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REPORT .ON MAGNETIC OBSERVATIONS.

. SECTION I.

INTRODUCTION.

Ox the fifth of October, 1865, I was ordered to the U. S. Iron-clad Monad-
nock® for the purpose of making observations on the action of her compasses
during the cruise which she was abont to undertake from Philadelphia to San
Francisco, by way of the Straits of Magellan. She was then fitting out at the
Philadelphia Navy Yard, and the work on her was so far advanced that it was
expected she would sail in about two weeks. As the department had not previ-
ously intimated its intention of assigning me to this duty, and as everything
relating to the number and kind of observations to be made, and the instru-
ments required, was left entirely to my own discretion, it will be seen that the
time available for making plans and collecting the necessary apparatus was very
limited. ;

The plan of observation ultimately adopted was that at every port in which
we remained for more than twenty-four hours the following operations should be
gone through with. 1st. The ship should be swung, and as her head pointed
successively to each of the thirty-two true magnetic points, the reading of every
compass on board should be recorded for each point. 2d. That at such of the
compasses as were so sitnated as to render it possible, the horizontal force and
inclination should be determined. 3d. The position of the dividing line be-
tween the north and south polarity should be traced on each turret. 4th. The
magnetic declination, inclination, and horizontal force should be determined on
shore. Wlhile at sea it was intended to observe the declination—and consequently
the deviation—and horizontal force daily, by means of the standard compass; but
this turned out to be impracticable, because the only place in the ship where it was
possible to mount that instrument was on top of the after pilot-house; a situation

! The Monadnock is a double-turreted vessel of the monitor type. During the eruise in question,
Licutenant Commander Francis M. Bunce, U.S. N., was her captain, and she was attached to the
squadron commanded by Commodore (now Rear-Admiral) Johu Rogers, U.8. N., at whosc_special
request T was detailed by the Navy Department to make the observations which are the subject of
this paper.
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Q REPORT ON

where no binnacle could be put, and where the compass was nearly on a level with
the top of the smoke-stack. Thus, while at sea, the position occupied by it was
almost constantly enveloped in smoke and gas, rendering it absolutely necessary,
whenever we left port, to dlsmount the instrument in order to preserve it from
injury.

Owing to the very short time at my disposal previous to sailing, there was great
difficulty in providing proper instruments, but I succeeded in obtammg all that
were absolutely necessary. The following is a list of them:

»

1 Portable Declinometer and stand.

1 Five-inch Altitude and Azimuth Instrument.

1 Dip Circle, with two needles, each three and a half inches long.

1 Pair of eight-inch Bar Magnets.

1 Pair of eleven-inch Bar Magnets. P
2 Admiralty Standard Compasses, with stands and deflectors.

1 Burt’s Solar Compass and stand.

1 Prismatic Sextant of six inches radius.

1 Mercurial Artificial Horizon.

1 Pocket Chronometer, Fletcher, No. go6.

1 Silver Comparing Watch.

2 Pocket Thermometers.

2 Pocket Compasses.

2 Magnetic Needles, not mounted, each 2.75 inches long, and 0.33 of an inch broad.
1 Fifty feet Chesterman’s Patent Tape Line.

1 Case of Drawing Instruments.

1 Gunter's Scale, two feet long.

"The portable declinometer belonged to the U. S. Coast Survey, and was kindly
lent by Prof. J. E. Hilgard.

The small unmouutcd magnetic needles were intended to be used for measuring
the relative liorizontal force on shore and at each of the compasses on board ship.
For this purpose it was proposed to vibrate one of them on shore, and then taking
it on board ship to the compass at which it was desired to measure the relative
horizontal foree, to remove the compass card from the centre-point, and putting the
small needle in its place, vibrate it again. Unfortunately the small needles were not
finished till just before we left Philadelphia, and there was no opportunity of trying
them till after we were at sca, when, to my great regret, it was found that the jewels
were so small that they would not fit on the ccntrc—pomt of any compass on board,
thus rendering them entirely useless. Under the circumstances, for horizontal
force on board ship it was necessary to rely entirely upon measures made with the
deflectors belonging to the Admiralty standard compasses—a method certainly not
so convenient, and, owing to the constant swinging of the ship when at anchor,
probably not so accurate as counting the vibrations of a small needle.

'The observations on terrestrial magnetism, and for latitude, time, and true bear-
ings, were all made by myself and recorded by Mr. Corrin ¥. Smith, who ‘was eap-
tain’s clerk on the Monadnock, and acted as my assistant when I was observing.
My best thanks are due to him for the efficient manner in which he performed his
duties, sometimes under circumstances of very considerable physical discomfort.






SECTION II.

DESCRIPTIONS OF STATIONS.

UNLEss otherwise stated, the assumed positions of light-houses, forts, ete., have
been taken from the English Admiralty Charts, or from the English Admiralty
List of Lights, the latest editions obtainable in 1865 being employed. The longi-
tudes are counted from the meridian of Greenwich.

The method used in testing a station for local attraction by means of fore and
back sights with a compass, was as follows: The compass was set up at the station,
and the bearing of a point distant one hundred yards, or more, was observed.
Then the compass was transferred to that point, and the bearing of the station was
observed. These two bearings should evidently differ from cach other by 180°; if
they did not, it was certain that local attraction existed at one or both of the points,
and a new station was sought for. This process is almost certain to detect any
strictly local magnetic attraction, but it will not suffice to demonstrate the existence
of an abnormal state of the magnetic elements extending over a large territory.

PriLApeLpnia, Pa. The magnetic observations were made at a spot on the east
bank of the Delaware river, about twenty feet from the water’s edge. It is nearly
southeast from the U.S. Navy Yard, from which it is distant about threc-quarters
of a mile. The soil is a dark—nearly black—earth, which appears to have been
deposited by the river. The approximate position of the station was

Lat.  89° 55 N.
Long. 5" 0™ 32 W.

Gosport, Va. The magnetic observations were made on a white sandy beach,
on the west bank of the Elizabeth river, about thirty feet from the water’s edge.
From the place where the instruments stood, the flagstaff in the U.S. Navy Yard
bore due north by compass, and was distant about half a mile. '

Assuming the position of the flagstaff to be lat. 36° 49’ 82" N., long. 5" 5™ 9°.8 W,
as stated by the authorities at the Navy Yard, the position of the spot occupied by
the instruments is approximately

Lat. 36° 49 0" N.
Long. 5" 5™ 9+8 W,

The ship was swung at the compass station in Hampton Roads, on November
Ist, 1865, in the usual manner. Her position at the time was lat. 36° 58’ N., long.
76° 20" W.  Joint XII on the after turret was 14.4 inches to port.

(4)
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St. Troxas, West Indies. 'The ship was swung in this harbor, on November 18th,
1865, m the usual manner. Her position at thc time was lat. 18° 19" N, long.
64° 56" W. Joint XII on the after turret was 14.4 inches to port.

The obscrvations on shore were made in Long Bay, at a spot about thirty feet
from the water’s cdge, on a gravelly beach, to the eastward of the town. From
the place where the instruments stood the true beari ing of Fort Cowell, at the en-
trance to the harbor, is S. 34° 50’ W., and it is distant about one mile.

Assuming the position of Fort Christian to be lat. 18° 20" 27" N., long. 4" 19™
42°.7T'W., thcn, according to the Enghsh Admiralty Chart, the position of the spot
where the instruments were set up is

VAt B2 297N,
Long. 4 19™ 40.6 W,

IsLe Rovaw, Salute Islands. An attempt was made to swing the ship here, on
November 30th, 1865, in the usual manner, but it failed on account of the continnal
rain which shut off the view of the distant azimuth mark. The position of the
ship at the time was lat. 5° 17" N, long. 52° 33’ W. Joint XIT on the after turret
was 0.6 of an inch to starboard.

The magnetic and astronomical observations on shore were made on the south-
west side of the island, at a spot from which the corner made by the southeast and
southwest faces of the government coal sheds bears N. 64° W, (true), and is distant
one hundred and thuty two feet. The place was examined carcfully for local
attraction by taking fore and back sights with a compass, but none could be
detected. The position occupied by the instruments is in

ALY D8, IS H29 AN .
Long. 3" 30™ 11°.4 W.

The latitude was determined from a single set of circummeridian altitudes of the
sun observed by me, and the longitude was taken from the French chart.

CEARA, Brazil. An attempt was made to swing the ship here, on December
19th, 1865, in the usual manner, but although a very favorable opportunity was
chosen, she could only be made to turn through ten points. Her position at the
time was lat. 3° 44’ S., long. 38° 34’ W. Joint XII on the after turret was 0.6
of an inch to starboard. The wind, current, and sea are so strong here that vessels
at anchor in the roads always ride with their heads nearly in the same direction,
never swinging more than about three points.

At this place there is no harbor whatever, merely an open roadstead. A heavy
surf is constantly running on the beach, and as therc are almost no facilities for
landing in small boats, getting the instruments on shore involved a good deal
of trouble and some risk. Iowever, I succeeded in landing them safely, and
obtained a very good set of observations on the white sand beach at a spot about
one hundred and fifty feet from the water’s edge, and from which the true bear-
ing of the southeast corner of the custom-house on the wharf is N. 53°19" W,
and its distance two hundred fcet. From the same spot the true bearing of
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Point Macoripe Light-house is N. 75° 38’ E. The position occupied by the

instruments is in
10a0T § RS G (),

Long. 2* 34™ 6°'W.

The latitude was deduced from my own observations, and the longitude was
taken from the list of geographical positions given in Raper’s Navigation.

PerNAMBUCO, Brazil. The ship was not swung in this port because there was
not room to do it in the position where she took her coal, and as she only remained
in the harbor twenty-four hours, therc was not time to take up another position in

order to swing.
The magnetic and astronomical observations on shore were made on the white

sand beach, at a spot from which the truc bearing of the salient angle of the °

southeast bastion of Fort Brum is N, 15° 46’ W, and its distance four hundred
and thirty fect.

Assuming the position of the light-house, near to Fort Picao, to be lat. 8° 3’ 42"
S., long. 2" 19™ 26°.8 W, as it is given in the English Admiralty List of Lights,
edition of 1866, then, according to the English Admiralty Chart, the position
occupied by the instruments is in

Lat. 8° 3 37'S.
Long. 2" 19= 282 W,

Bania, Brazil. The ship was swung in this harbor, on December 80th, 1865,
in the usual manner. Her position at the time was lat. 12° 59’ S., long. 38° 31’ W,
Joint X1II on the after turret was 0.6 of an inch to starboard.

The magnetic and astronomical observations of December 27th were made at a
spot, one hundred and fifty feet from the water’s edge, sitnated in a cocoanut grove
on the beach about half-way between Monserat Point and Fort Victoria. The soil
is a coarse white sand. It was not possible to get any bearings which would define
the exact position, but the above directions are sufficient to enable any one to find
the place very nearly. .

Assuming the position of Fort St. Antonio Light to be lat. 13° 0’ 55" S,, long.
2" 34™ 6°.9 W, then, according to the English Admiralty Chart, the position occu-
pied by the instruments is in /

Lat.” “12° - 56", 55"S.
Long. 2" 34™ 0°5 W.

R10 JANEIRO, Brazil. The ship was swung in this harbor, on J anuary 10th, 1866,
in the usual manner; but, owing to a strong wind which was blowing at the time, it
was not possible to get her through more than seventeen points. IHer position was
lat. 22° 54’ S, long. 43° 9’ W. Joint XII on the after turret was 0.8 of an inch
to port. .

During the whole week we were at Rio there was not one clear day. Conse-
quently it was extremely difficult to make astronomical observations, and it was
only by patiently watching for the sun and seizing the opportunities when it was

e
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momentarily visible through breaks in the clouds, that the few sights necessary in
order to complete the magnetic observations were obtained,

With a single exception, all the magnetic and astronomical observations were
made at a spot from which the true bearing of the entrance on the north face of
Fort Caraguata (erroneously spelled Gravata on the English charts) is S. 70° W,
and its distance fifty-five feet. There were no guns in the fort at the time. The
surrounding country is very hilly, the bare, coarse, granite rocks cropping out every-
where from the hill-sides, but in the more level places they are thinly covered with
earth. ~Assuming the position of Fort.Villegagnon to be lat. 22° 54’ 42" S, long.
2" 52 36°.0 W., then, according to the English Admiralty Chart, the position
occupied by the instruments is in

Lat. 22° 54 58,
Long.- 2" 52 30%.7 W.
The exception referred to above is some observations of the sun for time, made
on January 9th. They were got on Rat Island, the spot where naval officers
usually go to rate their chronometers when lying in this harbor. Assuming the
position of Fort Villegagnon as above, then, according to the English Admiralty
Chart, the position of Rat Island is

Lat. 22° 53 45"S.
Long. 2* 52™ 37°.9 W,

Moxte VipEo, Uruguay. The ship was swung in this harbor, on January 24th,
1866, in the usual manner. We first attempted to get her around about 1 P. M.,
but owing to the force of the wind and tide we only obtained ten points, viz., those
from E. by S. to S.S. W. Just at sunset we tried it again, and succeeded in getting
the remainder of the circle. It was nearly dark when we finished, but as the dis-
tant object used for an azimuth mark shone plainly against the sky, there was suf-
ficient light to see pretty distinctly when it was in range with the sights of the
compass.

The readings of part of the circle on the After Ritchie compass were lost, owing
to the failure of daylight and delay in procuring a lantern. The officer who usually
read the After Azimuth compass was on shore at the time, and the duty of making
the observations at that instrument was assigned to another, but it turned out that
he did not understand how to read an azimuth compass, and his observations were
worthless. _

While we were lying at Monte Video the tide was very irregular. Most of the
time the ship only swung to it about 90°, but two or three times she swung-
180°. At the time we swung her to obtain the deviation of the compasses her
position was lat. 34° 55’ S., long. 56° 13’ W, and joint XII on the after turret was
4.5 inches to port.

The greater part of the magnetic observations on shore were made on January
18th, at a station on the ground occupied by Tomkinson’s slaughtering establishment.
The instruments were set up at a spot where there are four large umbu trees stand-
ing in a line. The exact position ‘may be recovered by means of the following true
bearings. The corner made by the south and west sides of the dwelling-house
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bears N. 39° E., and is distant about one hundred feet. The light-house on the
Mount, on the west side of the harbor, bears N. 59° 0" W. The watet’s edge is
distant from the station about four hundred feet. The soil is a thin stratum of
very poor carth, covering a greenish-colored slaty rock, which crops out in many
places. Assuming the position of the light-house on the Mount to be lat. 34° 53’ 15"
S., long. 3" 44™ 59°.0 W, then, according to the English Admiralty Charts, the
position occupied by the instruments is in

Lat. 384° 53 39"S.
Long. 3" 44™ 55°8 W.

As a check, some magnetic observations were made, on January 19th, at a station
from which the true bearing of the light-house on the Mount is N. 89° 41’ W, and
the true bearing of the light on the Cathedral is S. 17° 42° W. Assuming the
" position of the light-house to be as stated above, and the light on the cathedral to
be in lat. 34° 54’ 20” S., long. 3" 44™ 50°.0 W., as given in the English Admiralty
List of Lights in South America, edition of 1865, the geographical position of this

station was
Lat. 34° 53 16”S.

Long. 3" 44™ 483 W.

It will be observed that the difference of longitude between the lights on the
Mount and on the cathedral, as deduced from the Admiralty List cited above, cannot
be made to agree with the positions given on the English Admiralty Chart.

On January 24th some observations for time were made on Rat Island. Assum-
ing the position of the light-house on the Mount to be as stated above, then, accord-
ing to the Lnglish Admiralty Chart, the position of the station on Rat Island was

Lat. 34° 53 18'S.
Long. 3" 44™ 5229 W,

SANDY PoiNt, Straits of Magellan. 'The ship was swung in this harbor, on
Febrnary 10th, 1866, in the usual manner. Her position at the time was lat. 53°
11' S,, long. 70° 55" W. Joint XII on the after turret was 4.5 inches to port.
While we were lying here the ship was perfeetly free to swing to the tide, but she
generally turned through an arc of only about ninety degrees, namely, from W.N.W.
to N.N.L.

The observations on shore were made in the meadow, between the settlement™
and the beach, at a spot from which the true bearing of the flagstaff was N. 47° &'
W., and its distance about eight hundred feet. The soil is sandy, and there is no
rock anywhere near. The place was examined for local attraction by taking fore
and back sights with a compass, but nothing of the kind could be detected.

Assuming the position of the flagstaff to be lat. 53° 10’ 15"’ S., long. 4" 43™ 36°.0
W., as given on the English Admiralty Chart, edition of 1861, the position occupied
by the instruments is in

Lat. 53° 100 20" S.
Long. 4" 43™ 35°.3 W,
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VALPARAISO, Chile. The ship was swung in this harbor, on April 4th, 1866, in
the usual manner. Her position at the time was lat. 33° 2’ S., long. 71° 38’ W,
Joint XII on the after turret was 4.25 inches to port. While we were lying at
Valparaiso the ship was perfectly free to swing to the tide, and she turned in all
directions. :

The observations taken on shore March 2d were made on the south end of the
white sand beach at the Estero de Quilpue, at a spot about two hundred and fifty
feet from the rocks. Assuming the position of Fort San Antonio to be lat. 33° 1’
53" 8., long. 4" 46™ 46°.0 W., then, according to the English Admiralty Chart, the
position of this station was approximately

Lat. 33° 148
Long. 4® 46™ 31® W,

The observations of March 19th, and all taken subsequently to that date, were
made at a spot distant about six hundred and fifty feet, nearly true north, from the
most northern of the custom-houses. The instruments were set up, near to the
water’s edge, on the public road which here runs along under a high bank of rock.
The true bearing of the flagstaff at Fort San Antonio, on the top of the hill, was S.
31° 45" W., and its estimated distance was seven hundred feet. Assuming the posi-
tion of the fort to be as stated above, the position oceupied by the instruments is in

Lat. 33° 1 47 S
Long. 4" 46™ 45°.7 W,

Both this station and that of March 2d were carefully tested for local attraction
by taking fore and back sights with a compass, but none could be detected.

In adopting 4" 46™ 46°.0 as the longitude of Fort San Antonio, T have followed
Raper, but this value is doubtless too large. Capt. Jas. M. Gilliss, U. S. N., from a
series of occultations and moon culminations, observed during the years 1850-51-52,
determined the longitude of the Observatory on the hill of Santa Lucia, in Santiago,
to be 4" 42™ 33:.8. Dr. Moecsta, from subsequent observations up to the year 1862,
corrected this value to 4" 42 83°.0. Capt. Gilliss, by means of the clectric tele-
graph, found the difference of longitude between the Observatory at Santiago and
Mr. Mouatt’s Observatory at Valparaiso to be 3™ 56°5. Hence, adopting Dr.
Moesta’s value of the longitude of Santiago, we have '

4" 46™ 29°.5 W.

as the longitude of Mr. Mouatt’s Observatory; but I have been unable to find any
description of its position, and consequently cannot refer this longitude to I'ort
San Antonio.

Findlay, in his “Directory to the South Pacific Ocean,” edition of 1863, gives
for the longitude of Fort San Antonio 4" 46™ 288, and quotes Dr. Moesta as the
authority. The Connaissance des Temps, for the year 1868, on the same authority-
gives 4" 46™ 27°.5 for the same position. Which of the two values is nearest cor-
rect I am unable to say.

CALLAO, Perw. 'The ship was swung in this harbor, on April 29th, 1866, in the

usual manner. Her position at the time was lat. 12° 8’ S., long. 77° 14" W. Joint
2 December, 1871
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XII on the after turret was 5.5 inches to port. While we were lying at Callao
the ship was perfectly free to swing to the tide, but the wind and current were so
strong that she did not do so, but always lay with her head pointing in a southerly
direction,

The observations taken on shore, April 26th, were made on the northeast side of
San Lorenzo Island, about two and a half miles southeast of the light-house. The
island is a mass of hills, rising to an elevation of more than a thousand feet, com-
posed of loose friable rock whicl seems to be of volcanic origin, and which is con-
stantly disintegrating into a fine yellow sand. The place selected for making the
observations is at the foot of a gorge where there is a beach, about a quarter of a
mile long, of the yellow sand mentioned above. On the beach stand a number of
fishermen’s huts, and a few steps back, at the foot of the gorge, stands a large,
square, two-story house. The spot where the instruments stood is on the southeast
end of the beach, a little beyond the fishermen’s huts, and just above high-water
mark. Assuming the position of the light-house to be lat. 12° 4’ 0 S, long. 5"
9™ 18°.0 W., the position occupied by the instruments is in

Lat. 12° & 14'S.
Long. 5" 9= 9.1 W.

The place was carefully tested for local attraction by taking fore and back sights

with a compass, but none could be detected.

PAYTA, Peru.  We remained in this port only from 2° 30™ P. M. of May 6th,
1866, till 6" P. M. of May 7th, and there was neither time nor opportunity to swing
the ship. However, a complete set of magnetic observations were made on shore
at a station on the beach four-tenths of a mile northwest of the large iron building
which stands just back from the mole, and is used by the government as a custom-
house, ete. As nearly as could be determined from angles carefully measured,
and plotted on the English Admiralty Chart, this station is identical with the one
occupied by the officers of H. B. M. surveying vessel ¢ Beagle,” in the year 1836,
when making their observations for determining the position of Payta. According
to their determinations it is in

Lat. 5° & 386"S.
Long. 5" 24™ 22°.0 W.,

the longitude depending upon the position of the northeast bastion at Panama,
New Granada, which is taken to be 5" 18™ 4°.6 W.

The instruments were set up, just above high-water mark, on the gray sand
beach, about fifty feet back from which the land rises into bluffs, two hundred feet
high, composed of a hard yellow earth, alternating with sedimentary rocks. The
station was carefully examined for local attraction, by taking fore and back sights
with a compass, but none could be detected.

PANAMA, New Granada. The ship was swung in this roadstead, on May 20th,
1866, in the usual manner. Her position at the time was lat. 8° 55’ N., long. 79°
30" W, Joint XIT on the after turret was 5.5 inches to port. While we were
lying here the ship was swinging frecly in all directions to the wind and tide.
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The observations taken on shore, May 14th, were made on the northern side of
Flamenco Island, to the westward of a small cocoanut grove, and northeast of the
Naval Cemetery. The instruments were sct up about ten feet north of the most
western of the ruins which are to be found there. The island is rocky, but at this
station the rocks are covered with earth. The spot was carefully tested for local
attraction by taking fore and back sights with a compass, but none could be detected.

If we assume the position of the northeast bastion at Panama to be lat. 8° 56’
56" N, long. 5" 18™ 4.6 W., as given by Capt. H. Kellet, R. N., then, according
to the English Admiralty Chart, the position occupied by the instruments is in

et '8°," 54" 31" N,
Long. 5* 18™ 1:.8 W,

AcAPULCO,. Mexico. 'The ship was swung in this harbor, on June 1st, 1866, in
the usual manner. Her position at the time was lat. 16° 50’ N, long. 99° 52’ W.
Joint X1I on the after turret was 5.5 inches to port. During the three days we
were lying at Acapuleo the ship was swinging freely to the wind and tide.

At the extreme south end of St. Lucia Bay, in this harbor, are two cocoanut
groves, tile most western of the two containing the graves of a number of our naval
officers. The western end of the eastern grove is the place where the, observations
taken on shore, on May 30th, were made. The trees ecome almost close down
to high-water mark, and the soil is a gray sand. The instruments were set up
about forty fect from high-water mark, at a spot from which the true bearing of the
gate of Fort St. Dicgo is N, 6° 22' E.

If we assume the position of this gate to be lat. 16° 50" 56" N., Ionor 6" 39™ 29°.0
W., as given on the English Admiralty Chart, then, according to that chart, the
position occupied by the instruments is in

Lat. 16° 50° 8"N.
Long. 6™ 39™ 29°.4 W,

MAGDALENA BAY, Lower California. An attempt was made to swing the ship
in this bay, on June 9th, 1866, in the usual manner, but owing to a very stiff breeze
whieh was blowing at the time, she could only be turned through fourtcen points.
Her position was lat. 24° 38" N., long. 112° 6’ W. Joint XII on the after turret
was 5.5 inches to port. During the three days that we lay in this bay the wind
was so strong that the ship did not swing to the tide, but rode with her head con-
stantly to the west.

As it is difficult to deseribe the land-marks here, the most convenient way of
giving positions will be to refer them to the English Admiralty Chart, the position
formerly occupied by Capt. Sir Edw. Belcher’s observatory being taken to be lat.
24° 38' 18" N., long. 7 28™ 254 W., as given on the chart.

On June 8th a landing was cffected at a spot on the beach, about a mile south
of the position of Capt. Belcher’s observatory, for the purpose of making a set of
magnetic observations; but, after getting a time sight, it was found that there was
a great deal of local attraction, nearly all the stones on the beach being magnetic,
and consequently it was useless to attempt anything the1e The approximate
position of this spot is
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Hat. 7942« B8N,
Long. T 28™ 24°'W.

On June 9th, after going to the extreme northern end of the bay, and pulling
a short distance up a creck, a place was found which, npon careful examination by
taking forc and back sights with a compass, scemed to be entirely free from all
local attraction. The land there is composed of fine white-sand hillocks, which
are constantly being shifted by the wind, and are so loose that a man will sink half-
way to his knees in walking over them. The only place where the surface was
sufficiently solid to admit of the instruments being set up was below high-water
mark, where the sand was wet. A complete set of magnetic observations were made
there, which, however, were not as satisfactory as could have been wished, owing
to the magnets- being disturbed by a stiff brceze which shook the instruments,
and from which there was no shelter. The position of this station was

Lat. 24° 39 36" N.
Long. T 28™ 26°.2 W,

It was on the. east side of the creek (on its left-hand bank), at a place where there
ds a sharp bend in its course, and can egsily be found by plotting the ‘position,
given above, on the chart.

SAN Dirco BAy, California. We were only in this harbor from 11 A.M. of
June 15th, 1866, till 11 A. M. of June 16th, and there was no time to swing the
ship. However, during the afternoon of the 15th a complete and very satisfactory
set of magnetic observations were made on shore at a spot on the beach near the
extreme southern end of the slightly rising ground at La Playa. The instruments
were set up just above high-water mark, and nearly due east of the U.S. Coast
Survey Astronomical Station. The true bearing of the light-house on Point Loma
was S. 3° 56’ W, and its distance exactly two statute miles in a direct line, The
spot was tested for local attraction by taking fore and back sights with a compass,
but none could be detected.

The position of the station, according to the U.S. Coast Survey Chart, was

Lat. 32° 41" 58" N.
Long. 7" 48™ 52:.6 W.

SAN Fraxcisco, California. The ship was swung in this harbor, on June 23d,
1866, in the usual manner. Her position at the time was lat. 37° 48’ N, long.
122° 22 W. Joint XII on the after turret was 5.3 inches to port. While we
were lying liere the ship was swinging freely to the wind and tide.

The observations taken on shore June 26th were made on the sand beach in a
cove on the cast side of Yerba Bunena Island, the instruments being set up just at
high-water mark, and about one hundred and fifty feet north of a long pier which
runs out over a mud flat. The place was tested for local attraction by taking fore
and back sights with a eompass, but none could be detected.

According to the U.S. Coast Survey Chart the position of this station was

Lat. 37° 48 46" N.
Long. 8" 9™ 22.6 W,
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SECTION III.

ASTRONOMICAL OBSERVATIONS.

THE observations contained in this section were all made on the sun, and are for
the determination of latitude, local time, and true bearings. The instruments used
were a prismatic sextant of six inches radius, by Pistor and Martins; a mercurial
artificial horizon; and a pocket mean time chronometer, by Fletcher, marked
number 906.

The index correction of the sextant was usually obtained by measuring the
diameter of the sun, both on and off the arc. For determining the density of the
atmosphere thermometers with Fahrenheit scales, and a mercurial barometer
graduated to English inches, were employed.

"The refractions have been computed by means of BESSEL’s tables, as given in
Loowmis’ «Practical Astronomy;” from which book the tabular parts of the reduc-
tions to the meridian have also been' taken. The necessary fundamental data
have been obtained from the American Nautical Almanac.

Observations of circummeridian altitudes of the sun for latitude were made in sets
of twelve, so arranged as to climinate both the sun’s semi-diameter, and all errors
depending on the roof of the artificial horizon.

Circummeridian Altitudes of the Sun for Latitude, observed at the south front of Fort Christian,
St. Thomas, November 17th, 1865.

YORMM clcT! 22 of 105° 14 20" ) Index correction.
55 48 15 20 SEOSTOGRIOK aeETEAe L off
56 14 16 50 < 11 10 16 10 :
ORI 18 o [ 20 11 40 16 20 k
11 o 3I 21 40
6 5 222 oW 35 11 20.0 op w161 6L
T TOATE SIS ToR)
20y 18 2o Correction =+416" 16”.7
2 46 I8 2
2 28 18 5<53 20 1057, (i - e
3 59 18 355 At. ther. SO
4 29 18 40 Bar. 30.16 inches.
Mean of chronometer times : 2 g 3 SRR e e
Chronometer slow of local mean tune s : . ‘e o) S4oRNASs
Equation of time : 3 5 - 5 L A .+ 14 S 47e T
Local apparent time . : 3 ! g : ¥ T Soicie 3694
Mean of observed double altltudes s . 3 y . 104° 48 19".2
Index correction . : . s 0 . 0 .+ 16 16.7
Apparent altitude of sun’s centre 2 . v ) 2. 5ep=32 L18:0

Refraction . — o 42.1
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a = true geocentric altitude of sun’s centre.
d = sun’s polar distance, measured from the elevated pole.
¢ = latitude of place where observation is made.
¢t = hour angle at the pole.
7 = cquation of time.
dt = correction of chronometer to reduce the reading of its face to

local mean time.

15

Double A /Iztua’e; of the Sun, for Time, observed at the flagstaff in the Navy-yard at Portsmouth, Va.,
October 29th, 1865.

8h Slm 7a 490 27
51 42 38
52 22 49
53 23 So=wsy)
53 50.5 17
54 47 50 32
55 50 49 47
56 25 57
56 57.5 50 6
57 59-5 24
58 32.5 34
59 13.5 45
Ex. ther. 50°.
Refraction = — 125"
Parallax =4 8

50
20
30
40
50
20

o
20
20
50
30
50

At. ther. ¢2°.

7 N

r 20

> 20

7/

Mean of observed double altitudes
Local apparent time .
Equation of time
Local mean time

Mean of chronometer times

Chronometer fast of local mean time .

Longitude west . 3 :
Chronometer slow of (;reenwmh mean time

Index correction,

= + 15’ 42"

Bar.

30.40 inches.

Sun’s declination — 13° 35’ 16”

Latitude + 36 49 32
500 7[ 27"

9" 6™ 40°.8

— 16 10.6

8 50 30.2

8 55 11.3

OB R TR

5 5 9.8

CRAO 2 847

Double Altitudes of the Sun for Time, observed at the flagstaff in the Navy-yard at Portsmouth, Va.,
October 29th, 18065.

3h 11
12
13
14
14
15
16
17
18
19
20
20

Ex.

55°
54
32.5
9-5
51
36.5
52.5
37
24.5
16.5
4

505

ther.
Refraction

Par_allax

55°

40°

39

40

39

37

=+

Mean of observed double altitudes
Local apparent time .

51
38
30
17

2
37
23

8
46

31
20

o’.1
8.0

10’

10"

20
30
30

o
20
30
10
30

o
30
10

fo

20

[0

At. ther. 79
Sun’s declination — 1

Latitude

Index correction,

=+151 42"

Bar.

30.36 inches.
3° 40’ 42".0

+ 36 49 32

39° 16! ~23".3

3" 27" 51%9
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Chronometer slow of local mean time. - : g b S1ti30® 1gf 4
Longitude west . : g ; L : . SRR oRETIIN L
Chronometer slow of Greenwich mean time c ; R O RRCLE3C:3

Double Altitudes of the Sun for Time, observed at Ceara, Brazil, December 13th, 1865.

L [ S 63 S o) Index correction.

15 58.5 62 40 o L

16 41 oM ORI I20)] 350° L ~of! o 16’ o

WAL 3i5 10 o 10 30 10

17 26 02BN oRN o =] 10 40 o

#8843 G2iE3ok Mo

M 45 20 o 359 10 50.0 olew1 6882t

19 26.5 10 o0 20

19 50 G2 o ko Correction =+16' 33".3

20 II1.5 61 50, oM ]

Ex. ther. 84° IATATHEr AR 828 Bar. 30.05 inches.

Refraction = —8q".5 Sun’s declination — 23° 12’ 4".0

Parallax =4 7.4

Mean of observed double altitudes . 3 ! : 9 62RR 18R oo

Mean of chronometer times . . g 3 3 N RIBIe7 i e

Equation of time - . : - s 4 3 5 — 5 20.9

Reducing this observation with latitude = — 8° 43' 15", we find the chronometer
2 26™ 29¢.6 slow of local mean time. Reducing it with latitude = — 3° 44’ 15",
5

we find the chronometer 2" 26™ 82°.0 slow of local mean time.

Double Altitudes of the Sun for Time, observed at Ceara, Brazil, December 14¢h, 1865.

=

’

G S T 99° 30 o Index correction.

5 G 40 o©

2 49 50 0 ¢ 20 RGO 1ol 30 0% 16} 10"

3 121G 100 o o 40 20

30 36 1o o | 40 20

6 9 100 1o ©

62z oC 20 o L 359 Io 36.7 ' o 16 16.7

6 57.5 30 o 2 .

G o 40 o© Correction =+16' 33".3

G A5G 100 50 O |

Ex. ther. 81° At. ther. 82° . Bar. 3o0.12 inches.

Refraction = — 45".9 Sun’s declination —23° 14’ 46'".2

Parallax =4 3.6

Mean of observed double altitudes . c : 5 . 100° 10 o".0

Mean of chronometer times 3 o c : : Sl G D TRt

Equation of time . : 5 c - 3 . — 4 59.5

Reducing this observation with latitude = — 8° 43' 15, we find the chronometer

2" 26™ 33°.7 slow of local mean time. Reducing it with latitude = — 3° 44’ 15,

we find the chronometer 2" 26™ 30°.9 slow of local mean time.

3 February, 1872,
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Double Altitudes of the Sun for Time, observed at Ceara, Brazil, December 144k, 1865.

I Nsr= et 100° 50’ o) Index correction.
2 14 40 o ik ) Thds -
gz 37 : 30 o 20 359° 10 50" o® 15" 50"
§3 1.5 20880 40 16 20
53 26 10 o | 20 16530
56 o 98 o o 4
56 23 97 so o 359 10 367 | o 16 3.3
56 48 40 o 20 ) £ 08
57 11.5 30 o Correction =416’ 40".0
57 34 20 o '
Ex. ther. 86° At. ther. 83° Bar. 30.00 inches.
Refraction = -—45".6 Sun’s declination — 23° 15" 27".4
Parallax = 4 5.6
Mean of observed double altitudes 90° "5 41 O w0
Mean of chronometer times 11" 54™ 426
Equation of time . : 5 : : c 2 — 4 45347
Reducing this observation with latitude = — 3° 43’ 15", we find the chronometer
2" 26™ 30°.7 slow of local mean time. Reducing it with latitude = — 3° 44’ 15",

we find the chronometer 2 26™ 33°.1 slow of local mean time.

In order to determine both the latitude of Ceara and the error of the chronometer
from the three observations which have just been given, we proceed as follows:

Comparing the error obtained on the afternoon of December 13th, with that
obtained on the afternoon of December 14th, we find that the chronometer was
losing 1.17 seconds per day; and this rate is independent of any small change in
the adopted value of the latitude.

By mecans of this rate, reducing all the observed chronometer errors to 2" 26™
P. M. December 14th, and then plotting them according to Sumner’s method, we
get for the place of observation

Latitude 3° 43 59" S.
and for the chronometer,
Chronometer slow of local mean time . E 26" 2 %
Longitude west . . - - . . 2 z . 2En .6
Chronometer slow of Greenwich mean time . g " & 15 B o W Bug

Double Altitudes of the Sun for Time, observed at Pernambuco, Brazil, December 23d, 1865.

i oAl A 118° 10/ o Index correction.
30 39.5 20 o 200 359° 10’ 50" ORI Giis o
3" "3 30 o 50 16 10
32 52.5 118 10 o© ;
33 18 20 o 20 359 10 s50.0 | o 16 3.0
33 40 MBo> o Correction =+16" 32".5
Ex. ther. 83° At. ther. Bar.
Refraction = — 32".1 Sun’s declination — 23° 26’ 31”7
Parallax =4 4.5 Latitude — 8 3 37
Mean of obscrved double altitudes . 118¥2e! Mo”0
Local apparent time . 108 gt 358
Equation of time ; 5 . 3 : : : — o 312
Local mean time . . . s c . , Bor 5 T
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Mean of chronometer times g
Chronometer slow of 'local mean time

Longitude west .

Chronometer slow of Greenwxch mean t1me

Double Altitudes of the Sun for Time, observed at Bakia, Brasil, December 279th, 1865.

(S

52
52

54

54
55

Ex.
Refraction

31.5
54-5
32

53-5
16.5

ther.

Parallax

88°

98° 30

40

50

98 30

40

50
- 451/.9
=+ 5.7

00O0O0OO

Lo

At. ther.

Mean of observed double altitudes
Local apparent time .
Equation of time
Local mean time 1
Mean of chronometer tlmes
Chronometer slow of local mean t1me

" Longitude west .

OH
}2‘6 359° 10’

AN N~

31" 57%5
36 34.8
TOLaw28%2
56 3.0

Index correction.

Chronometer slow of Greenwmh mean time

4°H 0° 16’ 10"
50 o
359 I0 45.0 | o) »10M 150
Correction =416' 35".0
Bar.
Sun’s declination — 23° 19’ 33".8
Latitude —12 56 3s.
98° 40 J".0
3G e
-4 T 2753
WA OURTEY 40, 8
6 53 43.0
2R 228 68
2 34 0.5
4 56 7.3
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Double Altitudes of the Sun for Time, observed at the Light-house in Fort St. Antonio, Bakia, Brazil,
December 29th, 1865."

8t 14™ 46%.5
15 10
U
15 56
16 19.5
7RIS
17 44
18 7
18 31.5
18 54
Ex. ther.
Refraction
Parallax

84°

134° 50

T35, O

10

20

30

134 50

135, ©

10

20

30
=—22".1
=+ 3.3

oII 9

o

o 20
)

)

R

)

o 20
)

o

At. ther.

Mean of observed double altitudes
Local apparent time -
Equation of time

Local mean time ¥
Mean of chronometer times b
Chronometer slow of local mean time

Longitude west .

Index correction.

! "

359° 10 350" ORI GG
50 10
40 Io
359 I0 46.7 [ o 16, 687

Latitude

Chronometer slow of Greenwxch mean tlme

Correction =416’ 33".3

Bar.

Sun’s declination

—23° 13’ 31”1

S~ AL W OT05:

TR EE T o Mol o)
Toh: 36185y

.+ )

N R
8 16 49.7
25 4 220 43t 0
z 34 69
4 56 10.5
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BEx.'ther. 76° At. ther. 79° Bar. 3o.o0z inches.
Refraction = — 130".2 Sun’s declination — 20° 26’ 55".2
Parallax =+ 8o Latitude —34 53 39
Mean of observed double altitudes . . ! : U 452820 2360
Local apparent time . 5 7 : : L : Y SCLraRhrctso
Equation of time : : 3 / . 4 .+ 10 §1.4
Local mean time z 5 13 56.6
Mean of chronometer times : 4402 29.6
Chronometer slow of local mean time IF SLTR2 750
Longitude west . 3 44 55.8
Chronometer slow of Greenw1ch mean txme AR NEGRR218)

Double Altitudes of the Sun for Time, observed on Rat Island, harbor of Monte Video, Urugnay,
January 24k, 1866.

2tz pR s a8285 70 1 ol Index correction.
29 25.5 20 ©
20" 950.5 " 10 o 20 359° 10" 10" 0o® 15" 40"
30F L3:5 8200 10 Io 40
30 38.5 81 o0 o 10 10 20
AT S G sl e
G40 TG 20 0 359 10 10.0 | o 15 33.3
32" 26 TOM TOR = 200 s
g2, 51 S2M ol ko Correction = 4 17" 8".3
33 16 81 30 o
Ex. ther. 74° At. ther. Bar,
Refraction = —62".7 " Sun’s declination —19° 6 337.8
Parallax = 4 6.5 Latitude —34 53 18
Mean of observed double altitudes . ; ; : o 8zo Mot No¥e)
Local apparent time . 3 . : . . 5 e O ey
Equation of time 4 Vi . . ] X . .+ 12 29.2
Local mean time : : 3842 340
Mean of chronometer times s . ’ : o e AR BT e Tl
Chronometer slow of local mean time IR 26L 5
Longitude west . 3 44 52.9
Chronometer slow of Greenw1ch mean tlme 4 56 19.4

Double Altitudes of the Sun, for Time, observed at Sandy Point, in the Straits of ﬁ[agella;z,
- Lebruary 7th, 1866.

o 59™ 24%5 gof 305 o) . Index correction.

LONOg » I'T 40 o
TSNy 50 o 20 359° 10 20" !
1 49.5 Gy @ e . 30 50
2 375 10 o 35 35
4 395 90 30 o0 )
5 27.5 40 © 359 10 28.3 | O I5 4L.7
6 18.5 CoMNoE T2 .
a0 91 o o Correction = 4- 16’ 55".0
7 585 107 4 01
Ex. ther. 52° At. ther. 70° Bar. 30.04 inches.
Refraction = —56".9 Sun’s declination — 15° 14" 15".6
Parallax = 4 6.1 Latitude —53 10. 20
Mean of observed double altitudes . : : ; Smg0° FE50 WO,
Local apparent time . . : 3 : b 5 BN I OR N2 ES S22

Equation of time : ) ; ? ; c 5 -+ TARZ ks
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Ex. ther. 67° At. ther. 65° Bar. 30.17 inches.
Refraction = -—69".8 Sun’s declination 4 6° 53’ 28".6
Parallax =4 6.7 Latitude —33 I 47

Mean of observed double altitudes . . . 0 A 77 45" o".0
Local apparent time . ! : 5 X . : . oM 46™ 19°.6
Equation of time 5 , 3 s . 3 - -+ 2 89
Local mean time 9 48 28.5
Mean of chronometer times - ' 300 5:2
Chronometer slow of local mean time el Tt e
Longitude west . 0 6 4 46 45.7
Chronometer slow of Greenwxch mean tlme 4 56 9.0

Double Alfitudes of the Sun for Time, observed in Valparaiso, Chile, April 7th, 1866.

9" 43" 155 79° 30 o”} _ _
44 6.5 45 o 20 Index correction
45 0.5 8 o o
46 57 79 30 o =+ 17 o0
47 49-5 45 o %2@_
48 44.5 80 o o
Ex. ther. 64° At. ther. 65° Bar. 30.17 inches.
Refraction =—67".3 Sun’s declination — 6° 53’ 35”.4
Parallax =4 6.6 Latitude —33 1 .47
Mean of observed double altitudes . ‘ d ] k92 4sht oo
Local apparent time . , . 5 . - ; B G )
Equation of time y : . 3 4 - g 4 244 38
Local mean time i 3 ©), EH5
Mean of chronometer times . 5'#40¢ 9 45 58.9
Chronometer slow of local mean time ol ol22Yg
Longitude west 4 46 45.7
Chronometer slow of Greenw1ch mean time 4 56 9.6

Donble Altitudes of the Sun for Time, observed in Valparaiso, Chile, April 14th, 1866.

B oo™ 200 62 930 4 ol Index correction.

3 gl 1.55 2 }35 o 12@ 359°, 10" 40" oSeT4 s 0
5139 o o) 40 aaolets
S 4 36 Y o-dhs 45 50
53 46 15 o 20
54 24.5 © /&3 } 359 10 41.6 I °© 14 43.3

Correction = + 17 15".0
Ex. ther. 65° At. ther. 66° Bar. 30.13 inches.
Refraction =-—170".3 Sun’s declination 4 ¢° 33" 33".6
Parallax =4 8.1 Latitude R e )
Mean of observed double altitudes . . : 5 368 Tsi Nolto
Local apparent time . . S 5 ¢ . . G IR GI TR
Equation of time 3 . 5 o 2 : o .+ o I1I.6
Local mean time 5 : 3 3 4 S3e424E8
Mean of chronometer times 2 3 82 23.3
Chronometer slow of local mean time Ol I TR Y7
Longitude west . 3 4 46 45.7
Chronometer slow of Grecnw1ch mean time 4 Lsiaedind
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Double Altitudes of the Sun for Time, obscrved on the Island of San Lorenzo, near Callao, Peru,
April 26th, 1866.

n® 1™ 435 1232 S 1o R GE), Index correction.
18 52 15 o }26 359° 11’ 10" oIS LMK
20 3 30 o 10 o
22 46 123 © ©
2aL N2 i © %2@ 359 II 10.0 0, I5 =100
25 18 gr=0 Correction = + 16’ 55".0
Ex. ther. 80° At. ther. Bar.
Refraction = — 29”.2. Sun’s declination 4 13° 35" 18"
Parallax = 4 4.0 Latitude —12 5 14
Mean of observed double altitudes . c . : 4 M2 3o s o)
Local apparent time . - . c c 0 5 R LU I )
Equation of time : 5 . c : : s — 2 18.8
Local mean time 3 5 o o 3 o 3 e o
Mean of chronometer times 5 c 3 g s o 0T L2 el
Chronometer fast of local mean time . o o b . ORI I3RS
Longitude west . : : : : + 1 Ti5 LSO Mg T
Chronometer slow of Greenwnch mean time g : B B 7 S

Double Altitudes of the Sun jfor Time, observed ai Payta, Peru, May 7th, 1866.

8t 40™ ¢4%5 62° o o Index correction.
41 17.% 15 o }26 359° 11’ 30" o nis(alic
41 51 3 o© Tt o
43 1.5 62 o o 25 o
43 345 15 © } 20
44 7.5 30 o 359 11 20.7 o 15 0.0
A Correction = 4 16’ 46".6
Ex. ther. 78° At. ther. 80° Bar. 30.06 inches.
Refraction = —go".7 Sun’s declination 4 16° 50’ 46” o
Parallax =4 7.3 Latitude ==l )
Mean of observed double aititudes 2°Ni5% o'%0
Local apparent time . : 5 c : : o 8 3 8NaIgr 228
Equation of time : 3 . 2 : b r — 3 38.1
Local mean time 5 2 8 15 44.2
Mean of chronometer times . 8 422 268
Chronometer fast of local mean time . o 26 41.9
Longitude west . : 5 24 22.0
Chronometer slow of Greenw1ch mean time 4T AoNT

Double Altitudes of the Sun for Time, observed on Flameneo Island, Panama Bay, May 14th, 1866.

9% 2™ 50" o5 =0 1 ot Index correction.

25 31 15 o r20 359° 11’ 30” 0° 15" 10"

26 3.5 3 o© 20 14 55

27 12 O30 MW O 20 14 40

27 435 15 o 20

28 15 3 o 359 II  23.3 , o 14 355.0
Correction = + 16’ 50".8

Ex. ther. 83° At. wner. 85" Bar. 3o.10 inches.

Refraction = —49".5 Sun’s declination 4 18° 39’ 49"

Parallax =4 5.7 Latitude + 8 54 31
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Mean of observed double altitudes . S - : W95 T el o
Local apparent time . . : 3 ¢ A : b G G L
Equation of time . . : 0 c o 8 — 35301
Local mean time ; 9 6 20.4.
Mean of chronometer times 2 ORI Z 0N 7ty
Chronometer fast of local mean time . o 20 16.9
Longitude west . S SR TAE
Chronometer slow of Greenwxch mean time 4 37 44.9

Double Altitudes of the Sun for Time, observed at Acapulco, Mexico, May 30th, 1866.

B g mN 5 g @ Index correction.
268 Zichie TS0 }2@ 359 (e 10,/ ORST/SUNOL
26 38.3 e @ o 14 40
27 49.5 8 o o 20 15 o©
230%2% I5M ol »2()
28 54 30 o } 359 II 10.0 | o 14 53.3

Correction = + 16’ 58".3

Ex. ther. 89° At. ther. 835° Bar. 3o.10 inches.
Refraction = -—354".5 ’ Sun’s declination 4 21° 48 %"
Parallax =+ 6.0 Latitude +16 50 3
Mean of observed double altitudes oSe sl Mol o
Local apparent time . : : : ! ; ] . 8M 48m38%.4
Equation of time 3 . ' . . 3 o — 2 46.4
Local mean time : S . J o o S SRR cizt o
Mean of chronometer times 4 . 1 L L % stor z7Maqle
Chronometer fast of local mean time . d ¢ . o wi= o Sox o)
Longitude west . . p 5 S N(D) e
Chronometer slow of Greenw1ch mean time s d AR SN

Double Altitudes of the Sun for Time, observed in Magdalena Bay, Lower California,

June 8th, 1866.

5% 20™ 49° 100° 45" o Index correction.
2k 23 30 o }2_@ 359° 10’ 30" 0° 14 40"
21 56 15 _© II 20 14 50
2838 AS%5 100 45 ©O 4 10 30 TSSO
23 41.5 SO0 20
2> T5 O E 359 10 533 | o TI4 50.0
Correction = 4 17" 8".4
Ex. ther. 69° At. ther. 7%0° Bar. 3o.02 inches.
Refraction = — 46".4 Sun’s declination <4 22° 53’ 42"
Parallax =4 5.4 Latitude + 24 38
Mean of observed double altitudes . c ¢ o . 100° 30’ o".0
Local apparent time . s 2 . : . c 2 SNG4 25
Equation of time . ! . 5 ; ¢ 5 — 7 s 1455
Local mean time g 3 5 ° 28l 2hd 27,8
Mean of chronometer times ; 5 : S 3 s 22 M3l
Chronometer fast of local mean time . 2 304 4.4
Longitude west . 7 28 24.0
Chronometer slow of Greenwmh mean tlme 4 58 19.6

4

February, 1872,

25
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was computed, and applying it to the sun’s true bearing the true bearing of the
terrestrial object at once became known.

The formule employed were as follows. Let

T = mean of observed chronometer times.

dt = correction of chronometer to reduce the reading of its face to local mean

time.
T = equation of time.
¢ = sun’s hour angle, or the apparent time.

Q = mean of observed angular distances between the sun’s limb and the ter-
restrial object.

® = index correction of sextant.

8 = sun’s semi-diameter.

a = apparent zenith distance of sun’s centre,

b = zenith distance of terrestrial object.

¢ = true angular distance between the sun’s centre and the terrestrial object.

C = horizontal angle included between the sun’s centre and the terrestrial object.

¢ = latitude of the place of observation.

A = azimuth, or true bearing, of sun’s centre.

{ = true zenith distance of sun’s centre.

d = sun’s declination.

r = refraction due to apparent altitude of sun’s limb.

B = true bearing of terrestrial object.

Then we have

= T+dt+r
tan M:Fg5
cos ¢
Ay tantcos]}{
M L= — M)
‘ tan (o — M
tan Z:——c(fsz——)

where A is to be taken greater or less than 180°, according as ¢ is greater or less

than 180°.
(=22 ; =N

c=Q+o0-ts
If b is exactly 90°, we have

But if b is either greater or less than 90°, we have

_atb+4c
i
Lo JinS= s 8=
tanzO__J sin 'sin (8 — ¢)

Finally
B=AxC






MAGNETIC OBSERVATIONS. 29

Observations of the Sun, made Novem. er 28th, 18065, to determine the true bearing of the object used
as an azimuth mark in swinging the ship at Isle Royal, Salute Islands.

6h 27m 5! 740 50!

28 59 46

RIS 40

T 6 29 4 e 74 45

Chronometer slow T, 30 “E9 © 4+ 17

7 4+ 11 435 s 4+ 16

‘Apparent time SENTI| I '8 ¢ 75 18

t 57° 13’ 14 62 4

8 =0l e r —  H

P G IY7 a 6280 "33

M —35 52 & nearly 90

o— A 41 9 c 7GRS
True bearing of sun - b : . ; . St 62 AR

Z Sun to Nob . - . 3 . 3 0 : 5 73838
True bearing of Nob . : A c : I . S. 10 54 W.

Observations of the Sun, made December 12th, 1865, to determine the lrue bearing of the object used
as an azimuth mark in swinging the ship at Ceara, Brazil.

BEnTE 8t 87° 30
13 (o} 22
14 32 21
I SR 53 Q 87 24
Chronometer slow 2l 126 1132 w + 16
? + 5 47 S + 16
Apparent time 5 45 12 G 87 56
z 86° 18’ @ 85t "4
) =A% & 7 = us
¢ == Ny W a 84 46
M — 81 23 4 nearly 90
o—M 77 42 c 87 56
True bearing of sun s ? ; 5 : X ISRGTRl 20 Wi
/ Lantern to sun 5 . 3 . o 0 5 g 87 36
£ Light-house to Lantern . g R . A " 5 TG
True bearing of Light-house . ¢ c c X SN K e

Observations of the Sun, made December 29th, 1865, to determine the true bearing of the object used
as an azimuth mark in swinging the ship at Bahia, Brazil.

When the sun’s true zenith distance was about go°, the angle between its nearest limb and a con-
spicuous tree was measured and found to be 31° 38, the tree being to the right of the sun.

¢ =-—12° 50 5 =—23°% 12
True bearing of sun 5 5 , s . e . S.66° o W.
Z Sun to tree . 3 5 3 P . : J 3 31 38
Sun’s semi-diameter 4 . ' o o ] : o 16

True bearing of tree . 3 : F : . BRINSW ST=07L W
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Observations of the Sun, made April 2d, 1866, o determine the true bearing of the object used as an
azimuth mark in swinging the ship at Valparaiso, Chile.

SRS IO s 110° 20’
II 20 35
I2 1Io0 / 42
T 5Pl L Gl ) Q 110 32
Chronometer slow of SNgae 2 w + 17
T —_— 3 32 5 —
Apparent time A 5 Hfes ¢ I10 49
z 79° 16’ G 83 52
) 5 7 r — 8
¢ T3l @ 83 44
M + 25 40 b nearly 90
o—M N — 58 4z G 110 56
True bearing of sun . [ ; ; ; . . N.79° 49" W.
Z Sun to Point . ] . 5 . ’ . 2 : 110 56
True bearing of Point . . " I : . SRS NES

Observations of the Sun, made April 27th, 1866, to determine the true bearing of the object used as an
azimuth mark in swinging the ship at Callao, Peru.

TR ot o 100° 50'

28120, 55

3 50 101 I

Z N ) Q Ioo 55

Chronometer fast ©. hn g X ® + 17

v -+ 2 27 53 =

Apparent time GIE 2RO ¢ 101 I2

z — 76° 35’ ¢ 8 12

8 13 5I 7 — 5

P — T8 a oty

M + 46 44 - 4 nearly 90

»—M — 58 47 ] C 101 21
True bearing of sun : ’ e c 4 . N. 73° 26’ E.

Z Sun to flagstaff . 5 . 2 g : 5 A e TOITh e

Z Flagstaff to Light-house. g 3 c 2 : 5 88 34
True bearing of Light-house . $ d . 3 o S8 TN WL

Observations of the Sun, made May 13th, 1866, fo defermine the true bearz'n(g of the object used as an
azimuth mark in swinging the ship in Panama Bay, New Granada.

G - D e g 86° 56’
18 15 58
T 6N 17" 39 Q 86 357
Chronometer fast o 20 17 @ + 17
T + 3 53” & —_—
Apparent time(P.M.) O Ie e TE >y G 87 14
¢ i 90° 19’ 4 86 54
& 18 31 7 — 14
L4 8 35 a 86 4o
M 8oy =3 4 nearly 90
o— A — 8 8 | (& 86 14






MAGNETIC OBSERVATIONS. 33

Monadnock, and Custom-house were not measured simultaneously, and as the two
ships were riding at anchor with a considerable amount of chain out, it is probable
that they shifted their positions after the angle at the Powhattan was measured,
and before the angles at the Monadnock and Custom-house were taken. This will
account for the excess of the sum of the three angles over 180°.
In the accompanying sketch the different points are designated as follows:

A = Point Macoripie Light-house.

B = Northeast corner of Custom-house on the wharf.

¢ =TU.S8S. Iron-clad Monadnock.

D =T. 8. Sloop of War Powhattan.

E = most southern of the two steeples on the Church of the Conception.

I = most southern of the two stecples on St. Joseph’s Church.

M= Magnetic and Astronomical Station of December 13th and 14th.

-—
-~
-—
—
-—
-

Scale: 1 inch = 4000 feet.

=
T 2 \é
Y E
¥

Tlie observed angles were as follows:

Angles at B. Angles at C. Angles at D.
PNtorA—" 55°" 12’ Dto 4 =36° 19 A't0’'B'=101° 35
Dto C= 84 17 DtoB=171 14 BtoC= 25 13
Yo C="73 |12 B to F =42 28 Ato C =126 49
Eto C=125 6 Bto =15 40
L to F= 52 15
Ato £ =95 6

From these we obtain the following corrected
Angles at B. Angles at C. dngles at D.
A to £ =95° 11’ D to B = 70° 58 A tc B =101° 36
Eto, K'=352. 9 DtoAd=36 14 Bto C= 24 57
FtoC =13 14 AtoB=34 44
CtoD=284 5 Bto £=15 40
Dto 4 =755 21 Eto F=126 48

B March, 1872,
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Lrrors of Pocket Chronometer, Fletcher, No. go6.

Bttt Dl Error on Local Error on Greenwich
Mean Time. Mean Time.

Portsmouth, Va. October 29, 1865 ol 4™ 41% 1 fast 5% o™ 287 slow
Portsmouth, Va. < i (G Al e g9a R (o100 AL
St. Thomas November 13, ¢ 0 40 43.6 slow 0L 26834
Isle Royal . X 28, ¢ T3 DRETIg ] e 8 S =308}k wer
Ceara December 14, ¢ B 20 kel S 5 o 3805
Pernambuco 4 23 ¢ 285 301 3ld e8] 2 e 4 56'% 3.0 ¢
Bahia. R 27y 2B RNGEB) w < 6% ¥ ignts
Bahia. ‘e 29; W 2 1228 N Ony & 56° To.5  ¢¢
Rio Janeiro January o9, 1866 | 2 3 38.4 ¢ 562 gl « ¢
Rio Janeiro “ &8 ¥ 2R SN 83 (¢ 56 To:7 ¢
Monte Video o0 T & If 11 2200 a4 56 22,8 ¢
Monte Video % 20 < TIRSTATUNE 216§ (€ 56 19.4 -
Sandy Point : o . | February 7, ¢ of Tzt 4881 WX 56% 23241
Valparaiso . c . : . | March 25 (%¢ O 1 (6] A6udw i 5O/ A
Valparaiso . . ! . ; ac 2gn) e 9 26.8 ¢ §6252" 5w <
Valparaiso . = . . d . | April i (9 () Wt K 56% Ng.0 ¢
Valparaiso . - c : " O Cophy ¢ O oR! 2350} ! 4" 568 Woi6nde
Valparaiso . c 3 5 0 £ 0. G Seic g b N AT 1 LG
Callao c c . . ! g 26%a " o 11 13.5 fast 57 BEhGRNce
Payta. g - 4 . . | May TRERASS (& El ey S0 57 40.1 ¢
Panama . : c c : 4 Tl S QR 201 T 60 it € 4 57 44.9 -
Acapulco c ¢ 0 IRRATE F2izhe ¢ PR RSN
Magdalena Bay . June %4 I SE 28 300 Ms R e} Wy (5 =
San Diego . o4 (5, €€ 20 5Ol 3125 AN G SIS O STIG

This chronometer (Fletcher, 906) was habitually carried in my poeket. It was
accidentally allowed to run down on the night of December 17th and 18th, 1865,
and after remaining stopped twelve hours was wound and compared. Some time
between 5* P. M. of April 13th and 3" P. M. of April 14th, 1866, it stopped for
about 1™ 37¢, but started again of itself. On June 20th, 1866, when its face showed
6" 45™ P. M. it stopped without any apparent cause, and, as it would not run again,
it became useless. :

In observing at San Francisco the box chronometer T. S. and J. D. Negus, No.
1287 was used. The observations on June 26th, 1866, showed it to be

8t . 13™ 8.2 fast of loeal mean time;

and
0* 3™ 45°.6 fast of Greenwich mean time.
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Chronometer Comparisons.

Fletcher, T. S. and J. D. Negus, | T. S. and J. D. Negus,
Date. 906. 1317. 128.
October 29, 1865 . . . 78 39™ 568 A. M. 12" 44™ o%.0
October 29, ¢ S & 2 28 56.0P. M. 7 33 o©.0
October 31, ¢ amagii: {1E STNE IS5 48028 K8 I GLE
November 3, ¢ A AT aGE 330 9 22 0.0
November 13, ‘¢ . Y 8 21 48A. M 1 26 o.0
Novembprxg, ‘L. ". Mgl s Sp NS LRSS 1 28 o.0 T x 6RE 2 g
November 17, *¢ SR A 2 gRr S IO SOl B 5 24 o.0
November 28, ‘¢ 6.4 554 I0M8, NEE 12 I 0.0
November 28, ¢ 6 56 '56.8 ¢ 85 1o II 50 0.0
November 28, ‘¢ 26 39) 19:8/ B Mz 7 45 0.0
December 14, *¢ 6 29 23.0A. M. 11 36 o.0
December 14, ¢ 6 30 19.8 *f S T1 266 Nofo
December 14, ¢ 12 43 22.5 P. M. 5 | 5OlMOZON
December 16, ¢ 8 54 16.0A. M. 2« SIoYe
December 16, *¢ 8 561 STish 2l e b I §1 100
December 18, ¢ 9 44 42.8P. M. 2 47 olo
December 23, ¢ 8 7 28.0A.M. 1 10 0.0
December 23, ¢ 3§ 80 ws] € o oo I2 509 0.0
December 29, ¢ 6 22y 592 11 26 o.0
December 29, ¢ O iz4" 1g.00 ¢ ot g 11 15 0.0
January 9, 1866 BIEAS, | gt L II 50 0.0
January Oy S 6 46 43.2 BT o 11 1384029
January 24, ¢ 12 41 4.0P. M. 5 46 o©.0
January 24, < 12 41 §150:8 o K 5 34 o0.0
April AN 4 16 244 " F 9 29 o0.0
May a7 splelé 11 34 26.4 A. M, 4 49 o.0
May TSR S L B2 =2 (O R RN s 18 o.0
May GO SRR TG T M e WA DI 5 12 0.0
June 8, =Y ey 6 28 24.8P. M. IT 46 o.0
June 30 ¢ Al IS et SR G AT 5 I9 0.0
June 26, W< or ot of | e gy e o 6 34 o.0 P.M. 6 M7 Yotz

Zable showing the True Bearings of the various objects used as azimuth marks in swinging the U. S.
Iron-clad Monadnock during her cruise from Philadelphia to San Francisco in 1865 and 1866.

Station. True bearing.

Hampton Roads, Va. . 10° 34 W.
St. Thomas ! : - 31 wasREs
Isle Royal, Salute Islands . Io 54 W.
Ceara s g 5 822,
Bahia 81 57 W.

Rio Janeiro 53 28 W.

Monte Video 52 W.
Sandy Point 7T W
Valparaiso R, S
Callao 83 21 W.
Panama Bay 200 57 W,
Acapulco . . 71 43 E.
Magdalena Bay . 46 30 E.

ZRZNNZNZZZZ 00N
-3

San Francisco Bay . 13 50 W.
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SECTION IV.

OBSERVATIONS ON TERRESTRIAL MAGNETISM.

THE observations of magnetic declination and force were made by means of the
same instruments—a portable declinometer, and a transit theodolite.

The Declinometer, kindly lent by the U.S. Coast Survey, and marked D. 22,
was originally constructed by Jones, of London, but had been altered in many
particulars so as to make it more convenient for field use. It was provided with
two colliriator magnets which were hollow cylinders of steel, each 0.70 of an inch
in external diameter, and 0.58 of an inch in internal diametcr. One of them,
marked C. 32, was 3.92 inches long; while the other, marked S. 8, was 3.25
inches long. Each of these magnets carried in its south end a lens; and in its
north end, at the solar focus of the lens just mentioned, a piece of plane glass on
which was cut a scale of equal parts containing one hundred and seventy divisions,
each division being equal to 0.00255 of an inch. Both magnets were provided
with light sliding brass rings which were intended to be used for keeping them
horizontal under great changes of magnetic declination, but the slight play which
- the magnets had in the stirrup was found quite sufficient for that purpose, and the
rings were never employed. The same suspension was used during the whole of the
observations. It consisted originally of six parallel fibres of unspun silk, each
about nine inches long; but at Callao one of the fibres was accidentally broken,
and after that the remaining five were used. The torsion circle, which formed
part of the suspension apparatus, was 0.88 of an inch in diameter, divided to cvery
three degrees, and read by means of a vernier to single degrees.

The Transit Theodolite, which perhaps might be more correctly called an altitude
and azimuth instrument, was provided with a horizontal and a vertical circle, each
five inches in diameter, and each reading by means of two opposite verniers to
thirty seconds. The telescope had an object-glass with a_ clear aperture of one
inch, and a focal length of about nine inches. It was provided with two eye-pieces;
a direct one magnifying about twenty times, which was employed in almost all the
observations; and a diagonal one of lower power, which was sometimes used for
objects near the zenith. Both these eye-pieces had colored glasses for observing
the sun. The system of wires in the focus of the object-glass was a simple
rectangular cross, one wire being vertical, the other horizontal.

For the sake of convenience in setting up the instruments, and also for the per-
fect security which it affords against changes in the angular value of the divisions
of the magnet scales depending upon changes in the distance between them and
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the telescope, a special table was provided, which was mounted upon a tripod stand,
and which carried both the declinometer and theodolite in a fixed and invariable
position relatively to each other—the object-glass of the telescope being about
three inches from the south end of the magnet.

Poclet Chronometer, Fletcher, No. 906, was always used to note time. Its errors
have been alrcady given in detail in Section ITI.

General remarks on the method of using the instruments. When observations
were to be made the tripod stand was set up, and the table, having been placed
upon it, was approximately levelled by tlie cye, and set, by means of a pocket com-
pass, so that its longest side was nearly in the magnetic meridian, the end destined
to carry the declinometer being to the north. In packing the declinometer for
travelling, the glass suspension tube was never unscrewed from the magnet-box,
but when the collimator magnet was lifted from the stirrup a cylinder of wood of
the same size was at once substituted, and two pieces of wood, provided for the
purpose, were slipped in, one from each side of the magnet-box. These pieces of
wood completely filled up the box, and at the same time held the wooden cylinder
securely between them in such a manner that it could neither break the suspension
fibres, nor allow them to twist in the slightest. With this packing, after the
suspension fibres were once thoroughly freed from torsion, they remained so,
and it was not necessary to examince them whenever the instrument was used,
but only at considerable intervals, thus saving much time in the field. The
brass carriers for the deflecting magnet having been screwed, one on each
end of the wooden bar, and the bar in its turn having been screwed to the
bottom of the nagnet-box, the declinometer was placed upon the table in such
a position that its three levelling screws fitted into the cavities provided for
their reception. Then the packing blocks were taken out of the magnet-box, -
and the wooden cylinder having been removed from the stirrup, the collimator
magnet was put in its place, and left free to assume its proper direction. The
magnet-box was next levelled. For that purpose the suspension fibres were
used as a plumb line, and the box was assumed to be level when they were scen to
hang in the axis of the suspension tube throughout its whole length. Finally, the
magnet was made to hang nearly level by moving it a little endwise in its stirrup;
its scale was placed horizontal, with the figures erect; it was shaded from the direct
rays of the sun by covering the glass top of the box; the mirror was screwed to the
back of the box and adjusted so as to illuminate the magnet scale properly; and a
thermometer was placed inside the magnet-box. The theodolite was next placed
in its proper position on the other end of the table and levelled; particular care
being taken that the horizontal axis of the telescope was truly level—especially if
the altitude of the sun was considerable. The telescope having been turned
towards the magnet and adjusted so as to obtain distinct vision of its scale, the
horizontal circle was firmly clamped in snch a position that the vertical wire in the
ficld of the telescope cut the magnet scale as nearly as possible at the magnetic
axis. By means of the vertical circle the optical axis of the telescope was then
placed truly level, and the final adjustment of the magnet for horizontality was
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made by shifting it endwise in its stirrup till the scale was seen in the field of the
telescope parallel to, and just in contact with, the horizontal wire.

When making my first observations considerable difficulty was experienced in
getting a proper illumination of the magnet scale, but after some practice the fol-
lowing perfectly satisfactory plan was adopted. In cloudy weather the light of a
white cloud was reflected into the magnet by means of the concave mirror. In
clear weather the light of the blue sky, reflected from the mirror, was not sufficient,
and it would not do to throw in the direct rays of the sun because of their heating
power, which would certainly have led to the use of a wrong value of the magnetic
moment; because the magnet would have been at a higher temperature than that
shown by the thermometer in the box.” Under these circumstances, in place of the
mirror a piece of perfectly white paper was substituted, and the direct rays of the
sun being allowed to fall upon it, it afforded a beautiful illumination of the magnet
scale.

The copper damper, provided to slip into the magnet-box for the purpose of
quieting the vibrations of the magnet, was never used. As the observations were
all made in the open air, and as there was frequently wind enough to cause the
instruments to vibrate perceptibly, the magnets seldom or never came to a state of
absolute rest. Hence, the plan adopted to secure accurate readings of the scales
was as follows. A screw-driver was slightly magnetized, and by approaching its
south pole for an instant towards the south pole of the vibrating magnet, at a time
when the magnet was moving towards the serew-driver, the are of vibration was
readily made quite small. Then, placing my eye to the telescope, I read off, and
called out to my assistant, the scale reading at the instant the magnet attained the
limit of its excursion in the eastern direction, and again when it attained the limit
in a western direction—in other words, the greatest and least readings of the scale
were noted. Five complete vibrations were generally observed, thus giving three
eastern and three western readings, and the mean of the six was assumed to be
the reading which would have been obtained if the magnet had been in a state
of perfect rest.

In order to preserve the magnetism of the collimator magnets, they were always
packed in a vertical position, with that pole downwards which would be lowest in
a dipping needle.

Absolute Declinations were obscrved as follows: The instruments having been
set up and adjusted in the manner alrcady explained, the long magnet, C. 82, was
suspended in the magnet-box, the telescope pointed nearly to its magnetic axis, and
the horizontal circle of the theodolite firmly clamped. Then, 1°. The horizontal
limb of the theodolite was read. 2°. The magnet scale being erect—that is, the
figures upon it being right side up—the point npon it cnt by the vertical wire of
the telescope was observed. 8°. The telescope remaining as before, the magnet
scale was inverted—that is, the magnet was turned on its axis through 180°, so
that the figures upon its scale were seen inverted—and the point upon it cut by
the vertical wire was again noted. 4°. The horizontal circle was unclamped, a
colored glass placed upon the eye-picce, and the telescope pointed so that its verti-
cal wire was just in advance of the first limb of the sun. Then the horizontal circle
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was clamped, the time of transit of the sun’s first Hinb over the vertical wire noted,
and the horizontal circle read. 5°. If the observation was made at a time of day
when the sun’s azimuth was changing tolerably rapidly, the telescope was not
moved in azimuth at all, but, the reading of the horizontal cirele remaining pre-
cisely as before, the sun was followed by moving the telescope in altitude, and the
transit of its second limb was waited for and noted. If, however, the sun was
changing its altitude much more rapidly than its azimuth then, in order to save
time, the lhorizontal circle was unclamped, the telescope moved till its vertical wire
was just in advance of the sun’s sccond limb, the horizontal circle clamped, the
time of transit of the sun’s second limb over the vertical wire noted, and the hori-
zontal circle rcad. 6°. The telescope of the theodolite was reversed in its Y's.
7°. The transit of the sun’s first limb over the vertical wire was observed, and the
horizontal circle read. 8°..The transit of the sun’s second limb over the vertical
wire was observed, and the horizontal circle read. 9°. The colored glass was
removed from the eye-piece of the telescope, and a reading of the magnet scale
(which was still inverted) was taken. 10° The magnet was revolved on its axis
through 180°, so as to place the scale erect, and another reading of the scale was
taken. 11°, The horizontal circle was read.

Immediately before, and immediately after, going through with the operations
just described, the telescope should be pointed to some well-defined distant object,
and the rcading of the horizontal circle noted. By so doing a check is afforded
against any accidental shift of the horizontal circle; and if the same station is
occupied at another time, absolute declinations may be determined without again
referring to the sun, thus rendering it p0551ble to observe during cloudy Weathcr

In the instruments under conmdcmtmn the reading of the horlzontal circle of
the theodolite increases from left to right; and in both the magnets, C. 32 and S. 8,
when the scale is erect an increase of scale rcading indicates a motion of the north
end of the magnet towards the cast.

Let .

p = reading of magnet, scale erect.

' = reading of magnet, scale inverted-

R’ = reading of horizontal circle of theodolite at the time the readings p and o’
were observed.

d = value, in minutes of arc, of one division of the magnet scale.

R"= reading of horizontal circle of the theodolite at the time of transit of sun’s
first limb over the vertical wire.

R"= reading of horizontal circle of the theodolite at the time of transit of sun’s
sccond limb over the vertical wire.

« = obscrved chronometer time of transit of sun’s first limb over the vertical

wire.

«' = observed chronometer time of transit of sun’s second limb over the vertical
wire.

dt = correction of chronometer to reduce the reading of its face to local mean
tine.

7 = equation of time.
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¢ = the sun’s hour angle at the pole.
¢ = latitude of the place of observation; positive when north of the cquator.
A = azimuth of sun’s centre at the time of its transit over the vertical wire: the
azimuth being counted from the south around by the west.
d = sun’s declination; positive when north.
Then we have

t=“—“'"z—°i-|-dt+e:

tan ]‘[:: e 8
cos ¢
tan ¢ cos M
: A= oo — 1)

where A is to be taken greater or less than 180° according as ¢ is greater or less
than 180°,

Magnetic declination = R’ + (2l p—¢)+A4—180°— 'l —{2—R s
in which the declination is east if its sign is positive; west if its sign is negative.
The reading of the magnetic axis of the magnet is

20+
which we will designate by ¢. It should be constant. Then, if at any station the

magnet has only been observed with its scale crect, if ¢ is known the observation
may be reduced by the formula

Magnetic declination = R'+d (p —¢) + 4 — 180° £l

2

The following example shows fully the form employed in recording and reducing
the observations.

Magnetic Declination.

Station, Acapulco, Mexico, Date, May 30, 1866. Portable Declinometer, D, 22. Magnet C. 32.
Observer, WM. HARKNESS.

Circle readings. Reading of magnet.
( 1) Scale erect 78%.0
VEINIEh gt T28A23 08 30+ 2) Scale inverted 80.3
M —@=a |— 23

Transit of sun’s

Telescope direct.

B 1T T 75° 25" 30" [ 1stlimb 8 14™ 28"
VET NG 74 55 30 2d limb 15 28
[-MEan, . =Sese 75 10 30 Mean 8 14 580

6 March, 1872,
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suspended in the magnet-box; and the telescope having been pointed so that its
vertical wire cut the magnet scale approximately at the magnetic axis, the hori-
zontal limb of the theodolite was firmly clamped. Then, 1°. By quickly approach-
ing and withdrawing the magnetised screw-driver the magnet was caused to vibrate
horizontally through an arc extending to about twenty scale divisions on each side
of the magnetic axis—that is, through a total arc of about 1° 34. The semi-arc
of vibration being only 47, no correction to the observed time of vibration was
ever required on that account. 2°. My assistant having taken the chronometer, I
placed my eye to the telescope, and at the instant the 80th division of the scale
(which was very near the magnetic axis) crossed the vertical wire I cried *time,”
and my assistant noted the minute, second, and fraction of a second indicated by
the chronometer. Still keeping my eye at the telescope, I counted the transits of
the SOth division over the wire, calling the one at which time was noted 0, the
next 1, the next 2, and so on up to the 10th, when I again cried “time,” and my
assistant once more noted the minute, second, and fraction of a second indicated
by the chronometer. The difference of these two chronometer times gave a value
for the time of ten vibrations of the magnet which was correct within about half a
second. However, to guard against mistakes, the process was always repeated a
second or third time. 3°. The tempcrature indicated by the thermometer in the
magnet-box was noted; and then putting my eye to the telescope, I read the scale
at the instant the magnet attained the eastern extremity, and again when it attained
the western extremity, of its arc of vibration. These were the “extreme scale
readings.” 4°. The chronometer employed was a pocket onc, beating five times
in two seconds. Taking it in my hand, I commenced counting its beats at some
multiple of ten seconds. Then, holding it to my ear and still mentally count-
ing the beats, I put my eye to the telescope and noted the beat, and fraction of a
beat, at which the 80th scale division crossed the vertical wire. For example,
suppose the beat was taken up at the instant the chronometer indicated 10" 2= 102,
and counting the first succeeding beat 1, the next 2, and so on, suppose that the
80th division crossed the wire exactly at the 14th beat. Then, as 14.0 beats are
equal to 5.6 scconds, the time of transit of the 80th scale division was 10" 2™ 15°.6.
The time of transit thus obtained was recorded as the O vibration. Adding to it
the time of making ten vibrations—before determined-—the approximate time when
the 10th vibration would be completed became known. Taking up the beat of the
chronometer at the nearest even ten seconds before that time, I put my eve to the
telescope and observed the time of transit of the 80th division at the completion
of the 10th vibration. In the same manner the time of completing the 20th, 30th,
40th, 50th, 100th, 150th, 160th, 170th, 180th, 190th, and 200th vibration was
observed. Subtracting the time of completing the 0 vibration from the 150th, the
10th from the 160th, &c., there result six values of the time of making one hundred
and fifty vibrations, from the mean of which a very accurate valuc of the time of
making one vibration is obtained. It will not escape notice that when observing
in the manner just described there is no risk of making a mistake of onc vibration,
because the magnet. must, at all subsequent transits, be moving in the same direc-
tion as at the first transit, while in order to make a mistake of one vibration it
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would be necessary that it should be moving in the opposite direction. 5°. The
extreme scale rcadings attained by the magnet at the eastern and western
extremitics of its are of vibration were again observed; and then the thermometer
in the magnet-box was read. 6°. 'The nccessary observations for determining the
cocfficient of torsion of the suspension fibres were made. When the instrument was
properly adjusted for observation the torsion circle always read 300°. With it
remaining at that reading the arc of vibration of the magnet was reduced to four
or five scale divisions (by means of the magnetized screw-driver) and then the scale
was read. Next the torsion circle was turned backward one-gqnarter of a revolution,
so as to make it indicate 210°, and the scale was again read. After that,the torsion
circle was turned forward half a revolution (passing throngh the point 300°), so as
to make it indicate 30°, and the seale was read. Finally, the torsion circle was
turned backward one-quarter of a revolution, so as to make it indicate 300°, and
the scale was once more read. Subtracting the second scale reading from the first,
the second from the third, and the fourth from the third, gave three differences,
which were added together and divided by four. The result was the number of
scale divisions through which the magnet was deflected by a twist of ninety degrees
in the suspension fibres.

Observations of Deflections were made as follows: The instruments having been
set up and adjusted in the manner alrcady explained, the short magnet, S. 8, was
suspended in the magnet-box, and the telescope having been pointed so that its
vertical wire cut the magnet scale approximately at its central division (not neces-
sarily the magnetic axis) the horizontal limb of the theodolite was clamped firmly.
Then, 1°. The time was noted. 2°. The thermometer inside the magnet-box
was read, 3°. The long magnet C. 32 (which we will now call the deflecting
magnet) was placed on the deflecting bar support, with its axis east and west, its
centre on a level with and at a distance of two feet to the west of the suspended
magnet, and its north end west; the vibrations of the suspended magnet were
reduced to four or five scale divisions, by means of the magnetised screw-driver,
and then its scale was read. 4°. The deflecting magnet (remaining in the same
place on the deflecting bar support as before) was reversed end for end, so as to
bring its north end east, and the scale of the suspended magnet was read. 5°. The
reversals were repeated twice more, so as to give in all two scale readings with the
north end of the deflecting magnet to the west, and two seale readings with it to
the east. The mean of the two scale readings obtained with the north end of the
defleeting magnet west, were subtracted from the mean of the two scale readings
obtained with its north end east. 'The difference was twice the value of the angle
of deflection, as resulting from observations made with the deflecting magnet west
of the suspended magnet. 6°. The deflecting magnet was lifted from the deflecting
bar support to the west, and placed on that to the east, of the snspended magnet;
its distance from the suspended magnet being still two feet, and its north end being
to the east, the scale of the suspended magnet,was read. 7°. The deflecting mag-
net (remaining in the same place on the eastern deflecting bar support) was reversed
end for end, so as to bring its north end west, and the scale of the suspended mag-
net was read, 8°, 'I'ie reversals were repeated twice more, so to give in all two
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scale readings with the north end of the deflecting magnet to the east, and two scale
readings with it to the west. From the mean of the two scale readings obtained
with the north end of the deflecting magnet ecast, the mean of the two scale read-
ings obtained with its north end west were subtracted. The difference was twice
the value of the angle of deflection, as resulting from observations made with the
deflecting magnet east of the suspended magnet. The mean between this result
and that obtained from the observations with the deflecting magnet west of the
suspended magnet, was adopted as the true value of twice the angle of deflection,
with the deflecting magnet at a distance of two feet from the suspended magnet.
o The t11e1m01nete1 inside the magnet-box was read. 10°. The time was noted.
11°. All the observations just described were repeated with the deflecting magret
at a distance of two and a half feet from the suspended magnet. 12°. The torsion
of the suspension fibres was determined, precisely as described under the head of
“observations of vibrations.”

Horizontal Force was calculated from the observations of vibrations and deflections
by the following formulew:

T, = observed time of one vibration of the magnet.

7" = time of vibration, corrected for rate of chronometer and arc of vibration.

T = time of vibration, corrected for rate of chronometer, arc of vibration, torsion

force of the suspending thread, temperature, and induction.

s = daily rate of chronometer, 4+ when gaining, — when losing.

«, & = semiare of vibration, at the beginning and end of the observation, expressed
in parts of radius.

o — ratio of the force of torsion of the suspending thread to the magnetic directive
force.

g = cocfficient of the decrease of the magnetic moment of the magnet produced
by an increase of temperature of 1° Fah. (This is not constant for all
temperatures, and the correction is more exactly expressed by a formula
of the form — correction to t'=¢q(t'—t)+ ¢'(¢'—1¢)? where ¢’ is the
observed temperature, and ¢ an adopted standard temperature.)

K — moment of inertia of the magnet, including its suspending stirrmp and other
appendages. (This is constant for the same magnet and suspension, but
varies slightly with the temperature, owing to the expansion of the
materials.)

7 — gatio of the circumference of a circle to its diameter — 3.14159.

u = coefficient of increase in the magnetic moment of the magnet produced
by the inducing action of a magnetic force equal to unity of the English
system of absolute measurement.

7, = apparent distance between the centres of the deflecting and suspended mag-
nets in the observations of deflections.

r = the same distance corrected for error of graduation and temperature.

(r =1, 1 4 0.00001(¢" — 62°)] -+ correction for scale error.)

d = value, in minutes of arc, of one division of the magnet scale.

u, = observed angle of deflection, in scale divisions.
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Log. u. Log. tan # — Log. z. Log. =. Log. tan # — Log. #.
8.0000 6.46373 2.1159 6.46394
1.4341 6.46374 2.1261 6.46395
1.5957 6.46375 2.1358 6.46396
1.6874 6.46376 2.1452 6.46397
1.7517 6.46377 2.1541 6.46398
1.8014 6.46378 2.1626 6.46399
1.8414 6.46379 2.1708 6.464co
1.8756 6.46380 2.1787 6.46401

. 1.9047 6.46381 2.1864 6.46402
1.9310 6.46382 2.1937 6.46403
1.9538 6.46383 2.2008 6.46404
1.9750 6.46384 2.2079 6.46405
1.9934 6.46385 2.2146 6.46406
2.0111 6 46386 2.2209 6.46407
2.0274 6.46387 2.2271 6.46408
2.0426 6.46388 2.2332 6.46409
2.0565 6.46389 2.2303 6.46410
2.0%700 6.46390 2.2453 6.46411
2.0824 6.46391 2.2509 6.46412
2.0041 6.46392 2.2565 6.46413
2.1055 6.46393

The following are specimens of the forms employed in recording and reducing

the observations of vibrations and deflections.
HoORIZONTAL INTENSITY.
Observations of Vibrations.

Station, Acapulco, Mexico. Date, May 3oth, 1866. Magnet C. 32. Inertia ring No.
Chron. Fletcher 9o6, rate, 1° 38 losing on mean time.

Number

3 e Temp. | Extreme scale Time of
NIBTGonS: : 50 readings. 150 vibrations.
o GRSk e s reaEes
10 & g2 e
20 8 33 50.6
30 | 8 34 439
40 | 8 35 370
50 8 36 30.6
100 8 40 57.2
150 S5 2354 T3S T() 220
160 8 46 17.2 TP RZ0-2
170 (o) Bl R o), - 13 19.6
180 8E L8y 347 13 19.8
190 8 48 57.0 13 20.0
200 8 49 50.5 91 65.2 | 95.0 13 19.9
Means, 89.0 53 10.85
Coefficient of torsion. Value of one scale div. = 2".349
Tor. cir. Scale. Diff’s. Log’s.
300° 8o%.1 a4 v=._ 8.0
30 83.5 36'8 5400 4 v/ 3:733%4
210 76.7 '4 5400 (ar. co.) 6.26761
300 8o.1 3 H S
14 T 0.00065
Mean = v= 3.40
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(4}

The constants, peculiar to the portable declinometer D 22, were obtained as
follows::

The Temperature Coefficients of the magnets were furnished by Mr. Chas. A.
Schott, of the U.S. Coast Survey. They had been used with the instrument
for some years, and I had no opportunity to redetermine them. They are as

follows:
For the magnet C 32 g = 0.00020

« « o« S8 g = 0.00027

In reducing the obscrvations a correction was always applied to the magnetic
moment of the magnet C 32 to reduce it to what it would have been if C 32 had had
the same temperature as S 8.  Hence, the temperature coefficient ofC 32 was the
only one used, and in order to facilitate its application the following table was com- -
puted which furnishes the value of log. [1 — (¢'—¢) ¢ ] with the argument (#'—?).

Correction of Magnet C. 32 jfor Temperature

1
(#—1) Log. [1—(#'—2?) 7]" G0, ' Leg. [1—(#/—%) 4]
e 9:99991 —1° ‘ 0.00009
+ 2 9.99983 — ¢ ; 0.00017 154,
2iEl3 9-99974 — 3 i 0.00020
o.1I I
+ 4 9-99965 =Y 0.00035 0.2 2
°-3 3
+ 5 9:99957 —5 0.00043 0.4 2
0.5 4
+ 6 9.99948 | — 6 0.00052 0.6 5
y 557 6
sl 9:99939 —_7 0.00061 0.8 7
! 0.9 8
e 9-99930 § o ©.00069 ;
|
+ 9 9:99922 | —yG 0.00078
+10 9:99913 l —1I0 0.00087

The Value of One Division of the Magnet Seale was determined for each magnet
in the following manner: The instruments having been set up and adjusted as
usual, the magnet was suspended in the magnet-box, and the packing blocks
(before described as being used to prevent the suspension fibres from being twisted
when the instrument was packed for travelling) were inserted in such a manner as
to hold it perfectly ﬁxdy. Then, the magnet scale being horizontal, the vertical
wire of the theodolite telescope was made to coincide with any convenient scale
division, and the horizontal circle of the theodolite was read. Next, the vertical
wire was made to coincide with some other scale division, and the circle was again
read.  The difference of the two circle readings, divided by the difference of the
two scale readings, gave the angular value of one scale division.

The following are the obscrvations in detail for each magnet :
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Magnet C. 32.

Date. Circle Readings. |  Differences. Scale i e
Readings. Division.
Nov. 16, 1865 BeA el | all a
Nov. 16; 1865 o 1? 4? 38534 30! 1?5%-3 100%.0 2'.335
Nov. 16, 1865 ARG 15 50.0
Nov. 16, 1865 o I1I 43 3 55 o 150.0 100.0 2.350
Nov. 16, 1865 Sl 70 45 75.0
Nov. 16, 1865 T ORI I 57 30 125.0 50.0 2.350
Nov. 16, 1865 G v 75.0
Nov. 16, 1865 I 10 1§ IeN5779530 125.0 50.0 2.350
Jan. 18, 1866 GEI6LS 15 0.0
Jan. 18, 1866 I 40 30 39558 445 I50.0 100.0 L)
Jan. 18, 1866 4 37 o 75.0
Jan. 18, 1866 2 39 30 L |57 39 123.0 50.0 2.350
Hence for the magnet C 32, we have
1 scale division = 2’.349 + o’.0020.
Magnet S. 8.
Val f
Date. Circle Readings. Differences. Scale Diff’s. IaSltlzilz
Readings. Division,
Nov. 16, 1865 A2 o ; sot.0
Nov. 16, 1865 (359 26 30 4° 43 15 150.0 100%0 2'.833
Nov. 16, 1865 258 "ol 45 50.0
Nov. 16, 1865 350 26 30 4 43 15 yooid 100.0 2.832
Nov. 16, 1865 2 58 43 75.0
Nov. 16, 1865 I 3 2 21 45 125.0 50.0 2.833
Nov. 16, 1865 2 59 o 75.0 8
Nov. 16, 1865 ol 37z ZaE2Dy 30 125.0 50.0 2.630
Jan. 18, 1866 SEEIGIEG ' 50.0
Jan. 18, 1866 gt 415 4 44 15 150.0 19020 2.842
Jan. 18, 1866 4 25 30 75.0
Jan. 18: 1866 et 120 B as 125.0 Sren® 2.840

Hence, for the magnet S 8, we have
1 scale division = 2".835 & o'.0013.

The -Moment of Inertia, and its Temperature Coefficient, of the Magnet C 32, was
determined as follows: Let,
K, = moment of inertia of the magnet, including its suspending stirrup and other
appendages, at the temperature <.
AK = change in the value of K corresponding to a change of temperature of ,1°
Fah. in the magnet.
K’, = moment of inertia of the inertia ring, at the temperature <.
d, = internal diameter of the inertia ring, expressed in feet, at the temperature .
d, = external diameter of the inertia ring, expressed in feet, at the temperature z,.
¢ = cocfficient of expansion for a change of temperature of 1° Fah. in the metal
composing the inertia ring.
W = weight of the inertia ring expressed in grains.
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— time in which the magnet makes one vibration at the temperature , (corrected

for chronometer rate, are of vibration, and torsion.)
¢’ — time in which the magnet, loaded with the incrtia ring, makes one vibration
at the temperature 7, (corrected for chronometer rate, arc of vibration, and

torsion)
Then

Ky=WIl+2¢(w—)] { df”-g_flf }
tz

B, =K' (;5—s) + 0K @ —7)
The incrtia ring used in making my observations was of bronze. Mr. Joseph
Saxton, Assistant Superintendent of the Office of Weights and Measures, very
obligingly measured and weighed it, with the following result:
Internal diameter = 2.385 inches = 0.19875 foot
External diameter = 2.947 inches = 0.24558 foot
Weight = 798.72 grains ’

the temperature of the ring being 74° Fah.

Ience, assuming the coefficient of expansion for an increase of temperature of
1° Yah. in the metal of this ring to be 0.0000105, we find by the formula given

above

K'. =9.9601 4 (= — 50°) 0.000209
or :

Log. I{'; = 0.99827 4 (v — 50°) 0.0000091 .

The following table contains all the times of vibration which were observed for
the purpose of determining the moment of inertia of the magnet, together with the
computation of the corresponding values of log. K from them. The value of ¢’ was
always obscrved cither immediately before, or immediately after, the corresponding
value of ¢ which was to be used with it. This was done in order to have the tem-
perature in both cases as nearly as possible the same, so that the correction neces-
sary to reduce ¢’ to the same temperature as ¢ was always very small. Then having
a sufficient number of values of K, obtained from observations made at widely
different temperatures, the value of AK was easily found.

7 T
Date. T Log. % Log. # |Log. (#2—2) Log'(ﬁ:ﬁ) Log. A7, Log. A%
(-}

Oct. 28, 1865 | 73.0 1.88210 1.66424 1.47811 0.18613 0.99849 1.18462
Nov. 16, 1865 | 87.7 1.72767 1.50891 1.32504 0.18385 0.99862 1.18249
Nov. 28, 1865 | go.0-| 1.72835 1.51108 1.32345 0.18763 0.99864 1.18627
Dec. 13, 1865 | 89.5 1.74459 1.52673 1.34060 0.18613 0.99864 1.18477
Dee. 27, 1865 | 98.0 1.76681 1.54810 1.36412 0.18398 0.99872 1.182%0
Jan. 18, 1866 | 87.2 1.77770 1.55921 1.3746% 0.18458 0.99861 1.18315
March 19, 1866 | 76.2 | 1.95849 | 1.54701 | 1.35391 | o0.18710 | ©0.99831 | 1.1856r
April 11, 1866 | 74.0 | 1.75824 1.54019 1.35454 0.18565 0.99850 1.18415
May 30, 1866 | 84.7 | 1.67351 | 1.45405 | 1.27196 | 0.18209 | ©0.99859 | 1.18068
Nov. 2, 1866 | 70.0 | 1.90424 1.68479 1.50268 0.18211 0.99846 1.18057
Nov. 2, 1866 [ 70.0 [ 1.90391 1.68450 1.50229 0.18221 0.99846 1.18067
Nov. 2, 1866 | 53.5 | 1.92843 1.70989 1.52548 | o0.18441 0.99830 1.18271

1 795 1.18320
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Let K, represent thc mean of all the logarithms of K in the above table; then
K, =1.18320
at a temperature of 79°.5. Now, assuming
Log. K, = IK,+ (z — 79°.5) AK
we have
0=K,—log. K, (v —"79°.5) AK

and each value of log. IV, , given in the table above, will furnish one equation of
condition for the determination of AK, as follows: the absolute terms being in
units of the fifth place of decimals.

0= —142— 6.50K 0= —241— 3.3AK
o=+ 73+ 8.24K 0= — 95— 35.58K
0= — 307 - 10.5 0K o=+ 252 + 5.24K
0=—157 + 10.0AK o= 4 263— 9.5aK
o= 4 50+ 18.5aK o=+ 253— 9.50K
o=+ 54 7.78K o= 4 49— 26.00K

From these equations of condition we obtain, by the method of least squares,
the normal equation

0= — 5856.2 1- 1646.0 AK

whence
Log. AK=0.565119
AK = - 3.56
and finally
Log. I{, = 1.18320 + (= — 79°.5) 0.0000356 +4- 0.000368
or

\ K, =15.248 4- (z — 79°.5) 0.00125 - 0.0129
Hence we have
I, = 150.49 - (z — 79°.5) 0.01234
or
Log. n*I{, = 2.17750 4 (z — 79°.5) 0.0000356
In order to facilitate the reduction of the observations of vibrations, the follow-
ing table has becn computed from the formula last given. It furnishes the value

of log. #*I{,; to the argument <.

L2 Log. n?A%, DR

§o° 2.17645 o 4

2 7

6o 2.17681 3 11

4 14

70 2.17716 5 18

0 6 21

8o 2.17752 7 25

¢ 715 & 23

9o 2.17787 9 &
100 2.17823

. The Constant P, depending upon the distribution of the magnetism in the mag-
nets C 32 and S 8, was determined by means of the formula
A=A
e e’

3 p'd
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where
A = value of gz” determined from an observation of deflection with the deflecting
magnet at the distance 7 from the suspended magnet.

A’ = value of ™ determined from an observation of deflection with the deflecting

magnet at the distance #' from the suspended magnet.
The following table contains all the observed values of 4 and A4’, together with
the computation of the corresponding values of P.  The values of 4 were obtained
from deflections at a distance of 2.0 feet: those of A’ from deflections at a distance

of 2.5 fect.

Log.
Log. A A’
Date. Log. 4 | Log. 4 | (A—a’) | 100 55 | 108 (" “") Log. P P

October 30, 1865 | 9.1660 | 9.1669 | 6.48297 | 8.5640 | 8.3711 | 8.1187 | 8.3043% | —o0.0231
November 13, 1865 | 9.0084 | 9.0094 | 6.38817 | 8.4063 | 8.2135 | 7.9608 | 8.42747 0.0268
November 16, 1865 | 9.0087 [ 9.0088 | 5.14917 | 8.4067 | 8.2129 | %7.9629 | 7.18637 0.0015
November 28, 1865 | 9.0068 | 9.0078 | 6.39897 | 8.4047 | 8.2120 | 7.9591 |8.43987% | —o.0275
December 13, 1865 |9.0234 | 9.0175 | 7.1527 | 8.4213 | 8.2216 | 7.9879 | 9.1649 | +o0.1462
December 23, 1865 | 9.0295 | 9.0317 | 6.73327 | 8.4274 { 8.2358 | 7.9798 | 8.75347 | —o0.0567
December 27, 1865 | 9.0421 | 9.0413 | 6.3230 | 8.4400 | 8.2454 | 7.9978 | 8.3252 | J-o0.0211
January 6, 1866 | 9.0628 | 9.0633 | 6.05877 | 8.4608 | 8.2674 | 8.0163 | 8.042472 | —o.0110
January 18, 1866 | 9.0331 | 9.0536 | 6.13997 | 8.4511 | 8.2578 | 8.0064 | 8.13357% o.0136
February 7, 1866 | 9.0486 | 9.0495 | 6.37517 | 8.4465 | 8.2536 | 8.0012 | 8.37397 0.0237
March 2, 1866 | 9.0328 | 9.0339 | 6.42507 | 8.4308 | 8.2380 | 7.9852 | 8.4398% | —o.0275
March 19, 1866 | 9.0350 | 9.0342 | 6.3106 | 8.4330 | 8.2383 | 7.9907 | 8.3199 | +o0.0209
Mar;:h 29, 1866 | 9.0347 | 9 0347 | 4.8740 | 8.4326 | 8.2388 | 7.9890 | 6.8850 | -}0.0008
April 7, 1866 | 9.0367 | 9.0373 | 6.15517 | 8.4346 | 8.2414 | 7.9899 | 8.16527 | —o.0146
April 11, 1866 | 9.0356 [ 9.0360 | 5.92957 | 8.4336 | 8.2401 | 7.9893 | 7.9402x 0.008%
April 13, 1866 | 9.0343 | 9.0368 | 6.78527 | 8.4323 | 8.2409 | 7.9842 | 8.80107 | —0.0632
April 26, 1866 | 8.9902 | 8.9896 | 6.1515 | 8.3882 | 8.1937 | 7.9456 | 8.2059 | +o.0161

May 7, 1866 | 8.9680 | 8.9704 | 6.71887n | 8.3659 | 8.1%745 | 7.9178 | 8.8010% | —0.0632
May 14, 1866 | 8.9468 | 8.9544 | 7.19307 } 8.3447 | 8.1585 | 7.8872 | 9.3058~ 0.20:252
May 30, 1866 | 8.9468 | 8.9472 | 5.88907 | 8.3448 | 8.1513 | 7.9004 | 7.9886% 0.0097
June 9, 1866 [8.9775 | 8.9817 | 6.96697 | 8.3754 | 8.1858 | 7.9241 | 9.04277 | —0.1103
June 15, 1866 | 9.0376 | 9.0346 | 6.8666 | 8.4355 | 8.2387 | 7.9970 | 8.8697 | +o0.0741
June 26, 1866 | 9.0810 | 9.0826 | 6.65097 | 8.4790 | 8.2868 | 8.0324 | 8.6185%2 | —o.0415

November 1, 1866 19.1991 | 9.1972 1 6.8414 | 8.5971 | 8.4014 | 8.1568 | 8.6847 | +0.0484

The indiscriminate mean of all the observations gives
P = —0.0166 4 0.0088

But Peirce’s criterion for the rejection of doubtful observations throws ont those
of December 13 and May 14. Accordingly, excluding them, and taking the mean
of all the others, there results

P = —0.0155 4 0.0057
and that value T have adopted. ITence, for » = 2.0 feet, we have

Log. (1 — ;) =0.00168

and for » = 2.5 feet

P
;,) =0.00108

Log. (1 =
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The Maguetic Moment of the Magnet C' 32 was computed as follows : Observations
of deflection were always taken at two different distances, viz., at 2.0 feet and at

2.5 feet. In general, the two values of 3} thus obtained differed slightly from each

other, and the mean of the two was assumed to be correct. This mean was com-
bined with the value of m.X; obtained from a set of vibrations observed on the same
day, and thus m was determined. In no case was more than one set of observa-
tions of deflections taken on any single day, but in a few instances several scts of
observations of vibrations were made. Under such circnmstances, the mean of all
the observed values of mX was combined with the mean of the two values of -7;, ’
and thus a single value of m was deduced.
Let
m, = observed value of the magnetic moment at the temperature 7.
m = value of m, after being multiplied by [ 1 4 (z —75°.8) ¢ ], or, in other words,
after being reduced to the temperature 75°.8 Fah.
m, = mean of all the observed values of m.
a = daily decrease in the value of log. m, expressed in units of the fifth decimal
place. .
d = time in days at which m is taken; d being counted from March 7th, 1866.
The following table contains all the observed values of log. m, , together with the
computation from them of the final values of the samc quantity. The column
headed ““days” gives the time in days counted from October 24th, 1865.

3 Concluded | Concluded
Date. T Log. ., [1 +(~rL—0%5°.8) 71 Log. m Days. Log. m Log. sy
o
October 24, 1865 | 57.5 | 9.84148 9.99841 9.83989 o 9.83990 9.84149
October 30, 1865 | 58.7 | 9.84139 9.99851 9.83990 6 9.83979 9.84128
November 13, 1865 | 85.5 | 9.83908 0.00082 9.83990 | 20 9.83951 9.83869
November 16, 1865 | 87.7 [ 9.83951 0.00104 9.84055 | 23 9.83945 9.83841
November 28, 1865 | 90.0 | 9.83773 0.00I21 9-83894 | 35 9.83922 9.83801
December 13, 1865 | 89.5 | 9.83645 0.00117 9.83762 | 50 9.83893 9.83776
December 23, 1865 | 87.2 | 9.83768 ©.00100 9.83868 | 6o 9.83873 9.83773
December 27, 1865 | 98.0 | 9.83655 0.00191 9.83846 | 64 9.83865 9.83674
Janvary 6, 1866 | 74.2 | 9.83915 9.99986 9.83901 | 74 9-83846 9.83860 -
January 18, 1866 | 87.2 | 9.83666 0.00100 9.83766 | 86 9.83823 9.83723
February 7, 1866 | 69.5 | 9.83783 9.99945 9.83728 | 106 9.837%4 9.83839
March 2, 1866 | 69.7 | 9.83831 9.99947 9.83778 | 129 9.83739 9.83792
March 19, 1866 | 76.2 | 9.83618 0.00004 9.83622 | 146 9-83706 9.83702
March 29, 1866 | 68.2 | 9.83780 9-99934 9.83714 | 156 9.83686 9.83752
April 7, 1866 | 67.0 [ 9.83861x 9.99923 | 9.83784 | 165 9.83669 9.83746
April 11, 1866 | 74.0 | 9.83716 9.99984 9.83700 | 169 9.83661 9.83677
April 13, 1866 | 65.7 | 9.83711 9.99912 9.83623 | 171 9.83657 9.83745
April 26, 1866 | 79.2 | 9.83626 0.00030 | 9.83656 | 184 9-83632 | 9.83602
May 7, 1866 | 77.0 | 9.83670 ©.00009 9.83679 | 195 9.83610 9.83601
May 14, 1866 | 82.2 [ 9.83448 0.00056 9.83504 | 202 9.83596 9.83540
May 30, 1866 | 84.7 | 9.83602 0.00078 9.83680 | 218 9.83565 9.83487
Jure 9, 1866 | 65.0 | 9.83662 9.99906 9.83568 | 228 9.83546 9.83640
June 15, 1866 | 71.0 | 9.83493 9-99958 9.83451 | 234 | 9.83534 | 9-85576
June 26, 1866 | 63.0 | 9.83548 9-99839 9.83437 | 245 | 9.83513 | 9.830624
November 1, 1866 | 66.2 | 9.83326 9.99916 9.83242 | 373 9.83263 | 9.83347
Means | 75.8 | 9.83729 | 154
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The mean of the quantitics in the column lieaded 7 is 75°.8. Accordingly,
adding log. [ 14 (7 — 75°.8)¢] to each log. m. , we obtain the values of log. m
given in the table. Taking thc mean of these values, and also the mean of the
numbers in the column “days,” we find that at 134 days, which corresponds to
March 7Tth, 1866, the value of log. m was 9.83729 = log. m,. Then, assuming

| Log. m = log. my — ad

we have
0 = 9.83729 — log. m — ad

and cach value of log. m furnishes an equation of condition for the determination
of a, as follows.

o=—260%+ 1340 o=+ 15— 22a
0=—261 4+ 128a o=-— §5— 3fa
0= —201 + 1140 o=+ 20— 350
0= —3206 + 1110 o= +4 106— 370
0=—105 4+ 99a o=+ 7]3— 500a
o=— 33+ 840 o=+ 50— G1a
0=—139 + 740 o= 4 225— 68a
O0=—117+ 700 o=+ 49— 84a
0=—172 4 60a o= + 161 — 940
o=— 37%F 48a o=+ 278 — 1004
o=+ 14 28a o=+ 292 —1Ifla
o=~ 49+ 5a o=+ 487-—239a
o=+ 107— 12a o

By the method of least squares we obtain the normal equation
0 = — 397497 4 203965 «
Solving, we get
a = - 1.9488
Hence
Log. m = 9.83729 — 0.0000195 d 4 0.000090

or

m = 0.68753 — 0.0000310 d - 0.000144

From the first of these expressions the quantities in the column “concluded log.
w0’ were computed. .

If, in the expression for log. m, given above, we introduce the correction for
temperature, we obtain

Log. m, = 9.83729 — 0.0000195 d — 0.000087 (z — 75°.8)
by means of which the quantities in the column *concluded log. m.” were com-
puted.

"The probable error of a single observed value of log. m is 4- 0.000452, and of a
single observed value of m it is 4 0.000719,

Olbservations of Inclination were all made with a dip circle by Henry Barrow
& Co., of London, It was provided with two needles, marked A 1 and A 2, each
3.5 inches long, and having axles 0.016 of an inch in diameter. The distance
between the agate planes on which they rested was 0.74 of an inch. By means
of two microscopes, one opposite each end of the needle—each of which, assuming
distinet vision to be obtained at a distance of ten inches, magnified 18 diameters—
the inclination of the needle was referred to, and read off upon a vertieal ecircle six
inches in diameter, divided to half degrees, and reading by means of two verniers
to single minutes. The pointing of the microscopes to the ends of the needle was
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effected by means of a clamp and tangent screw. The horizontal circle of the
instrument was four inches in diameter, divided to half degrecs, and reading by
means of onc vernier to single minutes. It was provided with a clamp, but no
tangent screw.

Readings of the position of the dipping needle were made as follows: In the
field of view of each microscope was a plate of glass upon which was engraved
three finc parallel lines, the middle one being intended to represent onc of the
two extremities of a diameter passing through a vertical circle described about the
prolongation of the axle of the needle. The north microscope having been turned
till the centre line in its field of view coincided with the north end of the needle,
the vernier belonging to that microscope was rcad off, and recorded as the reading of
the north end of the ncedle. Then the south microscope was turncd till the centre
line in its ficld of view coincided with the south end of the needle, and the vernier
belonging to that microscope was read off, and recorded as the reading of the
south end of the necdle. In order to distinguish between the two microscopes the
letter N was scratched upon one of them, and that one was always, in all positions
of the instrument, used to read the north end of the needle.

The instrument having been set up and levelled, before beginning to observe it
was necessary to place the plane of the vertical circle in the magnetic meridian.
At a few of the earlier stations this was accomplished as follows: The needle was
placed on the agate planes, with the side on which the letters were marked facing
the microscopes. Then 1°. The microscopes having been turned till they were
nearly in a vertical line, the vernier of the lower one was set to 90° 0, and the
vértical circle was moved in azimuth—so that its face (by which is meant the side
on which the microscopes were) was south—till the lower end of the needle was
bisected by the middle line-in the lower microscope; the Y’s were raised and
lowered gently, and if the bisection of the necdle was altered, it was corrected
by twrning the circle in azimuth. Then the horizontal circle was clamped and
read off; and this reading was called A. 2°. The vernier of the upper microscope
was set to 90° (¥, and the horizontal circle having been unclamped, the vertical
circle was moved in azimuth—its face still remaining south—till the upper end
of the ncedle was bisccted by the middle line in the upper microscope; the Y’s
were raised and lowered gently, and if the biscction of the necdle was altered, it
was corrected by turning the circle in azimuth. Then the horizontal circle was
clamped and read off, and this reading was called B. 3°. The horizontal circle
was unclamped, and turned in azimuth 180°, so as to bring the face of the instru-
ment to the north, and then the 1° and 2° processes just described were repeated ;
thus giving two more readings of the horizontal circle, which were called C and D.
Then

A+B4 04D _
4 - \

where E is the division of the horizontal circle at which it was necessary to set

the vernier in order that the plane of the vertical circle might be at right angles to
8 April, 1872.
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the magnetic meridian. Therefore the vernier was set at 90° -+ E, and the plane of
the vertical circle coincided with the magnetic meridian. Ilowever, it soon became
evident that this process consumed too much time, and the following, whieh is
quite as accurate and much more expeditious, was adopted: A fine line was marked
permancntly upon the top of the instrument parallel to the plane of the vertical
cirele; then, after the instrument had been levelled, but before the dipping needle
had been placed upon the agate planes, a pocket compass, with a needle about one
and a half inches long, was placed with its centre upon the fine line, and the verti-
cal circle was turned in azimuth till the compass needle and line were parallel to
cach other. 'That being the case, the plane of the vertical circle was known to be
in the magnetic meridian, and the horizontal eircle was clamped and read off.

The following is the method whieh was adopted in making observations of dip:
1°. The agate planes, and those parts of the axle of the needle which would rest
upon them, were carcfully wiped with a picce of chamois leather (I have sinee
seen reason to believe that a piece of cork would have answered the purpose better),
and then the instrument was set up, levelled, and the plane of the vertical eircle
placed in the magnetie meridian by the process before deseribed. 2°. The needle
was secured upon a block, provided for the purpose, and magnetised by means of a
pair of ecight-inch bar magnets, in such a manner that its marked end acquired
north polarity. It was considered to be saturated with magnetism when the bar
magnets had been drawn from its centre to its extremities six times, the process
being performed upon both of its sides, and then it was removed from the block
and placed in position upon the agate planes, with its face (by which is meant that
side upon which the letters were marked) towards the east. 3°, The planc of the
vertical circle being in the magnetic meridian, with the face of the instrument
towards the east, and the ncedle in position upon the agate planes, with its face
also towards the cast, the north and south ends of the needle were read. Let these
readings be designated respectively as ¢’ and ¢”. 4°. The needle was reversed
upon the agate planes, so as to bring its face towards the west, and its north and
south ends were read. Let these readings be designated respectively ¢” and ¢™".
5°. The horizontal circle was unclamped, the vertieal circle turned in azimnth 180°,
so as to bring its face towards the west, and the horizontal circle again clamped.
The face of the needle now being towards the east, its north and sonth ends were
read. Let these readings be designated respectively as ¢” and ™. 6% The needle
was reversed upon the agate planes, so as to bring its face towards the west, and
its north and south ends were read. Let these readings be designated respectively
as ¢"" and ¢™". 7° The time was noted, and then the needle, having been
removed from the agate planes, was placed upon the block provided for the pur-
pose, and remagnetised in snch a manner that its marked end acquired south
polarity ; after which it was again placed in position npon the agate planes, with
its face towards the west, And its north and south ends were read. Let these read-
ings be designated respectively as 4/ and 4", 8°, The needle was reversed upon
the agate planes, so as to bring its face towards the east, and its north and south
ends were read. Let these readings be designated respectively as ¢ and 4"
9°. The horizontal circle was unelamped, the vertical circle turned in azimuth 180°,
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so as to bring its face to the east, and the horizontal circle again clamped. The
face of the needle now being towards the west, its north and sonth ends were read.
Let these readings be designated respectively as 4" and ™. 10°, The needle was
reversed upon the agate planes, so as to bring its face towards the east, and its
north and south ends were read. Let these readings be designated respectively as
,\LVII and ,\LVIII'

At the first few stations each of the readings ¢, ¢", ¢”.... ", 4, 4, ... A7,
was repeated three times, the Y’s being raised and lowered again between each
repetition; but after some experience I became convinced that the increase of
accuracy obtained by three repetitions, over that obtained by a single careful read-
ing, was not sufficient to warrant the greatly increased expendlture of time, and
accordingly the repetitions were abandoned.

The needle A 2 proved to be well balanced, and the observations made with it
were therefore reduced by the usual formula, namely

¢r+¢”+¢m+¢zv+ ¢V+ ¢Vl+¢vll+¢ Vlllza
8

"lj + ¢II+ \"/”’ + ¢IV _‘_: 1LY+ ¢Vl+ ’.L'Il_l_ QIVIII: ‘8
8 :
_a+8 ’
o =2TF

where 0 is the magnetic inclination or dip,

The needle A 1 proved not to be well balanced, which was shown by the great
difference between the values of « and B obtaired with it in low magnetic lati-
tudes; although they agreed well enough at places where the dip was large. An
examination of all the observations showed that in every case

¢I+¢u+¢v+¢vz’—¢m+¢17+¢v11+¢7111
4 - 4

and

"l/ + ’\l/" + "JJV _I_ "LVI— ’\Lﬂl + ‘L" + "l/vll + "JJVIII
4 P 4
at least within about one degree. It therefore followed that, although the cen'tre
of gravity of the needle did not lie in its axle, it did lie somewhere in the line
joining the two extremities of the needle and passing through its axle. In such

cascs we have
tan o 4 tan 3
2

and by that formula all the observations made with this needle were reduced.
At St. Thomas some observations of dip were made with the plane of the verti-
cal circle out of the magnetic meridian. They were reduced by the formula
tan § = tan 0’ cos a
where 0 is the true dip, and 0’ the dip observed with the vertical circle in a plane
whose azimuth, measured from the magnetic meridian, was a.

tap § =
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The values of the Vertical and Total Force have been computed from the horizontal

force and inclination by the formulwe

where

Z = Xtan(
R= Xsccl

X = horizontal component of the earth’s magnetic force.
Z = vertical component of the earth’s magnetic force.
R = total magnetic intensity.
6 = magnetic inclination.

All values of foree are expressed in English units; namely, in terms of grains,
If it is desired to have them in metric units, expressed in

feet, and seconds.

terms of milligrams, millimeters, and seconds, they must be multiplied by 0.46108.

The observations of magnetic declination, inclination, and force are given in
full at the end of this section, but for convenicnce of reference the following
abstract of them is inserted here.

Inclination.

Log. ”* X=
Station. Date. Declination. NeedleA.l.T Necdie n) g..)_( Log.mX | Temp. | Hor. Force

Philadelphia, Pa. [ Oct. 24, 1865}  «eooo | ceeeee 9.22363 | 0.45934 | 57.5 4.148
Gosport, Va, Oct: 28, 1868 | = cecoos | rossneer oo e R RS 0.51303 | 73.0 4.709
Gosport, Va. Oct.” 30, 1865 | 2°37/.8 W.| +69° 21/ +-69° 54/| 9.16787 | 0.51492 | 58.7 4.717
St. Thomas, Nov. 13, 18651  .eeee 449 36 | 449 32 | 9.01026 | 0.66791 | 85.5 6.749
St. Thomas, Nov. 16, 1865]| o 39.6E. | +49 39 | +49 44 | 9.01014 | 0.66888 | 87.7 6.768
Salute Islands, Nov. 28, 1865| o 3.8W.| 434 27 | +34 42 | 9.00868 | 0.66679 | go.0 6.742
Ceara, Dec. 13, 1865 | 8 28.8W. | 421 26 | 421 20 | 9.02178 | 0.65112 | 89.5 6.507
Pernambuco, Dec. 23, 1865 |10 50.6 W. | 412 - 6 | 412 10 | 9.03195 | 0.64340 | 87.2 6.392
Bahia, Dec. 27, 1865 7 56.6 W. | 4+ 4 31 | 4+ 4 17 | 9.04305 | 0.63005 | 9¢8.0 6.213
Rio Janeiro, Jean. 6, 1866 | _....... —I1 48 | —II 46 | 9.00444 [ 0.61386 | 74.2 5.960
Rio Janciro, Jan. 9, 1866 | 2 4.8 W.| ... o o R 0.61205 | 8o. :
Monte Video, Jan. 18,186 ) 9 166 E. [ —31 11| —30 58| .... 0.61892 87.2 '6;(9)2;
Monte Video, Jan. W8 I866.I% Sl S e —31 8 | 9.05476 | 0.61822 | 87.2 6.039
Monte Video, Jan. 19,1866 9 25.0E. | .cece | e | enne 0.61754 | 89.5 6.033
Sandy Point, Feb. 7, 1866 |21 520E. | —54 52! —55 2 [ 9.05044 | 0.62523 | 69.5 6.121
Valparaiso, March 2, 1866 |15 54.3E. | —34 50| —35 7 | 9.03474 | 0.64188 [ 69.7 6.36
Valparaiso, March 19, 1866 | 15 36.6 E. | —35 28 —3)5 28 | 9.03599 | 0.63637 | 76.2 Ggog
Valparaiso, March 29, 1866 | 15 §4.8E. | —35 34 | —35 27 | «eeen 0.64126 | 68.2 6.364
Valparaiso, March2g, 1866 | ... | e [ 9.03607 | 0.63782 | 68.2 6.314
Valparaiso, April 7, 1866 | 15 49.4 E. | —35 26 | —35 23 | 9.0383710.63885 | 67.0 6.330
Valparaiso, April 11, 1866 | 15 57.6 E. | —35 29 | —35 36| ... 0.63697 | 74.0 6.312
Valparaiso, April 11, 1866 | ... . T TR 9.03720 | 0.63725 | 74.0 6.g17
Valparaiso, April 13, 1866 | 15 53.9 E. | —35 40| —35 12 | 9.03692 | 0.63730 | 65.7 6.307
Callao, April 26, 1866 |10 29.6 E. | — 6 28| — 6 29 | 8.99132 | p.68120| 79.2 7.001
Payta, May 7,186 8 530E. |4+ 5 9|4 4 47| 8.97055|0.70285 | %7.0 7.359
Panama Bay, May 14, 1866 | 5 55.8E. | 432 5| 431 47 | 8.95196 | 0.71700 | 82.2 61

, K } B 614
Acapulco, May 30, 1866| 8 20.8E 8 | 8.948 .7236 . /
;\‘ca;:llﬁlco, E ?{ay 30, 1866 | 8 23.6 E +?.?...49 +?.?...5 gl g | o 8” i

agdalena Bay, une 9, 1866 | 10 40.5 E S 41 822 .692 65.
Magisions. B, | | Firke’ JUMET & T it ok o Sy gg’;zﬁ 6?.3 ;i;i
San Diego Bay, June 15, 1866 |13 9.4 E. 1 6 0.63241
%a;n }{fragr;cisczb B?:y, {}mc 26, xggg 16 -25.5 E. | ig; §3 igz gx 0.5 7;7 (75;;3 222;
ashington, D, ov. 1,1 2 .20 W, §

Wadhington, D.C. |'Miy 6, 5967 | - il e ;; i;i 3 g 1] 662 e
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Taking the means we obtain the final values of the magnetic elements at each
station, as follows:
o 4 213 . |4
2y "R olgiRlzd| . ¢
Station. Latitude, | ‘Eo2 Date. Declination. | © |Inclination,[® [ 8 5 {S| 25 | = &
g% s s| &= || B | £
~ 4 2| o lal e &
Pbiladelphia, Pa. . .{39° 56/ N.| 75° 7/(Oct. 24, 1865 o ’ Siw 4.148 f‘ I
GOEpoert ..+, - 4s - 36 49 N.| 76 17 |Oct. 29, 1865/ 2 37.8 W. +69 38 | 2|4.713 | 2(12.696|13.542
Stahomas; . .= . . 18 20 N.| 64 55 [Nov. 14, 1865 o 39.6 E. 1| 449 38| 4|6.758 | 2| 7.950|10.434
Salute Islands. . . .| 5 17 N.[ 52 33 (Nov. 28, 1865 o 3.8 W.[1| 434 35| 2|6.742 1] 4.648| 8.189
Eearaye - . o . .. . 44 S.| 38 31 [Dec. 13, 1865/ 8 28.8 W. 1| 421 23 | 2|6.507 [ 1| 2.548| 6.988
Pernambuco. . . . . 8 4 S.|34 52 |Dec. 23, 185/10 59.6 W.!x| 412 8| 2(6.392 | 1| 1.374| 6.538
Bahiay . .. 's .. . o0 12 57 S.| 38 30 |Dec. -27, 1865 56.6 W. |1, 4 4 24| 2|6213]|1 0.478I 6.231
Rio Janeiro . . . . .|22 54 S.[ 43 8 [Jan 8, 1866 41.8 W. 1| —11 47 | 2| 5.952 (2| 1.242| 6.080
Monte Video . .. .[34 53 S.| 56 13 |Jan. 18, 1866 20.8E. |2 —31 6| 3| 6.040 (3 3.644,l 7.054
Sandy Point. . . . . 53 10 S.| 70 54 |Feb. 7, 1866/21 520E. |1| —54 57| 2| 6.721 [ 1| 8.725 10.658
Valparaiso. . . . . . 33 2 S.| 71 41 |March 29, 1866/ 15 s51.1 E. |6| —35 23 {12 6.326 |8 | 4.493! 7.759
Calleo. . ...... 12 5 S.| 77 17 |April 26, 1866/ 10 29.6E.-|1{ — 6 28 { 2| 7.001 |1 o.794I 7.046
Baralel. Sl. . . § 6S.|8 6 |May 7,186 8 530E. |14+ 4 58| 2[7.359|1]| 0.640| 7.387
Panama Bay. . . .. 8 54 N.0 79 30 |May 14, 1866 5 35.8E. |1| 431 56| 2] 76141 4.745 8.972
ACRPBLCOL & (0 5 o o 16 50 N.| 99 52 |[May 30, 1866] & 22.2 E. |27 439 54 | 2| 7.740 | 1| 6.472|10.089
Magdalena Bay . . .[24 40 N.[112 7 (June o, 1866/ 10 40.5E, (1| 448 32| 2| 7.176 |2 | 8.120 10.837
San Diego Bay . . .[32 42 N.|[117 13 |June 15, 1866!13 9.4 E. (1| 457 354 | 2| 6.261 1| 9.981|11.782
San Francisco. . . .[37 49 N.|122 21 [June 26, 1866{16 25.5E. |1| 462 22 | 2|5.643 |1 {10.779(12.167
‘Washington . . . . . 38 54 N.f77 3 |Nov. 1 1866 2 44.2W.[1| 472 2| 2|4.300]|1[13.260|13.940
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MAGNETIC OBSERVATIONS. 101
!
HORIZONTAL INTENSITY. OBSERVATIONS OF VIBRATIONS.
Philadelphia, October 24, 1865. Gosport, October 30, 1865.
. : Time of 156 : . Time of 150
No. | Time P.M. | No. | Time P. M. e No, Time. No. Time, vibrationss.
o 3t 27m 556 156 | 3h 45m 5058 18m 45tz O |12k 17w gi1| 150 [12h 33m 58!.8! 16™ 5387
ToMs3 W28, 17,28 [ 166 [ 3 47 2.0 | 18 1448 10 f12 18 12.8f 160 |12 35 7.8 16 5s.0
R0NN3 20§ 20.6" [ “F76° [ 3 148 1s5.2 18 435.6 20 |12 19 20.7| 170 [12 36 16.4| 16 557
30[3 30 420 186 |3 49 27.2 | 18 45.2 30 (12 20 28.5| 180 (12 37 24.0( 16 55.5
40 [ 3 31 54.4| 196 | 3 350 39.2| 18 44.8 40 |12 21" 36.1| 190 |12 38 29.6/ 16 353.5
503 33 64| 206 |3 51 51.6| 18 452 || 50|12 22 44.0| 200 |12 39 39.2{ 16 353.2
Mean . . .| 18 45.13 Mean . .. | 16 54.77
Extreme scale readings, Extreme scale readings,
At begmning « + + + 5.0—150.0 At beginning . . . . . 700—3883
Atend . . 0 23 o— 86.0 Atend. . . . . . . 77.0—82.0
Coefficient of torsion v = 8. 12 div. Temperature . . . . 60°.0
Temperature o LN Time of one vibration . 6%765
Time of one vibration . 7%.212
Gosport, October 28, 1865. St. Thomas, November 13, 1863.
° . Time of 150 - c = o Time of 150
No. | Time P.M. | No. | Time P.M. | "5 "0 0P| No. | Time P.M. | No. | Time P.M. | Lihe o 15
O} 3k 43m 6%4| 150 | 4% om 386 16migyn2 O 28 23m 6%2| 1350 | 2h 37m 86| 14™ 12%.4
1013 44 144 | 160 |4 1 11.6 ] 16 57.2 101 he2Wu27 352 160" 4[F 238 1547 | [ T4F 1252
20| 3 45 22.0} 170 (4 2 19.5 16 357.5 20| 2 24 50.8| 170 |2 39 12.2| 14 12.4
30| 3 46 29.6 1803 IFe)aliz, 27.2 16 57.6 30| 2 25 356.9 18ok=iT 2o =34 14 1L}
40 |3 47 37.2| 190 (4 4 349 | 16 57.7 40 (2 26 190 | 2 41 57 | 14
504{ 3048\, 45.6,|" 200 |4 [ 5% 42.8 | 16 57.2 50| 2 27 49.0| 200 [2 42 28| 14 138
Mean . . . 16 57.40 Mean: . . 14 12.46
Extreme scale readings, Extreme scale readings,
At beginning . . . . .- 69.2—88.8 At beginning . . . . . 62.2—9gS0
A ENELS o+ oo o ioe O 72.1 —85.2 ZAtend e s . Al 69.8 — go.2
Coefficient of torsion, z ==7.35 div. Cocfficient of tomon, 7 =4.10 div,
Temperature 8 e Temperature d o LTS
Time of one vibration . 6. 783 Time of one vibration . 5°.683
Gosport, October 28, 1863. St. Thomas, November 16, 1865.
Inertia ring on magnet. y
. g Time of 150 A ! . Time of 150
No. | Time P. M. | No. Time P. M. e | No. | Time P. M. { No. Time P. M. Bt
o 42 39m 7%.9| 150 | 5B O™ 5580 2Im47%1 o) 2he1 3= Seniis NS OR M2 oM iy oaiy [ p4™ 1127
10 | 4 40 35.1 T60MIEES 28 2.7 21 46.6 10 (12 14 o0.4| 160 (12 28 12.0| 14 11.6
SOMEAT 42 ». 2.3 570M 5 304580 |FR2TRI055 20 (12 14 357.2| 170 (12 29 85| 14 IL3
30| 4 43 29.3 180 | 5§ 5 16.0| 21 46.7 30 |12 15 54.3| 180 |12 30 5.4 14 II.1
40 | 4 44 564 | 190 [ 5 6 43.2| 21 46.8 40 |12 16 50.6{ 190 |12 31 2.2| 14 11.6
50 |4 46 23.7| 200 |5 8 101 | 21 46.4 5o (12 17 47.8] 200 {12 31 §9.0( 14 IL2
Mean . . . [ 21 46.68 Mean o=, |14 #1142
Extreme scale readings, Extreme scale readings,
At beginning . . . . . 91.0—66.5 At beginning . . . 59.8—98.8
Atend.. . . 3 88.0 — 69.0 PAREndy | LA L 67.2 —89.5
Coefficient of torsxon v = 8,97 div. Coefficient of torsion, v = 4.25 div.
Temperature SN N 0% Temperature ., . 87°.3
Time of one vibration . 8711 Time of one vibration . 5%676




102 REPORT ON
Hori1zoNTAL INTENSITY. OBSERVATIONS OF VIBRATIONS.
St. Thomas, November 16, 1865. ] Ceara, December 13, 1865.
Inertia ring on magnet. .
e Time of 150 || ~ ’ ] Time of 150
No.| TimcP.M. |No.| TimeP.M. |7 h¢S '5°|INo.| TimeP.M. | No.| TimeP.M. | €% 5
o 1* om 6%4 | 150 | It 18™ 205 18® 14%.1 I o | 11b 35m 8.3 [ 150 [ ITh 49m 36%0 | 14™ 27°.7
10| 1 I 186 | 160 | 1 19 34.1 18 15.5 1o [ 11 36 6.2 | 160 | 1ui songqNa 14 28.0
20 1 2 31.8 {170 1 20 46.6 18 14.8 20| 11 37 4.2 170}, 11 5l iagig 14 29.2
30, 1 3 45.1 {18 | I 21 59.8 18 14.7 o[ 38 1.0 ] 18|11 8§52 31.2 14 30.2
40| 1 4 38.1 {190 | I 23 129 18 14.8 40 | 11 38 359.1 | 190 | IT 353 28.2 14 29.1
50| ¥ 6 I1.4 |200| ¥ 24 262 18 14.8 50| 11 39 357.0 [ 200 ] 11 354 25.6 14 28.6
l Mean . . . . 18 14.78 Mean ... .| 14 28.80
Extreme scale readings, ‘ Extreme scale readings, 7
At beginning . . 61.8—9¢8.0 At beginning 5§9.0 — I0l1.0
At end 5 63.5 —96.2 ‘ Atend . ., . . . . 45.5—115.0
Coefficient of torsion . v=75.22 div, 1 Coefficient of torsion , .v=35.40div.
Temperature . p 86°.0 ’ Temperature . . . 89°.0
Time of one vibration . 7°.299 Time of one vibration . . §%792

|

A strong breeze blowing, which made the vibrations
somewhat unsteady.

Salute Islands, November 28, 1865.

Ceara, December 13, 1865.

Incrtia ring on magnet.

Extreme scale readings,

At beginning . 54.8 — 105.3
Atend . . . . . . 65.4—04.0
Cocfficient of torsion . ,p= S 65 div.
Temperature . . .+ 91%0
Time of one vibration . . 7' 306

z q Time of 150 : - - Time of 150
No. | Time A.M. | No.| Time A. M. e No.; Time P. M. No. | Time P. M. Vibea Tl
o ot 43» 3.6 | 150 RGNy 14™ 141 0 | 12h 23m g401 | 150 | 12® 4Im 5185 | 18m 3784
10| 9 44 0.4 {160 9 58 14.2 14 13.8 1012 24 288 | 160 | 12 43 6.1 18 37.3
20| 9 44 57.4 | 170| 9 59 114 14 140 20|12 25 438 | 170 { 12 44 20.0 18 36.2
30| 9 45 54.2 [180 |10 o 8.6 14 14.4 3012 26 59.0 | 180 | 12 45 33.6 18 34.6
40| 9 46 51.3 (19010 1 5.6 14 14.3 40 | 12 28 13.6 [ 190 | 12 46 49.2 18 35.6
50| 9 47 483 | 200 |10 2 23 14 14.2 50 | 12 .29 “28.2 [ 2008 128 RaSRERES 18 35.6
Mean . ., .| 14 14.13 F Mean . ... | 18 36.12
Extreme scale readings, Extreme scale readings,
Atbeginning . . . . 57.5§—99.8 At beginning 104.8 —58.8
Atend [ | . 71.4— 86.0 At end S 100.0 — 62.2
Coeficient of torsion . cv=3.72div. Coefficient of torsion . v =7.00 div.
Temperature . o 95°.5 Temperature . o 89°.5
Time of one vibration . 5%.694 Time of one vibration a 7%.441
Salute Islands, November 28, 1865. Pernambuco, December 23, 1865.
Inertia ring on magnet.
No.| Time P.M. | No.| Timep.ar, | Timeof 150! No.| Time A.M. [ No.| TimeA.M. | Limeof 150
5 . M. 3 . M. vibstionSe o. ime A. M. 0. i elay vibrations.
o 1 31= g5 | 150 | 11v 4gm 2501 8- 156 o 6b som16.8 | 150 | 7° 4m54t4 [ 14m 3706
Io| 11 32 225 | 160 | 11 S0 38.6 161, (1 101] 6 v51” Lushza s1Go U AN INNCINESNG 14 36.9
20|11 33 356 [ 170 | 11 §% §I1.6 18 16.0 201 6 52 140 170} 7 6 5I.I 14 37.1
30|11 34 487 [ 180 | 11 53 4.7 18 16.0 30] 6 53 126 | 18| 7 7 49.6 14 37.0
40| 1t 36 1.4 | 190 11 54 17.8 18 16.4 40| 6 54 109 f190| 7 8 480 14 37.1
50| 11 37 14.8 | 200 11 55 30.3 ¢ 3 (1 50| 6 55 9.6 [200| 7 9 46.4 14 36.8
Mean . . .. l 18 15.93 | Mean . . 14 37.08

Extreme scale readings,
At beginning
At end 8 Fs

. .. 46.0—115.0
Coefficient of torsion

. 62.0~—99.0
. v = 4.27 div.
. 90%5

. 5847

Temperature . . .
Time of one vibration

T e o i e e .
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MAGNETIC OBSERVATIONS. 103
HoR1zZONTAL INTENSITY. OBSERVATIONS OF VIBRATIONS.
Bahia, December 27, 1865. Rio Janeiro, January g, 1866.
: : Time of 150 . : Time of 150

No. | Time A.M. | No.| Time A, M. b T No.| Time A.M. | No.| Time A. M., vihrationg.

o 78 14m 526 | 150 | 7* 28m g55e6 14™ 50%.0 o} 5b 3om1158 | 150 [ 5b 45m 20%.2 152 844
XoulRi7Z 15 4.9 [ 160 | 7 29 §5.0 14 50.I 101 [B s B3 TINTZ 40 (W160r [NELl461 SaTio! 15 8.6

BORMZART6 1 4.1 ['170 | 7 30, 54.4 14 50.3 ol B Bigdos | ene Bl a2 15, SSHE

30| 7 17 3.6 |18 | 7 31 53.6 I4 350.0 30| 5 33 134 (18] 5 48 22.1 16 A8y

BOREA RIS & 2.9 150 {7 32 §3.0 14 50.1 40| 5 34 140 [190 ] 5 49 22.6 15 8.6

SORINNY 1 = 2.2%] 200 [ 7 33 522 14 50.0 50| 5 35 14.6 |200| 5 S50 23.2 15 8.6

Mean . .. .| 14 350.08 Mean . . . 15 8.57

Extreme scale readings, Extreme scale readings, ’

At beginning . . . . 92.8—63.1 At beginning . . 62.2—08.1

2N e 18 AR 86.8 — 68.3 Atend . . . . .°. 69.2—9I2
Coefficient of torsion . v =4.83 div, Temperature . . . . . 80°5%
Temperature . . .. . 02°3 Time of one vibration . . 6°%05%]
Time of one vibratio 5%.934

Bahia, December 27, 18635. Monte Video, January 18, 1866.
Inertia ring on magnet.

No.| TimeA. M. | No.| Time s m. |Tmeof 1500 nol Time p.M. | No.| Timep.m. |Timeof 150
y 2= : Ry vibrations. : PrOR RS : R B fd vibrations.
o 8t* 3m 452 | 150 | &b 22m gog4 Igm 582 o b 2ym 8s2 | 150 | 1P 42® 9.4 5™ 1.2

10| 8 4 208 |160]| 8 23 258 19 5.0 1o 1 28 8.2 |160f I 43 9.5 T M
ZORINSRS o 37-05 |l T70! [l "8 24" rq2:e 19 5.2 2008 1 20 SR IRT7OL R TR AN =S g 7 15 1.4
3088 61 3t i 8o | '8 25 58.6 3oL SNcd2 30} 1 30 82 {18 | 1 45 9.7 I3 1.5
SDRNSE ISL M gtENIETo0 U 827 14.8 I9 5.0 HORM T T3 S5 STgoR WO Y IE NI
50! 8 9 260 |200| 8 28 30.8 19 4.8 50| 1 32 85 [200]| I 47 9.9 15 1.4
Mean . TG) Mo Mean . . . . Ii5 %= 1033
Extreme scale readings, . Extreme scale readings,
At beginning 57.90 — 100.4 At beginning 58.4 —98.3
Atend . . 67.9 — 89.2 Atend . 66.8 —9go.2
Coefficient of torsion . v=6.70 div. Coefficient of torsion 2= §.I0 div.
Temperature . o 0 97°.5 Temperature . 5 84°.0
Time of one vibration . 7%.634 Time of one vibration . 6009
Rio Janeiro, January 6, 1866. Monte Video, January 18, 1866.
Inertia ring on magnet.
i = : : i £

No.| TimeP.M. |No.| Timep.n. |Timeol150lixo| TimeP.M. |No.| TimeP.M. |78 150

o| 3t 21m 6.8 | 150 | 3h 36m 1283 ism g3u7 o 2b 1om 3%z | 150 | 2B 29m 2289 197 19%7
10 3 22 58 |160( 3 37 12.5 i3 @y 10| 2 11 20585 | 160| 2 30 4or 19 19.6
ZONIBRERS3 (6.0 170 [ 3 38 13.3 15 6.7 20k 28810 Sm I8N N1 ORI SN2 IS 1IN 57753 19 19.5
SERIES=ao W7o [ 180 | 3 39 13.6 15 6.6 30| 2 13 §5.1 [180| 2 33 14.6 19 19.§
4 3 25 7.7 {190 3 40 14.5 ic = 6.8 20 |S2 %15 12:4 |'190/ "2’ 37 31-8 19 194
5ol 3 26 81 |200| 3 41 150 5 G:0 sol 2 16 29.8 [200| 2 35 49.3 19 19.5
Mean . ... | 15 6.57 Mean . . . .| 19 19.53
Extreme scale readings, Extreme §ca}e readings,
At beginning 62.1 — 96.3 At beginning . 56.9 — 101.0
Atend . o 70.0 — €9.2 Atend . . . 65.9—91.4
Coefficient of torsion . v ==35.10 div. Coeflicient of torsion . v=°6.25 div.
Temperature . . 76°.0 Temperature . . . . 84°.5
Time of one vibration . Time of one vibration . 7%.730
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Monte Video, January 18, 1866. Valparaiso, March 2, 1866.
] . 1' [ = ’ Ti f 150

No.| TimeP.M. |No.| TimeP. M. |Timeof 150 No | Time P.M. | No.| TimeP.M, | Timeof 15
o] 2t 55m ¢%3 | 150 | 3 10m™ 11%4 15 21 o st om 3.4 | 150 | 5" 14™41%0 14™ 3746
g0s] w21 's6 | 9:2. 160 [ 3TmIiT 1.4 15, 2.2 10 | 1§ 1 202 5 160085 TSRO 14y 3781
20| 2 §7 9.4 {170| 3 12 1L} 1sK 231 20| 5+, 2 0.6 1700 58TGRNGTIE 14 37.2
0.l +2 58 + 0.4: | 180, | 3 413 1.9 15 2.5 305 2 594 [180| 5 17 36.6 14y B7%e
40| 2 59 9.4 | 190 | 3 14 121 15 2.7 401 5 3 574 [190] 5 18 35.1 14 37.7
50( 3 o 98 |200| 3 15 121 154 T2:8 50| 5 4 §57 [200]| 5 19 33.7 14 38.0

Mean . . .. 15 2.32 Mean . ... | 14 37.47

Extreme scale readings, Extreme scale readings,

At beginning . . . . §8.0—100.2 At beginning . . . . 99.8—356.8

AandM AR s 65,8016 , Atend . . . 97.8—57.8
Temperature . . , . ., 86%0 Coefficient of torsion v = 6.17 div.
Time of one vibration . 6°.015 Temperature . . . . 72°5

Time of one vibration . 5°.850

Monte Video, January 19, 1866. Valparaiso, March 19, 1866.

N Time P.M. | N Time P. M. | Lmeof 150iNg | Time P, M. | No.| TimeP. M, | limeof 150
0. ime &', . 0. me r. . vibrations. - . . . . . vibrations.
o| 3% 3m 8.8 {150 3* 18™ 11°.8 152 3%0 o 1t 42m 626 [ 150 | 1% 56™ 50%.2 14™ 4356
10/ 3 4 89 |160]| 3 19 122 15 3.3 10| 1 43 56 [160| 1 57 48.6 | 14 43.0
20/ 3 5 93 [170] 3 20 126 | 15 3.3 (20| 1 44 42 |170| 1T 58 47.7 | 14 435
30| 306" L ot [FTSoLll 31 21 12,68 skt as 30 1 45 30 [180 I 59 46.3 14 43.3
4 3 7 97 |190] 3 22 130 L5 R 40| 1 46 1.9 [190| 2 0 44.9 14 43.0
go |93, 48 uo.r L2600, 31u23' 41353 03 RS 50| 1 47 0.8 200 2 1 44.1 14 43.3

Mean . ... | 15 3.22 Mean . ... | 14 43.28
Extreme scale readings, Extreme scale readings,
At beginning . §6.0 — 102.0 At beginning 5 65.0—95.8
At end- ., o 66.6 —91.5 At end 5 61.2 —96.8
Temperature ns 89°.5 Coefficient of torsion v =4.7§ div.
Time of one vibration . 6t.021 Temperature . % 76°.0
i Time of one v1brallon 5 5%.889
Sandy Point, February 7, 1866. Valparaiso, March 19, 1866.
Inertia ring on magnet,
No.| TimeA.M. | No.| Time A M, |Tmeof 150Ny | Time .M., | No.| TimeP.M. | Timeof 150
vibrations. vibrations.
o | 1% 37™ 405 | 150 [ 11 §Im 5804 | 14m 309 O} 2b 32m go4 | 150 | 2B gIm oty 18m 5540
10| 11 38 4.5 | 160 | 11 §52 58.4 14 53.9 10 | 27 33 2152 16N IZREEaRTEss 18 54.6
20|11 39 37 |170] 11 §3 §8.2 14 54.5 20| 2 34 368 [170| 2 53 30.8 18 54.0
30|11 40 4.1 [ 180 [ 11 54 s58.0 14 53.9 30| 2 35 52.5 [ 180 | 2 54 47.2°| 18 s54.7
41 11 41 3.3 | 190 | 11 §5 §7.8 14 54.5 40| 2 37 82 190§ 2 56 1.2 18 53.0
50|11 42 2.5 |[200 | 11 56 5§7.8 14 55.3 ([So| 2 38 239 [200] 2 57 15.8 18 51.9
Mean . . ., 14 354.33 Mean . .« . 18 53.87
Extreme scale readings, Extreme scale readings,
At beginning 61.0 — 100.0 At beginning . 61.6 —98.9
At end 6o.5 —97.5 At end .« 73.3—84.0
Coefficient of torsion v = 6.85 div, Cocflicicnt of torsion . . v==6.82 div.
Temperature . el 7l° 65 Temperature S, . " IF3%00;
Time of one vibration . 2 Timc of one vibration . . 7%559
Magnet rendered quite unsteady by the high wind. '

"
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OBSERVATIONS OF V1BRATIONS.

Valparaiso, April 11, 1866.

1 : Time of 150 2 " Time of 150

No. | Time P. M. No. | Time P. M. skt o d No.| Time P.M. | No.| Time P. M. o tien 55
O | 122 37m 9%0 [ 150 | 12b §Im47%.4 | 14™ 384 O 12d I§™m I4%0 | 150 | 12h 29™ 56%.6 | 14m 4286

10 | 12 38 7.4 {160 | 12 52 46.8 14 38.4 10 | 12 16 13.0 | 160 | 12 30 5§5.4 14 42.4

20 |12 39 5.7 | 170 | 12 53 46.2 14 40.5 20 | 12 17 11.8 | 170 | 12 31 54.2 14 42.4

30|12 40 4.3 | 180 | 12 54 44.2 14 39.9 30 12 I8 710.4 | 180 [ 12 32 5§32 14 42.8

40 | 12 41 3.4 | 190 | 12 55 40.4 14 37.0 40 112 19 9.0 | 190 | 12 33 §2.0 14 43.0

50|12 42 20 | 200 |12 §56 — 14 — 50|12 20 %8 | 20012 34 5I.O 14 43.2

Mean . ... | 14 3884 Mean . . . . | 14 42.73
Extreme scale readings, Extreme scale readings,
At beginning . . . . 61, 3 —97.2 At beginning . . . . 56.0—103.0
Temperatare . . . . , 76° Atend . . . . . . 64.5—0910
Time of one vibration . . & 859 ‘Temperature A" Sw, , - 24%¢
Magnet brought to rest by the vibrations of the instrument Time of one vibration . . 5885

caused by the wind.

Valparaiso, March 29, 1866. Valparaiso, April 11, 1866.

No.| TimeP.M. | No.| TimeP.M. |Limeof 150}l \ | e p M. | No.| TimeP.M. | limeof Iso
d i ) > W vibrations. || T £~ ' S vibrations.
O IB 28m 752 | 150 | Ib g42m49%0 14™ 4148 O | 120 37m 1252 | 150 | I2% §I™ §5%0 | 14m 4288

Io| 1 29 52 [160] 1 43 48.0 14 42.8 10/ 12 38 11.0 [ 160 12 §2 54.0 14 43.0
208 W18 30 16"8%l 170 || 1 44 469 14 40.1 20|12 39 9.8 | 170 | 12 53 528 14 43.0
g " g A2l 180 M1 45 45%2 14 42.8 30{12 40 8.6 |18 |12 54 51.8 14 43.2
40| 1 32 0.6 | 190 1 46 43.8.| 14 43.2 40 | 12 41 7.4 | 190 | 12 §5 50.6 14 43.2
50| 1 32 586 [200| 1 47 430 14 44.4 50| 12 42 6.4 | 200 | 12 56 49.4 14 43.0
Mean'.'? . . 14 42.52 Mean . . .. 14 43.03
Extreme scale readings, Extreme scale readings,
At beginning . . . 63.0—98.8 At beginning . 64.5 —91.0
PATNG Rl B a4 5 65.5 — 96.0 AN end @i, . 70.0 — 85.0
Coefficient of torsion v == 3.80 div. Temperature . 5 o e
Temperature . . 3 75°.5 Time of one vibration . . 52887
Time of one vibration 4 5°.883
Vibrations irregular on acconnt of the wind, which, at
onc time, almost bronght the magnet to rest.
Valparaiso, April 7, 1866. Valparaiso, April 11, 1866.
Inertia ring on magnet.
. . Time of 150 . : Time of 150

No. ! Time A. M. No. | Time A. M. vibrationg. No.! Time P. M. No. Time P. M. ot
O | 108 2m15°.6 | 150 | 1Oh 16™ 55%0 | 14™ 39°.4 of 1 8m 626 | 150 | 1B 2ym 254 18m 55%.8
10| 10 3 14.2 [ 160} 10 17 54.2 14 40.0 10| 1 9 222 [160| 1 28 18.1 18 55.9
SORIONN4- 13.2 | 170" ‘10718 3.6 14 40.4 i2oN| RIS 10~ 57k S| ‘T7ON|Ie29r ¥335E 18 356.0
BORINTON MGk *11.8 | 180 | '10° 19 53.0 14 41.2 30| 1 11 537 {180 | I 30 49.4 181 Mk 7
40 | 10 6 11.2 [ 190 | 10 20 §2.4 14 41.2 40| 1 13 9.4 |I1I90| 1 32 5.2 18 55.8
50| 10 7 9.6 | 200! 10 21 §5I2 14 41.6 50| 1 14 250 | 200 1 33 210 18 56.0

Nedne. ook . 14 40.63 Mean ....{ 18 5587
Extreme scale readings, Extreme scale readings,

At beginning . 59.8—102.8 At beginning . . . 58.8—101.6
Affend*.. . . . . 56.5—106.5 Atend ., . . . . . 67.0—03.2
oefficient of torsion . . = 3.92 div. Coefficient of torsion . » = 5.50 div.
Temperature . . . . . 66°5 Temperature . . . . . 88%0
Time of one vibration . . §%871 Time of onc vibration . . 7%572

14 July, 1872,
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Valparaiso, April 13, 1866. Flamenco Island, Panama Bay, May 14, 1866.
= 9 Time of 150 . - Time of 150

No.| Time P.M. | No. | Time P.M. | {F¢® 159} No. | Time A. M. | No. | TimeA.M. [ eS8 15
0| 2b 45m23%.6] 150 | 3% om 6%2 ] 14™42%.6 o8 somi1n4| 150 | gb 3m375.8| 13m26%4
10:Ji2 46 21:8,] 6o [ 3 1 4.0 14 42.8 ToLIRS 45t TNEhK 160, [0, w34} 15 26.3

204ll'2 47 22| 5o 1 3 w2 3.6 14 42.4 208 51 590 170 |9 § 25.2 13 26.2
30[2 48 19.6] 150 13 3 24| 14 428 30[8 52 523| 180 |9 6 19.0] 13 26.2
401| 2/ 49 1gioll 2g0 i 3" uds 06 14 416 40 | 8 53 46.5 190 -|i 9 713 0 3L 2688
o/l 2 5o 17:8{} 200 | 3" 4] 58:6) 14 ¥40.8 508 54 404 | 200 |9 8 6.9| 13 26.5
Mean .. .| 14 4217 Mean . 13 26.35
Extreme scale readings, Extreme scale readings,
At beginning 57.8 — 101.5 At beginning . . . 582-—1010
Atend o . ., 74.2— 85.2 Atend, . ., .+ . 06.6— 92.9
Temperature . . 66°.5 Coefiicient of torsion . . v=2.78 div.
Time of one vibration . 5%881 Temperature, . 92°.0
Time of one vibration . 5376
San Lorenzo Island, April 26, 1866. Acapulco, May 30, 1866.

No. | Time .M. | No. | Timep.a. | Tmeof 150l no | e a M. | Mo, | Time a.n, | Time of 150
i e " * 7% 1 vibrations, ! e iy ) * 77| vibrations,
0 |12b 40m 69| 150 [12b 54% 7%.4 14™ O%5 | o | 8 32m 38! 150 | 8 45m23.4| 13™19%6

10 /12 41 30| 160 |12 5§55 3.0 14 0.0 10 | 8 32 57:.00[! GoLE SELGET 7 ol 0N
20 (12 41 59.0f 170 |12 55 50.2| 14 o©.2 20 (8 33 s50.6 170 [ 8 47 10.2 | 13 19.6

30|12 42 550| 180 12 56 54.9| 13 59.9 30 (8 34 439 | 180 |8 48 37| 13 198

40 |12 43 s5hof 190 (12 57 50.8( 13 359.8 40| 8 35 37.0( 190 |8 48 57.0| 13 200

50 |12 44 47.1| 200 [12 §8 47.4| 14 0.3 508 36 306| 200 |8 49 s50.5!| 13 19.9

Mean ... | 14 o0.08 Mean . . . 13 19.85
Extreme scale readings, Extreme scale readings,
At beginning . o 61.2 — 101.1 At beginning . 57.8 —102.2
Atend . S BN -l it 0= 489io Atend. 3 : . 65.2— 05.0
Coeflicient of torsion . . . v = 3.10 div. Cocflicient of torsion . . v = 3.40 div.
Temperature . 89°.0 Temperature. . 89°.0
Time of one v1bmt10n 5601 Time of one vxbratlon 5332
Payta, May 7, 1866. Acapulco, May 30, 1866.
Inertia ring on magnet.
: . v . Time of 150 ot : Time of 150

No. | Time A.M. | No. | Time A. M. vibrationss. No. [ Time A. M. | No. Time A. M. et

O gh 21 9.8| 150 | 9b 34m 4904 | 13™ 39%.6 o |oh 46m 92| 150 |1ob 3m1Qn§| 17™ ION3
10/9 22 44| 160 |9 35 440 13 39.6 10|90 47 17.4| 160 |10 4 28.2| ‘17 108
2019 22 592| 170 {9 36 38.6| 13 39.4 209 48 26,5 170 (10 5 37.0] 17 10§
309 23 53.6| 180 |9 37 332 13 306 0|9 49 35.2| 180 |10 6 45.6( 17 104
40 |9 24 48.2| 190 |9 38 27.6 | 13 39.4 40 |0 50 43.8| 190 [10 7 54.4| 17 10.6
5019 25 428 | 200 {9 39 223 13 39.5 50 |9 51 524 | 200 |10 9 32| 17 108
Mean . . . 13 39.52 Mecan , . . 17 10.57
Extreme seale readings, Extreme scale rcadings,
At beginning . 58.2 —101.8 At beginning . . 56.2 —103.7
Atend, T 67.8 — 92.2 Atend. . . . . . . 651— 048
(‘ocfﬁclcnt of torsion ., aWv= 3.20'div. Cocfficient of torsion . . . v=4 55 div,
Temperature 3 87°.5 Temperature 3 99°.5
Time of one \nbralmn 5463 Time of one vxbratlon 68870
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San Francisco Bay, June 26, 1866.

£ : Time of 1504 : : Time of 150
No. | Time A. M. | No.| Time A. M. s g No.| Time A.M. | No.| Time A. M. o A 55
GRS rhSN g iss 4 3 150 |- 1B 21m 528.8 o| 3h21rma22.7 | 150 [ 3t 36ms57ny | 15m35%0
IOV T "¥8" 59.4% [ 6o | 14 22 49.0 10| 3 22 24.7 (160 3 38 o0 15 35.3
20 P°T 9 54.5 | 170 | 123 44.4 20 3 23 27.2 |170] 3 39 2.5 T51 e
30| 1 10 49.0 | 180 I 24 40.2 30| 3 24 30.2 [ 18| 3 40 4.7 15 34.5
40| 1 II 444 |190| 1 25 36.0 40| 3 25 320 [1g0| 3 41 7.2 15 35.2
so| r 12 39.8 | 200 1 26 308 50| 3 26 34.7 | 200 3 42 10.0 h5&35.3
100 17 16.4
Extreme scale readings, Mean . . . . | I5 35.1I0
£t beginning 55.0 = I01.0 Extreme scale readings,

Atend .. 69.0 — 85.0 At beginning . §7.0—102.0
T,emperawre soe e 79%0 At end . . . . 680—g05
Time of one vibration . 5%.527 Coefficient of torsion . .= 4.35 div.

In this and the following observation the vibrations of Temperature . . . . . 77%0 g
the magnet were very irregular on account of a high wind Time of one vibration . . 6%234
which shook the instrument.
Magdalena Bay, June g, 1866. U. S. N. Observatory, Washington, Noy. 1, 1866.
No.| TimeA.M. | No.| Time A. M. |Timeof IS0} Nl mrep M. | No.| Timep. M. |Timeof 150
. Y- ¥ ’ O vibrations. . e i Hne, 2. vibrations.
O | Ib 4mmy2%2 | 150 [ b g5gm 4.8 O 5b igmg2sy [ 150 | s5h 37m46s5 | 1ym53e8
0| 1 42 7.8 |60 1 56 0.4 10| 5 21 350 |160| 5 38 58.0 17 53.0
20 1 43 30 |I70| 1 56 56.0 20| 5 22 160 {I70| 5 40 9.2 17 53.2
30| I 43 59.0 |180| I 57 51.4. 30| 5 23 27.5 | 180 | 5 41 207 7 e
40! I 44 54.0 | 190 | I 58 46.4 40| §5 24 39.0 [Igo| 5 42 31.8 17 52.8
50| I 45 48.4 (200 I 5§59 416 50| 5 25 350.7 |200]| 5 43 43.0 7 W52
100 1 50 25.4
Extreme scale readings, Mean ... .| 17 53.03

* At beginning 53.5—98.5 i Extreme scale readings,

At end . . : | At beginning 52.5 — 106.0
Coefficient of torsion . v=4.37 div. : At end J . 66.6—g5.2
Temperature . . . . 86°.5 i Coefficient of torsion .7 ==35.80 div.

Time of one vibration . 55533 Temperature . i 67°.5
Time of one vibration |, 7°.154
|
The following sets of observations of vibrations were
made in the basement of the Observatory, where there is
much iron, and are to be used only to determine the moment
of inertia of the magnet.
San Diego Bay, June 15, 1866. Set 1. November 2, 1866.
: q Time of 150 || 4 4 : Time of 150
No. | Time P. M. No. | Time P. M. Sibrations” No Time. No. Time. i brabions
o} 68 11m gu2 | 150 ( 6% 25m 58.2 | 14™ 490 o 5h 37m 3187 | 150 [ 5b 54m 5388 | fym 228
10| 6 12 8.3 |160| 6 56.6 l 14 48.3 10 38 412|160 w5 561 1132 17 22.0
20| 6 13 7.4 |170] 6 27 55.8 14 484 20 5 39 50.7 | 170} 5 5§57 I2.7 17 22.0
30| 6 14 70 |18 | 6 28 554 | 14 484 30| 5 41 0.2 | 180} 5 58 215 1782273
20°[5.6,.15. . 6.2 3 Ige.| ¥6'"2g" 3.8 | 14 47.6 40| 5 42 9.7 [1g0] 5 59 3I.2 17 21.5
s0f 6 16 5.4 [20 ] 6 30 53.0 | 14 47.6 50| 5 43 19.2 |200| 6 O 40.7 T 215
Mean (oo e ’ 14 . 48.22 Mean o o o0 17 2L.73
Extreme scale readings, Extreme scale readings,

At beginning . .+« 94.9—108.9 At beginning . 3 50.¥ —99.8

At end . 70.0 — 88.0 At end 66.9 — 92.2
Coefficient of torsion . v = 3.60 div. Temperature . 3 65°.5
Temperature . . s 79%0 Time of one vibration . 6".945
Time of one vibration . 5%.921



REPORT ON

108
HoRIZONTAL INTENSITY. OBSERVATIONS OF VIBRATIONS.
Set No. 2. November 2, 1866. Set No. 5. November 2, 1866.
Inertia ring on magnet,
N g . Time of 150 || . A Time of 150
No. Time. No. Time. Cilsatians, No. Time. No. Time. Vil o,
o 6 17m25%3 | 150 [ 6P 39m 468 | 22m 218§ o| 8 gm221.7 | 150 | 8b 24m 4482 172 215§
10| 6 18 552 | 160 6 41 16.2 22 MO 10} 8 32.2 | 260 |48 s25 WE3 17 2L.§
20 6 20 24.2 {170 | 6 42 45.7 22 Mol 5 20| 8 9 417 | 17o3{RS w27 RNite 17 j2r,s
30| 6 21 54.0 {180} 6 44 14.8 22 20.8 30] 8 10 51.2 | 180 | 8 28 12.7 17 2L.§
40 | 6 23 23.7 | 190 | 6 45 44.2 22 20.§ 40 | 8 12 a4 | 190 [¥8 329 §22i0 17 2L.3
50{ 6 24 530 |200| 6 47 13.7 22.220.7 50| 8 13 102 [ 200 | 8 30 317 17' 22145
Mean . ... | 22 21.00 Mean , ... 17 21.47
Extreme scale readings, Extreme scale readings,
At beginning . *, . . 58.9—7100.8 At beginning . . . 58.7—99.3
Atend . . ., . . . 68.3—05.5 Atend . . . . . . 66.5—09I2
Cocfficient of torsion . v=17.58 div, Coefficient of torsion . . z=6.05 div.
Temperature . o S08°%s) Temperature . . . ., , 69°%
Time of one vibration ., 8,940 Time of one vibration . 6%.943
Set No. 3. November 2, 1866. Set No. 6. November 2, 1866.
; o Time of 150 . . Time of 150
No. Time. No. Time. Iy No. Time, No. Time. Fibrations
o| 6 g7m 4183 | 150 7lI 15m 3%2 17 21%.9 0| 12b 31m 5852 | 150 | I2d 49™ 512 17m 5310
10| 6 58 508 | 160 12.8 157 ~e2250 10 | 12 337 9.2 | b0 [Sr2Ssh e 2ss 53.3
20| 7 o o2 |17 7 17 22.3 T7 2% 20| 12 34 210|170 | 12 §2 14.2 17 53.2
30f{7 1 98 |18 | 7 18 315 17NN 30| 12 35 327|180 12 §3 25.7 17 33.0
40| 7 2 190 [190]| 7 19 41.0 17 22.0 40 | 12 36 44.0 (190 | 12 54 37.2 | 17 5§3.2
50| 7 3 288 |200] 7 20 350.5 1742157 50| 12 37 55.7 | 200 12 55 48.7 | 17 353.0
Mean . ...l 17 2190 Mean . . . 17 5312
Extreme scale readings, Extreme scale readings,
At beginning . 54.2 — 104.5 At beginning . 59.5 —99.0
Atend . . . 63.2 —94.9 Atend . 65.5 —92.0
Temperature . . 5 69°.0 Temperature . 2 56°.0
Time of one vibration . 6. 946 Time of one vibration . 7%.154
Set No. 4. November 2, 1866. Set No. 7. November 2, 1866.
Inertia ring on magnet, Inertia ring on magnet.
3 - 5 Time of 150 " . o Time of 150
No. Time. No. Time. vibrationss. No. Time No. Time. iR
O 7h 26" 18%3 | 150 7h 48m 3900 | 22m 2009 o I1b 3m23.5 | 150 | Ib 26m 2287 22m 59%,2
10| 7 27 47.7 | 160 so 8.5 22 208 10| I 4 sh5.2. 7160 | 1. 27 J54.2 22 §9.0
20| 7 29 17.2 | 170 7 51 37.9 22 20.7 20 | "1 ° 6 se7.58 [Mug0l |1t 26 12657 22 59.2
30 7 30 467 [ 18] 7 53 7.3 22 206 30| 1 7 i59:28" 8o | NIk 36N L8 T 22 503
40| 7 32 6.0 | 190 | 7 54 36.7 2053087 40 [ 1 - 9" 3131901 [} 32" 3682 22 589
50| 7 33 45.5 [200]| 7 56 5.8 22 - 20.3 50 | 1. M Tz laco sl T34 025 22 §9.3
Mean: . . . 22 20.63 |  Mean . . . 22 59.1§
Extreme scale readings, | Extreme scale readings,
At beginning 56.5 — 103.6 ' At beginning . . . . 58.2—10I.0
Atend . . Atend . . . . . . 68.0—97.2

- 65.1 — g6.
Temperature ., . . g°.o i

Time of one vibration . . 8.938

53%5
9%194

Temperature . . . . .,
Time of one vibration . .
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Set No. 8. November 2, 1866.
g g Time of 150
No. Time. No. Time. S o
O | 1t gom19t2 | 150 | I® 58m 1185 17m 5283
10| I 41 307 |160| 1 59 23.0 17 §2.3
ZON BRI 2R 2: 2 BT 708 ISR N0 B2 17 52.3
30| 1 43 537 (18 ( 2 1 46.0 17 52.3
40 | I 45 5.2 | 190 | 2 2 57.5 17 52.3
50| I 46 167 [200{ 2 4 9.0 17 52.3
iMean 5 o 17 52.30

Extreme scale readings,

At beginning
Atend . .
Temperature .

Time of one vibratio

n .

. . 60.0—101.0
68.0 —92.8

§2°.5
7149

109






MAGNETIC OBSERVATIONS, 111
HoOR1ZONTAL INTENSITY. OBSERVATIONS OF DEFLECTIONS.
St. Thomas, November 13, 1865. St. Thomas, November 13, 1865.
9 D pon [y
‘g = i “-Ego g g -3 - 3 : v go ] g ! ¢
) ‘é"a Time. Tctmp. oF 5 ¢ |Diff’s.| Dist. 7 -g,g Time. | Temp. -g—ud g S | Diff’s. | Dist.
= & L3 |
258 R Ak e &3 | 2=
g’. 2h gm | 87°, 46%.4 W. | 22 15w | 85.° | 6147
o A 108.1 | 4644 o 1E. © 93.2 | 614.6
g’ W. 46.4 | 108.1 B3 :S’ w. 6:15.6 93.2 36
= E. 108.1 e 93-3 f
= - = ! &
oM 5 !
\2. log.g - H 93.2 o
SIS 46. 108.4 o | W 61.6 93.2
2 | E. 108.5 | 4681670 | & [ % |E. 93.3 | 615 |3%7 !!
Hlw. |2 15 |8s. 46.9 N (Rl =R e [l 61.5
Means 86.0 2ud | 61.65 Means 85.0 2ud | 31.65
Coefficient of torsion, v = 4.80 div.
St. Thomas, November 16, 1865. St. Thomas, November 16, 1865.
) o . ) S o
N S SR T o£ | &4l 1.
§0 -:-g.g Time. e:np. EF% 58 Diff’s.| Dist. gn 7*5"5’ Time. Tetmp. -—'8'% 5 g | Diff’s.| Dist.
= 17 ° Figer | 2= 7 © Aoy w 32
W. [ 12P 10m 90.° 434.6 W. | 128 20w 87.° 584.7
< [ E. 105.3 | 434.6 a - NS 90.4 | 5846 .
:;3 W. 43.7 | 105.3 o :}8 w. 58.6 | 90.4 38
N, 105.3 = E. 90.4
B . e s i
N e~ o
18 105.6 o E. 90.4 o
= | W 439 (1055 16 o | {5 | W 598 1904 |0 |
2 | E. 105.5 43.8 ¥ N 2 | E. 90.5 | 59.0 N
R W, |12 20 87. 43.8 B hwal 12 50N % 58.9
Means 88.5 2ud | 61.70 Means | 87.0 2ud | 31.60
Coefficient of torsion, v == 4.55 div.
Salute Islands, November 28, 1865. Salute Islands, November 28, 5805.
| 5 £ . . Q 4 5= = s .
g” "—._.’:,é Time. Tetmp. %g §§ Diff’s.| Dist. gn -Fé.g Time. Tetmp. %E& gg Diff’s.| Dist.
= ‘2 5] Lz <= s |79 v g I
! e | ——e
T )
W. | 128 1357 91.° 4141 W. | 122 25™ 90.° 564.3
e ¥ 102.5 | 4141 | (g 4 + [ E. 87.8 | 564.3 | 3145
2 W 41.1 | 102.§ 1 A Ak 56.3 87.8
ST 102.5 bt 0 87.8 \
— e et 1 5 = = | &
= o AgET 2
E. 102.8 oi E o | 3
o | W 41.3 | 102, | Ol W 56.4 s0)| e
a | E. 102.9 | 41I. ko 5 SWINES 88. 56.4 3 N
R Iw. l1z 25|90 41.3 HoLw. [ 12 35 | 89. 56.4
Mecans 90,5 2ud | 61.45 Means 89.5 2ud | 31.55
Coefficient of torsion, v == 4.02 div.
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HoR1ZONTAL INTENSITY. OBSERVATIONS OF DEFLECTIONS.

Rio Janeiro, January 6, 1866. Rio Janeiro, January 6, 1866.
| 1e . g |2
ey ® © - o @
§ [£g| Time |Temp| #5 | £ |Diffs.|Dist.|| & |5| Time. |Temp| 2% | £ § |Difs. Dist.
g% ¢7 83 | 2= LI RN
N e NG R 39%.1 Wall 6™ 1om= (| 8wia9 564.2
+ | E. 109.0 | 39%0 69%.8 s |E 92.0 | 5642 358.7
L | W 39.0 | 108.8 S| 56.2 91.9
> | E. 108. = 91.8
b e s i & T o
— | == =
¥ Bt oz oo |1 [ |3 22 | g |1
o 2 9. 109. : = . .2, 5 )
8 |E. r 109.2 39.4 S 1 A E: 92.2 56.2 B e
HIwW. (6 10 | 74 39.3 H[W.|6 20 | 74 56.2
Means 74.5 2ud | 69.85 Means 74.0 2u! | 35.80
Coefficient of torsion, v = 5.77 div.
Monte Video, January 18, 13866. Monte Video, January 18, 1866.
y 10, )/
: i 18 | . g |
g : wnsl e S e ] 3 3 IO W R e L
g [Eg| Time. |Temp. <3 S ¢ |Diff*s.|Dist. | <~ | Time., |Temp. = £ ¢ |Diff’s.| Dist.
155 33 |34 £ 153 +| 38 (2=
W. [ 48 ggm i 87° 37%.2 W. | 4b 45m | 87° 54%.4
< |E. 105.9 | 37%.3 68,7 + |E. 89.5 | 54%.4 3581
oW, 37.4 | 106.0 LW 54.4 89.5
=t E. 106.0 L 4 522 89.5
e 1 T & ] = s
¥ od N o T i w
E. 106.0 *I‘i E. 89.7 4.4 ‘ii
| W. 37.7 | 106.0 v, 1A 547 9. .0
a | E. 105.9 | 38.0 L1 a8 LE} 89.6 | 54.6 35 s
K \W. 14 45 | 8 38.3 K|W.[4 55 | 88 54.6
Means | . 87.0 2ud | 68.35 Means 87.5 2u® | 35.05
Coefficient of torsion, v = 4.50 div.
Sandy Point, February 7, 1866. Sandy Point, February 7, 1866.
e | nd . B e
- =] - a n
g [Sg| Time. |Temp| 25 | £§ |Diff's./Dist.|| & || Time. [Temp.| %5 | £ § |DiffsDist.
g |8¢g ¢ 33 | 5= s |5¢ ¢ noy tlt =t
S =9 2 = - - A R~ <
W. | 12k 45m 72° 430 W. | b 8m | 6g° 584.8 v
¢ | E. 110.2 | 43%5 | 662.8 ¢ |E 93.2 | 5846 3446
& W, 44.0 |110.3 I A 58.3 93.2
2 | 4ag 110.3 Ll 9 0% 93.2
=gz = &
e o |l—— S
i3 110.7 o E. 93.4 o
L |w 426 [108(ez, |1 | . | W 58.9 | 937 347 | 1
a | E 110.9 42.6 A 2 |E. 94.0 59.0
M Iw.| 1 8| 69 42.3 RUSIEWE e 7233 0 (1768 59.1
Means 70.5 2ud | 67.50 Means 68.5 2ud | 34.65
Coefficient of torsion, z == 8.25 div.
A high wind blowing which made the magnet very
unsteady.

15  July, 1872
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HoRr1zoNTAL INTENSITY. OBSERVATIONS OF DEFLECTIONS.
Valparaiso, March 2, 1866. Valparaiso, March 2, 1866.
3 MY E BEF
§ || Time. |Temp| &= | E£§ |Diffs Dist. || § |2 Time, | Temp. 4% | 5§ |Diffs. Dist
] 131 = o s g =8
2 (25| BM ¢ a2 |27 = 2 “g | <7
W. | 5h g2m | 71° 384.3 W. | 6 3mi| Fete 534.8
< | E. 103.7 | 3841 | 4.4 < |E, 87.1 | 5347 .4
L lw. 37.0 | i03.4 |53 S |lw, 53.7 | 87.1 334
SRR 103.1 =L E 87.1
[ 2 = |2
P [ m— o (72
E. 103.3 o % 87.2 ’ o
i |5 s |'Eafese |1 I g |E 35 | S ess |
w.16 3 |[g0- 37.7 A (w.[6 14 |68 53.6
-ﬁeans 70.5 2ut | 65.15 Means 69.0 2ud | 33.45
Coefficient of torsion, v = 6.87 div.
Valparaiso, March 19, 1866. Valparaiso, March 19, 1866,
'éc £ .| Time. |Temp.| 5 | E§ |Dif’s.Dist.|| g |S.g| Time. |{Temp.| =5 | E§ [Diff’s:|Dist.
5129 ) 8z |23 s 128 g AF L
W, | 1t 1om 75.° 3749 : W. | 1t 20m | 76.° 54%.2
'ﬁ. E. 103.6 | 374.8 65.8 < | E 87.7 | 5481 3386
o | W 37.7 | 103.6 o [ W. 54.0 | 87.7
= |E. 103.7 Z |E. 87.7
p&=i g = T &
= B o BT B 172
E. 103.7 tﬁ E. 87.8 o
= | w. 38.4 | 103.7 o W 54.3 | 87.8 ]
‘3 E. 103.7 | 38.4 653 | 3 E, 87.8 | 54.4 334 |\
W.| 1 20|76 38.5 Woiiar 35 | 78 54.5
Means 755 2ud | 65.55 Means 77.0 2u? | 33.50
Coefficient of torsion, v = 4.80 div.
Valparaiso, March 29, 1866. Valparaiso, March 29, 1866.
€ E” g 4 5 ?,0 g 4
g. fe.u Time. | Temp. %‘i’g‘ E g | Diff’s.| Dist. S° = 5| Time. |Temp. -g"-g gg Diff’s.| Dist.
] ¢ al | Z= S £ ¢ 200 1|
S, o fh = |=° R
}EV. 122 oml 69.° | 3689 3 ;:V 12h 13m 68.° 5836"-‘ :
o B 102.1 | 3689 P ! .7 | 53%0
_.g W. 36.9 | 102.4 65°.5 f w. 2.9 86.6 336
-ty 102.6 ” | E. 6.6
I M e ol g
o w
v b, 8 ﬁ > e ] YOO E
A 37.2 102. o | W : 8
E. 102.8 | 37.3/955 | & ‘ﬁ E. %% 53.3 [335 | &
W.| 12 13| 68 37.3 W.| 12 28 | 68. 53.2 '
Means 68.5 2ud | 65.50 Megus 68.0 2u? | 33.55

Coefficient of torsion, v = 4.62 div.
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HoR1ZONTAL INTENSITY. OBSERVATIONS OF DEFLECTIONS.
Valparaiso April 7, 1866. Valparaiso, April 7, 1866.
: 4 2 @ ]
& ¢ ERL Fe 'l L N g ) g | 8¢
§ (£g| Time. |Temp. %’:E 5§ |Diff’s.| Dist. || gn £g| Time. |Temp| g5 | E § | Difr's.| Dist.
fiiE s ag |22 El flag 3=
;IEV. 8 ggm | 65° 384.2 & W, | gb 10m | 67° 534.8
& 2 102.9 | 38%0(. 4 + | E. 87.2 | 53%.9
S W, 37.9° | 1o2.9 |49 {8 |w. o | 8.7 13344
Z |E 103.0 | Z |k g;’; 7.3
W e ii |, W o §
o & 37.2 | 103.9 [ o s 5 87.6
‘3 E. 103.9 | 37.2 667 | & 4 | E. %36 5;,5 34.1 1!
W.|9 10 |67 37.2 R (W.|g9 25 |69 53.4
l
Means 66.0 2ud | 65.80 Means 68.0 2ud | 33.75
Coefficient of torsion, v = 4.68 div. |
Valparaiso, April 11, 1866. Valparaiso, April 11, 1866.
£ & | % & | € & |3 g
€ (€| Time. |Temp.| ¥%5 | E§ |Diff’s.| Dist. § §g| Time |Temp. 235 | £§ |Difi’s. Dist.
g 153 7| 83 |2= (EdE |43 |23
W. | 1B om | 74.° 394.2 W. [ 1 1 | 74° 55d.2
< | E. 104.3 39042 6581 o E. 88.4 | 35342 3343
LW 39.3 | 104.3 & Ww. 55.2 | 88.3
2 IPE. 104.4 ~ | E. 88.6
=1 (== TS Pl
—_ o wn
E; 105.2 o E; 88.9 ok cﬂ
| WV 38.9 | 105.2 ] .| w. 54.9 .9
i B ok 105.3 | 39.0 v e 2 | E. 88.9 | 54.9 G o
R w. |1 1x |74 39.2 ARSIV [R5 230 | 74 54.8
Means 74.0 2ud | 65.65 Means 74.0 2ul | 33.65
Valparaiso, April 13, 1866. Valparaiso, April 13, 1866.
us A
3 LA i g2 e E | e
g [ Time. |Temp. 5 g 88 Diff’s.| Dist. §a —g,g Time. Tetmp. -g-‘g 8 § Diff’s.| Dist.
s 28 L - 2 |&° vy |27
W. | s g5m | 71°. 374.2 W, | 2b ym | 65° s1d.9
= |E. 102.0 | 37%0 642.8 o E. 84.9 | 5147 3302
S 1w, 36.9 | 101.8 y s | W. 5I.5 84.9
Z |E. 101.6 = |E. 84.9
e e [ g = P
E. 102.2 o FV §§g 85.2 y
s ;:V !gi’:‘; ’g;:g 66.1 !! 4 |E. 85.0 | 510|342 {0
=W 2 7 |65 35.6 = |W.|2 20 |62 50.9
Means 68.0 2ud | 65.45 Means 63.5 2u? | 33.70
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Hor1zoNTAL INTENSITY. OBSERVATIONS OF DEFLECTIONS.
San Lorenzo Island, April 26, 1866. San Lorenzo Island, April 26, 1866.
g HEY g & 144
§ S| Time. [Temp.| 2:3 | E§ |Difs. Dist. || g €| Time |Temp.| 273 £ S | Diff’s. | Dist,
Ak MR Nk 7 BF A ==
W, | 11k 40m 79° 51d.0 W. | 11d gom| 82° 654.3 .
s IR, 109.7 | 50%.9 o |, 95.4 5.1
s | w. 50.9 | 100.6 | 557 5 |W.- . 650 | 95.1 |3%%°
Z |E 109.6 Z |E. 94.9
S R — RS S
| c— (o] wy
E. 110.4 \ii E. gig TI
W, 50.9 | 110.4 W, 5 95.4
3 E. 110.4 | 50.8 596 | o ¥ |E. 95.4 | 64.9 |3%5 |«
W. |11 52| 82 50.7 /[ W. | a2 - 7l 65.0
Means 8o0.5 2nd | 59.15 Means 78.0 2ud | 30.25
Coeflicient of torsion, v = 4.25 div.
Payta, May 7, 1866. Payta, May v, 1866.
3 & |44 - b 1&gy
E €| Time. |Temp. %-g S § |Diff’s. | Dist. || g €| Time. |Temp. %iﬁ E § Diff’s. | Dist,
2128 i - S |58 e 8% |22 |
' E’ 7RI35=H73 5292 : ;:V. 7b 46m | 79° | 65d.2 L
< |'E. 107.7 | 521 = | E. : 51
:‘;”a w. 52.0 | 107.7 5546 8 |w. 2?3 953.7 i A
Z |E 107.8 Z |E. 93.6
] 1 "t IR P
_ 3 .
\"Q lo&g & ei E. 94.0 -~
! 5I. 108.4 A A 64. .0
E E. 108.3 51.6 ey !. % | E. 91(7, 21_7 29.3 !!
W. "7 46 77 51.6 = R [W.l7 59 7 64.7
|
Means I 77.0 2u? | 56.20 Til Means " 77.0 2ud | 28.95

Coefficient of torsion, v = 3.62 div.

Flamenco Island, Panama Bay, May 14, 1866.

Flamenco Island, Panama Bay, May 14, 1866.

. H | & G 1R
< " a -l e s W
E (g3 | Time. |Tomp| 42 £ |Diffs. | Dist § [g| Time. |Temp. $£ | E§ [Dis | Dist
Lk 4 |<* ik ] ok <2
;‘:V. 7® 55™ | 83° 5o¢.g i W. | 8 gm | §2° 64%.0
o | E. 104. 504 < |E. 1. 64%.0
I|w st.o | 1046 |53%8 3 | w. o | o6 2746
Z |E 104.7 Z |E 91.6
I S —
L [o] wy
E. 105.6 o E. 92.0 o
- I W 50.4 | 105.5 §3.3 i o | W 63.8 | 920 o, fl
‘3 E. 105.5 | 52.2 . N & E. 92.0 | 63.8 A A
W.18 5 | 8 50.1 W.[8 15 | 82 63.8
Means 82.5 2ut | 53.55 Means 82.0 2u! | 27.90

Cocflicient of torsion, v == 3.18 div.
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HoRIZONTAL INTENSITY. OBSERVATIONS OF DEFLECTIONS.
Acapulco, May 30, 1866. Acapulco, May 30, 1866.
g . w2 [ Ha | 3 b | g4
& [§g| Time. |Temp.| 2% | E¢ |Diff%s.Dist. | € 55| Time. |Temp. 5 | £ ¢ |Diff’s. Dist.
g 155 | 8% | 4= g 153 Aty
;:V. 75 22m [ 86° 5349 WAL 7he 3amE (i 842 664.9
o . 107.0 | 5349 a1 = | E. 94.1 | 669 d,
R 53.9 | 107.0 53 L LW 66.9 94.2 273
= ' 107.0 =8 (O 94.2
E i) [ E— g
d 107.5 o . 94-4 8
Y (5. 535 [ 107.6 | 540 ] o | W 66.8 | 94.4 | 576 I
& |E. 107.7 53.6 s a8 (KBS 94.4 | 66.8 N
R IwW. |7 32 | 84 53.8 Hi{W.[7 4 | 8 66.8
Means 85.0 2ud ' 53.55 | Means 84.5 2ud | 27.45
Coefficient of torsion, v == 3.45 div.
Magdalena Bay, June 9, 1866. Magdalena Bay, June 9, 1866.
. b | 24 . b |2y
& [§g| Time. |Temp| 22 |.E§ |Diffs.|Dist g S| Time. | Temp. % | §§ |DiffsDist
= s =S
S 28 ag |27 = & By | <5
W. | 18 1gqm | 65° 49%.4 W. | 1t 40m | 65° 644.0
2 | E. 106.6 | 49%.4 a < | E. 93.1 63d.9 1
Ll | W 49.4 | 106.7 573 Lw 63.7 | 93.6 ik
o | OB 106.8 L'l [0 0 94.1
ELatE =
g v
E. 106.7 ‘I‘i E. 56)4.7 fﬁ
o W 49.6 | 107.3 I p L 5.0 95.1 | 5q.
g |E. 107.9 | 49.7 “ = a2 | L 95.4 | 63.4 797 [ &
EREWA N 40, | 165 49.7 A w. |2 15 | 65 65.8
Means 63.0 2ud | 57.45 Means 65.0 2n? | 29.70
Assumed coefficient of torsion, v = 3.87 div.
Magnet very unsteady, and its readings uncertain on acconnt
of a stiff breeze which shook the instrument.
San Diego Bay, June 15, 1866. San Diego Bay, June 15, 1866.
g b 14y g & 1§y
§ [S| Time |Temp. k £ § | Difi’s.| Dist. & (§g| Time. | Temp. 235 | § § Diff’s.| Dist.
ARt el A |22 g158 2% |3
W.l 2b gqm | 72° 45%.9 W. | 2b 532 | 71° 629.2
< | E. I11.3 | 46%.1 6512 = | E. 95.4 | 624.2 334.2
& w. 46.3 | I11.3 & W. 62.2 95.4
2l |0 111.2 L 9.0 95.4
[T L vy s
L. 112.6 \ii f)v gs.g 3 ‘I‘I
e AW 45.8 | 112.% ! g : 1% 95. 3.9
8 | E. 112.5 | 43.8 a3 21807 95.8 | 61.7 3 =
Hiw. [2 53 | 71 45.8 Hiw. |3 6 |7 61.8
Means L 2ud | 65.93 Means 70.5 2u? | 33.55

Cocfiicient of torsion, v == 4.28 div.







MAGNETIC OBSERVATIONS. 119

SECTION V.

OBSERVATIONS ON THE MAGNETISM OF THE SHIP.

Tue Monadnock is a second rate iron-clad vessel, of the Monitor type, of 1564
tons old or 1091 tons new measurement. On deck her length is 260.5 feet, and
her breadth 52.0 feet. She has a wooden hull, but her deck is covered by three
layers of iron plates, each one inch thick; and her sides, for a depth of five fect
from the deck, are covered by six layers of iron plates, each one inch thick. Thus
the deck is protected by three, and the sides by six inches of iron. She is provided
with two iron turrets, cylindrical in form, each 22.8 feet in outside diameter, 9.0
feet high, and 11 inches thick. On top of each of them stands an iron pilot-house,
7.7 feet in outside diameter, 6.4 feet high, and 11 inches thick. Each of these
pilot-houses is cylindrical in form, and so placed that its axis coincides with the
axis of the turret upon which it stands. The sides of the turrets and pilot-houses
are not solid, but are composed of iron plates, cach one inch thick, placed one
upon the other and bolted together till a total thickness of eleven inches is attained.
To each of the iron pilot-houses are bolted wooden stanchions, which carry wooden
pilot-houses whose floors are about nine and a half feet above the tops of the iron
pilot-houses. The centres of the wooden pilot-houses are respectively in the same
vertical lines with the centres of the turrets and iron pilot-houses over which they
stand. The centres of the turrets coincide with the midships line. The distance
from the stern of the vessel to the centre of the after turret is 84.5 feet; from the
centre of the after turret to the centre of the forward turret, 99.1; and from the
centre of the forward turret to the cut-water, 76.9 feet. Passing forward from the
after turret, we come first to the ventilator, which is 6.5 feet in diameter, and 22.8
feet high above the deck; and then to the smoke-stack, which is 9.9 feet in dia-
meter, and 31.0 feet high above the deck, both it and the ventilator being of iron.
The distance from the centre of the after turret to the centre of the ventilator is
31.3 feet; from the centre of the ventilator to the centre of the smoke-stack, 16.5
feet; and from the centre of the smoke-stack to the centre of the forward turret,
51.3 feet.

At St. Thomas, before the magnetic observations on board ship were made at that
place, a wooden mast 77.7 feet high was placed on the ship in order to enable her
to carry some sail. Its centre is 22 feet forward of the centre of the forward turret,
and what little iron was used in its construction is so placed that it is not at all
probable that it affected the deviation of the compasses in its neighborhood in the

slightest.
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The following are the designations and positions of the compasses which were
uised during the cruise :—-

The Forward Alidade was a Sands Alidade Compass, and was on top of the
forward wooden pilot-house, 33.5 fect above the iron deck.

The Forward Binunacle was a Ritchie Liquid Compass, and was in the binnacle
of the forward wooden pilot-house, 27.2 feet above the iron deck.

The Forward Ritchie was a Ritchie Monitor Compass, and was 6.7 feet above
the top of the iron pilot-house on the forward turret. It was 22.1 feet above the
iron deck.

Of these thrce compasses, the Forward Alidade and Forward Ritche were placed
exactly in the vertical line passing through the centre of the forward turret, and
the Forward Binnacle was placed about two feet further forward, but nearly in the
same vertical plane.

The Admiralty Standard Compass was on top of the after wooden pilot-house,
37.0 feet above the iron deck.

The After Binnacle was a Ritchie Liquid Compass, and was in the binnacle of
the after wooden pilot-house, 27.2 feet above the iron deck.

The After Ritchie was a Ritchiec Monitor Compass, and was 6.7 feet above the
top of the iron pilot-house on the after turret. It was 22.1 feet above the iron
deck.

Of these three compasses, the Admiralty Standard and After Ritchie were placed
exactly in the vertical line passing through the centre of the after turret, and the
After Binnacle was placed about two fect futher forward, but nearly in the same
vertical plane,

The After Azimuth was a common Azimuth Compass which was set up temporarily
on the quarter deck every time the ship was swung; small cavities having been cut
in the iron surface of the deck for the reception of the feet of the tripod, so as to
make sure that the instrument always occupied precisely the same position. 1t
stood 47.5 feet abaft the centre of the after turret, and there were two vertical iron
stanchions, cach two inches in diameter, 10.3 feet high above the deck, and 12.1
feet distant from the compass, one of them being directly forward and the other
directly aft of it. This compass was elevated 4.6 fect above the iron deck; but
when observations of magnetic force were made, it was necessary to remove it and
substitute an Admiralty Standard Compass, which occupied precisely the same
position, except that it was 4.8 feet above the deck. When the dip circle was
used it also stood 4.8 feet above the deck.

It will be observed that all the compasses stood in the midships line, no matter
what their clevation above the deck might be.

All the observations for determining the deviations of the compasses were made
by swinging the ship in the following manner: The true azimuth of a well defined
distant.object was determined by a solar bearing, as explained in Section III, page
26, and the declination of the magnetic needle having been applied to it, its true
magnetic azimuth became known ; then, supposing the sight vanes of the Admiralty
Standard Compass to be kept pointed steadily to that object while the ship was
swung, the reading which they would indicate on the azimuth circle attached to

PP —— ..
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the cover of the compass, as the ship’s head pointed successively to each of the
true magnetic points, was computed by means of the formula
R=180°4 A4 —¢
where i
IR = reading of sight vanes on the azimuth ecircle attached to the cover of the
compass, '
4 = true magnetic azimuth of the distant objcct; the azimuth being counted
from the south around by the west.
¢ = azimuth of the ship’s head, counted from the correct magnetic north around
by the east.

This having been done, on a tolerably calm day steam was got up in the boilers,
and, the vessel riding at a single anchor, slack water was waited for. As soon as
the tide ccased to run, the executive officer took the deck; an officer was stationed
at caeh of the compasses; I'went to the Admiralty Standard; and a quartermaster
was stationed at the ship’s bell. Then the helm was put hard-a-starboard, or hard-
a-port, depending on the direction in which it was desired to Lave her head swing,
and the engines having been started, one forward and the other backward (the
Monadnock was provided with twin screws which were entirely independent of
ceach other), the vessel at once begun to turn, without bringing any considerable
strain on her cable. Her motion was perfectly under control, and could be made
fast or slow at pleasure by merely varying the speed of the engines. I then set
the sight vanes of the Admiralty Standard Compass to the reading (on the azimuth
circle) of the point at which the ship’s head would first arrive, and placing my eye
to them I watched for the instant when they pointed to the distant object chosen
as an azimuth mark. As the thread of the sight vane approached the object 1
cautioned the quartermaster to be ready, and at the instant it covered the object T
made a signal, by dropping my outstretched arm, and the quartermaster struck a
single stroke on the bell. Upon hearing this, every officer at once read off and
recorded the heading of the ship, as indicated by the compass at which he was
stationed. 'Then, the engines not having been stopped, I turned the sight vanes
forward to the reading of the next point, and the same process was repeated ; and
so on, till the readings of all the compasses had been observed at each of the
thirty-two points, which was generally accomplished in about an hour, or an hour .
and a half. The difference between any observed reading and the true point to
which the vessel’s head was cirected at the time that reading was made, was of
course the deviation of the compass on that point.

"The forward iron and woaden pilot-houscs were fixed and did not revolve with
the turret, so that the lubber lines of the compasses in them always remained in
the same position. But with the after iron and wooden pilot-houses the case was
different. They were attached to the turret and revolved with it, and by so doing
caused the lubber lines of the compasses in them also to revolve. As the turrets
were frequently turned, it became necessary to establish marks by which the
position of the after one could always be referred to some fixed position, so that a

correction could be applied to the readings of the compasses in its pilot-houses to
16 August, 1872,
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reduce them to what they would have been if their lubber lines had not moved
For this purpose, whenever the ship was swuung, a fixed line on the under side of
the hurricane deck was produced till it touched the after turret, and then the
distance from its point of contact with the turret to a joint (marked number X1I)
on the outside of the turret was measured. This distance, having been converted
ito degrees and minutes by means of the known diameter of the turret, was the
correction to be applied to the position of the lubber lines. The following table gives
the measured distance, and its angular equivalent, at every station where the ship
was swung; but it must be noticed that these corrections apply only to the After
Binnaele and After Ritchie Compasses. The lubber line of the Admiralty Standard
Compass was always properly adjusted before beginning to observe.

Station. Joint XII. Lubber Line.
Hampton Roads . 14" 4 port Assumed correct.
St. Thomas Taqh W <4 .
Salute Islands . . .| o.6starboard | 6° 18 east.
Cearalfi| o MR LS e Y 6™ WSFREE
TR N Sl O LS D ! a3 G 6. S8 4
Rio Janeiro 0.8 port 5 14g. 08¢
Monte Video . 45 R A e
Sandy Point g < v () HCC
Valparaiso . 452 s 4" el
Callao o e Mo e o e i 50
Raname ¥ L T . St SR SR R 3T 2Nl
Acapulco 3o o6 WS B\ e
Magdalena Bay AT A B oy s
San Francisco . 5 33 e B AN

When the ship was being swung, I always read the Admiralty Standard Compass
myself. Each of the other compasses was usually read by the officer whose name
is set opposite to it in the following table.

Forward Alidade,
Forward Binnacle,
Forward Ritchie,
After Binnacle,
After Ritchie,
After Azimuth,

Lieutenant M. Miller.

Lieut. Miller, assisted by a Quartermaster.

Lieutenant Geo. Smith.

-Ensign F. Wildes.

Master Wm. Barrymore.

Mate Jno. Ponte.

My instruments for the measurement of magnetic force restricted me to the
method of deflections, and the only compasses on board at which that method
could be applied were the Admiralty Standard and the After Azimuth. As the
ship was always riding at anchor, and of course swinging a little, when such
observations were made, in order to render them as accurate as possible the follow-
ing plan was adopted. .

The deflecting bar was screwed to the movable circle which carried the sight
vanes of the Admiralty Standard Compass in such a position as to be at right
angles to them. That is, when the sight vanes pointed north and south the
deflecting bar pointed east and west. Then, 1°, The sights being directed exactly
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north and south, as indicated by the compass card, the point, which we will
designate by Z/, cnt by them on the northern or southern horizon, as might be
most convenient, was noted. 2°. The deflecting magnets were placed in the carriers,
one to the east and the other to the west of the compass card, both being at the
same distance from the centre of the card, and with their similar poles pointing in
the same direction. 'Then, keeping the sight vanes pointed steadily to the object
H, as soon as the compass card ceased to vibrate it was read off by means of the
prism attached to the sight vane. Let this reading be designated as A. 3°. Each
deflecting magnet was reversed, end for end, in its own carrier, and, the sight vanes
being still kept directed to the object X, the card was again read. Let this reading
be designated as B. Then the observed angle of deflection is A—;_B
The dip was obtained by removing the Admiralty Standard Compass with which
the deflections had been observed, and putting in its place a dip circle; the axle
of the dipping needle occupying precisely the same position that had previously been
occupied by the pivot of the compass card.
The observations of the deviations of the compasses made during the cruise have
been compared with the following theory, which is taken from the English
Admiralty Manual of the Deviations of the Compass, edition of 1863.
Let ;
X, Y, Z, represent the force of the earth’s magnetism drawing the north point
of the compass needle to the ship’s head, to the starboard side and
vertically downwards,

X', Y, Z", represent the combined force of the magnetism of the earth and
ship in the same directions.

a, b, e, d, e, f, g, h, k, represent constant coeflicients depending on the amount
and arrangement of the soft iron of the ship.

P, Q, R, represent constant coefficients depending on the amonnt, arrange-
ment, and independent magnetism of the hard iron of the ship,

H — the horizontal force of the earth.

H'= the horizontal force of the earth and ship.

0. =the dip. '

{ =azimuth of the ship’s head measured eastward from the correct mag-
netic north.

¢’ = azimuth of the ship’s head measured from the direction of the dis-
turbed needle.

8 ={ — (' = the deviation of the compass.

Then the whole mathematical theory of the deviations of the compass is com-
prised in the three following equations:

X'=X+4aX+b¥Y+cZ+ P (1
VY=P4dX e Y+ Z+Q )

2 =7 LG XL N Y L RZ LR (3)
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From (11) we easily get

sin § =% cos § 4+ B sin ' € cos {'} D sin ({—F{’)—{—G cos (( +¢H (12)
=N cos § 4 B sin {'4 € cos{'+ D sin (2’4 8) 4 € cos (2’4 8)

Of the last three cquations (11) is used when the deviations are given on the
correct magnetic points, (12) when the deviations are given on the compass points
affected by deviation.

Equation (12) may be put under the following form, which is sometimes con-
venient, and, which is very nearly exact, viz.:

T——:DWQ*;?{Q‘JF%W + G cos '+ D sin 2¢"+ G cos 24 } (122)

§in J =

By means of the cxpressions for sin § we may calculate the values of the cocffi-
cients A, B, €, D, G, if we know the deviations on five points. If we have the
deviations on more than five points, we may determine the most probable valnes
of the coefficients by the method of least squares; but the calculation will in
general be long and difficult.

If, however, the compass points on which the deviations are given divide the
circumference into equal parts, we may determine the exact coefficients %, B, €,D, €,
with great casc, and a sufficient degree of approximation, by determining first the
approximate coefficients A, B, C, D, E, and then deducing from them the values
of the exact coefficients. For that purpose we proceed as follows:

If the coefficients arc less than 20° their squares and products may be neglected,
and equation (12) may be put under the form

d=A -+ Bsin{'+ Ccos {'4 D sin 2{'4- E cos 2{’ (13)

Let &, 8, 3, . . . 8, be the deviations observed on the 82 points, by compass, S, S; S
... S, the natural sines of the rhumbs or of the angles 11° 15, 22° 30/ .. .. 78° 45’
respectively, then if the observations have been made on the 32 points we have
the following 32 equations from which to determine 4, B, C, D, E.












MAGNETIC OBSERVATIONS. 129

Ther, comparing equation (14) with equation (15), we find, to terms of the third
order inclusive,

NE =
% =B1—A101
€ =0C,+4+ 4,58,

D =D1+§1”_;ﬁ

¢ =L, +B,C,+ A4,D, (16)
NP D UlEl——ﬁla__BlzC‘f

=" ¢, 1 B.E, -‘6'13+ (_’121".1_2

DIy T Dy BY Do

HI—__Q’JF_Z 23N

I(1=—.D1E1+2B1 GI'DI

dy =B, D?

M,— C, D,

N1=%.D13

“When the deviation of the compass is small, the scveral parts of which it is
composed are simply added together; these parts are,

1. A, the constant deviation.
2. B sin ' C cos {’, the semicircular deviation.
3. D sin 2§’ + E cos 2{', the quadrantal deviation.

“When the deviation is large, %, B, €, D, €, or the angles of which these
quantities are the natural sines, may still be considered as the constant and as the
several parts of the semicircular and the quadrantal deviation, each of these angles
being in fact the maximum deviation which would exist if all the other coefficients
were zero; but their effects are no longer combined by simple addition.”

Before submitting the observed deviations to comparison with the theory, it is
necessary to free them from constant errors. These errors originated in two ways.

1°, When the ship was swung, the variation of the needle at the port where she
was lying was seldom accurately known. Hence, in order to obtain the true
magnetic azimuth of the object used as an azimuth mark, it was necessary to
adopt, for the time being, the best value of the variation which happened to be
accessible. In order to facilitate the setting of the sight vanes of the Admiralty
Standard Compass while the ship was being swung, the value thus adopted was
always so taken that, when the ship’s head pointed snccessively to each of the true

~magnetic points, the reading of the sight vanes on the azimuth circle attached to
the cover of that compass was always either some whole degree or some quarter
of a degree. When the declinometer observations were rednced, the true value of

the variation of the compass at cach port became known, and then it was discovered
17  August, 1873.
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that in some cases the adopted value was in error by more than three degrees. But
an error in the adopted value of the variation produced an error of the same amount
in the magnetic azimuth of the distant object used as an azimuth mark, and, there-
fore, in the pointing of the ship’s head to each of the true magnetic points. Bear-
ing in mind that the observed deviations were obtained by simply taking the
difference between the heading of the ship and the reading of the compass, it will
be apparent that if we apply to each observed deviation the difference between the
true and adopted variation of the compass, with its proper sign, we shall obtain the
true deviations for the directions in which the ship’s head actually pointed at the
time the readings of the compasses were made. From these corrected deviations
the deviations on the true magnetic points can be found by simple interpolation.

'Therefore, if we let
m = the trué, minns the adopted, magnetic azimuth of the distant object

used as an azimuth mark: the azimuths being taken as increasing from
the south around by the west.

0’ = the observed deviation of the compass when the ship headed in the diree-
tion A.

8" = the observed deviation of the compass when the ship headed in the direc-
tion A=F11° 15'; the upper sign being taken when m is positive,
the lower when m is negative.

d = the deviation of the compass when the ship hcads to the true magnetic
point which lies between 4 and 4 11° 15’; that point being of the
same name as A was intended to be when the ship was swung.

Then we shall have with sufficient accuracy

8 =4
6=98"4-m :Fm1(1° 15')

the upper sign being taken when m is positive, the Jower when m is negative. By
this formula the deviations of the Forward Alidade, Forward Binnacle, Forward
Ritchie, Admiralty Standard, and After Azimuth Compasses, on the truc magnetic
points, have been computed from the observed deviations.

2°. In addition to the correction which has just been explained, the observed
deviations of the After Binnacle and After Ritchie Compasses require a further
correction on account of the lubber lines of these instruments revolving with the

after turret, and thus being frequently out of their true position. This correction,

which we will represent by L, is constant, and is equal in amount to the displace-
ment of the lubber line. Its sign is - if the lubber line is to starboard, — if it
is to port, of its true position. The deviations of the After Binnacle and After
Ritchie Compasses, on the true magnetic points, were therefore computed from the
observed deviations by the formula

6'—48")
d=8"+ (m+ LyF 2L =2)
+( + bV 11° 15
the upper sign being taken when i is positive, the lower when mn is negative.

To have computed numerically all the values of § for each compass by means of
the expressions just given, would have involved a great amount of labor; it was
therefore done graphically as follows:

~

2man
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On a piece of cardboard of suitable size a horizontal line a b, 55 inches long,
was drawn, and divided into eighths of an inch; cach half inch representing one
degree, and the whole line representing 11° 15, or one point of the compass.
Touching the extremities of the line a b, and at right angles to it, were drawn the
line ed and ef; and each of them was divided, npward and downward from the
line @ b, into points and eights of points;’ each point occupying the space of 2}2
of an inch. Finally, a straight slip of drawing paper was divided on its edge into
degrees and sixths of a degree, each degree occupying a space of one-quarter of an
inch; and the graduation was numbered from the middle towards each extremity.

Then, to compute the values of § for any compass at any place, the paper scale
was laid down parallel to, and to the right of, ¢ d, and at a distance from 1t (mcasured
on the line a ?) equal to m; next, withont moving the paper scale at all in the
direction a b, it was slipped up or down, as might be necessary, in the direction
parallel to cd, till the line ab cut the division on it which was equal to (m + L);
the zero of the scale being above the line a b if (m 4- L) was negative, below it if

! For computing the deviations of the Admiralty Standard and After Azimuth Compasses the
lines ¢d and e f were divided into degrees and sixths of a degree, cach degree occnpying the space

of one-quarter of an inch.
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(m -+ L) was positive. Things being thus arranged, a wcight. was placed on th‘e
paper scale to prevent it from moving. Then a ruler being laid so that, while it
crossed the line ed at a distance from a equal to ¢/, it also crossed the line e f at a
distance from b eqnal to §” (the distances 8’ and §” being taken abore the line a b
if they were positive, below it if they were negative), the reading of the point on the
paper scale where the ruler crossed its edge was the required value of §. In that
way, without again moving the paper scale, the values of the deviations on each
of the thirty-two true magnetic points were computed from the observed values.

The following table contains the constants which were used in computing from
the observed deviations the deviations on the true magnetic points. The first
column gives the name of the station. The second column, the distance in miles
from the ship to the object used as an azimuth mark. The third column, the
assumed magnetic azimuth of the object used as an azimuth mark; the azimuth
Leing connted from the south around by the west. The fourth colnumn, the trune
magnetic azimuth of the same object, found by applying the magnetic declination
given in the table on page 61, section 1V, to the true azimuth given in the table
on page 36, section ITI. The fifth column, the value of m. 'The sixth column,
the value of L; and the seventh column, the value of (m 4 L).

) Distance of l Assumed True

Station. Object in Magnetic Magnetic m 0 ™ (m+ L)
l Miles. Azimuth. Azimuth,
Hampton Roads . . . I 6i 1 9° 15’ 13°) 12" g EE Rk o° o | 4 3° 57
St. Thomas . | 44" || 1327% 30} 1324 + o 15 o o| 4o 15
Salute Islands . . . . 25 | Ny @ 10 58 (—0 2| 46 18| 46 16
Ceara. 4 268 45 270" B0 +1 51 | 4+6 18 | 4+8 ¢
Bahia . 5 103 30 106880 +2 30| 46 18 | 48 48
Rio Janeiro . 5 | 126 30.| 129 14 .| 4+ 2 44 ] +5 43 | + 8 27
Monte Video 5 ] 93 % o 92 47 | —o0 13 | +4 9 | +3 56
Sandy Point. 26 345 15 | 345 w22} M| A-lo ER R NS
Valparaiso 33 195 15 195 16 | 40 1| 44 17| 4+4 18
Callao 5% 72 45 72 51 | +o0 6|43 44|43 50
Panama . 7 13 o LS ¢ +o 143 44| +3 45
Acapulco. c 4 243 15 24T +o0o 6| +4+3 44| +3 50
Magdalena Bay. 8 303 30 [302 50 |—o 40 |4+ 3 44| +3 4
San Francisco 9 150 30 [ 149 45 | —o 435 | +3 49 [+ 3 4

The following tables contain all the deviations of the compasses which were
observed during the cruise. In each table the first column contains the assumed
magnetic azimuth of the ship’s head at the time the reading of the compass, given
on the same line in the second columm, was taken. 'The third column contains the
observed deviation of the compass for each point, obtained by subtracting the
readings in the second column from those in the first column, Henee, a deviation
of the north point of the compass to the cast is designa.ted by the sign +}; a
deviation to the west by the sign —. The fourth column contains the deviation
of the compass on each of the thirty-two true magnetic points. obtained from the
observed deviations in the manner already cxplained,
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M'AGNETIC OBSERVATIONS. 181

The observations made at stations where the deviations had been determined on
all of the thirty-two points were first discussed. For that purpose the values of
the coefficients 4,, B,, €, D,, E,, for cach compass, at cach station, were computed
from the deviations on the true magnetic points by means of the equations given
on pages 126 to 128, A specimen of the form employed in making these com-
putations is appended. It snfficiently explains itself.

ADMIRALTY STANDARD CoMPass. CoMPUTATION oF COEFFICIENTS B, AND C,, FROM DEVIATIONS
OBSERVED ON 32 Points, oN THE U. S. IroN CLAD MONADNOCK.

Bahia, December 30, 1865.

¥ II. IIL . | V. VI
| Half Sum
Half Sum | of Cols. I Computation Computation
of and II, i a8 of C,.
Quantities | (changing
in Cols. I | Signs of
True Observed True Observed and II. Col. IL) || & ]

Magnetic Deviation || Magnetic Deviation 8 |Products of | .2 |Products of
Direction of of | Direction of of Unchanging] Semi- E. |Col. IV by:[ & |Col. IV by
Ship’s Head. | Compass. || Ship’s Head. | Compass. Part of circular = |Multipliers. | = | Multipliers.

Deviation. | Deviation. || = =
NORTH. -+ 1° 40/ | SOUTH. 4 1° 40| 4 1° 40/ o° oflj o oGl 1 o® o
N. by E. -+ 3 20| S.by W. 41 20| 4+2 2| +1 offS | 40 12 S, | +o0 59
N. N. E. 4+ 3 40 S. S W, 41 ool +2 20] 41 20 S, | +0 31 Sg | 41 14
N.E.byN. [ +4 30{S.W.byS. | +0 30| 4+2 30| +2 of S |4+1 7 Sg | +1 40
N. E. + 4 40| S.W. o ol 4+2 20f+4+2 20(|S,|+1 39 S, | +1 39
N.E.byE. { +5 o | S. W.byW.| —o 40 || +2 10| +2 50|/ S | 42 21 S, | 41 34
B NE! 4+ 5 30| W.S5 W, —1 10| +2 10] 43 20( S| 4+3 5 St 41 17
E. by N. +5 40 | W.byS. —1 50 +1 s55]{4+345([S|+3 4 S| +o 44
BAST, + 5 20 | WEST. —2 of 41 4|43 40 1 | +3 40 o o o
I bysSt + 5 10| W.byN. —2 10| +4+1 30| +3 49i[S, | +3 36|—S, | —0 43
ESSHE. +4 40 W.N. W, —2 ol +1 20|43 20{/S¢|+3 5 |—S|—1 17
St E. by E. +4 20 NNW.byW.| —2 off+4+1 10| +3 10|/S| 42 38| —S5 | —1 46
Sy E- +3 20| N. W, —2 ofl4+o0 40 +2 4|[S,}+1 53{—S,|—' 53
S.E.byS. | +2 40| NW.byN.| —1 1o +0 45| 4+ s55([S;| +1 4—S;|—71 36
Sf S5 E. 4+ 2 10|/ N.N. W —o o +1 o]l F+1 10}|S | +0& 27| =S |—1 35
S. by E. +2 o N.byWw. 40 30l +1 15| +0 458 | +o 9 |—S | —o 4
Sum of 4 terms =+ 29 8 + g\ Wy
Sum of — terms = — — 9 4
: Divisor 8 r+ 29 8| 8 | LK oY
By=+3 385 | C=-+o0 o4

N. B.—Easterly deviations are to be entered in this table with the sign +; Westerly deviations with the sign —.

~



182 REPORT ON
CoMPUTATION OF COEFFICIENTS A,, D,, E;, FROM DEVIATIONS OBSERVED ON 32 PoinTs.
I 11. 1. Iv. V. N
11alf Sum | Half Sum Computation Computation
of of Cols. 1 of D,. of E,.
Quantities | and 1I,
in Cols. I | (changing
Upper Lower and 11, Signs of ¢ P
Half of Half of Col. 11.) || .8 [Products of || .& |Products of
Table A, | Table A, || Constant — B |Col. IV hyl| & [Col. IV by
Col. 111. | Col. I1I. Part of |Quadrantalll 5 |Multipliers.{| -5 |Multipliers.
Deviation. | Deviation. || = =
4 1°°407 | 4 1° g0 {| 4 1° 40/ o® o o o2 (04 1 o°® of
42 2041 30 41 55| 40 25| S| +4+0 10 Sg | 40 23
+2 20| 41 20| 41 50} 40 30| S, |40 2t S, | 40 2t
42 30|41 10f +1 50| 40 20| S| 40 37| S| +o 5
42 20| 40 40|l 41 30| 40 50| 1 +o0 50 o o o
42 10| 40 45| +1 27|40 43| S| +o 40 —S; | —o 16
+2 10| 41 of 41 35|40 3518 |+o 25| —85|—o0 25
v g5 | 1 mfl 1 35| 0 20| S, | = o FESIEEESERIESO 18
Sum of 4~ terms = - 13 22 |Sumof f-terms=+-3 11 -+ 59
Sum of — terms = — Sum of — terms = — - 59
Divisor 8 413 22 Divisor 4 4+ 3 1 4 o o
A =+41 402 D,=+4o0 47.8 E;= © 0.0
NoTe.—S,=.195. S;=.383. S;=.556. S,=.707. S;=.831. Sg=.924. S,=.981.

L4 A 1 . -
The resulting values of the cocfficients for cach compass, at cach station, are
given in the following tables:

COEFFICIENTS OF THE DEVIATIONS OF THE ADMIRALTY STANDARD COMPASS.

STATION. DATE. A, B, € D E
1 1
Hampton Roads . November 1, 1865 | 4 1°377.4 | 4 9° 4/.6 | —0° 33’1 0°29’.2 | —o° 7/
St. Thomas November 18, 18651 40 14.6 | 45 45.5 | 4o 3333.5 -_1-_ o 93.2 —o 478.3
Bahia . . . December 30, 1865 4+ 1 40.2 | 43 385 |+ 0 o4 |40 478 ot teio
Monte \”xflco 4 Jsnuary 24,1866 | 41 328 (43 48 |40 58 |41 195 |40 145
Sandy Point February 10,1866 | 4-0 359 |41 206 | —o0 406 |40 535 |+o 15
Valparaiso . April 4,186 | 40 356 |41 202 | —0 69 |40 542 | —0 10.2
Callao . April 29,1866 | 0 o1 |42 211 |—o0 1.8 {40 525 |40 5.8
Kanama May 20,1866 | 40 31.6 |43 21 |40 19 {40 550 |40 8.0
Smpl?lco K June 1,186 | —o0 36,0 |+ 2 454 [4+0 55 |4+o0 568 |40 Bo
an Francisco. June 23,1866 | —o 39.6 | 4+4 532 |—1 154 |40 51.2 4o 5.8
COEFFICIENTS OF THE DEVIATIONS OF THE AFTER BINNACLE COMPASS.

STATION. DATE. A, B (© D E

1 I I 1
Hampton Roads . November 1, 186 0° 27/, © 16/ —1° 14/ © 304 ° 672
%t.h’_l'homas November 18, 186§ » .7 w H 7I6 x ! l.4 S 139 PUE ? . (1%
ahia . . . December 30, 1865 | 4 1 29.8 {45 43.6 | —o0 6. T, 40 o 7.8
lr%lomc Video . January 24,1866 | 41 3.1 | 45 33.6 4o 4|.3 i 1 ;'755, io 42.5
.varlldy Point February 10,1866 { — o0 24.5 |45 44.4 | —o0 146 |41 585 | +o0 o2
C:"plralso % April 4,1866 | 40 49 (43 88 |4+0 79 |42 1.5 | —0 o2
e a0 . R TN 29,1866 | —o 27.1 | 44 125 | —o0 3.9 2 7.5 |40 90
- amla. ¢« « « « o May 20,1866 | —0 500 |43 19.5 |40 220 2 327 | —o 180
Sc:\,;x co June 1,186 | —1 02 |43 44 [—o0 17.1 |42 152 {—o0 17.2
an Francisco . June 23,1866 | —o 352 |43 282 |—2 139 [ $+1 47.5 | +o 102

—
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COEFFICIENTS OF THE DEVIATIONS OF THE AFTER RITCHIE Conpass.

STATION. I :

STATIO! DATE A, B, G \ By E,
Hampton Roads . . .| November 1, 1865 | 4 7° 40.0 |4 11° 26%.5 | — 1° 44'.1 o° 15/, — 0° 54/,
it.lThomas oI i\'ovemll))er 18,1865 | 43 144 |+ 8 269 | +o0 1?) 4 i I 551 25 —g 53‘; 25
Jahia . . . . . .| December 30, 1865 | 4 8 47.1 6 6| —o 2
Monte Video . . . ,|January 24, 1863 ...... (3 55 57 i 159 et o g
Sandy Point . . . .|February 10,1866 48 18.4 |4 4 32| —3 25.6 | 41 145 o 58
Valparaiso. . . . . April 4,1866 [ 44 219 :t 3 49.1 | +0 124 |42 21.0 -'1: o 57 f;
ECaliaots 5 o L N[ April 29,1866 | 4+ 4 19.4 5 50140 141 |+ 1 305 |40 520
Panama. . . ., . .|May 20,1866 | 4-5 206 |+ 4 31| —o0 10.2 +1 170 | —1 33.0
Acaptllco o o+« | June ,18661 4+ 4 06 |4+ 4 29141 128 [ +1 122 + 0 47.0
San Francisco. . . .| June 23,1866 | + 4 11.6 |4 6 462 | —1 314 |42 285 { 4o 212

COEFFICIENTS OF THE DEVIATIONS OF THE AFTER AZIMUTH COMPASS.

STATION. DATE. A, B, (8 D, E,
Hampton Roads . . .| November 1,1865| —1° 5.0 | —4° 530 | —0° 9.1 | -+ 5° 3572 ’ <+ 0° 1770
St. Thomas . . . .[November 18,1865 | —1 17.5 | —3 0.9 {+1 200 |46 49.2 |+ o0 12.2
Bahia . . . . . .|December 30,1865 | —3 36.9 | —4 286 | —o0 19.5 [+ 7 220 | —1 5.3
Monte Video . . . .| Janvary 24, 1866 -t il F P RGRP e C CTN
Sandy Point . . . .| February 10,1866 | —0 56 |—2 §7.8 | —0 47.2 |47 102 | —o0 25.35
Valparaiso. . . . .|April 4,1866 | —2 16.2 | —4 54.1 |40 209 |45 525 | 40 37.5
Sl L. oL | April 29,1866 | —3 562 | —2 06 | —o0 49.6 |4 5° 6.5 |+ o0 357
Hanamartgy. .. . . | May 20,1866 | —2 6.9 | —3 47.2 |+ 1 446 | +6 212 | —0 34.0
Aeapulcol . ' . . .| ]June 1,1866 —3 11.2 | —3 258 |—o0 08 |45 542 | 40 238
San Francisco. . . .| June 23, 18607 L= e R N | M eh, S5 | M

COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD ALIDADE COMPASS.

STATION. DATE. A B, C, D, E,
Hampton Roads . . . ! November 1,1865 | 4 2° 8.1 | —2° 28/.4 [ —1° 52%.0 | 4 1° 4/.2 o° 0.0
St. Thomas . . . .|November1$,1865| 40 509 | —o 351 | —o 46.2 | +1 157 [+ o0 205
Bahia . . . . . .| December 30,1865 +2 94 |—o0 6.0 | —o0 34.1 |41 150 |+ o0 145
Monte Video . . . .| Jannary 24,1866(+2 7.1 |+4o0 572 | —1 50 |41 230 | —0 9.8
Sandy Point . . . .| TFebmary 10,1866| + 2 256 |+ o 3585 [ —1 544 |+ 1 47.0 | —0 20.2
Valparaiso. . . . .| April 4,1866| 41 55.2 | 40 300 [—o0 539 [+1 4.2 | —o0 5.2
GRIIGED S W T [BA Pl 29,1866 -0 21.0 | 4+0 409 | —1 364 |+ 1 200 | —0 6.8
Panamiany @ S Yosy.- . | May 20,1866 +2.15.2 [4+o0 11 |—1 221 (41 210 | —0 6.8
Acapulco . . . . .|]June 1866 +1 81 | —1 284 [—o0 331 |+ 1 528 |40 102
San Francisco. . . .| June 23, 1866 | 4- 0 40.6 ! —1 542 | —2 251 |40 580 |40 215

COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD BINNACLE CoMPASS.

STATION. DATE. A, B, € D, E,
Iampton Roads . . .| November 1, 1865 | 4 0° 49’.0 | —5° 40".8 | —2° 33".4 |.+ 2° 177 +4 o° 8.2
.St. Thomas . . . .|November 18, 1865| —o0 444 | —1 562 |—o0 124 {41 595 | —O0 7.2
Bahia . . . . . .|December 30,1865 40 s7.9 [ 40 265 | —o 338 |42 6.5 | —o 112
Monte Video . . . .| Jannary 24,1866| 40 17.8 | 42 554 | —O 4I.I 4+ 1 452 | —o0 2.2
Sandy Point . . . .| Febroary 10, 1866 | — 1 16,5 [ 45 169 { —2 110 |42 05 (—O0 32
Valparaiso. . . . .|April 4,186] —o 146 |4+ 1 47.9 | —o 460 (41 337 | —O 9.0
CINAO oy o e = ool April 29,1866 | —1 3.4 (41 102 | —2 O 42 82 (40 247
Panama. . . . . .|May . 20,1866| —2 319 |—1 1§ |—1 330 |42 6.5 | —o 23.5
Acapulco . . . . .| ]June 1,186| —2 31.2 [ —2 2.4 | —1 4L1 (42 39.2 + o0 107
San Francisco. . . .| June 23,1866 | —3 9.0 | —4 41 —3 349 |+ 1 565 |40 302.
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COEFFICIENTS OF THE DEVIATIONS OF THE ForwARD RitcHIE CoMPASS.

STATION. DATE. ! AL B, (Cy D, E,
f
Hampton Roads . . . J November 1, 1865 | 4 4° 22.5 | 4 1° 19’.2 | — 3° 37%.2 | 4 2° 17.2 | 4 o°® 275
St. Thomas . . . .| November18,1865| 41 37 |42 40 }—1 166 |4+ 3 160 | —0 25.5
Bahia . . . . . .| December 30, 1865 l 42 62 |43 201 [—1 339 {42 357 | —0 o5
Monte Video . . . . |January 24,1866 43 23.8 | 4+ 3 48.0 —o0 04 +2 110 | —0 283
Sandy Point . . . .| Febrnary 10,1866 | 4+ 1 46.2 43 49.5 | —2 44.2 |42 1.2 | —0 10.0
Valparaiso . . . . .| April 4, 1866 ‘ +3 334 [4+1 202 | —1 290 |42 7.8 |[+o0 312
Callfagy . ¥4 8 9L % Wpril 20,1866 | 4-2 371 |41 528 | —1 580 |42 305 | 40 120
Panama. . . . . .| May 20,186 41 340 |40 122 | —1 538 |4+ 2 108 | —0 14.0
Acapulco . . . . .!June 1,186 | 41 528 |40 382 | —2 11.8 |42 242 |40 262
San Francisco. . . . June 23,186 | 41 38 | —o0 162 | —6 41.6 | 41 485 | —o0 33.5

In the case of ‘the Admiralty Standard Compass, for some not very cvident
reason, the variations in the value of the coefficient A4, are greater than might
have been expected. The After Binnacle, Forward Alidade, and Forward Binnacle
Compasses were frequently removed from their places, and the fittings were not
sufficiently exact to give any certainty of replacing them with their lubber lines
always precisely in the same position. This source of error sufficiently accounts for
the variations in the values of the 4;s belouging to them. The Forward and After
Ritchie Compasses were firmly fixed in their places, and were not removed during
the cruise, except at Valparaiso; but the arrangements for reading off their cards
were such that an improper position of the eye of the observer might easily intro-
duce a large parallax, which accounts for the changes in the values of the A;s
belonging to them. The After Azimuth Compass was always taken down after
each swing, and as there was no fixed mark by which to adjust its lubber line, the
changes in the value of its 4, are not surprising.

It now becomes necessary to determine the probable errors of the values of the
coefficients which have just been given. To do this for any compass, at any parti-
cular station, the value of § at cach of the thirty-two points must be computed from
the coefficients for that station. Comparing the values thus found with the corrected
observed values, a series of thirty-two residuals are obtained, from which the pro-
bable error of § for that station is deduced by means of the formula

r=06145 [ [

m— p ]
where 7 is the probable error of a single observed value of §; [¢v] the sum of the
squares of the thirty-two residuals; m the number of the residuals, in this case
thirty-two; and g the number of the coefficients, in the present instance five. ‘Ihen,
letting p,, gy Pes Pos Pry Yepresent respectively the weights, and r,, 75, 76 7, 75,
the probable errors, of the values of A,, B, C,, D,, ¥, when determined from a
set of deviations observed on each of the thirty-two true magnetic points; we have

&e.

F
Vs

= T—- r, =
4 1/1'7-‘ B =
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From the normal equations on page 126, we also have,

PBzig re=16
Pe = [

It is therefore evident that the probable errors of B, C), D, and I, will all be
equal to each other.

The probable error of a single observed value of § has been computed in this
way, for each compass, at three stations; namely, Bahia, Sandy Point, and Panama,
and the results are given in the following table. 'The eolumn headed “mean value
of r” was obtained by adding together, for each compass, the sum of the squares
of the residuals at Bahia, Sandy Point, and Panama; dividing the result by three;

and then computing the value of » from the mean value of [vv] thus found. The
3 A gt 43 »

column headed ﬁ gives the probable exror of 4,; and the column headed -17716

gives the probable error of B, (), D,, and K, for each compass, when these coeffi-
eients have been computed from a set.of deviations observed on thirty-two points.

Value of 7.
Meanf 7 r

Compass. value of 7. 7 =

g Bahia Sandy Point.| Panama. V32 V6
Admiralty Standard . 4+ ¢.8 + 122 4+ 173 + 111 TP ol el e
After Binnacle . ERoENE 4+ 20.1 .| =+ 26.2 + 24.2 ST + 6.1
After Ritchie 4 30.6 + 56.6 + 38.8 ERAGE R 7T BN T OR
After Azimuth . . + 39.3 + 51.1 + 32.6 AT = STV + 10.4
Forward Alidade . + 19.0 + 24.5 + 23.6 + 22.3 + 4.0 S5 Gl
Forward Binnacle. . + 40.2 + 31.2 J=sailia Hap32-8 + 5.8 + 8.2
Forward Ritchie == =N2082 * 37.8 + 44.4 EEg7ES + 11.1

As an incidental result, this table shows that for ordinary steering compasses
(such as the Forward Alidade, Forward Binnacle, and After Binnacle) when read
" to the nearest eighth of a point, the probable accidental error of a single reading
is about half a degree; for Ritchie Monitor Compasses (such as the Forward
and After Ritchie) when read to the nearest eighth of a point, the probable
accidental error of a single reading is abont three-quarters of a degree; and for
Admiralty Standard Compasses, read to the nearcst ten minutes, the probable
aceidental error of a single reading is abont eleven minutes.

From the mathematical theory of the deviations of the compass, given in a pre-
ceding part of this section, we have

QS — Bl —Alol
and also = i
(4]
‘,23 = ?—v tan 0 + 7 X TI
Hence

i |
0=—B,-]—A101+%tan0-|-7><-'

24 November, 1872,
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ADMIRALTY STANDARD COMPASS.
Equations of Condition.
Absolute Terms. 4, £ = Al VA Q agQ
A A A A A A
0= —o0.158 —.0.010 -+ 2.604 4+ o.212
= — 0.100 -+ o.010 + 1.176 + o0.148 + 2.520
0 = — 0.064 0.000 + o.077 + o0.161 4+ 9.516
= — 0.054 + o0.002 — 0.603 -+ 0.166 + 13.933
0 = — 0.023 — 0.012 — 1.426 + o0.164 + 16.522
0 — — 0.023 — 0.002 — o.710 + o.158 + 24.375
0 = — 0.041 — 0.001 — o.113 + o.143 + 25.608
0 = — 0.053 -+ o.001 + o0.623 4 o.132 +- 26.316
0 =—0.048 + 0.002 + 0.836 + o.129 + 27.440
0 = — 0.083 — 0.022 + 1.910 + o177 + 41.519
o = 4 o.010 — 0.158 4 2.6094 4 o.212
= — 0.0I0 — 0.100 + 1176 + o0.148 ~+ 2.520
0= 0.000 — 0.064 + o.077 + o.161 + 9.516
0 = — 0.002 — 0.054 — 0.603 + o0.166 + 13.933
0 = -+ 0.012 — 0.023 — 1.426 + o.164 + 16.522
0 = -} 0.002 — 0.023 — o.710 + o138 + 24.375
0 = - 0.001I — 0.041 — 0.1I3 + o0.143 + 25.
0 = — 0.001 — 0.053 4 0.623 + o.132 + 26.316
0 = — 0.002 — 0.048 4+ 0.836 + ‘0.129 + 27.440
0 = - 0.022 — 0.085 - I1.9I0 + o7z + 41.519
Normal Equations.
0= 0.000 -} o0.058
0 = — 0.699 — 0.037 -+ 16.294
= — 0.109 — 0.006 + 0.826 4+ o0.258
= — 9.869 — 1.057 + 70.177 -| 4+ 28.825 + 4983.3
0 = 4 0.037 — 0.699 :t 16.294
0 = -} 0.006 — 0.109 -+ 0.826 -+ o0.238
0=+ 1.057 — 9.869 | 4 70.177 | 4+ 28.825 | 4 4983.3
Hence
A = 0.000 §=+o.46o i %=—o.oox6
.;=+ 0.0240 -A—i/-)=+o.00102 _AQ=+0006
5}?:—0.00023
ArTER BINNACLE CoMPASS.
Equations of Condition.
¢ V7 AP f Q aQ
Absolute Terms. A, i S —y = N A
0= —o0.127 — 0.022 .+ 2.604 -+ o.212
0 = — 0.100 — 0.002 + 0.077 4 0.161 + 9.516
0 = — 0.096 + o.012 — 0.603 4 0.166 4 13.933
0 = — 0.100 — 0.004 — 1.426 + 0.164 + 16.522
0 == — 0.070 + 0.002 — 0.710 + o.158 + 24.375
0= —0.073 — 0.001 — 0.113 4+ 0.143 + 25.608
0= —0.058 + o0.006 + 0.623 + 0.132 + 26.316
0 = — 0.054 — 0.00§ -} 0.836 4 o.129 + 27.440
0 = — 0.061 — 0.039 -4 1.910 + o.177 + 41.519
o= +o0.022 | —o.127 + 2.694 =+ o.212
= — -+ o.077 -+ o.161 4+ 9.516
0 = + 0.002 0.100 66 +1
0= — 0.012 — 0.096 — 0.603 +o. 16 T Ig-9gg
0 = 4 0.004 — 0.100 — 1.426 + 0.164 -5
= L ~0.710 + o158 + 24.375
0 = — 0.002 — 0.070 3 o iFac 6ok
0=4-0.001 | —0.073 e °'é’3 T 0'142 + 26.316
0 = — 0.006 — 0.058 | +4- 0.623 13 26.3
0 = -} 0.005 — 0.054 . 4 0.836 +4 o0.129 4 27.440
o=+ 02039 — 0.061 | 4 1.910 + o.177 -+ 41.519
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AFTER AZIMUTH COMPASS.
Equations of Condition.
Absolute Terms. A, S ! £ AP i Q aQ
A A A A A A
0 = -} 0.085 — 0.003 -+ 2.694 ‘ + 0.212
0 =+ 0.053 + o0.023 4 1.176 4 0.148 -+ 2.520
o= 0.078 — 0.006 + o.077 i + 0.161 4 0.516
0 = - 0.052 — 0.014 — 1.426 <+ 0.164 +4- 16.522
0=+4 0086, - c.o06 — 0.710 -+ o0.158 =+ 24.375
0 = -}~ 0.035 — 0.014 — 0.113 + o0.143 + 25.608
0 = - 0.066 -+ o0.030 + 0.623 4+ 0.132 -+ 26.316
o =+ o.060 0.000 + 0.836 + o.129 -+ 27.440
0 = - 0.003 + 0.085 + 2.694 4 o.212
0 == — 0.023 + o0.053 4+ 1.176 +4- 0.148 4 2.520
0 = - 0.006 + 0.078 -+ o.077 +- o.161 4 9.516
0 = -} 0.014 + o.052 — 1.426 + o0.164 -+ 16.522
= — 0.006 4 0.086 — 0,710 + o.158 4 24.375
0 = 4 0.014 - 0.035 — 0.113 4 0.143 -+ 25.608
0 == — 0.030 -+ 0.066 -+ 0.623 4 o.132 +4 26.316
0=  0.000 -+ o.060 + 0.836 + o.129 + 27.440
Normal Equations.
0= 0.000 -+ 0.037
0 = -} 0.250 4- 0.055 4+ 12.282
0 = -4 0.082 -+ 0.003 4+ 0.588 + o.200 s
o =4 8.100 -+ 0.352 — 0.725 + 19.147 4 3065.3
0 = — 0.055% -+ o.250 4 12.282
0 = — 0.003 + o0.082 4 0.588 + o.200
0= — 0.352 + 8.100 — 0.725 + 19.147 + 3065.3
Heuce '3
A= 0.000 1\=—°'373 _£=+o.w66
£ = —0.0026 Af=—o.00032 -Q=—o.o44
A A A
¥=+o.ooo39
ForwARD ALIDADE COMPASS.
Equations of Condition.
c o> AP Vi e ag
Absolute Terms. Z = ~ = o~ . -
0 =+ 0.043 — 0.033 + 2.694 4 o.212
ol= i 0.010 — 0.013 4 1.176 4 0.148 -+ 2.520
0 = 4 0.002 — 0.010 + o.077 4 o.161 4+ 9.516
0 = — 0.017 — 0.019 — 0.603 + 0.166 + 13.933
0= —0.017 — 0.033 — 1,426 4 0.164 4 16.522
0 == — 0.009 — 0.016 — 0.710 4 o.158 -+ 24.375
0 = — 0.012 — 0.028 — 0.113 4 0.143 25.608
0=  0.000 — 0,024 + 0.623 + 0132 + 26.316
0 = -} 0.026 — 0.010 -4 0.836 + o.129 -+ 27.440
o=+ 0.033 — 0.042 + 1.910 4+ o.177 + 41.519 172 e
ot ] f 0843 + 1'192 + 0.148 4+ 2.520
o=4-o.013 | - o0.010 % 0-077 Ao won F eca
0=} o.0o10 -} 0.002 Jis 0:6Z3 & el 3 13033
o =+ o.019 — 0.017 == ATH o164 + 16,522
e g el e o — 0.710 + o.158 + 24.375
0 = -} 0.016 — 0.009 o3 + o113 -+ 25.608
0 =4 0.028 — 0.012 T 7 T oz T 26316
g= i g.gfg + g.ggg i 0.836 -+ 0.129 -+ 27.440
= ‘ X : 1.51
o= oo4z | + 0033 1.910 + o177 4 41.519
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ForwarD RitcHIE Compass.
Equations of Condition.
Absolute Terms, Ay £ " 4 & ’i J7 % aQ
o N A A 2 i
0 = — 0.023 — 0.063 + 2.604 + o0.212
0= —0.036 — 0.022 + 1176 4+ 0.148 4+ 2.520
0 = — 0061 — 0.027 + o.077 + o.161 4+ 9.516
0= —0.066 | 0.000 — 0.603 -+ 0.166 <+ 13.933
0 = — 0.067 — 0.048 — 1.426 4 0.164 4 16.522
0 = — 0.023 — 0.026 — 0.710 + o0.158 + 24.375
0= — 0.033 — 0.034 — 0.113 + 0.143 + 25.608
0 = — 0.004 — 0.033 4 0.623 + o0.132 + 26.316
0 = — 0.011 — 0.038 + 0.836 + o.129 4 27.440
0 = + 0.005 —o.117 -+ 1.910 + o137 + 41.519
0 = + 0.063 — 0.023 4 2.694 4 0.212
gf i 2.022 — o.ogé + 1176 + 0.148 + 2520
B sooe | "oce T ST
3 o 8 — 0.603 0.1 13.
o=+ o.o4§ — 0.067 — 1.426 + 0.164 ! i 12?23
0 = - 0.02 — 0.023 — o0.710 +o0.158 | 4 24.375
0 = -+ 0.034 — 0.033 — 0.113 + 0.143 | + 25.608
0 = 4 0.033 — 0.004 4 0.623 + o.132 <+ 26.316
0 =+ 0.038 — 0,011 + 0.836 4+ o129 | < 27.440
0=+ o.117 -} 0.0035 + 1.910 +oa77 | =+ 41.519
Normal Equations.
0= 0.000 + 0.042
0 = - 0.044 — 0.384 + 16.294
0 = — 0.052 — 0.068 + o0.826 + o0.2;58
0 = — 4.306 — 9.388 + 70.177 + 28.825 -+ 4983.3
o=+ 0.384 + 0.044 + 16.204
0 = 4 0.068 — 0.052 + 0.826 + 0.258
o= 4 9.388 — 4.306 + 70.177 +28.825 | 4 4983.3
Hence
A,= o0.000 {=+o.367 %:—0.0141
—=—0.0169 95:—0.00102 Q=—o.083
A A
80 =— 0.00120
A

The value of the true 4, having thus become known for each eompass, the
values of the coefficients B, G, L, and €, for cach compass, at cach station, were

next computed by means of the formule (16).

radius, are as follows:
COEFFICIENTS OF THE DEVIATIONS OF THE ADMIRALTY STANDARD COMPASS.

The results, expressed in parts of

STATION. DATE. A ; B ¢ | D C
Hampton Roads.. November 1, 1865 0.000 | + o.158 — o.010 <4~ 0.021 — 0.004
St. Thomas November 18, 1865 0.000 | <+ o.100 <+ o.o10 <+ 0.006 — 0.013
Bahia oy % December 30, 1863 0.000 <+ 0.064 0.000 4 o.016 ©.000
Monte Video . January 24, 1866 0.000 <+ o0.054 + o0.002 4 0.024 <+ o0.004
Sandy Point February 10, 1866 0,000 - 0.023 — 0.012 +- o.016 ©.000
Valparaiso . April 4. 1866 0.000 -+ 0.023 — 0.002 + o.016 — 0.003
Callao . April 29, 1866 0.000 | + 0.041 0.000 -+ o.016 + 0.002
Romsmhareey & . "4 May 20, 1866 0.000 ~+ 0.053 - o.001 + o.017 + o.002
Aeapuleo’ o . . . June 1, 1866 0.000 4+ 0.048 -+ 0.002 4+ o.018 + 0.002
San Francisco. June 23, 1866 0.000 -+ 0.085 —o0.022 | 4 o.018 0.000

Means + o.o17 -~ 0.001
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COEFFICIENTS OF THE DEVIATIONS OF THE AFTER BINNACLE.

S S

STATION. DATE. A B ¢ 59} ¢
Hampton Roads . . .| November 1, 1865 | — o.o10 + o0.127 — 0.023 + o.037 — 0.001

St. Thomas . . . .| November 18,1865 | —o0.010 |  .eeee | wveee | e [ eeees
Bahia . . . . . .| December 30,1865 | — o.010 -} 0.100 — 0.003 -4 0.034 -+ o.002
Monte Video . . . January 24, 1860 | — o.010 + 0.096 +- o.o11 4 0.039 — 0.012
Sandy Point . . . February 10, 1860 | — 0.010 ~+ o.100 — 0.005§ -} 0.040 — 0.001
Valparaiso. . . . April 4, 156, | — 0.010 4 o.070 -+ 0.002 + 0.038 0.000
Calleo @ & elib & April | 29, 159 — 0.010 4 0.073 — 0.002 -~ 0.040 - 0.002
Panema. .« . . w May 20, 1300 | —o0.010 +- 0.058 +- 0.006 -+ 0.046 — 0.005§
Acapulco . . . . June 1, 1500 [ —o0.010 4 0.034 — 0.006 -+ 0.041 — 0.000
San Francisco. . . June 23, 1560 | — o.010 -+ 0.060 — 0.040 + 0.032 - 0.000
Means + 0.038 — 0.002

COEFFICIENTS OF THE DEVIATIONS OF THE AFTER RITCHIE COMPASS.

STATION. DATE. A B ¢ DO ¢
Hampton Roads . . .| November 1, 1865 0.000 + o.200 — 0.030 + o.02 — 0.022
St. Thomas . . . .| November 18, 1865 0.000 4 0.148 + o.012 + 0.044 — 0.009
Bahia . . . . . .| December 30, 1865 0.000 + o.121 — 0.017 +- o.042 + o.002 -‘
Monte Video . . . .| January 24,1866 | oo | e | e | e s J i
Sandy Point . . . .| Fecbruary 10, 1866 0.000 + o.o71 — 0.060 + o.022 -+ o.013 -
Valparaiso. . . . .| April 4, 18606 0.000 4 o.067 ~}- 0.004 + 0.043 + o.002
Callao . . . . . .|April 29, 1866 0.000 ‘| -4 o.102 + o.004 -4 0.032 + o.016
Panama. . . . . .| May 20, 1866 0.000 -+ o.071 — 0.003 -+ o.025 — 0.027
Acapuleco . . . . .| Junme 1, 1866 0.000 4 0.078 -} o.021 -4 o./o24 - o.o15
San Francisco. . . .| June 23, 1866 0.000 -+ o.118 — 0,027 +- o.050 - 0.003
Means + o.034 — 0.001

COEFFICIENTS OF THE DEVIATIONS OF THE AFTER AZIMUTH COMPASS.

STATION. DATE. A B ) D (]
o
Hampton Roads . . .| November 1, 1865 0.000 — 0.083 — 0.003 -} o.101 - 0.00§ 4
St. Thomas . . . .| November 18, 1865 0.000 — 0.053 + o.023 -+ o.120 - 0.002
Bahia . . . . . .| December 30, 1865 0.000 — 0.078 — 0.006 + o132 — o0.019
Monte Video . . . .| Jannary 24, 1866 O R [ cdoee B toooe T o
Sandy Point . . . .| February 10, 1866 0.000 — 0.052 — 0.014 + 0.126 — 0.007
Valparaiso. . . . .| April 4, 1866 0.000 — 0,086 + o.006 + o.106 + o.o10
Callao v "o ' 0. o L April 29, 1866 0.000 — 0.03§ — o0.014 -+ o.090 -+ o.o11 2
Panama. . . . .| May 20, 1866 0.000 —0.066 | 4 0.030 + o.113 -— 0.012 >
Acapulco . . . . .[]June 1, 1866 0.000 — 0.060 0.000 + o.105 -+ o.007
San Francisco. . . .| June 23,1866 | oo |y Ijeemeervndl L TR | e
Means + o112 0.000
. ‘0
COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD ALIDADE COMPASS. .
STATION. DATE. A 95 ) D ¢
Hampton Roads . . .| November 1,1865| — o0.025 — 0.04. — 0.032 o.01 0.001 *
St. Thomas . . . .| November 18, 1865 | — 0.025 — o.olg — o.o§3 1- o.ozg i 0.006
Bahla . . . . . .| Dccember 30, 1865 | — o0.025 — 0.002 — 0.010 4 0.022 4 0.004
Monle V@m « « + «|]January 24,1866 — o.023 4 0.016 — 0.019 4 o0.024 — 0.004
: Sandy Point . . . . Fcbguary 10, 1866 { — o.025 +4- 0.017 — 0.034 4 o.031 — 0.007
Valparaiso. . . . .| April 4, 1866 | — o.025 -+ 0.008 — 0.016 - o.019 — 0.002
Callao . . . . o | April 29, 1866 | — 0.025 + o.012 — 0.029 + 0.026 — 0.003
Panama. . . . . .| May 20, 1866 | — 0.023 — 0.00t — 0.024 -+ 0.023 — 0.003
Acapulco . . . . .| June 1, 1866 | — 0.025 — 0.026 — 0.009 +4 0.033 + 0.002
San Francisco. . . .| June 23, 1866 | — o.025 — 0.034 — 0.041 + o.017 -+ 0.007 4
Means + 0.024 0.000
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COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD BINNACLE COMPASS.

STATION. DATE. A B © ) ¢
Hampton Roads . . .| November 1, 1865 0.000 — 0.099 — 0.045 -+ 0.044 + o.007
St. Thomas . . . .| November 18, 1865 0.000 — 0.034 — 0.004 -+ 0.035 — 0.002
Bahia . . . . . Deccmber 30, 1865 0.020 4 0.008 — o0.010 4 0.037 — 0.003
Monte Video . . . January 24, 1866 0.000 + 0.051 — 0.012 4 0.032 — 0.001
Sandy Point . . . February 10, 1866 0.000 + 0.092 — 0.038 + 0.039 — 0.004
Valparaiso . S April 4, 1866 0.000 + 0.031 —0.0I3 -+ 0.028 — 0.003
@alige . . .0 April 29, 1866 | 0.000 + o.020 — 0.037 -+ 0.037 + 0.006
Panama. . . . | May 20, 1866 ’ 0.000 — 0.018 — 0.027 4 0.037 — 0.000
Acapulco . . . . .[]une 1, 1866 0.000 — 0.036 — 0.029 4 0.046 -+~ 0.004
San Francisco. . . .|[June 23, 1866 ©0.000 — 0.082 — 0.062 +4 0.035 <+ o.014

Means + 0.037 - o.001

COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD RITCHIE COMPASS.
STATION. DATE. ‘ A B © 5 o R
i 4

Hampton Roads . . November 1, 1865 0.000 + o.023 — 0.063 4 0.038 | - 0.006
St. Thomas o T8 November 18, 1865 0.000 + 0.036 — 0.022 -+ o.057 — 0.008
Bl .. 0 . . | December.30, 1865 ’ 0.000 + o.061 — 0.027 -4~ 0.047 | — 0.002
Monte Video . . . .| January 24, 1866 | 0.000 -+ 0.066 0.000 +4- o.040 — 0.008
Sandy Point . « .| Febmary 10, 1866 0.000 + 0.067 —0.048 '| 4 0.039 — 0.006
Valparaiso. . . . .| April 4, 1866 0.000 4 0.023 — 0.026 + o0.037 4~ 0.008
Callgo -+, v .. . April 20, 1866 0.000 4 0.033 — 0.034 4 0.044 * 4 o.002
Ragamar: . « 5y May 20, 1866 0.000 <+ 0.004 — 0.033 + 0.038 — 0.004
Aeapulco . .7, T June 1, 1866 0.000 + o.o11 — 0.038 - 0.041 -+ 0.007
San Francisco. . . June 23, 1866 0.000 — 0.005 — 0.117 + o.025 — 0.009

Means 4 0.041 I — 0.001

The values of the coefficients @ and € for any compass should be constant.
Therefore the mean of all the observed values has been assumed as the truth, and is
given on the line marked “means” in the case of each compass.

The constants thus far determined furnish the data with which to compute the
values of the coefficients 9, B, €, O, G, in any part of the world, for any of the

compasses nnder discussion.

collected in the following table:

For convenience of reference these

constants are

Compass.

A=

Admiralty Standard
After Binnacle .

After Ritchie . .
After Azimuth . .
Forward Alidade .
Forward Binnacle .
Forward Ritchie

The values

25

0.000

« |[— 0.010

0.000
0.000

. |—o.025

0.000

0.000

2 - "7 S 2 a0 D @
A A A A A A
- |
4 0.0240 [+ 0.460 |— 0.00102 [— 0.0016 [+ 0.006 |— 0.00023 |4- 0.017 | — 0.001
— 0.0048 [+ 0.664 |— 0.00112 |— 0.0084 |4 0.002 |— 0.00022 {4- 0.038 | — 0.002
-+ 0.0178 [4- 0.766 {— 0.00122 |4~ 0.0052 |— 0.149 |4 0.00042 |4 0.034 | — 0.001
— 0.0026 |[— 0.373 {— 0.00032 |+ 0.0066 |— 0.044 |-}- 0.00039 4~ O.112 0.000
— 0.0162 |- 0.014 |— 0.00010 [— 0.0012 |— 0.106 |—— 0.00031 |+ 0.024 0.000
— 0.0477 |4 0.140 |~ 0.00041 |— 0.0059 |— 0.075 [— 0.00074 [+ 0.037 | + 0.001
— 0.0169 |+ 0.367 [— 0.00102 |— 0.0141 |— 0.083 |— 0.00120 |4 0.041 | — 0.001

of the coefficients 9, B, €, D, G, for cach compass at cach station,
were next computed from the quantities given in this table, in the following man-
ner. The coefficients A, D, and E are constant for each compass, and were taken

December, 1872,
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directly from the table; while the cocfficients B and € were obtained by means

of the formule

P 1 AR ¢
B=) tan 0+ , X p+5-X 5
s Q. 1,49 ¢t
€= Wil o Xop T SR AW

where 0 is the true magnetic dip; H the carth’s magnetic horizontal force, expressed
in English units, namely, in feet, grains, and seconds; and ¢ the time in days,
counted from November 1st, 1865. 'The results, expressed in parts of radius, are
as follows:

COEFFICIENTS OF THE DEVIATIONS OF THE ADMIRALTY STANDARD COMPASS.

e

STATION. DATE. A B ¢ D ¢
Hampton Roads . November 1, 1865 0.000 4- 0.162 — 0.003 -+ o.017 — 0.001
St. Thomas November 18, 1865 0.000 -} 0.004 — 0.002 -+ o.017 — 0.001
Bahia . . . December 30, 1865 0.000 +- 0.066 — 0.001 +- o.017 — 0.001
Monte Video . January 24, 1866 0.000 <+ 0.048 — 0.001 4 o0.017 — 0.001
Sandy Point February 10, 1866 0.000 + 0.024 0.000 -+ 0.017 — 0.001
Valparaiso . April 4, 1866 0.000 -+ 0.031 — 0.003 -+ o.017 — 0.001
Caliao . April 29, 1866 0.000 i 0.037 — 0.005§ -+ o.017 — 0.001
Panama. May 20, 1866 0.000 0.049 — 0.006 -} o.017 — 0.001
Acapuico June 1, 1866 0.000 -+ o.052 — 0.007 + o.017 — 0.001
San Francisco . June 23, 1866 0.000 4 0.083 — 0.011 -+ o.017 — 0.001

COEFFICIENTS OF THE DEVIATIONS OF THE AFTER BINNACLE CoMPASS.

STATION. DATE. A B ¢ D ¢
Hampton Roads . November 1, 1865 [ — o.010 + 0.128 — 0.022 -+ 0.038 — 0.002
St. Thomas November 18, 1865 |  ....c. | 7 aoe.o | SSIREEIES Nt
Bahia . December 30, 1865 | — o.010 -+ 0.096 — 0.002 -+ 0,038 — 0.002
Monte Video . January 24,1866 | — o.010 <+ 0.098 -+ o0.002 -+ 0.038 — 0.002
Sandy Point February 10, 1866 | — o.010 -+ o.097 - 0.009 -} 0.038 — 0.002
Valparaiso . April 4, 1866 | — o.010 + o0.081 -+ q.oo1 -+ 0.038 — 0.002
Caliao . April 29, 1866 | — o.010 4 0.067 — 0.004 + 0.038 — 0.002
Panama May 20, 1866 | — o.o10 -+ o.055 — o.011 -+ 0.038 — 0.002
Acapuico . June 1, 1866 | — o.o10 4 o.051 — 0.013 + 0.038 — 0.002
San Francisco. June 23,1866 | — o.o10 -+ 0.062 — 0.025 - 0.038 — 0.002

COEFFICIENTS OF THE DEVIATIONS OF THE AFTER RITCHIE COMPASS.

STATION. DATE. A B ¢ D ¢
Hampton Roads . November 13, 1865 0.000 + 0.211 — 0.018 1 4 0.034 — 0.001
St. Thomas November 18, 1865 0.000 + o.131 — 0.01§ + 0.034 — 0.001
Bahia ? December 30, 1865 0.000 + o113 — 0.020 + o.034 — 0.001
Monte Video . January ° 24, 1866 e SR | 3 o005 cedes eotlens
Sandy Point February 10, 1866 0.000 + 0.080 — 0.02§ + 0.03 — 0.001
Valparaiso . April 4, 1866 0.000 +4- 0.079 —o.017 'Y + 0.031 — 0,001
Callao . April 29, 1866 0.000 -+ 0.076 — 0.011 4 o0.034 — 0.Q0I
Panama. May 20, 1866 0.000 + 0.080 — 0.00§ + 0.034 — 0.001
Acapuleco . . June 1, 1866 0.000 -+ 0.080 — 0.003 + 0.034 — 0.001
San Francisco. . June 23, 1866 0.000 4 o.119 + 0001 ‘| 4 0.034 — 0.001
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COEFFICIENTS OF THE DEVIATIONS OF THE AFTER AZIMUTH COMPASS.

STATION. DATE. A B ) D ¢
Hampton Roads . November 1, 1865 0.000 — 0.086 4 0.008 4 o.112 0.000
St. Thomas . . . .| November 18, 1865 0.000 — 0.039 + 0.002 + o.112 0.000
[BSBiaes v . . December 30, 1865 0.000 — 0.063 — 0.003 + o.112 0.000
Monte Video . penuanyAR I RSO - & Fhog, LR Ceneof [T 0= [
Sandy Point Febrnary 10, 1866 0.000 — 0.062 ~— 0.010 + o.112 0.000
Valparaiso . 3 April 4, 1866 0.000 — 0.065 — 0.002 + o.n12 0.000
SiRo " .., 0 FApril 29, 1866 0.000 — 0.061 - 0.003 + o.112 0.000
Panamel.” .* . M5 . May 20, 1866 ©0.000 — 0.059 + o.009 <+ o.112 0.000
caphlco™ .. . . . June 1, 1866 ©0.000 — 0.059 ~+ o.o11 + o.112 0.000
San Francisco. . . June 23, 1866 oo Y AL B B o

COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD ALIDADE COMPASS.

STATION. DATE. A B ¢ D ¢
Hampton Roads . November 1, 1865 | — o0.025 — 0.041 — 0.026 + o.024 0.000
St. Thomas November 18, 1865 | — 0.025 — 0.017 — 0.018 + 0.024 0.000
Billign . - 7. - . December 30, 1865 | — 0.025 0.000 — 0.020 - 0.024 0.000
Monte Video . . . Jannary 24, 1866 | — o.025 <+ o.o11 — 0.021 + o.024 0.000
Sandy Point . . . Febrnary 10, 1866 | — 0.025 -+ 0.024 — 0.021 + o.024 0.000
Valparaiso. . . . April 4, 1866 | — 0.025 -+ o.o11 — 0.023 -+ o0.024 0.000
Eallaaea s . .« 9| April 29, 1866 | — 0.025 + 0.001 — 0.023 + o0.024 0.000
Panama. . . . May 20, 1866 | — 0.025 — 0.011 — 0.023 + 0.024 0.000
Aeapulco~ . . - June 1, 1866 | — 0.025 — 0.014 -— 0.023 - 0.024 0.000
San Francisco. . June 23, 1866 | — o.02 — 0.032 — 0.034 + o.024 0.000

4 COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD BINNACLE COMPASS.

STATION. DATE. A B ¢ D ¢
Hampton Roads . November 1, 1865 0.000 — 0.099 — 0.032 + 0.037 + o.oor1
St. Thomas November 18, 1865 0.000 — 0.036 — 0.020 + 0.037 - o.001
Bahia 2 December 30, 1865 0.000 -+ o.o13 ' — 0.020 -+ 0.037 4 o.co1
Monte Video . January 24, 1866 0.000 -+ 0.046 — 0.019 + o0.037 + o.001
Sandy Point Febrnary 10, 1866 ©0.000 4 0.084 — o.016 + o0.037 -+ o.cor
Valparaiso . April 4, 1866 0.000 + 0.046 — 0.026 + 0.037 + o.001
Salliokvay 4t - April 29, 1866 ©0.000 + o.o13 — 0.029 + 0.037 —+ o.001
Panama. . May 20, 1866 0.000 — 0.022 — 0.033 + 0.037 -+ o.001
Acapnlco . June 1, 1866 0.000 — 0.033 — 0.035 + o0.037 + o.001
San Francisco. June 23, 1866 0.000 — 0.083 — 0.056 + 0.037 -} o.001

COEFFICIENTS OF THE DEVIATIONS OF THE FORWARD RiITCHIE COMPASS.

STATION. DATE. A B e D ¢
Hampton Roads . . | November 1, 1865 0.000 4 0.032 -— 0.056 4 0.041 — 0.001
St. Thomas c . | November 18, 1865 0.000 -+ 0.032 — 0.032 + o.041 — 0.00!
Balid e .. - . { December 30, 1865 0.000 + 0.048 — 0.026 -+ o.041 — 0.001
Monte Video . . o | Janmary 24, 1866 0.000 + o.0357 — 0.022 + 0.041 ~— 0.00I
Sandy Point , . . | February 10, 1866 0.000 -+ 0.067 — 0.013 <+ o.041 — 0.00I
Valparaiso. . . . | April 4, 1866 0.000 4+ 0.04% — 0,032 + o.041 — 0.001
CINIOTa o .. A pril 29, 1866 0.000 4 0.028 — 0.041 -+ o0.041 — 0.001
Bamamady" .. . dwy . [PMay 20, 1366 0.000 <+ o.o11 — 0.051 + 0.041 — 0.001
Acapnlco « v o o - | June 1, 1866 0.000 + o.005 —.0.056 + o.041 — 0.00I
San Francisco. . . | Jun® 23, 1866 0.000 — o.o10 — 0,092 + o.041 — 0.001
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Comparing these eomputed values with the values before founa direetly from the
observations, the following residuals are obtained:

VALUE OF THE COMPUTED MINUS THE OBSERVED COEFFICIENTS OF THE DEVIATIONS OF THE
ADMIRALTY STANDARD COMPASS. !

STATION. DATE. A B ¢ D ¢
Hampton Roads . . .| November 1, 1865 ~+ 0.004 + o0.007 — 0.004 -+ 0.003
St. Thomas . . . .| November 18, 1865 — 0.006 — 0.012 + o.o11 <+ o.012
Bahia . . . . . .| Deccember 30, 1865 + 0.002 —- 0.001 + o.001 — 0.001
Monte Video . . . .| January 24, 1866 ~— 0.006 —- 0,003 — 0.007 — 0.00§
Sandy Point . . . .| February 10, 1866 ~+ o.001 + o.012 -+ o.001 — 0.001
Valparaiso. . . . .| April 4, 1866 + 0.008 ~— 0.001 + o.o0r1 + o0.002
Callao™ %" .. o, kApril 29, 1866 — 0.004 ~— 0.005 + o.001 — 0.003
Panama. . . . . .| May 20, 1866 — 0.004 — 0.007 0.000 — 0.003
Acapilco .. . weo, " | June 1, 1866 4 0.004 — 0.009 — 0.001 — 0.003
San Francisco. . . .| June 23, 1866 0.000 -+ o.o11 ~— 0.001 | — 0.001

VALUE OF THE COMPUTED MINUS THE OBSERVED COEFFICIENTS.OF THE DEVIATIONS OF THE
AFTER BINNACLE COMPASS.

STATION. DATE. A B ¢ X)) @
ITampton Roads . . . | November 1, 1865 + o.o01 -+ o.c01 + o.001 — 0.001
St. Thomas . . . .| November 18, 1865 ] « = | = secees 0 RiE L iene e S A
Bahia . . . . . .| December 30, 1863 — 0.004 + o.001 + o.004 — 0.004
Monte Video . . . .| January 24, 1866 + o.002 — 0.009 — 0.00I <+ o.o10
Sandy Point . . . .| February 10, 1866 — 0.003 + o.014 — 0002 — 0.001
Valparaiso. . . . .| April 4, 1866 + o.011 — 0.001 0.000 — 0.002
Calleow.y - e . s lvApril 29, 1866 — 0.006 — 0.002 -— 0.002 — 0.004
Panama. . . . . .|May 20, 1866 — 0.003 — 0.017 — 0.008 + o.003
Acapulco . . . . .| ]June 1, 1866 — 0.003 — 0.007 —0.003 | - 0.004
San Francisco. . . .| June 23, 1866 + 0.002 + o.o15 -+ 0.006 — 0.002

VALUE oF THE COMPUTED MINUS THE OBSERVED.COEFFICIENTS OF THE DEVIATIONS OF THE
AFTER RiTcHIE COMPASS.

STATION. DATE. A B ¢ D ¢
Hampton Roads . . .| November 1, 1865 + o.o11 + o.012 + o.o10 <+ o0.021
St. Thomas . . . .| November 18, 1865 — o0.017 — 0.027 — 0.010 + 0.008

Jahia . . . . . .| December 30, 1865 — 0.008 — 0,003 — 0.008 — 0.003
Monte Video . . . .| January 24, 1866 RS e ([ 5 0000 EREE Y
Sandy Point . . . .| February 10, 1866 4 0.009 + 0.035 + o.012 — 0.014
Valparaiso, . . . .| April 4, 1866 <+ o.012 — 0.021 — 0.009 — 0.003
Callad ~." -~ . % % | April 29, 1866 — 0.026 — 0.01§ <+ 0.002 — 0.017
Panama'. . . ., . .| May 20, 1866 + o0.009 — 0.002 -+ o0.009 + o0.026
Acapuleo . . . . .| ]June 1, 1866 -+ 0.002 — 0.024 + o.o10 — o.016
San Francisco. . . .| June 23, 1866 +- o.001 + 0.028 — 0.016 — 0.004
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VALUE oF THE COMPUTED MINUS THE OBSERVED COEFFICIENTS OF THE DEVIATIONS OF TIIE
AFTER AzIMUTH COMPASS.

STATION. DATE. A B ¢ D @
Hampton Roads . . .| November 1, 1865 — 0.001 -+ o.o11 4 o.o11 — 0.c03
St.hThomas .« « . .| November 18, 1865 — 0.006 — 0.021 — 0.008 — 0.002
Bahia . . . . . .| December 30, 1865 + o.o13 0.00 - 0.020 0.01
Monte Video . . . .| Jannary 24, 1866 e 8 g4 - £
Sandy Point « . .| Febmary 10, 1866 — 0.010 -+ 0.004 — 0.014 0.00
Valparaiso. . . ., .| April 4, 1866 + o.021 — 0.008 + 0.006 i o.oxg
CRHAR o . | <o 1| April 29, 1866 — 0,026 + o.017 -} 0.022 — o.011
Panama. . . . . .| May 20, 1866 + o.007 — 0.021 — 0.001 + o.o12
Acapulco . . . , ,|]June 1, 1866 - o.001 +- o.o11 +4- o.007 — 0.007
San Francisco. . . .| June 23, 1866 oot ccacoo

VALUE OF THE COMPUTED MINUS THE OBSERVED COEFFICIENTS OF THE DEVIATIONS OF THE
FOoRWARD ALIDADE COMPASS.

STATION. DATE. A B ¢ D C
Hampton Roads . ., .| November 1, 1865 -} 0.003 + 0.006 -~ 0.005 — 0.col
St. Thomas . . ! .| November 18, 1863 — 0,007 — 0.003 -+ 0.002 — 0.006
Bahia . . . . . .| December 30, 1863 -+ 0.002 — 0.010 + o0.002 — 0.004
Monte Video . . . . |January 24, 1866 — 0.003 — 0.002 ©.000 -+ 0.004
Sandy Point 3 Febrnary 10, 1866 -+ o.007 + o.013 — 0.007 -+ o.007
Valparaiso. . 8 April 4, 1866 <+ 0.003 — 0.007 + o.003 4+ 0.002
Callao . . . S April 29, 1866 — 0.011 -+ 0.006 -— 0.002 + 0.003
Banama). .* oot o, May 20, 1866 — o0.010 + o.001 + o.001 -} 0.003
Acapulco . d June 1, 1866 -}- o.012 — 0.014 — o0.0c9 — 0.002
San Francisco. June 23, 1866 -+ 0.002 + o0.007 -+ 0.007 — 0.007

VALUE OF THE COMPUTED MINUS THE OBSERVED COEFFICIENTS OF THE DEVIATIONS OF THE
ForwARD BiNNACLE CoMPASS.

STATION. DATE. A B e D ¢
Hampton Roads . November 1, 1865 " 0.000 + o.013 — 0.007 — 0.006
St. Thomas November 18, 1863 — 0.002 — 0.016 - 0.002 + 0.003
Balwa, . ") December 30, 1865 -} o0.007 — 0.010 0.000 + 0.004
Monte Video . January 24, 1866 — 0.00§ — 0.007 -+ o.005 <+ 0.002
Sandy Point . Febrnary 10, 1866 — 0.008 -+ o0.022 — 0.002 -+ 0.005
Valparaiso . . April . 4, 1866 ~+ o.o13 —o0.013 ~+ o.009 -+ 0.004
Callao . . April 29, 1866 — 0.003 —+ 0.008 0.000 — 0.005
Baiamar ) . NE May 20, 1866 — 0.004 ' — 0.006 ©0.000 -+ o.007
capulco ¥ . June 1, 1866 + 0.003 — 0.006 — 0.009 — 0.003
San Francisco. June 23, 1866 — 0.001 4 0.006 - o.002 — 0.013

VALUE oF THE COMPUTED MINUS THE OBSERVED COEFFICIENTS OF THE DEVIATIONS OF THE
ForwaRrD RITCHIE COMPASS.

STATION. DATE. A B ¢ D ¢
Hampton Roads . . .| November I, 1865 + 0.009 + o007 + 0.003 — 0.007
St. Thomas . . . .| November 18, 1863 — 0.004 — 0.010 — 0.016 + o.007
Bahia . . . . . .|December 30, 1865 — 0.013 +- o.001 — 0.006 + o.o01
Monte Video . . . .| Jannary 24, 1866 — 0.009 — 0,022 -+ o.001 4+ 0.007
Sandy Point . . . .| February 10, 1866 0.000 + 0.035 -+ 0.002 ~+ 0.005
Valparaiso', . ‘. & . [ April 4, 1866 + o0.022 — 0.006 -+ o.004 — 0.009
GG T . . [PAril 29, 1866 — 0.00§ — 0.007 — 0,003 — 0.003
Pandmagy 7 a sl . | May 20, 1866 -+ ©0.007 —o0.018 - -}- 0.003 4 0.003
Acapnlco . . . . .| June 1, 1866 — 0.006 — 0.018 0.000 — 0.008
San Francisco. . . .| June 23, 1866 — 0.005 + o.025 ~+ o0.016 -+ 0.008




198 REPORT ON

In the following table the columns headed 73, 7, 7p, 7, contain respectively the
probable errors of a single observed value of 3, G, O, and €, for cach compass,
computed from the residuals just given. But as thesc residuals were got by sub-
tracting the computed from the observed values of the coeflicients, and as each
observed value was found from a set of deviations observed on all the thirty-two
points, it follows that the probable errors here given belong to the cocfficients
when they have been computed from a set of deviations observed on all the thirty-
two points. For convenience of reference we will designate these as the probable
errors derived from all the observations of the cruise.

C r r % r r
ompass, B ¢ D (3 s/ﬁ

Admiralty Standard. .| == 0.0033 == 0.0053 =+ 0.0032 == 0.0033 == 0.0008
After Binnacle . . .| == 0.0036 =+ 0.0069 =+ 0.0026 == 0.0028 =+ 0.0018

After Ritchie. . . .| == o.0090 =+ o.0153 =+ 0.0072 =+ o.0106 == 0.0031
After Azimuth . . .| == o.or00 =+ o.o100 =+ 0.0094 == 0.0074 =+ 0.0030
Forward Alidade . .| == o.0050 == 0.0059 3= 0.0035 =+ 0.0031 =+ o.0016
Forward Binnacle . .| == 0.0046 =+ 0.0084 =+ 0.0036 =+ 0.0043 == 0.0024
Forward Ritchie. . .| == o.0c070 =+ o.0127 == 0.0056 =% o.c047 =+ 0.0032

Means . . .| == o0.0061 == 0.0092 =+ o.0050 == o0.0052 == 0.0023
But we have before found the probable ervors of B, ), D,, and E,, when com-
puted from observations made at a single station on each of the thirty-two points,
by a totally different process, namely, from the thirty-two observed deviations the
values of 4, B,, C,, D,, and E,, were computed; next, with the values of 4,, B,
% Dy, and E,, thus found, the deviations were computed for each point; then,
comparing these computed values of the deviation with the observed values, a
series of residuals were obtained from which the probable errors in question (which
are given in the table on page 185) were casily got. These we will designate as
the probable errors obtained from observations at a single station; and it will be
remembered that it was shown that, no matter what their numerical values might
be, the probable errors of B, €, D,, and E, must all be equal to each other.
Although the difference between the probable errors of B,, C,, D,, E,, and those
of B, €, D, €, can never be great, yet, in general, it would not be rigorously cor-
rect to assume that they are equal to each other. However, in the case of the
compasses under discussion we will make this assumption, for by so doing no error
greater than the uncertainty of the probable errors themselves will be introduced.
In order to facilitate the comparison of the two sets of probable errors, those of B,,
C,, D,, E, are given in the table above, in the column headed 71_176 This column
is identical with the column headed in the same manner in the table on page 185,
except that the quantities are here expressed in parts of radius instead of minutes
of arc.
Now, comparing the probable errors derived from all the observations of the
cruise with those derived from observations at any single station, we see that, taking
the mean of the results for all the compasses, r, and rg are almost identical, as they

7~
‘

should be, but they are each more than twice as great as V16 On the other hand,
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ry and 7g are neither equal to cach other, nor yet to r; and rg, but are, the one

nearly three, and the other four, times as great as 1/7.16 Assuming the theory
employed 1n this discussion to be correct, we should have expected to find 7q, 74,
7y, 7' Sensibly equal to cach other, and all sensibly equal to szé Such, however,

1s not the case; and, as the results for each compass all tend in precisely the same
direction as the mcan result, a doubt naturally arises whether or not the theory
really represents the semi-circular deviation as accurately as it does the quadrantal.
As this doubt is founded upon observations which may possibly have been affected
by some unknown cause of constant error—as they were all made on a single vessel
during a single cruise—perhaps it would not be well to insist upon it too strongly;
but at all events, it shows the necessity for further investigation of the subject, and
especially the great want of more observations.

The probable errors of the cocfﬁcients B, €, D, €, for each compass, when com-

¢ AP S @ AQ W

puted from the values of 4, 5 7, o , D, and €, given in the table
on page 193, are as follows:

ro ro rO ro

Compass. B 4 D G
Admiralty Standard . 5 a . | == o.oo10 = c.0017 == o.0010 = o.0010
After Binnacle . : : a X [N =E 'oloo1? == 0.0023 == 0.0009 == o0.0009
After Ritchie . ; . o 5 == 0.0030 == 0.0051 == 0 o024 =+ 0.0035
After Azimnth . : : g . | = o0.0035 =+ 0.00335 = 0.0033 =+ 0.0026
Forward Alidade c o e il | SE SO == o0.0019 == o.0011 == o-o010
Forward Binnacle . 4 5 . =+ o.0014 =+ 0.0026 =+ o.o012 =+ o.0014
Forward Ritchie. o o ! | L= CECp = 0.0040 == 0.0018 = 0-0013

The following table shows, for each compass, the place at which the maximum
value of its deviation, 8, was the greatest, together with the point on which that
maximum value occurred, and its amount. Also, the place at which the maximum
value of its deviation was the least, together with the point on which that maximum
occurrcd, and its amount. These deviations are given on the compass points, and
in computing them the true 4 was used.

Compass and Station. Point. 3

Admiralty Standard.

Hampton Roads o 5 5 5 c E. by N. + 9° 2¢

Sandy Point . 3 . . 5 P N. E. by E. 4 w2t
After Binnacle.

Hampton Roads . . 8 2 : N. W. by W. — 9 15

Acapulco. . . . . . . N. W. by W, — 5 21
After Ritchie.

Hampton Roads . . AN 55 . W. N. W. — 12 45

Panama . 3 2 . . . g N. W. by W. — 5 41
After Azimuth.

Hampton Roads . . o, "o . S. E. by E. — 10 5

St. Thomas . 3 . . . . SHE: — 8 45
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Compass and Station. Point. 3

Forward Alidade. '

Bahia . . 5 . . 5 3 N. W. by N. — 3° 39

Sandy Point . 0 5 5 9 5 N. W. — 4 34
Forward Binnacle.

Bahia . : . . . . . NG\ — 3 3t

San Francisco . . . . $ 3 SOWL + 7 43
Forward Ritchie.

St. Thomas . . . . . : N. W. — 4 55

San Francisco . ; 4 5 L 4 S. W. by S. 4+ 6 353

The following table shows, for each compass, the maximum change, Aé, in its
deviation, which occurred on any single point, together with the azimuth at which,
and the places between which that change occurred.

Compass and Station. Azimuth, Al
Admiralty Standard.
. Hampton Roads and Sandy Point . : €. 88° 52’ E. Te=ERy

After Binnacle. b

Hampton Roads and Acapulco. S. 82 43°E. 4 23
After Ritchie.

Hampton Roads and Panama S. ‘87 BN 7 28
After Azimuth.

Hampton Roads and Sandy Point S. v48) il I 43
Forward Alidade. P

Hampton Roads and Sandy Point N. 8 20 E. 3 39
Forward Binnacle.

Sandy Point and San Francisco N. 76 Si178Es 9 42
Forward Ritchie.

Sandy Point and San Francisco 3 - N. 43 16 E. 6 18

In order to show the difference between the values of the deviation computed
from observations made at a single station, and those computed from all the obser-
vations of the cruise, or, in other words, the difference between the theory and the
observations, let § be the deviation of a compass on any point, , at a given station,
as computed from values of 4,, B,, C,, D,, E,, derived from all the observations of
that compass made during the cruise; and also let 8’ be the deviation of the same
compass, on the same point, at the same station, as computed from values of A4,,
B, C,, D, E, derived from observations of that compass made on each of the
thirty-two points at the station in question. Then the following table shows, for
each compass, the maximum value attained by § — &’ during the cruise, together
with the point on which, and the station at which, that maximum occurred.

Compass. Station. Point: =3/
Admiralty Standard . . . St. Thomas S.S. W, + 1° 41
After Bi.nna.clc . g o 9 Panama S. S, E. + 1 14
After Ritchie ; . 3 - | Sandy Point S. by E. —R2 b
After Azimuth . A 3 i Callaa S. E. by S — v 11y
Forward Alidade . . ; . | Acapulco SR + 1 36
Forward Binnacle . o . | Valparaiso N. W. by W. — 1 41
Forward Ritchie . . | San Francisco N. N. E. 42 11
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~

As the After Azimuth Compass was a very poor instrument, the descrepancy
between theory and observation in the case of its deviations is not surprising. In
the case of all the other compasses, except perhaps the Forward and After Ritchie,
the agreement of the observed and compnted values of the deviations is mueh more
satisfactory; and indeed the differences between them are so small as to be of very
little consequence for the ordinary purposes of navigation; still, viewed from a
purely scientific stand-point, they are larger than might have been expected.

The hard and soft iron forces involved in the production of the semi-circular
deviation were next examined in order to ascertain whether or not their relations
to cach other were such as to render it possible, in the case of a vessel swung for
the first time, to predict from the observed deviations of her standard compass what
the deviations would be at any other place. The cocfficients of the semi-circular
deviation arc 3 and @, and the components of the hard iron force involved in their

production are Boana © ; while the components of the soft iron force are; andi.

As these components act at right angles to each other, the total hard iron force
will be

D2

= 2

and if we let @ represent the direction in which it acts, measured from the ship’s
hpad toward the right hand, we have

tan ¢ = e,
v TV
?J
In the same way the total soft iron force will be
}2—75—
o2 T

and to determine its direction we have

A
tan'a"— 1 59

A
By means of-these formulee the following table was computed. It shows the
amount and direction of the hard and soft iron forces acting on each compass on
November 1, 1865, and June 23, 1866.

Hard Iron Force.

Soft Iron Force.

Compass. November 1, 1865. June 23, 1866.
Amount. Dire'ction. Amount. | Direction. | Amount. | Direction.
Admiralt‘y Standard . . . | o.460 000°.8 0.226 348°.0 0.024 356°.1
After Binnacle . 3 » 5 0.664 000.2 0.639 353.0 0.010 240.4
After Ritchie c ; ‘ .| ©0.780 349.0 0.431 354.0 0.018 16.3
After Azimuth . r X .l 0.375 186.8 0.449 173.9 0.007 I11.2
Forward Alidade. . 2 . | o.107 277.6 0.178 267.3 0.016 184.2
Forward Binnacle 1 : . 0.159 331.9 0.254 280.1 0.048 187.1
Forward Ritchie . i 2 .| ©.376 347.2 0.387 289.1 0.022 219.9

26 December, 1872.
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The following table shows the change, in amount and direction, of the hard iron
force between \TO\ ember 1, 1865, and June 23, 1866 ; the ratio of the hard to the
soft iron force on each of these dates; and also the mean ratio of the same forces.

Change of 1Iard Iron Force. Ratio of Ilard to Soft Iron Force.
Compass.

Amount, Direction. Nov. 1, 1865. | Junc 23, 1866. Mcan.
Admiralty Standard. .| —o0.234 — 12°.8 19.2 9.4 14 3
After Binnacle . .| —o.025 — 7.2 68.8 66.1 67.4
After Ritchie . o .| —o.299 + 3.0 42.1 26.0 34.0
After Azimuth. o 4 + o0.074 -— 12.9 52.6 62.8 57.7
Forward Alidade . A -+ o0.071 — 10.3 6.6 11.0 8.8
Forward Binnacle . ..| -+ o.09% — 5I1.8 353 5.3 4.3
Forward Ritchie . . -+ o.o11 — 58.1 17.1 17.6 73

An examination of the last two tables shows that during the whole cruise the
hard iron force was changing in a very remarkable manner, both in amount and
direction. In the case of the three compasses mounted above the forward turret,
the force was increasing: while in the case of those mounted above the after turret,
it was decreasing. In other words, there seems to have been a transfer of hard
iron force from aft forward. Now, looking at the change in direction of the force,
we see that in every case, excepting only that of the After Ritchie, it took place
in such a manner as to correspond to a rotation from right to left. Turther, the

ratio of the hard to the soft iron force was slowly varying at cach compass; anc
for the different compasses it ranged between 4.3 and 67.4. Finally, there was not
a single compass on board at which the direction of the hard and soft iron force
coincided; from which it follows that in no case was the ratio of the hard and soft
iron forces the same in the coefficient B as it was in the coefficient €. Under these
circumstances we are forced to conclude that, so far as can be judged from the
observations here given, in the case of a vessel swung for the first time it is
impossible to make any reliable estimate of the ratio of the hard to the soft iron
force in the coefficients B and €; and, therefore, it is also impossible to make any
reliable estimate as to what changes her deviations will undergo upon a change of
magnetic latitude. As a further proof of this, we see that the After Azimuth
Compass, with a maximum deviation of 10° %', changed its deviation during the
cruise by only 1° 43, that is, by about one-sixth of its whole amount; while the
Forward Binnacle Compass, with a maximum deviation of only 7° 43’ changed its
deviation during the cruise by 9° 42, that is, by about one and a quarter times its
‘whole amount.

In the beginning of this section it was stated that, at the positions occupled by
the Admiralty Standard and After Azimuth Compasses, observations of deflection
and dip were made in order to determine the absolute magnetic force; and the
details of the methiod followed in taking these observations were explained. We
will now proceed to reduce and discuss the observations themselves, and for that
purpose the first thing neccessary to be known is the magnetic moment of the
deflecting magnets. Ior its determination we have the observations recorded in
the following table, which were all made on shore. The first and second columns
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of the table give the place where, and the date when, each observation was made.
The third and fourth columns give respectively the observed deflections when the
north ends of the deflecting magnets were directed towards the west and towards
the east; the distance of their centres from the centre of the compass needle being
in both cases eleven inches. The fifth column gives the mean of the four observed
deflections recorded in the third and fourth columns. The sixth, seventh, and
eighth columns contain, in preciscly the same manner, the observed deflections, and
their mean, when the centres of the deflecting magnets were at a distance of fifteen
inches from the centre of the compass ncedle. Now, let » be the distance,
expressed in feet, between the centres of the deflecting magnets and the centre
of the compass ncedle ; w, the observed angle of deflection given for each value of
r in the column headed “mean”; m, the combined magnetic moment of the two
deflecting magnets; and H, the earth’s horizontal force at the place where the
observation was made, taken from the table on page 61. Then we shall have

m
%?’3 tm’l U= }j
and the ninth column contains the mean of the two values of log. % computed

respectively from the angles of deflection observed with » = 11 inches = 0.917
foot, and » =15 inches = 1.250 feet. The tenth column contains the value of

log. m, found by adding to log. }/} the known value of Iog. H

Deflections.
’
Log. 7 Log. m.
Station. Date, 7 = 11 inches. # = 15 inches. Sy
West. East. Mean. West. East, Mean.
Gosport. . . . . [Oct. 30,1865 19° 30/| 22° g0/ 14° 30/ | 17° 30/
i % 19 0|22 20| 20° 52/ 14 20| 17 4o [*16° of| 9.1617 | 9.8344
St. Thomas. . . . [Nov. 13,1865 15 20 [ 14 50 4 20| 6 40
15 30|14 40 (15 S| 4 30| 6 40| 5 32| 8.9961 | 9.8251
Salnte Islands . . . |Nov. 28,1865 |14 35|15 o© X 5 () o [ S e
14 35|15 5/14 49| 4 55 5 20| 5 14| 89799 | 9-8079
Bahiaft FLL. SRR, [MYee. 865t gEedo (S16F 1o 6a10/| - 5" 30
16 40 | 16 10 | 16 10| 5 40 é 30| 5 42| 9.0184 | 9.8108
Rio Janeiro. . . .|[|Jan. 6,1866 |17 o |17 oO| 6 40 o
-+ ! 1787 fOMIRNTE TONL 1 7h s 52 (W) 6 o| 6 10| 9.0476 | 9.8216
Monte Video . . . |Jan. 18,1866 16 40 | 16 40 6 20{ 5 30
| 17 o[ 16 40 |16 45| 6 10 g 30| 5 52| 9.0328 | 9.8130
Sandy Point . . . |Feb. , 1866 16 30 | 16 20 5 40 40
T ) 4 | 16 io 16 2016 27| &6 o| 6 30| 6 12| g.0408 | 9.8270
Valparaiso . . . . |March 2, 1866 | 1 o|1 o TR 2ol PO
e = 12 40 xi 40|15 50| 7 30| 5 of 6 12| 9.0320 9.8326
Valparaiso . . . . |April 7, 1866 1 ol 17 40 A0 300 CR7A3e
e Ty !: go I; 30|16 5| 4 20| 7 40| 6 o] 9.028 | 9.8290
Call Sdw s e Aprily 26,1866, 1 1. Onl T o 5§ 20| 5 10
& iy 12 go 13 go 14 30| 5 to| 5 30| 5 18| 8.9777 | 9.8222
P D8 c o e N 14, 1866 | 12 50 | 1 ) 4 30| § 20 .
T8 ¥ 5o 13 ?o ’ xg §o 13 15| 4 40| 5 o 4 52| 89387 | 9.8195
1 e A M 0, 1866 | 12 30 | 12 20 4 40| 4 30 g
L g 12 io 12 10|12 25| 5 30 g 40 | 4 30| 8.9227 | 9.8107
i o ¢ 6, 1866 | 1 o1 o 7 o 10
A Il‘me “ lg 40 1(75 40117 20| 7 10{ 6 30 6 42 ' 9.0698 | 9.8208

* In this observation » == 12 inches.






Al

MAGNIE

RVATIONS.

TLIC OBSE

-
Y

SEE6°6

‘d 2z g1 S| A o ‘S| L¥zoo | LgSo'1 |o L9 | S¥390 1 99€16 gk L Jo or|of § 0 oz|oz oz |ob 61

_ o 6 joFr g9 © oz |0 oz 991 ‘€z sunf |+ jodspuriy uEg
‘¥z 6z 'g| g of "g | vghoo | 26566 | 9gSg'o |S¥ SP 4| zivgo | 6EL6g |2z & |of § o § |§ b1|ob ¥1|of £1 :

. (AR | @ ob ¥1 [ of €1 |9g9g1 ‘1€ Augg |+ -odudedy

‘M9 SPeN|'M 2PN | 66900 | ¥166°6 | vSbio | S¥ of 4| zzlgo | 6gt6'g |z S |of ¥ Joz § |Sz €1lo €10 1
ol IS 8 INoZEG of zi | o ¥1 [9ogr ‘L1 Ay | - - rweurg

‘M €1 o ‘s | ‘mmog | ggeoo | z6¥6'6 | SLz6'6 |Sv L — | LS6L0 | Plzo6 {§ 9 [0 9 |of 9 |gh S1|o Si|ob Si1
of § loz 9 o 91 |of 91 |9ogI ‘of fudy |* * * * * or[eD)

‘M PE S N ‘M § 'N| olooo | 2£66'6 | 06S9'0 | St 9f — | g€6L0 | €lzo6 (O 9 jo § |oz L {o og1|ob ti|oz L1
5 _ . of v+ |lo ¢ ov ¥1 | oz L1 |gogr v qudy [ ° * osrercdiep

‘AW 6 oz ‘s ['A\ oz ‘S| Fogoro $156'6 | vz1lo |o zv—| 0gSlo [ 1906 |oF 9" | oS 9 oz 9 | SS o9r|or L1|of or
o L lof 9 oz L1 job 91 _oomH ‘ozyarepy |* - * osrerediep

‘M ¥ 68 g | a 6 'S | gzSoo | 26566 | gz660 |Of 09 — | ¥StLo | LSLo6 [ 2S 9 |of L oz 9 |z Li|of gr|oF o1
oz 4l oz L9 oz g1 |0 oI |gog1 ‘6 -qaq | ° ywmog Apueg

‘g o 61 'g| g oz ‘S| S€voo | g¥S6'6 | zvogo |of of — | oSELo | 19306 | 2§ 9 |o L o 9 |o1 g1 |0z gI|o @I
ot ¢ or L oz g1 | o gI |9ogl ‘bz ‘uef|* *0OSpIA JUOIY

‘M8 I Sl'A z ‘S| zLSoo | ggv6'6 | goS1'0 |0 S1—| gzzio | Sg606 | § L (o1 L fo L |LE g1|ob g1 |of grI
(o) R /AN ||c(or* 2 ob g1 |oF g1 |gogr vy cuef}- : omeuef ory

‘Mo ¥ N |'M ¥ 'N|te€g6 | obooo | 85266 |0 g — | ogllo | 1fb06 [2I 9 (oI 9 joz 9 |LE 91 |ob 91 [oF o1
o 9 |oc 9 o 91 | of 91 {gogr ‘¢ -uef|' - oxauef ory

‘Tz QSN | ‘A SE-N| 98lzo | 20666 | 14566 [of g -+ | gzglo | Sgfo6 | Lt 9 [0z 9 ;of 9 [§ o91jo 910 I
o 9 oz 9 O 09I | oz OI |SogrI ‘6z 23| ¢ * ° * cElyeqg

'qof ¥.°N| g ol°N 99566 z69L0 | 61506 [22 9 [0 9 |of 9 [0S grio o910 i1
3 @ WG | 4 oz 91| o0 g1 |SgQI ‘gr Q| "t ' wIE)

1% 68 N | "I oS8 "N | thg9o'o | 0L56'6 | gifio |,0f o1¥ - | oSgLo | 19506 |01 9 |o 9 [ob 9 |z 91 |0 o1 |of o1
" of § |0z 9 o 9I | oz 91 |So8I ‘of °‘AON [* spuE[s] 23U[ES

ISP £626'6 ¢ €gSL'0 | 82906 {05 o9 [0 L |ob 9 |of g1 |o0f SI |soz LI
or L |,0f o9 ob S1 | or L1 {Sgg1 ‘ST AON |* °© svwoy] ‘IS

(&) m 9616°6 €z6S0 | ggzz6 pr Lz |oF €z o €z

o 9z|o 1z

otoz| oz 1z
% /0 9T |,0z ozz |S98I ‘1 ‘AoN |sproy uwodwel]

* | rumdy *Ise IS9AN | uBdy Iseq] *3ISOAN '
z /4 s [T L
bl P 7 Pills | A Bo|,z B0 9 (13077 | 7 8o *sayouy S1 =4 *satIul 11 =4 23 ‘uoneIg
“UONOYO(T

‘SSVAINOD) QAVANVIS ALIVIINAY



REPORT ON

206

0ns.

isely the same manner, all the observat
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The following table conta

which were made for the determination of absolute force at the position oceupied

by the After Azimuth Compass on board the Monadnock.
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From the data already given, the value of 2 was next computed by means of the
formulee

) .-

s1115=1:—Q—-&S—Qg,[ﬂ[—i-%sin{’—}—@:cos ¢+ DOsin 28"+ € cos 2;”]
II’X sin §
& ‘)(+bs1n§+Lcos§+Qsm2§—|-(,cos2§‘

The individual results obtained from the observed values of : H are as follows:

Value of a
Station.
Admiralty Standard After Azimuth

Compass. Compass.
Salute Islands . X 4 0.918
Ceara . 5 y : : 0.896
Bahia . 3 5 G 0 0.922
Rio Janeiro. 3 5 X 0.939 0.942
Rio Janeiro. . : . 0.904 0.884
Monte Video . . 3 0.913 0.814
Sandy Point ! ; : 0.914 0.821
Valparaiso . 3 3 . 0.954 0.848
Valparaiso . 4 : d 0.934 0.886
Callao 3 X : b " 0.905 0.820
Panama . o 5 5 0.952 0.861
Acapulco . ? . e ©.947 0.816
San Francisco .' . o 0.914 0.947

Takmg the means, for the Admiralty Standard Compass, we have ﬁnally
2 =10.924 1 0.0036

and the probable error of a single observed value of 2 is A:}: 0.013. For the After
Azimuth compass we have finally

2 = 0864 4 0.0107 )
and the probable error of a single observed value of 2 is - 0.034.

In order to determine these coefficicnts which depend upon the value of g, we

have equation (6 a), which is
Z' cos { sin { 1
0_1_2+ X tan § Xt—l”f)_{_L—I_R><

But as R is liable to a slow change, a term depending upon the time is introduced,
and then we get

£ eos ( Sinmd 8, 1 t 61

o 1_—“+ I X tan o~ h X tan0+7»+RXZ+ARXZ ¢

where AR is the daily change in the value of R, and ¢ is the time in days, counted

7

from November 1,1865. Each observed value of _é_ furnishes an equation of con-

dition of the same form as (6 b), and from all the equations of condition thus
obtained the most probable values of g, &, &, B, and AR, can be found by the
method of least squares.
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And the resnlting normal equations are
Absolute Term. g £ £ R 100 AR
0 = — II.3I3 + 129.164
o= 4 o0.31I —  3.078 4 6.125
o= — o0.851 4+ I1.317 -+ 1.000 + 10.000
o=+ o0.840| — 1r1.053 + 0.888 S 253 + 3.161
o= 4 1.367 — 19.634 + 1.042 — 3.342 + 4.084 4+ 6.305

Solving, we find
g = -+ 0.11398 Jo = — 0.0509

h = - 0.00981 R = —0.3918
100AR = - 0.3634

Substitnting these results in the equations of condition, the probable error of a

single observed valoe of Z comes out -4 0.030, and the probable

(]

puted value of —g comes out - 0.010.

For the Admiralty Standard Compass we found 3 = 0.000, ©
€ = — 0.001. We have also
B SRR B ]
e=2(1—9)—1

b=x2(C—A)
d=2 (C4A)
Hence
a = — 0,0605 e = — 0.0917
b= — 0.0008 d = — 0.0008

For the After Azimuth Compass we found A = 0.000, D
G = 0.000. Hence, in the same manner,

a = — 0.0396 e = — 0.2324

b= 0.0000 d= 0.0000

error of a com-

= - 0.017, and

— -+ 0.112, and

Collecting our resnlts, we have the following final values of the coefficients of the

ADMIRALTY STANDARD COMPASS.

A = o.000

B = + o.0240 tan 6 + 0.460 _]I7 — 0.00102 ?; =+ o.o01

7
= —0.0016 tan § 4 0.006 f}—-— 0.00023 —7 =+ o.002

®) = + o.o17 = o.001

& = —o.001 =+ o0.001

Z tan g
97 December, 1872,

LZ’ = 1 -} 0.0407 cos¢ 0.0050 M + 0.1006 + 0.1665 o + o.000694-§_ %+ 0.007
tan 0 VA
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Hence, the general equations for the determination of the deviations of this
compass are
X'=X—0.0396 X —0.0000 ¥— 0.0022 Z — 0.322 — 0.00027 ¢
Y= ¥—o0.0000 X —0.2324 ¥—o0.0058 Z — 0.038 4 0.00034 ¢
Z' =Z+ 0.1140 X + 0.0098 ¥— 0.0509 Z—0.392 4 0.00363 ¢

The constants P, @, R, are the resolved values of the hard iron magnetism of the
ship; and in order to show as clearly as possible how it varied during the cruise,
at the positions occupied by the two compasses under discussion, the following table
is appended. The columns headed “F” contain the values of the total hard iron
force, computed by means of the formula

F=VP X Q°F R®

Admiralty Standard Compass. After Azimuth Compass.
Date. -
2. I 0. R F. P 0. R. F
November 1, 1865 | 4o0.425 |+ 0.006 | +0.166 | 0.456 |~— 0.322| — 0.038/ — 0.392| ©0.509
June 23, 1866 | +40.205 |— 0.043 | +0.327 | 0.388 | — 0.385| + 0.042 + 0.457| ©0.599

Thus it appears that in the interval between November 1, 1865, and June 23, 1866,
the total hard iron force had decreased fifteen per centum at the position of the
Admiralty Standard Compass, while it had increased eighteen per centum at the
position of the After Azimuth Compass; and in both cases the changes in the
direction of the force were very great. On the whole, the so-called permanent
and sub-permancnt magnetism of the Monadnock seem to have been in a very
unstable condition.

There were some places where observations of the deviations of the compasses
were obtained on a number of points less than thirty-two, because the ship could
not be made to swing completely around. In order to deduce from these observa-
tions the corresponding values of the coefficients 4,, B, €, D,, L, we remark that
cach observed deviation furnishes an equation of condition of the form

0=—34 A, + B;sin{ 4 C; cos { + D, sin 2{ + F, cos 2§
and from all the equations thus obtained the values of the coefficients must be
found by the method of least squares. As all the compasses were observed simul-
taneously; the deviations at each place are given on the same points in the case of
cach compass. Hence, although the absolute terms in the equations of condition
will be different, the numerical cocfficients of the unknown quantities 4,, B, C,,
D,, E, will be identical for all the compasses at any one station. Advantage has
been taken of this eircumstance in forming the following table, which gives the
cquations of condition for all the compasses at Ceara. The absolute terms of the
equations of condition belonging<to any compass will be found in the column
headed with the name of that compass, while the coefficients of the remaining terms
of the equations will be found in the columns headed 4,, 13, C,. D, E,. . For
example, the first equation of condition for the Admiralty Standard Compass is
0= — 170 4 4, + 0.195 B, + 0.981 , + 0.383 D, + 0.924 E,.
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In the same way, the first equation of condition for the After Bmnacle Compass is
0= — 220 + A, 4 0.195 B, 4 0.981 C, + 0.383 D, 4- 0.924 E,.

EquaTtions oF CONDITION AT CEARA.

Absolute Terms.
NIy i Coefficients of the Unknown Quantities.

=T 2 < oy -u%; o o

Q -

B2 4 18 i3 f2 | i3

Es 5 g LR Bas gE §§

< <" 2"‘ Koy e ] 4, B, G Dy £,

— 170/ — 220/ | — 820/ — 1807 | — 110’ | — 430’ | + 1.000 | 4 0.195 | 4 0.981 | 4 0.383 | 4 0.924
—210| —310 |~ 820/ —270 | —110 | — 520 | 4 1.000 | 4+ 0.383 | 4 0.924 | 4 0.707 | 4 0.707
— 260 | — 390 | — 820|'—280 | — 110 | — + 1.000 | 4 0.556 | - 0.831 | 4 0.924 | 4 0.383
—350| —470| — 970! — 280 [ — 180 | — 480 | 4 1.000 | 4 0.707 | 4 0.707 | 4 1.000 0.000
— 340 | —420 | — 990| — 211 | —130 | — 380 | 4 1.000 | 4 0.831 | + 0.556 | 4 0.924 | —0.383
—330 | — 410 | —1140| — 200 | — 110 | — 300 | 4 1.000 | 4- 0.924 | 4 0.383 | 4 0.707 | — 0.707
— 310 | — 410 | —1020| — 130 | — 40 | — 420 | + 1.000 | 4 0.981 | 4 0.195 | + 0.383 | — 0.924
—230 | —260|{— 850| — 110 { 4 40 | — 170 | 4 1.000 { 4 1.000 0.000 0.000 | — 1.000
—210| —240 | — 690 — 110 | 4130 | — 40 | 4 1.000 | 4-0.981 | —0.195 | —0.383 [ —0.924
—170| —170 |~ 660 — 40 | + 140 | — 30 | 4 1.000 | 4 0.924 | —0.383 | — 0.707 | — 0.707

From these equations of condition five normal equations were obtained for each
compass by the method of least squares; but on attempting to solve them the
numerical coefficients of D, and E, came out so small that no confidence could be
placed in the resnlting values of these quantities; and moreover, the uncertainty of
them vitiated the values of A4,, B, and C,. It was therefore considered best to
reject the normal equations in D, and E,, and to employ in their stead the equations

e o=t + D, 2 % (312—012)
0=—G +E+BC+ 4D,

using for © and € the numerical values already found. The following are the
normal equations thus formed, and the resulting values of 4,, B,, C; D,, and E,, for
each compass. For convenience of computation, the unit of the absolute terms of
the normal equations has been changed from minutes of arc to radius.

ADMIRALTY STANDARD COMPASS.

0 = — 0.7505 + 10.000 4, + 7.482 B, + 3.999 C, + 3.938 D, — 2.631 £,
0=—0.5780 + 7.482 4, + 6.317 B, + 1.969 C, + 2.334 D, — 3.774 &,
0= —0.3183 + 3.999 4, + 1.969 B, + 3.685 C, + 3.708 D, + 1.665 E,
o= —o0.0169 + D, + }(B}— C)

0 = 4 0.0009 + 7, + B, C,
Hence

A, = — 0.0102 = — o° 351
B =+ 0.0833 =+ 4 46.3
C = +o0.0405 = + 2 19.2
D= 4 o0.0142 = + 0 48.8
L = —0.0043 =—o0 14.8



Hence

Hence

Hence

Hence
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AFTER BINNACLE CoMPASS.

= -—0.9599 + 10.000 4, 4 7.482 B, + 3.999 C, + 3.938 D, — 2.631 E,
=-—0.7253 -+ 7.482 4, + 6.317 B, + 1.969 C, + 2.334 D, — 3.774 E,
= 0.4413 -+ 3.999 4, + 1.969 B, + 3.685 C, + 3.708 D, 4 1.665 E,
=—0.0385 + D, 4 1 (B?— C?)

= +.0.0018 + Z, 4 B, C, + o0.0047 (B2 —C})

OOOOO

A, = + 0.0062 — 4 0° 21’.3
=+ o081 =44 35.2

Cl 4+ 00362 = -2 4.6
= 4 o0.0360=-}+2 3.6

E = —10.0048 =—o0 16,3

¢!

AFTER RiTCcHIE COMPASS.

0 = — 2.5540 + 10.000 4, 4 7.482 B, 4 3.999 C, -} 3.938 D, — 2.631 E,
©=—1.9282 4 7.482 4, + 6.317 B, - 1.969 C, 4 2.334 D, — 3.774 E,
©=-—1.0844 -+ 3.999 4, + 1.969 B, - 3.685 C, + 3.708 D, + 1.665 E,
0 =—o0.0340 + D, + L (B} — C?)

0 = +- 0.0008 4 £, 4+ B, C,

A, — + o0.1030 = -}- 5° 54".2
By— 401385 =+ 7 s56.0
(=1 o0.0859 =44 554
D, =+ 0.0281 = +4 1 36.6
L = —o0.0127=—0 43.7

ForWARD ALIDADE COMPASS.

© = — 0.5265 4 10.000 A, | 7.482 B, + 3:999 C, + 3.938 D, — 2.631 £,
0=—0.3589 4 7.482 4, + 6.317 B, 4+ 1.969 C, 4 2.334 D, — 3.774 &,
0 =-—o0.3022 + 3.999 4, 4 1.969 B, + 3.685 C, 4 3.708 D, 4 1.665 E,
0 = — 0.0235 + 'Dl il % (‘Bii_ Cxi)
0 = —o0.0007 -} £, 4 B, C, -} o.0125 (B — C5)

A4, = +o0.0359 =4 2° 3’5

B,=+oooor_+o 0.2

Ci,= 40018 =-+1 4.8

D = +fo0237=+1 214

£, = 4+ o00007=-+40 2.4

ForwARD BINNACLE COMPASS.

— 0.1396 —|— 10,000 4, -+ 7.482 B, -+ 3.999 C, + 3.938 .D, — 2.631 £,

0=
0 =—0.0593 -+ 7.482 4, -} 6.317 B, + 1.969 C, + 2.334 D, — 3.774 £,
0 =-—0.1831 + 3.999 4, + 1.969 B, + 3.685 C, -} 3.708 D, -} 1.665 £,
0 =—o0.0369 + D, + % (B>— (C})
o = —o.0011 | &, 4 B, C,

A, = —0.0159 = — 0° 54'.7

B = -+ oc.0072 = -+ 0 24.6

C,= +o00253=-41 269

D, =-+4o.0372=+2 7.8

£, = -+ 0.0009g =+ o0 3.2
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Hence

0O 0 0 0 O

REPORT ON

ForwaARD RITCHIE COMPASS.

A, = + o.0614 = + 3° 31’0
B, = —0.0076 = —o0 26.1
C, = -} 00631 =+ 3 36.9
D, = 4 o.0427 =+ 2 26.6
E =—o.0011=—0 3.9

=— — 0.9803 + 10.000 A, -+ 7.482 B, + 3.999 C, 4 3.938 D, — 2.631 £,
=—0.6394 + 7.482 4, + 6.317 B, + 1.969 C, + 2.334 D, — 3.774 £,
= —0.6193 + 3.999 4, + 1.969 B, + 3.685 C; + 3.708 D, + 1.665 E,
=—o.0407 + D, + 4 (B'— ()
= +4 o0.0013 + £, + B, C,

The following are the equations of condition, together with the resulting normal
equations, and the values of the coefficients 4,, B,, €, I),, L, as determined for
each compass from the obscrvations made at Rio Janeiro.

EQuATIONS OF CONDITION AT Ri10 JANEIRO.

Absolute Terms,
| Coefficients of the Unknown Quantities.
>7 | .2 o = [ .ls
=% .l 3 . 5 T3 TO o
7 < = < a
2‘” <" E& << 12< e L?.‘\"' 4, B ¢, D, £,
4+ 290/ | — 3207 | — 840/ — 160’ | — 2507 | — 160’ | — 500’ |{- 1.000 |+~ 0.556 |} 0.831 |-}- 0.924 | 4 ©.383
4360 —410 | — 840f — 120 | — 250 | — 160 | — 500 |4 1.000 |4 0.707 |4 0.707 |4 1.000 0.000
4390 | —430 |— 840 — 20 — 250 | — 160 | — 370 |4~ 1.000 |-} 0.831 [+ 0.556 |-} 0.924 | — 0.383
4+ 350  —430 |— 970, 4130 | — 180 | — 160 | — 460 |4 1.000 |} 0.924 |+ 0.383 |4 0.707 | — 0.707
4330 —360 [—10t0| 4 160 | — 160 | — 160 | — 500 |4 1.000 |+ 0.981 {}- ©.195 |4 0.383 | — 0.924
4320  — 340 |— 830! 4280 | — 160 | — 160 [ — 440 |4 1.000 [ 1.000 ©.000 0.000 | — 1.000
4+ 300 | —340 |— 720{ 4390 | — 160 | — 100 | — 420 |4 1.000 |} 0.981 |—0.195 |— 0.383 | — 0.924
+ 280  —28 |{— 610 4410 | —160 | — 140 | — 350 |4- 1.000 [+ 0.924 |— 0.383 |— 0.707 | — 0.707
+ 260  —260 | — 590| 4440 | —¥60 | — 100 | — 330 |4 I1.000 [4- 0.831 |— 0.556 |— 0.924 | — 0.383
4 240 F= 50 e 590 | 4- 400 | — 160 | — 20 | — 330 |4- 1.000 |4~ 0.707 |— 0.707 |— 1.000 0.000
4200 | —170 | — s10| 4320 | —160 | — 60 | — 330 |4 1.000 {4 0.556 |— 0.831 |—0.924 | 4- 0.383
+ 210 | — 1o | — sio + 200 | —230 | — 80 | — 330 [4 1.000 |4- 0.383 |— 0.924 [— 0.707 | 4 ©.707
41170 | — 90 =~ 510 4 70 | —250 | — 80 | — 270 |4 1.000 |4 0.195 |— 0.981 [—0.383 | }- 0.924
4150 | — 90 |— 510 — 20 | —250 | — 140 | — 250 |4 I.000 0.000 |~ 1.000 0.000 | 4 1.000
+ 140 | — 20 |— §l0| —190 | — 310 | — 100 | — 18 |4 1.000 |— 0.195 |— 0-981 |4 0.383 | 4 0.924
+ 120 | — 10 | — 510 —290 | — 330 | — 80 | — 230 [ I.000 |— 0.383 |— 0-924 |[4- 0.707 | 4 0.707
+ 90! — 10— s510{—310 | —330 | — 8 | — 250 |4 1.000 |— 0.556 | — 0-831 |4- 0.924 | - 0.383
Normal Equations.
ADMIRALTY STANDARD COMPASS.
0= — 1.2217 4 17.000 4, -+ 8.442 B, — 5.641 C, -+ 0.924 D, -+ 0.383 £,
0=-—0.7991 + 8.442 A, + 8.310 B, 4 0.462 {; — 1.205 D, — 4.543 £,
0=+ 0.1662 — §5.641 4, 4 0.462 B, 4 8.691 C, + 3.900 D, — 4.438 £,
0 =—o0.0169 + D, + } (B —C}?)
© = 4 0.0009 + £, + B, C,
Hence

=+ 0.0453 = + 2° 35'.7
B =4 o0.0519 =+ 2 585
C, = +o0w0001t =+0 o.2
D= 4 o0.0156 =40 535
£, = —0.000g = —o0 3.1



Hence

Hence

Hence

Hence
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AFTER BINNACLE COMPASS.

= — 1.1228 + 17.000 4, 4 8.442 B, — 5.641 C, + 0.924 D, 4 0.383 E,
=-—0.8724 + 8.442 4, 4 8.310 B, + 0.462 C, — 1.205 D, — 4.543 £,
— 0.0346 — 5.641 4, { 0.462 B, + 8.691 C, 4 3.900 D' — 4.438 £k,
— 0.0385 + D, + } (B~ CP)

= + 0.0018 4 &, + B, C, + 0.0047 (B — C)

(o]
o
o
o
o

A, = + 0.0148 = + 0° 50'.8
B =+ 0.0947=+5 254
C, =-—0.0073 =—0 25.2
D = +o0.0340=+1 571
E, = —o0.0012=—0 4.1

AFTER RiTCHIE COMPASS,

= — 3.3336 -} 17.000 4, + 8.442 B, — 5.641 C, - 0.924 D, -+ 0.383 £,
=—1.9499 + 8.442 4, -+ 8.310 B, + 0.462 C|, — 1.205 D, — 4.543 £,
- 0.6086 — 5.641 4, + 0.462 B, + 8.691 C, + 3.900 .D, — 4.438 £,
=—o0.0340 + D, 4+ } (B'— ()

= ~+ 0.0008 - £, 4+ B, C,

Q) lonO). OF. O]
I

+ 0.1684 = -} 9° 39".0
+ 0.0659 = 4+ 3 46.6
—+ 00203 =-+1 9.8
~+ 0.0320=+4 1 j0.1

— 0.0021 — — O 7-4

A
B

RN

-

c
'Dl
El

AFTER AzIMUTH COMPASS.

= -+ 0:4916 - 17.000 4, -+ 8.442 B, — 5.641 C, + 0.924 D, -} 0.383 £,
= -+ 0.6880 -} 8.442 4, + 8.310 B, + 0.462 C, — 1.205 D, — 4.543 £,
= —0.2024 — 5.641 4, + 0.462 B, + 8.691 C, -+ 3.900 D, — 4.438 £,
=—o0.1116 + D, -+ } (B — )

= 4 o.0002 + £, 4+ B, C;

©) ol (el llc) J o]

° 29'.3

O = e S
BF="=cfo552 ") =07
D, =+ o1129 =+ 6 28.2
L =—o0.0013=—0 4.5

ST == 080434 I—"=—"2
B,

.

FORWARD ALIDADE COMPASS.

— 1.0908 + 17.000 4, + 8.442 B, — 5.641 C, + 0.924 D, + 0.383 £,
— 0.4111 -+ 8.442 A, + 8.310 B, + 0.462 C, — 1.205 D, — 4.543 £,
+ 0.4058 — 5.641 A4, -} 0.462 B, + 8.691 C, + 3.900 D, — 4.438 £,
—o0.0235 + D, + % (Bx’ — &)

— 0.0007 + £, + B, C, } o.0125 (B — ()

[V |

-+ 0.0615 = + 3° 31’5
— 0.0084 = — o0 28.8
— 0.0166 =—o0 357.2
+ 0.0236 =41 21.1
-} 0.0006 =+ 0 1.9

DA
I

S
I
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The resulting normal equations are

Hence

— 0.3901 — 3.999 4, + 1.969 B, + 12.316 C, + 3.708 D, — 1.665 £
—o.0340 + D, 4 3 (B — YY)
-+ 0.0008 + £, 4 B, C,

O © 48, 0
RV

A, =+ 0.1143 = + 6° 32'.8
B, = +4 0.0146 = 4o 350.3

C, =+ o.0555 =+ 3 109
D = 4003534 =+2 1.8
El == —0.0016 = — 0 5.5

— 2.5305 + 22.000 4, -} 7.482 B, — 3.999 C, + 3.938 D, -+ 2.631 Z,
— 1.0294 4~ 7.482 4, 4 9.685 B, + 1.969 C, — 2.334 D, — 3.774 £,
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The following are the equations of condition, together with the resulting normal
equations, and the values of the coefficients 4,, B,, C,, D,, E,, as determined for
each compass from the observations made in Magdalena Bay.

EqQuaTioNs oF CONDITION AT MAGDALENA Bav.

Absolute Terms.
| ‘Coefficients of the Unkiiown Quantities.
z"é { & o o ,_d.i’: -
S8 | o 4 T T o $.Y
2(]) ' Em 2‘2‘ qu: b?m [294 4, B, (o8 Dy £,
+ 20/ — 10/| — 100/ | — 300’ —360’ — 540’ | 4+ 1.000 | —o0.707 [ —o0.707 | +- 1.000 0,000
4+ 60 | — 10 | —180 | —370 | — 290 | —460 | 4 1.000 | —0.831 | —0.556 | 4 0.924 | — 0.383
4+ 110 4+ 8 | —18 | —210 | —210 | —380 | 4- 1.000 | —0.924 | —0.383 | 4 0.707 | —0.707
4+ 140 | + 160 | —180 | — 130 [ —210 | —290 | 4 l.oc0o | —0.981 | —o0.195 [ 4 0.383 | —o.924
4+ 18 |4+ 170 | — 8 | —130 | —120 | — 200 | 4= 1.000 [ — I.000 0.000 0.000 | — 1.000
+ 230 i +320 |4+ 170 | —210 |+ 350 |4 50 |+ 1000 | —0.981 |4 o0.195 | — 0.383 | — 0.924
+ 230 | + 320 | +330 | —130 | 4130 [ 4210 | 4+ 1.000 | —0.924 |+ 0.383 | —o0.707 | —o0.707
+ 250 | +320 | +320 | —120 | 4210 | 4210 | 4+ 1000 | —0.831 | 4 0.556 | —0.924 | —0.383
+ 220 | 4320 | + 160 | — 40 | 4300 | 4~ 210 | 4 1.000 | —0.707 | 4+ 0.707 | — 1.000 0.000
+ 220 | 4320 | 4160 | — 40 | 4+ 380 | +-300 | + 1.000 | —o0.556 | +0.831 | —o0.924 | 4 0.383
+ 160 | 4+ 320 | 4150 | + 40 | + 380 | + 370 | + 1.000 | —0.383 | 4 0.924 | —o.707 | + 0.707
4+ 100 | +230 |+ 60 |4 40 | 4+ 380 | 4210 | 4 1.000 | —o0.195 | 4+ 0.981 | —0.383 | 4 0.924
+ + 150 | — 100 | 4+ 40 | 4+ 370 | -+ 210 | 4 1.000 0.000 | -4 1.000 0.000 | < 1.000
+ 3 + 70l —190 | — 50 | 4290 | 4120 | 4+ 1.000 | + 0.195 | 0981 | 4 0.383 | 4 0.924
Normal Equations.
ADMIRALTY STANDARD COMPASS.

0 = -} 0.5789 -} 14.000 4, — 8.825 B, + 4.717 C; — 1.631 D, — 1.090 E,

0= —o0.4310 — 8.825 A, -+ 7.545 B, — 0.816 C, + 0.934 D, -+ 4.272 E,

0= -0.2352 -+ 4.717 A, — 0.816 B, -} 6.456 C, —4554D +3784E

0=—o0,0169 + D, + L (B?>— C?)

0 = -} o.0c009 -+ £, + B, C,

Hence

A, = 4+ 0.0026 = - 0° ¢.1
B = 4 0.0559 = 4 3 12.1
C,=—0.0204 =—1 10.3
D, = -+ o0.0156 = -} 0o 53.5
E, = +o0.0002=-+4+0 0.8

28 January, 1873.
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ForwARD RiTcuIE CoMPASS.

© = + 0.0058 +- 14.000 4, — 8.825 B, + 4.717 C, — 1.631 D) — 1.090 E,
0 = + 0.2058 — 8.825 4, + 7.545 B, — 0.816 C, + 0.934 D, + 4.272 E,
=4 0.6749 + 4.717 4, — 0.816 B, + 6.456 C, — 4.554 D, + 3.984 E,
=—o0.0407 + D, + } (B> — C?

= + o.0013 4 £, 4 B, C,

o O O

Hence
4, = + o0.0477 = + 2° 43.8

B, =+ 0.0116 = 40 39.9
C,=—o.1051 =—6 1.3
D, =+ 0.0462 = 42 38.7
£ — — 0.0004 = — o (553

For convenience of reference the values of the cocfficients 4,, B, C,, Dhd B
obtained at stations where the compasses were not read on all the thirty-two points,
have been collected in the following table. No use has been made of them.

Stations and Compasses. 4, B, G D, E,
Ceara, December 19, 1865,
Admiralty Standard Compass . . . . [ —0°357.1 | 4 4°46’.3 | 4+ 2°1¢/.2 | 4- 0° 487.8 | —0° 147.8
At BinnaclelCompass. .| « . «. o |"J-0521.3-1 }- 4. 335 4+2 46 |42 36 | —o0 163
After Ritchie Compass . . . . . . [45 542 |[+7 5600 |+4 554 [+ 1 366 | —0 437
Forward Alidade Compass . . . . .| 4+2 35 [4+o0 o0z |41 2.8 |41 214 |+0 24
Forward Binnacle Compass . . . .| —o0 547 [4+0 246 |41 269 |42 7.8 |40 Qe
Forward Ritchie Compass . . . . . |43 31.0 | —o0 261 |+ 3 369 |42 26. —o0 3.9
Rio Janeiro, January 10, 1866.
Admiralty Standard Compass . . . . |42 357 |42 385 |+0 o2 [4o0 535 |—o0 3.1
After Binnacle Compass. . . . . . |40 508 {4+ 35 254 | —o0 25.2 |41 57.1 { —0 4.1
After Ritchie Compass . . . . . .|4+9 390 [+3 466 [+ 1 98 [+ 1 501 | —0 7.4
After Azimuth Compass. . . . . .|—2 203 |—1 85 | —3 97 |46 282 [ —o0 4.5
Forward Alidade Compass. . . . .|+ 3 31.5 [—o 288 |—o0 57.2 |41 21.1 |40 1.9
Forward Binnacle Compass . . . .| —o0 17.1 [+ 2 598 | —1 455 |42 37 [4+0 o3
Forward Ritchie Compass . . . . . |43 140 |44 235 | —1 104 |42 105 o o.0
Monte Video, January 24, 1866.
After Ritchie Compass . . . . . . |46 328 {40 503 |{+3 109 |42 1.8 |—o0 3.5
Magdalena Bay, June g, 1866. -
Admiralty Standard Compass . —-. . . |40 9.1 [+4+3 121 |[—1 103 [+0 535 |+o o8
After Binnacle Compass, . . . . .| —1 11.4 |42 150 |—1 162 |42 105 | —0 3.3
After Ritchie Compass . . . . . .|4+3 355 | +4 27.3 [ —2 510 |41 507 |40 106
Forward Alidade Compass . . . . . |41 88 [—2 41 |—1 %6 [41 192 ® - T
Forward Binnacle Compass . . . .| —1 426 |—2 443 {—4 %3 |+2 11.8 | —0 7.9
Forward Ritchie Compass . . . . .| 42 438 |40 390 [—6 13 [+4+2 387 |—0 13

At a number of the ports visited during the cruise, the line dividing the north
from the south polarity, on the exterior of the turrets, was traced out; but as the
boundary between the two kinds of magnetism was frequently very badly defined,
and the observations were otherwise unsatisfactory; and further, as they throw no
light whatever on the theory of the deviations of the compasses, and can only be
shown by means of drawings on a rather large scale, it has not been dcemed worth
while to insert them here.

In conclusion, the results of the observations made during the cruise may be
briefly recapitulated as follows:

1°. The latitudes of seven points have been determined.

2°. The magnetic declination, inclination, and horizontal force, have been deter-
mined at eighteen places.


















