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PREFACE TO THE FIRST EDITION.

The Scientific and general Engineeving litevatuve at the present
time s of a very extensive and vavied chavacter, but however
valuable it may be to those who make it a study, the ovdinary
veader will natuvally find such volumes unintelligible and uninter-
esting. It has, thevefove, occurved to the Authov—who has had
thivty-five years’ expevience in vavious branches of the profession—
that a brief outline of its history; a descviption of the innev life
of the Wovks and those comnected with them; the system of
management in great establishments; and the constvuction of ships
and engines, might prove intevesting and instructive to veaders of
all classes, if treated in a free and unconventional style.

In fuvthevance of this object, the language employed in this
Work has been made as simple and as free from technicalities as .
possible, while a few of the experiences of private practice, a vaviety
of useful information, and a spvinkling of anecdotes have been
added, for the purpose of giving a little animation to the whole.

While endeavouving to impart in a pleasant way as much
professional knowledge as possible, the writer has specially dedicated”
Chapter VI to those numerous people who * wish to know what to
do with their boys.” It is also hoped that Chapters XXIV,
XXV and XX VI, will be instvuctive to those who desive a glimpse
of the secvets of private practice.



vi PREFACE.

The intention has been to try to infevest everyone, but the
difficulty of doing this is so appavent, that the kind considevation
of the generous veader may pevhaps be move easily extended to one
who has done his best, though conscious of mumevous failings.

Many thanks ave due to the authors of vavious books, papers,
and pevodicals, who have supplied information regarding the eavly
history of Railways, Canals, and Steam Navigation; to Mr. B.
H. Thwaite, C.E., for vevising the MS.; and to the fivms who
have sent photographs, &sc., from which the Engineeving Views
have been taken. Refevence will also be made to many other sources
of knowledge on similay subjects which in the following pages
have only been briefly touched wpon. It is hoped, thevefore, that
this volume may not only afford instruction, but prove sufficiently
intevesting to vepay pernsal.

J. W. C. H.
LiveErrooLr, May, 1887.

PREFACE TO THE SECOND EDITION.

The highly appreciative manner in whick the first edition of
this Work was veceived by the press and by the public, has induced
the Authov to make many tmprovements and tmpovtant additions,
but without alteving in any way the style of wviting which has
made the book so populav. The text has been cavefully vevised
throughout, and so much fresh information given concerning the
latest phases of Enginceving, that it is hoped the volume will become
even move acceptable than its predecessor.

J. W. C. H.

30 NORTH JOHN STREET,
LI1VERPOOL, September, 1889.
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CHAPTER 1.

STEAM NAVIGATION—CANALS AND RAILWAYS.

First steamer to India—Defects in Machinery—Junius Smith and ¢¢ British
Queen ”"—First voyage of ‘“Sirius” and * Great Western ”—The
pioneer Cunarder ‘‘ Britannia "—DBridgewater Canal—Liverpool and
Manchester Railway—Railway Mania—Difficulties of Railway
Engineers — Q.C. of the period — Woosung Railway — Japanese
Students in England.

Tue history and the practice of Engineering are so varied
and comprehensive, that it will be rather difficult to com-
press them into a very small space, nevertheless, their
leading events may be touched upon, and their principal
features referred to, in the following pages. People
generally seem to have a pretty fair knowledge of the
legal and medical professions—some of the unamiable
may say, ‘“a great deal too much ”—but they also
possess, so far as can be learned, somewhat limited ideas
concerning the education and inner life of the engineer,
and for reasons which will afterwards be explained.

It is, indeed, surprising, that while the Arts and
Sciences flourished in ancient Greece and Rome, and
works in earth, and brick, and stone, attained colossal
dimensions, the mechanical branch of engineering was
asleep through all those ages, and only wakened up at the
beginning of this century with a giant’s power, transform-
ing our modes of travel and manufacture, and revolution-
ising the world in fifty years. It may be mentioned,
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however, that mechanism of a minute and philosophical
description had been developed in a variety of ways during
previous centuries, but was chiefly employed in the con-
struction of wonderful clocks, such as those in Strasburg
Cathedral and elsewhere, toys of various kinds, and other
useless, though, no doubt, ornamental curiosities. All of
which led to the great future, when the wheels, and
pinions, and shafts, then employed, would be reproduced
on a vast scale in mill gearing, and in the innumerable
details of powerful steam engines and constructive
machinery.

Leaving out of sight for the present the primitive
efforts of Mr. Miller of Dalswinton, to introduce miniature
steam navigation in the year 1788, and passing over the
advent of the “ Comet” on the Clyde, in 1812, and also
the coasters which subsequently arose, we come down to
1825, when a bold effort was made to steam to India.
The merchants in Calcutta had offered a premium of a
lac of rupees for the first voyage out and home, averag-
ing seventy days each way, and this at last resulted in
the fitting out of the paddle-steamer ¢ Enterprise,”
of 470 tons, and with engines of 120 horse-power, by
Maudslay. .

She sailed when completed, but with so many vital
defects in her machinery and arrangement that the wonder
is she ever arrived. For example, unprotected cylinders,
and an equally naked boiler, created such intense heat that
the men could not work below in safety. Her entire cargo
_ consisted of coals and stores for an expected run of thirty-
five days to the Cape, and in consequence of a quantity
of coals in bags having been stowed on the top of the
boiler to gain extra space, the ship caught fire. The
average speed on the voyage was five knots an hour, and
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the time occupied amounted to one hundred and fourteen
days, forty of which were under sail, and eleven at
anchor. In every respect the undertaking was a com-
plete failure. It, however, exposed defects which the
engineers were quick to rectify, and her commander,
Lieutenant Johnstone, R.N., received f10,000 for his
arduous services.

In 1832, an American Doctor of Laws, named Junius
Smith, was fifty-four days in crossing by a sailing ship
from London to New York, and thirty-two on the return
voyage to Plymouth, which was quite too much for him.
He, therefore, carefully considered the subject, and at
last became convinced that ¢ any ordinary sea-going steamer
could do the distance in fifteen days with ease.” He then
energetically set about organising a company in London
for the purpose of building Atlantic steamers, but, like
the railway people before him, was considered by many
a semi-lunatic. Persevering, however, in spite of all
opposition, particularly from the sailing-ship proprietors,
and supperting his opinions by many calculations based
upon facts, he succeeded in forming a company with a
capital of f100,000, which enabled him eventually to
build the ¢ British Queen ” of 2,400 tons!

The failure of the contractors caused a serious delay,
but she was at last completed, and left London on her
first voyage in July, 1839, arriving in New York fourteen-
and-a-half days afterwards. In the meantime, Dr. Smith’s
firm had chartered the ¢ Sirius,” of 700 tons, for a voyage
out and home, and started her from Cork on April 4th,
1838, while another company had specially built the
“ Great Western,” of 1,340 tons, which sailed from
Bristol on the 8th, their respective runs being eighteen
and fifteen days.
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Both vessels arrived in New York the same day, and
were received with salvoes of artillery, and the joyous
acclamations of vast multitudes on land and water. Their
captains and officers were almost deified, and the people
ran wild with excitement over the great and long wished-
for event. Captain Hoskin took charge of the * Great
Western,” and Lieutenant Roberts, R.N. — subsequently
lost in the ¢ President” — commanded the “ Sirius.” A
passenger in the former contributed a very interesting
description of the voyage, and their reception in New
York, to Chambers’s Fournal of the period.

The ¢ British Queen’s” owners now proceeded with
the building of the ¢ Britannia,” which was put on the
station in 1840, to carry the mails between Liverpool
and Boston, &c. The first voyage occupied fourteen days
eight hours, and those in the ship received a perfect ova-
tion from the inhabitants on their arrival, and it is said
that Mr. Cunard, who crossed in her, had eighteen
hundred invitations to dinner sent to him within twenty-
four hours afterwards.

Charles Dickens crossed in the ‘¢ Britannia,” and one
of the most interesting chapters in his American Notes, is
occupied with an account of the voyage. A notable
event in the history of this pioneer Cunarder was the
cutting of a channel, 100 feet wide and 10 miles long,
through the ice which filled Boston harbour in 1844, to
enable her to sail at the specified time, thus disappointing
the hopes of the jealous New Yorkers, who said ¢ Boston
was an icebound port in winter.” The contract price for
the work was 10,000 dollars, but it cost 20,000 ; numerous
tugs, however, kept the ice in future from consolidating,
and thus prevented a recurrence of the difficulty. This
new era in civilisation, successfully inaugurated by Dr.
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Smith, was the forerunner of an immense traffic, and of
a wonderful rapidity of communication between the two
continents, which has been swiftly developed down to the
present time.

The original name of the ¢ Britannia’s ” firm was now
slightly altered to the ¢ British and North American Royal
Mail Steam Packet Company,” but as this grand and
impressive title was too ponderous for daily use, it
was changed to the ¢ Cunard Line,” whose long-sustained
fame is before the world, and needs no further comment.

CANALS AND RAILWAYS.

Simultaneous improvements were now made on land,
some of which, canals, for example, were of much earlier
date than the introduction of steam navigation. In 1460,
the roads around and between Manchester and Liverpool
were so wretched as to be often impassable, and the trade
of Manchester, small as it was, found its way on pack
horses to the Severn, down which it was floated to Bris-
tol. The Duke of Bridgewater, who at this time ardently
studied engineering under Brindley, proposed connecting
the two towns by means of a canal, and soon afterwards
began its construction. Want of capital, however, for
carrying on the work compelled him to sell off nearly all
he possessed ; he borrowed small sums from his tenants,
and, as a last resource, mortgaged the Worsley Canal—
his first scheme—to a London firm, who gave him suffi-
cient money to enable him to complete the undertaking
to Runcorn.

It must be borne in mind that all previous English
attempts in canal engineering had simply been to widen
out existing ditches and small streams, whereas those
just mentioned were cut through solid ground, involving
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careful surveys and difficult and costly works, such as
bridgeé, viaducts, &c. Now that Manchester had a
direct outlet to the sea, its trade went up with a bound,
and Lancashire manufacturers flourished.

The Bridgewater Canal ultimately brought in a
revenue of about £100,000 a year to its proprietors, who
became very exacting in many ways. It was frequently
blocked by an excess of traffic, and in winter often frozen
up, so that goods sometimes occupied as much time in
transit as they did in coming by sailing ship from New
York. To try to remedy therefore this unendurable evil,
the Liverpool merchants held a meeting, with Mr. Joseph
Sanders as president, and the result of their discussion
was that George Stephenson should be applied to for
advice on the subject. Having gained useful experience
on the Stockton and Darlington, and previous colliery
lines, he immediately proposed a railway. The county of
Lancaster was in arms against such an idea ; the landed
proprietors, the little villages and towns, and all the
country houses too, declared that they would not have
their territory desecrated by such an innovation, which
was sure to bring with it many serious evils. The
unkindest cut, however, came from the canal people, who
waged a war of extermination against a// railways.

The surveyors had a rough time of it, and by the
merest chance the bill before Parliament was passed.
The line was accordingly commenced, and thus began
the Liverpool and Manchester Railway, which, with
Stephenson as engineer-in-chief, was successfully opened
with great éclat on September 15th, 1830, and through the
fabulous prosperity which almost at once attended it, set
every one on fire for other similar schemes. Hudson, the
“ Railway King,” was deified because he had made
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£ 100,000 in one day, and helped others to be ¢ success-
ful ;” but he led many to ruin, and when he fell, it was
like Lucifer. A few kind friends saved him from absolute
penury, and he often said afterwards that his happiest
days were when he sold linen behind his counter in the
city of York.

Some idea of the extent of the speculative mania,
which existed at this time, may be gathered from the fact
that from 1823 to 1844 the total cost of completed lines
had been £70,681,000; those in progress in the latter
year were estimated at £67,360,000; but in the same
year, there were fourteen hundred and twenty-eight pro-
jected railways, with an estimated capital of £701,243,000,
many of which were only gigantic frauds. In the amus-
ingly satirical ¢ History of the Glenmutchkin Railway,”
in Blackwood, the rise, progress, and end of one of these
ethereal schemes is fully described.

At this period, lawyers and engineers quickly made
large fortunes; the former received immense fees, not only
for their professional labours, but also for doing nothing ;
or, at least, for withholding their services from others
who wished them. The engineers had a regal time of it;
but they were worked like slaves, and, in many cases,
were not in bed for a week at a time, in their anxiety to
finish the Parliamentary plans for a new line by a certain
day, or they would not have been received.

Holding, as they did, the key of the position, they
were bullied unmercifully when in the witness box by
opposing counsel, under, over, and through every possible
and impossible phase of the question, and required not
only to be masters of their art, but masters of strategy
as well, to enable them to carry their point. They had to
know how to advance their crushing statements under
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fire from the enemy’s batteries, and when to retire behind
their defences. If the scientific witness were too closely
pressed, he had one safe retreat at all times, into which
none could follow him ; he would retire into a thicket of
algebra, from which he could shoot forth a furious volley
of arguments relating to sines and co-sines, tangents and
co-tangents, optical squares and chord angles, zenith
distances, equatorial axes, the curvature of the surface of
a spherical triangle in relation to the ellipticity of the
earth, and so on, until his persecutors were glad enough
to let him alone.

What magnificent opportunities, too, the Q. C. of the
period had for the display of forensic genius! Under his
eloquence one would have imagined that raising embank-
ments, crossing rivers, and penetrating mountains, was
quite an elegant recreation. ¢ The talent of the engineer
would easily overcome every obstacle; in short,” he con-
tinued, ¢ there never was a line so advantageous in every
respect, nor one which would prove so remunerative to
the shareholders.”” The opposing counsel, however, did
not quite entertain the same views. He, too, could give
a brilliant oration, but concluded #is remarks by observ-
ing that ‘“he had the greatest confidence in the ability of
his learned friend, who had spoken so truly on many
points, but opinions differ, and he had every reason to
believe, from what their engineer had informed them, that
although the tunnels, bridges, and embankments, could,
no doubt, be successfully executed, it would be at such an
enormous cost, as to entail a heavy loss, if not ruin, on all
concerned in the undertaking; therefore he, for one,
would not sanction the scheme.” In this manner, rail-
ways, in early days, were lost or won.

They are now sprgad nearly all over the world, and
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have, at last, made a good beginning in China, where
there is unlimited scope for extension.

In 1875, Messrs. Jardine, Matheson & Co. conceived
the idea of constructing a small railway from Shanghai to
Woosung, g miles. It was only a tentative scheme,—
just to see, in fact, how the Celestials would take to it.
The « Woosung Road Company” was therefore formed,
and the line commenced, Ransomes and Rapier, of
Ipswich, supplying the locomotives and other requisite
machinery. When the line was opened in 1876, the
people were enthusiastic—many thousands of visitors per
day coming to see it work. There were, moreover, none
of the dreaded ¢ disturbances of the spirits of the air and
earth,”—everything went well,—the adjoining land went
up in value, and a magnificent future seemed to be in
store for all. Unfortunately, however, the dispute, which
at this period arose between the British and the Chinese
Governments, in reference to the murder of Mr. Margary,
gave the authorities an opportunity of alleging a griev-
ance in the matter of the railway; and, although
everything was done that could be done by the more
enlightened officials to retain the line, the whole of the
obnoxious plant and machinery were dismantled and
shipped to Formosa, where they lay for years rotting and
rusting in the mud.

Thus ended a professionally successful, but diploma-
tically unfortunate scheme, which was expected to have
been the beginning of the Railway System in a vast
empire possessing only the most primitive means of
transport.

They manage these things better in Japan, where
engineering has not only been warmly received, but is
making astonishing progress in all branches. They have
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an Engineering College at Tokio, under English profes-
sors, and, in railway matters, are making rapid advance-
ment. Those who come here to learn are most indus-
trious, and, as a people, they are very intelligent, as the
following example out of many will show. It is said that
on one occasion a new steamer had gone out for a trial,
but, on her return, the Japanese engineer, somehow or
other, forgot, at a critical moment, his “formula for
stopping the engines.” No time was to be lost, so he at
once drew his fires, put the helm hard over, and gave the
ship a little practice in circle sailing, until the steam was
used up; he then anchored. Very many students have
come to this country, and in numerous instances com-
peted most successfully with their British associates, and,
only recently, two of them carried off first prizes in
Sir William Thompson’s class at the Glasgow Univer-
sity.

There are many amusing as well as ghastly stories told
in connection with our own railways—the following may
lie between the two extremes. There used to be on the
North British line, a driver who was profanely called
« Hell-fire Tom.” The name originated in this manner.
Coming along the main line one day on his unattached
locomotive, he discovered, when too late, that a bridge
had fallen in. There was not a moment to lose, and he
couldn’t stop, so putting on full steam, he came down at
a fearful speed, and with one supreme effort made in the
engine leap the chasm in safety !

On another occasion—which I well remember—a cow
strayed into forbidden territory, and would not move off
in time to clear the express which was approaching.
Down came the engine—bang went the “coo,” as
Stephenson himself had predicted—and in a twinkling the
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CHAPTER II.

GENERAL ENGINEERING.

Fairbairn and Hodgkinson’s experiments—DBritannia Bridge—Fairbairn’s
Canal Street Works—Begins Shipbuilding at Millwall—Heavy
Losses—Character of Sir William Fairbairn—Whitworth’s Machin-
ery—Different kinds of Marine Engines—P.S.N. Company and the
Compound Engine—History of a * New and Improved ”” Design—
Lucrative Inventions—Value of Good Machinery—What it did at
the North London Railway Works— Richard Roberts.

During the time that railways and steam vessels were
being established, engineering in other branches was
springing into vigorous life. Penn, Maudslay, Napier,
and others, were rapidly simplifying, skilfully proportion-
ing and generally improving the construction and arrange-
ment of engines and boilers. Mill-gearing, another most
important branch, received all attention from Fairbairn,
who greatly benefited the mill proprietors by introducing
his improved shafting, engines, water-wheels, &c., to their
works. He also developed the best proportions and
designs for iron bridges of every description. In con-
junction, too, with Professor Hodgkinson, of Manchester,
he entered upon a most elaborate and careful series of
experiments and calculations relating to the strength of
columns, girders, trussed beams, &c., which were of the
highest value to the profession.

On such points little was known at this time, theo-
retically or practically, it was all guesswork, which
resulted, naturally enough, in very serious disasters.
Another subject of very careful investigation was the
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art of “ Construction,” which every engineer knows is all-
important, neutralising as it does, when defective, the
most accurate calculations and plans.

The wonder of that day was the Britannia Bridge
over the Menai Straits, but neither Fairbairn nor Robert
Stephenson would venture to construct it until a com-
plete series of experiments on a grand and costly scale
had been made, to verify their calculations and confirm
the accuracy of their designs. In this branch of En-
gineering, variations in size range from the colossal
“ Forth” down to the smallest foot-bridge. In style also,
there is extreme diversity, and, in most cases, separate
computations and sets of drawings have to be made, to
suit the ever-changing conditions of general practice.

The late Sir William Fairbairn carried on for fifty
years an increasing and most lucrative business, and his
Canal Street Works, in Manchester, were considered one
of the finest establishments in this country for general
engineering. He also started, in 1835, a large ship-
building and marine establishment at Millwall, where he
built upwards of one hundred vessels during the thirteen
years the works were in operation, the largest orders for
which came from the Admiralty and East India Com-
pany. Partly owing to the distance, however, between
the two places, his frequent and prolonged visits to the
Continent, and other causes combined, Millwall caused
him a loss of £100,000 in twelve years, which he fortu-
nately covered by his profits in Manchester.

This was a time of great anxiety, and notwithstanding
his immense energy, perseverance, and buoyancy of
spirit, he had fits of melancholy, during which he fancied
he saw every possible aud unhappy contingency. When
the railway system began to spread, the canal people
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thought they could, to some extent at least, compete with
it by the use of high-speed steamboats. A series of ex-
periments were therefore made by Fairbairn on a little
iron vessel named the ** Lord Dundas,” but so conclu-
sively did those efforts demonstrate the impossibility of
high speed ever being attained, on account of the shallow
and narrow channel, that the project was abandoned.

This great engineer was one of those intellectual
people who are never happy unless they are fully occu-
pied. He had extreme earnestness of purpose—work was
a necessity of life, and business a pleasure. He was also
unceasingly occupied with his pen, his pencil, and his
draughtsmen, in planning, scheming, and improving.
Besides all this, he was a most able and prolific writer of
books and papers for learned societies on practical
science, and his treatises are among the best ever written.

He received many marks of distinction from foreign
governments, and in England his principal titles, besides
knighthood, were D.C.L., and LL.D. Simple-minded
and amiable, good, kind, and courteous to all, he became
a universal favourite both at home and abroad.

Born in 1489, and sustaining throughout a long and
arduous career a highly honourable character, which may
be taken as a model by all aspiring workers, Sir William
Fairbairn passed away in 1874, but his name will long
live in what he has done.

Another “eminent,” who flourished contemporaneously,
was Sir Joseph Whitworth, but his ‘line ” differed from
Fairbairn’s, inasmuch as he devoted himself almost
entirely to constructive machinery, or machines for mak-
ing engines and other work, such as those for turning,
planing, slotting, boring, &c., which every engineering
establishment possesses to a greater or lesser extent.
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When I thought about commencing business, it was
intended that I should enter an Edinburgh bank, and
application was accordingly made in furtherance of this
object; but as it proved there would not be a vacancy
for two years, I had to look out for something else.
Strangely enough, I had a great love of engineering and
architectural drawing, in which I made rapid progress.

This induced one or two of my friends to propose that
I should learn practical engineering, and efforts were
made in that direction to accomplish their wishes on
my behalf. There was one serious drawback, however,
and that was that I did not like the idea.

Jim Macfarlane, a young friend of mine, was at that
time a pupil in Hawthorn’s locomotive establishment, in
Leith, and had to get up at five in the morning, to enable
him to be at the works by six. He was also obliged to go
in ¢ dirty clothes "—which an old and excellent uncle of
mine rather objected to—and when he hadn’t time to trim
himself up, occasionally came among us in his war paint.

He used to speak about the strictness in the works,
what they did if he came late, and what they didn’t do
if be did something else, and how they were fined for
‘jobbing,” or making tools of any description for them-
selves. All this set me more against it, but it was of
no avail, as I had lost my father in a far-off clime
when very young, had only my own efforts to trust to,
and had to take what I could get, and that was a
start in practical engineering, which a kind friend was
fortunate enough to obtain for me.

No sooner, however, did I see Whitworth’s machinery,
with which the works abounded, than all my objections
vanished, and 1 became almost fascinated with it, and
from that day to this have never ceased to take a deep
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interest in every thing relating to the profession. On
this point, however, I shall have more to say further on.

In the first place, Whitworth’s machines were remark-
able for extreme elegance and simplicity of design; in the
next place, their fitting together was absolutely faultless;
and lastly, their finish could not be surpassed. 1 saw
other people’s productions as well, but they were common-
place in comparison, although they did good work. There
was one lathe in particular, which was made by a firm in
Leeds, who subsequently acquired celebrity; but for badly
constructed wheels, complicated arrangement of parts,
and ugly outline, I have seldom seen anything to equal it.
The foreman said it was ¢ only fit for the melting pot.”

There is nothing of such vital importance in all manu-
facturing processes, from that of making a match box
or pin to the colossal engines of the ¢ City of Paris”
or “Umbria,” or, indeed, large or small work of any
kind, as good machinery. By this term I do not mean
machinery which merely looks well, or works well, but
that which turns out the best work with the greatest
rapidity. In our time of extreme competition and very
low profits, nothing else will do, and hence it is not
uncommon to find the most admirable machines and
engines set aside as useless, on account of some small
improvement which effects a great saving, and soon
repays the money expended in obtaining it. Nowhere,
perhaps, has this been more remarkable during late years
than in the iron and steel manufacture, and in steam
navigation.

I remember the time when almost every engineering
firm had its own pet type of engine. John Penn had his
s« oscillators ”” and “ double-trunk,” the latter of which he
made in large quantities for war vessels. Napier had the
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¢ side-lever,” which he put into all the Cunard steamers
of that period. Tod & McGregor highly valued their
‘ steeple”” engines, which they supplied to the Inman and
Peninsular and Oriental Companies, as well as others;
and Caird, Denny, and a few more, made an immense
quantity of the ‘inverted direct action” species, which
were of the same family as those now so generally used
in ships, but of a different construction.

The other kinds referred to have become obsolete, as
the two cylinder compound, and, eventually, the triple
and quadruple expansion engines proved to be more
economical.

In all these engines there was a vast amount of excel-
lent work done by hand, which is now executed by
machinery, and the engineers of that time had splendid
opportunities of learning practically what those of the
present day will never have in their power. As may be
supposed, however, labour of this description was slow
and expensive ; the increased use of machinery has,
therefore, greatly lessened the cost of production, and
wonderfully expanded manufactures of every conceivable
kind, which has been most beneficial to the world at
large; but, in this respect, a very great amount of
prejudice has been shown, in connection with the
introduction of engines as well as machines.

About the year 1852, John Elder,—who had been
educated in Napier’s, but was now the head in the marine
department of his very eminent firm,—introduced, in a
greatly improved form, what had been known as the
¢« compound engine,” invented in 1781, and first used in
the steamers ¢ Union” in 1829, and * Le Corsair Noir” in
1842. Many of Napier’s splendid ¢ side levers” were

taken out of steamers to be re-engined with those of the
B
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new type. The Pacific Steam Navigation Company, who
owned them, quickly saw the great advantage they would
derive by adopting it in their numerous ships, thus
reducing considerably the consumption of coal, which
was rapidly swallowing up their profits, and from
that time until the year 1887 they used no other
description.

Here, then, was a splendid and economical engine
thrown into the market, which had been most success-
fully tested on long voyages, and possessing virtues
hardly anyone could see but the great Company just
named. The Cunard people clung pertinaciously to the
old “side levers” which had helped them to fame and
fortune; the Inman Company were quite as faithful to
the ¢steeple” and ¢ horizontal” engines they had
learned to esteem; and all the other people had their
own favourite types which they would not relinquish,
even for the new one.

In the year 1868, I happened to be in the employ of
Messrs, Laird Brothers, whose Birkenhead Iron Works
did an immense quantity of work of every description and
of all sizes for home and foreign governments, and for
the merchant service, jogging comfortably along with
the old and universally recognised systems of marine
machinery. Unconsciously, however, a change was at
hand of which we little dreamt. Some one outside of
the Pacific Company discovered that the ¢ Compound”
was, after all, a first class and very desirable engine,
and we got our first order to “ convert” a large steamer—
the ¢ Belgian.” Like an epidemic the idea spread amaz-
ingly, it came upon the world like a flash, and plenty of
similar orders came pouring in; at one time for a new
ship and engines, at another for the alteration of one
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or two more, and we were all kept extremely busy for
several years.

Now why was this ¢ good thing ” not discovered by
the general public long before ? The Liverpool and other
shipowners had it working in their midst for many
years, and yet could not appreciate its value. I suppose
the answer is ¢ prejudice.” The writer and others asso-
ciated with him have also, in a small way, been the
victims of this unhappy failing, as the following narrative
will show.

Some time after I began private practice, two sea-
going engineers came to me in the hope that I could help
them with a not by any means matured idea of theirs,
and put it into practical form. This idea took the shape
of an extremely rude sketch of a ¢“New and Improved
type of Compound engine” with Corliss valve gear. I
told them I had about as high an opinion of this gear as
they possessed, on account of the ease with which it is
worked when exposed to high steam pressures, and also
from the fact that in America it had for a long time been
most successfully used on land and sea, and also in this
country on mill engines, ¢ but,” I said, ¢ you will find the
British public won’t adopt it on the water, particularly
when it was tried in one Liverpool steamer and taken out
again.,” Well, they would persist in having their own
way, so after stretching a large sheet on a drawing board,
and making a preliminary sketch, I began the design
with diameters and stroke of pistons, and steam pressure
of 100 pounds per square inch as a basis.

I had frequent visits from these worthies to see how I
was progressing, or ¢ getting on,” and to hold conferences
on important points. Alterations were suggested, lines
taken out and put in again, shafts were removed, levers
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shifted, and the position of every detail rectified so as to
approach perfection as nearly as we could.

What earnest discussions we had over those engines |—
sparing neither time nor trouble in our anxiety to obtain
the very best results, which we aimed at quite as much in
this speculative design as if it had been for a mail steamer.
Our individual proposals were sometimes unitedly con-
demned, or in other words, what was statically right,
proved to be dynamically wrong. They were plain men
with small means, and I saw clearly that I would get
very little for my trouble, but did my best for them never-
theless. They were also good, experienced, sea going
hands, who knew well what they were talking about, and
we accordingly got along most pleasantly.

At last the design was finished, complete in its
details—two elevations and two plans—but our ideas
having developed faster than we imagined, we unitedly
condemned the whole thing. The engines looked ¢ too
sprawly,”—not compact enough,—but that was my
clients’ fault, so we at once began No. 2 design.

This time we shortened the stroke six inches, and
made a sweeping alteration in the position of the low
pressure cylinders, still adhering, however, to the Corliss
valve arrangement, and the result was a plan which
pleased us all. We now had a quantity of lithographs
taken of them, with printed descriptions, which were
sent to shipowners and engineers throughout the country.
The general opinion was that the design was excellent,
almost everyone liked it, but the Corliss valves were
condemned on all sides.

We were not going to be sat upon in this way, so we
made a third attempt. ¢« Now,” I said to my clients,
“we’ll cut out the obnoxious Corliss gear for the high
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pressure cylinder, and treat them to the piston valve,
equilibrium type, easy to work, you know. Keep the
common slide valves for the low pressure cylinders as
before, and let all the pumps and other gear remain
exactly where they are.”” We also designed an “Im-
proved marine boiler.”

At last success smiled on our continued efforts, for the
general opinions now were—‘a very nice arrangement,

’

indeed; "—¢ fine long connecting rod ; ’—* very compact
and symmetrical; ’—¢ very get-at-able;"—and so on.
The valve gear was also approved of, and the boiler
received great praise, indeed, an eminent authority in
Liverpool, himself an engineer as well as shipowner,
spoke most highly of both; but when I asked him if he
wouldn’t introduce them into his own fleet, he said, * they
had never been tried ; his own special engines gave him
every satisfaction, and he did not wish to make altera-
tions ; besides,” as he wisely added, ¢ if anything should
go wrong at sea, it is not the cost of repairs that I dread,
but loss of time on the voyage.”

Everyone seemed to have similar opinions, too, and
asked if they had ¢ been tried ?”’ We said “no,” and that
was enough, they all waited till ¢ someone else”’ made the
experiment before they would have anything to do in the
matter, and thus our work in the end went for nothing. I
like to point a moral, as well as adorn a tale, if I can, and
I think the moral is this: avoid, as much as possible,
dabbling in big and expensive things. Our engines would
have cost thousands of pounds to make, and therefore
people were afraid of them. Had we, however, designed
an improved pencil-holder, or something similarly useful,
to sell by the million, the plans for which could have
been sketched in a few




22 ENGINEERING, POPULARLY CHAP. II.

made a fortune, as some people have done through the
most trivial, but nevertheless popular, inventions.

A few individuals have made immense incomes out of
simple devices they have patented, but certainly did not
originate. In this respect, schoolboys have unconsciously
disclosed a perfect mine of wealth by means of their
ingenious discoveries. If, for instance, anyone had—about
thirty years ago—turned inside out the pockets of some of
those youths, there would have been found amongst other
treasures, a small piece of lead pencil stuck into the nib
end of a steel barrel pen, the other end of which contained
a plug of india rubber. Sometimes slate pencil and a
piece of rag were used instead, but, at any rate, this was
the germ of the now well known india rubber tip pencil,
which has yielded a profit of £20,000 to the patentee,
merely from royalties paid by its manufacturers.

The ¢ return ball,” with elastic cord attached to it, is
another schoolboy invention which brought in a revenue
of about £10,000 a year to the person who appropriated it
in legal form. Long ago, those youths sometimes fastened
to their feet two little flat boards on wheels, and then got
some one to haul them along. This was the beginning—
the crude idea—of the roller-skate, the patentee of which
made nearly a quarter of a million sterling through the
working of his “invention.” Truly the boys deserve
looking after in more ways than one.

Mr. Fox realised £170,000 out of his ¢ paragon
frame ” for umbrellas, and the owner of the ¢ stylographic
pen’’ made 440,000 a year by his discovery. A few
patent toys have also produced magnificent results, but
one of the most profitable novelties of the present day
has been the sewing machine, which was invented by
Elias Howe in 1844. After the idea had flashed upon
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him, he worked upon it earnestly for years, struggling
with poverty, until his beautiful mechanism was per-
fected, and eventually his income rose to £100,000 a year.
Wheeler and Wilson were each equally prosperous, and
Mr. Singer left behind him as clear profit from the
same source, three millions of pounds.

Fortunes may still be made in a similar manner, if
people can invent something really useful,—like the per-
forating machine for stamps, etc.—something that will
save time and labour, or catch, in some way or other, the
popular taste. It may appear strange, but it is neverthe-
less true, that the shareholders’ available profits, derived
from some of our most stupendous railway undertakings,
fade completely away when compared with the mag-
nificent results of the humble and inexpensive Switchback
lines, whose lives are short and merry, and wonderfully
beneficial to all concerned.

In the history of this branch of engineering, there are
indeed many dark shades. Fortunes have been lost,
health has been ruined, hopes have been blighted, even
by the most deserving people, while trying to win the
success which, after all, was achieved by others who
profited by their labours. Fortunes have also been lost
by those who thought they had discovered something of
real value, but had not done so. The aim of designers is
to make their schemes remunerative, but between a pro-
fessional triumph on the one hand, and commercial
prosperity on the other, there is sometimes a very wide
chasm. Probably there may not be a demand for the
article even when perfected, or perhaps the cost of
manufacture is too great to enable it to compete success-
fully with what is already in existence. Occasionally,
however, the so-called ¢ improvement” is only the dream



24 ENGINEERING, POPULARLY CHAP. II.

of an unpractical enthusiast, whose aim may be to
produce perpetual motion, or something approaching it,
if possible. The history of inventors abounds with
cases similar to those referred to, but perhaps enough
has been said to shew the difference between two
distinct and well known classes of ingenious experimen-
talists.

The field of invention is vast and varied, and open
to everlyone, regardless of age, sex, station, or means,
but it is often very disappointing, and those who enter it
have frequently to exercise sound judgment combined
with unlimited patience and perseverance under difficul-
ties, to enable them to attain their desired end.

Good machinery is absolutely necessary in conducting
every kind of manufacture rapidly, successfully, and pro-
fitably, and perhaps one of the best illustrations I can
give, relative to the ¢ constructive” species, is to be
found in the history of the North London Railway.

This line was opened in 1850, but its locomotive
works were not built until five years afterwards. In the
meantime, a gigantic traffic had sprung up, and when the
making of their own engines was added to that of repair-
ing, they were nearly overwhelmed with work which the
superintendent was obliged to execute at all hazards.
So great was the strain thrown upon the establishment
at one time, that the Directors hardly knew how to deal
with it. The men were working on night and day shifts
doing repairs, but in spite of this, no engine could be
spared long enough to enable its defects to be properly
rectified at one lying up. It is said that goods trains were
worked in the dead of the night, with the engine leading
tyres so loose that they had to be run only at such speed
as would enable men to follow them with lanterns and
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hammers to see that they did not come off. I fancy,
however, that this is a mythical story, but it nevertheless
had a foundation of truth.

The fact was the line and workshops were taxed far
beyond their capacities, and, to tide them over the diffi-
culty, special, and in some cases very simple machinery
had to be devised. Besides this, there were little things
known as ‘‘ appliances,” which helped very materially in
rendering assistance, and to crown all, a most admirable
system of management was planned and carefully worked
out in every little detail. These united and well directed
efforts eventually produced the happiest results.

Constructive machinery has now attained great perfec-
tion, and nowhere is this more observable than in vast
establishments, such as the London and North Western
Railway Works at Crewe. All the fixed and movable
plant, including bridges, canal boats, locomotives, steel
rails for the lines, steel plates, &c., for the steamers at
Holyhead, and everything else, great and small, is
made on the premises by means of special machines and
engines, which execute ex}erything to perfection and with
great rapidity, The same remarks may also apply to
similarly colossal and unique establishments of another
description, such as the Elswick Works of Lord Arm-
strong & Co. at Newcastle, and those of Sir Joseph Whit-
worth & Co. in Manchester, where some of the most
costly and gigantic machinery in the world is to be found.
The former, however, is now closed against non-official
visitors. In Messrs. Platt Brothers’ Works, at Oldham,
and also those of the Singer Sewing Machine Co., on the
Clyde, constructive machinery of a more or less delicate
kind is employed in the manufacture of textile mechanism
and appliances in the one case, and of the American
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invention, combined with steam-boilers of a special
description, in the other.

All these works are interestingly instructive, both to
professionals and non-professionals, as they are among
the best and largest of their class in this or any other
country. The Elswick establishment alone employing
fully 13,000 hands, Platt Brothers at least 5,000, and
Crewe about 16,000 in all departments.

The term ¢ special ” is applied to everything which is
used for one particular purpose, and, in locomotive and
some other establishments, there is such a large quantity
of details of a similar kind and- size constantly in hand,
that the adoption of the generally useful machines of a
“marine” work would neither be desirable nor economi-
cal. Having had a turn among locomotives myself, I
cannot admire those branches of engineering which
change men and boys almost into automata, as they
are kept such a long time doing the same thing, and, in
too many cases, of such a simple character, that it might
easily be learnt in a menth. So far, however, as the
apprentices are concerned, a good premium protects
them from this evil; and in the manufacture of engines
for ships, and also a great variety of heavy ‘ general”
work for pumping, winding, mill-driving, and other pur-
poses, it cannot well exist.

To carry on the indescribably miscellaneous assort-
ment of everyday manufactures, such as wood-work, and
metal work of every conceivable description, there is an
immense quantity of machinery employed, which would
astonish an outsider. For example: a *splint ”” machine,
in the hands of a boy, will cut splints for at least 10,000
matches in one minute, and even this can be greatly
exceeded. There is, however, no establishment in Great
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CHAPTER III

DUMBARTON AND THE CLYDE.

My apprenticeship in Denny’s 1852—Great prosperity in the various
Works—Engineer Workmen—Strikes in the Shipyards— William
Denny hands over a large contract to Caird & Co.—Later Strikes
among Coal and Iron people—Belgian Iron Trade—How Strikes
begin—Generalship of the Masters—The ‘¢ Delegate "—Unhappy
Workmen—Dumbarton at this period—Disastrous Storm-—~Death of
William Denny—Engineer Foremen—S.S. * Yorkshireman ”"—The
Penalty—The Wreck—A good Speculation.

IN the end of 1852, I entered the works of Messrs.
Tulloch & Denny, now Denny & Co., for the purpose
of learning marine engineering.

Dumbarton at this time was a very quiet place, pro-
vided you kept out of hearing the clattering of hammers
in the ship yards with which it abounded. If you walked
down the main or “ High” Street during the day, you
were forcibly tempted to ask ‘“ Where are all the people?”
as the only individuals visible were a few stragglers, or
one or two shopkeepers standing at their doors looking for
customers who were at that time elsewhere. At one end
of this street stood the Parish Church, and a little
distance down, the ¢ Elephant and Castle”” and ‘ King’s
Arms” hotels rose to view, then came a bridge across
the Leven, and proceeding onwards to the other extreme
end, you arrived at the beautifully situated place where
all the engines and boilers were made for ships built in
three of the yards. The engine works were washed on
two sides by the Leven,—a broad outlet of Loch
Lomond,—and were also fully open to the Vale of Leven,
and the charming mountain scenery of Dumbartonshire.
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In short, there never was a work of this kind so pleasantly
located,—to my knowledge at least.

In fine evenings everyone was out promenading, the
magnates of the town and others marching up and down
the centre of the High Street, while the workmen, in a
similar manner, occupied their leisure time in crowding
the street generally. An air of peace and serenity pre-
vailed everywhere, except in some late working establish-
ment, and on Sundays this was of a very marked char-
acter, as all traffic by land and water had ceased.

Such, then, was the place where I had to reside for
the next few years, the monotony of which was only
broken twice a year by a fortnight’s holiday in July and
December, and by occasional brief visits to Glasgow. In
former times, Caird of Greenock had made all the engines
that were required for the ships built by the Dennys, but
in 1850, the establishment I had just entered was opened
to meet a want which had been increasingly felt, and the
result was, that for a long time afterwards, they had as
many orders in hand as they could possibly execute,
indeed, for about two years, eight and ten o’clock work
was the order of the day—or night,—for most of the
hands.

The men and boys were remarkably steady, respect-
able, and well conducted, and during the whole period I
was among them, often worked a great deal more than six
days a week on account of ¢ overtime,” which many got
tired of however, although “time and a quarter” from
six to eight, and “ time and a half” from eight to ten,
were considerable advantages in a pecuniary way, Such
was my opinion then, of those employed in the engineer-
ing department, and such it has ever been, but no similar
commendation can I give the shipbuilders, who were,
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without exception, the most cantankerously unmanageable
crew I have ever seen. They were very fond of drinking,
and much liked striking. At one time the rivetters would
strike, and the ¢ holder up” boys go off for a holiday.
Then the youths would have a turn at the same employ-
ment, and their masters—the rivetters—“go on the
spree,” compulsorily or otherwise, generally otherwise.

Next in order came the platers, who thought they
might try their fortune, and the carpenters and joiners
followed in the rear. Thus they went on by stages until
some one found out that ““union was strength,” then they
all struck. I remember on one occasion Mr. William
Denny had received an order for four steamers of 1,000
tons each, which were to be built with all despatch. No
sooner did this become known, than the men thought it
would be a fine chance for obtaining more pay, and
accordingly struck at once. This was a very imprudent
movement on their part, as the work was not quite
begun. Mr. Denny therefore rounded on them cleverly,
by immediately handing over the whole contract to Caird,
and left them to come to at leisure. We, in consequence,
lost the engines.

Another striking era, with which, however, I was
not associated, occurred about the year 1876. This time
it was among the coal and iron people of Wales. Iron
ran up by degrees until it reached the highest price
ever known, which was very embarrassing to engineers
and shipbuilders. Coal was also advanced to fabulous
rates, thereby causing the British householder much
annoyance and loss. It was curious to note how these
two classes of workmen, while studying their own indi-
vidual interests, played into each other’s hands, until
they were, we might say, masters of the situation, and
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enriched by conquest. Such, at least, was my own
opinion, when I heard of them wearing sealskin jackets
and caps, and also gold watches. Luxurious living, too,
was highly prized, and first-class travelling on railways,
&c., was frequently adopted, all of which became, for a
time at least, somewhat unfashionable.

There is an old saying that * every canine animal has

’

his day,” and I think the aphorism quite applicable in
this case. The colliers and ironworkers had now reached
the summit of their ambition, but, like old Rome and
ancient Greece, their glory trembled in the balance and
then departed. Things righted, as many, though not all,
do in time, and the two products of the earth gradually
came down in price until they were lower than they had
ever been; but this was only part of the play. A great
deal of mischief had been done by the iron people, from
which they have never recovered.

The Belgian manufacturers, seeing the state of affairs
here, at once began to open a connection with this coun-
try, which, in course of time, became most powerful and
damaging. They commenced supplying us with all sorts
of iron beams, girders, and bridge or roof-work generally,
and at such low prices, that English iron for such pur-
poses was almost driven out of the market, and even now,
with our own materials so extremely cheap, their impor-
tations are extensively used in all kinds of building
constructions.

At one time those continentals bought our iron ore,
worked and manufactured it for themselves, and delivered
it in England for much less money than we could do on
our own territory ; and the reason was this. The Belgian
workmen were very steady and reliable, they had longer
hours and less pay than the British, and were content
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to live in a style corresponding to their position, and,
above all, to keep sober. Those who know this subject
intimately have also their tales of disaster to relate on
a gigantic scale, of men and women impoverished and
trade ruined; such, I believe, was the case with the
once prosperous business of iron ship-building on the
Thames. '

The annoyance such men as I have mentioned cause
their employers is sometimes very great. Say, for ex-
ample, a large firm gets an extensive order to execute
with all possible speed, under, it may be, heavy penalties
for delay beyond the time specified. In the first place,
their estimate, which must be adhered to, has been based
not only upon the current prices of material, but upon
current wages as well. Whenever the contract is signed,
the work commences, and the greatest activity reigns in
all departments.

The men knowing this, or their ¢ delegates ” for them,
at once organise a strike, and try to compel the masters
to give them an increase of pay. Well, now, what is to
be done, with the whole establishment in full swing? If
the employers agree to give what is asked, they may be
put to serious loss; if they do not, the hands may leave off
work, and perhaps a greater disaster arise on account of
the penalty, unless protected by the ¢ conditions of con-
tract.” The best course to pursue, in similar cases, is for
the men to stay where they are and be content, but they
will not always do this. A medium course is to settle the
matter by arbitration, as the lesser of two evils, and a
third is to treat them as Mr. Denny did, provided the
work has not gone too far, and will not involve the firm
in another harassing difficulty—¢ breach of contract.”
You will, therefore, clearly see the unhappy complications
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which may arise, almost at once, through the conspiracy
of a set of discontented, and, it may be, drunken and
dissolute workpeople.

It is deeply to be regretted that such a state of things
should exist, but I am afraid it will continue,.so long as
men and women are what they are. 1 do not, however,
blame the “hands” so much as I do the ‘delegates,”
who are only men advanced from the ranks, and dressed
in a little brief authority. Their pay is, I think, about
£2 a week with all expenses; besides this, they go about
«¢ like gentlemen,” which is a coveted honour. For these
valued benefits, they of course feel that something must
be done in return, just as you or I would, under similar
circumstances, and thus an honourable feeling is degraded
into acts which cause heavy loss, if not ruin, to the
employers, and incalculable misery to those who have
been led into them. If you wish to study the subject in
all its bearings, and if you should desire to fathom the
inner workings, and even terrible crimes, such a system
educates people to, the newspapers for the last twenty
years will give the necessary information.

When I speak of crimes, no matter of what kind, as
well as minor evils, I think most people will allow that
they are all mainly due to one blasting, blighting,
desolating curse, which pervades the British Isles,—the
love of drink. When I take a retrospective glance at
the people I have known in the various classes of society,
the amiable and kind, the geod and true, those whose
prospects were bright, as well as those from whom the
sunshine of life had departed, men and women, gentle-
men and—ladies / it seems to me as if the English
language did not contain words strong enough wherewith
to crush the grim fiend, and yet I believe there is a

c

:
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quotation from Lalla Rookh which will be sufficiently
powerful.

It refers to the veiled Prophet of Khorassan who,
when disclosing his horrible features to Zelica, ex-
claimed :—

¢ Here,—judge if hell with all its powers to damn,
Can add one curse to the foul thing T am.”

So awful was the sight, when he raised the veil—that—

¢ The Maid turned slowly round,
Looked at him,—shrieked,—and fell upon the ground.”

The poor ¢ heathen Chinee”’ destroys himself just
about as surely by opium smoking, but when in the
seventh heaven of delight, through the use of the fatal
drug, he is an inert, insensate, harmless mortal, whereas
when our people use their beverage too freely, they
become raging demons, and this makes all the differ-
ence.

When I went to Dumbarton, I was young, very
prejudiced and conceited, and a great deal more ignorant
of the world than I hope I am now. At this period, there
were no reading rooms, no lectures, and no enter-
tainments of any kind, beyond an occasional ¢ Grand
Concert” in the Odd-Fellows’ Hall, by Glasgow stars,
among whom Stembridge Ray, Gus. Lloyd, Sam. Cowell,
and others used to shine. Miss Emily Ray, too, at that
time very young, assisted in a small way. When not
enlivened by these festivals of song, the town was
extremely dull in the evening. Fortunately for me, how-
ever, Sheriff Steele,—an intimate friend of ours from his
boyhood,—and his good lady, who resided there, helped in
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no small degree, by their kindness and attention, to make
my few years residence among them more agreeable.

I had not been long in the works before I discovered
that it would be a source of great pleasure and advan-
tage if I could get permission to sketch and take dimen-
sions of the engines in progress during leisure hours, and
draw them out fully at home. This privilege I succeeded
in obtaining, and during the whole of my apprenticeship
esteemed it all the more highly because engineers at that
time were very jealous of anyone in their employment
taking notes, and as “leisure time” proved to be part of
the dinner hour, as well as Saturday afternoons and-
summer evenings when necessary, I had always plenty to
do. The system I adopted was this:—every detail, big
and little, about the engines, was overhauled and care-
fully sketched and dimensioned, so that I could from the
rough particulars make complete general drawings at
home—plans, elevations, and sections, to scale.

It was splendid and fascinating practice, but it often
gave me more work than I cared for, and very frequently
allowed me only four-and-a-half hours’ sleep, when the
drawings had to be sufficiently far advanced before the
engines were taken to pieces in the erecting shop. No
one, perhaps, could have made a greater hobby of any
employment than I did of mine, and I rather fancy that
if the Firm had had any idea that the plans of every
kind of engine they made were to have found a place
in my portfolio, the favour would not have been granted.

One of the memorable events that happened in my
time was the storm of February 6th, 1856. We were on
that occasion working till midnight, erecting the engines
of the ¢ Min,” a China steamer, and, as one of those so

employed, I went home for tea at six. A calm prevailed,
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but soon afterwards the wind began to rise in gusts, until
about eleven o’clock, when we were in the middle of a
perfect West Indian Tornado, and as the works were fully
exposed, we felt the tempest in all its fury. Call it a
cyclone, hurricane, or anything else you please, there was
one thing very certain, and that was, that things seemed
as if they were going to pieces, and had the great doors of
the building not been securely stayed inside with timber
props, they would have been blown in, and great damage
might have resulted.

Since that eventful night, I have witnessed many a
terrible storm, but never one so destructive to property,
or one which left its marks behind it for such a length of
time. Helensburgh stone pier was destroyed, and many
house windows blown in, tall chimneys, etc., thown
down, and amongst a variety of other disasters, was the
wreck of Tod & McGregor's building shed, which had
recently been erected in Crystal Palace style, at a cost of
£15,000.

A correct knowledge of the force of wind is most
essential to an engineer, but strange to say, until after the
Tay Bridge came down, the greatest authorities on the
subject differed very widely. Some said one thing, and
some another, but no one seemed to know what the
greatest wind stresses really were. If this disaster had
not occurred, we might still have been in the dark, but
that terrible calamity caused a searching enquiry to be
made with the view of elucidating facts which were
certainly mysterious. In this respect, however, the engi-
neers of the Forth Bridge have done good service to the
profession, by making a series of experiments on a very
large scale, which enabled them to ascertain, not only

the ordinary storm pressures per square foot, but also
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what those extraordinary and unaccountable blasts of
intense severity over a small area sometimes amount to.
In this, they have been to some extent successful, as it
has at last been officially decided that the greatest wind
pressure to be safely allowed for on all flat and fully
exposed vertical surfaces, need not exceed fifty-six pounds
per foot.

During a recent excursion to the country, I came to
know something about atmospheric disturbances which
might be useful to scientists in general.

While our party were visiting the residence of Mr.
Worsley, near Winwick, Lancashire, he showed us a
part of his grounds which had been injured by a storm
some years before. Upon questioning him closely about
it, he told me that, when at its height, a blast of most
intense and concentrated energy had swept over his
garden, cutting like a knife through some rhododendron
bushes, and snapping off two large trees near the root,
besides doing other damage. The strange part of it was,
that outside of what we might call the line of fire no
mischief was done. In the tropics, however, such expe-
riences are by no means uncommon.

Another event that happened at Dumbarton in those
days, was the death of Mr. William Denny—7%ke Denny.
He was of short stature, and had a very mild, gentle,
unassuming manner. He also was the genius of the
family, and had conducted most successfully the very
celebrated establishment over which his father had
reigned before him. The day of the funeral was a day of
silence, as the various works were closed, and we all
escorted his remains to their resting place. Thus passed
away from among us, at an early age, one to whom
Dumbarton owed much of her prosperity.
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CHAPTER IV.

GLASGOW AND OCEAN STEAM SHIPS.

Dumbarton as it is now—Neilson & Co., Glasgow—Tod & McGregor—
S.S. “Bengal”’ for P, and O. Company—First Sunday Steamer on
the Clyde—River Steamers ¢ Columba ” and ‘¢ Lord of the Isles”’—
Great Works on the Clyde—Cunard Atlantic Ships in 1850—
Mediterranean Liners, 1852—P.S. ¢¢ Persia”—Robert Napier &
Sons—Compact between Cunard, Burns and Maclver.

I Lerr Dumbarton in 1857 to enter, as a draughtsman,
the celebrated establishment of Messrs. Neilson & Co.,
Hyde Park Foundry, Glasgow, but only recently had a
prolonged opportunity of revisiting the old and well-
remembered scenes of early days on the banks of the
Clyde. One day I paid a visit to the little town I knew
so well, but it was as changed to me as Rip van Winkle’s
village was to him after his twenty years’ sleep. I looked
for relics of bygone days, and saw only a few. I went to
my old works, and did not see one I could recognise, but
was most courteously received by Mr. Denny, and shewn
through the present splendid establishment. I walked
over the remains of the past, which had not yet been
obliterated by modern improvements, and thought I could
see again the well-remembered faces of my contempor-
aries. But it was only fancy, and had it not been for
those around me I should

Have felt like one -
Who treads alone
Some banquet-hall deserted,
Whose lights are fled,
Whose garlands dead,
And all but he departed.
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Having carefully surveyed everything I saw in the
shops and drawing office, I must give Messrs. Denny &
Co., great credit for their elegance in design, and also
for the elaboration and carefulness with which their
drawings are executed; nor must I omit to mention the
four young ladies, whose work I had much pleasure in
examining, and who trace those drawings so admirably
in every respect.

Messrs. Neilson & Co. were, in my time, considered
the best ¢ general” engineering people in Glasgow, and
made marine, locomotive, pumping, blowing, &c., engines,
and a variety of other work. They had such a large
business that the firm eventually removed to the suburbs,
where they built a very extensive and carefully arranged
establishment, and devoted their whole energies to rail-
way engines, large numbers of which were sent to India
and other foreign parts.

Tod & McGregor, of Clyde Foundry, Glasgow, was
another celebrated firm I had the honour of being asso-
ciated with. After a very long and successful career,
however, they closed their premises a few years ago—the
Inman S.S. « City of Richmond” being their last ship.
At one time they were constantly building vessels for the
Peninsular and Oriental Company, whose last paddle
steamers, the ** Ganges” and ‘¢ Singapore,” were built, I
think, in 1852. At that time the screw-propeller was
becoming better known, the above Company, therefore,
gave it a trial by requesting Mr. Tod to build the S.S.
‘“ Bengal " for them, and so highly pleased were they with
the performance of this ship, that paddles were discarded
ever after.

Amongst the numerous ships which followed for the
same Company, was the “ Delhi,”” which had vertical
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trunk engines, but owing to the Indian Mutiny atrocities
at this period, they changed her name to ¢ Nemesis ’—or
the ¢ Avenger.” The Inman Company also gave them
many vessels to build, having in nearly every case Mr.
Tod’s steeple engines. Their machinery was elegantly
designed : light, strong, and highly-finished in all the
parts above the cylinders,—which lay at the bottom of the
ship. The engine-room had also abundance of natural
light, and every detail was easily accessible and easily
seen; whilst those on the starting platform, or on the
upper deck, could take in at a glance everything around
them. With many other firms too, these engines were
very popular, for paddle as well as for screw steamers of
all sizes.

Tod & McGregor were also greatly in favour with the
Egyptians, and especially with the Pasha, for whom
they built several beautiful steamers having oscillating
engines, one of which—the * Faid Rabani,” or ¢ Light of
Heaven,”—was fitted up as a steam yacht in magnificent
style, and at a cost of £70,000. It was reported that on
one occasion she ran upon a bank in the Nile, and as
they could not well get her off, His Imperial Highness
became so enraged that he went about the ship des-
troying the costly ornamental work with his own
hand.

Mr. Tod died in 1859, and Mr. McGregor, of the ship-
yard at Partick, six weeks afterwards. Mr. William Tod,
the eldest son, now assumed the management of the
engineering department, and I entered his drawing-office
in 1860. This gentleman was without exception the most
genial and kind-hearted engineer I ever knew in Scotland.
He was highly esteemed by all, was rich, and had a good
business, but ‘“died young,” and this, unhappily, may be
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said of too many of the choicest and most promising
people we have known in life.

Another Clyde Foundry worthy was Mr. R. F. Pearce,
the business-manager, and formerly of Chester. There
are people we sometimes meet who have an unhappy
talent for looking on the dismal side of everything, either
in expectation or in possession, and for colouring their
surroundings with Payne’s grey or neutral tint, not to
mention Indian ink or lamp black. If the sun shines, or
the flowers bloom, or the health-giving breezes blow, they
think they are for others, but not for them, and all
because these unfortunates are unable to extract the sting
from the nettle,—the bitter from the sweet in life,—and
either do not know, or seem to forget, that the world in
general is pretty much what we make it for ourselves.

There are others, however, who, in the midst of
anxiety, and perhaps trouble, are bright and happy,
though often cast down, and still more happy when the
end draws near, because they are masters of the art of
painting their thoughts and actions with liquid sunshine,
and helping to tint those around them in a similar
manner. To a large extent Mr. Pearce was one of the
latter. He was essentially a ‘“happy man ”—one who
never seemed to feel he was getting older, or that there
was any care and anxiety in ks part of the world at least.
He enjoyed his own jokes immensely, and much liked
sometimes to come into our office to tell some funny
story, and ask kindly for all of us. He too, I regret to
say, has recently departed, but with me the memory of
those two good, kind friends, will be ever green.

One of the ancient remains of the Clyde Foundry is
still to be seen on that river in the shape of the old
paddle steamer ¢ Inverary Castle.” She was built in
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1839, but, during the interval, has had at one time a new
bow, at another a new stern, and, after that, she was
lengthened. When I had the pleasure of seeing her come
into Rothesay some years ago, with her saloon filled with
flour and meal bags to feed the Highlanders, she looked
as smart and youthful as if only a few years of age. One
of her crew told me about the alterations in her hull, and
emphatically added, *“ Her plates were very tough, sir.”

I well remember the advent of the first Sunday
steamer, “ Emperor,” on the Clyde, in 1855, and also the
howl that ran through Glasgow and down both banks of
the river when the ¢ Sawbath breaker ”’ made her appear-
ance. The ¢ Nelson” followed. Her owner, however,
was excommunicated, along with his family, from their
church ; but those who helped to do this did not think it
any sin to put their own vessels on the slips, to clean,
paint, and otherwise titivate on the Day of Rest.

For twelve miles below Glasgow the Clyde is almost
as artificial as the Suez Canal, and during the early part
of the present century was only navigable to the Broomie-
law during spring tides, by vessels drawing about eight
feet of water. The only communication between the city
and places down the river in those days was by boats,
and a story of the period is, that one dark or foggy night
a party went on board one of them for a row to Greenock.
They started, and in the early morning one of the oars-
men cried out, ‘ Hey, Jock, here’s Dumbarton Castle!”
¢« Where ? ” said his friend at the other oar. * There,”
said he, pointing to what on closer inspection proved to
be the Broomielaw after all. They had toiled all night,
quite forgetting that the boat was moored by the stern !

The river steamers have always been celebrated for
their speed and beauty, and have caused as much rivalry
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among their builders and engineers as if they had been
ocean liners. At the present time some of them are truly
magnificent, and may be said to have no equals in
Europe. Especially is this the case with the ¢ Columba”
and ¢ Lord of the Isles.” The former goes to Ardishaig
and back the same day, or a distance of 180 miles in
about eleven hours, including numerous stoppages, and
the latter to Inverary and back, or 218 miles in thirteen
hours. It is interesting to contrast these vessels with the
earliest steamboat ‘ Comet,” an engraving of which is
annexed.

The ¢ Columba ” carries the mails, and is 316 feet
long, by 50 feet broad over the paddle boxes, her draft
being nearly 6 feet. The deck saloon, which runs about
three-fourths of her length, and full breadth of ship, is
elegantly fitted up in the Pullman car style, and below
this is the dining saloon, where 140 can sit at table with
as much comfort and style as in a first-class hotel. At the
post office, letters and telegrams are received, and money
orders paid. There is also a hair dressing establishment,
a bathroom, a bookstall and fruit stall, a cloakroom, and
two circular tables for writing letters, at which ladies and
gentlemen are so constantly engaged during the season,
that I am afraid the description I have given has now
been read by the public in many thousands of their
epistles. DBesides a handsome piano at the end of the
saloon, they are otherwise well off for music, as there is
generally a good instrumental band on deck, which
greaty adds to the enjoyment of a trip which only costs
six shillings for the whole day.

The vessel, externally and internally, has the finish
and appearance of a modern Cunarder, and is propelled

by a pair of splendid engines at a speed of 22 miles an
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hour. The ** Lord of the Isles,” on her run to Inverary,
although not quite so large, can do 23 miles in the same
time. The following well-known story is told about the
Kyles of Bute, through which these steamers pass every
day :—

When the late Mr. Charles Maclver went to live at
Rothesay, he engaged John Taylor, an old man-o’-war’s
man, as pilot for his steam yacht. The first time Mr.
Maclver sailed through the dangerous “ narrows,” he
said to his Ancient Mariner:

“Now, are you sure you know this place well ?

“ Know it?" said John, “I ken every rock on this
coast, from Cape Wrath to the Mull o’ Galloway—there’s
one o' them,” he coolly added, as the ship bumped
against a sunken reef, apparently in proof of his asser-
tion.

It is on the banks of the river where the great exten-
sions are to be seen that have taken place during the last
twenty years, in connection with the engineering and
shipbuilding establishments for which the Clyde is so
famous. The largest of these are the works of the Fair-
field Shipbuilding and Engineering Company, and the
Singer Sewing Machine Co., which have been already
referred to. The enclosed ground space of the latter
amounts to 46 acres, and the land now covered by
handsome buildings is 22 acres in extent. Their foundry
alone is 448 feet long, by 352 feet wide, while the other
parts of the works correspond to this, and are from one
to four stories high, giving, on the whole, a handsome
appearance from the river. To drive the machinery,
engines of 1,600 and boilers of 2,000 horse power are
required, while the extent of railways throughout the
factory amounts to 2} miles.
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Amongst the numerous steamships built on the Clyde
in early years were the Cunard Atlantic liners, which in
1850 were as follows:—

Caledonia..[1250tons| 500 h-p.| Niagara ..|1800tons|700 h-p.
Hibernia...1400 , | 550 , |Europa...|1800 , [700 ,
Cambria...[1400 , | 550 , [Asia ...... 2250 , (800 ,
America ...[1800 , | 700 , |Africa ...|2250 , [800 ,
Canada ...[1800 , | 700 ,

All the above were paddle-wheel vessels, the general
length of the six largest being from 275 to 300 feet, and
beam from 40 to 42 feet. Their steam cylinders were go
inches in diameter, with an 8 feet stroke of piston for the
700, and g feet for those of 8oo horse-power, while the
diameter of the wheels was from 32 to 36 feet.

In 1852, the Cunard Company established steam com-
munication between Liverpool and the Mediterranean
ports, and in that year made a new departure of great
importance. Previous to this, their fleet consisted
entirely of timber built ships as above; they now,
however, gave an order for the iron screw steamers
“ Alps” and ¢ Andes,” to Messrs. Denny, of Dumbarton.
Their engines, of the ¢ beam” description, had powerful
spur gearing, to increase the velocity of the propeller,
and were of a type frequently employed in those days,
but which, for practical reasons, has long since been
abandoned. Other similar vessels followed, and on
March 3rd, 1855, the iron paddle steamer ¢ Persia’ was
launched from Napier’s.

What a sensation this ship caused on the Clyde while
building! The largest vessel hitherto launched on that
river was Tod & McGregor’s P. and O. steamer ¢ Simla,”
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of 2,600 tons, and 600 horse power; but here was a
paddle ship of the unheard of size of 3,500 tons, and goo
horse power, The descriptions given in the newspapérs,
must, I think, have caused every young engineer to wish
he was in the Lancefield Foundry, helping to make her
truly splendid machinery. Many a discussion we had
about her in Denny’s—indeed, before the order was
settled, the general hope was that our firm might have
the building of the vessel, since we had a reputation good
enough for anything. As our erecting shop, however,
was not quite high enough in the roof, and the cranes
hardly strong enough for such colossal engines, we were
content to let Napier get the contract.

The ¢ Persia’s " length over all, was 3go feet, breadth
over paddle boxes, 71 feet, and depth 32 feet. Her hull
was immensely strong, and every care was taken to make
her the best, safest, and quickest ship at that time afloat.
Mr. David Kirkaldy, of London, who was then in the
Lancefield Works, made the most exquisitely finished
drawing, in many views, of the ship and engines, that had
ever been seen, and was the first of its kind admitted to
the Royal Academy.

When Commodore Judkins was in command of this
vessel, a passenger one day found fault with the wine,
and added—

«“Can't you give us something better? ”

“No, sir,” said the Captain, ¢“it is the best I have in
the ship, but when we arrive in Liverpool you shall come
and dine with me, and I'll give you some that you will
like.”

The ¢ Persia’ arrived in due time, so also did the
banquet.

“ What do you think of that wine? "’ asked the host.
D
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« Splendid ! some of the best I ever tasted.”

«] am glad you like it, for it is a bottle of the same
quality you had on the voyage!”

In 1862, the iron paddle steamer ¢ Scotia ”’ was built
by the same firm for the Cunard Company, She was of
still larger dimensions than the ¢ Persia,” but as it
soon became fully apparent that the screw was the best
means of propulsion for ocean navigation, paddles were
henceforth abolished. In 1879 this once famous ship was
sold to the British Telegraph Construction Company,
who substituted compound twin-screw engines for the old
side levers, and otherwise altered her to suit their own
requirements.

At this period none of the great Engineering people
in the Clyde district attained such high celebrity as
Robert Napier. This was attributable to two main
causes, — one being the antiquity of his establishment,
and the other the excellence of the work he turned out,
in design, material, and also workmanship, which could
not be surpassed. From the time that Mr. Napier
obtained the engines of Junius Smith’s steamer, ¢ British
Queen,” to complete, owing to the failure of Claude
Girdwood & Co., her first contractors, his business
increased greatly, and a most important event in his
career was a visit he received from Mr. Cunard, in 1839,
relative to the formation of the British and North Ameri-
can Steamship Company, which they unitedly had the
honour of originating.

In consultation with Mr. Cunard, who had purposely
come over from America to carry out a scheme, the great
results of which he clearly foresaw, Robert Napier deve-
loped what proved to be the best arrangement in connec-
tion with the first four ships of the newly created line,
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and at once obtained the contract for their engines, while
the vessels themselves were given to Mr. Wood, of Port
Glasgow, to build. Long previous to this, however,
Messrs. Burns, of Glasgow, and Maclver, of Liverpool,
who had been running coasting steamers for several
years, amalgamated their undertakings in 1830, and this
firm of Burns & Maclver was, at the time Mr. Cunard
came to England, one of the most prosperous shipping
Companies in Great Britain. When, therefore, the pro-
posal to form a great Atlantic steamship organisation was
made to those gentlemen by Mr. Napier, they at once
agreed to it, and the result was the foundation of what
ultimately became the well-known ¢ Cunard Line.”

Sir Samuel Cunard may therefore be regarded as its
originator, and now that so many years have rolled away,
it may only be added that his enterprising partners, the
Maclvers and the Burnses, have proved themselves to be
amply capable of sustaining the grave responsibility they
then assumed.

Tod & McGregor, who in later years were considered
the wealthiest engineers in Glasgow, also turned out
large quantities of splendid work, but amongst their
workmen they had not a good reputation, as so much
importance was attached to the speedy execution of a
contract. Mr. William Tod, however, rectified this in
his usual happy way. On the other hand, Napier's was
not only a very steady, but a very comfortable place to be
in, and, so far as I could learn, m&n were never found
fault with for taking what some might think a long time
to what they did, provided it was of the very highest
character.

This system, however, occasionally involved Mr.
Napier in heavy loss. For instance, the first of the
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ironclads, or ‘“batteries,’”’ as they were then called, proved
a financially disappointing business for him as the builder,
but so pleased were the Government with the way in
which the contract had been carried out, that they
liberally made good the loss which had been sustained.
At other times, however, he was not so fortunate.

It was by no means easy for visitors to get inside
either the Lancefield or the Vulcan Works if they were
known to be engineers; anyone else, however, the pro-
prietors did not greatly object to. Twice did I try,
though unsuccessfully, to obtain admission, but when in
later years I could send in my card as a ‘ Consulting
engineer,” 1 was courteously received, and allowed to
inspect everything. For their kindness I now thank
them. By this time, however, the charm was broken, as
I had become intimate with marine engines of all
descriptions in other places.

On this point, Messrs. Laird Brothers were most
generous, and, during the time H.M.S. «“ Agincourt "’ was
building, from twenty to thirty visitors a day were fre-
quently allowed to go through the establishment, after
signing their names in a book, and giving a trifle to the
Birkenhead Infirmary. One can hardly think, however,
that this liberality to outsiders was purely disinterested,
because, not long before, the ¢ Alabama ** had left their
yard on a secret mission organised by her owners. As all
the world knows, her career called forth very strong
expressions of opinion in America towards the British
Government, and I therefore fancy that the public were
freely admitted, so that all might see for themselves that
there were no more lurking pirates on the premises to
give cause for international quarrels.
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CHAPTER V.

THE BIRKENHEAD IRONWORKS.

Difference between Marine and Locomotive establishments—Description of
the Birkenhead Iron Works—The Firm—The Staff—Pupils in
Drawing Office—Rilly Taylor’s ““Unlucky” Dinner—Fatal Tea
Party in Chester—Troublesome French Pupil—Chief Engineer of
H.M.S. “Captain "—Foremen and Workmen in the Birkenhead
Iron Works—Value of ‘“old hands ”’—Foremen in Small Works—
The * General Utility ”” Engineer—H.M.S. ** Euphrates.”

THE only establishment on the banks of the Mersey to
which I shall refer will be the Birkenhead Iron Works,
because I had the honour of being on the staff for many
years, and therefore can speak confidently of much that
I was intimately acquainted with. The number of men
employed amounted to about 4,000, but, a few years ago,
upwards of 6,000 were on the books, and considerable
occupation was given to others in the foundries which
supplied the firm with brass and iron castings, and copper
work, and also in the great forges where the heavy
wrought iron parts were made.

In this respect there is considerable difference between
marine and locomotive works, the former giving out all
their heavy forgings, and in many cases all their castings,
to other people, as it is more economical to do so owing
to the extreme variations:in size that exist in steamship
engines. The railway engineers, on the other hand, have
no such variations, as locomotives do not alter much
either in dimensions or in description; hence they make
all their own castings, brass, copper, and all other work,
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and are thus completely self-contained in their operations.
Everything, however, in the way of plating, as in boilers,
tender water tanks, side frames, etc., are given to the
rolling mills.

Besides the 4,000 men just mentioned, the Birkenhead
Ironworks had a large staff of able foremen and experi-
enced draughtsmen, both in the engineering and ship-
building departments, and also a full complement of
clerks in the general office. I cannot say how long some
of the foremen have been in the works, but I know that
the late Tom Williams, of the ship yard, was about forty-
five years on the premises, and some of the others also for
very extensive periods. The establishment comprised a
pattern shop; one light, and two heavy turning shops;
two erecting shops, in the last of which the most powerful
engines in existence could have been fitted up; a boiler
shed—which has recently been superseded by a very
spacious and admirably arranged new building outside
the works ; an extensive smithy, containing several steam
hammers, and all other appliances for executing ship and
engine work generally. At this end of the premises were
placed a large joinery and cabinet-making shop; also a
saw mill, with complete assortment of machines for
sawing, planing, mortising, etc.

Over the smithy was a spacious mould loft, where the
sections and plans of the vessels were drawn full-size on
a black floor, so that the greatest accuracy might be
ensured in their construction ; and, adjoining this, was a
drawing office, for preparing a few of the necessary plans
on paper. In the same locality were to be found the
rigging loft, storerooms, and buildings containing the ship
constructing plant, including plate bending, punching and
shearing, planing, drilling, and other machinery.
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At the other end of the works stood an extensive
building containing all the principal offices, keeper’s
rooms, and a model room, which contained a large
collection of very handsome models and oil paintings of
ships built by the firm. Next to this, were the paddle-
wheel and also the armour-plate shops; the latter of
which was part of the second of the heavy turneries
referred to, and contained shafting lathes, planing, dril-
ling, screwing, and other machines; also a most powerful
hydraulic press, for bending the heavy armour-plates
cold.

Lastly, we may add a large shed full of shipbuilding
appliances, where all the frames or ribs of the vessels
were bent to shape on a large iron face-plate. The erect-
ing shops were swept longitudinally and transversely by
very powerful overhead travelling cranes, and, the larger
of the two had, on one side, a few valuable machines,
including one of gigantic size for planing and slotting
work of the heaviest character, also a lathe, whose face-
plate was 15 feet in diameter, and bed of great length. As
the foundations of these buildings had been excavated out
of the solid rock, the floors were beautifully clean com-
pared with others. The practice, however, adopted at
Woolwich Arsenal and elsewhere, is a good one, as the
floors are composed of hexagonal pieces of wood bedded
in the ground with the end fibres uppermost—as in
wood pavements—which makes them easy to keep clean,
and in other respects is very suitable.

The amount of medium and small sized gear in all
engines is very considerable. This is sent to the light
turnery, where it is operated upon by machines and
appliances of every description for rapidly executing first-
class work. Nowhere is this more observable than in
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locomotive and machine making establishments; in such
places the visitor will see quite a forest of belts, shalfts,
pulleys, etc., and everything arranged in the most sys-
tematic order to suit their own class of work, and facilitate
every operation to the utmost.

There were five graving docks, two of which were
covered, and under their roofs H. M. Ships ¢ Agincourt,”
« Euphrates,” ¢ Captain,” ‘“Vanguard,” and other vessels
were built, while another was used as a fitting-up basin
for ships getting in their machinery and masts, previous
to being taken to the Birkenhead docks to finish. There
were also six building slips, which, in conjunction with
the graving docks, had, during my time, sufficient employ-
ment to keep them in full operation for many years.

The heads of the firm were very good in giving us
most spacious and handsome offices, and, indeed, every-
thing that tended to make us comfortable. In this
respect, however, many first-class works of the old style
are very deficient. Sometimes we all received invita-
tions to a grand dinner, which latterly was given in the
large general office. The first banquet I had the honour
of attending was on the occasion of the launch of H.M.S.
‘“ Agincourt,” and the last immediately before the mar-
riage of the senior partner. At this entertainment
there were about 150 clerks, draughtsmen, foremen, and
visitors. A most excellent dinner was provided, and
afterwards there were a great many speeches, one of
which the author was kindly asked to contribute. Some-
how or other his humble effort gave great pleasure to the
whole company, but inasmuch as he had to return
thanks for *the ladies,” it is most likely the subject of his
remarks was the cause of their enthusiasm, and, in that
case, it shewed their good taste.
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The manager at this period, contrasted materially in
disposition and appearance with Mr. R. F. Pearce, of
Tod & McGregor’s, as the former was sombre, and did
not say much ; while the latter was bright, lively, happy.
Had they both been on the stage, one would have made a
splendid heavy tragedian, and the other an equally
admirable light comedian of the Charles Mathews type.
The gentleman I am referring to, however, was one of
the best managers I-have ever known.

He was kind and good to all, and had a quiet,
pleasant way of speaking to people,—even when things
went wrong,—that did him great credit. He never hurried
us with our work, unless pushed for time; but under all
circumstances would have nothing that was not done in
the very best style. And if anything were wrongly made—
which rarely happened—through an error in the draw-
ings, he would point it out to the draughtsman, and
mildly say: “I am surprised that one of your experience
could have done such a thing, don’t let it occur again.”
The amount of time spent on plans he supervised was
considered of little value compared with excellence in
design, proportion, and arrangement. This was specially
the case when the drawings for a new type of engines had
to be worked out, involving every kind of alteration as
one’s ideas became developed and matured, until at last
perfection was arrived at as nearly as possible under the
circumstances.

In the engineer’s office, to which I was attached, there
were at least twenty draughtsmen and apprentices—
English, Irish, Scotch, American and Brazilian, and, as
the last named were foreigners, I must say a few words
about them.

Eugenio Lopez de Gomensauro—whom we may call
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the head of the tribe—was a perfect Adonis, elegant and
refined in taste, and a remarkably pleasant little fellow
besides. He was very steady and attentive, had appa-
rently no faults, and, so far as we knew, no vices. He
returned to his country, and, although possessed of
influence, as his father was an admiral, I believe his
expectations were not guite realised.

Next in order came Antonio De Silva, a mild dis-
positioned, amiable youth. He was a hard student, and
took care to read the best and newest scientific books.
If he got too much tracing to do, he would go off for a
day or two to study his literature, and leave his work to
be finished by others. A painstaking gentleman he was
in what he liked, and what he did not care for he tried to
avoid. Just before he left the works, he gave a party, to
which we were all invited, but as two of us, including
myself, were absent, we were asked to dine with him at
his lodgings. When we arrived at the house, he received
us in his shirt sleeves, made us heartily welcome, and
then left us to take care of ourselves for a time.

It turned out that he was cooking the dinner down-
stairs! but came up now and then to see how we were
progressing. At last the feast was spread, all in good
order, and to his own entire satisfaction. I really forget
now what the banquet was composed of, but we did ample
justice to the good things, which were so admirably
cooked and so liberally provided, and altogether we spent
a most pleasant evening. What has become of De Silva
I do not know, but I have no doubt he has found his
culinary attainments very useful in a far-off clime, and I
also hope that his studies have been remunerative and
pleasantly profitable.

José Ferreira, another of the tribe, was as dark com-
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plexioned as if he had lived for many years under an
African sun. He was a merry youth, took things very
easily, and seemed to make the study of engineering a
sort of elegant recreation. He used to place his drawing
board on trestles, and, leaning back on his stool against a
chest of drawers, looked the very picture of indolence
and good humour when, with tongue lolling out of his
mouth, he idly played with his instruments, and made
personal remarks upon those around him, with whom he
was much amused. Ferreira also went home to Brazil,
but not long afterwards revisited his old establishment,
and, from what he said, it appeared as if the world had
not treated him as kindly as he wished.

A sad event happened at this period to an English
pupil named Billy Taylor, who was then amongst us. He
was a fine, amiable, good looking, studious boy, one who
promised well, and was quite a general favourite. On
one occasion, however, thivieen of us, including Billy and
myself, sat down to dinner in a Birkenhead hotel, quite
well and hearty. When our number was mentioned to
him, he made some slighting remark, such as, “ What
did he care? He could eat his dinner just as well.”
Poor fellow! By a curious coincidence, within a fort-
night we had the melancholy duty of laying him in his
grave,

On another occasion I went with a large party of
ladies and gentlemen to Chester. Under Dean How-
son’s able guidance we spent fully an hour in rambling
over the beautiful cathedral, then had a walk around the
ramparts, and, after that, tea. Our party was now
divided, and it was again discovered that the table I
was at contained thirteen. Well, I didn’t care a single
pin, but said little. One of the gentlemen, however,
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following on Billy Taylor’s lines, made a frivolous
remark about it, and lo! he caught cold that very
evening when we were rowing on the river, and in three
weeks was dead. Still more remarkable is the fact
that the night before the Liverpool and London S.S.
“Cheerful” was run down by H.M.S. “Hecla,” in
the Bristol Channel, thirieen people left the former at
Plymouth; the same number sat down to tea, and thivicen
were drowned.

There are a few superstitions that ignorant people
still cling to, but it seems astonishing, in our time of
enlightenment that they are not all consigned to oblivion.
I cannot, for example, bring to mind a single instance of
a ship’s keel having been laid, or the vessel herself being
launched, on a Friday; and, so far as the shipping adver-
tisements are concerned, one would suppose upon reading
them, that it was not considered proper to start an ocean
liner on that day. In some cases, however, private com-
mercial reasons may be the cause of this. There is a
well known story told of a shipowner who said, «“He
didn’t believe in any such rubbish, and would expose the
fallacy to the world.” In proof of his statements, he laid
the keel of one of his ships on a Friday, launched her on
a Friday, and named her the ¢ Friday.” She began her
first voyage on a Friday, but from that time to the pre-
sent has never been heard of !

Some of our drawing-office pupils were studious and
persevering, others not so. A few seemed to consider
engineering as a kind of doubtful amusement, and two or
three of these gentlemen retired from the profession when
their apprenticeship was out, and tried something else.
-They had a magnificent school of practice before them,
and, if they had only availed themselves of it as they
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should have done, might have become, with fair opportu-
nities, successful engineers.

In this respect, foreigners set us a very good example.
They come here, pay all attention, and try to pick up as
much as they can to take away with them. From this
cause alone, a Frenchman in Napier’'s gave a great deal
of trouble to the firm. He had been in some Continental
technical school, and went to the Lancefield Works to
study practice, which he did in the most persistent and
audaciously appropriating style I ever heard of.

This youth took notes of everything he could lay his
hands on, and although reprimanded by my old and
esteemed friend, the manager, for doing so, continued to
trace and copy drawings in the office for his own use—
and with the help of others too. He was sent into the
works, but, when there, got some of the apprentices to
assist him in making figured sketches, and also in taking
down the names of the makers of every machine in the
place, despite the foreman’s remonstrances. The firm at
last became tired of him, so he politely departed in
accordance with their wishes, saying at the same time,
“ He had all he wanted.” It may be mentioned, how-
ever, that his people in France had given Mr. Napier
large orders for ships and engines, which, of course,
covered much that was disagreeable.

One of our frequent visitors during the time H.M.S.
“Captain” was building was Mr. George Rock, her
appointed chief engineer. He was “a fellow of infinite
jest,” or, as Mark Twain would have said, “full of
laugh,” and, as he was far on in years, put me much in
mind of King Cole, for he was just as merry. His
relations had advised him to retire from the Navy, as he
had been long enough in it, but he preferred staying a
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year or so longer in the service so that his pension might
be increased.

Not long atterwards, the ship sailed on her last cruise,
taking with her Captain Cole, R.N., the inventor of the
turret system, and poor George Rock also, and, during
the squall on that eventful night in the Bay of Biscay,
the vessel went down suddenly and drowned nearly all
on board, including the two gentlemen I have named.

The foremen and workmen in Messrs, Laird Brothers’
establishment were, so far as I could judge, similar in
character to those I knew so well at Denny’s, but,
having had little to do with either, I cannot say much
about their peculiarities. Mr. Young, of the pattern
shop, and Mr. Barton, of the erectors, were the two [ saw
most of, however. The former had been a long time
in Maudslay’s, and was a very fine specimen of his class,
but, being somewhat aged, was generally called, in our
office, “Old Young.' In Smiles’ «“Life of James Na-
smyth,” the latter, while describing those associated with
him in the Bridgewater Foundry, at Patricroft, refers
most kindly and interestingly to his various foremen, who
were such valuable assistants.

For my own part, I look upon the heads of depart-
ments in the workshops, much in the same light as the
non-commissioned officers in the army. They have
considerable responsibility, as they stand between the
masters and the men, and their object is to please the
former by getting as much good work from the latter as
possible, and, at the same time, to be kind, just, and not
overbearing to them. Some foremen are very disagree-
able and exacting, and cannot keep their ‘hands” if
they can get employment elsewhere, as they dislike such
overseers far more than bad masters, because they are
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always among them. When both, however, are good,
the men take much greater interest in their work, and
the result is a happy state of things all round. In the
establishments of some large employers of skilled labour,
this has been pre-eminently the case.

In my early years, foremen had more to do in one
sense than they have now, because first-class engineering
firms get up their drawings so completely in every respect
that the men work to them implicitly, whereas, long ago,
a great many little details were left out of the plans to
save trouble and expense in the office, and thus the
foremen had often to use their own discretion in giving
the necessary instructions to turners, fitters, etc., which
caused considerable loss of time. There are other ways
in which careless or imperfect working drawings are per-
nicious, but this will be referred to under another head.

The chiefs of the executive are simply good, steady,
reliable workmen, advanced to a higher position. They
have little or nothing to do with science, but are emi-
nently practical in their respective branches, and are
able sometimes to give valuable advice to those above
them, and, however accomplished an engineer may be,
he can always learn something to his advantage in con-
ference with these workshop lieutenants.

A thoroughly organised staff of foremen and workmen
is of the utmost importance, as their complete knowledge
of the system adopted in the establishment they belong
to greatly facilitates the execution of a contract. This is
fully recognised by the managers and partners of great
firms, who often take orders at prices which will yield no
profit, simply to keep the men together and the works
going during dull times. When an old and experienced
proprietor dies, and his sons succeed to the business, this
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state of things is still more keenly felt, because the young
men are thrown upon their own resources, and, unless
they have used their time well in getting as much inform-
ation as possible, will find themselves entirely in the
hands of their assistants, so far as practical and scientific
work is concerned.

Many of the great engineers of the past superintended
everything personally so long as an increasing business
would allow them. Fairbairn, for example, controlled all
his own departments from the drawing office downwards;
and led such an active life, scheming this, and planning
that, improving his details, and altering his arrangements
of machinery to suit the end in view, that his great
success was, we might say, the result of untiring efforts,
sound and extensive knowledge, and great administrative
ability.

When young engineers, therefore, take up the reins of
government, relinquished by their fathers who have won
fame for themselves, they cannot but feel that they are
resting upon a reputation acquired by others before
them, and hence will be seen the great necessity for
keeping the ““ old hands” together, who know so well the
late commander’s ideas upon all those points which
unitedly and individually insured success. We are quite
aware, however, that with but little practical knowledge
on the part of the new government, the works may never-
theless be admirably conducted; but, in that case, they
must have an accomplished manager to look after things,
as well as the regular staff already mentioned, who will
run as much as possible upon the old lines.

The same reasoning may apply more or less to all
complicated employments; but, with that of the engineer,
it is often necessary to use the highest skill, in order to
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avoid great errors of judgment which, if acted upon, may
produce terrible results. In proof of this, we have only
to refer to some of the great disasters of the last twenty
years, and, in some instances, to the very simple causes
which created them.

In large works, the foremen occupy a very comfortable
position, are well paid, and have permanent employment,
notwithstanding the changes induced by dull times.
They do nothing but superintend operations, and “ go
about,” as the saying is, ¢ like gentlemen.” Mr. Barton
and Mr. Young always wore dress hats, and were,
therefore, the swell lieutenants of the Birkenhead Iron-
works. The former supervised the erecting shops, and
the colossal machinery in his department, but had
able leading hands under him to take charge of each
pair of engines, and see that everything was properly
done.

Mr. Jones, of the light turners and fitters, had a
forest of belts, drums, and pullies, to clear with his head.
Mr. Ashton, of the boilermakers, had many curiously
curvilinear corners to calculate, consider, contemplate,
and contend against in kis part of the premises; and
Mr. Williams, of the ship yard, had a great variety of
cantankerously crooked crannies and crevices to crawl
and creep into. These gentlemen were, therefore, obliged
to be content with ordinary felt hats, which, in their
respective cases, suited admirably. They all had their
own peculiarities of mind and manner. Any information,
however, you wished from them at anytime, was kindly
and pleasantly given, and everyone I have named, as well
as the others, knew exactly what had to be done, and
how to do it to perfection.

In small factories the foremen are required to assist in
E
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many ways, and are for this reason called ‘working
foremen.” In a Glasgow establishment, about forty years
ago, one of these overseers had taken on a * new hand,”
who soon afterwards asked for a file.

« What d’ye want a file for ? ’ asked the chief.

¢ To file they j'ints.”

“ Weel,” said the gaffer, “If ye canna mak’ a j'int
wi'oot filin’' "—that is to say, by chipping—* ye're no
worth a big big D!” This, at least, is the euphemistic
translation of the speech, in conformity with the require-
ments of modern language.

In very small places, a foreman may be anything and
everything in all departments, and get little for it too.
He may also have to do the work with or without what
we call ““drawings "—a chalk sketch on a board or bench,
or the point of an umbrella trailed over the dusty floor by
the master, being often considered sufficient for the pur-
pose. I once heard of an establishment of this descrip-
tion at Galashiels. An order had come in for a small
engine, and the proprietor and foreman were holding a
consultation about it.

“What size am I tae mak’ the seelinder ? '’ asked the
gaffer.

¢ Oh,” said the person addressed, “mak’ it that size,”
scribing a circle round him on the floor with the point
of his boot.

¢ And maister, what stroke wull I gie her?”

One stride over the ¢stour’—dust—and, * Gie her
that,” settled the preliminaries.

This engine was probably of the horizontal kind, with
a steam cylinder eighteen inches diameter, and three feet
length of stroke; all the details, such as piston and con-
.necting rods, valve gear, etc., having been made no
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doubt in a rough-and-ready style from sketches such as
we have mentioned.

An old and versatile friend of mine ultimately pos-
sessed a small establishment of his own in Leith. He was
highly accomplished in every sense, and combined in
person all the appointments belonging to such establish-
ments, as he occupied the posts of proprietor, manager,
draughtsman, foreman, cashier, clerk, and bookkeeper.
He took in his own orders and saw them duly executed,
but, in spite of every effort, could not succeed financially.

The engineers in the Birkenhead Ironworks were
steady and well-behaved, and, in this respect, much
the same as those in similar places. The shipbuilders
also conducted themselves satisfactorily ; at least, during
my stay of nearly nine years in their midst, I never heard
of them acting indiscreetly at any time, which was cer-
tainly very creditable to all concerned, and especially
so when the same class of workmen have, within a
recent period, given much trouble elsewhere by their
conduct.

There were many accidents, fatal and otherwise, in
the shipyard during my time. This I attribute to the
dangers incidental to shipbuilding, such as falling into
dry docks, stepping on to planks not properly fixed, and
sinking through holes in the decks which should have
been well covered over, and so on; as a class, however,
they are, from some cause or other, too often very oare-
less. To give an example. One evening when H.M.S.
‘“Euphrates” was lying in the fitting-up basin, having
her engines put in, I went along one side of the main
deck to the engine room, but returned by the opposite
side. In doing this, however, in semi-darkness I fell
through a small open hatchway, which had been left

N
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uncovered, and came down so heavily upon the wooden
coaming, that I thought some of my ribs were broken.

Fortunately, however, they were not, but had it not
been for a ladder which providentially caught my feet,
and prevented me from falling into the hold, the con-
sequences might have been as serious as they had been
for others. In about three days I was quite well again,
but have good reason ever to remember that ship, which
it may only be added, is considered by some people the
finest of the five similar transports built at that time by
different firms for the Indian transport service. This,
however, was only a natural result of the carefulness in
design, selection of material, and of every little detail in
ship and engines, from first to last, which characterised
all the productions of Messrs. Laird.

The general arrangement of engineering and ship-
building works depends greatly upon the extent and con-
figuration of the land they occupy, but, in any case, the
fixed and movable plant and other details do not vary
much. From the brief description already given of the
constructive machinery in the famous Birkenhead estab-
lishment, a very fair idea may be formed of the interiors
of all other places of similar magnitude. The character
of the men of all ranks who conduct operations only
seems to follow the natural law of improvement by kind
treatment from their superiors. Those, however—men-
tioned in this chapter—with whom I was so long and so
pleasantly associated, may be considered excellent speci-
mens of the people who successfully conduct some of the
most important undertakings of modern times.
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CHAPTER VI

APPRENTICES.

Different kinds of Apprentices—How they get into Works—Premiumed
Pupils in England —The Clyde System —Origin of Premium
System—Maudslay’s objections to Pupils—James Nasmyth in early
days — His troublesome Vouths at Patricroft — The use of Idle
Apprentices — ““ Marine Works’’— ¢ General Works " — ‘* Special
Works ”—Cause of false steps in entering the profession—Lives of
the great Engineers—History of Harland and Wolffi— Workshop
Practice, past and present—Prospects of Engineers at home and
abroad—** Repairing Works ”’—Tools and Instruments for Pattern-
Shop and Drawing Office—Working Dress.

I Have known very many apprentices, good, bad, and

indifferent, premiumed and free, in works and offices,

some of whom no doubt hoped to occupy important
positions in after life, although they had a strange way of
qualifying themselves for such appointments. A few of
those who paid entrance fees seemed to have a high

opinion of the efficacy of their father’s gold, and also a

strong belief that the prestige of the great firm they were

with would make their path to distinction smooth and
easy. This was very complimentary, no doubt, both to
the parents and to the eminent firm, but any earnest
efforts on their own part to benefit by surrounding
advantages seemed to be quite a secondary affair. The
following sketch may help to illustrate the characteristics
of one of these pupils.

Charles Hardinge is a youth of sixteen, just leaving
school,—he has one brother in the army and another in
the navy; his father is a barrister ; and he has also an
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uncle in London, who is a rich merchant. This gentle-
man considers the advancement and pay of the officers in
both services very unsatisfactory, but hearing from others
that engineering is a ¢ good profession,” he fancies it
would do for his nephew, and accordingly tells his brother
so, adding, at the same time, “that it is often very diffi-
cult to know what to do with a youth, and Charley
doesn’t seem to have made up his mind on any subject.”

Application is now made to several well known firms
for his admission as a pupil. They all say ¢ they have
not a single vacancy at present, and may not have one
for some time to come.” A firm is at last discovered,
however, who promise to do what they can ; and, in about
six months afterwards, Mr. Hardinge, upon payment of a
handsome premium, has his son fairly installed in a
celebrated locomotive establishment. His mother, who
comes to see him settled, boards him with a suitable
family in a good locality, and leaves the youth to take
care of himself. As he lives so far away from the works,
he soon finds out that the half-hour allowed for breakfast
is too little to enable him to return in time. The firm is,
therefore, appealed to ; they are asked to let him come at
nine instead of six in the morning, as ¢ he is not strong.”
They say ‘it is against their rules to do so,”—*sets a
bad example,”—and so on, but eventually the point is
conceded.

This shortening of the ordinary hours interferes seri-
ously in course of time with steady work; but the kind

foreman treats him as a “young gentleman,” and gives
him plenty of simple employment which there is no
htirry for, such as cutting quantities of stud bolts to a
certain length, or polishing hand rails and other things.

If he is occasionally «ill,” as he says, and off duty, the
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foreman makes few remarks, but takes care that all the
really good practice he might have had is given to
others with more robust constitutions, and of more
regular attendance.

‘When he gets into the drawing office, he comes in for
a vast amount of tracing, because he cannot do anything
else; and has even to learn the simplest rudiments of
drawing and the use of his instruments, which he ought
to have known well long before. Every one likes him, as
he is a fine, gentlemanly youth—amiable and humorous
also. He writes very many letters in office hours, and
larks about in great style, to the annoyance of the
draughtsmen who have serious work in hand, but to his
own amusement. Becoming in time a goodish tracer, he
is promoted; that is to say, he now copies drawings
and makes details, with the help of those around him,
from other similar details, refreshing himself at frequent
intervals with a few holidays ; but, the manager is con-
siderate, or, perhaps, has long since discovered that it
is “no use saying anything to that fellow.”

At last his apprenticeship expires, but, as he has not
taken any real, practical, foresighted interest in his work,
and has looked upon home study as a myth, he finds in a
short time that his services are no longer required, and
leaves with a certificate which states, that ¢ he has served
a five years’ apprenticeship with us, and has been in our
employ as a draughtsman for six months.”

If they can manage to squeeze in something about
being ¢ steady and attentive, and conducted himself to
our entire satisfaction,” they may do so on his father’s
account ; but, most likely they will not, as first-class firms
are very particular on this point, and sometimes say too
little. The name of the great people he has left gives
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young Hardinge a good standing, but such appointments
as he wishes cannot be obtained; so after waiting a
considerable time in the hope of ¢ something suitable
turning up,” he enters the drawing office of a locomotive
and machine making establishment as junior draughts-
man, at, say, thirty shillings a week, and here we shall
leave him for the present.

Apprentices in the works are of a very miscellaneous
description, and comprise the sons of noblemen, pro-
fessional men of all ranks, commercial, and manufactur-
ing people, tradesmen and workmen; and the varieties
of character are perhaps as comprehensive. Some are
industrious, and some are not; some are well bred, and
others are the reverse; some are enterprising and per-
severing in lines of thought and action too numerous to
mention; some are witty, and others dull. In short,
every class of society, and every shade of morals and
disposition — the good and the worthless—are to be
found among the youths of a great engineering establish-
ment. '

They obtain admission in three ways: firstly, by
influence; secondly, by money; and, lastly, by both.
The first system is, I believe, exclusively adopted now in
Scotland, and the two latter seem to be largely used in
England, thus forming what we may call two distinct
‘systems,—the premiumed and the free,—whose operations
I shall endeavour to describe. In works on the Clyde,
even of the highest celebrity, no premium is taken, and a
boy gets into them because his father, or uncle, or some
other relative or friend has given the firm orders for
ships, engines, or machinery of any kind. Perhaps they
have been otherwise useful, or may indeed from pure
friendship, have a sort of claim upon the kind assistance
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of Messrs. So-and-So, who in cases of this kind will
gladly do all they can.

Some engineers have so many friends of this descrip-
tion, that it is extremely difficult to find an opening in
their works or offices; and, as frequently happens in
other pursuits, a long period may elapse between the
application and admission. On the other hand,—and as
I found it,—the latter may quickly and unexpectedly
follow the former; at any rate, you must take your
chance, and this applies even to places where premiums
are accepted. Both systems, however, are defective.

In the first instance, a premium is paid as an entrance
fee, and also to enable the pupil to obtain certain advan-
tages which those who do not pay are not expected to
possess. This, everyone must allow, is very fair; but,
unfortunately, it opens out a serious evil that I have seen
and known, which is injurious to the boy, and bad for
every one concerned. When the young gentleman thus
begins his career, he is frequently treated too indulgently,
or at least not kept sufficiently in check. He may work,
or be idle; he may be steady, or the reverse; and -may,
indeed, be a source of great annoyance to foremen and
leading hands, if they are occupied with important work
upon which no time must be lost. And all this arises
because a handsome premium has been paid, which
imposes too many restrictions on one side, and gives too
much liberty on the other.

I fancy, however, that engineering firms may some-
times consider it the best policy to say as little as possible
about the vagaries of their apprentices, lest they may
offend good clients, who might perhaps transfer their
favours to other quarters, and thus it may often be safer to
bear the ills they know, than fly to those they know not of.
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Well do I remember a pupil who came to the ship
drawing office of the Birkenhead Iron Works in my time.
His father was a very celebrated marine engineer in
London, who had won his way to fame and fortune by his
own merits, and wished his son to have a good oppor-
tunity of learning shipbuilding amongst people with whom
he was intimately acquainted. This youth evinced from
the first a sort of aristocratic dislike to labour, and his
amusements were of a diversified character, one of which
was, I believe, to sit at times upon the entrance rails of
the general office and admire the clerks, or note those
who came in or went out. On one occasion, a partner of
the firm came upon him suddenly in this attitude, and
was at once saluted in a sprightly, off-hand, friendly
style, with—

““Well, Henry, are you coming out to hunt to-day ?”

They did not send the youth off quite, but we heard
that a polite letter had been written, asking his father to
take him away. What happened behind the scenes I am
unable to say, but soon afterwards the young gentleman
departed. In another sphere of usefulness, however, he
developed latent talent, and eventually became a partner
in his father’s firm. |

Having briefly described what may be termed the
English side of the apprentice question, I shall now
endeavour to treat that of the Scotch in a similar manner.
In doing this, however, I think I am correct in stating
that, at the present time, none of the engineers in the
Clyde district take premiums, although in earlier days
some of them did so; but there is reason to believe that
this habit entailed upon them so much unpleasantness
and loss, that it was ultimately abolished. They now
virtually say to intending pupils, “ We'll take you if we
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can, and not charge anything for doing so, but you will
have to work steadily and attentively, keep good hours,
and behave yourselves, as you should do, or we shall have
to part with you.”

So fully was this principle recognised and acted upon,
that its results were highly beneficial, at least to those
apprentices I was associated with in Denny’s, Neilson’s,
and Tod & McGregor’s. In Denny'’s, for example, where
I knew them best, they had an excellent character for
steadiness and good conduct generally. They rarely lost
even a quarter of an hour at 6 a.m.; they attended to
their duties, and were hardly ever away except on special
occasions, for which they obtained leave. We were a
very healthy race, too, and seldom lost time from indis-
position of any kind. We were a merry lot also, and got
along pleasantly and happily, and some of us have done
well in various parts of the world.

Looking, then, through the vista of many years which
lies between the time I am now writing about and the
present, I have every reason to speak favourably of those
who were my contemporaries when an apprentice. This,
however, I attribute in a great degree to the excellent
system adopted in the establishment, which, however, has
recently been much improved in various ways. As an
example of wonderful steadiness in a young engineer, it
may be added that a well known, highly esteemed, and
most prosperous shipowner in Liverpool was never once
late during the whole of a five years’ apprenticeship.

Napief’s was a favourite plaice in those days, and very
comfortable for good men in all departments, but they
had the character of being very strict with their pupils,
some of whom were dismissed because they did not attend
properly, or were otherwise careless. The foreman’s
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authority in this, as in all other similar establishments,
was supreme, as it is not considered etiquette for masters
or managers to interfere with, or give directions to, men
or boys. Turners, fitters, etc.,, were discharged at a
week’s notice, or received instant dismissal on the fore-
man’s own responsibility, for misconduct, and although
in some places an apprentice could have been easily
enough sent away for a time, they were not dismissed
before a statement of the grievance had been made to
the manager or principal, and a conference held as to
what should be done. In practice this system worked
admirably, and caused remarkable steadiness among
those who, in after years, no doubt realised its advan-
tages.

From what has been said, therefore, on this subject,
the whole question may appear simple enough. In other
words, you may pay for your son's admission to a
Work, and, if an idler, he may do what he pleases, and
at the end of five years have only a general sort of
smattering—a very superficial knowledge indeed—of that
valuable practical branch of the profession he will
never again have such an opportunity of acquiring. On
the other hand, get him in without a premium if you
can, and he will either have to do what he is told or
go elsewhere. In many cases this is certainly the
best plan, but there is another aspect of the question
which is complicating, and which will be referred to
further on.

The premium system, in its application to good
marine establishments, is, to some extent, unnecessary,
unless it provides for ample practice in the drawing office.
Its legitimate objects are, however, too often neutralised
by the conduct of those upon whom it is intended to
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confer benefits, and to confirm my own ideas on the
subject, I may add those of others well qualified to
judge.

The system originated, no doubt, in the persistent
efforts of those who had means, to get their sons into
engineers’ offices and works in earlier days at any cost.
They offered handsome fees, and were in some instances
additionally supported in their applications for admission
by powerful private influence. On the other hand, engi-
neers themselves were so overwhelmed by the number of
these applications, that they were compelled to ask high
premiums, and thus probably Brunel’s, and others’ since
his time, ran as high as £1,000. At present, however,
the sum generally required by great firms in England is
£100 a year, when sufficient influence is not forthcoming
to enable them to take the youth without payment.

In 1829, a Mr. Nasymth of Edinburgh, started from
Leith in a sailing smack, and after a four days’ voyage
arrived in London. He took his son with him in the hope
that after an interview with Mr. Maudslay, whom he had
previously known, he might succeed in getting the youth
installed in his celebrated establishment. Mr. Nasmyth
could not pay for his son’s admission, and although he
knew that Maudslay and Field had ceased to take pupils,
he nevertheless made the attempt.

They were both received most kindly, and upon the
elder Nasmyth explaining the object of their visit, Mr.
Maudslay replied, ¢ I must frankly confess to you, that my
experience of pupil apprentices has been so unsatisfactory
that my partner and myself have resolved not to take any
more of them, no matter at what premium,” and the
reason was, as he said, ‘“because they gave the firm
so much annoyance by irregular attendance, — setting
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a bad example to others,—and, on the whole, being
such disturbing elements in the work of the establish-
ment.” )

A ramble through the works was now proposed, to
enable the visitors to see the fine machinery they con-
tained, and upon observing the beautiful engines which
drove it, young Nasmyth was so delighted that he begged
for employment in any capacity, which rather surprised
Mr. Maudslay, who said to him, ¢“So you are one of that
sort, are you? Bring your drawings and models to-
morrow at noon, and let me see them.” This was accord-
ingly done, and so astonished was the great engineer with
the ingenuity and skill displayed in these productions,
that he at once decided that the boy should have a week
to himself, to enable him to see as much as he could of
London, and then be employed as an assistant in his
private and admirably arranged workshop and office, in
which he remained for several years.

This youth became in time the celebrated James
Nasmyth of Patricroft Foundry, whose reputation was
little, if at all, inferior to Fairbairn’s, and his own
experience of pupils may be thus given. ¢ We had a few
apprentices who paid premiums,—in some cases we could
not well refuse to take them,—and yet they caused a great
deal of annoyance and disturbance. They were unsteady
in their attendance, and consequently could not be
depended upon for the ordinary operations of the foundry.
They were also careless in their work, and set a bad
example to the unbound. We endeavoured to check this
by agreeing that the premium should be payable in six
months’ portions, and that each party should be free to
terminate the connection at the end of each succeeding
six months, or at a month’s notice from any time. By
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this means we secured better conduct on the part of the
apprentices.”

Slavish, or even constant labour of any kind is not
desirable. We are all the better for a little amusement,
and a hearty laugh does us quite as much good now as it
did to those who attended banquets in the time of the
jesters, or even as it sometimes does among the barristers
in our law courts, but there is a very great difference
indeed between this legitimate relaxation and the con-
tinuous hilarity of those who ought to know better.

I must not, however, be too severe upon these festive
young gentlemen, as they are very useful to us. The
profession is terribly over-stocked, and if every youth
who entered it persistently aimed at getting by his own
merits to the top of the tree, some of us could never
expect to be promoted. Things are bad enough as
they are, but they would be overwhelmingly so if the
young idlers in our works and offices did not keep a
good many ambitious ones out, and cause them to try
something else. What we have said, therefore, on this
subject, has been only through a desire to explain the
true state of the case for the guidance of others; and
if the hints thrown out in this chapter are the means
of preventing people from sending their sons to engi-
neering when they have no capacity for it, and also
from spending money and time uselessly when they
might be better employed, it is probable that what has
been written will not be in vain.

I have mentioned in the previous pages the disadvan-
tages of the premium system, and now propose to shew
the benefits it confers.

In marine establishments the work is always chang-
ing. In the olden times this was especially the case,
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when no two orders were alike, and when every possible
variety of paddle and screw engines were frequently being
made. Even at the present day, when one type,—the
direct action triple expansion engine,—is almost uni-
versal, there are great variations constantly arising.

For instance, in places like Elder's or Maudslay’s, an
order may come in at one time for a tiny pair of launch
engines you might almost carry in your arms, and at
another, for those of 10,000 or even 15,000 horse power in
one set alone. This extreme diversity of size necessitates
great alterations in design and construction, to suit the
ever changing circumstances of each particular case.
Hence it will be seen that a good marine work is the
best school of engineering in existence, and often a
source of fascinating study to those who practise in it.

To general engineering establishments a similar line of
argument may be applied, but in places where a large
quantity of special machinery is made, say for flax and
cotton spinning and other textile manufactures, also
steam winches, and a variety of work which is got out
rapidly and extensively, the men and boys are, by the
division of labour system, turned more or less into autom-
atons. They are kept, for a very indefinite period,
turning this, planing that, and boring something else, also
fitting up details, say connecting rods, valve gear, shaft
and wheel work, etc., until those who wish for a change
of employment are completely wearied on account of the
extreme monotony of their occupation.

No doubt the extra pay for work of this kind is an
encouragement to those who will never be anything more
than workmen of a special description, but for appren-
tices whose aim is to rise to the higher branches, such a
system is disadvantageous in every respect. Looked at
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from a commercial point of view, it is, no doubt, good for
the masters, and perhaps also for the men, on account of
greater remuneration thus obtained, but nothing could be
worse for gentlemen apprentices, who are not protected
from it, and this is what the payment of a premium does,
or ought to do. Under these circumstances it therefore
becomes a source of great advantage, so long as, for the
reasons already given, it is not abused.

In locomotive work, even at the best, there is too
much sameness in description, and very little variety in
size. For example, passenger and goods engines on our
main lines have their cylinders generally from 16 to 18
inches diameter, and a large establishment may perhaps
get an order for 5o of the latter from India ; not long after-
wards 40 more might come in for Australian or other
lines, to the former size, and at another time a lot more
of 17-in. cylinder engines for English railways. Thus
involving an immense quantity of details, similar in
kind and size, which have to be executed by the division
of labour system.

That so many false steps are made in the choice
of engineering as a profession, is attributable, on the
one hand, to a want of proper knowledge of what is
required of them by those who wish to enter it, and on
the other hand, to unsuitability, or want of application, on
the part of those who feel somewhat inclined to study it.
The former is not to be wondered at, when we consider
the private nature, generally speaking, of a vast amount
of engineering employment. Of course there are great
schemes, which everyone knows about, such as the Forth
Bridge, etc., but there is also an immense variety of
excellent practice constantly carried on, of which few,

indeed, outside of the interested people, have any idea.
F
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The error of judgment so many make in such matters,
seems to be an idea that the practical and scientific
branches are easily learnt: that drawing-office work is
simple ; and that, as a whole, neither energy nor patience
are necessary. Never was there a greater mistake, as
those who have been successful know well. Locomotive
engineering may be comparatively easily learnt. Marine
needs a much longer time to acquire; but those who aim
at private practice, or foreign appointments, which throw
men entirely on their own resources, and necessitate a
thorough knowledge of many branches, will find that
close and prolonged observation and study confer advan-
tages of inestimable value.

If we study the lives of some of the great engineers,
such as Watt, Fairbairn, Penn, Maudslay, Nasmyth and
others, we shall find that they owed their prosperity to
innate energy, industry, skill, and opportunity from first
to last, and we might also add, the possession of that
useful quality which enables people to make whatever
they undertake a pleasure instead of a labour.

The history of Sir E. J. Harland, the celebrated ship-
builder of Belfast, is briefly given in Smiles’'s admirable
book, Men of Invention and Industvy. In a chapter written
by himself, Mr. Harland interestingly describes his appren-
ticeship in Stephenson’s, at Newcastle, and his employ-
ment in the marine works of J. & G. Thomson on the
Clyde, as a draughtsman. After this we find him occupy-
ing the post of manager at Mr. Toward’s on the Tyne,
and soon afterwards at Belfast in a similar capacity until
1852, when he became sole proprietor, ultimately taking
in Mr. Wolff—of Whitworth training—as partner.

The rise and progress of their immense establishment
is given in detail, and throughout the narrative one can-
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not but see that industry, intelligence, and perseverance,
during a long career, have in this case been fully
rewarded. '

Looked at broadly, engineering is so complicated in
its higher ranges, and composed of such an infinite
variety of details, the arrangement and proportions of
which have to be carefully worked out, that we can only
excuse indifferent students upon the supposition that
they are financially independent, or that they really have
no conception of what lies before them.

Some people are born engineers ; these need no com-
ment, as they are quite able to look after themselves.
Others are engineers by education, having, like myself,
been obliged to take to it almost against their will.
Whilst a few are totally unsuited for it, and ought to have
been, we might say—anything else. In my own case,
however, a love of drawing proved invaluable, and
enabled me at starting, and ever afterwards, to take a
deep interest in all I saw relating to machinery, and it is
this same taste for mechanical drawing which so often
indicates who should be engineers, and makes all the
difference between those who will never be anything else
but ¢ hands,” and others who show that they have heads.

A youth'’s surroundings may have occasionally origin-
nated the idea that engineering was an easy-going profes-
sion. His father, for instance, may be a barrister who
apparently does nothing but watch law cases in a Court
of Justice, and one or two of his uncles may get a very
fair income as clergymen by preaching two short written
sermons, without a spark of vitality in them, on Sun-
days, and taking recreation for the rest of the week;
and, therefore, for want -of information on the subject,
engineering may sometimes be looked upon in a similar
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light. Another very strong reason why so few people
have even the most superficial knowledge of its require-
ments, is that the mechanical branches are only of recent
date, whereas civil engineering and the other professions
I have mentioned are of great antiquity.

Thirty years ago, workshop practice was very different
indeed from what it is now, as a great amount of time
was spent in acquiring sufficient manual dexterity for the
proper execution of difficult and important parts. Now-a-
days machinery does almost everything, and thus prac-
tical instruction has been robbed of its charms and
general usefulness. If a youth, therefore, is content to
remain as a workman, and take the ten-thousand-to-one
chance of being a foreman, or become a sea-going
engineer, the training he now receives will be sufficient
for the purpose; but for those who aim at higher
positions, their whole future hangs upon a thorough
knowledge of the scientific branches practised in the
drawing-office, which; as already stated, are only open to
the privileged few.

In view of all this, the best plan appears to be to
send the ambitious ones for about three years to the office
of some good mechanical engineer, where they will be
carefully educated in drawing office routine, including the
construction, application, and arrangement of machinery
details. A large amount of valuable knowledge may thus
be acquired, which will greatly assist them to understand
what is done in the Works, and extensively enlarge their
future prospects.

Those prospects are not quite so encouraging as they
were in earlier days, because there are now so many
engineers in the field. But although England may be
overdone in this respect, engineering enterprise is extend-
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ing so rapidly abroad that many good appointments are
to be had in other lands for those who are capable of
holding them. This, however, depends largely upon the
manner in which the apprentice employs his time when
surrounded with advantages. An excellent thing to
observe in life is—Do not wait until your rich relations—
if you have any—or your poor, but kind, relatives and
friends help you out of a difficulty. Act for yourself with
all the power and ability you possess, and they will think
all the more of you for doing so, and be more inclined to
give their aid.

If you cannot command the winds, you can spread the
sails, and well-directed and sustained efforts are generally
rewarded in some form or other, and frequently in the
most unexpected manner, The art, therefore, of doing
as much as possible for one’s self is highly to be com-
mended, and especially so because some of the most
eminent men in the various walks of .life have, in this
respect at least, been most diligent.

During the early American war, a gentleman in plain
clothes occupied himself on one occasion by having
a quiet walk among the soldiers, just to see how
they were getting along. He came at last upon a2 man
in a very unhappy state of mind, whom he tried to
comfort.

“ What is the matter with you, my good friend ? ”’ said
the visitor.

“ Boo-00-00,” replied the soldier, ¢ here’s a job I want
done, and can’t get anyone to do it for me.”

“Can’t you do it yourself 2’

“No, sir; I am the sergeant-major of the regiment!”

“Indeed! Can I be of any assistance to you ?

¢ Thank you, sir, I wish you would.”



88 ENGINEERING, POPULARLY CHAP. VI.

The visitor set to work. Bang went one thing, splash
went another, and in a short time the ¢ job” was finished.
¢« The next time you want anything done,” observed
the departing stranger, “send for General Washington !”

Said a lady to me one day—

« The So-and-So’s have got their son into the engi-
neering establishment at Blanquetown, without paying
any premium, and they are giving him six shillings a
week to begin with!”

¢ Quite right, ma’am,” I replied, ‘“ he may well have
such liberal treatment, because he is only in repaiving
works, where he will not learn much, and where they will
make a machine of him.”

So it was, and is, and ever will be in such places, so
long as they are what they are. With the exception of
the Crewe Works, and others of similar nature, where, in
addition to continuous repairs, they make their own loco-
motives, there is really nothing that an ambitious appren-
tice need trouble himself with, even, if possible, for
double the above pay. The reason is this:—In those
establishments—marine included—the work is connected
with damaged, worn, or broken details, which may have
been long in use, and require renewal in some form or
other. Pins of various sizes have to be turned, new
brasses fitted, valves of different kinds need rectification,
the working gear needs touching up in various places,
broken framings want patching, and so on to the end,
amidst greasy dirt of the most atrocious nature. The
patterns are very limited in number, as well as in size,
and the drawings are just what might be expected in
places where no new machinery is designed or made.

Hence, for all these reasons, a repairing shop is in
every respect the worst possible school of thought and
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practice a youth can enter. People generally do not
know this, and the poorer members of the aristocracy are
quite ignorant of it, fancying all the time that their sons
are highly favoured by being admitted for nothing to
what they consider a great ¢ engineering establishment,”
and getting, besides, the sum of six shillings or more per
week for their valued services.

The annexed plate shews the interior of the pattern-
shop at the Neptune Marine Engineering Works, New-
castle-upon-Tyne. Those who enter this department in
any locality must provide themselves with a chest of
tools for working in wood, which may be had for
about £6, but in the iron departments, files, chisels,
hammers, and all other appliances, are supplied by the
firm. In the drawing office, however, every draughts-
man and apprentice needs to have his own instru-
ments, that is, a 36-inch ebony-edged tee square; one
ditto 45° set square, 8 inches long, and another of 60°,
10 inches in length; two oval section 18-inch boxwood
scales, one of which will be divided to 3", 1", 3" and
1” to the foot, and the other similarly to 3", 3", 13"
and 3 inches. One of Faber’s H.H.H. pencils, a good
piece of vulcanised indiarubber, and, say, three good
colour brushes will complete this part of the outfit. The
most important thing, however, is a box of instruments
of first-class quality, and of book form for conveniently
carrying in the pocket, the cost of which need not exceed
£3, even for those who love luxury.

The best place for obtaining the squares and scales
above mentioned, is Mr. W. F. Stanley’s, Great Turnstile,
Holborn, London, which I can confidently recommend to
architects, as well as engineers, having used his produc-
tions for the last twenty-five years, and supplied them in
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CHAPTER VII.

CIVIL ENGINEERING.

Meaning of the term * Civil Engineer”’—The Great Pyramid—Ancient
Suez Canal—Hero of Alexandria—Archimedes—Their Mechanical
genius—Euclid—A Dream of Antiquity—Great Tunnels—Railway
Ferry Boats—Bridge Engineering at home and abroad—Drainage
and Reclamation of Land—Gigantic Pumping Operations—Origin
of the Goodwin Sands—Freaks of Rivers in India and China—
Gradual Elevation by Silting process—Vast Inundations and change
of Bed—The Hoang Ho, etc.—Scouring and Deepening process in
Rivers, etc.—Ordnance Survey of United Kingdom.

As the exact meaning of the words ¢ Civil Engineer” is

very important, and has given rise to much discussion,

the Council of the Institution of Civil Engineers con-
sidered it desirable to state the sense attached to them by
the Institution.

The charter defines ‘‘the profession of a civil en-
gineer”’ as ¢ the art of directing the great sources of
power in nature for the use and convenience of man,”
and some examples of this definition are given. But it
was pointed out by Thomas Tredgold, who drew up the
“ Description of a Civil Engineer,”’—partly embodied in
the charter—that  the scope and utility of civil engineer-
ing will be increased with every discovery in philosophy,
and its resources with every invention in mechanical or
chemical science.” Consequently, since the charter was
drawn, the range of practice of the profession has become
much enlarged. .

Thus the practitioners in this art may now have to do
with many classes of work ; for example :—
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1. Works for facilitating and improving internal com-
munications—as roads, railways, tramways, navigation
by canals and rivers, bridges, and telegraphs of various
kinds.

2. Works connected with the sea-coast, and for
facilitating communication between the sea and the land,
such as harbours, docks, piers, breakwaters, sea-walls,
lighthouses, etc.

3. Works for facilitating communication across the
seas, including naval architecture, iron shipbuilding, and
the construction and laying of submarine telegraph
cables.

4. Works for the reclamation, irrigation, or drainage
of land; and for the prevention or the regulation of
floods, including the improvement of rivers, as arterial
drains.

5. Works for cities and towns, such as sewerage,
water supply, lighting, and street improvement.

6. Large and massive buildings generally, in their
scientific and mechanical arrangements.

7. The operations of mining and of metallurgy, so far
as they involve the application of mechanical science.

8. The design and construction of the mechanical
prime movers, such as steam engines, water-wheels, and
other hydraulic motors, windmills, electric and other
engines.

9. The design, construction, and adaptation to prac-
tical use of machinery and mechanical appliances of all
kinds.

10. The design and manufacture generally of all large
and important metallic structures, including artillery,
and other munitions of war.

This is a comprehensive but by no means complete
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catalogue, and if an estimate is attempted to be formed
of the work done under it during the last century, and of
the effect this work has had on the development of trade
and commerce, on finance, on government, on every
branch of industry, and indeed on every possible aspect
of human interest, it must be admitted that the pro-
fession of civil engineering has become truly a great
" power.

It is important to define accurately what is meant by
the prefix ¢ civil.”

There has sometimes been a disposition to confine this
word to those who practice in works of building and
earthwork construction, such as railways, roads, har-
bours, docks, river improvements, and so on, to the
exclusion of engineers who are engaged in some of the
other branches of engineering enumerated.

There is no authority for such a limitation. The
meaning of the word ‘“civil” is quite clear when the
history of the profession is borne in mind.

The earliest application of the term ¢ engineer’ was
to persons in military service, and down to a compara-
tively recent period it was only known in this application.
But when the construction of public works in England for
civil purposes began to take a large development, their
designers, finding their work analogous to that of military
engineers, adopted the same term, using the prefix “civil”
to distinguish them. There is reason to believe that
Smeaton was the first civil constructor of large public
undertakings who called himself an engineer, and who
used accordingly the distinguishing compound title.

The term ¢ civil engineer” implies, therefore, an
engineer who is a civilian, and it is intended to include all
classes of engineers who do not belong to the military
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service. This, it may be added, is the meaning now
attached to the words by the ¢ Institution.”

When we think of the stupendous edifices, and other
great works of ancient days, it is astonishing that the
people of past ages were so ignorant of the prodigious
power we now use so effectually, and which, strange
to say, is in its "successful application only about a
hundred years old. Had they only possessed a liftle of our
knowledge on such points, what an immensity of labour
and time it would have saved them!

The ancient Suez Canal, during its excavation, is said
to have cost the lives of 120,000 people, and the Wall of
China occupied for a long period the efforts of every third
man in the empire. We have also reason to believe that
no mechanical appliances of any kind were employed
upon either of them during their construction.

Briefly told, the Canal was a scheme originated by
Darius the First for connecting the Red Sea with the
Mediterranean ; but so gigantic did it appear to the
people—who were afraid it might be the means of inun-
dating the country—that they caused the priests to stop
all the works. :

We are also informed that the causeway, leading from
the quarries to the great Pyramid, required the labour of
100,000 men for ten years, and 360,000 additional men
were required for twenty years in building the Monument
itself. As the Canal was excavated by the labourers or
slaves paddling out the sand and mud with their unaided
hands; and the colossal stones of the pyramid were
pushed along and lifted, partly by the use of rollers
underneath, and the sheer force of the multitude, it will
at once be seen that the methods adopted were of the
most primitive description, and entailed an enormous
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amount of severe and unnecessary exertion, which a few
of our modern machines would have abolished.

Amongst those who flourished in ancient Greece were
three very remarkable men. One was Hero of Alexandria,
another was Archimedes, and a third was Euclid. The
the two former touched the very borders of our system of
mechanical engineering, but were unable to develop their

"ideas sufficiently on this subject.

Hero flourished about 130 B.c., and his extremely
primitive steam engine, named the Aolipile or ‘¢ Ball of
Aolus,” was almost identical in principle with the
« Barker’s Mill ” of our own time. He also employed
steam as an agent in giving life-like actions to the gods of
the period, and thus deluded their worshippers, who
attributed those movements to Divine interposition.

A writer in the Quarterly Review observes that:
“Archimedes was a profound genius; he drew from
his intellectual treasury a rich store of the most curious
theoretical discoveries, and of the most useful practical
inventions. He maintained a rank among ancient
philosophers, similar to that of Newton among the
moderns. He may also be considered the father of the
science of statics and hydrostatics, for to him we owe
the true theory of the equilibrium of forces in machines,
and also in the pressure of fluids. He understood the
theory of optics, as is evident from his invention of the
burning mirrors, by means of which he set fire to the
Roman fleet at a furlong’s distance. He was a man of
taste and activity, and combined in an extraordinary
degree theoretical knowledge and practical skill. His
discoveries in pure geometry alene would secure for him
the admiration of all ages, as he travelled in so many
unbeaten paths, and adopted methods to aid him in his
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investigations which were so admirable, that antiquity
has assigned him the first place among geometricians,

“ When we contemplate the extraordinary effects pro-
duced by the machines of Archimedes, we cannot but
lament that so great a man should have been infected
with the ridiculous notions of the Platonists, which would
not allow them to leave anything in writing, relative to
the details of mechanical contrivances. In consequence
of this, posterity has unfortunately lost not only the
benefit of those particular inventions, but also the high
proficiency in mechanical arts to which an acquaintance
with them would naturally have led.”

Plutarch tells us—in his Life of Marcelius— that
Endoxus and Archytas were the first to give attention to
the science of mechanical engineering, which was so
highly developed by Archimedes not long afterwards.
Plato was greatly annoyed at this, and inveighed against
them for ¢ destroying the real excellence of geometry, by
making it leave the region of pure intellect, and thus
become sensuously associated with bodies which required
so much servile labour in order to perfect them.” In
this manner practical engineering was separated at the
outset from mathematics, and although regarded with
contempt by philosophers, it was nevertheless reckoned
amongst the military arts.

Archimedes had a mind so exalted that, in accordance
with the ideas of the Platonists, he would not condescend
to leave behind him any writings upon what he himself
considered the wvulgar business of mechanics and the
useful arts, preferring rather to immortalise in his various
treatises the sublimely intellectual science of pure mathe-
matics, in which he was so profound.

Thus we have a distinct reason given for the applica-
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tion of steam to the various systems of modern engineer-
ing remaining a dead science throughout all those
centuries, until James Watt arose, and, with a few
master strokes of genius, laid the foundation of its pre-
sent world-wide extension in ten thousand and one
different forms.

We cannot now learn much more of the history of
Euclid than is generally known, nor is it indeed necessary
to do so. Those, however, who have studied his analyti-
cal science must be fully aware that it is the only pure
and exact science we possess, and one that is entirely free
of all terms such as “very near,” *just about,” ¢ some-
thing like it,” and so on. It is not surprising, therefore,
that some people are fascinated by it, as the logic of
mathematics is crushing,~—the reasoning beautifully clear
and simple, though at times requiring profound considera-
tion,—and its statements incontrovertible. Besides this,
there is such variety in Euclid’s problems and theorems,
and so much practical benefit to be derived from them,
that they become invaluable to those who need their aid
in many ways.

If it were possible for those three worthies to revisit
the earth, and witness the changes that have taken place
since they left it, how they would stare and rub their eyes
in blank amazement, wonder and surprise ! How.they
would solemnly gaze all around in mute astonishment,
and, after recovering themselves a little, begin to chatter
away in choice Greek about what they saw and what
they thought of things in general! I can imagine the
scene.

There stands the trio of grave, thoughtful, antiquated
gentlemen, with the stamp of intellect on their handsome
features. Archimedes breaks the silence with—
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« Well done the Moderns!”

«“ Very well done!” says Hero.

«« Remarkably well executed ! "’ adds Euclid.

¢ Ah!” says the Alexandrian, “ didn’t T just give them
the start with my steam engines? Didn’t I shew them
how the thing could be done? If I had only lived a little
longer, wouldn’'t I have James Watted them—quite ?
But, dear me ! have they taken all this time ?—all these
centuries—to find out for themselves a practical solution
of the ‘grand ideas I had on my mind when Death
snatched me away ? It is indeed astonishing ! ”

“1 quite agree with you, sir,” observes the mechan-
ician. “ Their engines and machines, and wheels and
shafts, are admirable, but I am surprised to hear they are
not even one hundred years old. What in the name of
all the gods and goddesses, have they been doing or
thinking about for ages past? Is it possible that much
of what they pride themselves on was known to myself ?
My mind was so filled with magnificently useful schemes
I hoped to accomplish that it is hard to say what I would
have done if the Destroying Angel had not paid me a
visit and put a stop to them ; and to crown all, those old
fools the Platonists would not let me write out my
valuable experience for the benefit of future ages.”

“ Very sad indeed to see such folly,” the mathema-
tician musingly observes. ¢ What a benighted race these
Moderns must have been to take so long to find out
for themselves the grand improvements you made in
engineering. I am glad to see, however, that they
appreciate my science, which is reflected in many of
their works. They have simplified the solution of many
of the problems and theorems which fascinated me in
ancient Greece, but the truths contained in them remain
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unaltered. I left twelve volumes behind me, and, if
Marcellus had only left me alone, it is difficult to say how
many more I might have given them. That wretch, the
Caliph Omar, had an idea that if the books in the
Alexandrian Library agreed with the Koran they were of
no use, and if they didn’t agree they should be destroyed,
so he fired the building, and deprived the world of four of
my best treatises. Too late now to restore them.”

The ancient sages again smile and laugh at the
¢ stupidity of the Moderns.” But why this sudden lull
in the merriment ?  Wherefore that thoughtful expression
which clouds their noble faces? Ah! their time is up,
their frolic is ended, and they know it. . . . We try
to scan a great but distant railway bridge which has been
pointed out to us by Archimedes, and as we turn round to
speak to him about it, find to our astonishment that all of
them— have vanished !

It was only a dream—a dream of antiquity ; but fanci-
ful as the idea of their visit has been, the fact remains
that two of them at least have left a fame and a name
that will endure to the end of time, and serve as noble
examples of what the higher ranges of the intellect could
accomplish under great disadvantages in days of yore.

Civil engineering as it was, and as it is, are two very
different things indeed. When railways in large numbers
had to be constructed; when canals were greatly in
demand; when the road system throughout the country
was being developed; and when, in these three cases, an
immense amount of highly skilled labour was required,
and few in the land possessed.the requisite experience,
engineers prospered greatly, large fortunes were fre-

quently made, and good incomes easily obtained. Now,
G
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however, Great Britain has become so overrun with
railways, roads, and canals, that there is not much left to
be done at home in this direction. On the other hand,
so enormous is the demand for similar undertakings in
foreign countries, and so extensive are the resources of
modern civilisation, that a bright future appears to be
still in store for the engineering profession in all its
branches. '

Since the present Suez canal was completed, other
gigantic projects of a similar nature have been brought
forward from time to time, and are now in progress. The
most prominent of them, however, are now so well known
that further comment is needless.

Another branch of civil engineering that has been
wonderfully developed in later years is the science of
tunnelling, which even yet appears capable of great
extension. The Mont Cenis and St. Gothard tunnels
were great undertakings, but they sink into insignificance
when compared with what has been proposed, or what
may yet be thought of in the near future, by enterprising
speculators. From an engineering point of view, there
is apparently no serious obstacle in the Channel Tunnel
scheme, beyond its prodigious cost of from fifty to eighty
millions sterling. Three gigantic steamers, however, of
great beam, and capable of carrying loaded trains at all
times, would probably perform what is required in the
most satisfactory and economical manner. Indeed, Sir
John Fowler and Mr. B. Baker have designed an excel-
lent Channel ferry on this principle, the total cost of
which is estimated at two millions only.

At Granton, near Edinburgh, where the Forth is five
miles in width, and greatly exposed to storms, this system
has long been successfully adopted. And across the
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three mile wide Straits of Carchenas, near San Francisco,
four lines of trains, amounting in all to fifty cars, are
ferried across at one time in the easiest possible manner,
by means of a steamer 450 feet long, and 130 feet broad.

The difficulties attending the excavation of the Mont
Cenis Tunnel were very serious, owing to the extreme
hardness of the rock, but they were most successfully
overcome by the aid of excellent machinery, and so
accurately were operations conducted from both sides of
the mountain at the same time that the junction in the
centre was all that could be desired. A sad story is
related in connection with a similarly important under-
taking.

At the Inter-Oceanic Canal congress, held some years
ago in Paris, there sat among the leaders of the enterprise
a grey-haired and intellectual-looking man, with a some-
what melancholy expression of countenance. The assem-
bled visitors congratulated him upon the approaching
termination of one of the grandest engineering schemes
of the century. Turning to a friend who stood beside
him, he said :—

«1 have worked all my life for a little renown, and a
little wealth, and now, in the moment of my triumph, I
find that neither is worth the trouble it has cost me.

_Indeed, the only use of the money I have made is to
help those who are less strong and less happy.”

The speaker was Louis Favre of Geneva, the con-
tractor for the famous St. Gothard Tunnel, which had
just entered upon its eighth and last year of construc-
tion. He went straight from the congress to Airolo, at
the mouth of the tunnel, and was shewing the levels to a
French engineer, when he suddenly complained of cramp,
called for a glass of water, and instantly expired.
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In future years, some ambitious promoter of great
schemes may endeavour to form a Company for the
purpose of working what he proposes to call the “ Anglo-
American Submarine Railway Company Limited,” the
object of which is to unite the Old and New Worlds by
a tunnel underneath the bed of the Atlantic. But here
we must draw a line between the practicable and the
impracticable, and, so far as we can see at present, apply
a word which Napoleon said was not to be found in the
French dictionary, and that word was—*¢ Impossible.”

Civil engineering also includes the designing and
construction of bridges, in timber, iron, brick, and stone,
and there is probably no kind of structure in which more
ingenuity and fertility of resource have been needed than
in those which cross rivers, ravines, etc., requiring in
most instances to be specially adapted to the ever-varying
conditions of site, locality, width of span, loads to be
carried, such as those which are created by railway,
road, or foot-passenger traffic, and we may also add the
caprice, fancy, practical considerations, and taste of the
designer or promoter.

In countries such as England, which abounds in
rivers, bridges are invaluable, So long as the population
was limited, intercourse between one place and another
was of the most primitive nature, hence there did not
exist any necessity for our modern methods of sustaining
the continuity of the roads or tracks which then pre-
vailed. The shallow parts of rivers were naturally
selected as the proper places for fords, which could easily
be waded by men and horses when the water was low,
and even in times of flood might be crossed by swim-

ming.
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The magnificent City of Palmyra owed its origin to a
little oasis in the midst of the Syrian desert, which
formed the favourite camping place of roving tribes, or of
caravans on their journey, and thus we have an apparent
reason for the subversion of a natural law, which has
caused towns and great cities to arise chiefly on the
banks of navigable rivers, or on the sea coast.

Towns and villages sprung up at some of the ford-
able localities we have referred to, from which they
derived their names, such as Deptford— deep ford”
originally—Dartford, Oxford, and so on, and in course of
time the civil engineer was called upon to design and
erect the much-desired bridges, which in many instances
are to this day lasting records of his skill.

Between the simplest and most primitive form of
bridge, consisting of a piece of timber spanning a small
stream, and the colossal structure on the Forth, there is,
indeed, a very wide gulf, and between these two extremes,
bridges are to be found in endless variety, and involving
considerations of the most diversified character. A plank
thrown across a ditch may cost a few pence, and if it
should break in the middle with a passing load, the
the damage will be insignificant; but if, on the other
hand, a structure such as the Britannia Bridge across the
Menai Straits, or that across the Niagara, were to give
way while a train was passing over it, the rolling stock
and all it contained would be annihilated, and one
country at once become severed almost, if not entirely,
from another, so far as the traffic was concerned. Thus
the importance of high-class bridge engineering will at
once be seen.

The Forth bridge, already- mentioned, has a clear
headway of 150 feet from the surface of the water. Its



106 ENGINEERING, POPULARLY CHAP. VII.

two central spans are each 1,700 feet in width, while the
other spans—22 in number—are much narrower. The
total length of the bridge, including approaches, measures
upwards of a mile and a half, and the contract price of
the whole was £1,600,000, or nearly £200 per lineal foot.

The East River Bridge, between New York and
Brooklyn, is the largest yet constructed on the suspension
principle. It is 6,000 feet in length, by 85 feet in width,
and is divided into three great spans, while its cost has
been about £2,800,000, or £467 per lineal foot.

In India, where skilled labour is not easily obtained,
a special type of bridge is required which involves the
least amount of trouble in erection; and, in places diffi-
cult of access by the ordinary means of transport, the
weight of each part has to be reduced considerably for
convenience in carriage. In the Colonies the rudest
system of construction is sometimes quite sufficient for
the purpose, as a tree thrown across a stream, or a rope-
bridge of the simplest form, spanning a deep ravine, are
equally advantageous to those whose heads are not easily
disturbed, and whose feet are somewhat of the prehensile
kind.

Amongst the most useful and least expensive bridges
on the suspension principle, are those so frequently
employed in mining districts, consisting of wire ropes,
sometimes of great length, extending from a high level to
a low level, such as from a mountain side to an adjacent
river wharf, or to a seaside pier. Trucks containing
minerals, etc., are suspended from these ropes, and made
easily workable by means of grooved pulleys which run
upon them, and thus enable the loaded wagons in their
descent to haul up the empty ones. As the strain upon
the ropes is equal to many times the load upon them, the
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greatest care should be taken to make their end fixings
secure. When this is properly done, passengers as well
as goods may be carried with safety across chasms 1,000
feet deep, in any part of the globe.

At Monte Penna a continuous span system is adopted
over openings ranging from 85 feet to 2,230 feet, so fully
recognised, however, is the value of this method of trans-
port that it it now extensively employed both at home
and abroad.

The timber trestle railway bridges of America are
very suitable in some localities, but they are complicated
looking structures compared with others. This is spe-
cially observable amongst those of large size, such, for
instance, as one in the far West, which spans a ravine
and is 164 feet high and 1,086 feet long.

These are but a few of the leading characteristics of
bridges in different countries, which require to be adapted
to the ever changing conditions already referred to.

‘Works connected with the drainage, irrigation, and
reclamation of land, also fall within the province of the
civil engineer, and contribute in no small degree to
the welfare of nations as well as that of private com-
panies and individuals. The reclamation of land on a
great scale gives considerable employment to the mechan-
ical engineer, upon whom so much of the success of the
scheme depends when pumping operations are necessary ;
and one of the most notable examples is to be found at
the Ferrara Marshes, in Northern Italy. To give an idea
of the magnitude of the project, it may be stated that the
tract reclaimed covers an area of nearly 200 square
miles, and that the total quantity of water lifted to a
height of 12 feet, by means of four pairs of centrifugal
pumping engines, exceeded 2,000 tons per minute. This
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machinery was made by Messrs. John & Henry Gwynne,
of London, and is said to be amongst the most powerful
of its kind in the world.

The reclamation of territory in England has been of a
most extensive character, as vast expanses of valuable
land were two or three centuries ago completely under
water. This has especially been the case on the banks of
the Thames, and also in the great fen district, which was
from sixty to seventy miles long, and from twenty to
thirty miles broad, but now contains about 680,000 acres
of rich pasture. The territory thus reclaimed by the
skill and labour of successive generations of engineers is,
however, only protected from injury by continuous watch-
fulness from day to day.

Works of this kind are among the greatest that energy
and perseverance have ever achieved; indeed the king-
dom of Holland may be said to owe its very existence to
the great dykes that protect it from inundation by the
sea. Almost from Richmond to Gravesend, the Thames
is quite an artificial river, vast tracts of country along
the banks having at one time been completely submerged,
and these, too, owe their present fertile condition to the
labour of many talented engineers, who directed their
attention towards confining the river between its present
boundaries by means of embankments, the failure of
which has often produced great havoc in the neighbour-
ing counties. On one occasion a large part of Kent was
thus laid under water, when the gap in the river wall
became so deeply scoured out by the tide, as to baffle for
a long time the sustained efforts of those most experi-
enced in this kind of practice.

What is now known as the Goodwin Sands formed
at one time part of an estate belonging to the Earl
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Godwin, but the cause of its destruction was unknown
to many in later years. Bishop Latimer,—in a sermon
preached before Edward VI, in the year 1550,—described
the method adopted for clearing up the mystery. He said
that a Mr.—afterwards Sir Thomas—More paid a visit to
the little town of Tenterden with the object of ascertain-
ing the cause of the -disaster, which greatly excited his
curiosity. Upon discovering that well-known individual,
“the oldest inhabitant,” he questioned him in the ‘ be
careful ” style as follows :—

« Have you known this place long?”’

«“ All my life, sir,” replied the man of one hundred
summers,

“Do you remember when the Goodwin Sands were
dry land ?”

« Oh, yes, that was before Tenterden church steeple
wor built.”

“ Now, tell me, when did the water come in? "

¢« After the steeple was built.”

“ What then do you think was the cause of the sea
covering all that land, and bringing about such a deplor-
able catastrophe?”

«“ Well, sir, you see, afore the steeple wor built the sea
was far away, but after the steeple was finished it came in
and flooded us—I think, sir, the steeple wor to blame.”

This reasoning was illogical, but the old man told the
truth—the steeple was indeed the cause of the evil!

For ages the Godwin estate had been protected from
the ravages of the sea by a strong embankment, which
was constantly kept in good order. Unfortunately, how-
ever, during several consecutive years, storms were
almost unknown. This lulled the people into fancied
security, and the money which should have gone towards
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keeping the sea wall in repair was applied in beautifying
the village church. Immediately after the steeple was
finished, a great tempest arose—the wall was destroyed—
the land inundated,—and thus it has remained to the
present day.

At no period since the Deluge, has the world been
visited by such an appalling calamity as that which
devastated the rich province of Honan in 1887, the cause
of which was the bursting of the Hoang Ho embank-
ment, and the consequent inundation of a vast territory.
England is happily protected from such occurrences
owing to the configuration of the country, and the nature
of its rivers, but in India and China the case is completely
different, as some of the great arterial streams flow for
hundreds of miles through a flat and alluvial district,
which creates a sluggish current, and consequent deposit
of silt along their whole course. Thus, slowly but surely,
laying the foundation of a serious danger, which the
highest engineering skill is sometimes unable to prevent.

This method of raising a river bodily, extends more or
less over various periods of time, and requires a gradual
increase in the height of the embankments, until at last,
the surging pressure of a mighty torrent causes them
to give way at some weak point. A province is con-
sequently wrecked, the old channel leading to the sea is
forsaken, and a new one is formed which finds another
outlet.

Amongst numerous practical examples of the processes
referred to, the Hoang Ho stands pre-eminent. This river
is larger and swifter than the Ganges, and possesses the
peculiar property of enriching the land through which it
flows by the silty deposit of a previous inundation, and
then again destroying it by overwhelming floods. The
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Po, whose bed is in some localities forty feet above the
Lombard plain, acts in the same manner, and so also do
other similar streams, hence the urgent neces