as Treasurer, is biiilding a foundry and machine
shop which will be thoroughly equipped with tools and ma-
chinery for doing the best work.

Tub Still well Bierce & Smith-Vaile Company, of Dayton,
O., was recently formed by the consolidation of the Stilhvell &
Bierce and the Smith & Vaile companies. The new companj'
is capitalized at $1,000,000, and .f500,000 preferred stock
offered for public subscription was promptly taken up. The
company owns extensive works for the manufacture of tur-

bines and other machinery.

The offices of AVilliam C. Baker, the well-known manufac-
turer of car-heaters, has been removed to the Central Building,
No. 143 Liberty Street, New York. jMr. Baker has established
new works in Iloboken, N. J., which are titti;d with the best
appliances for manufacturing.

The Akron Tool Company, Akron, O., has recently received
orders for their McNeil patent balanced charging barrows
from the Boston & Maine, the Georgia Southern & Florida
and the Alabama Midland railroads. These barrows have
found much favor in use at coaling stations on railroads, and
are also in use at many gas works for handling hot coke and
at blast furnaces for charging with coke and ore. Their use
is rapidly extending.

TuE Cougdon Brake Shoe Company has established a plant
for the manufacture of steel brake-shoes and couplers at 59th
Street and Wallace Avenue, in Chicago. The works cover 2+
acres, and include a Siemens-Martin open-hearth steel plant
with a capacity of 35 to 40 tons per day. Facilities are pro-
vided for making all kinds of steel castings here, as well as
those required for the brake-shoe and coupler work, and ar-

rangements have been made for turning out castings of a high
grade, for locomotives and otlier machinery. Two large
dynamos supply electricity for lighting the works and for
running the Shaw electric cranes. These works will use oil

for fuel ; it is delivered in the works from the Pennsylvania
Company's tracks.

At a recent meeting of the directors of the Consolidated Car
Heating Company, Albany, N. Y., a semi -annuid dividend of
li per cent.was declared.' The reports showed that the busi-
ness of the company has averaged over $1,000 per day for
some time past.

At the same meeting the offices of General Manager, As-
sistant General Manager and Mechanical Superintenilent of

the Company were abolished. Mr. D. D. Sewall, formerly
General Manager, was appointed Vice-President ; Mr. J. H.
Sewall, former Assistant General Manager, with office in

Chicago, was made Superintendent of Construction, with
office in Albany ; and Mr. .1. F. McElroy, late Mechanical
Superintendent, was appointed Consulting Engineer.

The Walburn-Swcnson Company, owning the Fort Scott
Foundry & Machine Works at Fort Scott, Kan., is now re-

moving the entire plant to Chicago Heights, as a more central
and convenient location for its special business. The central

otTlee of the company has been established in the Monadnock
Block.

The Dietz Passenger Draw-Bar Company and the Dietz
Freight Draw-Bar Company have been organized in Denver,
Col., each with a capital stock of $.500,000, to manufacture
and introduce the Dietz draw-bars, which have been hereto-

fore described in our columns. The officers of both com-
panies are : President. Edward A. Reser ; Vice-President and
General Manager, Thomas C. Brainard ; Secretary and Me-
chanical Expert, Henry Dietz ; Treasurer, Henry B. Adsit.

The largest single order for car-heating material ever given
was received by the Consolidated Car-Heating Company, oh
December 15. This order was for the equipment of 100 New
York Central standard coaches, which the Gilbert Car Manu-
facturing Company is building.

The Schenectady Locomotive Works have received an order
for 16 locomotives for the Chicago & Eastern Illinois, and
three freight engines for the Maine Central. All are to be
equipped with the New York air brakes.

The Buffalo, Rochester & Pittsburgh Railroad is just re-

ceiving the last of the recent order for 850 cars, all equipped
with the New York air brake.

TirE Joseph Dixon Crucible Company, of Jersey City,
manufacturers of Di.xon's American Graphite pencils, are tak-
ing time by the forelock by putting a fifth story, 175 X 75 ft.,

on their pencil factory. During the past summer and fall they
have been unable to promptly fill their orders for Dixon's
pencils, even though working their already superior facilities

to their full capacity. It was therefore decided to push for-

ward the work at once instead of waiting until spring, as in-

tended. The new addition will be equipped with new and
improved pencil machinery of their own invention.

The Lansberg Brake Company, St. Louis, recently received
an order for 2,800 complete quick-action freight car brakes.
The company's works are to be enlarged.

Forged Steel Balls.

The Pittsburgh Steel Casting Company is now making steel

balls by a special process, which is new and gives very good
results. This company makes steel castings, and has" lately
found that cast-steel balls, forged, were su.sceptible of many
industrial applications, and accordingly made preparations for
their manufacture.
The Ijalls are first cast as an ordinary casting, of a special

crucible steel mixture, especially adapted for the purpose,
which is somewhat more expensive than the mixture used for
ordinary castings. The cast ball is brought to a forging heat
in an ordinary heating furnace, and transferred to a" 1-ton
steam hammer, provided with hemispherical dies the size of
the casting. Wliile this hammer is rather heavy for the
smaller-sized balls, its stroke can be made light enough to suit.

The hammer being started at a rate of about 120 strokes per
minute, the ball is dexterously rotated in different directions
by the hammer-man, so that it is very evenly compressed, and
all signs of the head and gate obliterated, a perfectly spherical
ball being the result, while toward the latter end of the proc-
ess a smooth polish may be seen to come. From time to lime
water is thrown on, and wdicn the forging operation is com-
pleted, the ball is allowed to cool rapidly, so that the surface
takes quite a good temper, and is excessively hard. The ball is

compressed by about j'o- of its diameter.
These balls have probably not as yet been used for all the

purposes for whii^h they are adapted, but we are informed
that they are used extensively for crushing purposes, for
emery, black lead, corundum, rouge, etc. They are used also
for ball bearings in turn-tables, etc.

Dies are provided for all sizes of balls, from 3 in. to 9 in. in
diameter. The expense of forging, and of the extra mixture
employed, makes these balls cost about 2 cents a pound more
than an ordinary steel casting.

—

American Manvfaclurcr
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PERSONALS.

A. T. SiioEMAKEu'Ims'rcmoved'his office in New York to

the Boreel Building, No. 115 Broiuhvay.

John Medwat has boon appointed Superintendent of Motive
Power of the Fitchburg Kailroad, with otiioe in Boston, in

phice of 0. Stewaut, wlio has resigned.

David Pottinoeu, iate CrJ'neral Superintendent of tlie Inter-

colonial, succeeds Mk. Coli.ixgwood Sciihiebku as Cliief En-
gineer of Canadian Government railroads.

J. .J. U. Crof.s delivered an interesting lecture on Passenger
Traffic in Large Cities before the students of the Rensselaer
Polytechnic Institute in Troy, N. Y., on November oO.

Cai'tain Alfred E. Hu.nt, President of the Pittsburgh
Reduction Company, lectured on Alunnnum recently before
the students of the Rensselaer Polytechnic Institute.

\y. I. Cook has been appointed Superiutemlent of Motive
Power of th(' Toledo, St. Louis & Kansas City Railroad, in

place of .loir.v Outtox, who has resigned on account of con-
tinued ill health.

Hi'NTER JIcDoxALD, for some time past in charge of the
construction of new Ijrauehes, has beea appointed Chief En-
gineer of the Nashville, Chattanooga & St. Louis Railroad, to
succeed the late Colonel R. C. Mokkis,

Hexrt a. MiLLnoLLAXD, formerly with the Pennsylvania
Railroad, and more recently Mechanical Engineer of the Gould
Coupler Company, has been appointed Assistant to the Super-
intendent of Jlotive Power of the Philadelphia & Reading
Railroad.

F. W. Saucext, formerly Engineer of Tests of the Chicago,
Burlington ifc Quincy Railroad and recently General Agent of
the Congdon Brake Shoe Comjjany of Chicago, has been ap-
pointed Superintendent in charge of that company's manufac-
turing department.

Jacob Joiiann has been appointed Superintendent of Motive
Power of the Chicago & Alton Railroa;!, with office in Bloom-
iuglon, 111., in ])lace of A. W. QuACKEXKusn, resigned. Mr.
Johann is well known as a master meclianic of long experience,
who has had charge of the machinery of some important roads.

^
Theodore VooRiiEEs, General Superintendent of the Nev,-

York Central & Hudson River Railroad, delivered a lecture on
Transportation Ijefore the students of the Rensselaer Polytech-
nic Institute at Troy, N. Y., December 7. Mr. Voorlices is a
graduate of the Institute, and is also a member of its Board of
Trustees.

The friends of Mr. John Ortton will be grieved to hear of
his serious illness. For a long time he has been in poor health,
but recently he has been a great sufferer, although the latest
accounts report his condition somewhat more favorable for
recovery, lie is now at Frankfort, Ind., having resigned his
position as Superintendent of Machinery on the Toledo, St.
Louis & Kansas City Railroad.

Augustus Mohdec.a.i, who succeeds Mr. C. W. Buchholz
as Chief Engineer of the New York, Lake Erie & Western
Railroad, has been since 18S8 General Roadmaster of the New
York, I'ennsylvania & Ohio. He had previously served as
Division Engineer on that road, and also on the "Pittsburgh,
Virginia & Charleston, the St. Louis, Council BluDfs & Omaha,
the Hartford & Connecticut Western and the Pennsylvania
Railroad.

OBITUARIES.

losEPH N. DiBaruy, who died in Philadelphia, December
17, aged ()2 years, was born in Bordentown, N. J., and when
18 j'ears old was employed on one of the engineer corps en-
gaged in lociiting the Pennsylvania Railroad from Altootia to
Pittsburgh. In ISoO he was made .Vssistant Engineer of Con-
struction, and in IS.'iS hail charge of surveys on' the old Sun-
bury tt Erie Railroad. In 18o;i he was made Princijial Assist-
ant Engineer of the South ivest Branch of the Pacific Railroad
of Missouri, and remained on that line live years, when he
returned East as Superintendent and Engineer of the Western
Division of the Pittsljurgli. Fort Wayne'it Chicago. In 1861
he became General Superintendent of the Northern Central
Railroad, where he remained until 1807, when he was appoint-
ed to the position of Assistant to the President of the Pennsyl-
vania Railroad Company, which he fdled with marked ability
until October, 1883, when he wa-s made Third Vice-President.

His duties then were those of General Supervisor of Construc-
tions, having charge of the construction of new lines, of
bridges, viaducts, tunnels, of straiglitening curves, and the

determination of all engineering ipiestions. In 1888 Mr.
DuBarry was elected Second Vice-President to take the place
of Jlr. Frank Thomson, wlio had been elected First Vice-
President, and he occupied that important office in the com-
pany's atfairs up to the time of his deatli. In tliis capacity his

duties embraced a general supervision of all linaneial ail'airs

and a direct oversight of the treasury and insurance depart-

ments. He was also the master mind in the promotion and
construction of new lines of road and the maintenance of the

old lines to the highest standard.

Professor John Storey Newberry, who died in New
Haven, Conn., December 7, aged 70 years, was born in Wind-
sor, Conn., but at an early age was taken to Ohio by his

parents. He graduated from the Western Reserve College in

1S4(J, and from the Cleveland Medical College in 1848. He
spent two years traveling and studying in Europe and then
addressed Inmself to the practice of medicine in Cleveland.

In 18r).5 he joined the Army, and was sent with a Government
expedition for exjiloring the region between San Francisco
and the Columbian River. This region turned his attention

to those sciences whicli became his life study, and the impulse
toward them was further developed by the Ives expedition

along the Colorado River in ISoT-HS. In ISoO he aided in

exploring the San Juan and upper Columbia. During the war
he was a member of the United States Sanitary Commission
for the Mississippi Valley, and made inspections and dis-

tributed stores anil means of shelter. In 1866 he liecame Pro-
t'lssor of Geology in the Columbia School of Jlines, and the

development of the department of geology has been his chief

work. He has collected the most extensive geological museum
in the country, its specimens and exhibits numbering over
1,000,000 .separate jiieces. While actively engaged in the work
of his professorslii|i, he also, in 1869, reorganized and directed

the Ohio Geological Survey. After this he took part in the

New Jersey Geological Surrey, was nuule Paleontologist to

the United States Geological Survey, was a judge in the Cen-
tennial Exposition, was a corporate member of the National
-Academy of Science under appointment from Congress. He
became President of the New York Academy of Sciences in

1867 and afterward of the Torrey Botanical" Society. For a

'quarter of a century his opinion up5n geological and minera-
logical matters has been most highly esteemed and his ser-

vices were frequently sought as a mining engineer. He had
a stroke of paralysis" in December, 1890, and was obliged to

give up active work.

Dr. Werner Siemens, who died in Berlin, Germany,
December 6, aged 70 years, was himself an eminent electrician,

and was one of a prominent family. To his brother, the late

Sir William Siemens, we owe the open-hearth steel process,

and Sir William and Frederick, another brother, were the
inventors of the regenerative gas furnace. The invention of

the ilynamo in its present form is a matter of ilispute, but the

honor of being the tir,st to make a commercial machine belongs
without doubt to Werner Siemens. He commenced life in

the German Army. While holding his conmiission he in-

vented the process of electro-gilding, of the differential gov-
ernor and of the electric automatic recording telegraph. As
member of a commission of the Prussian General Statf for the
introduction of the electric telegraph system in |ilace of opti-

cal telegraphs, he i)ro])Osed in 1847 the application of subter-

ranean conductors insulated by gulta percha, by means of a
press invented bj- him for that purpose, which is still being
used in- the manufacture of cables. AVith the help of these
insulated wires he succeeded in the sjiring of 1848, together
with Professor Himly, in laying the tirst sidmiarine mines
with electric ignition for the protection of the harbor of Kiel
from the D.mish lleet. In the same year he carried out the
first great telegraph line in Germany between Berlin and
Frankfort-on-llie-Main, and in the following year the subter-

ranian line between I'erlin and Cologne. Dr. Siemens left

the government service in 18")0, and devoted himself after-

ward entirely to scientitic stuilies and to private enterprises.

In 1847 he had already laid the foundation of the telegraph
works afterward carried on by him under the firm of Siemens
& Halske, in Berlin. Among bis m.any achievements in science

and the technical arts may be mentioned tln^ invention and
practical application of the i|nieksilvcr resi.>^tance unit, the

gntta jierclia press, tlie development of methods for testing

underground and submarine cables, and determining the
position of faults in them ; the invention of polarized relays,

and the Siemens armature.
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PROCEEDINGS OF SOCIETIES.

American Society of Civil Engineers.— At the regular
meeting, December 7, there was a long diseussion on Mr.
James D. Schuyler's paper on Asphaltum Lining for Reservoirs.
Mr. W. B. Parsons read a paper on Recent Test Borings on

Broadway, which was di.scussed.

The following elections were announced :

Members : William H. Brown, Philadelphia ; Howard Con-
stable, New York ; John N. Chester, New Rochelle, N. Y. ;

Loring G. Goddard, Dunham, 0. ; George S. Hayes, East Ber-
lin, Conn. ; Edmund G. Spilsbury, Trenton, N. J.

Assoaiiite Memliers : Edward T. McConnell, Indianapolis,

Ind. ; Henry F. Baldwin, Chicago.

American Society of Mechanical Engineers.—The meet-
ing which began in New York, November 29, was a success-

ful one, both in Ihe large attendance and in the number of

papers presented. Some of the latter were of much value,

but the discussions were not as full or as general as at some
previous meetings. Exceptions must be made, however, for

two or three of the topical discussions, which called out some
practical experiences worth noting.

The Society is in a pro.sperous condition, with a cash balance
in the Treasury. It numbers now 1,569 members, and 94 new
ones were added at the meeting.

American Institute of Mining Engineers.—The 64th meet-
ing will be held in Jlontreal. l)eginning on February 21.

It is announced that the members of the Institute have sub-
scribed $1,000, or its full .share, to the fund for the expenses of

the Engineering Congress in Chicago.

Roadmasters' Association of America. -At the annual
meeting very full reports were presented on Rail joints,

recommending the Fisher, the Long, and the McConway &
Torley joinis for further trial ; on Methods of Fastening Rails

to Ties ; on Work Trains ; on Block Signaling ; on Treating
Ties, and on Relaying Rails. All these reports were thorough-
ly discussed by the members, a large number being present.

The officers elected were : Pre.sident, H. W. Reed ; Vice-
Presidents, W. II. Stearns and J. B. Moll ; Secretary and Treas-
urer, J. H. K. Burgwin ; Member Executive Committee, Rob-
ert Black.

It was decided to hold the next annual meeting in Chicago.

American Society of Naval Architects & Marine En-
gineers.—Sonu' of the most prominent and inlluenfiid men in

the shipbuilding and sliipping interests of the Lhiited States

have completed the preliminary organization of a professional

society of high standing to be called by this name, whose ob-
ject will be to promote the art of shipbuilding in all its

branches, both commercial and naval. The C!ommiltee of Or-
ganization—consisting of William H. Webb, of New York

;

Lewis Nixon, of Philadelphia ; Colonel E. A. Stevens, of Ho-
boken ; Francis T. Bowles, Naval Constructor, U. S. N., and
Clement A. Griscom, President of the International Naviga-
tion Company—expect to incorporate the Society in New
York, and are now sending out invitations to membership,
hoping to have the tirst meeting at the time of the Naval Re-
view.
The list of those who have accepted positions in the prelimi-

nary organization include many well-known names from all

sections of the country : President, Clement A. Griscom
;

Vice-Presidents, T. D. Wilson, Chief Constructor of the Navy
;

Charles H. Cramp ; George W. Melville, Engiueer-in-Chief
IJ. S. N. ; George W. Quin'tard, New York ; Irving M Scott,

San Francisco ; General Francis A. Walker, Boston ; W. H.
Webb, New York. The members of the council include 11. T,
Gause, Wilmington, Del. ; F. W. Wheeler, West Bay City;
Mich.; W. H.".Iaques; General T. W. Hyde, Bath, Mo. .

J. W. Jliller, New York ; C. II. Orcutt, Newport News, Va. ;

Nat. G. Ilerresbolf ; J. F. Pankhur.st, Cleveland, O. ; Naval
Constructors Hichborn and Fernald, of the Navy ; Charles H.
Loring, ex-Engineer-in-Chief ; Commanders Chadwick and
Sampson, of the Navy ; Harrington Putnam, of New York.
Assistant Naval Constructor W. D. Capps is Secretary and
Treasurer.

In consideration of the increasing importance of our ship-
building interests and the development of the Navy, the or-

ganization of this Society upon a basis similar to that of the civil

engineers and kindred professions is regarded as opportune and
having a valualile and extended tield of intluence in technical
subjects and public affairs.

Traveling Engineers' Association.—At a meeting held in
Chicago. November 12, a call was agreed on and issued. It
is signed by C. B. Conger, Chairman, and a number of others
from different roads :

" We, the undersigned road foremen of engines, or traveling
engineers, consider that an a.ssociation of men in our calling
woidd be beneticial in that an exchange of ideas would tend to
uniformity in our work and to widening our information and
usefulness, and. if properly conducted, would make the posi-
tion of traveling engineer recognized as one of great usefulness
to railroads and to enginemen. It would prevent friction by
promptly rectifying small abu.ses

;
prevent waste by conduct-

ing a practical education and the encouragement of economi-
cal practices.

" We ask all traveling engineers and road foremen of engines
to meet for the purpose of organizing an association similar to
the Master Mechanics' Association, said meeting to be held at
2 P.M. Monday, January 9, 1S9.3, at Room 912. No. .5 Beekman
Street, New York City, office of LocomoHee Engineering. If
this meets with your approval, will 3-ou kindly correspond
witli John A. Hill, at above address, at your 'earliest con-
venience, stating if you will be present, or if not if you will
join the association."

New York Railroad Club.—At the regular meeting, De-
cendjcr 15, Mr. Alonzo Dolbeer read a paper on When Should
a Locomotive be Destroyed ? This was generally discussed.

Topical questions proposed for discussion were the differ-
ence in cost of Operating and Maintaining Locomotives in
Freight Service at high and low speeds : and the use of Plain
or Flangeless Tires. The attendance at the meeting was large.

Master Mechanics' Association.—Secretary Sinclair has
sent out the following circular from the Committee on Boiler
Attachments, consisting of James Jlacbeth, A. Dolbeer, W. A.
Foster, James M. Boon and M. N. Forney. Replies should be
sent to the Chairman, Mr. Macbeth, at Herkimer, N. Y.

BOILER ATTACHMENTS.
Among the subjects selected at the last annual convention

of the American Railway Master Mechanics' Association for
investigation by committees, and to be reported at the next
meeting of the Association, is Boiler Attachments ; how can the
safety of these be increased, and how- the number of holes in
boiler for .such attachments be lessened.
The undersigned have been appointed a committee to cori-

duct this investigation and make a report thereon next year.
With this end in view the Committee ask for information with
reference thereto.

It is a well-known fact that in ca.ses of collision or derail-
ment a very common cause of accident to locomotive runners,
firemen, and others, is that some of the boiler attachments are
broken so as to leave an opening in the boiler from which
steam or hot water escapes and scaids whoever may be fastened
in the wreck. The aim of the Committee is to institute an in-

quiry to ascertain what can be done to prevent such accidents,
or at least dimini.sh their number, and with this end in view
they ask for information concerning the following points :

First, : Give a list of parts attached to your standard loco-
motipe boiler which, if broken off in case of accident, would
leave openings in the boiler.

Second: How could the numlier of openings in boilers for
such attachments be dimini.slied ?

Third: In what way could such openings be protected to
prevent escape of hot water or steam in case attachments are
accidently broken ?

Fourth : What is tlie best method of connecting check
valves to boilers, flange joints or screwed direct into boiler.
Give size of connection that should be used. Have you had
any experience with inside check valves, and what is your
opinion of their safety and efficiency compared with outside
checks ?

Fifth : Water Glass and Gauge Cocks.—Do you think it

necessary or advisable to use water glasses in addition to
gauge cocks '/ What size connection do you use ? Is it ad-
visable to use an automatic valve in water glass cocks to pre-
vent the blow of steam and hot water in case of water glass
breaking V

Si-rtli : Steam Chambers.—Is it j-our practice to use a steam
chamber to connect the blower, injector valves, steam heating
valves, etc., or is it your practice to connect these attachments
separately to Iioiler V Is any provision made to close the con-
nection between steam chamber and boiler ?

The Committee would be glad if replies arc not confined to
the questions, lint extended to any information bearing on the
subject. Would also be pleased" to have drawings and blue
prints of any devices used on your line.
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NOTES AND NEWS.

A Side-Wheel Yacht.—The illustration given herewith,

for whieh we are iiulebted to the Eiiijinerr, of New York,

shows the yacht Clermotit, which dilTcrs from most of the

steam yachts alons the coast in having paddle wheels instead

of a in'opeller. The Clermont lias a wooden hull Itil) ft. 3 in.

long over all ; 150 ft. 6 in. on load line ; 25 ft. molded beam
;

43 ft. over guards ; 10 ft. 8 in. deep"; 5 ft. :J in. draft.

SIDE WHEEL STEAM YACHT • (JLEKMuIiT."

The engine, which was built by the W. & A. Fletcher Com-
pany, New York, is of the beam type, with cylinder 40 in. in

diameter and 6 ft. stroke ; the wheels are of the feathering

pattern, 17 ft. in diameter and ft. (i in. face. There is one

steel return-flue boiler 8 ft. 1 in. in diameter and 20 ft. long
;

the usual working pressure is 60 lbs. There is also a donkey

boiler carrying 125 lbs. ; a steam windlass and other fittings.

The boat is lighted by electricity, the dynamo being driven by

an engine with 5 X 6 in. cvlinder.

The actual speed of the" Gknnont in dead water is 18 miles

an hour with 46 revolutions per minute. At this speed the

engine develops about 800 H P. She was built for cruising

and not for speed.

The Clermont is handsomely fitted up and has plenty of a£-

commodations for passengers and crew. The advantages of

the side-wheel type are speed on a light draft, quiet running

with absence of vibration, and plenty of room.

A Geometric Boring Tool.—An ingenious device for bor-

ing holes of square, hexagon, star-sha])ed and other geometric

sections is now beins: introduced by the Geometric Drill Com-
pany, of Philadelphia. It is in the form of an attachment

which can be put on an ordinary drill press, and can be fitted

to bore any shape of hole having straight or curved sides.

While it would be difficult to describe this tool without illus-

trations, it mav be said that it is quite simple. The move-

UK'iit of the l)o"ring tool is controlled by a cam, and it can be

quicklv adjusted to bore the shape desired.

A recent inspection of this tool in operation showed some
excellent work and a great variety of shapes. It can be used

to bore simple round holes as well as other shapes.

An American-English Screw Factory.—The London
Euginetring Record anya :

" The new screw-making establish-

ment, which has been built on the site of what were known as

Whitham's Ironworks, at Leeds, and which is owned and

conducted by the American Screw Company, of Providence,

H. I., U. S." under the title of the British Screw Company,
Limited, chartered \mdcr the laws of Great Britain, is being

developed as rapidly as possible. The ground on which the

works stand has an area of about five acres. The structure is

360 ft. in length, and has a frontage of 100 ft. The machinery

is driven bv a compound triple-expansion engine of 3.50 ILP.,

made bv Messrs. Woodhouse & Mitchell, of Brighouse ; the

boilers, "of 400 H.P. capacity, are from the works of Jlessrs.

Babeoek & Wilcox, Limited] Glasgow, and they have attached

to them mechanical stokers. The factory is lighted by elec-

tricity, there being throughout it 500 incandescent lamps, imd

45 arc lamps of 3,000 candle-power. The screw-making ma
chinery has come from Providence. It has been running a

couple of months, and at present about 12,000 gross of screws,

of many dilTerent sizes, are being turned out per week. The
heads of tlu' dilferent departments have also come from the

home works in Khode Island, but It is intended that they
shall only remain here until English workers have been edu-
cated to'fill their positions. It is, in fact, to be a thoroughly
English^manufactory so far as the workpeople are concerned.

About 100, chiefiy women and girls, have al-

ready found employment in the works, and it

is expected that within a 3'ear from now some
500 or 000 will be at work."

A Simple Dam.—In many ore regions of
the country the supply of water is by no means
plentiful at any time, while at certain periods
it fails almost altogether. As water is a prime
necessity for washing the ore and for other
purposes, an abundant and constant supply
of water becomes a great desideratum, and in

many places dams need to be constructed.
A very simple dam, which can be easily con-
structed, is shown in the illustration on this

jiage. It was built by the Rich Patch Iron
Company, Low Moor, Va., and is the second

>gd dam of this company, which now has an

^^y abundant supply of water. A ground plan is

J^ _ J shown, also vertical section.

The dam is 85 ft. wide, with an average
depth of 11 ft. It is built of masonry cm-
beddeil 4 ft. in the solid rock, and has a brick
facing 18 in. thick on the water side. In both
this dam and the one previously constructed
by the eonqiany, tiie water is taken from the

"^ ~'&ii^s^ bottom, and this is considered quite an advan-

3^^^ tage. It jiasses through the dam by a 10-in.
" '^'~~''

pipe, which is laid through the dam wall in a
culvert. This is done to insure safety, and to

avoid tearing out the masonry should any ac-

cident .happen to the pipe. The pipe is bricked inbetween
the walls of the culvert.

A protection has been provided extending 10 ft. from the
face of the wall, which is designed to prevent any obstruction
interfering with raising the gate. It consists of three 12 X
12-in. timbers bolted together, with two cross-ties at each end.

r.2
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A CORRECTION.

Owing to the mistake of a pliotographer, the scale of tlie

engraving of the New York Central locomotive No. 903,

which was published last month, was not the same as yiatof

the English engine illustrated with it. This was discovered

last month too late to be corrected. We h<ave, therefore,

had the former re-engraved, and reprint both of them.

Copies of the reprint will accompany the present (February)

number. Both engravings are now made to a scale of J in.

= 1 ft., and therefore show the relative size of the two eu-

gines. Those of our readers who preserve their papers

should substitute the folded plate with this number of the

Journal for the one attached to the January number.

EDITORIAL NOTES.

The next article in the series on Practical Railroad In-

formation is necessarily postponed until next month ; but

the authors expect hereafter to continue this valuable serie

without a break.

The convention of the National League for Good Roads,

held recently in Washington, was largely attended. It was

decided to apply to Congress for a charter, and to ask for

an appropriation to enable the Department of Agriculture to

make a general inquiry into the condition of the roads of

the country.

The Executive Committee of the Master Mechanics' As-

sociation urges upon railroad officers tlic advantages to be

gained by giving more attention to the standards of the As-

sociation and by following them in giving orders for rolling

stoi;k. Especial attention is called to the standard screw-

threads and the sizes of wheel centers and tires.

has decided to hold the conventions next summer at Lake-

wood, N. Y., on Chautauqua Lake. There is said to be

ample hotel accommodation there, and all the facilities re-

quired for the meetings.

The recent collision in the Japan Sea between the packet

steamer Ravenna and the Japanese cruiser Chi»hima-Kan

may throw some light on the possible results of ramming in

a naval fight. The Ravenna struck the cruiser amidships,

cutting her nearly in two, and had all the advantages of

position which a ram could desire ; but she suffered severe-

ly herself, the Cliishima-Kan's protective deck cutting

through her stem and bow plates for nearly 10 ft., and

smashing in the bow so that the ship was kept afloat with

great difficulty. It is evident that in a ramming contest the

risk is not all on the side of tlie vessel attacked ; the ram
itself will run no small risk.

As noted in another column, the Joint Committee of the

Master Mechanics' and the Master Car-Builders' Associations

The readers of Mr. Chanute's earlier papers on Aerial

Navigation will remember an account of the balloon La
France, with which some interesting experiments were made
in 1884-85. We are now informed by La Nature that a bal-

loon on the same general lines as La. France, but longer, is

being built at the Frencli military balloon works at Chalais-

Meudon, under the direction of Commandant Renard. The
new balloon, as described in La Nature, is 330 ft. long and
43 ft. in diameter at the center. The car is provided with

a screw in front and a rudder behind and carries a gasoline

motor. This motor is not fully described, but it is stated

that it will exert an effective force of 45 H.P. on the shaft,

and that its total weight, including a tank filled with gaso-

line, is about 66 lbs. per horse power. Making 200 revolu-

tions per minute of the screw, it is calculated that the air

ship will make headw.ay against air currents not exceeding

40 ft. per second, or about 37 miles an hour.

The new balloon is to be ready for experimental use early

in the spring.

The franchise offered for sale by the New York Rapid
Transit Commission for building the underground line pro-

posed by the Commission was not sold, only a single bidder

appearing. His bid was not considered, as he only offered

f1,000, and it did not ajjpear that he was a responsible per-

son. The result was generally anticipated.

The Commission is now considering applications for

branches and extensions of the lines of the existing elevated

road. One of the latter follows nearly the line laid down
for an underground road.

ENGINEERS AND ARCHITECTS.

The American Architect and Building News, in comment-
ing on a proposition of one of its contemporaries, that archi-

tecture and engineering ought to be united, or, rather, ought
never to have been divorced from their ancient union, re-

marks :

To a certain extent this is reasonable, and architects ought
to be aud, we think, generally are, as familiar as engineers
with the scientitic principles of construction ; but that they
can with advantage treat their problems as an engineer does
his is altogether too much to say. ... In nine tenths of the
engineering work of the present day the problem set before (he
designer is simply to get the strength required to resist dead-
load, live-load, wind pressure and thrust, wiih the smallest
possible expenditnre of material and labor. In fact, nearly all

structural engineering work is designed by or for contractors,
who bid for the job in accordance with the designs they sub-
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mit, and the one who has succeeded in " skinning" his project

down to the lowest possible cost jrets the contract. It is ob
vious that this sort of design is entirely unsuiled to the temper
and training wliich an archilrct should possess. (A good
many of Iheir clients have found this out.) It is one tiling to

study construction as the media; val architects studied it, keep-

ing beautiful effects always in their minds and using every
new method of balancing pressures as a fresh artistic motive,

and quite another tiling to design a building with a sole view
to straddling the space in the cheapest possible manner, with-

out wasting a moment in considering the proportions of voids,

spacing of horizontals, pitch of roofs, and the other con.sidera-

tions which take up so much of the architect's attention.

It must have been in this poetical spirit that the editor of

the American ArcJiitect undertook to discuss the engineering

subject of airships, and tried to show how he could " straddle

a space" without " wasting a moment in considering the

proportions of voids." Here is the way he would do it :

" It would be very easy, by using cylinders of compressed

gas, to raise our air ship to the height required to launch

it, and it ought not to be difficult to regulate the speed of

the descent, by varying the position of the wings or by a

horizontal rudder."

This principle evidently can have an extended applica-

tion. In climbing mountains all a man need do is to carry

a " cylinder of compressed gas" in each pocket to raise him-

self up hill ; or, as tall buildings are now very much in

vogue, cylinders of compressed gas might be substituted

for elevators ; and, as they say in patent specifications, other

applications of the principle will suggest themselves, if

" we only use every new method of balancing pressures as

a fresh artistic motive to help us to straddle space."

In this case an architect " might with advantage have

treated this problem as an engineer does his." If he had

it would have appeared that coal gas, if compressed to

about -^u its volume, at atmospheric pressure, will be as

heavy as air ; and pure hydrogen, if compressed to y\ its

volume, would also be as heavy, so that it is hard to see

how, in that condition, it would lift a balloon or anything

else.
«

LOCOMOTIVE AND TENDER CONNECTIONS.

A COMMITTEE appointed at the last meeting of the Master

Mechanics' Association, to make a report on " Attachments

between Engines and Tenders," have recently issued their

circular of inquiry. The questions they ask are a gratifying

indication that the welfare and safety of the men who are

engaged in the dangerous occupation of rimning locomotives

is at least not entirely lost sight of by the members of the

Association referred to, many of whom have, at some time

or other, been locomotive runners or firemen themselves.

It is not necessary to quote statistics to show that running

locomotives is a dangerous occupation. That it is so is

well known, but the relative amount of danger arising from

different features of construction of locomotives has never

been clearly shown. Probably more men are killed and in-

jured by being caught and crushed between their engines

and tenders in cases of collision and derailment than in any

other way. This class of accidents until quite recently

seems to have been regarded asunpreventableand incapable

of diminution. The circular of the Committee referred to

indicates that at least some of those who prepared the cir-

cular are disposed to think that something could be done to

mitigate this source of risk to which men on locomotives

are exposed. The first cjuestion of the circular is as follows :

1. With engines coupled to tenders by a single stout link

and large pins so strong as not to break loose under the heavi-

est pull, have the tank-frames any marked tendency to either
mount or run under the cab foot-plates ? In oilier words, is

there any more risk from the lenderfianie tluin tliire is from
the tank leaving the frame and sliding into the cab ?

In view of the fact that there are a great many members
uf the Master Mechanics' Association who arc able to say

definitely from their own observation or experience whither,

in cases of accidents, tender frames do " mount or run

under the cab foot-plates," it would seem to be idle to

argue about a "tendency." If the Committee had asked

the question whethcrmembers have known of tender frames

mounting or running under the foot-jilate in cases of colli-

sion or derailment, and they would answer the question, it

is believed that an abundance of testimony would have been

elicited to show that that occurs very often. An ordinary

draw-bar between a locomotive and tender is usually about

4 ft. long from center to center of pins, and is often bent so

that the middle portion stands at a greater or lesser angle to

a horizontal line. Owing to the inclined position of the bar

the " tendency," in case of a severe collision, is to push its

front end upward and carry the foot-plate and back end of

the engine with it, and to depress the back end of the bar

and the tender, thus facilitating the running under of the

latter. The concussion thus exerts a downward force on the

back end of the draw -bar, and an upward force on its front

end. These forces, being exerted on the ends of the bar,

act with a leverage equal to its length on the castings to

which it is coupled, tending to pry open the pockets which

receive the ends of the bar. Considering the force of a col-

lision, the length and size of the bar, the leverage with

which the force is exerted, and the comparative weakness

of the castings and bar, it is evident that, under these con-

ditiotts, they would offer little effective resistance to prevent

the engine and tender from " mounting."

In case of collision the position which the engine and

tender will assume is of course very uncertain. The front

end of the engine may be raised up and the back end de-

pressed so as to facilitate the mounting of the tender on the

foot-board. All that we want to point out here is that the

draw-bar does not give adequate protection to prevent such

accidents.

The second and third questions of the circular are :

2. If tender-frames have such a tendency, can it be prevent-

ed ? If so, is the probable expense, weight and work lequired

to prevent it in your opinion justlticd ?

'3. If you are not usiui; such a device, are .vou familiar with
any fastening, equipment or invention that is designed to pre-

vent tender-frames from mounting ? If so, will you illustrate

or describe it ?

It is claimed for the vestibule system that it effectually

prevents cars from telescoping. When this occurs, the door

timbers of one car always mount on top of the platform of

the other. This to a certain extent would be prevented by

the construction of the vestibule. A proposition to put

vestibules between engines and tenders, even though they

did save life, would probably not meet with much favor

with railroad managers. Another arrangement which has

been devised for preventing the telescoping of cars, and

which has been in use for many years on the Chicago &
Alton Railroad, is tile Blackstonc platform, a diagrammatic

side view and plan of whicli is shown in figs. 1 and i, and

which has heretofore been illustrated and commended in

these pages. The principle of this, it would seem, could be

readily applied to the connection of engines and tenders.

The peculiar feature of the platform is shown in the two

views. At each end of the cars two safety-beams, a a,
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a' a' and J J, 5' J', which project beyond the buffer-beams,

are fastened below the floor sills. The safety-beams are not

placed at equal distances from the center of the car, but one

is further from it than the other, so that when one car ad-

joins the other, as shown in the plan, fig. 2, the safety-beams

interlock with each other as shown. It will also be seen that

Fig. I.

o"^
mun ^^ I

'

—-:—

r>^>>K)^>^^^^'^^j^^i^^i^j^j^'^Jj^^.i yjx^ffj!>^jVM>JAf^j^. .-jj^.'rm

Fig. 2.

those on the one car project under the buffer-beam of the

other, so that the one car cannot raise up or be depressed

without taking the other with it. In this way the floors are

kept in line, and the longitudinal beams which form the car

frames must resist the shock of collision.

If applied to locoraotiyes and tenders, the beams, instead

of being made of wood, might be of iron, and might be

made in the form of hooks similar to a letter Li the vertical

part being fastened to the end of the engine or tender

frame, and the horizontal portion would then project under

the adjoining frame to the one to which the beam is at-

tached. In fact, projections might be forged on or bolted

to the back ends of the engine frame which would project

below the tender frame. The expense of such an arrange-

ment would be very slight, and would save many a poor fel-

low from death or injury and unspeakable suffering. Who
will be the first to give it a trial ?

Before this is done, a few words of objurgation may do

some good. There is a curious tendency in human nature

to be penurious. This tendency is not confined to money,

or what can be represented by dollars and cents. Many
people are penurious in quantities, which are not converti-

ble into dollars and cents—they will be stingy in feet and

inches, in pounds and gallons, when these have no value.

The unwillingness of an ordinary mechanic to give ample

bearing surface to journals and otjjer mechanical structures

is an illustration of what we mean. The inadequate supply

of air in the ventilation of cars and houses is another. It

took many years of exposure and many disastrous accidents

before engineers overcame this kind of penuriousness and

built bridges and steam boilers of ample strength to resist

the strains to which they are subjected. The advice often

quoted in these pages, " If you must make a thing strong,

make it profanely strong," expresses resentment to this kind

of meanness.

Now, if any one should undertake to apply the principle

of Mr. Blackstone's platform to engines and tenders, for the

protection of the men who nm them, it is hoped that he

will remember that the safety of human lives and limbs will

be dependent on the strength of these appliances, and there-

fore a very large factor of safety should be allowed.

The Committee have also taken up the subject of foot-

steps and hand-rails for locomotives and tenders, and ask

the following questions :

Are long steps safer or more advantageous than short steps

having good, high flanges to prevent the side movement of

the foot after it has once touched the step ?

Are there any materials for steps (or the working faces of

steps) safer and better, in all states of weather and greasiness,

than roughened iron ?

If so, what are the qualities they possess f Illustrate or de-

scribe the manufacture, shape and size, saying how the mate-

rial is used.
Should side steps on engine and teltder be the same height

—

that is, in line the one with the other ?

What is the best height from top of track tie to working face

of step ? Would increasing the number of steps and lessening

the vertical height (or theriser) iu your estimation add to the

safety of the men ?

Are the long, upright handles safer and more effective than

short handles ?

Is there any usefulness in long, horizontal hand-rails on

tank ?

Are low hand-rails and foot-steps desirable at the front end

of any engine equipped with a pilot?

It any improvement in hand-rails or foot-steps is desirable

on yard engines, should not road engines be similarly equipped,

both for safety and uniformity ?

The replies of master mechanics, and, if it were possible

to get them, answers from experienced locomotive en-

gineers, to these inquiries would be very interesting. Con-

sidering the danger to which these men are exposed, the

subjects on which the Committee are to report have never

received the attention which they should. We have no

data at hand to show the number of engineers and firemen

who are killed or injured annually in this country, but it

must be very large. The attending suffering is inconceiv-

able, and the distress which is a consequence of such acci-

dents is incalculable. From motives of humanity, then, the

Committee should give the subject all the attention possi-

ble, and the Association will incur a grave responsibility if

they fail to take action on any measures presented for their

consideration which would give greater safety to the men

who are now exposed to so much danger.

It is a matter, too, which would be a very proper one for

the Brotherhood of Locomotive Engineers to take up. There

are now no statistics which show clearly the exact causes of

accidents to locomotive engineers and firemen. If the

Brotherhood should take action, requiring each division to

appoint a committee, whenever an engineer or fireman was

disabled from an accident, to report the extent of his injuries,

with a brief statement of how the accident occurred and the

causes of it, and if these reports were published monthly or

quarterly, so that they could be tabulated and analyzed,

they would be sure to indicate the most prolific causes of

such accidents and point out how, or at least the direction

in which measures should be taken to prevent them.

RECENT INVENTIONS IN ARMOR.

The files of the Patent Office, even at this late day of

armor development, show many curious devices in the way

of armor construction, and remind one of the early days

when wire rope, rubber in all sorts of combination with

iron, compressed wool, hogs' hair, etc., were brought for-

ward by sanguine inventors to match artillery projectiles.

Two recent patents for armor plate possess at least the

quality of novelty—the one covering a method of construct-

in" and applying the plate to a ship's side ; the other a de-

vice for face-hardening or carbonizing it during the process

of casting.

The " Henry Clay improved armor plate" is double—

a

thick plate attached to a ship's side in the ordinary w ay, while

in front of it is suspended a thinner face plate. This latter
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is provided with projertions or pistons wliicli fit into cor-

rcspondiiiir recessvs in the under plate, witli llic expeeta-

tion, !\s the inventor says, tliat tlie air chaniliers thiis formed

will, " upon a blow of a projectile striking the outer or ex-

posed plate, serve as cushions, whereby the force or impact

of the blow is, as stated, absorbed, and the j)enetration of

the ])late b.v the projectile prevented." A series of ellipti-

cal sprintTs between the plates hold them apart, so that the

pistons barely enter the coi responding recesses.

AVithout considering any of the mechanical difficulties in

the way of successfully constructing and applying armor

plate as tlius proposed, or its necessarily great cost, it may

be said in advance of experiment that there is no likelihood

of its behaving in any such way as expected by the inventor.

Matched against a spherical projectile moving with a low

velocity, it is quite po.ssible that something might be gained

in resisting power by a plate so constructed. As against a

projectile from a modern rifle, with a velocity of 2,000 ft.

or more per second, it is safe to predict that before the outer

plate could bring up its reserves of elasticity stored in the

chambers under the pistons, the projectile would be through

this outer barrier uninjured and ready to do its work upon

the softer plate beneath. Particular reference to this plate

has been made for the reason that it is constructed upon a

theory th.it every armor-plate experiment since the advent

of the high-power rifle has proved to be erroneous—a theory

to which all the advocates of compound armor are wedded.

The fact above all others that recent armor trials have

demonstrated is that no quality in the substructure of an

armor plate, be it elasticity, ductility, or strength to resist

rupture, can compensate for the lack of sufficient face hard-

ness to break up or throw olT the shot. In other words, the

outer barrier nuist of itself be equal to stopping the projec-

tile if it is to be stopped at all ; there is no time, so to

speak, to call u)) reinforcements or fall back upon reserves.

Under the title of an " Improvement in the Process of

Casting Armor," Messrs. Chase & Gantt piopose to secure

f.ace hardness by constructing the mold walls wholly or in

part of manganese, silicon or other fusible material with

which the steel will alloy. The walls of the mold will, it

is claimed, when brought in contact with the molten metal,

combine and alloy with the steel, hardening the surface

thereof, the hardness diminishing toward the interior.

If by the use of such molds a sufficient and uniform de-

gree of hardness can be obtained, it can hardly be doubted

that a step in advance has been made in the methods of

casting steel for armor plates, especially as plates thus cast

may be further improved by forging or rolling, oil-temper-

ing, and similar processes.

THE OCHTA ARMOR TRIAL.

The recent armor trials at Odita. Russia, have scored an-

other victory for the American or Harvey method of treating

armor-plate. This trial is particularly noteworthy as testing

the relative merits of the Harvey and Tresidder processes of

armor making upon the same trial ground. Much was ex-

pected from the latter plate, anil it was considered by many as

the most formidable rival of the American plate in the field.

In both systems the aim is to give the plate sufficient face-hard-

ness to break up projectiles and prevent penetration.

The Harvey plate, as is well known, is of mild nickel steel,

face-hardened by carbonization. In the Tresidder process this

face hardness is given by subjeclhig the heated plate, which
may be all steel or compound, to the action of a cold-water

douche. The Harvey plate used in this trial was made in Eng-

land by the Messrs. VicUers ; the Tresidder plate, which was

a Ikown (Ellis) compound, by .John Brown & Coniiiany, of

Sheffield.

In this trial five plates were tested—two Canimcll all steel-

one of hard and the other of soft steel ; a nickel-steel Schnei-

der (French) ; and an American Harveyi/ed nickel steel plate.

The trial of ilio first four plates mentioned took place on No-

vember S3 ; that of the last was, for some unknown reason,

postponed until December 13.

The conditions of the trial were : Plate, 10 in. in thickness ;

projectiles, six 6-in. Holtzer steel, weighing 90 English

lbs., with an average striking velocity of 2,178 ft. per

second. Briefiy summarized, on the first day's trial the Cam-

mell hard steel plate went to pieces at the end of the third

round ; the Caminell soft steel withstood the six shots without

cracking until the last shot, but the penetrations were from 12

to 2U in. ; the Schneider plate threw off all the projectiles

either intact or partially broken up, with an average penetra-

tion of about 12 in. and no cracks ; the Brown-Tresidder plate

began breaking up at the first round, and was ruined at the

end of the fifth, breaking up all of the projectiles. At the end

of this day's trial the French plate was far ahead of any of its

rivals.

On the second day's trial the Harvey plate, after throwing

off four projectiles without cracking, and with only slight

penetrations, was attac'ked with two 9in. 400-lbs. shot, the first

of which started a number of cracks and the last broke off a

lower corner of the plate, but leaving the backing uninjured.

The victory for the Harvej' plate was complete and unques

tiuned. The result showed great face hardness without hrittle-

ness, a combination of qualities difficult to obtain, and which

approaches more nearly the ideal armor-plate than anything

ever before brought to the trial ground.

THE PARISIAN INVENTORS' ACADEMY.

That there are a considerable number of scalawags in Paris

is shown by the recent revelations of transactions in connec-

tion with Panama Canal affairs. That there are still more of

the same genus besides those who helped lo'swindle the stock-

holders of that great scheme is shown by the following propo-

sition just received by the editor of this paper :

Paris, 15 Fauhourij Montmarire,

}

the 6 of Janvier, 1893.
)

Matthias Forney. Esq. :

Sir: We beg to inform you that after the examination of
your last invention the Parisian Inventors' Academy has con-
ferred upon you the title of JIkmbkr of honour (membre
d'honnnir) wilhaward of tfie first cUins Diploma & the Qreatgold
viffhil. (Pliilifl)

This honorable title will be of no expense to you, but if you
are desirous to receive the l\Iedal .-ind Diploma, you would
have to send us a Post money order of ten dollars (or currency
per registered letter) to cover admission taxes freight, etc., aufi

we shall send both well packed and free of charge to your ad-
dress.

Trusting that our invitation will be favorably received, we
are at your disposition in linrenlinn nnd Putiut maters accord-
ing to the Academy which are enclosed, and

We remain. Sir, Your obedient -servant

E. BoiTTCHER,
President.

The editor of this paper ha.s not hastened to send a " Post

money order of ten dollars" in response to the above, although

he must confess that he felt llattered at having received so

distinguished a title for so modest an invention as an improve-

ment on car seats. He is somewhat like the man who received

a present of Limburger cheese, and who acknowledged its re-

ceipt by writing that he " never knew anj'thing to taste so

good that smelt so bad." The editorial " We" of this paper
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makes the request publicly that after he receives the " Great

gold medal (Plated)" that all correspondents address him with

his full title of "menibre d'honncur," and he will then seek

for admission into a lunatic asylum.

NEW PUBLICATIONS.

Proceedings op the Twentt-thfrd Annual Convention

OF THE Master C ^r & Locomotive Painters' Associa-

tion OF the United States and Canada : held at De-

troit, September 14, 15 and 16, 1892. Corrected and

Approved by the Secretary. Philadelphia ;
published for

the Association by the House Painting and Decorating Pub-

lishing Company.

The Associalion, whose annual convention is reported in this

handsomely bound and printed volume, has done much good

work during the term of its existence, and the present report

shows that its activity does not diminish witli age. The re-

port contains some excellent papers and records of experience

and of tests and experiments made ; and many of the discus-

sions are pointed and sharp, giving accounts of individual ex-

perience which may serve as valuable guides to other workers

in the same line.

Poor's Hand-book of Investment Securities. Third

Annual Number, 1893-93. New York ; H. V. & H. 'W.

Poor, No. 70 Wall Street.

This volume makes its appearance this year in greatly en-

larged form, having 986 pages, or about twice the number of

last year. This implies an increase of the ground covered, as

well as greater completeness in the work, and the publishers

evidently intend that the book shall completely occupy the

field. Besides railroad securities it has lists of State, county

and municipal issues ; banks and a large number of industrial

corporations are also included in the lists.

Besides lists of securities and information as to stocks and

debts of the various corporations, the Hand-book gives state-

ments of the dividends paid ; location of transfer offices and

agencies ; time and place of annual meetings, and other par-

ticulars which it may be serviceable for an investor to know.

Tables showing the range of prices at the New York Ex.

change and at those of other leading cities are also given, and

in fact almost all the information which can be collected and

given in a condensed form, and which bears on the present or

prospective value of a securily.

CURRENT READING.

Among the books announced as in preparation by Messrs.

John Wiley & Sons is a Practical Treatise on Founda-

tions, by W. W. Palton, which will soon be ready.

The December number of Goldthwaite's Geographical

Magazine is an excellent one, with much good reading in it.

There are articles on Mars ; the Pauamint Indians of the Mo-

jave Desert ; the Republic of Honduras ; Longitude and Time
;

Antarctic Exploration ; Influence of Rainfall on Commercial

Development ; and several other topics, besides the usual edi-

torial departments. None of the articles are long, and all are

readable.

The Journal of Political Economy is a new quarterly,

issued from the University of Chicago. The first number has

papers on the Study of Political Economy in the United States,

by J. Laurence Laughlin ; the Recent Commercial Policy of

France, by Emile Levasseur ; Rodbertus' Socialism, by E. B.

Andrews ; the Price of Wheat since 1867, by T. B. Veblen ;

Notes, by Edward Atkinson and others ; and book reviews.

This table of contents will give an idea of the general scope

and objects of the new review, which is addressed to thinking

men and desei^ves to succeed—as we certainly hope it will.

The Journal of the Military Service Institution for January

has a continuation of General Tidball's interesting papers on

Artillery Service in the Rebellion. Other articles are on Hot

Air Balloons, by Captain Zalinski ; Military Specialists, by

Captain Hess ; the Knapsack, by Captain Quinton ;
Musketry

Training, by Captain Parker ; Place of the Medical Depart-

ment in the Army, by Lieutenant Williams ; and several excel-

lent translations and reprints.

The January number of the Eclectic M.\gazine opens with

an article on the Ruin of the American Farmer, from fke Nine-

teenth Century. Other articles are from the Vortrdghlly Review,

Macmillan's Magazine, the Spectator, Blackwood's Magazine, the

Contemporary Review, the National Review, Temple Bar and the

Cornhill Magazine, presenting an interesting selection of cur-

rent English literature.

The February number of Outing is fully up to the usual

standard, and continues with undiminished zeal to preach the

gospel of healthy exercise and open-air sport.

In the Overland Monthly for February there are illustrat-

ed articles on the Digger Indians of 80 Years Ago ; Santa

Barbara in January ; Life in the Napa Insane Asylum ; and

Football in California. Several shorter articles help to make

up a very interesting number.

The February number of Godey's Magazine, besides a com-

plete novel by Edgar Fawcett, has several good articles, in-

cluding one on the growth of the Chautauqua Idea, by

George E. Vincent, and one on Mont St. Michel in Brittany.

The several departments and the fashion plates will be wel-

come to engineers' wives and daughters, if hardly of deep in-

terest to the engineers themselves.

The January number of the Engineering Magazine has

articles on the Outlook for Foreign Markets ; Industrial De-

velopment of the South ; Geology and the Mississippi Problem ;

the Anthracite Coal Industry ; Fire Losses and the Age of

Clay ; the True Cause of Labor Troubles ; the Pan-American

Railroad Surveys ; Liquid Fuel in Steam Making ;
and the

usual special editorial departments, which are full of interest-

ing notes in this number.

The February number of Scribner's Magazine has articles

on travel in the Tyrol ; on Tangier ; on Florentine Artists
;

and a variety of interesting sketches, with some excellent fic-

tion for those who enjoy light reading.

The series of articles on the Development of American In-

dustries since Columbus will be resumed in the Populak

Science Monthly for February, with an opening paper on

the Glass Industry, by Professor C. Hanford Henderson, in

which the history of glass-making during colonial times is

traced. Among the other articles are included one on the Ma-

rine Biological Observatory at Wood's Holl, by Professor

C. O. Whitman, and one on Ghost Worship and Tree Wor-

ship, by Grant Allen.

The February number of Harper's Magazine contains a

number of handsomely illustrated articles, including several of

special interest.

The Arena for February continues the work of discussing

important topics as fully and carefully as usual. All thought-

ful readers should see the list of subjects and writers already

secured for this magazine during the current year.

The recent numbers of Harper's Weekly continue the

work of illustrating the Columbian Exposition building.

Among other notable articles recently have been those on the

Capital Cities of the World ;
Brussels is the latest, and both

text and engravings are excellent.

The February number of the North American Review
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has a list of articles well worth reading. This iiiacazino is

one that can hardly be passed over by those readers who want

to be posted on the qiie>tions of the day.

The lifth number of the JornT^.vi, of tmk Umtku Statks

AmiiJ.EKy is chiefly given up to the discussion of rapid-fire

guns, the claims of the Ivrupp, the Canet and the Schneider

types being presented by different authors, while the questions

raised are sumnieJ up in a concluding article.

BOOKS RECEIVED.

Sixth An7inal Report of the Interstate Commerce Commitnon :

December 1, 1892. Washington ; Government Printing Office.

Some references to this report will be found in another column.

Trannaciiona of the Technieal Society of the Pacific Coast : Vol-

ume IX, Number 11. San Francisco ;
published by the Society.

licport of the Chief of the Bureau of Medicine and Surgery to

the Secretary of the Navy : 18!)2. Surgeon-General .John Mills

Browne, U.S.N., Chief of Bureau. Washington ; Govern-

ment Printing Ollice.

Annual Report of the Chief of the Bureau of Statistics, Treas-

ury Department, upon tlw Foreir/n Commerce of the United

States for the }'«n- ending June 30, 1892. S. G. Brock, Chief

of Bureau. Washington ; Government Printing Ollice.

MaasacJitisettt InMtute of Technology: Department of Civil

Engineering. Prospectus and Prograinme for 1893. Boston,

Mass.
;
published by the Institute.

Duty Trial of a Fly-wheel, High-duty, Automatic Cut-off,

Cross-compound, Pumping Engine, designed and built by the

George F. Blalce Manufacturing Company. New York
; pub-

lished by the Company.

Report to the Railroad Commission of California upon Just

and Equitable Rates of Freights and Fares for the Railroads of

California. By Richard Price Morgan.

Atmospheric Resistance and its Relations to the Speed of Rail-

road Trains ; with an Improved System of Heating and Venti-

lating Cars. By Frederick U. Adams. Chicago
;
published

b.y the Author.

TRADE CATALOGUES.

Thk present year does not .seem to be a good one for Calen-

dars, of which a smaller number have been received than

usual. A very neat one for the pocket, including a calendar

for the year and a memorandum page for each day in the

week, is issued by the New York Equipment Company. One

of the neatest of the monthly calendars is that sent out by Mr.

Robert A. Keasbey, bearing a very modest advertisement of his

well-known magnesia sectional covering on its outer case.

Illustrated Catalogue and Priee-list of the Athol Machine Com-

pany and the Standard Tool Company. The Athol Machine

Company, Selling Agents, Athol, Mass.

This catalogue shows a great variety of vises, squares,

gauges, calipers, levels, wrenches and other tools which tlie

machinist finds necessary in his work. It is well illustrated

and the prices are given in every case —a great convenience in

a catalogue of this kind. Every mechanic who wants to do

good work and to have the best tools to do it with ought to

have a copy of this catalogue.

To the Roadmasters of America : A Soueenir. Tlic Bush Cattle

Guard Company, Kalamazoo, Mich.

This very pretty pamphlet contains a number of illustrations

of the recent trip through the South made by the members of

the Roadmaster.s' Association of America. It is well printed

and bound, and the roailmnsters who receive it will doubtless

appreciate it fully—as well as the tlioughtfidness of the Bush

Cattle Guard Company in providing it.

Improred Hydraulic Jacks ; .'y-rew and /,crer Jacks. Tlic W. &
S. Hydraulic Machinery Works, Watson d- Stillman, Proprie-

tors, Nos. 204-210 East iZd Street, New York. Illustrated.

This price-list gives descriptions and illustrations of a num-
ber of hydraulic jacks designed for general use and for special

pnrposes ; also of several patterns of screw-jacks, of n screw

hoist and a tube expander made at the well known works frojn

which it is issued. Some directions for the proper u.se and

care of hydraulic jacks and for their repair are also given, mak-

ing it a useful and convenient pamphlet.

Consolidated Car-Heating Comjiiny. Part LI, Scirall Steam

Coupler, and Part III, Improred (McElruy) Commingler.

Albany, N. Y.

Part II of the Consolidated Car-Mcating Company's cata-

logne begins with a descriiilion and illustration of the Sewall

steam coupler for connecting the flexible hose which is used

between cars in heating them by this company's system with

steam taken from the locomotive. A list of railroads using

this coupler is then given, which is followed by a statement of

the advantages claimed for it.

Instead of giving a series of letters of recommendation of

this system in f nil, as is generally tlie custom, and which are

usually loo long to be read by busy men, this company have

given only short extracts from such Icttei-s' which take liltle

time to be read, and occnpy only a small portion of space. It

is thought, though, that these recommendations would have

been more satisfactory if the names of the writers had been

given.

After these extracts, directions for the use of the Sewall

coupler and the measurements required for applying it. The
pamphlet concludes with a list of parts of the coupler, some

remarks about car heating hose and the guarantee thereof, and

of the number of patents owned by the company.

Part III of their catalogue is on the improved (McElroy)

commingler system of heating. This system is explained in

the first paragraph of the pamphlet, in winch it is said :

In continuous train heating from the locomotive, the most
satisfaclory forms of apparatus have been those in which steam
from the iocomotive is employed to heat a water circulation

within each car of the train. The even and agreeable tem-
perature found when water is employed as a heating medium
is due to the great capacity of water for absorbing and storing

heat when too much heal is admitted to the car. .-ind for yield-

ing up the stored heat when there is not sufficient steam to

maintain an even temperature.

The " commingler" itself consists of a pear shaped ves.sel,

on the inside of which is a perforated steam pipe connected

with the snpply pipe from the locomotive. The perforated

pipe is surronndcil with ])nbbles, through which the escaping

steam must pass, and which makes the discharge noiseless.

To the upper part of the commingler the hot-water pipes are

connected. The flow of steam is broken into hundreds of

small jets within the body of pebbles in such a manner as lo

silently force the water through the comnungler and into the

hot-water pipes after imparting to the water the entire heat of

the steam.

The first five pages are devoted to an explanation of the sys-

tem, which is illustrated by a numbiT of excellent engravings.

The mistake has been made—whii-h is very common in trade

catalogues—of assuming that the readers know a great deal

more of the subject discussed than they generally do. The

description of the system is not sufficiently explicit and delailed.

It would add to the interest and value of the publication if there

was a clear description of tne general principles of the system
;
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then a detailed account and explanation of how it works, show.

ing clearly the direction and course of (lie circulation of Ihe steam

and waler, and then full, detailed illustrations and descriptions

of the different parts. Men who write books of this kind, and

who know all or nearly all that needs to be known about the

subject of which tliey arc writing, should try to assume the

attitude of mind in rc.i^ard to the apparatus described that a

person who knows nothing at all about it must occupy. It

should <also be kept in mind that a considerable proporlion of

tlie people who will, or should, read a pamphlet of this kind

will be more or less stupid—usually more—and will not be

quick in apprehending a description of any mechanism.

Whatever is written, therefore, should be made as clear and as

explicit as possible. The same remarks will apply to the illus-

trations. Lucidity is the characteristic to be aimed at in all

such and other publications.

The descriplious iu the pamphlet before us are, however, full

enough to enable any one familiar with the general subject of

steam heating of cars to imderslaud tlie system explained ; but

the usefulness of it would be widened if the needs of those who
are totally ignorant of what is explained and also those of the

wayfarer and fool v;ere kept in mmd.
Following the description of the commiuglcr system is a

statement of its points of advantage and directions for operat-

ing it. Then follows a detailed description, illustrations, and

a list of the different parts.

The second portion of the book has a description and a very

good engraving illustrating the commingler storage system.

This is treated in a similar way to the return system.

In the third part the commingler return system for elevated

and English railroad cars is described.

Both of the pamphlets are well illustrated and printed, and

will be of interest and use to all who are concerned in the im-

portant subject of which they treat. Our criticisms apply not

especially to them, but to trade catalogues generally.

A Story of Today : Sioux City, its Commerce and Manufac-

tures. Sioux City, la. ; Comjdled and Published by the

Jobbers' & Manufacturers' Association. December, 1892.

AMERICAN AND ENGLISH LOCOMOTIVES.

With this number of the Journ.\l we give very com-
plete illustrations of the boilers of the two engines illus-

trated by general views last month. The striking feature

of the difference in the size of the two boilers appears if we
compare figs. 3 and 13, although this difference has been
slightly exaggerated by the fact that in photographing the

blue print from which tig. 3 was taken allowance was not

made for the shrinkage of the print, whereas fig. 13 Wiis

made direct from a drawing. The extended smoke-box of

the American boiler also adds to this exaggeration. The
real difference is shown by the amount of grate and heat-

ing surface iu the two boilers which, as given last week, is

as follows :

Grate Surface. Heating Surface.

American engine 37.3 sq. ft. 1831.5 sq. ft.

English " 18. " 1307. Tti
"

The American boiler, therefore, has 51.6 per cent, more
grate and 33.1 more heating surface than its English cotem-
porary. If we take the sum of the cubical contents (in

inches) of the spaces swept through by the pistons during
one revolution of the wheels and divide by the circumfer-

ence of the wheels in inches, we will find that the cylinder

capacity of the English engine is 110.4 cub. in. for every
inch in the circumference of its wheels, whereas the Araeii-

can engine has only 103.5 cub. in. It will thus be seen that

the American engine has more boiler and less cylinder

capacity than Mr. Adams's engine. The effects of these

differences in proportion will be discussed wlien we come
to consider the performance of the two engines. The fol-

lowing are the

SPECIFICATIONS FOU BOILEU OF AMERICAN LOCOMOTI-VE.

Boiler.—lo be of the best workmanship and material ; to be
capable of carrying with safety a working pressure of 180 lbs.

per square inch, and of sufficient capacity to supply steam
economically. All horizontal .seams with butt joints quadru-
ple riveted, with welt strips inside and outside. A double-
riveted seam uniting waist with fire-box. All plates planed
at edges and caulked with round-pointed tool. Boiler to have
extended front end. Waist, dome and outside of fire box of

.steel i and -f\ in. thick ; throat, t iii. thick. Diameter of

waist at front end. 58 in., made wagon top, with one dome 30
in. in diameter placed on wagon top.

Fire-box.—Of best quality of fire-box steel, 96j-jj in. long,

40Jiu. wide ; Front, 70| in. ; Back, 58Jin. deep. Crowu-sheet,|,

tube-sheet i, side and baciv sheets ^^ in. thick. Water space,

4 in. front, 3 iu. sides, 3 in. back. All sheets thoroughly an-

nealed after flanging. Fire box ring double riveted. Stay-
bolts I and 1 ill. iu diameter, screwed and riveted to sheets,

and placed not over 4 in. from center to center.

Crown-sheet supported by crown-bars made of two pieces

of wrought iron 5 in wide, f in. thick, placed not over 4i in.

apart, reaching across crown and resting on edge of side-

sheets. Crown-bars riveted to crown-shcels with |-in. rivets

placed not over 4 in. from center to center, each bar having
four stay -braces to top of boiler or dome.

Tubes.—Of charcoal iron 11 W. G., 268 in number, 3 in. in

diameter, 12 ft. in length. Set with copper feirules at both
ends, swedged .at back end and beaded both ends. Cleaning-
holes at cornets of fire-box, and blow-off cock in throat.

Grate.— Rocking.

SPECIFICATIONS FOR BOILER OP ENGLISH LOCOMOTIVE.

Boiler Plates.—The barrel, smoke-box tube-plate, fire box
casing and throat and back plates of fire-box, also all dome-
plates and butt-strips to be made of the best mild steel of the

exact dimensions, both as regards form and thickness, as given
on the drawings. To be supplied by makers approved by the
Kailw.ay Company's Locomotive Superintendent.

Quality.— The quality of the material to be that generally
known as mild steel plate, and to be free from silicon, sulphur
or phosphorus. The ultimate tensile strain that the plates will

stand to be not less than 23 nor more than 30 tons per square
ineh, and to have an extension of not less than 23 per cent, in

10 in.

Manufacture.—AW plates to be made in the most approved
manner from ingots hammered on all sides, and, when re-heat-

ed, to be rolled truly to a uniform thickness. Both sides to te
perfectly clean and free from pitting, roll-marks, scale, dirt,

overlapping, or other defects. Each plate to be taken from the

rolls at a full red heat, and allowed to cool gradually on a fiat

surface. Each plate is to be sheared to the dimensions given,

and in no case to be sent out before being leveled sufficiently

true for machining. All plates that are wavy or buckled, or
in any way defective, will be rejected, and must be leplaced

by the makers free of cost. The maker's name and date of

manufacture must be legibly stamped on every plate, and not
nearer the edges than 9 in.

A sample or test plate at least 3 ft. square must be sent iu

by the maker as a sample of what will be supplied in the plates

to be made under this contract, together with a complete
analysis of the same. This test plate is to be i in. in thick-

ness, and from it pieces will be taken for proving iu the fol-

lowing manner :

Test.—A piece 6 in. long will be bent over cold until the

ends meet each other closely, and no fractuie or sign of fail-

ure is to be observable iu the heel of the bend. Pieces 3 iu.

wide will also be taken and a |-in. hole puuclied through same,
which shall stand being drifted cold by taper drifts until it

reaches li iu. in diameter without the edges fraying or show-
ing signs of fracture.

Samples or shearings from the plates must be tested in the

presence of the Railway Company's Locomotive Superin-

tendent or his Inspector, on the premises of the maker, when
ever desired.

The barrel and fire-box casing plates to be thoroughly an-

nealed after the rivet holes are punched.
The smoke-box tube-plate, throat and back plates of the fire-

box to be thoroughly annealed after they have been both
flanged and punched.

Boiler Barrel.—The boiler barrel is to be cylindrical and
butt-jointed, and is to be made in all respects as shown on
drawings ; it is to be 11 ft. long between thj smoke-box tube-

plate and the throat-plate of the fire-box shell. 4 ft. 4 in. out-

side diameter, and composed of |-in. plates. The longitudinal

joints are to have inner and outer covering strips double rivet-

ed, the rivets being placed zigzag. The transverse joint to
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BOILER SEAMS OF BOILER FOR ENGLISH EXPRESS LOCOMOTIVE.

have an exterior steel weliiless rin<: double riveleil. Ring to

be turned inside to gauge aud to tlie exact diameter necessary,
and then shrunk on. AH studs and titlings are to be fixed be-

fore the boiler is tested.

Smok^-box Tube plate.—The smoke-box tube-plate is to be
} in. thick, the tops and sides of. the plate being turned for-

ward 2J in., forming a llange for the smoke-box, and is to be
secured to the boiler barrel by a conlinunus weldless ring of
angle steel well annealed, and supplied by makers to be ap-
proved by the Railway Company's Locomotive Superinten-
dent. Tliering must be faced, bored, and turned on the edges,
and then shrunk on the boiler barrel, and is to be double rivet-

ed to the same, the rivets being placed zigzag. The tube-
plate is to be faced where it is joined to the boiler steel angle.
Eight wash-out plugs are to be inserted in tlie plate, as shown
ou drawing.

Fivc-bojo Ccmiig.—The fire-box casing is to be 6 ft. 4 in. long
and 3 ft. lOJ in. wide outside at the bottom, and lo be f> fl.

below the center line of the boiler. The top and sides are to

be in one plate i iu. thick. The back plate to be -,'-'„- in. thick.
and flanged over to Join the coveting plale. Tiie front or
throat plate is to be -^^ in. thick and flanged over to join the
barrel.

All riveted joints in firebox casing to be double riveted.
The expansion brackets arc to be riveted to the sides of the
fire-box shell. The holes in tire-box casing plates for cojipcr
stays are to be drilled aud then tapped t.i form a good thread.

Ritctiiig.—All rivet lioles to be punched or drilled i in. in

diameter, all rivets to be of the best Yorkshire iron with a
breaking sirenglli of not less than 33 tons per square inch,
and an exleiision of not less than 30 per cent, iu 2 in. Kivels
lo be \l ill. in diameter before being closed, and to be closed
wherever possible by a hydraulic pressure of at lea.st 30
tons, so that they properly "fill the rivet holes. The holes in

the plates are to be slightly countersunk under the rivet heads,
and so punched that when the plates ate in proper position for

riveting the smaller dimensions of the holes shall be together
at the center of tlie joint. All holes iu the various plalis and
angle-irons must be perfectly fair with one another, and must
not be drifted in any case ; should any of the holes not be per-
fectly fair they must be riinercd out until they become so, and
every hoh^ must be completely tilled by the rivet. The lioles

in the angle-irons must be marked from the plates anil drilled
(not punched), the pilch of rivets and lap of joints being in all

cases as shown on drawing. Great care must be taken that
the plates are brought well together before any rivets are put
in. The edges of all the plates are lo be planed before being
jmt together. Any caulking which may be leqiiired must be
done wilh a broad-faced tool, care being taken Ihat the plates
are not injured by so doing,

('iippir /•'iicbif.f Pliitis.—The cojiper plales to lie of the very
best quality manufactured, and to be su]i|iliid by makers ap-'

proved by tlie Railway Company's Locomotive Sujietintendent,
of the exact dimensions, both "as regards form aud thickness,
as given on the drawings.
The cnjiper plates are to be ))roperIy annealed, and a piece

taken from each jilale must stand the following tests, viz. :

The ultimate tensile strain to be not less than 13,.') Ions
per scpiare inch, with an elongation of not le,-s than -10 per
cent, in 2 in.

A jiiece in. long is also to be bent double when cold, with-
out showing signs of fracture at the heel of the bend.

Tc.^ts to be made in the presence of the Locomotive Superiii-
tenilcnt of IIk' Coni|xiny or his Inspector.

liisiile. Ft re box.—TW. inside fire-liox is to be of copper, Tt ft.

,5-i"„-
in. long inside at the top, and .'i ft. 7^1 in. long inside at

the liottom ; the height inside at the middle of the box is to
be .T fl. !)* in., the width inside at the top. 3 ft. (! in., and at the
bottom, 3 ft. 3J in. The lube plate is lo be 1 in. lliick where
the lubes and barrel-slays pass through il ; the remaining por-
tion is to be reduced by hainmcring lo i in. thick, and is to be
flanged back to join the covering plate. The back plate,
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which must bo i in. thick, is to be flanged forward. The
sides and top are to be iu one plate, and i in. tliick ; the joints

are to hnvc 3|-in. lap wlicn tinislied and to be single riveted

with i'm. iron rivets, same qualit}- as u,«ed for boiler. All the

joints in the copper tire-box are to be hand riveted. Two fusi-

ble plugs are to be ti.xed in the crown of the tire-box.

Fire-hole Door.—The ring for the tire-door is to be of the best

Yorkshire iron, and is to be circular and of the dimensions
shown on drawing. Tlie ring is to be riveted to tbe tire-box

by J-in. rivets and is to project \ iu. beyond tlie edges of the

plates, which must be well caulked. The tire-door is to be of

cast iron, formed in two halves, and made to slide as .shown
on drawing. A wrought-iron detiecting plate is to be fixed iu

the tire-door hole as shown. Also a bricli arch iu tlie tire-box

as shown.
Stays.—The outside and inside fire-boxes are to be stayed

togetlier on all sides with copper stays 1 iu in diameter and 12
threads per inch, made from best soft rolled bars, having a

breaking strength of not less than 14 tons per square inch,

wilh an extension of not less than 40 per cent, in 3 in. properly
annealed, screwed steam-tight into both copper and sleel plates

and afterward riveted over. Great care must be taken in cut-

ting olf tlie ends of the stays so as not to injure the threads.

The pitch of the copper stays to be about 3i in. center to cen-

ter, as shown. Great care must be taken that the holes in tiie

outside and iuside bo.xes are exactly opposite one another.

The barrel stays are to be riveted to the boiler with J-iu. rivets

and secured to the tube plate as shown in the drawing. The
inner copper tire-bo.x, is to have eight roof stay-bars of cast

steel of approved make of the section shown, and secured to

it by bolts which are lapped into the stays only as shown on
the drawing. The stays are to bear on the top, back and
front plates, and are to be slung where shown to the outer
shell. Tiie back plate of the fire box casing and the smoke-
box tube-plate are to be stayed together with 11 wrought-iron
longitudinal stays H in. in diameter where they pass through
the back plate, and 1^ in. in diameter for the remainder of

their Icngtb ; these stays are to have the head bedding on a
copper washer and screwed into the fire-box plate ; at the
other end they are to be secured by a nut bedding on a copper
washer on each side of the plate.

Tabes. —The boiler is to contain 240 brass tubes, of a brand
and manufacture to be approved by the Railway Comixiny's
Locomotive Superintendent. Each tube is to be IJ in outside
diameter expanded at smoke box end to 1| in. outside diame-
ter for a length of 3 iu. and contracted to If iu. outside diame-
ter at fire-box end. Each tube is to be No. 11 standard W. G.
thick at the fire-box end for a length of 1 ft., and then to be
drawn tapered to No. 18 standard W. G. thick at the smoke
end, tlie taper being on the iuside only, the out.'-ide remaining
parallel. The proportion for the metal iu the tubes lo be
70 per cent, best selected copper and 30 per cent, best Silesian

spelter. The tubes are lo be inspected by the Railway Com-
pany's Locomotive Superintendent or his Inspector, and sup-
plied clean, and are not to be covered with paint or any simi-

1 it co.ating. The maker's name to be clearly stamped on the

outside of each tube. The tubes are to be expanded by a
Dudgeon's lube expander, and ferruled at the tire-box end
only. At the smoke-box end the lubes are to stand through
the plate i in.

Done.—The steam dome is to be made as shown on draw-
ing, and t.) be provided with steel caver. The dome is to be
2 ft. in. inside diameter and 3 ft. 3 in. high inside, and i in.

thick. Tiie dome is to be made in one plate and butt jointed

as shown. A streugtlieuing plate | in. thick is to be riveted

to the inside of the boiler under the dome as shown on draw-
ing. The hole for tlie dome is to be lOA in. in diameter. A
soft-steel manh'jie seating is to be single riveted to the center
of the fire box top, and fitted wilh a cast-iron cover-plate

formed in one wilh the safety-valve, columns. The cover-
plate and manhole seating are to be accurately faced, so that a
perfect sleam-tight joint can be made.

Reffu/ator.—In the inside of the dome is to be placed a cast-

iron regulator in two parts with flanged joint, to have two
valves, main valve of brass and the easing valve of cast iron,

to be worked from the back of the fire box. The steam-pipe
leading from the regulator to the smoke box is to be of hard-
drawn copper, No. 6 standard W. G., 5i in. in.side diameter,
and is to have a brass flange brazed on where it fits into the
tube-plate ; the other end of the pipe to have a brass collar

brazed on, and is to be secured to the stand regulator pipe as
shown.

Water Space.—The water space between the fire-box and
shell is to be 3 in. wide at the foundation ring, and is to be
enlarged upward to the dimensions shown on drawing.

Foundation Ring.—The foundatiou ring is to be of the best
Yorkshire iron, 3 in. wide X 2i in. deep, and riveted to the

inside and outside fire-boxes with |-in. rivets, snap-heuded,
3-in. pitch, to the .section as shown on drawing.

Ash-pan.—The ash-pan is to be placed below the fire-box

casing, with movable doors and perforated dampers at the
back and front, so arranged as to be worked from the back of
the fire-box. The handles for working the doors are to be
placed at a convenient height on the fool-plate as shown. The
sides are to be of i in. plates and the bottom of Jin. plate, of
Best Best Staffordshire iron ; angle-irons 3 in. X 2 iu. X A in.

thick are to be riveted to the sides and bottom with i-in.

rivets. The ash-pan is to be of the form, and fi.xed in the
manner shown, by angle-irons 4 in. x 3 in. X i in., and cot-

tered pins screweil into foundation rings.

Fire bars and Carriers.— The fire-bars are to be of cast iron

of the form and dimensions shown, and the carriers of wrought
iron secured to the foundatiou ring in the manner shown on
drawing.

Smoke-box.—The smoke box is to be of the form and dimen-
sions shown on drawing. The .sides and crowns are to be
-1^8 in. thick, riveted to the flange of the smoke-box tube-plate.

The front plate is lo be in one, and f in. tbick. An angle-

iron, 2i in. X 2i in. X i in. thick is to be riveted to the front

and side-plates. A hole for the door is to be cut in the front-

plate 3 ft. 10 in. in diameter. The door is to be of Best-Be^t

Staffordshire iron, | in. thick, prjtecled on the inside wilh a

shield, placed If in. from door. Great care must be taken
that the door, when closed, is made a perfectly air-light joint.

The cross-bar is to be made lo lift out of forged brackets,

which are to be riveted lo the inside of the front of the smoke-
box. Two handles and a gripping screw are to be provided.

All the plates are to be clean and smooth, and well ground
over. All rivets are to be f in. in diameter, pitched as shown
on drawing, and are to be countersunk and filed off flush.

The outside handles are to be finished bright. All lamp-iron
brackets are to be fixed as shown.

Chimney.—The barrel of the chimney is to be of good
smooth Best Best Staffordshire iron. ^ in. thick, to have a

butt joint, and is toberifeted together wilh countersunk rivets

dovvii Ihe back, having a hoop of lialf round iron at the top ;

the bollom is to be of besl Yorkshire iron or mild steel plates,

I ill. thick, perfeclly free from hammer marks, and accurately

filled lo Ihe smoke-box. The height of the top of the chimney
from rails is to be 13 ft. 2t in.

Besides the difference in size of the two boilers, a strik-

ing feature is tbe fact that the fire-box of the English boiler

is made of copper, whereas the American fire-tio.x is sleel.

The tubes of the former are brass and those of the latter

iron. It is not easy to obtain reliable data concerning the

relative economy and durability of copper and steel fire-

boxes and of brass and iron tubes. VYe hope, however, be-

fore these articles are comjileted, to give some figures to

show the average endurance of steel fire-boxes and iron

tubes, and will try to obtain some similar data concerning

copper fire-boxes and brass tubes.

Regarding the construction of the two boilers, the en-

gravings show more th.'in can be told by a verbal descrip-

tion. The longitudinal seams in both boilers have butt

joints* wilh double welt atri[)s inside imd outside, as shown
in tigs. 7 and 31. From the latter tigure it will be seen

that the welt strip of the American joint is made wide
enough to take two extra rows of livtts. which are spaced
twice as wide apaitas those in the four middle rows.

The barrel of the English boiler, it will be seen, has butt

joints at Z?, fig. 3, with a single exterior steel weldless ring

outside, the seam being double, or, more properly, quadruple

riveted, as shown in fig. 8. The ring is turned inside to gauge

and to the exact diameter necessary, and thin shrunk on.

This is a retinement of workmanship never practised iu tliis

country. The corresponding American seam at D, fig. 13,

is shown by fig. 20, and is simply a double-riveted lap

seam. With reference to the relative merits of the two
forms of joints, something may be said for each side.

Where a butt joint is used the plates are considered to be

less liable to corrosion or grooving along tbe caulking edge.

In a butt joint with a single outside welt tbe plates are

probably less liable to grooving than they are in a lap seam,

but the welt may and sometimes is corroded and cracked,

and such a defect is not discoverable by internal inspection,

* There is a Utile doulit at tlie time tliis was written whether the longitu-

dinal jiiinis of engine 90:< arc bint joints Willi double \Mt strips or lap

joints wilh welt strips inside, and there was no means of deriding it before

going lo press. The form of seam sliown by fig i\. however, repreEents

the present priictice of the Schenectady Locomotive Works.
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BOILER SEAMS OF BOILER FOR

whereas if the plate in a lap seam is corroded or grooved it

can be seen on the inside.

It is true, too, that a weklless ring turned accurately to a

gauge and shiunk on a boiler may make a better job than

two plates bent to the proper size and merely riveted to

each other. But to make a good fit it is as important that

the two plates forming the barrel of the boiler on which the

ring is shrunk should be made with the same degree of pre-

cision as the ring itself if the latter is shrunk on. It is im-

practicable to turn the plates so that dependence must be

placed on the accuracy of the boiler-maker's work. This
reliance may be had in fitting the two rings of plates into

each other in a lap joint, so that it is doubtful whether very

much better work is obtained if the welt ring is turned,

shrunk on and quadruple riveted than is possible in a sim-

ple lap joint double riveted, and certainly the difference in

cost is very materially in favor of the latter form of con-

struction.
' The front seams in the fire-box casing are substantially

the same in both boilers. The use of a wagon-top over the

fire-box makes a gusset plate necessary on top where the cas-

ing joins the barrel. The back seam, Bg. 18, of the casing

of the American boiler is single riveted, whereaa that of the

Bryiillr^ ^ToattB, Lngr't, .V. I*.

AMERICAN EXPRESS LOCOMOTIVE.

English boiler, fig. It, is doul)le riveted. The English dome
has a butt seam, fig. i), with two rows of rivets, which makes
a very good job. The connection of the domes of the two
boilers to the barrel in one case and to the fire-box casing

in the other it will be seen from figs. Ji, 1) and 13 are <]uitc

different. A strengthening plate \ in. thick is riveted to

the inside of the English boiler under tlic dome, and the

dome itself is riveted to the boiler and to this ring by a

flange and a single row of rivets.

From lig. 13 it will be seen that the fire-box ca.sing of the

American boiler is flanged upward at the base of the dome,

and another flange is turned outward on the liottom of the

dome plate as shown. Each of these flanges take two
rows of rivets. It is rare that a dome fails in the vertical

seam ; and therefore it seems doubtful whether butt seams

are needed. The point where they do fail oftenest is in tlie

angle of the flange around the base. It is thought that the

metliod of construction of the American boiler adds more
strength to this weak point than the English method does.

It is true that the American method does not fully compen-

sate for the material cut out of the casing for the opening

at the base of the dome, and therefore a combination of the

two methods of construction, it would seem, would be an
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Improvement over either. Tlic suggestioo would be to

make a ring of iron or steel of a section of about J X 4| in.

welded or rolled into the form of the tire of a cart wheel,

and place it inside of the base of the dome, and let the rivets

in the vertical seam pass through the ring and the two
plates.

The difiference in the method of forming the fire-hole is

shown in figs. 3 and 13. In the one case a solid bar or ring

is riveted between the inner and outer plates. In the otiier

the two plates arc flanged, the one inward and the otiier

outward, and riveted together. The first method has been

abandoned here and the other substituted for it. The only

difference in the mud or foundation rings is that in the Ameri-

can boiler it is 3|- in. deep and double riveted, whereas in the

otiier it is only 2j in. deep and single riveted. The neces-

sity of double riveting this part of huge fire-boxes has been

made apparent within the past few years, and it is now
generally done here in the best practice.

From fig. 13 it will be seen tliat two extra rows of stay

bolts are placed along tlie upper part of the sides of the tire-

box. This is the usual practice on the New York Central

Railroad, but is not generally employed elsewhere. The
stay-bolts are of iron f in. in diameter excepting those on

the top and end rows on the sides of the fiie-box, which are

1 in. in diameter.

The crown-bars or roof stay-bars of the English boiler are

made of cast steel and extend lengthwise on top of the fire-

box ; those of the American structure are made of two bars

of wrought iron welded together at the ends, and extend

crosswise of the fire-box. With a fire-box 8 ft, long it

would be impracticable to place the crown-bars lengthwise.

In one as short as 5 ft. 7J in. a good job can be made in the

method used by Mr. Adams, in both cases the bars are

connected to the casing by sling stays, but of quite different

forms and methods of construction.

The relative merits of straight-top and wagon-top boileis

have been much discussed in this country. In favorof the first

it is said that they give more room for steam over the fire-

box and for men to work, and for inspection inside of that

part of the boiler. In favor of straight-top boilers it is said

that they are stronger and cheaper. At the present time

the preponderance of opinion seems to be in favor of wagon
tops, although it is thought that their apparent advantages
are due more to bad designing of the straight-top form, and
to the fact that when wagon tops are used they are usually

made considerably heavier than straight boilers. If made
of equal weights, it is believed that as good or better results

may be obtained with straight as with wagon-top boilers,

and with somewhat less cost for the foimcr. On straight

boilers the dome should obviously be placed near the middle
of their length, because at this point there is less variation

in the height of the water and less effort, due to the
" swash." If a wagon top is used, the dome may be placed

over the fire-box, because the additional height comptnsates
somewhat for ihe difference due to its position. In fact,

wagon tops have often been used because it seems desirable

to place the domes over the fire-box.

The longitudinal stays of the one boiler, it will be seen,

extend horizontally from the back-head to the front tube

plate, whereas in the American boiler th?y are placed

diagonally and attached to the fire-box casing or the barrel

of the boiler. The former plan was a very common one
here twenty or twenty-five years ago, but has since been
generally abandoned. The tremor of the rods, it was fount,

broke them and caused them to leak when they passed
through the heads.

Another point of difference in the constiuction of the

boilers is in the method of attaching the smoke-boxes to the

barrel, and in the fact that the sinoke-box of the English
boiler is made of larger diameter than the barrel. This,

it is thought, is an advantage, as it gives more room for

steam pipes, etc., inside, and they can thus be kept clear of

the tubes. Tlie tube plate is " secured to the boiler barrel

by a continuous weldless ring of angle steel well an-

nealed. . . . The ring must be faced, bored and turned
on the edges and then shrunk on the boiler barrel, and is

to be double riveted to the same, the rivets being placed
zigzag. The tube plate is to be faced where it is joined to

the boiler steel angle." This, it will be seen, makes a very

good job, but is considerably more expensive than the

method of construction shown in fig. 13. Whether the ad-

vantage of having more room in the smoke-box pays for

this extra expense seems a little doubtful.

Regarding the advantages of an extended smoke-box, it

may be said that it is comparatively easy at any time to ex-

cite an animated discussion thereon among locomotive men
in this country, in which each side will be warmly advocat-

ed. It is now very generally used, and the idea is held that

a locomotive with this attachment is less liable to "throw
fire'' than without. It is generally admitted, we believe,

that locomotives here are worked harder than they are in

England. Under these conditions they are more liable to

throw fir-e and thus do damage, especially in our climate,

which is drier than that of Great Britain. If, then, an ex-

tended smoke-box permits a locomotive to be worked harder

without doing damage than it would be without such an

attachment, then to that extent it is an advantage. Tnat

seems to be the verdict deduced from the general practice

in this country.

The specifications say and the drawings show that the

holes in the plates for the English boiler are to be slightly

countersunk under the rivet heads. This is a decided im-

provement on American practice, as it is seldom or never

done here.

It is difficult to draw any general deductions or make
comparisons until all the parts of the two engines have been

described, therefore these will be reserved until after all the

different parts of the two locomotives have been illustrated

and discussed.

We may add that we are further indebted to the Schenec-

tady Locomotive Works and to Mr. Adams for copies of

specifications of the engines, from which we have quoted, and

expect to use in future articles.

(to be continued.)

SOME CURRENT NOTES.

In his annual message. Governor Flower, of New York,

follows the line of his predecessor in urging road improve-

ment, and in advocating State assistance to local communi-
ties in building roads.

The Governor of Pennsylvania also refers to the road

question at considerable length. He advocates improve-

ments in the road laws and a better system of taxation for

road improvements and maintenance.

The difficulty of soldering aluminum, which is believed

to result from the formation of a thin film of oxide on the

metal, has been overcome by the use of a flux containing a

small amount of phosphorus, which serves to deoxidize the

surface and leave it clean. This solution was discovered by

Mr. Joseph Richards, of Philadelphia.

In his recent message to the Legislature, Governor Flower,

of New Yoik, urges very strongly the necessity of preserv-

ing the Adirondack forests for the general benefit of the

State, and refers to the great injury which may be done by
any further indiscriminate cutting or clearing of the wood-
land in that region. His warning is a timely cue, and
should be heeded.

On the Austrian railroads considerable attention has been

given to planting trees along the slopes of the railroad cuts

and banks, and in other places where there is room on the

right-of-way. In some places these are intended to act as

wind-breaks and defenses against snow ; in others they are

simply to utilize the waste land. A recent statement shows

that these plantations, as repoited up to date on the vaiious

lines, include about 370,000 fruit tiees of various kinds

—

plum, ])ear, a])ple, peach, apiicot and others—and about

3,600,000 forest trees. Some of the latter, such as willows,

are planted chiefiy on account of the use of their roots in

preserving and consolidating slopes ; others— oak, fir, pine,

larch, etc.—will be valuable in due time as timber. These

plantations are being extended each year.

On January 1 there were, according to the American

Maiit'faciui-er'a tables, 250 furnaces in blast, capable of a
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total weekly production of 175,701 tons of pip; iron ; an in-

crease of a little less than 1 per cent, during Dorcmber.
The capacity of the furnaces in Ijhist, however, is less by
15,741 tons, or 8 per cent., than it was on January 1, lSfi2.

althougli it is greater than is shown by the report for any
month since April. The tendency for several months past

has been to a sliglit but steady increase.

The Amcriea?i Manvfaeturer also estimates the total pro-

duction of pig iron for 1892 at 0,i:i!),711 tons ; an increase

of about lO^t per cent, over 18!tl, but a decrease of 1 per

cent, from 1S90. The year 1803, however, sliowstlie largest

production—with the exception of 1890—of any year in

our history.

The big lifting bridge over the Harlem River on the New
York Central & Hudson River Railroad, which was de-

scribed some time ago in our columns, was successfully

moved recently to a point some CO ft. west of its original

location. The moving of the great tower— 127 ft. high and
weighing 180 tons—was actually completed in 21 minutes

;

but the preparations for the work occupied several days.

The removal was made necessary by the fact that a new
bridge will have to be built in connection with the raising

of [he tracks across tlie Harlem.

According to the statements prepared by the Rdilicay

Age X\Mire were 4,062 miles of new railroad built in 1892

—

less than in any year since 1885, but still an uppreciable
addition to the railroad system of the country. The activ-

ity iu construction was greatest on the Pacific Coast and in

the South, although there was a fair amount of work done
in Ohio, Indiana and Jlichigan, and more in New York and
Pennsylvania than for several years past. A large propor-

tion of the new mileage was in short lines and branches.

The truck for long passenger cars is considered a neces-

sity by Jlr. Dundas, President of the Institution of En-
gineers & Shipbuilders in Scotland. He does not consider

the radial axle a satisfactory device.

The latett use of aluminum is for slate-pencils. Major
von Sillich found that the metal would mark on slate, and
the pencils are now nnide by a German company. They
need no pointing, will not break and will last a long time.

In a recent lecture in Sheffield, England, Profef sor Ripper
stated that, in s|)ite of the great improvements made, our
present engines and boilers utilize only from 4 to (j per cent,

of the total heat generated. Chimney draft alone cost from
20 to 30 per cent, of the fuel burned, and other losses were
found everywhere.

The longest balloon trip on record, it is claimed, was
made in October last by M. Maurice Mallet. In his balloon,

which he has named Les Inventions Nouvclka, he ascended
from La Yillette, near Paris, on October 23, and ended his

voyage on the following day at Walhen, in Germany, hav-

ing been iu the air a little over 36 liours.

' Most of our readers have probably seen in the daily

pn])ers some account of the accident to the Cunard steamer
Uinbrin and its repair in mid-ocean ; but a brief account
will not be out of place here. The main shaft broke in the
thrust bearings where the body of the shaft is 25 in. in

diameter, with collars 36^ iu. iu diameter and 3i in. thick,

break was between two of them, as is also sliown. The
method of repair adopt.^d was to use two adjoining collars

as flanges of a coupling, connecting them by three 5-in. steel

bolts. Ta do this grooves had to be cut in the two collars

large enough to take the bolts ; the bolts had to be cut to

the pro|)er length ; t)ie nuts had to be cut down, as they
were too large to enter the space ; and bands had to be
])laced around the shaft to hold tlie bolts in place. The
difficulties attending this work at sea, with only the ham-
mer and cold ihisel, and in the limited space around the
shaft, can be ima"ined.

The new elevated railroad which runs along the water
front of Liverpool a distance of about six miles, is to be
operated by electricity. The power station is near the mid-
dle of the line, and contains three groups of dynamos, each
operated by a 400-11. P. engine. The current is carried by
steel bars placed between the rails on porcelain insulators.

The cars will be run in trains of two or three, as may be
needed, at a speed of 12 miles an liour. Each car will seat

50 persons.

The production of copper in the United States in 1893 is

estimated by the Engincer'unj nntl Minin// Jonrn/t! at 325,-

180,000 lbs., of which 107,2()0.000 lbs. were from the Lake
Superior region and 164,300,000 lbs. from Slontana mines.

The total is an increase of about 13 per cent, over 1891.

Exjiorts diminished slightly, but tliere was a large increase

iu the home consumption, so that the stocks on hand at the

close of the year were considerably less than at the end of

1891.

spaced 6J in apart. These collars are part of the shaft, and
some idea of their arrangement is given in the sketch ; the

The New York Railroad Commission, in its latest report,

refers to the lighting of passenger cars as follows :
" Suc-

cess has attended the effort to light pnssenger cars with
gas. Last year the Board set on foot inquiries as to the
|)racticabi!ity and safety of the various systems in use, and
the answers were assuring in both respects. Indeed, so

practical and so successful are the systems, and so widely
have they been adopted, that a car in one of the first-class

or limited trains lighted by oil would be regarded as a relic

of a past age. A sufficient reason why every passenger car,

whether a palace or ordinary coach, should not be lighted

by gas cannot be given. Economy should not be the pre-

vailing consideration. Aside from tlie increased security

from fire, the annoyance of dripping oil from tlie lamps is

avoided. The lighting of all passenger cars with gas is in

line with the progress which has led to heating by steam
instead of stoves, and which is leading to automatic couplers

instead of the link and pin, coupled by hand, and auto-

matic brakes set from the engine rather than by men on the
tops of the cars at the risk of their lives. The prohibition

of the use of oil by legislative enactment is desirable."

THE COLUMBIAN EXPOSITION.

From time to time references have been made to the
progress of work on the buildings at Chicago, but we now
present for the first time a plan showing the general ar-

rangement of the grounds and the position of the buildings
;

for this cut we are indebted to the courtesy of the Strtet

liuihciiy Journal.

This plan designates all the chief buildings bj name ;

but no map that could be given within the hmits of our
page could show them all in this way. We hope, however,
to give hereafter fuller plans in which more detail will be
possible.

The grading and reclamation of JacksoB Park is now sub-
stantially completed, and most of the buildings arc in aeon
dition where little but the finishing work remains to be
done. The progress made with the work is extraordinary,

when it is remembered that the designs were not tinally

completed or adopted until the winter of 1891, and work
was not fairly begun until the next spring.

At the time of the opening in Oftober, it was stated lliat

only the decorative work remained to be done, and this

statement was substantially correct. In fact, the work of

putting in the exhibits was begun soon after, aud is now
going on.
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The great
sizeof the prin-

cipal buildings

is shown by the
plan, but will

be better un-
derstood from
some of thefig-

ures given.
The main
buildings have
an area of
about 5,500,-

000 sq. ft.
;

the smaller
buildings,
1,155,000 sq.

ft.; State
buildings,
420,000sq. ft.

;

foreign build-

ings, 300,000
sq. ft. ; conces-

sion buildings,

1,000,000 sq.

ft. ; making a
total of about
192 acres under
roof.

The total
space available

for actual ex-

hibits is about
3,000,000 sq.
ft., of which
about 1,300,-
000 sq. ft. have
been allotted

to foreign
countries, and
the remainder
to American
ex hib itors.
The applica-
tions for space
amounted to

about two and
one-half times
that actually

available, s o
thattheawards
were necessari-

ly much leas

than was asked
for.

It may bo
added that
great precau-
tions have been
taken against

fire. Mains are

laid all over the
grounds, and
fire-engines are

PLAN OF THE COLUMBIAN EXPOSITION GROUNDS.

provided, besides connections with the city fire department,
and a boat provided with powerful pumps will be kept on
the water front.

The size of the buildings and the distances between them
will doubtless dispose visitors to use liberally such means of
transportation from one part of the grounds to another as

are provided. The first of these is the electrical elevated
railroad, which makes a circuit of the grounds, starting

from a point near the Agricultural Building at the south
end, passing as close as possible to all the principal build-
ings, and having its loop or terminal circuit near the north
end of the Manufactures and Liberal Arts Building. Sta-
tions are placed at convenient points, and the road can be
used by visitors either to make a complete circuit of the
grounds or to pass from one point to another. The total

circuit made by this road is about five miles.

Transportation by water will also be available, canals hav-
ing a total length of 2j miles having been laid out in the
grounds ; on these a large fleet of electric launches will ply,

carrying passengers from point to point in the grounds.
Some of these boats will make a round trip without stops

;

others will stop at the landings adjoining each building,

while a third class will be ready for hire by the hour.

On the Midway Plaisance, which may be called the cen-

tral avenue of approach to the fair grounds, and which is

about a mile in length, the Giffard hydraulic or sliding rail-

road, which has been described in our columns,* will ex-

tend the whole length of the avenue, with stopping-places

at convenient points.

Finally, the long pier extending into the lake can be

• See number for October, 1889, page 456.
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traversed on the movable sidewalk which will be placed
there, and \ipi>n which passi-ngera can step at any point,

leaving it also when they wish.

There are four prineipiil methods of transportation pro-

vided for carryioif passengers over the considerable dis-

tance between the central i)ait of the city and the park
where the buildings stand. The.se are the street cars, horse

and cable lines ; the elevated railroad ; the Illinois Central

Line ; and steamboats on the lake. The street car and ele-

vated lines are busily engaged in increasing their facilities

for carrying passengers, and the Illinois Central has pro-

vided four additional tracks for the fair traffic ; but its

carrying trade will, of course, be limited by the fact that

trains can only start from its terminal station on the water
front, and cannot reach all parts of the city, as the cable

lines do. The elevated road will have the advantage of

the street cars in speed. The terminal station at the fair

grounds is spacious and as convenient as possible ; but to

many observers it seems unfortunate that the parallel track

system has been adopted instead of the loop plan, which
has showed its advantages at the Philadelphia Centennial
Exposition and elsewhere.

Another method of travel, which will doubtless he popu-
lar, in summer at least, will be by water. Arrangements
are being made for a fleet of boats to run from a pier on the

city front to the pier at Jackson Park. It is expected that

boats enough to cany 15,000 persons an hour will be pro-

vided, and the number handled can be increased if it is

found necessary.

The transportation problem will be, however, one of the

roost difficult in connection with the E.xposition, and to

avoid all inconvenience and crowding will doubtless be
quite impossible.

DOWN-DRAFT FURNACES FOR STEAM
BOILERS.

Fig. 1 represents a section of a furnace for a steam boiler

having a diovvn-diaft grate combined with a sort of supple-

mentary uji-draft grate or platform below. A is the boiler,

C C" are what the inventor calls " manifold dependent
water spaces," which are connected together by water-grate

bars c c'. The raw co.-il is fed in on top of these grate-bars.

D'' is a sup])lenientary up-draft grate or platform ccmposed
of fire-brick or other refractory material having perfora-
tions ; its purpose being to receive the incandescent coals

that fall from the upper grate and retain ihem for combus-
tion. The course of the draft is indicated by the arrows,
fresh air being admitted above the upper grate and below

the lower one. The latter current is heated in passing

through the lower grate and thus ac()uires a high tempera-
ture, to promote combustion, when it meets and mingles
with the air which has passed through the upj)er grate.

.1. F. Wanglir, of St. Louis, is the inventor ; his patent
is numbered 4sT,sil(;, and dated December Li, 1803.

The idea of a downward draft is an old and an enticing

one, and the combination of » grate having an up-draft with
another having a down-draft is shown in C. AVye Williams'
book on CoiiihuMion, from which fig. 2 is copied. Of this

plan Mr. Williams said :
" It is here introduced as showing

the practical error of supposing that the gases could be con-

sumed by causing them to pass titrough incandescent fuel.

The effect of this plan is to convert the gas into carbonic

oj'ide ; and which, from being invisible, created the impres-
sion that the ' smole was burned.^ It is needless here to

dwell on the chemical error of such an assertion. The
fallacy of imagining that either gas or smoke from a fur-

nace can be consumed by passing ' throinj/i, oner or among '

a body of incandescent fuel prevailed from the days of

Watt to the present. Numerous patented plans to the same
effect might here be given, all having the same defect, and
equally ineffective."

A plan devised by the writer, and probably by other per-

sons, was to arrange the grates as in fig. 3, in which yl is a

grate having an upward draft to which the raw coal is fed.

V C are dependent water spaces, connected together by

a water-grate B. having a downward draft. The grate A
has an inclination sufficient so that the coal, when it becomes

incandescent, can readily be pushed forward on to the

grate B. In order to get over the defect pointed out by

Williams, openings/ were made in the back ])late i> and a

steam-jet/ was provided which blew steam into these open-

ings and thus created an induced current of air into the

space above the grate B, which furnished the required

amount of oxygen for the combustion of the gases from the

raw coal in the upper grate, and of the fuel in the lower

grate. The arrows indicate the direction of the currents

sufficiently well, so that further cx]>lanation is not needed.

The plan, so far as the writer was concerned, never got

further than the speculative stage, but whether any one else

ever put it in practice is not known. It seems to have some

merits, but the expectations that may be reasonably enter-

tained of its performance might vanish in a practical test.
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A RUSSIAN COMPOUND PASSENGER LOCOMO-
TIVE.

The Southwestern Hailro.ad of IJiissia 1ms had in service

for some time a coinpuund locomotive built for fast pas-

senger work, and some interesting notes in relation to this

macliine were recently contrilnited by Mr. de Borodine, En-

gineer-Director of tlie road, to the French Society of En-

gineers.

The locomotive is of the four-cylinder type, wilh the

cylinders placed in tandem, the high-pressure and low-press-

Fig. I

wheeled truck, as is shown in the accompanying drawings,

fig. 1 being an elevation and fig. 2 a part sectional plan,

showing arrangement of the cylinders. Fig. 3 shows the

arrangement of the high-pressure stuffing-box and the low-

pressure cylinder head. The high-pressure cylinders are

placed in front and the low-pressure behind.

The driving-wheels are (i.SO ft. in diameter and the truck

wheels 3.12 ft. The distance between the driving axles is

8. .53 ft., and the truck axles are 6.0G ft. apart. The total

wheel-base is 21.(5.5 ft. The total weight of the engine in

working order is !I4,800 lbs., of which .57,300 lbs. are car-

ried on the drivers. The tender will carry 3,900 galls, of

t «« . a lXM».

COMPOUND PASSENGER LOCOMOTIVE,

ure pistons acting on the same rod. The steam from the

high-pressure cylinder passes througli an intermediate re-

cefver in the smoke-box into the low-pressure cylinder on

the opposite side, and steam from the boiler can be admitted

SOUTHWESTERN RAILR0.4D OF RUSSIA.

water and 11,000 lbs. of coal, and its total weight when full

is 77,100 lbs. The total weight of the engine and tender is

thus about 80 tons.

The high-pressure cylinders are 13 in. in diameter and the

IX_4— F'g- 3-

to the low-pressure cylinders in starting, or at other times

when it may be necessary, the apparatus being controlled by

the engineer.

The boiler of this engine has a barrel 40J in. in diameter,

with 208 tubes 1.77 in. in diameter and 12 ft. 6 in. long.

The grate area is 20.4 sq. ft. ; the heating surface is :
Fire-

box, 111 'J ; tubes, 1,30.5.1 ; total, 1,317.0 sq. ft. The usual

working pressure is 165 lbs.

In general design the engine is of the eight-wheel or

American type, with four coupled drivers and a four-

Fig. 2.

low-pressure 10.7 in., all being 23.0 in. stroke. The ratio

of the cylinders is 1 : 2.30. _.,

The fire-box is of steel and ia of the Belpaire type. 1 he

eno-ine has Westinghnuse brakes, including driver br.akes.

Some trials of this engine were recently made by a com-

mission consisting of Mr. de Borodine, Mr. Koribout-Dachke-

vitch Engineer-Counsellor of the Department of Railroads,

and Assistant Inspector Ticlimeneff. From reports present-

ed to this Commission it appeared that the engine had been

in regular service on the Kieff-Kasatine Division of the road

for nine months, and that it had worked satisfactorily in

every respect. The maximum grades on this division are

0.8 per cent.', and there are numerous curves. Over this

line the engine had frequently hauled a train of 15 six-

wheeled carriages, weighing in all 14,700 poods—204 tons—

and made regular time. With the ordinary engines in ser-

vice, two locomotives are usually required when the train

consists of more than eight carriages.
_ _

Two special trial trips were made by the Commission.

On the first the engine, with a train of 15 carriages, made

the run from Kieff to Kasatine, 98 miles, making nine stops,

in 191 minutes, or at an average speed of 30.75 miles an

hour. One of the stops was of 12 minutes' duration. On

a o-rade of 0.8 per cent, a speed of 21 miles an hour was

miuntained ; and on a descending grade the maximum speed

of 40.4 miles an hour was attained. Observations taken

durinf the run showed a variation in boiler pressure from

135 toinr, lbs. The fuel used was coal from the Bogodon-

hoff mines in the Don District, of which there was burned

3 253 lbs or 33.2 lbs. per mile run. The report states that

I'lb of this coal vaporized 8.68 lbs. of water. Diagrams
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taken at a speed of 39.8 miles an hour showed tlmt tlie work
done was equivalent to 588 indicated H.P. At stations the
entwine started easily and quickly, and it kept steam well.

The return trip from Kasatine to KiefF was made with 11

carriages of a total weight of 11,400 poods, or 20(i tons.

On this trip also nine stops were made, inchidiiig two of 14

minutes each and one of 6 minutes, and in addition an extra
stoj) of 4 minutes was made near Tchenioroudka, on ac-

count of the rupture of an air-brake pipe. The water vapor-
ized was 9.28 lbs. to 1 lb. of coal, and the coal consumption
was 20.8 lbs. per mile. The speed w.as greater than on the
first trip, the average being 40. .5 miles an hour, and the
maximum .50.4 miles an hour.

It may be added that during its nine months of reg.ular

service previous to the tests the engine had run is.fto,) miles,

nn average of 2,101 miles a month. The report of the Com-
mission was very favorable to the new type.

GEODETIC WORK IN FRANCE.
(Translated from Le Revue ScienliJiQue.)

At a recent meeting of the Academy of Sciences of Paris;

M. Bassot presented some facts in relation to the new
meridian established in France. It was some years ago ad-
mittc<i that tlie meridian of Delambre it JMecluiin, notwith-
standing its great value a century ago, did not agree with
recent geodetic measurements made in other countries, and
a new measurement of this fundamental meridian was or-

dered in 18(i9 and begun in 1870.

For 12 years this work was carried on under the direc-

tion of General Perrier, with the assistance of JIM. Bassot
and DelTorges ; since 1882 it has been under the direction

of M. Bassot, with M. Deflorges as Chief Assistant. The
work is now nearly completed. It may be added that the
manner in which it has been done and the results obtained
reflect great credit upon the ofHcers in charge. The general
statennnts are as follows :

1. Starting from the base of Paris the measurements were
veiifled at Perpignan, after passing through a distance of
about (!°, and agreed within about 1-250,000, with the new
measurements of the base.

2. On the lines or sides of the triangulation common with
the English, Belgian and Italian triangulations, the French
results are almost identical with the foreign results deduced
from the new stamp of the toiKe o{ Bessel ; but on the Span-
ish side there is a difference of 1-65,000, which is not yet
explained.

3. In calculating anew the total of the parallel lines and
meridians of the French system, the fact has been recog-
nized that the new meridian restores order and harmony
among most of the triangulations. It has not, however,
done away with the discrepancies noted by the geodetic en-
gineers in the southwest, in the lines adjoining the Bor-
deaux and (iourbera bases. For this reason the Geographic
Service has submitted to the Ministry of War a plan for the
immediate renewal of the mean parallel, as a com[jlcnient

to the new meridian.

4. The length of the meridian line between the extreme
astronomic stations, the length of which is about 8° 17', is

less by 5 meters oidy than the arc inlere,e|)ted on llif ellip-

soid of Clirke, the flattening, or departure from an clll[)se,

of which is 1 : 29:J.46. This shows that, taken altogether,

the French arc is almost exactly the same as that of this

ellipsoid.

5. The two stations which c;m be identified with those

of the old meridian are Dunkenpie and Carcassonne. The
new arc between tlin.se stations exceeds the arc of Delambre
by 44.7 meters, or about 1-20,000.

6. The geodetic co-ordinates have been calculated by
starting from the base co-ordinates of the Pantheon, as

newly determined by the Geographic Service, and by apply-
ing the line to the ellipsoid of Clarke, on hypothesis which
has been justified by the facts given above.

7. The comparison of these calculated co-ordinates with
the direct co-ordinates has been made at five stations, where
the observers determined three elements—longitude, lati-

tude and a/.imuth. According to a theorem of Laplace
there exists a relation between the astronomic longitudes
and azimuths and the same elements calculated geodetically.

which ought to be verified if the observations are good,
whatever the local attractions may be. In each of the five

stations where the comparisons were made this equation of
condition was satisfied within a limit of less than 1 "— a re-

markably close result.

To sum up. there is no doubt that the results furnished
by this new meridian may be considered as presenting all

the certainty attainable in a work of liigh precision.

A HORIZONTAL COMPOUND ENGINE.

The illustrations given, from InduKtries, show a compound
ciiirine of a somewhat peculiar type, built by the Ma-
schincnbau .\ctien (icsellschaft, of Kurnberg, Germany.
Fig. 1 is a longitudinal section through the high-pressvire

cylinder ; tig. 2 a transverse section and fig. 3 a sectional

view of the low-pressure cylinder and valve.

In this engine the steam from the boiler is led into the
high-pressure steam jacket, where, after circulating aiound
the cylinder, it is admitted into the cylinder covers. The
admission valves are placed in the cylinder covers. They
are of the central e(iuilibrium type, each embracing a cast-

ing which forms an internal prolongation of the stuffing-

box. The valves are worked by small rods projecting out

parallel with the piston rods, and worked by rods con-
trolled l)y trip gear. The high-pressure trip gear has the
cut-off adjusted l)y the speed governor. The exhaust valves

are also somewhat peculiar. They are of the gridiron type,

and are actuated from the outside—that is to say, from the
receiver side of the valve, being worked by a slide rod with
two projectors, which passes through the exhaust chamber
below the cylinder. This rod is worked by a rocker, which
is actuated by the lower slipper of the cross-head. In fact,

the gear we are accustomed to see on small pumps is here

applied to a large engine. From the high-pressure cylin-

dtr the exhaust passes to the receiver. This is jacketed

with high-pressure steam direct from the boiler. The re-

ceiver steam tlien circulates around the low-pressure cylin-

der, and afterward passes to the low-pressure valves, which
are arranged .as in the high-pressure cylinder, except that

the governor has no action on the low-pressure trip gear,

the cut-off being altered by hand. A condenser is used
when convenient.

The cylinders are 15 in. and 22J^ in. in diameter by 27^
in. stroke. In ordinary work the engine is run 70 revolu-

tions per minute, and is supplied with steam at 100 lbs.

pressure. When, with this initial pressure, the steam is ex-

panded to twelve times its volume, the engine dev(>lops 80
HP., and when expanded seven times it develops 120 UP.
The fly-wheel weiglis about 4 tons, and is 11 ft. G in. diame-
ter.

This engine was showti at the late Frankfort Electrical

Exhibition, where it drove a Lahmeyer dynamo, which was
utilized for transmitting power for pumping water for the

fountains.

RAILROAD STATISTICS.

The Fourth Statistical Report of the Interstate Commerce

Commission, prepared by its Statistician, has just been sub-

mitted. It comprises a text of about 100 pages, and con-

tains many impoitant summaries and comparisons pertaining

to the operations of railroads. The report covers the fiscal

year ending June 30, 1891, and its m.iin points are well

given in the excellent summary sent out by the Commission.

MILEAGE.

Railroad mileage in the United States on June 30, 1891,

was Ui8,402 miles. Thi* figuie indicates the length of sin-

gle tr.ick mileage, the total mileage of all tracks being

21(1, 149 miles. The length of single track per 100 square

miles of territory, exclusive of Alaska, was 5.G7 miles, and

the length of track per 10,000 inhabitants was 20.29 miles.

Some of the States are exceptionally well provided with

railroad facilities, as may be seen by the table of the report

which shows the length of line in the several States per 100

square miles of territory. Such assignment shows for Con.
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HOKIZONTAL COMPOUND ENGINE WITH
RECEIVER.

Fig. 2.

tl:(; Mississippi rivers, the total increase in these

States beini? 1,(570 miles. The steady increase of

mileage in tlie Southern States durinc; a year

when there was general quiet in railroiKl build-

ing in the other parts of the country indicates a

healthy development.

ORGANIZATION OF RAILROADS.

There were, at the close of the year, 1,785

railroad corporations, of which 88fl were inde-

pendent companies for the purpose of operation,

and 747 were subsidiary companies, the remain-

der being private lines. The report further shows
that 18 roads have been abandoned during the

year, and that 93 roads, representing a mileage

of 10,11(>, have disappeared by purchase, merger
or consolidation. Tlie actual number of railroad

corporations in 1891 is less than the number which
existed in 1890, notwithstanding the fact that a

considerable number of new lines were chaitercd

during the year. The tendency toward consoli-

dation is clearly indicated by the report. On
June 30, 1891, there were 42 companies, each
of which controlled a mileage in excess of 1,000

miles, and nearly one-half of the mileage of the

country is the property of these 42 companies.

Another classification contained in the report

shows that there are 80 companies, each of which
has a gross revenue in excess of three millions of

dollars. The railroads of this class control 69.48

per cent, of the total mileage of the countiy,

necticut 20.77 miles ; for Delaware, 16.10

miles; forlllinois, 18.25 miles ; for Iowa,

15.12 miles ; for Massachusetts, 25.99

miles ; for New Jersey, 27.71 iniles : for

New York, 16.19 miles; for Ohio, 19.68

miles ; for Pennsylvania, 22.77 miles.

The only countries in Europe which have
an excess of 10 miles per 100 square miles

of territory are Germany, with 12.77

miles ; Great Britain, with 16.52 miles
;

France, with 11.23 miles; Belgium, with

28.71 miles; Holland, with 13.83 miles,

and Switzerland, with 12.43 miles. No
country in Europe, Sweden alone ex-

cepted, has 10 miles of line per 10,000

inhabitants ; while in this country, on the

other hand, but two States have less than 10 miles per

10,000 inhabitants.

The increase in mileage during the year was 4,805 miles.

This is less than the average of increase for several years

past. The greatest activity in railroad building seems to

have been in the States lying south of the Ohio and east of

receive 82.09 per cent, of the amount paid l)y the pub-
lic for railroad service, and perform 83.76 per cent, of

the total passenger service and 82.66 per cent, of the total

freight service of the country. Out of a total of 81,073,-

784,121 tons of freight carried one rnile, the railroads in

question carried 67,008,448,436. Such figures as these in-
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dicate the extent to which concentration of railroad control
has proceeded in the United States.

EQUIPMENT.

The total number of locomotives used was 32,139, show-
injr an increase of 1, !)!»!) dining the year ; and the total
number of cars, the property of railroads, was l.^l.l.Hl 1,

showing an increase of 4.'),!li4 during the year. The num-
ber of locomotives per 100 miles of line was 20 : the num-
ber of passenger cars per 100 miles of line was 17 ; and the
number of fitight cars ])er 100 miles of line was 714.
The increase in eqiMpment has not proceeded as rapidly

as the increase in train brakes and automatic coujilers. The
increase in cipiipment during the year, incliuling locomotives
and cars, was 47,943, while the increase in the c(piipnunl
fitted with automatic couplers was r)3.71(), and the increase
in e<|uipment titled with train-brakes was 39,.")0.'). The esti-

mated increase in cipiipment for the year 1802 is 29,821,
while the estimated increase in eipiipniiilt fitted with auto-
matic couplers is 98,.")03, and the e(|uipment fitted with
train-brakes is estimated to have increased 9(1, .503. These
figures show clearly that at the ]iresent rate it will be many
years before the total equipment will be fitted with safety
devices unless Congress sees fit to take prompt action in the
premises.

MEN EMPLOTED.

The number of men employed on railroads in the United
States during the year covered by the rc|)ort was 784,28.5,
being an increase of 34,984. Tlie" number of men employed
per 100 miles of line was 486. The report brings an inter-
esting fact to light by showing that the number of men in
the emjiloy of the railroads in proportion to the total po))u-
lation was 1 to 87 inhabitants in 1889 ; 1 to 84 inhabitants
in 1890 ; and 1 to 82 inhabitants in 1891. From this it will
be seen that the population of the country increases at a less

rai)id rate than that portion of the population engaged in

transportation by rail.

The extent to which organized industry has increased the
efliciency of labor is shown by the fact that every engineer,
during the year, has on an average carried 309,077 passen-
gers one mile and 2,329.639 tons of freight one mile.

C.^PITALIZ.\TION AND VALUATION.

The total capitalization of the railroads of the United
States is $9,829,47.5,01.5, or .|(;0,942 per mile of line. This
shows an increase in outstanding capital of $602 per mile of
line as coni])aied with the 1890 report. An .inalysis of the
changes in capital outstanding shows that income bonds
have increased from $76,933,818 to $324,288,690. A consid-
erable portion of this increase is probably due to a conver-
sion of stocks into income bonds. It is significant because
it shows an increase in that form of property for the man-
agement of which directors are not held to strict resjionsi-

bility. Equipment trust obligations have also increased
from" $49,478,21.5 to .$-54,75.5,1.57. A few years ago the
opinion prevailed that the leasing of equipment by railroad
companies was fast disappearing. This opinion is not sup-
ported by the facts.

EARNINGS .VXD EXPENSES.

The gross earijings from operation during the year ending
.Tune 30, 1891, were $1,096,761, 3il.5, or $6,801 per mile of line.

Operating expenses were $731,887,893, or $4,538 per mile
of line, leaving the net earnings from o|)erat if n $'164,873,.502,

or $2,263 "Jier mile of line. The net earnings i>er mile of
line were less than the net earnings of the previous year by
$37. An analysis of gross income shows that freight traffic

gave rise to $736,793,099, or 67.17 per cent, of total earn-
ings; and that passenger traffic gave rise to $281,178,599,
or 2.5.64 per cent, of total earnings*. The amount received
from carrying mail was $24,870,015. and the amount re-

ceived as rentals from express companies was $21, .594, 349.
The analysis further shows that $133,91 1,126 were received
as income from investments. The assignment of ojxTating
expenses shows that 34.08 per cent, is chargeable to the

passenger service and 65.92 per cent, to freight service.

The percentage of operating expenses to operating income
was 66.73 per cent. The number of passengers carried dur-
ing the year was .531,183,988 ; the number carried one mile
was 12,844.243,881. The number of tons of freight carried
was 675,608,323 ; the number carried one mile was 81,073,-
784,121. The total number of miles run by passenger
trains was 307,927,928, and the niimber of miles run by
freight trains was 446,274,508. The average journey per
passenger was 24.18 miles, and the average haul jier ton of
fieight was 120 miles. The average number of jiasscn-

gers in a train was 42, and the average number of tons
of freight in a train was 181.67. The average revenue per
])assenger per mile in 1891 was 2.142 cents, and the average
revenue per ton per mile was 0.895 cent. The average
revenue per train mile, passenger trains, was UKI.IU cents,
and the average revenue jier train mile, freight trains, was
163.683 cents."

liAII.UOAD ACCIDENTS.

In narrating the statistics of accidents, the report shows
that casualties during the year ending .Tune 30, 1891, are
greater than in any previous year covered by reports to the
Commission. The inimber killed during the year was 7.029,
and the number injured was 33,881. Of these totals, the
number of (mployfs killed was 2,660, and the number in-

jured was 20,140. The number of passengeis killed was
293, and the number injured was 2,972. A classification of
casualties according to the kind of accident shows 415 em-
ployes were killed and 9,431 injured while coupling and un-
coupling cars ; 598 were killed and 3,191 injured falling

from trains and engines ; 78 were killed and 412 were in-

jured from overhead obstructions ; 303 were killed and
1,550 were injured in collisions : 206 were killed and 919
were injured from derailment of trains ; 57 were killed and
319 weie injured from other accidmtsto trains than colli-

sions and derailments already mentioned ; 20 were killed

and 50 injured at highway ciossings ; 127 were killed and
1,427 were injured at stations : the balance, which makes
up the total of 2,660 killed and 2ti,140 injured, is due to

accidents which do not naturally fall in the classificatioa

adopted for rejiort. Referring to passengers, 59 were killed

and 623 injured by collisions ; 49 were killed and 837 in-

jured by derailments : 2 were killed and 34 injured by other
train accidents ; the balance, making up a total of 293
killed and 2,972 injuied, being assignable to accidents at

highway crossings and at stations and to other kinds of ac-
cidents.

This report emphasizes more strongly than previous re-

ports the necessity of legislation compelling railroads to

adopt train brakes and automatic couplers, and also suggests
that some steps be taken besides the adoption of the train-

brake to prevent the fi:(!i)uency of casualties from falling

from trains and engines. The large number killed and in-

jured from collisions also brings prominently into notice the
necessity of some extensive use of the block system in the
handling of trains and a more perfect application of the
principle of personal responsibility in the case of accidents.
An investigation into the matter of hanilling trains is recom-
mended by the report. Not only are the accidents of the
year covered by this report greater than those of previous
years, but, when compared with the increase in employes,
it is observed that they are relatively greater than tlio.se of
the j)revious year. Thus, during the last year 1 employe
was killed for every 296, and 1 employe injuied for.every
30 men in railroad service. The corresponding figures for

the previous year are 1 man killed for every 306, and 1 man
injured for every 33 employes. This same fact is also pre-

sented in another manner. The increase in the number of
epiployi's killed during the year covered by the repoit over
the previous year is 9 per cent., and the increase in the num-
ber injured is 17 per cent., while the increase in the num-
ber of men taken into employment is less than 5 ))er cent.

The corresponding comparison for casualties to passengers
shows that, while there has been a relative decrease in the
number of passengers killed, the number of passengeis in-

jured shows a much greater increase than the increase in the
number of passengers carried. On the whole, the compari-
son of accidents for the two years leaves a very unsalisfac-
tcry impression, since it shows that liability to accidents
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was greater during the year covered by this report than dur-

ing the previous year.

RECOMMENDATIONS.

The report concludes with a recommendation for certain

amendments to the Interstate Commerce Act, wliich, it is

asserted, are necessary to render the statistics of the busi-

ness of transportation complete and satisfactory. Thus, it

is recommended that express companies and wattr canier.s

engaged in interstate tnithc be required to make reports to

the Interstate Commerce Commission similar to those now
made by railroads, and that persons, companies or corpora-
tions owning rolling stock used in interstate traffic should
be obliged to make annual reports so far as may be necessary
for a complete statement of the kind of rolling stock used
by railroads.

•

THE DRAINING OF THE ZUYDER ZEE.

{Note by J. de Koning, presented before the Frencli Society of Engineere.)

For some time past, since tlio death of Chief Engineer
Van der Toorn, the project (or draining the Zuyder Zee has
Ijeen in charge of Mr. Lely, who has
finally completed the plans for the work,
and who has reached some new conclu-
sions. He admits that tlie building of

a dike across the Zuyder Zee by way of

the islands of Texel and Vlieland is not
practicable, as the bottom is there com-
posed of shifting sand. The )ilan orig-

inally proposed being thus laid aside,

the substitute brought forward is the
construction of a great dike from the
shore of the province of Holland to that
of Friesland by way of the island of

Wieringen. The sea being shut out by
this main dike, four subordinate dikes
will then be built, each enclosing a sec-

tion of land to be grained, and in the
center will be left a lake, to be called

Lake Yssel, which will receive- the waters
of the Yssel River, and will communicate
with the sea by several locks.

The building of the main dike will as-

sist very much in the construction of the
subordinate ones, the height of which will

be much less than would be required if

they were exposed to the open sea. The
hike will serve as an intermediate reser-

voir in which the waters of the various
streams will be collected, and there will

be no necessity for pumping.
Thi accompanying sketch map shows

the general nature of the plan, the four
areas of land to be drained being shown
by the cross-lined sections.

The length of the main dike will be
ab.)ut I8i miles. A coffer-dam will be
built up to low-water mark, and behind
this will be raised a bank of sand, covered
and protected by a thick layer of clay,

which will be well rammed down, and in

its turn will be protected by riprap. The
dike will be built up to a height of lOJ
ft. above ordinary high tides : this will

make its height from the bottom from
30 to 33 ft. It will be on an average 300
ft. thick at the base.

Great care will be necessary in con-
structing the final portion, when unusu-
ally high tides or storms may force a
great mass of water from the sea into the
Zuyder Zee through a comparatively small
opening.
The building of the dike will take

about eight years. This time cannot be
much shortened, because of the great number of fascines
and the quantity of stone which will have to be provided.
Its estimated cost is about $17,000,000.

Even if the land drainage works should not be carried
out, it is believed that this dike will be a useful work, for
the following reasons :

1. The provinces behind the dike will be fully protected
from inundation by the Zuyder Zee.

2. The cost of maintaining the present shore dikes will

be greatly diminished.

3. The constant level of the water enclosed by the dike
will secure a free and even flow of the streams discharging
into it from the surrounding country.

4. The enclosed lake would be of fresh water, which could
be used for irrigating the polders, or meadows, in dryscas(>ns.

5. The dike itself would form a short and convenient
road between two important sections of the countr}-.

The dike, being provided with tide-locks of ample size,

will give full facilities for navigation, and the fisheries will

be the only interest which can be injured. It may be said,

however, that the advantages presented above would be
hardly sufficient to justify the expenditure, and the land
drainage part of the plan must be considered.

The area behind the dike will be about 900,000 acres, of
which 580,000 acres are to be drained. After making de-
ductions for roads, canals, etc., there will be left about

THE ZUYDEK ZEE.

540,000 acres of farming land. Careful examination and
estimate shows that of this 71 per cent, will be excellent land,

19 per cent, moderately good, and only 10 per cent. poor.
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The drainafje of the lanrl will be effected by bniklinj^ a

(like arniiiul each section, aiifl then pumping the vater into

Lake Yssel. As the work proceeds roads and canals will be
built and the •jround laid out into suitable lots.

The cost of the drainage is estimated at $03,000,000.

Adding to this !?17, 000,000 for the main dike, makes the

total cost SSO,000,000, or about ^148 per acre to be re-

claimed. Interest on capital during construction and other

charges will raise the cost to about |l(iO per acre.

Tlie first step will be the building of the main dike.

When that is completed the work of draining the four areas

to be reclaimed will bo begun and gradually carried out.

The entire work will require about ISO years for its comple-

tion. The drainage will proceed slowly in order to reduce

to a minimum the danger from malarial fevers, which might
arise from the exposure of too great a surface of new land.

After 10 years the sale of land might commence, probably

not more than 25,000 acres a year being put on the market
at tirst. Tliis quantity, it is believed, would be readily

taken up without affecting the value of the remaining area.

The total area of land will nearly double the extent of

arable land in Holland.}

and beam, be given a little more depth and 810 tons dis-

jilacement. The extra weight will be used to strengthen

the hull. Moreover, the engines will be lighter—about
3,G00 II. P.—and the speed will not exceed in} knots. The
engines of the ])resent ships will probably be used for a

larger class, having about 250 ft. length, 30 ft. beam and
1,100 tons displacement.

, RIVETED JOINTS.

I5y II. deB. Parsonb.

Although the strength of riveted joints has been dis-

cussed by many authors at considerable length, there still

appears to be much misunderstiinding in regard to them.
Most i)f the exi)eriments have been made on the thinner

plates, while the present tendency is to use thicker pUWes
of steel with drilled holes and power driven rivets. The
proportions, as deduced from the earlier exiieriments, in

consequence, do not hold true for these thicker plates, as

TORPEDO GUNBOAT " SPEEDWELL," FOR THE ENGLISH NAVY.

The new plan meets many objections made to that first

proposed. The extension of the woik over a number of

years is considered an advantage in many respects.

It may be mentioned that communication between Lake
Yssel arid Amsterdam will be established by a canal, which
is shown on the map.
The plan outlined above has been submitted to a commis-

sion, whose duty it is to decide whether the Government
will find it to its interest to undertake the work.

AN ENGLISH TORPEDO CRUISER.

The illustration given herewith is from Le Yacht, and

shows the English torpedo-chaser Speedwell, a vessel of a

type which is not as yet represented in our Navy. The con-

struction of a ship of this class was authorized by Congress,

but no contracts were ever let for its construction.

The Speedirdl is one of thirteen, and is 2;J0 ft. long, 28 ft.

beam and 748 tons displacement. Her engines were intend-

ed to work up to 4,550 H.P. and to give her a speed of 21

knots an hour. She can carry 100 tons of coal.

The armament consists of two 4.7-in. rai)id-fire guns, four

3-pdr. guns, a fixed torpedo-tube at the bow, and two tor-

pedo-tubes amidships.
These boats were built to take the place of an earlier class

the working of which was not satisfactory, since they i)roved

very poor sea boats, though showing a high speed in smooth
water. In their turn, however, the Speedicdl and her sister

boats have failed to come up to expectation, and some of

them in the naval manceuvers of last year showed an amount
of structural weakness which was not consistent with safety.

The hulls proved too light for tbe engines, and even for a

short time it was found unsafe to drive them over 17 knots

an hour. One or two of them, after short runs at high

speed, were found to leak to a dangerous extent.

A new lot of 11 of these torpedo-gunboats has recently

been begun, but they will, while having the same length

the rivets would be of such large diameters as to be diffi-

cult and dangerous to rivet even with the most modem
riveters. To-day the diameters of rivets suitable for the

thicker plates are generally determined by practice and the

size of the riveters in use rather than t)ie rules laid down by
theory.

Sir William Fairbairn deduced from experiments on Jin.
and |-in. plates that the proportion of strength of the whole
plate to that of the joint was in the ratio of 100 to 70 and
100 to 56 for dovible and single riveting respectively. Com-
paring many of the later experiments, these proportions ap-

pear too high and further from the truth as the plates in-

crease in thickness. Another error is caused by using a

shearing strength for the rivet as equal to the tensile

strength. One of our best-known boiler works uses this

strength for shearing, but proportions its joints so that the

shearing strength of the rivets shall exceed the strength of

the plate between the rivet holes in the proportion of about

18 to 8 for iron rivets, and of 28 to 28 for steel rivets. Iron

rivets are much more extensively used for boiler work at the

present time, and, from a large number of tests examined,

the shearing strength for them should not be taken to ex-

ceed 40,000 lbs. per shearing area in square inches for sin-

gle shear, and 35,500 lbs. for double shear. There is no
doubt that in certain cases the friction of the plates, caused

by the grip of the rivets, assists the shearing strength
;

but as this does not always occur, it cannot be relied upon
when proportioning so important a joint as that of a boiler.

Experiments on the strength of boiler plates between the

holes show an increase of strength per square inch over that

of the whole jilale, as might have been expected, since the

parts between the holes act like short specimens.

From experiments made by Professor A. 15. W. Keimedy
on steel plates,* this apparent increased strength amounts
to about 11 l)er cent, of the strength of the plate when the

holes are drilled. On account of the great difficulty in

• Traruactiont. Institntc of Mechanical Engineere, 1881.
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RIVETED JOINTS.

Lap ok Butt with Single Welt.—Steei Plates and Iron Ritbts.

ThickDess
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economizer is cnpable of raising, separately and indepen-

dently, 1,750,000 galls, of water in 16 hours from the well

underneath the engine-house, and forcing it through 6,000

ft. of rising main 18 in. diameter to the reservoir, the total

vertical height being 140 ft.

The reservoir is built on the highest point of the ridge,

immediately to the east of Hindu Rao's house. The top

water level in the reservoir is 80 ft. above the average level

of the city. The dimensions of the reservoir are 300 ft. in

length and loO ft. in breadth, and when full it will have a

depth of 10 ft. of water. The cubical capacity is over

2,500,000 galls., equal to IJ days' supply for the whole
p')pulation. The inside of the reservoir has been plastered

with a thin coat of Portland cement, in order the more
efifectivcly to scour and clean it out on occasions when thts

has to be done. The walls of the reservoir are constructed

of stone masonry, and the roof consists of concrete arches,

the whole being covered in with earth to keep the water

cool. The water can, at any time, when required, be

pumped direct into the city main through a by-pipe, with-

o\it passing through the reservoir.

From the reservoir to the city the water flows through a

main about 8,000 ft. long. This main has a diameter of 24

in. as far as the canal crossing. In order to permit of the

extension of the system to the suburbs of Delhi, three

branch ])ipes take off in this length, one for the Sabzimandi,

the second for the civil lines, and a third to supply the

suburbs of the Sadar Bazaar and Paharganj. From the

canal crossing to the Lahore Gate of the city the main is

reduced in size to 21 in. diameter. Within the city the total

aggregate length of piping is 111,500 It., rather more than
21 miles, varying in diameter from 18 in. to 3 in. This pip-,

ing supplies all the intramural )iopulation, exclusive of the

fort, the cantonment at Dariaganj, and the railroad station.

Hydrants have been erected along every line of main piping,

at intervals of 200 to 400 ft., according to the density of the

population. To facilitate the extension of the pipe .system,

and to permit of the eventual introduction of house-connec-
tions in every street and gidi, extra branch pipes have been
provided, where necesj^ary, on all the mains. The total esti-

mated cost of the works is about $500,000, of which
1440,000 have been expended up to date.

THE LATEST ENGLISH FREIGHT LOCOMO
TIVE.

The illustration given herewith, from the London En-
gineer, shows a new type of freight locomotive designed by
Mr. F. W. Webb, Locomotive Superintendent of the Lou-
don & Northwestern Railway, for working the heavy coal

tratiic on that road.

The boiler is of the pattern devised by Sir. Webb and
used by him in his latest compound engine, the Greater

Britain.* The tubes are divided into two lengths by a

<^

Fig. 2

combustion chamber ; the back group, extendinar from the
tire box to this combustion chamber, being 4 ft. 10 in. long,

and the front group, from the combustion chamber to the
smjke-box, being 8 ft. 1 in. long. This makes an unusually
long boiler. The barrel is 51 in. in diameter and 15 ft. 6

in. long ; the outside firebox is 6 ft. 10 in., mdking the
total length of boiler 22 ft. 4 in. There are 156 tubes 2i
in. in diameter, the lengths being given above. The grate
area is 20. 5 sq. ft. ; the lieating surface is : Fire-box, 114.7

;

combustion chamber, 39.1 ; back tubes, 408.5 ; front tubes,

683.0 ; total, 1.245.3 sq. ft. The boiler is built for 100 lbs.

• See tlie Railkoad and E^GINEERlNo Journal for January, 189J, page
18 ; and for April, ls9i, page li*.

working pressure. Fig. 2, which is from Mr. Webb's pat-

ent specifications, shows the general design of the boiler.

The cylinders are inside and are 19J in. in diameter and 24

in. stroke. The steam-chests are above the cylinders, and
the valves are worked by Joy's gear.

The wheels, which are all cou])led, are 53^ in. in diame-

ter. The leading and trailing wheels have \ in. side play

in the axle-boxes. The axles are at equal distances, 5 ft.

9 in,, making the total wheel-base 17 ft. 3 in. The springs

on the first three pairs of wheels are equalized ; the trailing

wheels have an ordinary cross spring. Each coupling rod

is complete in itself, and they are arranged so as to be in-

terchangeable.

The total weight of this engine in working order is 104,900

lbs., which is distributed as follows : Leading wheels,

26,100 lbs. ; main driving-wheels, 28,400 lbs. ; third pair,

26,100 lbs. ; trailing-wheels, 24,300 lbs. The weight of the

tender in working order is 50,000 lbs.

The crank-axle bearings are 9 in. long, and there is a

Cfntral frame carrying a 5i-in. bearing on the driving axle

which is intended to a.ssist in taking up the stress due to

the connecting rods. The crank-axle bearings have thus a

total length of 23i in.

This engine is of unusual size, the great majority of Eng-
lish freight engines having six coupled wheels. In fact, the

Engineer says :
" This is, we believe, the first eight-coupled

locomotive engine having a tubular boiler made in this

country.''

It may be added that the Webb boiler in the Greater

Britain has now been in regular use over a year with very

satisfactbry results.
.

THE MANUFACTURE OF RIFLES.

We give below an abstract of a paper read recently before

the English Institution of C'ivil Engineers by Mr. John

Rigby, Superintendent of the Entield Rifle Factory, describ-

ing the manufacture of the Lee-Metfotd magazine rifle of

0.303 in. caliber, the -weapon adopted for the Biitish Army :

The most important pait of a rifle-was the barrel, which
had always engaged the special attention of gun-makers.

Up to the'time of the Ciimean War, it was, for the bulk of

British troops, a comparatively rude tube of iron, lap-welded

under rolls and tapering externally, with a cylindrical bore

of about f in. diameter. The barrel of the present day was a

steel tube of accurate woikm.mship, only 0.3 in. bore, al-

most perfectly true and straight, rifled to jJ^^ in., and so

• closely inspected that the existence of the most minute crack

or seam in the bore, reipiiring a highly practised eye to

detect it, was sufficient to condemn it. The material used

was produced either by the Siemtns-JIarlin or the crucible

process of manufacture, and was supplied to Enfield as a solid

round bar Ij in. diameter jind 15i in. long After severe

testing, this bar was passed through a rolling-mill to draw
it to its full length ; it was then taken to the forge, the

swell at the breech-cnd was stamped to the rccjuired shape

by a steam-hammer, and afterward straightened cold. The
next step was to submit the bar, without annealing, to the

turning and drilling-machines. The latter were horizontal,

the drills operating from each end. In the process of drill-

ing, the barrel revolved at neaily 1,000 revolutions a minute

against half-round bits held flat down, a capillary tube, of

brass, supplying a soap-and-oi! emulsion, at a pressure of

80 lbs. to the square inch, to wash out the swarth and cool

the cutting-edge. The drills advancing from each end

continued boring until a small disl^ about 0.01 in. diameter

broke out, and the two holes met. The tendency of the-

drills to follow the line of axis of a revolving bar was one

of those cuiious occurrences in piactical mechanics which

might be accounted for after observation, but which no one

would predict. Occasionally, through some defect in the

steel, a drill wandered from "the axial line ;
in this case the

barrel was taken from the machine and reset sufiiciently to

biing the hole true again. To test its truth, a ray of light

was made to illuminate the flat bottom of the hole while

the barrel slowly revolved. It was very rarely that a barrel

was rendered waste from bad drilling. Rough boring fol-

lowed with a three-edgtd bit, the blade being about 4 in.

long. 3 he rough external turning was efiected in self-act-
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of the recess in which it lay, would be quite immaterial.

The operations of gauging, proving the barrel, and sight-

ing, were successively described, as also the manufacture of

tlie stock, which was of the wood linown as Italian walnut,

though largely grown in otlier countries. Among tlie

smaller components, the screws were mentioned as being

rapidly produced by the .lutomatic screw-making machines

of tlie Pratt & Whitney Company.
The Component Store received tlie various finished parts,

which numbered 1,591, or, including accessories, 1,86;?,

and issued them to the foreman of tlie assembling-shop.

Theoretically, the assemblers should have nothing to do but

to fit and screw them together, but in practice small adjust-

ments were found necessary. The amount of correction

was generally exceedingly small, and was done wherever

possible with the aid of emery wheels. The completed

arms were submitted to inspection, and then issued in cases

of 30 each to the Weedon Government Store or elsewhere.

THE FIRST TRIPLE-EXPANSION MARINE
ENGINE.

The London Engineer says :
" Who invented the modern

triple-expansion marine engine ? We cannot answer the

question with certainty ; but until evidence of earlier inven-

but supposed to be about a year later, into the form shown

in the drawing.
The design was a very peculiar one. The engine consist-

ed of three separate cars or carriages coupled closely to-

gether. The first carried the cylinders and machinery, and

was supported by six wheels. The center pair were the

drivers, 10 ft. in diameter ; the leading and trailing pair

were 54 in. in diameter. The driving-axle passed above

the bed or floor of the carriage, and the cylinders were

coupled by connecting rods to the cranks in the axle. The
two cylinders were IG in. in diameter and 20 in. stroke, and

were placed on the rear end of the carriage. It would seem

tliat this carriage must have been loaded in some way, as

the weight of the car itself and the machinery would hardly

have given adhesion enougli to the drivers, especially as

they could not liave carried much over one-third of the

weight of the car. Of what load was used or how the

necessary adhesion was secured we have no account.

The second carriage in the series consisted of a simple

frame supported on six f)4-in. wheels and carrying the

boiler, wliich was about 48 in. in diameter. The outside

fire-box was 60 in. long. The steam-pipes passed through

the smoke-box and then to the cylinders on the forward

car, the connection apparently being made by a sliding

joint, and the exhaust pipe was returned to the smoke-box

in the same way. The road was 7 ft. gauge, so that there

THE FIKST TRIPLE-EXPANSION MARINE ENGINE.

lion is produced, we think that Messrs Russell, Spence &
.Company, of Glasgow, may claim the honor. The engine
which we illustrate herewith is to all intents and purposes

the same as the modern marine engine, and it was designed
before the Propontis and Aberdeen were heard of."

We reproduce the illustration here. The Engineer does
not give the date of the design, nor does it say when the

engine was built. If it was really the first triple-expansion,

it is of interest from that fact alone, and also as showing
that in later designs there has not been very much variation

from the original type, as the Engineer intimates.

THE LOCOMOTIVE WITH THE LARGEST
DRIVING-WHEELS.

The drawing given herewith, which is from a blue print

forwarded to us by Mr. Clement E. Stretton, of Leicester,

England, shows a locomotive which, it is believed, had the

largest driving-wheels ever used on a railroad.

This locomotive, named the Hurricane, was built by Haw-
thorne & Company, in Manchester, England, for the Cireat

Western Railway, from designs made by Mr. T. E. Harri-

son, an engineer then in the service of the road. It was
built in 1838, and was altered at a date not precisely known.

was no difBculty in securing as wide a fire-box as might be

desired. The heating surface was 624 sq. ft.

The third car was the tender. It was on four 54-in.

wheels and carried the tank and coal-box.

In Wood's Treatise on Bailroads, published in 1638,

the Bvrricayie—then described as being under construction

in Hawthorne & Company's shops—is referred to, and a

somewhat imperfect drawing is given. From this it ap-

pears that as originally built this engine had drivers 5 ft. in

diameter. The cylinders were coupled to an independent

crank-shaft carrying a large pinion which geared into an-

other on the driv'ing-axle. The gearing was so proportioned

that the driving-axle made two revolutions to one of the

crank-shaft. The object was to attain a high speed with-

out using too great a piston speed. The object of placing

the cylinders and drivers on a separate carriage was to give

more room and have the machinery open to inspection.

Great things were expected of this engine, which was to

run express trains at the rate of 40 miles an hour. It is evi-

dent that the gearing did not work well, for in a short time

it was taken out and the Uurricatie was changed to the form

shown in the drawing, with 10-ft. diiving-wheels.

Of her performance in the later form we have no record,

but it does not appear that any more of the same type were

built ; so the natural conclusion is that the results obtained
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were not fiivoruUIe. Insufticieut adhesion, too miicli com-
plication and difficulty in keeping the stcani-jjipL's tiLTlitwill

all sugjjcst themselves as reasons for droppinj; this type of

engine, which was only one of the many experiments in loco-

motive design tried on the Great Western Railway under
Mr. Brunei.

•

AERIAL NAVIGATION AT THE COLUMBIAN
EXPOSITION.

The Committee on Aerial Navigation of the World's Con-

gress Auxiliary has issued a circular in relation to the meet-

ing to be held as a division of tlie Department of Engineer-

ing during the continuance of the Exposition at Chicago.

The Committee is composed of Mr. O. (/Iianute, Chairman
;

Professor A. F. Zahm, Secretary ; Messrs. Elisha Gray,

LL.D., H. S. Carhart, S. W. Stratton, Ira O. Baker, John
Gucrin, B. E. Sunny, E. L. Cortliell, R. W. Hunt, D. ,T.

Whittemore, J. W. Cloud, B. J. Arnold and W. N. Rumely.

The circular is given in full below :

In connection with the various Congresses which will be
held next year, under the auspices of the World s Congress
Auxiliary, it is proposed to holil iu Chicago, in 1803, an
International Conference on .Verial Navigation, somewhat
similar to that which took place in Paris during the French
Exposition of 1889 ; the subject being one which, while it

lias hitherto been left chiefly in the hands of the more in:-

aginative inventors ([tLTliaps in consecpience of the pro-
digious mechanical difliculties which it involves), has of
later years attracted the attention of some scientific men
and engineers.

Ohjertn.—The principal objects of the conference will l)e

to bring about the discussion of some of the scientific prob-
lems involved ; to collate the results of the latest researches ;

to procure an interchange of ideas, and to promote concert
of action among the students of this inchoate subject.

It is proposed to invite the attendance of delegates from
the various aeronautical societies of the world, and gener-
ally of persons who are interested in the scientific discussion
of the subject.

Time and Place.—The Auxiliary Management has assigned
the afternoons of three days for this conference, being
Tuesday, Wednesday and Thursday, August 1, 3 and 3, 1893.
The opening session will take place at 2.30 p.m., on Tues-
day, August 1, in one of the halls of the World's Congre.ss
Art Palace, now being built on the Lake Front Park, at the
foot of Adams Street, in Chicago. The sessions upon the
two subsequent days will also take place in the afternoon,
and may either, like the first, be joint sessions, or the
members in attendance may divide into two sections (A and
B) as may be decided hereafter.

Topicn SeUrteiJ.—The topics selected for papers and dis-
cussions are as follows :

I.—SCIENTIFIC PRINCII'I.ES.—.lOINT SESSION.

1. Resistance and supporting power of air, including re-

sults of recent experiments ; formulas for the resistance of
balloons or flying machines, etc.

3. Bi'St forms of aerial propellers, including results of
experiments with screws, wings, or other forms ; their
efficiency ami the power re<piired.

3. Motois for aeronautical purjioses, whether steam, gas-
eous, electric, explosive, etc.; their effectiveness, safety and
weight per horse power.

4. Materials for aeronautical construction, whether for
balloons or flying machines ; including the strength and
weight of fabrics, metals, woods, etc.

5. Best structural forms for aenmautical constructions, so
as to combine strength and liirhtness ; to (jller the least re-
sistance to progression, and to alight safely.

6. Behavior of air currents, including observations at
various altitudes ; the prevalence, the direction, the trend
and the force of winds, etc. •

II.—.WI.VTION.—SECTION A.

1. Observations and experiments on the flight of bird.s,

including their methods of rising, gliding, alighting, etc.;
measurements of power exerted and of velocities.

3. Theories regarding the soaring and sailing of birds.

It is now generally admitted that birds utilize the wind in

soaring, but no satisfactory explanation of the performance
has been given.

3. Various types of proposed flying machines, their ad-
vantages and defects, the power iei|uired, their safety

;

dilTerences between n.itural and artificial wings, etc.

4. Ei|uilibrium of flying machitu's, including the best
means of securing safety with wings, screws, aeroplanes,
etc., in rising, sailing and alighting.

."). Novel experiments in aviation and their results, either

with power machines, dirigible jiarachutes, gliding or soar-

ing devices, moilels, etc., etc.

(i. Experiments with kites ; results of different forms as

to stability, sustaining power, height attained, behavior,

etc. A history of kites.

III.— BALLOONING.—SECTION B.

1. Construction of balloons, choice of fabrics, laying out,

cutting and sewing, varnishes, nets, cars, valves, anchors,
guide ropes, parachutes, etc.

2. Inflation of balloons ; hydrogen, coal gas, natural gas,

hot air, etc.; their generation, cost, aud management during
inflation.

J. Navigable and war balloons, past ex])eriments and re-

sults ; the present status ; the resistance, j rjpellers, motors,
speeds, etc., etc.

4. Mano'uvring of balloons, ascending and descending,
with least expmditure of ballast or gas ; utilizing wind
currents, determining altitudes, etc.

.5. Observations in balloons, meteorological, photographic,
topographical, military, naval, plauimetric, etc., various

instruments recpiired.

(i. Proposed improvements in balloons, as to forms of

minimum resistance, increased strength and stiffness ; with
calculations of power reipiired and lifted.

The Organii^ing Committee may arrange upon application

for the introduction and discussion of topics not enumer-
ated in the above list.

Proceedings.— It is intended to introduce each of these

topics by the reading of one or more papers thereon, to

serve as a basis for discussion, and to draw out further in-

formation. These introductory papers will be oljtaincd

both by solicitation of the Organizing Committee and by
voluntary contribution. They need not be long nor very
exhaustive, but decided preference will be given to those
stating the results of actual experiments, as facts and posi-

tive, knowledge are deemed more instructive .than thi'ories

(M' projects. It is expected that some of these papers will

be printed and distributed in advance, in which case it

will be preferred to receive discussions thereon in writing.

No paper will be read unless it has previously bi'cn ap-

])roved by the Committee of Organization. The manage-
ment of the World's Congress Auxiliary will ai)point the
ollieers to preside over the various sessions, and these
othiers will arrange the order of the proceedings, call up in

their turn the various papers, and the speakers whom the
Organizing Committee may have selected to discuss thein.'

Papers previously piinted will generally be presented by
abstract, so that discussion may follow without loss of time.

Persons desiring to join in the discussions will be expected
to give previous notice, and the remarks of speakers will

generally be confined to fifteen niiiiut(!s, and to not more
than two speeches upon the same subject. It is preferred

that speakers shall sub,se<piently furnish a resume of their

remarks in writing, failing which the stenographer's notes

will be edited by the committee.
Stenographers will be in attendance, and interpreters will

be provided when previous notice has been given of remarks
to be made in other than the English language.

It is expected that a separate room will be provided, in

which to exhibit, on approval of the committee, small

models or interesting ex|)eriinents during the intermissions

between the meetings. Should ciicunistances warrant, one
or two additional sessions may be held.

Curds of Admission.—Personal cards of admission to the
Conference will be issued in advance by the Secretary of

the Organizing Committee upon application to him, ap-
proval by the committee, and the payment of a contribution

of $3 to the publication fund. These cards will entitle the
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holder to attend the Conference and to receive all of its

subsequent publications.

Puhlii atioria.—Tlie Committee of Organization will decide

how much of the papers and ))roceeding3 shall be printed,

and will cause the same to be edited. Such of the papers
as may be printed in advance will be mailed to the holders
of cards of admission who may request it, and designate the

particular topic or topics which they desire to discuss.

Written discussions thereon should be forwarded to tlie

Secretary in advance of the Conference, and after its close

all such papers and discussions as may be printed shall be
mailed to the members thereof.

Ovganization.—The President of the World's Congress
Auxiliary has ajjpointed a local committee to organize the

affairs of the proposed Conference. It is to be assisted by
an Advisory Council consisting of the leading scientitic

authorities on the subject throughout the world. Persons
desiring to secure cards of admission or to contribute to

the papers or discussions are requested to advise the Secre-

tary at an early day, stating in the latter case what is the
class of researches or experiments which they have made,
and on what topics they desire to receive advance papers.

All communications should be addressed to Professor

A. F. Zalim, Secretary, Notre Dame, Indiana.

PROGRESS IN FLYING MACHINES.

By O. Cii.\nute, C.E.

(Conlinvtdfrom page 41.)

Bdt these wonderful performances of the " sailing birds"
are chiefly witnessed in tropical or semi-tropical regions

—

those in which the steady trade winds or the regularly in-

coming sea breezes afford daily to the birds the power of

performing their evolutions in search of food. In the more
temperate regions the wind does not blow every day with
just the right intensity, the casual soaring bird is fre-

quently compelled to resort to flapping, and the would-be
inventor has his thoughts directed to some form of a power
machine : generally some combination of aeroplanes with
propelling screws, which differs a good deal from the sim-
ple, compact, and severe outlines indicated by nature.

The form of the soaring bird is reducible to three ele-

ments. First, ,a comparatively large body, shapely, but
unsymmetrical fore and aft, presumably the solid of least

resistance to the air ; second, a symmetrical pair of wings,
convex on top, and more or less concave beneath, with a
sinuous and stiff front edge ; and, third, a tail, which varies

greatly in its jjroportion among the various species. For
these features, most of the inventors have substituted a
small, boat-like body, a combination of fl.it planes, and flat

rudders, both horizontal and vertical, which last is not
found to exist in the bird.

A good case in point is found in the instance of Jlr.

Krueger, who ))atented in the United Slates, in 1882, a flying-

machine consisting in three flat horizontal planes set one
behind the other, the front one being triangular in pltin,

while the rear one might be shaped like the tail of the
swallow. These were to be adjustable, so as to guide the
machine up or down. Beneath them was to hang a ship or
vessel, and above them were to be set still other planes,
sloping like the two sides of a roof, in order to act as a
parachute. Four propelling screws were to be arranged
between the three sustaining planes, while four adjustable
keel cloths, vertically affixed both above and below the
sustaining planes, were to steady the course and to furnish
the steering power.
No particular motive power was proposed, and no method

indicated for maintaining the stability, so that it is quite
safe to say that no experiments were ever tried with this

apparatus upon any practical scale. It has been here men-
tioned to illustrate how misguided ingenuity sometimes
runs to complications, while leaving untouched the really
essential requirements.
The next invi^ntor to be noticed, M. Goupil, a distin-

guished French engineer, began otherwise : by taking
thought of the motive power and of the equilibrium. After

having tried a few preliminary experiments, he designed in

detail a light steam-engine and boiler, the weight of which
he estimated at G38 lbs. for a machine of 15 H. P. gross, or
42.5 lbs. per H. P. He also designed a condenser of like

capacity, estimated to weigh some 220 lbs. (15 lbs. per
H. P.), so that the water could be used over and over
again ; and he then figured that the rest of the flying ap-
paratus, without cargo, might weigh 243 lbs., thus making
a total of 1,100 lbs., so that if the steam-engine worked up
to two-thirds of its theoretical efficiency and developed 10
effective H. P., the total apparatus would have been in the
proportion of 110 lbs. per H. P., but might be reduced to

about 44 lbs. per H. P. through the use of aluminium instead

of other rnctals.

These estimates of weights of motor and condenser have
been since then more than confirmed by the iichievements

of M. Miirhit and other inventors, but before seeking to
realize them M. Goupil determined to investigate the all-

important question of equilibrium.

Both observation and mathematical considerations had
satisfied him that much of the longitudinal stability of the

bird in the air was due to the raking shape, fore and aft,

of the under part of its body, which, presenting to the air

an increasing and more effective angle of resistance when

Fig. 62.—GOIJPIL-1S8.3.

pitching oscillations occur, tended to restore the balance,

and to prevent the animal from taking either a " header"
or a "cropper." This he determined to test experimen-
tally, and he accordingly built, in 1883, an apparatus sin>

ilar to that represented by fig. 62 ; omitting, however, the

screw, the lower framework, and the stays to the wings.

The alar spread was 19.68ft., from tip to tip of wings,

the length was 26.24 ft. from the head tip to the end of

the tail, and the mid section was 2G.£0 s:^. ft. in area, while

the sustaining surface was no less than 290 sq. ft., the

weight being 110 lbs.

It will be noticed that this was a marked departure from
the ordinary aero])lane types, there being an ample body to

contain machinery, and the wings being decidedly concavo-
convex, while other inventors have geueially endeavored to

diminish the body as much as possible, and to gain support

from various combinations of phine surfaces.

M. Ooii]iir)i object was to make a seiies of prelimin.".ry

experiments with this apparatus, in order to ascertain its

stability, the effect of the wind upon such a system, and
the resistance to be expected, as well as the sustaining

power. He accordingly applied neither motor nor screw,

but exposed it to the natural wind when blowing from 18

to 20 ft. per second, say, about 13 miles per hour, at which
velocity the resulting air pressure is geneially assumed to

be 0.85 lbs. per square foot. These experiments took place

iu December, 1883, at which seasini the winds were quite

variable, and the apparatus was anchored by various ropes

so as to prevent it from rising mote than 2 ft. from the

ground.
Exposed head on to a wind of 18 to 20 ft. per second,

the body being inclined at an angle of 1 in 10 and the

wings at 1 in G (about 10°), this apparatus lifted up clear

of the ground the weight of two men besides its own, mak-
ing a total of 440 lbs. 1 The thrust or end resistance did not
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exceed 17.6 lbs. M. Goiqnl tested tliis several times, and
expresses himself as surprised at the low resistance to pene-
tration against the wind evidenced by this apparatus, which
was mounted upon two small wheels.

When the wind increased to more than 20 ft. per second
he could no longer control the machine. There being no
stays or guys to the wings, such as are shown in tig. 02, the
apparatus was twisted out of shape, and the wind took
greater effect upon the deformed side. Then a wind gust
occurred ; the ctrorls of live men were required to control

the apparatus, and one of the wing."! (constructed with white
pine) was broken.

The inclement season and other considerations of a per-

sonal nature prevented M. Goiqiil from pursuing these ex-

periments further at that time. He had gathered valuable
preliminary data, and had caught a glimpse of a very im-
portiint fact concerning the clfect of concavo-convex sur-

faces, but his own affairs had a more immediate claim upon
his personal attention.

He therefore desisted for a while and allowed the subject

to remain in abeyance until he could take it up again, but
he published, in 1884, a very remarkable book, "La Loco-
motion Aerienne," in which he advanced a number of im-
portant and new theoretical considerations concerning the
solution of the problem of aerial navigation, gave data con-
cerning the steam-engine, the condenser, and the various
sizes of bird-like aeroplanes which he had designed, and
generally evinced such a grasp and comprehension of the
question that it seems a marvel that the book is not moie
frequently referred to by the French writers on aviation.

This experiment of JI. Goiqiil opens up quite a new field

of inquiry concerning the effects of concave, bird-like sur-

faces, when exposed to an air current. Calculated by the
data which have been gathered by experiments upon plane
surfaces, the " drift" and total resistance does not seem to

vary greatly from what might be expected, but there is an
enormous, an almost incrcdil)le increase of the lifting power.
Thus there was said to be a total end thrust of IT.O lbs.

in the apparatus wlien exposed to a wind of about K! miles
per hour, at which the air pressure would be presumably
some 0.8o lbs. per square foot. The angle of incidence of

the wings was practically 10°, and we may, without serious

error, assume the resistance of the body to have been one-
tenth of that due to its mid-section, while that of the edges
of the wings (presumably 0.20 ft. in average thickness)

would be about one-third of their plane cross-section. As
the sustaining surface was 2it0 sq. ft., we then have, using
the table of •' lift" and " drift" heretofore given, the fol-

lowing estimate :

RESISTANCE OF THE GOUPIL AEROPLANE.

Urift 10° 290 X 0.85 X 0.0585 =; 14.42 lbs.

Body 26.9X0.85^10 = 3.28 "
Edge of wings.. 19.7 X 0.3X0.85-^3= 1.11 "

Total 17.81

which agrees closely with the amount said to have been
ascertained by experiment ; but whin we come to calculate
the lifting force we have :

Lift 10° - 290 X 0.85 X 0.332 = 82 lbs.,

while the apparatus is said to have actually lifted 440 lbs.,

or more than live times as much !

Of course various allowances must be made in considering
the results of an experiment carried on in a variable wind,
and where so little motion of the apparatus (2 ft.) could be
allowed. The thrust may have been measured while the
breeze was steady, and the uplift to have occurred during
a wind gust, detlected possibly by surrounding objects so as
to produce a greater angle th;in 10° with the wings ; still,

in any case, the res\ilt of this experiment and also of other
experiments by JI. Phi/Ups. which are to be des<ribed here-
after, leads to the inference that much greater supporting
power is to be obtained from concavo-crnvex surfaces than
from the flat j)lane3 which hitherto have been chiefly pro-
posed for aeroplanes.

This increase in supporting power might indeed have been
expected fiom the theoretical consideration : that the eon-
cave lower surface would produce a higher co-eftieient of

pressure, while the convex upper surface would deflect the
current of air impinging at an acute angle thereon, and thus
produce a partial rarefaction

; and also from the much
stronger practical consideration that this ('.« the way the ii-ingn

of birds are shaped ; and yet very few experiments and pro-
posals seem to have been made with bird-like aeroplanes.

This neglect may possibly be due to the fact that the pro-
portions, the shajie, the concavity and the convexity of

natural wings ditfer from each other among the various
spe<ics, so that the moment that we discard the flat plane, a

multitude of cond)inations ])resent themselves, which may
require long and careful experimenting before the best shape
for an artificial machine is ascertained.

It is imderstood, however, that M. Gimpil has planned a
whole systematic scries of such experiments to elucidate
this important matter, and that he hopes soon to be in

position to carry them on.

In March, 1SS4, the Aeronaute iiublishcd a paper by >l.

De Sandertal, giving an account of some very interesting

experiments, which he had tried with a pair of artificial

wings no less than 39 ft. across and 13 ft. wide in the
middle. These wings formed an aeioi)lane, or riyid plane

of canvas, stretched upon wooilen arms, which latter, liowr

ever, possessed a certain flexibility.

In a first set of experiments, this aeroplane, loaded with
ballast to the amount of 170 lbs., was allowed to glide in

calm air along a cable 1,300 ft. long, which both supported
and guided it, and which was inclined at a slight angle. It

was also allowed to drop in still air from a height of 131

ft., and then still further experiments were tried with men
riding on the machine w hen the wind was blowing.

For this purpose the aeroplane and its operator were sus-

pended by a long rope from the middle of a cable, stretched

in some cases between two hills and over a ravine, and in

other cases between two high masts erected near the sea-

shore.

M. De Sanderval states that he was attached some 5 ft.

above the aeroplane and a little in front of its center of

figure, so that by pulling upon four oblique cords he was
enabled to shift his weight either forward or back, and to

the right or left at pleasure.

When the wind blew and the apparatus was restrained

by a head-rope, the eff'ect was much the same as when glid-

ing free in calm air, with, however, the unfavorable differ-

ence that when near the ground it was less steady by reason

of whiiling currents.

In a light wind the apparatus would rise until the sus-

pending rope became horizontal, thus relieving it of its

weight-carrying function, and the aeroplane would then
oscillate at the pleasure of the operator.

When the wind increased to 18 miles per hour the appa-
ratus would sustain the operator and two assistants.

Subseipiently, M. De Handefual gave an account cf his

experiments to the French Academy of Sciences, and this

was reprinted in the Ahonante for November, 1880, with
the somewhat uncalled-for comment that " it is a ])ity that

the author should not have stated the time, the place, nor

the witnesses, as such extraordinary facts need verifying."

The following are the facts as stated :

My first apparatus consisted in two wings, each 19.68 ft.

long, thus giving an aggiegate spread of 39.36 ft., by a maxi-
mum width of 13 ft. These wings were of canvas, stretched
upon bamboos and upon wooden arms. The canvas was
divided into a series of parallel sheets or flaps, each 4} in.

wiile. and perpendicular to the dorsal line. They were suit-

ably fastened, and a net was stretched above them, so that .

they might flap and ojien upon thi^ uiistroke. like the feathers

of birds, whicli oscillate ujiun the quill which divides them
into two unequal portions.

Standing iipright upon a light board, and connected by
straps to a central spini>, I was enabled by thrusts of the legs

to develop their maximum effort ; but with this apparatus,
which worked qidte w<ll. I was enabled to settle but one fact,

and that is. that man cannot develop sufliciiut energy to sus-

tain himself in calm air. I therefore gave up the thought of
beating wings.

I then rebuilt the apparatus, transforming the w-ings info a
rigid plane, anil replacing the flapping strips by an unbroken
canvas.

This apparatus, weighing 99 lbs., and loaded with 176 lbs.

of ballast, was caused to glide under a cable 1.3(10 ft. long,

stretched betvtcen two blull's. There was no deflection in the
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cable wlien the aeroplane glided across at speed, but (lie de-

flection was about 2(i ft. vvheu the apparatus was stopped in

the middle.
If then released (by tripping a hooii) it would at first drop

almost vertically ; then after the first second it would glide

forward at increasing speed, while the rate of vertical fall

diminished ; but upon the slightest disturbance in the equilib-

rium, consequent upon any divergence between the center of

gravity and the center of pressure, the inert ballast would
aggravate the oscillation, and the apparatus would I'lunge
down to smash. It seemed evident to me that if intelligence

were applied to regulate the position of the center of gravity,

steady progression would result.

I then suspended the apparatus by a long rope attached in

the middle of the cable, and substituted my own person for

the ballast. I found that with an intelligent live control the

apparatus would oscillate in the wind according to my pleas-

ure, as I have already indicated in a previous commimication.
The supporting surface of 301 sq. ft. sufficed to sustain a

man at a comparatively slow rate of fall, and by a wind of 23
miles per hour it lifted me up with two assistants, and sus-

tained us in the air during the entire period that we kept the

holdiug-back line taut, by maintaining a proper angle of

incidence.

The last and more interesting experiment which I attempted
was based upjn these previous results, and also upon the fact

that soaring birds can rise into the air on a helical patli, or
else maintain themselves a long wliile at the same altitude

without beating their wings, provided always that they pos.sess

suflicient horizontal speed as regards the air. I theiefore ex-
perimented willi an apparatus somewhat similar to the pre-

ceding, but round in shape, suspended by a vertical rope 650
ft. long,* and caused it to swing around in a circle, so that
the suspending rope described in its path the outer periphery
of a cone. In this experiment I conld feel a notable reaction
against my weight, but it required a much longer suspending
rope to allow so large an apparatus to swing in a circle of
sutlicieut diameter to permit its gaining the necessary speed,
and to manoeuvre freelv. I believe, however, from the feeling
that I had really taken possession of space within the limits

of my somewhat irregular speed, produced upon my mind by
the experiment, and also, from my observations of soaring
birds advancing against the wind on rigid wings, that man
can succeed in reproducing sailing flight.

If one had an unlimited height to fall in, affording plenty
of time to think and to act, he would probably succeed in
guiding himself at will. In calm air man does not possess
sufficient energy to sustain himself, but either in a sufficient

wind, or with a proper horizontal speed of his own, he finds

himself under different circumstances, and derives from the air

quite enough supporting power. It is through the operation
of this dynamic equililirii.m tliat he will eventually succeed
in compassing practical flight.

I caused to be constructed, from manuscript notes furnished
by M. Bint, a very ingenious apparatus intended to comply
with the above condili.ins, and I experimented with it. This
apparatus consisted in two great wings supported on a light

carriage, which gained its initial speed by rolling down a long
incline covered with an asplialt floor. It rose into the air

pretty well, but always with the disadvantage that the experi-
ment could not be sufficiently prolonged to furnish decisive
results ; each time upon coming down the apparatus was
injured.

It appears to me that a long, veitical rope, such as that pre-
viously described, swinging around so as to desciilje a cone of
extended base, must afford greater chances for careful expeii-
ment and for eventual success.

The writer has been unable to find any further records of
experiments by M. De Siinderviil. He seems to have been
battled by the lack of means to maintain equilibrium, but
even had he possessed the a|)pliances and the skill to bring
the center of gravity to coincide with the center of pressure,

as often and as fast as the angle of incidence changed, it

may be questioned whether he could have acquired, with-
out a very long apprenticeship, that instinctive use of them
which constitutes the science of the birds.

It is infeired from tlie description that M. De Sandenal
expel imented with plane surfaces, altliough it is possible
that under the action of the wind they may have assumed
those concavo-convex shapes which we have seen to obtain
with the birds and to be more efTective than flat planes.

In any case, he is to be commended for having made an

Stated at 200 metera : may be a mippiint.1

earnest if unsuccessful effort to learn how to soar in a wind
like a bird, the possibility of which performance for man
will be further discussed hereafter.

In 1884 M. Armour, the author of several papers which
will be found in the reports of the Aeronautical Society of

Great Britain, patented a flying machine, in which he pro-

posed the use of aeroplanes or wings, oscillating upon
springs transversely to the line of motion, these wings being

set behind each other as well as superposed. It is not

known whether any expeiiments were tried with this curi-

ous device, which .seems to be a combination of fixed wings

(or aeroplanes) with oscillating wings, but it seems doubt-

ful that it can i)rove eflacient.

There was a second aeronautical exhibition in 1885, under
the patronage of the Aeronautical Society of Great Britain,

but the total number of exhibits was only 16 as against 78
in 18G8.

Among these exhibits the model wliicli attracted most
attention was that of M. C. Ring, of Denmark, which con-

sisted of an aeroplane with a pair of arched wings, some-
what similar in the front-edge view to the arched wings of

the gull and of the albatross. In jdan, however, these

wings were rectangular instead of the approximately tri-

angular shape which obtains with the birds. These aero-

planes were to act as sustaining surfaces, the angle at which
they met the wind being determined by the position of a

large flat tail, and the propulsion being furnished by four

wing-propellers oscillating beneath the aeroplane, and
driven in the model by twisted rubber.

The apparatus was supported by a string fastened verti-

cally above its center of gravity to the crosspiece of a light

framework. It propelled itself slowly, but was incapable

of free flight, probably in consequence of defective equilib-

rium.

M. Ring also exhibited a model of a gun-cotton engine in

which small charges were to be exploded between two pis-

tons, moving in opposite directions in a long cylinder ; but

the model was not a working one, and no attempt was made
to construct a full-sized engine.

Reference has alreadv been made to a " trunk steam-

engine," shown by M. S. Hollands at this exhibition. He
gave a description of this and of two other types of light

steam-engines with which he had experimented, at subse-

quent meetings of the Aeronautical Society of Great Britain.

The first was a " direct-acting'" engine, rotating at high

speed ttoin vertical screw fans (right and left) in opposite

directions, and a model of this machine, developing y'^ H. P.,

was said to have weighed 6 .oz. for the engine and boiler,

or at tlie rate of only 6 lbs. per horse-power. It was first

intended to generate the steam by burning liquid fuel, but

M. Hollands subsequently concluded that hydrogen gas,

carried highly compressed in a suitable reservoir, and burned

with an admixture of twice its volume of air, would prove

preferable for lightness and heating efficiency. He esti-

mated thai the weight of this tjpe of motor, including not

only the engine and boiler, but also the water therein, the

fuel-gas reservoir and the driver's stand, would be 11.5 lbs.

per indicated horse-power.

The other engine was " geared" so as to rotate two light

and left fans on concentric vertical shafts, one inside of the

other, through the intervention of toothed mitre gear. Tlie

function of these two vertically superposed fans was to lift

only ; a smaller horizontal fan being carried on a prolonga-

tion of the crank-shaft, and its thrust aided by the reaction

of the exhaust steam ejected through a suitable nozzle.

The weiglit of this engine per horse-power is not stated.

Both these arrangements, it will be observed, involved

discharging tlie exiiaust steam into the air, and thus wast-

ing some 20 to 22 lbs. of water per horse-power per hour,

M. Holltrnds not seeing his way to adding an aerial C(m-

denser (to recover the steam) in any form, within any ad-

missible limits of weight. He stated tliat the power neces-

sary was one indicated horse-power for every 30 lbs. of the

wliole weight, so that without a condenser the flight of

such an apparatus as he proposed would have been limited

by the very smidl quantity of water which it could lift.

>I. Hollands, however, made some experiments on the best

form of lifting screw-blades, and stated that ho had found

it advantageous to make tlie fan blade concave on the driv-

ing or lifting side, and that the angle of maximum efliciency
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was 15° witli the plaue of motion at the tip, and 30° at

the root. The form which he foiiml most efli(^ient was two-

bladed ; with the blades narrowest at the tips, slightly

concave on the liftinj,' side, the tip sliyhtly drooping,', each

blade beinij approximately the shape of an eloni;atcd sliallow

spoon or scoop, and with a pilch ecpial to abo\it two-thirds

of the fan's diameter, "^ivinj^ a mean angle of blade of 'i'i''

30' with the plane ol motion. 'Plicse blades were of thin

sheet steel, and their forms will be noted as cimfirming

what has already been stated as to the advantaLCes of the

bird-like form of wing. M. IloUaiuh said further :

I find another advanlau'e accrues alsn from the use of these

very thin, sliar|) edged hollow blades -viz , that there is no

nppi-eciitlilc reshtanre to rotiilimi that does mil CDiitrihntf to l'ftiii(]

efficl. A marked contrast lo this de^iral)l(! quality is presented

in the results iiiveii \\y flixilih' lilided fans, eonstrucleil to vnrii

thtir pitch antomntically, being normally of roorHi- pilch (when
slilll, but decreasing llieir |)itcli when rotated, and further

decreasing it with increase of speed. Some expiriments 1

made with fans of this description showed an unmistakable

loss of power, as compared with the other type above de-

scribe 1, due apparently to the energy absorbed in deHecling

the elastic blailes ; which detieclio'n, with a giiien speed,

causes a con.stant strain and resi-stancc, with no compensating
useful effect.

In 1888 W. Beeson patented, in the United States, the

singular soaring device sliowji in fig. 03. He had already

patented, in 1881, a. soaring apparatus consisting of two or

Fio 05.-BEESON-1888.

more sets of adjustable superposed s.iils stretched on in-

verted A frames, which he expected to raise into the air

like a kite, and then sail upon the wind, but he apparently
abandoned this device in favor of the simpler foim shown
in fig. 03,

This consisted in a mainsail A and a tail or back-sail li,

both of which were supported on a plate or board C, rang-
ing fore and aft. This plate was convexed at its upper
edge so that the sail A might extend over, forward and
downward to a cross-bar forming the front edge, and thus
enclose a head pocket to catch the wind. A forked pen-
dulum-bar, I, was ])ivoted to the plate C, and it supported
at its lower end a trapeze arrangement to carry the oper-

ator, who by means of three light cords extending to his

hand might alter the angle of incileni* of the mainsail .1,

of the tail Ji, or of the rudder A*. The mainsail and tail

being, moreover, connected by an adjustable bar, which
caused the mainsail to act upon the tail automatically, so

as to maintain the ccpiilibrium at all angles of incidence
through the compoumi lever thus formed.
M. Beeson states in his patent that " this machine is self-

supporting in a light wind, say, of 10 miles or more per
hour, and that when once raised by a kite or otherwise, and
cut loose, it will of itsidf perform the evolutions of a soaring
bird and rise to any altitude."'

The writer confesses that he has tried the experiment
with a small model and has failed ; and so, in the hope that
some of his readers may be more fortunate, he has given

this account of what seems to be a remarkably simple de-

vice—if it will work,

(TO BK CONTINUED.)

COLUMBIAN EXPOSITION NOTES.

Thk most approved methods of artificial ice making and
cold storage will be exhibited at the World s Fair. These
processes will be shown in a very fine building, 130 X 2,55

ft,, and five stories high, with observatories at the corners

and a lofty tower at the center. About 80 tons of ice will

be manufactured claily, three methods being employed

—

namely, the plate system, from filtered water ; the can sys-

tem, from condensed steam filtered and purified ; and the

can system from de-aerated water. Thiee different processes

of cooling rooms will also be shown.

Onto will erect a mineral cabin in the Mines Building at

the World's Fair to illustrate its mineral resources. The
cabin will be 33 X 01 ft. in dimensions ,inJ 23 ft. high, and
be constructed entirely of Ohio mineral products.

Thk Machinery Department of the World's Fair, at Chi-

cago, will be an interesting one to mechanics. The Egan
Companv, of Cincinnati, the famous builders ot wood-work-
ing machinery, will make the finest display ever made in

that line. Some novel time and labor-saving machines will

be shown in practical o|ieration.

AMo>i<i the questions suggested for discussion at the Elec-

trical Congress in Chicago next summer are the following of

general interest :

Comparison between procedure in different countries.

Methods of avoiding electrical interference, and risks to

persons and property.

Units of magnetic quantities, and mode of embodying
them in concrete standards.

International nomenclature for describing phenomena of

alternate currents and of electro-magnetic waves.

National and munici])al testing laboratories.

Materials for standards of electric resistance.

Points of difference of the electrical vocabulary used in

different countries.

The direct conversion of the energy of fuel into electiic

energy.
Comparison of the various methods employed for the elec-

tric transmission of power.
The cost of insulation in relation to high pressure for the

electric transmission of power.
Comparison of the^ economics of the various systems of

electric distribution.

Electric traction.

Application of electric power in mining.
Commercial instruments for measurement of electric quan-

tities.

The electric working of metals.

The use of electric and mignetic tests for ascertaining the

mechanical properties of metals and alloys.

The best material and mode of erection of lightning con-

ductors in the light of recent researches in electric dis-

charges.

The iirospeoting for iron by magnetic surveys.

International telegraphy.

Fast-speed and long-distance telegraphy.

Telegraphi(' lines, land and sea.

Harmonic telegraphy.

Writing telegraphs.

Long-distance telephony.

The possibility of providing telephonic communication
without wires.

Application of electric signaling to the working of rail-

roads (alarms, time, etc.), and to naval and military pur-

poses.

Magnetic separators.

The use of electricity in engraving and in art reproduc-

tions.

Besides these, a large number of questions are suggested
which are purely technical, and therefore of interest only to

electricians.
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IRRIGATION IN INDIA.

(Traufliitod from il/t'moire bj' Chief Engineer Baroie, in Les Annates des

Fonts ei Chausstes.)

( Continuedfrom page 23.)

It has already been stated that there are in India two

classes of canals : Inundation canals, wliich are only fed

during the floods ; and irrigation canals, which are supplied

with water at all seasons. The canals of the latter class are

the most important and interesting, and it is of these only

that mention is made here.

It is not easy to point out any established rules for the

section or profile of these canals, which naturally vary ac-

cording to local conditions. Gen-
erally the section of the principal

canals seems to be so arranged

that the depth of water sliall be

from 6 ft. to 10 ft. The fall is

variable ; but it seems to be as-

sumed that the minimum rate of

flow to prevent deposits and the

growth of aquatic plants should be

about li ft. per second.

There is, however, one very es-

sential precaution. The rivers of

India are generdlly heavily charged

in time of flood with matter in sus-

pension, and, to avoid heavy ex-

pense in cleaning out the canals,

it is necessary that this matter be

carried as far as possible to the land

irrigated, and not deposited in the

canals. All retarding causes in

the main canals must therefore be

avoided, and the fall in the sec-

ondary or distributing canals should

be somewhat greater than in the

main canal. The work of cleaning

out the small distributing canals is

easier and less costly than that for

the main canals.

The section of course varies with

local conditions and local needs.

Many of the main irrigation ca-

nals are also used for navigation.

In this case the fall must be regu-

lated so that the current will not

interfere with the passage of boats,

and all dams must be provided
with locks.

Some examples of the greater

canals are given in the accompany-
ing sketch maps. Fig. 9 shows the

Upper Ganges Canal, the Eastern

and Western Jumna canals and the

Agra Canal.

The Upper Ganges Canal, which extends from the Mya-
pore Dam to Cawnpore, is 181 mi'cs long ; its chief branches

are 410 miles in length, and they supply a system of dis-

tributing canals having a total length of about 3,400 miles

and supplying water to 950,000 acres of land. The main
caual is 160 ft. wide at its head, and receives from the river

an average of 6,000 cub. ft. of water per second in summer
and 3,600 cub. ft. in winter. The depth of water is 10 ft.

with the maximum delivery.

The Eastern Jumna Canal receives usually about 1,250

cub. ft. of water per second from the Jumna ; the main
canal is 130 miles long, supplying about 625 miles of dis-

tributing canals, which irrigate 210,000 acres. The West-

em Jumna Canal is 102 miles long, has 313 miles of large

branches and supplies 515,000 acres. It takes from the

Jumna an average of 2,500 cub. ft. per second.

The Agra Canal, which also receives water from the Jumna
River, extends from a point near Delhi to Agra, 140 miles

;

its distributing system includes about 310 miles of branches.

At the head this canal is 70 ft. wide and 9 ft. deep ; it

receives an average of 1,975 cub. ft. per second.

The Lower Ganges Canal is 213 ft. wide and 10 ft. deep

at the head. It is 313 miles long, has 846 miles of large

branches, and supplies water to 525,000 acres of land. Of

this system 634 miles are navigable.

In the Punjab the Bari-Doab Canal, which takes water

from the Ravi River, the chief tributary of the Upper

Indus, is 140 miles long ; it supplies water to 220 miles of

large branches and 830 miles of distributors, irrigating

550.000 acres. Of this system 190 miles are navigable.

A peculiar system is that of the Godavery Delta, shown

in fio-. 10. It includes three main canals, numerous branches

and'ii system of distributing canals which supply 900,000

acres. The Kistna Delta has a somewhat similar system,

shown in fig. 11. Two main canals start from the Beswarah

Dam, and through a network of branches and distributors

irrigate nearly 1,400,000 acres.

Upper daagca O^ntili.

in.

IgcltQ..

Other works of this class which deserve mention are the

Orissa canals in the Mahanuddy Delta, and the great Sirhind

Canal in the Punjab, recently completed.

The head-works of the canals as a rule consist of piers of

masonry supporting sliding gates, which serve to regulate

the delivery of water. They have masonry foundations,

protected above and below by riprap. On the Upper

Ganges Canal the piers are 20 ft. apart, but the gates are

too large to be easily handled, and in most cases the open-

ings are not over 8 or 10 ft. Similar works are frequently

placed at other points, where it is desirable to regulate the

flow of the water, or to divert it to branch canals.

In deltas or the lower parts of river valleys, where the

natural fall is slight, the distributing works are usually

found sufficient to regulate the flow of water and keep it

below the point where corrosion of the banks is likely to

occur. Where the natural slopes are greater the excessive

fall is overcome by inclined planes or chute walls at inter-

vals across the canal.

A work of this class on the Upper Ganges Canal is shown

in section in fig. 12 and in plan—on a smaller scale—in fig.
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13. The fall hore is 8 ft., and the bed of the canal is of
masonry for about 120 ft., the foundations conHisting of

rows of wells sunk in the clay soil. At the upper end, just

above the chute, is a bridge of eight arclioa of 34 ft. span,

the piers having a thickness of 4i ft. To regulate the flow

and keep it parallel with tlie channel, three of the piers are

continued 85 ft. below the bridge. The bank wall.s or abut-
ments are carried still further, and are curved inward at the
ends, as shown in tig. 13, in order to throw
the current toward the center of the canal
and prevent corrosion of the banks.
These works have the drawback of in-

creasing the velocity of the current and low-
ering the water level above them too much,
and to prevent these results various plans
have been tried, with more or less success.

A plan adopted on the Bari-Doab Canal
is shown in section in tig. 14 and in plan

—

on a smaller scale—in fig. 15. Here the
chute wall is nearly vertical, and below it

is another vertical wall, the object of which
is to check the current and provide a cushion
or bed of water to lessen the force of the
fall. A bridge is carried across the canal
by masonry arches, the piers of which di-

vide the tlow into openings of 10 ft. each.
The openings are greater than the normal
width of the canal, and the abutments arc

carried below and turned inward as shown
in fig. 15. A special arrangement is used
here to break the force of the current. It

consists of a sort of grating of wood held in

place by an iron frame ; this is shown in

section in fig. 14 and in plan in fig. 15. This
grating breaks up the current into small
streams, and is found to serve well in keep-
ing up the level above the fall ; it serves

also to hold the larger debris carried down
the canal, which can be removed from time
to time as required. Below the masonry
foundation the canal bed is protected for

some distance by riprap.

In several places on the Bari-Doab Canal
the fall is secured by inclined planes. One
of these is shown in plan in fig. 16. Here
the bed of the canal is of rip-rap, the stone
being kept in place by transverse walls of
masonry, dividing the bed into rectangular
spaces as shown. Wing walls are built along
each bank to direct the current and prevent
corrosion.

In Southern India the general practice is

to use a vertical chute, and to reduce some-
what the waterway at the chute.

In Northern India, especially in the sec-

tions near the mountains, the canals fre-

quently meet streams which must be crossed
or diverted. Where these are of small size

they are simply turned into the canal ; but
in many cases they must be carried over it

by an aqueduct, or under it by a siphon.
Some of these works are of considerable size and impor-
tance. Where the Ranipore crosses the Upper Ganges Canal
there is a receiving basin covering 30 acres, from which a
passage consisting of several parallel arched culverts of
masonry leads under the canal. On the Agra ('anal the over-
flow from the Mandampoor Keservoir is carried over the canal
by an iron a(iueduct supported by girders resting on stone
piers.

There are a few places where such arrangements are not
possible. At Dhanauri, on the Upper Ganges Canal, such
an instance is found, where the Katmu Torrent crosses the
canal at a level. Here the stream is led into a receiving
basin covering about 83 acres, from which the water passes
into the canal by a series of gates which can be closed when
required. On the opposite side the water passes out of the
canal by a series of openings of various depths, which can
also be closed by gates working between masonry piers.

Below the crossing is a regulating dam. This crossing is

only used at high water ; in the dry season, when the flow

of the Ratmu is small, the surplus water is carried under
the canal by two masoru-y culverts forming a siphon.

Tl>cre are several cases where canals can be carried above
the streams by aqueducts. One of this kind is found where
the Upper Ganges Canal crosses the Solani River at a height
of 35 ft. above the river-bed.

This aqueduct is a masonry bridge 930 ft. long, having
15 arches of 50 ft. span ; the piers are founded on wells
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It may be mentioned that one difficulty is found in the

neighborhood of many of the canals. In consequence of the

evaporation at the surface of the soil of the water of infiltra-

tion from the canal, there are left saline efflorescences which
are difficult to remove, and which make the laud sterile.

HOME NAVAL NOTES.

The contracts for the new armored cruiser DrooTclyn and
the battle-ship Iowa have been let to the William Cramp &
Sons Company in Philadelphia, whose bids on both ships

were tlie lowest.

The general appearance which the Bi-ooklyn will present

is shown in the accompanying sketch, from the lion Age.

Bureau of Steam Engineering, under the direction of Engi-

neer-in-Chief George W. Melville.

TRIAL OF THE "MONTEKEY."

The official trial of the new coast-defense ship Monterey

took place January 5 in the Bay of San Francisco. The
offltial report has not yet been made public, but it is under-

stood that on a four hours' run the main engines averaged

1G2 revolutions and developed 5,450 H.P. The auxiliary

engines will add about 150 H.P. to the total. The average

speed was about 14^ knots and the maximum 15 knots.

The engines worked well both on the natural and forced

draft trials.

The accompanying cut of the Monterey shows the vessel

DESIGN FOR NEW AKMOEED CRUISER "BROOKLYN," FOR UNITED STATES NAVY.

The great height of the smoke-stacks is perhaps the most
marked feature.

The Broohlyn is of the same general type as the New York,

but somewhat larger. Her dimensions are : Length on

load-line, 400.50 ft.; extreme beam, 64.83 ft.; mean draft,

24 ft.; displacement, 9,150 tons. She will have four triple-

expansion engines, intended to work up to 16,000 H.P. and
give a speed of 20 knots an hour. The normal coal capacity

will be 950 tons, and 1,650 tons can be stowed when needed.

as originally designed by the Bureau of Conslruction. The
only material change since made is the substitution of 12-in.

guns for the 10-in. guns originally proposed.
The special feature of the Monterey is the use of the Ward

tubulous boilers. These worked very well on the trial,

furnishing all the steam needed.

It is said that the question of building the torpedo- cruiser

authorized some time ago in one of the navy-yards has been
considered ; but it is

probable that nothing
will be done unless Con-
gress should authorize an
increase in the amount
appropriated for her con-
struction.

COAST DEFENSE SHIP "MONTEREY," UNITED STATES NAVY

The armor will include a 3-in. water-line belt, a heavy
protective deck, 8-in. barbettes and 5J-in. turrets for the
guns of the main battery, besides heavy shields for the
other guns.

The battery will consist of eight 8-in. breech-loading
rifles ; twelve 5-iu. rapid-fire guns ; twelve 6-pdr. and four
1-pdr. rapid-fire guns

; four machine guns and two field or

boat giins. The 8-in. guns will be mounted in the turrets
on the barbette and will have a wide arc of fire. There will

be five torpedo-tubes, one in the bow and two on each side.

The ship will have a radius of action at full speed of

1,793 knots, and a cruising radius at 10 knots of 6,316
knots.

The hull and fittings were designed by the Bureau of
Construction and Repair, under thedirection of Chief Con-
structor T. D. Wilson, U.S.N., and the machinery by the

Designs are in prep-
aration for the four tor-

pedo-boats or launches
which are to be carried

by the Maine and the
Texas. These boats will

be about 60 ft. long, 9

ft. beam and 15 tons dis-

placement. They will

have Ward tubulous boil-

ers and quadruple-expan-
sion engines of 200 H.P. ; their calculated speed will be 18
knots.

The largest contracts for armor-plate ever let in this

country will shortly be given out. A little over 7,000 tons
of plates of various sizes and thickness will be needed for
the ships now authorized. It is thought that the contracts
will be divided among several firms.

An appropriation of about $3,500,000 will be asked for
this year to continue the work already begun on coast de-
fense works at New York, Hampton Roads and San Fran-
cisco. The ])lans for these works are now completed, and
a beginning has been made, but new appropriations are
needed to carry on the work.
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THE BALTIMORE & OHIO RAILROAD'S EX-
HIBIT AT THE WORLDS FAIR.

DrHiNO a recent visit to Baltimore, we liad tlic pleaRure

of inspecting tlie exhibit wliich the lialtimorc tV Diiio Kail-

road Company is preparing for the Columbian Exhibition

under the supervision of Mayor J. Q. Pangborn. The ex-

hibit is to be designated " The World's Railway ; Its Con-

ception, Inception and Perfection ; Its Motive Power, Equip-

ment and Appliances."

The following excellent description of this exhibit is con-

densed from one which the New York World, with com-

mendable enterprise, published in its issue of January 8.

With the proposed exhibit in view, Major Pangborn, ac-

companied by his Chief of Construction, William G.

O'Brien, made an extended tour of Europe last year. The
interest aroused by them, the personal attention drawn to

the plans of the Baltimore & Ohio and the broad and lib-

eral basis upon wliich the company proposed proceeding
secured the hearty aid of .such institutions as the South
Kensington Museum, of London ; the Conservatoire des

Arts et Metiers, of Paris ; the National Mu.seum, of Vienna,

and the Edinburgh Museum, of Scotland. In these are ti ens-

ured the oldest and most important examples of steam loco-

motion now in existence. From these drawings full-sized

models of the engines have been made in wood, the ditfer-

ent working parts being arranged to move, as they did in

the actual engine, when the model is rolled on the track

prepared for it. The wood is painted to imitate metal, and
80 close is the imitation that at a few feet from the model it

is impossible to tell whether it is made of wood or iron.

These models are as exact reproductions as it is possible to

make of those historical engines from the most careful

measurements of original', the institutions named having
the working drawings especially prepared and forwarded
for the purpose. The models have been made in a building

at the west end of Baltimore Street, which is occupied as a
workshop, and is filled with a corps of pattern makers and
draftsmen.

PRIMITIVE LOCOMOTIVES.

The Messrs. Stephenson were induced for the first time to

permit tracings to be made directly from the original draw-
ings by George Stephenson of some fourteen of his earliest

locomotives. Three of Stephenson's locomotives— his first,

the Blucher (181G), his famous Ii<j<:lcet (1829), and the high-

est type of his Planet class, the Mercury (1830)— have been
duplicated full size from his original drawings.
From the measurements and drawings sent on by the

Conservatoire of Paris full-size reproductions have been
made of the oldest example of steam locomotion in existence,

that of Ciignot (1769), and of the first locomotive in the

world with multitubular boiler, that of Seguin (1827).

Likewise, from measurements of originals and following

the working drawings prepared under ths supervision of thj

South Kensington Museum, full-siie reproductions have
been made of the Puffing Bllhj (1813), the first locomotive
with smooth wheels for smooth rails, and the Sans Pareil

(1829), the first introduction of the stciim blast. The
PuDiiiij Billy is the oldest locomotive existing.

Two grandsons of Timothy llackworth, the designer and
builder of the Sana Pareil, who recently visited Baltimore
to inspect the reproduction, say it is difficult to tell the

duplicate from the original.

EVOLUTION OP 8TEAM PUOPVLSION ON LAND.

The few of the full-size working reproductions enumerat-

ed embrace but a small section of the whole. The exhibit

begins with the first method of propulsion by steam on land

—

that of Sir Isaac Newton in 1080 ; thence the evolution is in-

dicated through the Cugnot (1769), the Murdoch (1784),

the Read (1792). The latter, by the way, was the first

steam wagon in America, and its designer ; Nathan Read,
of Salem, iMaas., was the inventor of the multitubular boiler,

without which the locomotive of tiie present day would be
an impossibility. Following the Read comes the first Trevi-

thick, the initial design (1800) of the father of the locomo-
tive, Richard Trevithick, a Cornish colliery foreman. In

1803 he built the first locomotive that ran upon a rail. At-
tached to the full-size reproduction of this first of all loco-

motives will be the two original little flat cars it drew upon
the South Wales colliery road.

A renuirkable copy is that of an invention by Oliver
Evans, who in 1804 accomplished in Philadelphia |)ropulsion

on land by steam. It was a queer-looking thing for surface
travel, and never intended for such, being in reality a
dredger. But Evans propelled it by gearing from his en-
gine to temporary wheels, and although it weighed upward
of 40,000 lbs., propelled it successfully through ilie city

streets to the Schuylkill River.

Up to this time no steam carriage or wagon on common
roads, or the Trevithick locomotive on rail, had done much
more than move with its weight, which in no instance

exceeded a third of that of the Evans make.
Others in the series are the Trevithick (1808), the Brunton

(1811), the Blenkinsop (1812), the Hedley (1813). the Nov-
elty (1829), and the StuKrhridge Lion (1829), the last named
the first locomotive to turn a wheel in America. It did lit-

tle more than turn a wheel, and the Cooper, on the Balti-

more & Ohio the year following, was the first locomotive
built on the American continent.

WEEDING KUROKS FROM HISTORY.

Major Pangborn, his Chief of Construction, Mr. O'Brien,
and his CJhief Draftsman, Mr. Wright, encountered great

difiicultics not only in the meagerness in many instances of

obtainable facts, but in conflicting and incomplete draw-
ings. Books follow books, one copying from another re-

peats inaccuracies, and an illustration, made probably large-

ly from imagination originally, gets to be regarded as

standard when, if those who used it had taken time to

investigate, they would have found that by no principle

known in mechanics could such construction as is delineated

be made to work.
Months have been spent in going through old records,

hunting up old data and tracing information of importance.

Abroad most of the links in the chain of historical develop-

ment have been preserved.

In this country the people who have made history have
frequently been too busy creating it to note its recording.

Fortunately, the World's Exposition coming when the
pioneers of the American railroad have not all been forgot-

ten, there is an earnest endeavor to establish history, and
the part the Baltimore & Ohio is taking in this important
field will possibly be even more generally appreciated in the

future than at the present time.

In no line of research has keener interest been maintained
than in following the trial of the locomotives which took

part in the Baltimore & Ohio competition of 1831. Of the

similar trial of locomotives on the Liverpool & Manchester
Railway in England, a year and a half before, every detail

is preserved in books, but of the Baltimore & Ohio trial,

the second in the world and the first in America, no con-

nected account has been published, and not an illustration

or drawing of any of the five locomotives designed and
built in response to the company's oUfer of $4,000 in piizes

is known to be in existehce.

In uncovering facts in connection with the contest, the

files of newspapers of that day preserved in historical socie-

ties and libraries of Maryland, Pennsylvania and New Yoik
were laboriously gone over, aiul in order to embrace every

possible source of information, advertisements were inserted

in Pennsylvania and New York pai)ers seeking communica-
tion with the descendants of those who designed and con-

structed the engines. Old employes of the company have

been interviewed, and in every way were the inciuiries

pushed, until finally the long and painstaking delving was
rewarded with such results as to enable the building in

perfect fac-siniile of all five locomotives. No single event

in the railroad history of America could have beeu of higher

historical value to establish than this.

IM PORTKD LOCOMOT IVES.

The Baltimore & Ohio was the only pioneer railroad of

this country not taking foreign models for locomotive con-

struction or importing foreign locomotives for service. It

has been gcneriilly supposed that the half dozen or so well-

known English locomotives comprised the importations for
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American roads, but data recently discovered by Major
Pangborn's representative in England prove tliat up to 1840
no less than 68 English locomotives were sent here.

The Stonrhridge Lion, built by Foster, Rastrick & Com-
pany, was the first locomotive placed upon a track in this

country, but not the first ordered for use here. The Ameri-
ca, built by George Stephenson, was the first, and it reached
these shores ahead of the Lion.

An example of the little care and thought given to fact is

instanced in the so-called model of the Stourhridge Lion in

the National Museum at Washington. With the boiler, one
of the cylinders and the wheels of the original locomotive

in immediate juxtaposition in the museum, the model pre-

sents a most peculiar study, inasmuch as it varies so widely
from the original in its parts as to cause one to wonder
whether the man who designed the alleged reproduction
ever gave himself the trouble of following anything but his

imagination. Yet the illustration made from this inaccurate

model is generally accepted and published as the Stour-

bridge Lion.

As has been stated, no foreign engine was employed or

even tried on the Baltimore & Ohio, the ruling disposition

of its management being to encourage and develop Ameri-
can genius. To such end it offered in January, 1831, the,

for the time, large money prizes for competing locomotives.

A striking feature of the engines entering the tiial was that

not one of the five was copied from the foreign model or

was at all like another. While none of them, not even the
Torh, the winner, was strictly successful, they evinced the
originality and indejiendence ever since characteristic of
American builders.

As to the matter of not subsequently following the con-
struction of the locomotives participating in the Balti-

more & Ohio trial, the sequel was no different than that of

the Liverpool «fc Manchester competition. With all the
fame of the Rocket, Stephenson never built another locomo-
tive like it, nor did Hackworth duplicate his Sans Pareil or
Ericsson his Novelty.

All the locomotives entering in the Liverpool & Manches-
ter trial, as well as those taking part in the Baltimore &
Ohio trial, will be shown in full-size reproductions.

AMERICAN INVENTIONS.

As development in Europe will be thoroughly depicted,
so will American development and progress. The first loco-

motive in actual service in this country, the first loco-

motive built liere for the first railroad in New York State,

the first built by Baldwin, the first built in New Jersey,

Rogers's Sandusky, the first built by Ross Winans, the first

built by the Baltimore & Ohio Company, the father of the
standard eight-wheel American locomotive, the first eight-
wheel engine built by Ross Winans and the latter's original
" camel" locomotive, the first of the type of big fire-boxes

will all be shown in full-size reproductions, so that they
may be studied in every detail of construction.

Two-thirds of these important historical examples have
been completed.
To Ransom C. Wright, of Philadelphia, for a long term

of years Chief of the Designing and Drafting Department
of the Baldwin Locomotive Works, Major Pangborn assigned
many arduous tasks, among them the perfecting of the
working drawings for the reproductions of the locomotives
in the Baltimore & Ohio trial, and of Ross Wiuans's first

effort.

OLD " GRASSHOPPETIS" AND THEIR ENGINEERS.

In the way of original old engines the Baltimore & Ohio
possesses the most valued historical examples of American
progress in existence. Four of the original grasshoppers
are still at Mount Clare, the company's shops in Baltimore,
and as none were built subsequent to 1836, not one of the
quartette is less than 57 years old. All were in active service
until two were recently withdrawn to make the comparatively
few changes necessary to restore them to original form, one
to correctly reproduce the Atlantic (1832), the first " grass-
hopper," and the other the Traveler (XHZZ), the second grass-

hopper and the first distinctively freight engine built in this

country.

The third of the old grasshoppers has just been with-
drawn from service in Mount Clare yard ; as Ross Winans in

1887 altered a grasshopper by changing the cylinders from
vertical to horizontal, and thus created the first of the
"crab" type, the Mazeppa, so will this one be changed to

represent the original.

The fourth of the old engines will remain at work in the
yard till the middle of April, and then be taken to Chicago
just as it is, and shown after 60 years' continuous actual
service, its history having been traced back to 1833 as the
time she was placed upon the road. This gives it a record
without parallel in the world.

It is probable that the only example of the early type of
the once noted New Castle locomotive is the Dragon (1848),
which has been preserved by the Baltimore & Ohio, and the
same is quite likely true of the Mason of IS'jS, which, al-

though condemned to the scrap heap several years ago, was
saved from destruction by a thoughtful hand.

WILLIAM MASON.

No man did more for the efficiency and shapely form of

the American passenger locomotive than William Mason.
That one of his earliest engines still exists is a source of

gratification. It and the Dragon are both being restored to

their original form, as is also the old Perkins ten-wheeler
of 1863 and the " 600," wliich was the Baltimore & Ohio's
model locomotive in the company's exhibit at the Centen-
nial Exposition in 1876. The Perkins was of the earliest

type of the tremendously powerful freight locomotives built

by the company especially for service upon heavy grades.

The "600," also built by the Baltimore & Ohio, was the

first Mogul passenger locomotive constructed.

THE FIRST MOUNTAIN CLIMBER.

An exceptionally interesting and valuable historical loco-

motive has been contributed to the exhibit by Walter Aiken,
President of the Mount Washington Railroad—the original

Pejipersaucs, built in 1865, the first locomotive to ascend
Mount Washington. It is a rare relic and is now in the

hiinds of the Concord & Montreal Railroad, that company
having it in shop for such preparation as may be necessary

to show it in complete original form at the Exposition. It

will shortly be shipped to Major Pangborn, and with it

some of the original rails, so that when seen it will be in

position as when ascending, and standing upon the first

rails ever rolled for a mountain railroad.

RAILS AND ROAD-WAT.

Throughout the exhibit the examples of motive power
will be shown upon the rails and bed of their period, a re-

markable amount of original material having been secured.

There are on the way from Europe sections of rail, some
antedating the present century, used on European tramroads
as early as 1700.

In the collection are four of the original rails, with their

chairs, etc., upon which tlie Liverpool & Manchester loco-

motive trial of 1829 took place, and as the length of track

at that time was scarcely more than half a mile, the value of

the rails secured may be imagined. An advance of 600 per
cent, was offered for them by people in France. The Rocket
will stand upon these rails. It is the only existing full-size

representation of the famous English engine in its original

form, the original Rocket so carefully preserved in the South
Kensington Museum being the remodeled locomotive, large-

ly changed from what it was when the winner of the Liver-

pool & Manchester prize.

DRAWINGS.

Besides the models of the early locomotives, anotl er fea-

ture of the exhibition will be a series of drawings of loco-

motives beginning with the earliest examples and experi-

ments, and showing the Sail period, the Horse period, the

Manual period, the early Traction Power period, the Tram-
way period, and the Rack system, giving more than a hundred
examples, finishing with modern examples of simple and
compound locomotives, the latter constituting a showing
remarkably complete, as it will include every compound
system known.

Other sections of the gallery will contain series indicating

progress in connection with the great locomotive manufac-
turing companies and firms of this country and of Europe,
the interest manifested and the co-operation extended by
them being of the heartiest character.
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CAR EQUIPMENT.

Nothing pertaining to railroad liistory has npfiarently

been so neglected as the development of car cipiipment,

both passenger and freight. Books have been written,

almost any number of them, upon locomotives, but no author
has taken up the history of equipment comprehensively and
with a determination to establish the facts. The difficul-

ties in the way have been so numerous, the material so Inird

to get at, as to deter the attempt. It is now, however,
being made..
The co-operation of F. E. Stebbins, long the Chief of the

Railroad Car Hureau of the United States Patent Office at

Washington, has been obtained, and the work already ac-

complished ])resages ultimate and unquestioned success.

The leading ear manufacturers in this country and abroad
have shown the most encouraging interest. ^lany have
been personally visited and induced to have their records
carefully searched ; and in the end the showing will be a
feature of the gallery. The evolution and development will

be indicated in a series of large drawings similar to that al-

ready described, the set including probably a hundred ex-

amples, among tliem for the first time representations of the

early cars on the Baltimore & Ohio, the company placing
upon its line the first eight-wheel cars ever run.

RAILROAD APPLIAXCES.

As has been said of equipment, so it may be stated of

railroad appliances, the history of the inception and |)erfec-

tion of even the most important of them being anything but
connected, and thus lacking value for study and compari-
son. In this country and all over Europe the responses to
requests for co-oporatiou by leading manufacturers have
been such as to insure that this branch will be striking in

every respect.

THE DEVELOP.MENT OF TUE BRIDGE.

Theodore Cooper will prepare a series of pen-and-ink
drawings showing the development of the American bridge

;

while Clement E. Strctton will complete drawings showing
the development of the European railroad bridge.

Mr. Stretton has been M.ajor Pangborn's representative in

Europe for months. He is an Englishman of long experi-
ence in railroad life, and his earnest, active work has added
inestimably to the value of the exhibit. In a recent letter

to Vice-President Lord he says :

" Does it not seem strange that there are all these draw-
ings and photographs to be had, yet there is no collection
made over here? The tirst important and the finest collec-

tion of the English engines ever made will be that of your
company's at Chicago."

RAILS AND KOAD-BED.

The study of the evolution and development of the rail

and bed has been long and exhaustive. The work in this

line hitherto accomplished, while good as far as it went,
very far from covered the whole

; and therefore to perfect
the series of upward of a hundred different types, which
will be illustrated in wash drawings by C. I. Ward, has re-

quired much time and laborious sifting of authorities,
representations and data.

The great Eur<q)ean railroad companies have lieartily co-
operated in the exhibit, and their contributions of detail
drawings and photographs will excite admiration. No siich

ex(piisite mechanical drawings have ever been seen in this
country, while the photographs of locomotives are upon a
scale of such artistic finish as to astonish the few who have
been permitted to view them.
Major Pangborn is collecting a superb series of photo-

graphs showing exterior and interior views of the royal
trains of the woild, and original drawings, lithographs,
autograph letters and relics generally. Ho purposes to
show at the least one example of every locomotive company
or firm that has existed in this country and in Europe. His
effort to show i)hotographic scenes of railroad life, motive
power, equipment, stations, bridges and the like in every
country where a locomotive whistle has been heard has been
successful.

From the above description, which does not exaggerate

the general scope, extent and interest of this exhibit, it will

be seen that no similar collection has ever been made of

historical data, relating to the history of railroad engineer-

ing. Its value, however, and to a great extent its interest,

will depend upon the authenticity of the objects exhibited.

Everything should be sacrificed to this. It is, therefore, to

be regretted that the artists who have made the drawings
which are to form part of the exhibit were not restrained in

the adornment of the otherwise admirable drawings with
imaginary landscapes. It shakes our confidence in the
veracity of the drawing of an old locomotive when it is

represented in the midst of surroundings which it is plain

had no existence in fact. The interest and value of the ex-

hibit will be due chiefly to its historical veracity and not
to spectacular effect. Whatever is imaginary is not his-

tory, and detiacts from the real value and interest of an
exhibit of this kind, in the preparation of which the Balti-

more it Ohio Railroad Coin|)any have shown so much lib-

erality.

It will be learned with much gratification by those who
an; interested in the subject to which the exhibit relates,

that a record of it, in a sumptuous volume, with excellent

illustrations and an elaborate history of the evolution of

railroads, by Major Pangborn. is in preparation. The per-

manent preservation of the collection after the close of the

World's Fair is also contemplated.

The Works of the Robert Poole"& Son Company, in'

Baltimore.

This establishment is located at Wood berry, a suburb of

Baltimore. Md.. on the Northern Central Hailroail. adjoining
the northern limit of the celebrated Druid Hill Park. The
founder of the company is Mr. Robert Poole, wlio has now
reached a ripe old age, but is still active in the management of

the affairs of the company. He commenced business in a sni.all

shop in the rear of a carriage house on Holliday Street, in Bal-

timore, in 1S42, and had tlie misfortune to be hurncil out the

first night after he started. He ;iflerward associated himself
with a Scotchman named Ferguson, under the firm name of

Poole & Ferguson. They started in business in 1S4;! in a shop
on North Street, and continued until li<.51, doing a general

jobbing machine business. In 18")! Mr. Poole liought out Mr.
Ferguson, and Mr. German H. Hunt became associated with
Jlr. Poole, and the firm became Poole & Hunt. They carried

on the business in the shop on North Street for some years,

but finding it too small, fhey bought the property which is

now o<tcupied by the shops at Woodberry, and in ISfil com-
menced moving their plant gradual!}' from the North Street

shop to buildings which had been erected on tlie new site.

The original purpose was to devote the new shops to tlie build-

ing of locomotives, but when they were ready to he occupied
the demand for locomotives had fallen off very much, and there

was then little inducement to go iiUo that business. The fiim.

therefore, continued in their old line—that of general machine
business—which has been develiq)eil in many dilTcrent direc-

tions. Instead of faking ui> some one or a few spiciallics the

firm adopted the policy of providing an equipment capable of

doing any of those kinds of work ivhich are not ukuIc special-

ties liy other establishments, their aim being particulaily to do
very iieavy work for which other shops have not the necessary

tools and appliances In the development and application of

machinery to so many and varied purposes, there is constantly a

great deal of work to be done outside of the usual lines, and
widch is necessarily of a more or less original cliaracler. When
s\u-h machinery assumes large ]iroporlioiis, as it often does, few
shops are prepared to undertake it. During the past few years

this company has been providing shops and a plant capable of

handling anti doing the heaviest class of work. These appli-

ances will lie described further on.

As already remarked, the firms in whicli Mr. Poole was the

leailing mendjcrdid a general machine liusincss. This includ-

ed staticmary sfeam-cngines, which formed a consideralile por-

tion of the work before and even after the shops were moved
to Woodberry. but of late this branch h;is received less atten-

tion than has been given to it by other firms. Among the

work which was done in these shops was sugar, oil, paint,

saw-mill, mining, hydraidic and fcrlili/.iT machinery, steam
fire-engines, chilled car-wheels, coal and street cars. Several

brass rolling-mills and white-lea<l works have lieen equipped,
and the plant for a large numljcr of cable roads has lieen maile

here. Quite early in its history the firm made a specially of
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the manufacture of the Leffcl double turbine water-wheels. Ap-
pliances for furnishing steam or water-power had, necessarily,

to be supplemented with the means for transmitting and dis-

tributing this power. This naturally led the tirm to make a
specially of the manufacture of this Icind of machinery of the
lightest to the heaviest class—particularly the latter. This in-

cludes shafting, couplings, pulleys, gearing, hangers, pedes-
tals, etc., which are supplied for flour and grist mills, cotton
and woolen mills, paper and rolling mills, feitilizer and other
factories, cable and electric railroads, etc.

It has been remarked in these pages before that the best
literature on some technical subjects is the trade catalogues of
some firms. The Robert Poole & Son Company have con-
tributed their quota to this kind of publications. They have
issued a number of descriptive catalogues relating to the differ-

ent specialties which they manufacture, which, to persons seek-
ing information relating thereto, will be found very interesting.

Their pamphlet on turbine wheels is of this kind and is profitable

reading to any one seeking information on that subject. The

given. The list of finished pulleys includes over 800 different
diameters and faces. A great variety of hangers, pedestals,
base-plates, brackets, etc., are also enumerated. The company
keep a large stock of the ordinary sizes of these appliances on
hand, which can, for that reason, be furnished promptly.
They have also a large assortment of patterns of wire rope
transmission wheels or sheaves, ranging in size from 18 in. to

14 ft. diameter.
Tiie facilities of the company for furnishing gearing are also

very good. The plant for the production of machine-molded
gearing is very perfect, and will produce cast gearing which is

equal in accuracy of pitch to cut gearing. The advantage of
cast gearing over that which has teeth cut in a machine is that
in making the former hard iron of the strongest kind can be
used, whereas if the teeth are cut a softer material, which can
be readily worked in a machine, must be used. The list of
gearing includes over 3.000 different sizes and varieties of spur
gearing up to KH ft. in diameter, and over 3,500 kinds of bevel
and miter gearing. In speaking of the latter, attention is

SMOf.

^

PLAN OF WORKS OF THE EGBERT POOLE & SON
COMPANY, BALTIMORE.

directions which are given for ordering a wheel, if followed,

must lead any one who contemplates doing so to understand the

subject much more thoroughly than he %vould without such
specific directions. A diagram showing a section of the wheel,
with an explanation of the principles of its action, would be a
desirable addition to this pamphlet. The observations about
the use of small wheels and their connected machinery is also

very suggestive.

The directions in this pamplilet for the measurement of the

quantity ot water which flows in a stream can be understood
by a person of the most ordinary intelligence, and will conse-
quently be of very much greater use than any amount of

mathematical gymnastics would be. Some excellent illustra-

tions show very clearly different applications of the wheel.
These are followed by a series of tables showing the power,
number of revolutions per minute, and also the number of

cubic feet of water discharged per minute for each size of

wheels under heads of from 3 to 40 ft , which will be found
very useful and convenient. Directions for setting the wheels
are also given, and further illustrations of various applications
of the wheels and methods of arranging the shafting, gearing,
bearings and pulleys, on which the success of such motors is

often as dependent as upon the wheel itself. Altogether the
p.imphlet is a very interesting one, and must be especiall}' use-

ful to any one who is either using or contemplating the use of

such machinery.
The price-list of shafting, pulleys and hangers which this

company has issued will give an idea of the extent of this

branch of their business and the facilities which they have for

supplying this kind of work. In a table on page 4 a list of
pulleys varying from 5 in. to 144 in. in diameter, and from 1

in. to 60 in. face, which includes 101 different diameters, is

called in the catalogue to a fact which is not generally under-
stood. " j\Iiter wheels," it is said, "are bevel gears "of equal
diameters and number of teeth, with their axes at right angles.
The same teeth coming in cont.act at each revolution tend to
increase any variations that may occur in pitch, frequently
cau.sing noisy and irregular operation, particularly should two
of the teeth not be properly lubricated. An odd tooth in one
of the gears serves to change the order of the contact of the
teeth, so that the same teeth shall not always meet. These
are called hunting-tooth gears, and as they .avoid the difficulty
abore named with true miters, are much more desirable to use
when it is at all practicable."

Especial attention has been given by this company to the
manufacture of what are called spur and bevel mortisewlieels.
These are cast-iron wheels which have recesses or mortises cast
in them to receive wooden cogs or teeth instead of having iron
ones. These mesh into wheels with .iron teeth. The iron
teeth being stronger than wooden ones, the latter are made
thicker than the former, the spaces between the iron teeth
therefore being considerably wider than tliey are when both
wheels have iron teeth. Wooden teeth are used for gearing
which runs at a very high speed, or which must be noiseless,

or both, as the elasticity or yielding nature of the wood resists

sudden shocks or jars better than a material as unyielding as
iron and with le.'=s noise. The teeth are made of hickory or
maple wood, which is first thoroughly seasoned and then boiled
in paralline, so as to fill the pores and prevent shrinkage.
They are accurately fitted into the openings or mortises in the
wheel and are held by dovetailed wedges driven in between
the teeth behind the face of the wheel. They are then accu-
rately cut to their required form on a special machine for that
purpose. Wheels of this kind 16 ft. in diameter have been
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made, and the company is prepared to make them of 25 ft.

in (liameter.

A variety of internal sjears, face mortise wheels, screw or

worm, and other gears are described in tlie catalogue.

The teeth of the larger sizes of gears, wliicli arc finished, are

generally planed on a special machine for that purpose, instead

of being cut with a rotary cutter or milling tool. This saves

which is well lighted and supplied with every facility of doing
work accurately. Among the specialties are three cast-inm sur-

face plates 4 ft. X 8 ft. ribbed underneath and planed on lop and
finished with a true surface. Large protractors arc also en-

graved on their faces, wliich are used to lay off angles. The
convenience of such plates in squaring and laying off work
will be apparent.

ERECTING SHOr OF THE ROBERT POOLE & SON COMPANY, BALTIMORE.

the expense of the latter, as all that the planing machine re-

quires is a template the shape of the teeth, to guide the tool

over the surface of each tooth, while it is being planed.

For the successful working of heavy machinery for transmit-

ting power good design is of the utmost importance. What
constitutes good design can only be known after extended e.K-

periciice The machinery of a mill or of a cable railroad must
run continually, some of it day and night from one year's end
to another. It is therefore of tlie utmost importance that all

should be done that is possildc to insure durability and security
against accident, and to give the ma.xinuun strength to the

different parts. Tlicre is perhaps no firm or company in the

country which lias liad such an e.\l ended and varied experience
in the construction of this class of machinery as the one whose
woiks are here described. The utmost care is taken to give
ample and effective bearing surface for all shafting and have
it properly supported and ailjusled to sustain the continued
W(!ar to which it is subjected. In these shops journal bearings
of all large shafts are babl)itted, and after being cast in its

place t)ie metal is hammered so as to consolidate it and give it

density for resisting wear. The bearings are then bored out
accurately to fit the shafts.

The plan, fig. 1, herewith, shows the general arrangement
of the shops which are lr)caled in a valley adjoining the north-
ern limits of Druid Ilill Park, in the village of Woodberry,
where .several large cotton duck mills are located. The i)lan

shows the dimensions and position of the buildings.

In a business in whi<'h machinery of new design forms so
large a l)arl there must be ample facilities for pattern making.
About 20 men are now employed in this department, in a shop

The foundry is provided with excellent facilities for doing
the different cla-sscs of work which is turned out by this estab-

lishment. This is especiall}' true of appliances for casting,

gearing, pulleys, etc. For molding gearing a pattern is made
of one tooth including two spaces. This is attached to a ver-

tically- movable head of a molding machine, and the Mask is

])laceil on a table below which can be accnralely turned any
fraction of a revolution by a graduating mech.-uiism. The
pattern is lowered into the liaslv and one tooth isiuoldcd in the

sand. The pattern is then witlidrawn and the tlask is turned
a distance equal to the pitch of the leelh ; the pal tern is again
lowered, and another tooth is molded. This process is repeat-

ed until the wheel is complete. Within certain limits wheels
of any size and munl)er of teeth can thus be molded on these

machines, and with an accuracy ccpial to that of cut teeth.

Besides the ordinary tools foiuid in all machine sliops, this

companv has the following special tools for duing heavy work :

A planer 12 X 12 ft., to plane ;iO ft. long ; eight l)iiring mills

running from o ft. up to 12 ft. dianu'ter ; special macliincs for

culling iron and wooden gearing and for doing shafting and
pulley work. There are akso .several machines for planing
gears of large sizes.

Fig. 2 is an interior view of the new erecting shop, which
is 100 X 200 ft. in size, and is built with a view of being ex-

teniled northward as business requires it. The engraving will

give an idea of the height of the building, which is sufiicient

to give a clear lift of .")4 ft. under the hook of the traveling

crane, which has a (iO-ft. span and a capacity of !iO tons. The
crane was built by William Sellers A Company. The structure .

is arranged for two such cranes whenever tliey are required.
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The noteworthy macliine in this bnilding, parts of which are
shown on the riglit side of the engraving, is the large combined
pit and cliuck lathe, wliich has a capacity for turning an object
54 ft, in diameter and 12 ft. face As indicated by its name, a
large part of this machine is below tlie shop Moor and out of sight.

We e.\pect, however, to give full engravings of it hereafter.

It was designed and built by this company in their own shops.

lu the front part of the shop, on the same side as the large
lathe is located, is a gear cutter for planing the teeth of gears
of any size up to 20 ft. in diameter. The cutting mechanism
of this machine can be applied to the large lathe and can then
cut gears of 50 ft. diameter.
On the right-hand .side of the sliop, nearly opjiosile the big

lathe, is a boring mill which will take an object 25 ft. in diame-
ter and 10 ft. high. This was also designed in their own
establishment, but the upper part, which" is in sight, consisting
of the cross head, posts, boring bars, etc., was made by Messrs.
Bement, Miles & Companj-, of Philadelphia. The driving
gear, which is veiy heavy, is all below the shop Hoor and out
of sight, and was made by tlie Robert Poole & Son Company.
At the further end of the shop is a double-headed lathe of 63

in. swing and 85 ft. long. The lieads run independently of each
other. The lead screws connected to the two heads are ar-

ranged in a very ingenious wa}', so that tlicy can be connected
together, forming a continuous screw extending the whole
length of the lathe.

A very important part of the business of this company of
late years has been the manufactuie of the driving plant for

cable railroads. Some idea nuiy be formed of the character.
or, as our Yankee brethren would .«ay, the " heft" of this kind
of machineiy , from the following extract, taken from a descrip-
tion of tlie cable system opeiated by the Chicago City Railroad
Company on the State Street Line, bv H. H. Windsor, the
plant for which was built at the est.ablisliment herein de-
scribed. In this description it is said :

" The main driving pinions fastened to the crank-shafts are 6
ft. in diameter and 40 in. face, weighing 32.000 lbs. each.

These teeth are staggered, and mesh into those of the main
driving gears (also staggered teetli) 10 ft. in diameter, fastened
to main shaft. These geais weigh 42,000 lbs. each. They are
marvels of the molder's skill, running true, and, considering
the great power transmitted, comparatively noiircless, although
there has been no machine work done on the teeth, the)- being
left ju.st as they came from the sand. The tly-whcels on the
engine crank-shafts are from the same firm ; they are 24 ft. in

diameter, and each weighs 90,000 lbs. The main line shaft is

steel, 16 in. in diameter and 68 ft. long. It is in four sections

and revolves in eight bearings. There are two pinions on this

line shaft, one 5 ft. and one 6 ft, in diameter, 24 in. face,

weighing respectively 12,000 and 13,000 lbs.
" Meshing with each driving pinion is a 10-ft. diameter

gear, weighing 26,000 lbs. Said gear is fastened to a shaft
carrying a drum on each end. A second pair of drums is car-

ried by a .shaft having a similar gear, while between the two
there is an idler shaft with a 5-ft. diameter pinion. The
drums driven by the 6-ft, pinion on the main line shaft drive
their cables one mile per hour faster than those driven by the
5 ft. pinion. These shafts are of steel, 14 in. in diameter and
17 ft. long, resting in pillow-blocks 10 in. in length.
" The drum shafts are 14 in. in diameter and 17 ft. long ;

they run in three pillow-blocks which are bolted to a heavy
cast-iron framework, which in turn is anchored to solid con-
crete foundations 13 ft. deep.

" The incoming cable pa.sses around its pair of drums with
two or three wraps, as the case may require ; then leads from
the bottom of the drum to the tension carriage, where it

passes around the tension wheel from the under side, and leads
out into the street, passing around a 12-ft. horizontal sheave,
and is afterward elevated to its proper level in the channel.
The drums, gears, engines and shafting make an aggregate
weight of over 1,000,000 lbs., and occupy a space 151 ft. long
and 100 ft. wide."
The following is a list of lines whose plant has been built by

the Robert Poole & Son Company ; Chicago City Railroad
Company, Chicago, 111. (three plants) ; Third Avenue Rail-

road Company, New York, N. Y. ; Nortli Hudson County
Railroad Company, Hoboken. N. .1. : Kansas City Cable Rail-

road Conipan)', Kansas City, Mo. (two plsint;): Metropolitan
Street Railroad Company, Kansas City, Mo. ; Grand Avenue
Railroad Company, Kansas City, 31o.'; People's Cable Rail-

road Cjmpanj', Kansas City, JIo. : Cable Tiamway Company,
Omaha, Neb. ; St. Paul City Railroad Company, St. Paiil,

Minn, (two plants) ; Holmes Street Railroad Company, Kansas
City, Mo. ; Denver City Cable Railroad Company, Denver,
Col. ; Providence Cable Tramway Company, Providence,
R. I. ; Los Angeles Cable Railroad Company, Los Angeles,
Gal. ; Washington & Georgetown Railroad Company, Wash-

ington, D. C. ; Baltimore Traction Compan)', Baltimore, Md. ;

New York & Brooklyn Bridge, Brooklyn, N. Y. ; Baltimore
City PasJtenger Railroad Company, Baltimore, Md.
The works herein described are within the city limits of

Baltimore, and can be most conveniently reached by the North-
ern Central Railroad, wliich passes the entrance to their

grounds, and gives them abundant facilities for transporta-

tion. As already remarked, the founder of the company, who
is still active in its management, is Mr. Robert Poole, who is

seconded by his .son, Mr. George Poole, under whose manage-
ment it is safe to predict a continuation of the past success of
tliese works.

Manutactures.

The Forrest Silver-Bronze Packing.

The accompanying illustration shows a form of packing
which has been carefully tested on the rods of stationary,

locomotive and marine engines for some two years past, with
excellent results. It is claimed for it that it is self-adjusting

;

not easily deranged ; keeps tight by perfect contact instead of

excessive pressure ; does not bind or crowd the rod ; beais

li-ghtly and uniformly. It can be applied to any ordinary

stuffing-box without change.
As shown in the cut, the packing forms a valve at the bot-

tom of the stuffing-box, preventing steam or v\-ater from escap-

^^
THE FORREST SILVER-BRO^ZE PACKING.

ing around the outside, and closes around the rod, preventing
leakage from tlie inside. The whole packing is held on the

rod and kept seated by the gland ; the springs on the studs

outside maintain a uniform pressure and follow up the wear
automaticallj'.

Tlie tirst brass ring in the bottom of the stuffing-box is the

seat-ring ; it is put in independently, neatly fitted to the bot-

tom and walls of the stufiing-box and grooved out on the bot-

tom to hold the Usuduriau gasket, in which it is imbedded to

make it tight.

The next brass ring is ground on to the seat-riug, thus mak-
ing a tight valve-joint. This ring is made from i in, to J in.

smaller in diameter than the stuffing-box, to admit of lateral

motion without touching the walls of the stuffing-box. The
rest of the packing, as shown, is of the same outside diameter,

and free to move in accordance with the vibrations of the rods.

The outside ring next to the gland is the same shape as the

bottom ring (valve-ring), but does not require to be tight at

the gland. This ring slides on the gland laterally in the same
manner as the valve-ring slides on the seat-ring, to accommo-
date the vibrations of the rod.

The two inner rings next to the rod are made of silver bronze
and take all the wear, and when these rings are worn out they

can be renewed, making the ]iaeking as good as new without
providing any other new parts, as all the rest lasts indefinitely.

The two .silver bronze rings are held' against the rod by a
case made of soft yellow metal.

Tlie case and bronze rings are each put in in two pieces,

placed so as to break joints, are provided with suitable dowels
to prevent registering, and may be put in and taken out in

less time than any other packing.

The seat, valve and cap-rings arescrewed together around
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the rod, and never have to be disturbed to renew the pack-
ing.

This packing is made by tlie Forrest Silver-Bronze Packing
Company, of No. 115 Liberty Street, New York, from whom
further information can be obtained.

The Smith Water-Tube Boiler.

The two illustrations given show the Smith safety boiler,

one of the class known as water-tube or lubuloiis boileis.

Fig. I.

Fig. 2.

THE SMITH WATER-TOBE BOILER.

which are now coming into very general use where high steam
pressures are used. Fig. 1 shows the boiler complete with
steel casing ; fig. 2 has th<! casing removed, showing the ar-

rangement of the lubes and also the grates. The general de-
sign and arrangement, the points in which il dillers from other
boilers of the same class, can readily be seen from fig. 2.

The manufacturers of this boiler claim for it the following
advantages :

1. Freedom and equal circulation of the water throughout

every pipe in the boiler ; when the boiler is emptied by open-
ing the blow-off cock not a particle of water remains in it.

2. The steam-generating pipes are so arranged that there is

no chance for soot or ashes to lodge or accumulate on or be-

tween the pipes, there being square openings left np through
the entire mass of pipes for the heat and ga.ses to circulate
through, the same in effect as in ordinary tubular boilers.

3. The horizontal fire-box pipes are so arranged and sup-
proted by the three (or if so desired, four) vertical pipes that
it is impossible for them to sag or drop down even if, through
carelessness, they became overheated or red hot. The fire-box
is also surrounded at the sides and back of the boiler with a
double row of steam-generating pipes, so that the fire has very
little effect on the asbestos-lined boiler jacket, and, therefore,
very little heat is lost or transmitted to the boiler-room.

4. The feed-water pipes, feed-water heaters and receivers
are located on top of the steam-generating pipes, so that the
waste heat which will not generate steam may be taken up and
utilized in beating the feed water. The feed-water drums are
located at the right point, so tliat they also act as feed-water
receivers, or reservoirs, which carry the greatest amount of
water just at the point where the water should be kept in the
boiler, so that the water will not fluctuate rapidly should the
pump or injector not be regulated accurately.

The.se boilers .are made in sections or sizes from 20 to 200
H.P. The Huyelt & Smith Manufacturing Company, of De-
troit, Mich., are the makers.

General Notes.

The Dunkirk Engineeriug Company, Dunkirk, N. Y., re-

cently completed a planer of unusual size for Strulhers,
^Vells ifc Company, of AVarren, O. This tool can plane work
20 ft. in length.

The Grant Locomotive Works, Chicago, are building 25
heavy 10-wheel locomotives for the Chicago, Burlington &
Quiucy Railroad.

The Schenectady Locomotive Works, Schenectady, N. Y.,
are building nine 12-wlieel locomotives with 22 X 26-"in. cylin-
ders and 54-in. drivers for the Dululh & Iron Range Railroad.

It is announced by Messrs. Burnham. Williams & Com-
pany, of the Baldwin Locomotive Works, that from January
1. 1893, Messrs. Robert Spencer and Carter H. FilzHugh will
act .as their represenlatives for the Northwest, with otBces at
1013 Monadnock Building, Clncago.

In order to provide means for largely increasing its manu-
facturing facilities and production, the Lunkenheimer Brass
Manufacturing Company, of Cincinnati, has been reorganized
as the Lunkenheimer Company, with 1500,000 capital. The
oflicers are ; Edmunil H. Luuken, President ; C. F. Lunken-
heimer. Vice President and Treasurer

; D. T. Williams,
Secretary.

The Ensign Manufacturing Company, Huntington, W. Va.,
has on hand orders for 325 gondola cars for the C'leveland,

Akron & Columbus ; 250 bo.x cars and 750 hopper-bottom gon-
dola cais for tlie Chesapeake & Ohio Railroad.

The Carlisle Man\ifacturiug Company on December 22
moved into and formally opened its new shops at Carlisle, Pa.,
a number of guests being present on this occasion. The new
.«hop consists of main building 304 X 100 ft., with wings for
the shipping department and boiler-room. The power is fur-

nished by a Corliss engine of ITiO H.P. The new shop is fully
ei|uipped with tools and is very conveniently airanged for
handling the work.

The Baldwin Locomotive Woiks in Philadelphia turned out
670 locomotives in 1892. Of that number, 210 were compound
engines of tlie Vauclain type.

The Automatic Electric Signal Company has been organ-
ized in Indianapolis to make and introduce a system of signal-

ing between trains devi.ised by iMr. B. C. Seaton, of Nashville,
Tenn. In this sy.stem the inventor uses a light third rail laid

between the two ordinary rails. LTnder each locomotive is a
contact wheel running on the center rail ; the latter is broken
into short open circuits, so that the approach of trains, either

from diffeient directions or the same direction, will close the
circuit, and in doing so cause a bell to ring on each engine as

a danger signal.

The Baldwin Locomotive Works are to build 20 consolida-
tion engines of the Vauclain compound type for the Norfolk &
Western Railroad. They will have cylinders 14 and 26 X 24
in. and 56-in. driving-wheels.
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The Hon. T. II. Andcr.son,
United Sljitis Minister to Bo-
livia, says, in 11 rcci'iil IcitiT to

the Di'partnu'nt of Stale, tliat

tlie industry of workinc wood
l)y inaeliinery is a iirou ing one
ill 8oiitli Aiiicriea, and tlie trade
for all classes of wood worliini^
inaeliinery is fiiven lo tlie United
Stales. And he fiiitlier says
lliat IheEgan Company, of Cin-
cinnati. O., eonlriils over 50 per
cent of this trade in this class

of jfoods. simply as the result of
enterprise in Miceessfully placing
supciior ijonds before llie Soulh
American biivers.

MULTIPLE CIRCUIT HOT-WATER SYSTEM

The Rhode Island Locomolive Woiks in Providence are to

build 12 heavy passenger engines for iLe Boston tt Albany
Railroad. Sixof these engines are to beof Ihe ten wheel type,
with six drivers coupled.

TriE National Car Spring Company, of New York, and the

Oswego Railway Spring Company have been consolidated.

The new organization will be known as the National Railway
Spring Company, and its officers are : Theodore Irwin, Presi-

dent ; Thomas M. Bell, Vice President ; .George B. Sloan, Jr.,

Secretary and Treasurer ; Edward A. Clift, Superintendent.
The factories at Newark, N. J., and Oswego, N. Y.. will be
continued for the present, but the company purposes building
an extensive plant in Buffalo, N. Y., as soon as possible.

The St. Charles Car Company, St. Charles. Mo , are build-
ing for the Missouri Pacifio Railroad four 60 ft. postal cars
with six-wheel trucks, finished iii accordance with the stand-
ard postal regulations ; 10 chair cars very liandsomely fin-

ished, having large double windows, smoking and wa>h-rooras
and provided with the latest pattern of Scarritt reclining
chairs ; 20 first-class passenger ears, 55 ft. long, with smoking-
rooms, and fitted willi Scarritt-Forney high-backed .seals. All
these cars are handsomely finished ; they have the Safety Car
Heating and Lighliiig Company's steam healing system and
are lighted with gas on the Pintsch system.

The New York Safety Car Healing & Lighting Company
has just completed a plant at Council Bluffs. la., and is

ready to supply gas to any companies desiring it. It has a
capacity of 20,000 ft. jier day. The company's Kansas City
plant will be in operation in a few davs. It is also building
plants at Toledo, at Buffalo and at Chattanooga, Tenn. There
is besides a plant under construction at Portland, Ore , and
one at Oakland, Cal. These will all be in operation inside of
three or four months.

The Union Pacific Railroad is equipping all its cars with
the Safety Company's .systems of healing and li<;hliiig as fast

as the cars under, o repairs at the shops ; so aUo is ihe Jlis-

souri Pacific.

The Philadelphia office of the Pittsburgh Testing Labora-
tory of Hunt it Clapp has been discontinued, and all business
will be done hereafter at the headquarters in Pittsburgh.

The firm of Booth, Garrett &
Blair, Analytical Clienii.sts, in

Philadelphia, have established a
ilepartment in their laboratory
for the mechanical listing and
inspection of iron, steel and otber
metals. The class of woik that

they propose to undeitake will

include not only rails, stiuctuial

and bridge material, but also

rail load equipment and supplies,

waterjiipe. anrl all similar ma-
terial subject to specifications

and tests, chemical or physica'.

To carry ou! this plan tliey have
associated with them as a part-

ner. Mr. F. 11. Lewis, known as

an expert in this specialty, who
will have general charge of the
department . They are also add-
ing to the physical laboratory a
modern high-speed testing ma-
chine of 100.000 lbs. capacity.

The National Hollow Brake-
Beam Company, of Chicago,

has leased its entire business, plant and patents lo the Chicago
Railway Equipment Company, which company from .lauuary 1

manufactures and sells the national hollow brake-beams, and
assumes the business heretofore earned on by the Brake-Beam
Company. The ottice of the Chicago Railway Equipment
Company is at 4(lth and Hopkins Sueets, Chicago. -Mr. H. S.

Biirkhardt is President and E. B. Leigh, General Manager.
Messrs. A. .J. Farley and L. C. Burgess will be in charge of

the sales in the West, with office No. 514 Phcenix Buildin;;,

Chicago, and Mr. F. G. Elv in the East, wilh office at Nj. 29
Broadway, New York, as heretofore. Mr. H. B. Robischuiig
is Supeiintendent of Ihe works.

The Manhattan Equipment Company, recenlly organized in

New Yorli by Jlr. IL M. Warren and associates, has purchased
the business of the firm of Reginald Canning & Company, and
will conduct it hereafter. Mr. Thomas B. Inness will manage
the equipment department of the business, making a specialty

of second-hand cars and locomotives.

The W. & A. Fletcher Company, New York, has ordered
1,840 tubes of the Serve ribbed pattern for the 10 boilers for

the new .steamer building for the Fall River Line. The boil-

ers are of the Scotch type, 14 ft. in diameter and 14 ft. 6 in.

long, and each will have 184 of the Serve tubes, li^ in. in diame-
ter and 10 ft. 3i in. long. These tubes have made a very good
showing in service.

Multiple Circuit Hot- Water System.

A NEW hot- water circulating system recently patented and
put into service by Ihe Consolidated Car Heating Company is

known as the miiltiiile cin'uit system.
The niulliple circuit is a drum system which meets the de-

mand for a sufficient heating surface fiir the largest cars. The
steam pressure retjuired is 4 lbs. There is no practical limit

lo the anioiint of healiii,;; surface wliiidi may be proviiled, the

hiating |iipes being divided inl<i tight or moie different cir-

cuits, which are connecled lo the .same source of heat. All

pirls of the car receive the heat from the different circuits

simultaneously and in the same degree.
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The circuit is throngh the two upper pipes to both ends of

tlie car and returning to the center through the two lower
pipes, where the water enters througli a 2 in. pipe the return
end of the heating drum. The construction of the drum is

and all fittings are complete and of the best description. Tlie
regulation by means of the improved governor is such that
the engine has shown in practice excellent regulation under
conditions where Ihe variation in load on the generator from

NEW ELECTUIC RAILROAD ENGINE.

shown in figs. 2 and 3, which show four IJ-in. corrugated
copper pipes attached to the cast-iron head before the drum is

put together.

The body of the drum, shown in fig. 3, is a wronghtiron pipe

5 in. in diameter, the pipe connections being made through
tbe cast-iron heads which enclose the end of the drum. There
are two ports in one of the heads. Through the upper one
the steam is supplied to the interior of Ihe corrugated pipes
within the drum ; the lower port is for icmoving the wnler of

condensation. The four pipes of corrugated copper liave a

total lenglh of 35 ft. and are arranged in Iwo separate .steam

circuits. The water of all circuits flows Ihe entire length of

the drum. Steam from Ihe train-pipe is admilted inlu the cor-

rugated pipe, and the water is heated by contact wilh the

external surface of Ibis pipe. The drum beneath the car is

placed against the needle beam. Pig. 1 shows Ihe general
arrangement of the piping and drum in this S3Stem.

An Engine for Electric Work.

Thr illuslralion herewith shows a new engine designed for

the severe work required on electric railroads, for electric

welding, etc., by the Ball Engine Company, of Erie, Pa. It

is intended to meet tbe requirements of heavy duty, varying
loads and long continuous runs, and seems well adapted for

service of this liind.

The frame of the engine is massive and heavy and internally

ribbed, so as to give the greatest atlainable stillness. The
cranli-shaft is forged out of a solid steel ingot of the best qual-

ity, and is of large diameter and great strength. The connect-

ing rod and straps are forged out of steel ingots and are of a
new design, combining sirength with efticiency. The main
bearings are unusually large, and are so arranged that bolh the

vertical and side wear of the liners may be taken up. The
main bearing liners are genuine balibilt, carefully scraped and
tilted, and as they are made removable, Ihey can be quickly
and easily taken out and replaced with new ones if necessary.

The crank-pin boxes are lined with genuine babbitt. The
cross-head boxes are made of pure copper and tin. The cross-

head is a steel ca.sting with very large bearing surfaces, and is

babbitted on the four faces with genuine babbilt. The cross

head, pin is tool steel, and Ihe piston-rod a fine qnalit}' of cruci-

ble steel. The oiling devices are of the most improved form,

zero to the full capacity has occurred in less than five seconds
of time.

It may be added that great care is taken in building these
engines to secure good workmansbip in all the details.

Some Hydraulic Rail Punches.

The accompanying cut shows a hydraulic punch for mak-
ing the bolt holes in Ihe web of an ordinary rail. The makers

HYDRAULIC PUNCH FOR WEB OP RAIL.

claim lliat Ihese punches are the first made which can be con-

veniently used by an ordinary gang of men, and which do not

require to have the rail removed from the road-bed in order to

punch it.

By the use of the quic!:-acting lever, shown in the middle of
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SOME HANDT FORMS OF CALIPERS.

he cut, the ram luny be worUeii iti ami out a distance of 2 in.

without the loss of time ami laliar of pumping. In mounting
tlie (lie in a sliding bolster, wliich lalchos it in position, an
additional opening is obtained witliout tlie extra weiglit wliieh
would be necessary to get a 4-in. movement, and also a reser-

voir of sufheient eaparity. A guide is placed at tlie top of the
jaw wliieh, once set for any pattern of rail, will cau.se all holes

to be punched at the same lieiglit. In returning the punch to

the cylinder the pumping socket must lie brought down against
the head lug before the quick-working lever can lie used.

These punches are made in two sizss, for 7l)-lbs. and 90-lbs.

rail-i. The makers are the well kn,iwn firm of Watson & Still-

man, of New York.
The second illustration shows a tool by the same makers.

HYDRAULIC PUNCH FOR SPIKE-SLOT OP RAIL.

which is an adaptation of their improved hydraulic punch, for
the purpose of punching the spike-slots in the base of heavy
rails for regular railroad service, as is frequently requireil on
switches and curves ; it is the first tool of the kind which is

convenient, expeditious and reliable, making a clean-cut slot.

Tlie body of the punch is somewhat longer than in the regu-
lar style of punch, and is cut out in front to bring the center
of the punch to the proper position. As in tlic improved
hydraulic punch, this puncli may be brought down to the
work without the labor of pumping, being tinth raised and
lowered by the lower lever shown in the illustration. Tliey
are very carefully designed to avoid tlic troubles which for-

merly existed in the punclies of this character. The head is

of the same construction and size as in the corresponding .sizes

of the regular make of punch. No. 2, with l^-in. jaw, weigh-

ing aboutOOlbs., hassufflcient power to punch the ^J X {c slot

in the side of the base of aflOlbs. steel rail. Guides are placed
on the side for determining the depth, and also act us strippers.

Some Handy Tools.

The illustrations given show a series of exceedingly handy
tools of new patterns, devised and mads; by Mr. L. S. Starrett,

of Athol, Mass., who is well known as a maker of machinists'
tools.

Nos. 38 and 39 show outside and inside calipers, called by
the maker lock-joint calipers. They are of wide .scope for

both inside and outside work, can be instantly adjusted to their

full extent, and as quickly locked firm in tlie joint, and are yet
provided with a sensitive adjustment They are made to super-
sede the old style firm joint, also the lock joint with split-leg

adjustment. The improvement consists, first, in a socket joint

made tapering, and locked or released li_v a partial turn of the
knurled di^k drawing it together. A spring washer under the
disk maintains an easy friction in the joint when unlocked,
lu the under side of tlie short arm is a slot containing a stiff

spring Kivcted into the middle leg and projecting through
an ojiening in the arm is a l/iraiiJid uttiil on which is a knurled
nut having a beveled Inib— this bears against a cone in the
arm ; the action of the spring holding tliem together turning
the nut, presses them apart and adjusts the leg while the joint

is locked. The spring taking up all backlash, the legs are
firjii.

These calipers are made in sizes from 4 in. to 24 in.

Nos. 36 and 37 show the lock-joint transfer calipers. They
arc an improvement on the preceding jiatterns, a.s in addition

to the ordinary use they may be employed to take measure-
ments inside of chambered cavities, over llang('s, etc., and mav
tie removed and replaced without losing the size caliperecf.

This is done liy loosening the nut, biiuling one arm to the

auxiliary leaf and swinging it out or in (while the joint is

locked) to clear the obstruction, then moving it back against a

stop, where it will show the exact size measured.
Like tlio.se first described, these calipers are made in sizes

from 4 in to 24 in.

No. 42 shows a very handy pair of hermaphrodite calipers

with lock joint and sensitive adjustment. These are made in

6 in., 8 in. and 10-in. sizes.

No. 43 shows a pair of dividers with the Starrett lock-joint

attachmentand sensitive adjustment. They are lightand stiff,

with large capacity, instantly opened, clo.sed and locked. The
points are nicely tempered. They are made in 6 in. and 8-in.

sizes.

The report going the rounds a few weeks back in regard to

the Baltimore & Ohio making a heavy increa.se in the freight

equipment seems to have had its origin in tlie fertile brain of
a newspaper reporter ; but it is understood there will be some
new cars contracted for in the near futun', the exact number
not being yet decided on. The jioliey of the comjiany is to

improve its equipment by rebuilding the old, short oars, and
make them standard length, using the old materials.
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PERSONALS.

Frederick II. Lewis has resigncrl liis position as Manager
at. Pliihiflel|iliia fur the Piltsburgli Testing Laboratory, and
has lalvcn an interest with Messrs. Booth, Garrett & Biair, of
Pliiladelpliia, in a department of mechanical testing and in-

spection.

Chief Engineer Natiiak H. Towne, U. S. N., for some
time past Chief Assistant in the Bureau of Steam Engineer-
ing, has been granted leave of absence for two years. During
that time it is understood that he will act as Consulting En-
gineer at the Cramp Yards in Philadelphia.

.James iL\CBETH has been appointed blaster Car builder in

charge of tiie Buifalo shops of the New York Central ifc Hud-
son River Railroad. He was formerly in charge of tlie loco-

motive shops at BulTalo, but more recently has been Superin-
tendent of Motive Power of the Adirondack & St. Lawrence
Railroad.

Eugene Ch.wiberlain has resigned his position as Master
Car-Builder of the New York Central & Hudson River Rail-

road to undertake the management of the Lancaster JFalleable

L-on Works as a partner. Ho has been connected with the
New York Central for 18 yeais and for eight years has had
charge of the Buffalo shops.

Christopher Benson, who is 86 years old, and is now an
inmate of the Philadelphia Hospital at Blockley, can claim to

be one of the first locomotire engineers in the country. He
was employed on the old Mohawk & Hudson Kailroad in 183!),

and ran the old John Bull and the De Witt Clinton on that

road. He was for many years on tlie New York Central, but
advancing age forced him to give up work several years ago.

Commodore Folger's retirement from the position of Chief
of the Bureau of Ordnance, Navy Department, leaves a va-
cancy which has been tilled by the appointment of Capt.\in
William T. S.\mpson, for some time past at the Washington
Navy Yard. Captain John A. Howell is made couunandaut
of the Washington Yard, and Commander T. F. .Jewell
Superintendent of the Gun Factory. Commander George
A. Converse succeeds Commander Jewell in charge of the
Torpedo Station.

John Fritz, Chief Engineer and General Superintendent of
the Belhlebem Iron Works, relinquished the duties of Super-
intendent at the close of the old year. He has been succeeded
in that position by Owen IjEIBERT, who has been for many
years one of his assistants. Hereafter Mr. Fritz will act as
Consulting Engineer of the works. Mr. Fritz built the Bethle-
hem Works from the first blast furnace to their present splendid
proportions. He was appointed the Superintendent of the
works on June 20, 1860, coming to Bethlehem from Johns-
town, where he had been Superintendent of the Cambria Iron
Works. Other important changes in the staff of the Bethle-
hem works occurred at the close of 1893. Russell W.
Davenpoist, the Assistant Superintendent, becomes Second
Vice-President of the company. Robert H. Sayre, Jr., as-

sumes the position of Assistant Superintendent. Albert
Ladd Colby, Head Chemist, will hereafter be Superintendent
of the blast furnaces.

OBITUARIES.

Horace Smith, who died in Springfield, Mass., January 15,

aged 83 years, was born in Cheshire, Conn., and received his

mechanical training in the United States Armory at Spring-
field, Mass. He made some important improvements in the
machinery used there, and later, in connection with D. B.
Wesson, invented the Winchester ritie and the Siuith & Wes-
son revolver, both of which are well known. He retired from
business a number of years ago with a moderate fortune, and
has since lived quietly in Springfield.

Edward H. M.^^rtin, who died in Cleveland, O., December
29, was born in England in 1832. He received a liberal educa-
tion, gaining the degree of civil engineer, and he engaged in

many large manufacluring enterprises in his native lantl. In
1868 he came to this country, ami the following year acted as
Assistant Engineer in superintending the construction of tlie

bridge over the Ohio River at Louisville. In 18711 he super-
vised the construction of tlie Reese Agricultural Works at

Mansfield, in that year inventing one of the first automatic
horse-rakes ever manufactured. In 1872 he removed to Cleve-
land and built the Union Steel Screw Works, holding the posi-

tion of Constructing Engineer. In 1874 he entered the em-

ploy of the Cleveland Rolling Mill Company, remaining there
until 1891. While with that company he designed all the ma-
chinery that was put up in the works, including boilers,

engines, pumps and all varieties of work. He invented an
improved pumping engine which, under the name of the

Martin pump, became known everywher'e. In 1891 Mr. Mar-
tin entered the service of the Baackes Wire Nail (Umipany,
remaining there until his death. During this period he built

the Baackes rod mill.

H. Stanley 'Goodwin, who died in Bethlehem, Pa., De-
cember 2.5, aged 00 years, was born in Morris, Conn. He
began his railroad service in 1&.')2 as a rodrnan on the Dela-
ware, Lackawanna & Western, and was Chief Assistant En-
gineer of that road from June, 18.53, until March, 1857. For
a year after that he was Principal Assistant Engineer of the
Honduras Interoceanic Railroad. From November, 1858, to
June, I860, he was Resident Engineer of the Western Division
of the Pittsburgh, Fort Wayne & Chicago. During the early
years of the War he was Superintendent of the Calawissa
Railroad, and from April, 1863, to April, 1866, he was Chief
Engineer of the Northern Central. He tlien moved to Bethle-
hem, and from April, 1866, to December, 1882, was General
Eastern Superintendent of the Lehigh Valley. For the last

ten years he has been General Superintendent of that road, and
when it was leased by the Philadelphia & Reading, President
McLeod recognized his value and appointed him General East-
ern Superintendent of the Pliiladelphia & Reading. He was
affectionately regarded by the railroad men under his charge
and by his townspeople. He was an instructor in civil en-
gineering at Lehigh University in 1868 and 1869, under Dr.
Coppee's administration as President.

George Frick, the founder of the Frick Company, of
Waynesboro, Pa., died in his home at that place on Friday,
December 23. His wife and four sons survive him. He was
born in Lancaster County, Pa., on November 25. 1836, and was
66 years of age. He was a son of Alvam and Catherine
(Dillenbaugh) Frick, natives of Lancaster County and of Ger-
man descent. He was the fourth of a family of si.\ children,
was raised on a farm, and, like thousands of other Ameiican
boys, received his education in the common schools. When
he was eleven years of age his father removed to Franklin
County, Pa., where he grew up on the farm. He learned the
trade of a mill wright , and followed the business for a few years.
Wlien quite a young m.an he conducted a repair .shop at

Quincy, and built grain drills or seeding machines. In 18.50,

after his marriage, he removed to a farm near Ringgold, where
he erected a shop and began building the Frick engine, which
he invented. Shortly after he rented another shop and added
to his business the building of the Geiser threshing machine,
which has had a great reputation through all that region of
country. He and Peter Geiser then became associated to-

gether, and the result has been the creation of two large estab-
lishments in Waynesboro—one, the Fiick Company, for the
manufacture of steam-engines of various kinds and sizes, ice-

making and refrigerating machines, saw-mills, etc. ; the other,
the Geiser Manufacturing Company, which is making agricul-
tural machinery. In the early fifties Peter Geiser, a farmer's
boy, scarcely out of his teens, perfected and tested his thresb-
ing machine and separator. Mr. Frick was then operating his
shop near Ringgold, and come most serviceably to his young
friend and collaborator's assistance in furnishing him with the
castings for his machine. Thus the two industries sprang
from the same period, the same location, and have .since con-
tinued an association and development along equal lines of
struggle and Iriuiuph. They are lo-day the twin factories of
which Waynesboro is justl}' proud.
In the year 1858 Mr, Frick, finding the scope of his market

quite outgrowing his facilities, and induced bj' appeals from cer-

tain of his fellow-citizens, concluded the purchase of a piece
of land now the site, in part, of the present Geiser works. In
the following year he erected a large frame shop and foundry,
together witli a residence, hard by. In 1850 he moved his plant
from Ringgold in and began the operation of his new and
larger works. This same year Mr. Frick made an arrange-
ment with Peter Geiser, who had been receiving overtures
from Greencastle parlies to locate his works there, to manu-
facture his threshers at the new works. This arrangement
was the beginning of a movement which finally resulted in
the concentration of the various branches of the Geiser sep-
arator works—eight in number at that tiiue—in Waynesboro.

Mr. Frick conducted this enterprise with yearly increasing
success till 1866, when the separator branch of the business
passed into the hands of the firm of Geiser, Price & Company,
who purchased the works. Mr. Frick, this same year, pur-
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chased a parcel of land just across the street, where he erected

the large and wellplaniieil brick sliops now occupied by llie

Amerlc^m Manufacturing Company. Here he coutiiiued to

conduct the business of engine Imildinff till 1ST;!, when the

partnersliip of Friciv & Company was formed, to whom he

sold his interest in the wurks. He remained with tlie enter-

prise in the capacity of Superinten<lent till 18S8, wlien from
declining health and vigor he was compelled to resi^^n Since

that lime, with the exception of a year's connection wilii the

American JIanufacturing Ci)mpany, for whom he invented

their valuable simoon evaporator, he has led a life of well-

earned retirement and rest.

In the October (18!)2) number of this .Tourn.^i. an elaborate

description of the present works of the Frick Company was
published. These now rank among the first of their kind in

the counli'}'.

The Kci/stone Qiizrite. a local Waynesboro paper, to which
we are indebted for most of the particidars of Jlr. Frick's life,

said of him that " his life was a busy one, and his nature,

though gentle as that of a child, was of heroic mold. Olher-

wise lie could not have struggled up from comparative obscu-

rity through all the adversities and discouragements that beset

elTort, especially upon new lines, to the parentage and head-

ship of one of the largest and most nourishing industrial estab-

lishments of the laud. Nature had endowed him with the

spark of inventive genius, but the flame that finally lit his

pathway with honor and renown was the result of work, per-

sistent application, determinalion to succeed, trial, drudgery
and sacrifice. In this school of discipline his faculties were
sharpened, and when in the zenith of his career his executive

ability and capacity for grasping complicated details were of

the highest order."

ton, Mass. ; Chairman of Executive Committee. B. E. Fer-

now. Chief of the Forestry Division, U. S. Department of
Agriculture, Washington.

PROCEEDINGS OF SOCIETIES.

American Society of Civil Engineers. -At the meeting of

December 21 Mr. U. H. Broughton read a long paper on the

Shone Hydro-Pneumatic Sewerage System, describing various

applications of this system. This paper was briclly discussed

by members present.

At the regular meeting, January 4, a paper by A. J. Grovcr,

on Flood Waves in Sewers and their Automatic Measurement,
was read and discussed.

Mr. E. B. Dorsey described the Harbor improvements at

Tampico. Mexico, as now in progress.

The following elections were announced :

Members: John W. Alvord, Chicago ; .James Francis, Lowell,

Ma.ss. ; Alfred Koscnzwcig, City of Mexico ; Henry G. Kultan,

Winnipeg, Manitoba.
A»«ociate Memben : S. B. Miller, Hobokcn, N. J. ; Kenner-

ley Bryan, Chicago.

The officers elected at the annual meeting for 1893 are :

President, William Metcalf ; Vice-Presidents, Charles Mac-
donald and E. L. Corthell ; Directors, Foster Crowell, Henry
G. Prout, Willard S. Pope, F. P. Stearns, J. T. Fanning and
O, S. Laudreth ; Secretary, Francis CoUingwood

; Treasurer,

John Bogart.

American Forestry Association.—The annual meeting was
held at the Department of Agriculture. Washington, D. C,
December 20. Jlr. B. E. Fernow, Chairman of the Executive
Committee, pre.sented his report, in which it was stated that

there are at present six reservations of forest, representing a

total of 3,252,200 acres. The.se are as follows ; White Kivcr,

Pike's Peak and Plum Creek. Colorado ; Pecos and Canadian
Kiver, New Jlexico ; Bull Run, Oregon ; and Yellowstone

National Park timlierland reserve, lying snith and east of Yel-

lowstone Park, W3'oming. A public State park was pro-

claimed last August at Lake llaska, Minn., headwaters of the

Mississippi River. There are 20 proposed forest reservations

now being considered which are .situated in California, Colo-

rado, Idaho, ^Minnesota, Montana, New Mexico, North Dakota,
Oregon, Washington and Wyoming.
There was an animated discussion on the merits of the Pad-

dock bill, now on the Senate calendar, which proposes to place

the control of the limber lands in the hands of the Secretary of
Agriculture, who will be given administrative action in order
to protect and utili/.e the timber. The proposed reservations

are not land desired for agricultural purposes.

The following officers were elected for the ensuing year :

President, Hon. Sterling J. Morton, Arbor Lodge, Neb
;

Treasurer, Henry M. Fisher, Philadelphia, Pa. ; Secretary,

Dr. N. H. Egleston, Department of Agriculture, Washing-
ton, D. C. ; Corresponding Secretary, J. D. W. French, Bas-

Master Car Builders' Association.—-Tlie Committee on
Atlaclimeiit of .M. C. B. Couplers to Cars has issued circulars

re(piesting manufacturers of M. C. B. type coujilers and of

draft devices for cars to submit detail drawings or blue prints

of their couplers or other devices to the Committee, accom-
panying them with full descriptions. These should be sent to

the Chairman. Mr. E. D. Bronner, whose address is "Care
Michigan Central Railroad, Detroit. Mich."

American Society of Naval Engineers.—The officers elect-

ed at the recent .annual meeting in Washington arc : President,

Chief Engineer H. Webster ; Secretary and Treasurer, Passed
Assistant Engineer W. M. MeFarland" ; Members of Council,

Assistant Engineer W. W. White, Passed .Assistant Engineers

F. H. Bailey and J. N. Ilollis.

Civil Engineers' Society of St. Paul.—At the annual
meeting in St. Paul, Januiiry 9, resolutions of thanks for

courtesies received on the recent excursion to West Superior
and Dululh were adopted.
The following officers were elected : President, George L.

Wilson ; Vice-President, J. D. Estabrook ; Secretary, C. L.

Annan ; Treasurer. A. O. Powell ; Librarian, A. Miinster ;

Representative on the Board of Managers of the Association

of Engineering Societies C. J. A. Morris.

The President made the following appointments : Examin-
ing Board, C. F. Losveth, A. O. Powell and E. E. Woodman ;

Auditor, W. C. Merryman.
Mr. J. J. Sewall gave a description of the Marshall Avenue

Bridge over the Mississippi ; and Mr. W. H. Wood spoke of

his Experience on the Mexican Southern Line.

Engineers' Club of Cincinnati.—The fifth annual meeting
wa^ held DecembiT 1'), with 31 members present. Tlie re-

ports of the Secretary and Treasurer were presented, showing
the Club to be in a satisfactory condition. The following ofli-

cers were elected to serve during the coming fiscal year:

President, Colonel Latham Anderson ; Vice-President, W. B.

Ruggles ; Directors, M. D. Burke, Charles A. Ewing and
H. L. Hoeffer ; Secretary and Treasurer, J. F. Wilson.

The retiring President chose for the theme of his annual ad-

dress. Ethics of Engineering, which he treated very thorough-

ly and undeistandingly. His paper w,as ordered printed for

distribution. The customary annual lunch was served.

Western Society of Engineers.—At the annual meeting, in

Chicago, January 4, the following officers were elected for the

ensuing year : President, Robert W. Hunt ; Vice-Presidents,

H. A. Rust and H. B. Herr ; Secretary and Librarian, John W.
Weston ; Treasurer, F. G. Nourse ; Trustee. George S. Mori-

son.

Northwest Railroad Club.—At the annual meeting in St.

Paul, January 10. the following officers were elected : Presi-

dent. William Mcintosh ; Vice Presidents, John Hickey and
E. A. Williams ; Secretary, W. D. Grossman ; Treasurer,

H. L. Preston.

Southern & Southvyestern Railroad Club.—At the last

meeting, in Atlanta, .'\lr P. W. Gentry described the system
used on the Richmond & Danville Railroad for regulating the

consumption of oil on locomotives.
The following officers were elected : President, Pula.skl

Leeds : Vice Presidents, James Meehau and A. W. Gibbs ;

Treasurer, A. G. Steinbrenner ; Secretary, S. A. Charpiot.

Master Mechanics' Association.—Secretary Angus Sin-

clair is.-ued the foil )wing circular under date of December 27,

1893 :

AKNUAL CONVENTION.

The Twenty-seventh Annual Convention of the American
Railway Master Mechanics' .\.s.soeiatioii for 18!)3 will be held

at Lakewood. N. Y'.. with headquarters at the Kent IloUiC,

commencing Monday. June 19. 189i!.

There are two hotels close together, and the proprietor of

lh(^ Kent House will receive all applications for rooms and
locate the guests. His address is John C. Brady, Kent Hovisc,

Lakewood. on Ciiautauipia Lake. N. Y'.

The hotels agree to a uniform rate of |3 per day, when
nothing extra is wanted.

Messrs. R. C. Blaekall. T. A. Bis.sell and Angus Sinclair

are a Committee of Arrangements for this Convention.
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NOTES AND NEWS.

Austrian Ties and Track.— Tlicillui-triition lierewith shows
two sections of tiack on tlie Enipc-ror Ferdinand Nortlicrn

Railroad of Austria, tliat gitcn in fig. 1 being laid on Ees.'tnier

steel ties of the Heindl pattern, and thiit in fig. 2 on oak tits

treated by the chlorate of zinc process. The rails weigh 71

plunger rests in the cylinder E, and hence it follows that the

fluid as it first enters the cylinder E will act on the springs and
compress them, thus allowing time for the weight (caniage
iind gun) to begin to move. Tlie plunger is in effect a spring
plunger, one end being yieldingly supported and the other
end adapted to receive the impact of llie fluid forced into the

lower cylinder from the upper cylinder. This fluid is under

J^Vn

PLANS OP TRACK, EMPEROR FEEDINANX) NORTHERN RAILROAD.

lbs. to the yard. The engravings show the spacing of ties,

arrangement of joints, etc., the figures given being in meters.

Some account of a test of tlie steel ties was given in our
January number. The Heindl metallic tie is now used for

all renewals on this road.

The Morgan Mortar Mounting.—The accompanying illus

tration shows a mount for mortars, designed by Mr. William
H. Morgan, of the Morgan Engineering Works, Alliance, O.,

which is intended to be especially an improvement on those

mountings having hydraulic cylinders so arranged that the re-

coil of the gun forces fluid contained in the cylinders carried

by the carriage down into a cylinder below the carriage, where-
by the carriage is elevated and the energy of the recoil stored

for elevating the gun. As water is practically incompressi-
ble, it will not yield to pressure when properly housed, and
hence may prove too rigid and unyielding under the first shock
of the recoil. The olijecl of the new design is to provide
means adapted to yie)d under the first shock of the recoil and
before the weights begin to move.
The carriage A normally rests on a flange of the ring B and

Is provided with castings C, having inclined sideways in which
the boxes a, carrying the trunnions of the gun, move. The
boxes are connected to the upper ends of plungers, D, which
move in hydraulic cylinders D' , carried by the carriage. These
cylinders are connected by pipes with a cylinder, E, locaterl

below the carriage, and the water or other fluid, as it is acted
upon by the movement of the plungers caused by the recoil of
the gun, is forced from the cylinders on the carriage into the
cylinder under the carriage, and there, acting on a plunger, F,
operates to elevate the carriage. Now, by opening communi-
cation between the lower cylinder and the upper cylinders the
weight of the carriage will expel the liquid frorn the lower
cylinder and force it into the upper cylinders, thereby permit-
ting the carriage to descend to its normal position and elevat-
ing the gim to its firing position. In the drawing the plunger
i''is shown mounted on a block, O, seated in the base plate and
supported on a series of springs, H. The upper end of the

powerful pressure, and as soon as the upper plungers carrying
the gun begin to move under the recoil the water in the upper

THE MORGAN MORTAR MOUNTING.

cylinders and in the pipes between the upper and lower cylin-

ders is put in motion, and as the fluid in the lower cylinder is

under the same pressure as the fluid in the upper cylinders, it

follows that the instant fluid is displaced in the upper cylin-
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tiers an increased space in tlic lower cylinder must be provid-

ed for such displaced fluid. By means of spriiiL's yieldingly

supporting tlie plunirer the latter is permitted to descend and
thus provide space for the fluid forced into the cyliniler. This

takes the shock oti llie carriage, and the latter is thus given

time to recover and login lo ascend gradually in comparison

to what its movements woidd be were the plunger rigid.

—

Iron Age.

Transmission of Power by Electricity.—In Italy, where
there are numerous small water powers, the Italian Electrical

Societv is making many applications of electric transmission.

From'tlie Gruvellone waterfall near Padua 2(11) 11. 1', are car-

ried half a mile ; the Alzano waterfall is used to distribute

180 H.P. at one third of a mile, 40 II. P. at half a mile and oO

H.P. at three miles. A jilant is now under construction to

transmit 1,000 H.P. from the Cassagno falls to Intra, a dis-

tance of si.v miles. ^

A Large Gas-holder.—San Francisco has a claim for mod-
esty in respect to various works carried out here in a quiet

manner, that would call for much more noise and ink in other

places. The gas company, for example, have erected, on the

north side of the cit.v, a gas-tank of unusual dimensions that

very few people have heard of. It is to hold 2,000,000 cui).

ft., is 168 ft. in diameter, and the total height 145 ft. The
excavations are 37 ft. deep. The floor coating is 24 in. thick,

of stone and concrete. The walls are 8 ft. thick. The iron

work was done by the Union Iron Works, and the material

furnished here, mainly by the Pacific Rolling Mills Couipanv.

The cost of the whole is about |250,000. This is, except some
gasholders at New York and one in Chicago, the largest in

this country, and goes to show the fact that electric lighting

does not interfere greatly with the consumption of gas.—/«-
diiflri/, San Francisco.

A New Sound Steamer.—The construction of the new pas-

senger steamboat for the Fall River Line is now fairly begun
at the Roach shipyards, in Chester, Pa., and the vessel prom-

ises to be one of tlie fnjst specimens of marine architecture

and building thus far produced.
The new boat is to be larger, of greater carrying capacity as

regards both passengers and freight, and will be even more
elaborately finished and furnished tlian the Puritan of the

same line, although the Puritan now stands first of all vessels

of her class afloat. The principal points of difl'erence between

the boat now building and the Purit'in are : the new boat will

be at least 20 ft. longer than the last-named ; she will have

double inclined compound engines, instead of compound beam
engines ; she will have boilers of the Scotch instead of the

Redfleld type and her dining .saloon will be on the main deck.

The dimensions and proportions of the new steamboat will

be as follows : Length over all, 440 ft. ; length on water-line,

424 ft. ; beam, outside plate, 52i ft. ; width over guards, 93

ft. ; depth of hold at lowest point of sheer, 20^ ft. ; depth of

hold amiilsldps, 21J^ ft. ; draft of water, 12^ ft. ;
displacement,

4,550 tons.

The machinery, as indicated above, will be a double inclined

compnund engine, in general arrangement like that of the

Plymouth, of the Fall River Line. There will be two high-

pressure cylinders, each 51 in. in diameter ; and two low-

pressure cylinders, each 95 in. in diameter, all having a stroke

of piston of 11 ft.

The wheels will be of the feathering type,'35 ft. in diame-

ter and 14 ft. face.

A Subterranean River System.—It has long been known
that a subt(;rranean river existed in the Aveyron, near Rodez,
in France. At Veyssicre there exists a remarkable natural

well some 200 ft. in depth which gives access to the stream.

fO ne time ago two French savants, M.M. Martel and Gaupil-

lat, took up their residence in the neighborhood for the pur-

pose of investigating theses phenomena. They now report that

the natural well of Vey.ssiere gives access to a subterranean

river of considerable size, which flows in a general north-north-

west direction. Its course has been definitely traced and deter-

mined for two-thirds of a mile. Observations mad<^ after the

heavy rains of September, 1892, showed that the flow of this

river increased suddenl}' to a very considerable extent, show-
ing that it receives and collects the rain water falling on the

plateau above.
The celebrated ca.seades of Salles la-Source, near Tindoul,

are evidently fed by this subterranean river. Starting from
that point the explorers succeeded in asceniling the stream
undergroiin<l for nearly 1,000 ft. They then discovered the

existence of a great basin .serving as a reservoir for the cas-

cades or springs of Salles—which fiever dry up and vary in

flow very little—and spreading out in time of floods into other

galleries or caverns which serve to hold the overflow. These
caves form an nnilerirround storage reservoir of a very curious

nature ; no other similar one has been explored, though some
are supposed to exist in our own country.

An English Vertical High-Speed Engine.—The illustra-

tion given, from the Luiiiluii A'«///«(. r, shons a type of ver-

tical highspeed engine adopted liy Kobcy it Company, of Lin-

coln, who are extensive builders of stationary engines. It is

of interest as showing a pattern popular in that country, as it

does not differ materially from those of other builders.

These engines are pririi-ii ally used for electric lighting, al-

though some of them have been very successfidly applied for

working high-speed shaft ing direct for saw-mills and other in-

dustries. The engine shown is one of the small sizes, and has

a high-pressure cylinder KJ in. diami't.er, low-pressure 14} in.

diameter by 10 in. .stroke, and runs easily and quietly up to

;!0ll revolutions per minute, developing at that speed up to 75

II. P. The larger sizes are made with automatic gear and bal-

<M,1«*

AN ENGLISH VERTICAL HIGH-SPEED ENGINE.

anced piston valves. It will be seen all the working parts'are

enclosed, and the connecting-rod big end runs in a shallow

bath of oil ; the moving iiarts are by this means perfectly

lidjricated. The bearings are exceptionally large, and all the

working parts have great strength and ample surfaces. While
not competing in economy with long stroke trip-gear engines,

yet the.se engines are nevcrllieless worked with a very small

consumption of steam, and are constructed for very long con-

tinuous runs, and they are frequently combined on one bed-

plate with a dynamo, to wluch they are coupled direct.
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EDITORIAL NOTES.

The Coupler Bill, which has passed the Senate, a full text

which we give in another column, contains one feature

which seems to have been almost an oversight. Authority

is given to the American Railroad Association to fix the

standard height of the draw-bar and also to decide what

variations above and below this standard will be allowable.

And there is nothing to prevent them from taking the

height of tlie draw-bar of the highest car empty as the

upper limit and that 6f the lowest car loaded as the lowest,

which would leave matters just as they are and perhaps a lit-

tle worse.

It is a curious commentary on the slowness of apprehen-

sion of the City Fathers of some of our near-by cities to note

that, whereas there was a tremendous opposition to the ele-

vation of the tracks of the Pennsylvania Kailroad in Jersey

City, on the ground of inconvenience and damage to proji-

crty, now the improvement has been recognized as being-

such a decided success that there is a very serious talk of com-

u'lling all of the other railroads entering the city to do the

anie thing. It would certainly be greatly to the advantage of

all tlie parties interested, both in the railroad properties and

the adjoining real estate, if this were done, but the problem

of raising the money would be a very serious one for some

of the roads to face.

In an article p\d)lis!ied in another column there is an in-

teresting statement of tlie amount of work which is now

being done in the ship-building yards along the Great

Lakes. The industry certainly seems to be in a very flour-

ishing condition, and all of the yards are busy to their full

capacity, which argues well for the development of the

transportation facilities and interests between the northwest

and the sea coast. And these will undoubtedly receive still

further impetus if Congress makes an appropriation for the

formation and maintenance of a deep-water channel be-

tween the headwaters of Lake Superior and the Hudson

River.

GAUGE OF WHEELS AND RAILS.

On another page we give a condensiition of a very excel-

lent paper on Wheel Flanges, which was read before the

Western Railway Club by G. W. Rhodes, Superintendent

of Motive Power of the Chicago, Burlington & Quincy Rail-

road, on January 17, 1893. The main purpose of that paper

was to show the importance of having a maximum gauge

for the thickness of the flanges of car-wheels, as well as a

minimum one, which has already been adopted by the Car-

Builders' Association.

The subject of wheel gauges and wheel flanges has often

been discussed before that Association, and action of various

kinds has been taken with reference thereto. To obviate

the danger resulting from running wheels whose distance

between the backs of their flanges is less than that over the

guard-rails and wing-rails at frogs, a standard distance of

4 ft. 5 in. over those rails was adopted in 1882, and of 4 ft.

5| in. between the backs of the flanges of the wheels was

adopted in 1883. In 1885 the latter was modified so as to

allow of a variation of i in. each way, making the maxi-

mum distance between flanges 4 ft. 5j in. and the minimum

4 ft. oj in.

The difference in the forms and thickness of flanges was

often so great, however, that in many cases, if the standard

distance between their backs was maintained, the distance

between the outside of the flanges, where they come in con-

tact with the rails, was greater than the distance apart of

the latter. The importance of having a standard form and

sizes for the flanges of wheels thus became apparent, and in

1886 such a standard was adopted, which is now generally

known and used.

In the inspection of cars it became important, too, to be

able to determine definitely when a flange was worn suffi-

ciently to be condemned. To meet this requirement, the

Car-Builders' Association adopted a minimum gauge for

the thickness of flanges, and when they are worn enough as

to enter this gauge, they are condemned. The necessity

for a maximum gauge never seems to have occurred to any

one until Mr. Rhodes pointed it out.

There are, however, many complications which have a

bearing on the important matter of wheel and track gauges.

In order to point these out "so as to be understanded of

all men," the subject will be discussed here in a somewhat

elementary way. The most serious and important incon-

gruence relating to this subject is the fact that the gauge
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of the tracks of the Ptmisylviinia system of railroads is 4 ft.

9 in., while that of nearly all the otlier roads in the country

is 4 ft. .SJ in. In any system of gauging wheels this para-

mount fact must always be kept in mind and provided for.

Then, too, the form of the rail lieiids has an important

bearing on their relation to the wheels, and is the cause of

tnuch confusion and what may be called indeterminatcness.

In Mr. Rhodes's paper he says :

" The Master Car-Builders' standard, as shown in fig.

t (in his paper), is usually estimated as measuring IJ in.

through the llange (some would call itljin.); with the

same method of reckoning, the thick tlange measures astrong

If in. (some would say 1^ in.).'"

It will thus be seen that if it be assumed that the nia.\i-

mum dimension named by Mr. Rhodes represents the thick-

ness of the Master Car-Builders' standard flange, it will,

apparently, make a difference of J in. in the gauge of the

wheels, compared with what it would be if the minimum
dimensions were taken as the thickness. The fact is that

the thickness which should be taken in computing the

gauge, or what may be called the working thickness, is in-

rtueuced very much by the form of the rail-head. Thus

fig. 1 (^herewith) represents a section of the Master Car-

Builders', flange, in contact with a rail-head, the corner of

which is rounded with a FV i

radius of fin. The gauge

of the rails would be

measured on the line A,

e/ being the gauge-line.

It will be seen that the

back, C, of the flnnge

projects li in. from the

gauge-line, and practical-

ly represents the thick-

ness of the flange. In fig.

2 the corner of the rail-

head is rounded with a

curve having a radius of

} in. The back of the

flange then projects ly^

in. inside of the rail-head,

and this dimension repre-

sents the thickness of the flange

form.

In some cases the gauging of the rails also has an impor-

tant influence on the gauge of the wheels. In fig. 3 the

section shaded in full lines re])resents a form of rail-head

introduced about 10 years ago quite extensively, but which

has since been modified somewhat in its shape. It is intro-

duced here merely to illustrate what we are trying to ex-

plain. It will be seen that the sides of this rail-head have

considerable outward slope or inclination. Modifications

of this form of rail-head are extensively used, but there is

no common agreement with reference to the jmint from

which the gauge is measured. In some cases it is measured

on a line A, where the side of the head joins the curve of

the corner, and in others it is measured at B, the widest

part of the head. In the one case the practical thickness

of the flange is IJ in.; in the other, l/v in. Let it be sup-

posed that the rail is made of the form shown by the area

C, fig. 2, which is shaded with dotted lines, and that the

dotted outline represents a Master Car-Builders' standard

flange in contact with such a rail. The practical working

thickness of the flange would be as in fig. 3, 1 1> in., as

shown at ef. If compared with a flange in contact with a

rail of the form represented by the full lines, and gauged

Fig. 2.

if used on rails of this

from II, there will be a difTerence of } in. in the practicid

working thicknesses of the flange.

This may be illustrated in another way. Supposing that

a pair of wheels were gauged in accordance with the JIaster

Car-Builders" maximum standard—that is, with a distance

of 4 ft. 5^ in. between the backs of the flanges. If, now,

we add to this twice the working thickness of the flange

shown in fig. 2, and wc will have 4' — 54" + l/j" -f- Ij","

= 4' — 8|". With a gaiige of 4 ft. 8i in. the wheels will,

therefore, have a total of only i in. end play or ,'5 in. on

each side.

-^*---»i/

Fig- 3-

If we take a pair of wheels with flanges with a working

tliii kncss of l^g in., as represented at cd, in fig. 3, and rails

of the form shown by the full lines in this figure, and gauged

4 ft. 1) in. at the point B, and assume that the wheels are

gauged to the minimum Master Car-Builders" standard dis-

t,ince—4 ft. 5J in.—between the backs of their flanges, and

we will have 4 — 5J -|- ly'j" -|- 1 5
" = 4' — so that

in a 4 ft. 9 in. gauge, with rails like that sliowu in fig. 3.

such a pair of wheels would have 1-j'^ in. total end play. It

will thus be seen that wheels may conform entirely to the

Master Car-Builders' standard, and yet on some lines of rail-

road have only i in. total end play, while on others they

will have nearly or quite IJ in. This difference is due en-

tirely to the forms and methods of gauging rails.

\or is this all that may be said. As long ago a.s 1ST7

.Mr. Samuel J. Hayes, then Superintendent of Machinery on

the Illinois Central Railroad, took a pair of car-wheels and

turned off the inside or backs of the flanges, so as to have

true surfaces. The wheels were then put under an eight-

wheeled car. Quoting from a report made at the time, it

was said :

" Six measurements were then taken between the flanges

at the top and at a similar point at the bottom of the wheels,

under different conditions. In some cases, after the measure-

ments were taken, the car was pushed along the track until

the wheels had made half a revolution. The second

measurement did not differ from the first. The record of

experiments given below represents the difference of the

distance between the flanges at the top of the wheel and at

the bottom. All possible care was taken to have the meas-

urements correct :

" With weight of truck only, ^'^ in. full

" " " car body only, /^ "

" load of 10,000 lbs., all in one end over ; |

wheels measured, W " "
" " of 20,000 lbs., evenly distributed

in car, /j
" " of 2.5,7.')0 lbs., evenly distributed {'^ " "

" " 3r.,000 " " " A " "

" .Vs the experiments were made with the loads at rest,

it is evident that uiuler the violent concussion to which an

axle is subjected in use, the spring or deflection must be

very much greater than that given above."

The axle was of smaller size than is now ordinarily used

— the journal was 3} in. diameter, the wheel-seat 4J in. and

the middle of the axle 3|| in., but the loads also were only

about one-half what are now hauled.
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It would be an iutere.sting contribution to our informa-

tion on this subject if some one would devise an apparatus

which would show the spring of axles while the cars are

running. This would not be very difficult to do, and would

throw much needed light on this important subject ; but

Mr. Hayes's experiments alone show that the distance be-

tween the backs of flanges and their outside gauge is mate-

rially effected by the spring of the axles.

; The deduction from Mr. Rhodes's paper and a consider-

ation of the subject are :

1. The importance of establishing a maximum gauge for

the thickness of wheel flanges.

2. The necessity for a standard form for the heads of rails

and for the method of gauging them.

3. The great desirability of having a common gauge for

rails on all our roads ; or, in other words, the abandonment

of the 4 ft. 9 in. or the 4 ft. 8i in. gauge, or both. Prob-

ably an assimilation of these two gauges can only be brought

about by a compromise. It is suggested that if the standard

gauge of the country was made 4 ft. 8f in., it would not be

diflicult for the roads with either 4 ft. 84 in. or 4 ft. 9 in.

gauges to conform to it. If the American Railway Associa-

tion should agree that all rails on straight-line track should

thereafter be laid to 4 ft. 8f iu. gauge, the desired result

would speedily be reached. As Congress has just legislated

on the subject of couplers and brakes, they may, in the near

future, see proper to exercise their authority to secure a

uniform gauge of track for the whole country.

All or nearly all cars must now run on both the gauges,

so that there could be no difficulty in running on a gauge

intermediate between the two.

There will probably be more difficulty in securing the

adoption of a standard form for the heads of rails than there

will be in assimilating the gauges. There seems to be some-

thing about the occupation of a civil engineer which pre-

vents him from assenting, conforming or agreeing to any

common action or acting in compliance with the views of

other people. The reason for this seems to be that in the

performance of his duties he generally acts alone. Usually

he does not work in accordance with or for the object of

suiting other people's ideas. He usually works to please

himself alone. He does not make goods to sell to others,

and therefore he is not obliged to act in compliance with

their views and wishes. The selling of goods cultivates

flexibility of character as nothing else will. At the time

the Master Car-Builders' Association was considering the

question of the gauge and the form for the flanges of wheels,

a general invitation was sent out to those in charge of the

permanent way of roads to attend the meetings and take

part in the discussion. One solitary individual responded

to the invitation. Owing to the characteristic of civil en-

gineers which has been pointed out, and to the fact that

there is no association through which they can act effi-

ciently, there does not seem to be any hope that a standard

form for rail-heads will be adopted unless the American

Railway Association should take up the subject and act on

it. It is to be hoped that this will be done at an early date.

TRIALS OF THE "VESUVIUS."

The daily papers have been giving more or less obscure re-

ports of the tests of the dynamite gun on board the Vesuvius,
which have been carried on at Port Royal, S. C. From these
reports it might be inferred that the gun and the vessel have
been doing about everything that could be expected of them
excepting the one thing for which they were especially intend-

ed—that is, firing shells loaded with dynamite. On February
3 we were told that the tests of the gun were not continued
because " the work done on Tuesday and Wednesday did not

quite agree with what had been accomplished in the days pre-

viously devoted to ranging the guns. The questions arising

relate to the advisability of beginning the firing with the vessel

under way without further stationary practice. As there are

still about a dozen unloaded projectiles remaining in the firing

room and projectile racks of the Vesuvius, it is probable that

they will be tired to-morrow from the vessel in her present

position—that is, moored alongside the wharf."
" Captain Rapieff, of the Russian Service, who represents

the Dynamite Gun Company, is expected to arrive to-morrow
with the fuses and primers required to perfect the mechanism
of the loaded projectiles. It is proposed to fire a number of

sliells, or, rather, aerial torpedoes, inth about 10 lbs. oj gunpow-
der in their magazines. This will be done to test the action of

fuses before using them with the more powerful explosives."

On February .5 we are informed that the fuses have arrived ;

but as the inventor has not yet secured a patent for them, " it

is diflicult to obtain an intelligible description of their mechan-
ism. . . . The filing of dummy shells, six of which remain,
will be resumed to-morrow."
On the 6th the reporter for the New York Times said :

"The winds blew and the rain descended." and " through
the heavy fog of the early morning the thundering reverbera-

tions from the blank charges with which the guns of the Vesu-

vius were being lubricated were w-afled on a biting sea wind
across Port Royal and then echoed along the northern shore

as far as Beaufort." Other equally fine writing follows this
;

and we are told that " last week the shots were all successful

to a greater or less degree."

The public is also gravely informed that "the Board has

been greatly desirous of attempting to catch one of the falling

projectiles in a lish net. They brought one up from the Phila-

delphia last week, and have been looking for a chance to use

it ever .since. Until this morning, however, the net was igno-

miniously resting on the corner of the Navy Yard docking.

It was taken down to the 2000-yard line this afternoon and
adjusted in the river by means of boats. Before the shell was
fired, however, the boats and net were both swept away by
the tide, and the effort to use the net will be permanently aban-
doned.

"

Then we are told :
" After more than a week's suspense, the

public curiosity over the tests with loaded shells" (loaded with
what?) "will begin to-morrow. The five gunpoxoder shells

will be placed in the gun-racks to-morrow morning. . . . The
lighter carrying tlie gun-cotton shells will remain at its moor-
ing in Beaufort River, and will probably not be taken down
the river until Wednesday morning. . . . Representatives of
tlie press, however, will not be allowed on board the vessel

during the tests with gun cotton shells." (The public may
regret that they were excluded.)

On the 7tli the Times' vivacious correspondent tells the pub-
lic that " Captain Rapieff arrived. It is now stated that after

firing the gunpowder shells to-morrow the Vesuvius will go to

tlie naval station and prepare for the experiments with the gun-
cotton shells.

'

'

On the 8th the information was given that " little work other

than such as was relative to future tests of the Vesuvius guns
was accomplished to-day. . . . Gunpowder shells will be

fired to-morrow ; but there is scarcely a hope that the experi-

ments with the high explosives will begin before Monday
next."
On February 9 " the execrable weather suspended the

tests . . . Half a dozen more of the ivooden projectiles were
fired from'the guns. . . . The real work of the day, however,
consisted in assembling tlie parts of Captain Rapieil's wonder-
ful and extremely intricate fuses. . . . Gunner Whitney in-

spected the high explosive shells and their charges of gun cot-

ton during the day."
On the 10th "the Vesuvius resumed her practice." She

fired five shots, but whether the shells were wood or metal was
not told. They were, however, loaded with something, be-

cause one of them, it is said, exploded. Then follows this sig-

nificant announcement :
" Late this afternoon the Wahneta

towed the lighter, loaded with projectiles, down to the Vesu-

vius, and seven shells were removed to the vessel's deck. The
gun cotton has been removed from these projectiles, and it will be

replaced by gunpowder."
On the 11th four shots were fired, the shells being loaded

with 15 lbs. of powder. The Times' observer says :
" The

ability of the tubes to throw a shell with an accuracy certainly

not excelled, and possibly scarcely equalled, by powder guns,
was demonstrated to the satisfaction of the observers. . . .

The question of the efficiency of Captain Rapiefli's fuse is just

now far more pertinent and decidedly more doubtful. The
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fuse is a wonderfully ingenious and intrieate piece of meclian-
isni, the practical results of which worked out beautifully on
paper. . . . 15ut grave doubts of its etlicieucy were suggest-
ed by yesterday's tests, when live shells were tired, and it was
an open question as to whether any of them were exploded.
Today's experiments will increase the impression that the
HapieiT fuse may possibly prove a failure. . . .

" It was unar.imousiy agreed by the observers (the Hoard al-

ways excepted) that none of the shells exploded. The lateral

line of their fall was practically accurate, and they were rea-

sonably close to their mark ; but it was evident that the fuse
was not fultilling Its mission. ...

' Captain Kapietf is very anxious for the tests with the shells

loaded with 200 lbs. of gun cotton to begin. If the Board
wants n visible elTect, Captain HaitiefT thinks they will get it

then. The Board, however, seems inclined to feel itn tray."

The tests of the guns of the Vtitiiriu.^ tluis far seem to have
been about as inconclusive as the experiments in rain-making
down in Texas last year. A great many pco]ile are asking
why Ihey do not "shoot dynamite." which was the i)urpo8e
for which the suns and the vessel were built.

NEW PUBLICATIONS.

Theory of STnucTUREs and Strength of M.^teri.'^i.s. By
Henry T. Bovey, M.A., D.C.L., Professor of Civil En-

gineering and Applied Mechanics. McGill University, Mon-
treal. 1893, New York ; John Wiley & Sons. 8vo, 817

pages. Price, $7.50.

Tbe numerous text-books on the mechanics of materials,

and of ronf and bridge structures published in the United

States during the past twenty years, have indirectly had the

effect of causing the writings of European authors to be neg-

lected. Twenty years ago the works of Weisbach and of

Hankine were extensively used as text books in our technical

schools. To-day Weisbach's books are almost unknown to

the student, even by name, and those of Rankine, although

still maintaining high rank as records of a master mind, are

but occasionally consulted. American writers and teachers

have produced a literature of their own, distinct from that of

England, and but little influenced in later years by the pub-

lications of France or Germany. It may, indeed, be said that

one of the weak points of many recent books lies in the neglect

of European literatvirc, although this has led to strength in

other directions. American investigators and authors, if some-

times weak in theory, are often strong in rejecting theoretical

speculations based upon insufficient assumptions.

The work before us bears evidence that its author has kept

well abreast of the flood of literature produced on both sides

of the Atlantic, and has utilized the strong points of each.

The student who uses the book cannot fail to find the theory

clear and sutlicient, the practice sound and authoritative, and

the two properly blended, so that each justifies and illustrates

the other. At the ends of the chapters are given many prob-

lems to numerically illustrate the principles and methods
;

the student who can solve all these intelligently will have an

admirable preparation for practical work as a constructing en-

gineer. Ko doubt the author has carefullj- tested in the class-

room most of the matter presented.

The book opens with a chapter of 92 pages on Framed Struc-

tures, in which graphic methods are mostly employed. Then
are given 142 pages on Shears, Moments, and Strength of

Materials, followed by 10.5 pages on Earthwork, Betaining-

Walls and Friction. The subject of Beams. Columns, and

Shafts occupies 346 pages ; Bridges, 106 pages ; Suspension

Bridges, 37 pages ; Arched Ribs, 73 pages, and there is a

short chapter of 13 pages on Boilers. The range of subjects

is wide, and both advantages and disadvantages occur in

treating them all within the covers of a single volume. It

would probably be preferable to allow such general subjects

as work, energy, inertia, impact, friction and traction to be

treated in general works on mechanics, rather than to devote

pace to them in a special book on structures.

In the graphical discussions of stresses in trusses the simple

notation of Bow is not used, as is customary in both lilngland

and the United States, aud we see no advantage whatever in

the notation substituted by the author. The printer has some-

times failed to grasp the idea that a stress diagram and a

frame diagram should be near together, and the confusion is

increased when one is turned at right angles to another and is

also on the opposite page, as occurs with figs. 86 and 87. The
term " intensity of stress," often used in the early part of the

book, seems not the best one for students ;
" stress per square

inch" and, more simply, " unit stress" are preferable, and

both arc used in the latter part. The word "chord" and
" flange" are generally emjiloyed in speaking of the horizon-

tal members of bridge trusses, although now and then the (to

American eyes) strange looking word " boom" is seen. " Pd-

lar" is often, but not always, used instead of " column." The
Latinized pbirals " formulfc" and " abscissie" seem to be gen-

erally preferred to the English ones " formulas" and " ab-

scissas." Rankine's theory of the lateral jjressure of earth is

given, although the a.ssumptions at its foundation have met

with liltle favor in thi' United States, and the aullior admits

that it gives results too great for good practice. We note on

page 634 a discussion entitled " Curve of Cantilever Boom,"
which seems obscure, for we have been unable to discover

either its object or its result, and even the hypotheses (which

the author saj"S " are far from being approximately true") are

not plainly set forth.

Criticism, however, is always easy, and in hinting at a few

minor defects we do not wish to have forgotten our decided

conclusion that the work is a valualde text book for students,

and one that does much credit to its author for careful and

painstaking investigations. Engineers will be interested in the

new theory of the flexure of columns involving elliptic integ-

rals, in the lengthy table of actual weights of plate girder and

modern truss bridges, in the discussion of the stability of the

stone arch, and in many other subjects. In theoretical investi-

gations the book leans toward the methods in vogue in Eng-

land ; in numerical computations and comparisons, its tendency

is toward American practice. In this union there is strength.

Annu.^l Report of the Chief of the Bure.4it of Ste,\m

Engineering, N.\^^r Dep.\rtment, for the Ye.^r 1893

Commodore George W. Melville, Chief of Bureau. Wash-

ington ; Government Printing Ofiice.

This report has less to say than some former ones of the de-

signing of machinery for new vessels, the number whose con-

struction was authorized during the year having been limited
;

but it nevertheless presents a record of a great variety of work
accomplished in the construction of new engines and the care

of older ones. It has some excellent recommendations for the

improvement of the service and the betterment of the plants at

the different navy yards where the work luis to be done.

The most important new work has been the designing of the

engines for the new armored cruiser Brooklyn and the battle-

ship loica, concerning which some interesting particulars are

given. The main boilers of the lotca will be the largest yet

undertaken in this country ; they are to be IG ft. 9 in. in

diameter and 20 ft. long, and the steel plates of the shell will

be l;t in. thick.

Commodore Melville repeats in part some of the observa-

tions of previous reiiorts on the weight of machinery, em-

phasizing his remarks by .some instances from the experience

of other navies. He finds an improvement in the matter of

steel castings, but still believes that there is room for improve-

ment.

The lack of an appropriation has ])revcnted the Biircau from

undertaking any experimental work during the year, but there

is some work of this kind much needed. The Bureau espe-



Vol. LXVII, No. 3.] AND RAILROAD JOURNAL. 109

cially desires to investigate the use of liquid fuel on board

ship. The advantages to be gained by burning petroleum ref-

use or some similar fuel have often been urged, but it is still

uncertain whether the use of such fuel ou a naval vessel may

not be attended by drawbacks which would more than offset

the possible gain, and it is of some importance to ascertain the

facts.

The results of building the engines of some of the cruisers

in the navy -yard shops have been favorable, and it is proba-

ble that more of this work will be done hereafter. Some addi-

tions to the plants at the different yards are needed, and the

establishment of an additional station at the League Island

yard is recommended as a valuable addition to our naval facili-

ties.

A considerable part of the report is devoted to a very earnest

plea for the relief of the working force of the engineers of the

Navy by an addition to their number. Under the changed

conditions of a modern vessel the old force is insufficient for

the work actually required, and the conditions are growing

worse ever3f year. There is also urgent need of a larger and

belter force of machinists and petty officers in the engineer de-

partment than can be had under present regulations. On these

points ilr. jNIelville speaks very strongly, but not more so than

the necessities of the case require.

Atmospheric Resistance and its Relations to the Speed

OP Railway Trains ; with an Improved System of

Heating and Ventilating Cars. By Frederick Adams.

Chicago ; Tribune Building.

This book contains a description of the principles and con-

struction of some inventions by the author to diminish the re-

sistance of railroad trains by lessening the atmospheric resist-

ance, and new methods of ventilating and beating them. The

book is admirably printed and well illustrated, but is written

in a rather bumptious, reportorial style. In the scientific part

the author seems to have followed the practice of the old mas-

ter mechanic in counterbalancing locomotive wheels, he " fig-

gered awhile and then guessed at it."

The main burden of the book is that atmospheric resistance

forms a very large part of the total train resistance, especially

at high speeds—which no one doubts—and that this resistance

would be very much diminished by enclosing the cars and

locomotives in a sort of continuous vestibule—about which

there may be a good deal of doubt.

The author says he has six patents which cover " three dis-

tinct features of railway train and locomotive construction,

thus :

" 1. Details of construction of a locomotive and passenger

train designed to offer the least amount of resistance to the at-

mosphere.
" 2. A system of ventilation in which the air, free from dust,

grime and smoke, is admitted from the front of the train and
distributed in suitable quantities through the cars.

" 3. A system of car heating in which the hot air around the

boiler and fire-box of the locomotive, now wasted, is carried

back through the train and properly distributed to heat the

cars."

One is disposed to make reply to all that is claimed; in the

language of the Hibernian, " to say it is easy, but to do it?"

Criticism would perhaps be out of place, because the author

forestalls it bj' saying that his book " is not addressed to those

alleged authorities and self-styled experts whose stupidity and
ignorance have, for a generation, stood as a stumbling-block

in the path of railway science." The critics are expected to

stand aside and give the author and inventor a chance to sail

in, which no doubt they will be quite willing to do.

White Lead : What We Know about It and Its Substi-

tutes. A Few Suggestions to Practical Men. By Oliver

D. Goodell. Detroit, Mich.

This little book of 57 pages is devoted to a discussion of the

relative merits of white lead and zinc oxide for paints, and is

an argument in favor of the latter. A few extracts will give

a general idea of the scope of the discussion, which -will

doubtless interest both the users and manufacturers of paints.

The author says :

" Will consumers continue to go forward blinded by hoary

prejudice and tradition, and pay into the coffers of this gigan-

tic ' Trust ' their hard-earned money, simply because the

article is truly and faithfully named Strictly Pure White

Lead ? Will they not at some future time be willing to buy

an article which has more merit, which is more durable, which

is sold at a fair figure, and is as truly and faithfully branded

what it is—namely, a mixture of lead, zinc, and barytes ?

These are the questions to be met in the near future. We
have assured ourselves that a mixture of lead, zinc, and barytes

can be made which will cover better, dry as well, and spread

as well as white lead, and while retaining its whiteness and

gloss longer than strictly pure lead, will be more durable, and

which can be sold at a price less than pure lead, and at a fair

profit to the producer.

" We do not object to lead because it is lead ; we object to

its use in a pure state, because we know that the judicious

mixture of other material renders it more durable. It is at-

tempted to make it appear that white lead pure can stand

alone, and that white lead pure alone is the only paint that

will stand the crucial test of time.

" We take the position that we should not, while admitting

that a suitable proportion of white lead has its advantages,

admit that we must buy pure white lead for all uses, when we
can obtain more durable results with a mixture at less cost.

" Zinc does not affect the oil chemically, but makes a superb

mixture of great brilliancy and fineness mechanically.

" It does not injure colors, but, on the contrary, brings

them out with clearness and fulness.

" We have frequently painted samples of clean glass, clean

iron, clean tin, and clean dry wood with pure lead and pure

zinc mixed with linseed-oil, and after they had become dry,

exposed them for months to the elements, and in every case

the zinc has shown the greatest durability.

" We believe that if we give zinc a fair chance it will hold

its own as material for painting."

The Stresses in Statically Indeterminate Structures.

Reprinted from Indian Engineering. The Star Press :

Calcutta, 1892.

When a roof or bridge truss has superfluous members the

stresses cannot be determined by the principles of statics, and

accordingly some other principle or condition is introduced.

In trusses with double or multiple systems of webbing, for

example, the a.ssumption is generally made that each system

is strained only by the loads which rest upon it. The uncer-

tainty of such a hypothesis is, however, considerable, and this

is one reason why these structures have for some years been

gradually going out of use. The present tendency in truss

design is in the direction of simplicity, single systems being

mostly in favor, where the stresses are all determinable by the

principles of statics. The pamphlet before us conlains appli-

cations of the principle of least work to the determination of

stresses in superfluous members. About one half of its 24

large pages is a reprint of the paper on that subject by Pro-

fessor William Cain, which appeared in Transactions of Ameri-

can Society of Civil Engineers in 1891, and the remainder

gives examples of the methods of computation as applied to
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several lar£;e roof trusses and arched bridges. The compula-

tions appear quite intricate, and most American engineers

would probably prefer to make their designs willi fewer un-

necessary members. The principle of least work, stated in a

general way, is that the work of the forces which resist defor-

mation or deflection is a minimum. Thi.s appears now to be a

principle well established, and one likely to be of value in

future investigations in applied mechanics.

BOOKS RECEIVED.

T}ie Mesahi Iron Rnnge in Minnesota. Extracted from the

Twentieth Annual Report Minnesota Geological Survey. Horace

V. Winchell, F.G.S.A. A history of the discovery of the ore.

and a sketch of the extent of this and other ranges, with the

varieties, occurrence, and qualities of the ore, with a short ac-

count of the mines already opened.

IhilU'tin dti Societe Royide Beige de Oiographie. November
and December, 1893. The leading article is Christopher Co-

lumbus and the Discovery of America, followed by a paper on

the Course of the Schelde and the Lys-Durme in the Middle

Ages.

[TRADE CATALOGUES.

Ex-VxiTLE OF \ i\[oDEux Boii.ER Plant. Designed and Con

structedfor Curtis, Dams tC Company, Cambridgeport, Mass.

Westinghouse, Church. Kew & Co., Engineers.

The purpose of this little pamphlet of 10 pages is indicated

by its title. The meclianism named above is illustrated by.

first, a view of the boiler house, a front elevation of tlie boiler

plant, a plan of the boilers, a transver.se section through the

boiler and stoker, and another througli the economizer. Ac-

companying these is a very good description of the apparatus.

The paper, printing, and typograjdiv are of the best.

Illustrated and Descriptive Catalogue of the Harritburg Ideal

Automatic Self Oiling Engiius, Simple and Compound.

Manufactured by tJte Uarrisburg Foundry <£ Machine Works,

Uarrisburg, Pa.

This is a pamphlet of 32 pages, 7i X 10 in., elaborately

illustrated and beautifully printed on coated paper, in the best

style of the printer's art. The tirst portion of it is devoted to

illustrations and descriptions of the " Ideal" simple engine.

There are, first, beautiful wood-engravings showing a persjiec-

tive side and end views, and a longitudinal section .showing

the internal construction of the engine clearly. These are

followed by a transverse section through tlie crank-shaft, a

section of the valve-stem and crosshcad, and a side view and

plan of the connecting-rod, longitudinal section of crosshead

section of cylinder relief-valve, side view longitudinal and

transverse section of piston-valve, similar views of the piston,

and an end view of the governor. Accompanying these en-

gravings is a very full and clear description of the engine, its

construction, operation, and advantages, all models for this

kind of literature and authorship.
~ The second portion of the catalogue is devoted to the

"Ideal Tandem Compound Engine," which is illustrated by
perspective views of the two sides of the engine and a sectional

plan which shows its construction very clearly. The accom-

panying description is also clear and concise, which is fol-

lowed by tables giving the sizes, horsepower, etc., of the en-

gines which are manufactured by the firm.

A very good illustration is also given of an " Ideal Cross

Compound Engine," and the book concludes with illuslrations

showing sectional views of the " Weitmyer Patent Boiler

Furnace for the IJctlir Combustion of all Fuels. Abatement

of Smoke, and Obtaining greater Boiler Kfliciency," and a

very good perspective view of Uarrisburg Double Engine

Steam Road-Roller.

Altogether this catalogue may be very highly commended
as an example of this kind of lit^'rature. Of the engines illus-

trated we hope to speak more fully in the future.

CURRENT READING.

RECirnocrrv, which has been published in Philadelphia for

the last year, has now been issued under the name of Traffic.

The policy of the paper will remain unchanged, and there will

be a vigorous discussion of international questions sis hereto-

fore.

NOTES AND NEWS.

New Steamer for the Old Colony Line.— President Choate
has asked authority of the ^lassachusctts Legislature for au-
thority to capitalize the stock of this company at $2,000,000,
with a view to building a new steamer to cost f1,350,000.

Chicago Train Service.— The recent tabulation shows that
1.3SIJ trains of all classes arrive and depart daily at Chicago.
This tratlic is carried on over 41 roads ojierated by 2ss com-
panies. Of these, 38 trains are through ex|iresses and mail
trains ; 670 suburban and accommodation ; 274 merchandise
freight trains, and 164 grain, stock and lumber trains. The 38
companies operating these trains own 40,000 miles of railroad.

Jaffa & Jerusalem Railway. —Selah Merrill. United States
Consul at .lernsalem. and author of the well-known book
" Beyond the .Jordan," has written for the March Scrihner tin

account of the opening of the Jaffa & Jerusalem Railway in

August last, with a description of the origin of the project
more than thirty years ago in the brain of an enterprising
American, the inventor of a famous pill.

Exhibition Number of " Scribner's."— Charles Scribuer's

Sons arc preparing a novel and interesting contribution to the

World's Fair in the form of an " Exhibition number" of Scrib-

ner's Magazine, to be published simultaneously with the open-
ing of the Exposition at Chicago. It is not jiroposed tliat the

text shall relate chiefly to the Fair, but.^on the contrary, the

leading writers and artists have been asked to contribute to

the number what they themselves think will best represent

them.

Crushed Steel.—A correspondent of the Indian Engineer
says :

" Crushed steel is fast coming into use for cutting

stone. It appears to be made b}' quenching very high carbon
.steel in cold water, from an excessively high temperature,
such as would overheat steel for most purposes. This renders
it not only hard, but rather brittle, so that it is possible to pul-

verize it. It is crushed in a .stamp-mill, and sifted closely to

size. It is .said to be not only cheaper, but much more effec-

tive than emery, giving a better polish and quicker, and last-

ing much longer."

A Bridge at Duluth.—Another bill for the construction of

a bridge across the St. Louis River, between the States of Jlin-

ne.sota and Wisconsin, near the village of West Duluth, has
been introduced into Congress. The bill provides that tlie

bridge sh.jU be constructed for the passage of railroad trains,

and may be used as a wagon bridge, with rates of toll approved
by the Secretary of War, or it may be operated without toll or

charges, provided an agreement is reached between the munici-

pal government having jurisdiction over the territory and the

corporation building it. It provides for a pivot drawbridge
over the main channel of the river at an accessible and navi-

gable point.

Books Handled by Machinery.—In the library of Con-
gress, which has over rpr>l),l)(K) boiuid volumes, the books will

hereafter be handled almost entirely by machinery. Orders
will be sent to the book-stacks, and books brought from them
to the desk for distribution by trays suspended from endless

chains, the latter being made to travel by means of an engine

in the basement. The mechanism will be noiseless and invisi-

ble also, the carriers going beneath the Hoor of the great cen-

tral reading-room, to and ?ro between the librarian's desk and
the book-stacks. Every arriving tray will dump itself auto-
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matically at the first desk. Likewise, in taking volumes back,

each tray will spill its coutents, of its owu accord, at a certain

tier.

Destruction of Valuable Engines.—The Delaware & Hud-
son Oaual Company recently had a tire in ils round-house, in

which there were three engines ; one—the poorest of the lot

—

was rescued, while the two most valuable were destroj'ed.

This reminder suggests the desirability of constructing round-

houses so that, in case of tire, valualile engines may be re-

moved before, they are destroyed. Some of the new houses of

this kind are con.structed with separate stalls placed diagonallj^

witli a separate track arranged for each house and each en-

gine. This permits of the removal of all the engines from the

stalls excepting that in which the fire occurs.

A Long Run with Little Oil.—Mr. W. II. Lewis, Master
Jlechanic of the Chicago, Burliiiglun & Northern Railroad,

has been making an experiment to determine as to just how
far tlie cylinders of an engine could be made to run on a pint

of oil. The average consumption had been about 65 miles on
a pint. He .selected an engine that was in good condition and
placed a competent engineer in charge, explaining that he
wished to demonstrate just how far it is possible to run on a

pint. The lubricator was tilled and soldered sluU. The lubri-

cator held a trifle more than a quart, and when it was emptied
the engine had run 1,720 miles, or over 800 miles to the pint.

An examination of the valves and cylinders showed them to

be in perfect condition.

Consumption of Coal.— The Coal Trade Journal gives the

following list showing the percentage of coal shipped from
the works by rail, consumed at the collieries for steam and
other purposes, and locally sold to employes and others re-

siding adjacent to the collieries :

Of the first, or shipments 87J per cent.

Of the second, or colliery boiler use \\\ per cent.

Of the third, or sales locally IJ per cent.

And this with a large local outside trade.

It has been commonly estimated that 5 per cent, was a fair

figure to take for colliery boiler use, while about an equal

amount was sold at the collieries. The above figures prove

how erroneous the estimates heretofore made were when com-
pared with this actual data.

Suppressed Patent Improvements.—A l)ill has been intro-

duced to prevent the suppression of improvements in inven-

tions. The measure propcses to add a section to the statutes

on this subject providing that no patent sliall, by reason of a

broad or dominating claim or otherwise, prevent tlie practice

or use of any patented actual improvement in the invention

forming ils subject-matter, provided the patentee or owner of

the improvement shall pay a reasonable royalty or tribute to

the owner of the patent having the dominating claim, the

amount of royalty or tribute to be determined by a court of

the United States, the court to take into consideration the

profits, past or prospective, to the owner of the improvement
and the damages of the dominating patent, similar as in the

case of a decree for infringement.

Inter-Continental Railway.— The Inter-Continental Rail-

way Commission has had prepared a facsimile in miniature of

Central and South America to show the surveys of the pro-

posed railroad intended to unite tlie systems "of North and
South America. The work was done by 10. E. Court, of the
hydrographic otlicc, and is a faithful representation of the

topography of the countries nameil. It is about 2.5 ft. long,

and will be sent to the World's Fair as a part of the Govern-
ment exhibit. In addition to the lines surveyed for the rail-

road the map also shows the routes of the present and pro-spec-

tive steamship lines from North to South America, with the

names of their terminal ports and intermediate stopping points,

if any.

Honors to Commodore Melville and Constructor Wilson.
—The Institution of Naval Architects, of England, has ad-

mitted to honorary membership Engineer-in-Cliief Melville

and Chief Naval Constructor Wilson, in consideration of their

services in marine construction and design.

This is the most famous association of its kind in the world ;

and the distinction is all the greater for the reason that, besides

Messrs. Melville and Wilson, there are only three honorary
members of the institution. These are gentlemen who have
won, in their own countries, a reputation similar to that

achieved l.)y Commodore Melville and Constructor Wilson in

the United States. Mr. C. A. Griscom, the President of the

Inman Line, was admitted as an honorary associate, of which,
including Mr. Griscom, there are five.

Coal in Arizona. ^Coal is reported near Flagstaff, Ariz.
The coal lies in a G-ft. vein, is free from all objectionable prop-
erties, and cokes perfectly. Two companies have been formed
to develop the mines, and are making arrangements to work
the properties extensively. The coal is found in two locali-

ties, 50 and 90 miles, respectively, northeast of Flagstaff. In
view of the fact that the Grand Caiion is only 30 miles from
these fields, and contains some of the largest and richest cop-
per mines in the continent, the coke produced from these

mines is likely to prove a bonanza. The line of the proposed
Flag.staff & Grand Canon Railroad runs very near these fields,

which fact is likely to give a new impetus to the building of

the road.

New Ships for the International Steamship Company.—
This company, which is the successor of the Inraan Line, in-

tend to have built at least six steamships in America, all equal
at least to the City of New York and the City of Paris, which
was fulfilling their agreement with the United States Govern-
ment more than the requirements stipulated, these demanding
that only two steamships be built here in size and speed equal
to the vessels which are to tly the American flag beginning
February 22. It is intended to have all the new ships capable
even of greater speed than the company's English boats. Some
of the new vessels are to bejuit on the Red.Star Line, which the
International Coinpan\' controls, and whose steamships are to

stop at Southampton, England, and Boulogne, France, on their

way to the terminal port of Antwerp.
Work on the new vessels has already been practically begun

by the Cramp Shipbuilding Company, Philadelphia.

A New Anemometer.—An anemometer which records both
wind direction and velocity upon a cylinder by one sj'mbol

has been devised by Professor Klo.ssovsky, of the Odessa
Observatory. The recording apparatus is moved by clock-

work, and the indications are made by electrical contacts.

The duration of the contact depends upon the velocity of tlie

wind, a light wind producing a contact of longer duration than
a strong one. The indications are by means of arrows printed

on the paper covering the cylinder, which show the direction

of the wind, and the number of arrows marked on a length of

paper corresponding to one hour furnishes data for finding

the velocity by an empirical scale determined by comparison
with a Robinson anemometer. The apparatus only requires

to be adjusted twice a mouth, or in some instruments only

once a month, and calls for no attention in the meantime.
One cell is sulBcient to produce the contact, for most of the

work is done by means of weights.

—

Engineer.

A Great Mississippi River Bridge.—President Harrison

has signed a bill wliieh authorizes Chicago men to construct

over the Mississippi River at New Orleans the largest canti-

lever bridge in America. Surveyors and engineers will soon
begin preliminary operations, and within three j-ears the

|5r000,000 structure will be opened for traffic. The plan is

one in which all the railroads in the South are interested, and
the contract has been given to Corthell & Kerner, civil engi-

neers of this city. The bridge must be built of steel with two
piers in the river. The length of the main channel span will

be 1.095 ft. and the two side spans 757 ft., with the lowest

part of the superstructure not less than 85 ft. above the ex-

treme high-water mark. The charter granted by Congress
procides that one approach, if practicable, shall be within the

city limits of New Orleans. The place now practically selected

for it, however, is at Nine Mile Point, and not far from Car-

roll ton.

A Long Trolley Road in Pennsylvania —A charter has

been granted in Pennsylvania for a trolley line of railroad 80

miles long. The road is called the Northumberland, Bloonisburg

& Scranton Street Railroad Company, and connects 39 towns in

that region. Among them are Lackawanna, Piltston, Cata-

wLssa, Mechanicsville and Nauticoke. It is a very busy cen-

ter, and the establishment of a trolley line would materially

interfere with the local tiaflic of the steam roads. At the

office of the Reading Railroad Company it was stated that

the.se roads were generally given the privilege tp run over

the turnpikes and township roads, thus saving the expense of

grading, the largest item of the steam roads' expense in a

mountainous country. It was acknowledged that it would
make a difference in "the revenues of the companies with which
such road came in competition. The capital of the new road

is $500,000, and it is said that a syndicate in Philadelphia is

furnishing the monej'.

For the Pennsylvania Railroad Company.—This com-
jKiny, it is said, has recently bought the southern half of the

liloek bounded by 38lh and 39th streets and 11th Avenue and

the Hudson River. About five years ago the same company
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purchased "all (ho iuljoining block between 37tli and 38lh

Streets anil 11th Avenue and the Hudson River, e.\cept so

much as extended for 100 ft. west of the avenue front. It

would thus appear that the I'ennsylpania Railroad Company
had entered upon a policy of acquiring large slices of land in

this eity.
" What it means to do with this ground has been matter of specu-
lation in railroad eireles. That it will be made contributory to

its terminal facilities in this city is evident ; but how it will l)e

built up, if at all, is the interesting question. It is said by-

one of its representatives in New York tliat if the company
had bought it tliey would use it merely for tracks, just as they
were using the ground in the next block, and would not build

it up at all, much less in a " mammoth" or costly manner.

The Morgan Line's New Steamer, " El Rio."—This ves-

sel, built after designs of ^Ir. Horace Sec. reached New York
recently, on her maiden voyage, direct from the yards of the

Newport News Ship building Company, where she was
launched November 3G. She will proceed, about the middle
of next week, to take on board freight for New Orleans.

The new ship has a lengtli over all of 40G ft., a beam of 48
ft., and a deptli from the top of the keel to the under side of

the upper deck of 83.9 ft. Her tonnage displacement measures
4,500 tons.

I She is designed for a 16-knot sjiecd per hour. Her motive
power consists of a vertical, inverted, triple-expansion engine,

having cylinders measuring, respectively, for high, interme-

diate and low pressures. 33, 53 and 84 in. The stroke is 54 in.

The working steam pre.ssure will be 167 lbs. Steam will be
generated by three double-ended Scotch boilers, having three

furnaces at each end. Each furnace is of the corrugated type.

In rig. El liio is provided with two masts. A sister of El Rio,

named El Cid, is now on the stocks at the Newport News
yards. El Cid is to be a steel ship, and in general dimensions
and internal arrangements a duplicate throughout of El Bio.

The new ships will be used solely as freight steamers.

—

New
York Times.

Economy of Gas-Engines.—An electrical paper says that
" the waste involved by the intervention of the steam-engine,
with the clumsy modes of raising steam and the clumsier
ways of utilizing it. are apparent to any one who looks into

the calorific value of fuel." That is a .sort of preface to the

statement that gas-engines are " beating the steam-engine,
both in fuel consumption and in general economy." Then it

proceeds, " It is to be hoped that some central stations in this

country may lie induced, at all events, to try a supplementary
gas plant or two for day loads or for emergency u.se." If the

gas-engine is so very economical, why use it merely for emer-
gency purposes ? The position of the gas-engine is well under-
stood, and users of Tstcam are cpiite aware that they do not get
the full value of the fuel ; but no " electrician" has yet at-

tempted to improve on the " clum.sy methods of rai.sing steam"
except the man who was going to use electricity to raise the

steam that produced the electricity. He is still "going to."—English Slechanic.

Bi-metallic Wire.—Herr Elsas.ser recently remarked before
the Elcctrotechniselier Vercin, of Berlin, th;it besides the

bron/.e wire already used in telephone installations, and which
during the past year has also come into favor for telegraph
service, several other kinds of wire have been employed ex-
perimentally, among tUeni the .so-called compound wire, con-
sisting of a cast-steel core and an outside layer of copper.
This wire, it is said, has proved very satisfactor}', and has
.specially commended itself for service along the sea-coasts,

where there is much exposure to fog and ilamimcss generally.

It is reported to have been found tliat in this wire tlie copper
exterior adheres perfectly to the steel body, and ilocs not ti.-nd

to peel off even after bending t!ie wire a inimber of times.

One of the other kinds of wire under trial consisted of an
aluminium-bronze core with a copper-bronze envelope. This
wire, which is said to be of great tensile strength, and to have
a comparatively low electrical resistance, is considered sjiecially

adapted to take the place of the plain bronze wire already in

use.

Readjusting a Misfit Jacket.— It is understood that the at-

tempt to place the " misfit jacket" of the big gun at the ord-

nance }-ard recently was a failure. After two heatings the

jacket was moved only four inches, leaving it eight inches out
of place. After the tremendous heating to which the end of

the tube and its jacket was subjected to in the elTort,

there are grave doubts whether the gun can ever be re-

lied upon, even if the efforts to force the jacket into place shall

be finally successful, for the condition of the steel must have

undergone a radical alteration in molecular structure, so that

its strength and all the other characteristics as gun metal must
be a matter of surmise alone. A beautiful experiment was
made a few years since at Fried Krupp's famous gun factory
at Essen, \vhereby a completely finislicd gun of considerable
ciiliber was " disassembled" by the employment of a spray of
liquefied carbonic acid gas. 'Phc inner tube was sprayed with
this intensely cold lluid, with the result that the contraction
was sufficient to permit of the jackets and other portions of the

gun to be removed without injury to either temper or mechani-
cal fit.

An Atlantic Derelict.—There is a vessel drifting about the
Atlantic w-ith a cargo valued at .$30,000, and a most rem.-irkable

circumstance in connection witli the craft is that it has been
drifting about for nearly two years, and has traveled a distance

of 5,000 miles. The vessel is the ItV/cc O. Sarr/ent, and she
starteil on her voyage? from Ijagima with a cargo of Mexican
mahogany in the month of March, 1801. She got dismasted
in a hurricane, and her crew were saved by a Norwegian ves-

sel. The Wi/er G. Sargi'iii is a ves.sel of 1,500 tons register,

and since her abandonment she has been passed twent^'-seven

times by various ships. The last time she was sighted was on
October 13 by the steamer Anatic Prince, about 900 niiUs from
Bermuda. Her decks were then awash, btit the bow was well

out of the water, and it is said that there was little or no altera-

tion in her condition since the time she was aliandoned until

she was last seen. She showed no signs of breaking tip. and
it is probable that she will drift about for a long time yet, un-

less she is cast somewhere ashore. The ]Vi/er 0. Sirr/ent has
twice crossed the Gulf Stream in her derelict state, and was
known to be at one time within 350 miles of Bermuda, and at

another GOO miles from the Azores.

Weight of a Crowd.—In a paper by Professor Kernot, read
before the Yiclorian Institute, he compared the various esti-

mates as to the weight per square foot of a crowd. One esti-

mate, quoted as French practice by Stoney and Trautwine,
gives 41 lbs. per square foot as the weight of a crowd. Hat-
field, in "Transverse Strains," gives 70 lbs.; Mr. Page, engi-

neer to Chelsea Bridge, 84 ll)s ; Mr. Na.sh, architect to Buck-
ingham Palace, quoted by Tredsold, 130 lbs.; Mr. W. N.
Kernot, at Working MeiVs College, Melbourne, gives the

weight as 136 lbs.; Professor W. C. Kernot, at Melbourne
University, puts it at 143.1 lbs ; and Mr. Bindon B. Stonev, in

his work on "Stresses," as 147.4 lbs. per square foot. The
space occupied by soldiers, as taken by Hatfield in his esti-

mate, is not the same as a crowd. Soldiers are arranged in

lines at a distance apart to allow room for knapsacks and other

accouterments ; but a crowd is forced together into close con-

tact, an average man in a crowd occupying a space of little

if any more than 1 sq. ft. On the whole, Professor Kernot
inclines to favor Mr. Stoney's estimate of a little more than
one man per square foot, and gives it as proved that a dense
crowd of well-grown men weighs between 140 lbs. and 150

lbs. to the square foot.

Coal Supply of Europe.—A pamphlet in relation to the coal

supply of Germany and other nations has just been published in

Berlin" by the .Minister of Commerce, and contains some interest-

ing figures. The coal supply of Germany in the districts of the

Iluhr^ the Saar, Aix la Chapelle, Upper and Lower Silesia and
Saxony is estimated at 113 milliards of tons. At the present rate

of consumption, it is declared, no want of coal would be felt in

the poorest coal beds for 350, or in the richest ones in West-
phalia for 1.000 years. Twenty years ago tbi' coal supply of

Great Britain was reckoned at lOH milliards of tons. Estimat-

ing the supjily of Frani-e at ap]iroxiMialely IS, of Austria-Hun-

gary at 17 anil of Belgium at 15 milliards of tons. tli(' Central

Euro])eaM Slates arc held to possess a coal supplv of 360 mill-

iards of tons. The writer comes to the (-onclusion that a want
of coal will make itself felt first in .Vustria. France and Bel-

gium, then in England, and last of all in Germany. 'l"he aver-

age c.onsunqition of coal in Germany per head of the popula-

tion only amounted in 1890 to 1.G6 tons, whereas in England
it was 4.81 tons. The author does not introduce into his com-
parisons i-itber the coal supply of Russia or that of America,

as he is of opinion that the coal of those countries will never

be of importance to the States of Central Europe.

The " American Line" of Steamers.— With the opening
of the new American Mne .service between New Vork and
Southampton in February, the favorite stcamshijis Cili/ of ye in

York ami Ci/i/ of I',iri.i' will be transferred to the American
flag in accordance with the act of Congress, and the old trade

name of Inman Line will be dropped for this express service.

The words '• City of" will also be dropped from the name of
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the steamships, and thereafter they will be known as' the New
York, Parin, Berlin, and Chester.

The two new steamships being built for the coming suc-

cessors of the Inman Line will be twin-screw steamships of

somewhat larger tonnage than the New York and Paris. The
engines will be of the latest type, and the steamers will make
a speed of 20 knots, as required by the contract with the

United States Government for carrying the mails. They will,

of course, be under the American tiag, and will be built so as

to be readily convertible into Government cruisers and capable

of carrying the armament required by the law. Their speed

and very great coal endurance will make them an invaluable

au.xiliary to the national navy, and without any further cost

to the Government than the moderate pay allowed for carrying

the mails. These ships are already under contract with the

William Cramp & Sons' Ship & Engine Building Company,
antl plans are nearly completed for three more.

A Fast Boat.—C. D. Jlosher, the designer of the fast craft

Norwood, is now completing a T8-ft. boat, with 9 ft. 6 in.

beam. The engine is of the quadruple compound type with

cylinders in a straight line, supported over an elliptical base

of east and wrought iron by means of slender and steel verti-

cal pillars, eacli pair of which are braced with straining rods

in the form of an X, split down through the point of crcssing

and provided with a screw by which the braces can be strained

until all racking is obviated. The stroke of the engine is

10 in., and the cylinders are respectively 9i, 13^, 18, and 24 in.

in diameter. Every ounce of super'tluons metal has been

removeil from the castings forming the cylinders. It is esti-

mated that the complete engine will weigh less than 3,600 lbs.,

and that at a speed of 500 to 600 revolutions it will develop

from .")00 to 600 H.P., with a steam pressure of 250 lbs. To
secure the minimum of weight with the maxinmm of strength,

all of the working parts have been reduced to the smallest

practical dimensions, or else relieved of superlluous metal at

the center by boring. The rock-shafts have 1-in. holes through

them. The piston and connecting-rods are hollow, and the

big crank-shaft has been bored out whenever a tool could be

used upon it. This shaft was carved out of solid steel forging

weighing 3,012 lbs. It now weighs 414 lbs. The engine

when set up will occupy less than 14 sq. ft. of floor space.

Steam will be furnished by a pipe boiler of peculiar construc-

tion, and is built with a view of standing great pressure, occupy-

ing little space, and steaming rapidly.— jl»i(';';'c((» Shipbuilder.

Properties of Matter at very Low Temperatures.—Pro-
fessor Dewar recently lectured in the Royal Institution in Lon-
don upon the results of some of his investigations of the prop-

erties of matter at very low temperature. Liquid o.xygen,

until recently, was only produced in very small quantities,

but Professor Dewar produces it by tlie pint, and is able to

demonstrate its beautiful blue color, its magnetic quality, and
its characteristic spectrum. As oxygen boils at 182° below
zero, the preservation of it in a liquid condition for any time

has been practicallj' impossible, but the problem has been
solved by the discovery that evaporation can be checked by
surrounding the vessel containing the oxygen by a very high
vacuum. The London Times, in its report of tlie lecture re-

ferred to, says ;
" Many remarkable phenomena were shown,

but none was more worthy of attention than the little bulb of

liquid oxygen, something between a walnut and a golf-ball,

which hung in a clip upon the lecture table. It was tilled and
hung up at an early period of the lecture, and it remained four-

fifths full at the close. If a conjurer had made his appearance
with a large vessel of boiling water and a brisk fire beneath,

and if in that water he had boiled for half an hour a piece of

ice as big as a golf-ball without reducing it by more than one-

fifth, every one would have been vastly astonished. But the

little bulb full of liquid oxygen was far more wonderful. The
dill'erence of temperature between the conjurer's ice and his

boiling water is 100' centigrade. The difference between the

temperattire of Professor Dewar's bulb and the air of the thea-

ter was not less than 210° centigrade. Yet, though that

scorching blast necessarily had free access to the oxygen in

one direction, the liquid was so perfectly protected by its

vacuum jacket as to attain that lelatively iiigh degree of per-

manence."

The Deduction of a Right Line.

—

Tlie Worcester (Mass.)

8p!i says :
" G. VailatI, Professor of JIatliematics in the Uni-

versity of Tr.rln. Italy, has sent to Clark Univei.sitj' an article

just pulilislied liy himself giving an elaborate geometrical
formida for the deduction of a right line. He had just re-

ceived from B. I. Oilman of the university a copy of an
article printed by him at the same time and treating the same
question, altliough from a psychological standpoint. The
remarkable thing Is that these two investigators—one in Wor-

cester, one in Turin ; one from the psychological, and the

other from the mathetnatical standpoint—should have reached,

independently of each other, not only the same general con-

clusion, but the same set of mathematical formulaj for express-

ing that conclusion. This Is a striking illustration of a num-
ber of things—viz., of the close interdependence of very dis-

tinct departments of research, of the accuracy of method which
reaches ideniical results from such different data, and of the

fact that discoveries come when and where the time is ripe for

them."
[Will not some of our readers who are well up in mathe-

matics explain to those who are not what " the deduction of a

straight line means"? We have known people who could

not " deduce" a straight line, but they were generally In-

toxicated. We have also known a man who could not under-

stand mathematics, because " the axioms were not self-evi-

dent" to him. He was not convinced, he said, that the short-

est distance between two points was a straight line. He
thought it was quite possible that some kind of a crooked line

might exist which would be shorter than a straight one. This

man was not intoxicated either. The " psychological deduc-

tion of a straight line" we are quite sure must be an intensely

interesting subject.—Editor Americaj^ Engineer.]

Trial of Harvey Steel Armor-plate.—A few weeks ago a

Harvey nickel steel armor-plate, 6 In. thick, was tested on
board the Nettle at Portsmouth. The 6-in. breech-loading gun
was used, tiring Holtzer's forged steel projectiles weighing
100 lbs. each. The trial was of a very unusual kind, the gun
and projectile being those regularlj' employed for testing

lOJ-in. plates, except, indeed, that for two out of the five

rounds constituting the usual test Palliser chilled iron shot

are used, whereas in this case four rounds were fired with
Holtzer projectiles. It was out of the question to attack this

plate with tihe usual charge and striking velocity, and the fol-

lowing order was observed : ftound 1 was fired with a charge,

we believe, of 30 lbs.; at all events, the striking velocity was
1,507 ft. per second. The projectile was pulverized without
cracking or seriously injuring the plate. Round No. 2 was
fired with, we believe, 42 lbs. of powder. The striking

velocity was 1,813 ft. per second. The shot was again broken
up, but the plate was cracked. No. 3 round was fired, we
believe, with 48 lbs. of powder. The striking velocity was
1,960 ft. per second. The projectile perforated the plate and
was lodged in the form of fragments In the backing. No. 4

round was fired with the charge again reduced, so as to give

a striking velocity of 1,815 ft. per second. The .shell was
again broken up without perforation, and no further cracks

were made, and no part of the plate fell off from the backing.

This is a most remarkable trial, for it must be borne in mind
that the resisting power of a plate is more nearly as the .square

of its thickness than as the first power, so that for a 6-in. plate

to break up a projectile which until recently was a match for

10+ in. is a great triumph, and it may be seen from the account
that an}' structure behind the backing would have been pro-

tected. Attention must be called to the fact that while the

shot was broken up at 1,815 ft. velocity in such a way that a

great part of its striking energy must have fallen harmlessly
on the plate, it cannot be argued, on the other hand, that a
shot is only capable of delivering a fixed quantity of energy
before facture, and that all energy over and above that is

lost, for it appears that at 1,960 ft. velocity much more injury

was done, because we suppose more energy was delivered

before the work of fracture was complete. Probably the

fracture of the projectile occupies such a period of time that

more work is done on the plate by increasing the velocity,

because although the shot is the weakest element, there is not

time to find the line of least resistance before additional injury

is done to the plate. It is perhaps the same action as causes

fulminate not to follow the lines of least resistance taken by
slower powder in bursting a vessel.

—

The Engineer.

Bacterial Purification by Light.—The bacterial purifica-

tion which takes place in a river during its flow has been re-

cently attributed in jiart to the process of sedimentation which
the micro-organisms in the water undergo, but it would seem
that yet another factor must be taken into account. Buchner,
in some investigations which he has recently published, shows
that this diminution of (he numbers present may be also as-

sisted by the deleterious action which light exercises upon
certain micro-organisms. A systematic series of experiments
was made by introducing typhoid bacilli, Koch's cholera

spirilla, also various putrefactive bacteria, into vessels con-

taining sterilized and non-sterilized ordinary drinking water.

As a control, in each experiment one vessel thus infected was
exposed to light, while a second was kept under precisely

similar conditions, with the exception of its being covered up
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•with black paper, by means of which every particle of light

was excliiilcd. The uniform result oblaineil in all these ex-

periments was that lisrlit exercised a most powerful l)aetericidal

action upon tlie bacteria in llie water under observation. For

example, in one water in which at the commencement of the

experiment 100.000 irerms of typhoid bacteria were present in

a cub. cm., after one hour's exposure to direct sunlight none

were discoverable, wliile in the darkened control llask during

the same period a slight increase in tlie numlxTS present had

taken place. Even the addition of culture tluid to the flasks

exposed to sunlight could not impair in the least the bac-

tericidal properties of the sun'.s rays. In the flasks expo.sed

to dilfu.sed daylight the action was le.-s violent, but still a

marked diminution was observed. In his later experiments

Huchner has employed agar-agar, mixing a large quantity of

particular organisms, pathogenic and others, witli this mate-

rial in shallow covered dishes and then exposing ihem to the

action of light and noting its effect upon the <levlopmcnt of

the colonies. For this purpose-strips of black caper cut in

any shape (in the particular dish pliotographed py Buchner,

letters were used) were attached outside to the bottom of the

dish, which was then turned uinvard and exposed to direct

sunlight for one to one and a half hours ami to ditTused d.iy-

light for live hours. After this the dish was incubated in a

dark cupboard. At the end of 24 hours the form of the letters

fastened to the bottom of the dish w:us sharply defined, the

development of tlie colonies having taken plac-e. in no part of
the dinh, except in those portions covered hi/ the black letters.

Some interesting experiments on the same subject have also

recently been made by Kotliar. In tlie course of these inves-

tigations the author found that of the colored rays of the spec-

trum the red favored the growth of those bacteria experimented
with, while the violet rays acted prejudicially, although less

so than the white rays.

COMPOUND EXPRESS LOCOMOTIVE FOR THE
NORTHERN RAILWAY OF FRANCE.

On the opposite page we illustrate a new compound express

locomotive which has been built for the heavy express traffic

of the Northern Railway of France. The engine is a develop-

ment of another compound express engine built in 1886, and
which, in spite of same minor defects, has given, on the whole,

very favorable results in the matter of economy of running ex-

penses and maintenance. The new engine has been constructed

by the Societe Alsacienne de Constructions Mec.aniques, Bel-

fort, to the designs of M. Du Bosquet, Locomotive Superin-

tendent of the line. The engine is four-coupled, and has four

cylinders, namely, two high-pressure and two low-pressure

cvlinders. the former being 13.4 in. in diameter, and the latter

29 in., with a stroke in each case of 2,-). 2 in. In our next issue

we shall publish further details of this engine, and defer our
description until then. We are indebted to Engineering for

the engraving.

FOREIGN MARINE NOTES.

A New Armored Coast-Defense Ship—the Admiral Oiisha-

Aw/—is being built for the Rus.sian Navy. This vessel is of the

monitor type, with low freeboard and two turrets, each carrying

two heavy guns. She will draw about 14 ft. of water on 4.1.")0

tons dispiaccmeut, and has twin screws with engines of 4.r>flO

H.P. In addition to the turrets there is a barbette in which

several rapid-fire guns will be carried.

The latest addition to the Italian Navy is the Marco Poh,
second-class ironclad, reeently launched at Castellamare She

belongs to the class of torpedo-rams, l)ut is larger than tiiose

already existing in the Italian Navy. Her principal armament
will be six 6-in. cannon, four of which will be under deck,

while the other two will be placed in turrets at the prow and

stern of the vessel, and ten other cannon of 4.7-in. bore within

decks. Tliere will be four torpedo-tubes above water on the

battery, and one under-water tube at the prow. There will be

other minor artillery, and a powerful ram below the surface'

of the water. The 'Marco Polo is 330 ft. long and 4,400 tons

displacement ; she has two screws, each driven by a compound
engine.

Leaky Tubes.—Hiram S. Maxim says of leaky tubes :
" In

experiments which I have been conducting during the last

two years, I lind that where the Are is very hot and the heat-

ing surface very great in proportion to the water, a forced

circulation is n' sine (jiiii no?), and this is very easily accom-
plished without the aid of any other machinery than that

already cmjiloyed on shipl)oard. Suppose that the boiler

pressure should be 150 lbs. to the square inch ; I should then

have the pressure of my feed-water 200 lbs. to tlie square inch,

and should have it escape from the feed-pipe into the boiler

through a small orifice, which may be automatic, and which
will maintain a constant dilference of pressure of .50 lbs. to

the square inch between the water in the feed-pipe and in the

boiler. This will give a .solid stream of dense water escaping

through an oritice with a force of 50 lbs. to the square inch,

and this can be made to operate on ten times its volume of

the surrounding water in the boiler after the manner of an

injector.

Ship-building in the United Kingdom.—The accompanying
diagram, copied from h'lii/iiieeriiif/, was prepared by Mr.

William t'oojier. Steamship Surveyor Newca.stle-on-Tyne,

shows the gross tonnage of all ves,sels built in private yards in

the United Kingdom, including war-ships and foreign-owned

craft, from 1855 to 1893 inclusive. The alternations between
times of severe depression and great activity arc well illus-

trated.
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The "Lucania."—The new steamer of the Cunard Line

was launched on February 2, at the yard of the Fairfield Com-
pany, Govan, near Glasgow. She is a sister ship of the Cam-
pania, built for the Cunard Company at the same yard. The
dimensions are: Length over all, G25 ft.; breadth, 65 ft.;

depth, 41 ft., and nearly 13,000 tons in me;isurenient. The
Lucania is 20 ft. longer and 7 ft. broader than the Teutonic or

Majestic, and is intended to accommodate 450 first cabin, 250

second cabin, and 000 steerage passengers. It is expected

that the Lucania and IWuiijiania will lower the ocean record.

Fast Atlantic Line for Canada.—There is some talk in

Canada of a fast Atlantic service between Montreal and Great

Britain, but it is not at all probable that the .scheme will be

carried out. At present the service l)elween the two countries

IS such that the ireighl rates and ordinary passenger service

is satisfactory, and there is not a demand forcjuick travel sulli-

cient to warrant the construction of record breakers and the

granting of a goviTunicnt sidjsidy. which would be necessary

fn order to keep the line alive. The Government has not as

vet. however, committed itself in the slightest degree eillicr

for or against I be project.

Fast Torpedo Boats.—The famous torpedo-boat builder at

Elbing. S<ln<hau. has just attained an unprecedented speed

even for this class of vessel— torpedo boats built by him for

the Russian and Italian governments having reached 27^ knots

on an hour's run at sea. The new British boats are to be 200

tons displacement, while the Russian boats are 130 tons, so that

the former may do better by reason of greater power and
greater size. The length of Scliichau's boat is 152 ft. in.,

the beam 17 ft. 5 in. She may carry 40 tons of coal in her

bunkers. On trial, however, she had only 20 tons on board.

The small guns carried weighed 2J tons ; the torpedo arma-

ment, 6 tons ; the crew, provisions, stores aiid firearms, 4J
tons ; drinking water, 2J tons ; engine and boatswain's stores

and reserve parts, 4i tons ; so that all the movable parts come to

20 tons, making, with coal, 40 tons. The vessel and the ma-
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chinery are. tlirrefore. very lijrht. The sliell plates are harely

a quarttT of an inch lliick. There arc two kKOmolive lioihTS,

protected by the coal bunkers, supplying steam at 195 lbs.

pressure to high-siieed enirines. The guaranteed specil was to

be 2{'>^ knots in the open sea, while on trial the vessel actually

made '2Ti, or, to be precise, 27.4 knots, as a mean of one hour's

steaming at sea. Schichau ])romises even higher results with
torpedo boats he is now completing.

—

Stedmn/iip.

New Shaft for the " Umbria."— Messrs. Vickers' Sons &
Company, Kiver Don Works, Sheffield, have been instruct('d

l)V the i'unard Steamship Company to make a new thrust

shaft to re)da('e the one recently broken on board the Uiiihria.

The ingot from which the shaft was forged under the ju'ess

weighed 55 tons. Exclusive of the collars, which have each

a diameter of over S ft., the shaft is to have a diameter of

25 in., with a length of 2(1 ft. The old shaft, which was also

produced at the Kiver Don Works, was made in 1884, and has
consequently done duty for eight years. The new shaft is

about ready for delivery. Messrs. Vickers are now engaged
upon an order for five (58-ton guns for the British Government,

The new Italian battle ship which is building at V^enice,

and has been named Aiiiiiiirii;//i(j di Saint Hun, in recognition

of the great services of the late Minister of Marine, is of a new
type, and will have a displacement of 9,8(10 tons, a length of

344 ft. (> in., a lieam of (i!) ft. 3 in., and an extreme draft of

24 ft. 8 in. With forced draft she will develop 13,5(JU II.P.,

and steam at 18 knots speed ; with natural draft a speed of

10 knots will be obtained, with an expenditure of about 9,000

H.P. There is an over-all protective deck of steel, varying in

thickness from 1+ in. to a little over 3 in. An armored citadel,

in the miihlle of the vessel, and the armored belt will carry

plates varying from 4 in. to 9f in. thick. At each end of the

citadel will be a turret armed with two 9.9 in. guns. Else-

where, with suitable shields, will be mounted eight 5.9 in.,

eight 4.7 in., four 2.2 in. 6-pdrs., and 12 small (luick-flring or

machine guns. The coal-carrying capacity is to be 1,000 tons.

It was originally ])roposed to call this ship ('linatufoio Cvloinbo,

a name which has been given to an unarmored cruiser. Two
similar vessels are ordered to be built, one at Spezia and (he

other at C;istellamare. Each will have twin screws, triple-

expansion engines, 12 boilers, traverse armored bulkheads,

double bottoms throughout, a great number of watertight
compartments, and, in fact, every modern improvement.
The dctinite abandonment of the over-large .gun l)y the Italian

Navy, which, for the Ditiliu, laiuiched in 187(j, was the first

to adopt it, is noteworthy. No Italian ironclad built since

1885 carries a gun of greater weight than 68 tons.

—

Enrjiiieer.

Broke her Shaft.—The Dutch steamer Scltiedinn. from Rot-

terdam for New York and Baltimore, re(-enlly broke her shaft

at sea.

At six o'clock on the morning of January 38 all hands on
board were startled by a tremeudous crash, and it was at ouce
surmised by those about deck that the shaft had broken.

When the crasli occurred the vessel shivered from stem to

stern, and no one on board doubted that the propeller had
struck .somethiug, and that this caused the breaking of the

shaft.

The engineers worked four days in making repairs to the

shaft, and tinally so patche<l it up that the steamer was able
to proceed under steam at the rate of seven or eight miles an
hour, but there was always great danger of the shaft giving
out again.

During the four days the repairing was being done a hurri-

cane prevaileil, and at times Ibe steamerwas unmanageable,
her spread of canvas not being sufficiently large to enable her
to be handhid. The huriicane was so severe that she could
not spread all her sails, for had she done so they would have
been blown to pieces.

After steanung for thirty-six hours after the repairs had been
made, the fsisteinngs parted, and the Scliiedatn was again help-

less. The engineers worked steadily for twelve hours in

patching up the break, and tlu'n the engines were started. The
shaft had ina(l(^ but comparatively few revolutions when it

again parted. This time it so badly damaged one of the trusses

that further repairs were impossible. All the sail possible was
set and the steamer turned about to make for Queenstown.
Her condition was reported in tjueenstown, and tugs were

sent out and towed her into that port.

A Combination Tank Steamer.—A steamer of a new and
very interesting type has been liuilt recently for Samuels &
Company, of London. The vessel is named the Murex. and
has been constructed especially for the transportation of petro-

leum, in a manner similar to all tank steamers. The novelty
lies in the fact that the vessel can receive the 'most delicate

goods, even cereals, as soon as the liquid cargo Jias been dis-

charged. It measures about 350 ft. in length, and is provided
with 10 tanks, tive on each side, and these two groups are
separated by a longitudinal jiartition formed by an extension
of the keel into the hold. The tanks extend from the bottom
of the hold up to about the water line.

This special construction is separated from the forecastle,

where the (piarters for the crew are located, and from the
stern, where the mai hinery. boilers, and officers' qmirters are
placed, by two strong jiartitions about three feet apart at each
end, the spaci> between being kept full of water. The result

is that the oil tanks are thoroughly isolated from the bow and
stern (piarters of the ship.

(Jpenings on the port and starboaril permit the steamer to

be rapidly loaded to the hatches with nuneral oil, and a power-
ful )iump insures the rapid delivery of the 2,500 tons of oil

whi<-h the Mitrejc can carry. This la.st operation can be accom-
plished in 24 hours.
The ((uestion now arises as to how these tanks can be

cleaned, iuqiregnated as they are with oil. and how they are

to be made tit to receive a cargo of another <haraeter. A very
powerful blower sends a great volume of air in a rapid current
into the tanks, which are put in conmiunication with each
other by openings in the partition walls, made for the purpose.
This thoroughly dries the walls, and their disinfection is after-

ward assured by the introduction of a vapor especially pre-

pared for the purpose, whose composition is ke])t secret and
which alisolutcly removes every trace and odor of the lii|uid.

The innovation is a valu.able one, for by it the Miirrj- can
always take on a return cargo from the port to which it may
have carried one of petroleum. For example, she recently

carried a cargo of oil to India and returned with one of rice.

AMERICAN AND ENGLISH LOCOMOTIVES.

TiiK two folded plates with this number of the .Ioukx.^l

show resijectively the system of framing for the two locomo-
tives which are the subjects of this series of articles. They
represent, too, distinguishing features of English and Ameri-
can practice. The plate frame is, we believe, universally used

on English locomotives, and is not used at all in this country ;

and the reverse is true of the " bar" frame. There has been a
great deal of discussion of the practice in the two countries—
or, perhaps, if we s>dd rituptraloin it would describ(- belter

what has been written and said about it.

It [has been argued, in favor of plate frames, that they are

stiller vertically and more flexible laterally than bar frames,

which is no doubt true. They also have the advantage that

they permit of a wider fire-box being placed between them.

It will lie seen that the outside width of Mr, Adams' tire-box

is 46i in., whereas the fire-boxes of American locomotives,

when placed betireen the frames, are not more than from 42 in.

to 43 in. wide. This argument has no force, howeveji, when
the firebox is placed entirel}' above the frames—as in Mr.
Buchanan's engine—which is now a very conuuon ]iractice in

this country. It ma}' be urged as an objection to this that it

requires the boiler to be placed very high, and the tire-box

cannot, under these conditions, be as deep as it is when it is

placed between the frames.

It has also been said of plate frames that there is less ma-
chine work required mi them, and consequently they cost less.

The evidence with reference to this point is not conclusive,

however, and will be referred to further on.

In favor of bar frames it is said (1) that they do not obstruct

the view of and access to tlu^ internal parts of an engine as

much as plate frames do
; (2) that no deficiency in their

verti(-al strength has i-ver been exiierienced ; (3) that solid

bars have much greater capacity for resisting an endwise
concussion, and, therefore, they will resist collisions lietler

than plate frames ; (4) that after being planed and machined
over their whole surface, they are easier fitted to an engine

th.an plates are which have not true surfaces ; (5) bar frames
being made in two parts, which are fastened together to

to the other parts of the engine by bolts, they are e.-i.sier to re-

move; and repair or replace than a i)late frame like that shown
in the engraving, which is rivetted. In case of a front colli-

sion, which woulil bend or break the front end of a jilate

frame, it would be necessary to take down the whole of the

one friuue which was injured. To do this the rivets in the

stay plates must be cut ott, which takes nuich time ami labor,

whereas an American frame, being fastened by bolts alone,

they or their nuts can easily be unscrewed without injury to

them, and they can be used again. If (he front end only of

the frame is injured it can Ik; taken down and repaired or re-

placed without disturbing the back portion. Conversely the

same thing is tnie in case the back end of the frame is dam-
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aged and the front end uninjured. We are speaking, perliaps,

witliout adequate knowledge in saj'ing thai it seems doubtful
whether, it a phite frame on one side was damaged to such an
extent as to require renewal, a new plate coukl be fitted in

place of the injured one without taking down the uninjured

one on the opposite side. With American frames one side can
easily be replaced without disturbing the other.

Regarding the relative amount of machine work on the two
kinds of frames, it may be said that the engravings of the

English frame show that the axle-bo.x guides are boiled to the

frames. As stated in Rlr. Adams' specifications. " the stay-

plates are to be planed to the e.xact width required, and se-

curely rirelteil to the frames by cold rivets." This method of

construction requires a lariie number of bolts and rivets in the

frames. The drawing of those for the English engine shows
that there are no less than 666 holes in the two frames and in the

front and tail braces or stay-plates. Each of these holes, with a
very few exceptions, mu.st have a bolt or rivet fitted into it. A
pair of American frames with the front and tail braces has
only 184 holes, so that the numoer of bolts and rivets to be
fitted in the two kinds of frames is in proportion to the num-
ber of holes. At present we have not the requisite data to be
able to compare the relative cost of drilling or punching the
holes and fitting bolts and rivets to them witli that of planing
and slotting American frames.
The following are the builders' specifications for the frames

of the English and American locomotives :

SPECIKIC.VTIONS FOR FRAMES FOR AN ENGLISH EXPRESS PAS-
SENGER LOCOMOTIVE FOR THE LONDON & SOUTHWESTERN
RAILWAY.

The frames and frame stay-plates to be made of the best
mild Bessemer or Siemens-Martin steel, supplied by makers
approved by the Railway Company's Locomotive Superinten-
dent, and of the exact dimensions, both as regards form and
thickness, as given on the drawings.

QuriUty.—The quality of the material to be that generally
known as mild-steel plate, and to be free from silicon, sulphur,
or phosphorus. The ultimate tensile strain that the plates will

stand to be not less than 34 nor more than 3(1 tons per square
inch, with an extension of not less than 33 per cent, in 10 in.

Manufacture.—All plates, whether made by the Bessemer or
Siemens-Martin process, to be made in the most approved man-
ner from ingots hammered on all sides, and when reheated to

be rolleil truly to a uniform thickness. Both sides to be per-

fectly clean and free from pitting, roll marks, scale, dirt, over-
lapping, or other defects. Each plate to be taken from the
rolls at a full reil heat and allowed to cool gradually on a flat

surface. Each plate is to be sheared to the dimensions given,
and in no case to be sent out before being levelled sufficiently

true for machining. All plates that are wavy or buckled or in

any way defective will be rejected, and must be replaced by
the makers, free of cost. The maker's name and date of
manufacture must be legibly stamped on every plate, and not
nearer the edges than 9 in.

A sample or test plate at least two feet square must be sent
in by the maker as a sample of what will be supplied in the
plates to be made under this contract, together with a com-
plete analysis of the same. This test plate is to be + in. in

thickness, and from it pieces will be taken for proving in the
following manner :

Test.—A piece 6 in. long will be bent over cold until the
ends meet each other closelj'. and no fracture or sign of failure
is to be observable in the heel of the bend. Pieces 3 in. wide
will also be taken and a | in. hole punched through same,
which .shall stand being drifted cold by taper drifts until it

reaches \\ in. in diameter without the edges fraying or show-
ing signs of fracture.

Samples or shearings from the plates must be tested in the
presence of the Railway Company's Locomotive Superintendent
or his Inspector, on the premises of the maker whenever de-
sired.

All the plates are to lie perfectly level and straight through-
out and marked from one template. All holes are to be
drilled and rimered out to the exact sizes given, and each bolt
and rivet must be turned to gauge, and fitted into its place, a
good driving fit. When the frames and cylinders are bolted
together, and before the boder, wheels and axles are put in
their places, the accuracy of the work must be tested by diago-
nal, transverse and longitudinal measurement.
The frames are to be placed at a distance of 3 ft. lU in.

apart, and to be stayed at the leading end, in front of the driv-
ing-wheels and in front of the lire-box, by steel plates and
angle irons, and by a cast-iron foot-plate at the trailing end ;

the steel plate stays to be planed to the exact width required
and securely riveted to the frames by cold rivets. At the lead-
ing end a steel casting with suitable flanges is to be riveted to

the frames at bottom with fin. rivets pitched zig-zag, and this

casting is to be provided with a boss for carrying the bogie
center-pin. This boss to be accurately turned, and to be planed

on the bottom side to suit the bogie cross-slide. This casting

must be perfectly square with the franies. The driving- wheels
are to be placed 1 ft. 5 in. in front of the firebox. The driv-

ing and trailing axle-l;iox guides to be provided with adjustable

wedges having a taper of 1 in 10, as shown, guide and wedge
to be of the very best cast steel, supplied by makers to be ap-

proved by the Railway Company's Locomotive Superinten-

dent. The to]j and sides are to be in one piece, free from
honeycomb and all other defects, and the flanges are to be

planed all over and fitted to template ; they are to be fastened

to the frame witli bolts 1 in. in diameter, accurately turned

and driven tight in the holes. The horn-stays are to be at-

tached to the guides as shown on drawing. The frames must
be finished with a good smooth surface 1 in. thick, and the

axle-box guides must be free from cross-winding and square

with the engine in all directions. The rubbing plate on back
end of frame for the intermediate buffer is to be of wrought
iron case hardened.

SPECIFICATIONS FOR FRAMES FOR AN AMERICAN EXPRESS PAS-

SENGER LOCOMOTIVE BUILT BY TlIE SCHENECTADY LOCOMO-
TIVE WORKS.

Of best hammered iron, main frame in one section, with
braces welded in. Forward section securely bolted and keyed
to the main frame. Pedestals protected from wear by cast-

iron shoes and wedges, and locked together at bottom by a

bolt through cast-iron thimbles. Width of frame, 4 in.

Whatever may be thought of the frames of the two engines,

it must be adnntted that the specifications of those made by
the American builders are the simplest ; but it may be ques-

tioned whether, in this instance, simplicity is a merit.

The subject of the relative advantages of English and
American frames is now open for discussion, and we will be

glad to receive contributions relating thereto from either side

of the Atlantic.

THE AMMEN RAM " KATAHDIN."

This vessel, which is the first war ship ever built having no

means of ofl;ense except her power to ram an enemy, was
launched by the Bath Iron Works at Bath, Me., on February

4. Our full-page engraving represents her as she will appear

when completed, and the small sectional views show the general

features of her construction. The following description of her

is taken from the New York Herald :

" Of course she is an experiment, and doubtless many im-

provements would be made if another similar craft were to

be designed ; but for the present the United States possesses in

this ship a unique type.
'• To Rear Adnnral Daniel Ammen belongs the credit for

her general design. He believes that in the excitement of bat-

tle such a craft, accompanying and keeping under the protec-

tion of battle ships, could dash out against the heaviest armor-

clail afloat and give a fatal blow to the enemy before the hit-

ter's guns could seriously injure the ram. It is, of course,

understood that the ram is an auxiliary to the ships in the first

line. The Katahdin could not hope to attack crui-sers, for she

is designed for a speed of only seventeen knots, and most

cruisers could keep out of her way.
" It was hoped by most navy ofiicers that this craft would

be called the Ammen, after the distinguished ofticer to whom
she is indebted for her existence ; but the demands of Senator

Hale, it is said, secured for her the name by which she was
christened.

DESCRIPTION OF THE RAM.

" Congress, by act of March 3, 1889, authorized the con-

struction of a twin-screw, armor-plated harbor defense ram

upon thedesignof Rear-Admiral Daniel Ammen, United Slates

Navy, the design being based upon his experience with and

defense against rams in the war of the Rebellion. The plans

were made in the Bureau of Construction and Repair under

supervision of Chief Constructor T. D. Wilson, United States

Navy, in consultation with Admiral Ammen. The machinery

was "designed in the Bureau of Steam Engineering, supervised

by Chief Engineer G. W. Melville, Engineer-in-Chief, United

States Navy. The time fixed for opening the bids for the

construction of the vessel at the Navy Department was Decem-

ber 20, 1890. There was only one bidder—the Bath Iron

Works', of Bath, Me.—and on January 28, 1891, the contract

was awarded to this ^company to build and equip the vessel
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ami machinery and place the armor for |930,000, to be com-

pleted in ei!i;htcen mouths.
On March 37, 18U1, the Department approved the proposi-

tion of the contractors to lengthen the vessel 8 ft., the cor-

responding increase in the displacement— 133 tons— being util-

ized in increasing the coal supply and providing a battery of

four 6-pclr. rapid-fire guns for defense against torpedo-boat at-

tack, the original design having no battery whatever. The
type and size of the boilers were also moditied.

" Tlie final dimensions of the vessel are as follows ; Length
over all. 2.">1 ft. ; length on the normal water-line, 3.">(l ft. 3 in.;

breadth, extreme, 43 ft. .5 in., and on the water-line, 41 ft. 6

in. The total depth from the base to the crown of the deck

HOME NAVAL NOTES.

LONGITUDINAL SECTION.

aniidsiiips is 31 ft., and the normal draft of water is 15 ft., the

corresponding di.splacement being 3,155 tons.
" The lower portion of the hull is dish-sliaped up to a sharp

knuckle which runs all arounil the vessel 6 in. below the nor-

mal water-line, the angle of the knuckle amidship being about
90°. Above this knuckle the shape of the hull is a circular

' arc, with a radius amidships of 39 ft., rising from 6 in. below
to 6 ft. above the normal water line. This curved deck is to

be armor iilated throughout, the thickness of the armor taper-

ing from in. at the knuckle to 3 in. at the crown of deck.
" Above this deck will rise only a conning tower 18 in.

thick, a smoke-stack and ventilator (the lower portions of

which will be protected by 6 in. of armor), two light barbettes,

within which the guns will be mounted and skid beams carry-

ing four boats.

THE ABMOB BELT AND COMPAKTMENTS.

"Below the knuckle will extend an armor belt 5 ft. deep,

ouedialf being in. thick and the remainder 3 in. A conlimi-

ous water-tight inner boltom 3 ft. from the outer skin is car-

ried nearly the whole lengtli of the vessel, and up to the armor
shelf on each side, l)eing divided into three water-tight por-

tions on each side of the keel longitudinally, and these further

cross-divided by 13 water tight transverse frames, thus divid-

ing the boltom into 73 water-tight compartments. The inte-

rior of the hull is further sulKlivided by waler-tiglu bulkheads,

both longitudinally and transverse.
" Admiral Amnien originidly wished to have a spur at the

bow, so arranged that on ramming an enemy the spur would
break off without injury to the rest of the -hull. This has not

been found jjracticable ; anil the spur—a steel casting weigh-
ing 10.8 tons—is a prolongation of Ihe stem, to which all the

forward plating is attacheil.
" The propelling machinery will con.sistof two sets of lri|ile-

expansion engines, the cylinders being respectively 35, 30 and
56 in. in diameter, the stroke of pistons being 3G in.

THE INDICATED HOUSE rOWEIl.
" The estimated niaxinuun horse-power, wilh LW revolu-

tions per minute, is 4,8(10. There are two screw propellers,

each 10 ft. (i in. in diameter and 15 ft. 2 in. pilch. There are

two double-ended and one single-eniled cylindrical Seoleh
boilers, 13 ft. fi in. in diameter, having nine furnaces each 43
in. in diameter. The total grale surface is 354 ft., and the

heating surface is 13.1.50 st|. ft. The coal bunker capacit}' is

337 tons, the normal supply being 175 tons. Provision is made
for c.irrying about 300 tons of water ballast in Ihe double bot-

tom, vvhicji will sink the vessel in action so that the knuckle
will be about one fool below the waler-line.

" The estimated speed with full power is 17 knots per hour,
anil this must be attained to render the vessel acceptable uiuler
the contract.

" The quarters for officers and crew are all within the ar-

mored hull, and there will be filled complete systems of elec-

tric lighting, artificial vcntilalion and drainage.
" The ram will be manned by 7 ofiicers and 91 men, of

•whom 71 will be in the engineer's department."

NAVAL ARCniTECT C. N. H.ANSCOM.

the Superintendent of the shipyard at the Hath Iron Works, is

a comparatively young mmi, but has had an unusual anmunt
of experience in war ship Imilding, and the ram constructed
under his guidance will probably add much credit to an active
life.

Transfer Boats as War ships.—T%vo of three gigantic

ferry-boals for llie North Jliehigan Railroad have been

launched, and they are so conslruoted that they can be con-

verted into war-ships at 24 hours' notice. They are of great

strength and carry 24 freiglit cars each from Kewaunee, Wis.,

to Frankfort, Mich., across Lake Michigan, a distance of 60

miles, without breaking bulk. The .4«/i Arbor is capable of

carrying a battery of twelve 6 in. 5 ton breech loading lifles.

Cruiser " Concord."—The Chief Engineer of this ship has

been unable to return to active duty, owing to physical dis-

abilities, it is said that much sickness

and breaking down has occurred in the

engineer's force of this ship, which is at-

trihuted to the extraordinary heal temper-

atures in her engine and fire rooms. The
temperature of 165° Fahrenheit h;is been

recorded aboard this ship, and the sick-

ness which occurred was due di)-ectly to

the strain thus imposed. Cramped fire

room space and faulty ventilation appear
to be the causes which have led to Ihe

dcfccis existing aboard the Concord.

The " Destroyer" to be Tested at Newport.—The experi-

m: nts in which the DcMroycr is to figure at the Newport Tor-

CROSS-SECTION.

pedo Station are to determine the relative value of various

steel nets, such as are now used in defending iron-clads from
torpedo attack. None of the warships of the United Stales is

provided as yet with net defenses. The result of the coming
experiments will enable the Bureau of Ordnance of the Navy
Department to select some one good type, or combination of

types of nets. The gun wduch will be eni)4oyeil alioard the

J),stroi/rr is one of recent make, and, it is said, possesses numer-

ous advantages over the original Ericsson submarine weapon.

New Armor Specifications.—The new specifications for

armor uniler the contract for 7,000 tons of this material have

been issui'd from the Naval Bureau of Ordnance. The con-

tractors will find the requireuienls more exacting than the

siiecifications'of 1887, under which Ihe iiresent deliveries of

armor plate are lieiug made. The increase in the requirements

is the result of the tests of armor during the past three years,

in which was developed a inekel alloy and a face-hardening

]u-ocess. The new specifications have been revi.sed to embrace

the new conditions, wduch demanded stricter acceptance tests

and closer inspeclions.

Dry Docks at Brooklyn and Puget Sound to be Length-

ened.—Secretary Tracy has ai)|iroved a report of the Board of

Navy Officers on the "drv-dock at Ihe Brooklyn Navy Yard

that the dock could be I'cnglhened 70 ft. on Ihe boltom, and

that this additional lenglh w'ould be sullieient for all the needs

of the service. The main object in lengthening Ihe dock be-

yond the dimensions originally planned was to accommodate
such ships as the City ofNeir York.

The timber dock at the Puget Sound Station will also be

lengthened by 50 ft., so as to make the total length, when com-

pleted, 6.50 ft'., the same as Ihe dock at Brooklyn. The Navy
will then have two docks, which will accommodate any .ship

alloat in the Atlantic or the Pacific.

The "Oregon's" Armor Plating.—The Orq/ou'sU-'m. plate

is the heaviest piece of annor jdatingas yet put up in the Unit-
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ed States for test. It will be attacked by a 10-in. giin placed

not more than 50 ft. from the front of the armor. Tlie plate

will be tired at until destroyed. The attack will eommcuce at

low initial veloeities. and " these velocities will l)e increased

with each succecdinsr shot. So long as the plate holds to-

gether, little fear is fell that any of the shells will reach the

wood backini;. In some quarters the 14-in. )date to be tried is

not deemed as good a jdate in (piality as some of the plates

built previously on the Harvey process. The present plate, it

is thought, has" too high carbon and may develop cracks at a

too early period of the attack.

Electricity in the Navy.—Naval officers who come up for

examination hereafter must be prepared to answer any ques-

tions put to them on electric;il matters. Four ensigns who
were before the Exandning Board recently refused to answer

the questions which were propounded by the Board, and the ob-

jections were sustained. It will reqinre an official order from

the Secretary to warn other officers that they must lie ready to

respond to queries on the important subject which has of late

years entered so fully into the work of naval officers, afloat or

ashore.
The Government is spending a great deal of money to teach

the cadets at Annapolis the theory and ajiplication of elec-

tricity, and it is putting electrical machinery in every ship

that is building.

New Ship of the Monitor Type.—It is said that the Navy
Department has under consideration designs for a new ship of

the monitor type, exclusively for harbor defense.

The plans contemplate a" vessel exclusively for harbor de-

fense and of the monitor type. The ship would have very lit-

tle freeboard, which would be covered with armor. It would
be fitted with a turtle-back deck to deflect projectiles. Noth-

ing wculd appear above the deck except tlie smoke-stack and
the amply protected conning tower. There would be no tur-

rets to add weight to the v<?ssel, and the guns wotdd be kept

below decks, be elevated for firing, and then disajipear.

The designer of this ship, which is termed a floating l)attery,

is Lewis Nixon, late a naval constructor in tlie Navy, and now
connected with the Cramp concern in Philadelphia. The idea

of doing away with the turret strikes the naval experts favor-

ably. The only feature which has an clement of doubt is the

disappearing carriage.—iVew York Times.

Trial of the Cruiser " Bancroft."-This, vessel, it is said,

was designed for a speed of only 12 knots per hour, and the

mean speed of 14.4: knots obtained during its trial trip is at-

tributed directly to excellence of engine workmanship and
good firing.

The board members were particidarly struck, they say. by

the absence of all leaking from the stufling boxes. The fit of

the piston rods was app'iirently closer than in the case of any

of the new machinery built for the Navy. AVhen the builders

were (|uestioned on "this point they stated that the piston rods

were first turned off and' then ground down to a fit on emery
wheels. To ol)tain the tight fit, the Moores spent $5,000 addi-

tional money in labor and tools.

Throughout the whole of the four hours' run there was not

the slightest indication of heating, and at no time during the

trial was it found necessary to turn water on tlie bearings.

The builders of the Bhncrofl state that the vessel cost in

labor and material ^30.000 over and above tlie contract price.

The latter was in the neighborhood of $240,000. The lionus

obtained as a result of the extra speed <levelciped will enalile the

contractors to make a slight profit. The contract has at, least

had the effect of developing the ship plant of tlie Elizabeth-

port firm, and that, too, at no loss to the firm.— .Yc/e York

Times.

The " Amphitrite's" Barbettes Completed.—The bar-

bettes for tlie new double turntcd inonilnr .\iiii>hilrilr are

completed at the Bethlehem Iron Works. The Ainphitrite is

at presc-nt at the Norfolk Navy Yard, where she is being sup-

plied with turrets for the protection of a four 10-in. breech-

loading rifle battery that has been designed for her. Her tur-

ret ariiior consists of curved steel pl.ates llj in. thick. This

is the same thickness of metal that has been allowed to the

turrets of the double-turreted monitor Mianion/iinoh , now at

the Brooklyn Navy Yard.
The barbettes just turned out will be shipped in the course

of a few days to the Norfolk Navy Yard and there assembled

aboard the vessel. The weight of "the two guns in each turret

will be 50 tons.

The Amphitnte, to wliicli the newly made barbettes will be

supplied, is one of the five monitors for which suflicieiit money
to complete their building was obtained during the adminis-

tration of Secretary of the Navy AVhitney. Of the five,

Miantonomoli . Mnnatinock, Terror, Puritan, and Amjihitrite,

the last named will probably have no superior in the lot as a

fighting ship, except, perhaps, the I'uritun. The Amphitrilf

is a ves-sel of 3,815 tons, has a length of 249 ft., a beam of

60 ft., and draws 14 ft. 3 in. of water. Her armor on the

hull has a thickness of 7 in. The vessel's speed will be 12

knots per hour. On a less coal-carrying capacity than that of

the Miiintoiioiiioh it is calculated that her radius of action will

be fully equal to what is credited to the latter. The Minu-
tonnmoh, it is claimed, can steam 1,800 knots on 330 tons of

coal.

The comi)letion of the harlx'ttes for the Amphifrite will

enable that ship to be commissioned during the present year.
—New York Times.

Lack of Torpedoes.—With the exception of the torpedo

boat CiiahiiKj there is not a torpedo afloat on any of the war
ships of the United States. To date of December 31, 18'Jl,

England had afloat and in reserve no less than 3,874 Whitehead
torpedoes.

The United States, in taking up the Howell torpedo, which
is now handled by the Hotchkiss Ordnance Company, is also

preparing to use Whitehead weapons. The little Cvuhiiir] is

provided, for instance, with a Whitehead torpedo armament
for her bow tube and Howell torpedoes for use in the deck
turn-table tubes. The Whitehead torpedoes ordered for the

United States are being manufactured by E. W. Bliss & Co.,

of Brooklyn. The Howell torpedoes are being manufactured
at the Hotchkiss Ordnance Shops in Providence.

The Howell torpedo jiassed through its successful tests over

a year ago, and on one occasion, when firing from a stationary

deck gun 7 ft. above water, it attained to a range of 400 yards.

The average speed of nine runs was 33+ knots, and the devia-

tions, average of ten runs, were : Vertical, 2,764 ft. ; horizon-

tal. 31 ft.

The latest pattern of the Whitehead, known as the Wool-
wich design, is an 18-in. diameter projectile fitted w illi a bluff

head, and" intended especially for use with underwater dis-

charge. A torpedo of the Woolwich pattern cjirries a charge
of 350 lbs. of gun cotton. Successful trials with one of the

latter W'hiteheads record a siieed of 30 knots for 700 yards,

and 33 knots for 437 yards. The length of the 18-in. weapon
is 16.4 ft., its weiglit'1,100 lbs. The explosive charge consists

of 330 lbs. of gun cotton.

France and Austria have lately ordered 18 in. Whiteheads
which are to have a speed of 29J knots for 875 yards, and
carry 198 lbs. of explosive. In the British Navy the 18-in,

Whitehead is fitted to the larger type of war ship, and the

14-in. to the smaller type.

The new Woolwich" torpedo possesses several improvements
over the 1885 Whitehead; one is in the valve regulating the

speed of the propellers before and after immersion, and an-

other is in the insertion of a positive screw valve between the

air and the machinery compartments, to confine the air abso-

lutely until a short time before firing. The power of the large

torpedoes, with their length and weight, is now such that they

are not deflected, even in a heavy sea. The highest speed stat-

ed to have been yet attained for a short distance is 34 knots.

It is calculated that fully a year will elapse before the new
ships of the United States Navy ciin count upon receiving a

torpedo outfit.

WAR SHIPS UNDER CONSTRUCTION.

TiiEUK are at present 37 ves.sels of war authorized or build-

ing for the United Stales Navy which have yi't to fly for the

first time a com mi.ssion pennant. All but two of the 27 ships

are in process of construction. The two ships authorized but

not yet ordered built are the dynamiti' cruiser No. 2 and the

torpedo-gunboat cruiser.

The vessels under construction and their probable time of

readiness, from present indications, follow :

Amphilrite, double-turreted monitor, completing at Norfolk

Navy Yard, ('an be made ready for service in 12 months.

P'liritiiu, barbette battle ship, at Brooklyn Navy Y'ard. Re-

quires 18 months' work at present rate.

Monndnork, double-turreted monitor, completing at Mare
Island Navy Yard. Kei|uires 18 months more.

Terror, double-turreted monitor, completing at Brooklyn

Navy Yard, ('an be made ready for .service in nine months.

Temts, coast-defense battht ship, completing at Norfolk

Navy Y'ard. Can be made ready for .service in 12 montlis.

Maine, armored cruiser, at Brooklyn Navy Yard. She is

ready for service save for the placing of her armor. The
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Maine will probably be delayed fully 13 months awaiting this

armor.
Brooklyn, armored cruiser, awarded to the Cramps of Phila-

delphia to build. It will be fully three years before the ship

is found in commission.
Neio York, armored cruiser, fitting out at the Cramps' yard,

Philadelphia, for service. The New York is boolied to partici-

pate in the Columbian naval review as flagship. She is re-

ported as able, probably, to go into commission by March 31.

Katahdiii, harbor defense raui, completing at the yards of

the Bath Iron Works, Bath, Me. Will be ready for service

in Vi months.
Miiss,i,-hiis,tts, coastline battle ship, building at the Cramps'

estalilishment, Philadelphia, will be ready for launching by
May 1. The .}fassiichuseUs will probably require two years'

work before being' ready for commis.sioning.

Indiana, coast-line battle ship, building at the Cramps'
establishment, and will be launched early in March. She will

take 20 months' additional work.
Oregon, coast-line battle ship, building at the Union Iron

Works, Sau Francisco. The Oregon will not be ready for ser-

vice inside of 30 months.
Iowa, seagoing battle ship, will be built by the Cramps of

Philadelphia. She will not be ready for commissioning in less

than three years.

Olympia, crui,ser, completing at Union Iron Works, San
Francisco, will be ready for commissioning in 13 montli,s.

Cincinnati, cruiser, completing at Bi'ooklyn Navy Yard,
will be ready for commissioning in 13 months.

Raleigh, same as Cincinnati, building at the Norfolk Navy
Yard.
Montgomery, cruiser, completing at Columbian Iron Works,

Baltimore. She will be commissioned prior to Ma}' 1.

Detroit, cruiser, same as Montgomery.
Marliliiiead, cruiser, completing at Harrison Loring's Y'ard,

South Boston, will be ready for commissioning by September 1.

Colutnhia. cruiser, building at the Cramps' establishment,

will be ready for service in 18 months.
MinneapoliK, cruiser, building at the Cramps' establishment,

will be ready for service in 30 months.
Machias. gunboat, completing at the Bath Iron Works, will

be commissioned by Jlay 1.

Castine, gunboat, building at Bath Iron Works, will be
ready for commi.ssioning by July 1.

Torpedo Boat No. 2, building at Iowa Iron Works, Dubuque,
Iowa, will be ready for service by September 1.

Bancroft, practice cruiser, completing at S. L. Moore's yard,

Elizabethport, N. J. The Bancroft has undergone her official

trial for acceptance, and will be ready for commLssioniug in

the course of the ne.xt si.\ weeks.

—

New York Times.

NEW SHIPS FOR THE LAKES.

Mr. John Craig, President of the Craig Ship-building Com-
pany, of Toledo, O.. recently reported the following condi-

tions existing in the ship yards on the lakes :

" Nearly every yard on the lake system," he said, " is doing
about all the work it can handle. At Bay City, Mich., the

Wheelers are building two steel steamers, which are designed
to be the largest ships ever seen on the great lakes. They are

for the firm of Whitney, Avery & Ilawgood. The keel length

of each ship will be 360 ft. It is noteworthy that the engines
of the two ships will be placed in the center of the vessels, in-

stead of well aft, as in the case of the majority of lake steam-
ers. In aildition. the Wheelers are building three large mod
em steamers and several tugs.

" At Cleveland, the Globe Ship-building Company is build-

ing, in addition to freight steamers, two ships for the Great
Northern Steamship Company, which, I understand, are de-

signed to make the run between Buffalo and Duhitb in fifty

hours. So far as I could glean in rei;ent conversation with fel-

low lake men. the opinion is held that the two boats will con-

sume in fuel anil repairs all money that it is possible to make
out of them. The frames for oncj of the ships are now up and
are nearly reaily for plating. The Globe Ship-building Com-
pany is not understood among lake men to be guaranteeing
speed. The company is merely building the ships as called
for bv the designs of Miers Coryell, the constructor in charge.
"The Cleveland Ship-building Company is building ten

large steel steamers. At Detroit the Detroit Dry Dock Com-
pany is building a magnificent freight steamer for service in

the Mackinaw Straits. The new vessel is designed to be an

ice fighter. She will have a run of twelve miles to make, and
this she will endeavor to do the year round. She will carry
freight cars on rails laid on deck, and thus obviate breaking
bulk. She is fitted with fore and stern screws operated on in-

dependent shafts and by inde])endent engines. The bow screw
is meant for service in crushing and breaking ice. The ice

problem is the only ditticnlt one which has to be solved in the

Mackinaw Straits, and the problem becomes a momentous one
in the winter season. The new ice fighter will cost about
$350,000.

" At Chicago, the Chicago Ship-building Company is busy
on a couple of freight steamers. The Union Dry Dock Com-
pany, of Buffalo, is building a fast freight steamer for the Erie

Railroad for service between Toledo and Buffalo. This freight

steamer will break freight bulk at each end of the route. Sev-

eral tugs and lire boats are building at Buffalo. David Bell,

of that place, is building a revenue steamer for the Govern-
ment for service at the port of Chicago."

Mr. Craig was asked what general impression prevailed as

to the causes of the disasters to the Western Reserve and the

Gilcher, two large freight steamers lost in Lake Erie last fall.

"The Western Reserve," he said, "undoubtedly broke in

two. This belief has become the generally accepted one.

There is not, however, the same unanimity of opinion concern-

ing the cause of the loss of the Gilcher. Personally I am in-

clined to think that the latter ship struck a derelict. The
Western Reserve undoubtedly received, in the course of her

construction, some faulty hull material."
" What precautions have been taken," Mr. Craig was asked,

" on the part of lake men to guard against future faulty con-

struction ?"
" The matter has been under consideration for some time by

the Lake Owners' A.ssociation, the Carriers' Association and
the Inland Lloyds. It has been decided that all ships now on
the lakes shall be examined and standardized by representa-

tives of the Bureau Veritas, the French Lloyds, and the stanfl-

ardization made by them shall be accepted by the associations.

The work of inspection is now in progress, and is under the

general charge of Captain F. D. Herriman, the Chief Inspector

of the Bureau Veritas. As soon as this authority passes upon
a ship the vessel is open to classification in the Inland Lloyds.

On the whole the effect of last year's disasters will tend to the

building of aljler vessids and ships having at least closer atten-

tion paid to their bull material.

"The general outlook for the coming year promises to be

better than for many years. Lake ships still continue to pay
about 3.5 per cent, upon the capital invested in them, and so

long as this continues ship-building in the Northwest will

prosper. I well remember when grain freight paid as high as

33 cents per bushel from Milwaukee to Buffalo, but that was
at a time when lake tonnage rarely exceeded in carrying

capacity 500 tons per ship. "Now we find the freight rates

down to two cents per bushel, and ships engaged in the carry-

ing trade capable of handling 3,500 tons and more of cargo.

As the rates have decreased, carrying capacity has increased,

and, as a consequence, the general profits are to day about

equal to what they were in former days, when rates were so

extraordinarily high.
" All new vessels of over 3,000 tons burden are, as a rule,

being built of steel. Smaller vessels continue to be built of

wood. Steel is, however, becoming the popular material, and
I think will prove the more economical choice in the long run.

As yet we have not had sufficient experience with steel ships

to furnish any accvirafe data on this subject."

Mr. Craig is the designer and builder of the two novel

freight steamers, Ann Arbor No. 1 and Ann Arbor No. 3, con-

structed recently for the Toledo, Ann Arbor & North Michi-

gan Railroad, and now engaged in carrying freight cars across

Lake Michigan the year round. The two boats are deemed by
Government inspectors to be the strongest vessels on the lakes.

Mr. Craig says that the two steamers have proved beyond
question their ability to keep open communication on Lake
Michigan -in the most severe w^cather.

Mr. Craig adds that MacDougal, of West Superior, is build-

ing no less than five wdialeback steamers. The type is still

unpopular, " but somehow our lake men are being forced to

take them up," Jlr. Craig says.

In addition to the above we publish extracts from a

private letter recently received from West Bay City, Mich.,

regarding the ship-building interests at that place, with data

concerning other work along the shores of the great lakes.
" There was a most successful lavmch on February 4 of a big

steel freighter for Captnin Jolni JMitchell and others of Cleve-

land. The feature of the launch was the necessity of cutting

sufficient ice out of the river to let her drop in. Tlie ice was
about 18 in. thick. Slu^ slid in about 5 p.m., and her dimen-

sions are as follows : Length of keel, 338 ft.; over all, 345 ft.;
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bnaras, molded, 41 ft. (i in.; extreme, 43 ft. C in.; deptli, 34 ft.;

three pole-masls, fore-and-sift schooner rig ; triple-expansion en-

gines 20 in., a24 in., 55 in. X 43 in. stroke : l)oilers, 2 in num-
ber, cylindrical, 13 ft. diameter, 12 ft. 8 in. lonir, 160 lbs.;

steam "propeller, 12 ft. 6 in. diameter. 14 ft (i in. pilch.

"The very severe wealher experienced lUirins thelajttwo
months has told a a;reat deal on the work in hand, as llie men
have been absolutely unable to jiut in full lime on account of

the cold. There are now about l.yOO men on the pay-roll, and
everylhim: is rushing for all it is worth and as well as the

weather permits. There are now 10 vessels in course of con-
_

struction, and we are not idle. In the machine shop six en-

gines are now building, and wc are about llie busiest on the

lakes, if not the busiest. 'I'hcrc are two tripleexpansion en-

gines of 23 in., 37 in. and 03 in. X 44 in. slrokcn two tri|)le-

cxpansion of 20 in., 32A in and 55 in. X 42 in. stroke ; one

triple of 17 in., 28 in. and 47 in. X 44 in. stroke, and a com-
pound engine for a tug of 11 in. and 24 in. X 14 in. stroke ;

besides the above wc are compounding the engines of a snudl

wooden steam barge. Considering that only two or three

months have elapsed since really starling in to build our own
engines, it says a great deal for the go-ahead policy of F. W.
"Wheeler it Company.
^ " The boats are as follows :

"" Steamer No. 93, steel, the dinu'nsions of which are given

yoti above. She was launched Kebrnary 1.

t" Steamers Nos. 94 and 95. steel, for llawgood & Avery, of

Cleveland, and D. Whitnev. of Detroit, respeclivelv. Length
of keel, 360 ft.; over all, 377 ft. 6 in.; beam, molded, 44 ft.;

extreme. 45 ft.; depth, molded, 25 ft.; two jiole-masls ; en-

gines, triple-expansion, 23 in., 37 in. and 03 in. X 44 in. stroke
;

boilers. 3. cylindrical, 12 ft. in. diameter, 12 ft. 8 in long,

16(1 ll)s. pressure
;
pro])eller, 14 ft. diameter, 10 ft. Gin. pitch.

" Schooner No. 90, wood, for Colin !McLacldan and others,

Pert Huron, four-masted, fore-and-aft rig. Length of keel,

25\ ft.: length over all, 267"ft.; breadth, extreme, 41 ft. 2 in.;

deptli, molded, 18 ft. 4 in.

" Steamer No. 97, wood, llawgood & Cantield, Cleveland.

Length of keel, 290 ft.: over all, 307 ft.; beam, molded, 41 ft.;

extreme, 42 ft.; depth, molded. 23 ft. ; only foremast
; engines,

triple-expansion, 20 in.. 32i in. and 55 in. X 42 in.; boilers,

two, cylindrical, 12 ft, in. diameter. 12 ft. H in. long, 160
lbs. pressure

;
propeller, 12 ft. in. diameler, 14 ft. 6 in. pitch.

" Steamer No. 98, wood, Bradley and others, Cleveland.

Length of keel, 370 ft.; over all, 284 ft.; beam, 39 ft. 4 in.;

depth, molded, 33 ft.; three-masted, fore-and-aft schooner rig ;

engines, triple-expansion, 17 in., 28 in. and 47 in. X 44 in.

stroke : boilers, two, cylindrical, 11 ft. long, 12 ft. diameler,

170 lbs. pressure.
" Schooner No. 99, wood, .Tohn Francombe, of Detroit.

Length of keel. 201 ft. 8 in.; over all, 309 ft.; beam, molded,
34 ft.; depth, molded, 14 ft. 6 in.; three-masted, fore-and-aft

schooner rig.
' " Steamer No. 100, steel, building on account. As this is

the tirni"s one hundredlh ship, they are going to name her the

Cenlnrioi). Length of keel. 300 ft.; over all. 378 ft.; beam,
molded, 44 ft.; extreme, 45 ft.; dei)lh. molded, 30 ft.; two
masts (jiole) : engines, lriple-exi>ansiiin, 23 in.. 37.J in. and
63 in, X 44 in. ."itroke ; boilers, three, cylinilrical. 12 ft, in.

diameler, 13 ft. 8 in. long. 100 lbs. |)re,ssnre ; iiropeller. 13 ft.

in, diameter, 17 ft, pilch. We have made a great departure
in adopting the ocean style of crafi in sleamers Nos. 94 95 and
100, by placing engines and boilers directly amidships, the

onlv other boats built on Ihe lakes like Ibat being the Oinfin

and C'/ieiiniitr/, desiirned by George iMallory, and built at

BnlTalo ; they are. however, much smaller than Ihese boal.s.

Since Ihe unfortunate losses of both Ihi- HV.v/ov; Hisiric and
the Gi/rliir, every one is trying to lessen Ihe strains to which
these long, wide and shallow boats are subjected, and as

placing the machinery amiilslii|is helps to a great extent, and
there seems nothing really to prevent their beiil.s; placed there,

Jlr. Wheeler has decided to take the lead and prove lo the

country that it can be and will be done; our scantlings, al-

though according to Ihe American Shipmasters' Association,

are really in excess of both the English Lloyds and the Ameri-
can Shipniastcis' Association rules.

" Schooner No. 101, wood. Captain W'illiam Forbes and
'others. Port Huron. Four-ma.sted. fore-and-aft rig ; length of

keel, 270 ft.; 286 ft, over all ; beam, molded, 41 ft,; extreme,
42 ft.; depth, molded, 20 ft.

" Tugboat No. 102, wood. Captain Armstrong, Bay City,

for lire service station at Saginaw. Length of keel. .53 ft.;

over all. 00 ft.; be.ini, moliled, 15 ft.; depth, 7 ft. in.; en-

gines, F. it .\. comi>ouiid. 11 in, and 24 in, X 14 in, stroke
;

tire-box boiler, 4 fl, 9 in, diameter, 10 ft. in. long, 11)0 lbs.

pressure. She will be titted with lirc-putn|>s of great power,
and every appliance for speedily quencbing flames."

,

CAR COUPLER BILL.

Wk give below the fidl text of the liill which h;is jiassed the

Senate, re<iuiriiig the use of automatic couplers and coiUinu-

ous brakes by the railroad companies of the United .SiuKs.

The bill was passed on the afternoon of Febiuary 11 by a vote

of 39 to 10.

Section 1. That from and after the first day of January,
1898, it shall be unlawful for any connnon carrier engaged in

inter-Stale conuuerce by railroad to use on its line any loco-

motive engine in moving inler-Slatc Irallic not equipiied with

a power driving w heel brake and appliances for operating tin

train-brakes .sysleni, or to run any train in such tiallic after

said dale that has not a sulliciint inimber of cars in il so

equipped wilh power or I nun-brakes, that the engineer on Ihe

loconiolive drawing such train can conlrol its speed wilhout
requiring brakemen lo use Ihe connnon hand-brake for that

purpose.
Skc. 2. That on and after the lirst day of .lanuarv. 1898, it

shall be unlawful for any such common carrier to haul or jier-

ndt to be hauUd or used on its line any car used in moving
inter Slate trallic not equipped with couplers, coupling aulo-

matically by' imp:ict, and which can be uncoupled without

Ihe necessity of men going between Ihe ends of the cars.

Sec. 3. That when any person, firm, company, or corpora-

tion engaged in interstate commerce by railroads shall equip

a sufficient number of its cars so as to comply wilh the jiro-

visions of Section 1 of this act, it may lawfully refuse to re-

ceive from ccuniecting lines of road or .shippers any cars not

equipped sulticiently in accordance with Ihe first section of

this act, wilh such power or train-brakes as will work ai.d

readily inlcrchange with the brakes in use on its ovpn CJirs, as

required bv this act.

Sec. 4. "That from and after the first day of .July, 1895,

until otherwise ordered by the Inter-Stale Commerce Commis-
sion, it shall be unlawful for any railroad company to u.se

any car in inter-State commerce that is not provided with

secure grab-irons or handholds on ends and sides of each

car for greater secnrity to men in coupling and uncoupling
cars.

Sec. 5, That within 90 days from the passage of this act

the American Hallway Association is authorized hereby lo

designate to the Inter-State Commerce Conunission the standard

height of drawbars for freight cars, measured perpendicidar

froin the level of the tops of the rails to the centers of the

di-awbars, for each of the several gauges of railroads in use in

the Uniled Slates, and shall fix a masimnm variation from
such slandard luiglit to be allowed between Ihe drawbars of

empty and loaded cars. L'pon their determination being certi-

fied lo Ihe Inter-State Conuuerce Commission, said commission
shall at once give notice of the standard fixed upon to all com-
mon carriers, owners, or lessees engaged in inler-State com-
merce in the Uinted States by such lueans as Ihe commission
may deem lu'ojier ; but shoidd said assoei;ilion fail to deter-

nuiie a slandard as above provided, it shall be the duty of the

lnler-Sl;ite Conunei-ce Commission to do so before .Inly 1,

1H94, and iiumediaiely lo give notice Iheri'of as aforesaid, and
after.luly 1, 18!I5, mi cars, either loaded or indoaded. shall be

used in inter Slate Irallic which do not comply with the stand-

ard above provided for.

Sec. 0. That any such common carrier using any locomotive

engine, rimning any train, or hauling or permitting to be
hauled or used on its line any car in violation of any of Ihe

provisions of this act, .shall be liable to a penally of iJlOO for

each and evei-y such violalion. to be recovered in a suit or

suits lo be bninght l)y Ihe Inited States District .\ttorney

having jurisdiction in Ihe localily whi're such violalion shall

have i)een conuuitted, and it shall be the duly of such Disti^ict

Attorney to bring such suits upon dulv verified information

beiiu; bidged wilh him of such viidation having occurred, and
it shall also be Ihe duly of the Inter Slate Conuuerce Couuuis-

sion to lodge with the pi-oper Dislriel .\llorneys information

of any such violations as may come In its know ledge, provided

that nothing in the act contained shall apply to four-wheeled

cars or to locomolives used in handling such trains.

Skc, 7. That the Inler-Stale Commerce Commission may,
from lime to lime, upon full hearing and for good cause, ex-

tend Ibe jieriod in which any common carrier shall comply
with the provisions of this act.

Sec. 8. That ;uiv employe of any such common carrier who
may be injured by any loeomolive, car. or train in use con-

trary to llic provisions of this act, sh.all nol be deemed Ihereby

lo have assnnieil Ihe risk Ihereby oeeasioued, although c(in-

tinuing in Ihe employment of such earlier after the ludawful

nse>i:' such locomotive, "^car, or ^train^had been brought to

his knowledge.
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SHELLS WITH HIGH EXPLOSIVES.

(From Annual No. XI. of the Office of Naval Intellii^eiice.)

The most important experiments undertaken durinn; the

past year by private parties to develop the use of higli-cx-

plosive projectiles in powder-charged giuis have been those

of Justin in the United States and Snyder in South Wales.

THE JDSTIN SHELL.

To relieve the shock of discharge, Dr. Justin places his

explosive, surrounded by a compressible absorbent, in

wooden boxes which are contained in a cylindrical carrier.

This carrier is of less diameter and shorter than the body of
the shell, and is fitted with leather disks having overturned
edges, which are securt d on the top and bottom of the car-

rier by washer heads and rubber relief-disks. A wire hold-
ing the carrier in a forward position is broken upon shock
of discharge ; the body of the shell moving forward, the
inertia of the carrier forces it to the rear, compressing the

JUSTIN HIGH-EXPLOSIVE 5HELL

i=il]±r|

/i-f. y/.

5NYDER HIGH-EXPLOSIVE SHELL

I'^^d"' Till S.

n^s.

_

air behind it. This compressed air forces its way in front
ot the carrier liy passing through ports in the rear leather
disks, so thai the cushioning effect of the compressed air is

regulated by the sizes of these ])ort3. The shell is exploded
on impact by either a percussion or a delayed-action fuse.
It is shown in figs. 1, 2, 3 and 4.

Dr. .Justin ascribes the failures of previous experiments
to weakness of the bases of his projectiles.

At Perryville, N. Y., September 1 and 10, 1801, shells

were successfully tired from a 5-iu. Parrott rifle and an 8-in.

Blakely. On December 23, 181)1, a shell containing 30 lbs.

explosive gelatin was fired with a charge of 30 lbs. brown
prismatic powder from a G-in. Parrott rifle at a bank of earth
To ft. distant ; it penetrated 17 ft. without exploding An-
other unfused shell, charged with 84 lbs. explosive gelatin,

failed to explode on impact when tired at rock 690 ft. dis-

tant.

A modified form of shell in which the rear face of the
carrier is convex, so as to diminish the rear surface area
which tends to rotate the charge with the body of the shell,

due to the rifling, and thus decrease friction, was tested
June 20, 1892, with the following results :

1. Five shells, each weighing .50J lbs., with a charge of

6J lbs. explosive gelatin, were fired -from a 5J-in. Parrott
gun. p^our were fired agamst a stone precipice, the fifth

through a f-in. steel plate and 16 ft. of earth, without
exploding.

2. A projectile weighing 60J lbs., with a charge of 5 lbs.

explosive gelatin, was fired from the •')J-in. Parrott gun,
passed through a |-in. steel plate and was exploded in the
butt by delayed-action fuse.

3. Three shots weighing 225 lbs. each, with charge of 34
lbs. explosive gelatin, and three weighing 214 lbs. each,
with charge of 36^ lbs. explosive gelatin, were fired success-
fully from a 9-in. Blakely gun.

4. A projectile weighing 2.54 lbs., charged with 30 lbs.

explosive gelatin, was fired from a 9-in. Blakely gun ; it

perforated 3 in. of steel and was exploded in backing by
the delayed-action fuse.

A member of the company is (juoted as saying that since

June, 1891, one hundred 0-in. projectiles, 3 ft. long, have
been fired without accident.

. THE SNYDER SHELL.

The method employed by Snyder to relieve the shock of
discharge is shown in figs. 5 and 6.

The projectile has the usual ogival head, a solid base,
and the rear half of its cylinder is turned down to a less

diameter than the caliber of the gun. Fitted over its base
is a brass cylinder, with solid base and open head, contain-
ing a fluted rubber cylinder, which is pierced with about
30 holes. When the discharge occurs the pressure of the
powder gases shortens the cylinder, compresses the rubber
and contained air which produce the cushioning effect, and
bulges the cylinder so that it expands and takes the rifling

of the bore of the piece. The base cylinder drops ofi: soon
after leaving the muzzle. These projectiles can be used
with either rifled or smooth-bore guns.

Experiments were conducted with this system of projec-
tiles at Aberdare, South Wales, October 5, 1891.

Using a 7-in. Blakely muzzle-loading rifle and a 6-in.

Armstrong breech-loading rifle, projectiles weighing 229
lbs. and 218 lbs., respectively, containing 10 lbs. of explo-
sive gelatin of 4 per cent, camphor, several rounds were
fired with low velocities at 3-in. and 6-in. wrought-iron
targets. No accidents nor premature explosions occurred,
but the effects on the targets were not very marked, owing,
probably, to insufficient delayed action on impact, or to

low velocities.

On October 26, 1891, a 7-in. shell, containing a bursting
charge of 12^ lbs. of explo.sive gelatin, was fired through
a i-in. steel plate and buried itself in a hill 1,200 ft. distant
without exploding. Another shell, containing an explosive
charge of 7i lbs. of dry gun-cotton and J lb. of explosive
gelatin, was also successfully fired with the usual powder
charge.

It being considered doubtful whether these projectiles

would safely withstand the pressures developed with high
velocities, two rounds were fired on February 1, 1892. all

details being conducted in the presence of two retired Eng-
lish army officers. The object of this trial was to give con-
clusive proof of the safety with which explosive gelatin

could be fired in these shells from powder guns.
The gun used was a 0-in. Armstrong breech-loading rifle,

and the details of the shots were as follows :



124 THE AMERICAN ENGINEER [March, 1893.

• 1. Total weight of loaded shell, 78 lbs.; rubber buffer

and case, 21 lbs. The charjfc was 7 lbs. nitro-gelatin.

Charge of gun, 50J lbs. brown ))risniatic powder; initial

velocity, 1,284 foot-seconds. The low velocity was attrib-

uted to the damp jiowder used.

3. Total weight of loaded shell. TO lbs.; rubber buffer and
case, 21 lbs. Tlie charge was 7 lbs. of nitro-gelatin. Charge
of gun, 4')^ lbs. black prismatic powder ; initial velocity,

1,7GG foot-seconds. The projectile used had two ring grooves
cut in its head to bite when striking at an angle.

Both of these projectiles c.\[)loded on impact with a soft

bank. Portions of the brass cases, showing rifling impres-
sions, were found scattered along the line of flight.

RAPID BLUE PRINTING IN CLOUDY WEATHER.

A coKUKsroNUEXT of the Knijineering JVeirs says that while
experimenting with blue-printing processes with the object of

getting bright blues and clear white lines, he found that after

the usual washing a bath of quite dilute acid, such as hydro-
chloric, or, better, oxalic, would often greatly improve the
clearness of the prints, a marked cause of dirty blues being a
gradual altering of the solutions even when kept separate till

just before using, though poor qiuility of the ammonia citrate

of iron seemed to have much to do with the results.

During the experiments he also found tiiat an aildition of

oxalic acid to the ordinary blue-print mixture materially less-

ened the time of necessary ex posuic. The solutions used vveie :

1. Ammonia-citrate of iron, 120 grains ; water, 1 fluid ounce ;

to which is added a few drops of strong ammonia solution till

the odor is quite perceptible.

2. Potassium ferric3'anide, 105 grains ; water, 1 fluid ounce.
3. Saturated solution of oxalic acid.

Equal quantities of (1) and (2) are taken (a) ; and after being
mixed (3) is added as reqidred and the mixture used at once.

Taking, say, in the proportion of 10 ounces of the mixture
((I) and ailding thereto (b) 1 ounce

; (c) 2 ounces ; or (d) 3

ounces of (8) ; the relative rapidity of the coated papers will

be closely, in very dull light, as 1 ; 2^ : 5 ; 10, (d) paper being
thus about 10 times as rapid printing as ('/) in the light men-
tioned. For example, a print was made from a tracing on
linen in 35 minutes on February 25, 11 30 .\.M., on {d) paper
during a snow storm, the light being quite dull, while ordinary
paper lakes the greater part of a day in an equal light.

This great difference only holds good in dark, cloudy
weather ; as, if coniparisons are made in direct sunlight, {(/)

paper is only three to four times ,as rapid as («). An explana-
tion of this probably is, that a weak light that will reduce to

oxalic acid mixture (partly ferric oxalic) has but a faint start-

ing or continuing action on the ferric citrate, while with a
strong light both commence at once.

For all ordinary purposes it is better not to use a greater per-

centage than 20 per cent, (c) of the oxalic acid solution, as it is

difficult to get the lines to wash white with higher percentage,
even with thick black lines on the tracing or negative ; and
the more sensitive the paper the .shorter time it will keep good
even in the dark, and also the greater care required in its prepa-
ration and use.

HYDRAULIC POWER IN LONDON.

Among the systems of transmitting power to long distances

hydra\dic power is coming rapidly to the front, and indeed

has already held that position for some years in England. We
are indebted to a recent issue of the Eiiyiiieer for a description

of the plant of the London Hydraulic Power Company, the

magnitude of whose operations is rendered tolerably evident

by the fact that there is scarcely an important thoroughfare in

London in which men may not be seen from time to time lay-

ing cast iron pipes, whose enormous thickness bears ample
testimony to the most untechnical passer-by that they arc not
ordinary gas or water mains.

The London Hydraulic Power Company, with which is

associated the General Hydraulic Power Company, has been

in existence for about nine years. The general company has

the same objects as the London company, but its operations

are not confined to any particular city or area. It undertakes
the supply of hydraulic power, either in England or abroad.

wherever a suliicient deunind exists for a system of public

supply and the general conditions are favorable. 1

The general principle involved is, as we have said, pumping
water into mains laid in the streets, from which service pi|is
arc can led into the houses to work lifts, or three-cylintier

motors when rotary power is required. In one or two cases,

however, a small I'ellon wheel has been tried working undir
a pressure of over 700 lbs. on the S(pnire inch. Th<' efliciency

is over 70 per ci-nt., an extraordinarily high duty. Over 55
miles of hydraulic mains are at [iresent laid in Loudon between
Kensington and the London Docks (.Shadwell Basin) on the

north side, and between Westminster Bridge and the Surrey
Docks on the south side of the river, thus embracing nearly
the whole of the city, Westminster, Kensington, Wapping,
and Houthwark. The mains are kept charged by pum))ing
engines located at the Central Pumjiing Station, Falcon Wharf,
Hlackfriars ; at .MillbanU Street, Westnunster ; and at Wap-
ping. A fourth station is in progress in Kortli London, close

to the City Hoad basin. The reservoir of power consists of
capacious accumulators, loaded to a pressuie of t<00 lbs. per
square inch, thus producing the same effect as if large sujiply

tanks were placed at 1,700 ft. above the street level. The
water is taken from the 'I hames, or from wells, and all seili-

ment is removed therefrom by tiltration before it reaches the
main engine pumps.
The power is available day and night, and on Sundays, all

the vear round, at a pressure of over 700 lbs. per square inch ;

a pressure which enables small maehuies to i)erfoim a large
amount of work with a verj- small quantity of water.
At Kensington Court a special hyilraulic supply to the

houses there has been furnished bv this company, in conjunc-
tion with the manufacturers, the Hydraulic Engmeering Com-
pany, of Chester. Each house built on the estate is furnished
with an improved passenger ram lift on Ellington's system,
for domestic use. The lifts are so constructed that they can
be worked with safety by even young children. The doors
giving access to the lift caimot be opened until the car is at

rest at the door to be opened, and the lift cannot be worked
until the doors are closed.

The progress of the London Hydraulic Power Company is

illustrated by the number of gallons of water power delivered

and machines at work during

Gallons delivered
per week.

Numtjcr of
machines.

Julv, 1884...
1885. .

.

1886...

1887. .

.

1888. .

.

1889...
1890. .

.

317,816 9G
9.57.907 235

1,379,846.

1,694,621.

2,377,190.
3.339.067.

4,223,751.

1891 5,027,616.

1892 5,998,249.

387
527
720
917

1.133

1,381

1,676

At the present time there are over 1,7.50 machines at work,
and the supply is about 6,500,000 gallons per week. Of the

existing stations, tliat at ^\'apping is the most powerful and
complete. Here the water is obtained from a well sunk for

the purpose.

The water is obtained from a well sunk for the purpose.

The level of the water is about 40 ft. below the surface of the

ground. This well is sunk to the level of the London clay.

On the top of the clay is a bed of gravel about 8 ft. thick, and
the water is piimiKMl out of the bed of gravel. The yield from
the well is, when pumping continuously day and night, about
16,000 gallons jier hour, and supplies about half the amount
required at this station. The quantity recjuired in aildition to

the yield of the well is taken from the London Dock through
a siphon pipe which discharges into Ihc well. The pipes in

the well are so arranged that tlie hydraulic pumps will either

draw from the gravel or from the Dock. There is some rea.son

to believe that the water in this gravel bed is neither more nor
less than an unilerground stream flowing parallel to the

Thames. .V hydraulic jiumping engine is fixeil in this well,

and raises the water to a laidi on the top of the boiler house.

This piMup is driven by water from the iiressure mains. The
pump cylinder is flited with a tubular ])lungerpa.ssing through
packing at the mouth of the cylinder, and this main plunger
itself forms a hydraulic cylinder, tilled with a stationary tubu-

lar plunger, through which the high pressure water passes

into and out of the interior of the main plunger. On each side

of the main cylinder is a small cylinder : the two jilungers of

these are connected to a cross-liend attached to the m:un
plun;;er. The small cylinders are always in connection with

the high- pressure water-supply, which acts on their plungers

with sutflcient force to cause the main plunger to make its
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back stroke. The stationary plunger is alternately put in

communication with the high-pressure supply anil with the

discharge by means of a slide-valve, which is moved to and
fro by the hydraulic pressure acting alternately in a short

cylinder at each end of it. The alteration of the pressure in

these last-mentioned cylinders is effected by the movement of

a secondary slide-valve, which is shifted by tappets on a rod

attached to the main plunger. The speed with which the

main slide-valve moves is controlled by more or less throttling

the passage from the secondary slide-val ve to its cylinders. The
arrangement perniitsof a variation of the speed of travel of the

main valve, and a pause of any desired length is obtained during
reversal of the motion of the plunger. The main plungers are

20 in. diameter, 4 ft. stroke, and work at a speed of 10 strokes

per minute.
The water from the well is pumped into tanks over the

boiler-house. Here the water settles, and is then collected by
Boating pipes and passes through filters to the underground
filtered water reservoirs. The main engine circulating pumps
draw the water from the reservoirs, and force it through the

surface condensers into the filtered water section of the tanks
over the boiler-house. From these tanks the main engine
pumps take their supply under the tank pressure, and force<

it into the hydraulic power mains. The total reservoir capacity

at the station is 800,000 gallons, which is sufficient for one
day's supply from the station. The plant for pumping and
filling is designed with the intention that it should be at work
day and night, while the main engines do not work as a rule

more than twelve hours. During the night the hj'draulic

pumps in the well are worked from the power supplied from
the central station. Falcon Wharf, Blackfriars. As a rule,

therefore, the main engines start in the morning with all tanks
full, and end their day's work with them half empty. These
hydraulic pumps are not only economical themselves, but, as

it will be seen, give greater facilities for working day and
night, as they are quite independent of the supply plant at

the particular station where they are fi.xed. The night watch-
man stops the pumps and filters when the tanks are full. That
is all he has to do.

It is essential that the water used should be clean. The
water obtained from the gravel leaves little to be desired in

this respect, but that obtained from the docks is b}' no means
pure, and elaborate precautions are taken to purif}' it. The
storage tank extends over the whole boiler-house and coal

store. Tlie tank is divided, and a certain amount of mud is

deposited here. From thence, as we bave said, it passes
through the surface condenser of the engines, and it is turned
into a set of filters eight in number. The body of the tilter is

a cast iron cylinder, containing a layer of granular filtering

material resting upon a false bottom ; under this is the dis-

tributing arrangement, affordin r passage for the air, as de-

scribed below ; and under this the real bottom of the tank.
The dirty water is supplied to them from an overhead tank
into which it has been pumped, and is distributed to them by
a pipe running the whole length of the building in which they
are placed. After passing through the filters the clean ctliuent

is run into a large tank, and is then again pumped into the
clean water tank, from which the pumping engines derive
their supply. The cleaning of the filters, which is done at

intervals of twenty-four hours, is effected so thoroughly in
situ, that the filtering material never requires to be removed.
The operation is as follows : Air is injected by a steam blower,
through the distributing arrangement mentioned above, and
at the same time a reverse current of water is passed through
the filters ; this causes the whole of the filtering materials and
the impurities contained in it to boil up, as it were. The most
violent agitation takes place, and the particles of dirt are
thoroughly loosened by the friction of the air and water, with-
out damage to the grain of the filtering material ; the dirty
water pas.ses through cylindrical screens in the filters them-
selves, which allow all the impurities to pass away to the
drains, while preventing the loss of any of the filtering mate-
rial. After a few minutes the effluent, which at first starting
is like liquid mud, becomes clearer as the air and water do
their work, and regains the same tinge as the original sample
to be filtered.

The water used for washing is the ordinary unfiltered water.
As soon as the cleaning, which occupies but a very short time,
has been effected, the filters are ready for work again. The
total quantity which these eight filters are guaranteed to deal
with is 35.000 gallons per hour. By a suitable arrangement
of pipes and valves, a minimum of labor is necessitated, only
the opening and shutting of the valves being needed, no
manual labor of any kind in the washing of the filters being
required. The water is rendered so clean by this process that
even if allowed to remain for many days in the tall test glasses
which are employed for ascertaining its purity no deposit of

any kind is to be found in the bottom, showing that all the

mechanical impurities have been eliminated.

The engine house contains six sets of triple-expansion en-

gines, constructed by the Hydraulic Engineering Company on
Ellington's system. The cylinders are 15 in. + 33 in. -|- 36 in.

X 2-t in. The cranks are set at 120°. Each cylinder drives a

single plunger pump with a 5 in. ram, secured directly to the

crosshead, the connecting-rod being double to clear the pump.
The boiler pressure is 150 lbs. on the square inch. Each pump
will deliver 800 gallons of water per minute, under a pressure

of 800 lbs. to the square inch, the engines making about 01

revolutions per minute. This is a high velocity, considering

the heavy pressure ; but the valves work silently and without
perceptible shock. All the cylinders are iacketted, and un-

usual care has been taken to keep them drained back into the

boilers by gravitation. The drain-pipes are large and carefully

laid, to prevent any accumulation of water in the bends.

The steam-pipes are of wrought iron, laid upon the round-
about system. Every portion is practically in duplicate. All

the steam-pipes are trapped, and the condensed steam from
the traps is collected in a tank and returned by feed-pumps to

the boilers. The utmost care has indeed been taken to prevent
water finding its way into the cylinders. The engines as a
result are found to be very economical, the consumption of

steam being 14.1 lbs. per horse per hour. The engines are

fitted with surface condensers, as we have already stated. The
casing of the condenser forms a part of the engine frame, and
c"ach set has its own independent air, circulating, and feed-

pumps, driven from the crosshead of the intermediate cylinder

through links and rocking shaft, as in marine engines. The
circulating water is taken, ae already explained, from the

filtered water reservoir below the station yard, and is delivered

into the filtered water division of the boiler house tank, from
whence it is drawn by the main pumps and pumped into the

hydraulic mains. The circulating pumps are of ample capacity

to raise the necessary amount of suction water for their respec-

tive engines ; they thus perform the double duty of circulating

and lift pumps. The high-pressure cylinder is provided with
Mayer expansion slides, and regulated by hand, by means of a

wheel in the usual way ; the range of cut-off being indicated

on an engraved brass index plate. The cylinders are clothed

with non-conducting composition, and covered with planished

sheet steel, which is in every way an improvement on wood
lagging. Tlie engines are provided with a high speed governor
anil throttle-valve, and also with auxiliary starting-valve.

The water delivered from the main pumps passes into the

accumulators, which are among the largest constructed. The
rams are 20 in. in diameter, and have a stroke of 23 ft. They
are each loaded with 110 tons of slag, contained in a wrought-
iron cylindrical box, suspended from a crosshead on the top

of the ram. The area of each ram is 314 sq. in., and the press-

ure being 800 lbs. on the square inch, the total load is 314 X
800 = 251,200 lbs., or a little over 112 tons. Allowing 5 per

cent, to overcome the friction of the packing, etc., we have
120 tons, the extra 10 tons being supplied by the weight of the

ram and the casing. One of the accumulators is loaded a little

more heavily than'the other, so that they rise and fall succes-

sively ; the more Iieavily loaded actuates a stop-valve on the

main steam-pipe. If the engines supply more water than is

wanted, the lighter of the two rams first rises as far as it can

go, the other then ascends, and when it has nearly reached the

top, shuts off steam and checks the supply of water automati-

cally. Although one accumulator is always in advance of the

other, the difference of load is so small that both move at the

same time. The result is that the pressure is maintained in

the mains with very great regularity.

Steam is supplied by six boilers fitted with economizers and
mechanical stokers. The boilers throughout are of Siemens-

Martin steel, and each one consists of a top and bottom vessel

connected by steel "blocks." The top vessel is 21 ft. long
and 4 ft. 6 in. diameter, with flanged and dished ends. The
bottom vessel is 18 ft. long, 5 ft. diameter, and is fitted with

a flue, 3 ft. 9 in. diameterr The flue is composed of welded
and flanged rings, connected by a tube-plate to a battery of

3 in. tubes at the back end. This 13 ue is fastened to the front

and back end plates by bolts, the joints being specially pre-

pared. This enables the flues to be drawn out for inspection

and cleaning. To facilitate the operation a rail is fixed to the

shell on which the pulleys attached to the flues run. A longi-

tudinal dome or receiver is placed on the top of the boiler to

insure perfectly dry steam. The boiler being so quick a steam
raiser, this dome is advisable also, on occasion, to prevent

priming.
The coal when delivered at the station is discharged by a

20 cwt. hydraulic crane, which raises the coal in buckets from
the lighter in the adjacent dock on to an elevated staging, from
whence it is run in a truck to the coal store adjoining the fire-
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room. From tlu' coal store it is talvcii iis rcrniircil in :i liopinr-

buttoni Irm-k, wliicli is raiseil by a liyilraiilii' lift on to an I'Ic-

viileil roadwiiy ovi-r llu! lire-room and discliargcd into a con-

veyor hopper, from wUt'iicc it is carried lo (lie several stokers

as recpiired.

Tlie boilers and economizers loirclher have evaporated 11.1

lbs. of water at 14(i lbs. pressure from the hot well tempera
ture Willi 1 lb. of Xi.xon's naviiration coal. Combiiiini;' the

best results oblainecl on trial of llie enirines and boilers, the

coal useil per indicated horse power works out at l.'-JT lbs.

It will be readily underst )oil Ihat it is of the tirst importance
that tile mains in the pulilic streets should be .so conslriu'ted

a 111 laiil as to be perfectly Irustworlhy atid free from leaka.i^e.

Tlie velocity of water lloiviuLC from a free orjiice with u press-

ure of 701) lbs. per square inch beiui; about ;i2l) ft. per .second,

a very small hole in a i)ipe may lead to a lar.i^e escape of power.
Ei'cry pipe and valve used throuiihout the .system is tested to

;J,500 lbs, per sipiare inch before beiiiu; placed on the i^roinid,

and a.ijain tested lo a reduced pressure in the trenches to insure

the perfect tl.irhtness of the joints. The joinlinii; materi.il used
is gutta-percha, on the system introduced by Lord Armstrong,'

many years a^o, but the form of the Manges lias been nioditied

by Mr. Ellington so as to insure their being of eveai greater
strength than the body of the pipe.

UOIfJ'
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per cell is 17.6 lbs., and lliev have a capacity of Of anipe-e-

liour.s per pouiul of lead. The nei,i;lit of each cell, inclusii'e

of accessories ami li(|iiid, i.s 38 lbs. ; the two cells euclostd in

the box weigh G6i lbs. and the whole 1(5 cells 53!) lbs., to which
must be added :_!iS(tJ lbs. for the casings beneath the eais. The
v/hole battery has a miniminn total capacity of 113.4 ampere-
hours. The lamps are of the IJO-volt lyiie of lb candle-iiower

for first-class compartments, saloon cars and slcejiers ; of 8 can-

dle-power for second-class compartments, and (i candle power
for third-class cars, lavatories and closets. They consume 3.9

watts to 3 watts per candle power, and have a nu'nimum dura-

tion of 30 ho\n-s. 'I'hey are carried by a stem of cylindrieal

hard wood, which supports, at the same time, the lam)! socket
and the retleetor, which is a sheet of white enamel. The ap-

paratus is enclosed in the liintcrn itself in the place of the oil

l:uup. The wires are let into a block of hard wood set into the

ceiling near the lantern opening.
The switches are enclosed in a small box at the two oppo.site

ends of the car, and are so arrauged that the lamps maj" be
lighted or extinguished from either one withi)ut Icavin.g the

footboards and the liatteries recharged without moving them
from their positions. Finally the principal wires connecting
the batteries with the lamps and switches have a special insu-

lation so as to register mechanically and electrically any daiu-

age or injnry from the weather. These wires run along the

sills, to which they ai'e fastened by clamps of zinc solder.

When an oil is to be substituted for an electric lamp, the lan-

lerii is opened and the electric lamp with its support removed
and the oil lamp ]i\it in its place. There is no need of taking
auv special pi'ccautions in this work.
The tirst cost of the apparatus has not been definitely settled

as yet because only a small number of cars have been equijiped.

It is somewhat expensive, but tlie following figures may be

considered to be above rather than below the probable average :

First-class compartments, !tll4.5 ; second-class, f 148 ; third-

class, fl.SO ; and .$140 for baggage vans. As we have said,

this first cost has not yet been accurately determined, and the

extensive experiments wliich have been luidertaken by the com-
pany have just this very object in view. Jleanwhile what has
already been done jiermit of the expectation that the actual
cost will not varj' very luuch from the figures given even when
a better light is pi'ovided

In conclusion, the dui-ation of the light will be quite long,

as the batteries can fiii-nish about 33 houi's' continuous lighting

without being touched. The lamps need attention about once
in 18 hours.

A PECULIAR EXHAUST NOZZLE.

A RECENTLY desi.gucd engine on the Northei'n Railway of

France is provided with a novel exhaust nozzle, for the engrav-
ings of which we are indebted to the lieeiie Gaierale des

CheiniiiS dc h'er. There is a bronze Htip valve located beneath
the regular nozzle, tbat may be adjusted bj' the engine driver
in eitlier of the two extreme positions ; one permitting a free

exhaust in the ordinary maimer, and the other turning the
steam into the pipe t which is placed against the insidi' of the
stack and oijcus into the atmosphere. This |iipe is oblong in

form, as shown by the sectional ciit at the bottoiu of Iheen-
gravmg. The Hap may also be fixed in the iiitermediate posi-

tion as shown.
Tlus arrangi'uient has been adopted after a jiroloiiged trial

upon old tramway engines, wliereon the tests were most satis-

factory. 'I"he starlings wliich occur with a full admission
of steam iiito the cylinders aVe ordinarily too fi'cciuent for these
locomotives, and tiie result is that with the regular exhaiist the
draft is excessive. The inconvenieiices I'csulling from this

have entirely disappeai-ed with' this new an-aiigement.

EFFECT OF TURPENTINE GATHERING ON THE
TIMBER OF LONGLEAF PINE.

The following circular. No. !), has been issued by Mr.
B. E. Fernow, Chief of the Foresti-y Division of the Depart-
ment of AgricuUnre, and should go f.ir toward settling the
question under dispvite. Personat conversation with long-
leaf pine lumbermen of the South has convinced us that the
statemeiits of the circular are true, for it is the uniinimous
testimony of all with wbom we have talked that turpentine
gathering has no ap))recial)le effect upon tbe tindjer. Still

the specifications of jnany of our leading i-oads require that

all yellow p.'ne shall have been untapped. Whether they

get it or no is another question.
" In Circular 8 of the Forestry Division, published about

a year ago, it was stated that tests made on timbers of long-

leaf pine, bled or unbled. lent countenance to the belief that

bled or tapped limber did not suffer in sti-ength by virtue

of the ta|)ping. Further tesis and examinations permit now
the annouiicement without reserve that the tiinher of longleof

pine is in no wny affected hi/ tlte tnjqiing for turpentine. This
refers to its mechanical as well as chemical properties, and
hence even the reservation that it might suffer in durability

is now eliminated, and any prejudice against the use of bled

timber in constrncfion, wherever the unbled timber has been
considerefl desii'able, must Tall as having no foumlation in

fact, being based onl^ on vague belief, proved to be erroneous.
" It is to be hoped that this fact will be made widely

known among builders, aichiteets, and engineei's who have
hitherto made discrimination against bled timbei-, and
thereby depreciated or discouraged the manufacture and
impeded the sale of aii article which answers all the pur-

poses of construction aiid the unrestricted use of which is

dictated by true economy.
" The basis for the

statement rcgai-ding the
mechanical properties is

furnished by a series of

tests coiuprising not less

than 300 tests on 32 trees

of this pine, bled and un-
bled, from various locali-

ties.

" The somewhat puz-

zling fact that bled timber
exhibited, if anything,

greater strength in the
tests has been accounted
for by the fact that the

turpentine orchards are

located mostly on sites

which produce better
(piality timber as well as

larger yielil of turpentine.

"To determine whether
any changes in the chem-
ical composition take
jilace, a series of chemical
analyses of bled and un-
bled timber has been
made, which indicates

that the resinous contents

of the heartwood aie in

no wise affected by the

bleeding, the oleoresins of

the heartwood being non-

fluid, the whole turpen-

tine flow is confined to the

sapwood.
" Among other inter-

esting facts regarding the

distribution of resinous contents through the tree which will

be published in a separate bulletin, it appeal's that trees stand-

ing side by side and to all appearances in similar conditions

show very varying (piantities of resinous contents.
" To make sure that experience did not, if sifted down,

contradict the i-esults of these investigations, a competent

agent, Mr. F. Roth, visited turpentine orchai'ds and saw-

mills in the longleaf pine region. He reports that nobody
was found— although it was claimed by some— able to dis-

cern any difference in the appearance of the bled and unbled

timber ; that in spite of consumers' speeificati(uis for unbled

timber, they are almost invariably served with a mixture

without finding it out ; that experience in the districts

where bled timber is cut and used has not sustained the

claim of inferiority.

"This infornnition is furnished in advance of the full

report on the investigations in question, in order to remove

as ijuickly as po.ssible the unwarranted discrimination

against the product of nearly one million acres of Southern

pine, which are annually added to the total acreage in nii--

pentine orchards.

EXHAU.1T NOZZLE.
NORTIIEUN K.AIL-

WAY (1P FEANCE-
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" This result of aiithoritativo investigation should be
worth several million dolli.rs to the forestry interests of the

South, permitting readier use and snle for a product that

jiletins an iniporlant link of IJu' Great Norllicrn system of

Iransporlatioii l)el\veen New York and Boston on the east, and
Paget Sound, in the Slale of Washington, to the west.

The engraving shows the general ap-
jicaranre of tliesc steamers. Their prind-
pal Inill dimensions are to be lisit ft. over
all. a leniith never before allaincd on Iho
lakes : :m ft. keel, 44 ft. beam, and ;i4 ft.

molded depth. The engines are to be of
till' vertieal i]Uadruple exjiansion t.vpe, and
arranged in the following order : ]Iigh-
pressiire cylinder, 2") in. diameter ; first and
second intermediate cylinders of Mfi in. and
511 in. respectively, and low-pressure cyl-

inilers of 74 in.; stroke of jiiston, 4'i in.;

to develop 7,000 II. P. The engines will

liave Joy valve-gear. The boiler jiower
will consist of a battery of 28 liellevillc

boilers, to carry 225 lbs. steam pressure
;

independent air pumps and condenser, elec-

tric-lighting plant, patent windlass, steam
steering-gear, and steam capstans and every
modern appliance in the list of high-classed
eqinpmenls will be furnislied these steam-
ers, which are considered as being a master-
piece in the art of lake shipbuilding.
The advantages of twin screws for ve.s-

sels required to develop a high rate of speed
are so manifest that they iiromise to soon
supersede the single screw entirely ; but at

the present tin\e only the finer class of boats
are being fitted with the twin screws, chief-

I3', we presume, on account of the initial

cost and space required for extra machinery.
The entire lower holds of these two new
steamers, however, are to be given up to

the engines, boilers and fticling space, and
their propeller wheels will be li! ft. in di-

ameter by 18 ft. pitch, supported by heavy
steel brackets arranged on each side abaft
the boss ]dates.

The cost of the.se two steamers is fll,-

100.000, or 1550,000 each, and it is otfi-

eially stated that thev are the precursors of
a fieet of si.v similar vessels which will

make daily sailings from each end of tlu^

lake route as soon as the western tcrminiis
of the Great Northern Pailroad .system is

cstal)lished and the freight and ]iassengcr
trade to Australia, China and .lap.-m be-

comes developed. The Great Northern has
already a licet of .six large steel freight
steamers which have been engaged in the
advancing lake trade between West Supe-
rior and BulTalo for the jiast four years,
and with the advent of what will certainly
be the finest passenger boats ever placed
on the lakes, the passenger traffic will no
doubt be largely increased.

As shown by the engraving, the new
boats will resemble ocean steamers in their

general appearance nmch more than the
usual type of lake steamers.

ACCIDENTS TO WORK-PEOPLE.

left uncut endangers the future of the forest by the destruc-
tive confiagrations to wdiich it is si>ecially subject."

NEW LAKE PASSENGER STEAMERS.

The Northern Steamship Company, of which .1. .J. Hill is

President, and which is controlled "by the Gieat Northern
Railroad Company, has placed an order with the Globe Iron
Works Company, Cleveland, O., for the construction of two
of the speediest and largest steamers ever built on fresh water,
the contract to be completed for the opening of navigation in

1894. For the aecornpanyini; engraving anil the description
given, we are indel)ted to the courtesy of the Cleveland
Marine Itecord.

These vessels are to run between HufTalo and Duluth, a dis-
tance of 1,000 miles, at the rate of 20 miles an hour, thus com-

TitK I'luted States consul at St. Kticnne
has reported an abstract of the work of
the International Congress, which recent-

ly met at Berne. The analyses, general treatment, and
marshalling of statistics bearing on the subject of accidents
to working people were scientific, skilful, and thorough. It

was shown that there are 100 accidents to each 10,000 working-
men, one-half fatal and one-fourth producing permanent in-

juries. While Belgium, England. France, and Italy give to a
certain degree, information as to accidents in nunes and on
railways. Switzerland published a detailed statement of all

accidents reported between Apiil 1, 1888, and March lil, 188i).

In Germany, according to the Imperial .Vssurance office, there
were in 18sil. 15,970 injured by accidents, of whom 2,95(1, or
18.51 ])er cent., were killed, and l;i014, or 81.49 per cent.,

received injuries rendering thcin incaiiable of returning to

work uniler three months. The classification of the fatal

injuries was : Crushed under masses or objects, 801 ; falling,

512 ; machinery, 409 ; molten, licpiid or irrespirablc gases,

295 ; cars, carriages, etc., 236 ; railways, 149 ; weights, 130
;
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drowning, 117; explosives, 86; animals, 43; steam boilers,

36 ;
tools, 30 ; other causes, 53 ; total, 2,956. There are moral

and material causes for accidents, the former arising from the
fault of the employers or workmen and from unforeseen
causes. The latter are more dilficiilt to determine. In France
there is, at the office of the Minister of Public Works, a com-
mittee to inquire into the causes of steam-boiler explosions.
In 1889 the presumed causes of such explosions were given as :

Wear and tear, 17 ; defective condition of constructjon and in-

stallation, 15 ; want of water, 8 ; over-pressure, 5 ; defective
repairs, 3 ; other causes, 3 ; total, 51.

Tlie following statement shows the proportions of responsi-
bility on employers and employed for the 15,970 accidents to

work-people in CJermany :

Per cent.

Accidents imputed to employers :

Insulficiency of preventive measures 10.01
Defective construction 7.05
Insufficiency of rules 2.69

19.75
Accidents imputed to employed :

Awkwardness, inattention, etc 10.73
Infraction of rules 5.17
Manifest imprudence 1.98
Neglect of using preventive measures pro-

vided 1.76

19.64
Accidents where both parties were to a certain extent at fault

:

Dangers inherent in the industry 49.41
Simultaneous negligence 7.73
Unknown causes 3.47

60.61

100.00

In most accidents the savings of the workman are inade-
quate to provide resources for his family, and consequently it

has been tlie custom to resort to a special .system having the
object of (1) collecting individual savings under the form of
subscriptions. (2) Creating a common purse with these sub-
scriptions to cover the risks to which the workman is more or
less exposed. (3) Compensating the victim of an accident
according to fixed rules. The Congress studied thoroughly
the question of accidents, and resolved that it was more neces-
sary to prevent accidents than to compensate for them, as the
economical transformations, the establishment of thou.sands of
workshops, and the concentration of workmen in exceedingly
narrow limits, have increased the chances of accidents, and
even caused appalling catastrophes. The French and other
civil codes are no longer in harmony with the needs of the
workman. Accidents are daily happening, but the Civil Code
provides only for tho.se arising from the negligence of the
employer, whose respousibilily is often not e.asily established,
it having been shown before the Conseil des Etats de la Suisse
that proof of the employers being in fault failed 75 times out
of 100. The new and seductive formula of the obligatory
insurance of workmen has obtained many partisans, it beina:

no longer believed that inilividual initiative or private asso-
ciations can guarantee sufficient provision against accidents.
Tliis being agreed upon, the Congress discussed the question
whether the insurance should be entirely arranged by the
State or left to the free choice of private individuals or soci-
eties. The German delegates endeavored to show that the
State alone could properly take in hand the defense of the
working classes—the real social organization. The repre-
sentatives of Anglo-Saxon and Latin countries, especially the
French, maintained that it was preferable to leave to each State
the liberty to organize the insurance system according to its

habits. After prolonged discission the Congress accepted
unanimously the principles of obligatory insurance, leaving to
each country t)ie choice of applying it according to its customs
and existing institutions.

KRUPP'S NICKEL-STEEL CANNON.

A BOAUD of Austrian Army oflicers recently visited Ivrn[)p's
works at Essen to make a special report on field artillery.
During this visit, which lasted five daj's, the board inspected
the crucible steel foundry and also the foundry where Krupp
makes his nickel steel by a process which is kept secret.
The board examined fragments of a nickel-steel cannon

which had been burst with a detonating shell. The fibrous
character of the fractures, togelher witli the tests to which
the specimens were subjected, demonstrated that nickel steel
possessed all the necessary qualities of solidity aud elasticity.

Furtlier experiments were made at the polygon at Meppen
with two Krupp field guns, 3.53 in., one of which was of

crucible steel, the other gun of Krupp's nickel steel. In each
of these guns they placed a shell containing a charge of 6 oz.
of picric acid.

The middle point of the projectile was accurately adjusted
in the bore of each gun to be at a distance of 11.8 in. from
the muzzle of the gun.
Upon the explosion of the shell the crucible steel gun was

burst at the scat of the shell, and a number of pieces were
collected weighing variously froni 4 oz. to nearly 4 lbs. The
nickel-steel gun remained intact, and, with the exception of
an enlargement of the bore by .29 in. at the seat of the projec-
tile, was uninjured.
They then put a .shell loaded with 6.35 oz. of picric acid in

the same nickel steel gun in the same position in the bore as
in the former experiment. The shell was exploded in the gun
and caused an enlargement of the bore at the seat of the pro-
jectile by .374 in., and also caused a longitudinal crack 3.15
in. long in the bore. Not a particle of metal was broken ofl

from the gun.
The new metal was subsequently tested as armor plate.

The plate of nickel steel, 13.66 in. thick, had previou.sly sus-
tained the blows of five projectiles. In this trial they tired a
projectile of 6.7 in., weighing 158.4 lbs., at a distance of 132.3
yds. The projectile penetrated the plate and was recovered 1,301
yds. beyond. It made a clean hole in the plate of the size of
the projectile, but did not fracture the plate. The diameter
of the projectile was increased by .037 in., aud its length re-

duced by .134 in.

—

Amu/ and Navy Journal.

THE CUNARD COMPANY'S NEW TWIN-SCREW
STEAMSHIP "CAMPANIA."

The Campania, the first of the two magnificent vessels now
being built by the Fairfield Company for the Cunard Line, is

approaching completion in the wet dock of the builders. The
engines, boilers, funnels uptakes, steam pipes, shafting, and
other items which make up the total of the Campania's
propulsive machinery were almost entirely ready for fitting

on board at the date of her launch, and since that time no
delay has taken place in getting this ponderous mechanism on
board. A first trial, or turn, of the engines and propellers
tiok place in the compan3''s dock, the engines and shafting
being then driven at about 35 revolutions per minute—about
one- fourth of the speed at which they are intended ultimately
to work.

It may be safely said that the present is the twin-screw era
of Atlantic navigation. It was inaugurated in 1888-89, when
the four notable steamships. City of New York, City of Paris,
Majestic, and Teutonic, were brought into the field, and it was
soon further signalized by the introduction into the same ser-

vice of tlie fine twin-screw vessels, built and owned by Ger-
man and French firma—e.g., the Augusta Victoria and Fiirst
Bismarck, of the Hamburg-American Line, and La Touraine,
of the Compagnic Transatlantique. At the present time there
are built and building as many as 35 twin-screw steamships
of over 5,000 tons, the Campania making the fifteenth vessel
to be produced of over 6,000 tons.

The Campania, is for the present the longest and most
capacious steamship afloat, her 600 ft. length between perpen-
diculars being only 80 ft. short of that of the late lamented
Great Eastern, and her beam of 65.7 ft. being 17 ft. less than
the defunct leviathan. The vessel in actual service most
nearly approaching her in length is the White Star Teutonic,
which is 566 ft. between perpendiculars, or 34 ft. less, the
beam being 8 ft. narrower. The Campania is 73 ft. longer,
but only 1 ft. 9 in. broader than the Inman Company's City

of Paris and City of New York. Her length over all is 620 ft.

;

breadth extreme, 65 ft. 3 in.; depth to upper deck, 43 ft., and
gross tonnage, about 12,£00 tons. Her displacement will prob-
ably be 18,000 tons. The vessel has a straight stem and elliptic

stern, top gallant forecastle and poop, with close bulwarks,
all fore and aft, and erections above the upper deck con.sisting

of two tiers of deck houses, surmounted respectively by the
|iromenade and shade decks.
The Campania is fitted with two sets of the most powerful

triple-expansion engines that have yet been constructed, each
set capable, it is believed, of indicating from 14,000 to 15,000
II. P. These engines are fitted in two separate engine-room.s,
there being a dividing center-line bulkhead between them,
fitted with water-tight doors for the necessary purposes of
communication. Each set of engines has five inverted cylin-
ders—viz., two high-pressure, one intermediate-pressure, and
two low-pressure C3iinders ; the two high-pressure being
placed tandem-wise above the low-pressure ones. These are
arranged to work on three cranks, .set at an angle of 120°

with each other. The high-pressure cylinders are each fitted
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with piston-valves, tlie intermediate and low-pressure with
(Imiblu piston-valves, all of which are worUeil by the usual
double eccenlrics and link-motion valve-gear. Steam fiom
lln; two liigh-pressure cylinders e.xhansls into the inleiniediale
one, which in turn exhausts inio Ihe two low pressure cylin-

ders, which have relici'ed slide-valves ; expansion taking place
in three stages. The reversing engines are of tlie steam and
hydraulic direct-acting type, and tilled with iiateiit automatic
emergency gear calculated to prevent such a disastrous break-
dtnvn of Ihe engines as took place on board the City i,f /'mis.

The crank shafts are all of the built type, in interchangeable
.sections. Together with the tunnel and propeller shafting,
they are of mihl steel, forged liy Messrs. Vickers' Sons li Uom-
pany. ShetTiv'Id. The condensing water is circulated through
the condensers by four large eentrifugal pumps, each driven
by independent eoLupDund <'ngines. These pumps may also,

if reipiired. piim|) water from the ship in case of damage to

the hull. In the engine room are also lilted four evaporators
to proiluce the nece^sa^y fresh water from sea water, and
thereby make up the loss incurred through working, and
avoid the use of salt water in tlie boilers. There is also a
large feed-water healer, two auxiliary condensers with pumps,
anil all the most modern appliances to economize fuel and
labor.

Sleaai for the main eiurines is generated in 13 large double-
cnde 1 b.)ih-rs, each having eight eoirugated furnaces. The
boilers are arranged in two groups of six. each group self-

contained in water-light compartments, and having a common
funnel of the unprecedented diauieter of 21 ft. The two
fiimiels. it may be added, are fr(nn their lowest .section 120 ft.

high, or about the height of the Eddystone Lis;ht-house.
Theieisalso a large single ended boiler fur su|iplying steam
for the electric light, refrigerating, and other auxiliaiy ma-
chinery. In addition, a small single-ended boiler .is titled on
the lower deck for supplying steam to the distilling condenseis,
healing pipes, ( tc. An elaborate system of piping is tilted

throngliout the ship, and connected to the various auxiliary
pumps for tilling and emptying the ballast tanks, pumping
out bilges, pumping water on deck in case of fire, and oilier

purposi-'S.

Hergiganlic proportions considered, it will be readily under-
stood that the greatest care and forethought have been ex-

pended on Ihe structural arrangements and details throughout
the huge vessel. Not only has the requisite continuity of

strength been maintiined thnnighout Ihe entire length, in

ways which experience has firmly established, but structural
features have been introiiuced which may be said to be un-
common, if not entirely new, in ship-building practice ; sug
gested, if not necessitated, by the conditions as to si/e and
proportions. All scantlings have l)een especially arianged,
and every advantage taken of the improved sections of sletl

now obtainable in the way of channel bars and Z bars, etc., in

order to increase the strength without adding unduly to the
vessel's weight. The shell plating is in lengths of 26 fl., and
ia some cases longer. From the keel, which is of the Hat
plate type, upward to about the load water-line, the plates are
fitted (HI the laii butt prineiide, which within recent years
has been steailily taking the jdace of fiush eml-to-eiid butt-

strapped joints in merchant ships, especially those intended
for carrying oil in bulk. The niinD/i d'etre of this ebangc
doubtless lay originally in the saving of weight ami of rivet-

ing thereby elTi'Cted, but experience has shown that the over-
lapped joint, though lesssigluly than Ihe flush butt, is stronger
and mOie eltieient. In the case of the Cuinpiiiiiii the method
adojited is somcwiiat more elaborate and expensive than in

ordinary practice, and follows closely upon the exam]de set

by Messrs. Harland & Wolff, of Belfast, in Iheir large ships.

By the method in question Ihe shell plates are scarplied

—

thinned and tapered away at ihe ends— for Ihe width of the
seam, thus dispensing with the tajieied packing pieces in the
seams at the overlap This forms a much fairer, easier made
water-tight, and more sightly seam, and presents a surface to

the water offering less frictional resistance. The lapped butts
are all ipiadruple-riveted. Above the water-line the plates
are tilted end to end in the usual way. and hull strapped both
inside and out. The landing edges of the shell phuiuir in the
region of the sheer strakes and at the bilges are treble-riveted.
The construction of Ihe vessel at the stern imju'esses one as

being uncommon in other respects than that merely of im
mense size. Although fitted with twin screws, there is an
aperture in the stern frame similar to that in a. single-screw
steamer. This is provided that the propellers may work freely,

though lliey are Htt<'d close to the eeiUer line of the ship in

order to prevent damage to or from Ihe quay walls. No struts
are Hit' 'd at the stern frame to support Ihe outer end of the
shafts, as in most oilier twin-screw steamers. These are in

the present case dispensed with, and the frames of the hull

are bossed out and plated over right aft, so as to form the
stern tubes. At the outer end of these, strong castings of
sleel. weighing about 20 Ions, are fitted, extending completely
across and llirou;;li the structure. These serve the purpose of
shaft brackets, and being in continuation of the lines of the
hull, are calculated lo ofler the least resistance to free propul-
sion. What in other vessels forms the upper part of the
nnlder is a fixed and synmntrical part of the hull structure,

the rudder proper being entirely under water. It is of Ihe

single plate type, being formed of a heavy steel casting with
ma.ssive arms, between which a Ihick plate is fitted and riv-

.etcd This plate, which has earned some notorietj' as being
" made in Germany," is in one piece, and weighs about 10
tons, the whole rudder weighing about 24 Ions. The cast

framewoik of the rudder, as inrleed all the heavj- castings
entering into Ihe ship's structure, were supplied by the Steel

Company of Scotland. Chief of these are Ihe steinposts of

the form adopted—unusual in the case of twin-screw ships.

Each complete slernpost weighs about 90 tons, and consists

of four pieces, which are riveted together ; in position Ihe
main post reaches a height of about oO ft.

The bottom of the vessel is constructed on the celhdar )irin-

ciple for water ballast ; minute water tight subdivi.simi being
a tValure in the anangcment. There are four complete tiers

of beams, nil of which are plated over with steel, and sheathed
with wood planks, forming Ihe upper, main, lower, and orlop
decks. The last is used for cargo and refrigerating chambers,
store-rooms, etc. The other decks are entirely devoted to the

accommodation of pa.sseugers, with dining and social saloons,

staterooms, bath-rooms, lavatories, etc , all on a scale of
nnignificence une(inalltd. No expense is being spared on
anything calculated to render traveling at sea more comforta-
ble and enjoyable. The casings around the boiler rooms are
double, the inleivening space being filled with a material
which is al once a non-conductor of heat and sound. The
ventilation throughout, both by natural and artificial nuans, is

very Ihorough, The greater numberof thesidelightsare filled

with an arrangement for Ihe free admission of air, even wdien,

during rough weather, the lights are closed. A complete
.system of steam heating is fitted for Ihe comfortable warming
of all the living spaces.

The electric installation on board is in keeping with the

other marvelous details of the huge vessel. There are four
sets of generating plant on board, each set consisting of a
Siemens ilynamo, coupled direct to a Belliss engine, which
runs at the rate of 280 revolutions a minute, and gives an
output of '42,000 waits. This is capable of supplying 1,3,50

Hi candle-power incandescent lights—including eight large
rertectors of eight lights each, for working cargo—throughout
the sliiji, anil, in addition, a powcifnl searchlight for facili-

tating the navigation of the ship into port, Ihe picking up of

moorings, and scouting in time of war. The large swilch-
board for controlling the lights consists of 13 sections, so

arranged that each may be connected with any of the four
dynamos. From these dynamos and this large switchboard
there runs throughout the ship an enormous amouni of wiring
—reaching, in point of fad, to upward of 40 miles in length.— KiKjiiicir.

CHIGNECTO SHIP RAILWAY.

IllsronV .\ND M.\NNEI! OF THE Tl!.\NSP0I!T.«IO,N OF SHIPS.

The Chignecto Ship Kailwa)', regarded in America as one
of the greatest of lire practicable engineering enterprises in the

world to-day, seems likel}' to emerge triumphant fr-om the

dilHcuIties which have overwhelmed it, and lo rank by the side

of the most notable achievements of the age. The ship rail-

way is no modern device for transporting vessels lis origin,

there can be little doubl, preceded the Chrisiian era by many
centuries. So accustomeil were the ancients lo transporting
heavy blocks of masonry large distances on rollers, that il is

not to be wondered al I hat they applied Ihe principle to ships

where the circumstaiires required.

It is known lliat ships were transported from the J^gean
Sea lo the Ionian so far back as 427 years before the Chrisiian

era, and at that time it was believ(d that Ihe Dioelus, for such
the crude railway was called, had been in existence for over
31)0 years. Soineof tlieships carried reached the lengthof 1.10

fl. and hail IS |t liiaiii. The most surjuasing featuie in efiii-

nection with this method of conveyance was that it could have
been accomplished without seriously straining the framing of

the vessel. It was unquestioned by the aniieiits that the rinl-

way gave great commercial advantages lo (^.rinlll. and placid

it in the front rank of maritime cities on the Peloponnesus.



132 THE AMERICAN ENGINEER [March, 1893.

Witli tho ilecay of tlio commercial supremacy of Greece this

line was abaiidoiu'd, and it is not unli! 14;iS a.d. that another
application of tlie ])riMciplc was made, and tlien it was for

warlike purposes. In that year the Venetians, followinjr the
pliins of Is'ieolo Sarholo and Blaiso de Arboribus, carried ;iO

galleys overland from the Kiver Adejjie to Lake (iarda, l.OIIO

oxen, assisted l)y windliisses on the sleeper i,'rades, fnrnishini;

the motive power. One vessel alone was lost. The renown
of this e.vploit was so ureat tliat it eanie to the ears of Snieiman
Paella, wlio, in 14.");S, em|)loyed a similar expedient at the siege

of Constantinople, transfeiTing his fleet over timber ways,
greased and laid on trestling and sla.ging. By this move,
which was accomplished in a single night, Soleiman avoided
the chain which formed an impassable barrier across llie

Hellespont, and succeeded in mooring his vessels in the Golden
Horn under the walls of the besieged citv, which soon capilu-
lalcd.

Coming to more recent times, it may be mentioned Ihat in

1718 several vessels were conveyed from Stromstadt to Idelfal.

n Sweden, by Count Emmanuel Swedcnborg, then a humble
engineer, who was ennobled for the achievement. In liSl!(l the
Cornish system of ship transportation was completed. The
canal boats in the Bude (!anal, at Ilobbacote Downs, ascend
an inclined plane 9(IU ft. long, provided with two lines of rails

terminating at each end in llie canals. Here the boats, which
were provided willi small iron wheels, were raised by an end-
less chain moved by two tanks alternately filled wilh water
and descending into deep wells, Altogether (here were seven
sncli inclines in this canal. I come next to some Ameiieaii
enterprises of a similar character. One was the Portage Kail-

way from Ilollidaysburg to .lohnstovvn, Pa., which was com-
pleted in 1K;!4, to connect the canal systems of eastern and
western Pennsylvania. On this road a system of gravity rail-

ways, with ten inclined planes, the large boats of the Pioneer
Packet Line were carried up and down until the eonipletiiin of
the Pennsylvania Railway. Another portage constructed on
the same principle was completed about the same time on the
Jlorris & fjssex Canal in New Jersey, and one proposed by
Tosiali White for the Lehigh Canal in Pennsylvania.
The scheme of Sir,lames Brunlees, prop;.si.(i in IHtiOto the Em-

peror of the French, (o build a ship railway across the Isthmus
of Suez instead of the canal, produced a good deal of excited
feeling in engineering circles It was referred by the emperor
to Marshal Vaillant, then ^Minister of War, who, in turn, passed
it over to j\I. de Le-sseps, who naturally rejected it in favor of
his own canal scheme. The proposed railway would, it was
claimed, have had the advantage of greater speed, for it would
have carried the vessels at the rate of 20 miles an hour, and the

^
estimated cost was only one-seventh that of the ship canal.
The railway was to have been level throughout, and the ships
were to have been supported on a flaming of iron resting on
wheels and springs, and these again on 10 rails. In Germany,
vessels of (iO tons capacity have been carried for the past 20
years from the upper portion to the lower of the Elbing Slier-

land Canal. Among other undertakings of the.same kind pro-
posed, or in jirogress, was a project submitted to the Hon-
duras Government, to construct a ship railway across its terri-

tory from Puerto Cabellos to the Buy of Fonseca. Then some
years afterward came the preparation of plans for a ship rail-

way to overcome the cataracts of the Nile. Next in order was
Captain Ead's famous scheme for thi' Isthmus of Tehuantcpec.
The ship railway in this case was to be V.W miles long between
the Gnlf of Mexico and the Pacilic! Ocean, with gradients of
50 ft. to the mile. In the Ilioto Canal in .Japan the expedient
of transiinrting boats over a railway in order to avoid locks
was adopteil. There the installation as a whole with the em-
ployment of Pelton water-wheels, dynamos and motors, driven
by the water falling from the higher level was exceedingly
novel.

We now come to the Chignecto Ship Hallway, coninienced
in 1888 and at present about three-fourths linished. That nar-

row neck of land between the Gulf of St. Lawrence and the
Bay of Fuiidy known as the Isthmus of Chignecto, which con-
nects the [irovince of Nova Scotia with the mainland of Cana-
da, has been a fruitful field for engincMTing theories. For
more than 100 years schemes have been advanced foruniliiig
these waters b.y means of a canal, which would enable vessels

to pass through from the St. Lawrenc(! to St. .lolin, New-
Brunswick, Portland and Boston instead of proceeding by the
present dangerous and circuitous route around the peninsula
of Nova Scotia. Engineers employed by the governinents of
Canada, New Brunswick and Prince Edward's Island have
time after time surveyed the proposed route, but they have all

come to the conclusion that a c.inal, accessible at all limes of
the tide, would not only co.st an enormous amount to build,
but would involve the expenditure! of large sums in repairs
and maintenance. The Bay of Fiindy, remarkable for the

range of its tides, was found to contain vast quantities of allu-

vial matter, which would ([uiekly be dciiusiled in the locks and
waterway, which would thus be tilled up. There was, more-
over, a ditference in tint tidal level between the gulf and the
bay of from 17 to 2;i ft., and the necessity of providing locks

to overcome this dill'ereiice of level would have involved a
great delay in the jiassage of vessels. Thus it happened that
the canal scheme was tinally aliaiidoned, while a propo.sal by
Mr. Ket.chuni for a ship railway for IIk! conveyance of vessels

with their cargoes Imilily acro.ss the isthmus, was adopted as a
substitute.

Eleven years ago, just 99 years after the idea of a canal had
first been mooted, the Chignecto Marine Trans]iort Hallway
Company was incorporated with a share capital of i'40ll,OUO,

and an authorized debenture capital of .€700,0(10. A contract
for the construction of the works was entered into, but many
obstacles bad to be overcome bctforc the preliminaries were
finally arranged ; but eventually, in September, 1888, work
was coninienced. Since then it has been carried on with as

much dispatch as possible. It was expected that the whole
luidertaking woiilil have been completed in tlu! autumn of

1891, but there were unexpected delays, and the company be-

came embarrassed. This was not the result of extravagant ex-

penditure or inconipetent administration.

With regard to the character of the works, we may say Ihat a

basin for vessels is being constructed at the Bay of Fuiidv end
500 ft. long, 300 ft. wiilc, with a gate (iO ft. wide and 30 ft.

high, to enclo.se the water when tlie tide is out. At the inner

end of this basin there is to be a lifting dock 230 ft. X 00 ft. of
first-class masonry. The dock will contain 20 hydraulic presses

for lifting vessels with their cargoes a height of 40 ft. Vessels

will be brought inif tbctide permilsand admitted tothe dock.
They will atterward be lloated into position between the hy-
draulic presses, and immediately over what is termed a " grid-

iron" and cradle sunk to the bottom of the dock. When a

vessel is in her proper position the gridiron and cradle will be
gently raised to her bottom. The gridirim with the vessel and
cradle will be lifted by hydraulic lifts until the rails support-

ing them are brought uj) to the level of those on the railway.

Vessel and cradle, resting on wheels, will then be hauled off

by a hydraulic apparatus to the railway line. The extreme
weight wbieh it is proposed to provide machinery to lift is

3,.')00 tons, including gridir.in. cradle, and a loaded vessel of

2,000 tons displacement, or 1.000 tons register.

A double track railway, 17 miles long, in a perfectly straight

line, and almost on a dead level, the heaviest gradient being 1

in 000, is being laid. The lails are of steel. 110 lbs. to the

yard. The vessel will be carried on the rails by the same
cradle wliicli received her in the lifting dock. It will be car-

ried on a large number of wheels so that the weight of the load

will be well distriliuted, each wheel sustaining but[a small jior-

tion of the burden. Vessel and cradle will be dr.-iwii by loco-

motives, one on each track, which are calculated to move the

load with ease at the rate of 10 miles an hour.

When transported to the oilier end of the railway, vessel and
cradle will be placed on another hydraulic lift winle the loco-

motives are shunted out of the way. It will then be only

necessary to lower the vc-sel to a sutlicient depth to enable it

to float away, the time occupied in raising, transporting and
lowering the vessels will, it is computed, be about two hours.

Sutlicient rolling stock and transversers will lie iirovided to en-

able the vessels to lie carried by rail .-it short interv.als.

The general prospects of the undertaking, from a commer-
cial point of view, are most satisfactory. The coastiiig trade

round Nova Scotia represents in round figures more than

12.000,000 tons a year, while the annual increase is estimated

at 500.(100 tons. "The numlier of vessels leaving jioits in the

Gulf of St. I^awrenci', Prince Edward's Island, and the Hay of

Fnnilv, in the year ended .June, 1890, was 70,(100. It is be-

lieved that of this immense trade the Chignecto Shiji Hallway
will receive the largest share. Had the utility, as well as the

practicability of the enteriirisc not been fully demonstrated.

the Government of Canada would never have committed itself

to the subsidy. It is to be hoped that the Chignecto Marine
Transport Company may achieve the success which an under-

l.aking so useful and so important deserves.— I'r/insporf.

THE MOTION OF FLOWING WATER.

A cnuuKsiMNDicNT of Imliaii /•Jiif/iiifiriiiff cMa attention to

the peculiar spiral movement of llowing water. Hi' writes:
" This phenomenon was noticed by me in a Inrr/c ihUide liri-r

on which I was deimted to take "llood observations in 1890,

and I then made .several experiments with a view to drafting
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and publishing some formiiliB regarding it, as it appeared very

reniarkable that it should have beeu so long ignored. And I

would point out that thisspiral motion occur,'! j«, eiery chaiind.

When the stream is wide, or when its dcfilh is very small com-
pared with its width, the water divides into a series of spirals

—between which silt is deposiled. In such cases the motion of

the riparian spirals is often such that tloating matter is cast off

on the sides, instead of being drawn into the center of the

stream, and then the channel is silting on its banks. These
different movements all bear intimate relations to the mass and
shape of the water, the slope and resistance of the .soil, etc.,

and afford great scope for mathematical determination, espe-

cially with regard to the neutral condition when the twist of

tlie spirals is being changed and their action is a ndninium.
The knowledge of these movements is also of great value, not

onl}' for engineering works, but also for saving life, as when
a man falls overboard it enables one to go to the right place to

look for him, and ignorance of this fact explains why so many
cases occur of persons falling into a streaiu and never being
seen to rise again.

" The phenomenon, moreover, is universal, and occurs not

only in rivers and channels, but also in oceanic currents, and
even in astronomical nebular, I lie spiral forms of which it lieau-

tifully explains."

FOUR-THOUSAND-TON HYDRAULIC
PRESS.

FORGING

The Bochum works, in Germany, employ hydraulic presses

on a large scale for forging steel ingots, the most powerf nl being
capable of exerting a pre-ssure of 4.000 tons. The machine has

a central piston of two different diameters, the lower part being
36.6 in. and the upper 30.87 in., so that it is possible, with a

water pressure of 9.000 lbs. per square inch, to secure the jiress-

ures of 1,300, 2.700 and 4,000 tons respectively. The stroke

of the piston is 3.28 ft., but can be varied at will. The return
stroke of the main piston is accomplished by means of two
other pistons of 10.24 in. diameter worked by a wjiter pressure

of 750 lbs. per square inch. These pistons also serve as guides
to the tirst-mcntioned one. The whole machine is made of

cast steel. The main crass-head, which is in two pieces,

weighs 64 tons ; the cylinder weighed 57 tons in the rough and
35 tons Bnished.
The machine is operated by a valve which is moveable by

hand-lever, whose total displacement is but 23| in., and which
only requires an exertion of 4 4 lbs. for its manipuliit.ion, as it

is only subjected to a pressure of 750 lbs. per s(|nare inch, this

valve sends the water under this pressure to the pistons, which
act as valves for admission and exhaust. The stroke of this

valve may be divided into three parts : the first opons the ex-

haust ; the seconil the admission of water at 750 lbs. pressure,

iwd the third that of water at 9,000 lbs. pressure ; this last

only occurring after the head of the pre.ss has come in contact
with the ingot to be forged ; an arrangement that results in

great economy of power.
The pressure of 4,000 tons is oljtained by a steam pump

with two cylinders, each 30 in. in diameter and 47 in. stroke,

making 30 strokes per minute. These pumps deliver under a
compressed air accumulator whose plunger is 191 in. in diame-
ter, and has a stroke of 8 ft. lOi in. The low-pressure water
is furnished by a two cylinder pump, whose cylinders are 18
in. in diameter and 2 ft. 3^ in. stroke, delivering under a
weighted aocunudator whose plunger is 21 in. in diameter and
has a stroke of 9 ft. 10 in. All oi' these macliines. including
the accumulators, are in duplicate, to avoid delays due to pos-
sible accidents. The pre.ss is located in the center of a circu-
lar workshop 108 ft. in diameter. Its toj) serves as the pivot
for a radial crane having a capacity of 275 tons, with the outer
end of its jib carried upon a circular track. The furnaces are
placed about the walls in two tiers, and are provided with
various lifting appliances worked by an accumulator giving a
pressure of 750 lbs. per square inch.

—

Moniteur ladustrielle.

A RUSSIAN STEAM PILE-DRIVER.

TiiH accompanying illustrations show a new steam ram or
jiile-driver, devised by Mr. S. Arcish, C.E., of Moscow, Rus-
sia. Fig. 1 is a longitudinal section ; figs. 2 and 3 show the
steam chest and valve on a larger scale ; fig. 4 is a side eleva-
tion ; the remaining figures show various details. It is a sim-
ple and cheap contrivance.
A very heavy cast-iron cylinder. A, forms the ram, and is

guided in its upward and d'ownward motion by two rods, .1/

and M' , which are fastened to the jiistou Y. The rod M' has
at its lower end a sharp point which is driven into the top of
the pile

;
the latter is held in place between the upright posts

of the pile-driver by the collar X, which is secured as shown
in figs. 1, 4 and 8. The upper rod is held by the collar X',

figs. 4 and 9, so that the whole is supported by the pile and
can move only as guided by the posts N N, fig. 4.

The upper rod M is holiow, and steam passes through it to

and from the cylinder. The steam chest, as shown in figs. 1,

2 and 3, consists of a hollow cylinder, P. into which the upper

end of the rod M is screwed. Tbc steam is brought to it

tlirough the pipe R and passes through the annular channel

showii in figs. 2 and 3, to tlie three openings of the cir-

cular valve A Tiiis valve is connected by an arm with the rod

T, which moves up and down through a circular hole in a lug

cast on the steam-chest. On this lug is placed a catch, G, held

f^s-i
{^-j] Ui

"-O"

• -

by a pin ; this catch is ke]it out by the spring G in a po.sition

win re it engages in recesses nuide in the rod T.

The operation of the riim is as follows ; When it has been
secured in place, and the operator wishes to begin, the valve
a is drawn down into the position shown in fig. 1. Steam
enters the valve through the annular channel, passes down
through the pipe M into tlie cylinder A above the piston, and
raises the cylinder until the big /i on the rod L strikes the

catch O, throws it back, and frees the rod 7'. The valve will

then at once rise into the position shown in fig. 3. leaving a
clear opening for the exhaust, and closing the annular steam-
poit, and the ram will fall on the head of the pile. As the
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ram falls, the catch Cbein;; no lonjjcr licUl up by llie collar n,

will pcrinit the valve to fall back into its first posiliou, anil

steam will asiain lie admitted to rai-ic the ram. It will lie seen
that the piston )' remains stationary, the cylinder A muvini;
up and down. The jiile receins the blowsof the ram. and the
whole ni;uhine ^rrailii.dly descends with it. being kept up-
right and u'uided by the Jiosls .X.X.

When the pile is driven nearly to the limit, and will move
but sliirhtly undiT each blow of the r,-iin. the slide-valve will

not move ipiite far enough to admit the steam ; it must then
he operatini by the cord ir. This is not dillienlt, however,
and a practised operator can do it without decreasing the num-
ber of blows, which is usually about W per minute.
To stop the automatic working or lessen the lorcc of the

blow, the ports can be closed at any time during the stroke liv

the cord II'. To decrease the slioke. whin that is desired, it

is only neces.sary to change the position of the collar n on the

rod J,, which is easily done.
Ste;im is carried to the cylinder by the pipe /i and its con-

nections, which are usually iron and rublier pipes.

Where sheet jiilesare to lie driven, a collar of the form shown
in tig. 7 is used.

Three years' experience has shown that with this machine a
pile can lie very ijiiickly driven. The time, of course, varies
with the nature of soil, weight of cylinder, cic.

The cylinders have bfen made of three sizes, weighing 1,800
lbs , 2,160 lbs. and 2.yso llis.. the stroke varying from ao in.

to 42 in. The si/.e mist used has a ram weighing 2.160
lbs., and a stroke of H ft The total weight of this machine is

4,100 Ills., ami it costs, in Kiis,sia, |500, with the tiltings ; the
latter including collars for round and sheet piles. 70 ft. of iron
pipe, two sets of riililier joint-pipes, and four rollers for mov-
ing the pile-driver frame as needed. This size reijuires an
8 H.P. boiler carrying from .50 to 60 lbs. pressure. It is thus
shown to be a machine of moderate co.sl.

A larger type was recentlv made and sent to the Oussouri
Division of the Siberian Railroad, where it is to be u.sed in

driving larire iron tnbular piles. This has a ram weighing
3.000 Tbs., with 3 ft. 6 in. stroke; the total weight is'4.800

lb.s., and the cost, in Russia, about $600. This ram requires a

10-H.P. boiler to furnish steam.

PROGRESS IN FLYING MACHINES.

Bt O. Ch.\ndte, C,E.

(Continuedfrom page 86.)

At the Paris K.\position of 1880, Commandant Reii<trd\ of
the French Aeronautical Department, exhibited, in connec-
tion with the dirigible war balloon " La France," an appa-
ratus which he had designed some years before (1873) as
embodying his conception of a flying machine, and which
he termed a " dirigible parachute."
This is sh(5wn in fig. 64, and consists in an oviform body,

to which is pivoted a couple of standards carrying a series
of narrow and long superposed flat blades, intended to sus-

tain the machine when gliding d<iwnw;ird through the air.

The dotted lines in the side view indicate the maximum
angle of inclination which if was iiroposed to give to this
similitude of a Venetian blind, ami it is evident that by set-

ting it at the properangle, and dro|)pingthe apparatus from
a balloon, it can lie madi- to travel back against the wind a
considerable distance, and also that it may be steered later-

ally by the addition of a rudder, lieneath the body a sort
of skate will be noticed, |iiobably intended to gliile over
the ground in alighting, or in obtaining initial velocity to

rise should a motor be apjilied ; but the French War De-
partment is reticent concerning its experiments in aerial
navigation, and tlu^ writer has lieen unable to gather any in-
formation concerning the working of this apparatus.

It will be noted that t'ommandant IteiKinl proposed to
equip this machine with flat blades, thus conforming to the
piedilei^tion in favor of plane surfaci's exhibited by most of
the exi>eiinienters with aeropl.mes already noticed except
t'apfain if Vrin and .M. Goujiil, who took a ditferent view
as to the best sha]ies to employ. In point of fact, as already
intimated, those who have succeeded in the air, the true
experts in gliding, the soaiing birds, do not perform their
evolutions with jilane surfaces. 'J'heir wings are more or less
convex on top and concave licne:itli, and are warped surfaces
of complicated outlines. It is true that in many cases they
do not ililTer greatly from planes, and the mind of man so

strongly tends to the .simplification of complicated shapes,

that most inventors have assumed that the efifect on the air

will be practically the same.
Flight is possible with flat planes, aS witness the butter-

fly, the dragon fly, and insects generally, but such creatures

are endowed with greater relative power, as already ex-

plained ; and, moreover, the elasticity of their wings pro-

duces change of shape under action. In the I'asc of the
birds, although the outer ends of the feathers are elastic, yet

the wing is stilfer as a whole, and the curved surfaces may
prove more eflicient than planes in obtaining support from
the air.

This view seems to have prevailed with .Mr. //. F. Phillips,

for he patented, in 1884, a whole scries of curved shapes,

SIDE ELEVATION.

END ELEVATION.

Fig. 64. -RENARD-1889.

intended to be used in conjiniction with suitable propelling

ap])aratus for raising and supporting an aerial machine in

the air. These shapes were to be utilized in a set of narrow
blades arranged at suitable distances apart ; the idea being

to deflect ujiward the current of air coming into contact

with their forward edges when under motion, so as to cause

a partial vacuum over a portion of the upper surface of the

blade, and thus to increase the supporting effect of the air

pressure below the blade.

These shapes were the result of a series of experiments

tried by Mr. Phillips in artificial currents of air, produced
by induction from a steam jet in a wooden trunk or con-

duit, and described in London Eiiffineeriiiij in its issue of

August 14, 188.-1.
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A cross section of the .shapes patenterl will be found on
flg. G^. Nos. 1-8. The following table gives the results ob-

served, the last column having been added by myself :

PHiLUrS'S EXPERIMENTS ON SHAPES.

Description

of Form.
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The patent drawings show tlie vertical standards carrying

the hlades as being rigidly attached to tlie body instead of

being pivoted thereto, as in tlie case of Ooniniandant /ieiKirJ's

device, and hence the angle of incidence of tlie niacliine

could not be conveniently varied in order to rise or to de-

scend ; but it is ))robable that Mr. I'liilUjis has long since

remedied this defect, for he is understood lo have been con-

tinuously experimenting, although the results attained have
not as yet been published.

lie ap|):irently concluded that he had not developed the

best shape in 18^4, for he patented, in 18111, the form shown
at the bottom of tig. 65. In this, the upper side A of the

blade was made convex, as formerly, but the after portion

of the lower side of the blade was made concave, as shown
at li, while the curvature of the forward portion of thi.s

lower side was in the form of a reverse curve consisting of a

convex curve, C, at the forward edge, followed by a con-

cave curve, Z*. He states in his patent :

" The particles of air struck by the convex upper surface

A at the point -£ are deflected iqiward, as indicated by the

dotted lines, thereby causing a partial vacuum over the

greater portion of the upper surface. The particles of air

under the point E follow the lower convex and concave
surface (.' D until they arrive at about the point Q, where
they are brought to rest. From this point G the particles

of air are gradually put into motion in a downward direc-

tion, the motion being an accelerating one until the after

edge i''of the blade is passed. In this way a greater press-

ure than the atmospheric pressure is produced on the under
surface of the blade."

SIDE VIEW.

Via. C6.-GRAFFIGNY—1890.

Mr. P/iillipn indicates that such blades may be of wood,
Vi ft. in length and G in. in width, from the leading edge
K to the rearward edge F, but he does not state what dis-
tance they should be apart vertically, having [irobably ascer-
tained that if spaced 2 in., as formerly proposed, they will
interfere with each other, lie intends, presumably, to
adopt this sliajie for the slats or blades of the Venetian
blinds of his proposed apparatus, when he has worked out
to his liking the remaining features, such as the motor and
the propeller, the safest modes of rising and of alighting,
the best way of shifting the center of gravity so as to cor-
respond with the center of pressure at all angles of inci-
dence, etc. ; but whether he succeeds in this or not, he is

entitled to great credit as having been among the first to

experiment with other than ])lane surfaces, and having
shown that greater sustaining power can be obtained with

wing-like concavo-convex surfaces than with i)lanes, thus

drawing attention to what may prove to be an important
line of iiKiuiry.

Almost all scieiitilie experiments in air have hitherto been
tried with planes, and such few formulii; as have been pro-

])Osed are based u|)on the effect on flat surfaces. It is proba-

ble that such forinulic—those of Smeaton, Duchemin, .loi'S-

sel and others — will be found to need niodilication, either in

form or in constants, when ajiplied to curved surfaces. In

such case the tables of " lift" and " drift" heretofore given

herein will either need recalculation for each specific curved

shape, or reiiuire the application of a variable cocflicieiit,

as exemplified in the calculations of the power expended by

the ])igeon as heretofore given. In any case it seems very

desirable that further scientific expeiiments be made on

concavo-convex surfaces of varying shapes, for it is not im-

possible that the difference between success and failure of a

proposed flying machine will depend upon the sustaining

effect (with a given motor) between a plane surface and one

properly curved to get a maximum of " lift."

Fig. (ili represents a kite-like aeroiilane proposed by M. de

Gniffifjiri/, a French aeronaut, and the author of several

works upon aerial navigation. This apparatus was to con-

sist of a kite 40 ft. across, with its fabric surface capable of

bagging to a certain extent, and attached to a longitudinal

frame, as shown, which was to be trussed both above and
below. In front, a stiff triangular head was to be atlixed,

and an adjustable horizontal tail was to be placed in the

rear. Between these a boat-shaped body containing the

machinery and aviators was to be swung on trunnions and

attached to the frame. In front of this car a two-armed
screw was to rotate, and behind the car a vertical steering

rudder was to be placed, above the surface of the kite.

M. de Gntffigny estimated that the power required to

drive the apparatus was in the proportion of one horse |)ower

for every 110 lbs., and he proposed the use of liijuefled car-

br)nic acid gas, which he states to weigh but H.T lbs. jier

horse power, including the motor, the ref:ipient and a su])-

|)ly for several hours. This, of course, was a mere make-
shift, a reservoir of power for experiment, and not a prime

mover ; inasmuch as the whole apparatus was to weigh but ;l!lii

lbs. and to have sullicient sustaining surface (some 1,;!0II s(j.

ft.) to come down like a parSchute, should the motor break

down while in the air. The screw was to be G ft. in diame-

ter and 10 ft. pitch, and its shaft was to remain constantly

horizontal (this being the object of hanging the car on trun-

nions), so that the position of the propeller should be inde-

pendent of the angle of incidence of the sustaining surface

in accordance with the theory of the designer.

M. de Graffignij states that he experimented with a model
of this apparatus in 18'.)0. The screw was rotated some :!00

turns per minute by a skein of twisted rubber threads weigh-

ing, in the aggregate, 1.1 lbs., and producing 1,085 foot-

|)Ounds in 2i niinutes, or at the rate of 7.2;J feot-pounds per

second, which proved (piitc insufficient to give to the ajipa-

ratus (mounted on three wheels, the foremost of which was

adjustable) the velocity necessary to cause it to rise upon the

air. The designer e.vpresses himself as unable to state what
would be the result with a full-sized apparatus.

It will be noted that this proposal resembles a number of

others which have already been described. It is probable

enough that the Ix'St form for sustaining a given weight and

for propelling it with a minimum of surface and of power,

or for maintaining eijuilibriuni, have not been selected ;
but

M. de. Gnijligiii/, in the book * in which this design is inci-

dentally (iesciibcd, strongly advocates the kite principle

generally, as the one most likely to lead to success in devis-

ing a flying machine, and in learning how to manage it in

the air.

This will have occurred to many readers, and it may be

interesting to them to impiiry as to what has been published

upon past experiments with kites, a subject upon which the

writer has found distressing little on record.

.Vniong the first, if not the very first, to call attention to

the fact that the study of the kite as a means of obtaining

' •' Traitc.d'AerosLution." U. de Orumgiiy,;i81ll, p. 18'J.
'
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unlimited lifting and tractive power had been unduly neg-

lected was Mr." Weultam, who, in his celebrated jiaper on

"Aerial Locomotion," published in 1H00,_ described briefly

some very interesting experiments with kites, and who has

kindly lurnished the writer with some additional particu-

lars. Mr. WenJiiim states that his principal summary of facts

was taken from a little book, styled the " History of the

Charvolant, or Kite Carriage," by .Mr. Oo'iyii I'ocock, of

Bristol, England, who also published a small work on
" Aeroplastics," both of them, unfortunately, now having

become very rare.

The experiments described took place more than half a

century ago, and the purpose of the inventor was not to

evolve a Hying machine, but to provide a floating observa-

tory to serve in warfare, or to drag wheeled vehicles over

land.

The apparatus was, in fact, a huge kite, of suitable size to

carry the intended weight, with a chair swung just below,

and .so rigged that by tighteuing or slackening the different

cords which held it, tlie wind would meet it at any angle

desired, and the apparatus would rise or fall, or could be

made to swing a considerable distance to one side or the

other. It was so arranged that in case the cords broke, it

would act like a parachute, and thus insure safety.

The following quotation, descrijitive of the experiments,

was given by Mr. Wenham in his paper :

" While on this subject we must not omit to observe that the

first per.sou who soared aloft in the air by this invention was a

lady, whose courage would not be denied this test of its strength.

An arm-chair was brought on the ground, then loweiing the

cordage of the kite by slackening the lower brace, the chair

was firmly lashed to the main line, and the lady took her seat.

The main brace being hauled taut, the huge buoyant sail rose

aljft with its fair burden, contiuning to ascend to the height

of 100 yards. On descending she expressed herself mnch
pleased with the easy motion of the kite and the delightful

prospect she had enjoyed. Soon after this another experiment
of a similar nature took place, when the inventor's son suc-

cessfully carried out a design not less safe than bold— that of

scaling, by this powerful aerial machine, the brow of a cliff

300 ft. in perpendicular height. Here, after safely landing, he

again look his seat in a chair expressly prepared for tlie pur-

pose, and, detaching the swivel line, which kept it at its eleva-

tion, glided gently ilowu the cordage to the hand ol the direc-

tor. The buoyant sail employed on this occasion was 30 ft. iu

height, with a proportional spread of canvas. The rise of the

machine was most majestic, and nothing could surpass the

steadiness with which it was manaun-ered ; the certainty with

which it answered the action of the braces, and the ease with
which its power was lessened or increased. . . . Subsequent-

ly to this an experiment of a very bold and novel character

was made upon an extensive down, where a wagon with a

considerable load was drawn along, while this huge machine,

at the same time, carried an observer aloft in the air, realizing

almost the romance of Hying.
" It ma}' be remarked (continues Mr. \Veiiha7n) that the brace

lines here referred to were conveyed down the main line and
managed below ; but it is evident that the same lines conld be

managed with equal facility by the person seated in the car

above ; and if the main line were attached to a water-drag
instead of a wheeled car, the adventurer could cross rivers,

lakes, or bays with considerable latitude for steering and select-

ing the point of landing, by hauling on the port or starboard

brace-lines as required. And from the uniformity of the re-

sistance offered by the water-drag, this experiment could not

be attended with any greater amount of risk than a laud tliglit

by the same means."

The reader may perhaps inquire whether there was not

some risk that the kite should run away with the wagon
when the wind freshened ; but Mr. Wc/i/kiiu further explains

that the kite attached to the " charvolant" or chariot was
provided with a smaller " pilot," or upper kite, which was
sufficient to support the " draft," or lower kite, when it was
relaxed or allowed to float edgewise, on the wind. The
" draft" kite had two cords, one attached well forward,

and the other attached well aft, running through rings to

keep the cords together. If the aft cord was slacked off by
the driver of the chariot, the " draft" kite floated edgewise
on the wind, and the wagon stopped ; but by pulling on
the aft cord the kite could be made to face the wind abso-

lutely, and to produce the maximum of draft.

Mr. Wenham also mentions in his paper Captain Dansei/s

kite, for communicating with a lee shore, as described in

Vol. XLI. of the " Transactions of the Society of Arts."

This was made of a sheet of holland fabric exactly 9 ft.

square, and, as stretched by two spars placed diagonally,

spread a surface of 5.5 sq. ft., the remarkable fact aliout its

performance being that in the experiment about to be quot- -

ed this surface of 5.5 sq. ft. sustained no less than !J2J lbs.

The quotation is as follows :

" The kite, in a strong bieeze, extended 1,100 yards of line

I in. in circumference, and would have extended more had it

been at hand. It also extended 360 yards of line If iu. in cir-

cumference, weighing .60 lbs. The" holland weighed 3i lbs.,

the spars, one of whicli was armed at the head with iron spikes

for the purpose of mooring it, weighed 6| lbs., and the tail was
five times its lengUi, composed of 8 lbs. of rope and 14 lbs. of

elm plank, weighing together 23 lbs."

This latter kite seems to have been provided with a tail to

steady it in the air, and in considering the bearing of such

experiments upon possible Hying machines, it is preferable

to select those upon tailless kites, sailed with one single

line, for it is easy to maintain the stability if several restrain-

ing cords be used. Mr. Wenham has kindly furnished to

the writer the particulars concerning a tailless kite, or,

rather, series of superposed kites, [latented in Great Britain

in 1859, by E. J. Cordner, an Irish Catholic priest, who de-

signed the apparatus to save life in shipwrecks, and who
preferred to arrange hexagonal disks of fabric (stretched

upon three sticks), above each other on the same line, so that

they would all pull together. The operation was to be as

follows :

When a sailing vessel had struck, which almost in every

case occurs by the ship being blown on a lee shore, a com-
mon kite was to be elevated in the usual way from on board

the vessel. When enough cord had been paid out to keep
the kite well suspended, the end of the cord on board was
to be attached in a peculiar manner to the back of anotlier

and larger kite (without tail), and the second kite was then

to be suffered to ascend. The end of the suspending rope

was to be attached in a similar manner to the back of an-

other and still larger kite, and the process to be repeated

until enough elevating and tractive power was obtained,

when a light boat or basket with one occupant was to be

fastened to the kite line, the latter being paid out until

the occupant reached the shore and alighted, when by
means of a light running line, extending from the ship to

the person ashore, it was deemed easy to haul the basket

back and forth as many times as necessary to rescue the

passengers and crew.

It is not known whether this ingenious method of saving

life without extraneous aid was ever used in a case of actual

shipwreck, but it was tested by transporting a number of

persons purposely assembled on a rock off the Irish coast,

one at a time, through the air to the main land, quite above
the waves, and it was claimed that the invention of thus

superposing kites so as to obtain great tractive power was
applicable to various other purposes, such as towing vessels,

etc.

Many j)roposals have been made at various times and in

various countries to utilize kites in life saving, but none
seem to have come into practical use. Such attempts may
have suggested to Mr. Simmons (the English aeronaut) the

experiments which he is said to have tried, in 1876, of glid-

ing downward under such l>uoyant sails.

The only accounts which the writer has found of these

experiments__are given in the Aervniiute for April, and for

November, 1870. The a|)paratus of Mr. Simmons is de-

scribed as consisting of a huge " pilot" kite 49 ft. high and
49 ft. wide, with another kite below, still larger. The pilot

kite was first to be raised, and to carry up the second ; the

two were to be adjusted to the breeze, and the aeronaut

was to be suspendett in a car, and allowed to ascend 200 or

300 yards. Then by adjusting his weight by means of guy
lines, so as to obtain a pro])er angle of incidence, the ai)|)u-

ratus was said to glide downward to the ground, being
slightly diiigible througii the guy lines, and to be arrested

by the bystanders seizing a dragging guide rope.

Mr. Simmons is said to have been fairly successful with his

experiments in England, but to have failed to repeat the

feat at Brussels, Belgium. In the latter case it was claimed
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that tlierc was not snHicieiit wind, hut steadiness of breeze

would be more important. The surfaces operated with

seem to have lieon very hirge—some two to tliree scjuare feet

per pound in order to nlitilit gently ; but such extent of sur-

face is so unmanageable in a gusty wind as probably to have

led to the abandonment of the experiments.

The exploit is feasible, and would prove useful in experi-

menting with various shapes and extent of surfaces, but

such e.\|>eriments should be tried with areas more nearly

corresponding to the i)roportions which exist in soaring

birds, and the operator should invariably alight in water

until he has learned how to manage his apparatus.

(TO BE CONTINUED.)

CARE OF FOUNDATION BRAKES.

At the January meeting of the New York Hailroad Clul)

Mr. .lames Howard read the following paper on tlie Care of

Foundation Brakes:
'•The subject wliieli I have proposed for con.sideration is

one that may appear upon the face of it to need hut little at-

tention, froin the fact that foundation brakes are as old as

railroading, and every railway man is supiiosed to be familiar

with tliein. The necessity of using the term ' foundation

brakes,' so far as railroad" cars are concerned, came in with

the application of i>ower—other than manual—to the old-

fashioned brake. It appears that those who furnished the

mechanism for supjilying the power were not content to de-

scribe it as an a|)paratus for operating tiie brakes, hut whether

the power applied was hydraulic, steam, air or vacuum, Ihe

brake that did the actual work u))on the wheels was appro-

priated, and although it was the same old brake, it became at

once a hydraulic, steam, air or vacuum brake, according to

the respective manufacturers
; yet what these manufacturers

supply is in no sense a brake, but merely an apparatus for

supplying the power whereby the old brake is operated. I

call attention to this feature because it has been the means of

eclipsing the importance due to foundation brakes ; for in-

stance, the adojition of the air-hrake has rendered it necessary

to establish .schools of instruction with elaborate sets of appar-

atus, test stations, inspectors, etc. Rules liave been formu-

lated, both by the railroad and air-brake companies, all to en-

force a knowledge of the /ippanitiis that mtpplks ihe jxnrer to

the actual brake thut does the work, and so it conies to pass that

while there is no lack of printed instructions up ai airbrake
apparatus, we look in vain for any printed rules for the guid-

ance of tho.se who have the care of the foundation lirakcs. At
the sanies time we know full well that no matter how jierfect

the air-hrake apparatus nuiy be, if the foundation brakes are

defective there is no brake upon the train. In fact, so far has

this eclipsing process gone on, that it is impossible to find

many who arc comiietcnt to tell you why the air-brake appar-

atus'did or did not do its duty, yet they are puzzled to explain

why the train did not stop when it ought to have done so.

"Of late I have had special facilities for observing the con

ditionof foundation brakes, ami to .say the least it is surprising

how wiilely spread is the inetliciency of these brakes. The
knowledge of this fact is the more important because this

inelliciency seems to exist in miiny cases without the knowl-

edge of those in special charge of brakes, and is often brought

to light only by some ca.se of emergency. In cotiver.satiou

with a brake inspector upon this suhject, he a.ssurc(l me that

there were very few who really understood foundatiim brakes.

and fewer slili wlio knew when a fouiidalion brake was in

good order, that in fact there were very few trains rumiing
with all Iheir brakes in iierfect order. ' You see those cars

over there,' he said, pointing to several sidings full of pas-

senger cars, ' I (^an assure you that not one of those cars has

a perfect brake upon it.' I have since learned that this testi-

mony might be duplicated on other roads ; so general is it

that my experience teaches nie that the somewhat hackneyed
expression. ' the air-brakes faileil to work.' would be near<r

the truth if changed to ' the foundation brakes failed lo work.

'

I lately saw a train of coaches, in a yard test ; the brakes upon
these coaches showed 6 in. of piston travel, but out on the

road, under an emergency application, the full stroke of the

piston was exhausted and the brake ])islons were dead against

the cylinder-heads. The trucks under these coaches were the

ordinary four-wheeled swing-beam trucks with wooden brake-

beams trussed with 8-in. rods. There was J of an incli clear-

ance between the friction plates upon each side of the truck

tran.soms. Eacli of the axle boxes anil pedestals showed from

i to S of an inch clearance upon eacli side. The center-plates

and king-bolls were worn so tliat it was not dilhcult to see

that even if the brake rigging itself were in perfect order all

this free slack must be taken up before there couhl be any
application of the brake-shoes to the wheels, and the reason
why these brakes oidy showed G in. of piston travel when
tested liy an ordinary service application, anil exliausled the

full piston stroke on an emergency application, was because a

service ap|)licalion alVordeil suthiient jiowcr to take up a cer-

tain amount of this slack and apjily the brakes, while in an
emergency application, owing to the free slack in the pedes-

tals, truck transoms and center-plates, the truck wheels were
drawn closer together and the trucks themselves were drawn
bodily toward liic center of the car ; add lo this the dellcction

of the wooden brake-beams and the exhaustion of the jiiston

stroke is sulliciently accounted for. In this case the oidy
fault in the lirake rigging was the weakness of the brake-

beams, and the sooner wooden brake-beams are exchanged for

steel or iron, the better. In other respects the air-brake apjiar-

atiis and the foundation brake-rigging did its work, hut the

condition of the trucks rendered the whole brake defective.
" 15y far the larger amount of inclliciencv in foundation

l)rakes arises from the bad adjustment and incorrect spacing

of levers and rods. There is still a large amoimt of brake-

rigging in use that does not come under the Master Car-

Builders' standards. Some of this is out of all propoilion to

the work reciuired of it. Cylinder levers of 4 iron, the pin

holes in whieli are spaced S)i in. and IH in. respectively, even
supposing this was correct for the amount of power reipnred,

yet to give the end of a lever a 9i-in. fulcrum that may be

called upon to make a 10 or 11-in. stroke is ojicn to iriticism.

There are (plite a number of coaches that have such levers in

their brake-rigging ; with such levers it does not take a very
large accumulation of slack before cramping takes ])lacc.

Another source of inetliciency is found in the manner in which
the brakes are hung. Brake-shoes .should l)e hung as nearly

as possible upon a line with the center of the axles. Some are

hung so low down upon the wheels that not only is the truck

twisted out of shape every time the brakes are applied, but
the truck levers are by this means kept so low that to couple

them with the floating levers the rods are forced out of line,

being drawn down over the truck transoms, so that the fric-

tion thus ]U'oduced absorbs a considerable amount of power
anil the cITect upon the brake-shoes is weakened. Then there

is the cramping of clevises, caused by an improper set in the

jaws, binding of the rods upon the hangers, the ab.sence of

stops upon tile brakemast chain, the pull rods coupled up
unequally. Sometimes one and sometimes all of these faults

are jiresent at the same time. I recently .saw a mail coach

that had its brake so ciampcd that with the air full on and
(i in. of jiiston travel there was no ]iressure upon the brake-

shoes. When the pin was knocked out of the cylinder lever

the rod sjuang back 15 in., and this was on a new modern coach.

Hods too long or loo short are a constant source of trouble.

There is no valid reason why this should lie the case. It does

not take very long to overhaul a brake to find and cure this

troiihle, and it will always repay the time spent uiion it. I

have before, elsewhere, mentioned a method of doing this,

which is the best I know of, and as my object in introducing

this subject here is that you may follow it up with practical

results, 1 submit it to you for your criticisni; doubtless the

system mentioned is nothing new, but simply requires more
frequent and general use.

' First put on a complete new set of shoes. Uncouple the

cylinder levers from the i>ull rods. Clamp the brake beams
to the wheels, using a piece of J plate between the shoe and

th(^ wheel. Set the truck-levers at their proper angles, then

take the length for the bottom rod between the two truck-

lev(!rs. Set the floating levers at their proper angles, then

measure the length reipiired for the pull rod. which joins the

top end of the lue truck lever with the floating-lever. From
the other end of the floating lever measure the length re-

quired for the hand-brake pull rod, taking care that this

rod has a good, tirm stop bracket and block before it reaches

the braki'-mast chain. Set the cylinder levers at their i>roper

angles, iisiitilly (id , and measure the length bctwi'cn them
and the lloaling levers for the main pull-rods. Then take

the length of "the space-liar between the cyliTidcr-lcvers.

See that the rods are so hung that they go in direct lines to

their work, that they are not deflected over the transoms nor

in any wav cramped by their clevises or Iheir hangers, that all

pins tit well and can be inserled and withdrawn without strain-

ing. The i plalc is inserted betwien the shoes and the wheels

in order to give the necessary amount of piston travel to pass

the leakage groove, and caii be varied to meet any desired

travel.
" And now allow me again to urge Ihe necessity and im-

portance of doing something in this matter. So far as I am
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aware there are at present no written rules for inspectors that

cover the vital points in foundation l.irakes, and none of our

brake inspectors are specially instructed in llieni, nor are their

duties in regaril to them delined. It would not lie hard to

draw up a few concise rules to cover the points I have men-
tioned. The inspector's attcniion .should be drawn to the

po.sitions of levers and rods; he should see that Ihere is no
crampiny- in the jaws of the clevises, no bindinij on the hang-

ers, no undue friction around the Hoating-levers ; that all hand
brake-rods have good stops upon them which will relieve Ihe

brake staff and chain of undue strain ; that rods are not

coupled up unevenly ; that excessive wear in Iruck transoms

or pedestals and boxes is ]iromptl}' reported and remedied
;

that the piston travel is not unduly affected by dclleetion of

parts and is about the same whether a service or emergency
application is made. There are other points, no doubt, that

will strike those whose duties bring them in contact with Ibis

particular branch of railway service, and I hope practical re-

sults mav follow."

CAR-WHEEL FLANGES.*

The standard distance between the backs of the flanges of

car-wheels, which has been recommended bj' the Master Car-
Builders' Association, is 4 ft, .'if in. as shown at .1, in fig. 1.

The same Association has recommended that in tilling wheels
on axles a variation be allowed of J of an inch each way from
the standard distance of 4 ft. .'if in. lietween flanges, making
the maximum distance 4 ft. 5| in., and the minimum 4_ft.^5i

in., as shown at A, flg. 1. This was adopted in 1885.

,
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4_5)S_Stniiaard ,_^

Caw m»y be rcfuued if thrir wli.cpb.pioasHre less than 4-5

V

^
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4 it Dialaiicc from gaugp rait to wing of frog

li^ ' belwijcn " ' and guard rail

l?^' Width of tlironl of frog

4'dJi"Gaugc of track.

-1-3-

Fig. I.

It was not, however, until the following year, 1886, that

wheel-gauge limits were inlroduced into the Master Car-

Builders' rules of interchange and the present limils adopted.
This is rather remarkable when we consider the important

part that the wheel-gauge plays in the safety of running cars.

Aloreover, it was not a new idea ; various lines had for j'ears

previous to this adopted limits for the distances l)etwcen and
over flanges. Perhaps the real reason for so long evading Ihe

question in tlie rules was the difficulty in reconciling the in-

terests of the roads usinji a 4 ft. 8| in. gauge and those using
4 ft. 9 in. As Ihe slandaril wheel-gauge for 4 ft. 9 in. track

V

-i-m-

r
1 5 nixtuiiL'C frum gaugo rail Co win; of frrt^

2 " between ' ' anrl guard rail

2" Width of thn-at of frog

4 'J (iaupc of track

I-d-

^l-,5

—

^ ^-Z^

Fig. 2.

and 4 ft. Si in. track must necessarily be different, let us con-
sider how it was possible for these two interests to adopt the
same limits. First of idl, let us understand thoroughly why
4 ft. .5 in. is the minimum limit. Simply because 4 ft. o in.

is the distamc^ between the guard-rail and wing of frog, lioth

for 4 ft. Si ill. and 4 ft 9 in. track. In Ihe former case bv

• Alislrnct of a paper In Gdilfri-y W. lili.xlcs. Siipcrin'cmleiil of Maclii-
neiy of the Cliii-im.., Burlington & (iuincy Uailroad. teaU buforc; ll.e

Westeru liailroad Club, Jauuary 17, 18!):i.,

having If in. space between gauge and guard rail, as .shown

at (', fl.g. 4j anil also between the frog point and wing of frog,

shown at Z>, and in the hitter case. fig. 2, b}- having 2 in. at

the same points. Any wheels measuring less than 4 ft. .5 in.

lietween flanges would have a tendency to either mount the

guard-rail, or by crowding ils way through bring stresses

likely to produce broken axles.

Let us next consider the reasons, which make a maximum
limit important.

a
V
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I^twccn fl.in-cs 4 5jj

Tlii;\ncM uf flann ! '4

Total 4T'^

:?

Tract

4 & Itclwnin cuard r.iil nnil wing

^
I^'widll...if throat of tiuz
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Jj Differcnt-c

£3-

lU

Fig- 3-

Referring to fig. 3 we find :

f
Maximum tiotween flansjes 4'—.55^"

•nr ,,,„ !
TliicUne.-^s of wheel Hauge vM. C. B. Section) I14"

[ Total 4'-7 "

f
Dif^tance A from guard rail to' wins of froK 4"—.5"

Track J Distance i? between wing of frog and frog point ... 1-^"

4'-8K'" 1

[ Total 4'—69i"
Difference, Si inch.

This, it will 'oe ob.served, is not in keeping with good prac-

tice, for it allows a wheel mounted lo the maximum limit to

strike a frog point on 4 ft. 8^ in. track with a full i in. of

wheel, and clearly explains why frog points are so ditlicult lo

maintain even on 4 ft. 9 in. track. The maximum limit of

4 ft. 5i in. as originally adopted in 188fi was more in keeping
wilh the usualhf well-considered actions of the Association.

The change to 4 ft. 51 in. was made in 1S8T. Those allowinff

this lo gothrough cither diil not understand the importance of

the maUer, or were considering the interests of the rojds

using 4 ft. 8i in. gauge. If we mount wheels beyond a 4 ft.

Fig. 4.

.")^ in. limit, Ihe whe<d will comc'wilh full force against the

frog point, not only ruining the point, but if the guard-rail is

loo.se and out of position, or if 4 ft. oi in. is exceeded, there

is a strong probability of the wheels taking Ihe wrong side of

the frog point and ditching the I rain.

Let us now consider how this question may be affected l)y a

varying section of wheel. It should be borne in mind thai

the Ma'ster Car-Builders' Association has no maximum flange

gauge, althougli they do have a minimum. In purchasing

cast-iron wheels we have at times found such variations in the

tliickness of flanges, even when the patterns are all idenlical

wilh that used on the Chicago, Burlington & Quiney Rail-

road, that we have found it necessary to adopt a maximum as

well as a minimum flange gauge for new wheels. (Figs. 4
and .5 repiesent these gauges.) Flanges that will not Take the

maximum gauge (fig. 4) are not accepted, and flanges that

will take the minimum (fig. 5) are not accepted The use of

these gauges makes it praclii-d in mounliiig wheels to use a

wlieel-gauge each end of wliii h is of Ihe form shown in lig. (!.

which "at once controls tin; standaid Master Car Buiklers'

limit between llnnges of 4 ft. 51 in., and inasmuch as tlu-

flange contour of tiie wheel-gauge corresponds wilh our niaxi-
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mum flange (fig. 4), it prcyents the iicceptance of any thick

tlangcs should our foundry wheel inspectors accept wheels
that they should not. Few railroad-i, we believe, use either

maximum or minimum llange gauges in inspecting new wheels.

At a foundry in liiis immediate neighborhood (Chicago) we
recently found wheels being cast and aec<'pted for .-ieriMce

with a flange section that exceeds eren the ("hicago. Burling-

ton it Quiney ma.vi[num limit. Foundries do not always ap-

preciate these dillerences in railroad practice.

Fig- 5-

Let us consider why with the prevailing practice of mount-
ing wheels there should be luiiformity in the thickness of
flanges. The blaster Car-liuilrlcrs' standard, as slion-n in

tig. 7, is usually estimated as measuring 1| in. through the
flange, as at .1 (some wonlil call it 1| iti.. as at J}}, with the
same method of reckouiug the thick llange referred to. meas-

Fig. 6.

iires a strong 1| in. (some would say 1^ in.) The Master Car-
Builders' wheel mounted to the maximum standanl .-illow.-ilile

between flanges measures as follows over flanges :

Fig- 7-

Oitilance betwet'ii fiances 4'—5,^"
Wimli of onr lliingu ij-l"
Width of oiiu llan;;e I%"

Distance over llangeg 4'—H"

The above allows ^ in. play on a 4 ft. SJ in. traik. With
tlie Ij in.' flange we would have :

Distance between fliinges 4'—5^"
Wioili of one flange i%"
Widlh or one flange l%"

Distance over flanges -I'—8S<"

Only allowing J in. side play on a 4 ft. Si in. track or J in.

on a side. If, however, one chooses to call the thickness of

the flange li in. in jilace of If, it is apparent that there would
be no side play at all on a 4 ft. SJ in. track.

Let us now consi<ler how such a flange will act on the frog
points of 4 ft. 8i in. track. (See tig. 8.)

Di tancc between wheel flanges.
Width of tlaoge

(inard rail and wing of frog.

.

Wing of frog and frog point.

Difference.

4'-SW
l?i"

4'-61i"
4'-5"

1^"
t'-e^"

H"
The flange, therefore, would not clear the frog points by |t of

an inch or i in., if the flange in (lucsiion is rated as niea.siwing

li in. Suppo.se, however, that no exception is taken to thick

flanges, and tinit we attempt to mount them tro the standard
over flanges :

Standard distance between flanges 4' -53<"
Staiwiard thickness of flange 1^"
Standard thlclvness of flange ]j|^"

Present standard over flanges , 4'

—

1%"
Width of ttiick flange l>i"
Width of thick flange IJ4"
Necessitating a cliange in standard between flanges to 4'—5H"

Present standard over flanges 4'—7^"

This leaves but 4 ft. oi in. between flatiges. whereas the
standard minimum limit (p. 106, 1890 report) is i ft. ")i in.

If, however, we consider oiu' thick flange as measuring li in,,

we in the same manner will get for distance between flanges
4 fl. 4J in. If we wish to preserve 4 ft. 7^ in. over flanges :

Width of flange 1^"
Width of llange liZ"
Distance between flanges 4'—478"

Distance over flanges 4'—"%"

There is, however, still another phase of this question to

consider. What has been .said is based on the assumption that

wheels are accurately mounted within the JIasler Car-Builders'
standards. It is well kniwn, however, that in practice ac-

curacy is not always followed ; the interchange rules provide
that car.-s must be ticcepted if the wheels do not measure more
than 4 ft. 5| in. or less than 4 ft. 5 in. l)etween flanges ; with
these figures we get the following results with thick flanges.

(See fig, 9.)

V

r
\\ htcl

UiKUinco Wlw«Q flange-! 4 6J<
Width of ri«n^ }%"

Toi»l 4 ti}i

4 5 Hcnfrcn gul'lf rail & fh*; wing

l^Wldlh of tlinat of ftvg

, Differ

IX

fa
. .. » OK-

Fig. 8.

—H
,MX

With tlangcs, then, as thick as some founrtries'are'casting

them. It is possible to have them mounted within the gauge
limits of the Master Car-Biiililers' interchange rtilcs and still

not have them clear the frog jioints of 4 ft. 8i in. track by | of

ati inch, if we rate flanges at Ig in. thick and 4 in. if we call

them U in., and in the ca-^e of 4 ft. it in. track they would
just clear flu- point with Ig in. llange tind strike it with ^ in.

of wheel, if rated as a U in. flange.

It would, therefore, seem that the thickness of wheel flanges

plays ill) exceedingly important part in the consideration of

this (|Uestion. Willi the present linnts between flanges, as

prescribed l)y the intercliangc^ rules, anil with no limits what-
ever for ;i maximum thickness of flange, a veiy dangerous and
expensive I'h'inent is (piieily bcitig introiluced under the roll-

ing stock throughout this country. It is our opinion that a

maximum llange gauge should be cim.sidered at once by the Jla.s-

ter Car Builders' Association, ;ind in jidopting the .same full con-

sideration should be given to the present wheel gauge limits.

There is hardly a month pii.s.ses on any of the through trunk

lines that we "do not hear of cars mysteriously leaving the

rails. Is it to be wonilered at with llanges ;ind gauge linuts

as outliiieil in this paper '^

In Mr. U. II. Soule's iidinirable collation of Master Car-

Builders' standards presented at the last .blaster Car-Builders'
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Annual Convention, he makes the rather surprising statement

that the guard-rail gauges of the Association are but little

used by railroads. This is not as it should be. There is

nothing more important on a railroad than track and wheel-

gauges, together with a thorough understanding of the rela-

tion one bears to the other. A practical illustration of failure

in this respect will, perhaps, add force to this statement. On
an important joint track in Chicigo that is run over princi-

pally by passenger trains, a series of derailments took place

last fall" to through passenger trains, at a frog point located on
a 13° curve.

Nov. 23.— First derailment occurred.
Nov. 30.—Second derailment occurred.

Dec. 3.—Third derailment occurred.

As the speed was slow nothing more seriou.s than a blockade

of tracks and delay of trains followed. Fully two weeks
passed by before the cause of the derailment Wiis discovered

and remedied. An examination of the track finally revealed

V

-iSX-

1-7X

.IX

/
Track , ^^

WIimI

DHt&nce belwccn guard k wins of f">3 4 ^ 4 5*i Between flongps

W idth of Ihroal of frog 1% ^
l^TliU-kncaa of flange

,^„,^
Tolal i'us^" 4 7!^ Total

xJf Difference %"

Fig. 9.

the inexcusable stale of affairs represented in fig. 10. The
track foreman had evidently been endeavoring to save the

wear on his frog points without considering any other phase

of the (juestion. It will be noticed the distance between
guard-rail and wing of frog is actually 4 ft. 5J in. It will be

thus seen that on the assumption that the wheels were gauged
strictly to ihe ]\Iaster Car-Builders' standard of 4 ft. ^ in.

between tlauges, they would not clear the wing of frog by | of

an inch even on the supposition that the tlanges conformed
to the Master Car-Builders' standard. If, however, the wheels

V

-—i-m-

J

f \

M
—U%
Fig. 10.

MX

were gauged only to the interchange .rule mininnun limit of
4 ft. 5 in., they could not clear such a condition of track by
f in. It seems almost incredible that such a condition of
things could exist on a flrst-class railroad. The facts are
nevertheless exactly as staled.

In conclusion, then, for purposes of greater safety to our
present highspeed jiassenger and freight trains, we urge
renewed interest in the matter of adherence to blaster Car-
Builders' standards in wheel-gauges, track -gauges, and wheel
flanges. We also recommend for consideration the changing
of the maximum limit between flanges from 4 ft. 51 in. to

that first ado])teil in 1886—viz., 4 ft. .TJ in., and further, that
a maximum limit for thickness of wheel flanges be adopted.
By far the most effectual way of bringing about unilorjnity
and safety, however, would be to have a uniform track-gauge.
It is very unfortunate that this country should have two
standards— 4 ft. 9 in. and 4 ft. 8i in. So long as this exists,

and cars adapted to the narrower gauge are allowed to run
over the wider gauge and vice versa, each line in fixing its

standards must consider the dual conditions that are sure to
arise. The suliject of uniform track gauge would seem to be
one well worthy of consideration by the American Railway

Association, which has already done much effectual work in

the way of bringing about uniformity in matters which neces-

sarily can only he maile cftective by action of the managers of

our different railroads.

RESISTANCE OF METALS TO SHEAR.

By II. V. Loss, M.E.

The common theory of strength of materials teaches us the

action of metals under stress with a fair degree of satisfaction,

when exposed to torsional, bending or even most compressive

forces. If, however, the engineer or student is called upon to

solve a problem where a shearing action is the main element

to be considered, he will in vain hunt through text-books or

experimental records for light. To be sure, a few scattered

experiments have been made, but the writer is not aware of

any complete and accurate data pertaining to this subject.

The theoretical analysis covering tjiis field is also highly un-

satisfactory, there being no formula which the author of this

investigation has ever found to be correct and applicable to

such problems that will occur—as, for example, in the construc-

tion of shearing machinery.
Where a piece of material is to be severed by the action of

a pair of knives, no shear will exist in practice without a com--=.
bined bending action, as the knife blades will imbed them-
selves quite considerably into the metal Ijefore rupture occurs,

thus causing a displacement of the center of pressure away
from the shearing edge, which displacement then represents

leverage.

The clearance angle of the shear-blade—that is, the inclina- -^
lion of the back of the blades upward and dow-nward from
the bar—will have some effect upon the amount of power
necessary to a certain cut. This effect is mainly, if not .solely,

felt with new and sharp blades and on light work. For prac-

tical machine construction, where we will have to deal with
dulled blades and heavy work, this feature can practically be
omitted. The knives will in such cases imbed themselves

considerably, regardless of the value of this angle.; and the

experiments did not indicate that the maximum pressures were
depending upon the amount of this clearance. It is proper to

remark, in this connection, that the standard practice, as ba.sed

upon experience, when cutting hot material, calls for no clear-

ance angle whatever, both blades being square to the sides.

'The cold-shearing experiments, treated in the following pages,

were mostly made with knives, the clearance angle of which
were 1 in 6.

It has often fallen to the writer's lot to have had to under-

take the computation and design of heavy shenting machinery.
The repeated vexations due to being forced to fall back upon
either guesswork or records of former shears—mostly without
knowing whether the.se former shears safely could perform such
work—led to the inauguration of a series of experiments with
the view of finding a guide for engineers in their professional

duties. The word " guesswork" is used with due consider-

ation, as the process of taking the number of square inches to

be cut, multiplying this number by a certain percentage of

the tensile strength of the material, and then regard this re-

sulting product as the necessary shearing power—this process,

the writer maintains, is but very little superior to guesswork.
If a beveled knife were to be u.sed, the same rudimentary

method would then call for a certain amount to be deducted
from the above-mentioned product, the amount of this deduc-
tion varying directly with the tangent to the angle of inclina-

tion.

It has for a long time been surmised by the writer that the
|

power to sever a bar would not, in all Instances, vary directly

with its thickness ; nor could the power var}' directly or indi-

rectly with any trigonometrical function of the angle, repre-

senting the bevel of the knife—the angle crossways to the bar.

A consideration of extreme values of this angle will readily

prove this hypothesis. With a beveled knife there is also, as

a matter of course, a limiting vjijue of the width of the bar,

that requires a maximum exeition. Above this value the

exertion remains constant.

It has been asserted by a large number of engineers tliat a
bar is severed when the knives have penetrated through one-

third of its thickness. This is an assertion, however, that

needs verification.

The following questions may proper!}' be asked, as being of

special interest to the engineer and student ;

1. What is the maximum pressure necessary to sever a bar

of given dimensions with knives of known bevel ?

2. How does the variation in maximum pressure follow (he

variation in bevel of knives V
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3. When is Iho maxiinum ri'sisliiiu-i' readifd ?

4. How (IcK's tlu; rcsistancf vary throughout, tlie out ?

5 What, is the lmict'IV cousuuicil in si>vi-ring a liar?

(i. What is the dilTercnci! hrlvvrcn iron and steel -generally

soft—as to niaxiuiuui pressure and energy V

The questions of pressure re(|uired and cnieru'V eonsunied

are of course, tlie most vital ones for the jiraetieal engineer,

but aiiv side-liglil that may incidentally hetlirown on the sub-

ject lends additional knowledge to a (luestioii hitheilo rather

meagerlv treated.

Tiie above nmnliered cpiestions refer in a general way only

to rold materials, l)Ut the resistance of leit steel to shear lias

lately become unite an imporlaiil consideration, in view of the

large dimensions of ingots ami lilooms, that are necessitated

bv"tlie present demand in the market for heavy rails and struc-

tural shapes.

The construction of hot shears is now a very iruiiortant

branch of mill engineering, and engineers vorseil in this branch

of our iirofession'^iire aware of the existing diverging opinions

in regaid to the shearing resi.staiice of hot lolled materials.

The writer therefore included iif the inogramme a limited

series of experiments on hot work with the vii^w of linding

some reliable data. The results are included in the following

pages. The most direct manner, involving the fewest factors

of^uneertaintv, in which experiments on shear can be con

ducted, is by a hvdraulic press. A hydraulic dilTerential

machine was so constructed as to reduce the high pressures

existing in the shear cylinder down to such a figure that would

permit^it to emiage with a common steam indicator. By at-

tiching this dilTerential machine to the press, the motion of

its pLslon would produce a complete diagram showing the

pressure.s existing at any time during the cul.

COLD M.VTIOItlAI.S.

The shapes of heavy dimensions, mostly considered when

designing shearing ma'chinery, are liars of rectangular cross-

sectroii and angles. Beams are generally sawed olT, while thin

plates as for boiler or tank purposes, require, comparatively

speaking, a very small exertion. The above-named shapes

mav occur eitlicr in steel or iron.

The iron in the experiments jios-sessed an ultimate tcn.sile

strcn<'-th of about 0(1,1)110 lbs. per square inch. The bar steel

iiail all ultimate of TO.OUl) to 75.1100 llis per square inch, while

the steel used in the angh^s run somewhat higher, or from

7.') OIJO to SO.nOO lbs. per square iiudi, all of which figures rep-

resent small specimen tests—that is, from standanl lest pieces

8 in. long and with an area of J sq. in. The carbon m the steel

ranged anywhere from 0.16 to 0.32 per cent.

1. RECT.won.Ait Cross-sections.

<i.. Ultimate Premnis.

The apppiuliiig |ilati'S from 1 to 5, both inclusive, show the

compiletl results on l-in.. o-in.. <j-in.. 7 in., ami Sin. bars,

with thicknesses varvini;- from
'i

in. to -2} in. Each plate also

contains indicator cards slioiving the ditlerent types, as reiiie

senling the ilillereiit bevels of knii'cs. When speaking of a

beveled knife it means a beveled top knile only the bottom
knife always lieing siluare.

It may bo of interest to

know "that the bar. upon
being met by the knife, in-

variably turns .-iround ils

eilgc, exactly bisecting the

angle' between top and bot-

tom knives. This is illus-

iiated by the accompanying
sketc h, tig. 1.

Kepcaled ineasurenK'nts

jiroved the accuracy of the

aliive assertion. The an-

gles of lop knife used were
is , 4 , anil 0\ or a flat knife.

The results, as plotted
down, represent generally an average ligure or value from

a number of experiments on each dimension.

Plate No. 1 shows 4in. bars wilh tl'icknes.ses from i in. to

M in. Occasionally a continuous average curve has been drawn
through the mure or less irregular liiii-s which connect the.

points, as found by experiments. This is done on this pl.ate

in the case of 4" and H° bevels. An inspection will reveal the

(|uick(^ned increase in jiiwer with the increa.se in thickness of

bar. The tlat knife shows a rather irregular line; but one

thing is, however, obvious : t/uie in Cffjl miii-fi Icim dn-reuse in

poiccr ccpemneeil bi/ (liejirxt iiirreiise of i° in becil, <ii cmniiiiiiil

to the effect of the lant 4°. This is a result which is observed

throughout the entire scries of experiments. The indicator

cards'show, nc^'crtlKdcss, a distinct dilTcrenee in ultimate

p iwer for all <lilTcrent bevels. With S' the knife jienetrates

gradually through the bar, even after the maximum resistance

has been encountered ami ovcrc ime. With 4° the maximum
resistance occurs at a later period ; but very littler work is done

after this point has Ijcen jiasscd. Willi Hat knives the point

t'ltiliiau- I'leshtirc in llis

i incli Bar Sutt Slfd

Atni Lino

Plate No. I

Sdt-t'- lieiil Idi-B lji'»el _ nal Ki

Types of Cards from IX Thickness

Scale Hor. Dinif Half aito and J^ incli vert-SSOOOO lbs.

of maximum resistance conies still later, but when once reached

the bar breaks suddenly, as shown by the vibrations of the

pencil, clearly indicated on the card.

c^
1 M T 1 1 M '1

1 1! 1

'1
1 1 1 1 "i 1 1 M '1

1 1 M '11
1 M 'M 1 II

'1
1 1 1 M 1 1 1 II
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ence than steel at 4° and 8°. This peculiarity seemed to exist

coastantly when iron was intr.xluced into the experiments.

The indicator cards sliow the same typical forms as existing

with the 4 in. bars. With iron the work seems fairly well

distributed throughout the stroke, allhoiigii Ihis distribution

is not as uniform, however, with an increasing thickness.

Plate No. B^shows a very coniplete,^liue for a 6iu. bar^wilh
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Plate No. 10 shows a very decideil result as to the effect of
thU-kiiess upon ultimate pressure when using Hat knives. The
vertical diuiensions represent ultimate jiressures per inch of
iriilt/i of sleel liar, each separate result heiiii; the avcrasre value
as taken from all wiiltlis of liars having any one thickness.

The close coincidence between llie lirokeii lines and the fidl

line directed toward the zero mark is very apparent. It means
1,'iiit t/ie iiHimiite n/ienring imistK nee of a jliit bar is in direct

proportion to its t/iirkness. This result is foreshadowed on
.some of the pressure plates, especially on Xo. 3. In this one
instance the old rudimentary nu'thod of determining the ulti-

mate re.sistance seems to approach the truth.

In riuishing the remarks on tin* ultimate resistance of rec-

tangular liars, it is well to call attention to the stnall resistance

per S(|uare inch of section that exists witli a beveled kinfe
when cutting thin liars. A G X |-in. steel bar re(iuires only
1!),U00 lbs. ])er square inch of .section with an 8 knife, while

_o 1 1 1 1 j
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rity of the chemicals used, and it is not always an easy matter
to say whetlier the chemicals are pure or not. It may fraiikl}'

be said to you that the longer I work, and the more expcrieuce
I get. the more I am iucliiied not to be so sure as I used to be.

Obvious]}', there are two or three methods of checking up
whether the chemicals are pure or not. One of the most com-
mon is simply to test the chemicals ; but it is not clear hoiv

anybody would have found (he impurity by that method,
which was run across in the work of the International Com-
mittee on Standards in carbon determinations—namely, Uie
presence in cldoride of ammonium of a little organic matter,
that only conies out when you dissolve steel in the double
chloride of copper and ammonium. Another method is to

make a dummy analysis, using a second beaker, to which you
add only the reagents that you use in the one conlaining the
substance to be analyzed, and then weigh up wliat you get
from the two, and deduct from the genuine analysis what you
find in the dummy. There is alwaj's a litlle uncertaint_v in

that—namely, have the .same reactions taken place in the beaker
that has not got the substance in to be analyzed that have
taken place in the beaker that has the substance ? There is

one thing more present in the beaker that has the substance
in, and this additional thing may introduce clianges in the final

result. The dummy analysis is not always (juite certain.; in

many cases it undoiibtedly is. You ma}' not always catch up the
iiupurities of the chemicals by the dummy analysis, nor would I

think that you could alwaj'S catch up the impurities of the
chemicals by a test, as it is so difticult sometimes to test them.

This is a thing that all of us, undoubtedly, need to pay a
great deal of attention to. Your attention may be called to an
instance. We liad some so-called C. P. molybdic acid from
five different sources recently ; three of them had ammonia
present ; one of them was free from ammonia, but there was
a little soda or some other soluble base with it ; and one of
them was pure molybdic acid, as far as we could get at it.

Such peculiarities as these many times may possibly cause dis-

crepancy. It is evident that in making up a solution of molyb-
date of ammonia, if yon have something called niohbdic acid,

and put in the amount required of this material, and it is in

reality niolybdate of ammonia or of soda, you do not get the
same strength of solution you would have if genuine molyb-
dic acid had been u.sed. Our experience indicates that this

point cannot be ignored in phosphorus determinations. Your
own experience will, of course, do two things for j'ou : first,

warn you (has already warned you undoubtedly) never to trust

results of analysis unless you have checked up the chemicals,
and, second, will convince you that there are many impurities
in so called C. P. chemicals.
A third cause of discrepancy in chemical analyses is what

may generally be called "poor mani|)ulation." There Jare
chemists who tlunk this is the principal cause. The main
cause of discrepancy in chemical analyses, some say, is poor
manipulation, or lack of skill, lly old teacher in chemistry,
who has now gone out of the business, and lives on a farm in

California, was characterized by this one very remarkable
peculiarity—namely, he never believed anything as long as

there was a snadow of doubt, and after all known uncertainty
had been removed he was not quite sure ; in other words, he
was a man w ho was really a struggler for accuracy. He used
to say to me in his very dry way :

"' No chemist can make an
accurate analysis. There are chemists who can work near
enough to accuracy so that their work is valualjle. There are
chemists who cannot. And that is the difference between
chemists." Of course, what I mean by an accurate analysis
is a question of limits. Some analyses are accurate to a half
percent., some to a tenth of a per cent., and some, perhaps,
to a hundredth of a per cent., hut probably none are the exact
truth.

The point I want to make, however, is not a dissertation on
accurac}', but tlie difference between chemists due to manipu-
lation. Undoubtedly, this is a very frequent source of error.

I remember very well when I was a student, I was set to make
a determination of iron. I di-ssolved the substance in sul-

phuric acid with the utmost care, excluding the air, and, at

the end of the operation, after going through the nece-ssary

routine, I filled up my flask to one litre, shook, and supposed
I had a solution that was in ever}' sense what it shoidd be for
the subsequent operations, which were to draw out successive
portions of 100 eul). cm., and titrate them with permangan-
ate of potash. To my surprise, the first two that came out
differed from each other from 10 to IS per cent. What was
the difficulty ? Why, simply, I had not mixed the materials.
I thought, in m}' inexperience, that if tliey went into the same
flask, it was all right if I gave it a shake and a stir. Let me
give you another illustration. Recently, we had occasion, in our
laboratory, to make some tests for phosphorus, and I set two
or three boys at the same thing. We knew pretty well from

good careful manipulation and fairly well-tested metliods
what the steel contained, and the directions were to wash the
yellow precipitate until the wash water tested with sulphide
of ammonia showed no change of color. We were washing
out molybdic- acid and iron salts, and, as you know, both tlie

molybdic acid and the iron would .show change of color with
sidphide of ammonium. In some five determinations, one of
the boys got (it was low steel, containing almost exactly 0.4
per cent, of phosphorus) .048, .047, .051, .043, ,045. You will

note the discrepancy, and yet lie had followed the directions,

as he supposed, with absolute accuracy.
There are two points involved in this illustration—namely,

to show how the manipulation may be at fault, and, also, how-
ever accurate you may be in giving directions as to how anal-

yses shall be conducted, you may be thwarted by sometliiug
you had not thought of. Well, on careful examination, we
located the difficulty. The difficulty was simply this : the
yellow precipitate had a little tendency to crawl, and tliis

manipulator was a little bit afraid it would get over the top
of the filter, and, possibly, get carried down through with the
washings, and in his anxiety to avoid this he failed to wash
all the molybdic acid out of the upper part of the filler. He
supposed he was washing it out completely, but as the result

showed by failing to wash to the top of the filter he removed
so little with each successive addition of wash water that the
amount was too small to react with sulphide of ammonium,
so that, although he accurately followed the directions, he still

left enough molybdic acid (which you know, by the volu-
metric method, is what we are really measuring) in the filter

to give a little high results.

Hundreds of ilhislrations will, no doubt, occur to you where
manipulation comes in as an element of error. Directions are
given, say, for example, to heat to a certain temperature. One
man guesses at it ; another puts in a thermometer. Again,
the directions may be very indefinite. They may be, for ex-

ample, " add a little of this or that," or " add a little, not too
much," without giving any measurements whatever. Or the
directions may be accurate

—
" add 5 c.c," or " 10 c.c."—and

one man guesses at it, and another measures it. The manipu-
lation certainly does affect the analysis. In filtering, one man
slops a little, and another does not. All of these are points
that come in, so that I think, without further question, you
will accept this as one of the reasons why tliere are discrepan-
cies in analyses—namely, failure on the part of one or the
other of the chemists in accuracy of manipulation.
Now there is a fourth cause tor discrepancy in analyses, if

I understand it rightly, and tli.at is the method. I think you
will all agree that two methods may not give exactly the same
results. I have in mind a couple of cases which occurred
quite recently with us. In a determination of tin in bronze,
we never weigh up the metastannic acid as we separate it

from the bronze by means of nitric acid. We have never suc-
ceeded yet in getting all the iron and ;dl the copper away from
the oxide of tin liy means of nitric acid. Also if the bronze
contains any phosphorus, it will, as you know (part of it, at

least), go down with the tin. Even if you take an ordinary
straight Ijronze that is simply a copper-tin alloy, and dissolve
it in nitric acid, and weigh the tin just as you get it by sepa-
ration in nitric acid solution, we think your results will be a
little high. So we dissolve our metastannic acid in sulphide
of ammonium, filter and repreeipitate the tin sulphide ; in

this way we always get a little copper out, and sometimes a
little iron. And although, as you know, we do not even with
this care completely separate the copper from the tin, owing
to the solubility of copper sulphide in sulphide of ammonium,
we think we get much nearer the truth than if we neglected
this precaution. On the other hand, I have known ca.ses

where it is quite the custom to weigh up the metastannic acid
just as it is separated from the other constituents of the alloy
by means of nitric acid. Now here is difference of method.
No one would think those two methods ought to give the
same results.

I have another illustration : We have been accustomed for
a little while to determine the lead in alloys by precipitating

lead on one of the poles of a battery as binoxide, according to
Edward Smith's recent manual of electro-chemical analysis,

a book which, by the way, each and every one of you ought
to have and study carefully. I need not give you the detail

of the method further than to say, that if you have copper and
lead in nitric acid solution and apply the battery, the condi-
tions being all right, the copper precipitates on one pole as
metallic copper, and tlie lead on the other as binoxide. If we
may trust our experience the results are excellent, if you have
nothing else but copper and lead present. We took a known
amount of lead and put in with it a known amount of copper,
and get out almost the actual amount we put in, so that we
think the method is capable of great accuracy. But in a re-



146 THE AMERICAN ENGINEER [March, 1893.

cent analysis of a bronze contaiiiin-^ lead wc jrot 1 per cent,

liiffher iu Icail tliaii sonieboily else yot by tlie sulpliuric; acid

method, ;uid llic worst of it was thai when we canie to deter-

ndne the lead by the .sidplmric acid nu'thod. we continued ilie

oilier clicudsts' results. It look a little time to lind out where
the dilliculty was. I may .say, for your inforn\ation, that

bismuth follows the lead, if it is in small amount ; if it i.s in

large amount, it will go with both the copper and the lead.

We found a trace of iron in with the lead, and .just the faintest

trace of copper, a little tin, a trac'e of antimony, and siron.g

suspicions, but not jiositive jiroof. of bismuth, apparently
eno\igh. in the aggregate, to account for the discrepancy. So
we see that all methods of inocedure are not eiiually good.
All methods will not give the same results. " ^lethod," there-

fore, is a fourth cause of the discrepancies in chemical analyses.

I would like lo spend just a moment on another thought
tl'.at conies in perhaps under manipulation best, but alino.st

si'cms worthy of a place by itself- namely, there is frequent
discrepancy, if we may trust our experience in chemical anal-

ysis, due to tiie fact that one chemist knows what he is iloiiig,

and the oilier chemist simply follows direclions and doesn't

know what lie is doing. 1 have seen a good lUiiiiy chemists
make eheinieal analyses whose minds seemed to lie anywhere
else excciit upon the analysis ; who.se minds did not follow

the changes that were taking place ; who did not understand
the rationale of the process. I have seen other chemists whose
minds were always engaged upon the changes that were
taking place while they were making the analysis, even dur-
ing tlie liltratiiin. One thinks, " Wliat are wc washing out ?"

The other thinks only. "The book says, wash," and so he goes
ahead and washes. He doesn't think what he is washing out,

and u.sually doe.sn't test to see whether lu' has washed it all or
nnt, unless, perchance, the book especially says so ; he is

thinking of s imething else. We had an illustration of this

lack of thinkiug what is going on in the jirogress of an anal-

ysis which caii.sed us a little annoj'ance recently. This very
puzzling thing hapiiencd to us : We nnuU^ an analysis of a
tire and found about .14 per cent, of silicon in it. The anal-

ysis was maile b}' the Drown method, dissolving in sulphuiic

and nitii(' acid tva|iorating until the sulphuric acid fumes, and
then diluting with hot water and tilter. You are doubtless all

familiar with the manipulation. As I said, we found .14 per
cent, of silicon in this tire. About a month after it was sent

out we received a letter from a chemist of another railroad,

saying that he had seen the analysis that we made (d' the tire,

and tliat his determination of the silicon in the same tire was
nearly double ours, and asked us to kindly send him our
method, so that he could check himself up and see where he
was wrong, lie was very nice about it, yon .see. Before
sending him the method, we though we would go over our
own work again, and upon doing so, continued his results.

I would like to say here, in parenthesi.s. that the average of

our work does not cau.se us this trouble. We make a great

many hundreds of analyses, and these arc only a few cases,

but they happen to illustrate my remarks, and it is better that

I should draw- my illustrations from my own experience, if

possible. Where was the diltieulty ': Our subsequent work,
I say, confirmed the analysis of the other chemist ; we got
.28 per cent., same as he did. On looking the matter over we
found the ditticulty. A great deal of work is done in the
Pennsylvani.a Railroad Lalioratory, and much of our work is

the examination of shipmeiils of commercial products that are

bought for use on the road. Now, other peojilc's actiims de-

pend on the results of our work. If, for example, wc buy a

shipment of UK) barrels of oil, none of that oil can be used,

vmle.-s some verj' great emergency has arisen, until the labo-

ratory report is furnished to the parties who are to use it, so

that wc must not allow anything, unless it is very serious, to

interfere with our doing that work. It happens, therefore,

that the work on shiinnents takes precedence, and the investi-

gation of miscellaneous samples takes our leisure time ndien

we are not working on shipments. This was the case with
the tire. The operator who had the matter in charge, appar-
ently without thinking exactly what hi; was doing, since he
was doing a great deal of other work, and had many irons in

the fire, dissolved the steel in the regular wa)', evaporated to

the fuming point (.Inst as he should liave done), but, then,

instead of ililuting wiili hot water and filtering at once, he
diluted and let it stand. It happened it stood 48 hours. Now,
it is possibli' that none of us would have thought that this

would cause any trouble, but subsequent experiment showed
that this was the explanation of the discrepancy. Apparently,
the silicon obtained by the sulphuric acid method is not de-

hydrated completelv. At anj' rate, we made positive determi-
nations subsequently on the self-.same tire, and if we allowed
it to stand 48 hours after dilution, we lost about half of it. If

we allowed it to stand si.v days wc only got .06 per cent. I

said to our lioys that I was glad the thing hail h.-qipmcd,
because it brought out a point we would not have thought of
easily otherwise. Ncvertlielcss, it seems to nic that a chemist
who thinks much, and who carries his work with him, and
understands what is going on, would have thought that pos-
sibly there might be danger in the delay.

Now, we come to perhaps the most important ]ioint in mir
whole talk— viz.. How shall two chemists who dilTer cheek
each other up'/ or, come to an agreement with each other?
I answer. Where two chemists dilYer, and the dill'erence is due
to working on nonuniform sair.ples. or on not exactly the
same sample, the matter is easily checked tip by elianging
samples. Also. dilTercnces due to impurity of the chemicals
are not very diUlcult to check up. cither In' checking up your
chemicals, or by the dummy. Sometimes, it is true, the dilTer-

cnces due to iminirilies may he very abstruse and hidden and
dillicult to lind ; but liy changing chemicals, us we have done
a nnmlier of times, yon can frec|iiently locate the dillicidty.

Also, still furllier, where manipulation is at fault, it is not a

very dillicult thing for the two manipulators to get together

and work in the lucseiice of each other, as is frequently done,
I understand, in C.'idorailo in assaying. One of my assist.-ints

is an old assayer from Colorado, antl tells me that, many a

time, he and the works' chemist or assayer have worked in

the same muflle, side by side, and under the same conditions,

so that each (-ould watch the other. Many times it is not
necessary to go as far as this ; simply talking over the manipu-
lation will show wherein the dilliculty lies. These three difH-

cultics—or, rather, discrepancies due to these three causes

—

are not very hard to overcome ; but here comes the poser.

Suppose that the difference is due to method, and suppose that

I sa.v I have used a good method, an approved method, a jnib-

lished method that is recommended, and you .say the same in

regard to your method, who is going to decide between us ?

Hoth of us are, perhaps, a little ob.^tinate, and both of us per-

fectly right in the position we have taken. If both of us have
used regular, well-recommended methods, wlio is going to

decide between us '/

Before answering, let us see what is the necessily for a de-

cision. Oftentimes a good many thousand dollars depends on
our work. If we make a mistake by using a bad method or

a wrong raethoil, it may mean a good many thousand dollars

to somebody wdiosc iiroduct we have rejected. He may have
to ])ay the return freight and have the product sent back on
his hands ; and, as it doesn't pass specifications, he may not

be able, without serious loss, to sell it. On the other hand,
if llie chemisl, on the other side, has used a bad melhod, wc
may have lo a'.ce|)t inferior malerial. As you know, more
ami more every day, large commercial transactions are based
on chemical analyses, and diti'ereuces between chemists may
mean thousands of dollars.

Wc have propo.sed the following melhod for overcoming
this dillicnlty. I do not know that it will be a]iproved by the

lirofession. but we do not see any other w;iy out of it. and
many chemists and managing men id' the dilTcrent mills whom
we have consulted on the matter have approved the su.gges-

tions we have made. The method is simply this : Publish the

method wc use, and make it a part of the spccilications. For
example, siijiposc we are buying spring steel on specifications

that it shall not contain over .b.i jicr cent, ]iliosidiorus. Now,
we will suppose that I use the volumeliic nii'theid. another
man uses the acetate method, and we get dilVerent results,

wdio is going to decide belween us? Wc have either got to

leave it to some third party, and agne to abide by his decision,

or have the same melhod. Now everybody knows that it is

imjiossible to run a large commercial laboratory on the acetate

melhod for determining phosphorus ; it is too slow ; and, also,

on the other hand, it is claimed that the volninetric method is

not quite so nccurale as the acetate method. I'crhaps I shall

have somelhing to say about that some other time. But what
are we geiing to do? We simply say ihis lo the maniifac-

turer :
" We want steel for springs that shall not contain over

.11.") per cent, of phosphorus, and the phosphorus shall be de-

termined in a given wa}'. Whatever yon fiml by this method,
that is the amount of pho.i^ihorus so far as our transaction

goes." AVe sec no other way out of Ihis dilliculty. Now let

us see ; this is a pretty bold assumption ; the chemist of the

Pennsylvania Hailroad Company assumes lo dictate to the

profession what methods they shall use. Yes : but only for

transactions in which the Penn.sylvania Railroad is involved.

Use any method you choose for }our own work ; we do not
assume to dictate lo you a |>article ; but as a means of avoid-

ing the dilliculty due" to dilVerciicc of method, we simply say

to you, arbitrarily, that Ihis is the method that must be used
to determine the ])liospliorus, for example, in transactions

where the Pennsylvania Railroad is involved. If we had a
standard method, or if any learned society will give a method
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which shall be regarded and accepted by chemists as final, we
will bow to it instantly : we will adopt anybody's method, if

it is applicable. We claim no especial originality ; we simplj-
give you the method which we use.
Now let us see what is going to come of this. "We prescribe

a method which shall be used for determining phosphorus,
carbon, .silicon, sulphur, or vvliatever it may be. The method
asweu.se it will give certain results; the other chemist will

get the same results, at least we assume that he will. The
Pennsylvania Railroad Company puts an upper limit on phos-
phorus ; since phosphorus is injurious to steel, that is to say,

the phosphorus must not go above so much ; the interest of
the railroad company is to have a method that gives as high
results as possible, so as to keep phosphorus down : the steel

works' chemist, on the other hand, desires that the method in

his hands shall show that the steel is low in phosphorus,
because if it gets above a certain amount it is rejected. In
other words, the two parties are on oi)]iosite sides of the
method. It is one's interest to have a method that will cause
the rejection of the steel if it is high in phosphorus, and the
other wants a method that will make the steel pass. Now,
my experience is that in anything where men's pockets are
involved on opposite sides of a question, you are pretty apt to

get at the truth sooner or later. This is going to briug a criti-

cism of the method of determining phosphorus by the parties
in antagonistic interest. Our thought is this : The method
we send out to-day is entirely subject to revision ; if any one
of you finds a hole it in, say so, and the change shall be made
just as soon as we can make it, providing 3'our work is con-
firmed. It is not our method ; it is a method to be used to

decide certain chemical questions. Our hope is that there will
be enough criticism by these parties in antagonistic interest
on the various methods put forth, so that sooner or later there
will result a method which we will all be willing to accept as
standard. It may be that the work of 50 chemists will be re-

quired before we get such a method. There is no assumption
on our part of superior knowledge ; no desire to dictate in any
shape or form to the profes.sion : but we have a difficulty to

meet, and we cannot see how to get out of it in an}- otlier way.
I asked Professor Langley what he thought of it. He said

he thought that some learned society should approve the
method. Per contra, a member of the American Chemical
Society is reported to have said that he would bitterly oppose
any attempt on the part of that Society to sanction any meth-
od. He did not think an}' learned body .should sanction a
method. On the other hand, the agricultural chemists of this

country, as I understand it, have done this very thing—namely,
they have agreed that in the analysis of fertilizers whatever
phosphoric acid is shown by a certain method, which they de-
fined in convention, shall be called " soluble" phosphoric
acid, and the amount of phosphoric acid that is shown by
another method or modification shall be called the "reverted''
phosphoric acid, while the amount of phosphoric acid shown
by still another method or modification shall be called "in
soluble" phosphoric acid. The method was first proposed
five or six years ago ; has been modified three or four times,
and now nearly all the agricultural chemists in the Uniteil
States, if I am right, are determining the phosphoric acid in

fertilizers b}' the method adopted by the agricultural chemists
in convention. If some convention would take this work otf

our shoulders, we would be delighted. We assume it only
because we do not know how to get along and meet our ditfi-

culties any other way.
I shall be very much obliged, indeed, for any criticisms and

suggestions which anj' of you may have to make on this
scheine, and anything you can contribute in any way, shape
or form, you will find falls upon very willing ears.

PROCEEDINGS OF SOCIETIES.

Engineers' Club of St Louis.—At a meeting held .January
18, Mr. George H. Pegram presented a paper on The Bridge
across the Arkansas River at Fort Smith. A full description
of the construction of the bridge was given. The piers were
built of concrete, using Portland cement.

Iowa Society of Engineers & Surveyors.—At the annual
meeting held at Des Moines, .January 18 and 19, it was voted
th.at the Society co-operate with the " good roads" movement
in the State. The Society asks that the office of County Sur-
veyor be filled by competent engineers, and that the duties of
the olHce be increased by adding oversight of bridges and of
the roadwork in general. It also asks for an examining eom-
missioa to determine the competency of such"officiaIs.

Engineers' Club of Minneapolis held their annual meeting
on January 13, at which Jlr. Charles Steiner, of Zurich, Swit-
zerland, read a paper upon the utilization of Jiinnehaha Falls
for power purposes. He has investigated and made a pre-
liminary estimate, based upon the flow of about 150 cub. ft.

per second as a minimum, with an effective fall of 93 ft. giving
about l,(iOO H.P. ; the cost of the improvement he estimated
at 1135,000. The scheme woidd spoil the park, but he pro-
posed to beautify the latter in many respects and let the falls

run on exhibition a few hours three times a week. By storing
the necessary water in the surrounding lakes and using it in
dry seasons he proposed to avoid all trouble from lack of
water.

Social Reunion of the American Society of Mechanical
Engineers.—This Society has resumed its social reunions for
1893. The first one was held on the evening of January 26,
and others will occur March 30, April 27, and'May 25. There
has been some inquiry among members to learn why the
monthly meetings for the discussion of technical subjects,
which were tried last year, and with marked success, have
not been resumed this winter. Some members say, and it

seems with great justice, that if a national Society of Mechani-
cal Engineers accomplishes little more than establishing a
lodging house in New York, and holding a kind of church
sociable during the winter and free excursions in the summer,
that the Society has failed in the purpose for which it has
been organized, and if it does little else might as well be dis-
banded.

Columbian Engineering Congress.—A recent dispatch
from Washington to the dail_y papers says :

" Engineer-in-
Chief Melville of the Navy is in receipt of several valuable
paijers which will form a part of the division of marine and
naval engineering of the In.'ernalional Engineering Congress
of the Columliiau Exposition.

" These papers are to be printed by the seven divisions
which constitute the congress. The discussion will take
place during the first week of August, and in the discussion
three languages, besides the English, are permissible—French,
German, and Spanish. All of the divisions have secured
paiiers from the recognized authorities on the subjects treated,
and the experts of this country and of Europe have prepared
articles which will be valuable contributions to science.

" The officers in charge of the seven divisions are, with the
exception of Mr. Melville of the Marine and Naval Engineer-
ing Division and Professor Baker, of Chicago, of the Engineer-
ing Education Division, New York men. The Division of
Civil Engineering is in charge of F. Collingwood, the Division
of Mechanical Engineeriug in charge of F. R. Hutton, the
Divisions of Mining and Metallurgical Engineering in charge
of R. W. Raymond, and the Division of Military Engineering
in charge of Major Clifton Comly of Governor's Island, New
York Harbor.

New York Railroad Club.—The February meeting of the
Club was held at the rooms of the American Society of Me-
chanical Engineers on the 16th. The topics under discussion
were :

1. Should dead blocks be applied to freight cars with M. C. B.
couplers ?

2. Can a successful draft rigging be applied to freight cars
without the use of auxiliary timbers ; in otlier words, fasten
draft gear to end and center sills V

3. Which offers the most security for automatic couplers, a
tail bolt or a yoke attachment ?

4. Is any device using a netting a real " spark arrester" ?

If there were absolutely no laws on the subject except that
roads should pay for damage done by fires caused from locomo-
tives, would any of us use extension fronts or diamond stacks ?

5. What are the best proportions for driving-boxes ? Is not
the present size faulty design, and can it not be remedied .

easily ?

The discussion on the first topic showed that there was a
considerable difference of opinion in regard to tlie desirability

of the dead blocks, but in sifting out the evidence it ma.y be
said that it resolved itself into preponderance of opiniim in

favor of the use of dead blocks. It was shown that the West-
ern roads were using cars on which there were no dead blocks,
but that when such cars were in collisions they were more
badly broken than cars of Eastern lines, which weie provided
with the dead blocks. The safety of train nu'n seem to re-

quire that the dead bloc^ks should be used, although it was
stated that there were more accidents caused from the arm or
hand being caught between the blocks than occur by men
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beins criislied between curs that were violently brought to-

gether Ihrouiih the fiiiliiro of the coiipleror draft rig'Kiiig. Mr.
West, of the Ontario & Western road, stated that liis eonipanj'
now had two suits on their liands for aceidents, one because
tlie cars were not e(|uipped with dead l)loeks, and the other
because they were. Evidence of braUemeii seem to show that

they considered cars e(|uippc'd with tlie dead lilncks decidedly
safer to couple than those without.

The ilisctission of tlie second cjuestion was of the most desul-

tory character, and nothinj;- of importance was brought out.

Kegarding the third topic, there seemed to be an opinion
favorable to the use of the tail bolt rather than the yoke.
Mr. Smith, of the Union Tank Line, stated tliat his company
liad a large numl)er of cars equipped with tail bolts in wliicli

there were two keys made of malleable iron, and th,-it they had
never had a break ige, but on cars where the bolt was headed
trouhh^ was frequently experienced by the head breaking oil'

or pulling through. The Western lines seem to be favoring
the yoke. Attention was also called to the fad that the dilli-

culty with the tail bolt might lie in the method of heading
them. If tlie metal is not hot enough to tiow readily in

the die, and the man who is doing the work is on piece work,
there is apt to be a straining of tlie metal under the head, re-

sulting in a crystalli/ation, which will shortlv produce a frac-

ture, anil such crystalli/ation is always found where the heads
are broken olT, a thing commonly occurring ou bolts of 2:^ in.

in diameter.
Regarding the fourth question, it veas answered most decid-

edly in the negative as far as there l)eing any real spark arrest-

ed, but it was agreed that the extension front itself did ellicient

work ; and there is jiroliably no doubt that it has an advantage
over the diamond stack in that the exhaust no/zle is above the

netting, and the fire is not torn up as much as willi the older
appliance.

The general sentiment seems to be that the extension front

with a brick arch in the fire-box was the most eiVective of
spark arr<'sters. It was stated that mauN^ English engines
are running without any netting whatever ; and Mr. Dixon
cited an instance wnere an engine on the West Shore road that

had originally been fitted with an extension front was run for

some time, owing to an accident, with an open stack and no
netting or diaphragm in the smoke-box. Tlie result of this,

however, was that the machine threw the sparks very badly.
Various methods were suirgestwl for increasing the size of

driving-boxes lengthwise. One was to liang the springs from
underneath, so that they could be brought central, and an-

other was to use a saddle with a wide leg on one side, so that

the spring could be drawn more nearly central with the box
than is possible when placed cent rails' over the frame, and the

box is lengthened toward the insiile of the engine. The mat-
ter of materials for the driving-liox was incidentally touched
vipon. and hrouglit out the fact that solid brass boxes or cast

steel were considered far preferable to those of cast iron.

Boston Society of Civil Engineers held their regular
meeting on Wednesday evening. January 2').

Mr. Edward P. Adams read a papiT on the Light-House
System of the United States. The pa])er covered in a very
comprehensive manner the history and theory of lighting our
coast and the present organization of the .system. The ])a|)er

was illustrated by drawings and photographs of the various

forms of light-houses, beacons, buoys, sirens, etc.

American Society of Civil Engineers.—At a meeting of

the Socii'ty, ludd on Feliruary 1, a papi'r was read by Robert
Cartwright on the (,'onsl ruction of the Power- 1 louse of tlie

Rochester Power Company, ad.iacent to Genesee Falls, Roches-
ter, N. Y.
The Genesee River drains an area of about 2,000 square

miles, and at times i>ours a Hood over the Falls in the city of

Rochester, with a volume 2S):i ft. wide and ."> to 6 ft. deep
;

the perpendicular fall being 90 ft. By a scries of dams tlu^

water is u.sed four times before it reaches the level of Lake
Ontario.

Tlie paper describes the construction of a power-house close

to the Falls, where the great .scour made it impracticable to

use a timber corfer-dani. This scour was incri-ascd by a wing-
dam aliove the Falls, which turned the water toward the side

where the power-house was to be built. The rock at the site

wai?undercut by the action of the water, and the lirst opera-
tion was to blast off the overhang to a batter of 1^ in 10.

Operations were carried on day and night, from early in 1890
to November, 1891 (except in freezing weather), since which
time the water power has been in use.

The plant consists of two double Leffel wheels, 26J in. in

diameter, each supplied by a 5-ft. flume imder an effective

head of 87 ft., with a volume of 0,250 eid). ft. of water per

minute, and a development of 01)0 11.1'. by each. The wheels
are of phosphor bionze and tinned Oti.^ steel buck<'ts. The
power is Iraiismitted from a r)ft. rope-whc(d to a 12ft. rope-

wheel 90 ft. above, throu.gh sixteen If-in. Jlnnilla ropes. The
ropes are adjusted by a tightener wheel in an adjuslalile

frame. Each wheel has its own flume and gate, and can be
used indei>endenlly. The rojx's run at the very high speed of

7,540 ft. per minute, and no delay has occurred in over a
year's use.

The rock at top of the Falls, which is an easily disintegrated

shale, overhangs some 20 ft., iuid the pool below is 40 to 50 ft.

deep. The depth at the northwest corner was 10.7 ft., and
l;i ft to the northward 22 ft. deep, giving a slope of 45°. The
river someliines rises to half Mood in 24 hours, and sometimes
wlii'u no rain has fallen at Rochester.

.\ timlicr eoiTer-dam in such a location was not to be thought
of ; and after careful consideration it was decided to ti.se the

rock blasted from the overhang above to fill up the pool

below. A mass of stone blocks was thus laised 12 to 15 ft.

above water and extending outside the foundation. Puinits
with 4 and G-iii. suetion'pipes were used to lower the water.

At the point where the solid rock was highest the ilcbrix was
then removed, level benches cut, a heavy footing course laid

in Porllanil cement mortar, and the masonry carried above
high water. Jlore broken rock was then removed lor about
8 ft. further out, and the irregular spaces filled with dry
cement mortar in bags trodden into place. The benching was
then done, and the same process followed. By this method,
which exposed onh' a small surface at any one time, all the

footings were finally put in and the wall carried above water
level.

The cost was less than that of a colTer-dara, even supposing
the latter practicable. Stones of 1 to 2 cub. yds. were carried

away by the current:

Tiie second paper of the evening was by James Duane, ou
The Effect of Tubcrculation on the Delivery of a 48-in. Water
Main. In 1880-81 the writer laid a 48-in. main in Tenth
Avenue and Eighty-fifth Street, New York, for the inirpose of
diverting a part of the flow of the aqueduct into the old

Receiving Reservoir in Central Park, This line started from
Ninety-tliird, and ended at the gate-house in Eighty-fifth

Street near Eight .\ venue.
In 1871-74 the old aqueduct in Tenth Avenue, between

Ninety-third Street and One Hundred and Thirteenth Street

was replaced by six lines of 48-in. pipe. These mains were
all laid true to grade and with curves of .50 ft. radius. At the
Junctions with the masonry they had converging mouthpieces.
They M'cre, however, for some reason, laid without the coal-

tar coating now universally applied. The writer, in making
the connection of the line laid in 1881 with one of the old

mains at Nintty-third Street, found the latter to be tubercu-
lated to a surprising extent. These tulicrcles were all of the

same general shape—that of roughly formed frustra of cones,

with a diameter of base of two or three times their height.

The largest, which were 2 or 3 in. in diameter and 1 in. high,
were, as a rule, found near the bottom of the pipe, but the
interior was nearly covered by them.
Bench marks were estalilished on the cover of each man-

hole and iiiined carefully by levels, so that direct measure-
ments could be made to the surface of the water, and thus
establish its level above datum. As the (luantity of water
discharged was at this time very uniform and was accurately

known, tlu' value of C in the formula V= t\ \^ li, /could
be (juite clo.sely determined. In the aqueduct a value of

C = 135 gives satisfactorj- average results, and the tlow at this

time was 90,000,000 galls. i)er day. Part of this tlow was
withdrawn at points above, and a net flow of 92,5110,11110 galls,

per day entered the Tenth .\ venue m.ains, making 18.5(111,(100

galls, for racli main. The observed loss of head in a length
of 5,992 ft. was 3.^9 ft., giving C the remarkably low value
of 90, or about 30 per cent, less than that assigned to it in

modern practice.

After conni'Ctions were made between the most westerly of

the old pipe and the new pipe laid in 1881, there was a con-
tinuous line of I8in. |dpe, of which 5,300 ft. were tubercu-
lated and 4,123 ft. were clean. The observed 'o-iS of head in

the first was 1.80 ft. .-inil in the second 0.74 ft.; in other words,
the value of / in the first was .00035 against .00018 in the

second, or about double. Taking C in the first at 90 gave
14,500,000 galls, per day discharge, and this in the new main
using /. as determined by oliservatinn, gave V = 134.

Eleven years later the new main was free from tubercles,

mill observation showed its disch.irging capacity unimpaired.
The conclusions are that Croton water will cause had tubir-

culation in an uncoated pijie in seven years ; that after a cer-



Vol. LXVII, No. 3.] AND RAILROAD JOURNAL. 149

tain time tliis deterioration does not seem to increase ; that a

loss of 30 per cent, in di.scharginff capacity is occasioned by

the absence of tar coatina; ; or, in other words, tliat sucli a

coating- is wortli abont $30,000 per mile.

Finally, that after 11 years' service tar coating seems to

liave perfectly protected the new main from tubercnlation.

The Engineering Association of the South held a .January

mec'tini; at Nashville, Tenn., on the evening' of the 12th.

Major W. F, Foster presented a description of the develop-

ment of the water power at Estill Sprinsrs, Tenn. At this

point Ell River makes a bend, returning on itself after flowing

several miles, the ueck of land between the two portions

being only 300 ft. across, with a difference of elevation of

13 ft., which is supplemented by a masonry dam raising the

water above the bend an additional 12 ft. Across the neck of

land a canal is cut wliich provides for the fore-b.xy. the wheel-

pits, and the tail-race. The power-house of the mills that are

to be driven by the power is placed over the wheel-pits. The
dam is 300 ft. long between abutments, .T ft. wide on the

crest, is trapezoidal in cross-.seclion, vertical on the upstream

side, and battered 6 in. per foot on the down-stream side. It

Is bedded throughout on solid rock. The masonry is heavy,

ranclom, coursed work, laid throughout in hydranlic cement
mortar, wilh a portion of the downstream stones in each course

dovvelled to the course below.

Civil Engineers' Club of Cleveland.—At the February
meeting Mr. Herman read a paper on "A Weldless Chain," in

which he said :

" Oval link welded chain, as used in ship cables for hoist-

ing, is produced in almost the same manner as it has been for

several centuries past. Few and but slight improvements
have ever been introduced in this industry. Devices intended

to supplant this class of chains have never succeeded, for all

sacrilice the flexibility at every joint posses.seil by the ordinary

chain. The new chain invented by the writer consists of links

each formed of four separable parts—two side-bars and two
end pieces. The latter are provided with suitable threaded

cavities to receive the screw' ends of the former. The links so

constructed possess the flexibility of the common chain to the

fullest extent. Material and form of each j.iart are selected

with regard to the work they have to perform in practical use,

while tiie proportions at each point arc determined by the most
careful calculation. In this way a link is produced that ful-

fils all the theoretical and practical requirements of a perfect

chain, and is, at the same time, free entirely from the uncer-

tainty of the weld. The different sizes of this chain will be
introduced by indicative numbers. These will convey full in-

formation as to strength, safe load, and pitch of each size.

The chain will be produced ready for use by means of auto-

matic machines invented by the writer. Under the most try-

ing tests this chain has proved its strength and reliability."

JOHN ORTTON.

The reference to the serious illness of Mr. Orllon, which
was pulilished in the .January number of this .Iourn.m., must
have prepared those of his friends wdio read it for the sad news
of his death, which occurred on January 6, at his home in

Frankfort, Ind.

He was liorn at Nottingham, England, on March 11, 1835.

In March, 1838, he was apprenticed to Mr. William 15nrlinson,

of Sunderland, to learn the trade of a nullwright and mechiuii-

cal engineer. In 1844 he was eraploycil as a fitter in the loco-

motive works of Robert Stephenson & Company, at Newca.stle-

on-Tyne. It was at the time that he was working in this shop
that ids friend, ]\Ir. "Williams, invented the link motion. Mr.
Ortton wrote an account of this, which was published in the

liiiUroad dinette of Feb. 4, 1881,

In 1847 he was employed in the locomotive department of

the London & Northwestern Railwaj'. at Wolverlon, in Buck-
inghamshire. In I80I he went to the Eastern Counties Rail-

way at Stratford, near London. In ls,")7 he was engaged as

Foreman of the locomotive and car department of the London-
derry & Enniskillen Railway, at Londonderry, in Ireland.

From there he went back to tjie London ifc Northwestern Rail-

way, as Locomotive Foreman, at Wolverton. This was in

1801. In 1864 he was engaged as Foreman of iron works
at Newton Heath, near JIanchester, England. In 1865 he was
engaged as Manager of the locomotive works of George Eng-
land & Company, at Ilatcham, New Cross. London. Two
years afterward he Ijecame Manager of the locnmolivc shops
of the London & Southwestern Railway, at Nine Elms, Lon-
don.

In September. 1873, he left England to" take the position of

Assistant Mechanical Superintendent of the Great Western

Railway of Canada, at Hamilton, Ont., where he arrived on

September 16, 1873, Two years after he was appointed as

Acting Mechanical Superintendent of the same road. He held

this position for one year, and then received the appointment

of Mechanical Superfntcndent of the Canada Southern Rail-

way, with headquarters at St. Thomas, Ont.

In June, 1883, he was appointed General Manager of; the

Portage, Westtsourne & Northwestern Railway, then under

construction, with headquarters at Portage, La Prairie, Mani-

toba. A severe sickness led liim to resign this position in 1883,

and he then returned to St. Thomas.
In the June following he was appointed Master Mechanic on

the New York Central &: Hudson River Railroad, in charge of

the shops at West Albany. He occupied this position for five

years. In the beginnimr'of 1888 and the year following he was
engased as Superintendent of Construction by the American

Live Stock Express Company, and was employed bv various

roads and persons as an expert on special work of various

kinds. In May, 1890, he was appointed Snperinlendent of

Motive Power "and RoIUng Stock of the Toledo, St. Louis &
Kansas City Railro.ad, witli headquarters at Delphos, O., Imt

soon after new shops were Imilt for the road at Frankfort,

Ind. ; he removed his office to that place.

About the first of last November an organic complaint, wilh

which he had been suffering for several years, became worse,

and he was obliged to give up all work. The best medical at-

tendance was procured, and hopes were enterlained by his

friends and faruily that he would recover ; but with the most

acute suffering his" vilality left him. and he gradually sank and

never rallied."" His bodv was taken to St. Thomas, Ont., for

burial. He leaves a wife and six children—four daughters

and two sons.

]Hr. Ortton was an active member of both the Master Me-

chanics' and the Master Car-Builders' Associations. His genial

and pleasant nature nuxde him a general favorite there, and he

was popular wherever known. His career is an example of

the frequent changes wdiich come to many a man, through no

fault of his own, who is engaged in the very uncertain occn-

pation of raili-oading. Mr. Orlton's career was one of steady

advancement, excepting, perhaps, during the last few years of

his life, when he bore the burden of ill health. In announcing

his death," Jlr. C^allaway, the President of the company liy

which he was employed, said of him :
" He was a failhfnl and

efficient ofiicer and "a fearless and incorruptible man. After

life's filfid fever he sleeps well."

His fellow-members of (he two associations referred lo, espe-

cially the older ones, will sadly miss his genial pre-scnce, his

jovial luanners, his. sincere, frank, honest nature at their yearly

reunions.

PERSONALS.

H. F. SocKRiDGE has been appointed Master Mechanic of

the Columbus, Hocking Valley & Toledo Railroad, with head-

quarters at Columbus, O.

H. A. Gii.Lis has resigned as Masler Mechanic of the Port

Jervis shops of the New York, Lake Erie & Western Rail-

road, to become Superintendent of the Roanoke Locomotive &
^Machine Works at IJoauoke. Va.

J. J. Frey has resigned as General Superintendent of (he

Missouri, Kansas & Texas Railroad to become Vice President

and General Manager of the East Line & Red River Railroad,

with headquartei's at Greenville, Tex.

A. II. Rm>D has lieen appointed Superintendent of Signals

on the Hudson River Division of the New York Central &
Hudson River Railroad.

Edg.\b V.\n Etten, Superintendent of the Rome, Water-

town & Ogdensburg Railroad, has l)een appointed General

Superintendent of the New York Central A Hudson River

Railroad instead of Ttieotiore Voortikes. who has resigned.

W. How.\RD White, C. E., formerly of 74 Wall Street.

New York, announces that he has found it expedient to move
with. his family to a nidder climate, and has taken up his I'esi-

denc'e at Redlands, San Bernardino County, Cal , which will

be his future address.

A. A. Ali.en has been appointed Genei'al Superintendent of

the Mi.»souri, Kansas &Texai Uaili-oad Corupany, in place of

J, J. Frey, resigned.

.TosErii S. H.\uRrs has i-esigned the Vice-Presidency of the

Philadelphia & Reading Coar& Iron Company. The resigna-

tion was due to the fact that in compliance with thi'. or-ders of

the Chancellor of New Jersey the lease of the Central Railroad
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to the Port Readinir Railroad was recently dissolved and the
manjiKcrs of the former road liave resumed the control.

General SuPEniXTENimxr Tiieohoke Voouiieks, of the
New York Cenlriil. has resigned to take the position of First
Vice-President of the Philailelphia it Heading. Mr. Voorhces
began his railroad work in 18011 in the ennineeriiifr department
of the Delaware, Lackawanna A; Western, remaliuni;- in that
branch of thecompany'sservicc for abont four years. lie was
then for two years Superintendent of the Syracuse, Bingham-
ton iV -N'ew York. In December, 1874, he became eoniiectod
witli the transportation department of tiie Delaware & llvnlson
Canal ('i)nipany, and for ten years, up to Octolier 20. 18S."), was
SupcriiUciiilent of tlie S.-u-:itnga and Clianiplain divisions of
that company, lb; left that position to become Assistant Gen-
eral Superintendent of tlie New York Central, licing made
General Su|)erintendent at the time Mk. Toucky was promoted
to the position of General Manager.

General Notes.

The Indiana Car & Foundry Company held its annual
meeting February 7. The financial ollice of the company is

in Cincinnati. Large contracts for ears have been taken,
amounting in the aggregate to over $1,(100,(1(10. Among
tliese are coal cars for the Pennsylvania Kailroail, World's Fair
pa.ssenger cars for the Illinois Central Uailroad, and improved
cattle cars for the Hicks Stock Car Company. The works
now give employment to aliout live hundred men, which will

be increased to about eiglU hundred during the next sixty d;iys.

Consolidation of the J. A. Fay and Egan Companies of
Cincinnati.—The negotiations tliat have been in progress for

some lime for the consolidation of the two great com])anies of

J. A. Fay & Company
and the Egan Com-
pany are now com-
plete, and tlie officers

of the new J. A. Fay
& Egan Company
will take charge
about JIarch 1.

'I'hese two estab-

lishment-; have been
the largest producers
of wood -worki ng
machinery in the

country, and hereto-

fore have been the
sharpest of business

rivals. Tlie new

Manufactures.

The Standard Fire Pump.

The pump illustrated is one made by Dean Brothers' Stivini

Pump Works, Indianapolis, Iiul., and is constructed from
new |)atterns througliout, in order to conforin to the demands
of the Associated Insurance C'onipanies for a s]iecial tire pump
for use in mills, factories, and pulilic buildings, where the
premium on insurance risk is based upon the completeness of
tire protection furnished by the insured.

These puin|)s are made strictly in accord.incc with the speci-

fications adopted by the committee, and are made in four sizes

varying in caiiacily from one stn^ain delivering 'HO galls, jier

minute to four streams delivering 1,1100 galls, per minute.
They are maile of first-class material, and finished and tested

to a maximum pressure of 320 lbs. to the scjuare inch at the
water end before leaving our works. They have bron/e water-
Iiiston heads and followitrs, bron/.e removable liners in the
water cylinders, Tobin bronze piston-rods and valve-rods,
bronze, or bronze-lined stulling-boxes, cushioning valves in

steam cylinders, a capacity plate, a stroke gauge, a steaiii-

pn^ssnre gauge, a water-pressure gauge, a vacuum chamber,
a waler-relief valve of large capacity, a set of brass iiriming
pipes and valves, from two to four Chapman hose-valves, and
a sight-feed lubricator. The water cylinders have three suc-
tion openings. They have large water-valve area, large steam
and exhaust passages, suction pipe connections and air cham-
ber.

They are designed for stationary fire-engines, and are reli-

able, and can lie operated at a high rate of piston speed with-
out danger of breaking. A regulator is furnished with the

pumps when required.

EXPANDING TIRES WITH THE WELLS LIGHT.

company will probably be the largest of its kind in the world.
The directors of the new company will be Thomas P. Eiran,

Frederick Danner, W. H. Doane. "D. Ij Lyon, David .lones,

W. P. Anderson, .Joseph Haw-.son, S. P. Egan and Edwin Kuth-
ven. Thomas P. Egan will be Presiilent and the soul of the
enterprise, as he has been of the old KL'an Company ; Mr. Dan-
ner will be Vice-President. .S. P Egan, Superintendent and
Jlr. Ruthven, Secretary. These four ollicers are of the Egan
Company.

The Wells light, which has been introduced to this country
by Messrs. Keegan &, Halpin, now 'William Ilalpin, of 44
Washington Street, N. Y., has been somewhat nunlified of
late, to adiipt it for use in locomotive work for taking olT and
placing locomotive driving-wheel tires. The construction and
a :tion of the lamp, with which our readers are already familiar,

have been left unchanged. For the purpo.se of concentrating and
holding the flame down to the tire the ajiparatus shown by our
engnivings ha* been designed. It consists of a stctional cover-
ing (Fig-i. 1 and 2) which, resting upon the flange of the wheel,

clasps the lire on either side, and is

so constructed that it can be aiijilied

to wheels of any diameter, the total

length of the section being increased
or diminished by tli(! clamps which
liook into the slotted sides as shown
in the engraving. In this way a
single set of sections can be used on
wheels varying from 4S in. to 84 in.

in diameter. It is simply necessary
to jack up the wheels and drop the
sections in place.

In regard to the lamp, there liave

been a few minor changes ; in order
to make it suitable and convenient
fnru.se in connection with this work,
instead of the usual upriglit |>ilie,

carrying the burner at its upper ex-
tremity, which throws out the long
horizontal llamc, the pipe between
the tank and the burner is provided
with a number of joints, which may
be slackened olf and tightened so

that the burner is readily adjustable
and can be held rigidly in any jiosi-

lion which may be desired. The
burner itself is c.-irried on a jiipe

turned ami fitted to pass Ihrougli a stnlling-box, so thai it may
be moved somcwhal after the regular pipe fittings have been
set ; and this stuthng-box is still further fastened hy a clamp
setting firmly down upon it. The modification in the burner
consists in ailding one square coil, making three in all, through
which the oil (kero.sene of l.">0 fire test) is conijiclled to Jiass,

••uid where it is completely volatilized on its way to the burner,

due burner remains the same as the regular lighting lamp;
the other, where the burner isturncd down, hiis a jiipe ex-
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tending from the jet end and communicating with the jet it-

self to tlie farther coil of the burner ; hence, all oil which
reaches the jet must rise to the top and come down through
this tube, thus insuring its perfect volatilization.

When the apparatus is in use the wheel is entirely surround-
ed with a .sheet of dame ; and it is claimed that the tire is more

A test was made before a number of railroad men and repre-

sentatives of the technical press at the Kingsland, N. J., shops
of the Delaware. Lackawanna & Western Railroad, on Febru-
ary 1.5. The first four tests consisted in removing the tires

from driving-wheels having 57f in. centers, the tires being If
in. thicli. The two lamps used were carefully weighed before

n

f^

J«SB4 ,

^jrr—

THE WELLS LIGHT AS USED FOR EXPANDING TIRES.

uniformly heated by this method than where a jet of gas is

used, because in this instance the flame covers the whole tread
of the wheel, and the heat works uniformly inward, so tliat the
center does not receive very much heat, whereas with gas
the impingement of the hot Bunsen flame against the center of

lighting.'and found to weigh 28.5 lbs. and 280 lbs. respectively.
The blaze was turned at 11.36 in the morning, and four min-
utes later the lamps wire adjusted to the tire. In ten minutes
the tires had been expanded .08 in. in diameter, and the lamps
were removed. In five minutes more the tire had been swung

1

Fig. I.

the tread makes it necessary that the heat should be carried by
connection to the farther corners, so that the probabilities are
that the center of the inner surface of the tire Is heated more
rapidly than the corners or the flange, and, consequently, the
tire remains for a longer time in contact with the center, which,
therefore, receives a greater portion of heat.

Fig. 2.

tFt.

clear of the wheel and was on its way to the scrap heap. In
the second; test the lamps were burning in contact with the
tire for 14 'minutes, and the tire was off 3| minutes later. The
third test the lamps were burning for 12 minutes, and 2i min-
utes more were required for the removal of the tire. The
fourth test occupied 13 minutes for healing and 2i minutes for
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the removal of the lire. The htst tire was removed in just ex-

actly 01 minutes from the time of tin; applieatiou of tlie tirst

lamp to llie lii-st lire, thus linisliing at the rate of about four

tires per hour.
Tlic next two tests were those of heatiii!;- tires for applica-

tion to wheels of 44-in. centers, the tires themselves being 'Si

in. thick. These were also expanded sn tliat their diameter

was increased .08 in. The lamps were burning- airainst llie tire

for 11 miiuites, and 2 minutes were reipiired for the adjust-

ment of llie tire. In the second instance llie himps were burn
ing for 10 miiuitcs. and the tire was in ]K)sitii)U 2 minutes
later. The apjiarenl reason for the greater lenjith of time re-

quired for heating the third and fourth tires over tlic first, fifth

and si.xth lies, probably, in the fact that^whcn the first named

The particular engine illustrated above is one of two in use
by the Worcester A: Jlillbury Kailroad, and is of 3"i(t II.P. ;

cylinders, 1;J in. and 24 in. x" IH in. ; siieid, 2110 r<-volutions ;

wheels, SO in. in diameter. It has a steam-jneUetted receiver,

and the high-jiressure cylinder is also steam jacUetted. It is

self-contained, having a base under engine which is extended
to support the cylinders. The low-pressure cylinder has four
Corliss valves worked by a very simple and etlicient device.

The comjiany is now building engines of this type from 150

II.l'. to as large as 'JOO IIP. The details of these engines seem
to be particularly well worked out, and it is useless to speak
of the workman.siii|i, as this company aim to furnish nothing
but the best. The Jarvis Engineering Company of 01 Oliver

Street, Boston, Mass., are the Eastern agents for the sale of

:i

ARMINGTON & .SIMS' TANDEM COMPOUND ENGINE.

were reached tin; tank pressure had fallen from 3.J to 20 lbs.,

and was again pumped up to 25 lbs. before doing the work on
numbers five and six. After the tests the t;uiks were again

weighed, luid it was found that one had consumed 47 and the

other had consumed 41 lbs. Taking the oil as weighing 6i lbs.

to the gallon, we have a total oil consumption for the 88 lbs.

of 13.5+ gallons. It must be taken into consideration, how-
ever, that whereas both lamps were burning for 2 hours and
30 minutes, there was an interval of 40 miiuites between tests

four and five, when no work was being done. So we have the

oil cousumiition in actual service leduced to 041 lbs., or 9f+
gallons. As this oil costs six cents a gallon, the cost for heat-

Hig ihe six tires is 581 cents. The temperature of llie llame has

not been accuiately determined as yet, but it is believed that

it is suHiciently high to heat locomotive tlames for straighten-

ing while still in position upon tlie engine, and work of this

kind will be attempted very shortly. The expansion of the

tire for the 44in. center by .08 in. shows an increase of tem-

perature of about 205°.

ARMINGTON & SIMS' TANDEM COMPOUND
ENGINE.

Amonc. the large variety of engines turned out by the Arm-
ington tV Sims Engine Company the tandem comjiound, here-

with illustrated, is meeting with great success, particularly for

the heavy, variable duty of the electrical railroad service.

'Ihese engines are built very heavy— large shafts, wearing sur-

faces ample, heavy balance wheels, and, in fact, every part is

designed especially for the hardest duty.

the Armington it Sims engines, as well as contractors for

comi)lete steam plants.

AN ENGLISH LOCOMOTIVE FOR SUBURBAN
TRAFFIC.

The accompanying illustration, from the London Engineer,

shows a tank engine for suburban and mixed trallic built for

the London, Tilbury & South End Kailway 011 the designs

of Mr. Tliomas Wbitelegg, Locomotive Superintendent. It

has four driving-wheels coupled, and all placed under the

barrel of the boiler ; the front end is carried by a four-wheeled

truck, and behind the fire-box is a pair of Ix'aring wheels

with radial axlc-boxe.s. The cylinders are outside and are

horizontal. Water is carried in two side-tanks, and there is a

small lank on the foot-plate, where the coal-box is also placed.

The boiler barrel is 49 in. in diameter and has 18!) tubes If

in. in diameter. The grate area is ]7s((. ft., and the heating

surface is : Fire-box, 97 ; tubes, 914 ; total, 1,011 »t\. ft. The
working jiressure is 160 lbs. The tanks hold 1,300 gallons of

water and the coal box two tons of coal.

The cylinders are 17 in. in diameter and 20 in. stroke. The
driving-wheels are 73 in. in diameter. The truck wheels and

the trailing wlieels are 37 in. in diameter. The sleain-chests

arc on tbi' inner sides of the cylinders, in the smoke-box.

'I'lic fraines are of the usual English plutotype. The driving

wheel-base is 8 ft. in , and the total wheel base 29 ft. 4 in.

The total weight of the engine in working order is 120,350

lbs., of which 30,250 llis. are carried on the truck, 71,850 lbs.

on the driving-wheels and 18,250 lbs. on the trailing wheels.

The engine is'litled with the NVestinghouse air-brake and has

driver-brakes.
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Band Resawing Machine.

We illustrate a new band resawing marliiue with a eapaeity

of 35,000 ft., made by the Egan Company, of Cincinnati, ().

It is easy to handle and not liable to get out of order, and can

be rnn in a saw-mill in connection with a band saw or with a

circular, using the circular for squaring up the logs and re-

ducing thejimber to boards on the resaw.

filling up between it and the tunnel, and to provide for

the ])roccss of CNcavating to be carried ou in .stages, in each of

which the work is done vertically. Fig. 1 shows a half eleva-

tion of the shield looking from the tunnel, and fig. 2 is a longi-

tudinal section of the same. The shield itself is, as regards
its outer formation and as regards the method of driving it for-

ward, of the same construction as those heretofore employed.
A A are transverse floors of any number, fitted equidistant

apart and dividing the interior of the shield into any number

ENGLISH T.\NK LOCOMOTIVI ; LOCAL TR.^FFIC.

The wheels are 80 in. in diameter, of solid melal, having
steel spokes placed in the hub and rim in such a position as to

insure the greatest amount of strength. Each wheel is lilted

to its shaft in a superior manner, perfectly balanced : the lower
wheel being made thicker and heavier in the rim is given
thereby an increased weight and momentum, and is an im-
provement of more than ordinary value. Each wheel shaft

is supported b^' an adjustable outside, heavy bearing outside
of each wheel.
The feed is very powerful, consisting of two pairs of feed

rolls of large diameter and driven by powerful gearing ; each
pair of feed rolls is

operated independent
of the other, and sup-
ported at the top and
bottom by large
screws, making it im-
possible for the rolls

to get out of line with
the saw when sawing
warped or irregular

stock. The graduat-
ing feed is at all times
under control of the
operator, enabling him
to increase or diminish
it by moving one le-

ver.

The roller guides
are of new design, and
the upper guide is con-
nected to an upright
bracket moving up and
down on same and
counter-weighted; It

will resaw stock up to
48 in. wide and to the center of 24 in., or will cut a thin
sheet or board from the side of a timber 13 in. thick. When
cutting narrow stock, the entire width of cut can be made by
placing several pieces of stock between the rolls, one above
the other.

EGAN BAND SAW.

of cDrapartments, and B B are hanging curtains, the space in

front of which forms the working chambers t'C". while be-
hind these chamljcrs are safel.v chambers D, arranged alter-

nately 'behind the former. The man in the lower working
chamber of each pair has always, when there is an inrush of
water, an air space in front of the curtain B. A waj', Ji', is cut
in the Boor of the safety chamber above him for him to climb
up through, and a suitable doorway, E, is provided through
which the workmen can escape into the air-lock Z. This door-

A NEW TUNNELING SHIELD.

The accompanying cut shows a form of tunneling shield
recently patented in England by G. & W. D. Pearson, of
Westminster. These inventors aim at constructing tunnel-
ing shields for use in tunneling through water-bearing
strata in such a manner as to provide for the men work-
ing in safety in case of an inrush of water, to prevent the
lining becoming displaced before or during the process of

PEARSON'S TUNNELING SHIELD.

way is at a sufficiently low level to leave head-room and a
breathing space of sufficient capacity to prevent his being
drowned by the water, which latter will be kept back by a
volume of air in the safety chamber, the pressure of which
will equal that of the water. The front of each working cham-
ber is made up with pollings or shutters II. These are of any
convenient cross-section, carried by a suitable number of rams
K or screws, and are supported from behind in any convenient
way. The adjacent edges are provided with suitable pack-
ings W. n- are flexible webs made of sail canvas, rubber or
other material. The bottom edge of the lowest polling in any
one compartment may be made practically water and air-tight

by flexible rubber flajis, or other suitable device, or by clay
packing. A flap, L, is hinged to the top of the shutter in

such a way that it can be pushed outward and downward by
the man so as to give him free access through the excavating
opening to the stuff to be got out and also to act as a water
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seal. ' The'outcr eilges"of the pollings are packed to the sides

of -the shield in the following way : Chambers are formed
around the working chamber of a suitable length to meet the
requirements of the travel above mentioned by means of two
angle-bars, one M fixed to the shield, and the other iVto the
polling. The tlange of the angle on the latter, which is next
to the shield, rests and slides upon the angle on the shield,

thereby closing in the chamber. This is tilled with clay or
puddle, and as the travel begins the clay escapes through suit-

able openings, but suffers sufficient compression to insure a

each one of you is conscious of having deserved it by having
rendered the best service in his power ; and that the.money
will be a positive good to each one, and lo all depeudent upon
you.

" Hoping for your individual good in every way in the
future, we remain,

" Your friends,
" H. K. Porter & Company."

Such evidcnce'ofamiciiblo'rplationsrbetween employers and

HORIZONTAL TUBULAR BOILER, BY THE ROBERT I'OOLE & SON COMPANY.

tight joint. The leading edges of the floors, as well as the
edge of the shield are provided with plows P which, as they
advance, readily loosen the stuff immediately adjacent to them.
The side edges may also be fitted with plow edges if the nature
of the soil render such a construction desirable. The shield is

subdivided vertically into two or more compartments X Y,

and these two form two air-tight chambers, into which air can
be delivered at a pressure suitable to the hydrostatic head exist-

ing in each of the compartments of the shield so subdivided.

—

Industries.

H. K. Porter & Company's Distribution of Profits to
Employes.

Tins firm of locomotive builders has recently made the
eighth voluntary distribution to their employes. In their cir-

cular announcing this distribution, it is said :

" The conditions of business the past year have been very
trying, and in many respects discouraging. Prices were less

throughout the year than in 1891, and the output for the first

six months was very small. But as soon as the demand in-

creased the output largely increased, and by your efficient co-

operation, so soon as you had the opportunity to put it forth,

we largely recovered the lost ground. This proves to us what
we believed before, that practical co-operation is a positive
benefit to every one of us, and that it pays us partly, if not
fully, in the item of dollars and cents, to make this distribu-
tion. We have often said to you that it is only on this basis
that we can hope to make such distribution a permanent an-
nual thing. But such reasonable return to us only makes us
the more gratified to recognize your efficient and cheerful ser-

vice, and to be able to give you this additional remuneration
for your faithful labor. We hope that in receiving this sum,

their men lead^to the thought that the millennium is not an
impossible event.

Poole's Horizontal Boiler.

Tirp, accompanying illustration shows a horizontal tubular
boiler and setting by the Robert Poole & Son Company, Balti-
more. The boiler is given, not so much for any special fea-
ture, as to show the excellent arrangement of tubes and the
general good proportion of the setting and general arrange-
ments.
The engraving shows the boiler with furnace front and ma-

sonry, one of the side walls being removed to show the ar-
rangement of grate bars, bridge walls, damper, tubes, etc.

The flame passes under the boiler and returns through the
tubes. These boilers are constructed of best materials and
workmanship, the tube-sheets especially being of very supe-
rior materials, manufactured expressly for the purpose. The
tubes are arranged so as to provide for the freest possible cir-

culation of the water, and a manhole is placed in the lower
part of the front head, so that the boiler may be cleaned with
convenience and thoroughness. The mountings consist of fur-
nace front, grate and bearing bars, flue chamber doors, wall
plate, bolts and rods, safety-valve, steam-gauge, gauge cocks,
and blow-out and feed cocks.

NAVAL OBSERVATORY TELESCOPE.

The new telescope for the Naval Observatory at Washing-
ton has recently been comjileted by Warner & Swasey, of
Cleveland, 0.. tlie builders of the famous Lick instrument. It
is entirely new, with the exception of the fine 26-in. object
glass, and in power is second only to the Lick in this coun.
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try, anil is oxcolled by but two tcK'SCopt's abioiid— llie Viumia
iustrument.aa<i,the 011c at PiilUowa, Hiissia.

The new tek'scope will wei^h ISO tons, al)out twothirds'of

which comes from tlio cast-iron rcctaiij;ular supportinj;- pier, in

wliieli is built tlie j;reat cloelc for (Irivinjr the telescope in

either stellar, sohu', or lunar time. By it the star under ob-

servation is Uept in exactly the center of the lielil of, vision for

hours at a time, and it is possible to leave a photographicjplate

exposed three or four hours with the same results as if the tube

and star alike were stationary.

Fig. I.

The tube itself is of sheet steel, 38 ft. long, 26 in. in diame-
ter at the object glass, 31 in. at the center, and 24 in. at the

point where the eye-piece is placed. The sheets vary in thick-

ness from one-tenth to one-twelfth of an inch, and liave been
carefully tested, with a view to bearing all the strain put upon
them and maintaining a perfect lube. There is no ornamenta-
tion, by |>c)lishing or otherwise, except plain black paint. The
weight of the tube is 2.0(J0 lbs.

The telescope is equipped for photographic and spectro-

scopic work, and is very complete in all its appliances. One
observer will be alile to handle the great instrument easily and
(juickly, so fine and perfect are the adjustments and ma-
chinery. The difficulty met in observing a star when it is low
in the heavens and the eye-piece is brought high above the floor

is overcome by raising the lloor by hydraulic rams. The ob-

server touches an electric button in a keyboard by his side and
rai.ses or lowers the floor at will.

The clock is wound automatically by"electricity. When'the
weights reach a certain point they switch on an electric cur-

rent, which is cut olT again when they are wound up.

)( Tlie ease in handling tliCitelescopc"is;inereased by'the 'de-

vices to reduce friction. The shaft of^the polar axis rests on
hardened steel ball bearings resembling those' in fine bicycles,

and at the top it works on^a necklace of anti-friction rolls.—

New York Times.

WING'S DISK FAN.

We illustrate two forms of disk exh.aust fans made by
L. J. Wing & Co., of 12G Liberty Street, New Tork. Fig.

1 shows the ordinary fan designed to be driven by a belt.

The advantages claimed for this fan are that, inasmuch as

the blades arc curved and have an expanding pitch, the

amount of air removed is increased, wliile the slippage is

lessened. The amount of power required to run the fan is

very little, and as the fan and its working ])art3 are en-

closed in a framework protected and held together by arms
of wro\ight iron, there is no danger o{ accident.

The blades are also adjustable, so that they may be set to

suit the conditions under which the fan is to operate, and
it may be used cfiiciently under widely varying conditions.

Its light weight enables it to be ])laced at either end or in

the center of a pi|>e, in a wall, window, or door, where it

may be run either horizontally or vertically as circumstances

may reijuire. Finally, it is noiseless. The aii|)lications of

the fan embrace about everything where a draft of air is

required, as in drying-rooms for silk and woolen goods, for

removing steam, va|)ors, smoke, heat, gases, dust, acids,

and for ventilating vessels, mines, and tunnels.

Fig. 2 illustrates a large fan with a special engine attached
for driving it. The engine is jilaced on the fan-frame and
connected to the shaft, thus forming practically a jiart of the

fan. It is neat, compact and light, and runs with very little

care, and is very desirable for places where there is steam
but no engine, where the fan is to be placed in some isolated

spot, or is to be run at night when the main engine is sliut

down, and is very convenient for night drying in factories

or for heating buildings.

A Large Hydraulic Ram.— Rife's Hydraulic Engine llanu-
faetnring (,'onqiany, Roanoke, Va., has recently built a

hydnudie ram vvhieh yields remarkable results. It is attached
to an 18-in drive pipe with a 4-in. (lisehargepii)e. and weighs
a ton. This ram, under a head of 7 ft., elevated a gallon of

water per second to a height of 34 ft. It is said that during
the experiment the ram took in the requisite i|uaiitity of air

and worked very sleailily and satisfactorily. It has thus been
demonstrated that it is quite within the range of possibilities

to make larger hydraulic rams than have heretofore been
thought of.

Belt Railroad at Terra Haute, Ind.—There is a movement
on foot at Terre Ilante, Ind., to build a belt line connecting
the various roads centering in the city. A charter was grant-

ed for such a road in 1883 for tifty years, but it was decided
at that time that the city was \inable to support such a road.

Now, however, the city has so encroached on the yards, which
were built outside of the city at that time, that the officials of

the roads interested are strongly in favor of the line. It is

estimated that the proportional cost to'all the roads interested

will be comparatively small, and [thatjthe [location of lhe"new
factories^will increase^the'rates'and.'pay^the'cost^of^construction

in a short time.

Fig. 2.

The Ajax Metal Company Incorporated.—This Company
announces that the co-partnership heretofore existing between

.1. O. IIendriek.son and F. .1. Clanier, which has conducted its

business under the name of The Ajax Metal Company, is this

day dissolved by mutual consent.

i'he property" and inteie.sts of said co-partnership have been

acquired by The Ajax Metal Company, Incorporated, which
will continue the business.

The ofliccrs of The Ajax !]\Ietal [Company, Incorporated,

are : .1. G. Ilendriekson, President ; Francis .1. Clamer, Vice-

President ; and J. K. Neison, Secretary and 1'reasurer.

The business will be carried on in Philadelphia as hereto

foro.
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EDITORIAL NOTES.

Thk sailing of the reconstructed Vihing ship across the

Atlantic in May promises to be of far more value and to

possess a scientific interest that has not yet been touched

by the fuolhardy voyages in dories. The vessel has been

built upon the lines of the original ship unearthed at Sande-

fj(n'd, and is 17^ ft. long, with a beam of lOJ ft.

Slowly we are coming up to do some things that they

are doing abroad. Hydraulic machinery has received a

wide application in London and Liverpool for years. Pneu-

matic tubes are used for the transmission of parcels in every

capital of Europe ; and now we learn that a large manu-

facturing house is about to put a complete line of high-

speed hydraulic motors upon the market, while successful

experiments have been conducted with a pneumatic tube

service in Philadelphia.

The report of the board appointed to test the guns of the

Vesuvius appears in another column, and practically bears

out the criticism of the work done which appeared in our

March issue. It says, in substance, that while the accuracy

of aim was satisfactory, and it has been proven possible to

fire dynamite in the manner proposed with safety to the

crew, the details of the mechanism need some modification

and the fuse is inadequate for the work required of it. In

short, that the Vesuvius can probably be made eflFective by

the expenditure of more time and money, but that at pres-

ent the craft is not all that is to be desired.

The rapid development of electric railroading within the

past few years has led to their extension in such a way as to

make them competitors of the steam roads in some locali-

ties. And now the New Hampshire Commissioners present

a protest against the granting of franchises to electric roads

for the right to use the public highways, on the ground

that the steam corporations, with whom the electric road

enters into competition, is required to, buy its right of way,

con.struct and maintain its roadbed, bridges, and fences,

and there is no good reason why the competitor, whose

business is exactly the same, should be given a roadway and

furnished with a roadbed, bridges, and fences at the public

expense.

THE COMFORTS OF RAILROAD TRAVEL.

About two years ago an editorial article on the Discom-

forts of Railroad Travel was published in The Railroad

AND Engineebing Jouenal. 'The raison d'etre or reason

for existence of that editorial was stated in the following

introduction, which has probably been forgotten by most

of those who read it, and will be new to those who did not,

and may therefore serve again as a preface to what will

follow here. The prefatory observations were as follows :

In an admirable essay on Organization in Daily Life, the

author, Sir Arthur Helps, said :

If you want to improve the administration of railways,

I will tell you how to do it. Look out for a very ingenious,

sickly man, with a large family, and give him $4,000 a

year as an inspector of railways. Let him make short re-

ports, in good English, of his sufferings on different rail-

ways, specifying names, dates, and every particular. He
muse be bound to travel occasionally with his whole family,

in the depth of the winter. We do not know of their suf-

ferings sufliciently in detail. An ordinary person would be

ashamed to describe these minutife ; but it must be this

man's business. Besides, seriously speaking, he would

meet with great differences of treatment. One thing is

well managed on this railway, another on that. He would

be able to praise as well as to blame. There is one railway

I know of on which, to my judgment, the coupling of the

carriages is not sufficiently attended to. There is another

railway on which I have never found the same fault. My
inspector would tell the world these things, and an effect

would be produced upon the traffic of these lines.

Probably few of the subscribers of this Jodhnal will

read the above suggestion without feeling a desire to be

appointed such an inspector, not alone for the salary of

$4,000, but from a sort of instinct of reform which most

active-minded people feel, and which manifests itself in a

longing to set those things right which, in their judgment,

are going wrong. AVhile such an appointment and salary

would not be easy to get, any of us may indulge in the

hypothetical exercise of the duties and privileges of the

oflace, without the salary. The writer has a sufficient

amount of overweening vanity to imagine that he has some

of the qualifications required of such an inspector. He is

sufficiently ingenious to be called a "crank," and though

not exactly sickly, he has a digestive apparatus which does

not consume its fuel as successfully as a locomotive with a
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brick arch does. He has not a large family, but he nurtures

a brood of cares, anxieties, duties and responsibilities

which he takes with him in his travels, and which are, per-

haps, as troiiblesome as a family of children would be. He
can make a report in English, which competent critics would

reject as a model of style, but it has the merit of being

comprehensible. He therefore assumes the office of a self-

appointed inspector of railroads, and submits this as his

SECOITD REPORT.

Persons old enough to remember how people traveled 50

years ago and the travail attending it, and who now have

occasion to take a journey on any of our main lines of rail-

road, cannot help but compare the discomforts of a journey

in those early days with the luxuiies which may be enjoyed

now. Then many journeys were made with no other pro-

tection from the elements than the sky or the clouds above

the traveler, and a saddle and horse below him. It is true

that there were some ills about which we complain a great

deal that he did not suffer from. Bad ventilation is one of

these
;
par-boiling by steam heat, another. It is said that

the best thing for the inside of a man is the outside of a horsei

so that our ancient equestrian travelers' lot may not have

been as bad as it now seems to us. It may be, too, that the

jolting of a stage-coach had a beneficial effect on the jolted,

analogous to that of the Swedish movement cure ; but it

would perhaps be hard to convince weary passengers of it

after they had been jolted, bounced and bruised in one of

the old-fashioned vehicles on a rough road for many hours.

To-day all this is changed. If we are democratic and
economical, or economical without being democratic, we can

have a more or less comfortable seat in a car which does

not jolt disagreeably, in which we are completely protected

from the elements, the vehicle is warmed more or less com-
fortably, and at night lighted, so that if we have good eye-

sight we can see to read. We have large, clear windows
from which, excepting in some execrable drawing-room

cars, we can " view the landscape o'er." Instead of travel-

ing at a speed of from four to six miles an hour, we go
about 10 times as fast. At night we can stiffen our back-

bones and wriggle into more or less uncomfortable positions

and snatch such periods of slumber as may be possible under
the circumstances. All that can be said, though, for this kind

of rest is that it is not quite as uncomfortable as trying to

sleep on horseback or in a stage-coach.

It we are not disposed to be overmuch economical, we
can have greater comfort and more luxuries than an ordi-

nary day coach affords. We may engage and pay for a

berth or section in a sleeping-car, and, at night, enjoy the

rest which a more or less comfortable bed will afford, and
in the daytime—if we indulge in the luxury of a whole
section—may have the exclusiveness which is afforded by
an apartment reserved for our own use, which gives ample
room for the disposal of our " traps" and for the stretching

of dependent limbs. The seats are almost ideally comforta-

ble. They are of ample width, the lower portion of the

backs is curved to fit the shape of the spinal column, and
the upper part is formed to support the shoulder blades.

In the Wagner cars the seats are inclined backward, so that

a person sitting in the seat thus occupies a static position,

and is without any dynamic tendency to slide out of it.

The Pullman Company does not seem to have grasped the

law which governs the involuntary action of the human
body when it occupies a horizontal seat, and all ,or nearly

all the seats in its sleeping-cars are without any backward
inclination.

It is said of some English statesman who was very much
overworked, that when he became exhausted he would take

a journey from London to Edinburg in a tirat-class railway

carriage, as he found that nothing rested him as that did.

The diversity of scene, the ra|)id and easy motion, the rest

which was given by the pre-eminently comfortable seats in

an English first-class carriage, the separation from the intru-

sion of letters, telegrams and bores—all conspired to retard

the wheels of thought and rest the weary body. To the

overworked in this country there is nothing like a day jour-

ney in a first-class sleeping-car for a temporary rest. It is

to be regretted that such cars cannot be so highly recom-

mended, and that they are much less comfortable for night

travel, the purpose for which they are intended.

A little criticism—the result of observation during a re-

cent journey—may not be inapjjropriate here. The " final

cause,'' as the metaphysicians would say, of a sleeping-car

is to enable people to sleep in them, one prerequisite to

which is a comfortable bed. Now it is a matter of general

repute, which is the result of much experience, that sleep-

ing-car beds are not comfortable. They are generally hard,

inelastic, and make one's bones ache by reason of the jolt-

ing of the car. A little analysis of their construction will

show the reason for this.

What may be called the permanent w'ay of the bed is the

seat and back cushions. The former of these must support

the passenger in daytime, when he is sitting upright. In

this position his bearing surface on the seat is probably

about one-half of a square foot. The springs and upholstery

of the cushion must therefore be made stiff enough so as to

support a weight of from 100 lbs. or less up to, say, 2'tO lbs.,

on a half of a square foot of its surface. At night this

same cushion forms part of the substructure of the bed.

In a recumbent position an occupant of a bed has about 10

times more bearing surface on it than a sitting passenger

has on a seat. Consequently a seat should be about 10

times as rigid or stiff as a bed, or, conversely, the bed

should be 10 times as yielding or elastic as the seat. Now,

in ordinary sleeping-cars the seat cushions must do duty

both in daytime and at night. From what has been said,

it is obvious that it is not equally well suited for both uses.

As the back cushions of seats need not support the weight

of passengers for day use, they may be made much softer

than the seat cushions, and in ordinary day cars they are

usually made so ; but in sleeping-cars they form the head

or foot portion of the bed, and as the seat cushions form

the middle, the backs must be made as hard as the seats,

otherwise there would be a diminutive mountain in the

middle of the bed, with a valley at each end. For this

reason the back cushions of sleeping-cars are made nearly

or quite as hard as the seats, which makes the former un-

comfortable both in daytime and at night. Now what

seems to be needed is a seat cushion which will be suffi-

ciently elastic or soft to make a comfortable bed at night,

and with enough rigidity to be able to support heavy pas-

sengers in daytime. Then the back cushions might also be

soft, which would make them more comfortable both in

daytime and at night.

These requirements for seat cushions may seem to be con-

tradictory or incongruous. We have Herbert Spencer's

authority for the statement that " all organic evolution con-

sists in a change from the homogeneous to the heterogene-

ous," and that " every existing organism hasbeen developed
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out of the simple into the complex," and that the func-

tions of organisms become "differentiated." Now, in

order to solve the difBculty with the seat cushions, it is

proposed to " differentiate" the functions of the seat

springs. It should be kept in mind, though, that what is

said here is merely suggestion, and is not offered as a com-

plete solution of the problem. Before that stage is reached

experiment, adaptation and improvement of details will be

required.

The differentiation referred to is tliat some of the springs

of seats should be made to carry the weight of occupants of

the bed at night, and others or all should support the pas-

sengers in daytime. SLijjposing that the seat cushions

were provided with springs whose tension when they are all

compressed to a length of, say, 3 in., would be sufficient to

support an occupant in a sitting posture. Suppose, further,

that when the seat is upholstered every alternate spring is

drawn down so as to be compressed to 3 in. in length, and

that tlie intervening ones were permitted to extend to, say,

5 in. Now attach the surface upholstery—hair, canvas,

plush, etc.—to the extended springs in such a way that

they alone would at first bear the weight of a person sitting

or lying on the cushion. When used as a seat the extended

springs would be compressed, until they are compressed to

3 in. in length. The weight of the person sitting on the

seat would then bear on the intervening springs, and it

would be equally distributed on all the springs in the

seat. If used as a bed, the extended springs alone would

be sufficient to support that part of the weight of the

sleeper which would rest on them. Another suggestion

which may occur to some of our readers is to have two

tiers of springs, the upper ones light and flexible and the

lower ones stiffer and more rigid.

It is true that the beds in sleeping-cars always have a

shallow mattress of varying degrees of softness and liard-

ness on top of the seat and back cushions. This is nearly

always insufficient to prevent the protrusion of the bones of

the passenger—especially when they have been liardened by

the chilling effects of some scores of winters—to the seat

cushion below.

It may be added that if the seat cushions had more elastic-

ity, those in the back could also be made more unyielding,

which would make the latter more comfortable by day and

also by night.

" Both the Pullman and the Wagner companies have been

liberal in the expenditure of money for the gratification of

the public's taste for what the ladies call " elegant" uphol-

stery and cabinet work, until the magnificence of some of

their cars has become oppressive. In view of their skill

and liberality in other directions, it is a matter of some

surprise that they have not provided that essential for sound

sleep—comfortable beds.

Another subject of general complaint is the heating of

cars. With some of the systems of heating with steam

from the locomotive—perhaps with all— the lower and at

times the upper berths of sleeping-cars become chambers of

torture. Passengers are compelled to sleep over hot steam-

pipes whose temperature they cannot control, and which,

apparently, is not controlled by any one else. Added to

this is often impure air due to inadequate ventilation.

There is either no ade(iuate means of regulating the steam-

heating ajjparatus and the ventilation of the cars, or the

attendants do not know how or are indifferent about using

the means of regulation. Of late years we have heard a

great deal about color-blindness. Apparently many of the

attendants of sleeping and other cars are blind in their

noses, and have little or no sense of temperature. They are

also very ignorant usually about the properties and quality

of air. It is almost impossible to make an ordinary sleep-

ing-car porter— or, for that matter, an average passenger- -

comprehend that air which is cold may also be impure.

Hotness and coldness are the only two properties which

they seem to think air can have. Even in the matter of

temperature their senses are usually very obtuse. They do

not seem able to discern any difference less than from 40°

to 50°. They seldom discover that a car is getting too cold

until its temperature gets down to about 40°, nor do they

find out that it is too warm until it reaches about 90°. As

for impurities in air, most of them do not seem to compre-

hend that there is any such thing.

Inasmuch as the comfort and to a considerable extent the

health of passengers in sleeping-cars is in charge of their

attendants, it would seem worth while that those in con-

trol should learn something of the capacity of their em-

ployes for their duties. It would be interesting and curious,

and probably advantageous, to the traveling public if ap-

plicants fo • employment as porters and conductors of sleep-

ing and drawing-room cars and brakemen of passenger

trains were subjected to a sort of car-service examination.

Among the questions which might be asked would be such

as the following :

1. Can you smell ?

(Then the candidate's sense of smell should be tested by

trying whether he could distinguish the odor of well-known

substances, as camphor, turpentine, kerosene, whiskey,

peppermint, Limburger cheese, etc., in weak solutions.)

3. Can you feel the difference between warm and cold

objects ?

(A test of the sense of feeling should then follow by

having the applicant put his hand in basins of water of

different temperatures.)

3. Do you know what a thermometer is ?

4. What is it for, and what does it show ?

5. flow warm should a room or a car be, in winter, to be

comfortable ?

6. At what temperature does a car become too warm, and

at what too cold ?

7. If a car was too cold in winter, what would you do ?

8. If it was too warm, what should be done ?

0. If the air smells bad, how can it be made pure?

10. If you opened all the ventilators and the car then

became too cold, what would you do ?

U. If you closed them all and it then began to smell bad,

what ought to be done ?

(If in reply to the two last questions the examinee should

not suggest that some and not all of the ventilators might

be opened or closed, he should be remanded for further

instructions. It never seems to occur to porters or brake-

men that Koms of the ventilators in a car may be either

opened or closed. They either open all of them or shut

fill.)

13. Is impure or foul air always warm ?

13. Is cold air ever foul ?

14. Does cold air ever smell bad ?

15. To keep the air in a car pure, what must be done ?

10. Do you use tobacco or chewing-gum ?

17. How often do you take a bath ?

Other questions might, of course, be asked to advantage,

and the catechism of car service could be much extended.

The above interrogations are merely suggestions. Such an
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examination would certainly have the effect of stimulating

candidates to inform themselves about subjects which their

duties seem to demand they should have some knowledge of.

,j Another deficiency in sleeping-cars is the want of some

suitable place for locking vip one's valuables. Every one

feels more or loss nervous aliout going to sleep in a car

with a valuable watch or jewelry and a considerable amount

of money or maybe important papers or documents on his

person.

It is curious to notice, too, what a strong hold on all men
habit has. We go in certain beaten patlis which are well

worn, and only very strong influences seem to divert most

people from them. Mere deductive reasoning seldom seems

to be sufficient to divert people from the road which is

trodden into ways of rationality. The special instance

which has called forth these remarks is the height of the

arm-rests of car seats. With the old method of reversing

the backs of seats it was essential to place the pivots of the

reversing arms about 8 or '.t in. above the seats. This re-

quired that the arm-rests should be from 10 to 12 in. higher

than the seat. Consequently to rest the arm on it, it

was necessary to " hunch" up the shoulder into a most

uncomfortable position. As the demands of the mechanism

for reversing seat backs required this height, it had to be

submitted to. When drawing-room car chairs were intro-

duced, it was soon observed that their comfort was mate-

rially improved by lowering the arm-rests, and they are

now seldom made more than 6 or 8 in. high above the seat.

Notwithstanding the fact that the improved mechanisms

for reversing seats no longer require so great a height of

arm-rest, nevertheless some car-builders, from the mere

force of precedents, insist on having arm-resta made so high

that they are uncomfortable. What is still more curious is

that in some of the Wagner sleeping cars, in which the backs

of the seats are not reversible, the arm-rests at both ends of

the seats are made 11^ in. high. In both the Pullman and

the Wagner cars the arm-rests at the outside ends of the seats

are very uncomfortable. Not only are they too high, but

they project inward and take up room lengthwise of the

seat. On the Chicago, Burlington & Quincy Railroad we

had the privilege of traveling in some cars equipped with

ordinary seats and also others with reclining seats. These

had the improved window recesses below the windows. Not

only are the arm-rests at each end the right height for com-

fort, but they give room enough laterally for the arms of

passengers occupying the seats. If a person sits close up

against the side of a car his or her arm occupies from 3J to

4^ in. of space. As the window recess referred to gives

room enough for a person's arm, the practical efl'ect is to

lengthen the available sitting room in the seat from ;JJ to 4^

in. In sleeping and other cars the window recesses not

only have this advantage, but they provide receptacles for

books, packages, etc.

The habit of smoking has now become so common that

the popular mind has fallen into an attitude in which it is

no longer conscious that non-smokers have rights which

ought to be respected. Consequently we find that many
modern sleeping-cars are provided with smoking apart-

ments, to which perhaps no valid objection can be made if

they are properly arranged. In the Wagner car, in which

it was recently our lot to make a journey, the entrance to

the smoking-room led almost directly into the main apart-

ment of the car. Consequently the odor of more or less

vile tobacco smoke at times pervaded the whole car. If

the entrance to the smoking-roomjs toward the nearest end

of the car, then, if that end is in front, the air is blown into

the smoking-room and out the ventilators. If the smoking-

room is at the rear end, the air which escapes from its door

is drawn out of the back door of the car.

Another (piery nuiny travelers must be disposed to make,

Why are the wash-basins in sleeping cars made so low ?

When a car is running at considerable speed, especially on

a crooked or rough road, it is almost impossible to preserve

one's eijuilibrium while engaged in the morning ceremonial

of washing one's face. When obliged to assume a )>ositii>n

analogous to that of a partially opened three-blailed jack-

knife, one cannot estimate the position of his center of

gravity with the requisite celerity to retain his balance.

Although this report of an amuttur inspector of sleeping-

cars has exceeded its allowable limit of length, time and

space will be taken for one more growl. The car in which

it was his lot to travel from Chicago to New York was

heated by steam from the engine. What the particular

system of heating was is not known by the writer. It had

one defect, however, which was serious. When steam was

turned on the water-hammer was terrifie. We use the latter

word advisedly. The sound was as though a collision had

occurred, and an engine or car had run into the one in

which the hammering occurred. If the annoyance was

remediable by the porter or conductor, they did not know
how to apply or employ the remcd}', which may ])erhaps

be another reason for establishing some kind of civil-ser-

vice examination for porters and conductors. Turning on

steam in the car referred to would certainly make sleep

impossible to all excepting the most confirmed and persist-

ent snorers.

Our fault-finding lias occujiicd so nuu^h of the space in

this report that there is not roor.i for more than a very little

commendation. There are .some things in which the last

few years have brought great improvements in travel.

Many of us can remember dismal hours spent in cars be-

tween nightfall and bedtime, when reading was impossible

and the passing landscape was viewless, and the light in-

side the cars was iusutlicient to read by. The train which

has been the subject of some animadversion was lit by the

Piutsch gas system, and reading of good print was com-

fortable almost anywhere in the car.

Then, too, the leisurely feeding in a modern dining car

is a great improvement over the meals hastily and nervously

eaten at a wayside restaurant. The train .service has gener-

ally improved, notwithstanding some defects which have

been pointed out. The,«peed of trains has been increased

and cars are generally more comfortable, so that one may
now regard a journey as a period of rest and repose instead

of one of weariness.

NEW PUBLICATIONS.

WAriilt ToWKK, PUMI'INO AND PoWER STATION DesIONS.

The Kiif/iiieenng liicord's Prize Desigm, Siifff/estive for

W'a/i'.r Tower», Pumping and Power Stations. (73 pp., lOA

X K^M'i) New York ; The Engineering Record.

In IsiiO the Engineering Record instituted an architectural

competition and offered prizes amounting to .|;2.50 for the best

designs for a water tower or pumping station. The purpo.se

of the competition was to call out designs of a more or less

artistic character, with a view to beautifying such buildings,

which generally occupy prominent locations, and therefore

may be either an ollense or a pleasure to those who must look

at lliem. ..One hundred and twelve designs were received, 56
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of each structure. Prizes were awarded to four of these, and

13 received honorable mention. Engravings of these 17

selected designs are ])ublished in the volume before us.

The study of an architect's designs of purely engineering

structures is always interesting, sometimes amusing, and at

others infuriating. Many of them find it very difficult to act

in accordance with Ruskin's nia-\im, to ornament their con-

struction and not construct their ornament.

A criticism of the designs would, however, lead further tlian

we are now prepared to go. Some of them indicate what many
observant people have noticed before, that there are architects

who adopt and pile useless ornament on their structures with

apparently the same kind of wild and uncoatiollable passion

that some women manifest in their dress. Happily the con-

.sequences of tliis kind of lavishness is not so cosily in tlie

mere making of designs as it is in carrying them out. The

plans of many of the water towers which are illustrated in

the voliuiie Ijcfore us are very picturesque, and will at any

rate be suggestive to those who have occasion to decide about

building such structures.

The suggestions for pumping, power and electric-light

stations will also aid tliose who have occasion to build such

structures. The "treatment"—we believe that is the proper

artistic term—of the cliimneys in tliese designs is iuteretting.

As such structures form very iiromiiient objects, it would

seem as though, if any parts of a building sliould be ornament-

ed, it would be tliese but in the designs before us while a great

deal of ornament is lavished on the buildings for tlie engines

and boilers, there is very little on the chimneys or smoke-stacks.

In the first design the chimney is an absolutely plain square

structure, with a little taper toward the lop. The second one

is apparently plain, tapered and round, with a Utile mouliling

near tlie toi), which is sketched in very indistiuctlv. The

tliiril is similar to the second. Tlie fourth is also round, with

a little moulding at the top, but with bands of differently

colored stone or brick from its base all tlie way up. The

si-^ith is square and plain, but with colored bands extending

from a little above half its height to Ihe top. The seventh is

round and jdain, with a flare at the top and very indefinitely

drawn. The eighth is square at the base and octagonal above,

witli ornament on the corners of the octagon, and somewhat

elaborate mouldings extending for some distance below the

top. It is sketched merely in oulline, but lo.iks as though it

might make a very simple and graceful structure. The ninth

is square and perfectly plain, excepting a cap. vvliich is slightly

rounded inward or toward the center of the Hue. Tlie tenth

is square, with plain mouldings near Ihe base and more elabo-

rate ones at the top. Between these points it is entirel)' plain.

The eleventh is round and perfectly plain, witli the exception

of colored bands and a little moulding at the top. The twelfth

is round and plain, with heavy ornamentation at Ihe lop. The
thirteenth is square, perfectly plain, with Ihe exception of a

very slight projection around the toj). The fourteenth is

round and jilaiii up to near the summit, where lliere are some

heavy decorations. The fifteenth is square, with stones or

bricks at the corners of different coljr from those between.

The top has an ornament which reminds one of Downing's

style of architecture, which overspreatl the country 30 or 40

years ago. The sixteenth does not. show a chimney. The
seventeenth shows a chimney with a square base and octagonal

above, with somewhat heavy ornament near the lop.

Nearly all the buildings connected willi these chimneys are

elaljorately decorated. Now it is submitted that, in view of

the prominence of the chimneys, that they have been neglected.

What is wanted, Messrs, Architects, is new " treatment" and

new " motives" for smoke-stacks. Ancient architecture gives

us no examples of such structures, and the imaginations of

our modern builders seem to have been singularly bairen in

suggestions. It is true that there is something prosaic atiout

chimneys, which fact seems to have led our architectural friends

to neglect them. It would not .sound very fine to speak

of a Renaissance chimney or a Gothic smoke-stack. Never-

theless, under the magic of modern science and civilization

these structures have become veritable pillars of cloud by day

and of Are by night.

One defect in nearly all the designs for pumping, power or

electric-light stations is a lack of window room and light.

Any building devoted to mechanical work or the shelter of

machinery should have all the light in it pos.sible. Even if

little or no manual labor is carried on there, the care, super-

vision and inspection of machinery requires an abundance of

light, and barring the glare of sunshine, there cannot be too

much. Therefore all such buildings sliould have as little wall

and as much window area as possible. Jlore light is needed

in a power house to run a steam-engine than is required in a

church to say one's prayers.

The book before us is well printed, and the engravings,

although made from rather sketchy drawings, serve llieir

purpose very well.

Buildings xso Stuuctures op Ajierican Railko.\ds. A
Reference Book fur Riilroad Managers, Superintendents, Mus-

ter Mechanics, Enyineers, Architects and Students. By Wal-

ter 6. Berg, C.E., Principal Assistant Engineer, Lehigh

Valley Railroad. New York ; John Wiley & Sons. Illus-

trated, 500 pages
;
price, $7.50.

One defect of modern engineering literature Is Its frag-

mentary and scattered nature, which is due to the large num-

ber of technical publications in existence, and also to the

number of technical societies which are continually calling on

the engineer for contributions to their proceedings. It results

from this that a .search for information on a given subject re-

(juires a hunt through files of all sorts, anil sometimes valu-

able material is passed over or missed because it is not accessi-

ble to the searcher. The author who collects and edits

information of this kind on a given subject and puts it in a

form where it is ready for use does a service to the profession,

even if his work does not extend beyond the compilation.

Mr. Berg, however, has done much more than this. He has

collected and presented in excellent shape much that had al-

ready been published in this scattered way ; but lie has also

added much original matter in the way of comment and criti-

cism, and has also given many designs for buildings on differ-

ent railroads which have not heretofore been published. He

has evidently done some careful work, and has taken pains to

bring his accounts up to the latest date ; a matter of consider-

able difficulty In an age of constant change.

The subjects treated include buildings of every class : Sta-

tions—including a number of important terminal stations

—

shops, section houses, water stations, coaling platforms and a

number of others, including some which are very useful after

their kind, but do not often find mention, such as sand-drying

and storing houses, oil-mixing houses and others. The variety

of structures needed on a railroad can hardly be appreciated

by those who have not had experience in building or using

them ; but some idea can be obtained from this book.

The text is generally well written, not at all diffuse but

rather condensed, and many of the criticisms are pointed and

well taken. It is very fully illustrated, nearly 700 drawings

and diagrams being given in the work.

BOOKS RECEIVED.

A Treatise on Gear Wheels. Si.ith edition. By George B.

Grant. Lexington, Mass.; published liy the Author.

Tenth Annual Ileport of the Board of Rditroad Commissioners

of Eamasfor the Tear ending DecewM' 1, 1893. Topeka, 1893,
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Twenty-fourth Annual liiport i>f the Ihanl of Railroad Com-

missioiurs of the, Coiiimomccalth of Massaehustltx : January, 1893.

Boston, 1893.

AnntMl Bcport of the State Board of Arbitration if the Co)n-

monwcalth of Massachusettsfor the Year WM. Boston, 1893.

Journal of the United States ArtiUen/ : January, 1893. Fort

Monroe, Va. ;
published by iiutliority of llic St;ilT of the Artil-

lery School.

Journal of tfie Military Seniee Institution : March, 1893.

Governor's Island, New York Harbor.

Journal of the American Society of Naval Engineers : Feb-

ruary, 1893. Washington, D. C.

Professional Papers of the Corps of lioyal Engineers. Edited

by Captain W. A. Gale, N.E. Chatham.

Infantry Drill liegulations. United States Army. With in-

terpretations of 2.50 Pars., by the Recorder of the Tactical

Board. New York ; Army and Navy Jorirnal.

TRADE CATALOGUES.

The Deitz Drawbar Companies, Denver, Col. (8 pp.,

3i X 6 in.)

This little publication illustrates and describes two forms of

couplers, one of the link and pin type and the other of the

M. C. B. type. Two companies have apparently lieen organ-

ized for the manufacture of the two types of couplers, which

are illustrated and described in the catalogue before us.

Heisler's Geared Locomotives. Charles L. Ileisler, M.E,
Philadelphia.

In this diminutive ijamphlet (Vi pp., SJ X 6 in.) the author

describes a system of locomotives of which he is the inventor.

The chief peculiarities are that the locomotives are supported

on two or three trucks which are driven b\' gearing and longi-

tudinal shafts. The construction could not, however, be e.K-

plainedjso as to be understood without the aid of engravings.

Modern Electric, Steam and Hand Cranes, /or Foundries

ami Machine Shops, Iron and Steel Works, Electric Poicer

Stations, etc. Built by Pawling & Harnischfeger, Jlil-

waukee, Wis. (8 pp., 6 X 9i in.)

In this publication a swing and .several forms of travelling

cranes are illustrated and described. These may be driven

by hand, electric, or steam power. The engravings and de-

scriptions are clear and satisfactory to the reader. The cata-

logue i3 an indication of the extent to which this class of

machinery has of late years been introduced into this country.

The above firm also make lathes, drilling and boring tools,

and special machinery.

CoNSOLrDATED CarHeating Co.mpanv. Part IX. Improved

Locomotive and Tender Equipment, Albany. N. Y. (12

pp., 7 X lOiin.)

This is one of a series of parts of a catalogue i.ssued by this

Company to describe their steam-heating apparatus. Part

IX. contains first two large folded plates, .showing the posi-

tions in which the Sewall steam couplers should be located on

cars and locomotives. These are followed by a description of

the locomotive equipment for st<;am beating, and also of the

method of heating fruit, freight, and baggage cars.|

Till'; MiSiiERRY Maxufactuuinc Co.mi'anv, Manufacturers

of the Maxon Patent Lever. Screw and Hatchet /.iftiuff Jacks,

Dayton, (). (30 pp., 6 X Hi in )

Not much can be .'•aid of this catalogue, excepting that it

illustrates very clearly the different kinds of railroad and

wagon lever and screw jacks made by I be Company. The
engniviugs are very good and the descriiitions clear. One
feature of the arrangement is very good. A full page is de-

voted to the engravings of most of the jacks, and on the oppo-

site page illustrations are given of the different i>arts or " re-

pairs" of the implement shown which are all suitably num-

bered. Neither the pai>cr nor the printing is of a " fancy"

character, anil the impression iiroduced by the catalogue is

that there is no non.sense about it or about the imiilements it

describes.

Ai.Mv WATKii-TriiK Bdii.ER CoMi'ANv. Manufacturers of

Almy's Patent Sectional Water Tube Boiler for Marine and

StatioiKtry Work, Providence, K. I. (Third edition, 16 pp.,

51 X 8 in.)

Tlie title-page of this pamphlet gives a perspective external

view of one of the boilers, which is followed on the next page

by an introduction. This is succeeded by a description of the

construction of the boiler. After Ibis are various outside and

sectional views. The description, it is thought, wonlil have

been a great deal clearer if it had referred directly by lettere

of reference to some of the sectional views, as an explanation

is always much easier nnderstood if accompanied with an

object lesson in the form of a picture.

Engravings and tables of dimensions of different sizes of

boilers are given, and after them a statement of the advan-

tages claimed, and the volume ends with a comparative state-

ment of the performance of one of these boilers on the steamer

Queen City, and a list of the boilers furnished to different

parlies.

Descriptive Catalogue ok thi; Foster Stea.m-Pressuke

Reoul.vtors, Pu.mp Govehnohs, and Kkducino-V.vlves
;

also of the McDowell Inside Safely Check- Valve for Locomo-

tive and Marine Boilers. Foster Engineering Company, 21

and 23 Prospect Street, Newark, N. .1. (32 pp., 6 X 9i in.)

This is a well-printed .and well-illustrated publication of its

class. The frontispiece is a "half-tone" engraving showing

the interior of the as,sembling and testing-room of the Com-

pany. Another similar engraving farther on In the pamphlet

shows the testing apparatus. The publication opens with a

statement of what the Company makes, which includes the

Foster i)ressurc regulator, a combined steam-pressure regulator

and pump governor, a regulator operated by a piston and

lever, a valve for regulating the steam healing of trains, an-

other for steamships, an " all round" valve for melting and

manufacturing jilants, and the .McDowell inside .safety check-

valve for locomotive and marine boilers. .Ml nf these are well

described liy excellent woo.l-eiigravings anil well-wriUen ex-

planations of their construction and operation. These are

succeeded by directions for setting and operating the valves

and " testimonials" of their elliciency. It is an excellent ex-

ample of this kind of literature, although we are inclined to

think that If the commendation In it of the articles made by

this Company was a little less vehement It would be more con-

vincing, but probably the author thought, as many peoi)le do,

that "he lliaf l)Iowrth not his own li(irn. verily It will not be

blown."

Tme Link Belt Macimnkiiv Cip.mj'anv. of Chicago, III.,

have sent us half a dozen jiulillcations Illustrating different

kinds of niachuierv which they niannfacture. The one on
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.special mining machinery (4 pp., X S in.) announces tliat

tliey have associaleil with tlieni Mr. Howard J[c Loan as Super-

intendent and .Mr. Thonuis K. Grittitli as Engineer of (Con-

struction, and tliat they are prepared to supply special mining

machinery, which is intelligently designed and thoroiighly

well made, including breaker rolls, coal screens, mine venti-

lating fans, and tail and endless rope haulage.

Another of the publications (10 pp., 6 X 8| in.) is on "Six-

NILI..V Rope Powku Tkansmissio.v as applied by this Company.

Its frontispiece is a ver}- good wood-engraving showing a view

of their works, and the beginniug is on rope driving and its

advantages. On the tifth page is a half-tone illustration show-

ing the driving-gear in the dynamo-room of the Virginia Hotel

in Chicago. The following page has a similar illustration of

the dynamo drives in the Chamber of Commerce Building in

Chicago. The following seven pages contain engravings

made from pen-and-ink drawings, which, as works of art,

cannot be commended very highly, but they nevertheless

answer their purpose of showing the construction and arrange-

ment of various factory "drives" or "rope transmissions"

which the Company have put up in various localities. These

engravings also have very terse and clear-printed descriptions

appended. Two pages of testimonials and two more of gen-

eral advertisements conclude the pamphlet.

The third of the series is a four-page folder giving an en-

graving and description of a system of conveyers for handling

coru and husks. It is added that they have supplied similar

machinery for elevating and conveying cobs, pea-pods, tomato

slops, green vegetables, fruits, tish, meats, cans, boxes, etc.

The fourth p\iblication of the series is an eight-page folder

describing and illustrating elevating and conveying machinery,

and gives very good engravings and descriptions of elevators

for handling barrels, baled hay, bo.xes, ashes, and other

materials.

The fifth of the series is a single leaf giving an engraving

of a brick-dust elevator.

The sixth illustrates and describes a locomotive coaling

station erected at New Buffalo, JNIich., on the Chicago & West

Michigan Railroad.

The last publication is a pamphlet of 24 pages, 5^ X 8 in.,

and describes special machinery for use in saw-mills, i^laning-

mills, and wood-working establishments, All of these circu-

lars are well printed ou coated paper, and the engravings, with

the exception noted, are of the best. In these days of standards

one wonders though that this Company did not make all their

catalogues of uniform size. Some of them would have gained

in clearness, too, if fancy-colored ink had been ignored and

good black ink only had been used.

NOTES AND NEWS.

Advertisements Prohibited.—The following order emanat-
ed from the .Maine Central Headquarters last week, addressed
to all stalion agents and section foremen along the line :

" You
will not allow any parlies to [laint signs or place posters or
advertisements on walls or fences belonging to lliis company ;

nor on any objects upon land belonging to this company or
within our right of way. It is the intention of this company
to have its station grounds and right of way present a neat
and attractive appearance, and your co-operation in securing
this is desired and expected." —Putiland (Me.) Argus.

A remarkable artesian well-boring has just been completed
at Willoughby, in Lincolnshire. Owing to an inadequate
water-supply for the locomotives running on the Sutton &
Willoughby Railway, the company decided to bore. At a
depth of 34.5 ft. from Ihe surface the workmen struck upon a
bed of iron-slone, which took them a consideriible time to
penetrate, but beneath this rock a magnificent spring was met
with. For some time the water threw out tons of blue s.aud,

but it eventually cleared, and it now flows over a 3i in. tube
30 ft. above the ground, at the rate of 4,619 galls, per hour, or
li galls, per second. The spring is said to be the strongest
yet obtained in Lincolnshire.

—

Engineer.

The Efficiency of Boilers.- In a recent discussion by the

Engineers' Clul), of Philadelphia, U. S. A., on this subject,

Mr. Strong stated that the difficulty in the way of introduc-

ing producer plants and gas engines is the fir.st cost and ditli-

culty of starting the engines ; but the latter ditficulty will

proliably soon be overcome, and the gas-engine will then

supersede the steam-engine in many cases. An engine has

been designed which is to make a horse power on 13 lbs. of

water, to carry 180 lbs. pressure in the boiler, allowing the

gas to escape at 250°, and evaporating 12 lbs. of water to a

poimd of coal. Many think that the locomotive is an uneco-

nomical steam-engine, but it really compares very favorably

with the general run of automatic engines to be found. A
few years ago a test was made on the Lehigh Valley Railroad,

under favorable circumstances, on a boiler having 1,848 sq. ft.

of heating surface ; 900 H. P. was developed, 8 lbs. of water

being obtained per pound of coal ; and in another boiler which

was tested, 28 lbs. of water to the H. P. was used, while in

the one first spoken of only 30 lbs. was used. The Boston

sewage pumping plant is getting about 12 lbs. of water per

pound of coal, u.sing two sets of boilers. In the locomotive

we get 9 lbs. of water while we were making 3 H. P. for each

2 sq. ft. of grate. As opposed to this, Mr. Spangler said that

he doubted very much whether the boiler had been made
which would average 12 lbs. of water per pound of coal.

The Largest Express Engine in the World.—A few

years ago one of the Webb three-cylinder compound locomo-

tives was sent over from this country to America for trial
;

however, the results of practical and perfectly fair tests is

that the English engine has been very badly beaten. This

fact appears to have induced Mr. F. C. Winby to design an

English engine to send to the Chicago Exhibition, and it is

just completed at the works of Messrs. R. & W. Hawthorn,

of Newcastle, and within the past few days a very large num-
ber of engineers have accepted the invitation to inspect the

new engine. This vast locomotive, named the James Toleman,

runs upon a four-wheeled leading bogie, and two pairs of inde-

pendent driving-wheels of 7 ft. 6 in. diameter, and it has four

high-pressure cylmders. Two cvlinders placed inside under

the smoke-box are 17 X 22 ; they actuate the first pair of driv-

ing-wheels. Two outside cylinders are placed behind the

bogie wheels ; they are 16+ X 24, and work the second or

trailing pair of driving-wheels. The total tractive force ex-

erted by the four cylinders upon the four driving-wheels is

therefore 143 lbs. for each pound of effective pressure. The
boiler works at a pressure of 175 lbs., but it is constructed to

carry 200 lbs., if necessary. The boiler is of oval section, in

order that it may be placed between the tops of the driving-

wheels. Number of tubes, 189 ; diameter of tubes, 3f in.

;

length of tubes, 16 ft.; heating surface of tubes, 1.880 sq.

ft.; heating surface of fire-box, 138 sq. ft.; total heating sur-

face, 2,018 sq. ft.; area of fire-grate, 28 sq. ft.; weight of

engine in working order, 60 tons ; and the tender, when
loaded, is fully 45 tons', so that the engine and tender complete

weigh about "l05 tons. Mr. Winby has therefore designed,

and Messrs. Hawthorn have constructed, the largest locomo-

tive ever seen in England ; and the fact that the engine uses

high-pressure steam in all the cylinders is a most important

feature in its favor. Its construction has been watched both

in this country and in America with very great interest.—

Communicated to the Leicester (England) Daily Mercury.

FOREIGN MARINE NOTES.

Viking Ship.—The Viking ship, intended for the Chicago

World's Fair, was recently launched in Christiania, Norway,
amid great eutliusiasm.

The old Viking sliip of Gogstod was discovered about twelve

years ago near the village of Sandefjord, where it had lain

buried for a thousand years or more.
The vessel launched is a true copy of the original. It will

be manned by Norwegian sailors and sailed across to Chicago.

A Curious Transformation of Brass. —A curious incident

has been noticed in connection with the brass condenser tubes

of a foreign cruiser. The pipes, after being in use for lather

more than twelve months, were found to have experienced a

peculiar change. In many places the metal has been, it ap-

pears, converted into almost pure copper of a spongy texture,

the zinc of the alloy having completely disappeared. An in-

vestigation which was made showed the probable cause of the

failure to have been an electrolytic action between the tin lin-

ing of the tubes and the Ijrass, the sea-water circulating

through the condenser forming the electrolyte. Had the tin

coating remained perfect, doubtless no corrosion would have
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resulted, but the mud and gritconreyed in susponsion through
the condenser carried awav tlie tin couting in spots, and it was
at these points that tlie traiisforMiallon of llic metal occurred.

It is concluded that if the pipes had not been tinned at all,

they would liave remained intact.

—

Inm.

Foreign Whalebacks for American Trade.—The Ameri-
can Steel Baryc ('i>nipaiiy luis lanlnicled to build two vessels

at or ([uite near Livirp:iol, Kng., on the general plan of Cap-
tain Alexander M(d)oiig:dr.s wlialebaeks. One will be a

steamer and the otlier a tow barge or consort, and as such

they will he the finst vessels of the kind to cross the Atlantic

Ocean. They will l)e put into the iron ore trade between
Cuba ami Philadelphia, and will be ready for their tirst cargoes

in .July. They will be dnplieates of the James B. Colgate,

only 2ft. dee]>"er and_vvith more power, the engines being the

same style and size 'as those in tlie big Pathfinder launched

last year.

with wood ;i,l in. thick, to the height of about 1 ft. above the

water line. A protective deck of varying thickness extends
throughout the whole length of the ship. Her circular con-

ning tower, situated on the forecastle, is formed of 3in. steel

armor plates, the top or covering plate being 1 in. in thick-

ness ; her torpedo-director tower, situated near the stern, is

wholly built of ^-in. steel plates. Like her sister ve.ssels, she

is to lie fitted with twin vertical triple-expansion engines, the

diannUers of the cylinilers being, high-pressure, 4S) in.; low-

pressure, 74 in. The engines are to make 140 revolutions a

minute, and to develop, uniler forced draft, during a con-

tinuous sea trial of four hours, !l,(lll(l II. I'., and with ordinary

draft 7,(HK) 11. 1'. 'I'lie eslimateil cost of the hull is $7O,U0t),

and of the engines and auxiliary inachiinry, $350,000.

Steam Hammer on Board Ship.— Considering the excep-

tionally solid founilalions that aiereipiired forsli'ani hammers,
this class of tool wuuUl seem to be altogether out of place on

T-
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DRIVING WHEELS AND AXLE OF AMERICAN EXPRESS TASSENCiER LOCOMOTIVE

The ves.sels will sail under the British Hag and will carry

short pole sjiars similar to those employed on the ./. L. Culhy.

These vessels will be the forerunners of an extensive fleet to

be built abroad at various seaports before the close of 189-i.

The combined carrying capacity of the two vessels will be

9,000 tons.

The " Cambrian."—On Monday. .I.innary ;iO, there was
launched at Pembroke Dockyard Her Alajesty's ship Cam-
lirian. The displacement of the Cainlirinii when fully equipped

and ready for sea will be 4,ii(jO tons. She is 320 ft', long, her

extreme "breadth is 49 ft. (i in., and her depth of hold, 15 ft.

G in. When completed anil ready for coinmi-sioii. with am-
munitions, stores anil all eiinipiuents on board, her mean draft

will be 19 ft. Her upper deck will be 14 ft. :i in., and the

center of her midship guns 18 ft. above the water-line. The
hull of the vessel, which is built of J-in. steel plates, is sheathed

shipboard ; but Messrs. B. & S. Masscy, of Openshaw, have

recently supplied to H. M. Dockyard, Devonjiort, one of their

steam hammers, which is to be lixed on board 11. M. S.

DefeiiHi', which lias been converted into a tloatin-; factory. To
meet the reijuirenieiits of the jieculiar position in which the

hammer is to be jilaced, special coiislriiction has, of course,

been neces.sary. The haiuiuer is of the overhanging form,

with two standards, in which are planed guirles, and between

the.se the tup has a falling weight of :5 cwt.—without taking

into consideration the jiressure of the top steam—and tin maxi-

mum stroke is 17 in., tlu' diameter of the cyliniler being 7J in.

The hamnier is tilted \\\i\\ eoiiibined self-acting and hand-

worked valve-gear, and will work very ([uickly or slowly, as

desired, the change either as to speed or force of blow being

cflected instantly. In the sjiccial arrangement of the hammer,
the separate anvil-block and base ate made in one ma.ssive

CiUiting of great weight, so as to cause as little vibration as
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possible in tlie surrouinling parts of the ship, and a 6-in. armor
plate is fixed underneath in a vertical position, as a foundation

for the anvil-block. This is perhaps the first time that it has

ever been attempted to erect a steam hammer except on land,

and no doubt the one supplied b_y Messrs. Massey will prove
a very useful taol for repairs on board the tloating factory at

Devonport.

—

EiujUxh Mcch an ir

.

The " De Julio "—The Argentine Navy enjoy.s tlie di.s-

tinction of possessing the fastest crui.ser in llie world. Tliis

vessel has recently been built in tlie English shipyard of Sir

W. Gr. Armstrong, Mitchell & Company, and the steam trials

conclusively show that she possesses a speed which under
natural drafts has only been equalled by the fastest of the

Atlantic liners in the most favorable conditions of wind and
sea. She is known as the U De Julio, and is 350 ft. long, 44 ft.

broad, and has a displacement of 3,.500 tons.

The propelling machinery consists of two sets of four-cylin-

der triple-ex pan-;ion engines, the two low-pressure cylinders

band of paper each revolution of each engine, each half second
of time, and the beginning and ending of each run for the
mile. The mean speed of these four runs was 23.028 knots,

correspjnding to the mean revolutions of engines of 149.1 per
minute. The average revolutions of the engines during the
six hours' run were 148.3 per minute. The vessel is armed
entirely with quick-liring guns of the latest and most approved
pattern. She carries four 6-in., eight 4.7-in., twelve 3-in., and
twelve 1-in. quick-firing guns. She also carries five 18 in.

torpedo-tubes.

AMERICAN AND ENGLISH LOCOMOTIVES.

On pages 164 to 169 we give this mouth engravings of the driv-

ing-wheels, axles, crank-pins, and driving-axle boxes of Mr.
Buchanan's express ])assenger locomotive on the New York
Central Railroad, and the same parts of Mr. Adams's engine
for the London & South Western road.

DRIVING WHEEL OF AMERICAN EXPRESS PASSENGEIi LOCOMOTIVE.

in each set having a diameter of 66 in., the intermediate cylin-
der 60 in., and the high pressure cylinder a diameter of 40 in.,

the length of the stroke being 30 in. Steam i-* generated in

eight single-ended return tulje Iniilers, situated in two separate
water-tight compartments, eacli compartment containing four
boilers. Each set of engines is also confined in a water-tight
compartment. In a series of runs the speeds ranged from llf
knots up to 22.74 knots, the latter mean speed being obtained
under forced draft. The six hours' run was made under
natural drafts, in accordance with the conditions laid down
by the British Admirally. During this period of steaming
four runs were taken on the measured mile, and the speeds
and revolutions were accurately taken by stop watches and
the mechanical c.nmters in the engine-rooms. The speeds
and revolutions were also recorded by an electric apparatu.s
in the chart house cf the ship, which noted on a traveling

.The following are the specifications of these parts for the
Aiuerican engine :

DKIVING-WHEELS.

Four in number. About 84 in. diameter. Centers cast of

the best charcoal iron and turned to 77 in. diameter to receive
the tires.

TIKES.

Of steel 3i in. thick ; both pairs tlanged ~>'i in. wide, and
held to center by retaining rings.

AXLES.

Of hammered iron, 'with journals Si iu. diameter by Hi in.

long.

DIUVING-AXLE BOXES.

Of Ajax metal with'large^oil-cellars.



i66 THE AMERICAN ENGINEER [April, 1893,

SPKINGS.

Mado of the best cast steel tempered in oil. Secured to u

system of equalizing lieains to insure the engine riding in the

best possible manner. The springs lo lie hung undermatli the

driving-axle boxes.

Oli.\NK-I'INS,

Of hammered iron.

Specification of English Exjyresi Loannotive.

DKIVING .\N:) TKAII.INO-WnKEI. CKNTEHS.

. The wheel centers to be of good sound east steel, of ap-

proved make, free from honeycomb and other <]efeets. One
wheel center out of 40 is to be tested to destruction under llie

following conditions ;

iThe wheel center is lo be raised in"a running iiosilion and

alike, and each wheel must be forced on-the axle before tlie

tire is shrunk on by a hydraulic pressure"of not less llian 80

tons. The rims nuist lie ccirreetly turned lo gauge to receive

the tires, and the wiioU' wheel trimnii'd uji so that the surfaces

and lines .-ire all fair and true. The wheel centers are to be
turned to a diameter of (i ft. T in., the rims are to be 45 in.

broad, 3} in. thick at center, to have 22 spokes, 2i in. thick at

the boss, and 4 in. deep, and at Ihe rims Ij in. thick by 'i\ in.

deep. The l)osses are to be bored out parallel to a diameter
of 9i in., and are to be 1 ft. 5 in. diameter. The cranks for

the coupling-rods are to be cast solid with the bosses. i;{ in.

centers, and bored nut parallel to a diameter of "i^ in. to lit the

coupling rod er,iid<iiins. The crank-|iin holes are to be bored

in a suitable ((Uiirlering machine. The balance weights to be
cast solid and to be dilTerent for the driving and trailing-

wheels. Care to be taken that each wheel is cast with its

proper balance weight. Generally the wheel centers must be
as sliown on the drawing.

|<*i->)

DRIVING WHEELS AND AXLE OV ENGLISH EXPKISS PASSENGER LOCOMOTIVE.

allowed to falljupon a solid foundation from the followinir

heights : 10 ft., 13 ft., 20 ft.. 2,") ft.. :«) ft.

Should any wheel center break at the two lower heights

—

viz., 10 ft. or 15 ft., and show delicts on hard material, the
Railway Company's Lueomotive Superintendent or his Inspec-

tor shall have the power to reject the whole. The wheels to be
inspected on the premises of the maker.

Tensile test pieces are to be taken from the wheel center to

give a breaking strain of not less than 28 tons ]ier square
inch, with an elongation of not less than 20 per cent, in 2 in.

E.ach wheel center is also to be tested, by being allowed to

fall in a running iiosilion a distance of 4 ft. I! in. on to a
wooden block, without showing any signs of defect.

All the wheel centers nuist be bored, and turned, and have
keyways cut strictly to template so that they shall be exactly

!
TIHES.

The tires are to be of the best cast steel, manufactured by
Vickers A: Company, and are to be tested at the works of tlie

maker in the following way :

Each lire is to be guaranteed to stand, without fracture, the
repeated falling of a 1 ton monkey from a ('lear height, first

blow, 10 ft.; .second. \T^ ft.; third, 20 ft.; fourlli, 2r> ft.; lifth,

;iO ft., and so on. Any tire which cracks or breaks before it

has delleeted one-sixlh of its exleinal diameter is to be re-

jected.

Test pieces are to be mjichined cold out of the lire, without
reheating the steel or treating in any way beyond cold machin-
ing, for tensile test. The minimum tensile strength to be 44
tons per square inch, and to have an extension of not less
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than 15 per cent, ia 2 in. A suitable and .sufficiently large

piece is to be sent to Nine Elms for testing in a similar

manner.
The contractor shall require the maker to provide at his own

e.\pense one aiUlitional tire for each >() ordered, to be selected

from the hulk by this Company's Locomotive Superintenileni

or his Inspector, and to be tested in his presence by the maker
in the manner before described.

In the event of one tire cracking or breaking, or failing to

stand the test, the Company to have the power to reject the

whole.
The number of the charge is to be siamped on each tire, and

in the event of there being more than one charge in every 50

tires, a tire .shall be selected from each charge and tested.

The maker's name and date of manufacluri' is to be stamped
on each tire.

All the tires are to be 3 in. thick, of the form shown on

drawing, and to be secured to the wlieels with a lip and steel

set screws H in. diameter, 11 threails per inch. Eacli lire to

logs 3 ft. 7 in., 5J in. diameter, 10 in. long. The driving and
trailing axles to have centers of bearings 3 ft. 9f in., 8 in.

diiuneter. !) in. long. All a.\les to be as shown on drawings.

DlilVINO .\NI) TRAILING .\XLE-BOXES.

The driving and trailing axle-bo.xes to be as shown on draw-
in of the best gun metal, and to have bearing surfaces of

Dewrance's anti-friction metal ; keeps to be of east iron. The
axle boxes to have lubricating pads as shown. There is to be

only one groove in the crown of the axle-boxes, with the

lubricating holes leading into it. The axle-box bearings to

be -,V in. shorter than the a.\le journal, to give clearance. The
axle-boxes must have jV in. side i>lay on each of the guides.

Each axle-box must be made to gauges and must be duplicates

of each other.

DRIVING .\NI) TR.\ILING SPRINGS.

The springs are to be made of the very best quality of spring

steel, manufactureil from Swedi.sh bar iron. Five per cent.

DKIVING WHEEL OF ENOLISH EXPRESS PASSENGER LOCOMOTIVE.

be bored to gauge before being shrunk on the wheel center.

Each tire to be accurately turned so that the diameters and
thickness shall be exactly similar.

-\XI.ES.

All the axles mu.st be of the very best cast steel, raauufac-
tnred by dickers A- Company, and must he stamped with the
maker's name and date of manufacture. Test pieces are to he
made giving a tensile strength of not less than 2!S tons, luid

not more than 32 tons per square inch, with an elongation ol

not less than 25 per cent, in 2 in.; a piece of suitable length,

ii in. siiuare, is to lie bent double when cold withnul siioiving

any signs of failure. The liogie axles to have centers of liear

of the bars to be tested at the works of the makers by the

Railway Company's Locomotive Superintendent or his Inspec-

tor, in "the following manner: A piece to be cut from each

bar, 2 ft. 6 in. long,"heated and bent round to a radius equal

to 80 times the thickness of the bar, then hardened and tem-

pered. The camber to be taken after it has been pushed

straight once in the testing machine, after which the bar must
be pushed straight six times without showing any further

permanent set. The tensile strength of the bars to be not less

than 45 tons per sipiare inch, with an elongation of not less

than 15 per cent, in 2 in. Manufacture and brand to be ap-

proved by the Kailwav Coni]iariy's Locomotive Superinten-

dent. The plates are to lie truly li'tted, tempered, and stamped
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with tlie'maker's name anil dale of manufacture. The plates

to be prevented from shifting side or endways liy nihs stamped
upon tliem. Oare must he taken tliat the nibs formed on the

plates fit the slots properly. The buckles are to be sound
forcings and are to tit the springs accurately, and are to be

well secured to them, the buckles to be prevented from sliift-

ing on the springs t)y short wrouglit-iron pins, ilriven -while

hot, through holes in the toji and bottom of the buckle, and
into a hole in the top plate and a recess in the bottom plate, as

shown on the drawing. The springs are to consist of 12 plates

i in. thick and ."> in. broad, to a span of 4 ft., and to have
adjustable hangers at the end and solid hangers iu the center.

Kach spring must be thoroughly tested before being put in its

place bj- being weighted with 11 tons, and on the removal of

this weight the spring must resume its original form.

SPRING GKAU.

A compensating beam to be attached 'to the driving and
trailing springs, of wrought iron, forged as shown on the

drawing, and fitted with a phosphor-bronze bush, pressed into

its place by hydrauli(> power. It is to be carried by a forged

cross shaft, which is to be carried by two forged brackets, as

centers are made of oast steel. It woild be interesting if the

weights of these jLirts could be cnmparcd, but iinrortunatcly

we arc not able to give the weight of either. The tires_of Sir.

Buchanan's wheels, it will be seen, are .secured to the ^yheel

centers by iManscl retaining rings. It must be admilted,

though, tiiat this practice' is seldtm followeil in this country,

and our locomotive tires usually have no other fastening to

the wheel centeis. excepting the shrinkage of the tire, unless a

sliouliler is turned inside the tire to bear against the rim of the

wheel. Mr. Adams's tires, it will be noticed, are fastened

with set sircws which are let into holes drillcil into the tire, a

practice which has been rather severely criticised both in

England and this country.

-V noticeable feature is that the English axles are made of

cast steel, whereas the .Vmerican are wrought iron. Another
is that the English a.xles are made larger in the wheel-seat

than they are in the journals, a practice which is generally

followed in English locomotives, and (irobably adds to the

strength of the axle inside of the liuli, the point where
breakage occurs most frei[Ucnlly. The English axle also has

solid collars inside of the journal. When collars are used

here they are usually loose and fastened with set screws.

They have the advantage that when they become; worn they

-I r-|\' rr-1
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DRIVING AXLE-BOX FOR .AMERICAN EXPRESS PASSENGER ^LOCOMOTIVE.

shown. The ends of the springs which do not engage with
the compensating beam nuist be provided with suital)le forged
hangers, as shown. Tlu; whole of the spring gear to be forged

in a sound manner, free from all defects whatsoever. The
spring and compensating beam brackets to be attached to the

frame by j-in. turned cold rivets of best Yorkshire iron, having
a tensile breaking strength of not less than 22 tons per square
inch, with an extension of not less than 30 per cent, in 2 in.

CUANK-PINS.

The crank-pins are to be of the best Yorkshire iron properly

case-hardenecl on the wearing surface. The hole in the wheel
is to be parallel as shown ; the jiins are to be accurately fitted

and pressed into the wheels before the tire is .shrunk on by
hydraulic! i)()wer of not less than 30 tons, and riveted over on
the insi<le. (Pottered washers arc to be placed on the ends as

shown on detail draw ing.

The chief differences in the construction of the parts of the

American and English locomotives illustrated this month is in

tlifi materials used for the driving-wheel centers—those for

the American engine being made of cast iron, and the English

can'be replaced or reset on'the axle. It will be noticed tha

the journals of the American engine are .Si in. diameter by
11 in. long : those for the English engine are only 8 X 9 iu.

The larger journals arc riMpiired for the former, owing to the

greater weight carried on them.
In the construction of the crank-pins there is no material

difTercnce, excepting that the bearings are larger in the Ameri-
can than in the English machines.

HOME MARINE NOTES.

New Steamers for the Lakes. —A steel steamer is to be
built at Wyandotte for the Detroit Dry Dock Navigation Com-
pany, which will be an exact duplicate of the J:', C. Pope.

Length over all. 'X\~ ft. ; beam, 42 ft. ; hold, 24 ft. ; diameter

of tripleexpansion engine cylinders, 22, 35 and .")ti in. How

-

den's forced draft will be applied to the boilers.

Another steamer of 200 f(. keel, 311 ft. beam and 14 ft. hold

for the Lake Superior lumber trade, is to be built at Marine

City immediately. Estimated carrying capacity, 1,000,000 ft.



Vol. LXVII, No. 4.] AND RAILROAD JOURNAL. 169

Launch of the "Hudson."—Tlic I'nited States Revenue
steamer Uudsoti luus been launched from the .sln'iiyard of John
H. Dialogue & Son. Camden, N. J., and ^\ill be used as a
boarding vessel in New York Harbor in place of the Mau-
lialtm. Her bows are strengthened with extra heavy plates

and framing to resi.st the ice, which is a wise precaution in

view of this winter's e.xperience.
" The craft is an iron hull vessel 97 ft. 6 in. long, 30 ft. 6 in.

beam, and 10 ft B in. depth of hold. She is titted with triple-

expansion, surface-condensing engines of 47o H P.. having
cylinders 18 in., 21 in., and 'ii^ in. diameter b}' 24 in. stroke.

The steam for the engine will be supplied by a tubular boiler

of light weight, which has uuusual power for a vessel of this

size. The boiler is provided with a fan-blower and a closed

ashpit system with a forced draft will be used.

al)re!ist in water-light compartments, and will give a speed
of from 15i to 16 knots, the guaranteed speed being ]•> knots.
The armor will be as nearly impervious to shot as it can be
made. The water-line armor belt will be of 18-in. nickel
steel and will extend ISHi ft. along each side amidships. At
the ends of the armor belt is an armored liulkhead alhwart-
ships, which is to be 14 in. thick, and al)ove that and the
water-line is to be a casemate belt .j in. thick. The armament
will be as follows : Four loin, guns, mounted in pairs in the
two main turrets ; eight 8-in. guns, mounled in pairs in the
four turrets at the corners of the casemate ; four turrets at
the corners of the casemate, four (j-in. guns mounted in broad-
sides, with splinter bulkheads back of them : twenty 6-pdr.
and rapid-tiring guns ; eight 1-pdr. and Gatling gun.s and si.x

torpedo tubes. The armament is very lieai'y for her displace-

i
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sea horizon and without any elaborate calculations. It is mount-
ed on board the steamer and o<rupics a space of (i ft. in diameter
on the deck. It is arraniied with ajeonsiant level base a cast iron

tloat in a large bowl coiilainini;' ;i8() lbs. of mercury. The
bowl is supported by i;imlials on a stand on the <lpck. The
method of observing is to ailjust one graduated arc to the

declination of the sun or body to l)e observed ;is given in the
Nautiail Aliiianac. and then to turn the telescope to the object

in the sky. To gel the sun in the axis of the telescope it is

necessary to raise or lower the pole of the instrument, and
wlien it is adjusted to lie visible in the axis of the telescope,

the augle shown by the graduated arc is the vessel's latitude.

The latitude, ileclination ami altitude being known, the hour,
angle or local appiirent lime is read on the hour circle, while
the azimuth is read nu the hori/on circle. \n index in the line

of the keel shows the direction of the true north, and affords

means to delerndiK! the error of the shiji's compass. In a book
of azimuth tables, the azimuth corresponding to a certain

declination, hriitude and azimuth are given. These four quan-
tities must be the same as read from the instrument. Hence,
whenever an observation is taken, the observer knows detinite-

ly if his results are right or wrong. This feature is peculiar

to the solarometer. Further cxiieriments will be made on
board the Violet. Space for the exhibit of the instrument at

the World's Columbian Exposition has been obtained, and the
manufacturing of the instruments in ciuanlities will soon be
commenced.

The Battleship Iowa.—The Iowa will be a formidable
battleship. The following are her dimensions : Length on
load water line, 860 ft.; extreme breadth of beam, 72 ft.; dis-

placement at normal draft, 11,296 tons ; freeboard forward,
34 ft. The Iowa will have engines with a maximiun indi-

cated horse-power of 11,000, and she will be able to steam
more than 16 knots an hour. She will be able to carry 3,000
tons of coal, and her crew will consist of 4136 ofticers and
men. The engines will be rights and lefts, and will be of

the vertical, inverted cylinder, direct-acting, triple expansion
type. There will be a 39-in. high-pressure, a SS-in. inter-

mediate-pressure, and an 8.5in. low-pressure cylinder, each
piston having a stroke of 48 in. The working pressure of the

boilers will be 160 lbs. to the square inch. The total heating
surface of the main boilers will be 3iJ,9.'Jl sq. ft., and the grate

surface 756 sq. ft. The boilers will be of the horizontal,

return 5lube type. There will be three main double-ended
and two auxiliary single-ended steel boilurs in the vessel. The
batterj' will be a particularly heavy one and will con-
sist of four 13-in. breech-loading rilles, eight 8-in. breech-

loading ritJes, six 4-in. rapid-fin^ ritles, twenty 6-pdrs., four
1-pdrs., four Galling guns, and 1 field gun. There will be
two barbette turrets—one forward and one afl^for the 13-in.

guns. Pour barbette turrets—two on each broadside—will

contain the 8in. rifles. Four of the 4-in. guns will be in

armored sponsons on the gun-deck, and the other two will be
on the bridge at the extreme end of the superstructure. The
6pdrs. will be distributed about on the gun-deck, the bridges,

and superstructure. Two of the 1-pdrs. will be placed in the
militiiry tops with the Galling guns, and two will protect the

extreme end of the gun-deck. The hull of the Iowa about the
water-line region will be protected by a side armor belt 14 in.

thick and an average width of 7 ft. 6 in. The hull will be of

steel unsheathed. The vessel will have a double bottom and
watcr-tighl compartments extending 10 ft. above the load

water-line. She will carry no sail and will have but one mili-

tary mast. The barbettes and turrets for the 12 in. gims will

be 15-in. thick. The conning tower will have steel sides 10
in. thick and an armored conununicalion tube 7 in. thick.

The barbettes for the 8-in. guns will have a maximum thick-

ness of 8 in. The 4-in. guns will be jirotected by stationar}'

steel shields, which arc really [larts of the hidl, as they are
buill into it, forming armored sponsons. Shields and extra
side plating will all'ord protection for the smaller guns. The
deck will bo of steel of a ndnimum tliickne.ss of 'A in. Trans-
verse armor and a cellulose bell will add to the protective
quality of the ship.

REPORT ON THE VESUVIUS'S" GUNS.

.
Following are the conclusions of the Hoard appointed to

examine the guns and the operation of the gun mechanism of
the Vesuvius.

lu the endeavor to detc^nninc the value for naval warfare of
the pneumatic guns for discharging torpedoes installed on
board the VcinHus, the question of accuracy attracts most at-

tention. Thirty-one of the projectiles tired by Ihe Board for

range were dummies and 31 were service projectiles, wdiich,

being turned on the outside, are smoother than the dummies-

This difference of surface may perhaps affect the range some-
what, but its influence if any did not appear.

After an extended eonsiilcralion. the 15oanl has decided that,

while the accuracy of lhe.se guns leaves a good deal to be de-

sired, it is slill reasonably snilicient for the purposes of inival

warfare in comparatively smooth water, the oidy condition

under whicli the lioard lias been able to carry on the tests.

The value of the guns is increased by the fact that the projec-

tile contains a heavy charge of higii explosives, and also that

this exidosive can \m safely discharged when the projectile

that contains it is armed with a fuhninate fuse ; and though the

particular fuse u.sed in the trials has failed to perform its func-

tions, it is evident that it can be safely tired from the gun.

One of the chief merits of the system is tb;il its usefubicss

begins at about the range where that of the automobile tor-

pedoes now in vogue ceases ; and while it is true that daylight

is necessary in order to best lUilize these ranges, it is thought
that a vessel so armed wotdd still be useful at night for annoy-
ing groups of hostile ships, flring upon harliors, dockyards,

etc. The usefulness of the system at night is increased by the

fact that there is no flash or smoke from the guns, and that the

report when projectiles are used is comparatively light ; in-

deed, with the vessel to leeward, or if a side wind of moderate
force should prevail, it is doubtful whether the report would
be much noticed. In the day-lime a vessel carrying such guns
could successfully attack imder cover of fog orsmoke or un<ler

the shelter or protection of our armored or other ships
;
she

could also be conveniently used in rivei-s or bays by tiring

from behind trees or points of laud, from which positions she

would be able to make fair practice, and owing to the absence

of smoke would not be so readily discovered as other vessels.

The Board is aware that the tiring of high explosives from
powder guns of late years has made ]irogress, and very likely

before long the tiring of heavy charges from such guns uiay

be generally introduced, and, if so, it is quite ijrobable thai the

value of the pneumatic guns may be lessened ; bid it is to be

observed that such powder guns have not yet made their ap-

pearance in the Navy, and it is uncertain when they will do
so. When they .do appear perhaps they may prove to be sim-

pler in mechanism and more accurate in practice than the guns
of the Visurius. but the Boanl has no positive evidence on Ibis

point at iire.scnt, and therefore is uncertain to what extent this

superiority may obtain, and arc also uncertain to what exleid

the pneumatic "system may bt; in\provcd. In order to form a

judgment as to the comparative accuracy of the two kinds of

gun's, it would be well to compare the proiiable rectangles, etc.,

of the pneumatic guns with those of a rifled mortar or how-
itzer that would iiroject equal weights of high explosives over

equal ranges. But however these matters may ultimately be

decided, thi' Boanl is of o|)inion that the pneumatic system, as

•nstallcd on board the V(Kiii-iiis. is, on the whole, of decided

value in naval warfare, though the fuse is quite defective, and
several other points counecle^l with the mechanism of the guns
require attention. It is also thought, judging from the com-
paratively superior endurance of the middle gun, that the sys-

tem is capable of mechanical inqirovemcnt, and that the guns
can probably be made to work more nearly together than they

do naw.
The Board has observed the following points in which im-

provement would be desirable as tending to Ihe most iierfecl

working of the system.

The fiber buffers used in the mechanism do not appear to re-

sist well the hammering of the parts which they cushion ; they

also appear to swell and flake when uuich moisture is present,

and thus the range and accuracy of the guns is injuriously

affected. The buffers should, if possible, be made of some
harder and more durable substance.

It woidd be well if sonu^ means were taken to prevent Ihe

entrance of undue amounts of moi.sture into the system, as the

presence of moisture alTects the buffers as above mentioned.

Valves should be provided to isolate each gun from the

others and from the tiring reservoirs, in order that a disabled

gun co(dd l)e thrown out and repaired while the others were

in use.
. «

SPECIAL TOOLS OF THE DELAWARE & HUD
SON CANAL COMPANY'S SHOPS.

Tni-; principal repair shops of Ihe Delaware iV Hudson Canal

Conqjany are located at Green Island, opposite Troy, N'. \ ..

where tlie main work for the northern divisions is done, and at

Oneonta. midway between .Vlbany and Binghamton, on the

Susquehanna Division. The general run of tools in the Grein

Island shop have been in their pliices for .several years, but

continual additions are being made in the shape of special tools

of home manufacture, some of which we illustrate in this cou-
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nectioa, and will continue the subject in one or two more issues
to follow.

It is needless to recapitulate the standard tools in use, for
they are such as are to be found in every well-regulated shop

;

we will, therefore, confine ourselves to the special features of
the establishment. The tool room is on one side of the shops,
and is equipped with emery grinders, a milling machine of
home construction (which we will illustrate in our next issue),

and two revolving racks, made like the revolving book cases
which are to be found in so many libraries and otllces. These
racks have five shelves each, which are about 4 ft, in diameter,
and possess the advantage of occupying but little wall space,
besides enabling a man to stand in his tracks and look over the
whole stock of tools and forgings.
The day upon which our visit to the tool-room was made

was a cold one in March, but into the oil-hole of the back gear-
ing of one of the lathes there was stuck a slip of a geranium
leaf and a brilliant flower. It seemed a little out of place, but
spoke well for the taste of the workman, whom we svipposed
had brought it from home. Our surprise was increased, how-
ever, when the ne.\'t step took us into a well-appointed con-
servatory filled with a vigorous growth of tropical and the or-

dinary flowering plants of our summer gardens. The com-
pany maintains conservatories at Green Island and Oneonta,
where thousands of plants are eared for during the winter, and
which are used during the summer for decorating the grounds
of the shops and the stations along the line. The work was
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started, we believe, by iMr. Cory, the Master Mechanic at
Green Island, who converted the location of a wild-looking
scrap heap into a small hot-bed by means of a few old win-
dow sashes. His jdants grew and gained in the favor of offi-

cers and men, with the result we now find. And curiously
enough, Mr. Cory at Green Island and Mr. Smith at Oneonta
are both positive in their assertions that this cultivation of
flowers results in an actual .saving to the company by the spirit
inculcated into the men that neatness is the order of" the place.
But returning to the purely mechanical features, we illus-

trate a few handy shop tools that were sketched" at Green
Island.

"Pig. 1 is a section of a convenient form of a rose reamer, for
use in a lathe. Any one who has u.'^ed such a tool in this place
knows the difficulty of getting oil down to the bottom of the
hole and cutting edges of the tool. In this device there is a

off cylinder packing rings. It consi-sts merely of a piece of
4 in. X I in. iron bent to the shape shown in" the elevation,
and drilled and lapped for the two set screws on the side.
The tools are held to the jjroper distance apart by a separating
strip planed to the proper thickness.

Fig. 4 illustrates a convenient form of boring bar for driv-
ing-boxes. It is 'irk in. in diameter, and has a spline laid in it

from end to end. A sliding head, shown by the cross-hatched
outline, slides over it. At one end it is recessed to receive the
tool shown in fig. .'). The center hole in the tool admits a
screwbolt by which it is fastened to the head. The two
smaller holes on either side are threaded and furnished with
set screws, which bear against the bottom of the tool slot and

H^ "-O*^
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a bench, and the generiil size may be eslimated from the fact

that the pilcli circle of the main irear is 21 in. in diameter.
riitri' is also to be seen about the Oneonta shops a very

stronjr and convenient form of hand-tr\ick, of which we give
ensirav'ings. While there is notliinjr stjirtlinfjly novel about it,

it serves its purpose well, and we present it because it may

The irane hero illustrated is one that stands l)etween a couple
of wheel boreis in the Oneonta shops. The post consists of a

length of wrought pipe closed at the bottom and furnished
with a step. Water is admitted at the to)> and leil olT near the

bottom at a convenient height for the man operating it to han-
dle the valves. The cylinder, which is held rigidly by the two

save time to some of our readers who need such a convenience

and who li,ivi' neither the time nor opportunity to make a

draning, .Vs the drawings show the construction very clear-

ly, and as most of the dimensions are given, we may pass on
at once to the

HTDRAtTLIC CRANE FOR CAK WHEELS.

Hydraulic'power is very extensively used al Oneonta, Green

30-

arms, has an internal diameter of 4| in., with a shell s '" thick.

The stroke is 5 ft. 3 in. The piston-head is provided with a

double leather packing, so that in case the friction is too great

for the unloaded tongs to lower, a pressure can be admitted at

the top to force the piston-head down. The work is done
rapidly and silently, about two seconds being required to lift

a wheel from the floor. The lift being direct, there is nothing

at all to iret out of order.

ONEONTA SHOP TRUCK, DELAWARE & HUDSON CANAL COMPANY.

Island and Whitehall, and we shall p\iblish a number of inter-

esting tools that have been built at the shops in which a water
pressure is u.sed as the motive power. The water is usually

taken from the village or city mains, which are under a con-

stant pressure of from 75 lbs. to SH) lbs. per square inch. I'ut

when the pressure falls below these tigures for any rea.son,

there'is a pump in the shop which is utili/ed to maint.iin that

required for the operation of the hydraulic machinery.

HYUUAt;i.IC BOOM CUAXK.

This crane stands out of doors at one end of the Oneonta
shops, and is used principally for loading and unloading shop
materials and supplies, a large proportion of the work consist-

ing of the handling of car wlicels. Tlieeonstruclion is exceed-

ingly simple. There is a solid hollow mast, lieneatli and ceu-

tralWith which is the direct .acting hvdraulic cylinder with a
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stroke of 7 ft. 10 in. The piston of this cylinder, also, has a

double leather packing, so that it may be forced up in case the

frictional resistances are too great for the empty chain to haul

it. The cap of the post has a male center whicli takes a collar

at the inner end of the boom and carries tlie horizontal pull

due to the load. The thrust at the foot is taken by two roll-

ers, one on either side of the strut, which travel over a track

cast on the base of the column. A four-way valve is used, a

section of which is given. It will be seen that the pressure

may be admitted to the top or bottom end of the cylinder, and
the exhaust water let off from the opposite end at the same
time.

Persons who have had no experience with the use of hydrau-
lic machinery are apt to tliink that in this climate there is

great danger of freezing ; but this is not the experience on the

Delaware & Hudson. This crane is out-of-doors, and though
the past winter has been one of unusual severity, there has
been no trouble from freezing. The only precaution that was
taken was to lay bare a steam pijie which passed through the pit.

The above are a few of the many interesting features to be
found in and about these .shops, the illustrating of which will

be continued in our next issue.

THE EFFECT OF TEMPERATURE ON THE
STRENGTH OF IRON.

This subject has attracted considerable attention on account
of its importance in connection with steam boilers and other

structures that are exposed, when in use, to a temperature
several hundred degrees higher than the ordinary temperature
of the air ; but notwithstanding the interest that engineers
have taken in the matter there seems to have been but little

done in the wa.y of experimental investigation.

The first experiments bearing upon the inHuence of tem-
perature on the strength of iron, so far as we know, were
those made by the Franklin Institute, in 1833, and published
In the Jouniid of that institution in 1837. There is a difler-

ence of opinion among the authorities as to what these experi-

ments really show, but they have usually been considered to

show that iron grows stronger when its temperature is raised

from, say, 60° up to 500° Fahr. Chief Engineer Isherwood of
the U. S. Navy has criticised the method in which they were
carried out, and has pointed out a source of error to which
they are doubtlo,ss liable.

Ten years later, in 1843, Baudrimont made a series of ex-
periments with wires of gold, platiuum, copper, silver, pal-

ladium and iron. According to I.sherwood, Baudrimont's
average results for iron were as follows : Strength of iron
wire, per square incli of section, was 39.^,000 lbs. at 32° Fahr.,
379,000 lbs at 313° Fahr., and 301,000 lbs. at 392° Fahr.
These results are interesting, but they are of no particular im-
portance, because iron wire is a very different thing from
boiler-plate, or bar iron.

In 1856 8ir William Fairbairn published the results of his

experiments. They indicated that the strength of common
boiler-plate is not materially affected Ijy ordinary changes in

temperature, but that as a dull red heat is ap]iroached the
tensile strengtli falls rapidly. He says ; "I have completed
a series of experiments on wrought-iron plates and rivet-iron

at various tcmp(M'atures. from 30° under the freezing-point to
red heat. These experiments are tlie more satisfactory as

they exhibit no diminution of strength from 60° to 400°
; but

an increase of heat from that point to a dull red heat shows a
considerable reduction of strength and a gTcat increase of
ductility, the plates being in the ratio of 20.3 to 15.5 tons per
square inch, as regards strength, and the rivet-iron as 35 to 16.

The iron suffers little or no diminution in its powers of resist-

ance up (o a temperature of 500° Fahr."
Next in order, after Fairbairn's experiments, came those

made by tlie British Admiralty at the Portsmouth (England)
Dockyard, in 1877. The specimens to lie tested were heated in
an oil bath, and " the dies for grip|)ing them were also so
heated. The process of fixing and breaking occupied about
one minute, during which care was taken to prevent, as far
as possible, loss of heat by radiation and conduction." The
temperature of each test-piece was recorded as equal to the
temperature of the bath in winch it was heated. Owing to
tlie cooling of the specimens, anil the suddenness with which
tliej- had to be pidled apart iu order to compress the whole
experiment into one minute, we cannot consider this scries of
tests to be very .satisfactory, although it made an acceptable
addition to what was then a very meager knowledge of the
effect of temperature on the strength of iron. The general
conclusiDiis that were reached by the committee having charge
of these tests were as follows: " Wrought-irons. Yorkshire
and re-manufactured, increase in strengtliup to 500°, but lose

slightly in ductility up to 300°, after which the ductility in-

creases up to 500°, at which point it is still less than at the

ordinary temperature of the air. The strength of Landore
steel is not affected by temperature up to .500", hut its ductility

is reduced more than one-half."

HYDRAULIC WHEEL LIFT, DELAWARE A HUDSON CANAL CO.

Kesults of Dr. Huston's Tests in 187*.
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the point of fracture. In making a test the piece was tixetl in

tlie jaws of the testint;- niacliine, and warmed along the cen-

tral portion, as unifoniily as pi)«sil)le. by a Buiiscii Imrner.

Tlic piece was gradually put under tension at the same time,

and when the strain ujion it had approached its tensile strength
the machine was stopped until the fnsihle alloy was seen to he
fairly melted, and the piece was then hroUen by a slight addi-

tional ludl. It was consiilered tliat in this way a very fair

idea ndglit be liad of the elTeet of temperature upon the jiieces

tcsteil. Six specimens were fractureii in idl. Three of them
were cut from plates of the best tlange boiler iron, made from cold
blast charcoal blooms, am"
the remaining threi' were
samples of Otis steel, fur-

nished by the Baldwin Loco-
motive Works of Philadel-

phia. The results are given
in the accompanying table.

The colunui heaiied "net
width" gives the width of

the piece after the diameter
of the hole has been deduct-
ed and the " net .sectional

area" is obtained by multi
plying the net width liy the
thickness. It will be noticed

that the iron shows a material

increase in strength as the

temperature rises. At 78" it

broke at 52, 300 lbs. per square
inch of original section, but
at 575° an additional stress of

7 tons per scpiare inch w.as

required in order to break it.

The iron even shows a gain
in strength between 575 and
900°, but it is doubtful if all

pieces would show a gain in

strength at this place, for at
925° we are approaching a
red lieat. Tlie steel also

showed a pronounced gain
in strength per square inch
of original section, as the

temperature rose from (W to

575°, but after this point was
reached it fell off again,

though even at 925° it re-

mained materially stronger than at OS". .V marked and unex-
pected falling off in the contraction of area was observed in both
the iron and the steel. This is so pronounced in the case of the

steel that if the strain is computed per square inch of fi-ncti/nd

area the steel appears to grow continuously weaker as the

temperature rises. The lessening of the contraction is not so

The Tensile Strength op Stf.el at Various TEMPKHATtrRES.

The most extensive series of tests bearing on the etfect of
temperature, .so far as we know, are those carried out recently

at the Watertown Arsenal, with the great testing macliiiic.

The specimens were heated by rows of Bunseii burners, which
were arranged in a inufHe ; and the tenqieratures of the test

specimens were inferred from their observed expansions. Each
piece was heated to tlie tem])crature of the lest before lieing

strained, and its exjiansion was observed by a micrometer.
The coellicient. of expansion of each grade of metal had liecn

determined lid'orc llie tests liigan. so tliat the temperatures
Could be inferred with considerable jireeision. It will be im-
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SHELLS WITH HIGH EXPLOSIVES.

As tlie Uasliiell mechanism for quick-firing guns of large

caliber has been adopted by our Navy, we give below a

description of it, taken from the Animal No. XI. of the

Office of Naval Intelligence, supplementing it by a descrip-

tion from the same source of the Fletcher mount for large

rapid-fire guns. It may be noted here that the use of rapid-

lire guns of large caliber is a marked feature in recent

changes in naval ordnance.

OU t C K

THE DASHIELL MECH.\NISM FOR K.\P1D-FIRE GUNS.

The fermeture is on the slotted-screw system. The plug

is supported, when withdrawn, on a hinged tray and collar

of suitable shape. All the operat-

ing mechanism is carried on the

tray 'casting, except the trigger,

which is on the gun.

A curved translating arm of bell-

crank lever form is pivoted to the

tray at one end. A vertical toe at

the other end engages an undercut

score in the breech plug. When
this lever swings on its pivot, the

plug, if unlocked, will be with-

drawn from or entered into the

breech.

In the elbow of this arm is piv-

oted a horizontal cogged segment,

formed in one piece, with a long

lever ending in a vertical handle, or

grip. A curved slot in the tray al-

lows its pivot-pin to move with the

pivot of the translating arm as a

center during longitudinal motion

of the plug ou the tray. This cog-

ged segment engages a series of

horizontal cogs ou a rack bar which
slides in a groove in the front of

the tray. The left-hand end of

this bar is provided with vertical

cogs engaging another series on the

lower part of the breech plug. A
stop-pin on the face of the breech

limits the travel of the rack. The
length of the rack is such that its

extreme right-hand cog is imme-
diately below the pivot-pin of the

translating arm when the plug is

unlocked.
The usual double-acting latch is

fitted to the tray.

The plug being locked, a pull on
the hand-lever rotates the cogged
segment, thus unlocking the breech

plug by means of the rack-bar de-

scribed. As soon as the plug is

unlocked the stop-pin will have >/.,,,.... 5.0,, o»

checked the motion of this rack, »....- c^^.^o

and the center of motion will be
transferred to its right-hand cog, which is now immediately
below the pivot-pin of the translating arm. The arm and
lever consequently swing together, and the plug is with-

drawn on the tray and swung to one side clear for loading.

As the plug comes out a groove cut in its threaded lower
segment passes over the central tooth of the rack.

In returning the plug to the breech two forces will be at

work in the mechanism—one to rotate the plug, the other

to push it home, The first is checked by the groove in the

plug engaging the tooth of the rack mentioned and pulling

the plug against the traj'-rib. Only the motion of trans-

lation can thus take place. As soon as it is entirely off the

tray-ribs the plug can revolve, but being then home in the

breech its translating motion ceases and revolution locks it

in place.

The extractor is a strong bar kept down by a mild spring.

It passes through a hole in the plug so as not to interfere

with the threaded parts. By utilizing a certain amount of

fore-and-aft lost motion the extractor is kept from slipping

off the cartridge-head at the same time that the plug, when

pulled quickly to the rear through this lost distance, acts

very powerfully as a hammer to extract the empty case.

The. extractor is shown in its forward or pulling position.

When pushing a cartridge home the extractor-hook cannot

rise and catch until it has been pushed back, by the for-

ward motion of the plug, to its rear position. It can then

snap over the rim of the case, and is ready for the blow from

the breech plug in extraction.

The tiring mechanism consists of a straight firing-pin,

with cone-shaped shoulder and finger-hook. A spiral spring

actuates it, being held to its work by a loose, spool-shaped

sleeve. A cocking-lever is pivoted to the plug, its upper

end running along a cam groove in the tray collar, while its

lower end is forked to engage over the spool-shaped sleeve

on the firing-pin. When unlocking this lever moves the

IVTeCHANism
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sleeve to the rear, cocking the pin on the toe of a horizontal

sear-bar. When locking, the sleeve is given motion in Uie

opposite direction, which compresses the spring, leaving

the flring-pin cocked. When fully locked, the outer hook

of the sear engages the trigger.

It will be seen that the gun cannot be fired unless the

main-spring is compressed and the sear and trigger engaged,

neither of which takes place until the last instant of locking.

The lanyard leads forward, around a pulley near the

trunnions "if desired, so that the gun captain and lanyard

will be out of the way of the gun servants about the breech,

and the pull for firing will be independent of the elevation

of the piece.

The advantages claimed for this mechanism are efficiency

and cheapness of manufacture. The quick-acting part is

applicable to any gun with slotted screw fermeture in which

the breech-plug is worked by manual power.

Five rounds have been fired in IT seconds from the naval

4-in. gun fitted with this mechanism, the gun's crew having

been drilled for two minutes before the salvo was fired.
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KAl'ID-KIUE CDN MOUNT.

The rapid-fire gun mount designed by Lieutenant P. F.

Fletcher, L'.S.N., has been so modified that a description

of it as finally adopted for the 4in. nvpid-fiie guns is given,

reference being made to the accompanying drawings.

CWrriiKje. —Tlie band B screwed on the gun at its center

of gravity has cast on its under side the recoil cylinder F,

and on its side the lugs h, h-. and bj, figs. 1 and 2. These
lugs slide in corresponding recesses in the sides of the rock-

ing frame C, which frame takes the weight of the gun, fur-

nishes the trunnions D, and acts

as the guide during recoil. The
upper carriage is composed of

the two side-brackets K, which
support the trunnions and carry

the transverse axles S and <S ' of

the training and elevating gear,

and of the front and rear tran-

soms L and L'. The transoms
and brackets are bolted to the

base-plate M, which is provided

on its \iiider side with the cylin-

drical shoulder m', fitting over

the central pivot «:, and has

bolted on the outside the clips

V, two in front and one in rear,

which, with the boltZ*, prevent

the carriage from lifting. Let

into the under circumference of

the base-plate is the ring m,
resting on a double row of steel

balls )(', which fill grooves in

tlie corresponding ring 11 of the

pivot stand JV, thus providing

a ball-hearing surface for the

upjier carriage to revolve upon.

The pivot stand iV is bolted to

the deck, and carries the circu-

liir rack ;/', for training in di-

rection.

Tndning gear. —The training

shaft X (fig. 1), on the left side

of the gun, is hollow, and works
by means of the hand wheel )',

independently of the elevating-

shaft A'', wliich is contained

within it and which is manipu-
lated by the wheel Y'. On the

front end of the shaft A' is the

worm T (fig. 2), which actuates

the worm-wheel W, on the rear

axle S, and, through them and
the pinions A' and Jt\ the cogged
wheel (not siiown) on the verti-

cal a.vis V ; this cogged wheel
gears into the circular rack

riage.

Kln-nlinij gear.—Cast in one with the rocking frame C is

the (luadrantal arm C", to the lower end of which is bolted
the cogged arc C-.. Keyed to the forward end of the in-

terior or elevating rod A'' (fig. 1), and in front of the train-

ing worm 7', is a similar worm working in a worm-wheel
on the forward axle .S' (tig. I) ; on this axle is the cogged
wheel «j (figs. 1 and 2), which, gearing in the cogged quad-
rant Ci, causes the gun to swing about the trunnions D, as

an axis, when the hand- wheel Y' is turned.
In order to permit of quick training without the use of

gearing, and also to avoid damage from excessive strains,

the worm-wheels IF and 11" are loose on the shafts S and S',

being held by frictional disks. Fig. 4 shows one of these
wheels, S' being the axle, 11" the woim-wlnel. w w the fric-

tion disks, and w' ic' sliding collars winch hold, or are in

one with the disks ; ir'' is a set collar, and «' a screw nut.
By setting up or loosening the nut, the frictional bearing of
the disks may be regulated at will.

Jiecoil c/iec/i.—The hydraulic recoil cylinder F (fig. 1),

referred to above as being cast in one with the screw-band
B, contains the licpiid, the piston and rod O, and the spiral

spring JI for return to battery. The forward end of the
piston passes through a stuffing-bo.x in the cylinder, and is

secured by right and left-handed nuts Ci Ci to the front arm
Ca of the rocking frame C. The spring // is set in iilaee

with an iintial tension, so that it tends constantly to force

the gini into tiring |)osition. Grooves of varying cross-sec-

tion are cut in the interior of the cylinder (fig. 3), by which
the llow of li(piid from the front to the rear of the ])iston,

during recoil, is controlled.

Loiuliiig tray.—A loose collar ') (fig. 1), on the vertical

screw 1 , carries, by the arms 7, S (fig. .">), the loading tray 4.

This tray is swung clear before (iriug the gun, and into the
position shown in fig. .") after the discharge. It is raised

and revolves the car- or lowered by the wheel ") and nut 2 working on the

screw 1, so that it can always be brouglit into position for

loading without changing the gun's elevation.

LIQUEFIED ATMOSPHERIC AIR.

Pkokessor Dew.vu recently delivered an address on Lique-

fied Atmospheric Air at the Royal Institution. An experi-

ment with liquid ethylene, boiling at — 100 ('., showed that

the evolution of gas was largely increased by warmth, al-

though the temperature of the boiling li(iuid remained con-

stant, while on idacing the l)ull> containing the liquid ethylene

in a bath of licpiid carbonic nnhydriile. lioiling at — HO ('.,

the evolnlion of gas was greatly diminished. That conduction

rather than convection was the chief cause of evaporation was
evident from the fact that if the vessel containing the liquefied

gas was surrounded by a highly vacuous space, by beini'

contained in another larger vessel, "the .annulus being exhausted

of air. the liquid might be kept much longer. While the an-

nulus was vacuous, 170 unit volumes of gas were evolved in a

unit of lime, but wlicn air was admitted into the annidus. S40

unit volumes, or practically five times &s much gas, was
evolved.
Some experiments were then made with liquid oxygen boil

ing at — 180° C. It was shown to be a blue transparent liquid
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containing some floating particles, probably of solid carbonic
anhydride, and its increased stability when placed in vessels

surrounded by a vacuum was demonstrated. The lecturer

then produced liquefied air in an open tube, which was im-
mersed in a larger vessel containing liquid oxygen —this lalter

being connected with a vacuum pump, the evaporation of the

liquid o.\ygen causing the temperature to fall to — 210" C.

At sucli low temperatures o.\_\'geu will not inllame a glowing
taper. Liquid oxygen placed between the poles of an electro-

magnet is attracted to the poles on a current being passed.

When thrown on the surface of water, it enters into the
spheroidal state, a cup of ice being formed beneath it and
evaporation taking' place quietly ; liquid ethylene, however,
on being placed in water, gives rise to small explosions. When
poured under the surface of water placed in a vessel between
the poles of an electro magnet, licpiid oxygen was .still attracted

to the poles when an electric current was passed through the

magnet. Professor Dewar stated that he had not succeeded
in obtaining solid oxygen.

Air substantially liquefied as one substance, although at

ordinary atmospheric pressures there was at least 10° C. differ-

ence in the boiling points of its constituents. When li(juid air

was placed between the poles of an electro-magnet and the

current passed, it was attracted to the poles as a i^iniple bod.y,

although nitrogen alone was non-magnetic. On exposure to

air in an open vessel the nitrogen distilled off first, the evolved
gas being for some time a non-supporter of combustion.
An examination of the optical properties of liquid oxygen

showed that the law enuuciated by Dr. Gladstone for bodies

at ordinary temperatures—that the refractive index divided
by the density is a constant quantity—held good for oxygen
in the liquid as in the gaseous condition.

The production of these liquefied gases had led to determi-
nations being made of the electrical resistances of substances
at extremely \ow temperatures. It had been found that the

resistances of metals diminished to a remarkable extent, and
it was very probable that at the absolute zero of temperature
(— 374°C ) pure metals would have no resistance whatever,
becoming perfect conductors ; with alloys very little change
occurred as the tenqierature diminished ; while with car-

bon the resistance increased enormou.sly at the lower tempera-
tures, the minimum resistance being at the temperature of the
electric arc—about 3,500° C.

The possibility of obtaining these extremely low tempera-
tures had also been of service in another direction. By care-

fully filling a tube about 36 in. long and closed at one end
with mercury, and then inverting the open end in a trough of

the same metal, a space about 6 in. long will form at the upper
end. This Ls vacuous, save for the vapor tension of the mer-
curv at the temperature of the surrounding atmosphere. At
ordinary temperatures this pressure is about one-millionth of

an atmosphere ; at 0" C. (the freezing-point of water) it is one
six millionth of an atmosphere ; while at — 80° C. it is only
one four-huudred-tbousaud-millionth of an atmosphere. By
placing some mercury in a double-bulbed vessel, boiling the

metal to expel air, and sealing the bulbs, a vessel containing
only mercury vapor can be obtained. By applying intense

cold to these sealed vessels, as by the application of liquid

oxygen to their surfaces by means of cotton wool or other

suitable absorbents, the mercury vapor will condense and
form a mirror on the inner surface of the vessel, and in this

manner extremely rarefied vacua, which it is Impossible to

produce by other means, may be obtained.

—

Industries.

THE SMITH PRESSURE CASTING PROCESS.

Some remarkable work in fine castings has been done by the
Passaic Art Casting Company', of Passaic, N. .J., wliich works
under several patents recently granted to .John .T. C. and Vic-
tor E. Smith. The work in bronze, brass and aluminum is

very fine, the lightest and most delicate patterns being repro-
duced with great accuracy and fine finish. The process has
not, as j'et, been applied to iron or steel.

The casting apparatus, which is shown herewith in section.

consists of an air-tight cast iron box. of suitable size to contain
a number of the molds properly piled and packed so as to be
immovable in the box. An opening in one end of this box,
opposite from the end nearest the sprue, connects it to a large
tank, in which a vacuum may be created and maintained by
any convenient means. An opening in the cover plate of the
box directly connected with the sprue leads into a cylindrical
reservoir containing the molten metal. This cylinder is lined
with asbestos felt, the hole into the sprue being also covered
with it, preventing the exit of the metal from the reservoir,

until the proper time. A piston, covered also with asbestos

fits closely into the cylinder, and pressure ma}' be a|iplied to

it by hand through the action of a lever, rack and pinion, a

screw or by other means. The reservoir being filled with the

proper quaniity of molten metal and the piston entered into

the cylinder, connection may be opened between the mold and
the vacuum tank, causing the air in the mold to be drawn out,

and at the same time pressiu'e of any required degree may be
applied to the piston. This pressure bursts that portion of

the asbestos lining that lies immediately over the hole in the

cover plate, and the metal is instantaneously shot into every
portion of the matrix in the mold.

Heferring to the engraving, 1 is a chamber under the mold
box, whicli connects with it through the opening 1 a and with
the vacuum tank throngb the pipe 7. The molds are shown
at 3, their matrix spaces at 3, tlie sprue at 5, horizontal lines

from 3 to 5 representing the channels or gates. The reservoir

with its asbestos lining is seen at 15, witii the metal runner at

14 and the piston at l(i. Between the molds 3 and the sides of
the box, 21, there is shown a loam tamping, 22. Screws 24
tapped into the yoke 23 enable the cover or cope to be forced

down firmly on the mold. I'he use of the rack, pinion and
lever, 17, 18 and 19, is clearly seen.

SMITU PKESSDRE CASTING MECHANISM.

In the words of the patent, " the effectiveness of the above-
described method and apparatus for the formation of extreme-

ly light and sharp castings having a solidity, homogcneousness
and a freedom from blow boles comparable to electro deposited
or to rolled metal, is largely attributable to (1) the absolute

isolation of the molten mass from metallic surfaces ; (2) the

disconnection of the molten mass from the molds until the in-

stant of inrtow ; (3) the effective removal of air, vapor and
gases from the matrix spaces and the pores of the molds prior

to and during the infiow by communication with a large and
continuously exhausted vacutun chamber ; (4) the complete
hermetical sealing in of the molten metal from the instant of

the application of the forcing piston."

One of the most remarkable features of some of the castings

is what is known as " undercutting," which is produced in the

ca.sting directly from the pattern without the use of cores. In
this case the pattern is, of course, not made of metal, as it

could not be drawn from the mold, but is of a plastic mate-
rial like rubber, the composition of which is kept secret. The
mixture of materials of which the mold is made is also not
made known.

In the use of this process with patterns that liave draft and
may be drawn from the mold, as in ordinary sai^d castings,

the patterns may be of any metal or other suitable material.

The mold in this case may be made of clay of proper consti-

tution, and after ranmiing in the ordinary way, as in sand
molding, it is subjected to pressure in a screw or hydraulic
press, so that the material is forced into the finest lines of the

pattern. The mold is then taken out of the Hask like a
pressed brick, dried and baked. The baked pattern is quite

porous. Another way of making the molds, which is used for

very light and fine work, and also for all undercut work, is to

make them of a conq)osition which has plaster of Paris as one
of its ingredients. This is poured in a liquid form into the

flask containing the pattern, and allowed to set to a certain

consistency, when the pattern is withdrawn, and the mold re-

moved from the flask is dried and baked.
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The molds iis made by either process are in the shape of flat

or thin bricks willi square edircs. so t.liat tliey may be pil<(l

one on top of the other. Wlien' so piled the gates of' each U-ini

into a central sprue made by a hole through each iiiold.

THE LOCOMOTIVE PROBLEM.

BY C. H. LINDENBEROER, C.E., DETROIT, MICH.

Lkt it be supposed tliat the stroke of the pistons of a loco-
motive is 2 ft., the diameter of the driviuywlieels 8 ft. and the
velocity GO miles per ihour : what is tlie ma.ximum and mini-
mum velocity of the piston relatively to the earth and not with
re.ijard to the locomotive, and when does each occur ?

The following is proposed as a solution :

The velocity is a maximum or minimum when acceleration
ceases. The latter is either positive or negative. By a nega-
tive acceleration is meant the effect of a force that would cause
a body to move in the opposite direction if it was at rest.

j Let r = radius of the crank-pin.
'Let I = length of connecting-rod.
_Let i = the time the center of the driving-wheel has moved
from a fixed point oa the line of railway.

Let u = the distance of this fixed point from the piston.
Let c = the distance of the piston from the cross-head, which

is constant.

.[Let V =^ velocity of the engine, which is supposed constant.
Let » = velocity of the crank-pin about the center of the

driving-wheel. This, of course, is constant, since Fis con-
stant.

Let S be the angle made with the horizontal by the radius r.

JLet V> be the angle made with the horizontal by the connect-
ing-rod. The angle is measured in the usual manner, but
the angle i» is measured in the opposite way. It follows that
COS. (p is always;positive,|but^s2/i. ^s^has the same sign as itin. (J.

For simplicity, the axis'of the piston is supposed to he in a
horizjntal plane with the center of the driving-wheel.
From these definitions

u = V t -{- r COS. (J -j- I COS. V + c,

and differentiating

d u , . (18 d (P

-r-T = velocity of piston = V — r sin. ff - — I sin. li -~
at .-1

^i f '(it

Now —7— — — V. The negative sign shows that the driv-

ing-wheel turns in such a direction as to decrease 0.

r sin. 'i = I sin. (j>,

, , (IH
, ,

d^
whence r cos. ~— = — v cos. = I cos. o —

^

d t ^ d t

I d ^ _ V COS.

IT '

COS.

and therefore

d V - V-\-v'\ sin. B -\-
cos. sin. ^

I

t
'

(

^
COS.

(I> \

= 7^ j,»'«-(M-i).
(I)

Tlie force causing acceleration is proportional to (weight)
(I ^ ft

X -7-77, and the velocity is a maximum or minimum when ac-

celeralion ceases, and. therefon', when =
d V

Hence, differentiating again,

' aw." ^ '

_\ («M. (fl-H) <»s. *-f-«in.(9-H) «'"-*)34'+«'*. <(> co».(9x*"i^, /

WAP." iP

*
'"* " d't'^"^'* '^''*' '' + '''' dl

},

('cince COS. (9 -|- 0) cos. 4> -\- rfn. (« + 0)Vi«. 4,'= cos.Hi -(- ./. - <(i) = cos. »)

Substituting the value of — , —^ and dividing out common

factors, we finally oblain

— COS.'' J- COS.'' ip COS. (H -\- tp) = 0,

Now, for convenience, ]iut

3 = «««.'
J = A whence sin. <p = A \' .r.

and this becomes

A {\~x) + (1-^1^ .,•) ( (VT-:,') {\l 1 - .1' .(•) - .1 x\= o,

and after transposing, squaring, reducing, and cancelling, we
get the equation,

A'^x'— A-x'' — x + 1 = 0.

This equation has three real roots ; but the only one that is

applicable here is the one that is positive, and not greater than
unit}'. It miLst be noted that the radical sign is ambiguous,

.so that we will have sin. fl = ± 4/ .;.

The most convenient method of finding theroois is the trigo-

nometrical formula given in llymer's " Theory of Equations."
After making the proper reductions and transformations, the

following is found to be the solution :

Let 3

1

then the three roots are as follows :

,, ^ ,
/ll - 27 A^\

(--.g-.')+i)
4

3 A'

Where w =; the length of a semicircle to radius unity, the
second of these roots is usually the one we want.

As an illustration, let us su])i)nse that j = \. and the root

we want is, therefore.

|^_ r.„s. (GO" -f 20 ) -f i) 3^^ = 0.'J1G2

sill, e =
v' 0.9162 = ± 0.90718.

This is the sine of 73° 10' 22 " nearly.

When the cranU-piii radius and connecting-rod are al riiiht

I 3
angles to each oilier *i;i. = , = —, 0.9486 = sine

\/ r' + P J 10

of 7t° 33' 55" nearly.

So that the maximum and minimum velocity is not for Ihcse
parts at right angles, as some; solutions assume, but is very
near that Jilace.

The po.sition of niaximum and minimum is deduced as fol-

lows : We have .seen that cos. (p is always positive, and that
sin. ip has the same sign as sin. 8.

In equation 1 the coefficient of v is

tin. fi +
cos. U sin. Ip

COS. ip

. „ / 1 -f
',' COS. (\

sin. 6 1 'I I

\ CVS. tjl I

and this will iiave its greatest numerical value when this is a
sum instead of a difference.



Vol. LXVII, No. 4 ]
AND RAILROAD JOURNAL. 179

Its maximum value will therefore be when it is a positive

sum and its- minimum when it is a negative sum. This will be

in the tirst and fourth quadrants respectively of the circle.

The position for maximum velocity is fl = 73° 10' 33", and
for minimum is d - 360' - (73' 10' 33") = 286' 49' 38".

The coefficient of v in eq. (1) is easily computed, and is found
to be 1.05464.

The velocity of the circumference of the driving-wheel is

about its center the same as that of (he locomotive in space.

This is evident from the fact that it is the same as if the

center of the wheel was fixed and the track moved with the

required velocity. The velocity of the crank pin is two-

sevenths of this," since that is the ratio of the diameters of the

circles respectively.

Hence the velocity of the piston iu miles per hour is

Maximum = 60 /I -f 3 (1.05464\ = 78.07956

Minimum =60/1-3 (1.05464\ = 41.93044

For the crank-pin radius and connecting-rod at right angles

the coefficient of » is 1.0.^40936, and the great and small veloc-

ities are found to be 78.07016 and 41.93984 respectively. Hence
the former is not a maximum nor is the latter a minimum,
though they are very nearly so.

Any other ratio of crank-pin radius to connecting rod may
be solved in like manner.

RESISTANCE OF METALS TO SHEAR.

By H. V. Loss, M.E.

( Continuedfrom page 144.)

b. Point of Maximum Besistance.

As previously mentioned, an a.ssertion is often being made
that this point exists at a penetration

where t = thickness of bar. After measuring up the cards
for steel bars and flat knives, we find that rupture occurs

at f^ thickness, varying of course a little on either side of this

figure. In the same manner we find with 4° knife the pene-

tration to be i thickness. For 8° no average relation can be
given, as the variation is very considerable, being | thickness

for I in. bars and f thickness for SJ in. bars, an increase of

100 per cent.

The examined results seem to justify an entire disregard for

the width of the bar, the penetration apparently depending
mainly on its tliickuess. The following table gives the average
results for steel bars with different thicknesses and bevels.

TABLE NO. 2.

As a general result we may determine the point of maximum
resistance for soft steel bars from the following formulas ;

d^ = AC\/i^' for 8' top knife
(h = 35 t " 4° "

f/i = .3 t " 0" " " or Hal

For iron we find with 8' bevel

d, ^ i t to i t,

with a variation in thickness from 1 in. to 3 in.

ments on iron were less numerous than on steel.

(I)

The experi-

and the rela-

So far none of the derived results have coincided with (ii =
J t.* Wliether this expression is true with recard to flat knives
on iron—^the only possible case that still remains—was not
determined.

c. Paint of Final Rupture.

When the maximum resistance has been reached the first

detailed rupture occurs. With a flat knife this first distortion

is shown on the broken cross section by the well-known fea-

tures of detailed shear, which characteristics especially are

familiar with punching—namely, as an apparent overlapping
of material, as if the punch, which, of course, is nothing more
or less than a flat shear, had dragged parts of the metal with
it in its descent. With a beveled knife the result is somewhat
different. The first rupture in this case, as marked by the

point of maximum resistance, is generally followed by a break
through the entire thickness, starting at the edge and pene-
trating a certain distance inward, generally from 1 to 1+ in.

After the knife has once more proceeded a certain distance
downward, the bar is completely severed, and the question
may properly be asked : What is this certain distance, as com-
pared to thickness and width when the final rupture does oc-

cur? The correct answer must naturally depend upon the

dimensions of the bar as well as the angle of knives. Again,
examining the original cards, the results hereof is contained
in the following tables Nos. 3, 4 and 5. The figures given
represent the total penetration., or from the time the top knife

touched the bar until it broke.

TABLE NO. 3.

Width
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° While the above formulas are. strictly spealiing, based on
steel with a tensile strength of (iH.OIIO to 75.000 lbs. per square

inch, a liipitcil nunilier of experiments on .'i-in. iron bars with
8° beveled knife show results that do not vary considerably

from those already obtained on the same dimensions iu steel,

as indicated by table No. ti.

TABLE NO. C.

Iron Bars—8 Degrees BcTCl.

Bars.;

5- X 1-
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Here is another rather unexpected result demonstrated.

Iron angles require more energy than the coiresponding skes in

steel. In the neighborhood of + in. in thickness this difference

seems to be a maximum, decreasing as the thicknesses are in-

creasing, and it would appear as if all difference would cease

at about 1 in. in thickness, after which limit the conditions

0. 0^ ;

i g g S
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sion. Tlie jrrnriiial increase in resistunec. as time permitted
cooling, is clciirly sliown.
f- With :if) Sf|. iii. it appears tlial .-i s(|iiarc bloom offers a re-

sistance of !),()()() lbs. to 11,000 lbs. per square inch.

to reduce llieni down lo size, wbieli time aiiain means loss of
beat.

It is not ]irobal)le that the re.sislanee in practice can be
broujrhl very much below the lowest fifrure here.iriven— vi/.,

4, too lbs. per square inch—as a decrease of 1.000 lbs.

will lieiiceforth mean a considerable increase in cross-
section and leniperature.

(to 1!E CONTINrED.)

Max.Vltiui. I'n'&it. perQvt Bloom = 44CO HjH.

Fool U.S. = 610 '•

No.3^
Max UlUm. Pl-csa. per D'of Bloom = HG3 Ibb.

" ** Fool lbs. ' " •= 5C.ri
"

THE SMOKELESS COMBUSTION OF COAL.

Plate No.

Atm.I.ine

Vis from
the pro-

No.» „
^

K0.4
Max Ultim. Press, per D of Bloom = 7730 Ills. Max Ultim." Pivss. pero'of Bloom = C300 Ibi

" •' Foot lbs. • '* = 540 ,;• „ " '* Foot lbs. ' = 735 "

Diai-rams of 9J^ x »% Hot Strurt. Steel.

Curds Nos.l ami 2 are from one bloom.
" ;i " 1 " " another "

A 5 in. X 7 in. liloom, the cards of which are not shown on
I lie plates, showed similar values.
On ii 4 in. X 6i in. billet the effect of the cooling action

upon the resistance is found to exceed 100 per cent., giving
figures varying from 7.200 lbs. to 15,800 lbs. per square inch.
The energy required per square incii does not seem to be

much'greaterjthan^what is'iieeessary forji in. X 6 in. bloom.

Dia^am of Hot Steel
Plate No.

Ko.l

Max. L'ltiiii. Press. ]»r. sy. ineh
No.l No.a No.3 No.4

9000 lbs. 10400 lbs. UOOO lbs.

No.2
0x0 SIruetural Steel.

No.S Atm.Line

Ft. lbs. pr.D nf Bloom
No.l No.2 No.S
WKI 840 940

Mux. Ultim. Press.

.No.l N<..3

7200 lbs. 10700 lbs.

I>r. QofBille
No.S No.l

1£:U)0 lbs. l.VtCO lbs

No.2 ,.

l"xCV< StriieturalStei

Ft. 1

No.l

Plate Xo. K! shows the difference in ultimate resistance

between spring .steel and structural steel to be about 2') per
cent., using the maxinuim values in both cases. The differ-

ence in energy is very much less, being about 14 per cent.

As a general result, it will be seen tJiat the resistance per
square iitr/i for lii>i rolled steel of rceturiguliir or sipiore cross-sec-

Plate No. i6
Diafc-ramsof Hot Steel.

~y//////,„/„„^^^7!?mi V/,„„/u//r\Mm.\:nK

No.l Nii.2 No.S

,j
4 X 4'Stnictiiral Steel.

Max. Ultim. Press, pr. of Billet.

No.l No.a No.S No.4
ISCOOlbs. 11200 lbs. 16200 llis. 16300 lbs.

ffimmifdiimrrrA J//'//„„//^^r-——
No.l No.2 ^ No.3

„ 4x4 Sprint,' Steel.

JIax. Ultim. Press, pr. of Billet.

No.l No.2 No.S N1..4

KlOOIbs. 136001b,. IffiOOlbs. 2f.5ll01b..

No,4

- Ft.lbs. pr.D of Billet.

No.l No.2 No.S No.l

520 750 7.W 820

Ft. lbs. pr. D of Billet.

No.l No.2 No.S No.l
470 046 890 940

tions mries frimi 4,400 Ihs. to 2(),.'i00 lbs., depevdiitg partUi upon
its hardness and partly upon the size of its cross-area, which
latter element indirectly but greatly indicates the temperature,
as the smaller dimensions require a considerably longer time

A(((ii!i)TN(i to rejiorls that have just reaehc
(Termaiiy, the dilliculty of burning cotil without
ductinn of smoke seems to have been comidelily ac-

coniiili.shed, and the experiments leading to this result

have exciled a wide interest among several large indus-
trial enterjirLscs, including with others the North (tcrman
Ijloyd, the Ilamlmrg .\meriean Packet Company, while
the Vulcan Forges of Stettin have adopted this new .sys-

tem of smokeless eomliiistion. This system differs from
all others wliich have been employed for the purpose
up to the present time, and it has been called " the

automatic and smokeless combustion of powdered
coal."

The process is an exceedingly simple one ; the fuel, instead

of being introduced into the tire-box in the onlinary manner,
is first reduced to a powder by centrifugal pulvcri/ers of any
construction. In the place of the ordinary boiler tire-box,

there is a combustion chamber in the form of a closed furnace
lined with fire-brick, and provided with an injector similar in

construction to those used in oil-burning furnaces. This
chamber has two openings : one on the center line

[, and in the ]ilace of the usual furnace fire-door,

the other on the opposite side. The orifice of the

nozzle is placed in this latter hole and throws a

conslant stream of the fuel into the chamber.
This nozzle is so located that it scatters thejiowder
throughout the whole space of the fire-box. When
this powder is once ignited, and it is very readily

done by first raising the lining to a high temper-
ature by an open fire, the combustion ('ontinues

in an intense and regular manner under the action

of the current of air which carries it in. This
current is regulated once for all by the amount of

powder required for the production of the heat
led off to the boiler and the evaporation of the

weight of steam demanded.
The powder is stored in a box, whence, by

means of a very ingenious arrangement, the air

under pressure carries it to the fire-box. It is. in

fine, a .system quite analogous to those fire-boxes

where boilers are fired with hydrocarbons. Ku-
merous applications and long experience has es-

tablished this latter practice on the Souih Eastern Railway of

Russia and the steam vessels of tha Caspian Sea.

In the system under consideration the co.al, that it may be

drawn out ami carried along by the .steam or air under pressure,

needs to be finely pulverized, and that is why such success has
been attained in the use of coal that was already finely divided.

The air and fuel are therefore intimately commingled in

the zone of combustion, while the air, having served as a

vehicle for carrying tlrti powder, loses the greater portion of

its velocity. It can readily be seen that in this process the

combustion of the fuel is complete, for each particle of coal

in suspension in the fire-box is in contact w-ith the oxygen
required for its consum]ition, which is thus proven to be a

state of affairs far less dillicult of attainment than is usually

imagined. Besides, tests have thoroughly demonstrated the

tnith of these assertions, since no trace of^smoke is percep-

tible.

It may also be remarked that the air entering the combus-
tion chamber may bt- first heated to a high temperature by
utilizing the heat of the escaping gases in the slack. This
air may also be mingled with a jet of steam, which decom-
poses into hydrogen and oxygen, the hydrogen serving by
its combustion to assist in the elevation of the fire-box

temperatures. By this s3'Stem the admission of cold air is

entirely avoided and a constant temiiiiature can be easily

obtained, since it does not depend on the ability of the fire-

man. In case of accident the fire can be instantly extin-

guished, by giving a single turn to the valve, which cuts off

the supply of fuel. The injury done by forced fires to the

boilers is" not to be feared, and high stacks are no longer a

necessity, as the fire-box is operated under a sort of forced

draft.

No.4 Atm.Line

IS. per Q of Billet

No.2 No.:! No.

4

610 720 910
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If we can believe the published reports of the results ob-

tained, they seem to be little short of the marvellous. The
absence of smoke should be complete, and the practical opera-

tion of the S3'stem seems to present no difficulty. Electric

lighting and other companies that have plants in the center of

cities will find advantages in its use, upon which we have no
need to insist. Even if it were le.ss economical than the

methods in vogue, the very fact of its suppression of smoke
should lead to its adoption. Another advantage is the avoid-

ance of an accumulation of ashes, necessitating a deal of work.
— L'^Icctricien.

STRENGTH OF CONCRETE.

The paper which was read before the Society of Architects
by Mr. H. W. Chubb referred to the use of concrete as a mate-
rial in building fire-proof structures. The specimens of con-

crete which Mr. Chubb mentioned as having been tested by
Mr. J. J. Webster, M.I.C.E., had been specially prepared.
The following table shows their composition, together with
the results which were obtained :
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are res(ricteil in breadtli to 28 in.,

with a gause of 17 in., and a

lifinht of .") ft. 8 in. from the Uiyt

of the rail to tlu' ovcrheail con-

ductors. The work, which is

limited by the ca|)acity of the

winding engine of the shaft, con-

sists in drawing 40 trains of live

loaded tubs iii the shift of 10

hours, with a mean speed of 7^
miles per hour. Tlie tub weighs
450 lbs., the load l,3r)0 ll)s , and
the engine :i,400 lbs,, giving a to-

tal weight |ier train of 11,770 lbs.,

which,"on a level line with a trac-

tion coellicient of 1 per cent., re-

(|uires a mechanical elTortof 2.15

II. P., thecorrcspondingeleetrieal

energy being 3.1.5 X 7:«i, or 1,000

watts, or. allowing for resistance

in the conductors and eight glow
lamps on the road, about 2,500

watts as the normal working cur-

rent, which, however, is consid-

(ral)ly ext^'edcd at starting. 'Phe

dynamo, of compound construc-

tion, is designed for a maximum
of 6.000 watts at 700 revolutions

per minute, giving a current of

220 amperes and 22 volts. The
engine house is 300 ft. from the

shaft ; the current is conveyed to

the latter by two 6-mni. copper
wires, and thence down to the

adit by a calile with two trii>ly

insulated wires covered with lead,

which is laid in a water-proofed
woodeti case in the footway ilivi-

sion of the shaft, so that it may
be readily accessible. The line

conductors are 6-mm. wire of sili-

con bronze, which are sup]iorted

by insulators 13 in. apart and 5

ft. 8 in. above the rails. These
insulators are roofed with sheet

zinc and connected by pieces of

galvanized wire rope to other

bracket insulators fixed to the

sides of the level. This arrange-

ment gives a double insulation,

which IS of some importance, as

the rock, from its numerous lodes

and cross courses, has a not in-

considerable conductivity. In or-

der t(i divert the current at )ioiuts

of junction tlie insidated line car-

riers are mounted on a sliding

frame, so that they can be shifted

laterally from one to the other
line. Tliese points are marked by
incandescent lights.

The locomotive, which is about
8 ft. total length, has two axles,

3 ft. 3 in. apart, carries a motor
with a Ilefner-Alteneck armature
and 4(i-|)art commutator, making
the same number of revolutions

—

700—as the primary dynamo,
which is reduced by a screw and
worm-wheel to 8M revolutions on
the driving shaft, and to 34 revo-

lutions on the front driving axle,

by chain gearing, in order to ob-

tain the re(iuired speed of 74 miles

per hour. The driving axle is

coupled to the hinder one by a

similar (thain, the total adhesion
weight of the engine being re

quired for the full train of live

vehicles. When only the front

axle is driving, the load nuist be
reduced to three.

The current is taken and re-

turned by a pair of curved tubu-
lar arms, forming spring poles,

with insulated iron plates at their

ends upon spring carriers, which
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maintain a sliding contact with the line wires. The latter

have been made of silicon bronze, in preference to cop-

per, in order to resist abrasion by the rubbing of the contact

plates.

The results of the trials show the insulation to be very per-

fect, the loss of tension being less than was expected. The
total current used, as measured at the generating dynamo,
varied between 8 and 16 amperes, the meter rising to 35

amperes at the moment of starting, while in smooth running

it oscillates between 8 and 12 amperes. The average energy

required for working the line and the lighting of the road and

the engine, including all losses in the conductor and magnetic

friction, is 221) X 10 = 2.200 volt amperes, or 3 H. P., and,

as the motor does 2.15 H. P. work, the efficiency is 70 per

cent.

The installation, costing S6,500, does the work of 21 putters

in the level, their place being now taken by 16 tillers, at lower

wages, the total saving being given at from $1,750 to $2,000

per annum. The advantase of lighting up the crossing points

of the branch levels and the shaft bottom, which is done by

pairs of 16-candle glow lamps, is also found to be of great

advantage to the miners.— Pcac. Inst. C. E.
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COMPOUND EXPRESS LOCOMOTIVE FOR THE
NORTHERN RAILWAY OF FRANCE.

In our issue for Marcli \vc publislicd a loiijiitudiiial sec-

tion of a c-ompouiul express loeomotive. for the Northern
Kiiilwiiy of France, built to the designs of M. Du Bousquel,

the Locomotive Superintendent of the line by the Soeieto

Alsaeienne de Constructions Mecanicines. ]5elfort. We now
publish additional cnfrravings showing the details of the con-

struction of the engine.

As will be seen from these views, the engine is of four-

cylinder type, the highiiressiire cylinders being placed out-

side the frames in the rear of the bogie, and the low-pressure

cylinders iuside the frame un-

der tlie smoke-box. The steam-
chests of the latter cylinders,

liowever, are accessible from
the outside, as shown in fig. 4,

thus facilitating examination of

tlie valves. The steam passes

from the high-pressure cylin-

ders to the low-pressure steam-

chests through an iutcrmeiliate

receiver cast in one piece with
the low-pressure cylinders, and
common to both of them.
The engine has two pairs of

coupled driving-wheels ; the

axle of the front pairs, which is,

of course, cranked, is worked
by the low-pressure cylinders,

while the high-pressure cylin-

ders drive the rear axle (which
is placed behind the tire-box)

by the outside cranks. The
leading pair of driver-wheels is

fitted with Gresham's steam
sanding apparatus.

To facilitate starting, the

high-pressure crank makes an
angle of 162° with the low-
pressure one on the same side,

instead of the 180°, which
would be the preferable position

if the balancing of the recipro-

cating parts was alone consid-

ered. The consequence of this

arrangement is, that in what-
ever position the engine stops,

the port of one or the other of

the four cylinders is always
open for steam. This device

is not, however, .suHicient to

insure the engine starting in

all positions, as when steam is

admitted into the low-pressure

receiver by the valve supplied

for this purpose, the back press-

ure produced at the same time

on the high-pressure pistons

may reduce the efl'ective start-

ing effort below what is requi-

site. To avoid this the three

way valves, shown by figs. 9

to 12 of our engravings, have
been fitted on the exhaust pas-

sages of the high-pressure cyl-

inders. By means of these tlie

high-pressure exhaust may be

turned direct up the blast-pipe

when desired. The joint be-

tween the high-pressure exhaust-injie and each of the

valves just mentioned is made by a .stuflingbox having

metallic packing, as shown in the engravings This plan has

been adopted with a view to lessening expansion strains. As
will be seen from the views, figs. 9 and 11. the three-way

valve (which is of cast iron) rotates in a cylindrical casing

having three branches coniinunicating with it, that on the

left, in tig. 11, being the exhaust from the high-pressure cyl-

inder, whiles that on the top communicates with the exhaust-

pipe in the smoke-box. The valve is connected to a spindle

which passes through a stulTing-box fitted with melallic pack-

ing, the spindles of the two valves in the opposite sides of the

engine being connected by levers to the piston of a small

auxiliary steam cylinder placed under the boiler, as shown in

the longitudinal section of the engraving published in March.

The admission of steam to and its release from this auxiliary

cylinder is controlled by two cocks, shown in the side eleva-

tion, .and the three-way valves can be tluis readily U'anipulated

by the driver. By tlie aid of the arrangement described the

engine is enabled to exert at starting a tractive elTort of 10

tons, the pressure of steam is in intermediate receiver, being

at the time maintained at B^) lbs. per square inch.

The engine is, by the arrangement above described, capable

of being worked in four dilierent ways— viz.: 1. As a com-
pound locomotive, as in ordinary running. 2. As two inde-

pendent engines, one set being worked with steam at 200 lbs.

per square inch and the other at 8.t lbs. ])er square inch, as

in starting. 3. With tlie two high pressure cylinders only, in

the event of an accident happening to the low-pressure gear.

-'

—

^4*

—

,
~-"<g^'-V"-" ....

,

COMPOUND LOCOMOTIVK FOR THE NORTHERN R.-MLWAY FRANCE.

4. With the low-pressure ones only in the event of the high-

pressure portion of the engine being disabled.

The boiler is desigiu'd for a pressure of 200 lbs. per square

inch, and is intended to give an ample sujiply of steam. The
fire-box of one of lln^ engines built of this type is fitted with a

Tenbtinck water bridge, as shown in the longitiulinal section,

while that of the second engin(i is provided with the usual

lire-brick arch. The firebox lieating surface, exclusive of the

water bridge, is 148.5 si), ft. The barrel of the boiler is tele-

scopic, the smallest belt being to the rear, over the low-press-

ure cranks, where as much room as possible is required. The
dome is placed on this belt. The two safety-valves, which
are of the Hamsliottom type, are placed over the fire-box.

The plating of the boiler, which is of iron, is 18 mm. (0.71 in.)

thick.
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The valve-gear is of the Walscheart type, auil cau be oper-

ated independently for the two sets of cylinders. The re-

versing-gear, which is shown in detail by tigs. 7 and 8, con-

sists of two screw-gears placed side by side ; one of these—
namely, that for the low-pressure cylinders, carries the hand-

wheel" V. Firmly fi.xed to this hand-wheel is a pinion M,

gearing with the second pinion U on the high-pressure re-

versing screw. The hand-wheel, however, is not keyed on its

spindle, but can be fixed to it solidly when required by a

catch, in which case it operates botli gears when turned. On
raising the catch it runs loose on its spindle, and drives the

high-pressure gear only hy means of the pair of pinions already

mentioned, the side valves of Ihe high-pressure cylinders

were originally made
with an inside clear-

ance of 1.5 mm.
(0.06 in.), with a

view of reducing
compression ; but
since indicator dia-

grams have been
taken from the en-

gine in actual work,
it has been decided
to double this
amount of cleara

The genera
rangemeut of t

gine framing will be
readily seen from
our engravings. The
frame-plates, which
are of iron, are 38
mm. (1.1 in.) thick,

and, in addition to

being connected in

the usual way of

leading trailing
ends, and by the

low-pressure cylin-

ders, they are tirmly

braced by a steel

casting inserted be-

tween the points of

attachment of the

high- pressure cylin-

ders, as shown by
the engraving pub-
lished in March, and
by the right-hand
halves of the trans-

verse section, pub-
lished in this issue.

The casting, which
is .68 mm, (26.8 in.)

long, serves to sup-

port the ends of the
low-pressure cross-

head guides, and also

the valve links.

The bogie, as will be seen by our engravings, has outside

frames, and is not arranged for lateral displacement. The
cranked axle is of the Worsdell type, with circular crank
cheeks. The engine is fitted up with a vacuum-brake worked
by two injectors fixed to the smoke box. All the driving-

wheels are fitted with brake-blocks, these being operated by
two brake cylinders of the Hardy type, fitted to the front part

of the tender. The driver's jjlatform is well protected by a

hood, and is lighted at niglit by a lamp in the roof, the
general appearance of the engine is well shown in fig. 3.

The tender has six wheels, and can hold 14 tons of water and
4 tons of coal. It is provided with vacuum brakes .acting on
all six wheels. The connection between the engine and the

tender is made by a rigid coupling-link and two buffers fitted

with spiral springs, the principal dimensions' of the engine
and tender are as follows :

Leugtll of fire-box 2.0f3 m. 6.004 ft.

Breadth of fire-box 1,012 m. 3,3ao ft.

Grate area . S.IMsq.m. 21.H6 Bq. ft.

Height of flre-box in front 1.725m. 5t559ft.
Height of fire-box at baclc 1.475 m. 4.83a ft.

Mean diameter of boiler ,
...1.26 m. 4.134 ft.

Thicliiiess of plates 018 m. .708 in.

Height of center line above rails 2242m. 7..349 ft.

TQl)eB, number 202
" external diameter 045 m. 1.77 in.
" thickness 0023 m. .098 m.
" length between tube plates 3.9 m. 12.78 ft."

Heating surface of fire-box 10.87 m. 1H sq. ft.
" " " water bridge 2.70 m. 29.00 ft.

Heating surface of tnbes 98.98 m. 1065,44 ft.

Working pressure 14 kg, 200 lbs. per sq. in

Maximum pressure in low pressure receiver 6 kg. 85.34" ''

Width between frames 1.25 m. 4.101 ft.

Thickness of frames 028 m. 1.102 in.

Diameter of bogie wheels.. 1.04m. 3,412 ft.

"driving-wheels 2.114 m. 6.935 ft.

Total wheel base 7..330 m. 24.05 ft.

Diameter of higli-pressure c.vlinder8 340 m. 13 39 in.

Distance apart from center to center 2.070 m. 6.792 ft.

Stroke 640 m. 25,2 iii.

Diameter of low-pressure cylinders .. .530 m. 20.87 m.
Distance apart from center to center 570 m. 22.45 in.

Stroke 640m. 25.2 in.

Ratio of volumes of cylinders 2.42.

Ratio of receiver to volume of both high-pres-

sure cylinders 1.36.

COMPOUND LOCOMOTIVE FOR THE NORTHERN RAILWAY OF FRANCE.

High Pressure.

.054 in. 213 in.

.003 m. .12 in.

Low Pressure.

.064 m. 2.13 in.Lap of valves, outside
Clearance of valves. Inside 003 m. .12 in. ,003 m. .12 in.

Maximum tractive power working com-
pound 7,847 kg. 7.723 tons.

Maximum traction at starting 10,000 kg. 9.842 tons.

Average tractive power in practice,
working compound ... 5,070 kg. 4.99

Weight oT engine, empty 43.80 tons.

Weight of engine in working order 47 80 tons.

Weight on bogie 17,30 tons.
" " leading drivers 15.35 tons.
" " trailing 15.15 tons.

Tenders.
Diameter of tender wheels 1.2475 m. 4,093 ft.

Capacity, water.. 14.16 tons.

coal 4 tons.

Weight of tender, empty 15 tons.

Total wheel base of engine and tender coupled 13 36 m. 43.83 ft.

Length over buffers 16.44 m. 53.94 ft.

We now give details of the ver.v complete set of tests which
have been made with this locomotive. From experiments it ap-

pears that these engines get up speed very vuickly, and will easi-

ly take up a continuous gradient of 1 in 200 and 12| miles long,

either a train of 140 tons weight, exclusive of engine and tender,

at a speed of 53 miles an hour, or one of 200 tons at a speed of

46i miles per hour. The first train did the distance from
Paris to Amiens (8U miles) in 1 hour 30 minutes. The second

took two hours to go from Paris to St. CJuentin, a distance of

95J- miles. In both cases the speed varied very little with
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ascertuiued was carefully calibratcil before the trials, and Us

indications can be relied on. Tlie figures obtained .show that

the horse pawer at times exceeded 1,000, a result which has

been obtained on all tlie trials without forcing the engine in

any way, the water-level and pressure being maintained at

their normal value ; nor was any special fuel used. It will

also be noted that the power is pretty evenly divided between

the two sets of cylinders. Of course, as the driving axles

are coupled together, there is no advantage in this so far as

adhesion is concerned ; but the maximum
stresses on the separate parts are thereby

reduced. As regards the efficiency of

the mechanism, it will be noted that the

pull on the drawbar has been correclcil

for the acceleration of the engine and

tender. This is necessary, as, when the

speed is increasing, the work done in im-

parting a higher velocity to the engine

and tender would otherwise be available

at the drawbar, and similarly, when the

speed is decreasing, the work already

stored in the engine and tender increases

the pull on the drawbar.
To form a fair idea of the capabilities

of the engine, such trials as the above

are insufficient, for in them the engine

for obvious reasons is run under as fa-

vorable conditions as possible, and hence

it is necessary to ascertain what the en-

gine can do under ordinary working con-

ditions. During the months of February,
March, and April, the engines 2121, 2122

have worked Ihe express service (first se-

ries) from the La Chapelle station accord-

ing to the speed schedule (Table I.).

In deducing the average speeds in the

above schedide, the following allowances

are deducted from the total time, as well

as the stops : 1 minute for starting, SO

seconds for stopping, and 1 minute for

each .slowing at junctions, swing bridges,

etc. In the above cases the engine-drivers

have frequently used the great power of

their engines in making up wholly, or in

part, time lost at starting, or through
slows or stops on the journey.

Very good results were got on the 0.8

per cent, grade shown in tig. 13, with

train O of November 0, 1891." The train

that the total consumption as given above includes in each

case the constant quantities required for lighting up and main-

taining the fires at the station To eliminate these constants,

the value of which would be difficult to determine, and which

are far from negligcable, trials were made of the water used

by engine 2121 and engine 286:3, thi-i latter being a simple en-

gine, with cylinders 18.11 in. in diameter, the working press-

ure being 15(5.4 lbs. per square inch. The engine was in very

good condition. These engines were put to draw the same

had axles and weighed 140 tons, ex-

cluding the engine and tender. The time

made was as follows :

h. m.
Calais Ville, departure 2 59

Caffiers " 3 14

Hence the distance was run in 15 min-

utes, including the time lost by slowing at

the junction shown. The speed up the 0.8 per cent, grade was
about 43.5 miles per hour. Good results have also been ob-

tained on less lieavy but longer inclines, such as that shown in

fig. 14. The maximum grade on this line is 0.5 per cent. The
train load was 110 tons, and it will be seen from the diagram
that the speed line is nearly straight, being but little affected

by the inclines.

Comparing the two new engines with two older ones—viz.,

Nos. 2876 and 2887, which work on the same service, the re-

turns for the months of February, March, and April show the

following results :

Numbers of
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back than those of the " Outrance" tvpe previously built
have some ailvautnses. "When the draft is stron-; the coal is
not earned torward, and at tlie end of a run, when the grate
is already covered with a certain thieluiess of cinders and
clinl<ers, a sulJicicnt thiclvness of bright lire can Mill be ob-
tained. When first put to work both engines had Tcnbrinck
water bridges. In con.-iequence of leakage, this bridL^e on one
engine was dismounted and repaired. Since then it was
worked quite satisfactorily. Thai of engine 2121 has how-
ever, been replaced by a firebrick bridge, and tlie change
seems to have made no ditTerence in the steaming qualities of
the engine, but a longer ex-
perience is required to fi.v def-
initely the value of the water
bridge.

The boiler is fed by two in-

jectors of the Sellers type, the
one on the left-hand "side be-
ing a 7i mm. injector, and
that on the right a 9.} mm. In
ordinary running Uie left-

hand injector is kept at work
nearly continuously. In spite
of the high boiler pressure
(200 lbs. per square inch),
both these injectors have
worked very well, the temper-
ature of the water in the ten-
der being about 122° Fahr.
It is true that the lift only
becomes high—viz., from 2.6
ft. to 4.26 ft., when only 2
cub. m. of water remain in the
tender.

All the handles required for
working the engines are ar-

ranged so as to make the
handling as easy as possible.
The driver has close to hand
the regulator, the reversing
gear, the handle regulating
the exhaust from the high-
pressure cylinders, that ad-
mitting steam direct to the
low-pressure cylinders, and
that of the Gresham sanding
apparatus, together with the
valves regulating the vacu-
um-brake. The stoker on his
side finds the whistle-gear, the
damper-gear, the blow-off
cocks, and the blovi-er. When
the engines had run 37,000
miles, the whole of the run-
ning gear was carefully ex-
amined and found m perfect
condition, a fact which shows
that the cost of maintenance
will be low.
In conclusion, it may be of

interest to say a word on the
use of coupled wheels, the
plan of giving the high-press-
ure cylinders an alternative
exhaust up the blast-pipe,
and the system of indepen-
dent cuto'Cfs in the two sets
of cylinders. The coupling-
rods were removed from en-
gine 2121 for some days in
March, 1892, and during that
time it ran, on March 3, the
trains Ci, weighing 145 tons,
and Cj, with 170 tons. The
rail was in very good condi-
tion, but .slipping occurred at

noted that to utilize this great tractive power a coefficient of

adhesion of — would be required, which is difficult to obtain

even with the Gresham sanding apparatus. By means of the
special regulator with which these engines are provided, it is
however, possible to work the euirines at starting at' very
nearly their limit of adhesion. Further, the arrangement in
question lias this further advantage, that, in case of break-
down, eilher set of cylinders can be worked indeiiendently of
he other. I'lius, with train 17 bis of December, 1891 the
front cylmder cover of one of the low-pressure cylinders of
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every start and even sometimes on the inclines. Down grade the
speed was the same as with the rods in place. In short, under
these very favorable conditions no advantage was found in
the running of the engine, while, on Ihe other hand, the start-
ing power was reduced, and, moreover, Ihe vibration at hi"h
speeds was considerably increased, due to the fact that the
relative position of the cranks was no longer mainlained.
As regards the plan of providing an alternative escape up

the blast-pipe for the higli-pre.ssure cylinders, lliis arrange-
ment increases the starting power, the tractive elTort being
then capable of reaching 10 tons. It should, however be

engine 2121 broke at kilouieler 70 between flcnuont and Si.
Just, but the driver took the train on to Amiens (kilometer
131) with the high-pressure cylinders only. This ruu of Gl
kilometers (38 miles), lOi of "which were" up a 0.4 per cent.
grade, was done in one hour ; the average running speed was
46 miles per hour, the load beimr l.W tons. If ncces.sary the
engine could have l,ik<-ii the Iniin beyond Aniien.s.
A compound engine previously Iniilt by Ihe company—viz.,

iNo. 701, did not run down gjade as well as Ihe siinple en-
gines, but the new engines, when working compound, have
attained speeds of 62 to 7.5 miles jjcr hour under these condl-
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tions. This easy running is partly due to the large size of the

various stoam-pipes, but also to the imiepenclence of the two
sets of e.\pausiuu gears. E.xperience has shown that, owing
to this, the pressure in the intermediate reeeiver can be lowered
by giving a late cutoff to the low-pressure cylinLlers, which
facilitates the ruiuiing of the engine at high speeds. The fol-

lowing trials were made with trains 17 bis of December 5 and
7, 1891, weighing 140 tons. On the finst occasion the cut-olf

was made the same in the two cylinders up to kilometer 111,

and then changed. On the second occasion the reverse was
the case.
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the clock shows the number of hours durini; which the iiccu-

imiliilors havL' been furnishmg the current. It is divided into

:iO hours, and has a red pointer, which indicates the starting-

point. This very simple arrangement permits the inspector

to teli at a glance whether there is any necessity for recharg-

in". Each time that it is done the clock-pointer is set at zero.

The principal stations are also provided with a supply of large

acruniulalors. 'Pliese accumulators are handled at the station

on a four-wheeled truck, carefully hung so that there is no

danger of shocks. The Irav which contains the acciiiiuilators

can be placed upon the ground without any danger (if short

circuiting, since the contacts are .some, distance^trom the

bottom.
, . .^ ...

In order to avoid all causes of loss of electricity, resulting
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from conlact with clamp objects, as wt'll as to prevent shocks

duriug the transportation of the accumulators from the truck

to tlie car, occasioned by the splashing of the liquid, a litter

is used for this purpose.
' When the battery is replaced, after

havini; l)etn woiking for the time marked on the car. a memo-
randuni is made of "the hour marked by llie pointer, and the

clock-work is set Ijack so that the pointer indicates zero. The
box is closed by raising the sash, which pushes the tray of

accumulators back against the Ixick of tlie box by means of

rubber cusliions, whir'h prevent any sudden displacement, and

also take up shocks due to llie nioiinn of the car. According

to the report furnished Ijy the company, tlic cost of this.sy.stem

of electric lisrhting is as' follows : Tiie available capacity of a

batterv is 2,1(50 \vatl hours; admitting tlie effectiveness of 70

per cent., it will be necessary to charge it with 3,100 watts.

The power at Fribourg is delivered to the shaft of the dynamo
at a cost of one cent per horse power hour, admitting an effec-

tiveness of the dynamo of 90 per cent, and of the wiring 95

per cent. The cost rises to about 1.2 cents jjer horse power
Hour. The kilowatt hour then costs aliout If cents per hour

;

the charge in the battery being 2.1(> kilowatts for which the

effective charge of 3.1 kilowatts is :iecessary, the cost of the

battery is of cents.

Corning n;)w to the first cost, it will be divided under three

heads : that of the electrical energy, the maintenance of the

apparatus, and labor. As for the electric energy in a car

lighted by the means of six iucanile.scent lamps, with a total

iTitensily of ."iO candle power, the amount of energy acquired

woidd lie l.")0 watts for an average lighting of five hours per

day. or !.82."i hours per year, (he energy consumed will be

37il7 kilowatt hours, and the aniiuar cost of lighting is

about .f").

MaiiitciKtnrc iif t/ic Apparatus.—The lamps have the dura-

bility of liOO hours, each lamp must therefore be replaced three

times a year, counting upon an average lighting of five hours

per d;iy. Lamps cost 40 cents. The exiiense of renewing
will tlieivfore he .'j;T.20. The company manufacturing accu-

mtdalors charge ^'> per year for accumulators for mainte-

nance. At the end of five' years the company agree to replace

the accumulators to the Jura-Simplon lioad on a basis of a

depreciation in their value of S per cent.

As the battery costs .^tiR. and the annual depreciation is 8 per

cent, we have" the annual cost for de|ireciation of $0.38.

The general plant of Fribourg cost aljout $4,000. We may
take 40 per cent, of this, or $l,(;oo as a|ipliiablc to that portion

of the plant whicli is especially adapted for charging the accu-

mulator. We may also take $1,260 as the cost for the car and
equipments, giving a total expense of $3,860. Thisexpen.se

being divided among 130 batteries gives $23.00. of wliich in-

terest and depreciation rated at .5 per cent, amount to $1.17.

Finally, the car apparatus lieiug estimated at an average cost

of $")(), with interest and depreciation feu- the .same at per

cent., we liave $2..~)0. The total expense for the maintenance
ami depreciation of the car is therefore $33.01.

The expense for labor is aliout the same as that for lighting

with oil. or $.5.40 per year. The lamps would thus have an
expense of $32.40 per car per year, .\_ddiiig the above, vvc have

Electrical energy $5 00
Maintenance ami depreciation 33.01

Labor 33,40

$70.41

These tigures show that, the cost of electiic lighting by
means of accumulators in S \itz<Tland is far less than the cost

of their method of oil lighting, but it would be imprudent to

jump to the conclusion that electiicity is the most economical
method of lighting ; since the Swiss are in a particidarly favor-

able situation for electric lighting, as the current is furnished

at the extremely low price of one cent per horse power hour.

The conclusions reached are that electric lighting for Euro-
pean cars is not practical by lighting each car with its

own accumulator. Each compartment should possess two
lamps, so that in case one is extinguished the other can furnish

the necessary light, and recourse to lighting by candles or

lamps should not be permitted.
Concerning the choice of the source of electricity, it is only

by experiment of long duration that the system and style of

accumulators best adapted for the work can be decided upon.
The very fact that improvements have Iieen made in accumu-
lators in the past few years show that there is still room for

further advancement, both from the standpoint of their dura-
bility .and resistance to vibratory sliocks. Finall,v. it is not
probable that electric car-lighting can be practically intro-

duced, except where the company can purchasi' the current at

very reduced rates, or where they are already provided with
their own generating stations.

PASSENGER CAR OF LIVERPOOL OVERHEAD
RAILWAY.

We take from The Engineer an illustration of the side ele-

vation aiul plan of the new cars which have been recently

placed upon the Liverpool Overhead Railway. These cars

are run in trains of two, and are 45 ft. long over all, with a

width over side pillars of 8 ft. 6 in. The carriages are mounted
on two four-wheeled bogies, one of which carries a motor, as

.shown. The distance between wheel-center of the bogie is

7 ft., and the wheels are 3 ft. 9 in. diameter. They carry 57

passenirers, 1(5 first-class and 41 second class. As each car-

riage is fitted at one end with a driver's box and necessary

switch and brake-gear for controlling the work, there is no

shunting at the terminal stations, the driver changing ends.

The gangway between the two cars gives a clear passage

through for the guard.

The engravin.ir of the jdan shows very clearly the internal

arrangement of the car. The motors on each train are on the

leadiiig and trailing bogies. Six incandescent lamps light

each carriage, supplied with current from the center con-

ductor, the same as the motors.

The carriages are fitted with Westinghouse brakes, with

compressed atr stored in receivers carried under the carriages,

and these being charged by an air compressing plant fixed at

the generating station at the north end of the line. Hand
.screw brakes are also provided.

The armatures of the motors are mounted direct upon the

axles. Ten revolutions of the axle per minute gives a speed

to a car of one mile per hour. The maximum speed necessary

to do the journey in the time specified is approximately 26

miles per hour, o"r 260 revolutions of the motor per minute.

SOME THOUGHTS ON BOILER INSPECTION.

By .John Hk kky.

The simple words " boiler inspection" may be considered

as meaning but very little, or they can be regarded as encom-

passing a great deal.

In its simplest form, the duty of a boiler inspector may be

performed by the ordinary boiler maker, who, by a hasty

glance, only observes the conditions of exposed surfaces and

passes 'rapidly all parts not .showing considerable irregularity

of surface or "having the appearance of leaks.

On the other hand, it mav be said that the i)roper fulfilment

of boiler inspection is far reaching ; that such duties should

commence with the manufacture of the plate : that it should

include the tests which boiler plate is necessarily_ subjected

to ; that such inspection should guide and assist in reaching

designs intended to meet certain demands and reciuirements

under well-established conditions.

The duties of inspection should establish and conduct the

tests which a complete boiler is iccpiired to undergo ;
it should

outline the character of the test iiower, decide how long such

test should be maintaineil, and what to be observed during

the operation. Inspection duties lead on to the boiler in ser-

vice, where it must institute the most critical examination as

to how the several parts are performing required duty ; must

direct special attention to the extent of deterioration in part

or as a whole ; and finally, pass on the methods pursued by

persons charged with its care and management.

Briefly stated, then, boiler inspection should commence with

the manufacture of the lioiler plate, pass successively on its

strength and endurance, on the design and construction, on

the uianner of conducting anil treatment in testing, observe its

performance in service, establish periodical testing, and in-

stitute the most intelligent methods for its care and manage-

ment.
What constitutes in detail the full duty of a boiler inspector

cannot be considered in a short paper ; a volume could be

written on this point alone. What is stated must necessardy

be local and pa-ssini;. Essential i)oints only can be treated.

Inspection duties^ should commence with the manufacture

of the plate, where alone all the circumstances connected with

its quality and manufacture can lie ascertained. Uniformity

of thickness in each jilate, homoseneousness of the metal, and

exceptional freedom of lamination arc features of the highest

importance in boiler plate. This is especially true of fire-box

plate.

Pas.sing next to its tensile strength, which practically means

a certain ttrain apiilied and constantly increased until the re-

sult produces rupture, the amount, or percentage, of elonga-

* Paperjcad before the Nortliwest Railroad Clnl).^?
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tion slio\ilil also hv noted.

Tills ck'iiu'iil is (lisjilaycd by
the mclal lictwffii Ihc lond

:it till' cliislic liliiil and lliat

at the liiiiil of tfiisilcstrcii'rlli.

|{t>ally the (donjxatioii |in\viT

of boiler jdutc is an ini|iorl!inl

feature. It establishes llie

diietility of the metal and
makes "known ils ability to

adjust itself (without eiidan-

uerin;! the safety of the boil-

er) to the elements of expan-

sion and eoiitraetion ; and
reiisonably must be eonsider-

ed a factor in its eiidiiranee.

The limit of elaslieily must
also be determined and aeeu-

rately established. This is

the amount or extent of strain

wliieh may be applied to met-

al, eausinj;' it to elongate to

the extreme iioiut, wliere, on

the removal of the strain, it

returns to its original dimen-

sions. The stress denoting

the elastic limit in boiler

]date .should form the basis

for calculating the strength

of the boiler. 'I'lie reason for

Ibis isobvious when it is con-

sidered that, while the elastic

limit of the jilati' may fall far

short of ils ultim.atc capa-

city, the stress wliicli caused

the metal to reach this limit

will, if frequently appliid.

soon exceed the elaslic iinint

and make way for permanent
set ; and a continued ajipli-

calion of this, or perhaps a

le.-is load, will ultimately

cause fracture.

Passing to the ilcsign and
construclion of a boiler, bolli

of wliicli should be under the

eve and subject to the advice

of the experienced inspector,

• it this point it may be proper

to call attention to the fact

that, of all other structures

we ai'e calh-d on to design,

those of boiler dimensions in

details are the most impor-

t;nil.

The boiler, with its relative

parts, is the most important

jiart of the locomotive. On
its ])owcr to meet necessary

requirenients depends lo a

great extent the economy and

efficiency of our lines of

transportation. There are

some grounds for the belief

that, if the design and di-

mensions of locomotive boil-

ers Were given thought to as

great a degree as that direct-

ed to improving the com-
pound iirinciple in locomo-

tive engines, the result would
lie much more salisfaclory in

the directions of bolli econ-

omy and elliciency.

In all parts of boiler erec-

tion the inspector should play

a ruling part and should be

irranled the greatest freedom
ill reacliing conclusions as lo

the character of the work
lierformed. There is scarcely

;i doubt that the strength and

rpiality of boiler plate are

often overtaxed and unduly
strained wliile in the h.andsof

a) boiler-maker. The plates

have to undergo the various
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processes of heating and cooling, hammering hot aufl cold,

bending, twisting, flanging and punching, to say nothing ol'

the evil of the drift-pin or of hidilen defects which are likely

to occur in the plale.

There is certaiidy a jiossiliility of bad and careless riveting,

plates over heated in Hanging, or craclied, if only .slightly, in

bending, and many other defects which may be traced to

want of skill or reckless negligence on the part of the work-
men.

It is clearly evident that the material for a boiler may be of

the most superior quality sanctioned by use. and yet if not
skilfully handled and most carefully attended to during the

process of preparation to take its place in the completed boiler,

it may be reduced to a point less in strength and endurance
than material of tlie most inferior grade.

If we are lo take tlie strcngtli of the plate and the value of

the joints, as they appear at tlieir best in the finished boiler,

as a means of a.scertaining its resisting power and factor of

safety, how uncertain it might be if we neglected to inspect

and investigate in detail the methods followed in its erection.

The writer has seen, however, some cases of dangerous de-

fects due to poor construction, which the strictest scrutiny of

the completed boiler would fail to delect, brought to light by
the test power combined with careful inspection. It is, how-
ever, a mncli l)etter plan to comjx'l carefulness in construction.

Opinions differ as to the best means of applying pressure in

order to ascertain the strength of a boiler. Some advocate

the hydraulic, others the steam test. In favor of testing by

to the detection of weakness, when, if such pressure had not

been maintained, the defect would have escaped unobserved.
The question as to whellier a boiler is strained more seveiely

b^' steam than bj' hydiaulic pressure will be found to resolve

itself almost entirely into the question of construction. It is

possible to design a lioiler that would explode at low sleam
pressure and which woidd not lie unduly strained Ijy a h^ drau-
lie pressure three limes as great. A boiler being steamed is

often strained in a longitudinal direclion, mostly in unequal
expansion of the top and bottom shell, due to llie greater ex
pansion of the tubes, esiiccially when llu^ tiring is forced, in

getting up steam after Ihe boiler has been cold. As this strain-

ing would not take place in testing the lioiler with hydraulic
pressure, and leaks due to unequal expansion would not be
produced, it follows I hat the hydraulic test must fail lo indi-

cate weakness, which must be produced and made apparent
by the steam test. From this it would appear that all boilers

when new, or newly repaired, should be tested first by hydrau-
lic pressure, and after Ijy steam, the latter to determine what,
if any, unequal expansion exists, to what extent, and what
results have been produced.
The wear and tear of a boiler in service is an important fea-

ture for the inspector to keep in mind. From the hour the

boiler is set at work it is acted upon by destroying forces, and
many of them are almost uncontrollal)ie in their work of de-

terioration. Internal corrosion is the malady that most boilers

sutler from. Corrosion jiresenls itself in various forms. Some-
times it happens that it is mainly Ihe transverse seams, rivet

PLAN OF LIBERTY .STATION, NEW YORK, ONTARIO & WESTERN RAILROAD.

steam, it is urged that it is the only means by which the con-
ditions of strain can possibly lie llie same iis those under whicli
Ihe boiler is worked. No doulit this is in the main true, but
as a matter of safety a steam test should only be applied after
the strength of the boiler has been ascertained by the water
test.

In making a full test of a boiler, new or old, before a press-
ure is applied, the various parts, particularly those suspected
of wealiness, sliould be measured and gauged and the results
carefully noted. After the test pressure (which should not be
more than 40 per cent, in excess of the working jiressure) is

maintained for some time, the measurements previously ob-
tained should be checked, and an}- extension, changes of form,
distortion, bulging, etc., carefidly noted. Then, "again, after
the pressure is released any changes in measurements that may
have been found should be known, whether permanent or
not ; and it seems to the writer that right here is a higldy
important point, one that .should receive the most serious
thought in tliat. if there be any permanent enlargement or
distortion, even in tlie slightest degree, it shoulil be llioroughly
exandned to decide whether it is due to the elastic limit of the
material liaving been exceeded, or to improper construction.
In all cases where permanent set is discovered the lest should
be repealed again and again if necessary, in oriler to ascertain
if the set becomes increased.

In whichever manner a boiler is tested too great care cannot
be exercised in obtaining the. exact amount of pressure ap-
plied. Gauges in general use are loo apt to get out of order
to be iniplicilly tru.sted, when only a single gauge is u.sed.

It is, therefore, urged and recommended that in all cases of
imporlant boiler testing not less than two gauges be used, in
order to establisli to a certainty the exact pressure applied.

It may be remarked here that the test pressure should be
maintained for some considerable time, say, half an hour or
more. The continued pressure has often licen known to lead

heads and plate";edges that are attacked ; in other cases it is

the longitudinal seams alone.

Tlie stays are often more violently attacked and more rap-
idly wasted than the plates. A threaded stay will be attacked
at the thread, while Ihe unbroken or unturned surfaces will
escape.

Tlie bodv of a plate away from any disturbing influence is

often attacked by furrowing and pitting, and in consequence
of tills apparent weakness has often been condemned and re-

moved. The writer has seen plates removed from this cause
when, although corrosion had taken place to some extent,
there was left much more metal, .and consequent strength,
tlian was possessed by the next section of llie plate through
the rivet holes. This is an expensive mistake, and inspectors
ought to guard against it.

-Vs corrosion, as a whole, on the inside of a lioiler is one of
the most destructive elements we have to contend with, peri-
odical insjiecliou of its inroads must be made and met with
Ihe highest degree of care and intelligence. Of course the
frequency of such inspection must depend on local conditions,
essentially on the proportion of the destructive power con-
tained in the water used and the relative amount of water
evaporated.
Much is lost by improper care and unintelligent manage-

ment of boilers in srrvice. It seems unnecessary to remark
that the management and care of boilers should be treated
with as great a degree of intelligence as their design and con-
struction. Excellent points to avoid are sudden and unequal
expansion and contraction ,as a whole or in part. Bhiwing
out a boiler while liot and washing it out with cold or com-
paratively cold water immediately thereafter is one of the
most destructive and expensive practices of the service.
Rapid and forced firing in a boiler which has been out of ser-
vice and permitted to cool is also a boiler evil of the highest
order. Permitting the entrance of cold air through the door
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or dampers immodiatel}' following the dumping of the fire is

on a par widi the worst evils, and its result is always apparent
liy the (levelopnienl of leaks.

To the eorreetioii of sueh disturbing elements as the above,
together with numerous abuses in the i:are of boilers, it is de-

sired to dire(^t the iiltenlion of inspectors, but the e.xtent of
correetion will depi'ud largely on the intelligence and common
sense of the persons charged with inspectors' duties. It is

readily seen that on the proper fultiinienl of boiler inspection
depends much public cond'ort, pulilic expenditure, and safet.v

to public life and property, 'I'o iierforin the duties of builer

inspectors conscientiously and well the position can be no
sinecure, and it can onl.v be successful witli the aid of experi-
ence in boiler design, construction, and requirements, together
with a full understanding of the direction in wlii<-h the forces
are applied while in service, as well as under the stresses of
test.

Do we hear mutterings among co workers that this advice
relating to the qmditieation of a boiler inspector is good
enough, but is much easier stated than obtained '! Hegging
to assure you that we are aware of this, gentlemen, let us in-

qviire whose fault it is. Is it not to be laid to the inditTerencc

of the men long in charge of machinery de])artments, in not
encouraging the required attainments in reaching proper boiler

design and construction, ami not appreciating to the proper
estent those qualifications when presented ?

parture from the usual practice of lake builders, anil is adopt-
ed for the tirst, lime by F. W. WIkcIcm- tV ('cini]iaiiy. .\ glance
at the aceonipanying plmtngravure illustration will give the
best idea f>f what the most midern frci.i;hl steamer on the lakes
will look like when completed. 'I'lie folloiving are her princi-

p.il dimensions ; lAiiglh overall, 'MA ft. 6 in. ; length of keel,

:5G0 ft. ; breadth, extreme, 4."> ft. 'i^ in. ; breadth, molded, 4")

ft. ; depth, molded, -Hi ft. ; depth of hold. 13 ft. -'1 in. ; height
between decks, 9 ft. 2 in. height of forecastle, 7 ft. (> in.

Especial care has been taken in her scantlings to place her
in the highest chu.s olilainable liotli in the .\merican Shipmas-
ters' Association and the Knglish Lloyds, the rules of which
she exceeds in man v cases. .VII the material used in her con-
struction is tested to stand a tensile strength of 611,0(10 lbs ,

with an elongation of 2.") per cent, in N in., and is of the best
open hearth steel.

Another feature is that the shell |)laling butts will be over-
lapped instead of butt strapped, and riveied throughout with
three complete rows of rivets. In riveting, steel rivets will

be used, winch will give greater sheering strength. All string-

ers and longitudinal butts will be treble riveted throughout,
and the spar deck stringer is ilouble butt-strapped, especial

care being taken to in.sure both in shell and longitudinal ties a
clear shift of butts of from two to three frame spaces. Two
2()-in. hold stringers aside rim her entire length, and an extra
one is fitted in the fore hold, which will extend Ihrouifh the

THE "CENTURION," BUILDING BY F. \V. WHEliLER & COMFA.NV.

THE LIBERTY STATION OF THE NEW YORK,
ONTARIO & WESTERN RAILROAD.

We illustrate herewith the station which is now being built

at Liberty, N. Y., for the New York, Ontario & Western
IJjulroad Company, with Mr. Bradford L. Gilbert as architect.

As shown by the perspective drawing, it is a wooden build-
ing with a long platform and an awning. At each end of the
platform there is a small baggage -room, and at the .south side
of the building is a porfe-corhbre. On the first Hoor there is a
general waiting-room, which is 28 ft. square. Off of this

there opens the woman's alcove, which is 13 ft. X !!• ft., and
has a bay window. The telegraph office, which occupies that

l)ort)on of the building between the woman's alcove and the
track, is '20 ft. X 12 ft. There is a special entry on the plat-

form end of the building for trainmen, giving them direct
access to the telegraph office, and is 5 ft. X 11 ft.

The woman's toilet is 13 ft. X 13 ft., and the men's 9 ft.

6 in. X 14 ft. C in. On the second floor is the operating-room
and office. The former is 15 ft. 6 in. X '20 ft., and the latter

8 ft. X 16 ft. The plan and perspective give a very clear and
distinct idea of the general appearani-e of the station, which
is 29 ft. wide and fiO ft. fi in. long, while the awning is 20 ft.

wide at its widest part

F. W. WHEELER & COMPANY'S ONE HUN-
DREDTH VESSEL.

" Cf.xtukion'' is to be the name of the one hundredth ves.sel

to be built at the yards of F, W. Wheeler & Company, West
I5av City. Mich. The keel for this steel freight steamer was
laitl on Thursday, March 2, the fortieth birthday of Mr.
Wheeler, and was made the occxsion of a banquet at the
Fniser IIou.se parlors, in Baj" City.
One of the modern features of the Centurion, which is in-

cluded also in \os. 94 and 95, building at this yard for the
llawgoocl A .Vveiy Transportation Company and D. C. Whit-
ney. Detroit, is the placing of the engines and boilers amid-
ships, thus lessening the strains to which the hull is subjected
when boilers and machinery are placed aft. This is n de-

collision bulkhead and will be connected to the panting
stringer, which will prove a factor of safety in case of meet-
ing heavy ice. Her forefoot will be cut away in ocean style to

allow her to be quick on the helm.
The Centurion will be fitted with water ballast, having a

cellular double bottom differing from the ortlinary floor sys-

tem employed in lake practice. The bottom will extend fore

and aft, will be 54 in. deep, and will have a capacity of 1,600

tons, and there will also be a trimming tank aft. The sheer
strake is extra heavy, and doubled for the intire length of the

vessel. Web frames are spaced 16 ft. apart throughout the

vessel, extending to the spar deck, and the clcck beams are

supported by three tiers of e.xtra heavy I stanchions. ,Slie has
been designed with special reference to the safe and quick
handling of both package and bidk cargoes, every modern ap-

pliance in the shape of deck winches and steam hoisting gear
being adopted to carrv out this aim ; between hatches in be-

tween decks are placed si.x large gangway ports on each side,

thus insuring dispatch in loading and unloading cargo. The
American Ship Windlass Company, I'rovidence, R. I., furnish

the No. 6 steam wimllass aixl the E pattern steam capstan.

These machines are too well known to necessitate a description.

The steam .steering engine is by Williamson Brothers, Phila-

delphia, and is arranged for both hand and steam. The engine
is placed amidships, and is easy of access from the main en-

gine-room.
The l)oat will be lighted throughotit with electricity, having

a 21lt light dynamo, operating under 110 volts. One hundred
and twenty five 16 candle power incaiulcscent lights will be
distriliuted in the dilTcrent cabins, and for lighting the decks
si.x large lights ar(' furnished. The cabins will be well venti-

lated and roomy, and elaborately finished in hard wood, the

captain's and spare cabins being in the style of Louis XVI.,
making them equal to the best passenger boats on fresh water.

The rig wdl be a fore-and-aft schooner with two pole masts
well rakeil. and standing gall's. The pilot house and texas

will be well aft, which wdl add to the appearance of the boat,

making her more ocean-like than the usual lake sfyle of

steaincr.

The Centnrion'i motiv* power will consist of a modern triple-
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expansion iniginc. built bj- F. W. Wheeler & Company in their

(Mvn slidiis, willi cylindeis 2'i, ii7i and 0;{ in. X 44 in. strnl<e.

(hiving- a Trout wheel of II! ft. 6 in. in diameter. The eviin-

ders are placed in the sequenee of higli, intermediate and low
pre!>siire. The valve.s arfc aetiiated bv the ordinary Stephenson
link motion. Th(^ higli-pressure and intermediate-pressure
cylinders have each a piston valve, and the low pressure cylin-

der lias a double-ported balance slide valve. The links are of
the double barred type, and the motion is reversed by steam,
the diameter of reversing cylinder being 12 in The bedplate
is cast in one piece, and the framework consists of thviM'

straight cast-iron columns on the starboard side, and three
Y-shaped eolunms on the port side, having very large bearing
surfaces for the slides, and through bolts are used throughout.
The cross-heads and connecting-rods are forged of the very
best wrought iron. The piston-rods are 5| in. in rliameter, of
the very best machinery steel. The crank shaft is built up,
and has a diameter of 13 in., the cranks being set at an angle
of 120°. The thrust shaft has four large thrust collars, propor-
tioned for a ma.ximum thrust of 60 lbs. per square inch. The
intermediate shafting is 13 in. in diameter and in SO-ft. lengths,
supported b}' si.\ line shaft bearings. The stern tube is fitted

with an internal lignum vitaj bearing 5 ft. long. The center
of the engine is placed 133 ft. from the after side of the stern
post, and has a tunnel of ample size to allow free access to the
whole length of shafting.

have been equipped with the Huyett & Smith Manufacturing
f'oinpany's heater and blower. The blower is .set on the .sec-

ond tloor of the repair shop building, and the pipes run along
the roof-timbers of the two paint shops, wdiich are each 23 ft.

high. The paint shops themselves are only one story high.

but are 33 ft. from Hoor to ceiling or roof-timbers, as we have
already said. The repair shops arc two stories high, one of 17

ft. and the other of 13 ft. respectively. .Tnst before the main
pipe passes through the first wall a branch pipe is taken out
and run along the ceiling of the tirst tioor of the repair shops,

as shown in the engraving, wliieli heats the second floor.

Branch pipes from the main line which enters the main paint
shops lead off and run along the ceiling to the tirst post, when
they turn down and down to within about 7 ft. of the line,

and discharge toward the outer wall, as shown. These branches
are 13 in. in diameter, while the main pipes vary from 16 in.

at the farther extremity to •")4 in. at the delivery from the fan.

The coil contains 13,000 lineal ft. of 1-in. steam pipe. The tan
is a 96-in. steel plate blower, which at a minimum speed will

produce a pressure of 1 oz. per square inch, which is sufhcient

to change the entire air in the building every 16 minutes,
while if delivering at a pre.ssure of 1 o/. the entire air will be
changed every 8 minutes. The blower is driven from a coim-
ter-sbaft on the ceiling of the first story, which is in turn driven
by the vertical engine on the first floor nest to the outer wall.

Live ateam is used in the heater in cold weather, and ex-
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angles to the road, " Immiccd over, " crushing AVilliam Lip-

walder, the tiromuii, to dcatli. EnijiiM'er (). \V. Wilkins was
also buried iu the di'l)ris, liiit at the I hue tlie accident was re-

ported he was said to be still alive.

Bristol, Teun.. February 13.—At Norton's Summit a freight

train ran oil' the traclvand rolleil down the mountain a distance

of 100 ft. I'higineer Allen was liilleil and Fireman Pettijohn

was seriously injured.

At about the same lime a freight train ran into a slide at

Seven jNIile Fords. Tlie enirine anil six cars were im'cipitated

down a hill, and Kngiiicer .Tolm Snuth had one leg broken and
was otherwise injure<l. Fireman .Marion was seriously hurt.

I'orlsmouth, ()., February 16.—An engine on tlie Cincinnati,

i'ortsmouth & Virginia Railroad was ditched at (loe's .Station

by striking a landslide. .lohii Sprague went over with the en-

gine, and was so badly scalded that he will die. The engineer

jumped and saved Inniself.

Haltimore, O., February 16.—John Hahu, a fireman on the

Baltimore >.V- Ohio Railroad jumped ofT an engine at T.ight and
Wells streets and slipiicil as h<' juniped, fell under the engiuis

which ran over him, crushing his ligbt leg and left foot. He,

leg was amputated, but his condition is critical.

Lockport, N. V., February 16.— Herman Keck, a Buffalo,

Rochester & Pittsburgh engineer, was killed in a wreck about
two nules south of Spriugville.

Indianapolis, Ind., Feb. 16.—A "driving-rod" (?) on an en-

gim^ on the Peoria i.\; Eastern Railroad, near Aloreland, broke
and crashed through the cab, striking Andrew Losh, fireman,

on the head, and fracturing his skull.

Spriugville, N. Y., February 17.—Two freight trains on the

Buffalo, Rochester & Pittsburgh Railroad collided at Hayest.
Herman Wreck, engineer of one of the trains, was fatally in-

jured. The engineer and fireman of the north-bound train

jumped, but Wreck stuck to his post.

Brazil. Ind., February 17.—A through freight train, north
bound, on the Chicago & Indiana Coal Road, was stalled on
Bush Creek grade, and was compelled to stop lor a.ssistance.

Being aware that two heavy freight trains were closely follow-

ing his train, the conductor sent a brakeman back to signal

them.
The first train was stopped, but the engineer of the rear

train failed to see the signal and dashed into the caboose of the

train in front of his own, tearing it all to pieces and derailing

several cars. E. Jackson, fireman, was crushed in the chest

and became frantically insane, and had to be held to prevent

him from jumping into the flames.

New Concord, O., February 17.—The boiler of engine No.
103 of the Baltimore & Ohio Railroad exploded at Norwood.
The fireman was badly scalded.

Easton, Pa., February 18.—George Bimbler, a fireman on
the Central Railroad of New Jersey, was injured at Annandale,
N. J., and was reported in a critical condition.

Fort Worth, Te.\., February 19.—By the explosion of a loco-

motive boiler on the Texas & Pacific Railroad, John Mills (col-

ored), fireman, was horribly mangled and killed. Five other
persons were injured. The fire-box, it is said, " blew off,"

and the cause as.signed was weak stay-iiolts and tlues.

Brooklyn, N. Y., February 20.— .\.n engine on the Prospect
Park & Coney Island Railroad was derailed—it is said by a
gale—and the fireman and engineer were injured.

Palmyra, N. Y., February 21.— A passenger train on the
West Shore Railroad was derailed near this place and thrown
down an endiaiikment about 18 ft. high. Bert. Pearsall, the
engineer, was badly hurt, and Fred Mentle (or Minth), the fire-

man, was seriously bruised.

Reading, Pa., February 21.—A shifting engine on the Penu-
.sylvania Schuylkill Valley Railroad collided with a freight

train near Spring City. Fireman .\IcCord was seriously in-

jured, and two men on the train were killed and two others
injured.

Trenton, N. J., February 33.— In a collision at the Calhoun
Street cro.ssing. Engineer Weir w as caught by the falling cab
of his engine and piimed fast, so that he had to be pried out.

He was only slightly hurl.

Willoughby, ()., February 23.—A Lake Shore special train

ran into a " light" engine at Wicklife at four .\..M., killing

Engineer James (lill of the extra. He was pinioned in the cab,

with the lever through his body, and was otherwise horribly
mangled. His fireman has not yet been found.

Cadillac, Mich., February 25.— Freight engine No. 40 blew
up four miles south of this city on the Toledo iV' Ann .\rbor

Itoad this morning. Fireman Pal O'.Neal was killed, his head
being badly crushed and an arm torn off.

Naugatuck, Conn , February 24.— Edward Cosier, fireman,

and Mr. Abel, engineer, were slightly injured in a wreck.
Augusta, Me., February 25.—The " driving-rod" of an en-

gine on the Maine Central Railroad broke and went through

the cab, throwing the engineer, Fred Little, out and fractur-

ing his arm.
Westchesler, Pa., February 25.—An engine ran into a uuni-

li('r of cars near Birdsboro. on the Wilnniigtnn A* Northern
Railroad. The cab of the engine was paitly demolished. Mr.
llertlicker. the engineer, was thrown out of tln' cab by Ihe

force of the shock, iind donn through the trestlework of a

bridge wbiili spans a small stream at that [loinl. lie was in-

jured internally and had several ribs liroki-n.

New Haven. Coini., February 27.— In a enlllsion in Ihe cut

between Court Street and (!rand .Vvenue, Fireman Chai'les

Bedell was crushed by the falling cab. His left hip was frac-

tured, his left leg was broken, and he received internal injuries

which were supposed to be fatal. He and his engineer stood

bravely to their i)osts. Railroad ollicials saiil that the trouble

was owing to the \inexpected standstill of the local freight

and the slippi ry rails, which would not allow Ibc brakes to

be effectual in a short ilistance.

St. Jiihnsliury, Vt., February 27. In a collision of two
freiglit trains on the Passumi>sic Division of the Boston i\;

Maine R.ailroad, near St. Johnsbury Centre, Fred Clark, en-

gineer of the ui) train : Charles West, an engineer, who was
riding on the same engine, and Fred Green, fireman on the

down train, weri' killed. AVilliam Dnwiing, a brakeman, was
hurt about the head, but not seriously. Engineer Napoleon
Bedard, of the down train, saved his life by jumping. None of

the other train hands were luu'l. Fred Clark was living when
first found, but died before he could he extricated from the

ruins. The accident, it is said, was caused by the conductor
forgetting his orders.

Washington, D. C, February 27.—A north-bound passenger

train on the Pennsylvania Railroad collided with a side-tracked

freight on the causeway of the long bridge crossing the Poto-

mac River.
The engines of both trains were wrecked. Fireman Simp-

ison, of Ihe freight, was killed, and Engineer .Mullowney and
Fireman Kormik. of the passenger train, badly injured.

The telegraph operator at Ihe bridge was arrested, charged
with having caused Simpson's death by a failure to close the

switch.

Meyersdale, Pa., February — .—A west-bound freight on the

New York, Chicago & St. Louis Railroad left Ihe track near
Girard. The engine was totally wrecked, and Fireman Will-

iam Lipwalder, of Mossiertown, was crushed to death under
the tender. Engineer G. W. Wilkins, of Councaut, O., was
reported dead from injuries received, but was still alive at the

time this report was made, though badly hurt. Head Brake-
man John Walters, of Conneaut, had an arm broken and was
badly hurt about tlie head.
Brooklyn, N. Y., February 27.—Engineer Lafayette B.

Marshall, of the Long Island Railroad, had his foot amputated
by the wheels of his engine yesterday. Marshall was running
a wildcat locomotive from Long Island City to Whitestone
Landing. .Vt the Bridge Street Station, in Flushhig. to side

track his engine so as to allow the 2.11 train from Whitestone
to pass, Marshall ran ahead and turned the switch, the engine
following slowly. As the engine cleared the switch he at-

tempted to jump on one of the .side steps, but mis.sed his foot-

ing and slipped beneath the wheels. His right foot was cut

off at the ankle.

Terre Haute, Ind., February — .—While a fireman named
Bean was making his first trip as fireman on Vandalia engine
No. 267, he got down near Marshall, 111., to stok<- the a.shes

from the grate-bars, lost bis bidanee. and fell frome the train,

which was moving at the rale of thirty miles an hour. He was
badly hurt internally about Ihe hea<l.

OREGON'S CANTILEVER BRIDGE.

Alfked B. O'l'Ti-'.WKi,]. read a jiaper before the American
Society of Civil Engineers uiion eombinalion bridges on the

Pacific Coast. He confined his observations, however, to two
examples, which he said had already stood tests as severe as

any which will be brought to bear upon them. The first

bridge referred to is the cantilever bridge across the North
Umpqua River, near Roseburg. Of this Jlr. Otlewell says :

" It is, as far as the writer is aware, the only combination
cantilever of large span in existence. The shore arms are each
147 ft., IIk' river arms 105 ft., ami the suspended span SO ft.,

making the dislance between river piers 200 ft., and the dis-

tance between end or anchor -iHcrs .584 ft. The bridge, as

constructed, illustrates Ihe juinciple of the cantilever very
simply. The river span is connected and supported by the

river arms al four points only. The weight of the river span
is balanced about the river jiiers by the anchor jiiers or weights
al the outer enil of the shore sp.ans. .\s will be seen, there i.s
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no coniiectinn- member between tlie hip panel points of the

suspended span and river arms, tlie wind pressure on the

upper chord of the suspended span l)eing transmitted ;do\vn

the end brace to the bottom chord of the cantilever arms to

the earth. The lowtr part of each pier is built of concrete,

set on the solid rock of the river-bed. The upper part of each

pier consists of two iron cylinders, tilled with concrete, and
braced by wrought-iron horizontal struts and diagonMl tics.

The bracing is protected from drift by limber sheathing mi

each side of the bracing. The iip-stream cylinder was anchored
down to the concrete base by two If-in. galvanized iron rods,

to increase the stability against drift. The smallness of the

anchor piers is due to the unusual length of the shore arm as

compared with the river span. As usual in the superstructure

of combination bridges, tlie floor beams, joists, floor and rail-

ing are of wood. The compression memliers are of wood,
with the exception of the stmts .and bottom chord panels nc.\t

the river piers, which are of steel. The ten.sion members are

of iron, and tlic pins of steel ; tlie chord-blocks, post shoes,

etc., being of cast iron. The shore arms were made of un-

usual length, so as to offer as little obstruction as possible to

drift, of which there is considerable in the rainy season. The
method of erecting the suspended span, without false work liy

working out from the river piers, was, to .some extent, differ-

ent from the usual method .adopted for iron construction, since

the compression members in combination work will not in

themselves take tension, nor the tension members take com-
pression ; nor will any member take transverse loads or shear.

For these reasons it was found necessary in the course of erec-

tion to introduce several temporary ties and struts.

CONTRIBUTIONS TO PRACTICAL RAILROAD
INFORMATION.

Chemistry Applied to Railroads.

^SECOND SERIES.—CHEMICAL METHODS.

II.—METHOD OP,J'. DETERMINING FREE CAUSTIC
AND CARBONATED ALKALI IN SOAPS.

By,^C. B. Dudley, Chkmist, and F. N. Pease, Assistant

Chemist, of the Pennsylvania Railroad.

(Copyright, 1891, by C. B.^Duilley and P. N. Pease.)

iCentlnved/rompnge'iS, Volume LXVII.)

opbkation.

Put into an 8-oz. flask 100 c.c. of an alcoholic .solution of

stearic acid whose strength in terms of standard alkali is

known, and add grams of the soap cut in fine .shavings.

Allow to dissolve at a temperature near the boiling point of

the solution. As soon as solution is complete titrate the ex-

cess of stearic acid with standard alkali, using phenolphthaline
as indicator. Now filter the solution through paper or througli

asbestos in Gooch crucible, using the pump, ami wash with

absolute alcohol until the last drop of the filtrate, evaporated
to dryness on a clean piece of platinum, leaves no residue.

Dissolve whatever is left on the filter in warm water, and wash
with water until same lest as above shows no residue. The
solution and washings should amount to about 100 c.c. Add
now enough .standard sulphuric acid to render the solution

distinctly acid to litmus paper after boiling, and boil not less

than 15 minutes. Then titrate the excess of acid with standard

alkali, using phenolphthaline as indicator. These two titrations

show the total amount of free caustic and carbonated alkali in

the soap.

Dissolve another portion of 5 grams of the soap, which has
been previou.sl}' cut in very thin shavings, and after weight
has been dried at from 130" to 200° F. , in the same kind of a

flask, in 100 c.c. of absolute alcohol, using heat as before. As
soon as solution is complete filter as before, and wash with
hot absolute alcohol until the last drop of the filtrate, evapo-
rated as before, shows no residue. Dissolve whatever is left

on the filter in warm water and wash as before ; then render

acid with standard sulphuric acid, boil and titrate as before.

This last titration gives the amount of carbonated alkali in the

sample, and the (liflerence between this and the sum of the

first two titrations gives the amount of free caustic alkali in

the sample.

ai'paratus and reagents.

The apparatus required by this method is simply flasks,

liurcttes and pipettes, none of which need especial description.

We use ring-necked, flat-bottomed flasks, holding about 8 oz.,

burettes of .50 c.c. capacity, graduated to tenths, which have
been calibrated and compared with each other, and 100 c.c.

pipettes, which have been compared with the burettes.

The stearic acid solution is made by dissolving 15 grams of

stearic acid obtained in the market in 2 liters of commercial
i)5 per cent, alcohol.

The phenolphthaline solution is made by dissolving 5 grams
of the commercial material in 100 c.c. of 05 per cent, alcohol,

and adding caustic potash until the solution shows slight

pinkish tint.

The standard alkali and acid solutions are made as follows :

Take about 50 grams of the best dry C. P. carbonate of soda,

free from silicate, to be obtained in the market. Dissolve in

distilled water and filter into a platinum dish. This is to re-

move any sand or dirt that may be accidentally contained in

the soda. Add a little carbon dioxide or a few drops of car-

bonic acid water, in order to be sure that there is a slight ex-

cess of carbonic acid present. Evaporate the solution to dry-

ness at a temperature a little above the boiling point of water,

using great care to keep out the dust or dirt. When thor-

oughly dry transfer to a dry glass-stoppered bottle for further

use. Now carefully weigh a clean \ oz. platinum crucible

and add to it about a gram of the dried carbonate of soda,

ignite over a Bunsen burner until the soda is just melted, and
weigh. This weight gives the amount of carbonate of soda

used, and is the basis of the standardizing. Have previously

prepared two solutions made as follows : 1. A solution of dis-

tilled water to which has been added about 2G.5 grams of con-

centrated C. P. sulphuric acid per liter. The solution should

be thoroughly mixed, and allowed to cool before using. 2. A
solution of caustic potash in distilled water, made by adding
to it about 50 grams of commercial stick potash per litei,

allowing to dissolve, and then adding to it \ liter of milk of

lime, made by slacking 70 grams of commercial caustic lime

and diluting with water to one liter. After the lime is added
boil for 10 or 15 minutes; then allow to settle and draw off

with a pipette about 50 c.c. of the clear solution, transfer

to a beaker, and add a few drops of phenolphthaline. Then
run in from a burette some of the sulphuric acid solution above
described, until the last drop just discharges the color, and
boil. If five or 10 minutes' boiling does not bring back any
of the pink color, the caustic potash solution may be regarded

as free from carbonates, and is read3' to be proceeded with.

If boiling does restore any of the pink color, the boiling with
the lime must be continued, or fresh milk of lime added and
boiling continued, until the solution is free from carbonates

by above test. After carbonates are proven absent, filter the

solution into the vessel in which it is to be kept for use, taking

care to avoid exposure to the air as much as possible.

The two solutions thus prepared should be rendered homo-
geneous by stirring or shaking, and should then be allowed to

stand until they are both of the temperature of about 70^ F.

This being accomplished, the strength of each in terms of the

other must be known. For this purpose run from a burette

40 c.c. of the acid solution into a beaker, add a few drops of

phenolphthaline, and then titrate with the caustic potash solu-

tion. Two or three tests should give the same figure within one

or two drops. Preserve the figures thus obtained.

Now put the crucible containing the fused carbonate of

soda before described into a beaker, add about 50 c.c. of dis-

tilled water, and allow to dissolve. Then add about 50 c.c.

of the sulphuric acid solution above desciibed and boil 15

minutes to remove carbon dioxide, taking care that there is no
loss due to effervescence. After the boiling is finished titrate

the excess of acid with the caustic potash solution, using
phenolphthaline for the indicator. The relation of the acid

and alkali being known as hefore described, it is easy to find

the amount of the sulphuric acid solution corresponding to the

carbonate of soda taken ; but one point still remains uncertain

— viz., whether the boiling has removed all the carbon dioxide.

To decide this point, add to the solution which has just been

titrated with the i)otash solution, and which the last drop of

potash rendered pink, one drop of the acid solution, or enough
to just completely discharge the color and boil again. If the

color does not reappear on boiling, the figures already obtained

may be regarded as satisfactory. If the color does reappear,

run in one or two c.c. of the acid and boil again. The amount
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of acid thus run in must be added to the 40 c.c. used at first.

After boiliu'j, say, live mitiulos more, titrate with the potash
solution, noting how much of it is required to bring back the
pink color, anil adding this amount to the amount of potash
solution previously used. Now test as before for tlie absence
of carbon dioxide, and if it is i)ioven not present, find the
total number of c.c. of tile sulphuric acid solution, which is

equivalent to the carbonate of soda used. From this, as de-
scribed below, the amount of suli)huric acid (HjSO,) in one
c.c. of the acid solution may be obtained. Hut convenience in
the subsequent use of the acid solution makes it desirable that
each c.c. of it should contain a delinite projiortion of the
molecular weight of sulphuric acid, say one-fourth or 0.0245
grams HjSOi. If sulUciently concentrated C. V sulphuric
acid has been used in making the -solution to .start with, the
figure obtained as al)ove will be larger than this, and, as shown
in the calcidations below, a certain amount of water must be
added, which should be done, the solution being aiiitated bv
stirring or shaking, and then allowed to stand until the fol-

lowing day, when a new determination of its strength should
be made bj' means of carbonate of soda, as above descritied.
The figure thus obtained will show whether further addition
of water is necessary. When all the water needed has been
added, not less than two tleterrainations of the strength of the
acid shoukl be made by means of carbonate of soda, as de-
scribed above, which duplicates should show the value of
1 c.c. to be not less than 0.0244 gram, nor more than 0.0346
gram of siilphuric acid (IIjSOj).
The standard acid having been obtained, it remains to make

the caustic potash solution so that 1 c.c. equals 1 c.c. of the
acid solution. For this purpose run, say, 40 c.c. of the stand-
ard acid into a beaker, and titrate with the caustic potash,
using phenol phthaline as indicator. If fairlv good caustic
potash has been used in making the solution," this operation
will show that water must be added. If the operation shows
that the solution is too weak, it is better to throw it away and
start again, using more of the potash per liter. The figure
obtained enables, as is shown below, the amount of water that
must be added to be calculated. This amount of water should
be added, the solution agitated by stirring or shaking, and
allowed to stand until the following day, when a new test
should be made. The figure thus obtained will show whether
further addition of water is necessary. After all the water
luis been added, not less than two tests should be made, and
each of these should show that the two solutions are alike to
within one-tenth of a c.c.

CALCULATIONS.

An example of all the calculations is given herewith.
•I. Standardizing the Sulphuric Acid.—Suppose that 40 c.c.

of the sulphuric acid as mi.xed requires 36.4 c.c. of the caustic
potash as mixed to exactly neutralize it, this figure having
been obtained by two or three closely agreeing tests. This
means that 1 c.c. of the sulphuric acid solution is equal to
(30.4 + 40) 0.91 c.c. of the potash solution, and that 1 c.c. of
the potash solution is equal to (40 -i- 36.4) 1.0989 c.c. of the
acid solution. Next suppose the fused carbonate of .soda in
the crucible weighs 0.9804 grams, and tliat 45 c.c. of the sul-
phuric acid as mixed are run into the .solution of this carbonate
of .soila

; also that after boiling it requires 9.2 c.c. of the potash
.solution to neutralize the excess of acid ; also that it is found
that the carbon dioxide is no' q xi'.v all removed by the first
boiling, and that 1 c.c. more of the acid is jiut in for a second
boiling, and that after tliis second baling it requires 0.4 c.c.
of the potasli solution to neutranze liic excess of acid, and
that test shows that the second bo'iVu,^ removed all the carbon
dioxide. It is evident that 46 (45 + 1) c.c. ol the acid have
been used all togetlicr, and that 9.0 (9.2 -1- .4) c.c. of the
pota.sh .solution liave been used to ncutrali;e the exi.css o;'

acid. But 1 c.c. of the potash solution is equal to 1.0989 c.c.
of the acid, or 9.0 c.c. of the pota.sh solutii,-. are etjual to
(1.0989 X 9.0) 10.55 c.c. of the acid solution. Hence the
amount of the acid solution used up bv the 0.9804 gram of
carbonate of soda is 35.45 (46 - 10.55) c.c. or 1 c.c. of the
acid solution is equivalent to (0.9804 * 35.45) 0.027825 gram
carbonate of soda ; but the ratio of the molecular weights of
carbonate of soda (NajCOj) to s>d|ihuric acid (IIjSO,) is as
100 to 98. Hence each c.c. of the sulphuric acid solution con-
tains (106 : 98 : : 0.027825 : x) 0.025725 gram sulphuric acid.
But, as previously stateil, it is more convenient to have the
acid and alkali solutions some even ratio of the molecular
weight, and therefore a solution is wanted wliich contains
(^8 + 4) 0.0245 gram of sulphuric acid per cubic centimeter.
To obtain this, water must be added to the .solution in ques-
tion. The amount of this is found by the following ratio,
a: b:

: x : c, in which a represents the strength of the acid as

determined, in this case 0.025725 gram, h the strength of acid
desired, in this ciisc 11.0215 gram, r the total volume of the
solution we are working with. say. 15000 e c, and x the vol-

ume of the .solution after tlie water is added, which in the case
suppo.sed is (0.025725 x 15000 -> 0.0245) 15750, or (15750 —
15000) 750 c.c. of water nuist be added.

II. Slaiidardiziiir/ the Cnustic Pultinh S'llutioii.—Suppose that
it is found that 40 o.c. of the standard acid reqinre 31.2 c.c.

of caustic jHitash solution as made to exactly neutralize it.

This means that Water must be added, and the amount may be
found by the proportion, n : h : : .r : c, in which 11 represents
the number of c.c. of standard acid used, in this case 40 ; b the
number of c.c. of potasli solution used, in this case 31.2 ; c the
total volume of the solution we are working with, say, 15000
c.c, and .'• the volume of the solution after tlic water is added,
which in the case supposed is (40 x 15000 * 31.2) 19230, or
(19230 — 15000) 4230 c.c. of water nuis. be added. The reac-

tion between sulphuric ;iei(l and caustic potash l)eing repre-
sented by the equation lI,SO, -\- (KOH) ., = K-jSO, -f (II.O) j,

or by weight 98 + 112.2 = 174.2 -j- 36, it must be remembered
that, since 1 c.c. of each solution is the equivalent of the
other, the actual amount of caustic ])otash (KOH) in each c.c.

of the solution is (112.2 + 4) 0.02805 gram—that is, if a
solution containing any substance which reacts with sul-

phuric acid is so nuide that 1 c.c. equals 1 c.c. of the acid, the
value of 1 c.c. of the solution in (juestion may be foimd by
writing the equation which expresses the reactions, together
with the molecular weights, and dividing the molecular weight
as given in the equation of the .substance sought by the same
figure that is required to give the known strength of the
standard sulphuric acjd. Further, the (|Uolients thus obtained
may be used interchaugcablv. according to the work in hand.
Thus 1 c.c. of the standard sulphuric acid or 1 c.c. of the
standard caustic potash is the e(iuivalenl of 1 c.c. of a solution
containing 0.02355 gram of iiotash (.K/)). or of 0.020 gram of

caustic soda (NaOU). or of 0.01.55 gram of soda (Na^O), or of
0.0205 gram of carbonate of soda.

III. Caustic and Carbonated Alkali in Soap.—Suppose 100
c.c. of the stearic acid solution requires c c. of the .standard

potash solution to exactly neutralize it, and that after the soap
has t)een dissolved in this it reqinres 4.3 c.c. of standard
potash solution to exactly neutralize the excess of stearic acid.

Also suppose that to the water solution of the material left on
the filter from the first 5 grams, 5 c.c. of standard acid are
added, and that after boiling 3.2 c.c. of standard jiotash are
required to exactly neutralize the excess. It is clear that the
total caustic and carbonated alkali in the 5 grams of soap
under test are the equivalent of (0 — 4.3 = 2.7) -j- (5 — 3.2 =
1.8) 4.5 c.c. of standard potash solution. Next suppose that

to the water solution of the material left on the filter from the
second 5 grams 5 c.c of standard acid arc added, and that
after boiling it requires 2.9 c.c. of standard potash to exactly
neutralize the excess. It is obvious that the carbonated alkali

in the sample under test is equivalent to (5 — 2.9) 2.1 c.c. of
the standard pota.sh solution, also that the caustic alkali in the
sample is equivalent to (4.5 — 2.1) 2.4 c.c. of the standard
potash solution. But each c.c. of the standard potash solution

is equivalent to 0.0265 gram of carbonate of soda, and to

0.03() gram of caustic soda. Hence the 5 grams of soap con-
tains 0.05565 gram of carbonate of soda and 0.048 gram of
caustic soda or (5 : 100 : : 0.0551)5 : .r) 1.113 per cent, of car-

bonate and (5 : 100 : : 0.048 : x) 0.90 per cent, of caustic soda.
Notes and precautions on this method will follow.

PROCEEDINGS OF SOCIETIES.

Boston Society of Civil Engineers.— .V regular meeting
was held on February 15. Mr. \V. E. McClintock gave an ac-

count of the work of the .Massachusetts Highway Commission,
illustrated by lantern views showing the condition of the roads
throughout the State. .Mr. E. W. Howe showed by lantern
views the kind of roads built by the Boston I'ark Department,
and Mr. 11 F. Foss gave so:ne of the streets in Chicago and
HuHalo. A general discussion on road construction followed.

The New York Railroad Club held its regular March meet-
ing on tlie cveiiiiig iif the Kith. .Mr. Dixon, of the Rogers
Locomotive Works, rial a paper on the Locomotive Boiler,

which was followed by a discussion turning chictly on the
methods of staying tiie fire-box, and especially the crown-
sheet. In the course of the discussion it was stated that the
chief trouble with the Belpaire form of boiler lay in the leak-

age which was apt to occur between the flat, top sheet over the
fire-box and the shell, owing to the unequal expansions which
occur.
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The Engineers' Club of St. Louis held its 378tli raeetiiig

oil Foliruarr 1."). Tlie paper of the evening was Ijy Mr. O. W.
Ferguson, on .Methods and Results in Preci.se Leveling. Mr.

F'erguson described the instrument used, (he methods em-
ployed, and the causes of error. He cited results from differ-

ent surveys, exhibited profiles, forms of notebooks employed,

and speed of working. He gave the cost of precise leveling

at SIS to $31 per mile for tield expenses. Cited a polygon of

4.000 miles in length, extending from Cliicago to New York,

Biloxi, New Orleans, back to \'hicago, that closed with an

error of 1 ft. Stated that bench marks had been established

every li miles along the Missouri River from St. l,ouis to

Sioux City l)y the Missouri River Commission.

Engineers' Club of Philadelphia.— At the regular meeting
on Marcb 4 Profess ir .losepii T. liothroek delivered an address

on Wood Structure in its Relation to Mechanical Purposes,

explaining the effect of cellular and woody til)re upon the

strength and durability of wood, and pointing out the pre-

dominance of one or the oilier kinds of growtli in different

trees, and their consequent adaptability to different purposes.

He explained that while the so-called annual rings might
be used in counting the life of a tree, in most cases this was
not an invariable rule, and one might be misled in following

it in some cases.

He closed by showing the distribution of the timber area in

the State of Pennsylvania, and called attention to the necessity

for belter supervision for its protection.

Engineers' Club of Cincinnati.—At the February meeting
Mr. Oswald Dietz read a paper on the Peculiarities of Num-
bers, which was an explanation of the law or rule governing
the fact that the square of any number cannot have as its last

figure 3, 3, 7, or 8, aQ<l that the bi-square of every number
which is not a multiple of .5 can have as its last liguru only

1 or 6.

This was followed by one on a proposed plan for disposal

of overhead wires in cities by Colonel Latbam Anderson.
The plan proposed was that of placing the wires directly over
the sidewalks at a height of 18 ft. on suitable supports extend-

ing from poles ou tlie curl) line, about 80 ft. apart, to the

buildings, and preventing the falling of the wires to the side-

walk in case of breakage by a mesh of wires witli ground con-

nection through the poles. Another plan would be the plac-

ing of the wires directly under the sidewalks in areaways
between the curb and the house line. Sewer, water, and gas-

pipes could also be so placed.

Engineers' Club of St. Louis.—The Club met on March
15, and Mr. Robert Moore read a paper ou Some Notes on
European Travel. By means of a chart the mileage, cost, re-

ceipts, expenses, etc., of the railroads of tlie world was clear-

ly shown. The cost per mile was highest in Great Britain

—

$213,230—and lowest in Sweden—$29,100. The interest on
capital was : 5.2 per cent, in India ; 5.1 per cent in Germany ;

4.1 per cent, in Great Britain ; 3.1 per cent, in the United
States, and 1.7 per cent, in Canada. The track and chair

fastenings were illustrated by a number of photographs. This
method gave a steadier track than the usual American method
of using spikes only. A number of tine photographs .showed

the English engines and cars. The high cost of the English
roads Was shown to be largely due to the expensive bridges,

terminals, etc A marked feature of the English roads was
the rapid handling and delivery of freight—freight received

at London during tlie afternoon being delivered at any point

the uext morning. lu Switzerland and Germany the metal
ties are being largely introduced.

PERSONALS.

Mr. Alonzo Doi.beer has been appointed Master Mechanic
of the Lehigh Valley Railroad, at Buffalo.

Mu. R. K. Mui.CAHY has been appointed Superinlendent of

the Oregon Pacific, with headquarters at C'orrallis, Ore.

Mr. 0. M. Lawi.rh, Assistant General Manager of the Phila-

delphia & Reading, has been made General Superintendent of

the main line.

Mb. Wilijam Rensiiaw has been promoted to be Superin-
tendent of Machinery of the Illinois Central, succeeding Mr.

Henry Schlacks. Mr. Renshaw has risen on the Illinois

Central from a machinist. He was successively Foreman,
Master ^Mechanic, and Assistant Superintendent of Machinery.

Mr. E. G. Russell has been appointed Superintendent of

the Rome, Watertown & Ogdensburg. with headquarters at

Watertown, N. Y. Mr. Russell was for several years Super-

intendent of the Illinois Central, and attracted considerable

attention by the fighl he carried on with the striking switch-

men of that road at (Chicago. He is a man of strong personal-

ity, and does not tolerate any interference with his authority.

JIr. Theodore N. Ei-y, formerly General Superintendeut
of Motive Power of the Pennsylvania Railroad, with head-

quarters at Altoona, has been appointeil Director of Jlotive

Power of the Pennsylvania lines, with his office at Philadel-

phia. F. D. Cassanave, heretofore Superintendent of Motive
Power of the northwest system of the Pennsylvania Comi)any,
with office at Fort Wayne, has been appointed Mr. Ely's suc-

cessor. G. L. Potter is promoted to the position vacated b}'

Mr. Cassanave. W. W. Attkruury succeeds Mr. Potter as

Master Mechanic of the Fort Wavne lines.

OBITUARIES.

Mr. Edward G. Gilbert, President of the Gilbert Car
Manufacturing Company, died suddenly March 7 at his home
in Troy, N. Y., aged 40 years.

Mr. C. H. Kendrick. who was General Ticket Agent of the

New York Central from 1853-87, died at Elkhart, Ind., on the

night of March 3, at the age of 70. Mr. Kendrii k was born in

Nashua, N. H., and his first lailroad service was on the

Nashua & Lowell. Before the consolidation of the New York
Central and the Hudson River he was on the latter. From
1869-77 he was General Passenger Agent in addition to his

other duties. After 1877 his title was Auditor of Ticket Ac-
counts.

Colonel Richard Vose, the well-known manufacturer of

car springs, died at Nyack, N. Y., February 2.5. He was born

at Whitesboro, N. Y., in 1830, and when 24 years old was ap-

pointed Superintendent of the Manufacturing Department of

the Metallic Car Spring Company, of New York. In 1868 he
established the firm of Vose, Dinsmore & Company, and in

1876 its business was transferred to the National Car Spring
Company, of whom he was elected President. He invented

improvements in car springs and amassed a large fortune.

SOME CURRENT NOTES.

A Krupp Extension.—The Krupp firm keeps extending at

a considerable rate. Their negotiations with Li Hang Tshang
have now ended in an agreement, according to which the firm

shall erect a large foundry and rolling mill at Kaiphing.
These works will supply the railway material for the line from
Tientsin to Shanghai Kuan and the contemplated extension to

Nirin.

Forests Required to Supply Ties.—An estimate has been
made that 1,000.000 acres of forest are required for the annual
supply of wooden sleepers for P^uropean railways. These
forests are properly managed so as to yield a steady return,

while nothing of the kind can be .said of American forests.

This explains why German foresters are interested in watching
the progress of forest destruction in America, where it is now
tnerelj' a question of 10 or 15 years before a timber famine
must occur, which will greatly enhance the value of European
forests.—Xat x re.

Coal and the Channel Tunnel.—The engineer of the Chan-
nel Tunnel Company, Limited, makes the following statement
in his recent report on the Trial Boring for Coal :

" The coal

boring has now reached a depth of 3,228 ft., includins 1,071

ft. of coal measures in which nine workable seams have been
found, conlaining altogether 20 ft. in thickness of good bitu-

minous coal. This coal is suitable for gas making and house-
hold purposes. The deepest seam, 4 ft. in thickness, was met
with at 2,323 ft. from the surface." So it looks as though this

company' may get something out of its coal mines, even if its

tunnel comes to nothing.
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Fire Protection at Cleveland.^A novel system of tire

protection is in use in C'leveiaud, O., which has proved quite

successful. Four 6-in. mains are laid from Cuyahoga River
to the business streets of the city, the distance being from 700
ft. to 1,000 ft. The mains arc provided at intervals with ordi-

nary fire hydrants, but arc normal!}' quite empty, as they are

laid" with a slope toward the river, into which Ihey empty
themselves. In a case of tire, the city tireboat is run to the

river end of the mains, with which one of its nozzles is con-

nected. The pumping engines in the boat are capable of put-

ting on a pressure of 200 lbs. to 250 lbs. per square inch, so

that a good pressure is available at the hydrants.

Electric Power for Seattle.— About fifteen miles from
Seattle, Wash., the Snoqualmie Falls are formed by the de-

scent of the Snoqualmie River over a precipice 2()S ft. high
into a gorge which broadens out quite rapidly into a fertile

valk'y.

It is proposed by some wealthy capitalists to run an electric

cable from the falls to Seattle. A series of turbine wheels
will be placed at the foot of the falls, to which the water will

be conducted by Humes, and they will transmit the power by
means of shafting to an im-
mense electric plant, where it

will be transformed into a cur-

rent and started over the ealile

to Seattle fordistribution among
the saw mills, street railroads,

and all the different industries

of the city. The cable will be
laid under ground as nearly in

a straight line as po.ssible, only
diverging to avoid two marshes
and any inaccessible mountains
which may he encountered, and
passing under Lakes Samma-
mish and Wa.shington. direct to

the eastern limits of the city.

The initial plant will generate" 5,000.'H. P., and, the 'pi'O-

jectors say, will be in operation' within six monllis. The
capacitv of the falls, of course, varies according lo the volume
of water in the river, hut at the lowist in midsumuur it runs
into the hundreds of thousands of horse-power.

Manufactures.

ROBERT POOLE & SON COMPANY'S LARGE
BORING MILL.

In the February number of the American Engineek we
published an illustration and description of the shops of the

Robert Poole & Son Company, in Baltimore, JId. Reference
was then made to a large boring mill, which was indistinctly

shown on the right-hand side in the view of the erecting shop.

We give with this number an engraving of this mill, of which
only the iipper portion is shown. The driving gear, whi<h is

below the floor, is not shown. This part of the machine was
made in the works of the Robert Poole & Son C^ompany. The
upper part, which is shown in our illustration, was made by
Messrs. Bement, Miles & Company, of Philadelphia, to whom
we are indebted for the following description :

L.VEGE UPRIGHT BORING MACHINE.

When the uprights are in their forward position, as shown
in the cut, the total swing of the machine is 16 ft. 2 in. This
can be increased to 24+ ft. or any intermediate distance by
drawing the uprights backward upon the bed plate, for which
purpose a power attachment is provid<'d. The diameter of the

table above the floor plate is 10 ft., but below the plate it is

extended to \ii ft , and carries a large spur gear of the same
diameter, through whicli it receives its rotating motion. The
table spindle is fitted with adjustable bearings for taking up

wear. At the lower end of the spindle an arrangement is ])ro

vi<led, if rcciuired, for raising it entirely off its upper horizon-

tal hearing. The bed plate is 20 ft. wide ,and 34i ft. long from
front to Ijacls. Its upjier surface is slotted, to receive any
additional stands or tool posts that may be reqinred. The
cross-slide has a vertical depth of ?>1 in., and its length is sufti-

cient for turning conveniently the largest diameters that the

machine will receive. It is raised and lowered by a convenient
power attachment to a height of 10 ft. above tlie table. The
saddles are traversed indejicndently upon the cross-slide, by
hand or power, from either end of I he sliile. and also by spe-

cial gearing arranged upon each saddle. The steel cutter-bars

are counterweighted independently, and so arranged that the
weight of the cutter-bars, as well as that of the counterweights
themselves, docs not come upon the cross-slide, but is support-
ed ui)on the main framing. The cutter-bars are held and guid-
ed in long hearings at the inner edge of each saddle, so that

they may be brought very close together when required. They
can be swivelled to any angle by worm gear and screw, for

boring or turning tapered. Their traverse motion at any angle
is 6 ft , or more if required. They can he moved by hand or

power—that is, either by the apparatus upon the saddle itself

or by the crank handles and gears at the ends of the cross-

slides. The driving gear—arranged for 20 varying speeds—is

idaced at the right hand side of the machine. The feeding
motions for the saddles and cutter-bars are obtained by means
of friction disks, which admit of an infinite gradation from
to 1 in. in width per revolution of table. The amount of feed
for each bar can be varied, stopped, or started without any
reference whatever to that of the other bar.
" This machine enables the Robert Poole & Son Company to

do a class of heavy work which few or no other establishments

in the country are prepared to undertake. It is also an excel-

lent example of the heavy machine tools the enterprising Phila-

delphia firm is producing.

DELANEY'S COIL AND RING PACKING AND
GASKETS.

The accompanying engravings represent the sectional ring
aiHl coil packing for piston and pump-rods, valve-stems, etc.

These arc made by a process which, it is claimed, affords

perfect luln-icalion, and it exjiands in such a way as to relieve

the rods from all undue pressure. It is said to be extremely
durable, and owing to the materials used and the method of
manufacture, it is never burned or hardened while in use.

The lower engraving represents the manhole gaskets of the

same makers. The.se are said to form especially durable steam
and water-tight joints, being made to stand a pressure of 300
lbs. These goods are manufactured by Messrs. li. J. De-
laney & Company, Milwaukee, Wis.

STARRETT'S NEW TOOLS.

The accompanying engravings illustrate some new tools m.ade
by L. S. Starrett, of Athol, Mass. Fig. 1 is a universal sur-
face gauge. It has the following improved features—viz., a
joint at the base which allows the spindle and scriber to be
moved back and forth and placed in any position from upright
to horizontal to reach over, back of and under work that could
not be got at with old-style gauges, while by inclining the
spindle over the work its scope for long reach is increased.
The fine adjustment is nicely obtained by the knurled

screw in the rocking bracket at the base acting against a stiff

spring uiidi'r the opposite end, while the joint above with the
spindle may be set and rigidh- held in any position desired.

Two pins through the base, frictionally held, may be pushed
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down by sliglit pressure to form a lifurini; to work from the
edge of, or in the slots of the planer l>ed for lininn- up work,
while the weight of the gauge against the bed with a little

Fig. I.

pressure is suflieient to push' them back. Grooves 'around
tlicse pins, against which a pointed spring'plunger presses, in-

sure their being held in place either up or down. Concaved
depressions milled in the sides of the base make it convenient
for thumb and finger to grasp.

Fig. 3 is a similar tool of a smaller

size and made on the same principle as

the one shown in fig. 1. The base is

steel nicely finished and case-hardened,

with depressions milled in the sides for

the thumb and linger to grasp. The top

side of it is slotted, and the rocking
bracket is pivoted in the same. There
is a stiff spring under one end of the

bracket and a knurled adjusting screw
in the other ; the spindle .pointed to this

may be set and rigidly held in any posi-

tion from verticil to horizontal, and the

scril)er placed in position to be used
below its base for depth gauge, or (with
bent end down) a scribing gauge. It

weighs but 11 oz., and is .5 in. high, and,

folding the spindle (which is 4 in. long) horizontall}' over the

base, it may be packed in If in. X H X 4 in. space in the tool

chest.

THE MAXON JACK.

1 Wk illustrate herewith a convenient form of locomotive
jack, which is made by the McSherry .Manufacturing Com-
pany, of Dayton, O. It has a height of 12 in. with a 6 in,

lift.a capacity of 20 tons, and weighs 27 ll)s. The .screw is

of steel 2 in. in diameter, and runs in an iron nut. The ratchet

box, head and stand are of malleable iron.

General Notes.

" At' a recent fire of a cotton-press in Baltimore, Md., most
etficient service was done by tlie fire-boat Cataract, which was
built two years ago, and considerable attention was attracted

to her by the work performed. She was built from the de-

signs and under the superintendence of William Cowles, Con-
structing Engineer and Naval Architect, who is also President

of the Cowles Engineering Company, which latter company
furnished the -Cowles water-tube boilers which supplies the

steam for the engines and i)umi)s of the Cataract.

~ The Riehle Brothers Testing Machine Company^ an

nounce that beginning .\pril 1 Mr. .1. R. Mallack, .Ir., will act

as its representative at tlie World's Columbian E.\positiou,

Chicago, and c-an be found, jircvious to the opening of the Ex-
l)Osition, at the Hookery IJuilding, Chicago.

Staten Island Industries.—Messrs. J. B. King & Com-
panv, of New Brighton, are now putting into their exten.sivc

plaster mill a 1,00(1-11.1'. condcM.iing engine, l)uilt for them by
Messrs. Watts A: Campb<-ll, of Newark, N. .1. They liave also

added to their present boilers one large steel boiler, 200 II.P
,

built at the Starin Ship & Iron Works, Port Ric'hmond.

The boilers, ga.s-burning furnaces, chimney and the entire

system of underground tlues connecting llieni were constructed

uiulcr the designs and supervision of .Mr. K. K. McMurrav, a

long-time resident of West Hrighlon, and Chief Inspector of

the Hartford Steam Boiler Inspection and Insurance ('om]iany,

of Hartford, Conn. Mr, AIcMurray also designed the large

chimney, as well sis all of the boilers of the Clark Thread
Works, at Newark and East Newark.

.

The Sargent Company.—The name of the CoNCiDON Bu,\ke
Silol'. ('(iNri'ANv lias been changed to " Tiin S.MtOKNT CoM-
p.\NV," and the business established under the former name,
in 187G, confined at first to tiic introduction of tlie Congdon
brake shoe, and <levelo))ed since into a general brake shoe, iron
and steel eastings business, will hereafter be carried on under
the latter name.

The Magnesia Sectional Covering Co., of 58 Warren
SI'eet, are issuing a set of very handsome steel engr.ivings of
lie new I'nited States cruisers, upon which their magnesia
covering is used. The cards are elegantly printed, and arc
souvenirs well worthy of ])rcsentation.

The Johnson Railroad Signal Company have just clo.scd

a conliact with tlie Chicago & N'ortliern I'acidc Railroad (/'om-

l)any, E. J. Pearson Principal Assistant Engineer, for inter-

locking jilant at Harvey, at the crossing of the Chicago Cen-
tral, Chicago & Grand Trunk and Illinois Central railroads, 50
working levers.

Electric Car-Heater.—The Consolidated Car Heating Com-
pany have lirought out a new electric heater, of which they
have sent us an elaborate description. Want of room has
prevented its publication in this numlier of The Amkuican
Engineeh, but we expect to refer to it again in our next
issue.

The Oliver Colborne Manufacturing Company, 5!) East
Indiana Street, Chicago, are working llieir force full time,
keeping pace with the demand for the Tuttle gas-engine.
This firm have recently fitted up their oltice in becoming style

and greatly enlarged the output of their plant.

J. C. Drake Machine Works. Jlorgan and .lackson streets,

Chicago, have been unusually busy in tiie manufacture of

their clay crushers and lirick -making machines. They are
now some two months behind orders, and this fact suggests
tlie prediction that lirick maiiiiracturcrs expect an unusually
large demand for building inatciial during the coming season
around and in Chicago.

The Diamond Machine
Company, makers of grind-
ing and polishing maclun-
cry, of Providence, R. 1.,

has adrpted for use in its

exhibit at the World's Co-
lumbian Fair an illuminated
sign, which will be of fine

stained glassand wholly new
in method of c(mstriiction,

for, in place of the unstable
mounting of lead with the
unsightly iron crossbars
heretofore used, the glass is

set in a durable cement be-

tween copper ; the latter is
'

' whole,
'

' as the spaces filled

by the .glass are cut out.

Desirable and artistic effects

are thus gained by the very
varying lines or " masses"
of copper never Iwfore at-

tained under the old meth-

j-7j^j
-" od. This new patented way

THE .MAXON JACK. "^
''^'/T*'' .f"Tr'l fr''l l'owned by the Metallic Set-

ting Company of Providence.

Raymond Brothers Impact Pulverizer Manufacturing
Company, 271 South .Jeffeison Street, have just sold the

National Oil it Paint Com|)aiiy a pnlveri/.er to crush ore, from
wliieh they manufacture paint which the Union Pacific Rail-

way use altogether. They have also put in a complete ]iaint

plant for the Chicago & .N'orthwesterii Railway at their 40tli

Street shops, this city. They report business exceedingly

active, Kaymond Brothers have just patented a new wind-

mill, wliicli"be.sides from being lighter than any other style of

windmill now manufactured, has less joints to break and the

gearing is unexposed.

The Link-Belt Machinery Company recently closed a very
large contract with Mr. .1. C. Henderson. Engineer of the

Milwaukee Street Railway (lompany, for a very extensive

system of coal and a.sli handling machinery. The coal will

lie takf-n from wagons or barges in the river, at opposite end
of building, and conveyed from either point to a .system of

coal bunkers, extending from first lloor to ceiling of third
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floor. From tlii'se bunkers the eoal may be drawn to any one

of the nine boilers located on either the lirst or second floor.

The ash device is designed to receive from any one of the 18

boilers, delivering them to either one or two storage bins, from
which they may be drawn into carts or barges to be carried

away. This will make the most extensive system of coal and
ash handling machinery erected in the West, and is in keeping

with the magnificent new power plant of this company in

Milwaukee.

The Ammonia Motor Again.—The Railway Ammonia
Motor Company, which has oflices in the Drexel Building,

gave an exhibition of its system of running street cars recent-

ly. The motor this company uses was invented by P. J.

McMahon, formerly a chief engineer in the navy.

The ammonia is first evaporated, and after the water has

thus been removed from it, it is passed through a coil of pipes,

over which cohl water is sprayed. It is thus reduced to a

liquid called anhydrous ammonia, which is collected in a big

tank, from which it is drawn into a smaller tank on Ihe car.

This car tank is surrounded with an outer box containing hot

water.

THE IMPROVED GREENE ENGINE.

OuK illustration represents a perspective view of the new
improved Greene automatic cut-oft' engine, which is as it is

built by the Providence Steam-Engine Company, of Provi-

dence, R. I.

The bed plate is of the girder patlern, symmetical in appear-

ance, and of ample strength. The main journal-bo.xes are

made in four pieces, and provided with set screws and check
nuts, which permit of convenient and accurate adjustment.
The governor is of the Porter pattern, and is driven by a flat

belt from the main shaft. The valve-gcar is detachable, and
is so controlled by the governor that the cutting off may be
effected from zero to three-quarters of the entire stroke. The
valves are four in number—two steam and two exhaust—and
are of the flat-slide pattern. The power which moves them is

applied parallel to and in line with their seats, so that they
cannot rock or twist— thus obviating the tendencj' to wear
unevenly. The steam-valves when tripped are shut by a
combined action of a weight and the pres.sure of the steam on
the large valveslcms, thereby insuring a quick cut-off, and

THEj IMPKdVED. GREENE ;ENGINE.

' To'generate'the power the anhydrous ammonia is heated to

about 80°, and as the liquid will Ijoil in the air at 38+° below
zero, the lieat develops a pressure of 150 lbs. This pressure
works a piston in the same way as steam.
Enough anmionia can be stored on an ordinary car lo run

it for seventy miles over an average road. When one charge
Is exhausted another can be put in very quickly. Mr.
McMahon reckoned the cost of running a car with his system
at one cent a mile.

The sample car was taken out and run up and down a
couple of blocks of the unused tracks on Twenty-eighth
Street, from Sixth Avenue west, in the experiments.

A Naphtha Cab.

—

X cab propelled b}' a petroleumnapbtha
motor has been tried recently in Berlin. It is not a new inven-

tion, but was already seen at the Munich Exhibition in 1888.

The firm which brought it out—the gas motor works nf Benz &
Company, in Mannheim—assert that they have made so many
improvement.') that the cab is quite fit for practical use. The
motor cabs are three-wheeled, and can carry onlj- two persons,

the driver incluiled. Behind the seat is a sort of boot, which
contains a petroleum-naphtha motor of nearly 2 H.P. The ex-

plosive mixture of petroleum, gas, and air, which is the niov

ing power, is ignited by an electric apparatus. The inventors

assert that on a good road a speed of about eleven miles an
hour can be obtained. The price of such a cab is £250. It

looks like a large two-seated bath chair.
|

the positive' closing of the port, under all circumstances of

speed and pressure. The steam-valves are operated by toes,

on the inner ends of two rjck shafts that connect wilh the

valve-stems outside the steam-chest. The outer ends of the

rock-shafts are furnished wilh steel toes.

There is a sliding l)ar carrying lappfts which receives a

reciprocating rectilinear motion from an eccentric on the main
shaft. Below the sliding bar is a gauge-plate connected with
the governor, which receives an uj) and down motion from a
reverse action of the governor balls.

The tappets in the sliding bar arc allached lo the gauge-

plale, and elevated or depressed in Ihe bar b.y Ihe action of

the governor. As the sliding bar moves in Ihe direction of

the arrow, one of the tappets is brought in contact with the

inner face of the toe on the rock-lever, causing it to turn on
its axis, tlierebv opening llie steam-valve at one end of the

cylinder. At the same moment the other tappet comes in

contact wilh llie outer face of Ihe other toe, and as the sur-

faces are beveled, the toe is forced up into the socket until the

tappet passes under, when it drojis Ijy gravity alone into its

original position, to be operated upon in its turn, when the

motion of Ihe sliding bar is reversed.

.\s a result of this'motion, the lappets always give the valves

Ihe .same lead, and as the bar moves in a straight line, while

the toe describes the arc of a circle, Ihe tappet will pass by
and liberate the toe, which is lirought back to its original

position'by a weight and the steam pressure on the large valve-
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stem, which thus closes the valve and cuts off the steam.

The liberation of the toe will take place sooner or later, accord-

ing to the elevation of the tappets—Ihat is, the lower the tap-

pets are, the sooner the toes will be liberated, and mce versa.

By the elevation or depression of the gauge-plate, the period

of closing the valve? is changed, while the period of opening

them remains the same. The adjustment of the gauge-plate

is effected directly by the governor.

Both the exhaust-valves and seats are convenient of access,

and removable from the outsider of cylinder. The valves

receive their motion from a separate eccentric, thus allowing

of easy adjustment, without interference with the steam-valve

mechanism. All the connections are on the outside, are few
in number, and have ample bearing surfaces, insuring freedom
from rapid wear and derangement.
A safety stop-motion is combined with the governor, pre-

venting the admission of steam should the governor belt run
off or breaU.

The cross-head gibs are directly opposite the center of pin,

thus avoiding any cross strain upon the piston-rod. The
steam-ports are large, thus insuring the full pressure of steam

to the point of cutoff. The engine is extremely sensitive to

phor-bronze. The carriage is 33 in. long, gibbed for its whole
length along the back shear, and at each end of the apron
along the front shear. One of these latter gibbs is used to

clamp the carriage when cross feeding. It is important to

note the fact that the cross feed is made as coarse as the

longitudinal feed, so that the feed-gearing rarely needs to be
disturbed. The cross-slide, 20f in. long, is fitted with one of
Bogert's patent double screw tool posts. A telescopic slide

by its movement protects the cross-feed screw from chips in

any position of the tool. The tail stock may be set over, to

line the centers, and is clamped to the bed by two }-in. bolts.

The tail stock spindle is 2| in. in diameter and 16^ in. long.

The center rest will admit work from f in. to 9 in. in diameter
without change of jaws. The follow rest is made either with
adjustable jaws or with a split hole, to clamp bushings.

Bogert's improved friction clutches and Bogert's improved
method of oiling loose pulleys are features of the counter
shaft. Counter-shaft pulleys, 15 in. in diameter and 4 in. face,

should make from 160 to 180 revolutions per minute ; the

backing pulley should be run at least as fast as the latter

speed for screw cutting. When the nature of the work makes
it necessary or desirable, Bogert's improved elevating tool

m^mmmmmmimmmmmm^mm

BOGBET'S mPEOVED 20-INCH ENGINE LATHE.

the action of the governor.'and all parts are well proportioned,

made of the best material, accurately fitted, and highly fin-

ished.
*

BOGERT'S IMPROVED 20 IN. ENGINE LATHE.

The lathe illustrated is one made by John L. Bogert, of

Flushing. N. Y., and has a swing over the top of the cross-

slide of 14i in., with length of bed of 10 ft. 3 in. The head
stock has carefully fitted, adjustable boxes lined with the best

phosphorized Babbitt metal. The front bearing is Zi in. in

diameter by 5| in. long, and its cap is held down and adjusted

by four f-in. bolts. The live spindle is of very hard crucible

steel, and has, unless otherwise ordered, a IJ in. hole through
its axis, carries a four-step cone for a 3* in. double belt, and
a front gear 14f in. in diameter. Its end thrust is taken upon
hardened tool steel collars with sides ground perfectly paral-

lel. The ratio of the back gearing is 13 to 1, which, taken in

connection with the diameters chosen for the corresponding
steps of the overhead and main cones, makes the speed of

rotation of the live spindle decrease in exact geometrical ratio

from the fastest to the slowest. A very accessible rocking de-

vice on the back end of the head stock enables the direction

of the feed to be instantly reversed without disturbing the

change gears. The lead screw is lyV in, in diameter, it cuts

three threads to the inch, and is made as accurate in every
way as is practically possible. The usual variety of threads

from one to 16 per inch can be cut with the change gears
without compounding. The thread of the lead screw is used
only for screw cutting, the longitudinal and cross feeds being
driven by means of a large key way or spline. The half nuts
are opened and closed by one-third of a revolution of two
single-threaded screws of large diameter, and cannot fly open
under any condition of feed strain. Both power feeds are

frictional, and their engagement being by screws, slipping can
at any time be prevented. All gearing of any description is

cut from the solid, and the feed worm-gears are made of phos-

post or Bogert's improved compound rest may be applied to

the top of the cross-slide, without any change in its construc-

tion. Tapers up to 4 in. to the foot can be readily and accu-

rately turned with Bogert's improved taper turning attach-

ment, without disturbing the alignment of the centers. This
device must be provided for in the construction of the lathe.

The bed, owing to a proper distribution of metal, is stiff and
rigid, its design and arrangement of cross bracing being the
result of the careful thought and experiment of years. In
1882 Mr, Bogert made thefirst drawing for a machine tool,

with its bed deeper in the middle than at the end, and in 1885
tapered the ends, and at the same time brought the legs nearer
together. His uniform practice in the case of lathes is to

make the inside edge of the upper surface of one of the legs

plumb with the front end of the head stock, and locate the

other leg the same distance from the other end of the bed.

An elliptic curve to the lower edge of the middle portion

makes the elevation symmetrical, and best provides for the
strain of use.

PROFESSOR LANGLEY'S AIR SHIP.

The Washington Post of March 13 has published a long ac-

count of a " New Flying Machine," which it says Professor
Samuel Pierpont Langley, of the Smithsonian Institute, has
been secretly constructing and experimenting with for nearly

two years. How much of this report is correctjand how much is

a consequence of the exercise of reportorial imagination it is im-
possible now to know. The following abstract of this highly
colored account is given for what it is worth :

" The machine is a working model. It is not intended to

carry passengers. In configuration the body portion closely

simulates a mackerel. The backbone is a light but very rigid

tube of what is technically known as ' title metal,' one of the

many alloys of aluminium and steel. It is 15 ft. in length and
3 in. in diameter. To give rigidity to the skeleton, longitudi-
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nalribs of stilT steel ;ire provided, intersected at intervals by
cross ribs of pure uhiminiiim, the result being a lattice frame-
work of great strenglh.

" The engines, which are located in the portion of the frame-

work corresponding to the head of the lisli. iire of the donble-

oscillaling type. They weigh 60 oz. and dei'elop 1 II. P., the

lightest of that power ever made. There are four boilers of

thinly hammered copper weighing a little more than 7 lbs.

each, and they occupy the middle portion of the ti.sli. Instead

of water, a very volatile liydroi iirl)ou is employed, the exact

nature of which i:< a matter of secrecy, but which vaporizes at

a comparatively low temperature. The fuel u.sed is refined

gasoline, and the extreme end of the tail of the fish is utilized

for a storage tank with a capacity of one quart. Before pass-

ing on to the boilers the gasoline is volatilized by going
through a heated coil.

" Tliere arc twin-screw propellers, which would be made
adjustable to ditlercnl angles in praclice, to i)rovide for the

steering, but which in simply a working nndel are necessarily

fixed at a certain point for a given trial. Screws of various

pitches, and ranging fron\ 20 to 80 centimeters in diameter,

have been experimented with, -

but it is not yet definitely deter-

mined which shall 1)C adopted
for trial. With the smallest , the

engines d<-vclnp a speed of 1.700

resolutions a nnnute. AVitli the

larger ones the speed is some-
what decreased.

" A thin jacket of asbestos

covers the ujiper portion of the

body of the fish. It is unusual-

ly porou.s, and probably is cm-
ployed to prevent undue Inss of

licat by railiatiou. The wings
or aeroplanes are sector shaped,

and consist of light frames of

tubidar aluminium steel, covered

with China silk. The front one

is 43 in. wide in the widest part

and has an extreme length of 40

ft. from tip to tip. The rear one
is somewhat smaller. Roth a<'ro-

plaues an- 'designed to l)e ad-

justable with reference to the

angle they present to the air. A
tubular mast extends upwardly
and downwardly through about

the middle of the craft, anil

from its extremities rim stays of

aluminium wire to the tips of

the aeroplanes and the ends of

the tubular backbone, and by
this trussing arrangement the

whole strucfure is rendered ex-

ceedingly stilT.

" The'niaciiine was construct-

ed and perfected to its jiresent

degree in a secret room in tlic

Smitlisoni;in Institute, where it

now rests. It was eoiueivtd

about twentj' months tigo by
Professor Langley, who associated with him in the work of

experimentation "Cliief Clerk W. (!. AVinlock^and^Dr.^Kidder,

a scientific expert employed at that time in theMnstitution.

Four skilled workmen in mechanics and metallurgy were put

to work \inder pledge of sccrei'y. The work went on at^odd

hours, mostly at niglit and on Sundays.
" An out-dour trial has been planned. The intention is to

employ a tug to tow the cxperintcntal jiarty to a creek aliout

45 miles down the Potomac, where the experiments may be
conducted without fear of interruption.

"In the large lecturc-rojm of tlie National Museum Pro-
fessor Langley has sticceeded repeatedly in producing success-

ful llight by small models. Tliey woidd lly as long as the

power lasted, the power being applied by means of lightly

wrapped rubber bands, on the princii)le of the string top.

The lightest of these little models weighs 16 grammes, and
will soar from one end of the room to tlie other as freely as a
bird.
" Professor Langley went to France, and while in touch

with the most advanced investigators there he is believed to

have reached his conclusion as to the l)est model for the gen-

eral canformatiou of the proposed air craft—namely, the long,

thin, tapering lines of the mackerel."
[There is a'fishy tlavor about this account which is disturb-

ing to one's credulity.—Editou Amekican Englneek.]

A NEW SHOP CRANE.

TiiR accompanying illustration shows a jib crane of excel-

lent design, made by Messrs. Pawling & llarniselifcger, of
Milwaukee, Wis. This crane has a capacity of l.T tons ; it has
a clear lift of 18 ft. and a radial swing of 21 ft., enabling it to

cover a floor space 42 ft. in diameter, or nearly 1,400 sij. ft. of
il >:ir. The jib is composed of two 20-in. steel iM'ams, ami the
li avicst steel eye-bars forming the tension mcmliers have a
ucl section of 4 si|. in, each, and receive a maximum stress of

less than If), 000 llis, per .<(|uare inch. All the gears are cut
from solid metal, ami the pinions, in all ea.ses, are cut from
the best grade of machinery steel, thus insurittg strength,

durabilit}' and safety.

The shops of this linn liav<- .several of these cranes under
construetiini for sliops and foundries in Slilwaukee and else-

where, besides several of simil.-ir pattern and smaller capacity.

Tliese works have al.so just shipped the first of three large

armature lathes for tlie Siemens >.t Ilalske Company. These
are speinally designed for turning and ^finishing armatures
from 10 to 16 ft. ill diiimclcr.

ELECTRIC JIB CRANE, |15 TONS
CAPACITY.

AUSTIN LOCOMOTIVE STONE BREAKER.

Mii. A. R. AtsTis, of;Fort Wayne. Ind., has recently jnit

upon the market a locomotive stone breaker, which is intended

to break stone along the track and deposit it in the form of

ballast where it is needed. It is arranged with a single pair of

drivers, wliich gives it the necessary adhesion for not only

moving itself, but also for hauliniione loaded car. it will run
30 miles an hour, and is so arranged that it can be changeil

from a locomotive to a .stone breaker in five seconds by raising

tlic drivers off the track, and it is guaranteed to break from 25

to 30 cubic yards of stone per hour on tlie main track or in the

quarry. The rock for ballast can be handled in large lumps,
loaded on fiat cars, and drawn to the place where it is to be
used as balla.st.

The method of operation is to load and distribute this heavy
rock along the side of the track where il is needed, and then

take the machine to the spot and throw the large )iicees into

the breaker, thus doing away witli the necessity of handling

the broken stone with shovels. When in use the driving-

wheels become the fly-wlieelsof the engine, and give the recpii-s-

ite steadiness of motion to the crusher. It would seem that

there are many places in which such a_ machine would prove

valuable and cfticieut.
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NEW YORK, MAY, 1893.

In our April issue tliere was a typographical error in the

solution of the "Locomotive Problem," by C. H. Linden-

berger. The diameter of the drivers should have been t ft.

instead of s ft., as given.

EDITORIAL NOTES.
I

The latest report regarding the annual coal production of

the world credits the L^nited States with an output of

140,000,000 gross tons, with Germany second with 110,000,000

gross tons, and Great Britain third with 8-5,000,000 gross

tons. At the same time there has been a slight advance in

the average price.

It is said that American pig irons are gradually displac-

ing the English and Scotch products in Central and Western

Canada. At Montreal, where the foreign irons are landed,

they have the advantage in price, but when the cost of land

transportation is added, it becomes impossible to sell it in

competition with American iron made in Ohio and Pennsyl-

vania.

1 The report is in circulation that Professor Elisha Gray's

new telautograph has been tested by experts in New York

and Chicago, and that they are full of enthusiasm over its

possibilities. The action of the instrument is the reproduc-

tion at the receiving end of the wire of any figure or writing

that is drawn on a piece of paper with a pen at the sending

end.

The daily papers are continuing their hue and cry regard-

ing the refusal of the railroads to give greater reduction of

fares to Chicago, on the plea that the present rates will de-

prive hosts of people of the pleasure of the trip, and yet the

people of Chicago, by the extortionate rates which they pro-

pose to charge for rooms and hotel accommodations,*are

doing their very best to deter the public from visiting the

city.

A FEW years ago there was considerable discussion rela-

tive to the possibility of an 18-hour train between New York

and Chicago. A rumor is abroad that this is about to be

approached by a 1!) hour express over the New York Cen-

tral & Hudson River Railroad. The long success of the

Empire State Express in making schedule time between New
York and Buffalo has led to the decision to maintain the

SMine speed with a similar train on to Chicago.

A new department is being added at the Superior hard

ore mines. For some time the soft high-grade ores have

lieen crowding the hard ores out of the market, because the

former came to the furnaces ready for smelting, while the

hitter had to be crushed. Lately crushers have been added

to the plant at the mines, and the result has been that while

there is some additional expense to the mine owners, the in-

crease in their orders more than compensates them for the

extra labor involved.

The "Good Roads" movement seems to have gained a

firm footing in many parts of the country, and the proba-

bilities are that before long the work of improvement will

be begun. Governor Flower, of New York, has already

signed a bill which authorizes the warden of Clinton Prison

to employ the convicts in road making within a radius of

twenty miles of the prison, and if the attempt is successful

the same authority will probably be extended to the war-

dens of the other prisons of the State.

Our pages are a cotemporary chronicle of the advance-

ment that is being made in the shipping interests of the

great lakes. There is hardly a month but that some new

vessel is projected or launched, until now they have come

to assume the dimensions of the best of the Atlantic liners

of a few years back. This advancement was brought out

very prominently at a dinner given in Duluth, where Mr.

James J. Hill, President of the Great Northern Railway,

stated that his Company is building two steamers capable

of carrying 350 first-class passengers, and of making tlie trip

from Buffalo to Duluth, a distance of 1,000 miles, in 50

hours, adding, in conclusion, his belief that this would re-

sult in the establishment of a daily line.

BOILER TUBES.

•For some months past, or perhaps it may be said for sev-

eral years, English engineering journals have contained many

articles, papers, and much correspondence on the subject

of boiler tubes, the chief burden of which is the difficulty

of keeping marine boiler tubes from leaking, especially

when forced draft is used. One effect of the trouble, a

correspondent intimates, is that many of the engineer offi-

cers in the British Navy are getting hald. It is not surpris-

ing, therefore, that the subject of boiler tubes is attracting

much attention at present.

It has never been satisfactorily explained why this difficulty

is so much more serious in marine boilers than it is in loco-

motives, or, in other words, why locomotive tubes can be

ke])t tight and those in marine boilers cannot. Engineering

of February 24 contained a long editorial article, in which

the whole subject was summed up, or, rather, the evidence re-
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luting to it. Tlie dirticiilty is attributed to a variety of

causes, and many cures have been proposed. One cor-

respondent points out that the difference in temperature be-

tween the inner and outer surfaces of the tube-plate causes

the latter to become convex toward the lire, and he advo-

cates the use of thin tube-])lates. Other correspondents

predict that thin tube-plates will not stand long service,

whereas Mr. Yarrow recommends thin tube-plates, and says

there is no difficulty from their want of strengtli, and that

they may be sufhciently stayed by the tubes alone, even

when these become leaky.

There has been a good deal of conjecture with reference

to the question whether the tube-holes are contracted or ex-

panded by heat in ordinary service. One correspondent as-

serts that the cause of tube leakage is the transverse com-

pression of the tube by the " nip" due to tlie expansion of

the overheated tube in the platc^that is, the expansive

action of the heat produces a permanent set in that portion

of the tube inside of the hole in the plate, and wlien the

tube is cooled and contracted, it becomes smaller than the

hole, and consequently leaky. The same correspondent says :

" The cause of the delay in imjirovenient has, in my opin-

ion, certainly been due to the fact that nearly all ell'ort has

been in the direction of improving the joint and in reducing

mechanically the strain on the tube-plate, while it should

have been aimed at an improvement in the circulation past

the tube-plate and fire-box stays.
'

' He proposes as a remedy

for the evil a system of circulating plates and a " helical

fan," or a sort of screw working in a t\ibe in the boiler, and

driven by a light engine outside, so as to force the water

past the tube-plate and fire-box sitles.

On the other hand, Mr. A. J. Durston, Engineer-in-Chief

of the British Navy, does not look for salvation in thin tube-

plates, or, as Enginecriiiij says :
" His contention is that all

trouble comes from overheating
; that, be tube-plates thick

or thin, tube ends will leak if the evaporation be rapid, un-

less circulation of water against the tube-plate be unob-

structed, lie has recently read a paper before the Institu-

tion of Naval Architects on Some Kxperinients on the

Transmission of Heat Through Tube-plates, in which are

reported a variety of experiments and investigations bearing

upon this subject, and to which reference will be made later

on. Other disputants also attribute the difficulty to a want

of circulation.

The arrangement of tubes in vertical and in horizontal

rows has also been discussed, and some correspondents claim

to have realized much advantage from arranging them in

horizontal instead of vertical rows. It should, perhaps, be

exjjlained that to lay ofl tubes in horizontal rows a radius

equal to the distance between the centers of adjacent tubes

is taken. "With this radius describe a circle. Its center will

be the center of one tube. Then draw a horizontal line

through the center of the circle. The intersections with the

circumference will be the centers of other tubes, which will

be in a horizontal row. With the radius of the circle and

from the points of intersection subdivide the circumference

into e(iual parts. The points of subdivision will be centers

of more tubes, which will be in horizontal rows. To lay

them ofi in vertical rows, proceed as explained, but draw a

vertical instead of a horizontal line through the center of

the circle.

Whether the favorable results which were claimed were

due to the horizontal arrangement is, liowover, disputed.

Another plan for promoting circulation which lias been

proposed is to direct the feed water across the surface ofthe

tube-])latc, thereby inducing a current ; but the good eflects

of this arc also disputed.

A variety of circulating jjlatcs in boilers, arranged in

dillerent ways, but having the common object of dividing

the ascending from tlie descending currents, has been sug- •

gested.

Vifrious methods of Jirotecting the tube ends by ferrules

have been tried. These arc made of dillerent materials,

malleable cast iron being perhaps the most satisfactory. A
composition of plumbago, ganister, and fire-clay, and plas-

tering the tube-i)late or protecting it with tire-tiles have

been experimented with ; all of these are intended to act on

the principle of reducing the transmission of heat through

the tube-plato and tube ends.

There seems to be a very general unanimity of opinion

that greater care and better workmanship is reciuired in

fastening tubes. Mr. Yarrow showed the evil effects of

driving a tapered mandrel into a tube fitted into a jiarallel

hole. The editor of Eiiyinccring says, with reference to this

jioint—and we think all good mechanics will agree with him

—that " a ]iointof considerable importance is that the tubes

.should be free from rust or scale at the points where they

come in contact with the tube-plates. In the ease of iron

or steel tubes these portions of the external surfaces should

be thoroughly cleaned, either by grinding or filing, jirior to

the tubes being inserted, and that, moreover, every care

should be taken to prevent the parts so cleaned from becom-

ing rusty prior to the tubes being actually fixed."

In En(jincerin(/s article there is no reference made to the

use of copper ferrules between the tube ends and tube-plate.

It is, we believe, the general experience of nearly all locomo-

tive superintendents in -this country that it is difficult to

keep iron tubes tight without using such ferrules. There is

nothing said, either, about the fact that the tubes must ex--

pand more than the shell of the boiler, owing to the heat

coming in direct contact with them. This surely must have

a very considerable eHect on the joints of the tubes in the

tube-plate.

The discussion calls to mind that old historical one of

whether a pail of water would wcigli more with a tisli in it

than it would without. As a matter of fact, we are very igno-

rant of what occurs in the inside of a boiler ; and if it were

possible to get a good view of what takes place in, say, a loco-

motive l)oiler when a rapid rate of combustion is going on in

the fire-box, it would probalily increase our knowledge very

materially. It does not seem imjiossible to illuminate the

whole interior of such a boiler with electric lights, so that

every part would be visible, and could be photographed

through openings properly protected with glass. To use a

feminine expression, it makes one " ache with curiosity" to

get a view of that kind.

The iiaper on The Transmission of Heat Throngh Tube-

plates, referred to above, which we regret we have not room

enough to reprint in our pages, is to a great extent a report

of investigations intended to tlirow light on this imperfectly

understood subject. We can give only the briefest abstract

of the results of these investigations.

It was found, first, that the tcmiierature of the hot side of

a clean plate J in. thick through which heat is passing to

boiling water was about 240° F. Next, it was shown that

with a coating of grease, obtained from the inside of a boiler,

on the water side of the plate the temperature on the other

side was about ;!oO° F. ]$olh experiments were maile over

a Bunsen burner.

To ascertain the temjierature at the center of its thickness
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of ;i pliitc J in. tliick, resembling u Ijoiler tuljo-phitc exposed

to a forced blast tire, Iioles were drilled in the center of the

thickness of the plate in a direction radial to the tube hole.

These holes were tilled with square pieces of fusible alloys.

The temperature of the fire was about 3,000 , and the alloys

whose fusing temperature was 390° were melted, but those

which would melt at 330" were not.

f To determine the temperature of the tube-plate at which

injurious overheating

—

i c, such as to cause leaky tubes

—

takes place, a boiler with brass, steel and iron tubes was

constructed, and was then heated to a temperature of 030",

at which lead melted. On being tested afterward to a

pressure of 300 lbs. to the square inch, the tubes were found

to be' practically tight. On heating it to a temperature at

which zuic melted—7.')0'—two of the brass tubes split, and

it was found necessary to roll two other brass tubes. On

being tested again with 300 lbs. pressure, a few of the brass

and steel tubes leaked slightly, the iron tubes being without

a weep. After being heated so that the tube-plate showed

a red heat—-about 1,400"—the boiler, on being tested with

water, all the tubes leaked so badly that no pressure could

be maintained. It was, therefore, inferred that a tube-

plate, to be overheated s\ifficiently to make tube joints leak

to an appreciable extent, must be raised at least to the tem-

perature of melting zinc— viz., 7.j0'.

Experiments were made which showed that the loss of

efficiency of the heating surface of tubes in a boiler due to

a thin coating of grease deposit was from 8 to 15 per cent.

,

the mean of many experiments giving 11 per cent.

The temperature of plates when boiling water under vari-

ous conditions at a higher temperature than 313° was found

to be as shown in the followinsj table :

Tempera-
ture of
Hot Side
of Plate.

Temi)era-
ture of
Water.

Fah deg.

Over Bnnsen burner "
,

"ISO

Over blast forge (full bla"t) 1
430

Over forge fire—grease deposit J], of
an in. thick ._

510

Do., but ueing greaee of drier or
earthier nature ^^

Do., and spreading the grease up the
sides of the vessel as well tilT

Fah. deg
363
3M.5

3.59

80

Difference.

Fah. deg
6T
83.5

1.51

199

.537

Experiments on the behavior of tubes of various materials

showed that brass and copper tubes leaked even when the

jilate was below the temperature of melting lead—017 —
showing that these materials did not stand as well as iron

and steel.

It was not found that at the higher pressures there was

any marked addition to the excess of temperature of the hot

side of a plate over that of the boiling water.

Experiments were made to determine the temperature of

the center of the thickness of a tube-plate with an experi-

mental boiler working with closed ash-pits and moderate air

pressure. To do this, holes were drilled in the middle of

the plate in a radial direction from the inside of the tube

hole, and various alloys with different melting temperatures

were inserted. With a temperature of 3,100" in the com-

bustion chamber, the temperature in the middle of the plate

rose to ."530°, but was less than 540°.

Further experiments were made to ascertain the tempera-

ture of the tire side :ind middle of thickness of tube-plate in

experimental boiler u iili forced draft and closed stoke holes.

With temperattires in the combustion chamber varying from

3,500 ' to 3,300°, the temperature at face of plate was 1,000 ',

and at middle of plate was between 080° and 750°.

It was shown, by another .scries of trials to determine the

behavior of Lowmoor iron versii.^ steel tulies as regards leak-

age in the experimental boiler, that the former are at least

not superior to steel ones ; and as the latter, it is said, will

stand more rolling tlian the ordinary iron tube of commerce,

it seems to justify a iireference for steel tubes.

Of these trials it is said that the " first trial was of five

hours' duration with 3-in. air pressure. No leakage of tubes

occurred at this trial. Second trial of five hours' duration

with 3-in. air pressure for first two hours and 3i in. for next

three hours. At the conclusion of this trial the fan was

kept going for some time after drawing the fire, hut no lealc-

age of tubes occiirreil. Attention is called to this fact, as

great stress is frecpiently laid on the action of cold currents

of air in producing leaky tubes."

After this trial mineral oil was introduced into the boiler,

and leakage then soon commenced. The experimental

boiler, although subjected to the high temperature of

about 3,000° in the combustion chamber and 1,000° in

the smoke-box, and further subjected to hard treatment by

admission of cold air through the tubes after drawing the

fire at the conclusion of the second trial, did not leak till

grease was used in it.

To determine the temperature at various parts of the tubes

of an ordinary marine boiler, a series of experiments was

made. The boiler had two furnaces and 100 tubes 2f in.

external diameter and' ft. 8 in. long, the consumption of

coal being about 17 lbs. per square foot of grate. The fol-

lowing are the mean results of eight sets of records :

Deg. Fah.

Temperature in combuf^tion chamber 1,644
" just inside tube 1,550
"

in tube 1 in from combustion ciianiber 1,466
•• a in.

•• i,4ae
" :iin.

• " .......1,411.5
•

4 in.
' • 1,412

Sin." " " 1,398

fi in.
" •' 1,406

" 7iu. •• •' 1,400
"

S in. •• 1,410
" 1ft. j in.

• ' 1,308
•

1 ft. 8 ill.
• ' 1,29.5

'• 2ft. Sill.
•' ..1.198

•• 3 ft. 8 m. '• • 1,100
" 4 ft. 8 in.

" • 1,013
• 5ft.8in. •• • 926
"

i; fi Sin. ' " 887
in smoke-box 782

In commenting on these tests, the author of the paper says

that they show " that even beyond ft. in length there is

an appreciable transfer of heat. If this is the ease with a

boiler burning only 17 lbs. of coal per square foot of grate

per hour, it would be interesting to know how much heat is

transferred to the water through the front ends of locomo-

tive tubes when from 100 to 300 lbs. of coal are burned in the

same time.

The experiments summarized above concluded those made

on a small scale. Others on a larger scale were made on

shipboard, with the object of avoiding leakage of boiler

tubes. It is remarked in the paper that considerable trouble

has been experienced with leakage of tubes in the double-

ended common combustion chamber boilers and those of the

locomotive type. Various expedients were tried in some of

the boilers to overcome the leakage. These were as fol-

lows :
" Rolling tubes with a shoulder inside the tube-

plate ; beading tubes over the tube-plate ; rolling the tubes

parallel ; fitting ordinary ferrules in tubes ; shortening the

grates, involving an increase in the air pressure ; replacing

the stays from the top of the combustion chamber to the

shell of the boiler by dog stays having no connection with
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the top of the boiler. No dcliiiitcly benclicial results," it is

said, " have attended auy of these measures. The moditi-

cation in those boilers that gave the greatest benefit was

Fig- 3- Fig. 2.

rer-rofe sjggeiifd fy M- Pee*

a^

Admirj/ly cap ferrule NPZ. Messrs Humphrys TenriaHi C^ ftrrute.

Fig.

that of removing two vertical rows of tubes over the center

of each furnace." It is said, further :

" Concurrently with the efforts that were being made to

overcome the leaky tube troubles by improving the circula-

tion, experimental trials were being conducted in the loco-

motive boilers of the torpedo gunboat class (1) by plastering

the tube-plate with a non-conducting composition, thus pro-

tecting it on the fire side ; and (2) by ferruling the tubes

with (ire-clay cap ferrules, the caps of which afforded pro-

tection to the tube ends and the larger part of the tube-

plate. The ol)ject of these experiments was not to demon-
•strate the effectiveness of the materials used, but to show
whether the leakages of boiler tubes were not due to the

overheating of the tube-plate and ends. This was estab-

lished, for as long as, in the first case, the cement adhered,

and in the second case the ferrules lasted, leakages did not

occur. They were, however, both liable to rapid destruc-

tion, and could not be relied on as a permanent protection."

The report goes on to say :

" Among the first of the jiractical suggestions made for

ferruling the tube ends was that patented by Messrs. Ilum-

phrys, Tennant & Company, and illustrated by fig. 1. It

will be seen that this ferrule is screwed into the tube at the

fire-box end, and that the cap fits into an annular recess cut

in the tube-plate. The principle of this ferrule is that when
a contraction in diameter takes place, due to variations of

temperature, the outer part of the ferrule tends to tighten

upon the concentric portion of the tube-plate. Further, as

the ferrule is screwed into the tube, it has the advantage of

the holding power afforded by the rolling of the tube into

the cooler smoke-box tube-plate. It will also be seen that

from its construction it jjrovides a large amount of jointing

surface, and an intricate passage to prevent the escape of

water. On the other hand, it has the disadvantage that fer-

rules cannot be withdrawn for cleaning and repairs, but

must be cut out, and it is somewhat costly in fitting."

These ferrules were fitted into the tubes of the boilers of

the Meileii, and during lier trial gave good results.

Kig. 2 shows a ferrule proposed by Mr. Peck, of Messrs.

Yarrows' firm. In this the tube ferrule, or protector, does

not touch the tube where it is fixed in the tube-plate, but is

in contact with the tube only at a part where all its heat

may be readily absorbed.

Fig. 3 was ])roposed by Mr. Oram, engineer inspector, and

in addition to the features embodied in Jlr. l'eck"s ferrule

it has a cap to protect the tube end and the greater part of

the fire-box tube-plate from direct contact with the products

of combustion. Experience resulted in tlie shape of ferrule

shown in fig. 4. To make a practical test, these ferrules

were fitted in the Bnrrncotita's boilers. The port boiler was

fitted with wrought-steel ferrules, and the starboard boiler

partly with the same, and partly with malleable cast-iron

ones. Very complete trials of the boilers were then made
with satisfactory results. It was noticed that the scaling of

the malleable cast-iron ferrules appeared to be much less

than that of the wrought steel.

After this test of the ferrules they were fitted into the

boilers of the Thunderer and thoroughly tested, also with

satisfactory results.

This interesting paper ends by saying :

" These cap ferrules have been fitted to several other

.ships having various types of boilers with satisfactory re-

sults, and requests for them are being made by ships of the

fleet, with the view of protecting the tube-plates and ends

from overheating. Whether by want of circulation, excessive

temperature in the combustion chamber, or from the pres-

ence of grease or solid matter, it is submitted these cap fer-

rules have fully answered their intended purpose."

From the testimony which has been qudted it might be

inferred that the leakage of marine boilers i9 due chiefly to

the overheating of the tube-plates, which is a consequence

of either defective circulation or the presence of grease in

the boiler. If this is the true reason, it is a curious fact

that there is so much less trouble from leaky tubes in loco-

motive boilers, where the fire-box temperature must be much

higher and where the circulation of water can hardly be--M

good as in marine boilers.

Furthermore, the author

of the paper from which

we have quoted so liber-

ally expresses the opinion

that the method of fa.st-

ening tubes in the plate

seems to have little influ-

ence on their tightness.

The experience of loco-

motive superintendents

and master mechanics in

this country, we think,

would not confirm this de-

duction. The great pre-

ponderance of practice

here with iron and steel

locomotive tubes is that it is of the utmost importance that

they should have copper ferrules between the tube end and

tube-plate at the fire-box end, and should be beaded inside

the fire-box tube-plate and turned over on the outside—in

other words, that the method of fastening is of the utmost

importance.

It is curious, too, that there is no reference in the paper

to the effect of the difference in expansion of the tubes and

3
^

rnzt-.

rt=t=;=i^

Fig. 5-
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the shell of the boiler. It is a very common impression that

long locomotive tubes are much more difficult to keep tight

than short ones. The breakage of stay-bolts is often at-

tributed to the expansive action of the tubes. A recent

number of the Rilhrdy En/jinccr contains a description of a

method of construction of locomotive boilers intended to

overcome this difficulty. This is shown in tigs. 5 and 0.

It has been patented by Mr. Martin Atock, M.Inst.C.E.L,

Locomotive Superintendent of the Midland Great Western

Railway of Ireland, to allow a locomotive boiler to " breathe"

freely.

In describing it the RalUoaij Engineer says :

" The difference between the expansion of the brass or

copper tubes and the iron and steel shell of a locomotive

boiler is well known, and Mr. Atock drew attention to the

evils which are chargeable to this cause in a paper which he

read before the Inst. C. R, of Ireland in April, 1883. Soon

afterward Mr. Atock had a boiler fitted up as an e.xperiment

witli a single bowling-iron expansion ring, as shown at fig.

tubes lengthen J in. more than the shell of the boiler does

when raised in temperature from 60' P. to 312° F., and this

movement takes place every time, steam is got up or let

down. When steam is up to 150 lbs. per square inch, but

the engine not at work, the tubes lengthen f in. bare and an

additional i^ in. full when the engine is working hard, thus

making a total of \ in. Under the same conditions the

boiler shell expands only \ in. bare, so that there is a move-

ment of f in., which must take place, and is, with the flush-

topped boilers quite unpi'ovided for, and results in the dis-

tortion of tube-plates and grooving near the flange of the

front tube-plate, breaking off of the ends of tubes near the

tube-plates, and ' the tubes give trouble by working them-

selves loose and consequently leaking."

It is of course true that the difference in the expansion of

brass or copper tubes and the shell of the boiler is greater

than that of iron or steel tubes, but owing to the fact that

the products of combustion come in contact with the tubes

before the water is even warmed, and never comes in contact

/ siy*'^

Fig. 6.

ATOCK'S PATENT ELASTIC BOILER BARREL.

5, and it worked mo.st successfully for seven years, when

the constant working or " breathing" caused grooving to

take place at A, and a new ring had to be put in.

" In order to minimize the grooving Mr. Atock put in

three corrugations, as shown at fig. 6, and these give every

indication of lasting- the life of the boiler. The flexible

tube-plate or corrugated front end ring has the advantage

of throwing a less strain on the tubes, as in the latter case

they have only the tube-plate to move forward, whereas in

the former they have the entire weight of the boiler to thrust

backward.
" There are now 27 engines running on the Midland Great

Western Railway having their boilers fitted as shown at tig.

6. The first of these engines commenced running in Novem-
ber, 1889, and has accomplished 118,000 train miles, and

lias given every satisfaction up to the present time. An in-

vention of this kind of course requires a period of years to

thoroughly test it, but there is every indication that it will

result in a saving of both tubes and tube-plates, to say noth-

ing of the inconvenience of the delays resulting from tube

failures and leakages. The corrugations may be either

wholly inside the shell or outside, and in the former case

the ordinary construction of the shell is not interfered with

at all.

" Some idea of the strains which are thrown upon loco-

motive boilers by tlu variations of the temperature may be

gathered from some caieful experiments made by Mr. Atock.

In a boiler 10 ft. long between_the_tube-plates_the brass

with the boiler shell, it must be obvious that the expansion

of the tubes must be considerably greater than tliat of the

boiler shell.

" Mr. Atock does not use longitudinal or gusset stays,

but stiffens the flat portions of the end plates with girders,

as shown.
" ^Ir. Atock's experiment fully bears out Mr. Yarrow's

well-known researches with torpedo-boat boilers of the loco-

motive type. The invariable deductions from Sir. Yarrow's

investigations were that the boilers worked under a forced

draft required much more freedom to expand than was ever

allowed, at least in the Navy."

The first requisite for keeping tubes tight would seem to

be to protect them from undue strain from longitudinal ex-

pansion.

The second, good workmanship in fastening them in tlie

tube-plate. If any one should try to make a steam-tiglit

joint in, say, a steam-chest cover, and should not finish the

surfaces true and smooth, any good mechanic would jeer at

him, and yet it is the common practice to fasten tubes in

tube-plates with the scale on the ends of the tubes, or if it

is removed, it is done by hand, and they are merely roughly

filed. That it is impossible to do a good job w'ith such

work is not surprising.

The third, protection to the ends of the tubes from

overheating by keeping the boiler clean, promoting circu-

lation, and protectiug the ends with ferrules such as have

been found efficacious^in the British^Navy.
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BOOKS RECEIVED.

The I'mcliciil Kiif/incci: I'ockptliook :iiiil l)i:iry, 1K93.

Editedby W. II. Kowlcr. 'lV(liMii:il I'ulilisliing Conipuny,

Mancliester, Eughiiid.

The Measurement of Electric Currents. Hy James Swin-

burne, M. Inst. E. E., and C. II. .Wordin,i,'h;un, Assoc. M.
In.st. E. E. Edited by T. Coninieulonl JIailin. Van Nos-

trand's Science Series, New York.

Infiiiitry Drill llegulations. United States Army. Army and

Navy Journal, New Yorli.

Manual of Guard Duti/, United State.i Army. Army iuiil

Navy Journal, New York.

Strilrh Layouts and Curve Easements. I!y Augustus Torrey.

Tlie Kailroad Gazette, New York.

Electrical Measurements and other Advanced PHmersof Elec-

tricity. By Edwin J. Houston, A.M. The W. J. Johnston

Company, Limited, New York.

Triangular Surriys from Single Stations. By Augustus

Knudsen, C.E. Brunt & Company, San Francisco, Cal.

Professional Papers of the Corps of Royal Engineers. Edited

by Captain W. A. Gale, U.E. Royal Engineers Institute.

0(^casional I'apers. Chatham, England.

ELECTRIC LOCOMOTIVE.

We give a perspective view of an eleilric locomotive wliicli

is being l)uilt for the Baltimore iV Ohio Railroad Company,
to be used in the Baltimore tunnel. The engine is to weigh 90
tons. As the drawing comes to us just as we go to press we
arc unable to give any further details of its construction in this

issue.

THE JOHN BULL.

The Pennsylvania Railroad Company issued invitations re-

cently which read as follows :

" The original John Jli/tl locomotive and train of cars will

run from New York to Chicago, over the Pennsylvania Rail-

road, April 17-23, 1893. Mr. •

,
you are respectfully in-

vited to accompany the party from to .

" George W. Boyd,
" Assistant General Passenger Agent."

On the back of the card was publLshcd a schedule of the

90-TON ELECTinc LOCOMOTIVE, BALTIMORE * OHIi) KAILROAD.

Sewage Treatment and Sludge Disposal. By W. Santo

Crimp. R. J. Bush, London.

Hales ajid Regulations Governing Freight Traffic. By Alfred

Fj. Fray.er. New York (Press of Gelhaar, Fleming it I'^'uller,

Rochester, N. Y.).

Manual of Irrigation Engineering. By Herbert M. Wilson,

C.E. John Wiley tt Sons. New York.

TransfKtions ofthe American Institute ofElectrical Engineers :

Volume IX. Published by the Institute, New York.

American Railroads as Investments. A Handbook for Invest-

ors in American Railroad Securities. By S. F. Van Oss.

G. P. Putnam's Sons, New York.

Municipal Improvements. A Manual of the Methods, Util-

ity, and Cost of Public Im|)rovenicnts for the JNIunicipal Olli-

cers. By W. F. Goodhue, C. E. John Wiley iV Sons, New York.

John Bull train from New V'ork to Chicago. The leaving

time from New York was 10 a.m., April 17, and the time of

arrival at Chicago was 3.30 I'.M. on April 23.

At the lime ajjpointed a goodly company, consisting largely

of newspaper men, assembled in the station of the Pennsyl-

vania Itailroad in Jersey City. The train consisted of two of

tiie old cars and the veritable John Hull, which had been put
into running condition recently. The engineer was Albert
Herbert, who ran the engine in 1847. The conductor was
W. 'I'. Bailey, wlio began liis career as conductor on the old

Camden & Amboy Road in 1858. and had been in the service

of the ('omi)any for 35 years. I)iu-ing that time he never had
a passenger injured on any of Ids trains, and was never sus-

pended nor reprimanded nor subjected the Company to any
cost whatsoever on account of accidents. The Jfhn Dull was
on exhibition at the Centennial Exliibition in Philaileli)hia in

1870. and at that time tlie following dcscrijition was published

by the Pennsylvania Railroad Company, and had a wide cir-

culation :

" The locomotive John Dull was built 'by Messrs. George
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& R(il)crt Stephcn.son, at Newcastle-upou-Tyni.', En.illand, for

the Caiiuieii & Ambo}' Railroad io Transportatioa Company in

the year I80I.
' It arrived in PhiUdelpliia in August, 1831, and was trans-

ferred to Bordentown, N. J., on September 4, 1831.

ORIGINAL niMENSIONS.

" Cyh'nders, 9 in. diameter by 80 in. strolic. One pair of

driving-wheels, 4 ft. 6 in. diameter. One pair of wlicels, 4 ft.

6 in. diameter, not coupled. Hubs of wheels were of cast

iron, the spokes and rims of the wheels of wood. Tires of

wrought iron, the weight about 10 tons.
" On arrival at Bordentown it was transferred from the sloop

in which it had been brought from Philaihdphia by moans of

wagons to the onlj; piece of permanent track of the Camden it

Ani^boy Railroad Company then completed, and about three-

quarters of a mile in length, and about one mile distant from
Bordentown. The macliincry was then put together, and a

tender constructed from a wliiskey hogshead placed on a four-

wheeled platform car, which had been used by the contractor

in the construction of the road. The connection between the

pump of the locomotive and the tank was made by means of a

leather hose fitted up by a shoemaker in Bordentown. The
locomotive was first put in steam. September 1.5, and .several

trial trips were made before the first public- trial, on the 12th

day of November, 1831, Isaac Dripps acting as engineer, Ben-

jaiiiin Higgins as fireman, and R. L. Stevens as general in-

structor and conductor. The members of the New Jersey

Legislature and a number of other prominent persons were
among the guests present.

'

' The John Bull remained at Bordentown until the year 1833,

when the Camden & Amboy Railroad Company began running
their cars by steam power, the road having been previously

operated with horses. It was then placed on the road, doing

the regular routine service, and continued in successful oper-

ation until 1866."

But little can be added to this description at the present

time. The two cars were in marked contrast with those at

present in use. The seats were a very old-fashioned pattern,

and candor compels us to say were very uncomfortable.

Evidently when they were made the anatomy of the human
form had not been studied with as much care as it has been
since by .some of the designers of modern seats. The backs
of the passengers were supported only at the shoulder blatles.

Their spinal columns received no attention in those early daj's

of railroading.

The car had an old-fashioned arched roof, without ventila-

tors or windows in it. The height of the floor to the eaves

inside was 5 ft. 8 in.; tlie height of the center was 6 ft. .'> in.

The ceiling was therefore destructive to plug hats worn l)y

tall men. The windows consisted of two panes of glass each

8i X iti in. Between these was a wooden panel 17 X 31 in.,

which was arranged to lower like the window in an ordinary

carriage. The windows themselves were fi.\ed and could not

be moved. Above the windows and panels and extending the

whole length of the car were a series of pneumonic ventilators.

Daylight could be seen through the crevices around almost

any of them, and was very suggestive of uncomforlalile drafts

in cold weather. Small blue curtains were looped up over the

windows, and resembled those used in children's play-houses.

The appliance for lighting the car consisted of a tallow

candle in a sort of lantern on each end.

That whieli impressed the passengers on these cars was their

e.vtreme rigidity or the roughness of their movement on the

track of the Pennsylvania Railroad. In recollecting the early

days of traveling, one is apt to attribute the jolting to the

rough roads of those early days, liut even on the permanent
waj-of the PenTlsylvania Railroad these old cars were very
imcomfortal)lc.

One feature which attracted attention on the old engine was
a sort of a buggy-top on the back end of the tender, which faces

toward the rear end of the train. The history of this appli-

ance is that in 185.5 a very .serious accident happened on the

old Camden it Amboy Railroad at Burlington. A passenger
train was there backing down over a road crossing, and ran

into a carriage and pair of horses belonging to a Dr. Hanagan.
The rear car was thrown off the track and the other cars

crushed into one another, killing and wounding a hirge nvunber
of passengers. The buggy-top arrangement was then placed
on all the tenders, and a lookout was stationed there whenever
passenger trains were backed up.
Immense crowds were collected at all the stations Ijetween

New York and Philadelphia, and the interesting feature was
that the arrival of the train was greeted with a broad smili' on
the faces of each one of the spectators. The general verdict
of all passengers on this excursion was that they preferred

modern cars to tliose of the early days.

PATENALL'S IMPROVED SYKES' SYSTEM OF
BLOCK SIGNALS.

Uy the .Johnson R.mluo.vd Sign.\l Co>iPi\_NY, Raiiway, N. .1.

I.

In describing any system of|block signals it is always well

to begin with a little preliminary explanation and description

of the general principles which govern and require their u,se,

as there are still many readers of an article like this who have

very vague ideas about wliat is called the " block system."

In a general way it may be said that the block system is a

consequence of what the natural philoso])liers used to call the
•' iiapenetmbilit!/" of matter, or "that property in virtue of

which two portions of luatter cannot at the same time occupy
the same portion of space." When the momentum of a rapid-

ly moving railroad train or vehicle impels it to occupy a space

simultaneou,sly with another train or vehicle, di.sa.strous conse-

quences are liable to result if they come into collision with

each other. The block system ha's been devised to prevent

such accidents, and to exclude more than one train or vehicle

from given sjjaces on railroads at the same time.

The way in which this is done will be understood if we sup-

pose we have a railroad tunnel with two tracks in it, on each

of which trains run in only one direction. Obviously no col-

lision can occur in it if, after a train has entered the tunnel on

either track, a second train is not allowed to follow it on the

same track until the first train has passed out of tlie tunnel at

the opposite end. The same thing will be true if trains are

controlled in the same way on any part or division of a double-

track railroad.

In the block system this principle is applied to the whole

length of the road by dividing it into distric^ts or " block sec-

tions," as tliev are called, with signal stations between them.

The sections 'may be of equal or'unecjual lengths, as may be

convenient for working the traffic.

When a train, engine, or car is on either track in any one of

these block sections, all other trains or vehicles are excluded

from that track in that section. To illustrate this we will

take as an example a portion of a double-track railroad, shown
in fig. 1, on which trains run, we will say, " eastward" on one

track, and " westward" on the other, as indicated by the darts.

It should be understood that the engraving repre.sents a ground

plan of the tracks, and that the signaling apparatus, for con-

venience and clearness, is shown as though it was laid on the

ground, and does not appear in its true jiosition in relation to

the tracks ; neither is it drawn in its true proportions, some
of the parts being relatively magnified in size for the purpo.se

of representing them clearly.

Let it be supposed, now, that li R and R R represent two
lines of rails of a double-track road, and that trains run, say,

westward on one and eastward on the other, and that it is

divided into block sections 1, 3, 3. and 4 of any convenient

length, by signal stations. A. B and C, the stations being at

the divid"ing points between the sections, and are connected

together by telegraphic or electric commimication.

Any for'm of signals might be used ; but it will be supposed

that they are of the semaphore type, and consist of a post, M
(see station A, fig. 1), with a semaphore arm or blade, S, which

is pivoted to the post at U so that it can be moved like the

blade of a knife, and raised and lowered to and from the posi-

tions shown by full and dotted lines. When the semaphore

S is lowered, or in the position shown by dotted lines .S** at sta-

tion A. it indicates that section 2 ahead of station ^1 is " clear"
to station B, and when the semaphore is raised, as shown by

full lines, it implies " danger," or that section 3 is occupied

or " fouled," as it is sometimes called.

Usually there are two signals located close to the signal sta-

tion, one referring to the one track and the other to the line

on which trains run in the opposite direction. The signals

S, 8' and .S'" which are near to the stations are called " home
signals." In the engraving, to avoid confu.siou and complica-

tion, only the signals referring to the west-bound track are

shown, and will be described. Besides the home signals, other

sio'nals /> D' and D", shown by dotted lines in the engrav-

ing, are located at a distance of from 1,200 to 1,600 ft. from

the home signals, according to the nature of the location and

other circumstances. These distant signals will not for the

present be referred to, but their purpose will be describ-

ed later on.
.

The semajihores are operated by a hand lever, L (see station

.1, fig. 1). which is connected to a bar, /m-, and chain, cyic,

wiiieh passes over a pulley, }i. and is connected to another

lever, (i! (', at <;. The semaphore is pivoted or siispended on

the post by a shaft at Ji, which has a short arm or crank, hf/.

attached to it. This is connected to the lever rf 6' by a rod,
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g t ; rf is a couiitLnveiirlit wliich is intentU'il to llirow the
semaphore up, or to inciicatc " dangek" in ciise the chain or
wire c or otlier cnnnortiou shouhl he Ijroken.

It is a maxim in law tlial every jxrson must be assumed to
be innocent until he has been jiroveil to be guilty. In signal-
ing, exiierienee has shown that safety can be secured only by
adopting tlie reverse of this maxim as a fundamental principle
—that is, it must always be assumed that there is danger un-
less there is positive evidence that there is not, or, in other

station A in fig. 1 on the west-bound track, and that the .sig-

nalman at station ,4 has learned by telegraph from the signal-
man at B that the last west-bound train which left .4 has
passed B, and therefore the track between A and /.Ms unoccu-
pied, or is • cLE.vu." There can. therefore, be no danger that
the train T will run into another one between A and B. as
there is no train there to be run into. Consequently, on the
approach of a west-l)otind train, the signalman at A would
lower his home signal from the position shown in tig. 1 by full
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SECTION 2

WESTWARD

is^lXXZE

I_^J_2

SECTION. 4 \\__,^.4fL, \

I
STATION C

ZEUZt
T

SECTION 3

WESTWARD

SECTION 2

WESTWARD

XIE^XZE

EASTWARD EASTWARD

I'ATE.NAM. S IMPUOVKD SYKKS' SYSTKM HF BLO( K SIGNALS.

words, that the line or block section is'"€i,KAU." For this

reivson all signals are kept to indicate " dangku" not only while
the section to which they refer is occupied, but until it is re-

((uircd to indicate that the line is " clkau" to an approaching
train.

IJefore describing the details of th(Mneelianisni wliich is used
in connection with the system of lilock sigii.ils, which is the
subie<-t of thcs(' articles, an exidanalioii will be given of its

general principles and o])eration.

To do this it will be supposed that a train, 7', is appro.iihing

lines at S to that .shown by dotted lines al .S"'. It would Ihen in-

dicate to the engineer of train 7'that the line between .1 and the
next station was " ci.KAii," and he therefore eoid<l go ahead.
As soon as the train (la.ssed station .1 Ihen section 2 would

be occuiiicd. as shown in fig. 2, and therefore the signalman
at .1 would raise his signal to d.-mgi-r and thus " l)loek" sec-

tion 2. and would not lower his signal again until he isnotilicd

by telegraph from /> that the train ']' has passeil /.', thus leav-

ing se<lion 2 clear. If, when the Ir.iin ;ipproached st;ilion /»,

as shown in tig. 3, section :! was clear, then the signalman .al
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B would lower his home signal, 8'
, to the position shown

which would indicate to the engineer that he may go ahead.

As soon as the train passed station B and entered section

3 the signalman at B would raise his signal, as shown
at B, fig. 3, and thus "block" the section in front of that

station, and he would at the .same time notify A that .sec-

tion 3 was again clear. When the train apijroaches station

C the same operation would be repeated, and if tlu' line

was clear ahead of (7 the signalman at C would lower his sig-

nal, as shown in fig. 3, and would admit the train on section

4, and at the same time notify B that section 3 was clear, and
raise his .signal, as .shown in fig. 4, to block section 4. The
same method of operation is employed for trains running on
the east-bound track, but, as before explained, separate signals,

which arc not shown in the engraving, are used for that track.
From this explanation it will be seen that if trains were run

in perfect conformity with this system a rear-end collision

would be impossible. Unfortunately both human nature and
inanimate things seeui to have an infinite capacity for falling

into error and making mistakes, for neglect of duty, miscon-
ception of facts, and general wrong-headedness. A signalman
may forget or not notice that a train has entered the section be-

yond him, and may admit a second one after it. lie may go
"to sleep and not observe whether a train has passed his station

or not, and may notify the signalman behind liim that the sec-

tion between tliem is clear when it is not. Blunders seem to

be endowed with superhuman ingenuity, and only a history of

railroad accidents would reveal their varietj' and causes. The
occurrence of such accidents has led to the adoption of many
ingenious appliances the purpose of which is to avert the con-

sequences of human error in the operation of signals and run-
ning of trains. The system of operating signals, which is the

sul)ject of this article, has been deviseil for this purpose.

It has been explained that for the sake of security all signals

are placed so as to indicate " d.\nqer" until safety is assured,

and a clear signal is required for an advancing train. In order

to make sure that signals will not be lowered unless the line is

clear their levers, as, for example. L, shown at station A, fig.

1, is connected to a locking bar, b c, which has two notches,
./' and n. A latch, I, is arranged so that when the lever is in

the position L shown by full lines, the latch will fall into the

notch II and lock the lever and signal in that position, which
indicates" d.\noer." Another notch,/, is al.so provided ; and
when the lever is thr.nvn over into the position IJ and the sig-

nal is thus lowered, the latch I falls into/ and locks the lever

ill that position.

REach station is also provided with two indicator cases, one
for each track. In the engravings only one of these, /, is

shown. These refer to the west-bound track only. It con-
sists of a wooden case, /, which has two openings, E and F.

The indicators E, E' and E" refer to the condition of the sec-

tions of track beyond or ahead of the stations, while F, F and
i''"refer to that "of the sections in the rear or behind the sta-

tions. The signal levers L, L' and L" are electrically connect-

ed with the indicators. When the signalman at any of the sta-

tions, as .1, throws over the lever L to lower the semajihore
and admit a train to section 2, that movement of the lever

changes the indicator E at his station so that it will read
" Blocked to B," showing that a train may now enter section

3. This indication is then no longer under A's control—that is,

when once he has moved his lever to lower his signal which
caused the indicator to read " Blocked to B," A cannot
change that indication, but must depend upon B to do it for
him, as will be explained further on.

"'Before A admits a train on section 3 it should be certain that

there is no train on it or that it is " clear." If ^1 depends upon
information received by telegraph from B, there is always a
chance for mistakes. Thej- may misunderstand each other, or

forget, go to sleep, or do many other things to which fallible

and indolent human nature is prone. For this reason the

mechanism of this system of signals is arranged so that when
the signal at a station is raised to indicate " danger" it is locked
in tliat position, and the signal man at that station cannot un-
lock it without the co-operation or consent of the signalman at

the next station ahe.ad of him. That is, when A's lever and
signal ai-e in the position shown by full lines in fig. 1, ^1 can-
not move them until B imlocks ^l'* lever. B does this by
means of an electrical connection between ^1 and B, which is

operated by what is called a " plunger." P' , which is a knob or
button similar to an ordinary boll-pull, which is arranged in

front of his indicator case, /'. The con.struction of this will

also be explained hereafter.
Let it be supposeil, again, that a train, T, is approaching sta-

tion ,1, fig. 1, and the signal and lever atthat station are in the
position .S' and L, shown by full lines, and that the indicator A'

reads " Blockki) to B." A may now ask /jMiy telegraph or
ringing an electric bell whether section 3 is clear, andjf it

is, to unlock his lever, or'B may do so without receiving word
from A, provided section 3 is clear. If it is, jSdoes this by
pressing in the knob of the plunger P, which sends an electric
current to A, which shifts A's indicator, E, to indicate " Clear
to B,

'

' and unlocks his lever. When B releases the plunger and
it springs back, his indicator, F'. shifts to " Train on from
^4," meaning that a train has been admitted to section 2
from .4, and section 3 is therefore " blocked." When this op-
eration has been performed the plunger is locked, so that it can-
not be worked again to admit another train on section 3 until B's
lever, L, has been pulled over again and returned.
Assuming now that B has unlocked A's lever and changed

his indicator, E, to read " Clear to B," A would then throw
his lever over and lower his signal to the position S^ .shown by
doited lines, which would indicate to the engineer that section
3 was clear and that he can go ahead. It may be repeated that,

as this movement of the signal admits a train to .section 3, it

will simultaneously change the indicator£ at station A to read
" Blocked to iJ," showing that a train has, or is about to,

enter on that section.

When the lever is thrown over into the position i' and the
signal is lowered, the latch I drops into the notch/ and locks
the lever in that position. When the train passes the station it

is important that it should get entirely clear of section 1, on
which it has been approaching station A, before another train
is admitted on that section, otherwise a following train might
run into the first one before it was off of the section to which
they were both admitted at the same time. It is partly to guard
against such accidents that what are called automatic track
treadles or track instruments G are provided. These consist
of a device attached near to the inside of one of the rails, and
is actuated by the wheels of trains as they pass over it. The
details of the construction of such instruments will be described
later. It will be sufficient to say now that it is electrically con-
nected with the locking parts of the lever L, so that when the
train passes over the instrument 6 the lever, which has been
locked in the position L- when the signal was lowered, is then
unlocked and can be returned home and the signal restored to
the danger position, where it is again locked by the latch I

dropping into the notch n.

It should be oliserved that .-l'^ lever .and signal are now lock-
ed in the "danger" position, so that he cannot lower the latter

to admit another train to section 3 imtil it is again unlocked, and
B's plunger is also locked, so that he cannot release A's lever,

and therefore it is impossible to admit another train on section
3 until B's plunger is unlocked.
As the train approaches B, if section 3 is clear and has un-

locked B's lever, his indicator, E', would read, " Clear
to C," and B can then throw his lever over, and we will
have the condition of things shown in fig. 3—that is,

B has lowered his .signal S' to admit the train to section 3. In
doing this the movement of his lever has changed his indicator,
E' , to read " Blocked to G." .showing that a train has or is

abo\it to enter section 3, and B's signal is lowered and his lever
L' is locked in the position in which it is shown in fig. 3.

When the train passes over the track instrument G' at station
B the action of the wheels unlocks B's lever, and it may then
be returned home and his signal lowered. This movement of
his lever releases his plunger, P, and enables him to unlock A's
lever and change his indicator. E, to read " Clear to B," and
we then would have the condition shown in fig. 3. B's lever
then remains locked until the train has passed s treadle, and
C'has pressed in his plunger, P". Should another train ap-
proach B from A before G has thus unlocked B's lever, B can-
not lower his semaphore even should he attempt to do so, and
the train must stop until B's lever is unlocked by G.

A may now ask B by telegraph or by ringing an electric bell

to relock his lever again, and B can do this by pressing in the
plunger P', which, as explained, sends an electric current to A.
unlocks A's lever, shifts A's indicator, E, to " Clear to B."
When B releases the plunger and it springs back, his indica-

tor, F, shifts to " Train on from ^4," which means that A has
or may admit another train to section 3.

The plunger is then locked automatically again, so that it

camiot be worked until B's lever, L' , has been pulled over and
another train has passed over his track instrument, G' , and
the lever returned. The lever then remains locked until the
train on section 3 has passed G's track instrument, G", and un-
locked G's lever, and it has been returned home and released his

plunger. He will then be enabled to plunge and unlock B's
Ic ver.

It will thus be seen that not only is the coitcnrrencc of two
signalmen required before a clear signal can be given, but their

co-operation is not possible until after the train lias passed over
th(! track instrument of the station in advance,
t" During the further movement of the train the action of the

signals' at the succeeding stations is exactly similar to that
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whicli luis been explainotl. When it approaclies station C. iis

shown in tig. 3, if section \ is clear, iiiiil tlie sifinalman l)eyon(l

has released (''.« si};nal, Ik- lowers it into the jiosilion in which
it is shown. This movement elianfies r"s indicator, /t,' ', from
" CI.k.vk" to ' jii.ncKKO," to show that a train has heen ad-
mitted to section 3. When the train has passed over the track
instrument O" it unlocks ("« lever, L' , and it isreturned home,
as shown in rig. 4. At the same time the indicator A' at sta-

tion ('\\i\% heen changed from "'
< lk.mi" to " ui.oi kkd." and

V" from " Train ON from /.'" to " Train passkd from /)'." The
lever /,' at station /> may now he unlocked bj' C and the
indicator E' at /.' changed from " hi.ockkd" to " CLEAlt" on
the approach of another train,

The movement and control of trains and the action of the
signals on the east-boMiid track is exactly similar to that which
has been described, it being understood that the whole ap-
paratAis- is dujilicated —that is, that there are separate levers,

signals, in<licators, and treadles for each track.

The object of the distant signals 1). !>' and D" is to give the
engineer warning of <langerat asullicient distance from the sta-

tions, so that he can control his tr.ain before reaching the home
signal and the section which is not clear, Tlie distant signals

are operated by separate levers, not shown in the engravings,
which are arranged in such a way that to indicate danger tlie

movement of tlic distant signal always precedes that of IIk^

home signal—that is. if a section is blocked, the distant signal
is raised rirst to protect the rear of the train. To admit a train

they are moved in the reverse order—that is, the home signal
is lowered tirst and the distant signal afterward.
From what has been said it will be seen, then, that with this

system of signals an engineer, when he aiiproaches a station,

should be controlled first by the distant signal and next by the
home signal. A signalman at any station—as .1, for example

—

cannot lower his signals to indicate that the line is clear >mtil
the signalman at 7)*, next in advance of him, has notified A that
the .section between them is clear, and has unlocked A's signal
lever. If .1 has admitted a train on the section, /.' cannot give
a signal to A that the line is clear and unlock his lever initil

the train on the section has passed iJ'.f station and operated liis

track treadle. After this operation has been performed, (iiid

wit bifore, B can notify ,1 that the section is clear, and can then
imlock A's lever. ^-1 can tlteii lower his signals, but not until

iiflir these operations have been performed.
In other words, the engineer is governed by tlie signals, the

signahnan is controlled liy the man at the next station ahead
of him. and he is governed liy the action of the train on his

track treadle. This, it is thought, gives the highest dc,gree of
security which has yet been attained by any system of signaling.

In one or more other articles the mechanism employed with
this system of signaling will be described.

CAR FOR CARRYING HEAVY GUNS.

Wic illustrate the car which has recently been built bj' tin-

Pennsylvania Railroad Company for carrying the heavy guns
intended for the Chicago Exposition. It was built more par-

ticularly for the big gun sent over by Krupp. It is shown
with this gun in position. j\ist as it was loaded from the steam-
er at the -Sparrow Point Iron Works, at Baltimore, .Md, It

has a capacity of 28,'),000 lbs., and is built entirely of boiler

steel ; the center plates and center hearings being steel east-

ings. It consists, as may be seen by referring to tlie engrav-
ing, of a major bridge, two minor bridges, and four eight-
wheel cars. The .gun rests in the major l)ridgc on two sup-
ports designed to closely tit its perimeter. In addition to these
two supports, to avoid any vibration while in transport, the
muzzle is sceureil by wedge shapeil oak blocks set in cast-iron

shoes and drawn up to the muzzle iiy means of right and left-

hand .screws. The major bridge is "lO ft, from center to center
of supports, and rests directly on the side bearings, while, on
the other hand, the minor bridges are supported by their re-

spective center plates.

The cars have been designed so as to combine strength with
flexibility, and are ci|inpped with rJamu'y coujilers and draft
rigging s]iceially construclcd for strength,

riie journals are 4 1 in, X !• in. ; UTi in, wheels with wrought-
iron centers and steel tires are used.

Kach car has a 14-in. Westinghousc air-brake cylinder with
brake on all wheels, and Xational hollow brake beams with
Christie brake heads and shoes.

The load on cars is thoroughly equalized by .Vi elliptic

springs of :!(i in. sp.'ui, each spring having IS leaves :!'. in, wide
and ; in. thick,

"».Thc extreme length of car is 00 ft. !l in. ; extreme width, 5)

ft, 10 in. ;
extreme.lieightto top of bridge, ',) ft. ilj in,
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AMERICAN AND ENGLISH LOCOMOTIVES.

(Continuedfrom pas;e KIS.)

Ix tliis number of the American Engineer we give engrav-

ings of tlie cylinders of the American and of the English loco-

motives which have formed the .subject of this series of arti-

cles. The following are the specifications of the cylinders of

the American engine :

CYLIWDEnS.

Of close-grained hard charcoal iron. Cast with half saddle
attached, the right aud left C3"linders from the same pattern

and interchangeable. Fitted together in a substantial manner,
and securely bolted and keyed to frame. Valve face and
steam-chest seat raised above face of cylinder to allow for

wear. Cylinders oiled from Nathan No. 9 doul)le sight f<'ed

lubricator placed in cab. with copper pipe under boiler lag-

ging to steam-chest.

PISTONS.

Made with removable follower, and fitted with approved
cast-iron steam packing. Piston-rods of hammered iron.

SPECIFICATIONS OF CYLINDERS OF ENGLISH EX-
PRESS LOCOMOTIVE.

CYLINDERS.

The cylinders are to be 19 in. in diameter when finished,

with a stroke of 26 in. The steam ports are to be 16 in. long
and If in. wide. The exhaust port is to be 16 in. long and 3

in. wide. The bars are to be H in. wide. The cylinders are

to be made of best close-grained, hard, strong cast iron ; they
must be as hard as they can be made, to allow of their being
properly fitted aud finished, and must be perfectly free from
honeycomb or any other defect of material or workmanship

;

they must be truly bored out, the front end being bell mouthed.
All the joints, covers and surfaces are to be planed or turned
and scraped to a true surface, so that a perfect joint can be ob-
tained. All studs are to be tightly screwed. The cylinders

are to be made with loose covers at both ends, provision being-

made on the back cover for carrying the slide bar. They are

to be set in a horizontal line, placed at a distance apart of 6 ft.

2| in. from center to center, with steam-chest on side, as shown
on drawing. The holes in the frames and flanges of the cylin-

ders are to be carefully rimmered. When the cylinders are
correctly set to their places they are to be firmly secured to the
frames by turned bolts \\ in. in diameter driven home to a
tight fit. The cylinders are to be covered with lagging and
clothing plates 14 Standard W. G. thick. The front and back
cylinder covers are to be protected by clothing plates secured
as shown. The cylinders before being fixed in position to lie

tested in the presence of the Railway Company's Locomotive
Superintendent or his Inspector by hydraulic pressure to 300
lbs. per square inch. All joints must be perfectly tight under
this pressure ; the front and back cylinder covers aud cylin-

ders generally to be exactl}' to the drawing.

PISTON AND PISTON-BODS.

The pistons are to be made of cast steel, free from honey-
comb or any other defects, to the form and dimensions shown
on drawing, and are to be fitted accurately to tlie cone of the

rods, and secured thereon by gun-metal nuts formed with col-

lars and taper steel pins through the nut. The piston bead is

to be an easy fit in the cylinder ; the packing rings are to be
three in number, of cast iron f in. wide, \ in. tliick, and turned
all over. The rings are to be turned larger than the diameter
of the cylinders, then to be cut and sprung in to fit the bore in

the cylinders, aud are to be prevented from turning round in

the piston by dowel pins fixed in the position shown. When
finished, the whole must be an easy and accurate fit, so that
the finished rod and jiiston can be moved readily backward
and forward in the cylinder. The piston-rods are arranged to

work through both front and hind cylinder covers, and to be
3 j in. diameter at back end aud SJ in. at front end, aud are to be
forged from the very best cast steel of approved make, witli a
Breaking strength of 30 tons per square inch ; they are to be
truly fitted to the heads, and are to be tapered where they enter
the cross-head, and to which they are to be secured by cotters

of mild Swedish steel. Full particulars of the various dimen-
sions and tapers are to be olitained by reference to the full size

drawings.

METALLIC PACKING.

r.otb [liston-rods to bo fitted with the Uiiited States Metallic
Packing Company's jiacking, which is to be obtained from
that company. Th(^ lu'nd (cylinder cover is to lie arraiigeil, as
s1u)%vii on tile detail drawing, to suit this packing, and the
front cylinder cover to have a stufflng-box, which is also fully

sliown on the (Irawing.

SLIDE VALVE.

The slide valve is to be of the best Stone's bronze, to be
made exactly as shown on the drawing, and with recesses in its

vi'orking face.

VALVE SPINDLES.

The valve spindles and buckles are to be of best Yorkshire
iron aud of the dimensions shown on drawing. The spindles

are to be guided by gun-metal glands and bushes through the

steam-chest ; the valve spindle is to be tapered where it enters

the valve rod, and is to be secured by a cotter of mild Swedish
steel.

Whatever the opinions of our readers may be of the relative

merits of the construction of the two engines referred to herein,

they will agree with us proliably in thinking that the specifi-

cations of the English locomotive are a great deal fuller, more
explicit and complete than those of its American contempo-
rary.

Attention has already been called, in our. January number,
to the difl'crencc in the cylinder capacity of the two engines.

It was shown there that taking the size of the driving-wheels,

the weight on them, and the boiler pressure into account, the

relative cylinder capacity of the American engine, if compared
with that of the English machine, is as 460.65 to 590.4—that
is, the English cylinders, in proportion to the size of wheel,

adhesive weight," and steam pressure, have about 28 per cent,

more capacity than those of the New York Central engine.

Taking the average effective pressure in the cylinders, at very
slow speeds, at 90 per cent, of the boiler pressure, the pistons

of the New York Central engine would then exert a tractive

force of 16,614 lbs., which is a little over 30 per cent, of the

weight on the driving-wheels. The pistons of the London &
Southwestern engine, calculated on the same basis, would exert

17,394 Ills., which would be equal to a little over 35 per cent,

of the adhesive weight. The interesting question then comes
up. Which engine has the best proportioned cylinders ? If

the cylinders of a locomotive are too large, it then becomes
what locomotive runners call " slippery"— that is, the wheels
slip before or as soon as full boiler pressure is admitted to

them, even when cutting off steam at considerably less than

full stroke. On the other hand, if the cylinders are too small,

it is necessary to admit steam to them during the larger pro-

portion of the stroke, and there is thus a loss of economy due
to the fact that the steam is not worked with a sufticient amount
of expansion. There can be no doubt that the maximum load

which a locomotive will pull is diminished if it is overcylin-

dered, owing to the fact that the full steam pressure cannot be

exerted on the pistons for a sufficiently long time to start or

pull the load without slipping the wheels.

The following figures relating to the adhesion of locomotive
wheels on the rails are easily remembered :

On dry sanded rails adhesion = J the insistent weight.
" " rails not sanded ad-

hesion = i " " "

" rails in ordinary condi-

tion adhesion = i " " "
'

' rails in bad condition ad-

hesion = '; " " "

From these figures it would appear that Mr, Buchanan ',s en-

gine would not be able to slip its wheels if their adhesion ex-

ceeded 1^ the weight on the rails below them, and Mr. Adams's
engine could not do so if the adhesion was over \. It must be

remembered, however, that the tractive power of a locomotive,

as calculated by the ordinary rules, is the average power exert-

ed during one revolution of the wheels. The actual rotative

force exerted by the steam at the circumference of the wheels

varies through tlie whole revolution. At one point the force

exerted is nearly or quite 20 per cent, greater than the averaye.

This occurs wlien both cranks are in front of the axles and
stand at angles ot 45

' with horizontal and perpendicular lines.

In working witli its maximum steam pressure, Mr. Adams's
engine therefore would exert a tractive force equal to 30 jier

cent, of the adhesive weight at this point in each revolution,

and Mr. Buchanan's would exert 24 per cent. If the wheels
begin to slip at this or any other point in Iheir revolution, they

are liable to continue to do so during the rest of it, even if the

tractive force or rotative elfect is less during the remainder
than it was at the point where the slipping commenced.
The inference may, tlierefore, be drawn from these facts aud

inferences that Mr. Adams's engine would be " slippery" when
working up to its maximum capacity unices the rails were dry
and sanded, or in tlie best pns.silile condition to give a high co-

efficient of adbesiciu. On tlie otlier liand, IMr. Buchanan's en-

gine would seem to lie sliglilly deficient in cylinder eainicity

wluMi the rails are in nonil conditicm, and still more so if they

are dry and sanded. We are inclined to believe that both of
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the engines would he improved if Messrs. Buchanan and Adams
were to swap eylinders, so that the heavier engine would have
30 in. stroke and the lii,'hter one 24 in."

.CYLINDER OF AMERICAN EXPRESS PASSENGER LOCOMOTIVE.

We will not refer in this article to the method of fastening

the cylinders to the frames and smoke-box, as the method of
doing this is not shown very clearly in the engravings here-

with. In other illustrations which it is intended to publish
these features will be clearlj" represented.

Neither will we have anything to sa3'here of the advantages
and disadvantages of placing the steam chests and slide valves
on the sides of the cjiiuders and between the frames, as we
will reserve comment on this feature until next month, when
we expect to give illustrations of the valve gear, and the whole
.subject will then be discussed in one article.

The attention of our readers is called to that feature in Mr.
Adams's specifications of the cylinders of his engine which re-

quires that " before being fixed in position they are to be test-

ed .. . by hydraulic pressure to 200 lbs. per stjuarc inch.

All joints must be perfectl}' tight under this pressure." This
test is never applied in this country, or if it is, we have never
heard of it. It seems to be an excellent precaution to guard
again.st defective castings and workmanship. We might imi-

tate our English brethren in this particular to our own advan-
tage. It seems, though, that the difference of only 25 lbs. be-

tween the test pressure and the boiler pressure is hardly enough
for a " factor of safety."

A comparison of tests of the cast iron used in the cylinders
made here and made there would be in-

teresting, to show the difference in the
quality of the material used here and in

England.
The piston heads of the English engine,

it will be seen from the specifications, are
made of cast steel. Those in the Ameri-

can engine are caSt iron. The former is also a simpler and
lighter structure than the latter, but it makes a somewhat com-
plicated-shaped cylinder head necessary to conform to its con-
tour. Probably most American master mechanics would be in

doulit about cast-.sleel piston heads wearing satisfactorily if

they came in contact with the inside surface of the cylinders.

Is it this apprehen.sion that has led to the extension of the pis-

ton-rods of the English engine through the front cylinder-head ?

Pistons on our engines are run with entire satisfaction without
the extension of their rods. Now, if American cast-iron pistons

will run satisfactorilj' without the extended piston-rods, pack-

ing, etc., they are cheaper and simpler—that is, the cost of our
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more complictatod pistons ninrlc of oast iron will be less than
that of simpler pistons made of oast steel, plus the extended pis-

ton-rods, packin;;. etc. It will be noticed that in Die specilicn-

lionsit is recpiinMl that these cast-steel ]iistons and rods" when
finished, the wliole must be an easy and accurate tit, so that

tlie tinislied rod and piston can be moved readily baeliward and
forward in the cylinder." If this means that tliey are lobe
moved liy hand, it is a reciuirement that we are inclined to

think most American l)uild<;rs woidd not readily conform to.

The American piston-rods are s]iecitied to l)e of " hammered
iron ;

" those of the Englisli engine " are to be forged from llie

very best cast steel of approved make." Steel piston-rods liave

which we cannot produce entire, but limit o\irselves to some
of the more interesting figures given in his table.

(Jrovvth of finger nails
(irt)wUi of l)nmb<)0. .

Klow of bl(io(i in the capillary passages of thcliii*
inftii system

Kail of tin* oiirth toward the sun
Krading of current text
A nmn clinibiny a staircaee
Projfress of the eel

Comlmstion of powder in a breech of a cannon of
larjje calibre

l''iow of blood ill the aorta of a dog

Ft. per flccoiid.

.0(in,non,onfi,5G

.oou,020,'j;rj

.0(10,024,0

.009,84

.12-t,64

.438

.02.1,3

l.lMlI.e

1.313

ARR.\NGEMENT OF EQUALIZERS ON FOUR-COUPLED ENGINES, DELAWARE &, HUDSON CANAL COMPANY.

been extensively used here, but appear to have lost ground of

late ; and iron is now preferred by many locomotive superin-
tendents.

Tlie piston-rod packing is" United States metallic" for both
engines, which leaves no room for discussion. In our ne.xt

article we e.xpect to give engravings of the valve gear of the
two engines.

It ni.-iy be added liere that since our last issue we liave

learned that the weight of the cast-iron driving-wheel centers
of the New York Central engine, including the counterweights,
is for the main or front wheels, 3,254 lbs., and for the rear or
trailing wheels, 3,147 lbs. Thisis the weight of castings rough
—that is, before they are turned or bored.

Man walking '3^.5 miles an hour
Man swimming :JII0 feet in 05 seconds
Man walking 3-^ miles an hour
Flow of a rai>id river
Vessel at nine knots an honr
Maximum of the inaugural tram of the Manchester
and Liverpool R. R., on Sei)teraher lo, IS.'W)

A racing boat, Cambridge and Oxford, lS7.i

Ordinary wind
A fresh breeze
A wave 100 feet high by 900 feet long
Ordinary (light of a lly

A blow of the fist

SUator upon roller skates
Fall of a t)ody toward the surface of the earth at the
end of one second

A stiff breeze

S.640,8
4.61

5.444,8
13.18

15.180,4

17..5R0,8

23.8N

16 40 to 10.68
21.943,3

23.369,6
84.993,6
27.88

30.996

32.176,8

32.8

SWINGING COAL SHUTE AT QUAKER STREET, ON DELAWARE & HUDSON CANAL COMPANY RAILROAD.

SOME EXTREME SPEEDS.

'Sill. .Tamks Jackson has taken tlie pains to gather together
in a tabulated form a large number of speeds, from the growth
of linger nails to the velocity of electricity, taking up that of
winds, iirojcctiles, sl.-irs, etc. Me li.as drawn up a li.st of about
;10() velocities in this iniuiner, taken from numerous authors.

Drops of rain 36.08

.Skater upon ice 39.819,2
Velocipede 40.00

Flight of a pelican 21.976 to 51..33i

A railroad train at 37W niiles per hour .M.677,6
Flight of the cpiail '. .^8.3M
Self-propelling torpedo Ti9.iii

A horse on a galloj) (;o.3«8,S

A tempest .'.. 82to98.10
Fall of a body toward the surface of the earth after

a fall of :)•« feel I4.V4TI ,«
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A Btorm that will uproot trees 147-00

Great waves of the ocean 150.313,4

Plight of the swallow 319.76

Transmission of sensation in the nervous system
ofaman 432 96

Initial velocity of a ball at the muzzle of a gun 67.5.68

Fall of a body at the surface of the sun after a fall

of one second 884.845,6

Sound in quiet, dry air 1,086.008

Initial velocity of a ball at the muzzle of a field ;,'un 2,D3.S 6
Revolution of the moon about the earth :i. 181.6

Initial velocity of a cannon ball 3,322.64

Sound in bronze and in oak wood 11,899.84

Aerolite falling 14th of May, 1864, at Tarn-et-Gar-
onne ; 65,600.

Revolution of the eartli about the sun 96,822.32

Halley's comet at perihelion 1 ,289,040.

Revolution of the visible satellite < f Sirius 4.031,100.

Elec!ricity on the nubmarine cable 3.120,000.

Electricity on telegraph wire 118,080,000.

Lightning in a solar spot 660,000,000.

Light in water 738,000,000.

30, 33 and 54 in. X -13 in. airoka—Alexander Nimick and
Helena.

20, 33 and .54 in. X 43 in. sivokn—Pioneer.
20, 33 and 53 in. X 40 in. aUoka—Sitka and Gor/ebic.

20, 33 and .54 in. X 40 in. strokv—Tiimna.
30, 31 and 53 in. X 40 in. stroke—NeshoUi, J. C. Lockwond

and Froiiienac.

19, 33 and 53 in. X 45 in. stroke— i?mzi7.

19, 30 and 52 in. X 40 in. stroke— (leor//, W. Roby, Tom
Adams, PhilipMinch, Lackawanna and Scranton.

18, 30 and 48 in. x 40 in. stroke— Gilchrist.

17, 39 and 47 in. x 36 in. stroke

—

Za Salle, Joliet, Wawatatn,
Griffin, Wade and Ilesper.

17, 38 and 46 in. x 30 in. stroke—Ea.'<ed<ile.

15|, 36 and 43 in. X 33 in. stroke— Wadena.
15, 35 and 42Mn, X 30 in. stroke

—

Cadillac.—Marine Review.

I

4

OIL-HOITSE CRANE, DELAWARE & HUDSON CANAL COMPANY'S SHOPS, GREEN ISLAND, N. T."

Light in air 984,000,000.
Electric current carrying the discharge of a Leyiien
jar over a copper wire ,', of an inch in diameter.. 1,520,280,000.

-Revue Scientijirjiie.

CYLINDER SIZES OF LAKE ENGINES.

Below is given the sizes of a number of lake engines and
the boats in which they are placed. In addition to tlie direct
information given, the list shows the lake practice of proiior-
tioning cylinders. The engines are all triple expansion, except
where otherwise designated.

28, 42| and 72 in. X 54 in. stroke— Otoego and Vhemung.
30, 42 and 70 in. X 42 in. stroke—GhristopMr Cobimbus.
25, 36, 51i and 74 in. X 42 in. stroke, quiidruple—two in

each of the twin-screw Northern steamers.
43 and 66 in. X 133 in. stroke, compound vertical beam—

City of Alpena and City of Mackinac.
36, 42 and 66 in. X 72 in. stroke, inclined triple expansion

for paddle wheels— Ci'iy of Toledo.

24, 39 and 63 in. X 48 in. stroke—ilfan'towa and Mariposa.
24. 38 and 61 in. X 42 in. stroke—six Northern steamers, six

Minnesota steamers, six Menominee steamers, five Lehigh steam-
ers, two Mutual steamers, Pontiac. Aurora and Bradley.

23, 36 and 62 in. X 48 in. stroke—Hudson.
23, 37 and 62 in. X 44 in. stroke—Merida anil W. H. Gilbert.
23, 38 and 62 in. X 36 in. stroke—Manitou.
23, 37i and 63 in. X 44 in. stroke— Centurion.
23, 37 and 62 in. X 42 in. stroke—Emily P. Weed and C. B.

Lock-wood.

22, 35 and 56 in. X 44 in. stroke—&'. C. Pope.
21, 33i and 57 in. X 42 in. .stroke- frerf Pabst.
21, 33 and 56 in. X 42 in. stroke— Volunteer.
30+, 33 and .54 in. X 42 in. stroke—iey"ma«(V(.
20, 32 and 52 in x 42 in. stroke— Olympia, Sanovel Mitchell

and Schuylkill.

20, 33 and 53 in x 36 in. stroke—two in twin-screw steamer
Virginia.

SPECIAL TOOLS IN USE ON THE DELAWARE &
HUDSON CANAL COMPANY'S RAILROAD.

In our last issue we illustrated a number of special tools

that have been designed and constructed in the shops of the
Delaware & Hudson Canal Company, and we continue the sub-
jeit with illustrations of a few more, regretting, however, that
it is impossible, from lack of space, to present as many as we
would like.

Before taking up the tools that belong especially to the road,
we call attention to an arrangement of equalizers between the
driving-wheels of four coupled engines which is extensively
used, but which we believe belongs to the Dickson Locomotive
Works. Owing to the fact that the fire-box is placed over the

BARREL RACK FOR OIL-HOUSE CRANE.

frames and that the latter have been cut away, it is necessarj-
to place the springs below. A spring is therefore i)laced over
the front axle-box in the ordinary way, and this spring is at-
tached to the frame and the regular equalizer by bangers of
the usual construction. The main equalizer, however, is float-
ing—that is, it has no connection with the frame direct, but
instead is coupled to a heavy spring having 17 leaves, which is

placed below the lower bar of the frame and against which it

bears. On the rear driving-box there is a lever with unequal
legs, the longer one of which is coupled to a light spring,
which is, in turn, attached to the frame through coil springs.
The system produces a very easy riding engine. The use
of the auxiliary coil springs under the frame at the end lias
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come to 1)0 rcTO{;ni/.oil as llic proper tliiiij.' wlicre easy riiling is

aimed at, and the addition of tlie equali/iiig s|>ring simply a<lds

to what has already been done. The e(iiiali/.inir lever serves
the purpose of holdini; the spring in position and protects it

from all surging strains which it

would receive were it not so pro-
tected.

SWINGING COALING SUl'TK.

At Quaker Street there is a very
convenient swinging coaling shute for

loading gondola cars. Tlie general
construction will he easily understood
from the engravings. The inclined

screen delivers the coal upon a shute
that is 7 ft. 4 in. wide at the upper
end, but which narrows down to 24

in. where it di'livcrs the coal to the
cars. This shute has a movable slide

at the narrow end, by means of which
it can be extended SiJin. Thus, when
a car is hauled into position, the coal

can be turned on and the shute swung
from one tnd to the other and the car
loaded without the necessity of mov-
ing it with the engine. The shute
is capable of loading a gondola car
of 25 tons capacity in four minutes.

cu.ucE Fou OIL uonsE.

The-oil room at Green Island is

the model of neatness and conveni-
ence. Along one side there are ranged
five large tanks for oil having the fol-

lowing capacities : Tank for valve
oil, 34 bbls. ; engine oil, 35 bbls.

;

car oil, 34 bbls. ^kerosene, 35 bbls. ;

and signal oil, 15 bbls. The tanks
are square, and the room is heated by
the JIcElroy cominingler system ; but
when steam is not available, it is heat-
ed by a Baker heater. The oil is de-
livered to the room in the barrels,

which are hoisted to the top of the
tanks by the crane illustrated, and
the oil runs directlj- into them. The
crane consists of two bars of wrought
iron 4i in. X I in. bent to the form
shown. They are pivoted to a center
bolted to tlie wall and stayed by a
^-in. rod. A traveler which may be
racked in and out completes the crane
rigging.

The hoisting is done with a hy-
draulic cylinder, like all the other
work of the same kind in these shops.
I'he engraving shows the upper end of the piston rod. The
cylinder is vertical, and lias a stroke of G ft. witli a diameter
of 7 in.,and works under a pressure of 75 lbs. per square inch.
The barrel rack is shown, and is a simple homemade affair.

One of the rods at the bottom is removable. The rack is

lowered to the floor, the movable rod taken o\it, and the barrel
rolled into the rack, after which the rod is replaced and the
barrel is held firmly in position.

JIVI5U.\VLIC WHEEL I'BESS.

In the Green Island shops there is a wheel press that Mr.
Cory, the Master Mechanic, says is an example of an evolution.
It was originally a screw press, but has been changed from
time to time until now it is in the form shown bv our engrav-
ings. The side and end elevations give a clear idea of the con-
struction of the head and cylinder. The tie rods are 23 in. in
diameter, and the two ])umpshave plungers of ditrerentdiame
ters, so that the speed c;ui be varied tosnit the work in hand.
It is possible, how«ver, to run both junnps at a [iressure of
40 tons, so that for the ordinary work of pressing on ear w lieels
the full speed can be iitili/.ed. It is a big storv to tell, but this
press has put 52 pairs of wheels on their axles in 65 minutes.
It will be seen, from the engraving of the vertical s<'Ction of
the pump, that the plunger is arranged so th.at it is double-act-
ing, and there is a continuous flow of liquid from the pump to
the ram from both pumps. The substantial construction of
the machine and the record that it has made certainly is suffi-
cient evidence of its value.

We will continue the illustration of these special tools in our
next issue.

METHODS OF TIN MINING IN THE MALAY
PENINSULA.

In a recent report, the United States Consul at Singapore

UVUR.\ULIC PRESS, DELAWARE A IIIDSON C.\N.\L COMPANY.

gives an interesting account of the methods of mining pursued
by the Malays and Chinese in the extraction of tin from the
tin deposits of the Malay Peninsula. It apjiears from the re-

port that more than one-half the world's tin is mined in the
Straits Settlements, the output for the year 1891 being 57,551
tons, against 36,061 tons for the Straits Settlements. If to this

36,001 be added tlie 12,106 tons, t)ie ouli)utof the Netherlands,
India, whose tin-bearing islands are within a few hours' steam
of Singapore, it leaves but 9,384 tons for the rest of the world.
Up to tlie introduction of modern tin mining and smelting

machinery, in 1889, the tin was worked for a century in a most
primitive fashion liy the JIalays. They simply dug down at

the base of a hill, took up the clay which contained the biji

timah (small nodules), and carefully washed it in running
water. AVlien dry it was melted in a furnace built of clay be-
tween two liiyers of charcoal, the lire being forced into a glow-
by means of bamboo bellows. When the metal became molten
it trickled throuirh a hole in the bottom of the furnace into a
vessel, from which it was ladled into molds, forming slabs

weighing aliout two catties (2; lbs.). A rajah or chiefs
wealth was reckoned in bars or slabs of tin.

The primitive tin mining of the Malays gave place to the
tnore energetic and thrifty mining of the Chinese, who brought
with them better tools and better business methods. The Chi-
nese monopolized the entire field until the formation of the
.Jelebu Company in 1889, with which the Chinaman can still

compete The Chinaman's manner of working is simple,
though thoronsih. .Vs the float tin lies at a distance of from
20 ft. to 50 ft. from the surface, gradually diminishing toward
the hill sides, where it is not more than G ft., the jungle is
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(.Icareil alons its source, iiii<l wiiUt is l)roiinlit liy ii ditch from
tlio iiciirest stream. At about (i ft. down I lie water bcgius to

rise from tlie soil, and to get rid of this, and also to utilize tlie

water from the stream as a motive power, an ingenious chain
pump is made by conslructing a long wooden trough of three

planks, each 100 ft. in length, and this is placed with one end
resting on the bank, the other sloping to the water in the low-
est part of the mine. A wooden chain, with its small oblong
pieces of wood placed at right angles to the line, is titted accu-
rately into the trough. Tlie wooden chain is endless, and is

passed roimd two wheels—a small one at the lower end of the
trough, and a large one at the upper end. The latter is a
water-wheel, and is turned by a constant stream of tlowing
water. Round the axle of this wheel are cogs, each of

which in turn, as the wheel revolves, draws up a link of the

endless chain through the trough, and, as each joint tits

accurately into the trough, they bring up in succession a quan-
tity of water, which on reaching the mouth of the trough falls

into the channel by which the water which turns the wheel is

carried off, and is thus also taken away out of the nunc and
conducted to the next, when the

process is repeated. The small
wheel at the lower end of the trough
regulates the chain, and guides the
wooden joints into the trough.

The Chinaman's tools consist of

a hoe, two baskets, and a bamboo
pole. The soil is scraped with the

hoe into the baskets, •which in turn
are balanced over his shoulder at the

ends of the bamboo pole. The wash-
ing is performed in much the same
way as placer gold is washed in Cali-

fornia and the West. The soil Is

thrown into a trough tilled with run-
ning water, in which the dust is car-

ried off in solution and the ore re-

tained by wooden bars nailed across

the bottom of the trough.

While the Chinese system of
smelting is similar to that of the

Malays, it is more elaborate, and car-

ried out on a nuich larger sc;de. In

place of the bamboo bellows a very
ingenious plan is adopted. The
trunk of a tree, about 18 in. in di-

ameter and 10 ft. long, is carefully

hollowed out and closed at either

end. A long pole with a circular

piece of wood at one end, fitting ex-

actly into the bore of the tube, acts as a piston. In order to

secure the tube being perfectly air-tight, the end of the
piston is well padded. Valves are placed at each end, to

allow the air to enter, and the center of the nozzle of the bel-

lows communicates with the furnace b\' a small air passage.
On the piston being drawn out, the air in the higher portion of

the tube is forced down to the nozzle, and, being drawn back,
the air in the further part of the tube is similarly drawn into

the furnace. The charcoal is soon brought to a white heat
and ready for the molds. The best of the Chinese mines are
found in Laroot, in the northern part of Perak, south of the
Siamese State of Quebrada, in a stratum of whitish clay. In
some of the tin mines in the neighborhood of IJatang and Pad-
nay rivers small quantities of gold are found mixed with tin.

Consul Wildman says that the Jelebu Tin Mining & Trading-
Company is the only successful European managed mining ad-
venture in Malays, and one of the chief producers of Straits
tin.

in cities. Cannot they be applied with equal benefit to rail-

road cars V Perhaps if you ventilated this question fully in

your valuable columns it woiUd result in the relief of a suffer-

ing traveling public.

Very respectfully yours,
Oi.ivEU E. Stanton.

Brooklyn, N. Y.

MALLET SYSTEM OF DUPLEX COMPOUND
LOCOMOTIVES.

1?Y .1. A. Maffri.

The duplex compound locomotives, as con.structed accord-
ing to the Mallet system, are coiuposed of two di.stinct groups
of twin steam engines, a high-pressure and a low-pressure one.

KJ

^

REGULATION OF THE TEMPERATURE OF PAS-
SENGER CARS.

To the Editor
.lounNAi, :

of The American Enginreu and Raii.uoai)

I READ with considerable interest your article in the April
number on "Comforts of Railroad travel." Tlie item that
interested me most, however, was on the temperatures main-
tained in cars during the cold weather. Traveling as I do
many hundreds of miles during the yeai, I have experienced
all the fluctuations of temperature that a thermometer is capa-
lile of, and have often wondered why some automatic regu-
lator has not been put in use that woulil maintain an even
temperature, especially in sleeping cars. Such regulators are
ill successful operation on furnaces and where steam Is used

PU.MP Foil HYDRAULIC PRESS, DELAWARE & HUDSON CANAL COMPANY.

which are liolli arranged under a common locomotive boiler.

The high-pressure engine with its main framing is made in a

fixed connection to the boiler, while the low-pressure engine,

which is placed at the front end and supplied with exhaust
steam from the high-pressure C3'liuders, is made to swivel under
the boiler.

Thus, the high-pressure steam pipes leading from the boiler

to the respective cylinders are made a tixture, like in ordinary
locomotives, and there is only a movable pipe—forming re-

ceiver—connecting the two cylinder systems, also a movable
pipe leading from the low-pressure cylinders to the blast pipe.

Unlike ordinary compound engines with uneven cylinders,

the duplex compound locomotives, with two pairs of symmetri-
cal cylinders fore and aft. work vei:y steady, with even piston

pfcssures on both sides of the engine , and there are no diffi-

culties at starting.

The engine weight being subdivided over a greater number
of axles and a longer flexible wheeldjase, there is, besides, less

infernal engine friction, less straining of the permanent way,
this being one of the characteristic advantages of the system.
As compared with ordinary engines, the duplex locomotive
permits the employment of a lighter rail, or with a rail of a

given weight the tractive force may be doubled.

The two steam engines proper are built with outside cylin-

ders and motions and are mounted on an equal number of

coupled axles. As the front engine is made to swivel under
the boiler, the framing of the locomotive is made of two dis-

tinct parts in such a manner that the front framing is coupled
or articulated to the hind framing by means of a .strong verti-

cal hinge. The hind or main framing, which carries the fire-

box, is curved upw.ard over the front engine and supports like-

wise the boiler shell and water tanks, while the framing itself

rests by means of suitable slides upon the front engine framing,

which is thus enabled to move freely in a horizontal direction.

In order to prevent a too great mobility of the front engine

a pair of check springs bearing against a support underneath
the smoke box are jirovided.
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'I'lio valvo motions of both cujriiios arc nuule idciiticiilly iu

all llicir parts. Tlie Btationary links arc of the " Walscliacrt"
type, and as the volumes of the Iiii^h- and low-pressure cylin-

der systems are proportioned for an equal admission of steam,

the reversing of tlie duplex locomotive is clVeeted b)' a single

screw as in ordinary locomotives. The reversing screw acts

upon a lever commanding the motions of the hind or high-
pressure cylinders ; from this lever and by means of an inter-

mediate lever and shaft Q.xed in tlie prolonged main framing,
also by an articulated tie-rod, the lever commanding the low-
pressure cylinder motions is actuated.

At starting the duplex locomotive the boiler steam is ad-

mitted to the higli-pressure cylinders only ; the exhaust steam
from these cylinders then fills the receiver, exercising a certain

amount of back pressure upon the high-pressure pistons, and
actuating at the same time the low-pressure cylinders. The
steam pressure in the receiver is limited to 70 11)S. jier square
inch, there being safety valves provided, which prevent
the accumulation of a higher receiver pressure. The boiler

pressure amounts from 175 lbs. to 200 lbs., according to cir-

cumstances. It should be borne in mind, also, that the re-

ceiver forms a kind of jircssure regulator between the two cyl-

inder systems ; thus, if tlie front engine should slip there would
be immediately a corresponding decrease of pressure in the re-

ceiver, while in the case of the hind engine slipping, the re-

verse would take place. In both cases either engine will cease

slipping without the regulator being touched. Ifjnecessary,

the starting of the locomotive can be facilitated at certain posi-

Gauge of Line.
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THE ERICSSON SUBMARINE GUN.
ip^ronl Animal X'>. XI. of the Office of Navul Tiitelligence.)

The Kricsson gun and projectile, as titteil <m lioanl of the
Dixtroyer, are shown in tlie drawings, ready for liring.

Tlie weight of projectile is 1,.525 lbs.; length. 27 ft. 4 in.;

diameter, 16 in. ; explosive charge, 300 lbs. ; propelling charge,
40 lbs. The initial pressure calculated is 4,000 lbs. ; mean
pressure, 1,692 llis.; muzzle pressure, 89.'') ll)s. ; and the muzzle
velocity. 548 ft.

The gun is fitted with a slotted-screw breedi mechanism.
The diameter of the bore is Ifi in., and the chamber is cidarged,
there being a decided shoulder at a. The bow .shutter O is

controlled by a rod actuated by tlie compressed air cj'Iinder

and piston C. The drain-pipe u is controlled by a valve
;

/is the compressed air cylinder connected to the gun chamber
by the valve and pipe I, and y is a set screw sto]i.

The projectile is made in three sections, for convenience in

handling and stowing, which are connected up before loading.
It is titled near the head with a leather grommel, p. and has
horizontal and vertical tail fins.

The piston-head /has a hollow stem screwed into it which,
is slightly longer than the propelling charge, and is provided
with spring packing rings which cause it to fit neatly during
its p.assage through the bore or the chamber. It has a center
recess in its front face, is .seated the tail end of the projectile,

to which it is secured by a set screw. On its rear face is a
soft metal .annular ring of such diameter that it admits of
passage through the enlarged chamber, but is greater than
the diameter of the bore.

The working of the gun is as follows : The bow shutter O
being closed, and the water drained out of the gun through ;*,

the breech is opened and the projectile, on a carriage in line

with the gun, is run into the bore until the tail just projects
to the rear. A piston-head is then fitted to its tail, and the
set screw is tightened sufficiently to keep it from turning, but
loose enough to allow it to slide off when it meets the resist-

ance of the water. The projectile is then shoved further

Twenty shots have Ihns far been fired, one of whi(-h was
with a special automatic projectile. The firing charges em-
ployed have not exceeded W liis., although the gun is designed
to withstand charges of 40 lbs.

From the rcstdls thus far attained it is safe to say that the
experiments have demonstrated the possibility of firing a .sub-

marine projectile fiOO ft. by powder discharge ; that up to that

range the vertical danger space is from the surface to a depth
of 23 ft. , and the lateral accuracy sufliciont to strike a vessel

.50 ft. long.

The explosion of such a charge of high explosive, even at

the water-line of a vessel, if not proving fatal would certainly
do very great damage.

THE SELECTION AND TREATMENT OF STEEL
FOR FORCINGS.

At a recent meeting of the Leeds Association of Engineers
Mr. Francis Rixon, of Sheffield, read a paper upon the above
subject from which we extract as follows :

"Before the invention of the Bessemer process of making
steel, and for some time after, until confidence in that material
was established, fagoted iron was the only material available
for engine and machine forgings, and notwithstanding its ten-

dency to establish seams, and evident laminations, it served
its purpose admirably, and even now, in the presence of mild
steels of the highest excellence, an excellence far beyond the
hopes of their several inventors, it continues to hold its own.
For all difficult shapes where steel castings are not permissi-
ble, and where piecing up after partial machining is neces-
sary, and, further, where ' case-hardening' is called for, a
good iron is essential, and will hold the field in [its proper
sphere.

" Then, for the screw shafts of steamers and piston-rods for
steam-hammers, iron lasts longer than steel, unless the latter

are oil-tempered before using. An iron rod in one of our
hammers was in constant use over 13 years, and [is now good,
but kept as a duplicate. I never heard of a steel rod half that

TTt^^^T^rrTTT 7 r v \ ^n
Submarine Gun tor the'^OettroyerT

home, until its base is in the position shown by the dotted
lines in the figure, at which time the washer p will fit the bore
snugly. The powder charge centered in the bore on the legs

of its case is then inserted, the electric primer fltteti, and the
breech closed.

The shutter O is opened ; then the valve I, admitting com-
pressed air in rear of the piston /and forcing it and the pro-
jectile forward in the bore, to the position shown in the figure.

The forward movement is stopped, in this position, by the
annular ring on the rear face of the piston taking against the
shoulder d. The stop-screw y is then screwed down as a safe-

guard to prevent the projectile from being forced in by the
water pressure, should it from any cause exceed that of the
air pressure. '

The viilves n and ^are then closed and the gun fired. The
pressure of the powder gas causes the annular base ring of the
piston to curl back when forced against the shoulder a. and
thus cupped it allows of forward movement, at the same time
acting as an adilitional gascheck. Upon enlering the water
the piston-head falls off, free from the projectile. The shutter
G is then closed, the drain-cock « opened, and, when freed of
water, the gun is ready for another charge.

E.xperimental firings have lately been conducted by the Tor-
pedo Board with the gun fitted to the DeHtroi/tr.

The boat was moored 100 ft. from the dry dock, in which
were suspended six nets 40 ft. long by 30 ft. deep, each 100
ft. apart, their centers being in the center line of the dock.
Firing thus into the dick insured the recovery of the projec-
tiles to facilitate inVLbtigatious as to the causes of possible
erratic shots.

age ; it will probably have made 7,000 tons of steel forgings
up to its replacement. Still, there are many purposes for
which steel, carefully selected and judiciously adapted to the
duty to be done, presents such features of excellence as no
other known substance, commercially available at a reasonable
price, can be said to possess ; its uniform texture, its freedom
from seams and impurities, its wearing properties, and the
ease by which it can be tooled and polished, mark it out as
the ideal metal for the moving parts of both heavy and light

machinery.
" There are several methods of making mild and other steels

for mechanical and kindred purposes (and I purpose to-night
to refrain from mentioning the crucible process), but for high-
class work engineers and technical experts generally agree
that the Siemens process is the one most reliable ; its earlier

sister process, the Bessemer method, to which the world owes
much, not only to Sir Henry Bessemer, but also to Mushet,
whose spiegeleisen made the blown, or decarbonized, metal
malleable, but also to Heath and other workers, whose names
do not often appear in the light the}' deserve. Where quantity
is the first consideration, the Bessemer process is vastly supe-
rior, but where nice gradations of temper and quality .are im-
perative, the Siemens is indispensable, as frequent tests can be
taken and variations made in the composition, until the exact
point is reached which tlie specification being worked to calls

for. There is also the more recenllv developed basic process
both in Siemens and Bessemer practice, but as those yield a
class of material for constructive and commoner purposes,
they do not fall within the scope of these rem.arks.

" The steel best adapted for forgings, such <as piston-rods
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of engines, main enj;inc>liiifls, marine cranks, and otlicr pails
subject to severe torsional strains ami carrying lieavy loads
shoulii be of sueb a nature as to give a tensile stress of 27 to
dO tons per square uieli, witli a high percentage of elongation,
say :ju per cent, in 2 in., and a reduction of area of, say, 45 to
5u per cent. A bending test 1 in. square, 10 iu. long," should
bear bending over a round bar li iu. diameter and'it should
bear closing thus c and show no sign of fracture. For sjjeeial
cranks for Uigh-specd engines a steel of higher tensile strength
IS desirable, and 84 tons tensile, 28 per cent, elongation and

from blenushcs than the softer grades of material. Perhaps
t_lie l)est proof of this is to be foiiml in the punishment or
fatigue test, descril)ed at the end of this paper—a test wliicli
leaves no doubt of the capacity of the material to resist such
shocks as may be expected in use.
"The falling test is one on which public engineers relv

almost as much as on the tensile test. Select a "forced steel
bar, say 3} in. diameler .-ind 5 ft. long, place it on supports
.i ft apart, drop a tup of 1,120 lbs. on it from a height of
JO ft., continue the blows until an angle of 90° is reached

52 per cent, reduction gives excellent results, especially when
used m white metal bearings

; it never licks up the metal
''It is not necessary to define the chemical composition of

an Ideal forge steel, as good results can be, and are, produced
by different methods

; but I prefer a stiff steel of good qualitv
to a soft steel of low character, and I always question the
.ludgnient of engineers who stipulate that their" forgings should
be made of steel under .15 carbon. My own opinion is thai
aijont .JO is better in every way, and is certainly more free

then press the ends toward each other until' this curve is
reached C without fracture. A railway axle of the usual
sliape, 4i in. diameter in the middle, bore six blows of 20 ft
each, from a tup 1,0.50 lbs., without breaking

; .und a further
blow of 38 ft, broke it. Another axle. 4i in. diameter bore
SIX blows of 20 ft. and 11 blows of 40 ft. without breaking
after this seventeenth blow (it being warm from concussion)
It was cooled in ice and snow, and broke at the eighteenth
blow—and no wonder. An iron axle was next tested, 4J in.
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iliaiUL'ter. The test speeitied was six blows from 25 ft. It
broke at the fourth blow, sliowinjr a coarse, dirty fracture.
A steel axle, same size, bore six blows of 25 ft., and al.io 20
blows of 40 ft. These particulars show the wonderful tenacitv
of a good steel forging, and when it is remembered that good
steel is cheaiier than good iron, the difference in strength, as
an equivalent of money, is the more remarkal)lc.

new iron. Before leaving the question of material, I may say
that Sieiuens steel is now being made from .09 carbon up to
1.50 per cent. The latter is u.sed for tine files with great suc-
cess, while tempers of .75 to .95 make wonderfully good saws
and springs

; indeed, so successful has this become, that com-
mon crucible steel is a thing of the past.

" And now, having described the nature and quality of the
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" As a result of excessive vibration, iron and steel are lialile
to ' tire,' and become flaky or granular ; and the late Mr.
Robert Hadfield once showed me a bar of iron which had
been subject to some thousands of sharp blows— a piece was
easily broken from ihe U in. round bar by a hand hammer.
The flakes were somi'ihing like the .scales of a roach. The
other piece of the bar had been re-heated and thrown down
to cool, and its fracture was fibrous, like an ordinary piece of

material for forgings, a word as to treatment. Much depends
upon the manner in which the heating or furnacing is carried
on.

_
The heating should never be rapid ; time should always

be given for thorough soaking through, or wasters are a cer-
tainty

; and you all know how disappointing it is, sometimes
disastrous, to find <lays and sometimes weeks of turning are
lost by a flaw appearing just when the job is apparently done.
Hammering should never be too rash at first

; it segregates the
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pnrtifles and weakens Uio piec*". On tlio otlicr hand, cold

haninicrin!; is objectionable, as lending to brittleness. iSteel

so ticateil needs to be, and ought to be, annealed as also should

all foi-gings made in bosses or dies to exact shapes, else, when
at work, ihcy are liable to expand and fret their bearings.

" There is" another method of making forgings, wliieh has

budded and faded more than once, to wliieh referiMice mav be

made— vi/.. the use of piled scrap steel, widoh is fagoteil into

blooms, re heated and swaged. The jiroeess was lirst apjilied

at Daiubarton, later by the .Alcrsi y Korge. wlio rolled down
ingots into Hat slabs, and piled and welded them for cranks

and otlKT important work. Railway companies also use this

plan for side rods, draw-bars, etc.; tlie resulting forgings ring

under a stroke of a hand hammer, .same as steel, but a fracture

looks like iron. I do not approve the use of this process gen-

erally, believing the forgings woidd be alTected by extreme
frost, and be, in consequence, dangerous, especially for draw-
bar hooks, on account of the sharp snatches they have to en-

dure. 1 think it best to pass the steel plate scrap through
the Siemens furnace, and use new ingots.

" In connection with this subject, I may allude to the im-

portance of the drop stamp for producing small forgings in

large (piantities. The saving over hand-made articles is re-

markable, but not more remarkable than the greater excellence

of the proiluct. The principal factor in this process is the

dies, which nnist be made of very good material and exact

workmanship. The next point to observe is the selection of

a good soft material, which will bear forcing into the desired

form, without breaking up ; and a most important feature is

that the guides are true, or the trimming after the stamp will

be very troublesome. It sometimes happens in the manufac-
ture of iinporlant steel forgings that, in spite of great care,

interna! defects will exist in the interior of the piece. These
defects are generally to be traced to the existence of gas or air

bubbles in the ingot, which hammering and rolling do not

remove, but usually aggravate, l)y driving the occluded gas
in various directions. Now, this subject has occupied the

minds of several good metallurgists, but the remedy is, in the

main, as far otl as ever. Whitworth employed the liydraulic

pressure on the tluid steel as a remedy,
but it is extremely expensive in practice, » ,

^

and has not been generally followed.
" Another branch of the business of 1

forging is that known as bending prepared
bars of forged steel or iron into bent cranks
by using tiie hydraulic press. It means a

^

great saving of time, and labor, and when
numbers of a given type and size are called y'

for, and a powerful steam stamp associ-

ated with the press, cranks of the best

shape and finish can be produced at very
low prices, the principal outlet being in

the direction of portable and kindred en-

gines and for gas engines. This process

was first employed only for the manufac-
ture of cranks having a sound section, but
since 1884 the firm of which I am a mem-
ber turned their attention to making bent
cranks, having the same configuration as

forged slab craidis, at the same time pro-

viding for the fiber of the material' lo be

CDntinuous throughout the piece, and at

the same time to avoid the dela}' and labor

inseparable from the drilling and slotting

of slab cranks. Tins process is now in

daily operation for locomotive and electric-

lighting engines, and also for marine and mill engines, and
is giving great satisfaction.

" It may be said that wonderful mileage has been got out
of locomotive axles by the older method ; indeed, recent cases

have come under my observation showing 7oO,(ll)0 nules run ;

but it is very freipiently the case that new axles go in their

first year, and in many ca.ses the causes are due to want of

work on the vital parts. Numerous ' cripples ' recently ex-

amined show fractures on the underside of the crank-pin. the

--next in order show weakness on'Ihe inside web, and others
fail from the strain of twisting by wrenching the webs from
a straight line to right angles at the forge. I ought to speak
cautiously at Leeds on this subject, but I am convinced that

the present practice of locomotive craidi-axle making is waste-
ful, clums}-, and expensive, giving tlic worst results at the
maximum expense.
" " Intimately connected with steel forgings is the practice

of tempering in oil, in order to incrciise the toughne.ss of the
article so treated. Locomotive axles are often oil-tempered,
iis are the inner tubes and trunnions of large guns, while
smaller guns are heated entire and (juenched vertically in a

bath of oil, the oil vat being itself immersed in cold w;iler,

sometimes artilicially cooled, so as lo keep the oil at pro|Hr
temperature. Steel, which in its normal stale will bear a

maxinnun load of lil tons. will, after heating and (nu'nching
in oil. carry 4;i tons tensile, and gun barrels after such treat-

ment are re-heated sulliciently to reduce the tensile to :!7 tons,

which gives excellent practical results. In this state the

metal works very sweetly. I recently saw a turning. i!()8 ft.

long, taken from an oil -tempered steel gun barrel. Where
high residts are desired, and jirice no object, tlie oil tempering
is a very good thin.g, but, like other good thin.gs, it costs

monev.
FATIGUE TESTS ON CRANK STEEL.

A piece of the Bleel planed out of the solid. 1;^ in. eqimre. and 12 in.

long, is i)laeed upon supports n in. npnrt. and a tup wei^^liiuR l,1301bp. ie

dropi)ed from a height of one foot u]>on the specimen, and the piece
turned over after each blow.
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1893. Electric liglitiug on the Mather system is used through-
out. Tliere are two Mather compound wound dynamos, ring

type, with a capacity of 400 liglits each. The switch-board

is titled up with magnetic vane ampere meters and volt

meters, circuit distributing blocks on .slate bases. The circuits

are so arranged that the lighting in ditl'erent parts of the shij)

(^an lie controlled on the switch-board, special circuits being
run for night and day service. All chandeliers, ceiling lights,

and side lights are controlled by switches and all circuits are

alternated, so that one-lmlf of the lamps or the whole can be
lighted, and in case a fuse should blow out in a circuit the

other half of the lamps will remain liglited. The loss on the

circuit is le.ss than 3 per cent., and the insulation resistance,

with fixtures, dj'namos, sockets, lamps, and everything con-
nected, is over 370,000 ohms. A powerful search-light is located

on the foremast.
The engines, one of which we illustrate by a full-page en-

graving, are of the triple expansion type, with cylinders 30, 33,

and 53 in. diameter bj' 33 in. stroke. There are two double-
ended boilers 13 ft. in diameter by 33 ft. in length, which are
allowed by the Government inspection to carry steam at 160
lbs. pressure. ,TUey are equipped with 13 furnaces, each 40 in.

in diameter. The tire-hold is air-tight and is supplied with
I wo fans for a forced draft having a capacity of 30,000 cub.
ft. of air per minute.
The hull is built entirely of steel, and the lines are so molded

that with ordinary weather and a forced draft 33 miles per
hour is obtained, while 30 miles per hour is run with the
natural draft.

MECHANICAL FLIGHT.

By Hiu.\.m S. M.\.\i.m.

tooo
J........

I NOTicK in a contemporary scientilic journal an article en-

titled " Mechanical Flight," in which certain ver}' interesting

experiments which are being tried at Harrow by Mr. Phillips

are described, and in which also some allusions are made to
myself and my experiments. About
two years ago in some articles which
I wrote for the magazines, I pointed
out that when flying machines were
made successful their first great use
would be for military purposes, that

they would be employed for carrying
high explosives and for dropping them
into the enemy's lines and country,
and that if the French were the first

in the field it would be for them a

machine for the rectification of the
map of Europe. Ever since that time
the newspapers of the whole world
have been describing me as wishing to

drop dynamite into Englisli towns,
and in a late article, St. Paul's and
Woolwich Arsenal are suggested as
points of attack. I am not so blood-
thirsty as I am represented to be, and
I have no personal designs against
any country that I know of ; but I do
not believe that the millennium is at

hand, or that the time has j'et arrived
when wars may be considered as com-
pletely at an end. The Russians be-
lieve that the time is not far distant
when they will dominate the whole of
Europe and a large part of Asia, while
the Americans are firm believers in
" manifest destiny," the doctrine which
is so beautifully set forth in the spread-
eagle Fourth of .July orations. It

means America for the Americans, in
fact, the whole continent and all the
adjacent islands. Of course these
changes cannot be brought about, or,

indeeil, altempted without war ; and
if we are to have war and the Hying
machine is to become a reality, I'feel

convinced that it cannot fail to be the
l)rincipal engine of destruction in
llie future. Up to four years ago
I do not believe that any .aeroplane had ever been made to lift

more lliiui t\v<i or three oimces. Thomas Kdi.son is said to liave
tried the expeiiinenl of lifting with a .screw, but only succeed-
ed ill raising 4 lbs. with a 1-horse motor. Three year's ago Pro-

fessor Langley tried a remarkable series of experiments with
the aeroplane and screw propulsion, and although the load
which he carried only amounted to a few pounds, he carried

at the rate of 350 liis. to the II. P. Three years ago I also

tried a series of experiments with a very perfect apparatus,
provided with all sorts of dynamometers, tachometers, and
measuring apparatus. In these experiments I carried 133 lbs.

to the H.P., though in some cases, wdtli a high velocity and a
plane set at a low angle, I approached very nearly to Lang-
ley's figures.

According to the article referred to, Mr. Phillips has been at
work 37 years on flying machines, and it is claimed that he
has actually succeeded in lifting about400 lbs. practicall}' clear

of the ground, but no mention is made of how much power
was consumed in accomplishing this. It is also stated that he
succeeded in raising " very nearly 3 lbs. per square foot of
wing surface, which we imagine is far beyond any result yet
obtained."
From the article it would appear that Mr. Phillips is not a

believer in the aeroplane system. I am quite willing to admit
that, everything else being equal, a greater amount of lift in

proportion to the area of the planes and the power consumed
may be obtained with a large number of superposed planes
than when the same amount of surface is all in one plane, ap-
proximately square in shape : but small planes one placed
above the other would not afford protection against a very
rapid descent in case of breakage of the machinery. More-
over, a properly constructed aeroplane may be made to lift

considerably more than 3 lbs. per sijuarc foot. In my first ex-

periments I succeedetl in carrying 8 lbs. per square foot of
aeroplane, the planes being 13 in. wide and 6 ft. long.

Again, " Mr. Phillips has found that anything approaching
a flat surface is useless for supporting heavy weights in the
air. In small experiments, where the weight to lie raised only
amounts to a few ounces, and where a relatively large area
may lie employed, surfaces approximately flat may be secured ;

but in a flying machine capable of raising hundreds of pounds
instead of ounces, it is impossible, Mr. Phillips maintains, to

secure plain surfaces for sustainers having the proportion of 1

sq. ft. for each pound raised." It is quite true that a flat
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LIFTING POWER AND SPEED-MAXIMS AEROPLANE

aeroplane is not tli(^ best tli.at may be employed ; mine are all

slightly curved. But Mr. Philli|is is mistaken if he thinks
that large weights cannot be rai.sed by properly constructed

aeroplanes, as the following will show. In my experiments
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with the whirling table traveling round a circle 200 ft. in cir-

cumference, I found that a wooden jilane would easil}' carry
more than 100 Ihs. to the II. P., but wlien I eame to .stretch

textile fabric on a frame, I found that 1 could not carry more
than 40 lbs. to the H.P. Professor I.aiigley admitted to me
that he was able to carry a great deal more with Hat wooden
or metallic planes than he ever succeeded in carrying with
paper covered frames This seemed to point to the fact that
there was a great deal of drag and waste of power unless the
planes were suflieiently rigid to preserve their shajie [lerfectly.

Having finished my whirling table experiments, I com-
menced on a larger scale, and provided myself with a railway
track about il ft. gauge and 1.800 ft. long. .Aly machine is of
great size, the total weight being about 7,(100 lbs. The engines
have already developed 800 brake II.P. Two screw projiellers

are used, each 17 ft. 10 in. in diameter. In my first experi-
ments with this large machine, 1 found that there was a great
consumption of power that did not manifest itself in lift. In
order to ascertain what became of the power, I provided my-
self with dynamometers, taehonicters, and dynagraphs, and
all the necessary apjiaratus for ascertaining to a irreat degree
of nicety all the events that were taking place during the short

end of the run, not only were the light wheels, the forward
I end of the machine and llie men lifted from the track, but the

heavy wheels were also raisi'd, and when Ihe machine came to

a slate of rest, one wheel sank deejily into the soft ground, and
a sudden squall coming up, Ihe machine was tipped over on
its side. My overzealous assistants, whose number had s\id-

denly increased to more than 40, commenced at once to imll

at the wires, and were not satisfied until they had l)roken Ihe

framework on whicli lhi> aeroplane was stretched. The dia-

gram 7? shows the total lifl on lioth the forward and hind axle-

trees during this run. It will be observed th.il when Ihe ma-
chine had traveled SOO ft. the total lift was 0,000 llis. This
was due allogelher to the push of the screw.s. It afterward
mounted to 6,500 lbs., but this was due to a head wind. The
maximum speed when tlie diagrams A and 7? were made was
at the rale of 2.5 miles an hour ; with all the oilier rims, the

speed was at the rate of 27 miles an hour. The niaebine is pro-

vided with a very delicate and accurate apjiaralus. which
shows on a very large indicator tlu^ exact s]Hed at which tlie

machine is traveling Ibrough the air. During all these runs
the principal lift was (ililained from a large aeroplane of 2.804
s(j. fl. Tile total width of tlie aeroplane is M ft., and the

Tolal vieicfht of machine

Inertia being overcome- ^Op grade and steam *Down grade andsteam^rrontwheetB off track^team shut ^Headwind •Heanwbeels*
pressure falling oressure increasing

; i off [.off track

MAXIIVIS AEROPLANE EXPERIIVIENTS—DIAGRAMS OP SPEEtS ANO LIFTING POWrR

runs which I made. The machine is mounted on four wheels,
with springs interposed between the axletrees and the nui-
chine. The dynagraphs are .attached to the center of the axle-
tree. The drum which carries the paper turns once round in

1,800 ft., and the pencil traces a line on the paper which indi-

cates exactly how much weight is resting upon the wheels.
When the machine lifts, the pencil rises, and a verv graphic
diagram is the result. Diagrams A and 2? represent the run
which was made about three months ago. Before making the
run, the machine was attached to a dynamometer, the throttle-
valves between boiler and engine fully opened, and the gas by
which the boiler is heated turned on until the pull of the scre-w's

on the dynamometer indicated 1,000 lbs. The machine was
then " let go" and the steam shut ofE after running SOO ft.

Il will be observed that the maximum lift on the hind wheels
was 1,900 lbs., and the lift on the forward wheels 2,300 lbs.,

which was very nearly the full weight resting on these wheels.
But this was not as mu(di as it should "have been. Cer-
tain alterations were then made in the aeroplane, and the
next run was made on the 16th day of February. The machine
was attached to the dynamometer as before, and was " let 1:0"

at 700 lbs. Thinking that perhaps the lift might be too great,
three men and other weiglit—,500 lbs.—were put on to the ma-
chine directly over the forward axletree. Diagrams C and
D represent the result of this run. It will be observed that
the lift on tlie hind wheels was increased nearly a thousand
pounds, while the lift on the forward wheels was but slightly
increased ; still if Ihe men had not been imt over the froiit

axletree the forwar<l wheels wouM have lifted from the track.
Wishing to make another run with l.Odo l))s. luill on the dyna-
mometer, I attached a pair of additional wheels under the
front end of the machine, connected in such a manner that the
small and lighter wheels could lift 3 in. from the track and still

leave the heavy wheels on the track. Three men were also
placed over the forward axletree, and a run was made Viiih
9(1(1 lbs. pull on the dynamometer. Afler the machine had run
about 401) ft., the light wheels lifted clear of the track, and
when the engines were stoppe<l llieycame back again on to the
track all right. The machine was then run again with 1,(10(1

llis. iMill on the dynamometer. After the machine had run
about liOO ft.,;i noticed that tlielsteam pres.sure was'falliiig. and
1 turned on a little more gas, jierhaps a little too much. The
r(<',ill was thai the speed increased coiisideriibl^v, iiiid at IIjc

greatest llirust of the screws at Ihe time of starting was 1.000

lbs. The runs -u'cre made with four men, 600 lbs. to 800 lbs,

of water, and 200 lbs. of gasoline on board. The total width
of the machine when all the'acroplanes'arein position is 100 ft.

About half of the planes were in jiosition, and the engines were
run at about half of their power. The thrust of the screws
when the engines are run at full power is 1,960 lbs.

From the foregoing it will be seen that there is no question
about an aeroplane being made to lift heavy loads, and where
others—except Mr. Phillips—have lifted ounces. I have lifted

ton.s. These measurements have been made with great care,

very perfect and accurate apparatus has been emploved, and
as far as I am able to judge, they are Ihoronghly reliable. I

do not see w here any error could have crept in. So far as pro-
pidsion and lifting power are concerned, I think we may as-

sume that the flying machine is a fnit acfompli. Didicult
problems are no doubt still before us, but I think if 1 liad one
of the large American ju^airies in England to niancever and ex-
periment on, that the whole question might be solved inside

of a year.

—

The Engineer.

LAMINATION IN METAL.

PuOKEssoR .John Tvndai.l contributes something new iqion
the subject of cleavage as il occurs in crystals, rocks, ice snd
other bodies : and his studies lead inevitably to the conclusion
tliat lamination results from the operation of the same laws
under analiigous conditions as those which produce the jirop-

erty known in mineralogy and cryslallngrapliy as cleavage.

At first one would suppose wax, orb.-iker's dough, to be most
unlikely substances wherein to delect any tendency to cleavage ;

yet it is precisely with these materials, wherein plasticity is a
most prominenl jihysical ])roperly, that Professor Tymlall has
jierformed experiments that are commanding Ihe attention of

the scieiitilic .world, and the results of which have an iniiMir-

lant bearing upon the metallic processes. In these plastic

materi.-ils and (itliers, such as clay and graphite. Professor
Tyndall has jiroved that cleavage may be developed in as

marked a deirree as in .slate—even I lie varieties of Ihe lalter

used for rooting—by llie simple apiilication of ))ressiiri' to Ihe

lila.stic mass. Cakes of wax that have been thus treated are

easily split up into regular laniinie, so uniloriii in charader as
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to excite the surprise and admiration of those who have wit-

nessed the experiments.
Tliese researches appear to have proved that any material,

no matter liow plastic or how homogeneous it may appear to

be, has within it the condition for the development of cleavage,

and that the only external condition necessary to produce lami-
nation is a sufficient degree of pressure exerted in one direction

upon the mass. The residting planes of cleavage will be at

right angles with the direction in which the pressure is ap-
plied. The philosophy of this effect lies in the fact that, as

relates to the cohesion of its particles, no substance is strictly

homogeneous ; that is to saj', the particles, granules or mole-
cules of substances do not possess cohesive power equally in

all directions ; and hence, when pressure is applied to them,
they slide over each other (the sliding surfaces being those of

least cohesive power) and move toward a point of less press-

ure. In the case wherein pressure is applied in one direction

only, the sliding will be in a direction at right angles with the

stronger longitudinally than laterally.

—

American Gaslight
Journal.

HARGRAVE'S FLYING MACHINE.

We have on several occasions noticed the flying machines
constructed by Mr. Lawrence Hargrave, and described by him
before the Royal Society of New South Wales. All these
have been wonderful pieces of mechanism, combining light-

ness with rigidity in a marked degree, and each has been a
distinct advance over its predecessors. The accompanying
illustrations show three of the more recent types. Fig. 1

shows the general appearance of these machines. A backbone
carries two outstretclied .stationary wings or aeroplanes, which
glide over the air, while in front are two flapping wings,
which afford the propelling power. These wings are driven
by an engine, whose motive fluid is compressed air, stored in

Fia. 1.

direction of the pressure, and thus plates, laminae or strata are
generated in the mass, the limiting faces of these layers hav-
ing less cohesion than their interior parts.

It is thus that under the action of the rolling pin flaky pie

crust is formed. The same kind of stratification is formed in

a biscuit, while in bread, the loaves of which are shaped by
kneading, this stratiBcation is absent, and a fibrous structure
—called by bakers the " pile"—results from the difference in

the manipulation. It is entirel}' indifferent what kind of
material is thus operated upon, provided that it will in some
degree yield to pressure without crushing into powder ; the
result of pressure exerted in one direction more than in any
other will result in lamination more or less marked. A prac-
tical illustration of this kind of action is found in iron and
othi'r metals. When iron undergoes the ordinary process of
rolling it is taken at a welding heat from the furnace, and the
uniformly distributed heat weakens the cohesive power of the
particles quite equally throughout the mass ; the result is a
fairly hoinogcneons liar or jilate. However, in bars the ten-
dency tti longiludiiial stratificaliiin is manifi'st, and when the
bars are colil and cohesion has again beeu restored to its nor-
mal power, it can always be. found that iron so produced is

.Fic.

ma

HAEGEAVE'S: FLYING MACHINE.
\

the hollow backbone of the machine. The following are the
principal dimensions :

Pressure Container.
Volume ^ 251 cub. in.

Length 6 ft. 11 in.

Diameter 3 in.

Weight... 15J oz.

Working pressure 250 lb. per sq. in.

Jlotor.

Diameter of cylinder S in.

Stroke '.

1.28 in.

Reduced pressure 57 lbs.

Weight of engine 11 oz.

Efficiency 39

Machine.
Length of wing .... 31 in.

Area of wings 216 sq. in.

" of body plane 3074 " "
" in advance of the center of gravity 732 " "

Total weight, charged 59 oz.

Five hundred and nine foot-pounds of work produced 46
double vilirations, which drove the machine 513 ft.

Fig. 2 shows another form of engine having a cylinder 3 in.

in diameter by 1+ in. stroke, and working at a pressure of 60

lbs. per square inch. Its weight is 9 oz. The machine fitted

with this engine on one occasion flew 343 ft. in 33 seconds,

with 544 double vibrations of the engine. It was estimated

that 743 ft. lbs. of work were done in driving the machine at

10.1 miles per hour.
The success whirli had been attained ,by the compressed air

motors encouraged Mr. Hargrave to try steam. The condi-

tions he laid down to be fulfilled were that the steam motor
should be lighter than the, compressed [air apparatus, that U
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slioulii liiive a uniform boiler pressure, and Hap the winjis of

the standard size as fast as Ihe roinpressed air onirine and for

a lon^'er time. Tlie SerpoUel 1)i)iler was adoiited, and as

steel pipe could not be got in tfydnev, copper pijic of ordinarj*

trade sizes was procured. Many l>oilers were made and re-

jected ; the one in the figure is a "two stranded coil, containing

13 ft. of pipe, i in. outside diameter, weighing 20i oz., with

steam and water connections. Methylated spirits of wine was

adopted as the fuel, and was stored in the small cylindrical

reservoir shown in the figure. The l)oilcr was inclosed in a

cylinder of asbestos card, and the vaporized s]iirit mixed with

air was spurted into the furnace. As much as (i.l) cub. in. of

water have lieeu evaporated by 1.7 cub. in. of spirit in 80 sec-

onds, the engine making 182 double vibrations of the wings.

The engine was of the usual type, with the addition of a

feed jHunp. 5.3 m. in diameter, drawing out of the nscrvoir

shown detached. The relation between the cylinder capacity

and the boiler is :

Cylinder 3.3 cub. in.

Steam and water space of boiler. ... 3.8
"

External surface of boiler 111! scp in.

Internal " " 71

Chronograms showed that l.GG double vibrations per second

were made with T),") lbs. pressure of steam, and 1.8 per second

with 75 ll)s. A thrust diagram showed that :

2.3 vibrations per second produced a thrust of. . .75 lb.

: 2.3 " " " .. .90"
.. 1.10"

•• .. 1.35
"

The total weight of the apparatus is 64.5 oz., which includes

13J oz. for the strut and body plane, and 5 oz. for spirits and
water. 15y aid of an iugenius indicator 'it was found that .169

H. P. is developed when 3.35 double vibrations are made per

second.
If the machine were loaded up with 10 oz. more spirit and

water, it is calculated, from data obtained from previous

machines, that it would have a possible range of 1,640 yds.

On starting the boiler is empty, and is warmed up by a Hunsen
burner ; then the spirit-holder is heated till the Hame ignites,

the flame being luaintained by a few shreds of asliestos put
into the coil. When the tlame is under way part of the boiler

gets red hot in a few seconds. Then the wings are moved up
and down a few times by hand, squirting about a teaspoonful

of water into the boiler, and then the engine starts.

Every one nuist adndre Mr. llargrave's great skill as a
mechanic, and the marvellous patience he brings to this sub-

ject of mechanical flight. If it had always been attacked in

his si)irit it would have escaped much ridicule, and greater

progress would have been mad(\ As it is, very great advance
has been made during the last two or three years, since the

matter has fallen into the hands of skilled mechanics, and
further developments are to lie looked for,

—

Kiiffinecriivj.

-
MANGANESE STEEL.*

I5v IIenuy M. Howe.

Mano.vnese steel is an'alloy of iron with from, say, 3 to 30
per cent, of manganese. Certain varieties of it arc extremely
ductile, and yet very strong ami extremely .-ind unchangealjly
hard This combination of simultaneous hardness and duc-
tility is, I believe, quite uni(pie.

Common or |carbon steel nuiy be extremely ductile in its

annealed state, and extnMuely hard in its hardened state ;

while the self-hardening steels are nearly unchangeably hard,

but always brittle. I know of no sub.stance, organic or inor-

ganic, e.xcept manganese steel, which is at one and the same
time both hard and ductile. Indeed, hardness and briltleness

usirdly go hand in hand to such a degree that the word
" hard" is often carelessly u.sed in the .sense of " brittle."

And I believe that not a few of us have, by association, come
to regard hardness and ductility as in some way absolutely
incompatible.
Manganese steel was discovered and patented by Uoliert

Hadfieid, and to him and his son we owe most of our infor-

mation about it.

Manganese steel conducts both heat and electricity extremely
badly, and is but faintly magnetizable.
The influence of manganese on the properties of the alloy is

probably i)rofoun<lly inlliuMued by that of the carbon, which
at present unavoidably incre.ises with the manganesr. We
cannot now make 13 per cent, manganese steel with nuicli

li!ss than 1 per cent, of (•arl)on ; and we can only guess what
its jiroperties would be without this carbdn.

A lecture ddlvereil l)cfoiT llie l'"n,nkliii liisiiiiili'. I'Vbnmry SO, I89S.

Let >is con.sider some of the jiroperties to which I have thus
referred, and later the i)reparation and the uses, actual and
anticipated, of this remarkal)l(' material.

Its Jiroperties vary strikingly with the proportion of man-
ganese winch it contains, ami with the treatment it has luuler-

gone. Except where the contrary is explicitly staled, I con-

fine my.sclf tonight to the alloy containing about 13 per cent.

of manganese, in its ductile or " water-toughened" stale.

Let us first consider the tensile properties of manganese
steel, its tensile .strength, both elastic and ultimate, and the

tluctility which a bar of it displays when torn apart longi-

tudinally or tensilely, as in the most common form of tests for

engineering an<l scientific purposes. The general worth or
merit of any particidar lot of iron or .steel is usually measured
by its combination of strength with ductility, I do not now
speak of its fitness for this or that [larticular jnirpose, but of

its geiu'ral merit. The scienlilic investigator needs one set of

(pialities ; the poet, a second ; the statesman, a third. Never-
theless, tliere are common standards which we apply to all,

as measuring their general merit as men.
In case of carbon steel, at one extrciue we have metal of

enormous stren.gth. but so brittle and treacherous that the

engineer dare not u.se it. At the other, we have metal of

extraordinary ductility, but so weak as to be of little value
for many purposes. So, in a rough way, we h:d)itually re-

gard that steel which has the greatest strength for given duc-
tility, or that which is the most ductile for given strength, as

the best.

The most common measure of ductility is the permanent
elongation which a bar of the metal undergoes when it is

pulled in two by direct longitudinal stress ; and this elongation

is habitually measured in percentages of the initial length of

the bar tested. The combination, then, of tensile strength

with tin- permanent elongation on tensile rupture, or, in short,

of strength and elongation, is the standard liy which I first

ask you to .pidge the excellence of manganese steel.

In fig. 1 I have represented this combination graphically for

manganese steel, and for many of the best reported specimens
of common or carbon steel. (To distinguish common steel

from manganese steel, I shall speak of it in this lecture as

carbon steel.) In this diagram the ordinatcs, or the vertical

distances of the several spots from the horizontal axis, indi-

cate the ductility as measured by the jiermaneiit elongation

undergone by a given test piece prior to rupture ; the abscissa'

— /.('., the horizontal distances of the several spots from the

vertical axis, indicate tensile strength. The little black si)ots

represent the properties of carbon steel, and you note that

they fall in a tolerably well-defined band, the elongation

dinnnishing as the tensile strcnglh increases.

Note, however, how greatly the manganese steel specimens
excel tho.se of carbftn steel in their combination of strength

with ductility. For a tensile strength of from 130,1 00 to

l.')l),l)OI) lbs. per square inch, none of tlie carl)ou steels have
more than 16 per cent, of elongation ; while many of the man-
ganese steels of this strength have an elongation of 45 per

cent., and some even of 50 per cent.*

But I think that this combination, which we have been con-

sidering, ultimate strength with ductility, is by no means so

good a measure of general merit as the combination of duc-
tility with elastic strength, or tensile strength within the limit

of elasticity, or, as it is called, elastic limit. The elastic lindt

measures the power of thi' metal to resist stress without be-

coming permanently deformed. It is this, probably, rather

than tile ultimate tensile strength, that should, and .some day
will, determine the stress to which the materi;d shall be ex-

lio,sed in practice. The ultimate strcnglh of tlu^ material

measures the stress, a single brief application of which will

tear it apart ; the elastic strcniitli or ela.stic limit .seems to

measnire the stress which, if indefinitely prolonged or repeated,

will tear it apart. Now, if this be true, no matter how great

the ultimate strength, we should not dare to expose materials

indefinitely to a stress as great as their elastic limit.

Therefore, in fig. 3. I h.ave in like manner represented the

combination of elastic limit with elongation in case of carbon

steel, of manganese steel and of nickel steel. The little spots

for carbon steel as before fall in a band running obliquely

across the dia.gram, less clearly defined because of Ihe smaller

number of ca.ses.

• Since tliis lecture was delivered slill more exlraoidinar.v combinations
of Btrciaitli and diicliiii.v in case of inaniranese siee! have hecn reported.

.>Ir. E (i. Sjiilphnry fniiiui in case of one specimen of wire a ti-nfiiU;

Blren;;lh of 4110.(100 pounds per npiare inch, with an elonpitinn of thirty-

tiirce per cent, in six inches. An extraordinary ca.Mc cif diictilitj is report-

ed liy the .sinie Kenileman. Wire of No. IS 2ttu!,'e. (1.0411 inch in diameter,
endtired furty-eiKlU twitilw in a lelijith of ^ix inchcB, and twenty-two beuds,
ItH tencile slren^^th was ].V»,n0(l poinuls j>. r s(pnire iiich. and itr( elongation
Heveiiteen per cent, in six inchci*. These are picked resnlls ; in Hie Ilrst of

them an error is possible, tlio(i<4li extremely improbable.
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Two of the triangles, iudicatingjnickel steel, lie well above
the band of carbon steel ; but even these are excelled by
many of the circles which stand for manganese steel. [Since

this lecture was read, other tests of nickel steel have come to

my notice, in which this combination is as great as it is iu the

cases of manganese steel represented in tig. 2.]

These comparisons may, however, give a false idea of the

ductility of manganese steel. If two metals elongate in a like

manner, the extent of their elongation maj' be a fair compara-
tive measure of their ductility ; not necessarily so, however,
when their mode of elongating is unlike in kind. A bar of

62

50

IS

46
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Returning again to fig. 5, we note that the strength and
rluclilitj- reach their maxima with about the same percentage
of manganese.

But, thougli striking, the reversal of the effects of incre-
ments of manganese on the ]>liysical properties of the alloy,

as its content of manganese rises above 14 per cent., is by no
means astouisliing ; for like cases are reported with other
alloys. Thus a slight

' - ' zg.:
'

S"

addition of zinc is re-

ported to Ics.sen the mal-
leableness of copper,
while a larger addition
in turn increases it.

Fig. 7 compares the
combination of strength
and ductility of man-
ganese steel with the
same combination for

€ tivyg/Ls pv^IncJv^ t

—^ ixn..

BEFORE TESTING

AFTER TESTING

n3.77% ELONGATION

Moreover, the very fact that it is accompanied by great
ductility makes its Intrdness ])eculiar. We arc accustomed
to think of very hard bodies as incapable of being indented,
as, for instance, by the blow of a hammer ; but manganese
steel can be thus indented. This, however, is a necessary
consequence of its ductilit}-. Slost very hard bodies, such as

glass, hardened steel or chilled cast iron, if they receive a
blow which passes their compressive elastic limit, simjdy

I
break or crack ; that is berause tliey are not ductile

;

tliey cannot yield. Manganese .steel, however, on receiv-

ing such a blow simply yields. Within its elastic limit
it behaves under blows like other hard substances. Let
the blow exceed the elastic limit, and manganese steel

yields where the others break.

I am hardly jirejiared to give a clear account of its ri-

gidity. Under some conditions it has shown itself very
rigid ; under others it has not. As yet I cannot point out
with confidence the conditions which make it rigid in

some cases, but not in others.

Manganese steel car axles, struck transversely by a
heavy ram, have been fomid much more rigid than those
of carbon steel, with which they were tested competitively.
Yet stamp shoes and hor.se-slioes of manganese steel have
not thus far shown the endurance expected.

In resistance to abrasion alone, manganese steel excels
the hard carbon steels (when unhardened) and, a fortim-i,

the soft steels. Wliere both abr-ision and repeated shocks
are to lie resisted, manganese steel is ecrlaiidy far less

liable to break than the hard carbon steels ; but whether,
under new conditions combining shock and alirasion,

it^wiirprove''a.s'rigid as the carbon steels, with'whicli

J

CARBON STEEL BAR BEFORE AND AFTER TESTING

BEFORE TESTING

SS5 '

AFTER TESTING

\ T

BEFORE TESTING

o|ll
.1..

AFTER TESTING

>

FIG 3 MANGANESE STEEL BARS BEFORE AND AFTER TENSILE TEST

nickel steel. The circles as before represent nnuiganese steel,

the triangles nickel steel. The combination as thus measured
is seen to be on the whole nuich greater in manganise steel

than in nickel steel. Hut this does not at all jirove that man-
ganese steel is bell<'r than nickel st-eel.

While manganese steel is intensely and astoni-shingly hard,
considering its ductility, it is not as hard as chilleil ea.st iron,

nor as the liardest grades of carbon steel when they are dead
hardened, that is to say. brought to their very hardest state by
rjueiiching in water. Afangane.se steel containing some 7 per

cent, of iniinganese. indeed, is so hard that it e.'Ui lii^ >lsed for

eiittim; iron ; .and lathe tools madi^ from it have been us<m1

sMec essfiill^-. Jiiit the l:> per cent, manganese steel, with
wliieh we eoiieern ourselves this evening, is far from hard
enough for this purpose.

it will then have to compete, direct experiment alone can

tell.

Its magnetic properties, or their absence, are among the

most surprising things concerning this surprising substance.

While niangaiiese sti el of 9 Jier cent, of manganese is attracted

by the magnet when finely divided, yet that of K! per cent, is

for all practical purposes unmagnetizable. With moderate
magnetizing force, its susceptibility to magnetic intliumces is,

according to Ewing, only about „„'„,i that of soft iron. " No
magnetizing force to wliieli the metal is likely tci be sidijected

in any of its practical applieatimis will produce more lliim the

most inlinilesimal degree nf miignetization. " Yet with enor

mous magnetizing force, for instanci', <if Kl.DIKI ('. (_}. S. units.

it is po.s.sibU; In magnetize iiiangaiiese .steel very consideiably.

If its resistance to magnetization is great, so is its resistance
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to the passage of heat aud of electricity. Of each it is a very

poor conductor.
Fig. 8, from determinations kindly made by the 1 liomson-

Houston Electric Company, of Lynn, Mass., comparing the

electric resistance of manganese steel with that of

copper and of soft iron at different temperatures,

shows that the resistance of manganese steel at 0° C.

is nearly seven times that of soft iron, and is very

thoroughly decarhurized product of the open-hearth or Besse-

mer process and molten, highly heated, rich ferro-manganese.

Care must be taken to avoid loss of manganese, aud to keep

the proportion of carbon down. The product should have not
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APPEAR \NCE OF A SINGLE TEST-BAR OF MANGANESE STEEL. BEFORE AND AFTER REPEATED STRETCHING, EACH

FOLLOWED BY WATERTOOGHENING.

much less affected bv elianges of temperature than the resist-

ance of cither soft' iron or copper. lis resistance is about

double that of platinoid, aud thrice that of German silver.

Py(7)((j-rt(t"/(.—Manganese steel of the class that lam de-

scribing to-night is made by stirring together the molten,

less than 11 per cent, of manganese, and not more than 1.2.5

lier cenl. of carbon. It we can give it as much as 13 per cent,

(if manganese and less than 1 per cent, of carbon, it will be

lielter for most purposes So high a ratio of manganese to

carbon can be had only through great care.
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The high cost of mclallic manganese puts it lieyonrt our
rifuli as a material for innkin;; manganese steel. Tlie onlv
present availalile SDuree of niaiiiranese for this purpose is tlie

carburetted alloy of iron and manganese called ferro-man-
&a
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may be. Large ingots are habitually cast ia iron molds ; and
here an inipoi'tant prcfautiiin must he ohservcd.

Tlianks to the slowness wilh \vliicli this nielal conducts
heat, the oiilsiilc ot the in^ot, in contact willi the cold walls

of the iron mold, cools so far as to he riL;i<l and incompressi-

ble, while the interior of tlieinijjot is slill far above its melting-
point. In cooling- from this exalted temperature the molten,
and later the solidified metal of the interior, undergoes great
contraction, and no longer sullices to fill completely the outer
shell of tlie ingot. Hence arises a deep vacuous cavity in its

center, known as the "pipe." To meet this, the top of the

ingot is covered with charcoal, so as to keep its upper surface
molten, and fresh lots of molten manganese steel are from
time to time added, in order to fill this cavity or pijie.

Treatment.—We now pass on to consider the treatment of
manganese steel. In what may be termed its natural state

—

i.e., when slowly cooled either from the initial heat of casting
or after forging, inaiir/iinese sled is brittle. Thi' ductility

which gives it value is obtained only by sudden cooling from
a higli temperature

—

e.g., by plunging it while red-hot into

cold water.

We are all familiar with the remarkable elTect

of suddenly cooling common steel, as, for in-

stance, by plunging it while red-hot into water
or oil ; we all know how this hardens the
metal, makes it relatively brittle, and, if judi-

ciously performed, strengthens it, (In speaking
of hardness, I invariablj' refer to the hardness
jiroper, the resistance to indentation and abra-
sion.)

But the effects of sudden cooling on manganese steel and
on carbon steel are in some respects very unlike. The tensile

strength and elastic limit of Ijoth may, indeed, be greatly raised

by sudden cooling ; but even here a difference is noticeable.

For while sudden cooling, even if very sudden, indeed violent,

increases the strength of manganese steel greatly, the rate and
conditions of cooling must, in case of carbon steel, be care-

fully regulated if great strength be sought ; and indeed very
sudden cooling may actually greatly weaken carbon steel, and
require a subsequent tempering—that is to say, mitigating, or

letting down.
When, however, we turn to the effects of sudden cooling on

the hardness i)roper and the ductility of these two substances,
carbon steel and manganese steel, we find a most marked
ilifference. Sudden cooling hardens carbon steel greatly, and
may make it so hard that it scratches glass readily ; if it affects

the hardness proper of manganese steel at all, its efTcct is so
slight as to be detected only by delicate tests. Sudden cooling
tends to lessen, and if very sudden may quite destroy the
ductility of carbon steel, leaving the metal as incapable of re-

ceiving permanent .set as glass is. Yet the .same sudden cool-

ing increases the ductility of manganese steel astonishingly.
Fig. illustrates graphically the influence of sudden cooling

on the ductility of manganese steel. Here the properties of
manganese steel in its natural state are indicated by black
semicircles, the circles indicating the properties of flie metal
when suddenly cooled by quenching in water, or, as it is

called, "water toughened." We see that, while the elonga-
tion of the metal in its natural state is usually below .'i per
cent., that of the water-toughened material rises occasionally
to 50 per cent.

Fig. 6 illustrates in like manner the influence of sudden
cooling or water-toughening on the tensile .strength. We note
that, while the tensile strength of the metal in its natural state,

as indicated by the black semicircles, rarely rises above
100,000 Ihs. per square inch, that of the water-toughened
metal, indicated by the circles, is usually above 110,000 lbs.,

and rises to even above 1.50,000 lbs. per square inch.

(to be continued.)

known among American engineers as it deserves, and we there-

fore present a detailed description of it.

The hydrometric ajiparatvis of Arasler-Ijaffon consists of

three distinct parts :

1. Tiie mill, wilh a registering apparatus and the electric

contact.

2. The electric signal, with its battery and conductors.
3. The winch, with weight for working at great depths.

CROSSINGS OF GREAT RIVERS.

A CONTRIBUTION TO RAILROAD LOCATION.

By a. Zdziahski, C.E.

APPENDIX.

THE HYDROMETRIC APPARATUS OF AMSLER.
As we have said in the chapter on the Measurement of

Velocities.* the most suitable apparatus for measuring the
velocities of current at different depths is the hydrometric
apparatus of Amsler, or more e.vactly of .T. Amsler-LalTou of
Schaffhausen. We do not think that this apparatus is as well

* See Raii.koad and Enoinkering .JounNAi., September, WJi, p. 403.

1. The Mill.—The mill consists of a pair of helicoidal Idades
(figs. 1 and 2) fixed on a horizontal shaft, and put in rotatory
motion by the current of water. The shaft carries an endless
screw, which by means of gearing communicates the motion
to the registering apparatus, consisting of a divided wheel
with an index. The wings, gearing and counter are fixed on
a metallic frame, the opposite end of which carries a plane or

conical rudder. The whole is supported by means of a verti-

cal rod, a gas-pipe, or by means of steel wire stretched by a
weight.
When the depth of water is not great the mill can be used

in the same way as the other old hydrometric apparatus of

Woltmann-Baumgarten, being drawn from' the water in order
to read the counter every lime such reading is necessary. For
this purpose the whole apparatus, with the plane rudder A
(tig. 1), is put on a vertical rod and fastened by means of screws
K K' . The lower end of the string .S', serving to lock and
unlock the register, is fixed to the eye E oi & horizontal lever.

Every time this string is quickly pulled the register is locked
or unlocked. Of course before the apparatus is sunk the

register must be unlocked and the position of index noted.

When the apparatus is immersed, the counter is allowed to run
for a definite time, say. from one to three minutes, which is

done by pulling the string at the beginning and the end of

this interval. The apparatus is then drawn from the water,

and the number of revolutions of the blade is read on the

register.

In greater depths this process is not certain enough, because
when the apparatus is sunk to a great depth the current can
stretch the string so that it will lock the register, and we can
never be sure whether it is locked or unlocked. In order to

avoid this, it is better to use, instead of a wooden rod, a |'in.

gas-pipe C, screwed into a foot-piece D (fig. 2), to which the

mill can be fixed by means of screws A' 7i', a cylindrical piece

c d, and a round nut d. The string .S" is now placed inside of

the pipe C, and its lower end, provided with a carabin-hook,
is passed through the eye i''of the lever L. The string <S" is

put inside of the pipe C and connected with the lever L in the
following manner : The pipe C. without the foot-piece D, is

held in an inclined position, and the lower end of the string

with the hook is put in the upper end of the pipe ; then the

hook, going before the string, pulls it down to the lower end
of the pipe. The hook is then connected with the eye F. and
the foot-piece D is screwed to the pipe C. To the upper end
of the pipe a ring G with a pulley 11 is fixed, and the string

S' passed over it.

The mill is now put on the foot-piece D and fastened by
means of two screws A', K' in such manner that the points of
the screws enter the conical holes drilled in the foot-piece.

The locking lever L is connected with the string .S" by means
of a cross-pin M, which is driven through the holes of the

lever and screwed. The counter is operated by pulling the

string S' in the above de.scril)ed manner.
The ring N and the disk visor (fig. 1) can be strengthened

by screwing to the gas-pipe. The ring iViflarks the depth at

which the velocity is measured, and it is so fixed that during
the experiment it is at the surface of water. The disk visor
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is fastened in such position that tlie plnne of disk is at riglit

angles to the shaft of the mill, anil llms the disk indicates ihe

direction of the mill under the water.

r"2. The KUetrie iSiyiuil.—The abovedeseribed manner of

measuring tlie velocity of current is very tiresome, liecause

the apparatus for reading the register nuist be frecjuenlly

drawn from the water. In order to avoid these inconveniences,

the apparatus with electric signal was devised.

Fig- 3-

The electric signal consists of three distinct parts : (I) The
electric contact P (fig. 2) ; (3) the bo.\ Q (figs. 4, 5, G) contain-

ing an electric bell and a small galvanic battery of two cells ;

and (3) suitable conducting wires.

The electric contact P (Hg. 3) consists of a metallic lever P,
li.xed to the frame of the apparatus, but insulated from it in

T by means of an ivory ring and plate ; and of a pin p belong-
ing to the wheel W, and touching the lever P after every 100
revolutions of the blade.

The box Q (fig. 4) has two terminals a a'. One of them
(a) is, by means of the insulated wire It (fig. 2) and the insu-

lated pm U connected with the contact lever P; the other
terminal a' bj- means of a small wire It', the gas-pipe, and tlie

frame of the mill connects with the wheel IF and the pin;;.

When the pin p touches the contact lever P the electric bell

sounds, and the observer notes the time, preferably with a

stop-w'atch.

IJcfore sinking the apparatus in water, the register is

locked and the worm on the shaft of the mill made to mesh
with the toothed wheel W. Thus when the mill has made
100 revolutions, the electric contact /•* is locked and the bell

sounds. It is to be noted that as the sounding of the bell lasts

a certain length of time, it is advisable to note the end of the

sounding, which is much more easily and exactly performed
than to note its beginning. The interval of time between two
observed ringings, say, ^seconds, will correspond to lOO revolu-

tions of the blades, and the number of revolutions in a second is

100
n = -jT-

The velocity of current is then calculated by the well known
formula

» = rt -)- C H,

where it and G are constant coefficients to [be determined from
experiments in stagnant water. Kvery apparatus has its

special coellicients, and even thev vary with the time. As an
example I quote the coelliclenis of two apparatus used in 1801

by engineers of the Western Silierian Railroads (in feel).

The apparatus No. 1

V - 0,091 + 0,8120 n.

The apparatus No. 41.

I! = 0,001 4- 0,7603 rt.

3. 'T/ie Wiiidi.—The most imporlaiU imiirovenient made in

this hydromclric ajiparalus, and which rendered them suitable

for measuring the velocity of current at great depths, is the

use of a winch and wire.

Indeed, the apparatus fixed on a wooden rod or even on a

gas-pipe can be applied only when the depths are small, say,

not over G ft., as in canals and small rivers ; however, even at

such small depths, when the velocity of current is great, it is

very difiicult, without special devici'S, to keep the rod or gas-

pipe in a perfectly vertical position. Furthermore, the rod or

gas-pipe is subjected to vibrations w-hicli nnlitate against the

accuracy of the observations.
TJie winch F(flgs. 4, 5, 6) consists of

a drum, which is put in motion by means
of toothed wheel, pinion, and handle.
The number of revolutions of drum is

noted by means of a divided dial and
Iiointer.

The winch is fixed at the bow of a

small boat (figs. 4, 5, G), or on a platform
supported by two small boats side l)y side.

The wincli carries a steel wire, f nun. in diameter, on tlie

free end of which a carabin hook is adjusted. This hook is

intended to support the mill suspended by means of a special

device.

A great lense-shaped cast-iron weight X (about 40 kil. — 88
lbs.) hangs under the apparatus and keeps the wire in a nearly
vertical position.

As it is impossible to keep the mill suspended on a wire
exactly at right angles to the cross-section of river, indepen-
dent of the direction of w^ater current, it is therefore so devised
that its shaft follows this direction of current exactly. For
this purpose it is suspended to the wire by means of the Cardan
universal joint Z, so that the conical rudder C (figs. 3 and 5)

compels it to maintain this position. When the cross-section

of river is suitably chosen, the error arising from the supposi-
tion that at every point of the cross-section the current is

parallel to the river axis and at right angles to the cross-section

is very small.

As already stated, the mill is suspended to the wire by
means of a special device, which consists of a joint piece Z,
fixed to the ring-formed portion of the frame by means of a
ring-shaped nut d (fig. 3). The upper end of this piece has an
eye, which is caught by the carabin-hook of the suspension
wire : the lower end has another eye for the carabin-hook of
the weight.
p^The conductor R, connecting the terminal a of electric sig-

nal-box with the electric contact P, consists of an insulated
wire li supported by means of an eye g (fig. 3) fixed to the
lower end of the suspension wire. This suspension wire is at

the same time the second conductor for the winch, and is con-

nected with the other terminal 11' of the electric signal. In ff

the conductor A* divides into two conductors one going to th(!

lever Pof the contact, and fixed in Kto the mill ; the other
to the contact F, which is locked, when the lower projection
of the weight touches the bottom.
During the ol)servations made in the same cross section all

these arrangements remain without change. Tlie operation is

still easier when the winch is located near the middle of the

boat instead of on the bow, and the suspension wire is thrown
over a pullc}- fixed at one end of the boat (fig. 5).

In order to measure the velocity of current at dilTercnt

depths of the same vertical line, the following mode of opera-

ting is followed : The weight is first sunk so slightly below
the surface that the apparatus is at the level of water. The
pointerof the winch dial (showing the length of unrolled wire)

is then set at 7,ero (this pointer holds by friction), the handle
being stationary. Now, if by revolving the handle we unwind
tlic wire and sink the apparatus to a certain depth, this depth
is exactly indicated (in meters) on the dial of the winch. Before
operating with the mill we measure the dejith of the vertical.

For this jnirpose we lower the weight to the bottom. The
indication on the winch dial, increased by the distance from
the shaft of mill to the bottom of weight attachment (0.5

meter), will give the exact depth of water on the vertical.

TIk! moment when the weight touches the bottom is signaled
by a bell-ringing, which by its long duration dillers from the
periodical electric signal.

When the dejith is exactly measured the observer divides
them in suitable nundier of jiarts, and on d(^pths corresponding
to the points of division performs the measuring of velocitj'

by noting the times corresponding to the i)eriodical running of

the electric bell.
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A NEW METHOD OF SMELTING AND CASTING
METALS.

Mb. Geoiwe Amijhosk Pouson, tlie ISriiisli ViccConsuI atHamburg explained to a number of genilemen at Sheffield
lately the Taussig system of smelting and casting metals in
exhausted chambers. The system is claimed to produce by asmgle process, every 15 minutes, with an expenditure of 300cwts. of coal per 1,000 cwts, of finished cast metal, bronze
iron, steel, copper, brass, zinc, platinum, gold or silver, free
of pores or bubbles. The process is effected by electricitv bymeans of me alelectrodes (flat .shaped) in an exhausted furnace
arge molds being set up outside the furnace, and exhaustedby one process simultaneously with exhaustion of furnace
Castings up to 30 lbs. of iron have been made in the presence
ot Her Majesty s representatives at Hamburg, within l.-j min-
utes, the air pump in use showing 93 per cent, exhaustion of
air, ampere gauge 3,500, voltage 2* volts. The electric current

Fig. 4.

does not efifect its work from outside through sur-
face of crucible or furnace, but by conduction throu.r],
the metal itself which is about to be smelted. Siemens-
Jtlartin steel is fused without other parts of the elec-
tric current undergoing any material increase of tem-
perature. By use of metallic electrodes, all contamina-
tion of metal by carbon is absolutely avoided. As coal
slack IS not present in any large quantity, refuse is re-
duced to a minimum, and oxidization and "creation of air
bubbles are, it is contended, by this new method of smelt-
ing in a vacuum, by means of removal of carbonic acid
gas, etc., also avoided. Tlie metal becomes more liquefied
and, on account of the casting forms being denuded of air per-
mits ot extremely close and fine casting, even of olijects of ex-
CMsively small diameters. Among other pertinent iustifica-
tions for these assumptions is the fact that the samples whichnave up to the present been tested in the proof rooms of the
Jtoyal Teehniail School at Charlottenburg, near Berlin, have
notwithstanding the prejudicial circumstauces under which
tiiey have been produced, according to a copy of the Govern-ment report in regard to such tests, shown very satisfactory
results. From the nature of the system adopted it ensues that
the electric force which is carried out with currents of great
strength, but low voltage, is attended wilh absolute freedom

^nn?t„ .r^''"'- i.*^?^" ,'™° propellers and similar objects are
constantly melted and cast at Bahrenfeld in the presence of

UJ,U00 to 30,000 amperes are no exaggeration, and exhaustion
ot air trom the largest chambers now presenis no diffleultvBy the employment ot 30,000 amperes and 50 volts, a force

n^iJ? n'
'°, ''^?u.' :2,000 H.P., or somewhat less than thatuse

1 by the aluminium works at Neuhausen, on the Rhine the

aS /f"ii"'°"
'' l>af<L^"ii"i'n"m length of 12 meters, anda width of li meters. This would give a body of metal of

180,000 cubic centimeters, or about iU tons. According to
tlie experience gained in experiments at Bahrenfeld, such tast-ing would be effected in one process lasting in all not longer
than a quarter of an hour. The expenditure of coal is there-
tore, in round figures but r,n per cent, of that necessitated by
IJie most perfect system at present in use. The use of waterpower naturally increases these advantages in an enormous ex-

The iron furnace seen l)y Mr. Pogson at Professor Taussig's
works at Bahrenfeld consisted of a rectangular vessel 6 ft x 3
ft. X 3 ft.

_

Two electrodes, apparently o'^f wrought iron, 'were
placed upright inside the furnace, .so that tliei? surface of 8
in. X 4 in. faced the arc-shaped piece of iron which was to be
fused

;
a channel of clay served the purpose of conducting the

fused metal from its clay melting bed into the empty claymold of a model propeller, the mold in question being placed
at a lower altitude in the otherwi.se empty iron furnace The
wires connecting the flat metal electrodes wilh the powerful

Fig. 6.

generating machinery put up by Messrs. Schiichert & Com-
pany, the well-known German electrical engineers were al-
ready in position, as was also the exhaust- pipe connecting the
turnace with a steam ,air-pump of about 20 il.P., which also
drove the dynamos. Having personally placed the 30 lbs of
pig iron in the clay bed. placed parallelwilh, but a few inches
in front of, the flat electrodes, the cover of the oven wasswung on; the necessary exclusion of external air bein?
effected by India-rubber pads fastened to the furnace cover
Punctually at noon the cover was fastened down, and thepump .set 'ivorking. the current being switched on at the samemoment. The indicator of the exhaust-pump soon showed an
exhaustion of 93 per cent, of air. The electric imlicatorsshowed respectively 3,500 to 3,000 amperes and 2 to 2i volts
the gradual approach from red to white heat could be fol-lowed from the eyelets in the furnace. Fusion was obtained
at about U.S, the indicators showing creat unsteadiness until
tie resistance had been reduced tn nil by the current beino-
allowed to pass freely through the fused metal. At 12 14 the
turnace was opened, and a minute or two later the clay was
being chipped off, and the perfect cast of a propeller was ex-
posed to yiev/.-8he£lekl Telegmjjh.
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UNION PASSENGER STATION AT PORT-
LAND, ME.

We give herewith a full-page perspective illustration aud a
general ground plan of a new union station which has been re-
cently built at Portland, Me. , under the sujiervision of Messrs.
Winslow & Wethcrcl, architects. The general appearance
and arrangement will be readily understood from the examina-
tion of our engravings. The exterior is built of Conway pink
granite, the roof being of light-green slates. The interior is
richly and simply finished in hard wood. In the general wait-
ing-room there are two handsomely carved stone fireplaces
which may be regarded as the principal feature of the interior!
The building is heated by steam, lighted by electricity, and its
details comprise every modern improvement and lu.xury known
to the present time. We are indebted to the Americmi Archi-
tect and Builder for thejperspective and to the architects of the
building',for the plan.

PROGRESS IN FLYING MACHINES.'!

By 0. Chanute, C.E.

(ContinuedfT(»n page 138.)

In July, 1880, M. Blot exhibited to the French Society
for Aerial Navigation an ingenious kite, invented by him-
self, which sailed without a tail and possessed great stability
under all conditions of wind.
At the top of a fiat plane of elongated elliptical shape two

hollow cones were affixed, one on each side. The base or
large end of the.se cones faced the wind, and the other end
or point was slightly truncated, so as to leave an opening
through which the wind could blow, and, by the action of
the streams or columns of compressed air thus created
counteract any tendency of the plane to tip to one side or
to the other. This provided for the lateral stability on the
same principle as in the well-known Japanese kite, in which
the side-pockets catch the wind and maintain the equipoise.
The fore and aft equilibrium was provided for by affixing

a rotating screw at the lower end of the plane, pivoted on
its central line. This screw had two vanes of coarse pitch,
and was free to rotate under the impulse received from the
wind. It spun around with great speed when the kite was
raised, and obviated any need of the usual tail by perform-
ing the same steadying office. It prevented any oscillations,
without impeding the rising of the kite, and maintained it
perfectly steady in all winds.

It was not agreed between the French aviators whether
this effect was due to the action of the vanes, making an
angle with the sustaining plane, as in the case of Penaud's
"planophore," or to "gyroscopic" action, but when the
screw was omitted the kite swayed about, while when the
screw was rotating, its twirling and tremor could be felt
through half a mile of string, and the kite remained per-
fectly upright and steady.
M. Biot carried on quite a series of experiments with this

apparatus. In the kite which he used the elliptical plane
was l.j in. high, the two cones at the side were each 8 in
in diameter at the base by a height of 8 in., while the screw
was 12 in. in diameter, its two vanes being each 14 in
broad.

The experiments were carried on in winds varying from
l:i to 33 miles per hour, and the kite was found to be steady
under all conditions, the only difference being in the height
to which it would rise. When the wind blew from 13 to 18
miles per hour, 4,'JOO ft. of cord were paid out, the kite re-
maining at this distance during two hours. On other occa-
sions, with stronger wind, as much as 6,500 and 8,300 lineal
feet of cord were paid out, and the kite mounted so high
that it passed through several strata or currents of wind 'of
varying direction, as was conclusively proved by the fact
that the restraining cord assumed a sinuous attitude when
the full heiglit was gained, and instead of approximating
to a straight line or a regular curve, as usual, the line
became serpentine in form, thus indicating that different
trends existed in the various strata of air.

In one instance the kite, with 2,000 ft. of cord paid out,
advanced against the wind and mounted directly over the
head of the operator. This was attributed to an ascending
trend in the wind, for the kite still tended to rise vertically
and to advance against the wind, although the plane was
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horizontal, and tlu' cord, now };ri'all_v liowcd liy the wind,

tended to draj; tlie apparatus backward. Tliis attitude con-

tinued but a short time, when, the trend of the wind having;

apparently changed, the kite settled back to its original

position, flying at an angle of 4li° to l>0° with the horizon.

.M. Biot, who was an old experimenter with kites (having

as early as 1S(!8 been lifted up from the ground by a large

itjiparatus of this kind), found the gyroscopic stability of

the arrangement which has just been described so satisfac-

tory, that he thereupon designed, in connection with M.

Da'iidricux, a full-sized aeroplane on the same iirinciplc. cal-

culated to carrv up a man. This design was submitted early

in 1881 to a special committee of the French Society for

Aerial Xavigation, but this committee seems to have hesi-

tated in recommending its construction, and no record has

been found by the writer of its having been built or experi-

mented with about that time.

When, however, the publication and discussion of M.
MouiUanrs " L'Empire de I'.Vir'' had directed ftesh atten-

tion to the soaring of birds on rigid wing>, and given

grounds for the belief that man could utilize the wind in

the same way, M. Biot constructed in 1887 a soaring appa-

ratus in the shape of an artificial bird 27 ft. across, and
weighing 5.T lbs., with which he hoped to reproduce the

raanieuvres of the sailing birds.

It is known that a number of very interesting experiments

were tried with this apparatus, but the writer has been quite

unable to find in print, or to obtain from correspondents, a

description of the machine or a record of its trials. He
merely knows that these trials were many, and that on one

occasion ;M. Biot suffered a tumble which was not encour-

aging to further experiment, but no account of them is to

be found in the AiiroiHiute.

It is to be hoped that a full narrative may yet be given to

the public of the results of experiments which must have

been most instructive for other aviators who contemplate

imitating the birds.

In 1882 .M. Jopert exhibited before the French Society for

Aerial Navigation the model of a projjosed apparatus de-

signed by himself, in order to test the possibility of imi-

tating the manceuvres of the soaring birds, as described by

M. Mouillard. This aeroplane was to be hinged and jointed,

so that it might be folded up like an lunbrella for con-

venience in transportation, or opened out and stiffened by
sliding bars in order to make the wings rigid. With this

^I. Jobert proposed to experiment on various areas of sur-

faces in proportion to the weight, and to test the efficacy of

both fixed and adjustable sustaining surfaces. He does not

seem to have met sufficient encouragement to carry out his

design, for the writer has been quite unable to learn that he

ever completed a full-sized aeroplan-^ capable of sustaining

a man.
Having begun where M. Biot terminated

—

i.e., with the

design for a soaring apparatus—M. Jobert next turned his

attention to kites, and proposed in 1887 the apparatus

shown in fig. 07, which he termed a " rope-bearing kite."

designed for establishing communication with wrecked
vessels. It consisted of a hollow truncated cone C, under

which was rigidly connected a kite P, from which depended
two light lines terminating in a ring, the latter carrying a

light cord steadied by the drag D. The object of this

arrangement was to ensure a rapid and certain connection

with the shipwrecked mariners, who, by seizing the light

cord, could at once haul down the kite and thus gain access

to the main carrying rope, with which to haul aboard the

usual life-saving cable. This carrying rope was fastened to

a bridle attached to the top cross-stick of the kite, and to

the top of the cone at V, which arrangement was claimed

to produce perfect stability, and to ensure that the appa-

ratus should travel straight back in the line of the wind
without rising to any great elevation. In order to regulate

the height, the angle of the plane could be varied by means
of a light string (not shown), extending from the lower

cross-stick to the carrying rope and fastened by a hook in

one of a series of loops.

The sustaining plane was, like the cone, formed of calico,

in which hems were turned at the top and at the two sides,

in order to form cases for the sticks of the frame, the lower

edge of the kite being left uncased, in order to produce

bagging and consequent increase of lifting power. At the

small end of the cone a couiile of thin metallic tongues were

fastened, which, thrown into vibratiiui l)y the wind rushing

through the cone, produced a howling sound which might
notify the shipwrecked sailors of the approach of the ap-

jiaratus, and tlie whole arrangement, as will readily be per-

ceived, was quite cheap and readily rigged up or folded

away, no matter how large it might be.

Tile writer does not know whether this apparatus ever

came into practical use. It has here been figured in order

to show how a cone can be applied to a kite in order to

impart stability to the latter, but the arrangement would
need to be greatly modified in order to admit of its utiliza-

tion in an aeroplane, so as not unduly to increase the resist-

ance to forward motion.

Fig. 67.-JOBERT—1887.

In 1886 and 1887 ^M. Maillot, a French rope-maker, tried

quite a series of experiments with the kite represented in

fig. (>8. This was constructed of poles and canvas, in the

shape of a regular octagon ; it measured 77.") sq. ft. in area,

about o2 ft. across, and weighed Hi.") lbs. It had neither

balancing head nor tail, and was so poised by the bridle of

attachment that the center of pull corresponded to a point

only one-third of the distance back from the front edge, or

to a spot, therefore, decidedly forward of the center of press-

ure, at the comparatively coarse angles (30° to (iO") usually

assumed by kites. This angle of incidence it was intended

to regulate by a cord, attached to the rear edge and carried

to the seat swung beneath the kite for the operator, who
might then, by hauling in or paying out this cord, regulate

the angle of incidence and cause the kite to rise or to fall.

This was intended to furnish the longitudinal stability,

while (there being no provision for automatic lateral equilib-

rium) the side oscillations caused by the varying intensity

and directions of the wind were restrained by side ropes

attached to the kite and handled by men standing on the

ground.
In the first experiments (May, 1880) >I. Maillot was dis-

suaded from ascending beneath the kite, and he therefore

substituted for his person a bag of ballast weighing l-")0 lbs.,

tied just below the seat. The kite was raised by first

securely anchoring the main rope, which was 800 ft. long,

and then lifting up the front edge so that the wind might
sweep under the surface, upon which the kite lose to such

height that the bag of ballast swung some 30 ft. above the

ground, where M. .Maillot and two assistanis managed the

two side ropes and the tail cord (not shown in the figure),

which latter regulated the angle of incidence by depressing

or raising the rear of the kite.

Allowing ;!:! lbs. for half the weight of the main rope, it

was estimated that the apparatus sustained, on this occa-

sion, an aggregate weight of 348 lbs., or in the proportion

of 2.23 sq. ft. per pound. The wind was variously esti-

mated at 15 to 22 miles per hour ; but .as this speed was not

measured, nor the pull upon the various ropes ascertained,

while the angle of maximum incidence was merely gucs-sed

at as about 4'i°. no accurate computation can be made of

the various reactions. The kite was easily controlled by

the three men, hauling or paying out the two side ropes and

the tail cord, but it plunged about with the varying inten-

sity of the wind, and in one of the oscillations so produced

the bag of ballast was whipped about and broke the rope

by which it was suspended.
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M. Maillot, repciilcilly experimL'Mtcil witli this and other

kites (but smaller) on the same principle during the year

1887. He .states that he succeeded in sustaining as much
as .594 lbs., but whether he ever went up liimself beneath

the kite the writer has been unable to ascertain. There
would have been little or no risk in doing so, provided the

wind was steady and strong, for it is evident that the three

lines carried to the ground would give almost complete
command over the apparatus, but then such a performance
would have taught very little toward the management of an

aeroplane free in the air. Changes were made from time to

time in the modes and points of attachment of the various

ropes, and the endeavor seems to have been directed to the

discovery of some arrangement by which automatic e<niilib-

rium could be secured \mder all conditions and varying
velocities of wind without the use of a tail. From the dis-

continuance of the e.xperiments it is inferred that they did

not succeed, and tlio writer attributes this failure (if failure

it was) to the employment of a single rigid 2jla7ie ; for it will

be remembered that M. Pawnd obtained a stable kite, on
the principle of his " planophore," by adding to the upper
pair of planes a second set, inclined at a slight angle to the

first, the effect of which was to regulate the incidence.

Fig. 68. -maillot—1987.

On the same principle, M. liirnctt, whose proposed aero-
plane has already been noticed, obtained stability with a
tailless kite many year.s ago, by shaping the plane like a

laundry " Hat-iron," cutting out a portion of this from the
rear or broad end, and adjusting the band so obtained at an
angle with the rest of the surface, so that the kite would (iy

steadily.

M. Copie, on the other hand, obtained partly the same
effect by inserting a hemispherical pocket in the body of
the kite, but this did not prove <iuite satisfactory until an
opening was cut in the ape.\, on the same principle as the
hole which is provided in the top of a parachute, after
which the wind, rushing through the pocket, produced
murh the sjinc effect as in the Johert regulating cone

; but

the device is not one which can be profitably applied to an
aeroplane in forward motion.
Upon the whole, ]\[. MailloVs kite was rather crude, and

decidedly inferior to I'ocock's " charvolant," heretofore de-

scribed, in which the pilot kite might be used to regulate

the carrying kite. The stability of the Miiillot arrangement
could probably have been improved, and the side ropes dis-

pensed with, by breaking up the surface into two planeif,

forming a diedral angle witli each other, like the attitude

of a bird gliding downward, or the same ctlect might have
been partially produced by providing the plane with a keel.

Very good results with central keels have been obtained
by >I. Biiyiitoii with his various forms of " Fin" kites,

which are now sold in the shops. They consist of a plane,

to which is atfi.xed at right angles a " fin" or keel located

in the lower part of the kite, and raised slightly above its

surface. They fly without a tail, with a steadiness depend-
ing somewhat upon the form of the main bearing surface,

and seem to afford a good opportunity for further experi-

ment as to the shape of greatest stability ; for keels have
been frequently proposed for aeroplanes, in which they will

produce less resistance to forward motion than obtains with
other arrangements, but few seem to have tested how such
keels should be applied.

These remarks chiefly apply to I'^ane rigid kites, and to

the various adjuncts and forms which have been tried in

order to confer stability upon a main plane surface sustain-

ing the weight ; but still better results have been obtained
with flexible surfaces, and it seems not improbable that this

is the arrangement which will give the greatest amount of

stability to a kite, by producing automatic adjustment to

the wind's varying intensity.

As an example of such action may be mentioned the " Bi-

polar" kite of M. Bazin, who experimented with it in 1888.

It consists of a main sustaining surface like a boy's " bow''
kite, or practically the same in shape as the kite surface in

fig. <)(). The frame is composed of two sticks, one of them
a flexible rod at the head, bent to a bow, and the other a

main central spine at right angles, to which the bow-strings
are fastened. The peculiarity of the " Bi-Polar" kite is

that this central spine is also made flexible, and that to its

lower end (projecting some distance below the supporting
surface of the kite) three triangular fins are attached, just

like the tail of a dart, omitting one fin. This arrangement
obviates any necessity for a tail and confers automatic
stability, for the lateral equilibrium is obtained through the
elasticity sideways of the main surface or head, which is

blown back by the pressure to a convex surface with a
diedral angle, which angle varies in accordance to the vio-

lence of the wind, while the longitudinal equipoise is like-

wise maintained by the balancing pressures on the head and
on the fins, as the flexible spine yields more or less to the
breeze. The kite is thus made stable in both directions,

and flies steadily without a balancing tail. M. Bazin sailed

it with two strings, one attached at the top and the other
at the bottom of the main sustaining surface ; these strings

were both carried to the ground, and attached at each end
of a stick of equal length with the vertical distance which
they spanned at the kite, and with this stick in his hand
the operator could vary the angle of incidence. This was
intended to secure measurements of this angle of incidence
in connection with the pull, but the results thus obtained
have not as yet, to the writer's knowledge, been published.
Even better results can be attained with the " IMalay"

kite, which is in shape a lozenge, composed of two flexible

sticks crossing each other at right angles. The cross or

horizontal stick is the longest, being preferably 1.14 times
the length of the upright stick, and fastened to the latter

at a point 0.18 of its length below the top ; a string is then
carried (in notches at the ends of the sticks) around the
periphery of the resulting lozenge, and this is covered with
paper or with muslin in the usual way. This surface, when
impinged upon by the wind and restrained by the bridle, is

bent back by the pressure and adjusts itself to the varying
irregularities of the breeze, the kite flying without a tail

with great steadiness and rising to great elevations.

31. Eddy, of Bayonne, N. J., who has been constantly ex-
perimenting with kites during the last few years, and who
is recognized as an expert in such matters, prefers the
"Malay" kite to all others. He has improved it by so

fastening the cross-stick and tying its outer ends as to
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produce a slight initial convexity, wliich is further increased
by the action of the wind, and wliich materially adds to the
steadiness of the (light. With this arrangement M. Eddy
has succeeded in causing a single kite to ascend to a height
of 2,400 ft. with :!,000 ft. of line, and then ^^inging it to

the zenith directly over his head, or even a little back of
his hand, where its attitude strongly suggested the advance
of the soaring bird against the wind. I'pon a previous
occasion he had succeeded in attaining a height of 1,000 ft.,

with a string of live kites Hying in " tandem"'— that is to

say, each kite attached by a string of its own to the string

of the preceding kite .ilready raised, so as to take up the
slack or sagging of the line, and thus enable the ujtjier kite

to rise to an altitude otherwise unattainable. This per-

formance seems to suggest an easy way for the exploration
of the upper air by the Weather Bureau, for by affixing to

the upper kite self-registering instruments (thermometer,
barometer, hj'grometer, etc.), or, preferably, by connecting
such instruments (and an anemometer besides) electrically

with recording instruments on the ground (through a series

of tine wires insulated in the kite string), observations of
the conditions prevailing aloft can be easily obtained. The
French have lately been making such observations by means
of " free balloons" of medium size, and they are said to be
of material assistance in forecasting the weather ; the rec-

ords obtained from the top of the EiflEel Tower showing
that even at that moderate height coming changes in wind
and in temperature are indicated several hours in advance
of their prevalence at the ground.
The same principle of obtaining stability without a tail,

by means of an elastic frame, can be applied to other forms
than the " Malay" or the '' Bi-Polar" kites, but it requires
a good deal of delicate adjustment and balancing. It has
been done with the common octagonal form of kite by
M. C E. Myers, of Frankfort, N. Y., the aeronautical engi-
neer who furnished and operated the balloons and kites by
means of which the recent (1891) rain-compelling experi-
ments were tried in Texas.

It will be remembered that the explosions intended to

produce rain were in some cases produced by exploding
dynamite suspended below kites, and fired by electricity.

In providing for this, M. Myers, who has for several years
been conducting systematic experiments with kites, evolved
some very interesting facts, and he has published part of
his experience in the Scientific American Supplement (No.
8:55) for January 3, 1892, from which the following is ex-
tracted :

The originating cause of my interest in kite-flying is aerial

navigation, and by successive steps I have adapted kites to fly

without tails, to fly with considerable weight attached, and,
tinally, to fly without the restraint of the usual kite-string

;

and. rising liigher and higher, tinally to disappear miles in
height and miles away on the verge of the distant horizon.

Theoretically, there should be no difficulty in attaining these
results. Practically, there is as much difficulty as with a
child learning to walk or a youth learning to manage a bicycle.
In a word, it is the art of balancing. . . .

Theoretically, the kite should be light or possess much sur-
face with little comparative weight. It should balance at the
flattest possible angle, nearly horizontal, and its surface should
be widespread, like the wings of a soaring bird. As a fact,

I have obtained the best results with this model, but had
great difficulty at first to induce it to fly at all, and was finally

forced to attach a compromise tail— not a kite tail, but a
bird-like tail, which, being flexible, vibrated or undulated with
the vertical oscillations of the kite, and thus acted as a pro-
peller, .so that this kite actually moved against the wind. . . .

The most practical form of kite for general purposes seems,
however, to be the six-sided. Those created by me as part of
my apparatus for the Government rainfall expedition in Texas
were composed of an X, formed of two sjiruce sticks, each
6 ft. long, tapering, with a top section of ^ in. X i in. and
bottom section of \ in. X * in. tacked flatwise together with a
very small jnn-nail, and bound with hemp <tord at the joining.
Five in. below this cros-sing (which was about 2 ft. from the
top) was a similar piece of timber, but 14 in. shorter, and
tapering each w^ay, placed crosswise of the X. horizontally, so
as to form a 5-in. triangle, which stilfened the frame more
than if all crossed at one point. The outer end of each stick
was creased with a knife and notched around, so that a hemp
cord passed first through the crease and was " half-hitched"
aroimd each stick to prevent splitting. The kites were cov-

ered with red calico, jiasted on tight, and bits of cloth were
also pasted across the sticks where the kiles-trings attached.
These strings were attached as long loojts—one looj) to the
top sticks about (i in. from their tips, (me loop to the two
bottom sticks about ;!0 in. from the bottom, and one loop to

the crossbar about a foot from each end. All these loojis

were then gathered together and drawn through one hand as
the kite lay on the ground, held in place by one foot on its

crossing, and being adjusted carefully and ciiually to draw
(Tmn (I piiiiit soiiu'w/iirt inidiriiy bttirciii t/w crossxtick audio]),
best attained In- trial, were then tied to.gether.

The kite was thus rather stitT and light at top, chittic and
heavier at the bottom, and susjiendcd at a point alxtrc its cen-
ter of gravity and center of surface. To the loo]i at the bot-

tom was usually hung a narrow strip of cloth to allonl greater
steadiness in supporting the kite's burden of dynamite to be
ex))loded. I have been thus particular to describe minutely
this construction because many have written me for this

information.
The first trial kite flown at Midland, Tex., escaped. I had

biult it all myself, as a model, and it had drawn up one ball

of hemp twine, and an assistant was holding the string jjrep-

aratory to running out another ball when the cord parted at

*a flaw, and the kite flew into space. When last .seen with a
glass, it was e.stimate<l to be about 3 miles high and 8 or 10
miles away, a fading red dot in the distance. . . .

In ordinary light winds this kite floats well, is steadier than
many other kinds I have tried, and woulil seem to be well

adapted for photography. If hung very near its top, it is

prone to advance tipward and forward against the wind, till

over and beyond the party holding the string, and literally

floats on the air as if propelled by its fluttering triangular sec-

tion at or near the bottom of the kite.

The accidental escape of this kite exhibited a very inter-

esting example of partial ".aspiration," and it is under-
stood from additional information, kindly furnished by
M. Myers, that he succeeded in reproducing this effect on
several occasions. The kites were hung, after considerable

experiment, so that they floated nearly flat on the air, with
as little tail as possible, and sometimes none at all. They
rose upon a light breeze, and drew away as long as the

string was let out. When checked or pulled, they rose

higher and higher until quite overhead, when the string

had to be released. If suitably balanced the kite then rose

still higher and drifted back, hut not asfast as the icind hlcw,

its rearward flap vibrating more or less, and making its

actimi a progressive one rehitire to the wind, thus producing
" .aspiration" with respect to the breeze. A long string,

or small weight at the end of a shorter string, was sufficient

to keep it balanced, so that it might remain up for hours
and go floating out of sight.

The possibility of this progressive action against the
wind without loss of height or of " aspiration" has been
strenuously denied, and yet it is easily explained if, instead

of assuming the wind to blow horizontally, as we generally

do, we consider that it has at times a more or less ascend-

ing trend, this being a not unusual condition over the sun-

broiled plains of Texas. It is clear, from the description of

the mode of attachment of the string, that its weight when
released would tilt the kite forward, so that the plane

would point below instead of above the horizon. In this

position the direction in which the " drift" is exerted would
be reversed—that is to say, the horizontal comi)onent of the

pressure, instead of pushing backward, would be pulling

forward, and thus hecome a propelling force against the wind,

provided, of course, that the latter still exerted its pressure

on the under side of the kite. Thus an upward trend in the

breeze of but 3° or ,'5'', operating against a kite inclined for-

ward 3° below the horizon, would be sufficient to cause it

to advance relatively to the wind, somewhat as a vessel
" close hauled" advances against the breeze which furnishes

it motive jiower. In point of fact, therefore, that which
has herein been termed the " drift" m.ay act uimn a plane

surface, as a force pushing backward or propelling forward,

according as that plane is inclined to the front alioi-c or Inline

the horizon ; but in tiie latter case there needs be an ascend-

ing trend in the wind in order to produce a sustaining

pressure on the under side, for otherwise the horizontal

wind would strike the uj)per surface of \.\\k plane and press

it downward instead of upward. The effect may be quite

otherwise with concavo-convex svirfaces.

(to be CONTINUED.)



Vol. LXVIl, No. 5.] AND RAILROAD JOURNAL. 247

RESISTANCE OF METALS TO SHEAR*

By H. V. Loss, M.K.

( Continuedfrom page 1S2.)

APPENDIX.
In reviewing the results of the experiments, we find tliat in

some instances new facts are developed ; inotliers, tliat the pres-

ent ideas are corroborated and their details specified, wliile

again in some cases the results appear to contradict hitherto

prevailing assertions.

In regard to this latter fact, a few words may be said in ex-

planation.

John "W. Nj'strom gives, in his " Pocket-Book of Mechanics,"
a formula for the necessary power to cut any iron bar of a

thickness t—given in number of sixteenths of an inch—with
a knife of a given bevel, a :

P= 0.88)!' eoi. a.

That this is erroneous will easily be seen when assuming
a = 0, in which case P = ao. Besides, the formula does not

contain tlic widtli of bar, whicli element, as seen from plate

No. G, will always make itself felt up to a certain limit, de-

pending upon t and a.

Clark gives in his " Manual," on page 587, some results of

experiments on iron bars with flat knives. The width was 3

In. and the thicknesses were i in. and 1 in. The resulting fig-

ures show a small difference in ultimate pressure per square
incli for tlie two thicknesses, or, in other words, the maximum
resistance per inch of width was not in proportion to tlie thick-

ness of tlie bar—a result which is not confirmed by jilate No.
10. However, the experiments were so few and limited

—

being only made with one width of bar and two thicknesses—
that they would form but a meager guide as to any general

doctrine tliat may be said to govern the shearing of metals.

In order to throw some additional light upon this subject,

the writer devoted some little time to such experiments and
analysis that would explain the action of the shear blades dur-

ing their penetration of the bar.

It is not the idea of the writer at the present time to give an
exhaustive theoretical analysis of the subject, but rather to in-

dicate the lines upon which such an analysis can be made, and
to emphasize the fact that the theory of flexure is mainly if

not solely the correct theory of shear as existing with practical

shearing machinery.
'

Tlie following calculations were made with tliis in view, and
as an example the shearing power for rectangular liars has

been deduced with flat knives. Tlie writer has likewise com-
puted some of the data and elements necessary for the analysis

of shear with inclined knives, all based upon the application

of the tlieorj- of flexure.

If practical shearing means flexure, why does the ultimate

resistance, when using flat knives, simply depend upon the

thickness of Ijar in 1"" power ?

Some experiments were made witli the view of finding the

leverage of pressure existing at the point of maximum resist-

ance, or at a period when the hydraulic force P was of a known
quantity. Tliey were conducted on soft steel, and the progress

of knives was arrested either by stalling the liydraulic ram or

by reversing the valve lever immediately the first " break" oc-

curred. A beveled knife—8°—was used, as with a Hat knife

the point of maximum resistance is too close to the point of

final rupture to allow tlie stoppage of the blades, if accom-
plished by the lever, to take place with any accuracy. The
mark left "on the top surface of the bar, as having been in con-

tact with the underside of top knife, was precisely and in-

variably a duplicate of the one left on the under side of Ilie

bar. as having been in contact with the top side of the bottom
knife. These marks were of a triangular form, and the lalile.

No. 7, gives the values of the letters on fig. 3 as found from
the experiments with the different sizes:

TABLE NO. 7.

//'
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The total leverage witli wliirh the force P causes a moment
of llexurc is now

/ = A

'JlZ!7,''7Xltt^. ^

a I --At («o

We can assume tlie same leverage to

exist with Hat loiives, in wliicli case

the triangle of bearing surface becomes
a rectangle. This assumption is in ac-

cordance with the idea of a flat^knife

having a bevel, n, the value of which
, W is infinite small, in which case the an-

gle between the hvpotheneuse in the

triangle and line X — A' becomes in-

fc." linite small as well, or' practically

speaking, zero.

In this case, we have for the bending moment

h^
-Y-

Nm = P
• = 4

where / denotes the tensile strengtii of the material. Con-
tinuing,

Thus we see that while bending really docs occur, the thick-
ness of bar, nevertheless, exists only in 1"' power. Consider-
ing the cross-area of the bar .1, we find tlie ultimate shearing
power to be the product of tliis area and tliree-fifths of its ten-

sile strength. Equation (7) gives the tlieoretical explanation
why only a certain fraction of the tensile resistance is " the ap-
parent coefficient of strength" of a bar when exposed to shear-
ing. The writer fully believes that this is a feature rarely
understood.
The general opinion is undoubtedly that all square inches do

equal work, but that each one possesses a strength or resist

nnce which represents only a certain percentage of the tensile

strength of the material. To l)e sure, there is a direct shear as
well, but this stress is tmder 90° with the former, and the bar
will break before the latter has reached its ultimate.
Comparing equation (7) with plate No. (10), we have for a

bar 1" wide X liV" thick, the result by diagram to be 50,000
lbs.

Ecjualion (7) gives for the same dimensions, wlien consider-
ing 7r),000 lbs. steel,

P = f 1.0625 75000 - 48000 lbs.

In examining plate No. (12), giving the ultimate pressures for

angles, it is clearly seen that the thickness of leg ! enters any
possible equation for /' in a power less than 1.

"
As.suming a

parabolic expression :

/>, = K \.'T (e)

Plate (12) is satisfied by having K = 38000, or

P, = 38000 Vr (/)

or for the total width of angle its legs being a and b.

P = 38000 (« + /,) j T (^*

tJomparing ci|Uations (7) and (8), it may be possible to derive

from tli(^ former expression a general formula for angles, based

upon the principles used in the analyses in eciuation (7). With

the form of die here used, i will become f' 2 t, while the total

width is diminished in the same ratio. Assuming the new
It + 4

thickness in the power of J, and iuserling _- instead of w,

we have

/' + ''

P = u"^^ ( ^'•z'Y = U'^J VT= ./(„ + i) vT (9)

» 2 \ / i-2

If the above assumptions are corrcci, then

i f= 38000, or

/= I 38000 = 85000 lbs. per square inch.

as the ultimate ten.sile strengtii of the steel. This figure cor-

responds fairly well with the ultimate mentioned for steel

angles, running up to 80,(l(H) lbs.

When applying fornuila (9) to iron angles, inserting / =
50000, the results will invariably be too small. .\ value of

f = 05. 000 will give the desired results with fair accuracy.
This is in harmony with the stiilement niadct in the earlier part
of this ])aper, that the ratio between the shearing ultimates of

iron and steel is not the same as the one acquired by tension
in the testing machine.
Does this mean that with iron, and .slightly also with .steel,

the coefficient of nltimntc transrersc strength is quite difTerent

from tlie coefficient of ultimate tensile strength ?

With inclined knives the most intense pressure exists on tlie

fibers at tlie edge first touched by the knife. The first break
also occurs here.

Equation (5) gives an idea of the great numerical value of

the stress at this point. The product of r and «i becomes so

small for light bars as to cause a rate of pressure at this edge
far above P itself.

The width of bar will enter any expression for the ultimate
shearing resistance when using inclined knives. Plate No. (i

shows this fact most clearly. But this same plate also indi-

cates the limit, where w disappears. Judging from tlie two
thicknesses there shown, it would appear that a parabolic equa-
tion would express the limiting value of w with fair exact-

ness, or

VFtw (n)

Insert here t — \\" and assume ?( = 7", being practically

the limit, as shown on diagram, we find

p = —— = -- — 43.5, and
' 1

9

w = 4/43.5 i = 6.6 V* (10)

With t = If", we find 10 = 8f", which agrees very well with
the experimental results, as shown on plate No. 0.

When examining plate No. (11) we find the experimental

records of the energy necessary to shear rectangular steel bars

with flat knives to correspond very closely to the conic expres-

sion :

I!=nOOwt\ (11)

E being the energy required in foot pounds.
This same equation can also be applied to steel angles, when

remembering that the form of die used changes t into v2 I.

Denoting the length of legs by a and b, we have

E=UOO {^^-) ( ,/o: /) = 1600 (,/ -f b) t
'.

(12)

In letting the results of his work go to the press, the writer

trusts that they will alleviate a long felt want on the question
of strength of materials. If the analysis is not at present quite

as complete as desired, the writer hopes to have an opportunity
at an early date to tini.sh it more elaborately.

It is a question, at any rate, if the practical engineer and de-

signer, to whom this work is especially dedicated, does not,

after all. prefer the graphical and more illustrative results to a

rather complex mathematical analysis.

It maj- be argued that the experimental range of this paper
does not include bars of veiy small dimensions, nor does it

include round liars. The writer will reply to such a criticism

that round bars are geiier.illy very small bars, and small bars

are omitted, because nearly .all shearing machinery is designed
for large dimensions, or such as come inside the scope of this

paper.
•

ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.

TnK following is a list of accidents which occurred during
the month of March to the class of railroad employes named
above. As mentioned in the last number of our Joi.u.nai,. the

purpose of this public-ation is to make known the terrible sac-

rifice of lifeand liniliamong this class of people, with the ho|)e

that it will indicate some of the causes of accidents of this kind

and help to lessen the awful amount of suffering due directly

and indirectly to them. We will be much obliged for any in-

formation from any source which will help us to make our list

as complete and correct as jiossilile. and which will inilieale

the causes or the cures for any kind of accidents wliieli occur.

The following list includes file accidents which occurred dur-

ing the niontii of March of which we have been able to obtain

information. Doubtless others have occurred of which wc
have no knowledge :

ACCIDENT.S IX MAliCll.

Wilkesbarre, Pa., March I!.— Engine No. 494 on the Lehif;li

Valley Railroad exploded her boiler neav .McKune's ,'Station. 15

inilesnorth of Pittston, this morning, killing William Brown,
a pilot, who bad been sent to assist the train over the liuffalo

division, and fatally injuring Charles Siiicebaugh, the en-
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gineer ; Perry Refenburg, the flreman, and John Schott, a

brakeman. The force of the explosion carried the boiler off

the frame, and what remained of the engine lield the track and
ran as far as Falls Station, wliere it came to a standstill on an

up grade.
The engine, it is said, was a "dirt burner," but of what

particular t_vpe is not stated.

Chester, Pa., 3[arch 4.—The "Washington flyer" on the

Lehigh & Hudson River Railroad crashed into a "freight train

near'Buttsviile, N. .1.. yesterday afternoon. Fireman Cidlen

was serious!}' if not fatally injured.

Richmond". Itid., ^hxrcli" 4.—A collision occurred two miles

west of this city. A construction train was going west, and
came in collision witli an east-bound freight. The latter had
the right of nay, and the order required the work train going

west to sidetrack for the freight, which was overlooked. The
trains came together while rounding a curve. When the east-

bound train first rounded it, it was moving at a speed of 15

miles an hour, while the work train was going at a much
greater speed. Both engineers saw the danger and reversed

their engines, but the collision could not be avoided, and the

trains came together with a crash. Following is a list of in-

jured : C. M. Jennings, Indianapolis, brakeman, head cut and
bruised ; Daniel Lyons, fireman, Indianapolis, side hurt, inter-

nal injuries ; Bernard Leonard, brakeman, head cut, side and
shoulder injured ; William Lock, brakeman, Cambridge City,

leg injured. The engines were smashed and several cars de-

railed.

Buffalo, X. Y., March 4 —While Engine No. 693 was draw-
ing the New York State Express, when about three miles east

of Crittenden, the pin holding in place the .side-rod on the right

side of the engine broke. It crushed through the cab, paring

it off as smoothly as a knife would have done. Fireman Marie
was severely injured internally. His arm was also crushed,

his back strained and his face considerably bruised.

About half an hour later another accident occurred which
was almost identical. This likewise happened a few miles

west of Batavia. A west-bound freight train was traveling

rapidly when the rod connecting the driving-wheels of the en-

gine broke. There was a general smash as a result. Two of

the wheels were separated from the engine and the others were
badly damaged. The engine is a complete wreck. No one
was injured.

Cincinnati, O., March 5.—Three men were fatally injured in

a smash-up in the Little Miami Yards, on Eastern Avenue, this

morning. A number of freight cars were standing on the

tracks and through a misplaced switch two yard engines

crashed into them. The engineer jumped and e.scaped serious

injury. Fireman Joseph Lee received injuries which will re-

sult "in his death. Brakeman Charles Walker and Patrick
Donnelly were also fatally injured.

Hagerstown, Md., March .5.—The boiler of a freight loco-

motive exploded about nine o'clock in the evening while draw-
ing a heavy train on the Western Maryland Railroad at East
Hagerstown Station. The engine had just passed the station

when the accident occurred. II. Hawk, fireman, was blown
from the cab to the top of a shed about 30 ft. away. The
clothes were torn from him and he was blistered from chin to

hips. One arm was broken. Mr. Hawk will probably die.

The engineman, George P. Smith, was blown from the loco-

motive by the force of tlie steam and one of his legs was
broken. He was also badly cut. Brakeman Thomas Lefevre,

also of Hagerstown, who was on the locomotive, was thrown
from it. His back was severely hurt and he was scalded.

The train was going down-grade at the time, as said, and
without engineman, fireman or front brakeman, drifted along
to Antietam, two and one-half miles distant, where the up-

grade begins and where the train stopped. The rear brake-

man, who knew nothing of the accident, hurried forward and
discovered the peculiar and serious state of affairs. Trainmas-
ter Shreiner was informed of the occurrence, started with a

yard locomotive to investigate, picked up the injured men and
cautiously followed the train, catching it at Antietam. None
of the men can tell how the accident occurred. The engine-

man says he had the injector at work and the steam cut otf,

and that the train was drifting along. It is .said the boards in

the front of the tender looked as if riddled with shot, so fiercely

had the vapor driven pieces of co;d into them.
Puuxatawney, Pa., March G.—Arthur .lones. a fireman on

a locomotive, was badi}' burned on Monday night bj' the Inn'st-

ing of a pipe.

Stevens Point, Wis., March 6.—The right side-rod on en

gine No. 23, on the Wi.scon.siii Central Railroad, broke and
.severely injured Engineer J. 11. Hollnian in the back and hips.

The accident occurred two and one-half miles west of Stanley

while making a curve, and the train being at a low rate of

speed little damage was done, aside from the injury of its en-

gineer. No serious results are anticipated as the result of his

injuries. The accident was similar to one which occurred a

couple of weeks earlier, in which Engineer McMillan got a

severe shaking up.

Stevens Point. Wis., March 7.—A passenger train met a

local freight in a headend collision at Hewitt, on the Wiscon-
sin Central Railroad. Three crews jumped and left Ihcir en-

gines, as one locomotive crashed into another. Two were
slightly injured in this wreck. A. P. McMillan, engineer of

the passenger train, received a bruise in the face, disfiguring

his nose ; and Fireman Harry Spaulding sprained his ankle in

jumping out of the cab window to the ground. The accident

was attributed to the absence of a light at a switch which
was open.
On the 9th an express engine on this same road "lost a

driving-wheel tire," but no one was injured.

Quakertown, Pa., March 9.—Passenger train No. 328 on the

north branch of the Reading Railroad ran into a landslide near

Bingen last evening. Engineer Alfred Degrant was killed

and his fireman badly hurt.' The baggage-master was slightly

injured. The passengers were badly shaken up, but no pas-

senger was injured. "The engine ami three cars were wrecked.

Deckertown, N. J.. March 9.—The Boston Express, on the

Lehigh & Hudson River Railroad, ran into the rear end of a

freight train, demolishing the engine of the express, wrecking

the caboose of the freight and severely injuring the fireman of

the express.

Petersburg, Va., March IL—A collision occurred on the At-

lantic Coast Line at Weldon, N. C. , caused by a vestibule express

train, north bound, running into the caboose car of a freight

train which was standing on the main track. The occupants

of the caboose were Conductor Edmund Gee, of Petersburg, and

Engineer J. Clayton, of Richmond, both of whom were injured.

The locomotive and baggage car of the express were derailed.

Scranton, Pa., March 11.—By the breaking of the parallel

rod of the engine of No. 1 passenger train on the Delaware,

Lackawanna & Western Railroad, near Moscow, the boiler of

the engine was pierced, and the escaping steam forced Engineer

Albert Tingley, Fireman Matthew Deveren, and Ashman Ed-

ward Giles to "jump from the cab. They were so badly injured

that all three may die. Tingley was badly scalded about the

hands and face. He also suffers severe pain in his back, and it

is feared that his spine is .seriously injured. Before he jumped
he set the air-brakes and brought the train to a stop, thus avert-

ing a serious disaster. Giles is terribly scalded about the face,

the flesh appearing to have been boiled. Davern's worst in-

jurv is his broken leg.

I'lartford, Conn., March 13.—Locomotive No. 320, of the

Philadelphia, Reading & New England Railroad, exploded at

St. Elmo, N. Y., ten miles west of Poughkeepsle Bridge this

morning.
George A. Shufeldt, fireman, of this city, and Horace Lam-

bert, brakeman, of Bangor, N. Y., were instantly killed, and

Engineer .lames Flannigan, of this city, was fatally injured.

the engine, which was making its first trip after having

been thoroughly repaired in the shops here, was drawing an

east-bound extra freight. The crown sheet gave way.

Bolingbroke, Ga., March 14.—The fast express on the Cen-

tral Railroad was thrown from the track two and one-half miles

from Bolingbroke. The engine and all the coaches except the

parlor carsare in ruins. No lives were lost. The engineer,

Ramsev. is seriously hurt and the fireman is slightly scalded.

Elktbn, Md., Jlarch 1.5.—A freight wreck occurred at North-

east, on the Philadelphia, Wilmington & Baltimore Railroad.

An extra north-bound freight train was side-swiped by another

freight engine, derailing the engine and demolisliing about a

dozen cars. Jo.seph Howard, of Philadelphia, engineer, was
slightly injured.

Hartford. Conn., INfarch 16.—Two locomotives were wrecked
and three cars derailed bv a colli.'.ion of freight trains at Sims-

Iniry. Fngineer Jack Lynch, of Hartford, ran his extra freight

into' town at such a rate of speed that hi- could not stop in time

and ran head on into train No. 33. which was at a standstill.

Lynch and his fireman jumped, and the former's leg was
broken anil his face and liodv badlv bruised.

Hazleton. Pa., March 16.-^While Penn.sylvania Railroad en-

gine No. 409 was going down the mountain it became disabled

and was run on to a siding. Swenk, the flagman, became con-

fused, and turned the main switch. Lehigh Valley engine No.

52.'5 came around the curve at a rapid rate of speed and dashed

into the disabled engine. John Jenkins, a cook on the tool car,

was badly iiijuinl." The car inunediately took fire and was de-

stroved. Klecliiicr, the conductor of the Lehigh Valley train,

had" a leg broken, and Shuman. the engineer of the Pennsyl-

vania train, had an arm broken.

Port .lervis. N. Y., March 16.—The engine of train No. 12

on the Eric Railroad lirokc down, which caused a halt of 15
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minutes at Lackawaxen to await tlie arrival of another engine.

While standing there, No. 12 was run into l).v train No. 10, tlie

BulTalo express, wliich was closely followiui;' the Chicago train.

The train was l)ailly wrecked and fourteen passengers were
seriously injured, some of them fatally.

Engineer Cantield.and Fireman Hoyd, of train No. 10, stuck

to their engine until the crash came, and they esea])ed serious

injury. Tliey extricated themselves from the wreck and
joineil the jiassengers and train hands in removing the injured

to the Lackawaxen station.

ISutte, Mont., March 18.—A ."lo-ton Grant locomotive explod-

ed with territi(^ force, instantly killing Engineer II. .1. Winker-
woerder and Switchman .John Kane ; Engineer Paul Fether-

kyle was fatally and Fireman .lames Mulligan seriously in-

jured. The locomotive was owned by the Montana Union
iiiiilroad Company, and was ascending the hill with 12 empty
ore cars for one oi' the Anaconda Company's mines.
Evanston, Wyo.. March 18.—An east-bound Uiuon Pacific

express train ran into an open switch near this place, and the

result was a bad wreck, in which 15. F. Gay, a jiostal clerk,

was killed and ICngineer Lethbridge seriously scakled.

Mahauoy City, Pa., March 18.—A Heading locomotive ex
ploded while standing on a siding near tlie station in the cen-

tral part of the town. Engineer John Schuyler and Fireman
William Wells, who were in the cab at the time, were thrown in

the air and so badly battered and scalded that they cannot sur-

vive.

The hot coals from the iire-box were scattered in all direc-

tions, and, falling on buildings in the vicinitj', set fire to and
destroved a numi)er of them. At one time there \\ere fully a

dozen houses on fire.

Norristown, Pa., March 20.—Engine No. 834, with a coal

train attaclied, ran off the track just this siilc of Pottstown,
near Sanatoga, on the Philadelphia & Reading Railroad. After
running along the lies for 20 yards it plunged down a 20-ft.

embankment, carrying the engineer, John McCormick, aged
34 years, witli it.

Tiie fireman, Thomas McLaughlin, aged 27 years, jumped
and esca|)ed with a cut face and head ; the engineer, with a
broken arm and a severely shocked system. A broken rail is

responsible for the damage.
Greensburg, Pa., March 31.—William McGough, engineer

on one of tlie Derry local freights, was painfully injured in

jumping from his engine near Radebaugh. Seeing an empty
engine ahead of him, he became .alarmed, and, reversing his

engine, jumped off. He was thrown violentlj' on the ballast,

breaking his right arm, bruising his leg and sustaining a num-
ber of cuts about the head and face.

Brooklyn. la., March 21.— Engineer Le Clare met with a
painful and serious accident Tuesday evening on the Chicago,
Rock Island & Pacific Railroad, which will lay him up for sev-

eral days. lie was coming west on a fast freight, and his was
the second engine of a double-header. East of here a iiiece of

coal fell from the fornard engine to the ground and bounded
up just in time to catch the second engine. Le Clare was sit-

ting on his .seat in the cab and the coal came crashing through
the window-sill and struck him upon the jaw. The wound
])roved botli serious and painful. Le Clare was able to return
to his home at Rock Island on the evening passenger train.

Worth, 111., March 21.- William Johnson, a Wabash en-

gineer, was instantly killed yesterday morning by a gas explo-
sion. His train stopped here for water and coal, and three
brakemen tried to remove the cap from the small oil tank on
the engine. It was a hard job, and Johnson went to their aid.

taking with him a wrench and his lantern. As he removed
the cap the escaping gas which had accumulated became ignit-

ed and an explosion followed. Johnson was hurled nearly l(l(r

ft., and when picked up was dead. The brakemen escaped
with only slight injuries.

liellevue. O., March 23.—Th(^ tender of a work train was
derailed about l.") miles south of liiicyrus while backing, and
dragged the locomotive with it down an emb;iiiUniciit, and eight
cars followed. Engineer \'an llonie rec<'ived a iiainful but not
dangerous scalp wound. Fireman R. Sams received .severe in-

juries in his hips and legs, besides iiilcrnal injuries, the extent
of which cannot yet be determined. The brakeman. (Charles

Jennings, of Columbus, ran back from the tender, jum]iing
from one car to another as fast as they left the track, until he
reached tlie ninth car, whii li remained on the rails.

Herkimer, N. V., .March 27.— Engineer tUiarles Barrett, of
this place, was seriously injured in the accident on the Adiron-
dack Railroad. He will |)robalily recover.

N('W Haven, Conn., IMarcli 27.—Frank Stevens, a locomo-
tive fireman on the Consolid.-ited Railroad, while standing on
tlic side of liis locomotive was caught between the round house
and the locomotive cab and badly iiinchcd.

Pliiladclpliia, Pa., Marcli 28.—Several mischievous boys un-

fastened the brakes on a loaded gondola standing on the side

tracks of the Reading Railroad near Park and Lehigh avenues,

and in a few seconils it was going down the grade at a high
rate of spceil in the direction of Huntingdon Street, just below
which it eollideil with a shifting engine in charge of Engineer
David Hendricks. One side of the cab was torn from its fasten-

ings, the steam fixtures were broken, and the engineer was
forceil from the footboard to the siile of the track and badly
scalded by escaping steam. The engine was stopped before

any further damage was done.

Birmingham, Ala., JMarch 30.—Two north bound freight

trains on the Georgia Pacific had a rear end collision at Waco,
111 miles east of here. Engineer William Gray, aged 2i), was
killed, and Fireman Lewis Jlitcliell fatally injured. They
were in the engine of the second train, whicii, when it struck,

turned over down an embankment, the engine falling on the

men.
St. I'aul, Minn., March 30.—A frightful accident on the

Canadian Pacific Railroad, a few miles east of Harrison, which,
resulted in the loss of four lives. Among the killed is Stephen
Wliite, brother-in-law of Judge Killam, of Winnipeg. Re-
ports are that the engine jumped the track while on a dizzy
height, overlooking the Frazer River. The engineer and fire-

man, .seeing no chance to escape by remaining in the cab,

jumped for their lives into the deep gorge. The engine at the

same moment went down the perpendicular embankment.
Nothing was seen of tlie men after they jumped from the en-

gine. Two others were killed, one being Mr. White. Noth-
ing was learned of how he met his death.

Our report, it will be seen, includes 35 accidents, in which
seven engineers and six firemen were killed and IS engineers

and 15 firemen were more or less seriously injured—some of

them probably fatall.y. The causes of the aceiileiils may be
classed as follows :

Boiler explosions 5
Bursting of pipe 1

Broken crank-pin 1

Broken coupling-rod 4
Open switch 1

Derailments 4
Collisions 11

Land slide 1

"Side-swiped" 1

Jumping from engine 1

Struck by coal 1

Lost tire 1

Caught between locomotive and engine-house 1

Gas explosion in car 1

Unknown 1

Total 35

The Reading Railroad, as usual, leads in boiler exjilosions,

and is credited with two. Four broken coupling-rods seems a

large number for one month ; and if we add the one broken
crank-pin—probably due to the .same causi— it should lead to

serious inquiry as to whether this danger may not be lessened.

Collisions, as might be expected, are the cliief cause of acci-

dents. To prevent these entirely both human nature and the

laws which govern inanimate things would have to be com-
plctel)' changed.
Our record has not been kept long enough to be very instruc-

tive, but it shows that, if the rate of mortality for March is

an average for the year, 156 engineers and firemen are killed,

and about 400 are injured annually in this country. Doubt-
less our record is very much below the real average, as the

only means we have of getting reports of accidents is from the

newspapers, and these are always iin|ierfecl.

We repeat our request, made at the beginning of this article,

that persons in positions to hear of accidents to engineers and
firemen should send us reports of them.

•

COLUMBIAN EXPOSITION NOTES.

The Bethlehem Iron Company's Exhibit.—This display

will be the heaviest at the Columbian Exposition, weighing
1,(1(10,(100 lbs. There are four armor plates, a 17-in. plate for

the Indiaiiii, a nickel steel barbette weighing 70,(M)0 lbs.,

an 114-in. plain steel plate, a KM in. case of hardened nickel

steel ])late and ;i Oiii cylindrical ventilator for the Puritan.

A United States Army Balloon.— It is reported from
Washington that General Grcely has ]iurch.isrd from the

French baloon-makia-. Laehambie, a military ballnnn. whicli is

to form a part of llie War Department's exhibit al Chicago. Z
The b,illoon has a cai);icity of 13,(100 ft. and will cost "J,0(IO

' francs. It is to be made of goklbcater's skin, and the conlracl
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price incliulos basket, ropes.'sandbags, drag, and other acces-

sories of military balloons.

A detachment of Signal Corps Sergeants will be sent to the

Exposition grounds to join the force already there, that prac-

tical illustration may be given of the methods of signaling in

the army, including the operation of this miliary balloon. It

is said that this will be a " regulation, globular, captive l)al-

loon," attached to the basket of which is a light wire, extend-

ing to a huge reel, which allows the wire to unwind as the

balloon ascends, and serves to pull the balloon back to camp.
The wire has a double use, in holding the balloon and furnish-

ing the occupants of the basket a means of communicating, as

by telephone, with the officers at the reel.

Indiana's Coal Exhibit.—Tlic Indiana coal operators have
arranged to make an elaborate exhibit, the block coal interests

to be represented by the Brazil Block Coal Company, and the

bituminous nnnes by the Folej' Mine. The latter was agreed
upon for the reason that it can furnish a larger block of coal

than any of the other bituminous mines, owing to the mine's
lesser depth. The block of coal from the Foley Mine will be
over 7 ft. in height. The other mines in this vicinity will

also make exhibits. The Hocking Valley will have on ex-

hibit a block of coal showing a vein 16 ft. 3 in. in height, and
New South Wales will have coal from lO-ft. veins, but the

latter, owing to the presence of sulphur, is not so good as

either the Hocking Valley or the coal of this district. Gov-
ernor McKinley has placed Ohio's coal exhibit in charge of

the State Mine Inspector, and the operators of this State will

urge Governor Matthews to put Mine Inspector McQuadc in

charge of Indiana's exhibit. It is believed that such a plan
would largely enhance the merits of an industry that is sec-

onil to none in the State's wealth.

CONTRIBUTIONS TO PRACTICAL RAILROAD
INFORMATION.

Chemistry Applied to Railroads.

SECOND SERIES.—CHEMICAL METHODS.

II.—METHOD OF DETERMINING FREE CAUSTIC AND
CARBONATED ALKALI IN SOAPS.— Co7iimued.

Bt C. B. Dudley, Chemist, and F. N. Pease, Assist.\nt

Chemist, of the Pennsylvania Railroad.

.(Copyright, 1891, by C. B. Dudley and F. N. Pease.)

( Continuedfrom page 20n, Yolvme LXVII. )

NOTES AND PRECAUTIONS.

It will he observed that the method above given for determin-
ing carbonate of .soda in soaps is based on the insolubility of

this salt in a solution of soap in absolute alcohol, and that the

method for getting the free caustic alkali dissolves the soap
in presence of an acid which cannot decompose it. whicli has
but slight action on the carbonate present, and which com-
bines with the free caustic alkali as fast as solution takes
place, and enables this constituent and the small amount of

carbonate dissolved to be measured.
Positive experiments show that with good absolute alcohol,

and with soap which has been freed from water, the carbonate
determination is very sharp, the salt being almost absolutely
insoluble. Many soaps in the market, however, contain Inim
5.(10 per cent, to 35.1)0 per cent, of water, and if in addition to

this water in the .sample 95.00 per cent, alcohol onlj' is used,

the solubility of the carbonate of soda becomes quite i>erccp-

tible. The error in these cases may amount to from 0.10
per cent, to 0.30 per cent. Many of the conunon soaps con-
tain as high as from 5.00 ])er cent, to 7.00 per cent, of carbon
ate of soda, and in such samples this error may perhaps fairly

be ignored. Whether ab.solute alcohol (jr 95. (io percent, alco-

hol is used, it is always desirable to dry the soap, and if this

is done, the error, even when 95.00 per cent alcohol is used,
is not much over 0.10 per cent. It is believed th.at if the di-

rections are closely followed in every respect, the error can
always safely be ignored.

The solubility of soap in absolute alcohol is apparently not

quite as great as in 95.00 per cent, alcohol, and therefore after

solution is complete, filtration must proceed with moderate
rapidity, or the solution may gelatinize and clog the filter.

There is less danger of this the hotter the solution is kept.

If the soap under examination contains uncombined fat acid

along with carbonate of soda, as is frequently the case in olein

soaps, combination may take place between these constituents

in the boiling absolute alcohol solution, and consequently the

analysis may be in error to this extent. We do not know of

any method of overcoming this difficulty.

The drying of soap is a slow operation at best. It is facili-

tated by having the shavings very thin, and by having the

temperature of the air surrounding the soap at first not hotter

than 120 Fahrenheit, and gradually, as the drying proceeds,

raising the temiieraturc to not above 200 Fahrenheit. Of
course the soaji must not be melted, as this would endanger
the combination of some of the free or carbonated alkali with
free fat, if any were present. Experiments indicate that if the

amount of water in the dried soap does not exceed 5.00 or a. 00
per cent., the resulting error can be ignored.

The stearic acid solution, as made from commercial mate-
rials, is sensitive to changes of temperature. It is, therefore,

essential to prevent it from becoming too cold, or its strength

will be diminished by something crystallizing out.

Most of the commercial 95-per cent, alcohol doas contain,

and the absolute alcohol may contain small amounts of free

acid of some kind—probably acetic. The amount of this can
readily be determined by the use of standard alkali, and in the

carbonate determination this acid must of course be allowed
for.

JMuch of the phenolphthalin of the market apparently con-

tains something which combines with alkali without showing
change of colour. If this is not satisfied with alkali as direct-

ed, the--reaction will not be quite so delicate.

We make standard sulphuric acid solution liy adding to a

clean, clear glass 5-gallon bottle, 15 liters of distilled water,

and then weigh out and add to it 397.5 grams of concentrated

C. P. sulphuric acid. It is better to set the water in the liot-

tle in motion by stirring with a clean glass rod before adding
the sulphuric acid. After the acid is in, it is essential to agi-

tate thoroughly by stirring and shaking, but not advisable to

draw air through for this purpose, as this causes the liquid to take

up carbon dioxide, which interferes with its subsequent useful-

ness with phenolphthalin. It is not desirable to standardize

on the same day, both on account of temperature and also

because, if we may trust our experience, it is very difficult by
any practicable method of agitation to get so large a bulk of

liquid entirely homogeneous without standing. If the first

standardizing shows that it is essential to add say 750 c.c. of

water, we usuallj' add only 700, since we expect to standardize

once more any way, and too nuich water must of course be
avoided. Tlie second addition of water is usually less than

100 c.c. We regard both agitation and standing over night
essential after each addition of water.

We make caustic potash solution in the same kind of bottle

and in the same amount as the acid solution. The same pre-

cautions should be taken in regard to stirring, and allowing to

stand over night, as in the case of the acid. It is well known
that caustic potash solution, if properly made as above de-

scribed, contains a small amount of caustic lime in solution.

Of course this lime will appear in the comparison with IIjc

standard acid. If now the water used in the fir.st addition

contains a little carbon dioxide, a little of the lime will lie

precipitated on standing over night, and weaken the solution

a little. It is therefore not advisable to add quite as much of

the water shown by calculation the first time, as in case of the

acid.

We make the two solutions, as will be observed, in quite

large amounts, and take considerable pains to have them right,

since other work depends upon them. The bulk above described

lasts us four or five months. Both of the solutions are kept on

a shelf somewhat higher than the burettes, and both are drawn
into the Inirettes by means of gla.ss tube siphons with glass

cocks at the lower ends. In accurate work it is of course es-

sential to draw out and throw away (he liquid which has been
standing exposed between the cock and lower end of the

siphon tube before filling the burette. The air which goes in

to replace the liq>ud in "the large glass bottles should bubble
through caustic potash solution in order to keep out carbon

dioxide. We use potash liulbs for this purpose.

The fact that pheimlnhtlialin is sensitive to carbon dioxide in

water .solution, and to ciu-bonates and bicarbonates, may lead

to serious error uide.ss sufficient care is taken to add enough
acid to deconqiose idl carbonates and bicarbonates and then

expel the gas by boiling before subseiiuent titration with caus-

tic potasliT An illustration will make the matter clear. Let
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us suppose that in oljtaining the relation between cjirbonate of
soda and sulphuric acid in standardizinsr the acid, the carbon
dioxide is not quite all romnved by boiliufx. niicn we attc-mpt

to measure the excess of tlie acid by means of the caustic potash
solution. We add this solution drop by drop, and \Utimately

reach a point when all the free snljihuric acid is salisfied with
the caustic potash ; but since ])licnolphtlialin in presence of

carbonic acid or carbon dioxide in water solution does not

cliange color until ]iart, at least, of this carbonic acid is also

satisfied with caustic potash, we do not get our end reaction

when the sulphuric acid is all satisfied, as .should be the case,

but rather after some further addition of caustic jiotash. The
error is olivious : and if we may trust our experience, there is

always uncertainty if carlion dioxide or carbonates are present

when using phcnolphthalin as indicator. Even carbon diox-

ide in the standard sulphuric acid solution or carbonates in

the caustic potash solution will cause diHiculty. diethyl

orange, and possildy other indicators, do not give .so much
trouble froiu this cause ; but all that we have ever tried are so

much less sensitive and sharji at the end reaction than phe-
nolplithalin, provid<'d the conditions arc right, that wo prefer

to take the extra trouble. Furtliermore. positive experiments
show that if tlic solution is rendered clearly acid with stand-

ard acid and boiled for 10 minutes or even less, the carbonic
dioxide will all be expelled i so that we think if the directions

are closely followed the rcsidts will l>e fairly accurate. It is

obviotis that if the distilled water used in making the stand-

ard acid contains carl)on dioxi<le, there will always be .some

present, with a consequent liability to imcertainty in the final

results. Presence or aVisence of carbon dioxide in the stand-

ard acid can be proved b_v titrating some of the acid cold with
standard caustic potash, using phcnolphthalin for indicator,

and then titrating another similar portion after it has been
boiled. If carliou dioxide is absent, the two tests should show
the saiue figure. If it is present in injurious amount it will

be essential to alwaj'S boil to expel carbon dioxide in all tests

where this acid is used before attempting to titrate in presence
of phcnolphthalin.

It is obvious if a soap contains more free alkali than is suffi-

cient to combine with all the stearic acid in 100 c.e. of the

stearic acid solution taken, it will be necessary to either use
more of the stearic acid solution or diminish the amount of
soap to start with.

"If a soap has silicate of soda in it, this apparently breaks up
in the stearic acid solution, part of it counting as caustic soda
and part of it remaining behind on the filter, possibly as insoluble

acid silicate of soda. Borate of soda also breaks up in the stear-

ic acid solution, and part, at least, of the base counts as free

caustic alkali. We have never carefully investigated the be-

havior of these sub.stances in the absolute alcohol solution, as.

if either of them arc present in any perceptible amount, the

soaps would not fill our specifications.

It will be observed that in the calculations the results are

reported in terms of soda salts. This is because our specifica-

tions for soap are so drawn. Of course the results could be
reported in potash salts eipially well.

We usually calibrate burettes by filling them with distilled

water at about 70° Fahrenheit, and then draw out into a flask,

and weigh each 5 c.c. to the bottom, and then fill again and
start 1 c.c. lower down, and proceed as before. Two or three

times through in this way will check any discreppancies that

will seriously affect the result. Of course each 5 c.c. should
incn^ase the weight .") grams, and if the burettes are fairly well

graduated the differences should not be over the weight of one
drop, aiiproximately 50 milligrams. Obviously by u.sing a

good balance and going through the burette times enough, the

calibration can be mailc as fine as tlie graduation. We do not,

however, regard this as necessary. It is hardly necessarj' to

add that the burettes to be used with the standard acid and
alkali must be alike, or, indeed, interchangeable.

It is well known that change of temperature affects all

volumetric work, and itise(|ually well known that there is no er-

ror from this cause if the solutions are used at the same tempera-
ture at which they arc standardized. We usually kee]) our
standard solutions on a shelf near the ceiling of the room,
where the temperature is about 80 Fahrenheit, and standard-

ize them finally after they have been at this temp(^rature over
night. With most of the determinations for which we u.se

these .solutions, a cliange of temperature of 10' Fahreidieit

does not introdmc a greater error than would be produceil by
one drop of the solution in excess. As we caiUKil work clo.ser

than one droj). cxccjit by using weaker solutions, the error of

temperature is \isMally ignorefl. Of cour.se in very line work
care should be t.iken to use the solutions at tlie temperature .it

which they are af^curate.

It is of course well known that otli(>r materials than carbon-

ate of soda have been recojumended as the starting-point in

making acid standard. It is entirely possible that some of these

are better than carbonate of soda, but it is believed that if the

directions are closely followed, the results will be fairly ac-

curate.

The tise of stearic acid tocondiine with and measure the free

caustic alkali in .soa]is is Ijclicved to possess advantages which
do not inhere in other acids. First, the solution keeps un-
changed aliuost indctinitely, which is not the case api)arcntly

with oleic, and jmssibly not with palmitic, both of which, as

well as stearic, may be constituents of soaji, and both of which
might possibly be used in place of stearic. Second, the soap
apparently not being decomposed, no (|Uestion can arise as to

whether recombination takes place in the same way during the

subsequent titration. Third, stearic acid is so weak tliat its

action on carbonate of soda, even in boiling alcoholic solution,

is slow and if the soap is cut in (piitc thin layers, and titration

takes place as soon as solution is complete, the carbonate dis-

solved does not amount to more than 0,25 per cent. Fourth,
many of the strong luineral acids act on the organic constitu-

ents of the soap, and hence their use is admissible. Also all

the stronger acids, even organic ones, dissolve carbonate of

soda quite readily, as well as decompose the soap.

It is obvious that there may be a number of conditions in

soaps obtained in the market. First, there may be an excess

of unsaponified fat, arising from failure of the soap-maker to

use enough caustic alkali. In this case, if there is also no
carbonate present, the method as described above shows noth-

ing ; that is. the titration of the stearic acid at the end of the

operation gives the same figure as the titration of the stearic

acid alone. We have had cases of this kind happen in our experi-

ence. It is obvious that the addition of a known amount of

alkali in alcohol to a case like the above, with suVisequent boil-

ing and determination of the excess of alkali, would give the

amount of unsaponified fat present. We have not experi-

mented with this, however. If carbonates are present, some
of the stearic acid would be used up, since this acid in boiling

alcoholic solution acts slowly on carbonates, and it would re-

quire a carbonate determination as described before it could
be stated that the soap is free from caustic. This statement
of course involves the idea that unsaponified fat in a soap is

not decomposed by carbonate of soda in boiling absolute alco-

hol solution, as described in the carbonate determination. Vi'e

have not proven this, however, our experiments only showing
that carbonate of soda is insoluble in a boiling solution of soap
in absolute alcohol. It would almost seem safe to conclude
from this, however, that since carbonate of soda is insoluble,

it could not act on free fat. Second, there may be an excess

of free fat acid in the soap, owing to the same reason as before
^viz., failure to add enough alkali. This is liable to be the

case W'ith soaps made from rosin, and in the so-called olein

soaps. In this case the method as described, if no carbonates

are present, enables the amount of this free fat acid to be de-

termined. The titration of the solution actually gives a high-

er figure than the stearic acid alone, the excess of course being
due to the free fat acid in the soap. We have had many cases

of this kind. If carbonates are present in amount just suffi-

cient to satisfy the free fat acid in the .soap, and if the boiling

is continued long enough so that these carbonates are .just de-

composed, neither the method for determining carbonate nor
that for determining caustic will reveal this fact. For all other

proportions of carbonates along with free fat acid in a soap,

the methods given enable close approximations to the facts to

be obtained. Third, there may be free caustic alkali along
with free unsa]ioniried fat. In this case, whether carbonates

are present or not, the methods as given are apiilicablc. and
give the actual state of affairs in the soap. Fourth, there may
be free caustic alkali along with free fat acid. In'this case, if

carbonates are not present, and if the amount of caustic is just

sufficient to satisfy the free fat acid, neither of the methods re-

veal the facts, since the free fat acid and free alkali would
combine on solution of the soap. For all other jiroportions of

free caustic alkali an ajiproximation to the state of affairs may
lie obtained by the methods as given. If carbonates are pres-

ent along witii free fat acid and free caustic alkali, and if the

amount of both of these is just sufficient to satisfy the free fat

acid, neither of the methods reveal the facts. For all other

proportions the same remarks ajiply as above. Fifth, there

may be free caustic alkali along with normal soaj). In this

ca.se. whether carbonates are present or not. the methods are

applicable, and reveal the state of affairs. It is obvious from
the above discussion that soaps containing free fat acid along

with just enough cau.stic and carlionated alkali to comliine

with the free fat acid cannot be successfully examined by the

methods given. It is believed that in all otiier cases the meth-

ods given enable a satisfactory opinion to be expressed in re-

garil to the soap.
'(to be c(>nti.m'i;i>.)
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PROCEEDINGS OF SOCIETIES.

Civil Engineers' Society of St. Paul.—At tlic moutlily

meeting, held on April 3, Mr. Eustabrook read a iiaper on the

Isthmus Ctmals and their Relations to a Deep Water-way be-

tween the Great Lakes and the Atlanlic Scalioard at New York.
He gave a history and description which was fully illustrated

by maps of the Suez, Panama, Nicaragua and Erie canals,

touching lightly upon exhausted tables of statistics, and clos

ing with the expression of some broad views on the subject of

canals.

The Montana Society of Civil Engineers.—At the April

meeting Mr. A. E. Cummings read a paper on the West Galla-

tin Irrigation Canal, in the course of which he said that his

experience led him to believe that about 1^ miner's inches

of water per acre were required for proper service for irriga-

tion in Montana.
In the discussion President Haven said that he had recently

measured the amount of evaporation for a reservoir having a

surface of 46 acres, and an average depth of 13 ft. No water

had been drawn from the reservoir for one year aud none sup-

plied except by rainfall ; there was little seepage, and the

total evaporation for the year amouuted to 10 in.

Liverpool Engineering Society.—At the meeting of March
8 Professor 11. S. Ilele-Shaw read a paper on the Graphical

Method of Solving Engineering Problems. It was pointed out

that a very large proportion of graphical statements take the

character of either Cartesian diagrams or polar diagrams.

Various text and pocket-books were referred to in which were
seen the increase of plotted curves for rejirescnting the jiro-

portion of valves, the proportion of belts, ropes, screw pro-

pellers, boilers, the teeth of wheels, girders, pipes, bolts, coal

consumption, etc. Another use of plotted statements are

plotted tables for numerical calculation, such as the abacus of

Lalannc.
i Inquiry was made into the graphical methods of operation

which correspond to arithmetical or algebraical operations.

Just as we have books in algebra, such as addition, multipli-

cation, progression, etc., we may naturally look for graphical

rules and processes which shall enable us to perform similar

operations.

Coming next to the actual mode of graphical operation, the

author said that we may place first and foremost, in utility,

simplicity and frequency of employment, the method of
" interpolation," which merely consists in finding from any
graphical statement in the form of a continuous curve an in-

termediate value b3' drawing a line at the point required, as,

for instance, to find the pressure in an indicator diagram at

any given stroke.

The actual graphical operations other than the mere con-

struction of linear and polar diagrams were then considered at

some length. Examples of cranes, roof-truss and other dia-

grams were taken, and the method which is known as " Cul-

mann" was given, after which the author concluded by saying

that the few examples which were given in the foregoing

paper were suflicient to indicate the wide field which is opened
out by graphical processes, the possibilities of which seemed
almost infinite. And now tliat modern or projective geometry,

which deals not merely with plane surfaces, but with lines in

sixtce, had been directly applied—first by Culmann, aud since

by otlier writers—to the subject of graphical statics, there ap-

pears to be no limit to the number or variety of engineering

problems which may be thus dealt with. What is wanted at

the present time is a clearer understanding of the foundations

of the subject, so as to collect and bring into a more definite

system the rapidly growing number of problems and publica-

tions of all kinds which deal with grapliical statements and
operations.

American Society of Civil Engineers. — A paper was read

at the meeting of April .'J by Walter McCulloh on a Water-
tight Masonry Dam. The dam described was the Sodom Dam
on the Croton Aqueduct. The greatest height of the dam
above the rock is 98 ft., and the thickness at the bottom is

53 ft.

The emergencies which have to be guarded against in the

construction of the dam lay in the fact'that the stream rises

very suddeidy, and the discharge in the spring freshet some-

timas reaches" 3.'>0,(K)tl cub. ft. per minute. To control this dur-

ing construction, a timber crib diuu was thrown across the

river about 8(t ft. above the site of the work, and a canal cut

'2(> ft. wide and l") ft. deep on the west side and around the

work to a jioint .WO ft. below. The gate-house and eastern

half of the dam were then built to about 3.5 ft. above the dis-

charge pipes, and in the dry .season of 1889 the wali'r was

turned through the pipes and the other half of the dam
started.

In preparing the foundation, all loose rock was removed,
and afterward all loose seams or shakes. The foundation was
swept with wire stable brooms and washed clean. All pockets
or holes were then filled with rich Portland cement concrete.

A tighter bond, it was found, could be made with rubble con-
sisting of small stones than with concrete beds. Water entered

through several seams in the rock, and would wash the mortar
out of the concrete, but it could be led around the rubble beds,

until finally a small well 2 ft. in diameter and 1 ft. deep was
formed at. the point where the water boiled up. After the

mortar had set, the well was bailed out and filled quickly with
dry mortar ; on top of this a bed of stiff wet mortar was laid,

and capped liy a large rubble stone. After the first 6 ft. of

the rubble foundation had been placed there was no further

trouble.

The dam for about 40 ft. of its height is of rubble masonry
laid in Portland cement mortar mixed 3 to 1. Above this there

was facing stone 30 in. deep, laid in 2 to 1 Portland cement
mortar, backed with rubble in mostly 2 to 1 mortar. The
rubble stones varied from a cubic foot to a cubic yard in bulk,

and were laid in full beds of mortar. There were no through
horizontal joints. Joints were filled with mortar, into which
as many stone spalls were forced as was possible. All stone

was washed before using. Sand and cement were mixed dry,

and then wet only when required. All cement passed through

a sieve of 10,000 meshes, and was carefully tested. All loamy
sand was rejected. The face stone was a light bluish gray
limestone, ciit rectangular, with rock face. Stretchers were
3 ft. to 6 ft. long X 30 in. wide, and headers 4 ft. long. The
thickness of courses dimini.shed from the bottom up. The
beds were at right angles to the face, and the stone had to be

held in place with wooden blocks and wedges, to prevent slip-

ping until the mortar had set, after which the blocking was
removed and spaces left were filled with rubble.

Stone setting was done by the use of the cable, the traveler

and derricks. The cable consisted of a 2|-in. steel-wire cable,

stretched over and parallel to the dam, and over towers 667 ft.

apart, and anchored in the bedrock. On this a trolley ran

which was worked by a double-drum reversible engine. A
load of 10 tons would sag the cable 35 ft. with a clearance of

5 ft. above the coping. Most of the excavation was removed,

and all material delivered on the wall in this manner. The
cost of the cable erected was $3,750. The first cable after 15

months' use parted without warning, under a load of 6 tons,

the break being probably due to unequal wear at the point

where stone and cement were hoisted. The towers were then

raised 10 ft., so as to lessen the tension, and a new cable sup-

plied which lasted until the completion of the work. When
the wall had reached a point 31 ft. lielow the top, the standing

derricks were replaced by a traveling derrick mounted on a

30-ft. trestle and running on a track of 36-ft. gauge ; a boom
55 ft. long was used with this derrick.

The dam is water-tight. AVith 68 ft. of water behind it no

leaks whatever have been found, either through or under the

wall or around the ends. Sweating at the joints appears at

points, but not so much as to cause a trickle ; but it cannot be

seen on a dry day. This very desirable result is due to the

excellent materials used, the care in preparing the foimdation,

thorough cleaning of all stone, care in mixing mortar, break-

ing of joints horizontally and vertically and close attention by

the engineers to every detail. In addition to this, the desire on

the part of the contractors to do good work and the existence

of a proper relationship between them and the engineers were

factors. -

PERSONALS.

Mr. J. C. n.\i,i..\D.\Y succeeds Mr. E. J. Hill as Western
representative of the Pickering Steel Company, with office at

719 Phffinix Building, Chicago, 111.

Mr. James G. Dagrok, member American Society of Civil

Engineers, has resigned his position as Engineer of Bridges

of the Baltimore & Ohio Railroad.

Mr. Theodore Cooper, of the Class of 1858, delivered a

lecture on " Specifications" before the students of the Rensse-

laer Polytechnic Institute, at Troy, on March 39.

Mr. Edward J. Hill, formerly Western representative of

the Pickering Steel t^ompaiiy. Limited, has been appointed

General Sales Agent, with lieadcpiarlers at Room 14, No. 80

Broadway, New York City.

W. FT. Fry has been appointed General Su]ieriutendent of

the Car De]iartment of the New York, New Haven & Hart-

ford Railroad. He is to havi> full charge of all matters per-
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taining to the cars and car shops of the Company wlierever

they may be.

Mk. J. R. Kendrik, General Manager of llie Ohl Colony
Railroad, has Ix'en appointed Tliird ViccPrcsident of the New
York, Ne«' Haven ct Hartford IJailroad.

Mr. Drm.EY I). Mayo has hiiii appointed Actiiii; Manager
of tlie Denver iV Kio Grande E.tpress, in tlic plare of Mr.
George W. Kramer resigned.

Mu. A. E. MvNCiCKSTKU, formerly Division Master Meclianie.

has lieen appointed Assistant Snperintendcnt of Motive Power
of Cliieago. .Milwaukee & St. Paid Railroad, with ollice at -Mil-

waukee, Wis.

Mr. Bi.aine Gavett has lieen appointed Distriel Passenger
Agent for the Chicago & West Michigan Railroad, the Detroit,

Lansing it Northern Railroad and leased lines, with otlicc at

130 Griswold Street, Detroit, iMieh.

L. W. Rradley, for a number of years Purchasing Agent,
of the Brush Electric Company, resigned recently. H. .1.

Wkxdorff, who has been for a long lime at the head of the

store rooms of the Brush Company, was appointed in his place.

Mr. Edwaud B. Wai.i, has been detailed for duty as assist-

ant to the First \'ice-Presitlenl of the Pennsylvania lines west

of Pittsburg, with ollice at Chicago. He will have charge of

the general interests of the lines (excepting traflicO at that

point.

Alfred P. Bdi.ler, of the Class of 1861, recently deli\'ered

a lecture before the students of the Rensselaer Polytechnic
Institute on the Substructure and Approaches of the New
Central Bridge over the Harlem River at One Hundred and
Fiftytiflh Street, New York.

Jacob S. Rogers, the millionaire owner and President of

the Rogers Locomotive Works, has retired from active man-
agement of the Imsiness. The business will be cairied on
under the name of the Rogers Locomotive Comjiauy, with a

capital stock of .|3,000,OUO. Robert S. Hughes, formerly
Secretary, will lie President of the new company.

Mr. Frederick A. Sciii<:fflkr, Superintendent of the Brush
Electric Com)iany, has tendered his resignation, same to take

effect April 1. Mr. Schetller has for several years past been
actively identified with the manufacture of electrical ajiparatus,

and for a number of years previous was engaged in the jiro-

duction of steam-engines and bailers. His address after April
1 will be " Passaic, N. ,1.. care E. K. Rose."

Mr. .1. Van Smith, Superintendent of the Philadelphia
Division of the Baltimore tt Ohio Railroad, has, in addition to

his above-named position, been appointed General Agent of

the Company for Philadelphia, the appointment dating Feb-
ruar_y l.lHlCi. He will be the authorized representative of the

Executive Dei)artment of the Company, and will report

directly to the respective lieails thereof. For the present his

olhce is at the Baltimore tt Ohio Railroad Station, Twenty-
fourth and Chestnut streets, Philadelphia, Pa.

OBITUARIES.

Mr. .John Tavi.ok .Jijhnson, first President of the Central
Railro.-id of New .Jersey, died in New York City on March 24,

in Ids 7;kl year, of paralysis. Mr. .Johnson's reiiutation outside

of railroad circles was very wide as a collector of tine paint-

ings and as the founder of the Metropolitan Museiun of Art in

C<'nlral Park, of which he was President up to 1S80. He was
a lawyer by ])rofession, but practised oidy a few years, having
been elected when 28 years old to the presidency of the Eli/.a-

Iwthtown & Sunimerville Railroad. He was President of this

railroad and of the New .lersey (lentral, of which it formed a
part, from 1S48 until 1877, when he lost mo.st of his fortune
through the disasters that at that period affected all of the
anthracite coal-carrying roads. He resigneil in 1S77, and was
not as.sociated with the road after tliat.

Mu. I). H. Neai.e, wholias, fora nund)erof years, been iden-

tilie<l with the editorial stall' of the Unilrfind dnztitc. died in

Brooklyn on Wednesday eyening, April .'), of cerebral menin-
gitis. He was burn in England, September 5, 1849, and prac-
tised there as Mechaiucal J'^ngiueer for some years. At one
time he was Chief Dr.iftsmati of IIk; London iV Norlliwestern
Railroad, liut later went lo Cape Colony as Assistant Locoino-
live Superirilriiilent of the colonial railroads. He i-ame to the
L'nile<l States in 188:5 (o represent the Kiii/iiin r at the Chicago
Exposition of Railway Appliances, and in Novendjcr of tJie

same year joined the editorial staff of the llnilroad Gazette, on
which he remained until November, 1888, wlien lie resigned

to go to Sydney, New South Wales, as Mechanical Engineer.

He returned to" the I'nited Stales in November, 189'2, and re-

joined the editorial staff of Ihe Jiiiilruiid (uizdie. Since that

time Ids principid work has been that of editing a new edition

of the ' Car-Builder's Dictionary." Mr. Neale ])os.sesse(l a

remaik.able combinalion of faculties, and one wliicli esiiecially

lilted him for ('dilorial work. He had a keen nieclianical in-

sight and a good jiowcr of analysis, and. added to lliis, his

facility in the use of language was"(iuile remarkable, for every-

thing "which he wrote was characterized by being coueheil in

the purest and most elegant English. His loss is one that will

be very seriously fell in the world of technical literature.

CiiARi.KsR. Pi;i)ni,K, one of the best known railroad officers

in the West, gi'ncral purchasing agent of the N'andalia line,

died Wednesday, at Tcrre Haute, lud. He had been eoiinectod

with tile Vandalia continuously since it was bnilt by Cliauncey

Rose in 1851 as the Tcrre Haute and Indianaiiolis Road, and
he was Superintendent and Master .'Mechanie in years past.

He purchased the first four engines used on the road of

Ilinekley in Boston in 18.51. and su|ierinlended thi-ir removal
to T(;rre Haute, a dilllcult uuderlaking in those days. Mr.

Peddle's daughter. Miss Carrie Peddle of this city, is the

artist selected by St. Gaudens to design the model for the

Lsabella coin for "the World's Fair.

THE NEW YORK CENTRAL RAILROAD EXHIBIT
AT CHICAGO.

There has just been completed at the West Albany shops

of tlie New York Central Railroad two trains wliicli will

form part of the exhibit of this ('om|)any at the Columbian
Exhibition. One of these consists of the ohl locomotive

Jh-Witt Clinton, which lias been rebuilt from old drawings
still extant, and from the personal recollections of JIV.

Buchanan and others who remember the original m.achine.

The old machine has been reproduced as exactly as possible

in every particular. It is not a model, but a comjilete loco-

motive "which has been run under steam. In addilion to the

locomotive three old cars have also been rebuilt like those

which are represented in the silhouette, which has been ex-

tensively circulated, and is said to reiu-esent the first railroad

train in America. This is, of cour.se. an eiror, but does not

detract materially from the interest in the illustration, wliich

is a faithful representation of one of the trains on the Mohawk
& Hudson Railroad in its very early days. The locomotive

referred to and the cars are a faithful reproduction of the

train represented by this old illustration.

In contrast with "this is the new engine, Nfi. 999. which Mr.
Buchanan has built to rejiresent the practice of to-day. It is

very similar to the engine which has been the subject of the

illuslralions in the series of articles on .Vmerican and European
Locomotives, which are now being published in our pages.

This exhibition engine has 7 ft. 2 in. driving-wheels and lU X
24 in. cylinders. It is one of the finest [lieces of work ever

turned out in this and, it is safe to .say, in any other country.

The engine is plainly fini.shed. with little or no useless orna-

ment. " The only decorative features are some finished or

liolished work, which would not ordinarily be [lut on an en-

gine designed alone for actual .servii'c. and some ver_y jilain

striping, which is done in silver. What attracts attention is

the splendid workmanship of every part. The tank work on
the lender has never been equalled in this country, and prob-

ably not surjiassed in European sho]is, where, it must be ad-

mitted, they geneially beat us in this esiieeial department.

Every part of the engine is finished to coinspoiid with the

other parts. The engine and tender arc jiaiiiled (ilain black,

and, as already reuiaiked, with silver striping. All the cop-

per pijies and brass work is silvered so as to correspond with

the ]iaiiiting. There are no especial features about the con-

struction of the engine to note. exceiHing that it is a magnifi-

cent piece of work.
Tlu' new engine and the rebuilt J)e\yitt Clinton and the

tlire(' <ars were .all brought to New York, and were exhibited

for several days in the Granil Central Depot, where lliey at-

tracted a great deal of attention. The contrast between llic

train of 1832 anil the new engine and cars of to-day was very

striking.

A train of new cars has also been built to accompany Ihe

new (•iigine lo Chicago, but these were not sent to New York.
Some oi Ihi'se are 7(1 fl. and olliers 72 fl. (! in. long over the

hollies. Ihe lolal lenglh bein^' from SO lo 81 fl. overall. The
car shop in West Albanv is 7.") fl. wide. This it was supposed

would be ample for all ihe rei|uircnients of any cairs lliat
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would ever be built. In the construction of tlicsc new cars

it w:is ncecssary to let them project some distance outsitle of the

doors of the shop. All the cars will be vestibuled.

The whole of this work was done under the supervision of

Mr. William Buchanan, Superintendent of Motive Power,
and reflects great ('redit on Ins sUill and sountl judgment in

every particular.

Manufactures.

AN ELECTRIC RAILROAD ENGINE.

We present an illustration of one of a particular class of sta-

tionary steam-engines which has been developed in the past

few years—that is, since the adoption of electricity on street

railroads. This service is such an extremely irreguhir and
severe one tliat it requires an engine especially adapted to it.

Probably in no other line of work is it possible to change the

load so rapidly and .so e-xtremely, running in an instant from
no load to full rating, and oftentimes much beyond it. This

and forms a double surface for the valve. While the chest
which is shown in the cut is ordinarily used as a steam chest,

it is the receptacle of the exhaust. A very desirable feature

of this construction is the fact that the engine can be turned
over and operated with the exhaust che.st cover off, so that if

at any time there is a leak in the valve it can be discovered and
easily taken up. It also prevents any excessive pressure upon
the valve stem stuffing-box and upon the exhaust chest cover
joint, which points are frequently a nuisance from leakage pro-

duced by an excessive steam pressure. The piston-rods, con-
necting-rods and main shaft are all of the best forged steel and
of very ample proportions. The connecting-rod is provided
with a loop at the crank-pin end, in which the brass boxes are

set, so it is really impossible for the connecting-rod to let go
entirely, even should the wedges or bolts become loose. The
governor is placed within the band wheel, and is the form
known as shaft governor. It is large, with amjjle power to

control the whole of the valve motion, so that when desired in

compounds, both the high and low-pressure valves can be
handled with the same governor. The simplicity of the gov-
ernor is apparent at a glance, and contains as few wearing
points as possible. The points of adjustment and its strength
give it the ability lo handle the engine under any load and
under the most varying loads. It is said that these engines

AN ENGINE FOR ELECTIilC KAILROADS

re(iuires, in the first place, a very .sensitive and yet stable gov-
ernor ; secondly, an economical engine under all loads ; and
thirdly, great durability to sustain sudden and continued
shocks. This latter can only be obtained with ample wearing
surfaces and ]ilentv of metal, combined with good work-
manship, distributed in such a manner as to give each part a
strength equal to all, and far in excess of any strain which can
possibly fall upon it.

Such an engine must necessarily be an expensive one in first

cost, but even for other work than railroading it will easily

prove a better investment the longer it is in use. The engine
illustrated here is manufactured by the John T. No}'e Manu-
facturing Company, of Buffalo. N. Y., and is known as the
" B" style pattern. It is made in sizes ranging from 135 II. P.
to (jOO H.P., both in single cylinder and tandem compound.
The bed, as will be seen, is extremely heavy and massive, con-
taining both top and bottom cross-head slides. These slides

are bored, and are very ample in their proportions. The main
bearing is provided with ((uarter boxes, so that it can be taken
up at all points. The cylinder on the single-cylinder engines
is overhung, .and in the tandem compounds there is usually a

support placed under the high pressure cylinder. The strength
of the bed and of the top slide renders it so stiff that even if

there were a tendency to spring in the cylinder it would be im-
possible. The valve is of the ordinary grid-iron pattern, hav-
ing four ports ; but, unlike the majority of valves, this

takes steam from both the inside and the outside, being bal-

anced against everything except a slight exhaust pressure.
The steam chest proper is contained within the exhaust chest,

frequently run on 4 of 1 per cent, regulation, and that with-
out any tendency to race whatever.

Attention is also called to the fact that the engine has a side

crank, which gives it a very desirable advantage, as all the

working parts of the engine are directly in front of the en-

gineer in charge, and are very accessible, so that they can be
reached at anj' time.

The oiling devices are all complete, and in most cases the

best class of sight feed stop oil cups arc used, though in some
cases the separate tank and pipe lines are applied, so that every
part is oiled from the same source.

IMPROVED BOLT HEADING MACHINE.

We illustrate on page 257 anew improved bolt heading, up-
setting and forging machine built by the Acme Machinery
Company, of Cleveland, O. The bed is made in the box form,
with three deep tru.sses running through its entire length to

give it gre.at strength. The crank-shaft, which is made of the

best forged iron, is carried in three liearings ; the face of the

bearings Ijeing inclined toward the front of tlie machine, brings
the thrust of the forging tools and die closing mechanism
against solid metal, and relieves the main caps and cap bolts

from all strain. None of the parts subject to wear slide direct-

ly upon the bed of the machine, but upon steel and phosphor
bronze strips or ways which may readily be removed to be
trued u\) or replaced, thus saving the trouble and expcn.se of
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clismantlinn' Uiu entire iiiachinc ;ui(l taking it to tlic niacliinc

shop sho\il(l repairs he made necessary liy such wear as does
take place. Tlie machine is also iiroviileil with a cushion
clutch stop motion, so that when niakiiii; sjiecial forniugs, one
or more blows can be given as may be recpiireil to linisli the

work. The dies and jiunches are of novel construction, and
will turn out perfect sijuare and he.xugon head bolts in three

blows or revolutions of the machine. Kivets, track bolts, and
many other forgings an; made right oil' the roil, and cut to

length by a shear jirovidcil in thi; rear of the dies. An out-

side shear is provided for, which can be used for cutting off

work from the bar after forging. A patent relief wedge serves

to prevent the breaking of tlic bed tlirough the feed gap,
should the operator by accident or carelessness allow cold work

so that cither one may be brought to the center, and can be set

at any angle—they carry the tool bars, which have a move-
ment of 3(1 in. Each head has an entirely indciicndent feed in

any direction. The feeds are all i>ositive. and range from ,,;',

to J in. horizontally, anil from ^\ to | in. in .angular iuid verti-

cal directions. The cross-rail is raised and lowered by power.
The machine is self-contained, thus avoiding the nccessit3' for

building an expensive foundation, and weighs 2I1,.">00 lbs.

General Notes.

The Baltimore & Ohio Railroad is asking bids on a large
number of freight cars.

NEW OS-INCJI BORING AND TURNING MILL.

to get caught between the dies. This illustration is from their

2-in. machine, weight of which complete is about 30,1100 lbs.

NEW 62 IN. BORING AND TURNING MILL.

TiiK machine illustrated is manufactured by the Hridgeport
Machine Tool Works, E. P. liullard, [iroprietor, l'>ridgei)ort,

Comi., and is the result of eight years' experience in the manu-
facture of tools of this class. It embodies all the essential fea-

tures of their smaller mills, and contains many new ideas
which have been suggested by past experience. This company
have recently enlarged tlieir works and added many special

tools and fixtures for making and handling machines of this

character.

:.The capacity of the mill is ()2 in. in diameter and 42 in. in

heifiht. The table is '18 in. in di.imeter, is powerfully geared
and has 10 changes of speed, 'i'lie teeth on table, as well as
on pinion, are accurately planed. The heads are constructed

The Eppinger & Russell Creosoting Works removed
their ollice on April t to the Morris Building, corner of Broad
and Beaver streets, New York.

The New 'Y'ork Central & Hudson River Railroad Com-
pany have iilaced an order for 1,200 freight ears, which are to

be equipped with the New "Vork .\ir-Brake Company's im-
proved aidoni.itic fnight-i-ur bi-akes.

The Wheeler Condenser and Engineering Works of
Carteret, N. J., recently cast a very large steam cylinder for

the new steamer building for tlic Old Colony Steamboat Com-
pany. The gross weight of the cylinder i.s" about 38,000 lbs.

;

it is 9.5 in. diameter by 11 ft. pision stroke, and some 2^ in.

thick, bored, and is a very handsome piece of work.

Preventive of Timber Rot.— .Vccording to La Qenie Civil,

timber nuiy be rendered impervious to damp and to steam by
use of the following composition : Sulphur, ."iO parts ; resin,

37i ; and fi.sh oil, TJ, are melted together in an iron pot ;

when in complete fusion a little o.xide of iron is added. The
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mixture is applicil hot, the first ('o;it bfitig ;ill<)\vcil to bcconic
dry Ix'fore the second coat is addid.

The Builders' Iron Foundry, ol' Providence, K. ]., li;us

sliipped to ('hicago a o(vin. Veutiiri meter, mauufactured
under tlie patents of Clemens Ilcrschel, C.E., New Yorlv City.
Tliis meter will be placed in the extreme .southeast corner of
the grounds, and will measure the entire water supplj- of the
Columbian Exposition (about 24,000,000 galls, a day). Tlie

recording ajiparatus will be exhibited in the adjacent build-

ing of the sewage cleansing works.

Westinghouse, Church, Kerr & Company has been
awarded the contract for the new power house of the Newton
tt Boston Street Railway, at Newtonville, Jlass. The steam
pressure will be 130 lbs., using Babeock & Wilcox boilers.

The generator-room will contain two Westinghouse compound
engines, condensing, driving Thomson-Houston multipolar
generators. The original installation is for 400-11. P., and the
Station is to be in operation .Tuly 1.

The Chicago Forge & Bolt Company, 40th Street and
Stewart Avenue, Chicago, have recently leased to Pittsbiirgh

parties the old rolling mill which was operated by the Straight
Fiber Iron Company until its destruction by fire some six or
seven years ago. The new company, who will operate under

Westinghouse Machine Company have been running their

works for a, year wilh a full night force. The shops are
crowded with a larger amount of heavy work in addition to
their reg\dar line of manuf.icture. There are now coming
through ten (jOd-II. P. compound engines, of which eight are
for the Philadelphia Traction Company, for direct coupling to

multipolar generators, and two are to fill an order placed by
E. D. Leavitt for the Calumet and Ilecla mines, to be used in

driving electric pumps for mine drainage. The company has
just completed the shipment of six 1,000-11. P. engines for
the Westinghouse Electric Company, to be used in filling its

contract for lighting the World's Pair. These engines are also

coiipled direct to 1,000 light generators. They stand 18 ft.

high and make '200 revolutions per minute.

The General Engineering Company of Wheeling, W. Va.,
have recently sold several of the large punching and shearing
machines which we illustrate on another page. They are just

now making arrangements for their removal to Harvey, 111.,

where modern shops have been built which are fully equipped
with modern tools, switch facilities, traveling cranes, steam-
heating apparatus and electric lights. Their main building is

of brick, 360 ft. X 100 ft. The auxiliary shops, such as black-
smith shop, engine and boiler rooms, pattern shop and storage
buildings, are also of brick. They will continue to manufac-

IMPROVED BOLT HEADING MACHINE, BUILT BY THE ACME MACHINE COMPANY.

the name of the Chicago Rolling Mill Company, are refitting

the plant with new machinery and preparing to commence
active operations in the manufacture of iron at an early date.

The Joseph Dixon Crucible Company have been offering

for several months past to send a pamphlet descriptive of the

nature and peculiarities of graphite, with a scientific opinion

of its value as a lubricant, together with the experience of

Ijractical engineers and machinists. This offer has been very
widely .accepted, and they now offer to send a sample of Dixon's
pure ty]ie Ticouderoga tlake graphite free of charge, with a

pamphlet, to any who will write for it. They say in their

circular that every one who has an_y use for a lubricant should
make themselves thoroughly posted in regard to one which
possesses such peculiar properties, and should avail himself of

a chance to see a sample and learn of its many uses.

The Lake Erie Engineering Works have ju.st complet-
ed the machine work on two barbettes for the cruiser iVtw
York. Each of the plates is made in four parts 10| in. thick

and bent to a radius of 10 ft., making a circle 20 ft. in diame-
ter. The four plates, when so formed into this circle, make a

ring 20 ft. in diameter, 6 ft. high and lOJ^ in. thick, and weigh,
in the rough, over 90 tons. This work was done upon a big

lathe in their shop which both turned off and bored out the

ring, as well ,as faced the edges.

ture heavy rolling mill macbiner}-, plate-glass machinery,
steamboats, mining, wire and cut nail machinery, besides doing
l)last furnace work and building engines and boilers. The
foundry department of the new works is already in operation.

The Laidlaw & Dunn Company, of Cincinnati, and the

Gordon Pump Company, of Hamilton, O., have consolidated.

The Laidlaw & Dunn Company has grown very rapidly in the

last five or six years. They, shortly after organizing, bought
out the business of the McGowan Pump Company, a very old

concern, and later bought the plant of the Eclipse Pump
Manufacturing Compan}-, and now their consolidation with
the Gordon Pump Company will make one of the largest con-

cerns in the country. The new company will incorporate
under the name of The Laidlaw-Dunn-Gordon Company, with
a capital stock of sfTOO.OOO, $200,000 of which will be pre-

ferred stock. None of the stock will be sold to the public,

but will all be taken by the present stockholders of the two
companies. Tlie Directors of the new company will be Robert
Laidlaw, Walter Laidlaw, J. W. Dunn, Thomas McDougall,
Thomas T. Gaff, Alexander Gordon, Robert C. McKinney,
the first five being of Cincinnati, and the last two of Hamil-
ton, O. The officers of the new concern will be Robert Laid-

law as President, Walter Laidlaw as Vice-President and Gen-
eral Manager, arid J. W. Dunn as Secretary and Treasiu-er.

A new factory will soon bo built, probablj' at Cincinnati.
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Riehle Brothers' Testing Machine Company, Pliihulel-
pliiii, report Uic following vciy recent orders : Aiiierican Tele-
plione & Telegraph Company, New York, cue o(<,000-llj. verti-

cal screw power testing liiaeliine ; Syracuse Waler Board,
Syracuse, N. Y., one Kiehle United States Staudard l,0()0-lb.

cement testing macliine. conijilete, with molds, sieves, mixing
table and special appliances ; Jletrojiolitan West Side Elevated
Kailroad Company, Chicago, 111., one 1,UOO-1I). United States
Standard cement testing machine, witli worm gear, rubber-
pointed grips, and many sundry appliances; Leland Stanford.
Jr., University, P;do Alto, Cal., one 2().000-Ib. vertical screw
power testing machine, with indicator ; Chicago, St. Paul, Jlin-
neapolis it Omaha Railroad Company, St. Paul, jNIinn. . one ISO,-

000 lb. screw power testing machine, with Vernier poise, Ijcam
and tools for tensile, compression and transverse strains ; Maine
Slate College, Orono. Me., one O0,00()-lb. vertical screw power
testing machine, complete

; University of Citlifornia, Berkeley,
Cal., oue 5,000-lb. transverse testing machine with indicator

to adjust what little wear there is to' head through long ser-
vice.

The cam-shaft is of hammered steel, 9 in. in diameter, with
large bearings all bushed with very hard gun-metal, and the
cam is U in. eccentric to the center of tiie shaft, giving the
punch a 3-in. stroke. The machine is titted with splitting
shears 30 in. long, and tie bolts 3 in. iu diameter are provided
for tlie tliroat when the machine is used for shearing plates of
very lieavy tliickness.

The pulleys are 30 iu. diameter by GJ iu. face, and run at a
speed of 102 revolutions per minute, giving 34 strokes per
minute to the machine. The gear is 8 ft. 6 iu. in diameter,
and is geared to a shrouded pinion 8 to 1. The liy-wheel is

00 in. diameter and has OA in. X ^ in. rim and elliptical shaped
arms, and weighs 2,000 lbs. The pulleys are geared at right
angles to pinion sliaft to allow the machine to be driven direct
from the line shaft. The sliding head is counterbalanced and
lias a heavy spring iu Ihe head connected to the stirrup to take

60-INCn PUNCHING AND SHE \RING MACHINE.

for elastic limit ; Madison Car Company, Indianapolis. Ind.,

one 20,000 11). horizontal screw power testing machine ; L. Ilil-

gartner ic Son, Baltimore, Md., one marble basin hole cutter
;

A. Plamondou Manufacturing Company, Chicago, 111., one
8,000 lb. transverse testing machine with indicator ; Gillett-

Hertzog Mauufacturing Company, Minneapolis, Minn,, oue
5,000-lb. transverse testing machine, with indicator for testing

specimens 48 in. long, and other smaller orders.

A 60 IN. PUNCHING AND SHEARING MACHINE.

We give a perspective view of a heavy GO in. punching and
shearing machine that is made by the General Engineering
Company, successors to A. .1. Sweeney & Company, of liar--

vey. 111. The machine has a depth of throat of Gl in., and is

built to punch a fi-in. hole through |-in. steel plate, and on an
actual test punched a Gin. hole through Irj- in. steel. The
stripper in the throat is adjustable so as to strip thick or thin

plates as soon as the holes are punched, without lifting the

plate too far off the die, thus obviating the danger of injuring
it in falling.

The sliding head is operated by means of a cast steel cam
pintle, with large wearing surfaces, and the cam pintle is so
constructed as to give little or no wear. The sliding head is

carefullyscraped_to a true, bearing, and has a gun-metal gib

all the jar that is occasioned by the punch or shear going
through the plate.

The clutches are faced with steel and are carefully fitted so
as to bring all the jaws together at once and not break by
reason of only one jaw doing the work alone.

The clutch is operated with an entirely new device, which
was designed expres.sly for tliis machine. This clutch is

thrown in through the medium of a forked lever and a double
.set of springs. On the clutch is a' gun-metal stop, turned and
titted accurately. This stop has one side cut away on a bevel

and can be set anywhere on the clutch and held there by
sciews, holes for which are tapped all around the clutch.

When the clutch is released by lifting Ihe stop-pin, it makes
one revolution, and the beveled side of Ihe stop strikes the

stop-pin and forces the clutch out of mesh.
The machine can be operated and started from either side by

hand or foot, and the levers connect with the stop-pin and
require but very .slight pressure to start the machine. By this

means the clutch can be set lo stop at any point of the stroke,

giving great advantage in being able to always have the punch
stop close to the work, whether punching thin sheets or thick,

sheets.

The above arrangement makes a positive and perfect inter-

locking clutch, maliing an accident to the operator impossible

while adjusting the punches, dies, and shears.

The weight of the machine is OG.OOO lbs.
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LOCOMOTIVE BOILER IMPROVEMENT.

J. T. Connelly, of Milton, Pa., has l)rouj;lit out some ini-

provciiU'iits in tlic construction of a loconjotivo hoilcr. ivliicli

wc illuslratc licri'witli. It is intcndcil to <)l)vialc llit- cDllcction

of mud or oilier ilcposits on tlic loji of lliu tire box, and of sc-

curinj; ill tlic same time a f;reater area of heatin;; surfaces, so

that the maximum c|nantity of steam may be generated and
the pressure maintained, while the strength and durability of

the boiler is, at the same time, materially increased. In o>ir en-

gniving tig. 1 is a vertical longitudinal section of the boiler.

Fig. 2 is a transverse scitlion along the line i' }'.

Referring to the drawings, /jdesignales the smoke-box, C
the barn'l. I) the lire-box <-hainber, K the combustion cham-
ber, and /''the tire-l)ox, which is ]irefirably formed of a single

sheet, and is in cross-section segmenlally curved at its toj) and

^ °

?! : FIG. I.

as shown ; this is done on account of the advantiigcs derived
from tlie additional streUL'th and facility of constru<-liou.

Mr. Connelly has also designed a superior laji joint, shown
by tig. ;j.

Heretofore in the construction of lap joints for .steam boilers

there have been objecti()nal>le features, which Ihisiniprovcnu'nt
is designed to overcome, anil that is thai llie lapped ends of the
sheets not having any iirovision for reinfon-ement. places tliem
without the line of strain when steam pressure is upon it from the
inside of the boiler. This strain, which was substantially in a
straight line, was foiuid to bend the lap so as not to jiRsent a
direct line of pull on the rivet, but to bend and force Ihe rivet
to as^ume an axi.il line obli(iuely disposed to tin- line of strain,

which not only tended to weaken the l)ciiler at thai |ioint, but
also to unealU Ihe seams. 'I'lic purpose of this iiui>rovcmenl
is to overcome these and other objections by providing the in-

jJ-,i.

sides ; from the lower edge of the latter the sheet is extended
downward and parallel as shown, forming a grate space and
water legs. At its forward end the tire-box is provided with
an extension projecting within the barrel for about one-half
the space usually occupied by the boiler Hues. The extension
is also formed of a single sheet, anil is in cross-section circular
from its rear end to aliout its longitudinal center, and from the
latter puint its contour is changed to its extreme front end,
which is approximately oval. The bottom of the extension is

inclined from its front end downward to its re,-u' end, thus
tending to prevent the ac(!umulatim <if nuid or other depo.sits

between the inner and outer shells, and also the collection of
coal or dust within. It will be further noted that by the pro-
vision of the extension and its novel shape the heating surface
is greatly incrcised at the point where steam must be gener-
ated and maintained to give efheient service.
The advantages claimed for this form of constrnction are

that in the usual form of construction of locomotive boilers the
extreme length of the Hues catise them to sag after a brief
period, and the slight space between tliem becomes tilled with
mud or other deposits, impairing the eHiciency of Ihe boiler
and causing what is known as " nnid burning," This condi-
tion of the flues and form of construction, where the thies are
in direct contact with the fire, causes as a consequence burn-
ing of the ends of the Hues, and the resultant expense and
danger.
Another disadvantage of the long flues is the material difli-

culty in cleaning the same. It may also be noted that usually
in boilers of this cla.ss, l)y reason of the general form of con-
struction, the inner slieets are formed with flat top surfaces,
upon which mud or other deposits collect, affecting the effi-

ciency of the boiler.

To obviate these and other objections is the purpo.se of this
improved boiler. In its form of construction, by rea.son of the
provision of the firebox extension, the Hues are removed from
the tire and the danger of burning of the ends claimed to be
obviated. By the employment of the extension th(' flues are
shortened and rendered more rigid, thus obviating tlw liability

to sag, and the con.sequent evil results. It w ill also be ap-
parent that by constructing the parts of the boiler suliject to
Ihe greatest pressure aiiproximately cylindrical, and having
no weak flange or sharp corners, greater strength is insnreii.

and being without flat surfaces except the legs, back-head an<i
iliroats, tlie accumulalion of mud or other deposits is lessened
or o!)viated.

Tlie back-head is put in with the flange and. double riveted,

terior of the boiler with an inside welt, extending laterally to

one side, to a wiilth sutlicient to place it immediately below
the. calk line, whereby it relieves tlie lap joint of any torsion

when the calking is l)eing done.
Another feature is to reduce the number of rivets necessary

to forming such a joint, and also enabling a tight joint to be

made with only one line of calking, which is advantageous

Fig 3-

from the fmX that the expense generally attending the seaming
and calking is greatly reduced. These results arc attained by
the constrnction and arrangement illustrated in the drawings."

.1 represent.s a segment of a circular boiliT having itsinds
overlajiping each other, and .secured to the interior is an inside
welt placed so that the calking edge will be about its central
longituilinal line, whereby wiien the .sheets are subjected to

the impacting jirocess of calking the strain is taken up or ab-
sorbed by the welt.



Vol. LXVII, No. 6.] AND RAILROAD JOURNAL. 26x

^AMERICAN-.
ENcmEEK

RAILROAD "^JOURNAL
*-»-^

Formerly the RAILROAD AND ENGINEERING JOURNAL.
-^-t-^

(ESTABLISHED IN 1832.)

THE OLDEST RAILROAD PAPER IN THE WORLD.

The American BailroadJournal.foundedinVSS, was consolidated with
Van A^ostraiuVs Eiifjineering Magazine, 1887, forming the Jiailroad and
Engineering Journal, the name of which was changed to the American En-
gineer and Railroad Joui'nal, January, 1893.

Published Monthly at No. 47 Cedar Street, New York.

M. N, FORNEY, . . . Editor and Proprietor.

FRANK J. FRENCH, . Business Manager.

Entered at the Post Office at New York City as Second- Class Mail Matter.

SUBSCRIPTION RATES.
Subscription, per annum. Postage prepaid $3 00
Subscription, per annum. Foreign Countries 3 50
Single Copies 25
Reuiittanccs should be made by Express Money-Order, Braft, P. O.

Money-Order or Registered Letter,

NEW YORK, JUNE, 1893.

EDITORIAL NOTES.

attention to an e.xamination of the inventions of Americans,

with a view to supplanting the Krag-Jorgensen weapon.

Bridge construction seems to be swinging around in a

circle relative to the use of the old style of draw or lift

bridge, which was, we believe, the original form that was

given to bridges whose continuity was of necessity inter-

rupted. There is a folding bridge at Chicago, and a big

lifting railroad bridge at New York, and recent advices

describe a new bridge over the Tiber at Rome, with a fold-

ing leaf for the central span, which is 41 ft. 7 in. in length.

While the compound locomotive does not seem to have

met with the enthusiastic reception in this country that its

projectors expected and hoped for, it still continues to hold

its own in Germany. At a recent meeting of the German
Association of Engineers, the Chief of the Locomotive De-

partment of the Prussian State Railways stated that the

trials of the compound locomotive indicated its superiority

over the single system, in that it did more work, saved

fuel, and threw fewer sparks.

Enthusiasm is apt to run riot. Hardly has the Cmnjianiit

broken the record for the maiden voyage before the papers

arc publishing glowing accounts of the new White Star

vessel of 700 ft., some even say 800 ft. in length, which is

to make the passage from Queenstown to New York in four

days and a half. It took a good many years to drop from

six and a half days to a tiifie less than six, and it is not at

all probable that a full day is to be knocked off in a month

or two. Record breaking is done by minutes just now.

After a deal of trouble and some complaining on the

part of inventors of magazine arms, the War Ueparlment

has decided to allow the tests to be completed without any

further interference. The removal of any oilicer of the

board has been strenuously opposed on the ground that such

a move would only result in confusion. It is also reported

that the coming board will be instructed to pay particular

News comes from Ottawa that it is proposed to run a

telephone line through from Halifax to Vancouver. The

wire is to be of copper, and special long-distance instru-

ments are to lie used. We can hardly believe that such a

project can be seriously contemplated, because the cost

would be out of all proportion to the amount of business

that would be obtainable. It sounds very much like a

paper scheme, although the very fact that it is mooted indi-

cates the enormous advancement that has been made in elec-

trical matters within the past few years.

Within the past few months we have illustrated a num-

ber of new systems of electric car-lighting that have been

introduced in Europe. Tp to the present time expense has

militated so strongly against electric lighting that it has

made no progress in this country ; but these electricians

are a determined set, and they will keep hammering away

at the problem until it is solved. The latest road to make

the trial is the Central of New Jersey, which is reported to

be experimenting with a car equipped with 25 incandescent

lamps.

New phases are continually develo^)ing in the Rapid Tran-

sit movement in New York. When the franchise was

offered for sale there were no bidders ; then the Commis-

sion began patcliing up for some sort of an arrangement

with the Manhattan Elevated, and just as this was about to

be consummated, ;Mr. Starin steps in and announces that

a private company is ready to build the under-ground rail-

road, so the Manhattan contracts are held in abeyance

while the people wait to learn whether there is anything

in the new deal or not. Then, after a few days of discussion,

the Board suddenly yields about all that the Manhattan

asked for, and the latter plays coy with the demand for a

payment of five per cent on the net profits of the road.

POTENTIAL CONTRIBUTORS.

In some respects the lot of an editor of a technical paper,

like that of a policeman, " is not a happy one," and it may

be that analogous causes produce their respective infelici-

ties, for the reason that omniprevalence is often expected of

the policeman and omniscience of the editor. It need

hardly be said that neither policemen nor editors come up

to these high expectations. Of the duties of an editor it

may be said in the words of St. Paul, " that tribulation

worketh patience ; and patience experience ; and experi-

ence hope." The tribulation which he (the editor, not St.

Paul) always has with him is the providing of matter for

his paper which will interest and benefit his readers. The

whole field of the specialty to which it is devoted is, of

course, open to him. If that field embraces the science and

art of mechanical engineering and railroad topics and inter-

ests, then, of course, whatever there is of interest and value

relating to these subjects may supply material for its pages.

To be of interest and of value, though, the material must

be new. Now, an editor has the same difficulty in being

intellectually omniprevalent that the policeman has in being

physically so. It is impossible, how-ever, to be mentally

ubiquitous. The current literature of engineering—and the

same is tiue of the literature of many other sciences and arts

—is now so enormously great that no one person can keep
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up any kind of intimnto acquaintance with it. Then the

practice of engineering is, of course, very much greater than

tlie literature. An editor, therefore, naturally looks to con-

tributors to supply material which, without such aid, it

would be impossible for him to get. In his elTorts in this

direction he always encounters many and diverse and per-

plexing ditliculties and obstacles. These it is thought are

much greater than they should be, and to a very great ex-

tent are the consequence of niisa|i])rehension of those who
are or might be valuable contributors. It is for this reason

that the adjective which forms a part of the title of this

article has been employed. " Potential," according to the

dictionary meaning, " existing in possibility, not in actual-

ity,"' and "endowed with energy adequate to a result.'

What we want to indicate is that there are many persons

who might contribute valuable material to a publication

like this, if they only had a clearer idea of what is needed,

and also—if that be possible—how little value other kinds,

especially second-hand, contributions have.

A dream which nearly all editors indulge in is that of

having a host of contributors scattered all over the country,

or—if they are more ambitious—all over the world, who
will observe interesting events as they transpire, and report

them to the editorial cognizance, which will thus form a

perennial stream of " copy" to keep the journalistic wheels

going.

It is an alluring dream, but like that of callow publishers,

whose scheme for doubling their subscription list is the

simple one of inducing each existing subscriber to send in

another, it won't work ; at least, it works only to such a

very limited extent that ic destroys its beautiful mathemati-

cal completeness, and fails utterly in accomplishing the

grand object sought. Pulilishers are, however, in many
ways like beggars, especially in this, that they prefer frac-

tious of loaves to no bread, and are grateful to old sub-

scribers—or any one else—for any new ones. So with an

editor, while the scheme outlined above may not secure a

ubiquitous host of contributors, it may be possible neverthe-

less to enlist the services here and there of persons who are

careful observers, and who are willing to take the public

into their confidence. It is with the hope of " endowing
with energy ade(|uate to a result" some who are valuable

contributors in " possibility" that we are writing this arti-

cle. To such it is proposed to give a few suggestions, some
words of encouragement, and, if possible, stimulate them
to share with the public some of the results of their experi-

ence and observation.

In the first place, it may be said that every contributor

may be assured that, excepting perhaps to a very few inti-

mate friends and relatives, his own personality is of no in-

terest whatsoever. No one cares at all what you think or

what you feel, but they may have the most intense interest

in what you have seen. If you are writing for a technical

paper, it should be done as though you were inexistent, or,

at least, that you are without personal sensations or thoughts.

Facts, entities, and phenomena interest the readers of a

paper, but what occurs in that pulpy substance called your

brain or that ossified organ, your heart, no one cares par-

ticularly about unless it be your wife, prospective or actual,

jour sisters, your cousins or your aunts ; and they will pre-

tend that they care more than they really do.

It is rare that what may be called a " subjective" article

—that is, to quote the dictionary meaning of this word —
one " especially pertaining to or derived from one's own
consciousness, in distinction from external observation," is

attractive to an editor or the readers of an engineering pub-

lication. Contributors should rather aim to make their

contributions " objective"—that is, to quote the dictiomiry

again, report " that which belongs to or proceeds from the

object known, and not from the subject knowing, and thus

denotes what is real, in opposition to that which is ideal

—

what exists in nature, in contrast to what exists merely in

the thought of the individual."

As an example of what we mean, if the engineer on the

New York Central Railroad who, it is said, recently ran a

locomotive and train at a rate of over 100 miles an hour,

would write out a minute account of how his locomotive

acted during this run—that is, if he would tell such things

as how the fire burned, how the boiler steamed, at what

point of cut-off he worked the valve-gear, how high he car-

ried water in the boiler, whether the engine rolled much,

or if such a high speed could be maintained for any length

of time, and if he would report other phenomena which he

doubtless did or could have observed, and of which those

of us who never ran an engine so fast know nothing about,

such an article would be read with very great interest bj'

many of our readers, whereas few of them, probably, would

care much to know how he felt or what he thought, or

whether he had a pain in his stomach, while his engine was

running at that speed. For an intelligent report of the

working of his engine we would be willing to pay liberally,

whereas an account of his sensations, theories, and specula-

tions about the engine would probably go into the waste-

basket.

A very common but a very fatal defect of contributors

is that of writing second-hand articles. This should be

shunned with as much abhorrence as a person who aims to

be well dressed would avoid buying second-hand clothes.

A compilation^from books or papers very seldom has much
value as a contribution to a paper, for the reason that it is

not new. Besides, the probability always is that the editor

has access to the same and better sources of information

than the contributor has. Encyclopa;dias, books, periodi-

cals, papers, and reports to scientific societies are the tools

with which an editor works. The chances, too, are that

unless you are a specialist in that line, the editor to whom
you send your contribution is better read in that line than

you are. Because some book or paper is new to you, don't

infer that it is new to all other people. A compilation is

always more or less stale. Editors all know the slouchy

contributor, who submits his badly written manuscript on

some important subject, which an examination proves to be

only a rehash—and usually a very poor one—of what the

writer gleaned from easily accessible books and papers.

There is always a miniature hell in editorial offices, to which

such contributions are swiftly condemned with maledictions.

To be acceptable and valuable, contributions should be

original. If they are descriptions or reports or observations

of actual objects or events, they will always be so ; if they

are compilations, they never are. There is hardly a rail-

road, a machine shop, a ship, or an important structure of

any kind anywhere which could not supply interesting

nuiterial to a teclinical newspaper if reported by an intelli-

gent observer. It might be only a few lines or a paragraph,

but would be interesting, nevertheless.

Many persons arc deterred from sending contributions to

newspapers, because the data which they have or the ob-

servations they have made seem such very slight matters as

not to be worth reporting. They always hold in reserve an

intention of some day doing some great thing, which will
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attract much attention and do tliem great credit. In the

meanuliile they do nothing. If such people were inclined

to be useful to their fellow.s in many little ways, the aggre-

gate sum of their services would probably be much greater

thau it will be if they wait until the opportunity arrives

for them to do some great thing.

Another deterring idea which often jirevents those who
might be valuable contributors from becoming so, is that

they imagine that whatever is said or written for publica-

tion should be put into fine words and resounding sentences.

Now, as a general thing the style of a contribution to a tech-

nical paper is of very little importance. The facts are the

main thing. What the editor cares most about is that these

are interesting and important and are correctly stated.

The proof-reader will correct the spelling if it is shaky,

and straighten out the grammar if it is at all tortuous.

Contributors, therefore, should not be too much concerned

about the form of their contributions, excepting—especially

if they are of considerable length—that what they send

should be legible. Type-written copy has much to recom-

mend it, and the facility with which it may be read may at

times lead to the acceptance of an article, whereas, if an

editor had to undergo the labor of deciphering illegible

manuscript, the latter might be condemned to the jierdition

already referred to.

In composition, as in mechanics, there is a law of conserva-

tion of force, which Herbert Spencer formulated very clearly

in one of his essays,* in which he says that the law under-

lying some of the current maxims about composition is " the

importance of economizing tJie reader's or hearer's attention.

To so present ideas that they may be apprehended with the

least possible mental effort is the desideratum toward which

most of the rules point. . . . Regarding language as

an apparatus of symbols for conveying thought, we may say

tlmt, as in mechanical apparatus, the more simple and the

better arranged its parts, the greater will be the effect pro-

duced. In either case, whatever force is absorbed by the

machine is deducted from the result. A reader or listener

has at each moment but a limited amount of mental power

available. To recognize and interpret the symbols presented

to him requires part of this power ; to arrange and combine

the images suggested by them requires a further part ; and

only that part which remains can be used for framing the

thought expressed. Hence the more time and attention it

takes to receive and understand each sentence, the less time

and attention can be given to the contained idea, and the

less vividly will that idea be conceived."

The potential contributor—for whom we have been writ-

ing—will therefore see that tlie general principles of mechan-

ics are applicable to composition, and that the laws of ther-

modynamics have a controlling influence over words and
ideas. Some one has given the general rule for composi-

tion, that the writer should know exactly what he wants to

say and then say it. If he will do this so that the reader

will have the least ditliculty in understanding what h,as

been written, he will be doing all that an editor of a techni-

cal paper is likely to demand.

The purpose of this article is, if possible, to induce more
of our readers to note interesting observations, or observa-

tions of interesting events and phenomena, and to send

them for publication. It is desirable that all imaginary

barriers in the way of doing this should be removed, and
that our potential contributors should feel the same, or

* The Philosophy of Slyle. Essays Scieiitillc, PoUticiil and Speculalivu
Volume II.

greater, freedom in sending us information that they feel in

communicating it to a friend, a cousin, or a brother. We
want to divest " writing for the papers" of all formality

and the greater part of the difficulties, most of which are

imaginary, and to formulate a general invitation which will

form a sort of a receptive vortex to draw to these pages the

results of the observations of readers everywhere.

Editors, it is true, are like young women in this, that

they can never part with the right of refusal, but neither of

them can tell whether they will accept a contribution or a

young man until it or he has been offered to them.

CURRENT READING.

Marine Iknein. —This paper of May 11 blossoms out with a

beautifully colored lithograph of one of the two twin-screw

passenger steamships for the Northern Pacific Company, which
are now building at the Globe Iron Works Company, of Cleve-

land, O. The paper contains 18 pages of reading matter.

Besides other interesting material, an article relative to the

Belleville boilers is contributed by Miers Coryell, the repre-

sentative of the United States of the French owners of patents

on this kind of steam generator. It should be added that these

boilers have been installed in the new ships, of which our
eotemporary gives an illustration. There is a general pros-

perous air about the pages of this last number of the lieview

which leads to an expression of congratulation.

BOOKS RECEIVED.

Knots, Sjiliixs, Hitches, Bends and Lashinf/s, by F. K. Brain-

ard. Ensign U. S. N. New York Practical Publishing Com-
pany.

Alternating Currents of Electricity, tlieir Oencration Measure-

ment. Distribution, and Application. By Gisbert Kapp, C. E.

Tlie W. J. Johnston Company, Limited, New York.

Pumpinri Machinery. A Practical Hand-book relating to

the Construction and Management of Steam Power Pumping
Machines. By William M. Barr. Philadelphia, J. B. Lippin-

cott Company.

Tlie Coal Trade. A Compendium of Valuable Information

relating to Coal Production, Prices, Tnansportation, etc., at

Home and Abroad. By Frederick E. Saward, Editor of the

Coal Trade Journal, New York.

Beeson's Inland Marine Directory. \iy Harvey C. Becson,

Detroit, Mich.

The Great Lakes liegister of Shipping ; also Hides and 7'ables

of Scantlings for the Construction of Steel Ships. By Josejjh R.

Oldham, Cleveland, O.

Jieport of the United States National Museum, under the Direc-

tion of the Stnithsonian Institute, for the Year ending June 30,

1S90.

Annual Report of the Chief of Engineers, United States Arnit/,

to the Secretary of War, for the Tear 1892. Four volumes and

Atlas. Government Printing Office, Washington.

United States Geological Survey. J. W. Poioell, Director.

Mineral Resources of the United States, 1891. David T. Day,

Chief of Division of Mining Statistics and Technology.

AMERICAN AND ENGLISH LOCOMOTIVES.

Our engravings this month represent the valve-gears of the .

two locomotives which have been the subject of this series of
articles. The specifications of the American gear are very
brief, and are as follow^ ;
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VAIAK MOTION.

Appiovcil shifting-link motion grarUiuted to cut oiT equally

at all points of the "stroke. Links, sliding-blocks, plates, lift-

ing-links, pins and occcntric-rod jaws of the best hammered
iron, thoroughly ease hardened.

Valve-face and steam chest seat raised above face of cylinder

to allow for wear. Cylinders oiled from Nathan's No. 9

donbli' sight lubricator placed in cab, with copper pipe under
boiler lagging to steam-chest.

Valves, Richardson's balanced steam chest valves.

Mr. Adams's specifications for the valvc-gcar of his engine

is somewhat more fidl, but it will be -seen is also (juite brief.

V.\I,^•E MOTION.

The slide-vaU-es are to be of the best Stone's bronze, to be
made exactly as shown on drawings, ami with recesses in its

working face.

The valve-spindles and buckles are to be of the best York-
shire iron, and of the dimensions shown on drawing. The
spindles are to be guided by gim-metal glands and bushes
tlirough the steam-chest ; the valve-spindle to be tapered

where it enters the valve rod, and is to be secured by a cottar

of mild Swedisli steel.

The valve motion is to be of the curved link type, and the

expansion links are to be hung from the center. The eccen-

tric pulleys are to be in two parts, the smaller being of best

Yorkshire iron, the larger of cylinder metal, and are to be
fastened on the axle by means of keys and set screws, as

shown. The eccentric straps are to be of good tough cast iron,

free from honeycoml) or any other defect. The throw of the

eccentrics to be 6 in. The eccentric oil-cups are to be fitted

with a button and spring. The eccentric rods are to be of the

best Yorkshire iron, secured to the straps as .shown. All tjie

wrought-iron work is to be of best Yorkshire iron, the working
parts to be well and properly case hardened and re-cleaucd up,
and must be of the very best finish, and free from all marks
and defects. All pins are io be of best Yorkshire iion, case-

hardened, 2 in. diameter, and made to standard gauges. The
motion is to be reversed liy a screw-gear fixed on trailing

splaslier on right hand side of engine. The valve-rods are to

work througli cast-iron guides bolted to the motion plale.

The guides are to be bored out to tit the rods and to be made
of cylinder metal, and to be jtrovided with a lulfficating box,
as shown. The guides are to be lieuted to a high temperature
and then dijiped in oil.

One lubricator fixed on each side of smoke box, with pipe
leading to steam chest. One lubricator screwed into each
front cover of cylinder. One oilbox and pipes, led down to

top of each piston-rod, and valve spindle glands, and fixed as
shown.
The principal dimensions of the two valve gears have been

arranged in the following tabular form for convenience of
comparison :

Throw "f eccentrics
Diameter of occenlric puileys
Maximum travel of valve
OutBide lap of valve
Leneth of steam and exhaust ports.
Width of steam ports
" " exhaust ports

American
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whereas iti tbe American engine one lubricator located in the

cab does all tlic work. It is true that this is a double instru-

ment, wliieh is connected to each steam-chest, but it does all

the work, and the lubrication can be done from the cab, with-
out going to the front of the engine. Whether it would be
practicable to oil the valves and pistons, which are located as
the Englisli valves are, with tlie means which are elTective on
our eugines, we are uinible to saj', but if they could not be, it

is thought that the slight e.xtra cost of a pair of rockers is

saved at a verj' considerable expense and inconvenience.
Something may also be said in favor of the method of fasten-

ing our cylinders together, wliich is practicable when the
steam-cliests are placed outside, but is not when the}' are in-

side. C'ylinders for American locomotives are now almost
universally cast with one-half of the intermediate saddle at-

tached to each cylinder. To fasten them together all that is

needed is to plane the surfaces of contact and bolt the two
together. This makes a very stiff and rigid connection and fas-

tening, and with suitaljle bolts, lugs and wedges on the frames,
holds the cylinders so that they seldom work loose. It is

questionable whether fastening cj'linders to a plate-iron smoke-
box and ]ilate-iron frames will make as rigid and as secure
connections as our method does. Our smoke boxes consist of

FRONT VIEW VALVE MOTION AMERICAN EXPRESS LOCO-
MOTIVE.

a simple plate rolled into a cylindrical form, with no flanging
to it and little riveting. The English smoke-box is rectangu-
lar and is a more elaborate and costly structure, and the whole
combination with the cylinders would appear to have less

strength than ours.

Regarding the matter of suspending the links from each
side, it will be admitted that this method satisfies a correct
mechanical instinct better than the method which we are com-
pelled to adopt when we use a rocker, and whicli compels us
to use only one suspension link, wliich is attached to the inside

of the link above. This gives a lop sided sort of support, and
does not appear to be a good mechanical device. The bear
ings of the suspension link are made long and large on this

account. It can be said, however, that very little practical
ditticully is encountered in using this arrangement. The
valvegcar of our locomotives, as it is now constructed, with
ample bearing surfaces and with the balanced valves— which
are now so generally used—costs very little to maintain. If

the question were asked of most of our master mechanics
whether they encountered any difficulties from the way the links

on their engines are suspended, it is not certain that they would
know what was meant by the question. The ]iractical diih-

culty with this method of suspension is nil, which is indicated
by its universal adoption on our locomotives.

It will be seen also that the eccentric-rods on the English en-

gine are connected to the tops and bottoms of the links, in-

stead of behind them, as is the American practice. With the
former method it is impossible to lower the link so as to bring
the rod opposite to the link-block. Consequently tbe latter

and the valve stem do not get the full throw of the eccentrics.

With our American links tlie rods can be brought up or down.
so as to be opjjosite to the link block, and they thus impart
the full throw of the eccentrics to it. This accounts for the
fact that the English eccentrics have so much more throw

—

6 in.—than those on the American engine, which have only
5r}.in. Tills necessitates the use of larger eccentrics and
straps, which implies more weight and increased difficulty of
lubrication.

In describing the driving-wheels and axles of the English
engine, we called attention to the fact that the axles were

FRONT VIEW VALVE MOTION ENGLISH EXPRESS LOCOMO-
TIVE.

made of larger diameter in the wheel seats than they were be-

tween the hubs. There is much to commend this practice,

but from the engraving of the valve-gear and the specifica-

tions it will be .seen tliat if this method of construction is

adopted it then becomes necessary to make the eccentrics in

two parts, which means greater first cost and some difficulty

in maintenance.
Does the advantage of the enlarged axles pay for this ?

The reverse levers are not shown in our engravings. Mr.
Adams's engine has screw reversing-gear, which permits the

valves to be adjusted to any point of cut-off, and lessens the

labor of reversing. Mr. Buchanan's engine has the ordinary

reversing lever, hut with the balanced valves tlie labor of re-

versing is much diminished, and by providing a long sector

with as many notches as practicable it supplies every require-
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ment. The balanced valves have besides the advantage that

they wear less than unlialar.ced valves, and reciuire less power
to move them. Tlie al^ehraie sum of the advanta.u^es and dis-

advantages of uiilialanced valves and screw revei-sing-gear,

and balanced valves and the old-fashioned lever cannot easily

lie worked out on account of tlie ditliculty of assigning vahics

to the (lilTerent ek'nients.

The counter\v<ights for the links are also deserving of alien

tion. TIk- foreign device consists ol two cylindrical shaped

castings each weigliiug I'.IO lljs. each. The American device

consists of a light semi-elliptic spring attached to a short arm

principal feature of the front and the arrangement of tlie de-

Hector-plate and netting is to give an nnrcstricted pa.ssage

from the tubes to the stack, without the interposition of any-

thing wliich tends to check the draft or to con tine it to any
one h)cality along the nest of tul)es.

The engraving wldch we give illustrates Die general con-

struction very clearly, and all of the iirincipal dimensions are

so given that it woulil he an easy mailer to duplicate ils (-on-

struclion. The following table gives in details some of tlie

tests to wliicli tliis extension front has been subjected, with
the results there obtaincil :

SCHEDULE OF CO.\LiCONSUMED BV DIFFERENT ENtilNES WITH DIFFEUENT DIArnR.\GMS.

20.T-

205
802
802

322

.323

322
323
lit
113
113
910
210

Old Diaph.
Old Diaph.
Old Diaph
New Diaph

Pat. Austin

New Diaph
Pat. Austin
New Diaph
Old Diajih.
New Diaph
New DiHpli
(lid Diajm.
Old Diaph.

1!) X 24
10 X 24
19 X 24
19 X 24

A. &S.
A. &S.
A. & S.

A. & S.

18 X 24 jA. & S.

18 X 24 A. & S.

18 X 24 A. & S.

18 X 24 A
19 X 24 K.
19 X 24 U,
19 X 21 l{.

19 X 24 ,R. & S.

119 X 24 iR. ifcS,

, &S.

& S.

Dec. 3
Dec. 4
Dec. S
Dec. 6

Deo. 15

Dec. IB

Dec. 17
Dec. 19
Dec. 7
Dec. 23
Dec. 23
Dec. 24

Dec. 24

Points Between
which Trip is

Made.

Troy to Bir.ghamion. {l.'il

Binghamton to Troy. |151

Albany to Binf,'}iiimton. 143

Albany to IJin^Miamton. 143

Troy to Bin*,'lianitoii.

Troy to Binj^haniton.
Troy to Binfihamton.
Troy lo Rin^'liainton.

Troy to VVlnteball.

Troy lo Wliitel'all.

Whileliall 10 Albany.
Troy to Whitehall.
VVhitchall to Albany.

1G5

IC5
lfi.5

1(!5

85
85
77
8<

c
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burned 10.37 lbs. per car-mile, wliile 113 burned only 3.7 lbs.

per car-mile. Of course this difference is not claimed to be
entirely due to the diaphragm when ba.sed on car mileage,
because the engine in both cases had to be hauled. This com-
parison is taken at liapliazard as we happened to glance at the
table.

It will be seen by referring to the reports of engines 303
and 303, running December 5 and 6 from Albany to Bing-
hamton, that the difference is almost if not quite as great.
The average coal per mile for the old diaphragm was 58.3 lbs.,

whereas, with the new it dropped to 31.4 lbs. In each of
these ca.ses the condition of rail is scheduled as being dry.
Men on the road say that the front keeps itself clean, and that
cylinders are thoroughly churned up and can be readilj^ blown
out at the spark-arrester without any trouble.
We regret that lack of space prevents us from illustrating

more of the Delaware & Hudson appliances in this issue, but
the matter will be continued in our July number, when we
hoiie to show some more of their interesting hydraulic
machinery.

The car is trussed with two truss-rods, each U in. in diam-
eter, taking hold of straps riveted to the body bolster, which
consists of two 9-in. channels with 3-in. flanges the same as
those used for the sills.

The width of body bolster over the flanges of the channels
is 13 in., allowing a space of 9 in. between the two. This
bolster is not trussed in any way, the strength of the car de-
pending entirely upon the rigidity of the channels of which it

is composed. The truck bolster is somewhat wider, but is

composed of channels of the same size, which are spaced 18 in.

apart.

The leading dimensions of the car are as follows :

Length over the buffers 35' g-
" body 31'

" of under frame 3r
Width inside g' 4-

" of under frame 8' 4"

Wheel base of each truck 6'

Total wheel base 25'
Center to center of bo.K 19'

Height of lloor from rail level 3' lo^y

CAR FUU CEYLON GOVEKNMENT KAILWAYS.

ELEVATION AND PLAN OP BOGIE CAR
IRON FLAT CAR FOR THE CEYLON GOVERN-

MENT RAILWAYS.

We give a perspective view and a side eleva
iron car equipped with bogie trucks, which has
designed and built by the Lancaster Kailway
Wagon Company, Lancaster, England, for the
ernmeut railways. The truck framing is of the
accordance with the general character of Engl
tion, and the sills are of 9-in. channels with 3-in
these sills there are four, the intermediate sills

16 in. apart.

tion of a new
recently been
Carriage &
Ceylon Gov-
plate type, in

ish construc-
flanges. Of
being spaced

> i^'u

FOB CEYLON GOVERNMENT RAILWAYS, r

Weight of under frame 7,9001b8.
" body 2,SSi "

" " box 4,200 "
" " I)rake worlc 9U0 **

'• " bearing springs 1,170"
" " bufHug springs 540"
" " axle boxes 850"
" " wheels and axles 6 824"

Total weight of car 25^306 "

The wheels arc 3 ft. 7 in. diameter on the tread, and the
tires are 5f in. wide over the flanges, the distance between
the inside of the flanges of the wheels being 5 ft. 3 in.

The brakes are applied by a hand-wheel, as shown at the
side of the car which sets the brakes on the outside of each
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The horizontiil arm GD is connected to tlie signal, either as

shown in fig. 5, or in anj' other convenient way. To the lever

L a bracket b, lig. 9, is bolted, which carries a slotted link, O,

similar to the links used for operating locomotive valves.

This link is pivotally connected to the bracket at c. The top

of the lever has a hand-latch t—also similar to those used on
the reverse-levers of locomotives—which is connected by a

rod r to a detent d, and to the link G' at /. s is a sector

•which has two notches c anil e, with which the detent d en-

gages, and thus holds the lever in either of its two extreme
positions. It is clear that before the lever can be thrown back
from the position in -which it is shown, or toward the right,

that the detent d must be raised so as to be disengaged from
the notch c in the sector s.

To do this the latch t must be pressed against the handle h
on the end of the lever. As already explained, the latch t is

' connected by the rod ; to the detent d, and also to the link G'

at /•'. The slot of the link carries a roller /, which is attached

to a rod or bar (/, which in turn is attached to a vertically slid-

ing locking-plate /. A similar locking-plate is provided for

each one oif the levers. This /, /, i and i' are shown in fig. 7.

7 is the locking-plate connected with the home signal lever for

the west-bound track. This plate has a lug j—see fig. 9—
riveted to it. In order to show these and some other parts

more clearly, they are represented on an enlarged scale in tigs.

10 and 11, fig. 10 being a similar view of these parts to that

p<<ro?,

Fig. 10. Fig. II.

shown in fig. 9, and fig. 11 is a view looking at them in the

direction of the dart ?/, fig. 9, or as they appear in fig. 7. At-

tached to the locking-frame i?— see fig. 9— is a short shaft n,

which has an arm or dog k, shown in tigs. 10 and 11, attached

to it.* This dog engages with the lug j, as shown in fig. 10.

It is plain from this engraving that when the dog is engaged
with the lug j that it will be impossible to raise up the lock-

ing-plate /, the bar g, fig. 9, the rod r' of the link, the detent (',

the rod r, or to press the latch I against the handle H. In
other words, under these conditions it will be impossible to

unlock the lever by withdrawing the detent d from the notch c

in the sector s. Conseiiuently as long as these conditions exist

the lever will be se-

curely locked in the po-
sition in which it is

shown. From figs. 9
and 10 it will be seen
that the shaft n has an
arm m attached to it.

This arm is connected
by a rod C, G, C", with
the indicator case R.

Before proceeding
farther and showing
how the signalman at
station D, tigs. 1, 3, 3
and 4, can unlock the
signal in A's lodge, it

will be necessary to ex-
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notches come opposite to the sliding piece. Wlien /and (' are

in the position sliown in fig. 11, the slide engages witli the

notch p in 1. It is obvious" that un<ler tliese conditions i can-

not be raised or lowered. As (' is connected with the latch of

the distant lever I, it is plain that witli the parts in the position

in which thev are represented, that the signal lever will

be lo(-ked. If, now, the knob V , fig. i), was unlocked, so that

the siirnalman at this station can pull out the knob, and he

shoidd do this, it would raise up the rod (" (' and the arm m
into the position shown in fig. Vi,, in which the dog k will be

disengaged from the lug,;. In fig. Vf, the plates /and /are

shown in the same positions in which tliey are shown in fig. 11

—

but from fig. 12 it is plain that the plat(^ /'may now he raised up,

and if it is "that it will release the latch of the signal lever, and

the latter may then be thrown over. When the latch falls

into the notch' f, fig. 9, it will depress the end ;•' of the link

and raise its oppo.site end, which will lift the plate /into the

position in which it is shown in figs. U and l.i. It will be

un<lerstood that this movement of the signal lever lias lowered

the home signal to indicate " line cle.vr," and that the fall

of the latch has brought the plate /into the position shown in

the figures last referred to—that is. the movement of the

lever has been completed, and it has been relocked in its new
position, and it is the movement of the latch

in relocking which has brought the plate 1 into

the position shown in figs. 14 and 1.5. From
flg. 15 it will now be seen that the slide is

then free to move toward the left side. If an

upward strain is l)rought on the bar i, its action

on the lower inclined side of the end ;) of the

piece 0, it will tend to push toward the left

side and into the notch P. As i is connected

with the latch of the signal lever, any force ex-

erted on this latch woiild force the slide out

of engagement with the notch ;>, and thus release the plate i

and the'latch of the lever with which it is connected. The
home signal may, therefore, then be lowered, and when
the latch of its lever falls into the notch it would occupy
when the signal is lowered, the plate / would be in the po-

sition shown in fig. 17, and the sliding piece will be forced

into the notch P in /, so that the home signal lever will then

be locked—that is, both signals will be lowered to indicate

LINE CLEAR, and the home signal lever will be locked in that

position. It cannot be unlocked without throwing over the

distant signal lever, lowering that signal and locking its lever,

winch will again bring its Joeking-
plate i into the position shown in

fig. 15. This will allow the sliding

piece to move toward the right

when a force is exerted on /, which
will unlock it.

It will thus be seen that in lower-
ing the signals to indicate " line
ci.e.vk" the home signal must al-

ways be moved first, and that in

restoring them to danger the dis-

tant signal must be moved first.

Tlie signals for the east-bound track

are controlled in the same way by
means of the locking-bars /' and
/, tig. 11.

From what has been said, it will

be seen that when the signals at a

station are lowered to indicate
" DANC.Eu"— which is their normal
position— the operator at that sta-

tion cannot lower them until the
signalman at the station ahead of
him has released the locking-bar
connected with the home signal
lever. The home signal can then
be lowered and afterward tlie dis-

tant signal. When a train has
pa.ssed, or for any other reason it is

desirable to raise the signals to in-

dicate "d.\soer," Ihe distant signal
mnst be raised first and then Ihe home signal.

It might happen, however, that a signahnan through neg-
lect, forgetfulness, or other cause might fail to restore his sig-

nal to danger after a train has pa.'JSed. To guard against this,

and to insure that the home signal will always be raised after
a train has passed a signal station, what is called an electric
slot in.strument is provided. This is shown attaclieii to the
signal post at K in fig. 5, and is rejiresented in a hirger scale
in fig. 18, with the cover of its ca.se removed, so as to show its

working part,s. From fig. 5 it will be seen that the horizontal
arm CI) of the signal lever is connected to the semaphore S by
means ;of a rod E, a bell-crank /', a rod /' O, another bell-

crank Q, a rod O II, a lever HI and a rod 10. The lever

///is fulcrumed at/, as shown in figs. 5 and 18. The ful-

crum/ is attached to a vertically sliding rod or bar, Y T,

whicli has a slotted Ciisting e b attached to it. c ij is a bell-

crank having a fi.xed fulcrum at i and a pin e, which can move
horizontally in the slot c b. n is an electro-magnet connected
with a battery in any convenient location by a wire q. and
also with a "track circuit." wliicli will be explained later.

p is an armature attached to a lever t p fnlcrnmcd at t. I j
is a bell-crank attached to a fixed fulcrum at I. The upper
end.;' has a hooked end shown above at./", where the bell-crank is

shown detached from the other parts. This hooked end can
engage with a pin on the end J of the arm /./' of the larger bell-

crank. The end of the smaller bell-crank is connected to

the lever t p by a short link, o .«, It will be evident now that

if the hooked" end of the smaller bell-crank is engaged at j
with tlu^ arm /,;', of the larger one, that so long as the arma-
ture p is attracted by the electro-magnet v, that the smaller

bell-crank Ij will be held in engagement of its hooked end
with the arm i j of the larger one, and will hold the latter in

tlie position in which it is shown so long as a current of elec-

tricity is passing through n. If the current is broken, then

the armature will be released and the small bell-crank will be

Fig. 19.

disengaged at,;' and release the arm ij of the larger one, and
if any downward strain is exerted on its arm, e i, it will as-

sume the position shown by dotted lines. This will allow the

rod YTio fall and the fulcrum / of the lever /// will fall

with it. As the semaphore is couuterweighted so as always
to assume a "d^\:n"ger" position unless it is constrained to

rise, the release of the fulcrum / will permit the spectacle-

frame g li , fig. 5, to fall, which will raise the semaphore to

indicate "d.\ngeu."
It remains to explain the action of the " track circuit," as it

is called. When this means is employed for operating signals,

or as a safeguard in case the signalman fails to operate them,
the rails of a short section of the tr.ack are insulated—that is,

some non-conducting material is placed between the ends of

the rails and between them and the fish-plates, b}' which the

rails are connected together. Thus, in fig. 19, suppose that

A B and CD repre.sent the two rails of a track, and that these

are insulated from the adjoining rails at A, B, C and I). Sup-
pose, further, that M is a signal post, n an electro-magnet,

like that shown in fig. 18, and z a battery. If one pole of the

batterj' is connected by a wire, b d, to the rail D C. and D C is

connected to the electro-magnet it by a wire, c n, and the

electro-magnet is connected by a wire .'/ a to the rail A B, and
A B by a wire f e with the battery s, then the current of

electricity would tlow from the battery in the direction z b d c

ngiife, as indicated by the small darts. The effect of this

would be to energize the magnet n, which would attract the

armature p, fig. 18, which would thus hold the small bell-

crank f> Ij in engagement with- tlie arm (',;' of the lar^c bell-

crank, as has been explained, and the signal would then re-

main in its lowered position, if the operator should throw over
his lever. Electricity, however, will alwavs take the shortest

circuit possil)le, and therefore if a pair of wheels, .'• ,;/, of an
engine or car should be rolled on to the insulated section A B
CD, fig. 19. .so as to place the rails A B and C D\n electrical

communication with each other, then the current would flow-

in the sliortcr [lath, 2 b d x y fe z, and would not pass through
the electro magnet ;;, fig. 18. It would, therefore, be dead
and would no longer attract its armature />, which would dis-

engage tlie bell-crank Ij. which would release the arm ij,

and this would permit the large ludl-crank to turn on its pivot i

and the rod }' T to fall. This would lower Ihe fulcrum /,

which would raise the signal, as h.as been explained.
}' is a cvlinder with a piston in it attached to the rod Y T,

and intended onlv to provide an air-cushion to resist the too

sudden fall of Y 2' and the consequent shock to the parts con-

nected with it.

From this explanation it will be seen that, if the signalman
should fail to lower his signal, after a train had passed his

station, that whenever a vehicle ran on tlie insulated section

of the track .adjoining his signal, the latter would be raised

automatically by the action of the wheels, and it would then be

impossible to lower it .so long as the insulated track is occupied.

(to be" t'OHTINUED.)
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AN EXPERIENCE WITH A 24IN. GAS MAIN.

At the March meeting of the Technical Society of the
Pacific Coast Mr. J. B. Crocliett read a paper on An Experi-
ence with a 34-in. Gas Main, wliich involved not only the

raising of the main, but also that of holding it willi the earth

snb.siding all about it. The pipe was laid beneath the surface
of the marsh on Santa Clara Avenue, San Francisco, Cal. , for

a distance of 1,424 ft. It was necessary to raise the main
without cutting it or breaking it, and its success depended in

a great measure on its flexibility, due to lead joints. Had the

joints been of cement, as they are almost uniformly made in

Eastern cities, tlie rigidity of the pipes and joints would, with-

out doubt, have caused a breaU. or perliaps many serious

breaks ; but with about 100 lead joints ii in. deep and i in.

thick it became possiljle to raise the main without a fracture.

Tlie first section to Ije raised weighed about 300,000 lbs.,

and the method employed in raising it was as follows : Tlie

pipe was first uncovered, the trench extending to the bottom
of the main, and at intervals at 13 ft.- of its entire length
house mover's frames were placed on each side, one above
anotlier, to the desired height. A 13 in. X 13-in. timber was
placed across these tiers of frames, passing over the pipe just

behind each joint. Heavy chains were passed around tlie

pipe, back of each heel, and what is known as a 8-in. " holder

screw" was hooked to each chain and passed through a hole

in the timber above. On the upper surface of^the timber
was an iron w:isher, and on^this rested^the large, nut on the

thread of the holder screw.

The following day a number of teams were employed to cart
the material from the face of the dump, and to spread it along
the line of the pipe, under and on each side of it. The object
in thus carting the rock was to distribute evenly the load on
the marsh, and gradually raise the whole street to the level of
the pipe, instead of keeping up to the street grade, and pre-
senting a steep face at the dump. Carting rock was continued
until we had filled in solid under the pipe and had built a
cartway about 9 ft. wide on each side of the pipe, level with
the bottom of it. This required the handling of 5,000 loads
of stone. As the stone was hauled ahead and loaded on the
marsh, the street continued to settle, carrying the pipe with it

Four days after this first trouble the crossin.g of Arkansas
Street commenced to settle very rapidly, and in Iti minutes
the street had gone down 4 ft. The large body of rock settling

in the mud raised the surface of the marsh at a point aliout

100 ft. north of the street, about 5 ft. high, and opened a
crevice a foot wide. This was a natural consequence of the

displacement of mud by the heavy fill of stone, but why over
half of the filled street should slide bodily toward the north,

at the same time, and where and when it would bring u]) were
perplexing questions. To ascertain the exact nature of the

underlying strata of the mar,sh, and solve at least one of these

problems, we caused soundings to be made in lines 96 ft. long,

extending from south to north, at right angles to the pipe, by
driving a 4-in. iron bar into the grounil. The crust of the

marsh was found to be fairly firm to a depth of 3 ft., consist-

ing of a sort of marl.
>At the northerly side of the street, after passing through
the crust, the bar sank into 19 ft. of soft mud, and then
reached hard bottom. xVt the middle of the street the bar

SIDE VIEW
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FIRST MANNEK OF LIFTING AND SUPPORTING PIPE.

After taking up the slack on each chain, a man was detailed

with a wrench to each screw, and at a signal from the fore-

man each man took one turn of the wrench, and the pipe was
gradually raiseil. As the main was raised from the marsh, a

gang of men was employed in blocking under it, to prevent

its falling in i-ase of the accidental breaking of any part of the

lifting machinery, until finally, when it was raised to the

desired height, or about 3 ft. below the official grade of the

street, the pipe was temporarily supported by house frames.

Seven hundred and eight}' of these frames, each 3+ ft. high,

wore used in raising and supporting the ]iipc.

The next stej) was the permanent support of the pipe pre-

vious to the filling of the street. This was done by construct-

ing a series of wooden trestles, 5 ft. wide at the top and 13 ft.

wide at the bottom. They were made of 8-in. X 8-in. ujirights

with a sill underneath, and a cap at the top of the same dimen-
sions, and braced diagonally by pieces 3 in. X 10 in. on each side.

After tlie completion of the tre.stles, all the other supports,

including the house frames used for raising, were removed,
and apparently nothing remained to be done but to fill in the

street with solid filling. The jiipe had been raised without
accident of any kind, all the joints had been recaulked where
they had drawn, and the permanent supports were amply
strong.
The filling of the street was commenced immediately after

the pipe was raised.

As fast as the street was filled to grade, a gang of men kept
the 24-in. pipe uncovered, and all went well until the fill

reached the corner of Santa Clara Avenue and Arkansas Street,

when, on Saturday, April 11, 1891, at 11 o'clock p.m., the

northerly side of the street began to slide toward the north,

carrj'ing the jiipe and its supports with it. The main settled

4 ft." and slid to the north 3 ft., and the wooden trestles were
canted over in the direction of the slide.

A gang of men was immediately put to work shovelling the

rock and earth away from the trestles to remove the pressure

against them, and to distribute the material under the pipe.

SECOND MANNEK OF LIFTING AND SUPPORTING PIPE.

went down through 7 ft. of the same mud, while on the south
side there were but 3 ft. and 6 in. of the mud under the crust

of the marsh. The stratum underlying this mud was an
extremely hard clay.

These soundings explained to my satisfaction the cause of

the body of rock sliding toward the north. The surface of

the marsh was nearly level, but the thick body of soft alluvial

mud was resting on a subterranean side hill of hard clay,

sloping toward the north with a trend of 14°, and as the rock
fill sank into the mud it slid, mud and all, down the slope of

the hard bottom.
The soundings also explained the sudden and spasmodic

settling of the fill. The 3 ft. of firm crust over the marsh
offered a resistance to the load of rock piled upon it, until the

load was sufficient to overcome the resistance, when the crust

broke, letting the entire fill settle from 4 ft. to 5 ft. at a time.

After the second settling of the pipe it was necessarj' to re-

sort again to the house frames for raising it, as the wooden
trestles had sunk into the marsh and were almost useless.

After raising the pipe with screws to the proper height, jack-

screws were used for forcing it laterally toward the south, back
into its projier line. By continuous wedging under the pipe,

using in all about 10 cart loads of wooden wedges, we arranged
to keep the pipe in its place until Jlay 1, when another settle-

ment occurred, opening long fissures in the fill, and raising the

surface of the marsh to the north about 9 ft., and at the same
time opening several long cracks nearly 3 ft. wide. This was
the most trying period of the whole undertaking, and as a

safeguard I laM a line of 30-in. pipe on the surface of the

marsh, south of Sania Clara Avenue, and cut the 34-in. pipe

between jVIissouri and Arkansas streets and at Carolina Street,

and put in 7"s 34 X 30.

This was done so (hat in the event of the destruction of the

34-in. main, we could, by making short connections with the

30-in. main, provide a way to deliver gas to the city tem-

porarily. Fortunately, however, this new line was never

used, but its presence was a source of relief.
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The last serious settlement occurred on Ma.y IS, 1S91, when
12-in. X 12-in. linibers, 30 ft. loui;, -ntTe iiliu-cd under each
length of idpe, hack of the joints, and the end of the tindier tow-
ard the nortli was blocked up about L> f(. Idglier than the south
end. With tins precaution we were enaliled to keep the pipe
wedged up in place, althougli it wa.s a constant source of
worry and annoyance, \nitil the rock till had found a bottom
on the hard clay and the street was broui;ht to grade. At the
crossing of Arkansas Street, whicli was the worst jiart of the
marsh, the main was raised at the beginning U> ft., and llie
sum of idl the settlement at that iioint'was 1-1 ft.—that is, the
entire till settled into tlie mar.sh a distance of 14 ft., so that it

was necessary to raise the pipe in all 30 ft., to maintain it at
the 16-ft. level.

The contractor continued tilling in until ,Iuly HI. 1S!)1, and
the average amount of material dumped each ilay. fioni .^iay 1

to July 31, was 23 train loads of nine cars each', or al)Out i07
cub. yds. per day. As tlie contractor completed tilling the
.street to grade, the pipe was kept uncovered, and a 12-in. X
12-in. timber was placed across eacli length of pipe, resting
on blocking and wedges, chains were iiassed around the pipe
and holder screws w^ere used for sustaining it. For months it

was necessary to keep cari'ful watch of the pipe, and men
patrolled its entire length day and night, driving wedges and
taking up the slack on the chains, wherever needed. In fact,
during all this time Santa Clara Avenue became one of the
Company's teleidione stations, and for a while was the one
most frequently used

Finally, in November, 1891, the street had stopped .settline,
the timbers and screws wei-e removed, and after carefuliy
tamping the earth under the pipe, the trench was I311ed. Early
in October, 1891, notice was received of the intention to grade
.Santa Clara Avenue west from Carolina Street, and a's the
24-in. main extended west as far as Pe Ilaro Street (304 ft.),

it was necessary to raise it out of the marsh. At De I laro
Street the pipe turns at a right angle, and extends to Center
Street (510 ft,), and it was necessary to raise the entire 814 ft.
an average of .about 8 ft. in height.
A pile structure was built to raise and sustain the pipe.

Sixteen-in. piles, 50 ft. long, were driven through the marsh
into the hard clay bottom. These iiilcs were spaced 12 ft.

apart, and were 5 ft. from the pipe on each side. Ten ft.

outside of each standard pile a brace pile was driven and
sawed off 2 ft. from the ground. On each side of the standard
piles, extending down to the brace piles, were diagonal braces
4 in. X 12 in. Caps 12 in. X 12 in. were placed over the
main, resting on the top of the standard piles, and a screw
pa.ssed through a hole in the middle of each cap. The pipe
was raised as before described.
When the pipe reached the proper grade, waling pieces

4 in. X 12 in. were bolted on the inside face of the standard
piles, and across these were placed two planks 4 in. X 12 in.,
on edge, resting on the waling pieces and bolted through the
piles. The pipe rested on tliese 4 in. x 12 in. cross pieces,
and was prevented from rolling by pieces of 4 in. X 4 in.'

The entire wooden structure was securely bolted together.
The standard piles were for raising and permanently sup-

porting the pipe, and the brace piles and the diagonal braces
were to withstand any side thrust caused by sliding of the
marsh.
One of the difficult features of this piece of work was the

bracing of the right angle in the main, at the corner of Santa
Clara Avenue and De Haro Street. Tins was accom]ilished
by driving 10 piles- around the T at the corner, and by a svs-
tein of diagonal braces. To prevent the pipe from d"rawi"nff
apart, iron bands were boltetl around it at the corner, and
these bands were connected on each side by rods with turn-
buckles.

After the pipe was raised and supported the 12 in. x 12 in
caps were removed and the tops of the standard piles were
sawed off below the grade of tlie street. As the street was
filled, the pile structure stooil the strain of the street settling,
but there was little or no lateral thrust, as the clay under the
marsh was nearly level at this point, and the fill did not slide

MANGANESE STEEL.*"

[By HiiNitY M. Howe.

( Concludedfrom pwjt 239
.

)

Spkaktng roughly, we may say that water touirheiMns' in-
creases the ductility of manganese steel some livefuld ;iiid oc-
ca.sionally even tenfold

; while often at tlie same time doublin"
the tensile strength.

"

• A lecture delivered befoic the.Franlilin Institute, February 20, isni;.

In fig. 9. I attempt to show simultaneously how the strength
and ductility of manganese steel both increase as we hasten
the cooling of the metal : in other words, that the faster we
cool it., the stronger and more ductile we tind it. Kacli of the
.several lin('s la-re drawn gives the tensile strength (as ab.sci.ssa),

and the elongation (ivs ordinate) of pieces of manganese steel

cooled at dilferent rates, but in all other respects alike. The
semi circh's with the letter Is by them, as before, represent the
metal in its natural or slowly cooled state ; tlie black circles

show the same properties in the suddenly cooled material, tlie

letter .1 indicating that the metal has been (tooled suddenly bj'

a blast of air ; the letter that it has been cooled by plunging
in oil ; and the letter ll'that it has been cooled by quencliing
ill water. Let us-confiue our attention to manganese steel con-
taining from 9 per cent, to 15 jier cent, of manganese.
As before, we see that the increase of elongation is much

greater than that of tensile strength ; in short, the sudden cool-

ing is more markedly a toughening than a strengthening.
Next, we note that, in general, the more sudden the cooling,
the greater the strength and the elongation. Air cooling, the
least rapid, gives the spots next above those of the natural
state ; oil cooling, ne.xt in order of rapidity, gives the next
higher spots, while water cooling, the most rapid of all, gives
in general the highest spots of all.

Next, what is truly re-

markable, that in many
cases these lines an^ nearly
straight a^d parallel from
end to end, showing that

the ratio of increase of

strength to increase of

ductility is nearly constant
for varying accelerations

of the rate of cooling, and
that this ratio is the same,
rou.ghIy speaking, for

manganese steel of differ-

ent comjiositions. This
certainly seems to indi-

cate that the increase of

strength and of ductility

are, in the main, due to

one and the same ulterior

cause. It may be that sud-
den cooling prevents some
change which occurs dur-
ing undisturbed slow cool-

ing, some change which
requires a considerable
length of time, and which
weakens the metal and
lessens its ductility: that
at a high temperature the
metal assumes a condition
which, if preserved by
sudden cooling, assures
strength and ductility to

the cooled metal ; while if

we cool it slowl)-, some
.slow change, decomposi-
tion, recomposition or re-

arrangement occurs, yield-
ing a relatively weak and
brittle sulistance.

But this explanation
may be V(!ry far wrong,
and, if it "be right, we

certainly do not know what the nature of the supposed
change is. A change in the chemical condition of the
carbon has been traced to sudden cooling ; but this change
does not readily explain matters. Sudden cooling changes
most of th(^ c.-irbon of carbon steel from the " non liardeniiVg"
to the " hardening" state ; and the hardness and brittleness of
suddenly cooled carbon steel are u.'^iially attributed to the pres-
ence of this hardening carbon. In slowly cooled manganese
.steel the carbon exists in both the liardeniug and the non hard-
ening state

; sudden cooling increases the proportion of harden-
ing carbon, a eliange which would be expected to make the
metal more brittle, instead of very much more ductile as it

actually becomes.
I have thus far spoken of the effect of the rate of cooling on

the ductility and strengtii of manganese steel. But the teiii-

jieratiire from which sudden cooling occurs also alfects these
properties

; and in general we may say that the higher the tem-
perature. provi<led it does not rise above moder.ate whiteness,
from which the metal is suddenly cooled, tlie stronger and
more ductile will it be. In short, violence of cooling, both as

in
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regards the rate of cooliug and the range of temperature passed
througli, strengthen the material and increase its ductility.

But here a eaution. Pieces of a very ductile njaterial may
themselves be locall}' brittle, locally incapable of enduring
much distortion without rupture ; pieces of a strong material
may themselves be relatively weak. Notch a piece of cloth,

and you may easily rip it across, thou'jih, if unnotched and
twisted up into a rope, it vvoultl hold live tons. Nick a bar of

steel, and a light blow will break it ; tile away the sides of the
nick, and round and smooth the surface there, and you will

tind the remaining metal still strong. Thus, a crack causes the

material to yield to trifling stress, by concentrating that stress

into a limited region.

Now, we all know how easy it is to crack common steel

when we harden it by plunging it into water while red-hot.

And we know that these cracks are caused by the difference

between the rates at which outside and inside cool.

The outside cools rapidly, and hence tends to contract rapid-

ly ; the inside cools much less rapidly ; hence it contracts less

rapidly, and thus opposes the elfort of the outside to contract,

and to reach the dimensions which it would naturally have at

the existing temperature. The resistance of the inside thus, in

effect, violently stretches the outside, and may stretch it so far

as to crack it.

We all know that pieces whose shape causes great and sud-
den differences between the rate of cooling and contraction of
different parts, and especially of adjoining parts—that is to

say, pieces of suddenly and greatly varying thickness, are
especially liable to crack in quenching.
Much "the same holds true of manganese steel, though in an

incomparatively smaller degree. While the metal is so duc-
tile as to endure without cracking the distortion due to rapid
cooling, yet extremely violent cooling, though it may give to

the material Itself its greatest strength and ductility, may yet,

in case of castings whose shape or size favors cracking to an
unusual degree, cause slight surface cracks, which, if thej' be
not removed, may in themselves locally lessen the strength and
ductility. Hence, the piece which has thus been very violent-

ly quenched may be likened to a piece of copper which has
been nicked ; the material is extremely ductile, but there is a

local defect, which locally impairs ductility, and so weakens
the piece as a whole, just as a weak link weakens the chain as

a whole.
Hence it may be best, especially in treating thick pieces of

cast manganese steel of irregular section and greatly varying
thickness, to cool at a moderate rate, as, f.ir instance, by expos-
ing to a blast of cold air, or by repeatedly dipping into water
and drawing out again into the air. Naturally, this is espe-

cially true of unforged castings whose ductility, and hence
whose power of resisting the temporary distortion arising dur-
ing violent cooling, cannot be expected to equal that of forged
pieces. Indeed, I have never known even the most violent

cooling to injure forged pieces thus.

Forghifi.—In heating ingots of manganese steel of usual
composition prior to forging them, their temperature must be
raised very gradually. The metal conducts heat so slowly
that, if exposed when cold to a high temperature, the outside

becomes extremely hot, and hence expands greatly, while the

interior remains almost cold. The fast expanding outside thus
stretches the slowly expanding interior, and may stretch it so

much as to crack it. Obviously, it is far better never to allow
the ingot to cool, but to place it while still hot with the initial

heat of casting, in a hot furnace, and simply leave it there till

its interior is •well solidified.

Once the material has been forged, however, it may be re-

heated much more suddenly, without danger of cracking.
For forging, the metal is brought to a light-red heat, and at

tirst saddened—that is, made compact with light blows
;

thenceforth it may be struck heavily. But the hardness which
it shows when cold persists even at bright redness, and more
work—that is to say, more and heavier blows—are needed in

forging it than most steel requires-. For those familiar with
working very hard steel, the whole may be summed u]) by say-

ing that manganese steel behaves in forging like carbon steel

containing about 1.35 percent, or even 1,50 per cent, of carbon.
Manganese steel may be rolled hot into sheets as thin as No.

18 gauge, 0.049 in., without special difficulty ; and it has been
rolled hot to No. 28 gauge, 0.014 in., but with difficulty, for

very frequent annealing is needed. It has been rolled cold
into much thinner sheets, but it hardens quickly in cold roll-

ing, and must be annealed often.

It has been drawn into wire, 0,0105 in. thick, or of No. 31

B. W. G., No. 30 American wire gauge.
3/ae/w'/wH5'. —Manganese steel of usual composition, while

unalterably hard, is yet not so intensely hard that we cannot
cut it. For cutting it in lathe or planer, the hardest of carbon
or chrome tool steel should be used, and the cutting tools

shoidd be made as hard as fire and water will make them.
Tools made of Mushet's and other self-hardening steel do not
cut it readily, as they lose their edge by "slipping." Of
course, the cuts must be very light, and the feed very slow.
Exact comparative data are not at hand ; !)ut such information
as I have indicates that it takes about four times as long to

machine manganese steel as common carbon steel. This of
course does not mean that it costs four times as much.
In general, it is important to bring the metal while hot as

closely as possible to the desired shape, so that but little ma-
chining may be needed. It may be shaped by drop forging,
hydraulic forging and other special means. It may often be
cut advantageously when hot by means of a circular saw, as,

for instance, in remdving sinking heads.
In some cases cold rolling and other forms of cold work-

ing may be applied to manganese .steel, in lieu of machining.
For, while it certainly does not work as easily when cold as

common soft steel, yet its disadvantage in this respect seems
much less than in cutting by means of common steel tools.

In many cases, tf)0, it may be punched or pressed cold to

shape. When only a little of the metal is to be removed, man-
ganese steel may be ground advantageously with an emery
wheel. No special precautions are needed, beyond running
the wheel rather slowly, as in grinding hardened steel. It
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the jaws i>liiy, wlicn made of nianjiancsc sttcl, liave sliown
great resistance to abrasion. These partieuhir plates are seven-
eighths of an inch thick. AA'licn made of hard carbon steel,

they were worn out in two months ; in crushing granite, when
made of manganese steel, thoy were worn away only one-fourth
of an inch in ten [and onolialf months. In other classes of
crushing machinery it lias given excellent results.

Ti Other fairly established uses arc for the links of chain ele-

vators and for certain parts of safes. For the latter a material
which can neither be drilled nor broken seems to offer excep-
tional advantages.
'Of the many prospective uses of manganese steel I will no-

tice l)ut two, for armor plate and for car wheels.
J-^Mangane.sc-steel armor plates 2 in. thick have been tested

under tlie conditions of actual warfare. From these tests it is

calculated that, in onler to offer the same resistance as a inan-
ganesesteel plate, a wrought iron plate would have to be 77
per cent, thicker, and a carbon steel plate 48 per cent, thicker.
~ We cannot yet tell whether manganese steel in very thick
plates, such as are used for the sides of war sliips, would be-

have as well as it did in these trials ; but they certainly seem
to commend it for the light plates with which vessels' decks
arc armored, and for the light sldelds which protect the gunners.
^For railroad car wheels we need a material which, like man-
ganese steel, is .so hard that it will not wear away under the
friction of tlie brake shoe, and yet is so tough llia't it will not
break when it hammers under full load and at full s]iee(l

against frogs and crossincs.

The first cost of the manganese-steel wlieel, which is a sim-

ple casting, is much below that of the composite wheel. The
cost of the wheelage, or wheel service, consists mainly of the

first cost of the wlieel and of the interest on lliis lirst cost.

Calculations which I have made, but with which 1 will not to

night trouble you, show that the manganese-steel wheel is

likely to be much cheaper per 1,000 miles run than the com-
posite wiieel.

I believe that the manganese-.steel wheel is not only incom-
parably safer than the chilled east-iron wheel, but, all things
considered, really decidedly safer than the com]K)site wheel.*

Its eiiormons and extremely constant electric resistance,

coupled with its eheai>ness, as compared with tierman silver

and platinoid, should give manganese steel important api)lica-

tions in electrical engineering.

PONTOONING THROUGH THE
CANALS.

ST. LAWRENCE

TUG WITH POXTOd.NS ATTACllliD.

Tnenly-two manganese-steel wheels, :30 in. in diameter, on
one of the New England railroads, ran from 131,499 to 1SS,179
miles, or on an average of H;8.4.");5 miles before the first turning.
This is nearly seven times the average mileage of chilled cast-

iron wheels on this particular road, where the conditions are
very trying owing to frequent slops. and lheeonse(|Ucnt frcf|Ucnt
appliealion of the brake. The mileage of these manganese-
steel wheels is nearly si.x times the reported average life (29.074
miles) of cast-iron wheels on the Hoston it Albany Kailroad.
The general belief is that chilled cast-iron passenger wheels, 33
in. in diameter, run on an average 60,000 miles before removal,
which is about one-third the mileage of these manganese-steel
wheels before their first turning.
The mileage of composite or steel-tired wheels is much

greater than that of chilled cast-iron wlieels, though the steel
tire of the comiiosite wheel is verv much softer tiiaii the east
iron. That of 720 steel tired wheels on the Boston ^ .Albany
Railroad was lll.«04 miles before the first turiiim; ; the aver-
age mileage of these manganese-steel wheels is thus^ol jier cent,
greater than that of these comjiosite wheels before their first
turning

We are indebted to the ^f^lnllt Ikcoril for the accompanying
illustration, showing the method in use for pontooniiig vessels

through the St. fiawrcnec system of ctinals.

The tug W. O. Wilmot was Iniilt by F. W. Wheeler A: Ct)m
pany. West Bay City, Mich., for the New Orleans trade, and
as three lightships built to the order of the U. S. Light-house
Boanl had previously been successfully pontooncd by the

device .shown herewith, the builders of the Wilmot eon-

. eluded that no more convenient
and thoroughly relialile means to

accomplish the purpose in view
could lie obtained than by order-

ing the same jMirehase to be ap-

plied to the tug, which, as soon as

the order was received, was done,
to the satisfaction of all concerned.
The draft of water through the

canals, while nominally 9 ft., is

siibjeet to season fluctuations, and
anything over this draft requires

jiontoouing. With a knowledge
of this fact, jNlr. Lesslie, Manager
of the Collins Bay Company, liad

two cylindrical-formed steel pon-
toons made, guaranteed to give a
large Imoyancy of lifting power,
and with these pontoons idaced
alongside, it is only necessary to

ballast them with water to a sulli

licnt depth, secure them to and
under the vessel, and then piiiii]i

put the water until the re(]iiired

draft of the V('.s.sel has been reached,
this having been done in the ]>ast

several instances, besides having
considerable spare buoyancy in the

cylinders or jxintoons, should it be
recpiired to raise the vessel any
more during transit. The utmost
success has so far attended the use
of these steel pontoons, and it is

expected that they will be largely

used during the World's Fair sea-

son, as a large fleet is certain of
making its way from Jlontreal to

Lake Ontario.

With the devcIo]imeiit of commerce and ship-building, these
and other similar apiiliances will no doubt be brought inio
more constant vise during the season of navigation, and will

form a no inconsiderable feature in the methods of transjioita

tion between lakes and seaboard. It is also iiossible that in

the near future adjustable cradles may be used that will close
in on the ends of a vessel and occupy no greater space than the
beam of the vessel actually calls for ; but, until more regular
communication is established, it iicrhajis would not be a pay-
ing investment to fit out anything more intricate, elaborate or
expensive than the steel pontoons now in use and doing such
excellent service.

* A wulrly circulfllffl statoment of the inmit)error ?lcel lirce broken on
tlio railr<>!Kl!4 of the (lerninn Knipirc in ilic jcnrf l.ssi to 18sn, inclusive, re-
port.s m.'inv mangancpc-ptei'l tires as t)rciiking. lint the term " nian;:iinc»e
sti'cl," as here nnjii(ttifial)ly uped, ri-fers to a \\ liolly dilTeicnt nialeriiil fn>m
that (U'BcrilK'd in thie paper ; indeed, to a true (jirl)on steel merely contain-
ing a little more mallv'ane^e tlian uenal, bnt I believe never more tlnin two
Iier cent.; certainly nothing like the perci-nta^'e of nianpinese which wonid
entitle it to be clas^ed with the niani;aiiese steel forming the snl)jcct (f this
paper. Some of this pseudo-mangaucse steel, lately^ examined, contained
only 0.60 per cent, of manganese.
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A NEW LAKE STEAMER, THE ' MANITOU."

The Chicago Ship building Company is at work on a nuw
steel steamer, the Maititou, for the Lake ^Michigan &, Lake
Erie Transportation Company. It is built somewhat after the

lines of the Virginia, illustrated in our May issue. Iler keel

length is 37o ft. ; length over all, 395 ft. ; beam, 42 ft. ; deptli

to spar deck, 34i ft. ; to hurricane deck, 33+ ft. A water bot-

tom IW ft. deep e.'ftends the entire length of the vessel, and is

divided into eight compartments. In addition to this, seven
steel bulkheads will separate the hold into water-tight compart-
ments, which are calculated practically to render the craft uu-
sinkable in ca.sc of damage through collision or otherwi.se.

The power of the ManitouwiW consist of a triple-expansion en-

gine with cylinders 33, 38 and 63 in, in diameter and 36 in.

stroke, steam for which is to be supplied by two gunboat boilers,

each 11 ft. in diameter and 31 ft. long, guaranteed for a work-
ing pressure of 160 lbs. An economizer of fuel is to be intro-

duced in the shape of two Sturtevunt e,\hau.st fans placed in

the I)ase of the smoke-stack. Connected air, Ijilgc and cold-

water pumps, independent fuel pumps, and a feed-water heater
are features of the machinery. The pistons of the engines will

be of cast steel.

Particular attention is to be paid to the interior appointments,
furnishings, etc., of the Manitou. Accordiug to the working
designs, passengers will enter the boat on the main deck abaft
the engine, where a sliding plate-glass door leads to a reception
hall 34 ft. X 36 ft. On one side of this hall is the steward's
offices, and on the other the office of the purser. All the facework
in this reception hall is polished
Mexican mahogany. A baggage-
room, parcel-room, barber shop,

wash-room, etc., will be found for-

ward and aft of this hall. A broad
mahogany stairway leads to the
beautiful main saloon, who.se 200
ft. of length is broken only by the
machinery enclosures, light being
obtained from domes over the hur-
ricane-deck houses. The saloon is

flanked by a double tier of state-

rooms, with a gallery for access to

the upper tier. The lower state-

rooms obtain light and air through
the medium of deadlights let into

the sides of the steamer. Tlie fin-

ish of the saloon combines unique-
ness with elegance. It is mahogany
below and white and gold above,
with mahogany gallery railings and
staircases—all stateroom doors be-

ing fitted with plate glass. Aft of

the main saloon is a drawing-room
30 ft. X 33 ft. in size, leading out
on the spar deck. The dining sa-

loon is forward on the spar deck,
extending the full width of the

ship, being 43 ft. in length, lighted

by large brass-bound deadlights at

the sides and an oval dome over-

head, and finished in red birch.

The pantry is immediately forwanl
of and adjoining it. and the galley,

ice and store-rooms, etc., on the

main deck below.
The promenade, which is lo-

cated on the hurricane deck, is

275 ft. long, and ranges from 6 ft. to 11 ft. in width. It is en-

tirely under cover and fitted with ample sitting requirements.
The l)oats and life rafts are carried on steel bridges overhead.
On the hurricane deck are located the ladies' parlor, 16 ft. X
17 ft., and a gentlemen's smoking-room, 15 ft. X 17 ft., which
are finished in oak with handsome skylights. The captain's

office and sleeping apartment are also on this deck. The por-

tion of the crew belonging to the engineer's department is ac-

commodated on the main deck abreast of the engine-room, and
the remainder of the crew on the deck forward and on an orlop
deck in the forward hold. The aflerhold over the shaft alley

is fitted up handsomely with berths for first-class passengers.
There are 120 staterooms for passengers, each fitted with

marble washstands and running water, as well as electric lights

to each stateroom. A number of the staterooms are of extra

large size, finished in hardwood, with brass bedsteads instead

of berths ; two rooms will be fitted with lounges and Pullman
berths, forming parlors during the day. Altogether about 400
passengers can be provided with first-class sleeping acconuno-
dations.

The Maiiitoavi'iW run between. Chicago and Sault Ste. Marie,
stopping at Mackinac Island and Harbor Springs, making two
round trips each week. Her speed will be about 15 miles per
hour.
The cost of t\ie Maniiou, Yi\\\ be about .|360,000.—.E%«n«njr

Wisconsin.

THE NEW REGULATIONS ON GERMAN RAIL-
WAYS.

SojtE of the new German railway regulations which came
into operation a few weeks ago will strike the English tourist

as peculiar. That they are useful and even necessary for the

proper regulation of the traffic may be conceded, but the odd-
ness of certain provisions is attracting a good deal of attention.

Some of the rules are very commonplace, and some are such as

have been observed on English railways for years, but in other

directions considerable ingenuity has been displayed. It is

difficult to understand why time tables relating to passenger
traflic intended for stations of the railway which issues them
must be printed on light yellow paper, while those posted on
foreign lines must be printed on white paper.

It may interest English mothers to know that children under
four years of age can travel free on German railways, but like

the infants in the London omnibus, they must not occupy a
seat. Children from four up to ten years of age pay reduced
fares—a thoughtful provision, highly becoming on the part of

a paternal government, which is the principal railway proprie-

TUG RAISED BY PONTOONS.

tor in the country. Should there be a conflict of opinion

touching the age of children, the railway official of the highest

rank decides the validity of the claim for the time being. The
matter afterward forms the sul)jcct of official inquiry.

As regards tickets, the .system in Germany is much the same
as our own. The tickets must indicate the name of the line

and also the class and fare. Five minutes before the departure

of a train the railways are not bound to deliver any more
tickets for that train. The officials may decide that no change
will be given at the booking office, and in consequence request

passengers to hand in no sum greater than the amount of llie

fares.
' "Whole compartments, ov a part of them, must be se-

cured at least half an hour before the arrival of the train, b}'

paying a sum equal to as many times the fare as there are seats

to be engaged. There must, however, be in the coming train

a sufficient number of seats or compartments disengaged. This

applies especially to .sleeping and saloon cars. If a passen-

ger cannot get a scat in any carriage of the class for which
he booked, and no seat can be given to him temporarily in a

higher class, he can exchange his ticket for one of a lower
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class, and claim tlic difference in fare ; or he may give up the
journey and tlaiin llu^ reindmrsemenl of the fare.

> AVliere a i)a.s.sen,;;er arrives at a junction station at wliicli lie

has to change trains, in order to travel on anotlicr line, he is

entitled to llie use of the vvaiting-rooni. of the latter until liis

train arrives, and in llie night hours l)etween eleven o'clock
and six in tlie morning he is entitled to stop in the waiting-
room, provided, of course, it is licpt open. Passengers arc
warned by tlie ringing of a bell when tlie time arrives to enter
the train. I'orters also call out in tlie waiting rooms the names
of the stations at wliieli the train stops. 'I'licre are some inter-

esting regulations concerning smolviiig, whir^h is forliiildcn in

all first class compartments unless the whole of the passengers
agree to it, but a conipartnient may be .set apart for smokers
as well as for non-smokers. A special compartment lias to he
reserved in eacli train for ladies, and it is needless to say smok-
ing is absolutely Hiterdictcd there as well as in the non-smok-
ing compartments. Smoking is allowed in all comparlmeiits
of second, tliird, ,'inil fourtli-class carriages. Recently, how-
ever, a recommendation has been made to set apart a .sec-

ond-cla.ss apartment for non-smokers. The regulations extend
in some instances to tlie minutest particulars—for instance,

pi])es must be provided witli lids to obviate the danger of fly-

ing sparks.

A traveler who misses his train is not, of course, entitled to

compensation, but it tlie ticket was valid for only one special

train he can, after ol)taining the visa of tlie station master on
liis ticket, travel llie same day by any train, or the next daj'

by a similar train bound for tlie station indicated on the ticket.

Should the fare by tlie subseciuent train be higher the jiassen-

ger must jiay the ilifl'crencc, but should it be lower, the railway
has to refund tliedillerence.

Drunkenness at the stations and in the trains is sternly dis-

countenanced. Drunken people inu.st not be admitted into the
waiting-rooms or the trains, but people ejected from the station

will be refunded their fare and receive their luggage. If the
ejection occurs at a station during the journey, the passenger
is refunded a sum equivalent to the fare of the uncompleted
portion of the journey ; but the luggage which he might have
had registered can only be returned at the end station. The
same rule applies to people who behave indeceiitl}', and those
who are aftlicted with visible and repulsive infirmities, unless
they travel in compartments specially set apart.

The penalties for traveling without a ticket are severe, but
to the English traveler they will seem sti'ange indeed. Any one
discovered on a train without a ticket in his possession must
pa}' double fare for the distance he or she has traveled. If the
name of the station at which the trespasser entered the train

cannot be ascertained double the fare for the whole distance
the train is running must be paid. This amount must not be
less than $1.50. Passengers who, of their own free will, inform
the guard or conductor that they were loo late to get tickets

will only be required to pay the amount of the fare and a tax
of ^.'j cents. The amount mu.st in no case exceed the double
fare, but whoever refuses to paj' may lie at once given in

charge of the police. The regulations, I think it will be ad-
mitted, have just a slight flavor of the iron rule which obtains
in Germany.— Transport.

EXPRESS PASSENGER ENGINE, LONDON,
CHATHAM & DOVER RAILWAY.

Wu illustrate one of the new four coupled bogie express
engines which the Vulcan Foundry Company have lately built

for tlie London, Chatham ifc Dover Railway, to the designs of

Mr. William Kirtley, Locomotive Engineer.
These engines work the fast expresses which run in connec-

tion with the continental steamers, and some jiart of the line

is very heavy, but the ruling gradient is 1 in Hill. Tlie weight
of the trains vaiics from I'lO to 220 tons, and the tinu- allowed
for the 74 miles between Heme Ilill and Dover Pier is 9G min-
utes, so that the average speed is 46.2 miles per hour.

Thcs<! engines have worked very satisfactorily, and consume
only about 'S'i lbs. of coal per mile.

The following are the principal dimensions and particulars :

.... !•'' In.

Cylinders, diameter ,'.,'..^-*
^ 1 «

stroke :.'.',\,.:,:'.'-. 2 2

Steam ports IJX I 3
E.xliaust " 31 X 1 3

Lap of valves 1

Max. travel of valves 3j J
Lead full gear |
Throw of eccentrics 3^
Diam. of sheaves 1 4j
Between centers of cylinders 2 4
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Ft. In.

10Center of e.xluiust port to center of driving-axle. .

.

Crosshead pin . 3" diam. X
Center to centiT of valve spindle

" " expansion links

Length of connecting-rod center to center
" eccentrics

" "

Crank-pins 7f" diam. X
Piston-rod diam
Fntmes (steel)—
Thickness
Distance between
Length of frames

'

Width over footplates
Wheels (east steel)—
Diam. of driving and trailing- wheels

" bogie wheels .

Tires, thickness
Distance of center of driving-wheel to center of

trailing

Di.stance of center of driving-wheel to center of

bogie
Center of bogie wheels
Total wheel base of engine
Coupling- rod crank-pins 4" diam.
Throw of coupling-rod cranks
Section of coupling rod ends. Al" X 4" middle li"
A-rles (steel)—

Bogie. IDriving. Trailing.

Diam. of center Sf" 7" 7"

Bearings, diam 6 7+ 7+
length 9 7i 7+

Wheel seats, diam 7A 9 9
" " length 6+7 7

Between center of bearings.. 3' 7" 4' 0" 4' 0"

Crank-axle webs. Inside 12" X 4J". Outside 12" X 4}'

Boiler (steel)—

Working pressure 150 lbs.

C 4
4 10

4

3

1-iV

4

27 4

7 10

C 6

3 6

3

8

10
T) 9

21 U
X 4

11

X 41

VASCO DA GAMA'S "SAN GABRIEL."
_ Ft. lu.

Lengtii of barrel, telescopic two plates. 10 5
" " fire-box casing H 11'.

Width 3 11'

Diam. of barrel, largest 4 3

Depth of tire-box easing below center line 2

Thickness of plates in barrel I'f" "
front and back casing A

" " covering i
" " front tube-pUlte 1

Height of center above rail .... 7 2

Fire-box (copper)—
Length inside bottom H 3

Width 3 3

Depth fi

Top of box to inside of .shell 1 3

Thickness of tube-plate y|" and i"
" covering and back plates i"

Tubes (copper)—
205 If" diam. outside.

Length between tube-plates 10 9/,.

Diameter of blast nozzle 4|
Height of chimney from rail 13 3^

TIeating surfetce—
Tubes 1,010 sq. ft.

Fire-box 110 "

1,130 "

Grate area 17 sq. ft.

Tender—
Wlieel base 12

Diam. of wheels. . . i:

Capacity of coal bnnker, 4 J tons.
" water-tank, 2,(i00 galls.

Weights—
Engi lie—

Working order. Light.
Tons cwls. qrs. ^Tons cwts. qrs.

Bogie wheels 13 11 13

Driving " 15 13 3 15 11

Trailing " 13 4 1 11 7

Total 42 9

Tender-

Frout
Middle
Hind

Working order.
Tons.cw^B. qrs.

11 8 3

11 10 1

11 4 3

34 3 1

Maximum weight of engine and )

tender in working order
j

38 18

Light.
Tons^cwts.^qrs.

17 10

ToHS cwts. qrs.

76 13 1—Uiiilway Engineer.

VASCO DA GAMA'S SHIP THE " SAN GABRIEL."

The rebuilding of the caravels as reproductions of the ves-

sels composing the fleet of Columbus is soon to be imitated in

Portugal, where a facsimile of the slu'p San Oabriel, in which
Vasco da Gama discovered the sea passage to the Fast Indies

in 1497, is to l)e built.

By the assistance of comprehensive data existing in tlie

museums, libraries, archives, cloisters, and churches of the

country, an accurate completion of the projected work is not
outside the range of possiliility, especially since the masterly
reproduction by the Spaniards of the &inta Maria, which
involved researches along a heretofore untrodden path of

marine arclioeology.

The execution of the plan for the new San Oabriel was
undertaken by Lieutenant-Commander and Hydrographic
Engineer Baklaque da Silva and Emeritus Naval Constructor
Joaquira Jose Salgueiro, who, after a lapse of four months,
have come out with plans and a model of the ship.

The two investigators availed themselves of the assistance

of a description of tlie San (iabriel published by Viscount de
.luromcnha in 1558. " The Lusiad" of Camoens, in which the

ship is frequently mentioned and a description of it is given
;

the "Voyages of Vasca da Gama," a book on shipbuilding

and designing puMished in the sixteenth century, and espe-

cially the archives of the cloister of Madre de Deus and the

city of Lisbon, the book of the Armadas and old Portuguese
charts and instruction l)Ooks.

In the short time since the inception of the work there has
been an opportunity for settling upon the main outlines of the

ship, though the projectors have not yet deternnned upon the

details, winch must necessarily be deferred
;
yet Seiior Bal-

daque da Silva has published a pamphlet regarding the San
Gabriel which, nest to the Spanisli work, " La Nao S. Maria,"
contains the greatest amount of valuable information regard-

ing shipbuilding in the fifteenth century, and is the source
from which the following description of Vasco da Gama's
vessel is taken.

General Construction and JJull.—The form of the San
Gabriel, which is herewith illustrated, is characterized by a
long, projecting bow ; a high, ornamented stern ; a deckhouse
fore and aft, and a strong outward swell just at the water-

line. The hull bears the unmistakable stamp of marine con-

struction at the close of the fifteenth century, to which we
have already had occasion to refer in describing the Santa
Maria. Inquiries have shown the San Oabriel to have been
of the following dimensions :

Length over nil 83 ft. Il.r in.
" on water line 6.3*' 8 "

Extreme breadth of beam 27" 10 "
Draft forward 5" 68 "

" aft 7" 8.8"
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From tlicso tiscures it is palculiiteil llmt tlie vessel hml a dis-

pliicement of about 17!^ iiietri(- tons. In old iloeuinents, on
the other hand, the disiilaeonient of llie S'lii Oiibriil is jilaei-d

at 100 tons, yet this statement shouhl have no weight, for

there is no l)asis for the measurement that would l)eav investi-

gation. In addition to the foregoing measurements laUen from
models and pictures, Messrs. Da Silva and Salgueiro have
made use of the following data in their ealeulations :

Height of the metuccnter above the center of gravity of dis-

placeuunt Oft. S ui.

Height of Ihc nietareiiter iibovc water line Ooaded) ....7 " 4.h
"

Siilnner^ed eross section 15.4 sq. yds.

Sail area 4)4..') " "
Area enclosed l>.v water line M4.7 "

_

"

Ileijjht of center of sail area (j.'j ft. 3 in.

Center of sail area forward nf amidships 4" (15
'*

The 178 tons total displacement of the Snn Gabriel would,
according to these measurements, be made up as follows :

Battery (aOgnns) 6.4S tons.

Annunnition (i.lXl
"

Masts and sails 8.00 "

B<)als and rigijinij TO
'*

Two anchor.s and one spare anchor 150 "

Hawsers (ISl fatlionisi .'lIIO
"

Water suppl.v for 1*.;0 days lit. 00
*'

Provisions for 120 days 21 .00
"

Crew (SOmenl :!.25
"

Weight of hull 92 .00
"

Miscellaneous stores and ballast 14.47
"

Total 17S.00tons.

The vessel had a single deck extending over its whoh' length,

and which, as will be seen from the engraving, had but a

single hatchway amidships, while deckhouses were built on
the forecastle and quarter-deck. A protective deck was built

upon the forecastle for the purpose of sheltering the guns,

wliile the cabin standing on the ijuarter-deek afforded the only

shelter on board for the quarters of the admiral or command-
ant.

Between decks there was nothing but the deck timbers, the

object of which was to serve as braces for any sides or plat-

forms that might necessarily be constructed for the rcceiition

of a cargo taken on Ijoard.

Tlie main-deck carried the jirincipal battery, which, as is

shown Ijy the engnivings, was arranged to tire from either

bow and on either side of tlie (luarter-deck, while the re-

mainder of the guns were placed in tlie caliin.

On the lower portion of the main-deck tlierc was a sort of

standing place from wliicli the vessel was navigated. On
eitlier side of this phu^e there was a small gang-board which
also served as the rail, and extended the length of the depres-

sion amidships.
It was beneath this gang-boai'd that the watch on deck

sought shelter from the weather while the watch below slept in

the forecastle.'

The space beneath the quarter-deck was reserved for the

ship's otticers and their equals wlio niiglit take passage on
board. The ship's hold was divided into three compartments,
the one amiilships being reserved for the storage of water-

casks, provisions, and cordage ; the after one for the accom-
modation of ammunition, while the one forward served for the

use of the carpenters and sailniakers. There was also a small

space reserved for the storage of wares intended for barter and
gifts.

Rf^garding the construction, it maj' be mentioned that the

vessel was built of carefully selected, sound timber, which was
firmly bound togelher with iron bolts.

The framing extended only up to the scuppers of the main-
deck, and extended from there to the top futtocks. It was
formed of two courses bolted together. The form of the cant

frames ami fashion pieces must have been of a very jiriiiiitive

design, so that the vessel would have been very .seriously

hampered thereby. The stcrnpo.st tapered from aiiove down-
ward, and the top timbers of the fashion piece were upright

as they correspond<(l to the form of the poop-deck. The
inner planking was very securely fastened, for it was only by
this that the deck timbers were held. Likewise the outer

planking as well as the mainwale and sheer-rail was most
lirmly secured. The forward end of the outer planking was
let into a gaining in a false stem and aft in the sternpost ; the

space between the jilanking was caulked with wooden stri)is.

Along each side of the vessel there were three strong fender

timbers. The fore and mainmasts had chainwales ;uid irons,

such as are used at the present time.

For ornamentation (be hull carried a figure-head representing

the Archangel Gabriel with arabesque carvings on the jirow

and stern. The m.ain works were coated with pitch as a pro-

tection against water, while tlie hull was ptiinted outside with
ochre and inside with oil paint.

Masta and SaiU.—The vessel had three mtisls and a bow-

s]ir't. and for sails a spritsail, two courses, two topsails, tiiid

a lateen shaped spanker. Tlic mainmast was a sin.gle stick,

well banded, carried on short wedges, and reaching down to

the keelson. It was stayed by four .shrouds on either .side,

which were tightened wi'lli dead eyes and lanyards. In addi-

tion to this it had a double backstay which passed through an

eye at the upper end and was lightened below by a lanyard.

The foremast was shorter than the main, and differed from
that on the square-rigged caravel of Columbus in being step|>ed.

furlhc'r forward. In rigging it only differed from the main-

mast in having a single backstay, which was led through a

deailblock and fastened to a second de;idliloek attached to the

bowsprit. Tlie spanker mast was shorter and lighter than

either of the oilier two, and went down through the cabin

with a step on the (luarter-dcck. It was stayed by shrouds on
either side and also by a stay to the mainmast. The liowsprit

was a single stick set at a very steeji incline' ; it rested on a

bolster and was held inside by a foot ; the sjiritsail yard could

be run in and out. Both topsails had a swallowtail shape,

and lliis sc rved |irincipally to keep down the bellying of the

closeil portions of these sails. The tojisails were held by three

sheets and a backstay on each side in addition to a mainstay
;

VASf'O DA (JAMA'S
GABRIEL."

SAN

The low line of the plan Is

the load water-line.

the prolongation of the fore-topsail stay formed the si^cond

preventer stay for the bows]U'it. The construction and rigging
of the upper spars is not worthy of any jiartieular remark,
unless it were to call attention to the sp.iiiker-galT, which is

attached to the after side of the ma.st, and was held liy a
down haul, two sheets, and two halyards, the inner one of

which ran through a block at the top of the mast, while the

outer one was rove through a block fastened at tlu; lietul of

the mainmast.
The arningement, form and area of the sails are given in

the sail iilaii. as illustrated ; in connection with wliich it may
])(: remarked that tlie spanker-sheets were made fast to a rigiil

spanker boom. All the sails were ju-ovided with clew-lines,

so that tbey could be clewed uj) in brails, while the lateen-sail

alone, which formed the spanker, couhl be reefed. Sail was
shortcn<(l. then, while all or a portion were clewed u]).

Two socalled lionnets, whicli were a kind of lee-.sails, were
attached to the courses, and were fastened below the bolt-

ropes. The sheets were so arranged as to clear, in case of

necessity, the clewliues of tlie mainsail and those of the
bonnets.

Bowlines were provided forallof the square sailsof the main
and foremasts. The four lower sails carried the sign of the

cross, in order to distinguish the vessel as a Christian ship,

aceordin.g to the usage of the day. Cotton duck with a width
of ^03 in. was used as a material for the sails.
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Armament and Special Eqitipynent.—As the 20 guns forming
the iirimimunt of tlie ship only weighud 0.4^ tons, each piece

must have been quite small. The batlevy located on the main
deck consisted of 13 muzzle-loading lomli.ardus, which tired

either stones or lead-covered iron, balls, and were attached to

wooden carriages, by which a variation in horizontal Are but
no change in tlie elevation of the piece could be made. Six
other pieces belonged to the class of so called falconets.

It iloes not Seem probable that these falconets, which had
trunnions and lay in stiff, forked bearings, were located in the

cabin, as the Portuguese sketches vvoiUd indicate, since the)'

were usually placed upon the spar-deck. The vessel had two
bow and one reserve anchor on board. They were made with
wooden stocks and large rings for fastening the cables. The
capstan for winding in the cable stood abaft the mainmast.
Thi' rudiler had a form which is still found on the coast of

Holland anil also in some of the coasting vessels of the Medi
terranean. As its head lay back of its center of revolution,

an oblong-shaped opening had to be made in the poop-deck
for the spindle. In l)ad weather or a fresh wind a tackle was
used for steering. The safety of the rudder was insured Ijy

rudder-pendants with their chains.

There was onl)' one bilge-pump on board, which was located
jnst forward of the mainmast. The gallej' was built of tiles

and, for the protection of the main-deck, upon which it stood,

it had an eartben tioor.

The li.\ed ballast consisted of large stones and cast iron, yet
in case of necesMty broken stone or sand was taken on board
in default of the requisite weight of stores. The ship tlew a

large white Hag from the main-top, and, while under the com-
mand of Vasco da Gama on the liigh seas, a long, red pen-
nant floated from the main to]5sail, showing tliat an admiral
was on board.

In conclusion, thi.? description is wanting in that our readers
will have to imagine manj' details added to this summary
of a celebrated Portuguese ship. We think, moreover, that

when the new San Githriel comes to be built it ma}' differ in not
a few particulars from the outlines as we have described them.

It is very probable, too, that the truth will make but very
little change in the dimensions as given bj' the Portuguese
investigators, since it is more than likely that they are cor-

rect. It is also well known that the celeln-atcd Victoria, which
made the Urst voyage around the world, had a smaller tonnage
than th(! San Oiihrtcl, from which it may be clearl)' understood
that in the fifteenth and sixteenth centuries men did not hesitate

to make long voyages upon the high seas in small vessels.

These vessels were really lumdicapped by the abnormal
lieight of the metacenter, so that, in short, they were not suited

for deep-sea voyages, although they stood well on the long
waves of the ocean ; still tlieir light draft made them more
especially suitable for navigation along a protected coast and
in rivers ; then thev presented this advantage that they could
be practically dry-docked .with the aid of the tide when any
repairs were required on the hull.

—

Mittlieilumjen axis clem

Gebiete di'S Seeicesens.

GERMANY'S NEW ARTILLERY.

So destructive in its effect is the new German artillery that

it is asserted, once the range were found, a battery would an-

nihilate an entire division in a very short time. Friuia, facie,

this seems rather to border on the impossible ; but when the

results of the experiments which were recently made in the

presence of the emperor with the new weapons are considered,
the task does not appear to be so impracticable after all. The
tirsi shot fired in the course of the.se experiments was at a tar-

get jilaced .")0 paces from a wood. The missile missed the tar-

gi^t, but ])lowed its waj' for oOO yards through the wood.
Shortly afterward a large area of the wood was discovered to

be on tire. This was due to the shell being cliarged with a
certain kind of powder, the composition of which is a secret

known only to the German Government. The splinters from
shells burst by this powder and tired by the new gun cover a

circle of ilOO ft. This is a great improvement on the limited

area of ground that was covered bj' splinters from shells fired

b)' the aKillery weapon of 20 years ago. Then it was consid-

ered effective shooting if splinters from a shell were thrown
within a eircint of 40 or 50 paces, and seven or eight men
wounded ; but the new gun has a far greater destructive power
than this. Another shell fired at an enormous target, con-
.structed by the emperor's orders, covered it with thousands of

hole.s.

The new German field gun might, perhaps, be better de-
scribed as an enlarged rifle, for that is what it really is. The
ammunition, like rifle cartridges, consists of one piece only.

Ignition is produced by a ready fuse, and the four kinds of

projectiles at pre.scnt in use

—

i.e., sliell, explosive shell, shrap-

nel and grapeshot—give place to a uniform projectile, an ex-

plosive shell, possessing the combined characteristics of shell

and shrapnel. Thus the possibility of a gunner mistaking in

the heat of battle one projectile for another will be averted,

while the loading, aiming and firing, besides being quicker,

for the new arm is loadeil and fired in one-third of the time
required in working the old gun, and the effect and precision

are almost double, will be surer and unattended with danger.

The barrel of the new gun is made of cast steel, with a caliber

of eight centimeters, and the total weight of the gun, limber

and carriage is slightly less than that of the old artillery

weapon. Being lighter, the mobility of the new gun will, of

course, be considerably increased. The limber and gun car-

riage are made of iron and iron plates. The limber box is

open behind near the gun when in action. The advantage of

this innovation is that the projectiles can be served from the

limber and annnunition wagon with greater rapidity. Another
important feature is that the carriage is supplied with a brake,

which counteracts tlie recoil, the process of loading and firing

being thus simplified.

—

London Court Journal.

PASSENGER CAR EXHIBIT OF THE HARLAN &
HOLLINGSWORTH COMPANY AT CHICAGO.

The Harlan & Ilollingsworth Company, of Wihnington,
Del., have on exhibition at Chicago three cars which may be
taken as types. One of these, which is not illustrated, is a

special car of the Mann boudoir pattern, and has been built

for the use of the officers of the Ferra Carril de Bahia al

Noroeste, in the Argentine Kepublic. Its compartments are

a dining-room and parlor, at opposite ends of the car, witli a

stateroom, kitchen, pantry, bath and toilet-rooms occujiying

its central section. The general tone of color of the interior

of this car is yellow, the finish is in oak and the upholstered
hangings are of old gold. It is lighted by the Pintsch gas-

light system. Its dimensions are : Lenglli of frame, 54 ft.;

length over platform, 61 ft.; width of frame, 10 ft.; spread
of wheels on truck, 7 ft. 10 in.; diameter of wheels, 3 ft.

The other two cars, illustrations of which are given, repre-

sent over half a century of progress in car building. The
relative length of the two cars, as given by the engraving, is

approximately the .same as the actual lengths of the originals.

The difference between the two cars is even greater than that

appearing in the engravings ; the older one being the repre-

sentative of the early stages of the art, while the new one em-
bodies the latest improvements of refinement and luxury.

The original car is too small to be run in modern trains on
its own wlieels, and was therefore shipped on a platform car

as narrow-gauge cars or street cars are shipi)ed. Its dimen-
sions are as follows : Length of frame, 33 ft. ; length over
platforms, 37 ft. ; width of frame, 8 ft. 6 in. ; spread of wheels,

4 ft. 9 in. ; diameter of wheels, 2 ft. 9 in. In shape it is simidy
a box, nearly square on its cross-section, containing about a
dozen double seats fixed back-to-back and arranged along one
side with one long seat along the other .side, on which the pas-

sengers sat with their backs against the car wall and their feet

toward if not in the aisles. The seats are upholstered in gray
hair cloth. Crowded full this car would accommodate about
40 passengers. The windows are narrow, stationary single

panes of glass, and ventilation is provided for by a movable
panel 6 or 8 in. wide at the end of each of the cross section

seals. The side walls and ceiling are simply of beaded siding

and are painted a light drab ; the floor is of common stock

boards, not matched, laid lengthwise the car and painted lead

color. The outside of the car is jiainted yellow and is entirely

without ornament.
The car which stands opposite this one, as the result of half

a century's effort in evolving a perfect railroad coach, is the

club car Plainfdd, built for service on the New Jersey Central

Railroad, and for the use of a number of business men of

Plainfield who do business in N"ew York City.

This car is the realization of all that a refined and luxurious

taste could desire in a coach. The bodj' of the car is painted

a very dark blue with ornamentation in gold. It is carried

on two six-wheeled trucks. The steps at each end are of easy

ascent, the platforms wide, and all the hand-rails about them
are of polished brass.

This car is divided into two compartments by a bulkhead
across its center, and is finished in mahogany—the walls,

bulkhead, doors, lables and chairs being of that wood, and all

exquisitely carved and finished. One end contains a heater-

room, a linen locker, a saloon and a lavatory. Next to these

small apartments is the first main division of the car. It is

about 30 ft. long, 8 ft. wide, and under the ventilator about

9 ft. in height. The sides are alternate sections of highly

finished mahogany wood, of a dull red color and of the clear-
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est pinto glass ; the glass sections, twice the width of the
wood, make the car very light and pleasant. The ceiling is

of oak, j)!unted in yellow, hrown and gohl in colonial designs.

The wood section of tlic walls between the plate glass windows
are composed of two turned eolunins of niahogao^', wilh liand-

sonie curved capitals, enclosing a beveled mirror, and behind
the mirror—between each pair of windows— is a locker, the

mirror being the door of it ; the frieze is a handsomely ctirved

belt of mahogany, encircling the car ; along the frieze and
over each locker is an oxidized jiackage liasket.

The furniture consists of 10 tables fixed along one side of

the car with four revolving chairs at each table, six or eiglit

big arm chairs along the other side, and several willow chairs

about th(^ ends of the car.

There are no upholstered hangings : except the curtains at

the windows, the chairs are upholstered in red-brown leather,

and tlie carpet is soft, of the same general tint with sparse
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dots of deeper color strewn over the surface. Tlie bulKiiead

of niahog.-my incloses a circle of plate glass immediately over
the door, two circular topped windows, one on each side of

the door, and a big rectangular jiane of the same quality of

glass forming the upper portion of the door. The wood-work
about the glass is decorated in beautifully c\it figures.

The entrance at the opi)Osite end of tlie car is through a
semi-circular, dome capped vestibule. The outer walls and
the ceiling of this vestibule is jiancled mahogany ; the walls

inside the car and the outside of the dome roof is beautifully

carved in tloral designs, the figures being in low relief ; the

door contains panels of phite glass and its hardware is of oxi-

dized silver. The car is lighted liy the Pintsch system of gas
lights, and each compartment is lighted by three lamps sus-

pended from the ceiling.

The dimensions of this car arc as follows :- Length, 71 ft.

C ill.; length over platforms, 78 ft. 1 in.; width, i) ft. 6 in.;

spread of wheels, 10 ft., and diameter of wheels, 3 ft.
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CONDENSATION OF STEAM IN STEAM-
ENGINES.

By B. Domvin, Jii.

There is littk' doubt that the " forms" of single, compound,
or triple engines have a good deal to do with steam condensa-
tion, particularly as these forms generally mean considerable
cold areas of condensation in contact with the hot steam.
The steam temperature range in each cylimler has, according
to e.xperi mental results, much less influence than the temper-
ature of the metal. When cylinder walls are heated till their

temperature equals that of the steam, there is less condensa-
tion per .square foot of internal surface than with non-heated
walls. The indicator diagrams .show that the pressure and
temperature ranges are increased ; so that as compared with
cooler surfaces, there is lens condensation and greaicr range,
and experiments confirm this.

Take the case of two modern triple engines by two different
makers. Even when made for about the same power, steam
pre.s.sure, and speed, they differ considerably in their clearances
plus passages, and aI.so in their volumes, particularly in the
extent of the Iiot or cold internal surfaces. This is probably
one reason why similar engines give often very different re-

sults in the weight of the steam per indicated horse power per
hour.
The extent of the metallic areas touched by the steam and

their temperature has not, I think, been sufficiently consid-
ered hitlierto, and they have a large effect on condensation.
The experiments at Bermondsey prove that non-heated iron

surfaces, with non-superheated steam, produce a large con-
densing effect. Then besides the temperature and extent of
surfaces, experiments show the importance of the heat pene-
tration per stroke into the metal walls. This is greater the

lower the temperature of the metal, and much less with hotter

walls, say with steam jackets or superheated steam. The
temperature holes in the metal walls bring this out clearly.

With non-heated walls the penetration per stroke may be taken,

say, at about i in. and less, depending on speed or time of
exposure, etc. We therefore have a certain weight of metal
heated and cooled per stroke at the expense of the steam, say,
100' F. range at the surface, and no range at \ in. deep. This
means the formation of so much water per stroke. So many
pounds of iron heated up so many degrees means so many T.U.
per stroke lost by the steam and water produced.
Before a piston moves at each end of each cylinder, conden-

sation on all the boundary walls takes place at constant vol-

ume, and the maximum condensation occurs during this time.

The steam is at its hottest or maximum pressure, and the metal
at its coolest or minimum temperature. This .shows the im-
portance of experiments on condensation at constant volume,
irrespective of power, with different surface conditions, the

internal area and temperature of metal being known.
I add the calculated volumes and surfaces of three different

types of engines—single, double, and triple. Perhaps others

will help in this direction, and give .some acttial figures, which
are seldom easy to obtain. A sketch of a trijjle engine is

added, showing in a diagrammatic form the range of steam
temperature in each cylinder, the depth of heat penetration

per stroke into the metal, etc.— The Engineer.

Comparison of Volumes and Surfaces Exposed to Steam in S'uigle-r.ijUnder, Compound and Triple Engines (90 to 95 per cent.

stroke taken as release).
of

(1) SraaU Single- Cylinder Enr/in£—{6in. diam.),
indicating .some 8—10-H.P

(2) Coinpovnd Enqine (indicates some 50 to 60-H.
j H. P. cylinder
1 L. P. cylinder

(3) Triple Enr/ine (mA\ca.iea»ome 200-H.P.)—
H. P. cylinder

LP.

Volume,
cu. ft.

. 0130 ..
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ORDINARY TYPES OF BELGIUM STATE RAIL-
WAY LOCOMOTIVES.

By G. Bkaet.

PASSKNGlOn LOCOMOTIVKS.

TiiKitR are several dilTerent types of passenger locomotives
in use on the Slate railways of Belgium, wliicli may he said

to be (lislrll)ut<Ml lliroiiLrli two classes : those with four wheels
and those witli six wlieels coupled. Tlic four-coupkul eiiijines

cinliraee llie ordinary passenger locomotives (type 1), light

locomotives (type .">), and express locomotives. Those with
six coupled wheels are ; ordinary locomotives with six wheels
(type -'), It)wheeled locomotives with lender (type -1), heavy
locomotives for grades (type (>).

The ordinary iiasscnger engine (type 1) has six wheels, of
which four arc drivers and two belong to a forward truck.

The rear driving-axle is beneath the fire-l)ox, and the diameter
of the clriver-wiieels is 2 meters, or G ft. 6.7 in.

This arrangement for varying the cut-off is used almost exclu-

sively on all the State railway locomotives. Here, as in all

Belgian engines, the valve-rods are guided by bronze bushings
pressed into the steamchest ; that portion of the rod which
runs in this guide is cylhidrieal.

The ei-eentrics are of wrought iron made in two pieces, and
are keyed to the axle ; the eccentric straps are also of wrought
iron, and are held together by bolts with a copper shim in

between them, which permits them to be drawn together as

they wear. All the eccentrics of the Belgian engines are of

the same type. The exhaust is variable at the will of the

engine-driver. The axles arc of .steel, but criuik-axles of iron

are also used, when the iron is of first-class (|uality. Spoked
wheels of wrought iron with no counterbalance are used.

The tires are of Bessemer steel with a thickness of 0:! mm.
(2A7 in.) when new. Those on the front and back wheels
have a width of 140 mm. (.5..') in.), tho.se of the driving-wheels
are only l;C) mm. {>M in.) wide, so that the distance between
the inside of the driving-wheels is 1 cm. (.;j9 in.) greater than
between those on the other axles. This arrangement facili-

DIMENSIONS.

Piamcter of cylinders
Stroke of pistons
Average diameter of boiler.
Number of tnbett. . .

Lengtb of tubes
Diameter of tubes outside . .

.

Heating surface, tircbo.v

tubes Sm

10.
8-

20.4'

4' 2.C-

208
10' 2-

1.7T
.114.5 sq. ft.

»3 _
_.nj^*j'Z V DIMENSIONS.

Total heating: surface 974, .5 en. ft.

Capacity of the boiler l.afiO lalls.

Weight on wheels, forward truck S.OliO lbs.
" ** main drivlnjj..29..'i47 "

" " " trailing 2!l,Sl.-i "
Total weiclit in working order. . .C0.8Si "
Weight of the locomotive, empty.(i8,465 "

TYPE I., PASSENGER ENGINE, BELGIAN STATE RAILWAYS.

Tlie cylinders are inside and horizontal, and the bronze
valves, who.se surfa('es an- very large, are located between
them in a v(-rlical position. The cylinders are cast with their

back head, steam-chest, and guide brackets solid. The guides
arc lateral and double with cross-heads cast with a niixttire of
2 per cent, tin, an arrangement almost universally found on
the Belgium State Railway. The pistons .are of the " Kams-
boltoni type," and are generally made of bronze, attached to

W^
m^Bm
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The front bulTer is made of oak.

The fii-e-bo.x is of the Belpaire type. The advantage accru-

ing from the use of these fire-boxes witli semi-bituminous
coals is no longer disputed upon the State railways, nor upon
other lines which hare made any tests with them. The one
under consideration is 3.7 meters (8 ft. 10.29 in.) long by 1.08

meters (3 ft. 3.() in.) wide, and is made entirely of red eopiier.

The outer shell is scjuare and is made of a sheet of Xo. 4 iron,

which is 13 mm. (.5 in.) thick ; the sheets are held together

by copper stay-bolts 23 and 35 mm. (.80 and .98 in.) in diam-
eter, 10 cm. (8.9 in.) apart ; the crown-sheet is stayed liy iron

stay-bolts screwed and bolted to the outside sheet.
•* The shell of the boiler is of No. 4 iron, 13 mm. (.5 in.) thick,

rolled into a perfectly cylindrical form, and is composed of

three sheets. The horizontal seams of each sheet are double
riveted, with a welt having two rows of rivets ; the vertical

seams are formed of a lap 130 mm. (.'j.l in.) wide, with a single

row of rivets ; furthermore, all the vertical joints, as well as hori-

zontal ones, are double riveted, with a welt along the line of

the horizontal seams. A sheet of No. 5 iron is used to attach

the shell to the outside of the fire-box. Strong stays attach

the front end of the outer shell of the fire-box to the cylindri-

cal portion of the boiler, and the side walls of the same are

stayed across above the crowu-sheet ; the tube-sheet of the

fire-box is also attached to the shell by means of six stays.

The boiler rests upon the frames at three points : one at the

cylinders, and by two plates which carry the fire-box on either

side.

The tubes are of brass (70 per cent, copper and 30 per cent,

zinc),'3.0 mm.[_(.09 in.) thick and 45 mm. (1.77 in.) outside

him to shake the moving grate. It is by dumping through
this opening that the clinkers and ashes are removed. The
boiler has two openings in the shell : one carries the safety-

valve seats, the second makes a communication between the

boiler and the steam-dome. The dome has the manhole which
is taken off when the boiler is to be inspected. The unlocked
safety-valve is ojierated by the spring balance acted upon by
means of a lever ; it is pressed down directly upon its seat by
a plate spring. The steam is taken from the top of the dom(^

;

the two valves which control the admission of steam are verti-

cal, and are operated by levers keyed to the same shaft, an
arrangement found upon most all of the Belgiau State engines.

The double valve has given very good results on account of

the facility with which it can be handled and the dryness Of

the steam. The engines are also provided with a whistle

which takes steam from the top of the dome.
The feed-pumps liave been removi'd from the boiler, two

injectors being used in their stead which are of the Schau,
Rongy, or Friedman design. These injectors are of the non-
lifting type. The feed pipes enter the boiler ahead of the fire-

box and about two-thirds of their length down the shell ; the

check- valve is placed in the pipe just where it enters the

boiler. B3' means of a very simple arrangement it is easy to

heat the water of the tender by using the same steam oiJening
which delivers steam to the injectors.

The sand-box is on the shell between the two safety-valves.

Two copper pipes carry the saud down and deliver it in front

of the main driving-wlieels. The boiler has one glass water-

gause, the usual water-cocks and a metallic steam-gauge. Some
locomotives of recent construction have two water glasses.

DIMENSIONS.

Diameter of cyiUldurs
Stroke of piBtoiis

Diameter of l)oiIer 4'

Number of tubes
Lentrth of tiiljes 4'

Outside diameter of tubes
Heatiug fcurface, lirebox 12e stj. ft

" tubes 1,176 "

"t >-

DIMENSIONS.
Total beating' surface l.SOSso. ft.

Capacity of boiler l.ei'J galls.

Weight of forward wheels 26,709 lbs.
" maiu driving wheels. .31,730 "

" " trailing wheels 31,642 "

Total weiulitiri ruTiniiig order.. .ilO.Hl "

Weight of locomotive, empty— 81,585 "

EXPRESS LOCOMOTIVE, BELGI.\N STATE KAILWAYS.

diameter ; they are provided at each end with iron or steel

ferrules for making a tight joint with the two sheets. The
two sheets forming the smoke-box are of No. O iron, while
the sheet at the bottom, which protects the cylinders against

the corrosive action of the gases, is of copper.
In most locomotives of the Belgium State liailway the smoke-

box door is of two fiat pieces. The engines are provided with
no arrangement for preventing sparks from being thrown out
of the stack, a netting and perforated plates having been
tried with but little success. The mud-ring is of a single

piece of wrought iron, and, where it is practicable, there are

manholes for cleaning out the l)oiler. The management of

the Belgium State railways have now done away with the use

of these openings, the use of which has not been found to be
indispensable.

The fire-box door is made in two pieces which open sepa-

rately. These doors were formerly made of cast iron, but are

now made of two sheets of wrought iron 13 mm. (.") in.) thick,

provided witli a guide by means of which the fireman can
admit air at jjleasure to cool off the surface exposed to the

action of the flame.

The ash-pan is inclined at an angle of 30°, and has two open-
ings of 33 X 1,000 mm. (1.96 X 39.37 in.) for the removal of

ashes and the admission of air, as well as one variable open-
ing of 190 X 1,000 mm. (7.48 X 39.37 in.) at the front end.

The grate is partly fixed and partly movable, and has an
arrangement of dumping the fire which is located next to the

tube-sheet.

A hand-wheel conveniently located for the engineer permits

The locomotives are oiled by automatic lubricators which

work when tlie steam is cut off. The lubricators used are

those of Kessler, llenrolte tind Furne.ss, and are located on the

front cylinder covers.

Several locomotives, esiwcially those hauling passenger

trains, have, in addition to the cylinder lubricators, one which
works continuously as long as the throttle is open. These are

of the Koscoe system or similar to it. They are constructed on

the principle of condensation of steam, and their working has

been very satisfactory. The connecting and side-rods are also

provided with a luliricator of the Berg-JIarch type. The
StauEfer lubricators are being tried, and their use pronu'ses to

become ver}' general.

The axle oil-boxes are lubricated in practically the same

way which we have just mentioned. The engine has an air-

pump and the brake has four shoes acting against the driving-

wlieels. Two vertical cylinders are located on either side of

the engine between the axles, and they apply the brake to

four wheels. The whole boiler is covered wilh a thin sheet-

iron jacket for protection against radiation. The engine lias

a four-wheeled tender coupled to it by the means of a balanced

system of connections which preserve the equality of the press-

ure on the buffers on curves. The water t.ank holds 7,500

litres (1,981.5 gals.) of water, and the coal space will hold

3,600 kg. (7,938 lbs.) of fuel. Some tenders, especially those

used on express trains, hold 9,000 litres (3,377.8 ,gals.) of water.

All the essential dimensions of this locomotive, as well as

those whose description is to follow, are shown in the table

attached. The outlines of the dilferent types of locomotives
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and tenders are silso sliown. Most of the arrangements wliich

nre found on tliis engine are also found on other types of the

same administration, therefore the dilTerences alone will be
jiointed out. Tlie passenger engine with wlieels 2 m. ((! ft.

().7 in.) in diameter is very steady upon the road. It usually
hauls, on level track, 15 ears having an average weight
of 10 tons each, at a speed of 75 km. (4(i.(> miles) per liour ;

but as many of tlie express trains of the lielgian system of
railroads exceed this limit of weight and speed, the manage-
ment havi; designetl a more powerful type of locomotive
which still preserves a resemblance to the lines of the old

machine. It is a t\'pe built by jM. M. C^arels, and was shown
at the Antwerp I'^xposition.

bronze, and is provided with cheek pieces, which protect the
conneetii)ns. The construction of thccrossliead for the piston-

rod iias tlic |ieculiarity that, although it is guided by four
guides, it permits tlic forircd head of tlie pin to be put into posi

tion williout tlie straji being rcmoveil. Tiiis is aceomplislied
by lowering the bracket to wliicli the guides are atlaclied, so
as to leave tlie head of the wrist-pin free.

Steam is taken from the dome ; tlie throttle-valve is, how-
ever, (ilaced in the smoke box against the tube sheet, where it

is more easily inspeclcil than if it were in the dome.
The ordinary reverse lever is replaced, for tlie purpo.se of

trial, by a steam reversing-gear composed of two horizontal
cylinders, whose pistons are attached to a common rod. One

DIMEN8IONS.
Diameter of cylinders 12.6"

Stroke of |)ist()n8 18.1"

Average diameter of boiler 3' 6.4"

Number of tubes 145
Lengtb of tubes ^0' .34"

Outside diiuneler of tubes 1.77'

Heating surface, tlrebox 63.2'
" tubes 530.9sq. ft.

DIMENSIONS.
Capacity of boiler 747 galls.

" "" water tanl«s SM.'j "
" " coal chambers 2.(140 lbs.

Weight of forward wheels 21.168 "
" " main driving wheels 2.5..57H ''

'* " trailing wheel.* 2.3. .5!M "
Total weiglit in working order T0.:^1 '*

Weiglit of locomotive, empty .57.330 "

LIGHT PAS3E.VGER ENGINE, BELGIAN STATE RAILWAYS, TYPE V.

II. RfjiivKS D>r.omotii'es with Four Wherls Voiiplcd.—This
engine dillers little from tlie preceding one, the fire-box has
the same dimensions and construction with the exception of

the length, which has been raised from 2.7 m. ^8 ft. 10.29

in.) to 8 m. (9 ft. 10.1 in.). Tin; outside frames have been
maintained because they permit the firebox to be widened
out to the full distance between the tires of the wheels, thus
giving an inside width of the fire-box of (i cm. CJ.Hd in.) more
than would he possible if the frames were between the wdieels.

of the.se cylinders is filled with a liquid— water, oil, etc. The
two ends are united by a jiassage which permits the piston to

displace the li(|tiid Ity forcing it from one cnil to the other.

In the center of this passage there is a valve, which, when it

is clo.scd, cuts off the communication between the two sides

of the piston, which is thus held in the position occupied by it

at the moment when the valve was closed. The other cylinder
is for steam, which is admilted by ports at the ends, causing a
forwartl or backward movement of the piston, thus reversing

ra' tz7

Diameter of cylinders.
Stroke of pistons
Diameter of boiler 4
Nmnbcr of tubes
I.eriKth of tubes '.

11
Outside diameter of tubes
Heating surface, firebox 117..5sq

tubes 1059.93 "

SIX-COUPLED ENGINE, BELGIAN STATE RAILWAYS, TYPE II.

Together with the outside frame there is an arrangement
whicli has existed for a number of years on the Sl.ate railroads

for freight engines. There is a central frame composed of
two strong sheets riveted together which receives a great por-
tion of the reciprocating thrust of the connecting-rods. The
cylinders being very near together, but a small portion of
tiicir section is carried to the out.side frame. The steam dis-

tribution is on the Wal.sehaert's system, and jircscnls as one
peculiarity the arrangement of tlit^ cross head guide of the
valve-stem in which are articulated the forward move-
ment lever and the rod, which transmits to the said lever llie

movement of the valve. Tliis cross-head is made of aluminum

the eiiginc. By a suitabh^'adjustment tlie engine-driver can
locale the point of the cut-olf at will. The eiiLrinc is provided
with a Westinghouse braki^ which apjdies eight shoes to llie

wheels of the coujiled axles at the same lime.
The cylinders have separate .sleam-chests provided with

two covers ; one is very small, which is ordinarily removed
for cxaniining the valve : the other is placed iaterally, is

of larger dimensions, and is removed in cast' the valve-seals
are to be repaired. The valves are of the Allen type with
double ports. The extreme wheel ba.sc is 'quite long, and as-

sures th<^ slaliility of the engine.
The_froiit axle oil-boxes are furnished with guides which
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allow a'side playlwhen the engine is running curves at a high
speed. The contact between the plate and the top of the box
is upon an inclined phine, made on two parts so that the

tendency is to draw tiie box back into its normal position,

from which it has been taken by the thrust of the rails upon
the flanges of the wheels.

The springs are I..') m. (4 ft. 11 in.) long between the

hangers. Those at the front and center are formed of llj

leaves of steel 100 x 12 mm. (3.937 X .47 in.), the back springs

being composed of 17 leaves. These springs are made with-

out any camber, and are usually convex when loaded. The

13 mm. (.5 in.) thick for the outer case of the firebox, and of
13.5 mm. (..53 in.) for the shell-sheets, which are subjected to
flanging and are of No. .5 iron.

The Wilson's safety valves are used, and they are placed
over the fire-box under the control of the engineer. The sand-
boxes are placed beneath the shell against the frames, and the
sand is carried down in front of the main driving-wheels.

III. Light Pameiiger Enrjine (Ti/pe 5).—This is an engine
having a tender and constructed with three frames with four
coupled wheels 1.45 m. (4 ft. it in.) in diameter, and two-
wheeled truck-axle ahead. The cylinders are inside, of small

DIMENSIO.NS
Diameter of cylinders
Stroke of pisloni*

Diameter of l>oiler

Number of tubes
Length of tul)es IT
Outside diameter of tubes
Heatiug surface, firebox 117.5 eq. ft.

tubes 1059.7 '

Total heatinr; surface 1,177.3
Capacity of boiler 1,474 gi

6.a-
l.TT

Capacity of water-boxes 3,587.6 gals.
" " coal chamliers 3,7.50 lbs.

Weigllt of front pair of wheels ., 22,370 "
'^ ""second pair of wlieels 28.Hfi5 "

" third .30,860 "
" " fourth " " " 27.540 "

" fifth " " " 2.3,.373 "
Total weight in working order 133,708 "

Weight oflocomotive, empty 94,815 "

TEN-WHEELED PASSENGER ENGINE, BELGIAN STATE RAILWAYS, TYPE IV.

first have a deflection of IG mm. (.63 in.) per ton ; the .second,

17 mm. (.06 in.). Tlie spring of the central frame has a length
of 78(J mm. (3 ft. 6.7 in.). It is composed of 6 leaves of steel

100 X 6 mm. (3.93 X .33 in.) with a camber of 19 mm. (.75

in.) ; its deflection is 21 nitn. (.83 in. per ton).

The equalizing bars are attached to the outside spring of
the front axle and the main driver-axle. The outside springs
possess the peculiarity that their adjustment is not made with
the hangers, but l)y a column which is called a post, atid

which is located between the spring Ijand and tlie oil-box.

All the boxes are of phosphor bronze and are solid. All
friction pieces have automatic lubricators, which are easily

accessihle.^LThe injectors are vertical and arranged so as to be

accessible to the engine-driver while running. All the boiler
attachments are inside the cab and convenient to the men.
There is no piping outside the engine.
The oil box guides are constructed in such a way that the

method of attaching the lower parts have cheek- pieces, so
that they can be considered as one complete casting, eon.soli-

dating in the most eflicacious way the notch made in the frame
for receiving the oil-box. The driving-wheels are 2 m. (6 ft.

6.8 in.) in diameter, and have visible counterbalances. Tlie
cylinders are inside and horizontal. The fire-box is of red
copper, the tubes of brass. The boiler is made of No. 4 iron

dimensions and inclined to the horizontal by 30 mm. to the
meter (1.18 in. to the foot).

Walschaert's valve system is used, and, as in all similar con-

structions, the valve .stem is guided by the packing box in the
steam-chest and by guide supports attached to one of the cross-

head guides. The reversfng-gear is a hand-lever with a

notched quadrant. For experimental purposes phosphor bronze
has been u.sed on a few locomotives for valve-seats, guides for

the valve-stems, cross-heads, pistons and oil-boxes, phosphor
bronze.
The engine is carried by 12 leaf steel springs 900 X 100 X 10

mm. (35.4 X 3.9 X .39 iii.). At each end a master leaf is bent
into the form of a pad upon which a bolt of the hanger rests.

The connection is made by
means of these hangers, and
iron of the best quality is

used in their manufacture,
which is well filleted out at

every bend. The engines have
no equalizing levers nor coun-
terweights in the driving-

wheels. The box of the cen-

tral frame has no springs.

The great area and the heat-

ing surfaces have been pro-

portioned to the cylinder di-

mensions ; for a width of 1.1

m. (3 ft. 7 in.) in a square fire-

box, the length is onlv 4.463
m. (14 ft. 6.5 in.). The out-

side shell of the fire-box is 12
mm. (4.7 in.) thick ; the shell

of the boiler is 11 mm. (4.2

in.) thick ; all joints, vertical

as well as horizontal, are riv-

eted with a welt ; a single line

of rivets is used in the ver-

tical rows, while the hori-

zontal seams are double riv-
eted. Two safety-valves are placed upon the dome, one eon-
trolled by the balance-lever, the other directly by the plate
spring. The sand-box is placed upon the boiler, and as the
engine is required to run both directions, two pipes lead the
sand down to the front and back of the main driving-wheels.
The engine has a Westingliouse brake applying four shoes

to the driving-wheels. A hand -lever with a screw is used to
apply the brakes, in case the air-Iirake fails to work. The in-

jectors are of a small model, liuf proportioned to the greatest
possible consumption of water by the engine. The coal space
holds 3,646 lbs. of fuel, and the lank 951.13 gallons of water.

TENDER FOR HEAVY PASSENGER ENGINES,
BELGIAN STATE RAILWAYS.

Dlmensions.

Capacity of tank 2..378 galls.
*' " coal chambers 7.938 lbs.

Weight of forward wheels 27,-^63 '
" rear •' 33,373 "

Total weight in runnini; order 50.9.36 "
Weight of tender, empty 33,173 "
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IV. Engines with Six WliccU Coupled, of 1.7 m. {5 ft. (>.'.) in.)

Diameter (T)/pe 2).—Tho whole weight is here utilized for

udhesion. Tlie frames arc composeil of three pieces, one being

central, and tlie other two outside the wheels ; the cylinders

are inside and inclined one-ninth, and have sejiarate steam-

chests. The engines built before 1883 have a single steam-

chest cover, the more recent ones have two, one ol wliieh is

very small and is placed in front, so that the valve may be
reailily inspected ; the second is rendered indispensable by the

steam chest being east in one piece.

The valves ant of bronze, many engines being jirovided with
Allen valves with a double p^rt. The valve is held to its seat

by means of a jilate spring attached to the chest. 'I"he steam
distribution is accomplished by the Stephenson link. The
journal-boxes are of bronze composed of 84 per cent, of copper
and 1() jier cent, of tin. The wheels are of wrought iron,

spoked and without any counterbalance. The tires are of

Bessemer steel attached to the wheel center by bolts pa.ssing

through the center and entering the tire to a depth of about
I!) mm. (.T-") in.).

Z Tlic oil-boxes are made entirely of cast iron and are pro-

vided with weilgcs for taking up the wear. The suspension

springs are made of IS leaves, each 10 X 1"0 mm. (.;!U X 'i

M

in.), and measure 901) mm. (3 ft. 11.4 in.) from center to center

of h.angcrs, their delleetion being 8.4 mm. (.:! in.) per ton.

Tlie inside spring of the central frame has four leaves, each

.(ill) X 7.} X 10 mm. (24 X 2.9 X -'i'J in.), and has a'defleetion

details or accessories are varied at all. It may be noted, never
theless, that the Wilson safety-valve has been recently adopted
and been placed over the tire-box. As in all passenger loco-

motives of type 2, these engines also have a Weslinghousc
brake operating six brake shoes upon the six driving-wheels.

This engine is used to haul pas.senser trains upon grades, and
easily takes the load of 80 tons up a continuous grade of 1.0

per cent, at a speed of 34.17 miles per hour.

V. 'J'lii -W/i(ii(d l'iixn( lif/cr J,'iro7iH/tiris iriih Tender (Type 4).

—This type only dill'ers from tlie preceding l)y an addition of

water tanks and coal boxes. This supplementary load is car-

ried by two axles placed at each end of the engine. The
water "tanks have a capacity of 10,000 litres (2,042 gals.) of

water, and the coal-box can carry ;i,000 kg. (O.til.^ lbs.) of

coal. The outside axle-boxes have a radial motion with cy-

lindrical guides ; a spring being used to bring tlu' axles back
to their normal position when the engine pas.ses from a curve
to a tangent, it is by the jiressure of the Mange of the lire

against the rail that the reverse is aeeomplislied. K((ualizing

levers are used to connect the springs of the truck-axle with
the back driver, the front truck springs being also connected
by eipializing levers. The effect has been not oidy to lessen

the variation of loads which are inevitalily jiroduced with en-

gines of a long wheel base, but to assure a certain safety of

running when the axles have a chance for radial adjustments.

VI. Krpress Locomotives for Heary Grade>! (Tijpe i\).—As we
have already said, the locomotives with six wheels coupled

DIMENSIONS.
Diameter of cylinders
stroke of pistons
Diameter of boiler 4'

Niiiiiher of tubes ..

I.riii^ib of tubes 13'

Outside diameter of tubes
Heating surface, firebox 171.5 sq

lubcB Lwr

W.T
2.3G-
7.1-

MO

a-

DIMENSIONS.
Total bealins surface 1,078..'; 6(|. ft.

(ai):irity of boiler 2.24(i gallg. "^

Weight llrst pair driv.-\vliecls.37.5fi2 lt>8.

" second pair driv.-wli'i.30.870 ''.

third " •' Sl.tirS'

fmirtli " " 30.m0'
Total wei^Iit in ruuninj;()rder.iyl,HIT)' "
Weif^lit of locomotive, empty. .l'.^l, 475 lbs.

EXPRESS ENGINE FOR HEAVY GRADES, BELGIAN STATE RAILWAYS, TYPE VI.

of 12 mui. (.s; ill.) per ton. These springs are not provided
with any e(|Ualizing lever. Lately reverse springs of 22 leaves
of 10 X 100 mm. (.:i9 X :i.9:i in.) steel have been substiluted.
They are made without any camber, and are U m. (4 ft. 10.4

in.) long ; tlieir delleetion is 22 mm. (.8(5 in.) per ton. The
inside spring lias been made with some modilication ; it has a
length of (>()0 mm. (2 ft. 1.9 in.) with a camber of :!0 mm.
(1.18 in.) and a detlei-tion of 21 mm. (.W2 in.) per ton. It is

composed of live leaves 100 X 8 mm. (:J.9:5 X .'U in.) in size.

The long springs outside of the main driving-wheel .and the
trailers have been iiroviiied with ec|iializing levers. The fire-

box is absolutely .similar, both in (limensions and (he method
of its eonstrnetion, to those of the passenger locomotives with
whei'ls 2 m. ((i ft. (i,7 in.) in diamettT. It is made of red co])-

per throughout. The side sheets, the front tube sheet and the
crown are 12 mm. (.47 in.) thick ; engines of recent construc-
tion, where the pressure has been increased (type 29), have
sheets II mm. (..).") in. ) thick. The tube-slici't is also of cop-
per, and is 29 mm, (1.14 in.) thick where the tubes are set and
14 mm. (..j.j in.) below them.
The cylindrical portion of the boiler and the outer shell of

the lire-box are made of No. 4 iron, with the exception of
those sheets which have to bi; fbinged, for which No. 5 iron is

used. These sheets olfer a inininium resistance to a tensile
pull of 72.770 lbs. per .si(uar<^ inch in the direction of the fiber,

and (11,740 llis. at right angles, with a nwniiniim corresponding
elon.galion of 9 per cent, and .T per cent. Tlie speeilication
for the CJiiper sheets of the lire-box reiiuire that they shall
carry before rupture a minimum load of 48,.")00 lbs. iier'square
inch, and that they have an elongation of at least 22 per cent,
of their criginal length. The tisseinblage of the sheets ofl'ers

nothing practically novel, as it is identical with that which we
have described in connection with the passenger locomotives
with 2 m. (G ft. 6.7 in.) drivers (type 1). None of the other

with a diameter of 1.7 m. {5 ft. G.9 in.) can draw upon the
long grades of 1.(1 per cent from Luxeiiibonr.tr SO tons at a
S]iee(l of ;il.l7 miles per hour. Some express trains, however,
which travel over this line freiiuentl.v have a normal load of
110 Ions, and are compelled to main'tain a velocity of 40.:i8

miles upon heavy grades. The maniigement of the State rail-

ways therefore ordered a locomotive with six wheels coupli'd

for the service of these fast trains from Cockerill at Serain.ir.

Tlu^ vyheels are 1.7 m. (."i ft. 0.9 in.) in diameter with a railial

truck. The principal characteristic of the engine lies in the
large diinensions given to the cylindi-rs, (he grate area, the
lieatin.g surfaces and the smoke-box. The cylinders have a
diameter of 50 cm. (19.08 in.), a stroke of 00 cm. (2;!.(i2 in.),

are between the fnimes and arc located between the truck axle
and the forward driving-axles. The entrine has tliree frames,
the wheels being inside the outer mw. The Walschaert valve-
motion is used. X steam rcversing-gear similar to the one de-
scribed in connection with tlie four wheels coupled engine is

u.sed. The suspension springs are inverted, their length is

li m. (4 ft. 11 in.); cdualizing levers are used between the
!5i)rings of the front and bai'k axles. The grate is 22 m. (0 ft.

.17 in.) long by 28 m. (7 ft. 7.8 in.) wide ; it therefore extends
over the rear drivers. Tlu^ (ire-box is of cop])er, and is pro-
vided with a combustion chamber whose heating surface is .'.)

of a S(|Uare meter (9.08 sq. ft.). It is connected with the cy-
linilrical jMirtion of the boiler by two horizontal tubes. The
steam space of the lire-box iind of the shell are connected
through the domes. The (ire-box has four doors. The shell

luLs a diameter of 1.4 m. (4 ft. 7.1 in.). Tlu^ tubes are of iron

2j mm. (.1 in.) thick. The stack is rectan.iridar.

The engine driver is not located, as in other engines, at the

rear end of the machine, since the special fonii given to tlie

lire-box renders it impos.sil>le to see the ,signals from this point,

and he is placed in a cabon the right hand side at the junction
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of the shell and the fire-box, comnmuication with the fireman
being maintained through a speaking-tube. Water glass and
a steam-gauge are at hand by which he keeps Irack of and
can control tlie fire. This engine has a Westinghou.sc brake,

applying shoes to the six driving-wheels. A tender with a
capacity of 14,000 litres (1,331 gals.) is used.

PROGRESS IN FLYING MACHINES.

By O. Cii.\nute, C.E.

(Continuedfram page 24G.)

AscENniNC. trends of wind arc by no means rare, as abun-
dantly proved by i)ul.)lished observations since M. Pcmtud
called attention to the many causes which must produce such
trends. This was shown in a very alile paper on " Sailing

Flight," which was published in part in the Aeronaute for

March and April, 1875, but which, unfortunately, was left

unfinished. M. Pciiaud demonstrated that such winds must
necessarily result from even moderate undulations of the
ground (and therefore a fortiori from mountains or deep val-

leys), from natural or artificial objects acting as wind breaks,

from the meeting of air currents flowing in different direc-

tions, or even from the heating effect of the sun. He doubt-
less expected to show, in the portion of the paper remaining
unpulilished, that an upward trend of | to J (from 6° to 10)
in the wind was quite sufficient to enable a sailing bird to

progress against the breeze by inclining his aeroplane so

that the horizontal component of the pressure would have a

forward direction, while the wind still acted on the under
side ; for we have already seen in computing the foot pounds
expended by a 1 lb. pigeon in gliding, that with a speed of

40 miles per hour and an angle of incidence of 3° the
" drift" will be O.O.J047 lbs., while the body resistance and
that of the edges of the wings together will be O.05.5.')5 lbs.,

and that at .5° (30 miles per hour) the " drift" will be 0.08893
lbs., a;id the resistance of the body and edge of wings will

be 0.03134 lbs., so that in both these cases the " drift" (cal-

culated even with the coefficients which have been obtained
with planes, and which are known to be inferior to those to

be expected from concavo-convex surfaces) is sufficient, if

directed forward, to overcome the resistances and to give to

the sailing bird a forward impulse ; this reversal in direc-

tion of the " drift," as previously explained, occurring when
tlie plane becomes inclined so as to point forward below the
horizon.

Since Penaud''s day a great many observations have con-
firmed the frequent prevalence of both ascending and de-
scending currents. Aeronauts, more particularly, have not-

ed that the atmospheric currents follow the undulations of

the ground, causing their balloons to subside upon approach-
ing a valley, or to rise when nearing a cliff or a mountain.
They have also inferred, from the fact tht.t they have found
butterflies a mile or more above the earth while sailing over
table lands, that these trends are frequent in such regions,

although their effect upon the balloon is less immediately
noticeable than in mountainous countries, where the angle
of ascent often is 45° or more. In such broken countries
very curious observations have been made as to the invaria-

ble prevalence of steeply ascending winds in certain well-

defined localities when the wind l)lows from a particular
([uarter ; such, for instance, as the observations of JI. iVotiil-

Inrd in the Lybian chain near Cairo, and those of M. Breton-
niere in the vicinity of Constantino, Algeria, where certain
zones or gaps of ascending winds seem to exist, which the
sailing birds utilize to gain elevation by circling. There
they congregate in crowds, forsaking the rest of the sky,

and spirally mount on rigid wings, until they have gained
sufficient altitude to carry them toward any point which
they may want to reach in descending.

It is probably in sub-tropical regions that such phenomena
are most numerous and permanent

; but the reader, who is

accustomed to thinking of the wind as blowing horizontally,

may be quickly edified by watching the smoke issuing from
a tall chimney even in northerly climates. This smoke will

be seen at various hours, or on various days, to trend either
upward or downward or with exact horizontality, as may
depend upon the undulations of the great atmospheria waves
which are produced by the impinging upon each other of

the currents flowing and crossing at various altitudes ; or if

the observer have the good fortune to be in the regions in-

habited by the sailing birds, lie may satisfy himself as to

the similar atmospheric undulations which are constantly
taking place, even in a perfectly flat country, such as the
plains of Texas or the sea beaches of Florida, by liberating

bits of down or threads of smoke from the same spot at

various times or days. He will also observe the local ascend-
ing currents permanently produced by a mere wind break,

such as a belt of trees facing the inflowing sea breeze. He
ma}' satisfy himself (by attaching light .strips of bunting or
bright-colored threads to the tops of those trees) that the

breeze is deflected upward just over their upper branches,

and he will then understand why these spots constitute the

favorite haunts of the sailing birds when the breeze is light.

He will see the soarers for hours gliding back and forth and
back and forth on pulseless wings, just above the top of the

wind break formed by these belts of trees, evidently utiliz-

ing the ascending current to patrol the adjoining beach
while awaiting, with no labor, whatever food may be brought
by the incoming tide, or an opportunity of eating it undis-

turbed.

It is not intended here to convey the impression that as-

cending trends of wind are absolutely necessary for sailing-

flight. The writer has seen the feat performed many times,

when every test seemed to prove that the current was abso-
lutely horizontal ; but it then seemed to him that on such
occasions the eciuilibrium was more difficult to maintain, and
that the bird had to bestow greater attention upon the nice
adjustments required to preserve his balance and to produce
" asj)iration" when the wind varied in intensity and direc-
tion

;
just as an acrobat experiences greater fatigue in walk-

ing a tight rope, through the attention and care expended
to avoid falling, than in walking many times the same dis-

tance on the ground, where no particular care is required to

preserve the balance. It is probably because of such relief

from all cerebral strain that the soaring birds seem to sail

with less care and with far greater steadiness whenever they
are utilizing an ascending current. They are then easily

and safely sustained, and so mechanical does the perform-
ance seem that some observers have expressed the opinion

Fig. 09.-SmPLKST CHINESE KITE.

that they then sleep on the wing. There is no doubt, more-
over, that ascending trends of wind enable the creatures to

soar in lighter breezes than would otherwise be possible, and
when the faint morning wind first begins to blow, many of

the sailing birds will l)e seen congregated just above wind
breaks, while the other parts of the sky are vacant.

But to return from this digression, occasioned by the feat

of " aspiration" performed by j\I. Myers' kites, it will be
discerned that the principle of flexibility alluded to confers

stability upon the well-known Japanene Tcite, specimens of

which are now to lie found in almost all toy shops. This

kite flies without a tail, the frame being so light and elastic

that the surface adjusts itself constantly to the irregularities

of the breeze. The side pocTvets catch the wind, and by
springing back of the medial line form a diedral angle which
confers lateral balance, while the flexibility up and down
confers longitudinal equililjrium. The same principle is

exemplified in the upward bending of the extremities of the

feathers of birds in flight, which doubtless adds much to their

stability, and, indeed, so universally is this principle illus-

trated by all creatures which navigate fluids, that Dr.

Amatu, in a work upon the locomotive organs of fishes,*

lays it down as an axiom derived from physiological consid-

* C'omparaison des organes de la locomotion aquatique, P. C. Amans.
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orations, that an aeroplane of rii;'ul form is centre nature, or

in direct antii^;onism with all the inferences to be drawn
from tlie ol)scrvation of creation.

The Jajianese are expert kite flyers, and have produced
many shapes besides tliat whicli has been above alluded to.

They are said to use kites as weather vanes, and to have
hitcliinj; jiosts in tlicir ijiirdens to wliidi tlie device is almost

permanently atiixod. Indeed, it is said that these kites

sometimes remain 8 or 10 consecutive days up in the air—an

astonishing achievement to Kuropean and American kite

Fig. 70.-CHINESE MUSICAL KITE.

fanciers, who seldom succeed in keeping their apparat\is up
more than a few hours. The explanation is probably to be

found in tlie greater regularity and permanence of the air

currents in the regions of trade winds, and these too are the

regions where the soaring birds are most numerously found,

probably because they are there sure of a sustaining breeze

every day, through the use of whicli they may evade the

fatigue of flapping flight.

The various forms of the Chinese kites are even more numer-
ous than those of the Japanese, and most of the tailless kind,

are said to depend upon tlie same principle of flexibility for

tlieir e(piilil)riura^ It would not at all be surprising to lind,

should a stable aeroplane be hereafter produced, that it has

its prototype in a Cliinese Tfite ; but tlie writer has discov-

ered very little information in print upon the subject ; the

following article, translated from La Nature by the Scientific

American and published in its issue of March 24th, 1888,

being ])crhaps the best available :

One of our correspondents in China, Sir. Iluchet, at present

in Paris, has had the kindness to have made for our purposes,

by a .skillful Chinese manufacturer, a series of models repre-

senting the different types of kites used everywhere in China,
Annam. and Tonkin, and which the same gentleman has been
obliiring enough to bring to us in person.

Fig. (39 represents the simplest form of these kites. lis frame
is formed solely of a stiff bamboo stick, A J>, and two .sliglitly

curved side rods, C I) and K F. To this frame is pasted a
sheet of paiior, which is somewhat loose at the extremities C E
and D F, where, under the action of the wind, pockets are

formed that keep the affair bellied and in an excellent position

of e(iuilil)riura. Our engraving shows the mode of attaching

Fio. -l.-CIIINESE MUD KITE.

the strings that serve to hold it. Kites of this kind are usually

about three feet in width.

Fig. 711 sliows the appearance of the musical kite, so called

because it is provided with a l>ainl)00 resonator, li, containing

three apertures, one in the cenler and one at each extremity.

Wluai the kite is Hying, the air, in rushing into the resonator,

produces a somewhat intense and plaintive .sound, which can
be heard at a great distance. This kite is somewhat like the

preceding, but the transverse rods of its frame are connected

at the exlremities and give the kite the aspect of two birds'

wings afhxed to a central axis. This kit(! sometimes reaches

large dimensions—.say bl ft. in width. There are often three

or four resonators jilaced one above another over the kite, and
in this case a very pronounced grave sound is produced, Mr.
Iluehet informs us that tlie musical kite is very common in

Chiiiti and Tonkin. Hundreds of them are sometimes seen

hovering in the .air in the vicinity of Hanoi. This kite is tlie

object of certain superstitious beliefs, anil is thoUL'ht to charm
evil spirits away. To this elTeet it is often, during the preva-

lence of winds, tied to the roofs of houses, where, during the

whole night, it emits plaintive. murmurs after the manner of

.^olian liarjis.

Among ingenious fancies of the Chinese is llicir V)ird kite,

fig. 71, the frame of which is made elastic. The thin paper at-

tached to the wings moves under the action of the wind and
simulates the Happing of the wings. This kite is sometimes
3 ft. in length.

Tlie most curious style of Chinese kites is the dragon kite,

fig. 72. It consists of a series of small elliptic, very light disks

formed of a bamboo frame covered with India paper. These
disks are connected by two cords which keep them ecpiidisiant.

A transverse bamboo rod is fixed in the long axis of tlieelli|ise,

and extends a little beyond each disk. To each extremity of

this is fixed a sjirig of grass which forms a balancing plume on
each side. The surface of the foremost disk is slightly convex,
and a fantastic face is draw-n upon it, having two eyes madc^

of small mirrors. The disks gradually decrease in size from
head to tail, .and are inclined about 45" in the wind. As a
whole, they a.ssunie an undulatory form, and give the kite the

appearance of a crawling .serpent. The rear disk is provided
with two little streamers that form the tail of the kite. It re-

quires great skill to rai.se this device.

Fig. 78.-CUINESE DHAGON KITE.

This last device resembles in arrangement the multijde

disk kites for life savins; of the Rev. >Ir. Cordcr, already de-

scribed, and suggests that the superposition of kites attords

a good field for experiment. There is a limit in size beyond
winch the increasing leverage will so add to the reijuired

strength and weight of the frame as to make a kite unduly
heavy as well as unwieldy,* and sujierpositioii naturally sug-

gests itself for experiments intended to test the efficacy and
equilibrium of kite aeroplanes. There will be many prac-

tical details to work out in devising the best mode of attach-

ment of such aeroplanes with each other, so that all surfaces

may pull together and yet counteract the effects of wind
gusts, so that experiments with kites seem to offer the

readiest, quickest, and least expensive method of working
out this jiart of the problem.
The attention of experimenters is specially called to the

form of kite shown in l".g. 70. It resembles in shape and
attitude those of the soaring birds, wliich, as already re-

marked, perform their mano'uvres with jieculiarly curved
and warped surfaces, and it will Ije seen liereafter thut the

nearest success in compa.ssing gliding flight hitherto ob-

tained— that of >I. Lilicnthal—has been achieved with just

such surfaces.

Inventors seem to liave bestowed but little attention upon
kites, less than a score of such devices having thus far been
patented in the United States. These patents chiefly cover

various methods of making the frames to fold, so that the

kite may be more ))ortablc, while but few inventors seem to

have considered how the stability may b(! increased. Among
these latter may be mentioned Mr. Clarke (No. ilC.'j.'iO), who
proposes the insertion of a spring on one of the three cords

which compose the bridle. By the yielding of this spring

• The largCMt kite on recortl is paid to t)eIong to a JnpaueBc gentleman,
and l8 50 ft. x 46 IX., weighing l.TUO lbs. Ite frame in ciiiniioccd of 'Xa
pieceslof wood.
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tlie angle of inridence of the kite may vary somewhat with

the varying velocities of the wind, and thus diminisli the

perturbations.

]\rr. Maildans (No. 121,056) proposes a kite with a convex

surface, this being obtained by providing a stick across tlie

top, which stick is sprung into a bow by attaching its ends

to each other ; but this bowing seems to have been chiefly

devised to attach a flapping tongue, rotating on the bow-

string and so making a drumming noise, while there is no

doubt that the convexity of the kite must add to its stability.

Mr. Thompson (No. 335,;306) patents a reversible convex or

concave kite, with a frame like that of an umbrella ; but

nothing is said of the equilibrium or of dispensing with a

tail, the object being, apparently, to provide for convenience

in carrying.

yU: Culbij (No. 354,0f)8) provides for the stability by insert-

ing in the middle surface of a kite a wind bag rearwardly

projecting, wliich is distended by the breeze and prevents

the kite from darting. This is virtually the same device as

that of Mr. Gopie, already mentioned, which was found to

require a central opening to allow the escape of the air when
experimented in large dimensions. It is evident that such

a device, if applied to a navigable aeroplane, would largely

increase the resistance to forward motion ; but this might

be minimized by making such wind pockets very shallow, and
inserting a large number in the aeroplane. The experiment

may be worth trying by kite fanciers.

While several forms of folding frames for kites have been
patented by inventors, few seem to have been designed to

act as parachutes also. This has been accomplished recent-

ly by Mr. Moy in a very simple way (British patent No. 1,',)16,

A.D. 1892) by providing the folding frame with a central hub,

to which a trapeze bar may be suspended when such a kite

is used for conveying passengers or for exploration. By us-

ing tw« lines, the angle of incidence may be controlled, and
the kite be made either to raise a weight or to descend slow-

ly to the ground as a parachute.

As already intimated, the writer has found singularly lit-

tle on record concerning kites, and that little bears but

slightly upon the important question of thestaliility of aero-

planes. It may be for lack of more thorough search that

only fragmentary information has been gathered. Kites are

supposed to have been invented 400 years before the Chris-

tian era by Archytas, a resident of Smyrna (where the flying

of kites remains a national sport to this day), and the

Asiatics have always been and are now the great kite ex-

perts of the world. It is, therefore, not improbable that

search in books of travel or inquiries addressed to Orientals

might elicit information bearing directly upon the flying

machine problem ; and it is much to be desired that some
competent person shall undertake to write a critical account

of kite experiments as well as of the kites of all nations, and
of the influence of form as to stability and sustaining power.

There is a large collection of Chinese kites in the National

Museum at AVashington, and it would certainly be interest-

ing to have an account of the various principles exemplified

and of the behavior of the various shapes in the air.

(to be CONTINnED.)

FOUR-CYLINDER COMPOUND EXPRESS PAS-
SENGER LOCOMOTIVE FOR THE PARIS,
LYONS & MEDITERRANEAN RAILWAY.

On p. 499 of our is?ue for November, 1892, we gave a per-

spective view of a four-cylinder express passenger compound
locomotive built for the Paris, Lyons & Mediterranean Rail-

road. Duriofi: 1892 three of these engines were put in .service.

These new locomotives, like those built in 1888, are equipped
with the Serve tube and steel boilers built for a working
pressure of 200 lbs. per square inch ; but the use of steel has
been pushed still further, and used for the fireboxes, while in

1888 copper was still used for that purpose.
.\s in the 1888 type, the cylinders are four iu number, the

difference being that the high- pressure cylinders, instead of

being inside are outside the frames, while the low-pressure

cylinders are inside. The two first drive the trailing-wheels

and the two latter the forward drivers, the two pair being
coupled together, as in the 1888 typo ; but whereas iu 1888 both
pair were placed ahead of the fire-box and between two pairs

of truck-axles, in the new tj'pe they have been pushed back to

the rear end of the engine, and the forward end carried by a
single pony truck or a four wheeled bogie.

The valve-motion is of the Walschaert system for the high-

pressure cylinders, that of the low-pressure being of a special

system without eccentrics, which had already been used for

tile inside cylinders of the 18HS locomotives.

Reversing is accomplislied by means of a steam reversing-

gear controlling the valve mechanism of the four cylinders,

and fixing, for each point of cut-off, a ratio independently of

tlie engine-driver and properly established in advance.
Finally, the new engines are arranged like those of 1888, so

as to permit the direct admission of steam from the boiler into

the intermediate receivers between the large and small cylin-

ders. This can be done at starting only and without permit-

ting the exhaust from the small cylinders to escape into the

air.

The three new engines are identical with one another, ex-

cept that two are carried by a bogie ahead, while the third has

a single pony truck witli a lateral play of f in. governed by
inclined planes of 1 in 10. »

The distinctive characteristic of the two engines is their rel-

ative lightness. In fact, while the engines of Classes 1 and 3

of 1888 weighed iu working order about 53.5 tons, the new
engines with bogie trucks. Classes 11 and 12, do not weigh
more than 47.9 tons, and those without bogies 45 tons, yet the

new engines are considerably more powerful than the old.

But in order to understand the superiority iu the power of

the new engines, and how they can be made so much lighter,

it is necessary to examine into the experiments made in the

shops of the Company with the Serve tubes, which formed the

starting point for the construction of the new type.

Reference has already been made in these columns (see R.\li,-

noAD AND Engineering Journal, pp. 379 and 549, Volume
LXV.) to the economy obtained by the use of the Serve tubes.

Similar tests made at the Paris, Lyons & Mediterranean shops
show an increase of efficiency of 21 per cent.

The reduction in the weight of the engines is not entirely

due to the use of the Serve tubes, but is partially the result of

the use of steel fire boxes, by which a little more than a ton is

saved in the weight of the engine.

Especial atteniion may well be directed to the conditions

governing the designing of the boilers of the new machines,
because this is the point in which they differ from those tliat

have preceded it. The second point in which they differ is

the location of the axles, relatively to the principal weight of

the engine, and especially to the position of the cylinders.

The rear axle is still beneath the fire-box, but further back
than before. At the front the cylinilers are not ahead of the

first axle, but the two inside cylinders are exactly in line with
the center line of the bogie or over the pony truck ; the other

two are drawn back toward the center of the machine. The
result is a great amelioration of the lateral shocks which the

forward pair of wheels or the bngie deliver to the track, when
the inequalities of the latter throw the engine to one side, and
also a great reduction of the moment which tends to raise the

front end of the engines and which is due to the obliquity of the

connecting-rods.
The engine rests upon the bogie through the spherical center

plate only, so that the load is equally divided between the two
rails and" the two axles. As each axle is provided with its

own springs, it is enough to regulate the suspension links to

so arrange it that the four wheels carry an equal load.

The socket of the center plate is not fixed relatively to the

bogie. It can turn about its own vertical axis, and as it rests

upon a helicoidal surface ascending to the right and left, it

rises along these surfaces each time that it turns. Now, this

socket turns around its vertical axis at the same time as the

pivot, which it draws by means of two fingers provided with
rollers, and arranged so as not to hinder the other relative

movements of the pivot and the socket. The result is that

every angular displacement of the bogie relatively to the en-

gine on the horizontal plan causes a slight elevation of the

forward end, so that as soon as the cause of this angular dis-

placement is removed, the weight of the engine draws the

truck back into line. This is not, however, the only motion
that the socket can make relatively to the bogie. It is sus-

ceptible of a side motion on its seat of | in. on each side of its

central position. In order to regulate this displacement, the

seat in question rests upim a second lower and immovable seat,

with surfaces inclined about 15 per cent. The engines having
a single pony truck permit a lateral displacement of the latter

on each sicle of the central position of f in. with inclined planes

of 10 per cent, inclination.

The engines were built upon the compound svstem, because

experience has confirmed the economical results wdiicli we
would naturally expect when combined with a pressure of 200
Ills, per square inch. Four cylinders have been used, because

the experiments made iu 1888 have shown that the unavoid-

able complications resulting from a double mechanism was
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perfectly admissible in praetiee, aiul because this division of
I lie iniitive power between two engines, eacli worUiiiu on a
separate axle, jmssessed jireat advanlayes in rediu'ing the
strains on the dilTerent iiorlions of the mechanism, njion the
axles, and npon the track, and linally. by reducing llic dis-

turbances due to inertia. In reference to tlie overload upon
each wheel, the use of four cylinders allows this to be reduced
to ;!,000 lbs. for the front pair of driving-wheels and :!,-'.')0 Ib.s.

for the rear pair of driving-wheels at a speed of 4i!..") miles per
hour ; while, at the same speed with two-cylinder engines,
th<' overload is 9,.J00 lbs., although the power is 20 per cent,
less.

Although each driving-a.xle is driven direct by two of the
cylinders, they have been coupled together in onler that the
relative angularity of their cranks might remain unchauged,
and in addition to this coupling this relative angularity of
their cranks has been so arranged that the starting power shall
be as great as ]iossil)le. The cranks of the low-pressure cyl-

inders are therefore V^~>° in advance of the high-iiressnre.
This is not the best angle when viewed from the standpoint of
swaying and heaving ; but even in this respect it makes the

is as 0.40 to 1 ; and Ihe steam distribution of the two groups
of cylinders is so joined as to c(iindi/e as much as possible,
for every (loiut of cut-off, the diagrams of the small and large
cylinders.

The reversing-gcar is so combined as to maintain the desired
relationship between the two distribtitions, by means of two
conveniently located cams, whose shaft has a horizontal motion
parallel to the center line of the engine, and this motion irives

it a simult.-ineous mtalion by means of toothed sectors which
are keyed to the cams and mesh in with 'a tixed rack. The
movement of the cam-shaft is accomplished by means of a nut
fastened to that shaft and a screw operated liy Ihe engine-
driver. The operating wheel is furthermore arranged, accord-
ing to Ihe type adopted by tlu^ Paris, Ljons it Me<literranean
in 1880, so as to act uiion ilie reversing-screw only after it has
opened in the proi)er direction Ihe single admission valve for
steam for the {wo cylinders, each one of which controls one of
the lifting arms. These two cylinders are placed ahead of the
cams. Two other cylinders jdaced behind them arc tilled

with oil and serve to keep Ihe lifting arms inunovable while
the engine is miming ; for this reason the single valve.

.sm^

CROSS-SECTION THKOUGH CENTER OF LOW-PRESSURE CYLINDERS.

compound better than the two cylinder engines, even though
the latter may be less powerful, as the following table shows :

RE.\R ELEVATION.

SiDB Sway.
Maxiiniiin of the moment producing the
wide swaying at a speed of tW inilec i)er

liour
Amiiunt of side pway independently of

the speed at tlie front axle orthe center
pin of the iriicl<

.Simple
Engines.

Compound
Kngiuis.

I,ir0 foot-lbs. : 41 ,201 foot-lbs.

.0.55- .

Veuticai, Heaving.

Mii.ximiim of the effort producing vertical
heaving at a speed of fi:i miles per hour. ,.516, fr>0 Iba.

Amount of heaving, independent of tlie

speed 1.15'

.
.' o.'>ia-

m,rr;o lbs.

13-.

The ratio of the volumes of the small to the large cylinders

through which communication between the front and back
ends of these cylinders is obtained, is normally closed : it is

opened, however, at the same time as the steam-valve and by
the same motion of the hand-wheel by the driver, the reverse
motion closing it. Arrangements are made for lilliiig these
cylinders and keciung them perfectly full in spite of leakages.
These new machines have a special steam-valve by means

of which the engineman can admit live steam direct into the
receiver between the large and small cylinders ; there is also

a safety-valve on this receiver which ojieiis into Ihe atmos-
phere and prevents the pressure from rising above H.T lbs. per
scpiarc inch. The engineman should so handle this valve tliat

he avoids, as far as pos.silile, the opening of the safety-valves
The size of the cock and the pipe which leads from it to Ihe
receiver are so proportioned to Ihe size of the safety-valve that
the latter is sutliciiMitly large to keep the pressure down to the
reqinrcd limits at all limes. With this arrangement, in con-
nection with the coupling of Ihe drivingaxles, the starting is

accomplished at all times without any dilliculty.

The stack is of large diameter, but is contracled on tint in-
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side in accordance with the .standard adopted by the Paris,

Lyons & Mediterraneau in 18SS, b}- a central node placed above
the exhau.st, and made so as to properly expand the jet of

steam.
The exhaust is of rectangular section, and can be varied by

means of movable valves.

Tlie blower sends steam into the stack through a crown of
small holes in this central node.
The boiler is fed by two Sellers injectors of .2') in. and .3 in.

nozzles. The cylinders are oiled by a double Mollerup-Dreval
lubricator.

The pistons are of cast iron, and the rods are of steel screwed
into them. The cranks and pins are of steel. Steel is also

used for the axles ; the wheel-centers are of iron and the tires

of steel. As the crank-axle is not required to carry an}- ec-

centric, its two cranks are connected by a straight piece run-
ning direct from one to the other. The cranks are banded
with a steel lioop, and the pins are traversed through their

centers by an iron safety bolt.

The driving-boxes are of the Raymond-IIenrard type with
three wearing strips, one of which is below and the other two
on the sides. Eacli of the driving-wheels are provided with
a brake-shoe which is operated bjf the Westinghouse auto-
matic apparatus.
The following is a list of the principal dimensions of the

engine for which, as well as for the illustrations and the gen-
eral description, we are indebted to the Reime Generals dex

Chemiiis de Fer

:

CROSS-SECTION THROUGH HIGH-PRESSURE CYLINDERS.

Grate

:

Lengtll T' 3.9"

Widlh .3' 4.9"

Area 24 sq. ft.

Inclination 20° 40'

J*'ireboj:

;

Heigtit inside (measuring to Die bottom of tlie mud-
(

ring) -;front... .'j' 11.5"

jbaclc 3' 10.1"

i"^"i«'^"g'h IbStom:::^ sf
^"^'•"-"i'^ \'Z{o^:J' f!r

I
side and baclv stieets 39"

.78"

.39"

Thickness of steel S tube sheet i
^t'nbes

( below tubea.

Tubes (Serve) :

Metal Steel.
Number 133
Outside diameter
Tbiekness
Number of wings in each tube.
Ilei<;iit of wings
-\verage thickness of wings.

2.5"

.1"

8
.47"

.10"

Length between tube sheets 9' 10.1"

Ilialing Surface :

Firebox (from top of mud-ring) 113.10 sq.ft.

Tulws (inside surface) 1478.74 "

Total 1590.90 sq ft.

Ratio of lieating surface of tubes to firebox 13.18 to 1

" total heating surface to grate area 03.70" 1

BuUi'r

:

Outside lengtll of firebox.

" widtli " " .

7' 10.4"

J
top 4' 4.7"

I
bottom 3' ll.a"

Inside diameter of main course of shell 4' 4"

Length of shell 9' 5.8"

Thickness of shell sheets .6"

Metal in shell Steel.
Inside length of smoke-box 5' 4.90"
" diameter of smoke-bo.x 5' 1.3"

Top of rail to center of boiler 7' 4.8"
" " " bottom of front end of mud-ring 2' 2.8'

Volume of water with 4' over the crown-sheet 761.e8galls.
" ' steam space 77.68cu.ft.

Total capacity of boiler 1342.70 galls.

Steam pressure per sq. in 213 lbs.

Slack :

Inside diameter of stack
Diameter of central rinfj of stack
Height from top of smoke-bos to top of sttick..

'* *' " rail " " " " .., .13-

9.3"

lO.li"

.1"

ll.C"

Areas of Air Passages :

Through grate 12.48 sq. ft.i

j at firebox ferrules 2.79 "
) " center 3.70 *'

Free inside section of stack 1.80 "
Ratio of stack to tubes 1 to 1.52

Frames :

tubes.

Inside to inside of frames 4'

Thickness

Outside to outside of foot-plates. . .
-• f™°'

Length over buffers

Distance between axle centers.,

Wheels and Axles :

Diameter of wheels

I
back

1.2"

.8"

a.4"
0.1"

9.5-

first and second 0' G.7'
second and third 7' 2.0"

third and fourth 8' 10.3"

total wheel base 22' 7.6"

30'

.
0'

J truck 3' 3.4'

•| driving 6' 0.1

Lateral play of the bogie
" " ' drivers eacli way.

Distance between inside of tires.

CijUiiders

:

Higli Pressure.
Number of cylinders 2
Diameter" " V 2.5"

Stroke of pistons 2' .4"

Cross section of cylinders 98 sq. ft.

Volume 01 one cylinder 1.98cu.ft.
Center to center of cylinders 7' .24'

Length of connecting-rods 7' J<.5"

Ratio of rods to half stroke...; 7. .58 to 1

Inclination of cylinders

Angtilar advance of L. P. ahead of H. P. cranks

.6"

.04"

4' 5..5-

Low Pressure.

l'"9.8-
2' .4"

2.5 sq. ft.

1.48 cu. ft.

1' It-

s' 10.8"

5.8 to 1

. . . .
135°

Valce Motion:

Type Walschaert

Kiud of valve.

\
length.

Valve -.breadth.

High Pressure.

Allan.
1'

10.4"

Low Pressure.
Special.

Allan.
1' 3.7-

1' .87"

1.37 sq. ft.

5-

1.4"

75

, area 90 sq. ft.

Maximum throw of valve 4.8"

Outside lap 1"

Inside "

Average maximum steam admission per cent.. 72.5

Steam Passages;

Lengtll of ports 9.4°

Area of steiim ports 03 sq. ft.

" " exhaust ports 075 "
Steam pipe (area) 10 "
Exhaust pipe (area) 17 "

Volume of receiver 9.18cn. ft.

.00 sq. ft.

.13 "

.17 "

.34 "

Weights ;

Engine, empty. . .

.

In working order

Total..

1 truck axles (each).
.
-; front drivers
(back "

. 98,.50i.l

. 19,.5H0

. 3S,.370

. 33,390
.105,820
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ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.

It may be repeated here that the object of publishing this

monthly list of accidents to locomotive engineers and firemen

is to make known the terrible sacrifice of life and limb that is

constantly going on among this class of people, with the hope
that such publication will in time indicate some of the causes

of accidents of this kind, and help to lessen the awful amount
of suffering due directly and indirectly to them. If any one
will aid us with information which will help us to make our
list more complete or correct, or who will indicate the causes

or the cures for any kind of accidents which occur, they will

not only be doing us a favor, but will be aiding in accomplish-
ing the object of publishing tins report, which is to lessen the

risk and danger to which the men to whom we all intrust our
lives are exposed.
The only, or the chief source of information we have, from

which our rcjiort is made up, is the newspapers. From these

the following list of accidents, which occvirred in April, has

been made up, t)f course we cannot report those of which we
have no knowledge, and doubtless there arc many such.

ACCIDENTS IN APRIL.

Red Oak, I. T,, April 3.—Engine No. 2 of the Choctaw
Coal ik Railway Company, hauling an cast-bound way freight

train, exjjloded as it was leaving the boundaries of this town,
causing the death of four trainmen. They were : I, P. Dur-
nell, engineer ; F. Fredericks, tireman ; a brakeman and
hostler. One of them, who was riding on the pilot, was found
under the engine trucks. The other three, who were in the

engine cab, were thrown 8(.) ft. from the engine.
Edwardsville, III., April 4,— C. Alspaugh, an engineer.

James Hambly and Hugh Woods, liremcn, were killed, and
Walter ,McGarrighan. engineer, was badly injured in a col-

lision on the Jacksonville Southern Railroad near the place

named. A number of other railroad and other employes were
killed and injured.

Pittsburgh, Pa., April 4.—In a rear end collision, near
Packsaddle, on the Pennsylvania Railroad, Harr)' Brautliuger,
engineer, had his nose broken, head cut, and arms and shoulders
badly bruised, and A. W. !Marsh, tireman, had his face badly
cut and legs bruised. An engine was smashed and eight cars

were demolished. A number of other emi)loyes were so seri-

ously hurt that thej" will probably not recover.
Niagara Falls, N. Y., April 4.—The express and passenger

train on the Niagara Central Railroad, which left St. Catharines,
Ontario, at 3 o'clock to-day for this city, was derailed in a
cut this side of Thorold, Ontario, and the engine and five

freight and express cars were ditched. None of the passenger
cars were derailed, and fortiuiately no passengers were injured.
James McDonald, tireman on the engine, jumped and broke
his arm. He was the only man hurt. The accident was
caused !)y the rails spreading.

Rochester, N. Y., April 6.—Fireman Becker, of the West
Shore, fell from engine No, .51, striking a switch post. His
head is badly cut.

Delhi, lud., April 7.—A terrible rainstorm weakened the
bridge over Wildcat River, near Rossville, and the north-
bound Monon vestibule train went through the bridge, killing

the tireman, O'Brien, of Lafayette. Ilis body was caught
under the locomotive. The engineer. Brooks, escaped with
slight injuries.

Baker City, Ore., April 8.— Al Stevens, engineer, and Fred
Phelps, fireman, were injured on the Union Pacific Railroad,
but we have no other report of the accident.

Ilarrisburg, April 8.—James Moses, fireman, had been stand-
ing on the tank of a Pennsylvania Railroad engine when his

head was caught by a wire and he was thrown to the ground.
His head was badlj' cut, and he laid unconscious for over five

hours.
Cincinnati, April 8.—An engine on the Louisville, New-

Albany i; Chicago Railroad went through a bridge near Frank-
fort, ind., Saturday morning. Engineer was killed and fire-

man fatally injured.

Rossville, Ind., April 8.—A passenger engine ran into some
timbers lying on a bridge. The .shock was sufficient lo break
the trestle and the engine dropped through, turning over as it

struck the ground, holding the engineer and fireman in the
wreck. The momentum of the train was so great that, though
the trucks of the baggage-car and smoker fell dow-n on the
engine, the two cars were forced over and remained on the
trestle beyond with no wheels mider them. The passenger
coach passed half-way over the break, its forward truck drop-
ping down and the rear truck stopping on t)ie track at the
edge of the hole. This left the coach directly over tlie break

in the bridge. The three sleepers were comparatively unin-

jured.

Every effort was at once made to rescue the fireman and
engineer. The former was first liberated from the wreck, but
was so badly hurt that he survived but a few minutes. It

was nearly daylight when Engineer Brooks was rescued. He
was found to be so badly injured that there are but slight

hopes of his recovery. One leg was broken, the other terribly

mutilated, and his back is severely hurt. He was helil down
by pieces of the engine or cab, and was extricated only after

several hours' hard work by the passengers and crew of tlie

train.

Green Brook, N. J., April 10.—While the Ea.stern express
was going about CO miles an hour, the report before us says,
" Suddenly there was a terrific jerk and whizzing sound, fol-

lowed by a succession of shorter jerks and a loud crash. Both
driving-rods had snapped at the same lime, and were thrashing
through the air with the revolutions of the wheels.

" Joseph Lutz, the engineer, applied the brakes, and the en-

gine, suddenly brought to a stop, reared on end, but came
down on the rails again. The cars rebounded with the shock,

knocking the passengers against one another and throwing to

the floor several who had risen.
" Just as the brakes were applied the rod on the engineer's

side came up through the iron floor of the cab and tore a hole

in the boiler. The escaping steam scalded the engineer badly
about the face, but he kept his post until the train came to a
standstill."

Whether it was the main connecting or the coupling rods

which broke is not clear from the above account. Probably
it was the latter.

Rome, Ga., April 11.— In a collision of two freight trains on
the East Tenncs.see, Virginia & Georgia Railroad at Brice's,

the engineers and firemen escaped by jumping, but one fire-

man fell head first and lost one eye and received some bad
bruises. The others were severely bruised, but there was
nothing fatal.

Macon, Ga., April 11.—A freight train was wrecked on the

Southwe.stern Railroad, near Butler. Engineer R. F. Reeves,
of Macon, jumped from the engine and was severely hurt on
the right shoulder, a gash cut on his head, and injured in-

ternally.

Norwalk, O., April 11.—As a passenger train reached the

Newton Street crossing, Frank P. Mitchell, an engineer on the

Wheeling & Lake Erie Railroad, attempted to jump from the

rear car. In jumping his heel struck a heavy plank, tearing

the heel from his shoe and throwing him head first against

the carsteps. A big hole was knocked in the back of his head,

exposing the brain. Chances are against his recovery.

Canton, O,, April 15.—While I. R. Whitman, an engineer

on the Cleveland, Lorain & Wheeling Railroad, was running
his train in on tlie weigh switch at Chamberlain, one of the

rails under the engine turned, throwing the engine down the

embankment a distance of 30 ft., and dragging three cars with
it. Whitman saw the engine stait and leaped out of the cab
through the fireman's window. He fell on the rails and struck

on the spinal column Paralysis of the lower portion of his

body ensued, and he died about 10 o'clock Sunday morning.
Fireman Walker, of Lorain, was also in the cab, and not

discovering the accident until too late to leap, clung firmly to

the engine and came out without a scratch. The engine in

going down the embankment made one complete revolution

and half of another, and is a complete wreck. How the man
in the cab escaped is a mystery to those who saw the acci-

dent.

Waco, Tex., April 17.—An incoming cattle train on the San
Antonio and Aransas Pa.ss Railroad ran into an empty train

standing on the main track at this station this morning. The
cattle train engine, which was just out of the shops, was
completely wrecked. Fireman Smith was caught in the ruins

and scalded to death. Engineer Brow-ning was scalded, had
his left arm broken, and received internal injuries.

Toledo, O., April 17.— A new mogul engine which was put
on the Toledo, Ann Arbor & North Michigan Railroad four
months before was in charge of Engineer Cavanaugh and
Fireman Thomas C. AVilson, the latter a new man from Pon-
tiac, Mich. Cavanaugh telegraphs that about a mile north of
Emory, while going slow, the crown sheet letdown, and the

escaping sttam scalded Fireman Wilson so badly that he died
soon after.

Rochester, N. Y., April 17.—A fast mail train on the

Auburn Road collided with a line of freight cars this after-

noon. Engineer John McMannis jumped from the cab just

before the crash came. His head struck a projection of the

mail car, and his blood and brains were scattered over the

entire side of the postal coach. Clarence Aldrich, file fire-

man, remained in the cab, crouching close behind the boiler
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and escaped with no serious injuries. Several otlicr railroad

employes were injured.

Fort .lervis, Ajiril 1!).— Engineer O. II. Davis, who runs the
fast train over tlie New Yorli, Osweijo iV Western liiiih-oad,

met with what mijjht have been a serious aeeident on Wednes-
day. He was looking back from the window of his cal) when
his head came in eontaet with the mail bag hanging on the
erane at Piirksville. The blow rendered him nneonscious for

a time, b\it lie rallied, and proceeded with Ids train to Hancock.
An examination of his injuries showed that he was liadly

bruised.

Whatcom. Wa.sh., April 23.—Charles Welcome, a lircman
on the Bcllingham Bay vt British Cohnnbia Koad, had three
ribs broken by falling from the engine this morning. He was
reaching over Hie water tank to get a ti>ol from the tool-box,

and was struck by one of the poles which hold the feed wire
of the electric road.

Albu'juerque, N. M., April 24.—In jumping from a derailed

engine on the Atlanta it Pacific Railroad, Harry D. McCarty
was injured- hip probalily broken.

Som(!rs('t, Pa.. April 2().—In coming down a grade of 150 ft.

per mile on the Bare Ilocks Kaih'oad, at Ways Station, a train

liecanie unmanageable and dashed down the grade with fright-

ful velocity. At the foot of the incline were several loaded
freight cars, into which the passenger train plunged. On
thi' engine were Engineer Nell', his son, and John E. Pyle,
with his wife and daugliter.

The three latter were hurled under the engine as it leaped
from tlie truck and were instantly kided. NeCf and his son
were fatally .scalded. (Jn the cars were a largo number of

workingmen, some of whom jumped from the runaway train

and escaped with slight injuries.

The lialance were cruslicd in. the wreck. How many is not

yet known. Seven bodies have already been recovered.

.lacksonville. 111., April 36.—While his engine was standing
on the track near the junction, wliere there is a slight grade,

Hardin Garner, engineer, was in the act of blocking tlic wlieels

of the locomotive to keep it from moving, and Ids hand was
caught between one of the large drivers and the rail, and two
of the fingers on his left hand were cut off at the knuckles
and part of the third finger liadly mashed.
Albuquerque, N. M., April 20.—Tlie crown-slicet of a pas-

senger engine gave way at Cerrillos, followed by an explosion

strong enough to lift the engine from the track, and throwing
the big machine on her right side. The explosion tore up the

track for some lengths, and the trucks nnder the mail and ex-

press cars flew the track, both cars being twisted to the left of

the engine. The engineer, Ed Kecne, and fireman, Isaac

Taylor, were both badly injured, especially Keene, who is hurt

about the face, head, and legs. Taylor is pretty badly bruised

about the body, but not dangerously.

f/ansing, April 26.—AVhen a mile west of Lansing a pas-

senger train halted on the Chicago & Grand Trunk Uailroad,

and the signal of di.stress was given fr.im the cab by means of

the whislle. The conductor went forward to the engine, and
found the engineer in a very son-y prcdic.inient. Coal gas had
accumulated in the fire box, wlii(^li had exploded, setting fire

to Ryan's clothing. When aided by the conductor to a pas-

senger-car the clothing that had not been burned off was re-

moved, and as the gloves were ]iulled off the skin came with
them. The fireman escaped injury by climbing through the

cab window.
,\urora, III., April 27.—In a collision between a pas.scnger

train and switching engine on the Chicago, Burlington tt

Quincy Uailroad, Engineer Damon was wedged in among the

dehris of the wrecked switch engine, and it was with consider-

able difficulty and hard work tjiat he was extricated. It was
found that his left leg was broken, his right foot badly

smashed, and that he was otherwise bruised about the

body.
Celeste, Tex., April 27.— .\ passenger train on the Gulf,

Colorado &. Santa Fe Road was ditched by running into a

number of horses on the road. The engine and tender were
completely demolished, the tender crushing in part of the

baggage-car. Engineer Hardeman was almost killed, scalded

all over with steam and hot water, and from his suffering must
have been almcst cooked. He was covered with mud almost

beyond recognition when found. His wounds will probably

prove fatal.

Eireman P.oli Deering was scalded fearfully and burned, but

no bones liroken.

A number of other railroad employes were injured.

Ansonia, Conn., April 27.—G. W. Lamb, a fireman on the

Naugatuck Division of the Clonsolidated Road, was jiainfully

injured. While at Beacon Falls, he stepped out on a plat-

form at the side of the boiler. He was engaged in cleaning

the boiler when his right leg slipped Ihrougli an opening. He

lost his balance and slipjied over the siile of the engine. Both
bones in bis right leg were snapped at Hie ankle.
Ann Arbor, .Mich., .\pril 2S.^In a collision which occurred

in a snowstorm near Emory, on the Toledo, Ann .\rborit Xortli
Mieliigan Road, the fireman was caught in the gang-way on
the right side between the cab and tank. We had to saw
away the cab, and it was 40 minutes before we got him out. He
was still alive and rational, and lived about 2") minutes. This
was the first trip of the fireman. The engineer, J. Anderson,
was .-ilso injured.

Pittsburgh, .\pril 29.—A passenger train on the Baltimore it

Ohio Railroad lollided with a freight train at Grilliu Station,

near West Newton. Fireman Thomas Nevill, of the freight,

received painful injuries.

The freight train was cros.sing from the cast to the weft-
bound tracks to get out of the way of the " llyer. " The col-

lision occurred at the cross-over switch.
A conductor and passenger were al.so injured.
Los Angeles, Cal., April *).—Engineer Harry McCarty was

caught in tlu^ Atlantic iV Pacific freight wreck near Grants,
had both legs broken, one of them in two places, lie also

su.stained internal injuries. The wreck was caused by sand
drifting upon the track.

Kansas City, Kan., April.—In a derailment in that city

—of the date of which we are not advised—which was due to

a "split switch," the engineer and fireman were killed. Of
the accident it is said :

" At the first jar Engineer Popperts reversed his engine and
whistled brakes. Then onlj' did he attempt to escape. While
the brave fellow was half-way out of the cab window the
engine rolled over and crushed him almost to a l>ulp under-
neath. Every bone in his body was broken. Then, to make
death's work sure, the burning hot boiler rested on his face,

holding him, while the steam scalded his body, which, merci-
fully, was lifeless ere that.

"Fireman Oafchell. when he saw the danger, jumped from
the left side of the cab, but he was caught under a box-car.

Four of his ribs and his nose and ujiper jaw were crushed by
an iron brake-rod. He was also terribly ruptured internally.

After the crash he crawled out of the wreck and sat down on
the ties of a sidetrack a few feet away."
Our report for April includes 32 accidents. In these .seven

engineers and nine firemen were killed, and 16 engineers and
13 firemen were injured. The causes of the accidents may be
classed as follows :

Boiler explosions 3

Broken coupling-rod 1

Derailments 4
Collisions 8
Falling or jumping from engine 3

Went through bridge 3

Wreck 2

.lumping from car 1

Run away train 1

Struck liy objects 3

Gas exidosion 1

Hand crushed 1

No cause given 1

32

THE CONSOLIDATED CAR HEATING COM
PANY'S ELECTRIC HEATER.

The fact that the passage of an electric current through a

wire will heat it has been made use of by the Consolidated

Fig. I.

Car Heating Company of Albany, N. Y.. for constructing a

very convenient heater for electric cars, and for other purpo.s(S

wherever an electric current is available.
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The principle which governs the development of heat by
electricit)' is stated as follows by this Company :

" The amount of heat given out is equal to the .square of

the q\iantity of current, measured in amperes, multiplied liy

the resistance of the conductor in which tlie heat is generated.

The amount of heat given out by an eleclric heater placed

between two conductors, in which a given difference of poten-

tial is maintained, therefore depends upon the resistance within
the heater itself, and is, moreover, for a given dilTerence of

potential strictly proportional to the amount of current used."
In the heater, which is the subject of this article, the resist-

ing conductors consist of iron wire .033 in. diameter wound
on a mandrel | in. diameter into helical coils. These coils are

then wound on cylindrical glazed porcelain insulators 2 in. in

diameter, which have helical grooves in them to receive the

Fig. 2.

coils of wire. Some of these insulators, C G, with and some,
C" C", without the wire on them are shown in fig. 1. In fig. 3

the method of winding the coils on the insulators is shown.
In this process the wire is drawn out sufficiently so as to pre-

vent the neighboring convolutions of the wire from coming in

contact with each other. The length of wire in a set of six

heaters, a car equipment, is 2,550 ft., or nearly half a mile.

The cores are mounted on a square § in. iron rod, the aperture

for which is plainly shown at C" V in the detached cores in

fig. 1. At the end of each core, which forms a division of the

heater, a glazed jiorcelain jilate, P P, is jirovided, in which
binding screws are placed, to which the ends of the wire eojls

are connected. The cores are usually arranged in jiairs, as

shown in fig. 1, with a porcelain plate P' between them, so

that the two sections may be connected independently if de-

Fig 3-

sired. The porcelain insulators are supported by the iron rod.s

referred to, which are carried at the ends on cast-iron .stands

/ and /. These are fastened to the floor of the car. The
heaters are covered with a neat wooden box or case, as shown
in fig. 3, the east-iron stands /"/serving also as sujiports for
the case, which has an open front protected by a wire screen.
The case is lined throughout with asbestos mill board.

In cars provided with paneled risers under the seats the
heaters are placed within the risers, as shown in fig. 4, .so that

Fig. 4.

the front of the heater, with its grated openings, takes thejilacc

of the panel.

From figs. 3 and 4 it will be seen that the bottom of the

wooden case stands a few inches above the floor. This allows
cold air to flow into it where it is warmed by the coil, and
then flows out through the grated opening into the car. Tlie

warm air thus communicates its heat to the feet of passengers
before it rises to the upper part of the car.

In their descriptive circular the Consolidated Comjiauy .say :

" To prevent the oxidation of the resisting conductor a gal-

vanized wire is used which has tlie advantage of not oxidizing

readily even when a high tenijierature is maintained. An
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Fig- 5-

absolute assurance against any dangers from the oxidation of
the conductor is secured by carrying in the resisting conductor
a comparatively low temperature. To accomplish this, it is

necessary to u.se a wire of considerable length, so that this

wire may jiresent a large heating surface and give off the de-

sired amount of heat without the necessity for a high temper-
ature. Neither in actual use nor in long-continued experi-
ment has a heater failed from oxidation of the conducting
wire. Should, however, a failure of the resisting conductor
occur from accident or any cause, the coiled wire can be
(juickly and easily removed and a new wire be put in its place

Fig. 6.
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witlirmt even removin.!; tlir lipatcr from the car. But a few
niiiiutcs aiv ri(|iiinMl to maUe a renewal of wire eoil.

"

Tile ("onipany also express the helief that when the tlier-

nionieter is at zero, or below, that it will iirohabl.v he neces-
sary, (hiring at least a jiortion of the day, to use alidut 12
amperes of current, if cars are efreclirely healed. Having
determined the maximum amount of heat recpiired in the cold-

est weather, the i|uestion then came up how to regulate the
temperature in milder weather, so as to prevent the ears from
being then overheated and a w.-iste of electrical energy result-

ing in needless exp(nse. The ability to vary and regulate the
intensity of heat to meet the requirements of the weather was
a necessary jirovision for a successful electrical heater.

In order to be able to regulate the heat, the heating coils are
arranged as shown in tig. >. An <'lectrical switch, shown by
fig. 6, is then [irovided which consists of a cylinder of insvl-

lating material wliich carries in fixed position on its circum-
ference pieces of conducting metal. Projicr connections of
the metal contacts are made through the substance of the in-

sulating material itself. The wires connecting the heaters in

the several combinations necessary to obtain the ditferent in-

tensities of heat are connected to binding posts in the switch,
and terminate in multiple spring contacts resting upon the
surface of the cylinder carrying the contacts above described.

Tlie switch has six dilTerent positions. In one position the
circuit is open (no heal), and the remaining five positions give
dilTerent intensities or grades of heat. Different combinations
of the electric heaters are made by the different positions of
the switch, so as to increase or decrease the flow of current to
corresi)ond with the increase or decrease in the intensity of
lieat reijuircd.

In the first position of tlie switch all of the heaters are placed
in series, so that the current from the trolley must pass through
their comliined resistance. In the second position one third "of
the total resistance is thrown out, the remaining two-thirds
being placed in series. This results in an increase of about
one-half in the intensity of heat. In the third position the
switch recombines the heaters in a multiple series of two,
thereby still further increasing the flow of current and obtain-
ing a corresponiling increase in the intensity of heat. In the
fourth position Ihc total heating surface is again recomliined
in such a way that one third of the electric liealcrs is thrown
out, and the remaining two-thirds are combined in a multiple
series of two. In the fifth posilion the remaining one-third is

thrown in, making a multiple series of three. Tlu; .switch is

inclosed in a neat wooden case not shown in our engraving.
The Consolidated Car Heating Company estimate that the

additional cost incurred to generate the current necessary to
supply electri(- heaters will be from ont-half to three cenis an
hour to heat a car bv this svstem.

PROCEEDINGS OF SOCIETIES.

Master Car-Builders' Association.—TIjc Twentvsevcntli
Annual ('(invenlioii of the Master Car liuilders' A.ssociation
for 18i.Ki will be held at Lakewooil, N. Y., with heailquarters
at the Kent House, commencing Tuesday, June 18, isyii.

There are two hotels near together, and the projuielor of
the Kent House will receive all applications for rooms and
locate the guests. His adilress is Jno. C. IJrady, Kent House,
Lakewood, on Lake Chautauqua, N. Y. 'I'hchotels airree to
a uniform rale of $:i per day when nothing extra is wanted.
Messrs. K. C. Ulackall, T. A. Bissell, and Angus Sinclair are
a Committee of Arrangements for this Conveniion.

American Railway Master Mechanics' Association An-
nual Convention.—The Twenly-.sevenlh Annual Convention
of the American Kailway Master .Mechanics' Association for
1898 will be held at Lakewood, N. Y., with headquarters at
the Kent House, commencing ^loiiday, June IS), 18i):i. There
are two hotels close together, and the proprietor of the Kent
House will receive all applications for rooms and locate the
guests. His address is Jno. C. P.radv, Kent House, Lake-
wood, [on Chautauqua Lake, N. Y. "The hotels agree to a
uniform rat(> of $:j ]ier day when nothing extra is wanted.
Messrs. K. C. Blackall, T.' A. Bi.s.sell, and Angus .Sinclair
are a Commiltee of Arrangements for this Convention.

Engineers' Club of Cincinnati.—At the last regular meet-
ing of the Club .Mr. K. K Layman read a pajicr on Sidewalk
Improvements in the V'iciiiity of Cincinnati, which coin|irised
a review of the legislation enacted by the Stale of Ohio in the
last few years pertaining to the construction of and manner of
payment for sidewalk improvements, and a description of the
proper construction, workmanship and materials necessary to

sectirc the best results in building artificial slone sidewalks,
which have lieeii very generally adojiled in the suburbs, an
expenditure of ^-lUO.UOU having been mailc on them in a few
years.

Engineers' Society of Western Pennsylvania.—The Feb-
ruary bulletin of Ihe Sneicty eoiilains an arllele with a discus-

sion on the const ruction and maintenance of the Howe truss

bridges : al.so a short article on Segregalitai in Sleel. by Wal-
ter E. Koch, who slates that the method he has used for the

hist twenly years for the deterudnalion of sulphur in steel and
piiT iron is to take sulphuric acid, one jiarl ; water, four pails ;

mix. and when cold, iriur on to live giamnies of steel or iron

in a llask, and ]iass ihe evolved gases into a cold saturated solu-

tion of eupric sulphate. In a few moments it will be possible

to tell just how the sulphate stands. The method works bel-

ter for steel than pig iron, but is very useful and quick for

both.

Jlr. R. N. Clark also contribuled an aviicle on the use of

honeblack for domestic filters, giving the detail of his experi-

ence and the good results that have been obtained by the use

of properly constructed bone tillers.

Engineering Association of the South.—The regular
monthly meeting was held April 18. The feature of the
evening was a discussion on High Duty Attachments for Non-
rotative I'umping Engines, led1)y !Mr. L. d Auria.
Mr. d'Auria showed that, apart from any consideration re-

lating to expansion, the aggregate weight of the reciprocating

parts in the Cornish engine is 2.3 times the weight of the load ;

in the Bull engine, equal to the load, and in the Worlhington,
one-tenth the load, though it could be made heavier without
restriction ; but, with reduction of weight in these three .suc-

cessive types of engines, the rate of steam expansion had also

to be reduced, it being possible to use in the Cornish engine
four expansions, in the Bull but two, while in the Worlhington
simple cylinder expansion was practically impossible.

Mr. d'Auria showed that the piston speed is affected by
what he calls " effective weight ;" this weight being expressed
by Ihe sum of Ihe products of each of the reciprocating jiarts

by the square of the velocity of its center of gravity or gyra-
tion, exjiressed in terms of the velocity of the plunger as a

unit. In using steam expansively, this force in the first part

of the stroke is greater than the load, and will perform an ex-

cess of work, " aceelerative work." According to a law dis-

covered by Jlr. d'Auria, the mean plunger speed during Ihe

stroke in a uon-rolalive pumping engine equals

/.aceelerative work
effective weight

the coefficient 'C varying with the variation of the propelling

force, and in the average equaling about 4.8. By the ajiplica-

tion of this law, it was proven that the Bull engine could have
been made lighter and yet used a higher rate of expansion than
the Cornish, and that a Worlhington engine could have been
transformed into a high-duty engine by adding a reciprocating

weight, about 7 or 8 per cent, of the load, and moving with a

velocity four times greater than that of the plunger. This
ailded reciprocating weight, which constitutes the D'Auria
high-duty attachment, was shown in the form of a liquid col-

umn ; thus, a direct-acting ]dunger is attached to an extension

of the (liston-rod of the jiumping engine and moves in a cylin-

der of its own ; at the cmls of this cylinder the ends of a
I'-shaped i>ipe are attached, and Ihe cylinder and jiipcare tilled

with liqiii<l. The area of the pijie being less than that of the

Iilunger, the velocity of the li(iuid column is projiortionally

greater than that of the ))islon. Shocks due to excess of

energy at the end of the stroke are prevented by jiassing the

li(|uid around the plunger through small channels uncovered,
when Ihe plunger, by this excessive pres.sure, jia.sses beyond its

usual slroke. This feature, as well as lh<' verification of Ihe

law of iiislon speed, was shown by a model in which the prc-

pelling force was a sjiring allached to one end of Ihe plunger
rod, tlie load being represented by a weight pulling at the

other ; these balanced only at the middle of Ihe stroke, the

pull of the spring at the beginning was about twice that of the

weight, anil at the end only eipialled Ibi' friction of Ihc work-
ing parts. When the apparatus was tilled with liquid the pis-

ton maile a steadier, longer slroke than when no liquid was
used, showing Ihe friction of the liijuid to be insignilicant.

Diameter of the plunger, 8 'Ji in. ; diameter of pipe, 2.00 in. ;

ratio of their areas, 8.65 ; weight of moving parts, Gl lbs. ;

weisht of water in the pipe, 51.5 lbs. ; hence the effective

weight with the water is, W - G\ + 51.5 X 3.0.5' = 747 lbs.,

and without the water is only 11''= 61 lbs. The aceelerative

work in both cases is Q = 4.84 foot-pounds, and the length of
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.stroke, 0.46 ft. The velocity was found to be with the water
0.383 ft. per second, and witliout the water, 1.33 ft. per sec-

ond. According to Mr. d'Auria's appro.ximate formula,

-4.8/«W
the velocities equal 0.384 and 1.84 ft. per second respective!}-,

showing close agreement with experiment. Besides, the Sg-
iires sliow that the effect of the water in tlie pipe was to re-

duce the piston speed to about oiie-lliird that without water,
and tliat without appreciable loss by friction.

Engineering Society of the South.— At the regular meet-
ing liclil at Nashville on May 11. tliere was a discussion on the
durability of Yellow Pine, in which Jlr. Hunter McDonald
stated that he thought yellow pine was not as durable now as

formerly, ascribing as one reason among others the common
praclice of tapping pine for turpentine ; also the fact that
much of the timber comes from " old field pine," the second-
ary growth which has followed the clearing of the original

forests. He thought the theory erroneous that tapping re-

moved the turpentine from the sap onl}' and not from the
heart, and that the whole stick is made more porous for the
absorption of moisture. Some l)ridge timljcrs were sound after

14 years of service, while nearly all pine timber now has to be
removed in tive or six years. He does not now paint wooden
memliers of bridges, but houses them, allowing free air circu-
lation. In the Tennessee Rirer liridge at .Johnsnnville are tim-
bers housed and sound after 21 years of use. He lielieves tliat

if timber could be protected two years, then well painted, it

would add four years to its usefulness. He finds more diffi-

culty judging when a stick is unsafe from decaj' than in pro-

tecting it, and thinks some practical test of limber in place
would be of great benefit.

Mr W. C. Smith agreed that timber when from original for-

ests and not tapped lasted better than otherwise, and called
attention to the hastening of dry rot by confining timber in

walls. The confined ends of joists have rotted in nine months
when ilie rest was still good. In his practice he either leaves
air space around the ends of joists or builds projecting bear-
ings for them. Poplar timber sawn from river rafts decayed
in two years when exposed to the weather, and at the same
time lasted well on interiors.

PERSONALS.

jNIu. C. Ironmonger has been appointed Eastern Passenger
Agent of the Seaboard Air Line, with ofl3ce at 229 Broad-
way. New York.

Mr. J. .1. Ryan, General Division JIaster Jlechanic of the

Southern Pacific, has been given charge of tlie entire Atlantic
system of that road, including the ocean steamship service of
the company.

5Ir. F. Rosenberg, who resigned his connection with the

Colorado Coal & Iron Company and the Bessemer Ditch Com-
pany of Pueblo, Col., on April 1, is now with Jutte & Foley,
with an interest in the business.

Mr. a. E. Kendal has resigned his position as General
Passenger Agent of the New York & New England Railroad,

to assume the same position on the Old Colony Division of

the New Y'ork, New Haven & Hartford Railroad.

Mr. E. p. Lord, formerly Superintendent of Motive Power
of the Cleveland, Cincinnati, Chicago & St. Louis Railroail,

has accepted a position as General JIanager in charge of con-
struction with the A. K. Porter Company, Pittsburg, Pa.

Mr. H. L. Gantt, late of the Midvale Steel Company, has
been appointed General Superintendent of the American Steel

AVheel Company, vice Sir. George W. Gushing, resigned.

Mr. Gantt will have charge of the new plant at Garwood, N. J.

Mr. F. A. ScnEFFi,ER resigned his po.sition as General
Superintendent of the Brush Company, of Cleveland, 0.,

April 1, and has been appointed and accepted the position of

General Sales Agent of the Stirling Companj', manufacturers
of the Stirling Water-Tube Boiler, with office at 74 Cortlaudt
Street, New York Ciiy.

NOTES AND NEWS.

The Rolling Stock of the Holland Railways is placed by
the Journal d<fi Tniiispoiis at 715 locomotives, 1,833 passenger
cars, and 9,860 freight cars. The annual service consists in

the transportation of 23,185,182 pas.sengers and 8,397,342 tons
of freight, the ton-mileage not being given. The gross re-

ceipts for this service amounts to .$11,985,422.83.

Signaling Direct to a Locomotive.—A metlwd of signal-
ing directly in front of the driver's eye is being tried on the
Great Northern. Contact is made by a brush'on the engine
rubbing on a rail or wire. If a current is sent from the signal-
box to the wire, the circuit is completed with the engine, and
the little semaphore on the locomotive drops. Somewhat
similar devices were shown at the Electrical Exhibition at the
Crystal Palace 10 years ago, but they do not find much favor
with railroad men.

Welding Steel.—The following process of welding steel is

recommended in Germany : Heat in an iron vessel 64 parts of
borax, 20 parts of sal-ammoniac, 10 parts of ferrocyanide of
potassium, and 5 parts of colophony, all pulverulent, together
with some water and a spoonful of brandy. Stir well ; let

cool in the vessel, and then stamp to a powder. The steel

pieces to be welded are brought to a bright red heat at the
weld-points, and the process is then conducted in the usual
wa}' with the help of the powder.

New Magazine Gun.—The new magazine gun invented by
Lieutenant Ilenry K. White, U.S.N., has been completed at
the Pratt and Whitney Works in Hartford and forwarded to
Washington. The arm will be submitted to the Government
Board, which has been ordered to reopen tests for magazine
guns at Springfield, Jlass. The system is what is known as
" the straight pidl," and the magazine cont.ains five cartridges.
Rim and " headless" anunuuition can be adjusted for regular
service with this arm. The inventor of the Durst magazine
gun, who is now in Europe, is having a new gun made at

Hartford, which will also be submitted to the Board for trial.

The Durst gun was not completed in time fur submission to

the Board last summer.

Armor Plate Test for the "Texas."—A test, which re-

sulted in the acceptance of 500 tons of armor plate for the
Texas, was recently made at the proving grounds of the Beth-
lehem Iron Company by the representatives of the Govern-
ment. It was a ballistic test. The test plate stood as a crite-

rion of the redoiibt armor of the steel armored battleship

Texas, which is being built at the Norfolk Navy Y'ard by the
Government. The test plate representing this important pro-

tective inclosure is 12 in. thick, 10 ft. long, and 8 ft. 4 in.

high. It is perfectl}' tlat and weighs 30 tons. This plate is

composed of nickel steel forged on the big hammer and well
tempered and annealed. Three .shots were tired from the 8-in.

gun. The mis.siles were 250-lb. Holtzen projectiles. The
first shot was fired with a charge of 79 lbs. of powder, which
developed a velocity of 1,678 ft. The projectile penetrated
the plate, the lip just projecting on the other side, raising a
rear bulge of about 2 in. The penetration was 14 in. The
projectile rebounded and fell on the ground in front of the
plate. The second shot was fired with a charge of 110 lbs. of

powder, producing the extraordinary velocity of 2,004 ft. a
seconcj. . The projectile penetrated the plate and backing. It

did not rebound. The third shot, fired at a velocity of 1,835
ft. a second with 91 lbs. of powder, penetrated 1.5+ in. The
projectile rebounded. All three were somewhat upset, but
not broken. The points of impact were 28 in. apart. The
plate endured the bombardment without damage, showing a
remarkable resistance. It was not broken up in the least, nor
were any radiating cracks developed.

Trans-Siberian Railway.—According to recent advices
from St. Petersburg, work will be in progress during the
coming season upon the following sections :

1. The Western Siberian Line, from Chelabinsk to the Obi
River, 1,328 versts—885 miles—under charge of Chief Engi-
neer Mikhailovski.

2. The Central Siberian Line, from the Obi River to Irkoutsk,
1,754 versts— 1,170 miles—under charge of Chief Engineer
Mejininov.

3. The Ekaterinburg-^Iias Branch of 238 versts—159 miles

—which will connect the Oural Railway with the systems of
European Russia. This will also be luider the charge of Mr.
Jlikbailovski.

The official programme adopted by the Ministry of Lines of
Communication provides for the construction of the entire

line from Chelabinsk to Vladivostok in 12 years. The pro-
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ijramme names tlio dates for completion of the several sections

of the line as follows :

1. In l!S94 the Onssouri Line, from Vladivostok to Grafskaia,

and the Ekaleriiihurg-Mijis Branch.
2. Ill ll^OG the main liae from C'helahinsk to Krasnoiarsk,

including tlie entire Western Siberian Line and a portion of

the central section.

3. In litOO tlie remainder of the Central Siberian Lino from
ICrasuoiarsk to Irkoutsk, and the extension of the Oussouri
Line from Grafskaia to Khaborovka.

4. Finally, in 1004, the remainder of the main line from
Irkoutsk to" klialiorovka. iucludins the Baikal loop, the 'Prans-

ISaikal Line, and tlie Amour Line.

The estimated cost of the entire line from Chcla-
binsk to the I'acitic. 4,700 miles, mav be given in round
figures at $300,000,000.

and, it will bo seen, are curved inward from the end of the

truck frame, so that they come opposite to and extend inside

of tlie treads of the wliecls. This bracket or curved arm or
lever, as it mav l)e called, has a corrugated inner surface, to

wliich the lirake block is attached, so that it and the shoe can
be sliifted horizontally J in. in either direction, and always be

adjusted for a jierfect tit on the wlieel tread. Diagonal rods

are connected to tlic inner emis of the brackets and are coupled
to an eiiualizcr and to the brake-levers. From this descrip-

tion, the operation of these brake-brackets will be apparent.
If l)v any means they should be broken or detached from the

truci< flames, they would be less liable to throw cars otT the

track than a brake beam is ; or if a person should fall^underja

Manufactures.

RADIAL REVERSIBLE CAR BORER.

The radial reversible car-borer, wliich is herewith
illustrated, is one that is built by the J. A. Fay i^

Egan Company, of Cincinnati, O., and is especially

intended for the end-boring of car sills.

It is so arranged lliat it will Ijore at any angle of a
horizontal or vertical plane. The column which forms
tlie base-plate of the macliine is of one piece, and a

boring-spindle runs in a revolving frame, which can
he reversed so as to bore either to the right or left,

and can be moved through an angle of 90\ It is at-

tached to a segmental plate supported and gibbed to

the column. The vertic^il adjustment of the boring-

spindle and the table is obtained by means of a heavy
screw driven by friction at the base of the column.
There is also a hand adjustment which can lie used if

desired. The boring spindle has a vertical movement
of 8 in. and a horizontal one of IS in., and will bore
to a depth of 1 ft.

The lioring can he done in the end of a car sill or

stick parallel witli its length for joint bolts, and at

right angles for ordinary bolts. It has been especially

designed for use in connection with the automatic
railroad saw, built by tlie same makers, so that by
means of the two machines the two operations of

cutting the ends of the sills and boring without
changing their position are accomplished at the same
time.

THE BEAMLESS BRAKE.

Statistics show that over 10 per cent, of the rail-

road accidents which occur in this country are due to

detached brake-beams. They fall on the track and either
derail some of the cars or detach more lirake-beams, and thus
produce what may be called a cumulative accident.
Having this danger in view, the Beamless Brake Company

of 41 Dey Street, New York, and Bloomsburg, Pa., have

RADIAL REVERSIBLE CAR-BORER.

train or be run over there will be more room below ihc^trucks,

so that the cars could pass over him without injury.

Tlie brake-brackets are strong, simple and easy of access, to

replace worn-out shoes, and can be seen easily by inspectors

from the outside of the train. They are said to be perfectly

THK BEAMLESS BKAliE.

brought out a truck which does not require any transverse

brake-beams. Tliis truck is shown b)- the engraving here-

with. To each end of the truck side- frames a sort of bracket
is attached by a vertical bolt, so that it can turn about the

bolt like a hinge. These brackets are made of malleable iron,

noiseless, and have no vibration when in use, and the shoes

have no tendency to " lop" over on the wheels when the

brakes are not in use. No hangers or sjifcly chains are re-

(juired. A car with these brakes is on exhibition in the Trans-

portation Building at the Columbian Fair.
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ASHLEY'S COUNTERBALANCE
COLUMN.

LOW-WATER

The cut shows a low-wuter alarm for steam boilers, wliicli

in its operative principle is based upon the difference in

weight of a body suspended in air and immersed in water
The alarm has tlie two connections to the boiler connnon to a

water column, and is shown with sauge-glass attached. Q'he

cover of the alarm, which is fastened in place by tapped bolts,

is removable, and to this is attached all the mechanism of the

device. Suspended from the under side of the cover is a valve
working in combination with a double-ended lever having its

fulcrum bct\veen the two ends. From the ends of the lever

two cylinders are suspended, the upper and smaller one of

solid iron, and the larger hollow, with holes in its top, so that

it is tilled with water. When the water stands at the desired

level in the boiler and column, the solid cylinder is heavier
than the larger immersed cylinder, and consequently keeps
the valve closed. As the water in the column falls, the hollow
cylinder filled with water overbalances the weiglit of the solid

cylinder when deprived of the buoyancy of the surrounding
water, and opens the valve, admitting steam to the alarm-
whistle. The solid cylinder regains its counterlialance on the

admission of water to

the boiler, closing the

valve. This alarm,
which is the -invention

of Frank M. Ashley,
is made by the Ashley
Engineering Company,
Hawthorne, N. j'.

;

New York office, I'M
Liberty Street.

The motor has a normal speed of about GOO, which can be
increased Ijy a rheostat to 1,000 and 1,200, and reduced by
gears to 275 without loss of power. These motors are manu-
factured for a voltage of either 110, 220, and 500.

TEST OF CUT AND WIRE NAILS.

A coMMiTTEic consisting of Charles L. Bailey, Arthur B.
Clarke, and Horace P. Tobey, have made a report on tlie hold-
ing power of cut and wire nails. The tests were computed and
arranged by Consulting Engineer AVilliam H. Burr, and were
made on the United States" Testing JIachine at Watertown,
Mass. The following is the substance of their report :

" At your request, I have examined, summarized and com-
puted percentages upon the report of Major J. W. Keilly, of
the United States Ordnance Department, giving in detail the
tests made for ascertaining the relative holding jjowers of cut
nails and wire nails, of equal lengths and weights ; which
tests were made at the United States Arsenal at Wateitown,
Mass., under the sujiervision of Major Reilly, in accordance
with an invitation of the Eastern Cut Nail Manufacturers of
the United States to the Wire Nail jManufacturers of the
United States, dated November 4, 1893. The tests were made
in November and December, 1S92, and January, 1893.

" I find results as follows :

" The series of tests, each series comprising 10 pairs of cut
nails and wire nails of one size, were, in number, 58.

" The nund)er of nails tested was 1,100.
" The nails ranged in length from 1^ in. to 6 in.
'

' The number of series in which the cut nails showod^the
superior holding power was 58.

ASHLEY'S LOW-WATER COLL'iMN.

COMBINATION OF STOW FLEXIBLE
AND ELECTRIC MOTOR.

STOW FLEXIBLE SHAFT AND ELECTRIC MOTOR.

SHAFT

^ For nearly 20 years the Stow tie.xible shaft has been on the
market in connection with various other tools designed and
manufactured by tlie Stow Manufacturing Company, of Bing-
hamton, N. Y., for drilling, tapping, and reaming.
Thousands of them are in use iii the various railroad, ma-

chine, boiler, and bridge shops in both tliis country and
Europe.
There has been for the past few years among the larger

shops a growing tendency to increase the range of this tool
beyond that for which it was originally designed. This de-
mand has lieen met, from time to time, by increasing the length
of tlie driving rope and adding extra idlers for support of
same, but the objection has been urged that when traveling-
cranes or other overhead machinery were used, that the driving
rope was in the way. These objections are overcome by the
use of the flexible shaft in connection with a specially designed
low-speed electric motor. This combination has been under
advisement for the past two }'ears, and as a result an electric
portable drilling, tapping, and reanu'ng plant, that can, with-
out trouble or loss of time, be carrieil to any distance from the
source of power, is offered to the public.

'

' The number of series in which the wire nails showed the
superior holding power was not any.

" All the nails tested were driven in spruce wood.
" Additional tests were iuade, of the box nails onl^', in pine

wood.
" In spruce wood, in nine series of tests, comprising nine

sizes of common nails (longest 6 in., shortest H in.), the cut
nails showed an average superiority of 47.51 per cent.

" In spruce wood, iu six series of tests, comprising six sizes

of light common nails (longest 6 in., shortest H in.), the cut
nails showed an average superiority of 47.40 per cent.

" In spruce wood, in 15 series of tests, comprising 15 sizes

of finishing nails (longest 4 in., shortest IJtin.), the cut nails

showed an average superiority of 72.22 per cent.
" In spruce wood, iu six series of tests, comprising six sizes

of box nails (longest 4 in., shortest Ijr in.), the cut nails showed
an average superiority of 50.88 per cent.

"In spruce wood, in four series of tests, comprising four
sizes of floor nails (longest 4 in., shortest 2 in.), the cut nails

showed an average superiority of 80.03 per cent.

"In spruce wood, in above 40 series of tests, comprising
40 sizes of nails (longest in., shortest li in.), the cut nail

showed an average superiority of 00.50 per cent.
" In pine wood, iu six series of tests, comprising six sizes of
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bi)X nails (lonjiost 4 in., sUorU'st 1} in.) (Iricpii with tiippr per-

]n'nilicular to sraiii of wood, the cut nail sliowed an average
sii|UTiorily of liio.iO percent.

WILSON'S LOCOMOTIVE SAND-DIiYER.

" In pine wood, in six series of tests, eomprising si.\ sizes of

box nails (longest 4 in., shortest 1} in.) driven with taper par-

allel to grain of wood, the cut nail showed average superiority

of 100.23 per cent.
••, " In pine wood, in six series of tests, comprising six sizes of

box nails (longest 4 in., shortest 11 in.) driven in end of wood,
the cut nail showed average superiority of 64.:iS per cent.

" In pine wood, in above named IS series of tests, compris-

ing six sizes of box nails (longest 4 in., shortest \i in.) driven

in three ways, the cut nail showed an average superiority of

99.it:? per cent.
" In spruce and pine wood combined, in the whole -"iS series

of tests, comprising 40 sizes of nails (longest in., shortest

H in.), the cut nails showed average superiority of 72.74 per

cent."
*

LOCOMOTIVE SAND-DRYER.

The sand-dryer which is illustrated herewith is one which
has recentlv been brought out by George P. Wilson, of 4;!5

North IJroad Street, Philadelphia. It consists of a long trough,

in which there is a coil of steam pipe, and into which the sand

to be dried is placed. As the sand ilries it falls down through

the spaces between the pipes and out at a small opening in the

bottom, from which it drops into the inclined wire screen

shown in the engraving, which separates the siind from the

coarser materials" anil tlirough which the former falls read)'

for use in the sand box of a locomotive.

The device is so simple in consrtruction that it needs but

very little explanation, and requires no special attention ex-

cept to be tilled with sand wlien necessary. The dryer is set

in a bin where the dry sand is to l)e sorted, and as the sand

dries it falls through the screen into the bin ready for use, as

already stated.

Theapparatns is guaranteed to furnish dry sand for upvi-ard

of 50 locomotives per day. In setting up, special precautions

arc taken that the steam -pipe is at tlie top of the coil. In out-

lying engine houses the steam hose of the locomotive may be

attached.
•

THE FOUR WINCH HOIST.

AVe illustrate a four-winch electric hoist, which has recently

been perfected and brought out by the General Klectric Com-
pany, for use on wharves and vessels. It has been designed

to meet a growing demand for a machine which will satisfy

the requirements of ship and dock work. 'I'he advantages

which it olTers over the usual form of .steam hoist is that it is

more compact, lighter, and does not reiiuire the attention of a

skilled engineer. It can also be used in cold weather without

that Wiiste of power which results from the use of steam,

where the condensation is great, owing to exposed pipes and
vinjacketed radiating surfaces. There are also no leaking or

bursting pipes to give trouble. The four-winch principle

which it embodies enables a number of loads to be raised and
lowereil simultaneously.

The apparatus illustrated consists of a ba.se frame, a
motor, two shafts, each car-

rying two winch heads, and
tiie necessary controlling ap-
[laratus. The frame is a
strong cast-iron box. open
at top and bottom, and sup-
porting on its upper'rim the

motor and winch-shaft bear-

ings, each furnished with
self-oiling mechanism. The
frame is provided with
wheels for convenience of

applicntion. The motor is

of the latest design, and is

entirely enclosed by its own
frame, with the cxceiition of

two small lateral openings,
which allow of r<adv access

to the brushes and armature
bearings, and which are

closed when the hoist is in

operation. It is so set in the

hoist frame as to secure a
low center of gravity and
great rigiditj'. The field

coil of the motor and wind-
ing of the iron-clad arma-
ture are covered with special

water-proof composition.

The winch-shafts are of large diameter steel roil, to obviate

the possibility of bending under heavy loads. The winch-
heads are keyed to the shafts over bronze bushings, and the
difficulties which rust might create forestalled. Each winch
is provided with two safety pawls, which, when the hoist is

in operation, are held out of action by centrifugal force, but

which immediately catch into notches provided in the bearing

cap, if the current fail while a load is being hoisted. This
prevents overhauling of the hoist by the load, which might
otherwise happen with disastrous results. The apparatiis for

controlling the hoist is placed below the motor within the

frame, where it is protected from mechanical injury and mois-

ture.

FODR-wiNcn uorsT.

The particulars and dimensions of this hoist are lus follows :

Four" winch hoist, class (iO-2r)0. volts 110 (220) (.500).

Net horse powiT of hoist at winches, 4.")0 II. P.; normal

speed of motor, 42.") revolutions ; voltage of motor, according

to order, .")1MI volis ; current at 110 volts, :!00 amperes; total

weight of hoist, comiilete, S.OOO lbs.

Lifting capacity of hoist, two weights simultaneously, 3,000

lbs ; speed of lifting, 2.')0 per minute ; diameter of winch-

heads, 12 in.; length of winding space on winch-heads, 9i in.

Overall dimensions of hoist are as follows : Length, 6 ft. 10

in.; width, (i ft. 7 in.; height with wheel.s, 4 ft. 7J in.; height

without wheels, 4 ft. 51 in.
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EDITORIAL NOTES.

A report is in circulation that a gun of ^6.3 in. caliber

and 47 ft. long has recently been tested in France that lias

given the enormous initial velocity to its projectile of 4,000

ft. per second. It is stated that the gun is not yet in shape

for use on board ship, but that it is especially adapted for

coast defense. The tjuestion that naturally arises is whether,

with such a velocity, a material can be found that is suffi-

ciently hard to enable it to pierce the armor that will be op-

posed to it.

A FEW weeks ago it was announced that the dynamite

cruiser Vesuvius was doomed, that her guns were to be re-

moved, and she was to be converted to a somewhat cum-

bersome gunboat. But there still seems to be a disposition

to give the vessel al! the benefits of the doubt, and it is

probable that a further trial will be made, which it is in-

tended shall be as conclusive as the Port Royal trials were

expected to be. It will probably take some months to pre-

pare the shells, and when this is done it is to be hoped that

the cruiser will bo given a trial that will stand on a par with

fighting service.

The French have certainly systematized the matter of uni-

versal expositions in a way that is worthy of the imitation

of other nations. Already they are preparing for the great

event of 1900, and while it may not equal the magnitude of

the Chicago Fair, it will have the advantage of being thor-

oughly developed at all points, and showing the results of

a careful and systematic forethought that is not everywhere

apparent in the Windy ^City. Bigness is not necessarily

completeness ; and artistic excellence is usually the result

of such long and careful preparation that its art appears to

be natural.

saloons, with too little attention to the comforts of indi-

viduals in their state-rooms. Practically the saloons are only

used at meal time, and that for a comparatively small por-

tion of tilt! voyage by the majority of the passengers, whereas

the deck and the state-room are the abiding places of all but

the gamlilers, who frequent the smoking-room. The ques-

tion i.s, therefore, very pertinently asked, whether it would

not be better to curtail saloon accommodations a trifle and

supply state-rooms with a few conveniences in the shape of

wardrobes and drawers, in order that passengers may have

more individual comfort, even though photographs of the

main saloon may not show so great an extent of magnifi-

cence.

TuERE seems to be some ground for the complaints ut-

tered in a recent letter to London Truth, in that steamship

construction tends too much toward large and elegant

From time to time the question of oil burning as a fuel is

brought to the front, and there are some enthusiasts who,

regarding the matter from a purely mechanical standpoint,

look forward to the millennium when coal heaving will be

a lost art. But hard-headed calculators have shown time

and again that the oil resources of the world are wholly in-

adequate to supply the demand for oil were it to supplant

even a small percentage of the coal consumption. So the

mere fact that the James Brand used oil instead of coal for

fuel for three days on the last trip from England to Philadel-

phia simply proves, what every one already knows, that it is

perfectly practicable to use oil as a fuel on locomotives,

steamships, and stationary boilers, and that, whether it be

used or no, it is merely a question of cost ; and this has

thus far kept the oil out of the field except in cases of limit-

ed application.

If any naval architect of less prominence than Mr. J. H.

Biles, the designer of the Paris and New Tori-, had given

voice to the opinion that a few years hence a thirty-knot

speed would be maintained for ocean service, it would have

been received with a .smile of semi-incredulity. But coming

from Mr. Biles it is deserving of the most careful considera-

tion. Ten knots must be added to the present speeds. Of

this Mr. Biles proposes to gain two knots by the use of

nickel steel instead of ordinary steel ;
then three and a half

knots by the use of oil instead of coal as a fuel, and the re-

maining four and a half knots he believes can be secured by

such changes in dimensions as will increase the length and

draft and by improving the machinery. The length will be

about 1,000 ft. and the beam 100 ft., with a draft of 30 ft.

The possibility of the vessel from a mechanical standpoint

may exist, but there still remains the financial aspect to be

considered ; and the question at once arises whether such a

steamship can be made to pay, and upon this alone will its

ultimate constrtiction probably depend.

We have alluded from time to time to the proposed plan

of using the trolley system for canal boat propulsion on the

Erie Canal. Wo understand that arrangements have been

practically completed for a trial, and that the power for the

preliminary work is to be furnished by the Rochester Rail-

road Company. This certainly seems like the most sensible

solution that can be given to the canal propulsion problem.

These boats are of a comparatively small tonnage, and every

foot of bunker space is valuable. Then the employment of

a skilled engineer adds one, or, in case of night work, two,

to the crew, which very materially increases the item of ex-

pense. But by the use of the trolley system there need be

but three persons aboard. The drivers and mules are dis-

pensed with, and the motor is under the control of the

helmsman, so that a cook and two men are all that will be
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needed for the safe and speedy navigation of tlie raging

"canawl." Of course tliis means a big company for sup-

plying power, and possibly the absori)tion of the individual

owners until the State canal is turned into a private enter-

prise ; but we need not cry " wolf" until we sec him, espe-

cially when the advantages to be gained from the new sys-

tem are so great.

COMPOUND LOCOMOTIVES.

The Chicago Exhibition affords an excellent opportunity

of making a general review of the " state of the art" of the de-

sign and construction of com])ound locomotives. There are

examples of nearly all the different types on exhibition,

which thus admit of almost simultaneous comparison. There

are a number of the two-cylinder type—that is, witli a small

high-pressure cylinder on one side and a large low-pressure

cylinder on the other. The Brooks Locomotive Works have

a four-cylinder tandem engine among those which they ex-

hibit. The Baldwin Works are represented by a number of

engines of the Vauclain type, having four cylinders, one

high and one low, connected to the same cross-head on each

side. The London & Northwestern Railway Company have

sent one of Webb's three-cylinder engines with the two

high-pressure cylinders outside and connected to the trail-

ing pair of wheels, and a single inside low-pressure cylinder

connected to a central crank on the front driving-axle. In

the French department an engine like the one for the Paris,

Lyons & Mediterranean Railway, which we illustrated last

month, is exhibited. As shown by the engravings which

were then published, it has four cylinders, the small high-

pressure ones being outside the frames and coupled to the

trailing driving-wheels, the axle of which is below the back

end of the fire-box. The large low-pressure cylinders are

inside below the smoke-box and connected to cranks on the

front driving-axle.

This engine is worthy of careful study, and has some

very decided advantages. There are many details which an

American designer will not be likely to copy ; but it is be-

lieved that the more it is studied the more there will be found

to admire in its design. The details are worked out with a

great deal of skill and are admirably proportioned, and any

one with considerable experience in designing locomotives

will see that whoever did this was a master of his occupation,

even though the student of his work might not agree with

all the features of the design.

The general plan of the engine has also much to recom-

mend it if we want to use compound locomotives. To a

person with what may be called fine mechanical sensibility

there is something incongruous in the use of a great big

cylinder on one side of a locomotive and a small one on the

other. It looks, and is, lopsided. To incase the little cyl-

inder so as to make them both hok big is still worse, be-

cause this does not change the lopsidedness, but adds an ele-

ment of humlmg besides. A designer with the right kind

of mechanical conscience would rather have his work look

lopsided than to feel that huml)Ug was emplojed to prevent

it. Then, too, the enormous size of some of the cylinders

which are on exhiljition is objectionable. It would be diffi-

cult on many roads to get clearance enough for them, espe-

cially on six or eight-coupled engines on which they must

be connected to the crank-pins outside of the coupling-

rods. They are tremendously heavy, are difficult to make

and to handle, and are liable to break. Their pistons and

connections are correspondingly heavy and proportionately

difficult to balance properly. The strains on the frames and

connecting parts are increased with the size of the cylin-

ders, although the increase may not be in the same propor-

tion. This is also true of the tandem system ; and the diffi-

culty of balancing the reciprocating parts is as great or

greater tlian it is on the low-pressure side of two-cylinder

compounds.

In the Webb engine the low-pressure cylinder must be as

large as it is for the two-cylinder system, and it is attended

with the same difficulties tliat have been pointed out, ex-

cepting that, being located in the middle of the engine, its

weight does not overhang, as it does when a cylinder is out-

side. The Webb high-pressure cylinders each reijuire to be

only half as big as they are on a two-cylinder engine. The
difficulty of balancing is therefore lessened ; but, owing to

the fact that the front and back driving-wheels are not

coui)lcd on this engine, makes it impossible to use the ad-

hesion of the front pair in starting if they should happen to

stop at a dead point of the crank. The difficulty of balanc-

ing the Vauclain engines is, at any rate, no less than it is

with those we have referred to.

Another feature of all these systems excepting Webb"s—

•

and it is true of simple engines also—is that the cylinder or

cylinders on one side—whether it be one, as in the case of

the two-cylinder engines, or two, as in the Vauclain or tan-

dem type—at times must drive all the wheels which are

coupled. In Webb's engine the high-pressure cylinders

propel the rear pair of wheels, and the low-pressure cylinder

turns the front pair. The front and back pairs of wheels

are not connected together. The power and the strains are

therefore divided. It has been pointed out that if the low-

pressure crank should stop at one of its dead points, that its

piston would be unable to exert any tractive power, and at

a time when it is most needed. This must seriously dimin-

ish the starting capacity of these engines or add materially

to the time required to start, which in some kinds of traffic

is a matter of some importance.

Now, in our French four-cylinder engine none of these

evils exist. The outside cylinders, which are for liigh-press-

ure steam, are of moderate size, liecause there are two in-

stead of one of them, as in the two cylinder machines. The

same is true of the low-pressure cylinders, and these are

located between the frames when they are not likely to

come in contact with any outside obstructions. Whatever

advantage, if any, which inside cylinders have in being better

protected from radiation of heat, their position gives them.

It will be noticed, too, that their steam-chest covers are

outside, where they can easily be removed, thus giving con-

venient access to the valves and valve seats, the want of

which is a serious objection to most inside cylinders.

The high-pressure cylinders, it will be seen, are connect-

ed to the back pair of driving-wheels, wliile the inside low-

pressure cylinders are connected to cranks on the front

driving-axle. The front wheels are thus driven by the low-

pressure and the back pair by the high-pressure cylinders.

The strains on the mechanism are thus divided, and its

parts may be, and in this engine are, lighter than they are

ordinarily on engines of this size. The coupling-rods have

no work to do excepting to keep the two pairs of wheels in

their proper relative positions. There is thus less strain on

the parts and a consequent diminished liability to breakage.

It will be noticed, too, that the outside and inside cranks

ou each side of the engine are placed opposite to each other.

The pistons of the high-pressure or outside cylinders on each

side of the engine therefore move in opposite directions to
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those in the low-pressure cylinders on the same side. This

makes it possible for the reciprocating parts of the high and

the low-pressure cylinders to balance each other perfectly,

and gets over all the difficulty, be it great or small, which

is attributed to this cause.

The high-pressure cylinders, too, are located about mid-

way in the length of the engine ; and the low-pressure cyl-

inders, being between the frames, the disturbing effect of

the steam pressure on the movement of the engine will be

much less than it is on any of the types of engine referred

to excepting Webb's. The French locomotive ought, there-

fore, to be a very steady running machine. It will have

none of the difficulties either of the Webb machine in start-

ing heavy loads.

It should be noticed, too, that the large low-pressure cyl-

inders are inside of the frames, where they are out of the

way, whereas in the other four-cylinder engines they are

outside ; and if the wheels are small, they come into incon-

venient proximity to the ground and other obstructions.

The disadvantage of the French engine, which American

engineers will be likely to object to, is the crank-axle. It

is only the older living members of the master mechanics'

fraternity who have had experience in the use of crank-axles

in this country. The traditions of their experience still sur-

vive, however, and the younger members have inherited an

aversion to them—we mean the crank-axles. In the present

instance, however, .something may be said in their favor.

Considering the advantages which have been pointed out in

the plan of the French engine, it may perbaps be reasonably

asked whether past unfavorable experience with crank-axles

should end all consideration of the plan by American en-

gineers. Something may be said in defense of the crank-

axle, and, in this case, some new evidence may be submitted

in its favor. As has been pointed out, in the engine which

has so much to commend it the crank-axle has only half the

duty to perform that was expected of these organs in the

old-fashioned simple four-coupled engines. In them the

pistons turned the crank axles and the wheels on them.

These wheels were connected to another pair by other

cranks and rods. The crank-axle therefore had to perform

double duty—that is, to transmit the propelling jjower from

the cylinders to its own wheels and also to another pair,

which were usually behind it. In the French engine each

pair of wheels is driven by a separate pair of cylinders.

The crank-axle is, therefore, subjected to only half as much
of this kind of strains, and there would, therefore, seem to

be less lialjility to breakage than there was in the crank-

axles used a generation ago. The improvements and appli-

ances used in metallurgy have given us in the steel which

can be furnished for forgings to-day a material of greater

strength than the iron possessed of which crank-axles were

formerly made.

In other words, the question at issue is, whether the ad-

vantages which have been pointed out would outweigh the

risk that we would now assume in using a crank-axle. That it

is easy, in the waning light of past experience, to overestimate

the latter is evident. It may be that practice which was im-

practicable a quarter or a half a century ago is quite safe

now with the improvements in design and manufacture

which have been pointed out. If there is no risk or diffi-

culty in using a crank-axle for an engine of the general de-

sign which we have described, then, it is contended, we
would have a more perfect machine than any other com-
pound locomotive which has thus tar been tried. It is true

that there would be considerable extra cost involved if we

compared such an engine with any of the other two or four-

cylinder types in use. It would have, in the first place, a crank-

axle, which is always more expensive than a straight one
;

and there would be duplicate cross-heads, guides, connect-

ing-rods, and valve-gear, although, if it is practicable to

operate other four-cylinder compound locomotives with sin-

gle valve gears, it would not seem impossible to do it with

an engine of the general plan we have been discussing.

Our article has been written for the purpose of inducing

American engineers to study the design of this French en-

gine, the opportunity of doing which is afforded them at

the Chicago Exhibition, and by the publication of the en-

gravings of it in the June number of the Amekican En-

gineer AND Railroad Journal.

THE WORK OF THE MASTER CAR BUILDERS'
CONVENTION.

The annual convention of the Master Car Builders' and

Master Mechanics' associations have been held, and the mem-
bers are once more scattered among their homes with recollec-

tions that vary according to the standpoint from which the

individual member viewed the work at Lakewood. To those

for whom the convention means an annual outing, with little

regard for work, the funds supplied by the committee have

given ample entertainment. It is difficult to conceive of a

more delightful location than that of Lakewood, or a place

where the charms of water excursions can be more fully

realized.

There has, however, been some criticism, as we believe

there always is, regarding the extent of the entertainment

provided and the amount of the assessment levied from the

attendant exhibitors ; and there is no doubt that a tax on

each member of the " lobby" of .f25 for each convention

bears very heavily upon some who find it to their interest

to attend these meetings. But when the early days of these

conventions are remembered, and we revert to the wild go-

as-you-please expenditure of some large firms, the present

method of pooling the entertainment fund may be a good one,

although there are differences of opinion as to the amount

that should be collected.

Among the pleasant recollections, not the least will be that

of the excursion to the stock farm of Messrs. Miller and Sib-

ley, at Franklin. It is impossible, and might be somewhat

out of place, to review all that was done ; but the enjoy-

ability of the trip was greatly enhanced by the close atten-

tion to the minute details of the preparation that was ap-

parent everywhere, evidencing the business methods that

have made the stock farms themselves such a success.

The sessions of the convention were well attended, though

the discussions did not appear to be so vigorous and spirit-

ed as they have been at times in former years. Of course

the interchange rules were overhauled, but with one excep-

tion the changes aroused but little debate. That which at-

tracted the most attention was Rule lit, which was so changed

that any car which was originally equipped with a link-and-

pin coupler is to be accepted, provided the drawbars fit

properly, and is to be carded only for changes made in the

rear attachments. This leaves a road repairing a damaged

car free to use any drawbar that may be its own standard,

without carding. The old rule required a card if the link-

and-pin drawbar put in was not like the one originally on

the car.

The Committee on ]\[etal for Brake Shoes failing to report,

a paper was presented by Secretary Cloud reviewing the



312 THE AMERICAN ENGINEER (July, I8<J3.

exptTiniental work tlmt has been done by the Pennsylvania

Kiiilroad looking toward the settlement of tliis ([uestion,

and having in view :

" 1. A comparison of retarding power with one brake

shoe per wheel and with two shoes per wheel, with the same

aggregate pressure applied to the wheel in each case.

" 2. A comparison of retarding power with long and

short shoes, with one brake shoe per wlieel in each case.

" 3. A comparison of retarding power with uniform

pressures by the use of cast iron, composite, and three

different grades of cast-steel .shoes.

" 4. A comparison of the durability of the cast iron, com-

posite, and steel shoes in continued service ; also, inci-

dentally, the relative wear of the wheels under these differ-

ent shoes.

" The tests were made on a uniform grade of about 80 ft.

per mile, with three cars, two of which were passenger cars

and the other a dynamometer car placed between the two.

The three cars together weiglied about 130,000 lbs. The

run was made by gravity and the start by releasing the

hand brakes on the forward passenger car, and on which

alone the air brake was used to stop the three cars by open-

ing the conductor's valve. The train of three cars was al-

lowed to run a distance of one mile by gravity with the

brakes released, and the time was taken by stop watches at

the start and the end of one mile to check the uniformity

of the speed attained in the different tests. On passing the

one-mile post the air brakes were applied to the forward

car only, with the other two cars pushing, and tlie time and

distance required to make the stop were taken and the speed

was recorded by the dynamometer car. The sliding of the

wheels was noted by an observer at each end of the car

which was braked. The condition of the rails was dry

during the trials, but the wind, which was light, was in

different directions and of different velocities on different

days."

It was found that there was practically the same efficiency

with the two methods of braking laid down in the first sec-

tion, although it appeared that the wheels were more liable

to skid with two shoes applied than when there was but

one. It was also noted that the riding of the car was rather

easier when two shoes were applied than when there was
but one, " due, apparently, to the fact that the application

of the second brake beam to each pair of wlieels partly coun-

teracted the tilting of the trucks caused by the outside sus-

pended beams." The third tests resulted in giving to the

cast-iron shoe the greatest resistance, though tlie percent-

age of area of wrought iron in the composite shoe was but

7 per cent., whereas with the shoe as usually made this area

is about 40 per cent. In wearing qualities, however, the

cast-iron shoe fell far behind, being about twice as great as

the composite, and from six to fourteen times as great as

that of cast steel.

Our readers will recollect the rejwrt on the same subject

that was made in 1891, whicli embodied the more important

of the results obtained in the laboratory of t)ie Chicago,

lUirlington & Quincy Railroad. Road tests were recom-

mended at that time, but a lack of funds stood in the way
of carrying tliem out. The association has agreed to ap-

propriate $oOO for this purpose, however, and inadequate as

the amount seems to be, it will serve as a starter, and we
may hope to gather from the results obtained a more ac-

curate knowledge of frictional resistances than we now j)os-

sess.

The recommendations of the Committee on Axles, Journal-

boxes, Lids and Wedges were confined, for the most part, to

a revision of tlie ,))re8ent drawings, urging tluit they be

re-dimensioned, and that these be made to agree.

Congress appears to have put things into something of a

muddle by the recent law regarding the height of drawbars

and the time clause, wherein the American Railway Asso-

ciation should make its recommendation. Tlie old standard

height of 33 in. has certainly not been followed very close-

ly, chiefly, perhaps, through the influence of certain large

roads which found it convenient to use a higher standard.

It ajipears, from the report of the committee, that whereas

T9.5o i)er cent, of the cars reported can have their draw

gear adjusted to a height of 3.) in., only 30.73 jier cent, can

be made 33 in. This is a strange state of affairs and one

that certainly calls for a readjustment of the heights. Tlie

convention has, therefore, voted to submit the heights as

promulgated by tlie Interstate Commerce Commission

—

namely, 34J in. as a maximum and 31^ in. as a minimum

—

to letter ballot.

The tests of the M. C. B. couplers that have been made

at Altoona and Watertown have resulted in the strengthen-

ing of many weak parts of couplers, and the determination

of the most suitable metal to be used for the several parts.

The tests showed that the malleable iron shank is amply

strong to stand the yoke or tail-bolt stiains of over 12"), 000

lbs., but that the pivot pins should be of high carbon steel,

since wrought-iron pivot pins bent after a few blows so

that the knuckle was inoperative.

In the discussion there were some rather sharp statements

made relative to the use of malleable iron. This naturally

excited outside discussion among the sujiply men who are

interested in the manufacture of the metal. The state-

ment to tlie effect that a great deal of the malleable iron

that was manufactured was little if any better than low

grades of cast iron was met by the argument that malleable

iron should not be judged by poor qualities, but by what

can be obtained, and that a guaranteed tensile strength of

35,000 lbs. per square inch can be had.

Among the recommendations which were made by the

committee appointed to report on the protection of traiiinun

and lettering of freight car lines was one that there should

be a handhold placed at the end of flat cars just below the

flooring on the end sills and directly over the rails. This

v/as strenuously opposed by some members both in and out

of the convention on the ground that it added to the danger

of the trainmen instead of removing it, inasmuch as it was

so low down tliat, with the ordinary construction of dia-

mond truck and inside hung brakes, it would be impossible

for a man to keep himself away from the wheels by taking

hold at this point, and that it would be better to have noth-

ing than such a dangerous innovation.

The report on steel-tired wheels was very brief, and was

presented almost entirely in tabular form. These tables

consist of the weights and prices of the several steel-tired

wheels which are now upon the market, and the objections

which were raised by members to the spoke wheels. From

the discussion which followed it is to be gathered that the

general opinion of the members is that the steel-tired wheel

is the proper wlieel to use on passenger tratlic, as would

naturally be expected from the fact that it is almost univer-

sally used on the roads of this country. There were some

objections raised on the ground that the wheels were apt to

shear off parts of rails and that the tires were apt to break

on account of improper backing on the part of the center,

but these failures are so infre(juent that tliey might be
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almost entirely disregarded ; still it is to be remembered that

proper care must be taken in fitting the tires to the center

and heating for shrinking on.

The report of the Committee on Steel Center Sills for

Freight Cars was brief, but was quite extensively illustrated

by drawings of the various designs which have been used

abroad, and those of the Harvey Steel Car Company. The
report stated that nothing has resulted from the experience

of those using such cars in this country which would lead to

a strong conviction for or against steel center sills. It has,

however, been found on the Lake Shore & Michigan

Southern Railroad that running repairs are much less with

the steel under frames. The report dealt in a few words

with the experience with metallic tender frames, and seemed

to convey the opinion that they were not as desirable as

the wooden frames on account of their liability to distortion

in case of accident, as they cause a longer delay for locomo-

tive repairs than would be the case were wooden frames to

be used. The advantages that may bo expected from the

use of metal center . sills lie almost solely in the increased

durability and the reduced cost of inspection. A metal

center sill, when it is properly constructed, is ecjuivalent

to a continuous drawbar arrangement from end to end of the

car, and being composed of material having high tensile

strength, steel center sills require but little inspection. It

is, therefore, to be expected that the use of steel center

sills will reduce the cost of running repairs.

This brief resume of the work of the Master Car Builders'

Association is a mere outline of what was done, and is sim-

ply the general impression that was produced by the reports,

which will be published in full by the society in the course

of six or eight weeks.

NEW PUBLICATIONS

Pumping Machinery. A Practical Handbook IMating to

the Construction and Management of Steam and Pvicer Pump-
ing Mac/lines. By William M. Barr. J. B. Lippincott

" Company, Philadelphia (447 pp., 0x9 in.).

In his preface the Author says that " this book is essentially

descriptive of pump detail ; no attempt has been made to enter

into the theory and mathematics of pump construction." He
says further that " it has been prepared for the benefit of en-

gineers, architects, contractors, plumbers, etc., who have occa-

sion to recommend and use pumping machinery, and who wish

to inform themselves regarding pump construclion."

The illustrations have been made a prominent feature, and

they are numbered up to 364. The Author says that, with few
exceptions, the illustrations are from pumping machinery

actually constructed and in use. Most of the engravings are

evidently from original drawings, but in some few places the

smudgy trail of " process" reproductions is apparent, as in

figs. 14!) and 101.

The introduction is quite brief, less than eight pages. The
second chapter is on Water Pistons and Plungers, and is illus-

trated with 20 engravings showing different types of piston

packing and plungers. The descriptive matter is admirably

clear, and gives the kind of practical details which a mechanic
is most interested in knowing.

The third chapter is on Piston and Plunger- Rods, and illus-

trates and describes various ways of fastening piston-rods to

pistons. The last part of the chapter refers to stuffing-boxes,

showing several different forms for fibrous packing. Nothing
is said of metallic piston-rod packing, which is now much
used in steam cylinders.

The fourth chapter is on Water Valves and Seats, and is

illustrated by 49 engravings of different types of valves, and

their construction and operation is fully described.

The other chapters are on Air and Vacuum Chambers ; Suc-

tion and Delivery-Pipes ; Water-end Design ; Hydraulic Press-

ure Pumps ; Steam and Power Crank Pumps ; Direct Acting

Steam Pumps ; The Duplex Pump ; Compound Direct-Acting

Steam Pumps ; Fire Pumps ; Rotary Pumps ; Centrifugal

Pumps ; Duty Trials of Pumping Engines ; High Duty Pump-
ing Engines—Direct-Acting and High Duty Pumping Engines

—Fly Wheel.

With the exception of a few elucidations and demonstrations,

there is no considerable use of mathematics. It is to be re-

gretted that the author did not reduce all of these to arithmetical

demonstrations or rules. With the exception of these mathe-

matical parts—of which there are not many—the book can be

easily read and understood by a mechanic whose education

has not been extended beyond the three R's.

The book can be highly commended to all who want to in-

crease their knowledge of the class of machinery to whicli it

relates, and which is now so extensively used in all depart-

ments of the mechanic arts.

Ambuican Railuoads as Investments. A Handbook for In-

vestors in American Railroad Securities. By S. F. Van Oss.

(817 pp., 54 X 84 in.) New York : G. P. Putnam's Sons.

The subjects treated in this book are somewhat outside

of those to the discussion of which the American Engineer

AND Railroad Journal is devoted, and therefore it will only

be described in a general way, but not reviewed.

Part I, the author says, " speaks of the rise of that unique

conglomeration of lines which represents a nominal invest-

ment of upward of $10,000,000,000, and of its relations to the

people and their government ; Part II describes the position

American railroads take in trade and travel, and discusses

competition, rates, technical features, etc.; Part III sees the

railroads in the light of financial ventures, of mediums for the

useful employment of capital. . . . Parts IV to IX, in-

clusive, deal with the six leading groups of railroads. Each

of them begins with a chapter describing an entire group and

speaking of its characteristics as well as of the States it centers

in, and further contains chapters devoted to the principal com-

panies, while minor corporations are dealt with collectively.

There are 39 chapters treating of 45 leading railroad com-

panies, each giving an historical retrospect, a geographical

description, a sketch of the progress and condition of the

company, and elaborate tables covering a series of years and

showing the development of the system, its traffic and earn-

ings, as well as its capitalization, dividends, etc. Five colored

maps are included in the volume ; they illustrate the situation

of every system and the competition to which it is exposed."

The autlior is a foreigner, and studied our railroad system

at an angle of vision which is necessarily more or less indi-

rect. Nevertheless he has studied our different railroad sys-

tems very carefully, and has brought together much valuable

information and in a form tliat is easily understood. Chap-

ter XXXIII, relating to the Chicago, Burlington &; Quincy

Railroad, may be taken as an example of his method. It begins

with the date of the charter of the company, then describes the

location of the road and extent and character of its traffic. This

is followed by some remarks showing the competition which it

must meet, the methods adopted to meet it, and the general con

dition of the property. After this tables are given showing the

traffic, earnings, and expenses, balance sheet, and amount of

capital stock, bonded debt, investments, etc., cost of construc-

tion, branch roads, and of uncanceled securities held in sink-

ing funds, The chapter concludes witli a statement of the
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dividends paid from 1873 to 1893, beginning with 10 per cent,

iind graiiually tapering down to 4J per cent, last year.

Similar sketches of otlier lines of road—some longer and

others shorter tlian this—are given, from which a tolerably

good idea may be obtained of the jnist and jirescnt condition

of the properties.

The maps are excellent, and we know of no other ind)lica-

tion from which so good an idea may be obtained of the vari-

ous systems of road in this country.

The book is printed in a sort of condensed pica type not

often used in this country, but which is clear and easily read.

One mechanical defect, Avhich is very common in the Iiooks

of the Messrs. Putnam and other publishers, is the small mar-

gin on the inside of the page. It is ample on the outside,

where it is not of much importance. Reading from a sort of

crevice in the middle of a book is very annoying. In the

words of Herbert Spencer, "whatever [intellectual] force is

absorbed by the machine is deducted from the result. A
reader has at each moment but a limited amount of mental

power available." If this, or part of it, is absorbed in the

effort to decipher print where it cannot be easily seen, there is

80 much less remaining for the comprehension of the contained

idea. The book before us would be very much improved if

the type was placed | in. nearer the outside margins.

Municip.\Ij iMrROVEMENTS. A Manual of Ikc Meilwds, Utility

and Cost of Public Improvements for tlie Municipal Officers.

By W. P. Goodhue, C.E. (139 pp., 5 X 7i in.) New
York : John Wiley & Sons.

There are people and books which we instinctively like on first

ac(£uaintance. The subject of this notice is a volume of that

kind. There is nothing very attractive about its appearance,

but after reading only a few pages the sound good sense which

it contains at once captures the reader. We can't resist a

quotation from the preface, in which the author says :
" Once

in every year throughout our l>road land there arc chosen,

from among the citizens of every city and town, a number of

councillors who will sit in the council chamber and assist the

chief magistrate in the government of the municipality which

they represent. The members of the council are perhaps

familiar with the general plan and scope of the various public

improvements contemplated during their administration, but

of the details of the work proposed they are uninformed. It

is in tlie nature of things that this should be so ; their educa-

tion and training liave been in other work and its rewards.

Yet, being men of affairs, they will not hesitate to seek sucli in-

formation regarding any proposed improvements as will enable

tUoni to discharge their ollicial duties in a manner that will be

commended by their constituents."

The Author does not say so, but his book is evidently in-

tended for this class of people. It relates to sewerage, its

cost and ventilation, tlie location of street-car lines, street

sprinkling, street grades, surface, and pavements, street light-

ing and gas consumption, water works, municipal franchises,

paving, bridges, assessments, lire limits, building laws and

ordinances, building construction, the i.ssue of munici|>al

bonds, culverts, plans for a city hall, cleanliness, and public

health. All these subjects are treated very brielly, but with

admirable good sense.

Probably none of our readers who has ever had anything to

do with municipal government will fail to appreciate the fol-

lowing remarks about street grades :

" Perhaps," the author says, " there is no other nuinicipal

improvement that will raise a longer and louder bla.st of indig-

nation from property owners than the grading of a .street.

When such a jol) is under way the alderman who began it

most generally wishes before the work is linishud that either

himself or that particular street liad never e.xisteil, while the

vocabulary of names having reference to imbeciles and other

persons with little or no minds is exhausted and poured upon
the head of the city engineer."

The benefits which would result if a copy of this book could

be placed in the hands of every town and city councilman or

alderman in the country would be incalculable. Take as an

e.vamide tlie following hints about municipal franchises, of

which the author says :

" A city granting a franchise at the ])resent time .should do
so conditionally, and the conditions held in view should be :

"A re rating at stated intervals of prices paid for service

rendered.
" The termination of the contract by purchase whenever de-

sired, in a fair and equitable maimer.
" Reserving the riglit to annul the contract when the service

rendered is continuously inferior to the better service rcipiired.

" When a comjiany seeks to obtain a franchise from a munic-

ipality, it does so because it is believed that the results of its

operation will be remunerative, otherwise it would not be

asked for, and this fact should be borne in mind, as it affords

some idea of the value of the franchise asked for."

If a printed copy of these suggestions could be lumg up in

every council chamber in the land, it woidd result in a great

saving to the public and prevent the granting of many wrong-

ful privileges.

The book is full of useful hints with reference to all of the

various kinds of municipal improvemenls treated of, and may
be read with interest and profit by any one concernetl in pub-

lic affairs.

Classified Illustr.^ted Cat.\logde of the LiiiUAitY

BtJREAU. A Handbook of Library and Office Fit(iiir/s and

Sup/plies. Librarj' Bureau, 377 Broadway, New York, 140

Franklin Street, Boston, 315 Sladisou Street, Chicago.

In the Railroad and Engineekino Journal for Septem-

l)cr, 1891, an editorial was pulilished describing the extempo-

rized system of preserving memoranda and papers which the

writer had used for a number of years, and which was found

to be a great help and convenience in doing editorial work.

Although at that time we had some intimation of the applica-

bility of this system, yet we did not realize Ihe extent to which

it might be used. We have now before us a copy of the cata-

logue, wdiose title is given above, .showing the uses to which

this sj'stem has Ijeeu put of late years. This contains 175

liages, and illustrates a large number of the appliances which

are furnished by the Bureau for use in the catalogues of libra-

ries and for a great variety of other purposes. In one jdace

they describe the card catalogue as a " series of cards prop-

erly ruled for their s])ecial use, of exactly the same size, and

standing on the edge in drawers, boxes, or trays. They may
be arranged alphabetically on any plan, by subjects, numbers

or dates. Blocks, guides, cards, devices to jirevent drawers

from spilling or cards from being misplaced, locks and label

holders and various other ingenious and almost essenlial acces-

sories ar(^ now used by all who know of them. The great

feature which has eau.sed librarians the world over to count

the card catalogue as the greatest library invention is the Ciuse

of keeping it up to date and in perfect order. A new card

can bc! put into place anywhere at any time. A single refer-

ence takes the place of search through pages of manuscript.

It never becomes out of date or useless. Anything can be re-

moved, if wished, by simply lifting out its card. The guard

allows cards to be added or withilrawn by the jiroper person

witli the greatest ease, but prevent others from removing or

confusing their order. The cards, being cut by special ma-
chinery to an exact size, are turned through the lingers with

great rapi<lity in looking up any matter, and the guides enable

one to oi)en very near the exact place at sight, and every card

has the name, number, or subject by which it is arranged

written on the upper edge. From an author's catalogue it
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has .spread to an almost infiaite application. Every list, rec-

ord, index, etc., that i.s in a state of growth can be thus kept

with great saving of labor. Business houses find it invaluable

for lists of goods, customers, discounts, and the thousand

growing records of commerce. Science adopts it even more

widcl_v, and its use is spreading with growing rapidity. Each

item being on a separate card, the whole may be rearranged

over and over by simply shuffling into the new order. There

is no copying nor waste of labor. Its enormous advantages

once learned from use of a perfect outflt, it is sure to be ap-

plied to new uses.
'

'

It is said further that " every one who handles large lists of

addresses or keeps in convenient order miscellaneous facts

knows the great difficulties involved. Libraries recognized

the difficulty in their work years before the great and growing

records of commerce invented the card index, and discarded

l)lank books for their indexes. Until recently its use has been

confined to them, but somehow, with the customary avidity of

commercial life, business men caught the idea, and without

the influence of active propagation have to a wide extent

adopted it.

" All the features that make it ' the greatest library inven-

tion ' apply equallj' to commercial lists. Blank-book indexes

with the wisest planning are sure to fill up irregularly, and

never give perfect alphabetical arrangement for any list in a

state of growth, while the card index can be maintained in

absolute arrangement without limit to number of entries.
'

' Savings banks substitute it for the cumljersome and often to

be rewritten blank-book index of depositors, and for recording

signatures and points of identification ; large manufacturing

concerns use it in cataloguing patterns, drawings, keeping costs,

etc.; insurance companies, for policy-holders' index and for

statistics ; railway systems, in keeping brief record of important

points in their history, indexes to records, lists of employes
;

in fact, it is as great a labor saver to the business man as to

the librarian."

One result of the great increase in the use of the card index

by commercial houses has been the organization by the Bureau

of a special department for writing, arranging and maintain-

ing of indexes.

The Bureau not only undertakes this work, but sends its

corps of experts to any locality, under the guarantee that the

indexing will be done at less cost, more accurately, and the

change from blank books to cards made without interruption

of daily routine duties ; in other words, a bank, municipal

office, life or title insurance company, or any business house,

may order its card index with no greater responsibility for re-

sults than in selecting and buying a desk or other office appli-

ance, except to give the Bureau agent access to its records.

The special use to which we have put this system is in the

care and classification of scraps, notes, and references. These

may be most conveniently enclosed in envelopes, and the out-

side of them may be used for memoranda as conveniently as a

card.

The Library Bureau now supplies all kinds of furniture,

blanks, and supplies for keeping card catalogues of various

kinds. These are made in a great variety of forms and sizes,

and suited for all purposes. The increase of literature and
knowledge of all kinds will make complete indexing much
more essential in the future than it has been in the past.

Without it our stores of knowledge will be useless, because

they will be inaccessible.

TRADE CATALOGUES.

BOOKS RECEIVED.

Handbook of the American Republics, 1893. Bureau of the

American Republics, Washington, D. C.

Description of the Ldwrence Scientific School of Uartard Uni-

versity, Cambridge, Mass. _^ Published by the University.

New Process Balls, made by the Grant Anti-Friction Ball

Company, Fitchburg, Mass., 3* X o| in., 8 pp. This little

pamphlet is merely a brief advertisement of this Company,

with a few letters commendatory of their products added.

These latter are simply steel balls, which are made as nearly

spherical as possible, and are then hardened. The title of the

pamphlet leads one to hope that it contains more information

than it does concerning the use to which such spheres have

been put of late years.

CoNSOLrD.\TED CAn-nE.\TiNG CoMPANT, Albany, N. Y.

Part XII., Electric Heater and Cable-Car Heating. 7 X lOi

in., 32 pp.

This company publishes its catalogues in parts. The one

before us is on the subjects named. Their system of electric

heating was very fully described in our last issue, so it need

not be repeated here.

The latter part of the pamphlet is devoted to a description

of the hot-water storage .system of heating, which it is said is

specially adapted for cable-cars, elevated railroad cars and

other cars making runs of three hours or less. The system is

adapted for heating any style of car where the runs are of

such a character that a charging station can be passed once in

about three hours, and a stop of one minute there be made for

charging the heaters in the car. The distinctive feature of the

system is water heat, stored in wrought iron pipes, conven-

iently placed in each car, and so connected that they can be

charged with hot water under boiler pressure.

Catalogue of the Acme Machinery Company, manufac-

turers of bolt heading, upsetting and forging machines, Cleve-

land, O., 6+ X 9iin., 32 pp. This is a special catalogue of

bolt-heading and forging machines, which line of tools this

Company has lately designed and now manufacture in connec-

tion with their Acme bolt-cutters and nut-tappers. The fron-

tispiece is a wood-cut showing a perspective view of the works

of this Company. This is followed by engravings and de-

scriptions of 1 in., l-i in., 3 in., 2* in. and 3 in. heading and

forging machines ; the figures meaning that the different

machines will make bolts, u|:sets and special forgings of iron

up to these diameters. These illustrations are follo>ved by

sectional views and descriptions of the construction and oper-

ation of these machines. Candor compels us to say that these

can hardly be regarded as models of clearness. They show

how rare it is to find a person who is thoroughly familiar with

a subject who can place himself in the attitude of mind which

a person who knows nothing about it occupies, and can then

write so that the latter can understand what he is writing

about. The author of the pamphlet before us is no doubt

thoroughly acquainted with the class of machinery about

which he was writing, but he has not, it is thought, made

proper allowance for the ignorance- and stupidity it may be

—of those of us who are readers of what he has written, but

who are not experts.

The description of the machines is followed by a half-tone

engraving showing the different kinds of work which has been

done on these machines which is very interesting, and shows

the range, so to speak, of the machines.

The volume closes with some interesting tables showing the

amount of stock required to make square and hexagon bolt-

heads, of manufacturers and United States standard sizes.

Illustrated Catalogue, Berry & Orton Company,

Atlantic Works, Philadelphia.

There seems to be something about the business of making

wood-working machinery which requires very elaborate cata-

logues. At any rate, there is no class of manufacturers who
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publish such elaliorate books to describe what they make as

the makers of this class of machinery issue.

The book before us is 10| X 7 in. in size, and contains 363

pages. The frontispiece is a wood-cut showing the works of

this Company, wliicli arc on tlic corner of Twenty-third and

Arch Streets in Philadelphia. This is followed by an intro-

duclory article, direction to correspondents, and report of the

awards made to them by the l"niteil States C'enteiniial Com-
nnssioii in 1870.

The catalogue itself begins with jilaning machines, of which

there are 37 engravings and descriptions of dilTerent kinds

made by this company. There are si.v different kinds of

moulding machines, a panel raiser, several kinds of wood-

workers, with two pages of diagrams showing the manner of

operating these machines. There are ^4 engravings of differ-

ent kinds of circvdar-saw machines, and two of scroll saws,

nine of band-saw machines. Fourteen pages and 17 engrav-

ings are devoted to band saws themselves and the tools and

machines for keeping them in good order. There are nine

engravings of mortising machines, si.x of tenoning machines,

13 of boring machines, a " gaining and crozing" machine,

two cross-gaining and grooving machines, four moulding and

shaping machines, five lathes, two sand-papering machines,

five sash and blind machines, besides a number of miscellane-

ous machines, such as knife grinders, glue heaters, metal drill-

ing and sawing machines, pulleys, etc.

The catalogue indicates the extent and variety of the busi-

ness in which this Company is engaged.

Prom the same Company we have also received their 1893

Cat.^i.ogues and Piuce-lists (3| X 5J in.), which has been

thoroughly revised and rewritten, and contains 306 pages, 58

more than the preceding one.

Armington & Sims Enuine Company, Providence, H. 1.,

Catalogue of High-Speed Engines. 7 X 10 in., 47 pp. A
novelty in this catalogue is an etching made from a photo-

graph of the first high-speed engine which this firm connected

directly to a dynamo. It is printed on huff jiapcr and forms

the frontispiece of the book. It is doubtful wliether this kind

of art can represent the sharp, clear and distinct effects so es

sential in representations of machinery as successfully as

wood engraving, which is as good as that on page 13 does,

whicli was done by the John Andrew iV Son C'omjiany.

The catalogue before us, after some preliminary remarks,

gives a general description of the Arnnngton tt Sims high-

speed engines. Its construction is shown by some excellent

wood-engravings, and its operation is then elucidated by

cojiies of indicator cards. An engraving on p. 13, already

referred to, is one of the best examples of the wood-engraver's

art, and represents a standard, single-cylinder, double-disk,

self-contained, cut-off engine. Tables of sizes and Indicated

horse powers of this type of engines follow. A smaller en-

graving of a similar engine, but with a single disk and single

wheel, with tables corre8i)onding to those referred to for this

type of engine is also given. These are succeeded Ijy excel-

lent engravings of the firm's cross-compound engines, with

double disk, two wheels and self-contained, and tables of data

relating to this type. A half dozen of engravings, made In

white lines cut in a black background, represent different

classes of vertical compound engines, and remind one of his

early efforts at drawing on a .slate. If we compare these with

the engravings of a sindlar engine on p. 35, one is impressed

with the feeling that the intagliated engravings are or should

be an obsolete art. Excellent engravings of a tandem com-

pound engine are given on pp. 32 and 33, and of some special

engines on |)p. 44 and 45.

Tlie catalogue is beautifully printed on coated paper, and

has an orange-colored rough i)ai)er cover, about the color of

that of the Ameuican Engineer. The coated paper is beauti-

ful to look upon and gives excellent typograjihic results, but,

to parajiliraso tlie old conundrum, it's like music—it-smell
odious. This tei>id joke is applicable not to this catalogue

especially, but to all which are jirinted on this kind of paper.

TilK Standaui) Stf.ei, Wouks, 220 South Fourth Street,

Philadelphia. 7J X lOi in., (18 pp.

In the preface to their new catalogue, a copy of which is

before us, this Company say they " desire to put before you
graphically two imi)ortant steps which it has recently taken :

" hirst. A complete change in the form of the ingots from

which ' Standaui) ' tires are made, insuring clean, solid steel,

free from piping or poro.sity, such as is lial)le to occur in tires

made in the old way.
" Second. The addition to its tire plant of the hammers,

presses, dies and machine tools neces.sary for the manufacture,

in the best possible manner, and in large numbers of the Vai-
CLAIN WROUGnx-inoN WHEEL CENTER for engine truck, tender

truck, and coach wheels."

The first " step" they illustrate by some halftone engrav-

ings .showing the form and size of ingots which they formerly

used under their old practice, and that which they are now
using. The first were cylindrical in shape, with a diameter of

from 13 to 18 in., and from 13 to 15 in. long. The ingots

which they are now using have a hexagon formed section of

from 13 to 30 in. diameter and about 5A ft. long. In another

plate is shown one of the short cylindrical ingots and one of

the long hexagonal cut longitudinally through their axes.

This shows that each ingot has a honeycombed texture on top

—they are both cast with their axes vertical—the longer ingot,

as might be expected, having more of this spongy character

than the short one. When the short ingots were used the por-

ous part of it was hammered down and rolled into and formed

part of the tire. To make their present method of manufac-

ture clear, let it be supposed that the long ingot is divided into

seven equal divisions in the direction of its length, ami tliat it

is then cut transversely at the first, third and fifth divisions.

We would then have four pieces similar to the following :

that is, there will be three billets each 18 or 10 in. long, and

one short one of about half that length. The latter is cut from

the top end of the ingot, an<l includes all tlie " piped" or po-

rous metal in the ingot. This latter is tlirown aside and scrap-

ped instead of forming part of a tire, as it does when short

ingots are used. The other three ingots will then consist of

solid steel. The engraving showing longitudinal sections of

a long and of a short ingot show the " piping " at their upper

ends very distinctly. Another section shows the texture of

one of the long billets into which the ingot is divided. Two
other sectional views of tires whose grain has been developed

by acid are given, one of them made from the old short ingots,

and the other from one of the new billets. The difference in

the homogeneity of the metal is very marked, anil shows very

much to the advantage of the new process.

The dissertation on tires is followed by a description of the

Vauclain wrouglitiron wheels and the method of manufac-

turing them. Ilalf-tone engravings of the wheels, in different

stages of manufacture and of their various parts, are given,

and also outline engravings, made correctly to a scale, with

all the principal dimensions marked on them, are added, for

which many a draftsman will rise up and call the person wlio

compiled the volume before us blessed.

Some excellent halftone engravings showing exterior and

interior views of the [standard Steel Works at Burnliam,

Milllin County, Pa., are given in this catalogue, which is one

of the best specimens of its kind. The printing, paper, press-

work and binding are all very good.
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COMPOUND LOCOMOTIVE WITH VESTIBULED
TENDER.

We illustrate a ten-wheeled compnmid locomotive, Colum-

hna, that is attaclieil to the Pullman train exiiiliited at the

World's Fair. This vestil)ule is for the douhle purpose of

preventiii;; the train overriding or telescoping the tender in

case of collision, and to prevent access to the train by train

robbers should they succeed in stopping it. As to the tirst of

these points the Pullman C'ompany .say that their experience

has shown that the vestibule has practically eliminated tele-

scoping from the results attending accident by collision or de-

railment, and that since its introduction the majority of acci-

dents have arisen from the comjiaratively insecure connection

between the tender and the train, there being nothing to pre-

vent the front car from over-riding the tender. In our ue.\t

issue we expect to give detailed illustrations of the tender and
the vestibule.

and are to be fitted with adjustable brasses of gun-metal at big
end, and the small ends are to be fitted with gun-metal bushes
accurately fitted and pressed into their places by hydraulic
power. All bolts to be of best Yorkshire iron, and all cotters

of mild steel ; the cotters are to be accurately fitted and pro-

vided with set screws and cross cotters. The brasses at the

big ends .are to be lined with wlute metal. Oilcups are to be
foi-ged solid with the big end straps ; at the small ends a recess

is to be made for lubrication.

COUPLING -RODS.

The coupling-rods are to.be forged from best Yorkshire iron

and machined out to form the H section ; the ends are to be
accuratel}' fitted with gun metal bushes, pressed into their

places by hydraulic power, so as to ensure a perfectly tight

fit, and to be secured as shown ; the bushes to have five

grooves, A in. wide and i\ in. deep, fitted with white metal. All

VESTIliULED I.OCOMOTIVK " C'OLUMIiUS," AT TllK ClllCAtiO KXUHSITIH.V.

AMERICAN AND ENGLISH LOCOMOTIVES.

{Con liiiiiedfrom pac/e 268.)

Oirn illustrations of the various organs of the American and
English express locomotives, which have been described in

this series of .articles, show the main connecting and coupling-
rods of the two engines.

The following are the specifications of these parts for the

Schenectady engine :

RODS.

Connecting and parallel rods of the best hammered iron, each
forged solid, fitted with all necessary straps, keys, bolts, and
Ajax metal brasses.

Parallel rods with solid ends, channeled bodies.

The English specifications are as follows :

CONNECTING-RODS.

Tlie connecting-rods are to be of the best Yorkshire iron,

forged solid in one length, 6 ft. 8 in. from center to center,

oil-cups for connecting-rods, coupling-rods, and eccentric

straps to be jirovided with a button and spring, and are to be
duplicates. The rods must be made iu every particular as

shown clearly on detailed drawing.

Not much comment on the different ways of making the

connecting-rods in the two countries seems to be demanded.
The only striking difference is that what our English brethren

call the " big end" of the main connecling-rod is made with
a solid forked end forged on it, with a bushing and bolt behind
the pin to hold the forked end together. The front end of the

rod, it will be seen, is forged with a solid eye and bu.shing.

The American rod, on the other hand, has the old-fashioned

strap " stub ends" for both the cross-head and crank-pin bear-

ings. The straps are each held by these bolts.

The argument which is urged in favor of the forked end is

that, being soliil with the rod, and held together by a bolt of

ample size, it is less lialile to break than an old-fashioned strap

is. On the other hand, Mr. Buchanan's reason for using the

strap is that most of the work that must be done on a rod is

on that portion in contact with the brasses. If a strap is used,

nearly all the wear of the brasses is on it, and in making re-

pairs a strap is much easier handled than a whole rod is. Facil-

ity of handling is therefore the argument in favor of the straps,

and it is contended that if they are made of sufticient strength

and properly secured to the rod they very rarely break.
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It is flue to the Sclionectady Locomotive Works to say tljiit

they make both Uiiuis of rods, but .Mr. Buchaniin prefers the
t^'pe which we have illustrated.

It will be seen that the size of the crank-piu bearing for the

ni;iin connecting-rod on the Americati engine is 5^ X n^ in.,

while that of the English engine is only 4| X 4| in. Tlie

diameter of the cross-head bearings is the same on both en-

gines, but that on the New York Central engine is an inch
longer tljan on "Mr. A(hims's machine.

Tiie,coupling-rod I)earings are of the same length on each
engine, but those on the American machine are 4l instead of
4 in. diameter, as on the pjiiglish engine.

It will thus be seen, that although the cylinders of the Eng-
lish engine have 2 in. more stroke than those of the Yankee
locomotive, the latter has considerably larger bearings for its

connecting-ro<.ls. The English bushings for the conpting-rods
are, however, 1 in. thick instead of 'i in., as on the American
rods. By comparing the dimensions of the two coupling-rods,
it will be seen that the American rod is considerably heavier
between its two ends than the English rod. It would be inter-

esting to know whether any trouble has been experienced
from the breaking of the lighter rods.

The oil-cups are all forged solid on the rods. Prol)ably the
same experience, of detached oil-cups, has led to this uiji-

formit}' of practice.

FAST PASSENGER ENGINE FOR THE LAKE
SHORE & MICHIGAN SOUTHERN RAILWAY.

TiiuouGii the courtesy of the Urooks Locomotive Work'^,
Ituihlers of tlie engine, we are enabled to present a fuU-jiage
perspective illustration of the fast eight-wheeled e.vpress pas-

senger locomotive whieh is now in use on the Lake Shore iS:

Michigan Southern Uailway, for hauling the Exposition Ex-
press over that line, and which is now making the trip from
New York to C'hicago in 30 hours, referred to in another col-

umn of this issue.

The general appearance of the engine is very clearly shown
by our perspective engraving, and the peculiar feature to

wiiich we desire to draw especial attmlion is the boiler, of
which we give a detailed engraving. This is of the Bclpaire
type, and its general dimensions will be found in the specifica-

tions wJiich follow.

The general dimensions of the engine are :

GENERAL DESCRIPTION.
CylindtTS, 17" diameter, 24" f^troke ; drivin*,' wheels, 72' diameter : gauge,

4' 8i" : fuel, bituminous coal; rio;id driving wheel ba^^e, *)' ; total wheel
base of engine, 2>V 9"

; total wheel base of engine and tender, 45' 8".

Weight of engine hi working order lO-l.&Wlbs.
*' " on engine truck 3^,500

"

" *' " " main drivers 33,100
"

" " *' " buck " ... 32,000 "
" " tender loaded 70,000"

BOILER.
Type Improved wagon top Belpaire with

conical connection ; dome on con-
nection slieet.

Workins: pressure 180 lb.«.

Material Steel, |"'. ^^\ 1", and xb".
Riveting Longitudinal seams, quadruple l;ip,

without welt.
" Circumferential seams, double lap.

Waiet, diameter at smoke-bos. ,
52".

*' *' " throat sheet 60".

Tubes 200 in number, 2"" diameter, charcoal
iron.

" Length, 12', No. 13 B. W. G.
Fire Box 78' x 34'" inside ring.

" depth 81" at front end, 79" at back end.
" crown sheet. Arched, H" laterally in center.

Brick arch Carried on three 2^^"" water tubes.
lleating surface Fire box and arch pipes, 155 eq. feet.

" Tubes, 1,25H sq. feet.

Total. 1,413
Safety vales I Richardson muflkd and 1 Richard-

son jilain.

Extension front Detiector in front of exhau^^t pipe.
Stack Cast-iron, straight. 16' diameter.
Exhaust pipe High double.
Grates Cast-iron rocking bar.

MACHINERY.
Cylinders 17" x 24" , 84" centers.

" packing Dunbar.
Piston rod " Jerome.
Valve stem " *'

Steam ports 1^" x IG".

Bridges If.
Exhaust port ' 3 x Ifi".

Valves Allen Richardson.
'' Alien port §" x 16".

"Valve, lap outside 1".
*' " inside ^„".
" lead in full gear ^\
*' travel, maximum (i^".

Eccenlric travel 5".

Linli. radius. fi8".

" face 3".
" centres of eyes 13*.
" block wearing face 5".

" flanges 7^" x 3^*-
" paddle pin ij' x b".
" rocker pins, top and boiiom IJ" x 4".

Link hanger centers 18^.
" lifter arms, length.. 20^".

Reversing lever, multiple latch Player's patent.
'* " throvv on top 42".

Driving wheels, diameter 72".
" centers, diameter fifi".

** " tires, Midvale With Mansell retaining rings.
Driving axles Hammered iron.

'* " journals TJ" x 9"'.

Connecting rodp, hammered iron,

fluted ...Fitted with straps and keys.
Coupling rods, Midvale steel, fluted. .Fitted with brass bushings.
Crank pms Midvale steel.

** "main 4A' x 0".

" " '• coupling 5f' x4".
" whuel fit b^"x7".

" back 3l- x4".
" " " wheel fit 4' x 7".

Frames, 4(1", centers forged solid.,.. 3^" x 4A'.

Frame, back end dropped down 5" to
accommodate standard tender.

Frame, pedestal ties Player's patent.
Engine truck, four-wheeled Swivelling spherical centre.

" " wheels 33", Allen paper.
" " axles Hammered iron.
" ** " journals 5" x 10'.

" " springs Detroit.
Driving spring rigging Equalized.

" " auxiliary Under rear spring hangers.
" " Detroit.

[/Ubricator, cylinder No. 9 Nathan triple.

Feed water Two No. H Monitor injectors.

Oil-cups, rods and eccentrics Adjustable spindle feed.
' eccentrics Fitted with swab cups top and bottom.
" guides, etc Adjustable screw feed.

Cab Ash.
Cab fitted with three windows on each

side, front stationary, middle and
back to slide.

Pilot Fitted with shackle bar.

Brakes, train and tender Westinghouse.
" drivers "

Train signal
"

Steam-heating apparatus R. R. Co.'s standard.
Ileadliglit " " '*

Classification and signal lamps " *'
"

TENDER.

Frame 10" Channel steel.

Tank and i" f^teel.
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Tank capacity, water 3,100 galls.
" coal 6 toii8,

water scoop Improved I?ameboltoin.

Tender trucks Diamond pattern.
•' " bolster Steel I l)eain.
" " wheels 36' Allen jiaper.
** " axle Hammered iron.

" journal 4* .\ 7*.

coupler and buffer Gould.

Wc iilso jiive an illustration of the valve, the general dinien-

sion.s of which are as follows :

Cylinders 17' x 34-.

Roller pressure 180 lbs.

Steam ports Ig' x 16*.

Bridges 1 J'.

Exhaust i)ort 3* x 16'.

Allen port in valve b' x 1G*.

Valve travel in full gear 6J'.
" laj) outside 1'.

" " inside >A*.
" " in full gear A'-

Eccentric travel 5'

.

Disljince from center of axle to center of rockerTOJ'.
Link radius 68".

" centers of eyes 13".

" block wearing face .3*i5".
' distance between faces 2J".
" block llangcs 3|' x TJ".
" saddle-pin 13* x b'.
" " off-set b'.
" hanp:er centers 18^'.
" lirter arms, length 20g'.

ing some of the parts, they are shown as they apixar in

looking at the case from the opposite side from that in wliich

it is sliown in ti;;s. .') anil !1. Fig. ''•") is a similar view to lig. :2(l,

l)tit with some of the parts .shown in different [lositions, as will

lieexiilained. Figs. :i2 and '-^^i show views of some of the iiarts,

which will also be exiilaiiu'd later. Fig. '21 is a front view of

the ease, and shows its external jiarts. Fig. 26 is a transverse

section of it, showing the internal parts.

A A, figs. 2(1 and 2">, is the wooden casing of the instniinent,

which is of oblong rectangular form, as shown in the dilTerent

views. 'Within tiiecasing there is mounted a longitudinal slid

ing bar, S' S, the front end N' of which proje<ts through the

casing and is there jirovided with a latch, S" , which is hinged
to the section S' at /*, and is provided with an operating han-

dle. //. The latch iS" is also provided with a downwardly ex-

tending lip, c. adapted to engage with the Ings n and </' on the

bracket JJ projecting from the front of the casing A. which
thereby holds the bar 5' Sin the recjuired longitudinal po.si-

tions. A rocker li is pivotally connected at d to a siip]iort, F,

at the bottom of the ca.sing. A bearing, e, tig, 20. on the up-

wardly extending arm of this rocUer is adapted to be engaged
by a stud or |>in, <', on the side of the sliiling bar, S' .S, wlien

the latter is drawn outward by the handle //. During this

movement the stud <' comes in contact with the bearing, c, as

shown in tig. 2,"i, in which the bar is shown in the ]iosition it

occupies when drawn out. This movement turns the rocker

1^' —
vCr/•^-'^M' »^.^ri^^--^^erp:^-^r^-^ i^

fSLIDE-VALVE OF PAST LOCOMOTIVE FOR THE LAKE SHORE & MICHIGAN SOUTHERN ILULWAY.

One of the peculiar features of this valve is tlie enormous
area of the Allen port used : it will be noticed that with a lap

of 1 in. this port is j in. wide, having an overlap on the out-

side of the steam port of y'^ in. and
f,-,

in. metal at the wear-
ing face on the outside ; this metal is reinforced to ^"5 in. thick

at a distance of j in. above the face, so that there is no danger
of breaking the valve on the outside of the Allen port.

Another feature is the amount of inside lap employed—in

this case /, in. each side ; this, however, is a characteristic of

all the Allen valves used by the Brooks Locomotive Works,
and owing to the long travel employed, it does not result in ex-

cessive; compression at the end of the stroke, as might be ex-

pected with shorter travel.

One object in the use of this amount of inside lap is that it

]icrmits the metal in the valve between the exhaust cavity and
the Allen port to form a sufficient bearing upon the port face,

tlius ]ireventing the hollowing out of the edges of the ports

and edges of the valve, as is the case when Allen valves are

constructed without having this additional bearing surface.

PATENALLS IMPROVED SYKES'
BLOCK SIGNALS.

SYSTEM OF

I?Y THE Johnson Kailkcvd Signal Comt.vnv, K.vhway, N. J.

(Copyrighted June, 1893.)

III.

In the last number of this series of articles the general prin-

ciples which aie embodied in this system of signals was ex-
]ilained. In this one the mechanism in the indicator cases, by
which the signals and the signalmen are controlled, will be de-
scribed.

Fig. 20 rcjircsents a .side view of the mcdianism in one of

the indicator cases, II, shown in ligs. .I, 0, 7 and it. jniblished

last month, and a section of the external wooden ca.sing, A A,
is shown in section in fig. 20. For convenience in represent-

about its pivot, d. This has the effect of lifting the rod C,
which is connected at/ to a horizontal projection on the rocker

R. As the rod (" is connected with the dog. k, shown in fig.

10, published last month, it will be seen that the effect of pull-

ing out the bar S S' is to uidock the latch of the lever, L, lig,

9, and make it po.ssible for the signjilman to throw it over and
lower the signal. The ujiiier portion of the rocker, I}, figs. 20

and 25, is further jirovidcd with a straight bearing, c' , against

which the stud e' will bear as the bar -S' .S' is slid toward the

right, and will thus return the rocker to its nornud position, as

shown in fig. 20. and thus by depressing the rod 6" will agiun

lock the lev'er L. fig. 9. It will be seen'from fig. 20 that when
the rocker has been moved .so .as to depress the rod C that the

stud e' is then free to slide horizontally above the straight bear-

ing c' for a certain distance without moving the rocker. The
object of this will be made apparent later on. It will be seen,

though, that by pulling the handle // outward, and thus slid-

ing the b.ar S' 'S in the same direction, the signalman unlocks

the lever L of fig. 9, by which his own home signal is raised

and lowered.
It remains to show how this operation of the signalman at

any station is controlled by the man at the station ahead of

him, the purpose of which provision has already been cx-

[ilaincd.

On its upper edge the bar, S' S, figs. 20 and 2.">, has an elon-

gated notch, '/, and a shorter notch,"*". 3/ is an electro mag-
net located above the bar .'<" S. Below this magnet a vibrat-

ing lever (; is jiivoted at r/' to a suitable support i. This lever

carries an armature,/', which may be acted upon by the elec-

tro-magnet M. The" lever fl also iiasa pendent latch, jr, pivot-

ed to its outer end. This latch engages with the notches i'

and J" whenever it is not held out of engagement therewith,

either by the attraction of the magnet acting on the armature,

/', andthus raising the lever, or by being jwsitively hclil up
by a catch k on the lower end of ;/'.

'g' depends from a T-sbaped

lever, /( r,/' 17 , which is jiivotally connected to a suitable sujiport

at /', and is'counterbalanced by a weighty. The forwardly ex-

tending arm h i of this lever is connected by a vertical rod,

h h' , with an arm n" on the horizontal rock-shaft A' Km the
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upper part of the casing. This arm
is located at a" iu flgs. 20 and 25, and
is shown clearly in fig. 26. The shaft

has an indicator plate li attached to

its outer end. This indicator, and an-

other on B , which will be referred to

presently, occupy positions behind
openings and 0' iu an opacjue plate,
p' p' , iu the front of the casing. The
indicators may be seen through these

openings, as shown in fig. 21, and the

indicating words or symbols may be
read when the operating mechanism
has been moved into the proper posi-

tion to bring the indicating symbols
into position. The plate ;/ p' is cov-
ered with a glass plate, (/', through
which the indicators may be seen.

The shaftK K\% also provided with
a counterweight, w, flgs. 20 and 26,

to counterbalance the indicator plate,

B, and thus leave the shaft K free to

be rocked by the movement of the
lever h i' j through the connecting-rod
A h' . The counterbalancing of the

lever h i' j and shaft K K is so ad-

justed that the arm h i' tends normally
to fall under the influence of gravity,

and thereby .swing the catch k to the

right. If the lever G is then lifted by
the attraction of the magnet M, the

catch k will engage under the end of
the lever G. as shown in fig. 20, and
hold the latch g out of engagement
with the notches in the bar S' S until

the lever h i' has been raised and the

catch i has thus been disengaged from
6. Such movement of the lever h i'

is effected by an upwardly extended
cam / attached to the bar S' «S', and
adapted to engage with a roller )•',

which is carried in bearings depending
from the under side of the lever h i'

as the bar .S" S is slid ba(?k and forth.

On the inside of the indicator casing

a vertically sliding bar L L is held in

position by bearings I I, see fig. 20,

and is connected to the horizontally

sliding bar <S' iS by a bell crank
m n 0" , shown by dotted lines in figs.

30 and 2o. This bell crank has a

fixed pivoted bearing at n, and is

connected to a pin or stud, 0, on the
horizontal sliding bar S H by an open-
ended slot, and to another pin m on
the vertical sliding bar L Lhj a. sim-
ilar connection. It will readily be
seen that by means of this connection

the horizontal sliding of the l>ar»S'will

transmit a vertical movement to L L.
Near the top of the indicator case

another vibrating lever ;• q s is pivoted

to a suitable Ijearing or support at r/,

and is connected by a slotted end to a
pin ?• on the vertically sliding bar L L.

On its opposite end it has a forked
end, s s' , the form of which is shown
clearly in fig. 23, which represents a

plan or top view of this lever and con-
tiguous parts. The end s s' consists of

a pair of electrical circuit-making

jaws, .? ands', which are insulated

from the arm r q s, but are electrically

connected with each other by one or

both of the fastening .screws, s" and
s". On the inside of the casing a

contact plate P is secured in such a
position that, as the vertically sliding

bar Z i is lowered and carries willi

it the end r of the lever r q s, and
raises its opposite end, s, the circuit-

making jaw s is brought into contact

with the surface of the plate 1", which
is shaded with horizontal lines. On
the opposite side of P' , and separated

from it and from each other by insu-

lating material i" i", fig. 2'd, are two
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I'ATENALL'S BLOCK SIGNAL INSTRUMBNT,

MANlKACTUnEU IIY THE

.JOllNSU.N KAlLKuAL) SIGNAL COMPANY, RAUWAY, N. J.
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more contact plates, P" and F"', see fig. 20. The form and
position of these plates is shown in tig. 22, which is an
end view of tliem looking in the direction of the dart il' in

fig. 20. In tig.s. 20 and 2.') the contours of the<e contact
plates are indicated by dotted vertical lines. By refer-

ence to tigs. 20 and 2") it will he seen that when tlie verti-

cally sliding bar L L is lowered from the position shown in

tig. 20, and the circuit-making jaws « and .*' are raised, that »

will come in contact with the plate i* and at the same time
that s' will come in contact with /'

, which is on the o])|iosite

side or behind P , as it appears in tigs. 20 and 2."). As the
circuit-making jaws are electrically connected together, the

contact plates P and P' will then also be similarly connected.
It the jaws are raised still higher, .« will still remain in contact
with P , but « will swing past P' and will no longer be in

contact with it, and electrical communication between the two
Iilates will then be broken. Wlieu the jaws have moved far

enough, or into the position shown in fig. 25, .1' will then
come in contact with the plate P" , and s and s' will then be
in simultaneous contact, the one with plate P' and the other
with plate P", and electrical communication will thereby be
establislied between them.
The plate P' is in normal electrical communication by the

wire 1 with the line-wire, which is connected with the next
station ahead ; the plate P" is in permanent electrical com-
munication by the wire 2 with a track treadle or circuit at the

station where this instrument is located, aud the i)late P is in

permanent electrical communication by the wire 3 with the

electro-magnetM for the purposes which will hereafter appear.

Fig. 28. Fig. 29. Fig. 30.

Before the operation of this instrument is fully explained,
some other parts of its mechanism will Ix' described.

Tlie vertically sliding liar L L, figs. 2(1 and 2Ti, carries a

vibrating arm, E, which is pivoted to i L at y. It is pro-

vided with a spring I' , the tension of which tends to keep the

arm normally swung toward the front 'of the indicator case.

In front of each indicator case is what is avllcd a " plunger,"
/', which is shown in section in fig. 20. It consists of a cen-

tral rod or spindle P, which is housed in a cylindrical b,aiTel,p,

attached to the front of the indicator case. The outer end of

the rod has a button or knob k' on it, by which it can con-

veniently be pushed inward. A helical spring is placed inside

of the l)arre!, and bears against a shoulder on tlie rod or
plunger, and thus tends to tlirow it outward to the limit of its

movement. AVithin the casing and in the patli of the plunger
there is located a drop-jilate, /, a back view of wliich, looking
in tlie direction of the small dart on the right of ;/ ', fig. 20, is

sliown in fig. 2S, and wliich works in a slide, t t, attached to

the inside of the case. To the ujijier portion of this drop-plate
an indicator W , shown in figs. 20, 2o, and 28. is attached. On
its inside the dro])-plate / carries a movable .section,,^', which
can also move vertically in the shdes t t of fig. 2s, .so that it

can fall a given distance independently of the ])late /. The
lower end of the vibrating arm A' is located in the jiath of the

j)luuger P, as, shown in figs. 20 and 27, and is provided with a

nose, I", see fig. 24. The drop-plate j' is al.so provided with a

nose, p" , corresponding to I" and adajHed to engage or inter-

lock with it. Figs. 24 and 27 are views similar to figs. 20 and 2.i,

but which .show only the jdunger, dro])-i)lates, and contiguous
parts, but in different positions from which they arc shown
in the comjilete figs, referred to last. The arm A' is also pro-

vided with a block of insulating material, m , the nose of

wliich is in position to engage a lle.\ible electrical conducting
strip. N. see figs. 20, 24, 2o, and 27, depending from a suitable

support within the indicator case, and carrying a contact pin,

n' , adajited to be thrown into and out of contact with an elec-

trical conducting strip Q uprising from the lower portion of

the casing. The strip A' is in ]>erniaiient electrical comnniui-
cation witli the line-wire connecting the adjoining signal

stations by means of the wire 4, aud the strip (^ by means of

the wire ."> with a battery.

In order to make their form and oijcration clear, the plate 1,

in figs. 2S to 31, has been shaded with vertical lines, and /
has been similarly shaded with horizontal lines. The plate/ is

provided with an oblong opening;)' , .sulliciently large to give
the plunger some clearance therein, but the opening is not

elongated sufficiently to permit the plate 7, when the plunger
is inserted through it. to fall far enough so as to bring the indi-

cator B into a jKisition in which the word train on, inscribed

on the indicator, can be seen through the opening W . figs. 20,

21, and 2."), in the indicator face. The movable section j' has

an opening ;/ ", see figs. 2b and 2!), through it. which comes
opposite or over the opening ;/

" in the plate /, but which is

sufficiently elongated to allow the plate ,;' to fall when the

plunger is inserted, as shown in figs. 27 and 30. a distance

suHicient to allow the nose ;/'. fig. 27. to move downwardly
past the nose I" on the arm E. AVhen the section 7' has reached
this position, the withdrawal of the plunger, as shown in tig.

24, will permit the arm E to swing toward the front of the

indicator c;ise, and, as shown in fig. 24, will carry its nose I"

above the nose ;/' on the section /, and thereby permit the

drop-idate /and its movable section./ to fall the wliole limit

of their downward movement, as shown in figs. 24 and 31,

and thus bring the indicator IS' into

a position behind the opening (>' to

show the words "Train on," which
are inscrilied on it. If the phmger be
onl)- partiall}' withdrawn so that it

still remains within the opening p"'

,

fig. 27, in the plate /, then the section

f will fall far enough past the open-
ing ;)'" so as to prevent the plunger
from being again pushed into contact

with the arm A' until the plate / has
again been raised to its normal posi-

tion. The plate j' , fig. 20, is held

up in its Ujiper position by the en-

gagement of the nose I" , on the arm E,
under the nose p" on the (date J'. As
shown in figs. 24 and 27, the ujijier

end t' of the plate j engages with a

projection u on plate /and thus holds
it up. After the plate j' has once
been lowered, it can only be raised

by lowering the bar L, which is done
by the outward movemeut of the knob
// and bar S S. This firings the nose

I", on the arm jE' below the nose p" , see fig. 25, so that they
Cim engage with each other. In order that the nose I" may
ride p.ast the nose;/', and that the forward movemeut of the

arm E will exert a downward jiressure upon the movable sec-

tion J , the ujijier side of the nose p' and the lower side of V
are jirovided with beveled or inclined faces x aud y' , as shown
clearly in fig. 24.

For the purpose of utilizing a single line-wire for connect-

ing the instruments for moving the trains on both the incom-
ing and outgoing tracks, a connecting strip, T, see figs. 20
and 2.5, is provided in permanent electric connection bv a
wire, 0, with the contact plate P" of the companion instru-

ment at any station, and normally connected with tlie line

wire leading to the adjacent station bj' means of a connecting
arm, q' , carried by the depending strip /'. "When the strip A'
is swung inwardly, as shown in fig. 37, under the impulse of
the plunger, the spring A' will be disengaged from the arm q'

,

and the circuit through tlie companion instrument will thus be
broken while the circuit through the electro magnet at the

next prcceiling station is closed.

The description of the ojieration of this instrument must be
reserved until next month.

(to be continued.)

Fig. 31-

Electrically Welded Steel Barrels.—A large industry is

being built up at Harrow, ICiig., in the production of steel bar-

rels for the conveyance of petroleum. The barrels are made
in halves by means of compres.sion in a mold, when hot.

Afterward they are weldeil tog<'ther by means of electricity.

The barrels are intended for use by the large oil carrying com-
panies engaged in the oil trade in the Eiist, where the tempera-
ture has a great effect on wood ciisks, and results in so niucii

leakage.
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THE CYCLOGRAM OF PRESSURES IN STEAM
ENGINES.*

By p. Edw.\1!ds.

In multi-cylinder engines it is desirable to know what is the

fall of pressure between an exhausting cylinder and the cyl-

inder receiving the e.xhaust. It is also desirable to get at a

glance an idea of the course of the steam, the lime it is wait-

ing ill tlie receiver, and whether the steam from the bottom
goes to the upper side or to the under side of the next piston.

Whether the object of this iuqvnry be the better understand-
ing of the action of the sleam, or the determination of the

v;didity of diagrams received as a set, the requisite comparison
of simultaneous pressures (cannot be read directly from indi-

cator diagrams. At the Board of Trade office 1 have been
shown the cyclogram or clock-face diagram, a very simple and
very effective way of exhibiting this information. Not having
seen this before, I think it will probably be new to most of

our members, and that it may have a place in our Tniiisactious,

I have had the cyclogram now exhibited constructed. In the

cyclogram the simultaneous pressures in all the cylinders are rep-

resented on the same radial line, to the same scale, and the dilter-

DIAGUA.M ILLUSTRATING CYCLOGRAM OF PRESSURES.

ences and the sequence of iiressures are therefore directly reada-
ble. To make such a diagram correct, including theobliciuity of

the connecting-rods, seems at first sight to be a somewhat com-
plicated and troublesome problem, but it is really extremely
simple, and its construction occupies very little time. For
example, let the engine be a triple with the cranks at 120 .

Describe a circle, say 6 in. diameter, draw a vertical center
line, and, starting from it, divide the circle into IH ecpial parts
by radial lines. Number these from the center line to IH.

The number of divisions must be an even number, and one of

them must coincide with the position of each crank. With
the proportionate length of connecting-rod set off the corre-

sponding crosshead po.sitions on the center line, and number
these, down one side and up the other, t) to 18. Draw a hori-

Z)iital line through No. 4, and from a point in it draw straight
lilies to the other cross-bead positions. Draw a few vertical

lines across these at. say, half an inch apart. Take now the
indicator diagrams, whicli ought to be without ordinates, and
mark the extreme lengths on the atmospheric lines. Fold
each card along its atmospheric line with the diagram out-

ward. Lay the folded high-pressure card parallel to the verti-

cal lines, and wdth its ends on the extreme converging lines.

The parallels are a guide to the eye in placing the card. Mark
the divisions on the card with a fine pencil. Open the card

and draw ordinates through these divisions and number them
as on the center line. Do the same with the other cards, but

observe to number the divisions on the intermediate from
(i and on the low from 12. Let tlie G in. circle denote the line

of atmospheric pressure. Set off from this atmospheric circle

on the radial lines the pressures found on the cards at the

respective ordinates. The pressures are converted to the same
scale by the usual method of inclined lines. Join the points

thus obtained, and, where there is a change of curvature be-

tween two of the positions, be guided by the form of the card.

Having ascertained the points at which the exhaust begins and
ends, indicate, by short radial lines inward, the duration of

exiiaust, and l>y short radial lines outward the duration of

steam admission into the succeeding cylinder. Shade the

effective pressure areas. Show the compression area by dark

shading. When a diagram has been obtained from the re-

ceiver.its ordinates must be numbered according to the crank

whose motion actuated the indicator barrel wdion the diagram

was taken. A little consideration will show that the crank

must be placed on the diagram in the reverse order of the

action of the steam. For example, this cyclogram is for the

high leading, but the low crank is placed as if it were leading.

This is, however, correct, and a little retlectiou will show you
that it must be so, and any verbal explanations would only be

likely to make this more difficult to grasp.

PROGRESS OF TRANSATLANTIC NAVIGATION.

* Paper read before'tlic Itietitntion of Naval Architecte.

The Revue ScieiiUfique gives the following resume of the

progress in transatlantic navigation from 1810 to the present

day" Regular tran.satlantic navigation, which was brought to

life in this century, has made a steady advance, the principal

stages of which are given by the following figures :

The first regular line, the Black Ball, was inaugurated be-

tween New York and Liverpool in 1816. At that time the out-

ward trip to New York occupied 33 days, and the return

trip 40.

In IHMIj the Dramatic Line launched the ship New Turk, of

1,400 tons displacement, which was at that time the largest

ship in the world. At this time the sailing vessels were under-

going a process of very rapid improvement, and 14 years later,

or in 1850, the passage could be made in 15 days under favor-

able conditions.

Then steam navigation was established. The first attempt

had been made in 1819 with the Suvannah, wdiich was practi-

cally a sailing vessel equipped with an auxiliary engine, and

which occupie<l 25 days in making the passage between Savan-

nah and Liverpool, and in consequence of this attempt the

English declared, previously and afterward, that it would be

impossible to make a passage of the Atlantic Ocean by the as-

sistance of steam alone.

In 1808 the first steamer, the Great Western, was launched.

She had a length of 21:^ ft. 3 in., a breadth of beam of 32 ft.

'J.7 in., drew 10 ft. 4.8 in. of water and had a net displacement

of 1,340 tons. She was equipped with a 440-11. F. engine.

The first passage occupied 16 days, during which time from 27

to 32 tons of coal were burned every 24 hours. The return trip

was accomplished in 14 days ; and even in 1842 the record

stood at 12 days, 7i hours, which corresponds to a speed of

about 81 miles per hour. A great step in advance was made
when the Great Dritirii, Was built, with a length of 275 ft. 7.2

in., an iron hull, a screw propeller and an engine of 1.000 H.F,
As for the Great Enxterii, that giant among ships, which

measured 690 ft. in length, having a breadth of beam of 82 ft.

and a de|)th of hold of 55 ft. 9 in., with a net tonnage of 18,915

and engines of 2.000 II. P.. it was very evident that she had

come before her time. She was furnished with accommoda-
tions for 4,000 passeniiers, without counting the 400 men con-

.stituting the crew. The steamer was, nevertheless, very well

built, and obtained a speed "of 14 miles per hour on her trial

trip. But at that time there was no such throng of passengers

traversing the Atlantic as there is to-day, and the traffic was
insutficient to make her voyages paying investments ; so that,

after having been used for'laying transatlantic cables, she was
finally broken up in 1S91.

In 1802 the French Compagnie Generate Transatlantiquc

was organized, and from that time on the rivalry between the

great lines has been on the constant increase.

In 1860 the Pereire was built, which crossed at the speed of

13A miles per hour, and was really a magnificent steamer of

6,1100 tons burden. She was 374 ft. long, and equipped with

an engine of 3,000 H.P.
In 1875 a new-comer, the White Star Line, had .some ships

405 ft. long, with a beam of 46 ft., a de[ith of hold of 32 ft., and

a speed of 14 knols.
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Since Issil there lias been a jjreaterslni^jile than ever anioiifr

the tnuisatlaiitie lines to jinxhute llie largest, and fastest sl<ani-

er. In issl the Iiiinan I,iiie lanneheil the Cili/ t,f Itmni'. which
has a lenifth of T)!-! ft., a beam of "jri ft... a (lei)th of liold of :!!)

ft., adisplacement of .s,4(iO tons, and a speed of IM knots, which
was made willi an ennine of ll,!)Oll II. 1'.

In IK'.H tlu! ('omi)ai;nie Transatlantique built the Toiirnine

with a lenjilh of 51.1 ft., a beam of ."lo ft., and an enfjine of
r3,<l(M) II. P., which save them an average speed of 1!) knots.

Finally, the latest comers are those of the (!iinard Line,

which has just launched two immense liners, tint Qiiiipdiiia

and the Liii-tiidii, with a length of "lilT ft., a beam of (i.') ft., a

depth of hold of {'i ft., a total tonnage of 13,500 and engines of
from 14,000 II. I', to I.I.OIKI II. l*.

Uegarded from the stanilpoint of the length of pa.ssage, the

C'iti/ of I'liris al present holds the record, having made the trip

from Queen.stown to Santly I look in r> days, 11 hours, and '2i

min\ites, which gives an average speed of 20.7 knots^a speed
which has even reached that of 21.4 knots for a single day, or

practii^ally .about 34.855 miles per hour.

LOCOMOTIVES HURRICANE
DERER."

AND "THUN

In our issue of February last we gave an engraving of the

locomotive Ihirrimnr,. with driving-wheels 10 ft. in diamct<T,
the largest which have ever been used. In thc! description

which was given of this engine it was stated that, " as origi-

nally built, it had drivers 5 ft. in diameter, and the (cylinders

were coupled to an independent crank-shaft carrying a large

l)inion which geared into another on the driving-axle."

Mr. Clement E. Stretton, of Leicester, England, has written
to us to correct this statement, and says :

" With regard to the lliirricane, the illustration on your
]). 80 shows that engine as it was when built. It inis w'ver

(Mered ; l)ut proving a failure was broken up. The engine
illustrated in Wood's liook of 1888, having four couiiled wheels
of (1 tt. diameter, is not the lliirrirnnc, but the 'J lininhrrr of

ls:iS. The T/iinxk-rei-hiul ft. wheels geared up three to one,

so as to equal 18 ft.

'• To make this quite clear to your readers, I beg to send by
this post a l)lue jirint of tln' Thnmlerer.

"Clement E. Stuhtton."

The engraving herewith has been made from the blue print

rccciveil from ilr. Slretton. His statements are coiUirmed,

too, on a further examination of Wood's book. In his sixth

(chapter, p. :«53, he says that " the Messrs. Hawthorn are now
constructing an engine for that railro.-id (the Great Western),

witli driving wheels 10 ft. in diameter, calculated for a sjieed

of 40 miles an hour."
In a later chapter, which was evidently written after Chap-

ter VI.. .Mr. Wood .says :

" With wheels of lit ft. in diameter, the velocity of the pis-

ton is reduced nearly to the proper standard ; but wheels of

so large a diameter are verj' cumbrous and heavy, ami produce
a very considerable strain upon the axles.

" TAy. T. R. Harrison, Kngineer to the Stanhope A; Tyne
Railway, has obtained a patent for an engine to obviate lhe.se

inconveniences and objections, the driving-wheels of which
make thiee revolutions for one entire stroke of the piston

;

and these whe('ls being 5 ft. in ditimeter, they are equivalent

in speed to one wheel 15 ft. in diameter."
Quite an elaborate engraving is given of the engine showing

a longitudinal section of the front or driving part of the

machine, and its connections with the vehicle which carries

the boiler. Pleasured on the scale given with the drawing,
the driving-wheels measure ft. 3 in. in diameter, (^iiite a

full descriiition, apparently taken from Harrison's |)atenl, is

given of the construction of this machine. At the end of the

description Wood says: "One of the.se engines, constructed

as shown in the drawing, and atiother without cogwheels,
and with the driving-wheel, W, 10 ft. in diami^ter, have been

furnished bv Mes.srs. K. iV W. H.awthorn, of Newcastle, for

the (Ireat Western Kailwav."

THE LUBRICATION OF MARINE ENGINES.

.\t a recent meeting of the Institute of Marine Engineers,

Mr. W. M. Koss i)resented a ])aper on the Lubrication of Ma-
rine Engines, of w hicli W(> present a brief abstract :

The references in this i)aper were solely to vertical marine
engines. No doubt they could be applied to other machinery
as well, but the greatest number of nnirine engines of the prcs-
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ent day are of tlie vertical type. Lubrication might be divid-

ed into two classes—external and internal. Let them tirst con-
sider the external. One of the principal parts of a marine
engine was the crank-shaft and ils various bearings, to which
too much attention could never be given. In boring out bear-
ings for a crank-shaft the general rule was to give a greater
diameter than llie shaft which had to revolve in them, a differ-

ence wliich might vary with tlie engineers, but iu all cases the
harilest points to come into action were the toji and l)ottoni

centers and a gradual enlargement toward the sides. In the
present method of supplying lubrication to these bearings, all

oil holes were bored through the top center, and to enable the
bearing to receive sufficient oil to overcome friction the outlets
had to be greatly enlarged, and oil channels cut all over the
bearing surface. This he considereil wrong, and one of the

greatest defects in anti-friction that could occur in any bearing
in which the shaft had a revolving motion, as the sides of the
bearings (and by that he meant any iiart away from the to]i

and l)ottom centers) must have the greatest division of tlie two
metals—in other words, less friction. Therefore the outlets

should be distributed into that space, so that the shaft in re-

volving would carry its lubrication with it, drawing its suppl}'
as from a reservoir—inducing a better How down the oil pipe
instead of retarding it, as must take place when the pipes led

directly to the top center of the bearings. Were it not for the
enlargement of the oil tubes ami the channels cut over the sur
face, no lubrication would take place iu these bearings at all.

Nearly all main bearings were now fitted with white metal, or
some other less tenacious metal than the brass itself, and were
generally fitted in tlie outer brass or cast iron, as the case might
be, in strips of about 4 iu. in width, having one division on the
top center Into which the oil holes were led. This method had
its advantages, but he thought that if this white metal were to

be divided into three surfaces—that is, with two intermediate
divisions only—they would give the bearings a better oppor-
tuuity to distriljute its work through all the component parts.

They required only a bearing surface equal to the diameter of

the shaft to insure a correct bearing, and, instead of the ar-

rangements of the present da)', they would get the oil supplied
into the space on either side, and the whole metal be left as

bearing surface on the bottom and top centers, the principal

points of these bearings. He considered that all l)earings in

which tlie working part had a revolving motion should be sup-
plied with lubrication not on the top center, but at some point
away from that center. Then each side of the bearing would
always have a better supply, and as a result the}' would have
less friction, and consequently greater power. With regard
to the lubrication of the crank-pin, the same defect was here
seen as in the main bearings, and if it was wrong in one case,

here it must show with greater force. The principal defect in

crank-pin lubrication was, he thought, in the method of .sup-

ply from the lioxes, as at present fixed in must marine engines.

The method of to-day, although without a doubt a great im-
provement upon the old style, fell, he thought, far short of per-

fection. Let them trace the connections. Generally they
had a box fixed high up on the cylinder lagging, with pipes
leading to another cup fixed on each side of the connecting-rod
jaw ; from these cups led other pipes (usually one from each)
to another cup. fastened to the center of the connecting-rod, or

at such a distance as to give clearance from the bottom corner
of the guide, and to be handy for any oil to be given as the rod
is working. From this cup ran three pipes, one to each side

and one to the center. Now, from this last cup ran three out-

let pipes, but it had only two supplies, and tliese two, in five

sets of engines out of six. led directly over the side outlets :

the center pipe got its supply only by chance. He considered
that every outlet should have its own special supply. From
the first box there should be sufficient oil supplied to guaran-
tee each of the pipes Teading into the brass getting its own
proper amount regularly, and on no account should this most
important Ijearing be left to chance lubrication, as in some cases

at i)resent. With engines running at the high speed of to-day,
and with the l<mg connecting-rods now in use, it was impossi-
ble for this pin to be oiled except automatically, let the greaser
be ever .so good ; still there must be a great percentage lost

when oil had to be supplied In this otfhand manner. How
many crank-pin bearings to day could be run without using
the water .service, which, although <at limes a blessing, when
eonsiilered relatively to the life of the shaft and bearings w.is

far otherwise. Many an anxious watch was passed and many
a gallon of oil was wasted tlirough this defective supply to a
bearing. He hoped he had nufficiently shown the defect to

justify a remedy as follows : Place the outlet holes not on the

top center, but somewhere on the sides
;
give each hole an in-

dependent supply pipe, and, if the engine is properly balanced,
there will be a much better working pin, and with better work-
ing we have less friction, and consequently longer life to both

pin and bearings. After referring to tunnel-shaft bearings,
and especially to wliat he considered the great room for im-
provement in the lubrication of the thrust block liearing, Mr.
Koss said that the defects he liad pointed out were common

;

atld In the marine engine of to-day, lirouglit up as it was to

great perfection in design, lubrication should not be looked
over or slighted. Regularity was one of its chief features

;

and let tlie " greaser' be ever so careful and comoetent. there
must at times be jieriods in his watch, eitlier through rough
weather or extra attention required at some particular part,

when this regularity could not be carried out ; consequently
bad lubrication took place. Every bearing throughout the en-

gine should he supplied automatically anil regularly, and if it

could be carried out in small engines (as was now being greatly

done), how much easier could it be arranged with the large

machines of to-day. Perhaps at this point a few words might
not be out of place in regard to the rule in a good many steam-
ers (not liners, but in what were called outsiders or tramps) of
the engineers having to oil the maeliinery unaided. In these

times, when the}' were trying to elevate themselves and those
who were to follow tlusni, and to bring a more scientific train-

ing into every -day use, it seemed very wrong that trained en-

gineers should be turned into oil feeders. No engineer in

charge of a watch could properly devote his attention to all in

Ills charge, be it ever sj small, if his time had to be given]up
to oiling ; something must be neglected. Without doubt there

had been a great improvement in recent j'ears in internal lubri-

cation. The old pot inijiermeator had been entirely super-

seded by the automatic sight-feed—an arrangement in all its

workings simple and effective. With the old style, oil was

mM"'M.-^M--M'^'
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tlicmselvos. Willi a pair of engines of 3,."500 H.P. , he found
that the pistdn-roils (with top ends oiU'il aiitoniMliciiUy'!. and
three valve spindles, rciiuired nnepiiit jjer wuleh of fmir iiours'

iliiraliDn— i.e.. six pints in 04 hours. Now, if, as he main-
tained, a fair luTcmtage was alisorbed liy the steam while the

rods were internally workinjr, they had one to two pints used
from this source alone for internal hihrication, and the imjier-

nieator, l>einjr fixed to the low pressure valve ehest, woidd use
.8 pint. Tlioy had, therefore, used two jiints in the "04 hours.

Not a very larse amount, and he did not thiidc it could lie very
much reduced. In closint;, Mr. Koss said lie would call fric-

tion tlie strongest etieiny in a marine eiinine, and if Uiliricatiiiii

was till' Iicst way to Dverconie it, the most perfect method
should lie ado])ted. The followinj; jvoints had been present to

his mind while writing : 1. All revolving shafts should be sup-
plied with lubrication, not through the vertical center, but
somewhere at the sides. 2. Every su|)ply outlet to the (Tank-
pin should have its own .separate supply inlet from the cnm-
luencement to the finish. :i. Each and every bearing, whether
small or great, .should be sui)]>lied automatically ; there should
lie no ('liance lubrication in connection with a marine engine of

to-day. 4. No internal lubrication should lie used, excepting
through the impermeator alli.xed to low-])re.ssurc engine, and
lubricatMig or swabbing jiiston rods and valve-rods, with min-
eral oils alone. 5. Greater Uiought and more care .should lie

.given by designers and builders to the lubricating arrange-
ments, and less to the supcrlluous water service, as at present.
(). No marine engineer of modern tniinin,g should be asked to

act as the oil feeder of the watch ; he has more important
duties to attend to.

facture and to maintain. Of course they do not obtain the

same area of balanced porlion of the valve that is obtained

when the jiacking comes out sijuarc and full with the whole
ujiper surface, but sullicient balancing is obtained so that llie

v;dvc runs very easily and the saving in the luamifacture is

considered to more than CDiupen.sate for the extra lo-iS of

power required in driving the valve.

The Steam-chest is of the same shape as that ordinarily u.sed.

and the cover has the bal.ancc plate cast separate from il and is

held to it by bolts as shown in the top of the engraving. The
plan shows the method of making the iiacking rings, which
consist of two circles brouixht as near together as iios-.ible with

the ordinary form of packing rings slipping down over a cir-

cular .section and (iroviiled with the s]iiral springs for holding
them down in ]iositinn as is shown,

tU.\NK-I'lN I'KKSS.

This jircss is a very convenient jiortable machine, which is

used about the sbojis for reniovin,g and puttin.g in crank-pins
while the drivers are still under the engine.

Its construction and general dimensions arc very clearly
shown by the cn.gravings. It will be .seen from an examina-
tion that the press is mounted on a four-wheeled truck, and
that the tank and body of the press itself are carried on screws
by which it can be elevated or depressed so that the center line

of the ram will come in line with the center of the crank-pin
when the press is to be used.

The bars shown at the right of the engraving are used to

lock into the spokes of the <lriving- wheel, and also into the

tail-bar back of the jiress. The jiressure can then be applied

CltANK-1'IN I'HESS, llKI,.\\VAIiR & HUDSON CANAL COMl'ANV

SPECIAL TOOLS OF THE DELAWARE & HUD
SON CANAL COMPANY S RAILROAD

I!-\I,ANCEn SLIDE VALVK.

TiTK balanced slide v.alve of wdiieli we give a full detailed
illustration is in general use upon the locomotives of the road,
and is being applied to all engines as they come into the shop
for repairs if tliey have not been efpiipiicd with it before. The
]irincipal feature wherein this balanced valve differs from
those in ordinary u.se is that the balancing backing at the top
is round instead of square, which makes it far cheaper to manu-

anil the pin forceil in as shown in the side elevation and .sec-

tion of the press. The ram is G in. in diameter, and the cylin-

der will sustain a pressure sullicient to ]iut in any pin that may
be desired.

The iHimping arrangement is very simple, and is located on
top of the ram with a bell crank attachment for operating the
)-ilunger anil for connecting a lever which is 8(i in. long and
made by 11 X * in- iron- When the press is in use. although
it is carried on top of the tank, no strain is jiut ujion the lat-

ter except merely that of carrying the dead w-cight of the ram.
The w heels are of cast iron and run loose on the wrought-

I iron axles. The screws which are used for elevating and de-
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pressiug tlie plunger ruu in the sleeves in tUo interior of the

tank, so that they are out of the way, and there is no necessit}'

for any olher provision being made for them. The general

coiistruetion and operation of the press will be very readily

understood from an examination of the engraving.s.

IIYDRAHLIC LOCOMOTIVE LIFT.
'

Probably two of the most valuable and useful special tools

that are in use upon this roail are the hydraulic locomotive lifts

in the Green Island and Whitehall shops. As that used in the

(Jrecn Island shops was the first one constructed, and as sev-

eral improvements have been made in the one built later for

ond leather backing, the whole being drawn up into position

by a follower plate 1 in. thick. As these cylinders are only

called upon to operate in one direction, the packing is turned
downward so that the second one tends to supplement the first

and catch any leakage which may pass through it. These
two back cylinders are spaced 10 ft. from center to center,

which is far enough apart to have their piston-rods clear the

extreme outer ends of the bumpers or tail bars of any locomo-
tive on the road.

Tlic piston-rods are held in the pistons by means of a nut
over which a key is driven in order lo prevent it from backing
off. The thread where the nut screws on is 2i in. in diameter,

m
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beams that rest on top of the columns, tlie latter being planed

off so that there is a smooth bearing surface for the cross-

beams. The mechanism which is used for shifting both the

cylinders and the I-beams is a very simple construction. It

consists merely of a couple of siiools with geared shaft so ar-

ranged as to wind up on one and slacken off on the other, with

a wire rope running around an idle sheave at the extreme front

end of the lift. The arrangement used for moving the cylin-

ders is shown by the detailed drawing. Here the two spools

are in line with one another, each one operating a cylinder.

It will be seen that the rojie starts from one cylinder,

passes over the drum and beneath the cylinder over the idler

below, and takes hold of the base of the cylinder on the op-

posite side from that on which it starts, so that l)y reversing

Ihi- motion of tlie drum the cylinders are drawn toward the

center or outside of the frames by exactly the same amount,
thus maintaining them at equal distances at either side of the

center line. The rapidity

with which locomotives
can be raised and the driv-

ing-wheels removed with
this apparatus is very great.

On one occasion in the

Green I.sland shops, where
the lift is not considered to

be rapid in its motion, or

as effective as that illus-

trated, a locomotive was
lifted from the driving-

wheels, the wheels rolled

out, and the engine put
back on its blocking in 2A
minutes.
The capacitj' of each cyl-

inder with a .'5-ft. stroke is

n.5.34 galls. Working un-
der O.'j lbs. natural pressure

and a Jin. nozzle, it re-

i|uires minutes to fill the

four cylinders. By using

a double li in. X in. force

pump the four cylinders

can be filled in 9 minutes,

or 131) revolutions.

Tlu^ total weight of the

cast iron used in the ma-
chine is 17.912 lbs., and
wrought iron 14,709 lbs.

The valve arrangement for

manipulating the hoist is a

very simple construction,

and is shown by a special

engraving. Water is taken
under pressure of about 80
lbs. and admitted to a box
with a cover 1,\ in. thick.

From the bottom of this box there are five pipes, four of

which lead, one to the bottom of each of the four cylinders re-

spectively, entering beneath the lowest position of the piston.

The fifth is an exhaust and leads to a sewer or other discharge.

There are four handles, as shown by the plan view, and the

whole is placed in a pit just back of the i)it beneath the lift.

Each one of these handles controls a slide valve which covers

the opening into the pipes leading to the cylinders. When
it is desired to raise, the handle is simjily pushed so that the

catch drops into the notch marked " Raise ;" water under
pressure is then admitted from the main into the bottom of

the cylinder corresponding to the handle manipidatcd. When
a siilfieient height lias been reached, the handle is moved to the
" Stop" jiosition at which the slide valve covers the opening
and holds the water in the pipe and cylinder, thus preventing

the |iiston from descending. When moved furtlier to the
" Lower" position, the water flows back through the same
pipe and out of the D of the valve into tlie exhaust. The
amount can be regulated so that the engine can be lowered
with any speed desired.

It is well known as one of the dilliculties where engines are

hoisted by jacks or other rigid means, that when it is desired to

replace the wheels, generally the engine is a little out of

the center line of the track, and that almost invariably the

wheels will be crowding one rail or the other, so that it re-

quires a deal of pinching and crowding in order to move the

engine until it stands central with the wheels upon which it is

to be placed. With this lift, however, the engine can be swung
like a child in an ordinary swing, and one man can very readily

adjust it so that the pedestals will drop down over the driving-

boxes at once and without any undue exertion.

GERMAN CORRIDOR TRAINS.

The success which has attended the introduction of corridor

trains on various European railways has induced the adminis-

tration of Prussian railways to order a number of them for their

express tralKc. Since ilay 1st. twenty-four such trains have
been running on the lines worked by {he Prussian State, more
especially between Berlin and Cologne, and Berlin and Frank-
fort-on-the-Main. It may be remarked that corridor carriages

are of German crigin, having been first designed by the late

Hensinger von Waldegg ; the principle was applied, how-
ever, only to four and six-%vheel carriages, which were pro-

vided with lavatories at one or both ends. Since 187.') this de-

sign has received numerous applications, and new stock for

foreign railways is built according to it, in preference to the

older system with central passage.

The twenty four trains of which we are going to give a descrip-

OI>ER.\TING VALVE FOR HYDRAULIC LOCOMOTIVE LIFT. DELAWARIS & HUDSON CANAL COMPANY.

tion embody all the features of the modern American rolling

stock. Each train consists of five bogie carriages, which have the

same external appearance as those owned by the International

Sleeping Car Company ; the bogies are four-wheeled and of

the usual pattern. Thorough communication from one end of

the train to the other is established by means of small briilges

uniting the end platforms of the cars, and in order to afford

better''protection against accidents to passengers going from
one car to another, each bridge is completely covered by a

leather awning, as is done in England to connect mail vans.

These cars are 53 ft. 11 in. long, and each one of them is pro-

vided with two lavatories.

The Westinghousc brake has been fitted on all these trains.

The lighting is effected by means of regenerative gas lamps.

The last car but one contains a restaurant and kitchen, where
cooking is done by gas. The catering of these dining cars vyill

be leased to private refreshment contractors. Communication
between this car and the others is effected by electric bells.

One guard anil train conductor will be the only railway ser-

vants attached to the train ; the first will travel in the luggage

van and the second in the anteroom of the last car.

The trains contain 12G seats each ; 24 to 30 are first and the

remainder all second-class. Each car contains seats so con-

structed that when not occupied they stand vertically, and are

kept automatically against the sides of the car. This arrange-

ment is generally niet with in all German corridor carriages of

more or less recent construction. As usual, special compart-

ments are set apart for non-smokers and ladies traveling alone.

All places are numbered, and particular seats can be secured

in advance on pajinent of an extra charge of one mark ;
but

these must be aiiplied for at the booking ofllce at least half an
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hour before the tlepurture of the train. When 11 seat lias thus
been engaged a special notice is attached to it sliowiug that it

is reserved.

Some of Ihe ordinary express trains, with the usual first and
second-class, will continue to run as in the past ; but if we
luiderstand it right, on some lines passengers wishing to travel

by these new trninit ile luxe will be charged a supplemental fare

of two shillings. This e.xtra fare may be paid at the booking
ollice or to the train conductor.
The maximum dimensions adopted by the Union of German

Railway Administrations for the construction of cars being of

a more liberal nature than those which obtain in England,
German engineers will have nodilficulty iu providing comfort-
al)le anil roomy corridor cars in which the proportion of pay-
ing to dead load will be no greater, if not actually less, than it

is in the four or six-wheel stock of the antiquated English pat-

tern with rigid wheel bases.— The Railway Herald.

U. S. PROTECTED CRUISER "OLYMPIA."

Tins man-of-war represents the first high-speed vessel of the
protected cruiser type designed for the new Navy of the United
States to meet the conditions imposed by the rapid develop-
ment of quick-firing guns and shell filled w-ilh high explo-
si fes.

Features hitherto unattaiued in this type have been introduced
in the protection given to the battery and stability of the vessel.

Experiment has established the fact that shells of small size

filled with melanite, cordile, or like substances, when exploded
near the side of the vessel in the vicinity of the load-line, have
the effect of tearing away large portions of the thin plating
which forms the sides of all unarmored cruisers, thus leaving
the portions of the vessel above tlie protective deck open to the
water, the protective deck itself being of sufficient thickness
to preclude any possibility of dama,ge to the vitals of the ship,

which are placed beneath it, from the fragments of small
shell ; but with the admis.sion of water to the portions above
tbis deck the stability of the ves.sel is lost, therefore some
means, where the use of armor plating is not admis.sible, must
be adopted to keep out the water and thus maintain the
stability.

To acconqilish this the n.sual practice lias been to divide the
compartments above the protective deck into a large number
of cells, making it necessary to fill a number of them before
llie seaworthiness of the ship is affected to a serious extent.

In this vessel, however, the security residting from cellular

construction has been augmented by working an enclosed belt

of water-excluding material 3 ft. wide and 8 ft. deep around
ihe entire vessel, the weight of the material being about one-
sixth of that of a corresponding bulk of water. This h.as the
ell'eet of providing a double hull in the vicinity of the water-
line for tiie full length of the ship. Inside of this belt the cells

in the wake of boilers and engines are filled with coal, thus
reducing the possible admLssion of water to a minimum.
The protection given to the battery in unarmored cruisers is

generally a light shield attached to the guns ; but the fS-in.

guns of the Olynvpin are mounted in barbette turrets protected
by llarveyized armor plates 4 in. in thickness, while the .'i-in.

and other rapid firing guns are protected by armor varying
from 4 to 2 in. in thickness.

The hull is constructed on the longitudinal system, with
double bottom extending over the space occupied by the ma.ga-
zinos, boilers, and engines, throughout which Ihe frames are
spaced 4 ft. apart, giving an area of bottom plating unsup-
p,)rted of some 25 sq ft. in each frame space. Jlild steel is

used throughout as the material of construction, with the
stem, sternjiost and shaft struts of cast steel.

The protective deck, beneath which are placed the maga-
zines, boilers and engines, reaches from end to end of the ves-

sel. At the .sides it is 5 ft. below the water-line, sloping up-
ward and inward to 1 ft. above the same line. This deck is 4f
in. thick on the slopes and 3 in. on the tlat over the machinery,
being reduced to 3 in. over the entire surface at the ends.
The projielling machinery consists of two vertical, inverted,

direct-acting triple-expansion engines driving twin screws
;

each engine is placed in a separate water-tight compartment,
with the high-pre.ssure cylinders forward. The cylinders are

42, 59 and il2 in. in diameter, with 42 in. stroke, and are capa-
ble, when making 120 revolutions jier minute, of developing,
with their auxiliaries, 13,500 LLP. ; the main valves are of the
jiiston type, driven by Stephenson links fitted with steam re-

versing .gear and hydraulic controlling cylinders. Tlie piston,

(rank-shafts and connecting rods are of forged steel. The
eondeiLser shells are of rolle(l brass with cast-brass heads, and
each condenser has 9,41)5 scj. ft. of cooling surface.

Condensing water is supplied to the condensers by two cir-
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culatiiig pumps, caeh capiibk' of disi-liarj;iiig O.?.")!) _u:alls. per

minute, ami arc littcil so as lo be able to draw from the main
jlrainage sj'stcm of the vessel at will. The boiliTs are six in

number, each 15 ft. ;i in. outside diameter, four of tliem are

double ended, 21 ft. ;! in. long, and two .single ended, 10 ft. lU
in, in length. The total heating surface is 2H,2!)8 stj. ft., with
,a grate surface of .S24 sq. ft. The designed working jircssure

is KiO Uis. ])cr S(|nare inch. The propellers arc four liladcd.

with the Idades bolted to the hull and provision inaile for alter-

ing the pitch.

The main liattcry is placed entirely upon the main deck,
the 8-in. guns bcdng mounted in pairs at the end of the super-

structure in barbette turrets, with coned ammunition tubes
letiding to the protective <leck. Tlie 5 in guns are mounted
within the superstructure, and so arranged that four can lire

ahead and astern, and live on either broadside ; these are pro
tccteil by fi.\ed segmental shields 4 in. in thickness. Tlie au.\-

In addition to the regular armor tlicre are also si.\ torpedo
tubes. The m iximuni coal capacity put at I.IilH) tons and the

endurance of the vessel at lb knots, with lull cord supply is

13,00(1 miles.

It will lie seen by an examination of the dimensions which
have just been given that the <Jli/inpiii c.vc'ccds in si/.c any of

her predecessors in the I'nited Stales Navy, licferring once
n>ore to the engines, for the engravings of which wc are in

(lelit(Ml to Kiir/ithcn'tir/, it will be seen that for each of tlie high
pressure cylinders there is one <louble-porlcd valve ami two
single-ported on<'s for each intermediate cylinder, and four

singlc-iiortcd for each low-pressure cylinder. The valv<'S in

the intermediate and low-pressure cylinders are packed in the

usual manner with rings, but the high-pr(wsurc valve is not

jiacked. The diameters of these valves arc : high-|)re.ssiire, 18
in. ; intermediate, 2;J in. ; low-pressunt. 21 in. The interme-
diate and low-|)ressure cylinders are steam packed, and the

ti'- tO'^t o^rr el'

LONGITUDINAL SECTION OF ENGINES, UNITED ST.\TES CKUISER " OLYMPIA." (From "Engineering.")

iliary battery is placed above and below the main battery in

positions that allonl the greatest range and command jiossible.

a noteworthy feature being the emplacement of the (J-julr. guns
on the deck below the main battery, so that a belt of lire

may be maintaiiu il all about the vessel wilhoul any danger
from the interference of the blast .of the larger guns, ihc

electric setirch lights being arranged to light up all portions

of this belt.

Two masts are fitted each with military and search light tops,

sutlicicnt sail being carried to steady the vessel in a sea way.
!Most approved and modern plants for electric lighting, ven-

til.ition, .and drainage have been provide<l.

The principal dimensions arc as follows :

liCiiilth on loail w.ilcr line 340 ft.

lircadth molded TVA "

Normal mean draft 21.(
"

Displacement, mean clraft Tijittn tons

Maximum I. II. T i:!,r)00

Guaranteed speed on trial 20 knots
Sustaini'd sea spee<l '. ItT "

,,.,,, (4 ft. Sin. W. I, K.

[14 ft. (i in. pdr. 1!. V. guns01,., I ft. 1 ill. pdr. 1! K. guns
Secondary battery

-j .^j.^, 1 1 „j,s'

|_ G torpedo tubes.

high-pressure cylinders are provided with liners, all the rub-

bing parts being made of cast iron. As originally designed,

the framing was to have consisted of invertcci V frames at the

back and cast steel cylindrical colunuis in the front, with cross

bracing. In the longitudinal elcv.ation of the engine and in

the end view these columns .-ire shown as 1 aslin.gs as designed.

Owing to the dilliculty of obtainin.g these castiii.gs, it was de-

termined to substitute built-up Y frames of wrought iron.

These are shown in our engraving on the full-page jdates,

which, being taken from photograplis of the engines, naturally

presents the work as actually carried out. The cast-steel col-

unuis arc also replaced in the design by columns of forged

steel. The bed plat(' of I section, on which the columns are

supported, is of manganese bron/.e instead of steel, iis originally

designed.
Tile crankshafts are 16 in. in diameter, with an axial hole of

7i in. The crank-pins are 17 in. in diameter, with 81 in. axial

holes. The crank shafts are in three sections, which are inter-

changeable and reversible.

The construction of the Oii/mpia v.-.i.'i authorized by act of

Congress, approved September 7, 1888, to cost, evclusive of

armaments and premiums, not more than $I,Sllll,(Hill. Ilids

were 0|ieiieil .liilie 10, 1800. and lh(! contract was awarded to

the I'liion Iron Works of San Franci.sco. C'd., for the coinjile-

tioti of the vessel by April 1. I8O:!.

The ves.sel is now Hearing comi)letioii.
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PROGRESS IN FLYING MACHINES.

I>Y O. ClIANUTE, C.E.

{Continuedfrmn pagt 395.)

At tlif annual meeting of the American Association for

the Ailviuiceraent of Science, held in Buffalo, N. Y., in lH,S(i,

a paper on The Soaring Birds was read by Jlr. Lancaster.

then of Chicago, which paper attracted great interest and
attention.

Mr. Lancaster, in the hope of surprising the secret of the

birds, had the pluck, in lH7(i, to exile himself to the wilder-

ness of Southwestern Florida, on the Gulf coast, near the

Everglades, and there to remain for live consecutive years

watching the sailing of the master soarers. lie published

some of his observations and deductions in the London En-
gineer, in the reports of the Aeronautical Society of Great
Britain, and in the American Naturnlist : but the subject

was by no means exhausted, and his description of the

phenomena observed was so interesting to the members of

UNITED STATES CKUISEIi "oLYMi'IA." CROSS-SECTION AMIDSHIPS.

the association, few of whom had ever seen a soaring bird

at close range, that they demanded to hear jmore upon a

s\dise(|Uent <hiy.

Unfortunately for Mr. l^ancaster, upon the latter occasion

he atteni|ited to give a mechanical and mathematical e.x-

pl.mation of the ])erformance3 which he had previously so

well described, and his theory was so ])lainly erroneous that

he was sul>iected to harsJi ridicule and criticism. He had
witnessed some remarkable feats of "Aspiration," he had
attempted to reproduce them artificially, but lie was clearly

wrong in his exi)ounding of the mystery, and his critics did
not properly discriminate between the statements of ob-
served facts and the attempted explanation.

The principal issue, however, was made concerning some
attempts to imitate soaring action, which Mr. Lancaster
claimed to have successfully made in Florida, and which he
unwisely declined to exhibit at Buffalo. He had described
them in his paper as follows :

I constructed Uoating planes which, for lack of a better
name, I have termed "elligies, " and which are an example in

point. I have made .scores of theni. Tliey would draw into
the breeze from the hand and simulate the soaring birds per-
fectly, moving on liorizontal lines or on an inclination to a
vertical. They would tliiat in the best winds with neither
ledge, rough front surface nor rear curve, if very nicely ad-
justed ; but one of this construction I never induced to pass
beyond the limits of vision, as tlie equilibrium was so very
delicate that a little inei[uality in the wind current would cap-
size it.

There is every probability that such an experiment would
invariably fail if tried in any but a perfectly steady sea
breeze, an inilowing current of air with peculiar conditions

;

but it does not follow that the action described is impossi-

ble, for if we presume that current to have an upward trend

(and the writer knows, of his own knowledge, that such up-
ward trends are not rare in sea breezes), we can readily see

that an aeroplane, tipped forvvard so as to point lielow the
horizon, may be both sustained and " aspirated," or possess

a forward component of pressure, so that it may advance
against the wind, and rise, at the same time, like the kite

of M. Myers.

The e()uilibrium is, of course, excessively delicate, and
hence the recjuirement for a sea breeze : for a local homo-
geneous mass of air flowing from the water over the land to

replace the rising (piantity heated by the sun ; but it is

erroneous to suppose that the experiment described by Mr.

Lancaster involves a mechanical impossiliility. It is, doubt-
less, difficult to repeat it successfully, because it reipiires a

combination of peculiar conditions ; but the soaring liirds

are daily performing the feat, and apparently in horizontal

winds.
In order that those who are favorably circumstanced may

test the matter experimentally, the following description of

the device is copied from a
paper of Mr. Lancaster, pub-
lished in 1883 :

Take a stick of wood 1 in.

..-.--^ square and IK in. long, and
;;.;.. point one end. Slit the other

end 3 or 4 jn., and insert a
piece of stiff cardboard (! in.

wide and 1 ft. long. This
will represent the body and
tail of the bird. Fasten on
l)Oth sides near the pointed
end a tapering stick 3 ft. long,

with the outer ends slightly

elevated, and fasten to these

and the body a piece of card-
board 10 in, wide and 2 ft.

long. Have the tail vertical

instead of horizontal, as in the
bird. Eouncl off' the outer rear

corners of the wings for 3 or 4
in. The imitation of the nat-

ural bird is now com))lete.

There is no need of exactness,

as the air you are to try it in

will be an unknown quantity,
and it may just suit the sha])e

you make. An indispensable

part is now to be added, which
is to preserve the equilibrium

and is not used by the natural bird. A tapering stick, say U in.

wiile. if in. thick at the top, | in. square at the other end, and
18 in. long is used. Tliis piece is to lie securely fastened by a
small liolt through llie upper end. of the body piece about H in.

from the front end. It must be capable of adjustment by
allowing the lower end to swing front and back through sa}'

40°. To the lower end is fastened a muslin bag wiiich will
hold 2 lbs. of shot. Expose the effigy to a breeze of from 3
to 20 luiles an hour from as high a situation as it is possi-

ble for you to obtain, by holding it by the pendant slick near
the body. Adjust the weighted stick forward or back, and
add or subtract shot until the eIRgy has a tendency to spring
from your hand against the current of air, when it may be re-

leased at a moment of greatest steadiness of breeze.

I have made hundreds of these toys, with all kinds of suc-
cess, but have never yet succeeded in getting one to travel be-

yond the limits of vision. Tliey have jiroceeded directly
against the breeze for .jOO yards, and obliquelj-, up or down,
ot to right or left, within those limits, when they would lo.se

their balance and come down. Sometimes almost any kind of

one that was presented to the air would tloat credilablj-, nliilc

at others none woulii succeed. The pendant weight for niain-

tiuiiing equilibrium, ihough the best I have ever devised, is

far too sluggish for perfect work. The momentum of this

weight prevents the best results, for, if a succession of pulTs

of wind upon the same wing should occur (juickl)' together,
the weight would swing far enough, in obedience to the im-
pulse given, to capsize the effigy. Such a succession of pull's

is sure to occur, sooner or later, at each trial. These toys
oiierate long enough, however, to prove the purely mechanical
character of flight, and serve to materially strengthen the
thcor}'.

The writer may confess that he has tried this experiment
several times under special instructions furnished by Mr.
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Tjincmitcr, but tlmt lie has never succeeded in floating one
of these " effigies'' so that they wouUl advance aguinst the
wind. Others liave, to liis knowledge, tested the matter,

and had no better success, yet it is not rational to say tliat

the feat is impossible, for it is very clear that if the wind
have an ascending trend, and the " effigy" l>e slightly tipped
toward the front, tlie horizontal component of air pressure

will drag it forward, while the vertical component will sus-

tain or elevate it, as already explained. It is probalily be-

cause of the uncertain prevalence of ascending trends that

Mr. Lancaster complains that sometimes almost all these toys

would succeed in simulating soaring, and sometimes none
at all.

In 18S8 Mr. J.niicHster moved to Colorado, where he has
Vjeen experimenting with a view to the solution of the ])rob-

lem of soaring (light ; and in the Atiierienn Nnturntht for

September, 18111, he gave an account of some of his experi-

ments, with the conclusions which he deduced therefrom.
The following extract contains an account of a remarkable
occurrence. He says :

I can produce true soaring flight in nat'iral wind, with a
plane exceeding 3 lbs. to a square foot of surface, whenever I

wish to do so and can ol)laiii wind strong enough for the pur-
pose. During the jiast three years I have made aliout.")!) |)lunes

[aeriiplaiK^s ?] of various shapes and sizes, and from S.") lbs. to

400 lbs. in weight. The.se planes are not set free in winil, but
used in the experimental eases above described, but with rigid

rods in place of. the parallel wires. These rods run in largo
rings and have a cross head at their outer ends allowing the
plane to run to the front until its edge rests against the rings.

In the best trial the parallel [with the plane V] component is

neutralized at 10 from horizontal, far exceeding my expecta-
ti(ms derived from observations of the birds, their angle of

obliiiuity beiug rarely over 'v

.

On a lew occasions these planes accidentally escaped me in

time of highest wind, and were ruined at once for all purposes
excepting firewood, in each case being a loss of two or tliree

months' work, and playing havoc with my tinances. One that
I valued particularly plunged to the front in a violent blast of
wind ttdth force sufficient to tear out the rings. It rose into

the air. gradually hii;ber and higher, until au elevation of at

least 3,000 ft, was attained, wlien some part of the device giv-

ing away, it lost equilibrium and plunged through the air, strik-

ing the earth about 3A miles from the starting-point, and 1,000
ft. higher than that locality. Another mile would have car-

ried it to the sunnnit of the Flat Top Mountains. It was in

tlic air about three hours, and I walked beneath it during its

llight. Its course was directly against the bigiie.st wind I liave

i^xperienceil during my residence here At times it did not
jirogress. but went higher. It weiglied 110 lbs., and had been
well balanced for exiierimenting on surface manipulation.
There was no lesson taught in this llight, the birds having
been doing the same thing for a long time. It was an interest-

ing spectacle to look at ; so is a large bird in the same act. I

presume Mr. D.arwin's provisional solution woidd apply to this

plane as well as to the condors ; but lam trying to explain the
actual mechanical activity of both.

The b(;st effects jiroduced were with a plane of 400 lbs.

weight iind 80 sq. ft. of surface. In a wind that woidd be
righli\' termed a gale, arisinsr about midnight, this plane was
thrown about 7° from horizontal. It ran to the front against
llie ring-i at 10 , where the entire parallel component was neu-
tralized, and at 7' it hugged the rings with a force that re-

(luirecl a backward pull of 15 lbs. to detach it.

This plane would make a splendid navigator, and I w-ould

have no hesitation in trusting myself to it. when steering,

ec|uilibrium and alighting or stopping items had been worked
out. I mean to say that it woulil n.avigate wind. I am now
just eulering on a course of experiments in calm air.

This very interesting case of " aspiration" may have been
produced by the same cause as in the case of M. Myers's

kite

—

i.e., an ascending trend of wind ; but certainty con-

cerning this depends upon the shape of the surface. Mr.
Laiicjister writes of it as a " plane ;" but as he mentions
also the " front ledge" and the " rear curve," the surface

operated U])on by the wind was probably a more or less com-
pound surface, for which there is no specific nanu^ but
which may be d('scril)ed as an aeroplane. If it w.as shaped
like those of the soaring birds, then " aspiration" might
occur with a horizontal wind, but the eipiilibriuin would be
very unstable, and, as Mr. Litncader points out, the steering,

alighting, and stopping would be the important points to

work out.

Among the most systematic and carefully conducted series

of experiments that have ever been made in the direction of

artificial flight are those of Herr Olio L'dienth'd, of Herlin,

(iermany, a meclianieal engineer and constructor, and a
prnminent member of the German Society for the Advance-
ment of Aerial Navigation.
The general position that he maintains, and in pursuance

of which he has made his more recent experiments, is that
bird flight should be made the basis of artificial Hight.

Dexterity alone, as he maintains, invests with su])eriority

the native denizens of the air, and, therefore, man, if he
possessed sufficient skill, miglit participate in flight. He
evidently believes, like M. MouiUanl, that for the soaring
birds, ascension is the result of the skillful use of the power
of the wind, and that no other force is reciuired ; and,
therefore, that to imitate them no engines or other external
sources of power are needed, but that all the necessary ap-
paratus consists of properly constructed sustaining surfaces
skillfully operated.
Herr LUienthul, instead of first flying at conclusions, began

by a systematic analysis of the problem, verified by experi-
ments, which latter were carried on by himself and his

brother, O. Lilient/inI, during a period covering nearly '3.1

years, and he published in 1880 a book on " Bird-Flight
as the Biisis of the Flying Art," * in which he gave the re-

sult of his investigations.

From a review of this remarkable book in the Ai'roiuiule

for January, 18i)3, the following account of its contents has
been pre]iared.

Herr Lilietdhalseemsto have begun by observing the sail-

ing of various sea birds following vessels at sea, and of the
stork, an expert soarer, which inhabits Germany ; he drew
the conclusion that ]}laiie surfaces present undue resistance,

and that success in artificial flight is only to be expected
from concavo-convex sustaining surfaces ; a belief which, as

we have alreadj' seen, was also entertained by Le Bris,

Dee.wn, Goiipil, PfiiUijis, and others.

He declares that tlie laws of air resistances and reactions

which, unfortunately, are as yet but imperfectly known,
form the whole basis for the " technique" or actual per-

formance of flight, and that the shapes and methods of

birds so completely utilize these laws and oiler such appro-
priate mechanical movements that failure must follow if

they be discarded.
Herr IdlknthiVs experiments were in great \K\vi directed

toward an investigation of the resistances and reactions of

air, and the power necessary for flight. One of tlie.se con-

sisted in suspending himself from a spar projecting from a

hou.se and ojierating a set of six wings opening and closing

like concave Venetian blinds, through which he measured the

lifting effects of wing strokes performed with the nui.scles of

the legs, so fliat the step of each foot would produce a double
stroke of the wing. The weight of the operator and wings
combined was 170 lbs., and they were counterweighted with
88 lbs. suspended to a rope passing over two pulleys. With
some practice he was enabled, by operating the wings with
the pedals, to lift himself ;iO ft. from the earth, thus prov-

ing that he obtained, through his mechanism, wing |)ower

sufficient to lift the remaining 88 lbs— a very excellent

performance, and much in excess of most of those hitherto

described in this review of Progress in Flying Machines.
This and other ex|)eriments, together with a considera-

tion of the power to be obtained from the wind, convinced
him that artificial flight was accessible to man, aided by
considerably weaker motors than have generally been thought
indispensable, and, indeed, under favorable circumstances of

wind, with no motor at all.

Herr Lilifnt/nd, therefore, carefully analyzed the shapes
and methods of the living birds and the exact proportions of

their concavo-convex surfaces. He went into this in detail,

and finally formulated in his book the following conclu-
sions :

1. The construction of machines for practical operation in

nowise depends upon the discovery of light and powerful
motors.

3. Hovering or stationary flight without forward motion can-
not be compassed by man's unaided strength. This mode of

• " Der Vosellliig als Griindlage der Fiiegckuiist," Von Otto Lilltiitlial,

Berlin, ISg'J.
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ilinlit would require him to develop, under the most favorable
eirciuustances, at least 1.5 horse power.

8. With an ordinary wind man's strength is sufflcient to

work elliciently an appropriate Hyina: apparatus.
4. With a wind of more than 23 miles per hour, man can

perform soaring or sailing flight by means of adequate and ap-
l)ropriato sustaining surfaces.

5. A Hying apparatus, in order to operate with the greatest

possible economy, must be based, botli in shape and propor-
tion, U]>on the wings of the large, high-tlying birds.

6. The sustaining wing surface may be from 0.4!l to O.Cl sq.

ft. per pound of weight.
7. Sutlieiently strong apparatus can be built of willow

frame and stretched fabric, so as to provide a sustaining sur-

face of 107 sq. ft., with a weight of about 33 lbs.

"^ 8. A man provided with such an ajiparatus would have an
aggregate weightof li(8 lbs., and would then have0.5.").sq. ft, of
sustaining surface per pound, or about the proiiortionsof large
birds.

i). E.\'periment must determine wliether the most advan-
tageous .shape be that of liirds of prey and of waders, with

Fig. 73.-LILIENTHAL-189I.

broad wings and spread out primary feathers, or that of sea

birds, with narrow wings tapering to a point.

10. If the broad wing be adopted, the wings of an apparatus
with 107 sq. ft. of sustaining surface would needs be of 2(5.25

ft. spread, with a maxim\im width of 5.25 ft.

11. If the narrow wing be adopted, a surface of 107 sq. ft.

would need a spread of 31) ft. with a maximum width of 4. 00 ft.

12. The application of an additional bearing surface, as a

tail, is of minor importance.
13. The wings must be curved in transverse section so as to

be concave on the under side.

14. The depth of flexure should be one-twelfth of the width,
ill (U'der to correspond with that of birds' wing.s.

15. Experiment must determine whether greater or lesser

tlexure will prove jireferaltle for larger wing surfaces.

U). The framing and spars of the wings should be at the

front edge so far as possil.de.

17. A sharp cutting edge should ternnnate this framed front

edge if possible.

18. The flexure should be parabolic, the greater curvature
being to the front and Hatter to the rear.

111. The best shape of tlexure for large surfaces must be de-

termined by experiment ; also what preference is to be given
to those shapes which produce the least resistance to forward
motion at flat angles of incidence.

20. Construction must be such as to admit of the rotation of

the wing upon its longitudinal axis, which rotation will best

be obtained, in whole or in part, by the pressure of impinging
air.

21. In flapping flight the inner wide portion of the wing
should o.seillate as little as possible, and serve exclusively in

sustaining weight.
22. Tlie proijulsion to maintain speed should be obtained Iiy

up-and-down beats of the wing tips or of the primary feathers,

the forward edge being depressed.

23. In flapping fligiit the widest portion of the wing must
also co-operate in the upstroke in order to sustain weight.

24. The wing tips should encounter as little resistance as pos-

sible; on the up .stroke.

25. The down stride should be in duration at least six-

tenths of the time occupied by the doul)le stroke.

20. The wing tips alone need oscillate ; that portion of the
wing which nierelj' sustains may remain rigid, as in soaring
rtiglit.

27. If only the wing-lips o.seillate they should not be articu-

lated, as this would dislocate them ; moreover, the transition

to the up stroke should be as gentle as possible.

28. In order to beat a pair of wings, man must employ his

extensor muscles, and this not simultaneously, but alternating
each side, so that each stroke of the foot shall produce a double
stroke of the wings.

29. Tile up stroke may be produced by the pressure of the
air under the wings.

30. The energv of the air pressure under the wings may be
partly stored in a spring so as to restore the power on the down
stroke, and thus produce econoni}^ in work done.
Such are the jirineipal considerations which must be observed

in the application of tlie theories herein expounded. . . .

Governed by these considerations, equipped with much
preliminary experiment and analysis, Herr LiUcnthal put his

theories and conclusions to practical test, in the summer of

1891, by undertaking a series of experiments with a pair of

curved wings designed for soaring alone —that is, to serve

as sustaining surfaces and not for flapping or propulsion.

The following account of these experiments has been fur-

nished by Mr. Geori/e E. Curtis, of Washington, D. C, who
has also obtained from Dr. G. Kitmner, of the Meteorologi-

cal Institute at Berlin, the very graphic photographs from
which the engravings have been made.
The LiUenfhal apparatus is shown in tig. 73, and consists

of a pair of extended bird-like wings, incurvated from front

to back on parabolic lines, and sinuous in the direction of

their lengths. The area of sustaining surface, as at first

constructed, was 107 scj. ft., but it was diminished in the
course of numerous changes and remodellings to 86 sij. ft.

There was, as will be observed, a horizontal tail and a ver-

tical rudder or keel. The framework was made of willow,

and covered with sheeting fabric. The weight of the whole
apparatus, without the operator, was 39. G lbs.

In order to become accustomed to the management of

these artificial wings, Herr LiUcnthal first practised in his gar-

den. Here he had a spring-board, toward which he ran for

a distance of about 20 ft. ; and with the velocity thus ac-

quired, together with the reaction of the spring-board, he
launched himself into the air, where he could learn to oper-

ate and to manage the wings.
After these preliminary experiments had given him dex-

terity and facility in the management of the apparatus, he

betook himself to a hilly region in the suburbs of Berlin,

and there practised soaring fiight in natural winds of mod-
erate velocities. The plan, of course, consisted in flrst run-

ning against the wind, and thus deriving therefrom tlie

necessary sustaining air pressure.

Having selected a hill whose downward inclination faced

the prevailing wind, he ran along the summit straight tow-

ard the wind, until a sutlicient velocity was attained at the

brow, where he was carried into the air and landed safely

at the foot of the hill, having sailed a distance of Co to 82 ft.

AVhen the wind velocity became greater than 11 to 13 miles

Fio. 74.-LILIENTHAL—1892.

per liour, the management of the apparatus became exceed-

ingly difficult, and Herr LUienthul advises an experimenter

not to venture to leave the ground under such circumstances,

unless he has attained, through long practice, a considerable

degree of dexterity in mananivre.

.The results attained in the practice of the season of 1891

were sulKciently encouraging to warrant the further prose-

cution of these experiments in the following year ; but they

disclosed a number of points to which additional attention
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needed to be ijiveii in order to overcome the praetk-iil ditTi-

culties in iiuitiiting tlie birds. These points rehited to a bet-

tor adjustment of the center of gravity, to methods for ob-

tiiining greater stability, iind to the mode of maimgement of

the apparatus when the wind blew more rapidly than 11 to

13 miles per lionr.

In the issneof the Zcil.iclirift.fi'ir LuftHchift'i/ii-t for Novem-
ber, ISIIO, Merr Lllicnt/inl, published an article on •' Soaring
anil its imitation," in which he gives a brief account of his

experiments in tlie summer of ly!)3, from vvliich the follow-

ing abstract has been prepared :

Many tlieories have been proposed lo explain soaring, ily

own explanation is based upon the advaiilageous relations of

air resistances incident to the use of sliglitly

curved wing surfaces (as I have demonsl rated)

and upon the gently rising trend of air current
which I have fouuil to jirevail.

A Hying apparatus which has the same pro-

porlioiis as those of a good soaring bird and is

of sullicicut si/c to carry a man can scarcely he

held fast by three or four men together when
exposed to a brisk wind. When we look at the
safe and quiet sailing of the birds it almost
seems jis if some undiscovered mechanical jirin-

ciple were at work, some feature in the i'lastic

properties of air or in the elastic curvature of

the feathers which accounts for the mystery of

sailing Might ; but my experiments have taught
me that Uiere is no mystery, and that the same
mechanical science which has explained the the-

ory of the steam-engine and followed the orbils

of the planets is adeipnite to explaining the oper-
ations of soaring flight.

Dexterity alone, in my opinion, invests the na-
tive inhabitants of the air with stipcriority over
man in that element. . . . Inasmu<'h as cdtitin

uous soaring with large wings in high winds can
terminate in scarcely anything but the destruc-
tion of the foolhardy fellow who may first at-

tempt the experiment without previous practice,

I tirst undertook last year to gain .some expert-
uess witli a smaller apjmratus and in modc^rale
winds. In spite of my caution the wind several

times jilayed the mischief with me. Even with
only 80 sq. ft. of sustaining surface, I was sev-

eral times tossed up into the air by unexpected
gustsof wind, and but for the circumstance that

I was al)le lo release myself quickly from my
apparatus, I might have had a broken neck in-

sipid of the sprains in feet or arms which al-

ways hc;ded in a few weelis.

.Vlmost every Sunday, and sometimes on week
days, I wtnt out to |iractisc on the hill between
Orosskreutz and Werder. A meclianii-, llerr

Hugo Eulitz, the nndier of m}' apjiaratus, went
with me, and each practised alternately while
the other rested. Thus we obtained dexterity
in gliding down on the air and in landing at the
foot of tiic hill without nnshap. .

llerr Kassner, of the .Meteorological Institute,

was so kind as lo ]]h»tograpli me in the air, anil

has thus enabled me to exhibit to the mcrnhers
of the soci(-ly how I sailed right over the head
of the miller of Derwitz (in whose barn 1 stored
my apparatus) and of his esteemed ])Oodle dog.

Eciuipped with the experience gained in Is'.tl,

I this year attempted to soar with wings meas-
uring 172 sq. ft. in surface. My .apparatus
weighed r>'S llis., and my own weight is 17(1 lbs.,

so that the whole was O'-iU lbs. Each sipiare

foot of surface, therefore, sustained 22!l -f- 1 7',' =r

1,3:! lbs.

The up thrust of the wind (the lift) uiion the
wing surface is perhaps half as much as the
pressure of the same wind u|ion the same surface
if tnrjied pcapendicular thereto.* Now, a.s the
apparatus liicreforc needs lo sustain it a wind
producing a pressure of IM X 2 = 2.(>r, lbs per sipnire foot,
we see that (by ordinary tables of wind i)ressures)ilmust blow
at a velocity of about 23 miles per hour.

I have, however, been very cautious about ex]iosijii; myself
to such a wind with this la'rge a|)paratus ; and in suclihigli
winds have used smaller surfaces for my sailing practice.
This year I selected a locality between' Steglitz and Siidende.

It had, however, the disadvantage that oidy westerly starts

were possil>le. llerr Ka.ssncr luus again taken instantaneous
photographs of mv apparatus, which have been laid before the
so(aety (tig, 71). The strongest winds in which I piaetised had a

velocity which 1 estimated at between l.")and 111 miles per hour.

15y running 1 obtained an additional velocity ot 7 miles an hour,
making the total relative velocity 2)i miles an hour, which wsus

recpiired for soaring. Under these lireumstances the tirst part
of my flight wasalmo.st horizontal, and the alighting was always
a gentle one. . . . Each a|iparatus had a vertical and hori-

zontal tail, without which it is iinpraetiealile td practise in the
wuid. In conclusion, 1 will remark thai sailing' llight near
the earth's surface niiisl lie nuicli more ilillieidt than at L'reater

heights, where the wind blows more rjgularly, while every irreg-

ularity of the ground at lower levels starts whirls in the air.

(TO HE CONTINUED.)

"Wiri -froni,
accurnrnulator'

• Lilienthal, " Dcr Vogelllug als Griindlage der Flicgekunsl," Tafel VII.

ELECTIilC L.\M1', PAULS, LYONS &, MEDITKUKANKAN KAILVVAY

ELECTRIC LIGHTING ON THE TRAINS OF THE
PARIS, LYONS & MEDITERRANEAN RAIL
WAY.

In our issiu' for March we gave a sliort dcscrijitlon of the
metliod of eh-ctrie ("ir ligliting in use on the Xortlicrn liailway
of France, supplementing the same in our April i.ssue by a de-
scrijition of the system iu use on the Jura-Simplou Hallway.
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Wc now reproduce from L'Electricien a description of the sys-

tem of ligliting- which has been brought on the Paris, Lyons i&

Mediterranean Hallway.
The Paris, Lyons) & Mediterranean Railway Company are

making a test of electric lighting on 50 lirst-class four-compart-
ment passenger cars. A portion of tliese cars are already com-
pleted, and the whole will be put into regular service with the

new metliod of lighting, the plant for generating electricity

for charging the accumulators being located at tlie Paris sta-

tion, aud it will be very soon completed. This ajjplicalion of

electric lighting has been decided upon by thecomp.any in con-

sequence of the numerous experiments which have been car-

ried out during the last three years with primary and second-

ary batteries, the latter of which will be used for the new work.
The accumulators adopted are of the Tomraasi multitubulur

system, with electrodes protected by a perforated envelope of

celluloid. Each cell carries 26.5 lbs. of electrodes.

Each car is provided with a battery of 12 cells set up under
tension and divided into four groups of three cells each. Each
group is placed in a tight box of three comp.artmcnts, which is

in turn placed .in a sheet metal chest lined on the inside with
wood, all the movable boxes being interchangeable.
The chests .are fastened one on either side of the car just op-

posite the pedestal brace. The}' are provided with a hinged
horizontal door which turns down so that the tight box con-
taining the three elements can be very easily removed or put
in position. Tlie connections are m.ade automaticall}' by means
of contact points in the case and the box. For this purpose
the latter has brass springs which are permanently connected
with the wiring of the car ; the poles of the group of the three

cells end in two metallic pieces of an alloy of antimony and
lead tixed to the case and projecting so as to turn against the

springs, thus putting the group into the circuit when the case

is set into the box. Insulated wires enclosed in iron tid)es

serve to make connection between the contact springs of the

four boxes of the car. The tube containing the insulated wires
runs along close to the frame and beneath the body of the car,

and comes together at the ends of the car, whence they run to

the lighting commutator. Switch connections are used to

make and protect the connections between the insulated wires
and the springs of the boxes. Incandescent lamps of 10 can-

The lighting commutator into which the two conductors come
from the batteries possesses no special features. It is arranged
in the same way as the main cock of cars lighted with oil gas.

It is controlled by a handle sliding along end supports and into
the intermediate supports.

The rheostat, which is placed in the lamp circuit, is to

compensate during the early part of the discharge for the ex-
cess of voltage of the battery over what is necessary for the
normal illumination of the lamps. By connecting it with the
indications furni-shed by the meter, it is put out of circuit when
the lighting has been in operation for 17 hours—that is to say,

at about half of its normal duration.

The meter is constructed on the Aubert system, which is the
one which has already been adopted on the Jura-Simplon Rail-

way. The dial is divided into 35 divisions corresponding to

the 35 hours, during which the batteries are capable of operat-
ing. The pointer Is so arranged that it moves from division

35 to division 0, and consequently indicates the number of
hours lighting wliich the battery is still capable of furnishing.

This meter is placed in the same position as the pressure gauge
of the cars which are lighted with oil.

Wiring for the lamps is identically the same as that for the
accumulators, and is contained in two insulated cables enclosed
in an iron tube. These two cables, starting from the com-
mutator, pass through the meter, the rheostat, and run to the
roof of the car, where they enter the switch boxes that are

placed near each lamp, and within which the connection be-
tween the wires from the lamps and the main line is made.
The apparatus of each first-class car, therefore, consists of

eight incandescent lamps, four of which are auxiliary lamps,
the battery accumulators of four nests of cells, wliich weigh
505.7 lbs., and is composed of ;

Electrodes alone, 346.9 lbs.

Boxes and cases, 158.y lbs.

The rest of the apparatus, comprising the main box for car-

rying four cases of accumulators, the wiring commutator,
rheostat, meter and lamps, represent a total weight of about
1,098 lbs. The total capacity of the battery of tour nests of
cells is about 5,600 watts, which represent 36 hours of lighting

for the whole four lamps, admitting that each has a consump-
tion of 38 watts per hour.

^^sm?9^!S^^^^:s^^^mrrw^:^^^^'^'^^^

U^'-M i-^

SECTION OP FLOOR OF JACK'S RUN BRIDGE

die power have been adopted, and a difference of potential

limited to 20 volts will be used. Each of the four compart-
ments of the car is lighted by one of these lamps. The lamps
are of the ordinary model, and are so arranged that oil gas can
readily be substituted for the electric lighting incase the latter

should for any reason become useless, and that, too, without
disconnecting any of the apparatus. In order to do this the
electric lamps are mounted upon a movable support which can
be readily substituted for an oil lamp or rice versa.

The current is brought to the lamp through a bipolar lever,

which is usually turned down beneath the cap of the lamp,
and which it is merely necessary to lift up in order to very
easily remove the whole of the su])port. Tliis sujiport carries

two incandescent lam])s, onlj' one of which is usually lighted
;

the second serves as a reserve lamp, and is lighted automati-
cally if the first should become accidentally extingui-shed.
This automatic arrangement is .accompli.shed by an electric

m;ignet, P. tig. 1.

If we take the average consumjition of each lamp as 38 watts,
the battery of accumulators can feed four lamps of a car for

about 35 hours. The accessory apparatus con.sists of three
parts : The lighting commutator, the rheostat, and the meter.

THE CAOUTCHOUC INDUSTRY OF ASSAM.

The Calcutta Enr/Ushman states that a change has Ijcen recom-
mended in the present regulations affecting the sale of caout-
chouc in the Government forests of Assam. Owing partly to
the reckless method of working adopted by contractors and
their agents, and partly to the depredations of illicit tappers,
there has been a serious falling off in production. The un-
protected and inaccessible situation of most of the rubber
tracts enables the neighboring hill tribes to illicitly tap the
trees and import the rubber into Assam free of duty as foreien
produce. It is stated that the Government forests on the
frontier are overrun with foreign rubber tappers, who come
down systematically by night in separate gangs, each under
a sardar, and tap nearly all the trees growing within a few
miles of the border. The leases to contractors have, however,
now expired, and a scheme for the better protection of the
forests is now under consideration. On the average about
Rs. 30,000 has been derived anhuallj' from this source during
tlie past 10 years, and under an effective system of adminis-
tration the revenue could doubtless be largely increased.
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JACK'S RUN VIADUCT.

The borough of JScllevvic is located ou the .sleep nortliern

heights of the Oliio River, over 300 ft. aljove the river, liaving

:i station at the Pittsl)urg. Fort Wayne it Chicago Railroad in

tlie valley miles distant from Pittsburg.

For the ascent to the hilltop seven years ago a passenger
elevator was built, which lands its passengers a good distance

from the principal part of this thriving place.

The increasing necessity for close communication of this

suburban borough with the cities of Allegheny and Pittsburg

would have resulted long since in an extension of Pittsburg's

electric car lines, had it not been for the steep valley of Jack's

Run at the boundary line of the city of Allegheny.

]>ast year California x\venue was extended from Allegheny
to the edge of this valley to a point about half a mile distant

from the place where Jack's Run empties into the Ohio
River ; at th(^ .same time the Pleasant Valley Street Railroad

Company laid their tracks along this avenue to Jack's Run,
and decided to extend their line still further to the cential

|iart of Bellevue and Avalon, for the accommodation of their

citizens, and in consequence to connect both edges of Jack's

Run valley by a steel viaduct more than TU(J ft. long and over
lot) ft. high.

1 his t'ompany had a line surveyed and adopted tbe plan of

the Sehultz Bridge ic Iron Company at McKce's Rocks, Pa.,

to which company they awarded the contract for building

this brid.ge.

The viaduct has six spans of 30 ft., two spans of 48 ft., two
spans of ()4 ft., three spans of 80 ft., and one sfjan of 96 ft.

The girders of these spans have a uniform height of 8 ft.,

and support a roadway of IT ft, between curbs and two side-

walks of ') ft. The track rails are fastened to oak cross-ties

4 in. high ; these rest upon stringers or upon girders acting

as such, so that the di-stance center to center of girders is 14

It., which is also the width center to center of bent posts at

top of bents, from where the posts spread toward the ground,

with a batter of ii in. to the foot. All lloor, girder and bent

connections are riveted ; only the tower rods are pin connected.

The 30-ft, girders bridge the tower spans, which have from
one to four stories ; at the deepest place of the valley a double
tower is located.

The strains in the structure have been based on the follow-

ing assumptions :

Dead load : Roadway floor, 60 lbs. jier square foot.

Sidewalk
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No false work was used ; all material was put in place by
use of a traveliii!^ derrick witli a projertim; arjii II.") ft., jonV
enoiij;!, to piU a lieiit at Hie far side (.f the loniresl span.

Tlie halftone engraviiii; shows the traveler in lliis )iosition
;

it stands upon the double lower, readv to put the lower part
of the tower at the far side of the '.16 ft. span ; the height of

the projecting arm above the bottom of the valley is a liulc
over 101) ft.

The total lcn.i,'tli of this traveler is 173 ft.; the h(M\'ht of its

principal bent, li") ft.; il.s width, 14 ft. The cn.i;ine, 14 ft.

loni:, stands as counter wei;:;ht 44 ft. behind the saddle bent,
and has an additional load of 40 cross-tics at each side of the
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engine ; the total weight of iron and timber in the traveler,

the engine, the cross-ties and about 10,000 ft. of ropes, includ-

ing blocks attached to the traveler, amounted to 57 tons.

For the purpose of getting a massive roadway floor, 6-in.

arches of sharp burned hollow brick are to be built between the

stringers ; they are to be covered with concrete and with a

top layer of asphaltum the height of the track rails. Tem-
porarily a wooden floor has been laid.

The sidewalk will be planked.
The total amount of first-class masonry in abutments and

piers is about 400 cub. yds., and of steel structure, 375 tons.

The total cost will be sfOO.OOO.

The work was done by the Schultz Bridge & Iron Company
of Pittsburg, Pa.

liquid on an asbestos filter in a platimun boat, taking pains at

the last to pour out all the liquid, and at the same time leave
as much of the separated carbon iu the beaker or dissolving
jar as possible. Now add about 10 c.c. of dilute hydrochloric
acid [sp. gr. 1.1] to the beaker or jar, and so manipulate that
this acid shall touch all parts of the beaker or jar which has
been in contact with the solvent liq\iid. Pour this acid on the

filter, and wash the carbon out of the beaker or jar by means
of a wash bottle containing the same strength acid. Continue
the washing with the acid until all color has disappeared from
the washings, and then wash with water until the washings
no longer react for hydrochloric acid. After the washing is

complete the filtrate should be poured into a large beaker and
diluted with clean water, and acid added, if necessary, to hold
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flow of oxygen to tlie combustion tube suflipient to mainlain a
sliirlit pressure in this tulie, and at tlie same time not allow
over about three Imlililes (ler second to pass the absorption
potiish bulb. After the burning is completed, turn down the

gas supply to the burners by means of a coek one half, or

turn out every other burner so as to allow the condiuslion
tube to cool down slowly, and then shut olf the oxygen supply
and turn on the air supply for aspiration. Allow not less than
a liter of air to pass througli the absorption potash b\ill), at a

rate of not over three Iiuhliles a scond. While the as|iiration

is going on, diminish the gas su]iply to the burners by means

x«(\e'

Fig. I.

of the eoeU. <ir turn out additional ones as fast as the lulie will

stand it. When the aspiration is eomplele, det.-ieh the potash
bulb and prolong from the furnace, close the ends with rubber
caps, and jdace in the balance case. Allow to stand 1.5 min-
utes, and then weigh.

.\I"r.\Ii.\TlS .\Nn liE.VOENTS.

We prefer to \ise, in dissolving the iron or steel, a jar of

thick, heavy glass, rather than a beaker. The j:irs we have
found \i.seful hold about ;\ pint, anil have a nose for pouring.

One is shown in fig. 1.

about 40 in. long. The two horizontal parts at the top of llie

frame are perforateil with j-in. holes.") in. apart each way, which
holes, without any l)usliing, serve as bearings for the hollow
luludar shafts. The top of each shaft carries a wooden pulley

I in. in diamiler, which has a brass laishing and set screw b\-

means of which it is fastened to the shaft. Itrass washers be-

tween the ]udleys and the top of the frame carry the weight
of the revolving parts and diruinish the friction. A little tal

low and graphite on the r\d)bing surfaces is also valuable for

the same purpose. We use an eleclric motor for power, and
the glass stirring rods revolve about 4(10 revolutions per minute.
By taking care to wash the stirring rods both before and allcr

using they may be adjusted once for all and left in position.

The beakers or dissolving jars are supported on wooden blocks
of the proper height, which blocks are movable, so as to allow
the beakers or dissolving jars to be put in po.sition or removed
from the same without (lilliculty. With this stirring apparatus
and the amounts of material previously preseril)ed, comiilcle
solution takes jdace in from 7 to 4.") minutes, di'iicnding on the

size of the borings and tlie nature of the steel or iron.

As will be seen by the cut, fig. 1, the devices for filtration

consist of a rccciitacle to receive the filtrate, which is connect-
ed at the outlet with the exhaust pump or suction, and at the

inlet with the platinum boat. Tlie jilatinum boat is about 3

in. long, I in. wide at top, ,',, in. wide at bottom, and about

I in. high. It is fitted with a perforated false bottom, which
leaves a clear space underneath it of about j, in. The boat is

also fitted with a tul)ular opening at one end, wliicli serves

both as a means of connection to the iidet of the filtrate re-

ceptacle, and al.so as a passage-way from the boat for the fil-

trate. The boat rests on a clean glass iilate, su|i])orled on a

block, which glass plate serves to catch anything that may es-

cape from the boat during fillrations. with a chance to rec-ovcr

the same if desired. This form of boat is as ellicient as any
we have ever seen, and seems to giv<' le.ssdifiiculty about keep-

ing light joints than those with ]ierforated bottom. They may
be obtained by special order from any dealer in chemical plati-

num.
The asbestos which we have found to give best results is the

mineral known as " aclinolite." Wc consider it .essential to

ignite the material as received after it lias been picked up and

Fig. 2.

The agitating appaialus shown in fig. 2 consists, as will be

seen, of a slight modification of the well-known stirring ma
chine shown in theChenucal Analysis of Iron, by A. A. Blair,

arranged to stir 12 beakers at once. The shaft carrying the

stirring rod consists of a i-in. diameter bra.ss tube, carrying at

the bottom a disk which revolves with it. This disk, which is

4J in. in diameter and .slightly turned u]i at the edges, serves
very satisfactorily as a cover to the beakers in place of the per-

forated glass plate. The disk should revolve within about
i in. of the top of the beakers. The hole in the brass tube
used as a shaft serves to receive the cork carrying the glass

rod, which, as is oliserved, is bent at the lower end so that it

will just nicely revolve in the beakers or dissolving jars. The
frame of the apparatus is made of wood about 11 J in. wide and

cut with shears into short lengths, either in a platinum ilisli

over a I'uiiscn burner, or in the combustinn tiilie il.self, in a

current of oxygen. After a (iiianlity of the ignited material

has lieen |)repared it should be mixed with water in a beaker
and ke]it under cover as stock supply. 'I'o jircpare the filter

in the boat everything is put in position just as for a filtration

and the suction started. Tlic asbestos and water mixture,

which shoulil be jirctty well diluted, is first stirred up well, in

order to make some of it lloal, and then |ioured on the boat its

whole length, taking care to have the asbestos evenly <lis-

triluiled. The suction removes the water as fast as it is

]iouredon, and shows where to ]>ourncxt, A filter about ,',., in.

thick seems t<i work very satisfactorily. It Is usually not

necessary to niakc! a fresh filter after each cdmbustion, cspc-
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cially if the copper is complutely dissolved before filtration,

and if proper care is taken to wasli the earbon clean. Under
these conditions the same filler may he used over and over
aj;ain by simjily scraping otf a little of the top and freshening
it up with a little of the asbestos and water mixture after each
combustion.
The drying of the carbon on the filter ma}' be done either in

the well-known drying oven with hot water or in the drying
oven with hot air. We use the latter with an automatic regu-
lator on the gas supply to maintain constant temperature.
The combustion train is shown in fig. 3. Beginning at the

left hand, first are two gas holdei'S, one for oxygen gas and
the other for air. These are simple copper gas holders, with
movable weights for pressure. Tlicy are adjusted so that the

pressure will just cause the gas to bubl)le through the purify-
ing potash bulb next to the combustion furnace, but not cause
it to pass through the bubble tube containing iron sulphate
just to the right of the combustion furnace. The connection
between tliese gas holders and what we call the preheating
furnace is b^' means of ruliber tubes and a glass Y-tube.
These rubber tulies should, of course, be closed by a cock or
clamp, so that gas can be taken from either without contami-
nation from the other. The preheating furnace is, as will be

the tube. This leaves abundant space in the tube for the boat,

which should be imshed in so as to touch tlie silver roll. Next
beyond the combustion tube is a bubljle tube, not (|uite half

full of acid ferrous sulphate solution, which serves to catch
any free cidorine which may escape from the conilnistion tube,

and next beyond this is a bubble tube, not ([Uite half full of

silver sulphate and water, which serves to catch any hydro-
chloric acid that may come out of the condiustion tube, or

from the ferrous sulphate bubble tube. The solid)ility of the

silver sulphate being rather meager, it is desirable to ailil some
of the solid salt to the b\d)ble tube in order to prevent (he

necessity of too fretpient charging of this tube. Next bej'ond

the silver sulphate bubble tube is an ordinary chloride of cal-

cium tube. In order to save space, we prefer the LI form.

Next is the absorption potash bulb. We prefer the Geisler

form, and have them made so that when filled they, with the

prolong, weigh from .^0 to flO grams. The ordinary size weighs
from 80 to 90 grams. Next is the prolong, which is simply a

small chloride of calciimi tube filled with gnmulaled chloride

of calcium only. Next isanollier ordinary chloride of calcium
tube to ])rotect the prolong from moisture from the .aspirator

bottle. This bottle finishes the train. It is provided, as will

be observed, with inlet at the top and side outlet at the bottom,

Fig- 3

observed, a simple 13-in. Fletcher furnace, fitted with a porce-

l.ain combustion tube s in. in diameter and 20 in. long, which
contains gramdatcd oxide of copper for about S or 10 in. of its

length inside the furnace. A second comliustion furnace would
do equally well for a preheating furnace. The corks used
with this and also with the combu.stion furnace are rubber ;

also rublier tubes are used for connections. The placing of the

porcelain tul)e in the preheating furnace should be such that

not less than 4 or 5 in. of its length projects toward the com-
bustion furnace, so that this end may not become heated, with
consequent danger of volatilizing hydrocarbons from the rub-

ber cork ; also, to prevent overheating of the porcelain tube,

the gas holes in the gas tube of the preheating furnace are

stopped up aliout 'ii in. each way from the ends. Next be-

yond the preheating furnace is an ordinary Geisler potash
bulb, which may be called the purifying potash bulb, |iroperly

filled with caustic potash solution, to retain an}' carbon iliox-

ide that may be in the oxygen or air used, or that may be
formed in the preheating furnace from the combustion or any
vapors containing carbon in these gases. The connection be-

tween this potash bulb and the porcelain tube in the preheating
furnace should be .so arranged tliat the glass tubes, which are

embraced with the rublfcr tube at the joints, should have square
ends, and should touch, so as to avoid exposure of the current
of gas to the ruljber tub<- as much as possible. This same re-

mark applies to all other rubber tube connections. Next be-

yond the purifying pota.sh bulb is the combustion fui^nace.

The 14-in. Bim.sen furnace gives excellent results. We use
coal ga.s for fuel. The combustion tube is royal Berlin porce-

lain, glazed inside and outside, | in, internal diameter, and 24
in. long. The tube should be placed symmetricall}' in the fur-

nace—that is, .should project 5 in. at each end. It should be
prepared for use by placing a small plug of asbestos or three
or four disks of copper gauze, which are large enough to fit

tightly at a point in. from the right-hand end of the tube.
Then put in granulated oxide of copper, followed by another
asbestos plug or copper gauze disks for 4i in. toward the left-

hand end of the tube. Then make a roll of metallic silver foil,

2 in. long, rolled moderiitely closely, until it almost fills the
bore of the tube, and place this next to the material already in

I which latter is also provided with glass tube of sufficient

length to give the necessary suction, and a clamp on the rub-

ber liose cotmcction to regulate the How.
(to be continued.)

PHILLIPS'S FLYING MACHINE,

In our issue for .June we presented illustrationsof Phillips's

flying machine, taken from Kniiineeiinrj, which give a ver}'

good idea of the general appearance of the machine. Since

the publication of the above there has apiieareil in the London
Times a description of the machine which, in .some respects, is

more complete than the one that we have already printed.

We reproduce the more interesting details taken from the

Times, referring our readers to our June issue for the illustra-

tions of the machine.
The machine is built upon the principle of being sustained

in its fli.ght by means of induced currents acting upon slats or

laths of wood arranged similarly to these of a Venetian blind,

instead of the larger aeroplane to which designers of flying

machines have usually had recourse. Not but tliat Mr. Phil-

lips has used inclineil planes, and used them of large size, too,

but he has reduced their dimensions step by step, until the

transverse sectional area of one of his present sustainers meas-

ures only \\ in. in breadth by i in. in thickness at the front,

tapering"lo nothing at the back. Broadly stated, the cro.ss sec-

tion of the slat is "that of a knife-blade." with a thick edge at

back and a thin one at front, and with the upper and under

side of the slat curved, but both differently. The form, in

fact, is such that when the machine is in motion the convex
upper surface near the front or thick edge deflects the air up-

ward, thus creating a partial vacuum on the upper surface of

the slat. The under or concave surface of the slat is formed

to a parabolic curve, wdiich gradually puts the particles of air

into motion downward, thus producing an excess of pressure

on the under side of the slat. It thus follows that upon a for-

ward motion lieing given to the machine, the horizontal air-

pressure wlucli is brought upon the slats becomes converted,
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by reason of the form of the slats, into an upward vertical

pressure which acts as a lifting power and raises the machine
Into the air.

There are 50 of these sustainers or slats, each 1^ in. wide
and 22 ft. long. They are fitted 2 in. apart, and with llieir

edges horizontal, in a frame 22 ft. wide and 9 ft. 6 in. high.

These sustainers have a combined area of lifting surface of 136

sq. ft., and they are carried in their frame upon a carriage re-

sembling a canoe 25 ft. long and 1 ft. 6 in. wide at the rear,

but tapering to a point at the front. The frame of slats is

fi.\ed transversely to the length of the carriage, and in outline

the whole resembles a small boat fitted with a large sail. As
this machine is not yet allowed to soar away into space, but is

earth-bound, it is mounted on a pair of 12-in. wheels at the

rear and a guide wheel of the same diameter in front. Upon
the carriage and near the sustainers, which are at the rear end,

are placed the engine and boiler and the air-propeller. The
engine is compound, having cylinders If in. and 8j in. in

diameter respectively, with a 6-in. stroke, and fitted with ordi-

nary slide valves. The boiler is a cylindrical vessel of phos-

phor bronze 12 in. in diameter and 16 in. long. It has 12 scj.

fl. of heating surface, made up of Field tubes of J in. outside

. diameter and 14 in. long. The fire-grate area is 70 sq. in., and
the fuel used is Welsh coal, the working pressure being ISO

lbs. per sq. in. The propeller is two bladed, 6 ft. in diameter,

and of 8 ft. pitch, and has 4 sq. ft. of blade surface. It is

driven at the rate of about 400 revolutions per minute. The
weights of the various parts of the machine are : Carriage and
wheels, 60 lbs. ; machinery, with water in boiler and tire on
grate, 200 lbs. ; sustainers, 70 lbs. ; total weight of machine
In working order, 330 lbs.

In order to test this machine a circular wood track 628 ft. in

circumference has been laid down in the grounds of Messrs.

Cogswell & Harrison's gun factory at Harrow. It was teth-

ered by wires to a central post, the wheels being arranged so

as to run in a circular path. Besides its own weight the ma-
chine carried 56 1I)S. of shot and 16 lbs. of iron. The field in

which the track is laid has a slight incline, and at the time of

the trial a fresh wind was blowing. A number of runs were
made, the result of which was, as regards horizontal motion,

a speed of 28 miles an hour when the machine had got up
speed and was well on its way. As regards vertical motion,
with speed well on and facing the wind the rear end of the

machine was lifted a maximum of about 3 ft. from the track,

the lifting, to a greater or less height, continuing over about
two-thirds of the course. The machine was then tethered

from behind and the machinery started, when it was found to

exert a dead pull of 75 lbs. As previously stated, the machine
was held captive, there being insuflieient room to experiment
with it free, which also for other reasons is at present undesir-

able. Sufficient, however, has been done to demonstrate that

it possesses a tendency to ascend, and, this having been ascer-

tained, it remains for the principle to be applied to a machine
which shall be capable of sustained aerial flight. And, to be

a success, not only must it be capable of sustained flight, but
it must be capable of correctly poi.sing itself in the air during
flight and during a gently inclined descent, should the propel-

ling power by any accident become inoperative. This, it is

claimed, the machine in question will do. Theoretically it

should.
A late number of the English Mechanic reports that Mr.

Phillips's flying machine is said to have soared " without touch-
ing," the speed being 40 miles an hour.

ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.*

The object of publishing this monthly list of accidents to

locomotive engineers and firemen is to make known the terri-

ble sacrifice of life and limb that is constantly going on among
this class of people, with the hope that such publication will

in time indicate some of the causes of accidents of this kind,

and help to lessen the awful amount of suffering due directly

and indirectly to them. If any one will aid us with informa-
tion which will help to make our list more complete or correct,

or who will indicate the causes or the cures for any kind of

accidents which occur, they will not only be doing us a favor.

* In our report of accidents that occurred in February, wliicti was pub-
lislied in April, wae an account of the explosion of engine No. 10.3 of the
Baltimore & Ohio Railroad at Norwood- An officer of that road requests
us to gay that they had no engine No. 103 at that time, there is no Norwood
on their line, and they have not had an explosion for the last four years,
and do not expect to have any. Our reports of the accidents which we puh-
lish are taken chiefly from the daily papers, and it is of course impossible
for us to verify their correctness. We regret though that we did injustice to
the Baltimore & Ohio road or any of its officers.

but will be aiding in accomplishing the object of publishing

this report, which is to lessen the risk and danger to which
the men to whom we all intrust our lives are exposed.

The only, or the chief source of information we have, from
which our report is made up, is the newspapers. From these

the following list of accidents, which occurred in Jlay, has
been made up. Of course we cannot report those of which
we have no knowledge, and doubtless there are many such.

ACCIDENTS IN APRIL.

Since our list of accidents which occurred in April was pub-
lished, we have received information of the following which
occurred in that month :

Waco, Tex., April 23.—C. M. Ililbert, fireman, and Ed
Harding, engineer of Cotton Belt freights, were crushed in a
railroad accident at this place. Ililbert is dead, and Harding
not expected to live.

Port Byron, N. V., April 23.— Edward Dougherty, of East
Syracuse, a fireman on the Central Railroad, met a horrible

death early yesterday morning. While his freight train

stopped in the yard he went under the engine to take out the

cinders. Unaware of his position, the engineer started up.
Dougherty's body was frightfully mutilated. The train pro-

ceeded two miles before the accident was discovered. A fol-

lowing train completed the work of mutilation.

Somerset, Pa., April 25.—Five persons were killed, two
fatally injured, and a number of others hurt in a runaway
train accident on the Bare Rocks Railroad. The train, loaded
with stone and carrying about 20 workmen besides the crew
of the train and several passengers, while coming down the

heavy grade became unmanageable, and crashed into a num-
ber of loaded cars standing on the track. The locomotive was
completely demolished, and the cars piled on top of one an-

other in a huge mass.
Of the injured, Neff, the engineer, is the most seriously

hurt, being liadly scalded and one of his arms broken. He
will recover. His son was so badly scalded that he died a few
hours after the accident.

Meyersdale, Pa., April 30.—Thomas Muldoon, fireman on
engine 5€1, which was hauling one of the circus trains to

Pittsburgh, Sunday, was .severely injured at Garrett, while
standing on a box car and coming in contact with the top of

the bridge at that place.

ACCIDENTS IN MAY.

Sarnia. Ont., May 3.— Harry Ryan, an engineer on the

Chicago & Grand Trunk, met with a peculiar and painful acci-

dent. He was running his engine against a strong head-wind
between Lansing and Battle Creek. As the fireman opened
the furnace doors the flames .shot out. As the engineer's

clothing was covered with oil it readily took fire, and Mr.
Ryan was severely burned about the legs, body, arms, and
hands before the flames could be extinguished. The wind
was blowing a gale at the time.

New Brunswick, N. .1., May 3.—Edward Wilson, a fireman
in the employ of the Pennsylvania Railroad, while making
some repairs to his engine at East New Brunswick on Wednes-
day night was struck by a passing train and had his skull

fractured. His recovery is doubted.
Niagara Falls, May 6.—Two box cars loaded with sand on

the Niagara Falls Park & River Railw.ay broke loose on the
Queenston Mountain Saturday evening and started down the

swift incline. Patrick O'Neill, the fireman on the dummy
engine used on the road, was on the cars. He attempted to

stop the heavy cars by putting on the brakes. They failed to

make any impression, and the man jumped when they were
running at a 50-mile clip. He suffered severe bruises and a
broken leg.

Port liuron, Mich., May 6.—George W. Rutherford, a
Chicago & Grand Trunk engineer, was caught between two
engines this forenoon and (juite severely injured.

Lafayette, lud.. May 7.—On approaching this place on a
descending grade, it is said that the air-brakes would not
work, and the engineer called for brakes and whistled the

danger signal, but the speed could not be cheeked, and the

train shot down the grade and across the Wabash River at the

rate of about 75 miles an hour.
There is a short curve where the track enters the Union

depot, and at this point the train left the track, tearing

through the depot, knocking down the iron sheds and smash-
ing the express, two mail cars, and a combination car to splin-

ters, and piling the rest of the train on top of them, the engine
being buried out of sight.

Michael Walsh, engineer, and Sterling Mclnnis, fireman,

and eight other persons were killed and 10 were injured.

Engineer Walsh was seen by the fireman of a Big Four freight

train that was lying on tlie west track near the depot as the
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fated express dashed by. He was at the throttle, apparently
reversing the engine. When the engine left the track it

turned on its side, and Walsh jumped. He was caught by the
front car and jammed into the works of the engine, which
were still running. His body, wluili was mangled beyond
recognition, was not rescued until late this afternoon. "The
body of Mclnnis was also terrilily nuitilated.

jfot one of the passengers killed was aboard the train. They
were waiting in tlic depot to board it, and, hearing the ap-
proach of the train, wldeh could not be seen, sleiiiied out of
the wiuting-room under tlie sheds and were cauglit, as was
also Jleyers, tlie hackman. .Tohn Lennon was sitting in his
mail wagon, from wlncli he could not escape, and was killed
in his se.it.

Columbia, I'a., May 7.—Charles Harner, an extra fireman
on the Peimsylvania Railroad, when near Downiugtown was
sent out to Hag approaching trains. When several hundred
yards from his train he seated himself on the ties close to the
rails, where he .soon fell asleep. The noi.se of an ajiproaching
train failed to awaken him, and every attempt to hold the
heavy train proved useless. In a few moments the engine
was upon him. striking his back, hurling him a considerable
distance. Harner was found lying along the track in an un-
conscious condition and bleeding profusely. He is not nearly
as seriously injured as first thought.
Akron, ()., May 8.—George Kiehl. a fireman on the Creston

local on the Erie liailroad, was seriouslj' injured and narrowly
escaped death at Creston yesterday. The train was on the
siding at Kent awaiting No. 4, the through express. As it

dashed past Kiehl put himself partially out of the window, and
was struck by the baggage car. He was almost drawn from
the cab by the blow, but kept his place. His wrist was broken
and he was otherwise injured.

Tattle Falls, 5Iinn., May 11.—Thomas McGinnis, who runs
the switch engine in the N. P. Railway yards, was run over
by train No. 1 at Staples, and had both his legs crushed off.

lie was taken to a hospital at Brainerd, and was reported to be
dying this morning.

Sleubcnville, ()., May 12.—Frank Burns, a fireman on the
Panhandle Railroad, was injured by his head coming in con-
tact with some object while he was looking out of the cab
window. It is said he would not recover.

Cairo, 111., May 13.—The southbound passenger train on
the St. Louis & So\ithwestern Road was wrecked at 5 o'clock
this evening 7 miles below Bird's Point, Mo. Engineer King,
of Mt. Carmel, 111 , and Fireman Smith were instantly killed.

Reading, Pa., May 13.—Two persons were killed and several
severely injured by the explosion of a locomotive on the
Lebanon Valley branch of the Philadelphia & Reading Rail-
road at Lebanon this morning The killed are Levi Vocum,
engineer, of this city, and John Yocum, of Lebanon, aged 14,

a nephew of the engineer, who had got on the engine to see

his \mele. George Sallada. conductor, of Reading, was fatally
injured

; Grant Seller, a boy, of Lebanon, who was riding
on the engine, seriously hurt ; William Ansbach, crossing
watchman, fatally injured. The hitter's daughter Annie, aged
10. who had just l)rought her father's dinner, was also seri-

ously and perhaps fatallj' injured. Isaac Beard, of this city,

front brakeman, Wiis severely injured. Several persons living

half a block from the scene of the explosion were slightly in-

jured. Their names have not been learned. The locomotive
is a complete wreck. Several of the victims were blown half
a scjuare away.

Oakland, C!al., May 13.—In a collision at this place Engineer
Kimball had his ankle badly injured.

Mascontah, III., May l.'i.—A westbound train on the Louis-
ville & St. Louis Air Line Road ran into an open switch near
West Belleville last night.

Fireman .lohn .Menker and a brakeman were killed outright.

Engineer MahalTey sustained injuries that will likely prove
fatal. The engineer saw the open switch too late. He re-

versed his engine and jumped, but was caught under a car-

load of tii^s.

Anaconda, Mont., May 1.5.—Engineer George Eldredge
and Brakeman .lames Morrison were severely injured in a
wreck by which Fireman Stroub lost his life.

Lynchliurg, \'a.. May 10.— It is reported that a he.ad-on

collision occurn^d at Six Mile Bridge hist night on the Norfolk
& Western Railroad, in which both engineers and firemen
were badly injured.

Meadville, May 10.—Train No. 3 on the New York, Penn-
sylvania A: Oiiio Railroad ran into a landslide near Venango.
8 miles north of .Meadville. Engineer Orrin Luke was fatally

injured and the passengers badly shaken up, but none seriously
hurt.

Hamburg, Pa., May 17.—A freight wreck occurred on the

Reading Railroad at the sharp curve a short distance south of

this station. A north boimd freight train ran into the rear
end of a coal train, piling up a number of cars and wrecking
them badly. Engineer Frank Fry, of Philadelphia, of the.

freight train, was injured.

Bradford. Pa., May 17.—While coming down a steep grade
at Big Shanty a Buffalo, Rochester & Pittsburg coal train

dashed into a work tr.uin standing on a cut. Falicia, foreman
of the construction gang, was killed and two other Italians in-

jured, one of them fatally. Engineer JlcClary of the work
train jumped and sustained a broken shoulder.

Bradford, Pa., May 17.— A. P. Rogers, an engineer who had
secured a position with the Buffalo, Rochester A: Pittsburgh
Company, was taking a trip with Engineer Breese to learn
the road. When coming down the graile this side of East
Concord the long train was hard to control, and as the air-

brakes did not work well, they were not used. The engine
had to hold the cars in check. While this was being done the
pin in the coupling attaching the train to the locomotive
jumped out, and the detached engine bounded ahead of the
train. The locomotive was soon slacked up, and when the
cars behind struck against it, Mr. Rogers was hurled out of
the engine cab and down an cndianktnent. He struck on one
of the timbers at the approach to the Cattaraugus viaduct, and
was badly hurt aliout the head and bod_y. A deej) gash was
cut under his jaw, and he was severely stunned.

C;anton, O., May 19.—As Engineer Al Worthen, Fireman
Frank Turner, and Conductor Ivl Smith were conung from
Navarre on the W. it L. E. Railroad with engine No. 37 and
a caboose, at a point about one mile south of the station, near
the Kunser Farm, the train was passing over a bridge at that
point on a side track, when suddenly the bridge, track, abut-
ments, engine, caboose, crew and all pa.ssed down into the
river. None were hurt except the engineer, whose injury is

of a trifiing nature, he having only sprained his back, but all

were given a cooling bath and had to swim out. The wreck
was caused by the water weakening the abutments.
Albany, May 19.—A collision between a gravel t'.ain and a

west-bound fast freight occurred at Little Falls this forenoon
on the New York Central Road. The gravel engine was de-
railed and 12 cars of the fast freight demolished. Tracks 1, 2
and 3 were blocked. Engineer O'Hara of the gravel train was
seriously hurt.

New York, May 20.—Henry Hammond, aged 23, an engineer,
residing at 157 East Thirty-ninth Street, last evening, in at-

tempting to jump on board a moving train at Sherman Park,
was thrown under the wheels. Both legs were cut olf below
the knees. He was taken to the Grand Central station, and
from there to Bellevue Hospital. He will die.

Lancaster, Pa., 3Iay 20.—A broken truck of a freight car
wrecked several cars on the Pennsylvania Railroad, near
Thorndale. An east bound train ran into them, and 20 cars in

all were wrecked. Engineer C. W. Mann and Fireman .lohn

McCann, of Harrisburg, were badly injured, the former dying
this afternoon. The fireman is in a serious condition.

Thorndale. Pa., May 20.—While pulling a freight train out
of a siding another train crashed into its side on the Pennsyl-
vania Railroad, wrecking the engine and 24 cars and terribly

scalding iManu, the engineer, and his fireman. As quickly as

possible thej' were extricated from the wrecked engine and
taken to the Presbjterian Hospital in Harrisburg, where at

10.30 yesterdaj' morning Mann died.

Wilkesbarre, Pa., ilay 22.—George Hotter, a fireman on
engine O.W, met with an accident at Pittston .Junction that

will in all proliability prove fatal. He was hanging out the

cab window when his engine criished into a freight car that
was not pushed in far enough off the main line. He was
thrown from the cab to the track.

VVaycross, Ga., JNIay '23.— .Vs the passenger train on the
Waycross Air Line Railroad reached Kettle Creek trestle, the
engine jumped down the embankment followed by the train

of loaded ears, and the train was almost a total wreck. The
engineer and fireman escaped with a few bruises.

Fort JIadison, Iowa. Jlay 24.— .V wreck occurred on the
Atchison, Topeka A: Santa Fe Road, about 20 ndles west of

New- Boston, at 12.30 i"..m., when a freight engine crashed into

the California express, west-bound, badly crippling both en-

gines. Fireman Sleptuns, of the passenger, was scjilded to

death bj- escaping steam, and the engineer, Andrew Sndth,
dangerously hurt.

Austin, "Tex., May 28.—In a collision on the suburban rail-

road to the dam near this city two persons were killed and
10 were injured. The dead are : Charles Link, lireman ; Fran-
cisco Salio, pa.ssenger. All the injured were terribly cut.

The collision was caused by the incoming train neglecting to

obey orders to take a side-track to allow the other train to

pass.

Shelbyville, Ind., Ma)' 28.—A passenger train was derailed
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Ijy a blind horse, which wandered on the track and was struck
by the engine.

As the engine went over, Fireman Williams was thrown
from the cab over a barbed- wire fence at least. 15 ft. away.
Engineer Plant was buried in the wrecked cab. He was not
piimed down, but was doubled up in a small space, with one
hand on the throttle and the other on the reverse lever. lie

was literally cooked by the steam, great strips of flesh peeling
from him.
As soon as he could get on his feet Fireman Williams ran

to the locomotive and assisted in taking out his engineer. Tlie

unfortunate man was conscious, and said :
" Oh, what will

my wife do when she hears this—it will kill her."
He died soon after. Fireman Williams was hurt about the

back, but his injuries are not thought to be fatal.

Quanah, Tex., May 30.—Passenger train No. 2 was derailed

6 miles north of Quanah bj' striking a cow on the track, kill-

ing the fireman outright and badljMnjnring Engineer Samuels.
Avoca, N. Y., SUay 30.—Engineer William Masters, of Erie

freight train No. 134, was at the station, and after receiving

orders, directed his fireman to pull out. He then boarded the

rear end of the train, and while walking over the cars slipped
and fell to the ground. He lay there stunned until found a

little later by the crew of an extra west bound freight. He
was badly shaken up. but it is thought will recover.

Canton, O.. May 30.—As engine No. 30 of the Valley Rail-

road was pulling an excursion train, and when near East
Akron, the right side-rod broke near the middle, badl}' wreck-
ing the cab and tearing the running board brackets off, thereby
allowing steam and water to escape. The engineer was pretty

badly shaken up, but not seriously injured. The fireman
reached over and applied the airbrake with his foot. The rod
was of the strap pattern.

Lebanon, N. H., May 31.—The Jlontreal daily express left

tho rails just below Roxbury, Vt. A misplaced switch was
the cause, and the locomotive went down an embankment,
carrying with it the baggage and mail cars, and the forward
end of the first passenger coach. The fireman, seeing his im-

mediate danger, jumped, landing in the mud, while the brave
engineer, O. R. Kirk, of St. Albans, held his post. The
escaping steam for a few moments made a search impos.sible,

but later Engineer Kirk was extricated from his perilous posi-

tion. Jlr. Kirk was pinned down in the cab against the fire-

box by the reverse lever, and could not be liberated for over
three hours. His legs were broken and he was frightfully

burned, but he stood the terrible ordeal without a murmur,
and died about 8 o'clock this forenoon.

Parkersburg, W. Va., May 31.—A head-end colli-sion be-

tween an engine and a freight train occurred near Little Hock-
ing on the Baltimore i& Ohio Southwestern. Engineer Ball

jumped and was thrown into a ditch and had a leg broken.
His fireman was pinned in the cab, but escaped with only
.slight injuries. Engineer Shafer also jumped before the
trains came together and escaped without injury, but his fire-

man, Mike O'Brien, was caught between the rear of the boiler

and the top of the cab and was nearly cooked by the escaping
steam, and is fatally hurt.

Chattanooga, May 31.—There was a head-end collision

between freight trains on the Cincinnati Southern near Rath-
burn, Tenn., owing to a mistake in orders. Fireman McClellau
was seriously injured and both engines and 10 cars totally

wrecked.
Our report for May, it will be seen, includes 35 accidents,

in which 10 engineers and 10 firemen were killed, and 17 en-
gineers and 11 firemen were injured. The causes of the acci-

dents may be classed as follows :

Boiler explosions 1

Broken coupling-rod 1

Derailments

Collisions 8

Falling from train 3

Failure of bridge 1

" Wrecked" 3

Runaway trains 3

Struck by train 3

Struck by other objects 1

Gas explosion from furnace door 1

Run over 3

Open switch 1

Landslide 1

Broken truck 1
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PROCEEDINGS OF SOCIETIES.

Boston Society of Civil Engineers.—At the meeting held
on May 17 Mr. Dexter Biackett gave an account of the freez-

ing of the main supplying water to Long Island, in Boston
Harbor. About 1,200 ft. of 6-in. pipe laid with the 'Waril flexi-

ble joint across a channel between Moon and Long Islands
was frozen during the past winter. The iiipe, where frozen,
was constantly covered with from 15 to 35 ft. of water, and the
freezing was due to the fact that the salt water of the harbor,
by which the 6-in. pipe was surrounded, was cooled to tlie

temperature of 28° F. Many of the pipes, instead of being
burst by the freezing water, were separated at the joints—that
is, the spigot ends of the pipes were drawn entirely out of the
bells into which they had been Icatled.

Engineers' Club of Philadelphia.—At the meeting of the
Club, held on .June 3, a number of technical questions were
brought up for discussion. Among them was that of the Load
for Ball Bearings. Mr. Wilfred Lewis opened the discussion,

and explained that the question was intended to cover roller

bearings as well as ball bearings, and that, in view of the large
and increasing demand for these bearings, it was remarkable
how little definite information could be obtained concerning
them.
Some time ago he wrote tea prominent manufacturer of ball

bearings for such data as could be given in regard to the car-
rying capacity of hardened steel balls between plates of the
same material, and in reply he was informed that almost noth-
ing was positively known. Some crude experiments had been
made upon 4-in. balls, which showed them to have an ultimate
strength of 2,000 lbs,, and a safe working limit of 400 lbs. ;

but for car journals, in which the motion was continuous and
rapid, 200 lbs. per ball was recommended as iireferable.

Whether a |-in. ball would carry twice as much or four times
as much as a ijin. ball could not be stated, but the impression
seemed to be that, over a given extent of surface, more load
could be carried on small balls than on large ones. The effect

of hardening was believed to increase tenfold the carrying
capacity of a ball bearing.

In regard to roller bearings, but one formula is known to be
in common use. This nuikes the load carried by any given
roll proportional to the square root of its diameter, and the
general adoption of this formula may be credited to the author-
ity of the late C. Shaler Smith, while the investigation upon
which it is based is said to be due to Professor Grashof.

The Engineering Association of the South.—At the
regular meeting of the Engineering Association of the
South, Nashville, Tenn.. .June 8, 1893, a paper on the
Pecos Viaduct was presented by Mr. .J. Kruttschnitt. In the
original con.struction of the Galveston. Harrisburg & San An-
tonio Railroad (Southern Pacific), the deep canon of the Pecos
River presented such difflculties that, to avoid it, a consider-
able detour was made and the line built with heavy curvature
and grades, yet at great expense ; besides, operating expenses
were large, and the unstable nature of the rock made neces.sary

constant patrol of the track and reduction of train speed.
These difficulties led to the location of a cut-otf, crossing the
Pecos River on the viaduct described.

The two lines are thus compared :

Operated Line. fat-off.
Actual lengtti in miles 24.5 ],3 3
Comparative length reduced to level tangents 33 77 17.9
Number of feet wooden trestles 3,600 600

" iron bridging 2,730 2,180
Weight of iron bridging in pounds 3,893,000 S.B-IO.OOO

Number of degrees of curvature 2,926,6 991.7
Maximum degree of curvature 10 5

" grade in feet per mile 52 8 62 8
Feet rise and fall 908.27 524.38

The masonry piers and footings are of tough limestone laid

in Portland cement mortar, and were built between Mtirch and
November, 1891, 3,370 cubic yards costing $70,000.

For comparison, the lengths, heights tmd weights of the six
highest viaducts in the world are given :

Base of Weight per Live
Length rail to Weight sq. ft. load per

Name. between water in vertical lineal

abuiments, level. pounds, projection, foot,

Garabit 1,813,00 401.80 7,040,000 22.74 3,220 lbs.

Loa 800,00 336.00 2,497,000 20.00 2,800 "

Pecos 2,180.50 320.89 3,640,000 13..32 5,000 and
30,000 concentrated.

Malleco 1,139,80 312,90 3,148.886 15,50 2,750 lbs,

Kinzaa 2,044.00 301.10 3,600,000 9,10
Evaux 812,20 299,50 2,682,993 19,17

This table shows that the Pecos ranks one of the highest
viaducts in the world, also that it letxds in live loiid specifica-

tions and lightness. One of the most remarkable features in

the work was the traveler used in erecting, with its overhang,
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perlmps uuequaled, of 124. ."i ft., which was secured b.y a 57-ft.

wheel base, the traveler bcinjr counterbalaiu^oil niul clamped
to the comi)leted parts of llie .structure. The iron w:i.s brought
out on ]Hish cars 011 the iierinanent track, taken by the crab on
the traveler, lowered and held in position till the connections

were made. The licaviest pieces weighed 11 tons. After erect-

ing the east half of tlie structure, tlie traveler was taken to

pieces and shipped by the operated line to the west half, a

lighter traveler meanwhile raising the short lowers at the west
end. In erecting the east half 41,(100 lbs. iron was averaged
per day net time, and (j-'.OOO ll)s. in the nest half. The aver-

age number of men employed in erecting was GT ; and ST work-
ing days were consumed from beginning erection to connect-

ing the suspended span. The superstructure was built by the

Pliieni.\- Bridge Company. The floor timbers arc covered by
galvanized iiron for fire protection. The total cost was
|250.0U(I.

The paper was fully illustrated by drawings and jilioto-

graphs.
The next meeting of the Association will be held in Nash-

ville, July 13, 1893.'

OBITUARIES.

Walter McQueen.

The death of Walter McQueen, which occurred at his homo
in Schenectady, N. Y., on June 16, has removed the last of

the early generation of lo-

comotive builders in this

country. Among them were
Matthias W. Baldwin, Will-

iam and Septimus Norris,

of Philadelphia ; Thomas
Rogers, William S. Hudson
and the two Cookes, of Pat-

erson, N. .J. ; Ross Winans,
of Baltimore ; Holmes
Hinkley, of Boston ; Will-

iam Mason and Mr. Fair-

banks, of Taunton, JIass.

The histories of these re-

markable men have never
been adeijuately written.

Mr. ^McQueen was born
in Sterlingshire, Scotland,

on October 8, 1817, and was,

therefore, in his 7f!th year.

He was the next to the

youngest of eight cliildren

—five sisters and two broth-

ers. In 1830 his parents

emigrated to this country
and located at Perth, in

Fulton County, N. Y. Mr.
McQueen's first employ-
ment in machine business

was as a feeder of a horse-

shoe machine in the Burden
Iron Works, in Troy, N. Y.
This was about the year

1835. Later he began an ap-

prenticeship with William
B. Many, of Albany, who
carried on a general ma-
chine business and manu-
factured steam engines and
did mill work. In 1838.

after having completed his

term of service there, Mr. McQueen erected the first stationary

engine put up in Gloversvillc for the glove trade. In this same
year Mr. McQueen went with Eaton i Gilbert, of Troy, the orig-

mal firm of the present (!ill)ert Car Company. Their works at

that time were on the site of the present Union Railroad Sta-

tion, in Troy.
In 183S) Mr. McQueen made a visit to his old home in Scot-

land, and remaincii there for some time in the shops of the

Messrs. Napier, in Glasgow, and while there worked on the

first Cunard steamship which was built by this firm.

In the fall of the .same year he returned to this country and
secured employment witli tlie Hudson it Berkshire Railroad,

at Hud.son, N. Y., of which Mr. Waterman was then Master

Alechanic. He remained there until 1843, when he went to

Schenectady, and was employed by the L'tii^a A: Schenectady

Railroad Company. Two years later lie went to Albany as

Master Jlechanic of the Alohawk i Hudson Koad, which had
been reorganized as the Albany 6i Schenectady Road.

WALTER MrCJUEEN,

During the four years he remained in this position Mr.
McQueen built five locomotives for the road, and also rebuilt

one wliicli came from England in 1831. He also built at this

time an engine with a" 15 X 2'2-in. cylinder, which was named
the MiiJiairk. In 1848 the Maliaick established a reputation for

itself and for its builder by beating a Norris (Philadelphia)

locomotive in a trial haul of cars up the grade at Schenectady.

The Norris was a mucli larger locomotive than the Molmwk,
and hauled only Hi cars to the Mn/itiw/c's 2(i.

About the same time he also built an engine with a single

pair of driviiigwheels and a pair of small trailing wheels be-

hind, and having 12 X 18 in. cylinders and 4i ft. wheels.

This engine liad a transverse spring over the trailing axle

which extended from one driving-box totheotlier. By means
of a screw on the foot-board this sju-jng could be compressed
or relaxed so as to tlirow more or less weight on the trailing

wheels. In starting, the weight would be taken off of these

wheels, thus increasing the load on the driving-wheels. After

the train was started the spring was screwed up, and some of

the load was then taken off of the drivers. This, perliajis, was
one of the earliest " traction increasers,"la favorite idea with in-

ventors ever since. The engine referred to. with one car at-

tached, carried the governor's message from Albany to Sche-

nectady in 24 minutes, or the exact schedule time of the Em-
]iire Exjiress of to-day.

In 1848 Jlr. McCJueen left Albany for New York to accept
the position of Master Mechanic of the Hud-son River Rail-

road, which was then being constructed from New York to

Peekskill. He built the old

shops at Thirtieth Street

near the East River. The
road was not completed to

Albauv until 1851.

In 1852 Mr. McCJuecn left

the Hudson River Railroad

to accept the place of Su-
perintendent of the Sche-

nectady LocomotiveWorks.
While occupying that po-

sition this company built

1,000 locomotives of differ-

ent designs. He was the

originator of a number of

marked improvements in

locomotive construction,

and the McQueen locomo-
tive acquired a distinctive

reputation the whole coun-
try over, and has been the

subject of man}' harangues
in innumerable engine
houses and while trains

were quietly waiting on
side tracks, "in 1847 he ap-

plied air and vacuum cliam-

liers on locomotive pumps,
to lessen the shocks and
concussions due to the rapid

working of the plungers.
This improvement was af-

terward universally adopt-

ed until injectors displaced

pumps. He was also the

first to use a cast-iron cylin-

der saddle attached to a
c V 1 i n d r i e a I smokebox.
With the modification that

half of this saddle is now
cast on each cylinder, this

improvement has also come into general use.

In 1870 he resigned the position of Sujierintendent of the

works and was elected Vice-President. Since then he had
practically retired from the busines.s. In all his dealings dur-

ing his long business career the decea.sed followed a course of

thc! strictest integrity, and commanded the esteem and respect

of all with whcim he came in contact. By adhering to pure

business principles, utilizing his natural talents and putting

his acquired abilities to such uses that they became of benefit

to mankind, he rose from comparative obscurity to a position

of importance and wealth.
Walter .McQueen was married in 1842 to Charlotte Augusta

Cole, who died in 1879. The decca.sed is survived liy five chil-

dren-Hon. I). P. McQueen, Jlrs. .loslina Barker, and Jlr.

Henry B. McCincen, of Schenectady ; Mrs. F. A. Beckwitli,

of Cl("'veland, O., and Mr. Robert F. JIcQueen. of New York.

For most of the particulars of Mr. McCJucen's life we are in-

debted to the daily papers of Schenectady.
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p. J. Flynn.

P. J. Flynn, the civil engineer, died at Los Angeles, Cal., June
1, after a short illness, of congestion of the brain. Mr. Flynn was
a recognized authority on hydraulic engineering, and was for a
number of years in the service of the British Government in India,

employed on some of the most important engineering works in

the empire, and was also engaged in extensive irrigating works
on this continent. He was the author of several standard text-

books on engineering, which are accepted by the profession
throughout the world. He only published his last work a few
months ago, which met with a ready sale, he having received
a large order from I^ondon and also several from India, and
would, in a short time, have been independent from the royal-

ties. Mr. Flynu was a native of Ireland, and was 55 years of

age at the time of his death. He leaves no family.

—

Los
Anrieles Times.

HOURS OF LABOR ON BRITISH RAILWAYS.

At a recent hearing at Ihe British Board of Trade a deputa-
tion of signalmen was heard who urged that the Railway Ser-

vants (Hours of Labor) Bill should be amended by the inser-

tion of a maximum with regard to the hours of labor of signal-

men.
Mr. Mundella, in reply, said that an}' excessive hours of

labor imposed upon signalmen would be of the utmost danger
to the public ; but the bill applied to all railway servants,

from the station-masters downward—400,000 men ; and it must
therefore be elastic. He had brought in a bill stronger than
any other which had been introduced on the subject, which
not only gave jiowers to, but imposed duties upon the Board
of Trade. If it appeared to the Board that there was in the
case of any railway company reasonable ground of comjilaint
with respect to the hours of labor of any class of railway ser-

vants, the Board was required to order the company within a
specified time to submit such a schedule " as will in the opin-
ion of the Board bring the actual hours of work within reason-
able limits." If the company failed to do that they could be
brought before the Railway and Canal Commi.s.sioners, and if

they failed to comply with any order made by the Commission
they were liable to a tine of £100 a day. He asked the signal-

men to wait and try the act.

In discussing the subject, Sir ,1. Gorst said the State had a
right to interfere with the hours of labor of railway servants,
because they were the servants of the public. The State had
a right to see that persons so employed were not unreasonablv
worked, and the State had a right to interfere with the hours
of labor of railway servants for the purpose of protecting the
traveling public against the risk of accidents. -

THE COLUMBIAN EXHIBITION.

" Writing a letter or an article on the Great Fair is attended
with somewhat the same ditflculties that would be encountered
in preparing an essay on, say, the universe. It is difficult to

know where to Ijcgin or what to say first. One of the recent
aphoristic fads about art is that artists should paint, not what
they see, but what they remember. According to this hypoth-
esis, the impression produced on the painter should be repre-

sented on canvas, and not the scene as it is and as it appears.
..C'lf this theory were adopted in writing about the Exhibition,
it might be said in Japanese or Chine.se English, big; much
BIG ; white ; MUCH white ; as the foreign correspondents de-

light in saying our great show is an apotheosis of bigness.

Everything—the grounds, the buildings, the locomotives, the
cheeses and Lake IMichigan—are all bigger than they were at

any other exhibition ever held.
" Perhaps no better iilca can be given of the .scale of the E\-
hiliition than to quote a description from a recent number of

the London Tiiucs, an authority certainly not prejudiced in

favor of American achievements. We quote this descrii>tion,

as it is a very good one, and because there can be no sus-

picion that the American eagle has been allowed to influence
its data. In the description referred to it is said :

" Briefly stated, the World's Fair is a vast aggregation of
buildings and ornamental grounds covering a park of 5S0
acres on the southvi'estern shore of Lake Michigan, aliout 6
miles south of the center of Chicago. It has a coast line of a
mile and a half fronting the lake, with the buildings spri'ad

along tills entire distance, and also upon interior lagoons which
have been dredged in the park to add to the attractions. Out
in front a long wooden pier of 2,.')0U ft. is built into the lake
to make a steamboat landing. A broad basin, dredged inland
behind the pier, opens into the scries of lagoons wliich extend
a mile to the northward. The great buildings surround the

basin and a spacious plaza to the westward, and also front
upon the lagoons, the magnificent high-domed Administration
Building standing in the center of the plaza. This grouping
makes a most impressive array of colossal buildings. To the

northward of the lagoons are numerous buildings representing
foreign nations and the States of the American Union, each
emblematic of its nationality, and out in front of these, on the
lake shore, two-thirds of a mile above the long pier, is the
British Victoria House, in a conspicuous position, having the
huge reproduction of an American naval battleship alongside
it, behind a protecting breakwater. . . .

" There are over 150 buildings of all kinds on the grounds,
and all the greater buildings were long since finished, although
final touches of painting and decoration are still being given
to some of them. They are by far the finest collection of

structures ever built for a AVorld's Fair, and include some of

the grandest ever erected. The larger structures, which if all

.

united in one building would cover 130 acres, are the follow-

ing, their dimensions lieing given in feet, with the floor and
gallerj' space for exhibitors estimated in acres, and the cost of

each :

Buildings.

Adtninistration
Manufacturee
Macliinery ,

—

Annex
" Boiler-house

Agriculture—
'' Anuex

Electricity
Mining
Transportation

" Annex
Horticultural
Fit-lieries

" Two Annexes. ...

Fine Arts
" Two Annexes. ...

Women's
United States ..

" Battleship
Illinois

Forestry
Railway Station

'* Train shed
Dairy
Leather
Live-stock
Saw niill

Music-hall
Casino
I'eristyle

Pier and breakwater
*Art Institute {in Chicago).
Choral hall
Anthropological
Service offices, etc
Children's
Monastery La Rablta..'
Packing-case storehouse...

Total

.

Dimensions .
Space, Cost.
Acres.

562 X 26-2

1,B87 X 787
MS X 494
551 X 490

1.103 X 86
800 X 500
660 X .312

690 X 345
700 X 360
960 X 266
8.n0 X 435
998 X 251
361 X 162

135 diameter.
500 X 320
S20 X 136

.398 X 199
421 X 361
348 X 69
460 X 160
528 X 208
300 X 160 I

672 X LW (

200 X 91
625 X 160
440 X 261)

300 X 136
246 X 140
246 X 140
600 X 60

2,600 X 260

4.5
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before the public in .Tiickson Park, is Hint they have had one
of the biggest " tireds" that they have ei-ir experienced.
Few jieople realize the limitations of their own capaeity for

seeini; Ihinjis. During: the Centennial Exhibition, in I'hila-

delphia. it was often amusing to see people who came there
with excursion parties, and with only one day to see all that
was to be seen. In tlie niorning, when they first entered the
grounds, the slightest event or object would attract their at-

tention. About four o'clock in the afternoon they could be
seen walking down the middle aisle of the great building,
with their eyes lixed with a stony stare into space, utterly in-

capable of looking or seeing anything more. Their curiosity
was completely satiated, and the limits of their capacities of
oliservation had been exceeded. The same scenes are re-

enacted daily at t'hica.go, with the superadded fact, which has
not received the condemnation which it deserves, that the
management has not provided .seats, or had not when our ob-
servations were made, at all adciiuate to the wants of visitors.

It was painful to see frail women and fat men, and other
human beings in all conditions of exhaustion and fatigue, seek-
ing vainly for some jilace to sit down. ' This neglect is

cruel, inhuman and brutal, and the reason assigned for it was
more so, and was that certain concessions had been given on
the roofs of the buildings and elsewhere, and one of the
privile.ges going with them was the providing of seats, and
that it would take away some of the profits of those holding
the concessions if visitors were provided with facilities for sit-

ting down elsewhere. This want of seats detracted \iiry much
from the pleasure and added greatly to the disconifort of
visits to the grounds, and it was reported that a physician re-

marked that the management must either provide more seats
or enlarge the lios]Htal accommodation in the Park.

Railroad men and engineers will naturall_v be attracted most to

theTransportation Building and to the Machinery Ilall. and what
will appeal most to their imaginations in each place will be, the
locomotives in the one and the stationary engines in the other.

Altogether there are more than ")() modern locomotives—not
induiling the ancient relics—on exhibition. In order to corre-
spond with the predominant idea of the Fair, they are nearly
all big locomotives, and the question of a lady who came to

the writer while he was making notes and asked if he would
not plea,se tell her " Wh\' they made them so big," was per-

haps not so foolish as it seemed. At any rate, it was ver}'

hard to answer.
Jlodern American practice is very well represented. About

all the types of locomotives and details of construction which
are now current arc shown. All the principal kinds of com-
pound engines are shown, and some comments thereon will be
found on our editorial page. There are Belpaire lire-boxes,

radial stays and old-fashioned crown bars. There is not a
modern locomotive, however, in the American exhibit which
has any other form of valve-gear excepting the link-motion.
Among the French and English exhibits there are a number
of different types of valve-gear ; one—a French or Belgian en-

gine—which looks like a mechanical nightmare. With the ex-
ception of the Shay-gcarcd locomotive, exhibited by the Lima
Locomotive and .Machine Company, all the modern American
engines seem to be characterized by great conservatism in de-
sign, whereas some of the foreign engines are fearfullv and
wonderfully made. There is no -striking novelty among the
American engines, although there are manj' details which arc
interesting.

Every draftsman should see and study a series of drawings
of locomotives in the French Department. They are works
of art. It is doubtful wliether it would be iiossible to have
any such work done in this country—that is. whether a drafts-

man could be found who is artist enough to do it.

The exhibit of the Baltimore it Ohio Railroad has already
been described in these pages— that is, an account has been
given of what was intended to be exhibited. At thi! time we
last saw it, it was still incomplete. The old locomotive and
models of others were all in place, but Hk' pictures— photo-
graphs, paintings and drawings—of which there are about
1,700, were not all in pl.ace. A great deal of tijtie could lie

spen^ in examining the.s('. There has never been brought
together so much material from which a history of the loco
motive could be made, and it is to be hoped that when the
Exhibition is ended that this uniipie collection may be pre-
served. There is besi<les these the much-wrilteu about Jo/in

Bull and the rebuilt Dc Witt Vtiiitim ; and one of the most
frequent questions which wa.s asked in the Locomotive Dcjiart-

meiit by women and boys wxs, to be directed to " the first

locomotive that ever run." It was not always certain whether
they meant the John Hull or the Ik ^^'itt Clinton or some other
engine, and they always seemed to be disaiipointcd on being
told that neither of them was the " first locomotive that ever
run" cither in this country or in any other.

In a publication like this anything like a full description of
the exhibits is impossible. A mere catalogue or enumeration
of the exhibitors and the objects exhibited would occupy more
space than wc could possibly give to it. All that wc can do,
anil all that will be allemptcd, will be to make notes of features
which are more Ihaii usually interesting, and even in doing
that wc will not undertake to make any strict classification of
the relative inferestingness of diHeri-nt objects.

As a counterpart of the Baltimore iV Ohio historical exhibit
of locomotives, that in the German Department, showing the
evolution of rails and track, is very interesting. It begins at
the very beginning of railroads, when the old tram mils were
used, and shows (•ach succ-cssive step of dcvelopnicjit, includ-
ing the great variety of different rails which have been laid

at various ])eriods, stone-block, wood, cast iron and steel sleep-

ers. A short section of each kind of track is jiut down
with sleepers, ballast and rails all complete.
A great variety of cars are also on exhibition. The Pullman

anil the \Vagner companies liave each a train consisting of
cars of the various kinds provided by them. The magnificence
and luxury of these makes it dillicult to find adjectives
which will do justice to them. The Canadian Pacific and tlie

London A: Northwestern roads also each have a train of the
different kinds of passenger cars used on their lines. Besides
these there are other cars for passenger and freight, for horse,
steam and electric roads, the mere enumeration of which would
occupy several pages of our paper.

Leaving the complete cars and locomotives and coming to

their details, we find extensive exhibits of such things as car
brakes and signals in great variety. Nearly every railroad

man' will be surprised to see so many different kinds of air-

brakes exhibited. He who tries to understand the different

systems of signals which are exhibited will find that it will

re(juire an amount of study almost as great as would be needed
to be admitted to the bar, if he is not already a lawyer. Tired
men and women gaze longingly on exhibits of car-.seats, which
display their potential comforts in the most exasperating way.
Whether at the same time they anathematize the administra-
tion for not supplying seats in other places is not known, but
if they are not members of church it would seem to be their

duty to do so.

It may be added that the Exhibition is the despair of editors

of technical papers. Some of them are like the man who was
recently asked what he thought of the financial situation, and
who answered that he had been trying with all his might to

think something and couldn't—he could only feel— feel that

he was dreadfully hard up. It is so with some of " us." Be-

fore going to Chicago " we" were intent on some systematic
scheme for describing or discoursing on the Exhibition. It

may be frankly confessed that we now have no such scheme ;

as none which we could devise was at all commensurate with
the magnitude of the Great Fair, we have been compelled,
like our financial friend, .to confess our iiiiibility to think any-
thing adequate to the occasion, and now we only fni that the

Exhibition is greater than our capacity for dcscriliing it, and
tliat Tun A.\i1';kic.\n E.NGiNEEit and R.mi.uo.M) .ImutNAi, is

very " hard up" for sjiace in its pages, which are loo few and
too small to describe all or even a small part of the interesting

things which mav be seen in Jackson Park.

NOTES AND NEWS.

European Coal Fields.—A Prussian mining exjicrt has
made invcstigati<ins of the coal strata of the world, and ex-

presses the belief that the coal dejiosits of Austria-Hungary,
France, and Belgium will be exhausted in five centuries at

most. Those of Great Britain and Russia will follow, and
last of all the German strata will give out. The American
coal deposits, he estimates, will not last longer than those of
Euro])e.

Panhandled Trestle.—The |)anliandled trestU- and bridge
over the Tuscarawas River, west of New Comerstown, O.,

has been completed. The entire bridge is -lot) ft. long,

each truss being Ijli ft. Owing to the location, the high
water ami the nature of the ground, the work of building the

temporary trestle was attended with a great deal of danger.

The trestle is in the shape of a " run around" and is over 600
ft. long.

A Novel Street Railway.— Ontario, Cal.. has a street rail-

way that is opirated partly by horse-power and ])artly by
gravity. When the town was founded an avenue 200 ft. wide
was laid out with a space in the center for a street car line.

This avenue is miles long, running from the town of Ontario

to the mountains, with a steady ascent varying from 100 to

2.10 ft. to the iiiile. In December, lyny, the railroad was com-
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pletetl and horse-cars [lut on. A couple of ingenious me-
chanics, J. B. Tays and James Birch, decided that the horses
might as well ride on the down trip, and accordingly designed
a small platform-car, which slides under the main car, for the
descent. On this the horses ride down, the car running by
gravity. The arrangement has been in successful use since
March, 1889. The down trip is regularly made in 30 minutes,
but the cars sometimes come down in half that time without
stops. Tlie horses or mules take very kiudly to the arrange-
ment.

The Electric Stop.—Those who are in a position to judge
of its merits are emphatic in their endorsement of the new
electric stop motion which is now being apjilied to spinning
machinery, covering automaticallj', as it does, the unguarded
places in the machinery. In the arrangement of this mechan-
ism the two rolls between which the yarn passes are each con-
nected with a pole of a liattery ; when the yarn breaks, the
rolls immediately come in contact with each otlier, thus closing
the circuit and actuating an electro-magnet, which stops the
machinery instantly. In case the yarn, instead of pa.ssing on,
becomes wrapped around the rolls, the increased thickness of
the material forces the upper roll against a pin also connected
with the battery, and the machinery is stopped as before.

A Curious Clock.—A curious clock, destined for the World's
Fair at Chicago, has been made by a clockmaker at Warsaw
named Goldfaden. who has worked at it si.v years. The clock
represents a railway station, with waiting-rooms for the trav-
eler, telegraph and ticket offices, a very pretty, -well-lighted

platform, and a Hower garden, in the center of which is a
sparkling fountain of clear water. Past the railway station
run the lines. There are also signal-boxes, .signals, lights and
reservoirs—in fact, everything that belongs to a railway sta-

tion to the smallest detail. In the cupola of the central tower
is a clock which shows the time of the place. Every quarter
of an hour the station b(^gins to show signs of life. First of
all the telegraph othcial begins to work. A long line of peo-
ple form at the ticket office to buy tickets ; porters carry lug-
gage ; the bell is rung, and out of the tunnel comes a train,

rushing into the station, and, after the engine has given a
shrill whistle, stops. After a third signal with the bell, the
engine whistles, and the train disappears into the opposile tun-
nel, the station-master and his assistant leave the platform,
and the doors of the waiting-rooms close behind them.

Peat as Fuel.—The recent attempts to use peat in smelting
iron and under locomotive boilers have been naturally looked
upon with great interest in Ireland, which country has practi-
cally no coal, while one seventh of its whole surface, or
3,000,000 acres, consists of peat bog. Dr. Emerson Reynolds,

ground, they weie placed close to this abandoned main : .some
of them were flattened and rested against the pipe. The in-

sulation wore ofl the top of the pole, and the iron became
charged with electricity. The current ran down the pole
into the ground until it came in contact with the cast-iron
main, against which the pole re.sted. At that point the cur-
rent Ijurned a hole through the post and through the cast-iron
gas-pipe. The current ran along this cast-iron pipe for 200 ft.

north, where it came in contact with a li in. wrought-iron
service-pipe that cros.sed the old artificial main. At the junc-
tion of these pijx'S the current again showed its |)ower by
burning large holes in both pijjes, and the melted metals
formed into small globules, like shot, perfect in size and
form, and these dropped into the old pipe. The gas released
from the service-pipe followed south on the okl main until it

reached the electric post, and entered into the tube through
the hole burned out by tlie current. The post was soon full

of gas. A car ]iassing made a spark that set it on fire, and
the flames burst from the top of the pole. An examination of
the service- pipe and the old main found them to be in excel-
lent condition.

Large Steamers for the Southern Pacific Railroad.—The
Southern Pacific Railroad announces that the Newport News
Shipbuilding and Dry Dock Company is making preparations
to build two 10,000-ton steamships at its plant. The site is

now being piled for the blocking to carry the immense weight
of the vessels. They are to ply between New Orleans and
Liverpool.

Manufactures.

RESERVOIR DRAWING PEN.

We illustrate herewith a neat and ingenious arrangenient
of drawing pen that meets a want felt by every draftsman
when engaged on heavy line work, and which is being placed
upon the market by Messrs. Jackson Brothers, Limited, 50 Call
Lane, Leeds, England. The constant dipping and wiping which
are required under such circumstances with an ordinary pen,
is a source not only of loss of time, but of constant annoyance,
while it often results in the drawing or work becoming smeared
and soiled from traces of ink accidently left about the fingers.

In the pen shown, a reservoir for holding a supply of ink is

fitted inside the holder, which, when once chargeil, will serve
to keep the pen supplied for a considerable length of time.
The arrangement of the pen will readily be seen on reference
to the accompanying illustration. It consists of an ordinary

who lias given much time to the study of tlie subject, states

that peat compares very unfavorably with coal in many ways.
It is five times as bulky as coal, it contains from 1.5 to 25 per
cent, of water, and seldom less than 10 percent, of ash, and,
bulk for bulk, itj thermal value is only one-thirteenth of that

of coal. The fresh peat, moreover, contains SH or 40 per cent.

of moisture, making necessary con.siderable expense for dry-
ing. During a coal famine some 30 years ago. Dr. Reynolds
proposed convertiug the undried peat into gas, and this was
successfully done in the shops of an Irish railway, the efficiency

of a ton of peat used in this way for working up scrap iron
being 60 per cent, of that of a ton of coal used as gas by the
same method. Since then the extraction of ammonia from
giisified peat makes this process more practicable. A promis-
ing new suggestion is that peat shall be used in making water
gas, which can be conveniently supplied for domestic and in-

dustrial purposes.—Invention.

Freak of Electricity.—A curious freak of electricity has
been discovered in connection with a leak in the mains of the
Indianapolis Gas Company. In Illinois Street, buried 4 ft.

deep, is a main that has been down for .53 years. It was
abandoned 23 years ago because of its size, but the pipe is

still in an excellent state of preservation. When the Citizens'
Street Railway Company sunk its trolly-line poles in the

hinged-nib drawing pen, provided with a hollow metal handle,
into which fits a cylinder C, which is shown withdrawn from
the handle in the lower illustration. The rod or plunger P
serves to draw the Indian ink into the cylinder C, while the
tube T\ii provided to carry the ink to between the nibs of the
pen ; the whole reservoir attachment, as will be seen from the
lower illustration, constituting iu reality a miniature hand
pump.

In using the pen the cylinder C is withdrawn from the
handle by the milled gland F, the cylinder being charged by
dipping the end of the tube 7" into the ink and pulling out the
plunger P to its extreme position. The whole cylinder is then
replaced in the handle, without, of course, disturbing the
plunger, a slight push forward of which serves to replenish
the supply in the nose of the pen as fast as it is exhausted.
If it is desired at any time to interrupt the work, it is only
necessary to blow out the ink remaining between the nibs of
the pen, and the ink in the cylinder will keep good for ilays

;

while, further, it a line or two is required to be added to a
drawing when the reservoir is empt}-, this can easily be accom-
plished, since the jien can be used exactly as an ordinary draw-
ing pen ; and if the reservoir becomes accidentally lost or dam-
aged, an excellent drawing pen still remains ; while, it may
be added, the price of the pen, is., is less than is often charged
for ordinary hinged-nib drawing pens of similar quality.
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THE EXPOSITIO"N FLYER.

TiiK. daily papi-rs liave made tlic fact very generally known
that the New Ycirk t'entral A: Iliidsoii Kiver and the Lake
Shore iV Mirhijjan Southern roads have juit on a new train

—

the " Exposition Flyer"—between New Vork and Chicago.

wliicli makes the run westward in 20 hours, and eastward in

30 hours and !'> minules. On its first trip this train left New
York on May 2Stli with a number of invited guests besides

other regular passengers. The writer wa.s among the party,

and had a threefold purpose in making the journey—one to

accept the hospitality of the ollicers of the New York Central

Kailroad Company, another to be a jiarticipaut in the running
of this first fast run and observe its phenomena, and, third, to

visit Chicago and see the great show.
It should be added, perhaps, that this run was made just

too late to be reported in the last number of 'I'uic Americ.\N
Engineeu, and therefore this somewhat belated account is

given.

The train left New York at 3 p.m. on the date named,
and made the run of 904 miles in 20 hours, or, to be exact,

iu two minutes less. There were nine scheduled stops, and
•several extra ones were made by reason of siguids and other

causes. The train consisted of one combination baggage, buffet

and library car, with barber-shop ^

and Ijathroom, approximate weight,

80,000 lbs.; three 16 section sleeping-

cars, approximate weight, 96,400

lbs. each, making the total weight
of cars in train "'309,200

1J)S. The
engines used on the New York Cen-

tral Road were like the one of which
we have published illustrations in

the article on American and English
Locomotives during the present year.

The weight of these engines with

their tenders loaded is 203, 500 lbs.,

making the maximum total weight
r[ train .'572,700 lbs. The average

•weight of train would, of eour.se,

be less, as the tender would not al-

ways be fully loaded. Besides these

cars a dining car was taken on from
Albany to Syracu.se, and from Tole-

do to Chicago. Its weight was also

about 80,000 lbs., making the max-
imum weight of the train 652,700 lbs.

The engines used on the Lake Shore
Uailroad" were built by the Brooks
Locomotive Works, and have 17 X 24

in. cylinders, 6-ft. wheels and .52-in.

boilers, and weigh with the tenders

loaded 174,600 lbs. The Lake Shore

engines, it will be seen, are not nearly

so large as those used on the New
York Central Koad. The difference

in the size and weight of the two
classes of engines has been the sub-

ject of a good deal of comment since

these trains have been put on the

road. On another page we give an

engraving and description of the

valves used on the Lake Shore en-

gines. From this it will be seen that

they are of tlie Allen type, witli an

exceptionally long travel and supide-

mentary ports j in. wide. Indicator

diagraiiis taken from these engines

with thesir valves would be very interesting,

the Lidce Shore Koad is 46.5 nnles per hour,

New York (;entral it is 50.6. The engines on tlu- latter road

are built not only for hauling these fast trains, but must often

be used for hauling trains of 10 and 12 cars at somewhat
slower sjieeds. It would l)e interesting to know how the Lake
Shore engines handle trains of this size.

The cars composing the train were all new, and have the

Gould vestibule and the Leonard platform and hydraulic

buffer. This is the invention of Mr. ,\rthur (J. Leonard,

Secretary to Mr. II. Walter Webb, Third Vi<c-I'resid<'nt of

the New York O^ntral. Tint ears rode with remarkable

steadiness, anil the speed of th<- train did not impress those

riding in it as being remarkably fast. The scent of the quick

time is that it keeps at a regular rapid jog all Ihe time, and

the stops at stations are very short. On arriving at stations

evervthingis in readiness, the inspecaors begin tlieir work at

once", the engines are changed ipdekly, and there is little or

no baggage to load or unload.

The ollicers of the New York Central assign uincli imiior-

tance to heavy rails in fast running, believing that |it is much
safer and easier to maintain a high speed on stiff rails than it

is on those which have more or less sensible dellection. There
seems no room to do\dit the ])raelieabilily of making the run

from New York to Chicago in IS hours if the Lake Shore

Line wa.s relaid with heavier rails.

The return trip on the Expo.sition Flyer, which was made
about 10 days later, was as successful and as jirompt as the

westward trip. In both cases the train arrived at stations

slightly ahead of time.

THE WELLS ENGINE.

I en-... ^..^'ine which we illustrate, and which
entrifugal pum|>, is made by the Wells
I Liberty Street, New York. The funda-

TiiE stee|ile compoum
is shown as driving a eei

Engine Compan}', of 91 Li..^iL_, .jm.^i, x,,... >v^..x. i,.^.... -

mental principles of the engine consist in the fact that the two
pistons move in opposite directions to one another at all times,

and with the same velocity, so that the reciprocating parts are

practically balanced, and the engine will run with great speed

upon its own base without the necessity of using holding-down
bolts.

. The proportions of the engine are such that the weight of Ihe

The speed on
while on the

THE WELLS COMPOUND ENGINE.

high-|)ressure piston, with ils rod. cross-bead and connecting-

rod, weigh exactly the .same as the low-pn-ssure piston with its

double rod, two cross heads .and two connei-ling-rods.

'I'he engine is o|ieraled by the Stevenson link motion, and is

readilv and easily handled.

The low-pressure cyliniler is above Ihe high pressure, which

is contrary to the usual construction of steeple comiiound en

gines ; but this construction is followed with thes(> engines on

account of the two jiiston rods which are used in connection

with till' low-jiressure piston, and which straddle! the high-

pressure cylinder, eondng down and taking bold of Ihe two
cross heads" on either sideof Ihe high pressure cross-heail. The
engine is especially adapled for work where it is desireil to

make the best possible use of the steam, and .at the .same time

where jar is very inidesirable. 'I'his makes the eiigini! espe-

cially valuable for yachts and work where it is impossible lo

put down a solid stone foundation. The engines are built in

sizes ranging from :i-in. andO-in. X 5-in. cylinders, up lo I2-in.

and 24-in. X 10-in. The same; system has been carried out

in (jmidruple expansion engines.
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EDITORIAL NOTES.

It is not often that the engineering world is called upon

to witness the completion of a work nearly 3,500 years after

it was first projected ; but such is the case with the canal

through the Isthmus of Corinth. Projected 600 years be-

fore Christ, agitated again 300 years later, actually begun

by the Emperor Nero, it is completed in 1893.

In another column we give a brief report of the tests of

shells and armor plate recently supplied to the Navy De-

partment. It must be exceedingly satisfactory to all con-

cerned that there was no trouble over the acceptance of the

ijlates or shells, although the manufacturers of the former

failed to earn the premium offered in case their product re-

sisted penetration of the shells.

Among the notable scientific events of the past month is

the departure of the second Peary expedition for the north

of Greenland. The Fahon is probably the best-equipped

vessel that has ever set out for the Arctic waters, and we

have probably heard the last of her until October or Novem-

ber, when it is expected that she will report, having left

Lieutenant Peary and his party at their winter quarters.

Then there will be nothing more for two years.

The Government is after something marvelous in the

way of a torpedo boat, but whether it will get it or no re-

mains to be seen. It wants in a general way a boat that

can dive under the protecting nets surrounding a vessel, ex-

plode a torpedo beneath her, and get away uninjured. For

this simple little affair that any expert Kanaka swimmer could

do on a small scale. Congress has authorized the payment

of $200,000. Eight bids have been received, but only five

submit definite pl.ans. Nothing has been decided, and it is

not probable that a contract will be awarded for some time.

There seems to bo a constant complaint on the part of

English manufacturers that the freight rates of the English

railroads are abnormally high, while there is as constant a

laudation, on the part of the railroad world, of the prompt-

ness with which freight is transported and delivered. The

millennium would appear to be in sight if low rates and

prompt delivery could be brought together. Occasionally

by a special effort it is done in this country, but it almost

always demands a special preparation and a special super-

vision. The question naturally arises. Cannot all the traffic

be handled in this way, or is it too variable to admit of the

constant maintenance of the force that would be required ?

Just after going to press with our last issue, the terrible

disaster of the collision of the Gamperdown and the Victoria

took place, resulting in the sinking of the latter and the

loss of several hundred lives. At first contradictory reports

were circulated, and the responsibility for the collision was

shifted from one officer to another ; but the official reports

to the Admiralty, as well as the court-martial inquiry that

has been instituted, seem thus far to fix all responsibility

upon the shoulders of Admiral Tryon, who gave the order

for a manceuvre and then adhered to it, after his attention

had been called to the fact that the distance which he had

allowed between vessels was insufficient to perform the evo-

lution.

The old scheme—not so old as the Corinth Canal, how-

ever—of uniting the railway systems of North and South

America is again on the tapis. It is reported that a feasi-

ble route has been surveyed from the southern boundary of

Mexico to the northern frontier of Bolivia. While there can

be no manner of doubt of the possibility of finding a suit-

able route from an engineering standpoint, it is a horse of

another color when we look at it from the position of the

investor who wishes to " touch" his dividends. It is well

known that the country through which the route must lie

is poor and subject to daily revolution, as it were, and it

has furthermore been declared by engineers who have been

over the route that the country is unable and will be unable

for many years to supply freights or passengers in paying

quantities. AVhile we do not wish to be pessimistic, we

still have a vivid recollection of a certain Rapid Transit

Commission whose engineers evolved a perfectly practical

scheme of underground railways, but which somehow could

not be shown to offer a paying investment, and which no

one would touch.

WORK OF THE MASTER MECHANICS' ASSO
CIATION.

In our last issue we gave a short rhume of the work ac-

complished by the Master Car Builders' Association, and it

was due to a lack of space that the Convention of Master

Mechanics received but a passing notice. The Convention

opened on Monday, .June 19, and was held in the same room

as that of the Master Car Builders. This second convention

works under the disadvantage of coming closely upon the

heels of a previous week's work and amusement on the part

of many of its members, who are tired with the one and

satiated with the other ; and this year the disadvantage was

especially marked, owing to the disagreeable quarters in

which the meetings were held. The room was directly
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under a slojiing roof, with no protection in tho shape of air

space, and but very inadequate means of ventilation. The

result of this, when combined with the rays of the summer

sun, was the production of a temperature and an atmos-

phere that was trying in the extreme, and which accounts

for the half-hearted interest in most of the discussions that

was manifest.

Jj
The entertainments by the supply men were simply a con-

tinuation of what had gone before ; there was a grand ball

in honor of the American Kailway Master Sfechanics' Asso-

ciation, in which perhaps a dozen members joined, and

where male partners were scarce despite the several hun-

dred men about the hotels. There were the boating parties

on the lake, the fireworks, the music, and an excursion to

Dunkirk, all enjoyable, but all like what had gone before.

The convention opened with the customary prayer, fol-

lovJed by the president's address, Mr. llickey dealt in a

general way with the labor problem and the construction of

locomotives. Referring to the expense of locomotive per-

formance, he said :
" A majority of the largest roads

throughout the country show an operating expense of from

23 to 3.5 cents per locomotive mile run, .about 50 per cent,

of this amount chargeable to fuel consumed in generating

power." Referring to the locomotive returns for the month

of March, 1893, as published in the July issue of the Ameri-

can Engixeek, we find 31 roads there reported. Of these

31 only eight show an expense of as much as 33 cents per

mile run, or, in other words, 3.5 per cent, pay the lowest

amount given by Jlr. llickey, and of these eight, four pay

more than $3 per ton for coal. Some of the roads even drop

below 15 cents per mile. We desire to call attention to

this, because, while there is no doubt but that the locomo-

tive does exhaust an imipense amount of heat energy into

the atmosphere, as Mr. llickey says, we believe he has over-

estimated the expense, but agree that the various modifica-

tions in the valve motion of simple engines made for the

purpose of reducing the loss have given but little prom-

ise of ultimate success. The address then went on to deal

with the changes that were suggested to the speaker in loco-

motive construction.

The committee appointed to confer with that of the

American Society of Mehanical Engineers on a Standard

.Method of Conducting Locomotive Tests made its report.

There is nothing new and no innovation embodied in it.

Those of our readers who are familiar with the methods

adopted on the Baltimore it Ohio Jiailroad and the Chicago,

Milwaukee & St. Paul know fcxactly what this report rec-

ommends. There are the same fuel and water measure-

ments, and the use of the indicator, calorimeter and dynamo-

meter car.- The report is valuable chietly as a record and

basis of action as recommended by two great meelianical

associations, and, as such, is to be referred to and consult-

ed, though it adds nothing to the information of men who
have followed the work already done, as reported from time

to time in the columns of the technical press.

The report on Compound Locomotives simply gave the

result of a year's experience on several roads. That, the

number of compound locomotives has increased is shown by

the fact that 308 new engines were added to the equipment

of the country within the year ; but the reports of their per-

formances arc so varying that many members feel that they

know less about that particular tyi)e of engine than they did

before the first one was built. One member stated that

the cost of maintenance is no more than for an ordinary

engine, while another announced " an increase of repairs

of 50 pur cent." The New York, Lake Eiie & Western

report a saving of 8 per cent, of coal per car mile and

15.1 per cent, engine mile ; the Chicago & North-western

put the latter at 7.7 per cent., while the Cincinnati, New_
Orleans it Texas Pacific put the two figures at 45.5 ]Mr

cent, and 33.7 per cent. res[)ectively ; the Cleveland, Akron

& Columbus, at 15 per cent, and 32 per cent., and the

Brooklyn Elevated evens up both at 24 per cent. Now,
what is the jury of prospective buyers to do? How can

they bring in a verdict ? Really there seems no way out

but to use the Scotch formula of " Not proven," and de-

cline to say what is not proven. Frankly, we cannot pre-

sume to decide from such a jumbled mass of figures.

Why should car mile saving be greater than the locomotive

saving on one road and less on another ? The mystery about

this, as in all other things, lies simply in the fact that we

do not know all the facts. When they are known, then,

perhaps, the relative merits of the compound and simple

engine will be settled. At the present writing it would

seem that the compound will save 8o»He coal^—just how much
is an unknown (piantity, and it is also unknown whether

this saving is or is not counterbalanced by the extra ex-

pense of repairs and interest on first cost.

The chief work of the Committee on Wheel Centers and

Tires is embodied in the recommendation to add centres of

70, 74, 78, 83, 80 and 90 in. in diameter to the standard cen.

ters already adopted by the Association.

The recommendations of the Committee on Boiler At-

tachments might be embraced in the general statement that

they favored the use of flanged rather than screw fasten-

ings ; that they preferred to have check valves inside the

boiler and not outside ; that all cocks should be placed in

locations w-hcrc they are least likely to be injured or kiiocke<l

off, and that the tendency to make attachments too light

should be most especially guarded against. The committee

announced themselves as of the opinion that water glasses

were not a necessity, and the discussion of their report cen-

tered about this one heading. The convention apparently

agreed with them, for it passed a resolution to the effect

" That while the Master Mechanics' Association regards the

water glass as a convenience and an additional precaution

against low water, we do not regard it as an absolute neces-

sity to the safe running of locomotives."

On Attachments between Engine and Tender the commit-

tee took a decided stand in favor of great strength, and

particularly commended the Dulutli, South Shore & Atlantic

Railway practice, where the safety chains are held to the

tender beam by double-ended staple bolts of 1^-in. round

iron, the loose ends l)eing coupled to the under side of the

engine draw casting by two pairs of pendent lugs cast on,

through which (and through last link of chain) passesa It-in.

horizontal cottcred bolt. The danger to the men on the foot-

plate from the tender mounting over the same is not consider-

ed to be great, and a plain flat chafing plate on the tender

with a rounding one on the engine was recommended. As

for the step question wc are somewhat disappointed. We
have repeatedly called attention to the dangerous and incon-

venient form of the steps of American locomotives, and

have contrasted them unfavorably with their English cousins,

and when this committee was appointed we hojjed that they

would make some recommeiulations and present some plans

that would serve to im|iri)ve this particular detail of our

locomotives, but they have really done almost nothing in this

direction. The following is the full text of their report

on the subject :



Vol. LXVII, l>h>. 8.] AND RAILROAD JOURNAL. 361

" A full third of the replies express a preference for short

steps—that is, under 13 in. long ; two specify 12 in., and

the remainder run from 10 in. to 24 in., emphasis in many
cases being laid on the necessity for high flanges on three

sides, although some few do not use flanges.

" As to position horizontally, some say a low step is safe
;

but the distance of the lowest step above rail varies from

one each of 12, 14 and 15 in., up to the more common height

of 20 in. (that is, 24 in. above tie level), and there is an evi-

dent reluctance to having more than one additional step

above the first step, however close to rail the first step be

located or whatever be the height of the other ' risers.'

" It' is not evident why the first ' riser' (that is, the dis-

tance from tie to first step) should so commonly be higher

than the second and third ' risers,' except it be to clear

snow or other obstructions at low level. Even any equal

division of the total height by two steps into three equal

' risers ' is not shown on any reply, although that would ap-

pear to be a more judicious and safer course for the men
than the common practice.

" Two advocate adjustable steps (apparently to be altered

to suit the personal ideas of each runner). This the com-

mittee thinks a mistake, believing a permanent fastening at

a uniform height on all engines will, all things considered,

offer less risk the year round.

" But two advocate steps at same level on both engine

and tender, although there seems an additional element of

safety in such a course. Apparently there is an endeavor to

put all the steps on one of the vehicles (either engine or

tender) when this is possible.

" The majority say that in material for steps wood and

rubber have no appreciable advantages over iron ; but few

use wood, and one only mentions rubber, lloughened and

perforated iron plate is tlie best practice, for although cast-

ings with serrated surface are common, the lighter weight

and the freedom with which wrought iron can in winter be

struck with a hammer (thus at once disengaging all ice)

gives it the preference. The roughening of surface is usu-

ally done with a diamond-pointed chisel by hand."

In dealing with the unsatisfactory results that have fre-

quently been obtained by railroads who have bought steel

on chemical and tensile strength specifications, the Commit-

tee on the Tests of Iron and Steel said :

" Railroads buy all their steel on chemical and physical

specifications, and, as far as your committee know, entirely

ignore the question of expert inspection. In fact, it would

be difficult to find to-day on any railroad an expert employed

as such, who would undertake to grade a lot of 20 samples

of steels, running from good tool steel to the cheapest prod-

ucts, in accordance with their prices ana qualities, while at

the same time there is good reason for believing that with

proper training such grading could be very accurately done.

This method of grading is practised in almost every line of

trade. Step into a jeweler's establishment, and he will

snow you two diamonds of the same size and nearly the

same appearance, but one is worth twice as much as the

other. The dry goods man shows you silks varying in price

from $1 to $10 per yard. The millions of bushels of wheat

which change hands yearly are valued by expert inspection.

The same is the case with almost every item of trade. In

steel for boilers this kind of inspection seems to be entirely

ignored.

" Your committee are decidedly of the opinion that cer-

tain requirements as to chemical composition, tensile strength

and elongation do not insure the best quality of steel for

fire-box work. It is not certain that further inspection as

to character of crystallization, etc., will do so ; but there

are good reasons for believing that such inspection would

be of material benefit if made by an expert.

" It is not intended that this system of inspection should

dispense entirely with the present chemical and physical

specifications ; these have made, or at least should have

been made, from analyses and tests as steel that have given

good results in actual service, but necessarily ignore much
that is due to manipulation, and it is the importance of the

points ignored on which your committee dwell.

" It would be quite possible to get up very neat specifica-

tions, chemical and physical, of a loaf of bread ; the crust

must be so thick and of such a color ; it must weigh so

much per scjuare inch ; the pores must be of such a size and

uniformly distributed ; it must contain so much water, salt,

gluten, starch, silica, phosphorus, etc., or, if we analyzed

to its ultimate composition, so much carbon, hydrogen,

phosphorus, etc. This would all be strictly in accordance

with the composition and qualities of a good piece of bread
;

but if an expert with fair experience in gustatory require-

ments—and we have many such—were employed, he would

tell us more and decide more definitely as to the qualities of

that piece of bread, when he got a piece in his mouth, than

by the most elaborate investigation on the line of the speci-

fications outlined above. His decision also would be based

on qualities which could not by any means be formulated

in specifications."

This certainly has a ring to it that must appeal to many a

man who has to deal with the apparent freakiness of fire-

box steel that appeared to be capable of everything bad

under the sun.

The Committee on Tender Frames submitted drawings of

several types of iron and wooden frames, but declined to

make any recommendation on the ground that " honors are

about even" in the preferences expressed by members.

The report of the Committee on Malleable Iron Castings

and the discussion which followed were not calculated to

inspire confidence in that metal. Evidently some of the

members have had experience with very poor samples, and

they proceeded to give the whole a black eye. But when the

matter is sifted down to facts it will usually appear that the

castings so freely condemned have been of the cheap sort,

or the patterns have been of thicknesses so variable from

one part to another that there could be no evenness to the

annealing. Quoting from the report, they say :
" We have

reached the conclusion that there is no evidence to indicate

the probability that malleable iron castings can be generally

used as a .substitute for expensive forgings. Malleable iron

castings, as now used in connection with locomotive con-

struction, are principally either substitutes for gray iron

castings or for small and inexpensive forgings. The com-

mittee have not reached a single suggestion that malleable

iron can be economically introduced in place of the larger

and more expensive forgings which are now used in locomo-

tive construction."

The last regular report was that on Smoke Consumers,

and, as might have been anticipated, the committee found

little or nothing that was new to bring before the conven-

tion. It frankly stated that " it is unnecessary in this re-

port to go further into detail in the matter of combustion, as

full information can be readily obtained from well-known

books." The whole report was merely a reaume of the prin-

ciples laid down iu Clark's " Fuel and Its Combustion."

One of the features of the Master Mechanics' Conventio^
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is the noon hour discussion of topical questions. This really

amounts to a talk between the members, and usuall)- takes

the form of suggestions to some member who asks for in-

formation. A question brought uptliis year was that of tli-c

fluting of side rods, and whether it were best to do it on a

milling machine, under the hammer, or with a planer. The

general opinion seemed to bo in favor of the milling machine

as being the most expeditious and satisfactory. The planer

is too slow and expensive, and the work of the hammer

leaves much to be desired in that, while the actual tensile

strength of the skin may be greater than that of the metal

in the interior of a bar, the unevenness of the surface is

apt to destroy the excess strength and leave the rod weaker

than where the linished metal as left by a machine is used.

It was strange that the superiority of the miller in point of

speed over the planer was not brought more prominently to

the front ; but the members speaking did not seem to real-

ize this, whereas, in point of fact, it is probable that the

milling machine will do the work in one-third the time re-

quired by the planer.

The topic of broken cylinders elicited the information

that the trouble could be remedied in the very simple man-

ner of using more metal at the weak spot. Master me-

chanics have been apt to forget that in increasing the diame-

ter of their boilers and raising them so far above the rail,

they arc adding to the leverage exerted on the metal of the

saddle at the junction of the frame. But more metal, less

breakage, is all that is to be said.

One of the pleasant incidents of the convention was an

address by Mr. Fox, of Leeds, England, on the subject of

Boiler Steel. His remarks on the care' which it is necessary

to take in order to procure satisfactory results perhaps told

nothing that was absolutely new to those who are in any

way familiar with the processes of steel making, but they

certainly ought to serve the pur[iose of driving familiar

facts home. He said that they did not mind very much the

amount of silicon or carbon in the pig iron, but they were

careful to select such as had the smallest amount of phos-

phorus ; and then they considered it necessary to know ex-

actly the composition of the fuel that is used in every part

of the work, so that the resulting gases shall have the same

value in purity as the pig iron. With these together, and

both clear of sulphur and phosphorus, a fair and reasonable

result may be expected. To this must be added pure mate-

rials in the sand and gannister used in the furnace linings

and the brick from which it is built. For, fire-box pur-

poses Mr. Fox recommended about .11 of carbon. He made
many suggestions relative to the rolling of the plates and

the tests to which they should be subjected, with a short

remme of the specifications of the Board of Trade, the Ad-
miralty anfl those of the French and German governments.

Before adjouniinent the usual suggestions for the next

place of meeting were handed in, and they covered the

whole country pretty thoroughly; but as the matter is in

the hands of the joint committee of the two associations, no

prognostications can be made as to where they will locate.

BOOKS RECEIVED.

The Stiile Rule. Third Edition. By William Cox. KeufTcl

i& Esser Company.

The Offiniil Ruilimy List. A Comiiletc Directory of Officers

of Railways in North America, and Ilandbppjj of Useful Infor-

mation for Railway Men. Twelfth Year. Railway Purchas-

ing Agent Company, Chicago.

Vimtors' Directory to tlie Engineering Works and Industries

of Clcvdand, 0. Civil Kngineers' C!lub of Cleveland^ f).

A Pniclical Treatise on Foundations. By W. M. Ration,

C.E. John Wiley & Sons. New York.

Itifercnce Map of the United States. The American Society

of Civil Engineers.

Engineering Works in St. Louis and Vicinity. The Engi-

neers' Club of St. Louis.

Timber Physics. Part II, Progress Report United States De-

partment of Agricnltnre, Forestry Dirision. Under the Direc-

tion of B. B. Fernow, Chief of Forestry Division.

Proceedings of a National Convention of Railroad Commis-

sioners, held in Washington, D. C, April 19 and 20, 1893.

The Electric Transmission of Intelligence and other Advanced

Primers of Electricity. By Edward J. Houston, A.5I. The
W. J. Johnston Company, Limited, New York.

TRADE CATALOGUES.

Cold Saw Cvtting-off Machine. Newton Machine Tool Works,
Philadelphia.

Extracts from Various Papers on the Subject of Steel Railway

Ties. Standard Steel Railway Tie Comiviny, New Y'ork.

Extracts from Various Papers Regarding the Consumption of
Woodfor Railroad Ties. Standard Steel Railway Tie Com-
pany, New Y'ork.

Exhibit of Loconu/tircs at the Columbian Exhibition by Brooks

Locomotive Works, Dunkirk, N. Y.

Exhibit of Locomotives at the Columbian Exhibition by the

Baldwin Locomotive Works, Philadelphia.

Me.rico f Si, ScRor. By Thomas L. Rogers. Mexican Central

Railway Company, Limited, Boston.

CALOllIMETEnS, THROTTLING ,\ND SEf.MtATINO, designed

by Professor R. C. Carpenter, Cornell University, manufac-

tured by Schaeffer & Budcnberg, 66 John 'Street, New York,

SJ X 9 in., 16 pp. This pamphlet contains engravings of the

two kinds of calorimeters mentioned in the title, with explana-

tions of the principles on which they work and of their con-

struction and din^ctious for their usi^ all of which are very

clear. The last Jiage contains a .short article on the Importance

of Determining the .\_mount of Moisture in Steam.

A. Al.i.KU, of 109 Liberty Street, New York, .sends us his

catalogue, 'M X in , 04 |)p., of engineering specialties for

steam, oil, gas, water and chemicals. These specialties em-

brace the Korljng ilouhlctube injector, adapted toa variclj' of

]>urposes, including slalionary and locomotives engines, tlie

steam-jet pump, acid siphon ptiinp, cellar drainer, cesspool

pump, steam-jet air exhauster and compressor, .sicamjel

blower, furnace blower, ventilator, chimney draft improver,

condensers of various kinds, etc. The catalogue also includes

till- Curtis regulator in all its various applications.

The Roheut I'ooi, &, Son Comtany, of Baltimore, Md.,

have recently issued a new edition of their list of gearing,

pulleys, sheaves, etc., which they manufacture. It is 5i X 7}
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in.. 206 pp. From a roiigli calculiition we tiiiil that it contain.s

1,1(03 dirrerunt sixths of spur gears. 1.47(i bevul gears, 4(10 iiiiler

iiiid limiting tooth gears, 650 bevel mortise gears and pinions

ill puirs. 173 spur mortise gears, 363 pinions for spur mortise

gears, besides a variety of pinions for faee mortise gears,

worm gears, sheaves for transmitting power by ropes, chain

sheaves, and pulleys. The list, the Company say, " embraces

only such sizes as we are now prepared to make, but our sys-

tem of machine molding enables us to produce most an3'thing

in this line at ver_y short notice."

W.\ud's Patent Sectional Safety IIigii-puessure Boil-

er, manufactured by Charles Ward, Charleston, W. Va. We
are in receipt of two folders 9 X 13 in , one of four and the

other >,ight pages, the first descriptiou|of this boiler, which has

special interest at the present time, as tlie United States coast

defense vessel Monterey is equipped in part with this type of

boiler. The one circular describes its construction, and gives

a sectional view and a table of dimensions of this steam gener-

ator, which has recently been attracting a good deal of atten-

tion.

The second circular is made up of newspaper comments on

the adoption of this form of boiler in the United States Navy.

The engineering public will await an otflcinl report of their

performance with much interest.

FRASER&. Chalmers, Chicago, 111., Introductoiy Catalogue,

Power Mining and Metalhirgical Machinery, and Catalogue

No. 33, Ore Sampling Machinery. These two publications

are 6x9 in., one of 14 and the other 20 pp. The lirst of

them describes the engines, boilers, steam power plants, hoist-

ing engines, and general mining machinery manufactured h\

this firm, and calls attention to their exhibits in the Mines and

Mining Building and in Machinery Ilall at the Columbian

Exhibitijn. The second volume is descriptive of II. L. Bridg-

man'sore sampling machines, which are manufactured Ity this

firm.

The same firm also send us their two catalogues, Nos. 41

and 43 ; the first is on the use of their machinery in the Kini-

berly diamond mines, and the second on rock drills at the

Robinson gold-mine in Africa. Both give many interesting

facts which are little known in this country.

The Modern Traveling Crane. By Alexander E. Outer-

bridge, Jr. This is a reprint of a paper read before the Frank-

lin Institute of Philadelphia, which is largely descriptive of the

cranes made by Messrs. William Sellers & Company, Incorpo-

rated, by whom it is issued. It contains a double page folded

plate showin.g the interior of the erecting shop of the Baldwin

Locomotive Works, with the cranes for hoisting locomotives.

The paper itself gives a statsment of the general principles on

which cranes are constructed, and a description of tliose shown
in the engraving referred to. The paper has more of a popular

than a technical character, and will be read with satisfaction

by any one interested in the subject.

A novelty about this pulilication is its cover, which is made
of what is called " pantasote leather," a flexible sort of coarse

paper, which is finished on one side so as to have a close re-

semblance to grained leather. It is pleasant to handle, and
has the appearance of being durable.

The Builders' Iron Foundry, of Providence, R. I., has
issued a small catalogue, 3^ X "ij in., .36 pp., in which the

different kinds of Globe special casthigs and fittings for water
works, mills and railroads, which they manufacture, are de-

scribed. Tlie.se include what they call their Globe specials,

which are connections of different kinds for water-pipes. The

body of these connections is made of a gloliular form, for

which it is claimed that it " avoids all useless accumulations

of metal, and offers the greatest possible resistance to bursting

strains It tenders the castings comparatively light and com-

pact, and makes it possilile to combine a number of branches

in a single casting ; reducers and branches may be advantage-

ously combined, and angle bells or tangent branches made
without objectionable features." The catalogue .gives dimen-

sions and prices of ciosses. branches, reducers, elbows, sleeves,

curved and bent pipes, plugs, caps, strainers, and flanges. In

the latter part are illustrations and de.scrijitions of the Venturi

water meter, which is manufactured by this Companj-. The
catalogue ends with a very u.seful table, giving the thickness

of metal and weight per length of cast-iron pipes.

Grant's Gear Booic for 1892, issued liy the Lexington

Gear Works, Lexington, Mass. This is primarily a catalogue

showing the different kinds of gears manufactured by the

publishers. It opens with directions for ordering gear wheels,

which are followed by instructions for drawing them, all of

which will be found useful by the user of these mechanical

appliances. The rest of the book contains illustrations, de-

scriptions and lists of the various sizes and kinds of gears made
by this Company. These embrace some curious examples,

which include racks, pinion-rods, which are rods with teeth

cut on them, noiseless fiber gears, which are made of sheets of

some kind of fiber riveted together, and composite fiber gears

which consist of alternate sheets of steel and of fiber riveted

together. There are also .solid cemented raw-hide gears, level

gears with directions for drawing them, worm gears, bal-

anced worm gearing, which we have not space to describe,

spiral gears, ratchets, worm hobs, elliptic gears anil directions

for drawing them, and brass gears of various kinds. An en-

graving and description of a 24-in. gear cutting machine,

which the Compan}' manufactures is given, and the book ends

with a list of the various kinds of gears kept in stock.

The Brown & Sharpe JlANUFACTrRiNO Company, of

Providence, R. I., send us a very neatly printed volume,

6J X of in., 66 pp., which is without a title. In the preface

it is said that the objects for which it was printed are " to give

a brief description of our works and our business. Providence

and the neighboring cities, and to offer some suggestions of

use to those who are traveling in America for the first time,

and to extend an invitation to visit our shops and our exhibit.

"

The frontispiece is an engraving of their works as the}' were
in 1873, and another one is given of the present buildings. A
brief description of their establishment and the kind of work
they do in it is added. This is followed by descriptions of

Providence and its environment, with a chronological table

of various important events which have occurred therein. A
few pages are devoted to Newport and Boston. These are

followed by " Suggestions in Regard to Living and Traveling

in America," a Cable Code, Remarks and Maps of Chicago

and the Exposition, a List of Consuls at Chicago, a Railroad

and Steamboat Time-Table, and ends with a bird's-eye view
of the Columbian Exposition. The paper and printing are all

of the best.

Catalogue oi<' Turret Machinerv, built by John L.

Bogert, Engineer, Flushing Iron Worfis, Flushing, Queens
County, N. Y., SJ X 91 in., 17 pp. The title of this pul)lica-

tion indicates its character. The turret machines which it

describes arc similar to, and, in fact, are lathes provided with

a revolving turret. These turrets, the catalogue sa^'s, may be

constructed to carry any desired number of tools, but are

usually bored with six holes. They are applieil to a variety of

machines^, and in different ways. They are made to revolve

round axes perpendicular, inclined and parallel to the spindle.
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They frequently replace tail stocks, are mounted on cross-

slides, and, where taper work is <lone, are controlled in their

moyenients by swivelinj; slides, or taper bars. Each hole in

the turret-heail has a sort of spindle titled in it which carries a

tool. When more than one oinration is necessary to bore,

face, turn or thread small iiicccs. these tools are successively

brought into operation by revolving the turret and .sliding it

toward the face-jilate of the machine.

The pamphlet contains engravings of five different types of

these machines, with illustrations of friction clutches and coun-

tershafts. The engravings, printing and paper are all of ex-

cellent quality.

The J. T. C.vsE Engine Compant. New Hritain. t'onn.

This firm send us a neat folder and small jiamphlet, 5J X 6J,

27 pages, in which the engines made by this firm are fully and

very well illustrated. These consist of small engines varying

from 2.7 to 35 H. P. It is not easy to explain the peculiari-

ties of these engines without engravings. To understand

their construction, the reader should imagine a solid cylinder

with its axis horizontal and held so that it can turn iu bear-

ings like the journal of a shaft or axle. Now, suppose that

this cylinder has a cylindrical hole bored in the middle of its

length, the axis of which is at right angles to that of the solid

cylinder, and that a piston is fitted in this cylindrical hole,

with a rod connected directly to a crank below. It is obvious

that the piston can work in this hole like any ordinary piston

working in a hollow cylinder, and that the solid cylinder in

which the cylindrical hole is bored can oscillate in its bearings.

Its action, then, and that of the piston will be similar to that

of a cylinder of an ordinary oscillating cylinder engine, the

difference being that the diameter of tlie trunnions is some-

what greater than the whole length of the engine cylinder.

In fact, it is one oscillating engine with trunnions large enough

to contain the cylinder and piston.

This method of construction is applicable onlj' to small sized

engines. They are made of various patterns. The cjlinders,

piston-rods, and cranks are all inclosed inside of a casting,

which is made in the form of a stand, a bracket, or a hanger

for convenience of api>lieation to various kinds of light work.

The engravings in liie volume before us are very good,

although the construction of the engine would have been

made clearer if longitudinal and transverse .sections had been

given of one of the engines.

The cover of the catalogue is especially neat in design,

color, and typography.

Wklls Uai,.\nceu MAUiNii K.NGiNiis. By the Wells Euyinc
Company, 91 Liberty Street, New York, 5 X 7^ in., 19 pp.

The purpose of this pamphlet is to describe various forms of

the Wells compound and quadruple expansion marine engines.

The engine consists of two vertical tandem cylinders, the

high-pressure, or smaller cylinder, being below the larger, or

low-pressure cylinder. The former has a single piston rod,

which is connected with a central crank in the usual way.

The low-pressure ])ist(in has two piston rods which are jjlaeed

on each side or "'straddle" the small cylinder, and are each

connecled by separate comiecting-rods with cranks opposite to

the central crank, to which the high-pressure piston is con-

nected. The two pistons, therefore, move iu opposite direc-

tions, iuid as their weights arc ma<le equal, they of course

balance each other, or, as stated by the author, " the high and
low-pressure pistons with their connections, being e(iual in

weight and attached to oppo.site ends of the levers, moving in

ojijiosite directions in the Kame plane, the thrust of one is per-

fectly counteracted by the other permitting ' any ' speed

without vibration. ... The weiglits and forces being

equally applied to opi)osite crank-pins, moving in ojiposile

directions in the game plane, the cranks become the beams or

levers of balance, and there being no weight of parts to be

lifted and no friction due to steam pressures to overcome, the

steam forces applied to the pistons and the momentum forces

stored in its moving parts are all transformed into crank

motion."

It is claimed—and there is good reason for the claim— that

these engines will run steadier than other engines, and will re-

lieve the hull of a boat or ship of all strains, jar and vibra-

tion. Increased power, more economy of fuel, greater dura-

bility, and less weight are all claimed with a caiiacity for

higher speed.

The quadruple-expansion engines have two pairs of cylin-

ders placed side by side, and connected to six cranks on the

main shaft.

The ])amphlet is well printed, the engravings are good, and

the engine tlescribed has much to commend it.

Illustrated Descriptive Catai,ogi-e of Lahou-Saving

Patent Wood-Working JIacuinery, Manufactund by

J. A. Fay & Company. Cincinnati, O., U. S. A.

This is one of the most magnificent trade catalogues that

has ever been brought to our notice. It is 7A X IH 'u. on

size, and contains 337 pages of engravings and text printed in

heavy coated paper. The*e are bound in llexible covers of a

very highly ornamental design, on which are represented fac-

similes of the different medals awarded the firm at different

exhibitions.

In the introduction it is said that this new catalogue is in

tended for " the users and those interested in the progress and

improvements made by us in wood-working machinery, since

our 1885 edition, for the rapid and economic conversion of

wood into the many diversified uses, inirjioses, and shapes

demanded by the present necessities, new methods and sys-

tems of i)laning nulls, sash, door, blind, furniture, wheel, car-

riage, plow, and agricultural-implement shops, railway and

car works, arsenals and navy yards, etc. . . . The
variety of the machines has been increased until they now
reach nearly 400, and the wants of every class of manufacture

have been anticipated."

The book begins with "suggestions" for ordinary niachines.

These are followe<l by rules and directions for arranging shaft-

ing, with engravings of couplings, pulleys, hangers, etc.,

manufactured by the firm. This is followed by illustrations

and descriptions of planing machines, of which there are 32

engravings. Ten of these are printed on folded insets. With
one exception they are all ordinary wood engravings of the

very best kind. The descriptions of the machines arc ample.

At the close of this department various tools and ajipliances

used with these machines are illustrated and di.scribed.

After the planers, nine different kinds of .>-ash and molding

machines are illustrated and deseril)ed. This i)arl is supple-

mented by illustrations of various kinds of cutters vised on

these machines. Kiglit ditferent kinds of panel, sash, and

door machines are shown, two jointing and hand jjlaning

machines, six varieties of wood-workers, with illustrations

showing the different kinds of work and methods of doing it

on these machines.

Five molding machines and specimens of work done on them
an: illu.strated, a nvunber of carving and dove tailing machines,

12 diQerenl kinds ol tenoning machines, two car gaining

machines, over 30 boring and mortising machines, nearly 50

dilfercnt kinds of sawing machines, 11 wood-turning lathes,

eight or 10 f^aud-paiiering nnichines, and 23 machines for mak-
ing small wheels, are elaborately illustrated and described.

Besides these, there are many illustrations of small tools used

in connection with the larger machines.
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The book cml.s with a gooil index, wliich is very mucli to bi^

commenfled.

It woulil be difficult to praise the engravings too highly.

They are all examples of the very best illiistralions of this

kind. There is no sort of ilUislration by which a machine can

be shown so perfectly as it can bo by wooil engraving when

the work is done by a master in the art. All the engraving in

the Messrs. Fay's book is of the very best, and this is also true

of the typograph3'. The whole book is very creditable, and

worthily represents the firm by which it has been published.

NOTES AND NEWS.

John Fritz Receives the Bessemer Medal.—At a meeting
of the Council of the American Society of Mechanical Engi-

neers, held in June—the report of which reached us just too late

for publication in our July number—resolutions were adopted
congratulating Mr. John Fritz on the action of the Iron & Steel

Association of Great Britain in conferring on him the " Bes-

semer Medal." Mechanical engineers in this country generally

will agree with the resolutions of the Council, that the " ge-

nius, skill and industry" of the recipient have merited the dis-

tinguished honor conferred on him.

Appropriation for Flying Machine Experiments.—The
Bavarian .Ministers of the Interior and Education have made a

grant of l,(i(l() marks to the Aeronaut Koch for an experiment
with his guidable flying machine.

Ventilation for the Pennsylvania Train Shed at Jersey
City,—The Pennsylvania Railway is putting in an elahorate

apparatus for the purpo.se of ventilating the train shed at Jer-

sey City. Contrary to the expectation that it would be well

enough ventilated l)y natural means, it is found to be very
hot in warm weather, and is rendered worse by the many
locomotives running in and out or standing on the tracks.

The Slurtevant system of ventilation by blowing cold air from
below has been adopted.

Cast-Steel Bells.—Ilcrr Thomas Krause, Musical Director
of the choir in llie church of St. Nicholas and St. Mary, in

Berlin, recently inspected the foundr3' for cast-steel bells of the

Bocheimer Company, at Bochvim. He writes to the Sunday
edition of the Iteichnhoter that the material from which Ijclls

should be cast lies between bronze and cast steel. Although
the proportions of bell metal (78 parts of copper to 33 parts of

tin) are well eslablished. the ditticulty of procuring a pure,

sweet tone lies in the fact that \matlulterated metals, and espe-

cially tin, are almost impossible to procure. The use of a tem-
pered cast steel causes much less care and anxiety. Its prepa-
ration puts an end at once to all adulteration, for, for a given
chemical composition, only certain raw materials can be u.sed.

As to which is the best, cast steel or bronze, is a mooted ques-

tion. Bronze may be cast so as to give a perfectly sweet, clear

lone, while cast steel does not ordinarily reach the same de-

gree of perfection. Again, take the old cast-steel bell made
by the Bochum Company in 1860 and sent to London. It

has a har.sher tone than one of bronze would have ; but if its

iron clapper were replaced by one of bronze this harslincss

would no longer exist, but the tone would be stronger and
more penetrating than that of a bronze bell. A cast-sleel bell

costs about one-half as much as one of bronze, while they can
be furnished of any desired size, tone, and softness of effect.

Novel Method of Photographing the Camp of an Enemy.
—An exceedingly interesting English invention consists of a
camera combined with a piu-achute, especiall3' designed for

obtaining photographs of fortifications and of the camps of

the enemy, although pictures may also be made for general
surveying purposes. The parachute is snugly folded in a thin

case at the end of a rocket, which is fired to the required
height and burst open by means of a time fu.se. The exjilo-

sion sets free the parachute, which is protected from injury
by means of a casing of asbestos. The parachute has a num-
ber of thin luiilirella ribs, and these are forced outward and
kept in that position by means of a strong spiral spring.
From the jiarachute a camera is suspended, luid a string

held by the operator is attached by a universal joint to the
bottom of the device, for the purpo.se of pulling the parachute
back. The camera is titted with an instantaneous shutter,

operated by clockwork, so as to give several exposures at

intervals. At the back of the box is an arrangement by which
the plates can be manipulated the .same as clockwork. A

swinging motion can be given the camera by the operator,

and This will enable him to obtain successive pictures over a

wide area.

The whole arrangement is exceedingly ingenious, and if it

can be emplo}'ed jiractically it marks an important step in the

science of modern warfare.— Chicago Timcu.

Determination of the Amount of Chromium in Steel.—A
volumetric metliod for determining the amount of chromium
in a specimen of steel has become a great metallurgical desid-

eratum since the good qualities conferred upon steel I)y its

addition have become generally known. Such a method is

(lescribcd by G. Giorgis. of the University of Rome, in the

AM of the AcriHUmia dei Lined. It is founded upon the

formation of potassium chromate and hydrated manganese
sesquioxide on adding a.solution of potassium permanganate
to a solution of sesquioxide of chromium in potassium hydrate.

Ten granunes of llie steel are di.s,solved in a mixture of sul-

phuric and nitric acids (3 to 1), the .solution is made up to

1 liter with distilled water, and 2.")0 c.c. are made just alkaline

with sodium hydrate, and treated with hot permanganate of

potash till the solution assumes a red color. After cooling

the whole is poured into a flask of 500 c.c. capacity, filling up
with water ; 400 c.c. are filtered through a dry filter, acidified

with sulphuric acid, reduced by SOg, and concentrated to 200

or 100 c.c, according to the quantity of chromium probably

present. Donath's method may then be employed, consisting

in the addition of the chromium salt prepared as above de-

scribed, to a measured quantity of a standard permanganate
solution, and watching for the golden yellow color assumed
by the mixture when the permanganate is all dissolved

—

i.e.,

when all the chromium exists in the form of a chromate, from
which the amount of chromium is easily calculated. It is said

that this process is extremely accurate, and requires only a
small fraction of the time required by gravimetric methods.

The Detection of Weak Smoke Tubes in Tram Loco-
motives.—Referring to the frequency of the failures of smoke
tubes in the boilers of tramway locomotives, and the difficulty

of detecting weak tubes in time to avert collapse by means of

the hydraulic test, Mr. Edward G. Hiller, Chief Engineer of

the National Boiler Insurance Company, recommends, in his

report for 1802, just issued, that the fire box ends of the tubes

should be regularly tested with a prodding tool, as shown in

the accompanying illustration. If the parts are seriously

wasted, a moderate i)ressure with a little leverage exerted by
hand by means of (he tool sketched will easily cause an indenta-

tion in the thin tube, which can then be withdrawn and ex-

amined further. It is scarcely necessary to remark that for

METHOD OF DETECTING WEAK BOILER TUBES.

the proper use of this mode of examination the fire box should
be accessible, so that there may be no difficulty in getting to

every tube. Referring to .several instances in which serious
scalding had resulted in consequence of the blowing out of

plugs driven into the ends of defective .smoke tubes, he points
out the importance of such tubes being renewed at once, perti-

nently remarking that plugs of the nature referred to have re-

lieatedly provecl themselves to be unreliable, and on many
occasions have given rise to serious accidents.

The Three Classes in Europe.—A table which appears in

the Bulliiiii cle Slatistiipu' it dc l.erjidatioti Comparic, which is

published by the French Jlinistcr of Finance, exhiliits the vast
disproportion of the number of railway passengers carried in

the different classes of carriages in various European countries,
which is interesting.

In the first-class the proportion of the whole number of pas-
sengers jcarried]Jwas, pcr"cent. ;]^Germany,f0.6.';"Austria,^1.2

;
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Jjiissia, 1.4 : Switzerland, 2.2 ; Great Brilaiii, 3.G ; IJeliriiim,

3.9 ; Italy, 4.8 ; Ilollaiul, 7.0 ; and Franee, 8.0.

In the setdnd-cla.ss the iiropnnioM ]ier cent, was : Russia,
7.1; Great Britain. 8.1 ; Gerrnan\ . 10.2: Auslria, 12.7: Bel-

SiuMi, 12.8 ; Switzerland, 19.7 ; "llollaud, 23.0 ; Italy, 20.9
;

and France, 30.0.

In tlie Ihinl-class the percentage was : Russia, 91. T) ; Ger-
many, 89.2; Great BriUiin, 88.3; Au.slria, 8(i. 1 ; Belgium,
83.3"; Switzerland, 78.1; Holland, 70.0; Italy, 69.3; and
France, .5(5.0.

The proportion of receipts from the tirstclass was : In
Prance, 21.0; Italy, 17.5; Holland, 1().6 : Belgium, 14.8;
Great Britain, 12.4 ; Switzerland, 11.4 ; Austria, 7.5 ; Uu.ssia,

0.2 ; and Germany. 4.9 jier cent.

The percentau'e of receipts fr.jm the second-class was : In
Italy, 3G.G ; lloiland. 36.2 ; Switzerland, 34.4 ; Austria, 27.6 ;

France, 27.0 ; Germany, 26.9 ; Belgium, 35.1 ; Russia, 10.1 :

and Great Britain, 10.1.

Tlie percentage of receipts from the third-class was : In
Great Britain, 77.0; Germanv, 68.2; Austria, 64.9; Russia,
64.1 ; Belirium, 60.1 ; Switzerland, 54.2; France, 52.0; Hol-
land, 47.2 ; and Italy, 45.9.

It should lie noted that in the third-class, l)oth for receipts

and numbers, are included all classes below the second-class.

Testing the Hardness of Metals.—In Dingler's Polytccli-

nisr/us Jouriitil of Decemlier 16, 1892, there is a description of
a new form of apparatus in use at the Koyal Research Labo-
ratory, in Berlin, for testing and comparing hartlness of differ-

ent substances.

The substance to be tested is prepared with a smooth or
polished face. The principle utilized is the varying breadths
of scratches made on such surface by a diamund point under
constant pressure. The point is made as nearly as possible
conical, with an angle of 90°. Hard steel and steel plated
with iridium have been tried, but are not as satisfactory in

action as the diamond.
The apparatus includes a beam balance for producing any

desired pressure on the diamond point, which is attached to

one end of it, and a holder for the substance under test. The
liolder is arranged to slide on a track, and as it is moved to and
fro a transverse motion is given, thus resulting in the ruling
of a scries of lines on the surface.

The breadths of the lines are then measured by means of a
microscope with eyepiece micrometer, the results being noted
in any convenient unit. The hardness is then taken as in-

versely proportional to the breadths of the lines.

FoUowinir are some results expressed in arbilrarv measure :

Lead, 168 ; tin, 234 ; copper, 398 ; zinc, 426 ; nickel, 557 ;

soft steel, 765 ; glass, 1,355 ; hard steel, 1,375.

Alloys of copper and tin were tested with the following
results :

.-Composition.^
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The second shell hail a velocity of 1,325 ft. u second. It went
through both plate and backing and fell 9 ft. in rear of the

target. It was practically undeformed when examined. In

tlie contract reipiirement shells of this larj^e caliber nin.st. to

be acceplable, go through plates without serious distortion or

break. Both shells used met the requirements in a highly
satisfactory iriauner, and the lot which they represent will be
accepted. Three other representatives of the same group were
tried later during the tests of the Indiamt's barbette armor, to

which allusion is made under another heading, and in these

also the test was highly .satisfactory. The trials demonstrated
the superiority of both material and workmanship, and it is

probalile that tlie shell could have been tired again from the

gun witliout much danger of increaseil distortion. The only

distortion observable after measurement of the shells fired in

the first test was about ^^^ of an inch.

Spontaneous Combustion of Coal.—With respect to the

ventilation of a cargo of coal, with the idea of removing infiam-

mable gases. Professor Clowes, of Nottingham, England, has

pointed out that this might itself be a source of danger. Four
colliers were loaded with coal from the same seam, and by
means of the same tips. Three were ventilated and proceeded
to their journey to Aden. None of these reached the port,

being alllost by the spontaneous firing of their cargoes. The
fourth was not ventilated, and it reached Bombay in .safety.

There was little doubt that the air enclosed in the cargo was
insufficient to give rise to dangerous heating, and that the

introduction of additional air by ventilation enabled the heat-

ing to occur by supplying the requisite air. Coal which had
heated in the air and begun to cool again was safe from risk

of further heating ; hence, storing coal in the air for a suffi-

cient length of time Ijefore loading was a precaution which
would be calculated to insure the safety of the cargo.

The following practical conclusions were submitted as de-

ducible from the facts presented : 1. The danger of spontane-

ous firing of coal in large lumps is very slight ; it is much
greater with small coal, and greater still with dust. The
increase of danger is due to the larger extent of surface ex-

posed to the air in proportion to the mass of tlie coal. 2. Air-

dried coal which contains more than 3 per cent, of moisture is

dangerous ; if it contains less the danger diminishes, as the

amount of moisture is less. The moisture present in the coal

is a rneasure of its aljsorptive power for air, and the most
absorptive coal is the most dangerous. 3. The danger is some-

what increased by the presence of pyrites, in large quantity,

not because this heats the coal to any appreciable extent, but

because, when moistened, it swells—breaking up the coal and
exposing a larger surface to the air. 4. Newly mined coal

should be shielded from the air as much as possible, to prevent

the chance of rapid heating, and for the same reason it is best

not to stack it in large heaps, since these retain the heat.

Ventilation of the coal often adds greatly to the risk of spon-

taneous firing. 5 All external sources of heat, such as steam
pipes, boilers, and hot flues in the neighborhood of the coal,

add very greatly to the risk of firing. Spontaneous heating

becomes vastly more rapid when it is thus assisted by outside

sources of heat.— Ooal Trade Journal.

The Launching of a Big Ship.—Before actual construction

begins, the builder of vessels which exceed the u.sual weight

and dimensions has to dcciile upon the gtrength and solidity

of the building Ijerth, its direction relative to the water, and
the amoiuit of declivity of both the ground and tlie keel

blocks. The problem in the case of these two big ships was
quite serious for the Fairfield establishment. A vessel 620 ft.

long and weighing approximately 9,000 tons, and having a

very fine after-body, had to be launched stern foremost down
an inclined plane into the water with a run of only 000 ft. from
the end of the ways before she would be brought up by the

opposite bank—that is, she had less than 300 ft. in excess of

her own length in which to come to rest. The company first

altered the angle at wliich vessels had been previously launched,

so as to give the utmost possible scope within which to arrest

the progress of the ship. Tlie site of the berths was changed,

although a disadvantage arose from the fact that the original

ground for the new berths had not been consolidated by pre-

viously bearing the weight of heavy vessels. This drawback
was overcome by driving extensive piling at the extreme outer

end of the ways, gradually tapering up until single piling

surticed, the vessel being supjjorted thence on cross logs sunk

into the ground the usual distances apart. These alterations

cost tens of thousands of dollars, but it is saiil that by this

means, and without further changes, it will be po-ssible for

this company to undertake the construction of Atlantic steam-

ers of dimensions fully covering the probable evolutions of the

future. The elUciency of the scheme of consoli<latinu may be

held to be evidenced by the fact that when the last sighting

of the keel of the Ci(ni.pania was taken, immediately prior to

the launch, it was found that on any one part the deviation

of the keel from the true level did not exceed a quarter of an
inch. To insure that the way on these great steamers would
not carry them to the oppo.site bank when afloat, the check
and drag arrangements were of the heaviest and most care-

fully conceived desciiption. The}' were so successful that

Ihey brought up the two vessels in about 60 and 100 ft. re-

spectively from the enil of the ways. Truly it is a great

undertaking to lower a fabric of 7,000 to 9,000 tons 20 to 30

feet into the water, and the forethought and concern connected
with the launching of such vessels begin almost with their in-

ception.

—

Enr/ineering.

Test of Armor Plates.—The test of armor plates held at

the Indian Head ]iroving grounds on July 11th were for ac-

ceptance and for premium, it hailing been stipulated that if the

plates resisted penetration under a certain prescribed velocity,

the makers should receive a premium of $30 a ton in addition

to the contract price of $575 a ton. The first test was a 9iu.

plate, 6 ft. and 4 in. wide and 9 ft. 7 in. long, a sample of the

side-armor of the monitor Monadnock. It was nickel-steel,

weighed 10 tons, and was made by the Carnegie Company of

Pittsburgh. Three Ilollzer projectiles, weighing 250 lbs.

each, were fired against it from an 8-in. rifle, the muzzle being

58 ft. from the face of the target. The first projectile had a
velocity of 1,400 ft. a second at the moment of impact, and
penetrated the plate and oak backing to a depth of 11.7 in.

The second projectile, witli|a striking velocity of 1.683 ft., went
through the plate and 3 ft. of oak backing, and lost itself in

the earth against which the butt was built. The third pro-

jectile had a velocity of 1.530 ft., and penetrated plate and
backing to a depth of 14^ in. The plate well withstood the

strain of the attack, no cracks being perceptible, and it fully

met every requirement for acceptance, but the result of the

second shot deprived the makers of any chance for the pre-

mium.
The test of the second plate was an exact duplicate of the

first in its results. It was a sample of the curved plates for

the barbette on the Indiana, made by the Bethlehem Com-
pany, and, like the first, of nickel steel. Its dimen.sions were
8 ft. 4 in. in height, 12 ft. 1 in. in length, and 17 in. thick,

forming a mass weighing 31| tons. Like the Monadnock plate,

it showed no cracks under the terrific strain to which it had
been subjected.

Even more satisfactory than the showing made by the plates

was that of the projectiles. The 8-in. shells were of the

Iloltzer conical pattern. Four of the shells that were recov-

ered appeared wholly unchanged to the unpractised eye of

the layman, and the gauge showed that they were disturbed

to such a small degree that they might again be fired with the

attachment of a new strip for rifling. Some idea of the force

with which the shells struck the face of the plates may be

gained from the fact that the energy of the last shot firid was
equivalent to the force necessary to move a mass of 21,600

tons through 1 ft. of siiace.

A Snow Blockade on a French Railway.—The snow in

France has. this winter, been exceptionally severe. In one
night the whole of the country between Charlres and Ponl-

gouin, a distance of 24 kilometers (nearly 15 miles), was cov-

ered with snow to a greater depth than has previously been

known within the memory of living man, and whole trains

were snowed up.

Immediate orders were given to the officials of all depart-

ments of the railway service, the working of which were

affected by the block, to clear the lines, which work was
etfected in a week with marvelous rapidity. Under the

supervision of the heads of the various departments, a staff of

about 600 men brought from all parts of the line, assisted by
troops requisitioned from the military authorities, one of the

lines was cleared for traltic within a short time of the com-
mencement of the block. The other road, which was more
thickly embedded, took- a much longer time to clear. The
workmen shoveled away the snow which had accumulated in

the cuttings, and thus 'facilitated the work of the six snow
plows which completed the clearing of the line.

Frequently, however, in endeavoring to pierce banks of

snow several kilometers in length and of from three to four

meters (10 to 13 ft.) in depth, five of the snow plows coupled

together were unsuccessful in the attempt ; but in the end,

thanks to the excellent organization, the clearheadedness of

those in charge, and the steady work of the employes of all

grades, two (rains, which had been literally buried in the

snow, were at length reached and disinterred. The passengers

had, of cour.se, left the train at the commencement of the

snowstorm, seeing what was liliely to occur, and had walked
through the snow to a ueighboring village.
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One of tlusc trains liad loft St. N'azairc on tin- Saturday
evenin;;. anil did not arrive in I'aris till the fdllowiiii,' Satur-
dav. uftor bciiii; l)urii(l under tlic snow lu'arly 1")0 hours.

To rcnit'ily llicsc acciilcnis due to unforeseen causes, wliich

niijiht liav<' .serious con.seiiuenees. and which lause delays so

di'lriniental to the proper working: of the trallic. it has heen
decided to erect on the windward side of the whole of the line

lielween Chartres. Saint Auliin, Saint Luperal, f'ourvillc and
Pontffonin, open palinsrs at an uniile of -I"). This palisading
will Ih' placet! at 20 meters (about Oo ft. ) from the cuttings,
and will prevent the drifting of the snow on to the line, and it

will so accumulate and form an insurmountable harrier and
screen for the railwa_y.

This .system of horizontal palisades, termed paniniiges (snow
screens), has been e.xperimented upon near Chartres with com-
plete success. Our engineers who have .^cen them in use in

Russia, on the princip.il railways, were struck with their ad-
vantage, and they have recommended their adoption here.

—

The Railway Herald.

lated in the furnaces only partially consumed. In our issue

for May 18, 1H77. we desciilic'd a system of coal-dust burning
introduced by Mr. (!. K. Stevenson, which had been e.\i>eii-

menlally tried in a Cornish boiler at llliickfriars. The fuel in

the form of a very coarse |)owder w.is ••nitomalically mi.\id
with the proper i|Uantity of air. and jiropelled therewith iiUo

a lireclay retort some S ft. in length placed within the boiler

Hue, where ignition and combustion took ])lace. Comparative
results showed that imdiT similar circumstances s.!{ lbs. of

water were evaporateil per pound of powdered coal against
G..5 lbs. ix>r pound of hnnp coal. It is stated that during these
experiments no smoke was produced, even when the air sup-
plied was reiluced to about the quantity ncces.siry to chend-
cally effect complete combustion. The principal drawback
to the extended application of powdered f\iel lies in the cost

of pidverizing it. which materially adds to the jirice of the
fuel, and in tlie dilliculty of keeping the fuel suspended in the
air current ; but the system has formed the attractive subject
of many experiments."

THE VESTIBULB TENDER EXHIBITKD WITH THE PULLMAN TKAIN AT CHICAGO.

VENTILATION.Powdered Coal and Smoke.—In our April issue we pub-
lisiieii an extract from Z.'AYcrtWwn regarding the working of a

system of dust fuel burning now being used in Germany.
Referring to the s.ame matter, the Eiir/inecr s.ays :

" Between
20 and ISO years ago this system attracted much attention, and
more recently in America, under the name of the MeCaidey
process, it hiis been pretty extensively adopted in the Pills-

burgh district as a substitute for the gradually diminishing
supplies of natural ga.s. At the i)resent time pulverized coal
driven into the furnace by a current of air is being experi-
mentally tried for boiler firing in Berlin, with, it is stated,

econondcal resulls, and an entire cessation of smoke produc-
tion, but although it has been nuich ]iushcd before the world
by till' newspapers, it does not ajjpear that the Berlin .system

presents nuich novelty. .lolin Bourne ajipears to have been
the first, about the year 1857, to advocate the use of dust-fuel

mixed with air and burned in furnact^s like gas, by reducing
the coal to dust and blowing it into a hot fire brick-lined

clmmber for ignition and cond)uslion. Mr. T. R. Crampton's
investigations, commenced in 1868, are well known to all inter-

ested in the fuel problem. Ilis experiments with du^t-fuel
were conducled in almost all kinds of furnaces, and in a
puddling furnace constructeif at the Royal Gun Factory,
Woolwich, he was able to jiroduce, with a cold-air supply, a
temperature so high that wrouglit iron was easily melled,
a result, be it remembered, absolutely impossible without re-

generation, if the fuel had first been converted into Siemens'
or Wilson's gas. Mr. Crampton, referring to boiler firing

with dust- fuel, stated, in a paper read before the Iron and
Steel Institute in 1873, that it was impos.sible to produce
smoke, and this view has generally been corroborated by
other investigators, incluiling .Mr. Ishcrwood. who cairied out
a series of experiments for the United States Government in

1876. No marked economy in the amount of fuel consumed
was shown in the American experiments, but it seems prob-
able that much of the dust escaped unburned, or was precipi-

Editor of the Ameuican Enoinekr and RAii.uoAn Joi'iiXAl. :

In the construction of passenger cars great advance has been
made in the interior fittings and decorations.

No end of mone}' is expended in this direction. Vide the

Pullman exhibit at the great Fair in Chicago. In jioint of

artistic beauty of <lecoration and ornameni, what can e(|ual it'?

In the all iuijiortant matter of ventilation the apiiliances for

this puriio.se are not eijual to the first nnlroad cars. Why is

this? Forty years ago the cars of the New York Central,

Pennsylvania, and nearly all the roads hail ]>rovision to get
fresh air in at the frieze, and the spoiled air was drawn out
through five or six 10 in. Kmerson ventilators in the roof.

The idea of ventilating a car by one set of openings was
looked on as absurd, sis it is now by those who have given the

subject any thought.
In a full pas,senger or sleeping-car the air becomes foul be

yond expression.

Do the niiignates that control such things know this ? Per-
haps not. They ride in their own special cars, and do not real-

ize what the ma.sses must endure. This is the most charitable

construction we can put on this neglect of what is the most
obvious requirement of a well-constructed car, whetlier for

day or night travel.

To ventilate a car : 1. Fresh air must be .idmitt<'d some-
where. 2. It mu.st come in without cold drafts. If cold draffs

are inciilenlal to the plan of admission it w ill not do for the

all-around purposes rei|uire(i. The aperture will lie closed by
the unlucky man who feels th<^ draft. lie docs not think
much aliout those who sit away in the nuddle of the car. 8. In

wint<r, when the drafts are specially objectionable, some
provision should be made to warm the air before its admi.ssion

to the car. 4. The outlets for the spoiled air shoidd l)e in the

clearstory, and so arranged that cold drafts, cinders or smoke
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will not come in. We simply state what are the requirements

necessary to insure good ventilation, leaving it to the car-

builders to carry out the details necessary to accomplish the

purpose. We are perfectly sure that we are correct as to the

theory, and surely there must be engineering ability enough
in the United States to produce something better than the un-

satisfactory methods now in vogue. We call upon all car-

builders and officials to wake up and try what can be done.

We have lived long enough under the glamour of splendid

cabinet, upholstery, gold and brass work, and the people, while

not objecting to the glamour, etc., demand the addition of a

little fresh air. C.

Our correspondent calls attention to the illusion which pre-

vails very generally, which is that an apartment can lie venti-

lated satisfactorily by simply providing openings for the escape

of air. Simple as the idea mpy .seem, a surgical operation

would be required in many cases to make people understand

that, in order to get fresh air into a car or room, there must be

provision made for it to enter, and for an adequate supply at

all times. There is very little difficulty in exhausting bad air,

the great trouble in venlilation is the admission of fresh air
;

Nevertheless, in nine-tenths of the efforts which are made to

ventilate cars and houses no attention at all is given to the

means of supplying pure air.—Editor Ambuican Engineer.

OBTAINING SPECIFIC GRAVITY WITH A PLAT-
FORM SCALE.

By Joitn F. Ward.

Engineers and others sometimes find themselves in situa-

tions where they wish to lind, without delay, the specific

gravity of some material found in the progress of the work in

hand, and the apparatus for making the usual test is perhaps
hundreds of miles away.

Fortunately it is usual, or at least frequent, in even the

most remote parts of tliis country, to tind at any reasonably

well fitted out ranch or mining or construction camp some
sort of a platform scale, which if properly used will find the

specific gravity of a specimen of 30 lbs. weight or upward as

accurately as is required for most purposes, and the larger the

specimen the greater the accuracy.
The way of getting at the result is to weigh the specimen

in the air, calling the weight W, then put a tub or otlier vessel

on the scale, and putting in enough water to cover the speci-

men to be tested, without overflowing, take the united weight
of the tub and water. Now suspend the specimen in the water
from some point independent of the .scale and tub in such a

way that it is completely covered by water and does not touch
the" tub. Note the increase in weiglit cau.sed by the immersion
of the specimen iu the water. This is the W(;ight of the vol-

ume of water disjilacedtby the specimen, and may be called D.
Divide the weight IFof the specimen by the displacement

weight D, and you have the specitic gravity, or in the shape
W

of a formula j. — specific gravity.

A VESTIBULE TENDER.

In our last issue we presented an illustration taken from the

photograph of the vestibule train exhibited by the Pullman
(Jompany at Chicago, showing the engine Columbus with ves-

tibule tender, which was built at the Baldwin Locomotive
Works. We now jiresent a side elevation of the tender on an

enlarged scale, showing the method by which the vestibule is

attached and the general outlines of the construction of the ten-

der. The tank and coal-bos with the water scoop remain un-

changed from the usual form adopted in regular work.
_
The

only change which has been made on the tender at all is the

addition of the Pullman vestibule, as it is shown. This con-

sists of a vestibule bracket, as it might be called, correspond-

ing to the end of a car, and ri.sing up flush from the back end
sill of the tender, just as the ordinary face of the vestible rises

from the end of the platform of a passenger car. The vesti-

buling arrangement is tlien fastened directly to this, so that

the action between the tender and the front car is identically

the same as that between any two cars on the train. While
this vestibule attachment will undoubtedly be serviceable in

the case of train robberies, as was suggested in our last issue,

on Western roads, there is a very strong sentiment in favor of

the vestibule attachment for protecting cars and trains from
ordinary accidents and the prevention of telescoping.

About a year and a half ago a certain New England road had

a train equipped with the vestibule attachments. The super-

intendent of motive power was very enthusiastio over the re-

sults, which he obtained in steady riding, and was positive

that increased safety would result. Speaking with his general

manager on the subject, he made use of the expression, wliich

he confessed seemed an exaggeration, in saying that if he

could have his way he would put a vestibule even on the ten-

der, hardly realizing that such a thing would be actually an

accomplished fact in the near future. There is very little to

be said in regard to the mechanical construction of this par-

ticular arrangement, inasmuch as it is clearly shown by the

engraving, but it is particularlv interesting from the fact that

while it is the first, it will [irobably not be the last one of these

attachments to be used.

TECHNICAL IMPORTANCE OF ALUMINIUM
AND ITS FUTURE APPLICATIONS.

The general effect of aluminium when used to alloy with

other metals Is the increase of their ductility when small quan-

tities are added, and of their ultimate .strength when the

amount employed is larger. A certain mean quantity there-

fore gives the' most favoralile results in both respects. The
aluminium-bronzes are the most generally useful alloys

;
in

the following table are some figures given by Tetmajer for

cast specimens :

Commercial
name.
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s))ccirio gravity is uot raised mucU above tliat of pure alu-

iiiiiiium, being 3.9.

Aluminium is troui)lesome to cast, forming blow-Iioles free-

ly, a defect whieli Coehn has attempted to remedy by the addi-

tion of sodium. The electric conduclivity of aluminium is

only 59 per cent, of that of copper, in spite of which it might
be used for field telegraph purposes on ncco\int of the saving
of weight. The conductivity of aluminium-brnnze is too low
to allow of its use for telegrai)h or tele]ihnne lines, for which
jiurposes it is otherwise widl suited on a(<'Ounl of its high ten-

sile strength. Pure aluminium, when <^ast, shrinks about 1.8

to 'J per cent. ; the shrinkage is dinnnished by the addition of

8 i)er cent, of copper. The loss by o.\idation on remelting is

ubout 2 to 6 per cent. The problem of soldering aluniirdum
satisfactorily is not yet com]iletely solved. Taking the ]uesent
price of aluminium at 3 1 cents (ler lb,, it is volume for volume
164 percent, cheajier than nickel, 11 per cent, cheaper than tin,

and only 20 per cent, dearer than copper.
TheOesterreichische Ali»ine MontangesellschaftusesalO-per

cent, ferro-aluminium in quantities of_0.25 to_0..5 per cent, as

for the sheathing of shijis. Nemetz has made many experi-

ments on the suitability of aluminium for the beams of analyti-

cal balances. Rolled aluminium sbiet has long been used with
success, but these later experiments were with the east metal.

Pure aluminium was too weak, and the alloys containing cop-

per had a tendency to form cracks during stamping. The best

results were obtained with an alloy of aluminium containing 3

per e(!ut. of fine silver and 2 per cent, of chemically pure co])-

per. the casting, after being dimini.shed in cross section about
0.2 to 0.8 millimeter by pressure, being bard and springy, free

from cracks, ami sliowing no tendency to llexure until severely

overloaded. The surface eotdd be polished with very fine

emery paper and oil, but with other polishing agents a rougli

porous aiipearauce was i)roduced, although the metal wsis

really free from ]iores. The alloy retains its condition better

than ordinary gilded beams, even after having been in use for

years. When aluminium is cast a .second time a certain quantity
of fresh metal must be ailded to avoid the formation of blow-
holes. Aluminium can be made into tubes by the Maunes-
mann jirocess.

Cl),\STl;UCT10N Ul 'J 111; 'INU-N Sl:1;1;\V bTKAMER "COV.i' 0.\ LAKli 'JITH At A.

an addition to Siemens- Jl.artin steel of sjiecial quality. The
action is a double one. The steel bath is quieter, anil blow-
holes are almost wholly removed. The addition of ferro-alu-
minimii is not found necessary for crucible cast steel. The
addition of aluminium has also been jiracli.sed by the Wit-
kowitzer Bergbau- und Eisenlmttengewerkschaftfor producing
sound castings, with success. The additional cost is qidte
trilling. The attempt to use aluminium as a substitute for
ferro-mangane.sc in the converter or in an open-heartli furnace
is rendered nugatory by the lightness of the nu'tal causing it to

float on the surfaceof "the bath, and there burn uselessly. If

added to the metal in tht^ ladle the surface becomes honey-
combed in an inexplicable maimer, so that the use of alundnium
is restricted to the removal of comparatively small evolutions
of gas in place of silicon, winch has long been used for quiet-
ing the metal and getting sound castings.

As regards the prevention of blow holes in copper, pho.s-

pnorus appears better suited than aluminium. It is staled that
according to the experience of the French Navy aluminium-
brass containing 2 percent, of aluminium has been found to

resist the action of sea water, and to be the most suitable metal

The future aiijilications of aluminium depend mainly on ils

price. There ajipears reason to think that the actual cost of

manufacture cannot by the |uesen1 pri>cesses f.-dl much below
l."> cents per lb. The author compares the cost of its |iroduc-

tion with that of iron. He finds that the |U'iceof tlie raw mate-

rial is eight times as great as that of iron for a given content

of the metal. Me calculates that the capital expenditure neces-

sary per ton of ahuninium is about 56 times as large as that

recpiisitc^ for an iron works. The cost of energy, even allow-

ing the use of water-power, is about three times what it would
be for iron. In addition to this an ex]iendilureof 1.5 cents ])er

lb. of aluminium is necessary for the carbon electrodes used.

From these figures it re.sidls that aluminitnii must be 6.7 times

.as dear as iron without reckoning the cost of the electrodes

—

that is, taking ju'giron at oidy 2 cents per lb., the manufactur-
ing cost of aluminiiun would be 13.4 cents per lb., or with the
addition of the 1.5 cents for electrodes mentioned above, 14.9

cents.

I'l-Df/riKS of tJit; Abiminium Tndiistn/.—A comparison is drawn
betw(;en three lOton disjilacement sailing yachts linilt of wood,
steel and aluminium, respectively. For the same strength the
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aUiminium yacht will have less than half the weight of the
others ; tin's will mean a larger amount of ballast, in order
that the displacement may he (he same, and a corresponding
lowering of the center of gravity Tims, in Ihe wooden vessel

the center of gravity will be 1.4 ft. ; in the steel vessel, 1.5 ft.
;

and in the aluminium vessel, 3.1 ft. below the water-line. The
stability of a vessel is greater the lower the center of gravity,

and the sail area is |)ropartional to the stability. For the
three yachts in question the sail areas will be in the ratio

1 : 1.00 : 1 35, and as the speed is proportional to the square
root of the sail area, this value for the three will be in the ratio

1 : 1.03 : 1.16. For the same displacement, then, the alu-

minium yacht is much the fastest. The ratio of cost may be
approximately staled as 1 : 1 : 1.8, but from this la.st figure

must be deducted the value which the worn-out hulk of the
aluminium yacht will still possess.

Great advantage as regards weight is claimed for tlie use of
aluminium framework for the windows of railway coaches ; it

should also be employed for parts of sewing-machines. An
alloy of aluminium with 17 per cent, of copper is recommend-
ed for slide-valves. For glue, gelatin and wax boiling and
melting pots, aluminium has the advantage that it does not
discolor the products, as do iron and copper, by forming col-

ored sulphides with the sulphur in the glue, etc. An alloy of
aluminium with 6 per cent, of copper is employed for watch-
cases in the Svvi.ss watch industry. Lithographic stones and
composing sticks of aluminium have been patented. A large

nnmberof small articles, such as penholders, billiard cues, etc.,

are made of aluminium by the Mannesmann method of tube
rolling.

Aluminium-bronze is being extensively u.sed for marine and
torpedo work ; it has a lower specific gravity (7.7) than any other
non-rusting metal (pliosphor-bronze =8.9). The "double
bronze" wire for telephonic use is an aluminium core with a
copper slieathing, its breaking strain is 96,700 lbs. per square
inch, and its conductivity is 69 per cent, of that of copper,
which is better than silicon-bronze of the same strength. The
5-per cent, bronze is well fitted for the ignition tubes of gas
motors on account of its resistance to oxidation at high tem-
peratures ; according to H. Schiff it is 17.6 times lessoxidizable

than copper, when heated in oxygen, apparently because the

layer of oxide first formed does not scale, and thus protects

the metal beneath. The 12per cent, bronze has been used for

some time for the needles of percussion caps.

With respect to the addition of aluminium to steel, J. O.
Arnold states that he has observed a temperature rise of more
than 100 immediately after the addition, and is of opinion that

the freedom of the casting from blow-holes is due in great

measure to the reduction of dissolved carbon monoxide by the
aluminium, lie has passed this gas over red-hot aluminium
and obtained alumina and carbon, and by passing carbon-
monoxide througli a molten steel containing aluminium he has
raised the carbon content from 0.30 to 0.51 percent. The addi-

tion of aluminium is recommended for all castings which are

to stand pressure, and is effected as follows : The aluminium
ingots are heated in a small ladle and some iron allowed to flow
on to them ; these are mixed until the mixture begins to solid-

ify, whereupon the mass of the iron is run into the casting ladle

and the aluminium alloy immediately poured in ; 0.2 lbs. of
aluminium per 100 lbs. of iron are recommended. The casting
is not made immediately after the addition of the fcrro-alu-

minium, but as soon as a thin scum makes its appearance on
the surface of the metal, which by this time will have cooled
to orange-yellow. The reason for thus waiting is probably be-

cause the contraction of iron containing aluminium is greater
than that of ordinary cast iron, so that the more nearly the

temperature approximates to the solidifying point when the
casting is made, the better this will be.

—

Iron.

TWIN SCREW STEAMER FOR LAKE TITICACA.

By J. G. B.

The accompanying engravings represent the work in prog-

ress on the reconstruction, on the lake shore, of the new twin-

screw steamer Coya.

As some of your readers may not be very well informed about
Lake Titicaca, perhaps a few particulars will not be out of

place. This beautiful lake is 12, .500 ft. above .sea level, and
the highest navigable lake in the world. It forms part of the

boundary between the south of Peru and Bolivia.

Puno, the chief Peruvian port, is connected with the coast

by a railroad, the distance being 325 miles. The managers of

the railroad also control the navigation on the lake.

liThe latter is about 120 miles long, and varies from^SS^to 45
in width, fre.sh water.
Two small steamers, about 100 ft. long, have been plying

the waters of this historic lake for the past 20 years, but the
need of a new and larger vessel has long been felt, as the " im-
ported" freight, merchandise, etc., for Bolivia has gradually
been increasing, likewise "exported" freight—silver, copper,
and lead ores, also quinine bark, coca. etc. The want has at
last been supplied in tiie twin-screw (steel) steamer Coya,
whose dimensions, etc., are as follows :

Length between perpendiculars, 170 ft. ; breadth moulded,
20 ft. ; ilepth moidded, 12 ft., and is guaranteed to carry 260
tons on a draft not exceeding 7 ft.

The hull was constructed by Messrs. William Denny &
Bros., of Dumbarton, Scotland, and the machinery by Messrs.
Denny & Co. of the same town.
After being erected in the yard, she was taken to pieces and

shipped to MoUendo, Peru, to be rebuilt on the lake.

The vessel has been constructed of the very lightest possible
scantling consistent with longitudinal strength, and has four
water-tight bulkheads carried up to main deck.
She is a flush-decked steamer, with a very long bridge amid-

ships ; this Is given up almost entirely to the accommodation
of first-class passengers, provision being made for 45.

A large dining saloon seating 35 is to be fitted near the fore
end of the bridge, and will be handsomely panelled, painted,
and decorated. State-rooms, large and airy, and a separate
and comfortable cabin is provided for the use of ladies.

She will be rigged as a fore-and-aft schooner. Machinery
consists of a pair of direct-acting, surface-condensing, com-
pound twin screw engines, arranged so that each propeller
may be worked independently of the other ; two navy boilers

16 ft. 6 in. long by 8 ft. diameter, and having in all four fur-

naces 3 ft. inside diameter; working pressure, 110 lbs.; two
cylinders, one high pressure and one low pressure. High-
pressure cylinder to work the starboard engine and the low-
pressure cylinder the port engine. High- pressure cylinder, 20
in. diameter ; low-pressure cylinder, 38 in.; stroke, 24 in.

Propellers built \ip three-bladed, shifting blade, both to work
outward when going ahead.

Tripping Gear.—A large balanced fly-wheel will be fitted on
each line of shafting, on crank-shaft coupling. Each fly-

wheel has notches cut in the rim so that, should the engine be
on the dead center, it may be assisted by a hand-lever en-

gaging in them. This hand-lever to be common to both en-
gines, and to be worked from starting platform.
The vessel has been specially built with a light draft, as,

owing to the shallowness of the water, entering and leaving
most of the ports is somewhat difficult. Nevertheless in some
parts tlie lake has a deptli of at least 1,000 ft.

The speed guaranteed for the trial trip to be not less than 10
knots.

AMERICAN AND ENGLISH LOCOMOTIVES.

(.Continuedfrom parje 321.)

Some years ago one of the distinctive features of American
locomotives was that we used a truck and our p]ngli.sh

brethren did not. Of late, however, they have conformed to

our practice, and now the use of the truck is very common
under European locomotives. It is not worth while to

spend any time in unprofitable discussion whether the use of

the truck under locomotives originated here or in England.
With the front axles of ordinary vehicles connected to their

bodies with king-bolts, it does not seem as though any very
great amount of invention was required either here or in Eng-
land to connect a p.air of axles to a locomotive in the same
way. The points of interest in the present comparison which
we are making will be the features in which the two trucks
differ in construction.
The following is the brief specification of the American

truck :

ENGINE TRDCK.

With square wrought-iron frame, cast-iron pedestals, and
center-bearing suitable for rigid center, with approved arrange-
ment for equalizing beams and springs.

WHEELS.

Four Krupp steel-tired spoke wheels, tires held by retain-

ing rings.

AXLES.

Of hammered iron, with inside Journals in. in diameter
and 10 ins. long.
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Tlie specifications for tlie Englisli trucli or " hogie" are as
follows :

BOGIE.

The bogie is to 1)0 made of the form and to the dinieusions
shown on drawing. The wheels are to be placed 7 ft. G in.

apart, center to center. The frame plates are to be of the
same quality as those siiecified for the main frames, 1 in. thick
and placed 2 ft. 7J in. apart. Tlie axle-box guides are to be of
the very best cast steel, of approved make, free from honey-
comb and all other defects. The tlauges are to be planed all

over and fitted to lem|)late. They are to be fixed to the frame
by bolls J in. in diameter, accurately turned, and driven tight
into the holes. The frames are to be lirmly secured to a cast-

.steel stay with J-in. rivets, zig/ag pitch. Great care nuist be
taken that the frames, when put together, arc perfectly jtaral-

lel and at right angles with the .steel stay. The cast steel

cross-slide is to be planed on its rubbing surfaces and bored
out to receive the bogie pin. Each side-controlling spring is

to be laminated, and is to consist of IG plates 21 in. wide and

J-',,
iu- thick. They are to be made of the very best cjuality of

spring steel manufactured from Swedish bar iron. Each
spring nmst be tiioroughh' tested before being i)ut into its

place by being weighted with two tons, and on the removal of
tliis waiglit it must resume its original form. The top plate
of each spring must be stamped with the maker's name and
date of manufacture and be to the same specification as the
driving and trailing springs. The plates are to be properly
fitted and tempered, and are to lie prevented from shifting
siile or end ways by nilis stampeil upon them. The buckles
are to be soufid forgings, and are to fit the springs accurately,
and are to be well secured by a short wrought-iron pin driven
while hot through a hole in the top of the buckle, and with a
hole in the top plate. Through the center of the casting form-

CROSS-SECTION OF AMERICAN EXPRESS PASSENGER
LOCOMOTIVE TRUCK.

ing the bogie-pin a wrought-iron pin 3 in. in diameter is to
pass, fitted at the bottom end with a nut and washer ; the hole
in the stay is to be elongated to allow for the lateral motion of
t he cross-slide. Each spring cradle is to be made of two York-
shin^ iron jilates 6 in. deep and It in. thick, with cast-iron dis-

tance pieces riveteil between them at each end ; these cast-iron
l)ie(H!s are to be provided with means of lubrication, and are
to be shaped to rest on the saddles foriued on the to]) of the
axle boxes. The springs are to be coujiled to the beams by
hooks as shown ; the pins through the hooks are to be of steel,

and the eyes of the hooks are to be case hardened. The
brackets holding the springs arc to be of Yorkshire iron and
are to be bolted to the frames with 1-in. turned bolts driven iu

a tight fit. The whole of the work is to be of the best descrip-
tion, and the bogie, when finished, must be perfectly square
and free from cross windings and according to drawings.

liOOIE WUKEt, CENTKItS.

The bogie wheel centers are to be of good sound cast steel

of ap|)roved make
;
quality, manufacture and tests same as

specified for driving the trailing-wheel centers. Each wheel
center to be turned to a diameter of 3 ft. 33 in., the rims are
to be 4s in. broad, 21 in. thick at center, to have 10 sjiokes IJ
in. thick at the booss and 4 in. deep, and at the rims ] J in. thick
and 3i in. deep. The bosses are to be bored out parallel to a
diameter of 7 in., and arc to be 1 ft. in diameter. The wheel
centers must be bored and turned strictly to template, so that
they shall be exactly alike. Each wheel center must be forced
on the axle by a hydraulic pressure of not less than 70 tons.
The wheel centers .are to be fixed to the axles without keys.

BOtilE AXLE HOX.

The bogie axle box to be of the best gun metal, keeps to be
of cast iron, to have bearing surfaces and provision for lubrica-

tion, as shown on drawing. The axle-box bearings to be /,, in.

shorter than the axle journal to give clearance.

liooiF. SPHINC.S.

The material, workmanship, method of construction and
testing of the bogie springs must be the same as for the driv-
ing atid trailing sjirings. The bogie S))rings are to consist of
14 plates * in. thick, 5 in. broad, to a span of 3 ft. 11 J in.

It will be seen that a noticeable diflerence in the two trucks
is the fact that the center of the English bogie has lateral mo-
tion, whereas the Amiriean trvu-k has not. This, of course,
lirings up the much-disputed question of whether there is any
advantage in having side-motion trucks on engines of the
general plan here illustrated.

It is, of course, true that if all the driving-whccds are
flanged, that an engine with a lateral motion truck can run
around or through curves and turnouts of shorter ra<lius than
is jiossible with a rigid center truck. On some of our older
roads, suclias the Baltimore it Ohio, and Boston A; .Mbany, the
front or main ]i;ur of driving-wheels on the American type of
engine were formerly, and may be yet. made without Manges,
in order to permit the engines to run over some of the verj'

short curves iu use on those lines. On curves of onlinary
radius neither of these expedients is required ; ami it is

claimed that with our American " swing trucks," on which
the weight of the engine is suspended by pendulous links, the
" nosing" or lateral movement of the front end of the engine
is increased, and that lateral motion is not required unless the
curves and sidings are unreasonably short. In the arrange-
ment shown in the English truck which we illustrated it will

CROSS SECTION OP ENGLISH EXPRESS PASSENGER
LOCOMOTIVE TRUCK.

be sven that the weight of the engine is supported on a lalerallv

sliding plate or block, the movement of which is resisted by
Iialf ellilitic springs on each side. Therefore before the Iruek
can move in relation to the engine it nuist overcome the fric-

tion of the sliding ])late and also the tension of one of the
springs. The amount of this tension may be so adjusted that
under any ordinary conditions of working the truck will have
no lateral motion, but would onl}' move when any abimrmal
lateral strain is brought on it such as would occur in running
into turnouts or curves of very short radius. Praelically,

then. Mr. Adams's truck, for all ordinary conditions of work-
ing, has a rigid, center, b\it in emergrneies it can move later-

ally. If the alignment of any road is such as to conqiel the
running of engines over places which will jiroduce abnormal
lateral strains on the flanges of the driving wheels by reason
of the shortness of the radii of curvature, then the expedient
employed on the Knglish truck would seem to be a very good
one. It is not required on the New York Central iV Hudson
Uiver Railroad, and on nearly all our lines it is found to be
more satisfactory to lay the track to suit t,he engines rather
than to build engines to run on curves which are in many ways
objectionable.

in the construction of the truck frames there is a very
mark(ul dilTerence. The main jiart of the English frame con-
sists of two .steel pl.ites 1 in. thick and 14 in. wide riveted to a
massive ca.sting which sui)porls the front end of the engine.
The main ]iart of the frame of the .\merican truck consist.s of
a bar whose section is 2 X 4 in., which is welded together so as
to form a rectangular frame 8 ft. SI.J in. long X 3 ft. i'ij in.
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wide. The center plate, which carries the weight of tlie en-
gine, is attaclietl to this frame and supported by a system of

trussing composed of bars of 4 X 1 ami li in. section.

The "axle-box guides"—or jaws, as we call tliem—ofthe
Englisli bogie are bolted to the sides of the steel plates, whereas
on the American truck they are bolted to the under side of the
rectangular frame. The spring of the latter bears against tlie

under side of the rectangular frame, or, perha|)S, it should be
said tliat the frame rests on top of the springs. On the Eng-
lish engine the springs are supported by eastings bolted or

riveted to the sides of the plate frames. It is thought that to

make so important a member as a truck frame to bear directly

on top of the .springs and axle-box guides is a much more
mechanical method of construction than it is to attach the
parts to the sides of the franu's, and thus subject thetu and
their fiistenings to very severe cross strains.

An inspection of tlie engravings will also show that all that

there is to resist the lateral pressure of the English engine against

or toward the rails is the stillness of the two 1 in. plates of the
truck frame. It is very questionable whether these would have
stiffness enough to prevent them from springing or bending if

they were used on some of our rough and crooked roads.

The truck wheels of the English engine are 3 ft. 9J in., whereas
those of the other engine are 3 ft. only in diameter. In order
to be able to i:se as large a wheel under the American engine,
it would be necessary to use a different form of guides and
cross-head, as wheels as large as those used by Mr. Adams
would come in contact with the guide bars if made as they are
in Mr. Buchanan's machine. Large wheels are of course an
advantage for fast running.
The journal bearings are 10 X 5J in. and 10 X (i in. respec-

tively ; the American engine is the heaviest and has the largest
journals. Probably if the difference in weight and size of
wheels is taken into account the journals of the English truck
are relatively the largest.

Of the wheels perhaps little need be said, as those used
under Mr. Buchanan's engine were made by Krupp, and Mr.
Adams uses wrought-irou wheel centers. It is, therefore,

hardly a question of European and American practice. It

may be said, however, that it is only very lately that the
merits of wrought-iron spoke wheels have commenced to be
recognized in this country.

lieference to the drawings will show that the truck springs
of the one truck are -1 ft. and those of the other 3 ft. long, the
foreign springs being the longer. The difference is in favor of
English practice.

It will also be observed that the bearing surfaces for the
support of the weight of the engine on the center of the truck
are very large on the English truck. It has always been con-
sidered that it is important that a truck should have capacity
for lateral adjustment to inequalities of the track. This is

perhaps important on unballasted and very rough roads, but is

much less so as the permanent way of lines is improved. With
fast speeds, ampluilc of bearing surface which gives stability

is then more important than latter adjustability.

PATENALL'S IMPROVED SYKES' SYSTEM OF
BLOCK SIGNALS.

By TitE .JonNSON Railroad Signal Co.mpany, Raiiway, N. .1.

(Concluded.)

IV.

In reading the following explanation of the operation of the
signal instrument whose construction was described and illus-

trated in our article last month, the reader should have before
him the engravings publislied in that number of the American
Ek<iinei;r.

Fig. 32, herewith, isadiagrannnatic plan .sinular to ligs. 1, 3, 3
and 4, published with our hrst article in the May number of this
paper, and shows a double-track road and three stations. In
fig. 32 some of the parts of the signal instruments and their
electric connections are indicated, with details omitted so as to
make their relation to each other clear. The stations are des-
ignated as A, B and C, as the}- were in ligs. 1, 2, 3 and 4.

The direction of the movement of the westbound and east-
bound trains is also indicated, as in the figures referred to. To
simplify the description as much as possible, only those signal
in.struments and the wire connections which nrfer to the west-
b.)und track are represented in the plan, and will !)( described
now. It shouhl be understood, however, that for an ordinary
double-track line the instrumctnts and systems of wire, with
the exception offline wires, are duplicated for the other track,
the construction and operation of the instruments and their
coiiuectious being the same for each.

In order to make the operation of these appliances clear, it

will be assumed, as it was %vith reference to our prelindnary
description of the block system, that wu have a train T, tig.

32, at station .1. and that A's signal is raised to indicate

"danger," and that he has asked li by telegraph or ringing

a bell to unlock his, A's, signal, so that he may be able to

lower it and admit llie train to section 2. If this section is

clear, li's indicator at o . tig. 21. would show that there was
no train on from .1, and his signal instrument would be in the

condition shown by tig. 20—that is, the operating bar »S" A'

would be pushed in to the extreme limit of its movement, the

vertical sliding-bar /, L, which carries the arm K, would be
raised up. During the upwanl movement of E the nose I"

would have engaged with the nose p" on the sliding plate ?',

and the top of this jil.ate, engaging with a shoidder on the plate

1, would have carried the latter with it. The slots in those

two plates (see tig. 2H) would thus be brought ojipositc to the

end of the plunger P, as also shown in fig. 20. Consequently
the plunger may then be pressed inward, and if it is it will

come in contact with and move the swinging arm A', as

shown in tig. 27, the movement of which would bring the in-

sulating block m' against the strip N, which carries the pin ii'

.

This produces an electrical contact between u' and Q.

By means of suitable wire connections—shown in fig. 32—this

movement will establish a complete electrical circuit from a h&i-

levy Z, at station/?, to station A, and through .4'«clcclro-magnet

M (shown in figs. 20 and 32). The effectof Jl's plunging is to

pass a current of electricity through A's magnet, which will

attract its armature /', fig. 20, and raise the latch g. This
•will unlock A's operating bar ;S' S and permit him to i>ull it

outward. This will unlock his signal lever and allow him to

lower his signal, and thus adnnt the train to section 2.

In fig. 37 it may be seen that when the plunger P is pushed
inward against the arm h' that the elongated .slot in the plate/
permits it to fall, so that ils nose p'' passes that of I" on the

arm E. When the plunger is withdrawn both plates can fall

into the position shown in this figure. In its descent the

plate /carries with it the indicator B', which brings the in-

scription " train on" behind the slot «', as shown in fig. 21.

so that/}'* indicator then reads, " Train on from A," which
means that A has or can now admit a train to section 3. It

will also be noticed from fig. 24 that when the plunger Pis
withdrawn and the plates /and/ have fallen into the position

in which they are shown in this figure, that it will then be

impossible to pu.sh the plunger inward again until these plates

have been raised up ; in other words, a signalman, having once
plunged to the station behind him to admit a train, he cannot
do it a second time until his plunger is released by raising up
the plates /and/. The means of doing this will be explained

presently.

Let it be supposed now that the train is on section 2, as

shown at 1", and is approaching station B, and that B's signal

is raised to indicate " r>AN(;ER," and that the .sliding or oper-

ating bar .S" ^S of his signal instnnnent, fig. 20, is then in the

position in which it is shown in the figure last referred to

—

that is, it is pushed inward as far as its limits of movement
will permit. His signal lever L, shown in fig. .I, would then

be locked. Before the operator at /> can lower his signal to

indicate that the lini^ in section 3 is " clear," and thus allow

the approaching train to jiass his station", his signal lever nuist

l)e unlocked. It has been explained that it is locked by means
of a latch k, shown in tigs. 10-17. This latch is released by

raising the rod C C", fig. 'J, which is connected to the rocker U,

fig 30. To raise this latch the horizontal sliding or operating

bar 8' S, of the signal instrument, fig. 20, must be moved out-

ward to the extreme linnt of its movement, or into the position

in which it is shown in tig. 2"). This movement will bring the

stud e' in contact with thi; shoulder e. This turns the rocker

about its center d and thus lifts the rod C and the releasing

latch k, shown in figs. 10-17
; but when the parts of the signal

instrument are in the condition shown in fig. 20, the bar .S" .S'

is locked by the latch .7, which engages in the elongated slot ft',

and the bar can only l)c moved outward a distance jiernutted

by the length of that slot. To disengage the latch the mag-
net .1/ must be energized so as to attract and lift the arnni-

ture/' and the latch with it.

It has been explained that the magnet .1/ is electrically con-

nect<-d by a wire 3 with the plate /-". The jilate J' is <-on-

nected by another wire 1 with a line wire leaditig from station B
to station C. As plates P and /*" are scparateil by noncon-
ducting material when the parts are in the position in which
they are shown in tig. 20, there is no electrical connection be-

tween them. Consequently it is impos.sible to .send a current

of electricity from station C through the line wire to the mag-
net 1) in B's signal instrument. In order to estjd)lisli <-lectric

commtinication between his magnet jV and station 0, the sig-

nalman at B pulls out the knob //and the operating bar H H'
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as fill- !is Ihe slot V ami latch (j will permit. This will bring

tlie lug c between the two abutments a ii'. At the same lime

the movement of the stud o" acting on the bell crank o" n m
and the stud m will depress the vertical bar L L, and the outer

end of the lever r q s and raise the contact-making .laws s s',

so as to establish electrical connections between the plates

P and P". Tills movement of S S will not, however, be suffi-

cient to permit the stud c' to engage with the shoulder e of the

rocker R, and therefore before A's lever can be released the

latch fj of his signal instrument must be raised out of the

notch b' so as to unlock the bar S 8. But, as has been ex-

plained, the latch g can onlj- be raised by Ihe magnet 3/ acting

on the armature/'—that is, the m-agnet J/ must be energized
by a current of electricit}' so as to aUract/' and raise the lever

G and its latch g.

The signalman at B having then drawn out the knob IT and
operating bar S S as far as the latch g and slot b' will permit,

and having thus established electrical connection between his

magnet j1/ and C's signal instrument, /> would then ask C by
telegraph or ringing an electric bell to unlock his, B's, oper-

ating liar. If the line between B and Cor section 8 was then
clear, C would do this by pressing the plunger Pof Ihe signal

instrument at bis station into the position in which it is shown
in (ig. 27. This action, as has been e.\plained, and as is shown
in tile tigure, produces electrical contact of the pin n' , on the

conducting strip N, with the conducting strip Q, thus creating

an clectric'al connection between A^ and (2. Referring now to

fig. 10). which releases his signal lever L, fig. 5. When the

lever (t, fig. 20, is raised up, it permits the lower end k of the

arm g' on tlie T-shaped lever h ij g' to engage below the end
of O and move toward the right. This movement carries the

horizontal arm h i' antl the vertical rod h W connected to it

downward. The latter, acting on Ihe short arm a" on the

shaft K, lowers the indicator B so as to bring the word
" cle.\b" (see tig. 26) in .sight behind the slot o, which indi-

cates to B that his operating bar is then free, and that he can
draw it out and release his .signal lever.

When the bar .S of the instrument at station B is moved to

its extreme outward limit, as shown in tig. 2o, the stud o", ixct-

ing on the bell-crank «" ii in, depresses the vertical bar J, L,
which in time acts on the lever r g s, raises up the circuit-

making jaws s s' past the plate /*" and breaks lis electrical

connection with /*, by which a circuit was formed between C"s

battery .2 (see fig. 32)^ and B's magnet 31, when n' was brought
inio contact with Q by the operation of C's plunger.

As the operating bar S in the instrument at station B is now
locked in its e.xtreme outward position by the latch d, and can
only be unlocked by the action of the magnet 3/, and, as has
been explained, the circuit between C's battery and B's mag-
net is broken by the movement of the lever r g s, when the

bar S at station B was drawn outward to its extreme limit, it

is obvious that when B's signal lever has once been unlocked
by C to enable B to admit a train to section 3, that C then

cannot unlock B's operating bar S' S a second time. As soon

ir
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DIAGRAM OF CIRCUITS OP PATENALL'S SYKES' SYSTEM OF BLOCK SIGNALS.

station O, in fig. 32, in which the relation of the principal parts

of the .signal instruments and their connections is indicated,

it will be seen that the strip JV is in i)ermaneut electrical

communication bj' a wire 4— al.so shown in fig. 20—with a line

wire >V"', fig. 32. and the strip Q is connected by a wire 5 with
a battery Z. This battery is connected by the wire 6 to the

line wire ?c" and thence by the wire 10 and 9 to the magnet M
at station B. This magnet is connected by the wire 3, 3 to

the plate P', which is placed in electrical communication
with /'' by the contact making jaws s s', figs. 20 and 23.

P", fig. 3:^. is permanently connected to the line wire W" by
the wire 1 1. •

It will thus be seen that if the signalman at B pulls out his

operating bar S' 8, fig. 20, as far as Ihe slot b' will permit, and
lias thus cslablished electrical connection between P and P',
Ills instrument is then in adjustment to have his operating
liar and signal lever released by the signalman at C. Having
done this, if he asks C to release the signal at B, and C plunges
to B, he

—

C—will, as described, create an electrical connection

at n' at station C, and establish a circuit from the battery Z on
the path 5, Q. n' W i, Tl-'" 1, 1, P", P, 3, 3, M, 9 10 w", 6 to Z.

The electrical current will thus flow from the battery at sta-

tion 6' through the magnet Mat station B, and will thus at-

tract the armature /', fig. 20, rai.se the lever O and latch g.

which releases the operating bar 8' 8.

B can now draw out the operating bar iS" .9 to the extreme
outward limit of its movement. In doing this tlie jiin e' oper-

ates the rocker R and raises the rod C" and latch k (shown in

as this circuit is liroken the magnet M loses its vitality and re-

leases its armature /', fig. 25, and allows the lever G and
lalch g to fall and engage with the notch b" whei^ the bar .Sis

drawn out to its full limit. When the movement of this bar
is completed s remains in contact with the plate P—which is

connected to the magnet jl/"—and s' is in contact with P", which
is connected by the wire 2. 2, 2 (see fig. 32), with a track cir-

cuit. E F G II Hi station B. This connection is .shown direct

to simplify the diagram, but in practice a relay is interposed
between the magnet i¥and the track.

The outward movement of the operating bar S 8, fig. 20,

also brings the cam J in contact with the roller ?•', attached to

the arm h i' of the T lever. The effect of this is to raise up
the outer end /; of the lever and the rod h li

,
which operates

the shaft K and raises the indicator B so as to display the word
" blocked" behind the slot o. When the arm g' is moved to

the left, the arm G fall.s behind the end k into the position

shown in fig. 25, and thus holds up the indicator until the

armature/" is again attracted by the magnet M. It will thus

be seen that as soon as Uie signalman at B or any other station

is permitted to admit a train to the section ahead of him, his

signal instrument indicates that that section is "blocked."
This indication cannot be changed until the magnet Jf is ener-

gized and attracts the armature/' and raises the arm O, which
will permit the arm g' of the T lever to move toward the right,

and the arm h i' and rod h N to fall, which will lower the in-

dicator B.

; It has been explained that when B plunged ^to A to admit a
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train from A to section 2, that the drop-plates Jand^" fell into

the position in which they arc shown in lig. 24, and elTeetually

loelicd B's plunger, and thus prevented him from plunging a
second time anil admitling another train to section 2 until

these drop plates were raised up. It has also been described

liow an electrical connection was estal)lished in B'n instrument
between the plate /* and /' ', when his operating bar .S" S was
pulled out into the posilitm in which it is shown in lig. 25.

Tlie plate P", as has also been exiilaincd, and as is shown at

station />', in fig. -i'i, is connected by a wire 2, 2, 2, 2, at j>, with
a rail Jf G of 11 track circuit A' F G If.

It will also be seen from the same ligure that the nuignet M,
at station U. is in electrical communication by a wire !), i), with

a battery .iy' , which is also connected by a wire 10, 1(1 to the

rail J'J /''"of the track circuit. When, lliercfore, the train which
is on .section 2 reaches this track circuit, and a pair of wheels
gets into the position m n, it will close an electrical circuit and
permit electricity to liow from the battery y' through the

path y 10 m ii'p 2 2 2 2 P" P S i M 9 to y'. ;Thc ellect of

this is to energize the magnet J/ of i^'« instrument and thus
attniet its armature / and raise the latch ;/, and thus unlock
B's operating bar S' S. He can therefore push it inward if

there is occasion to do so.

From tig. 2") it will be seen that when this bar is drawn out-

wardly to the full extent ot its movement that the vertical bar

A' A' is depressed, and that the nose I" on the swinging bar A'

comes below the nosey/on the drop-plate/. When the bar

S Sis pushed inward the stud 0", acting on the bell-crank
0" n m, raises up the vertical bar L L and &', which latter car-

ries the plates f and / with it, and thus restores them to the

position in which thc\' are shown in fig. 20. When the plate /
is raised up it takes with it the indicator B", so that the words
" TRAIN rAssKi)" will be displayed in the slot 0', and B's indi-

CJitor will read " Train passed from A." *

Section 2 now being clear, and the plunger of B's signal in-

strument being in condition to be operated, he can plunge
to A to admit auolher train to section 2, if requested to do so

by A. It must be kept in mind that before 7) can unlock A's
instrument, A must draw out his operating bar as far as the
elongated slot b', hg. 2'>. will permit, which will bring the lug
of his instrument c bctueen the abutments 11 n'. This move-
ment as explained establishes electrical communication (see

fig. ;i2) betiveeu the plate P and P' at his station, thus creat-

ing a circuit from station B on the path n' N 4 IF' 1 P" P' 3

M i) y w' a Z5 Q to n'.

It will therefore be seen that there must be a co-operation of

the signalman at each end of a section before a " clkak" line

signal can be given or received. The signalman at the end of

a section is powerless to allow a " cleau" line signal to be
given for the section behind him until the previous train,

which has been on that section, has passed over the track cir-

cuit at his station. This system, therefore, as it has been ex-

pressed, provides an " automatic system which interlocks with
the signalmen." This it is thought gives the highest degree
of safety attainable.

When a train has reached A, and he has set his instrument
to be unlocked by B, and i? has plunged to A, B's plunger is

then locked by the falling of the drop-plates ji" and /. These
cannot be raised in any other way than by first drawing the
operating bar .S" i' outward to the full extent of its movement,
so that the nose I" will come below ;>", and then by returning
this bar to its inmost [Josition. B's oitcratiug bar when in its

inward position is, however, locked by the engagement of the
latch r/ in the notch />', and can only be unlocked \>y C, the .sig-

nalman ahead of him. If C should do this, and B should then
pull out his operating bar as far as it will go, so as to be able
to raise the drop-plates, it would then be locked by the latch g
engaging with the notch l>", and electrical connection between
B and V would be broken. It would then be Impossible for B
to return his bar, and until he did this he could not plunge
to A. Under these conditions the only way that his operating
bar can be uidocked is by the passage of the train, which was
adnutted to section 2 when B plunged to A, and its passage
over his track circuit.

It will thus be clear that not only is it impossible forfi to

admit a train to section 2, until Ihe first one admitted has
passed out of it and on to the track circuit at B, but it is

equally impossible for C to plunge to B until section 3 is

clear.

When the operating bar of a signal in.strument ,it any station

is drawn out into the position shown in tig. 2.1, it is then im-
po.s-sible for the signalman to plunge to the station behind him.
lie is, however, free to move liis signal levers and lower his

* Sometimes tliie part of tlie indicator which is seen under these coDdi-
tloDS is left blank, so that 11 Ihcu rcoda "—— ritOM A."

signals to admit a train apiu-oaehing his station to the section

beyond. Having done this, it is now of Ihe utmost impoitanee
that a second train should not be allowed to enter this i^ection

so long as there is another train on it. It has been explained
that if through carelessness or misapprehension of any kind a

signalman should forget to return his signal to danger behind

a train, that provision has been made to guard against such
oversight. This is the electric slot instrument and track cir-

cuit, which was described in our second article, with which this

system of signals is sui>pleinented. Such a circuit is shown
in our diagramniatie plan, lig. 32, and is similar to the one illus-

trated in our article referred to. This is shown at each end of

the stations. Thus at station />, A B 1) C represents the track

circuit. If a train should pass the signal at this station ami
the signalman should omit to raise his signal behind it as soon
as the train reached the track circuit, anil a pair of wheels,

X y, produced anelectrical connection between the two rails;

the effect would be to short circuit Ihe current of electricity,

and instead of flowing from Ihe battery z" through the mag-
net sin the slot instrument in the path z" d c s g afto z". The
current would thus be cut off from the magnet in the slot in-

strument, and the effect would be to rai.se the signal at this

station in the manner which has already been described. In

practice a single-traclv circuit with a relay is often used for

both the electric slot and the signal instrument, .so that one
track circuit will answer for both. We have illustrated our
article with two track circuits, because their operation may be
followed more easily than is possible if the two are combined
in one.

It was also explained that the signal instruments for the

westbound track only are shown in fig. 32 and described
above. .S", *", S' are the signals which refer to the east bound
track. Duplicate .signal instruments, exactly similar to those

which have been described, are provided to control Ihe signals

on the east-bound track. Their connections are, however,
arranged so that the same line and track wires answer for

both sets of instruments.
The operation of this sj'stem of signals may be summed uji

as follows :

1. No .signalman can give a clear line signal without flic co-

operation of the operator at the next station ahead of him

—

that is, the man at the station ahead must unlock the signal at

the station behind him before it can lie lowered to indicate
" LINE cleah" for the intervening section.

2. A signalman at U station ahead cannot unlock the signal

at the station behind him a second time until Ihe train ad-
mitted from the station in front of him has pa.ssed bis station.

3. It follows from these conditions, as stated in our first arti-

cle, that a train can only be admitted to any block section

through the concurrence of the ojieralor at the entering stalion

with the one at the other end, and if a train has been admifleil

on any section under the .system described, such concurrence
is not possible a .second time until after the train has pa.ssed

out of the section. Therefore the S3'stem complies completely
with the law that " two trains cannot at the same time occupy
the same space or block section at the same time."
For the special modilication of the Sykes .system which we

have dcscrilicil, the inventor, Mr. Patenall, claims in his

patent :

" While my present apjiaratus embodies some of the generic
features of what is commonlj' known as the Sykes Block Sig-

nal System, it dillers therefrom in this, that while in the Sykes
system the signal operating levers are locked in both the posi-

tions of 'line blocked' and 'line clear,' my present appar-
atus provides for locking Ihe signal operating mechanism in

the po.sition of ' line blocked ' onl_v, leaving it, when in the

position of ' line dear,' free to be manijiulated to throw Ihe

signal either to "danger' or 'safety,' as may be desired,

while at the same time I provide means for jirevcnling
' phmging ' 'to a station in the rear a .second time until the

train sliall actually have passed out of the block and into the

next succeeding block. My invention further contemplates a

normally twice broken plunger circuit requiring an iiitenlional

setting of an instrument at any station before it can be suc-

cessfully plunged to by the next succeeding station ; means for

shifting the closed plunger circuit to the closed track circuit,

and the simultaneous breaking of the plunger circuit ; means
for regulating the movement of the iilunger and indicator in

connection therewith, and in various details of structure and
arrangements of jiarfs.

"

These signals are manufactured by the Johnson Signal Com-
pany, of Railway, N. .1., and are now in operation in the tun-
nel of the New York Central & Hudson Uiver Kailroad in

New York City, and on the southern portion of the Hudson
niver Division of that line ; al.so on the Shore Line of the New
York, Ne-v Haven it Hartford and Old Colony system from
New Haven to Providence.
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TWENTY YEARS' PROGRESS IN TURRET SHIP
CONSTRUCTION.

After consideruWe controver.sy auuut the comparative
merits of broadside and turret armaincnts for sea-going liattle-

sliips, tlic determination to l)uild mastless turret sliips for ex-

tended sea service, deiiending entirely on steam for purposes

of locomotion, led up to the design of the Iki'iistdtinn. Tlu's

vessel was completed in 1878, and at the brilliant naval display

wliich took place off Portsmouth in that year she was the

cynosure of all eyes, being the most powerful battle-ship of

the lleet, and represented tile latest ideas of naval designers.

Iron was the material used in her construction, and Uie pri-

mary features of the design were a low freeboard hull, 285 ft.

long X 02.25 ft. beam, with a displacement of 9,887 tons,

carrying two turrets on the middle line of the ship. A belt of

armor e.Ktended from stem to stern (tig. 1), having a maximum
thickness of 12 in. amidships and tapering to 10 in. toward the

extremities. On the turrets 14-in. plates were worked, and the

breastwork surrounding the tiuTets as a protection to their

l)ases was plated with armor varying in thickness from 10 in.

to 12 in. The total weight of armor carried represented 2 ilOO

tons. She was armed with four 12 in. 85-ton muzzle-loading
guns, mounted two in each turret, tiring a projectile of 700

Ihs. with a muzzle velocity of 1,890 ft. per second. This pro-

,i(!Ctile could pierce 14 in. of unbacked wrought-iron armor at

1,000 yards, the weight of the charge of gunpowder being 140

lbs. The motive machinery was of the direct-acting trunk
type, and on the official trial in 1872 a speed of 18,84 knots was
attained, the engines indicating 0,687 H.P. Her subsequent
behavior at sea fully justified the predictions of her designer,

and all doubts as to her stability and sea-going capabilities

which had been raised in the minds of the general public by
the capsizing of the ill-fated Captnin were set at rest.

As the spirit of progress moved forward, other tj'pes were
created, in which h}-draulic power replaced steam in the manipu-
lation of turrets and guns, and mechanical appliances performed
the work prcviousl}' accomplished by manual labor. Not only
did armor increase in thickness, but the artiller3' carried devel-

oped at a rapid rate both as regards weight and penetrative

power. An enormous step in advance was made with the lay-

ing down of \\\ii Inflcvible -Ai Portsmouth in 1874, both in offen-

sive and defensive power. In this vessel the complete armor
belt was abandoned, and only the citadel, which extended for

a length of 111) ft. amidships, afforded protection. The iron

armor was disposed in two thicknesses of 12 in. each, with a

layiTof wood between. The turrets were formed of steel-faced

armor 10 in. thick, placed en echelon above the citadel, and
worked by hydraulic power. I5y this arrangement all four of
her 80-ton weapons coidd be discharged simultaneously right

ahead, or astern, or on either beam. These guns were the

heaviest ever mounted on a British battle-ship, and the weight
of projectile fired reached 1,70() lbs., witha penetrative capacity
of 28' in. of wrought iron, at a distance of 1,0110 j-ards. She
was provided with propelling machinery which at the trial de-

veloped upward of 8,000 IT. P., and maintained a speed of 18.8

knots. The Iiijle.rihle was comideted in 1881, and in fighting

trim she has a displacement of 11,880 tons ; her length being
320 ft., and breadth 75 ft. Although weapons of smaller cali-

ber and thinner armor were adopted in sul)sequeut vessels, the

same elements of design as obtained in the Infle.rMe were em-
bodied in the Ajn.r, Agamemnon, Cidossiis und Edinburgh. The
two tirstnamed were built of iron, and completed in 1888.

They carried four 88-ton muzzle loading guns on a displace-

ment of 8.600 tons, and the maximum thickness of armor was
IH in. In the con.struction of the Gnlosuns and Edinburgh steel

was largely used instead of iron, the displacement was increased
to 9,420 tons, and 45ton breech loading weapons were mount-
c.l, capable of piercing 20.6 in. of wrought iron at 1,000 yards.

These vessels were laid down in 1879 and completed in 1886.

They were provided witli propelling machinery of 7,500 II. P.,
and in each case a speed of over 15 knots was realized. Com-
pared with the steaming capabilities of the InjUxlble this was
a markeil increase, and may be partly attributed to the change
of projjortions adopted ; for while the vessels measure 5 ft.

longer than the Inflexible, their beam is 7 ft. less, thus making
a considerable departure in the underwater form.
At a later period in the develo]iment of the turret ship opin-

ion .seemed to turn in favor of the concentration of the heavy
guns in a .single turret, and following out this principle, which
had been combined in the Rupert rtvxay years previously, the
Virliiriti and Sans Pareilv/ere- designed. The former was laid

down at Newcastle in 1885 and comjileted in 1890. An excep-
tionally jiowerful armament was provided for in the Victoria,

eonsislJing of two 110 ton guns mounted in a revolving turret,

and firing ahead or on either side ; one 80 ton gun firing

astern ; and twelve 5-ton guns, in addition to machine and

quick-firing guns. Besides the artillery armament, which ex-

ceeds in weight anything previously alluded to, she was
equipped with six torpedo launching tubes for the discharge

of Whitehead tori)edoes—an addition to the offensive power
rendered necessary by tlie rapid advancement of torpedo war-
fare. The armored Ijclt varied in thickness from 18 in. to 16

in., and extended over a length of 162 ft. amidships. Above
this belt the turret rested on a redoubt, the armor employed in

the construction of both turret and redoubt being compound,
18 in. thick. The Victoria has a displacement of 10,470 tons,

measuring 840 ft. in length by 70 ft. in breadth, and her ma-
chinery of 14,000 II. P. has propelled her at a speed of 16.75

knots.

A year after the Victoria was laid down, the first keel plate

of the Trafalgar was placed upon the blocks at Portsmouth,
and in this vessel, as well as in the Nile, a sister ship, the cen-

tral citadel system, containing two turrets, was again adopted :

the en echelon arrangement was, however, abandoned, the tur-

rets being placed in the center line of the ship. These vessels

were 5 ft. longer than the Victoria, with a beam 3 ft. greater,

and the normal displacement was 11,940 tons, or just 60 tons

in excess of the Infle.rible's displacement. In IIP,, however,
the Trafalgar had the advantage of 50 per cent, over the In-

flexible, giving an increase of 20 per cent, in speed. Compound
armor was adopted in the Trafalgar, and her belt, which varied

in thickne.ss from 14 in. to 20 in., extended over a length of 280

ft. Although in this vessel additional protection was provided

at the water-line, both with regard to area covered and thick-

ness of metal used, the maxinuun thickness of armor covering

Fm 1—J>»il««i«ii.»T or A.KnuK, A««»»ii»T. aiiD Tuii«m "r 11.M », "B«v»mTiiil»
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the citadel and turrets was the same as that utilized for the

turret and redoubt of the Vieto ia. But a great modification

was made in the principal armament ; four 67-ton guns weie
mounted, two in each turret, and between the turrets, carried

in a box battery, were placed eight 5-in. breech-loading guns.
As in the Victoria, an eijuipment of torpedoes and machine
guns was included, the latter being mounted on a spar deck.

By the adoption of the 67-ton gun the projectile, weighing
more than half a ton, has as much force with the same charge
of powder, weighing 520 lbs., at a range of 1,000 yards, as the

shot from the 80-ton gun of the Inflexible has on leaving the

muzzle.
The limit of size bevond which it was thought almost im-

prudent to step in the Inflexible, and which was barely exceetl-

ed, as measured by disjilacement in the Trafalgar, has been
greatly extended in the battle-ship Hood, which has recently

been completed at C^hatham. The Hood at once claims the dig-

nity of being the largest as well as the most powerful turrcted

battle-ship in existence. She undoubtedly represents the acme
of perfection in turret-ship design, and embodies all the out-

standing points of merit found most serviceable in previous

ships. Bi'tween the perpendiculars she measures 380 ft., with

a beam of 75 ft., and has a seagoing displacement of 14,150

tons. The construction of this leviathan battle-ship was com-
menced at Chatham in August, 1889, and she was floated out

of dock in .July, 1891. Triple-expansion engines of 13,000

H.P. have been fitted, capable of propelling the ship at a

speed of 17.5 knots. On her recent steam trials the conditions

imposed by the Admiralty were easily fulfilled ; under natural

draft 9,540 H.P, was developed, and the speed attained was
15,75 knots, while with a moderate allowance of forced draft

17 knots was realized, the engines indicating 11,445 H.P. The
behavior on service of the monster weapons carried by the

Victoria has not warranted the aiijireciation of our naval au-

thorities, and the primary armament of the Hood consists of

four 67-ton guns, which are supplemented by a powerful
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auxiliary armament of ten 6in. quick-firing guns, disposed in

i\ central liattery between tlie turrets. In virtue of the devel-

opjiient of liigli explosives scrupulous attention was devoted to

tliis auxiliary armament, and in this connection the llmid is

vastly superior to any turret ship previously constructed.
Besides machine guns mounted in the military tops, there are
others id.-iced at everv possililc point of vantage around the
hull, and she is further provided with seven tubes for the dis-

ch.irge of Whitehead torpedoes. Her armor is 17 in. thick in

the redoubts, 18 in. thick in the turrets, and IS in. thick in the
belt, which affords iirotcction over a length of SoO ft. Tlie
arr.uigeinent of armor and disposition of the armament is shown
in tig. 2. The total weight of .armor and backing aggregates
4, ").")() tons, whereas in the DerastiitinH the amount utilized in

protection was S.iHlO tons. In place of Vi in. of iron armor,
then, we now have 18 in. sleel-faced armor ; the total weight
of .irm.iment carried by the Hood is 1,',)0II tons, a.gainst 515 tons
as tirst mounted in llu' DirnnUttinn ; the weight of projectile
firi'd has risen to l,i5() lbs., again.st 714 lbs. ; and the weight
of charge used fi:iO Hjs., against 140 lbs., while the speed has
been increiuscd by fully 25 per cent. These are l)Ut a few of
the gigantic strides which liave been made diu'ing the period
reviewed ; but to describe all the inip.ovemcnts in construc-
tion, ecjuipment, and machinery would require much more
space than we have at our disposal.

—

Industries.

ties of the same system laid on the line between Brussels and
Antwerp, at the end of live years required considerable ex-

pense for maintenance, caused by the crushing out of the bal-

last, while the innnber of tndns was at that time llis, 11(11).

3. WM 7VVj.—Tlie ties laid in Isso and iss;i upun tlie main
line of the London iV Norlhwestern Kailway were abandoned,
because the maintenance was more expense than it wius with
wooden lies.

4. Metallic Tien on tlie Pi iinxylviiiiin linllriind.—This com-
pany has ceased to continue its tests for the following reasons :

They are too light, their price is twice that of wooden tics,

they lack elasticity, they arc too rigid, and they are easily (lis-

placetl on curves.

TirSeteruc. Tim. —The tics laid between Chantilly and C'reil

were taken up after having been laid for two years, and carried

about 60,000 trains.

6. Heiiidl Tieji.—Tics laid between Vienna and Cracovia
upon the Northern Emperor Francis liailroad of Au.stria car-

ried 80,400 trains, and hail given excellent results.

The Paris, lyVons i\;. Mediterranean Company still continue
tests with steel ties of the llilf system with Vautlirriii altach-

ments on the line from Naleiice to Moriaiis, and upon the line

between Toulon and IlyiTcs; liut as the nnnilier of trains is

very low—from 4,000 to 5,000 trains per year over the two
lines—it would be only after a lapse of 20 years that it would

KUANKI.l.N A\1',M K FUI-.U.111 DI.I'liT lit THE ' iSUHLlNGTON liOL'i'li," b'l'. LOLIS, Mil.

COMPARATIVE DURABILITY OF WOODEN AND
METALLIC TIES,

In a recent article in the Revue Qentrale Chemiiis de fer, on
metallic ties, the following resume is given regarding the dura-
bility of metallic lies on several roads where thej' have been
tested. It Wiis stated in the same article that it was evident
that the roin])arison can only be made of th« dnr.abilily on the
ground that they arc subjected to the i-ame conditions of wear,
and it has been shown that on tracks over which heavy or fast

trains an,' run, a wooden tic which is properly injected ought
to carry abimt :!00,0()0 trains. The questiixn then arises as to

how n)any trains have been run over the principal types of
metallic lies, as they liave been laid up to the present timO;
which is a.s follows :

1. Viiulberin Iron Tie* {weigh from 74 lbs. to 97.5 lbs.).—
Thes<' ties have been laid for 23 years on the line from Alger
U> Oran, with the trains running over them at a maximum
speed of 31 07 miles per hour, and they were all replaced at

the end of 2(i years after having carried 70.000 trains.

2. I'oil 7iV.«.—The 137,500 laid on the N<;therlanil State Kail-

way gave satisfactory results at the end of 25 years. The num-
ber of trains, however, hiul not yet exceeded 137,500. The

be pos.-ible to judge of the value of this system of ties. It is,

therefore, the ties which have been laid the longest in llollanil

and Austria, and upon the State Railways of France, and
which up to this time have given perfect s,itisfaction, that

could furnish interesting information ; but it is very well

known that the niimlier of trains, the tonnage carried, and the

number of years during which they have been laid innsi serve
as a point of compiirisiin between the metallic tie and its

wooden rival.

FRANKLIN AVENUE FREIGHT STATION IN
ST. LOUIS.

Wk give outside and interior perspective views of a
freight station which has recently been built for the St. L
Keokuk it Northwestern Kailwav. at Franklin Avenue
Louis, Mo., being one of the trrmini of the famous Uurlii

Uoute. We also give a cross section of the roof sliowiii;

general method of construction and the jdan of arran
of th(' track.

The gener.d dimensions arc as follows :

Total length, including ollice building, 884 ft.

Length of .shed, 770 ft.

new
ouis.

. St.

igton

g the

ment
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Length of outside platform at north end, 76 ft.

Platforms for delivering freight on east side under roof,

7G0 ft. X 42i ft.

Platforms for delivering freight on east side of house out-

side of roof, 76 ft. X 42 ft.

Total area of delivery platforms, 35,530 sq. ft.

The receiving platforms on the west side imder roof are

760 ft. X 33 ft.'

the delivery platform slopes downward to the Main Street side
of the delivery. Tliis enables cars on tlie center tracks to be
loaded or unloaded from eitlier platform on a downward in-

cline, so that there is no upward haul for the freight handlers.
This, of course, greatly facilitates and lightens the work of
these men. The general dimensions and spacing of tlie track
and platforms are so clearly given that a recapitulation is

unnecessary.

KOOF AMU INTERIOR OF FRANKLIN AVENUE FREIOIIT DEPOT AT ST. LOUIS, MO.

On the same side outside of roof, 76 ft. X 324 ft.

Total area of receiving platforms, 27,170 sq. ft.

There are 36 doors, 10 ft. high X 20 ft. wide on each si<le
;

there are five tracks under the roof, each 750 ft. in length,

giving a total lengtli of 3,750 ft,, with a capacity for 100 cars.

Outside of the shed, in a sm.-dl yard north of Carr Street, there

is a further track capacity for 50 cars, so that the total capacity
(if tlie slied and adjacent tracks is 150 cars.

It will 1)1- seen b}' reference to the cross.section that there is

a gradual incline downward from Waddington to Maine Street,

thi' former being on the receiving side of the shed. It will

also he noticed that the receiving platform has a downward
incline toward the first track, and that each successive track
is also below the preceding one, until the last one from which

SPECIAL TOOLS OF THE DELAWARE & HUD-
SON CANAL COMPANY'S RAILROAD.

IINIVEKSAI^ MILLING MACHINE.

Among the tools which have been built by the company for

their Green Island shops is a universal milling machine, of

which we give a sectional engraving. The general tyyir of

the machine is on the style of the Brown & Sliurp machine,
liut it is exceptionally heavy. Tlie engraving is a vertical sec-

tion througli the center of the macldne, showing the con.struc-

tion of the driving-gear, with the arrangements for manipulat-

ing the table. The spindle is driven by a 2i in. belt running
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on a four-step cone, which may drive the siiindle direct or
tlirougli a baciv gearing geared in the jiroportion of Ifi to 1.

The boxes for the spindle are so arranged tliat any lost motion
(hie to wear is very readily taken up by tlie nuts on the back,
which draw the stepcone of tlu; feedbelt up against Ihe busli-

ing. thus drawing Ihe spindle back so that it has a bearing on
tbe sharp bevel at the front end. Tlie milling cutter is car-

ried on a separale spindle let into a socket on the main spindle
after the manner of a ilrill chuck, and they are of a size pro-
porlioncd to the size of the cutter ; the one sliown in position
in the machine being IJ in. iu diameter.

utmost capacity of tlie cutter. Motion is carried from tlie

feed-gear to the feeiling screw on tlie plate llirough Ihe uni-
versal joints arranged in tlie forms of gimbals. The machine
lias now been in operation for several months, an<l is giving
perfect satisfaction.

TU.\VKI,IN(i .JACK.

The traveling jack, which is illustrated, presents no very
marked features, but is one which lias been built by the com-
panj- for use in their wrecking cars, and Inus given great .satis

faction.

MILUNG MACHINE BUILT AT THE SHOPS OF THE .UELAWARE & HUDSON CANAL COMPANY.

The heavy steadying arm projects out and sujiports the
milling siiiiidle through a swinging arm. as shown in the en-

graving. Tli<- lalih' is raiseil and lowered by hand-iunver bj'

iiKMUs of a bi'Vel gi^ar and pinion, as shown, the .screw nin-

iiing in a tixed brass nut slip])ed into a step of the frame in

th(^ form of a bushing, as shown. The cross-slides are gibbed
over the table and the screws run in brass nuts, as shown.
The feed is, of course, a power feed, and is driven bj' the
three step-cone at the hack end of the spindle. The back gear-
ing is thrown out of mesh by an (;ccentric spindle in tlie ordi-

nary way. operated from the back of the machine. It will be
scc'ii from an examination of the dimensions given that the
mi-lal is very thick throughout the whole shell, and great
rigidity and solidit}' are thus obtaiiu'd for the tool, which is

intended to do very heavy work, and it is crowded to the

It consists of the ordin.ary bed-idate with a longitudinal

screw having sipiarc ends running through it, and having on
its upper surface a traveling jilale which carries the jack

proper. One of the convenient features of the j.ack .arc Ihe

dowel holes, which are in the plate for the purjiose of carrying

the jack. The jack itself is shown at the right of the engrav-

ing, and is of the ordinary type of ratchet ja<k. These en-

gravings are presenteil more for the pnrjiose of giving dimen-
sions and details of a desirable form of traveling jack than

that of jiresenting any very great novelty. There are four of

these jacks used in each of the wrecking cars of the road.

EXII.M'ST Tir UKA.MKU.

There is a very handy (^\haust tip re.amer in use at the

Onconta shojjs, by which the exhaust lijiscaii be cleaned with-
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out removal of any of the parts, or even opening the front

door of the smoke-V)OX. It is well known that exhaust tips

very fre((uently become clogifed and closed on account of the

dust anil sulphur and gases to which they are exposed. This
reamer consists merel}' of a piece of Jin. ])ipe witli an auger
handle at one end fastened l)y means of a T, as shown in the

engraving. At the other end there is a cross bar with two
strips of steel 5J in. long, f in. wide, and

l*,.-
of an inch thick,

bent into the form shown in the detailed engraving at the

right. This is of such shape that it will enter Ihe tube, and
when revolved and pressed down by means of the handle,

which comes out above the top of Ihe stack, will thorougldy
clean the tips of any accumulation which may have formed on

one of which sets over the top of the equalizer, and the lower
comes beneath the bottom rail of the frame. A ratch(^t at-

tached to the center of the screw enables the two cross-bars to

be drawn together. In doing this the eiiualizer is drawm
toward the frame, and the key over the Ijar in the center pin

is freed so that it can be readily removed. On slacking oil

the screw the equalizer can be readily lifted, and the keys for

the spring hangers at the end removed and the springs readily

taken out. The .screw that is u.sed is U in. in diameter, and
the nut is IJ in. long. The hooks are made of iron i in. by
If in., and the ratchet which is rigidly attached to the center

of (he screw is provided with a (log. which will work it in

either direction, ,so as to tighten or slacken off.
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PARTS MADE OFJ CAST .STEEL USED ON ENGLISH LOCOMOTIVES.
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covers aud even domes complete, muil rings and flredoor
rings, crown-bars, tanks, valve cases, pistonliead, slides for

the .Joj- valve-motion, brake delails, suspension rods, hinges
for smoke-box doors, reversing wheels, various levers and
handles, finall}', and above all. truck and driving-wheels and
in all about 4(1 dillerent parts.

One repntable house has even made axles of cast steel. One
of them was put upon an engine of the North British Railway
in 1881, and up to Ajtril, 189^, had run 316,900 miles wilhont
showing any sign of defects. This is only cited as an isolated

case, for it would not lie right to consider it as showing even
a tendency in that direction, for no engineer would dare to

recommend cast steel for the manufacture of such important
parts. Furthermore, this melal often has a surface which was
far from being smooth enough, and its coefficient of friction is

quite high, which alone would seem to remove it from the

possibility of being used for the manufacture of journals or

other frictional surfaces. In order that the parts of the engines

may be cast of steel, with every assurance of solidity and with-

out having any interior blow-holes of large size, special care

must be taken for this purpose to have the patterns of as sim-

ple a form as possible, and that the difference of thicknesses

between the several parts should be as slight as possible and
be connected by fillets of large radius. As for the chemical
composition of the metal, its resistance and its elongation,

considerable variation must be allowed according to the pur-

pose for which it is to be used. For instance, it is evident

that the same quality of metal should not be used for the

manufacture of gear-wheels as for that of locomotive wheels
which are provided with tires.

The acid process usually gives the best results in the manu-
facture of cast steel for mechanical purposes. The basic proc-

ess allows too much oxidation when melted.

For beauty and homogeneity of surface acid cast steel can
enter very favorably into competition with ordinary cast iron.

This is due to a great extent to the high temperature which
must be obtained before the metal is brought to a sufficient

state of fluidity, and this very fact adds to the difficulty of

obtaining a foundry sand sufficiently refractory to support
such high temperatures while remaining porous enough, at

the same time, to allow the escape of the gases ; and, finally,

for the greater contraction of the metal without taking into

consideration tlie particular circumstances due to its constitu-

tion, which result in tlie liberation of the gases generated at

the instant of solidification, which frequently cau.se very serious

blow-holes to oecnr unless the pieces are of suitable shape.

The cast steel which is actually adopted in England by the

railwav companies for different purposes can be divided into

four dilferent classes, to wit :

1. A very solt steel with a tensile strength of from 62,500

lbs. to 68,000 lbs. per square inch, and an elongation of from
15 per cent, to 25 per cent, measured along the test piece 10

in. in lenglh. This metal is especially used for those parts

which require, above all things, that the coefficient of safety

should be very high, such as the centers of wheels, guide
brackets, piston-heads, bogie frames, journal boxes, horn
plates or pedestals, and, in a word, all parts which are sub-

mitted to shocks and offer special facilities for casting and
moulding. This metal ought to bend through an angle of
90° cold without showing any crack or flaw.

2. The semi-hard metal with a tensile strength of from 72,500

lbs. to 75,000 lbs. per square in., and an elongation of from
8 per cent, to 15 per cent. This is specially used for the

manufacture of gearing, dome caps and other parts intended
for frictional service and riveting.

3. A slightly hard steel with a tensile strength of from 83,800

lbs. to 88,000 lbs. per square in., with an elongation of from
3 per cent, to 8 per cent. This metal is especially used for the

manufacture of gears, hydraulic pumps and parts which are

subjected to continual frictional action.

4. Finally, a hard steel with a tensile strength of 106,600 lbs.

per square in., and an elongation of ,from 1 per cent, to 3 per

cent. It is used in certain special cases where hardness is the

first requisite. Annealing is an indispensable adjunct in order

to obtain a casting free from brittleness and the internal strains

due to contraction. This process allows of the transformation

of the granular structure of the metal, which has i)asscd into

an amorphous state from that of a crystalline, and an absolute

suppression of the internal strains which were developed b}-

contraction. Thus it is necessary to avoid, as far as possible,

allowing the.castings to cool completely before annealing, lest

incipient fractures may occur which would be very injurious,

and which annealing could not entirely remedy. It is, there-

fore, necessary to take the casting to the reheating furnaces

before it has had time to become entirely cold. But as this is

a very delicate operation, and as it is very hazardous to assume
the vesponsibility of doing the work on castings which have

not yet been made, the railway companies are usually content
to specify that the casting shall be annealed without any fur-

ther conditions.

Up to the present time the companies have specified a cer-

tain tensile strength and elongation, allowing the chemical
composition to be determined by the manufacturers. It is not
always the best theoretical composition which gives the best

practical results. The manipulation holds a place of equal
importance with the chemical composition, at least within cer-

tain limits. The Lancashire & Yorkshire Railway have made
a very exten.sive use of cast steel, and their best results have
been obtained with a metal containing at least 0.28 percent,
of carbon and about five times as much silicon. The poorest

results have invariably been obtained with steel containing at

the same time too much carbon and silicon.

Our illustrations show a few of the parts which are maile of

cast steel in England for locomotive work. Figs. 1 and 2 show
a guide yoke which is at the same time a brace for the frames.

This plate, which is cut out for the admission of the connect-

ing-rod, has two bosses for carrying guides and the lifting-

shaft and rests upon the frames upon each side with a large

foot. It will be noticed that sharp angles are done away wiih
as much as possible, and that the different portions are con-

nected by fillets of a large radius. Cast steel has almost en-

tirely supplanted cast iron, which was formerly almost univer-

sally used for the manufacture of these parts, and it has per-

mitted a reduction of weight ; it is very true that this piece

could be made still lighter of sheet metal, but at a greater

expense.
Figs. 3 and 4 show the head of a piston-rod which is very

simple and made so as to connect with a cross-head liHving

double lateral slides.

Fig. 9 is a horn plate or pedestal for driving-axles. It will

be remarked that the two guides of each box are cast on,

which greatly facilitates their attachment and adjustment.

In fig. 5 we find a hanger for the tender ; it is of such shape
that it would be a very difficult and complicated piece to

forge, but it is readily' cast.

Figs. 13 and 14 show a brake-lever with its journal, regard-

ing which the same comment may be made.
We now come to the principal application which has been

made of cast steel to locomotives—that is, the wheels. The
English, for special reasons which we do not care to discuss

here, have never, as is well known, made wheels by stamping ;

they have remained faithful to tlie old welding process and
the use of a tire shrunk on. Thus the continually increasing

difficulty of obtaining good forgings and the constant rise in

the price of manind labor have led them to look with favor

upon the use of cast steel for the manufacture of the.se pieces.

At the present tinu' the Midland, North British, the Great

Northern, the Manchester & Sheffield, the Lanca.shire & York-

shire, Northeastern and all the great companies have adopted

cast steel in a general way for the manufacture of their loco-

motive wheels." This luetal has been used for the manufacture
of he 8 ft. wheels on the Great Northern express engines and
the 7 ft. 9 in. wheels of the Midland.

Figs. 6 and 7 show one of these wheels. To provide for the

effect of contraction, the thickness of the rim has been very

carefully proportional to that of the arms, which are of an
elliptical section, like the truck wheels usually u.sed in France,

and which are of an odd number. Some dilliculties are occa-

sionally experienced in casting wheels which have a very large

counterbalance, since both in the mould and in cooling slowly

they tend to assume a permanent deformation. In order to

diminish this effect the counterweight is made hollow, so as

to carry the strain over as great a length as possible.

Figs. 10, 11 and 12 are two forms of crown-bars which are

now used by many companies, but which were originally intro-

duced by Mr. Worsdell on the Great Eastern Railway about

1883. They have this advantage, in that they can be given

that form vvhich seems most desirable without any difficulty

at a very low price, and that the different bosses or attach-

ments which they need for the nuts and stays can be readily

cast on the pieces.

In the matter of wheels and crown-bars there is this point

that must be borne in mind. Cast steel is no longer in its

period,of trial and probation ; for several years it has entered

largely into current practice and is gradually supplanting

wrought iron for many purposes, and that, too, in a very satis-

factory manner.
Wheels are furthermore submitted to tests which are some-

what severe. One wheel out of each lot of 50 is tested under

a drop, and test pieces for tensile tests are oit from it. Some-

times the drop test is applied to the whole body of the wheel

under conditions incapable of sustaining any deformation if

they are sound and well made. For this purpose they let the

wheel fall vertically from a height of 2 ft. upon a rail laid
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FRIGE'S KEFKIGERATING MACHINE.
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upon a foundation weighing at least 3 tons. The wheel is

given a quarter turn and the same test repeated. The wheel
is rejected if it shows any sign of deformation or cracks.

The wheel is then subjected to successive blows from a ham-
mer weighing 8.8 lbs. swung by hand and striking 20 blows

on the rim in a space of 7.9 in.

—

PortefeuiUc ^cmiomifjue dis

Mfwhincs.

FRICKS REFRIGERATING MACHINE.

Wk gire a full-page itersjieetive view and two engravings

of Ihe details of a refrigerating machine made by the Frick

Company, of Waynesboro, Pa. Tlie general ap])earance of

the machine is very clearly shown by the perspective engrav-

ing. The machine consis'ts of two single-acting vertical am-
monia compression pumps 7| in. bore and having a stroke of

14 in. They are driven by a horizontal engine having a Cor-

liss valve gear and a eylinller 11 in. in diameter with a pLslon

stroke of 14 in. The" special features of the machine are its

compactness, the accessibility of its parts, the use of cushions

and the noiseless safety discharge gear. Attention is called

to the fact that this machine may !»• used on shipboard or

where the ceiling is very low. provision having been made
for removing the ammonia
from the lower head, or,

in other words, from lie-

low instead of frojn the

top of the ammonia cylin-

der as usual. The capacity

is twelve tons of ice-melt-

ing per day.
Referring to the details,

the engraving shows the

construction of the am-
monia piston. It will be

seen that it consists of the

piston - head ]iroper, in

which are cut the grooves

for the packing ring, the

cage screwed into the same
and the valve. By this ar-

rangement the working-

parts can be very easily

removed for repairs, and
the fitting can lie nuich
more easily accomplished
than were the piston and
cage made in one solid

l)iece. The rings are made
thin on one side to facili-

tate springing into place.

The second engraving of

(let-ails that we present

shows the discharge valve

of the pump. It will be

noted lliat tlie valve is the

fnll size of the bore of the

pump, and that it is pro-

vided with a ensbion that

niidics the operation of the

valve noiseless, and, at the

same time, the valve and
cushion may be lifted to-

gether, thus acting as a

safety valve to prevent

breakage in case any loose

jiicce comes between the

pi.'-ton and the valve. The
safety arrangement that is

carried bythe larger spring

practically acts the same
as a dasiipot and yields

slightly at each stroke, pre-

venting the valve from
hammering and assisting

in bringing it back gently

to its seat.

STANDARD FREIGHT ENGINES OF THE BEL
GIUM STATE RAILWAYS.

By G. Buaet.

The types of freight engines adojited by the management
of the Belgium State railways are as follows ;

1. Engines with six wheels coupled, 4 ft. 9.o in. in diameter,

type 28."

2. Engines with six wheels coupled, :! ft. 11.2 in. in diame-

ter, tvpe 29.

3. Engines with si.x wheels, :i ft. 11.2 in. in diameter, type 35.

4. Tank engines, type 20.

.5. Switching engines, type 51.

Six-whed Coupled Ewjincs, Typm 28 and 39.—These locomo-

tives are identically the same as the six coupled passenger en-

a-uu'S with 5 ft. G.9 "in. diivers, which are used for heavy grades.

The onlv difference lies in the diameter of their wheels. They

are spoked wheels made of hammered iron without any coun-

terweight. They have no wheel brake, bnt they are provided

instead thereof with a Le Chatellier water brake. The first

type—that is, type 28—is u.sed on level lines, and the second

.\MMONIA I'ISTON FOR FRICKS REFRIGERATING MACHINE.

Unloading Petroleum
at Madras.—Petroleum is

unloaded at Madras by
being pumped into a lOin.

pipe leading aft in the vessel to a 12-in. flexible rubber pipe,

which hangs over the stem and connects with a cast-iron condnit

of the same size supported on a raft. From this raft another rob-

ber pipe leads the oil into a cast iron main laid along the inside of

the harbor wall to mainland and thence into storage reservoirs.

CUSHION-HE.AD FOR AMMONIA COMPRESSOR, FRICK'S REFRIGERATING MACHINE.

for hauling trains over heavy grades ; they haul 230 tons up a

continuous grade of 16 per cent, at a speed of 10.6 miles per

hour.

The management are about to substitute in the operation of

lines with average gradients engines of far greater power which
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can ejvsily haul the same load of 230 tons at a speed of 30
miles i>cr hour.

3. Eii(jine» with Six Wheds Coupled, 3 ft. 11 in. in Diameter.

7'i/ih: 35.—Tlic L'ssontial characteristics of these cnirincs arc

great cylinder capacity (19.7 in. X ~3.6 in.). lari;(' urate area

and heating surface, large volume in the sniokebox and great

adhesive weight. The arrangement of engines of si.\ wheels
coupled has been followed in the construction of this engine
There arc the inside cylinders, the central frame and the frames
outside of the wheels. The .steam distribution is on the

Walschaert system, and there is a steam reversing gear very

similar to that of the express passenger engine used on heavy
grades. It is supplemented by a hand lever and a notched
rpiadrant. The valve-rods and piston-rods are guided by tlicir

stutling-bo.\es and by upper guides, thus varying from the

in the smoke-box. There is a washout plug in the bottom of

the shell and the delivery pipes from the injector discharge at

the same point.

Wilson safety valves are placed over the lire-box. and just

ahead of the dome there is a sand box with pipes leading down
so as to deliver the sand in front of th(^ main driving-wheels.

The lire box door is composed of a single folding sheet round
and swelled out. The handles for closing the door are in the

center and the hinges are at the side. The slack is rectjingu-

hir. Tlie engine is provided with the Le Chattellier water
brake, and the lubricjitors oil the valves and cylinders sepa-

rately.

This engine is provided with a tender having three axles,

with a ca]iacily of ;!,(;i)S..'"> gall.s. The tender springs arc of

the reverse form -1 ft. 11 in. in length, and those of the forward

J

LOCOMOTIVE ;0F THE BELGIAN STATE RAILWAY, TYPE 28.

common method of guiding, which consists of the use of double
lateral guides. The springs are of the reversed type, and their

length is about 4 f t. 1 1 in., being composed of '33 jdales of

steel 3.9 in. X .3".) in. IJelween the springs of the driving-

wheels and the front coupled wheels an equalizing lever is

placed, and there is also one between the two springs of the

l)ack axle, so that the engine is made to rest upon three jioints.

This method of hanging gives excellent results. The inside

spring is formed of six leaves of steel 3.!) in. X 3 in. ami 2 ft.

0.7 in" in length. The length of the tire box is 8 ft. 10.7 in.,

axles are connecteil together by an equalizing lever. The
tender is not subjected to the tractive resistance of the train,

and the locomotive is attached directly to the latter by means
of a long bar which passes beneath the tender, and to which
the- front car is coupled. The tender, on tlie other hand, is

fastened directly to the engine- by a short l>ar connecling its

front end sill to the tail bar of the engine.

In the cour.se of some experiments made with tlie boiler of

an engine of type 25, 00 galls, of water have been evaporated
per minute.

3i n.
=!«.•;... r'

LOCOMOTIVE OF THE BELGIAN STATE KAILWAY, TYPE 29.

with a breaflth of 5 ft. '.(.0 in. It stands above the wheels.

The shape is practically trapezoidal ; it is made entirely of red

lopper ; the thicknesses of the sheet are the sam(' as has lieen

indicated in the description of engine Xo. 2. published in our
May issue. The shell and the outsid<' envelope of the lire-box

are made of iron .55 in. in thickness ; the lubes are of brass.

I

4. Liicomotivc, Ty/te 20.—This engine was built for hauling
I trains up the Liege grade of 3 per cent. It is an engine with

a tender having S wlieels coupled, the latter being 3 ft. 5 in.

in diameter with outside slightly inclineil cylinilers. The two
frames inside of the wheels are biacted acro.ss at Ihe front, the

back, at Ihe smoke-box and tire-box, by cro.ss braces and by an

Steam is taken from the dome, and the throttle valve is located 1 intermediate cross brace Ijctween the front axle and the one
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inimcdiately bcliiiKl it. The muia driving axle is third. Coun-
tcrwfights arc used iu the driving iind coupled wlieels ; they

are of plale iron and perfectly smooth. The reversing lever is

operated by hand, and is of the ordinary standard type used on
the State railways. The steam distribution is of the Bclpaire

type, a valve on one side being controlled by the jjiston on the

other side. The tire-bo.x is of trapezoidal section, the grate

line running from Spa to the frontier. The capacity of the

water tanlis has been rai.sed from 1,743.6 galls, to 2.90(5 galls.,

and the coal space from 4,189 lbs. to 9,922 lbs. The dimcn
sions of the principal details have also been increased, but the

system of mechanism has been left intact witli the exception
of the cylinder, whose diameter has been raised from 18.9 in.

to 19.7 in. The form of the fire-bo.x has been preserved, the

TYPE iu, MODIFIED.

TYPES OF LOCOMOTIVES OF THE BELGIAN STATE RAILWAYS.

measuring 7 ft. 2..5 in. in length, 6 ft. l.:i in. in breadth, and
it extends out above the wheels. There is no partieidar nov^-

elty presenteil by tlie boiler ilself or its atlachinent. The ma-
chine is provided with a track brake between the second and
third wheels, and it is also further provided with a Le Chatel-

lier water brake.
This engine has also been sulijectcd to some changes so as to

make it suitable for the services on the heavy grades on the

length being simply increased by 1 ft. 7.7 in. ; Die shell, whose
original diameter was 4 ft. 7 in., has bei'n raised to 4 ft. 11 in.

in Uie modified engines. This is the largest diiimeter which
they have ever given the shell of a locomotive boiler np to the

present time. The excessive weight resulting from these

modifications is carried by a fifth pair of wheels located at the

back of the macliine. Tlie axle of these wheels is provided

with radial boxes to permit the passage of the engine over
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curves of 150 ft. radius. The engine is further provided with
astuiim bniki , wlii:-li maybe made to Dpcrate at will upon two
or tlie whole four jiairs of wheels ; a Dewrancc valve eontrols

the Mianipulalioii of this brake and allows its aetion to be modi-
lied at will.

The en:|iiie may be reverseil by hand by means of an ordi-

nary reverse lever, or by a serew, or by metins of a motor
loeated beneath the ruuninj; board, as shown on the side eleva-

tion.

Two equalizing levers are used upon each side to connect
the springs of the three front jiairsof wheel, the third equalizer

bein^' used to make conneelioiis between the sprini;s of the

rear pair of drivinn-wheels and that of the truck wheels at the

back. A large cab allonls complete shelter to the enjiineiT

and firemen. The slack is of rectaiii^ular section, anil the

smoke-box, whose length is .somewhat prolonged, has a large

capacity for the better regulation of the draft ; the exhaust
steam discharged in this large sjiace, and miniiling very

in thickness. Wilson safety valves are u.sed with a diameter
of 4 in.

The frames have a thickness of 1.3 in., and are spaced 4 ft.

4 in. apart between the driving-wheel and 3 ft. ll).7 in. apart
between the rear truck wheel. The springs of the driving-

wheels are formed of steel plates 8 ft. 3.4 in. X 3.9 in. X 3

in. ; that of the trailing axle is composed of 10 olTset leaves 3

ft. 11 in. X 3.1 in. X .o in. The railway has only one exam-
ple of this type of machini'.

5. Siritchin;! h'nr/iiif. 'I'lijiv 51.—This is a tank engine with
three frames and three axles. The interest which attaches

itself to Ibis engine lies entirely in its dimen.sions and propor-

tions, which are given in resuiiic iu the ainiexed table. The
construction olVers no esi)ecial jieeuliarity, and it is sinular to

that of ordinary engines, types 2, 28 and 2i). It is provided
with a track brake, which is operated by hand in some locomo-
tives, the maniiiuhition of the brake being controlled by a steam
cylinder in which it is possible to modify anil vary the action.

intimately with the products of cond)Us-

tion, quickly and easily communicates its

momentumto them, thus readily driving

them out of the stack. The shell is .(i in.

The combination of the details of this brake

offers this peculiarity, that it frees the suspen-

sion sjirings of the engine from the reactions of

the brake upon the riul, and while it is in op-

eration they do not lose their load or their play.

LOCOMOTIVE OP THE BELGIAN STATE RAILWAY, TYPE .51.

Freight Locomotives.

Diameter of cylinilcrB

Stl0l<(! of piBtonH ". ...

Ci'iitrrto center of cylinilers.

I.fii^tli of colineciiii^rod ...

Oi-nter 10 renter of valves
l,.ni;lli of eccenlnr rods
Type of valve moi ion
Diaiiicler of drivinsj-wlieels ..

TolJil wlieel-bayc

Ceuter to center of wheels.

Length of grate

Width of grate
(*rate area.

Ltniith of flre-l)«»c outside
Width of flre-tiox at the bottom
Len^h of fhell of boiler

Dianieler of lioiler

Thicliness of slieets

Height of renter of boiler above rail

Maximum pressure in lbs. per sq. in

Lcngtli of tubes
Numt)erof lubes
Outside diameter of tulies

Uiaincler of stack at bottom
'• '• at top

Height of lop of slack above rail

I'osi lion of frames
lii'iigtliof locomotives without buffere

Healing surface ilrc-t>ox
*^ " tubes, outside
" " to'al

Total weight of enjjine. emply
Weight on front drivers iu working order

" •' intermediate drivers iu working order.

" *' back " '' ' "
,

Total weight of engine in working order
Available adhesive weight
Number of counted axles
t'apacity of boiler

" ** water tanks
" " coal space

Weight oflocomotive, empty

Type 88.

17.7-

23.6-

19.7'

7'3-
3' 7.3-

4' 3.7-

Stephenson.
4'9-

13'l..r

0' (J 7-

(i'U.7'

8' 7.3-

3'5.5-

at.83 sq. ft.

»' ti.6-

4' 2.8-

ir 2 4-

512-
.,W

(i'5 H"

120
irti.a-
226

1.8-

1H3-
-o.'.r

14' 1.3-

Outside
28' m.r,-

W.>A sq. ft.

KWO
nii!l.4 "

:k.1 tons.

11.2 "

12.8 "

11.1 "
35.1 "
35.1 "

49
1,474 galls.

70,780 Ibe.

Type 8!).

17.7-

23 6-

19.7"
7'3-
3' 7.3-
4' 3 7-

Steplienson.
4' 3.2-

13' 1.5-

0' 6.7-

(J'H.T

8' 7.3-

3' 5..5-

24.83 sq. It.

9'0.0-
4'2.8-
11' 2.4-

51.2-

..52-

6' 2 8-

135
11' 6.2-

226
1.8-

18.3-

20.9-

14' 1.3-

Outsida
2H' 1II..V

1119.4 sq. ft.

HHH)
1169.4 "

31.8 tons.

Il.l
"

18.3
••

11.4 "
31.8 "

34.8 •'

49
1,474 galls.

70,114 lbs.

Type 25.

19.7-

iS.ii-

22.4-
7'3-
3' 6.5-

4'9.8-

Walscliaert.
4'3 8-

1.3' 9.1-

6'6.7-
6' 0.7-

8' 8.5-

6' 2.H-

55.42 sq. ft.

9' 7"

6'8.6-
10'

9-

5.5.r
.55-

8' ir
150

II' 6.2'

251
1.8-

51.2- X :»2-
22 8- X 21.6-

14' 1.3-

Outside.
•-'9' K-

121.95 sq. ft.

1241
1362.95 •

39,8 tons.

U.6 ••

14.8 '•

18.8
"

43.2
"

43.2
'•

.50

1,890.9 galls.

87,754 lbs.

Tj 1)6 80.

18.9"

21.7-

7S.8-
9'3-
6' 6.9-

6' 6 9-

Belpaiie.
3' 5.3-

14' 9 2-

4' 11-

4' If
4' 11-

0' 10 7-

5' 10.8-

40.7 sq. ft.

7' 10. .5-

6' 8.5-
13' 1.8-

55.1-

.47-

T4.4-
185

13' 1.5-

251
1.8'

19.7-

21.0-

14' 1 .3-

Inside.
29' 3 96-

121.5 sq ft.

l:i3l

1155.5 "
39.7 tons.
13.1 "

( 13.0
"

i 18.6 '•

12.7
"

!>2.4
"

.52.4
"

Type 20
(Modified).

19.7-

21.7-

78.8-
9'3-
6'6.9-
6' B 9-

Belpaire.
3'5.3-

2;V8.6-
4' 11-

4' ir
4' ir

i 8' 11.4-

1
8' II-

0' 1.2-

54.5 sq. ft.

9'1.7-
0' 8 5-

1-2' 4.6-

69.05-
.78-

7' 6 6-

150
13' 1.

0-

242
1.8-

51 .2- X 26. .•

22- X21.I"
14' 1 ..3-

Inside.

:i5'7.r
141 sq. ft.

1453
15SI4.5 "

.57.8 tons.
14.72 "
14.72 "
15.13 "
15.03 "
15.12 "
75. " •

60. •'

1,820.9 galls
1,743.6 "
4.189 lbs.

87,.533 •

1.4-35.4 galls.

2.906
9.922 11)8.

12,736 •'

Type M.

1.5-

18.1-

19.7-

4'5.9-
3' 7-

2' 1.5-

Walschaert.
:)' 11-

3' 10.
2"

5' 4.6-

4'9 5-

4' 3-

3' 6-

14.9 sq. ft.

5' 3-

4'2 7-

8' 8.3-

4t.9-
.63-

0' 1.3'

1211

9'3-

165
1.8-

13.4-

16.4-

11' 7.1-

Oiitside.
21' 8-

.57.04 sq. ft.

604.2

601.24 ••

24.8 tons
10.02 ••

10.86 "

9.74 "
30.62 "
30.62 "

52
801 6 galls.

1,056.7 "
a9,7l!7 lbs.

.53,582
"

* These figures may b« exceeded if w« utilize the whole capacity of water tanks and the coal space.
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THE STEERING OF BALLOONS.*

By Ki dolpiie Sokeait.

Aftek severul years of laljorious Tcsearcli, Commandatit
Kenani, Director of our Central Establishment of Militarj-

Aeronautics, assures us that he is upon the eve of experiment
inj^ with a dirigable balloon capable of making evolutions in

the air for about 12 hours, witli a speed of its own of about
''Ci ft. per second, or 34.8 miles per hour. Therefore the dirii;-

aliilily of b.Uloous is so far practically solved that it is be-

lieved the present oeca.sion an opportune one for making a
statement of the problem which has for a long time been con-
demned by otHcial science, and against which there are .so

many (jrejudices. Furthermore, this question is interesting

to the highest degree to the engineer.

THE CONDITIONS OP THE PROBLEMS AND ATTEMPTS .\T 8TEEU-
ING.

As far as steering is concerned, the pretended conquest of
the air is nothing but a word, for the lialloon carried about by
the aerial currents at the whim of their caprices is rather a
prisoner than a conqueror of the elements. Man, too, has at-

tempted to- steer the balloon from the very day on which he
discovered it ; but up to recent times all attempts liave been
in vain. Must we conclude, then, according to the formula
wlii<'h has been taught us for so many years, that there is no
point of support in the air ? I think that it would be useful
tii-lav down these conditions now, a knowledge of which will

permit us to seize upon the value of attempts which have
been made, and to see in what way it is proper to look for
progress.

CONDITIONS OP THE PKOIiLE.M.

Thciiry nf Speeth and GhariicteriKticn of the Dirigahle Jidloon
—From a mcchani<tal standpoint the ilirigable balloon dilTcrs

from the ordinary balloon by the individual speed with which
it is it.self operated. Let us define in just what this difference
consists, and for that purpose let us suppo.se that two balloons
are side by side at the point I', figs. 1 and 2. While the or-

dinary balloon driven by the wind would pass from PioX,-
and would be, at the end of a unit of time, for example, at the
point of 0, the dirigable lialloon would traverse the line P M,
so that the straight line it/ would lie equal to its own speed
iuid par.allel to the direction A Jl of its axis. When this direc-
tion changes, the point il/ describes a circumference about the
center 0, which constitutes the location of the points which
the dirigable balloon, after starting at P, could reach in a unit
of time.

Tir. 1.

When its own speed, r, i.s less tli.an the speed Fof the wind,
fig. 1, the direction /' M is nece,s.sarily comprised within the

angle A P B, half of which has for its sine -^ In tliis case,

if the balloon clianges its direction in starting from M, the
new direction is still conqirised within the angle A MP, all

sides of which are jiarallel to those of the preceding angle ;

consequently the dirigable balloon can only follow the cour.se
P M jV, so that the tangent M T i\t any point whatever makes
an angle with the <lirection of the wind, whose sine is less

than ^.

* Mtmoires (fe la Soc'utv dcs Ingtnierirs Civllg,

On the other hand, if the speed » is greater than V, fig. 3,

the route must be within the points of the circumference
which can be inscribed about the point of departure by the
straight line P .1/ in one direction or another. Inversely the
balloon can describe a curve, which closes on itself if ® is

greater than V, and consequentl3' it can follow whatever route
ma3' be desired. This, then, is the characteristic of the dirig-

able balloon. From what precedes it results that the steerins

of balloons is first of all a question of speeds, and to know
what chances we have of taking a balloon, which has a given
speed, in every direction, it is evidently sulflcient to consult a
table of the probability of the winds. Below we give an ex-
tract of this table for our regions :

Probability of having a
Speed. wind lees tlian tlie

given speed.

.108.3

16.4

33.8

65.6

98.4

.33

.70

.96

.995

Fig .2.

The new dirigable balloon at Clmlais-Meudon can come back
to its point of departure about three times out of four, the
ascensions having been made alisolutely at haphazard. We
would remaik, furthermore, that the speed and direction of
the aerial currents change with the height and circumstances,
which can be utilized for increasing the running speed, and
even to help it on when the sjieed is less than that of the wind
at points access to which would be impossible with the single
current. Under these conditions we .see that a speed of 30 ft.

is usually quite sufficient. With a speed of 6.'). 6 ft. it will be
possible to go wherever you choose, except where the winds
are violent enough to blow the roofs from houses. I wouhl
add that the aeronaut carried along liy aerial currents at their
own speed only perceives a storm by the rapidity with which
the earth dashes along beneath his feet. Such is the problem
freed from the vague conceptions about it ; but if we see the
object which it is desired to obtain very clearly—to wit, a pos-
sible speed of at least 33.8 ft. for a sufficient "length of time-
half a day, for example— the means which would lead to the
accomplishment of this result are less clearly defined. To de-
termine these means, let us examine the special conditions in-

herent in the nature of the medium and the proiierties of the
movable which is to displace it. The medium is an isolated
fluid, and this is exactly what distinguishes aerial navigation
from maritime navigation, to whichit is not wholly similar.
The ship, in fact, is plunged in the two fluids, and it uses one
or the other to overcome the resistance as thej' together oppose
its motion ; the flyer has recourse to the speed of the wind

;

the .steamshi]! utilizes the reaction of the water upon its pro-
peller. On the other hand, the dirigable balloon plunged in a
single fluid must overcome the resistance of the air bj- the re-

action of the air itself upon its propeller. Furlhermore, while
the ship moves in a horizontal plane, the balloon is subjected
to a perpetual vertical instability which singularly complicates
the difficulties of the problem. There are the same great dif-

ferences between the ca.se of- the dirigable balloon and that of
the submarine boat. The vertical instability is more annoying
for this latter—in fact, the least variation of weight makes it

move from its zone of equilibrium and either sink to the bot-
tom or lise to tlie surface. We know, furthermore, that this
difficulty of maintaining itself between two waters is the
stumbling-block of submarine navigation. On the other
hand, the aeronaut can only leave the fluid where he is moving
by varying the loading of his balloon, so that in this case it is the
load which gives a rapid and simple means of putting a check
to the descent. On the other hand, the incompressibility of
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water is favorable to the action of tlic propeller, which finrls

an etVcctive pohit of support, while Ih(- aerial screw i;riiiils

arounil in a meiliuni which is mobile to a despairinjf (ie{;ree.

IJilhtiiixs of Motor.—It is therefore necessary to develop a

high hoi-sc power upon the shaft of tlie screw ; "but as the bal-

loon reipiires at least 16 cub. ft. per pound to rise, we perceive
that in order to construct a dirigable balloon it is neccs-siry to

olilain the power with a weiglit very much less than that
which is olitained in motors of ordinary construction. The con-
dition which controls the problem is the discovery of a motor
which is at the same time powerful and light, and if one con-
siders, as I shall show later on, that the work of development
varies as the cul)e of the speeds, wo will understand the ab.so

lute nece.s.sity in the actual stsite of the case not only of de-

signing a light motor, but also of reducing to a mininium the
resistance to advancement.

The Diiainuti'ni nf lii'sixtaiice to Admncement.—To diminish
these resistances it is evidently necessary to elongate the bal

loon in the direction of movement ; but the eltecls of this

elongation will only be felt if the material of which the bal-

loon is constructed is perfectly extended, otherwise ])ockets
will form on the front side at the point where the resistance is

at the maximum, and the air, instead of sliding over the slufT.

will strike again.st the concave arc in such a way as to increase
the resistance twofold, compromising tlie stability anfl even
being able to stretch the envelope into pockets between the
framework.
Hut this is not the only condition which it is necessary to

f ullil. Let us supjiose a dirigable lialloon who.se axis coincides
with the direction of movement when it is running at a pre-

deternuned speed. The motor being in the car, it is evident
that if the system on which the car suppoiting portion of the
balloon is constru(^tcd is not perfectly rigid, the suspending
corils will not work evenly, but will vary as the speed changes,
and the front end will lower or rise according as it runs
sloiver or faster. This will occur when the axis of propulsion
iloes not pa.ss through the center of inertia.

If the system is perfectly rigid, this lowering or elevation
is not produced, and there will be a most decided advantagi-.
Let us suppose that the prow ri.ses, the l)otlom of the balloon
olTers to the current more surface at the froht end and less al

the back ; on the other hand, the gas is preci|iitated toward
the front. For these two reasons the deformation of the sys-
tem due to llie variation of the speed tends to accentuate
itself ; but when the connection is rigid and llic permanence
of the shape assured, the system constitutes a kind of block :

and as the center of gravity is .always below Ihe point of ajipli-

cation of the ascensional force, it is sullicient for some oscilla-

tions to simply stop the screw. The up and down motion can
also be produced by a cause which has not as yet received
suflicient attention. I wish to speak of the vertical instability.

If rupture of ((piilibrium occurs, which gives an a.scensional

speed V ^fig. :!), for instance, this speed is composed of the
velocity V, and the resistance to adv.-incement exercised along
the line A, which augments the resistanc(- very much, anil

may bring about .serious complications with a "long balloon.
Now the inevitable escape of gas, the continual ('lianges in
the condition of the atmosphere, the variations of Ihe solar
ra<liation. etc , modify Ihe vertical equilibrium at every in-

stant. Instead of the usual rudimentary means, which consist
of opening the valve and throwing out ballast, which only
correct the displacement that has been jiroduced. it is nccessaiy
that lliere should be some au.toniatic arrangement which is

still It) be discovered. Kurlhermore. it is iir<)])er lo remark
that bv increasing the speed pro|)er we will increase the in-

stability in a horizontal plane, .so that the automatic arian'ie-
ment desired is really very useful only at lower velocities,
which will mark, for a number of years to come, the oiiening
efforts at aerial navigation. It is clear that the car and the
net ought to be such as to dinn'nish the resislance lo advance-
ment. If any prime jirescription is to be imposed iji ibis re-

gard, it is the importance of constrnciing (!very form with the
greatest care. 1 will slu>w further what an unsuspected part

they play in the subdivision of the resistance. Finally, in

order to determine what chances there arc of overcondng the
resistance to advancement, it is necessary independently of a
light motor to have lirst an elongated balloon.

2. Invariability of form.
:i. Kigidity of construction.
1. Verti(-al equilibrium.

5. A car ami a frame of proper form and dimensions.
Certdinti/ of Route.—All these precautions would be entire!}*

without effect, unless we can be sure of the certainty of
till' route. It is necessary, then, to .still add some new .and

imjiortant conditions to those which have just |)receded. An
attempt is made to obtain cerlainlv of route by the assistance

of a rudder, whi(-h is a simple means of modifying (he
direction followed. It is clear that the rudder, whatever nniy
be ils dimensions and its distance from the vertical which
passes through the center of inertia of the system, would be
powerless if Ihe resistance varied at every instant. Such
would be the case of a dirigable balloon 'which was incom-
plelely inllaled. Thus Ihe permanence of form ought lo be
consiilered as a means not oidy of dindni.sldng the resislance

to advancement, but especially of assuring the efficiency of
the rudder.

The balloon shoidd be maintained constantly inllated, lest

it may not escape the fretpient giratory movement of the
ordinary balloons, if it has the spherical form of the latter—in

fad, till' slightest variation which destroys the synimetrv of

this shape would sultice to cause a rolalion about Ihe axis.

The elongation of the dirigable balloon, while it redtices resist-

ance, at the same time permils a route to lie deternduefl by
diminishing the freipiency of Ihe giratory movoments, and
thus increases the clliciencv of the rudder, which is some dis-

tance from Ihe center of inertia.

Thus the certainly of route is obtained by conditions al-

ready determined. Sometimes these conditions are not always
sullicieiil, particularly when the relative sjieed changes fre-

ipieiitly. It then causes swervings and turnings against which
the rudder remains powerless. I hope to be able to show how
it can contribute, by its own form, to insure the stability of

its running.
If I add that the larger the balloon, the greater are ils chances

of becoming dirig.-ible, Ihen for two balloons which are geo-
metrically alike Ihe ascensional per luiit of form is greater for

th(' large balloon : and, on the other hand, the weight per
horse |iower diniinislies with Ihe force necessary to b(' given
to the motor. The ]irincipal conditions which ought to con-

trol the couslruction of ilirigable balloons are grouiied in Ihe

following table :

(Elongated balloon.
Invariiihilil y of forms.
Hi-idityofcoiiftrnction.

w,n,,.,uuu„ u, rcM=....,cu .u -,
Vertical equilibrium.

advancement 1 (.^^ and Tietting of convenient sliapi- and
\ dimensious.

( Elongation of the lialloon and rigiility of

Certainty of rente i
liudde'r'''*""™'

( Shape of balloon.

(to be continued.)

•

JAPANESE RAILWAYS.

TuK following interesting account of railways in .laiiaii lias

been received from a very intelligent correspondent in that
country :

.lapanese railways are now making good progress, and
througliimt Ihe empire there are now about L.'JdO miles of rail-

ways in working. The tirst g<pvermneiil railway in .Tapan is

Tokyo-Yokohama section, the length of which is IS niili's. In
ISTll the survey for that line was made, and in about two years
the railway was nearly constructed, and. in the me.in time, the
line w;is ojiened. In May, 1H72, the whole line w.is complet
ed. and on Sejilember !'.>," IHTS, it was opened in Ihe presence
of His Majesty, the Emperor. Then after ten years alio\it 100
ndles of railways were conslructed and working Private
cdiupanies were gradu.illy formed, of which the AN'iphon Hail
way Company is Ihe lirst and largest. The company was
established on November 11, ISSl. and the line for Ihe lirst sec-
tion (iis miles long) was opened on .luly 'i\. ISIsii. The follow-
ing tigures will give some account about the i>reseiit condi
tion of the company : Sul)scribe<l cajiilal, !i;20,()0().lloi)

;
paid-

up capital, !i;ls.,590,i(»0 ; average daily income (for l.iller half
of 1S!)2), $T,:i:i2.27 ; miles in workitig order, olll miles, (il.o

chains ; nnmlier of locomotives, 07 ; number of pa.ssenger
ears. 20!) ; number of freight cars, 1,014.

The interest distributed to shareholders of the company is
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at least 10 per cent, per annum, and the stock of the company
cosis nearly double of the paid sum.

Tlie line of the Niplion Uiiihvay Company e.xtends from
Tokyo on one side to Jtaebashi, which is the center of silk dis-

tricts in .Japan, and on the other to Awomori, which is an ini-

porlant harbor situated on the northern extremity of Ilonshin
(or the main island). From the latter line there is a brancl\ to

Nikko, which isfamous for beautiful natural scenes and siileii-

did temples, being remains of .shrines of ancient Shugun Tokn-
gawa.

Besides the Niphon Railway Company there are other com
pani(s, known as Sanyo, Kiushiii, Kansei, Sangn, lyo, Isaka

llankai, Kol)u, KyOmo, Mito, Sobu, Tanko railway companies!,

etc., having their lines from 20 to 200 miles long.
In addition to the lines already completed and working,

tliere are projects both in government and private railw.ays to

prolong the lines. Since last year proposed new lines of more
tlian 2,000 miles in length were surveyed and estimated. It

was decided by the House of Commons to construct the Fuku-
shima Awomori section and the Tsuruga-Tojama section,

whidi has 414 miles in both. The capital for constructing the

two lines decided by the Parliament is $1S,4.'51,080, which is

the amount decreased about 2(( per cent, from the estimates

maile by llie government (Wgiueers. These railways are, of

course, imiiortant for internal comuumications and transporta-

tions, and will be very much more so if the Siberiah Railroad
would be completed.
The gauge of '.lapanese railways is 3 ft. 6 in. The steepest

gradient is 1 in 40, and the shortest curve is 1.") chains radius.

For the Usui toge Railwaj', between Yokokawa and Kami-
zawa, in Takasaki and Naoyetsvi section of the Imperial Gov-
ernment railways, the Abt system of permanent way was
adopted, and the gradient is mostly 1 in 15. The length of

the Al)t system of permanent way in that sectimi is 5 miles

45 chains, in which there are 26 tunnels from 107 ft. to 1,S0I)

ft. long, the total lengths amounting to 2 miles, (51.882 chains.

This section between Yokokawa and Karuizawa (7 miles long)

was completed in February of this year, and it was oi)ened for

trallic.ou Ihe first of last April, while the sectjons on both sides

of Usui toge were opened eight 3'ears ago.
The weight of the Abt system locomotive is H't tons, which

can di'aw 100 tons of loads in the steep incline. Mostof llie

locomotives of .lapanese railways aiv of English mamifacture.
but some American and German locomotives are u.sed. Then'
are also locomotives of .Japanese make, which were built in

ihe Kobe Locomotive Works of the Imperial Government rail

ways.
• •

CONTRIBUTIONS TO PRACTICAL RAILROAD
INFORMATION.

Chemistry Applied to Railroads.

SECOND SERIES.—CHEMICAL METHODS.

II.-METHOD OF DETERMINING CARBON IN IRON
AND STEEL.

By C. B. Dudley, Chemist, and F. N. Pease, Assistant
Chemist, of the Pennsylvania Railroad.

(Copyriglit, 1891, by C. B. Dudley and F. N. Pease.)

{Continuedfrom jmrje 399, Volume LXVII.)

The double chloride of eojiper and potassium solution is

made by dis.solving 10 lbs. of the commercial .salt in 13 liters

of water, filtering through ignited asbestos, and adding 1 liter

of concentrated ('. P. hydrochloric a(ad (sp. gr. 1.20).

The caustic potash solution used both in the purifying pot-

ash bull) and the absorption potash l>ulb is made by dissolving

1 lb. of commercial stick caustic potash in a small amount of

water, and then diluting until the resulting liipiid when cold

shows a specific gravity of 1.27. A pound of potash makes
about a quart of .solution.

The granulated oxide of copper may be made by igniting

the nitrate in a Hessian crucible until nitrous fumes cease to

come olT, but not fusing the materiid, or may be obtained in

the market. If the ignition of the nitrate is properly con-
ducted, a porous granular material is obtained, which gives
very satisfactory results. Most of the material in the market
has been fused and is very dense, and liable to contain im-
purities. We regard it essential, therefore, to place this fused

material in (he preheating and combustion tubes, as de.scribed,

fitting them at the e.xit end with a small jet tube, then place

in the furnace and reduce with hydrogen gas. It is essential

during the reduction that the tube where the oxide of copper
is should be heated to a full red heat, and in order to insure

complete reduction, the gas should be passed for half an hour
after it will burn at the jet. This being accomplished, allow

the tube to cool and then replace the hydrogen with air, th<n
heat up again, and pass oxygen gas until the rednced material

is oxidized, which will take some time. The use of coal gas
in jilace of hydrogen for the above reduction is admissible,

provided the jiorcelain tube is heated two burners more each
way, during the subsequent oxidation, than during the reduc-
tion in order to burn out any separated carbon that may have
deposited in Ihe tube.

The silver foil may be easily obtained in the market.

The acid ferrous sulphate solution is made by dissolving

crystallized ferrous sulphate in water to nearly a saturated

solution, and adding three or four drops of sulphuric acid to

every 50 c.c.

The sulphate of silver is made by precipitating nitrate of

silver with carbonate of soda. Filter and wash Ihoroughlj'.

Then place the precipitate in the ves.sel in which it is designed
to keep the salt with a little water, and 'then add stdidiui-ic

acid at last, drop by drop, with tliorough agitation, until all

the carljonate is decom])OScd and the liquid is cleai'lj' acid to

test paper. In filling the bubble tube shake the vessel and
pour in enough of the milk to have i in. of the solid salt in

the bottom when it has settled, and then fill the bubble trdie

about half full of water. If care is taken to wash the carbon
in the boat thoroughly, once filling of the sulphate of silver

babble tube will be sutlicient for 30 or 40 combustions. Sul-

phate of silver may be obtained in the market, but we have
no experience with this material.

The granulated chloride of calcium used in the chloride of

calcium tubes and prolong is obtained in the market. We use

the grade marked ('. P., and like to have it as fiee as po.ssible

from other substances. The .size we prefer is what will pass

through holes alwut a tenth of an inch sfpiare .and not pa.'-s

through holes a twentieth of an inch .square. Before filling

Ihe chloride of calcium tubes it is essential to dry the material,

best in a platinum dish over a Bunsen burner for 20 min-

utes or half an hour, taking care, however, not to fuse it. Of
course the chloriiU^ of calcium used should not be alkaline,

but for fear that it will be sufflciently so to absorb carbon

dioxide, even if not sufficiently so to show by test, it is recom-
mended to pass di-y carbon dioxide into each fieshly filled

chloride of calcium tube and allow it to remain over lught,

and then I'eplace with dry air, before using such tubes in

actual work.
The oxygen gas used may be obtained in the market in

cylinders compressed to almost any desired pressure. We
transfer to the small gas holders shown in the cut, rather than
take the gas direct from the cylinders, since the gas holders

can be adjusted to give uniform pressure itr the tube. This
commercial material may be contaminated by oil or vapors
containing carbon from the pump used in compressing it, and
we accordingly deem it essential to pass it through the pre-

heating tube, as described, before it goes into the combustion
furnace.

After the combustion train is arranged, as above described,

it is essential to see that there are no leakages, and to make
not less than two blank combustions. For the first of these,

close the connection from the gas and air holders, and then

open the cock controlling the How from the aspirator bottle,

which has bceu previously filled with water. This puts suc-

tion of a column of water 12 to 18 in. high on the ti'ain, and
is abnndant to indicate any leaks. After the suction has had
time to act on the whole apparatus, and come to rest, it is

satisfactory if nothing passes the absorption potash bulb for

five luinutes. If this result does not follow, the leaks must of

course be found and slopped. The combustion train being

found tight, the two blank combustions should be made in

every respect as though they were real ones, except, of coui'se.

no iron or steel should be put in the dissolving jar. If these

blanks change the weight of the absorption potash bulb and
jirolong more than about 1 milligram, something is wrong, and
the apparatus and chemicals should not be regarded as.satisfac-

tory, until one or more blanks are obtained, which come
within the limit above mentioned. In this connection the

paragraph below on necessary errors shouhl be read.

calculations.

Since the carbon is weighed as carbon dioxide, and since yt
of the carbon dioxiile is carbon, the percentage of carbon in

the iron or steel under test may always be found by the fol-
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lowing formula : n : 100 :: ,', h : x in wliicli n represents (lie

iunount (if iron or sleel talvcn, expressed in grams ;
A the in-

eroase in weiglit of the absorption potasli bulb anil prolom;
expressed likewise in grams, and .c the earbon sought. This
jiroporlion reduees to the form .r = ',\WV> + llu. and when 3

grams are used to start willi. it l)e("omes.c = 100// + 11. When
;i grams are taken to start with, tliis may be briefly stated as
follows : Express the increase in weight of the absorption pot-
••ish luill) anil prolong in grams, move the decimal point two
places to the right, and divide by 11. The result will be the
perc'ut.age of carbon in the sample. Thus if the increase in

weight is O.Kitil gram, the earbon will be (Ki.Ol + 11) l.ol per
cent.

NOTES AND PUECAUTIONS.

It will l>e observed that this method releases the carbou from
the iron or steel by dissolving the metal in an acid solution of

the double chloride of copper and potassium, and after Ultra-

lion and thorough washing burns the carbou in a tube in

oxygen gas, and after freeing the carbon dioxide formed from
impurities, catches it in caustic potash .solution, the amount
being determined by the iiuTease in weight of the absorbing
material.

There is much reason to believe that many discrepancies in

duplicate analyses, as well as between different chemists, arc
du<' to the borings or drillings. The place from which the
drillings arc taken ; the .size of the drill ; the dcjith of the
hole ; whether it goes through the sample or not. and espe-
cially whether the drillings are partly coarse and partly tine,

are all believed to have considerable intluence on the final

result. This difhculty will be diminished (1) by drilling the
hole as near through the sample ;is practicable

; (2) by liaving
this hole transverse to the line of final solidification, and cut-

ting it, ami (3) by liaving the drillings as fine a.s possible, and
thoroughly mixing them. 'J'his latter precaution—viz., to

have llie drillings fine, is also important in its influence on the
rapidity of sulisciipient work.
The u.se of acid, and the use of the potash double salt, rather

than the ainmom'um double salt to dissolve the metal, Ixith of
which differ from old practice, are copied from the work of
the Auieric'iDJ ( 'omniittee on International Standards, for the
analysis of iron and steel. It will be remembered that the
work of this conunittee seemed to show very conclusively that
these changes led to niiU'h more accurate results.

If the solution contains more of the d luble salt th.an is rec-

ommended above, solution will not be sr) r.ipid. A saturated
solution works verj- slowly.

The influence of stirring on the rapi lify ami completeness
of solufion is very great. With the stirring apparatus recom-
mended above, if the borings are fine it is not at all rare, espe-

cially in the ca.se of steels, to get such complete solution in
1.") to 20 mimitcs that but little more than a stain is left on the
asbestos filter in the boat after the combustion is fitdshed.

lu washing the carbon in the boat, after it is transferred

from the beaker or dissolving jar, loss of substance is apt to

result, if the jet from the wash bottle is used diiccl. It is

better to always put the liquids into the beaker or dissolving
jar, and thitn pour them into the boat. Too great care can
iiardly be taken to wash thoroughly. A little sub-chloride of
copper or a littk; chloride of iron left in the asbestos filter, or
in the boat, may cause dillicultj' in the combustion tube later

on.

The earbon from some steels, and in general from pig iron,

filters readily like sand, but from other steels it seems to sepa-

rate in such a form as to clo.g the filters bailly. This gelatinous
c:arbon does not .seem to be cliaraeteristic of any siiecial kind
of steel, but may occur in any. We know of no way to facili-

tate filtration in such cases, except to follow the directions
closely.

In drying the carbon in the boat too high temperatures
should be avoided. There are iniiications that loss of sub-
stance may result from neglect of this precaution, although
we have not jiositively demonstrated this.

Tiie use of the preheating furnace complicates the train

somewhat, but no other method of freeing the oxygen gas
from possible injurious im|)urities has proven so successful in

our experience as this one. It is clear fliatif there is anything
in the gas that would react with oxygen or with oxide of

copper in a red-hot tube, and later be ab.-orbed by cau.^tic pot-

ash, this material must be remoted from the gas by the pre
heating furnace and purifying pota.sh bulb before the gas goes
into the combustion tube. Purifying the oxygen g;is without
preheating does not .seem .so Siitisfactory.

The use of rubber corks and rubber tubes is open to some
objection, but ni^ do not know of any successful substitutes
for these materials.

The combustion tube we recommend is longer than cus-

tomary, but we think not longer than essential. The danger
of volatile matter from corks affecting the result is consider-
ably diminished by this additional length. We prefer the
porcelain tube, although we have never used platinum ones.
Tubes of larger bore enable a little larger boat to be used, but
they are m\ich slower to hc'at, and do not in our experience
give any more reliable results.

The use of a roll of fine copper gauz(^ in the combustion
tube in place of granulated oxiile of <'opper has bi>en reciuu-

mended. In our experience if is diflicult to l)e sure that tin'

metallic copper is all oxidized before regidar work is licgun.

If this is not .so, and if the metallic copper contains any car-

bon, there would of course lie danger of error, due to the slow-

progressive oxidation of the metal and carbon during combus-
tion.

Many devices have been suggested to prevent the possibility

of hydrochloric acid, chlorine or chlorine eomponnds, which
may be formed in the tube- during condiustion from reaching
the ab-sorjition potash bulb and thus introducing error. We
have tried many that we have seen suggested, but have; found
none that seem so efficient as the roll of metallic silver foil.

If proper care is taken in the washing of the carbon, if the
tube is arranged as described, and in good order, and if the
rate of movement of the gases is not too rapid, neither chlorine
nor hydrochloric acid escape from the tube. If, however, the
washing is incomplete, leaving some sub chloride of copper or

ferrous chloride and free hydrochloric .acid in the boat, which
latter is not expelled by the drying ; if the tube is foul from
having been used for many combvistions, without clcaiung
and rechargingi or reduction liy hydrogen, and especially if

the combustion is hurried, resulting in a too rapid movement
of the gases in the tube, the silver roll may not be a complete
protection. We accordingly introdue<' into the train an acid
ferrous sulphate, and a silver sulphate bulible tube as addi-
tional precaution, the former to catch chlorine .and the latter

hydrochloric acid. Direct experiments witii each of these
tubes separately show that they are a complete iiroteclion

again.st tlie gases mentioned, provided the rate of movement
is not more than four or five hubbies a second, and also pro-

vided the amount of these gases is not greater than woulil arise

in even the rather carelessly managed c(Uubu.stion nuntioned
above. Of course "it may be iiuestioned whether these two
bubble tubes do not retain carbou dioxide and thus cause
error. Direct experiments made by taking a weighed iiot.ish

ludband prolong. ]iroperly filled with water, protecting it wilh
chloride of calcium tubes at each end. and ch.arging it fidl of

carbon dioxide, and reweighing and then aspirating air through
it with frequent weights during the asjiiration show th;it a

very much less amount of air th.ui tliat used for aspiration in

a regular combustion is suflicient to remove the carbon dioxide
completely from the amount of li<|uiil in the bubble tubes.

It is highly desirable to pass hydrogi'U or coal gas, ]>refer-

ably the former, through the combustion tube, as described

above, after a tube has been used for oO or 60 combustions.
In lieu of this, the tube should occasionally be cleaned out anil

filled with fresh material. The frequency with which either

of these shoidil be done depends largely on how comi)lelely

the earbon is freed from other substances during the solution,

washing and drying.

A slight pressure in the tube is thought to be less liable to

lead to error from leaka.ges than to have a vacuum in the

tube, causid by drawing everything through the train by
nu'ans of the aspirator bottle. It will be observed that the

pressvire specified is equal to about half the colunm of water
in the first bubble tube. From this point the aspirator bottle

is relied on to move the gases forward.

The combustion tube should alwavs be kept <'loscil. and
after a combustion is finished, the connection between the air

gasholder and the train should be left ojien. or the liquid in

the bubble tubes will suck back into the eondiustion tube as

it cools. We also deem it es.sential after the furnace lias been
sfanding idle some time to m.ake a blank before jiroceeding

with regular work in order to be sure that everything is right.

It is quite essential that the chloride of calcium tube which
precedes the absorption potash ludli and the prolimg should
dry the gases to the same extent and no more. If one is more
cfiieient than the other error may result. Thus if the gases
which go into the absorption jiofash bulb are drier than thej'

are after they leave the jinilnng. it is obvious that moisture
that h.'is been weighed is lo.st. On the other hand, if the gases

that go info the .absorption potash l)ulb are not as dry as wlieii

they leave tiie prolong, it is equally obvious that something
besides carbon dioxide has incnrascd the weight of the absorp-

tion potash bulb ,and jiroloug. It seems probable that .some

of the difiiculty in getting absolute blanks may be accounted
for in this way. It is a little hazardous to use a freshly filled

chloride of calcium tube with an old prolong, and viu versa.
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Likewise it is not advisable to use sulphuric acid or other
moans of drying the gases between the furnace and the chloride

of calcium tube.

It is not necessary to recharge the absorption potash bulb
for eacli combustion. Depending, .of course, on the amount
of carbon iu the .sample, the}" may be used for from three to

six or eight combuslious without recharging. We have made
agreeing duplicates on the same sample, one with a potash
bulb, fre-shly charged, and the other with a potash bulb, show-
ing a cloudiness in the first bulb due to bic,arl)onate.

The weight of the potash bulb and prolong before and after

the combustion is affected by a nnmber of circum-stances
other than the carbon dio.xide absorbed. It is obvious that if

all the conditions are the same at the second weight which
prcv.iiled at the first, there is no error due to weigliing. But
it seems to be difficult to get these conditions exactly the
same. Temperature, barometric pressure; the deposit of

something from the air of the laboratory, or from the fingers

on the parts weighed, and especially the humidity of the air

may all be different at the second weighing than at first. If

we may trust our experience, it is almost impossible to make
satisfactory combustions in showery weather.
Where combustions are made iu large numbers, .say 16 to 18

a d;iy, by one operator, with two furnaces, very satisfactory

results may be obtained by weighing direct from the furnace,
finishing the aspiration with oxygen in.stead of air, and u.sing

the last weight of one combustion as the first weight of the
next one. Of course in very critical work this procedure
should not be thought of.

Direct experiments show thai with the apparatus arranged
as above, the oxj'gen iu the potash bulb ami prolong is ah
removed by air during aspiration, when about 800 c.c. of
water has been run out of the aspirator bottle. The experi-
ments were made b_v weighing a potash luilb and prolong, in-

troducing it in the train, passing oxygen until it was filled,

then reweighing and then aspirating air with frequent weigh-
ings until tlie tirst weight was obtained.

If the aspirator bottle is fitted with a tube reaching nearly
to the bottom, as shown, the suction on the train will be the
.same irrespective of the anrount of water in the bottle, until

the bottom of the tube is reached.
Notwithstanding all precautions, theri^ seem to be some

almost unavoidable sources of error in th(! comliuslion method
of determining carbon. Among these may be mentioned the
possibility of hydrocarbon vapors from the rubber lubes and
corks, the imequal drying of the gases by the chloride of cal-

cium tube and prolong, the diliieulty of getting absolute
blanks, and especially the difficulty of making the second
weiglit, under exactly the same conditions as prevailed when
the first one was made. We do not think all these errors com
bined should amount to more than one or two hundredths of

a per cent, of carbon.

USES OF METALLIC TIES.

By a. Flamache.

Every engineer has been struck by the extreme variation

of opinion concerning the use of metallic ties on railroads.

Some, such as the English railway companies, the great major-
ity of French managers, the Belgium State Railway, and as a
general thing the managers of the lines of Western Europe,
where the traflic is very heavy and fast, are .systematically

opposed to lire use of metallic ties. The rare applications on
the lines which have just been cited are the result of abso-
lutely outside causes, such as the powerful intlueuee which
could be brought to bear upon an English road, which was
soon compelled to remove these ties, iu spile of its desire to

please the inventor. Sometimes it is in order that the inven-
tive faculty of the olticers of the company might not be dis-

couraged, that the latter consents to use a few ties which were
designetl by their engineers. Sometimes the railroad company
which handles the freight of an important steel works buys "a

few tons, and pays for them by transporting raw material.
More often still, it is a governmental movement, which, in a

moment of distress, does it in order to make work.
In all this there is no such infatuation as metallic ties have

inspired in Germany and Austria, where engineers seem to

have considered the question as solved. It is true that they
formerl}- manifested the same inclination to use metallic string-
ers, which are now used by a few managers only who are
more or less interested, as invc^ntors, in their success. There
is, nevertheless, some singular facts arising from this diver-
gence of ojiinion. How can it be that a system of tracks,
which lasted only eight days on an English line, such as the

Haarrmann, which was made in two pieces, lias been tried

and lasted for several years on certain German lines ?

Many, however, are agreed that when the metallic tie has
reached a firm basis, its maintenance is far less expensive than
that of a wooden one ; while others, resting upon 20 concur-
rent results obtained iu different sections, declare that the
maintenance of the metallic tie is twice and a half or three
and a half times as expensive as that of the wooden one.
These great differences of opinion between men of equal abil-

ilj' and indisputable veracity are not inexplicable.

The object of the present article is to laj' down a few obser-
vations which I have had occasion to make, and which, if they
do not throw any definite light upon the subject, may lead at

a later time to a complete knowledge of the truth. All the
differences of opinion which have been produced are derived
from the fact that hollow ties, with opening turned down, have
invariably been used upon lines where the work is very heavy,
and that the maintenance of these ties was very expensive,
while upon lines where the trattic was light, Ihey have been
easily maintained. This fact being recognized, I have pro-
ceeded into the examination of different metallic ties, with
hollow supports of different shajies, and have watched the
metallic track very attentively where it had to be reconstructed
and put in good condition. The passage of trains upon sup-
ports which have edges vertical or nearly so has an effect of
forcing these edges down into the ballast and then withdraw-
ing them, according as the tie descends or ascends with the
wave motion of the rail. However hard the fragments which
compo-sed the ballast made inay be, they are worn out, and form
a sort of mud, which fills the interstices, and transforms the
ballast contained in the o]ien ])art into a very hard macadam,
which is more or less hard upon its edges. At the same time
the volume occupied by this diminished ballast is obliged to
flow again iu order to maintain the tie at its proper height.
That is the first period for the maintenance of metallic ties

observed by everybody, and recognized as being particularly
difficult even by the advocates of metal, but not being likely, ac-
cording to them, to last more than a few montlis. Starting from
this point, the tie is seated upon a hard core, is anchored bj'

its lower portion into the sub-adjacent ballast, and is abso-
lutely immovable. At the first the track is excellent excejil

that it is a trifle hard, but at the end of about a month acci-
dental causes intervene either under the action of the vibra-
tions, caused by the pa.ssage of trains or to the wave motion,
or by a deformation of the roadbed, the cores are displaced
and carry with them the lower portion of the sub-adja-
cent ballast. The tie embedded in this core is displaced witli
it, and the track soon presents a series of sags, not very deep,
it is true, but still of a very disturbing character. At the
same time the distance between the centers of the tics is

changed, and some of them are brought into an oblique posi-
tion with the rails.

Such is the condition of all the German railways which I

have examined. As long as the speed of the train does not
exceed 47 miles to 50 miles per hour, these sags have no other
disadvantage beyond that of shaking up the passengers pretty
badly, but without putting their lives in danger ; but when
a speed of 63 miles or more per hour is obtained, the situa-
tion becomes unendurable, and must be remedied at any
cost. A difference of from 6 to 12 miles in the speed modi-
fies the whole running of a train. In experiments which
I have made with my deflectograph I have seen a train of
passenger cars, hauled by an excellent engine, admirably
balanced, running at different speeds over a new and thor--
oughly good track, take a sensible deflection and balance
upon its springs at 56 miles per hour, and while it was
in that position remain exempt from all other movements.
Further on, at 62 miles per hour, the swayitig was very an-
noying upon a less perfect track, and the strain, as shown b_y

the instrument, was double that observed at 44 miles. Uiioii

a poorly ballasted or tamped track the train reaches a disturb-
ing speed more quickly and in a more pronounced manner,
and engineers of lines where rapid express trains are running-
ought to keep their tangents in true alinement, both vertically
and horizontally, lest they cause disastrous derailments or
destroy in the course of a few years the best built track.
No one believes that a few blows of the tamping-bar or pick

is sufficient to obtain a perfect dressing of a track with hollow
ties. A track which is thus brought to alinement is forced
back to its old position by the first train which passes, each
tie falling back upon the core which sustains it. To obtain a
suitable dressing, the old core should be demolished and the
tie tamped up afresh ; then the period of expensive mainte-
nance begins, wliich we pass as soon as the cross-ties are well
seated, and which follows at once a greater or less intensity of
traffic. Is it not plain, then, that where one is contented with
a poorly tamped track the hollow tie can only lead to fresh ex-



394 THE AMERICAN ENGINEER [August, i8'93.

penscs? This will be Ihecascon nil linuu-h lines or miiin lines

where the speed is not in proportiuu ; therefore where the
necessities of trallie olilij;e rapid ruiiniiif;', it is nceessary, at

any odds, that the rail should he often brouyht back to aliue-

ment. and then the maintenanee will be exjiensive,

I have already said at the Exposition of Jletallic Tics, or-

ganized by the Soeiety of Kni^ineers of Brussels, that the
metallic tie ought to be seated upon the ballast iiy a flat sur-

face, or at least one which does not re(juire a tamping up into

a hollow. Furthermore, it is undesirable that the tie should
liave any other form than that of a strictly prismatic one ; that
it should have any curvature or bendings, or that it should be
furnished with bosses or riveted joints. On these conditions
alone its longitudinal or transverse displacement would be
]>ossible without the disturbance of the ballast foundation

—

that is to say, without dcl'orndng the seating which has been
acquired with so much dillieulty after months of travel.

On the French lines the truth of this was very clearly mani-
fested, and it has been more or less recognized as one of the
conditions of the maintenance of the metallic tie. The experi-

ments heretofore attempted by French engineers have been very
unfortunate, because inventors have had recourse to riveting
in order to obtain the resistant profiles and plans.

A new outline has been proposed in France and is obtaining
a wide application. It is the 15ernani it Ponsard types,

Th(! pressure cores formed in tlu! two canals are adherent to

the lie, and move with it. In consequence of the relatively

small hollow and the slight inclination of the sides, these cores
form a sort of tilling, which moves in every direction with the
tie. The bending, however energetic it may be, does not attach
them to the sub-adjacent ballast.

The result is that this profile is practically tlie same as that
of a tie with a flat support. It is disjilaced in any direction

just the same, and it does not wear out the pieces of the bal-

last, because there is no friction of its edges against them.
Ties of this type placed upon a very heavy trallic line gave,

when examined at the end of 1889, a i)crfectly straight track.
Not only could they be displaced like any other, even one of
wood, but the tamping could be done quite as easily as with
the latter and fidly as certainly.

It is gi-eatly to be desired that the French railway should
exti'nd llu' use of this outline, and I am not surprised that the
results obtained are totally dillerent than those furnished by
the hollow outline.

.\side from the remarkable tests of Bernard & Ponsard, I do
not know of any serious attempt to secun; this plane surface
of support. I eliminate at once as impossible the ties of U shape
with the concave surface upward.

J

BERNARD & PONSARD.

In fact, l\n' rail could only be all-ached in twow.ays : by suj)-

porting on the edges, which would invariably cut it, or by in-

terposing a block of wood or a shoe of cast iron between the
rail and the lioltom. Kxpcrience has shown that these double
attachments do not wear long.

Furthermore, the U-tie, in whatever manner it may be put
to work, presents a capital defect in its slight resistance to de-
flection.

The cross-lie of a railway is deflected by a very considerable
moment. It is, in effect, from the staud]ioint of deflection
ecjuivalent to a piece resting ujjon two supports and strained

by force more or less equally (lividcd. The best tilling is that

which extends uniforndy from the end of the tie toward the
center, a distance from tlie rail equal to that which se]i;irales

this latter from the end. It can easily be estimated without
any cxairg(fration that the tic of a heavy trallie line ought to

resist about 2, not! (I foot-])0un(ls. This is a ligiire which I

have adopted for special use, and nothing has yet been shown
which influences me to change it. it may be objected that it

presuppo.ses the load carried upon a single tie ; but my experi-

ments have shown that this is often the case. If it is remarked
that the adilitional loads due to dynamic actions are neglected

—that is, excessive weight on springs, the rolling around a

longitudinal axis, the centrifugal force in a vertical ])lane due
to a passage over a curve, we see that the above figure will of-

ten be practically exceeded.
There is but a single cause which may diminish its impor-

tance. By tamping the tie very strongly under the rail and
not so nuleli at the ends and at the center, it is evident that

the maximum moment becomes less, but there results an (ex-

cessive pressure upon the ballast which deforms it until the

surface of support reaches proper proportions.

In conclusion, I repeat that a moment of 2,5(10 footpounds
can be counted upon as the strain of a tie on a heavy tralti<'

line. Th(! V form of section, as we have said, is not the thing

at all from the Standpoint of dellection. If we look for the

deflection of a tie of this otitline, which weighed 172 Uis., wc;

find that it corresiionds with a moment of 2.MW foot-jiounds to

a strain on the metal of :i8,;i8() lbs. per square inch.

It is easy to see that these disastrous conditions of resistance

to deflection are irremediable with the U form where the neu-

tral axis is from 4 in. to 8 in. from the Ijottom. The moment
of inertia is, therefore, weak, and for a given height of outlinie

the distance of the neutral axis from the line of maximum strain

is increased. In tics of symmetrical outline, the neutral axis

passing through the center of the height, we obtam a weight
that is in the best possil)le shape for the resistance to deflection,

; The slight resistance of the hollow tie places the engineer

between two equally bad alternatives—either he must tamp
the tie exclusively under the rail, and, in this case, the tamp-
ing will not last and the maintenance will become very diflieult

and expensive, or he must tamp the whole length, and the tie

will break.

It is evident that this rupture will occur at the bolt holes,

and, unfortunately, almost all these systems require that their

rectangular holes shall be made with a punch, which so modi-

fies the structure of the metal at its edges that it causes de-

fects which sooner or later cause a rupture of tlic sections.

Everybody knows that steel when treated in this brutal man-
ner becomes weakened. It may be well to repeat here again

tliat these disadvantages are not jiarticularly felt on lines

where the trallie is not heavj'. Several years might be neces-

sary before they would apjjear. The result of my observation

is that a hollow cross tie weighing' from 154 to 172 lbs. can

siqiport, before breaking, the passage of from two to five mill-

ion pairs of wheels, according to the running speed. This

figure is easily reached in from three to four years ou heavy
traffic lines, but may demand ten or a dozen years on branch

lines. That is why hollow metallic ties on German and Dutch
lines seem to sustain the traffic so well, and that they are not

put out of service iu a few years, but last until their normal
life has been passed.
The first breakage is the signal for a general clearing out

time, and the German managers pay very dearly for their im
pulsive desire to use mt tal ties.

In resume, the metal tie for heavy lines can only be used
under the following conditions :

1. It should not re(iuire tamping into a hollow space—that
is to say, it ought to be able to be displaced longitudinally and
transversely, like a wooden tie with a flat bottom. It is also

bad to give it any cvirvature bosses or variations of section, or

to furnish it with stamped projections or riveted joints. Us
form should be strictly prismatic.

2. It ought to weigii from 1()5 to 175 lbs., and be formed of

steel in order to offer a moment of resistance of from 5,450

foot-pounds to 5,800 foot-pounds. Iron of the U form is not

strong enough in any position, as it is a shape unfavorable to

deflection, and it ought to be excluded. The outline ought to

be symmetrical.
3. The resistance ought to be obtained in full outline— that

is to say, the riveted joints ought to be excluded.

4. The attachments ought not to nMJuire rectangular holes,

but the only holes made should be made drilled, and these aic

preferably round.
This outline only relates to metallic lies for main lines, and,

in my ojiinion, it is the oidy one to which any attention should

be paiil at this lime on the railronils of Western Euroi)c. In

these countries, in fact, the inqiorlani lines represent a greater

portion of the total trackage ; and the new material ought to

be laid in preference to the use of old. which, when half worn
out, .should be taken u]> and relegated to branch lines, as there

is almost always some of this material to be used that has bei'n

taken from the main lines, for it is very convenient to be able

to jilace it on branch lines where ils life would Ixe consider-

able. Thus, the 500 miles of the double track road of the Bel-

gium State .Uailway supplies sullicicnl material for the main-
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tenauce ot 1.5.000 miles, of which 10 per cent, is double track

belonging to the branch lines of the system.
In countries where this state of affairs does not exist (lie

population is sparse and the forests are abundant ; nielallurgy

is not very much developed, and the wooden tie reigns absolute

mistress of the situation.

It is, therefore, in vain to looli for the introduction of metal
ties of any existing type into the colonies ; but tlie situation

might be changed if we could find a metallic tie that is mov-
able and possesses the qualities of great durability under the

most rapid trains. If this discovery should appear to-morrow
it wouki realize the iiopes of metallurgists, and the duration

of the material would be such that there would be more than
enough material left over in the case of important tracks for

the maintenance of branch lines. Consequentlj' the new tie

would come into use ujjon these latter lines, and, as at these

points metal can struggle most advantageously against wood,
there is nothing impossible in the fact of iron becoming every-

where triumphant. Therefore, it is in the direction of metallic

ties for lieavy tratfic lines tliat inventors ought to turn their

attention if they desire to oljtain control of Europe.
It is also iu this direction that experiments ouglit to be pur-

sued by tlu' governments of the metallurgical countries where
the metallic tie woulil be of very general interest. Far from
attempl,ing at the last moment to give some constrained and
forced orders to an industry that is on the verge of a crisis, it

ought to test every new type that appears which promises to

be able to withstand a heavy traffic. The smoothness of the

supporting face and strong resistance to deHection are the most
important conditions. In my opinion the tests of weak or hol-

low ties, though niiide by managers with perfect good faith,

can only yield fruitless results.

PROGRESS IN FLYING MACHINES.

By O. Chanute, C.E.

(Continued from page 342.)

In the opinion of the writer of these lines Ilerr Lillcntli<il

has attacked the most difficult, and perhaps the most im-
portant, of the many problems wliich must he solved before
success can be hoped for in navigating tlie air with flying

machines. He has engaged in the effort to work out the
maintenance of equilibrium in iliglit, and to learn tlie science
of tlie bird. lie has made a good beginning, and seems to

be in a fair way to accomplisli some success in riding on the
wind.
We luive already seen that this has been tried before, and

that (to say nothing of ancient myths) J. B. Dante, Paul
OuUlotti, Friincisco Orujo, and Captain Le Br is all met with
partial success in soaring. Singularly enough all four met
also with the same accident

—

i.e., a broken leg, in conse-
quence of the loss of equipoise. Herr Lilieitthal has greater
chances of success, not only because he seems to have set

about liis experiments only after thorough investigation and
consideration, but also because mechanical knowledge as

well as constructive methods and workmanship have greatly
improved since even Le Brisks time. Besides this, we have
the gliding exploit of M. Monillard, whose experiment has
already been related, and that of M. Ader, which is yet to

be mentioned.
Most of the capable inventors who have undertaken to

solve the problem of flight have first concerned themselves
with the question of motive power, and we sliall see here-

after tliat very great progress has been achieved in this

direction since 1800 ; but no amount of motive power will

avail unless the apparatus to which it is applied is stable in

the air—unless it can rise, sail, and come down again with-
out danger of losing its equipoise. As has already been
said, safety is the first recjuisite, and until this is assured,
all the other elements of success will be unavailable.

Ilerr Lilientlial has eliminated for the present the ([ues-

tion of motive power, by undertaking to utilize ascending
trends of wind, like a sailing- bird ; and if lie succeeds in

gliding up as well as down, and to the right or left, and in

maintaining at all times the coincidence of the center of
gravity with the center of pressure at all angles of inci-

dence, lie may not only apply an artificial power hereafter
for use when great speed is recjuired or when there is no
wind, but lie will also probably have evolved a method of

gratuitous transportation through the air when the wind
blows under proper conditions ; for there seems to be no

good reason wny a soaring apparatus for one man should

cost more than twice as much as a first-class bicycle, or

half as miicb as a city carriage ; and when the wind is in the

right direction, a good many miles could be sailed over in

a day with no expenditure of force save for the evolutions

necessary to maintain the equilibrium, although this can

only be done under peculiar circumstances, and the com-
mercial use must be very much less than that of bicycles.

That this expectation is not altogether absurd will a[)pear

from a brief consideration of the power of the wind
; and

to make the matter plain we will suppose it to have an

upward trend of 15° or 30 per cent, or a very moderate

inclination, which must be frequently exceeded. Under
that circumstance a horizontal aeroplane will, as pre-

viously explained, have the horizontal component of the

normal pressure directed to the front and acting as a for-

ward propelling force. We may now calculate what the

effect of this would be upon Herr Lilienthars aeroplane.

This was proportioned in the ratio of 0.75 sq. ft. of surface

to the pound of weight ; but as the surfaces were concavo-

convex, we may assume that the coefficient of efficiency would
be about the same as that which we have assumed heretofore

for the pigeon, or 1.3 per cent, of the actual surface, and
we may further simplify the calculations by assuming the

equivalent pluiie surface as equal to 1 sq. ft. per pound to

be sustained. Now if this be exposed to a wind blowing

at the rate of 25 miles per hour, at which the rectangular

pressure, as given by Smeaton's table, is 3.125 lbs. per

square foot, and if we suppose the plane to be inclined for-

ward, so as to point 5° IJelow the horizon, then tlie w^ind

will make an angle of 10° with the plane, at which ~tlie

normal pressure, by our tables, will he 0.:j3T of the rec-

tangular pressure. As the elTect upon the plane is in the

ratio of the angle which the latter makes with the direction

in which we desire to calculate it

—

i.e., the horizon, and

this angle is 5°, the SMie,of which is 0.087, then we liave

for the propelling force for each square foot of sustaining

surface :

Drift = 1. X 3.125 X 0.337 X 0.087 = 0.0910 lbs. per

square foot.

But as the speed is 2,200 ft. per minute, we have for the

power :

Power = 0.0916 X 3200 -j- 33000 = 0.00011 horse pow-
er per square foot,

which for an apparatus with 173 sq. ft. of sustaining surface

furnishes a motive power of

O.OOCU X 173 = 1.05 horse power,

which is the power at the disposal of Herr Lilienthal when
the wind blows 25 miles per hour, with an upward trend

of 15°.
J"

This, of course, varies with the trend and tlie strength

of the wind ; but it will be noticed that with the data as-

sumed it will amount to some horse power lor an aero-

plane with 1,000 sq. ft. of sustaining surface—an amount
which will probably be surprisingly great to those who have

not considered the subject.

It will doubtless be objected that these calculations are

all based upon the assumption that the wind has an ascend-

ing trend, and that this condition does not uniformly obtain,

particularly at sailing heights above the earth, where the

wind may be horizontal at the very time that experiment

shows an ascending trend near the surface. This is granted
;

it is acknowledged that the calculations of power to be ob-

tained from the wind are predicated upon an assumption

which may be untrue part of the time ; but the answer to

the main objection is that the birds soar at nil titues when
there is wind enough (not too much), and that while we
cannot yet explain how they do it, man ought to be able to

avail himself of the same circumstances as the birds, if only

he can maintain his ecjuipoise.

This is what Herr Lilictithal has undertaken ; he has done

so with great prudence and good sense, and so far as tlie

results of his experiments have been published they teach

several valuable lessons, which may be summed up as fol-

lows :

1. The upright position for the body of the aviator is the

most favorable, as being most natural to man.
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2. Safety while learning the managomcnt of an apparatus
is promoted hy beginning witli eomparatively small sur-

faces, because wind gusts are liable to destroy the balance.

It is best to glide downward in initial experiments until

practice has conferred the skill requisite to maintain the

equipoise, in ease the apparatus is tossed up in the air by
the wind. This is a lesson which was not obvious, and it

should be heeded by experimenters, some of whom have
assumed that safety was best |)ronioted by large surfaces.

;'). The aviator must be so allixed to his apparatus that he
can detach himself instantly should the machine take a

sheer.

4. It is not safe to experiment in winds blowing more
than 'it! miles ])er hour until skill has been accjuired in the

management of the apparatus, or until the latter has been
so in\proved as to minimize the danger.

.5. It seems now reasonably possible for designers of soar-

ing machines (and the writer knows several) to experiment
with their apparatus without further search for some hid-

den secret, for Ilerr Lilienthal says that his experiments
have taught him that there is no mystery about sailing

(light ; that the wind is sufficient to account for it. Invent-
ors need not look for some new mysterious force, some
"negative gravity,"* like that in jMr. Stockton's tale, to

take them up into the air ; nor need they be afraid that if

they propose to experiment with soaring machines they
will be considered lunatics. The main (piestion for them
to consider is that of the equilibrium.

Of course, even if this be worked out, the practical use-

fulness of a soaring machine would be very limited. It could
only be availed of when the wind blew with about the

favorable velocity (neither too slow nor too fast), and its

field of daily use would probably be limited to the trade
wind latitudes, or, in other words, to those regions inhab-
ited by the sailing birds ; but if the equipoise be worked
out, if man succeeds in devising an adequate soaring appa-
ratus and in learning how to use it, unhampered by the
necessity for looking after a motor at the same time, it will

not prol)al)ly be long before some motor is added to confer
upon him command of space at all times.

In June, ISOl, the quidnuncs in Paris were interested in

the rumored success of some experiments with a flying

machine carried on near Paris, in the i)rivate park of Mr. E.

Pereire, the banker, by M. Clement Ader, who was said to

have succeeded in rising to a height of al)Out (iO ft., and in

Hying a distance variously estimated at 100 to 400 yds.

M. Ader is a well-known French electrician, the'nventor
of a telephone, and has long been interested in the rtying-

machinc problem. In 1873 he constructed an artificial bird

2(! ft. across and weighing some US lbs., with beating wings
actuated i)y the muscular force of the operator's legs, aided by
elastic auxiliary pectorals. In high winds, and restrained

by ropes in order to guard against accidents, it would lift

up a man, but it was found, as many times before, that man
has not the requisite energy to sustain his weight in calm
air. Sub.se(piently the same a])paratus, or a moditicution

of it (for the accounts are not quite clear), was set up under
a shed at Passy, and visited by M. dc In LdiidtUc,] who
states that the operator was stretched horizontally (a bad
position) between the wings, and worked with his feet and
hands the organism of transmission to the parts that acted
upon the air. A certain lifting effect was produced, but
not enough to sustain the whole weight. This apparatus
was never i)hotographed, but its inventor now contemplates
unboxing it and setting it up again as a curiosity.

In 1891, as already mentioned, M. Adcr built another

* One theorist expounds hia ideas as follows : "One point I have studied,
and iliaf, is. How ran a twenty pound wild goose carry itself so easily v

Weiyh every feather you cun pick off from a wild goose and they will not
weigh one pound Now if the feathers be j}i<-ked oft" from tlie j^oose he can
come no nearer llyinj; tlnin we can.
"So there we have it clearly demonstrated that one pound of goose featlHTS

can picli up nineteen pounds of eoose and earry iliis nineteen pounds and
its (Ml; pouul of frather ' tliroui^h space ul aljout half a mile a minute, if in

a hurry.
*• Nowmytlieoryis this, and it applies to all birds. Notice any bird wlien

he suddenly starts to tly. and you will notice a lightning-like (jtiiver of his

feathers. I believe that tliis quiver causes the production of a negative
force of magnetism, or some kind of force which uuslies the bird from the
earth —just the reverse of the loadiitone. He tben has only to use his
wings to propel tite body, for the magnetic negative earth-force does the
lifting, and that is till produced by the feathers. If it were not, then the
bird ought to tly when divested of his feathers. This Is the force which
should be looked for ; whoever discovers it will make a fortune."

t Dans les airs, G, dc la Laudelle, pp. 230, i)7.

artificial bird 'A ft. across, with which he experimented in

the open air with such close ])rivacy as he coulil secure ; Ijut

the details are being kept secret, as the inventor sttites thtit

he believes that it is destined to pltiy an important part in

the national defence of his country. lie merely mentions
the fact that the motor and the nitiii who works it are placed
ill the interior of the machine, which is shaped like a huge
bat ; thtit the motor is actuated by a " mixture of a com-
bination of vapors," and that the instrument of propulsion
is a screw (of which he trictl some eight i)atterns) phiccd

at the head ; thtit the whole apjiiiratus rests upon skates

or upon wheels, anil that he needs a long, smooth. Hat
space to gather hetulway by sliding or rolling some 'M or liO

yds. or more. He stated that he had already expended
some |1'20,0(IO in his aerial experiments during the \^t j-etirs

tlitit he had been working at the problem, ;ind thtit he con-
templated exhibiting his machine in the air, if he could
secure the use of the great machinery hall built for the
Paris Exposition of Is.sy.

The above data are extracted from an account of an inter-

view with M. Ader, published in the Paris Tempn of July !),

1S91, in which he gave an interesting account of the pre-

liminary studies that led to his last conception, the result,

as he says, of a private theory of the resistttnces of air, which
he ])ro[)Oses to ])ublish some day.
Moved, probably, by the accounts of the sailing of large

biids published by M. MouiUard, as witnessed by him in

Africa, M. Ader first obtained from the zoological giirilens

some eagles and some large bats, and observed their llight

in his workshop, .fudging this to be insufficient, he next
went to Algeria, but could find none of the large vultures

near Constantine ; so, disguising himself as an Artib, he went
into the interior with two Arab guides, anil by enticing the
birds with jiieccs of meat left in secluded places, he suc-

ceeiled in obtaining ample observations.

jM. Ader states tliat he became fully convinced that these

vultures, some of them measuring 10 ft. across, do not beat

their wings when rising on the air; that they thip them ;it

most two or tliree times wlien first rising from the ground,
and then hold them rigidly spreail out to the current of

winil U]ion which they ride, and upon which they rist; in

great circling sweeps by merely adjustitig their aeroplane

to the varying comlitions of incidence tmd force of wind.
Starting from his theory and obseivations, .M. Ader next

built the machine which he has been experimenting with

near Paris, in the ])resence, it is said, of only three or four

persons, and with many jirecautions to avoid divulging his

secret. lie hits even announced that he intenils, from patri-

otic motives, to take no patents in foreign countries, so as

not to divulge the design of his apparatus, and that all he
can say at present is that the jiroblem is an exceedingly

difficult one, involving enormous mechanical difiiculties,

which incretise rapidly with the size of the apparattis.

Naturally this reticence excited curiosity, and the French
paper LU//untrittio/i, in its issue of June 20, l.SDl, published

a picture from which fig. 75 is reproduced, and it also made
the following comments :

ADER-1891.— Fig. 75.)

Nobody has seen anything, noboily knows anything, but

L' [Uiistratioti. has its friends everywhere. One of them was
litinting liitcly in the iMivirons of Ptiris, when he caught a

glimpse throiigh the leaves of a strange object reseinliling tin

en jrinous binl of bluish hue. It was impossihle to approtich

close to it ; an enclosure surroundetl the inivate pttrk shut in

bv the forest in which the tiforesaid mticliine wtis sittiatetl.

.\ssuredly it could only he a Hying machine. Our friend is

something of a limner tis well as tin eii'^nnfer, tiiul he comnuiiii-

cates to us the sketch which he iii.iile rroin ti ilisttince, and

which is ius cornet as it was laticticaljle to miike it. Upon
making due inquiry it turns out to be the invcution of M. Ader,
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tlio electrician, well liiiown for liis telephoue apparatus, anrl

it seems that the machine has really Hown several hundred
yards, rising some 50 to 65 ft., and holding a course through
space
The name of the inventor of this machine should be a guar-

antee of its possible success ; still we have our doubts. It is

said to have glided a certain distance in the air— 100 or 200, or,

say, 400 yds. But can it continue to do so for several hours,

without having recours<^ to some tixed suppl}' of power to re-

charge the motor actuating it ? For this is the vital point ;

what is the motor ? As the inventor is an eminent electrician,

thoroughly understanding this new science, he must have
selected his favorite motor, the dynamo.

But electric accumulators are impracticable on account of

their weight, while primary batteries act for only a short

time, and they, too, are heavy.
Therefore, for the present, and until we have witnessed a

convincing experiment, at which we shall have seen with our
own eyes the generator of the power employed, we shall re-

main skeptics, and we shall believe (and this oiily'because of

the higli scientific standing of the inventor) that if the machine
sketched by our frienil can really fly, it is only for a very
brief period of time.

In point of fact, it is surmised by the writer of these lines

that M. Ader has really been experimenting with a soaring

machine, using a motor only to get under way, and, if the

sketch of the apparatus is correct, that the principal diffi-

culty he has met with has been to maintain the ci|uilibrium.

He may have had a few good flights under favorable cir-

cumstances, but he must have had many mishaps.

It is probable that one of his errors lies in adopting- too

large a sustaining surface, under the mistaken belief that

this would promote safety. It would probably do just the

reverse, by enabling little wind gusts and ground currents

to upset the eciuipoise. The machine is 54 ft. across, and
must spread to the breeze twice the surface employed by
Herr Lilieiithal, which we have already seen is found by the

latter to be dangerous in winds of more than SS miles per

hour.

In August, 1891, M. Trouve, whose mechanical bird with
flapping wings actuated by explosions within a Bourdon
tube, and wiiose hovering screw machine, worked by a

dynamo connected by a wire to a source of electrical energy
remaining on the ground, have already been noticed, de-

posited with the French Academy of Sciences a sealed let-

ter, containing descriptions and drawings of an aeroplane,

which he believes to be destined to solve successfully the

problem of aerial navigation.

This method of depositing sealed descriptions of inchoate

inventions with the Academy of Sciences is a favorite one
in France, and answers generally much as the filing of a

caveat does in the United States.

Nothing is known, of course, concerning the designs for

this aeroplane, but 51. Trouuc says that he has made great

strides toward develo])ing his aerial apparatus since 1870,

and especially since 1.SS4
; that his laboratory experiments

have convinced him that while his explosion motor is satis-

factory as to the power exerted in proportion to weight,

wings are less efficient than screws as instruments of propul-

sion. He has therefore designed an aeroplane propelled by
two screws, rotating in contrary directions, which he be-

lieves to be superior to the former arrangement of beating
wings.
The arrangement of this aeroplane is said to be such that

the surface may always be proportioned to the weight to

be carried, no matter what that weight may be.

The method of obtaining initial velocity is ingenious and
effective. The apparatus is to be placeil upon a railway

car, and this is to be towed by a locomotive upon an ordi-

nary railway, until the speed is sufficient to furnish the re-

quired reactive support from the air ; when the machine
rises, and is thenceforth supported by its sustaining sur-

faces, driven by the two screws moved by the explosion

motor.
M. Trouvc believes that success is now a simple question

of money expenditure, and that the daring man, favored by
fortune, who first navigates the air, will reap the glory of

that success with less title thereto than his predecessors, who
have pointed out the way.

In iHtll Otistav Koch, an aeronaut of Munich, pub-
lished a pamphlet entitled " Free Human Flying, as the

Preliminary Condition of Dynamic Aeronautics," * which
contains the plan and description of an apparatus designed

by him, with which he proposes to imitate the soaring of

the birds, and which also gives an account of the experi-

ments which he had tried with models. This design has

been thought worthy of trial, and the Bavarian Ministers

of the Interior and of Education in Jlay, 1S93, granted

1,000 marks ($400) to Herr Koch to enable him to make ex-

periments. This he is about to. do (with an assistant) over

the lake of Constance near Lindau, and while the results

may not prove satisfactory, they cannot but prove interest-

"'"
. , . . .

The aeroplane designed by Herr Jioch consists in a pair

of rigid wings, approximately shaped like those of the

dragon fly, each about 37 ft. long and 6 ft. broad, back of

which there is a triangular tail, some 7 ft. long and about

8 ft. wide at the rear end. The wings are to be constructed

of bamboo, covered with unbleached silk slightly oiled, and
pivoted to the back of the operator. The latter is to lie

horizontally, face downward, in a sort of hammock sus-

pended from a frame which attaches to the wings,' and the

latter can thus be swung forward or back within small

limits, so as to change their position with respect to the

center of gravity, but they have no flapping action what-
ever. The operator is to swing the wings and to elevate or

depress the tail by means of pedals on which his feet rest,

and of lines leading to his hands.

It will thus be seen that the action of the apparatus,

which is some 57 ft. across, consists in altering the position

of the center of pressure, vvith respect to the center of

gravity, by swinging the wings forward or back, and thus

changing the angle of incidence which the apparatus makes
with the course, while still further changes can be produced
by the action of the tail.

The weight of the aeroplane, including the mechanism
which works it, is estimated at 1)9 lbs., and that of the

operator at 176 lbs., making a total of 275 lbs., to be sus-

tained by about 335 scj. ft. of surface.

Herr Koch proposes to test the apparatus by taking it up
beneath a balloon and cutting it loose when about 3,000 ft.

in the air. The first experiments, of course, are to be tried

with a dummy instead of a man, and if these indicate sufli-

cient strength and stability, the operator is to take the place

of the dummy. He expects the machine to descend like a

stone for the first second or two, and then, when air press-

ure has gathered under the wings, to gradually right itself,

and to glide downward upon an easy slope, which would
bring it down to the water in about 8 minutes and a dis-

tance of some 2J miles, thus being a dirigible parachute,

ileanwhile, however, the operator is expected to bring the

apparatus under control ; by swinging the wings forward

he expects to tilt the planes so as to glide upward again, by
virtue of the acquired momentum, -and by movements of

the tail and of his own body, which has a certain latitude of

motion in the hammock, he expects to tack and to sail upon
the wind like a soaring bird, sweeping in circles or making
a series of zigzag glances, during which elevation might be

gained by utilizing the force of the wind.
Such is the scheme ; it is not wholly devoid of merit,

because the soaring birds perform those very manieuvres,

and they do it much in the way which Herr Koch has indi-

cated, but it may be c]uestioned whether his apparatus is

properly designed to accom|)lish the results desired. In

the first place, the sustaining surface and the spread across

are too great, and will terribly strain the strength of mate-

rials. It would be better to sliorten the wings and to make
them broader in order to reduce the length of leverage. In

the second place, the horizontal position selected for the

operator, probably to reduce horizontal resistance, is de-

cidedly bad, because it is unnatural to man, and gives him
inadeijuate control over the apparatus. The man should be

plai-ed vertically, and instead of man(uuvring, as |)lanned,

to cause the back part of the tail to strike the ground first and

roll along, while the aeroplane settles forward slowly, the

operator should alight on his feet and stop his impetus

while running if he alights on land. In the third place, the

mode of experimenting proposed is exceedingly dangerous.

Herr Koch says, quite properly, that the first step toward

• Der fieie Menschlichi' Fliig, als Vorbeclingung dynamischcr Liift-chif,

fahri. Milnchen, 1891.
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success ill artificiiil llinht consists in iici|uirini; the skill in

maniisinjj nn iippariitus, but until that skill has been ac-

(|uir('d it will evidently be little short of suicide to cut him-

self loose high in air, even if over a bed of water.

Perhaps, however, these various elements of failure have
already been eliminated. The design was published in

IS'.ll, and may by this time have been so remodelled as to

lead, not to an absolute success, for this is not to be ex-

|)ected, but to such ])!irtial control over the apparatus as to

warrant further experiments.

In the Voxnxipiilitiin M<i<j<tdn€ for Xovember, 1S02, and in

Gassier' s MudnshieioT February, ls'.(;5, apjieared two analytic

articles by M. J. P. llnlhind, in which he takes the ground
tliat mechanical flight has already been proved to be attain-

able, that what renuiins to be done is merely to combine
things already tried and proved by other experimenters

;

and in which articles he advances three proposals or designs

for flying machines.
In the Cosmopolitan article ]\r. TToUtind proposes to place

two aerial screws, superposed and rotating in contrary direc-

tions, above a spindle-shaped body containing the machinery,
with a pair of wings or aeroplanes attached. This may be

• termed his first design, as indicated by his figs. 3, 3 and 4.

In his second design the sjiindle and the superposed screws
are retained, but the supporting surface consists of 10 nar-

row, superposed, concavo-convex aeroplanes, somewhat like

a Venetian blind, and they as well as the screws are mounted
upon a frame pivoted to the spindle-shaped body, so that

the screws may first be used to raise the apparatus from the

ground, and then to drive it forward when the frame is

raised to the vertical, support being then derived from the

aeroplanes. This is indicated in M. Holland's figs. 5, 6

and 7.

In the Ciissier's Jfo^ivji'ne article the design is further modi-
fied by placing the aerial screws side by side in the frame in-

stead of superposing them. The superposed aeroplanes are

retained, but the number is increased to IG, and the mode
of operation is much the same.
The design is somewhat similar to that which Mr. Phillips

experimented in England, which was illustrated in Engi-

Tieerinff of .May 0, 18il3, but is an improvement upon the lat-

ter design in the provision for pivoting the Venetian-blind
aeroplanes to the body, and in the employment of two screws
instead of one for the propelling instrument,

(to be continued.)

CURVE DEVICE FOR CABLE RAILWAYS.

TriK difliculties which have heretofore been experienced in

this matter are that when a curve is reaclieil it becomes neces-

.sary to practically carry both cables of the double sy.steni on
one side of the slot, and it. must necessarily occur tliat one
cable is above the other. Tiieiefore, when the grip is adjusted
for one, it will evidently be too high or too low for the other,

and the result is that the cable wliich is below the other one
in its normal position must be wound down by a worm, or
else forced down in some other way, so as to avoid dragging
over the upper cable. When the upper cable is in use it can
usually be delivered directly against the carrying wheels with
out any dillicully.

,

The device which we illustrate is one recenlly brought out
by the Kapid Transit Cable Co.. of No. 12 Broadway, New
York, and inten(lc<l to overcome the dillicully of delivering
the lower calile directly into the carrying wheel tliat is in-

tended for it. It will be seen by reference to the end elevation
of our engraving that there are two carrying wheels, one above
the other, when the cables arc in position. The upper wheel,
marked A, runs in rigid bearings and does not vary from its

position, as shown by the engraving. The cable, on being
freed from the grip or after the car has passed, is at such a
height that the strain of the curve natur.illy draws it back
into the position shown in the engraving ; but it will be .seen

at once that the cable for the lower pulley B. when the car
has passed, is too high to drop into that pulley when it is in

the position shown, and therefore would naturally ilrag over
the upper cable : but the pulley ]> is pivoted to the point C.

which is between the center and the rim of the pulley, so that
the pulle)' is practi(-ally overhung, and its natural jmsition
when free froin the cable is that shown in the bottom engrav-
ing, which is placed in the foundation, tig. 2. The pulley a.s-

sumes this position as soon as it is freed from the strain of the
cable, because its gravity tends to swing it into that place

about the point C. Therefore, a,s .soon as the car a]>proaclies

and the strain of the cable is taken off the jiulley I! it swings
into the position of tig. 2 ; and as the car passes and llie

cable conies hack into (he normal jiosition of the curve, directly

over the uiiper cable, it naturally drops into the groove of the

pulley />, and causes a strain to be put upon tlii' latter, swhiiiing

it back into the normal position of the upper portion of the

engraving, and carrying the cable down with it. There is no
mechanism to get out of order, the iniUey is clear from the

grip at all times, and when there is any strain at all upon the
cable, it naturally would draw this pulley down, as it reipiires

but very little in order to do so. On the other hand, the

moment the strain of the cable is removed from the pulley

Fill.

2

CROSS-SECTIONS OF CURVE PULLEYS FOR CABLE RAILWAY.

gravity swings it into the proper jiosition for catching it when
the car has passed. It is one of tho.se simple little devices that

seems strange not to have been thought of before.

LAUNCHES FOR CHINA.

The 8t;ite Department h.as just received from L'nited Stales

Consul Fowler, at Ningpo, the following communication
which ought to be of great interest tomamifacturers of steam,
oil. or electric launches.

" In a recent interview -with the Taotai of this circuit, I

jiointed out to him the great adv.nntage in the saving of time
and comfort that would accrue if lie adopted the moilcrn

method of traveling by the use of steam, oil, or electric launch
in his journeys about tliis district. I explained, to the best of

my ability, the workings of the various kinds of launches, and
he seemed .so jileaseil with the idea of being able to travel with
greater comfort and more speed than is now the case, that he
reqiicsted me to write to the United Slates for particulars ;

therefore, I have the honor to request that the beiiartment
will kindly [ilace this before the manufacturers of launches,

in order tliat they may tender diagrams, cuts, etc., so that I

can have the matter placed before his Excellency, thus enabling
him to select such lauiuHi or engine as seems most suitable for

these waters. It must be remembered that this vast district is

intersected by thou.saiuls of miles of canals and rivers ; and,

although it covers a territorv of 39,500 sc|uare miles, and has

a popidation of from 25.00ir,000 to 3,"), 000,000 people, there is

not a single launch or boat of any kinil jiropelled by steam,
oil, or electricity, excepting a few launches that jily from
Shanghai to llanchow, the capital, 150 miles northeast of this

jiort.
" The Taotai has o<icasion to go to the capital frequently.

lU: travels in a small covered boat propelled by ya lows (large

oans), worked similarly as a whaleboat is worked— i'.c, by
.sculling. The average distance traveled in a day is 100 lis, or

33i miles.
" A boat suitable for China would have to he built very

strong, th(' propeller be so arranged that it could be taken up
or protected in some way from the ropes that are passed around
the stern of the boat while it is being pulled over the ' haul
over' from a river to a canal, or from a lower to a higher
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canal. A ' haul over' (over part of (his bank sloped for the

purpose bj' masonry or cartlnvork and covered with wet and
slipper}' claj-) forms a sluiceway. A boat to pass from a river

to a caiial has a rope passed around the stern, the ends of the

rope being wound around a windlass on each side of the sluice.

Men work the windlass on both sides until the boat has been

havded to the ridge, when it is pushed into the water. There
are no locks. Sometimes a boat is dragged across a ' haul

over ' by water buffaloes or oxen, but the first method is the

common one herealiouls.
" Another consideration is, that in some places the canals

arc only wide enough for a boat of the regulation size. This
is especially so between the supports or arches of bridges.

Finally, the bridges are so low that it is of the greatest im-

portance that the roof of the cabin or cover should not be so

high as to jirevent the boat from passing under them.
" The boats for traveling are called house-boats. Foreign

b<3ats use a hull built native fashion, and in or on this hull is

erected a small house, tilted with windows, berths, closets, etc.

They are ipnte comfortable, and one can travel for weeks ; in

fact, it is the only way one can travel in this part of China.

The boats used by the natives are not so comfortable, yet are

often more expensive.

cost of delivering the same by steamer or sailing-vessel at

Shanghai or Hon Kong.
" I have been discussing the benefits of small launches with

the Taotai for the past two years, and now he has requested
me to tiud out all I can for him. If he should ailopt a launch
for his own use, I am qidte confident that it will not be long
before nian.y orders will be placed with our manufacturers.
There is a splenilid opening here. An immense traffic is car-

ried on in boats, winch now depends on the tide and the en-

durance of theyn lutue (scullers). A companj' has been organ-
ized at Swatow of Chinese, who run a .steam ferr}' (launches)

a .short distance upriver, and I understand they are doing a

very lucrative business."

INFLUENCE OF TEMPERATURE ON THE
MECHANICAL PROPERTIES OF BRASS ON
ANNEALING.

We know that the mechanical properties of hammered brass

are very considerably modified by annealing. An examination
of the variation of these properties, due to the action of an-

nealing temperatures, has been made with the view of detcr-

PLAN OF CURVE PULLEYS FOE CABLE RAILWAY.

" If it is possible for manufacturers to build an engine that

can be placed in the boats used here, I think that there would
soon be a large demand for such engines. The canals are the

only roads, and all travel is, of course, by boat. The traffic

carried on by boats is very large. The introduction of quicker
methods of travel would be highly appreciated, especially If

the Taotai sets the example, and I deem this a most auspicious

time to introduce our methods into this province.
" Some years ago I saw in Washington a boat which I think

would be especially well adapted for China. If I rec iUect

aright, it was a petroleum launch made in Providence. R. I.,

by Brayton ; but such rapid strides have been made since then
tliat i)0ssibly there may be more suitable kinds on the market
now.

" For the guidance of interested parties the following de-

scription may be of some use : Length, 33 ft.; breadth, 6 ft.

10 in.; height, from keel to rail, 2 ft.; height, from rail to top
of house, 2 ft. 9 in.

" A flat-bottom boat is of course preferable, and one that

follows the Chinese st3de. It has occurred to me that it may
be possible that a boat could be built with a top or house, hav-
ing the sides arranged in such a manner that it could be tele-

scoped or lowered ; in that case the roof could be higher than
in a stationary one. One without a smokestack or with a

smoke.stack that is easily lowered would be popular ; in any
case the stack must be a very short or low one. It would be
well for the manufacturers to include in their estimates the

mining whether this phenomena can be attributed to a varia-

tion in the structure of the alloy. The researches have up to

the present time been limiled to brass composed of 67 per

cent, copper and 33 per cent, zinc, used in the manufacture of

embossed work, and which possesses remarkable malleability.

A sheet .315 in. thick has been hammered down until it was
only .08 in. in thickne.ss, and that, too, without annealing.

From the brass that has thus been hammered down a series of

bars have been cut for the purpose of making tensile tests _ the

breaking strain and elongation of which have been determined

aft(!r having been annealed at various temperatures.

The annealing was accomplished by means of a furnace

heated by platinum spiral, which was traversed by an electric

current, thus permitting constant temperatures (o be obtained.

The temperatures were measured by Le Cliatclier's thermo-

electric pyrometer. The following are the results obtained :

' Falir.
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We see that the breaking strain decreases regularly with the

rise of the annealing temperature, while the elongation begins
by increasing, reaches its maximum at about 1,3'.»;3 Fahr., and
then decreases down to the melting jioint. From each bar,

before the tensile test was applied, a small plate was cut out,

which was examined bj- the nu'crographic mcthoil. In order

to obtain constant results in this kinil of research, it is abso-

lutely necessary that some fixed method of preparation of the

surfaces to be examined l)y the microscope should be decided

upon. The polished surface is easil}' attacked by the electric

current. This is the process which was employed b}' Guille-

min for the examination of the copper alloys. But according
as the intensity of the current, the electromotor force, the

composition of the liquid and the duration of trial varied, en-

tirely different results would be obtained with the same metal.

An examination of a great number of preparations submitted
to dilTerent methods of attack led to the conclusion that brass

is generally formed of two diU'crent alloys. In attacking pol-

ished surfaces it is therefore necessary to use an electro-motive

force whereby one of the alloys would be dissolved while the

other would remain unchanged. This can be done by the

following method : The alloy to be examined is placed in a
solution of sulphate of zinc and is connected with a plate of

copper, which is placed in a porous jar filled with the solution

of the sulphate of zinc. The sulphate of zinc may be replaced

by diluted sulphuric acid, if it is desired to limit the duration
of the attack. Under these conditions, and by using equal
surfaces and solutions of the same concentration with identi-

cally the same duration of attack, results may be obtained
which are comparable to the dilTerent standards of variations

in the structure of the metal due to annealing. In carrying
on these operations the following facts have been observed ;

Brass which has been subjecled to heavy hammering is prac-

tically a homogeneous struct>ire ; the attack only causes lines

which appear in the direction of the laminations. As the

brass is annealed it tends to separate into crystals which are of

octahedral form whicli become clearer. .\s the tempeiature
rises above the temperature of 1,292" Fahr. these crystals begin
to become distorted ; blowholes will ajipear which are prob-
ably due to the volatilization of the zinc, and their numbeis
increase with the rise of temperature. Finally, at a tempera-
ture just above 1.833" the metal fuses, and on cooling crystal-

lizes into the form of dendrites, which are probably formed by
the isomorphus mixture of the metal.

The co-relation which exists between the mechanical proper-
ties of the brass and that separation of the two alloys, the one
crystalline and the other amorphous, jdaying the role of

cement, constitute an embr^'o of a theory similar to the cel-

lular theory of steel of Messrs. Osmond & Werth, and may
give .some indications which will be useful in working the
metal. The facts which have thus far been observed liave

already led to a variation from the generally accepted ideas

that, in the case of brass, crystallization improves the mechani-
cal qualities of the metal.

—

Monitciir Indtixtn'el.

ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.

The object of publishing this monthly list of accidents to

locomotive engineers and firemen is to make known the terri-

ble sacrifice of life and lindi that is constantly going on among
this class of people, with the hope that such iMiblication will

in time indicate some of the causes of accidents of this kind,
and help to lessen the awful amount of sufTering due directly
and indirectly to them. If any one will aid us with informa-
tion which will help to make our list more complete or correct.

or who will indicate the causes or the cures for any kind of
accidents which occur, they will not only be doing us a favor,

but will be aiding in accomplishing the object of publishing
this report, which is to lessen the risk ami danger to whicli
the men to whom we all intrust our lives are expo.sed.
The only, or the chief source of information we have, from

which our report is made up, is the newspapers. From the.se

the following list o.f accidents, which occurred in .June, has
been made up. Of course we cannot report those of which
we have no knowledge, and doubtless there are many such.

.OCCIDENTS IN .niNE.

Marshalltown, Iowa, .June 1.—A special freight collided
with a regular freight on the fJhicago & Northwestern ju^t
west of Montour on a curve this evening. The trainmen all

jumped and escaped injury, except one of the engineers, who
was severely but not fatally injured. The accident was caused
by the special not receiving orders to wait for No. 2 at Mon-
tour.

Susquehanna, Pa., .June 1.—Peter Wentz, a fireman on the

Buffalo Division of the Delaware, Jj.ackawanna & Western
liuilroad, running between this place and Elmira, was stand-

ing on the steps of the tank looking at something about the en-

gine when he was struck by the mail catcher the other side of

f 'cmklin knocking in three ribs and otherwise injuring him.
lie was brought home, where he is doing as well as can be
expected.

Paterson, N. .7 , .June 3.—An accident occurred this after-

noon to a fast freight train on the Eiie Railway at Nobody's,
near Narrowsburg, by which the tender of the eiig'ne and 20
cars went down a 70 ft. embankment and were wrecked, sev-

eral other cars remaining on the bank. Fireman T5ad, of Port
.Jervis, was slightly injured by jumping from the engine. The
breaking of a journal beneath the tender caused the accident.

Hinghamton, N. Y.. .lune 3.—I^ewis Schanz, the fireman
of the pusher engine which was involved in the Delaware &
Hudson wreck at the tunnel to-day, was quite severely bruised
when he jumped from Ihe engine. One arm and shoulder was
wrenched, his head was hurt and one hand scalded.

Cortland. N. Y., .June 5.—A through express lo New York
on the Delaware. Lackawanna & Western Railroad, due here
at 11.30 to-night, collided with a run away engine on the iron

bridge three quarters of a mile north of this station. The en-

gine had been in the yard here and was in charge of the night-

watchman, who says he was in the engine house when the en-

gine suddenly started off. He tried to catch it. but was unsuc-
ce.ssful. The engine went out on the south-bound track until

it came to the iron bridge, where it collided with the express
train, which was running at the rate of 30 miles an hour. The
engine of the express bounded into the air and tore off the top
of the bridge and then fell back on top of the run-away engine.

Two day coaches, a smoker, sleeper, baggage cars and express
engine then went completel}' over the run-away engine. The
express engine separated from the train, ran about 100 ft. and
turned completely over into the ditch. Engineer Isaac Wallace
was killed instantly. The fireman, Bert Slierwood, was taken
from the wreck in a badly bruised condition, and died at Coit-

land hospital a few hours after being taken there. The watch-
man has been arraigned, charged with manslaughter in the

'.second degree.

Le Roy, N. Y. , .June 7.—An Erie engineer named Master
fell from his engine in an unknown manner, east of Arron a

few daj's ago, and was badly injured.

New Haven, ('onn., .June 7.—The Washington express on
the Shore I^ine was wrecked at East Lynne, about half-past

eleven to-night, by colliding with a freight train running in

an opposite direction in the same block. Both engines were
demolished, and the express and ba_L' gage cars of the Washing
ton express were thrown from the track. The firemen and
lengineers of both trains were severely shaken up, but not seri-

ously hurt. ••',:

Philadelphia, Pa., June 7.— .Janijs Norman, fireman of a
work-train locomotive on the new Reading branch to Frank-
fort, was decapitatid by the engine on which lie worked to-

day. The accident occurred on the deep cut where the road
crosses the old Second Street turnpike. Norman had stepjicd

out on the front of the engine while in motion to do some oil-

ing, and lost his balance and slipped over .so that the wheels
passed over his neck and severed his head from his body.
.Jamestown, N. Y., .June 8.— Erie train No. 3 was wrecked

just as it was coming into the city at noon to-day. Fireman
I). J. Siiilth, of Greenville. Pa., was.badly scalded, but no
one else was injured beyond a little shaking up. Four cars

and the engine were derailed. These were the baggage and
mail cars ; the smoker was thrown off the tracks. The bag-

gage cars were badly wrecked. A stone wedged between the

]iliink and a rail of a street crossing caused the engine to jump
the tiack.

McKeesport, Pa., .June 8 —Fireman Eil. P. Winton fell

from an engine of a coal train at noon to-day while at Belle

Vernon and broke his ankle.
Port ('Union. Pa., .June '.).—Engineer Alfred Runkle, of Ihe

Philadelphia ic Reading Railroad, was looking out the cab
window this morning when his head was crushed by the
bridge. He died instantly.

Yonng.stown. O., .June 0.—W. J. Cooper, fireman of Pitts-

burg it Lake Eiic Road, broke his leg about eight o'clock this

evening by falling from his engine. He w.as engaged lighting

the head-light, and in some manner lost his footing and fell to

the ground, breaking his leg near the ankle.

Croton Falls, N. Y . .June 9.—An .attempt was made lliis

morning to wreck a Chatham local express bound from New
York when the train was midway between Croton Falls and
Purdy Station. It suddenly ran into an obstruction on the

track. It was going at so slow a speed that no damage was
done. The engineer was thrown forward, but not injvired.

The accident was caused by a pile of fish-plates on top of the
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track, placed there b3' a mail, who, when arrested, confessed

the crime, hut gave no iletinite reason why he committed it.

Chicago, 111., June 10.—A locomotive enjrineir named .1. B.

Onions, on the ChicHLTo it West Indiana Road, was knojked
olT the front of his engine this morning liy a passing Wabash
engine and liadly injured. The wheels of the Wahash engine
]m.sscd over his leg, cutting it olT beneath the knee.

JFagcrstown, Mil., June 12. — Thoniius Horn, a freight tire-

man on the Cumberland Valley Railroad, received some ugly
wounds toni lit. He wits tilling the tank of his engine with
water from the .slandpipe at 8hii>pensl)urg, when the heavy
metal spout became loo.se by the <hain breaking, and falling,

struck him on the head and shoulders, knocking him prostrate

on the tender. His wounds consisted of a long gash across

his head, a cut ear and a bruised shouldet.

Little Hock, Ark,, ,hinc Kl— A passenger train from Fort
Sniilh and a northtwund stock train collided this morning
near Butter, I. T. Engines, baggage and mail cars were tele-

scoped and the stock car ditched. Amos Frame, engineiT of

the stock train, and his Hreman were killed The other fire-

man, named Stcven.son, is missing, and Engineer James Gates,

of the passenger train, is fatally injured. More than a score

of persons were injured, some of whom may die.

Cedar Uapids, Iowa. June 14.— I.«mited train No. 3 on the

Chicugo, Milwaukee it 8t. Paul Railway was partially wrecked
thi-i morning near Belle Plain, 40 miles west of this place. The
train was running at a speed of •'iO miles an hour, and in a deep
cut dashed into a Hat car, which had been uncoupled from a
switch engine about 2 miles \ip the track, and was coming
down grade at a rate of 20 miles. The passenger engine was
demolished and overturned. A fireman named Leakins was
instantly killed, his body being taken out of the wreck badly
mangled Engineer Thomas Keefe was severely scalded, but
it is thought that he will recover.

Baltimore, ().. June 14.—Mack Ryan, engineer in the Balti-

more it < >hio yard at Fairmont, W . Va , was badly crushed
about tile hip to-day. His engine was detached from the train,

and he was oiling and altempting lo pass between the tender

and cars. The engine at the farther end of the train suddenly
pushed the train catching him.

Albuqueique, N. M., June 14,—Passenger train No 4 was
wrecked this evening about 10 o'clock, 8 miles this side of

II jlbrook. Ariz., a broken rail being responsible for the acci-

dent. Engineer Frost and Fireman Snyder leaped from the

engine and sustained .serious injuries about the breast and
back, but neither is fatally hurt.

Antwer)), N. Y., June 15.—A work train on the Rome,
Watertown 6c Ogdensburg Road jumped the track near this

place yesterday. George Farmer, the fireman, was seriously

injured.

Whitehall, N. Y,, June 15 —Ed. Nichols, a fireman on the
switch engine in the yards of the Delaware it Hudson Canal
C.jmpany at this place, was struck b^' a locomotive this morn-
ing. He received a compound fracture of the right leg be-

tween the knee and ankle. Physicians think there is a possi-

Ijilitv of saving the limb.

B,dtinu)re, Md., June 17.—In a collision of freight trains on
the Ballin\ore it Ohio Railroad, 88 miles east of Wheeling, W.
Va. , at an early hour this morning, Sherman Fisher, fireman of

engine No. 1,208, was killed ; an engineer named Gebring was
badly injured. The accident was caused by freight train No.
8!) over running signals at Floyd Station. This train met the

fifth section of No. 92 near Bellton. Both engines and .several

cars were wrecked.
South Norw.iHi. Conn., June 18 - Early this morning an

engine, standing on aside track just north of the Housatonic
Division station, was run into by a long mi.xcd train, and both
<'ngines wen; badly wrecked. The fireman was seriously

hurt.
Loveland, C, .Tune 20.—There was a rear-end collision on the

Baltimore it Ohio Railroad on a grade about 2 miles east of this

jilace this <tvening. A freight train of 25 cars bad broken in two.

The llngiuan stoppiil tlie New York train, which had left Cin-

cinnati, but the l'ittsb\irgh express, which started from town
about 2(1 minutes behind the other, could not be checked. It

was flagged and the track lined with torpedoes. The rails,

however, were wet, and the momentum of the train could not
be overcome in time to prevent a collision. The engine drove
into the rear coach of the New York train. No one in the

coach was injured. The oidy person hurt was Frank Wright,
fin-man of the engine of the Pittsburgh train. He attempted
to jump, but was caught between the locomotive and tender.

He was mangled about the hips, and died at 11 I'.M.

Troy, N. Y., June 21.—Ed. P. Campliell, a Delaware &
Hud.son engineer, was struck on the head this morning by a

freight car standing on the side track between West Troy and
Albany, Campbell had his head out of the cab window and

did not see the car. The force of the blow knocked him from
his seat in the cab and seriously injured him.

Worcester, Ma.ss., June 21.—Arthur Ketchem, an over-

worked engineer on the Boston it Alli(Uiy Railroad, who had
fallen asleep at his po.st, ran into a cjirloa<led with wool stand-

ing on a crossing. Signals had bf^en set, but they were over-

nm. Just before the crash the head brakcman jumped to the

engine, and, seeing the engineer asleep, reversed the engine and
put on the brake. The fireman, who was on the other side of

the engine, did not notice that the engineer was asleep. Train
hands .said that the crew had done five davs' work in three

days. No one was injurc^d.

Galesburg. HI., June 21.—The Chicago, Burlington it (Juincy
Road had a .serious head end collision just ea.st of Budder to-

day. Owing to a wrong order from the operator, the fast stock

train running east and a locomotive, running light, coming
west met on a curve*. The engineers jum|x;d, but such was
the speed of both trains that they were severely injured about
the hea<l. arms and legs, (ine fireman lost a part of one hand
and sustained a fracture of the right leg. The other fireman

was bruised about the head.

Meredith, Conn , June 22.—An extra freight train on the

Consolidated Road broke in two on a grade 6 miles north of

this city this morning. The engineer drove ahead to prevent
a collision between the two sections, and ran into a Hartford
freight. Nine cars were derailed, four of which were wrecked.
Neither the engineer nor fireman were hurt.

Bristol, Conn., Jnnc 22.—There was a head-end collision on
the New York it New England Railroad at six o'clock this morn-
ing between Forrestville and Bristol. Two engines were
badly shattered, and two cars, a baggage and freight, were al-

most totally wrecked. Engineer John Beebe, running a pas-

senger train, was injured, being badly shaken up and cut
about the face. The freight train was moving up a grade at

a slow rate of speed, while the passenger engine was running
fast. The two engines were locked together.

I.afayelte, Ind., June 2;!.—Fireman JIcKee, running be-

tween this point and Houston, was in the cab of his engine
wlien the water-glass burst, and the pieces of broken glass

flew into his eyes Medical attendance was immediately sum-
moned, but the physician in attendance says that McKee will

lose the e^'e.

St. Cloud, Minn., June 24.—An accident occurred this morn-
ing at Partridge, a small station on the Minnesota Railroad
between Hinckley and Duluth. About one o'clock this morn-
ing a freight train, while running at a high rate of speed, ran

into some cattle which were on the track, and an engine and
large number of cars were derailed. Engineer IngersoII was
killed and his fireman very badly scalded.

Rochester, N. Y., June 23.—Two extra freight trains, west-

bound, came into collision about half a mile west of Corfu,
on the New York Central Road, about midnight to-night. The
force of the collision threw about 25 cars from the rails, and
the two engines were badly damaged. Charles Underhill,

engineer on the first engine, had his arm broken and knee in-

jured. Henry Schultz, fireman on the same engine, had his

head cut and received internal injuries. J. Ransom, engineer

on second engine, had his shoulder dislocated and wrist

sprained, Tracy Stebbens, fireman on the second engine,

escaped with slight scalp wounds. One trainman had his

shoulder dislocated and arm broken, and another had his rib

broken and shoulder sprained. The wreck was cau.sed by the

first train passing over from track 3 to 2 to avoid a wreck
which bail oceuired on track 3 The second train was ap-

proaching rapitlly. and Engineer Ransom states that the fog

was so thick that it was impossible to see more than three rods

ahead. The train struck the caboose with u crash, com])letcly

destroying a number of cars in the rear ami also the engine of

the rear train.

West Superior, Wis., June 24.—An extra freight, composed
of 44 cars and running 30 miles an hour, ran into an ox asleep

on the tra<k near Partridge. 40 miles from Superior, at three

o'c.lo(tk this morning, and was wrecked. Every car was de-

railed, and 20 cars lomled with coal and inirchaiidise were
l)iled in a heap. Engineer J. IngersoII and MiclnuO McNannie
were buried beneath th<' ih'briK. J. Riley, a fireman, had an
arm broken and was scalded about the abdomen.

CiiK-innati, O., Juik^ 24.— .\n enginedrawing an cmiity train

of gnivel cars left the rails on a trestle on the Cincinnati,

Georgetown it Portsmouth Road, near Mt. Washington, this

morning. Of the three men on it. Conductor David I Ionian

and Fireman Philip King we're fatally injured. Eiigiiie<T

Siinonlon jumiied 10 ft. before the engine fell and was seri-

ously hurt, but may recover,

Newton, Kan., .lune 25.— Freight train No. 42 of the Santa

Fe system ran into a washout at a small station at Laige, 8

miles east of Emporia, tonight. The train was going at full
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speed and was wrecked. Engineer Johnson lost iin arm. Tlie

fireman luid not been found at last reports, and is iirobably

dead. The engineer of a dead engine that was being liauled

by tlie train was badly injured. It was impossible for the en-

gineer to see that the bridge was washed out in time to save

the train.

Anaconda, Mou., June 36.— Engineer Elphinson, who was
injured some time ago by the bursting of the water-glass in

his cab, is in a very critical condition, being confined to his

bed. An artery, together witli several small veins, was severed

by the glass, and it will probably be a long time before his

arm is sutticiently well to enable him to return to duty.

Shamokin, Pa., June 26.—Tlie locomotive used at the Enter-

prise Colliery exploded yesterday morning, seriously injuring

Engineer Frank Depner. Fireman Peter Donoway was
thrown 30 ft. down an embankment, but escaped with a few
scratches. A defective tirebo.v was the cause of the explosion.

Chicago, 111.. June 37.—Four men were injured in an acci-

dent lo a Big Four train on the Illinois (Central Koad at one
o'clock this morning. The locomotive jumped the track, and,

followed by a baggage car, rolled over in the ditch. Engineer
W. T. Pearl was caught in the wreck, and received severe in-

juries about the head and side. lie was able to crawl from
the splintered cab and was sent home. William Ellis jumped
wlien he felt the train on the ties and went through the win-
dow ; he was cut about the head and face.

Communipaw, N. J., June 38.—Engine No. 19 of the Cen-
tral Railroad of New York ran away from the engineer and
off the end of the rails into the river to day. When the men
on the engine saw they were powerless to stop it, and that the

plunge from the bank was inevitable, they jumped. There
was an engineer, fireman and brakeman on the engine at the

time. The engineer and fireman were not injured, but the
brakeman was badly scratched and brviised.

Lancaster, Pa., June 29.—.1. W. Lough, fireman on a freight

engine, had a narrow escape from death at Rod Mill at Mount-
ville and Koher.stown about nine o'clock this evening. He was
seated in the engine cab with his head out of the window when
they passed a west-bound freight. Lough was struck on the

head by the door of a refrigerator car, whicli had swung oi>en.

He w.as rendered unconscious by the blow, but was quickly
restored by his engineer. He was ^badly (tut about the face

and head, a large gash being inflicted upon the forehead be-

tween the eyes, which extended down upon the nose. A piece

of flesh was torn from the upper lip and tissues of the lower
lip were torn from the bone.
Our report for June, it will be seen, includes 39 accidents.

in which six engineers and nine firemen were killed, and 31

engineers and 33 firemen were injured. The causes of the

accidents may be classed as follows :

Collisions 12

Struck by obstruction 3

Broken axle 1

Unknown 1

Falling from engine 4
Derailment 4

Train wrecking 1

Struck by passing train 4

CIrushed between cars 1

Broken rail 1

Broken water-glass 2
( lattle on track 2
Washout 1

Explosion 1

Hun away engine 1

39

PROCEEDINGS OF SOCIETIES.

Montana Society of Civil Engineers.—At the regidar
monthly meeting held on .Itine 16, Mr. Cummings, in a discus-
sion on the question of Manufacturing Industries of Montana,
stated that the barley straw raised in the Gallatin Valley was
particularly w-ell adapted to the manufacture of pajier, and it

was understood that a paper-mill was so^n to be erected at

Manhattan. It was al.so stated that large deposits of iron ore
exii^ted in the vicinity of Great Falls. The other industries
which were cited as being suitable to Montana was that of
m,annfacturing pig iron, the only difficulty standing in the
way at present being the quality of the coal that was available.

Lead pipe and shot coulil be manufactured, and there was no
good reason why silver bullion should not be refined and the
lead that was in connection with it be used in some manufac-
tory.

*

Engineers' Club of Cincinnati.—Ilnderdrainage as a Struc
tund Feature in Eiigiueering Construction was the subject of

a paper read l)y Colonel Latham Anderson at a recent meeting
of the Club, which treated of the underdrainage of earthwork
enibankments as a means of promotimr their strength and dura-
bility as engineering structures, the oliject of the drainage
being to protect the embankment from sliding or washing
from the action or presence of water, either by excluding it

entirely or by leading away such as nn'ght or had accumulated.

Northwestern Railway Club.—At a recent meeting Mr.
William Mcintosh, of the Cliicago & Northwestern Railway,
presented a paper on fire-box steel, in which he said that the ex-

pense of renewing fire 1)0X sheets is so great that railroad com-
panies can afford to pay much more for this steel than they
are now paying, if by so doing they can procure better mate-
rial that would give longer service. The value of steel sheets

u.sed in repairing and constructing fire boxes represents not
more than 10 per cent, of the cost of such repairs and renewals.

Taking six weeks or Hi days, at the rate of $8 per day, as the

value of the service of the engine while repairs are being
made ; the cost is 1360. It is therefore obvious if a better

quality of sheet could be procured, even at double the present

]irice, it would be the part of wisdom to procure it. It would
seem that the (luality of tire-box steel has either deteriorated

during the past tO years, or else the conditions of service have
so radically changed that it is destroyed much more quickly.

Some years ago fire-boxes were removed from service which
had been in u.se for from eight to 10 years, and now they are

frequently taken out after four years of service. The firebox
that gave 10 years of service was of crucible steel, and the

sheets that lasted but one year are from an open-hearth fur-

nace. Crucible steel, of course, must be made from the very
.best material, and whether the open hearth process will admit
of the' use of inferior metal the author could not state ; but
complaints are general throughout the western country about
the unsatisfactory service obtained from fire-box sheets. The
probabilities are that if some enterprising manufacturer would
produce a superior quality of steel there would be plenty of

purchasers for it.

Engineers' Society of Western Pennsylvania.—At the
regular meeting of April IS, Mr. G. Kaufman read a paper on
an improperly designed chinuiey, which showed defects before
it was completed owing to a higli wind arising and straining

it beyond its capacity for endurance. It was shown on ex-
amination that the chimney was built with one side Hush with
the edge of the foundation upon which it rested, so that when
a wind was blowing in a proper direction an excessive strain

was brought upon this side, and a settling occurred which
caused the defects. In the conclusion of his paper he gives
several rules for the construction of tall chimneys, which are
as follows :

1. On csrapressible soils the foundation should be equally
resistant.

2. TFff/</i(T.— Shafts shoidd be erected in the summer months,
and on no account should the work be proceeded with in frosty

weather.
3. Pro()ress.—Shafts should be constructed at the rate of from

3 to 3i ft. per day.
4. Bend.—There should be three or four courses of stretches

to one course of headers to increase the longitudinal tenacity,

which resists any force fending to split the chimney. Hoop
iron built in the horizontal joints with ends turned in the ver-

tical joints is very desirable and largely increases the longi-

tudinal tenacity.
f). Openings.—Oiienings in the chimney should onlj' be made

at the bottom, and when such arc made .should be thoroughly
buttressed lo withstand the thrust. A better plan is to make
them in the pedestal.

The London Metropolitan Board of Works liave a set of
rules governing the construction of tall chimneys, giving size

and method of construction. They are as follows :

1. Every chimney shaft, for the furnace of a steam boiler,

distillery or manufactory, shall be carried up throughout in

brickwork and mortar, or cement of the best quality.

3. Every furnace chimiiej' shall be built upon a bed of con-
crete to the satisfaction of the district surveyor.

3. The base of the shaft shall be solid to the top of the foot-

ings, .and the footings sh.-dl spread equally all around the ba.se

by regular offsets to a projection on both sides equal to the
thickness of the wall at the base.

4. The width, measured externally of a furnace shaft at the
base, or at that portion immediaUfly above the footings, shall

be as follows :
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If square on plan, at kjast one-tenth of the total licii;ht of
the shaft.

"). Kvery furnace eliininey shaft shall have a batter of 2} in.

at least in every 1" ft. of heiiiht. or I in 48.

6. The brickwork shall be at leasl Mi in. in thickness at the
top of the shaft, and for not exeeeiliiisi' Hi) ft. bilnw. .-inil shall

be increased -li in. in thickness f(ir ever}' 20 ft. of additional
height measured doivnward.

7. Xo portion of the walls of a furnace cliimney .shaft shall

be constructed of firebrick, and any firebrick linini; to be used
must be in addition to the thickness of, and independent of
the brickwork.

8. Every cap, cornice, pedestal, string course or other varia-
tion from ]ilaiii brickwork shall be in acldition to the thickness
of brickwork pre.scriliid by tlie foreiioiui; rules, and no cornice
shall project mure than the Ihickniss of the brickwork at the
top of the shaft.

The Engineering Association of the South.— .\t llie meet-
inj; of the Engineerini; -Vssociatiiin of the South, Nashville,
Tenn., .July Ki, the subject of Smoke Prevention was pre-
sented by Professor Olin II. Landreth of V'anderbilt Univer-
sity. The pafier discussed snccessively the causes, the elfects
of smoke and tlic remedies for it. Objectionable smoke comes
mostly from bituminous coal, other fuels producin;; very little

smoke. When fresh coal is thrown on incandescent coal,
there at once beijins the distillation of the more volatile hydro-
carbons, which distilled matter is burned if sullicient oxygen
is present and the temperature is sulbciently hiiili, Init which
otherwise passes u|i the cbiranev as yellowsh fumes. As the
fresh coal becomes more bigldy heated, the less volatile hydro-
carbons are distilled, and are decomposed at a temperature
much l)elow that necessary for the combustion of the carbon
liberated, about 2.000 F., a temperature so hiuh as to v:\\i-

authoritativel\' staled that the residuum of smoke in the hings
induces consumption of an incuralile character, and that, in

the city of Pittsl)uri;h, Pa., the death raU^ was l.(i2 per 1,000
lower dnrinj;- the eiyht years in which the use of natural gas
abnost freed the city from smoke, as comparid with the pre-

ceding eiulit years ; and that .since the ]iartial return of smoke
the rate has increased 2.r>7 jier l.oill). Carbon in a linely

divided state is an easy vehicle both for noxious gases and
organic impurities. The insi<lious .soot iiervades and defaces
public and private buildings and calls for fruitless elTorts for

cleanliness when cleanliness is impossible. Smoke is objec-
tionable from tlie loss of lii^ht and increased cost of artificial

light, also from the re]iression of a'.sthetic tendencies and con-
.scquent mental and moral discourag<'mcnt. Consideration of
the causes suggests the agencies anil the mechanical devices
for the jirevenlion of smoke ; these latter, so far as pertains

to steam boilers, are classed as mechanical stokers, air Hues in

the walls and grate-bars, coking arches, dead jilates, down-
draft furnaces, steam jets for injecting air and mixing the
gases, battle plates and doul)lc furnaces. Smoke jirevention

must be accomplished by educating the public to consider
smoke a nuisance that unquestinnalily can and should be
abated, for the smoke producers are very slow to be convinced
that this abatement is to their interest. Following the influ-

ence'of pul)lie sentiment, laws are to be enacted and provision

made for their enforcen)cnt and for furinshing to smoke pro-

ducers, when desired, professional advice regardinj; the means
and appliance for .smoke prevention. The paper gives the

statutes passed in Chicago, Cincinnati, Cleveland, Pittsburgh,
New York, Rochester, Boston, Denver, the Slate of Ohio and
the city of Birmingham, England, with statements of the suc-

cess attained in preventing smoke in Ihe localities ; it also con-
tains descrii)lions of various mechanical devices for smoke
consnmpliiiM, ami closes with a list of literature on the subject.

fsiSBL.

KXIIIliir OF TIIK w Ksri.NwlIDUSK AIR UK.MvE COMPANY AT THE COLU.MBIAN FAIR.

considerable margin of opportunity for this portion of the
carbon to escape unburned. It is this free, \uiburned carlion
in a finely divided slate thai, while incanilescent, produces the
luminous llame. anil when cooled lhi> clouds of smoke that
issue from tlie chinmey and afterward .settle as soot. After
the volatile matter is driven olT the lixed carbon remains, and
in horning produ<es but little; llame and no smoko. since the
particles of carbon are not detached from the solid mass till

combustion takes place. As to the effects of smoke produc-
tion, the fuel loss in the smoke ils<'lf is l)ut small, estimated at
one-sixth of 1 percent.: bnt the causes of smoke are also the
causes of imperfect combustion and con.seiiuent waste of fnel
in the form of invisible ga.ses, carbonic oxiilc and light hydro-
carljons, and the presence of smoke indicates this jiarallel

waste. Aside from the fnel waste, the elTects of smoke out-
side the furnace make its abatement of public interest. It is

PERSONALS.

FitANii .lo.NKs has been unanimously elected to the Presi-
denc3- of the Boston &, Maine Railway, to succeed iMr. McLeod,
who resigned in May.

F. L. GAUi.iNiiiiorsK h.is resigned his position as Chief En-
gineer of th(! Pittsburgh Bridge Co., and has opencil an olbee
in Pittsburgh, Pa., as Consulting and Contracting Engineer,
having had over 20 years' experietici; in designing and manu-
facturing all kinds of structural iron and steel constructions.

OBITUARY.

.loifN WuiTMoiiK, General Traffic jNIanager of, the Fitch-
burg Ilailroad, died recently, aged 03. From 1854 to I860 he
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was cmiiloyed 011 the Midland Riiilroad, in England. He
came to Canada in 1SG6. and was t-niiiloyed on tliu Grand
Trunk until In; becanu^ General Agent at Buffalo. He was
also General JIanager of the luternalional Fast Freight Line,

later Agent for the Blue Line at Kansas City and General
Agent of the Connuercial E.vpress Fast Freight Line at

Chicago.

NOTES.

Test of Smokeless Powder.—A remarkable record of

smokeless pou-dcr ha'; been made at Sandy Hook. The Gov-
ernment has been testing the Leonard smokeless powder in a

3-in. field gun. A charge of 3 lbs. SI oz. with a VSi lb. shot

gave the velocity of 3,330 ft. per second at 135 ft. from the

muzzle, which is 800 per second more than had previously

been obtained from the gun.

Broken Rails.—A remarkable case of rail fractures was re-

cently brought to the notice of the Vereiu fur Eisenbalinkunde,
of Berlin. On a certain section of one of the German lines no

substantially the same manner as if they had been placed upon
100 standard 84-ft. freight cars. The approximate length of

1| in. train pipe aud connections used is 4,000 ft. In addition

to this there is the exhibit of the necessary compressed air

train signalling apparatus for the equipment of 13 passenger
cars and a locomotive. The various devices are shown with a
section removeil, in order to admit of a ready explanation of

tlieir internal arrangements. There is also erected, on a suit-

able framework, a form of reinforced brake ajiparalus, which,
when applied to a railroad train, is intended to develoi) a maxi-
mum braking force of about 300 per cent, of the weight of the

several vehicles when running at a high rate of speed. Pro-
vision is made in this apparatus for the automatic reduction

of pressure with the reduction of speed in the train.

It will be seen from an examination of the photographs that

the American Brake Company also occupy a portion of the

space allotted to the Westinghouse Air-Brake Company, aud
they therein exhibit several forms of driver-brake apparatus,

intended for various types of locomotives, with four, si.x and
eight driving-wheels coupled. They also exhibit a combina-
tion of driver and engine truck-brake apparatus.

TUIRTY-TON ELECTRIC LOCOMOTIVE. BUILT BY THE GENERAL ELECTRIC COMPANY.

less than 81 broken rails were found in a single day during the

past winter. The investigation which was ordered brought
out the fact tlitit on a very cold ilay the brakes were set on
one of the cars of a coal train aud were forgotten by the lirake-

man. The line has some heavy grades. The sliding of the

wheels made large flat spots on Uie tires. After a lime, it

would ajipear, the brakes went olT. releasing the wheels, and
the latter, through the res\Uting pounding on the rails, pro-

duced the fractures mentioned. The correctness of this theory
would seem to be borne out by the fact tbat there were always
two fractures opposite each other in the two lines of rails.

Manufactures.

THE WESTINGHOUSE AIR-BRAKE COMPANY'S
EXHIBIT.

We present an engraving showing the general appearance
and arrangement of the exhibit oif the Westinghouse Air-

Brake Company at the Columbian Exhibition. The exhibit
consists of 100 sets of freight-car brake apparatus erected on
suitable supports, which are coupled together continuously, in

THIRTY-TON ELECTRIC LOCOMOTIVE.

In our i.ssue for May we illustrated a 90-ton Electric Loco-
motive de.sigued for the Baltimore & Ohio Kailroad. We
now illustrate the first electric locomotive of any considerable
size in the United States, and the first practically operative
high-speed electric locomotive in the world adapted to the steam
railroad, which has recently been completed at the Lynn works
of the General Electric Company, and will shortly be exhibited
at the World's Fair.

It is a 30 ton locomotiv^j desfgneil for a normal speed of 30
miles an- hour, primarily intended for operation on elevated
railways aud for passenger and light freight traffic on less im-
portant steam roads. It is of compact construction, .solidly and
substantially buiit. and runs on four 4-1-iii. wheels. Its dimen-
sions are : 16 ft. in. long, 11 ft. G in. high. S ft. 4 in. broad,
having its draw bars 3 ft. 6 in. from top of rail— the Manhattan
Elevated Railroad standard height. The draw bar pull is cal-

culated at 3,0(tO lbs.

The propelling power is furnished by two electric motors of
especial design and construction, each axle being provided
with one motor. The motors are gearless, and are su|)ported
on spiral springs resting on the side frames of the locomotive
truck. This method of suspension leaves the wheels free to

adjust themselves to the irregularities of the roadbed, aud
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consequently tlie wenr to both tnicks and motors is diminislioii.

The nioto/ tk-lils consist of massive iron castinirs to wliicli

the liollow fielil spools are boiled. The arniutiins are of tlie

iron-elad lype. having each separate winilinj; Imbedded in a
mica-lined slot cut into the curved surface of the laminated
iron armature body. The axles of the locomotive jniss llirough

the hollow shafts on wliich the armatures are mounted. These
shafts rest iu Ijcarings of the ni >tor frame, ami are connected
t-) the axles by universal couplings, whicli allow of freedom
of m Jtion in all directions. Tlie commutators arc of massive
construcliou, and there are four sets of brushes to each com-
mutator.
The motors are controlled

by means of a series ])ar-

allel controller set up in the

interior of the cab. This
device embodies all the lat-

est improvements made in

this type of apparatus by
the General P^lectric Co«n-
panj-. Under test it is found
that the series parallel con-
troller allows of a more
gradual and easier starting

of the electric motor, and
the speed can be more deli-

cately and instantaneously
controlled than in the case
of the steam locomotive.

The truck, suspended from
the journal boxes, is con-
structed of heavy I-lxiams,

and forms the foundation for

the locomotive cab, of sheet
iron, of sjmmetriciil design,
and so curved off as to di-

minish the atmospheric re-

sistance as far as possible.

The interior is finished in

hard wood. Two sliding

doors are placed at each side

of the cab, and the windows
are so arranged as to permit
of an unobstructed view in

all directions. There is am-
ple space in the cal) for the
motor man's movements, and
it affords Idm consideraljly

better protection than that

usually vouchsafed the

steam locomotive engineer.

The position of the head-
lights is shown in perspec-
tive view.
The air for the brake is

supplied by a .special elec-

trical air compressor, which
also operates the whistles.

This air pump has an oscil-

lating cylinder of (i in. in
"'

diameter, with a 6-in.

stroke, supplying 0,000 cub.
in. of air ])er minute at 70
lbs. pressure. The motor is

similar to the N. W. P. 24 in

general apjiearance, but is wound for a higher speed. The
normal speed of the armature shaft is (i75 revolutions, and of
the crank shaft of the jjump 1 10 revolutions. Tlic dimensions
of the air compressor are ; Length. -11 in. ; width, 1()1 in. ;

height. 25 in. The pump motor is controlled by a special

rheostat. This, l>y an intermediary device, is automatically
regidated by the air pressure. This locomotive has been de-
signed for a normal speed exceedinj^iO nules per hour.
The evolution of the use of the electrie locomotive will

probably follow along the lines dictated by expediency and
favoring conditions.

upon the treadle, which is .shown at the front of the machine,
file clutch is thrown into action, which drives a screw running
in a nut on the saw carri.igc raising or lowering the same as

the right or left hand side of the clutch is brought into action.

The saw arbor is driven from the counter-shaft at the base and
is belted with a belt running over the idle belt shown at the

top of th(^ colunm in such a way that the tension of the belt is

the sann- at whatever ])oint on the column the carriage may be
placed. The position of the cDuntcr-shaft is such that the

belting may be in any direction. The table for the material to

rest upon is independent of the main structure of the machine.
It is gibbed to the sole plate, and has an adjustment to and

VERTICAL CUTTING-OFP SAW,

from the column by means of a handwhcel and scri^w. The
top has a radial adjustment for angle .s;iwiiig and gaining
purposes.

•

STEAM HEATING ON THE EASTERN RAILWAY
OF FRANCE.

VERTICAL CUTTING OFF SAW.

This machine, which is built by .1. A. Fay & (Jompany, of

Cincimiali. ()., is designed for si)ecial kinds of work rei|uired

in car building. It is built on a heavy colunm having a broad
sole plate securing a large floor support. The face of the col-

umn is planned to receive the .saw carriage and arbor which is

gibbed to it, and actuated up and down by a screw of coarse
pitcu driven by gearing at the bottom. By pressing the foot

FoK a number of years jiast the Eastern IJailway of France
has been making experiments with a system of heating for

tlujir jiassengcr cars which l)ears the stjimp of consider:dile

novelty and at the same time docs not appejd very strongly
to American instincts and American practice. The fimda-
mental idea of the syst<-m is that of the use of steam, taken
from the locomotive for the purpose of obtaining the desired

temperatun^ and mingling it at tlie same time with a c|Uantity

of air uniler pressure taken from some independent source of
supply. When tli(' work was unih^rtaken this sup|i|y of com-
])ressed air was derived from the main reservoir of the air-

brake, but it was soon found that the single pump used for

the brake had an insufficient capacity to supply the needs of
both the system of heating and the brakes : therefore a second
and indel)endent i)ump wii.s put ui>on the engine for the pur-
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pose of supplying the compressed air for heating. The idea

seems to be that air will maintain a uniform pressure in the

pipes throughout the whole length of the train, and that when
the train is cold the time required for the steam to reach the

last car is very much less when it is mingled with compressed
air tlian when steam is admitted alone. This time has been
cut down on certain tests from 95 minutes to about 35 minutes.

There are automatic arrangements for removing the drip and
the condensation of the steam automatically, and at the same
time allowing the excess of air to escape so that there is a con-

tinual inflow"from the front end. The arrangement of piping

in tlie cars is very similar to ours, with the exception that it

is more complicated and more troublesome to manage, as, in-

stead of the single cock which is used for controlling the tem-

perature of our American cars, there are three, which are to be

upon a company who, in this country, should cut off all supply
of heat on its passenger trains when the temperature of the

outside air was up to 59°. Therefore the system of heating

merely means tliat people are not to be allowed to freeze to

death. This explains the reason why the admission of air into

the pipes is necessary. They must have a circulation, and the

amount of steam admitted for actually heating the cars is so

slight, and the temperature of the latter is so low, that circu-

lation with steam alone would give them a great deal of trouble

by condensed water freezing in loops and pockets ; but with

the admission of compressed air there is a continual flow

through the pipes and this freezing is avoided. At the same
time, the system as a method of heating would be considered

a most decided failure were the French practices to be intro-

duced into this country.
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MACK'S BOILER CIRCULATOR.

opened successively, according to the temperature of the ex-
ternal air. The piping in the car is arranged with three loops,

and these are buried in the floor and covered with a plate, and
this plate is what is supposed to warm and heat the car ; but
in reality it would seem, from a description which was recently
published in the Reeue Qenerale de Vhe.mins de fer, that it

merely acts as a foot-warmer, and can have but comparatively
little influence upon the temperature of the air in the car ; but
of this there is no report and we have no data.

Our opinion regarding temperature of the car is derived
from the tal)le giving instructions to train men. It will be
remembered thai we have just said that there are three cocks
to be opened for each Ciir in order to admit the fidl heating
capacity of the sy.stem. The instructions, then, as given to

the employes for this |>urpose, are, that if the temperature is

23° Fahr. or less, all three cocks are to be opened.
If it is between 23° and 41°, two cocks are to be opened.
Between 41° and 50°, one cock is to be opened.
Between 50

' and 59 , one cock is to be opened at intervals.

Above 59° the heat is to be cut off entirely.

We can imagine the complaints that would be 'showered

MACK'S BOILER CIRCULATOR.

We illustrate a new device of boiler circulator, which has
recently been brought out by Mr. W. B. Mack, of 92 White
Street, East Boston, Mass., for the purpo.sc of facilitating the

circulation in the water leg of locomotive boilers, a working
model of which was on exhibition at the recent Master Me-
chanics Convention at Lakcwood. The device shown is a repro-
duction of a working drawing taken from one of the boilers

now in use on the Boston & Albany Railroad. An examina-
tion of the engraving will show that it consists essentially of

a pipe led along the bottom of the shell of the boiler, turning
with the throat-sheet and passing down the front water leg to

the mud ring, spreading out from the top to the side sheet.

After passing over the curve of the throat-sheet, it practically

divides the water, leg into two equal parts, with a sheet of
i-in. metal held in position by angle plates riveted to the thtoat
itself. At the bottom this plate has three openings, one in the

center 3Jin. wide and 31 high, and one on either side 7 in. and
3 in. wide.
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The action of the device is as follows : When fire is burning

in the firebox the water next the throat and side sheets is

healed and rises ; the eold water at the forward end of the

shell then Qows baek through the passage at the hotlDin, down
the faee of the lliroat sheet, and out through the three holes

at the bottom of the sheet just described, thus delivering a

constant current of comparatively eold water into each of the

side water legs, and also into the"cenler of the front water leg,

thus establisinng a perfect circulation.

The general dimensifins of the device are clearly given on

the engravings. In the model which was exhibited at Lake-

wood it was shown that the rapidity of the circulation was

increased with the draft of sttam talan from the boiler.

Thus, when the boiler was standing still, with no emission of

steam whatever, the circulation through the pil>e, which was

tween Picton and Mittagong, on the Southern line, and the

maximum performance during the trial consisted in hauling a

train weighing l.")ti tons(in addition to the weight of the engine

and tender) up a long graile of 1 in 40 at a speed of I'.li miles

an hour. A trial of one of tin- English engines wa.s made on

the Sutherland bank, lllawarra line, where a train weighing
33.-) tons (in adililion to the weight of the engine and tender)

was haulrd up a grade of 1 in -l'-' ;it a speed of •JOuiilcsaii hour.

The ordinarv load of these engines over the southern lines was
l(i.") tuns, anil the sjjeed attained daily on the 1 in 41) grade 22i

miles an hour, and on the 1 in ;il) grade the spceil fell to 18i

ndles an hour. The conimi.ssioners were also making an enor-

mous improvement in the s;ifety of working heavy goods trains

by fitting them with the new \Vestiughouse automatic quick-

acting freight brake."

FLU.su TUVNSFEK-T.'iBLE. liLILT BY ED\V.\UD C. WHITE

visible by means of a glass, was very sluggish ; but the mo-
ment a valve was opened allowing the escape of steam, -whether

it was a blowt'r in the slack or through the safety-valves, the

rapidity of the circidation increa.sed very markedly, until it

W!us so rapid that the eye coulil merely see that the water was
rushing through the glass with great velocity. It is said on

the Boston & Albany road, where this device has been in use

for some time, that it is giving satisfaction.

ENGLISH AND AMERICAN LOCOMOTIVES ON
THE NEW SOUTH WALES RAILWAYS.

TiiK followiug extract from an address delivered at the re-

cent annual meeting, by Profes.sor Warren, the retiring Presi-

dent of the Koyal Society of New South Wales, the leading

scientific iussoeiation in Australasia, has been sent to us by a

correspondent in that fvir-olT country. We know nothing of

the circumstances under which the trials of locomotives were
made, excepting what is staled in Ihe following (piotation.

In reference to the rolling stock of the New Sni^lh Wales
lines, Profes.sor Warren asserted, " that during the last year a

niimlKT of engines had been introduced of exceptioiiid ])Ower

for passenger and freight service, th(M)bject aimed at being the

economical working of the triillie over the heavy grades and
sharp curves, which were eharaeteristie of our railway system.

Formerly two (^igincs were employed for passinger trains,

whereas now one engine not only did the work better, but

ellectcd a very large saving in working expenses. Twelve of

these engines were made by the Halilwin Engine Company,
America, and •lO by Messrs. 15eyer A: Peacock, of JIanchester,

England. One of the engines made by the American firm was
carefully tested on the steep grades of 1 in 40 and 1 in ;M) be-

FLUSH TRANSFER-TABLE.

We illustrate a Hush transfer-table, which has been put

upon the market by Edward ('. While, of ").")() West Thirty-

fourth Street, New" York. The table is intended to be oper-

ateil either by an electric motor, as shown on the engraving,

or bv hand power. As far as we know, it is the only abso-

lutely tlush turntable which has as yet been designed. The
rails'for tlie tninsfer-talile arc exactly on the same level with

tin' rails in tlie running tracks. The framing of the table is of

iron channel bars with boxes for carrying the wheels, as shown
on the engraving. This, of course, neces.sarily raises the rail

of the tabu- above the rails of the track, and the ai>proaeh to

these is by means of an incliniil |ilane carried on the tal)le and
projecting out Ixyond its lindts over the standing tracks.

These strips are of iron 2 ft. 7 in. long, and are beveled down
so as to give a gradual rise from the incounng rail to the table

rail. When the table is in motion these inclines spring up and
clear the rails bv about a quarter of an inch, but when the

table is stoppeil and a car is started to be run upon it, as .soon

ius the wheels strike these inclines they are sprung down and
rest against the rail. Their length is suHicienI, so that the

limit of the resilients of the metal is not exceeded by the dis-

tance which they are obliged to delleet, In'nci' they always

maintain I heir proper height. The table is intended for street-

car puriioses, anil none have as yet been built for the heavier

cars of steam roads. The tableisso thoroughly cross-braceil

that there is no danger of its being thrown out of line or out

of square. The table's lenglli over the inclines at each end is

27 ft. Ill in., while the total length of the table jiroper is 22 ft.

li in., which is an ample length for Ihe ordinary electric or

cable cars that are now used.
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EDITORIAL NOTES.

A ccRious objection to the use of the telephone is said to

exist in the mind of the Sultan. He will have none of it in

any of tlie cities of his dominions, on the ground that his

subjects are all too ready to intrigue and conspire against

his happiness, and he does not propose to allow the intro-

duction of any device whereby this conspiring can be made

easier. It is stated that this prejudice is so deep-rooted

that those interested in telephone development have cea.sed

to make any efforts to .secure franchises in the land of the

Turk.

Uapid transit for New York still seems to have a linger-

ing life. The latest development is that the Rapid Transit

Commission has cut loose from the Manhattan Elevated

Railway, and are making some sort of proposals to build

independent elevated railways. This is said to have brought

the Manhattan to a reconsideration of the terms proposed

before, and there the matter is again resting. It would be

hazardous to make any predictions looking toward a speedy

settlement, and it is probable that the first of January will

see the end of another year and nothing accomplished.

We would call especial attention to the brief report that

appears in another column of the Aerial Navigation Con-

vention recently held in Chicago. Not that there are any

novelties in the shape of facts set forth in the report, but

because the position taken by those most interested in the

matter is so clearly elucidated. It is not expected that ex-

press speeds will be attained, or that aerial navigation will

soon reach a stage of development that will present an at-

tractive field for commercial investments, but simply that

aerial navigation promises to become an accomplished fact

though it may not supplant the locomotive and the ocean

steamer.

We mentioned in otir last issue that the Crovemment was

after something marvelous in the shape of a torpedo boat,

and now we have to record that the Board appointed to re-

port on the designs submitted consider that the one of them

wliich most nearly meets the requirements should be built.

Of the two that may be considered as competitors, the Hol-

land is designed with a strength sufficient to resist a sub-

mergence of 70 ft. and the Baker for one of 1.50 ft. The

recommendation, however, is that the former boat be built.

No action has as yet been taken by the Department of Con-

struction. Should the boat accomplish what is expected 01

it, there will be an element introduced into naval warfare

that will go very far toward making the operatiou of a

blockading fleet inoperative.

A CURIOUS case of objectionable interference between a

railway and its employes is given by an English correspond-

ent of the Independent. In order to avoid the responsibilities

of the Employers' Lialiility Act of 1880, the Brighton Com-

pany instituted an insurance fund, which any of its employes

were at liberty to join, but were not compelled to. But in

so doing the applicant signed a contract freeing the employer

from all liability under the act. The premiums were so low

that the company was called upon to make up a large deficit,

but the accident insurance was complete and covered every

form of accident, whether it came within the provisions of

the act or not. But the idea was an unpopular one among

the labor organizations, or at lea.st among the leaders of

such organizations, and now there is a movement, despite

the protests of the employes, to make such a form of con-

tract illegal. In other words, the labor leaders propose that

all men shall be saved in their own peculiar and particular

way.

MONTHLY MEETINGS OF MECHANICAL ENGI-
NEERS FOR TECHNICAL DISCUSSION.

For a year or more past various members of the Ameri-

can Society of Jlechanical Engineers have expressed a desire

that more frequent meetings of the members should be held,

which should be devoted to the discussion of subjects per-

taining to their various occupations. A sort of half-hearted

and unorganized effort of this kind was made in the winter

of 1891-93, and even under the unfavorable conditions which

then prevailed a number of the meetings proved to be very

entertaining, instructive and profitable, and indicated what

might be accomjilished if they were conducted by an in-

telligent committee who felt an interest in their success.

For several years past what are called " reunions" have been

held each month during the winter, which were attended by

members, their wives, sisters, cousins and their aunts. Some

one has disrespectfully designated these meetings as "petti-

coteries,'''' but even with this title many members found them

very agreeable, and doubtless there would be much regret

—

in which the writer would share— if they were discontinued.

They were, and probably always will be, social in their

character. There are quite a considerable number of mem-

bers—just how many has not yet been ascertained—who feel

that purely social enjoyment should not be the only aim in the

meetings of a society like that of the Mechanical Engineers.

While they are quite willing and ready to dress, and talk,

and eat, and smile and flirt— if need be—at the petti-

coteries, they feel that meetings for the consideration of

subjects for which the Society was organized, if held at

least once a month, would be both pleasant and profitable.
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To such a scheme the objection has been made that the

Society is a national one, and that it would be impolitic to

organize and hold a series of meetings in which a large pro-

portion of the members could not participate on account of

their distance from New York. It is a curious fact that

those who urge this objection most strenuously are the most

active at the Society's sociables, which have been held

monthly. On the princijile upon which objection is made
to holding monthly meetings for teclinical discussion, non-

resident members might object that we, who live in New
York, are tlie recipients of an undue proportion of smiles

and allurements which are so graciously disseminated at flie

meetings referred to.

It is also objected that the rules of the Society make no

provision for monthly technical meetings, although it is

specilically stated in Article 30 that " other regular meet-

ings (besides the annual one) of the Society shall be held in

each year at such time and place as the Council may ap-

point." Still, as there is some objection, on the ground of

expediency, the members who have felt an interest in hold-

ing monthly meetings during the coming fall and winter,

for the discussion of technical matters, have considered the

advisability of making them not meetings of the Society,

but of members of the Society. There is at present no reason

why two or three, or two or three dozen members, may not

meet in the rooms which the Society occupy and discuss any

subject whatsoever. The plan that has been proposed is a

very simple and direct one, which is to organize a commit-

tee which shall take charge and direction of the meetings.

This will consist in selecting subjects for discussion, invit-

ing competent persons to open and start it, appoint a chair-

man to preside, select the time and place for holding the

meetings, issue notices and announcements of them, and

exert themselves generally to promote their interest and

profit.

; The practice and past experience of a kindred society,

which now meets in the Mechanical Engineers' hall, may be

quoted as supplying a type of meetings which might be imi-

tated. The society referred to is the Railroad Club. As

originally constituted it had no constitution, rules, or mem-
bership. The only organization was a committee, which

originally was self-appointed, and conducted the proceed-

ings and filled vacancies which occurred. It now has a con-

stitution and by-laws, membership and officers, and a regu-

lar organization. In its early years, however, the commit-

tee referred to took entire charge of everything. For each

meeting a subject was selected by the committee which it

was thought would interest railroad men. A person who

was an expert on the subject selected was then invited to

make a short address not exceeding 20 minutes or a half hour

in length, in which interesting facts, theories or experiences

were presented. This served to excite the interest of the

audience, stimulate the thoughts of those present, and steer

the discussion.

A formal paper is apt to be a bore to a large proportion

of an audience. It often happens in the meetings of the

Railroad Club that machines, tools, models, drawings,

samples or other objects are presented and exhibited at the

meetings which serve to excite interest. When this is once

accomplished discussion always follows.

,
One result of holding these meetings at an appointed time

each month is, that those who are interested in them and

who live outside of New York arrange their business so as

to be here on the date of the meeting, and thus these

monthly occasions become reunions of people living in dif-

ferent parts of the country and who have like interests. The

same results would be sure to follow similar a.sscmblages of

mechanical engineers.

Of course if such meetinga shoiild meet with favor, it

might be desirable to hold tliem either \nidcr the auspices

of the Societj' itself or to form some regular organization to

take charge of them, but in the beginning this is not needed.

Members of the Society who feel an interest in this scheme

are solicited to signify their approval or disapproval by

comnuinicaling with the editor of the Amkuk'AN EN(iiNi;i;it.

CYLINDER PROPORTIONS.

d

Tnn following inciuiry comes from a correspondent :

" Assume thai a new locomotive is to he designed for a
given service. Knowing the maximum <rr:iilcs, radii of sharp-

est curves, nmxinium weight of train and speed of same, the

maximum train resistance is approximately determined. Tlie

boiler pressure, stroke and diameter of drivers are known.
" (In page ^M> of ' Meyer's Modern Locomotive Construc-

tion.' I find the following formula for finding the diameter of

the cylinders

V p y. S'

where T = tractive force ; D = diameter of drivers in inches
;

P = mean efl'ective pressure ; and S = stroke in inches.
" Now, the question which perplexes me is. What value

should be given to Pf
" If P is taken at .90 of the boiler pressure, as recommended

on page 541 of ' Catechism of the Locomotive,' for slow
speeds and late cutoffs, then at high speeds and short cut-offs

the value of P will be so Rreatly diminished that the engine
will be unable to i)erform the work for which it was designed.

In other words, the cylinders will be too small for expansive
working.

" On page 4 of the American Engineer and Railroad
Journal, .Tanuary, ly'.)-!, I find a table showing approximately
the mean elTective pressure in per cent, of boiler pressure, due
to speeds of from G to 75 miles per hour, with drivers of from
50 to 78 in. diameter.

" Could not the value of P in the above formula be calcu-

lated approximately from this table, and the diameter of cyl-

inders determined accordingly ?

" Having thus obtained the diameter of cylinders, the maxi-

mum tractive force at starting could be calculated with an as-

sumed maximum effective pressure .90 boiler pressure. Then
tractive force X 5 = adhesive weight.

" Would it be practicable to assume that the locomotive is

to perform its maximum work with a given point of cutoff,

release and compression ; la_v out the theoretical indicator dia-

gram and calculate the mean effective pressure therefrom?
The mean effective pressure thus obtained could oidy be ap-

proximately correct, as the clearance at this stage of the design

would be unknown and the back pressure could only be as-

sumed.
"Is there any arbitrary mean effective pressure used by

builders in designing the cylinders of express, freight and
switching locomotives?"

Our correspondent's difficulty seems to arise from a desire

to make a locomotive which will exert its maxinuim tractive

force while working steam expansively during a consider-

able proportion of the stroke. We will assume that in doing

this that he wants to cut off steam at three-eighths of the

stroke, and expand it during the remaining five-eighths.

The average pressure of steam in the cylinders with this

point of cut-off would be less than 70 per cent, of the boiler

pressure. Consequently, in order to get cylinder capacity

enough to turn the wheels, the cylinder must be made larger

than would be necessary if steam was worked fidl stroke,

or as near full stroke as an ordinary slide-valve will i)ermit.

If they are thus enlarged, then if steam is worked full stroke

at any time, the cylinders would have too much capacity

for the adhesion of the wheels, and they would then be liable

to slip. In other words, if the cylinders of a locomotive are

made large enough^ so that it can exert its maximum trac-
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tive effort whea cutting off at a small fraction of the stroke,

it will be liable to slip its wheels when working full stroke.

It is essential to work steam full stroke in starting, be-

cause when the valves are cutting off steam short, the en-

gine may, and frequently would, stop in positions in which

both valves would be closed, or rather the admission ports

of both cylinders would be closed. It would then be im-

possible to start.

Still another difficulty at low speeds would be that in

cutting off sliort, the rotative effect exerted on the wheels

is so irregular that an engine could not exert its maximum
power. The best that we can do, then, is to proportion the

cylinders, so tliat when working full stroke the pistons can

exert just enough tractive power so as to slip the wheels.

After making all the deductions for loss of pressure in the

cylinders, and it is found that all we can count on is 90 per

cent, of the boiler pressure as effective pressure in the cyl-

inders when steam is cut off as near full stroke as the ordi-

nary slide-valves will permit.

If the cylinders were increased in size and we attempted

to exert more power at high speeds, it would then_be im-

possible to supply enough steam. It is found that when
the cylinders are proportioned so that they can just slide

the wheels in starting and when working full stroke, that

there is then always cylinder capacity enough to use up all

the steam that can be supplied at high speeds, even when
cutting off short.

STANDARD RAIL SECTIONS.

Engineering News of August 17 publishes engravings of

the forms of " rail sections recommended as standard by

the Committee on Standard Rail Sections of the American

Society of Civil Engineers." These were presented with a

report at the business session of the late Engineering Congress

at Chicago. The same paper also publishes an editorial on

the subject of the report, in which the editor congratulates all

the world on the fact that this committee has recommended

that the radius of the upper corners of the rail-heads shall

be /j in. instead of " % in. or thereabouts," as recommended

by the Master Car-Builders' Association.

Ten or 12 years ago a paper was read at one of the meet-

ings of that Association, calling attention to the great in-

congruity in the forms of the sections of rails and wheel-

treads and flanges which then existed, and recommending

that those portions of the rail-heads which come in contact

with the flanges of the wheels should be made to conform to or

fit the flanges, on the principle "that the wear of surfaces

in frictional or rolling contact is in inverse proportion to

their area."

This recommendation, the editor of Engineering News s&ys,

resulted in " a decided and widespread tendency to con-

form to this demand," which, he says further, "it is now all

but unanimously admitted was wholly without any rational

foundation."

This is followed by the observation " that Mr. A. M.

Wellington . . . now claims the credit of having in-

dividually stopped an unchecked current of practice toward

an alleged erroneous theory."

Our quotation marks have been carefully used.

Now what was this great stroke of genius of which the

editor of Engineering News was the author, and on which

he felicitates himself so complacently ? His achievement

consisted in substituting a radius of -{^^ in. for describing

the form of the corners of rail-heads for one of \ in. (which

was the original proposition).

It recalls one of Thackeray's stories. When he was in

this country he chanced to occupy the same seat with a

loquacious passenger in a railroad car, who, on learning

how famous a person his companion was, announced as his

claim for distinction that " myfather was the Jirst man who

introduced c-o-J-d pressed castor-oil.

'

'

The report of the committee referred to above was re-

ceived too late for a full discussion of it here, but we may
have something more to say of it hereafter. Most of those

who compose the committee which made the report before

us are very able men. So far as we know, however, only

one of them has had his chief professional training and ex-

perience in the department of mechanical engineering of

railroads, and he is now in retirement. Most of the others

are eminent civil engineers. Surely in the consideration of

what may be called the conjunction of the civil with the

mechanical engineering of railroads, the mechanic should

have had some voice. While no criticism of the work of

the committee will be attempted now, attention may be

called to one fact—the original committee consisted of

seven members, who recommended a radius of J in. for the

corners of the rails. When five new members were added

to the committee, the radius was increased to -{^ in., or

made 2.5 per cent, greater. The problem propounded is, if

five additional civil engineers increase the radius 25 per

cent., how much would it be increased if there were an equal

representation of competent mechanical engineers on the

committee ?

NEW PUBLICATIONS.

Beeson's Inl.\nd Marine Direotort. By Hai vey C. Beeson.

(376 pp., ^ X 9i in.) Detroit, Mich.

The first 29 pages of this work contain a table giving the

class, name, tonnage, date when built, where built, name of

owner or manager, and residence of owner or manager. The
extent of the shipping interest on the great lakes may be

known that this list includes over 1,800 vessels. Besides this

there is a list of about 350 steam-vessels of under 5 tons bur-

den. Another list of sailing-vessels includes over 1,300 of

these. A variety of other data and information of interest to

fresh-water mariners, of those interested in the traffic of the

lakes, is scattered through the book. There are also a num-

ber of good and some indifferent half-tone engravings of lake

steamers, yachts and sailing-vessels, and also a goodly number

of advertisements.

The Coai, Trade. A Compendium of Valuable Information

relating to Coal Production, Prices, Transportation, etc., at

Home and Abroad, with many Facts worthy of Preservation

f:>r Future Reference. (121 pp., 6x9 in.) By Frederick

E. Saward, Editor of the Coal Trade Journal. New York.

This volume contains first a review of the coal trade for

1893. This is followed by a convenient table showing the an-

nual production of coal in the United States and Territories

for the years 1889, 1890, 1891, and 1892. In round numbers

the total of this production was 133, 140, 150 and 155 millions

of tons for the years respectively. Following this table is a

series of sketches of the different coal-fields and their jiroduc-

tion, the traffic of the different cities. The latter part of the

book contains a miscellaneous collection of information con-

cerning coal and coal traffic of varying degrees of interest and

value. The book does not seem to have any very well-defined
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pliiii, and is a collection of miscellaneous data relating 10 the

coal traflic, mucli of which is valuable and cannot be found

in an equally convenient form elsewhere.

The Great Lakes Keoisteh of SiiipriNO ; iiIko Rules and

Tdbles of ScutMingsfor the Cdiixtriiction of Steel Shipn. (r)0

pp., 8i X 11 in.) l?y Joseph K. Oldham, N.A. and C.E..

Chief Surveyor, Cleveland, O.

The first part of this volume the author describes as "a book

of rules for the construction of lalie steamers, wifli foniiuhv

for asecrtainins the size of shafting for marine engines and

estimating horse power and displacement ; formula' and rules

for riveting joints ; tables of weights of materials, areas of

circles, etc.; and general particulars of construction, including

dimensions of boilers, 'wheels,' cylinders, etc., of all the

steel, iron and composite steamers on the Northwestern lakes."

The latter part is a register of shipping on the great lakes.

In this all the vessels owned by dilTercnt companies, linns and

individuals are given under the names of such parties ; the

names of the vessels, whether screw or paddle, tonnage, dimen-

sions, size anil steam pressure of boilers, diameter and stroke

of cylinders, diameter of screws, date when built, and where

and by whom built.

The rules given for the construction of shijis have apparently

no other authority than that of the author. The data embodied

in the tables will be of much interest and value to all who arc

concerned in the lake shipping.

The OpFrciAl, Railway List. A Complete Director;/ of tlu:

President!!, Viee-Predd-eiits, Genenil Mamigers and Assist-

ants, General and Division Superintendents, Chief and As-

sistant Engin4!ers, Secretaries, Treasurers, Auditors, Trajlc

Managers, Oeneral Freight Agents, General Passenger and

Ticket Agents, Baggage Agents, Superintendents of Telegraph,

Purchasing Agents, Fuel Agents, Car Accountants, Super-

intendents of Motive Power, Master Mechanics, Master Car-

liuiUU-.rs, Master Car Painters. Foremen of Ilepairs, Road-

masters, etc., of Railwai/s in North America, and Hand-book

of Useful Information for Railicai/ Men. Twelfth Vear.

(479 pp., 4} X 8 in.) Chicago : Railway Purchasing Agent

Company.

The title of this l)Ook is so long that it leaves but little room

for any other notice. There seems of late to be a penchant for

long titles in books, and some authors transfer their tables of

contents to their title-pages. Tlic practice cannot be com-

mended.

Not much need be said of the excellent directory before us,

c.\cei)ting that it is bigger, has more names in it—and more

advertising—than ever before. It has a stout, plethoric look

of jirosperity that will make some publishers envious. Those

who want the names and addresses of railroad ollicials will

find this one of the most convenient books which give tluit

kind of information.

Knots, Splices, Hitches, Bends and Lashings, Illustrated

and Descrilied. By F. R. Braiiiard. Ensign U. S. Navy.

(70 pp , 4X0 in.) N*ew York : Practical Publishing

Company.

The title of this book describes its character. It illustrates

and tells how to make a great many different kinds of knots,

splices, hitches, bends and la-shings with ropes of different

kinds. The method of doing this is illustrated by a series of

outline diagrams, not of the best kind, but sullicient for the pur-

pose. It is intended not only for seafaring men alone, but

for wayfaring men as well, who, it is said in the introduction,

" may profit by the knowledge of the subject, and may with

advantage put the knowledge to practical every-day use."

The infornnition it contains will also be relishi^d and valued by

yachtsmen, boatmen, and canoeists. It might be added that

every mechanic, especially those who have aiiytliiug to do

with the erection of heavy work, would be greatly benefited

by a knowledge of how to tie roi)es most effectively.

The book contaius directions for tying ropes in 128 differ-

ent kinds of ways. This is followed by tables giving the cir-

cumference, weight per foot, working and breaking strength

of hemp and iron and steel wire ropes. The tables are fol-

lowed by 13 pages of definitions.

The book is considerably padded, to make as much showing

as po.ssible with a little matter. It is printed on very thick

paper, the pages are small, each one having only 112 words,

so tlnit the whole book contains oidy 8,400 words. As the

l)riee of the book is $1, its contents might be quoted at 84

words for a cent, which makes this kind of knowledge come

BOOKS RECEIVED.

Professional Papers of the Coi-ps of Engineers of the United

States Army. No. 20.

Local Engineering Data for St. Louis. Comiiiled by the

Engineers' Club of St. Louis.

The Compass. Vol. II. New York : William Cox, Editor
;

Keuffel & Esser, Publishers.

Poiyr's Manual of the Railroads of the United Statesfor 1893.

II. V. & H. W. Poor, New York.

Bulktin of the United States Geological Survey. Nos. 82, 83,

84, 8.'), !)(), 1)1, 03, 93, 94, Of) and 90.

Flectricity up to Date. Third Edition. By John 1>. Verity.

New York : Frederick Warne & Company.

Tlie Michigan Engineers' Annual, containing the Proceedings

of the Michigan Engineering Society for 1893.

ifolesicorth's Piicket-Dook of Engineering FormuUe. Twenty-

third Edition. London and New York : E. it F". N. Spon.

Tim Tmio of Tneorporated Companies Opierating under Munic-

ipal Franchises. Vols. I, II and III. By Allen Ripley

Foote. Cincinnati, O.: Robert Clarke & Company.

United States Geological Sunvy. By .1. W. Powell, Director.

Eleventh Annual Report, 18H9-90, I'art I, (icology ; Part II,

Irrigation.

The Chilean Revolutu.in of 1891. By Lieutenant James II.

Scares, U. S. N., and Ensign B. W. Wells, Jr., U. S. N.,

Washington, n. (!.: Olliceof Naval Intelligence, Navy Pepart-

nient.

MonograpJis of the United States Geological Survey. By J.

W. Powell, Director. Vols. XVII, XVIII and XX, with

Atlas to accompany the Monograph on the Geology of the

Eureka District, Nevada, by Arnold Hague.

TRADE CATALOGUES.

LidUT Caus. Sheffield Car Company, Three Rivers, Mieh.

Cii.vp.MAN Vai.ve Manukactuuino Comtany's Catalogue,

1893. Boston, Muss.

PiTTSBUiioii Locomotive Wokks exhibit at the World's

Columbian Exhibition.
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Genekal Catalogue of Wortliington Pumping Engines,

Steam Pumps and Hydraulic ]\[acliiuery.

Catalogue op Railway, Steamship and Stationaut En-

gine Appliances. J. T. Connelly, Milton, Pa.

OuK ExniisiT, World's Columbian Exposition. Brown &,

Sliarpe Manufacturing C'ompany, Providence, R. I.

WouTiiiNOTON Steam-Pumping Machinery at the World's

Columbian Exhibition. Manufactured by Henry Worthiug-

ton.

Fuazer & Chalmers, of Chicago, send us over 30 different

catalogues describing the various kinds of machinery they

manufacture, which relates chietly to mining and metallurgi-

cal operations.

Root Improved Water-tuise Boiler, Abend ruth & Root

Manufacturing Company, New York. This is a six-page

(6 X l''5i in.) folder, with excellent wood-cuts, illustrating this

form of water-tube boiler. A conci.se description of the de-

tails of the boiler is appended.

The C. W. Hunt Company, of New York, have issued a

descriptive catalogue (&| X 9i in., 24 pp.) of their " industrial"

railways. These are intended for mines and factories of all

kinds. The book is elaborately illustrated. The same Com-
pany also send a description (8 pp.) of their exhibit at the

Columbian Exhibition.

Brooks Locomotive Works, Dunkirk, N. Y., have also

issued a descriptive volume (Ci X 10 in., 30 pp.) of their ex-

hibit at the Chicago Fair. It contains an engraving and his-

torical sketch of their works, an announcement of the facilities

which the Company has for doing work, and illustrations and

dimensions of the locomotives they have on exhibition.

The Worcester Drill Grinder, manufactured by the

Washburn shops of tlie Worcester Polytechnic Institute, Wor-
cester, Mass. This is a small pamphlet (oi X 8 in., 20 pp.)

describing the various kinds of drill grinders which arc made
at the shops of the Worcester Polytechnic Institute. It is

illustrated with a number of good engravings, and gives sizes,

prices and other information which a buyer will be likely to

want.

E. W. Bliss Company, of Brooklyn, N. Y., have .sent us a

number of circulars (9 X 12 in ) which describe the different

kinds of presses made bj' them. One of these (8 pp.) describes

the " Stiles" Drop Hammers. The others relate to Double-

Crank Power Presses (20 pp.), Toggle Joint Drawing Presses

(10 pp.), " Open-Back" Power Presses (12 pp.) and the

" Stiles" Power Punching Presses (12 pp.). These are all illus-

trated with excellent wood-engravings, are well printed on

coated paper, which does not smell bad, as the paper of some

of the other catalogues we have noticed does.

The Weir Froq Company, Cincinnati, O., manufacturers

of frogs, switches, crossings, etc.

The catalogue of this Company is (jnile an elaborate volume

(4| X Si in., 233 pp.), which opens on the short end. It is

illustrated by a large number of excellent outline engravings

which are made by the wax process, and also a considerable

number of wood-cuts. As we have frequently pointed out, the

best treatises on many subjects are now trade catalogues. The

book before us is an examiile. While it makes no pretensions

to an exhaustive treatment of the subject to which it pertains,

there is a great deal of valuable information in it which can-

not be obtained from any other source. The book concludes

with a number of useful tables relating to turn-outs, switches,

frogs, crossings, etc.

The Rogers Locomotive Company, Paterson, N. J.

(8 X Hi in., 117 pp.) This Company has just issued a new

catalogue of the locomotives they manufacture. It begins

with a very brief history of the works, with engravings of

them iisthey were in 1832 and as they are in 1893. This is fol-

lowed by a general descrii)tion, or rather blank general speci-

fications of a locomotive. A very excellent and clear chapter

on The Tractive Power of Locomotives is tlien given, with

directions for calculatini;; the tractive power of locomotives

and the resistance of trains. The remainder of the book con-

tains 50 engravings of the dilferent types of locomotives built

by this Company, with tabidar statements of their dimensions

and capacity. Most of the illustrations are very good half-

tone engravings, although a few of them are wood cuts.

This same Company have also issued a descriptive pamphlet

(6* X 11 in., 17 pp.) of their exhibit at Chicago. The differ-

ent engines they have on exhibition are illustrated by very

good half-tone engravings and diagrammatic views giving the

principal dimensions of their locomotives. It gives, in a very

convenient form, all the information which an engineer is

likely to ask for who vi-sits the exhibit.

New Y'ork Central & Hudson River Railroad Locomo-

tives. Mr. William Buchanan, Superintendent of Machinery

and Rolling Stock of this line, has just issued a very con-

venient little book (3 X Si in., 54 pp.) giving the general

dimensions, weight, etc., of the locomotives on that road. It

begins with a convenient table in which the speed in feet per

second and the time in seconds per mile is given for different

speeds per hour. Opposite this is a half tone engraving of the

Columbian tlyer train, made from a photograph taken at full

speed. After this is an engraving of the reproduced De Witt

Clinton and its train, with the dimensions of that engine. A
half-tone engraving and the dimensions of the celebrated en-

gine 999 occupies the next pages. The rest of the book is

occupied by 22 very convenient diagrammatic engravings of

the different classes of engines used on the New Y^ork Central

Railroad, with their dimensions arranged in tabular form.

The book can conveniently be carried in the pocket, and alto

gether is a model of its kind. The only fault we can tind

with it is that the pages are not numbered, which might be an

inconvenience in referring to them.

Catalogue and Testimonials of Cold Saw Cuttingofp

Machines, Newton Machine Tool Works, Philadelphia. This

catalogue, which is a GO-page pamphlet, Gi X 9^ in., will prob-

alily be a revelation to many readers, who will be surprised to

lind what a variety of the kinds of machinery which it de-

scril)es is made. Twenty-two different kinds of such machines

are illustrated, and a number of sizes of .some of them are

built. The manufacturers say :

" The Cold Saw Cutting-Off Machine has long since ceased

to be an experiment, and has been proved by practical opera-

tion to be very much of a success, not only for cutting off

round, square or Hat bars, but for the general run of cutting

and for forge work, architectural iron works, rolling mills

and general machine-shop work. We know of no machine

sho]! that has not work enough to make one of these tools pay

for itself in a short time.
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" The saws are hoUow-ground, and are made in three grades

of teeth : fine teeth for hard material ; medium sized teeth

for ordinary work, and coarse teeth for heavy or soft stock.

The saws run in a bath of oil or soda water, keeping tliem

cold and lubricating the cutter."

Comparison of the Practicai, Results Obtained by the
Use of the Wkouomt-ikon Fokoed Wheels, as Made by

the Arbel's Establishments and the Wheels of Sf.veual

American Types. Tlie Anonymous Manufacturing Society

of the Arbel Establishments. Hire de Gier, France. (G X 9i in.,

52 pp.)

To a very considerable e.\tent this puniphlet is descriptive

of the exhibit of the Arbcl's Establishments at the Columbian

E.xhibition. It also gives a historical sketch and description

of the works, and " a few words"—which arc descriptive
—" on

other systems of wheels." An interesting historical notice on

the Wroughtlron Wiicels is also given, with a description of

the method emploj-cd at the Couzon's Works in France, which

are the Arbcl's establishments. The last part of the volume

contains a dissertation on Railroad Wheels by M. L. Durant,

and gives the results of tests made upon the request and ac-

cording to the indications of Mr. Ernest Polonceau, Chief En-

gineer of Machinery of the Orleans Railway. The object of

the pamphlet is to show the superiority of the Arbel wrought-

lron wheels over others in use in this country and elsewhere.

The merits of wrouglit-iron wheels do not seem to have ever

been fully appreciated in this country. Their record of ser-

vice, endurance and reliability in Europe should be an inter-

esting and profitable study for American railroad engineers.

Exhibit of Locomotives by the Baldwin Locomotive
Works, Philadelphia. What has been said of the Brooks and

Rogers exhibition volume might almost be repeated of the

one which the Baldwin Company have i.ssued. Theirs is,

however, larger than either of the others (7} X 101 in., 78 pp.).

The frontispiece to the book is a half-tone engraving showing

the interior of their erecting shops, and another engraving

shows the outside of their works.

The first chapter is a sketch of the history and eapacit}' of

their establishment. In all 13 locomotives are illustrated and

described. Of these more than half are of the Vauclain com-

pound type. The engraving, printing and jiaper are all ex-

cellent.

There is one criticism of the engravings in this and in the

Brooks volume which we think might be justly made. The
photographs were nearly all taken from a point a little in

front of the engines, and they are shown on an angle looking

toward the back end. The result is that the size of the smoke-

boxes, chimneys and trucks are all exaggerated in relation to

the other parts, and the effect is somewhat the same as when
a countryman has his picture taken and protrudes his hands

and feet too far forward. The i)icture of the magiiiticent

i)<.'C«p«(Z engine, opposite page 68 of the Baldwin catalogue, as

an example, looks—to speak in convivial vernacular—as

though it had been on a "tear" and was suffering from a

"swelled head." The front of the engine, including the

smoke-box, chimney, etc., which are net Its most impressive

parts, are exaggerated, and the imposing proportions of the

engine are to a considerable extent lost. The same thing is

true of the view of the "doubleender" opposite page 17, and

to a less degree of the Colainhiii on page 3(i. The great driv-

ing-wheel sof this machine, grouped close together mider the

middle of the boiler, are the most striking features of this

machine. If the camera had been placed exactly opposite to

these, they would have had their full value in the [acture,

and the front and back ends of the engine would have appeared

in their proper relation to the other parts. As it is, the front

truck wheels of tlic Columbia are shown much larger than the

back ones, which give the representation of this engine a sort

of boblailed appearance which takes away much of its dig-

nity'. The most striking view of a locomotive, it is thought,

is a square side elevation, and if such a photograph could be

made, which would be an orthogonal projection, it would
make tlie most effective picture which could be taken.

Desckiptive and Illustrated Catalogue (4i X OJ in..

390 pp.) OF THE Phatt & Whitney Company, Hartford,

Conn. This is a new catalogue recently issued by this well-

known comi)any, who are engaged in the manufacture of the

lighter classes of machinists' tools. The extent of their facili-

ties for doing work may be known from tlie following extract

from the preface of the book before us :

" In the machine shops are 400 lathes of various kinds, 115

planers, S.') drilling machines, 1'20 milling machines, 18 screw

machines, 13 gear and rack cutters, 10 boring mills, and 200

other machines, in addition to the tools used in the pattern

shop. When all the.se arc rumiing the concern can give em-

ployment to about 950 men."

To give an idea of the kind of work which this Company
does, we would be obliged at least to copy the index to its

catalogue. This occupies 5 J pages, and is little more than an

enumeration of the different kinds of tools which are manu-

factured. Nearly every page of the book has an engraving

on it, some of them more than one, so that the catalogue con-

tains nearly or ([uite 400 engravings. These are all wood-cuts,

the great majority of which are of the best kind, although

here and there the trace of jirocess work may be seen.

Looking over the pages of this book and the knowledge thus

acquired of the elegant tools and appliances supplied by this

Company will or should stir the mechanical soul—if there is

such a thing—of any good machinist to its very profoundest

depths.

The book has been published in a very convenient form, and

is tilled with useful information from one end to the other.

Logarithmic Tables. By Professor George William .lones,

of Cornell University. Fourth Edition. London :

Macmillan & Company ; Ithaca, N. Y. : George W. Jones.

This work is a new edition of the logarithmic tables of

Professor .Tones, which have been before the public for

several years. It is entirely reset in new type, with a larger

page, and is a decided improvement over the previous issues.

The logarithms and other tabular functions are given to six

decimal places, and the author has partly obviated the ob-

jection, often made with much justice to such tables, that

interpolation is difficult, by giving on the margin multiples

of the differences. In the early part of the table, however,

all these could not be printed in the space at disposal, and

hence all objections are not fully removed. It is our 0]iin-

ion that logarithmic computations are most satisfactorily

made, either with five-place or seven-place tables, but the

work of Professor Jones is certainly one of the best six-

ligure tables with which we arc acquainted.

THE JACK'S RUN VIADUCT.

To the Editor <if ihe A.mkkican ENOiNEEit ;

Deaii Silt: I have seen in your July edition a descriptinu

and illustration of tlie Jack's Run viaduct, which has been

put up lately under my direclion in the vicinity of PiltsliurKli

for an electric road of the Pleasant Valley Railroad Company.
The article contains a good many errors, and I consider it

therefore my iluty to correct some and add a few additional

facts, which" you will be kind enough to publish in your next
issue.
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After tlie company had already several bids and plan.s for

said viaduct I was appointed to take cliarjie of the work.
The cheapest plan was accepted under the condition that same
would be approved by the engineer. After a correct survey
and lay out for the pillars a recalculation for the whole struc-

ture was made.
The trestle posts were made more rigid by increasing the

latter from -j',, to -i and by substituting stiff cross-braces for

rods. Various other sections have lieen increased, and after

specifications for substructure and superstructure had. been
prepared, the contract price was altered accordingly and de-

tails worked out under my supervLsion.

As will be seen by the formulfe (in July edition) the viaduct
was constructed very economically. Said formulae are unhap-
pily given wrong, but any bridge engineer may easily correct

them.
The viaduct is owing to the stiff cross-bracing very rigid,

and the electric cars run over it with unrestricteil velocity.

The cost of the structure, including everything, is about
two thirds of the figure as given in your July i.ssue.

The viaduct was to be constructed within three months
from the time the contract was let, but owing to a severe
winter it took just four months longer.

Truly yours,

Pittsburgh. Pa. Hermann Ladb, C.E.

NOTES AND NEWS.

A Correction.— In our last issue, on page 366, we illus-

trated a safety plate under the running board, and credited

the same to tlie Southern Pacific Railway. It should have
been credited to the Canadian Pacific ; and a letter received
from the mechanical department states that they have never
had an occasion where one of these plates has been pierced.

Large Steel Plates.—Some of the largest steel plates ever
made in England have been turned out at the works of the

Cousett Iron Company, Durham. They measure 60. ft. 3 in.

in length, 50 in. in width, and J.^ in. in thickness. They are

for use in the construction of some large cattle ships which
are being built at West Hartlepool for a firm in the United
States.

Franklin Avenue Freight Station in St. Louis.—In pub-
lishing the engravings and description of this structure last

month, one of the most important facts in relation to it was
omitted, which was that it was designed and built under the

supervision of Mr. George S. Morison, C.E., whose office is in

the Temple. Chicago. This omission was accidental, and we
apologize for the oversiglit to all and everybody to wliom our
apologies are due.

Air-brakes for Street Cars,—For some time past a street

raihva}' company of St. Louis, Mo., has been making careful

tests of air-lirakes on six of its cars, and the test is said to have
been so successful as to warrant its adoption. The brake is

the same in principle as that used on steam railways, with tlie

exception of the melhod of pumping the air. This is done by
a pump attached to the axle of the car. As the axle revolves

it operates the air-pump by means of cogs. The maximum
pressure is 40 lbs. to the inch, and this can be obtained while
the car is running a distance of 200 ft. The car can be stopped
10 times in the space of one block without exhausting the air.

The Great Mersey Bridge.—Plans have been drawn up for

what, when finished, will he one of the world's greatest

bridges. This new structure is to cross the river Mersey at

Liverpool. It will be of arched suspension type in three span-;,

the roadway being suspended from an arch. Each span will

have a clear waterway of 1,000 ft., the center S|ian having a

clear heailway of 1.50 ft. above high water of ordinary spring
tides. The bridge will allow for a roadway 40 ft. in widtli,

sufficient for at least four lines of wheel traffic, and two outer
footways, each 7 ft. 6 in. wide, the roadway being laid with
wood and the footpaths with granolithic pavement. In addi-
tion to the provision for ordinary wheel and pa.ssenger trattic,

an overhead electric tramway is to be constructed along tlie

center of the road.

Naval Premiums.—A calculation has been made at the
Navy Department in regard to the premiums paid to buUders
of naval vessels during the present year. Beginning with the
Buiwroft, in January, the Government paid her constructors,
the Moores, of Elizabethport, N. J , $45,000 for exceeding
her speed. Then followed the Detroit, which earned ."^150.000

for the Columbian Iron Works, of JSaltimore. The New York

camenext with the largest sum won yet, when, by reeling off 21

knots, or one belter than called for, she won $200,f)00. The
Muchias, liy her tine performance, also gained $45,000 for the

Bath Iron Works. The Columbia, which will have her speed
trial in the next month, may also gain a large bonus for the

Cramps, but this will be a more difficult thing than winning
$200,000 on the New York. The Columbia will have to make
21 knots an hour to fulfill the contract, and to get lier speed up
a knot better will require an enormous and continuous burst

of steaming qualities.

The Folkestone Locomotive.—Mr. Clement E. Stretton

recenlly sent tlie following data regarding the Folkestone

locomotive, which we illustrate, to the Emjlish Mechanic, to

whom we are indebted for the engraving.

The engine has in.side cylinders, an intermediate crank-shaft

without wheels, and a driving-wheel of 6 ft. diameter. On
the South-Eastern Railway it took 44 tons at an average of

65A miles an hour, and attained 73i on a falling gradient.

The eight engines of this class afterward had the second

pair of leading wheels removed, and a pair of driving-wheels

placed upon the crank-axle. Thus converted to four wheels

coupled engines, they continued at work many years.

Determination of the Quality of Vulcanized Rubber.

—

JI. V'ladiniirolf recently read a paper before the Technical

Institute of St. Petersburg, giving the results of his experi-

ments which were made for the purpose of establishing rules

to be followed in determining the quality of vulcanized rub-

ber. He stated that chemical analysis was unsatisfactory,

and that all tests should relate to the physical properties.

From a long series of experiments he readied the following

conclusions, from which the regvdations of the Ru.ssian Navy
relative to the acceptance of vulcanized rubber will be made :

1. Rubber ought not to give the slightest sign of cracking

when bent double, after having been left for five hours -in a

closed air-chamlier where the temperature is 125° C. The
pieces used for the test should be 2| in. thick.

2. Rubber should not contain more than one-half of its own
weight of the metallic oxides, and should stretch to five limes

its own length before lireaking.

3. Rubber which is free from all foreign matter with the

exceiilion of the sulphur which has served for its vulcaniza-

tion should stretch seven time&^its original length before

breaking.
4. The permanent stretch measured immediately after rup-

ture, should not be more than 12 per cent, in excess of the

lengtli of the piece as it was first submitted to the test. These

test pieces should be about li in. long, \ in. to \ in. wide, and

\ in. or more thick.

5. The suppleness can be determined by calculating the

percentage of ash obtained by incineration ; this determina-

tion can also furnish the basis of the choice which is to be

made between different rubbers for various uses.

6. Vulcanized rubber ought not to harden under the action

of low temperatures.

—

Remie Scientifique.

THE CONFERENCE ON AERIAL NAVIGATION.

By a. F. Zahm.

Among the various congresses recently assembled at the

Memorial Art Palace, the International Conference on Aerial

Navigation, held under the auspices of the General Engineer-

ing Congress, proved beyond expectation interesting and suc-

cessful. "Some 45 papers were contributed, covering many of

the problems of aeronautics and aviation, and presenting the

observations and results of experiments of experts in many
countries of the world,
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The t'lTort of tlio committee to secure the co-openilion of

serious and ciipal)Ie imii. to :i(( uniulalc fads ami positive

knowledge ratlicr lliau speculations or descriptions of projects,

was al)undautly rewarded, as the following programme will

indicate :

TUESDAY, AUGUST 1st.

Hall 7-2. DO p.m.

AERIAL NAVIGATION CONFERENCE.

Opening Address :

O. Cii.\NrTE, Chairman Organizin.i; Committee.

SCIENTIFIC PRINCIFLES—.JOINT SESSION.

TAPEUS .\ND DISCUSSIONS.

" The Internal Work of Movin,g Air," S. P. Langle\ . Secre-

tary Smithsonian Institute. Washington, I). C.
" Anemometry," S. P. Ferguson, liluc Hill Meteorological

Observatory.
" Aviation." A. Goupil. Civil Engineer, Narlionne, France.
" Supporting Surfaces in Air," C. W. Hastings, Civil Engi-

neer, deceased.
"The Air Propeller," H. C. Vogt, Naval Experimenter,

Copenhagen, Denmark.
"The Screw Propeller," C. W. Hastings. Civil Eni^inecr.

deceased.
"The Elastic Fluid Turbine as a Motor,".!. II Dow, Me-

chanical Engineer. Cleveland, O.
" Motors for Flying Machines," C. W. Hastings, Civil En

giueer, deceased.
" Materials of Aeronautic Engineering," U. II. Thurston,

Director Sibley College. Ithaca, N. Y.
" Strength of Aeronaiilical Materials," G. Crosland Taylor,

F.R.CJ.S. and A.I.E.F . Hclsby. England.
" Forms for Flying Jlachines," C. \V. Hastings, Civil En-

gineer, deceased.
" Rehavior of Air Currents," George E. Curtis, Smith-

sonian Institute, Washington. D. C.

"Meteorological Observations." II. A. Ha/.en, AW'athcr
Rureau, Washington, D. C.

WEDNESDAY, AUGUST 2u.

Hall 7-2.30 1"..m.

AERIAL NAVIGATION CONFERENCE.

SECTION A—AVIATION.
PAPERS AND DISCUSSIONS.

" Observations of Riids,"G. Crosliuiil Taylor, F.R G.S, and
A.I.E.E.. Helsby, England.
"Gliding Flight,",!. Bretonnicre, Engineer and Observer,

Constantine, Algeria.
" Soaring Flight," E. C. HulTaker, Observer, Rristol, Tenn.
" Sailing Might," H. \V. Hastings, Civil pjiigineer, de

ceased.
" Theory of Soaring Flight," Ch. dc Louviie, Engineer,

Combebizou, Franc(^
"Theories of Soaring and Sailing," G. Croslaml Taylor,

F.R.G.S. and A.I.E.E., Helsby, England.
"Theory of Sailing Flight," A. M. Wellington, Editor

Eni/ineerinri News, New Y'ork City.

"The Arlvantage of Beating Wings," Ch. de Louvrie, En-
gineer, Combebizon, France.

" E(|uilibriuin of Flying Machines." C. W. Hastings, Civil

Engineer, decea.sed.
" The E<iuipoi.se of Plying Machines," A. F. Zahm, Profes-

sor Notre Dame University. Indiana.
" E.xperimcnts in Flying .Machines, .Motors, and Cellular

Kites," Lawrence Hargrave, E.xpcrimenter, Sydney, New
South Wales.

"Suggestions and Experiments," F. H, WeidiMm. Engi-
neer, Goldsworth, Knglaiul.

" Methods of Experimentation," A P. IJarnett, Experimen-
ter, Kansas City, ]\lo.

" Learning How to Fly," C. E. Duryea, Mechanical Engi-
neer, Peoria. Ill,

" A Programme for Experiments," L. P. Monillard, Ob-
server. Cairo, Egypt.

" Gliding or Soaring Devices," G. Crosland Taylor, F.R.G.S.
and A.I.E.E., Helsby, England.

" Various Experiments," E. C. HuffaUer, Observer, liristol,

Tenn.

"Experiments with Hexagon and Tailless Kites." W. A.

Kildv, Kxperinienter, Uayonne, N. .1.

"Kite EAperinients,"" .1. Woodbridge Davis, New York
City.

" Flexing of Bird's Wing in Flight," !>. Hailen P<iwell,

Lieutenant Scolls Guards. England.
" Di'signing of Flying Machines,".!. 1>, Kullerlon, Major

Royal Engineers, l'",ni;land.

THURSDAY, AUGUST 3d.

Hall 7 -3.30 P.M.

AERIAL NAVIGATION CONFERENCE.

SECTION R—BALLOONING.

PAPERS AND DISCUSSIONS.

" Manufact\iriiig Hydrogen Gas Balloon.s," C. E. Myers,
.\eronautical Engineer, Frankfort, N. Y.

" Natural Gas l.alloon Ascensions," C. E. Myers, Aero-
nautical Engineer. Frankfort, N. Y.

" Flotation r.v. Aviation," Professor de Volson Wood, Stevens
Institute, lloboken, N. .!.

"Navigable Balloon Flight," C. W. Hastings, Civil En-
gineer, deceased.

" .ManoMivring of Balloons," C. E. Mj'crs, Aeronautical

Engineer, Frankfort, N. Y,

""systematic Investigation of Upper Air," M. W. Harring-
ton, Chief of Weatlier Bureau, Washington, D. C.

" Balloon Signals." Ch. Labrousse, Aeronaut, Paris, France.
" Observations from Balloons," C. C. Coe, Aeronaut, Ridge

Mills. N. Y.
"Balloon Meteorology," C. E, Slyers, Aeronautical Engi-

neer, Frankfort. N. Y.
" I)esign of N;ivi.;;able Balloon." General W. Hutchinson,

lirilish Army, Silvenlale, England.
" Ten Mill's up in tlie .\ir, " De i'"'onvieIle, Paris.

Mr. O. Chanute. Cliairmiui of the Organizing Committee
and of the lirst day's meeting of the Conference, announced
in his opening addiess that tiie purpose of the Congress was
to collect anil place on record tiie knowledge obtained since

the last similar international congress, held at Paris in issst,

to give students and experimenters an opjiorlunity of meeting
and corresponding, and to ])romote concert of action among
the various persons who take .an interest in the problem. He
gave substantially a summarization of the progress thus far

attained in the proiiulsion of balloons and in the construction

of tlyiii.g machines, stated the )ir"bable limitations in the

capacit.y and usefulness of each, and indieateil the iirojier

character and domain of future effort. He said ;

"It is wellto recognize from the be,ginnin.g that we liaie

met here for a conference upon an unusual subject ; one in

which commercial success is not .yet to be discerned, and in

which the general imblie, not kimwing of the ])rogre.ss really

accomplished, has little interest, and still less contidenee.
" The fascinatin.il. lieeau.se unsolved, problem of aerial navi-

gation has hitherto been a.ssociated with failure. Its students

iiave generally been considered as eccentric ; to speak plaiidy,

as " cranks ;" and yet a measurable success is now probably
in si.srlit with balloons—a success measundile .so far that we
can already say that it will probably not be a eonunercial one
— while as to flying machines proper, which promi.se high
speeds, we can say that the elements of an eventual success,

the commercial uses of which are not as yet very clear, have
grailuall.y accumulated durin.!; the jiast half century.

" The iiresentis, 1 believe, the third international conference
on aerial navigation. The .second took ]ilace in Paris in IHS',),

and a fourth is |)rojected to take jihtce in that city during the

Exposition of I'.IOO.

" The Confcreiu'c of l.'SSO undoubtedly forwarded the solu-

tion of the problem, by makin.;; the public aware that a num-
ber of sane men were studying it in various ]>arts of the world.

by making these men aei|Uainted with each other's labors, and
by dissennnating information coneendng the scipntitie i)rin-

i-ipUus involved, the mechanical dillicnlties to be surmounted,
and the practical details of aerial construction generally.

Prol).d)l.v as a consequence of this very considerable adv.ance

has been made during the last four years, as will be indicated

hereafter, and a nund)er of promising proposals are now in

]in>gress of experiment and ilevelo|inient.
" We mav fairly expect similar results to follow from tlie

present Conference. 'iV'e may hope to collate here con.sider-

able knowledge concerning the scientilic princijiles involved,



Vol. LXVII, No. 9.] AND RAILROAD JOURNAL. 417

to gain information coucerniiig tlie latest researches, and to

establish some concert of action.
" Success, when it comes, is likely to be reached through a

process of gradual evolution and improvement, and the most
that we can hope to accomplish at present is to gain such
knowledge of Ihe general elements of the problem as to enable
us to judge of the probable value of future proposals, both as

mechanical or as commercial enterprises.
" More important still, we may perhaps help to enlighten a

numbcrof worthy but ill-equipped inventors who are re-trying

old experiments, with no jiroper understanding of the enor-

mous mechanical difficulties involved."
Referring to the prospect for dirigible balloons, he con-

tinued :

'

' The conditions as to resistance, lifting power, propellers

and motors are now pretty well known, the speeds can be cal-

culated with approximate accuracy, and while improvement
can doubtless be achieved in the energy of the motor, in the

efficiency of the screw, and especially in the form of the nav-
igable balloon to diminish the resistance, it may be affirmed
with confidence that railway express-train speeds cannot be
attained with balloons of practicable dimensions. They may
be used for war purposes or for exploration, but while we
may say that the balloon jiroblem is approximately solved, we
may also say that the solution does not promise to become a
connnereial success, or to yield a large money reward to in-

ventors."
With reference to aviation, he said :

" It is a mistake to su])i)Ose that the problem of aviation is

single problem. In point of fact it involves many prob-
lems, eacli to be separately solved, and llie.se solutions to be
then combined. These problems pertain to the motor, to the
propelling instrument, to the form, extent, texture and con-
struction of the sustaining sin-faces, to the maintenance of the
equipoise, to the methods of getting under way, of steering
the a|i|"iaratu3 in the air, and of alighting safely. They each
constitute one problem involving one or more solutions, to be
subsequently combined, and these are the elements of success
already alluded to as having gradually accumulated, which
I propose to pass in review, more particularly to appreciate
what has been accomplished since 1889."
Having noticed each of these problems in turn, he con-

cluded :

" I hope you will agree with me that some of the elements
of success have gradually been accumulating, and that there
has been real, substantial advance within the last live jears.

Tbere is still much to be done, but a number of experimenters
have each been working on one or more of the problems in-

volved. ;ind they have made it more easy for others to forward
the solution still farther.

" From this brief review of recent progress it would appear
less unreasonable than it seemed a few years ago to hope for

eventual success in navigating the air, and it may now be
reasonably prudent to experiment upon a small scale, par-

ticularly it the inventor does so at his own expense ; for the
chances of conunercial success seem still too distant to invite

others to engage in the actual building of a Hying machine,
unless they do it with the understanding that they may lose

their money. This is the course which has thus far been fol-

lowed by the three or four experimenters who now seem in

the lead, and it may not be long before they achieve such suc-
cess as fairly to warrant them in proceeding to the construc-
tion of a full-sized machine.

" In any event, without concerning ourselves with the pos-

sible commercial use of such apparatus, we may hope here to

advance knowledge upon this interesting problem, and to lie

of service to those ingenious men who are seeking for its

mechanical solution."
The presiding eliairmen of the meetings were : on the first

day, Mr. C'hanute ; on the second, Dr. Thurston, of Cornell
University ; on the third day. Colonel King, of the U. S.

Army. The papers contributed were mostly presented in very
brief abstract, being entirely too loiig and too numerous for a
full reading.
At the conclusion of the third meeting Mr. Chanute. wish-

ing to inaugurate a practical application of the knowledge
thus far accunudated, volunteered to be one of 20 persons to

subscribe each !||;1,IHJ(J to an experimental fund, for the pur-
pose of trying such scientific experiments, to be approved bj' a
board of experts, as might be deemed likely to result in event-
ually accomplishing mechanical tiigbt.

On motion of the secretary a fourth meeting was ar-

ranged for the following day. in which no papers were read,

but the many topics already presented were further discussed.
In this meeting Mr. D. Torrey, of Detroit, presented a plan
for furthering Mr. Chanute's proposition, and Mr. C. D.
Mosher, the builder of the fast yacht Norwood, informed the

meeting of his achievements with light, powerful steam-en-
gines, and of tluir probable value for aeronautical purposes.
An encouraging feature of the congress was that great in-

terest in the success of its meetings and in the publication of
its proceedings was manifested b}' proiuineut and capable en-
gineers and scientists. Letters of cordial interest or contribn-
tions to the papers were received from the British Aeronauti-
cal Society, the Aerial Navigation Society of France, the Avi-
ation Society of Munich, the Imperial Aeronautical Society of
Russia, and (he Aviation Society of Vienna. It is probable
that the success of this Conference will lead to the formation
of an American aerral navigation society, and also it is to be
hoi>ed to substantial and well directed attempts of a practical
nature.

AMERICAN AND ENGLISH LOCOMOTIVES.

( Vontiiiuedfrom page 374.)

Odk engravings this month represent the smoke-boxes,
steam and exhaust-pipes, and spark-arresting devices of the
two engines which have been the subjects of this series of
articles.

The specifications for these parts for the English engine are
as follows :

SMOKK-BOX TUUE-rL.Vi'E.

The smoke box tube-plate is to be J in. thick, the tops and
sides of the plate being turned forward i'i in., forming a flange

for the smoke-box, and is to be secured to the boiler barrel Ity

a continuous weldless ring of angle steel well annealed, and
su|)|)lied by makers to be approved by the Railway Company's
Locomotive Superintendent. The ring must be faced, bored,
and turned on the edges, and then shrunk on the boiler barrel,

and. is to be double riveted to the same, the rivets being ]il.-iced

zigzag. The tube-plat(^ is to be faced where it is joined to the

boiler steel angle. Kight washout plugs are to be inserted in

the plate, as shown on the drawing.

SMOKE-BOX.

The smoke-box is to be of the form and dimensions .shown
on drawing. The sides and crown are to be ,•;. in. Ihiek, riv.

eteil to the llanje of the smoke-box fidie-plate. The front

plate is to be in one and i; in. thick. An angle iron i), in.

by 3^ in. by i in. thick is to be riveted to the front and side-

plates. A hole for the door is to be cut in the front plate 3 ft.

Ill in. diameter. The door is to be of Rest Stafl'ordshu'c iron

-i in. thick, protected on the inside with a .shield, placed Ig in.

from door. Great care must be taken that the door when
clo.sed is made a perfectly air-tight jeint. The cross-bar is to

be made to lift out of forged brackets, which are to be riveted

to the inside of Ihe front of the smoke-box. Two handles and
a gripping screw are to be provided. All the plates are to be
clean and smooth and well ground over. All rivets are to be-

i in. diamelcr, pitched as .shown on drawing, and are to be
countersmd; and fileil off flush. The outside handles are to be
fini.shed bright. All lamp iron brackets are to be fixed as

shown.

The barrel of the chinuiey is to be of good smooth Best Rest
Staffordshire iron i in. thick, to have a butt joint, and is to

be riveted together with countersunk rivets down the back,
having a hoop of halt round iron at the top ; the bottom is to

be of Best Yorkshire iron or mild steel plate I in. thick, per-

fectly free from hammer marks, and accurately fitted to the

,smoke-box. The height of the top of the chimnc)' from rails

is to be 13 ft. if in.

STEAM-PIPES.

The steam-pipes in the smoke-box are to be of copper No. 6
Standard W. G., and 4 in. inside diameter, to have gun-metal
flanges at both ends properly brazed to the pipes and accurately

faced so as to secure steam-tight joints. Each steam-pipe is

to be led to the cylinder, and is to be secured to the same with
studs and brass cover-ended nuts.

VORTEX BLAST-PIPE.

The blast-pipe to be Adam's patent vortex, of the form and
dimensions shown in the drawing, with an annular exhaust.

The blast-pipe is to be secured to the cylinder with studs and
brass cover-ended nuts.
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The specifications for the Americiin smokebox are briefly as
follows:

STACK.

Smoki'-staok straight, defiectinn; plate and iicttini; in smoke-
box.

From our enirraviniis it will be seen tliat the dilVennees in

construelion in thc> parts therein illustrated are lirealcr than
in any other portions of the two en;;ines. The American en-
gine for the New York Central & Hudson Kiver Hailroad has
the cylindrical form of extended smoke-box now so {generally
used in this country, with iletiectini; and perforated plates to
arrest sparks, while the English engine has no arrangements
of this kind.

Z In tig. A, which represents a longitudinal section of the
American smoke-ljox, .k. i? is a solid deflecting plate in front
of the tubes, and extending downward to the line D K, (ig. B.
Cis a slidingdoor which gives access to the tubes. F //is
a perforateil plate, the form of the openings in which are
shown in a larger scale in tig. C. J' is a " cinder pocket," as
it is called, for the removal of cinders from the front end of
the smoke-box, and has a sliding-door by which it can be
oi>ened and closed. G is a removable section of the perforated
plate, arranged to give access to the space above /' G 11. The
exhaust ))ipes and blast nozzles are double, as shown. The
steam-pipes are cast iron, whereas those of the Knglish engine
are copper. The other parts in the American smoke box re-

(juire no description.

The EnglLsh smoke-box, it will be seen, is not extended
further forward than is required to give room for the steam
and exhaust ]>i]ies and the chimney, and, a» already pointed
ovit, has not deflecting plates or otiier devices for "arresting
sparks. The rectangular form of the bottom of the smoke-
box and the method of fastening the cylinders to it is lighter
than the corresponding parts on the American engine, but
they ar(! also more expensive to make. This form of smoke-
box was very generally used in this country i!5 j-ears ago.
Rogers, Winans and Ilinkley's engines were all made in this
way. The cylindrical snioke box was used by William Mason
as early as is.j.'j or ls.">fi. ]b; attached a separate cast-iron
.s.-iddle to Ihe smoke l)ox. ;ui<l then bolted his cylinilers to it.

Later cylinders were made with one-half of the .saddle' cast on
each one, and united in the center of tlie engine. This method
is now almost iiniversally employed here in preference to the
rectangular jilate iron smoke-box, with cylinders attached to
it. It is thought that Ihe cylindrical sniuke box, with cylin-
ders having half saddles cast on Ihem, makes a much cheaiier
and stronger joli than the old fashioned jilan, and it would be
dillicult now to induce any of our locomotive buihU'rs to go
back to the old |>Ian, wliicli is still in general use in England.
Of course the use of )ilati' frames has hail more or less inllu-
iiiw.i: in leading English engineers to .adliere to the rectangular
form of snu)ke-l)ox, as it would not be ea.sy to adapt our plan
of half cylinder .saddles to plate frames, which fact shows how
interdeiieniieut one part of the design of a locomotive is on
another.

;; It of course is not pos.silile to establish without any question
which method of construction is best—the cylin(hi( al or the
rectangular form of smoke-hox. U may be said, though, that
the opinions of all locomotive buililers, superintendents, .-uid

m;uster mechanics in this country an; unanimous in favor of
the cylindrical form and the half-saddle idan.
The engraving of the English smoke-box shows the vortex

blii.st-pipe, which is an invention of JMr. .\dams of the London
vt Southwestern ISailway. A little explanation of its con-
struction mav. perhaps, not be out of pla<-e here.
As shown in the longitudinal plan, fig. I), the exhaust pipe

is of bifurcated form, with an annular opt^nngat the top. Its
general .sliajie is not unlike a pair of trousers, the two legs
beiuL' united at their lower ends. Between the two legs is an
opening .1, extending upward to /; inside of the annidar blast
nozzle at the top. The air and snioke is therefore drawn or
forced upward not only by contact with the outside surface of
the current of escaping s'teaiu. but also by the inside surface
of what is a cylindrical shaped column of steam as it escapes
from the blast orilice.

To what extent this device is used on other English roads
besides the London & Southwestern we are not able to say,
but we have received such favorable rejiorts of its performance
on that line, that we think American locomotive superinten-
dents should recognize its merits or at least give it a tri.-il. It
should be .added that it is patented in this country, but doubt-
less favorable arrangements can be made with the inventor for-
its use by tho.se disposetl to try it.

(to be continued.)

THE BORK CONSTRUCTION OF LOCOMOTIVE
BOILER.*

It is a remarkable fact that the locomotive boilers built for
the first railroads have lieen retained unchanged as the type
for later constructions, in spite of the great disadvantages re-

sulting from the arrangement of the fire-box, and which have
been" recognized from the beginning. The large numlier of
stay-lMills and braces which are required, the universal use of
tiat surfaces for the sides of the Are box. .•igainst which the
steam pressure acts, the great cost of construction, its favor-
able arrangement for the deposition of scale and the dilliculties

which it presents for the removal of the same, should all mili-

tate against it. Then the thicker the layer of scale that is

found, the greater is the loss of evaporative efliciency of the
boiler.

Jloreover, as copper has, up to the present time, been prin-

cipally used in Europe^ for the construction of the flre-box, and
that, too, at a great expense, it has been found that the renewal
and maintenance of the .same costs from 'H) per cent, to 'i~) per
cent, of the total expense of all repairs.

Thus the renewal and maintenance of the fire-box, besides
adding a very eonsideralile amount to the repair account, also
serve to keep the locomotive for a considerable length of lime
out of service. Besides this, even with the most .scrujiulous

care, the fire-box must always be con.sidered as the most dan-
gerous part of the locomotive, and it is well known that the
great majority of locomotive boiler exjilosions take jilace either
in the tire box itself or the outer shell of the same.

If, then, in spite of this well-known defect, no radical change
has thus far been recognized, it is natural to sc<-k for the rea-

son in the circumstances of the case, which may re^t upon the
universal opinion that a suilicient sujiply of steam can in no
way be so well obtained as in the locomotive type of boiler,

where the combustion takes place in an enclosed fire-box, and
a portion of the heat developed is radiated directly against the
sheets wet by the water in the boiler. This supposition, as

well as the other conventional method of viewing the matter
—namely, that the elliciency of a locomotive is in a general
way ]iroportional to its heating surface—was shown in IHTU to

be without foundation, and this was confirmed by experiinents
made with brick lined locomotive' fireboxes on the lliiiigarian

State Railways, formerly the Thuringian Railway, and on the
iSwcdisli State Railways; but these experiments did not give
piTfcctly conclusive results.

On asuggi'stion wliich I made before the Society of Railway
Science, in IS'III, a Ineoniolive, No. s:!-l, with a briek-lined fire-

box has been built at the Tcinpclhof Works, and has been sub
mittc'd to very careful experiinents this }ear. From the re-

sults obtained, the oiiinion which has l)een held regardintr the
standard form of fire box must be recognized as being entirely

untenable.
It must now be acknowledged that tlie attainable cllicidicy

of the locomotive is at least as high with the brick lined tire-

box .as with any boiler of the ordinary form that has thus
far been constructed. Furthermore, it has been shown, in

regard to the opinion that the elliciency of a locomotive is

liroportional to the heating surface, that it is at fault. This
elliciency is dependent, as further experiments have shown, on
the intensity of the heat prodiiceil. TIk^ hc.-iting surface,

therefore, only enters into the consideration of the ca.s(! to liie

extent that it iiiirst be sulliciciil to cool the gases of coinbus-

lion. so that these latter do not enter the smoke-box at a tem-
perature above 'u^) F.

Ciinstntctioii, (if tlie New liiiler.—The new construction of

locomotive boiler, which was built for freight engine No. V^'M,

is clearly shown by our engravings. Instead of tlieordinaiy
fire box there is an exti'iision from the upper portion of the

shell, which is retained in its usual form, leaving the outir
shell of the fire box without further modification, whih' the

back end of the shell terminates in a sort of water tube, and
instead of the onlinary tire-box there is one built up of and
lined with tin; brick, .so as to form a space similar to that of

the original fire-box. For cases where the shell is proportion-

ally short, it is best to lengthen the same .somewhat at the

back ; and it has been found by experiment that this length
will be suilicient in all ca.ses where a length of tubes of 4

meters (K! ft. li in.) is obtained. Engine No. KM has a rather

high outer firebox shell, so that the space above the arch of

the tire-box proper is somewhat unnecessarily high, but in the

ren'ular construction of freight engines, where the boilers are

new throughout, the space over the fire-box will be made
smaller.

The closed cylinder S is attached to the back tube-sheet and
extends over llie whole length of the fire-box projecting out

* (UiiKer^A Ainitilen fiir Gtwerh' vixi Bainr* nen.
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tliroiigh the back plato. In the attachment of the forwanl
end ot this cylinder, by means of the flanging, tlie original

number of tubes is not materially lessened. It shoidd be

noted that in converting boilers of the present construction

into those having the brick fire-boxes, it is not necessary to

increase the lieating surface of the tubes b}' an amount equal
to that of the fire-box which is removed. It is possible to

work with a consideralily smaller heating surface without in

any way diudnishing the original efficiency of the boiler, as

the experiments, which will be detailed later, have shown.
In the case under consideration the reconstructed boiler had a
total heating surface of only 1,141 sq. ft., while that of the
original boiler was 1,33.1 sq. ft.

The cylinder <S offers, as shown by fig. 3, a suitable support
for both sides of the brick crown. At the outsides the arcli of

the crown has a footing on the top of the .siile walls. In order
to obtain the mo.st perfect combustion po.ssible, there is a

brick arch of proportional lenglh, which extends over the for-

ward half of the fire-box. On each side of the brick arch and
clo.sc to the tube sheet there are openings for sweeping out
such accumulations of soot and unburned coal as may have
collected upon it. It has also been demonstrated lliat such
accumulations, both here and in the smoke-box, are exceed-
ingly small.

In the construction of this lire-box a highly refractory mate-
rial must be used, since the temperature stands at from 2. .')()()''

P. to 3, .500" F. The ordinary so called Chamotte stone is not
good enough for this work, and I have therefore used a fire-

i)rick made out of a mixture of burned argillaceous schist and
a platinum-bearing clay containing a litlle silicic acid, and
where it is held in a comliined form as perfectly as possible.

According to results which have been obtained up to the pres-

ent time, a fire box built up in this manner can be counted
upon to give about 13,.")00 miles of service. As shown by the
engravings, the side walls are built of ordinary blocks with a
slight groove ; these walls run out to the outer shell of the

fire-box, while between the latter and the alternate courses
there is an air space of from 1 in. to 3 in. Other than this,

there is almost no anchorage between the sheet and the walls.

It has been shown that this arrangement makes an extraor-
dinarily solid fire-box, and one which is not at all disturbed
by the very considerable shocks to which it has been subjected,
and one which is also guaranteed to be very clfective against
jets of hot water. The side walls as well as those at the front
and back are attached to the outer shell by a channel iron ring.

The opening for the fire-door is made in the back sheet by an
.angle iron ring to which a wrought iron ring is riveted. A
similar and somewhat cone-.shapcd frame carries the fire-door,

and is itself filled with a protective fire-brick.

As for the grates, which have an area, as given later on, of
16 sq. ft., it nia3' be mentioned that they" are of the rocking
type, so arranged that the front end of one-half can be raised

and lowered abo\it IJ: in. Thus, as sbown in fig. 4, of the two
grate-bars B and C, one is rigid and the second is fastened to

the oscillating shaft I). This latter supports the movable bars,

which can be easily moveil up or down from the foot-plate by
means of the levers i/and A'. In ordinary running the mova-
ble bars are kept flush with the rigid bars, as indicated by Z.

fig. 2.

It will be readily understood that the formation of steam on
the tube-sheet would be very great, and that in consequence
thereof there would be a strong current of water flowing
against it, hence it becomes necessary to take some precautions
in order to prevent the formation of scale. For tlds purpose
the plate A B, .shown in figs. 1, 3 and 3, is u.sed. This is fast-

ened to the sheets of the shell by means of angle irons, and is

bored with holes for the admission of the tulies. In this space,
enclosed between the plate and the tube-sheet, there exists, in

con.sequcnce of the temperature, which is considerably higher
than in other portions of the water space, a rapid upward cur-

rent, so that on the interior there is always a fresh stream of
water flowing ag.ainst the hot surfaces of the tube sheets and
the back ends of the tubes ; and, on the other hand, the finely

divided particles of scale are carried up by the current and
prevented from settling near the tube-sheet. It should be
noted that the prevention of scale formation and the produc-
tion of a rapid circulation is of especial service, as experience
has shown in connection with the brick lined fire-boxes built

by me for locomotive boilers between the years 1879 and
1S80, for unless this is done the life of the tube-sheet will be
very short. I am aware that a similar experience has obtained
on the Hungarian State Railway, where it has also been shown
that the life of the tubes will be shortened as well.

The results of practice, which have been obtained with the
boiler built on the lines just enunciated, have shown a perfect
freedom from the foregoing defects. It is, therefore, .safe to

say that the life of the tubes will henceforth be no shorter

than in the ordin.ary type of locomotive, because even unskil-

ful firing and a partial baring of the grates, admitting a great

quantity of air, cannot ca<ise a rapid or material cooling of the

tube-sheet, since in the higher temperature of the sides of the

fire-box there is an ample reservoir of heat to warm all the air

by contact before it reaches the tubes. In order to give the

products of combustion full opportunity to communicate their

heat to the tubes on their way to the smoke-box, 'a deflector-

plate M N'\9, placed in the latter. This is pivoted at its upper
edge N, and, when it is necessary to clean the tubes, can be
easily turned up out of the way. Measurements in the smoke-
box have shown that the temperature of the gases leaving the

tubes is about the same at all points. This construction,

which has such a wiih; application on American locomotives,

can therefore be regarded as a very effective arrangement.
The cost of this new construction, if applied to a boiler pre-

viously built, is very considerably less than for a new fire-box

of the ordinary construction. The latest figures show that

4,500 marks (about .$1,135) was receive<l for old material, wddle
the new fire-box cost only 3,100 marks (.about !l!775). For
building .an entirely new boiler with tln^ brick fire-box having
a capacity sullicient for the standard freight engine, the ex-

pense would be about 0,000 marks ($1,.506), while the ccst of

a boiler of similar efficiency ot ordinary construction would be
about 11,000 marks (|3,750).

Workiiui (if Lofomoti-m No. 834 with the Brick-lined Fire-Box.

—First of ail, a number of trials were made in order to obtain

the necessary information regarding the handling of the fire.

It appeared th.at this differed from that giving the best results

with the ordinary fire box, in that it was unnecessar3r to main-

tain so deep a fire, since the grate area w.as proportionately

smaller. In spite of this there was a very slight production
of carbonic oxide, which, as is well known, causes a very

marked lowering of the effectiveness of the fire.

A difficulty arose in the progress of these experiments in

that the material originally used for the construction of the

walls was found to be deficient in refractory powers. In con-

sequence of this a molten clinker ran down from the crown
and the arch, which clogged the grates, especially near the

tube-sheet and the side walls. This difficulty has been re-

moved, as I have already said, by the use of highly refractory

materials.

Then, in order to have a basis of comparison for efficiency,

the engine was put upon a .systematically laid out freight run
of 80 miles on the line fromTempelhof to liitterfeld, and on
one of 73 miles from Tempelhof to Elsterwerda, working in

both directions. Likewise tr.ains were dispatched under the

most disadvantageous conditions of the weather, when the

work must be done in the teeth of a storm or in a fall of snow.
The weight of trains was therefore very frequently no

greater than that given to the ordin.ary locomotives equipped
with the original form of fire-box. The evaporation w.as so

free on the heaviest upgrade, which was about 1 in 300, that

with the normal load on this grade a speed of from 18+ miles

to 33 miles per hour was maintained with a draft that rarely

exceeded 3 in. in the water column.
In order to obtain the most relialile averages possible in our

investigations as to the merits of the new boiler, a large num-
ber of trains loaded with jjcrishable goo<ls were hauled. The
average efficiency was obtained by measuring the draft of the

train by a Holtz apiraratus fastened to the back end of the

tender. The speed between stations was obtained by noting
the total time, deducting two minutes for starting and stop-

ping, and also by means of a speed recorder.

Furthermore, the evaporation at different speeds, as well as

the v.acuum in the smoke-box, was very carefully observed at

different speeds. Water measurements were taken at every
stop, and the waste water which was useil for wetting down
the coal, injecting into the smoke-box, .and for other purposes
was deducted. The evaporation obtained in this way is there-

fore only an approximation of the water evaporated. As close

observation showed that comparatively high water was a

rarity, it is evident that comparatively little was entrained, and
that the results obtained were very close to the water .actually

evaporated.
It was also of great interest to obtain the most accurate data

possible regarding the temperature of the products of combus-
tion as they entered the smoke-box. It was found, by trying

a great many different methods of measurement, that a quick-

silver thermometer with its bulb in the center of the smoke-
box gave the best results. Then by having a means of adjust-

ing, the temperature at the upper as well as the lower row of

tubes could be obtained. After the deflector-plate had been
adjusted only a slight variation was to be ol)served, so that

the temperature <as measured at the center of the tube-sheet

may be taken as an average of the whole. The measurement
of the temperature of the gases of combustion in the fire-box
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was made at the back end of the fire-box above the brick arch
by meaus of a metallic pyrometer.

In order to insure the perfect combustion of the fuel and
the complete convection of the heat produced, a large number
of analyses of the gases as they entered the smoke-box were
made. These analyses were made by means of the Orsat ap-
paratu.s. and by taking llic averages of a large number of ex-
aminations the amount of carbonic oxide and carbon dioxide
was obtained. Samples were taken when the fire was burn-
ing normally with the fire-door closed.

In order to obtain the amount of convection to the firebox
casing, the temperature of this latter was ol>taiueil by a large
number of observations made on the side walls as well as at
the front and back. The thermometer was put in through
the jacketing until the bulb was in contact with the plate. In
like manner the temperature of the outer shell of tlie firebox
of the ordinary engines was obtained.

Expcrimcntiil Inncsligalinits and Ihf. B/'xiiUx Deriivd There-

from.—The efiiciency of tlie locomotive, after the new design
of boiler was jilaced upon it, Wixs at least equal to that which
it had originally. Tlie machine was therefore not oidy up to

the limit of its efiiciency, but was capable of still further in-

crea.se of work, in spite of the fact that the original boiler had
194 sq. ft. or about 17 per cent, more heating surface.

At a speed of from 15 to 19 miles per hour, with the steam
cutting off in the cylinder at from one-third to one-quarter
stroke, and a vacuum in the smoke-box of 3 in. of water col-

umn, the engine with the new construction developed about
4.50 H.P., while previously under exactly similar circum-
stances it had not l)een able, as a general rule, to develop more
than 420 H.P. The number of loaded axles hauled could
therefore be somewhat increased, as was shown by the tabu-
lated results olitained by the maintenance of the normal steam
pressure, the height of water in the boiler being held without
any dilfieulty. The coal consumption was generally 10 to 25
per cent, less, as shown by the premium awards.
Now, from what has been just stated, and which has been

established by carefully observed performances—namely, that
the engine with the brick-lined fire-box has not only ^fully

reached the original efficiency which it had, but has even ex
ceeded it somewhat, so it is therefore especially important to

establish by numerous experiments that the absorption of heat
with the new construction is at least fully as perfect as that
with boilers heretofore constructed with a copper fire-box. In
order to have a definite understanding of the matter, it is neces
sary that we should take into consideration the cour.se of events
as they occur in the transference of the heat to the water of
the boiler, and to determine how many heat units can be thus
transferred to the water by the burning of 1 lb. of coal. The
events as they occurred in the brick-lined fire-box are, that the

total amount of heat developed passes into the products of
combustion. If we deduct therefrom the very slight amount
of heat which passes direct into the boiler, the heat contained
in the products of combustion will then, for the most part, be
transferred into the water of the boiler surrounding the tubes
as the gases stream through these latter. The loss of the heat,

which the gases still contained when they enter the smoke-
box, is a matter of the utftiost importance. It is carried out
through the stack and serves to lower the evaporative effi-

ciency. It is evident that this loss increases with the temper-
ature of the gases in the smoke-box, and also increases with
the quantity of air which mu.st be brought into the fire-box in

order to burn a pound of coal. Furthermore, observations
must be nuide as to the loss of heat which occurs by convec-
tion and radiation through the walls of the fire-box. All otlier

loss, such as radiation through the grates, lo.ss of heat in the
ashes, etc., can be considered to be the same in the new boiler

as in the earlier ones, and should not be made the subject of

observation, since the circumstances are the same and of equal
magnitude in both cases. It is evident that in a comparison
between the two types of boilers relatively to their efficiency

as heat-absorbers, they must be the same if the tempera-
ture of the gases entering the smoke-boxes shall be the same,
and if, furthermore, the radiation through tlie enclosing shells

of the fire-box shall be the same, and finally, if the same quan-
tity of air is used in burning the same quantity of coal.

If combustion is to be perfect, then the least possible amount
of air must be admitted, the whole of the coal must be burned
into carbonic acid, and no carbonic oxide must be developed.
By reference to the relative chemical equivalent.s, we find,

therefore, that for 1 lb. of coal it is necessary to supply 2.67
lbs. of oxygen and 8.94 lbs. of nitrogen, so that the gases re-

sulting from the perfect combustion of 1 lb. of coal is 1 -f-

2.67 = 3.67 lbs. of C O2 of carbonic acid and 8.94 lbs. of

nitrogen, making a total of 12.6 lbs. In this case then 11.6 lbs.

of air must be admitted in order to burn 1 lb. of coal. The
volume of the gases resulting from this combustion will equal
about 38 cub. ft. of carbonic acid gas C O2 and 146 cub. ft. of

nitrogen. Practically it is not possible to admit such a small
quanliity of air and cause all of the oxygen contained therein
to be converted into carbonic acid gas. There must be many
times the necessary quantity of air admitted if the formation
of carbonic oxide is to be entirely avoided.
From the analyses of the gases of combustion taken from

the locomotive with the brick-lined fire-box, it was shown
that in the smoke-box, when the engine was working in its

regular way, gases of combustion confciined 12 per cent, of
C Oj, 6 per cent, oxygen, and 82 per cent, nitrogen. It there-
fore appears that carbonic oxide was not present, and that the
gases of combustion which resulted from the burning of 2.3
Ills, of coal contained 38 cub. ft. of carbonic oxide, 19 cub. ft.

of oxygen, and 380 cub. ft. of nitrogen. The weight of this
volume of ga.ses Wiis 3.67 lbs. of carbonic acid, 1.33 lbs. of
oxygen, 15.4 lbs. of nitrogen, making a total of 2b.9 lbs. of
gas of combustion. Hence there was admitted 20.9 — 1 =
19.9 lbs. of air, or 19.9 — 11.6 = 8.3 lbs., or 71 per cent, more
than the minimum volume which is absolutely necessary for
complete combu.stion. In this weight of gas of 20.9 lbs. the
total heat developed by 1 lU. of coal is contained. Hence, the
heat effect ]iroduced Ijy the use of this coal was 13,625 heat
units ])er pound. Since the temperature of the gases in the
smoke-box under average conditions was .525° F., it is evident
that the loss of lieat which passes out through the stack with
the gases, and which cannot be made available for evaporative
purposes is equal to 20.9 X 535 X .23 = 2,.524 heat units, or
taking a percentage of tlie total heat developed of 12,625 heat
units, we have a loss in round numbers of about 20 per cent.
Therefore from the combustion of 1 lb. of coal wo have 12,625
— 2,524 = 10,101 heat units, which was transferred to the
water of the boiler. Equalizing this with the heat absorptions
in boilers with the ordinary fire-box we come to the next re-

sult. A series of analyses, made with the standard freight
locomotive, showed that when the combustion of the fuel was
perfect the volume of the gases averaged about 9 per cent,
carbonic acid, 8.5 per cent oxygen and 83.5 per cent, nitrogen,
making a calculation similar to the one just given : we find

that the gases resulting from the combustion of 1 lb. of coal
consi.sts of 3.67 lbs. of carbonic acid, 3.5 lbs. of oxygen and
31.5 lbs. of nitrogen, giving a total weight of 27.6 lbs., so that
it is evident tliat 26.6 lbs. of air was admitted for each jiound
of coal. It seems from this, then, that, with the ordinary type
of locomotive fire-box, in order that a perfect combustion may
be obtained, a considerably greater excess of air must be ad-
mitted than the minimum, which is absolutely necessary, and
the excess per pound of coal is equal to 26.6 — 11.6 — 15 lbs.,

or 3.3 times the weight of air absolutely recjuired. On the
other hand, the new construction only needs 26.6 — 19.9 = 6.7
lbs. of air more than is absolutely used.

In consequence of this great excess of air there is a consider-

ably greater loss with the escaping gases than occurs with the
brick-lined fire-box, since the temperature of these gases is not
materially lower than in the brick-lined box. Furthermore,
investigations with the standard freight engines have shown
that the smoke-box temperature is practically the same as in
that of the boiler with the brick-lined tire-box. The observa-
tions show a variation between 500° F. and 575° F., so that it

would not be far out of tlio way if we should say that an aver-

age of the whole was at .525° F. Under these circumstances
the loss of heat with the ordinary fire-box can be calculated to

be about 37.6 X 525 X .33 = 3,333 heat units, or in round
numbers about 26 per cent, of the heat developed by 1 lb. of
coal. Therefore for this method of combustion 1 lb. of coal
would give up only 12,635 — 3,333 = 9,392 heat units to the

water of the boiler, while the absorption with the brick-lined

fire-box under the same conditions would be 10,101 heat units.

Therefore the boiler with the brick-lined box shows a saving
of about 8 per cent, of the heat developed over that of the
ordinary fire-box.

It may appear questionable, however, whether this improve-
ment in the absorbing qualities may not be lessened by the
radiation of heat through the walls of the fire-box. In order
to obtain definite information in regard to this subject, similar

temperature measurements were made with the boiler having
the new firebox and a boiler with a copper fire-box. The fol-

lowing are the results obtained from this examination :

Ordinary Locomotive No. 525. New Locomotive No. 834,

Side sheet, 306" F. Side walls, 199° F.

Back sheet, 156° F. Back walls, 194° F.

Front sheet, 156° F. Front wall, 203° F.

Outside air, 50° F.

From the slight difference in these figures it will be seen
that there will be relatively a very slight difference in the loss

of heat. It may be assumed that the radiation of an iron sheet
into the surrounding atmosphere per square foot per hour for
1° difference in temperature will be about 2.86 heat units.
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Hence, takin'g the measurements of the two fire linxes into
j

consiileration," it will l)i' found that tlie liricU-lined box will

radiate about 1,7110 heat units per hour more than that with

the ordinary construction. This loss will be supplied by the

consumption of about .18 lb. of coal ))er hour, and therefore

is of so slight a value as to deserve no eonsiileration wluitever.

It is also evident that there will be a loss of heat in propor-

tion to the weijrhl, which is absorbed in heating the brick work
of the fire-box up to the working tempirature ; but it must
also be remembered that this heat was formerly wasleil to a

great extent, and in this case it is given back to the water of

the boiler when the engine is standing still. But this has rela-

tively no importance in the necessary heat production during

the ilailv work. The temperature on the fire side of the brick

wall will be about 2,.5.")0' P., while on the other side it will be

about 400 F., so tliat we may consider that the brick work
has an average temperature of 1,47."> F. The tot.il weight of

the brick wJirk may be placed at 2.'M) lbs., and taking the

specific heat of the "stone at .'i. the total heat contained in the

brick work will be about 2,200 X 1.475 X .2 = (i4!).OliO heat

units, which is e<iuivalenl to a combustion of a trille more
than 50 Uis. of coal. This insignificant consumption need not

be taken into consideration, as it is well known that, for heat-

ing uji the ordinary locomotive boiler, there is rcquireil on an

average about ;!00 11)S. of coal.

From the foregoing data a twofold conclusion can be dr.awn

—namely, that with an e(jual consum])tion of coal the lioiler

with the new tircbox has a somewliat higher elticiency in its

absorption of heat and a greater evaporative elliciency, in

spite of the fact that it has a smaller heating surface than the

ordinary type of boiler.

B It is of interest, therefore, to obtain a clear idea of the evapo-

rative elliciency of the heating surface in the boilers with the

new fire box, on the bivsis of the results obtained, and then to

put it in comparison with that of the ordinary type of boiler.

The evaporative efficiency of the heating surface per unit of

time is dependent, on the one hand, on the size, and, on the

other, on the dirference in temperature which exists on the

two sides of such surfaces. This difference of temiwrature
has undoubtedly its highest value in the fire-box, and falls

gradually down from tjiat point to the smoke-box. On their

entrance into the tubes the products of combustion have a

tem|>crature of about 2,.550°, while on their exit into the snioke-

liox luider normal conditions of working, the temperature is

not above .525 '. The water in the boiler is under a pressure of

about 150 lbs. to tlie siiuare inch, and has a temperature of

approximately 342 F. The dilTerences, therefore, in temper-

ature are 2,5.50 — 342 -- 2,208 at the lire-box end of the tubes,

while it is oidy .525 — 342 = 183 F. at the smoke-box end.

The total evaporation ]ier honi' has a normal elliciency with a

vacuum of 2 in. of tlie water column of 10,518 lbs. One
square foot of heating surface therefore corresjionds to an

, 10,518 lbs. „ ,., ,, ,average evaporation of y^i-, vr = 9.21 lbs. per hour.

If we investigate the amount of heat taken up by the tubes

and indicivte the evaporation in the fire-box and on the smoke-
box tube-sheet per hour, and indicate the efiicieney of 1 sq. ft.

of heating surface in these two points by x and 1/, we have the

proportion x : y = 2,208 ;21 2. From this we may deduce the

fact that, at the fire-box end, evaporation is equ.al to 1.67 lbs.

per square foot. It may be taken for granted that the evapo-

ration throughout the boiler per sqtiarc foot of heating surface

is very nearly the same as that of 1 sq. ft. of the heating sur-

face of the tubes midway between the fire box and the smoke-
box. Out of the 10,518 lbs. of water evapora'ed, we have
about 183 lbs. in round number evaporated in the firebox, so

that the 10,518 — 183 lbs. = 10,335 lbs., which must be evapo-

rated throvighout the length of the tubes. Taking the heating

surface of the tubes into consideration, we find that we have
an evaporation of about .80 11). per hour.

Furthermore, there is a cooling which occurs throughout
the boiler, so that the temperature of the ga.ses which enter the

tubes at 2, .5.50 F. likewise falls away, so that we may consider

the evaporation immediately at the firebox end of the tubes

to be l.r>5 lbs., and at the smoke-box end ius .14 lbs. per square
foot per hour. If we take this evaporation as the ordinates at

the end of the line p (fig. 5), whose length corresponds to

that 'of the boiler, and connect the points 7 and r, then all

poinlis in the line r q lie in ordinates representing the evapora-
tion at different portions of the length of the tube along the

boiler. If we divide the line 07) into 1,130 equal parts and
erect ordinates at the points of division, then the surfaces which
are included between the neighboring ordinates and the por-

tions of tlie lines p and r g will represent the evai>oration per

square foot jxjr liotir. The surface o p g r has a total evapo-
rative efficiency of 10,335 lbs. per hour. The evaporation of

the boiler which extends over the brick portion over the fire-

box in the brick lined fire-box, will be represented by the rec-

tangle r n « included by the abscissas and onlinates. The
height s of this rectangle shows that the prixluct of the

figures denoting the area must be the same and give the same
results of evaporation as in the ordinary fire-box. 'I"he sur-

face b p g r « V then shows the evaporative efiiciencv of the

total heating surface, as well as that which obtains in the dif-

ferent jiortions of the boiler. In like manner the surface

li n p g r' k' u' gives the evaporation of the boiler with the orig-

inal form of fire-box.

The heating surface in the firebox was 8(1 sq. ft., and in the

tubes 1,110 sq. ft. The evaiioration in the fire-box ]vr si|Uaro

foot per hour can be taken to be the same throughout its

whole area, and evaporation then lu'comes 143.i)2 lbs.

The figures obtained from this calculation .show the evapora-

tive elliciency without any further trouble, and it can be

readily seen ihat the boiler with the new firebox, in sjiit^' of

its snialler heating surface, can transfer an ei|Ual amount of

heat to the water jwr unit of time, as the ordinary fire-box.

These facts are clearly explained when we remember that with

the brick-lined fire box the gases enter the tubes at a consider-

ably higher teni])erature than they do where the ordinary fire-

box is used, and evaponition per unit of heating surface is cor-

respondingly increa.sed.

The most important point, however, is that the smaller heat-

ing surface, in siiite of the higher temperature of the entering

ga'ses, is so elTective that the latter are cooled down to a point

as low as they are with the ordinary construction.

The efficiency of a locomotive therefore should not be based,

as heretofore, upon the heating surface, but rather uixm the

amount of heat which can be developed and alisorbe<l in a unit

of time. The amount of heating surf.iee. therefore, should

only enter into the consideration so far that it shall be suffi-

cient to lower the temperature of the gases under normal con-

ditions to 575° F. The further lowering of this limit of tem-

perature by increasing the heating surface gives no real advan-

tage in actual elTeetiveness. Suppose that the tulies of engine

834 were lengtheneci 15.7 in., whereby the heating surface

would be increased about 10 per cent., then by the graphic

method of reiiresentation which we have u.scd, the increase of

evaporation would only amount to .about 77 lbs of water, or

.75 per cent, of the total evaporation olitained. This increase

of evaporation is a mere bagatelle when comparecl with the in-

creased firsreost and exjK'nse of maintenance with tubes hav-

ing 107.1! S(|. ft. less of heating surface.

"A(lri( ii(iif/t .1 of till- New Ti/pe of Coiininiction.—Aside from the

improved steaming qualities, whereby a lower consumiition of

coal produced the same efiicieney. there are two facts which
seem to particularly w^arrant the introduction of this new type

of boiler, to wit :

1. A very greatly reduced outlay in first cost, and
2. Possibility of an inqiortant iiurc;i.sc of steam pres.sure,

and therefore im increa.se of efiicieney without a corresponding
increase in the weight of the locomotive.

The author then goes on to make a careful comparison be-

tween the expense of construction and maintenance of the

copper firebox and the brick-lined fire-box of this new con-

struelion. As copper fireboxes are unknown in .Vnieriean

practice at the present time, these figures do not show what
the relative expense would be between the brick-lined box and
the steel box used in this country ; but his conclusions, rela-

tive to the copper fire-box, are that there is a saving of main-
tenance of about 29 per cent.

The second important feature of the new fire-box—namely,
that the steam pressure can be considerably higher than in that

of the ordinary boiler, comes from the fact that the Ixiiler beim;

cylindrical in" form, the only exception to perfect .stability is

at the points where the tubes enter and leave. In the ordinary

fire-boxes which have thus far Ix-en made, the upjier limit of

pressure for locomotive boilers mav lie placed at 180 11)S. per

scpiare inch, and already at this i>ressure the maintenance of

stay-bolts has been foiind to be very dillicult, and accidents

are no longer rare where the sheet liivs been stripped olT the

thread. With this new construction a pressure of 240 lbs. per

S(iuare inch can be used without increasing the thickness of

the metal heretofore emidoyed, and it is within the possibili-

ties of building a new boiler and using an increased thickness

of metal that will readily sustain a jiressure of 300 Uis. ]ier

square inch.. Hut even with an elevation of pressure of from
1.50 lbs. to 240 lbs. ])er square inch there will lie a very notice-

alile increase in efficiency, as will l>e seen bv making a com-
parison of the work of these two pressures, furthermore, the

throwing of sparks is very much less with the brick-lined fire-

box than with the fire-box of ordinary ty]«s liecause the in-

candescent particles of coal will be completely burned licfore

leaving the tubes, when they are subjected to the infiuence of

the high temperature of the gases of combustion and the hot

walls of the fire-box.
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THE STEERING OF BALLOONS.*

By Rudolphb Soreau.

n.—ATTEMPTS AT STEEIIINO.

I NOW beg to call your attcntiou to a brief examination of

those attempts at steering which merit attention, and in which
I shall not seek to enter into details, bnt shall show in what
way and to what extent the conditions laid down in the pre-

ceding section have been realized, following, as far as possible,

the order given in the table.

General Meusnier.—The^true progenitor of dirigable balloons

is General Meusnier, of whom Monge has said : "He po.ssesses

the most extraordinary intelligence that I have ever come in

contact with." In a series of papers, written in 1783, Meus-
nier laid down a project for a dirigable balloon, which did
not receive in those troublou.s times the slightest approach to

a practical application ; it would, furthermore, have been
, diliicult to construct this gigantic Ijalloon, which was a sort

of egg, with a capacity of 7,003,200 cub. ft.

There were three peculiarities characterizing this project.

First, the propeller form of turning wings, which constituted

a true helix, so that, according to the remark of Colonel
Laussedat, Meusnier conceived the idea of using the helix for

navigation long before Sauvage. Second, the ellipsoidal form
of the balloon. Third, the presence inside the envelope of a

pocket in which could be compre.ssed the atmospheric air.

This kind of natatorial vessel having for its object the real-

ization of the ascensional and descensional movement without
loss of ballast or gas. Meusnier counted on finding an aerial

current flowing almost exactly in the direction which he de-

sired to travel, and expected to pass to'another current in order
to correct the variation due to the first, and thus one after an-

other to follow by a series of zigzags, the route over which he
desired to pass. He did not attack the problem from the front

;

and the propeller, which was driven by men, was to play the
role of an elevator and depressor.

Henri Oiffard.—The. first rational experiment was made
about 50 years after the death of Meusnier. It was made by
a man whose eulogy it is superfluous to pronounce, and whose
mind, at the same time inventive and bold, was attracted by
the grandeur of the prolilem.

The balloon which Henri GitTard constructed in 1852 (fig. 4),

by the aid of Messrs. David and Sciama, Engineers of the|School

of Arts and Manufacturing, fulfilled the following conditions :

1. Thoroughly understanding the impotence of a propeller

driven by men, Giffard resolved to use the steam-engine, then
in its glory. The installation of a motor apparatus below a
reservoir containing 92,290 cul). ft. of illuminating gas con-
stituted a danger which did not deter him. He contented him-
self with placing the fire-box inside the boiler with a double
envelope, and causing the gas to escape by a descending stack

into which the steam escaped with all its expansive force as it

left the cylinder ; thanks to this energetic cause, the gases of

combustion, already cooled in their passage through the en-

velope, were drawn into the stack, where the expansion of the

steam lowered their temperature still further and killed all the

sparks which they might contain, and threw thiim rapidly

toward the back, so as to aid him in the movement of jiropul-

sion. The engine was a vertical cylinder machine ; it already
fulfilled in advance a portion of the progress of 10 years, from
ltS51 to 18(!1, which was brought aliout by this genius of an
inventor in his steam-engines. Its jiower was (3 H.P. and its

weight 330 Uis. with the empty boiler
;
the fuel and water

doubled the weight. The shaft of the motor ran. at the rate

of 110 revolutions per minute, a three-armed screw 11 ft. 1.9

in. in diameter.

2. The balloon was spindle-shaped, with sharp points which
certainly offered a more logical form than that of the ellipsoid.

It measured 144 ft. 4 in. from point to point. The elongation
—that is to say, the ratio of the length to the maximum height
—was 3.6 to 1.

3. The net embraced almost the whole upper portion, even
to the points ; a little below the center the meshes expanded
out into diamond shapes in order to make a better distrilmtion

of pressures on the envelope. These meshes formed the direct

means of suspension of a long horizontal frame from which,
at a distance of 65 ft. 7 in., the basket was suspended. The
back end of the suspended portion served as a jjost for attach-

ing the rudder. The valve at the top of the balloon could be
opened hj a cord, which passed through a shaft situated in the
same vertical plane.

* Mimoires de la Socieie dee Ingenieurs CivUs.

" I Started alone from the Hippodrome." writes Giffard.
" The wind blew with great violence. I did not dream, for
an instant, of struggling directly against the wind ; the
strength of my engine would not have permitted it. That was
acknowledged in advance and demonstrated by calculation,

but I executed with great success different movements in a
circle and with a lateral deviation. The action of the rudder
quickly made itself felt, and scarcely had I pulled lightly on one
of the two tiller ropes than I immediately saw the horizon turn-
ing about me. Nevertheless, as night approached I occupied
myself with regaining the earth, and this I effected very for-

tunately in Elancourt, near Trapp.

"

After this happy experience Giffard sought to make a
new step in advance. He constructed a balloon with a capac-
ity of 112,995 cub. ft. and a length of 229 ft. 8 in., corre-
sponding to an elongation of 7 to 1, which was practically

about double the preceding one, and is shown in fig. 5. The
Ijeam was replaced by a wooden cross-piece placed along the
upper meridian, the shape of which it followed, and does not
seem to me to constitute any improvement over the original
design. Finally, the motor and the rudder were subjected to

important modifications. Yet Giffard did not .see that the con-
siderable elongation which he had adopted required special

precautions. Thus, with the test which was made in 1855,
accompanied by Mr. Gabriel Yon, in a wind with a velocity

of 13 ft. per second, the results were less fortunate than the
first ; it lacked but very little in ending in a catastrophe. On
rising the balloon turned about on itself, escaped from the
net, and after a new ascen.sion fell, cut into two pieces. The
shock was produced by a sudden variation of the wind of
several meters^per second.

Fir. i.

From what I have said regarding the conditions which a

dirigable balloon must fidfil, it can be seen that the two great

defects of the Giffard balloons were in not realizing them, either

in permanence of form or rigidity of construction. Either

one of these defects would have prevented success. As acces-

sory defects, I will cite the following : Silk used in the inflated

portion diminished to a great extent the advantages of the

elongation from the standpoint of resistance ; the consumption
of water and fuel caused a continual lightening, which was
not compensated for by the inevitable loss of gas ; finally, the

use of illuminating gas was not a fortunate one, and the diffi-

culties of the problem are so great that no one .should hesitate

to inflate with hydrogen.
However that nuiv be, Oiffard, wlio counted on building the

first aerial locciniotivc, will at least have had the glory of

building and showing the first balloon which could be classi-

fied among the dirigable balloons. He conceived the am-
bitious project of a gigantic balloon of 1,765,773 cub. ft.

capacity ; the motor was to have had two boilers, one burning

the gas of the balloon and the other iietroleum. The million

francs intended for this experiment were ready ; the plans

were prepared when Giffard, struck down by cecite, was com-

pelled to give up work. Before dying the eminent engineer

still desired to .serve .science by allowing it to profit by the

great fortune which a life full of labor had given him.

Vupvy lie Zom*".— Giffard's works did not change public

opinion, which continued, except on rare occasions, to con-

sider the steering of balloons as a kind of Utopian dream.

Such was the official opinion when on October 10, 1870, in the

full session of the Academy of Science, a prominent man,
Dupuy de Lome, affirmed, with considerable conviction, that

he had taken upon him.self to build a dirigable balloon and to

establish thereby, in spile of the circle of iron which strangled

Paris, the reciprocity of relations between France and its

capital. Can we doubt the success of the engineer who made
the flrgt armor'^plate, and who passed in his own right as one
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of the^^illustrious men of the century ? The cmlit of 40,000

frani-s'w:is placed at his disposal, biit tlie disorjraiiization of

Industrial enterprises, the severity of tlie winter, tlie Ur.k of

resources, rendered the construction very slow, anil the diriga-

l)le was ready onlv a few days before the capituhilion. It was
characterized by "the following arrangements, as shown by

fig. 6 :

1. The propeller was a two-armed screw proviilcd with a

crab turned by eight men. It was 19 ft. 8 in. in diameter.

2. The balloon, which had a capacity of 137,1:57.0 01b. ft.,

had a form similar to that of Giffard's, but its elongation was
onlv 3i to 1. Its length was 118 ft. 1.8 in.

;i". The ri.gidity of construction was obtained very siniiily by
attaching 11 point P of the C4ir to the two point* A and D of

the balloon (fig. 7), so that the vertical P Kwas always included

inside, the angle A P B when the system assvinied an inclined

position for any cause whatever, (jnder these conditions the

weight of the car stretched the two chords, and the construc-

tion possessed the same rigidity as though it were formed of

metallic bars, solidly riveting "the connected points together.

The exterior connection points A P, B Q constituted the carry-

ing net.

They start from a kind of gland or circle which follows the

horizontal meridian. Tlie interior suspension points A Q and

B P form llic balancing net ; they are fastened to a second

ring situated up at about one-quarter of tlie total height, anil

so iis to be tangent to the balloon. The crossing point M had

to be raised so iis not to interfere with the aeronauts. The
great engineer has shown the advantages of these two ties in

a masterly manner, the combination of which bears the im-

print of his balloon.

Fig. G.

4. Dupuy de Lome, in reinventing tlur air balloon of Meus-
nier, whose memoirs were forgotten in the Archives of the

School of Met/,, divided the balloon into two com|)artments
by means of a diaphragm. .1 Jl (', which was applied exactly
til the lower jiart of the dirigabic when it was eoniplelely in-

llated. To insure invariability of form, it was sulUcient to

inllate with ordinary air by means of alilower delivering into a
pipe which connected the balloon with the car. If the air

which was blown in was too great in quanlily. it escajied by
the safety-valve, located at the lower part of the balloon, be-

fore having acquired a pressure suHicient to drive out the
hydrogen by the valves which are to be seen at llie right and
left of the balloon. It was to thcjje valves that chords ))assed

which served to manipulate the two hydrogen valves of the

balloon. Simple calculations determined the dimensions which

it was necessary to give to the l)allooii in order that the diriga-

ble. after having reached a predetermined elevation, i-ould lie

maintained completely inllalcd up to the lime of its landing,

g r>. Finally, the resistance to advancement had been dimin

islied by tlie substitution, for the net, of a housing of cloth to

which The balancing chords were fastened, and by the adop-

tion of a long car terminated by a [jrow and a poop covered

with silk.

Fig. 7,

This balloon was very carefully designed from the stand-
])oint of staliility, liut |ire.sents tlie capital defect of having a
motive force alisolulely insufTicient to its needs. Dupuy de
Lome understood this. " If it were possible," he writes," to

approach the dangers which an engine having a fire connected
with it brings to the bydrogen-in Hated balloon, it would be
very easy to make an engine of 8 II. P. with the weight of
seven men, which would very much diminish the weight of
the equipage. The working motor would thus weigh about
490 lbs. The fuel and the water for operating the boiler could
be used instead of the ballast, whicli|is usually thrown out. We
would thus obtain an apparatus capable not only of deviating
at a considerable angle with ordinary winds, but even of fol-

lowing any route relative to the earth which might be de-
sired." But we can charge ag.ainst Pupuy de Lome the
slight elongation which he gave to his l)alloon, while Giffard
did not fail to give to his balloon the elongation of 7 to 1 in

ISS."). and that, too, without special iirecautions. Dupuy de
Lome, with a balloon which was remarkably rigid, contented
himself with an elongalioii of 3i to 1. Douiiling this elonga-
tion, coupled to a motor of 8 II. I'., would certainly have given
very fine results. I may add that the balloon was not made,
as we have said, for they understood very well that it wouUl
be impossible to avoid the use of the .safe).y hydrogen valves
of the balloon. The sides of the balloon had not been dc.signeil

with a view of sujiporting a very great pressure, and the
lower valve was regulated so as to allow air to escape as soon
as its pressure exceeded that of the atmosphere.
The trial was made at Vineennes at the beginning of 1872 ;

the inventor was accompanied by Mr. Zede, Engineer of Xaval
Construction, and Jlr. Yon. In spite of a wind of ;>!) ft. per
seconil s]ieed anil some accidents on the way, they ol)lained a
deviation of 12 . The anemometer, which was immovable as

long ,as the screw was standing still, turned as soon as the
latter was started. The stability was perfect, according to

the report of Dupuy de Lome. The car experienced no oscil-

lation under the action of eight men working at the crab driv-

ing the screw, and they could easily have carried several jier-

sons more on either hand, or at front and back, without ]ier-

ceiving any movement whatever. The Hoor of a room could
not have Mieen more steady or level. Evidently the center
of gravity in rising had a slight change along the vertical

of the whole system, including the balloon and the car ; but
it was iinpos.sible to perceive any movement of the car
relatively to tlie lialloon, analogous to the oscillations of a
tloating boat, where the attachments and furniture are apt to

be thrown about. Although Dupuv de Lome w.as not able to

move again>-t the wind on account of the insutricieney of his

motor, his work resuUcd in the fiillowing expression of a
committee .appointed to be present at his trial :

" It serves as

a starting-point for the question which has been kept in a
vague condition up to the pii'Sent time, and of also serving lus

a necessary point of departure for all who wish to continue in

this direction."

Mr. 'J'ism/iilier.— It winild seem that with Dupuy de Lome
the aiTonaut had said his last word, but a pupil of Giffard,

who was an heir at the same time of the energy of his mas-
ter, re.sdived to undiTtake new trials with a machine from
which all sorts of marvels were expected—namely, tiie electric,

motor. It is evident, furthermore, that the dynamo which
works without lire and without an_v variation in weight is

not without its advantages from the aeronautic i)oint of view.
The characteristics of the balloon which Mr. Gaston Tissan-

dier (•onstructed. with the assistance of his brother Albert,
were as follows (fig. 8) :
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1. The dynamo was of the Siemens type. It was driven

with a battery of llie biclironiate of soda very ingeniously

arranged, .so as to reduce the weight and obtain the greatest

possible eCfect. The motor weighed 131 lbs. and the cells

406 lbs., and they contained liquid enough to work for two
hours and a lialf.' They were thus cnal)led to obtain 1^- H.P.
on tlie shaft of tlie machine, which put the average weight
per horse power per hour, during tlie time that it lasted, a

little more than 330.6 lbs. Tlie screw had two arms, and was
9 ft. 1 in. in diameter ; it was only controlled in its move-
ments to a variation of r^. This was one of the disadvantages
inherent in the motor itself.

Fig. 8.

2. The balloon was spindle-shaped and had a capacity of

35,316 cub. ft., with a length of 91 ft. 4.4 in., and an elonga-

tion of 3 to 1 ; it was provided with .an automatic valve at the

bottom.

R.-3. It was covered with a housing terminating in shafts of

fle-xible wood, from whicli the suspension cords started. These
latter were fastened by a crown in the crib, having for its ob-

ject that of distributing the traction equally. This arrange-

ment certainly does not give an absolutely equal distribution

of tlie strains ; I nevertheless feel that there was a certain

efficacy about it.

t, Tlie great defect with Messrs. Tissandicr is that they did not

profit by tlie worlis of Dupuy de Lome to insure the rigidity

of suspension and the invarialiility of .shape. Finally, they
did not pay any more attention than their predecessors Iiad

done to maintaining the balloon absolutely in a horizontal

plane. It is true, that witli tlie electric motor they did not
have, as Gillard did, the loss of ballast, which was due to the

consumption of water and fuel ; but this cause of instability is

unfortunately not the only one.

1/ m<|j|Tfi^^^J'^^S^- IX--^. [ \
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jiiiil IST'J the m;iniisomcnt made some very cxiensivc tests of

tlie Hill' strinirer for IraeU. from which they expcotcil <;ood re-

sults. But here iigaiu. in spile of the very great care which
was taUeu in laying the traeU and in the choice of ballast,

which was of broken stone, gravel, and cinders, with the exclu-

sion of all schistose matter, all broken so as to Jiass through
rings 2.4 in. in diameter, they were not long in seeing that a
favorable conijiarison could not yet be niacle with tracks laid

on creosotfd ties, either with reference to tirii\ness of the track

or expense of maintenance.
It was stated that the Ililf ties, which rested at thcirextrcmi-

ties upon metallic ties of the .san\e transverse section as the

strin.sers, with a single stay at the center of the length of the

rail, did not guarantee that the lines ol rails could be main-
tained in alignment. The chairs which held the rails to the

stringers were not strong enough to resist the lateral thrust,

dye to the centrifugal force arising from the passa,ge of trains

over curves, and liiey were pusheil to one side, working their

attachments in such a way as to render them liable to cau.se

,serious accidents, especially derailments. Furthermore, it was
also stated that umler the disturbing action of the side lash of

the trains, especially with locomotives having oidsidc cylin.

ders, the two lines of rails were given such a sinuous position,

and it was increase<l by the passage of heavily loaded trains

running under anything like express speed. The Ililf system
of track, therefore, required for its maintenance very much
more work, so that it was ncccssarj' to increase tlie size of the
gangs of track layers and navvies. We may .also add, in order
to be exact, that the greater or le-ss deformations, which were
also iiroduced in \\u\ vertical, were without doubt the cause
of the great separation of the supports of tlie stringers ; a cir-

cumstance as uid'avorable as the |ireceding one to the preserva-
tion of the rolling stock, and to the security of the passage of

the trains. The management of the Slate Railways after this

new unfortunate experience, which was especially disappoint-
ing on account of the hopes with which they had entered into

these tests, nevertheless did not immediately remove the Hilf

stringers from their tracks. It attempted to remedy the mat-
ter by supporting the stringers at interniediale points between
the supports, b_v Jiuttinir in a third tie at the center of their

length, and liy further tying together two lines of rails with
two .stays instead of one. This was done on the line hetween
Namur and Arlon, w'hich is traversed by international express
trains running hetween Libramont and Marbehan. The defor-
mations, winch have been indicated above, were diminished,
but it was impossible to do away with them entirely. The
notes in the memorandum and lieid books of the track depart-
ment were always filled with fresh memoranda of the mainte-
nance of this Ililf track, and were always greater in number
than tho.se relating to the standard track laid with N'ignole
rails upon oak ties of hall-rniind form, with a height of 5.1

in. on a diameter of 10.2 in. and impregnated with creo.sote
;

until it was finally decided by the management of the Belgian
Stat(^ Railways, that they would remove the Ililf stringers
from the main lines and lay them on the brancli lines and
switches at stations ; or, in other wonls, on side tracks for

standing trains and also on service tracks for furnaces, elc.

At Ihe ('ud of 1N7!) and in 18S1» the management of the State
Railways made a trial on a small scale of the Serres and Baltig
ties, between Buy,singlien and Hal, on a high-speed line from
Brussels to Mons ; and at Ani;leur they tested some Ilelsen
ties designed by the director of the Tardy & Heneeli Company.
at Savogne, but, as happened with the olhirs, the results were
not very satisfactory. The average life of these ties was but
a Irille over three years. In ISS;! tlu' management ordered its

chief engineer to makct a caritful examinatim into the tracks
and works laid undi-r the Harrman .system, which were of the
stringer and cross-tie type, hut the recent laihire of the llilf

track prevented them from risking a test of a .system of
stringers. It did not (tonsiiler it desirable to make a fes'i of the.sc

ties on account of tln^ complication of construction, which was
considerablv greater than that of the \'autherin system. It

also refused to make any otlier experiments with the stringers
and ties offered by .Messrs. Caramin iV Companv. of Thv le

Chateau, in the beginning of 1H84 About theend of \ii»^^

two engineers of tracks and permanent way, Messrs. lirudder
and Bpiet, were; ,sent into (Jcrniany and EnL'land to inquire
regarding rc'sulls obtained in these countries with UKtallic sup-
ports. The reports of these engineers concluded with the re-

jection of all the systems usi'd in Germany, such as those of
the llaarman, Ileindl .-uid EllierfeUI outline, wliicli was adopted
by the Berg tV March R.iilivav on account of the i'X|iense of
maintenance and lack of stability, .since all of their ties fairly
dance up and down under the jjassage of the trains ami were
the occasion of great deformations of track. The wlioU^ track
laid with Webb's metallic system, which was visited by these
men at Crewe, in Kugland, was founil in a very good condi-

tion, and, according to the reports received on the spot from
the otlicers of llu' heads of the Ecjuipment Department of the

London A: Norlliwestern Railway, the expense of maintenance
was not at all burdensome, and hardly exceeded that of laying

fresh track in the ordinary way upon their standard chairs.

In this system of track, which is distinguislieil by its heavy
dimensions, the rails, which are double-hea<led, weigh about
30 3 lbs. |)er ft., and rest upon steel ties weighing Ifil lbs.

The first expiMuse of laying has been found to be considerably

above the most solid of ihe Belgian lines. No new trial of

entirely metallic track has licen maile since the report of these

men.

Uiiraium,

4- :.i>^^4: m\ ^ v^ If; i<i>.t.<t>4^^ -^ Jl
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THE PAULET TIE.

.\biiut the enil of Ihe year 1884 o\ir international shops at

Saraing. through the influence of its (hneral Manager. M.
Sadoin, pointed out t» the Minister of Railways, Posts and
Telegraphs the necessity of metallic supports on the Belgian
railways, and proposed that he send a delegation of engineers
into (xermany, instructed to re examine the dilTerent systems
of metallic su]iports which were used at that time on the other
siile of the Rhine. On recei])t of this request Ihe Belgian
(Jovernment, which is always desirous of coming to the as-

sistance of its national industries, appointed Messrs. Brudder
and Tondelier, who were engineers of Ihe Belgian Stale Rail-

roads, to join a delegation sent by ('oekerell, consisting of

Baron Maear and Jlr. Van llaesendenck. .\ remarkable re-

port was drawn n|) by these engineers on their nturn from
(Jernniny, which, w ithoiit bring conc'lusivc either for tlie adop-
tion or rejci'lion of any of the types examined, stated that, in

Ihe opinions of the Oerman engineers, Ihe best ties among
those testeil were those of the Elberfeld type, those of the Bel-

gian State Railway, which were in the form of a hat, and
those of Alsace and Lorraine, whose outline was that of a
slightly modified Vaullierin type. This report added Unit the

lOlberfeld tie beds itself well into the ballast, but does not
olfer sullicient resistance to the longitudinal sliilini; of the rail,

and that its height is insuHicient ; tliat the halform tie of the

Prussian State Railway is not easily tamiied, and is not sulli-

ciently strong at the bending joints ; that the Alsace and Lor-

raine tie, with some of its diinensions slightly increased .'ind

strengtheneil, would be suitable for further testing.

In consciiuence of this report the management of the State
Raihvavs propo.<ed to make a trial

1. Of tlie Al.sicc and Lorraine tie, imi)roved a.s indicated
above ;

2. Of the Paulet tic (see (jngraving), which had been experi-
mented with on branch lines, and which appeared at first sight

to give good results. The State l{ailway of France liad al.so

just decided to make a trial on the Angeres line. At the same
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time that llio management made tljcse proiiositioiis to tlie

jfovernment llic disciission of tlie railway budgrt was opened.
Several mendjers of the Chamber of Kepre.sentatives, yieldlug
to the desires e.xjircssed by the iron industrie.s, urged very
vigorously from tlie tribune that a new test upon a large scale
should b(; made of melallic ties. The matter eoidd not re-

main without some favorable consideration, and Mr. Vanden-

THE BERNARD TIE.

feereboom. Minister of Railways, took it upon himself to make
a contract for the furnishing of 75.000 ties made up as fol-

lows :
2"), 000 metallic ties of Bernard type, designed by Mr.

Bernard, who is Chief Engineer of the Northern Railway
Company ; 25,000 ties designed by Mr. Post, Chief Engineer
of the Netherland State Railways ; 25.000 ties designed by
Mr. Braet, Engineer to the Minister of Belgian State Railways.
These lots were orcferetl from the steel works of Oouillet. of
Angleur, of Seraing (Cockerill). who had given a bid of 149.5
francs, 119 francs and 119.5 francs i)er ton. The weisht of
these three types of melallic supports was taken by the man-
agement as equal respectively to 231.5 lbs., 105 lbs. and 165
lbs., which was considerably 'above that of the ties which had
been previously tested. The adoption of this increase of

SPLICE BARS FOR BERNARD TIE.

weight was for the purpose of increasing the capacity for wear
—that is to say, the durability of the supports, and in addition
to stability the strengthening their resistance to bending
strains ; for it had been decided by the government that it

would undertake a last experiment, in order to determine
whether the replacing of wooden ties by those made of metal
could give advantageous results.

It was furthermore decided that the trial in question should
be made for the sake of a comparison of the three systems of
entirely metallic track, by placing them under identically the

same conditions of wear and with the same protile, alignemeut,
and the amount of trallic which would pass over them. It
may be added that in order to arrive tit conclusive results they
chose locations for |ilacing the ties where the trallic was very
rapid and heavy. Before passing on to the results which have
thus far been obtained, it would not be devoid of interest, we
think, if we gave a brief descripliou of each of these ties—the
Bernard, Post and the Braet.
Bernard Ties —The Bernard lies tesleil on the lines of the

Belgian State Railways were composed of two iron channel
bars 7 ft. in. long, attached at the liotlom by two sheets
3 ft. 11 in. in length, riveted at their ends by eight rivets each.
These sheets are bent up against the ends so" as to close the
trough of the tie, thus opposing a flat surface against the bal-

last in order to overcome all tendency toward lateral displace-
ment. The rails were placed on the ties with tlie interposition
of sole pieces or tie jilates, which had an inclination of 1 in

20, and were provided on each side with an upward proieciing
clip. The rail was fastened to the tie by means of clips and
bolts. In the arrangement adopted there were eight ties to
each rail of 29 ft. 6.3 in. in length. The arrangement adopted
by Mr. Bernard, in order to avoid the shearing off of the bolts,

is as follows : The nut of the bolt is provided at its lower end
with radial teeth, so that the annular nut-lock, which is in the
form of a spiral and is placed between the nut and the cliji,

will hold better. Fig. 1 .shows the general form of this spring.
The lower end ternun;ites by a vertical arm, which catches in

a groove cut into the inside of the clip.

Post Ties.—The Post tie, which is in tlie form of an inverted
trough, is the derivative of the Vautheriu type, which was
designed in France in 1863, at Fraisans, Ijy Mr. Vautheriu, at
the Franche-Comie Works. It has a length of 8 ft. 2.4 in. and
weighs 171 lbs. The incline of 1 in 20, which generally ob-
tained in other .systems of metallic ties, is easily realized,
either by means of the Haarnian arrangement, which consists
of the interposition between the liange of the rail and the top
of the tie of 11 sole tie-plate, or by means of the Hasch-Licht-
hammer device, which consists of obtaining this inclination at

SPLICE BARS FOR POST TIE.

the point of tlie support of the rails by stamping the tie when
it is hot and giving it a concave outline in its longitudinal direc-

tion ; and this lias been done by Mr. Post by another process,
in a way that does not deform the tie and in no way injures
its stabilit3^ He has given this deformation to the surface of
the support of the rail by rolling the tie, either with triple

rolls or with a reversible roll by means of a special arrange-
ment of the last grooving of the finishing rolls, and by taking
care to obtain an e.\cess of thickness of the metal at that por-
tion which has to bear the greatest amount of fatigue.

As for the method of attachments, it consists of cli|is and
bolts, with an interposition between the bolt and the clip of a
nut of the double grooved or elastic type, which is in the
form of a spiral arrangement which opposes unscrewing.
This washer has a winged plate raised against one of the faces
of the nut which was lately employed by the Belgian State
Railway on the Vautheriu ties. The elevation of the outside
rail on curves is obtained by means of clips of dillercut thick-

nesses, which are used sonielimes in one direction and some-
times in another. The longitudinal sliding of the rails is

avoided, iu the case of supported Joints, where the di.stance

from center to center of ties is 1 ft. 9.7 in., by the use of angle-
bars with a vertical prolongation coming down so as to abut
against the clips.

By closing the ends of the ties, by stamping down these ends
under a press when hot, and by doing away with the horizon-
tal rings and limiting tlie lower part of the support and their

displacement by straight walls in the form of a knife w'hich
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cuts into thp soil, Mr. Post liiis sucfeeded in overcoming n

tendency of the tic to empty itself of its li;dl;ist. Tlie latter is

now imprisoned as tlioil.i;h it were in a hollow, cannot free

itself from the compression to which it is snbjccli'd, and oji-

poses a strong resistunt^e to the lateral displacement, especially

on curves, and the whipping due to the passage of trains is

almost entirely avoided.
ISriKt 7Y<.9.—The Hraet tie

is nothing else than a modified
form of the Post tie. The de-
signer endeavored to approach
in the transverse .section of his

support the circular form of

equal resistance, and to give a
greater rigidity to the track by
retaiuing under the supports
the greatest possible amount of

l)allast. The extreme outside
edges of tlie tie are vertical,

thus facilitating its penetration
into the ballast, and they
end, as in the Post tie, with
strengthening pieces which
jjrolect the nu»tial at this point
against the bkijws of tiu; tami)-
ing irons. 'I'he luimher of ties

in laying the Bract track, as
in the Post, was made 12 for

each rail of 29 ft. 0.3 in. in

length.

Results Obtained up to the

Present 7!irae.—Instead of dis-

tributing the ties to be tested

over lines of various degrees of
importance, the management,
as we have already said, have
them in use on the main lines

which arc doing the heaviest
business, and on those where
the speed of the trains is the
highest. The test was there-

fore conducted so that the re-

sults would permit of the
formation of a conclusion, and
the test would be in a certain

way a final one, and especiallj

favorable to the metallic ties it

the results had been satisfac-

tory. Unfortunately these re-

sults have, unquestionably, been unfavorable, and*it might
almost be said that they have been disastrous, not only from
the standpoint of the preservation of the supports, but also

from that of the ordinary expense of maintenance of the tracks.

Yet it must be remembered that nothing was neglected in order
that the systems of ties tested should be capable of sustaining
successfully all strains to which they might be subjected.
During the course of the last year there was a most careful
inspection made of the ties which were subjected to trial on
the principal lines of the Bel-
gian roads. After five years
of service it may be stated that
from 40 to 50 per cent, of the

Braet ties showed cracks at the

point of fa-stening, and these
cracks were frequently as long
as 1.1 in. The Post ties showed
results less favorable still, only
20 per cent, having been found
in gooil condition. In order to

avoid these cracks, which were
often produced in the steel

when the holes are made on a
punching machine, the edges
of the holes were reamed out
to a dei>th of .078 in. On the
line between Brussels and Ant-
werp 77 per cent, of the Bract ties which were examined were
found to be craekid, and IS per cent, of the Post ties were in

the same condition. Sometimes these cracks had .-ittaincd a
length of 1.96, 3.30 and even 3.75 in.; 5,000 riveted ties of the

Braet type were removed from the track after only a few
months of service. From the standpoint of preservation of

the ties, the result of this test has therefore bec^n most disas-

trous, and it was still more so from the standpoint of expense
of maintenance. Points of observation were established along
the diHerent lines of the system. They were composed of

sections laid side by side, in the Siime portions of the line under

the same conditions of fatigue, and metallic tics of the Post
and Braet systems. The exact account of the time which was
spent by the graders and trackmen in earing for lioth types of
track was kept by the men in charge of these observations.

The reports which were rendered on the line from Malines
to Tirlcmont gives as a result of the ob.servation of this part of

the track, which had the same length and was laid respectively



Vol. LXVII, No. 9.] AND RAILROAD JOURNAL. 431

Mr. FliuiiiielK", wlio is CUlat Eng'ineer of the Bulgian Stalo
Railwiiys and Professor of the Course of Railway E.xploila-
tioiis at the University of Gand, presented a paper at the Inter-
national Congress of Railways at St. Petersburg, giving the
result of his researches on the dellection of the rail on the pas
.sage of trains.* The rail liegins hy rising above its normal
place ju.st ahead of the first wheel of the en'gine, it then lowers
at the passage of each wheel,
to rise again immediately be-

I

tween that and the passage of |i|

the ne.\t wheel, but in a pro-
portion variable with the
speed of the train and with-
out exceeding at this time the
normal plane of the track.

In the successive upward
and downward movement the
tie is constantly grinding the
ballast, and the gravel which
is in inmicdiate contact with
the hard metal is worn, broken
and reduced to an impalpable
powder. The hardest ballast

is, therefore, at the end of a
short time mixed with a cer-

tain quantity of fine powder.
Then the rain comes, which
percolates down through the

ballast and the jiowder and
reduces the latter to a mud.
The upward and downward
movement of the tie, which
is hollow on the wider side,

therefore produces a partial

vacuum, a suction and jjump-
ing action which draws the

water down into the ballast

beneath the tie and into the

dust and mud which is min-
gled with it. At the end of

a comparatively short time,

then, the tie is buried in a
mud ballast, which renders
the track unstable, and which
as soon as it dries forms a
compact mass beneath the tie,

which renders the work of track dressing so difficult. The
only remedy for this state of affairs consists in either sifting

the Imllast through a screen, which is a very expensive opera-

tion, or of renewing it entirely.

There is another point in

the remarks wliich were made
by Mr. Flamache which is of

great importance. The dia-

gram obtained directly by the

registration of the movement
and rail at the passage of
trains shows that for low
speeds and even average
speeds the relative upward
movement of the track after

the passage of each axle re-

mains practically very slight.

It is only after a spfeed of 43.5

miles per hour is exceeded
that these movements are

suddenly exaggerated and
t h e i r amplitude increased

more rapidly than the speed itself. Finally, we think, with

a great number of other engineers of permanent way, that

metallic ties are hardly in a position yet to give good residts on
tracks wliere trains run at a sjieed greater than 43..') [ler hour,

at which speed the abnormal movements of the rails increase

very rapidly, but we think that on some portions of the line

which are run at lower speeds, these ties would give satisfac-

tory results on condition tlutt a jiroper ballast of good quality

was used, but that they arc less advantageous, economically

speaking, than wooden ties, which give the only practicable

elastic track thus far attainable.

of this company, and with his departure all prospect of apply-
ing American railroad methods in CUiina is over.

llr. Pettriek attempted to introduce tlie Westingliouse .air

brake, but the English engineers did not look with favor upon
the innovation ; and now, allhough two locomotives are lilted

with the brake, no use is lieing made of it.

Immediately following Air. Pettrick's resignation there was

I I

^^mi. 1 n i

m-nii-rrl.t
i-t- iTi-TTf-fl>-n-Ti^

,„ i , ,iHiTiiiJfr-TTTim"iiiTni iii i inmi i M ii i i ii iiiBuiuiui» LmiT i n i TTi 1 imfiani-Mt.
-

, 11^-^1 ^
, J ' '

'
' 'f'"i'"iTn iiiiii I m-—^ ^^—J—,^

T^' ! T . I [ II ;
"1

I J

I

!
I I

'^

'

__ Tzr:rfc:rr:^.L;_ .._ J\ i_jLzt:;;=t::rzr^ ._

^SENDING TEaXSl>

THE BRAET TIE.

a change in the Chinese management of the road. The former
Chief Director, Yang Hung tien, has been retired, and Chang
Yen moh has been put in his jilace. As Chang Yen-moh is

known to be of strong German sympathies, it is thought that

RAIL FASTENING FOR THE BRAET TIE. I

THE CHINESE IMPERIAL RAILWAY.

From a correspondent in China we learn that Mr. W. N. Pet-

trick has resigned his position as Assistant Managing Director

• See Ambiucan Enqinbkr, August, 1893. SPLICE BARS FOB THE BRAET TIE,



NIKKO TEMPLES.
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llie German influcuco will now be llie domiuaut foreign influ-

ence in milrojid allairs. As yet notliing detinite hus tninspired
in that way.
The work on the Lan Kiver bridge continues under C. W.

Kinder, Engiueer-in-Cliief. and tlie railroad is being exlended
toward the north. It will reach Shan-hai-kwan. ihc mililar_v

town at the eastern terminus of the (Jreat Wall, this year.
It is now decided to run a branch line from Port Arthur, at

the entrance to the Pe-ehi-li Gulf, to Newchuang ('?), so con-
necting Port Arthur with the military road from Tientsin to

Kiriu. Tenders for 4.(100 tons of rails to be landed at Port
Arthur not later than September :iO have been inpileil.

New iron works to be located at Tangshan. under German
auspices, are projected, but their jilans have not been definitely

settled yet.

NIKKO TEMPLES.

The range of mountains known as Nikkozan is situated on
the northwestern boundary of the province of Shimotsuke, in

the southeastern part of the island of Nippon.
The highest point of the mountains lies in 140° 10' nortli

longitude. Its highest peak, Nantaizan, is 4,680 ft. above tlie

sea, and 830 ft. above the lake of Chiuzcnji (estimated to be
about.3,850 ft.), lying .at its northern base.

The name Nikko is well known to all Japanese and for-

eigners who have visited the most remarkable places in .Japan,

for its beautiful natural scenery and splendid temples, build-

ings, etc. The original name was Futa-ara-yama (tlie two
storm mountains) on aceovmt of periodical hurricanes in spring
and autumn, which issued from a great cavern in the moun
tain on the northeast of Chiuzenji Lake, and this name, being
translated into Chinese, became Nikkorzan. In the year 820,

the priest Kukai (or Kobo Daishi) visited the mountain, made
a road to the neighborhood of the cavern, and changed the

name Futa ara-yania to Nikkozan (or the " mountain of sun's
brightness"), from which time the storms ceased to devastate
the country. Up to the end of the seventeenth century a
family of Shinto priests named Ono used to pay two visits

every year to the cavern to perform certain exorcisms, the

secret of which had been imparted to their ancestor by Kukai,
and the ettect was to keep the great storms quiet ; it does not
appear, however, that the discontinuance of this practice has
had an}' evil results.

The sanctity of Nikkorzan dates from the yearjA.D. 707, when
the Buddhist saint, Shodo Shonin, lirst visited it. Later on,

in the beginning of the ninth century, Kobo I)ai.shi, and in the
middle of that century the priest Jikakii Daishi, added its

sacred places.

In the year 161G, when the priest Ten Kai. afterward canon-
ized as .Jigen Daishi, was aljbot. the second Shogun llidetada,

acting on the dying in.iimclions of his father, sent Honda
Kadzusa no-suke and Todo Idzumi-nn-kami to Nikko to find a
resting-place for the body of lyeyasu. They selected a .site

for the shrine on the southern slope of a hill called Hotoke
Iwa, behind the temple where the Gongcn of Nikko had been
enshrined from ancient times, and returned to Yedo (Tokyo)
on the 31st of the niiitli month of the Japanese calendar with
a plan of the spot for the information of His Highness.

Kadzusa-no-suke was appointed chief superintendent of the
works, and the buildings were commenced on the 17th of the

eleventh month of the same year. In the third month of 1617
the shrine and some of the surrounding edifices were com-
pleted. On the 15th of the same month the corpse was re-

moved from Ku-no-zan, in Suruga, where it had been tem-
porarily interred, and the funeral procession started for Ntkko,
where it arrived at two o'clock in the afternoon of the fourth
day of the fourth month. On the eighth day the coffin was
deposited in the tomb.
On the 11th Shogun Hidetada paid a visit to the shrine, and

three days later the title of Sho-ichi-i Daigongcn (first rank)
was conferred on the deified hero by a decree of tlie Jlikado
(Emperor of Japan), which was read by his envoy. Ano
Saishio, a Kuge (emperor's subject).

On the 17th the Gohei (shreds of paper attached to a long
wand finely decorated) was presented at the chapel l)y the
Imperial Envoy, and on the following day otferings " were
made at the shrine by the local Binldha Yakushi.
During the '20th, '21st and 23d days of the .same month the

Hokke Sacred Classic was read 10,000 times b}- priests as-

sembled for that purpose. Many Kuge and a priest belong-
ing to the Imperial family took part in the proceedings.

In the year 1644 the Abbot Tenkai (a wise man who has
been respected by first Shogun lyeyasu and his successors)
died and was succeeded by the Monzeki, of Bishamondo, a

son of the Sadaijin Kwa zan-In-Sadahiro, who resigned his
oltice 10 years later and returned to Kyoto.
The second Monzeki was the Priest-Prince jNIorizumi, the

tif'tli son of the Emperor Go-Midzu-uoo. From his time down
to the revolution in 1868 the chief priest of Nikko and Toyeizan
(Uyeno) had always been a prince of the Imperial blood. He
usually resided in Yedo (Tokyo), and visited Nikl^o three
times a year—namely, at the new year, in fourth and ninth
months.
The title of Dai Gongen was changed to that of Miya or

Gon in the year 104.5 by decree of the Emperor, conveyed by
his envo.v, the Dai-na-gon Kikutei Tsune Save. There are
only 21 shrines in Japan known as Goo, the higiiest title which
can be given to them. Miya or Goo means palace, and Tosho
means the light of east, in allusion to the seat of lyeyasu's
glory having been in the eastern part of Japan, and to the
benefits he conferred upon this country by putting an end to

the civil war which had distracted it for so many generations.
Ij'cmitsu, the third Shogun of Tokugawa, who consolidated

the power established b}- his grandfather, died on the 20th of
the fourth month of 16.51, and was buried within the grounds
of the shrine of Nikko on the sixth day of the fifth month of
the same year. The posthumous title Taiyu In Den was
conferred upon him bj' the Emperor.

1. MlHASIII (S.\CKIiD BhiDGE).

On issuing from the gate at the lop of the street called

Hatsuishi, and proceeding a few steps, one of the first objects
which strikes Ihc visitor is a crimson bridge spanning the
rushing stream of I)aiza-,gaiva. about 80 yds. wide between
the stone walls which confine ils course at this point. It is

supported by stone piers of great solidity, fixed into the rocks
between which the stream flows, and though not claiming
any particular architectural merit, is inlerestinff from the fact

that it was formerly closed to all passengers except the Shoguns
and pilgrims twice a year. It is called Mihashi, or the sacred
bridge. The legend says that when the holy Shodo Shonin
first visited Nikko and arrived at this spot, he found the rocks
so steep and the flood which rushed between them so full of
whirlpools, that it seemed impossible to pass over. Appalled
at the sight he fell on his knees and called fervently upon Ihe
gods and upon Buddha for aid, when, in answer to his prayer,

there appeared on the opposite bank the indistinct figure of

the god Shusha Daio holding two green and red snakes, which
he cast over the abyss. In an instant a long bridge was seen

to span over the stream like a rainbow Hoaliug among the
hills. So great was the astonishment of the .saint, that he
doubted the realit}' of the miracle, but became fully convinced
of the practical intervention of the god when the bridge in

another moment became covered with long grass. Feeling
quite satisfied about the safety of the structure, he crossed it

with his disciples, and on turning round to look at it again
saw, to his wonder, that the god and the snakes had com-
pletely disappeared.
The present bridge, which is 84 ft. long and 18 ft. wide.

was built in 1636. and has not required any repairs of impor-
tance since that time. At each end there are gates, which ai'e

constantly closed.

The shrine of the god' Shusha Daio stands on the side of the

road opposite to the northern end. Forty yds. or so lower
down the stream is the temporary bridge, successor to that

which was constructed while the sacred bridge was in cour.se

of construction.

2. Takauaguua (Go-Downs).

Enclosed by a wooden wall painted bright red there are,

firstly, three buildings which are so beautiful that it seems a
profanation to call them go-downs, but they are nothing more
in reality. One is said to contain the utensils used at the
ceremonies performed in honor of lyeyasu's memory ; the
second contains pictures and Buddhist scriptures ; and in the
tlfird are deposited furniture and other articles used by the
hero during his lifetime.

The buildings are arranged in a zigzag form, the third being
remarkable for two extraordinarily painted carvings of ele-

phants on the side toward the gate. The}' are ascribed to

Hidari Jingoi-o. a left-handed sculptor, who was very cele-

brated for tine arts of .sculptures. It will l)e noticed that the
joints of the hind legs are represented as bent in a weary way.

3. Water Cistern.

.\n interesting object is the water cistern made of a solid

piece of granite and protected by a roof supported upon 12
square pillars of the same stone. It is so carefully adjusted
that the water, conducted through a long series of pipes from
the cascade called Somen-ga-taki behind the hiU, bubbles up
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iiiid pours over eiicli t'diic in cxiictly iMiual volumes, so timt it

seems to lie !i solid liloeU of water rather than a ]iieee of stone.
The honor is due to Kiiliesliima k^hina-no-no Kami ^l'rineeof
Hizen), who presented it in 1018.

4. L.\NTEUN (COUE.VN).

This is also a line solid piece of worUnianship. Iml il,s style
and eonstruetion indicate that the credit of its niaiiuractnre is

not due to artisans of (!orea. We should lie inclined to say
that all thn'c of these gifts caiiK^ from Europe throu.yh Dutch
hands, and the form of some bracket (•andlcsticUs. which are
attached to the interior wall of the court and left of the steps,
suggests that the whole set may have been the spoil of some
Roman Catholic church in the Netherlands. No (-oreau or
Liukuin ever made a candlestick with u hollow socket for the
candle.

Nothing else remains to be observed in this court except
two iron standard lanterns on tlu^ right of the steps, pn'sentcd
by Dale Masanume, I'rinee of Seutlui. a prominent adherent
of lyeyasu, and the same number on the left, given by the
Prince of Satsuma. The whole nunilierof such hmterus con-
tributed by various Daimios amoiuit to ILS.

Tl. YdMEIMON (G.vtk).

This gate stands on the platform, after ascending a (light of
steps, and is a marvel of workmanship. Photo 5 shows the
front view and the back view of the gate. Wooilen columns
of Iveyaki timber are painted white as well as the interior of
the side inches, which are lined with arabisques of graceful
design founded upon the " botan" (mountain llowers).

The capitals of the columns are formed by the heads of
fabulous animals called Kirin. Above the architraves the
railing protects a balcony which runs all round the structure,
supported by dragons' heads, with two white dragons lighting
in the central space. Underneath are a row of groups of holy
children playing, and other subjects, nine on each side. Be-
low, again, is a curious network of beams and seven groups
of Chinese sages. The roof is supported by gilt dragons'
heads with gaping crimson throats, and from the top a gilt

demon looks down upon the spectator. On the right and left

extend a long piazza, the white walls of which are adorned
with maguiticent carvings of trees, birds, and Mowers colored
after nature. There are 15 compartments on the right and six

on the left.

0. Kauamon (Gate).

This is composed of Chinese woods inlaid with great skill

and care. The chapel is not open to the .la|ianese |iublic, who
are not admitted further than the bottom of the front steps,
surmounted by the usual mirror. Foreigners and some classes
of natives are not permitted access to it.

The front hall is a large matted room, 42 ft. long by 37 ft.

from back t<i front, with two antechambers, one on each side.

That on the right was intended for the use of the Sliogun, and
conlHius, besides jiictures of Kirinoua, gold ground, four
carved oaken panels S ft. high by ft. wide. The subjects
arc the phfciux variously treated, and aiipear at lirst to be in

low relief, but on closer examination it will be discovered that
the figures arc formed of various woods glued to tlu^ surface
of the panel, a suspicion of which fact is also naturally excited
by a quantity of false headed nails, which do not add to the
beauty of the work. The same number of panels, the subject
of which are eagles, very spiritedly executed, exist in the
opposite antechamber, called the waiting-room of ilis High-
ness, the abbot.
The golden Oohci, in the center of the front chajiel, is the

only ornament left, the Buddhist furniture of bells, gongs,
books of prayers, etc., having been reniovid. Two wide steps
at the back lead down into that ]iart of the chapi^l called the
stone chamber, from the circumstance that it is jtaved with
that nniterial. Th(^ ceiling is divided into square panels,

painted with golden dragons on a dark blui' ground. Beyond
are some gilded doors leading into the llondcn (principal
chapel), containing four apartments, to whi<di acc-css is not
obtainable. In the first stood formerly the Oohci, in the last

probably' the Ihai (a tablet inscribed with the name of Toshogu).

7. NiTENMON (Gate).

The niches on the outside contain a green woodi'n statue on
the right and a red one on the left. One of the niches on the
inside is occupied by the God of Wind, painted green, who
carries on his back a long sack tied at each end, with the ends
brought on his shoulders. He has only two toes on each foot

and a thumb and three lingers on each hand. Ilis com]i;mion,

the God of Thunder, is painted red, and holds a thunderbolt

in his right haml. He has the same number of toes as the
God of Wind, and one finger less on each hand. The name
Nitemnon means gate of the two heavenly go<ls ol wind and
thunder.

8. Yashamo.n (Gate).

This gate stands three more Mights of steps distant from the
above gate, the niches of whii'h contain four Yasha, Buddhist
gods, who protect the four quarters of the compass.

THE FASTENINGS OF RAILS TO WOODEN
TIES.

By Jules JIichel.

Foil some time engineers have been turning their attention

toward the sulistitution of wood screw fastenings f<ir spik<-s or

jiins, which are driven into jilace by blows of a hamnu'r, in

fastening rails to wooden cross ties. This (lucslion, which is

of more importance for rails which rest dirertly upon their

Manges than for double-headed rails which are carried by chairs,

was discussed at the International Congress of Kailways at

Paris, and afterward at the Congress of iSt. Petersburg. It

has given rise to very dllferent opinions, doubtless because
those most interested do not agree upon the type of fastening

which they woidd use. The result is that wliile wood .screws

are ver_v severely criticised in some ccmntries, they have given
the best of satisfaction elsewhere.

In order to bring the question to a definite focus, I would
like to recaiiitulate .some experiments which have been ma<le
during the past twenty years upon a large scale by the Paris it

Lyons system of railways to illustrate the type which has been
evolved as the result of these experiments and to indicate the

modifications of which it woukl appear susceiitible.

Since 186:S the Paris, Lyons ifc Mediterranean KaiUvay have
used an iron screw for fastening their rails ; this screw was cut
cold, and the threaded portion had a length of 4.!) in. Fig.
1.—The diameler of the head was .8 in., while the body of the

screw was only ."i5 in., leaving a projection on each side of .12

in. for the thread . I he pitch of which was .1! in. ; the ba.s(! of

the triangle forming the thread was .10 in., and was divided

into two unequal paits of .00 in. and .1(1 in. by the ]ierpcn-

dieular let fall from the apex. This fasU'uing seems to have
been very carefully d(«igned, especially when coiupared with

the lag screws or screw spikes used for some years previously

in Germany.
Fig. 3 shows the fastening used onlhe railways of the Grand

Duciiy of Batlen previous to ISOd ; they started it by striking

with a hammer just as they did also the s)iike shown in fig. :>.

The hole was not liored in advance ; and it will readily be

understood that under these conditions the fastening would de-

stroy the fibers of the wood atid would give poor results as a
method of fastening the rails to the tie.

The fastening of the Paris. Lyons & Mediterranean Com-
pany was started in a hdle .0:! in. in diameter, which was bored

witii a bit into hard wood, either oak or beech. It had the in-

convenience of taking some time to fastc^n, and the wood
which lay in contact with the liody of the .screw between the

thread was only .14 in., and this was found to be insulficiiait.

Its use, therefore, was limited to changes which were made in

the track, and ell'orts were made to inqirove the spike, to which,
after a nundjcr of tests, the form of the octagonal prism shown
in fig. 4 was given.
This spike gave very good results ; and recently some for-

eign engineers, who have adopted it on aciount of its sujie-

riority over other types of spikes, have told me that the results

were perfectlv satisfactory to them, and they could sec no need
of rcjilacing it with a .screw spike.

It has a length of •").!• in ,
including the head ; the prismatic

body is made with a vertical distance of .'i't in. between faces

and". 8 in. across the angles. It is fastened by blows of a ham-
mer into a hole jireviously bored with a bit having a diameter

of .0;i in. It shows considerable resistance on entering, and
compresses the fibers of the wood. In the ,Iuly issue (1884) of

till! lUrue f/oiindi' (!<< Gluiitiim ili' !•'() I gav(^ the resistance

which it olTcred to pulling in dilTeretit kinils of wood -that is

to say, it shows from ;!,'.I70 lbs. to '\~M lbs. in bard wood.
The spike weighs .77 lb., and costs on an average about two
cents apiece.

But with the development of the track and the increa.se of

spceils, the rcsi^Uince whi<-h this sjiike offered to iiulling .seemed

insullicient, and engineers have turned their attention toward
the substit\ition of screw spiki^s.

Since 180:J the Northern and Eiistem Railway companies,
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whose types of si)ikes are shown in flgs. 5 and G, have found
them to be very defective, and have liad rec^ourse to the screw
spilves shown in tig. 7 for use witli wooden ties on their main
line. These screws have abont the same dimensions as tliose

of tlie Paris, Lyons & Mediterranean Company, sliown in tig.

1, which bears a close resemblance to that shown for the East-

ern Company.
In 1875, inconsequence of the experiments which were given

in detail in the July nmnljer of the Revue Generaledes Chemins
de Fer for 1884, tlie screw sijilie was adopted by the Lj-ons
Company to the exclusion of the ordinary spilie, and it was
given the form shown in fig. 8, which bears a strong resem-
blance to tlie type of the Northern Railway Company, but
wliicli was consitlerably improved by increasing the pilch of

the thread. The prism of wood included between tlie two
threads which must resist the pulling had a height of about
.89 in. instead of .37 in. Its resistance was therefore theoreti-

cally aljnut double, and the fibers of wood were better arranged
during the operation of putting it in position.

At the same time the question of the use of the screw spike
was discussed at the union of German railways, ami afterward
at the eighth reunion of the Vereiu in Stuttgart in 1878. The
committee concluded by recommending the use of screw spikes
instead of ordinary spikes for fastening rails to the ties.

The screw spikes adopted by the Paris, Lyons & Mediter-
ranean Company was first, manufactured of iron and the thread
cut cold. About 1878 they tried to manufacture the threads
by hammering hot in suitable dies. This hanunering produced
a useful shaping of the material, but it re(£uircd great skill on
the part of the workmen, and very frequentlj' the threailiug

was detective. Nevertheless, it was used, together with the
cold threading, to facilitate the production in the large quan-
tities neces.sary for the consumption of the old and new lines,

the latter of which showed a development of about 124.27
miles per year.

But the shaping of the metal to obtain the hexagonal head
adopted in imitation of the Nortliern Railway Company's type
was a somewhat delicate operation. It required so much heat-
ing that the iron was frequently burned and the head of the
screw was sometimes torn off. The wrench which was used
for driving and withdrawing the spike was of such unwieldy
dimensions that breakages and twislings were caused by the
strains to which the spikes were submitted, or the thread be-
gan to cut into the bo<ly of the screw, so that the resistance of
the metal was insufficient to carr}' the strains.

As soon as the conclusion was reached that it was necessary
to increase the solidity of the track attachments the dimensions
of the body of the screw were increased, just as tlie Northern
and Eastern Railway companies, who luul found the same
disadvantage, and had adopted an iron .screw spike .9 in in

diameter with a diameter at the base of the thread of .(i7 in.

instead of .5.J in., which they had previous!}' used, had been
obliged to do. This is the dimension wliich is still used by
these companies. Figs. 9 and 10 show the last type of screw
spike adopted by the Northern and Eastern Railway com-
panies, and fig. 11 is the type used by the Belgian State Rail-

ways for the Goliath type of the Vignole rail.

But as the change in the diameter of the attachments on the
tracks of the Paris, Lyons & Mediterranean Company, where
they use chairs having holes .8 in. in diameter, could not be
made without redrilling all these holes, they decided, after a
certain number of tests, to have recourse to steel in order to se-

cure greater resistance against rupture ; at the same time they
adopted the spherical form for the head like the Eastern Rail-

way Company, fig. 7. This was done in 1881, and since that
time the use of steel has been adopted in the regular manufac-
ture of the heads of the screw spikes, and furthermore thread-
ing them cold by rolling by means of a three-roller machine.

These machines were not successful with iron because they
caused cold shuts, but have given excellent results with steel.

A single machine can turn out about three thousand screw
spikes per day without overworking the attendant who con-
trols it, and without the rapidity of the operation injuring in
any way the regularity of the output.

Finally, in 1889 new experiments were undertaken to deter-
mine whether it would not be possible to increase the pitch of
the thread for the sake of rendering the placing of the spikes
more rapid without injuring their pulling resistance.

In consequence of these tests, which are given in resume in

the accompanying table, the scr, w spike (fig. 13) was adopted.
It consists of nine spirals with a pitch of'. .'5 in. The base of
the thread is .12 in. ; the outline of the thread is a triangle in-

termediate between a rectangular and an iso-sceles triangle.

The head is like a tlattened cap surmounted like a square
prism for the wrench which is u.sed in driving it. It is manu-
factured hot by rolling from mild steel, the tensile strength of

which ranges from 101.4 lbs. to 110.3 lbs., and an elongation

of 35 to 38 per cent. The weight is .09 lbs., and it cost about
three cents. It, therefore, costs one cent more than the old

iron spike, but the pulling resistance is tripled, and there is no
more trouble with the rails tearing the fastenings from the ties,

as formerly occurred after a few months of service. This
loosening of the fastenings caused a very injurious wearing of
the flange on the chair or the tie, and permitted the sand of the

ballast to get beneath the flange of the rail so that the wear
was more or less rapid according to the intensitj- of the traffic.

The conclusion is, then, that the use of a screw spike of
some carefull}' designed shape assures the stability of track
and increases the life of the rails, chairs and ties.

It may be furthermore added that it never enters the mind
of the track layers who have a cro.ss-handled wrench to use a
hammer to drive thesescrewspikes with threads either project-

ing or slightly inclined.

The hole into which they are driven should be from .55 in.

to .59 in. in diameter, according to the diameter of the body
of the spike and the nature of the wood of the tie, whether it

be pine, oak or beech. The wood is compressed by the en-

trance of the threads, which force their way in, and the fric-

tion of the body upon the fibers of the wood compresses it still

more, thus adding to the resistance of the threads which op-
pose an}' loosening of the spike. After they have been laid

for a few weeks they are usually screwed up afresh, not be-

cause the spike is loosened in any way, but liecause the sur-

face in contact— rails, chairs and ties—have, so to speak, effect-

ed their .seating, and are exactly adjusted to each other by the

pressure to which they have been subjected by the pas.sage of

the trains. From this time on the fastening is complete. The
following table gives a resume of the tests made in different

ways by the permanent way department of the Paris, Lj'ons &
Mediterranean Company :

STI!-\INS REQtnUED TO PULL SCREW SPIKES OP .8 IN. AND .9 IN.

DIAMETER WITH A PITCH OP THREAD OP .4 IN. AND .6 IN.

DRIVEN 4 IN. INTO VARIOUS KINDS OP WOOD OP DIPPERENT
AGES.

NEW WOOD JUST PUT IN TRACK.
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Paris, Lyons & Mediterranean road in 1863 (fij;;. 1). Tests

which were made in 1889 have given the following results as

the strain which is reqiiireil to pull different kinds of screw
spikes .2 in., either in new oak or in ties which had been nine

years in service.

Dimension of
Spike.
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a lO-in. valve. The brass pipe is 10 in. in diameter and is made
of metal So. 14 thick Birmingham wire K^uge, and each

course in the shell of the Ijoiler is composed of three slieels,

the metal being l^J in. thick. The seams are butt riveted, the

Imtt straps being' fJ^ in. thick. The rivets are so proportion-

ed that the strength "of the joint is that the plate has 84.6 per

cent, of the strength of the undrilled plate, while the rivets

have 89.5 per cent, of the strength of the same. The welt is

riveted on with three rows of rivets. The first row stands

back 2j\ in. from tlie edge of the plate, and is staggered with

the second row, which is set back 2-,^ in. from the tirst. The
third row is staggered with the second, but has only half the

number of rivets of each of the first two, and stands back

3>4 in. from the second row. All these rivets are l^s^ iu. in

diameter placed in holes drilled to the diameter of If in.

The general dimensions of the boiler are as follows : Diame-

ter of boiler outsiiie, 15 ft. 9 in. ; diameter of furnace inside.

3 ft. 4 in. ; length of grate, 7 ft. ; heating surface in tubes,

5,539.5 sq. ft. : heating surface in furnace, 363.7 sq. ft. ; heat-

ing surface in combustion chambers, 393.1 sq. ft. ; total heat-

ing surface. 6,296.3 sq. ft. ; grate area, 186.7 sq. ft. ;
ratio of

heating surface to grate area, 33.7 to 1 ; calorimeter, 25.33

sq. ft. : ratio of grate area to calorimeter, 7.37 to 1.

The total number of tubes are 1,268 ; these are divided as

follows : 316 .stay tubes 6 Birmingham wire gauge thick
;
952

ordinary tul)es 13 Birmingham wire gauge thick. ^Yorking

pressure, 160 lbs. The stay lubes are screwed into position, a

[iractice which is followed by the Cramps in all of the large

marine boilers which they construct. These tubes are screwed

into both tube sheets. One end is slightly enlarged, so that tlie

smaller end will pass through its hole readily. In order that

the threads mav be in unison, a special tapping bar is used in

which the thread at the small end is tapped first, and then a

guide thread runs through the tliread thus cut in the tube

sheet, and at the farther end of tlie bar a second tap is ar-

ranged, which is adjustable so that it will cut in unison with

the thread at the small end. When the tubes are placed in

position after starting at the small end the large end readily

enters and the threads turn up together. The tubes are then

beaded over in the ordinary wav. The smaller tubes are sim-

ply put in jio.sition and expanded and lieaded over. No fer-

rules are used ; and it is slated that no difficulty has yet been

experienced in keeping these tubes tight. The main stays

which are shown over the top of the tubes are 2| in in diame-

ter and are .screwed into tlie outer shells at either end. and held

in addition by means of a heavy nut. The manhole at the

bottom between the bottom furnaces is 11 in. X 15 in. The
.same size is also given to the man-hole between the right-

hand furnaces. The water leg between the furnaces at tlie

back is 7 in. wide at the bottom, tapering up to a width of 10

in. at the top. This iirovides for an ample and free circula-

tion ot the water in the lioiler. Tlie tulies are 7 ft. 3% in. long

between the sheets ; the location of the slay tubes is very

clearly shown on the drawing, where they arc shown of a

thickness greater than those of the ordinary tubes. The out-

side diameter of all tubes is 2^ in.

The cylinder dimensions of the engines are as follows :

Diameter of high-pressure cylinder, 42 in. ; diameter of inter-

mediate cylinder, 59 in. ; diameter of low-pressure cylinder,

92 in., with a uniform piston stroke of 43 in. The weight of

all propelhng machinery, including water in the boilers, is

placed at 1,950 tons.

It is unnecessary to enter very fully into the details of the

engine, of which a longitudinal section is given by our engrav-

inijs. Attention is called, liowever, to the form of the pistons

and cylinder heads, and especially to the high-pressure cylin-

der of 42 in. in diameter .shown at the right of the engravings,

in which the method of reducing the clearance space at the end

of Ihe stroke is very clearly .shown. The other pistons will be

seen to have the same methods of reducing this space, but they

are not in po.sition to show it as clearly with the high-jircssure

cylinder. The valves are piston valves.

"The coal supply on the normal displacement of the vessel is

1,200 tons, but llieri' is a maximum bunker capacity of 3,200

tons, which, with an ample allowance for waste and non-effec-

tive consumption, will give the ves.sel, at the most economical

cruising speed, a radius of .action of about 16,000 knots. This

is much less than the official calculation, but experience will

demonstrate that it is approximately correct. The aiiplicatiou

of power through triple screws in large ships is an innovation,

and its results iVi the Columbia are watched with intense inter-

est by the entire civijizcd world. The Columbia lias not yet

had iier trial trip, and the result of that trip will probably

show about what may be expected from the Miiiniaptdis. Es-

sentially and avowedly a commerce destroyer and not a fight-

ing ship, the armament of the Minneapolis is comparatively

light. She carries one 8-in. breech-loading rifle of 40 calibre
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a long aft, in the location shown on the deck plan ; two fi-in.

breech-loading rifles on the rapid-fire principle, with shield

protection on the \ippcr deck, as is also shown on tlie ]daii.

There are eight 4-ia. rapid-tire guns on the main or berlh deck,
with 4 in. sponsous with a horizontal range of 140°. There is

a slight variation, however, in the range forward and aft of

the center line. The forward guns have a range of 00° for-

ward or direct!}' ahead, and 50° back ; the second guns have
80° forward and 60° back. The afler guns have 85° back and
55° forward ; the second guns have 75° back and 65° forward.
This range is clearly shown on the plan. The secondary bat-

tery consists of eight six-pounders and four onepounder rapid-

lire guns and four gatlings.

As we have already said, with the exception that the Minne-
apolis lias two funnels instead of four, with hawser pipes ojjen

from the upper deck, she is exactly like the Coluinhia. The
contract for construction was signed August 31, 1891, tlie

price being |6,390,000.
The ceremonies of the launching on August 13 were made

an occasion for quite a gala day. It was on Saturday after-

noon, when therewasahalf holiday in the city, and it is proba-
ble that 20,000 people witnessed the hiunch. The ease with
which the work was performed gives one but a very poor idea
of what was actually accomplished. Tiie vessel is, of course,
light, and without her boilers or machinery ; but at the same
time, to lower such a mass into the water quickly and safely
is a task of no small m.agnitudc. It requires about 500 men to

do the work, and the.y were busily engaged most of the morn-
ing ; but after the work of driving wedges was first begun it

was probably not more than three-quarters of an hour before
the vessel was in the water. After the start was made and the
christening performed, the vessel was anchored in the stream
in about four minutes. In a future issue we hope to give a
cross section and drawings of the methods which are employed
by the Cramjis for launching and handling these heavy vessels.

CONTRIBUTIONS TO PRACTICAL RAILROAD
INFORMATION.

Chemistry Applied to Railroads.

SECOND SERIES.—CHEMICAL METHODS.

IV.—METHOD OF DETERMINING SULPHUR IN
STEEL.

By C. B. Dddlet, Chemist, and P. N. Pease, Assistant
Chemist, op the Pennstlvania Railroad.

(Copyright, 1891, by C. B. Dudley and F. N. Pease.)

{.Continuedfroin page 393, Volume LXVII.)

OPERATION.

Have ready the apparatus as shown in the cut. Weigh out
10 grams of the steel and put it into the evolution flask, which
should be dry. Then put into the absorption U tube 50 c.c.

of pure dilute hydrochloric acid, and connect this U tube with
the evolution flask and put the bromine holder in place. Also
connect the outlet of the bromine holder with the suction and
then draw 5 c.c. of bromine from the holder into the U tube.
Next pour 50 c.c. of distilled water through the bulb tube of
the evolution flask, and start the suction a little. The dis-

placed air passing through the U tube mixes the bromine witli

the liquid in the U tube. Now adjust the suction so tli.at the
column of water in the funnel tulic of the evolution flask shall

be about \\ or 3 in. above the level of the water in this flask.

Then add to the bulb tube of the evolution flask concentrated
C. P. hydrochloric acid, at a rate suflicient to keep gas passing
through the U tube, about three bubbles per second, until
100 c.c. of acid have been added. When this is done and the
evolution of gas has begun to .slacken a little, if the steel is

not all dissolved, heat gently to assist solution, taking care
not to increase the flow of gas above the prescribed rate. If

solution is all complete by the time the acid is all in, or as
soon as it is complete from the gentle heating, raise the tem-
perature of the evolution flask to boiling, using the same pre-
caution as above in regard to the flow of gas, and boil until

the bubble tube between the evolution flask and U tube is

about half full of condensed water. Then remove the lamp

and put the permanganate of potash bubble tube in its place,
and draw air through the apparatus at the prescribed rate for
half an hour by increasing the suction. Then detach the
U tube from the apparatus, pour the liquid in it into a 6oz.
beaker and wash the U tube carefully into the same beaker.
Add also to the beaker the liquid in the bubble tube between
the evolution flask and V tube, washing it out at least once.
Now drive otT all the bromine from the beaker by heat over
the lamp or on the steam-table, taking care not to lose any of
the liquid by too rapid ebullition ; neutralize the acid with am-
monia in very slight excess, add hydrochloric acid to faint
aiid reaction, and then add three drops more of concentrated
hydrochloric acid and 10 c.c. of chloride of barium solution.
Boil a few seconds to granulate the precipitate, filter through
a small paper filter, ignite wet and weigh.

APPARATUS AND RE.\GENTS.

The apparatus used in this method consists, as will be oli-

scrved beginning at the left hand, of a bubble tube containing
permangan.ate of potash to purify the air u.sed in aspirating.
This tube is detached from the apparatus during the evolu-
tion. Next is a IG-oz. flask fitted with a rubber stopper,
carrying a bulb tube fitted with a ghiss stop-cock, and holding
about 100 c.c, and an outlet tube. The bulb tube should
reach so nearly to the bottom of the flask that the 50 c.c. of
water should seal the end, and should have the bottom end
drawn out and turned up to avoid the loss of gas, which would
occur if the tube is straight and Ijorings happen to be situated
directly underneath it during the evolution. Connected with
the outlet tube of the evolution flask is a bubble tube which
at the start contains just enough distilled water to close the
end of the tube inside, the object being to prevent bromine
from diffusing back into the evolution flask. The outlet of
this liulible tube is connected with the absorption U tube by
rubber tubing. The absorption U tube is simply an enlarged
U tube with bulb-like projections blown on the top of the
transverse part of the U, to serve as pockets to retain the gas
a little longer in contact with the absorbing liquid. This
U tube is inclined, as shown in the cut, to facilitate the move-
ment of the gases. To avoid a rubber cork, the tube which
delivers the gas into the bromine solution is fused into the
top of the inlet arm of the U tube. This delivery tube is

drawn out at the lower end, so as to deliver small bubbles of
gas, ••ind is arranged so that the gases issue at the lowest point
o[ the liquid in tlie U tube, in order to keep the bromine mixed
with the acid. The transverse part of the alisorption U tube
is about 10 in. long over all, and has eight bulbular projec-
tions, and the vertical p.arts are about 8 in. high. Tlie exit
arm of the absorption U tube carries the bromine holder,
which is fitted to it with a ground-glass joint. The bromine
holder consists of three parts : 1. The ground-gla.ss stopper
to connect it with the absorption U tube, which stopper is

hollow and is fitted with a tuliular side opening to serve as
outlet for the rejected gases ; 3. A bulb graduated to hold
5 c.c. for measuring the bromine, closed both at top and bot-
tom with ground-glass cocks, and which connects between the
upper cock and the graduating mark by a .side tube with the
top of part 3, in order to allow the measuring bulb to be tilled

without escape of bromine ; 3. A bulb holding about 25 c.c,
closed with a glass stopper at top, which serves as a reservoir
for storage of bromine. The three parts are, of course, con-
nected with each other by tubes, so that there is a pa,ssage for
the bromine. The outlet for rejected gases is simply a tube
over which, when the apparatus is in use, is placed a larger
tube in the form of an inverted U, which does not fit, and which
is connected with the suction. With the apparatus as arranged
the objections to workin.g with bromine are almost entirely
removed. The whole apparatus is mounted on a single stand,
with two universal clamps, and is very compact.
The pure dilute hydrochloric acid is made by adding water

to the concentrated acid until the specific gravity is 1.10..

The bromine is the commercial article obtained in the
market.
The permanganate of pota.sh solution is made by dissolving

10 grams of the dry salt in a liter of water, and adding 5 c.c
of concentrated C. P. sulphuric acid.

The concentrated hydrochloric acid and the ammonia are
the ordinary C. P. materials.

The chloride of barium solution is made by adding 100
grams of the C. P. salt to one liter of distilled water.

CALCULATIONS.

Since the sulphur is 13.73 per cent, of the weight of the
barium sulphate, if the weight obtained expressed in grams is

multiplied by 13.73, and the product divided by 100, the
quotient will be the sulphur expressed in grams. Then, since
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the estimation is made on 10 grams, the percentage of sulphur
in thit stool will ho shown liy removing the gram decimal
point one place to the right, thus :

If the weight of harium sulphate found is 0.0572 gram, the

sulphur is
( "iiwi j = 0.0078 gram, and the perceiit-

100
age of sulphur in the steel 0.078 per cent.

NOTES AND rUKCAlTIONS.

This method, as will be seen, releases the sulphur from the
steel in llic form of sulpliuretted liydrogen, oxidizes lliis gas
to sulpliurie aciil by means of bromine, and iircci|iil,;itos and
determines this aeid as barium sidpliale. Diipbrate dcternn-
nations ciui 1)e made by the nirtliod as described in from three
to three and one half iiours.

t(;The use of bronune as o.xidi/.ing agent has this advan-
tage over most <ither availal)le substances for this purpose —
viz., that it enables tlie precipitation with chloride of liarium
to be done in a solution practically free from solid salts In
view of the well-Unown tendency of barium sulpliate to carry
down other substances with it, this is a maltcr <d' some impor-
tance. The odor is, of course, ohjeclionalilc, and it is almosi
impo.ssiblc to get pure bromine, i)ut tlicsc dillicultics can be
overcome, the former by the arrangement of (he appar.itus
and th(^ latter by proper allowance for the impurities.

It is essential before making a determinatiiin that not less

than two blanks should l)e made, using all the chemicals in

the prescribed amounts, and conducting the wliole operation
just as for a regular .analysis, exc'cpt that no steel is jiresent.

The weight of l)arium sul'iihate olitained as tlic result of tliise

two determinations, whicli shmdd not dilfer more than lialf

a milligram, must be deducted from the weight of the barium
.sulphate obtained in the regular analysis of aT steel.

It is very dillicult to get bromine free from sulphates, and
the C. P. hydrochloric acid of the market is also apt to be
coutaminateil. It is accordingly reconuuendcd to .set aside,
for use in sulphur determinations only, a bottle of each of tlie

chemic-als used in making tlie blanks. Of course the ligures
obtained will l)c available as long as these bottles last.

All rubber tubes and corks used shoulil be treated before use
with a warm solution of caustic potash or soda, and after this
the alkali nuist be completely removed by wa.shing and tlie

surfaces, especially the insides of the tubes, "rubbed aiid cleaned
until they present the appearance of rubber gum rather llian

of vulcanized ruiiber. Also tlie connections .should be so made
that as little as possible of the ridiber tubinir will be cxjiosed
to the evolved gases, by having the glass tubes at the joints
touch each other inside the rubber tubing if possible.
The use of a permanganate of potash bubble tube to preveni

drawing sulphur gases into the apparatus along with the air

used in aspiration is believed to bo complete protection.
Direct experiments with this solution show that both IIjS anil

SO-j in air are coiupletely relained by the permanganate of
])otasli, even when the rate is three or four times as rapid as

that specified above for the aspiration, and when Ihe air before
going into the permanganate of potash bubble tube was caused
to pass througli quite strong solutions of these gases in water.

Without the loose connection between the outlet for the re-

jected ga.ses and the suction, it is quite dillicult to regulate the
rate of movement of the gases through the absorbing liquid
on account of the v.irying rate of the escape of bromine from
the solution iluring the operation. During the boiling to com-
plete solution and expel the gas in the evolution llask, the rale
of escape of bromine varies con.stantly, owing to rise in ti'Ui-

perature. The suction being set at Ihe beginnin;,' of the oper
ation, if the bromine comes olT a little more freely, a little less

air is taken in at the loosi^ connection and tice rerxn, so that,
after the suction is once adjusted, it usually need not be
changed again until the aspiration begins. We use for site

tion the .same exhaust that is used for raiiid nitration, and the
bromine mi.xed with air that gets in through the loose coniiec
tion pas.ses away without annoyance. A large aspiralor bolMe
tilled

_
with dilute caustic soda solution, and with inlet tube

reaching nearly to the bottom, so that the rejected gases would
bubble tlirougii the dilute soda .solution, would Ik' equally elfec-

live in managing rejected bromine.
It will be observed that there is no i)rovision in the method

as given for tn'atins any sulphur compounds, which may re-

main undissolved in the evolution llask. as is essenti.il in de-
termining sulphur in pig iron. The reason for this i.^, that
with probably!)!) per cent, of eomnicnial steels Ihe material
in the evolution Mask is ]ierfcctly clear when tlie boiling and
aspiration is finished. Furthermore, determinations on the
same steel by the method s'ven above and by the oxidation
method, .such as is used for pig irons, give concordant results.
If the method, as described, shows a residue w ith any steel,

the determination can hardly be regarded as satisfactory, nnd
the oxidation method should be employe<l.

It is obvious that if the air of the Lalioratory is contaminated
with ITjS Or SO;, or even sul]iliurie acid fumes, from ignitions
or <'vaponitions. there will be- danger of too hii;li ri'suits from
contamination of the licpiid in the beaker from the two gases,
while the bromine is beiiiu' driven o(f, and at all time during
the manipulation of the malcrial in the open bo.aker from the
sulphuric acid fumeu. W'e have never iiyoven how great this
danger is, but it may possibly help to explain some anomalous
results.

It is essential that the bulb lube througli which the add
goes into tlie evolution tlask .should be left open, up to the
lime till' permamianate of potash bubble liilie is put in place,
in order to prevent sucking back liipiid from Ihe absorption
V tube. There is esiiecial danger of this duriiiij the boiling.

Al'PAUATUS FOlt DETERMINING TUK SULI'UIU IN STEEL.

The acid may be added to the evolution llask little at a
lime, or may be put in Ihe bulb tube and fed in tlirouLdi its

i:Iass stop-cock regularly. W^ith some steels, and esiiecially
with coarse borings, all the acid may be put in at once anil
heat applied almost from the start.

When a larger number of determinations arc to be made at
once, it is advantageous to ;uld the barium chloride to the
bromine solution in the beakers and put them on the steam
table, and allow them to go to dryness ; then add three drops
of eoiu'enlrated hydrochloric acid and about 2'> c.c. of distilled
water, heat nearly to boilinir, filter, ignite and weigh.
Barium sulphate is liable to be reduced dnrinn the ignition

of the liller, and thus lead to slightly low results. To obviate
this dilliiailty, the filter and jirecipitate are ]iut into the cruci-
ble wet, and the filter " smoked off" and then burned. Tlio
" smoking off" con.si.sts iu applying the heat to the wet mate-
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rial in the crucible so slowly that the volatile matter of the

tiltcr jiasses off without ignition, free acce.ss of air being main-
tained at the same time. To accomplish this, fold up the wet
filter and place it in the crucible. Put tlie crucible on the

triangle as in ordinary ignitions, and leave the cover olf . Then
heat the open end of the crucible slowly. The filter and pre-

cipitate gradually dry, and soon the parts of the filter in con-

tact with the crucible begin to distill olf the volatile matter at

low heat, even before tlie whole is dry. This process goes on
if the tlanie is properl}' adjusted, until in a little while every-

thing that is volatile at a low temperature has passed away,
and the precipitate, with a black envelope of carbonaceous
matter, is left. When this is the case, the temperature can be
raised, the lamp moved back to heat the bottom of the cruci-

ble, and the carbon burned off completely. Usually when the

temperature is raised, the black envelope of carbonaceous
matter falls away from the precipitate and is rapidly con-

sumed. By (this method of ignition the material is a little

h)nger time in the crucible than with the old method of pre-

viously dried precipitates, but the danger of reducing the pre-

cipitate is believed to be very much dinunislied.

It is obvious that with the method, as described, no means
are provided to tell whether any of the gas escapes oxidation

in the bromine solution. It is believed, if the apparatus is

arranged as described and the operation conducted according
to the directions, no error will result. Careful comparative
tests on the same steel, with the method as described, and the

nitrate of silver method recommended by Frcsenius, give
strictly concorilant results.

It will be noticed that air is u.sed for aspiration instead of

some inert gas, such as hydrogen, as is recommended by some.
Comparative tests on the same steel with the method as de-

scribed, and with the method modified by filling the apparatus
with carbonic acid, anil using the same gas for aspiration, gave
exactly the same results. Carbonic acid was used instead of

hydrogen as being more available.

(to be continued.)

PROGRESS IN FLYING MACHINES.

Uy O. Cii.VNUTE, C.E.

{Continued fr&m page 3iJH.)

If there be one man, more than another, who deserves to

succeed iu flying throuf^li the air, that man is Mr. Lmivcnce
l[iii-<jriiix\ of Sydney, New South Wales. He has now con-

structed with his own hands no less than IS lljiny machines
of increasing size, all of whicli fly, and as a result of his

many experiments (of which an account is about to be given)

he now says, in a private letter to the writer, that :
" I know

that success is dead sure to come."
M. lhtr(jr(me takes out no jiatents for any of his aerial

inventions, and he publishes from time to time full accounts

of them, in order that a mutual interchange of ideas may
take place with other inventors working in the same field, so

as to expedite Joint progress. He says :
" Workers must

root out the idea tluit by keeping the results of their labors

to themselves a fortune will be assured to them. Patent
fees are so much wasted money. The flying machine of the

future will not be born fully fledged and capable of a flight

for 1,000 miles or so. Like everything else it must be
evolved gradually. The first dilficulty is to get a thing that

will fly at all. When this is made, a full descrii)tion sliould

be |)ublished as an aid to others. Excellence of design and
workmanship will always defy competition."

M. lliu-ijriire is i)rol)ably correct in his reasoning, for the

history of all new methods of transportation teaches that

the original inventor seldom receives pecuniary reward for

the contrivance which is the first to succeed, but neverthe-

less he is certainly broadly liberal in giving to the world
gratuitously the results of his constant studies and labors.

He uses exceeding care in determining the different ele-

ments which compose the flight of his models. He has care-

fully registered the sizes of all the i)arts, the power con-

sumed in each performance, and the length of the flight,

together with its trajectory. He states that he has always
kept his work in such shape that it could be taken uj) and
continued by any person at any time ; so that a stranger, if

an expert, could come into his shop, study his notes and

drawings, pick up his tools and continue his work, and thus

no portion of it would be lost.

M. lliirriravc reports regularly the jirogress of his work to

the Royai Society of New South Wales, of which he is a

member. Thus far 12 such ])apers have been published,

the latest having been read August 3, 1893.

He first devoted his attention to the motions performed

by the propelling surfaces of birds and fishes, the waves
which these created in the fluids on which they acted, and
the counteraction of these waves upon the forms of the

propelling surfaces themselves. The first paper, therefore,

presented iu August, 1884, was on the Tn/choidtd plane,

which M. Sari/rave defines as " a flat surface, the center of

which moves at a uniform speed in a circle, the plane being

kept normal to the surface of a trochoidal wave, having a

period equal to the time occupied by the center of the i)lane

in completing one revolution." This w.as illustrated by
working models, and the motions of wings and of fishes in

swimming were artificially reproduced.

Starting from these data, M. II ii-;/rare next experimented

with nearly .'iO models intended to reproduce horizontal

flight, and in exhibiting some of these and reading his sec-

ond paper, June, 188"), he said :
" If the motion is not that

used by birds, it is at all events very like it, and its accept-

ance or rejection as a scientific truth is of no further inter-

est, as it only remains for practical mechanics to step in and

adjust the details to suit the material and the motive power
which they may think best for the purpose they have in

view ; or, in other words, that the solution of the problem

of just how a bird flies is of very trifling importance from a

practical standpoint, as compared with the judicious varia-

tions of the parts of the machine that will have to be made
before any return can be expected for money invested in

such undertakings."
Some of these models seem to have been driven by clock-

work, and the motions were those of the " trochoided

planes," as applied to flapping wings ;
then selecting the

best of these models, and making their mean dimensions a

standard from which to take a fresh departure, M. llanjmoc

next built a series of experimental flying machines, actuated

by inilia-rubber in tension.

The French experimenters, as we have seen, have pre-

ferred to use rubber in torsion in order to diminish the

strains upon the ('entral spine or backbone of the model,

but they thus obtained less energy per pound of weight than

if they had used it in tension. M. Uaiyraiv stjetched the

rubber so that its elongation was multiplied by pulley-

tackle, and that, as tlie rubber contracted, its center of

gravity moved forward, thus advancing the center of gravity

of the entire machine, and consequently diminishing the

angle of flight as the force of the rubber decreased.

No less than 10 different flying machines of various types

were thus built and experimented with, all moved by rub-

ber in tension. In the first models the cord proceeding

from the rubber was wound around a cylindrical drum on

the crank-shaft, but owing to the variable resistance natural

to a crank-shaft, it was found better to replace the cylindri-

cal drum by a flat winder, so adjusted on the shaft that the

moment of the cord varied with the resistance of the crank,

and thus communicated a more uniform movement to the

wings.
Seven of these machines seem to have been propelled by

flapping wings

—

i.e., " trochoided planes"—but in order

that a comparison might be made, three varieties of models

were made with screw jiropulsion—namely, with double and

with single screws in the bow, and with a single screw in

the stern, which latter was concluded to be the most prac-

ticable and serviceable form.

From these experiments M. Hargmce concluded that the

screw and the flajiping wings are about equally etlective as

instruments of propulsion, although he rather prefers the

latter, as the wings possess several marked advantages.

Any currents, he says, initiated during the up-stroke are

utilized in giving increased efficiency to tlie down-stroke,

if the machine has not ])rogressed far enough to be acting

upon entirely undisturbed air. Moreover, when steam-

engines come to be used, there will be only one cylinder

needi'd for both wings, there will be no conversion of recip-

rocating into rotary motion, and no variable listing moment
to be counteracted, while, finally, there is less liability
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that wings shall bo damaged in alighting than screw
bliiiles.

Fig. 76 shows tlic last one (188!)) of the iiuliu-rubber

driven macliinos described by INl. Hnrgrave, He calls it the
" 4H band-screw.'' Tlie screw is at the stern, and the
machine weighs exactly i lbs. Its sustaining area is 14.51

sij. ft. (7. 30 sq. ft. ]ier pound), and it ilew \'H) lineal feet

with the expenditure of IIK! foot-pounds of energy, while
the preceding niacliino, weighing 3. OH lbs., with Happing
wings, had flown 37(1 ft. with 470 foot-pounds, tlius show-
ing respectively 0.()1 and 0.57 lineal feet flown ])er foot-

pounds of power.
The framework of these machines was of pine, the larger

piece (main spine) Ijeing a hollow box-girder, to secure

strength and lightness. The sustaining surfaces were of

paper, pasted on, and after the gum was dry rendered as

tiglit as a drum by blowing a liglit spray of water over the

Fio. 76.-nARGRA.VE-1889.

j>aper and allowing it to dry. Thus with small, light, sim-

ple and inexpensive models many exiieriments were made,
and great advance realized in the distance llown over any
previous experiments of others.

Having progressed thus far witli india-rubber as a motive

])Ower, and gathered most valnal>le data and experience :

as to the best arrangement and proportion of ))arts, the

ecjuipoise and the power required, M. Jluiyrave next under-

took the construction of a flying machine actuated by com-
pressed air, and, in 1890, he produced the machine illus-

trated by fig. 77, which he calls his " No. 10, 40.5 oz. com-
pressed air," and which marked a very considerable advance

in design by a great simplification of the propelling arrange-

ment.
In presenting it to the Royal Society, June 4, 1890, M.

llargrave said :

The princii)leeml)odied in this experiment is that of liorelli,

l)ublished in KiSO, and it doubtless has liud many stanch advo-

cates in later times ; l)Ut the writer maintains that tliis is the

first practical demonstration that a machine can and docs Hy
liy the simple (vertical) flajiping of wings ; the feathering,

tilting, twisting, Irodioiding, or whatever it may be called,

being solely etTected by torsional stress on the wing arms.

The combination of Horelli's views with th(! results of work
recorded in your proceedings (Koyal Societyl has swept away
sucli a miuss of tackle from the machine that its construction

becomes a ridiculously simple matter. Tlie engine of the

model, of cours(-, retains its prciu'denee as the most imj)ortant

part, and by continuous cITort the luimber of jiicces and the

dillicullies of construction have been so reduceil that it is ])os-

sible to make them by the gross at a cost that cannot exceed
five shillings each (11.35). For instance, the cylinder, usually

tlie most expensive portion of an engine, can be produced with

the ease and cel(Tity of a tin can. . . .

It might he said that this fiying machine is not on the prin-

ciple enunciated by Borelli, l)ecanse the wings are not continu-

ous from their tip to the horly. Hut this arrangement is only

a device to enable the wing tips to act on the rc(iuircd quan-
tity of air with less spread ; it may possibly he one of those

variations which nnike all the dilTereiice between success and
"ailure. These wings are also distinctly double-acting, and

•s not quite clear that birds' wings thrust during the up-

stroke ; but as previously stated, the question as to the exact
movement of a bird's wing is merely straw-splitting, when we
have a mechanism that acluallv Hies and is manifestly imper-
fect Iq its present mechanical details.

This machine flew :3G8 ft., with the expenditure (as cor-

rected by JI. Ifartjriive) of 870 foot-pounds of energy. It

weighed 3.53 lbs., and the sustaining body ))lane measured
14.78 sq. ft., while the two wings measured 1.50 sq. ft. in

area, making a total of 10.38 sq. ft., or, say, (>.4:i S(|. ft.

per pound.
London Engineering, in its issue of December 30, 1890,

gives the following description of the machine :

The compressed air is stored in a tube which forms th(' hack-
bone of the whole construction. This tnlie is 3 in. in diameter,

48^ in. long, and has a capacity of 144.0 cub. in. Its weight
is 19.5 (>/., and the working pressure is 3I!0 lbs. per S(inare
inch. The engine (\vlinder has a diameter of 1^ in. and a
stroke of li in., while the total weight of the engine is only
Oi oz. The ]n'ston-roil is nuule fast to the end of the back-
bone, and the cylinder moves up and down over the piston.

Two links comiect the cylinder to the Canadian red ))inc rods
which carry the wings. The air is admitted to the cylinder
ami exhausted by means of a valve worked by tappct.s. The
period of iidniission continues through the eirtire stroke. The
cylinder and receiver ends are ])ressed, and the ])iston is made
of vulcanite, with a leather cup ring for jiaeking.

The wings are made of paper, and have no canting or feathiM--

ing motion other than that due to the springing of the material

of which they are made. The weight of the wings is :i oz.

To find how much the wings deflected, one was held h.y the

butt and a weight of 7i oz. was put on the membrane 34 in.

from the fixed point, and \i in. abaft the wing arm. The
deflection produced, due to torsional stress, was ;J.V\ By mov-
ing the weight half way across the wing it was twisted 8|°.

The area of the body is 3,138 sq. in.; the area of the wings
310 sq. in., and the total area 3,344 sii. in.

When first made, the machine had its center of. gravity so
placed that the jiercentage of area in advance of it was 30 ]ier

cent, of the whole area, but continued disaster caused its re-

duction to 33.3 jiercent. In a dead calm the machine Ilew 308
ft. horizontally.

It will be noted that the engine is a nuirvel of simplicity

and lightness. Its cylinder is made like a common tin can,

the cylinder covers are cut from sheet tin and pressed into

shape in a vice, the ])iston and junk-ring are made of vul-

canite, and the cup leather packing does away with the

necessity for the cylinder being either round or parallel.

Beside the engine, a marked advance consisted in secur-

ing the torsion of the wings through no special mechanism,
as formerly, but simj)ly by the elasticity of the material

Fig. -HARGRAVE, No. 10-18911.

composing them. This throws a new light upon the part

perlormed in the flight of birds by the elasticity of their

feathers, and promises great sim|)licity and ellicicncy in the

future designing of artificial wings.

By looking at the flgure, a bowsprit will be noticed.

This was a so-called safety stick, which was added to break

the fall of the machine when alighting, and it has proved

q\iite successful in .acconqilishing that object.

A noticeable feature of this and subse(|uent machines ex-

hibited by yi. Jfargmre consists in the extraordinary length

of. its supporting body plane. The same surface would

carry a far greater load if it were driven broadside instead

of lengthwise ; but M. ILirgmre explains that thejilane was
pur))Osely so designed in order to insure longitudinal stabil-

ity. This quality migh"; also be secured by placing a tail

far in the rear of a narrow supporting plane, as practiced

by Pinaud and others. He states, moreover, that the plane
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is rendered more eflfective per unit of surface by being cut
away in the middle portion, or by being formed in two
parts, separated by a gap.
As regards tiie lateral eijuilibrium, lie seems to have met

with but little difficulty ; a slight diedral angle of the two
halves of the body plane with each other providing the
necessary stability, and preventing any swerving so long as

the center of gravity was at all below the center of effort
;

but he had great trouble in working out the longitudinal
stability. This he did upon the " cut and try" principle—
a method doubtless the most thorough, the surest, and the
most convincing, but also the most tedious. He found that
the direction up or down of the machines in flight was en-
tirely due to the distance of the center of gravity from the
forward edge of the body plane, and therefore to "the coinci-

dence or otherwise of the center of gravity with the center
of pressure. He measured the percentage of area in advance
of the center of gravity in his three most successful ma-
cliines, and found it respectively 19.3, 20 and 33.3 per cent,
of the length of the plane, while subsequently he came to

the general conclusion that tlie true position for the center
of gravity for a continuous rectangular surface is situated
between 0.3.'i and 0.2 of the length from the forward end,
tliese positions being arrived at " by experience gained by
repeated wrecks when groping in comparative darkness."

This independent working out of a complex question well
illustrates the perseverance and ingenuity of this experi-
menter. At this juncture, however, he would have been
saved much groping, time, and annoyance had he been
aware of the formula of Joessel for determining the center
of pressure :

C'= (0.3 + 0.3 sin. n) L,

in which G is the distance from the forward edge of a rec-

tangular plane to its center of pressure, when inclined at the

Fig. VS-HARURAVE, Nu. 13.-18M.

angle of incidence (t with the course, and L is the length of

the plane along the line of motion.

In the same year (181J0) M. Uanjrave built another flying

machine, actuated by compressed air and projielled by beat-

ing wings. This is shown by fig. 7H. It was of the in-

creased weight of 4.03 lbs., with sustaining body plane of

different shape, measuring 29.03 sq. ft., or in the propor-

tion of 0.40 S(i. ft. per pound. It flew 343 ft., with an ex-

penditure of 789 foot-pounds of energy, and therefore

showed better results than the previous machine (No. 10),

inasmuch as more pounds were transported on the air ap-

proximately the same distance, with a somewhat smaller

expenditure of energy.

Having apparently found some advantage by shortening

the body plane, M. Ilargrave next built his flying machine
No. 13, which is shown in fig. 79, with a body plane still

shorter, and he provided it with a two-bladed aerial screw,

set in the bow and actuated by a three-cylinder compressed-

air engine of the Brotherhood type. This drove it 128 ft.

in eight seconds, with an expenditure of 143 foot-pounds of

energy. The apparatus weighed 40.86 oz. (2.93 lbs.), and
exposed 2,952 sq. in., or 20.5 ft. of floating surface, being

in the ratio of 7.00 sq. ft. per pound.
This is the first time (paper 10, July 1, 1891) that M. Ilai--

gt-ave gives us the time of flight of his machines, so that we
may calculate tlie number of pounds of weight transported

in ratio to the horse power. He says :

The time of flight is taken with a sandglass which has a loop

of string at each end of it. The loop at the sand end is put
round the right wrist, and the other loop is held between the

right thumb and the receiver, so that the glass is turned the

moment that the machine is let go. On the machine taking
the ground the glass is put horizontal, and the santl which has
fallen is timed at leisure. This seems an obvious enough
method of finding the speed, but a practical way to do it was
not devised previously.

This showed for No. 13 machine a speed of 10.34 miles
per hour, which is about what we should have expected
from the large proportional surface, it being about in the
ratio of the slowest flying birds. This low speed M. Ilar-

fjrave adopts on purpose, the better to observe the motions
of the machines and to save breakage, and he adds quaintly
that he sees no objection to this course, so long as the at-

mosphere is not crowded with flying machines. As No. 13-

machine (fig. 79) is reported as having expended 143 foot-

pounds in eight seconds, we have :

Power = 143 -^8 = 18 foot-pounds per second,

nearly, and, as it weighed (as reported) 2.93 lbs., we have
for the weight sustained per horse power :

3.93 X 550 ^ 18 = 89.53 lbs. per horse power ;

while it will be recollected that M. Tatin sustained 110 lbs.

per horse power and that M. Phillips in his recent (1893)
exjieriments floated 72 lbs. per horse power. We will see

by the analysis of subsecjuent jjerforraances that M. ITiir-

grave did not obtain quite as good results with subsequent
flying machines.
He next built his No. 14 flying machine, with much the

same shape of body surface, but propelled by beating wings
instead of a screw. It weighed 3.09 lbs. and exposed 23.84
sq. ft. of surface, being in the proportion of 0.19 sq. ft. per
pound. It flew 312 ft. in 19 seconds, with an expenditure
of 509 foot-pouuds, and thus we have :

Power = 509 -^ 19 = 26.79 foot-pounds per second,

and for the weight floated per horse power :

3.09 X 550 -^ 36.79 = 75.75 lbs. per horse power.

This apparatus (No. 14) M. Rargrave has generously
offered to pi'escnt to some American institution which will

take projier care of it, believing it to be one in which " the
increa.sed .skill in construction acquired by practice is

thought to have resulted in an apparatus that, for its

weight, it will be hard to excel." He says in his paper to

the Royal Society :

It may be .said that it is a waste of time to make machines
of such small capabilities, and that no practical good can come
of them. But we must not try too uaich at first ; we must
rememlier that all our inventions are but developments of
crude ideas ; that a commercially successful result in a jjracti-

cally unexplored field cannot pos.sibly be got without an enor-
mous amount of unremunerative work. It is the piled-up and
recorded experience of many busy brains that has produced the
luxurious travelling conveniences of to-day, which in no way
astonish us, and there is no good reason for supjiosing that we

1.:; z::^ FiG.tT9—hargrave,^no.:i3.—isoi.a j m
shall always be content to keep on the agitated surface of the

sea and air, when it is possible to travel in a superior plane,

unimpeded by frietioual disturbances.

No. 10 was another compressed-air flying machine with

beating wings and somewhat differently shaped body plane.

It weighed 4.66 lbs., spread 26.06 sq. ft. of surface, and
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flew f!43 ft. in 23 seconds, with an expenditure of 743 foot-

pounds. The power was therefore :

Power = 743 -^ 33 = 33.3f) foot-pounds per second,

and the weight floated per horse power :

4.6(5 X 550 -r- 33.38 = 7i).4.5 lbs. per horse power.

Several forms of body plane seem to have been tested in tliis

machine and no less than 13 trials were recorded,. trial No.

10 being the successful one, from whieli tlie above data liave

been taken.

Having now constructed ten flying machines of difl'erent

types and proportions actuated by india-rubber in tension,

and si.\ actuated by compressed air, of increasing size and
weight, M. If„ir/rfiri tlien turned his attention to producing
a steam motor which should equal in liglitucss and surpass

in power the best compressed-air motors tlius far constructed

by him, and wliich should furnish driving power for a longer

time.

But first he endeavored to work out an idea which he
seems to have entertained for some years, of testing an ex-

plosion motor, riis engine No. 15 consisted of a turbine to

be worked by the gases resulting from the exi)losion of a

mixture of nitrate of ammonia, charcoal, and sulphur ; but

a considerable expenditure of time only resulted in a failure.

Ilealso experimented upon a method of utilizing sea waves
in propelling vessels, which he believes to be the germ of

the solution of the soaring problem, and he succeeiled in

securing such automatic action that a 13^ lb. model ad-

vanced in the wind's eye at five-eighths of a mile per hour.

He also made some experiments upon pure aluminium, but

found that it presented no advantages for flying-machine

construction.

(to be continued.)

ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.

TuE object of publishin;; this montlily list of aeeideuts to

locomotive engineers and liremen is to make known the terri-

ble sacrifice of life and limb that is constantly going on among
this class of people, with the hope that sucli publication will

in time imlieate some of the causes of accidents of this kind,
and help to lessen the awful amount of suffering due directly

and inilirectly to them. If au)' one will aid us with informa-
tion which will help to make our list more complete or cor-

rect, or wlio will indicate the causes or the cures for any kind
of accidents which occur, they will not only be doing us a

favor, but will be aiding in aooomplisliing the object of pub-
lishing this report, which is to lessen the risk and dauger to

which the men to whom we all intrust our lives are exposed.
The only, or the chief source of information we have, from

which our report is made up, is the newspapers. From these
the following list of accidents, which occurred in .July, has
been made up. Of course we cannot report those of which
we have no knowledge, and doubtless there are many such.

ACCIDENTS FOU JULY.

Rowaton, Conn., .July 1.—The cylinrler-licad of a locomo-
tive hauling a train on the New York, New Haven & Hartford
Road blew out this morning, severely scalding the firem.an and
delaj'ing traffic for several hours. The fireman was taken to

a hotel, where his wounds were atlended to.

Wheeling, W. Va., .July 4.—An acconmiodation train on
the Panhandle Road was derailed this morning south of Wells-
burg. The fireman of the engine, Simon Cnssick, of Sleuben-
ville, O., was killed. Several passengers were injured.
Spreading of the rails caused the disaster. The engine and
two coaches were derailed and overturned.

Erie, Pa., .July 8.—A head-end collision occurred between
Philadel])hia and Erie freight trains Nos. 6'> and 03, near
Johnsonburg, this morning. The west-bound train. No. 6.1,

passed Ridgeway without orders. Engineer John Bradlock,
of Renovo, on the cast-bound special, was killed at his post.

Fireman Keppler was also liaiUy crushed and will die. Engi-
neer .1. Robinsjn, of the west bound train, and William
SclioeCfer, fireman, are severely injured.

Roanoke, Va., .July 8. —William S. .\rkins, fireman on the
east-bound vestibule of .the Norfolk &, Western Railroad, fell

from his engine this evening and was badly hurt.

Menominee, Micli , .Inly 8.—In a wreck at Bagley to-night

Engineer Berrington and Fireman Dolan were fatally injured.

Wilkesharre, Pa., .Inly 10.— James Finney, of Wilkesbarre,

a fireman, was slightly hurt at Coxton lo-night, by passenger
train No. 17 on the Lehigh Valley Road running into a freight

train.

Dover, N. H , .July 11.—An extra train on the Boston &
JIaine Railroad collided with a freight car, wdiich had backed
oil the y at Rollingsford. Frank Down, engineer, and For-
rest Carrish jumped. Clarrish broke his neck, but was taken
up alive anil sent to Rochester, where no thoughts of his re-

covery are entertained.

Avon, N. Y., .July 11.—Fred .J. Barnard, a fireman on a
way freight, fell from his engine when just out of Attica

to-night and fractured his wrist.

Columbus, Ind,, .Inly 13.— A special freight train ran into

a regular freight at Henry ville, Ind., south of here to-nigiit.

George Sherley and Brook Bank, engineer and fireman of the

special, were fatallv hurt.

Chicago, 111., .Inly 14.— A Baltimore & Ohio suburban train

was ditched at liiglitj'-seventh Street this morning. An open
switch caused the accident. Engineer .John Houlihan was
scalded and painfull.y injured, but not fatally.

Radford, Va., .Inly l.T.—A collision on the new river division

of the Norfolk & Western Road occurred to-day. Fireman
Pool was killed, and Engineer Ransom badly scalded. Engi-
neer Monroe had both aidiles sprained anil was liurt internally.

Pittsburg, Pa., .Inly 15,— At four o'clock this morning en-

gine No. 139, drawing the east-bound freight on the Pitts-

burg & Western Railway, ran into a mass of stone at the

mouth of tunnel No. 1, near UnderclitTe Station, completely
wrecking the engine and six cars. Fireman John O'Neill and
Engineer Charles Angell both sustained injuries in the acci-

dent, but not of a serious nature. The cause was the falling

of the roof of the tunnel just as the train approached.
College Point, N. Y., .Inly 17.—James Walsh slijiped from

the tank of his engine on the Central Hudson Road this morn-
ing, and fell to the ground, striking upon a large piece of coal,

breaking two of the upper ribs on the left side.

Zanesvillo, O., .July . 18.— W. II. Core, an engineer on the

Baltimore & Ohio Road, injured his right elbow by striking

it against the backboard of his engine to-day.

liull'alo, N. Y., .Inly 18.—An excursion train on the West-
ern New York & Pennsylvania Railway ran into a turn table

pit at East Aurora to-night. There was a .sharp curve and
down grade just above the station, and the engineer was un-
able to see that the switcli leading to the table was open.
Fireman John N. Norris received a concussion of the brain

and a heavy cut over the left eye.

Scranton, Pa., .July 18.—Matthew Whalen, of Great Bend,
a fireman on the Delaware, Lackawanna & Western Railroad,

was leaning out of the cab window this evening and lost his

balance, falling to the ground. He was removed to the lios-

pital, where it w.as found that several of his ribs were broken
LUid that he had sustained internal injuries.

New London, Conn., .July 19.—.James Raleigh, fireman on
the New London & Northern Railway, while turning an en-

gine on the turn-talile at Union Station, Norwich, this evening,
caught his riglit forefinger between the turn-table lever and a
car on the switch, badly crushing the finger.

"Joliet, 111., .July 30.—A Rock Island & Pacific stock train

ran into a sidetracked train at Tiskilwa this afternoon.

George Hickey, fireman, and Henry Strong, the engineer,
were killed. The flagman had been sent back, and states that

Strong paid no attention to his signals.

.Jackson, Mich., .luly 31.—Will Westfall, a fireman on the
Jlichigan Central Road, was scalded by a stream of hot oil

near Albion this evening. The glass of the lubricator burst,

and three streams of oil were thrown out. One barely mis.sed

the engineer, another one went to the left side of the cab,

while a third shot down upon Westfall just as he put the

scoopfnl of coal in the tire box. The ri.ght .side of the face

and neck were badly burned ; the skin was pulled off, leaving
the bare flesli, from which the blood oozed trickling down his

clothing. The young man suffered terribly on his way to

.Jackson.

Anna, 111., July 21.—A southbound train on the Mobile &
(!)hio Itailroad ran into a loose freight car 3 miles west of

.Jonesburg to-day. The fireman. .Joe Sammis, received in-

ternal injuries, and Engineer Ben Ward had his foot injured.

Cleveland, O., .July 23.—An engine drawing three cars

jumped the track in the Alabama Street yards early this morn-
ing. Engineer John H. Hines and his fireman leaped from
the engine. The latter escaped, but Hines took the wrong
side of the engine, and it toppled over on him. He was
crushed and burned in a horrible manner, and was dead when
extricated.
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Diinville, 111., July 33 —William Burns, nn ondncer on the

C. v. it C. Hoail, liiiil liis Ici; hroUcu and liciul j;ashcil in a
rcar-cntl collision at liawrencolHU';; this morning. Jiurns was
pullins; the second section, anil the tirst had stopped at Law-
rcnc('liurg for water, when Burns, thinkinf; they hail proceeded,
came on. The collision occurred when the second section was
moving at the rate of about 3 miles an hour, hut Burns jumped
and received llu' injuries specitied.

Pittsburg. I'a., July 3."),—An accommodation train on the
Alleghany Road eollicled with a freight train at Willow Grove
Station this morning. The accident occurred on a curve
where the engineer of the approaching train was unable to see

the freight train until too near to stop. Frank Stump, the
lircmau, jumped from the engine, and escaped with a few
bruises. Kngineer Albert Bissell stood at his post, and when
taken out was found to have sustained only a few scratches
and bruises, which will not prove sctrions.

Morgansvillc. Ky., July 3.5.—A freight train on the Ohio
Valley Road was ditched 3 miles wi'st of here early this morn-
ing. Robert Van Dorn, engineer, and Fraidv Threlkeld, the
fireman, were killed and their bodies burnt to a crisp.

Warwick, N. Y. , July 3.').—Fireman Blake fell from his en-

gine on the New York, Lehigh i: Hudson Railroad ne.ar May-
brook to-night, and was .seriously injured about the head.

RulTalo. N. Y., Julv 3.').— Levi Snyder, a fireni;ui on the
Western New York it Pennsylvania Road, was badly injured
this morning by a passenger train, lie was tossed into tlie air

and struck head-foremost upon the rails. Wheu examined it

was found that his skull was fractured, and he was otherwise
hadly bruised about the bod}' and head.

Delaware, O., July 35.— In consequence of a misplaced
switch a heavy coal train collided with a switch engine in the

Hocking Valley yard at this place to-day. Engineer Brown,
of the switcher, was terribly bruised and lacerated about the
hands and face.

Nashville, Tenn., July 36.—Four cars lo.adcd with logs be-

came detached from a freight train about 70 miles south of
here this morning, and ran back down a long grade into an
express. Fireman Joe Zeanone was injured, but not fatallj'.

Wilkcsbarre, Pa., July 37,— The Cannon-Bali freight train,

on the Lehigh Valley Road, ran into a pusher at Gracedale
this morning. The CannonBall had two engines, one in

front and one at the rear. Engineer George Hapeman, of the
second engine, jumped and landed on a bank of dirt, re-

bounded against the engine, and sustained a severe scalp
wound and bruises on his back. Martin Rj'an, the lireman,
had his arm badly hurt.

Pueblo. Col., July 37.—A cloud burst on the south side of
Pike's Peak this morning. Hooding the Arkansas River, by
which the trestle on the Union Pacific Railroad, a mile from
the city, was weakened, and a freight train plunged to the
bottom of the canon. Engineer Henderson lies under the en-
gine, and Fireman Nye is fatally injured.

Reading, Pa., July 38.—A coal train pulling over the grade
to Spring .Mills on the Schuylkill Valley branch of the Penn-
sylvania Road broke in two this evening. Another freight

train crashed into it. The locomotive was derailed and turned
about. The engineer escapeil injury liy jumping, but the
lireman, Frank Farrel, received a painful cut on the leg while
attempting to stop the engine.

Indianapolis, Iiid., July 38.—A passenger train on the Pitts-

burg, Cincimiati. Chicago i St. Louis Railroad collided with
a freight train just nortli of this city on th(^ Lake KrieiV: West-
ern tracks. The collision was a head-on one. ,\1 Woods,
pass(;nger engineer, had his ankle broken and face hurt.

Walter Ensey, passenger (irenian, had his face and head badly
injured

Springfield, Ont., Jidy 39.—An e.vpress on the Michigan
Central Road was derailed here this afterno m. The engineer
was badly scalded.

Fort \Vortli, Tex., July 30.—Harry Lyons, an engineer .it

Celina, was terribly scalded to-ilay by the blowing out of a
safety-valve.

Wilkcsbarre, Pa., July 31.—An empty engine on the Delano
Division of tbi' Lehigh Valley Railroad ran into a pas.senger

train near Mahanoy City today. Engineer .Miner, of the pas-

senger train, was injured about the head, iioth engines were
wrecked.
Our report for July, it will be seen, inc'ludes 3.") accidents,

in which seven engineers and nine firemen were killed, and l.T

engineers and 19 firemen injured. The causes of the accidents
may be cla.ssified as follows :

Blowing out of cylinder head 1

" " " safety-valve 1

Bursting of oil glass 1

Collisions 13

Derailments 4
Falling from engine 5
Misplaced switch 4
Striking against cab 1

Unknown 1

Tunnel roof falling 1

Stru(;k against backboard t

Turning engine 1

Struck by passing train 1

Washout 1
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GENERAL MARINE NOTES.

Largest Dredge in the World.—A trial was recently made
of a large dredge built for deepening the bar at the mi)uth of
the Mer.sey River. It is estimated that it will raise 34,000 Ions
of lualter daily.

An Aluminum Cutter.—A lOton cutter constructed of alumi-
num, said tobe the first sea-going vessel made of this mi^tal, is

being built at Loire, for Comte de Chabannes la Pollice. It

will be half the weight of a vessel of similar class constructed
with a steel frame. Her hull will weigh only 5, .500 lbs.,

whereas, if built of the ordthary material, it would weigh
10,000 lbs.

The Battleship " Resolution."—The battleshi]) li( sol 11 tin 11,

which has recently been coiupleted on the Tyne, will take the
[ilace of the Vicloria, which was recently lost. The new ves-

sel is one of the largest battleships afloat, comprising one of
the eight built under the Na^'al Defence Act of 1889. She is

40 ft. longer, 5 ft. broader, and has 3,080 tons more displace-
ment than the Victoria. When used as a flagship she will
have a complement of over 700 officers and men.

Air Sacks for Wrecking.—Air sacks have recently been
successfully used for raising wrecks on the Pacific coast. The
method consists of placing canvas sacks 30 ft. X 4A ft. in the
hold. Each of these .sacks is attached by a hose to a powerful
air-pump. The sacks are adjusted by a diver and are then
inflated. Water is forced out of the "hull, the mflated sacks
taking its place and then acting as pontoons for raising the
vessel.

A Bow Rudder.—The new steel sidewheel steamer C/t// of
Alpi ua. which was built at Detroit, is provided with a bow
rudder that is used in moving the boat about the harbor.
There are two wheels in the wheel-house, one operating the
bow rudder by hand and the other connected with the steam
steering-gear for the ordinary rudder. Considerable interest

is manifested in the device among the vesselmen, and it is

.said to be working well.

The Largest Freight Steamer in the World.— .\ steamer
which is claimed to be the largest freiglit slearncr in the world
has recently been launched .at Dunbarton in Scotland. Her
displacement is aliout l.T.OOO tons, ami she will cjirry 7,000
tons of freight In addition to freight she will have a capacity
for 300 second cla.^s anil 1,300 thinl-elass passengers, but no
first-class. She is intended for tralfic between Liverpool and
Philadelphia, and is intended to make the distance between
these two points in eight days.

Trolley System for Boats on the Colorado River.—We
have noticed the fai't that a trolley system ol boat, propidsion
is to be tested on the ICric Canal, and recent advices from
t'olorado slate that an invesligalion is being made as to the
feasibility of using a trolley line for operaling small boats
througli the Black Canon and other scenic points. The power
is to be generated by water-wheels driven by the current of
the river. One of the features of th(^ scheme is to convey the
surplus jiortion of the power down the river, where it will be
used for puniiiing the water of the river to a height of from
15 ft. to 30 ft. upon mesa lands for irrigation.

A New Idea in Ship-building.—The Boston Journal states

that a new idea in sliip-building has been developed at Belfast.

Tiiere is a vessel on the stocks there which has no keel for

about 130 ft. from the sternpost, while ft. of the slernpost is

cut away, the hull of the vessel sloping from the horizontal for

tiie 130 ft. until level with the curtailed sternpost. The bot-

tom of the sterniiost and the actual stern of the vessel are not
connected in any way. The vessel is a twin screw, and the

propellers will work through a small aperture, with nothing
i)etween them and the water beneath. They will, therefore,

always be in unbroken water.
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Blowing up Derelicts.— A. dispatch from Wusliingtoiistiites

that there is a probability of an agreement beiuR made between
England and the United States for blowing up the ocean der-

elicts. The proposition is that England and tlie United Slates

shall each assign two warships of tlie cruiser t_vpe suited lo

this work, forthe duty of Iceeping the tracks of sliips and
.steamers in the North Atlantic clear of derelicts. Tlie English
ships will look after the wrecks on the adopted Transatlantic

routes north, while the American ships will destroy the wrecks
of the ocean farther south and along the coast between New
York and Ilatteras.

A Magnetized Towing Drum.—A novel application of

electricity in the canal service has been made in France on the

canals on wliich the endless chain system of towing is in vogue.
The chain lies in tlie bottom of the canal, and is brought over
the bows of the boats, carried around drums, and then passed
over the stern into the water. In order to make the chain

cling to the drums it has been necessary to pass it around tliem

a number of times. This produces a heavy tension that re-

sults in frequent breaking of the chain. A drum magnelizcd
with electricity has now been invented which holds the chain
firmly and obviates the necessity of numerous turns.

A Kite to Send Life-lines Ashore.—Professor G. Wood-
bridge Davis lias just concluded an interesting series of experi-

ments with kites as a means of sending life-lines ashore at

Newport, L. I. He went on board Brenton Reef lightship and
remained there four days, and made the ship his headquarters
for the experiments. He made several trials, but was unable
to get suitable wind to land his kite on Brenton Reef, which
is about IJ miles from the lightship. Failing to get a wind
blowing on sliore, Davis sent a kite out with a 331b. buoy as

a drag. Tliis was a success, and tlie five men engaged to haul
the kite in declared tlie kite was not wet. The buoy was
attached to a rope about 300 ft. from the kite, allowing the
flying machine to Boat at that distance from the water.

A New Steamer for Fall River Line.—The new 4,000-ton
steamer for the Fall River Line was recently launched at the

old Roach shipyard, and was towed to New York the next day
for the purpose of receiving her machinery. The uew boat is

430 ft. on the water-line and 440 ft. over all, or 30 ft. longer
than tlie Puritan. Her hull is 53 ft. 6 in. wide, and her ex-

treme breadth over guards is 93 ft. The draft will be 13 ft.

6 in., and she has a total displacement of 4,550 tons. She was
designed by George Pierce, Supervisor of the Fall River Line.

Her outward appearance is similar to that of the Puritan.
She has two steel masts and two smoke-stacks. Her passenger
and freight capacity will be even greater tlian the Puritan.
and she will be more, elaborately finished and furnished. It

is expected that she will be ready for service early next
summer.

The British Mercantile Marine.—The total numberof ves-

sels in the British mercantile marine, say Lloyd's latest returns,

is 31,543, witli an aggregate tonnage of 12,303.761 tons. Of
this number, 7,960 are steamers with 8,980,303 gross tons, or
an average considerably over 1,000 tons each. Last year Eng-
land added 873 vessels of 984,670 tons, of which 31,000 tons

were purchased from foreigners. But England also sold to

foreign nations, chiefly Norway, France and Germany, 117,000
tons more than she purchased. In the last six years nearly

4,500,000 tons of steamers have been added to the register, and
only 1,600,000 tons have been removed ; and of the latter the

greatest number have only changed flags, and are still com-
petitors for trade. In the same period 913,000 tons of sailing

ships have been added on 1,306,000 tons removed ; so tliat there
are fewer sailing ships on the regi.ster now than in 1887.

An Amphibious Boat.—A new Canadian invention for use
in the lumber districts is coming into general use in Northern
Ontario. It is called a steam-warping tug. It propels it.self

on land as well as on water, and is used by lumbermen who.se
operations are carried 011 among sniall lakes connected by
streams of uncertain navigation. The vessel has proved not
only a success, but a great boon to the lumber trade. Six
of these unique crafts have been built by the inventors dur-
ing the past season, four completed at their yard and two
shipped ready to be put together at their destination in the
Nipissing district. They are built in scow shape, with steel-

shod runners for moving overland ; are 37 ft. long, 10 ft.

beam, decked all over, and liave sleeping room for four men
in the bow ; the bottom and up the bow is covered with steel

boiler plate. An engine of 33 H.P. furnishes steam for 10
hours' work, with three-quarters of a cord of dry wood. In
the water it moves six miles an hour forward or backward, as
required, propelled by sidewheels. . On land it is propelled by

having a cable drum, on which is coiled five-eighths of a mile .

of steel wire cable, which is fastened with pulleys to a tree or

some ol)ject in front, the boat moving as the wire is coiled up.

The boiler is hung on an axle in the center, and a screw ar-

ranged on the front enables the fireman to tip it forward or
back and keep it leve'l going up or down hill. It will move
over an elevation of 1 ft. in 3 on land, and draws about 28 in.

in the water.

The " Bannockburn."—The Bannockburn is the name
which will be given the new steel .screw steamer recently

constructed in the dockyards of Sir Raylton Dixon, Mid-
dle.sborough, England, for the Montreal Transportation Com-
pauv. The length of the vessel over all is 353 ft.; breadth,

40 ft.; molded depth. 21 ft. 3f in.; depth of hold, 18 ft. 7| in.

Her dimensions are thus exactly adapted to tlie capacity of

the Welland Canal. Although specially adapted for carrying
freight, she will have first-class accommodation for a limited

number of passengers. The saloon is situated in the after part

of the vessel and will be handsomely furnished. The engines
of the Bannockburn will be triple-expansion, having three

cylinders of 31 in., 34 in., and 56 in. diameter, and a stroke of

39 in. She will have two boilers, eacli 39 ft. 9 in. long by
9 ft. 9 in. in diameter, tested to a working pressure of 160 lbs.

to the square inch. The steamer will have five water-tight

compartments, and provision is being made for ample water
ballast tanks being fitted in the bottom, capable of carrying

750 gro.ss tons of water. By this means the hull will be caused
to sit deep enough when entirely light to be easily handled.
She will be lighted by electricity and a good deal of the work
aboard will be done by steam. The vessel is fitted with

a steam steering apparatus. The Bannockbwn arrived in Mon-
treal about June 1. She will be taken apart and floated up
the St. Lawrence to Kingston in sections. This vessel will

be indeed an important addition to the large fleet of Upper
Lake vessels and a credit to the enterprise of the company
which she belongs.

The Simplex and the Huge Torpedo. —H. C. Vogt, Copen-
hagen, describes in I'he Steamship the Simplex and the Huge
torpedo. Each of these is designed to carry a crew within a

short distance of the object aimed at. The'Simplex torpedo
carries a single man who drops into the water in a particular

dre-ss or swimming apparatus, about 500 ft. from the ship to

be destroyed. While in the torpedo, he occupies a liollow

breakwater, strong enough to protect him from sm.all shot.

In outward appearance the Simplex torpedo resembles the

Whitehead, and it is so small as compared with an ordinary
torpedo boat that it is much harder to hit and much easier to

manceuvre. It is intended to use petroleum for fuel and to

bottle up the steam so that the man aboard can devote his

entire attention to the helm and manceuvres. The Simplex
was submitted to the United States Navy Department, wliich

objected to it becau,se of its dependence upon the boiler and
macliinery which must be left unattended during the time
occupied in approaching the enemy, which maj' be for hours,

and was then expectecT to develop its greatest power at the

moment of attack. It was urged, too, that the change in trim

at the critical moment of active .service would cause a serious

deflection in the course of tlie torpedo, and that the design
was not sufiiciently developed and reliable. In the Huge
torpedo, the powerful spring releases a small boat about 600
ft. from the object of attack. This boat is protected by a

small shield on the torpedo, and when launched is propelled

by means of oars or by a screw with machinery similar to that

of the Whitehead torpedo. It is expected to attain a speed of

1,700 ft. in a minute, and is exploded on impact by the crush-

ing in of the bow and the ignition of kalium Ijy the inrushing

water.

Heavy Coal Consumption not Unprofitable.—The Satur-
day Review says that when a man talks of a fast boat, a 33-knot
boat, which means a 35 mile boat from Queenstown to Sandy
Hook, the pessimist utters the word " Coal !" and feels that

no more terrible condemnation could be uttered. The coal

consumption of the Campania is, no doubt, great ; it has to

feed 30,000 horses at full gallop for 2.800 knots ; and the gal-

lop will last about five days and a quarter ; but, although this

means over 2,500 tons of coal for the trip, the shorter trip

means less human fuel in the .shape of fewer meals for the

passengers. The quick passage is all in favor of the ship-

owner in the commissariat of the ship. Many of the passen-

gers become hungry only on the fourth day, and the reduction

of the journey from 10 to five days means something consider-

able in the consumption of beef, seeing that the reduction is

always in the hungry days. The shipowner calculates, with
appalling indifference to suffering humanity, that if the pas-

sage could be shortened a day or two more, some of his pas-
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sengers could be landed just at the time they were bej;iiiniiis

to think about the cook as a person of consequeiue. 'I'here is

another jiractical view of the case. A ship tliat can make a

vovaire to New York and back in a fortniLclil will earn r>'2

freights in (lie year, instead of tlie 'Hi of llie boals of ','0 years

ago. The crew costs no more, if the coal does, and the earn-

ings are double. 15ut there is yet another view of tlie matter.

Tiie late Sir William Pearce, wlio began these fasl boats by
the l)uildin,g of the Arist/iui, and who.se successors at Fairfield

have built the Otvipniiid. once asked a friend, whose imagi-

nation reeled at the idea of a '..".> knot boat, wlielh<r lie would
not prefer to go down in a fast boat in ])refcrence to meelin.g

ail iguoMiinious death in an 0(<an tramp. 'I'he humor of the

sentiment lies in the fact that it is the ocean tramp that always
goes down in the case of a ('ollision ; and it is llic fa.st boat

that scuds the traTup down. Parliamentary humanitarians

should see to this. Surely their reckless ingennity is equal to

the discovery of sonic way of i)reventing people from choos-

ing their mode of drowning.

Steel Chords Broken.—The loss of the steamer Wenttfii

/i< .•(( 77C oM Lake Superior last season demonstrated the extent

of the piitdshment that can be intlicted u])on huge steel steamers

by running them full tilt a.gainst heavy .seas, and served the

purpose of reconunending wooden vessels to public favor,

because of the impossibility of breaking them in two through

similar usage. Nevertheiess large wooden steamers suiter

heavy punishment and are often brought to what might be

styled the breaking point while being forced a.gainst head seas

in" light trim. This has been clearly demonstrated in the case

of two of the largest wooden steanters of the ^lilwaukec fleet.

One of these is the Ferdiiidud Srhle.<tui;/()\ which came out in

1891. She has a net measurement of 2,087 tons, and next to

the WiUiiiin H. Wolf is one of the strongest boats

of her class turned out from the old AVolf & Da-
vidson yard. In addition to an abundance of

diagonal strapping, two steel chords 18 in. wiile

and J in. thick, placed on the inside and outside

of the heads of tlie frames and fastened together

with through bolts, traverse the full length of

th(! craft. During the two seasons she has lieen

in (commission the SehhHiiiycr was on sevi^ral

occa.sions driven in the face of storms without
cargo, and now it is discovered that on the port

side, at a jioiiit about 50 ft. forward of the boil-

ers, both of these heavy to|i chords have been
fractured. The broken plates will be secured

with lajis. The second instance is presented by
the steamer lldena, though not in so marked a

degree. The lldena had an outer chord of steel

10 in. wide and | in. thick traversing the heads
of her frames. On being stripped at the south

.yard, the other day, two laps of this chord, at a

point about amidship on the port side, were found
to have sulTered a clean fracture. The chord has

been ri'iuoved, and hereafter the lldena will carry

an inside and outside upper chord of steel 24 in.

wide and J in. thick. Here are two marked eases

of .severe pmiishment to wooden steamers that have come to

light because their owners have made no secret of the matter.
There (.•ui be no question that numerous similar cases exist at

other points along the lakes, and that the facts are kept care-

fully concealed from the public.

—

Tlie Ercning Wisronsin.

Visibility of Colored Lights.—The Lighthouse Board have
recently been making some investigations regarding the in-

tensity' of lights used by the merchant marine as anchor and
running lights. The method Iiy which the observations were
made were that three lights—a red, green and white—were
located on the shore 2.") ft. apart and about 15 ft. above water.
Buoys ware then placed at distances of 1,2, :!, 4 and 5 miles
from the shore station, ranged with the lights. A siirual code
was arranged by which the vessel from which the observations
were made could signal as to whether the intensity of the light

was to be increased or diininisheil. The experiments were
begun about 8.45 in the evening. It appears from them that

at 1 mile a white light of 1 candle power is clearly visible,

while for red and green lights :^.2 candle power is fairly visi-

ble ; at 2 miles' distance a white light of :i candle power is

clearly visible, and red and green lights of 29 and 28J respec-
tively clearly visilile ; at :!. 4 and 5 miles white lights of 3,

2:! and :W candle power are clearly visible.

The second .series of exiierinients were made two weeks
later, in which the committee attempted to determine the least

candle power at which lights of different colors could be
definitely seen at various distances, and it was found that this

was not capable of a rigorous solution. In the tirst iilace, the

eyesight of dilTcrent observers varies, and a light of a certain

candle power would lie clearly visible to one while indistinct

to another, and might be invisilik to a third. Again, on dif-

ferent niglils, apparently (dear, the nature of the atmosidiere,

dry or humid, dusty or clean, would have a considerable in-

lluence on the range of the visibility of the lights. In cases of

colored lights, red or green, the amount of absorption would
increase with the density of the color of the glass, and this

would al.so cause large variations in the range of visibility

with lights of the same candle power behind it.

All of the above was taken into consideration bj' the com-
mittee in drawing it.s conclusion, and although the candle

))owers recommended are not the least that can possibly be
seen in all cases, yet they are believed to be the least which
can be used and still give a proper margin of safety. From
the table which was prepared it is seen that for a white light

th(^ candle power recoinniended is 1,2 and l!0 for distances of

1, 2 and 5 miles respectiv('ly ; for red and green ligiits the

candle power is 4 anil 40 for 1 and 2 miles respectively.

The "Bonaventure," shown herewith (figs. 1 and 2), is

a cruiser of a new type, lately launched from the dockyard at

Devonport. She is built of steid, with bronze stem and stern

posts, and the hull is wood sheathed with :W in. teak and cov-

ered with copper. The length of the sliip between perpendicu-

lars is H20 ft. ; breadth, 49 ft. in. ; and the normal disidac('-

inent, with all her weight on board, will be \,;',C>{) tons on a

mean draft of water of 19 ft. Unlike the smaller cruisers re-

cently constructed, the llniairtiitiire has a tlusli deck fore and
aft, instead of a poop, forecastle, and waist. A distinctive

feature of this criuser is her steel protective deck extending

right fore and aft, the forward part running down with a long

sweep to the ram, of which it in reality forms a part. This

Fig. 1

—

Side Elevation of Vkwki.
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NEW ENGLISH CKUISER " BONAVENTUUE."

deck is arched lransver.sel.v, so that at fhe sides of the vessel it

is alxnit 4 ft. below the normal load-water line, while at the

centre of the ship it rises to a height of about 1 ft. above the

water. It is composed of two layers of pl.ating, measuring to-

.getlier 2 in. in thickness in the sloping jiarts aniidslii]is, and 1

in. in thickness on the Hat part. Heneath this deck are situat-

ed the various magazines, and the propelling machinery and
boilers. Tlie projielliiig machinery consists of two sets of ver-

tical trijde-exiiansion engines to operatic twin screws ; they are

ca])able of developing collectively upward of 9,000 II, P.

under forced draft, the resulting sliced being estimated at 19.5

knots. Owing to the adoption of the vertical type of engine,

the tops of the cylinders project above the level of the protec-

tive steel deck, and, in consequence, it has lieeii found neces-

sary to form an armorid breastwork around the cylinders, the

sides of which air liiiilt up of compound steel armor plates, 5

ill, thick, supported by steel Z^'f''''"" bars. A double bottom
extends throughout the engine, boiler, and forward magazine
spaces, and in order to localize any damage which may occur
to the hull, the vessel is divided intoaliout HO water-tight com-
partments, of which the hold jiroper contains ,55. The heavi-

est guns carrird will be two (j-in. quick-firing weajions. one
mounted forward tiring in a direct line ahead, and the other

monntiMl aft with direct fire astern. In addition, there will

be eight 4.7-in. quick firing .SO-pdr. guns, mounted four on
each broadside. These guns are capable of tiring about 12

shots per minute, and have a penetrative power ((pial to about
H in. of iron. The auxiliary armament — if it may besot<Tmed
—will comprise ten (juick-firing (i-pilr. Ilotchkiss guns, and
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four muehine guns. There are also four torpedo-tubes, one
fixed lit tlie bow, another at the stern, and two others capable
of being trained through a very large arc, situated one on
either broadside.

—

ladmtHcs.

PROCEEDINGS OF SOCIETIES.

Association of Foremen Blacksmiths.—A call has been
i.ssued to the foremen blacksmiths of the United Slates for a
meeting, which is to be held at Chicago on September .'J, at

10 o'clock in the morning, at 109 of the Rookery Building, for
the purpo.se of establishing a national organization for mutual
benefit. Representatives from the mechanical press and iron
and steel houses who ma}' be interested in the matter are cor-

dially invited to attend. The committee are : J. J. Thornton,
C. li. Williams, W. J. Lottes and George F. Hinkens.

Engineering Society of Western Pennsylvania.— At a re-

cent meeting Mr. E. I). Estrada presented a [)aper giving a
complete account and analysis of experiments which he had
made on the effect of suddenlj- applied loads upon the tensile

strength and other physical properties of wrought iron and
steel. The experiments descrilied went to show that by a sud-
denly applied load elongation of these materials is very mate-
rially increased, and this occurred throughout the entire lot

without a single exception.
The cjuestions considered in the analysis of results were.

Why does the elongation increase when the loads are suddenly
appli('d, and why is the elastic limit in a like manner dimin-
ished ? Will the sudden application of loail diminish the load
of a bar of iron or steel from that which would be developed
had the load been gradually applied ? When the same kind
of material is tested in the screw, it is found that, although the
elongation increases as the time diminishes, the resistance re-

mains the same ; therefore it seems reasonable to conclude that
the elongation is a time effect, and that for two identical test

pieces the resistance which would have to be overcome in

both cases before fr.acture could occur would be the same,
irrespective of the conditions under which the loads were ap-
plied, while the effects produced may differ.

OBITUARY.

John Stephenson.

John STEPirENSON, the famous car-builder, died on July 31
at New Uochelle, N. Y., of old age. He was 84 years old,

and had no particular ailment. Mr. Stephenson was born in

County Armagh, Ireland, on .July 4, 1800. The family settled

in New York in 1811. After a course at the Wesleyan Semi-
nary, this city, he was apprenticed to a coach-maker in Broome
Street.

During the first two 3'ears of young Stephen.son's apprentice-
ship to Andrew Wade, of 347 Broome Street, he spent his even-
ings drawing and designing. Abram Brower. a liveryman at

601 Broadwa}', the pioneer of the Broadway onmibus lines,

had for four years run "accommodation vehicles" from the
corner of Broadway and Bleecker Street to Wall Street, fare
one shilling. His carriages were repaired at Andrew Wade's
by young Stephenson.
In 1831, after his apprenticeship was compleled, Mr. Brower

invited Mr. Stephen.son to open a shop at ROT Broadway. On
May 1, 1831, Mr. Stephenson began business there on his own
account. Then he designed the first vehicle known in New-
York as an " omnibus," which was quickly followed by the
Minerva, the Mentor, the Vorrjetine-not and others. On the
29th of the following March his shop and all his stock were
destroyed by fire. Then he started again at 364 Elizabeth
Street.

Mr. Stephenson had a growing omnibus trade, but the New
York & Harlem Railroad, which was chartered on April 25.

1831

,

presented a new field for the exerci.se of his skill. This,
the first of street railroails, confined by its charter to the cor-

porate limits of the city, had for its president John Mason of
the Chemical Bank. The business and passenger odice was
on the east side of the Bowery, two doors below Stanton
Street. The company arranged with Mr. Stephenson to con-
struct a car of entirely new design. Tlie Stephenson car,

John Mason, named after the president of the road, has become
historical as the first street car ever used. On November 26,

1832, the road was opened from Prince Street to fourteenth
Street. On its first trip the car carried the Mayor and Com-
mon Council of the city. Mr. Stephenson received a patent
on the car, now in possession of his family, signed by Andrew-
Jackson, President of the United States, and by members of

his cabinet. Other orders from the same company followed,
and in three years orders were received from Pater.son,

Brooklyn, Jamaica, N. Y., and from Cuba and Florida.
His business continued to extend, and his cars were sent to

many foreign countries. The factory in East Twenty- seventh
Street now employs .500 men. During the war he did good
service, building many pontoons and gun carriages. Mr.
Stephenson was regarded as a man of iinfiinching honesty,
and at one lime when he failed he refused to take advantage
of the BankruptC}' Law-, ultimately paying up every cent in

full. About 27 years ago he made his home at "Clifford,"
New Rochelle. In 1833 he married Julia A. Tiemann. He
leaves two sons and a daughter.

Manufactures.

NEW SCREW PITCH GAUGE.

We illustrate a new .screw pitch gauge which is just being
Ijrought out by the Standard Tool Companj^ of Athol, Mass.,
for determining all pitches in common use from 4 to 40 per
inch, including those for pipe and brass work from 11.1 in. to

27 ])er inch. The leaves are made narrow enough so that
they will readily enter the nut, and can then be used for in-

NEVV SCREW PITCH GAUGE.

ternal work. There is also a stop which jirevents the leaf

from opening bej'oud a line straight with tlie handle, which
further facilitates its use for inside work. The larger pitches

are so arranged that they can be used as a gauge for grinding
tools.

'

AN ELECTRIC HEATER.

Messrs. Lagrange & Hone, two Belgian scientists, are
the inventors of a new method of heating, melting and re-

fining metals by means of electrical heat. The apparatus
consists of a glass or porcelain vase of any size conven-
iently adapted to the purpose, provided with a lining of lead
connected with a strong conductor of positive electricity.

This is filled to three-fourths its capacity with acidified water.
A pair of iron tongs with insulated handles is attached by a
flexible conductor to the negative pole of an electrical current

generated by an ordinary dynamo. The electrical current
having been switched on, a bar of wrought iron or other metal
is taken up with the tongs and plunged into the water within
the vase. The water immediately begins to boil at the point
of contact ; the immersed portion of the iron ri.ses quickly to

a red, then to a white heat, and emits a stream of brilliant

white light. The heat becomes so intense that the Iron melts
and falls off in bubbles and sparks, leaving a clear, glowing
surface in perfect condition for welding. The heating process
has been so rapid that neither the water nor the end of the
bar held within the tongs have been more than slightly

warmed. If instead of a bar of metal a stick of carbon is

used, the heat in a few minutes jiroduces detached fragments
of amorphous carbon, which proves scientifically that a tem-
perature of 40,000° Celsius has been developed. During the

recent experiments at Berlin the measuring instruments regis-

tered a tension of 120 volts and an energy of 220 amperes.
It is as yet too early to form any definite estimate of the

practical range or conunercial value of this discovery.

It ha.s been applied to the welding of various metals with
such success that it promises, in that special field, to inaugu-
rate a complete revolution. The clean envelope of hydrogen
which surrounds the heated metal prevents oxidation, and the

welding surface is left free from the effects of sulphur and
other impurities. It is believed that this may lead to impor-
tant results in the hardening of and tempering of armor plates

and other objects in iron and soft steel, in winch great resist-

ance to penetration or abrasion by friction is requisite, while
preserving the interior tough and fibrous to resist concussion
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or straia, as in many parts of machinery. At Essen Messrs.

Krnpp & Co. are experimenting with it in the hardening of

stec-1 cannon.
Whetlicr it is applicable sis an electrolytic process to the re-

lUiction of metals seems to be disputed. One account claims

tlint bv it tlie cost of retinins cold, pliitinum, copper, nickel.

lensrth, which in the mortars is onlv 10 calibers instead of the

30 of I he rifle.

The specitications call for the bodies to be made of charcoal

iron, cast vertically breech downward and cooled by water

circulation throiifih the core on the Hodman process. Test

specimens cut from both ends must have an elastic limit of

12-INCH BREECH LOADING RIFLE MORTARS, BUILT BY THE BUILDERS' IRON FOUNDRY.

and even iron will be reduced 80 per cent., while other author-

ities assert that, though metallic oxides may be successfully

reduced by this method, no other foreign substances contained

in the metal will be eliminated b}^ it.

THE "LUNKKN" GATE VALVE.

I2-IN. BREECH LOADING RIFLE MORTARS.

We present an engraving taken from a photograph of the

12-in. breech-loading rifle mortars built by the Builders' Iron

Foundry, of Providence, K. I., and shown as they were laid

out on the Hoor of the shop. These mortars are made with

cast-iron Itodies and two rows of steel hoops. The total length

of the gun is 129.7 in., the diameter outside of the hoops

being 42J in and weight 14i gross tons, or 33.5.j0 lbs. The
guns are a part of the system of coiist defense adopted by the

United States Government in liH8(i, and 73 of them have been

ordered at a cost of about ^6011,001). Their general apjx-ar-

ance bears a close resemblance to the steel breech-loading rifles

made by the Navy Department, with the exception of their

17,000 lbs. and a tensile strength of from 30,000 to 37.000 lbs.

per square inch, or nearly double that of ordinary cast iron.

The metal is melted in what is known as an air-furnace, and
the iron, being separated from the fuel, is more uniform and
homogeneous, and the results more reliable than can be ob
tained with the ordinary cupola. It takes about six hours to

melt it, and then about two hours longer to bring it to a proper

condition for pouring. The fuel consumed rises to about 37

per cent, of the weight of the metal. When the iron is tapped

it flows through a long trough of tire clay directly from the

furnace into the mould, and as soon as the piece is cast water

is kept constantly circulating through the core and the cool-

ing commences at once. The bore must be between 12 and
12.003 in. in diameter, and must be straight enough to allow

a test cylinder 11.9S)7 in. in diameter and 42 in. long to be

slipped easily through its entire length. Sixty eight grooves

are cut in rifling, each 3.7S» in. wide and .07 in. deep. Tliese

grooves have an increase pitch varying from one turn in 25

calibers to one in 40, the object being to avoid a loo sudden
initial rotation when the shot is fired. The steel ]>roje<Hle

ordinarily used weighs 630 lbs. It is fired by a charge of 80
lbs. of brown prismatic powder, and at a distance of 6 miles

will penetrate 4 in. of steel. It has a bursting charge of 30

lbs. of fine powder. As mounted, the gun can be fired about
once in five minutes. It is propo.sed to distrilnitc the mortars
and mounts along the coast in groups of IG, and to have

them shielded by earth embankments and fire them siumllune-

ously by means of electricity.

THE "LUNKEN" GATE VALVE.

A NEW design of gate vali'e has recently been brought out

by the Lunkenheimer Company, of Cincinnati, ()., and we
present illustrations of the same showing its general construc-

tion. The valve is available and intended for all pressures of

steam or hydraulics ivhich would be used or required in the

workings of any plant.
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The hub or bonnet is lield to tlie shell by a coppered steel

clip or stiap surrounding the shell, with its end passing tPirough

the ears of tlie bonnet and secured by nuts 0. This clip is

held from lateral movement by projections on the shell. Tlie

joint is packed by a hard lead waslier of T>f in. IhicUness, the

top faces of flanges each having a groove, to properly secure

the washer. The valve can easily be taken apart without re-

newing the packing washer. The hub or bonnet is flat and
narrow, and just of sufticicnt size to receive within it the valve
disk when entirely raised, and has sectional or part-nut threads
in its opposite interior sides. The tlireaded portion J of the

stem by engaging with these part tlireads causes the valve to

be opened or closed. The disk has a straight flat face or bear-

ing against the renewable seat C, and is forced tightly against

Siflne bj' the self-adjusting wedging half-ring or horseshoe D.
secured loosely in the valve shell. The wedging ou llie disk

is applied on two wedging surfaces, diametrically opposite

each other, these coming in contact with the beveled ends of

the half-ring or horsseshoe wedge ; thus the wedging is prop-

erly equalized on tlie entire disk, and insures a tight joint on

DOXFORD'S CARGO STEAMEE.-BOW.

the opposite face. The pressure of the steam or liquid on the
back or wedge side of disk also aids to make a tight closing
valve. All valves above 21 in. size are provided with " by-
pass," which arrangement balances the disk before opening
same, and thus reduces the friction and wear on seat and disk
to a minimum, and makes the valve open easily, regardless of
what heavy pressure may be on same. The " by-pass," as

shown in plate A. and briefly e-xplained, is an auxiliary valve
formed in the top of the valve disk (immediately below the
yoke that secures the same to the flanged head of the stem //),

DOXFORD'S CARGO STEAMER.—STERN.

and is operated by the stem of valve, automaticallv, while
opening or closing the main valve. Channel N. passing
through tlie disk, connects the inlet or pressure side of tlie

valve with the outlet side, and the end of the stem //controls
this channel, there being sufficient jjlay in the disk coupling
to allow the complete opening of clianael N, caused by the
first ^ turn of the wheel in opening the valve. Plate E eives
a sectional view of the main valve.

The renewable seat, it will be seen by referring to the cuts,

is an exteriorly threaded Hanged ring that screws against a
face or shoulder of the flange, the opposite side of which
flange forms the seat or bearing surface for the disk to close

against. The inner periphery of the ring has lugs or teeth, K,
for the engagement of the wrench, by which means the seat is

operated, and either taken out or put in through the disk
opening of the body without disturbing the pipe connections.
In iron body valves the renewable seat C screws into a second
brass ring permanently fastened in the iron shell, otherwi.sp,

owing to the rusting qualities of iron, the renewable seat might
rust tight in the shell. The ring end 7' of wrench is used to

hold and guide the removable seat into place, so as to properly
start its tlireads into the threads in the shell.

DOXFORD'S CARGO STEAMER.-SECTION.

The valve is exhibited by the company at Chicago in Section

25, Column O, 24, together with a complete display of the

specialties which they manufacture.

THE ARGENTINE GOVERNMENT VERSUS
RAILWAYS.

A COURE8PONDENT in Buenos Ayres sends us some clippings
from papers in that country containing editorial complaints
that the Government in that country had taken ground that

no more iron railway ties or sleepers should be admitted free

of duty under the clauses of the concessions providing for

immunity from import duties. This, it is claimed, is a viola-

tion of good faith, which is due to a mischievous and erroneous
assumption that a railway is a public enemy, or at least a dan-
gerous servant. One of the principal papers opposes the con-
solidation of the great Southern and the Western railways,
because it fears the results of licensing such a powerful mo-
nopolj'.

The management of railroads in that country does not seem
to be faultless. The same correspondent says of some Ameri-
can cars that the doors forming part of vestibule arrangements
have been either torn or taken off. Sleeping-cars built by some
of the best manufacturers in this country are run in a disrepu-
table fashion—one towel for a whole car full of passengers, no
siiaji, no drinking water, and parties are allowed to keep up
card playing, smoking, etc., in main compartments till 2 and
3 .v.M., with lights going full head.

Sleeping-cars are execrable under the best management, but
must be very objectionable indeed in Argentina.

Recent Patents.

DOXFOKD 8 CARGO STEAMEIl.

Figs. 1, 3 and 3 show a form of construction of cargo steam-
ers for which patent No. 485,462 was recently issued to C. D.
Doxford, of Sunderland, England.
This invention relates to the construction and arrangement

of the hulls of vessels, particularly steam vessels adapted for
cargo purposes. These vessels could be used for various kinds
of cargoes, but are particularly applicable to cargoes— such as
grain, coal, oil and the like—which are more or less liable to
shift and which are carried in bulk.

In carrying this invention into practice the ordinary deck is

dispensed with and the sides curved inward with a convex
curve for a suitable distance—say, for example, one third of
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tlie total widlli at each side—and tlii'ii upward willi a concave

curve, the Inp of these liust curves reachini;- to tlie hatchway
coiubinjrs or the iihuform deck, in which tlie hatches would
be formed. The above would represent the shai)e_ of the

]ilates ami framini;s amidships (the hitler beini;' carried con-

tinuously up as far as the iilates) and lliese woulii be carried

fore anilaft without mat<'rial vari.atiou for the jireatrr part of

the len.iilh of the vessel, uieri^ini;- at each end into a bow and
stern of subsl.mtially ordinary conslrnction. Tlu^ hatchway
extends over iiractically the whole len,i;lh of the hold or cargo

space, and nniy be closed by entirely independent covers, or

these may !« liinucd or otherwise suitably connected and pro-

vided with permanent fastenin.ns or arranged to be bolted down
after each removal. The sides of the hatchway may be stayed

across in any suitable maimer, as by simple stays or by por-

tions of tixeii ]>latini; between some of the covers.

The engine and boiler rooms, coalbunUers, cabins and
ollices may be located at the stern end of the ves.sel, behind

the cargo-space, or amidships, and the quarters for the officers

fNEOMATIC HAMMER.

G 6L0SS0P

and crew either at the bow or stern, according to circum-

stances. The bows need not be carried tip much higher

than the before mentioned hatchway combings or platform

deck and would be left for the most part clear of incumlu'ances

beyond ])ossibly the warjiingc;ipstan. the windlassaiiil th(^ en-

trance to the forecastle or men's (|uarters, to protect wliich

and generally to raise the height of the bows the forward
])lat<-s may be carrieil up to a suitable level.

In the accompanying drawings, lig. 1 is a perspective view
of a vcs.sel constructed according to this invention taken fiom
in front of the .starboard bow. Fig. 2 is a similar view taken
from \hr stern, and tig. ii is a vertical midships cross-section

showing the arrangement of the frames and plates.

GLOSSOr's PNEUM-VTIC IIA.M.MKIl.

The drawings given herewith show a power hammer for

which patent No, 48.5,198 w;us recently issued to Gilbert Glos-

SO]!, of Whellield, Knglaixl. It is of the class generally known
as pneumatic hammers. Fig. 1 is a side elevation of a com-
plete hammer ; fig. 2 is a cejitral vertical section through the

cylinder, showing the valves and movable i)ress(U-e piece ; and
tig. ;! is a detail view of the mechanism for reciprocating the

cylinder, taken at right angles to lig. 1.

The drawings show generally the construction of the ham-
mer, and are. perhaps, best cxplaineil by the inventor's own
account of the op<ration of the device, which is as follows :

" When the oullet-valv(! II is held closed and the ontlet-valve
/'' is ojieiied wide, no air can escape from the cylinder except

through the middle jiort. When the upper end of tlu' cylin-

der and the piston are moving toward each other, all the air

between the valve i''and the ujiper end of the cylinder is im-

prisoned, and wiun this air is snlticicntly compressed the

downward movement of the cylindir is transmitted to the |)is-

ton and it is moved downward : and under this condition of

alT.airs it is moved downward farther and with greater foice

than when there is a smaller (piantity of air inijirisoned between
the piston and upper end of the cylinder. Another reason

exists why the jnston moves downward farthest and with

greatest force when the valves are in the described condition

—

viz., only so much air as is between the valve A' and thi' lower

end of the cylinder is imjirisoned between said lower end and
the piston -when the piston jiasses said valve in its downward
movement. Therefore the ))iston meets with less resistance to

its downward movement than it does when' there is a greate.l

quantity of air imprisoned in said lower end. When the

valve If is iiermitted to oiien with greater freedom and the

valve A'is oidy partially opened, much of the air in the cylin-

der escapes throngh the upper port when tlie piston is moviiii;'

upward in the eylindiT, and therefore less air is imprisoned in

said upper end, and it is not entirely imiirisoned until the pis-

ton passes above the nii])er port. For this reason the piston

will not lie moved down with as much force as under the con-

ditions lirst explained. At thesanu' time the air cannot eseaiie

so freely throngh the port J-J, wherefore more air is imprisoned

PNKnMATIO HAMMERa

OLOSSOP

in the lower enil of the cylinder, and this olTers a greater re-

sistance to said downward movement. In I he lirst ca.se a
heavy blow may be delivered by the hamnier-lie;id close to the

anvif. In the latter cas(' a light blow may be delivered a con-

siderable distance above the anvil. The force of the lilow and
the jioiiit at which it ismostcllectivelj' delivered may lie varied

to almost any degree between the two extremes above de-

scribed by varying the relative openings of the two valves

through tiie movcmient of the wedge shaped pressure block O.

In small hiunmers, wlu-n a very consiilerable variation in the

force of the blow is not rccpiired, the upjier valvi' may be

omitted altogether, leaving simply an open port, and the varia-

tion in the blow would then resuit wholly from th<^ dilVerence

produced by the operation of the middle valve in the air cush-

ion lielow the jiiston, which resists its downward movement."
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ANNOUNCEMENT.

With tliis number of the American Engineer and R.ul-

ROAD Journal we will send to each of its subscribers a copy

of the first issue of " Aeronautics." a new publication

which will hereafter be issued monthly by the publisher of the

American Engineer. The ruison d'etre oi this new periodi-

cal is explained in the " announcement" on its second page.

Hereafter all articles pertaining to the subject of aeronautics

will appear in the paper with that name, excepting those on
" Progress in Flying Machines," by Mr. Chanute, which will

be completed in an early number of the American Engineer,

and will then be issued in booli form.

The 12 numbers of Aeronautics, referred to in its an-

nouncement, will be furnished to subscribers to the American
Engineer in this country for 50 cents, and to all other persons

in this coimtry for $1. Twenty cents more will be charged to

foreign subscribers. A blank order for Aeronautics will be

found enclosed with this paper, which may be filled up, and

forwarded, either with or without a remittance, toM. N. For-

ney, 47 Cedar Street, New York.

EDITORIAL NOTES.

In April last we began the publication of the list of acci-

dents liappening to locomotiye engineers and firemen through-

out the country, and for each month it is truly sickening and
appalling. We have, therefore, now published these acci-

dents for seven months, and in that time nine men have been

more or less severely injured by being struck by stationary

objects placed too near the tracks. Certainly this is a class

that can Ije truly characterized as an avoidable accident. Every
company has a rule in which it is forbidden to locate any ob-

struction within a shorter distance tlian one regularly speci-

fied. This is ordinarily put at 5 ft., though we believe it to

be too close. For when a man is leaning well out of the

window to watch the side rods his head is apt to come pretty

close to the 5-ft. limit from the rail ; but when signal posts or

the temporary work used in the construction of bridges or

buildings is allowed to stand so near the track as to strike an

engineman while in the discharge of his duties, the some one

who is responsible for allowing such a state of affairs to, exist

should be held strictly and criminally responsible. In our

preface to our monthly publication of these accidents, we say

that it is done with a hope that it will " indicate some of the

causes of accidents of this kind, and the causes or cures for

any kind of accidents which occur." Surely the cure for

this kind is easily discovered and just as easily applied.

After the struggle to obtain an armor-piercing shot and a

shot-resisting armor, the latest device for naval warfare is an

invisible torpedo-boat—not a boat that follows the course of

Captain Nemo's craft, but a vessel that floats upon the surface

and protects herself by generating a cloud of smoke, so that

her actual location is concealed from the enemy. Experi-

ments have been made with this end in view for some time,

but it is not until recently that anything approaching success

has been achieved. Recent work, however, at Brest would

seem to indicate that the Oriolle process promises to be very

successful, and if it is, an entirely new element will be intro-

duced into naval warfare.

The reports in the foreign technical press show that for the

next year there will be what miglit be called a renewed ac-

tivity in naval construction. France will probably authorize

the building of two battleships, and the English plans are

-arranged for two battleships and two cruisers The work on

the United States Navy also continues to be pushed, though

it is not probable that there will be a launching of another

large vessel before some time during the coming summer.

Germany and Italy, however, seem to be doing less than Eng-

land or France. Work is also progressing rapidly at the

Cramp's shipyard on the new vessels for the American Line,

which will form a nucleus for the new auxiliary navy which

we all hope to see thrive and prosper.

Last month saw the reopening of the meetings of several

of the railroad cluljs which have come to be a feature in so

many parts of the country. Their growtli and the large at-

tendance at the majority of the meetings show that railroad

men appreciate the opportunities which they offer, and are ready

to take advantage of them. An objection has, however, been

raised to some of them, that the meetings are held during

the day rather than in the evening. It certainly seems as

though the evening was the proper time for such gatherings,

in that the local members are not taken away from their

duties, while visitors or out-of-town members have the day

available for travelling or visiting shops and an occupation

for the evening, when l4mu is apt to hang heavily upon their

hands if there is no other employment available than that

offered by the reading-room of a hotel.

COMPLAINT OF INSUFFICIENT TRAINS ON
THE NEW YORK ELEVATED RAILROADS.

The daily papers in New York now have frequent com-

plaints, both from the editors and correspondents, of the in-

suflicient accommodations furnished by the Elevated Railroads

for the passengers who want to be carried. The law makes it

the duty of the Board of Railroad Commissioners to " keep

informed as to the manner in which the railroads of the State

are operated for the accommodation of the public," and if

" any addition to the rolling stock or in the mode of operating

tlie road or conducting its business^is reasonable and expedi-
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ent, iu orfler lo promote the security, convenience, and nccom-

moiliition of the piililic, the Boiini sliull give notice and infor-

mation in writing to the corporation of the improvenienls and

changes which tliey deem proper. ... It shall be the

duty of the corporation, person, or persons owning or operat-

ing the railroad to comply with such decisions and recommen-

dations of the Board as are just and reasonable. If it fails to

<lo so the Board shall present the facts in the case to the

Attorney-General for his consideration and action, and shall

also report them in its annual or in a special report to the

Legislature."

It ivould be interesting to know first whether the Board
" keeps informed" as to the manner in wliich the Klevated

Koads are operated and accommodate the public, and if not,

why not ? and if it is informed whether, in the judgment of

the Board, the " acconunodations" allorded between the hours

of 7 and 10 .v.m. and 5 and 6.30p.m. are "reasonable." If

they are "informed" and do think they are "reasonable,"

then nothing but a surgical operation will probably enlighten

them. If, on the other hand, the Board is " informed" and

does not tliink the accommodations are " resisonable, " why do

they not do their duty by " giving notice and information in

writing to the corporation," as the law re<iiures them to do,

or present " the facts in the ca.se to the Attorney-General, or

report them to the Legislature V"

The General Manager of the road is reported in the Evening

Post of September 9 to have said that no more trains could be

run morning and evening with safety than are run now and

liave been run t.uring the summer. What do the Railroad

Commissioners think about this ? The General Manager ad-

mits that some trains have been laid off during the summer.

Is it not a curious fact that it is safe to run more trains at

some seasons of the year than at others V

Is it not true that more trains are run on the Third Avenue
line than on Sixth Avenue ? Why is it safe to run that num-
ber on the east side of the city and not on the west side '? All

these are questions which it is the duty of the Railroad Com-
missioners to have answered. It is for such duties as these

that the Commission has been created. If they do not per-

form them it might be advisable to abolish the Commission

altogether. That would cost less, and the public would then

probably be served just as well as it now is, although it is the

dutj' of the Commission to know whethei the service of the

railroad companies is reasonable.

THE ACTION OF DRIVING BOXES AND COUP-
LING RODS.

It is the general impression among Eiiglish locomotive

superintendents and. to some extent, among American master

mechanics, tliat what are called " single" passenger locomo
tives—that is, locomotives with onlj' a single pair of driving-

wheels—run much more freely and are capable of higher speed

than engines with two pairs of coujjled wheels. It is not cer-

tain that this impression is based on conclusive evidence, and

it may be that, like many other general impressions, if it were

subjected to rigid investigation, it would be found that to a

greater or lesser degree it is erroneous. E.xperiments to show
just how much truth and how much error there is in the im
pression might throw much needed light on the suljject. The
purpose of this article is to speculate about it, and in this way
to stimulate, if possible, the interest and curiosity of some
locomotive superintendents or master mechanics to make an

experimental investigation of the subject.

The only cause to which the freer running of single engines

has ever been assigned, so far as we know, is to the increased

friction due to the effect of the coupling-rods. The pressure

on the pistons in a single engine is, of course, transmitted to

the crank-|iins, and thence to the wheels. In a single engine

the pressure on the main crankpiu journal is the .same as it

would be on a coupled engine, assuming that the size of the

cylinders and the pressure in them are alike. In a four-

coupled engine, however, one-half of the force e.xerted on tlie

crank-pin of the main driving-wheels is transmitteil to the

leading or trailing wheels by the coupling-rods. The pressure

of each end of these rods on the crank-pins, to whicli they are

connected, is one-half of that of the main connecting-rods on

the crank-pins, so that the coupling of four wheels doubles

the crank-pin friction. Besides this, if there is any difference

in the diameters of the front and back wheels, it will cause

increased friction if they are coupled. If the tires are consid-

erably worn, one pair may occupy a central or normal position

on the rails, so that their .smallest diameter is in contact,

whereas the flanges of the other pair may be crowded on one

side toward the rail and on the other side away from it, so

that the diameter of each of the wheels at the points in con-

tact with the rail will be greater than it is at the point where

the tire is worn most. If the wheels were not coupled, this

difference in diameters woidd have little or no effect ; but if

they are coujilcd, one |)air must slip during each revolution

an amount equal to the dilTerence in tlie circumferences.

Besides this, an engine with coupled wheels usually has less

flexibility of wheel-base than single engines have. Conse-

quently the flange friction, especially on curves, of coupled

engines must be greater than it is with single engines. The

friction from all these causes must also increase with the num-
ber of wheels which are coupled— that is, it is greater on six

or eight-coupled engines than it is on those with four wheels

connected. The relative increase can probably only be deter-

mined by experiment.

But there is another cause, which is perhaps the most potent

in increasing the friction of coupled wheels. This is the vary-

ing distance between the centers of the driving-wheels. If

the practice were not so common, it would seem almost in-

credible that the most experienced, skillful, and ingenious

engineers of the present day would adopt as their standard

method of construction one which involved the use of two or

more approximately parallel shafts from G to 9 in. in diameter,

held in bearings connected together with frames of equivalent

strength, in such a way that the centers of the shafts may
constantly vary in their distance apart, and that these shafts

arc then connected together with cranks and pins and rods at

each end—the cranks at the opposite ends of the shafts being

at right angles to each other-and all made enormously strong

to correspond with the strength of the bearings, the frames,

and the shafts. Notwitlistnnding the incredibility of this, it

is the universal practice in the construction of locomotives

with coupled wheels all over the world. The accompanying

diagram may, perhaps, make this clearer to some of our

readers. The axle A of one pair of wheels is carried in a

journal-box e, which can move vertically in the jaws about

4i in.—that is, 2J upward and the same distance downward,

as indicated by the dimensions above and below tlie box. The

same thing is true of the 1)0X / of the axle li. Supposing,

now, that the axle A has moved upward the full distance

permitted by the space above the box and below the frame.

orSJin., so that the axle is in the jjosition indicated by tlic



Vol. LXVII, No. 10.] AND RAILROAD JOURNAL. 459

dotted circle at a, and that the axle B has moved downward
as far as the box /and the space below it will permit, or into

the position shown by Ihe dotted circle b. Evidently the dis-

tance from the center a to center b of the a.xles will then be

greater than the distance c d, whicli indicates that between

the centers of the two axles when the boxes are central in the

jaws. By the rule that the square of the hypothenusc is equal

to the sum of the squares of the other two sides, it will be

found that if the axies are spread 8 ft., that the distance apart of

their centers indicated liy a b, when the one has moved upward
and the other downward to its extreme limit, is a little more

than a tenth of an inch greater than it is when the two bo.xes

are central iu the jaws, and the axles are in the position shown
by the full circles A and B. It will be said or thought, doubt-

less, that the one box is never at Ihe top of the jaw when the

other is at the bottom, which suggests the question. How
much do driving-boxes move in the jaws while an engine is

running V We never knew or heard of any one having made
the experiment to determine just how much this movement
is. Most master mechanics and locomotive engineers have

vague notions, which are deduced from casual observations of

the wear of the grease and dirt from the wedges, but we have

never been able to find any one who had done even this with

care. We seem to be in almost absolute ignorance of the

amount of actual movement of driving-boxes when an engine

is running. No douljt their movement depends upon the con-

dition of the track, speed, etc., and it might be expected that

in running over a frog or crossing or bad joint that the move-

ment would be much greater than it is on a smooth part of a

line. It would be a very simple matter to attach an index-rod

to one of the back driving-boxes in the cab of an ordinary

American engine, and from it observe how much movement
the box has. If there were a self registering apparatus con-

nected with the rod, it would add somewhat to the value of

the experiment and greatly to its interest. Having determined

how much this movement is, it would be an interesting and

probably an instructive experiment to jack up an engine so

that its wheels are clear of the rails, and wedge one of the

boxes up and the other one down in the extreme positions

which it has been found that they assume in actual running.

Then kindle a light tire in the tire-box, and open the throttle,

and observe how much steam pressure is required to turn the

wheels. It maybe that it would be, very little, and, on the

other hand, it seems quite possible that it would be much
greater than is ordinarily suspected. \Ye are all agnostics on

this subject— that is, we knBw very little about it. The
general impression that single engines run much more freely

than coupled engines would .seem to indicate that friction is

greatly increased by coupling, and it may be that much of it

is due to the varying distances between the centers of the

driving-axles. If the upward and downward movement is

only one-half the amount of play between the boxes and

frames, making a total difference in the height of the two
boxes of 2} in,, then the difference in the distance between

the centers of the axles when the one box is up and the other

is down would be nearly one thirty-second of an inch ; not

much, it is true, and yet a very considerable force would be

required to stretch an ordinary coupling-rod that amount.

It may be said that oidinarily there is that much play in the

bearings of coupling-rods. This may and may not be the

case. When rods are uewly and accurately fitted they have

not that much play, whereas after running some time they

may have more.

But even assuming that they have that much play, in order

that the cranks may work freely, it is essential that -the maxi-

mum and minimum length of the rod may coincide with the

lea.st and the greatest distance apart of the axles. If these

lengths and distances do not coincide, the rods will bind and

cause undue pressure and strain on all the parts. Like the

little girl in Dickens's novel, who had to "make believe a

great deal" in drinking lemon peel and water instead of wine,

so it is necessary to make believe a great deal in thinking that

there is a coincidence in the maximum length of the rods and

the distances apart of the axles.

There is. in the first place, the inaccuracies in workmanship

in boring the wheels for the crank-pins. Quartering machines

are not endowed with infallibility, and in .slight degrees of

mendacity two-foot rules and gravestones emulate each

other. Then there is the other fact, that in many kinds of

engines the heat of the boiler has a very considerable effect on

the frames, and expands them, which increases the distance

apart of the axles. Allowance is not always made for this.

At any rate, it is often greatly a matter of chance whether the

length of the coupling-rods will coincide with the distance

apart of the axles when the frames are heated or when the)'

arc cold.

Besides these chances of inaccuracy, there is the fact that

the wedges, especially when double ones are used, are effec-

tive means by which careless or ignorant men may increase or

diminish the distance between the axles.

The fact, too, that many more coupling-rods are broken than

main connecting-rods indicates strongly that the former are

subjected to much more strain than the latter.

It is, of course, impossible now to know, with any certainty,

how great the defects in the coupling of engines are ; but the

considerations which have been brought forward indicate that

the whole subject is one of tho.se which has been allowed to

drift along without receiving much intelligent attention. If

this is the case, it may be that a thorough investigation, and

the introduction of methods which would insure greater per-

fection of working parts and would correct the inaccuracies

which are now permitted, and possibly the introduction of

new methods of construction, might work a reform of very

great importance in locomotive engineering.

It seems in the highest degree probable that coupling rods

often impose tremendous strains on crank pins, axles, frames,

and their connected parts, with a corresponding increase in

friction and liability to breakage and accident. The subject

seems to be worthy of thorough and intelligent investigation.

TRADE CATALOGUES.

Tub Br-Uve Puessurb Regdl-\tor Comp.\nt, of Chicago,

111., have issued a circular, 6 X 9J in., 16 pp., in which their

apparatus is illustrated and described. The engravings are

outline process culs, which show the construction and the de-

tails of the apparatus very clearly.

The Browne & Sharpe Manufacturing Company, of

Providence, R. I., have issued a de.scriplive pamphlet, 5f X 9

in., and about 16 pp.. giving information about their exhibit

iu Chicago. It also contains a considerable amount of col-

lateral infornuUion about the business and the establishment

of this company.

The DEL.4M.vrER Iron Works, of New York, have sent us

two descriptive pamphlets, one referring to the Delaniater-

Ericsson hot air pumping engine and ihe Delamater- Rider hot-

air pumping engine To persons interested in this subject,

we think these pamphlets contain information of much value,

and many whose relations are only with steam-engines will be

surprised to find the extent of the various uses to which hot-

air eugines can and have been applied.

L. ScncTTE i Company, of Philadelphia, send us a small

descriptive pamphlet, 4 X 61 in., 41 pp., which is intended to

describe the appliances which they have on exhibition in

Chicago. These include injectors, exhaust steam induction

condensers, universal steam jet siphons ; eductor or cellar

drainer, furnace blower, and various kinds of steam jet appa-
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ralus for inoviiiif air, gas, and vapors ; air compressors and
exhausters, hydraulic elevators, ami valves and test pumps.

TllK RlKIII.K BlJdTHHUS TKSTIN(i ^MacIIIM'. COMPANY, of
Philadelphia, have sent us their calalo,i.'ue Nn. 3. 'Phis is a
larjri- vohiiue !li X 1~ in., cont.aiiiiiis^ .")(i pp. of en,:;raviii!rs and
reailin^' matter. The special classes of jiroducts dcserihi'd
are theirslandard patent test in ;; machine, moldim: anil c-miiiter-

sinkin;: niacliines. patent ball hcarin;; screw jacks. ]iii; mill
trucks and turn-tables, power, hay, and straw r.ipc twisters,
hyilranlic pumps and braced railroa<l and warehouse trucks.
The volume is very el,-il)oratily iliustralcd with illustrations
of all these various classes of machinery, and of many special
details which are furnished. Tlie sanic lirm also si'ini us a
reiluced copy of the s.-inie catalo,L;iic, wiiich is somewhat less

tlian half the linear scale of Ihe other, and is thus very con-
venient for being carried in the pocket.

Thiv lii.DDMsiu ug Car Co.mpanv, of Bloonisburf;, Pa.,
have issued what they call their calalouiu^ No. 1. which is

ej X OS in-, anil contains 34 p|>. This companv are manu-
facturers of freight, mine, dnmii. ore, and nd.sccllaneous cars,
all of which are illustraled in the volnme before us. They
also illustr.ate views of car-wheels, hiinber trucks, band cars,
and self-oiling wheels. The volume is eoniplcted by a wood-
cut of Saber's roller bearing, which, it is .said, needs no oil, and
can be run for muni lis without any i)erceptible wear. Tiic
gain ill fiiclio!! is also said to be at least :iO per cent., and
persons iiileresled in this improvement are rei|ne.sted to write
fiir further ird'ormation. We shoulil rather pin our faith to
the cars which this company build than to their roller bear-
ings, which are revived so often and so universallv fail.

TuK Cincinnati CoiutiKiATiNi! Comi'anv send us a pani
phlet. 4J X Ui in., 8 pp., on the life of the iriai loof, or how
long it will last. It gives a considerable ;uiiouiit of interest-
ing information concerning the roofs which this company
mruiufactures. They also send us their illustrated calalogue,
which is (i X 8J in , 48 pp. This is illustrated with vaiious
diagrams and views showing the nielhod ol manufacturing
Iheir corrugating sheet metal roofs, of which this company
nnike a specialty. N'arious details of m.-mufacturini;- an^
shown, ami much interestinc and valuable information is given
for those who contemplate using rooting of this or any other
kind. It al.so gives information concerning metal sheathing,
corrugating iron shutters, steel rooting, iron weather boring
conductors, pipes, etc., all of which is well worthy of the at-
tention of those who need or intend to have a roof over their
lieads.

The C. W. Hunt Co.mi-anv, of 4.j ISroaiUvav, Xew Yoik.
send us several new publications, one their No. 9,300,
which is a bound book, 7 x 10 in., and contains 108 pp. It
de.scrilies at very considerable length ihe various kinds of
coal-baiidllng machinery which are miiiiufaclured by this (irm,
and is illustrated with e.\cellent halftone and wood engrav-
ings. It contains so much detail thiit it would occupv more
time and space than we can now dcvole to it to di scribe the
classes of machinery manufactured by the company. We ex-
pect to return to this subject again, iiowever, and. in the mean
while. r<'commend those who med automatic railways, coal ele-
vators, sleam shovels, cable railways, hoisting (tiigines, coal
tubs, wheelbarrows, coal screens or rope blocks, which are
the spc'cialties of Ihe C. W. Hunt Company, to write and get
a copv of their catalogue. They have also forwarded Ions
tlieir list \o. it.BO."), which has the same size page as Ihe other,
and contains :M pages, and is a brief list of the machinery
wiiich the company maimfactures. A small pamphlet has
also been sent lo us wliicii gives .some data ab'iul thiir exhibit
in Chicago, which will be inleusling to those who visit the
great show.

TiiK Nii.Ks Tool Wouks, manufactuiers of high grade
machine tools, lalior-.saving machinery. Hamilton. ().

The new calalogue of this company is U X (i in . il(i pp ,

and is a very conveinent size and form. It is illiistialcd by
wood-euls giving a view of llicir works, a 48 in, cni^ine lalhe.
a GO in. heavy forge lalhe, a No. •>> screw machine, a double
axle lathe, a wheel juess, a carwheel boring machine, a
cylinihrr-boring machine, three dill'crent sizes of boiing and
turning nulls, (iO in. plainng machine, a plate iilaning machine,
an 18 in. shaping machine, an J8-in. .slolting machine, a hori-

zontal boring and drilling machine, a vertical drill press, a
radial drilling machine, and a set of bending rolls. These
engravings are iirlnled on a rather yellowish bull lint, which
is a ipicstionable Improvement to Iheir appenraiicc. Some of

the engravings, loo, have hardly had full justice ilone lo them
in the printing, although most of lliem are very good example*
of the wood engraver's art.

The descriplive matter is given in English, French. (Jerman,
and J^panisli. .•mil tiie liook is a)iparently intended fur use at

the World's K.air, although it is not said so. Its convenience
is a great recommendation, and Ihe general execution—engrav-
ing, p.-iper, press work—is exeellenl.

TiiK Link Bi;i,T Co.mi'aniks' engineers, founders, and
machinists send us a very neatly printed and illustrated cata-

logue of the appliances which Ihey manufacture. These in-

clude the Ewarl detachable link lielling, dodge chains, etc.;

elevators and conveyers are especially designed for transport-
ing of materials in bulk, or in barrels, bales or in boxes. The
first engraving is a very good half lone cut of the works of

the company in Chicago. 'I'he next is of their establishment
in Nicclown, near Phil.ailclphia, wdiich is followed by anolher
one of their establishment in Indianapolis. There is then
given a view of a locomotive (coaling station .at New Kulfalo,
Mich., and aiiDlher in Ihe yards of the Pliilailelphia iV Heading
Kailroad at Philadelphia. Engravings an^ also given show-
ing a section of an inclined conveyer for carrying lumber,
.anthracite coal at a coaling station of the Piiiladelphia iV Read-
ing Kailroad. There are also views of a coaling station at

Commiinipaw, N. .1., at Wilmington, Del., at Weehawken,
N. .1. Several views which show an arrangement for convey-
ing barrels are al.so interesting. There are other illustrations

of freight conveyers, horizontal box conveyers, carriers, ice

elevators, coal storage plant, a coal rolling pocket, and .screen

rope drivers and eh-vator heads, a '-i'-'."!]!. P. main rope power
transmission, and interior views of a dynamoroom of the Vir-

ginia Hotel in Chicago, and also in Ihe Chamlier of Commerce
Building— all of which are very interesting .and will give the
reader an idea of the extent to which this class of machinery
is now used.

The Edwaui) P. Ai.i-is Co.mpany, Reliance W^utKs, Mil-
waukee, Wis. This company has sent us a new descriptive

circular 9 X 12 in., 80 pp. In the introduction it is said.
" The following pages are not designed eilher as a catalogue
ofjnachincry or as an elaborate description of our plant, but
it is hoped that they will give a fair idea of the magnitude of
the establishment and the high character of its productions."
A varietv' of data is then given showing the extent of the
works, the amount of manufactured products per year, etc.

It is also said that the position of this establishment in its

special lines is eviilenced by the fact of building, the largest

stationary steam plant in Ihe world ; the largest pumjiing en-
gine ; of first introducing into the United States the triple-

expansion and ipiadruple stationary engines and triple expan-
sion pumping engine ; by building the largest Hour mill in

the world, and introducing the roller process of tlour making
in .\merican mills ; and building the tir.st practical band saw-
mill.

The book is printed on coated pajier. and is elaborately illus-

trated with half tone engravings, tlie first one showing a view
of tlie works with a portrait of Edward P. ,\llis, Ihe founder
of them. The next shows an interior view of the general
offices ; another one part of the drawing-room These are
followed by interior views of Ihe foundry, machine shop, the
.office. Ihe roller mill shop, and tlu' millwright shop. 'V'iews

are al.so given of a group of mills and elevators al Superior,
Wis., which have been ei|uippeil with Ihe marhinery made by
this company, and also of .another iiiill at .Maiiner's Harbor,
N Y., several at Minneapolis, .Miiiii , and one at Estill Springs,
Tenn., and another in Kansas City. The lirst portion of the
descriptive p.arl relates to Ihe saw-mill work which the com-
pany are doing. A partial view of the interior of the .saw-

mill shop is given, and an engraving of the new .\liis band
sawmill, and also a view of the .lohn 1! Davis Lumber Com-
pany's mill in Wisconsin. These are followed by views of
other mills which have been eiinipped by the Allis Company.
The next portion of Ihe catalogue relates to tlieir stationary
engine deparlmenl, and is illustrated by interior views of Ihe
erecting shop ; of a large Heynolds Corliss engine, and of a
similiir combined engine and hoisting engine : a vertical blow-
ing engine : a Iriple expansion, vertical pumping engine : a

Keynnlds Corliss air compressor, and Keynnlds ndliiu; mill

engine, which completes the book. The views are all excel
lent, and give a gooil idea of the scope of the niauufaclures of
this company.
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Ili^dstrated Catalogue ok Metal Working Machines,
Tools, also Steam Hammers, Hydraulk' Maciiineky, etc.,

nianufacUired by Hement, Miles & Co., Engineers and Machin
ists, Fliiladelpbia. U. S. A.

In noticing the catal )gue of wood-working macbinery i.s-

sued by J. A. Fay ii Co. a few montbs ago, we tliouglit tbat

tbe need of superlatives in tbis brancb of literary criticism bad
rcaebed its limit. Tbe volume before us makes it necessary
to refer to our liook of s3-ui)uyms, and bunt up a new lot of

adjectives to do it justice.

Tlie size of tbe book is 13 X 9 in., and contains 358 pages.

It is divided into si.v parts or sections on 1. Latbes ; 8 Plan-
ing, Shaping, and Slotting Machines ; 3. Milling Macbines,
Upright, Radial, Horizontal and other Drilling Macbines,
Upright Boring and Turning Macbines ; i. Nut Tapping, Plate
Bending, Punebmg, and Shearing Macbines ; 5. Hydraulic
Macbinery, including Steam and Hydraulic Riveters ; and
6. Steam Hammers for Iron and Steel, and Steam Drop Ham-
mers.

All tbe illustrations in tbe book are wood-cuts of tbe very
best kind, made by Markley and J. S. C. Heiss, of Pbiladel-

pbia, and Cbauncey Wright, of New York. All tbe engrav-
ings have a whole page devoted to them. One of them, of a

gun lathe, is a double-page inset. Tbe whole of tbe book is

printed on tbe best quality of coated paper, the press-work
and typography being of tbe very best, and the latter in ex-

cellent taste, which is true of everything in tbe book. There
is not the slightest sign of a kind of tropical exuberance which
so often mars trade catalogues. Everything, even the descrip-

tions and commendation of the tools and machines made by
the tirm, is temperate, which gives a tone of veracity to tbe
whole volume.
The first illustrations are external views of the Callowbill

and Twenty-fourth Street works of tbis lirm. These are fol-

lowed by some introductory remarks giving a very brief his-

tory of the establishmenl. After tbis three very excellent

engravings showing the interior of their new shop on Callow-
hill Street. A good index—often lacking in publications of
tbis kind—is then given, and the opening chapter on Lathes
begins. This is illustrated with 'i't engravings of different

kinds of lathes which have from 31 in. to 13.") in. swing.
The second section has 81 ilhistralions of Planing, Shaping,

and Slotting .Machines. These vary in size from niacliines

which will plane objects 17 X 1" X 45 in. long to 133 X 132 X
any required length. Another machine is described which
will plane 146 X 146 in.-

In tbe third section 51 engravings are given of different

kinds of Milling, Drilling, and Boring Macbines. Tbe largest

of these is a boring mill, which will swing an object 35 ft.

6 in. in diameter and 10 ft. 3 in. high, and was illustrated in

our April number of tbis year.

Twenty-six engravings of Tapping, Bending, Punching,
and Shearing Macbines are given in the fourth section. The
part relating to Hydraulic Machinery, Steam and Hydraulic
Riveters, contains 15- engravings, which are followed by 15
more illustrations of steam hammers— in all 168 engravings.
It can be said of these tbat there is not a poor one among
them, and most of them are of superlative excellence.

As an example of tbe style of the descriptive matter, the

following " General Remarks" on Steam Hammers may be
quoted :

"' In designating or describing a steam hammer, it is

rated by the falling weight of the piston, ram, and ram die ;

thus a l,00()-lb. hammer means one who.se piston, ram, and die

together weigh 1,000 lbs. Tbis takes no account of the lop
steam used, which euormously multiplies the force of the
blow, nor of the force acquired by gravity in the descent of

the falling parts. The rating of a hammer, bv the weight of

the connected falling parts, is simple and easil}' understood,
while any statement as to the force of the blow is difficult of
expression and has no practical value. In general design and
arrangement, even to the smallest details, our hammer is as

simple as it can be mad(!, and tbe whole construction is illus-

trative of a complete adaptation to its purpose. The valve-

gear, arranged with the least possible number of moving
pieces, takes up its own lost motion by gravity, hence it will

control a hammer with great uniformity for a much longer
time than would otherwise be possible. Having no connec-
tion with the ram, it escapes all concussion. It is so designed
as to produce, automatically or by hand, every variation in

tbe length, position, and force of the blow by a single lever
with no extra gear. Tbe patented adjustable guides, for

taking up tbe wear of the ram, are an important addition, the

value of which has been well demonstrated by the fact that

nearly all our hammers are now provided with them. Anvils
are usually made with a removable cap of iron or steel, to'

admit of repair or replacement without tbe necessity of re-

moving the whole anvil."

GENERAL MARINE NOTES.

Trial Trip of the " Columbia."—In an unofficiiil trial trip

of the Ciiliiiiibiii made on September 13, she attained a speed
of 33.3 knots, thus excelling tbe performance of tbe cruiser
New York. The trial was made off Cape Henlopen. A heavy
sea was running and tbe water was 14 fathoms deep, which
were considered veiy unfavorable conditions. During the
run, the total indicated hor.se power was 15,000 out of aguar-
anteed 30,000. Tbe maximum resolulions of Ihe entrine were
130. Her steering qualities were of the first order. The
Columbia was then relumed to be put in order for her official

trip that takes place off Long Island.

Two New English Battleships.—The Navy estimates for
1893 and 1894 provide for two rtr.st-cla.ss battleships, to be
called the Maje/ttic and Maynifii-eid, which are to be built at
Portsmouth and Chatham. Tlieir principal dimensions are as
follows: Length. 390 ft.; breadth, extreme, 75 ft.: mean
draft, 37+ ft.; disi)lacement, 14,900 tons. With natural draft
on tbe eight-hours contractor's trial a mean speed of lOi knots
is anticipated ; with moderate forced draft a maTimvm speed
of 17i to 17| knots will be obtained. The armament will in-

clude four 13-in. breech-loading guns of new type, mounted
in pairs, twelve 6-in. quick-firing guns, sixteen 13-pdr. quick-
firing guns, and twelve 3-pdr. There will also be five torpedo
discharges for 18-in. torpedoes, four of these being submerged.

Oil-Distributing Sea Anchor.— A cheap and simple device
which may prov,- to be of especial usefulness to fishing vessels
in a sea way is au oil-distril)uting sea anchor, recently invented.
It consists of a triangular frame of wood cro.ss-lashed at angles
and provided with a sjjan of three legs. Aeioss tbe interior
triangular space of the frame is stretched a piece of canvas,
fitted with eyelet holes and laced through the.se eyelet boles to
the frame. To back and support the canvas a piece of netting
is laced to the frame. In the middle of the canvas is a patclr,

tu which is stitched a bag consisting of two thicknesses of
canvas. Tlie space between these bags is the oil chamber.
At the trailing end of the outer bag a simple valve may be
placed, or the outer bag may be jierfor.'ited with sail needles.
A lowline from the vessel is bent to the span. A simple rub-
ber hose or tube connects with tbe oil chamber and leads to the
vessel, being seized to the towline at intervals so as to insure
its being kept slack while the towline is under tension. On
board tbe vessel a pump or bulb syringe is employed to feed
tbe oil into the oil chamber of the distributor as may be de-
sired. For fishing vessels the device may be kept attached to

the anchor by a rope of sufficient length to insure that the de-
vice shall be awash when in use. The device can then be
streamed when the anchor is let go. The anchor may be of
any size, and offers a wide field of usefulness.

—

Baltimore
Journal of Commerce.

Regularity of the Turning of Steam Vessels.—The loss
of the Victoria has attracted attention to tbe behavior of ves-
sels under various evolutions, and Admiral C'oulomb has made
a statement in regard to tbe accuracy of tbe Edinbiirgli's move-
ments. In a test her turning powers were measured so as to
fix her position at the moment the helm began to move, and
when she bad turned an eighth, a quarter, three-eighths, and
a half circle. She was turned three times to the right and
three times to the left, under the same conditions, at a normal
speed of about 13 knots. The result was that, including all

errors of observation, chords drawn from the point of starling
to tbe points given above did uol vary in length for tbe eighth
of a circle turn more than 33 yds. in 335 ; for the quarter-
circle, more than 35 yds. in 505 ; for tbe three-eighths df a
circle, more than 25 yds. in 687 ; and for the half-circle, more
than 64 yds. in 716 The angles that the chords formed with
tbe original course of tbe ship did not vary, for the first chord,
more than one degree in 13 ; for Ihe second chord, more Iban
two degrees in 33 ; for the third chord, more than two de-
grees in 53 ; and for the fourth chord, more than two de-
grees in 75. As to tbe times occupied, the accuracy is. per-
haps, still more remarkable. The ship turned Ihe eighth of a
circle in 66 seconds, with a variation of only three seconds ;

she turned the cjuarter of a circle in two minutes and one sec-
ond, with a variation not exceeding five seconds , she turned
the three-eighths of a circle in two minutes and 58 .seconds,
with a variation not exceeding seven seconds ; and she finished
the turn of half a circle in three minutes and 54 seconds, with
a variation not exceeding eight seconds of time.

Two British Cruisers.—Two British cruisers, to be called
the Poirerfiil and 'J'erriblc, have recently been designed, and
they are to be the largest cruisers in the world. Tlieir prin-
cipal dimensions are : Length, 500 ft.; beam, 75 ft.; mean
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draft, with keel, 27 ft.; riisplaecmcnt, about 14,000 tons. The
coulimiDiis .sea-.sleamini; speed is to be iO knots an hour. On
an eiglit hours' natural draft contractor's trial the speed will

be about 2^ knots an hour.
Tht? hulls of the two ships will be steel, wood sheathed and

coppered. It is proposed that the ships shall he able to take
the sea and keep it for long periods, and in order that neither
shall sull'er in ^peed for want of coal, the designs call for a
coal supply of 8,1)00 tons for each ship. On the 14,000 tons
displacement and :37 ft. draft called for in the designs a coal
supply of oidy 1,'M) Ions a ship is considered. The bunkers,
however, Will hold :i,OI)l} tons of coal.

The l)attery of each ship will consist of two 2in. l)reech-

loadiug rllles mounted, one in the bow and one in the stern,

as chasers, twelve Gin. rapid-liie guns in broadside, eighteen
12-pdr. rapid-lire guns, twelve ;i-p;lr. rapid-fire guns, and a
number of small uneliiue guns. The (i-iii. rapid lire broadside
guns will be in such a position as to permit four guns to be
tired right ahead and four right aslcru.

Arinor protection will be provided for all the 9.2-in. and
6-in. guns. The 12 ptir. guus on the upper deck will be fur-

nished with strong shields revolving with the guns. The tor-

pedo armament will consist of four submerged torpedo dis-

charge tubes placed in two separate comiiaitment.s. The en-
gines, boilers, magazines, and other vital portions of the ship
will be placu'd below a strong curved steel deck, haiiug a
thickness of 4 in. for a large proportion of the length, with a
slight reduelion of thickness toward the extremities. This
deck will be associated with miiuitely subdivided coal bunkers
extending up to the height of lh<- main deck. This latter

feature is identical with that seen in all the late first class
cruiser designs fur the Brilisli Navy.

Battleships for the French Navy. -The plans of the French
Adudralty for lisi)4 inehule the laying down of three new first-

class battleships, each of 12,000 Ions. The designs for these
new vessels are not yet quite completed, but the}' are to be
protected by a belt of armor the greatest thickness of which
will be 4") cm. (171 in.). Instead of the usual splinter protec-
tive deck below the armored deck, a second armored deck is

to be introduced. It is understood that the center batteries
will consist of :30-cm. (11.7 in.) guns, and the auxiliary bat-

teries of 10-cm. (Ui in.) and 10-cin. (3.0 in.) quick liiiugguus,
and that there will be a very full complement of the lighter

guus It is also intended to fix the toi pedo-launching appa-
ratus below water. The system of two turrets, each carrying
two guns, as practised in England, is to be adopted. The
turrets are to be revolving and covered. The guns of medium
calibers are not to be placed in turrets in pairs, but singly,
behind protective shiehls, 72 mm. (2.H in.) thick. The opera-
tions of revolving the turrets, .serving tlie guns, and supplying
ammunilion are to be effected by electricity, the appaiatus to
be adopted being Ihat used in the C'tijiitan Prut, which has
proved very effective. It is most likely that the machinery,
boilers, etc., will be placed in three separate coni[);atmeuts,
and that the new vessels, like the Diipiiy dc-Lonu, the Mas-
Sena, and the Boiirrct, will be provided with three screws.
With forced draft, a speed of 18 knots is to be attained. If

the French Chandlers approve of the outlay, coucerning which
theri' appears to prevail but little doubt, France will possess,
in 1804, nine new battleships in various stages of completion,
including Ihe JirinnusuDd Jiourret, which are being constructed
at L'Orient

; the ('harks Marlel, at Brest ; the Jaaretjuiberry,
at La Seyiies ; the Lazare-Carnot, at Toulon ; the Massena, at
Saint Nazaire ; and the three new vessels mentioned. Of the
ships named, only the lireiinus has so far been laun(-hed ; but
their completion is to be expected in the following order :

Drennus, Jaurefiuilierry , Charles Marlel, Lazare-Variiot, Buiivel,

and Masseiia. One of tlie new vessels is to be built at a private
yard, the other two being laid down in government dockyards.— Times.

New French Cruiser.—A new crui.ser, the largest in the
French Navy, is ordired to be built at La Seyne, after designs
by M. Legane, the constructor of the Spanish battleship Pelayo,
the Chilian armored cruiser Capitan Prat, and other celebrated
modern vessels. She will be named the J)' EntrecasUmix, after
the famous navigator who died during his search for La
Perouse, and. as she is intended for service as llagsbip in dis-

tant seas, she will be sheathed anil coppered, ller liisplaec-

ment will be B,114 tons : her length at Ihi- watc'r-line, 303 ft.

6 in.; her extreme breadth, 58 ft. 5 in.; and her extreme draft,
29 ft. 6 in. She will have two vertical triple-expansion en-
gines, with five cylindrical boilers, developing in all 14,000
H.P., and giving a speed of 10 knots. The normal bunker
capacity is to be 6.")0 tons, but it will be po.ssible to carry
1,000 tons of coal. The protection consists of a 3.9 in. steel
deck, with, above it, a great number of cellular compartments

for coal and stores, the whole being covered by another steel

deck 5 in. thick. The whole of Ibc hull lielow the protection

is o(teupied by the machinery, boilers, bunkers, and maga-
zines. Each of the heavier guns has ils own separate ammu-
nition hoist. These, and also all the auxiliary machinery,
steering-gear, internal lighling, loading and training engines,

etc., will be electrical. The armament will consist of Iwo 9.4

in. guns of 40 calibers ; twelve US) in. quick-liring. twelve
1.8.T in. (luick liring, and four 1.45 in. quick firing, with two
subnK'rged and five above water lorjiedo lubes, two of the

latter being in the bows. Each of Ihe 0.4 in, guns will occupy
a closed turret covered with O.H in. .-.teel. Four of the 5,5 in.

quick-firiug guns will be on the spar-deck behind 2.8 in. hard-

ened steel sliields, and the remaining eight iqion the main
deck in .sponsons behind similar shields. The smaller guns
will be distribuled over the superstructure and in Ihe tops, of

which there will be three— or, rather, a three-decked one—on
each of the two ndlilary masts. Within the masts there will

be the usual staircases and lighting positions, and there will

be also a heavily armored conning tower. The D'Kntrieas-
teaii.r. which is estimated to cost $3,017,230, will be somewhat
larger than our new first-class cruisers of the Kilgar and Ores-

rent classes, but a little smaller than those of Ihe Blenheim
type. She will also be exceeded in size by the Russian cruiser

Riirik, than which, however, she will be a knot faster. In
size she will most nearly approximate to the new American
cruiser Kew York. .\nother ship of the class is to be laid

down presently.

—

Engineerinr/.

Tail Shaft Preserver.— Mr. T. Mudd, of the Central

Maiine Engine Works, West IIarlle|iool, Inis recently fitted

to Ihe pr ipeller shafts of seveial sleainers engined at these

works an airaugemeut for preventing the galvanic action

which arises immediately at the enils of the brass liners when
immersed in water, and the general corrosive action that pro-

ceeds along the middle part of the shaft between the liners

when exposed to salt water in the stern tube, and which is

aggravated by the churning action produced resulting in the

water being largely mixed with atmospheric air. Mr. Aludd
holds that the one great essential to be aimed at is keeping the"

water away from the shaft. This has been attempted in sev-

eral ways, suc-h as by lengthening out the liners till they meet,

and there brazing them together, but he believes it has never
been effectually accomplished, and the covering of a .shaft

with brass all over is a very expensive expedient. Jlr. Mudd's
patent tail shaft preserver then consists simply of a lube or

sleeve, made of first class india-rubber, of such dimensions as

to cling tightly to the shaft over the whole length between the

liners, and for several inches up the inclined liners at its ends.

For this purpose the liners ar(; lengthened out about in.

more than is usual, and gradually tapered away to acconuno-
date the elastic sleeve. 'This gentle tapering of the liners has

another good effect, as it gradually diminishes the strength

of the liner, and so overcomes the objection to a sudden change
of strength where the liner finishes, and w hich, doubtless, in

many cases aggravates the damage caused by galvatne action

at that point. When the preserver is to he put on the shaft,

the latter is thoroughly cleaned bright, and coaled with a sidt-

able cement, and by means of special app:iratus of a simple

character the sleeve is drawn ovi-r the end of the shaft until it

is in its place, where it becomes embedded firmly in the

cement, clinging so tightly as to make tlu! accession of water
beneath it quite impo.ssible. When desired, the ends may be

lashed wdth copper wire over wire gauze, and the lashings

soldered together. To prevent any chance of the sleeve being

damaged when the shaft is being pushed into its place in the

tube, a fal.se uut is provided which runs on the thread on the

end of the shaft, the external diameter of which is precisely

the same as the diameter of the brass liners, and which there-

fore holds up the point of the .shaft as it passes through, pre-

venting the elastic tube from being injured by the neck bush.

This uut, of course, goes with the ship as part of the outfit.—

Jourmil of American Hociety of Naval Engineers.

NOTES AND NEWS.

A High Smoke stack.— One of the highest, if not the high-

est smoke slack in the United States has been recently built

for the Fall Hiver Iron Company. The stack from the top of

the granite foundation to the cap is 350 ft.; the diameter at

the lia,se is 30 ft., at the top 21 ft.: the Hue is II ft. through-

out, and the entire structure rests on a solid granite foimdation

55 ft. by 30 ft. by 16 ft. deep.

The Trajectory of a Big Gun.— At a test of the coast gun
built by Kiiipp. at the .Meppen proving grounds recently,

the projectile was fired 05, fill) ft. with the gun, having an ele-
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vation of 44'. The projectile weighed 474 lbs. and a charge
of 253 lbs. of powder w.as used, giving an initial velocity of
•2,0!»9 ft. It is estimated that the projectile reached an alti-

tude of 31,456 ft., its flight occupying 70.2 seconds. The
Kriipps have had a drawing made showing the flight of the

projectile relatively to iMoiit Hlanc, in which it is shown that
it would be possible for the gun to tire over the mountain
from Fre-8t.I)idier.

The Gordon Disappearing Carriage.—The Gordon dis-

appearing carriage for the lOin. bieeeh-loading rifle was
tested at the Sand}' Hook proving grounds on September 13.

The firing was to sea, and little delay was caused by shipping.
TJie record was for 10 roiuids, and the last six rounds were
fired continuously. Without any dedut'tion of time for delays,

the 10 rounds were fired in 59 minutes and 24 seconds. The
carriage was worked by hand throughout, the design being
independent of power appliances of any kind. The carriage
worked remarkalilj' well during the whole test. Full service

charges were used, the weight of powder being 250 lbs., and
that of the projectile 575 lbs.

Electric Feeder for the Galling Gun.—A new electric

feeder has l)een ap|)lieil to the Galling gun by its inventor at

Hartforil, Conn. On a stiip of tin, 20 smokeless powder
cartridges are placed, each held in place bj' bits of tin turned
up for the purpose. These strips are put into a horizontal
opening, and as they are drawn Ihrougli, the cartridges are

stripped off and placed in position to lie thrust into the cham-
bers. The motion is positive, ami there is no failure in any
part of the movement. The slriiis with cartridges attached
can be compactlj' packed, and a mncli larger amount of am-
munition can be carried with the gun than by the old way.
The gun can be fed by these strips with tlic greatest rapidity.

With them it has lieen fired 3,130 times in a minute, and when
turned by a little electric motor attached to the breech, it can
be fired 5,0(1(1 times a minute.

—

EleHricid I'-rieic.

A New Smokeless Powder.—According to reports from
Bucharest a new smokeless powder, known as Plastomenit,
has been tested there by the military autliorities as well as bj*

the local sporting club. (_>ne of the advantages it is said to

possess over other similar powders is that its combustion does
not choke the gun. Thongb it proved to be the best of smoke-
less powders }'et tried for the small caliber Mannlichcr rifie in

use in the Roumanian Army, the results with that weapon
were not quite satisfactory. It was, however, found to be
everything that could be desired in the matter of carrying-

power and penetration with the smooth bore guns of the

Sporting Club, and is said to be equal, if not superior, to

powder of English manufacture. The smoke is hardly per-

ceptible, and the noise of the explosion is very slight, while
there is absolutely no recoil.— Loiuhm Tiines.

Thirteen in. Gun for the United States Navy.—Consider-
able attention has been attracted lately to the 13 in. gun which
is soon to be tested at the Indian Head proving grounds. It

weighs 135, .500 lbs.; its total length is 40 ft., aniTthe greatest

diameter of the gun bod}', 49 in. The total length of tlie

bore is 37 ft. 10 in., of which 30 ft. 10 in. are rifled. The rifle

consists of 52 grooves, each .415 in. wide and .05 in. deep.

The chamber capacity of the bore is 80 in. long, with a diam-
eter of 15 in. The total capacity of the Ijore is 64,857 cub. in.

The shot that it will throw weighs 1,100 lbs , and 550 lbs. of

powder will be required for each firing. The nuizzle velocity

of the projectile will be 2,100 ft. jier .second. It is also esti-

mated that after traversing a distance of 2,500 yds. the shot
will still have a velocity of 1,805 ft. per second. The energy
at the muzzle is estimated at 33,627 foot tons. It is expected
to have a penetrative power of 24 in. of steel at 1.500 yds.
from the muzzle. Brown's prismatic powder will be used in

the first test.

Automatic Block Signaling by the Use of Incandescent
Lamps.—The Weehawken tunnel of the West Shore Railroad,
in New Jersey, which is 4.200 ft. iu length, has been fitted

with a novel block-signal system, described in the Engiiueriny
Miigazine. The arrangement consists of a line of incandescent
electric lamps about 300 ft. apart, and placed on a level with
the eye of the engine-driver. When the lamps are all alight

it is an indication of safety. Each train pa.ssing through
extinguishes the lamps for a distance of 1,100 ft. in its rear, a
result which is automatically effected by an electrically con
nected track circuit, whereby the lamjis are kept under the

continuous control of the train. The operators in the signal

towers at each end of the tunnel can also extingidsh the lights

in any section of the tunnel if occasion requires. This system
appears to embody a number of exceedingly valuable features,

and, if successful in practice, cannot but increase the traffic

capacity of a long tunnel largely beyond that which is possible

by the methods of signaling heretofore in use.

Test of Holtzer Projectiles at Sandy Hook.—A test of

the 300-lb. Holtzer projectile of Ameiiean manufactuie was ^
made at Sandy Hook on September 5. Two shots were
fired, one of which was recovered and the other lost, having
gone seaward, although it is hoped that it will be picked up
on the shore. The one whic'h was recovered was sent through
9 in. of solid steel backed by 3 ft. of solid oak, and was found
30 ft. back of the oak in solidly packed sand, and was declared
l)y experts to be practically as perfect as when it had been
inserted in the breech of ihe 8-in. rifie. The projectile is

made by the Mid vale Steel Company, who has purchased Ihe

right to manufacture for the whole American Continent from
the Holtzer Company of Uniieux, France, who control a

secret process invented by C. E. Brustlein, for making steel

as hard as Hint at the .same time as tough as copper. Wlusn
the projectile which was recovered was brought to the sur-

face, it Was found that the upset was only .005 of an inch.

The initial velocity of each shot was 1,634 ft. per second with
the pressure of 33,260 lbs.

Heat of the Sun's Surface.—What is the actual heat of

the sun's surface '! Various estimates have been made, but as

they vary from 1,000 and a fraction to millions of degrees
there is little prospect of au immediate ami reliable answer to

the question. Secchi gave it as his opinion that the temper-
ature could be but little, if any, short of 10,00(1,000 degrees of

the Centigrade thermometer. Sporer thought that it might
be 37,000 degrees, while Pouillot brought it down to some-
where between 1,400 and 1,761 degrees of the same scale.

M. Becquerrel, Professor Langley and Sir William Thompson
all agree on about 3,000 degrees of Centigrade, making their

deductions from calculations based on solar photospheres.
According to Jl. St. Clair Deville, the temperature of the

sun's 'surface does not exceed 3,800". This also agrees with
experiments made by both Bunsen and Debray. Sir Robert
Hall, the astronomer ro^'al of Ireland, in his " Story of the
Heavens," says :

" Weshall probably be well within the truth

if we state llie effective temperature of the sun to be about
18,000' F."—St. Louis HepulAic.

Hydraulic Pump for Mines.— In a new hydraulic pump
arrangement just being introduced in some of the English
collieries, two columns of water are substituted for the ordi-

nary pumprods connecting the steam-engine with the pump,
and which may be placed any distance from each other. Ad-
vantage is takeu of the fact of water being practically incom-
pressible, and that if a pipe is filled with water a piston at one
end will, if pushed forward, propel a piston placed at the

other end in the same direction ; with two pipes and four pis-

tons a reciprocating motion is obtained. The arrangement
consists of a hydraulic cylinder in which works a piston or
ram, called the power ram, which is moved b}' a crank driven
by a steam-engine. At the pump there is a cylinder exactly
the same as that at the engine, iu which is a piston or ram
attached to the plunger of a double-acting pump, and a pipe
connects the end of the power cylinder at the engine with the

end of the motor cylinder at the pump. Whin both cylinders

and pipes are tilled with water and the water piston is moved
by the engine, the water in the power cylinder is forced
through the pipe into the end of the motor cylinder at the
pump, and the motor piston is moved. In a like manner, when
the power ram at the engine moves that at the pump re-

sjionds, carrying the pump plunger with it. Thus the pump
plunger is moved backward and forward in the same way as

if there were a direct connection by means of rods betweeu the
steam engine and the pump.

—

London Press.

The Mont Blanc Observatory.—This observatory, which
was completed in August, stands 15,781 ft. above the lev-

el of the Mediterranean, and is the result of two years' toil-

some and dangerous labor by 40 men, who have risked their

lives for the benetit of science and mankind. The question
arose prior to building as to whether a rock foundation could
be had, and in order to determine the fact a tunnel was driven
through the ice a distance of 135 ft. on the south side of the

peak, 50 ft. below the summit. Finding nothing but sound
ice, an incline shaft of 130 ft. was sunk with no better result.

An ice foundation was the only choice left, and upon the ice

the observatory has been erected. The peak upon which it

stands is 126 ft. long and 48 ft. in width. To avoid the dis-

turbing effect of the furious storms which sometimes rage on
the summit, the building, as will be seen from the framework
shown in the figure, has the form of a truncated cone and is

in two stories. The lower story is below the ice crust, about
30 ft., and the upper 18 ft. above the surface. There are six

rooms in all, one of which will be reserved for visitors, who
will be entertained free of charge during their slay on the
summit. The building is supported underneath by jack-

screws, so that in the event of its moving from position it can
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^ be screwed back to its place. Tlie rooms are Iieated by petro-
leum stoves. The outside temperature in tlie winter is 40°
below' zero and about 12° above in llie summer. Tlie total
cost of this e.xtniordinarv undertakin;;, when completed in
August, will readi $(i0.001). The telescopes and other scienlitic
instruments first used will l)e of a smaller caliber, as it is neces-
sjiry to make e.\perin)euls before buyini,' lar^e and expensive
ones.

Submarine Foundations Made by Solidifying Sand.—At
the recent World's t'ciiigress of Knj.'incering in Cliiiago, Dr.
Neukirch described a melhod of solidifying sand in the bot-
tom of a river by converting it into a concrete masonry founda-
tion without being e.vcavat'ed or disturbed. The process con-
sists in using air pressure to force dry powdered hvdranlic
cement through a pipe dowu into the bed of sand or gravel.
The pipe or tube has a lance-.shaped foot perforated witli small
holes through which air is forced. The pipe is sunk deep
into the sand and gravel bed by forcing air through these
holes, which displaces the particles of saud at its foot and
allows it to settle. When the lube has reached a solid sub-
stratum the cement is fed into the tube, and the current of air
carries it to the foot of the tube, and iujects it with consider-
able pressure into the saud and forms a matrix with the sand,
gravel, and water present. The bloiving in of the cemeut
and air in this mobile mixture produces a boiling action at
the end of the tube which thoroughly mixes the cement and
sand. As the process goes on and "the introduction of the
cement continues, the tube is slowly drawn up at a speed
which permits the required (|Uantity of cement to be intro-
duced. As the tube is drawn up aiiil the injection of the air
ceases, the grains of saud subside and settle tirmly together,
occupying a smaller space than before the cement was intro-
duced. Each sinking of the tube gives, 0/ course, only a
column of concrete, its size depending upon the pressure of
the air and the looseness of the sand. To insure the solidity
of the whole foundation, the pit is divided into small tiekfs
from 8 to 12 in. square, and into each field the pijie is sunk
and the reiiuisile quantity of cement forced. To limit sharply
the lateral dimensions of the foundations and to protect it

against outside influences, it is in the first instance .surrounded
with sheath piling or a cofferdam.

The Most Suitable Colors for Signal posts and Sema-
phore-arras.—Attention is directed to tlie ditlereiice in opinion
which is prevalent with respect to the coloring of railway sig-
nals, upon the facility of recognizing which so much depends.
There is no desire to question the advantages iu favor of the
two colors, red and green, which have so long been selected
for night signals ; it is, however, pointed out, that while the
red gla,sses used for this purpose are, as a rule, admirable, the
green glass is frequently of too dark a shade, which renders
it impossible to distinguish the light at a distance of more
than 330 yds. to 440 yds. In lieu of green glass, it is ad-
visable to substitute the pale, bluish glass, long employed at
sea. which transmits a beautiful green light, capable of' being
seen as such at great distances. This so-called "marine
gla.ss" is already in use by some railway companies. In ac-
cordance with the i!ew {German) regulations, which came into
force on January I, 1893, red and green disks are to be partly
used for day-signaling ; and provision is made for keeping
them free from dust and dirt, and for repainting them at fre-

quent intervals. It must be determined by time whether
enamel colors or "durable" paints prove to" be the best for
this purpose. AH kinds of theories exist as to the best manner
of painting the posts and movable portions of the sit'iials, so
as to render them readily visible to the engine-driver under all

circumstances; and it is time that some definite rules, sanc-
tioned by long experience, were laid down to secure uniform
ity in this respect. In the investigation of a series of cases
where complaints have been made, it has been found that the
red color commonly u.sed for the semaphore arms becomes,
under certain conditions, extremely dillicult to distinguish-
namely, when it is seen against a background of foliage. In
a given instance the arm w:xs painted white, which gave satis-
faction for a lime, but as soon as the brilliancv of the new
paint had disapi)eared, and the signal had to be made out in
snowy weather on a white background, matters were as bad
lis ever, so the semaphore was painted red as before, with re-
newed complaints in the following summer, when the trees
became green again. The color, as" it deepened with ag(', was
found more and more ditlicult to make out, and the signal arm
soon had to receive a .second coat of paint ; it was, jiowever,
decided that the red color was more clearly visible than in the
year before, when the arm was painted while. Though this
represents an individual case, it is a matter of wide experience
among railway olficials, and arguments are founded upon it

against the practice of coloring the arms in alternate stripes of
red and while, either horizontal or vertical in direction, as
tending to reduce the area of visible color. This does not
apply to the posts, which are best painted in bands of black,
white, and red, beginning at the liottom with black, in belts
about 3 ft. to 4 ft. deep. The following regulations, based
upon a practice of many years in duration and extending over
a great mili'ag<' of railways, are proposed :

1. The semaphore-arms are, as a rule, to be painted bright
red throughout their entire surface. In a few nire and excep-
tional ciuses all black or alternate cross-bars of white and red
may be used, the white stripe to be next the post and red to

follow.

2. The color of the arms must be renewed as frequently as
may. in special cases, be requisite.

3. The signal-posts themselves are to be painted in alternate
bands of black, white, and red, from the baseupward.—^/t-
nnUn fiir (leireibe niid BLimrefun.

A New Method of Casting Steel Ingots.—At the Nykrop-
pa Ironworks, in Sweden, a metliDil of consolidating steel

ingots, by subjecting the freshly filled mold to iiressure de-
veloped by centrifugal action, lias been introduced by the
manager, Mr. L. Sebenius.
The apparatus consists of an upright shaft in Ihe center of a

cylindricil casting pit, carrying a frame of four arms, to each
of which is articulated a platform sujiporting four ingot molds.
While the shaft is at rest, the molds are ujiriglit, and are filled

in the usual way ; but when it is set in rapid rotation they fly

up into the horizontal position, and a pressuic in the dirci-tion

of the length of the ingot is develojied equal to thirty times
that due to the column of liquid mctiil iu the mold, which
drives the gases out, and produces a perfectly solid casting.

Uniformitj' of composition is also induced, as, on account of
the rapid cooling, liquation is prevented. The process, which
has now been in u.se about two 3ears, has been applied
to both the Bessemer converter and to the open-hearth furnace.
The ingots are free from external detects, and the loss by de-
fective ends has lieen diminished 40 per cent., the metal being
so compact as to bear rolling to finished sizes without the use
of the cogging mill. The cost of the apparatus is about £400
for a three-ton and .€800 for a ten-ton charge.
Xo details of the apparatus are given, exrept in the accom-

panying figures, from which it appears that the circumference
,

described by the bottom of the molds, when .spun up into the
horizontal positron, is about 67 ft., corresponding to the working
speed adopted of 125 revolutions to a velocity of nearly 10,t)00

ft. per minute. The pressure on the mold, taken at thirty

times the depth of the ingots, will be about 150 ft. of iron, or
from 500 lbs. to 600 lbs per sq. in. In the form of the appa-
ratus intended for smaller ingots the molds are arrangetl in an
inclined position, and radially to a central fixed vertical feed-

ing tube upon a turntable, which is set in rotation after fill-

ing, or the latter operation may be performed while the table
is actually in motion.
The second notice contains figures of a modification of the

apparatus, in which the rotating table, being smaller in diame-
ter than that previously adoi>ted, can be driven at a liigher

speed, up to 200 revolutions per minute. There are eight
pivoted molds, each divided li.y internal walls, so as to give
nine small ingots, suitable for wire billets or thin sheets. Bj'

means of a central annular funnel, lined with refiactory mate-
rial, and jirovided with eight feeding spouts, or one for each
group of molds, the whole number of 72 ingots are cast by a
single pouring from the ladle, which contains from four to six

tons of steel. — /*/«!•. Inst, of ('. K.

A Persian Telegraph Line.—The mode in which telegraph
lines in Hersia under native control are erected and worked is

described by Ihe British Consul at Keslit in reference to the

line between Enzelli, on the Caspian, and Heslit, and Teheran.
In dry weather, he says, the line works fairly well, but in

damp or rainy weather it cannot be counted ujion. The rea-

son is that the insulators are driven into trees that have
branches growing round the liooks and touching the wires,
thus intercepting the current if the tree is a large one ; but
when a large tree is not available a small one is used, and this

often breaks, or the shaking of the slender tree by the wind
dislodges the insulator or hook on which it is fixed, and the

wire trails on the ground. The Consul has often seen the wire
right across the high road, which is followed by hundreds of

mules both in Ghilan and Astrabad, not only interrupting tele-

graphic communication, but endangering the lives of the ani-

mals and their riders, more especially when the accident hap-
pens on the brink of a precipice. It is not surprising, under
these conditions, that telegrams in Persia are not received

punctually. In one ciuse a high foreign orticial telegraphed to

Teheran from Europe announcing his intended arrival at Resht
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in a fortnight. The telegram was received at Teheran the

same day by the European line and immediately dispatched to

Resht by the Persian line. The fortnight elapsed and the high
otflcial arrived. The telegram was received in the sender's

presence 18 days after its dispatch. With regard to tele-

graphic connnunicalion through the Persian lines, as all mes-

sages are received on tiie instrument by " ear" and no " tape"
record is kept, mistakes almost alwaj'S occur when the message
is in cipher, also when figures, such as sums of money, are

mentioned or foreign words or names are transmitted.— London
Times.

Singular Drainage Arrangements.—A peculiar combina-
tion of circumstances has resulted in a remarkable drainage
system being employed in a coal mine near Sykesville, Pa.
The company owning the coal land also operated a railroad

running near tlie place where the seam of coal cropped out,

which made it desirable to begin mining at that point. The
seam of coal sloped down from this outcrop to a place about
two miles distant in a straight line, where it began to rise

again. The surface of the ground over this low point was 116

ft. at)Ove the bottom of the seam of coal, and considerably
lower tlian the elevation of the point where the seam came to

the surface. It was decided to sink a vertical shaft to the low-

est point of the coal, and then tunnel from the foot of tliis shaft

up through the inclined bed to meet a tunnel driven from tlie

point of outcrop. The vertical shaft was 13 X 16 ft. in cross

section, and was provided with two pumps capable of remov-
ing about l,2o0.000 galls, in 24 hours. After nearlj' three

years of work the tunnel down through the coal seam was
completed. It is 9,100 ft. long and about 9 ft. wide, the

height depending on the thickness of the coal. When it was
completed it was found that a horizontal plane through the

top of the vertical shaft would cut the tunnel about 4,600 ft.

from the outcrop, and .so it was decided to discontinue the use
of the pumps in the shaft and allow the lower half of the tun-

nel to till with water, which would be prevented from rising

more than 4,000 ft. from the end by the free overflow it would
have at the top of the shaft. The shaft is now full and over-
flowing, and in this way 3,500 acres of coal land are being
drained without any expense for pumping. As soon as all the

coal is mined out above this water level, which will probably
be many 3'ears hence, the water can be pumped out and the
remainder of the territory mined.

A Safe for Express Messengers.—An invention to balk
train robbers has been devised liy E. 1?. Pope, Western Agent
of the Chesapeake & Ohio Railway at St. Lous, and he has
applied for a patent upon it. The scheme provides for equip-
ping every express car safe with two locks, which interlock

with each other. Lock No. 1 can be either an ordinary key
lock or a combination lock. In either case the messenger can
handle his money packages for the way stations the same as
under tlie present system. Lock No. 1 is connected with lock
No. 3 by a small .steel bar. which works in and out of the com-
bination lock No. 2 as the messenger locks and unlocks lock No.
1 ; the tumblers in lock No. 3, when in their normal position,

beins; always set at " open" and held in that position by a
simple mechanism to prevent the jar of the train or an acci-

dental knock from throwing them out of position and locking
lock No. 3. .V metal cover hinged to the safe fits closely
over the dial plate of lock No, 2, and is fastened with a small
padlock when the safe is not in use to prevent maliciously dis-

posed persons from causing trouble by throwing off the com-
bination of lock No. 2. Wlien he starts on his trip the mes-
senger unlocks the dial cover and swings it back out of the
way, leaving him free to throw off the combination of lock
No. 3 when the alarm is given. The mes.senger knows the
combination of lock No. 1 or has a key to unlock it, but he
does not know the combination of lock No. 2, and if he once
throws off the latter it is impossilile for him to unlock and
open the safe. A notice is painted on the outside of the safe.

instructing the messenger to throw the combination of the lock
No. 3 in ca.se of as.sault by robbers. The inventor says that
any two combination locks, or one kev lock and a combination
lock, can be connected together at small expense so that they
will work in unison, and the present stock of safes and mes
sengers' chests now in use can be cheaply equipped with the
new device, although it would probably be found desiralile to

make a quality of messengers' chest that would be too heavy
to carry off and strong enough to successfully resist anything
but a long and persistent attack by professional safe blowers.—Railway Age.

Agricultural Implements in Sicily.—Asriculture is yet in

its most primitive state throughout the island. No new in-

ventions, no labor-saving machines, have found a place in

Sicily, nor is any appliance known that was not In use gen-

erations—in fact, ages—ago. Wheat and oats are harvested,

principally b}' women and children, with the sickle, and the

grain is tramped out by horses and donkeys. There is not a
reaping, mowing, or threshing machine in this entire district.

The plow used by the farmer to-day, incredible as it may seem,
is tlic wooden stick, the round iron point, the long beam ex-

tending from the point and resting on a yoke across the necks
of donkeys. In yicily. however, the plow divides honors with

the. hoe." as only about one-half of the agricultural area is

plowed, the other being broken by hand with the hoe. This
hoe, with blade 10 in. to 12 in. long by 5 in. wide, and heavy
handle about 3 ft. long set at an angle to the blade of about
4.5°, is the luiiversal work tool of the Sicilian. With it the

farmer's land is broken and crops cultivated. Irritration and
ditching, as well as street and road construction, are done with
this crude implement. That there is dire necessity for better

farm implements and for such tools as the shovel, spade, fork,

and wheelbarrow is most evident ; but that their introduction

here is probable, or that these people could be induced to dis-

card the old and take up new tools, is extremely doubtful.

There is believed to be an opening here, however, for

American manufactures of various kinds, such as threads and
certain cotton textiles, lamps, small stores, hardware, office

furniture, and stationery, provided color, weight, size, etc.,

together with the peculiarities of the trade and business cus-

toms, are considered and catered to. Three-fourths of the

manufactured articles bought in this market are supplied by
Germans, for the reason that both American and English
manufactures are too lieavy and expensive. The German
learns this bj' coming here and a.scertaining what is most sala-

ble and then manufacturing his wares to meet the require-

ments of the market. Yet in many in.stances he represents his

article to be of American'manufacture. or that it is made after

American designs. That such representations aid him in his

sales fully demonstrates the fact that the people here recog-

nize the "superiority of American manufactures, and it is l)e-

lieved that this would facilitate their introduction ; but to avail

ourselves of this market, its peculiarities and conditions must
be known, and this can only be accomplished by sending capa-

ble representatives here. The statement should be emphasized
that price-lists and circulars sent to addresses obtaine(i,from

consuls are never productive of good results.— IT. S. C:insular

Reports.

When Coal was First Used.—Though coal had been em-
ployed for centuries in the manufacture of salt on the shores of

thecoal fields, viood had hitherto continued lo be the fuel at

the inland salt works. The use of coal at Nantwich is men-
tioned as a novelty inl05(i ; at Droitwich wood fuel and leaden

pans were in use up till 1691. In this era theseasalt manufac-
ture was in the zenith of its prosperity. But the substitution

of coal for wood in the inland salt trade, aided by the discov-

ery of rock salt, which took place accidentally in boring for

coal in Clieshire, led to the gradual decline and final extinc-

tion of the manufacture of salt on the coast. The only traces

now remaining of this once flourishing industry exist in such
names as Ilowdon Pans on the Tyne, Prestonpans on the Forth,

Saltcoats in Ayrshire and Saltpans in Arran and Kintyre, or in

the Scottish proverb. " Carry salt to Dysart," synonymous
with the English " Carry coals to Newcastle."

In no branch of industry was the scarcity of wood more
keenly felt than in the smelting of metalliferous ores. Con-
tinued efforts to accomplish this with coal began immediately
after the accession of James 1.. and were persevered in through-

out the seventeentli century. But for a prolonged period the

new fuel proved highly intractable, and scheme after scheme
ended in failure and disappointment.

After eighty years of oft-repeated trials the tantalizing prob-

lem remained unsolved. Wood and charcoal still held the field

in the smelling furnaces, and all hope of ever seeing coal sub-

stituted for tiiem had well-nigh died out. In 1683 Sir ,lohn

Pettus, in his " Essays on Words Metallick," concludes his ob-

servations regarding sea coal and pit coal with the remark,
" These are not useful to metals."
The unpromising prospect, however, soon began to brighten.

Immediately after' the revival of lead and copper mining,

which took place about 1692—having probably been more or

less in abeyance through the interruptions occasioned by the

civil wars—these ores came to be smelted with coal. The ex-

traction of silver from lead with coal was accomplished by a

Mr. Lydal in 1697. and the same individual appears to have
been the first to successfully employ coal in the smelting of

tin, in 1705.

The ores of iion proved more refractory, no substantial and
permanent success in smelting them with coal being obtained

till near the middle of the eighteenth century, when the manu-
facture of charcoal iron had dwindled to very small propor-

tions—in fact, was dying out fax Vitnt of fuel.
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It then at length licciime an accomplished fact at Coalbrook-
dale Iromvorksin Shr()])shire. The success was at first ascribed
to the Shropshire coal, but probably the eiuploviiienl of a
strong bhist had a great deal to do with it. From this the coal
became the life of the iron manufacture. The ci-devmit droop-
ing trade rapidly revived, and the latter part of the eighteenth
century saw coal iron furnaces in successful operation through-
out the kingdom. —Coft<e;«po;«ry Review.

AMERICAN AND ENGLISH LOCOMOTIVES.

(Continuedfrom page 420.)

TnK parts of the locomotives which are illustrated this

month are the tender frames and running-gear, of which the
following are the specifications for the American engine :

TENDER FRAME.

Substantially built of 6.} X 4| in. angle iron and thoroughly
braced. The back end to be fitted with " Gould" coupler.

TENDER TRUCKS.

Two four-wheeled .side bearing trucks made with wrought-
iron side-bars and wood bolsters.

ytf,.^.,.tj.>V_

TENDER OIL-BOX FOR AMERIOANj^EXPRESS PASSENGER LOCOMOTIVE

SPRINGS.

Made of best cast steel, tempered in oil.

Krupp's steel-tired plate wheels," 36 in. diameter. Tires

held by retaining rings.

Of hammered iron, with outside journals 4j in. diameter
and 8 in. long. Brakes on front truck only.

The specifications for the corresponding parts of the English
engine are as follows :

SIX-WHEELED TENDER.

Principal Dimensions.
Ft. In.

Diameter of wliccls on tread 3 9 J
Center to center of journals 6 6
Length of journal 9
Diameter" " 5^^

Diameter of axle in wheel OS
" " at center 6^

Wheel-base 13
Length of frame 19 9i
Total length of wheel-base, from center of leading bogie

JJ
wheels of engine to center of hind wheels of tender. . . 44 3^

Length over ;dl, from front buffers of engine to hind
buffers of tender 53 8f

Height of center of buffers from rails 3 5

TENDER KKAME.

The frame-plales, cross-stays, stretcher-plates, hind buffer-

plates to be of .steel, same ((nality and manufacture in every
respect as specified for the engine main frames.

Each frame is to be made- of one plate, j in. thick, and all

holes are to be marked and drilled from one template. The
axle-box guides are to be made of cast iron, planed, fitted,

liolted to frame, and must be free from cross-winding and
square with the frames in all directions. The horn-stays are

each to consist of two H in. bolts with cast-iron distance

pieces accurately fitted between the horns. All the cross-stays

are to be accurately lilted to the frames and riveted to them
by Jin. diameter rivets. The frames are to be accurately

tested by longitudinal, transverse and diagonal measurement,
and must be jierfectly jiarallcl to each other. The front

bulling anil ilraw-beam is to be constructed as shown, and is

to be provided with buffers fitted with volute gprings to this

company's pattern. The draw-bar is lo be forged in one, the

hole at one end being i«mched. Wrought-iron steps are to be
provided, roughed and fixed where shown. The hind bulling

and draw-plate is to li.'ive a draw-hook and bar furnisheii with
one of Spencer's No. 6 india-rubber cylinder to this company's
pattern, two cast-iron buffers the same as specified for the

engine, two side chains and screw coupling made of best chain

cable iron, and to drawing. Two steel life guards are to be

bolted to the frame, behind the hind wheels.

AXLB-BOXEB.

The axle-boxes arc to be made of cast iron fitted with a

wrought-iron top, and with the best gun metal bearings lined

with Dewrance's anti friction metal, and
to have cast-iron keeps provided with
lubricating pads. The axle-box bearings

to be ^V in. shorter than the axle-journal

to give clearance : front and hind axle-

boxes must have Jt in. side play, and the

center axle-box i in. side play on each

side of the guides, as shown in drawing.

SPRINGS.

Tender springs to be same quality,

workmanship and manufacture as speci-

fied for the engine springs. Each spring

to consist of 16 plates, one plate i in.

thick and 15 plates ^\ in. thick to a span
of 4 ft., each spring to be provided with
hangers at the ends and buckles in the

center, as shown. Each spring to be

tested with a weight of 8 tons, and must resume its original

form after testing.

WHEEL-CENTERS.

The wheel-centers to be of good sound cast steel of ap-
proved make, quality, and manufacture, and tests same as

specified for engine. Each wheel-center to be turned to a
diameter of 3 ft. 3| in.; the rims are to be 4^ in. broad, 2S in.

thick at center, to have 10 spokes 2^ in. thick at the boss and
4 in. deep ; at the rims IJ in, thick and 3^ in. deep. The
bosses are to be bored out parallel to a diameter of 6J in., and
are to be 11 J in. diameter. All the centers must be bored and
turned strictly to temjilate, so tliat they shall be exactly alike,

and each wheelcenter must be forced on the axle by a hydraulic

pressure of not less than 70 tons. The wheel centers are to be

fixed to the axles without keys.

TIRES.

The tires to be 3 ft. 9| in. diameter on tread, and in every
other respect to be same as the engine tires, both as regards

section, quality of material, and workmanship, and to bo
manufaelured by Vickers A: Company. The same tests to be
applied as for the engine tires.

Each axle must be made of the very best cast steel, quality
and tests as specified for the engine axles, and to be manufac-
tured by Vickers & Company. Centers of journals to be 6 ft.

6 in., diameter, 5^ in., and length, 9 in.; other dimensions as

shown in drawings. I
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STEAM-BRAKE.

''A steam and liaud-brake combinprl i.s to be tixcd on tender,

as shown ; the c_vliuder, 10 hi. diainetei', is to be provided
with means of lubrication ; (lie brake-screw, which is to be
left-handed, is to work in a cast-iron column bolted to the

foot-plate at the front end of the tender, and the front pulling

rod is to be provided with adjustment as shown. Each wheel
is to have one cast iron brake-block applied to it. The brake-
gear is to be made of tlie very best liammered scrap iron, all

the pins and working parts being of wrought iron case-hard-

ened, all pins to be to drawing and to have brass bushes when
shown. The steam is to be led from the engine to the cylinder
with a connection, as shown.
The brake material, which must be obtained from the

Vacuum Brake Company, 33 Queen Victoria Street, E. C,
for each tender, will consist of one main air-pipe with the

necessary T-pieces, elbows and clips, one of Clayton's hose
and couplings for the front of tender, one of Clayton's hose
and couplings for back of tender, one end pipe with cast-iron

bend, one dummy, one dirt recipient. The brake cylinder,

piston and rod complete are to be supplied by the contractor.

The brake-gear generally to be as shown in drawing.

In the construction of these tenders it will be seen that there
is quite a radical difference, which is characteristic of the

practice here and in Europe, the American leniler being-

supported on two four-wheeled trucks, while the English
vehicle is carried on si.\ wheels, which are rigidly connected to

the frame. The English vehicle is undoubtedly a simpler and

TENDER OIL-BOX FOR lENGLISH EXPRESS PASSENGER LOCOMOTIVE!

cheaper structure than the American tender. To the objection
that the weight must be carried on si.x wheels and journals
instead of eight, as in the American tender, it may be said
that the English wheels are 451 in. diameter and the journals

5J X 9 in. long, while the American wheels are only 36 in.

and the journals 4^ X 8 in. The carrying capacity of the six

English wheels and journals is therefore probably quite as
great as that of the eight under the American tender. There are
fewer of them, and consequently their'first cost and expense of
maintenance must be less, and besides there are no truck
frames, which add materially to the complication and cost of the
American vehicle.

It will, no doubt, be .said that the rigid wheel-base, which
is 13 ft. long, of the English tender will not adapt itself to

short curves as well as the flexible American trucks. To this
it may be said that the relation of wheel-base to curvature is

one of degree only. With the ordinary curves in use no
one now objects to the six-wheeled trucks, with 10 ft. of rigid
wheel-ba.se which are used under heavy cars. Wheel-bases of
over 13 ft. are in constant use under 10-wheeled, mogul and
consolidation engines, and are not a source of any trouble.
For the rigid wheel-base it may also be said that it is safer in

case a tender gets off the track than two trucks would be.

Almost anything is safe while on the track ; the danger begins
when it gets off.

It is, therefore, believed that very much can be .said in favor
of the European frame of six-wheeled tender in preference to

ours with two trucks and eight wheels. When vehicles of
greater length than a lender are used, then the double-truck
svstem has verj' great advantages over a rigid wheel-ba.se.
This is the case with long locomotives and cars, and in this

direction European practice is conforming more and more to

ours. With reference to tenders, however, the same reasons
do not apply, and it is believed that in this country we have
entertained an unreasonable prejudice against a practice and
form of construction which is simpler and cheaper than ours,

and less costl)' to maint.ain and not so liable to get out of order.
When we come to the tender frame, however, the English

practice does not commend itself so highly. The modern
shapes of angle and channel-bars, etc., or the Fox pressed
sleel would seem to afford means of constructing a tender
frame for a rigid wlieel-base, which would in many ways be
preferable to the plate frames which Mr. Adams, in company
with nearly all other locomotive superintendents in England,
are using. It is said that the experience on the Pennsylvania
Kailroad with the six-wheeled tender, which was sent over
with the Webb compound locomotive, has been in everv way
.satisfactory. It is certainly good policy, when we find that
any other iir'actice than our own is better than what we have
l)een doing, to adopt it, and it is believed that if American
locomotive superintendents would adopt the European form
of running-gear for lenders, it woidd be an advantage to the
companies by whom they are employed.

In one respect, however, the English practice in tender con-
struction seems to be inferior to ours. We refer to the axle-

boxes. By referring to

the engravings of these

parts it will lie seen that
the journal-bearing B
bears against a key A on
top of it. This key is

held in its place in the
box by lugs I), and in turn
the flange C holds the

bearing B in place. The
box has a cover or lid E,
which gives access to the
journal-bearing' and key,
and also to the packing
which is supplied below
the axle to lubricate it.

In order to remove or in-

sert a journal-bearing, all

that need be done is to

raise up the tender so that
the- key A will clear the
lugs D, ami it can then be
drawn out through the
opening, which is closed

by the fid E. When it has
been taken out the bear-

ing B may be raised up
so as to clear the collar on
the axle, and can then also

'

be removed and a new
one put in its place. This
can all be done in less

time than it has taken to write the description of the proc-
ess, by merely putting a .screw or hydraulic "jack," similar
to one illustrated on another page, below the box, and raising
it up about half an inch. AH the packing in the box used for

lubrication may be removed without raising up the box and
by merely opening the cover E. It will also be noticed that

the whole box is made in one piece, so that there can be no
leakage from it, excepting around the axle or where the dust-
guard is placed.
The English box and the oil-cellar are made in two parts,

and these it would seem must be liable to leak and allow the
oil to escape. Besides, the journal-bearing cannot be removed
without taking the a.xle out of the box To do this the oil-

cellar must be taken out, which cannot be done without rais-

ing the tender, so that the jaws or " horn-plates" are clear of
the box. In other words, the box must be taken out of the
jaws and the axle removed from the box to get out a journal-
bearing.
That the American box is much the most convenient and

must save a great deal of time in renewing bearings seems
obvious. As every one knows, the renewal of a worn-out bear-

ing and replacing it with a new one and repacking the box is

the work of only a few minutes, and is done daily and hourly
on all our roads.

Of the other details of the tender nothing more need be said.

The draw-ings will well repay study to any one interested in

the practice in the two^countries.
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BLOWING ENGINES.*

By Julias Kennedy, Pittsburgh. P.\.

TiiK ililTtTont tyiK'S of blowing I'liirims iu use nrc so numer-
ous tlint it would not be jiraclicublc to e-onsiilcr tlu'iu all in

this paper. I shall therefore only take uj) brielly a few well-

known types.

The style of blowing engine most largely used in this coun-

try is the vertical engine with air cylinder aliove, cross-head

between steam and air cylinders, and two lly-wheels, each
having a wrist-pin in ils hull or in one arm. This kind of en-

gine can be built cheaply, takes up little (oom, and is very ac-

cessible. Its disadvantages are that the cross-head is liable to

* Paper re.'ul at Chicago meetinR of the .\nH'ricaii Iiif^titnte of Mining En-
gineerH.

break, and that putting the wrist-pins in the wheels tends to

set >ip vibrations in them. It is likely that on the whole this

type of engine will continue to be built ([uite extensively.
' The same general arrangement has also been >iscd to some
extent, but n(>t widely, in horizontal engines. The Hcthlehem
Iron Company has some very line blowing enginesof this type,

except that they are compound, having the one steam-cylinder

replaced by two side by side. Tliese engines are noticeable

not only for the very excellent workmanship on them, but also

on account of tlie weight of the pi.stons

being carried by steam pressure apjdicd

to these chandlers through the hollow
piston-rods. This arrangement, 1 believe,

has always worked well.

Another type of engine which has
given good .satisfaction is the vertical dou-
ble engine, having air-cylinders above,
steam-cylinders below them, and cranks
at bottom, the engines being coupled to

cranks on the enils of tlie shaft, jilaced

at right angles to each other, the shaft

carrying the tly-wheel at its center. En-
gines of this type, except tluit they are

arranged horizontally, are also used to a
considerable extent. These engines avoid
the disadvantage of having wrist-pins in

the fly-wheels, and also dispense with the

long cross-head, witli its attendant dis-

advantages. They give a very uniform
pressure of blast, and are very conveni-

ent for starting. The vertical engines of

this type, as compared with the liori-

zontal, take up less room, and the wear
on cylinders, due to carrying the weight
of pistons, is avoided. On the other

hand, the machine i'i very high and there

is considerable vibration. Tlie horizon-

tal machine avoids this, is ver.v accessi-

ble, and is cheaper to construct. With
proper attention there seems to be no
serious trouble with wearing of cylin-

ders, so that wherever ground room is

ample the horizontal double-coupled en-

gine seems to be very suitable. The
jirincipal objection urged against this

style of engine is that in the event of a
break a large machine is disabled, where-
as, if two single engines are used, one
can keep the works going while the other

is being repaired. '1 liis is doubtless cor-

rect ; iiut I think that too much weight
is often given to this consideration. With
machines strongly projiortioned and care-

fully built there shoidd be very few
sto])s ; on the other hand, in the case of

I5e.s.semer engines, which are starting and
stopping at short intervals, the fact that

one attendant can handle the double
machine is worthy of consideration.

The doulilecoupled type of engine is

.also particularly adapted to compoiuid-
ing. As most blowing engines run \\\\-

der a comparatively constant load, and
as the increasing use of watcr-tubir boil-

ers in iron and steel works renders it

easj' to maintain high steam pres.sures,

I have no doubt that before long com-
pound blowing engines will lie adojitcd in

a large majority of the new plaiUs built.

In looking over the dilTerent kinds of

lilowing engines, we cannot fail to be im-
pressed witli the fact that in nearly every
case the air valves .-ire the weak point in

the machine. In the great majority of
cases the maxinuun speed of the engine
is about half what it could be if the air

valves could work fast enough. To rem-
edy this faidt several iilansbave been re-

sorted to. In some cases fairly good results have been obtained

by making the valves very liglit, giving them but little lift

and arranging them so that they shall .seat by gravity. In

some cases valves of this kind are so constructed that tlie air,

in entering the cylinder, is compelled to pass througb a large

number of very small openings. This is a very objectionable

arrangement, not only on account of the increased amount of

friction, but because ihe air, in passing over the metal grids

in thill streams, will .absorb quite a considerable amount of
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heat from the heads, which, in the case of engines working
against liigli blast pressures, are made very hot by the heat of
compression.
This heating of the incoming air expands it and proportion-

ally reduces the weight of air entering the cylinder at each
stroke. I have observed this in the case of an engine which
was so constructed as to cause the air to travel about a in. over

—Xi-f

the hot metal in thin films about -,^,; in. thick. Alongside of it

was another engine of the same size and make, except that
valves were used which allowed the air to pass over about 1

in. of metal, the openings being of such size that each stream
of air was 3 in. in thickness. Careful and repeated tests of
these engines, when both were in good order, showed that
while the indicator diagrams were practically the same, the

one with the large valves would burn about 10 per cent, more
coke in the furnace— a result which could only be explained
on the supposition that, in the case of the engine with small
air openings, the incoming air, in passing through the small
and tortuous passages in the heads, was heated about 25° C.
niore than in the case of the other engine. It is plain, there-
fore, that a blowing engine should have air valves which will

not only give ample area of
inlet passage, but give, this in

—[--
-X6-II ^>|~ a small number of good-sized
" '

^ openings.
^

"
Figs. 1 and 2 are the plan

and elevation, and fig. 3 is the
diagram of air valves'and valve
gear of a compound horizontal
blowing engine now being con-
structed by the well known
builders, the E. P. Allis Com-
pany, for the Ohio Steel Com-
pany. The engine is a Rey-
nolds-Corliss cross-compound

;

steam cylinders, 40 in. x 78
in. ; air cylinders, 60 in. ;

stroke, 60 in., with re-heater
in intermediate receiver, and
is provided with an independent
condenser. In general design
tills engine, as w^ill be seen at a
glance, is very similar to the
large quadruple-expansion en-
gine by ihe same builders to be
seen at Ihe Exposition. The
air cylinders are so arranged as
to draw the air through pipes
which project above the roof
of the building and to discharge
it below the cylinders.
The inlet valve is a plain ro-

tary Valve held lo its seat by
the blast pressure, which is ad-
mitted to Ihe back of the valve
by a port from the discharge
chamlier, and is driven from a
wrist-plale. The outlet valve,
as will be noticed, is a triple-

ported valve, which is closed
at the proper time by the wrist-
plate.

The connection between
wrist-plate and valve is made
by a telescopic extensible rod,
which pushes the valve shut,
but permits the wrist-plate to
reverse its motion without pull-
ing the valve open. To the
valve lever is attached a vacu-
um pot which lends to pull the
valve open. When the valve
has been closed it is gripped by
the receiver pressure acting on
the back, holding it against the
seat, and remains stationary
during the return stroke of the
piston and also while the piston
advances toward it again, until

it has compressed Ihe air in the
cylinder to nearly the same
pressure as in the receiver, at
which lime Ihe pressure on the
back of the valve becomes so
nearly balanced that Ihe vacu-
um pot can move the valve,
which is then quickly thrown
open. The telescopic connect-
ing-rod is so constructed that a
small dash pot is formed at the
bottom of the tube to avoid
shock should the plunger strike
the bottom while Ihe valve is

opening or when the closing
motion begins. It will be obser^-ed tlial no trip or releasing
gear of any kind is used with these valves, Ihe holding and re-

leasing being done by friction, controlled in the simplest pos-
sible manner by the air pressure in receiver and cylinder. The
outlet valves are also held again.st their seats by long flat

springs bearing in the center on the back of the valve and at
ends on blocks set in pockets at end of the valve. It will be
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seen from the drawings that these blocks have a clearance of

A in. at the bottom, so tbiit if for any cause the valve shoukl
be prcvcnti'd from opcninfj; at the proper time it will be only
forced liack from the scat, the openitif; of i in. bein^r sutti-

cient lo allow the engine to run at full speed with wrist-plate

and vaeuumpot disconneeted from outlet valves. This valve

j;ear is e.vtrcmely simple, "and practical tests have shown it to

work admirably. This engine is intended to run at a speed of
00 turns |>er mhiute if necessary.

In eonelusion, the tendency in desiiiniuu' blowing engines
seems lo be in the following directions :

1. Com])onuding.
2. Obtaining valve gear which will give lilieral openings at

[Fig

ELEVATION OF AtB-CYLllvDJR AND VflLVE-GEAR 40 AND 70X6OAND 60X60 QESSEM ER BLOWI NG ENGINE*
FOR THE OHIO STEEL CO.. VGUNGSTOWN.O. Scalu H in. - 1 fl.

both inlet and outlet, and which can be o|)erated at a fairly

rapid speed.

The latter advanta.ge can prol)ably be best secured by the

nseof metal valves oi)erated asfaras possible positively, which
will also do away with the vexation dvie to the use of leather,

gum, and other short-lived materials.

THE MULTITUBULAR BOILER.

In commenting on an article which has recently been pub-
lished in an .\merican paper, in which the credit of the inv(^n-

tion of the tubular bolh'r is claimed for Marc Seguin, a French-
man, a correspondent of tlu^ ICnijlUh Meclianic, asks, " Can any
of your readers say where the true facts are recorded V"

This correspondent then .s.-iys further :

" It should l)e borne in ndnd that there are two distinct

ideas involved : 1. The iiiV('ntion of the tuliular boiler. 2. Its

adaptation to the locomotive engine. Regarding the first, it

.seems preposterous to ascribe it lo Seguin, because Smiles, in

his ' Lives of the Engineers,' states that as early as 1780 (be-

fore Seguin B'as born), Alatthew Boulton employed in the
boiler of the Wheal ]5usy (;ngine in Cornwall longitudinal
copper tubes through wliicli tlie fire passed, and on .Xugust

27, 1784, James Watt, in a letter addressed to Boulton on the

subject of a locomotive he was planning, says :
' Perhaps

some means may be hit upon to make the boiler cylindrical,

with a number of tubes passing through.' It follows that
even if Alarc Seguin had constructed a locomotive with tid)U-

lar boiler before the date of the linckd in 1829, he would only
have adaiitcd to the locomotive that which had long been in

use in stationary lioilcrs. But 1 can liud no evidence that lu;

did construct su(-h a locomotive, while there is strong jire-

sumptive (evidence that he did not. lie took out d pittc/it for a
tubular boiler in 1828 ; but James Neville, of Shad Thames,
London, did the .sanu! thing two years earlier (No. ^t'.iH. .March

14, 1820). and it is at least as likely that Seguin took liis iilea

from Neville (who c.xjiressly mentions that Ids tubes may be
used either vertically or horizontally) as that Ueorge Stephen-
son took his from Seguin. Perdonnet, in his ' Traite Ele-

mentaire des Chemins
de Fer, ' says (N'olume
II., p. 300) :

'"In 1825 and 1820
Marc Seguin, in asso-

elation with the son of
the illustrious Mont-
goltier, together with
his brothers, made the
first attempts at steam
navigation upon the
Rhone. This is the
first occasion upon
which a tubular boil-

er was used, but an-
other occasion soon
presented itself where
this boiler was to be
used with still greater
advantage. In 1825
the Seguin Brothers
obtained a concession
•to binld a railroad
from St. Etienne to

Lyons, and in 1827
used a tubular boiler

on a locomotive. In
February, 1828, he
took out a patent for
this l)oiler.'

' On the strength
of these statements,
evidentlj' communi-
cated to Perdonnet,
that writer dubs Se-

guin ' Inventeur de la

Locomotive a Grande
Vitesse,' and even
(Volume II., p. 301)
' Inventeur de la Lo-
comotive. ' A careful
examination of the
wording of this ex-

tract will, however, di.sclose such ambiguity as to make it

at least doubtful that Seguin ever practically applied his
so called invention. The words (literally translated), ' it

was then that for the tir.st time he mad(^ u.se of a tu-

bular boiler,' do not ne<'essarily imply that he invented the
boiler, but only that he applied it. Further, the expression
' en 1825 et 1820 ' leaves it in doulit as to which year the actual
trials wen^ made. Now, Neville's patent was taken out early

in 1826, and he mentions the marine boiler as the type to which
his invention is particularly applicable. In the same year
Seginn visited England to see George Stephenson's engines.
Further. Seguin's patent only bears ilate 1828. It is scarcely
likely that he would have made jniblic trials of an invention
he intended to patent before protecting hiin.self. Now comes
another circumstance apparent!}' inconsistent with Seguin's
claim to have even conleiuplatcd the application of the tubular
boiler to locomotives before 1820. Smiles, in his ' Lives of
the Engineers,' says that in that j'c.ar (icorge Ste])henson sup-
plied two locomotives to Seguin for the Lyons it St. Etienne
j^ailway Jittetl with water tiibcs. These were a failure, and
were afterward replaced with fire tubes. Is it conceivable
that Seguin would have ordered such locomotives if he had
previously had exiierience of those with lire tubes, which were
a success from the first? Hut there is another still more puz-
zling fact. In the article ' St. Etienne,' J'JiiCjidi/juidia ISrUun-
niat., it says the Lyons & St. Etienne Railway was opened in
1831.

" I leave out of consideration altog<tlier the ch^arlycslab-
lished fact that George Stei)henson avowedly borrowed his

idea of the tubes from Henry Booth, who .said he had never
. card of Neville's patent, much less Seguin's."
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THE STEERING OF BALLOONS.*

By Rudolpiie Soukau.

III.—EXPERIMENTS AT CHAL.US-MEUDON.

BiiUonii, Ascensions of La France.-—Between the two ascen-

sions of the Messrs. Tissandier there were the well-known e.\'-

perinieuts of Renanl and Krebs. On August 9, 1884, accord-

iag to the report of Herve-Mangon, tlie balloon La Fninrc
having on board its two inventors, started from the military

post of Chalais-Meudon in calm weather, and made evolutions

with the greatest ease and then returned to C'halais, where it

descended upon the same lawn from which it started. In
spite of tlie groves, tig. 10, with which it was surrounded, it

traversed about 4| miles in 30 minutes. " As soon as we had
reached the top of the wooded plateaus which surround the

valleys of Chalais," says Commandant Renard, "we started

the screw, and liad the satisfaction of seeing the balloon im-
mediately obey it, and readily follow every turn of the rud-

der. We felt that we were absolutely masters of our own
movements, and that we could traverse the atmosphere in any
direction as easily as a steam launch could make its evolutions
on a calm lake. After having accomplished our purpose we
turned our head toward the point of departure, and we soon
saw it approaching us. The walls of the parlv of Chalais were
passed anew, and our landing appeared at our feet about 1,000

ft. below tlie car. Tlie screw was then .slowed down and a
pull at the safety-valve started the descent, during which, by
means of the propeller and rudder, the balloon was maintained
(iireetly over tlie point where our assistants awaited us. Every-
thing occurred according to our plan, ami the car was soon
resting quietly upon the lawn from which we had started."

This experiment was widely commented upon and provoked
a great enthusiasm. It was, nevertheless, merely a trial ascen-

sion, in which the aeronauts had not dared to employ the whole
of their motive power, and had hastened back to the starting-

point, desirous as they were of giving themselves a practical

demonstration, which they had prepared for later. The later

ascensions were made with a hMiger run and under atmos-
pheric conditions which were less favorable.

n Fig. 10.;:

The second took place on September 12, in a wind of

20 ft. velocity, against which the balloon struggled without
being blown back. It moved against the current, with
the whole biittery in action, but the engine turned with such
great rapidity and heated to such a degree as to oblige
them to stop the current. At the time when Commandant
Renard was manipulating the commutator the ring broke, and
the balloon, deprived of its machine, was carried to Velizy,
where a landing was made without any other accident. This
want of success, due to an accident to the machine, which
was without importance, caused the brilliant demonstration of

August !> to be forgotten, and turned public opinion against

Mtmoires de la SocUte Ues Ingmiews Civils.'^

it in a most unreasonable way. It was therefore necessary to

do away with this bad impression, and a new ring was made
by Gramme. On November 8, 1884, the balloon ascended
with Messrs. Renard and Krebs, and rose in line weather and
turned toward the Bois de Bologne, tig. 11. It went until

Billancourt laj' directly beneath it, and was then taken back
to Chalais witli the greatest of ease. Under the action of the
entire battery they attained an average speed of 20 ft. 8 in. per
second. The route is represented by a full line. In the after-

noon the aeronauts made a new start, and contented them-
selves, on account of the gale which was blowing, with evolu-
tions around the park without losing sight of it. The route is

represented by a broken line. The destruction of a portion
of the winding wire did not prevent the balloon from reaching
the starting-point, but the average speed dropped to 13 ft.

1.5 in.

Fig. II.

To avoid other mishaps Commandant Renard obtained the

assistance of Gramme, who constructed a motor having the

same weight as the old one, but stronger and a little more
powerful ; this last circumstance, and the lightening of cer-

tain parts permitted them to take a third aeronaut with them
and to obtain measurements of their speed. These experiments
were made in August of 1885. I content my.self here in adding
that they were made by Messrs. Charles and Paul Renard,
accompanied by Dute-Poitevin, a civil aeronaut attached to

the Military Establishment of Chalais. The last ascension,

that of Sejitember 23, 1885, was made in the presence of the

Minister of War, and was a long run, (ig. 12. The balloon

started against the wind and wont to Paris, where it described

an elegant curve, tlie irregularities of which proved in a strik-

ing manner the power of the motor, and the certainty with
which the balloon could be manipulated. After having crossed

the fortifications it returned with the wind behind it to Chalais,

which it reached in less than one quarter of an hour. In this

ascension the average speed was greater, or 21 ft. per second.

The following table gives a summary of the seven ascensions

of the balloon La Prance, "We see that it came back five

times out of seven to the point of departure.
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Wc see HOW how Messr-i. Reiiiivd iwul Kiebs have obtained
such results. " We have been guided in our work," the_v sa_v

in a note to the Academy of science. " by tlie sluily aiui work
of Mr. Dupuv de Lime, in regard to tlic construitioii of liis

balloon in Ibe years of loTO an;l 1872, and furtlienuore. we
have underlakcM to fnllil llie followini; conililions in addition
to wbat he his done ; stability of roule was ol>lained by the
form of tbe balloon and the ananuiement of llie ruddi^'. Dim-
inution of resistance to progress by the clioice of dinu'nsions

;

the centers of Iraclion .and resistance were brouu'lit together in

order to diminisb the luovcment which tends to dislurl) the
vertical stability. Finally, the speeil was ol)laincd which was
capable of resisting the winds which prevail for about three-
quarters of tbe lime in our country " I shall sho.v as rapidly
as possible the means which were emploved to realize these
conditions.

Fio. 12.

lAnhtaeHit of Motiir.—'Wvi motor of 1884 was a (Jramtne
machine which Commandant Krebs knew combined a light-
ness hitherto unkmwn ; it had a i)ower of about %\ H.P., and
onlv weighed -..'iO .T lbs. The motor which it replaced, and
which was designed witli the assistance of (Jraiiune, gave 9
II. I*, with the same weight.
The electric generator was a battery designed as a result of

the researches of Commiinilant Uenaid. The hydraulic reser-
voir conl.-iining live tinu-s as much liquid as in the batteries of
bi-chromale was attached to the b.altcry, and provided wilh a
switch which permitted them to obtain'either a slroni; current
of short duration or a weak current of long duration. E.x-
perience has shown that it was advanbigeous to place these
switches so that about \\ volts below the maximum are ob
tainable. The great total cnergv of the Kenanl battery is due
principally to the subslilution of chromic acid for thebi-chro-
mate, whose alkaline base pbsorbs, in Hie reaction, a portion

of the exciting liciidd. Its capacity reaches its maximum
when the weight of the chromic acid is equal In live-sixths
that of the hyilrogeji acids. Then 'I'.i watts per .s(|uare deci-

meter of zinc per hour is obtained. The rale of current is ob-
tained by the parti.-d or total subslilntion of hydrochloric acid
for sulphuric acid in the bi chromate bait( ries ;"the total energy
of the mixture does not change, but the energy per .second iii-

creases wilh the proportion of hydrochloric acid, and can be
(|Uintu[iled. Finally, Commandant Ueiuiril has miule a most
careful study of tln^ inllucnc'e of geomcliical forms and the
relationsof the position of the twoclcctrndes

Generally it is suiierlluous lo insist upon the merit of an aji-

paratus which has been discovered, that increases by one-half
the capacity' and quintuples the power of the best batteries
which have been known up lo the present time. It is to the
Uenard battery that science owes the inagnilieent experiments
which I have pre.senteil to you, and it may readily be said of
this battery that it is the soul of the new dirigible balloon.
I have shown in lig. i:i a group of VI elements connected at

the top in sixes ; tins group weighs 22.11.") lbs,, and it needs
four of tlumi to (hdivcr 1 II. P to the shaft. A noii,amalga-
mated zinc pencil of very small diameter is surroiindcii by a
"positive polar piece formed by a cylinder of plaiinum-plateil
silver of .004 in. thick. The whole is i)lungeil into a gla.ss

jar, where chromic acid dissolved in the excitinf; liquid is

found.
The motor drives a twoarmeil screw 2:i ft. in diameter on a

hollow shaft, the length of which is about 111 ft. It is held in

oscillaling br.irings, which in turn are held in place by tight-

ening screws This shaft while rimning assumes a curious
bending motion, but not such as to proiluce any abnormal
resistance.

ResuUiiice to Adwucemeiit.— Messrs. Uenard and Krebs
studied very carefully the means of diminishing the means of
resistance to advaiu-ement. The elongation o( their balloon,

the length of which was 105 ft. 4.3 in., with a vol\uiie of

6.5,000 cub. ft., lig. 14, was almost e.jual to the elongation ot

the .seoond balloon of Giffard, but was made so that it did not
compromise the safety of the aeronauts.
The main junction was placed about one-quarter of i!s

length back from tbe front end. The meriiliaii was composed
of two iiarabolic arcs having for their axis of intersection tln^

main junction wilh the meridian plane. This unsymmetrical
fman adopted for the keel of ships is equally applicable and
desirable for that of dirigible balloons ; furtheimore, nature
has also given this same form to birds, as well as to fishes. To
dclcrndne the approximate ratio of the prow lo llie poop, the
olHcers at Clialais constructed solids of ebonite of the same
length, but in which the main junction had a dilTerenl posi-

tion. They let them fall into the water wilh the same velocity,

and chose as a nuidel for tlu^ dirigible balloon the one which
in its descent moved without any sway. It is evident that
tins means of research was a very rough one.

As in the Dupuy de Lome balloon, an air lialloon of calcu-

lated dimensions perndlled them to he certain (jf an invaria-

liility of form, and .a housing replaced the netting. Up to that

time they had made housing of the same material as that of

the balloon, which compelled Ihem to stiengthen it l)_y bands
placed Iransversely, so that it could -work in this direction.

Commandant lienard used transverse liands, and thus obtaini'd

a very marked redm-tion of weight.
The suspension by a tiiangiihn- system suggestcil by Dupuy

de Lome wasniitsullicicnt with I he elongation chosen. Fiiadly,

in order to avoiil overt urnini;, the olllccis of Chalais designed
another arrangement, the detiuls of which they have not made
known, but the elllcacy of which has been proven by ex|ieri-

enee. Instead of passing through the same nodal point, the

balancing ropes were grouped in two systems; they were
attached to two transverse pieces whidi started from these

l)ands and were attached about the <-cnter of the car. The
liMigth of the latter was limited to IDS ft. :i in., the suspension
conls. which held it alnu)st vertically lo the bolster, wci'e light

and short ; they were drawn almost exactly in two plams
parallel to the axis. This arrangement singularly dimiinshcd
the resistance due lo the cordage, which was only equal lo

about one half of the tolal resislance with llu; .sys^tem laid

down by Dupuy de Lome ; fnrlhermore, Ihc ceiiler of traction

ami the center <jf resistance were brought nearer togelher, and
consetpienlly the dislurliing moment of trai-lion was dimin-
ished ; but it dinu'nished Ibe slabilily of Ibe system at the

sime time, .since ils center of gravily a]q)roached Ihat of Ibe

mass of air displaced.

The car, formed of four bamboos fastened togelher by
twisted wire slays, was covered with silk, which w;is drawn
perfectly light, giving a far less resislimce than woidd have
iieen the case bad basket sides been used. It had a height of

(3 ft. 7.8 in. at its center, and was not accessible throughout its
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whole lenglli. The aeronauts were at the height of whidows
made in tlie sides.

r Certainty of Route —The unsymmelrical form of the balloon
by separating the center of inertia from tlie back evidently
increased the efficacy of the rudder. The latter was made of
two pieces of silli stretched very tight upon the .same frame,
but very slightly separated one from the otlier, so as to con-

stitute two quadrangular pyramids of a very slight heiglit

joined to one another. The inventors have not given any
reason why tliey adojited this form : for my jiart I thinlv it an
excellent thing, in that it seems to liave had tlie effect of ren-

dering the resistance of tlie air upon the rudder practically

Pig. 13.

perpendicular to the frame, while with the ordinary form this

resistance produced, especially at high speeds, a greater or

less concavity, which was accentuated on tliat .side which was
farthest removed from the balloon, and which had the effect

of laying down upon the axis of the dirigible the resultant of

the pressure of the air upon the rudder.
On its own part the unsynunetrical form of the balloon con-

tributed very essentially to guarantee stability of route. Let
tig. I.'), A' A'', be the route followed, A F the direction of the
wind. A J' that of a relative wind, which is the center line of

the car, A B the figurative length of the speed proper. In
constructing the parallelogram of speeds, we find how it re-

sults for the wind with a speed A C. Suppose that suddenly
this speed changes and becomes A Ci. For a very short in-

stant w^liich follows tliis variation, by virtue of the speed ac-

quired, tlie balloon continues to follow the route A'. On the

other liand, the proper speed preserves the same magnitude,
since the screw continues to make the same number of turns ;

if. then, «ve trace from the starting point, t'l, a straight line

Ci Ml equal to (' M. we obtain the new direction of the rela-

tive wind. Struck by this relative wind A B,, which is no
longer direclcd along the axis of the balloon, the balloon itself

turns around the vertical of the center of inertia, so as to place
it-self in the direction of the wind as it was in A B. In what
direction, then, will this rotation take place '; The prow pre-

sents itself to the current while the poop drops away from it.

It is therefore clear that in syiiin:etrical balloons, tig. 16, the
push will tend^to make it execute a turn about which increases
in rapidity as tlie arm of the lever I H increases. On the
other hand, we can combine the dimensions of an unsym-
jnetricalballoou, fig. 17, so that the poop, in spite of its drop-

ping aw.ay, receives the greater part of the effort of the wind
;

it is necessary, therefore, that it .should have a sufficient
length. The pressure, then, presents itself as indicated by the
figure. A turn-about, therefore, is not to be feared, and a few
oscillations set the balloon (piietly in its new axis in line with
the relative wind.

Finally, the location of the screw at the front end facilitates
the action of the dirigible against the wind ; and. as has been
said, this jiosition was very judiciously chosen. If we .should
attempt to roll over rough ground a wheel-barrow with a
flexible frame, there is no doubt but what we could pull it

easier than we could push it. Is it not the same case with the
balloon? The structure is of flexible material, the cordage
and basket can only be moved through the air at the expense
of great etfort. Furthermore, the screw placed at the front
end has an advantage of moving in air which has not yet been
disturbed hy the passage of the balloon.
So that it is not only the elongated form of the car which

contributes, by being drawn out in a direction of least resist-

ance, to increase the stability.

Progress Maile and Jmprovements to be Developed.—From this
sliglitiy protracted analysis the result was that the oflicers of
Chalais-Meudon had very fortunately fulfilled the delicate
conditions imposed by the nature of the problem. With the
exceptions that the vertical stability had not been obtained
automatically, though if I have a good memory Commandant
Renard had formerly examined into this matter.
Formerly, when vertical oscillations of two or three degrees

were encountered, they were set down to the account of the
irregularities of the form or the local currents of air in a verti-

cal direction. I have attributed this, for my part, to the too
slight distances between the balloon and the ear from which
there results a diminution of the couples of stability, which
becomes powerless to overcome the imperceptible oscillations

of the abundant movements produced by variations in the
wind, vertical instability, or any other cause.
The comparison of the resistance measured in the ascensions

of 1885 with those which had previously been made by Dupuy
de Lome, and which were verified in their totality by the ex-
periments of 1873, have convinced me that the many precau-
tions taken at Chalais, to diminish the resistance to advance-
ment, have not given all the results which could be expected.
I will return further on to tlie.se conditions.
To measure the progress accomplished by Messrs. Kenard

and Krebs, it will be sullicient to glance at the following table,

where I have brought together the principal characteristics of
the balloons which we had examined :

This progress will assume the same prominent characteristic

when we couple it with the routes followed by La France,

figs. 10, 11 and 13, and that which Tissandier succeeded in

traversing in 1884, fig. 9, When the officers at Chalais under-

took the construction of their dirigible balloon, the principal

question was as follows : The motors would give 10 ft.

velocity, which was insufficient, since that of the wind was
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above it at least once out of the limes : then lliey liad not yet
sueoeedeii in avoiding coliapsiMj;, and niaUintr it oliey the

riidiliT so as to insure certainty of travel. In what cnndilions,

then, did they leave the problem? The speed reached 28 ft.;

the balloon obeyed with marvellous dLciiity wiiliout turning
about ; it made itscvolulicm-i like a well constructed boat upon
thesurfae of tranquil waters.

In this worU, which will remain one of the finest examples
of careful construdion and investigation of our century, it is

well to indicate the special part taken by each of the two fel-

low-workmen. The execution of the progranune and the ex-

aminations which it rei|Uired were mide together. The study
of the arrangement of the suspending sheet ; the determina-
tion of the volume of llic bidloon ; the arrangement made for

insuring the longil\ulinal stability of the balloon ; the calcu-

f'<'-. t6.

>/^^^^^<^S(y/ ^fe^iV^K-/;,^

t'16. 17.

latioiis of the dimensions given to the jiieces of the car, and,

linallv, the invention and construction of a new battery of an
exceptional lightness and jiowcr. which conslilute one of the

essential parts of the system, are the iiersonal work of Com-
mandant Uenard. The dilTercnt ilelails of the construction of

the balloon, its method of attacliinent to the sheet, the .system

of construction of the screw and the rudder, an examination
of the electric motor, calculated according to the new method
based upon preliminary ex]ierinients, (icrmitting them to de-

termine all the elements of a given force, are the works o(

Krebs, who, thanks to esjjcciid arrangements, has succeeded
in bringing about the construction of this apparatus under
conditions of unexjiected lightness.

What remains now. then, to make the steering of balloons

really practical V It is necessary to double the speed that has
as yet been obtained by increasing the volume ami reducing
the resistance, or raising the etliciency of the screw, which in

the balloon Ln Pra/ice was only passable, and especially in

searching out a motor which will leave the one which has led

so far toward success far in the rear.

We as.sert that this new arrangement has not yet been made.
Separated from his fellou-workman, actualli' Commandant
Engineer of the Corps of I'ompiers, Conuiiandant Henard has
finished the task which they pi rsued at lirst in connnon. Ilis

researches have led him to invent an excellent motor which
really accomplishes this, and which will weigh, carburetter

and accessories included, one and one half times less than the

motor which was used in La Fntiin-. Furthermore, instead
of being exhausted in one and one half hours running, il can
work for 12 hours. By the improvements effected in dilferenl

l)ortions of the balloon, a speed of 3li ft. per second will

proliably be obtained with Ibis motor. The new dirigible

balliKHi, which will bc^ar the name of ^fensll^l^r, will then be
able to travel with an average s wi\ of 24.8.") miles jier hour,
which is equal to that of ordinary |)assenger trains. It has a
volume of 120,077 cub, ft. Under these conditions we find

that the length in which it is geometrically similar to Tai

Fnuice will become

50.4 i/ii^ = 205 ft. 8.6 in. ;

r 3.400

but it will be 229 ft. 7.8 in. long ; the elongation will exceed
that of L(t Fid lire, perhaps even that of the second OilTard
balloon. A housing will carry, by means of suspension and
balancing cords, the car, llil ft 2.9 in. long, which will be made
of bamboo anil stringers of hollowed out pine with stays of
hollow steel. The screw will be 29 ft. (i.3 in. in diameter, and
will make 200 turns per minute. After General .Meusnier
other apparatus eipially progressive over the jireccding ones
will be made. What I wish to examine now arc the means of

accomplishing this aiivancement.
The first ipiality necessary to realize it is the certainly of

route, as well as ciuickncss of niancevring, Wilhoiit Ibis (undity
all others will be of no cll'cct. and the balloon will be found in

the situation of a deaf mule, who feels the tloods of elo'|uence
existing within him. Such was especially the case with the
Giflard balloon. I have carefully equmernted tUe conditions

which it is necessary to fulfill, and I have saiil how they were
realized at Chalids. The balloons conceived on the same jirin-

ciples will be (|uite amenable to the power of their motor.
Their value will then be nu'asured by the obtainable speed.

In order to obtain the speed I', it will be necessary to combine
tlie net, the car, the propeller, and the motor, so that

TV— - V
It

r being the power delivered to the shaft of the ma<lMne, U Ihe

resistance to advancement which corresponds to the speed V,

r the coelficient of reduction between the tractive work and
the work on the shaft. This coefiicicnl is a function of Ihe

elficiency of the screw of Ihe intermediate working parts.

The values of R and of )• are both dependent on the action of

the air upon the surfaces.

SPECIAL TOOLS OF THE DELAWARE & HUD-
SON CANAL COMPANY'S SHOPS.

LINK GUINDKH.

Mr. II. C. SMirir, of the Oneonta shojis, has recently de-

sisrned a very lieat and simple arrangement for grinding loco-

motive links, of which we give an illustration. It consists

essentially of a bracket bolted to the wall carrying an adjusta-

ble cross-head, which may be raised or lowered by means of

the screw and handle shown in the engraving ; this cross-

hend carrying a pin upon which the swinging bar .1 is pivoted

at the holes II. Tliese holes are arranged so that the distance

from their centers to the center of the link is e(|ual to Ihe

stanilard radii of the links used on the road. The method of

fastening the link to the end of the bar is clearly shown on
the engraving, and consists of four hooks, C, )iivotcd on the

end of a crossbar attached to the end of Ihe swinging lever,

and with the hook end .so arranged as to clasp a pin wbich is

jiut in the eccentric-rod centers, holding the link firmly iu

position.

The emery wheel which is used is, of course, smaller than
the distance between the two faces of the liidis, and is brought

in contact with one face or the other by raising or lowering

the cross head already referred to, by means of llic screw ami
handle ; thus while the lirdi itself is rai.scd and lowered, bring-

ing one face or the other in conUict with Ihe emery wheel,

there is no change whatever in the radius of the swinging of

the link which is always true with the actual link radius.

This portion of the mechanism consists merely of an arbor-

carrying over-hung wheel, as shown in the side- elevation, with

a spring for holding it in position and preventing side thrusts,

with ascrew at tbi' liack end for taking up lost motion. The
whole construction of the device is so simple and so clearly

shown that further description is hardly necessary.

FCHNACE DOon, DELAWARE & HUDSON CANAL CO.

Ft'KNACK DOOU.

The standard furnace door used on all of the engines of Ihe

road is shown by the accom))aiiying engraving. It consists of

a framework setting around the furnace opening into which
two sliding doors are set. which are operated liv levers in such
a way Hint whether the top end of either handle is moved out.

ward, both doors open an equal amount from the center.

This enables the engineer to a.ssist Ihe fireman in opening his

doors when it is necessiiry. and also provides Ihe fireman with

facilities for opening the door with a scoop instead of throw-

ing it ojien with bis hand. .\s lirst built, only one of the.se

handles was carried to the lop of the door, but in later con-

structions it has been modified in accordance w ith the draw-
ing. One of the many advantages of this door is that it has
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no tendency to close under the action of the blast, and where
an engine is steaming too rapidl}', or it is desirable to admit a

current of air into the tire liox over the coal, the door can be

opened to any extent and left so without dan.^er of its being

blown shut. This is, of course, very nuich better than open-

ing the ordinary door and .setting it on the latch, and it also

has the advantage of enabling the opening to lie made to iiny

desirable extent. The chief dimensions of the door are given

in the engraving, and its construction will be very readily

understood. This is the same door which is u.sed very exten-

sively in Germany, except where they still have but one handle

rising to the top of the tloor.

THE MIDDLESBROUGH SALT INDUSTRY.

LINK GRINDING MACHINE, DELAWARE & HUD.SON CANAL CO.

OILliOX .TACK.

The hydraulic oil-box jack illustrated is a very handy little

tool and of simple construction. The total height over all is

9 J in. Tlie pump is operated by means of a toothed sector

and rack, the former being given a partial rotation by a lever

outside of the jack itself. The valve arrangements are shown
in the vertical section. As the ram works up and down, the
suction-valve and deliver}'- valve are operated as in an ordi-

nary pump, but when it is desired to lower the lifting ram the
lever is turned down, so that the side of the sector comes in

contact with the stem of the relief-valve pressing it in and
allowing the liquid to How directly from the cylinder of the
lifting ram into the reservoir in which the sector and the rack
work.
The packing is of the ordinary U-shaped leather packing,

and is located as shown in the engraving. Just above this

there is a leakage ring, so that any liquid which escapes past
the leather packing is caught by it and returned to the reser-

voir. A filling tube is located on one side, by means of wliich
the waste from the reservoir can be replaced without taking
o\X the cap. The handle, as shown on the side elevation, en-
ables the jack to be readily carried and handled.

Discovei'i/ at Middlesbrong/i. ^hika so many discoveries,
knowledge of the existence of the Middlesbrough salt bed
came about by means of operations undertaken with quite an-
other ol)ject. In I8r)!)-G2 Messrs. Holckow, Vaughan it Com-
pany, having bored to a depth of 1,200 ft. on tlie south bank
of the Tees in search of water, discovered a bed of rock .salt

100 ft. thick. Shcrtly afterward they endeavored to .sink a
shaft, with a view to working the mineral as a rock salt mine.
The influx of water, however, proved to be so serious that

after heavy expenditure
the attempt was abandon-
ed. In 1874 Messrs. Bell

Brothers sank a borehole at

Clarence, on the north side

of the river, and found the

salt at 1,127 ft. There the
matter rested until 1881,
when Sir Lowthian Bell's

brother, Mr. Thomas Bell,

proposed a method of win-
ning the salt by using one
and the same well for send-
ing water down to the salt

bed and for pumping up •

the saturated solution, the

fresh water going down
the annular space between
the larger external tube
which formed the lining of
the well, and the smaller
central tube through which
the brine was pumped uj).

Although Mr. Bell was not
aware of the fact at the
time of proposing this

method, it was then already
in operation in France, and
after a visit to the French
works Messrs. Bell sank a
well of suitable size, con-
structed evaporating ap-
paratus, and in 1882 began
making salt. To Messrs.
Bell Brothers, therefore,

belongs the honor of hav-
ing been the pioneers of
this important industry, f

Extent of Deposit.—The
bed of rock salt, so far as
now proved, extends over
an area of about live miles
long from west to east, by
four miles wide from north
to south, or about 20 square
miles. Each square mile
is estimated to contain
100,000,000 tons of .salt

;

and although, by any meth-
od which now appears like-

ly to be adopted, a projior-

tiou probably not exceed-

ing 2.5 per cent, of the whole can ever be brought to the sur-

face, yet the figures are so large that the question of possi-

ble exhaustion of supply need not be taken into account.

The most northerlv borehole is near Greatliam, where the bed
of salt was found'at the depth of 889 ft., and is 57 ft. thick ;

the most southerly is at North Ormesby, where it was found
at 1,340 ft., and is 79 ft. thick ; the most easterly at Lack-
enby, the bed l)eing met with at 1,685 ft., and 119 ft. thick ;

and the most westerly at Saudfield, Haverton Hill, where the

bed occurs at the depth of 797 ft., and is 80 ft. thick. The
thickness of the be<I varies considerably, but the average may
be taken at 80 ft. to 90 ft.

Anali/sis.—It is difticult'to give an average analysis of the

bed, owing to difference in proportion of marl mixed with the

salt. Samples are obtained showing as high as 98 per cent, of

sodium chloride, and as low as 45 per cent.

Brine.—The British productions of salt amounts to about
2,000 000 tons per anuum. of which 90 per cent, is white salt

made from brine. The balance of 10 percent, is mined chiefly

in Cheshire as rock salt ; it is of dark-red color, and is suitable

only for purposes where a high degree of purity is not essen-

tial. All the salt made near Middlesbrough is made from brine

by evaporation. Fully saturated brine contains 26i per cent.
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ot salt ; a fair working strength may be roughly taken at 25
per cent.

In Cheshire the brine is formed by surface water finding
access to tlie rock salt. i|iiickly bccoininir fiill_v saturated, am!
then Ilowiiiir for loiiir disl:iiiec>i Ihiiniirh creviecs or " runs" to

tlie i>oint wliere it is pumped uji. ISrine so formed is called
" ualural lirine," and has tlie enormous advantaj^e of being so
abundant that it can be raised at tlie lowest possible cost by
means of large and powerful luimps. As its s.iluration takes
place far away from the pumpinic station, no disturbance of
foundations occurs at the latlcr through abstraction of tlie

mineral beneath, although much-tried farmers, miles away,
find their fields subsiding, unlil small lakes, having steep and
broken sides, are formed. Meanwhile, at the pumping station
the brine is abundant, sirnng. cheap, and pure ; for in its long
and gradual course underground insoluble particles held in

suspension become precipitated. The Cheshire salt industry,
therefore, enjoys the advantage of an ideal position, so far as
getting the brine is concerned ; and when the ^aIt produced
has been conveyed some 30 miles by canal, it commands the
tonnage of Liverpool for its export. The disadvantage lies,

of course, in the ;W miles of canal, which is navigated by
means of steam barges <'arrying about 2.50 tons, each of which
tows a .string of smaller barges. These enter any dock in which
the ship requiring the salt is lying ; and they are admirably
titled for rapidlj- putting their cargoes on board.

oil-box; JACK, DELAWARE &:;HUbSON CANAI,;CO.'

Boring of Wells.—At Middlesbrough, as already slated, brine
is obtained entirely by boring deep wells. Up to ISSG, with'
two exceptions, these were all bored by the Cumberland Dia-
mond Boring Company, using the diamond boring process,
which is familiar to engineers. \ number of black diamonds
are li.xed with their cutting edges projecting from the end of
a short tube, called a crown, which is screwed on the boltom of
a core tube about IS ft. long, and varying in diameler accord-
ing to the size of the well to be bored. The whole is rotaled
by hollow rods, through which a pressure of water is main-
tained. By this means a solid core is obtained, and the process
is therefore valuable for prospecting ; but tlii' large .sums
charged for the wells bored in this way, together with the
cost and slowness of repairing them, were threaleniiig to de-
stroy tlie salt industry at .Aiiddlesbrougli altogetlieri when
Messi-s. Tennant it Partners obtained inforMiatioii which led to
the introduction of the method of ilnlling jiraclised in the
American oil regions, where a large number of wells have been
put down, and valuable experience obtained. The success of
this method was immediate and coni))lete ; wells 1,000 ft. deep
were sunk in three weeks instead of as many monlhs. with a
corresponding reduction in cost. It completely superseded the
diamond boring, and was found so much more elhcieiit for re-

pairing holes, as well as for the original drilling, that not one
of the .5.") wells now in operation at Middlesbrough is without
its derrick and .Vnierican apparatus.

Free falling TVo;.?.— Drilling is cfTecled by the use of free-
falling tools, suspended by a cable. The weight of the tools

being about 18 cwt., and the height of fall about 3 ft., blows
are given of sullicient force to pierce the hardest rock. The
face of the (^lisel being blunt, the drillings are pounded to

powder, and mixed with water in the hole. After drilling

from ?i ft. to ."i ft depth, the tools are ra|iidly witlnlr.-iwii. ana
a sand pump attached to a separate rope is h't down in order
to remove the detritus, after which the tools are again used.

])irrirk —The " rig," as it is called in .\merica, bears evi-

dence of having been developed in a country where wood is

plentiful ; and its rough-and-ready character often excites the
surprise and disapproval of English engineers. But " hand-
some is that handsome does," and respect for the rig grows
with knowledge of what can be elTeeted by its use in skilful

hands. It consists of a deirick 74 ft. high, 20 ft. si|uare at the

base, and 3 ft. at the top, surmounted by a crown pulley, over
which passes the drilling cable or tubing rope, and a snatch
block for the sand-pump line. A bull wheel and drum, driven
by an endless rope which is raiiidly thrown on or oil as re-

quired, takes the coil of drilling calile for lifting or lowering
tools or tubes. A walking beam, attached at. one end to a
crank, gives the necessary motion to the drilling tools, and
afterward to the pump roils. The crank has a throw of 3 ft.,

giving a stroke of 4 ft. to the end of the beam, to which the
drilling cable is attached by means of an adjustable screw ;

each revolution of the crank thus produces one blow of the

drilling tools. The reel carrying the sand-pump line is worked
by a friction pulley. The
whole work is done by two
men. The driller standing
by his tools has within
reach the " telegraph line"
for controlling the engine ;

the reversing line attached
to the link motion on the
engine : the sand-reel lever
controlling the sandpump
line ; and the brake on the
bull wheel, which controls
the drilling cable and tools.

Drilling Tools .—The
tools used consist of a chisel

or " bit," stem 32 ft. long,
jars, sinker bar 10 ft. long,
and rope socket. These
are called a " string of
tools," and are altogether
about 60 ft. long. They are
connected by taper screw
joints. This joint gives
great strength ; a few turns
bring it home, and an ar-

rangement of levers screws
it up so tightly that it does
not often unscrew in use,

notwithstanding the vibra-

t i o n to which incessant
blows subject the tools.

The jars are a pair of links
having a vertical iday of 9

in. ; they are for the purpose of freeing the tools if jammed
or fastened in any way, by enabling the driller to give a suc-
cession of upward blows which loosen the tools, no matter
how Hriuly they may be held. The temper screw is an in-

genious contrivance for attaching the calili' to the walking
beam, and enables the driller to slacken or tighten the cable,

and to cause Ww tools to revolve when drilling. What can
be elfected by these a]ipliances in the hands of a highly skilled
driller is little short of the marvelous. Holes have been drilled

nearly a mile in depth, jierfectly straight and perfectly round.
In Austria, indeed, a hole is reported to have been drilled to a
depth of over G.OOO ft. ; but the deepest American hole, at

Pittsburgh, is 4, (US ft.

Acci((( hUi.—The driller's onh' knowledge of the lools while
in the borehole is through the cable, wliich his hand never
leaves while drilling. Kxtraordinary complications sometimes
ari.se : a faulty joint may unscrew or a tool break, the upper
end of which may be driven i|uite aside from the line of the

hole. In the elTort to recover it, other lools may be lost, until

perhaps a ton of iron blocks the well. On all this a " run in"
may occur, burying the whole possibly 100 ft. deep, and at
1,001) ft. or more below the surface. With patient and won-
derful skill the hole is cleaned out, tool after tool withdrawn,
and the cause of the mischief straightened up and got out.

Or the hole may collapse, burying the tools and " sticking"
the jars. Then the cable is cut at the lowest accessible point

;

the hole is lined with tubes, which follow the tools down ; the
buried tools are got hold of, and by the action of jars are drawn
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out inch by incli. Sometimes, though rarely, holes liave lo

be iibimduned as tlie result of such accidents.

Sinkiny and Liiiiii<i nf Middbsbroiigli Wells.—The diameter of

the Middlesbroiigh wells is.Sin. Atter construction of the rig.

tlie Hrst process is to drive down lO-in. tubes, furnished with
a strong shoe, through the surface clay, .sand,' gravel, etc , lo

a depth of from 80 ft. to 130 ft., till the sandstone is reached
;

for which jiurpose the rig is temporarily transformed into a

cluinsy-luoking but ellicient pile driver. After this the drill-

ing begins. Thicknesses of from 300 ft. lo 700 ft. of water-bear-

ing red sandstone are passed through, then red marl down lo

the white stone overlying the salt, then rotten marl, and then
the salt bed ; the drilling stops ,at the bottom of the salt. The
8-ia. hole is then lined, either throughout from top to bottom,
or else only through the bottom 200 ft., which is the region of

falls of marl. For this bottom portion +-in. lube is used of .51

in. bore. If the hole is lined higher up, the tubes are J in.

thick and 6i in. bore ; at the couplings they are then 74 in. in

diameter oulsiile.

Pumping (if Brine.—As soon as the well is bored, the pump
tubes in place, and the pump rods attached, the small cavity

occupied by the well in the salt bed will be filled with fully

saturated brine ; and the pump being started at the normal
speed of 12 to 14 strokes per minute, the tirst discharge will

be water, until the brine, passing up the suction pipe, appears
in a muddy stream. It quickly clears, and as quickly becomes
weak, through the exhaustion of the contents of the cavity,

wjiich is as yet small. Water is found in the sandstone within
20 ft. of the surface, and, standing in the annular space, bal-

ances the column of brine so far as the difference in their spe-

cific gravity permits. A colutnn cf water 1,200 ft. supports
one of brine liaving a height of nearl3' 1,000 ft. ; the pump,
therefore, has really to lift the brine only about 200 ft. A
new well, if working properly, increases "daily in yield as the
cavity in tlie salt bed becomes enlarged through the removal
of salt, and thereby presents a larger area of salt surface for

solution. Owing to its greater specilic gravity, the strongest

brine is always found at the bottom of the well ; and if the
pumping is considerable, brine of decreasing strength, or even
fresh water, will occupy the upper part of the cavity. The
solvent power of the water, of course, steadily becomes less as

full saturation Is approached, until it cea.ses altogether. The
result is that more salt is removed from the top of the bed
than from lower down ; and thus the shape of the cavity
should become that of a flat funnel or shallow inverted cone,

depending somewhat on how the well is pumped, whether so
fast as to yield weak brine or not. This has proved to be
what really happens. Wells bored at from 40 to (30 yards dis-

tance from old wells have found the cavity already formed
and of a depth which, considered in relation to the salt re-

moved, confirmed this theory. In another case a fall of rock
broke the well tubes. The fallen stone was drilled through,
and fresh tubes inserted to the cavity beneath it. After the

pumping had been resumed, the stone slipped down 14 ft.,

breaking the tubes again. It was again pierced and the proc-

ess repeated until the .stone was lowered 6 ft., showing that

solution of the supporting side of the funnel had allowed the

stone to slip down. The pumper confessed defeat, and now
pumps from the top of the stone ; but he bides his time in the

belief that science will eventually provide an explosive which
shall create a sutHcient disturbance in the very heart and vitals

of that obdurate stone. Last, but perhaps not least, an aban-
doned cavity at Nancy having been pumped dry, w-as entered,

and found to be of the shape indicated. It is obvious that the

funnel shape of the cavity is an important matter, and an un-
fortunate one. for pumping, because it removes support from
the neighborhood of the tubes, where it is most needed ; and
heavy falls of marl and rock occur, whicli break the tubes, no
matter liow strong they are, although light falls may be re-

sisted and are known only by the di.scoloralion of the brine.

Half-inch steel lining tubes are u.sed , and with this thickness
the worst bent and broken tubes after a fall have, with great
strain and ditticulty, been so far straightened as to be got out
by a steady pull with two ."lO-lon jacks ; but in a well with
fin. steel tubes the bend was such that withdrawal was im-
possible, and the well had to hi' abaiidone<l. After a fall,

weak brine or water is obtained : the invaluable rig is de-
tached from the pumping gear, and is used to withdraw the

tubes above the break, generally leaving from (!0 ft. to 100 ft.

in the well. The tools are then strung up, and an attempt is

made to drill down by the side of the old tubes, and to put
fresh tubes in. This operation is often attended with endless

perplexities and ditflculties ; nevertheless, wells have been re

paired in this way man}' times. Tools are often lost in this

cleaning-out process ; in one instance a string of tools, cable

and all, went down a cavity, and remain there ; aud yet the

well is working still. The number of wells which have been

Ijumped and afterward abandoned for various reasons is be-

lieved not to exceed ten.

Yield and Sliengih of Brine — Wells vary considerably, both

in yield and in strength of brine. This may lie due to the

existence of earthy mailer, which may cover the salt with a

coating of mud, and thus clieck solution ; or it may be due to

defeclive couplings or lubes, which woidd permit dilution of

the brine by the entrance of water into the pump lubes from
theannular space surrounding them. A well pumping lOhours
per day, and yielding 300 tons of salt in brine per week, would
be consideied doing good work.

Snrfiice Subsidence.—The question of possible subsidence of

the surface has naturally excited a good deal of interest in

Middlesbrough. In Cheshire the flooding of old rock-salt

mines and the subsequent piunping, as well as the removal of

the mineral from the course of the " runs," have led to serious

subsidence, and to extraordinary behavior on the part of

houses, roads, streams, and bridges ; but at Middlesbrough
the depth of the salt bed is so much greater, and the character

of the strata so different, that it does not follow the same re-

sults will occur. It is believed that great arches will form
them?elves over the funnel-shaped cavities in the rock-salt,

from point to point of support ; or that the interstices left by
broken masses of fallen rock will equal the bulk of salt re-

moved, and will so support the surface. On the other hand,

it is the opinion of experienced persons in Cheshire that sub-

sidence will ultimately take place ; and to this result the ex-

perience of mining engineers .seems to point. All that can so

far be said with certainty is that no sign of subsidence has yet

shown itself.

Filtrdtion and Evaporation of Bnne.—On reaching the sur-

face the brine is couveyed in pipes to a filter bed, constructed

on the jiattern of ordinary watcrvv'orks sand filters. These act

well, and pass a clear bright brine to the reservoir, whence it

is pumped to the pans for evaporation Notwithstanding the

fact that endless efforts have been made to improve the method
of evaporation, and that a large number of plans have been

devised for this purpose, yet to-day, just as l,SO0 years ago,

open pans are used, having heat passed under them. The only

difference is that tlie Romans used pans maile of lead, and not

more than a few feet square ; while to-day much larger pans,

made of steel and iron, are employed. The oidinary size of

common salt pans is GO ft. X 24 ft". X U ft. deep. The pans
are set upon longitudinal walls, which form flues to convey
the products of combustion from fireplaces at one end of the

pan to the chimney at the other. As the water is driven off

by evaporation, the salt crystals form on the surface of the

brine, and gradually sink to" the bottom. They are drawn by

rakes to the side of the pan, and lifted out and deposited upon
decks or "hurdles," from which the adhering brine drains

back into the pans.

Sail.— Fine salt is obtained from salt which is boiled, the

fineness of grain depending upon the temperature at which the

brine is evaporated—th; higher the temperature, the finer the

grain ; the lower the temperature, the larger the crystals.

Block salt or "squares" are obtained by drawing off boiled

salt at short intervals into moulds ; the squares are afterward

dried by surplus heat from the pans. Table and dairy salt

are obtained by grinding squares. Common salt is drawn
every other day from briue kept at about 190 F. ; fishery is

drawn every 7 or 14 days, according to grain, from brine kept

at about 100°. All these processes are very simple, yet the

salt manufacturer is not without his difflcullies and perplexi-

ties ; and a certain degree of skill and good management is

essential to the successful prosecution of this, as of every other

industrj'.— Practical Engineer.

PROGRESS IN FLYING MACHINES.

By O. Chanote, C.E.

(Continued from page 449.)

No. 17 flying machine of M. Ilargrave is described in his

twelfth communication to the Royal Society of New South

Wales, read August 3, 1803. The total weight of the ap-

paratus is 64.,') 0/,., or 4.03 lbs., including 13f oz. for the

strut and body plane, so that the engine and boiler, includ-

ing .5 oz. for sjiirit fuel and water, weighs 3.2.5 lbs., and
develops 0.169 horse power, or at the rate of 10.3 lbs. per

horse power—a very remarkable achievement.

The boiler is of the " Serpollet" type, made of 12 lineal

feet of J in. co|)per tubing (steel pipe could not be got in

Sydney), in the form of a double-stranded coil, encased in
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asbestos, and placed just over the liacklione of the appa-
ratus. The fucl.is inethvhited spirits of wine, drawn from a

tank placed above the boiler, vaporized, mixed with air and
spurted into the furnace. As much as (>.!• cub. in. of water
have been evaporated by 1.7 cub. in. of spirit in 80 seconds,

making 182 double vibrations of the iiropelling wings, say,

2.3!) per second, and developing 0.1(>!) horse power.
It was estimated that if the apparatus were loaded with

10 oz. more of sjiirit and water, and thus made to weigh
the same as the compressed-air machine Ko. 12, which flew

343 ft., then the steam ajiparatus No. 17 would possess a

sufficient store of energy to Hy 1,(;40 yds., or nearly 1 mile.

But M. Hargravc has done still better, for in March, 18'.I3,

he prepared a paper, which was presented to the Confer-

ence on Aerial Navigation at Chicago, August 2, 1803, in

Fio. SO,—IIARGRAVE-1893.

which he gave data concerning his No. 18 flying machine.
This apparatus is also driven by a .steam-engine which
weighs, with 21 oz. of fuel and water, an aggregate of 7

lbs., and indicates O.Go3 horse |)ower, or at the rate of 10.7

lbs. per horse power ; so that, roughly speaking, the
weight of the motor has been doubled, and the power has
been increased fourfold.

Four boilers were constructed. The final one was made
of 21 lineal feet of J in. copper l)ipe, with an internal diam-
eter of '0.18 in., and arranged in three concentric vertical

coils whose diameters were 1.6 in., 2.() in., and 3.G in. re-

spectively. It weighed 37 oz., but it is now known " that

a coil of equal capacity can be made weighing only 8 oz.,

and still excessively strong." The cylinder is 2 in. diam-
eter, with a stroke of 2.52 in. The feed-pump ram is 0.26G
in. diameter, and the piston valves 0.3 in. diameter. On
one occasion this motor evaporated 14.7 cub. in. of water
with 4.13 cub. in. of spirit in 40 seconds. During a por-
tion of the time it was working at a speed of 171 double
vibrations per minute.

M. Uiirgrave gives no data concerning the flight of his

last two (steam) machines. He states th.at 11 dilTerent

liurners have been tried, and that the llame striking the water
boiler lirst has a tendency to vary the supply of heat to the
spirit holder. From this it is inferred that he is struggling
with the same dilliculties already encountered by Slring-

felloic, by Moy, and by Md-rim in regulating and keeping
alight spirit burners when the apparatus gets under forward
headway ; but this difficulty, while a serious one, will

doubtless be eventually overcome by persistent experiment,
and we may then expect (lights of astonishing lengths.

Seeing now his way to an ade(iuale motor and to exten-
sive flights in the near future, M. Ihirgrnre recently turned
his attention to ex))eriments u])on curved surfaces, and to

the seeking for a better disposition of the sustaining sur-

faces or body |)lanes. He had described the eccentricities

of a curved strip in tJie form of a segment of a hollow cyl-

inder, when exposed to the wind, in his ])aj)er No. 12 to

the Koyal Society of New South Wales, read August 3,

1S'.I2, and he describes some of his experiments with " cel-

lular kites," in his paper read in the Aerial Navigation at

Chicago, August 2, 1803.

The " cellular kites" constitute qviite a new dejmrture,

and practically consist of superjiosed aeroplanes coniieeted

together in ])airs. 7), in fig. SO, shows the simplest form.

This consisted in two hollow cylinders of aluminium, each
13 in. diameter by 4J in. dee|), mounted 30 in. ajiart upon
a connecting stick, and weighing 14

'J
lbs. The kite-string

w.as attached 11 in. back from the forward section, and as

a conscipience of the angle of incidence thus jirodueed, the

apparatus mounted iii)on the wind. Its particular behavior

is not described in the paper. C, in tig. 80, shows a kite

with ICi cells, the length of each being 3 in., by a height of

3 in., and a breiidth of 3 in. It was made of cardboard,

and the two sections were 22 in. ajiart, the point of attach-

ment of the kite-string being ('ij in. distant from the for-

ward section, while the weight was 10. .5 lbs. This seems
to indicate that this kite Hew at a steeper angle than the

preceding, although we should expect the reverse, in con-

sequence 'of the greater jiroportion of sustaining surface.

M. Ilargrnte says, " These kites have a line angle of inci-

dence, so that they correspond with the (lying machines
they are meant to represent, and diller from the kites of

our youth, which we recollect lloating at an angle of about
45°, in which position the lift and the drift are about e(|ual.

The tine angle makes the lift largely exceed the drift, and
brings the kite so that the upper part of the string is nearly

vertical."

Kites .^ and F, tig. 81, are of exactly the same size and
weight, consisting of one cell, 4 in. long, 10.7 in. broad by
0.25 in. high, constructed of wood and paper, and weigh-

ing 3.25 lbs. ; the two sections are 21.25 in. apart, and the

string is fastened 7.25 in. back of the forward section.

The only dillerence is that kite E has its horizontal (top

and bottom) surfaces curved to a radius of 4.5 in., while all

the surfaces of kite /''are true planes. The result is that

when kite E is llown with the convex sides up, it pulls

about twice as hard on the string as kite F, so that, as M.
ILirgraw. says :

" A (lying machine with curved surfaces

would be better than one with a tlat body plane, if the form
could be made with the same weight of material."

M. Iliirgnwe, in this last paper, ligurcs and describes

two other forms of cellular kites with which he has ex-

perimented, and points out that the rectangular form of

cell is collapsible when one diagonal tie is disconnected, so

as to make it easy of transportation. He says :
" Theoreti-

cally, if the kite is perfect in construction and the wind
steady, the string could be attached infinitely near the

center of the connecting stick, and the kite would Hy very

near the zenith. It is obvious that any number of kites

Fio. 8I.-nARGRAVE-18!13.

may be strung together on the same line, and that there is

no limit to the weight that may be buoyed up in a breeze

by means of light and handy tackle. 'i"he next step is

clear enough—namely, that a (lying machine with acres of

surface can be safely got under way, or anchored and hauled

to the ground by means of the string of kites."

He duly gives credit to M. Weu/idm for suggesting the

superposition of planes in ISOO, and it is an interesting cir-

cumstance to note that at the same Chicago conference, a
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paper from M. Wenhfim was read suggesting a course of

experiments vvitli kites, to determine the best arrangement
of super|)Osed aeroplanes and the conditions of ecpiipoise.

Such are the labors of M. Rargrace up to the present

time. He no longer troubles himself about the general

problem of man's eventual success in navigating the air,

but he says :
" The people of Sydney who can speak of my

work without a smile are very scarce ; it is doubtless tlie

same with American workers. I know that success is dead
sure to come, and therefore do not waste time and words in

trying to convince unbelievers."

Instead of this, he constructs machines and reports the

results in detail, so that others may repeat his experiments,

lie says tliat the record of unsuccessful experiments takes

up a considerable portion of his notes, and further, that
" there is no use in the mind's conceiving an idea, if the

hands are not ready to carry out the work skillfully, in the

absence of reliable assistance, and if the design be found

in which he stated that, before sailing back to England, he
thought it would be well to state what he was doing toward
constructing a flying machine which had been alluded to

lately by the American press. Among other things he said :

I would say that among the large number of societies to

which I belong in England, the Aeronautical Society is one,
and need I sa}' that I am tiie most active member ? At the
present moment experiments are being conducted b^' me at

JJaldwin's Park, Bexley, Kent, Englantl, with a view of lind-

ing out exactly what the supporting power of a plane is when
driven through the air at a slight angle from the horizontal.
For this purpose I constructed a very elaborate apparatus,
provided with a great number of instruments, and arranged
in such a manner that I can ascertain accurately the efticiency

of a screw working in air. the amount of power required to

drive a screw, the amount of pusli developed by a screw, the
amount of slip, and also the power required for propelling
planes through the air when placed at different angles, as well
as to ascertain the friction and all other phenomena connected

FtG. 83.-MAXIM-1892.

faulty, the whole thing should be begun again without
trying to use up old machines. The question of intricate

workmanship and costliness is being continually battled
with ; my constant endeavors are directed to making the
machines simple and cheap, so that any one who doubts
can verify my work, provided his hands are as skillful as

mine, and I am sure that the photographs show clearly that
the workmanship is anything but rtrst-rate."

He began with small, cheap models, and has gradually
enlarged their size, and ol)tained flights longer than any
heretofore accomplished. It is noticeable that the heavier
the model, and the smaller the sustaining area in propor-
tion to the weight, the more successful has been the flight.

He may not l)e the tirst man to ride at will upon the air,

but he deserves to succeed.

In November, ISIK), IVI. Hii-am S. Maxim, the celebrated
American inventor of a writing telegraph, of several sys-

tems of electric lighting, and of the " Maxim automatic
machine gun," addressed a letter to the New York Times,

with the subject. I have been experimcutiiig with motors
and have succeeded in making them so that they will develop
1 horse power for ever}' 6 lbs. My experiments show that as
much as 133 lbs. may be sustained in the air by the expendi-
ture of 1 horse power ; of course, it is premature now to ex-
press any opinion ; still, if I am not very much mistaken, and
if some new phenomenon, which I do uot understand, does not
prevent it, I think I stand a fair chance of solving the prob-
lem, and I think I can assert thiit ivithin a very few years
.some one—if not myself, somebody else—will have made a
machiue which can be guided through the air, will travel
with considerable velocity, and will be sulficiently under con-
trol lo be used for military -purposes. I have found in my
experiments that it is necessaij' to have a speed of at least 30
miles per hour, that .50 miles is still more favorable, and that
100 miles would seem to be attainable. Everything seems to

be in favor of high speed.
Whether I succeed or not, the results of my experiments

will be published, and as I am the only man who has ever
tried the experiments in a thorough manner with delicate and
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accurate apparatus, tlie data which I shall be able to furnish
will be of much greater value to experimenters hereafter than
all that has ever been published before.

I In May, 18!)1, JI. Mi.riiii again vi.sited the United States,

and he gave to various newspaper ie|)orters, notably to one
from tlie New York Stm, some particulars coiuerning the
flying machine, or " lirst kite of war," which he was build-

ing in England, and upon which lu^ had spent uj) to that
time (including the preliminary cNperimeiits) some :i:tr),0(l().

He described the apparatus with which he had made his

preliminary experiments, to ascertain accurately the sup-
porting power and resistance of air to aeroplanes at small
angles of incidence, and then continued as follows :

-My large apparatus is provided with a plane 110 fl. long
and 40 ft. wide. nuuU^ of a frame of steel lulicts covered wiih
silk. Olher smaller planes allached lo thiv make up a surface
of r),.")00 sq. ft. There is one great central plane, and to this

arc hinged various other planes, very mucli smaller, which
arc used for keeping the equilibrium correct, and for keejiing

the Hying machine at a fixed angU^ in the air. The whole
apparatus, iucluiling the steering gear, is 145 ft. long. . . .

A part of the aeroplane, or actual kite, is made of very thin
metal, and serves as a very efficient condenser for the
steam. ...

It is ready and awaiting my return. It is now resting on a
track 12 ft. wide and half a mile loflg. in my park. The tirst

quarter of a mile of the track is double—that is to sa}', the
upper track is 3 in, above the lower. By that means I am
able to observe and measure the lift of the machine when it

starts, because the upper track will hold it down when it lifts

olT the lower one. When completed the machine will weigh,
with water tanks and fuel, somewhere between 5,000 lbs anil

6,000 lbs,, and the power at my disposal will be 300 horse
power in case I wish to usi; it ; but it is expected that about
40 horse power will suffice after the machine has once been
started, and that the consumption of fuel will be from 40 lbs.

to 50 lbs. per hour. The machine is made with its present
great length so as to give a man time to think ; its length
makes it easier to steer and to change its angle in the air. Its

quantity of power is so enormously great in jiroportion to its

weight that it will quickly get its speed. It w'ill rise in the

air like a sea-gull if the engine be run at full speed vi'liile the

machine is held fast to the track ; and if it is then suddenly
loosened and let go.

M. Mdxim very judiciously refrained from furnishing

drawings or detailed descriptions of an a])])aratus which
was still in process of evolution, and which he might want
to modify as he proceeded in erection and trial. Indeed, it

is probable that he has varied considerably from the various

arrangements which he has patented from time to time,* so

that drawings and descriptions made from these might be
wide of the mark.
The important, the vital feature, however, he recognized

to be the motor, and to perfecting this he gave his first at-

tention. In steam motors be seems to have accomplished
wonderful results, hitherto quite unreached, and in an arti-

cle published in the Crntiiry Mtuj/izinc for October, 18tll,

after describing and illustrating the experimental whirling
machine with which he had gathered his preliminary data,

he gives the following account of what he had accomplished
up to that time with the motor :

I have come to the conclusion that the greatest amount of
force with the minimum amount of weight can be obtained
from a high-pressure compound steam-engine, using steam at a
pressure of from 200 ll)s, to :i50 lbs. to J he square inch, and
lately I have construcli'd two such engines, each weighing
;500 lbs, Th(!se engines, when working under a pressure of

200 lbs, to the square inch, and with a jiiston speed of oidy
400 ft, per mimile. develop in u,seful elfeel, in ))usli of ,serews

over 100 horsj i)Ower. the push of th<' screws collectively being
over 1.000 lbs By increasing the number of turns, and also

the steam pressure. I believe it will be pos.sil)le lo obtain from
200 horse power lo 300 horse power from the sanu' engines,

and with a piston spec-d no greater than 850 ft. per ndnute.f
These engines are made throughout of tempered steel, and are

of great strength and lighlnc-s. The ni-w feature aliout my
motors, however, is the manner of generating steam. The
steam generator itself, without the casing about it, weiglis

only 350 lbs.; the engine, generator, casing, ptnnps. cranks.
screw-shaft, and screws weigh 1.800 lbs., and the rest of the

• British patents Nos. 10,3.5!) and \6fiici. a v. 1889 ; No. 1U.S-J8, .v. 11. 1H.<I1,

t Tbc piMion speed of an express locomotive is al>out 1,0)0 ft. i)er minute.

machine as much more. With a supply of fuel, water, and
Ibi-ee men, the weight will not be far frou) 5,000 lbs. As the
foregoing e.\perinients have shown that the loail may be M
times the push of the screw, it would a|ipear Ihat this maehine
ought to carry a bui-den, ineluding its own weight, of 14.000
ll)s,. thus leaving a margin of O.iiOO lbs., provided that the
steam i)ressure is m.untained at 200 lbs. to the si|Uare inch.

The steam generator is selfre,!;ulatii)g. has 48.000 lirazed

ioints. anil is heated by 45,000 gas jets, gas being made liy !i

sinqile process fniin pcln)leuni. When the maehine is l)ni>lied

the e.xhaust steam will be <-(inden.sed by an atmospheric con-
denser, made of it great [niml)er of very thin metallic tulies,

arranged in such a n)anner that they form a considerable |)or-

tion of the lifting sinfaee of the aeropliine. The greater part
of the maehine is construcled from thin steel tubes, I found
that these were niueh more suitable for the purpose than the
inueh talked of aluminium ; still 1 believe that if 1 should
suceeeil in constructing a successful machine, it would lead to

such improvements in the manufacture of aluminium jiroducts

that it will be po.ssiblc to reduce greatly the weight of the
machine.
The (juestion of keeping the machine on an " even keel," of

steering, and of landing, have been duly considered and jiro-

vided for. but a description of these would be iiremaliirc

before the machinelurs actually been tried.

When it is remembered that locomotives weigh some 200
lbs. per horse power, that the lightest marine (launch) en-

gines in 1880 weighed about 00 lbs. per horse power, and
that the largest steam-engines previously built for aerial

navigation purposes were those of Giffard and of Moy, each
of 3 horse power and weighing (with their boilers) 110 lbs.

and 27 lbs. i)cr horse power respectively, then the impor-

tance of M. Miixhn's achievement, as above set forth, may
be partially realized

;
particularly when it is considered

that the relative weight tends to increase with the size, itnd

that M. Maiim^s expectations of obtaining 300 horse power
from the same engines have been fully continued, as will

be seen hereafter.

Moreover, as exhausting the steam into the air would in-

volve carrying a supply of water amounting to some 20 or

25 lbs. per horse power per hour, and this would have been

simply prohibitoi'y, M. Maihii^s plans included a surface

aero-condenser, in order that the same water might be used
over and over again. This was a wholly unsolved problem,

such tentative ex|)erinients as bad been tried previously by
others having indicated weights of 50 lbs. to 150 lbs. per

horse power, as necessary for efficient aero-condensers, and
this would also have been prohibitoiy.

M. Maxim proposes to solve this jiroblem by making all

the frames of his apparatus of hollow tubes, and connecting
therewith a condenser consisting of a large number of wide,

fiat, or film tubes—that is to say, of tubes of thin metal

having a fiat bore, through which the steam will pass in

thin films of considerable width ; these film tubes being

so arranged that in the forward motion of the machine the

air will impinge upon them, thus effectually cooling them
and condensing the steam therein. This aero-condenser is

utilizetl as a jiart or the whole of the sustaining surface, or

there may be substituted therefor a large fie.\ible bag or

chamber, connected at the forward part with the exhaust

steam-pi |)e, and at the rear end with the hot well, or directly

with the suction-pii)c of the feed-|nimp. lie relies, of

course, ujion the increased condensation iiroduced by air

currents due to the forward motion of the machine, and the

extent of the condenser is therefore a matter for experi-

ment, so that its cxiict weight cannot be settled in advance.

The horizontal jingle of incidence in Might is to be main-

tained by a "Gyrostat," which consists in a gyroscopic

wheel rotating rapidly, suspended by universal joints and
connected with two horizontal rudders, one at the front and
the other at the back of tiie apparatus, so as to act u|)on

them instantly (through the well-known property of the

gyroscope to continue rotating in the same plane), in ca.se

any tendency occurs to deviate from the angle of incidence

with the horizon.

The whole of the a|)par!itus is to be thoroughly stayed by
diagonal wire ties, so as to make every l»irt rigid iind pre-

vent dtrformations under varying wiiui |)ressures.

Kig. 82, (Uigraved from a photograph kindly furnished

by JI. ^fllJim, exhibits the main features of the appaiatus.

It does not show the front or back rudders, which have

been removed, nor the side wings, set at a diedral angle, to
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preserve the transverse stability, nor sundry possible keel-

cloths or auxiliary planes intended to promote the same ob-

ject. It exhibits the central or principal aeroplane, with

the forward end facing the observer. This main aeroplane

is un<lerstood to be 50 ft. wide, about ."is ft. long, and
slightly concave in the direction of its length, while it is

trussed and stiffened in every direction by wire stays. The
condenser is indicated by the dark shading at the front of

the main ))lane, and, as will readily be seen, can be largely

increased in surface, but, however, at the expense of added
weight. The driving screws are placed at the rear, and are

understood to be 17 ft. 10 in. in diameter, the speed of rota-

tion varying, of course, with the power exerted.

The whole ap])aratus is mounted upon wheels, running
over a railway track, so as to acquire suflicient speed to rise

upon the air, and the three men who are grouped about the

front may enable the reader to gather by comparison some
general conception of the colossal dimensions of this flying

machine.

(to be continued.)

ders F, E, D, D, are all connected to the same system of pip-

ing, and the pressure per square inch will he the same in each.

This pipe is connected to a pump and reservoir inside the

car. The pipes, C3'linder, and reservoir are tilled with water
or other lluid.

In the ordinary systems of coupling cars used in this coun-
try with couplers of the .lanney and Sliller type, the couplers
and buffers are usually so ananged that when the cars are
coupled, the s])rings that force the buffers out are compressed
to a certain extent, thus forcing the buffer together and tend-
ing to hold the cars steady. Tlie amount of this conqjiession

and the subsequent pressure upon the butfers is, however,
limited, since in order to effect a coupling the cars must be
driven together with sutflcient force to compress the buffer
springs and allow the couplers to engage. If the springs are
too stiff this impact is loo great, and will not only damage the
cars, but will cause disairreeable shock to the passengers. In
some systems the coupler and buffer are so connected'by levers

or pressure-bars that, as the coupler is pulled forward, the
motion is transmitted to the buffer, and the opposing buffers

are thus pressed together with greater force. In this case,

however, the amount of pressure that can bo put on the buffers

LEONARDS HYDROSTATIC BUFFER.

The object of this buffer is to provide means of holding
adjacent cars firmly together, thus increasing the friction be-

tween the buffers and lessening the amount of oscillation due
to curves and uneven tracks.

In the different views on the drawing the same letter refers

to the same part. Two center cylinders, E and F, cast in one
piece, are firmly secured between the center sills of the car.

The cj'liuder E is tilted with a ram //. which is forced outward
against a cross head pressing against the spring R, whii^li

transmits the pressure lo the buffer P. The cylinder V is

tilted with a ram .7, which is forced against the pressure-bar K.
This pressure-bar is secured to the back end of the draw head.
When pressure is admitted to cylinder F by the pipe 0, the
ram ,/is driven back and the draw-head is drawn in. At the
.same time the pressure passes through the port shown lo the
cylinder fi'and forces the buffer P outward ; thus the cars are
drawn tirmly together. Two side cylinders D, D, are secured
in ihe end sill of the car. Each of these is fitted with a ram
6r, which bears against a cross-head and transmits the pressure
through a spring S to the buffer P. The buffers Pare thus
pressed together at three points on their length. Tlie cylin-

is limited, since the springs nmst be compressed and the cars

coupled by impact. In the English system of cmq)ling the
cars are drawn together and jiressure put on the buffers after

the cars are coupled by a screw operated by hand. This
method, however, is slow and crude, and involves the neces-

sity of a man going between the cars. It is, moreover, inap-

plicable to automatic couplers.

In the hydrostatic sj'stem the pressure is let out from the

cylinders when the cars are to be coupled, and a coupling may
be thus effected with .a slight impact. After the coupling is

effected the pressure is pumped into the cylinders by an at-

tendant in the car, and any desired amount of i)ressure may be
put on the buffers. The pressure in the adjacent ends of two
cars is pumped up to aljout the same amount (sufficient to put
the springs under a heavy conq)res.sion), as slicwn by the

gauges.
If one buffer has more pressure in the cylinders Ihan the

other, the buffer will move toward the car on which there is

the smaller pressure. The leakage is very small, and may be

supplied by a few strokes of the pump when required. The
long buffer plates shown increase the area of friction surface

between the butlers, and this, combined with the greater press-

ure between them, has a marked effect in reducing the oscilla-
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lion of the cars. It also teiuis to liold the end of the car up
OH uneven tracks. In case of a low joint or depression in the

track the truck will drop, uiid with the ordinary bulTcr the

boily of the car will follow the truck, and as the truck rises

asiain the body of the car meets it and produces a shock. With
the liydro-static liulTer, however, thi' friction between the plates

is sulticieni to hold the end of the car up for the niouient as

the trucks fall, and a much steadier motion is the result.

In roundinir curves, as the cvlinilers on the end of one ear

are all connecled. one end of llie buller is free to nuive in

while the other moves out, the lluid |ia.ssing from one side

cylinder through the pipe into the other as the rams move,
and thus serving the juirpose of an etiualizin;; bar to maintain
a uniform pressure on each end of the buffer.

In case of a collision the liydrostatic ImlVer would afford

much more protection to the cars and ])as.sen,i;ers than the

ordinary system, both on account of the greater area of bulTer.

and also because the shock will be belter absorbed by the

liydrostatic buffer, since the force necessary to compress it Is

nuich greater.

In connection with this buffer the platform is extended out

nearly to the width of the car body ; this gives a wider space

for the vestibule, if one is used, and increases the strength of

the platform by affording an opportunity to put in additional

limbers between the end sill of the car and the platform end
timber. By increasing the width of the platform it becomes
neces.sary to use hinged steps, which can be turned up out of

the way when the train is running. The step L is pivoted, as

shown, and is raised and lowered by the lever J/and link N.
When in a station the step is lowered for passengers. When
running it is raised in the jiosition shown on the left-hand side

of the cross-section, and held in Ih.-it position by a spring latch.

hau.st ; Ihtis as long as the valve is held in this jiosition, the

piston, which works in the cylinder into which Ihe pipe V
leaiis, will continue to travel until it has hauled the tiller hard
over, where it is held by a stop.

Th(^ arraniicment for autoiMalically stopping and adjusting

the iiosition of the tiller is shown at Ihe bollom of the engrav-

ing in tig. ;{. TiK' piston travel is (i ft., and. as shown, the

piston is clear out anil Ihe tiller i> represenleil as hard over on
Ihe one side. As the tiller rope at //is tightened, the valve is

moved over, as already descrilied, and steam would \w ad-

mitted to the front end of Ihe cylinder /and the piston drawn
in. As it does so the cross head or traveler, 7i', is drawn back,

and this is directly attached to the tiller chains, so that the

tiller is thus moved. As it travels back it will readily be seen

that Ihe rope // is slackened off, and as a consecpience of this

the valve will be moved to its central iiosition, locking the

steam, tmless the wheel in the pilothouse is kept turning,

holding the tiller rope 11 taut. .Vs the movement of the trav-

eler slacks off three times as much rope at 7/ as the distance

which it travels, and as the piston travel from the central

position to hard over is :! ft., it will be seen that the wheel in

the wheel-house must take u]! !> ft. of rope in order to bring
the tiller hard over to one side or the other from the central

Iiosition. This, of course, makes a very delicate anangemeut,
and thi^ adjustment of the tiller to any desired position may
be mad(^ with the utmost sensitiveness.

The plan of using cylinders of long stroke for accomplishing
work of a similar diaracter is one with which all manufac-
turers of machinery in the West are more or less familiar.

The same long stroke has been used very extensively through-
out the saw-mills of the Northwest, in the steam-feed for

moving their circular saw carriages, and one concern having

CRAWLEY & JOHNSTON'S STEAM STEERING GEAR.

STEAM STEERING GEAR.

Messhs. Crawlet & .ToiiNSTON, of Cincinnati, O., have re-

cently put a new steam sti'ering gear upon the market, which
is reinarkably simple and effective. The general arrangement
and proportions of the m.achine are very clearly shown in our
engraving. The principle upon which the machine nets is,

that, as the tiller rope is tighteneil, it opens a valve of a steam
cylinder, admitting steam to one end of th<' same ami drawing
in the ]iiston-rod, which is attached direct to the tiller of the

rudder. As this piston comes in it slackens off on the tiller

rope, and thus allows the vtdve to close and shut the steam
valve. As long as the steering wheel is kejit revolving, hold-

ing the tiller rope taut, the jiiston will travel forward and
move the tiller until it is hard over on one side ; but the

moment the steering wheel is stopped and the tiller rope al-

lowed to .slacken, the pi.stnn stops its motion and the tiller is

held in the position in which it happens to be at that moment.
Keferring to the engraving, tig. 1 shows thi' arrangement of

the tiller ropes as connected with the valve, and also a cro.ss-

section of tlie valve itself. This latter is a rocking valve of

the 1) iiattern. The line of ro|ie at the point .1 represents both

ropes, one being behind the other. As the line at B is light-

ened, the arm C'of the bell crank lever is raised, and the lever

7> of the valve moved forward into the position shown. At
this point it will be seen that the valve is thrown clear over
on one side, and steam enters through tint steam pipe E. and
piusses out through the pipe /''to <ine of the cylindi:rs. On the

other hand, the exhaust of the valve allows the steam to escape

from the pipe O of the other cylinder and out through the ex-

heavy excavators have used long cylinders for swinging the

crane for a number of years.

The gear shown in the engraving is taken from drawings of

one used on the steamer Juhii Barrett, where it is giving per-

fect satisfaction.

EXPERIMENTS WITH STAYLESS BOILERS AND
STEEL FIRE-BOXES.*

By August Von Boriuks.

I.— STKKI. FIIiE-BOXES.

Cuiistruction of the Boiler.—\n coDscqucnce of '.he success-

ful experiments which have been made on North American
railways in (he application of Ihin sheets of steel for tire-box

purjioses, the Koyal State Railways of Hanover bud a number
of boilers made with steel lire-boxes in tlieyeais 1801 and 1802,

the first of which has now been in service for 12 months.

There was also a single steel fire-box put in the old boiler of

the shops.

The construclion of the new boiler is very similar to the

typical American boiler with crown sheet supported by radial

slays. These crown stays were chosen in order to avoid the

bending of the crown sheet, which usually occurs with the

• Paper read liefDie the Veniii Deiilscher Mttchiueii-liiReiiieiire.
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ordinary methods of strengthenin!? witli verlical and liorizon-
tal stay-bolls, and also to simplify the construction as mncli
as possible. The crowns and side sheets of the outer shell of
the tire-box can, therefore, also be constructed of thin s-heets.
The tire door openings which have been used for the last

year are constructed without a ring on the well known Webb
construction. Tlie sliell of the boilers has on I er and narrow
inner welts for the horizontal seams, riveted with four rows of
rivets. The circumferential seams of the center course of the
boiler run under the outer welt, wdiile the inner welt stops
with the end and back plates. The outer welts of the first and
third rings butt up against the ends of the sheet of the central
course. For connecting the shell with the smoke-box, a ring
extending over the two seams was first used : afterward this
was cut out with a notch at each seam under the connecting
ring of the smoke-box in ordar to get access to the seams. The
notch was then tilled up by a filler held with a screw. The
thickness of the sheets of tlie fire-box was calculated for a
steam pressure of 180 lbs. to the square inch, under which the
boiler works, and were as follows :

Tube sheet. ..5 in.: back sheet, 39 in. ; side and crown sheets,
.35 in.; widest spacing of stay-bolts, 3.0 in.
A tube sheet was first experimented with wdiich had a thick-

ness of only .39 in.; the arcli was first constructed on the
American plan, supported by three water tubes, and so arranged
that it did not come in contact with the sheets of the fire-box,
in order to avoid any uneven lieatinir of the latter.
Determinntioa iiftlic Properties of t/ie Sheet.—Jn consciiuence

of the very favorable experiments which were begun in 1H8(3
leailing to an extensive ajiplication of steel in the work shops, a
numlKT of l)oilers were constructed entirely of steel, as well'as
a number of others with copper fire-boxes. For the delernii-
nation of (he character of the steel the followuig specifications
were laid down :

" The sheets of the shell, as well as the outer and inner fire-
box w^alls. must be of first-class qnalitv and of mild, open-
hearlh steel, with a tensile strength of from 48,000 lbs. to

,

58,000 lbs. per s |Uare inch, giving at least 25 per cent, elomia-
lion m a length of 7.9 in. The steel which is used in the
smoke-box must have at least 20 per cent, elongation when
subiocted to the tensile lest.

" In testing the sheets and rolled iron of both kinds of steel
they must be cooled in water having a temjierature of 83° F.
from a cherrv-red heal, and must show neither cracks nor
Haws of any kind when afterward bent through an angle of
180

,
the smallest diameter of the curve of whieli is to be equal

to the thickness of the metal. Furthermore, the steel must
be readilv welded.

" The test pieces for tensile, bending, and hardening tests
must be taken lengtliwise, as well as crosswise of the rollino-
direction of the sheet.s.

"'

" Test pieces : one piece must be cut from each boiler sheet
in accordance with the judgment of the inspector. The same
kind of steel may be used for angle and rolled braces, stay-
l>olls. rivets, screws, etc , as was"u.sed in the sheets of the
shell."

In working, the sheels from different shops showed practi-
cally the same tensile strength and elongation, but dillerent
hardnesses. An especially hard tube sheet developed a ten-
dency to crack. Those which were hardest, therefore, from
a chemical standpoint, were sent bar'k, and an examination of
those which had cracked and several other id.ates 2:avc a hi'di
percentage of phosphorus, so that afterward the hii;hest limit
of phosphorus for the firebox sheet.s was put at .04 percent,
in order to olitain a metal which shoiveil no inclination toward
detrimental cracks and Haws. As the boilev was already con-
strucled tliis examination could be only partially complete

;

still further investigation showed that the phosphorus present
was not more than .05 per cent.

It is lo be remarked here that more particular attention
should be paid to the clieinical composition of .sheets made in
this country than in North America, because raw material
here is le.ss likely to be free from deleterious matter than it is
in America.

Comti-Kclion of tlis Boiler.—The following specificati ms are
laid down for the working of steel plates :

" The sicel plates
mnst be worked only when they are at a red heat or perfectly
cold, and never in a half-healed condition. Flanged plates
must be Hangeil with wooden hammers and afterward reheated
iuid allowed to cool slowly. The outside sheets of ihe fire-l)ox
and those of the shell are to be bent cold. All .sheets which
are cut under the shears must be beveled off at an angle of
from i lo I of their thickness. Sheets thus beveled and which
cannot be worked by the machine tools must be cut with a
Hat or cape chisel and a light hammer, and afterward filed.
It IS not permitted to cut such bevels with heavy chisels and
sledge-hammers.

" If it become necessary to reheat a steel sheet, the fire must
be so arranged that there is a zone of from (j in. to 8 in. in
breadth between the heated portions and that portion of the
plate which is left cold. This zone is for Ihe purpose of doing
away with iine(iual expansion and avoiding the deleterious
influences which might result from heating. It is therefore
forbidden to limit this zone by covering the sheet with damp
lime or ashes.

"In assembling the .sheets for riveting, it is desirable that
they should be brought together, as far as possible, with
screws. Where the use of the hammer is unavoidable, as
light a hammer as possible must be used, and it must be em-
ployed with the utmost care."
The construction of the boiler offers no special difficulty,

and with the exception of the flanges of the tube sheets is
worked without any trouble.

Particular attention is paid to the calking, which is to be
done on the outside of the .seam with a blunt tool, acd it has
given no trouble whatever.

In this way these places have remained perfectly tight.
The seam riveting is relatively m.ade safer and tighter than
with the ordinary lap scam, because the changes of form
which occur with these hitler, in the con.sequence of the ex-
pansion of the metal, does not occur. The metal in the sheet
of the shell can also be made about 15 per cent, less in tlie
new method of making .scams than in the old.
The cost of building the boiler averages about 80 percent,

of that of the old form of boiler of equal dimensions with a
copper fire-box, hqi riveted seams, and correspondingly thicker
.sheets. The weight is also somewhat less than in the old con-
struction.

nnndliufi ill. Service.—The following recommendations are
made for handling the steel fireboxes in service- "Sudden
and unecinal heating and cooling of Ihe fire-box walls is to be
avoided

; while healing and duiing the ordinary manipulation
of the fire, the latter shall be kejit as even as possible in order
to avoid the admission of cold air at any one place. Large
lumps of damp coal must not be thrown against the side sheets.
It is forbidden to run with the fire door open. In shaking
down and cleaning out the fire, the ash-pan dampers and Ihe
blower must be closed ; the former must always be closed
when raking down. Washing out with cold water is espe-
cially forbidden. It is recommended that as long a time as
convenient shall be used for raising steam."

T/ie Kxperieiices in Service.—The performance of Ihe boiler
in .service was at first but slightly satisfactory. The screwing
in of the water tubes, which was done with bra.ss ferruk's
Willi check-nuts, could not be kept tight. The check nuts
soon burned out. The escape water therefore caused Ihe
tubes, slay-bolts, and riveting to leak. Other screw ferrules
wilh movable fastenings gave no belter results, and, finally,
the sin>p'e iron ferrule was the oidy thing found that would
give iasliiig tightness to these locomolives.

After a short lime a few of Ihe tubes cracked in spite of the
rapid circulation which obtained in Ihe boiler on account of
the de|iosition of scale, due lo the highly impregnated water
taken at the engine hou,-e at Hanover. In order to avoid the
manifold trouliles which were oecurrini;- wilh these water
tubts, they were then removed from the locomotives and the
brick arch was supported upon ledges atlached to the side
sheels in the ordinary manner. No evil results followed this
movement, so that gradually all of the water tubes were re-
moved. In spile of the heat of the sheet under, near, and
above the brick arch, which frequently varies by many de-
grees,

_
they wilhstood the expansion perfeclly on account of

the mildness of the melal, and gave no trouble whatever.
From that time on the principal cau.se of all the leakages

with the water tubes was done away wilh, and the tubes,
stay-bolts, and riveling kept tight very much better The
lioilers built at different shops have developed very maiked
differences in Ibis particular. Some are perfectly tight and
fully equal to a copper fire-l>ox ; others are only moderately so.
These latter have not been built with snflicient care. It is
imporlant to establish this point in order that these defects may
not be attiibuted to ihe use of steel. The slightest defect iii

constniclion should be avoided with Ihe utmost" care.
It may be slated as the essential results of Ihe investigations

which have been made thus far, that no firebox plate after
the short service to which it has been sub jecled h.is sprung
in the .slightest, and that the steel taken froni different works
fjr locomotive fire-boxes has given essentially the .same results.
What the life of tiicse sleel fire-boxes will be, and whelher

they will compare favorably wilh copjier fire boxes, time alone
can tell. Therefore for Ihe next year it is desirable that Ihe
boilers which have been built sh(iuld be carefully compared
in their performances with those having copper fire-boxes, in
order to gather further experience as rapidly aS possible.
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It is more than probable, however, that the steel tube sheets

will prove themselves superior to tliose of copper. Tliey do
not stretch so reudily, and the tubes can be made far tighter.

The copper tube sheets up to this lime have shown man)' indi-

cations of a very short life, and lately several have been re-

moved on account of the defects in the upper flanging and the

tearing out of the upper stay-bolts, in consequence of consid-

eral)le stretching, so that they had to be replaced after two or

three years ; and one is almost tempted to revert to the old

method of the use of crown bars, which is slill extensivelj'

used in Englanil, or to cousider some other method of staying
which acts equally well.

On the other hanil. the steel fire-boxes at the bottom of the

side sheets and liencath the grates have developed a marked
tendency to rust, which can only be explained by the deposi-

tion of moisture from the heated air on the cooling boiler.

The cause of this rusting will be a further reason for avoid-

ing, as far as po.ssible, the putting of locomotives out of ser-

vice, since the boiler can only be cooled off to any very great
extent by washing out. This would be the reason that a sim-

ilar rusting has not been observed in North America. The
service of the sheets which are subjected to the direct action

of the fire are still smooth and without any visible deterioia-

tion by rust.

A very slight amount of time that the locomotives are out

of service acts as a special inducement for the further intro-

duction of steel lire-boxes, thus forming a twofold means of

cutting down expenses. In order to establish the final results

on a sure basis, each fire-box must be removed which has
shown any defect in its operalion from the beginning, and lo

replace it by a sleel fire bjx of lasting tightness will be a work
of no great difficulty.

THE ST.\yi,ES8 BOILER.

Cuiistnu-tiuH (if Boiler.—lu preparation for the investigation

of economical boiler practice, a few stayless boilers were or-

dered liy the Hanover Railway C'ompan)^ in the year 1886,

built on the well-known Polmeyer system of construction, and
afterward a larger numljer were designed differing in form
principally in the shape of the shell, in order to obtain the
ijest shape possible, and to cut down the weight of water con-

tained to the lowest practicable amount. Consequenlly in

1890 the Leinhausen workshops built two stayless boilers,

the general design of which is shown by the full-page en-
graving. The latest construction differs from them in ils

essential particulars only in that the lower part of the cylin-

drical shell is clo.sed at the back by an arched sheet.

Furthermore, there are three points at which the cylindrical

portion is not riveted to the longitudinal seams, but Ibis was
readily welded at the shops of Schulz, Knandt & Company,
at Essen. Tests of the strength of these troublesome seams
gave about 93 per cent, of the strength of the full sheet. The
welding was preferred to riveting in order to keep the sheets

as thin as possible.
- As the boiler was still far too heavy, and put an excess of
weight on the back axle of the three-couoled freight engine,

to which it was applied in February and March, '1891, the
form was still furtlier modified and the back end made cone
shaped, bringing it down to the Lenz form of shell. Instead
of the weliled longitudinal seams, riveting was again resorted

to at a reasonable cost coupled with the use of the double
welt.

Of this new construction of internal fire-box boilers four
were put in service after a time ; four more are being con-
strueled. and 1.5 like the one illustrated are under contempla-
tion. The.se differ from the two first built under the Pol-
meyer system and Ihe first of the Lenz type in Ihe following
particulars :

1. The back lube sheet is not rigidly fastened to the shell,

bat the front end of the tine is attached to the shell by four
brackets ; the tul)e sheet can also, since the flue has some flexi-

bility, follow the slight changes in the length.

3. There is no asl)pit for the cinders other than that in Ihe
bottom of the fine, and the surface of the .same, which is sub-
jected to the action of the fire, is entirely free from.ri vet heads,
seams, or other interruptions in the smoothness of the surface,

since every such place gives occasion to an increase of wear.
:l The cinders are removed from the bottom of the flue

through a trap-door lined with fire-brick, and by means of a
special scraper.

4. In order to heat the cold water and draw it out from the
bottom of the boiler there is a passageway made of sheet
metal covering three of the corrugations of tlie flue, in which
the water is heated to a higher temperature than in other
portions, and con.sequently has an upward flow drawing its

supply from the bottom of the boiler.

5. The back end of the flue is closed by means of a cast iron
bead, which is lined on the fire side with fire-brick and on the
back side has an air space between it and tlie back head in

order to prevent radiation as far as possible. The fire-brick
is made entirely of one piece, as all ordinary constructions
woidd not be able to withstand the great heat."

6. The water gauge has a special independent connection
with the steam space of the bailer, so that its operation is

not influenced in the slightest by the working of the in-

jectors.

7. The tubes, which have an outside diameter of 1.8 in., are
spaced 2 4 in. apart at the front end and 3. .5 in. at the back,
in order that the generation of steam, which is greatest at the
back, may be freer, and there is more water space between
the tubes for circulation.

These peculiarities were first embodied in the boilers built
by the Hanover railways.

In other respects the flue is straight and horizontal, and the
shell of the boiler is made of as few .sheets as possible. The
riveting of the horizontal seams is made with double welts and
four rows of rivets. The longitudinal .section of the boiler,

which is given in our illustration, shows that the double
grates are likewise made of one piece throughout their whole
length, in order to facilitate the clearing out of the air spaces
from beneath. The latter support of the grates on the flue is

made with cast iron bars which lay in the corrugations of
the Hue and are held on the .sides by being screwed to angle
pieces.

Cotistrtictiiiii.—The sheets are made of open-hearth steel and
the specifications for their manufacture and manipulation are
the same, as has already been given for our ordinary boilers
with steel fire-bo.xes. These flue boilers are being built to re-
place the old boilers that are wearing out. The expense of
construction with grates and water gauges is 10 per cent, less
than for boilers of the same capacity with copper fire-boxes
and without grates and water gauges.

Iliinilliiiri ill. Service.—The only instructions which were
given for handling these boilers in service were that the trap
iienealh the bridge wall and the back head of the flue .should
be carefully kept as tight as possible in order to avoid entrance
of cold air into the ashpit. In cleaning out the cinder cham-
ber before the trap is opened, the top" of the stack must be
closed with a sheet of metal so that the cold air may be pre-
vented from passing through and striking against the hot
tubes. On March 1 we had constructed and put in service
these flue boilers as follows : One in February, 1891 ; one in
March, 1891 ; two in December, 1893 ; one in January, 1893 ;

one in February, 1893.

Four boilers are now already constructed and will bf put in
service in a short time. Fifteen are under contemplation and
will probably be started during the year.
Results in Service.— After placing the two first locomotives

in service, various troubles were developed which at first could
only be observed upon the ground and after careful attention.
Evaporation was insulticient because the exhaust pipe stood
very high in consequence of the unsuitable form of the stack,
producing an insutHcient vacuum in the smokebox. After
these dilflculties and other changes in the stack and blast pipe
had been efl'ected, an analysis of the gases and a measurement
of the temperature in the smoke box was made. It was prac-
tically the same as in a locomotive, doing the same service
with the ordinary fire-box and having a brick arch, and was
as follows :

There was no difference in the combustion as far as thor-
oughness went, in the engines, and the amount of carbonic acid
gas and the excess of oxygen was alike in both boilers.

The heat of the gas in the smoke-box averaged from 608° F.
to 6o4° F. in the flue boiler, and from ."ilS" F. to 572° F. in
the ordinary boiler; thus the first was from 70° F. to 90° F.
higlier, which was evidently a result of its smaller heating
surface. As for the difference in Ihe heat of the gases at the
top and bottom rows of tubes in the flue boiler, it was evident
that the height of the blast pipe to Ihe contracted portion of
the stack had a great influence. At first Ihe difference in the
temperature was from 5° F. to 50° F. higher at the lop than
at the bottom

; by raising the blast tube about 2.6 in. the dif-

ference was raised to from 68 F. to 108° F. . and dropped
when the blast-pipe was lowered, below the first row of tubes
to from 68" F. to 0° F In the locomotive with the ordinary
fire box the ga,ses at the top row of tubes was from 18" F. to
35 F. hotter than at the lower. These results show that an
average specimen of gas taken midway between the top and
bottom row of tubes, with a suitable height of blast-pipe rela-

tively to the stack, can also be obtained without making use of
any special appliances, such as a brick arch over the bridge
wall or deflection plate in the smoke-box.
Unequal drafts of the products of combustion through the



488 THE AMERICAN ENGINEER [October, 1S93.

tubes also rnuscd nn uneven buniini: of the tiro on the griitos,

11 hi2;h posilion of tlie bla.st-pipc caii.siiii; 11 rapid conibuslion at

tlie front und of tlie grates and a wcali conibiistion at the baek,
while, when the blast-pipe wa.s low, the reverse wa.s the c!i-se.

'Pliese observations were also miKje on many other locomotives.
Tlie following table gives the results ;

Position of ilie Bliist

Pipe I{e:ativel.v to tlic

Stacli.
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.THE BROWN WIRE-WOUND GUN.

The Brown wire gun, says the Journal of t/ie United Statex
Artillery, consists essentially of a segmental core wound with
wire, under such tension that Ihe compression between the
longitudinal segments of the core induced thereby will be
more than sufficient to resist all ordinary powder pressure.
The longitudinal segments are primarily held together by a

breech and muzzle nut, screwed on hot, with the proper de-
gree of shrinkage, so Ihat tiie tension of the nut and adjoining
wire will be the same after winding.
The wire is wound between the nuts under a high degree of

tension and anchored by a special device.
The trunnions are not atlached to the core or body of the

gun, but to an outer trunnion jacket, which jacket is atlached
to the gun proper by means of the breech nut. The breech
block engages in a bushing which is screwed into the trunnion
jacket. By this means the recoil is transmitted to the trun-
nions through the bushing and jacket ; and the core or body
of the gun is thus relieved from the major part of the longi-
tudinal thrust due to powder pressure upon the bottom of the
bore. The gun itself is free to expand longitudinally within
this jackel, which is attached only to the breech nut.
The engraving shows a longitudinal section of the gun, and

also a cross-section through the powder chamber, as well as the
general contour.
The modern system of gun construction consists essentially

of a core or body which is placed under a condition of " initial
compression," by means of outer jackets of some kind ; which
are either shrunk on, as in the case of "built vp guns" or
wound oil iinder tension, as in the case of " wire giLm."
This "initial compression" produces in the core or body a

circumferential compression, which is a maximum at the sur-
face of the bore.

The action of the gunpowder is first to overcome the circum-
ferential compression at the surface of the bore, and then to
stretch the inner core or tube.
The action of the gunpowder is first to stretch the outer

jacket, and compress the metal of the core, and after the initial
compression has been overcome to stretch the core or inner
tube, at the same time increasing the compression.

If the powder pressure is of such magnitude, that either the
outer jacket, or core, is stretched beyond its elastic limit of
extension, or the inner tube compressed beyond its elastic
limit of compression at the surface of the bore, a permanent
set will be given to the metal at some point ; and on being
released from the powder pressure, the gun will not return to
its original condition and dimension. If neither of these lim-
its are exceeded, the gun will return to its condition before
firing, when relieved of pressure.
Many attempts have been made to use wire for the outer

jacket of guns. In this connection, however, there is one
serious difficulty to be overcome. A solid outer jacket has
longitudinal strength ; whereas a wire jacket of itself has
none. Now the area of cross-section of the core or body of a
properly constructed wire gun is about one-half of that of a
solid " built up gun" of the same dimension ; and about two-
thirds of the thickness of the metal of a large " built up gun"
can be utilized for longitudinal strength. The entire core of
a wire gun, being in one piece, can be so utilized. Therefore,
where the metal of the core or body of a wire gun has the
same elastic strength as the metal of the " built up gun," the
longitudinal strength of the wire gun is but three-fourths of
that of the " built up gun."

Mr. Brown undertakes to solve the problem of longitudinal
strength by increasing the elastic strength of the core itself.

He sub-divides the wre or body of his gun into longitudinal seg-
ments of such a size that a high condition of special elasticity
may be set up therein and the requisite longitudinal strength
be thus obtained.
By this process he can, without difticulty, double the elastic

strength of the metal used in the core of his gun, still retain-
ing sufficient ductility : and. therefore, although the area of
cross-section of the core of his gun is but one-half of that of a
solid " built up gun," the gun will have one and one-half
times the longitudinal strength, as the metal has double the
elastic strength of that used in the " built up gun."
But in order to do this does he not sacrifice the circumfer-

ential elastic limit for extension of his core ? True, but as at
the same time he can double the elastic limit for compression
of the metal he can wind with twice the tension ; and, there-
fore, double the initial compression at tlie surface of the bore.

In any gun the maximum safe value of the powder pressure
must not exceed about 63 per cent, of the compression plus
the elastic limit for extension, nor 94 per cent, of the elastic
limit for compression. In order to determine the maximum
safe powder pressure, we must determine which is the least of
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these two values. The above figures are for a gun iu which
the miiiiiuum tliickness of metal over the maxinuim powder
pressure is one caliber.

For steel we may consider the two elastic limits as equal.

In all guns the compression is made eiiual to the elastic limit.

In built up guns, therefore, the two values are 63 per cent.

of twice the compression and 94 per cent, of the compression.

Of course, the latter is the smaller, and therefore the maxi-
mum safe value of powder pressure.

In the Brown segmental wire gun the core has no elastic

strength for circumferential extension ; the two values are 63
per cent, of the compression and !I4 per cent, of compression :

the former is, of course, the smaller value. If, however, we
can double the elastic limit, we can use double the compres-
sion, and therefore the maxinuim safe value of the powder
pressure for Brown segmental wire gun will be to that of the

i)uilt up gun as 126 is to 94.

We will now show that the claim that the segmental tube

can be constructc<l of a steel having twice the elastic limit of

that used in built up guns is entirely within the actual results

obtained.

The physical conditions demanded by the Government for

seacoast guns is shown by the following tables, taken from
the report of the Chief of Ordnance of 1889, page 354, being a

part of the specifications for steel forsrings for 8, 10, and 13-in.

guns, under Act of September '22, 1888.

These tables undoubtedly show the bqst conditions obtain-

able in large forgings from open-hearth steel. Table I. gives

<limensions of specimens.

T.MiLE I.

" Each of the test specimens should show physioal qualities crivcn in the
following talile. No. I., which the nianufactnrer should aim to obtain."

Caliber of Cannon.



Vol. LXVII, No. lo.] AND RAILROAD JOURNAL 491

advance of Ihe powder chamber will be sufficient. On the

other baud, it is coutended that a segmental tube is more
likely to score than a solid tube, there being a tendency to

follow tlie lines of juncture ; and therefore that it would be
wise to line from breech to muzzle. It is further contended
that the tendency to score will be increased by rifling the

segmental core.

The 1-in. model gun was unlined and rifled, was fired under
very high pressures, and no scoring was noticed, save at the

seat of the shot. The gun, however, was not fired a great
number of times.

Cylinder No. 3 when flred in its unlined condition showed
a tendency to score along the lines of juncture after a press-

ures of 43,000 lbs. per square inch was reached. The replj' lo

this fact is, that the unlined portion of tlie gun would never
be subjected to such pressures. The problem can only be
solved by actual test. At the present writing it is Mr. Brown's
intention to line partially and to test the gun under high press-

ures ; if scoring begins iu the unlined bore, then to line from
breech to muzzle.

sion of the liner ; if, however, a liner can be constructed of

crucible chrome steel having an clastic strength of 100,000 lbs.

per square inch, tlie stresses in the liner will not pass through
zero during the maximum action.

CONCLDSION.

The advantages claimed for the system are as follows :

First By the longitudinal subdivision of the core, cruci-

ble steel can be u.sed economically. Chrome steel can be used.
\ more perfect tempering is possible than in large solid tubes.

A more careful and accurate inspection is possible. Small
blow-holes will be reduced in diameter by the forging and
rolling process, and can affect only the strength of a single

segment. A higher condition of special elasticity can be set

up in the metal than is possible in large ma.sses. The ma.xi-

mum longitudinal strength obtainable from steel can be en-

sured by this process of construction.

Sicond. A higher initial compression can be given to the
core or body of the gun, admitting of the use of higher powder
pressure than is possible in the binlt-up system.

iiiK niMWN \vii;i: wui_Nl) gin as :mou.\t£d .\t sandy hook.

While it is impracticable to obtain large cylinders of much
over 50,000 lbs. per square inch elastic limit, it is entirely

practicable to obtain thin liners not over 1 in. thick, with very
much higher elastic conditions.

The Bethlehem Iron Company have agreed to furnish a

liner for the 5-in. experimental gun, with the following con-
ditions :

Tensile strength, 105,000 lbs. per square inch.

Elastic limit, 60,000 lbs. per square inch.

Elongation in 2-in. specimens 15 per cent.

Such a liner inserted with a maximum tension will readily

sustain a jjressure of more than 50,000 lbs. per square inch
without being overstrained.

If the liner be divided into two parts, the breech liner could
be made of crucible chrome steel, and the chase liner of open-
hearth steel, which would give ample elastic strength for the

entire length of liner.

If a liner of 60,000 lbs. per square inch is used, it will, of
course, be necessary to utilize the elastic strength for exteu-

Third. In the Brown system the maximum strength of
each portion of the gun is in the direction of the maximum
stress it is called upon to bear. Neither in the core nor wire
jacket does the condition of stress ever pass through zero
during ma.ximum action.

Fourth. A segmental gun can be constructed more econom-
ically than an}' other gun of equal power. The expense of
casting, forging, and rolling the segments is much less than
for large solid tubes. There is practicallj' no risk of loss, as
should a segment fail after treatment to show the necessary
elastic strength, it can readily be rolled into commercial steel.

The amount of machining is not gnater than in a built up.
The expense of winding is very small as compared with that

of shrinking on jackets.

Fifth. The form, method of construction, and high power
of the Brown segmental wire gim insures a greater muzzle
energy per ton of weight than it is possible to obtain by any
other system of gun construction now known.

Sixth. In the case of a sudden emergency the Brown guns
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citn be constructed in any machine sliop liaving a lathe of suffi-

cient lengtli to receive tiie gun.
In order to give our readers an idea of wliat has been act-

ually accompli.shed in the tiring of the Brown gun at Sandy
Hook, we append a record of ihi' firings that were made by
the ollicials of the Government witli the apparatus installed at

that point.

KKI'ORT OP FIKINO WITH 6 IN. B. S. W. RIFLE NO. 1, AT. U. S.

PROVING STATION AT SANDY HOOK, ON AUGUST 18, 1893.
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parts of which hiive previously Been fitted togetlier cold.

The process of manufacture for car-wliecls is us follows :

A har of suitaljle scctiou

is bent in rolls to form the

rim. Tliis ring of metal is

in a clamp pro-then held - -

vided with screws, as shown
in figs. 33 and 24, the un-
weliied ends of the liar abut-

ting together. It is then
placed in a fire and the ends
•heated to a welding heat.

By turning the screw the

ends are then pressed to-

gether, and only a few blows
are needed thereafter to

make a perfect weld.

n Grooves are then cut by a special machine in the inside of

the rim to receive the ends of the spokes, as shown in fig. 25.

assembled, as shown in figs. 35 and 26. An important feature
in this making up is the " dish" which is given to the wheel,
which must always be greater than
tliat necessary for the finished wheel,

and which gives sufficient stability

to the assembled parts to enable them
to be handled and insures a perfect

welding of the spokes and rim by the

compression which occurs in the di-

rection of the spokes during the

stamping of the wheel. In order to

obtain a good forging, the width of

the " shapes " of wrought iron are

also made greater than that of the

finished -rim and spokes, so that in

the process of stamping the metal is

compressed and condensed.
To weld the parts of the wheel together, it is taken up by a

pair of tongs suspended from a traveling trolley, and is placed

Fig. i6. Fig. 17.

EXHIBIT AT CHICAGO OF THE ARBELS ESTABLISHMENT.'*, lilVE 0E GIER, FRANCE.

The spokes are formed of bars which have been rolled to an
elliptical shaped section, and are upset in dies at their outer

and inner ends, wlierc they are welded
Fig. 14. to the rim and hub.

The hub is made in two halves, as

shown in section in fig. 20, the up]>er

and lower portions being separate.

The.se are made from a rectangular
rolled iron bar, which is heated to a

white welding heat, and then bent
under a steam iiammer around a conic

mandrel with special dies. It is then
reheated and put between two dies,

'Fig. 15. one nited to the hammer and having
suitable cutters, the otiier fitted to the

anvilTand' having cavities corresponding to the cutters. By
this^means grooves are cut in the "periphery of the hub to

receive the spokes. The spoUes,,lUe.rim, and the hub are then

Fig. 19.

in a furnace. If it were heated in an ordinary furnace, the

lighter parts would be destroyed before the heavier masses
were thoroughly healed. To avoid
this a special form of furnace, in

which the heat is not transmitted
by direct contact of the flames to

the wheel, but liy reverberation,
has been devised. The maximum
intensity of heat in this furnace
is at the center of an arch—that is

to say, on the hub. the heaviest

part of the wheel. In this way the

heal is transmitted to the wheel,
so that all its parts are gradually
and regularly heated and brought simultaneously to a welding
heat.

When the wheel has been uniformly heated to a white weld-

ing temperature, it is taken again with the same pair of tongs

Fig. 18

Fig. 20.
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and put in a die att.-iclieil lo the anvil of a steani hammer.
"Tliis tlie forms a mold for onehiilf of the wheel, and another
die. fastened to the hammer, forms the other half. A few
blows of the hammer are suflieient to give a perfect welding
of all the parts of Ihc wheel. A second and sinnlar heating

is given to linish it. When the wheel leaves tlie hammer The
dies leave tins on the wheel where they join each other. The.se

must be cleaned olT, and it is then tnrned ami l)ored. It then

pa.sses to slotting, planing, linishiug, milling machines and
lathes, in which it is finished, and is then ready for delivery.

LOCOMOTIVE WHEELS.

"The old method of making wrought iron locomotive wheels

is shown in figs. 27-30. The elements forming the spokes,

rim, ami part of

the hub are made
of the form and
asse milled, as

shown in tig. 27.

( )ne large ele-

ment, shown on
the right side of

tig. 27, is made
to form the
crank-pin li u b

and counter-
weight. The
luib is made of a
dished shape top

Fig. 22. and bottom, as

shown in tig. 28.

Washers are welded to the hub, in these dished receptacles,
and complete it. Separate welds are made in tlie rim between
each two sjiokes, as has been explained. The linished wheel
is shown in figs. 20 anil HO.

This method of manufacture does not require many tools,

but is far from being economical, and requires a great number
of welds, which, being made one
after another, cause unequal con-

traction and expansion in the
metal which subject the wheel to

injurious strains.

To get over these dilTicuUics,

the Arbcl t!ompany have adopted
the following process : The rims
are made by the same process as

is employed for car-wheels. The
spokes are formed by upsetting
their two ends and drawing them
out under a hammer, so as to re-

duce their size toward the rim
until their shape is like that shown
in fig. 31. These parts are then
assembled, as represented in the

figure last referred to. A pile is

then made of suitable size and shape to form the crank-pin
and central hubs, and still others to form the counterweight,
as shown in the section, fig. 32. The a.ssembled wheel is

then heated and statnped between suitable dies under a steam
hammer, as has been explained. This process, it is claimed,
is much more economical and gives products of incontestable

superiority.

V.VUIonS TYPES OF WHEELS MAX)E AT THE AKBEL WOTiKS.

Besides the spoke-wheels, the process of manufacture of

wliich has been described, there are manufactured at the Arbel
Works, and arc exliib-

I

ited in Chicago,
w ro u g h t - iron plain

disk wheels, wrought-
iron corrugated disk
wheels, wrought-iron
plain disk wheel with
ribs.

The finished spoke-
whccl is shown by tigs.

;!.")and3(). Its charac-
teristics arc spokes of
elliptical section, with
a rim which is thicker
in Ihr center and of a
width nearly equal to

that of the lire.

The plain wrought-
___ iron disk wheel, shown

by figs. 37 and 38, it is claimed, has the advantage of not
raising as much dust as spoke-wheels do. It is said, however.

Fig. 23. Fig. 24.

F«g-l2S- Fig.^26.

that, owing to the unyielding form of this form of disk, the
tires are liable to get loose, and that the disk has but little ca-

pacity lo resist the end tlir\ist of the axle.

The corrugated disk whi^el. (igs. 39 and 40, is said to be
more elastic than the plain disk wheel, but has even less

capacity of resistance to the end thrust of the axle.

Owing to these objections to the two forms of disk wliecls,

tlir .\rlicl (Jompany have bi-oiight out a disk rililied wheel.
sli I \ 11 in figs. Jl and 42. This form of wheels was thor-

ounlily tested by M. L. Durant, the assistant of ^Ir. Ernest
Polouceau, Chief Engineer of ^Machinery and Traction of the

Orleans Railway Company of France. A full report of this

test is published in the (inscriptive pamphlet of their exhibit
which the Arbel Company have issued. For this report we
unfortunately have not room. ]\Ir. Durant, however, con-
cludes that " the ribbed wheels of the Arbel system have
marked advantages over other kinds of wheels. It .solves to a
great extent the problem of suppressing dust during the train's

passage ; it offers a great resistance to the setting tip of the

Fig. 29. Fig. 30.

center of the axle, to the shoeing and to the different strains

which it must bear when in use, and its qualities of resistance
indicated b)' the calculation have been confirmed by very re-

cent cx[)erinients.

"

The merits of wrought iron wheels, it is thought, have
never been fully recognized in this ccnintry. In. view of this,

the exhibit of the Arbel Company is worthy of careful ex-
amination by our railroad managers.

ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.

TiiF, object of piiblishim; this monthly list of accidents to
locomotive engineers and firemen is to make known the terri-

ble sacrifice of life and limb tlwit is eonst.-mtly going on among
this class of people, with the hope that such publication will

in time indicate some of the causes of accidents of this kind,
and help to lessen the awful amount of suffering due directly
and indirectly to them. If any one will aid us with informa-
tion which will hcl]) to make our list more complete or cor-
rect, or who will indicate the causes or the cures for any kind
of accidents which occur, they will not only be doing us a
favor, but will be aiding in accomplishing the object of pub-
lishing this report, which is to lessen the risk and danger to

whicli the men to whom we all intrust our lives are exposed.
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The only, or the chief source of iiiforniiition we have, from
which our report is made up, is the newspapers. From these

the following list of accidents, which occurred in August, has
been made up. Of course we cannot report those of which
we have no knowledge, and doubtless there are many such.

ACCIDENTS IN AUGUST.

Ilagerstown, Md., August 1.—A freight car on the Balti-

more & Ohio Railroad, which was being loaded with wlieat on
the switch of the Frederick Elevator Company, got beyond

Fig. 31. Fig. 32.

the control of tlu; brakeman this afternoon, and running down
the track came into collision with the locomotive and several

[jassenger cars. The pilot was daraageil and the end of one
passenger car badly broken. William Hauer, a fireman, was
caught on the platform and received severe but not dangerous
injuries.

Fig. 33- . Fig. 34

Worcester, Mass., August 3.—E. II. Ford, a fireman on the

Boston & Albany Railroad, was struck by a train in the freight

yard last night and seriously cut on the head.
Streator, 111., Augu.st 3.—A stock train consisting of 36 cars,

on the Atchison, Topeka & Santa Fe Railroad, ran on to a

side track to night at Kinsman, 18 miles north of this city.

Fig. 35- Fig. 36.

The engine was thrown from the track by striking some cars
loaded with lumber and flour. Fireman J. Leary jumped and
received severe injuries about the legs. Eighteen cars were
wrecked and about 30 head of cattle killed. The wreck took
fire, and the cars, dead stock, elevator, and depot were en-
tirely consumed.

Macungie, Pa , August 3.—Tlirough a misplaced switch
two freight engines were badly wrecked to-day. Engineer
George Leeds was considerably injured.

Danville, 111.. August 5.—An east bound freight train on
the Big Four Road broke in two on the iron bridge over the

North Fork River. Another east-bound freight train came
round the sharp curve to the west of the bridge, and a collision

occurred. Two spans of the bridge were knocked off the pier

into the river, 63 ft. below. The engine and 38 cars com-
posing the second train and four cars of the first train went

Fig. 37. Fig. 38.

down with the bridge. Daniel O'Connor, engineer of the
.second train, jumped otT his engine, landing on a barbed-wire
fence and was severely scratched. His fireman, Frank Plan-
nigan, went down with the engine. In some way he cleared
the wreck and was not seriously hurt.
Fremont, O., August 5.— A wreck occurred 8 miles west

of here at Lindsey, on the Lake Shore & Michigan Southern
Railroad, this evening, at 10 o'clock. Three people were killed

Fig. 39- Fig. 40.

outright, and 35 were more or less injured. The Pacific ex-
press passed a local freight at Lindsey, which had been side-

tracked. The express was running at full speed and passed
safely until the sleepers neared the switch close to the freight,

when the first three sleepers jumped the track and ran into
the engine of the freight. Engineer Ed. Lafferty, of the
freight train, was killed.

Laredo, Tex., August 7.—A wreck occurred on the Southern
Division of the Mexican National Railroad near Colonia,
Mexico, in which Engineer .lohn Peterson lost his life. A
cloud-burst had occurred in the valley on the line, washing
away a bridge imd considerable track. A freight train was on
the line coming down at the time, and before it could be
slopped the engine ran off the dump into the stream from
which the bridge had been washed away.

Little Ferry, N. .1., August 8.—The New York, Susque-
hanna & Western Railroad Company is building a bridge over
the West Shore track near this point, and some timbers had
been left standing near the rails. Engineer James Loane, of
the New York, Ontario & Western milk train, was leaning
out of the cab window as he passed this place to-day, and was
struck on the head by one of the timbers, receiving a severe
scalp wound.

Philadelphia, Pa., August 9.—William H. Frick, an engi-
neer on the Wilmington & Northern Railroad, fell from his

engine at Landenbcrg to-day, badly spraining his back.
Reading. Pa., August 9.—John Saincr, an engineer on the

Philadelphia & Reading Railroad, while engaged in cleaning
his engine last evening fell from his cab to the ground, severely
spraining his right leg.
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Providence, R. I.. August 9.—Owing to .a misplaced switcli

on the Sliorc Line truck to day, there was a collision between
a freight train and an engine standing on a siding at tliis

point. Engineer Rogers, of tlie standing engine, was slighll.y

hurt by tlie sli icic, sustaining injuries to his foot.

Cliattanooga, Teiin,, August 11.—Charles Hardin, fireman

on the Sequatchie Valley Railroad, a branch line of the Nash-
ville, Chattanooga & St. Louis Railway, was watching the

crew pull a car on the track by means of a wire rope, when
the rope, which had a kink in it, snapped in two, one end
striking him over the right eye, intiicting a terrible tlesh wound,

Hartford, Conn., August 11.—Thomas Ford, a fireman on
the New York & New England Road, was run over by a

switch engine to-night, and will lose both legs. Upon coming
in from Boston he was very tired and sat down in the round-
house, just inside Ihe dour, to rest. He .soon fell asleep and
fell to the ground, with both legs across the rails. A switch
engine backing in ran over him.
^Colfa.v, Cal., August 14.—There was a collision in the snow-
sheds at Cascades, on the Central Pacific Railway, this morn-
ing at 11 o'clack. An e.xira train going east was run into by
a work train. Engineer Isiard had his knee badly injured.

Oswego, N. Y., August 14.—A collision occurred between
a freight and passenger train at Scriba, 6 miles east of here,

on the Rome. VVatertown & Ogdeusburg Road, this evening.

De Witt Gibbon, engineer of the passenger train, was found
in the ditch, where he had struck when lie jumped. He suf-

fered from a dislocated shoulder and a bad scalp wound.
Fergus Falls, Minn., August 15. — .\ west-bound passenger

train on the Great Northern collided with a freight at 3 o'clock

this morning on the bridge across the Red River. No one
was injured except the passenger engineer, and he not severeh".

The engine, huwever, was thrown into the river, where it is a
complete wreck and partially covered with water.
. Huntingdon, W. Va., August 16.—The first section of an
east-boimd freight train on the C'hesapeake & Ohio Railway
broke in two iH miles east of (his city shortly before 4 oV-lock

this morning, and the engine pulling the second .section ran
into the first. Engineer Hamilton and Fireman Lar, of the

second section, were badly injured.

Baltimore, Md., August lli.—T. W. Brown, engineer on the

Baltimore it Lehigh Railroad, was painfull}' and perhaps
fatally scalded this afternoon at the North Avenue round-
house,- while making repairs to his engine. He was fixing a

bolt under the boiler when a plug blew out. and he was in-

stantly enveloped in a cloud of steam. He would have cooked
alive but for the prompt action of his fireman.

Alloona, Pa., August Id.—Fireman Charles Miller fell from
his engine last night while it was running at a fair rate of

speed. In falling his head struck a tie and he was rendered
unconscious, also sustaining severe cuts above and below his

left eye.

Van Werl, O., August 17.—Engineer Fred Hall, of the Cin-

cinnati, Jackson A; Mackinaw Railroad, caught his feet in a
hot-water pipe at Gilberts to day and was terribly scalded.

Dubuipie, Iowa, August 17.—A passenger and freight train

on the Chicago, Milwaukee & St. Paul Railroad collided

3 miles south of this city at 3 o'clock this morning. The en-

gine and two civrs went over an embankment. Fireman Samuel
P. Kemp was injured.

Greensfielil, ()., August 17.—A freight engine on the east-

bound track on the Baltimore & Ohio Southwestern Railroad
exploded its boiler at Rock Bridge to-night, instantly killing

Engineer Pa-^sam and Fireman Roberts.
Philadel|iliia, Pa., August 22.—The Norfolk express on the

Wilmington & Baltimore branch of the Pennsylvania Rail-

road cra.shed into a freight train at Porter, Del., at 1.30 this

morning. The cars were thrown from the track and the en-

gineer and fireman were injured. The fireman's injuries are

fatal.

"VVilliniantic, Conn., August 23.—A head-on collision oc-

curred between two regular freight trains on the New York &
New England Railroad, 2 miles west of this place, at 12.40

this morning. The engineer and fireman of both trains escaped
without injury. The fault lies with the night operator at

Andover, who should have held the east-bound train until the

west had passed, but was asleep. He has run away.
Belivir, Md., August 28.—William Blaney, fireman on the

Baltimore it Lehigh Railroad, was seriously hurt b}' falling

from the tender of a locomotive today. His head was cut,

and it is thought he has sustained internal injuries.

Brewsters, N. Y'., August 26.—A head-on collision occurred
this afternoon about 1 o'clock between Ice Pond and Dyke-
mans, on the Harlem Road. Engineer Elliott, of Train 13,

and N. Best, his fireman, D. Palmitier, engineer of Train 20,

and Samuel Gibney, his fireman, were killed.

Milwaukee, Wis., August 27. —Passenger train No. 2, on

the Milwaukee & Northern, or Lake Superior Division of Ihe

Chicago, Milwaukee & St. Paul Railway, was thrown from
the track last night at Pike Hill .switch, 185 miles from this

point. A portion of the train was derailed, and Engineer
.\insworth liad his right leg so badly crushed that amputation
below the knee will be necessary. The fireman received
.slight injuries.

Norwich, Conn., August 27.—H. I. Read, a fireman on the

Consolidated Road, nearly lost the sight of one of his eyes by
the bursting of the siglu-feed glass of the air-pump lubricator,

by which several pieces of broken glass were thrown into and
around one of his eyes. The eyeball is badly gashed, although
it is hoped that the eye will be saved if inflanmiation does not

set in.

Pittsburgh, Pa., August 29.—Fireman J. R. Earnest, on
the Pennsylvania Railroad, was seriously if not fatally injured

while making his run to-night. The train was running
through Gallitzin tunnel when a stone from the wall fell and
struck him on the head.

Jliddletown, N. Y., August 29.—Nathan Bryant, an engi-

neer on the Port Jervis, Monticello & New York Railroad,

was struck by an engine while walking on the track in Port
Jervis this afternoon. He received several wounds and may
have suffered internal injuries.

Newark, O., August 30.—Henry McGrcevy, a fireman on
the Baltimore & Ohio Railroad, jumped from his engine at

Mt. Vernon to-night when the cars left the track. He was
considerably bruised, besides having one shoulder dislocated.

Brenham, Tex., August 31.—A .south-bound freight train

loaded with merchandise was wrecked and partly burned 10

miles from here on the Gulf, Colorado & Santa Fe Railroad

to-day. Jack Swanson, the engineer, was killed, and Fireman
Dameron was fatally injured.

Baltimore, Md., August 31.—"fhrough the carelessness of a

Hagman a colli-sion occurred between a train on the Balti-

more A' Ohio Railway and a standing engine at Hanover and
Wells streets this morning. As a result Engineer Masked was
badly scalded, and Fireman Sittler had his leg crushed to a

pulp.

Springfield, Mass., August 31.—A Chicago limited express

for Boston, on the Boston ct Albany Railroad, broke through

a frail iron bridge 1+ miles east of Chester at about 12.30

to day. Four Wagner cars were crushed and at least 13 per-

sons killed, while many others were badly hurt. The bridge

was being strengthened for heavy locomotives when the acci-

dent occurred, the workmen being at dinner at the time.

The engineer, William Horton, was buried beneath the loco-

motive, and was very severely injured.

Albany, Ga., August 31.—The Cannon Ball train from
Montgomery for this place met with an accident on a trestle

just this side of Georgetown over Mercer's Creek. During
the night a portion of the trestle was undermined and washed
away. The damage was not discovered until the train was
within a short distance of the point, when the engineer, real-

izing the great danger, told his fireman to jump. He applied

the air-brakes and brought the balance of the train to a stand-

still just as he and his engine fell 45 ft. below. The fireman

fescaped with a few bruises, and, in spite of his terrible fall,

the engineer was not seriously hurt.

Our report for August, it will be seen, includes 35 acci-

dents, iu which six engineers and five firemen were killed, and

18 engineers and 16 firemen injured. The causes of the acci-

dents may be classified as follows :

Blowing out of plug 1

Breaking of wrecking apparatus 1

Bursting of gauge-glass 1

Caught by hot pipe 1

Collisions H
Derailments 2

Explosion 1

Failure of bridges 3

Falling from engines 4

Misplaced switches 4

Run over 1

Struck by obstruction 2

Struck by train 3

Unknown 1

Wa.shout 1

35
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DANGERS FROM REAR END COLLISIONS.

To the Editor of the Ameiiican Engineer and Railroad
JOUUNAI. :

In common witli otlitr readers of your valiiiiblc .Iolrnat,,

we have been srreatly interested in "the nuinlbly aeeoiint of
" Accidents to Locomotive Engineers and Firemen," rcporlcd

in your columns. Tlicse reports not only send a thrill of hor-

ror through sensitive souls, but shake the serenity of even the

most stolid and indilTerent corporations. They must tend

also to arouse the practical mind to the fullest bent of inge-

nuity to devise methods of cure and iireveiilion. .\ecidents

willhapiien. must happen, in every hnnuiii scliemr, and jierils

are incident to the most perfectly devised human undertak-

ings. The ipiestion is how to lessen their number and niiti

gate their horrors.

Since your .Tournai. has taken up the problem with so

much earnestness, and invited suggestions from every quarter,

we respond with the alacrity born of assured cx|)erience.

Theories on such a subject may be good, but demonstrated
fads are belter. We point to the facts.

It is well known in railroad circles that of all classes of acci-

dents, rear-end collisions are among I he most frequent and
deadlv. Statistics show this conclusively. Your monthly
reports show it. Only last month several accidents of this

nature occurred, accompanied by such harrowing details as

these, which we find in your columns :

" The engineer, fire-

man, and passengers"— one or many—" were literally cookeil

by the escaping steam, great pieces of flesh falling from
them;" others were "injured for life," and the wreck ren-

dered unapproachable liy the scalding steam, so that nothing
could be done to rescue the wounded or stop the destruction

and damage to property.

Five or six years ago, a practical railroad man, realizing the

perils from tliis cause, and moved by a recent disaster that

cost the lives of more than a score of employes and passengers,

besides hundreds of thousands of dollars in damages, set his

brains to work to invent a safeguard. The result was the

McOowell inside safety check-valve for locomotive boilers.

As soon as it was completed your .Ioiirnai, devoted several

columns of its valuable space to a full description and illus-

tration. The device was soon after adopted by some of the

largest and most progressive railroads of the countr}'.

Since that time the McDowell check has grown steadily in

ollicial contiilence and favor. The Pennsylvania Kailroad

e((uipped its whole .system with it, and the Erie, Lehigh Val-

ley, I'hiladelpliia it Reading, Chesapeake & Ohio, Chicago
Sonthside Elevated, and numerous other roads applied it.

From every direction mast gratifying reports have been noted
of the ellicieiit and invaluable service it has rendered. This
device is still in the market, still accessible to all concerned,

and it has become a standard appliance in railroad cciuipment.

The valve being located inside instead of outside the boiler,

is absolutely protected in ca.ses of collisions which break off

the feed-water connections. In the event of accidents referred

to, lh(! valve clo.ses automaticallj' on the inside, thus effec-

tually preventing the escape of steam. In other respects it

meets all requirements of a perfect safety check-valve. While
many railroads are now employing it, there are hundreds of

others who have probably never investigated its advantages,

and it is the purpose of this communication to stimulate, if

possible, this wider inquiry in railroad circles.

It has been demonstrated, in more than one instance, that

the presence of the, McDowell check has saved to the companj'
using it many times what it would have cost to eciuip every

locomotive on its road with the valve. Leaving humanitarian
considerations out of the question, saying nothing of the value

of human life, economical and practical considerations alone

should inducer all roads to apply this simple, cheap, life and
property-saving device. It may be said, in fact, Ihat.railroad

employes and the public will sooner or later demand some
such .safeguard.

Yours respectfully,

.1. .M, Foster.

ARMOR TRIALS AT INDIAN HEAD.

To the Editor of the American Engineer and Railroad
Journal :

TiiK armor trials at the Indian Head proving ground, on

.July 11, are interesting, both from the sidendid behavior of

plat,(! and projectile, as well as from the fact that the plate

was thicker .and the gun of larger caliber than had ever before

appeared tipon an American trial ground. It may also be

said that the 17 in. plate represents about the maximum thick-

ness of practicable armor. Heyond this point increased re-

sisting power will be .sought in an improved quality Of metal
rather than increased thickness.

The first trial was of a test plate of the Monadiiock's 9-in.

nickel steel armor, from the Carnegie works The H-in. gun,
even with the reduced velocities enqdoyed, was more than a

match for this thickucss of plate, and all of the three projec-
tiles fired got their no.ses through the metal. The interest of

the trial criitered, however, in the second plate, represenling

the barbette armor of the battleship Tiniiiiiin. It was of nickel

slecd, from the Hethlehem works, and 17 in. in thickness.

In this trial the full weight, WoU lb. projectile was used, but
the velocities were all below the capacity of the gun, begin-

ning with ],\'22 foot-.seeonds in the fir.-l and ending with 1,858

in the third shot. The penetrations were IG.Ii in. for the first

and 211 in. for the second shot, which fairly got its point

through the plate. The third shot, with a striking energy of

21,0(10 foot-tons, made a clean perforation Ihrougli the plate,

pas.sed Ihrough the fiO-in. oak backing, a bank of earth, and
disappeared in the woods beyond. The calculated steel pene-

tration of this last projectile was 18.04 in.

The most remaikalile and unlooked-for features of the day's
trials were, that of the five projectiles recovered all were prac-

tically uninjured, and that in neither of the plates \v,-is a single

era(dv developed. It is interesting to speculate as to the result

had these plates been face-hardened— Ilarveyized. Cracks, no
doubt, would have been prorluced by the terrific blows deliv-

ered, but it is not at all likely, judging from previous trials,

that in any case would the projectiles have perforated the

metal.
The preliminary trial of the Brown segmental wire-wound

gun at the Sandy Hook proving ground calls attention to the

fact that this type of gun is likely to be thoroughly tested in

the near future. Beside the Brown gun, above referred to,

the ordnance 10-in., cast-iron, wire-wrapped rifle is on the

ground ready for trial, and it is understood that a Woodbridge
io in. .steel, wire-wound gun is also .about ready for its test.

H. M. Califf.

MANGANINE.

On account of its high specific resistance and small nega-

tive temperature-coefficient, manganine, composed of cop-

per, 83 per cent. ; nickel. 4 per .cent., and manganese,
hi per cent., is stated by a German electrician to be especially

valuable in the manufacture of resistance coils. He found
that after such a coil had been heated to about 213' F., its re-

sistance was diminished by from 0.4 to 0.8 per cent. ; but on
repeating the process the alteration became less and less, until

it amounted to no more than jochpi. of the whole. He recom-
mends, therefore, that the coils shouhl be heated to 225° and
kept at that temperature for some hours every month, in order

to get rid of the molecular disturliances due to the processes of

manufacture, and that they should be well [laraflined to pre-

serve the alloy from air and moisture.

PROCEEDINGS OF SOCIETIES.

New York Railroad Club.—The New York Railroad Club
held its flrst meeting of the season on Thursday evening, Sep-

tember 21, at the rooms of the American Society of Mechani-
cal Engineers, which were filled. The discussions for the

evening took a topical form, and that which atlracfed most
attention was the in(juiry into the advisibility of removing
jacks, i)inch bars, saws, anil other heavy tools from the loco-

motives. Jlr. jMitchell, of the New York. Laki' Erie & West-
ern Railroad, stated that the ('xperience of that road was to

the effect that jack screws and other tools which were kept

upon the locomotive were liable to become wet through care-

lessness on the part of the trainmen in spilling water from the

water tanks, and also from leakages from storms ; further-

more, that the lighter tools, which were easily iioit.able, were
mor(; than apt to bt stolen either by employes about the shops

or outsiders, who have no conneclion wilh the road. Under
these <ircum.stances the jacks were apt to become rusted, and
in case of an emergency it was imixissible to use lliem. They
had, therefore, removed all jacks from the locomotives, and
now kept two extra jacks at each station ; and iis the stations

are not far .apart, it is of course ])ossible to obtain a jack by
going a short distance for it In jdace of thesis tools, the en-

gines carried a full set of blocking, such as would be ordinarily

required in case of accidents which are most likely to o<cur,

such as blocking for holding the cross head in position, etc.

Several of the mendjers agreed that this wsis the simplest and
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best wa}' of haoriling these tools ; but, oa the other haad, it

was coulendcil liy a uiiiuber of members that these jacks were
frequently wanteil quickly, and tliat the emergency was often
such as tj lender the deUiy of guiug to a depot a matter of life

and death, especially where it is necessary to raise an engine
or car from the body of a man who is pinioned beneath them.

Several members slated that they had no difficulty whatever
in keeping their jacks in perfect condition and ready for use
at all times. It was suggested that the imitation of European
practice of keeping the jack on a running l)oard and held in

position by a bracket, wiiere it will be in sight of inspectors at

all times, and must be screwed down in order to keep it in

position, was a good one.
Another topic for discussion was that of the advisibility of

sending oat engines with the eccentrics held by set screws
alone This practice was almost universally' condemned, and
all who spoke favored the use of keys very strongly. The
objections that the key allowed of no adjustment of the eccen-
tric in case it were desired, such as a variation of the lead, were
met with by the fact that an off-set key could be very readily

made and used. The use of keys driven in over a Hat spot on the
axle was not approved of. One suggestion was made as to

the best way of holding the eccentric which seemed to meet
with genei'al approval. It was that the key should be let

one half into the a.xle and one half into the eccentric. That
two set sciews should be used, and these should, in turn, be
furnished with cheek-nuts, so as to take np what little varia-

tion there might be in accuracy of workmanship. After the
eccentrics are in position, the two should Iw boiled together so

as to prevent either one of the essentrics from shifting laterally

until all of the screws had become loosened. With this ar-

rangement it was contended that the eccentrics would give the
best satisfaction. Some complaints were made that set

screws that were tightened up and available to the engineer
for such purposes woidd give trouble by springing the eccentrics
themselves, causing them to heat. This hail been the experi-
ence of several members. There were one or two other topics
which were brought up for discussion, but they received
practically no attention whatever.

Technical Society of the Pacific Coast.—At a recent
meeting Air. .1. Iliehards presented a paper on Some Problems
in Pumping Fluids, in which he made a comparison between
the use of centrifugal and piston pumps, giving the former
the preference in regard to economy of work and capacity.
He said, in making this comparison, that a piston pump of

8 in. bore is set down for a iluty of 120 galls, per minute, and
a centrifugal pump of like bore at 1,300 galls, per minute, the
proportion being 10 to 1. This comparison being made on
the basis of How capacity and with no reference to other
efticiency or consumption of power in proportion to the work
))6rformed. In considering the question of cost, he stated
that the How capacitj' of 10 to 1 was qualified by the first

cost of the two machines, which shows that a piston pump
costs for a given volume of duty 30 times as much as a cen-
trifugal pump. In respect to etTiciency, or the consumption
of power in proportion to the work performed, the difference

in efficiency is also in favor of the centrifugal type. An evi-

dence of this lies in the fact that the trade circulars issued
include the efficiency of centrifugal pump'i, but not of piston

pumps. Contracts made for centrifugal pumps nearly always
include stipulation as to the duty to be performed with a given
amount of power, but this is not the case in respect to piston

pumps of the commercial class, and their efficiency is, no
doubt, much less.

The obstructions to efficiency, such as injuries, liability to

derangement, steadiness of motion, and other features of this

kind are in favor of the centrifugal pump. This comparison
was made to show the economical difference between con-

tinuous and inlermittent action, which is the chief distinction

between these two methods of pumping. There is no reason
why 1,300 galls, per minute should not pass through the piston

pump, the same as it does through the centrifugal one, if there

were not limitations of some kind that take away nine-tenths

of the capacity of piston pumps. If we turn to the suction
and discharge pipe of piston pumps, we find that they have a

capacity of only one-third or one-fourth as much as that of

the pump's bore, or comparing with centrifugal pumps about
one-seventh as large, and are in proportion to the flow in the
two cases. Here, then, is an anomaly : two machinet for

impelling water under like conditions for average heads, one
costing twice as much as the other and performing one-tenth
of the duty. The dimensions, weight, and first cost of pump
machinery are inversely as the velocity with which the water
passes through it. The limitation of duty in reciprocating

piston pumps amounting to from eight-tenths to uineteuths

of their normal capacity is due to the intermittent and irregu-

lar fl()W.

Professor Riedler. of Berlin, Germany, about 10 years ago
began a series of investigations respecting the action of piston

pumps, that with .some other experiments of the kind is des-

tined, no doubt, to cause a great change in practice. Profes

sor Riedler's indicator diagrams taken from common pumps
are monstrosities. No one would suspect that such flows as

here appeared existed in pumps of any kind. The result of

these researches was to increase the flow to "> ft. per second,

or about five times the former velocitv, williout the least shock
or jar. They consist in positively operating the valves by
mechanism independent of tlie action of the water, and so

constructing water ducts that there is but little change of

velocity as the water passes through the pumps. This .system

has also been adopted by Mr. E. D. Leaveil in designing some
pumps for the Lynn Water Works.

PERSONALS.

WiLLtAM Greene is now General Manager of the Cincin-

nati, Hamilton ifc Dayton Railroad.

D. G. Edwards has been api^ointed General Passenger
Agent of the Cincinnati, Hamilton & Dayton Railroad, the

appointment taking effect on September 1.

Mr. Thomas G. Clayton, of Derby, Superintendent of Car
Construction of the Midland Railway of England, was among
the passengers on the steamer Liicanin. He comes as guest
of his brother, Mr. .lames Clayton. President of the Clayton
Air Compressor Works, New York. While here he will visit

the World's Fair and make a study of the railway systems of
this country.

Lucios Tuttle, who has recently been elected to the Presi-

dency of the Boston & Maine Railway, began work as a ticket

clerk on the Providence, Hartford & Fishkill Railway in 1865,

later was General Ticket Agent of this road .at Hartford, going
to Boston in 1878 as Assistant General Passenger Agent of the

New York & Nev\- England Railway. Within a year or two
he was General Passenger and Ticket Agent and Assistant to

the General Manager of the Eastern Railway, serving on this

road about six years. In 1885 he became General Passenger
and Ticket Agent of the Boston & Lowell Railway, serving
two years, and after the consolidation he became Assistant to

General Manager Furber, of the Boston & Maine. In 1887 he
became General Traffic Manager of the Canadian Pacific Road
at Montreal. In 1880 he was made a Commissioner in the

Trunk Line Association passenger department, and in Ma}',

1890, he went to the New York,'New Haven & Hartford Rail-

way as its General Manager. In February, 1893, he was ap-

pointed its Vice-President, and has since held that position.

OBITUARY.

Charles Roberts Johnson.

To those who knew him onl}' in business relations or by
reputation alone, the naine of Charles R. Johnson—whose
death occurred at Saranac Lake in the Adirondacks of New
York on September 11— will be associated with his occupation,

which was that of a signal engineer, in which he was the most
eminent authority in this country. Those who had the priv-

ilege of a more intimate acquaintance and friendship knew
him not only to be a man of very marked ability as an engi-

neer, but as a person whose character had a charm which at-

tracted all who learned to know him, and were susceptible to

the influence of a noble and generous nature.

He was a native of England, and was born in Higham Ferrers

in Northamptonshire on .January 17th, 1851. His father still

survives him, and is William C. Johnson, who married Charlotte

Sanders, The elder Johnson's first occupation was that of a

builder, and later he was employed by the firm of Stevens &
Sons, makers of railway signals in London.

Charles R. Johnson was educated at Dr. Pinchcs'sacadem}' in

Kennington, London, and his first employment was in the draw-
ing office of the City Architect in that city from 18(!7 to 1869.

He remained there about two years, and then went into the

employ of a Mr. Head, a builder, to make estimates and oversee
work." When he was 33 years of age he made an engagement
with the Messrs. Stevens & Sons, manufacturers of signals in

London, where his father was employed. His work there was
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to oversee tlie erection of signals. At llie same time his uncle,

Mr Henry .loliiiiiOii. was superiritc'iident of tlie erection of

work in Ilic Nortli of Eni^liiuil, ScoUiUid, and Ireland,

for tlie celebrated tirni of Saxby it Farniir. of London, tlie

leailinsr lirni of signal engineers in En:<land and probably in

the world. This relaliim of llie uncle led to an en^'agcnient

of the nepliew by the same lirm. and in IST") he entered tlieir

employ. He \va.s at lirst associated tliere with Ids uncle, and

liad charge of the erection of work on different English

railways. This
ga V e h i m great

familiarity w i I h

the diflicuUies and
complications
which are con-

stantly encounter-

ed in adapting
signals to the re-

quirements of dif-

ferent locations
and conditions.

The amount of

traffic on some of

the English lines

was then very

much greater than

on a n y o f o u r

American roads.

Consequently sys-

tems of signals had
to be developed
and perfected
there and adapted
to the require-
ments of the traffic

long liefore similar

appliances were
needed here. In

putting up the sig-

nal s made by
Messrs. Saxby &
Farmer. Mr. .lohn

son had the most
abundant oppor-

tunity of becom-
ing acquainted
•whh all the multi-

farious dc'tails of

their construction,

the conditions they

had to fullil, the

ditficulties to be

overcome, and the

danger s' to be

guarded against.

lie therefore ac-

quired a wonder-
ful knowledge of

the principles of

railway signaling,

and the intricacies

growing out of a

vast and compli-

cated business
which had to be

controlled by the

appliances which
his lirm were pro-

viding. He not
only iiad charge
of this work in

England and Ire-

land, but in 1879

he was sent to

A-^^ ^
(^Ci^^^^^^A^^^ '

ne was sent lo

France to superintend work which was done on some ot tlie

principal lines there. In 1880 he was .sent to India lus the rep-

resentative of the interests of Saxby & Farmer m that coun-

try. While there he was much exiiosed to Ihe inlluence ol

the climate, and contracted jungle fever, from the elfects of

which he never fully recovered. He remained in India only

about a year, and then, owing to his illness, went to Australia.

where he spent a few months, and then returned to England.

This was in 1881. ,. . ,, .

To understand "the stale of the art" of signaling in this

country at that linn-, it must be remembered that inlerlocking

and block signaling were then almost unknown here. In I818

Messrs. Toucey and Buchanan, of the New York Central i.

Hudson River Railroad, erected a system of interlocking sig-

nals and switches at Fifty third Street, where the incoming

and outgoing tracks of the Orand tleiitral Depot in New \ ork

crossed ea.'li other. The plans of this apparatus were hrmight

to thisconnlrv by two bnithers named Brieily, who bad lieen

in Sa\l>v it Farmer's einpl.iv in LdluIou. and it was a niDdih-

cation o"f the mechanism used by that tirin. Later a similar

interlocking system was put in at Ihe Spnylen Duyvil junction

of the same road. This mechanism afterward was much un-

proved by .Messrs.

Toucey and Bu-
chanan. During
the Centennial Ex-
hibition in Phila-

delphia, in 1876,

the Pennsylvania
Railroad Com-
pany creeled some
interlocking sig-

nals of the Tou-
cey- Biichanan-
Brierly system to

control the traffic

at the terminals of

their line, adjoin-

ing the exhibilion

grounds, and a lit-

tle later a Saxby
& Farmer appara-

tus wius ])laced on
that road at the

junction <ast of

Newark, N. .1.

The lirst use of

block signals con-

trol leii by telc-

grapli in I his coun-

try was on the

P e n 11 s y I V a n i a

R a i 1 r o a d about
187:!. In 187G
Messrs. Saxby &
Farmer exhibited

: at the Centennial

Exhibilion a very

complete model of

their system of in-

terlocking signals,

and also some of

the apparatus em-
ployed in it and in

block signals. It

may be said that

the acquaintance

ol many railroad

men in this coun-

try with the sys-

tems of signals
used in England
dates from this ex-

hibit. The need of

better methods of

controlling the

m o V e 111 e n t of
trains on our rail-

roads had been ex-

perienced on many
of our roads, and
a number of rail-

road oltieers had

a 1 1 e 111 pled to
evolve .some sys-

tem, adapted to

their needs, out of

their inner consciousne.sses, or they sought the aid of sonie

inventive genius to help them out of their dilhculties.

Some of these attempts w<;r(' of a fearful and wonderful cliar-

acter The imaginations of railroad mi'ii and mvenlois ran not

in devising dilTerent forms of targets, di.sks, and ()b.ieels with

len.'tli bntadth.aiiil Ihiekness to be usi'd assignals. linderlhe

circuinslanees which then existed, it now seems remarkable tliat

railroad managers here, having experienced the need of more

perleel and systematic appliances for controlling the move-

ment of trains, were not disposed to profit by the km.wlcdge

and experience of foreign railroa.l managers in this direction.

The demand for better appliances being apparent it would De

supposed that if there was any idace in the worlii where more

.»,<-*,* * <^
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complete systems had been used for a long time, and had been
developed and perfected, that those who were wilhout such
kiiowledi^e and experience would be willing lo profit by that

which others had aecjuired. Human nature, however, does
not seem to work that wa)'. Innumerable failures seem to lie

neede<l to teach most of us—railroad managers included —
wisdom, and incline us and tlicm to be guided by those who
know more than we and they do. It was so in this country
regarding signals. In 1861 the Pennsylvania Railroad Com-
pany had experienced so much trouble with the crossing of

their line with the Central Hailro.ad of New Jersey at Eliza-

beth, and with other signal problems on their road, that they

sent to Messrs. Sa.xby it Farmer and asked whether thej' could
send a competent person to this country to advise them in re-

gard to signaling. That firm recommended Mr. Charles K.

Johnson and it was under that engagement that he first came to

this country. It may be said that he was the first engineer who
was thoronghlv and practically familiar with the systems in use

in Europe, who was placed in charge of the construction of sig-

naling systems here. On his arrivid he made an investigation

and report on the insoluble problem of the Elizabeth grade
crossing and some other analogous subjects, and was then
engaged by the Union Switch & Signal Company of Pitts-

burgh, which had been organized some years earlier, and hail

engaged in the manufacture of signals. During the first part

of his engagement with this company he acted as a contract-

ing agent for it. with his office in New York. Later he was
made General Manager and removed to Pittsburgh.

In 1887 Mr Johnson was married to (ieorgina Miller,

daughter of Mr. George W. Miller, a noted lawyer of New
York City. Mr. Johnson's character was well .suited for

domestic cnjoynK^nt, and from its l)cginning to the end his mar-
ried life was to him an unfailing source of happiness, the delight

of his friends in a like state and the envy of those who were
less blessed. He was a member of the New York Athletic and
Raquet CUibs, and of the American Society of Civil Engineers.

In 1888 an unfortunate disagreement with the officers of the

Union S.vitch &, Signal Companj' led to a separation, and Mr.
Jolm.soM then organized the Johnson Railroad Signal ('Om-
pany, whose works were established at Rahway, N. J., and
of' which he was the President and General Manager. The
formation of this company was the realization of a dream
which he in common with all ambitious meu feel— that of
being at the head of an enterprise of which they have the

control. He worked at it with the energy which came from
the hope of success and confidence in his capacity for achiev-

ing it. His expectations were not entirely unfulfilled. The
euterpri.se was fairly launched and afloat and started on a pros
perous voyage, when indications of failing health manifested
themselves, at first at infrequent periods, which allowed him
to give his time and labor to his much-cherished scheme ; but
just as success was assured, the warnings could no longer be
disregarded, and in May, 1893, he gave up active business,

and went to the Adirondacks with the hope that rest and
out-dior life would lead to recover^'. Alternately hoping
and fearing, he improved at times, but never quite recovered
what he bad before lost. His illness was long and some-
times painful, but he encountered that great enemj' of the

human race—consumption—with fortitude and resignation,

and at last piissed away peacefully. During all of his illness

he was surronnded with friends who were very near to him,
and was tenderly cared for. The last few months of his life

were spenl in a camp on .Saranac Lake, where everything
which could contiil'ute to health or promote recovery was
available. None of these were elHcacious, and when the first

autumn leaves began to glow with color, it was plain that the

end was near, and on a quiet September day it came, and the
life which had been so useful and made so many glad was
ended.
The place where he died being accessible only by water, be-

fore the, last solemn rites were observed the burial case was
placed in a boat, and attended by those who were nearest and
dearest to him, a sad train of frail vessels moved over the

placid surface of the lake on a beautiful September afternoon,
and thus began the journey to his last resting-place on earth
in Mount Hope Cemetery in Kochester, N. Y., where he was
buried.

Those only who had the privilege of intimate friendship
with Charles Roberts .Johnson can know how difficult it is to

do justice to his character. Of his professional knowledge
and ability little more need be said. The striking trait was
the clearness and soundness of his judgment and opinions.

He was not remarkable for ingenuity, and he once expressed
thankfidness that he was not an inventor— the implication
being that ingeninly was liable to interfere with or refract the
inferences, opinions, and conclusions of an ingenious person,

which unquestionably it often does. It may safely be said

that in matters pertaining to his specialty of signal engineering
there has never lieen any one in this countrj- with as thorough
a knowledge of that Held, and whose opinions and advice could
be so implicitly accepted.

As a friend and companion the charm of his character was
indescribable. He was frank, generous, and tlioughtful of
the happiness of all. He was as considerate and courteous to

his colored man who blacked his boots as he was to the presi-

dent of a great railroad. While almost feminine in his tender-

ness, he had an amount of stored-ui> energy which was limited

only by his physical strength. With a temperament which
was cheerful rmder all circumstances, he was sympathetic and
always ready to enter into the feelings and help those who
were unfortunate. His ability and "sterling integrity were
recognized in many cases too late for him to reap the full bene-

fit therefrom and which he had so fairly earned by an honor-

able life, by intelligent and faithful devotion to his occupation,

to his patrons, his friends, and in some instances lo his ene-

mies.

He leaves a wife who, with many friends, will always miss

his plea.sant smile, his charming companionship, and the sin-

cere affection in which they all had occasion to rejoice.

Hayward A. Harvey.

Haywari) a. Haiivey, the inventor of the Harvey process

for armor plates, died at liis home in Orange, N. J., August
28, being in his seventieth year. He was the son of Briga-

dier-General Thomas W. Harvey, and was born at James-
town, N. Y., January 17, 1824. His father was a nnllwright

and inventor of the gimlet-pointed screw, the cam motion and
the toggle joint ; and 60 years ago built at Poughkeepsie the

first macliinery for making screws. Y'oung Harvey, after

gelling an academy education, went into a New York com-
pany as draftsman, then took charge of a wire mill, entered

into business with his father, and after his father's death in

1854 continued in the same line. During the 20 years, 1870-90,

he gave practically all his lime to the invention of machinery ;

but finding that certain experiments with steel showed prom-
ise of grejit success, he gave up everything else, and continued

them until the great result was reached of a steel armor plate

which now in its perfection sustains moie and greater tests

than any other. Mr. Harvey first and last took out about 125

patents, and dies with his name attached to the utmost achieve-

ments in the line of defensive armor for the navies of Ihe

world.

General Notes.

The Akron Tool Company, of Akron, O., have just re-

ceived an order from the Chicago, New Oideans it Texas
Pacilic Railway f r 30 of McNeil's patent balanced charging
barrows for u.se at their coaling stations. .

Pressure Regulators.—The Foster Engineering Company,
of Newark, N. J., has just received, from the Consolidated Car
Heating CJompany, of Albany, N. Y., an order for 50 pressure

regulators 'or the steam healing of trains.

Latrobe Steel Works —The recent report in one of the

trade papers that the Lati'obe Steel Works had shut down for

an indefinite period, and had discharged its hands, is, we
learn, without foimdation, as they have been running continu-

ously since their works were first started, and are prepared to

execute all orders with promptness.

The Link-belt Machinery Company of Chicago.—This
company has recently built and erected in the new retail store

of Marshall, Field it Company, corner Washington and
Wabash avenues, a Link Bell elevator for handling bo.xes,

bunilles, etc., from the first to .second and third floors. A like

elevator lo hanille books and paper was furnished Shea. Stiiith

& Cumpany, printers. Chicago, for their new factory, while a

similar outfit was built for the Chicago Ilenild some lime ago

for carrying folded papers from press-room to delivery-room.

The Stirling Company.—This company, whose shops arc

at BarlK-ton. ()., have recently taken orders from the Minne-

apolis Electric Company for Iheir water-tube boilers of 750

H. P., and a similar order from I. B. .Mattingly Company, of

Louisville. Kv. (a second order). The Taylor Chair Company,
of Bedford, O., have also given an order for 150 H. P. More
recently they report the following .sales :

100 H. P. boilers for Salem, Jlass.

400 " " '• Algonquin Coal Company.
350 " " " Lutz, Libby & Co., of ParkPlace, Pa.
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Like the boy who was fishiujr. they have a number of bites,

and thpir agent, Frederick A. Seheltier, of 74 Corllandt Street,

New York, says :
" Inquiries are coming to us to a greater

extent than they did in July and August, wliicli sliows tluit

business is unquestionably improving throughout the coun-

try."

Reading Iron Company.— Tliis company wish the fact to

he IvDown that their " Scott Foundry Deparlmcnt" lias one of

tlie best-erniippcd foundries, niacliiiie and boiler sliops in the

country, and is prejiared to iniderlake work of the heaviest

character.

The machine shop is equipped with tools of the largest size,

such as a 10ft. planer, a lO-ft. lathe, 20-ft. boring mill, and
42 in. slotting machine, besides many special machines, such
as a floor-boring machine, roll and gun lathes. The company
is thus enal)led to handle a class of work which comparatively
few shops can execute. One of their specialties is the boring
of long cvlinilers and axial holes through shafts.

In the foundry castings can be made of 411 tons weight.
Besides cupolas it is eiiuipped with three air furnaces from
which charcoal gun-iron castings of th(t highest tensile strength

are made. These castings, it is claimed, are preferable to

steel caslMigs for both steam and hj'draulic cylinders, cr.-Lnks,

crankshafts, gearing, cross-heads, and many other |Hn piises.

B. C. STANDARD 10 H. P. MOTOK.

In the blacksmith imd boiler shops very heavj-'work can be

done. The company operates its own bia.st furnace, rolling-

mills, tube works, steam forge, foundry, and machine works.

Manufactures.

BELKNAP MOTORS AT THE FAIR.

Tui', lirst of the exhibitors in the Electrical Building to

complete their displa)' were the Belknap Hlotor Company, of

Portland, Me., who show a very interesting collection of
motors, fans, generators, etc. The exhibit occupies Space 2,

Section 3.

Th(^ ajiparatus shown is nearly all in actual operation, and is

driven by a lOH. P. 221) volt " B. C." (Helknap Standard)
motor. Thisoperatesa ll)(l lightstandard dynanioof 110 volts.

The current generated by Ibis machine is used to operate the

various jiieces of mechanism, lamps, etc., comprising the ex-

hibit. Prominent among the machines shown is a combined
exhaust fan and motor of 1 kilo-watt capacity, running at 670
revolutions. The motor is nuiltipolar, and can lie run in either

direction with equal ctticiency. The combined machine has
but two self-oiling bearings, one at either end of the shaft.

The armature of the motor is built on a cast-iron sleeve to-

gether with the comnuitalor and enclosing heads, so that it

can be readily removed from the shaft by simply slacking a
.set screw. The armature core is built uj) of soft iron wire
wound between the two end disks, the nliirn wires being run
across at 90 to adapt it to the four )iole magnet. A series of
cross connections in the conunntator ])ermit the use of only
two carbon lirusbes, al.so placed at iiO' apart and situated in

the most convenient position for adjustment.
.\ long-range sjiring is used for feeding the carbons, and the

bru lies require i)Ut very little attention. The field magnet
ii>nsists of a single casting with a projection at the conunuta-
tor end for sup|)orting the bearings, ami a part of this casting

completely encloses the two field coils in such a immner as to

protect them from injury. These are woimd on metallic

spools and arc easily put in place or removed at will.

The generator also runs three motors of 5, ;i, and 1 II. P.

rcsi)ectiv(dy, and also a little i 11. P. motor which operates a

moving sign. This sign is in itself a striking featiu'c of the

exhibit. It is .H ft. high and Hi ft. wide, and consists of two
frames separated at the bottom and resting against one an-

other at the top like an easel, or, to be more exact, like a hen
coop. On these frames are stretched the sign proper, having
the name of tln' company in letters cut out of the background,
and allowing a moving piece of canvas to be seen through
them. This is jiaintcd in various colors horizoulidly and

diagonally, so that when operatcil

by the motor the letters constantly

change color in unexpected ways.
The same motor also runs two
revolving fans at the top of the
sign, each carrying colored incan-

descent lamps above the frame,

as well as several inside to illu-

minate the perforated letters.

Other important machines
forming part of the exhibit are

several " (Cyclone" power mills

electrically operated an<l made
exclusively by this company.

Perhaps the most interesting

device in the exhibit is a portable

rotary electric drill with a mag-
netic attachment which liolds it

against the work while in opera-
tion. This machine is light
enough to be easily carried in one
hand, and is applied at, once to

any part of the casting to be
drilled, the necessary power be-

ing taken from the nearest lamp-
socket. It consists of a small

electric motor maile entirely of

wrought iron, nmiiing at high
speeil and geared with a ratio of

1 to 1(1 to a spindle that carries

the drill chuck, and has a sliding

feather which allows it to move
liack and forth in obedience to a
hand-feeding screw at the end.

The frame for the suppurt of the

motor, spindle, and gearing is all

of one iron casting. The tlrill is held against tlu' work by a

magnetic "sucker" consisting of a cup shaped piece of cast

iron enclosing a (^oil wire taking its current from a shunt from

the motor.
The same generator that furnishes the current to the motors,

etc , also operates both arc and incandescent lamjis about the

space, while in the center stands a -'.""lO light incandescent gen-

erator showinu: the company's worl<nr.iii,ship in macliini'S of

this class. The Belknap Motor Company build dynamos of

from .5 to .500 lights and motors from i to M II. P, Their am-
meters and voltmeters are al.so shown. Besides these there are

specimens of combined dynamos and water motors, as wellas

a 60-llght dvnamo coupled directly to a high-speed engine

built by II, K, Stickney, of Porllaml, ,Me.. while a number of

revolving fans on ornamental standards about the space kept

tilings cool enough for comfort during tlie hot weather,

iMr, G. W, I'.rown the President and (iencral Manager of

the compiinv. is himself in charge of the exliiljit.

THE UNIVERSAL ELECTRIC CONDUIT.

Tiikhk has been on exhibition at Coney Island, during the

past season, a short electric railway with a conduit for carry-

ing and distributing electricity to thr ears while in motion.

The road that has been operated is the old right of way of the

Boyuton Bicycle Koail, which is well known to all frequenters
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of Coney Island. The conduit is of a very simple construc-
tion, and need be nothing more nor less than an opening in

the street, with proper arrangements made for drainage. The
insulated conductors are laid in the bottom of this conduit,
and at intervals of 7 ft. are connected with a box from which
the electric current is let out to the car. Two cables are u.sed

in the couduit, one being employed for the return current, as

it has been found to be more reiial)le, and as causing less re-

sistance than the ordinary return circuit through the rails.

This does away with the necessity for bonding rails and all

sparking between wlieels and rails. The bo.\es from which
the car takes its current are located in the track in question at

7 ft intervals, alternated on tlie two cables, so that there is

really a box every 3 ft. 6 in. ; but in future constructions it is

the intention of the company to place these boxes at 10 ft. in-

tervals alternating, so that it will require but one for every
5 ft. of track. The .arrangement by which the car takes the
current is a very simple one. Suspended from the axle and
free to move any amount in a lateral direction is a long copper-
shod shoe that will be made but very little less than the total

length of tlie car. This is suspended by two flat plates that
come up through the slot in the co'nduit, which may be made
of any width to suit the requirements of the franchise under
which the road is to be operated. As this shoe is at least 10 ft.

long under present conditions, and will be made from 16 to

30 ft. long under the new construction, it will be seen that it

DISTHIBUTING BOX OF THE UNIVERSAL CONDUIT.

is always in contact with the contact points from the box on
each cable. The two sides of the .shoe are insulated from each
other, and are connected with the positive and negative con-

tact points of the motor by way of the switch on Ihe platform.
The boxes which furnish the current for the car, to which we
have made allusion, reall}' constitute the keystone of the wliole

system, and nre of an exceedingly simple construction. They
consist of a cast iron box about 8 in. long and 4 in. square.
The cable, which is insulated, enters the box, and for the dis-

tance through it is stripped .so that there is a possibility of

getting a contact with the wires. On this stripped portion of

the cable a brass clip is fastened which is of a V shape, and in

between the arms of Ihe V there is a copper brush pivoted to

a stem which rises through the lop of the box, and which
carries an arm shod with a copper shoe projecting out toward
the center of the comluit ; this brush is normally held by
springs in a central position between the arms of the V, so that

il is not in contact with it. The upper contact point, how-
ever, projects so far out toward the center of the conduit that

the shoe of the car pushes it to one side and swings the lirush

around so that it comes in contact with one arm of the V ;

thus contact is mtide between the shoe and the cable. This,

of course, as we have already pointed out, is done on eitlier

side, making a contact with the two cables. The bottom of

the box is tilled with a solid paraffine and the other with a

liquid paralline oil, which tends to preserve the insulation.

The only point wliere there would be the slightest possibility

of leaking would be down at the stuffing-box about the

spindle which rises from the brush. This is carefully pro-

tected by a specially designed .stuffing box, and experiments
have been made by which it is shown that there is no percepti-

ble leakage, and it is claimed that the delicate instruments
within, in testing the current, do not indicate any loss what-

ever. A test was recently made on this road in which the
conduit was filled with mud and water to its surface ; the car
ran into this mixture, stopped and started again, and ran back-
ward and forward, showing that there was an ample current
at all times for the movement of the car. The voltage at the
time showed about 300 at the starting-point. The road which
has thus far been operated has, of course, been merely an ex-

SECTION OF DISTRIBUTINIJ BOX OF THE UNIVERSAL CONUUIT.

perimental affair, but it is intended to make an application of

the system very shortly to a road working under ordinary

conditions, and give the system a thorough trial through the

winter.
^

ASBESTOS PIPE COVERING MATERIALS.

In a communication made some time since to the Michigan
Engineering Society, Mr. William E. Coolcy reported his

experience with coverings for steam-pipes. As an instance

of the value of steam-pipe coverings, he cited the case of an

electric-lighting plant at Ann Arbor, where there was about

60 ft. of 7-in. pipe connecting the boiler with the engines.

When this pipe was first put up the steam at the further end
from the boiler was tested to determine the amount of water

entrained, and the average of nine experiments gave 31.01 per

cent, of moisture. A few months later, when the pipes had
been covered, the (juality of the steam was again tested, and

the average of five experiments gave 3.61 per cent, moisture.

The tests were made by the same men, from the same connec-

tions, and in the same manner. The (|uality of the steam at

the boilers was tested, and gave about 3 per cent, of moisture

at the later experiments, showing that only .61 per cent, of

moisture was developed by condensation in the pipes at that

time. From this he
made a calculation as-

suming that 100 indi-

cated horse power
were to be developed,
and that each horse
power would require

30 lbs. of steam ; then
if the steam is as-

sumed to have 35 per
cent, of entrained wa
ter due to condensa-
tion. 4,000 lbs. of

steam will need to be
produced in the boil-

er, or 1,000 lbs. more
than necessary. To
produce this would
require about 125 lbs. of coal per hour, costing $450 per year,

which would pay 6 per cent, interest on $7,500, whereas the

cost of the covering did not exceed $150.

The illustrations accompanying this show the asbestos pipe

covering which is manufactured by the H. P. Watson Com-
pany, of Erie, Pa. This covering, as shown in the illustra-

tion, is what is known as the molded type, but it is also made
woven, so that it can be wrapped about the pipe like a felt

covering. This molded covering is made of asbestos fiber

and other non-conductive materials, which fit pipes of varying
diameter from I in. upward, and it is shaped to fit elbows,

T's, and valve.s. It is so arranged that it can be applied by
inexperienced workmen, and whether the pipes are hot or

cold, it will stand all temperatures of heat or cold without
cracking or crumbling, and Js covered with a canvas jacket

which can be removed without injury or waste.

ASBESTOS PIPE COVElilNGS.
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The firm also iiiamifaclurc the hniliT lovcrinj; or hisginj;

that is of essentially the same formalioii 11s the woven cover-

ins; to whioh we havt; already referreil, anil is fnrnisheil with
or wilhoiit a canvas jacket, wliich can he fastened or applied
hy using- staples, or the sections can he laced to_i;ethcr. The
ailvanlaji'es of this style of holier coverinjr is, that when ceTocMt
or plaster work is removed for repairs to the heated surfacis,

it has to he replaced with new materials, whereas this can he

laid aside, the %vork <onipleted, and the same section replaced.
The elasticity is another ijoud feature, which allows the covcr-

ini; to he shaped to lit almost any irreirular surface. As a
covering for locomotive and marine hollers it is especially suit-

ahle, and has advantages which reeoninieiid it for these uses.

It will not erumhle or fall away when suhjected to the con-
stant jarring of engine work, and will remain ns firm and use-

ful as when applied.

In addition to other holler and pipe coverings, the same
lirm also manufactures asbestos rooting and also as])haltum
covering and tarred felt for the same pur])oses. Their ashestns
manufacture also includes a plastic stove lining, a furnace
cement, and ashp.stos mill hoard, together with various forms
of sheathings and coalings.

COMPARATIVE TEST OF THE WESTINGHOUSE
AIR BRAKE COMPANY'S NINE AND ONE-HALF
IN. AIR PUMP AND THE NEW YORK AIR
BRAKE COMPANY'S NO. 2 DUPLEX AIR PUMP.

Thk following is the average result of a series of compara-
tive tests to ascertain the relative etliciency of the Westing
house Air IJrake Ciimpany's 9J in. simple air pump and the
New York Air Hrake Company's No. 2 duplex air pump, the
latter having two 7in. steam cylinders and two air cylinders
It) in. and 7 in. respectively in diameter. The test was made
by the Wesliughouse Air Brake Co,
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EDITORIAL NOTES.

The possibility of coaling steamers at sea seems likely to be

one of the realizations of the near future. Very successful e.t-

periments have recently been conducted both by the British

Admiralty and the Navy Department of this country. In both

cases it is reported that the work was successfully accom-

plished, though modifications in the mechanisms employed

have been suggested. When the work can be done the effec-

tiveness of cruisers and of a blockading squadron will of course

be very greatly increased, and the range of sea covered be cor-

respondingly widened.

One of the notable events in army circles promised for the

near future is the test of the rapid-fire 6-pounder and 4.7 in.

caliber rilles at Sandy Hook. Arrangements have been made
to hold these trials at some time during the present month

;

but when we take into consideration the fact that the guns

were on exhibition at Chicago up to the closing of the Fair,

and that they must then be packed and shipped to Sandy

Hook, it is not at all probaiile, although it is possible, that any

work will be done before December 1. However, the trial is

not far distant, and when it does come off we may look for

some astonishing results in the effectiveness of the weapons

that have been offered for the competition.

A PROPOSITION has been made with the view of increasing

the efficiency of our weather bureau by the establishment of a

telegraphic or telephonic communication with the various

ligh'ships that are anchored off the coast. Thus, were sucli a

commuuicaiion to be established between the shore and the

Nantucket lightship, it would be possible to obtain news of in-

coming European steamers several hours earlier than is possi-

ble under the present .system, besides enabling the ship to signal

the approach of storms to passing vessels, which are now wholly

without such warning. This naturally has suggested the moor-

ing of vessels along the transatlantic track, wliieh naturally

appears impracticable, whereas the establishment of communi-

cation bet ween the lightships and the shore seems to be en-

tirely within the bounds of practicability, and the results ob-

tained would certainly be of the highest value.

A REFERENCE to our listof accidents !o locomotive engineers

and firemen for the month of September shows an increase in

the number of collisions over that of preceding months, which

suggests the advisability of a better system of signaling than

that which obtains on most roads, as well as an improvement

in the training and discipline of the train crews. Where the

traffic and the finances of the company will not warrant the

installation of an interlocking system of block signals, there

should be a rigid insistence on the careful execution of the

rules regarding the duties of the rear flagman and the switch-

man. It is inexcusable that a switchman should open a switch

in the face of an express train, as was done in the case of one

of the accidents in the list referred to.

The success which seems about to crown the efforts of the

Xavy Department in securing a practical submarine torpedo

boat has set a host of inventors busy in devising schemes for

submarine navigation. One, with a boldness deserving of a

nearer probability of success, has even gone so far as to pro-

pose a submarine electric trolley line for transatlantic service.

Thus in one fell swoop he breaks the record of the time of the

passage, removes the horrors of seasickness and realizes the

machine of Captain Nemo. Of course the details of the work

have not yet been developed, but a New York daily has given

the scheme publicity, and the mere matter of detail is a trifle

be.side the conception. We do not like to promise our readers

that a full description of the methods to be employed are to

be forthcoming at once, but we will watch for them with a

deal of interest.

A STRANGE oversight has occurred in the designs of some of

the vessels recently designed for lake service. In the desire to

secure the greatest possible cargo-carrying capacity, the depth

over the sill of the Ste. Marie Canal and the breadth of the

lock has apparently been the only point considered. The new

vessel, the Centurion, illustrated in this .lournal in April, 1893,

is 379 ft. long, and has a capacity of 155,000 bushels of grain,

yet the limitations of river navigation have been overlooked, and

on a recent trip to Chicago a number of piles had to be pulled

in the Chicago River in order to get her to the dock. There is

no good reason apparent why any size of vessel that can be float-

ed should not be navigated through the lakes ; but until

changes are made in the harbor facilities of such ports as Chi-

cago and Cleveland, the growth of lake freighters will proba-

bly be at a standstill.

DETENTIONS ON RAILROADS FROM DEFECTS
IN LOCOMOTIVES.

In these days of frequent and appalling railroad accidents,

any earnest and rational effort to indicate the primary causes

to which they are due should receive more than ordinary at-

tention. Hardly a day passes now without an account of one

or more accidents in the daily papers, the horrible details of

which must make every sensitive reader shudder. While we

are boasting over the magnificence of our great Exhibition,

disasters are occurring on our railroads which are spreading

mourning through the land, and are sufficient to excite the in-

dignation of the whole people, and should drive some of our

railroad managers into the ashes and sackcloth of humiliation.

On another page a table will be found which gives the statis-

tics of the defects in locomotives which have caused detentions

on one of our prominent roads. For the present the name of

the road will not be made public, the immediate purpose being

to call out similar records from other roads for purposes of
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comparison and coramcut. The road from which our record

has been obtained is not an easy one to operate, and its topog-

raphy would not lead one to expeet an exceptionally low rate

for locomotive failures. The road ha-^ nearly a tliousaiul loco-

. motives, many of them over 20 years old.

If a record of this kind could he supplemented with full

data and sketches showing the character of the failures, with

dimensions of the parts and full particulars of each, it would

add very much to the value of the record, and would be ex-

tremely instructive. We are in hopes that the publication of

the table may induce some one at some future time to supjily

such further data as we have indicated. Records of this kind

liave been kept on some roads. Their publication would be a

public benefit. With the mere figures of the number of fail-

ures before us comment must, to a very great extent, be blind.

Nevertheless, the mere numerical data are significant in many
cases.

The most prolific cause of detention, it will be seen, is due

to the failure of the springs and their attachments, such acci-

dents amounting to nearly <5 per cent of all ; the breaking

of spring hangers and bolts alone amounting to nearly 10 per

cent. With complete data of the nature of these failures and

knowledge of the construction of the engines on the road, it

ought to be possible to show the design, construction, and pro-

portions of the parts which are most subject to failure. The

moral of the investigation would be to abandon and avoid the

forms, proportions, and designs of those parts which fail most

frequently.

We confess to some surprise to see that the second most pro-

lific cause of detention was due to failures of grate arrange-

ments. One feels about this part of the report as the woman
did who asked a man with only one leg how he lost the other,

and was told " it was bit off." We have a consuming desire

to know how the grates failed. Was it due to the burning of

the bars or to the mechanism by which they are supported and

operated ?

Another surprise attends the figures showing the detentions

from the failure of eccentric straps and rods, which sum up to

a total of 11-1. The failure of eccentric bolts—which, we take

it, means eccentric strap bolts, although it ma)' be the bolts by

which the rods are attached to the straps—amounts to 57.

This would seem to indicate insutficient strength in these

parts. The breaking of rods and straps is often due to neglect

in oiling, and probably the bolts fail at times from the same

cause. If this neglect is the principal cause, it would seem to

be a strong argument in favor of some form of valve gear

outside of the engine, where it would be more accessible for

oiling and examination than eccentrics are which are inside.

The next most prolific cause of detention is the breaking of

cross-head gibs and bolts, to which (iO cases are assigned. This

report also excites one's curiosity to know what kind of gibs

and bolts failed, and how. Are the failures due to defective

design or construction or to imperfect lubrication ? The cure

for the evil must depend upon the cause to which it should be

assigned.

Fifty-nine detentions were caused by the breaking of main

connecting-rods or their parts ; 36 of these were due to the

failure of straps—the moral of which woidd .seem to be to

abandon their use. The fracture of gibs, keys and strap bolts

is charged with 19 detentions. Only 4 main rods broke.

Defects in side or coupling-rods and their attachments caused

30 detentions, their straps and bolts being again responsible

for much the greater part of the breakages. This emphasizes

the importance of abandoning the use of straps. The com-

paratively small number of breakages of coupling-rods, only 7,

may be noted. Probably a much larger number of fractures of

coupling-rods in proportion to the breakage of main connect-

ing-rods would have been anticipated.

Forty one piston-rods broke, which seems to indicate that

they should be made larger ; but an investigation and test of

the strength of the material of those which failed would throw

some light on the cause.

The failure of air punijis to work is charged with .')3 deten-

tions. This .seems to indicate that there is room for improve-

ment in the design of these machines. If their construction

was open to free competition, as it probably will be before

long, the process of evolution would be likely to produce a

machine less liable to fail. Considering how short a time air

pumps have been used on locomotives, it is perhaps not re-

markable that they have not yet reached complete perfection.

It will be seen that 37 steam chests burst, which suggests

the mu'stion whether a stronger form could not be designed.

The weakness of a cubical-shaped vessel for res-isting internal

pressure is obvious. Cross stays are impracticable in a steam

chest, so that the flat sides and top must be strengtliened with

ribs to resist the strains to which they are subjected. Cylin-

drical steam chests for piston valves have, in this respect, an

advantage. If the practice were not so common, it would

seem like very bad engineering to make a box with flat sides

to resist the internal jiressure which steam chests must often

stand. The design of a new or improved form for lhe.se ves-

sels, better adapted to its purpose than those which are now so

generally used, is an interesting problem for some of our in-

genious designers to study over.

Thirty eight piston-rod glands and studs for same broke.

This was due doubtless to improper screwing up of the

bolts. If an engineer finds that his packing leaks, his first im-

pulse is to screw up the bolts. If the leak is not stopped, he

screws them up a little more, and may repeat this several times,

with perhaps an accompaniment of language not proper to

print here, at the same time forgetting, or not stopping to in-

quire, whether the packing has been in u.se so long as to be

solidified to a degree equaling that of wood or stone. The
bolts arc unduly strained or the gland " canted," and a break

naturally follows. The use of metallic packing seems to be

the remedy.

TwenI}' nine driving axles broke. It is not said how long

they are allowed to remain in service before being removed
;

23 driving boxes and 21 springs also failed. The latter, if

added to the failure of spring hangers, etc., 11 akes these parts

by far the mo.st frequent source of detention, and naturally

leads to an inquiry whether improvement is not in some way
possible. Students of English rolling stock must have noticed

that, notwithstanding the average condition of their roads is

better than ours, the general practice there is to use longer

springs than wc do. May it not be, in view of the record be-

fore us, that it woidd be well for us to follow tlicir ])ractice in

this respect ?

Only 4 engine truck axles are reported as broken ; but again

the untrustworthj' springs are credited with 12 detentions.

These, with 3 failures of tender springs, make a total of 221

detentions, or nearly 17i per cent, of all were due to the

breakage of the carrying springs or their attachments.

Engine frames seem to stand the wear and tear better than

would be expected when their size, the importance of the func-

tions they must perform, and the strains to whiih they are

subjected are taken into consideration, as there were onlj' 24

breakages.

If we leave the eccentrics, their straps and rods out of con-

sideration, it is surprising how seldom the valve gear gives

out. It is charged with 4 broken lifting shafts, 1 link, 2 bang-

ers, 4 valves, 5 valve stems, and 9 valve yokes—25 failures

in all.

Piston packing rings are charged with 13 failures, piston

heads with 8 and pislon keys with 15, or 36 in all.

Twelve pulling bars and bolts broke, which would seem to

indicate insufiicient strength.

Fourteen rocker arms and 1 rocker bolt failed, which some^
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of our English friends may quote against us, altlioush, as a

general thing, there is no working part of a locomolive which

costs so little to maintain as a rocker.

Of -the small number of tender truck axles broken, only 3 will

be noted, and only 7 detentions were caused by broken or

loose engine tires.

It should be said that, as we understand it, the breakages re-

corded in our table do not show all those which occurred on

the road, but only those which caused detentions. Our com-

ments are intended to direct attention to those features in loco-

motive construction which seem to need improvement most.

The record seems to be a remarkably good one, and if we were

able to compare it with similar records from other roads,

which we invite, the comparison would be very instructive.

ASPIRING MERIT.

To most people possessed with the right kinds of heads and

hearts, it is always a satisfaction to recognize and aid those

who are ambitious, but unknown. We are in receipt of a

communication from'a rural post-ottice which seems to give

us such an opportunity. Our correspondent says :

" I am looking for a situation at working for and traveling
with some surveying or photographing part}', or party who is

locating new carriage roads or railroads, especially among
picturesque natural scenery, where it would be good views
for photographing, etc., and I claim to have the following
points :

''
1. I can prove that I am strictly honest in every respect.

"2. I am very ingenious in mechanical and machine work,
and an inventor.

" 3. 1 have had a great deal of experience in camp-life,

carrying, moving, building camps of various kinds, and know
just what is required ia a camp (except cooking—that I do not
know mucli about), but I do know what groceries, provisions,

bedding, tinware, hardware, clothing, tojls, implements, boat
fixtures, carrying apparatus, etc., is needed in camping and
traveling far away from civilization, as 1 have traveled all

over the Ailirondack wilderness during six years, and visited

over 300 of its lakes and over 400 of its mountain peaks, which
you can judge requires a great deal of climbing over, through,
around, under, up, down, into, along, across, onto, between,
and by the side of a great many ledges, swamps, windslashes,
burnt timber, underbrush, wet places, streams, cataracts,

rapids, ponds, lakes, beaver meadows, still waters, bills, ravines,

mountains, slides, rocks, thickets, berry brush, sand, plains,

mossy and wet hard head-stones, mud quicksands, shelving
rocks, ledges, etc., fallen timber, alders overflows, all of which
makes me good at locating roails, canals, bridges, paths, etc.,

among such places, when combined with the great taste I have
for such work and of locating tbem where they will run in

view of the most picturesque natural scenery possible, as that

is a good thing, especially on a toll rotid or railroad, to attract

travel. There is nobody likes picturesque natural scenery
more than I do.

" 4. I am tirst-class at repairing any mechanical object that

needs it.

" 5. I am tough and healthy, and am not afraid of catching
cold by sleeping out-doors or wading water or traveling at

any time of the year (but prefer a mild climate in winter, such
as California. Oregon, Washington, Nevada, Idaho, Montana,
Wyoming, Colorado. New Mexico. Arizona, Texas, North
Carolina, Tennessee, Kentucky, Virginia, West Virginia, etc.).

" 6. I am good at keeping accounts, figures, etc., good
memory, prompt in correspondence, systematic in doing busi-

ness, etc. (which is more than you can say of most men).
Age, 31.
" 7. I can give hundreds of the best of references to prove all

this."

This statement of his qualifications is followed by about

two pages of references, and our unrecognized genius says he

can give hundreds of others, and adds, " They, of course, do

not know all my good talents, knowledge, and taste for the

work I ask for, but are acquainted by sight at least."

He gives his ideas of the proper way to locate roads, and

they—the ideas—are—and doubtless the roads would be

—

good.

|^;,To show the probity of the applicant for employment, he

says, " I enclose two stamps for a reply." The stamps were

there.

By reading between the lines there are indications of clear

grit and sterling cliaracter in our correspondent's entertaining

letter, and we will take pleasure in giving his address to any

one in need of such services as he is anxious to render.

—

Edi-

tor American Engineer.

NEW PUBLICATIONS.

TifE Nebraska City BRiDfiE. A Report to Charles E. Per-
kins, President of the Chicago, Burlington <£• Quincy Pail-

road Company: By George S. Morison, Chief Engineer of

the Nebraska City Bridge. (13J X 21f in., 68 pp.)

This is the latest of Mr. Morison's splendid reports, for

which he has become famous. It begins with a photogravure
showing an excellent view of the bridge. This is followed by
a preliminary narrative, a general descriptive table showing
the cost of the pneumatic foundations, masonry and piers. A
description is then given of the superstructure, the weight of
materials used, the date of erection and cost. Similar data are

given with reference to the approaches and protection work
and the cost of the whole structure, which was |583,790.87, to

which $18,346.13 more was added for the highway accommo-
dations. A list of engineers, employes, and contractors, and
the act of Congress authorizing the construction of the bridge,

and the contract with the War Department are given in an
appendix. Other appendices contain. Specifications for Ma-
sonry, Records of Sinking Caissons, Time, Cost, and Mate-
rials Used in Foundations, Specifications for the Superstruc-

ture, and Records of Tests of Steel Bars.

The succeeding engravings consist of an excellent full-page

map showing the location of the bridge ; a general elevation,

plan, profile and alignment ; views of the abutments, and an-

other page showing the piers, a diagram showing the rate of

progress in sinking caissons, and another which is a record of

water stage in the river during the erection of the bridge ; 13

full-page photo lithographs of details of the bridge, and two
full-page strain sheets.

The paper, press-work, typography, printing, drawing, and
engraving leave nothing to a reviewer to suggest, criticise, or
desire. It is a very valuable record of an important work.

Transp(>ut.\tion. Vol. I, No. 1.

" We old fellows," who have been grinding in the editorial

mill for, lo ! these many years, do not cease to wonder at the

courage and temerity of younger and less experienced men
who launch new vessels into a stream already crowded with
various kinds of craft, some of which, if current report be
true, have difiiculty in keeping afloat. " But hope springs

eternal," etc. It thus happens that Mr. William Morris Hayes,
Conductor, Editor an^ Publisher, and H. W. Spofford, his as-

sistant, of New York, have concluded, as they say in their

announcement, that " witlvall the journals now published de-

voted individually to the special subjects coveted by Tranxporta-

tion, the field is not fully occupied." Those of us wlio have
borne the burden and heat of these many days cannot read this

without ejaculating, if it is not now fully occupied, then
" Good Lord, have mercy on us !"

It is ungracious, though, not to welcome newcomers ; there-

fore we extend the hand of journalistic fellowship to Trans-

portation. Its editors have engaged ia a great calling, in which
either a splendid success or miserable failure are possible. It

is a road in which fortune and salvation can be achieved, or

which may lead to poverty and the damnation of the souls of

the editors. Perhaps at the outset of their careers a little

patriarchal advice to the conductors of a new venture may not

be out of place. Advice and small pox are alike in this, that

they are given more willingly than the3^are received, and the

former is unlike deeds of cbarity, in that the blessedness of it

consists in the receiving and not in the giving.

There is every reason for thinking that our young aspirants

to journalistic fame intend always to speak, and write the truth.

Probably, though, they do not realize how strong the tempta-

tion will be at times to depart theiefrom. They may be as-

sured, though, that unless they adhere strictly to the maxim
of a distinguished journalist, " Never to print a paid advertise-

ment as news matter," it wdl be impossible to maintain their

veracity. They may disregaid that injunction once, twice,

perhaps a dosen times without departing from strict integrity
;

but they may be assured that if they persist in publishing paid

advertisements as editorials or news matter, that sooner or later

they will lie like gravestones. The old-fashioned people tell
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us that shcol is the ultimate doslination of people who are
given to tliis. Whether it is or not slunilil not lessen the sig-

nitieaticeof the exan\|ileof Ananias ami Sapphira to young edi-

tors and old ones as well.
" Success in journalism at the present day requires many and
diverse qualitieatinns, some of which arc not of a ver3' high or
ennohling order. We have not time nor room for a discpiisi-

tion on " the elements of success in technical journalism," al-

though an interesting essay might be written on that subject.
We trust, thovigh, that our new contemporary may deserve and
have success. It may not be amiss to remind them though of the
ill ePTects of mi.xing beverages, and to advi.se them not to allow
their advertising columns anil editorial pages to commingle,
the moral ctTects of which are worse than those of mi.xed
drinks. Read the ten commandments occasionally, and then
" hustle."

TiiK Ij.\w of Incorpou.\tki) Companies OrEU-\TiNQ nsDEU
MuNicir.\L Fu vNCHisES. SUCH AS Illuminating Gas Com-
panies, Fuel Gas Companies, Electkic Centual Sta-
tion Companies, Telephone CoMPi\js;iEs, Street Rail-
way Companies, Wateu Companies, etc. By Allen
Riplev Foote and Charles E. Everett. Robert Clarke &
Company, Cincinnati.

The authors of this work have undertaken, with the aid of

a co-editor in each Slate, to present a short historical sketch
and an outline of the laws of each State relating to corpora-
lions operating under municipal franchises, special attention
being given to the kinds of corporations enumerated in the
explanatory portion of the title. The important changes in

the constitutional, legislative, and judicial policies of the
various States toward such companies is traced in brief, and
the main provisions of the laws now governing and regulating
the organization and operation of such corporations presented.
The names of the co editors include not a few well-known
lawyers, and the several compilations appear to have been well
made.
H^This portion of the work is evidently intended as a hand-
hook for lawyers, and also for municipal oflicers and other
laymen who may have to deal with the subject. Good lawyers
will, of course, use it as they u.se all text-books, only for sug-
gestions of general principles and for references to the orig-

inal, constitutional, and legislative [irovisions and judici.al de
cisions. and for these purposes will find it of value. It will,

however, l)e particularly interesting and valuable to laymen
who do not have access to the original sources. When they
wish to go to the latter or to determine nice questions of law
in reference to municipal franchises, they will still be com-
pelled to consult lawyers.

These historical sketches and compilations of the laws of
the several States .are preceded by a discussion by Mr. Foote
of the economic principles involved in the operation, control,

and service of such companies. The author .says of his pur-
pose in this discussion, "'

I have sought to elucidate principles
and clearly to define strategic points in order to measure by
fundamental rules the progress made by the several States in

aligning legislation with the requirements of such rules. ^ly
purpose has been to outline the slibjict in a way to induce
others to engage in an exhaustive discussion of the funda-
mental principlos \ipon which municipal, political, and indus-

trial corjiorations nuist be founded, if citizens of nuuiicipalities

are to enjoy the greatest obtainable advantages from the use
of modern municipal conveniences. . . . No general ques-
tion of governmental policy occupies at this lime so jirominent
a place in the tiioughts of the people as that of properly con-
trolling without unnecessarily cheeking the growth of corpo-
rate power."
Thoughtful readers will dilfiir widely from each other in

their views of the success of llie author in aeconq)lishing his

very laudable underlaking. There is. however, much in this

discussion which oiir mayors and aldermen and < inbryonic
statesmen, and even an occasional United States Senator, might
ponder with profit For example, there are some good ol<l

doctrines relating to labor and property .set forth by the author
in Chapter IV of the treatise witli great clearness luid force.
" The freedom of labor is inseparable from the freedom of
contract ;" " A contract that binds one parly to pay a certain

consideration as the full price of labor perfi)rnied, binds the

other party to accept such payment in full for service ren-

dered ;" " l?y assuming the risk of loss, the right to own the

profit is secured ;" " The cimsideration for which an employer
guarantees the wages of labor is the expected profit ;" "The
consideration for wiiich a man accepts wages is the means of

present support and immunity from risk of lns«," are a few of

the doctrines which are worlhy of being carefully kept in

mind bv all cla.sses.

Dek Brijckenbau. Ein ITa/idbur/i zum Oebrauche beim Ent-
irirfiii roll Briickeu in Etstn, IInlz tind Sttin, nmrie beim
Uiilcrriehlv iin Tfrhnisclien I.iIirdnxUilti'n. (Hridse Con-
struction : .\ .Manual for use in Designing Iron, Wooden,
and Stone Bridges, and also for Instruction in Technical
Schools.) By K. Ila-eler, Professor in the Technical High
School at Brunswick. Volume I. Paris I and II. Octavo,
paper, 2;?i) pp., and 37 plates. Brunswick : F. Vieweg &
Son, 1888 and 18!);i.

This work is to consist of three volumes, the first on iron,

the second on wooden, and the third on stone bridges. It is

not stated whether or not the two jjarts liefore us con.stitute

the whole of the first volume, hut with the exception of joints

and lateral bracings they cover the subject of common truss

bridges in a fairly complete manner. The six chapters treat

of the following topics : General Arrangement and JIain Parts
of Trusses, Quality of Material and Allowable Stresses, Rivets
and Bolts, Cross-sections for Chords and Webbing, Beil-platcs

and Rollers, Roadway and Sidewalks. In Part 1 the presenta-
tion may be called descriptive and practical, although the the-

oretical and empirical fornudas for obtaining dimensions are
usually given. The chapter on the roadway and floor system,
however, contains lengthy theoretical investigations regard-
ing the tiexure of buckle and corrugated plates. It was in

order to perfect the.se investigations that the publication of
Part II was delayed so long as five years afler that of Part I.

The efforts of the author during this period to deduce satis-

factory formulas for buckle plates have not been rewarded
with success, on account, he says, of the imperfect state of the

science of the strength of materials. Nothing but comprehen-
sive tests will enable this to be done, and such tests must be
mainly made within the elastic limit of the material.

The author takes account of shocks and dynamic stresses by
using the formulas of Weyraueh and Launhardt, which are
based on Wohler's experiments. For columns Rankine's for-

mula is used, but no comparison is made with the results of
tests, and the list of literature given includes none of the many
investigations conducted in this country. The chapter on
cross-sections for chords and web members, which consists of

only 16 pages, might have been greatly extended ; eye-bars,

indeed, are scarcely considered at all. Bed plates, rollers and
rockers, on the other hand, are given 40 pages, the theoretical

discussions predominating. The chapter on roadway systems
occupies the whole of Part II (110 pages), and it contains,

besides the theoretical investigations already mentioned, many
practical details which might advantageously be studied in

this country. The weak point in American bridges, as is gen-
erally known, is the fioor system, and anything which tends
lowaril its imjirovement is gladly welcomed.
The work of Professor Ilaseler is proliably of that compen-

dious kind, so common in Germany, which requires years in

pvdilication, the first parts perhaps passing through several

editions before the last ones are issued. The 37 plates of the

two parts before us contain 321 cuts of bridge details, all

beautifully drawn and every line having its meaning, many of

which are likely to be of value to American designers, since

the methods of bridge consi ruction on the two sides of the

Atlantic are likelv to become more and more similar as the

prices of iron and labor become more nearly equal.

A Phactical Treatise on Foundations, Explaininf/ fiillp

Vie Principles Intolted, with Deacriptions of all, the mont recent

Structures, Aeeompaniedhy nnmerovs Vrmtinss ; nlno im Ac-
ciirdte Record of the Bearinrj Resistances of Matfiialu an Deter-

minedfrom the iMads of Actiiid Strnctvres. By W. M. Pat-
Inn, C.E. New York ; .John Wilev & Sons. (402 pp.,
() in. x;i) in.)

The authorof this book, wdio has liail over IS years of active

practice in the construction, and has been a profes.sor of en-

gineering for (i years, begins his treatise by telling his readers

thai " in a work <in foundations, Ihi cries and fornnihe are of

lillle value ; and therefore but lillle space is given to tlie dis-

cussion or criticism of either." In the discussion of the

theory of arches he says, in confirmation of the view expressed
in his preface, that it " is jierhaps as little understood as in

ages past. .Matheinalieal anil mechanical theories, afler carry-

ing yo\i through the intricate mazes of liiglier mathematics,
have suri-ly led to no satisfactory or praclical results. . . .

Mr. Raidvinc, after going through a most able and wonder-
fully conceived discussion of this subject, tells you to make
yo\ir faclor-of-safety from 20 to 40, ami closes by saying :

' The best course in practice is to assume a depth for the key-
stone according to an enqiirical ride, founded on dimensions of
good existing exanqilcs of bridges.' " This recalls the master
mechanic's rule for calculating the counter weights of a loco-

motive, " Figger awhile, and then guess at it."
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Undoubledly the value of matliemalical calculations is very
limited in tlje desigu and couMruction of fouudntions. The
data ou wliich such calculations are based are always uncer-

tain. The author of the book before us has therefore done
well to treat his subject almost entirely in an empirical meth-
od. His inferences are drawn from experience, and he tells

his readers whether the results were .satisfactory or otherwise.
The various chapters or articles, as they are called, are on

Foundation Beds, Foundation!;, Concrete, BuildiuK Stones,
Quarrying, Stereotomy, Masonry, String Courses and Cop-
ing, Ice and Wind Pressures, Retaining VValls. Arches, BricU,

Box Culverts, Cements and Hydraulic Limes, Mortar, Sand,
Stability of Piers, VVatersvay in Culverts, Arch Culverts, Cost
of Work, Definitions and Tables, Timber Foundations, Coffer
Dams of Timber, Open Caissons, Cushing Cylinder Piers,

Sounding and Borings, Timber Piers, Framed Trestles, Prop-
erties of Timber, Durability of Timber, Preservation of Tim-
ber, Joints and Fastenings, Trestle Foundations, Timl>er Piles,

Comparative Estimates of Costs of Framed and Pile Trestles,

Embankment of Earth on Swamps, Deep and DilHcult Founda-
tions, Pneumatic Caissons, Caisson Sinking, Combined Crib and
Caisson, All-Iron Piers, Location of Piers, Poetcli Freezing
Process, Quicksands, Foundations for High Buildings, High
Buildings.

All these subjects are treated in a discursive sort of way,
the author bringing together a large amount of his own and
other engineers' experience in the coastruction of foundations.
Excepting jn the discussion of the Theory of Arches, but very
little mathematical elucidation is employed. The illustrations

are nearly all contained in 22 folded plates at the back end of

the book. The defect of these is that their scale is too small.

Apparently the drawings were reduced so that they would
go on a page of the book. The folded sheets afford ample
space for larger illustrations, which would be more satisfac-

tory. A more liberal use of engravings all through the book
would, we think, have added to its value. Take as an exam-
ple the article with the title '' Definitions," which contains ex-
planations of the meaning of such terms as skew-back, arch-

ring, intrados or soffit, etc. A well-executed illustration show-
ing these parts and their relation to others would have made
the whole matter much clearer to the reader, and would have
impressed the matter on his mind much more ineffaceably than
a mere verbal definition can. From the book it may be in-

ferred that the author, like many other civil engineers, is not
a draftsman, and does not think graphically. Altogether it is

an excellent book, and has the great merit of lucidity. It is

very clearly written, easily understood and practical through-
out, and the best book in the language for the student of the
subject to which it relates or for a young engineer engaged in

that kind of work.

Locomotive Rdnnlng Repairs. By L. C. Hitchcock, Gen-
eral Foreman of '"Soo Line" Shops. Terre Haute, Ind. :

Debs Publishing Company. (108 pp., 4X6 in.)

In this little book the author says that it has been his desire
" to give," in language as concise as possible, some methods
of making running repairs on locomotives, which, from per-

sonal observation, he knows to have been productive of good
results," and that " the book is more especially calculated to

benefit machinist apprentices and those inexperienced in this

class of work."
The writer, it is thought, has succeeded admirably in his

purpose. It is clearly written and well illustrated, and all the

instructions aie expressed in language which anj' appren-
tice ought to be able to understand. In the different chapters
the following subjects are discussed : Grinding in Brass Valves,
Cocks, etc. ; Kods, Setting up Wedges, Tramnung ; Springs

;

Setting Slide Valves ; Flange Wear ; Shoes and Wedges
;

Driving Boxes ; Washing Boilers ; Moving Eccentrics ; Back
Cylinder Head ; Guides ; Tire Wear ; A Time-Saving Wheel
Truck ; A Signal Holder.
The author discusses a range of subjects which do not often

receive c jnsideration in other books on the locomotive. He
explains methods and appliances for doing work, and gives
diagrams to show how to proceed, and has that compara-
tively rare faculty of understanding his subject thorough
ly and then of placing himself in the attitude of mind to it

which a person who does not imderstand it must occupy.
He does not waste phrases in talking twaddle, but goes direct-

ly at his subject, with the evident purpose of inserting his own
idea into the head of the fellow he is willing for. Unless Ihat

fellow is a blockhead, Mr. Hitchcock will undoubtedly suc-

ceed in what he aims to do.

His book is well printed on good paper wilh limp covers,

and is designed to be carried in the pocket. It ought to have

a place in the pocket of every apprentice and most of the jour-
neymen in every locomotive shop in the land and out of it.

|"-'

One adverse criticism we feel bound to make. The book' is

bound with wire, and the back is held together as though it

had been riveted in a hydraulic riveting machine. The inside
margin on the i)ages is narrow, so that they are not easily read.
If in another edition the publisher would move the tyi)e out-
ward i in., so as to narrow the outside margin that much and
widen the inside one, it would be a great Improvement.

Ma>u.\i. of Irrib.^tion Engineering. By Herbert M. Wil-
son, C.E. New York : John Wilcv & Sons. (3.51 pp
5f X 9 in.)

This book is intended for irrigation engineers and not for
irrigation farmers It is divided into three parts, which treat
of Hydrography, Canal and Canal Works, and Storage Reser-
voirs. It is illustrated by 39 full-page plates and 100 smaller
engravings. The subject is discussed very fully—sometimes
it is thought too much so. The author often runs into plati-

tudes and fatuitous observations which are exasperating.
Thus, in speaking of the "relation between lands and water
supply," the reader is gravely informed that "in designing
an irrigation work the first consideration is the land to be irri-

gated." In speaking of " survey and alignment" it is said :

" Having determined the source of water supply and its rela-

tion to the irrigable lauds, the third question in order of im
portance is the alignment of the canal ;" and again, " In order
that the best possible alignment may be obtained, careful pre-
liminary and location surveys are necessary ;" and on " obsta-
cles to alignment" it is thought neces.sary to tell irrigation
engineers that " such obstacles as streams, gullies, ravines,
unfavorable or low-lying soil or rock}' barriers, are frequently
encountered in canal alignment." On " curvature" the grave
observation is made that " a direct or straight course is the
most economical." The writer might as well have added a
demonstration that the shortest distance between two points
is a straight line.

The book is, however, full of useful Information mixed with
a good deal of chaff, and will be interesting and useful to all

who are concerned with the subject of which it treats and
which is of rapidly increasing importance.
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TRADE CATALOGUES.

How TO Select Dkawing Lvstuuments, Keuffel & Esser
Company, \21 Fullon Street, New York. This is a small
pamphlet of 13 pages (5J X 8J in.), who.se purpose is indicated
by its title. Il is illustrated by engravings of various kinds of
instruments sold by this Company, and contains many hints
to draftsmen about the choice of instruments.

Messrs. A. WiiiTNEY&SoNs.of Philadelphia, manufacturers
of car wheels, have republished the circular of inquiry of the
Comndttee on Cast Iron Wheels appointed by the Master Car-
Builders' Assoi'iation. with their own reply to the inquiries and
tlu' report of the Committee. The signjlicance of the publica-
tion is the bearing it has on the advantages of a contracting chill

in making C!VSt-iron wheels.

TnE Siemens it Halskb Ei.ecthic Company of America,
whose headquarters are in Chicago, have issued a pamphlet de-
scribing different applications of electric motors to the opera-
tion of machinery under the patent granted to Carl llofman
and Ernest Ricliter, of which the above Company are the as-

signees. The parapldet is intended to e.\plain the application
of the inventions covered by this patent, and the Compan}-
announce that they will issue licenses to use the invention for
a nominal consideration.

Tfte Berlin Bridge Co.mpanv have issued a very neat little
" folder" announcing that their new ('atalogue of over 800
pages, illustrating and describing iron buildings for machine
shops, foundries, rolling mills, casting shops, electric light
and power plants, is now ready for distribution. The e.xpense
of this catalogue is so great, they say, that they cannot alford
to send it broadcast, but to persons who are interested in this

class of work they will take pleasure in mailing a copy if they
so desire.

The Bennett Manupaotuking Company, 1510 Chestnut
Street, Philadelphia. This Company, which is engaged in the
manufacture of Engineers', Draftsmen's, and Architects' In-
struments and Supplies, in the preface to the volume before
us speak of it as their " introductory catalogue." It contains
24 pages (5i X Hi in.) which contain some very excellent en-
grak-ings of the instruments made by them. In the preface
they say :

" Tlic adaptation of aluminum in the manufacture of scien-
tific instruments is original with us, and we arc at present the
sole producers of such goods, ha\ing exclusive advantages in

regard to the treatment and use of- this comparatively new and
wonderful metal which other liouses have not lieen able to
attain. Instruments made of aluminum are cleaner and lighter
and quite as substantial as German silver, besides po.ssessing
the added advantage of being non-corrosive."
We have had the i)rivilege of handling some of these instru-

ments, and they certainly have the merit of being much lighter
than those made of German silver. Some novelties are illus

traled in the catalogue, among them what is called a duplex
pen for drawing heavy and light lines at will, which com-
mends itself at sight to an experienced draftsman.

Cranes and Spkciai, Railway Appliances, as Designed
and Built by the Industrial Works, Bay City, Mich , 107 pp.,
6} XlOi in. This book is another excellent example of the
kind of literature of which our manufacturers are now so pro-
lidc. It is illustrated with the usual half-tone prints, the lirst

two being interior views of their works. These are followed
by illustrations and descriptions of a traveling crane in the
Chicago, Milwaukee & St. I'aul Railway shops, a walking jib

crane, a pillar crane for yard work, a transfer crane for freight

yards or stations, a 35 Ion steam-wrecking crane mounted on
a car, double ivrecking cranes mounted on a long car, a
20 ton construction and yard crane, a locomotive crane, a
steam railway crane, a double hand-wrecking crane mounted
on a car.

In the second division of the book various hints of excava-
tion pile drivers, transfer tables, portable steel rail saws are
described. The book is an indication of the' extent to which
cranes are being employed in this country. Their manufac-
tnr<' is a comparatively new industry, which is or was growing
very rapidly. If this company could only e(pii[> the Senate
chamber in Washington with an overhead eraiu^ with suffi-

cient capacity to lift the members out of the slough into which
they have fallen, the business of crane making would probably
improve.

Gould Coupler Co.mpany. Malleable Iron Works, Depew,
N. Y., Steam p^rge, Buffalo, N. Y. The catalogue of this

Company is a volume of 47 pages, 9 X 12 in. It is elaborately

illustrated with " half-tone" and " wax-process" engravings,
and is printed on heavy coaled paper, in large type, with wide
margins. The frontispiece is a bird's-eye view of the new
Malleable Iron Works at Depew, which is apparently made
from a very good wash drawing. This is followed by views
of the Steam Forge of the Company, maile from photographs.
A brief description of these two establishments follows, giving
their location, size, etc. The next engraving is an end view
of a freight car equipped with the coupler which this com-
pany manufactures. Four full-page engravings show the de-

tached details which are all numbered and their names given
in a printed lis_t opposite. On one page the parls are shown
in outline, and their dimensions are given. ,\ full-page per-

spective view and outline drawings of the details of a tender
coupler are shown.

Similar views and descriptions are also given of the Gould
Pendulum Vestibule and the company's Buffer and Continuous
Platform.
The latter part of the book contains interior views of the

Forge, showing a steam and trip hammer and their products,

consisting of axles, links and pins, etc

BucY'RUS Steam Shovel and Dredge Comp.^ny, South
Milwaukee, Wis. Catalogue Part I, Steam Shovels ; Parts II

and III, Dredging and Excavating Machinery.
Tbe.se books are also 9 X 13 in., the first having 43 and the

latter about twice that number of pages, which are not num-
bered. In the first the works and their location are described.

Seven different forms and sizes of steam shovels mounted on
railroad cars are illustrated by perspective views made from
photographs, and by outline engravings made from drawings.
The construction of these is described in the ])relinunary

pages. There is then a very good view of a Fox pressed steel

truck, and outline engravings of what is called a " land
dredge" mounted on wheels suited to run on a temporary
track. Accounts of the capacity, range of work, and mate-
rial in which it can be advantageously u.sed completes the

volume.
The II and III parts of this Company's catalogue are illus-

trated by similar illustrations to those which have been de-

scribed. There are eight full-page views of different kinds of
dipper dredges— that is, dredges which consist of a dipper or
bucket operated from the end of a boom. Four views of hoist-

ing engines arc shown, one of a .'team cylinder for operating
lioisting frictions of dipper dredge, and another interior view
of a dredge showing the boiler engines and hoisting machinery.
The succeeding part of the book contains 10 very interesting

views made from |diotogra[ibs of dredges which have a series

of buckets operated by an endless belt or chain. Several pages
of details of these machines complete the volume.
The criticism which we feel inclined to make of these publi-

cations is that they do not contain enough descriptive matter.

A novice naturally looks to a book of this kind for information

on the subject to which it relates. It seems as though such a

book ought to contain an elementary treatise on dredging,
showing and explaining what kind and quantity of work can
and caimot be done by sucli maclMne'i, where and how they

can be used to advantage, the jiriiiciiiles of their construction,

their weak and strong points, what those u.sing such machines
should do and what they should avoid, and allliough this need
hardly be pointed out, tlie peculiar points of excellence of the

machines illustrated. Such a treatise would be of permanent
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value to those iaterested in them, and probably no one is more
competent to give such information than the makers of these

machines.
The same Company also send a smaller pamphlet, which de-

scribes the machinery they make for placer mining, which is

somewhat out of our line. The books are all well illustrated,

well printed on good paper, and give an excellent idea of the

general character of the appliances manufactured by this Com-
pany.

* The Dodge Manufactorino Company, of Mishawaka,
Ind., have published what they call a Souvenir Pamphlet of

the World's Columbian Exposition. The striking feature at

the flrst glance is the beautiful color, texture, and typography
of the cover. The paper has a rough surface, the title being
printed in fancy type in dark green ink of some kind which
has a glossy surface.

Z The pamphlet gives a history of this establishment, which
was started in 1878 for the manufacture of " wood hardware."
In 1881 the works were destroyed by fire, and as stated, " cer-

tain pulleys were constructed of wood and with the bushing
system, which proved so satisfactory that it was decided to

make wood pulleys the main feature of manufacture. The
difficulties in the production of wooden pulleys capable of

competing with iron pulleys iu other respects were not over-

come until the ingenuity and skill in this Company produced
the Independence Patent Pulley. One of its pruicipal features

is the system of interchangeable bushings, whereby any pulley

may be fitted to a shaft of any diameter."
At present this Company do an immense business, and have

over 600,000 of them in use. The business has developed to

a tremendous proportion, and is now a distinct branch of

American mechanical engineering.
" Besides wooden pulleys this Company also manufacture a

patent S3'slem of power transmission by manilla rope, a full

line of mill and factory furnishings, such as drop hangers,
post hangers, pillow blocks, floor stands, friction clutches,

etc., all from new designs and patterns.

M Among the illustrations in the book is a view of the interior

of the eugine-room of the works, which is said to be " one of

the finest engine-rooms in the United [States, if not in the

world," and the statement is entirely credible. The walls, ceil-

ing, and floor are elaborately decorated, a highly ornamental
fireplace and a desk give an air of comfort and convenience
which would not be expected in such a place. An American
eagle surmounts the mantel and inspires patriotic feelings.

2 The description of this establishment shows us another in-

stance of how " tall oaks from little acorns grow" in this

country.

jj The Evor.UTioN of Artificial Light. Prom a Pine Knot
to the Pinlsch Light. Compliments of the Passenger Depart
ment Union Pacific System, Omaha, Neb., 109 pp., 5x7} in.

At first sight the puipose of this luxuriously printed book is

not apparent. It is bound on the short side, and is thus what
may be called a dwarf volume. The cover is rough white
paper, with the title printed in colors and gold, and altogether
is very attractive. The titles are respectively. Light of Other
Days ; House Light ; Torches and Lamps ; Candles, Lanterns
and Links ; Oil Light ; Gas Light ; Street Lights ; Beacon
Lights ; The Electric Light ; The Pintsch Light ; Railway
Car Lighting. In these the history of tne vaiious kinds of
lighting is given in considerable detail, and many interesting

facts are related. The purpose of the book is skillfully inter-

woven into the last chapter, in which the method of lighting
the Union Pacific cars with the Pintsch light is described,
which description is succeeded by the statement that " this

great national highway is so well known," etc. Then follows
a description of the line, its attractions, advantages, etc. There
is a map of the line, a view of the mammoth natural gas well
near Salt Lake City, another of a young lady "on the beach
at Garfield," who is displaying her nether limbs rather pro-
miscuously ; a scene near Leadville, Col. ; another of the
loops above Georgetown ; one of Platte Caijon ; the Ames
monument at Sherman, Wyo. ; the great Shoshone Falls, Ida.

;

Cloud Cap Inn, on summit of Mt. Hood ; Mt. Hood itself
;

Echo Canon, Utah ; Witch Rocks, Echo Canon, Utah ; Pulpit
Terraces, in the Yellowstone National Park, which completes
the illustrations.

Z ;The book is a probable forerunner of a kind of composite
literature in which adverli-sements of our leading lines of rail-

road will be interwoven with all kinds of interesting reading
matter. We may have a railroad novel in which the characters
will be skillfully made to speak words of commendation for
the great Cross Cut line. We may have poetry whose meter
will accord with the rattle of rail joints and resound with

praise of the latitudinal road, or a tragedy which may culmi-
nate in a railroad accident on the competing line, with the

principal characters appearing in the last act in various condi-

tions of dismemberment, and expressing remorse that they did

not take the Interpolar route, and wildly imploring every
one else to do the same thing There is no telling what the

authors of this kind of literature may have in store for us.

SANDY SKIRLED AWA' AND DROWNED THE
ELECTRICAL PIANO.

The Chicago Herald of some weeks ago contained an ac-

count of an interesting episode which gave variety to the
monotony from which the exhibitors suffered at times in

the Transportation Building of the great show in Chicago.
Back of the model of the village of Pullman, in this building,

were the exhibits of three manufacturers of car seats. One
was a Philadelphia establishment, the next came from St. Louis,

and the third was from a Chicago house, which was presided over
by a gentleman with a military title and character, and " whose
sunny disposition," the Herald says. " is announced in a smil-

ing face and a full waistcoat." Tiie Philadelphia exhibit was
presided over by an enterprising young gentleman who is very
zealous in the interest of his employers. As we cannot hope
to emulate the graphic style of the Herald's reporter, in describ-

ing the episode referred to, we quote from him, with some
omissions of names, etc.

The Herald says things were getting dull in Transportation
Building when the young gentleman in charge of the Phila-

delphia seats conceived the brilliant idea of attracting attention

to Ids exhH)it by providing music in his booth. The music
had to be cheap, noi.sy, and continuous to suit his idea, and
he considered that he had .s'ruck the very thing when he
leased a piano that is run by electricity. So it came about
that one morning last week the ears of all the exhibitors within
hailing distance of the booth in charge of the enterprising

young gentleman were assailed by the strident notes of
" Maggy Murphy's Home," followed by " Down Went
McGinty," and similar choice selections.

A troubled look came over the genial countenance of our
martial friend when the electrical nuisance broke forth in

melody. The rotund representative of the Chicago patent
reversible chair-car seat leaned back in one of them, thrust

his fingers into his ears and puckered his brows in thought.
Sudden'y his expression changed ; he sprang to his feet,

slapped his leg, and said to himself. " I'll do it."

In a trice he was hurrying to the terminal station, and the

first north-bound Illinois Central express train carried him to

the city, leaving the .young Philadelphian and his piano sur-

rounded by an admirmg crowd, in undisputed possession of

the field. The man of war presently reappeared in the Trans-
portation Building. By his side strode a big, raw-boned
Scotchman. The man from the land of Bobby Burns was
clad in a kilt and wore a Tain o' Shanler, a big green plaid

tartan, and over his shoulder he carried a set of Scottish bag-
pipes.

Our friend from the Quaker City was at lunch when the

Scotchman appeared on the scene, and the electrical piano
was silent. The Commander-in-Chief of the Chicago exhibit

in the mean while deployed the man with the bare legs and the

bagpipes up in the end of his booth near his rival's exhibit,

and after some whispered instructions retreated to his desk,

chuckling to himself meanwhile.
Soon after 1 o'clock the Philadelphian hurried into his

booth, grinned at his friend across the way, and turned loose

the piano. The General sprang to his feet, as the first offen-

sive notes floated out on the hot afternoon air, and shouted,
" Skirl awa', Sandy."
The big piper started " The Campbells are Coming." High

above the brassy rattle of the piano sounded the wailing notes

of the bagpipes. The Quaker music was completely drowned
out. The crowd that had been pressing about the Philadel-

phia booth turned to the new attraction and forgot the old.

Back iu the corner our military friend laughed so immoder-
ately that his face was the color of the crimson plush seat on
which he sat. All the afternoon the fun was kept up. When-
ever the piano began to tinkle the piper began to blow. The
following morning "Sandy" was reinforced by one of his

countrymen, and all day long the man of war and the Scotch-

man had fun with their friend and his automatic music box.

The space about the Chicago exhibit was packed with people,

but it would be difficult to say whether they were most amused
at the pipers or the little fat man who held his sides and
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laughed till the tears ran down his face ever}' time a new tune

was slrucU up.
Whili^ all this was going on the philosopher from the banlss

of the Mississippi, in charge of the St. Ijouis exhibit, was on

gaged in sagi^ cUieiilation (if tlie superiority of the Searritt

seats to admiring erowds, and sliowed conclusively that the

chariot whicli curried Klijali up iiiio heaven by a whirlwind

was provided with one of Iheni. with a llexible back and ad-

justable foot-rests ; and when the I'hiladclphian heard of it, it

is said that " he took hold of his own clothes and rent them
in two pieces."

NOTES AND NEWS.

I A New Explosive.—A commission of German artillery ex-

perts have been tesling a new explosive with which it is pro-

posed to replace gunpowder in the German army. The ex-

plosive is a brown fatty sulistance of the consistency of frozen

oil when exposed in ordinary temperatures. It retains this

consistency up to 112' F. A shock or a spark does not set it

off. When used in guns, the exi)l()sion is <)l)tained through

contact with another chemical compound. The explosion is

almost unaccompanied by smoke, and the detonation is incon-

siderable. The recoil is very slight, even when the heaviest

charge has been used. The explosive does not heat the weapon
sulliciently to cause difficidties in the way of rapid tiring, and

cartridges once used are easily refilled.

For the present rifle the new comjjouud is not available, but

if future tests be as satisfactory as the recent ones, it will be

introduced generally in the artillery branch of the service.

Railroads in Newfoundland.—At present there is a rail-

way, S4 miles long, from St. .John's to Harbor Grace, with a

branch line of 35 miles couueetiug with Placentia. Another

railway has been in the course of construction for over two
years toward the Exploits River and on to Hall's Bay, thus

going northward through the center of the i-sland. About 140

miles of the railway are said to be completed, and the whole

is expected to be laid down by the end of 1894. The new
contract is for a railway of 250 miles to connect these railways

with tlie west coast by way of the Hay of Islands, St. George's

Bay, and Port Basque Bay, in the southwest corner. Thus
the" main part of the island, leaving out the long northern

peninsida. will within a very few years be covered with a net

work of railways, which will leave no excuse for tiie non-

dcveloiiment of "the resources of the interior. That interior is

in manv parts almost unexplored, thougli it is believed to con-

tain mineral and timber resources of which much could be

made. What are the agricultural eaiiabilities of the interior

remain to be seen. Over tlie internal resources of the colony

no foreign nation has any lien ; and the unrestricted develop-

ment of these cannot but place Newfoundlaiul in a condition

of prosperity, which she has never yet attained. The con-

tractors for the new line, who are also to work for 10 years the

Hall's Hay and Placentia Line, seem to have made a very good

bargain for themselves. In addition to the cost of construc-

tion, tliey are to receive two and one-half million acres of land,

with the mineral and timber rights upon it, along the new
line, and a subsidy of ^ISe.OOO per annum for the carriage of

the mails. If tliey set to work in earnest in the development

of their extensive" property the result cannot but be for the

heneQt of the colony at large.— The Lmidon Time.i.

C A Steam Artillery Wagon.—M. Serpollet, who in 1888

brought out his instantaneous steam boiler, has since then

adapted it to a variety of vehicles, including the cycle, phae-

ton, omnibus, and now, at length, the artillery wagon. The
Frencli artillerv wagon is very large, and contains a load of

1,500 kilograinmes. Moreover, it should attain a speed of

eight kilometers an hour, and be able to run for 40 kilometers

without a halt A second wagon is sometimes taken in tow
with a load of 3.000 kilogrammes, and in this ease the speed

ought to be about four kilometers an hour on the average.

M. Serpollet had also to fit the new motive power to the exist-

ing wagons. His motor is capable of supplying 40 1 1. P.,

and the boiler can support a pressure of 35 atmospheres. The
pow(!r api)lie<l to the wagon can be ((uickly inerea.sed to meet

obstructions and other dillicidti<'S of the road, thus inntating

the action of horses. The motor is fixed under the rear of the

wagon, and actuates tlie hind wheels by means of chains.

The weight is balanced by the generator, which is placed in

the front of the wairon. where the proper eontroHin^ appa-

ratus is also situated imder the hands of the driver. Inclines

of 13 in 100 have been successfidly surmounted by the wagon
in several trial runs of 40 kilometers, and the expenditure of

coal at a speed of 14 kilometers an hour was 3.5 kilogrammes
per kilometer, while the consumption of water was 13 kilo-

granunes for the whole run. The weight of the vehicle and
its load was 4,300 kilogrammes. The cost is therefore esti-

mated at one-third of the expen.se of horse traction, and the

steam wagon has this advantage, tliat it recpiires no rest, pro-

vided the'suiiply of fuel and water is kept up. It is probable

that many onuiiliiises and other heavy vehicles in France will

now be ])ropelled on the Serpollet system.

Tube plate Boring-tool.—The accompanying illustration

represents a tool which was jiateuted several years ago. We
have seen it in operation on the continent, anil can answer for

the excellence of the work done by it. The construction will

be clearly understood from the cut. In an outer ea.sing, pro

vided at the top with a shank for insertion in an ordinary dri)

chuck, is a cir(-ular anindar piston, having at its lower en(

the tool holder. In this annular piston works a second small

piston with a stout piston-rod terminating in a hard steel cen-

ter. The space above the two pistons is filled with thick oil.

The area of the annular piston is 2.2 sq. in., that of the smaller

piston 1.8 sq. in.

A TUBE-PLATE BORING TOOL.

The tool is mounted as a drill in any suitable drilling ma-
chine. Tlie centers of tlie holes to be bored are marked deeply

with a center punch. The tool is lowered in the ordinary way
by the mechanism of the machine till the center pres.ses firmly

into one of the punch marks. As the pressure is increased it

is evidt-nt that the external annular piston descends, forcing

the tool against the jdate. The tool revolves and the hole is

cut. and as the center is always firmly pressed against the

plate, the tool turns without any " wobble" or " dither," and
the hole is cut perfectly true. On releasing the pressure the

spiral springs at the sides draw the tool back to its normal
position, 'riie two lower studs to which the springs are at-

tached pass through slots in the outer casing, and the end of

one of them projects into a keyway cut in the piston-rod. so

that all three parts rotate together. The tool and tool holder

are of very simple construction, and will be readil}- under-

stood from the cut.

The Rifle Trenching-tool.—A correspondent of the London
Times writes to that paper ;

" Attempts have often beiin made
to supersede the inde])eiuient trenching-tool at present in use

in the army by one in which the soldier's rifie should be em-
ployed as the" stock or handle. In these attempts the spade

portion has generally been connected up with the barrel of

the rifle, which method is open to objection. A new system,

in which the trenching-tool is connected to the butt-end of tlii^

rifle, has been invented by Captain Leon de Layen. a French
military ollicer who has seen some .service, and was recently

tried on the parade-ground of the Iloiioralile Artillery Com-
pany at Finsbury. The tool consists of a steel spade having

a short square shaft or handle formed upon it, the tool lieing

carried in a leather case on the soldier's lireast. To the stock

of the rifle is attached a steel socket in which the tool is fixed

when wanted for use, being firmly held by a spring catch and
released by the jiressure of the thumb. Equipped with this

tool Captain de Layen went through trenching ami various

other (irills, and demonstrated tliat the tool in no way inter-

fered with the drills, subject to one or two slight .alterations

in them. It was shown tjiat bayonet drill and firing were also

easily performed, while, if the men were surprised at close

quarters during trenching work, the spade attached to the

butt of the rifli' inade a ready weapon in jilace of the bayonet.

The equipment and rille were then transferred to an assistant,

who was given 10 minutes to intrench hinuself. In five min-

utes. In the opinion of some military officers present who had



Vol. LXVII, No. II.] AND RAILROAD JOURNAL. 513

A-

\

seen service, he Iiad thrown up a good shelter, and by the end
of the 10 minutes had well intrenched himself. A squad then
opened fire upon him, and he replied with the trenching-tool
still fixed. The firing party then advanced and lie retired a
given distance, firing on the way, and when the marked point
was reached he commenced to throw up another shelter, which
he sufficiently completed in two minutes, and he then recom-
menced firing on the enemy. The opinion of the officers pres-

ent was that it was an eflicient ttx)l, and that in use it was not
in any way calculated to injure the rifie, which, in working,
is gripped by the breech end of the barrel and the tliroat of

the stock. Th^ leading idea is that every infantry soldier

should become a sapper and miner or an engineer."

On the Life of Iron Bridges.—The following letter has
lately been addressed to a nicmlier of the Glasgow Town
Council by Sir William Arrol :

" I am in receipt of yours of
the 4th inst., and in reply have to .say that if the convener is

under the impression that the life of an iron bridge is only
40 years, he is under a mistake, as the life of an iron bridge
depends entirely on how it is kept and the material with which
it is painted for its preservation. I. may say that in my ex-

perience I have examined a considerable number of iron

bridges, and one I examined was up for 50 years, and the parts

of it which were properly looked after were practically as

good as on the day they left the works. Some three months
ago I examined another brid e over a river ; it had been up
30 years, and had not been painted for IT) years, but there was
very little corrosion, the parts that were rusted were parts

where drips of water had fallen and had not been properly
attended to. Then, again, I examined another a few weeks
ago which has been up 38 years, and every part of that bridge
is practically as good as on the day it was put up. A few
years ago 1 bought the material of the old Hammersmith
Bridge, London, for the purppse of using it as a temporary
plant in the erection of the Forth Bridge. It had been U]i for

63 years, and a great many of the parts had not been painted
since its erection, as it was impossible to get at them

;
yet

these parts were in a good state of preservation—in fact, quite
as good as when they left the works. I took some of the
material with which it had been jiainted to ascertain the reason
for the good state of preservation it was in, and the result of
the analysis was that the material with which it had been
jminted was genuine white lead. You can see from these
sampIesTEaf~aii iron bridge," properly taken care of by those
responsible for it, will last practically for any length of time.

The Bonar Bridge, which we have just replaced, was carried
away bj' the strong Hoods ; it had been up for 80 years. The
iron part of the liridge, which was l.'JO ft. span, was perfectly

good, but the masonry piers got scoured out and washed
away, therefore the iron work fell into the bed of the river

and was destroyed."

Speaking at the Engineering Congress at the World's Fair,

Sir Benjamin Baker stated th.at in examining old wrought-
iron bridges he had found that the bridges had suffered most
at the joints, and not at places where the strain sheets would
show the greatest fatigue. In the case of bridges having
trough floors, for example, he had found that the failures were
serious where the flooring was connected to the webs of the
main girders. lie had seen the web-plates nearly cut through
with the wriggling of the connections, and considered it to be
better practice to put the troughs directly on top of the angle
plates. In other riveted parts he had found the greatest wear
from the loosening of the rivets.

The Phonograph as a Cure for Deafness.—Dr. George A.
Leech recently delivered a lecture at the Leech Institute,

39 West Twenty-seventh .Street, New York, on a new method
of curing deafness by means of the Edison-Leech phonograph.
Illustrations were given of his method of treating deaf patients

by introducing into the ear a vibratory piece of an intensity

sufBcient to cause even deaf-mutes to hear. The New York
Times gives the following report of this lecture :

" I regard the Edison phonograph as the most wonderful
invention of an age remarkable for its great discoveries. It is

the human voice and the human ear rolled into one.
" But it was not designed as an instrument for the cure of

deafness until I invented and applied to it certain apparatus
which makes it complete for that purpose. In order to hear,

it is absolutely necessary that three little bones called the

hammer, anvil, and stirrup, situated in a little cavity known
as the drum or middle ear, should be made to vibrate at a cer-

tain rate of speed."
After explaining how these bones were connected, and the

manner in which soimd was conveyed to the auditory nerve
and brain, he said :

" The speed with which these bones move
varies from 16 to 30,000 times in a second. Vibrations slower

than 16 times a second are not fast enough to be recognized as
so'.md by the human ear. while those exceeding 30,000 vibra-

tions are so rapid as to be beyond its capacity for hearing.
" A person is deaf when the joints of these bones become

stiff and do not respond properly to the vibrations of sound,
and the degree of deafness is measured by the amount of stiff-

ness in these joints.
" The reason why most deaf peojile hear better in a noise,

such as the rumbling of street cars, is because the extraordi-
nary loud sounds falling on the ear compel the bones in the
drum of the ear to vibrate with the required speed to convey
sounds to the brain. In this fact lies one of the secrets of the
method employed for the cure of deafness. We apply in a
.scientific way, by means of the improved phonograph, vibra-
tions of sufficient intensity to move the delicate mechanism of
the human ear. In this way we render the joints in the drum
of the ear movable.

" The principle of treatment employed is the massage, or
mechanical stimulation, and the consequent reawakening of
the sound-conducting apparatus of the ear, by means of vibrat-

ing force. The character, frequency, and intensity of the
vibrations are regulated by the surgeon, according to the ex-
igencies of the case under treatment."

Dr. Leech explained at much length the mech.anism of the
human ear. His .system will soon be introduced into some of
the deaf and dumb institutions, and he feels sanguine that

wonderful cures will be effected.

The Hydrophone.—The principal object of this ingenious
j'et simple apparatus is to give warning to a port or fleet of
the approach of a torpedo-lioat, even if the latter is totally

siibmcrged and therefore quite invisible. It consists essen-

tially of two parts, one submerged in the sea at a proper dis-

tance from the port or fleet to be warned, and at a depth suffi-

cient to escape the surface agitation. This part may be de-
scribed as an iron bell-jar, which, on being plunged mouth
downw.ard into the water, retains a volume of .air in thi^ upper
portion or bottom, where a copper box, protecting the sensi-

tive organ of the apparatus, is fixed. The organ in question
is merely a very delicate vibratory contact, which makes and
breaks an electric circuit connecting the submerged bell with
the indicator or .second part of the hydrophone, situated on
shore or on board orie of the ships of the tieet. The contact is

formed by a flat horizont.al spring fixed at one end and loaded
at the other by a heavy piece of brass, having on its upper
surface a small platinum stud. A fine platinum needle kept
upright bj- a vertical guide rests its lower end loosely on the

pialinimi stud. The needle and the stud are connected in the
electric circuit through the guide and spring, and when the
needle dances on the stud the circuit is made and broken. An
electric current from the ship or shore battery is alw.ajs flow-

ing through the circuit—that is to say, between the submerged
bell and the indicator. Now the propeller of a torpedo-boat
or of a torpedo sets up vibrations in the water, and these,

reaching the submerged bell, agitate the trembling contact, so

that the needle dances on the stud and interrupts the current.

The consequence is that the indicator begins to work and an-

nounces the submarine disturbance. This part of the hydro-
phone consists essentially of an electro-magnet through which
the current passes, with an armature free to oscillate when
the current is rapidly made and broken—that is to say, when
the current becomes intermittent. The motions of this arm.a-

ture can be seen by an observer if he chooses to watch, but
actual observation is not required, for the indicator itself gives

the alarm. This lakes jilace when the swing of the armature
carries it within the attr.-iction of a magnetic contact piece

fixed ni'ar it. The armature is then draw'n to the contact piece

and held f.ast there. The swinging armature and the contact

piece are connected in the circuit of a local battery, and. when
they meet, the current flows to ring an electric bell or light an
electric lamp. The torpedo-boat thus announces its own ar- .

rival on the .scene in spite of itself, and precautions can be
taken against it.

The hydrophone is at present undergoing a practical trial

in the Solent, .and Captain M'Evoy, the inventor, estimates

that three of the instruments suitably placed would be suflS

cient to protect Portsmouth Ilarlior. He is now engaged in

constructing a larger bell than that already submerged, in

order to meet the requirements of the government authorities.

The whole apparatus is beautifully worked out, and compar-
atively inexpensive. Moreover, it is sufficiently sensitive to

announce the passage of steamers a mile distant from the bell.

Obviously such an instrument might also be used for sub-

m.arine signaling, for a ship, by slopping and starting lier

propeller, could send a message in the Morse Code, and the

shore could respond by flashing the electric lamp. In the case

of another ship the response might be made by her propeller.

— The Jjondon Timcs.\



O

O
o
o
l-I

a
O

<
1^

X

a
o

<
E-

D!
a
a
z





5i6 THE AMERICAN ENGINEER [November, 1893.

AMERICAN AND ENGLISH LOCOMOTIVES.

{Continuedfrom page 469.)

OiiK cnjrraviujis illustrating features of construction of EnR-
lish iiiul American locomotives tliis month show the tanks
which are furnished by the Schenectady Locomotive Works
for engines of the type which have been the subject of this

series of articles, and that which is made by Mr. Adams for

the London it Southwestern engine. The following are the

specifications for tlie two tanks :

.\MK.niC.\N TANK.

To be of 3,.")00 galls, capacity, .strongly put together -with

angle-iron corners, and thoroughly braced and stayed, and well

secured to tender frame. Tank fitted with water scoop.

ENGLISH TANK.

The tank to be of the form shown. The tank plates to be
of the Best Best StafTordshire iron. Kach side plate of the

tank is to be in one, i in. thick. The bottom plate of the tank
to Ite l in. thick, jointed as shown, and to form the foot plate

of tender. The jieight of top of foot plate from rail to be 4

ft. lA in The end and front plates to be } in. thick. The top
to be made of two jdatcs /',; in. thick, jointed as shown. A
stilTening ]ilate g in. thick to be riveted to the lop of the tank
at the front end. The tank to be thoroughlj- stayed bj' plates,

angle aud T-irons in the manner shown. The front plate is

to be cut out to form a doorway by coaling, and is to be fitted

witli a door hinged from the bottom and secured at the top by
suitable fastenings. Two wrought-iron toolboxes are to be
provided at the front of the tank, one on each side of the ten-

der. .Vnother tool-iiox is to be fixed across the tank on the top
of the back. All tool-boxes to be fitted with false bottoms,
perforated with small holes, and to be perfectly watertight at

the top ; the tool-boxes are to be provided with padlocks and
keys. The tank to be provided with a manhole or tank filler

and lid 1 ft. 6 in. in diameter, to which is to be attached a suit-

able sieve, as shown. The angle irons throughout to be 2A

in. X '2\ in. X f in. The tank to be riveted up with |-in.

rivets 1^ in pitch, countersunk outside in the sides and end of
the tank. The coping plates which are attached to the sides

and end of the tank to be finished with a wrought-iron half
roun I moulding piece, as shown. A well to be provided 13 ft.

3J in. long, 3 ft. 11 in. broad and 1 ft. G in. deep, of plates ^
in. thick, stayed and riveted in the same way as the tank.
One filling cock for bucket is to be fixed on right-hand side in

front of tank, as shown. A washout plug is to be fitted to the
bottom of the well.

One hand rail is to be fixed on each side of the back of the
tank and is to be finished bright ; four lamp irons to this com-
pany's ])att.ern are to be fixed on the back of the tank and one
lamp iron on each side of the tank, as .shown.

Tlie" well"of the English tank, it will be .seen, is a feature in

which it differs from the American design. This can be used
when the wheels are arranged as in the English tender, but is

impracticable when the tender is carried on trucks, as the
frames, center jilates, etc., of the trucks must be in the space,

or part of it, whicli in the English tank is occupied liy the
well. The latter increases the capacity of the tank, and the
fact that it can be used with the form of running gear em-
ployed under the English tender i; an additional advantage in

its favor l)esides those which have already been pointed out.

Anotlier feature in whicli tliey differ is in their form, the
American tank being bifurcated, the space between the two
legs or branches being available for carrying coal. This,
therefore, rests on the fioor of the tender, where it would s-ecm

that it can Ijc broken and manipidated more conveniently than
on top of the tender, where it must l)c carried in the English
vehicle.

The engravings published this month complete our illustra-

tions of the two engines. The articles will be finished next
month with the specifications, which w'ill be given complete.

NOTES.

A Steel Crank-shaft.—A steel crank-shaft has recently been
turned out at the Bilhlehem Iron Works for the ste.amcr Paris.

It is intended for a spare shaft. The tensile strength is iK).()0()

lljs. per .Square inch. A .5-in. hole lias been bored in it from
end to end.

Large Ship Plates.— Very large ship plates have recently
1k-cii iiiiidc in Kngland for the new steaUKTs of the Chesapeake
i!c Ohio .Steamship Company. These plates are GO ft. in length

bv 4 ft. wide, so that there is but one butt joint in a length of
I'io ft.

The " Polyphemus. "^The most singular .ship in the world
is the Poli/jt/iiunix, of the lUitish Navy. It is sinqily a long
steel tube, deeply buried in the water, the deck rising only
1 ft, above the .sea. It carries no mast or sails, and is used as

a ram aud torpedo boat.

Scrap Iron Chain Cables.— It is stated that the Navy De-
partment will discontinue the use of scrap iron for the manu-
facture of chain cables at the Boston Navy Yard, tests having
shown that chains made from scrap iron are inferior in tensile

strength to tliose made from new bar.

Aluminum Boats.—London Truth, recently referring to this

subject, savs : "It may interest some readers to know that
the launch that has been dispatched to the African lakes was
built by Alessrs. Escher, Wyss & Company, of Zurich. The
boats of this firm are mostly constructed for use with naphtha
engines, but they are equally suitable for steam or electricity,

and we supjiose that rowing boats coidd equally well be nuule
of the .same material."

Blowing Up of Derelicts.—As a result of the recent discus-

sion among the various nations of the world, an order has
been issued to Rear- Admiral Belknap at New London, Conn.,
directing liim to send the dynamite cruiser Vefrniniin on a voy-
age for the jiurpose of blowing 13 derelict %'es,sels that en-
danger navigation. All these ves.sels to whi<-h the Vesuvius is

assigned were wrecked on the Atlantic coast, and nearly all

are adjacent to the New .lerscy shore.

A New " Victoria. "-The contract for the building of one
of the new British ironclads will be placed with Armstrong,
of Newcastle-on-Tyne. The new vessel will be 4,000 tons
heavier than the ill fated Victoria. The specifications contain
several importiint changes in regard to the surplus buoyancy
of the vessel. In speed and power of armament the new war-
ship, which will cost about £1,000,000, will, it is said, be un-
surpassed by any armor clad vessel afloat. It is understood
that the new vessel will be named Vif.toria.

Tank Ship for Cottonseed Oil.—The next novelty in 'the

world of commerce is to be a bulk steamship to carry fotton-

seed oil from the United States to foreign lands. The Ameri-
can Cottonseed Oil Company has contracted with .shipbuilders

on the Clyde for the construction of such a vessel. The new
steamship will have separate compartments for the storage of

the oil, and there will not be such risk as there is in carrying
petroleum in bidk. Every modern improvement will be ap-
plied to the tanker to insure both safety and speed. She will

be owned solely in the United States, but will fly the flag of
Great Britain.

Ferrules for Marine Boilers.—From foreign exchanges it

is learned that ferrules— several forms of which were illus-

trated in the American Engineer for May—have been offi-

cially adopted in the British Navy as a means of strengthen-

ing boiler tubes. The case of low-pressure engines will be
individually considered as occa.sion requires, but in a general
order that has just been issued ships with engines working
with pressures exceeding 90 lbs. per square inch will be fitted

with ferrules as soon as thej' return from foreign service or
there is opportunity to place them in the hands of the dock-
yard officials.

New Steamers for the Hamburg-American Line.—The
Ilamliurg-American Packet Company has recently ordered
five new steamers for their Transatlantic service. Three «f
these will be built at Belfast, one at Stettin, and one at Ham-
burg. They will be 46.5 ft. long, with a beam of Ty'l.m ft., a
depth of 35 ft., and a tonnage of 7,fiOO, with a large freight

capacity and accommodations for a large number of steerage

passengers. They will have the most approved .sjinitary

arrangements for carrying meat and other ixrishablo pro-

visions. Thesis ves.sels will bring the total tonnage up to

206,000, or only l.'),000 tons behind the Peninsular & Oriental

Company, which at present owns the largest tonnage in the

world.

Submarine Sentries.—The lat<'st device in the way of sub-

marine sentries emanates from the brain of a Scotch inventor.

The electric current is eni])loyed to do the work, the ajijiaratus

consisting of submarine wires laid down in the bed of the .sea

or river through which intermittent currents are made to pass.

The.se currents arc detected by means of a detector, which may
be on the ship, or let down by a rope or coiled around the hull

of the vessel. It is claimed that by this means, when a vessel

comes into the neighborhood or over the top of the wires, those

on board can detect the presence of the current, and in conse-
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quence can locate their position. The currents may liave, if

desired, different characteristics, sotliatthe captain may distin-

guish in a fog whetlier the vessel is approacliing a shoal or

other submarine obstruction.

Coaling at Sea.— In connection with this subject the United
Service Gazette (British) says :

" Some interest has been aroused
by experiments which were made during the manoeuvres
with a ' transporter,' the invention of Mr. Temperly, a ship-

owner. Such satisfactory results were obtained that the Ad-
miralty have retained the appliance for further trials. It will

be remembered that coaling at sea was attempted off Madeira
during the manoeuvres of three years ago, the discharging
and receiving vessels being partially protected from one an-

other by rope fenders of prodigious size. However, though
the weather was exceptionally fine, the operation proved both
difficult and dangerous, and the ' transporter ' now under con-

sideration was devised to obviate the necessity for the two
vessels coming to such close quarters. It is composed of an
iron girder about 30 ft. long and fitted as an overhead tram
way, and it enables the two vessels to lie 25 ft. apart. It is

found that with its aid coaling can go on under steam, some
torpedo boats, indeed, receiving their

supplies when proceeding at 10 knots
an hour."

11 knots. Fully $500,000 is necessary to make the Vhicngi)

practically a new vessel.

The Naval Armaments of Europe.—A British Parliamen-
tary paper lias been issued containing a return of seagoing
warships in commission, in rescrpe, and building, and show-
ing the naval expenditure, revenue, tonnage, of mercantile
marine, and value of sea-borne commerce of various countries
for the year 189S ; also a return showing naval expenditure
on seagoing force, the value of sea-borne commerce (exclusive

of interchange with the United Kingdom), and the revenue of
British self-governing colonies for the year 1893. It appears
that Great Britain has in commission 24 battleships, four coast
defense ships (armored), 68 cruisers (armored and unarmored),
and 78 other ships, not torpedo boats ; in reserve 10 battle-

ships, 16 coast defense ships (armored), 49 cruisers (armored
and unarmored), and 50 other ships, not torpedo boats ; and
building and completing for .sea nine battleships, 19 cruisers

(armored and unarmored), and 28 other ships not torpedo
boats. France has in commisbiou 19 battleships, live coast

defense ships (armored). 28 cruisers (armored and unarmored),
and 50 other ships not torpedo boats ; in reserve, five battle-

BAGQAQK LIFT, PLATTSBURQH^DEPOT, tDELAWARE-& HUDSON CANAL CO.

Lengthening a Steamship. — The
London Tinu's is authority for the fol-

lowing information ;
" The North Ger-

man Lloyd mail steamer Bayera has
just undergone an alteration of a kind
that will no doubt be of interest to

shipbuilders and shipowners generally.

This vessel having proved herself rather
too small for the Eastern traffic, her
owners decided to lengthen her by 50
ft., a work requiring six months to

complete, and this has been successfully
accomplished at the shipbuilding yard
of Messrs. Blohm & Voss, at Hamburg.
Being placed in dry dock, the steamer
was severed amidships forward of the
engine-room, and the forepart drawn
forward the required distance by hy-
draulic appliances. A whole compart-
ment, 50 ft. in length, was then built

on between the two portions, and the
necessary strengthening effected

throughout. The Bayera is now 450 ft.

in length, and her carrying capacity for

cargo has been increased by 2,400 cm.
The extra length has also added largely

to the passenger accommodation. It is

stated that the Bayera is the first large ocean steamer in which
such an important and extensive addition has been made. On
her recent trial trip she attained a speed of about 15 knots."

The Condition of the " Chicago."—A press dispalcli says
of this vessel, which is Admiral Erben's flagship, that it will

probably be ordered home late in the fall, it the New York is

ready for foreign service, to undergo extensive repairs to her
boilers and machinery. Surprise was expressed when she was
sent to the Mediterranean. Last December a board reported
the boilers unsafe. A few hundred dollars was expended in

patching them up to last through the naval review,
""When orders came, after the disbanding of the fleet in New
York Harbor, for her to proceed to Europe with Admiral
Erben, the protestations of the engineer officers were loud
against sending a ship with defective boilers to a foreign
station. Her boilers will now only enable her to steam at a
little better than half power, which leaves no boilers for re-

serve steam in case of accident. Of her six boilers, two have
been useless since she left New York. The reports of the
board last December stated that all of them were badly
" fatigued," which means that the plates were in such condi-
tion as to render the boilers liable to explosion without further
warning.
The engines were obsolete at the time the Chicayo was con-

structed, and the boilers insufficient to generate steam to give
her the speed the vessel should make. She has been in com-
mission and on active service for eight years with few rejiairs

to her machinery, and she cannot last much longer as a cruis-
ing ship unle-ss new boilers are supplied. Plans have been
prepared by the Bureau of Sleam Engineering for entire new
engines for the ship. With triple-expansion engines and new
boilers she would be an 18 knot vessel, and one of the most
useful cruisers in the service. Her best' speed now is not over

ships, three coast defense ships (armored), 20 cruisers (armored
and unarmored), and 62 other ships not torpedo boats ; and
building and completing for sea eight battleships, two coast

defense ships (armored), 19 cruisers (armored and unarmored),
and five other ships not torpedo boats. Russia, in commis-
sion, five battleships, nine cruisers (armored and unarmored),

34 other ships not torpedo boats ; in reserve, two battleships,

nine coast defense ships, six cruisers (armored and unarmored),

37 other ships, not torpedo boats ; building and completing
for sea, eight battleships, tour coast defense ships, two cruisers

(armored and unarmored), four other ships not torpedo boats.

Germany, in commission, 11 battleships, 14 cruisers (armored
and unarmored), 19 other ships not torpedo boals ; in reserve,

three battle.shii)s, six coast defense ships (armored), 17 cruisers

(armored and unarmored), five other ships not torpedo boats,

building and completing for sea, seven battleships, three

cruisers (armored and unarmored), one other ship not a torpedo

boat. Italy, in commission, four battleships, eight cruisers

(armored and unarmored), 16 other ships not torjiedo boats
;

in reserve, nine battleships, five coast defense ships (armored),

five cruisers (armored and unarmored), 26 other ships not tor-

pedo boats ; building and completing for sea, four battleships,

13 cruisers (armored and unarmored), three other ships not

torpedo boats. Other countries covered by the returns are

Spain, Austria, Netherlands, Portugal, United States, China,

Japan, Chili, Brazil, Argentine.

SPECIAL TOOLS OF THE DELAWARE & HUD-
SON CA^JAL COMPANY S SHOPS.

HVDUADLIC ELEVATOR AT PLATTSBUUGII DEPOT.

We illustrate a ver^v simple form of hydraulic elevator which
is used for a baggage lift at the Plattsburgh Depot, in which
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a single cylinder, whose stroke is multiplied by 3, is used to

lift tlie Irasgage from tlie station pliitforni to the Itaggage-

rooni. and also for lowuriiig the same. 'I'lii' princiiial feature

of tlie lift is the simplicity of its arranj;emcnt, which consists

of a cylinder 7 ft. 3,-',, in long, bolted to the roof of Ihe bag-

gage room with a piston-rod reaching out and taking hold of

a single sheave, over which the wire rope suspcauling the cage
is pas.sed. One end of the rope is fastened to the ceih'ng of the

room, the other passes over a fixed pulley so that it is deliv-

ered down the center of the elevator shaft. The general

arrangement of piping is clearly shown on the engraving, the

valve being located at the top of tlic shaft and operated by a

lever to which two rods are attached, which have a stop for

shutting off the water at the top and bottom points of the lift

of the cage. One pipe leads into the valve and from it there

are two openings to either end of the cylinder with a discharge
pipe into the sewer.

APPARATDS FOR OII.INO LOCOMOTIVE AXLE BOXES.

There has been a great deal of difficulty exjierienced by all

engine designers and runners of locoiuotives, that are intended
for running long distances at high speeds, in keeping the

driving-boxes cool. Arrangements have heretofore been made
for introducing a stream of water at the top of the axle-box

for cooling off, but this serves merely as a cooler and not as a
lubricant, for unless water is supplied continually and in large

quantities its lubricating qualities are soon worn away. The
instrument which we illustrate, and which has since been put
upon the market by M. O. Ilammett, Troy. N. Y., was designed
by Mr. Cory for use on the through express engines of the

Delaware & Hudson Canal Company, and is so arranged that

a quantity of oil can be thrown on to any one of the axle-boxes
of the engine.

The handle at the top is keyed to the stem, which passes
down through the center of the reservoir and to which the

conical plug-valve is attached. This plug-valve has an o|)en-

ing in one side I), through which the oil passes to the journal

to be lubricated. When it is desired to oil any parlicuhir bear-

ing, the handle C is turned so that the opening D is opposite

the oijcning leading to the particidar pipe A which is to be

used. The oil, in the mean time, has come down through the

downward opening valve and filled the space K. After the

handle has been placed in position the valve handle /''is turned,

admitting steam through the pipe //, which passes up thniugh
the valve /, and entering tlie chamber Ji, by its pressure

closes the valves opening into the reservoir and drives the

oil out through the jiipe A to the bearing upon which it is

injected with a squirt.

The apparatus is the result of long-continued experiments
and careful adjustment, and the reports of its use on the road
are most satisfactory.

THE PHILADELPHIA & READING SHOPS AT
READING.

AXLE LUBRICATOR, DELAWARE & HUDSON CANAL CO

The engraving which we give is a vertical .section of the asked or called

machine, and the prominent part of it consists of a large bra.ss

cylinder 8i in. in diameter and 5 in. deep. The oil is con-
tained in this. From the stand which is cast beneath this

reservoir, pipes are led off as at A A. running to the box that
is to be lubricated. A gaug(!-gla.ss sliown at the right is used
to indicate to the engineer the lic'ight at "which the oil stands
in the reservoir. The filling of the reservoir is accomplished
by unscrewing the cap Ji and jiouring oil into the tube beneath
it, which is provided with a .strainer, so that all extraneous
matter and dirt are removed before being sent to the journals.

The shops of the Philadelphia & Reading Railroad, at

Reading, Pa., were built many years ago, and the calculation

was made at the time of their construction that they were
large enough and could be made to have a capacity for doing
all of the locomotive repairs required by the road until it

shotild have an ownership of 450 locomotives. The road has

outgrown this number by a very considerable amount, and re-

cent reports from the locomotive department show that they

have an ownership of between 700 and 800 engines. The
shops are therefore called upon to keep in repair a number of

(locomotives, at least 50 per cent, in excess

of that which its builders considered their

maximum capacity. The shops occupy
two blocks by the side of the main line

entering the city of Reading, each 200
ft. X 400 ft., and on the opposite side of
the track there is a small space which is

covered by the blacksmith and forge shops.

Like shops of many other roads which have
outgrown their original capacity, the tools

are closely crowded together, and there is

an accumulation of interesting matter
which the new shop, fresh from the hand
of the tool makers, does not possess. We
intend in the course of the next few issues

to illustrate a number of the most interest-

ing of the tools which are to be found in

use in these shops. In work of this kind,

where every inch of space is of the ut-

most value, and where tools must be

worked to the best possible advantage, it

is necessary that the most perfect system
should prevail in regard to the handling of
the work.

Shortly after the adoption of the piece-

work system bj' the Pennsvlvania Road it

was also adopted by the Philadelphia &
Reading, and largely prevails throughout
the shops—in fact, everything is done by
piece-work for which arrangements can
be made. There is necessarily some day-
work in the form of handling of material,

as, for example, it is neccssarv to re-handle

locomotive driver wheels and such classes

of material several times more than it

would be required were better storage

space avaihible. But wherever machine
work or erecting work is to be done the

whole is done by the ])iece. The pattern

shop is about the only exception to this

rule. There is a complete set of lenqilates

and gauges for standardizing all of the

work of the shop, and workmen are not
upon to use their rules except in very

rare instances. Most of the gatiges are of the well-known
types and were nearly all made on the inemises, a verj'

few masU-r jiieces having been bought from the regular

makers. The drawings from which the work is made are

nearly all made to tjie standard si/.e of abciut !U in. X 15

in. These are ke|it filed in books devoted to the dilferent

parts of the engine of which the drawings are made, and
are readily filed away in <lrawers and do not occupy the

space, and an; made more readily accessible than large

and miscellaneous sixes of drawings kept in the ordinary
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method in drawers. Tlie drawings are numbered conseeulire-
ly, regardless of tlie subject of the illustration, and when a
fresli blue print is needed an order is placed upon the blue-

print book ; the boy removes the drawing from tlie tile, makes
a blue print, and returns it lo 1 s place. Changes are made
upon the original tracings, and all previously made blue ])rint.s

are recalled from the siiops and new ones issued. The blue
prints are pasted on sheets of sheet iron and given a coat of

shellac in order that they may be kept wiped clean. Sets of
drawings are issued to each department so that when an order
is sent out the drawing number and blue print number is put
upon it, and it is not difficult for the foreman to select the
drawing which is needed for the work.

Tlie chemical and testing laboratory is also an important
feature of the work, and is modeled after the Pennsylvania
laboratory at Altoona, where the head chemist was previously
employeil. It contains .the usual equipment of such a labora-
tory and one or two novel instruments designed on the prem-
ises, which we will illustrate hereafter.

m

FIG. 1
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mmi MUU

FIG.

3
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FIG. 6

Referring once more to the system of gauges in use on the

road, we would call attention to the method which is used for

lining up the pedestals of engines and the gauges used for that

purpose. Fig. 1 shows a gauge which is made of the exact

size to go between the forward legs of the pedestals of the en-

gine which is to be lined. The point A is placed against a

cube of a standard thickness, which is, in turn, laid against the

leg of the pedestal. Inasmuch as the distance from A to B is

the standard distance which should e.xist between the liners

it will be seen that the distance which exists when the gauge
is in position between the point i? and the leg of the ptdestal

will be the thickness of the liner at that point. This distance
is then taken, and the liners planed up to proper thickness to

it When the liner is planed and put in position, the wedge
with its rough face is bolted up against the opposite leg, and
then a gauge, as shown in tig. 2, is used ; the point ^1 of this

gauge is placed against the liner, and the distance from A to

the point B is equal to the dimensions across the box ; then, as

the point B is in a line with the surface at C, it is used as a
scratch-awl for marking a planing line at the top and bottom
of the wedge. This is carefully noted with a prick punch and
the planing line drawn. After this is done a check line is

marked with a similar gauge one-half inch back from the
planing line. The wedge is then taken down, sent to the
planer and fitted up. The same system is carried on through
all of the legs of the locomotive, and there is, therefore, never

any cutting and trying and fitting to sec that the wedges and
liners are planed up to a proper thickness for the boxes, and
the distance between the wheel centers is also accurately pre-

served. It is only necessary that two opposite faces of one
corresponding portion of the pedestal legs sliould be in line.

In fitting driving-wheels lo their axles the same system of

boring the wheels and turning the axles to gauges is carried
out, and the pressures are made to vary in accordance with
the diameter of the wheel. The following notice is posted on
the driving-wheel press :

STANDING WHEEL PKESSURES.

Driving-wheels 9 tons per 1 in. diameter of axle.j

Truck ." 6 " " " " "
Crank-pins 9 " " " " pin.

Example.— Driving-wheels with 6in. bore for axle should
be put on at a pressure of 6 X 9 tons = 54 tons.

Oraiik-pins with 4-in. diameter for wheels should be put on
at a pressure of 4 X 9 tons = 36 tons.

A comparison of the gauges which are made to do this work
shows that for each inch of diameter the bore in the driving-

wheel should be about .001 in. less than the diameter of the

axle upon which it is lo be placed. Ordinarily for road work
the tires are bored out straight and shrunk into position by the

use of a gas for expanding ; but on switching engines, where
the tires wear out more rapidly, a taper slip tire is used, the

taper being three eighths of an inch in the 5^ in. of width of

the tire. These tires are bored out so as to lit the wheel cen-

ters accurately, and are held in position by set screws passing
through the rim of the wheel and entering the tire from the
inside. By slackening off these screws and striking the lire a
few blows it is very readily removed.

Especial attention is paid to the testing of the steam gauges
for the engines. Very many of the engines have the cab along
on the center of the boiler, so that it is necessary to have two
gauges, one in the engineer's cab and one back by the tender
for the use of the fireman. In order that these gauges may be
kept in proper condition, they are inspected very frequently.

Formerly it was necessary to remove tliem both from the en-

gine and take them to the testing gauge in the shops, but late-

ly a new attachment has been placed upon the boiler so that a

test gauge, which is itself compared very frequently with the

standard test gauge of the shop, can be screwed into this at-

tachment. If the two gauges upon the locomotive register

the same pressure as this test gauge they are considered to be
correct ; if not, they are removed and corrected by the test

gauge in the shop until they show the pressures to which they
are subjected very accurately.

As it is necessary to do a great deal of boiler work in the

erecting shop, it has been found desirable to have rivet heating

furnaces at frequent intervals at the pits over which the en-

gines are run for repairs. There is at one end of the shop a

blower supplying a blast to a pipe running down the whole
length of tlic shop, and from which air is drawn for the

purpose of supplying the Bunsen burners of the tire-heating

apparatus. At nearly every column of the roof bents there is

placed a small cast-iron potlined with fire-brick, into the bot-

tom of which a blast pipe is led from the air pipe running
down the shop, so that whenever any riveting work is required

on any pit there is a small forge close at hand ready for use for

heating rivets or doing any other light blacksmith work that

may be required. These potg are about 18 in. in diameter and
about 22 in. deep. Tlieir tops are about 30 in. from the floor,

and they are so located that they are out of the way of work-
men and do not impede the movements of trucks about the

shops or in and out of the gangways. It is a very great con-

venience, and is very much neater than the ordinary portable

forge, which must be carried to the point at which the work is

to be done.
All of the boiler studs which are put into the boilers are

made with a taper of three-quarters of an inch to the foot, and
taps are so arranged that a workman cuts the thread to the

exact depth necessarj' for the fcrewing-in of the stud without
leaving any threads exposed. This is done by placing a check
nut upon the tcp and screwing it in until this nut comes down
hard against the surface of "the plate. The workman then

knows that he has gone in to the proper depth, and when the

thread is cut upon the threading machine the thread is so cut

by the die that it will exactly fill this hole.

In connection with this matter of tapping out holes in the

boiler we illustrate a special reamer which was designed and
made at this shop for reaming out holes which have been

chipped in a boiler. It is very well known how diflicult it is

to get a lialf rounil reamer to work well in a roughly chipped

hole. No matter how careful the workman may be in its

maniiiulatiou, before the liole is thoroughly reamed out and in

condition for a tap the reamer is sure to catch very many
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times, aud the probability of breaking off the edges is^very

great. Witli the reamer shown this dilTiculty is entirely avoid-
ed. The liole is laid out in the usual manner, and two cross

lioles cut straight with a eape chisel. The corners are then
trimmed off and it is ready for the work of the reamer. Fig.

3 gives a cross section and tig. 4 a side elevation. The smooth
part of the reamer is cut with a thread, .shaped, as shown on
the .side elevation, of about 12 threads to the inch. The cut-

ting portion of the reamiT occupies the other half of the circle.

This device will square itself in the hole if it is handled with
any sort of care, antl it is not neeessarj' to hammer it or crowd
it in any way, as the thread on the smooth portion is suttieient

to draw it down into tlie hole. There is no danger of its

crowding to one side or catching, as tliere are ample cutting
surfaces, and it has uo tendency to work toward the point of
least resistance, as will inevitably be the case with tlie ordi-

nary half reamer.
Another handy tool for use in the blacksmith shop is shown

in fig. 5, which is intended for squaring up the heads of stay

bolts previdus to the cutting of the threads. As it is some-
what exjiensivc to make a set of ilies for use under a steam
hammer, this little device was designed. It consists of two
blocks about I| in. wide and 3i in. long, with tlie square
notches cut in them, as shown by the engraving. These are
weUled to a Btrii>of steel i in. thick and li in. wide bent into a

U form, having a depth of about,30 in. The natural position of

the device is open, throwing the dies up to about 1 in. apart.

The hammerman holds the end of the U in

one hand, and manipulates the hammer lever
with the other. The blacksmith takes the
heated stay-bolt and places it in the dies, which
are struck a sharp blow and t)rought together.
As the hammerhead rises the dies swing apart
and enable the blacksmith to turn his work as
much as may be required. The same principle
is used in making tools for other purposes, such
as putting of rings on to pins, etc.

Fig. 6 gives a detail of a scarf which is

used for the weld that is made in hangers like

those used for coal scales, etc. This scarf
produces not only a very strong weld, but one
which gives a smooth surface on the inside of
the hole. It is, perhaps, a trifle more expen-
sive than a plain flat scarf would be, but it

holds very much better and the work is

smoother. In the blacksmith shop also the
bushings which are used for the spring hanger
pins are made to their projier internal diam-
eter over the mandrils, .so that they do not re-

quire any other finishing for the entrance of
the pins. They are driven over a solid mandril in the machine
shop and turned oflt to their proper diameter. The pins are
also formed in the dies, so that there is no necessity for any
machine w'ork being done upon them.
Any one who is at all sensitive to the effects of sulphur will

at once notice the difference of the atmosphere of the Reading

: Fig. 7-

to visitors who are at all sensitive to the ordinary fumes from
blacksmith coal. A great deal of die work is done in the

Fig. 8.

blacksmith shop and that of the ordinary shop.s. The atmos-
phere is almost as clear as it is out of doors, and even the most
sensitive can spend an indetinite length of time there without
being troubled with the disagreeable "coughing caused by sul-
phur fumes. The reason for this lies in the use of a very close
hood arrange<l over the forge, which is of sitecial design, and
which we will illustrate later, by which the ilraft is so main-
tained that all of the fumes and "products of combustion from
the coal are carrii^d up the stack and into the atmosphere.
This is perhaps a small matter, and may not affect the amount
of work done by the blacksmiths, who .soon become accustomed
to sulphur fumes, but it certainly is a very attractive feature

^305

Fig 9.

blacksmitli^shop, dies being made for almost all of the stand-

ard sized wrenches as well as for some of the heavier work on
cars and locomotives.

We give in rigs. 7 and 8 two samples of wrenches which are

made under the die from spring steel. Two sets of dies are

required for this work. The lirst is simply a cutting die for

shaping the material, and tlie second is used for squeezing it

J
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FRENCH CORRIDOR TRAINS.

We have f reiiueully ailverteil to tlio irraUoiial mode of build-

ing intercomnuiiiicalion carriages. Although it represents a
well-meant attempt to combine the advantages of American
and European rolling stock, it nevertheless constitutes a con-
stant source of danger, for an equal distribution of the weight
on both sides is impossible. This applies more especially to

corridor carriages running on si.\ wheels. Several carriages of
this type have been built lately for English lines. It is a puz-
zle to tind out why our railway engineers did not adhere to the
use of bogies for these cars.

^This system of corridor cars is open to criticism ; but the
one we are going to describe is decidedly the worst combina-
tion that could be imagined.

In 1889 the Paris-Lyons-Mediterranean Railway built and
exhibited intercommunication cars on the corridor system,
running on four-wheel bogies. The corriilor did not extend
over the full length of the train ; it had a Z shape—that is to

say, the corridor extends first up the middle of the car, and
then opens into a transverse passage, to run afterward along
the other half, and on the other side of the carriage.

It does not seem that this design has been successful, for the

Paris-Lyons-Mediterranean C^ompany have recently put on
their lines six-wheel corridor carriages in which the corridors

are all on one side. They are only lirst and seeond-cla.ss, but
we hear that the third-class are also being built. There is.

However, a great difference between these carriages and those
recently built in this country. Tlie innovation consists in re-

taining the doors as they are in the ordinary compartment sys-

tem. In other words, there are in each carriage four sets of
doors : The external ones on each side of the carriages, those
of the compartments opening on the coriidor, and finally those

at each end of the carriage. In other words, access to the

compartments is obtained from either side of the carriages, the

end doors being only a means of communication between one
carriage and the others, For this purpose the end platforms
of tlie carriages are connected by a .small bridge, covered with
a leather awning, which is formed like a concertina, so as to

follow the variations of distance between the cars while the
train is running on cuives, etc. The same arrangement is

used in the German corridor trains.

This design at tirst sight presents some advantages over the

usual corridor trains, but we shall see that these are more
apparent than real. The retaining of side doors of the anti-

quated compartment system will, indeed, facilitate the ingress

and egress of pa.ssengers, while the end doors enable them to

go from one carriage to anollier, or to the dining car, if there
be one fornnng part of the train. But this nuiltiplicity of
doors makes the carriages rather uncomfortable , it weakens
the body, and as the outer doors necessarilj' open outward, the
width of the body had to be reiluced ; it caiuiot be 10 ft., as

in the German corridor carriages. The width of the corridor

is also very much reduced. These cars will, however, be suit-

able for running over the French Northern and the Swiss rail

ways, the boundary line of clear headway of these railways
being somewhat smaller than the German standard one.
" The first-class carriages contain 4 compartments and 25
seats ; the second-class has 5 compartments and 41 seats ; the

)dd seat in both cases being provided at one end of the car,

while the other end is fitted with a lavatoi^' and water-clo.set.

The wheel base of the first-class is 23 ft. 7A in., that of the

second class 23 ft. 8| in. full. No special device is employed
to facilitate tlie inscription of the end axles in curves. The
middle axle has a side play of about 11 in. in a.vle guards, and
the end axle the usual iilay of ;',. in., as in ordinary carriages.

The maximum width of the carriages is 9 ft. 5^ in. full.

Each first class compartment contains six places covered with
gray cloth ; each second-class compartment contains eight
places covered with blue cloth. The first-class seats are also

provided with springs, and a system of jointed levers allows
of the seats being pulled forward so as to render them more
comfortable for night journeys. The internal woodwork is of
mahogany for the first-class and pitch pine for the second-
class.

The lighting is effected by oil gas, the reservoirs being fixed

on the roof of the carriage and extending over its whole
length.

No improved method of car heating has been adopted ; this

company seems to stick to the antiijuated hot-water foot-warm-
er. The renewal of these during the journey entails the same
disadvantages as tho.se prevalent with the compartment s^'stem.

No special means has been provided to lessen vibrations.

The body does not rest directly on the wrought iron under-
frame : pads of India rublier are inserted between the first class

bodies and the sole bars. In the second-class the pads are of

wood. (Why this distinction ?) The springs are 8 ft 3 in.

long, and the plates which compose them are 3-}| in. wide X I
in. thick. We fear these springs will be too stilf.

The wheels, 'S ft. | in. bare, in diameter, are known as Arbel
Patent .\nlil)ust wheels. They are made of wrought iron,

but the space between each two spokes is fitted externally with
a web, which causes the wheels to look like plain disk wheels.

They are very strong, and do not churn the air as spoke wheels
do. The journals are 3\^ in. in diameter, and 7.21 in. long.

We will conclude with the following particulars :

1st Clase. 3d Class.

Length over buffers 38 ft. 8i in. 40 ft. | in. full
" ofbody 34 •• 5.4" 35"!) " "

Internal height 9 " 5i " 9 " 5i
"

Weight, empty 15.84 tons 15.80 tons

Dead weight per passenger. . 12.65 cwts. 7.7 cwts.

The carriages are also fitted with the Westinghouse system
of pneumatic intercommunication, whereby a passenger can in

a case of emergency put the brake partly on without, however,
stopping the train, thereby warning the driver that .something
is wrong in the train. This system and that of Wanger are

largely adopted in France, and are far superior to electric and
other systems of intercommunication, which are not connect-
ed with the continuous brake.— T/ie Railway Press.

THE HANDLING OF FUEL ON THE FRENCH,
ENGLISH AND BELGIAN RAILWAYS.*

By M. Julli.\n.

TiiK fuel burned by locomotive engines represents a consid-

erable proportion of the expense of the mechanical depart-

ment, and one which it is very desirable should be reduced as

much as possible. These expenses may be divided into three

heads :

L Purchase of the coal.

2. Transportation to the points of consumption.
3. The different methods which are used to place the coal

when it has reached its distributing point on the cars into the

tenders on the locomotive engines.

The subject of the devices which shall be used for the con-

veyance of the coal from the ears to the tenders at the stations

or yards where this is done will be the subject of this paper.

This niani|)ulalion includes the following operations :

1. Shunting of the loaded cars upon the tracks of the yard.

2. Unloading of these cars either into heaps or into the lor-

ries which are used for carrying the coal to the tenders.

3. The loading of the tenders by means of these lorries,

which are filled either directly from the car or from the heaps.

The shunting of the cars is almost entirely engine work. In

every yard the service is always so regulated that the cars can

be hauled by locomotive engines upon the tracks of the coal-

ing station and as convenient as possible to the placeof unload-

ing. But the brakeman or workmen in the j ard are always
obliged to do a jiortion of this work to a greater or less ex-

tent by pushing the cars to the exact point of unloading. This
last operation is very expensive, although it does not generally

figure in the expen.se account. But it is none the less certain

that whether the method adopted in the yard is piece work or

done by the day, it is necessary to take this supplementary
work into account both in the price paid and in the number of

workmen employed. It is, therefore, of the utmost impor-
tance when the arrangements of the tracks of a yard are taken
into consideration, to so locate them that the movements of

the cars shall be as easy as they can be made, and shall be

carried on as far as possible with engines.

Before entering into the details of these different operations,

it is well to note how they can be simplitied every time it is

necessar.y to take coal from the car and put it directly into the

tender ; as we shall see further on, the ease of handling will

in this case be diminished by one half. But it is not always
possible to work in this way ; for example, when the coals used

only make a good fuel when nnxed with others in proportions

which have been established by experience, or when the irreg-

ularity of shipments compels the holding of considerable quan-
tity in stock, necessitating the handling for tilling up the

storage place and removing it from these same places when
shipments are stopped. We therefore see how important the

regularity in shipments are from the standpoint of expense of

handling.
The different systems of handling used to carry the fuel from

the cars to the tend(^rs, whether or not by way of storage

heaps, may be divided into two classes :

* Revue Qenerale des Ch&nins de Fer.
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(A) Handling effected without tlie use of fuel plntforms or

coal tips. The coal being placed in lorries, baskets or bins,

and conveyed to the tender cither by hand or mechanical ap-

pliances.

(li) Handling which is accomplished by mesins of an inter-

mediate discharge into baskets or bins placed upon a fuel

platform or coal tip, whence the fuel is then taken to be

dumiied into the tenders, these dilTcrent operations being

made as before indicated by men or mechanical [lower.

It is hardly necessary to say that in these two systems, if it

is rciiuired to make a preliminary unloading on to heaps, that

this unloading is always done without the intervention of a

taken from heaps. Aa almost all the fuel put into the

tender was first unloaded into the heaps, we can say that every

ton of coal delivered to the tender costs ^.095 for handling, to

which must be added the expense of operating and maintain-

ing the crane. The table wliich is given below and which
was furnished liy M. de Bousquet, Engineer inChief of loco-

motives an<l rolling slock, gives a verv e.xact idea of the actual

co.st of handling in the difTerent yards of the Northern Koad,

showing a comparison with the expense in 188.5, when the

mechaidciil devices were not in use, as well as the time and
expense saved by the methods to which w(; are devoting our
attention :

COMPARISON OP EXPENSE FOR HANDLING FUEL.

In 1886. last year when all the handling was done liy hand.
In 1889, year when mechanical bundlm;; was in operation at La Chapelle, Fives, La Plaine, Somain, Amiens and Teri^ier.

The Dkpot.
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method is applicable at stations which have, as almost all

those of the Northern Railway Company have, several enter

ing tracks which are located between the coal piles or the

sidings for the cars ; there is, therefore, no disadvantage in

having engines come in on the track which is used by the

crane. On the other hand, at those stations where the heap of

coal is scattered over the whole extent of the yard it cannot be

traversed or served by tracks which can be used for engines, so

that the use of the crane is not applicable to loading upon the

tender. To conclude the consideration of the methods of the

Northern Road, it only remains to speak of the night work and
the quantity of coal handled.
Night work is especially easy to accomplish by means of

the crane ; it is suHicient to place a brilliant light on a post—

a

locomotive headlight, for example—so that the manipulator of

the crane can handle the tubs and locate them expeditiously

and safely. By placing another light of the same brilliancy

near the workmen who are tilling the tubs, the whole work of

filling and uidoading can be carried on in the best possible

manner.
It is difficult to determine the number of lul)s delivered by

the crane by taking the number of turns made by the hoisting

shaft ; on the other hand, the use of tubs of different capaci-

ties, which may even be tilled to a greater or less extent,

may so complicate matters that the number of turns made by
the hoisting shaft, even admitting that it is proportional to the

number of tubs hoisted, would not bear a proper relation-

the third for freight engines. These piles are composed of

mixtures made according to the instructions of the head of

motive power department and according to the shipments as

they arrive.

There are always six piles : three for distributing on one side

and three being built up on the other ; the size of the piles is

therefore proportional to the amount of fuel for distribution

which they contain. The work in the yard is regularly done
by six men—a crane man and five laborers. It is often neces-

sary, nevertheless, to supplement them by extra help if the re-

ceipts are too great.

The plant includes a crane of one ton capacity, having a

swing of ae ft. 3 in. and a height of lift of 9 ft. 10 in. This

crane was not built for this especial purpose, but was in use in

one of the shops and was utilized for this purpose ; five De-

cauville coal tubs of 1,100 lbs. capacity are used both for load-

ing and unloading ; five Decauville lorries whose holders have

been removed and replaced by wooden chock blocks upon
which the tubs can be placed and carried to any point what-

ever of the yard. The operations when working are as fol-

lows :

Unloading on to the Coal Heaps.—K\\ the unloading of the

small pieces into heaps is done with a shovel ; the crane is

only employed for unloading cars containing large lump coal.

To unload they proceed as follows :

Suppose that heap No. 1 is for distribution and No. 2 is

being ;built up, the crane is located on track 23 and two cars

TrasLii-

Fio. 1.—CHAUMONT COALING STATION, EASTERN RAILWAY OF FRANCE.

ship to the quantity of coal handled. Under these circum-
stances it is necessary to refer to the note-book of the crane-

man to learn the number of tubs of each capacity which has
been lifted during the day, and to the reports of the inspector
who has charge of the loading of the tubs. It is probable that

the oversight thus exercised maj' give satisfactory results

where large quantities are handled and where we can take the
average capacity of the tub as a basis of our calculations. But
it may be permitted to ask whether it is sufficient to determine
with perfect accuracy the amount of fuel delivered to each
engine which has been loaded during the day.

Arrangements of the Eastern Railway Company. —The use of

mechanical methods for handling fuel at other coaling stations

was only begun about two years ago, so that the system which
we are about to describe is one of recent installation and only
exists at asingle station—that of Chaumont—where it is in full

operation.

The principle which seems to have been adopted is the fol-

lowing : on account of the mixing which must be done, all the
fuel is unloaded into heaps as in the Northern Railway. The
only exception is in the case of briquettes, which are loaded
from the car into the tender as far as it is possible. The coal

piles are bounded on one side by a track or two parallel tracks

for sorting out or switching cars, and on the other side by
three parallel tracks, the nearest,one to the coirl piles being usetl

for the movements of the crane following the movement of

the wagons in unloading, and the furthest one for the move-
ment of engines. The arrangements of the tracks at the
Chaumont Depot are those given in fig. 1. At this depot the
yard has been doubled, and its ranges of coal heaps have been
made on either side of the tracks of the cranes, cars and en-

gines ; on one side there are the heaps which are being built

up, and on the other those from which supplies are being
drawn. With this .arrangement they have found it necessary
to lay a fourth track for unloading cars, as will be noted further
on.

The Chaumont Station distributes 80 tons of coal, including
briquettes, daily. The coal is always divided into three dis-

tinct piles : one for highspeed passenger engines, the other
for engines hauling local and accommodation passenger trains.

are switched in upon track 18 in the most favorable position

for unloading. Two men are stationed on each car with a tub,

and tlie duties of the fifth man are to take care of the unload-
ing of the tub. The rest of the working is the same as upon
the Northern Road—that is, the crane lifts a fuel tub from
each car in succession, carries it to the coal heap and empties
it there and carries it back to the car. The unloading of the
two cars in this case is the most favorable possible, but occupies

a little longer time than on the Northern Road, or from five to

six minutes, on account of the capacity of the tubs, which only
contain one-half ton. But a more unfavorable condition of

affairs frequently occurs when it is necessary to unload the

fuel at a point more than 26 ft. from the crane ; in this case it

is necessary to use lorries. The crane deposits the tub upon the

framing of these lorries, and a man pushes them to the point

where tliey are to be unloaded. The time occupied in this way
is very frequently doubled.

For loading on the tender the crane is moved on to track 18

and the engines are run in on track 20, stopping within the

radius of the action of the crane. This loading is done in

exactly the same manner as on the Northern Road. The time

occupied is practically the same, and it requires about 2^ min-
utes to load a ton of coal on the tender, except in cases where
it is necessary to use the lorries to go after the fuel and bring

it within reach of the crane ; but such cases as these are rare,

for the men bring the coal within reach with shovels during
that time of the day when there is nothing else to do. The
briquettes are loaded by hand, so that they may not be broken.

We can see, then, that in its general arrangement this Eastern

yard does not differ practically from those of the Northern
Road ; for unloading cars the crane docs not stand upon the

same track as the cars. This is because it is essential that the

crane should be able to move freely from track 22 to 18 and
inversely accordingly as there is a car to unload or an engine

to coal ; it is for this reason that they have laid a fourth track

for storing the cars. E'raclically, however, the crane is very

rarely moved, for they only use it for imloading when there

are long intervals between the successive coaling of two loco-

motives. As for the supervision of the.work it is more imper-

fect than on the Northern Road, since the crane has no revolu-
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tion counter. Every time that the depot master or the gang
foremiiu wishes to verify the wort;, a tub is talien at haphazard
and placed on tlie scales, just as tliey would do if they were
working with biUsUcts. Piece woik has not yet been estab-

lished at theOliauniont Station, so that it cannot be determined

as yet wliethei there is any economy resulting from this new
system. The gang has been diminished by two men since the

p'lant was instalk'd. and the workmen are paid but S 80 per

day. Yet the saving which is elTected may be estimated from
the following figures : In 1880 the yard delivered ai.lJIi'J tons

of coal to locomotives, and the expense of doing this was
$2,074.69. which corresponds to an e.\pense of S-08 per ton, to

whicli $.004 iier ton must be added for the maintenance and
repairs of baskets and other miscellaneous expense, giving a

total of S.084 per ton. In 1889, 39,591 tons were delivered to

locomotives, and the expense for this work w.as $2,067.66,

which corresponds to an expense of |.07, to which must be
added $.01 for the expense of operation and maintaining the

crane, or $.08 in all.

We therefore see that the saving is not very great ; and it is

solely on account of the slight amount of work which is done
at this depot that permitted this loading with baskets to be

accomplished with such a small gang, and, conseiiuently, at

such slight expense. The system adopted by the Eastern

Road has all the disadvantages of the Northern. It requires

a number of tracks for the engines. There is no guarantee
that the mixture of the coals is well done in the coal piles, and
it does not permit of an easy supervision over the quantity of

fuel handled. Furthermore, the necessity for moving the

crane and the use of lorries are also marks of inferiority. It

is true that the first could be easily done away with by em-
ploying two cranes, as is done on the Northern Road.

(to be continxied.)

wedges, which give the rail an inclination of one in twenty,
prevent all contact of metallic surface, which is an advan-
tage from the standpoint of the preservation of the traek

material and the smoothness of running. The rails, which
have a length of HO ft. 4.5 in. and weigh W( lbs. per yard, n st

upon 1() ties. They are laid with suspemled joint.s and broken.
A luHulred of these ties have been in use for about eight
years, and have giveti satisfactory results.

MetidUc Tie itsed un the Tumen it Embresin Raiiirnji in Bel-

gium.—The accompanying engraving shows the metallic track

which is used on the Taviers ifc Embresin Railway in Belgium.
This railway, which has a length of 6.2 mile.s, starts from the

Noville-Taviers .Station of the Belgian State Railway, running
from Namur to Ramillies. and is of a purely local interest ; it

is a single track, with the standard .gavige of 2 ft 4 in. between
the inside edges of the rails. These are of the Vignole type,

and have a length of 29 ft. 6.3 in., weighing 2S lbs. to the

yard ; each rail rests upon four ties which weigh 46.:) lbs.

each, and it has supported Joints. The ballast consists of

ashes and broken stone, with a depth of 10 in. in thickness.

The inclinations of the cross section of the Tavieis ct Embresin
Railway do not exceed li per cent., and the up-and-down
grades are separated from each other by level places of at lejist

164 ft. in length. The sharpest curves have a radius of not
less than 328 ft. on the main line, and where there are two
curves following each other in the opposite directions there is

a straight line of at least 104 ft. in length between the two. The
daily number of trains running over the road is 13 passenger and
6 freight trains. The maximum authoii/.ed speed is miles an
hour. The metallic ties are composed, as the engraving shows,
of old iron rails cut to a length of 4 ft. 11 in. and fastened to-

gether in pairs by means of wrought-iron chairs weighing 8.8

lbs. each and held by rivets, their upper surface having an in-

clination_of_one_in.twenty.

CROSS SiCTiON OF TIE CADSS SECTION OF R-^L SHOWING fASTtNINO

METALLIC TIE USED ON THEiTAVIERS &, EMBRESIN RAILWAY, BELGIUM.

TESTS OF METALLIC TIES ON THE EASTERN
.RAILWAY OF FRANCE.

By G. Braet.

-1 The Guillaume Tie.—'V\iC Eastern Railway of France, which
in 1865 made some experiments with different tj-pes of metal-

lic ties, paying especial attention to the Vautherin form, has

recently resumed its experiments with a new type, in which it

is sought to obtain a means of avoiding the disadvantages

which were manifested in the first attempts,

rrhis new tie, inventeil by M. Guillaume, and which we will

describe, is .shown in the accompanying engraving ; its trans-

verse section is in the form of a trough resting upon a plane

surface, and it is entirely embedded in the balla.st. The ends

are turned down and oppose the movements due to the side

thrust or the hindrance which the bidlast can offer in the direc-

tion of least resistance. The rail attachments are made of

movable lugs of cast steel, which are simply caught by their

two tenons into the body of the tie. Finally, the holding

down of the rails against these lugs is obtained by driving

wooden wedges madiTof creosoted elm tightly in between the

upper surface of the tie and the flange of the rails. These

The rails are held to these chairs by means of clips and bolts.

On curves the rails rest on nine ties instead of four, and under

the s\ipp()rting surface of the chair there are stay-bolts for

maintaining llie distance between the two lines of rails con-

stant.

This track was laid in 1887, and, according to the reports

which have been furnished me by the company, the results

obtained up to the present have been very satisfactory from

the stanilpoint of firmness of the .seating of the tra(-k and from

that of the expense of maintenance, which has been almost

nothing since the substitution of these metallic ties for the

wooden which were previously used.

LEAD-PENCILS.

All engineers use black lead pencils, yet very few know
precisely how they are made. They take them as a niatter of

course, and so long as they are good they care very little about

where they come from or "the manner of their proibiclion ;
and

yet the manufacture of black lead--plumbago—pencils in-

volves the use of ingenious if simi)ln machinery, and presents

many points of much interest. A short description of the
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process as carried on in Cumberland in the present day will

not be out of phice in our pages.

When the first bliick lead-pencil was made is unknown.

That is a secret locked up in the treasure house of history. In

a book on fossils by one Conrad Gesner, of Zurich, written in

the year ir)65, reference is made to an article bearing strong

resemblance to a bl.ack lead-pencil. About thi.s date was dis-

covered the famous Cumberland " lead" mine at Borrowdale,

and in all probability Conrad Gesner referred to one of the

first specimens made in that district. It has been asserted that

a manuscript of the thirteenth century by Theopuilus shows

signs of having been ruled with black lead ; but as the fact is not

well established, we may accept the date of Gesner's book as

tlie probable birth time of pencils.

It is said that plumbago was first found on the roads m Cum-
berland. The carious black stuff that made marks so easily

attracted attention. It was searched for and found in stones

used for making fences Cumberland fashion at the roadside.

Then inquiry was pushed further, and finally the Borrowdale

mine vvns opened The discovery of the mine was a source of
' Elftvation

trated by the breakdown of the machines under the required

pressure. The air in the powder prevented cohesion. He
then hit on the idea of conducting the same operation in vacuo.

As it was found impossible to introduce the compressing ma-

chinery under the bell of the air-pump, he adopted the follow-

ing ingenious method : The powdered graphite was formed

into a cake under a moderate pressure ; over its entire surface

was then glued thin paper ; in one side was pierced a small

hole. The block was then introduced into the exh.austing

chamber, and all the air and moisture removed. While still

in the vacuum the small hole was covered by an adhesive wafer.

The block was withdrawn and subjected to a regulated press-

ure, and an artificial block of graphite was produced. A num-
ber of these blocks were then glued to a thin toard. The
larger block this formed was cut into thin sheets, which were

passed to the " fitter." This operative had before him a num-
ber of grooved slips of cedar or juniper wood, prepared to form

the body of the pencil. Into the groove he inserted the edge

of one of the thin graphite sheets, which he then snapped off

level with the surface, leaving a strip of lead in the groove.

THE GUILLAUME TIEJUSED ON THEfEASTERN RAILWAY OFJfFRANCE.

lued (he other portionjof^the'pencil to the
considerable wealth to the owners, as the plumbago was found

in such a pure state and in such large pieces that it had mere-

ly to be cut into long narrow bars by means of fine saws and

be immediately mounted in wooden cases. The loss, of course,

was exceedingly great, and as small specimens were practi-

cally useless, the surface lead was rapidly exhausted. The

mine was pushed further, and certain curious restrictions were

put on its working. Once a year it was opened for a short

time, and as much taken out as woidd suffice to meet the de-

mand. But these restrictions were u.seless ;
plumbago was

found elsewhere, and it can now be imported from Ceylon

and sold for less money than the Borrowdale lead costs. In-

deed, it is doubtful if more than an insignificant quantity exists

in Borrowdale. Next, as it had become evident that there was

a great demand for lead-pencils, both on the Continent and in

England, inventors sought to discover a means of solidifying

the waste powder into' lumps from which the bars could be

cut. To Mr. Brockedon in England, and M. Conte in France,

are due the honor of the discovery of the two methods which

obtained. M. Conte's system is still in use, and indeed very

soon after its publication superseded the English sy.stem.

Mr. Brockedon, having reduced the waste plumbago to a

very fine powder, tried to conglomerate it into a solid homo-

geneous block by great pressure. All his attempts were frus-

Another operative i,
.— , , , ..

first piece, thus completely encasing the lead. In succeecling

operations the pencil was roundedjand polished.

The method devised by M. Conte in 1795 of utilizing the

waste plumbago obtains, as we have said, in the present day.

The principle in brief is to mix intimately with the finely pow-

dered mineral a certain proportion of a pure clay, or clay con-

taining the smallest proportion of calcareous or silicious mat-

ter which acts as binding and gives aggregation and solidity

to the powder. The .same system is employed for the forma-

tion of colored crayons, as well as for black lead-pcnci s. M.

Conte prepared the clay on a gravitation principle. The clay

comin'' from the pits was stirred for some time in a large

quantity of water. It was then allowed to settle, and the

supernatant milky liquid was drawn off by a siphon froni near

the clay surface into another vessel. This milky fluid was

again allowed to settle and again the liquid drawn off, till a

very fine clay only was deposited from the tmal drawing

This was then intimately mixed with a certain proportion of

purified and calcined plumbago, on the quantity of clay de-

pending the hardness of the pencil. M. Conte obtained ad-

mirable results with as much as three parts of clay to two of

plumbago ; a fine paste was thus produced. So far this sys-

tem is used in the present time ; the manufacture of the pen-
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cils proper Uiis been considerably modified. Before describing

it wo will, however, roughly sketch the old F>ench method.
The pnstc was now rubbed into grooves in a board, which was
then covered by a Bat board screwed firmly to the first, and
the whole put aside to dry. This it did slowly, as only the

ends of the sticks were exposed ; but as tliey dried they shrunk,
and allowed the air to reach the inlerior parts. \Vlun thej-

were completely dry. the leads shook Ciisily out of the grooves.

They were then subjected to a very high heat, and afterward
were ready for insertion in their wooden cjises. By these two
metho<ls square leads only could be manufactured ; but by
employing round holes pierced in a metal block, through
which the paste was pushed, instead of grooves in wood, Si.

Conte constructed round leads.

Not far from the Keswick railway stsition is situated the

Greta Pencil Works of Messrs. Banks & Co. The river Greta
passing under it supplies the building at once with a name and
motive power Two 12ft. breast water-wheels, -set at right

angles to each other in the basement, drive the shafting by
means of spur gearing. The establishment is not a large one
—not more than about 50 hands finding employment there

;

among tlii'se are several women. It was established in 1832,

and at that time was able to procure lead from the mines in the

district. They are now, unfortunulel}-, nearly exhausted, and
plumbago h:is, as we have said, to be imported from Ceylon.

The first process, conducted in the lower part of the build-

ing, is to grind the material between French burrs ; for fine

leads this operation has to be continued from three to four
weeks, the paste^water is employed— being returned over and
over again, till it is judged to be of a sufticiently fine and even
texture. The stones have to be frequently redressed, as the
surfaces become highly polished.

^^-^

"^ CUTTING EDGE

LEAD-PENCIL CUTTERS.

"The paste thus prepared is then dried in pans in an oven
beside a coke fire for about 24 hours. It is then broken
into small pieces and passed between steel rollers, which re-

duce it again to an even consistency. Afterward it is mixed
with carefully prepared clay, on the proportion of the con-
stituents depending the hardness of the finished lead. Thence
the pa.ste is piissed into a small vertical cylinder, in the bottom
of which is screwed a plug having pierced through it a hole of
the diameter or section of the desired leads. A piston, actuat-
ed by a powerful multipljing gear and screw, is caused to de-

scend, and presses the paste in a long string throiigh the small
orifice at the bottom of the cylinder. An operative breaks off

lengths of about 2 ft. of this in his fingers, and arranges them
in grooves in a horizontal board. If the finished leads are des-

tined for use in pencil cases, the strings thus placed are cut
off into the requisite lengths with a knife, on a Ixiard on which
the different lengths are indicated by scratches. The leads
are then allowed to dry naturally for some time, afterward
they are roasted for a short period in the oven, and finally,

packed on end in iron cases, are subjected to a very high tem-
Iierature in a furnace. The leads for pencil cases are then put,
a number at a time, into a " wobbling" tray, where they be-

come highly polished by rubbing against each other. They
have then only to be packed. The leads to be mountefl in

wood, omitting this polishing operation, pa-ss to another de-
partment, where the operatives place them in grooves in slips

of cedar wood. The wood being well glued first, then the
leads, which are taken in small bundles between the thumb
and fingers, and dipped first one end and then the other in

boiling glue, thesurplusof the mucilage Ixing rubbed off with
the other hand, are laid in place, anil a similar grooved or flat

slip of cedar—depending on the section of the lead, as will be
explained later—is placed on the first. These slips are then

clamped, a number at a time, in iron frames, and placed aside

to dry.

We must now look back at the manufacture of the grooved
slips. The cedar is reduced by circular saws from the balks

in which it is received into small pieces of short length, and
presenting a section sufficient to make 24 complete jwu-

cils of the ordinary size ; six pencils to be cut out of the

width. Tliesc blocks are again cut into thin slips by a circu-

lar saw. On one side of each slip along its whole length is cut
by small circular saw a narrow groove at a certam distance

from one edge ; this groove serves as a guide through succeed-
ing operations. The opposite side is then planed by a rotating

cutter, and six grooves cut down its length by .saws. If the

case is for scjuare leads, the grooves thus cut are of square sec-

tion ; if for round leads, of semicircular section. These are

the slips that then pa.ss to the gluing-up room, and for the

square leads are covered by thinner slips, and for the round by
a similar grooved piece.

When the glue has thoroughly set, the slips pass to the
rounding machine. This machine is of very simple construc-

tion. The tool consists of two semicircular pieces of steel, in

diameter perhaps 4 in., whicli arc set eccentrically on a sjiindle

rotating at a high speed. The accompanying sketch will give

an idea of the tool. In the periphery of these iiieces are formeil

grooves, presenting half the circumference of a pencil section.

The operation is evident. The slips, fed one after another
along a steel table under the tool, are first corrugated on one
side ; the operation being repeated on the other side, six circular

sticks are produced at once. The succeeding operations are then
cutting to length, sand-papering, and polishing, which are

done by hand, four or five pencils being in treatment at a
time, stamping the maker's name, etc. When this is to be

done in gold, a woman rubs some bronze powder with a brush
over the part to Ik; stamped, a die actuated by a screw is then
caused to descend on the pencil and impresses the letters : a
row of small gas jets on each side of the machine slightly

warms the die, which melts the varnish and causes the gold to

adhere ; the waste powder is rubbed off with a cloth.

On common pencils— joiners', etc.—where the name is not

gilt, an apparatus is used which performs the operation in-

stantaneousl)'. It consists merely of two small wheels, one
above the other in the same plane. The lower one is grooved
to guide the pencil, and rotates. Around a portion of the

periphery of the up]ier one are cut the letters to be stamiied.

On the spindle of this one is a small crank, which, in connec-
tion with a spring and cord, always pulls the disk back to its

starting position. A spring also presses the upper wheel tow-
ard the lower, but not to touch it. The pencil end being in-

serted between the two. the pencil is at once snapped in,

stamped, and ejected into a drawer placed to receive it.

Since the supply of Cumlx'rland lead has failed it has In-

come exceeding!}' difficult to make small establishments in this

district pay, especially when they have to face not only an inter-

nal competition, but a foreign also, from such houses as Johann
Faber's, of Nuremberg. This famous house was established in

1761. In 1885, we believe we are right in -saying, there were
engaged directly and indirectly in that bu,siness on the ("onti-

nent 5,000 persons, turning out pencils at the rate of 250,000,-

000 annually, a (luanlity worth about $20,000,000.

It may be interesting to know that all the wa-ste from the

Keswick establishment is sent to Alierdeen. where it is em-
ployed in the manufactvire of rough felt. This waste consists

not only of outer shavings and sawdust, but of pieces of pen-

cils which are rejected its being unsound on account of knots
and defects in the wooil. The felt is used principally for lay-

ing under carpets, the pleasant smell of the cedar rendering

the felt popular.

—

Kngiiuer.

PRACTICAL TRAINING OF STATE ENGINEERS
IN WURTEMBERG.

The praclic^al training of engineers who intend to join the

service of a State railway or other State concern has of late

years been the object of serious consideriition in Germany. It

does not appear that universities and higher technical schools

have been able to give anything like a training sufliciently

practical for the requirements of the Public Works Depart-

ments, and this luis led the Prussian State, and more recently

that of Wurteniberg, to issue special prescriptions on this im-

portant matter.
The decisions arrived at refer both to civil and mechanical

engineers. We will examine more especially the principal

features of the prescriptions of the State of Wurteml)erg relat-

ing to the training of mechanical engineers who wish to enter

the service of the State.
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These came in force on June 1, 1893, and were issued by tlie

Minister of Foreign Affairs conjointly with the Ministers for

Education and Finance.
Mechanical engineers intending to join the service of the

State must have liad tliree years' practical experience in an
establishment belonging to the State. These three years com-
prise : 1. A year's practical work in a worksliop previous to

the passing of the first State examination in mathematical and
physical sciences. 2. After the passing of this first State ex-

amination, two years' work in the supervision, accounts,

stores and other departments connected with the State work-
shops ; the greater part of this second period is spent in the

study and designing of new machinery, and also in assisting

the higher oflicials, or in the management of the works.
Those who wish to join tlie railway service must serve three

months on a locomotive engine, and at the end of that time
must be able to show that they can drive locomotives and
trains.

The time spent in the supervision and accounts of a work-
shop must be six months. That spent in the designing of ma-
chinery and mechanical installations must be at least twelve
months. The duration of the candidate's employment in an
administration, or in the managing office of works, shall be at

least three months. It will be understood that these various

stages of the training have for their purpose to familiarize the

candidate with practical work, and he is not to be employed in

any responsil)le capacity unless circumstances absolutely

justify it.

The work done in the shop has for its purpose to enable the

candidate to acquire a practical knowledge of the branch he in-

tends to select. He must acquire skill in the manipulation of

the various tools, so as to be able to manufacture, himself, the

engine parts, and get acquainted with the difficult points of the
execution of the same.

Great stress is laid upon a sound knowledge of materials and
their behavior when they are being worked upon, on the use
of machine tools, the forms of engine parts, and the construc-

tive dcelopment of the same. In this respect it is advisable

that some time should be spent in the foundry and pattern

shop.
The time spent in the workshop will enable the candidate to

become acquainted with workmen and the conditions under
which they have to work. It will also enable him to form a

judgment about them and to learn how to treat them.
The time spent in the fitting shop must be six months at

least ; that in the foundry, two months. If the candidate has
already some knowle<lge of pattern making, he need not spend
more than a month in the foundry. A month or two must be
spent in the smithy and in tlie lathe shops.

No remuneration is given to the candidate who is under-
going, in a State concern, the first year of his practical train-

ing. The first j'ear over, the candidate is then entitled to sit

for the first State examination. It will be noted that the time
specified in the above looks somewhat too short ; but it must
be remembered that the thorough technical education already
acquired in the higher schools, previous to entering the work-
shops, is sure to prove of valuable assistance to the candidate
when he enters the workshops.
The length of these various stages must naturally depend

upon the career wliich the candidate intends to follow. It is

the intention of the legislature that the education of the future
engineer should be of a more specialized nature than that pre-

viously obtained in the university or higher technical school.

Those who intend to enter the carriage department need not
go into the locomotive erecting shop, but devote most of their

time to the practical study of that particular branch of rolling

stock manufacture. This is all the more wise, as we know
that a good locomotive engineer seldom makes a good carriage

superintendent. We have already mentioned that those who
have selected the career of locomotive engineer have to serve

three months on an engine; the usual driver's examination is,

however, in this case, limited to the driving of engines ; for

the candidate is supposed to know all about the working and
construction of locomotives. A certificate stating that the can-
didate has acquired the necessary knowledge to drive an en-

gine is duly delivered to him upon the completion of the
period. During the six months' service spent in the manag-
ing and account department of a workshop, the candidate
must be under the supervision of the workshop manager or
director. The latter must impart to him all the necessary
knowledge concerning the duties and responsibilities of the

foreman of such a State workshop. The young engineer must
be placed in a position to form an idea of the capacity of the

workshop and its appliances, of the abilities of the operatives,

and the quantity of work they can individually turn out. He
will further have to take part in the inspection and testing of

new or repaired engines, carriages, etc. The keeping of work-

shop accounts must also be explained to him, so that he may
be able for a short time to undertake the duties, or assist the
foreman of a small department ; but the latter test should not
occupy more than the last three months of the first stage of
the second period of practical training. A certificate will then
be delivered to the candidate, stating how the time has been
spent, and in what works. It will also state what amount of

practical knowledge has been obtained during that time.

Then comes a period of at least twelve months to be spent in

the designing of engines and mechanical installations. The
candidate will be entrusted more particularly with the prepara-
tion of working drawings for the department or branch he has
selected.

Three months may be spent in the inspection and reception

of the materials at the works, which are supplied by contractors

or others to the State railwa5' or other department, where the
candidate is undergoing his two last years of practical train-

ing.

The greater portion of the twelve months must, however, be
spent in llie designing of machinery and mechanical installa-

tions. The three months spent in an administration have for

their purpose to familiarize the young engineer with the work-
ing, aftribdtions of the administration, and their management
of the whole concern. Some time must be spent in the regis-

tering, secretary's, and revising offices. The drawing up of

specifications, contracts, and agreements, must be rendered
familiar to the candidate. The administration deliver a certifi-

cate as to the time spent in their offices.

During this second part of his practical training the young
engineer receives a salary commensurate with the services he
is able to render, and the regulations in force. But no salary

is paid to him during the time spent in the administration,

unless he is entrusted with special work requiring a special

staff.

This completes the three years' practical training, and the

candidate can sit for the final State examination, which, if suc-

cessfully passed, qualifies liim for the post of government en-

gineer. "The practical training may take place in private con-

cerns ; but certain formalities and prescriptions have to be
fulfilled before the certificates delivered by such concerns en-

title the candidate to pass the first and second State examina-
tions.

It must not be thought that the granting of these certificates,

and the successful passing of the final State examination are

for the object of putting at the heads of various State depart-

ments comparatively inexperienced young men. The success-

ful students are simply entitled to a responsible position in the

State services which require a superior education and technical

knowledge. They have to work their way up in the usual

manner.

—

Railway Herald.

TRIAL OF SCHNEIDER'S NICKEL-STEEL AR-
MOR FOR RUSSIA.

An excellent statement of the conditions of a recent trial of

nickel-steel armor, at Creusot, for the new Russian battleship

Tria SoiatiteUa (Three Saints) appeared in the Times of Septem-

bei 9, 1893. The plate measured 8 ft. X 8 ft. X 15.9 in. It,

therefore, probably weighed nearly 18i tons. The conditions

of acceptance were that it should receive four blows from

Holtzer projectiles of chrome steel, weighing 317 lbs. each,

fired from a 9.4-in. gun, with a striking velocity of 1,945 foot-

seconds, without any portion of the plate being broken off,

while in no case should the " base of the projectile" enter 7.8

in., measured from the face. The exact words used are " pene-

trate the target to a depth of as much as 7.8 in." The four

rounds were delivered at the corners of an imaginary square

of 4 ft. sides.

Round 1 : Had a velocity of 2,001 foot seconds ;
the shot's

point entered 14.1 in., and the projectile rebounded " with the

point smashed, and the shoulder somewhat set up." " The
target showed three very fine cracks running from the wound.

"

Round 2 : Striking velocity, 1,948 foot-seconds ;
penetration

of point, 10.9 in. The projectile rebounded, broken into

numerous fragments. Three fine cracks, as before, were devel-

oped in the plate.

Round 8 : Striking velocity, 1,923 foot-seconds ;
penetra-

tion of point, 14 in. The projectile rebounded with the head

smashed, and the cylindrical part somewhat set up. A single

fine crack was developed.
Round 4 : Striking velocity, 1,962 foot-seconds ;

penetra-

tion of point, 9.9 in. The projectile rebounded, broken into

numerous fragments. There were no fresh cracks, and the

old ones were not increased.

At the back the bulges behind the points of impact varied

from 1 in. to 1.7 in. high. Behind 1 and 3 were some fine cracks.
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We presume that this plate passed the test. To Messrs.
Schneider is the credit due of having first applied nickel to the
manufacture of armor, and having been long the sole manu-
facturers of through st«el armor, which is now universally ap-

proved. Rare indeed is it for Messrs. Schneider to make a bad
plate, and this plate is a very good one indeed. Messrs. Holt-
zer's projectiles have long been taken as the standard of high-
est e.\eelience. These facts being so, it is interesting to com-
pare the above trial with recent American and English results.

In a trial which took place at Indian Head on July 11, 1893, a
Bethlehem all steel nickel plate, 17 in. thick, was attacked liy

a 12-in. gun, firing forged steel Carpenter projectiles with
varying velocities. The second round most nearly correspond-
ed to the results now before us. The velocity was much
lower—namely, 1,495 foot-seconds ; but the theoretical penetra-
tion and the shock per ton were not so much less as to prevent
comparison. On the English system the theoretical conditions
are as follows : Schneider plate, third round, theoretical per-

foration through iron 17.36 in., the plate being 1.5.9 in. thick.

Bethlehem plate, second round, theoretical perforation 19.18

in., the plate being 17 in. thick. The energies per ton of plate

were respectively 483 and 435 foot-tons. The Schneider plate

was therefore more severely tried as to fracture, and it may
be noted that it exhibited a slight hair crack. The shot en-

tered much more deeply in the Bethlehem, which, we think,

was decidedly softer than Schneider's ; undoubtedly both
plates were excellent. To come to the projectiles, it can hardly
escape observation that Iloltzer's larger projectiles do not he-

have as well as those for his 6-in. gun. It may be well ex-

pecting a good deal to ask that 9.4-in. projectiles should re-

bound intact after impact at over 1,900 ft. velocity on steel,

although the 6-in. projectiles will often do this. The Carpen-
ter 12 in. projectiles rebounded apparently uninjured from the

Bethlehem plate at, after striking, 1,838 ft. velocity. It may
be urged that the Bethlehem plate was rather softer, and at

this velocity it was overmatched. Still, making all allowance,
the fact remains that, putting fracture aside, the Iloltzer 8-in.

projectiles at Indian Head, America, have been regularly and
symmetrically setting up, and here, on this occasion, the 9.4-in.

projectiles in two cases set up as well as breaking up. A pro-

jectile ought not to set up under any circumstances. Conse-
quently, we think that Iloltzer's larger projectiles cannot at

present claim at all the high character that the 6-in. ones have
maintained.— 7'he Engineer.

EXPRESS PASSENGER ENGINE FOR LEHIGH
VALLEY RAILROAD.

The engine which we illustrate with a full-page, half-tone,

and other engravings, is one which was designed and built

some time since by Mr. .lohn I. Kinsey. Master Mechanic of
the Leiiigh Valley Railroad at the South Easton shops. The
general outline of the engine is one which has become very
familiar to those who are in the habit of traveling over the
anthracite roads of Eastern Pennsylvania, where the cab is

located well to the front over the forward driving-wheels. In
this position of the cab the engine rides remarkably easily, and
is well adapted for fiist running. In this engine, as in all

of the other engines of the Lehigh Valley Road, anthracite
coal is the fuel used. The engine was employed for some
time by the Philadelphia & Reading Rjiilroad, in hauling their

fast express trains of the Royal Blue Line from Jersey City
to Philadelphia, and gave remarkably good results. In that
there was no ditliculty with hot journals and insufficient gener-
ation of steam, the engine hauling the trains at various speeds
ranging from 55 to 75 miles per hour between stations.

Below we give a list of the general dimensions of the en-
gine :

Gauge of road 4 ft. 81 in.

Total weight of engine in working order 108.640 lbs.

Weight on driving wheels 77,616 lbs.

Weight on truck 31,034 lbs.

Total wheel-base 21 ft. f in.

Distance between centers of driving-wheels 7 ft.

Length of main connecting-rod center to center. . 7 ft. 2 in.

Transverse distance from center to center of cyl-

inders 6 ft. fin.

CYLINDERS, VALVE, ETC.

Diameter of cylinders 19 in.

Stroke of piston 26 in.

Diameter of piston-rod 3J in.

WHEELS, ETC.

Diameter of driving-wheels outside of tires 5 ft. 8 in.

Diameter of truck wheels 28 in.

Driving axle journal 7J in. diam., 8 in. long.

Size of truck axle 4J in. diam., 6f in. long.

Size of main crank pin journal 4i in. diam., 2$ in. long.

Size of coupling-rod journals 3i in. diam., 3| in. long.

Length of driver-springs from center to center of

hangers '8 ft. 8 in.

REAR ELEVATION. CROSS-BECTInN THROUGH MAIN
DRIVING AXLE.

EXPRESS PASSENGER LOCOMOTIVE, LEHIGH VALLEY R. R.

General description Straight top.

Inside diameter of smallest boiler ring 5% in.

Material of barrel and boiler Steel.

Thickness of plates in barrel of boiler nt in-

Kind of horizontal seams Lap, double riveted.

Kind of circumferential seams .Double riveted.

Material of tubes Iron.

Number of lubes 263.

Diameter of tul)es outside 2 in.

Distance from center to center of tubes 2f
Length of tubes over tube plates 12 ft. 1

Length of fire box 9 ft. 6^'

Width of fire-box 6 ft. 8

in.

in.

in.

in.

in.

in.

-in in.

f in.

Ti in.

i in.

Maximum depth of fire-box 54|
Water space around fire-box 3^
Thickness of plates inside of fire-box

Thickness of plate back end of fire-box

Thickness of crown plate

Thickness of tube plates

Method of staying crown sheet Crown bars.

Inside diameter of dome 28 in.

Height of dome 20 in.

Kind of grate Water bars and removable shaking bars.

Total healing surface 1,575.93 sq. ft.

Kind of exhaust nozzle Double.
Diameter of e.xhaust nozzle 3f in.

Smallest inside diameter of stack 17^ in.

Height from top of rails to top of stack 14 ft. 6 in.

Height top of rails to center of boiler 8 ft 10 in.

Grate area 63.61 sij. ft.

It will be noticed that in the arrangement of the tubes they
are placed in horizontal lines rather than vertical, which is in
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accordance with tlie oUler methods of tube arrangements,

but ivhicli has been varied b_v other designers of hito j-ears,

althougli it is the same as that whicli is used by "Sir. ]5uchanan

in the engine wliieli we iUuslrate of English and American
locomotives. The general appearance of llie Wootten lire box
has been retained, and the staying of llie sheets has been ac-

complished in the usual manner of running braces back to the

shell. Sta_vs are droppcil down als;) from tlie side of the shell

of the donie to the crown bars. Tlie outsiile shell of the tire-

box, which comes opposite the .^eams and opens at the upper
end of the inside shell, is braced liy angle plates riveletl on,

and the stay-bolt for the crown sheet is thrown out so that it

enters the crown sheet nearly square, and runs into llie outer

CROSS-SECTION THROITGH CYLINDERS. FRONT.EI.EVATIoN.

EXPRESS PASSENGER LOCOMOTIVE, LEHIGH VALLEY R. R.

sheet of the firebox at a considerable angle. Tlu^ spacing be-

tween the stay-phites at the outer shell at this point is 7| in.

This point is also staj'ed Uy a connection between the angle

plate, which is riveted to the outside shell, and the crown bars,

as shown in tlu; cross-section of the boiler.

The mud ring is planed off on the corners so that there is a

smooth lap for the outside sheet of the tire-box, and the trouble

of making a tight joint at this point is to a great extent over-

come, although it requires very careful titling of the sheet

that it anil the i)laned off portion should (it. The forward tube

sheet is slaye(l above the tubes by angle plates riveted across,

as shown in the end elevation, and brac'cs running hack to the-

shell, as already descrilied. Tliere are II) water grates, each

9 ft. n in. long, and the crown bars arc 4J X 'ii in., varying

in length from "lO to 62 in.

PROGRESS IN FLYING MACHINES.

By O. Chanutk, C.E.

(Continuedfrom page 48.3.)

Havino thus designed and built his apparatus, the next

point for M. Muxim to consider was how to gel il up into the

air, how to control it while sailing, and how to alight witli it

safely. To this he has evidently given much Ihouirlit, and in

an article published by him in the (limniopfdildii .\fiii/iiziin' for

June, 1893, he thus describes what course he would pursue if

a sum of $100,000 were placed at his disposal, for con.structing

and experimenting a successful tlying machine ; which course

seems to be so carefully planned that we may fairly assume
that il is the one determined upon by M. JIfaaim for experi-

ments with his own actual machine.
The machine slionld be run around the one mile track at all

speeds, from 30 miles per hour to 100 miles per hour, and the

power actually reipiired should be carefully noled. These
runs would enable us to ascertain how our piiiups worked at

high speed, and how much our screws jMisheil, and if we put

a "brake to the wheels we should find out the slip of the

screws. We could also ascertain the <'flieiency of our con-

ilenser at various speeds, and the temiicrature of the water

could be taken. In order to run on a railway track, the ma-
iliine, of course, must lie provided with wheels, and two sets

of these would be necessary ; one .set should be of great

weight, so as to hold the machine down when running on the

triw^k, and the other .set should be light, for actual Hying.

Springs should b(^ interposed between the axletrees and the

niachine, after the manner of railw.ay carriages, and there

should be attached above each -wheel some sort of an index or

indicator to show the exact load resting on each wheel. When
all the parts of tlie machine had been made to ojicrate smooth-

Iv and siitisfaetorily. the silk could b(! placed on the aerojilanes,

and then our serimis experiments might be said to commence.
We should tirst begin by running slowly—say at the rate of

30 miles jicr hour—and carefully note the lift on the indexes

over each wheel. If we found that with a speed of 20 miles

an hour, three fourths of the load was lifted olf the forward

axletree, and only one-fourth otl the hind one, then we should

change the center of weight further forward, so as to bring it

as ne^ir as possible vmder the center of ctTort or lift. We should

then make another trial, and if we found that the lift was
equal both fore and aft, we should increase the speed very

carefully, gradually observing the lift at the four corners of

the machine, until the whole weight of the machine was sup-

ported by the aerojilane, and the whole weight of the wheels

(about one ton) by the railway track. Then, when there was
neither lift nor load on either wheel, we might consider that

we hail nrriveil at a .stage in our experiments where we could

turn our attention to the subject of steering.

A boat has to be steered in only one (iirection—namely, a

horizontal direelion, to the right or to the left. A locomotive

torptilo or a tlying machine must be steered in two directions

—

right or left, or up or down. We should experiment with the

more dillicult one at tirst—namely, the up and down or vertical

direction. We should attach two long arms to our aeroplane

in such a manner that they would project a considerable di.s-

tanee in the rear of the machine. To these arms we should

pivot a very large and light silk-covered rudder and connect

it with ropes, .so that it could be turned uji or down by a small

windlass from the machine. We should then take a run on

the track and see if the changing the angle of this rudder

would increase or diminish the load on the forward or hind

wheels. If we found that il would do this, but not sutlicienlly

.so, we should attach another rudder in exactly the same man-
ner to the forward end of the machine. .Suppose that, at a

speed of ;?"> miles pvr hour, with both rudders set at the same
angle as the aeroplane, we should tind that the whole weight

of the mncliiiie was carried by the aero|ilane and the whole

weierht of the wheels (2,000 lbs.) by the track, we could then

consider that the adjustment of our load was correct, and that

the center of weight was directly under the center of elfort for

a speed of 35 mili-s an hour. We should then elevate the front

edge of the forward rudder and depress the front edge of the

rear rudder ; this would cause the machine to lift on the for-

ward axletree and the rear end of the machine to jircss on the

hind axletree. If we found by changing the angle of the rud-

ders that the load could be increased or diminished on either

axletree to the extent of \'> per cent, of our whole load, we
could consider that this pliase of the problem was solved.

For hori/iintal steering we should try tirst the elTe(-l of the

screws. There should be a three-way valve in the steam pipe

conni'Ctcd with a lever, so that we should be able to jiartly

close olT the steam from the engine ol one screw, and turn

more steam on to the other. This would probably be all that

would be found necessary ; if not. we should try rudders.

To ]irevent the niaeliinr from swaying in the air. the aero-

plane should so lie eonstriicted that lio matter in which direc-

tion il tilted it would diminish the lifting jiower of the lifted

part and increase thelifling powerof the depressed part. This

Idicdral side wings) would be simple and automatic ;
more-

over, the stability of the machine could be still further in-

creased by having the center of gravity much below the cen-

ter of lift.

llavinir all things in readiness, the heavy wheels should be

removed and the light ones put on ; and taking one man with
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us to attend to the two horizontal rudders and to keep the ma-
chine on an even keel,* we should take our first fly, running
the engines and doing the right and left steering ourselves. A
day should be selected when there was a fresh hreeze of about
10 miles per hour. We should first travel slowly aroiud the
circular railway until we came near that part of the track in

which we should face the wind. Tlie speed sliould tliun be in-

creased until it attained a velocit)* of 88 or 40 miles an hour.
This would lift the machiue off the track and probably would
slightly change the center of effort. This, however, would be
quickly corrected by the man at the wheel. While the ma-
chine was still in the air careful e.xperiments should be tried

in regard to tlie action of the rudders ; it should be ascertained
to what degree they had to be tilted in order to produce the
desired effect on the machine. The macliiiie should also be
run at a speed less than 35 miles per hour in order to allow it

to approach the earth gradually ; then the speed should be in-

creased again to more than 35 miles an hour in order to rise, at

the same time trying the effect of running one propeller faster

than the other, to ascertain to what e.xtent this would have to

be done in order to cause the machine to turn to the right or to

the left. If the macliiae should be constructed .so that each
particular foot of its surface carried a load of 1 lb. 2 oz., and
if we should stop the engine dead and allow the machine to

fall, it would approach the earth at a speed of 15 miles an hour,
or one mile in four minutes. This evidently would cause a
considerable shock, and unless there was a good deal of elas-

ticity to the parts and a good deal of travel between the axle-

trees and the machine, the shock would probably be sufficient

to distort or injure some part of the light structure. But it is

not necessary to approach the earth directly. Professor Lang-
ley found in liis experiments that when a horizontal plane was
travelling rapidly through the air, it approached the earth as
though it were " settling through Jelly."
A large field as near our railway as possible should be select-

ed for alighting, and having approached the field so as to be
facing the wind, we should gradually descend b}- slowing up
the engines, and finally alight while tlie machine was still ad-
vancing at the rate of 30 miles an hour. If the wind should
be blowing at tlie rate of 10 miles an hour the machine would
approach the earth very gradually indeed, so that all shock
would be avoided. It would only require a few yards of com-
paratively smooth ground to run on after alighting, in order
that there should be no disagreeable shock or danger.
The cost of these experimenta, would be from $50,000 to

$100,000, and the time required would be two years.

It will be noted how complicated and delicate these various
adjustments must necessarily be, and how many different, parts
must be made to do their work perfectly before it can be safe
to venture into the air. The aeroplane surfaces must be pre-
vented from altering their shapes at varying speeds, the rud-
ders must be made to maintain the course automatically, the
engine must be goveined as to speed, the boiler and gas jet

flames must be regulated b}- the consumption of steam, and
the condenser must be efllcient at all temperatures of the air,

as well as at all speeds. Moreover, and most important, no
part must break under varying strains, and the equipoise must
be maintained.
These are formidable and yet indispensable requirements,

well calculated to appall the boldest inventor ; for while with
an experimental model an accident is of little consequence and
is easily repaired, with an actual flying machine an accident
will probably prove disastrous, even if the inventor does not lose
his life.

M. Maxim, therefore, has acted most wisely in taking plenty
of time and in testing his apparatus in every way before ven-
turing to leave the ground with it. Having completed it so
that it was ready for the hazard of actual trial, he next experi-
mented with it under conditions of comparative safety, and
opened up the chapter of accidents.

The first dilHcull^' he met with occurred through the break-
ing of some of the wire stays. These had been made of steel

high in carbon in order to secure great tensile strength, and
they proved brittle. From a private letter from M. Maxim.
dated October 6th, 1893, the writer is permitted to give tlie fol-

lowing extract, wliicli gives also a most interesting and hith-
erto unpublished description of the steam-engine and boiler,

which constitute thus far the great achievement of M. Maxim :

The steam generator is constructed somewhat on the Thorney-
croft principle, e.xcept that the tubes are much lighter and thin-
ner and have a greater number of sinuosities in them. In the
Thorneycroft boiler the distributing water tubes at the bottom
are of considerable size and of great weight. In my engine
they are only 3i in. in diameter and 1| mm. in thickness. The

* M. Maxim has since added the gyrostat.

downtake for the water is only 3 in. in diameter, and instead
of having two. as with the Thorneycroft boiler, there is one,
which branches oft' like the inverted letter Y. In the Thorney-
croft boiler the difference in gravity of the water in the hot in-

terior tubes and in the two external ones, which are not heated, is

the only means of keeping up the circulation ; but as all the
passage-ways for water are very large, this is sufficient.

Suppose that in my system I am using steam at 300 lbs.

pressure to the square inch ; I have my water at a pressure of
335 lbs. to the square inch, and the water escapes through a
species of automatic injector, and in falling 35 lbs. in pressure
does a certain amount of work oh the surrounding water.
The cold water going in from the pump is therefore made to
combine with the hot water in the downtake. This increases
the gravity of the water and at the same time causes a very
rapid forced circulation. No matter to what extent the fire

may be forced, the water has to go through in any event. All
the water that is coming in from the pump, as well as all of
the water that it takes along with it from the top separating
drum, from which the steam is taken, is forced through the hot
tubes. The nozzle through which the incoming water escapes
from the higher to the lower pressure is provided with a spring,
which always keeps a difference in pressure of about 35 lbs. ;

whether the quantity of water pressing in is large or small, the
difference is always the same. A very convenient apparatus
is attached to the feed water pipe, by which it is possible to
see at a glance exactly how many pounds of water per hour
are entering the boiler. Directly over the boiler proper there
is another series of very small copper tubes through which the
water passes before entering the boiler proper, therefore prod-
ucts of combustion, after passing between the tubes of the
boiler, are brought in contact with the incoming water before
escaping. This so reduces the temperature of the escaping
products of combustion that Brunswick black or linseed-oil

are not burned off the smoke-stack.
For a fuel I employ naphtha of 73° Beaume. This naphtha

is pumped into a small vertical boiler heated with a part of its

own contents.

The vapors from the boiler are led directly to an air injector,

where they escape under a pressure of 35 lbs. to the square inch.
The mixture of air and gas is then burned through rather more
than 6,000 gas jets under the boiler. Steam might be also
mi.xed if required. The distributing of the flame is very even,
and it is possible to fill the whole fire-box with a purple flame.
The regulating of the supply of naphtha is controlled by the
weight of the gas generator ; if the weight of the generator is

too great, it operates upon a ratchet, which shortens the stroke
of the pump ; if it is too light, a spring raises the generator
and its contents, when the ratchet operates in a contrary direc-

tion and increases the .stroke of the pump. In this way the
quantity of naphtha in the boiler is kept constant. The tire is

regulated not only by the pressure in the boiler, but b}' a ther-

mostatic regulator also. The feed-water pump is also regulat-
ed by changing the length of the stroke.

The engines are compound, and have a peculiar arrangement
placed in a connection between the high and low-pressure cyl-

inders in such a manner that if the pressure in the boiler rises

above 300 lbs. to the square inch the steam is shunted past the
high-pressure cylinder and enters the low-pressure cylinder,

and it is arranged in such a manner that the pressure of
steam falling from 300 lbs. to 100 lbs. does a certain amount
of work on the exhaust steam that is passing through the high-
pressure cylinder after the manner of an injector—that is to

say, the escaping force of the steam reduces the back pressure
on the high-pressure cylinder and increases the pressure on the
low-pressure piston.

With two screws, each 17 ft. 10 in. in diameter, and with
300 lbs. pressure to the square inch, the machine has been made
to pull on a dynamometer 1,960 lbs. If we multiply this pull

by the number of turns per minute that the engine makes, and
by the pitch of the screws, we find that the engiues develop
300 horse power.
The complete weight of engines, boilers, pumps, generators,

condensers, and the weight of water in the complete circulation,

amounts to 8 lbs. to the horse power, and this of itself I con-
sider quite an achievement.
The spread of the wings of the machiue is 107 ft., and the

total length from the point of the forward rudder to the rear

end of the after rudder is about 200 ft. Beneath the main
aeroplane there is a considerable number of narrow planes su-

perposed, which extend outward to nearly the full width of the
machine. So far, trials have only commenced with the main
aeroplane, which is 50 ft. wide and 45 ft long in the direction

of the length of the machine.
The whole machine is mounted on steel wheels 8-ft. gauge,

and springs are interposed between the machine and the axle-

trees ; both forward and back axletrees are attached to a dyna-
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graph, which makes a diagram of the lift of tlie macliiiie as it

advances upon the track. Tlie drum whicli holds the paper
turns once round in 1,800 ft., and whatever the machine lifts

either forward or b.uk is recorded upon the paper drum.
One of the drums is alsu provided w illi a pent il, which makes
a diagram of the speed at which the machine is traveling.

I am very nuuth hampered, however, for room ; there is

very little clear space between tlie trees, and to obtain adjoining
premises without trees costs a prohibitive sum. What I should
have is a circular or oval track, which would be a mile long.
When the experiments are tried wilh a side wind blowing five

miles an hour, a lift of one ton has lii'cn recorded on one side
of the machine, while the other side would not lift over 100 lbs.

The -whole machine, when loaded, will weigh abovit 7,000
lbs., so you will see if the machine will lift anything like as
nnich, per pounil of push, as I succecdrd in lifting with my
first aii|iaratus. it will be sure to go.
However, 1 find that a great number of steel stays are neces-

sary in order tu liold the machine in shape, and while these do
not weigh mui-li, Ihey appear to olfer a considerable resistance
to the passage of the machine through the air. If I were to
build another machine 1 should aim more at getting less atmos-
pheric resistance, because 1 can see now that everything else is

assured except this single factor. If the machine does not go
it will simply be because too much force is expended in driv-
ing the framework through the air.

Work has been greatly delayed, in the first place, because I

was alxsent from England a great deal, and, in the second place,
we have had several serious accidents. The high-cUiss steel

wires—plow rope—which are used for stays are not always
reliable. On two occasions these wires liave broken, and, be-

coming entangled in the wheels, have made a complete wreck
of the wheels and everything about them. The last break-
down will take about a month to repair, and I shall put in a
lower class of steel in all the stays that are near the wheels.

This damage was duly repaired, and the experiments were
resumed early in 1893. In one of these, with a spread of some-
what more tlian half of the sustaining surface which the ap-
paratus is designed to carry in full tliglit, M. Maxim succeeded
in obtaining, at a speed of 35 miles per hour and with a thrust
of the screws of 1,000 lbs., a lift over the front wheels of
2,300 lbs., and over the hind wheels of 1,900 lbs., as recorded
by the dynagraphs. On a subsequent run, after making some
alterations, he succeeded in obtaining, at a speed of 27 miles
per hour and with a thrust of screws of only 700 lbs., a lift

over the front wheels of 3,500 lbs., or quite all the weight rest-

ing on them, and of 3,800 lbs. over the hind wheels ; thus
showing a total lift of 7.1)7 lbs. per pound of thrust, as against
4.20 lbs. lifted per pound of thrust on the former occasion.

M. Miixiin published the diagrams illustrating both these
runs (and .still another subsequently made) in the fjondon En-
gineer for March 17, 1893, and gave a description in which he
stated that the principal lift was obtained from the large aero-
plane of 3,894 sq. ft. in area.

The run last above described was made on February 16,

1893, and on the same day two more runs were made until
stopped by an accident.

First, an additional pair of wheels was attached under the
front end of tlie machine, connected in .such a manner that the
small and lighter wheels could lift 3 in. from the track. Three
men were also placed over the forward axlctree, and a run was
then made with 900 lbs. \m\\ on the dynamometer. After the
machine had run about 400 ft. the light wheels lifted clear of
the track, and when the engines were stojiped they came back
to the track all right. The machine was then run again with
1,000 lbs. |iull on the dynamometer, with the following result,

described in a letter to the writer from M. Maxim, dated Feb-
ruary 21, 1893.

j; I have had another accident with mj* apjiaratus.

My main aeroplane is 50 ft. wide and 47 ft. long in the direc-

tion in which the machine travels. I had another aeroplane
dirirctlv in front of tlie engine, wjiic'h was about 18 ft. long
and 4 ft. wide. On the first runs which I had liecn making I

found a great deal of atmospheric resistance which I could not
account for excei)t that it resulted from the bagging of the
main aeroplane and the resistance olTered by the numerous
struts and wires which I useil in my attempts to keeji it aj)

proximately fiat. With the engines running at a sufiicient

speed to give a pu.sli of 1,325 lbs., it was found that the lift on
the aeroplane did not mu('h exceed the push of the screws.

I then ma(h' a radical change in the manner of holding the
plane Hat, and tried my first experiments after this with a
push of 800 lbs., when it was found that the lift Wiis a great
deal more than it was with the 1,325 lbs. in the ])revious ex-
periments ; in fact, the lift on the front pair of wheels was
equal to the weight resting on these wheels, and the machine

was only kept from leaving the track by the weight of three

men whom I carried directly over the front axletree. This I

regarded as dangeroiis. I then attached two very large cast-

iron wheels in such a manner that the li.ght wheels could lift

some inches from the track before tin; heavy wheels were lifted

at all, the weight of the heavy wheels and their axletree lieing

about 1,400 lbs. Three men were also added to this load.

In making the run the gas wius carefully turned on until the
engines gave a push of 1,000 lbs. I had noticed that as the

machine advanced and the engine ran faster, the boiler press-

ure was diminished. I therefore, u])on starting, turned on a

little more gas, so that the pressure, instead of falling, incrciused

slightly during the run. When aliout 400 ft. had been cov-
ered, the two front wheels lifted olT the track, leaving the heavy
wheels still on the track ; but just before stopping the heavy
iron wheels also lifted from the track, and when the engines
were stO|>ped one of the wheels got into the soft earth, sink-

ing down and tilting the machine over to one side. A gust of
wind then tii)ped tlie machine on its side ; but the breaking,
which was confined almost entirely to the framework for hold-

ing the cloth, was caused by the imjjetuosity of a lot of men
who tugged away at my ropes, and putting a strain downward
instead of upward on the ropes, succeeded in completely de-

stroying the framework.
The speed was 27 miles an hour, and the pressure of steam

about 300 lbs. The lift recorded was nearly 0,000 lbs., as

shown by the diagrams taken from the dynographs. The in-

cline of the main aeroplane was, however, ver^' steep, being
about 1 in 9.

The lift was more than I expected. I did not think that a
plane so very large, especially in the direction in which it was
traveling, would be so efficient. I thought I should have to

depend more on the narrow planes which extend beyond the

main plane. This more than expected lift, however, may have
been due to the wind, during the last end of the run, being
contrary to the direction in which the machine was traveling.

I think that these experiments demonstrate that an aeroplane
may be made to carry a considerable load.

It will take some time to repair the damage. None of the

expensive machinery was damaged in the Iciist. I shall take
greater care in the future not to experiment when there is a lia-

bility to squalls, and shall have a fender, so that if the machine
gets off the track it will not topple over.

It is understood that at the time this run was made about
half of all the sails were in position—namely, 3,100 sq. ft The
power which the engines developed was about half of their

full power, so that it will be realized that there will be ample
lifting power when free flight is attempted.

Since then the apparatus has been repaireil, and in an article

which has been extensively published in American news-
papers, a correspondent, writing under date of London, Sep-

tember 12, 1893, gives an account of a ride which he took on
the machine. After describing it and the house in which it is

sheltered, he says :

I mounted the platform, made of light matched boards so

thin that they seemed scarcely able to bear a man's weight.

Prior to the start a rope running to a dynamometer and post

was attached behind, to measure the forward impulse or push
of the screws. . . . The action of the screws caused very lit-

tle shaking through the whole machine, and this was a surprise

to me, comparing the tremendous force with the delicate frame-

work. Hehind the ship, 10 ft. away, two men were shout-

ing from the dynamometer and indicating the degree of push
on a large board for the engineer to read. The index quickly
marked' in succession 400, 500, 600, 700, and finally 1,200 lbs.

of push, and then the commiuider yelled, " Let go !" A rope
was jmllcd, and then the machine shot forward like a railway
locomotive, and with the big wheels whirling, the steam hiss-

ing, and the waste pipes pulling and gurgling, flew over the

1,800 ft. of track. It was stopped by a cou])le of ropes

stretched across the track working on cjipstans fitted with re-

verse fans. The stopiiage was ijuite gentle. The ship was
then pushed back over the track by the men, it not being liuilt,

any more than a bird, to lly backward.

M. Maxim is quoted by tin; correspondent as saying, among
other things, concerning his apparatus :

Propulsion and lifting are solved problems ; the rest is a

mere matter of time. . . . Haste in such a venture is the

worst of policies. Weak points must be thoroughly sought
for, and everything made completely .safe before the public is

invited to consider the air sliij) as a practical means of transit.

I am looking for a location with more room for me to experi-

ment in than I can find in England. I am cramped here for

want of sjiace.
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Such is the present status (1893) of this bold and costly at-

tempt to solve the problem of aviation wilh an aeroplane. M.
Maxim, as he says himself, may not achieve final success ; but
he has, in the opinion of the writer, very greatly advanced the

chances of eventual success. He has constructed, it may be

said invented, a steam engiuewith its adjuncts developing 300
horse power, and weighing only 8 lbs. to the horse power—an
achievement hitherto unparalleled, and probably the most im-
portant problem to solve before man can hope to succeed in

navigating the air at will.

There doubtless remain other problems to he worked out
practically, notably that of effectually controlling a flying ma-
chine while in the air, both in the vertical and the horizontal
direction ; that of maintaining the equipoise under all circum-
stances of speed and angles of incidence, and also those of de-
vising nietiiods of starting up and of alighting safely any-
where ; for in practical operation, even for war purposes, M.
Maxim's machine cannot always be brought back to get a start

upon its initial railway track.
There probably also remain some questions to be settled as

to the best forms, extent and texture of the supporting sur-

faces ; and it is not impossible that his experiments will eventu-
ally lead M. Mdxim to a complete remodeling of his aeroplanes ;

but, as has been pointed out in discussing " screws to lift

and propel," it is already within his power, by reason of his

marvelously light steam-engine, ^o go up into the air with an
aerial screw, and to perform therein various evolutions.

In any event, the name of M. Maxim must ever remain as
that of one of the men who have hitherto done most to advance
the solution of the problem of aviation.

(to be continued.)

CARE OF MARINE BOILERS.

By Robert Forsyth.

The boilers are the most expensive and perishable parts of

the machinery of a steamship, often requiring to be replaced
two or three times in the life of a vessel.

Deterioration and decay begin as soon as the boilers are in

use, and are only partially prevented by care on the part of

designers and engineers. At the present time the demand for

large and fast steamships necessitates the use of boilers of
great size and cost. The attention of builders and owners is,

therefore, directed to keeping this portion of the machinery
up to the highest point of utility for the longest period at the

least expense.
Ten or 15 years ago eight years' work was considered a good

average for a marine boiler, but the period of usefulness h.as

been increased fully 50 per cent, within a few years. This
gain is due in a measure to improved design and construction,
but more, probably, to the more Intelligent care bestowed
upon boilers by modern engineers.

The first and simplest thing to guard against is

EXTEKN.iL corrosion.

This arises from various causes—drips from leaky decks,
leaky screw-stay bolts, leaky hand-hole plates, joints, stuffing-

boxes, etc.—and from a cause so apparent that it would not be

noted if it did not occur so often—namely, the neglect to

water-proof portions of the boilers directly under hatch open-
ings.

There is no good reason for the existence of any of these

causes of corosion, j'et they do exist and create a constant
demand for the boiler maker's panacea—a " soft patch." The
most serious point of external corroi5ion is the front of the
ash-pan and the adjacent portion of the boiler head. The use
of firing tools, welting down of ashes and other causes, con-
spire to render corrosion at this point very rapid.

It may be counteracted in part by the persistent use on the
ash-pan fronts of the waste oil or grease from the engine-room.
A better method of protecting this part of the boiler, though
seldom applied, is to fit soft patches or wearing plates of /;; in.

iron over the seams connecting furnace to front head, and ex-

tending over the lower part of the front head, to take in the
front seam of the shell. This should be done when the boiler

is new, and, although these wearing plates will last only a
few years in active service, their renewal is simple and inex
pensive, and therefore to be strongly recommended.
Four years' wear in hard service has been had from the

wearing patches by keeping them smeared with the waste oils

from the engine-room.

Wash of bilge water upon the shell is another cause of cor-

rosion, and when the vessel is so designed that it is impossible
to prevent the shell being wet by bilge water, it becomes
necessary to keep the shells covered with some anti-corrosive

material. The writer of this article has had a long practical

experience with corroded boiler shells and the many preven-
tives therefor, but has found nothing better or cheaper than
coaling the boiler shell below the furnace line with a mixture
of engine-oil drippings and plumbago while the boiler is

warm.
With ordinary intelligence bestowed upon the care of marine

boilers, there is no reason why their period of usefulness
should be shortened by external decay.

internal decay

is a much more serious matter. The chief causes of trouble

inside boilers are : use of sea water, dirty fresh water, greasy
water, cold feed water, imperfect circulation and contracted
water spaces.

Using steam at a pressure of 160 lbs. per square inch evolves
difficulties that did not exist at 75 lbs. per square inch. At
the latter pressure a little supplementary feed from the salt

water side of the condensers would give a coating of lime in-

side the boiler, prevent pitting, and the oil coming with the

feed water would rapidly rise in the slightly brined water to

the surface, and could be cared for by the scum valve ; but
while a j^ in. scale on a back tube plate would not cause
trouble at a working pressure of 75 lbs. per square inch, at

160 lbs. per square inch another condition of affairs exists.

The tube plates having been thickened for increased tempera-
ture, the tube ends will leak from a very slight deposit on the

tube plate.

The spray from a leaky tube end wetting the particles of
ash, coal and dust carried by the draft forms a deposit on the

other tube ends, and the furnace is rendered useless. If two
furnaces are common to one chamber, both are disabled, much
disagreeable labor is entailed, expanding the leaky tube, and
this must be done repeatedly until there is an opportunity to

thoroughly clean the boilers.

There is also danger, under forced combustion, of the tube
ends leaking enough to cause a back draft from the furnace
into the fire-room.

In the days of low-pressure boilers a thin scale was consid-

ered rather an advantage and protection to the inside of boil-

ers, and it is difficult for engineers accustomed to that type of

boilers to realize the changed condition wilh higher pressure.

Corrugated furnace crowns are seriously injured by even a

thin scale, and it will be found that the corrugations near the

middle of the grate, perhaps a little nearer the furnace front,

suffer most. At this point the repeated opening of the furnace
doors, and consequent change of temperature, causes the scale

to crack, a new coating is formed, is again cracked, and so on
repeatedly until, in some cases which have come under my ob-

servation, the scale after a 30 days' run had formed in leaves,

attached to the corrugations like the leaves of a book to the bind-

ing, with the open edges of the leaves, about 1 in. over all,

toward the front of the furnace, and the attached edges, about
one-eighth of an inch thick, toward the back.

This shows that the evaporation is much greater at this part

of the boiler ; also that the corrugated furnace, if of good
material, actually performs the duty for wliich it was designed
— viz., expands and contracts without tearing the connecting
seams of the tube sheets.

In the effort to prevent the formation of this scale it is cus-

tomary to stop the supplementary salt-water feed and use in-

stead distilled water from the evaporators. This frequently

leads to serious trouble from the presence of grease in the feed

water. Deposits of grease on the hotter parts, such as fur-

naces, lead to overheating and collapsing of furnace tubes
;

also to leakage at laps of back connections.

In pafts of the boiler where less active generation of steam
takes place pitting is sure to follow. The under sides of

boiler tubes suffer most, also the sides of furnaces about the

line of the grate bars ; the rounded part of flange of back lube

sheet, and sides and bottom of combustion chamber, below
the approximate line of upper grate bars and near the water-

line on shell and heads.

The pitting in these places is rapid and frequently unob-

.served in the earlier stages, the pitted pnils being covered

with a black moderately hard oxide, which, being removed
by thorough washing and scrai)ing, discloses the true condi-

tion of the metal attacked.

To prevent this overheating and pitting, from the presence

of oil or grease, m.any remedies have been used with varying

results. Filters of various kinds are among the most success-

ful devices, sometimes applied on the suction side and some-
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times on the delivery side of fced'pum]is.V-Tl'ese filters are of

various materials—sponges,|,blankets, coke, charcoal, guiinj-

sacks, horsehair, tan bark, hay, etc.—eacli being strenuously

advocated by its particular sclliug agent, but the results de-

pend more upon the care and judgment exercised by the en-

gineer than upon the material of which the filter is made.
The filter which presents the greater surface in a given

space, which can be readily replaced, and the material for

wliich can be obtained at any port at small cost, will commend
itself to engineers. But a filtering tank, filled with Ideal

material, will mechanically trap only a small percentage of

grease if the filtering material is not frequently cleaned and
renewed.
The designer of a filtering tank should bear in mind that

the location, accessibility, and facility with which covers and
interiors can he removed and replaced is of vital importance.

W'ass's air and grease extractor has been used with more or

less success, depending upon the care and judgment of those

using it. This filter is an enlarged chamber, on the discharge

side of feed-pipe, with cross bars inside giving passage for

the water, alternately over and under ; a float operates an air

and grease escape valve ; by-pass valves and mud blow-off

valves are also provided. Its operation is based upon the fact

that the lessened velocity of the water in the enlarged cham-
ber gives time for the grease to come to the surface and be
automatically blown off by the accunudatlon of air operating

the float valve. The mud, if any, will settle to the bottom
and be blown off.

t On one of the Puget Sound steamers, having a compound en-

gine fitted with slide- valves, and using a working pressure of

120 lbs. per square inch, this filter was used, but the engineer,

considering the amount of oil used on the valves excessive,

stuffed the spaces between the division plates with hay, thereby

greatly increasing the utility of the grease trap. The hay
was renewed every day. Hay stuffed in gunny-sacks and
blankets has been useil with advantage in ordinary feed tanks,

care being taken that all the feed water passes through the

filtering material.

Efforts have been made to catch the grease in the main en-

gine e.xhaust pipes, hoping thereby to keep the condenser as

well as the boilers clean, but reports are conflicting as to the

success of this device.

Feed heating arrangements assist materially In getting rid

of grease. Gilmour's feed heater is a large chamber, fitted

between feedpump and boiler, necessarily a few feet above
the working level of the boiler, into which Is discharged, about
half-way up, the feed water, filling the heating chamber about

two-thirds full. A little below the feed inli^t Is an internal

perforated steam pipe with suitable regulating valve. The
steam by direct contact heats the water almost to pressure

point, and the sludge is precipitated to the bottom of the

chamber.
A triple-expansion engine of about 1,500 I. II P., fitted with

this heater, has been under my observation for three years,

and, with no other grease extractor, the boilers have been

kept absolutely clean while on quite a hard service.

Cold feed water is injurious to boiler shells, furnaces, and
furnace seams, and feed water should be heated to witliin a

few degrees of the steam temperature before being discharged

Into the boiler, but this practice is not in general use. Weir's

feed heater is one of the best In use, but is cumbersome, has

many valves and pipes, requires two pumps, and the tempera-
ture is linuted, being on the suction side of putnp.

Direct injection of steam Into the ordinary feed tank, and
heating by coils in tank are open to the same objections. Dis-

charging into the boiler with a series of inside pipes renders

boiler (-leaning more dilticult. Heating the feed water by
direct conta<t with steam, as by Oilmore's heater before men-
tioned, is so simple and satisfactory that it seems to meet all

requirements.
When feeding with water from rivers or city supply, the

direct contact of steam for heating. In a large chamber, where
the velocity would be low, would precipitate most of the

earthy matti^.

EITorfs have been made to neutralize th(! elTects of oil In

boilers by Injecting sal soda, caustic .soda, lime water, and
potash wltli tlie feed water ; but as the best cylinder oils are

pure mineral oils and do not saponify, the results have not

been satisfactory.

Zinc slabs in parts of the boiler sliowing decay seem to re-

tard it somewhat, though a large quantity, somelimes amount-
ing to tons, fias been use<l without satisfactory results.

It will be found that boilers fed by an Imlepcndent feed

pump with feed water (from a surface condenser, not Utikiiig),

aided by an evaporator, filter, and heater, have very little

tendency to pit below the line of the grate bars when an
efficient system of mechanical circulation is maintained.

The use of the hydrokineter warms the water in lower parts

of boilers when getting steam, but constant circulation is

necessary, especially uniler banked fires, and the water should
be pumped continually from lower front end of boiler to up-
per back end.
The value of Ihis simple method is generally underestimated,

and on many vessels llie pumps are not fitted up for the pur-
pose. Constant circulation by pumping prevents the lower
shell seams bcbig stralncil by unec|Unl expansion, and reduces
pitting below the gnile line to a minimum. The lienefit de-

rived from con.staiit circulation below the grate level seems
apparent when we consider how little pitting takes place
between the grate line and top of coml)ustlon chamber. In
twofnrnace boilers pitting below the grate line Is greatly in

excess of that In threefuruace boilers, a difference due to the

better circulation maintained in the latter by the location of
the middle furnace
The tubes used in most vessels at present are greatly supe-

rior in make and quality to those in use IT) or 20 years ago,

and when of No. 8 or No. 9 gauge will last six or eight years,

giving little trouble. If only of standard thickness, however,
which does not allow sufficient margin for scale spots and
other surface imperfections, constant leakage will occur,

whereas in the thicker tubes the result would be only an in-

ereased roughness of the surface.

If tubes are placed too close together cleaning is difficult,

and tubes are liable to be burned at the back ends from an in-

sufficient supply of water to tube plates. Tubes spaced to

give 50 per cent, water surface to tube plates give practically

no trouble, but if spaced to give only 40 per cent, are likely

to make the water in boilers foam, and give endless trouble to

keep back ends of tubes tight in the tube sheets.

When the tubes are overcrowded in the boiler various

methods are resorted to, such as ferrules and cements, to pre-

vent leaking of tube ends. But all such devices are merely
temporizing with the difficulty, which exists primarily in the

defective design.

The use of steam at 16D lbs. per square inch has led to the

abolition of that danger trap, the superheater, one of the most
formidable foes of the old-time boiler-room, fitted as they
were with one, two, three, or four vertical Hues hooped with
angle irons, and usually too narrowly spaced to peimit inspec-

tion. Corrosion and pitting could go on (/(/ libitum, and
usually the first intimation of^ trouble would be the bulging of

the Hues. The interior could not be examined without cutting

the shell.

Now that boilers are made a little larger, giving more water
surface for steam to escape, the necessity for a superheater no
longer exists, nor do the difficulties which it was intend( d to

obviate.

On the flame side of the furnace decay takes place at the

point of contact with the bridge wall, and as the deterioration

covers a large surface, it is apt to escape detection until the

plate is quite thin. By placing thin sheet iron between the

bricks and the furnace plate each lime the bridge wall is re-

built the decay may be retarded. Around the manhole joint,

in the interior surface of tlie plate, pitting occurs partly from
the presence of suphur in the rubber gaskets, and jiartly from
repealed buckling opening the surface of the plates.

The wear of boilers depends much upon the character of

the service in which the vessel is employed. Tug boats, bay
steamers and coasters, in the order mentioned, seem to suffer

more than ocean steamers.
Irregular application of heat, lying under bankeil fires for

long periods, and irregularity of wiishing out boilers, will

account in a great degree for this difference.

"file care of a marine boiler wlien not steaming is of great
importance. If empty, it should be quite dry ; if It contain

water, it .should be (piite full and have no leaks. Sudden
stopping of engines, without an independent air-iuimp to care

for the steam, is a constant source of injury to boilers, as It is

difficult to check the i)rcssure without notice. There is, of

course, no difficulty with independent air-pumps to care for

the steam.
The use of forced draft has added to the difiicully of caring

for boilers, esiicclally with the clcsed fire-room system as the

admission of cold air when the furnace doors are opened is the

worst possible treatment for back connections and tubes. The
induceil draft system is little. If any better, either with the

fan or the jet in the smoke slack. The alternate high and low
temperature from the intense heat of the fires, and the inrush

of cold air when the fires are replenished, dcmaiuis a very elas-

tic duty from nuilerials and conditions that are the reverse.

Forced draft with lh(' closed ash-pit system affords better

control of the steam-making power, and depends less ujion the

trim of ventilators or direction of the wind, especially in the

tropics, where lire-room duly is always severe. It is also free
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from the great objection of admitting a rush of colli air when
fires are replenisherl The main objection to its nse is the in-

creased length of fire-room recjuired with the ordinary type of

marine boiler, but its use in moderation is extending, and all

the appliances to supply it are of the most permanent and
durable character.

This .system does away with the difficulties arising from
handling coal from different bunkers and discharging ashes,

which are encountered with a closed fire-room, and the longest

voyages may be made with a regularity of steaming impossible

with a closed fire-room or natural draft.

The foregoing remarks apply particularly to the ordinarj'

type of marine boiler, but of late years the demand for high
pressure and less weight per horse power has brought into

use various forms of water tube boilers, the care of which is

equally important. All that has been said as to the necessity

of supplying pure water is more imperative with the water-

tube boiler than with the older type. Being more flexible, the

water-tube boiler suifers less from forced draft with closed

fire room, but, being more susceptible to change of tempera-
ture and having a small storage of water, will suffer greater

loss, from a steam-making standpoint, than if used with closed

ash-pit system. The rapidity with which steam can be raised

from cold water, and the reduced weight per horse power,
ensures a favorable consideration for this t}'pe of boiler ; but
the actual durability is yet to be demonstrated.
The life of grates, bridge walls, and furnace fronts depends

almost entirely upon the coal used. With Pacific coast, Aus
tralian, Japanese, Chilean, and the lower grades of English
and Scotch coals, the furnace fittings wear well, the linings

of the fronts and doors suffering most when the fire is too near
the front. With good grades of Welsh or Pennsylvania coal

the wear is much greater, especially if dampers are used sud-

denly to prevent blowing off steam when it is necessary to

stop the engine quickly.
The most durable grate bars are the thinnest, and wrought

iron is preferable, as these can easily be straightened or pieced
out aboard ship, when cast-iron ones might not be obtainable.

Breechings, front connections and doors require constant
attention when lignite or flaming coal is used, and if not kept
in repair add to the consumption of coal and interfere with
the draft. With patching and repairing, front connections,
doors, and uptakes will usually last as long as the boilers ; not
so with the smoke-stack. In active service, ten years is a long
life, but this, again, depends on the quality of coal used. If

flaming coal is used the smoke-slack has a very short life, not
more than three years with some of the lignites.

The outside of the smoke-stack is protected by paint, but as

yet we know of nothing that would afford protection to the
interior. A few vessels are provided with hoods to protect

the smoke stack when laid up, but these are seldom used when
the vessel is in commission.

It is the custom of late years to cover the greater part of

boiler shells with nonconducting material, and to cover this

again with some water-proof material, either sheet lead, gal-

vanized sheet iron, or painted canvas. If either of these water-
proof coverings are permitted to leak, the nonconducting
material, being porous, absorbs the moisture and causes cor-

rosion. There are numerous non-conducting coverings which,
when properly put ou and kept water-tight (which is seldom),
will last as long as the boiler.

Bottom and surface blow-off valves, feed-check valves, and
gauge cocks require constant attention. The scour from blow-
off is particularly bad on the seats of the blow-off valves, and,
if neglected and permitted to leak, entails serious trouble with
blow-off pipes. These valves should be ground in or faced
up frequently. In using the blow-off at sea the gradual and
simultaneous closing of outboard and inboard valves will

greatly reduce wear on pipes. In these pipes the dynamic
effect of the sudden change from cold water to hot pressure, and
reverse, is very great and will sometimes split the heaviest pipes.

The gauge cocks must of necessity be blown through to keep
them free, and if the composition contains zinc they last but
a short time. I have renewed them after three months' wear,
when the keys looked more like sponge than metal.

Boilers well designed, constructed of the best materials, and
equipped with the most approved fittings, may be a source of

constant annoyance and expense for lack of intelligent care in

the matter of raising steam and blowing off the water. It

boilers and pipes are slowly and equably warmed before press-

ure is raised, a most fruitful source of leakage is avoided.
When, at the end of a voyage, steam pressure is blown off,

dampers and doors should be closed and the water left in the
boilers to cool gradually (a couple of days if practicable)
before being pumped out. Attention to these details will be
well repaid by the absence of leaks, which are inevitable when
boilers are blown out with steam pressure.

The length of time a boiler of the present type may be used
varies so much under different conditions that it is difficult to

arrive at a satisfactory average.

I may instance two sets of boilers, of the same type and on
similar service, one set of which was renewed after eleven
years' service.

These boilers were steam tight at a working pressure of 60
lbs., and from the furnace side were apparently as good as

ever. Yet the back connection sheets were found to have
been reduced in thickness by decay from j\ in. to barely ^'j in.

in thickness. Where decayed the combustion chamber had
only 1^ in. to 2 in. space between that and the shell.

The other set of boilers, having 3^ in. to 4^ in. water space
around combustion chamber, was found to have worn very
little at these points, and was continued in service three years

longer.
Another marked instance has come under my observation,

where the machinery of two vessels on same service show
marked difference in wear. The boilers in one vessel required
renewal after seven years' service, while in the other they
have now been running 16 years, and appear to be good for

many years more. In the latter case the same chief engineer
has had charge of the machinery from the beginning of service.

In one instance, of boilers 13 years old, I had the back tube
plate (after the boilers were cut apart) knocked around with
sledge hammers until it was doubled over upon itself, without
showing any sign of cracking ; and I think something similar

will be found with the majority of old boiler plates if the

material has been good when the boilers were new.
As boilers have been built and equipped, their life has been

about 13 years, with pressure from 00 lbs. to 90 lbs. per square
inch, and while they could be repaired and run longer at lower
pressures, it would not be a conmiercial success to do so.

Among the many old boilers I have repaired or removed,
I have found that, as a rule, comparatively little decay has
taken place above the bridge walls, and the shells were pretty

good except the lower parts, but the furnace, ash-pan, lower
back connection, and lower stays made me wonder how it was
possible for the parts to hang together and stand a pressure

test.

With the superior quality of steel available for the construc-

tion of boilers at the present time, drilled holes, improved
workmanship, and the use of corrugated or other elastic fur-

naces, the life of boilers may be much longer than formerly.

Sufficient water spaces around the connections, evenly dis-

tributed bracing, tube space not crowded, the use of hot, fil-

tered feed water, and mechanical circulation of water in

boilers, will, I think, with the renewal of tubes and furnaces,

prolong the life of marine boilers to nearly 30 years, under
the supervision of intelligent engineers, notwithstanding the

fact that the pressure has been advanced to 170 lbs. per square
inch.

" Eternal vigilance is the price of safety" in the case of

steam boilers, and the engineer who despises small things will

be continually beset with small troubles, which, in the aggre-

gate, will greatly reduce the period of service of boilers and
engines.

—

Journal of American Society of Naval Engineers.

•SCHNEBELITE"—A NEW EXPLOSIVE.

Experiments were made recently in England with yet an-

other " smokeless explosive," the invention of a Frenchman,
M. I'Abbe Schnebelin, and called, after him, " Schnebelite

gunpowder." The basis of this powder is chlorate of potash,

a substance which has hitherto been used only for the manu-
facture of detonating compounds, on account of the facility

with which it can be detonated by percussion or friction when
mixed with some inflamnuible material such as sulphur or

lilack sulphide of antimony. In fact, the mixture of chlorate

of potash and sulphur was' used in ihe earlier patterns of per-

cussion caps for muskets, and the mixture with black oxide wf
antimony is still employed in the ordinary friction tubes with

which the charge in muzzle-loading guns is usuallj' fired.

The violent detonating property of these mixtures is due to

the fact that the chlorate parts with its oxygen at a much
lower temperature than the nitrate of potash—the oxidizing

agent in ordinary gunpowder— and also to the peculiarity that,

when decomposed by heat into oxygen and potassium chloride,

it is attended with evolution of heat, while in most cases of

chemical decomposition heat is absorbed.

In " Schneb(;lite" the chlorate of potash is mixed with pure

cellulose, or woody fiber, such as is used for the manufacture
of guncotton or Schulze powder. The advantages claimed

for it by the inventor are numerous, the principal being as fol-

lows :
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1. Facility iiiid clicapncss of miinufiicture.

3. Almost smokeless.

3. Very slight recoil.

4. Xo fouling or oxiiliition of the ritlc.

5. L'nless coufined will only burn grailually, and not explode.

G. Imperishable, retaining its properties even after being

wet, aiui involving no danger when heated.

7. N on -e.v plosive by concussion or friction, and re<iuiriug

540 F. to ignite it.

The appliances at the disposal of the Abbe, who conducted
the experiments personally, were not sulHcient to allow of any
exhaustive tests of this explosive as to its value as a propelling

agent as compared with the powders now in use. But these

trials were so far interesting that they proved conclusively

that the inventor had succeeded in producing a gunpowder

The trial in a siiorting g.in showed that this powder is about
equal in hard-hitting to the ordinary E. ('. |iow<ler.

To exhibit the safety of this new explosive a (piantily

coarsely granulated was ground into line jiowder in an ordi-

nary colleeinill ; another sample was struck by a heavy ham-
mer on an iron anvil, and when thus reduced to powder was
ignited by a match and burnt quietly away.
A charge of small shot was tired into a box containing about

a quarter of a pound without producing any ignition or ex-

plosion, and the same was done to four .small cylinders (for

use in blasting), the broken fragments and scattered powder
being in each Ciise collected and burned in the open without
any explosion.

Though only preliminary and inconclusive, these experi-

ments indicate that this explosive has several ([ualitius which

TRIPLE-EXPANSION BNGINE. BUILT BY THE FITCHBURG STEAM-ENGINE COMPANY.

with chlorate of pota.sh as its base, which, notwitlistanding the
generally accepted opinion of the violence of compounds in

which this sub.stance i.s used, appears to be completely under
control. When tired from the new magazine rille the recoil

was very small, while the penetration of thi> bullet through
both wood and steel plates was such as to show that the ve-

locity obtained was satisfactory, though there was unfortu-

nately no means of measuring it. The charge employed was
about 20 per cent, greater than that of service powder, and it

claimeil that the |)ressure on the barrel of the rille is very
small. The smoke was light and very (piickly <Iis)ippearcd,

while the fouling of the bore was very slight. The claim to

non-heating of the barrel was not, however, proved, as after

the firing of 10 rounds with rapidity the barrel in front of the

chamber was <leciiledly healed, though it could be handled
without discomfort.

would render it suitable for use as a propelling and a destruc-

tive agent, but much more exhaustive and detailed experi-

ments are necessary l)efore any decided opinion can be arrived

at. The safety and facility of manufacture, and its chea|)-

ness, are in its favor ; .some of this powder was juade in the

morning after the visitors arrived on the ground, taking only

a few minutes, and this same powder, after being dried for a

couple of hours, was tired from the shot gun in the afternoon,

with excellent results as to penetration.

—

London Times.

NOVEL TRIPLE-EXPANSION ENGINE.

ScMK time ago the Fitchburg Steam-P^ngine Company, of
Fitchburg, Mass.. built a compound condensing engine with
cylinders 18 and 34 in. in diameter by 42 in. stroke, for Spring
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Forse, Pa. The engine was coupled directlj' to the main
shaft, tlie engine .shaft ending at tlie coupler marked N in our
ilUistralion, from which point tlie main line shaft extended
200 ft. or 300 ft. The sliaft also extended in the opposite

directiju a short distance, a portion of the power lieing talteu

at that end, hut the main part through the coupling N. The
fly-wheel P is very smal', because it is necessary to permit
passage by it, but it is also very heavy, as its rim is nearly a
foot thick.

The 500 H P. developed by these engines proving insuffi-

cient, the plan was suggested by the Fitchburg Steam-Engine
Company of removing the line shaft from the half coupler iV
to the coupler W, and inserting an entirely new engine with
the necessary shaft, leaving the driving pulleys as shown at

S S S, and putting in a shaft of the proper size for the engine
toward the coupler iVof 8 in. in diameter from the engine to

the coupling W. with two very heavy boxes at 2 and U. The
fly-wheel R is also very heavy in the rim, because it was neces-

sarily made small. The driving pulley S is fitted in halves to

VALVE MOTION INDICATOR USED ON
BALTIMORE & OHIO RAILROAD.

THE

TiiK movement and action of the slide-valves of a locomo-
tive is probably more difficult to understand clearly, and is of

more importance to the .satisfactory working of the machine,
than any other of its purely mechanical functions. Any de-

vice, therefore, which will represent this action with absolute
correctness and clearness, and will show exactly the actual

movement of the valves of locomotives, mu.st be a great help

in the diagnosis of their defects and disorders.. A device
which does this with absolute precision is illustrated by our
engravings, for the drawings of which we are indebted to its

designer, Mr. F. J. (3ole,- Mechanical Engineer of the Balti-

more & Ohio Railroad, who says in a letter to the editor of this

paper

:

"The primary idea of this indicator was taken from your
'Catechism of the Locomotive," but this instrument was de-

signed with a view to its rapid application to an engine, by

^^
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movement toward the left will thus cause the drum A to re-

volve. A helical spring S, fig. 6, is wound around the shaft
a a and attached to it at one end. and to a sleeve F, winch i.s

fastened to the stand /? h}- a screw G at the other end, and
consequenlly tlie tension of the spring causes the drum to

move backward after the twine <• is rclaxcii. The action of
the drum is, in fact, exactly like that of the drum of an indi
cator. .A pap?r is wouuil around the drum luid is lield fast by
the claAips E[K, fig. 7, as on an ordinary steam-engine indi-

cator. The tjinsion of the spring can be varied at will b}-

turning the sleeve F. which is provided with six holes, as
shown in fig 7, to receive the screw G, by which the sleeve
can be fastened in an_y desired position, to give the required
tension to the spring.

Above the drum .1. tigs. 2 and 6, a sliding bar// is arranged
to move in a guide ff.* One end of this bar has a jiencil p, and
at the other end it is provided with a forked jaw, ij, to receive
the end of a rod A", which is fastened by a clamp I. to the valve-

stem //. It should also be explained that the diameter of the
drum A and the ptdley Thave the proportion of .') to !) to each
other, so that in the diagrams whicli are made witb this in-

strument, the stroke of the piston is repres(-nted as being only
five-ninths of the actual stroke of tlic engine, whereas the
travel of the valve is drawn equal to wliat it really is. The
engravings arc i of the full size of thi' diagrams.
•i From this description the operation of the instrument will

be readily luulerstood. If a sheet of i>a]ier has been placed on
the drum, the movement of the cross liead will cause the drum
to revolve, tlie motion of its surface Ix'ing ecpial to five-ninths

of the stroke of the piston. If during tliis revolution of the
drum the pencil /) was stationary, it would trace a straight
line on the paper. The rod k, which is fastened to the valve-
stem and is held between the jaws ;' j, causes the bar / and
pencil p to move coincidently with the valve. Consequently
the figure which is drawn by the pencil is an elliptical curve,
the breadth of which depends upon the travel of the valve,
which in turn is governed by the position of tlie link. These
curves represent the movement of any and every point of the
valve. A full explanation of these curves will be found in

the book referred to by Mr. Cole, so that it is hardly neccssarj-

to repeat it here. The curves may represent the movement of
any point of the valve, but in order 10 Ije able to assign them
to some particidar part, we must have a center line to lay off

the steam-ports from. To draw such a center line the engine
may be moved so as to bring the valve in its central po.sition

on the valve-face. Then by detaching the rod k from the
jaws ij, and moving the engine, the pencil will draw a straight
line, whicli will lie the center line of I lie diagram ; or a line

may be drawn with the valve-stem in any position, and then
if by means of a tram, or in any other way, we can know how
far out of the center the valve is, a true center line can be
drawn on the diagram from the line which has been described
Having laid down such a center line as .ViVin fig. 10, if we
want to show the action of the valve during the admission of
steam—that is, show how the steam-edge .V of the valve moves
in relation to the steam-port—we Would first draw the valve V.

so tliat its edge 3/ will coincide with the center line M N of
the diagram. Then draw the steam-ports 1' ]'' and exhaust-
port X in the position they would occupy in relalion to the
valve when the latter is in the middle of its .seat, and extend
the lines which indicate the edges of the ports downward to
the bottom of the diagram. Obviously the distances Af li and
M' R of the lines R Sand R S' froiii the edgfs .I/and M' is

equal to the lap of the valve. Knowing this, and the width of
the ports and bridges, they may all be readily laid down.
The curve marked 1,1, indicates the movement of the valve

when it has its ma.ximum travel, and those numliered 2, 8. 4,

etc., its movement when the reverse lever latch is in the re-

spective notches. Beginning at R, and we sec that the ])ortion

of the curve from A' to h shows that the valve has opened the
port } in., while the piston has moved 1 in., as indicated by
the horizontal lines. At r-, or when the piston h.-is moved 4J
in., the curve shows that the port is wide ojien. With the
maximum travel the valve " throws over the jiort" /^ in., and
begins to clo.se it at d or when tlie piston has moved a little

over 10 in. At c or at 18j in. of the stroke the port is entirely
closed.

\

If we want to stiuly the movcrtient of the exhaust edge of
the valve, a line h 17 may be drawn at ii distance from ^If equal
to the inside lap. Then the horizontal distance of the curve
Rb c d c f. from the line // ij, will be the same as the distance
of the exliaust (MJge '/"of the valve from the inside edge A' .7' of
the port P' during the whole stroke, and will show how wide
the port is open and when it is closed, and, in fact, indicates

* It will be noticed that the position of the instrument is reversed in these
two figures.

to the eye the exact action of the valve in exhausting the
steam during the whole stroke.

A study of llie two diagrams, figs. 10 and II, will show
many interesting features, and .shows very clearly the effect of
increasing the travel of the valve. A curious feature is notice-
able in the flat places on each side of the curves, which is due
to the lost motion in the valve-gear, and shows that the pencil
was stationary fur a .short period, while the movement of the
valve was nt versed.

As a nieiins of studying the action of valves this insirnment
is a very valuable adjunct to the indicator, or perhaps it

should be said that the indicator may be a valuable adjunct
to this instrument.
The one which we have illustrated, as stated above, was de-

signed by .Mr. F. C. Cole, Mechanical Engineer of the Baltimore
& Ohio Kailroad, who says that " we have been able to take two
diagrams from an engine applying and detaching the instrument
inside of an hour." In making the diagrams the engine is

run continuously, the reverse lever being moved at each revo-
lution as thc.crankpin turned over its c/'nler.

jMetallic paper of the quality used for indicator diagrams is

ugcd on the drum, and a soft brae^ wire .serves the purpose of
a pencil. This is attached to a kind of sleeve, and rests bj- Its

own gravity on the paper.
In some experience with a similar instrument the writer

found that the mo.st convenient arrangement was to attach the
pencil to a light spring which would lift the jicncil clear of
the paper. To draw a diagram the pencil was gently pressed
with the finger, so as to bring it in contact with the paper.
It can thus be instantly released when the diagram is com-
pleted, and is never in contact with the paper excepting dur-
ing the time that the diagram is drawn.

PETROLEUM MINING AT MENDOZA, ARGEN-
TINE REPUBLIC, SOUTH AMERICA.

RESULTS OF 12 WELLS WniCH H.WE BEEN WORKED—PETRO-
LEUM USED IN PL.\CE Oti- COAL AND EFFECTING A GREAT
ECONOMY TO THE RAILWAY COMPANIES USING IT.

One of the many mineral products found in the Argentine
Republic during the last three years has been crude petro-

leum, which was first believed to be existing in the orovince
of Jujuy, but alter some $100,000 had been expended without
favorable results to the mining company, it was resolved to

abandon that province and try in the adjoining one, Mendoza,
in whicli Stale, at a place called Cacheuta, in the department
of Lujan, where recently the 12 perforations were made for

petroleum and gave the following results :

WellNo. 1, depth 110 meters. Abandoned.
' " 3

"
103

" Gave a.sphaltum.
" " 3

"
67

" Good petroleum.
" " 4

" 90 " Worked.
' " .')

"
103

"
"

6
" 200 "

Spoiled by carelessness.
" " 7

"
70

" No result.
" " 8

" 210 I" Hot water, sulphurous ; worked.
" " 9

'
210

" Worked.
" " 10

" 220 " Abandoned for want of material.
" " 11

"
104

" Signs of petroleum.
' " 12

"
30

' "
,

"

The wells Nns. 4, 5, and 9 are the only ones giving petro-

leum, and the.se are worked by means of a crank-wheel from
the prineipal engine shed, the oil running through pipes to

two large tanks in the hollow, which have a capacity of 200
cm. From these tanks the crude matter is conducted tlirough

in. jiipes to the chief depot, located at a small village called

San Vicente, U miles from the city of .Mendoza, which is the

terminus of two railways, the Ferrp Carril Gran Oeste Argcn-
tino and Ferro-Carril Trasaiidino. Both of these companies
use a gi'eat deal of the native mineral for their locomotives in

place of coal, which costs at least .$12 |)er ton. .\ large gas
company established at ]\lendo7.a is one among other concerns
utilizing the crude petroleum, which is similar to black tar.

The (-ost of laying the pijiing from well to depot (where
there is a tank which holds 3000 cm.), at, San \'icente, a dis-

tance of 42 kilometers(24 miles), wasaijouli^l24,000 : for three

tanks, about S3<l.0()0 ; for working exjunscs, about |420,000 ;

total, $.'J74,00(I (national dollars). The perforation of the wells

must be added, which cost, more or less, ij^IO.J (paper money)
per meter (39J in.).

• To meet the above e-^pcniliturc and maintain work.shops and
drect houses for the workmen, aliout •'iO in all. a company was
formed wdtli a capital of $1,000,000 (Argentine dollars) at

Buenos Ayres.



Vol. LXVn, No. II.] AND RAILROAD JOURNAL 543

As it is so styled, La Corapaiiia Mendocina dc Petrolpo lias

an extent of about four square leagues (13 miles) of ground,

and the works are at the foot of a spur of the Cordilleras de
los Andes.
The price at which the petroleum is sold varies according

to the money market, but the average rate is $12 in gold

the cuhic meter (cubic yard), or 55 cents per gallon. Since

the lirst borings commenced at Cacheuta (Mendoza) over

3,000 tons of fluid have been produced, which seemingly made
a difference in the figures of imported petroleum for the year
1891, when only 3,300,000 galls, of that oil was received in the

Argentine Republic against 3,100,000 in 1888.

To illustrate the advantage of using petroleum as an engine

fuel instead of coal, I will give an extract from one of my
engine mileage and storage sheets (Argentine Great Western
Railway Company) of two locomotives for one month. En-
gine No. 50 (running on coal and wood) traversed 683 miles,

consumed 21,709 lbs. of coal, 1,5.50 c. ft. wood ; oil and tallow,

117 lbs. ; hauled 10.383 vehicles. Engine No. 51 (with petro-

leum fuel and little coal) ran 1,313 miles, consumed 8,593 lbs.

of coal and 35,155 lbs. of petroleum, hauling 34,484 vehicles,

consuming 174 lbs. of oil and tallow. In the following table

is a resume of averages upon each of the before-mentioned
engines :
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St. Louis, Mo., Seplember 13.—A swilch engine exploded
its boiler about 8 o'clock tins morning iu the Air Line yards,

fatally scalding the engineer, Louis Laux, and Fireman James
Smith.

Chicago, 111., September 13. —Twenty masked men held up
a Lake Shore train 150 miles from Chicago near midnight last

night. After wounding the engineer, they blew open the safe

of the express car. The engineer divined their motive, and
grasping his coal pick, made a desperate resistance. One of

the robbers was struck down and fell of! the engine without a

groan. Another came over the tender and in the dim light

shot the engineer in the chest, seriously wounding him.
Philadelphia, Pa., September 13.—At noon to day an out-

bound express train on the Pniladelpliia & Reading Railroad
crushed into a shifting engine at Tenth and Diamond streets,

killing Frank Peters, the fireman.

Wheeling, W. Va., September 14.—A Baltimore & Ohio
freight train was wrecked at Dillon's Falls, a few miles west
of Zanesville, this afternoon. It was caused by a loose rail

which had not been properly spiked down. The freight train

was coming east at a fast rate when the bad rail derailed the

engine, which was overturned, and 14 freiglit cars piled upon
it. Engineer Fislier was instantly killed.
" Minneapolis, Minn., September 16.—The engine and 14 cars

of the first section of the east-bound freight train on the Chi-

cago, Milwaukee & St. Paul Railway was derailed at an open
switch at Olivia this evening. Engineer George W. liemsen
and Fireman Charles Heddings were instantly killed.

i«j
Buffalo, N. Y.. September 17.—Daniel Ryder, an engineer

of a freight train of the New York Central & Hudson River
Railroad, while backing his engine up to a water tank at Black
Rock this afternoon was severely injured. He had his head
out of the cab window, and it struck the water-tank.

Columbus,- Ga. , September 18.—Fireman George Wright
was killed in a wreck on the Mobile &, Girard Railroad, li

miles west of Troy, this afternoon. The engine and four cars,

for some unknown reason, were thrown from the track. The
engine turned over and fell upon the fireman. Tlie engineer
was stunned, and lay uncon.scious for some time.

Cumberland, Md., September 18. —William Shoemaker, a

fireman on the Baltimore & Ohio yard engine, slipped from
his engine to-day and sustained a fracture of the arm.

Bath, Me., September 18.— Al. Leavitt, an engineer on the
Maine Central Railroad, had his face severely scalded by escap-

ing steam to-day.
Newburg, N. Y., September 20.—The night train on tlie

Lehigh & Hudson River Railroad was wrecked at Lake Grin-
nell this morning by running into a freight train. The freight

train was run on a siding, but being a long one, its head end
stood out on the main track. There were lights out but no
Hag, and the express train ran into it while running at the rate

of 40 miles an hour. Seeley Weeden, the engineer of the ex-

press, jumped, and landing in the lake, was only slightly

hurt. The fireman, Joe Dunn, was carried into the wreck and
buried under some coal. He is very badly injured.

Nashville, Tenn., September 31.

—

A. train on the Newport
News & Mississippi Valley Railroad was held up at Fulton,
Ky. , this morning, by robbers. The engineer and fireman are

reported as being killed.
" Chicago, III., September 23.—About 1 o'clock this morning,
Edward Polack, a fireman on the Alley Elevated Railroad,
was told by his engineer to look out for some obstruction
ahead. As the latter put his head out of the cab window he
was struck by a passenger train. The entire scalp was torn

off.

Kingsbury, Ind., September 32.—A freight train of the

Wabash Railroad was side tracked here to allow two sections

of the Montreal express to pass. The first section pa.ssed all

right, when the brakeman on the freight train opencii the

switch, supposing his train was to go out on the main track
again. Just at this moment the second section, running at 55
miles an hour, came along, and before the switch could be
closed dashed through it and into the freight train. J. Green,
engineer of the passenger train, was killed. Tlie fireman of

the passenger train had a leg broken and was severely burned.
H. J. Vatkeney, the fireman of the freight train, was burned
and scalded about the head, and bruised. John Whitaman.
engineer of the freight train, had his right arm broken, and
was badly burned.
4 Birmingham, Ala., September 23.—At 1 o'clock this morn-
ing, 19 miles north of this place, an attempt was made to wreck
an express on the Queen & Crescent route, by removing a rail

from the track. The engine, baggage car and mail car were
demolished. Engineer Frawley and Fireman Waite were hurt,

but not fatally.

I^Curaberland, Wis., September 33.—A rear-end collision oc-

curred between two freight trains on the Chicago, St. Paul,

Minneapolis & Omaha Railroad near this city this evening, in

which Robert J. Orr, a fireman on the rear train, was fatally

hurt. He jumped into the darkness just before the collision,

striking on a bridge and cutting his head open. The engineer
jumped, but was not seriously hurt.

Jessup, Ga., September 25.—A runaway engine on the Sea
vaunah, Florida & Western Railroad, starting from this plac-

toward Waycross, ran into a freight train at the 63-mile post
to day. Botii engines and several freight cars were wrecked,
and the fireman of the freight train was seriously injured.

Wilmington, Del., September 26.— A boiler of a locomotive
on the Philadelphia, Wilmington & Baltimore Railroad explod-
ed to day, severely scalding Engineer Richard Beck and Fire-

man Samuel Alexander. The explosion occurred by the drop-
ping of the crown sheet.

Bellevue, Mich., Seplember 27.—An express train on the
Grand Trunk Railroad, while standing at this station at 2
o'clock this morning, was run into by the Erie express. Fire-

man Jennison, of the Eiie express, was badly scalded.

New London, Conn., September 27.— An engineer on the
consolidated Road ran off the draw at Shaw's Cove this after-

noon. The engineer failed to notice that the derailmg switch
was set against him. The track is laid on a trestle across the
cove, and the derailing switch is placed at the edge of the land
foundation on a curve. Three men were in the cab at the

time and made a scramble for that side farthest from the water.
The engine landed on its side deep in the mud, with its tender
half over the cab. The three men were badly bruised and cut.

Sedalia, Mo., September 27.—A passenger train on the Lex-
ington Branch of the Missouri Pacific Railroad had a narrow
esrape from destruction by running off of a trestle 5 ft. high
half a mile west of that point. Between the lies on the east

end of the trestle some one had placed a tie so that it projected
above the rail nearly 3 ft. The engine struck it and was de-

railed, rolling down an embankment 8 ft. high and landing on
its side. Engineer Patrick O'Connor and Fireman W. H. Fin-
nell were injured.

Gulf Port, Miss., September 38.—A passenger train on the
New Orleans division of the Louisville & Nashville Railroad
ran into an open switch at this point this morning. It was
running at the rate of 45 miles an hour at the time. An inves-

tigation shows that the switch had been properly set and
locked, but that the lock had been burned off with a large pine
knot and thrown away. The engineer and fireman were dan-
gerously injured.

Hillsdale, N. Y., September 38.—A milk train on the Har-
lem Road was wrecked at this point to-day. Just south of

this point the rails had spread, and the train rolled down a
50-ft. embankment. Engineer Ackert and the fireman, Joseph
Anderson, jumped from the engine iu time to save their lives.

The engineer was badly bruised about the body, and received

a severe scalp wound. The fireman was slightly cut.

Louisville, Ky., September 38.—There was a collision be-

tween a passenger and freight train this evening on the Knox-
ville & Cumljerland Gap Branch of the Louisville & Nashville
Railroad, near Hazelpatch. Ky. The misunderstanding of an
order by one of the train crew is given as the cause. A fire-

man named Ryan was killed, and an engineer named Pierce

had his leg broken.
Streator, 111., September 28.—Two freight trains collided on

the Chicago, Burlington & Quincy Railroad about 3 miles

north of this city. Engineer William Gribble was killed. It

was a head-on collision, and both ftigincs were badly wrecked.
Phillipsburg, N. J., September 30.—A flue burst on an en-

gine on the New Jersey Central Railroad about 6 o'clock this

morning, filling the cab with steam, scalding the face and neck
and upper pari of the body of Joseph Lutz, the engineer, in

a frightful manner. He is, however, expected to recover.

Our report for September, it will be seen, includes 40 acci-

dents, in which 13 engineers and 14 firemen were killed, and
21 engineers and 19 firemen were injured. The causes of the

accident may be classified as follows :

Boiler explosions 2

Broken connecting-rod 1

Broken eccentric rod 1

Bursting of flue 1

Collisions 16

Derailments 3

Falling from engine 2

Loose rail 1

Misplaced switch 1

Rail spread 1

Ran over derailing switch 1

Runaway engine 1

Shot by train robbers 2

Struck by obstruclion 1
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Struck by passing train 3

Train wrecked 3

Unknown 1

Total 39

TESTS OF THE NEW YORK AND WESTING-
HOUSE AIR BRAKE PUMPS.

Editor of (he Amkkican Engineeu :

Gnu atteutiou has been drawn to n cirriiliir issued by the

Westingliouse AirlJrake Company, called " A Comparative
Test of the Westinj;liouse Air-liraUe Company's 9i in. Air
Pump and the New York Air-I?rake Company's No. 2 Duplex
Air Pump." It is so at variance wilh actual results univer-

sally ol)tained with our duplex pump, that we repeated the

tests under the same conditions, measuring the iiir, with three

reservoirs, in the same way. Tlie results of tiie tests were as

follows

:



Vol. LXVII, No. II.] AND RAILROAD JOURNAL. 547

it receded a short piece of the tunnel about 80 ft. long showed
a deformation of its section, the side walls being slightly

pressed in and the arch llallened, and this deformation threat-

ened to increase. Tlie difficulty was promptly remedied by
the system of bracing sliown on the drawings. No further

movement of the walls of the tunnel took place after they
were braced for the following three years, when the extension
of the double Ira^iU over this part of the railroad necessitated

either an eulargement of the tunnel or a realignment of the

railroad around it. The latter plan was adopted as the cheap-
est and most .satisfactory of the two, and after its completion
the track through the tunnel was abandoned. Discossion
followed.
Mr. George S. Morison presented to the club a valuable re-

port on the Nebraska City Bridge. Mr. Brauer presented
drillings of the nickel armor plate. For the next meeting a
paper by Mr. D. A. Moliteron Landslides was announced.

Engineers' Society of Western Pennsylvania.—A regu-

lar meeting of the Society was held in Pittsburgh on Septem-
ber 19. Forty-one members were present ; six applicants

were elected to membership. The Library Committee reported
the addition of liT volumes since its last report. The papers
read at the .June meeting on Gas and Gas Producers, by
Walter E. Ivoch, and on The Effect of Suddenly Applied
Loads upon the Tensile Strength and other Properties of Iron
and Steel were fully discussed. Mr. Charles Hyde gave an
interesting discussion on Water-Tube Safety Boilers, illus-

trating his remarks bj' a working model of the Hyde water-

tube safety boiler. On September 22 and 23 the visiting

French Engineers were entertained by the Society. On the

22d they were taken by railway to the Macdonald oil and gas
field, and to the coal-mines of the I'ittsburgh Consolidated
Coal Companj' ; on the 23d by steamboat to Homestead,
McKeesport, and Davis Island Dam. Very many of the

largest and most important steel works, electric plants, in-

clines, and streetcar power houses were also visited. On the
evening of the 23d the members of the committees of the

Engineers' Society and of the manufacturers of the city were
the guests of the French Engineers at a dinner at the Monon-
gahela House.

A MEETING of the Chemical Section was held on September
26, 1898. The 8ul)jecl of Standard Methods for Sampling and
Analysis of Iron and Steel was discussed. Mr. James O.
Handy read a p.aper on The Effect of Arsenic on Pliosphorus
Determinating in Iron and Steel.

Engineering Association of the South.—At the meeting
of the Association, in Nashville, Tenn., September 14, Mr.
W. G. Williarason discussed the relations between the City
Council, the Board of Public Works, and the City Engineer

;

he concluded that in small cities the existence of both the
Council and the Board causes needless complicalious, though
in large cities the great amount of improvements makes the
Board more efficient than a committee of the Council ; that
the Engineer should be appointed bj' the Board, but should
not be emliarrassed by tlieir appointing any assistants ; that
orders to the Engineer should pioceed from but one authority,

and if these orders are contrary to the Engineer's judgment, he
should be allowed to put his object ions on record ; and that it

is not good economy to bind an Engineer to let work to the

lowest bidder.

Mr. Walter G. Kirkpatrick's paper described a System of

Triangulation for River Surveying. The field work consists

of reading four angles at each of a series of stations on one
river bank, the distance between the first two stations and
that between the last two being measured with tape. The
computation is simple, a connected series of sine proportions,

so that the addition of logarithms is cumulative, each addition
evolving the length of a line in the system. The platting is

by chords, affording such a check that an error can hardly
escape detection. The .system is accurate and requires but
little more work than the ordinary transit and stadia survey

;

the computation can be framed from the field notes, then all

the logarithms taken from a table, then all the additions made
and all the necessary sides evolved, with which the plotting
proceeds in a connected chain.

Mr. J. S. Walker discussed the Roof Trusses in the World's
Fair Buildings. Mr. Hunter McDonald described the methods
and progress in sinking caissons 40 ft. under water, for the
foundations of the .Johnsonville bridge over the Tennessee
River now under construction.

Society of Naval Architects and Marine Engineers.—

A

notice has been sent out from the office of the Secretar}'-

Treasurer in Washington, that the first general meeting of

this Association will be held in New York City at 10 a.m.,

November 16, at the rooms of the American Society of Me-
chanical Engineers, No. 12 West Tliirty-first Street, and that the

session will extend through Thur.sday and Friday, November
16 and 17. It is proposed that there .shall be an inaugural

banquet on Thur.sday evening. An earnest request is made
that the inaugural meeting of tlie Society be fully attended in

order that the papers presented may be discussed with a thor-

oughness commensurate with their importance. Certificates

of "membership have been engraved, and it is expected that

they will be presented to the members before they meet.
Among the papers are the following : Tran.satlantic Naviga-
tion, by Charles H. Cramp, President of William Cramp &,

Sons' Ship & Engine Building Company, Philadelphia, Pa.;

Steel Ships of the United Slates Navy, by Theodore D. Wil-
son, ex-Chief Constructor, U. S. N.: The Development of

Shipbuilding on the Great Lakes, by .John F. Pankhurst,
Vice-President and General Manager of the Globe Iron Works,
Cleveland, O.; Notes on the Machinery of the New Vessels of

the United States Navy, by George W. Melville, Engineer-in-

Chief, U. S. N.; Coal Bunkers and Coaling Ships, by Albert
P. Niblack, Lieutenant, U. S. N ;

Production in the United
States of Heavy Steel Engine, Gun, and Armor Forglngs, by
Ru-ssell W. Davenport, Vice-President of Bethlehem Iron Com-
pany, South Bethlehem, Pa ; Determination of the Approxi-
mate Dimensions of a Vessel to Fulfill a Given Programme of

Requirements, by Joseph J. Woodward, Naval Constructor,

U. S. N.; Comparative Performances of American and Foreign
Freighting Ships—Our Superiority, by William W. Bates, late

Commissioner of Navigation, Treasury Department ; The
Wetted Surface of Ships, by David W. Taylor, Naval Con-
structor, U. S. N.; The Influence of Speed and Weight of

Machinery on the Determination of the other Elements of the

Design of Steam Vessels, by John J. O'Neill. Naval Architect

and JIarine Engineer ; United States Treasury Rules for the

Inspection of Machinery and Boilers, by James T. Boyd, Gen-
eral Manager George F. Blake Manufacturing Companj'.
Papers are also expected from the following gentlemen, but
the exact titles have not been decided upon : Colonel Edwin
A. Stevens, President of Hoboken Ferries ; A. Cass Canfield,

Member America's Cup Committee, New York Yacht Club
;

Joseph H. Linnard, Naval Constructor, U. S. N.

PERSONALS.

Mr. Theodore Nickerson, who has filled the position of

General Purchasing Agent of the Mexican Central Railway for

many years, having resigned to attend to his personal inter-

ests, Mr. E. W. Baker has been appointed Purchasing Agent,
with headquarters at JIason Building, Boston.

Mr. John D. Fouqdet, Architect for the New York Central

and AVest Shore railroads for the past 10 years, has withdrawn
his services from these companies, and will hereafter practise

at 3.0 Broadway, New York, making a specialty of railroad

structures.

Manufactures.

General Notes.

Manchester Ship Canal.—It is announced that it is the

cxpeclation of the management of the Manchester Ship Canal
to open it for traffic throughout its entire length by January,
1894.

The Baldwin Locomotive Works have received an order

for 10 Vauclain compound locomotives for the Philadelphia,

Reading & New England Railroad. Of these, seven are Con-
solidation freight locomotives, with high-pressure cylinders

13i in. X 24 in., low-pre.ssure cylinders 23 in. X 24 in., driv-

ing wheels 50 in. in diameter. They will weigh in working
order about 128.000 lbs. The other three are passenger loco-

motives, with high pressure cylinders 12 in. X 24 in., low-

pressure cylinders 20 in. X 24 in., and driving-wheels 68 in.

in diameter ; estimated weight in working order about 96,000

lbs.
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SUMMARY OK REI'ORTS OK DETKNTIONS TO TRAINS FROM DUKKCTIVE MACIIINKRY,

Fiscal Year ended June 30, 1893.

Cause.

Air ho*f hiirstin^ mid becoming disconnected
" pipe breaking

t" pumps fallini; to work
" si^ul breaking

Crank-pin!* bicaking
Cross-heiuls breaking
Crosi'-hiad tiib> and bolts breaking
Cylinders breakiiij;

Cylinder cocks breaking
" heads "

DrivioR axles "
,

" boxes "
'* brakes and bolts breaking
*' springs breaking

Eccentrics lireaking

Eccentric bolls breaking
" rods '*

" straps *'

Engine trnck axles breaking
springs breaking

Follower head holts breaking
Frame breaking
Grate arrangements breaking
Guides breaking
Guide bolts and nuts breaking

** yokes breaking
Jenney couplers lireaking
Lifting-shaft arms **

Link breaking
*' hangers breaking

Main rods breaking
*' rod gibs and keys breaking ..

" " straps breaking
** *' strap bolts breaking

Packing rings breaking
Piston glanris "

'* gland studs breaking
" Iieads breaking
" keys *'

•* rods '*

Pop valve studs breaking
Pulling bars and bolts breaking
Rocker arms *' " "

" box breaking
Safety valves "
Side rods breaking f
" rod steady pin breaking
*' " straps breaking
" '• strap bolts breaking

Spring hangers and bolts breaking
'* rigging breaking

Steam chi sts bin>ting
" cliest relief valves breaking

Tender castings breaking
" draft reds '

truck axles breaking
" *' springs "

Throttle packing blowi ng out
" ri:;ging breaking

Tires breaking and coming loose
Tire bolt-* breaking
Valves breaking
Valve sti'ms breaking

yokes "
Water scoops breaking
Wheel centers '

" guards and bolts breaking
Whistles breaking

Miscellaneons-

Total.

14
12
53
4

- 6
2
89
2a
4
6

21
19

57
iU
34
4
12
6

108
5
20
2
2
4
1

2
4
8
36
11

13

5
33
8
15
41

3
12
14
1

12

1

IS
10
116
69
37
6
6
8
3

Totals 1,263

Div. A. Div. B.

2
4
22

2

4

1

6
2

7

4
3
3
1

2
12
2
6

1

1

5
2
1

1

1

3

1

2

1

1

15
12
6
2
1

1

1

1

3

Div. C.

1

15

1

2
I

2
3
5
1

3

a
8
5

28

2

1

4

1

1

6

1

1

1

1

1

3
13
5
1

3
2

1

1

1

137

Div. D.

1

1

3

1

4
8

2

1

1

1

2
8

1

1

Div. E.

2
2

1

1

2
6
1

1

1

3
7

1

1

2

4

2

1

19
2
1

1

1

Div. F.

1

1

3

15
n

1

1

1

10
4
2

Div. G.

3
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A FOUNDRY CRANE.

TiiK value of any lioistiag appanitiis for founflry or other
line work (Upends on its more or less perfect running. Tluis,

for tlie lifting of copes or molds the ordinarj' chain and .sprocket

wheel are almost useless. Made as carefull}' as possible, a

chain running over a sprocket wheel will, as each link leaves
its pocket, .jar the load. The sand is liable tj crack and the
mold to break down.
With a view to obviate this dillicullj', a new foundry crane

has been designed by Edwin Harrington, Son & Company, In-

corporated, of Phil.idelphia.

As will be seen by the en-

graving, the sprocket wheels
of the hoist have been replaced
by a drum having right and
left spiral grooves, thus in-

suring the hanging of the hook
always over the same point.

There is no jumping or jar-

ring ; the movement is sure
and steady, the chain winding
ami unwinding with the regu-
larity of a rope on a windlass.
Thus the cope can be lifted

and lowered with no danger of
the sand sifting out or mold
"breaking down." The in-

ternal gears of this hoist are
worked by means of a shaft
extended far enouali beyond
the beams of the briilge to pre-

vent the chain from interfer-

ing with the load, and this also enables the operator to stand
at a respectful distance from a pot of melled iron.

of which are furnished with roller bearings, producing easy
movement.
One of these cranes has been furnished to Messrs. Isaac A.

Sheppard & Company, who have a foundry for the manufac-
ture of stoves and hollow ware in Philadelphia. They say of
it :

' We are greatly pleased with the special foundry crane
which you recently creeled in our foundry. It is, in every
way. perfectly adapted to the use for which it was intended,
and lifts a mold absolutely without a jar, so that we have not
had the least trouble with the breaking down of a mold at the
critical point. For a light foundry crane we hardly see how
it can be improved upon."

FOUNDRY CRANE, BUILT BY EDWIN HARRINGTON, SON & COMPANY. INCORPOHATED.

THE FOSTER ENGINEERING COMPANY'S IM-
PROVED SAFETY CHECK VALVE.

PLAN PLAN
^VALV£S£ArE. /ffmVWC VALV£ £)

IMPROVED SAFETY CHECK VALVE.

The crane Is operated by gtared wheels Ihioiighout, and ihe
shaft of the crane is placed inside the beam, thus saving room,
and it moves the crane by pinions and intermediate gears, all

The illustration, fig. 1, herewith, represents a sectional view
of an improved form of safety check valve which the Foster
Engineering Company, of Newark, N. J., have recently
brought out. Little description is needed to make its con-
struction clear The valve is placed inside the boiler, Ihe ob-
ject being to place it out of danger or liability to injury in

case of accident. In some of the most horrible accidents which
have ever occurred on railro.-uls, the injury to persons was
largely due to the damage done .to the check valves, which al-

lowed Ihe hot water in the boiler to escape, and which then
scalded those exposed to it.

In the check illustrated, a ring, A A, is bolted to the boiler
and surrounds the opening by which the check valve or its con-
necting pipe communicates with the inside of the boiler. This
ring has a boss, 13 B, which extends inward through the open-
ing in Ihe boiler plale. The boss receives and holds a valve
seat, F, which is inside of the boiler, and can be inserted or
taken out through the opening in the ring A A. The seat is

held in its place by a retaining ring, C, which is screwed into
the outer ring. A valve, D, tits on the seat and can be re-

moved with it. A stop, G, is attached to B and limits the
movement of the valve. The feed pipe FU connected to A A
by a neck. //, in the usmd way. It is obvious that if this
neck should be broken olf lliat it would not disturb the check
valve, L>, and that if Ihe water should escape from F the
valve would close and hold the water in the boiler. In case
of leakage the vidve seat and valve can readily be removed
and reground. Considerations of humanity should make the
use of these valves or others equally eft'eclive compulsory on
all locomotives.

THE MADDOX COTTON AND WIRE BELTING.

A NEW form of combination belting called the Maddox cot-
ton and wire belling is now being introduced by H. N. Green,
of 12 Wooster Street, New York. It is made of cabled soft
steel wire and cotton woven .solidly together, which makes it

strong and durable. The cables of wire are each composed
of six soft steel wires twisted logether like a cable, giving each
separate one greal strenglh. These cables are laid lengthwise
in the belting about one-eighth of an inch apart, forming part
of the warp, the cables composing about one-half of the warp

;

the rest of the belt being made of strong, tough cotton yarn
specially spun for this work.
The cotton filling or woof is woven in solidly with Ihe

warp, there being no plies to pull apart. The process of
weaving causes the wires to become corrugated in form with
a depth about equal to the thickness of the belting. The belts
are very tlexible, and it is claimed that it is impossible for the
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cables of wire to pull out. The weavinc; of the cotton and
wire solidly together completely and tliorouiildy covers up Ihe
wires with the cotton, so tliat tiie wires do not come in eontacl
with the pulleys at all, and cannot he seen in the beltini; ex-
cept when it is cut so as to expose them. The rou'.;h surface
j;iven to the belting liy the cotton forms an elastic face wliich
prevents air cushions from funning between the belt and the
pulley. It is claimed also that the.se belts can be run witli

greater amount of slack than ordinary leather belting, and that
there is a consequent saving in wear and tear. It is water-
proofed by being tilled with a permanent water-proof material,
and is sai:l to be unaffected by water, steam, dampness, heat,
moisture, dryness, oils, grease, acids or chemicals, or the vapors
of any of them, changes of climate or water, dirt, dust, ur
other things which adect the ordinary run of belting. Fur-
thermore, it will not rot. crack, mildew, or get hard and stiff,

but always remain soft anil llexible. It does not require
grease, or oil, or other belt compositions. It is said to be
especially valuable for use in paper and pidp mill.s, chemical
works, oil and sugar refineries, oil and souji works, tanneries,
bleachcries, cotton, woolen, and other textile mills.

same time this flange bears against the shoulder on the tie

shown iust below K in fig. 3, which prevents the rail from
moving inward. The ballast is then tamped in under the
sleepers. To facilitate this, their inner flanges are cut away
so as to have an inclined form, as shown at K K, tig. 'i. The
rail then bears on top of the sleeper and rests on its top face
and also on top of the tie at I), tig I. The lips G on the lie and
A' on the sleeper ])revent the rail from moving either outward
or inward, and the ballast can then be very conveniently
rammed under the sleepers and under the bottom tlange of the
tie-bar 6'.

All the parts, it will be seen, are made of wrought iron ; the
lies are elastic in their nature, and from their form have an ex-
cellent supp irt on the ballast. At the rail joints double ties

are used so as to hold the rails more securely and give addi-
tional support to the sleepers.

The company named aliove, whose oftice is in the Belz Build-
ing, Philadelphia, propose to furnish these ties on long de-

ferred payments, and thiidi that tliey can show that it will be
economical for railroad compaines to substitute this form of
permanent way for ordinary wooden ties.

.THE COLUMBIAN METALLIC RAILWAY TIE.

•THE COLUMBIAN METALLIC RAILWAY TIE.

Tiito American Railway Maintenance .Syndicate of Philadel-
phia have brought out a new form of metal permanent way
which they are now prepared to supply to railrcad companies,
and which is shown b}' our illustrations, of which fig. 1 is a
perspective view, fig. 2 a side, and fig. 3 a sectional view.
The structure consists of first, inverted trough-shaped sleep-

ers, n. which are made in slu)rt sections and are placed below
and support the rails. These sleepers are held in their proper
lateral position by angle-iron ties, C. The sleepers are made
of the form shown, with sides which flare outwardly so as to
give ample space below them to receive ballast and have suffi-

cient bearing surface for the support of the loads they must
carry.

The upper faces of the ties have lips, E, which are punched
out of the metal and bent upward so a.s to receive the flange
of the rail, as shown at E in fig. 3. The sides and lop of the
sleepers have openings in them of the form of the anjle iron

tie-bar, as shown bv the shaded area at D in fig, 2 so as to re-

ceive this bar. The top of the bar is notched, as sho.vn at D.
fig. 1, and has a lip, G. which hooks over the outside flange of
the rail. In laying the rails the sleepers /? are moved inward
far enough to permit the outside flange of the rail ti be hooked
under the lip, G. The sleeper is then moved outward, and
the lips E engiige with the inside flange of the rail. At the

ROWELL-POTTER AUTOMATIC
BLOCK SIGNALS.

SYSTEM OF

Foit some time past this system hiis been in successful oper-
ation on the Boston, Revere Beach & Lynn Railroad, for use
as a safety stop device in the protection of switches and a
tunnel. On May 20 last it was also put in operation on the
Intramural Railway of the Chicago Fair as a pernussive sys-
tem, and on .July 31 last Ihe absolute blocking was .adopted.

The essential features of the device are that if an engine runs
past a danger sign:d a valve in the train pipe is opened and
the air brake applied. The means \ised to accomplish this are
very simple inileed. At eadi station lliere are three l)ars lying
close to the rails which are very similar to the onlinary detec-
tor bar, and who.se distance ap.irt depends upon the traflic and
the speed of trains. The central bar is attached to the signal,

and when the latter is at safely it is raised up s ) that it would
be depressed by the passage of the first wheel of the engine.
As this bur is depressed Ihe signal is set at danger and remains
at that position until it is rel used and allowed to drop by an
electric connection from the station beyond. When the signal
is set at danger the other bars are raised, and they are con-
nected with a simple arrangemen' outside of the track bj'

which a stem or rod ilropping down from the outer end of the
buffer of the locomotive comes in contact with it and is raised.

As this rod is raised it opens the valve in the train pipe and
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immediately applies the brakes. It is probably Ihe most ex-

tensive sysiem of automatic slopping of engines on Ihe bloclc

system that has yet been adopted, and its action on the In-

tramural Railway seems to show that it is a success.

Tliere were 19 failures to operate on the Intramural Road
during the time which it has been in operation, and taking
this in comparison with the number of trains which have
passed and number of movements which were necessary, it

makes one in about 14,000 movements.
The device is being exploited l)y tlie Rowell-

Potter Safety Stop Company, whose office is

117 Greene Street, Jersey City, N. J.

Experiments have been made with the rings which have
been cut out of the metal, and they have shown that there is

practically no change in the structure of the material in any
way, and that it is fully as strong after being spun down into

position as it was before that operation took place. The claim
which is made for the wheel is that it uses the most suitable

material in just the right place—that is, it has a soft wrought
iron with fibers interlaced for the center and with steel tire

for the trend.

THE MANUFACTURING OF THE
BOIES STEEL WHEEL.

A

The Boies steel-tired wheel which is maun-
factured by the Boies Steel Wheel Company, of

Scranton, Pa., presents some novelties in the

method of its manufacture which will prob.ibly

be of interest to our readers. A cros.s-.section

of the wheel is shown in fig. 1, and in this the

center portion of the wheel is made of wrought
iron with the steel tire shrunk on in positi >n.

It will be seen that there are only two parts to

the wheel, and that the tire is thoroughly
locked into and shrunk upon the center. The
tendency of the rail against the flange is always
to thrust the tire in toward the center of tlie

track, and this is resisted in this case b}' the lip

which projects up from the center and the one
which comes down on the outside from the tire.

" The lock which is usually accomplished wilh
a retaining ring is also used here, but is a part
of the sub.stance of the tire itself.

The method of manufacturing this center is

exceedingly interesting. Selected scrap iron is

first hammered down under a 1.5-ton hammer
into round disks with a slightly increased
thickness of hub at the center. Two of the.se disks are then
rai.sed to a welding heat and hammered together into the form
of the center as it is used in the wheel. The heating is accom-

plished in a gas furnace, the gas being
made on the premises by a special ap-

paratus. Estimates of the expense
show that for the same amount of

work the e.xjjense of maiiufacturing
the gas and using it as a fuel is but
slightly in excess of what it would co.st

to use the coal direct, but that tlie re-

sults are very much better in cleaner

and more substantial work. The ham-
mering and forming of the center is

done between dies, so that each wheel
comes out practically perfect, and re-

quires simply a turning off of the outer
rim and a boring out of the hub before
the tire is placed in position. The
shrinkage which is allowed for the tire

is of the regular master mechanic's
standard of .01 of an inch to the foot

in diameter. It will be seen that it is

necessary to roll back the lire into Ihe

groove on the outside face of the cen-

ter of the wheel ; this is accomplished
in the ordinary wheel lathe by a tool

which is attached to the tool-pust and
is .shown in fig. 2. The metal is spun
down into the groove rather than be-

ing crowded or bent in. The tool con-

sists of a roller held by a bar, which
is in turn fastened in the tool-post of

the wheel lathe, and the pressure which
is brought to bear upon the overturned
lip is that which can be obtained by
drawing in on the screw of the cross

feed of the tool carriage. It is possi-

ble to do this work in about 10 min-
utes, but owing to the desire to spin

X |_ the metal out rather than bend it down,^ an hour is occupied in the work, the
wheel making four revolutions to the
minute. After this is done the tire is,

of course, thoroughly locked in position, and when it becomes
necessary to remove it the wheel is put in the lathe and this

turned-down lip is cut off.

"a.

Fig. I.

Fig. 2.

MANUFACTDRING THE BOIES STEEL WHEEL.

Rifle for Canadian Volunteers.—The Martini-Metford rifle

has been adopted as the future arm of the Canadian Volun-
teers. It is generally con,sidered to be among the best of the

single shooters, and to have some advantages over the maga-
zine rifles chosen for the English Army. It has a small bore,

and with so small a trajectory that it is fired point blank up
to 500 yds.

The Tanite Company have sent us a box of their polishing

paste for brass, nickel, zinc, and for the hot metal of fire and
sleam engines. As we do not run a steam engine in the office

of the American Engineer, we could not try it on such a

machine. We are assured, though, that it will polish almost
anything, from a brass kettle to the manners of a boor. It is

.said that it was tried on one of the latter who' was in the habit

of eating with his knife, picking his teeth at the dinner table,

and chewing gum thereafter, and that now, owing to the effect

of the tanite paste, he has abandoned all these b,id habits and is

a polished gentleman, who observes all the amenities of civilized

life. We recommend our readers to try it on their steam en-

gines if not on their friends who chew gum.

Wilmot & Hobbs' Oiler.—The Wilmot & flobbs Manufac-
turing Company, of 20 Murray Street, New York, are making
a copperized steel anti-rust oiler which is being received with

a great deal of favor by engineers and others who have, to do
with the oiling of machinery. It is heavil}' copper plated in-

side, and is made of cold rolled No. 20 gauge steel. This steel

has an exceedingly smooth surface, is rolled very accurately

to the gauge, ami is of imiform quality, free from scale and
grit. The oulside is so handsomely burnished that it perfectly

resembles burnished copper. The sample railway oiler holds

2 quarts ; it is 5 in. in diameter, 8 in. high, and is made from
two seamless drawn parts. The nozzle is H in. in diameter

at the base, and may be made as long as 21 in. There is also

another kind made in pint and quart sizes with 18-in. nozzles.

These are heavily nickel plated over the copper.

The Joseph Dixon Crucible Company have authorized the

publication of the fact that one of their commercial tourists,

by his presence of mind in a recent railroad accident, saved a

well-known clergyman from seiious injury. The reverend

doctor is the authority for the statement that the Good Samari-

tan mentioned in Scripture was a drummer, who, he says, had
the best of oil and wine. It is noi quite clear on what evidence

this exegesis is based. Scriptuie tells us that a " certain man
fell among thieves in Jericho," who "left him half dead,"

and that a Samaritan, " as he journeyed," had compassion on
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him and administered oil and wine, and broiiglit liim to an inn,

paid liis bill, and told the host to take care of him, and " wliat

soever thou spendcst more, when 1 come again I will repay
thee." The parallel is obvious. The Good Sanuiritun had
wine, so liave most drummers—often they liave very " high"
wine. The reverend doctor says that the Good Sumaritan's
wine was of the hcst. St. Luke is silent on that point. Is

tliere not, perhaps, a little confusion licre ? It is hardly proba-
ble that the doctor wouM give testimony with reference to the

quality of wine without some knowleilge. As tlie Evativ;clist

liius given us no intimation about the ijuality of the contcnls of

the Samaritan's flsusk, our reverend friend must have referred

to that with which tlie .loseph Di.xon ('rucible Company's
tourist was supplied, and which lit- (the tourist) may have
poured into the injured person's—wounds. There is collateral

cfidence bearing on tliis point in the fact that the iloctor says
he woke " up about midnight with the bottom side of his

coach in the direction of the stars." Pouring wine into

wounds sometimes has this effect, especially when the wound
is one whicli never heals up and is in the front and lower part

of tlie face.

Other parallels are the circumstances that both the Samari-
tan and the tourist " journeyed ;" they were both acquainted
with the ho^t of the inn : they buth expected to come again

—

all of which is strong evidence that th' Samaritan was a drum-
mer. In two respects, however, the parallels fail — the scrip-

tural account plainly indicates that the liost of the inn was
willing to trust tlie Good Samaritan, Would most hosts in

this broad land of ours be willing to do the same thing for the

generality of commercial tourists? Our clergyman friend tells

us tliat " the drummer of .Jersey City had the best of pencils"—
manufactured by the .Jo.seph Di.xon Crucil)le Company— " and
the kindest of hearts." In the latter respect he and the Samari-
tan—who probably represented some " house" in Jerusalem
and had a customer in .Jericho—resembled each other ; but in

the matter of pencils, no " concern" in .Jerusalem can hold a
candle to the .Joseph Dixon Crucible Company, to whom the

judges at the World's Fair have made awards for superior
products in graphite, lead-pencils, plumbago, crucibles, bliick-

lead stoppers and nozzles, dippers, bowls, foundry facings and
lubricating graphite.

We woidd, though, Wke fuller information about the relative

quality of the Samaratian and Dixouian wine.

THE TANITE COMPANY'S EXHIBIT OF ABRA
SIVES AT THE CHICAGO EXHIBITION.

In Machinery Hall, at Chicago, several emery wheel makers
have full and interc^liiig exhibits of a conuncrcial characlcr.

The Tanite Company, of Stroudsburg. Pa., was requested by
the Exposition authorities to treat " .\brasives" from an edu-
cational standpoint. The exhibit here illustrated and described

is the result, and. its compact character is due to the fact that

the exhibit will be presented as a gift to the Smithsonian, the

Chicago University, or some other suitable institution. While
some of the articles were furnished by the Tanite Company,
many were contributed by liberal-minded manufacturers.
Emery, being the most important abrasive, is illustrated

fully. Emery ore is shown from 'I'urkey. Greece, and the
United States. In one piece clear blue sapphire can be seen

with the naked eye. On a platter of pure aluminum are
shown sapphires, corundum and emery, with the explanation

that alumina is the oxide of aluminum, anil that the articles

on the platter are largely composed of crystallized alumina,
the sapphire being almost pure alumina. Kmery is then
shown in its successive stages— lirst. as it comes from the

crusher ; then in the form of grain and Hour ; then as polish

(powder, liquid, and paste) ; and, lastly, in the shape of whet-
stones and .solid emery wheels. Fragments of various classes

of tanite wheels are displayed to show the internal texture.

Tliere are bottles containing the dust gathered under tanite

wlieels after the grinding of cast, inalleable. and wrought
iron, and of bnvss and .^teel. These are for experimental ex-

amination with magnifying glass and magnet. " I^'trified

sparks" arc an interesting feature. These are strangely shaped
cones formed of the matter which fuses below an emery wheel
when grinding under heavy pressure. The comparative prod-

ucts of the emery wheel, tile, and cold chisel are tabulated on
a framed sheet, while the ease contains jiieees of cast iron and
sawsieel with the cuts made bj- file and wheel. The ])iece of

sawplate demonstrates that in a given time the wheel did 126

times as much work as the lile. In the case and on the ends
of the stand are numer.)Us parts of machines, all of which
have been surfaced by the Newman Emery Planer. These
appear to be as true as if planed, and tabulation shows that

this machine has taken a maximum cut ouequarter of an inch I

deep, and has taken a -^ in. cut over a surface of 100 sq. in.

in (i minutes and 9 .seconds. Its ordinary cut is from ,,'j to
.,'0 in.

Emery wheels are usually thought of in connection with
metal grinding, but in this case are shown blanks for long
combs and l.idies' back cond)S, made of vulcanite, and other
samples showing that the long comb has been edged and the
back comb had the sjiaees between the teeth cut out with
tanite wheels. Glass guides from a silk-spinning mill are also

shown. In these guides the silken thread wears a tapering
groove which eventually breaks the thread, and these grooves
are ground out bv the use of tanite wheels.
As curious and instructive examples of abrasion, the parts

of various machines used in the Tanite Factory are shown,
all testifying to imequal and destructive wear due to une(iual
stress and the friction of emery du.st.

Corundum is shown from Ceylon and from our Southern
States, in the form of mineral samples, and also in grain. To
the latter samples, as also to some of the cmerj' samples, are
attached analyses showing the proportions of insoluble corun-
dum, of dis.solved alumina, etc. Samples of pumice stone
and of rotten stone are contributed by T. Van Amriuge. of
New Vork. liacder, ,\damson &i Company, Philadelphia,
show rock flint, or quartz, and rock crystal garnet, in rock, in

grain, and on cloth. Norris & Brother, Baltimore, exhibit
India spar. B. C. & K. A Tilghman, Philadelphia, show
chilled iron shot. The Pittsburgh Crushed Steel Company
show a full line of samples of iheir so called steel emery, and
the Carborundum (lompany show that material rough and
finished. Mill stone rock is shown bj' W. & F. Livingston
and by Sauuul Carey, both of New York. William M. Kirby,
Pittsburgh, shows grindstone rock, as do also .J. West by,

Levick & Company, Slietlield. England. J. B. Hull, Strouds-
burg, shows, in regular order, the materials used in rubbing
down granite and marble. Scythe stones, rough and finished,

are displayed in great variety by P. M. Peterson & Son,
Porsgrund, Norway. The Pike Manufacturing Company, of
New Hampshire, also show a great variety of natural whet-
stones, etc. I). A. Richardson. Helena, Mont., contributes
rough sapphires, and A. W. & C. E. Tanner, Hed Bluff,

Mont., some tine specimens of garnet. Corundum is supplied
to this exhibit by Edward L. Hand & Company, Philadelphia,
and by George L. English & Company. New York. AnKuig
the curiosities of abrasion are the following : Leaves of the
Afeen plant, tised to clean gourds, after the manner of sand-
paper ; contributed by Holding Bowser, Esq., U. S. Consul,
Sierra Leone, Africa. Wood of Ar/att' Polynciintha, used for

razor strops, contrilnited by William P. Pierce, U. S. Con.sul,

Trinidad. Dutch rushes, or scouring rush {EqnUctum llife-

male), from Yorkshire, England, supplied by David Brodie,
M.D , London ; and rush for same purpose, furnished by
.John ,Selwood, iStroudsburg, Pa. Theepidermisofthe.se plants
is formed of silica, and the rush is used to polish wood and
metals. Shark skin is contrib\ited by the Tanite Com|iany.
This is to be used in sanies way as emery cloth and sandpaper.
Samples of carbon, or black diamond, and also .samples of

clear or gem diamond, suitable for turning or dressing emery
wheels, are shown by the Taidte Comjiany. The evolution
of razors and tabic knives is shown in two series of .samples,

beginning in each case with the rough ingot or blank of steel,

progressing through various stages of polish to the final bright
finish.

An interesting series of photographs shows emery veins and
mining processes in Westcliester County, N. Y.
Two ]iictures aie also exhibited : one of these -seems to rep-

resent the tail of a comet, though what is really shown is the

stream of fiery sparks streaming olT from a Tanite emery
wheel while engaged in grinding through a file. The other is

a photographic reproduction of a picture in the Hoj'al Gallery,

Berlin. Tlie photograph was contributed by Markt & Com-
pany. Hamburg, and the painting was by Gerard Ter Borch,
who was born in Holland in IfilT. This painting represents
with much detail " The Grinder's Fanuly," and depicts clearly

the rough and prinutive grinding processes then employed.

'WORLD'S FAIR ROUTE.

TiiK ('. H. & I). Railroad have issued a handsome pano-
ramic view, Vi ft. long, of Chicago and the World's Fair, show-
ing relative heights of the principal buildings, etc. ; also a
handsome ]ihotographic allium of the World's Fair buildings,

cither of which will be sent to .any address postpaid on receipt

of 1(1 cents in stamps. Address I). G. Edwards, General Pas-
senger Agent World's Fair Route, 200 West Fourth Street,

Cincinnati, 0.
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EDITORIAL NOTES.

All subscribers to the American Engineer and Railroad
JoURN.\L should receive with the present number the Index

and Title-page for Volume LXVII (Volume VII, New Series).

Sliould any fail to receive it, they can have the omission sup-

plied on notifying this ofBce. The volume covered by this

Index includes the twelve numbers for the year 1893.

Ant subscribers who may wish to have their volumes for

1893 bound can do so by sending their tiles to the office. No.

47 Cedar Street, New York, by mail or express, prepaid, and

remitting the sum of $1.25. The bound volume will be re-

turned to them, at their expense, without delay.

Should the tile be incomplete, the missing number or num-
bers can be supplied at 25 cents each. The amount required

to pay for them should be added to the remittance for binding.

Any special style of binding or any lettering desired may be

ordered, for which only the actual extra cost over the regular

price will he charged.

At the annual meeting of the American Society of Mechani-

cal Engineers, which will be held this month, there will be pre-

sented the usual large number of papers of more or less practi-

cal value, interspersed with the social features for which the

Society is so well known, the principal of which is a reception

at Sherry's. In another column we give the list of the papers

to be presented.

Interested parties are naturally very much delighted over

the performance of the cruiser Columbia on her trial trip,

which occurred on November 18. The speed which the ves-

sel attained and maintained, place her at the head of the list of

sea-going vessels, and demonstrates beyond all peradventure

the efficiency of the triple screw.

sale and re-equipment of the steamer El Cid for service in the

Brazilian Navy, and demonstrates the advantages to be de-

rived l)y a country having a large tiect of merchant vessels

available for such an emergency. The equipment of the ves-

sel with the dynamite gun is also an interesting feature, whose

.action will be watched with the most intense interest by the

whole civilized world.

Considerable interest is being manifested in naval circles

just at present over the fact that some of the vessels recently

constructed for the Navy have been found to be so top-heavy,

that it is necessary to lighten the weiglits above deck. In the

case of the Detroit, for example, it is expected that it will be

necessary to remove the conning-tower, possibly the ice ma-

chine, and probably put from 20 to 30 tons of cement on her

bottom. The Machias and the Castine are in similar circum-

stances. It would seem to a layman that the abilitj' which

enables a constructor to design one of these ships should also

lead him to a proper supervision of the calculations of her

metacentric height, when ready not only for sea, but when
ready to enter port with empty bunkers. We have a dim sus-

picion, however that when the contracts are let all of the

work of the designer is not done, and that the weight of a

great deal of the machinery is merely guessed at, and its center

of gravity located by a still wilder guess. If such is the case,

then there is small reason for wonder that the metacentric

height of the vessel should be widely at variance from the

calculations.

A PROMPT adaptation of one of the latest of American built

vessels for use as an arme<l cruiser is witnessed in the recent

1894.

It is usual at the close of an old year for editors to tell their

readers what they intend to do during the next annual period

which will be covered by the forthcoming volume of their

papers. If they have any good things in store for their sub-

scribers these are displayed in attractive typography, some-

what as Christmas presents are now shown in shop windows.

The purpose in the two cases is obvious : the shop keepers

want to sell their goods, we want your subscriptions. The
latter is the final aim and purpose for which we are editing

and publishing a paper, to which the greater part of our

thoughts, our time, and our efforts are devoted. It is, of

course, desirable for an editor to have some new enterprises to

offer to his readers at the beginning of the year. Last Decem-

ber we promised ours to give them a series of articles on Eng-

lish and American Locomotives. These liave been completed,

and while we expect to have much to say and more valuable

information relating to the locomotives not only of America

and of England, but of the whole world, than we have ever

given them before, it will not be in a serial form, but it will

be the latest information which is obtainable from all accessi-

ble sources.

The theory, the design, the construction and operation of

locomotives have not yet reached a finahty. Their defects

indicate where improvement is needed, and no evidence has

yet been submitted which indicates that those which are dis-

tinctly recognized are irremediable. There is hardly a branch

of locomotive engineering in which there is not anxious in-

quiry for improvement. Their organs of combustion perform

their functions as unsatisfactorily as the stomachs of dyspep-

tics or the livers of those who are bilious. Their breathing is

often as difficult as that of a consumptive or asthmatic person,

and their joints give as much trouble as those of a rheumatic

patient, and there are more deposits of calculus in their reser-

voirs than there are in those of human beings. Their action

is often as unbalanced as that of the mind of a human
"crank," and they need direction and guidance, like way-

ward human beings. There is a constant demand, an effort
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to improve locomolives, and it will be our aim not only to

give the readers of tlic American Enginkku and Railkoad

JOT'UXAi, full information of the most recent improvements

and the latest data conrerning the operation of railroads, but

also, by anticipation, to indicate the direction in which im-

provement is needed and may be looUeil for.

Compound locomotives we slill have with us. Wliether

tliey are merely casual visitors, or have come as permanent

residents, has, perhaps, not yet been quite definitely decided.

In the columns of this paper these visitors will be hospifcibly

received, and if, on further acquaintance, their characteristics

entitle them to a permanent residence, tlioy will be welcomed
;

but if llicy do not prove to be faitliful and useful servants,

tlicy will be treated as aliens.

We Iiope to give much further data similar to that con-

tained in a table pnblislied in onr Noveml)er issue, showing

the defects in machinery which were the causes of detention

of railroad trains. No more profitable investigation can be

made by railroad men than to inquire into the nature and ex-

tent of such defects, which in so many cases are the causes

whicli precede and produce serious acx^idents.

Our record of accidents to locomotive engineers and firemen

will be continued. Its object is to call the attention of rail-

road managers especially, and tlic public generally, to the

terrible amount of pain and agony, tlic suffering and bereave-

ment and the sacrifice of life and limb which goes on daily on

our railroads, almost unnoticed and certainly unheeded. We
hope to awaken public indignation and to arouse railroad mau-

a.gers to the exertion of some intelligent effort to diminish this

sacrifice of life, and t]ie inexpressible torture to which men are

often subjected for no other reason than tliat they have faitb-

fully performed their duties.

It is our purpose during the coming year to give more atten-

tion than ever before to the design and construction of cars.

We hope to be able to show especially how their weight may
be reduced without lessening their strength, how their venti-

lation, heating, and lighting may be improved. For some
thousands of years mankind has been engaged in sitting down,

but il has been only within a few years that we have learned

how to make proper scats, or one adapted to the human frame.

Our efforts at reform in this direction will be continued.

All other kinds of railroad equipment will be discussed, and

our chief effort will always be directed to giving our readers

the latest information that CHn be obtained about the design,

construction, and operation of all kinds of mechanism used on

railroads.

The Contributions to Practical Railroad Information, by

Dits. Dudley and Pease, of the testing laboratory of the

Peuusylvania Railroad, at Altoona. will be continued. They
have been, ever since they were commenced, of increasing in-

terest and value. A prominent railroad officer remarked dur-

ing the past year that these "contributions" were the most

valuable series of articles relating to the practical operation of

railroads that have ever appeared in any paper, and—he con-

tinued—if railroad managers fully appreciated their value,

they would place them in the hands of every subordinate

oflicer who had anything to do with the u.se, the purchase, or

the selection of materials on their lines. We take pleasure in

saying that these articles will be coDtinued for the greater part

or the wliole of next year.

The interesting series of articles on Progress in Flying Ma-

chines, by Mr. Octave Clianute, Past President of the Society

of Civil Kngincers, will be completed in the January number,

and will be published in book form as soon as that is possible

thereafter. During the past summer an International Confer-

ence on Aerial Navigation formcil one of the series of " con-

gresses" which were held in Chicago. The meetings of this

Conference proved to be succe-ssful and interesting beyond

expectation. JIanj- papers were submitted and were read and

discussed. Tlicse were placed at the disposal of the Ameuican
Enoineek and Raii.hoad Jouunai. for publication. After

due consideration it was thought that, as probably only a i)or-

tion of the readers of that journal would be interested in the

subject of aeronaiitics, it would hardly be fair or wise to de-

vote as much of its spa<-e to tliat subject as would be required

to give all of the proceedings at the Conference, or that por-

tion of them whicli has special value. It was, therefore, con-

cluded to print them as a separate supplement to the Ameri-

can Engineer, and on October 1 the first numlier of such a

publication was issued with the title Aeronavtics, and will

appear regularly each month for at least one year from that

date. As a consequence of the publicjilion of this paper as a

separate journal, all matter relating to aeronautics will here-

after appear in it. The American Engineer and Aero-

nautics will be furnished to subscribers in this country and

Canada for $3.50, and in other foreign countries for $4 per

year. The price of Aeronautics alone will be $1 per year for

the United States and Canada, and |1.20 for other foreign

countries.

It is thought that the imlilication of this journal, espcciall\"

devoted to aerial navigation, will be more satisfactory to bi.th

those who are directly interested in this fascinating subject

and also to those of the readers of the .\merican Engineer
who are not.

The constantly increasing interest which is fell in the growth

of our Navy and its armament will lead us in the future to

devote much space to naval construction and ordnance.

Man3' of the new ships have already been illustrated and de-

scribed in its pages, and we will continue to give the latest

and fullest information possible, with reference to the growth,

the character, the organization, and the construction of the

Navv of tub United States, of which we all hope \vc may
feel a just pride. The ships of foreign nations will receive

due attention, and we hope to give in the American Engi-

neer such information as will lead those who are interested

in our Navy to look to its pages for information.

TRAIN DETENTIONS.

To the Editor of the American Engineer :

In looking over the Summary of Reports of Detentions to

Trains from Defective JIachincry, on page 548 of the Novem-
ber issue, I find it both interesting and instructive, and being

in tabulated form, very convenient for reference. I notice,

however, that you have omitted items which, in my ojiitiion,

enter largely into what is termed " train failures," and I

would be pleased t(^ learn, if you have the informati(m at

hand, tlie numlier of trains operated from wliich you coniiuile

the table. Also whether records were kept, if any, of deten-

tions due to boiler defects, such as leaky lines, defective fire-

boxes, or other boiler failures. I find no mention of these in

the report referred to. Ry supjilying this information you
will greatly oblige

"

Master Me( hamc.

NEW PUBLICATIONS.

The Theory and Practice ok Modern Framed Struc-
tures. Designed for the use of Schools and for Engineers
in Professional Practice. Ry J. R. Johnson. C.E., Profes-

sor of Civil Engineering in Washington University ; C. W.
Rr\-an, C.E., Engineer of the Edge ^loor Rridge Works;
and F. E. Turncnure, C.E., Professor of ISridge and
Ilydraulvc Engineering in the University of Wisconsin.
New York : .John Wiley & Sons, 18!);!. Cloth, octavo,

pp. .\i.. 527, with :!8 plates. Price, |10.

This interesting and imiiortant volume is divided into two
parts. Part I treats of the computation of .stress^es and the

general theory of bridges. Part II treats of the details of con-

struction and" the processes of design, not merely of liridges.
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but of trestles, stancL pipes, and tall steel and iron buildings.

Part I covers 233 pages, and Part II embraces 285 pages with
the 38 plates. There are also 451 cuts throughout the text of
the two parts.

The book opens with a brief account of the liistor_v of the

development of American truss bridges, which is followed by
six chapters giving the methods of computing stresses. This
subject has been so fully treated in numerous other books that
few points of novelty can be expected. Both analytical and
graphical processes are presented, and the whole seems
well adapted to the use of students. An analysis for stresses

due to wlieel loads by graphical diagrams may be especially

mentioned. The discussion of conventional methods of treat-

ing train loads, by the use of excess weiglits and equivalent
uniform loads, leads to the conclusion that no satisfactory

equivalents can be stated which will give correct stresses for
all parts of the truss, and that the actual wheel loads should
continue to be used when they are prescribed in the specifica-

tions. The chapter on lateral and portal sj'stems gives a
fuller treatment than is customary in text-books.

Chapter VIII, on fundamental relations in the theory of

beams, sets forth very clearly the conditions which exi.st wlien
the material is .strained beyond the elastic limit, and contains
much sound doctrine. For instance, the statement that
wrought iron and mild steel beams cannot be said to have any
cross-breaking strength, will be novel to many engineers, but
its truth must be admitted upon reHection. Next follows a
chapter on column formulas, in which Professor Johnson can-
not resist the temptation to propose a new one. This is sim-
ilar in form to the well-known straight-line formula of Thomas
H. .Johnson, the square of the ratio of length to radius of
gj'ration being used instead of the first power. The number
of column formulas now proposed is so great that we think a
halt might well be called in this line of progress, and the at-

tention of investigators be more profitably directed to making
experiments on columns when stressed'n'ithin the elastic limit.

The chapter on suspension bridges, though .short, deserves
notice on account of a new theory regarding tlie action of

stays, the author reaching the conchisions that the maximum
unit-stresses in these are independent of their size and are

greatest in stays nearest to the towers. In a numerical ex-

ample this maximum unit-stress is found to be 64,000 lbs. per
square inch, a figure sufficiently high to condemn the use of
stays altogether, if the theory be true. These alarming con-
clusions are deduced by means of a principle in statics strange
to us—namely, that when a structure contains superfluous
members the load divides itself among the sy.stems in propor-
tion to their relative rigidity or inversely as their deflections.

No demonstration of this is given, and the statement in a sub-
sequent chapter that it is '' nearly self-evident" cannot be ac-

cepted. The true principle to be used in this case is, we
think, that the total work of all the internal stresses must be
a minimum, and its application would probably produce a
theory of stays more in accordance with known facts.

To continuous bridges only six pages are devoted, these
structures being so little employed in America that it seems
unnecessary, in the opinion of the authors, to teacli the details

of the practice. In the chapter on swing liridges, liowever,
there will be found a good deal regarding the application of
the principles of continuity. • The five pages devoted to can-

tilever bridges does not well accord with the 16 given to

arches, considering the greater interest and importance of the
former class of structure. Chapter XV, on the deflection of

framed structures, refutes the erroneous proposition of Stoney
regarding the influence of web members, and gives examples
showing that the distortion due to the webbing is nearly equal
to that due to the chords. We are not prepared, however, to

accept the statement that loads placed at the hip verticals

have no influence on the deflection at the center of the truss,

and, in fact, there are other points in the method which do not
seem entirely satisfactory.

Part II opens with an excellent discussion of the conditions
which determine the style of structure to be used, and this is

followed by two chapters on the design of individual truss
members and details of construction. These are controlling

factors in building a good bridge, and hence are dwelt upon
at length, numerous examples and tables of the Edge Moor
standards being given. Then follow six chapters, in which
are successively detailed the steps of design for a plate girder,

a roof truss, a Pratt truss for a single track railroad, a high-
way bridge, a Howe truss, and a drawbridge. The designs
are completed as far as computations and general plans are

concerned, but detailed shop drawings and bills of material
are not given, except for the Howe truss. It is, however,
safe to say that nothing so thorough, clear, comprehensive,
and reliable on bridge design has heretofore ever appeared in

print. To students in technical schools, and to many older

students in the offices of bridge works, the careful study of
these pages will be of great benefit.

On timber and iron trestles, stand pipes and tanks, and tall

building and mill construction, there are given many useful
details of practice, as well as theoretical discussions. Litera-

ture on most of these subjects has heretofore been confined to

the pages of periodicals and transactions of engineering soci-

eties. The chapter on mill construction is so excellent that
we may perhaps overlook the fact that it is here republished
for the third or fourth time, but we think that an efl'ort should
have been made to improve two almost illegible plates which
accompany it. The chapter on esthetics is a good one, and a
move in the right direction which we heartily second ; the
pictures of European bridges are in general well chosen to

illustrate artistic ideas, yet the aesthetic effect of the Wehra
Bridge seems to ns^decrtiedly negative-, while that of the Salz-
burg Bridge is mostly due to the beautiful castle in the back-
ground.

Besides the three authors whose names appear on the title

page, chapters or parts of chapters have been written by J. W.
Schaub, D. A. Molitor, C. T. Purdy, and G. H. Hutchinson.
Appendices on specifications, inspection, and the erection of

bridges are also furnished by F. II. Lewis, A. L. Johnson, and
F. VV. Skinner. Thus the book is the result of the thought
and labor of many men, and while it hence lacks perfect unity,

it presents subjects in different lights, and is particularly au-

thoritative because each writer treats the topics for which he
is best qualified by study and experience.

BOOKS RECEIVED.

Fifth Special Report of the Commissioner of Labor. The
Gothenburg System of Liijuor Traffic. Prepared under the
Direction of Carroll D. Wright, Commissioner of Labor, by
E. R. L. Gould, Ph.D. Washington, Government Printing
Office. 253 pp., 6 X 9 in.

Sixth Special Report of the Commissioner of Labor. The
Phosphate Industry of the United States. Prepared by Car-
roll D. Wright, Commi.ssioner of Labor. Washington, Gov-
ernment Printing Office. 145 pp., 6 X 9 in.

Consular Reports, October, 1893, Commerce, Manufactures,
etc. Washington, Government Printing Office. The reports

in this volume, which relate to engineering subjects, are one
on Canadian Canals, another on Bridges at Buda-Pesth, and a
number of others on Technical Schools in Europe.

Second Report of the Bureau of Mines, 1893. Printed by
order of the Legislative Assembly of Ontario.

Report of the Proceedings of the Ticenty-seventh Annual Con-
tention of the Master Car-Builders' Association, held at Lake-
wood, N. Y., June 13, 14, 15, and 16, 1893.

Practical Instructions Relating to the Construction and Use of
the Steam Engine Indicator. Published by the Crosby Steam
Gauge & Valve Company, Boston, Mass. 95 pp., 7 X 4J in.

Standard Tables for Electric Wiremen. By Cliarles M.
Davis. Fourth edition, revised and edited by W. D. Weaver.
New York, The W. J. Johnston Company, Limited.

A Field Book for Civil Engineers.

Boston, Ginn tt Co.

By Daniel Carhart, C.E.

La Republique Orientate de I' Uruguay, Ilistoire Oeographie,

]\Ior'urs et Coutumes, Commerce et Navigation, Agriculture.

By Le Comte de Saint-Foix, Minister Plenipotentiary. Paris,

Leopold Cerf, 13 Rue de Medicis.

TRADE CATALOGUES.

J. T. Connelly's Impuoved Mech.\xical Devices. Mil-

ton, Pa., 28 pp., 6 X 9 in. This pamphlet describes the

special tools and appliances for putting in and taking out stay-

bolts, which are manufactured by the publisher. It also de-

scribes a new car-axle lubricator and a new design of locomo-
tive boiler.

Illustrated Catalogue and Price List of Engineer-
ing, Surveying, and Astronomical Instruments, manufac-
tured by Seelig & Kandler, Chicago, III., 105 pp., 6 X 9i in.

This catalogue describes the various kinds of instruments

made and sold by this firm. It is quite fully illustrated, and
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contains full descriptions and other data concerning the instru-

ments which the lirm has for sale.

The Addyston Ptpk & Stkel ConrpANY, Cincinnati, O.,

^ pp.. 'i' X 9i in. In this publication are given tlie weights

of ciust-iron pipe and standard specials made liy this t'ompany.

An article from the Iliiiliriu/ lifineir on the use of cast-iron

culvert pipe is reprinted, and enffravins's and data coiiccrniuf;

sewer ami street castings are given. A description of the

Addyston reversible road roller completes the work.

TnE New York Safety Stkam Power Company. Cata-

logue A, Trade List No. 24, Vertical Engines. 51 pp., 7 X 10

in. This Company manufacture a type of small vertical en-

gines which with their lK)ilers are fully illustrated in the book
before us. It is also announced that they are prepared to fur-

nish several sizes of tandem compound automatic cut-off en-

gines and Worthinglon's sectional safety water-tube boilers,

all of which arc illustrated and described.

The Brush as a Factor in the Various Arts, with mon-
ographs by professional men of note. Issued by John L.

Whiting it Son Company, Boston, 52 pp., 6i X 9i in.

This volume contains a number of short sketches relating in

various ways to the manufacture and use of brushes. It is

illustrated by a number of half tone cugraviugs of very beauti-

ful pictures, presumably painted with the \Vhiting brushes.

Some of the female tigures shown are insullicientlj- clothed,

but probably this is not the fault of the brushes.

Catalogue of Car IIe.iting ArPAR.\Tus. Safety Car
Heating and Lighting Company, 160 Broadway, New York,
21 pp., 5i X lOJ in. This book gives what may be called

tabulated statements of the advantages of the system of heat-

ing cars, which is described, lists of the fittings used for the

ditferent systems, engravings showing the arrangement of

pipes, illustrations of the Gibbs steam coupler, and general

views of the end of a car and of a locomotive and tender show-

ing the location of pipes, etc. A concise explanation of the

principles and the construction of this system of healing

would, it is thought, add to the value of the publication.

C.\tai-ogue of Fittings of the Pintsch System of Car
Lighting uy Co.mpkessed Oil Gas. The Safety Car Heating

& Lighting Company, IfiU Broadway, New York, 55 pp., lOJ

X 6i in. This pamphlet gives first interior and sectional

views, showing the application of the Pintsch S3-8tem of light-

ing to a car. These are followed by 25 pages of detailed

wood-engravings showing the different parts or fittings used in

connection with this system. These illustrations are all very

good, and each one is named and numbered. After these 18

full-page half-tone engravings of bracket, roof, end, and side

lamps, are given, and the volume ends with sectional views of

lamps with instructions for ordering gas ei|uipment for rail-

road cars. The book is an excellent one of its kind ; the en-

graving, printing, etc., are all of the best.

Artificial LiMJiS.—A. A. Marks, 701 Broadway, New York,

has issued a new catalogue of artificial limbs with a statement

by the judges of the Columbian Exhibition, granting him the

highest award at Chicago in 1893. The first part of the cata-

logue is taken up with a full and complete description of the

artificial limbs manufactured and their methods of applica-

tion. It would appear from an examination of the cuts, that

no matter what the amputation may be or what the physical

circumstances attending it, the artificial limb can be applied

in a way that will render walking and working easy. Furllier-

more, there is a naturalness about the gait of those using the

foot that does not betray them to people who are unacquainted
with the fact of their deformity, except that there is usually a

slight limp, especially where there has been double amputa-
tion. We know of one or two instances in which there has

been doulile amputation, and the wearers of these limbs go
about with as much apparent ease as persons liaving their

natural limbs, and attract no attention whatever except from
the fact that there is a slight limp.

The catalogue gives full directions for measuring the stumps,

and they can lie fitted without the presence of the patients.

Tliere is one statement which will be of great interest to our
readers, especially those railroad men who are liable to acci-

dents involving an amputation, and that is that the maker
recommends that the artificial limb shall be applied as soon

after the healing and recovery as possible, because the stumps

immediately after recovery from ampulation tend to grow
large and ilabby, and the joints become inervafed and the
muscles have a tendency to contract. To counteract these

tendencies l)andages and massage have been recouimcnded
with thorough movement of the joints, to be persisted in until

the artificial limb is applied. TIh'sc limbs have been applied
within one month after amputation, but this is usually too

soon, a safe rule to govern the matter being lus soon as the

stump has become healed and the patient able to go about ; then
the limb may be applied. They specially recommend the use

of artificial limbs to children, so that the development may be
symmetrical and not one-si<led. Numerous instances are given
of applications, and the latter jiortion of the iiamphlel is taken
up with illustrations of men who are working and carrying on
their ordinary vocations with_ artificial limbs.

Manual of Modern Surveying Instruments and thkir
Uses, containing useful information for the civil engineer and
surveyor, together with a catalogue and price list of scientific

instruments, particularly those of the civil engineer and sur-

veyor. Made by the A. Lent/, Compan}', San Francisco, Cal.

The pages of this book are not numbered, and it would take

too much time to count them. They are of a usual size,

6 X 9J in. It is somewhat more than a trade catalogue. As
stated in tlie preface. " the details of every instrument are

carefully enumerated and the functions of every part minutely
described, so that the little book really becomes a pocket com-
panion for the engineer."

Part I contains a description of the establishment, showing
views of the interior of some of the special tools and machines
use(i.

Part II deals with the manufacture of engineering instru-

ments, their uses, repair, adjustments, etc.

Part III contains a number of professional papers written

bj' well-known men.
Part IV is a price list.

The illustrations are most of them fairly good half-tone en
gravings. The book is very neatly printed, and a useful refer-

ence friend for the engineer.

Aluminum Drawing Instruments.—Messrs. Theodore Al-

teneder & Sons, of Philadelphia, have Issued a supplemental
sheet to their catalogue, in which they say :,

" We occasionall}- receive inquiries for drawing instruments
made of aluminum, and are called upon to answer questions

as to the desirability of such instruments. We are now in a

position, after years of experiments and tests, to state that

instruments of .any delicacy, or which have joints or wearing
surfaces, made of this metal or any alloy containing it in sufli-

cient quantity to have an appreciable effect upon the weight,
are inferior in stiffness and wearing qualities. We do not
offer such instruments to our customers, and always advise
against their use.

" Pure aluminum is very soft, it possesses no wearing quali-

ties, it is readily bent and cut, and its surface is easily rubbed
or worn off, being somewhat like lead in these .respects.

Alloying it with silver, copper, and various other metals some-
what improves it, but not until the percentage of the latter

neutralizes the advantage of light weight claimed for it.

" We do not admit that this is an advantage in drawing in-

struments, but maintain that our regular make are as light ius

is consistent with the proper feel and touch in their most tfti-

cient manipulation.
" In surveying instruments, which have to be carried in the

field, lightness is an important consideration, and aluminum
is perhaps used to some advanlage, but never for wearing
surfaces, working screw threads or liearings, these parts being
always made of brass or other hard metal, or bushed. Any
attempt, in drawing instruments, to use other metal for the

joints, wearing surfaces, nuts, clamps and working screw
threads, with aluminum for the larger and more iia.ssivc parts,

would so enlarge the instruments as to defeat the very object

in view, and the result would be au inferior instrument at a
greatly incrciiscil cost.

" The surface of aluminum is so easily abraded that it soils

the hands and pa|ier ; it has also a greasy. unplea.sant feel

which becomes very objectionalile. The patent joint of our
dividers, if made of it, woulil soon wear loose and could not

be tightened because the yoke, from want of stiffness in the

metal, would spread even worse than poor quality German
silver ; the knuckle joints would soon wear loose and the

strain on the screws for clamjiing the lead, needle points, and
movable parts would result in the threiul wearing out very
quickly or stripping.
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" In the course of our experiments we have discovered that

the addition of a small percentage of aluminum to our present

metal makes it whiter and pt-rhaps stronger, and materially

improves the surface by causing it to take a higher tinish with

a little less liability to tarnish.
" We make triangles of aluminum, and can recommend them

as being accurate, light, and reliable ; to overcome the objec-

tionable feature of soiling the paper, we coat the surface with
silver. We also make ruling pen handles of an alloy of alumi-

num and silver. In both these cases the metal takes the

place of wood, and they are the only ones that we have found
in which the lightness of the metal could be utilized to any
advantage, or in which its use was not a positive detriment."

NOTES AND NEWS.

Telephone Wire.—A new kind of wire for telephone use,

having an aluminium bronze core with a copper-bronze en-

velope, is being experimented with in Germany. It is said to

have a low resistance and great tensile strength.

Japanese Railroads.—The Japanese Government has in

hand plans for Ihe construction of 14 new railway lines. At
present the railway mileage of the empire is about 1,.500 miles,

of which 994 belong to various companies. It is proposed
that these shall be taken over by the State.

A New TransAlpine Tunnel. —Everything is about ready
for the beginning of the work upon the Simplon tunnel. The
conditions of the contract are that the tunnel, with a single

line of rails, shall be ready for traffic in five and one-half years,

but it is to be so constructed that it may be widened for a
second line in four years more. The cost of the first enter-

prise is estimated at a little more than £2,000,000. The con-
struction of this road will render the present pass superfluous.

The road over this pass is the one which was constructed by
Napoleon in the early part of the century at a cost of

£730,000.

St. Louis Bay Drawbridge.—One of Ihe latest proposi-

tions for spanning St. Louis Bay at Duluth, is that of a bridge
with a span of 1,604 ft., .585 ft. of which is taken up for the

approach grade on both sides, leaving the bridge proper 1,019
ft. in length. The draw-span is to be 444 ft. less the diameter
of the turn table mechanism. The projected bridge crosses

between the points at their nearest limits, which is below the

existing railroad liridge.

Electric Railway under Paris.—An underground electric

railway from the Bois dc Bologne to the Bois de Vincennes,
in Paris, is projected. It is to consist of a circular cast-iron

tube 20 ft. in diameter and 7 miles long, in which a double
track will Ije laid. Trains of four cars will be run on each
track at intervals of two minutes. Stoppages will be at 17

stations, and the distance will be traversed in about 45 min-
utes. Four thousand H. P. will be used for generating the

electricity.

Railway to Victoria Nyanza.—In spite of the representa-

tions as to the probable impossibility of the railway to Vic-

toria Nyanza paying a dividend, a report on the survey has
been presented to the British Parliament. The estimated
length of the railroad is 657 miles, the cost being at an average
of .f 17.000 per mile. The report makes an elaborate estimate

as to the probable amount of exports and imports and pas-

senger traffic, and concludes that at the outside the road would
be able to nearly pay its working expenses.

Turbine Wheels for Niagara.—The turbine water-wheels
which are to Ije used in the Niagara Falls power plant are

constructed with one wheel above the other, each 6^ ft. in

diameter and 18 in. high. Between the two there is a huge
jienstock which is 7+ ft. in diameter, which revolves both
wheels simultaneously on a tubular shaft. The upper end of

the shaft is connected directly with the dynamos at the top of

the pit. Tlie turbines operated in this form are kept balanced
by the force of the water feeding them above the bottom step

or stool of the shaft, and thus there is no diinger of the shaft

getting hot and burning out.

Mortar in Frosty Weather.—In a recent issue of Le Genie
Civil M. diaries Habut, Engineer of the Western Railway of
France, deals with the question of handling mortar in frosty

weather. Having tried mixing alcohol and marine .salt with
tlie water, he has now finally adopted common soda, which
gives good results in reducing the liability of the mortar to

freeze. One compound of soda reckoned in its anhydrous
state is used per gallon of the water with which the mortar is

mixed, and the'increased cost due to its use is said to be about
37 cents per cubic yard of masonry, an amount which is often

small when compared with the saving effected by avoiding a
stoppage of work. The use of the soda- causes efflorescence in

the walls of the building, but the white blotches thus arising

disappear after some months.

Kenka-Hebler Projectiles.—Further data has recently been
received from Germany regarding the Kenka-Hebler tubular
projectiles. The new data is obtained from bullets fired from
a 5 mm. Hebler rifle. The ballastic data for various distances

are as follows :

Distance, yards
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Navy, it appears that the vertical vibrations always attained
their maximum when tlie horizontal were at their smallest,

and vice cir.ta ; tliis phenomenon was pec\iliar to twiu-serew
vessels only, and is explained hy tlie difTerencc in the number
of the revolutions of the two eneines and tlie reaction of tlic

masses of tlie moving parts. The horizontal direction was
e.vactly the reverse, and the action of tlie masses of the heavi-
est movincr parts of the enjjjiQcs—the connecting rods and
cranks—neutralized each other because they were of equal
size and acted in opposite directions. The older pa.ssenger
steamers had nuich smaller di.nensions, and the engines, as is

well known, ran at much smaller speed than those of to-day.
The smaller the length of the sliip, the greater the number per
unit of the time of its vibrations. Witli tlie increase of dimen-
sions, the period of the vibrations became steadily longer,
while necessarily greater engine power, which w.as requisite,

compelled tlie increase of the number of revolutions.

Steam from Molten Slag.

—

\n .\ustralian paper claims
tliat an arrangement Iuls been advised by which the waste heat
of molten slag can be utilized. The machine used for the
purpose consists of a steel shell in the form of an egg-ended
receiver, having flattened faces on tlie top and bottom.
Tlirough these Bat portions a number of boiler tubes arranged
in two rows and tapered are passed and secured to the heads
by flanges. The lower or larger end of each tube is closed by
means of a cast-iron door manipulated by means of a lever.

The upper end is provided with a funnel for convenience in

pouring the slag into the tubes. The boiler being tilled with
water to the required level, the slag is poured into the tubes
at once just as it conies from the furnaces. As soon as the tube
is tilled the first tube is emptied by releasing the lever whicli
holds the door, .and a conical cast of the cool slag drops into
the truck below. As the tubes are emptied they are refilled

with molten slag, and in this manner the work is conducted.
It is claimed that at the conclusion of a 72 hour test the boiler
was emptied and the tubes and all portions of it were care-
fully examined. The most minute examinations failed to
sliow the slightest action, and the boiler was filled and tested
hydrostatically, an ordeal which it is said to have sustained.
There is no report given as to the dimensions of the lioiler. the
size of the tubes, or the length of time in which the molten
slag is allowed to remain in position.

Electrically Controlled Clocks.— Herr F. von Hefner-
Alteneck, in the EhclrDtichiusclte Anteiger, makes a provisional
.statement about a system of electric control of clocks which
appears likely to solve this much-attempted problem in a satis-

factory manner. The main difliculty up to tlie present has
been the necessity for a special wire system, central station,
and attendance, tlie cost of which could not be defrayed by
tlie limited public likely to require a luxury of this sort.

Whenever, on the other hand, an enterprise was started with
faulty mains and insutlieient stall, the system was doomed to
fail and to create a prejudice ag.-iinst the" principle itself. All
these dilliculties are avoided by incorporating the control sys-
tem with file electric light or power installation already exist-
ing. This is done by means of a clock invented by Herr von
Hefner- Alteneck, which is jilaced in circuit like an ordinary
incandescent lamp. It is kept wound up by the current, at
an annual cost not exceeding that of one 16-candle lamp burn-
ing for 10 liours— «.fi. , about 4rf. In ca.se of intcrru|)tioii of
circuit, the clock will go about 12 hours independently of the
current. The control is elTected once a<lay by a momentary
drop of the circuit potential by aViout (i or"lO volts at .i .\.m!,
which has the efTecl of pointing all the clocks in th(^ circuit
at 5. Tlie elTect upon the lamps is inapprecial)le. The con-
trol can be performed by liaiid in the <lynamo room, or av.to-
matically through the a.ssistance of an observatory. The Gen-
eral Electric Company of Herlin propo.ses shortly to embody
the system in its enterpri.ses.—J\'rt;«)Y.

Railways of the United States.—According to the ad-
vanced sheets of the report of the Interstate Commerce Com-
mission for the year ending .lune ISO, 1892, there was at that
time 171,r)fi3..")2 miles of railway in the country, of which
3,160.78 miles was constructed ciuring the fiscal year. The
total number of locomotives was 33,136 ; of these 8,848 were
Iiassenger, 17,.").")9 freight, and 4,3.').') switch engines, leaving
2.374 which were unclas.silied and leased. The total number
of cars reported by carriers as their property was 1,21.5.002

;

of these 966,998 were in the freight service. The average
number of locomotives per hundred miles of line is 20. The
average number of passenger cars for the same distance is 18.
The average number of cars in the freight service is 708.
There was an increase during the year in the number of loco-
motives and cars fitted with automatic couplers and train
brakes. The report shows a total increase in equipment of

27.139, an increase in the equipment fitted with train

brakes of 68. .'537, and an increase in equipment fitted witli

automatic couplers of 7."). 299. The capitalization is placed at

$10,226,748,144. The total number of passengers carried by
the railways during the year was 560,9.)8,211. The ton mile-

age was 88,241.0.")6.22.'). The report shows that the number
of passengers killed was largely in excess of those killed dur-
ing the previous year.

The Peruvian Trans-Andean Railway.—The Central Peru-
vian Railway across the .Vndes has lately been completed to

Oroya, the terminus originally intended, which is 30 miles be-

yond the summit. Our Consul at Callao, in liis latest report,

gives some details of this remarkable engineering work. It

starts from the level of the sea at Callao, and crosses the
Andes range to Oroya, 136 miles from the coast. .\t the
seventh mile it is .500 ft. above the level of the sea, at the 18th,

1,300 ft., and at the 33d, 2,800 ft. At the ."iOtli mile the eleva-

tion is about 6,000 ft., and the ascent upward is steady and
rapid until it reaches its highest point at the 106th mile, when
the height is 1.5,665 ft. : in the next 30 miles it descends to

12.178 ft. at Oroya, or nearly 120 ft. in the mile, while the as-

cent from the sea is an average of 150 ft. per mile. Smelting
works have been established in places adjacent to the termi-
nus, where ores from the neighboring districts are reduced to

a form suitable for conveyance to the coast and exportation.
Oroya is likelj' to become a place of great commercial impor-
tance, and .already there is unusual iiusiuess movement and
animation there. The Consul says it is to be hoped that the

Government of Peru and the Peruvian corporation mav soon
find it mutually advantageous to extend the line by Tarma
and Chanchamayo to the point at which the fluvial navigation
begins, for. when once it has direct and ea.sy communication
with the Amaaoiii.an regions and the Atlantic, Peru will be on
the high road to prosperity.

—

London Times.

Third Avenue Bridge, New York City.—In compliance
with the United States requirements it is probable that there

will be a new bridge built across the Harlem Hiver at the
u])]ier end of Third Avenue, which will be 24 ft. .above the

water-line. The proposed bridge is to be a riveted through
drawbridge, 300 ft. long and 86 ft. wide, which, it is said,

will be the widest swinging bridge yet constructed. The
pivot pier of the bridge is to be an annular wall of masonry
supported on an annular wooden caisson foundation, which
will probably have to be sunk aliout 45 ft. below main water.
The draw is to be built of open-hearth steel. It is to have two
railroad tracks, two roadways, and sidewalks on overhung
brackets. The roadways of tlie draw-span will be paved with
asphalt. The deck spans will be paved with granite blocks
on the corrugated floor, and the sidewalks will be paved with
bluestone flags. The operating machinery will lie in a ma-
chine house over the roadway. Engines and boilers will be in

duplicate. The steam plant will be two 10 X 7 in. double-

cylinder oscillating engines, and each is separately coupled to

a dilTerential gear in jiroportion of 19 to 1. Each end of the

draw will liave four hydniulic cylinders for supjiorting and
locking the ends of the draw. There will be two 60-H.P.
boilers designed for a working pressure of 100 lbs. The draw-

will weigh 1.700 tons, and be supported on 96 wheels 12-in.

tread and 2 ft. in diameter. The bridge can be revolved
through one-quarter of a circle in a minute and a half. It

will be lighted by an incandescent electric light plant installer'

in the engine house near the center of the bridge.

A Ferry Bridge.— -V bridge of somewhat novel type has
lieen erected at I'ortugalete. on the Spani.sh coast of the Bay
of Bisi'ay. According to Le Genie Ciril it is the joint inven-

tion of Si. de Palacio. a Spanish architect, and a French en-

gineer, M. Arnodin. The liridge is for the purpose of span-

ning a large piece of water lietween Portugalete and Las
Arenas. The idea is to enable large masted vessels to piuss

unimpeded under the span, and yet to avoid anv undesirable

gradient. The structure consists of a long trellis girder rest-

ing upon iron piers, and further supported by a suspension
chain fixed in the ordinary manner. Rails are laid upon the

girder, along which runs a frame on friction wheels. From
tliis is slung by wire ropes a ferrj- car. The motive power
niaj' be applied in such way as is thought desirable. In any
case, with this description of liridge no roadway or flooring is

needed. The span at Portugalete is 5.30 ft., with a headway
of 128 ft. If an ordinary bridge had been built with the roail-

way at the same elevation, an ap])roaeh half a mile long with
a gradient of 1 to 20 would have been required. A small

foot-path on each side of the girder or platform allows of tlie

passage of the workman charged with the duty of inspecting

and lubricating the rolling ajiparatus. The working of the

bridge has been commenced successfully, and with 150 per.
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sons in the car transit of over 500 ft. is accomplished in one
minute. Tlie public appear to highly appreciate the con-

venience and rapidity of the locomotion. When fully loaded
the viJeight of the car is 40 tons, and it is claimed that the

principle could be applied to the conveyance of goods, road
vehicles, or even railway trains.

Boring to a Depth of 6,560 ft.—The deepest boring of

which we have any knowledge up to the present time is at

Parvschowitz, in the district of Ribnik in Western Silicia.

The depth attained is 6,568 ft., and the diameter of the hole is

only 3.75 in. The work has been temporarily stopped in order

to lower especial thermometers, which have been made with
great accuracy, into the hole for the purpose of obtaining the

temperature at different depths. The boring will then be re-

sumed, and it is hoped that a depth of 8,200 ft. will be reached.

The method of operation is that the Hammersuiann tubes are

used, great lengths of which can be operated at once. The
first tul)e has a diameter of 11.8 in., and is provided at its

lower end with a diamond cutting edge which acts as adrill.

Tlie pipe is then screwed, as it were, into the ground, and
when it has been entered completely a small special mechan-
ism permits the cutting off of the column of debris at the base,

whence the core which has been formed in the interior of the

tube, and which exactly represents the geological formation,

is removed. Tliis is then raised to the surface of the ground
and the diamond-pointed cutting edge is raised to the surface
and a second and longer tube screwed on, having as its out-

side diameter the inside diameter of the first one, and it is also

provided, on its lower extremities, with a new diamond-pointed
cutter. This tube is then dropped into the hole, it is stopped
by the first boring, and they begin to .screw it down as in the

case of the first. When the two tuVies are thoroughly im-

bedded in the ground, the first operation is repeated and tlie

core withdrawn, and thus by successively screwing on to the

end of the tube one whose external diameter is equal to the

internal diameter of the preceding one, the work is carried on.
—Revue Srientifique.

Test of Rapid-Fire Guns.—Considerable interest is mani-
fested in the coming international test at Sandy Kook of rapid-

fire gun.s. These, it is now said, will be conducted by a Board
of Ordnance ollicers detailed by Brigadier-General D. W.
Flagler, the Chief of Ordnance of the United States Army.
The test of 6-pdr. rapid-fire guns will be supplemented, it

is announced, by a test of 4.7-in. rapid-fire guns open to the

world.
It is learned that 4.7-in. guns will be submitted by Hotch-

kiss, Armstrong, Canet, Krupp, Maxim-Nordenfeldt, and
Schneider et Cie. The Hotchkiss gun is the only American
weapon in the lot, and the Ilotchkiss gun which is to be tried

is the manufacture of the Ilotchkiss shops outside of Paris.

The Canet gun is of French make. That which is to be
submitted represents the type now in general use aboard the

most modern ships of the French Navy. The Krupp 4.7-in.

gun will be of the latest type that is employed in the German
Navy.
The Maxim-Nordenfeldt gun is of American-English de-

sign, Maxim being an American and Nordenfeldt an English-
man. Maxim-Nordenfeldt guns ai-e fabricated exclusively at

present in England.
The gun to be submitted by Schneider et Cie is French both

in design and in manufacture. The majority of the guns to

be tried will be tested on naval carriages. The army test will

comprise rapidity of fire, velocity, penetration, ease of manipu-
lation, and accuracy. The Sandy Hook authorities will en-

deavor to determine wliich gun is capable of imparting to its

projectile the highest velocity on the least chamber pressure,

and at the same time admit of great rapidity of fire with the

least possible exertion in manipulating the piece.

The London Tower.—A tower, which it is intended shall

eclip.se that of the Eiffel at Paris by 175 ft., is to be built in

the suburbs of London. There will be three platforms to the
tower, at intervening altitudes of 150 ft., 500 ft., and 950 ft.

respectively. The area of the first will be about 200 ft.

square, and it will be covered by a concert hall, shops, res-

taurants, and side shows of various kinds. There will be like

erections on the second platform, but on a lesser scale, and on
the third a post-oflice with telephonic communication will be
the leading feature. If the amount of business transacted on
the highest stage of the Eiffel Tower be any criterion, the
Postma.ster General will have no cau.se to complain of an un-
remunerative branch, while the patriotism of its patrons will

be gratified by the circumstance that this stage is to be 40 ft.

higher than the loftiest which the Parisian erection can boast.

Crowning all will be an electric lamp of extraordinary illu-

minating power. The entire tower will weigh about 7,500

tons, and each of its colossal legs will stand on a solid rock of

concrete, already in position and imbedded to the depth of

75 ft. This weight is much lighter than that of the Eiffel

Tower, but Sir Benjamin Baker, who built the great Forth
Bridge, is superintending the work, and may be safely trusted

to make the structure perfectly strong and safe. The four

legs are already a third of the way up to the first platform.

They stand at the corners of a square of 300 ft. b.ase, within
which four elevators will work, and will be abU>. if required,

to carry as many as 60,000 persons in a day. The tower will

be entirely of steel. The first platform is under contract to

be finished by November of this year, but no date has been
fixed for the execution of the entire work, though that con-
summation may possibly be. witnessed by the end of 1894.

Railroads in Siam.—The British Consul-General at Bang-
kok in his last report mentions that much progress was made
in the construction of the Bangkok-Korat Hailroad during
1892, and the first sod was cut by tlie King of Siam on March
9. The line is 165 miles in length. It is to be equipped as a
first-class line

;
gauge. 4 ft. 8^ in. ; weight of rails, 50 lbs. per

yard. There are to be 183 bridges with aliutnients and piers

of brick masonry, and superstructure of steel. They are gen-
erally of small size, crossing the numerous canals of the
Menam delta, the broiuU-st measuring only 180 ft. The total

tonnage of rails and fastenings required is 15,000 tons, and of

this 11,553 tons were imported during the year. Bails are

being laid at three different parts of the line. The sleepers,

of which 30,000 have been delivered during the year, are of an
excellent hard wood, found in abundance in the west of Siam.
The laborers for tlie earthworks aie cluefly Chinese, anil about
40 miles of this work has 1 ec n completed duiing the year.

The number of Chinese ernpl lyed is about 2.000. The major-
ity seek the work voluntarily, and are paid by the task.

Siamese, both men and women, are employed. Tlie contract
time of completing the work is five years, but it is expected
that portions of the line will be open for tralHc before I he end
of that time. The meter gauge line from Bangkok to Packnam,
at the mouth of the river, a distance of 14 miles, has been
completed, and was formally opened on .^pril 11 this year.

The capital of the company amounts to $165,000, and of this

half has been subscribed by the king. The rails are English
and the locomotives an I carriages Gi rmau. This little pioneer

line of Siam has started successfully. The Siamese lake
readily to this form of locomotion, and large receipts are

being made from pleasure seekers, who lake trips to Packnam
to enjoy the novelty of traveling hy steam. The projected
line across the Malay Peninsula has now been surveyed, and
it is expected that the syndicate will soon begin on the Kedah
side.

Electrical Power in Switzerland.—The United States Con-
sul in Chemnitz .says :

" It used to be urged that Switzerland's water supply, if

properly utilized for obtaining electricity, would reduce very
considerably her cost of production. Not only has she many
streams, but they fall from such heights that even rivers of

small volume have great power. ' Millions of horse power
are going to waste in these hills,' was a common expression.
' Switzerland had only to make .sluices, put in wheels, lay
wires, and get for a " song " what other le.ss-favored nations

had to buy with enormous consumption of costly coal,' was
what even scientists said only a few years ago. The sluices

were laid, dams made, wheels hung, and wires put down.
What is the result ? Every effort that science could suggest,
ingenuity devise, or mechanics arrange was made in different

cantons of the little republic to gather electricity by, and trans-

mit it from, her rivers and streams. The latest reports show
that if Switzerland, or any country with streams and climate

like hers, is to win her way into the world's markets and take

a place in the front ranks, it must be by some better method
than the use of electricity gained and transmitted from rivers

and waterfalls.
" The following table, just published in Chemnitz, shows

what 50, 300 and 500 II.'P. costs in England, Germany, Bo-
hemia and Switzerland per annum :

Country.

England
Germany. ..

Bohemia—
Switzerland

,$24.24

211.21

27.50
46.82

300 H.P. 600 H.P,

$12.58
15.52

14.74

29.61

$».88

I 1.3.51

12.97
25 54

" Compared with the above, the cost of the same amounts
of II. P. of electricity transmitted 3.1068 miles (5 kilometers) in

an air line in Switzerland, according to results published in

connection with the foregoing table, is as follows : Fifty H.P.,
$30.88; 300H.P., $16.98 ; 500 H.P., $12 54. But to this must
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be'added the transmission cost, wliicli will make the total as

follows: Fifty H.P., *o7.68 ; 300 II.P., $31.27; 500 II.P.,

$^5.48.
" How, at these rates, is it possible to turn from steam to

electricity ? IIow is it possible for a peojile using so uncertain
anil expensive a power to compete with England, ISoliemia,

Belgium, or Germany ? It is onl}' by building a big plant, 500
U.P. at the very least, that electricity begins to show any profit

that would commend it as a sidjstilute for steam. It is only
then that its prices sink to those of the same amount of power
yielded by its rival. The 50 and 300 H. P. gained by steam.
even in Switzerland, come cheaper than the same amounts of

electric power produced and transmitted from the rivers.

These facts may be disappointing, but tliere they are— the re-

sults of experiments.
" ,Iust now the experiments being made in Switzerland are

of vital interest to us whose mental efforts, if not practical ex-

periments, are bending toward a iitili/ation of the Niagara,
jtississippi, Jlerrimac, and other streams for the purpose of
supplying electrical power to the mills andshops of the United
States."

A Cheap Condenser for Exhaust Steam.—In a letter to a
contributor of the Ameuican Enginkeh, Mr. F. H. Wenham,
of London, de.scribes a method of condensing the exhaust
steam from a high-pressure engine, which is new to us, and
probably will be to most of our readers. It is capaljleof a very
extended application, and in many cases would be very useful.
Mr. Wenham says :

" There was another odd occurrence in relation to my shop
engine : Though I had to burn anthracite or smokeless coal,

yet the exhaust steam going up the chimney cau.sed particles
of iron to descend in the dew from the steam onto linen
hung out to dry in a laundry next door. For this I was threat-
ened with an injunction and damages. I therefore had to take
immediate steps to get rid of the exhaust steam. Water was
scarce and expensive, so I turned the steam into a disused rain-

water well as a temporary expedient ; this got rid of it for sev-
eral days, till the ground got dry and hot ; then the steam finally

escaped up through the five holes in a stone sink in the corner
of the building. Above this was a 5-in. wooden spout reaching
to the roof ; up this the steam was drawn by a strong draft,
but I noticed that none came out at the top. It was all con-
densed, and fell as a shower out of the open bottom of the
spout, and drained back into the sink ; and as the wood was
scarcely warm. I saw that external or surface condensation had
nothing to do with the result : it was simply the ru,sh of cold
air mixing with the steam that condensed it. I then at onre
carried the suction pipe of my feed pump to the bottom of the
tank, and so for years fed my boiler with hot distilled water,
very little extra being required to make up wa.sle. The constv
ipience was that my boiler was kept free from incrustation
Several engines that I afterward erected were provided with
this inexpensive arranirement, using ordinary stoneware pipes
to the top of the building, of course leaving the bottom open
for the free ingress of air. The arrangement co.st but little,

and never caused any trouble. About 10 cub. ft. of air will
be recjuired to condense 1 cub. ft. of steam.

The Giffard Gun.—About three years ago we noticed a new
gun in whicli the medium of propulsion was Ihjuefied carbolic
acid gas. Tliis was the Invention of M. Paul OilT.ard, whose
name has long been known in eoimcclinn with the injector for
steam boilers. The gun then introduced into this country
was of the original French jiattern, but since that time It has
been much altered and simplified in detail and construction,
the [irlnclple, however, remaining the same. The new gun
is 3 ft. in. in length with a hexagonal barrel, having a .295
in.^bore, atid weighing 6 lbs. The liqneticd gas is contained
at a pressure of 2 tons per sipiare inch In a .steel tubular reser-

voir in. in length, fixed under, and In a line with tiie barrel
of the gun, the combination producing a very handy and well-
balanced weapon. In charging the gun a lever which forms
the trigger guard is lowered ;"thls opens a chamber for the
insertion of a conical bullet, cocks the gun. moves an Indicator
which shows the charges expended, and places the gun at
" safe." When the lever is returned to its normal position the
bullet chamber is closed, and the bullet placed in lino witli
the Ijarrel. The safety catch is released by the thumb, and
when the trigger is pulled the tumbler strikes a discharging
pin. This actuates the valve of the reservoir, which it momen-
tarily opens, causing the omission of a charge of gas. The
gas expands in the bullet chamber, and drives the projectile
before it through the barrel. It is claimed for this gun tliat it

is practically noiseless and entirely smokeless ; has little or no
recoil, and does not foul, Tliat it posses.ses these and oilier
advantages was demonstrated at a series of trials which took

place'at some improvised sliooting-galleries in Queen's Uoad,
Nottingham. In addition to the good qualities already indi-

cated, the gun was shown to possess those of accuracy and
penetration. It is Ijeing nuiiuifactured by the GIlTard Gun it

Ordnance Company of Copthall House, Copthall Avenue,
London.

Coaling Vessels at Sea.—The test of transferring coal

from one vessel to another, which was a'luded to in our last

issue, was conducted by the Navy Department in the follow-

ing way ; It consisted of the transferring of a ton of sand put
up In bags of 200 lbs. each from the Kcarsiirt/e to the Sail

Francisco, while the latter was towing the former at the rate

of about 1 knot an hour outside Sandy Hook, the shi|)S being
250 ft. apart. On the forward deck of the Keaisiirge two
spars 50 ft. high were erected and firml_v hished to the fore-

yard. These were gulde-jioles for the heavy counterpoise
weight. From the weight a wire rope was run up to the top

of the poles and pa.ssed through a block and run down to the

stern deck of the San Francisco. On this transmission wire

the travelers ran, each carrying a single bag of sand. The
only object of the counterpoise was to keep the transmission

wire taut. The starting-place was about level with the fore-

top of the Kearsargc and was some 36 ft. higher than the re-

ceiving deck of the San Francisco, so that the travelers and
tlieir load ran down by the force of gravity. A switch at the

end dropped them on the deck, whence the_y were removed bv
hand. The bags were raised to their starting-place in the car

traveling on an oblique slay, which reached to the Kcarsarf/e's

deck. The test was thoroughly successful. Ten bags were
transferred to the San Francisco in 20 minutes. The ajipa-

ratus worked without a hitch. The rate was slow, only three

tons an hour, but speed can easily be doubled, if not quad-
rupled.

AMERICAN AND ENGLISH LOCOMOTIVES.

( Continuedfrcfm page 516.)

SPECIFICATION OP AMERICAN LOCOMOTIVE.

SCHENECT.VDY LOCOMOTIVE WoilKS,
Schenectady, N. Y., January 5, 1893.

Specification No. of an eight-wheel pa.ssenger loco-

motive engine for New York Central & Hudson River Hall-

road.

general DESCIill'TION.

Gauge, 4 ft. 8i in. ; fuel, bituminous coal ; cylinders, 19 In.

in diameter, 24 in. stroke ; drivers, 84 in. in diameler ; driv-

ing-wheel-base, 8 ft. in. ; total wheel-ba.se, 23 ft. 11 In. ;

weight in working order, on drivers, about 82,200 lbs. ; total,

about 123,000 lbs.
;
general design shown by photograph of

Engine No. 897, NewYork Central & Hudson Uiver Kallioad.

BOILER.

To be of the best workman.ship and material, to be capable

of carrying wilh safety a working jiressure of 180 lbs. per

square Inch, and of sullieient capacity to supply steam econonn-
cally. All horizontal seams with butt joints quadruiikvrlvc^led

with welt strljis Inside and otitslde. A double-riveted seam
uniting waist with tire Iinx. All i>liiles planed at edges and
calked with round-|)olnted tool. lioiler to have extended front

end.
Waist, riome, and outside of fire-box of steel, i in. X ,",, in.

thick ; throat, i in. thick ; diaiueter of waist at front end, .58

in. ; made wagon top. with 1 dome 30 in. in diameter placed

on wagon toji.

FIUE-liOX.

Of best quality of fire-box steel, 96,",, In. long, 40; in. wide
;

front, 70i in. deep ; back. 58^ in. deep ; crown sheet, 8 in.
;

tube sheet, i in. ; side and back sheets,
i"',,

in. thick ; water
space, 4 in. front, 3 In. sides, 3 in. back. All sheets thoroughly
annealed after Hanging. Fire-box ring double riveted. Stay-

bolts J in and 1 in. In diameter, screwed and riveted to sheets,

and placed not over 4 in. from center to center.

Crown .sheet supported by crown bars made of two pieces of

wrought iron 5 in. wide, J In. thick, ]ilaced not over 4* in.

apart, reaching across crown and resting on edge of side

sheets. Crowif bars riveted to crown sheets with j in. rivets

placed not over 4 in. from center to center, each bar having 4
stay-braces to top of boiler or dome.

TUUES.

Of charccal iron No. 11 W. G., 2C8 in number, 2 in. in

diameter, 12 ft. in length, set with copper ferrules at both
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ends, swcdged at back end, and beaded both ends. Cleaning-

holes at corners of fire-box, and blow-off cock in throat.

Grates, rocking.

STACK.

Smokestack, straight ; deflecting plate and netting in smoke-
box.

FRAMES.

Of best hammered iron ; main frame in one section, with
braces welded in. Forward section securely bolted and keyed
to main frame. Pedestals protected from wear by cast-iron

shoes and wedges, and locked together at bottom by bolt

through cast-iron thimble. Width of frame, 4 in.

CYLINDERS.

Of close-grained hard charcoal iron. Cast with half saddle

attached, the right and left cylinders from the same pattern

and interchangeable. Fitted together in a substantial manner
and securely boiled and keyed to frame. Valve face and steam-
chest seat raised above face of cylinder to allow for wear. Cylin-

ders oiled from Nathan No. 9 double-sight feed lubricator placed

in cab, with copper pipe under boiler lagging to steam-chest.

the best charcoal iron and turned to 77 in. diameter to receive

tire.

TIRE.

Of steel, 3i in. thick, both'pair flanged Sf in. wide. Tire held

by retaining rings.

AXLES.

S Of hammered iron, with journals 8i'in. in diameter, lOi in.

long. Driving- boxes of Ajax metal, with large oil cellars.

SPRINGS.

Made of the best cast steel, tempered in oil. Secured to a
system of equalizing beams to insure the engine riding in the

best possible manner. Springs hung underneath the driving-

boxes.
RODS.

Connecting and parallel-rods of the best hammered iron, each
forged solid, fitted with all necessary straps, keys, bolts, and Ajax
metal brasses. Parallel rods with solid ends, channeled bodies.

CRANK-PINS.

Of hammered iron.

AMERICAN EXPRESS PASSENGER LOCOMOTIVE, BUILT BY THE SCHENECTADY LOCOMOTIVE WORKS.

THROTTLE.

Balanced valve placed in dome, with wrought-iron dry-pipe
and cast-iron steam-pipe connecting to cylinders.

Made with removable follower, and fitted with approved
cast-iron sleam packing. Piston-rods of hammered iron.

VALVE MOTION.

Approved shifting-link motion graduated to cut off equally
at all points of the stroke. Links, sliding blocks, plates, lift-

• iug links, pins and eccentric-rod jaws of the best hammered
iron, thoroughly case hardened. "

GUIDES.

Of hammered iron, case hardened.

valves;

Richardson balanced steam-chest valves

PACKING.

United States metallic packing on piston-rods and valve
stems.

CROSS-HEADS.

Of cast steel with [brass gibs. Style 'for 4-bar guide, lop
guides 4 in. wide.

DRIVING-WHEELS.

Four in number, about 84 in. in diameter. Centers cast of

WATER SUPPLY.

To have two " Monitor" injectors ; one No. 10 right side and
one No. 9 left side, with well-arranged cocks and valves for

convenience in working.

ENGINE TRUCK.

With square wrought-iron frame, cast-iron pedestals, and
center-bearing suitable for rigid center, with approved arrange-

ment of equalizing beams and springs.

WHEELS.

Four Krupp steel-tired spoke wheels, tire held by retaining

rings 36 in. in diameter.
AXLES.

Of hammered iron, with inside journals 6 in. in diameter and
10 in. long. Springs of best cast steel, tempered in oil.

CAB.

Constructed of seasoned ash. substantially built, and secured

by joint bolts and corner plates. Furnished with seats and
tool boxes for engineer and fireman.

PILOT.

Of wood, strongly braced, and provided with substantial

draw-bar.
FINISH.

Boiler lagged with asbestos cement and jacketed with plan-

ished iron ; secured by planished iron bands. Dome lagged
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with asbestos cement, with sheet-iron casing and cast-iron rings,

painted. Cylinders lagged with wood, with sheet-iron casing

and cast-iron head covers, painted. Steam cliests cased willi

sheet iron, with cast-iron covers, painted. Handrail of iron,

painted, with columns secured to boiler.

FIXTDKE8 AND FDRNITDBB.

Engine provided with sand-box, support for headlight, bell,

whistle, Utica steam-gauge, gauge cocks, cab lamp, heater,

blower, oil cans, torch, also all necessary wrenches, fire tools,

hammers, chisels, packing tools, etc. Two jack screws and a

pinch-bar. One 33-in. Williams side-ilUiminatcd headlight.

Principal parts of engine fitted to gauges and templates, and
interchangeable. One 8-in. cab gong. All finished removable
nuts case hardened. One water-gauge himp. All threads

United States standard. Smoke-box jacketed with sheet iron

and planished iron.

SAFETY VALVES.

Two 3-in. Richardson fnuffled valves set at 183 lbs. and 185

lbs.

TENDER FRAME.

Substantially built of 6J in. X 4| in. angle iron, and thor-

oughly braced. Back end Utted with " Gould" coupler.

TRUCKS.

Two four wheeled side bearing trucks, made with wrought-
iron side bars and wood bolsters.

SPRINGS.

Made of the best cast steel, tempered in oil.

WHEELS.

Krupp steel-tired plate wheels, tire held by retaining rings

36 in. in diameter.
AXLES.

Of hammered iron, with outside journals 4J in. in diameter
and 8 in. long. Brake on front truck only.

Of 3,500 galls, capacity, strongly put together with angle-

iron corners, and thoroughly braced and stayed, and well se-

cured to tender frame. Tank fitted with water scoop.

TAINTING.

Engine and tender to be well painted and varnished, with
the road, number, mark and name put on in handsome style.

PATENTS.

All patent fees not covered by this specification excepted.

BUAKE.

Westinghouse automatic air brake on drivers, tender, and
for train, with engineer's air signal. Ross-Meehan driver brake
shoes.

HEATING SnRF.\CE.

Tubes, 1,673.1 sq. ft. ; firebox, 147.7 sq. ft. ; total, 1,819.8
sq. ft.

GRATE SURFACE.

Twenty -seven and three-tenths square feet.

The specification for the English engine will be published in

the January issue.

(to be continued.)

IRON TENDER FRAME, PHILADELPHIA &
READING RAILROAD.

Every one who h.as had to do wifli railroad rolling stock,

especially with that pertaining to. the locomotive department,
is familiar with the discussions which have arisen from time to

time regarding the relative merits of the iron and the wooden
tender frames. The advocates of the latter base their argu-
ments upon the fact that, in case of an accident, such as a de-

railment or collision, when one of the sills of the wooden frame
is broken, it is very readily and cheaply replaced without the

necessity of tearing the wliole frame to pieces. They claim,

on tiie other hand, that with the iron frame, in case of such
accidents, it is certain to be bent to a greater or less extent, and
that, owing to the weight of the metal of whicli it is composed,
it is necessary to remove the sill or the part bent and take it to

the blacksmith shop for heating in order that it may be brought
back into alignment. This latter claim is undoubtedly true in

regard to many tender frames which have been put under
tanks. It is one of those cases where the theoretical calcula-

tions in regard to tlie weight to be carried and the strain to

wuich the parts will be subjected do not at all coincide with
the actual requirements of the case. The jarring of the load

in running over a rough track, or the pounding which a frame
is apt to receive should a wheel leave the rails, is apt to be very
much in excess of what was usually allowed in the theoretical

calculation of strains, just as we find the truck bolster of

freight cars coming down and allowing the car bodies to ride

upon the side bearings, although the calcidations and tests

which have been made of the bolsters would seem to show
that an ample factor of safety had been allowed.

A similar experience to this has obtained on tlie Philadel-

phia & Reading Railroad with a number of tender frames
which they have built. The depth of the channel bars form-

ing the sills has heretofore been 6 in., and this depth has shown
itself to be insufticient for the work which is to be performed
under the large tanks which are used as tenders for their heavy
freight engines. In order to overcome tlie difficulty of bend-

ing and to render the frame stiff against all ordinary and ex-

traordinary shocks short of an actual collision, the tender frame
which we show in the accompanying full-page engravings has

been designed. The depth of the channel bars forming the

sills has been increased to a depth of 8 in., and instead of bolt-

ing the corners with angle irons or making a short bend and
using an extra piece for an end sill, the outside sills have been
rounded out with a radius of 9 in. for the outside of the curve,

and the two ends are butted together on the center line of the

frame. Here they are held in position by heavy castings, as

shown by the engravings. There is one which takes the draw-
pin and lays inside of the frame, bolting to the two inside sills,

and on the outside there is the heavy buffing casting, so that

any buffing strains which may be brought to bear on the

frame at this point is carried direct to tlie inside sills, and has

no tendency to cause a bending strain on what practically

becomes the end sill of the frame.

In addition to the stiffening which is obtained by these two
castings, a plate of -J-in. metal is riveted across the end as

shown. The body bolsters are made of iron 6 in. wide, using

a thickness of ^ in. for the extension memljers aofl 1 in. thick

for the compression.
Another feature of the frame which is well worthy of atten-

tion, and from whicli the designers expect to obtain verj' good
results, is the use of twoH-ic- bolts which extend through from
end to end of the frame, bolting the buffing and draw castings in

position. It will thus be seen that any strain which is brought
to bear by the sudden pulling out of "the engine or the jerking

of the train on the draw-bars is carried through from the engine

to the train, or vice versa, by way of these draw-rods, and there

is no strain whatever put upon the general body of the frame
with this form of what is practically a continuous draw-bar.

Although the frame is braced by diagonal braces made of

i X 5| in. iron, it is evident, from" their location and the space

wliich'is available for them, that they would not serve to pre-

vent a diagonal distortion of the frame as the result of abnor-

mal strain, and this is one of the trouljles which has heretofore

been experienced with the iron frame, that if the rivets become
loose the frame is apt to become distorted, and with the dis-

tortion follows tlie inevitable weakness. This frame, however,

by being so constructed that its general contour is not affected

by either buffing or pulling strains, is freed from these incon-

veniences. It is expected, as we have already said, that it will

have a suflicient strength to resist all ordinary strains of derail-

ments and .shocks without deformation, and that it will go far

toward settling the relative merits of tlie iron and the wooden
frame.

^ .

PROTECTING PILES AGAINST THE TEREDO
NAVALIS ON THE LOUISVILLE & NASHVILLE
RAILROAD.*

By Michael L. Lynch.

In 1880 the Louisville & Nashville Railroad Company ac-

quired control of what is now known as the New Orleans

Division of that road, and with this acquired also a large

creosoting works, located at West Pascagoula River.

This road crosses a number of bays, liayous, and rivers, all

of which are spanned by means of yellow pine creosoted pile

trestles, and iron bridges .supported by crcosoted pile piers.

There are 21,407 linear feet of trestle and 6,459 ft. of iron

bridges. The most noteworthy structures, so far as the sub-

* Paper read before the American Society of Civil EngineerB.
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jectof this paper is concerned, are Bay St. Low's and Biloxi
Bay trestles, llie first of wliicli is about 2 miles lonjr, anil con-
sists almost entirely of creosoted yellow jiine ; that over the
second is 6,040 ft. long and consists of 5,8r)0 ft. of creosoted
pile trestle. Each of tliesc structures has an iron draw span
IVIO ft. long. These trestles were built in the years 1878 and
1870. and replaced siriicturos which had been di stroyt^d by
the teredo, which in the waters of the Mexican (!ulf and its

estuaries are extraordinarily destructive on account of the long
warm season. An luitreated yellow pine pile, 1',' or 15 ft. in

(iiaineter, 'woulil be renilcred unsafe for structural purposes in

less than si.x months. In 1871 a serious accident occurred at
the Biloxi Bay trestle from this cause, although the i)iles were
only about 10 months old ; seven bents went down with a
freight train, and it was foimd that the piles were all eaten olf

close to the l)ottom of the water. When first built, the trestle

had hardly been completed wlien it was found that the un-
treated jiilcs were so badly attacked by the teredo that rebuild
ing had to be commenced at once. In 1872 resort was had to
covering the piles with copper, but the protection was not
perfect. For this reason creosote works were built in 1870, at

a cost of ^00,000. All creosoted" structures have been periodi-
cally inspected, and the portion below water examined from
time to time by divers. It was not, however, until 1886 that
it was found the teredo had begun his attack on the creosoted
piles. About the .same time an inspection of the creosoted
piles in the railroad company's wharves at Pensacola, Fla.

.

di8clo,sed_ a similar condition of affairs, and the question of
determining, if possible, on some further means of protecting
the creosoted piles against the teredo became a vital one. As
a residt of investigation and experiment, it was decided to
adopt a thin coat of cement mortar or concrete, applied to the
outside of the piles from the surface of the mud or sand at the
bottom to high water at the top. To accomplish this a shell
of wrought iron made of circular form, composed of several
sections, each in two segments, and so arranged to be easily
separated, was placed around the pile ; the shell was clamped
together above the water and lowered section by section until
it completely surrounded the pile to a short distance below the
bottom. A diver placed a pudding of "gumbo clay," en-
closed in sa'cking, between the shell and the pile at the bot-
tom, before the shell was forced down. Where the water was
not more than 12 ft. deep, it was pumped out and the mortar
or concrete poured in. Where there was more than 12 ft. of
water this could not be done, and concrete was passed to the
bottom of the shell, through a special galvanized iron pipe,
with a funnel or feeder at the top for filling. This was raised
as the space below was filled up. The bottom was kept con-
stantly in the concrete. The shell was allowed to remain until
the concrete had .set, when it was removed and placed on the
next )iile. Shells made of wood with cast-iron bands were
also used, as being cheaper than the wrought iron. This
method of treatment was applied to over 4,000 piles, but only
such as had been seriously attacked, so as to prevent their
total destruction. One important advantage of this method is

that there is no disturbance of the piles or superstructure
which rests upon them, a matter of .special importance where
the piles are under large storage sheds or other buildings.
There has been some little trouble experienced from logs or

rafts striking the protected piles in rough weather, but the
repairs have been small, and the protection, which has now
stood seven years, bids fair to continue a number of 3'ears
longer. Not only did the concrete com|ilet(^ly cover the piles,

and was itself covered with oysters, barnacles, etc., but the
cement had found its way into the teredo holes, filling them
even to the heart of the "piles and forming within it perfect
casts of the teredo. Not a single living teredo was found in
the piles when afterward split.

Th(! concrete used con.sistcd of one of cement, two of sand,
and three of gravel, with water enough to make it pass easily
through the pipe. The cost of its u.se was found to vary from
80 cents per linear foot measured on the pile, to $1.50 per
linear foot, depending upon the length of the protection, the
location of the piles, and the conditions of the weath(T

; but
as the number of feet protected was only from high water-
mark to the bottom, it was .small compared with the total
length of the piles, anil much le.ss than it would have cost to
replace the old piles with new creosoted ones.
The next jjrotection used was vitrified clay pipe. In 1892 a

careful inspection was made of the piles of "the Bay !St. Louis
and Biloxi Bay trestles ; of these about one-half "was found
seriously affected, some were full of small holes, and a very
con.siderable number with large holes. About 15 per cent,
liad been protected. It was decided at once to proceed with
the protection, and also to strengthen the caps and stringers,
which were too light for the existing rolling loads. The
trestles had been in service 14 years, but were found, with the

exception of a few ties, to be in a good state of preservation.
It is expected that the life of the new cypress used will be as
long as the remaining life of the old creosoted pine, and that,

when renewal above the water is required 10 or 12 years hence,
a frame trestle can be placed on top of the protected piles.

Instead of using concrete protection for Ih piles, in this

case vitrified clay ])ipe was used, first for economy, and, sec-

ondly, because it was believed to be a more certain protection
at the immediate siu'face of the mud, it having been found
that with the concrete protection some of the mud had become
mixed with the concrcle at Ihc bottom, killing the cohesive
power and leaving the jiiles open for attack by the teredo. In
most localities the teredo works near the surface of the water,
between high and low tide, and his ravages become less as the
bottom is approached. At Biloxi, this is difiTerenl, due to the
fresh water which fiows in on toji of the salt water, and the

teredo thrives better near the bottom. It is quite common to

find piles eaten olT at the surface of the mud and showing no
indication of attack above that point.

In order to allow the .sections of pipe to be passed readily

over the piles, they were cut oil at some distance below the
stringers, making it necessary to use a bolster or some other
contrivance to support the stringers. The bolster was made
to extend the full panel length, and its upper surface keyed
to the lower surface of the stringers with cast-iron keys, 10

make it act with the stringers. This also permits the easy
removal of the sticks or tlie bolster independently of each
other.

There has been much trouble with both of these trestles on
account of fires caused bj* sparks dropped from engines. It

was therefore determined to box in the floor and cover it with
gravel.

The sections of the pipe were fastened together with a com-
position of pitch and sand, applied hot. This was cooled as

each joint was lowered below the surface of the water, and
became hard so .as to hold the sections firmly together. In
this way section after section was .added until a solid bearing
lielow the mud surface was reached. Jacks were used to force

the pipe down, after which the space between the pile and
pipe was filled with sand, which was allowed to settle. After
several months the pipes were again filled, to make up for

settlement and that which had been washed out by waves,
and the}' were then sealed on toji with the hot pitch and sand.

The cost of this protection was 66 cents per foot of pipe for

16 in. pipe, and 71 cents for 18-iu. pipe, which figures include
freight and eveiy expense. The length used on each pile

varies from 2 ft. 6 in. near the shore to 15 ft. on each pile, the
piles being 50 to 60 ft. long.

A test pile infested with live teredos in a healthy state was
treated in this wa\', and at tlie end of 24 hours it was found
that the teredos wercNill dead and turned black. In 48 hours
more the bodies of the worms had almost disappeared. At
the end of a week the jiile was pulled up and split in ]iieces,

and nothing could be foinid excejit the holes wliicli the teredos

had left. We were therefore fully assured of the utter de-

struction of the teredo by this method and the sure protection

of the pile.

In cutting off about 4.000 piles at lioth trestles, not one was
found to be decayed, although they had been in place 14 years.

This is a good record for yellow pine treated with dead oil

creosote. All indications would show that they would be good
for at least 10 years of .service. I'ntrcaled yellow pine jiilcs

would not last in this climate more than an average of seven

years, assuming that the teredos did not eat them up in far

less time.

THE HANDLING OF FUEL ON THE FRENCH,
ENGLISH AND BELGIAN RAILWAYS.*

By iM. JuLLi.\N.

IIANDLINIi .\CCOMri,lSIIi;D BY OSINO AN INTEltMI'.DlATp: DIS-

CHAltOI'. WITH liASKKTS Oil TUHS LOCATF.n ON A I'UKI, I"I,AT-

FOKM, KUOM WHICH I'UEL IS AKTICKWAKU TAKliN TO BE
DU.MPKD INTO THE TENDERS.

Ifundlinr/ Accomplished icithout Mcchdiiicdl Assinlaiice.—The
general arrangements of the yards and tracks are as follows :

The fuel platform is built along a track upon which the en-

gines run ; its length is usually that of two engines— it is often

greater, but very rarely less ; as to its breadth, it varies with

the amount of fuel which must be held. On that siiU^ of the

platform opposite the engine track another track is located

• Jlivue Oinirak Ues Chemim de Fer.
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which is used for llie movement and switching of cars to be
unloaded.
The platform is of such a height tliat the workmen can

readily take their baskets or tubs which have been tilled from
the car and dump them into the tender. It is certain that

tliese arrangements would not be the same if they were to do
the work with baskets holding from 88 lbs. to 110 lbs., or
with lorries or tubs carrying 1,103 lbs. In the first case, the
workmen could raise baskets from IG in. to 20 in. in their arms
if it were desirable ; in the second, it would be necessary to

adopt such arrangements that the tubs or lorries would have to

move either on a horizontal surface or on one slightly inclined.

Loading wUh Buskets.—This method is very extensively used,

but has very little interest ; the handling which is done with
this arrangement is less expensive than that which is done
without any platform, and it insures a more rapid loading

;

nevertheless, it requires two men about three minutes to ac-

complish the loading of a ton of coal into a tender, provided
the baskets are filkd in advance, and the men have only to lift

them and dump them into the tenders. This system is quite
economical whenever the fuel is taken directly from the cars

;

but when it is necessary to take it from a coal heap, the han-
dling costs quite as much as it would if there were no coaling
platform.

It may be interesting to review the expense of handling fuel

placed on tenders with companies where the platform system
is used.

Eastern Railway Company of France $.0855 per ton
Orleans Railway Company 1425 "

Western Railway Company 135 "
Eastern Railway Comjjany 1235 "

Belgian State Railway Company 0722
Midland Railway of England 095
Southeastern Railway of England 133 "

The lowest cost is on the Eastern Railway of France and the
State Railway of Belgium. A great portion of the economy
attained by the Eastern Railway Company is due to the fact

that in handling their fuel they so arrange their service that a
large number of engines are never brought to the loading plat-

form at the same time ; the result is that it has not been neces-
sary to engage any extra workmen, and that when the regular
gang is carefully handled the cost is light and the daily service
all that could be desired.

There is another reason for the economy which has been ob-
tained on the Belgian State Railway, of which it is well to say
a few words. The handling of fuels on the Belgian State Rail-

way, like many other classes of work on the road, is contract-

ed for once every three years. The same contractor has charge
of 19 different classes of work, handling the different kinds of

fuel, the kindling wood, unloading sand, loading cinders,

cleaning out engines and tenders, operating turn-tables, etc.

The head accountant fixes a price for each class of work,
from which, as a basis, the bidders propose a certain discount.

Some of these prices are very good, others less so ; but the bid-

ders, having different kinds of work to accomplish at the same
depot, can utilize the personnel of their gangs to the best ad-
vantage, and thus sometimes offer a considerable discount for

the sake of securing the contract. The contractor who is

doing the work at present is giving a discount of 65 per cent,

on the following ba-sis prices :

Loading cars of fuel into heaps $.0475
Loading the same fuel on to tenders 057
Loading fuel upon cars after mixing 057
Loading upon tenders with baskets placed upon a car

or platform .' 095.

Tills system requires a very careful oversight, and in order
that this oversight shall be effectual it is necessary that there

should be a hirge personnel ; and still there is a certain amount
of work which is more or less neglected, such as the cleaning
of engines and the cutting up of fagots. On the other side,

the contractors cannot do the work so cheaply in any way as

by using low-priced help, which generally consists of men who
cannot secure employment anywhere else and who require a
constant oversight. This does not prevent the depot masters
from exercising a keen supervision at all times to see that

there is a rigorous execution of the conditions demanded by
the head of the department, so that the contractor is obliged

to make a discount for what he failed to do in the previous
month. It may also be remarked that on the Belgian State

Railways there is not a single platform, properly speaking.
The fuel is unloaded into the enclosures made of old ties and
built along the tracks which are used for the movement of en-

gines ; when these enclosures are once filled up to the top of
the ties thej' serve as a platform for the baskets which are

loaded upon cars, and when these are lacking the fuel is taken
from the pile itself.

Loading with Tubs.—Almost every English company has
adopted the method of loading with tubs or lorries at their

coaling stations where there is a considerable amount of coal
delivered to the engines. In a general way they use the coal

just as it comes from the mines ; but all the fuel which is de-
livered to locomotives is first hauled away in cars, and con-
tracts are made with collieries for regular shipments ; but at

some stations which are a long distance from the colliery cen-

ters storage heaps are built up, and the piles from which a sup-
ply has been drawn are immediately replenished. The plants
for handling the fuels have, therefore, been built with a view of
unloading the fuel from the cars directly into the tender. The
principal arrangements adopted, which we will describe, do
not differ from one another except in unimportant details.

The Secondary Depots of the London <£• Northwestern liailway
on the Blelchley Willesden LJne.— The fuel yard is located under
a shed which is traversed by two lines of tracks intended for

the movement of cars and for the storage of engines or cars.

This last track is on the level with the depot tracks ; the other
is placed near the platform and is raised 2 ft. 9.5 in. The plat-

form is located on one side and has a breadth of 10 ft. 5 in.

with a length of about 82 ft. ; it is above the level of the tracks
of the depot by 9 ft. 2 in., and its floor is covered with a
cement and cast iron plates carefullj' joined together ; there

are no tracks above it for lorries. The loading track for en-

gines is outside of the shed, and is naturally placed along the

wall of the platform ; this wall has an opening 5 ft. 10.9 in.

wide and 9 ft. 10 in. high to allow a drawbridge to drop
through, which is used for the unloading of the4orries. Tiie

cars that are to be unloaded are run in upon the elevated track

by an engine ; they are there stopped upon a scale by which
their exact contents are determined ; then they are pushed on
so as to bring as many as possible next to the platform ; the

lorries are run up next the cars and filled with a shovel and then
run down over the side platform until they reach the engines.

Three men are generally sufficient to do the work at these

yards ; two fill the lorries and a third moves them as it may
be necessary.

When an engine is run up it is stopped so that it is in a
proper position for taking water from the crane, and in this

position the tender is opposite the drawbridge ; the man who
pushes the lorries about drops the drawbridge and rolls the

lorries out to a bumper upon this bridge, and then by means
of a bolt controlled from behind he opens the door located at

the side of the lorry ; the drawbridge does not swing, and
there is nothing that can be moved e.vcept the lorry. Each
yard usually has from 15 to 20 lorries, each containing half a
ton of coal, they being of the following dimensions : Length,
3 ft. 3 in. ; width, 2 ft. 9 in. ; height, 2 ft. 9 in. The lorries

are made of iron.

It requires about a minute or more to fill a lorry, but it can
be emptied into the tender very quickly. At Bletchley an en-

gine holding five lorry loads, or 2+ tons, can be loaded in

about two minutes, or before the engine has finished taking
water ; it is hardly necessary to say that in order to obtain this

result the lorries must be loaded before the engine arrives.

The price generally paid is |.05 for loading a ton of coal on
the tender, and the workmen make aljout f.72 per day. When
the cars are emptied they are hauled away and replaced by
others with full loads. At small stations the shed is covered
by the water-tank, as shown in fig. 2. In the large depots the

arrangements are the same ; at Manchester, for instance, the

only difference consists in the length of the platform, which
will hold four cars, and in the rooting of the shed, which is

simply a double roof, and also contains two unloading bridges,

as shown in figs. 4 and 5.

At Rugby the arrangements are the same as at Manchester
;

but a supplementary shed has been added which serves for

loading the station switching engines, or those small machines
which run to and fro and carry but about i ton of coal, with
baskets ; this is shown in the plan of figs. 4 and 5.

At Rugby, where about 130 tons are loaded each day, the

work has not yet been put upon a piece- work basis ; they are

investigating the matter so as to put the price for loading on
the proper basis in accordance with the number of baskets
handled. We see that these arrangements have the advantage
of loading very rapidly and at a low cost ; it is true that they
have done away with the intermediate operation of unloading
into heaps. As for the oversight, the only thing that is

necessary to look after is the total amount received and
distiibuted each day ; as to the amount given to each engine,

they trust to the skill of the workmen, who can easily estimate

the amount contained in a lorry. This oversight is evidently

insulflcient, but it is .satisfactory, because the premiums for

coal savings given to the engineers are so small that no one has
any particular interest in making fraudulent entries as to the

amount of coal delivered.
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Caledonian North British eft Miiihinil Railway.—In the ar-

rangements which we liare just cxaniuied the cars for unload-

ing are located a little below the level of the platform, so that

the tilling of the lorries is done slowly and with considerable

fatigue, especiall)' when the fuel has been emptied so that the

men arc working close to the floor of the car. The Caledonian,

North British and Midland companies liave adopted another

arrangement by which the oars to be unloaded stand upon
tracks whose level is somewhat above that of the tender which
is to be filled. In some cases this arrangement has been obtain-

ed without any very great expense, as at St. RoUox, where the

station tracks are on two quite ditTerent levels ; in other eases

it has been necessary to build inclined planes from one portion

of the yard to the other. St. Kollo.x depot, on the Caledonian
Railway, which is located in the suburbs of Olasgow, figs. G-10,

is only used for freight traffic, and as it distributes but about
90 tons of coal a day, it has no storage heaps. At a distance
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a .single bay 4 ft. 7 in. wide is left open for dropping the draw-
bridge, which is of a special arrangement, as shown in fig. 10.

The movable portion of this bridge is itself made of two
parts : one. which is lowered at the same time as the bridge, and
the other, which remains fixed and horizontal ; the latter is

composed of a strong frame of angle iron, and is fastened to

the first by a hinge parallel with that of the drawbridge
itself. This frame rests normally upon the bridge ; but if it

is desired to load from its end. the lorry is pushed out there.

It then tilts down and takes an inclination limited by two lugs

fastened to the drawbridge.
When an engine is run up for loading, a workman takes a

lorry, pu,shes "it out upon the drawbridge until the wheels
come upagain.st the semicircular bumper which is on the outer

portion, while the other wheel stands near the front edge of

the angle-iron frame. The weight of the lorry then facilitates

the swinging of the crane, and it is enough to turn th(' bolt
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the amount 'of coiil v.Iiich they coutnin. As on tlie London &
Northwestern, and for the same reason, a supervision is extend-
ed only over the (luantities reeeived.

Tlie stations at Jloilicrwcll and I'ahiiady have yards similar-

ly equipped ; but the natural arrangements of the tracks not
being as at St. Kollox, lliey have built inside tracks for the

cars on an inclined plane, as shown by tigs. 11 and 12of the Dun-
dee dei'Ot.

The arrangements of the Dundee depot are similar to those

which we have already described, as the engravings show.
We see in this depot tliat there are two loading points in order
to facilitate operalions, but in Dundee there are also two kinds
of lorries ; one, of which there are 1.5 in number, holds .500

lbs., and the other, al.^o 15 in number, holds 1,000 lbs. The
lirst is rarely used for road engines ; they are only used for

switching engines, which are usually run in for coaling at the
draw, winch is at the end of the lilind track. The entrance
grade, by which the cars run into the yard, has an inclination

of 1.4 per cent, and a length of about 722 ft. It is interesting

to note the cost of handling fuel at this yard because it is lower
than that at similar depots. The daily delivery is about 130
tons, and the work is done by eight men, four by day and four

by night, who earn $ 71 per day. As there is no unloading
into a heap, the handling of a ton of coal delivered to the ten-

der costs about $.0437.

Handling Coal with Cranes.—In yards where this arrange-
ment has been adopted it is not uecessarj' to elevate the tracks

for running in the coal cars. The arrangements are verj' sim-

ple, and consist in separating the track for the uidoading of

cars from the loading track of engines by a platform upon
which a movable crane is located, •which swings about a verti-

cal axis, and whose boom is long enough to swing the lorries

or tubs from the car to the tender. This crane may be mov-
able either by hand, by a windlass or capstan, or by an}' other
mechanical means, such as steam or hydraulics.

In the installations which we arc about to describe, some of
the cranes are moved by hand, and in one instance they are

moved by hj'draulic pressure.

The Carlisle DejMt of Caledonian liailway.—The crane has a
capacity of about 1,875 lbs. ; it is located at the center of the

platform, and its boom has a length equal to the distance from
the vertical axis of the crane to the center of the entrance track.

The work is done with tubs of 1,000 lbs. capacity and not with
lorries—that is to say, the movement of the coal is made with
the crane

;
generally the tub is placed in the car to be tilled.

Usually when they begin unloading the car the tub is placed
on the platform close at hand.
At Carlisle 90 to 100 tons of coal are delivered to the engine

daily. The work is done in the following manner : When
there is no engine there to be coaled the shovelers fill as large

a number of tubs as possible, which they stand along the plat-

form. When an engine comes up, one of them devotes his

whole attention to hooking on the tubs and swinging the crane,

while the others stand by the windlass ; but in spite of the

rapidity with which they move it is very seldom that they can
lift and empty a tub into a tender in less than a nunute.
At Carlisle, where the energies of the men are very well util-

ized, thanks to the general arrangement, eight shovelers are

employed, who earn $.76 per da}', .so that the cost of handling
coal is about .$.061 to $ 0665 for a ton loaded into the tender.

Burntisland Depot on the A'orth British Railway.—The yard
at this depot has a slightly different arrangement on account
of the preparations which have been made for storing coal in a
heap, and that it has been the aim of the designer to use the
crane to carry the tubs tilled with coal from this pile to the ten-

der as far as possible.

The platform is trapezoidal in form, as shown in fig. 13, and
hiis two cranes ; one has a swing of 9 ft. 2 in., and is only used
for swinging tubs loaded in the car on to the teniler ; the other
has a boom of 16 ft. 5 in., and is principally used for cjirrying

tubs which are loadcil at the coal pile.

The work which is done at Burntisland is very variable, for

the depot is used for the handling of coal trains intended to be
loaded into boats for transportation. These trains, which are

not scheduled on the time-table, are run as extras ; so that

while some daj's the yard may deliver oidy 80 tons of coal, it

frequently rises to 140 or 1.50 tons. This is the reason why
the}' have been obliged to provide a coal heap. The gang is

necessarily made up according to the necessities of the case as
they arise, and sometimes are not composed of the same men
two days consecutively. The work is very rcgidarly done,
and these are the only reports which we have been able to

gather in regard to the expense which is necessary for carry-
ing on the work and thu.s relate to all that is done—that is,

flumping on to the heap and loading into tenders ; and again,
these reports, are not very certain, as the shovelers are often
at work at other things. There is no doubt, however, but

that, according to these reports, the different manipulati<ms of
a ton of coal here cost a little over $.076. At I'eterborough
<lepot, on the Great Northern, they al.so have a lixed crane
located upon a platform for loading the lenders, as shown in

tig. 14. The yard distributes from 120 lo 140 tons of coal, and
seven men are employed during the day and eight at night.
The work is done by contract, and costs §.076 per ton loaded
from the car into the tender ; at this price the shovelers earn
at an average $.76 per day. In winter a storage hea]) is built

up, but this work is done by outside help, and is not included
in the contract jirice.

The Crtwe Depot of the London S North irestcrn Uaihray.—
(Figs. 15-17.) The depot at Crewe is one of the most inqiorlant
stations in England, if not the most important ; it provides for

180 engines, of which 1.50 at least ate in service everj'day, and
about 300 tons of coiil are distributed to these daily. In actual
service there are very few engines coming in at night—that is

to say, between 10 o'clock in the morning and 10 in the even-
ing about 130 are coaled, leaving only 20 on the average for

the night. At some hours of the da\' there are as many as 15

coming in in 10 minutes. It has. therefore. Ixen ncce-'.^ary to

adopt such arrangements as woulil permit the most rapid load-

ing of the tenders, all other conditions being set aside.

The j'ard is located in a rectangular space, figs. 15-17, having
a length of 98 ft and a breadth of 61 ft. Four tracks run
along its entire length ; two in the center occupy a space of 20
ft. and one on each side occupy each a strip of land 11 ft.

6 in. wide. On each side, in the space which separates the tracks

from the center of the side tracks, a platform has been built

having a width of 7 ft. 6 in. and a height of 5 ft. 4 in. above
the tracks, and occupying the wLole length of this space. On
each of these platforms three cranes, wi h booms 9 ft. 10 in.

long, are located, whose lifting movement is accomplished by
hydraulic pressure ; they are easily swung by hand. The en-

gines run in on the side tracks and the cars on the center tracks.

Although the tubs are always carried by the crane, they are

provided with little wheels to facilitate the movement of ad-

justing them near the cars or of moving them about the plat-

form. Their capacity is 1,000 lbs. The work is done entirely

with hand cranes. The lorries are set into the car to be un-

loaded or run up alongside of it, as the case may be, and filled

or shoved over the platform or lifted by the crane on to the

tender. To expedite this work, the .stirrup which lifts the tub
is fastened to a small traveling trolley upon the horizontal arm
of the crane. The cars to be unloaded first are run over a scale

before coming into the yard, and also a second time on leaving

it after they have been emptied. They thus exercise a siipir-

vision over the total quantity of coal received and distributed

daily. In a general way all the fuel delivered to the engine is

taken from the car direct ; nevertheless, in order to provide
for emergencies a coal heap is constructed, and it usually hap-

pens that coal is distributed from this heap about twice a year.

As these heaps are usually located some distance from the en-

gines, and as loading engines with the fuel which they contain

is a difficult and slow operation, a preference is given for run-

ning the cars direct into the yaril and unloading them as we
have described. The unloading on to the heap and the taking
of the coal from the heap for the tender is always done by
hand either with basket or wheelbarrow.

Before the construction of the coaling station as it is now,
the average delivery was about 250 Ions a day, and the work
was done by 20 men, who earned $ 82 per da}' ; but the en-

gineers complained a great deal of the lime which they were
obliged to lose standing at the coaling station.

The average cost of a ton of coal loaded on to the tender is

about $.07. There are 10 tubs of 1,000 lbs. capacity each in

the station for distributing 300 tons of coal daily, and oidy 15

men are employed, w bo are paid by the piece ; they are paid

$.0475 per ton loaded on the tender ; butlliere is an additional

payment of $.013 per ton for filling the tulis. The average
cost of a ton of coal loaded on the lender is about $.066.

The ]>lant, therefore, shows no appreciable saving in the

handling of the fuel, but it has the great advantage of only de-

taining an engine on the loading track for about three minutes.

In fact, with this system they arc always jireiiarcd to load two
engines, and, if necessary, fmir engines at the same time, and
the loading of a ton of coal will reipiire 50 seconds if the lor-

ries are filled in advance, and one minute and 15 seconds if it

is necessary to fill them, provided that they use two tubs at

each crane.

Mr. Webb has not gone to any very great expense in setting

up this plant ; for a long time he has had hydraulic machines,
which furnish the station with the necessary power for its old

elevators, cianes, and hydraulic capstans ; .so that it was only
necessary to run his ])ipes. without changing the capacity of

his accumulators in any respect ; for as the construction of the

cranes is light, a very small amount of water operates them.
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METALLIC TIES ON THE GRAND CENTRAL
RAILWAY OF BELGIUM.

The iiccoiupanyiiig engraving shows two types of metallic

ties—namely, the Caramiu and Thy-le- Chateau, which have
been used on the lines of the Grand Central Railway of Bel-

gium. The engravings, withtlie figuring which is upon them,
give such a clear idea of the general construction of the tie that

it will not be necessary to enter into a long explanation.

As we sec, the management of the Grand Central Railway
has tested two types—namely, a type without wooden filling

pieces and a type with such pieces. All told, they have laid

11,634 ties on a length of line 6.2 miles long. They were laid

in the years 1886, 1887 and 1888. The ballast was composed
of broken stones, cinders, and river gravel. The rails, which
are made of Bessemer steel and which have a length of 19 ft. S

in., weigh 83.8 lbs. to the yard ; they rest upon seven ties, the

spacing of which is in conformity with the outlined sketch,

fig. 1, and so arranged as to give a suspension joint.

The ties are 8 ft. 6.3 in. long ; weigh, in the old model, 131

lbs., while in the new and strengthened model they weigh
133.6 lbs. each. They are made of iron as well as are also tlie

rivets and the clamp bolts ; the tie plates and bolts being made
of steel. The heaviest engines wliich are run over this line

weigh 52.3 tons in working order ; they have four pairs of

wheels coupled, and their rigid wheel-base is 14 ft. 1 in. The
naximum speed which is authorized by the government is that

of 37.3 miles per hour for passenger trains, 38 miles for mixed
trains and 15.5 miles for freight trains. Smith's vacuum brake
is used on the passenger trains and the screw brake operated by
hand on freight trains. Up to the present time the manage-
ment of the Grand Central Railway is very well satisfied with
the results of these metallic ties when regarded both from the

standpoint of stability of the track as well as from that of

maintenance, which, according to the reports of the department
of roadway and buildings, is more economical than that for

those portions of the track which are laid-with ordinary wooden
ties. The following are some of the official figures :

metallic ties. What, then, is the reason for this difference in

the position taken by the two systems of roads ? We think
that it will not be without interest to examine into the ques-

tion.

In the first place, it should be noted that the question of

metallic ties was the subject of an animated discussion at a re-

cent session of the Railway Congress held at St. Patersburg,
when the report of Mr. Kowalski, Chief Engineer of the Bone-
Guelma Railway, was presented, and that in this session, at

which nearly 400 members agreed, the following conclusion

was reached :
" The use of metallic ties \^ permit of a saving

of expense of maintenance when they fulfil the conditions for

rational use—in other words, if their form has been so designed

and their weight settled by paying careful attention to, first,

the conditions of the traffic—that is to say, the speed and
weight of the ties ; second, to the conditions of the structure

of the track and the nature of the subsoil ; and third, to the

kind of ballast used," etc.

The engineers of the Belgian State Railway have made
some reservations from this formula :

" By only using metallic

ties on lines where the traffic was comparatively light and run
over by trains at a low speed." Almost all of the opponents
of metallic ties at the St. Petersburg Congress argued from
the standpoint of the unfavorable results of the last tests which
were made by the Belgian State Railways. It is for this rea-

son that we would consider it interesting to examine into the

causes of this want of success from a technical standpoint.

The Bernard ties, which were made of rolled iron and rivet-

ed, and which, to the number of 8,000, were removed at the

end of a few months on account of a wear in the riveted joints

—

a wear which was rapidly on the increase with the number and
speed of the trains.

The hollow ties of the Post and Braet outlines showed them-

selves defective in service, as follows :

A. The rectangular holes for the fastenings produced cracks

and fractures as much as 1.2 in. in length. These fractures,

which were discovered in a large number (18 per cent, for the

Post and 75 per cent, for the Braet ties) on the heavy traffic

The expense of maintenance per mile for main line of tracks,

as well as for sidings laid with non injected oak ties, was, on
the Grand Central Railway of Belgium, $95,355. This amount
is the average of the cost for the 3'ears running from 1881-90
inclusive. The expense of maintenance per mile of track with
metallic ties was only $11.87. This figure is the average of

expense for the years 1886-90 inclusive. No defects have yet
been reported in regard to these metallic ties or their fasten-

ings. The track, which is laid upon wooden blocks, is still,

according to the reports which the Chief Engineer of the Grand
Central Railway of Belgium has made, in far better condition
than that of the ties which do not have these blocks.

THE MET.\LLIC TIES.

In the cour.se of a recent discussion of the Railway Budget
at the Belgian Parliament, different speakers asked the Gov-
ernment for new tests of metallic ties in order that it might
.come to the assistance of the metallurgical industry. The Min-
ister of Railways. Mr. Vandenfeeroboom, replied to them in a

categorical wiiy that the results obtained in the last tests made
on a great scale with 75,000 ties by the management of the
State railways, and which cost $171,000, had been so un-
favoral)le that they did not think it advisable to ffo to further
expense by increasing the losses which had been thus incurred,
and which were very much to be regretted ; under such con
ditions he could not favor new orders for the State railways.
The advocates of a continuation of the tests of metallic ties

reognize that while the sy.stems which had been experimented
with on the Belgian State railways—namely, the Post and Braet
and Bernard ties, had not fulfilled the conditions which had
been desired, and had not furnished a good track with metallic
superstructure, and while the results had been disastrous, they
still thought that the Department of State Railways should
make a further test of other types of ties that were construct-
ed in a jnore rational manner. But the minister remained un-
moved in his negative decision. The advocates of renewed
tes's were somewhat piqued by the fact that the management
of the large .systems of German railway's .still continued to give
important orders for the delivery of a considerable quantity of

line between Brussels and"Antwerp ^in'five 'years of 'service

caused a large number of the ties in question to be removed
from service.

In France the same results were obtained with the Post tie,

but on a smaller scale. These cracks at the holes, which were
foreseen in the Belgium ties, should be imputed to a double

cause wherein, contrary to the advice of the department, the

steel used was not very mild, and because the holes for the

fastenings were not punched under the conditions that ought
to have been observed. The purchasing agent permitted the

holes to be punched instead of drilled on the express condition

that the work should be equally good. This opinion is cor-

roborated and shared furthermore by several road masters who
have laid Heiudel ties on the North Austrian Railway, and
who have had no trouble with cracking in the nine years they

have been in service. We may add, too, that the method of

fastening for the Ileindel tie appears to be of a better design

than that which was used in the Post and Braet ties by the

State Railway of Belgium.
It may not be out of place, however, to say that Mr. Braet

had designed a special method of fastening for his tie, but that

it was not used on those which were laid on the Belgian State

Railway. It is shown In the accompanying drawing.

We have no doubt but that if the holes had been drilled and
they had not been allowed to exceed a certain size for the ties.

the"cracks with which they have been troubled would not have

appeared. The first fault, then, which can be found with

these ties, is one which can be extended to metallic ties In gen-

eral.

B. In consequence of the alternating uo-and-down movement
of the hollow tie, it causes a hammering out of the ballast

which is transformed into a powder and later into mud by the

rain. Each lime tliat the tie rises it sucks in this mud and the

ballast loaded with it, forming a kind of macadam which

finally forms a hard and compact core nccesitaling the removal

of the ballast from beneath the support. This is the first

period of maintenance which is universally recognized as ex-

pensive. Under the action of the passage of trains the ties

were subjected to a scraping which caused changes both in the

longitudinal and transverse directions. These disturbances,
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which exist for all types of hollow ties and which have been

pointed out among others by Mr. Schubert in ls:)2 at the meet-

ing of the Vereiii fur Eisenbahnkunde, at Berlin, increase, as it

is readily understood, very rapidly and very notablv with the

speed of the trains. While for a ma.ximum speed of from 47

to 50 miles per hour changes in level are small, and while these

small morements e.xert hardly any inSiienc'e upon the ordinary

track, it has been shown Irom e.xperiments which have been

made at speeds of about 56 miles an hour that they become

quite dangerous and may even cause derailments in conse-

quence of the hammer blows and depressing effect of the roll-

ing stock upon a track which has been thus deformed, and it

is therefore absolutely necessary in order to bring the track up

brought out in the last discussions of the Vereia fur Eisen-

bahnkunde of Berlin.

According to a report made by Mr Flamache, Chief En-
gineer of the Koadway for the Belgian State Railway, tor dis-

cussion at the St. Petersburg Congress regarding the question of

metallic ties, there are some essential conditions to be fulfilled

by the metallic tie of the future for lines which are to be trav-

ersed by high speed trains :

"1. They should not require any tamping into the hollow space

—that is to say, they ought to be able to be moved longitudi-

nally and transversely just as a wooden tie is, which has a flat

bottom. It is even objectionable to give it any curvature,

bendings, or variations of section, or to provide it with bosses
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SPECIAL TOOLS AT THE READING SHOPS OF
THE PHILADELPHIA & READING RAILROAD.

CUANK-PIN CUTTER.

EvEUY master mechanic and workman in sliops lias experi-
enced the trouble which is always found wilh the ciitling out
of the crank-pins which have become worn, or which, for any
other reason, it is necessary to remove from the wheels. The
machine which we illustrate is a very simple device, operated
by hand, for doing this work. When the pin has been pressed

into the wlieel and riv-

eted over on the inside it

is dillicult to j;et at with
the cold chisel, and it

sometimes necessitates

the removing; of a jior-

tion of the other operat-

ing mechanism. The tool

J

five minutes to cut out the riveting at the back of tlie pin, and
make it perfictly free for being driven out with the ram or
pulled out with the hvlraulic pressure. There is no cutting
out of the back of the wheel, which is left in perfect sliape
for the placing of tlie new pin, and it,s snbseciuent riveting.
The handle, which is 15 in. long from (•(liter to center, driv-
ing a pinion which is geared up with a little over 3 to 1 for
the driving-gear, gives ample power, and the check nuts on
the spindle serve to lake up the lost motion and keep a perfect
alignment.

DHIVI.Nd lUIX CHUCK.

One of the handy arrangements, and one which has served
to cut down expenses very materially in the shop, is an attach-
ment fi>r a wheel-borer that isusedfor boring out driver-box
brasses. This is sliown very clearly in tig. 12. It consists of
a chuck which is bolted to the face "plate of the machine, hav-
ing two screws on one side for drawing the jaws of the chuck
together synimelically, and so that there is no dilliculty in

centering the box, which is merely
dropped into the chuck, which is

I

screwed up tight and the machine

I
started. A driving box can be bored
out in this way in about an hour,
the actual time of boring being .some-

wliat less, as the capacity of the ma-
chine is 10 for 10 hours' work, in-

cluding the time consumed in cliaiig-

iiig tools, etc. Provision is made for

adjusting the sides of the jaws of

the box so that they will always
draw true by the screw which is

shown at the ends of the main
screws, which is a tightening screw
by wliich the main screws can be
thrown slightly ahead or allowed to

come back, as the case may reiiuirc.

CRANK-PIN CUTTER.

PHILADELPHIA & READING RAILROAD. -ite~El1"— ' —

whicli we illustrate is very clearly shown, both in the
drawings and the dinK^nsions on the same. It is bolted through
the_l-in. slots to the ba(^k of the wheel or to tlie frame of the
engine, the latter being the most suitable position. This
allows freedom for the motion of the handle. The tool is
placed in tlie tool holder at the lower end of the spindle, and
is fed down to its work by the feeds(tr('w at the toii, slipiiing
through the beveled gear which is driven bv the phiion : thus,
after the machine is in position it is the work of but four or

Of cour.se, such an adjustment as this is only needed after con-
siderable wear has taken place, and it is done very rarely. It

is simplv necessary that the man who has charge of the ma-
chine should .see that liis boxes are held centrally by the two
jaws of the chuck by an occasional inspection.

PlSTON-liOI) .TACK.

The accompanying illustration shows the construction of a
very simple pi.ston-rod jack, which was especially designed
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CHUCK FOR BORING DRIVING BOXES ON WHEEL-BORER. I

t:14^---|(

PISTON-KOD JACK. tCAR INSPECTOR'S JACK.

Special Tools on PliiladeljMa c6 Reading Bailroad.
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for taking the piston-rods out of the cross-heads of the com-
poiiud locomotives. A steel screw, 2+ in. in diameter, with a

ciist-steel nut that slips over the cross-head constitute tlie

whole affair. When the nut is in the screw is sinipl_v driven

down witli an ordinary jack-screw liar, pressing tlic piston-

rod on ahead of it, and forcing it out without any danger and
without niulilatmg it in the sliglitest. A steel cap tits over
the end of the screw, so that there is no turning of the screw
agiunst the end of the piston-rod and consequent mutilation of
the center,

J.\CK FOK CAR INSPECTORS.

Every car inspector needs a small, light jack for occasional

use, especially where it is necessary to remove brasses from
the oil-boxes and similar work. The jack wliich we illustrate

is a very simple little double-ended atfair, that is made at the

Heading shops for the use of the car inspectors along the road.

The outside diameter of the screw is li in., and it is cut with
four threads to the inch. The caps, which are also the nuts,

are toothed, so that there is no danger of slipping, and the

weight Is reduced to the smallest possible amount by the fact

copying it exactly from the dimensions given will find that

they have a planer tool of great value for doing this one par-

ticular class of work.

PRESIDENT HAINES, OF THE AMERICAN RAIL
WAY ASSOCIATION, ON THE LABOR

QUESTION.

In his address before the Association, of which he is Presi-

dent, Mr. II. S. Haines discussed the lalior question at consid-

erable length. lie suggests the incorporation of the labor

unions as a means of imposing responsibility on them for the

fullilment of contracts wincli they might make for their mem-
bers. This proposal lirings a sad snule 'on the faces of some
of us, who contended now so many years ago for tlie right of

the men to be heard through their representatives. The indig-

nant and often insolent refusal of some employers to " recog-

nize" a comndttee of the men has probably' done more than

any other one thing to foment strikes. It has been observed
in Europe as well as here that strikes are rare when trades

CKOt.«-UKAU CilUCK, IvtJAUlNU bUOI'S, rUILADELPHIA & READING RAILROAD.

tliat it consists merely of the two nuts and the screw itself.

The working part of the screw being in the center brings it

so far below the bottom of tlic box that it can be readily seen

and operated.

CnOSS-HEAD CHUCK.

Any one who has had experience witli jilaning off cross-

heads, specially where they are obliged to do it in large (juan-

titics, knows the desirability of obtaining some methoils of

holding them so that they can be planed true and S(iuare un-

der all circumstances, and tliat tlie work can l)e readily ad-

justed in the machine. The chuck which we illustrate was
designed at tlie Heading sliops. and is giving most satisfactory

results. In explanation of the siiine. it will be seen that there

is a taper spindle which enters the main spindle, and is held

up in position by nuts and sentws. and iit the outer end of this

there is a taper over which the cross-head is fastened and to

which it is keyed. There are two flat surfaces at right angles
to each other, as shown in the illustration, which serve as the
lining points for Ihr cross-beads. Wlicn the chuck is in posi-

tion these are square with the plates of the planer, and the
cro.ss-head, after being keyeil into position, is turned with the

spindle, so that its two fuces are true with lliese two squares,
anil when it is desired to turn it 90" for the sake of jilaning

the edges or the wearing surfaces, the whole is turned and
held in position iiy means of pins which slip through the holes
which arc shown, both in the cross-section and in the rear ele-

vation. It is strong and stibstantially made, and any one

unions grow rich. The members of such associations soon dis-

cover that their funds are soon dissipated by a strike, and
therefore, as soon as they accumtilate a large fund, they desist,

or at least try to avoid strikes. Unions which indvdge in the

luxury of strikes don't get rich, and, conversely, those which
are rich don't strike.

In his address. President Haines said :

" The proper way to adjust such differences is by agreement
—by an agreement between contracting parlies, comjietent and
responsible. As to the competency and resiionsibility of one
partj'— the railroad company—there is nodoulit ; but as to tlie

other— the employe—he as an individual possesses neither

qualification. As well stand on the river's brink and seek to

enter into an agreement with the current swiftly flowing by, a
constant succession of drops of water, as to make a contract

with a changing force of men, coming and going as each sees

til.

" The very organizations wliicli they have made for .self-

protection may be made the means for enforcing their contract

obligations. To this end they should be duly incorporated

under such restrictions as will insure their legal competency to

contract on behalf of their members. The respnnsibilily for

kecjiing these contracts will then rest with tlieir incorporated

organizations, which can, by ussessment, accumulate a fund
Ihatcan lie invested safely where it can be reached in a suit

for damages for breach of contract. There will then be no
voluntary arl)itration, to be viewed askance liy Bench and Har,

but the .same legal procedure will he available to secure an ob-

servance of contract rclalions between railroad corporations

and workmen's corporations that applj' to other business con-
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tracts. The legal recognition of such agreement will be a great
step towarrt the preservation of harmonious relations between
the two parties and the assurance to the public of uninterrupt-
ed railroad service.

' A failure to agree upon the terms of a mutually satisfactory

contract would still be possible, but only in the event that the
employes of each class were able to combine in single corpora-
tions. Past experience leads us to believe that this could not
be done ; that either from personal ambition or from other
causes there would be independent corporations of working-
men that would compete for contracts with desirable railroad
corporations, and that in this way it would always be practi-

cable to arrive at an agreement with one or another."

HOISTING TUB OF THE DELAWARE & HUDSON
CANAL COMPANY'S RAILROAD.

Among the useful hydraulic tools which we have been illus-

trating from the Delaware & Hudson Canal Company's Road,
is this hydraulic jack or hydraulic tub, as it is called in local

parlance, for use in hoisting cars. It consists of a boiler-plate

shell riveted up with a butt joint so that the interior is smooth.
The piston is made with a long leather packing, as shown in

the engraving, and the bottom has an opening into which a
f-in. pipe is screwed. The outer end of tliis pipe has a hose
connection, which may be connected with the hose leading to

the hydraulic pressure pipes which are carried all over the
shop. When a car is to Ije .hoisted one of these tubs is rolled

along the floor like a barrel and put into position. The oak
piston is dropped into the tub and water admitted from
the lower side. With this arrangement there is a hoist of
about 18 in., and inasmuch as the base of the tub is nearly 18
in. in diameter, and the bearing on the top of the plug against
the car is 11 in. in diameter, there is a steady support, and
when the car is up and off the wheels there is no necessity for

HOISTING TUB, DELAWARE & HUDSON CANAL CO.MPANY'S RAILROAD.

any bracings. There are a number of these scattered around
the shop, and they are used exclusively instead of hydraulic
jacks. Of course when a car is ready and the supply of tubs
falls short, the car is simply lowered upon a horse and the

tubs rolled away to be used in another place. The cheapness
and effectiveni ss of this little convenience will certainly rec-

ommend it to all who have an hydraulic power available.

Tlie pressure which is used under these tubs runs from 40 to

50 lbs. per square inch.

VALVE-ROD GUIDE, DELAWARE, LACKA-
WANNA & WESTERN RAILROAD.

We illustrate a form of valve-rod guide which is being in-

troduced upon a number of engines of the Delaware, Lacka-

VJUVf HOD ojioe

wanna & Western Railroad, by Mr. David Brown, who is Mas-
ter Jlechanic at the Scranton shops. Every one has experi-
enced the difficulty which appears with the use of the valve
rod rigidly attached to the rocker-arm as it is ordinarily ap-
plied. The vertical molion of the arm causes a spring to the
rod, and this of course has a wearing effect upon the packing,
causing it to blow.
The arrangement which Mr. Brown has designed is old in

theory and has been applied in one form or another to locomo-
tives before, but the particular arrangement which he uses is

verj' simple and compact, and is giving such excellent results

that we reproduce the drawings from which the work was
made. The rocker arm is made in the usual way, and with
the pin of identically the same shape as that which is used for
the ordinary valve stem. The valve stem terminates, however,
in a yoke, and has an extension rod which is ?>l in. in diameter
for a Hin. rod. This extension passes through a bearing
which is bolted to the guide yoke and holds the rod rigidly in

a horizontal position. The rocker pin at the end of the upper
arm passes tlirough a brass bos which slides up and down in

the yoke on the valve stem, so tha.t the rod is given a plain

horizontal direction and the slight vertical motion of the upper
end of the arm is taken up by the sliding of the brass box in

this yoke. The box is made solid and is slipped over the pin.

The wear of the box can very readily be taken up by planing
off metal or removing liners from the yoke, the same as is done
with links.

THE CORINTH CANAL.

In reporting the opening of this canal in August last, our
Consul at Athens gives the following interesting particulars

about this great work :

" The feasibility of piercing the Isthmus of Corinth by a canal
was conceived six hundred years before the Christian era.

' It was Nero who came nearer to effecting the modern reali-

zation than any other of the ancients. In the year 67 he put
6,000 Jewish prisoners and other laborers at work upon the

isthmus. These were directed with so much zeal and energy
that the successful termination of the task was in .sight from
its very beginning. But a revolt against Nero followed soon
after, ending in the death of the tyrant and the abandonment
of his projects.

" In 1881 General TUrr was granted by the Greek Govern-
ment the concession of digging a canal through the Isthmus of

Corinth. The aid of French capital was enlisted, and the

modern canal was begun over the route chosen by Nero. As
General Tiirr himself says :
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" ' It i.9 the canal commenced by Nero and abandoned dur-

ing eigliteeu centuries that we Lave finished to-da)'. in accord-

ance with conditions and dimensions suitable to modern navi-

gation.
'

" The original company which General Tiirr organized

passed out of existence, and another one was formed by him.
Tlie capital of the present company is 5,000,000 francs, divided
into 10,000 shares of ijOO francs each. It is estimated that the

annual transit through the canal will amount to 4,500,000 tons,

paying one franc from the Adriatic and 50 centimes from else-

where ; one franc will be charged for each person. The canal
is 6,540 meters long, 21 meters wide at tlie bottom and 31.6

meters at the surface, and 8 meters deep. The lease extends
for 99 .years, and at its expiration the canal becomes the prop-
erty of the Greek Government on the payment of 5,000,000
francs to the company.
" The Corinth Canal will abridge by 185 nautical miles the

route of vessels from tlie Adriatic bound for Constantinoi>le,

and will effect a saving of !)5 miles in the case of vessels from
Mediterranean ports. It will obviate the necessity of making
the dangerous passage around Cape Matapan, and is expected
greatly.to facilitate commerce between Europe and the East.

Austrian commerce, and chiefly tlie port of Trieste, will profit

by it."

the other enci. This bar, it will be seen, is bent so as to clear

the front driving-axle, which comes between the link and the

rocker. The back end of tlie radius bar next to the link is

suspended by two pendulum bars or links, shown clearly in

the side view, fig. 1, and in the end view, fig. 3. From the

plan, fig. 3, it will be seen that the back end of the radius bar

is off-set and is atlached to the link-block on one side, just as

the lower rocker-arm usually is The link is then suspended
on the opposite side in the usual way.
The following are the principal dimensions and weights of

this engine :

Weight of engine in working order 133,000 lbs.
" on driving-wheels " " 98,500 "

of tender " " 80,000 "

Tolal wheel base of engine and tender 53 ft. 3 in."•'"' .... 34 ft. 8 in.

" driving wheel-base 13 ft. 6 in.

Diameter of cylinders 19 in.

Stroke of pi.stoiis 34 in.

Diameter of driving wheels 73^ in.

Tolal heating surface 1,968 sq. ft.

Heating surface in tubes 1,815 " "
" " " firebox 153 " "

Fig. 3-

>|xyi^'.>j

Fig. 2. Fig. I.

DETAILS OP VALVE GE.\R OF TEN-WHEELED PASSENGER LOCOMOTIVE, BY THE ROGERS LOCOMOTIVE COMrANT.

TEN WHEELED PASSENGER LOCOMOTIVE.

The full page engraving herewith represents one of the
locomotives eviiibiled by the Rogers Locomolive Company at

the Chicago Exhibition. It is an excellent example of a Ij'pe

of heavy passenger engines which of late .years have been
adopted on lines on which train loads have grown beyond the
capacity of eight-wheeled engines.
The fire-box is inlended for burning bituminous coal, and

is placed on top of the frames, the crown-sheet being stayed
with radial stays. The springs are underhung.
On a 10-wheeleil engine of this kinil there is always more or

less dilficulty in connecting the links with the rocker-shafts.
This has been overcome by a very neat design of the various
parts of the valve-gear. Separate engravings of these ]iarts

are given which show very clearly how tlic.v are constructed.
Fig. 1 is a side view of one of the radius bars, which is con-

nected to the rocker at its right-hand end and to the link by

Grate area 31.38 sq. ft.

Steam pressure per S((uarc Inch 170 lbs.

Water capacity of tank 3, .500 galls.

Coal capacity 7 tons.

MECHANICAL SCIENCE.

In an address delivered recently before the Mech.anical Sec-

tion of the BritLsh Association by Mr. -leremiah Head, the

President of lliat section, he attempted to show that mechani-
cal science is largely indebted to mechanisms .as they exist In

nature. If not for its origin, at all events, for much of its prog-
ress hilherto, and that nature must still be our guide.

Mechanical science, be said, had been built up entirel.y upon
observation and experiment and the natural laws which li.ad

been induced therefrom by man. Many If not most animals
could be taught to use mechanisms if carefully trained from
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infancy. Thus the well known donkey at Oarisbrookc Castle
drew water from a deep well by a treadmill arranijcment just

lis well as a man could do it. He had seen a canary gradiiall}

lift from a little well, situated a foot below its percli, a tliini-

bleful of water by puUinj; up with its beak, bit liy bit, a little

chain attaelied to it, and securing; eacli lens^th lifted with its

foot till it could take another pull. When the thinilile reached
its perch level tlie bird took a drink, anil then let it fall back
into the well. Mr. ('. Wood, of Middlc.-ibrougb. informed
liim that certain crows which frequented oystcr-licds on the
coast of India waile<l until the recc'ilini; tide uncovered the
oysters, which still remained open for a time. A crow would
then put a pebble inside one, atid, liaving thus gagged it and
secured his own safety, would proceed to pick it out and eat
it at leisure. A monkey would crack a nut between two
stones, and would hurl missiles at his enemies. But in some
countries he was .systematically entrapped by t3'ing to a tree

a hollow gourd containing rice, and having a hole large enough
for his hand, but too small for his clenched fist, to pass
through. He climbed the tree ami grasped the rice, and re-

mained there till taken, being too greedy and not having suftl-

cient .sense to let go the rice and withdraw his hand. All
animals were in their bodily frames, and in the intricate proc-
esses and functions which went on continuouslj' therein,

mechanisms of so elaborate a kind that we could only look and
wonder and strive to imitate them a little here and there. The
mechanical nomenclature of all languages was largely derived
from the bodies of men and other animals. Many of our prin-

cipal mechanical devices had pre-existed in them. Mr. Head
proceeded to consider how far man was in his natural condi-
tion, and had become by aid of mechanical science, able to

compete successfully with other and specially endowed ani-

mals, each in his own sphere of action. The bodily frame of
man was adapted for life and movement onlj' on or near to

the surface of the earth. Without mechanical aids he could
•walk for several liours at a speed which was ordinarilj' from
3 to 4 miles per hour. Under exceptional circumstances he
had accomplished over 8 miles in one hour and an average of

3J miles per hour for 141 liours. In running he had covered
about 111 miles in an hour. The power of the living human
mechanism to withstand widely diverse and excessive strains

was altogether unapproachable in artificial constructions.
Thus, although fitted for an extern.al atmospheric pressure of
about 1.5 lbs. per square inch, he had been able, as exemplified
by Messrs. Glaislier and Coxwell in 1863, to ascend to a height
of 7 miles and breathe air at a pressure of only 3i lbs. per
square inch, and still live. And. on the other hand, divers
had been down into water 80 ft. deep, entailing an extra press-

ure of about 36 lbs. per square inch, and had returned safely.

One had even been to a depth of 150 ft., but the resulting
pressure of 67 lbs. per square inch cost him his life. No ani-

mal burrowed downward into the earth to a greater depth
than 8 ft., and then only in dry ground. The horse, though
lie could not walk faster than man, nor exceed him in jum])-
ing heights or distances, could certainly beat him altogether
wiien galloping or trotting. A mile had been galloped in 103
seconds, equal to 3.5 miles per hour, and had been trotted in

I'H seconds, equal to 29 miles per hour. How man's position
as a competitor with other animals in speed was affected by
his use of mechanical aids, but without anj' extraneous motive-
power, was considered in reference to locomotion on land, in

water, and in air. IJut the most wonderful increase to the
locomotive power of man on land was obtained by the use of
tlie modern cycle. One mile liad been cycled at the rate of
27.1 miles per hour, .50 at 20, 100 at 10 6, 388 at 12.5, and 900
at 12,43 miles per liour. Unaided by mechanism man had
shown himself able to swim for short distances at the rate of
three, and long distances (22 miles) at the rate of 1 mile per
hour. He had also given instances of being able to remain
under water for 4* minutes. Credible eye-witnesses stated
that porpoises easily overtook and kept pace with a steamer
going 12i knots, or, say, over 14 miles per hour, for an in-

(hrfinite length of time. This was five and 15 times the maxi-
mum swimming speed of a man for .short and long distances
respectively. The fastest mechanism of any size, animal or
man-made, which had ever cut its way through the waters
for any considerable distance, was the torpedo-boat Ariftc,
made by Messrs. Thornycroft ic Son, of London, in 1887.
liy inventing .and utilizing mechanical eontrivaiic<'S, entirely
independent of his own bodilj- strength, man covdd now pass
over tlie surface of the waters at the rate of over .500 knots per
day, and at the same time retain the comforts and conveniences
of life as though he were on shore. He had in this way beaten
the natural and specially fitted denizens of the deep in their

own element, as regarded speed and continuity of effort. Hut
he was still behind them as to safety. We did not find that
fishes or aquatic mammals often perished in numbers as man

did by collisions in fogs, or by being cast on lee shores and
rocks by stress of weather. Should we ever arrive at the
point of making ocean traveling absolutely safe ? In one way
the chances of serious disaster had been of late largely dimin-
ished, and here, again, nature had been our teacher. The
bodies of all animals except the very lowest were symmetri-
cally formed on either side of a central longitudinal plane.
Each important limb was in duplicate, and if one .side was
wounded the other could still act. The serpent, having no
limbs whatever, would seem at first sight to be terribly handi-
capped

;
j-et, in the language of the late Professor Owen, " it

can out climb the monkey, out-swim the fish, out-leap the jer-

boa, and, suddenly loosing the close coils of its erouchmg
S])iral, it can spring into the air and seize the bird on the
wing." Here we had the spiral spring in nature before it

was devised by man.
The decisive victories which in modern times man had

gained over matter and over other animals had been due to his

u.se of power di^rived from other than animal sources. That
power had iiivarialily ]iroceeded from the combustion and the
destruction of fuel, the accumulations of which in the earth
were necessarily limited. Mechanical appliances, involving
the consumption of fuel, had for a century at least been multi-
plying with alarming rapiditj'. Our minds had been set

mainly on enlarging the uses and conveniences of man, and
scarcely at all on economizing the great sources of power in

nature, which were now for the most part its fuels. Terrible
waste of these valuable stores was daily going on in almost
every department of use. Once exhausted they could never
be replaced. They had been drawn upon to .some extent for

1,000 years, and extensively for more than 100. Authorities
said that another 1,000 years would exhaust all the more acces-
sible .supplies. But .suppose they last 5.000 years, what then ?

Why, then, as far as we could at present see, our only motive
powers would be wind and water and animals, and our only
mode of transit, sailing and rowing, driving, cycling, riding,

and walking. Sir Robert Ball had estimated that in not less

llian 5.000,000 and not more than 10,000,000 years the sun
would have become too cold to support life of any kind on
this planet. Between the 5,000 years when fuel would cer-

tainly be exhausted and the 5,000.000 years when all life might
be extinguished, there would still be 4,995,000 years when,
according to present appearances, man would have to give up
his hardly earned victories over matter and other animals, and
the latter would again surpass him, each in its own element,

because he had no fuel.

CONTRIBUTIONS TO PRACTICAL RAILROAD
INFORMATION.

Chemistry Applied to Railroads.

SECOND SERIES.—CHEMICAL METHODS.

v.—METHOD OF DETERMINING SULPHUR IN
PIG AND WROUGHT IRON.

By C. B. Dudley, Chemist, and F. N. Pe.\se, Assistant
Chemist, of the Pennsylvania Railroad.

(Copyright, 1891, by C. B. Dudley and F. N. Pease.)

{Continued from page US, Volurm LXVII.)

operation.

Put 5 grams of the borings into a beaker whose bottom is

about 3 in. in diameter, add 40 c.c. of concentrated C. P. nitric

acid, and cover with a watch glass. If action tiikcs place im-

mediately with foaming, put the beaker in cold water until

the action is modified somewhat. If action does not .start at

once after addition of acid, warm to start the action, and then,

if neccs.sary, put the beaker in cold water until the violence of

the action lias passed. As soon as quiet action is obtained,

add about half a gram of pulverized chlorate of potash, keep-
ing the beaker still covered, and put on the steam table. After

all erfervescence has ceased, set the cover up on a glass triangle

and evaporate to remove free nitric acid until the material in

the beaker will no longer adhere to a glass rod. Remove now
from the steam table, allow to cool, and add 30 c.c. of concen-

trated C. P. hydrochloric acid, cover the beaker with a watch
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glass, and heat unlil solution is complete, and then set the

cover up as before and evaporate to dryness to render silica

insoluble. A temperature not below 250° F. should be used,

and the drying should be continued unlil only faint odor of
HCl. is perceptible. Allow to cool and then add 20 c.c. con-
centrated C. P. hydrochloric acid, heat covered until solution

is complete, and then evaporate the free acid until a skin
begins to form over the top of the material in the beaker. As
soon as this skin appears, add 5 c.c. concentrated C. P. hydro-
chloric acid and 25 c.c. of water, heat to boiling to insure
solution, filter, and wash with water unlil the filtrate and wash-
ings amount to 100 c.c. Add now to the filtrate 10 c.c. barium
chloride solution, heat to boiling to granulate the precipitate,

then remove from the heat, allow to cool slightly, and add 100
c.c. of 95 per cent, alcohol. Stir thoroughly, cover with a
watch glass and allow to settle unlil the solution is clear. Fil-

ter through a 7 centimeter filter, wash with hot water until

the washings no longer react for chlorine with silver nitrate,

transfer the wet filter with the barium sulphate on it to a

weighed half-ounce platinum crucible, " smoke off" the filter,

ignite and weigh. Add now to the crucible about half a
gram of C. P. carbonate of soda and a crumb of C. P. nitrate

of potash about the size of half a kernel of wheat, and fuse
with the cover on unlil the material in the crucible is quiet.

Treat the material in the crucible with hot water and wash
out into a small beaker, taking pains also to detach anything
adhering to the cover. Warm or boil the liquid in Ihe beaker
to insure complete solution of the sulphate of .soda, filter

through a small filter, wash with hot water until a drop of the
filtrate shows no reaction with turmeric paper, and then two
or three filtersful more. Now cover the beaker with a watch
glass, add by means of a pipette through the nose of the beaker
concentrated C. P. hydrochloric acid until the liquid is just

acid to litmus paper ; Ihen add three drops more of acid and
5 c.c. of barium chloride solution and bring to boiling, keeping
covered to avoid loss by effervescence. Remove from the
heat, allow to .settle, filter, wash, ignite wet, and weigh as
before described.

APP.VRATUS AND REAGENTS.

The apparatus required by this method presents no peculi-
arities and requires no especial description. Since one of the
directions requires that the material shall be evaporated until

a skin begins to form, it is probable that more uniform results

will be obtained by different operators and in different tests if

the evaporation is done with the same surface exposed in all

cases. It is accordingly specified that this evaporation shall

be done in a beaker whose bottom is about 3 in. in diameter.
The nitric, and hydrochloric acids, the chlorate of potash,

and the carbonate, and nitrate of soda are the C. P. materials
such as are obtained in the market.
The chloride of barium solution is made by adding 100

grams of the C. P. salt to 1 liter of distilled water, allowing
to dissolve and filtering before use.

The alcohol is the ordinary commercial 95 per cent, material
of the market.

CALCULATIONS.

Since the sulphur is 13.73 per cent, of the weight of Ihe
barium sulphate, if the weight obtained e.xpre.ssed in grams is

multiplied by 13.73 and the product divided by 100, Uie quo-
tient will be the sulphur e.xpressed in grams. Then, since the
eslimation is made on 5 grams, the percentage of sulphur in

the steel will be shown by removing the gram decimal point
two places to Ihe right and dividing by 5, thus :

If the weiffht of barium sulphate found is 0.0259 gram, the
0.0259 X 13.73

sulphur is — = 0.00355 gram, and the percentage
100

0.355
of sulphur in the steel = 0.071 per cent.

5

NOTES AND PKECAUTIONS.

/ This method, as will be observed, oxidizes the sulphur in

the iron principally, and perhaps wholly, by means of nitric

acid, converts the nitrate of iron formed into chloride by
means of hydrochloric acid, separates silica by evaporation to

dryness after the material is converted into chlorides, and
precipitates the sulphuric acid in presence of tlie chloride of
iron by means of barium chloride, using alcohol to effect the
separation of the last traces of barium sulphate from the solu-
tion. It seems probable that the clilorate of potash, which is

added principally in order to have a little alkaline base for the
sulphuric acid to combine with and thus prevent possibilily of
loss during the evaporation to dryness, may possibly assist the

oxidation of the sulphur. Furthermore, the first evaporation
to expel the excess of nitric acid rarely removes it all, and
the subsequentadditionof hydrochloric acid to expel the nitric

forms with this remnant of the nitric a little aqua regia, which
may still further render the oxidation of the sulphur secure.

It is es.sential before making a determination that not less

than two blanks should be made, using all the chemicals in

the prescribed amounts and conducting the whole operation
just as for a regular analysis, except that no iron is present.

The weight of barium sulphate obtained as the result of these
two determinations, which should not differ more than half a
milligram, must be deducted from the weight of Ihe barium
sulphate obtained in the regular analysis of a wrought or pig
iron It is recommended to set aside, for use in sulphur de-
terminations only, a bottle of each of the chemicals used in

making the blanks. Of course the figures obtained will be
available as long as these bottles last.

It is obvious That if the air of the laboratory is contaminated
with lIsS or SO2, or even sulphuric acid fumes from ignitions

and evaporations, there will be danger of too high results from
contamination of the liquid in the beaker from Ihe two gases
while the evaporations to dryness are going on.' and at all

times during the manipulation of the material in the open
beaker from the sulphuric acid fumes. We have never proven
how great this danger is, but it may possibly help to explain
some anomalous results.

It will be observed that after the evaporation to dryness to

render silica insoluble, it is directed to add 20 c.c. of concen-
trated C. P. hydrochloric acid ; then this acid is evaporated
until a skin forms and Ihen 5 c.c. of concentrated C. P. hydro-
chloric acid is again added. This looks like unnecessary com-
plication. The reason for this manipulation is that 20 c.c. of
concentrated C. P. hydrochloric acid is about the least amount
that will take up the soluble materia! in the beaker after

evaporation to diyncss. But this is too much free acid to be
present when precipilating with chloride of barium ; also, in

order to secure uniform results, the precipitation must be
done in presence of a moderately definite amount of free acid.

The removal of the excess and the securing of the definite

amount of free acid are believed to be more certainly accom-
plished by the method described than by the attempt to evap-
orate in a beaker to a definite volume. Moreover, in attempt
ing to evaporate to a definite volume it not infrequently hap-
pens from local overheating, since the bottoms of all beakers
are not flat, that basic or semi basic salts are formed that will

not dissolve in water. Only careless manipulation will lead to

this result with the method described.

It sometimes happens that 20 c.c. of concentrated C. P.

hydrochloric acid is not enough to take up everylhing soluble

after the evaporation to dryness. In this case more acid and
longer continued heating must be employed. This excess of
added acid must of course be evaporated until the skin ap-
pears, as already described.

It is well known that sulphates are insoluble in alcohol, and
accordingly an equal volume of alcohol is added to the chloride

of iron solution to secure, if possible, a complete separation of

the barium sulphate. Direct experiments show that with this

manipulation about 2 milligrams more barium sulphate are ob-

tained than if the alcohol is omitted. This is equivalent to a

difference of a little over half a hundredth per cent. (0 005 per
cent.). Praclically the same results were obtained when one-
third, one-half and two-thirds of the bulk of the solution was
alcohol.

Barium sulphate is liable to be reduced during the ignition

of the filter, and thus lead to slightly low results. To obviate
this diflicultv the filter and precipitate are put into the crucible

wet, and the filter "smoked off" and then burned. The
"smoking off" consists in appl}'ing the heat to the wet ma
terial in the crucible so slowly that the volatile matter of the

filter pa,sses off without ignition, free access of air being main-
tained at the same time. To accomplish this, fold up the wet
filter and place it in the crucible. Put the crucible on the
triangle, as in ordinary ignitions, and leave the cover off.

Then heat the open end of the crucible slowly. The filter and
precipitate gradually dry. and soon the parts of the filter in

contact with the crucible begin to distill off the volatile matter
at low beat, even before the whole is dry. This process goes
on if the flame. is properly adjusted, until in a little while
everything that is volatile at a low temperature has passed
away, anil the precipitate, with a black envelope of carbo-

naceous matter, is left. When this is the case the temperature
can be raised, the lamp moved back to heat the bottom of the
crucible, and the carbon burned off completely. Usually when
the temperature is raised the black envelope of carbonaceous
matter falls away from the precipitate and is rapidly con-
sumed. By this method of ignition the material is a little

longer time in the crucible than with the old method of previ-
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ously dried precipitates, but the diiiiKerof reducing the precip-

itate is believed to be very mucli dimiiiislied.

It will be olvserved that directions are given to weigh before

the bsirlum sulphate is purified by fusion with carbonate of
soda. This may seem unnecessary manipulation, but it is be-

lieved that this check on serious error arising during the fusion

anil subsequent operations is worth all it costs. If the manip
ulation as described is carefully followed, if the amount of

barium sulpiiate is not large, and especially if it shows no
tinge of color after the first ignition, the amount of barium
sulphate obtained after the fusion differs so little from thetirst

weight that the error can Ix^ ignored, and the question fairly

arises whether the fusion may not in general be omitteii.

On the other hand, if .the ignited barium sulphate is colored,

showing presence of iron, or if the " smoking off' of the lilter

is carelessly managed, resulting in reduction of sonic of the

barium sulphate, quite serious errors may result from omitting
the fusion. Also if the silica is not all rendered insoluble by
the evaporation to dryness, some of it may appear with the bari-

um sulphate on the tirst weight. By far the largest (lortion

of this is removed by the fusion, so that when the highest ac-

curacy is required the fusion should not be omitted. The
addition of the little crumb of potassium nitrate to the fusion

is to ensure the o.\idation of any reduced barium sulphate
which may have been formed while " smoking off" the tiller.

The examination of a number of samples of the graphitic

residue and silica obtained as the result of the first filtration

shows only traces of sulphur in this residue, and it is ques-

tionable whether even these traces did not come from the gas
fiame used in burning off the graphite.

PROGRESS IN FLYING MACHINES.

By O. Chakute, C.E.

(COntinuedJ^vm page 636.)

The Conference on Aerial Navigation in Chicago in August,
1893, brought out a number of experimenters whose ventures

had theretofore been unpublished.
One of these, Mr. E. C. Ilujf'ak-er, of Tennessee, had been

experimenting with a model somewhat resembling the " effigy"

of Mr. lAincasUr. It consisted in a rectangular surface of

fabric made concavo-convex by a rigid front spar with curved
ribs at right angles thereto, so as to resemble tlie cross seel ion

of :i soaring bird's wing. A cross stick attached thereto car-

ried a balancing horizontal tail, the center of gravity being de-

termined at the front by loading with lead. The area of sus-

taining surface was 2 sq. ft., and when held by the cross stick

at arm's length overhead, vibrating between two fingers and
facing a wind of 35 miles per hour (6 lbs. pressure at right

angles), the weight sustained (or lift) was estimated at 2 lbs. to

the square foot, or that corresponding to an angle of 10' upon
a fiat plane, while in point of fact the model seemed to be hori-

zontal, and the force required to hold it in the wind was very
small.

When the model was let go in a steady breeze it would rise

to a height of 12 or 15 ft., slowly retreating from the wind,
but always facing it ; then, tipping slightly forward, it would
descend into the face of the wind ; all these effects being easily

explained in a horizontal current.

When projected forward by hand, the model would sail away
in steady tlight with a velocity of about 17 miles per hour,

and then descend on a gradient of about 1 in IT). If thrust

rapidly forward it would rise some 8 or 10 ft., and then, hang-
ing suspended for a moment, it sailed forward to the ground.
These experiments are interesting sis confirming what has

hitherto been said concerning the greater lift appertaining to

conciivo-convex surfaces, and it is to be hoped iJiat they will

In- continued.
The other experimenter was Mr. .7. J. Montgomery, of Cali-

fornia. Ue had, some years previously, constructed a soaring
apparatus, consisting of two wings, each 10 ft. long by an
average width of i\ ft., united together liy a framework to

which a scat was suspended, and provided with a horizontal

tail which could be elevated or depressed bv pulleys. The
wings were arched beneath, like those of a gull, and afforded a

sustaining area of about 90 sq. ft. The weight of the appa-
ratus was 40 lbs., and that of the experimenter some 130 lbs.

more.
Mr. Moutqomei-y took this apparatus to the top of a liill

nearly a mile long, which gradually sloped at an angle of

about 10', and placing himself within the central framework,
the rods of which he grasped with each hand, ready to sit

down, he faced a sea breeze steadily blowing from 8 to 12
miles an hour, and gave a jump into the air without previous
running.
He found himself at once launched upon the wind, and glid-

ed gently forward, almost horizontally at first, and then de-
scended to the ground, finding that he could mcanwliile direct
his course by leaning to one side or the oilier. Tlu' total dis-

tance glided was about 100 ft., and the sensation was that of
firm yet yielding and soft support, being quite similar to the
experience of M. MoiiHUini. as already descrilied, except that
there was no apprehension of disiister.

Mr. Mtmtgoiiury carried his machine back to the top of the
hill and prepared to repeat the eX|X'rinient, but as .soon as he
got into position the apparatus began to sway and to twist
about in the wind ; one side di]ipe(l downward, caught on a
small shrub, and, as cjuick as a Hash, the ojierator was tossed

some 8 or 10 ft. into the air, overturned, and thrown ilown
headlong. He fortunately fell without serious injury, and
found, as soon as he recovered himself, that one side of his

mafhine was smashed past mending.
This experience led him to design and build a second soar-

ing apparatus, in which he endeavored to relieve undue press-

ure upon either side by pro riding a diagonal hinge in each wing,
along which the rear triangle might fold back (it was re-

strained by a spring) and yield to a wind gust. This apjia-

ratus measured some 132 sq. ft. of sustaining surface, and
weighed 45 lbs. It was not successful ; several trials were
made, but no effective lift could be obtained with it. This
was attributeii to the fact that the wings had been made true
planes (flat) instead of being arched underneath as in the first

machine.
So a third apparatus was designed and built. The wings

were each 12 ft. long by an average width of 6 ft., and were
given the cross section and front sinuosity of those of a soaring
vulture. They were so built and braced as to allow rotation

in a socket at the front of the frame which supported the seat.

A hinged tail w-as added, as in the two previous trials, and the

machine weighed 50 lbs.

This last apparatus proved an entire failure, as no lifting

effect could be obtained from the wind, sufficient to carry the

180 lbs. it was designed to bear. Mr. Muntgotnery then turned
his attention to other matters, but h<' has since made a more
careful and complete study of the principles involved, and he
expects to resume his experiments.

The foregoing pages comprise all the experiments, the result

of which has been published, which the writer has been able

to collate, and which he has considered of sufficient importance
to be described in this account of " Progress in Flying Ma-
chines." Other important experiments are pending or in \ii\t-

tial progress ; but the designers of these have as yet given out
no information for publication, and indeed could scarcely do so

concerning tentative plans, subject to constant modifications.

The writer has gathered from the newspapers, accounts of

some other experiments, but these seem to be so erroneously
or vaguely described that no instruction could be obtained by
republishing them. It has been the aim of the writer through-
out to gather all the information possible, but only to publish
that which Wiis reliable and instructive.

I
CONCLfSION.

Having thus passed in review the various attempts which
have hitherto been made to compass artificial flight, there re-

mains the task of pointing out as briefly as possible whether
and how the inlormation gathered may be made to conduce to

a possible solution of the problem of aviation.

It was thought more effective to bring out the various theo-

ries of flight, and m_v own views, while describing the experi-

ments, rather than to present them in a series of abstract state-

ments and iiropo.silions, the immediate bearing of which might
not be so evident. The reader h;is jirobably reached deduc-
tions of his own ; but he may also wish to know my own gen-

eral conclusions, and in what manner if any the many fail-

ures which I have described can be made to subserve eventual

success.

These failures have resulted from so many different causes

that it is evident that many conditions must be observed.

These conditions virtually each constitute a separate problem,

which can probably be solved in more ways than one. and
these various solutions must then be harmoniously combined
in a design which shall deal with the general problem as a

whole. 1 hese various conditions, or problems, as 1 prefer to

call them, may Ix' enumerated as follows :

1. The resistance and sujiporling power of air.

2. The motor, its character and its energy.
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3. The instrument for obtaining propulsion.
"

4. The form and kind of the ap|iaratus.

5. Tlie extent of the suslaininp; surfaces.

6. The material and texture of the apparatus.

7. The maintenance of tlie equipoise.

8. The guidance in any desired dh-eclion.

9. The starting up under all conditions.

10. The alighting safely anywhere.
Analyzed and viewed in this way. the reader may realize

how complicated is the question and how formidable are the

various difficulties which are to be surmounted. And yet the

.scrutiny which has been made of the various experiments at-

tempted and of the progress accomplished in flying machines
enables us to perceive that many of these problems have been
approximately solved, more particularly since 1889, and that

a better understanding of the difficulties to be overcome has
been obtained concerning several others.

1. The first problem to be considered is that pertaining to

the resistance and supporting power of air. By the use of
currently accepted formuhc it could not be figured out a few
.years ago how birds were supported in flight. Now that Pro-
fessor Langley's experiments have confirmed many of those
previously tried, we are enabled to say that the empirical for-

mula of Duchemin (from which the table of " lift" and " drift"
herein given was calculated) is approximately correct, and to

figure out the support and the resistance with some confidence
of not going far wrong.
These calculations seem to indicate that artificial flight is

possible, even with planes ; that very flat angles of incidence,
from 3° to 5°, hitherto considered inadmissible, will be the
most advantageous, and that within certain limits of hull re-

sistance high speeds will require less power than low speeds,
because they admit of obtaining support from the air at a
flatter angle.

We have seen that the " drift" diminishes as the angle of inci-

dence becomes less, that the " hull resistance" (including car,

framing, braces, etc.) increases as the square of the speed, and
that the skin friction is so small that it may for the present be
disregarded, and we are enabled to calculate, approximately at

least, the power required to obtain support in flight with
planes, and to overcome the resistance, although we are not
yet aware what limit will be imposed upon the size of artificial

apparatus by the law that the weight will increase as the cube,
while the sustaining surfaces will grow only as the square of
the similar dimensions.

Moreover, the formul* which give this promise of success
were derived from experiments with jilane surfaces, and we
already know that concavo-convex surfaces will be still more
effective, although the most favorable shapes are not yet ascer-
tained. This statement indicates the direction in which scien-
tific investigation and experiment should now proceed, and
holds out the hope that this first problem is in a fair way of
being solved.

3. The second problem—that concerning the motor to be em-
ployed—has justly been considered to be the most important
and difficult of solution. It seemed hopeless to rival, with an
artificial motor, the output of energy appertaining to the
motor muscles of birds in proportion to their weight, which,
as we have seen, there is good reason to believe develop work
in ordinary flight at the rate of 1 H.P. to 20 lbs. of weight,
and can for a brief period, in rising, give out energy at such
rate as to represent an engine of only 5 or 6 lbs. of weight de-
veloping 1 H.P.
The writer has, on a former occasion,* passed in review the

comparative weights of various classes of engines. He found
that the lightest engines in use in 1890, including the generator
of power, weighed 60 lbs. per H.P. for steam, 88 lbs. per H P.
for gas engines, and 130 lbs. per H.P. for electric motors. He
intended to discu.ss the subject further in this account of
" Progress in Flying Machines," but recent achievements with
steam engines seem to make this unnecessary. Marine (yacht)
engines have been reduced more than one half in weight ; Mr.
IIar(jrave has produced a steam engine weighing 10.7 lbs. per
H.P.; M. Maiim has created one weighing but 8 lbs. per H.P.

.

including a condenser, and other experimenters are approxi-
mating closely to the same weights
Steam engines, therefore, seem to have been so much re-

duced in weight as to admit of their being employed as motors
for flying machines. This may not be a final .solution, for it

may be that some form of gas or petroleum engine will prove
to be still better adapted to aerial purpcses, as indeed has been
already hinted by M. Maxim ; but in any event, his steam en-
gine seems to be light enough to make a beginning of artificial

flight, if the other problems pertaining tliereto can also be
solved.

* Aerial Navijatioa. A lecture to the atuUents of Sibley College, 1890.

But it is pos.sible to utilize a still lighter power, for we have
seen that the wind may be availed of under favorable circum-
stances, and that it will furnish an extraneous motor which
costs nothing and imposes no weight upon the apparatu.s.

Just how much power can be thus utilized cannot well be
told in advance of experiment ; but we have calculated that
under certain supposed conditions it may be as much as some
6 H.P. for an aeroplane with 1,000 sq. ft. of sustaining sur-

face ; and we 'have also seen that while but few experimenters
have resorted to the wind as a motor, those few have accom-
plished remarkable results.

3. As regards the selection of the instrument through which
propulsion is to be obtained, we have seen that experiment has
shown that reaction jets, whether obtained from explosives,

steam, or blasts of air ; that wave action ; that valvular, fold-

ing or feathering paddles or vanes have all proved inferior in

practical application to screw propellers or to propelling wings,
and that the two latter (if we are to judge from Mr. Ilarr/rave's

experiments) are about equally effective. It being understood,
however, that this statement refers to wings only as propelling
instruments and not as sustaining surfaces. We may conclude,
therefore, that the third problem may now be soWcd either

with .screws or with waving wings, as best conforms to the
rest of the design.

4. This brings us, therefore, to consider the solution of the
fourth and important problem of what kind or form of appa-
ratus should be selected for sustaining the weight— whether
flapping wings, screws or aeroplanes. The best measure of

comparison will be the weights or number of pounds which
experiment shows may be .sustained per H.P. with each form,
considered in connection with the weight of the construction
required to make that form abundantly strong against the re-

sulting strains. The difference between the two weights will

indicate the proportion of the whole which may be devoted to

the motor. It is desirable, therefore, to consider each form or

kind of apparatus separately.

We do not yet know accurately how many pounds per H.P.
can be sustained in horizontal flight with a bird-like apparatus
of flapping wings. The toy birds which have been described
support only from 6 to 20 lbs. per H.P., but this inefficiency

is largely due to the undue friction of the working parts and
to the abnormal head resistance of the framing in such imper-
fect models. The writer has estimated that in the case of a
flying pigeon about 77 lbs. are su,stained per H.P., but as this

is partly based on conjecture, it may be an underestimate.*
Upon the whole, the writer is inclined to admit that about

100 lbs. per H.P. may be sustained with flapping wings, this

including the power required both to support the wciglit and
to overcome the head resistance. He believes, moreover, that

in an artificial machine of sufficient size to su.stain one man,
the strength required to resist the constant reversals of strains

due to the alternating motion of the wings will involve such
dimensions that the weight of the apparatus and man will

amount to at least 4 of the whole, thus leaving but J of the

total weight which can be devoted to the motor and its ad-
juncts, including the fuel and supplies for the journey.
Concerning aerial screws we have abundant experimental

data. Nadar, Wenham and Freninc/es each obtained a sus-

taining effect of 33 lbs. per H.P. ; Dieaide realized 26.4 lbs.,

and Dahlstrom and Lahman secured 37.6 and 55 lbs. per H.P.

,

while Reniird obtained from 17 to 48 lbs. thrust by screws ro-

tating at various speeds, and Moy recorded 40 lbs. per H.P.
'sustamed from a wind wheel with vanes of variable pitch.

These performances, however, included a certain amount of

ascension, which absorbed part of the power, so that probably
we shall be quite safe in assuming that in mere horizontal

flight some 45 lbs. per H.P. can be sustained with screws.

As the strains in a rotating apparatus will be less destructive

than those involving reversals of motion, it seems probal)lc

that screws may be constructed with a less weight of materials

than flapping wings of the same sustaining power. It is

judged that an apparatus can be constructed to sustain the

weight of one man with rotating screws, in which only about

I of the weight shall be absorbed by the framing, screws, car

and man, thus leaving { of the whole weight for the motor
and its various adjuncts. The practical result of this estimate

will be elicited further on.

We have also a number of experimental data concerning
aeroplanes. Professor Langley sustained a maximum of 309
lbs. per H.P. with planes at an angle of incidence of 2", and
M. Maxim sustained 133 lbs. per H.P. at an inclination of 1 in

14. These data apply to the plane only. Neither of these per-

• M. lAJifnthrd raised 03 lb». per H.P. in his experiments, hut this was
counterbalanced weight, and there was no head resistance ot forward tlight

to be overcome.
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formances included the head resistance due to the framing and
car whicli are indispensable in an actual machine, so that we
must derive our premises from complete models. Willi one
of the latter Tatin sustained 110 lbs.; I'/iillipx, 73 lbs., and
llavgrave. 89 lbs., 76 lbs., and 79 lbs. jier 111*, in horizontal
tliitlit. We may safely conclude, therefore, that 101) lbs. per
ILP. can be sustained in horizontal tlight with an aeroplane.
As the latter consists of li.xed surfaces receivin,c; no strains

save the sustaining pressure of the air, it is believed that such
class of apparatus can be constructed of sidlicient size to sus-

tain one man, so that about oni; half of the whole wei>;iit shall

bo devoted to the apparatus and man, and the other half to the
motor and its adjuncts.
These estimates of the proportion of the sustained total

weight which can be spared for the motor, are necessarily mere
estimates made in advance of actual testing, and (for reasons
to be stated hereafter) upon the smallest size of apparatus
practicable for actual man-tlight, yet tliey enable a compari-
son to be made between the various forms of apparatus which
have been herein described. The result is as follows :

COMPAHATIVB EPFltlENOY OF VARIOUS FoKUS.

Kind of Apparatus. PounilB fUH-
laiued per H.I*.

Screws
Wings
Aeroplanes

45
100
100

Proportion
available for

motor.

Resultine pos-
sible wei<;ht of
motor per H.P.

15 lbs.

25 "

50 "

The above table, based as it is upon experimental data of

weights actually sustained, indicates that aeroplanes are proba-
bly the best forms to experiment with, because they admit of

a larger proportion of the whole weight being appropriated to

the motor. It also indicates the possibility of success in arti-

ficial flight, with motors weighing 10 or 15 lbs. per H.P., pro-
vided that the remaining problems be also solved ; but it must
not be overlooked that more power will be required in ris-

ing from the ground than in horizontal flight, and that the
actual proportion of the total weight available for the motor,
although conservatively estimated from the best data avail-

able,* is still a matter to be proved by experiment.
The common basis which has been here selected for com-

parison is that size of apparatus sufficient to support the
weight of one man. This is the smallest which can be adopt-
ed, and it is theoretically the most favorable, for inasmuch as

the weight of the framing will presumably increase as the cube
of the dimensions, while the sustaining surfaces will increase
as the square of these same dimensions, it is seen that the ratio

of the total weight sustained which can be spared for the
motor will not be constant, but that the larger the apparatus
the more it will weigh in proportion to its surface and the less

there will remain for the engine and its adjuncts. Flying ma-
chines, therefore, should preferably be designed as small as
practicable, and experimenters will place themselves at a dis-

advantage if they construct large machines.
5. As regards the fifth problem—the amount of the sustain-

ing surface required— it depends on the S])ced, and it is proba-
ble that, within certain limits, no particular extent (in ratio to

the weight) can be said to be absolutely the best, because a
large part of the resistance will consist in the " drift," and the

latter is independent of the area of the sustaining surface ; a
small area at high speed being able to sustain as much weight
SIS a larger area at a corresponding lesser speed, as indeed is

indicated by the fornuda already given for the drift : li = W
taiifi. @. in which the clement of surface disappears.

Practically, however, the weight of the necessary framing
and the ludl resistance will determine the ratio of surface to

weight which will be most advantageous. We have seen that
encouraging experiments have been made with surfaces vary-
ing from 0. 7o sij. ft. per povind in the ca.se of Ilerr LiVunthal
to 7 sq. ft. per pound in the case of M. llar<irave. It .seems
probable that the latter is in excess, and that it would be pref-

erable to confine the dimensions of artificial machines within
the proportions which obtain with fast Hying birds, as shown
in the table heretofore given, this being from ;i.62 sq. ft. i)er

poimd in the case of the swallow, to 0.44 s(). ft. per polind in

the case of the male duck, with which areas, if we consider
their wings as planes, and the angle of incidence to be 3\ the

swallow requires a speed of 23.1 nules per hour and the duck
a velocity of 66.2 miles per hour to sustain their weight.

* MaxinCs aeroplane and the Hearing devices of Le lirU, MouiUunU LUi-
enthat, and Montgoftienj.

To come down safely, at the speed of the parachute, requires
about the ratio of the swallow, while the proportions of the

duck are more favorable to high s|)eed. As tlie drift will in-

crease only if the angle of incidence be increased, it would
seem preferable to maintain this angle as uniform as po.ssible,

and to provide variable supporting surfaces to be folded or un-
folded with variations of speed, if such a construction can be
devised in connection with the coneavo convex surfaces which
have already been mentioned as likely to give the most satis-

factory results.

6. The sixth jiroblem cannot be said to be solved, for there

is considerable imcertidnty concc'rning the best materials to be
employed for the franung and for the moving parts ; or what
should be the texture of the sust.-uiiing surfaces in an actual

flying machine. Hitherto the main question has been to con-
struct a model which would lly at all ; and experiments with
models have not thrown much light on the question of mate-
rials. If a partial success be realized, this problem will assume
greater importance.

It involves considering'materials from a somewhat new point

of view, or investigating their strength and stilfness per unit

of weight, .so as to secure a maximum of resistance with a
mininumi of weight. The qtull of a bird's feather is stronger

and more elastic than an equal weight of steel, and the texture
of its barb is peculiar.

It now seems probable that bamboo, the lighter of the stiff

woods, and some varieties of steel, will be found to be the
preferable materials for the framing. Contrary to popular be-

lief, aluminium is inferior to steel per unit of weight, particvi-

larly in compression, but it does not corrode and may be pref-

erable on that account. It may be utilized for the sustaining

surfaces, either as thin sheets or as wire gauze made smooth
by some coating ; but textile fabrics will probably be the first

to be employed for full-sized apparatus. t)ne important re-

quirement, however, is that the surfaces shall not unduly
change their shape under varying air pressures. They must
be rigid, and, perhaps, elastic, and the fluttering of textile

fabrics is likely to give trouble to experimenters. It may be,

therefore, that thin wood, parchment, or pasteboard may prove
preferable, the latter being corrugated lengthwise of the direc-

tion of motion in order to gain stillness.

The barb of a feather is smooth in one direction and asperous
in the other ; and it is possible that a similar texture of surface
may prove of advantage in flying machines, but this probably
will not be determined until partial success has been achieved
with an apparatus of sulficient size to sustain the weight of a

man.
7. The problem of the maintenance of the equipoise is now,

in my judgment, the most important and difficult of those re-

maining to be solved. It has been seen, from this review of

"Progress in Flying Machines," that almost every failure in

practical experiments has resulted from lack of equilibrium.

This is the first requisite thing to secure, for, as has alread.y

been said, safety is the most important element of success

—

safety in starting up. in sailing, and in coming down.
If a flying machine were only reqidred to sail at one unvary-

ing angle of incidence in calm air, tlie prolilem would be much
easier of solution. The center of gravity would be so adjust-

ed as to coincide with the center of pressure at the particular

angle of flight desireil, and the speed would be kept as re.gular

as possible ; but the flying machine, like the bird, must rise

and must fall, and it must encounter whirls, eddies, and gusts

from the wind. The bird meets these by constantly chan.ging

his center of gravity ; he is an acrobat, and balances himself

by instinct ; but the prolilem is very much more dillicidt for

an inanimate m ichine, and it requires an equipoise—automatic
if possible—which shall be more slable than tliat of the bird.

VVe have seen from the experiments described lliat the trans-

verse staliility can be ])rocured in two ways: (1) by placing

the two halves of the sustaining surfaces at a diedral angle to

each other, and (2) by adding a longitudinal keel to the appa-
ratus, as in the case of Mr. Jliii/nttin'x tin kites. The mode of

action is practically the same for both, and consists in produc-
ing increased air pressure upon the side which tends to dip

downward. The two may be rmployiil conjointly, but tin;

keel will produce less head resistance to forward motion than
the dieiiral angle, which resistance, however, nuiy be dimin-
ished by turning upward oidy the outer ends of the sustaining

surfaces in a maimer similar to the upbending primary feath-

ers of the soaring birds.

Longilmlinal stability may be promoted in three ways : (1)

By additional surfaces at a slight angle to the main sustaining

surface, (2) by placing several surfaces behind each other, (li)

by causing the center of gravity always to coincide with tlie

center of pressure. The first way corresponds to the method
which has been mentioned as procuring transverse stability liy

means of surfaces at a diedral angle ; it is illustrated by M.



Vol. LXVII, No. 12.] AND RAILROAD JOURNAL 583

Maxim's aeroplane, in which two such surfaces are afflxeti,

front and rear ; and by M. Penatid'g aeroplane, in which but
one is altixed in the rear. The second way is illustrated by
M. Brown's biplanes and by M. Hurgrave's cellular kites ; and
the third is the method universally employed by the birds.

For an arlificial machine this last method is as yet an un-

solved problem. Several inventors have proposed methods of

shifting weights to change the position of the center of gravity

as the apparatus changes its angle of incidence, but none of

these are autoraatin, and none have been tested practically.

8. The guidance in a vertical direction

—

i.e., up or down,
depends in a great degree upon success in the changing the

center of gravity which lias just been alluded to. It may be
partlj' effected by changes in the speed or b}' horizontal rud-

ders, but in such case the equipoise will be disturbed. Guid-
ance in a horizontal direction has been secured, as we have
seen in several experiments, by vertical rudders ; but there are

probably other methods still more effective, although their

merits cannot be tested until a practical apparatus is experi-

mented with. Upon the whole, this problem may give trouble,

but it does not seem unsolvable.

9. A really adequate practical flying machine will hardly be

said to have come into existence until it possesses the power of

starting up into the air under all conditions. This problem is

as yet unsolved, and may not be until the other problems have
been worked out to a success. It is clear that in rising upward
more power will be required than in horizontal flight ; for to

the force required to obtain horizontal support must be added
that required to ascend, and the latter will vary with the

rapidity of the upward motion. Three principal methods have
been experimented with : (1) By acquiring speed and mo-
mentum on the ground : (3) b}' the reaction of rotating screws

;

(3) by utilizing the force of the wind. The first we have seen

to require the use of special appliances, such as railway tracks,

so that its application must be limited, and the third necessi-

tates that the wind shall blow, and with sufficient force ; either

or both may be utilized with the earlier types of practical ma-
chines should one or more be hereafter developed ; but the

writer believes that the second method—that of rising through
the reaction of a screw—will eventually supersede the two
others. It will involve the difficult design of a simple form of

sustaining surfaces which can be alternately rotated as a screw
or held as a fixed aeroplane when sailing, the change being
effected while under motion in the air.

The writer does not believe that a bird-like machine can rise

into the air, under all conditions, by flapping its artificial

wings. It would need to be already up some distance to per-

mit such action. Birds spring up three or four times their

own height, or run against the wind to acquire speed, and with
vigorous flaps of wing they rise at an angle seldom greater than
45°, but their initial action would be quite impracticable to a

machine of sufficient size to sustain the weight of a man.
^ 10. The alighting safely anywhere is also an unsolved prob-
lem, and one, as will readily be perceived without argument,
of vital consequence. It has been slurred over by most of the

designers of flying machines, and the best method which has
been thus far proposed involves the selection of a smooth, soft

piece of ground and the alighting thereon at an acute angle.

When it is considered that the speed required for support will

be somewhere from 20 to 40 miles an hour, it will be realized

that the performance will be somewhat dangerous, and that it

would be preferable, if the design of the apparatus will admit
of it, to imitate the manoeuvre of the bird who stops his head-
way by opening his wings wide, tilling back his body, and ob-
taining the utmost possible pressure and retardation from the
air before alighting upon the ground. This would require

for an artificial machine a rapid change of the center of grav-
ity so as to tilt the apparatus backward to the angle of maxi-
mum lift (about 36" by the table) and, immediately thereafter,

a counter change of the center of gravity, so as to bring the
apparatus back upon an even keel in order to alight at the
diminished velocity.

This manoiuvre is not as difficult and dangerous as may at

first sight appear ; but it must be acknowledged that it would
be preferable to utilize the reaction of a rotating screw to

diminish the forward motion and to hover over the ground be-

fore alighting. This involves the same difficult design which
has been alluded to as desirable for use in rising, for it does
not seem practicable, within the requisite limits of weight, to

provide two sets of sustaining surfaces, one set to be used In

rising and in alighting, and the other to .serve in horizontal
flight. These last two problems—the rising and the alighting
safely, without special preparation of the ground—seem very
difficult of solution, and are probably the last which will be
worked out.

(to be concltided.)

ROLLING STOCK STATISTICS.

Rolling Stock otvned bt the Bailroau Companies, of the United
States in 1892, as given in the last number op "Poors Manpal
OF Railroads."
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clianj^ing from tho moment the flow begins, and llie rapidity

of llie flow must necessarily depend more or lesson the specific

gravity of the oil, as we will sliow later on.

That the personal error is a lartre one will hardly be disputed
by any who have worked with these instruments.
Again you will find, as a rule, several dillerent viscosimeters

with varying orifices required for the dilTereutoils, a small lule

being the best for light oils and a large one for the heavy prod
ucts.

Having experimented with a number of these viscosimeters in

the laboratory of the Philadelphia & Heading Railroad Com-
pany, we found them so very unsatisfactory where rapid and
accurate work was required, that we abandoned them all and
designed an instrument on the above-mentioned principle. In

the torsion viscosimeter we have an instrument which, during
the year and a half we have had it in daily use, has proved
itself reliable, accurate, and satisfactory in every wav. It is

very easy to clean and manipulate, is adapted to oils of all

ranges of visco.sity, and reduces pers mal error to a miiiimuin.
A glance at the cut will show how the principle has been

ajiplied. A steel wire is suspended from a firm supjiort and
fastened to a stem which passes through a graduated liori/.ontal

disk, thus allowing us to

measure accurately the tor-

sion of the wire. The disk
is adjusted so that the in-

dex point reads exactly 0,

thus showing that there is

no torsion in the wire. A
cylinder 2 in. long by 1+in.

in diameter, having a .slen-

der stem by which to sus-

pend it, is then immersed
in the oil and fastened b}' a

thumb-screw to tlie lower
part of the stem of the disk.

Tlie oil-cu]) is surrounded
b)' a bath of water or high
fire-test oil, according to the

temperature at which it is

desired to take the viscos-

ity. This temperature be-

ing obtained, while the disk
is resting on its supports,
the wire is twisted 360° by
rotating the milled head at

tlie toj). The disk being re-

leased, the cylinder rotates

in the oil by virtue of the

torsion of the wire.

The action now observed
is identical with that of the
simple ]iendulnm.

If there were no resist-

ance to be overcome, the

disk would revolve back to

0, and the momentum thus
acquired woidd carry it 300°

in the ojjpositc direction.

What we find is, that tlie resistance of the oil to the rotation

of the cylin<ler causes the revolution to fall short of HfiO, and
that the greater the viscosity of the oil the greater will be the

resistance, and hence the retardation. We find this retarda-

tion to be a very delicate measure of the viscosity of the oil.

There area number of ways in which this retardation may
be read, but the simplest we have found to be directly in the
number of degrees retardation between the first and second
complete arcs covered by our rotating ixndulum. For exam-
ple, suppose we twist the wire 3tiO and relea.se the disk so
that rotation begins. In order to obtain an absolute reading
to start from, which shall l)e independent of any slight error

in adjustment, we ignore the fact that we have started from
;!(;0', and take as our first reading the end of the first swing
Ignore the next reading, wliich is on the other side of the
point, as it belongs in common to both arcs Take the third

reading, which will be at the end of the second complete arc,

and on the same side of the O i)oint sis the first reading. The
diHerence between these two readings will be the number of
degrees retardation caused by the viscosity of the oil. Sup
I)03e the readings are as follows ;

First reading,
Second "
Third 1"

right hand
left hand—ignore
[right hand

355.6°

338.2°

17.4° retardation.

In order to secure freedom from error we make two tests

:

one by rotating the milled head to the right and the other to

the left. If tile instrument is in exact adjustment, these two
results will be the same ; bul if it is slightly out the mean of
the two readings will be the correct reading.

In order to overcome the variations in dilterent instruments,
each one is standardized against pure cane-sugar solutions,

after the manner propo.scd by Mr. Babcock, and the viscosity

is expressed in the number of grams of pure cane sugar con-

tained in 100 c c. of the syrup at 00 F., which will give the
retarilation designated at 80° F. These readings are obtained
by making a number of solutions containing known amounts
of jiure cane sugar, and determining the retardation of each.

A curve is then mapiied out on a piece of |)lotting-paper, the
number of grams of sugar in 100 c.c. of the dilfercnt syrups
representing the abscissas, and the degrees of retardation,

the ordinatcs. This curve enables us to interpolate the value of

each degree of retardation in terms of pure cane sugar, and in

this way a table of viscosities is drawn up and furnished with
each instrument. This table renders the results obtained by
different instruments strictly comi)arable.

Incidentally while experimenting with these sugar solutions

we have been able to show the influence which specific gravity
has on the determination of viscosity when made by the class

of instruments which allow the liquid to flow through an
orifice and express their results in the number of seconds
required.

We found the viscosity on the torsion viscosimeter of a
certain oil having a sp. gr. of 0.9 to be 86.4. We then made
a sugar solution showing exactly the same viscosity, and found
its sp. gr. to be 1.4. These two liquids having identically the

same viscosity as shown by the torsion instrument, but differ-

ing in specific gravity, were then run thiough the Saybolt
viscosimeter. The oil required 3.5^ seconds, while the sugar
solution ran through iu 30^ seconds, thus showing that the

difference in specific gravity caused an error of 5 .seconds on
this instrument by forcing the sugar solution through the

orifice faster than the oil. To demonstrate still further the

presence of this error due to specific gravity, we ascertained

the viscosity of an oil having a sp. gr. of 0.9 to be 35f seconds
on the Saybolt instrument. We then made a sugar solution

which gave the same figure on this viscosimeter, showing a sp.

gr. of 1.48. The viscosity of these two liquids was then
taken on the torsion viscosimeter, when it was found that the

oil showed a viscosity of 86.8, while the sugar solution gave
91.8. In other words, it was neces.sary to make a solution of

sugar of decidedly higher actual viscosity than the oil, in order

to overcome the error due to difference in specific gravity and
show the same reading on the Saybolt viscosimeter.

From this it would seem clearly evident that the viscositv as

determined by any instrument based on the principle of allow-

ing the liquid to flow from a receptacle through an orifice,

has a very appreciable erior due to the specific gravity of the

liquid.

The torsion viscosimeter is free from this objection and
many others which belong to this class of instruments. It is

applicable to all grades of oil, regardless of their character or

fluidity, being independent of the gravity and of any reason-

able amount of dirt the oil may contain. The viscosity of an
oil can be taken at an\- temperature as many times as may be

desired without any inconvenience from beingobliged to handle
the hot oil. This we think is an important point, as the prac-

tice in common use of determining the viscosity of cylinder

stock at 212' F. does not tell ns what we want to know. We
should know the viscosity of an oil at the temperature at

which it is to be used, which in the case of cylinder stock is

in the vicinity of 330 F. We have repeatedly found oils

tested at 212° simply reversing their comparative values when
heated to 3.50'. We need an instrument with which the vis-

cosity can readily be determined at a high tcnqierature with a

minimum amount of trouble. By means of a iiarafiiiie or high
lire-test oil bath for our oil-cup. we have no trouble whatever
in doing this with the torsiiju viscosimeter.

The necessity of a standard instrument which shall be rec-

ognized as such by the trade cannot be too forcibly empha-
sized, as the present state of affairs is very annoying to both

the producer and consumer, leading, as it so often does, to

misunderstanding and financial loss. The torsion viscosime-

ter is manufactured by Bullock & Crenshaw, Philadelphia, Pa.

A PROPOSED UNIFORM SYSTEM OF SCREW-
THREADS I-OR FRANCE.

In France there is no standard system of screw-threads

adopted in engineering construction, but the greatest diversity

exists between the threads of screws having the same diameter
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In the large military, naval, and railway workshops special

systems have been aiiopled, which, however, differ one from
the other, so that it is very rare to find two screws of the same
diameter (taken at random) having the same pitch and form of

thread. A commission was appointed by the society to con-

sider the best means of arriving at a uniform system of screw-

threads.

The report contains details of the various systems of screw-

threads in use—Whitworth, Sellers, and eight special systems
used in France, as well as some systems that have been from
time to time proposed as standards.

In a form of screw-thread recommended for adoption as

standard, ease of manufacture is of great importance. The
form recommended has as its basis an equilateral triangle,

whose side is equal to the pitch, one eighth part of the height

of the triangle being cut oft at top and bottom, parallel to the

axis of the screw. There are 20 principal sizes of screws, de-

noted by the numbers, 0, 1, 2, 3, . . . 19.

The pilch of the screw, jy, the diameter of the screw, D, and
the width of the nut across the flats I in millimeters are given

bj' the forni\ilas :

n

2

(n + 10)'

D = 14

5

i = 3 n -f r, + D.

The following table gives the sizes of the principal screws ;

the number (corresponding to Z* = 6 mm.), the inferior limit

of the series, being the same as the superior limit in the Thury
standard system in general use for watch and clock screws.

If a screw of intermediate diameter is reiiuired, it should be

expressed in millimeters by a whole number, and the pitch

taken the same as that of the principal screw of immediately
smaller diameter.

n.
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ble ; there are fewer snow avalnnclies to be met ; the construc-
tion iinil the carrying of materials is lighter ; the permanent
bridges are cheaper.*
The greatest height at which the operating of the railroad is

possible in the Caucasus Mountains, according to the scanty
meteorological observations and the opinion of General Chodz-
ko, was adopted —4,500-5,000 ft. It is not a great deal higher
than in the Alpian country, where the )iig)iest point of rail-

roads are : St. t^othard Railroad. ;i,758 ft. ; Arlberg Railroad,
4,2!t9 ft. ; and Hrcnncr I{ailroad, 4,485 ft.

The minimum height at whicli the tunnel can be projected
depends upon the distribution of the temperature in tlie range.
This temperature increases going inside, and at the level of
the tunnel it will be no more than -|- 35° C. ; the working at

a higher temperature being impossible without artificial cool-

ing of air, and this is very costly. The value of one geother-
mical grade (the depth at which the temperatures increa.ses 1°

C.) was computed from the practice of the Souram Tunnel,
where the mean temperature was 15 — 16°. As the height of
range over the tunnel was 366.39 meters, the mean yearly tem-

366.39-8.53
perature-|- 8°, therefore the geothermical grade =

16-8
= 44.73. (Here 8.53 is the depth of the layer under which the
temperature is constant.) The height of Arkhot Pass is 9,700
ft. = 2,956 m., the mean temperature + 3"

; therefore the de-
pression of the tunnel above the pass can be (35' — 3°) 44.73 =
1,431 m., and the minimum height of the tunnel 3,956 — 1,431 =
1,.525 m. = 5.003 ft. The same result can be verified by the
formula of Stampf, from the data of St. Gothard Tunnel.
According to this formula, the temperature in the tunnel t is

t = V 41.6593 - 0.1517 /( + 0.0001195 k"- + 6A5 + 0.0106 A ± 2.5
;

and supposing the depth h = 1,431. 'we have t = 27.44° to

32.44°, and with the mean temperature -j- 3°, we have the tem-
perature at a depth of 1,431 = T= 30.44° to 35.44° C, it is

the same as before.

According to these results, the most suitable height of the
entrance in the main tunnel was adopted as being from 4,700
to 5,000 ft.

Great difficulties in construction of approaches have been
presented by the weakness of rocks forming the slopes of
mountains, the snow avalanches and the great rains.

The slopes of mountains chiefly consist of argillaceous slate,

very weak and undurable. It was decided to restrain the super-
ficial sliding by means of retaining walls, or to go over them
by means of bridges.

The snow avalanches are here not so great as in the neighbor-
ing valleys of Terek, Ardon, and White Aragva, which cross the
higher point of the range and are near the glaciers, covering
the summits of it. Many avalanches can be directed under
the bridges ; other avalanches can beiivoided by laying the line

in tunnels or Ciirrying them on the other side of the valley.

The mountain rains are here al.so not so strong as in the val-

leys of Terek, Ardon and Lakhva, the latter being also fed by
the waters of glaciers, snow and ice. In consequence of the

above, a special rcconnoissance along the Arkhot line was made
in the summer of 1891.

The rcconnoissance of the Arkhot line was based on the
maps of general staff survey (ordnance survey) ; the heights of

the principal valleys were measured by means of barometers
of Fortin and of Parrot, and the heights of secondary valleys
bj' means of aneroids of Naudet and Goldsehmidt. The geo-
logical explorations have also been made. This rcconnoissance
has shown that on both the slopes of the range (northern and
southern) the valleys are so wide and their slope is so small
that the location of a low line presents no dilliculties. But for

the comparison, on the divide section one high line and two
low lines were located—the high line, with a tunnel 3 miles
long at a height of 6,300 ft. ; the low line, with a tunnel 7.3

miles long, the height of the north entrance being 4,935 ft.,

and that of the south 5,180 ft., and .another low line with a
tunnel 10 miles long, the heights of entrances being 4,935
north and 4,536 south. The comparison of these three loca-

tions has shown that the high location required a line 15* miles
longer than the first low location, and 18 miles longer than the
second ; the ma.ximum grade being 2.4 per cent.

In the two low locations the great slope of the upper parts
of valleys required a lengthening of line on the nortliern side

6,125 ft. and on the southern 16,431 ft. and 5,600 ft., which can
be made only by means of spiral tunnels.

Besides the crossing of the main range a secondary range—

* The last condition hns no importance In the construction of many
Americfln railroads, where /he temporary trcstling takes the place of
permanent brid^'eg, and temporary Blopc;*, with safety tiwitrhea. are allowed,
and HDOwshedH art in use. Such a syt^tcm of condtruction can be some-
times cheapar, when applying the bifh location.

the divide between Terek and Assa—had to be crossed. From
the three proposed and explored lines, that going over Tarska
was adopted as the best, although it requires the construction
of a tunnel about 4 miles long.
According to this rcconnoissance, the length of the line with

7i miles of tunnel was fixed at 159 v. = lOlj miles.*
Now these result.s must be compared with the line designed

through the Djomag Pass. But as this line wjis located high,
therefore, for the sake of comparison, its location was changed
to a low one. It has required a special reconnoissance of that
line.

The comparison of the two locations—one desired through
Arkhot Pass, another through Djomag Pass—is shown in the
following table :

General length of line to be con
striicted

Di-tauc-e from Tytlia to Dark-kokh
(Greatest height
Glacier

Cost of coDStrnction (approximate).

Arkhot line, with
lyi mile tunnel.

106 milcB.
l.'ll miles.

5,302 ft.

None.
I 44,860,000 to

I 50,828,000 roubles.

Djomag line.

122 miles.
169 miles.

6.065 ft.

Very near.

48,754,000 roubles.

As the advantages of the Arkhot line are obvious, therefore
it was decided to lay the location along the same.

THE LOCATION.

For exploration and survey the whole line was divided into

three sections—one mountain or divide section and two level

or plane sections, the northern and southern.
The technical conditions of designing given by the govern-

ment have been the following :

For the mountain section, the minimum radius of curvature
700 ft. , and the limiting grades (1) in the open parts and straight

lines, 2.8 per cent. ; on limiting curves, 2.5 per cent. ; (2) in

small tunnels (less than one-third of a mile), in straights, 2.69
percent. ; on limiting curves, 2.4 per cent. ; in tunnels one-third
of a mile long, in straights, 2.35 per cent. ; on limiting curves, 2.1

per cent ; (3) in the main tunnel on straight line, 1.55 per cent.

For the level sections, the minimum radius of curvature 875
ft., and the limiting grades (1) on straight lines, 1.5 per cent.,

and on limiting curves, 1.25 per cent.
; (2) in small tunnels one-

third of a mile long, in straight lines, 1.16 per cent., and on
limiting curves. 0.97 per cent.

The final location was laiii in the following manner : First-

ly, an exact topographic survey of the country along the gen-
eral direction of the line was made. It consisted in running
a niiun line (given by previous reconnoissance), which was
carefully measured and leveled, and taking from the stations

of that main line as manj' points in the neighboring valley and
mountains as necessary. The position, distance, and height of

these points were measured by means of the Uichometer of
Moineau, made by Kern, in Switzerland. By this means a
map with contour lines was made in a scstle of loVtr- Besides
these the survej' of both tunnels was made by means of tri-

angul.ation.

The topographic map of the country being ready, the line

of the railroiid was laid down, then again leveled, amended
when necessary, and then finally located.

The final location has shown tliat the proposed low line with
10 miles of tunnel was not feasible, because of a fault in the

military majisf serving for the preliminary location.

All the data necessary for determination of bridge openings
were also collected. In. Kuropean Russia, as in almost the

whole of Europe, the quantity of water flowing from a small

watershed is reckoneti by the known formula of Kostlin (in

meters) :

W = 0.000016 Q L cubic meters,

where Q is the area of watershed in square meters, and L a
coefficient, depending on the length of the watershed—viz. :

For length under 3* kilometers L = \
" 3i- 7 " '• = l-i
" 7 - lOi ' = ,»,

•' lOi - 14 • ' = i
" 14 -17i " "=A-

For the slopes less than 0.005, the coefficient L can be made J.

This formtila is based on the supposition that the greatest

European rain gives 57 mm. of water in an hour. But in the

• In the final location the length became greater (112 miles), because of

a fault in one hciizhi talcen from the military map. the position of south en-

trance being shown about 370 ft. lower than it is in reality.

t The south entrance point was shown about 370 ft. lower than it really



Vol. LXVII, No. 12.] AND RAILROAD JOURNAL. 587

Caucasus Mountains (southern slope, 4,000 ft. high) rain has

been observed which gave 26.6 mm. in 15 minutes, say 86.4

mm. in an hour. Therefore the results of Kostlin's formula
have been increased by 50 per cent.

(to be continued.)

EVOLUTION OF THE ATLANTIC GREYHOUND.*

By Charles H. Cramp, Esq., Vice-President.

(Copyrighted by tbe Society of Naval Architects & Marine Engineers.)

Four hundred years is not a very long time when measured
as part of the total sea-faring history, but it is enough to have
witnessed a progress in the means of transatlantic travel from
the caravels of Columbus to such giant steamships as the

Lueaidd, Paris, Teutonic., and their coadjutors or competitors. •

To trace the history of transatlantic travel, from Columbus
crawling across an unknown sea in a clumsy craft that would
not now be " rated" in any shipping list, to the captains who
drive the great steam liners with almost the regularity of lim

ited e.iipress trains, would be or could be made, perhaps, the

most entertaining theme possible to a modern pen ; but mani-
festly its natural and necessary scope would far transcend the

limits of a paper like this.

Recent events have directed public attention in the United

States toward the subject above suggested with a degree of

national interest hitherto unfelt during the last 20 years.

Prom the beginning of the seventies—say, 1871-72 to the

present time—the American people have, seemingly, been con-

tent to employ Englishmen, Frenchmen, and Germans as the

common carriers of the ocean traffic. It is not the purpose of

this paper to discuss the causes of this state of things. In
fact, no profitable information could be evolved by such dis-

cussion, and perhaps the only effect would be to revive con-

flicts of policy and opinion which, having raged in our public

prints and in the halls of Congress for more than a decade,
have now, to all appearances, ceased, pending a trial in good
faith of measures adopted by the Fifty-lirst Congress and, by
acquiescence at least, sanctioned by the Fifty-second.

At all events, such is the view of the case taken by the com-
mercial public, so that now, for the first time in 20 years,

domestic capital and enterprise are beginning to look to the

ocean for a field of operations, and to steamships as an object

for investment.
In view of these facts, and for other reasons whicli need not

be stated, I shall limit the scope of this paper to the last 20
years, as marking the era intervening between the practical

abandonment of ocean traffic by our people and the beginning
of their efforts to resume it.

While sea routes are almost numberless, and many of them
of vast importance in the sum total of the world's commerce,
that of the North Atlantic, embracing the grand thoroughfare
of trade and travel between the great powers of Europe and
the northern half of the Western Hemisphere, well-nigh over-

shadows all the rest combined in value and volume of its trans-

actions, and totally eclipses them in the character of its

vehicles. To such an extent is this true that, of all the myriad
of steamships afloat, not more than 20 or yO are popularly
known even by name, and these are the great vessels which,
under the popidar designation of " Atlantic Greyhounds," ply
in passenger and express traffic between the United States and
the principal nations of Western Europe. Plying on the thor-

oughfare of chief intercourse between civilized nations, they
come and go, constantly fraught with the utmost valuable
lives in both hemispheres, and for that reason, if for no other,

their every performance is eagerly watched by the universal
public until their names and the lines to which they belong
have become household words.

During the period under discussion — say, from 1871 to the
present time—the prime effort of these transatlantic competi-
tors has been to reduce time required in passage, and while of
course other qualities—seaworthiness, comfort, and luxury of
appointments—have held an even pace in the general contest
for supremacy, the effort to augment speed has been so marked
and so persistent as to create the aspect of a perpetual race, in

which tlie development of the steamship has become an object
enlisting the art and skill of the most masterful minds, and
where each successive " lowering of the record" marks a tri-

umph for designer and builder, a fame. world-wide and sub-
stantial in benefit to mankind.
Under these circumstances it is not too much to say that the

* Presented at the New Yorli meeting of the Society of Naval Architects
and Marine Engineers.

grand contest for supremacy on the international race course

of the North Atlantic has ennobled the vocation of those who
plan ships and build them, and those who manage them to a

grade which abates none of its pride by_comparison with any
other field in which the human intellect has ever held sway.
While it is true that quick passages and regular runs were

always desiderata, even in the days of the old sailing packets,

and in the early and primitive stage of the steam epoch, no
considerable sacrifices of capital and no especial exertion of

skill were then offered to secure those objects ; as, indeed, the

first thought in these times was to get across without ship-

wreck, and the question of a few days more or less of passage
time was reckoned only as of incidental value.

It is sufficient for the general purposes of historical accuracy
to say that the first real " send off" in the great modern steam-

ship race was given by the Inman Company in 1869-70 with

the City of Brussels, which "broke the record" up to that

time by a passage of 7 days, 23 hours, and 3 minutes, being

the first to get within the 8-day limit ; the best record up to

that time being that of the old City of Paris—^ days, 4 hours,

and 1 minute, in November, 1867. The City of Brussels was
regarded as a culmination of the shipbuilder's art only 23

years ago, but supervening progress has left her so far in the

rear that she is hardly worth description now, except to indi-

cate the starting-point of the advancement, the results of

which we see in the colossal flyers of to-day. She was 390 ft.

long between perpendiculars, 40 ft. 4 in. beam, and registered

3,090 tons gross ; her displacement at 26 ft. draft being 6,900

tons. Her engines were simple, direct-acting, with two 90-in.

cylinders of 54in. stroke, and with steam at 30 lbs. she de-

veloped 3,020 indicated H.P. and realized an average speed of

14.53 knots in her best trip. To this challenge of the Inman
Line the White Star people quickly responded with the

Oceanic. This was a vessel of 3,808 tons gross, British Admiralty
measurement ; 420 ft. long, 40.9 ft. beam, with a depth for

tonnage of 23.4 ft. She was powered with a pair of com-
pound or double-expansion engines, having four cylinders

;

two high pressures of 29 and two low pressures of 78 in. diam-

eter on the " tandem" plan, with a 60-in. piston stroke, and
carried usually 66 lbs. of steam. The distinguishing feature

of the Oceanic w;is her extraordinary proportion of length to

beam, and her ratio of lOj to 1 in that respect was considered

a remarkable venture on the part of her builders, Harland

& Wolff, of Belfast. The rapid progress of the times soon

distanced her in the North Atlantic race, and she was trans-

ferred to the Pacific.

The White Star Company was so well pleased with the re-

sult of its first experiment at lowering the record that its man-
agers at once decided to reinforce their line with two new
ships, the Adriatic and Celtic, brought out in 1871-72. These
were sister ships in general dimensions, model, and engine

power, and were designed to embody certain improvements
which the experience of the Oceanic had made apparently ad-

visable. The only difference between them was in the arrange-

ment of the decks, which need not be described in detail here.

The Adriatic and Celtic tonned 3,886 gross, on dimensions

of 417 ft. long by 41 ft. beam, and they were propelled by
four-cylinder, compound engines, of which the two high-pres-

sure cylinders were each 41 in., and the two low pressures 78

in. diameter, with a 60-in. stroke ; and, carrying 80 lbs. of

steam, they developed 3,880 indicated H.P. They again re-

duced the transatlantic passage time below the Oceanic's rec-

ord, the Adriatic making her best westward trip in 7 days, 16

hours, and 26 minutes from Daunt's Rock to Sandy Hook,
and her eastward run in 7 days, 19 hours, and 43 minutes.

The Celtic was never quite able to meet the record of her sister

ship, her best trip being 7 days, 21 hours, and 55 minutes east-

ward. The dift'erence, however, was no more than might
have been due to ordinary vici-ssitudes of passage, and afforded

only another of many proofs that no matter how faithfully

sister ships may be duplicated in build, there will always be

slight variations in performance.
These early ships of the White Star Line displayed promi-

nently the genius of Mr. Edward J. Harland, the head of the

Belfast firm and also its chief naval architect, and he soon

received the honor of knighthood in recognition of his services

to the public.

While these enterprises of the White Star Line were in

progress, a movement was started on this side of the ocean,

which at first bid fair to permanently enli.st American capital

and national spirit in an effort to regain the position of a mari-

time commercial power which our country had lost through

the Civil War. The immediate upshot of this movement was
the formation of the American Steamship Company, and the

construction by the Cramp Company of four steamships known
as the Indiana, Illinois, Pennsylvania, a.nA Ohio. There were
at that time Indications that the policy of the general Govern-
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ment toward tlic national merchant marine woulrt he liberal,

and it is prol)able thai tlicse indications liud some bcarinj;: upon
the action of the American Steamsliip Company; but if so.

the pDlicy was altered too soon to realize any benelit. and its

subsequent career presented the aspect of an unei{nal and, of

course, unsuccessful contest belvveen an unaided American
pripate enterprise and British competitors backed by all the
resources of their powerful Government.

Tlie four ships of the American Line were commissioned in

1872-73. They arc 3r)7 ft. long over all, and 243 ft. between
psrpendiculars, 43 ft. beam, with a tonnage depth of 24 ft,,

Lhuted States measurement, and their gross register is 3.120
tons. They were powered with two-cylinder, compound en-

gines, having piston diameters of 48 and 90 in., with 48-in.

stroUe ; and, carrying 75 lbs. of stea:n pressure, they devel-
oped aliout 2,001) ll.P., which gave them an average speed of
14 knots. They made 8-day trips, and for a time attracted
tlieir share of the transatlantic tratlic. but, as alread}' inti-

mated, they .suceundjed at length to the competition of their

subsidized British rivals and ultimately passed under the con-

trol of the International Navigation C^ompany, by whom tlicy

have been considered worth reeciuipment with new triple-

expansion engines after 20 years of continuous service. These
ships, though not so large or so high powered as some contem-
porary vessels, embodied the best shipbuilding practice of
tlieir date as to material and workmanship, and are still cred-
itable specimens of American shipbuilding skill 20 j-ears ago,
as well as of first-rate elliciency in their classes.

.Sullice it to say, that for more than two decades they have
luul the melancholy distinction of l)eing the only merchant
steamships to show the Stars and Stripes regularly in the ports
of Western Europe, and in the 300 and odd passages that each
of them has made, their performance has invariably been ex-
cellent. At any rate, though overshadowed in size and dis-

tanced in speed by later products of the fierce competition
which has followed their advent, the four " American chips''

have served to tide the name of the American merchant marine
over a score of dreary and disheartening 3'ears, and now, in

the dawn of a brigliter epoch, they remain sturdy links con-
necting the pronuse of the future with the glories of the past.

It has been no easy errand to keep the American Hag flutter-

ing on a Nortli Atlantic steamship since 1872, but these four
ships have done it, and I feel that in the present reawakening
of our national maritime spirit, the public will pardon my
pride in them as part of the work of our ( slablishment. They
are soon to be reinforced in the task of keeping our flag afloat

by new and powerful coadjutors whose proportions and per-
formance will restore our ocean prestige to the best relative

rank it ever enjoyed ; but when that time comes it will still

be worth while to remember that it was the Ohio, the Iiuliana,

the JUifii'is, and the Pennsi/lminin which for 20 years alone
represented in our merchant marine tlie motto of Lawrence in

our Navy, " Don't give up the ship !"

Kesunung consideration of operations abroad, we observe
that Ibe Inman Company did not rest content under the lead
which the White Star people had established in 1871-73, but
in 1873 they brought out two new ships, the City of CheMer,
built by Caird ifc Co., of Greenock, and the City of liichmond,
by Tod & McGregor, of Glasgow. These ships were nearly
equal in gross register, the Chester being 4,770 tons and the
liichmond 4,780, but they dilTered considerably in model and
machinery. The Chester was 444 ft. long, 44 ft. beam, with a
tonnage depth of 34 ft. Her power was a two-cylinder com-
pound engine, with cylinder diameters of 08 and" 120 iu. and
06-in. stroke, which, with steam at 05 lbs., developed about
4,300 II. P. Although these new Inman ships were consider-
ably larger than their contemporaries and competitors of the
Whili; Star Line, and had about 35 per cent, more jiower, they
did not meet the anticipation of their owners so far as tlie ex-
isting record was concerned. At all events, the Adriatic held
the record through 1873.

Meantime the Innnui Company renewed its efforts, resulting
in the award of .1 contract during 1873 to Caird & Co.,
Greenock, to liuild the City of Berlin. This was a vessel of
5,490 tons gross, 499 ft. long, 44 ft. beam, with a tonnage
depth of 34 ft. She wius powered with a two-cylinder com-
pound engine, high-pressure cylinders 72 in., low 120 in.,

stroke ()0 in., and. with steam at 75 llis.. the indicated II. P.
was 5,200. The City of Berlin was distinguished liy having
the greatest proportion of length to breadth thus far attained
— namely, 11 to 1. In other respects the Berlin was the finest

.ship of her time, and she brought the record down to 7 days,
15 hours, and 28 minutes.
Pending this activity of the Inmans, the White Star people

were by no means idle, but contemporaneously brought out
the Oeriiiaiiic and Britniniie. within a few nioidhs of each
other, from the Belfast yaril of llarland k, WollT. These

sister ships are 455 ft. long, 45 ft. beam, and 33 ft. measured
depth, their gross tonnage being 5,008. Their motive power
was compound, of four-cylinder type, the two high-pressure
cylinders having a diameter of 48 in. and the two lows K3 in.

each, with (iU-in. stroke, and, carrying 75 lbs., their indicated
II. P. has reached 5,0II0.

These .ships brought the record down to 7 days, 6 hours,
and 52 minutes, and they are still in service in the main Heel
of the White Star Line, the Ilritunnic lia>dng made an aver-

age of 7 days, 10 hours, and !( minutes in 12 trips during the
year 1891, or an average allthe-way speed of 10 knots.

From 1874 to 1879 the O'ermnnic and Britiuuiie easily held
the pennant. In the latter year the Cunaril people, who had
hitherto rested content witli their reputation for safely, with-
out joining in the contest for speed, brought out the (•iillin,

built by the Thompsons, of (Mydebank. '("he Qallia is a tiille

smaller than lier White Star rivals. She is 430 ft. long, 44 ft.

beam, and 34 ft. tonnage depth, her gross register being 4,H(li)

tons. Iler jiower is a three cylinder compound engine, the
liigh-iiressure cylinder 04 in. and the two lows 80 in. each,

with OO-in. stroke, developing 4,440 indicated II. P. This
ship, though a distinct advance upon anything yet brought
under the Cunard flag, did not affect the White Star cham-
pionship, as the Oaltia, in her best passage of 7 days, 10 hours,

and 32 minutes, fell 9 hours and 40 minutes behind the best

record of the Britannic.

In the same season, however (1879), the Guion Line—a new
Richmond iu this particular field, by the way—brought out
the Arizona, built at Elder's, and with her took the jiennant

.so long borne by the White Star ships. The principal dimen-
sions of the Arizona are 450 X 45.4 X 35.7 ft., and she is

powered with three-cylinder compound engines having one
02 in. high and two 90in. low-pressure C3'linders, OO-in. stroke,

and, with steam at 90 lbs,, developed 0,(540 indicated II. P.
Her gross tonnage is 5,104, and her best trip was made in

7 days, 3 hours, and 38 minutes, involving an average all-tlie-

waj' speed of 10 27 knots an hour. The Arizona carried the ban-
ner, by virtue of this performance, two seasons— 1879 and 1880.

This success of the Arizona stimulated the Guion people to

renewed efforts, and in 1881 tliey brought out the Alaska, also

built at Elder's (or the Fairfield yard), then under the able
management of the late Sir William Pearce.
The Alaska's dimensions are 500 X 50 X 38 ft. molded,-

with a gross tonnage of 9,5110. and her power is a three-cylin-

der compound engine having a 08-iu. high-pressure and two
100-in. low-pressure cylinders, which, carrying boiler steam at

100 lbs., developed in a mean of four days' performances
11,800 indicated II. P., and drove her across the Atlantic west-

ward in days, 18 hours, and 47 minutes, which involved an
all-the-way mean speed of 17.44 knots per hour. The Alanka
now took the pennant, but she did not hold it long. The
Barrow Shipbuilding Company brought out the City of Rome
the same j'car. and that vessel was put in the service by the

Inman Line, as I understand, the title to the ship remaining
with her builders.

The contest between the Alaska and the Rome was fierce.

Trip after trip they sped over the ocean " neck and neck," as

horsemen say, the average difference between their records

being but a few minutes. Finally, however, the Rome got
down to days and 18 hours, which beat the Ala.'<ka's best by
37 minutes, and then the Ronie hoisted the banner in her turn.

The Rome was the largest ship of her day, excepting, of

course, the Great Eastern; at all events, the largest single-

screw ship up to her date. Her dimensions are 500 X 52 X 37

ft., her gro.ss tonnage 8,144, and her maximum II. P. 11,5(10

indicated. The Rome underwent .some vicissitudes in her early

liistory. Her first service in the Inman Line was not satisfac-

tory, and she was thrown back on the hands of her builders.

They then made considerable alterations of boiler arrangi -

ment and other details of internal economy, and she was ]iut

in service again by the Anchor Line, where she has remained
to tbis time.

During the year 1881 the Cunard Company brought out the

Hervia, biult, as the Gallia was, by Thompsons. The tSrrria's

dimensions are 515 X 53 X 37 ft., and her gross register is

7,392 tons. Though a fine ship, the Sirria repealed the dis-

appointment of the Gallia, bj' failing to reduce the record of

eilher the Alaska or the Rome. Iler iiroi)ulsion was by a three-

cylinder compound engine having one 72-in. high and two
lOO-in. low-pressures, with 72 in. stroke, and, carrying 90 lbs.

of steam, .she develope<l 10,200 indicated H.P. in her best trip,

which was days, 23 hours, 49 minutes.
The year 1882 may be considered as the end of the suprem-

acy of "7-day ship.s, ljccau.se, though the Alaska and the 7i'«;»c

subseiiucntly got inside that limit, it was only to a small de-

gree, and the performance wivs not maintained, .so that they
remaincil properly in the 7(lay chuss.
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The spring of 1883 witnessed another distinct stride of prog-
ress. Thompsons built tlie America for the National Line and
the Aurania for the Cunards, while Sir William Pearce, of
Elders, built the Oregon for the Guion Line.
r Tlie America was in several respects a departure from the
then current fashion in transatlantic liners. She was shorter,
proportionately beamier, and much smaller in tonnage than
her chief riyal, the Oregon. The dimensions of the America
were 441 X 51 X 36 ft., gross tonnage 5,528, and her dis-

placement at 35 ft. draft was 9,550 tons. Her engines were
compound, three cylinders, high pressure, 63 in.; two lows,
91 in.; with 66 in. stroke. Carrying 95 lbs. of steam, the
America developed 9,500 FI.P., and crossed the Atlantic in

6 days, 14 hours, and 16 minutes, at a sustained speed of 18.41
knots an hour. Though perlnips the smartest .ship of her
time, the America proved unprofitable, because her carrying
capacity was too small in proportion to her operating cost.

Fortunately for her owners, the " Russian scare" in 1885
caiised her to be taken by the British Government as an au.x-

iliary cruiser, and when she was discharged from that service
she was purchased by Italy for use as an armed transport and
torpedo depot ship, in which service she has since figured
under the name of the Eeritree.

The Oregon Avas 501 X 54 X 38 ft., 7,375 tons gross register,

and at 25 ft. draft displaced 12,560 tons. Her engines were
three-cylinder compound, of the highest working pressure
attempted up to that time. Her high-pressure cylinder was
70 in. and her two lows 104 in., with 72-in. stroke, and, carry-
ing steam at 110 lbs., she developed 13,200 H.P., by far the
most massive and powerful engines built at that date. The
Oregort's best performance was an all-the-way speed of 18.58
knots, which gave her a record of 6 days, 9 hours, and 22
minutes. She was also taken up as an auxiliary' cruiser during
the " Russian scare," and on her release was purchased by
the Cunard Company, in whose service she remained until

sunk by collision off Long Island.

The Aurania is 470 X 57 X 37 ft., 7,269 tons gross, and, at

26 ft. draft, displaces 12,360 tons. Her engines are three-

cylinder compound, high-pressure 68 in., two lows 91 in., with
72 in. stroke. Carrying 90 lbs. of steam, she developed a
mean of 8,850 H.P., producing an all the-way speed of 17.21
knots. This gave her a record of 6 days, 20 hours, and 48
minutes. Like the Oallia and the Servia, she was a disap-
pointment to the public in speed.
The Cunard Company continued their development, how-

ever, and in 1884-85 brought out the Umbria and Etriiria,

built at Fairfield. These sister ships are 501 X 57 X 38 ft.,

8,120 tons gross register, and, at 26 ft. draft, displace 13,380
tons of water. They were powered with three-cylinder com-
liound engines of the usual Fairfield fyjie of that day, and
differed but little from those of the Oregon. The high-])res-

sure cylinder was 71 in., the two lows 105 in., with 72in.
stroke, and, with 110 lbs. of steam, their maximum develop-
ment of H.P. has been 14,840 in the Etrnria, and 14,460 in

the Umbria. They reduced the record to about 6 days even,
though each has made at least one passage slightly inside of
six days. They brought the Cunard Liue to the front again
for the first time in several years. From 1884 to 1889 the
Umhriii. and Etraria maintained their supremacy. It was
evident that in them the possibilities of single screw propul-
sion had been exhausted, and owners and builders who medi-
tated an advance beyond them had to contemplate twin screws.
^During the years 1885, 1886, and 1887 there was much ac-

tivity on the part of the French and Germans. The latter

brought out the AUer, of the North German Lloyds, in 1885,
the Saale and Trave in 1886, and the Lahn in 1887. These
were British ships built at Fairfield. They were all single-

screw vessels, but they had the distinction of introducing the
triple-expansion engine in transatlantic propulsion. The AUer,
Trave, and Saale are substantially alike in hull and fittings,

and their engines are exact duplicates, except in certain minor
or non-essential parts. These vessels are 439 X 18 X 34 ft.,

and register 4,994 tons in the AUer to 5,380 in the Trane and
Saale, their displacement at 26 ft. draft being 10,400 tons.

Their triple-expansion engines have high-pressure cylinder
44 in., intermediate 70, and low 108 in., with 72-in. "stroke.

Carrying steam at 150 lbs., these engines have developed 8,300
indicated H.P., and their best sustained speeds have been 17.7
knots for the AUer, 17.1 for the Saale, and 18.6 for the Trave.
As the time of these ships is reckoned from Southampton,
certain deductions are necessary for fair comparison with
ships dating from Queenstown, so it is not worth while to
give their records, except to say that to ccjualize the records
of .ships starting from the two points, allowances must be
made in favor of the Southampton ship as follows :]

For 17 knots speed, 16 hours and 20 minutes.
For 17 i knots speed, 16 hours.

For 18 knots speed, 15 hours and 30 minutes.
For 18i knots speed, 14 liours and 56 minutes.
For 19J knots speed, 14 hours.
The Lahn is 10 ft. longer, 1 ft. wider, and 10 in. deeper

than her three consorts, and her gross tonnage is 5,681. Her
engines are also of a different type, being five-cylinder triple-

expansion with two high-pressure cylinders 32^ in., one inter-

mediate 68 in , and two lows each 85 in., the duplicate cylin-
ders being arranged tandem, one high and one low working
together. These engines, with 150 lbs. of steam, developed
9.800 H.P., and produced a speed of 18.40 knots, making a
Southampton record of 6 days, 23 hours, and 42 minutes,
which, at her rate of speed, is equal to a Queenstown passage
of 6 days, 7 hours, and 30 minutes.
The Spree and Hacel, built at Stettin, in 1890, for the North

German Lloyds present no features essentially different from
the Lahn, except some increase in size, and as they have not
lowered her record it is not worth while to go into details of
them.

In 1889-90 the successes of their neighbors stimulated the
Hamburg Company to efforts which took shape in the Colum-
bia, Normannia, and Prince Bismarck. The Golumhia was
built by Lairds, and Normannia at Fairfield ; the Bismarck
being the only one of the three built at home. The Columbia's
dimensions are 463.5 X 55.6 X 35.5, and her gross register is

7,363 tons. Her twin screws are driven by two three-cylin-

der, triple-expansion engines, with cylinder diameters of 41,

66, and 100 in. and 66 in. stroke. With steam at 150 lbs.

these engines have developed 14,600 collective indicated H.P.,
producing mean speed for a passage of 19.15 knots, and a
Southampton record of 6 days, 14 hours, and 3 minutes,
equivalent to a Queenstown record of about 6 days. The
Normannia is larger than the Columbia and has more power-
ful machinery.
The Normannia's dimensions are 500 X 57.5 x 34, and she

tons 8,250. Her triple-expansion engines have cylinders 40,

67, and 106 in., with 66-in. stroke, and. carrying steam at 150
lbs., they have developed over 15,000 indicated H.P. Her
best mean speed for a passage has been 19.33 knots. The
Ei'irst Bismarck is chiefly remarkable as being the most im-
portant commercial ship ever built in Germany, and as a re-

sult of the policy adopted by the German Emperor to encour-
age home shipbuilding by making marked discriminations in

favor of such ships as compared with those built abroad.
Her dimensions are 502.6 X 57.6 X 38, and her tonnage 8,874.

Her engines are triple, with cylinder-diameters of 43,'',,, 66 -,"5,

and 106/j5 in., having a stroke of 63 in. She is reported to

have developed 16,800 indicated H.P., as a mean of 6 days on
the trip which gave her, for a brief period, the Southampton
record.

During all this effort on the part of the English and Ger-
mans, the French remained quiescent until 1886-87, when
they brought forward the Champagne and Brelagne, built at

St. Nazaire, and the Bourgogne and Oascogne. built by the
Forges et Chantiers de la Mediterramee. These ships differ but
little in dimensions or performance, and detail of them is

hardly necessary, except to say that they ton from 7,087 to

7,395 gross, have compound engines of about 9,800 indicated

H.P on a single screw, and the smartest of them, the Bour-
gogne, has made a Havre and Sandy Hook record of 7 days and
9 hours, which, at her rate of speed, 17.91 knots, is equal to a
Queenstown record of 6 days and 13 hours. These ships sat-

isfied the French until 1891, when they brought out the
Touraine, built at St. Nazaire. She is the first French liner

equipped with twin screws. Her dimensions are 520 X 56 X
34 ft., and she tons 8,803 gross. Her engines are three-cylin-

der, triple-expansion. Cylinder dimensions 41, 60J, and 100
in., with 65-in. stroke, and, carrying 140 lbs. of steam, they
have developed a mean average of 13,600 indicated H.P.
(French), which drove her from Havre to Sandy Hook in

7 days, 3 hours, and 5 minutes, equivalent to a Queenstown
record of 6 days, 4 hours, and 35 minutes.

While the Touraine has not made any whole-trip record to

compare with the Paris or Teutonic, she has shown some re-

markable spurts.

Externally, the Touraine is one of the handsomest ships
afloat, and her interior fittings sustain the repute of French
builders for grace and elegance.

I have given considerable time to this detail of dimension
and performance, because I have often desired to have such a
compilation in good shape for ready reference ; but not being
able to find one concluded to make it myself. It is not pos-
sible to survey the evolution of the Atlantic greyhound with-
out such reference, because in the absence of data as to dimen-
sions and power, discussion of relative performance would be
without result.

We have now to consider the latest types, the New Turk and
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Paris, the Majeatic and Teutonic, and the Campania and
Lticania.

These ships arc so well known anil have been so recently

and minutely described that it is not necessary to reproduce
their details, aud I will pass at once to another, and, perhaps,

more interestiu!; pliase of my subject, but before passiiiR on.

it should be mentioned that to the laleruational Navigation
Company in procuring the buildin,!^ of the New York and
Paris belongs the credit of inaugurating the evolution from
single to twin screws in passenger shi])s, and of first olTering

to the public steamships so subdivided as to be unsinkable
with three compartments flooded anil with no water-tight doors
near or under the water-line.

However, in all the progress that I have noted there has
been no improvement of model, or at least none worth noting.

The principal fad of the great English builders is an aver-

sion to statical stal)ility ; a repugnance to metacentric height.

As one of their stanclard authorities remarked in a recent
paper. " A ship will roll ; you cannot help that. Therefore
the problem is to make her period as long and her motion as

easy as possible."

Even if this be true in theory the practices by which they
seek to put it in effect are based upon error.

In pursuit of "an easy roll" they persistently desi.gn their

models without initial stability, and then make them stand up
by great quantities of water ballast or other dead weight
which pays nothing.

Wlien I undertook tlie design of the two steamships now
building under our shipyard numbers 277 and 278, I avoided
this fad at the outset.

As a part of the discussion which followed I addressed, at

his request, the President of the International Navigation
Company in writing as follows :

" Any system of design or construction which contemplates
the carriage of water ballast (or other dead weight not cargo
or coal) as an inseparable condition of stability under any cir-

cumstances is radically defective, and should be condemned.
Of course every double-bottom ship should be so compart-
mented that the spaces may be used as trimming tanks for

regulating fore-and-aft trim when desired, but I utterly reject

and condemn any system under which they must be viewed
as necessar}' adjuncts to stability.

" Under such a system no advantage can be taken of de-

creased draft caused by consumption of coal or absence of

cargo, but the ship must always be kept down to a load draft

in order to stand up. This is a purely English fad, and the

English designers slick to it with characteristic tenacity. In
this, as in many other fads, the English appear tenacious in

the exact ratio of the density of their error.
" The proposition that you must carry 1,000 or 2,000 tons

of dead weight in water ballast when you happen to be short
of carffoor run ilown in coal, is one that I cannot really discuss
with patience wlien it is possible to build the ship on lines that

will make her stand alone without detriment to any other de-

sirable quality, and with vast improvement to her most im-
portant characteristic, that of safety at all times and in all

conditions."
One cannot conveniently amplify technical propositions in

a business letter, and hence in my communication I merely
touched the heads of my topic, and referred to the most im-
portant consideration last and also most briefly—that of safety
at all times and in all conditions.

From this point of view I dismiss the commercial aspect of
water ballast or permanent dead weight with the remark that
any steamship owner who will accept a design that compels
liim to lug around 1,000 tons or so of non-paying freight in a
bottom during the life of his ship, deserves what he gets, and
is not entitled to sympathy.

In connection with the conventional English plan of indis-

pensable water ballast, there has been suggested as an ulti-

mate reflnement a system of ingress and expulsion of water to

and from numerous compartments by means of valve and
pump-gear uniler electric control from a central station. Let
us suppose such a system so perfectly developed that an oper-
ator can sit at an electric keyboard with a button for e.ach

valve and for each pump, and there operate them as Paderew-
ski plays the piano. This may be very pretty and very sci-

entific, but, after all, it involves the human factor, with its

liability to err. in a manner that places the lives of a thousand
passengers at the fingers' ends of the operator. I have, dur-
ing 40 years of observation and experience in my profession,
seen so much of the human factor under such circumstances
that the elimination of it in every possible direction has almost
become a passion with me. In anj* ship design it is a first

principle with me to provide as many ab.solute and unchange-
able qualities of performance and safety as possible, and to
place them beyond manipulation.

The first and most important of such qualities is that of
initial stability. With it the ship will stand up and float de-

spite errors or misfortunes of management or condition.

Without it she and all on board may at any time be at the
mercy of a tipsy tank trimmer, or of a jammed valve.

With regard to the increase of size as an element in the de-

velopment ol speed. I think we may .ill agree with Dr. Fran-
cis Elgar in his paper read before the British Institution of
Naval Architects July 11 last, that the limit of commercial
practicability has been reached. The ojieration of Froude's
well-known law of comparison, whereby the ratio of indicated

II. P. recjuired to drive a ton of displacement at a given speed
decreases in a certain progressive ratio as the increase of

dimensions, naturally led up to the Cumpanin.
Hut hydrographic conditions are inexorable, and they im--

pose an unalterable limitation of one dimension—namely, draft

of water, which, in turn, imposes an architectural limitation

upon all the other dimensions. Dr. Elgar hopes that this

limitation will be enlarged by dredging away bars and deepen-
ing docks, so that liO ft. of water may lie had where only 20 ft.

now exist, so that it might become practicable to design a
.ship on the dimensions permissible with :iO ft. draft. That
would, perhaps, mean a ship about 700 ft. long and 7o to 80 ft.

beam. But it is not worth while at this time to consider such
a contingency. The practical commercial limit of our metro-
politan seaport is about 28 ft., and it would require an expen-
diture of more millions than one cares to contemplate to aug-
ment it to admit the safe passage of a steamer drawing ;iO ft.

either in channel or at dock, so we might as well accept 28 ft.

as the basis of design in our time.

There is another limitation to practicable size which has not
been mentioned— the ship may become too large for the cap-
tain. It is the fact that while we may increase dimensions of

ships, the size of man is a fixed quantity. I mean this in

the physical as well as the mental sense. A ship is not like an
army, which can be divided in sections, each capable of in-

dependent motion. She must be commanded and manceuvred
in one piece and by one man.
The ratio of beam to draft in the immersed body ought

never to exceed 3 to 1, and is doubtless best at about 2^ or

2| to 1. All the elements of model, lines, girder strength,

stability, easy motion, and structural .symmetry are involved
in this ratio of dimensions, because the length is limited by
the other two. We cannot go above a certain molded depth
without getting the top sides too high, and we cannot other-

wise get the necessary girder strength beyond a certain length.

Therefore, on a basis of 28 ft. draft we may have a beam of

about 70, molded depth approximating 50, and a length of 600
to 620 ft. That seems to be about the end. In contemplating
such ships the problems of structure and propulsion assume
added importance proportionate to the dimensions.

Of course, the equivalent girder circulation can be made in

a 620ft. ship as well as in a shorter one, but it is probable
that in such great lengths and with such stresses of power as

are applied to that class of vessels larger margins of safety

should be allowed than is the practice in computing smaller

girders. At any rate, I should do so in designing any such
ships.

A GOO or 620-ft. ship that will work her framing or buckle
her plates in a sea-way is not a good. piece of property. Butt-

starting, seam-opening, and rivet-shearing are only questions of

time in such a ship, and the danger increases with the size in

a high ratio.

We may now consider briefly the question of propulsion,

which 1 will introduce by a further quotation from the letter

to the President of the "international Navigation Company,
already referred to. Arguing that the limitations of practicable

power in one engine were quite as definite as those of size in

ships and for cognate reasons, I wrote as follows :

"The most important practical reason for the distribution

of power through two or more screws, instead of concentrat-

ing it in one, is the limitation placed upon the elTective or

economical diameter of the screw itself by the inexorable con-

ditions of draft.
" Hciluction in size and weight of forgings, decrease of

danger of total disablement, etc., are the plainest and simplest

elements of the question, and are so well known and generally

accepted as to hardly require attention.
" Yon must have a certain immersion of the screw, the more

the better ; it sliould be at least 9 ft.^that is, the top of the

disk should be about 9 ft. below the surface. Now as the

hydrographic conditions of our Atlantic Coast harbors practi-

cally restrict draft to 27 or 28 ft., it follows that the maximum
diameter of a screw is limited.

' Again, unless you give your engine much higher revolu-

tions than is desirable or economical in machines under exist-

ing conditions, which must be driven at full speed five or six
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days at a stretch, you cannot put more than 13,000 indicated

H. P. through one screw.
" These facts, with the force of a syllogism, demonstrate

that whenever you require more than 12,000 indicated HP.
j'ou must have two screws, and if you find it necessary to

exceed 24,000 indicated H.P. three will be required.
" There is absolutely no escape from this proposition ; no

alternative in practice ; and volumes enough to make a library,

by all the professors in the world, cannot alter the plain,

mechanical fact.
" An English authority has recently called attention to an

alleged greater tendency of twin screws to ' race when roll-

ing,' and that if instead of the two screws there were three,

the extension of the side screws laterally would tend to reduce
the advantage of smaller diameters, etc. This statement is

disposed of by the remark that what causes racing is the pitch-

ing of the ship, which affects all the screws alike, when in the

same horizontal plane, but with the counter screws sufficiently

immer ed no properly built ship would roll enough to seri-

ously affect their efficiency.
" It will not do to treat this question as if it referred to all

classes of ships alike. The question is not as to the relative

advantage of single, twin, or triple screws, per se, in any and
all kinds of ships, but as to the limit of dimensions in one en-

gine and screw for safe and economical working. When we
want to power a ship beyond that limit we must duplicate or

triplicate the engines and screws in due ratio.
" No one, .so far as I know, maintains that, except in men-

of-war and for tactical reasons mainly, and for additional

safety, two screws ought to be used when one will do the

work, or three w'here two can do it. Some lake and river

boats have two screws, but in such cases the object is to facili-

tate landing at wharves or because the draft is insufficient to

afford diameter enough for one screw to take the power. But
in sea-going vessels such construe' ion would not apply."
These remarks are based on existing conditions of practice.

The future may develop modifying results. But men do not
build ships on a prediction. Hence I limit my views by what
we now know.

I hope that the members of the Society will not expect me
to say very much about the efforts which are now being put
forth to restore the American flag to its proper rank in the
contest of the North Atlantic. We are, as is well known,
building a couple of 536-ft. ships for the International Navi-
gation Company. They are both framed up about two thirds

of their length amidships, and plating is in progress. They
will be launched next spring and will go in commission about
a year from now.
Their principal dimensions and qualities are as follows :

Length on load water-line 536 ft.

Length over all 554 "

Extreme breadth 63 "

Molded depth 43 "

Gross register about 11,000 tons.

First cabin capacity 330 passengers.
Second cabin capacity '. 300

''

Third cabin capacity 900 "

Their propulsion will be b}' twin screws, actuated by two
quadruple-expansion engines, on four cranks, which, with
steam at 200 lbs., will probably develop about 20,000 collec-

tive indicated H.P. To support the outboard shaft bearings
the hull is built out in a horizontal web to a steel frame hav-
ing both bosses cast in one piece and weighing about 68,000
lbs. The after deadwood is cut away and the keel slopes-up
so that the shoe meets the boss frame at the after end. It

will be observed that these ships are considerably larger than
the New York and Paris, or about half-way between them
and the Campania class. I will not venture a prediction as to

their probable performance, but I will guarantee them to be
perfectly safe, comfortable, and economical ships.

They are to be followed closely by other ships, which I will

not now describe, e.xcept to say that they will not shrink from
any comparison or competition. .

The conditions of the mail contract between the Government
and the International Navigation Company, place at the dis-

posal of the Navy seven great ships, almost instantly converti-

ble into commerce destroj'ers, averaging greater performance
than the Golumbia and Minneapolis. This practically rein-

forces the Navy by $21,000,000 worth of ships, and that not
only without cost of building, but .also without the expense of
maintenance and commission in time of peace.
From this point of view, the policy of the International

Navigation Company, of which these ships are the result, ap-
peals to the best and loftiest public sense. It is more than a

mere commercial enterprise. It is as bold a stroke of national

ambition and patriotic aspiration as was ever made. It'aims

at achievements the beneficial results of which will be felt in

every household throughout our broad land. ^ ,

And now, in conclusion, let me remark that these ships are
American from truck to keelson. No foreign materials enter
into their construction. They are of American model and
design, of American material, and they are being built by
American skill and muscle. The existing tariff law. Section
VIII, gives the privilege of importing all " plates, tees, beams,
angles, wire rope and composition metals" that might be
needed in their construction. But I did not take advantage
of it. On the contrary, we placed every order with American
rolling mills, forges, and foundries.

In view of such a situation, why should any one persist in

threatening with hostile and destructive legislation those who
are making such efforts in the face of such obst.acles ? No
American shipowner or shipbuilder asks for free ships. The
demand for such a law comes from England, not from our
own people. All that Americans ask is to be let alone.

Since we began this work our English friends have had a
good deal to say about it. Thej' seem to think that it was
impertinence on our part to have entered the contest for

supremacy on the North Atlantic. They deprecate the fact

exceedingly. But they may as well understand that, after

many years of practical expulsion from the ocean, the Yankees
are coming again, and coming to stay. The work we have in

hand is only the beginning. It is a pretty fair start, but if

they should ask you what the future has in store you may tell

them, in the words of our Paul .lones on a certain occasion,

well remembered by Englishmen, that " we are just beginning
to fight."

ACCIDENTS TO LOCOMOTIVE ENGINEERS AND
FIREMEN.

The object of publishing this monthly list of accidents to

locomotive engineers and firemen is to make known the terri-

ble sacrifice of life and limb that is constantly going on among
this class of people, with the hope that such publication will

in time indicate some of the causes of accidents of this kind,

and help to lessen the awful amount of suffering due directly

and indirectly to them. If any one will aid us with informa-
tion which will help to make our list more complete or cor-

rect, or who will indicate the causes or the cures for any kind
of accidents which occur, they will not only be doing us a
favor, but will be aiding in accomplishing the object of pub-
lishing this report, which is to lessen the risk and danger to

which the men to whom we all intrust our lives are exposed.

The only, or the chief source of information we have, from
which our report is made up, is the newspapers. From these

the following list of accidents, which occurred in October, has
been made up. Of course we cannot report those of which
we have no knowledge, and doubtless there are many such.

ACCIDENTS LN OCTOBER.

Phillipsburg, N. .1., October 3.—A steam-pipe burst on an
engine of the Jersey Central Railroad while running at full

speed to-day. In order to slop the train it was necessary to

stand where the steam was blowing out. The engineer,

Joseph Lutz, did this, and was terribly scalded ; he fainted

as he staggered from the cab.

Parkersburg, W. Va., October 2.—Patrick Connelly, an en-

gineer on the Baltimore & Ohio Railroad, was run down by a

passenger train to-day, and died from his injuries.

Springfield, Wis., October 2.—Passenger train No. 4, on the

Chicago, Milwaukee & St. Paul Railroad, ran into an open
switch at Lyman, dashing through three stock cars and in-

stantly killing the engineer, Maxey Hall, and fireman, Charles
Robinson. It is reported that this is a third attempt at train

wrecking.
Milford, Mass., October 3.— Fireman Hennessey, on the

Grafton & Upton Railway, was severely scalded about the

face and head to-day while filling a lubricator, by steaie escap-
ing from the boiler. The flesh peeled off in flakes.

Easton, Pa., October 3.—A Lehigh Valley coal engine cut

a Crane Iron Company's engine in two at Catasaqua this

morning. A dozen coal cars were wrecked and all travel

blocked. The collision was due to a signal giving a clear

track to both engineers by a watchman who had been in the

position for more than 20 years. After he saw what he had
done he went home and shot himself. John Ray, fireman on
the Crane Company's engine, died of injuries received, and
Engineer Herbert James will be a cripple for life.
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Pougbkeepsie, N. Y., October 4.—A caboose of a freight

train jumped the track on the New York Central & Hudson
River Railroad near Hyde Park to-night. The engine of an
approaching express struck it and was derailed, going into

the river. The engineer went down with the engine, but
escaped with a few slight injuries. The fireman jumped and
was also slightly injured.

St. Mary's, Ky., October G.— A. roar-end collision occurred
at Gelhsemane, 20 miles north of this city, on the Louisville &
Nashville Railroad about 5 o'clock to-day, in which Engineer
Higgins and his fireman were instantly killed.

Kansas City, Neb.»»Oc(ober 6,—A disastrous collision oc
curred on the Rock Island Railroad, 9 miles west of Manhat-
tan, shortly before 13 o'clock tonight. The trains were run-
ning at a high speed at the time. Engineer Gene Cole was
badly scalded and bruised about the face and body. His left

arm and two fingers were broken. The engineer of the freight

train and fireman Dave Hartington, of the passenger train,

were also injured.

Louisville, Ky., October 6.—A rear-end collision occurred
on the Knoxville Division of the Louisville & Nashville Rail-

road at 5 o'clock this morning. The first section of a freiglit

train broke in three pieces, and the cab stopped on the New
Hope Bridge. In this Alexander Burke, an engineer in charge
of two dead engines, was sleeping. The second section came
along striking the caboose on the bridge and carrying it down
with it. Engineer Higgins, of the second section, and En-
gineer Burke, in the caboose, went down wilh the wreck and
are buried beneath the debris.

Alientown, Pa., October 6.—A Lehigh Valley express train

ran into the rear of a Pennsylvania coal train on the Pennsyl-
vania Road below New Boston today. The caboose and three
coal cars were knocked over the embankment, and the engi-

neer slightly injured.

Elmira, N. Y., October 6.—A rear-end collision occurred
between an engine running wild and a freight train on the
Delaware, Lackawanna & Western Railroad this morning be-

tween this point and Bath. The engineer and fireman jumped
and were bruised about the face and head. Tlie cause of the
accident was foggy weather and failure of the flagman to get
back the proper distance.

Clay Center, Kan., October 7.—A collision occurred 12.5

miles west of Kansas City at Keats, on the Rock Island Rail-

road, to-day, between a freight and passenger train. The en-

gineer and fireman of the passenger train were badly hurt.

The cause of the collision was the failure to deliver orders
Reading, Pa., October 8.~A freight train ran into a derailed

car that had been thrown ofiE from the opposite track near
Exeter Station this morning. The locomotive wtxs thrown
down an embankment and fell on its side. The engineer,
William Flannery, was seriously scalded.

Alliance, O., October 9 —Two hundred kegs of powder ex-

ploiled on an east-bound freight train on the Pittsburgh, Fort
Wayne & Chicago Railroad near North Lawrence this even-
ing. Engineer Colgan and his fireman were fatally burned.

Leavenworth, Kan., October 9.—John Cookston, fireman on
the Kansas City, Wyandotte it Northwestern Railroad, was
severely injured this morning by being caught between a
crane of a water tank and the tender. He was standing on
the step-board outside of the engine.

Boston, Mass., October 10.—Joseph Elbor, fireman on the
Old Colony Railroad, was run over by an engine near Jamaica
Plains to-day. He left the cab and attempted to drop to the
ground, but .was caught between the sleepers which cross
Stony Bridge, and was dragged a distance of nearly .50 ft.

when the wheels of the tender ran over one leg. The other
leg and arm were crushed in an attempt to save himself.

Fairfield, Pa., October 10.—A collision occurred on the
Beech Creek Railroad near Phillipsburg this morning. Clar-
ence Bradon, engineer of the freight, was hurt about the legs.

Whiting, Ind., October 10.—A Pennsylvania train ran into
an open switch and against two Pullman cars standing on the
track. Engineer Henry Warner and Fireman John Christ}'

were killed. The fireman was beneath the engine, and was
scalded to death by escaping steam.
White River Junction, Vt., October 10.—A through train

on the Passumpsic Division of the Boston &: Maine Railroad
ran otf the track just west of the Connecticut River bridge
near this station to-night. The accident was caused by a
switch being misplaced by an intoxicated switchman. Engi-
neer Rooney was badly hurt by jumping from his engine.
Saginaw, Mich., October 11.—A southbound express on

the Michigan Central Railway ran into a freight train at
Chesaning. The engine, tender, baggage and express cars
were thrown from the track and badly wrecked. The engi-
neer was hurt.

Wheeling, W. Va., October 11.—A collision occurred on

the Wheeling & Lake Erie Railroad near Valley Junction to-

day. Engineer Mears was slightly hurt by jumping.
Norristown, Pa., October 12.—Jacob Raise, engineer on the

North Penn Branch of the Philadelphia & Reading Railroad,

was struck on the head by a mail crane as he was leaning out
of the engine to-night. He was knocked sen.seless bj' the
blow, but after the train had been stopped at Sellersvillc by
the fireman he recovered consciousness and resumed work.

Troy, N. Y., October 12.—William H. Frame, an engineer
on the New York Central & Hudson River Railroad, fell from
his engine to the bottom of the turn-table pit at the Green
Street round-house this afternoon. He was rendered uncon-
scious by the fall.

Bourbon, Ind., October 13.—There was a rear-end collision

on the Pennsylvania Line between two light engines 5 miles
west of here today. The first was being held for orders when
the lecond ran into it. Engineer Parrish jumped from the
engine. He broke his jaw and put out one eye by striking it

against a tie.

Jackson, Mich , October 13.—An excursion train running
at a high rate of speed dashed into another train at this station

this morning. William Whalen, engineer, was badly burned,
and one of his legs was broken. He died shortly after from
his injuries. The first train was just pulling out of the station

and was protected by a semaphore, but it is claimed that the

air on the second section failed to work, and the accident was
the result.

Appleton,Wis., October 13.—Three box cars loaded with
wood ran off a side track near Appleton Junction to-night.

A special passenger train ran into them, the engineer being
struck on the head by a piece of flying wood and badly in-

jured. Three box cars and several passenger coaches were
demolished.
Cumberland, Md., October 13.—A passenger train on the

Baltimore & Ohio Railroad ran into a land slide near Sleepy
Creek to-night. Charles Pennel, the fireman, was thrown
from the cab down an embankment about 40 ft., sustair-

ing injuries about the body and head, and was injured inter-

nally. Engineer Dyche was caught in the engine when ovei-

turned, but managed to creep out on the foot-board, not,

however, until he was scalded by escaping steam.

Buffalo, N. Y., October 14.—A passenger train on the New
York, Chicago & St. Louis Railroad collided with eight coal

cars, which had been blown off the siding at Athol Springs,

a short distance from here this morning. It was storming at

the time, and the engineer could not see the cars until he was
upon them. Jerry Lane, the fireman, was caught in the en-

gine cab and crushed to death. Henry, the engineer, was
badl}' hurt and may not recover.

Chicago, 111., October 14.—A collision occurred between an
engine of the Chicago & Northern Pacific Railroad and a

Baltimore & Ohio passenger train at Archer Avenue to-day.

Mark Murphy, fireman of the Chicago & Northern Pacific

engine, had his head and hip hurt in jumping from the en-

gine. David Ullery, fireman of the Baltimore & Ohio engine,

was also bruised in jumping.
Topeka, Kan.. October 15.—A collision occurred near Pax-

eco, 20 miles west of here, this morning between a freight and
passenger train. Charles Topham, engineer of the passenger
train, jumped and sustained fractures of the skull, from which
he subsequently died.

Pittsburgh, Pa., October 17.—During a fog this morning
the Penn.sylvania Limited ran into some cars at Wellsville, O.,

which resulted in the death of the entire engine crew, which
consisted of Elmer Jackson, fireman, John Carrolhois, a pilot,

and Robert Jackson, the engineer.

Bath, N. Y., October 17.—A Delaware, Lackawanna &
Western passenger locomotive fell over into the turntable at

this place this morning. Engineer James Clarke was badly
injured.

Port Arthur, Ont., October 17.—A wreck occurred this

morning on the Canadian Pacific Railroad near Grand River.

A special train of cars collided with a freight train. Fireman
Wilbridge was killed.

Lynn, Mass , October 19.—Walter S. Clarke, a fireman, fell

from his train near Oak Lsland this evening, and was very
seriously injured. It is thought that a blood-vessel of the

brain is ruptured. He has been unconscious since being taken
to the hospital.

Weigold, N. Y., October 19.—An Erie freight train was
struck by a Syracuse k Oswego express at this point this

morning. Engineer William Worrell, of the Syracuse train,

jumped from his engine and badly sprained his left ankle.

Bavaria, Kan., October 19.—A freight train on the Union
Pacific Railroad ran off the track here at midnight. Engineer
Frank Schuyler was killed.

Evansville, Ind., October 20.—A Louisville, Evansville &
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St. Louis i>iisscngor train ran tlirousili an open switch to Boon-
ville touifilit. wrcckinj; an oniriue an<l several coaches. The
fireman had his slioiil(ler-l)la<le l)roken.

Headina;. Pa., October 20.—A p!is.sen.!;;cr train on tlie I'enn-

sylvania Hailroad cni.shed into I be ri^ar end of a coal train at

Se}'fert's Station this morning. Frank J. Lewis, the tireman,

was badly hurt.

Battle Creek, Mich., October 20 —A disastrous collision

occurred on the Grand Trunk Railroad at this point early

this niorninu;. Tlie engineer and fireman of the I'acilic ex-

press, which ran into a Raymond ifc Whitcomb special train,

jumped and escaped with flight injuries.

Hinghamton, N. Y., Octo!)er 20.— Patrick Neville, a fire-

man on the Erie Railroaii, fell from his engine at Wavcrly
to-day, receiving bad but not serious injuries, the chief of
which was a severely sprained ankle.

Perth Amboy, X. .J., October 22.— A collision occurred this

afternoon in the Tottenville yard of the Stateu Islaed Rapid
Transit Railroad, in wbicli Charles Bedell, fireman, was so
severely injured that he may die from the effects. The acci-

dent was caused by a misplaced switch.

Pittsburgh, Pa., October 22.—A collision occurred between
the Columbian express and an east-bound passenger train on
the Pittsburgh, Fort Wayne & Chicago Railroad at Monroe-
ville, Ind., this morning. Fireman I)ale_y sustained severe
internal injuries, and Engineer R. Cowan was badly scalded.

Birmingham, Ala., Octolicr 22.—A Georgia Central engine
hauling a passenger train exploded its boiler 5 miles from this

point this morning. Engineer Mills and Fireman J. W.
Buchanan were killed instantly.

Cliillicothe, ()., October 23.—A locomotive liauling an ex-

press train on the Cincinnati, Hamilton it Dayton Hailroad
exploded its boiler near Raysville. Engineer F. M. Arnold
and the fireman, F. Shields, escaped with a few cuts and
bruises.

Trenton, N. .1., October 25.—The second section of the
Pennsylvania & Chicago Limited, on the Pennsvlvania Rail-

road, ran into a freight train this afternoon at Bear Swamp,
3 miles east of this city. The freight had jumped the Penn-
sylvania track, and before the latter could be stopped the col-

lision occurred. Engineer David Mahoney and Mathews, tire-

man of the Limited, were badly injured.

Batavia, X. Y., October 25.—William B. Nichols, a pas-

senger engineer on the New York Central & Hudson River
Railroad, was struck by a mail catcher standing alongside the
track as he was leaning out of his cab window at this point
to-da}'. He fell back to the Hoor of the cab unconscious. His
skull was fractured.

Toledo. O., October 25.—A northbound freight on the
Toledo, Ann Arbor & North Michigan Railway ran into a
sink-hole 3 miles north of Hamburg Junction this evening.
The engineer, Beaulien, and Fireman xVlbcrts were caught in

the cab and burned to death before help could reach them.
Portage, Wis.. October 26.— E. R. Crippen, an engineer on

the Chicago, Milwaukee & St. Paul Railroad, was struck by
a switching engine at this ]ioint to-day. Three ribs were
broken, and he was badly bruised.

Salt Lake City, Utah, October 20.—A freight train on Ihe

Utah Central Railroad was derailed by spreading of rails near
this city to day. The engine was overturned, and steam and
water Ijelched forth from the boiler, severely scalding E. M.
Heywood, the engineer.

Elizabeth, N. .1., October 27.—A defect in some part of the
boiler of a locomotive on the Central Railroad of New .Jersey

caused a blowing out of the steam and water at this point to-

night. Engineer W. T. Taylor was severely scalded about
the face, neck, and hands.

Worcester, Mass , October 27.—Harry Blaisdell. a fireman
on the Worcester Division of the Consolidated Railroad, was
struck siiuare in the face by a heavy wooden joist protruding
from a freight train, which stood on (he siding near Woon-
socket to-night. His face was fearfully mangled, and one
side of the jaw-bone was splintered.

Newburg, N. Y., October 27.—Engineer Compton, of tlie

New York, Lake Erie & Western Railroad, wa.s leaning out
of his cab window to discover the noi.se of a rattling under his

engine, when he was struck on the head by a signal pole and
knocked to the ground. His injuries were not of a serious
nature.

Florence, S. C, October 27.—The Coast Line Fast Mail was
wrecked at Salem early this morning. The switch lock was
broken oil and the switch set for the side track. The weather
W!is very foggy, and the engineer did not see the danger until

he turned into the switcli. Engineer .Joseph .1. .Jennings
stuck to his post, and was bruised about the head and scald-
ed about the leg. Fireman Gen. Burnett was bruised about
the body.

Kenosha. Wis., October 28.—A passenger train on the
Kenosha Division of the Chicago & Northwestern Railroad
was thrown from the track by the pilot of the engine dropping
down. The engineir, William Stewart, was scalded so badly
that he died later this evening.

Sonu^rsville, S. C, October 30.—The New York fast freight,

on the South Carolina Railway, ran into a cow three-(iuarters
of a mile west of Jedburg tonight. The engine was com-
jiletcly turned around, and the 15 cars ccuoposing the train

were all derailed. .John S. Whaley, the engineer, was killed,

and the fireman, named Holslander, was badl}' bruised.

Parkersburg, W. Va. . October 30.—A pas.senger train on the
Baltimore it ()hio Railroad ran into the rear end of a freight
train near Chestnut Hill this evening. Fireman Kearncs was
hurt, but not seriously.

Soiitli ileriden. Conn., October 30.—A pas.senger train on
the New York & New England Railroad ran into a l)ox car
on the siding at this point this evening. The cause was a
misplaced switch. The engineer. Baker, was thrown from
his cab throiigh a trestle to tlie ground about 20 ft. below, but
was not seriously injured.

Newcastle, Pa., October 30.—Two engines were in collision

on the Pennsylvania Line near Mahoningtown this evening.
Ijewis Styne, the fireman, and Jacob ^McLean, the engineer,
were badlj' injured.

Norfolk, Va., October 31.—A collision due to an open switch
occurred on the I>ambcrt's Point Division of the Norfolk A;

Western Railroad this morning. The fireman and engineer
were both killed.

Norwalk, O., October 31.—E. B. Squire, fireman on the

Wheeling & I^ake Erie Railroad, was severely injured at

.Massillon, bj" falling from his engine and striking his back
and hips.

Rochester, N. Y., October 31.— The fire of an engine of a

freight train on the New Y'ork Centra! <fc Hudson River Rail-

road burst through the furnace door near Cartersville to-day,

burning Engineer Siener and Fireman Kemp very .severelv.

The accident is said to have been caused by the netting on the
smoke stack becoming clogged.

Honesdale, Pa., October 3L—Two coal trains on the New
York, Lake Erie it Western Railroad collided near Rowland
Station thiseveuing. Peter Haddock, the fireman, was killed.

Our report for October, it will be seen, includes 62 acci-

dents, in which 15 engineers and 13 firemen were killed, and
35 engineers and 23 firemen were injured. The causes of the

accidents may be classified as follows :

Blowing back of fire 1

Boiler explosion 2

Bursting of steam pipe .- 3

Collision .... 25
Derailment 7
Fell from engine 4
Ijand slide 2

Misplaced swiich 7
Powder explosion 1

.Spreading of rails 1

Struck l\y obstruction 4

Struck by train 4

Struck cow 1

62

REPORTS OF DETENTIONS AND DEFECTS OF
LOCOMOTIVES.

The tabular Sununary of Rejiorts of Detentions to Trains
from Defective INIachinery on one of our )irominent lines,

which we published last month, has attracted a consideralile

amoiuit of attention from locomotive suiierintendents and
others in responsible places on some of our railroads. Natu-
rally some inipiiry has followed with reference to the methods
of collecting and keeping such reports. We therefore give
herewith the form of blank which is used on the New York
Central Road for reporting detentions and the causes of them.
These are sent to the general oiru'c ;ind are there recorded and
labidatcil. On those roads where such re|iorls have been
kept, and have then been .systemalically arranged, it has been
fuund that a Hood of light has been thrown on the nature of
the defects of machinery which cause detentions, some of

which, before such investigations have been started, have not
been suspected or their extent and significance has not been
\mderstood. The primary cause of a large iiroijorlion of acci-

dents is a detention. Rei'luee the number of these, and it is as

certain as malhematics that the number of accidents will be
diminished. It is believed that there is no direction In which
railroad managers could make investigations, which would be
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so fruitful of good results, as a careful compilation of reports
of the causes of (ietcntions, such as we have giyen in the table
referred to, would be.

Tlie following is the blank used on the New York Central
Railroad :

NEW YORK CENTRAL & HUDSON RIVER RAILROAD.

HARLEM DIVISION.

Engineer's Train Bepori Dinsion.

Train No Dale.

Entjine No Number of Cars

Leaving Time Card Actual Time.

A)i'ivinq lime Card Adual Time.

Engineer Time Lost.

Fireman.

CA USE OF DETENTION, ETC. .

It has also been found on the New York Central Railroad,
and doubtless on other lines as well, that many of the men
have an aversion to or apprehension of making a written re-

port. They do not know how to express themselves correctly,

and are afraid of revealing their ignorance in some way. They
have not the same feeling about assenting or dissenting to or
from any question relating to their locomotives or their

duties. Acting upon this general idea. Mr. Buchanan has
prepared a list of inquiries relating to the condition of the
brake equipment on the engines on his road, and which merely
require an X mark to indicate the condition of the part, or
whether it performs its function properly. It is found that

the men will report more willingly and fully if a blank of this

kind is provided, than they would if required of their own
volition to say what is wrong and what parts are in good con-
dition. It has besides the advantage, which all catechisms
have, that the question suggests an investigation into the con-
dition of the part inquired about. If an engineer is asked
whether the " throttle-valve of his air pump-needs grinding,"
or whether " the bralce-valve handle moves too hard," he will

be more apt to find out whether such defects exist or not than
he would be if they were not suggested by the question. His
answer is readily given by making his X mark or omitting it.

Those of us who were born with the alphaliet on our lips, and
into whose hands a pen was put almost as .soon as we could
grasp it, have little idea what a formidable matter it is for a
person who has little familiarity with the three cardinal R's to

express himself in vvriting.

We believe we are staling an exact fact in saying that there
are many locomotive engineers who would rather encounter a
collision on the road than to write a report of one. To such
men a blank like the following for reporling the defects of
their air-brakes is a great boon, and it is also an advantage to

tho.se who should have the fullest information concerning the
condition of this part of the equipment of the roads for whose
successful operation they are responsible.

NEW YORK CENTRAL & HUDSON RIVER RAILROAD COMPANY.

Office OF tue Supekintendent op Motive Powekand Rolling Sto(-k.

W-M. BUCHANAN, Superintendent.
October Ut, 1893.

ENGINEER'S DAILY REPORT OF REPAIRS NEEDED TO AIR

BRAKE EQUIPMENT ON ENGINE NO

To the Despatcher of t/ie Jiound House at

.

(Engineer's notation marked t.Uns:—*'X." Inspector's notation marked

tliiis:—"O. K.") in column as shown.

Pump will not work

Pump will not compress air fast enough

Pump does not get oil enough

Throttle valve needs grinding

Regulator needs to be adj usted

Regulator requires too great a reduction of air

Engineer's brake valve, handle moves too hard

Engint-er's brake valve, rotary valve leak.s

Engineer's brake valve, piston valve leaks

Engineer's brake valve, feed valve leaks

Engineer's brake valve,handle spring is weak or broken

Engineer's brake vale, reserve pressure is not right. ..

Piston travel, tender brake cylinder

Piston travel, driver brake cylinder

Main reservoir needs draining

Auxiliary reservoir on engine needs draining

Auxiliary reservoir on tender needs draining

Train pipe drain cap needs draining

Triple valve needs draining

Triple valve needs

Leaks, driver brake leaks off

" tender brake leaks off.

*' in brake pipe—train line

" between pump and engineer's valve

Hose, defective at front end of engine

defective at rear end of tender

" between engine and tender, defective

New shoes, on driver brake

" on lender brake

Brake cut out on engine account of

Brake cut out on tender account of

Air signal out of order

MiscellaneouB

O. K.

Engineer Date.

Inspected and repaired by Inspector.

Date .189

Note.—Date, Name, Number, etc., must be shown when report is made,
by both Engineer and Inspector, and the Inspector w ill be required to make
a daily inspection of each engine, whether reported or not, and if any
defects are fonnd, not noted on report, the same must be repaired and
marked O. K. in Inspector's column.;
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ENGINEERING SOCIETIES OF AMERICA.
(Compiled rroin u Table prepdrcd liv Professor J. B. Jolineori. of St. Loniis

December 21, ISUS.)

Nahk or Society.

N.\t:onal.

Amcricnn Society of Ciyil Engineers

Ameriran Institute of Miiiinj; Enjjineers,
American Soc. of Mecliaiiical Kngineers.
American Inst, of Electrical Engineers. .

.

Total

1852

1871

IK81

18fM

Local or Sbctional.

Boston Society of Civil Engineers.

Enginecra' Club of St. Louis

Western Society of Kngioeers

Engineers' Club of Philadelphia

Civil Engineers' Club of Cleveland

Engineers' Society of W. Peuusylvania..

Denver Society of Civil Engineers

Engineers' Society of St. Paul
Engineers' Club of Minneapolis

Technical Society of Pacific Coast

Canadian Society of Civil Engineers

Mont ina Society of Civil Engineers
Engineers' Club of Kansas city

Engineers' Clnb of Cincinnati

Engineering Association of the South...

Wisconsin PolyleclrMC Society
Engineers' and Architects' Club, Louis

ville, Ky

Total.

1818

1809

1869

1677

1880

1880

1882

1883
1881

18*4

1887

1887

1888

1S89

189(1

1891

^1^

1,54.3

•J,398

1,5PS
1)13

6,136

302

180

498

458

155

4'.i0

45
30

•J50

683

54
i9

128

122

43

74

1,491

$.30 00

10 00
•£> 00
6 00

10 00



Vol. LXVII, No. 14.] AND RAILROAD JOURNAL. 597

maximum breadth molded 36 ft. An average speed of 14

knots per hour for four consecutive hours will be required.

Gun-boats Nos. 7 and 9 have been designed for a special pur-

pose in rivers and shallow waters of China. Their length

with normal displacement is 350 ft. 6 in., with a ma.ximum
breadth molded line of 40 ft. The lowest bid was from the

Newport News Ship & Bngine Building Company, for all

three boats $280,000 each, or $290,000 for No. 7.

Double Gun Carriage.—A new form ,of gun carriage has

recently been tested at the Naval Ordnance Proving Ground
at Indian Head. Two guns have been mounted on a single

carriage which is capable of turning the weapons together

with one mechanism. The guns were 4-in. caliber, and were
fired under all possible conditions. The results were emi-

nently satisfactory, but the Ordnance Board is in doubt as to

whether the advantages of the arrangement will offset the dis-

advantages. On the one side, the system has to commend it the

lighter weight of two guns on one mount and the ability of

having two projectiles where ordinarily but one would be de-

livered. Against these conditions is the liability of disabling

two guns instead of one, for damage to the carriage would
mean putting out of battle two weapons. The present car-

riage will probably be mounted on the forecastle or poop deck
of one of the ships of war. It is not likely, however, that the

system will be extended to the Navy generally.

A Curious Railway.—Spain has a novelty in the way of a

submerged railway. It runs through the surf at Oreton, near
Bilboa, 650 ft. out into the ocean. The mines of Oreton are

extremelj' rich in iron, but tliere is no harbor there, and great

difficulty has hitherto been experienced in getting the ore to

the ships. Now that the submerged railway has been built,

it is a simple matter. It runs out into deep water, and an
iron tower, 70 ft. high, worked by counterbalances, runs from
the cliffs to the waiting vessels, which are moored, bow and
stern, in the roadstead. When the tower arrives at the ship,

its top, bearing the load of ore, is about level with the vessel's

deck. As soon as the iron is loaded on the ship the weight of

the counterbalances pulls the tower back to the cliff, where it

runs up to a chute, and automatically opens its mouth. The
chute comes down from the mines, and, when it has dropped
on the tower enough ore to overcome the weight of the coun-
terpoise, the tower starts away to sea again. This movement
is kept up until the vessel is filled. All that is necessary to do
to start the tower on its peregrinations and put the submarine
railway in operation is for the miners to drop ore into the

chute.

—

Montreal Witness.

Electric Hoists for Whalebacks.—A new departure is

promised in connection with the proposed new ore docks for

the whalebacks at Couneaul, O. Permanent bridges will span
slips 100 ft. wide for the operation of electric hoisting ma-
chines. These bridges will be high enough to clear the decks
of the whaleback barges by 30 ft. The design is for the steamers,
which will tow two consorts each, to put her barges far into

these great slips, and then to follow head in, the three passing
under the trestle bridges, except that the stern of the steamer,
with her stack, will be outside the outer trestle. The cars

will then run directly over the hatches, dumping the ore on
either side of the slip. After the power house is supplied with
men, the electric hoists require only one man to a car. He
travels with the bucket, and dispenses with the signal men and
extra engineers and firemen required by the steam hoists

The same power that propels the machinery generates light,

so that the stock piles and the holds of the boats can be illu-

minated and the work carried on by night as well as by day.

—

Evening Wisconsin.

The Most Suitable Coal for Use on War Ships.— It has
been shown that the true practical value of coals for steam
purposes depends upon a combination of qualities which
could only be elicited by carefully and properly continued
experiments. These qualities, so far as regards steamships of
war, are referred to as follows :

1. The fuel should burn so that steam may be raised in a
short period, if this be desired ; in other words, it should be
able to produce a quick action.

2. It should possess high evaporative power—that is, be
capable of converting much water into steam, with a small
consumption of coal.

3. It should not be bituminous, lest so much smoke be gen-
erated as to betray the positions of ships of war when it is

desirable that this should be concealed.
4. It should possess considerable cohesion of its particles, so

that it may not be broken into small fragments by the constant
attrition which it may experience in the vessel.

5. It should combine a considerable density, with such
mechanical structure that it may easily be stowed away in a

small space ; a condition which in coals of equal evaporative

values often involves a difference of more than 20 per cent.

—

Coal Trade Journal.

Trial of the " Columbia."—The official trip of the cruiser

Columbia was held off the coast of Massachusetts on Noviin-
ber 18, where the remarkable speed, at one point of tlie run,

of 25.81 knots was attained, giving an average speed of 22. SI

knots over a course C'f 82.82 nautical miles. Inasmuch as her

contract speed was 21 knots, with a premium of $50,000 for

each quarter knot in excess, it is probable that when the offi-

cial records are published, it will be seen that the Messrs.

Cramp will be allowed a bonus for seven quarter knots in ex-

cess, or |3.50,000. The maximum revolutions of her propel-

lers was about 138 on the port and starboard engines, and 132

on the after engines. Her average steam pressure was 155 lbs.

to the square inch, developing 21,500 H.P., and burning about
30 tons of picked Pocahontas coal an hour while running over
the course. The vessel was run under a forced draft on the

closed fire-room principle, the crew in the engine-room con-
sisting of 264 men. The Columbia thus becomes the swiftest

sea-going ves.sel afloat, the nearest approach to her in point

of speed being the warship Neure de Julio, owned by the Ar-
gentine Republic, which was built by the Armstrongs. Her
greatest speed was 23.74 knots. The differences in the tests,

however, are very greatly in favor of the Colurnhia, inasmuch
as she ran for nearly 100 miles without any slowing down,
while the Neure de Julio ran for only 22 miles. It is probable

that, were the same rules to govern trials in this country as ob-

tained abroad, the Columbia would be rated as a 25-knot ship,

for .she attained more than this speed over an 8-miIe stretch.

The requirements, however, in this country are higher than
elsewhere. The arrangements of the engines and boilers in

the Columbia are practically the same as those of the Minne-
apolis, which were illustrated in our issue of September of

this year.

Spanish Cruiser "Infanta Maria Teresa."—The latest

addition to the Spanish Navy is one of a class of cruLsers, for

the construction of which the Government four years a.go

granted an extraordinary credit of about $50,000,000. It

was built in Spain at a shipyard and engine building shop of

which the country is very proud, although it was created

almost entirely by English influence, imported its machinery
from England, from which country also it still draws its chief

workmen. The Infanta Maria Teresa is built entirely of

Siemens-Martin steel. It is 340 ft. long between perpendicu-

lars, 364 ft. over all, 65 ft. breaiith of beam, 28 ft. tleep, and of

7,000 tons displacement on a draft of 21 ft. 6 in. It has a ram
bow and two military masts, with signaling yard crossed on
each. For 315 ft. amidships the vessel has a 12-in. cammell
steel armor belt 5 ft. 6 in. broad, backed bj' 6 in. of teak.

The ship has eight torpedo tubes. The principal armament
includes two 28- cm. guns mounted in barbette turrets, ten

14-cm. guns, two 7-cm. guns, eight 57-mm. Nordenfeldts,

two U-mm. Nordenfeldts, and eight Hotchkiss. The pro-

pelling engines are of the vertical triple-expansion surface-

condensing direct-acting type, driving twin screws, and are

designed to develop collectively about 13,500 indicated H.P.
with forced draft, the contract speed for which is 20 knots.

The cylinders are 43.63 and 92 in. diameter by 46 in. stroke.

There are over 50 separate and auxiliary engines in the vessel.

The propellers are three bladed, of bronze 16 ft. 5 in. in diam-
eter and 20 ft. 6 in. pitch. Steam is supplied Ijy four double-

ended boilers 16 ft. 3 in. in diameter, and two single-ended

boilers 15 ft. 3 in. long by 10 ft. 6 in. in diameter, workmg at

a pressure of 150 lbs. to the square inch, the test pressure being

250 lbs. The grate surface is 845 sq. ft. ; tube surface, 22,270

sq. ft. ; total heating surface, 25,920 sq. ft.

Police Boat for New York Harbor.—There is being built

at the yards of the Marine Department of the Maryland Steel

Company, at Sparrow's Point, near Baltimore, a twin-screw

steel steamer for the Police Department of this city. This
vessel will be named Patrol, and will be used for police work
in and around the harbor of New York.
The dimensions of the boat are :

Length over all 143 ft. 6 in.

" between perpendiculars 135
"

Beam 23
"

Depth amidships 10 " 6
"

Draft of water, forward 6
"

" " " aft 8
"

The material used is all mild steel, the plating being put on
in six in and out strakes, averaging about 15 lbs. per scjuare

foot. The bar keel is 6 in. X H in., and stem is 6 in. X' IJ in.

The stern-post is of cast steel 6 in. X 3 in. at the top, tapering

to 1* in. at heel. The frames are angles 3 iu. X 2] in., spaced
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21 in. between centers. The reverse frames are 2i in. X 2J in.

The bilge, licelson, ami liold stringer lire (loul)le aiigle-s H in. X
2i in. "Forward at tlie water-line the plating is doubled as a

protection against ice.

The engines consist of two compound surface-condensing,
inverted direct-acting, operating twin screws 6 ft. in diameter
l)y S) ft. pitcn. The cylinders" are Vi in. and 24 in. respec-

tively for the high and low-pres.sure by 18 in. strolse. The
air-pumps are worked by low-pressure cross-heads. The rir-

cnlating pumps are of tlie centrifugai type worked by inde-

pendent engines. The main engines arc reversed l)y steam,

and so arranged that one man can control both of them.
The liigh-pressure cylinders are equipped witli a piston-

valve, and tlie low-pressure with a double ported slide-valve

of the Trick pattern. Steam of 120 ll)s. pressure will be fur-

nished by two Ijoilers of the gunboat type 17 ft. (i in. long X
7 ft. 9 in. diameter. Thickness of shell, + in.; heads, g in.

Each boiler lias two corrugated furnaces 30 in. diameter X
7 ft. 6 in. long, and .seventy -eiglit 'S in. tubes and seventy 3| in.

tubes. The engines and lioilers are so piped as to guard against

total disability in case of ordinary accident. The main engines

are e.x|)ected to develop 500 indicated II. P., and should drive

the boat at about 16 statute miles per liour.

There is a large deck-liouse arranged on the main deck. At
the forward end there is a handsome saloon containing the

main companion-way. Tliis saloon is finished in ash. Abaft
this saloon are the mess-room for the crew, pantries, store-

room, and a large galley. The upper engine room is finislied

in red oak and white bass, and abaft tlie engine-room is a large

ladies' saloon finished in butternut. Opening off tliis saloon

are two state-rooms with a toilet-room. On the top of the

deck-house is a pilot-house and a smoking-room, both finished

in mahogany. On the berth deck forward is the forecastle,

and separated from this by a bulkhead is tlie main dining

saloon, about 12 ft. X 20 ft. On each side of the companion-
way leading to this saloon are two large double stale-rooms

for guests and four single ones for the captain, mate, chief

engineer, and first assistant.

The boat is liandsoinely furnished throughout, and will

make a notewortliy addition to tlie Heet of New York Harljor.

The boat is divided by four water-tight bulkheads, and is

equipped with a steam steering-gear and a complete electric

lighting system, including a 4,000-eandle power search light.

There is also a Worthington duplex fire-pump 14 x 9^ x 10,

designed expressly for this boat, which can be used as a

wrecking pump when desired. It has a capacity of 48,000

galls, of water per hour. There are two masts 60 ft. long of

12 in. diameter.
The total cost of the boat will be about $55,000, delivered

in New York Harbor. This price is very cheap when com-
pared with Ijoats of similar character, and tlie Police Depart-
ment is to be congratulated on its purchase.

PROCEEDINGS OF SOCIETIES.

Civil Engineers' Club of Cleveland.—A monthly meeting
of tills Club was held on October 10, and a paper on the Cam
and its Importance in Modern Development of Manufactures
read by Mr. F. H. Richards, of Hartford, Conn.

Boston Society of Civil Engineers. —The regular meeting
of the Society was held on tlie evening of November 15. A
paper by Arthur \V. Ilunking was read, entitled Notes on
Water Power Equipment and Considerations affecting the

Selection of a Turbine.

Place of Meeting of the Master Mechanics' and Car-
Builders' Associations Next Year.— I'hc .loiiit Committee
of tlie two Associations lias decided on Saratoga, N. Y., as

the iilace for the next Convention. Mr. K. C. Hlackall, of the

Delaware & Hudson Canal Company, is Chairman of the

Committee of Arrangements ; Mr. S. A. Crone, of the New
York Central Line, will represent the Car-Builders' Associa-

tion, and Mr. Thomas Purves, .Ir., the JIaster Mechanics on
that committee. Application for rooms should be made to

Mr. II. S. Clements, Manager of Congress Hall—where the

Associations will meet—for rooms.

American Society of Mechanical Engineers.—The annual
meeting of this Society will be helil at lis house. No. 12 West
Thirty-first Street, from December 4-8. The first session will

be held on Monday evening, at which Mr. Eckley B. Coxe,
the President, will deliver the presidential address, after which
there will lie a .social reunion. The regular business and ]iro-

fessional sessions of the meeting will commence on Tuesdaj'

morning, and he held in the morning and evening of Tuesday
and on the mornings of Wednesday, Tliusday, and Friday.

The following is a list of papers which will be read : A. K.
Mansfield, The Buckeye Engine Valve Gear ; R. H. Thurs-
ton, The Maximum Contemporary Economy of the High-pres-

sure Triple-expansion Engine ; George A. Morison, Expan-
sion Bearings for Bridge Superstructure ; Barton Cruikshank,
A Device for Drill-jigs ; Frederick A. Schcttler, A Curve
Delineator ; Frederick W. Taylor, Notes on Belling ; R. C.

Carpentctr, Some Experiments on the Effects of Water Ham-
mer ; R. C. Carpenter, Constants for Correcting Indicator

Springs which have liecn Calibrated Cold ; W. S. Aldrich,

The Use of the Indicator in Dynaiuonietric Testing ; R. C.

Carpenter, A New Form of Prony Brake ; D. S. .lacobus,

A Comparison of Mean Effective Pressures of Simultaneous
Cards 'faken by Different Imlicators ; II. L. Gantt, Recent
Progress in the Manufacture of Steel Castings ; William A.
Pike, Steam Piping and the Etliciency of Steam Plants;
Charles II. Manning, A Jlethod of lianufacture of Large
Steam-pipes ; James B. Stanwood, Strength of Rim-joints in

Fly-band Wheels ; R. C. Carpenter, Experimental Determina-
tion of the Effect of Water in Steam on the Economy of the

Steam-engine ; F. A. S('lieftier, Test of a Boiler using Grates
with a Small Percentage of Openings ; William A. Rogers,

The Cumulative Errors of a Graduated Scale ; William II.

Francis, A Modern Disinfecting Plant ; W. S. Crane, Crucible

Furnace using Petroleum ; David Guelbaum, Theory of Direct-

acting Steam Pumjis.
On Wednesday evening there will be a reception at Sherry's,

Thirty-seventh Street and P^ifth Avenue.

Engineers' Club of Philadelphia.—At a meeting of the

Club on November 18 a paper was read by Mr. Pierre Girnii

on the Grinding of Portland Cement. He stated that when
well-burned Portland cement is fresh from the kiln, it presents

itself in the shape of black or greenish-lilack clinkers of great

hardness and density. Tlic agency of powerful machinery is

required to firing these clinkers to the state of very fine pow-
der. Even after the most thorough grinding the powder is

still gritty, owing to the presence of fine grains which liave

not been reduced to an impalpable powder. Until a few years

ago the fineness of grinding was considered of secondary im-

portance, liut latelj' it has become one of the essential quali-

ties of slow-settling cements.
The first operation consists in breaking up tlie large lumps of

clinkers. For this a jaw-crusher of Ihe Blake type is gener-

ally used. The product of this crusher is still too large for

the final operation of grinding, and an intermediate process is

necessary to further disintegrate the material. This is done
in most American cements by a pot-cracker or coffee-mill, but
the general use of crushing rolls in other mining industries of

the country will eventually lead to their adoption by cement
manufacturers.
The final grinding is done almost universally with mill-

stones. The stones are of a special quartz formation, and
from 4 to 5 ft. in diameter. They weiffh over a ton each, and
last about a year. The European practice is to run the upper
stone at 90 to 120 revolutions per minute, and when working
under favorable conditions it may be estimated that an ex-

penditure of 30 to 35 II. P. will give a ton of finished cement
per hour. The practice in America is somewhat ditTerent.

The millstones are smaller, generally not more than 36 in., the

upper being stationary, wliile tlie lower is driven at a very

high speed, sometimes over 300 revolutions. The cost of

grinding in this country is greater than in Europe, and the

cement is not, as a rule, as finely ground.
The efforts made to supersede the millstones liave resulted

in the adoption by several cement works in Germany of the

Jewish ball-mill.
" In this country the Griffin mill in its im-

proved form has been adopled by some cement makers. A
successful grinding machine should be capable of developing

great power, and its mechanical construction should be such
as to produce-the maximum effect for an unlimited time with
the least wear and tear. These conditions implv simplicity

and massiveness. The pulverizers of the present Jay are more
or less deficient in these reciuirenienfs. This circumstance has

led the author to lake part in the efforts that have been made
to solve the problem. His researches have culminated in the

construction of Ihe Morel Ball Pulverizer, of which illustra-

tions have been pre]iared to accompany this paper. The
principle of this mill is one in which the grinding is accom-
plished partly by percussion and jiartly by pressure.

_
The

principal part is a large steel ring having a concavity in its

inner sich;, in which s])herical lj;ills are made to fit loo.sely.

These balls, 9 in. in <lianieter, arc four in number, and made
of solid forged steel. They are located between the arms of a
dividing armature, also made of steel, and set on the vertical
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shaft placed in the center of the mill. A circular screen is

placed over the ring, allowing the finely ground material to

pass through the holes, and rejecting the coarse part under

the balls. The material is introduced from an automatic

feeder located oh the mill itself. The pulverizer complete

weighs ovei 9 tons, of which nearly 5,000 lbs. is specially-

treated steel. It is believed to be the largest grinding-machine

ever built.

Technical Society of the Pacific Coast.—At a recent

meeting of the Society Admiral Sclwyn read a paper on the

E.Kisling State of the Fluid Fuel Question, in which he staled

that he had been engaged in working upon the problem of

burning oil since 1867, and that the results which he obtained

were certainly very remarkable, in that no change was re-

quired in the furnaces, stating that any engineer can pull out

his coal grate and put the oil burning furnace in in 48 hours
at the most, and it will not take much longer to make the

injector and tit the pipes and tank. It can all be pulled out

and the boiler be burning coal again in 34 hours.

In making a comparison between oil and coal as a fuel, he
states that, owing to the fact that the atoms of the oil are more
widely separated than those of coal, less work is required in

effecting their union with oxygen, and instead of si.\ units,

less than four will be wanted. Owing also to the hydrogen
present, the theoretic calorific value will be 21 instead of 16 ;

21 less four leaves 17 units for evaporative duty instead of 10,

and 16 9 lbs. of water were, in 1869, actually evaporated per

pound of oil used in experiments with a boiler of 160 nominal
H.P., burning heavy oil of lubricating quality, and having a

specitic gravity greater than salt water. The experiments
lasted nine months and were undertaken for the British Ad-
miralty, being under the close supervision of their own engi-

neer the whole time.

There is a most important difference between the blowing in

of oil by means of steam as compared with blowing in with
air, which is not by any means generally understood. The
steam contains h3'drogen, and the air does not. One lb. of

steam (considered as water) is required to blow in 1 lb. of
heavy oil at common pressures, up to 50 or 60 lbs. on the
inch, less as that pressure is increased. This has been com-
plained of by some persons, as if it were a heavy tax on the

boiler using oil. But as a fact, for which I can vouch, each
pound of steam so used produces the full calorific effect due
to its hydrogen, and adds to the duty of the oil fuel seven
more units of heat, bringing the evaporation up to 22 or 28
lbs. of water (measured from the supply tanks) per pound of
oil and steam burned. The hydrogen, finding incandescent
carbon in the furnace unites with it to form hydro-carbon,
and is then burned with the above useful effect. Houghl}', in

this manner, there can be obtained three times the evaporative
duty of the best steam coal. Now the h.ydrogen, being a gas,

is " fluid," but nDt " liquid" fuel. Being a gas the loss in

dissociation is not more than one unit of heat, and it readily
combines oxygen, as we know from the oxy-hydrogen blow-
pipe, to produce intense heat. We have therefore entered on
the use of pure gaseous fuel derived from water, and auto-
matically produced.
At any rate, I have long ago seen it burned, and burned it

myself under ordinary marine and Cornish boilers with a re-

sult of measured evaporation from oil, hydrogen, and nitrogen
together, of no less than 48 lbs. of water per pound of^oil
used, plus the above gaseous substances, which cost just noth-
ing at all.

This is six times the power of evaporated, " or calorific

value," of the best steam coal, and will enable future engi-
neers to drive a steamship round the world, or a railway train
across the continent, at full speed, with one supply of fuel
weighing no more and occupying less space than a single sup-
ply of coal.

I am not yet prepared to give full information as to how the
nitrogen is burned, nor as to higher duty than six times coal,
which is no doubt possible, but no changes are needed in the
furnace, or the injector shown, nor any other which cannot
easily be carried out by a .ship or railway engineer. All the
data I have given are taken from notes made during the
actual working, and were checked by civil and naval engi-
neers, to whom my work was .always openly shown, is as far
as I could be certain of the causes jnd effects. Of course I

drew many inferences, which I am slow to bring forward till

everything can be tested and proved to complete demonstra-
tion, knowing well how necessary such caution is before as-
serting a new truth or science, or indeed any departure from
long-established practice, however absurd it may become in
the light of later discoveries. As far back as 1869 I had not
only heard of but carefully examined cases of high evapora-
tion, but I could never find any one who knew what cause to

assign it to, till I actuallj' saw in my own furnace the apple-
green flame of burning nitrogen, as described by some of the
older chemists (who knew well that it was a combustible of
great power, though gun-cotton and dynamite had not then
been invented), and got 48 lbs. of water evaporated per pound
of oil used bj' the assistance of the hydrogen of the steam and
the nitrogen of the air. These latter, then, their nature and
their effects have justified. I submit the new nomenclature

;

I have used " fluid" instead of licpiid fuel, for while all liquids

and all gases are fluid at our ordinary atmospheric pressure,
the gases are not liquids, and such a compound fuel as I have
been describing cannot properly be comprised under the term
of liquid fuel.

In the di.scussion that followed it was very evident that the
members were somewhat doubtful as to the accuracy of the
results which had been obtained, and it was shown that other
experiments in oil burning, especially those of the Solona and
other ferry-boats which were used in San Francisco Bay, did
not show the economy and the great advantage which was
claimed for burning of oil in these boilers.

PERSONALS.

Mr. p. T. Lonerg.\n has been appointed Master Mechanic
of the Rome, Watertown & Ogdensburg Railroad, vice Mr.
George H. Haselton.

Mr. J. T. Odell, late General Manager of the Baltimore &
Ohio Railroad, has been elected Vice-President of the New
York & New Kngland Railroad.

Ml!. J.VMES Bucn.\N.\N has been appointed A.ssistant Super-
intendent of Motive Power in charge of divisions east of Syra-
cuse on the New York Central & Hudson River Railroad.

Mr. E. H. Becki.er, late Chief Engineer of the Pacific ex-
tension of the Great Northern Railway, has been elected an
honorary member of the Montana Society of Civil Engineers.

Mr. George H. Haselton has been appointed Assistant
Superintendent of Motive Power in charge of divisions west
of Syracuse, on the New York Central '& Hudson River Rail-
road, vice Mr. J. D. Campbell, resigned.

Mr. R. B. Campbell, General Superintendent of the Trans-
Ohio Division of the Baltimore & Ohio Railroad, has been
appointed General Manager to succeed Mr. .J. T. Odell, who
resigned. This appointment took effect on November 1.

PHINEAS DAVIS.

In 1831 the Baltimore & Ohio Railroad Company offered a
premium of $4,000 " for the most approved engine which shall

be delivered for trial upon the road on or before June 1,

1831 ; and $3,500 for the engine which shall be adjudged the
next best." The requirements were as follows :

" The engine, when in operation, must not exceed 3J4 tons weight, and
must, on a level road, be capable of drawing day by day 15 tons, inclusive
of ihe weight of wagons, at 15 miles ])er hour."

In pursuance of this call upon American genius three loco-
motives were produced, .but only one of them was made to an-
swer any useful purpose. This engine. The Turk, was built

at York, Pa., and was brought to Baltimore over the turnpike
on wagons. It was built by Davis & Gardner, and was de-
signed by Phineas Davis, of that firm, whose trade and busi-
ness was that of a watch and clock maker. After undergoing
certain modifications it was found capable of performing what
was required by the company. After thoroughly testing this

engine, Mr. Davis built others which were the progenitors of
the "grasshopper" engines which were used for so many
j'ears on the Baltimore tt Ohio Railroad. It is a remarkable
fact that some of these are still in use on that road, and have
lieen in continuous service for over 50 years, which is probably
the longest active life of any existing locomotives.*

Notwithstanding the fact that Phineas Davis was one of the
earliest and most ingenious constructors of locomotives in this

country, very little has been known of him until quite recent-
ly. Some months ago Mr. John C. Jordan, a resident of
York, Pa , interested himself in the subject, and prepared an
account of the life and achievements of Davis, which was pub-
lished in the Gazette, a daily paper puTilished in that place,

from which Mr. Jordan has kindly permitted us to republish
the following extracts :

" Phineas Davis was horn in Grafton County, N. H., and
was the son of Nathan and Mary Davis.

" He came to York when he was about 15 years old, poor,
friendless and unknown. He presented himself barefooted,
wearing a straw hat, and a bundle under his arm, to .Mr. Jona-

* From au article in SciiOncr't: Magazine of August, 18ti8.



6oo THE AMERICAN ENGINEER [December, 1893.

than Jessup, a clock and watcli maker, asking for employ-
ment. Mr. Jessup was stnuk with liis intelligence, and em-
ployed him at onee. He remained lure until lie was 31 years

of age, and attained to great prolieieney in Ins business. Mr.
Pavis had llii^ repulatiiin among those wdm knew him of l>eing

very reliable and amliitious. Toward the close of his service

with Mr. .lessup as a watch maker he maile a miniature gold
watcli of beautiful design about the size of a dime, which was
an excellent timepiece, and attracted nuicli attention as beinir a

remarkable production. This watch afterward came into pos-

session of his son, Willis Davis.
" Mr. Davis became a member of the Society of Friends

.July "), 181.5. lie was marrie<l on November I.'), 1826, in the

Friends' meeting house in York, to Hannah Taylor. He had
by this marriage two sons. Willis and Nathan. Willis Wiis ap-

p >inteil an engineer in the U. S. Navy, and afterward entered

the Confederate service. Nathan enlisted in the Union Army,
and lost his life in Virginia.

" Mr. Davis, being an inventive genius, next turned his atten-

tion to the manufacture of steam engines, and formed a part-

nership with Mr. Israel Gardner, under the firm name of Davis &
Gardner, in a foundry and machine shop.

" The tirst production of this firm of any importance was
the iron steamboat Codorus, which was launched on the Sus-

(luchaiina Klver about 1828."

Of this steamboat ver}' little is known. In another article,

]iublislie<l in the same paper from which we have quoted, Mr.
.Ionian quotes from a letter received from Colonel Granville

Haller, a native of York, but now a resident of Seattle. Wash.
He was born in 1819, and in his letter to Mr. .Jordan says :

"The subject recalls to memory my witnessing the steam-
boat Codorus on wheels passing along JIain Street, York, and
when it reached the market square the width of the passage-

way was iusutiicient for the boat to get through, owing to an
awning frame, whose supporting posts stood at the curbstones

in front of the Demuth store, at that time in the Stair Building
on the northwest corner of Main Street, when the awning was
torn down without ceremony to enable the elephant to pass

through at that corner. I was then a boy about 9 years of

age.
" Small as 1 was. Mr. Davis in those days enjoyed an en-

viable reputation, among even the boys, as an ingenious me-
chanic as well as an inventor— also a Mr. Grimes (V)— I think

tliat was his name. The former to us was a ' Big Injun heap '
!

—somebody above the ordinary run."
Another correspondent. General William B. Franklin, now

a resident of Hartford, Conn., wrote to Mr. Jordan :

" I remember hearing about the steamboat Codorus, which,
if my memory serves me, came to a sudden end by the buist

ing of her boiler."

Continuing his account of Mr. Davis's life in the York Oa-
zette, ,AIr. Jordan says :

" III January, 1831, the Baltimore & Ohio Railroad Com-
pany issued an adverli.sement offering liberal inducements to

the mechanical skill of the country for the production of coke
or coal burning locomotive steam engines. In response to this

call upon American skill, three engines were offered in com-
petition. The engine selected was called T/te York, construct-

ed by Phineas Davis at the establishment of Davis & Gardner,

on South Newbury Sireet. This engine was accepted as the

best anil init into active use on the railroad. As lliis was the

first coaMiuniing locomotive steam engine ever built in the

United States, York has the undoubted claim to that honor.
" The York ilazetU; of February 1, 1831, contains the follow-

ing notice of the offer of the Baltimore & Ohio Railroad Com-
jiaiiy for steam engines ;

LOCOMOTIVE STEAM ENGINES.
" ' The Biltimore & Ohio Railroad Company being desirous

to obtain a supply of American manufa(^tured engines for their

railroad, offer $4,'U0I) for the most approved enjiine which shall

b J delivered for trial on their road on or before the first day of

J.ine next, and $3. ")()() dollars for the second best.
" ' The engine must burn coke or coal, and consume its own

smoke ; it must be capable of drawing 15 tons at 15 miles an
hour : it must not weigh more than 3j tons ; the pressure of

the steam not to exceed 100 lbs. to the sijuare inch ; less press-

ure is preferred.
" ' Davis & Gardner have been engaged in building an en-

gine for some time past, and expect in the course of 10 or 15

days to have it conveyed to the city of Baltimore. We look

forward to the trial with anxiety.'
r ," 'I'he York (Juzctte of February 15, 1831, has this notice of

the day on which the locomotive will be taken to Baltimore :

" ' The locomotive steam engine made by our citizens, Messrs.

Davis it Gardner, is placed on runners, and will leave York for

Baltimore this day.

" ' Those of our citizens who have not visited it during its

construction will not be less surprised to .see it pass through
the streets than they were some years since on beholiling the

iron steamboat CWc/w/.v making a similar passage. On its ar-

rival at Baltimore, it no doubt will be received with applause
and be followed by crowds to its place of destination.'

" Pliincas D.ivis .soon after becanie .Manager of the Balti-

more it Ohio Railroad shops. The first steel sjirings used in

this country were placed upon 'J'hc York, Davis's locomotive
and tender, in September, 1832, under the superintendence of

.Mr. Davis.
" Mr. Davis was killed by an accident on the Baltimore &

Ohio Kiiilroad between Baltimore and Washington, on bis return

from Washington, where he had gone on the trial of an engine
on September 2Tth, 18ii5.

" The York dazctlc of October 10, 1835, published an obitu-

ary, copied from the Baltimore Pntriot."
After relating the jirincipal events of his earlv life, it is said :

" ' Being endowed willi inventive talents and industry of

thought, and the bias of his mind leading to investigation into

the princijiles of things, Mr. Davis next turned his attention

to chemistry ; soon, however, be applied himself to the science

of steam, and as a consequence to the construction of steam
engines, in which he took great delight. He luirsued the

business in that town for several years, making many exiicri-

ments the while, tending to develop and illustrate the capabili-

ties and power of that mighty agent, steam, and thus to serve

a public end, though without materially advancing his private

interests. He, in connection with his partner, built several

steam engines, of various power and for various purposes,

while prosecuting the business at York. In these the hand of

improvement was constantly visible. Mr. Davis was literally

a self-taught man, and, like all eminent men of that class, in

whatever <iepaitment of science or the arts, he w.as capable of

achieving the most decisive results. Such men do not rest

satisfied with existing improvement.'!, but making the best use

of their capabilities, and with all the past for a study, they go
on with a steady and certain progress in carrying their several

pursuits to a higher and yet higher degree of improvement
and usefulness.

" ' Such in an eminent degree has been the case with regard

to Mr. Davis and his investigations connected with steam en-

gines. The first efficient locomotive used upon the Baltimore &
Ohio Railroad was constructed by Davis & Gardner, under liis

order and direction, at York, and brought here upon wagons
;

since then a large number of locomotives have been built for

this great work, as also for tlie Washington Railroad, under

Mr. Davis's immediate superintendence, and scarcely any one

ever succeeded another without evincing some improvement in

design or execution, and thus exhibiting the evidence of his

profound reflection and high mechanical skill. The construc-

tion of locomotives was a business particularly suited to his

taste and capacity. And the railroad company very soon

discovered his value in that department, and olTered such

facilities as induced him to leave the concern at York in the

care of liis partner and engage in the work of making engines

here in the immediate vicinity of the road. He had been so

engaged for a couple of years, and by his talents, industry,

and perseverance, under tlie liberal encouragement of the com-

pany, he had by successive improvements brought the locomo-

tive to a high degree of efficiency. His mechanicil aptitude

and habits of study never llagged, btit were true and availalile

to the end. Theii- results were shown in some useful improve-

ments exhibited in the last locomotive made uniler his direc-

tion, and finished for the Washington Railroad a few days ago.

" ' It was after a successful trial of this engine on his return

from Washington, whither he had given the numerous hands

in his employ the gratilication of a ride, that the accident oc-

curred whicii brought his useful life to a sudden and melan-

choly termination. It arose from no fault of the engine or im-

prudence of its builder, but was the result of a casual and un-

seen defect in the railway. One of the chains had beeome

broken, and the end of a rail b( ing thus misplaced, caught the

fiange of the engine wheel and threw the engine oil the track.

The deceased was in the tender, where he had jilaced hini.self

for the better ob.servation of the working of the engine. A
rapid progress at tlii! moment of the accident brought the cars

in the rear with great force upon the tender, and this in

turn upon the engine. T^ie |)eriloiis contact dashed the tender

in pieces and in the same instant, it is hardly known how, so

sudden was the catastrophe, deprived of life its solitary oiru-

pant. The as.sistant engineers who were on the locomotive,

and the pa.ssengers, were uninjured. The remains of the de-

ceased were brought into town on the afternoon of the .accident

and interred on tlie afternoon of the 28tli in the Fri<nds' biiry-

ing-ground in Old Town, in the presence of a large group of

sorrowing friends.
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" ' Jlr. Davis was married some years since at York, and has
left two orpliaii children of tender j'earsin thecare of a distant

relative of tlieir mother, now no more. The death of their last

parent makes them orphans indeed. He leaves them, per-
haps, a moderate portion of this world's goods, but the endur-
ing kgacy of a useful and blameless life and !iu example rich
in the elements of instruction. For he was truly an estimable
man in all the various relations binding hiui to society. And
however highly he was valued as a mechanician, not less exalt-

ed was the e.stimate of his qualities as a man. However marked
his usefulness and deep the regret at his loss, in a professional
point of view, no less auspicious shone the amiable qualities

of his mind and heart upon the circle of his friends, and no
less profound will be tlieir sorrow at this sudden removal of
tlie individual. While they deplore his premature end, they
will not cease to cherish his memory as that of one who pos-
sessed so many titles to the affectionate regards of hi.s fellow-
men. To close, in the language of an early friend who knew
all his value, wlio long went step by step with him, in striking
out new combinations in practical science and adding new
trophies to human skill : Though his loss to the great tield of
mechanical improvement will be deeply felt, the community
will suffer a greater loss in the impressive example of his ex-
cellent life.'

" Notwithstanding this statement of the remains of Mr.
Davis having been interred in the Friends' burying ground in

Old Town, Baltimore, he was buried in York. I found in the
records of the Friends' meeting-house, in York, an entry in

the handwriting of Jonathan Jessup recording the interment
of Phineas Davis in their burying-ground in York, Pa. His
grave is unmarked and unknown."

THE GERMANS AS DRUMMERS.

Manufactures.

A CONVENIENT DRAWING PEN.

Mil. .J. C. MoNAC.VN, United States Consul at Chemnitz, re-

ports to the Bureau of (Statistics at Washington that '' the pres-
ent time is full of plans to open up foreign markets to German
machines. This is due to their success at Chicago. To find
out what is wanted in South American and African markets it

is proposed to keep agents on the ground all the time, or send
qualified agents at regular
and frequent intervals of

time. Tliese agents must be
men capable of studying tlie

questions, not superticially,

but practically and scieu-

titicallj'. It is only possible

for men educated in techni-

cal branches to make such a A
study

" Engineers are to be sent to Brazil, La Plata, Jlexico, Chile,

Peru, and other South American States. The purpose is to
' drum up ' trade. The costs are to be proportioned to the
number of persons employed by the factories sending the en-

gineers. It is hoped that enough will sub.scribe to keep the
cost down to 50 or 75 cents per person employed. As an aid

to the engineers, vast numbers of illustrated machine-explain-
ing catalogues, printed in Spanish and the various languages
of the people or colonists among whom they are to circulate,

are to be sent before and after the engineers. Thus far, wher-
ever and whenever the propositions to send engineers and cata-

logues have been discussed they have been voted for unan-
imously. The Foreign Office and the Prussian Minister of
Commerce have expressed a livelj' interest in the movement,
and have promised it aid. Nineteen tirms, representing 7,506
workmen, have already subscribed. It is expected, so popu-
lar is the matter becoming, that manj- more will soon .join. It

is also proposed to have the engineers take orders for iron and
steel products wdierevcr they go whenever they can. This will

help to keei) down the costs to those taking part, and will per-
mit of a much larger number of engineer agents being sent.

The number, it seems, is to be limited only by the subscrip-
tions. Everything about the plan commends it to the thought-
ful consideration of our people as well as to the Germans."
Our consul adds, " Let us also, then, send out engineer agents

—men trained in mechanics, and able to speak Spanish, French,
or other languages. Let them carry catalogues and commis-
sions to sell anything, from a paperof pins to a Corliss engine.
Let our manufacturers, emulating the Germans, unite to pay
the expenses. Let great efforts be concentrated in places offer-

ing a market."
We will remark that the Americ.\n ENCiiNEKit goes to all

foreign countries in which there is an}' trade which might be
obtained for this countrj'. Therefore an advertisement in its

pages is a monthly messenger dispatched to all parts of the
world, and will cost much less than 00 or 75 cents for each per-
son employed.

The engraving below represents a very handy drawing pen,
which is manufactured by the Bennett Manufacturing Com-
pany of 1510 Cliestnut Street, Philadelphia. Every draftsman
has experienced the inconvenience of changing llie "nibs" of
his pen to draw heavy or light lines at will. In the instru-
ment which is illu,strated. this can be done instantly without
adjusting the screw which regulates the width of the lines.
The screw a, by which the distance apart of the blades of the
pen is regulated, instead of passing through the upper blade
loosely and screwing into the lower one, as in ordinary draw-
ing pens, is screwed into the upper blade and merely bears
against the lower one. By turning this screw the blades are
thus separated any desired distance. The minimum distance
apart of the nibs of the pen is thus adjusted by this screw, but
they can be sprung wider apart by means of a sort of trigger c,

which is attached to the upper blade. The maximum distance
which this may be moved is in turn adjusted by the screw b,

which bears against the under side of c. By these means the
narrowest or finest line that it is desired to draw is determined
by the adjustment of the screw a, and the greatest width of
line is regulated by the screw b. In using the pen the tine
lines are drawn in the usual- way. When a heavy line is re-

quired the nibs are separated as far as the screw b will permit
by pressing with one finger on the trigger c. This arrange-
ment has also another advantage—when the ink dries slightly
at the nibs of the pen, they may be agitated by pressing sev-
eral times on the trigger c, and the ink can thus be made to
flow freely so long as it is liquid.

These pens, made b}' the Bennett Company, have aluminum
handles, and are of excellent workmanship, and will be found
a great " boon" by draftsmen who use them.

CONVENIENT DRAWING PEN,

NOTES ON LONG GUNS.

Ln La J/(H»/«' de France is an interesting article on long
guns generally, anil the construction work of M. Canet more
particularly. Without endorsing evervlhing that is said in
this article, we think that certain portions deserve great con-
sideration. On the cpiestion of the guns' power of resist-

ance, the writer observes tliat exaggerated fears have been
expressed as to the effect of gas wave pressure. In the first

place, the shocks to which the gun is subjected are not greater
in a long Ihan a short piece, if the pressure is kept within ad-
missible limits—namely, 3,400 kg. or 15.2 tons per square inch.
The same is true of the effect produced by erosion, which un-
doubtedly is the real cause of guns wearing out. Vibrations
may be specially injurious to guns built up and composed of
many elements, especially if not perfectly adjusted to each
other by shrinking on. Displacements are no doubt often
produced among hoops, which is one of the reasons why the
new guns of great power made in France have but few ele-
ments and complete compactness, and their great length does
not affect the question of resistance. Flexion or contortion of
tube has given trouble in some navies, even with guns of medi-
um lengfli. The 110-ton guns of the Bejibnw and Sanspareil
took a twist of doul)le curvature, for which it was necessary
to allow in aiming the gun at any object. The Krupp 11-in.

gun, of 35 calibers, for Russian coast service, had, after firing,

a permanent bend, varying from 'i mm. to 13 mm. These per-
manent deviations from the axis, when they attain a certain
amount, interfere with the accuracy of fire, and may cause
accidents, becau.se the path of the projectile not being a
straight line, wedging and bursting may be produced, and in

all cases the sighting suffers from increased friction. This
cjuestionlias attracted much attention.

It is not necessary, however, that the gun should be exposed
to the action of vibration for flexion to be set up. Guns, es-
pecially those made on old fashioned principles, may bencl by
their own weight. This may be tested by measurement, and
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foUQil to niter on turning the su" round. In firinsr tin's is not

found to ;ilTe<;t tlie sliooting. Ik'ncelhis temporary tlexiou

must be distinguished from iiermancut llexiou. It is impossi-

t)le to avoiil ihis temiiorar}- tlexion altogetlier, but it sliouhl

be redueed to a minimum by tlie adoption of the best form or

trace of piece. In the new guns for naval service Canet lias a

tube without hoops, which has great stillness, and of which tlie

moment of inertia with resiiect to the mounting is considerable.

The vibrations have no permanent effect on the chase or

lube ])roper outside the (piestion of dislocation of elements.

The_molccules retain their natural condition under continued
or repeated efforts. Experience, however, teaches that it is

generally in the first rounds fired, especially with heavy
charges, that inconvenience is caused. A similar phenomenon
is seen when a steel projectile, which has been badly tem-
pered, breaks under the single blow of a hammer, or even
spontaneously. Now although it is more difiicult to temper
long tubes evenly than short ones, this is not a sufHeient rea-

son to condemn the long ones.

A Canet gun of 57 mm., 80 calibers long, fired at Havre in

May, 1892, and a piece of 19 cm. of 80 calibers long, on the

same system, tested in September and December, 1893, also

at Havre, did not exhibit any deviation in the tulie. Projec-

tiles of 3.7 kg. (5.9.5 lb.) and l;} kg. (28. (H! lb.) attained veloci-

ties of 1,013 Ineters (3,32:3 ft.) and 1,02G meters (3,366 ft.). It

has been objected that most of these guns have only fired a

limited number of rounds, and that long-conlinued fire

might produce injury ; but there is nothing to justify this

conclusion in experience up to the present time, but interest-

ing trials, including testing to destruction, will probably soon
be made at Gavre. A gun may be made to bear continued
strains ;is well as a bridge, and .should a Haw cause it to yield

rapidly, the evil is of a nature which may bestit short guns as

1 DETAIL OF SEES HYDRO-PNEUMATIC ASH EJECTOR.

well as long ones. There is generally too much attention

bestowed on resisting transverse strain, ami nearly all guns
have been constructed on theoretical principles which do not

take account of the .suddenness of the shock, nor of transverse

or of tlexional strains.

The new pieces have been constructed on absolutely differ-

ent principles. A carefully de.signe<l form, after ijraclical

tests, offers all guarantees for a gun fired under reasonable

conditions. The tendency is to increase the length greatly.

The Director of Artillery, Colonel Hoipie, has taken a great

ste|i in Ibis Important (luestion. He has ordered Canet guns
of 55 calibers ; and, at last, at liuelle a 15 cm. (5.9 in.) gun of

90 calibers length has been tried wilh success. There is every
reason to think that the guns of the fuliiie will be of great
length.

With regard to service on board ship, great length has been
thought to constitute a great dillicully. This has weight, no
doubt, with regard to .some vessels ; but it is often possible to

rejilaee a 14 cm. gun by one of 10 cm. caliber of such a length
as to be equally iiowerful, and to have a fiatter trajectory.

Much may be done also by .•ilteration in the mountings and
balance of the pieces. The riui'stioii of length deserves special

consideration, offering, as it iloes, a great increase in velocity

and energy, which may be taken advantage of to obtain greater

range, a greater zone of destruction, owing to the trajectory

being Hatter, and greater accuracy of fire.

—

Engineer.

SEE'S HYDRO PNEUMATIC ASH EJECTOR.

Wk give herewith two engravings showing the apjillcation

and construction of a liydro-imeumatic ash ejector, which has
recently been designed and put upon the market by Mr.
Horace See, of No. 1 Broadway, New York. All ocean trav-

elers are familiar with the disagreeable features which some-
times are present when the ashes are thrown overboard on
each watch, especially those who have had occasion to travel

on steamers where there was no up|)er promenade deck. In

addition to the disagreeable element which is .so annoying to

passengers, it, ( f cour.se, involves an immense amount of work
for the crew. The ash ejector which we illustrate does away
with all of the manual labcr outside of the actual shoveling

of the ashes in the fire room, and they are thrown overboard
so wet and mixed with such a quantity of water that passen-

gers are not aware that anything of the kind is lieing done.

The couslruction of the apparatus is exceedingly simple. The
dimensions are all given on the drawing which we illustrate.

The apparatus consists of a hopper with a strong cast-iron

:SEE'S ASn EJECTOR IN POSITION.

cover, which when not in use is kept closed. This hopper
o])ens down into a large pipe inclined upward at an angle of
about GO . In the bottom of this pipe there enters the nozzle
of the ejector, which throws water under a pressure of about
100 lbs. to the square inch, when the lift, from the fire-room
fioor to the discharge opening on the slile of the steamer, is 20 ft.

Wiien the ash ejector is to l)e used a pressure of 160 lbs. is

oblaiiied in the;!lii. ]ii|ie back of the plug cock. This is then
suddenly opened and the water allowed to pass thiough the

pipe until it is filled and the discharge overboard begins.

Then the cover is removed from the hopper and the ashes
simply shoveled in. They fall down, are caught by the stream
and carrleil overboard. In order that there may be no clog-

ging it is found necessary to admit some air wilh the .stream

of water. This is done by iilacing an air-valve in the inclined

pipe. Sometimes it is placed in the delivery ])ipe near llie top
of the hopper, and somelinies at the Jioiut marked by a circle

in the engraving.
The apparatus has been placed on a number of vessels, and

among others on the steamship I.nhii. of the North German
Lloyd Line. On this steamer about 135 tons of coal are

buriied a dav, and the lime re(|ulred for getting rid of the

ashes is 15 minutes for each watch. The apparatus, in addi-

tion to its .simplicity, l.iUes up with all of lis connections much
le.ss space than any of the old methods. It will raise ashes no
matter what the draft of I lie vessel may be, and as fast as the

men can shovel them into the hopper.
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