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— 240,224 111, column “ Dry,” for 42:0 read 52:0
— 258, 54 6L, column « Wet,” for 570 read 576
— 254, 64 161, column “ Barometer,” for 29-880 read 28-88C
— 298, 44 194, column «“ Dry,” for 353 read 253
— 310, April 24, column “ Min.,” for 304 read 404
— 311, September 154, column  Min.,” for 67°9 read 52-0 ¢
— 311, December 154, column “ Max.,” for ...... wead 3667
— 356, line 8, for 0:003605 read 0:003905
-—— 376, Table XL., October 134, for 0196 read [0196]

BERRATA IN THE VOLUME OF OBSERVATIONS FOR 1843

Introduction, 1843, page xxvi., line 13, for 1 + kread 1 — k
— 17, for observation read vibration
— 22, for 1 + kread 1 — k
page xxxvi,, line 4, for cot 4 read tan ¢
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Page 130, last line, jor indicate read indication
— 146, July 214 8", column “ Diff.,” jor 31 rcad 2'9
— 151, July 814 8b, jor cirri-like read cirri, like
--- 170, Oct. 8¢ 18}, column ¢ Barometer,” for 30228 read 29-228
— 237, line 15 below Table XIIL., for solstices read equinoxes
—— 267, line 2 below Table VI, for 7°7 rcad 787
— 303, line 17 below Table XXXV., for monthly read daily

ERRATA IN THE VOLUME OF OBSERVATIONS FOR 1841-2.

Introduction, page xi., line 6, for the term 1842 read the October term of 1842
' — xxxiii., line 3 from foot, for 23 read 13
—  xli., line 10, column ¢ —(),” for 0:000342 read 0:000298
—  xli., line 6 from foot, for 0:0002979 read 0:0002972
—  xli., line 5 from foot, for 0-0002915 read 0:0002922
— xlvi, heading of Table 22, for 23 read 21
Page 34, 11% 12m, column “ Balance Corrected,” for 560°0 read 860+0
— 149, line 10 below Table XIX,, for 2V read 23"
~-—- 138, Table 1I., head of 5th column, for 3 read 5t
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INTRODUCTTON.

PosITION AND DESCRIPTION OF THE OBSERVATORY.

1. The Magnetical and Meteorological Observatory at Makerstoun, in Rox-
burghshire, was erected by General Sir TnoMmas MAKDOUGALL BRISBANE, Bart., in
the year 1841. The geographical co-ordinates are as follow :—

Latitude, . ... 55 34 45 N.*
Longitude, . . . . . 0® 10m 3-5s 'W. of Greenwich.t

Height of the barometer cistern above mean water at Berwick, 213 feet.!

2. The Magnetical Observatory is situate nearly on the summit of a ridge, which
occupies the left or northern bank of the Tweed, being 540 feet distant from, and
80 feet above, that river. The Astronomical Observatory is upon the highest part
of the ridge, 140 feet due west of the Magnetic Observatory. A fair horizon is seen
from the Observatory hill, being bounded about 10 miles to the east by a slightly-
swelling ground, which, to the cast-south-east, seems to join the Cheviot Hills. The
view is bounded about a mile to south and south-west by a ridge, forming the right
bank of the Tweed ; about 500 feet to the south-west and north-west by masses of
trees in the Makerstoun grounds;§ and from 1 to 3 miles to north-west, north, and

* Ast, Nach., vol. x., p. 214.

1 Deduced from the longitude of the Astronomical Observatory, Mem. Roy. Ast. Soc.,vol. xi.,p. 171.

1 Obtained from levels for a railway, and from barometric comparisons.—See Makerstoun Ob-
servations for 1843, Introduction, p. ix.

§ The above view, taken from a point about fifty yards to the NE. of the Magnetic Observatory,

shews the trees in the grounds at their most unfavourable elevation.

MAG. AND MET. OBS. 1844. ¢
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north-east, by an elevated ridge, which forms, to some extent, the northern boundary
of the valley of the Tweed. From north, by the east, to the south, the elevation of
the horizon, with a slight exception, is under 2°; from the north to the north-west,
increasing from 2° to 4°; from the north-west to the south-west, the tops of the
trees are elevated from 5° to 8°; and from the south-west to the south the eleva-
tion is under 4°. The highest point of the Cheviots, which is 2656 feet above the
level of the sea, is about 18 miles to the east-south-east ; it is occasionally referred
to in the meteorological remarks on clouds.

3. The Observatory hill, it is believed, is composed of felspathic trap. The
Tweed, immediately to the south, and for a mile to the east and west, flows more
or less through this rock, which does not appear upon any part of the hill. The
opening for a foundation to the Observatory shewed only masses of rolled pebbles,
and boulders of greywacke and trap.

4. The Observatory is rectangular in its plan, 40 feet by 20 feet internally. Tt
is formed of wood ; copper nails were used ; and iron carefully excluded from every
part of the structure. The pillars for the magnetometers and telescopes are of
stone, from 22 inches to 19 inches in diameter, and are placed upon excellent stone
foundations, completely unconnected with the floor, and every part of the building.
By a reference to the plan and elevation, the following details will be understood.
(Plate I.)

There are two windows to the south, with the door between ; and three to the
north, which open like folding doors. The dimensions of the principal apartment
are, 40 feet long, 12 feet broad, and 12 feet high. The two ante-rooms are each
15 feet long, 75 feet broad, and 12 feet high. The instruments are indicated in the
plan as follow :—D, the Declinometer, ¢, its Reading Telescope ; A, the Azimuth
Circle and Transit; H, the Bifilar or Horizontal Force Magnetometer, ¢/, its Read-
ing Telescope, P, a Pillar for a Collimator (not used) ; V, the Balance or Vertical
Force Magnetometer ; I, Pillar for the Inclinometer (not used here) ; B, the Stand-
ard Barometer ; W, the Anemometer; W', the Wind-Vane Dial-Plate; T, the
Thermometer Case; C, the Mean Time Clock ; S, the Copper Stove (removed
Nov. 4 23", 1844); n s, the Astronomical Meridian ; D ¢, the Magnetical Meridian.
The vane farthest to the right in the elevation, Plate I., belongs to the anemometer ;
the others give the direction of the wind.

SYSTEM OF OBSERVATION, AND STAFF OF OBSERVERS.

5. In the beginning of 1843, the number of daily observations was increased to
nine, at two-hourly intervals, commencing with 18" Gottingen mean time (5" 10™ A.M.
Makerstoun mean time) ; these, together with all the other daily observations, were
made by Mr WeLsH and myself. In the end of 1843, I recommended to Sir THoMAS
BRrisBANE to add Mr ALEXANDER HoGe, who had been previously employed in the
term-day observations, to the establishment, for the purpose of obtaining a complete



DECLINOMETER. Xi

diurnal series of observations. Sir THoMAs, with his usual anxiety to render the
Observatory in every respect useful to science, at once complied with my recom-
mendation ; and, in the beginning of the year 1844, hourly observations were com-
menced, which were continued till the end of the year 1845. The whole staff of
observers, after the commencement of 1844, therefore, consisted of Mr Jouxn WELsH,
Mr ALEXANDER HoGG, and myself; Mr Dops assisting in the term-day observa-
tions, and on a few occasions during disturbances.

DECLINOMETER.

6. The declination magnetometer was obtained from GRUBB of Dublin. The
magnet @ is 15 inches long, g inch broad, and } inch thick ; it fits into a stirrup b,

whose two eyes receive an axle to which the suspension thread is attached ; near
the north extremity it carries a scale divided on glass, ¢ ; near the other, at a dis-
tance from the scale of about 12 inches, the focal length, it carries a lens of 13 inch
diameter, d. A marble slab m, cemented to the top of the stone pillar p, carries two
copper tubes £ £, 35 inches long, which are connected at the top by a mahogany
tie ¢, bearing the torsion-circle and suspemsion apparatus ¢, and, about 7 inches
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from the slab, by another wooden cross-piece h, which supports a glass tube ¢ enclos-
ing the suspension thread. The magnet is enclosed by a rectangular wooden box £,
formed of two pieces fitting into each other in the middle by a groove and tongue,
glazed at the extremities, and having only a small aperture in the centre for the
suspension thread : this box also enclosed a copper ring for checking the vibrations
of the magnet; it was removed October 15, 1844, and is not shewn in the figure :
a cylindrical wooden drum ¢, together with two lids (not shewn in the figure), fitting
by pegs upon the cross-piece h, enclose the box and magnet. There are two glazed
apertures also in the wooden drum, opposite those in the rectangular box ; one to the
north, where a small mirror [ throws light upon the glass scale; the other to the
south, between the lens and reading telescope. All the joints of the boxes, including
those in contact with the marble slab, are covered with velvet, and both boxes are
pressed firmly against the marble slab by means of leaden weights, which were pre-
viously determined to have no effect upon the position of the magnet. In order to
destroy any effect of radiation, both boxes were covered with gilt paper, externally
and internally. The suspension apparatus is covered by a wooden cap (not shewn
in the figure). In order to prevent the variation of humidity within the boxes as
much as possible, the whole apparatus was covered, February 14, 1844, by a thick
double cotton hood, tied round the stone pillar, and having only small openings
at the glazed apertures of the boxes. The reading telescope is fixed to a stone
pillar ; the object glass is 8 feet to the magnetic south of the magnet lens.

7. The pillar of the azimuth circle, used for determinations of the absolute
declimation, is between the pillars of the magnetometer and its reading telescope.
This theodolite is by TroucHTON ; the circle is 15 inches in diameter, is divided to
5 minutes, and is read to 5 seconds with three verniers. The lines of collimation of
the theodolite and reading telescopes coincide when the middle wire of the former
is seen, in either telescope, coinciding with the vertical wire of the latter. The
circle is retained in the same position on its pillar, but the transit telescope is re-
mnoved, excepting when required for observations of absolute declination.

&. The following are the data used in reducing the observations of the decli-
nometer :—

Values of the declinometer scale divisions in angular measure.

The adopted mean value of one division of the long scale of 500 divisions = 0-6725*

During the observations of absolute horizontal intensity, the magnet with the
long scale, usually in the declination box, was removed to the unifilar box in the
intensity house, and a magnet with a short scale was substituted.

The adopted mean value of one division of the short scale of 300 divisions = 07500*

* Yor details, sec Introduction to the Observations for 1843, pp. xiii. and xiv.
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From the adopted values of the long and short scale divisions, the coefficient
for reducing the divisions of the short scale to the same value as the divisions of the
long scale = 1115 ; the reciprocal = 0-897.

Scale readings at the magnetic axes of the declinometer magnets, the copper
ring or damper being in its place.

The reading for the magnet with the long scale at the magnetic axis = 257-14
............................................. short scale ........................ = 14711*

The copper ring used for checking the vibrations of the magnet was removed
October 15 4"—5", 1844 as it was found to have an effect upon the magnet, varying
with its position.

The adopted zeros of the declinometer scales are as follow :—

Reading of the long scale at the magnetic axis, . . . . 25714
Correction for the effect of the bifilar and balance magnets, . . . + 016
Correction for the effect of the copper ring, Jan. 14 —Qct. 6 23", 1844, — 1-00
...................................................... Oct. 72 0b—Oct. 154 4R, 1844, — 1-70t
Jan. 1¢ —Oct. 6223% 1844. Adopted zero for the long scale, . 256-30
Oct. 79 0"—Oct. 15¢ 47, 1844, ...t iiiiaee e . 25560
Oct. 154 51, 1844, and afterwards. ...............oeviiiiviiiii. . 257-30
Reading of the short scale at the magnetic axis, . . . . . 14711
Correction for the effect of the bifilar and balance magnets, . . . + 014
Correction for the effect of the copper ring, Jan. 19—Oct. 74, 1844, . — 090t
Jan. 19—Oct. 7%, 1844. Adopted zero for the short scale, . . . 146-35
Oct, 79, 1844, and afterwards. .................c.oeeeviinnnen. . . . 147-25

9. The determinations for the effects of the different magnets upon each other
are given in the previous volumes. The plate-glass in the declinometer boxes was
found to have no effect upon the reading of the magnet : the effect of the copper
ring is allowed for above. The determinations of the corrections are given in the
volume for 1843.

10. Correction for the torsion force of the suspension thread.

The errors due to the torsion force of the suspension thread are produced, first,
by the magnet moving out of the plane of detorsion ; secondly, by the variation of
this plane (due generally to the varying humidity of the atmosphere). The error
due to the former, even in the most marked cases, is less than the probable error of

* For details, see Introduction to the Observations for 1843, pp. xv. and xvi,
+ Ibid,, pp. xvii. and xxi.

MAG. AND MET. OBS. 1844. d
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the observations, and it is altogether inappreciable, compared with the error due to
the second.

If the plane of detorsion be that of the magnetic meridian, and the magnet be
deflected through an arc « by turning the arms of the torsion circle w, the torsion
1s w — u, and the equation of equilibrium is

mXu=w-u)H

where m is the magnetic moment of the bar, X is'the horizontal component of
the earth’s magnetic force, and H is the torsion force for an arc equal to radius,
whence, if m X = F,

u H
=" =&

w—u F

is the quantity by which the deviations of the magnet from the plane of detorsion
should be multiplied to obtain the decrements due to torsion. If # be the observed
deviation, ® #n = the true deviation. The following are observations for the value
of @ for the suspension thread placed in the instrument, June 22, 1843, and for the
long scale magnet :—

Aug. 74 2,1843. Arc'w = { iggz, are~ 'y = {Z:gg ; mean value of @ = (0-00147.

Dec. 262 23", 1844, Arc ! w = { iggc; arc™le = {;Zgg ; mean value of @ = 0-00140.

These values have not been used for this correction ; the last determination has
been employed in the observations of absolute horizontal intensity made in 1844,

11. The second and most important error due to the torsion force is that pro-
duced by the variation of the plane of detorsion. Unless when the period and extent
of change is known, this can only be corrected by removing it; this is done occa-
sionally in the following manner :—The magnet, with its stirrup, being removed, a
brass bar and stirrup of nearly the same weight and dimensions is suspended ; the
rectangular box being removed, the cylindrical box being completely closed, and the
shutters removed from the glazed lid, the extremities of the arc of vibration are
observed through the latter ; the marble slab beneath having radii drawn for every
5° on each side of the magnetic meridian, the positions of rest at the extremities
of the arcs are estimated to §°; the deviation of the mean position from the magnetic
meridian is known, and the arms of the torsion circle are turned through an equal
angle in the opposite direction ; the position of rest is then in the magnetic meri-
dian.  Much time and care were bestowed upon these observations, as the error
due to this cause is by far the most serious that occurs in connection with the de-
climometer.
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12. The following are all the observations for the elimination of torsion made
in 1844, together with all the occasions on which the magnet was touched or removed
from its box. When the mean position of rest for the north end of the brass bar
was found to the east of the magnetic north, the torsion existing is considered posi-
tive, and the effect of + 10° of torsion=—0"84 (from the previous observation for the

value of %) In the first case below, the north end of the brass bar was found to

rest 2° east of the magnetic north ; and the brass bar was thereafter made to coin-
cide with the magnetic meridian.

Jan. 14 3"—4" Torsion removed, +2°. Jan.12?2"—3" Torsion removed, —11".

Jan. 26% 21*—274 7", The magnet with the short scale was used in the decli-
nometer box.

Jan. 274283, Torsion removed, 0°. Feb. 13¢ 2>—3" Torsion removed, + 2.

Feb. 17* 0»—7"  Short scale magnet in the declinometer box and deflection
bar vibrated.

Feb. 232 3»—4"  Torsion removed, +1}°. March 22¢23"—0" Torsion re-
moved, 0°. Afterwards, the short scale magnet was placed in the box, and the de-
flection bar vibrated.

March 274 4°—5"  Torsion removed,+3°. The suspension thread was found
to have stretched a little, it was now wound up two-tenths of an inch, and the
torsion again removed as follows :—March 27¢ 4*—5" Torsion removed, + 94
April 5% 4%—5" Torsion removed, — 34°. May 281 0*—1" Torsion removed, 0.
May 28 1»—29¢ 9, Short scale magnet used in the declinometer box, and after
292 9* the deflecting bar was vibrated, for the intensity observation, in the decli-.
nometer box ; afterwards, the torsion was removed as follows : —

May 29 23"—0". Torsion removed, +81°. Aug. 4% 22>—23" Torsion removed,
+1°  Aug. 44 23"—59 6" Short scale magnet used in the declinometer box, and
the deflection bar vibrated.

Oct. 62 192—20" Torsion removed,—~10%". This observation was made rather
hurriedly, as the hour of observation was approaching: it was conceived that the
true amount of torsion might have been less. Oct. 64—T79. Experiments were made
to determine the effect of the copper ring on the declination magnet.* Oct 15 4%,
Other observations were made for the effect of the copper ring:
of the copper ring was discontinued. Oect. 15¢ 23"—164 4*. Observations were mad«

, after which the use

to determine the zero point of the declination scale ; the amount of torsion was then
determined as follows :—

~ Oct. 167 4*—5" Torsion removed, +9%". The amount of torsion found is nearly
the same in amount as that found Oct. 6%, but opposite in sign.  Nov. 464, The

* See Introduction, 1843, pp. xvii. and xviii.
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Observatory was washed and cleaned. The vapour produced during the washing, it
is conceived, may have affected the suspension thread as found Nov. 114,

Nov. 114230 Torsion removed, +81°. Dec. 25 23°—0*, Torsion removed,
— 64, Dec. 26% 0"—4". Short scale magnet used in the declinometer, and deflecting
bar vibrated : at 22", observations were made for the value of the torsion coefficient
of the suspension thread. Upon removing the short scale magnet after Dec. 26% 4%,
the fibres of the suspension thread became loose, when it is probable that the torsion
found at 23" was introduced.

Dec. 26% 23"—0", Torsion removed, +55°. Deec. 294 23", Torsion removed, 0°.

Dee. 30 02—3", Short scale magnet used in the declinometer box, and deflect-
ing bar vibrated, after which the torsion was removed as follows :—

Dec. 30 3t—4", Torsion removed, —14°,

13. The times of vibration of the declination magnets are as follow :—

S,
The time of one vibration of the declination long scale magnet=17-8*
...................................................... short scale ...... =17-0

14. The observations of the declinometer were made in the following manner :—
The points of the scale which coincided with the vertical wire of the reading tele-
scope were noted 18 seconds before the minute of observation, at the minute, and
13 seconds after the minute : the scale readings at these periods being a, b, and ¢,

.. . 20
the mean position is deduced by the formula gi?; +c.

This method was employed

till Oct. 15, 1844, when the copper ring for checking the vibrations having been re-
moved, the three scale readings afterwards were always made at the extremities of
the arcs of vibration; the first reading being made at that extremity of the vibra-
tion which occurred between 27 seconds and 9 seconds before the minute of obser-
vation. Even after the copper ring was removed, the arc of vibration was small,
seldom above 3', and generally less than 2'; during disturbances, however, the arc
ix often considerable, and frequently in these cases only two observations are made,
the mean position being obtained at once from the mean of the two readings at the
extremities of the vibration which occur between 18° and 0° before, and between 0¢
and 18° after, the minute of observation.

15. All the observations of declination in this volume are absolute. They are
rendered so as follows :—

The middle wire of the theodolite telescope is brought to coincide with the ver-
tical wire of the fixed reading telescope (7.); the three verniers of the horizontal
circle are then read ; the theodolite telescope is turned (on the vertical axis of the
circle) until its middle wire coincides with the vertical line on the north meridian

* See Introduction, 1843, p. xxi.
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mark of Sir THoMAs BRISBANE’S (the western) transit in the Astronomical Obser-
vatory, and the verniers are again read. In order to obtain the reading of the
horizontal circle for the astronomical meridian, the theodolite telescope was placed
as nearly as possible in the meridian, and being accurately levelled, the time of the
sun’s transit was observed by the Magnetic Observatory clock. The sun’s meridian
passage was also observed by Sir THoMAs BRISBANE with his western transit in the
Astronomical Observatory, and the clocks in the two observatories being imme-
diately compared, the true time of transit by the clock in the Magnetic Observatory
was obtained. The difference, if any, between the true and observed times, was
due to error of azimuth ; the latter, being very small, was obtained from the former
in multiplying by the factor,

cosine sun’s declination

cosine sun’s altitude

16. If A’ be the difference of the horizontal circle readings for the wire of the
fixed telescope and for the north mark, Z be the azimuth of the north mark, and
D be the angle at any instant contained by the line of collimation of the reading
telescope and the adopted zero scale reading, the true westerly declination at that
time will be

180° — A’ + Z+D.

The values of 180°—~ A'=A, obtained in 1844, 1845, and 1846, are given in the
following Table :—

MAG. AND MET. 0oBsS. 1844. e
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TABLE 1.—Determinations of the Value of Angle A.

Readings of Horizontal Circle

TFor Wire of Declination Telescope.

For North Mark.

Date.

Verniers

B.

Mean.

Verniers

B. C.

Mean.

Angle A.

1844.
Feb., 7
May 11}
July 4
July 22
Aug.
Aug.
Aug.
Aug.
Aug.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Deec.
Deec.

1845.
Jan. 17,
Jan.
Jan.
Jan.
Jan.
Jan.

1846. |
Apr. 13]
Apr. 13!
May 7
May 9
' May 9
i

£ 52 2
i 52 2
152

52 13.7

52
52

48
47
48
47 53.7
48 17:5

’ 14

215
525

20-0

18-8
18.7

200
10-0
2.5
2:5 |
5-0

43.7

33.7
41-2
20-0

7

57-5

43-0
25-0
46-2
47-5
20-0
375
17:5
150
12:5

0-0
58-8
58-8
43-6
52:5
20-0
52.5

5.0

575
32:5
325
275

20-0

(e} ! ”

32.2

24.7
117
350
300
10-8

55
429
42-9
387
42-5
27.9
52 279
379
52:1
39-6
34.2

29-2
309
40-0
23-4
21.7
23-1
23-3

47-1
23-3
42-1
533
39-2

233

” ’

12:5

35.0
27-5
40-0
40-0
237
150
22.5
10-0

37-5

125

525
58-1
55-0

250
387
7:5

575
12:5

2.5
437
55:0

” ’ ”

52.5
22.5
52:5
51-2

0.0

1.2
52-5

2.5
51-0
47-5
40-0
575

36-2
56-2
57-5
57-5
13.7
4756

350 5
35:0] 42 53.
175 3
40-0 5
42:5
55-0
42-5

20-0
40-0
22:5

5-0
10:0

o] ! 7”

77 44 08,
257 42 225
257 42 525
257 42 47-1
257 0.0
257 2.1
257 43 47-1

77 9.2
257 43 45.3

77 0-8

77 42 55:0
257 0-0
257 2.9

77 42 49.6
257 1.7
257 0-8

77 43 10.8
257 43 13.7

77 12

77

77
257

77

77
257

77

46.7
48.9
16-7
52:5
43.3/
564
0-0

67
358
10-0 |
112,
08|

257
77
257
77
257

28-6

36-3

39-8
179
12-1
21.3
20-4
21-7
23-8
22.9
187
34-1
270

17:5
18-0
36.7
29-1
21-6
33-3
36.7

19-6
125
27-9
17-9
21-6

17. The mean value of angle A from
in 1844, 1845, and 1846,

The mean value of angle A from

in 1844,
The value of angle Z (

Whence angle A +Z,

all the

all the observations }

observations

50’

=23" 50’

Table 8, Introduction, 1841-2), = 1° 37

=25 28

23"9

38"8
27

The absolute westerly declination, therefore, corresponding to the zeros of the

scales, No. 8, =25" 28"-04.

This value has also been employed for the observa-
tions in 1845 and 1846. For other scale readings differing from the zero by the
angular quantity == D, the declination is obtained from the formula, declination
= 25" 2804 == D.
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UNIFILAR MAGNETOMETER AND OBSERVATIONS OF THE ABSOLUTE HORIZONTAL
INTENSITY OF THE EARTH’S MAGNETISM.

18. In the beginning of April 1843 two small wooden houses were erected about
19 yards to the north of the Magnetic Observatory ; the larger of the houses contains
the unifilar magnetometer and the dip circle, and the smaller, which is 10 feet to
SSE. of the larger, contains a reading telescope for the magnetometer.

The unifilar magnetometer rests on a strongly-braced wooden stand, which is
fixed by copper battens and plaster of paris to a stone slab, resting on a stone founda-
tion separated from the floor; the top block of the stand, a solid piece of mahogany,
carries a vertical box enclosing the suspension thread and supporting the torsion
circle, this box is open on two opposite sides near the stand top; a horizontal box
slides on the vertical one, and when close to the stand top the magnet is completely
enclosed ; an internal box was afterwards added, and all the precautions already
indicated (6.) for the declinometer were taken. The magnet uscd when observations
of absolute horizontal intensity were made was that usually in the declinometer, a
spare magnet being fitted with a short scale (8.) was substituted for it ; the telescope
(that intended for a collimator to the bifilar) was placed in the smaller wooden house,
on a stand in all respects similar to that for the unifilar: the two houses were con-
nected, during observations, in the line of collimation of the telescope and magnet by a
wooden tube biackened within. A beam of straight well-seasoned fir, 11 feet long,
32 inches broad, and 13 inches thick, was placed on each side (outside) of the larger
wooden house, in the line passing through the centre of the suspended magnet, and
at right angles to the magnetic meridian ; each beam was let into the tops of two
strongly-braced wooden trestles, 7 feet apart, which rested on wooden posts driven
into the ground, and which were fixed to the latter by catch-pins, allowing a slight
adjustment for the distance of the beams from the magnet ; the trestles and beams
being removed after each observation. The beams were carefully divided with the
aid of a brass standard yard made by Messrs TrouciiToN and Sivus ; the gradua-
tions were adjusted to their distance from the suspended magnet in the following
manner :—a well-seasoned fir rod, shod with brass at one extremity, and terminated
at the other by a capstan-headed screw, by which the rod was accurately adjusted to
a length of six feet, was passed through holes in the sides of the wooden house and
unifilar box ; the middle of the rod coinciding with the suspension thread, the catch
pins of the trestles were then loosened or forced in till the extremities of the six-feet
rod coincided accurately with the division 3 feet on each beam. The deflecting
magnet was adjusted to the graduations on the beams with the aid of a lens; in 1844
the graduations were marked on brass pin-heads placed in the beams. The fixidity
of the trestles was verified in general after cach observation, and the accuracy of the
graduations on the beams was verified usually before each observation.
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19. The value of the absolute horizontal intensity is determined from the ob-
servations as follows :—If » be the distance from the centre of the suspended magnet,
at which the centre of the deflecting bar is placed on the wooden beam, its axis being
in the line at right angles to the magnetic meridian passing through the centre of the
suspended magnet ; and if u be the resulting angle, through which the suspended
magnet is deflected, then since, by GAUss’s theory, the ratio of the magnetic moment
m of the deflecting bar to X, the horizontal component of the earth’s magnetic force,
is given by the following formula

n_ 173 tan » 1
P q

X 2 1+—2+'—4+ &e.
r r

where p and ¢ are quantities depending on the mode of distribution of the magnet-
ism in the magnetic bars, the value of the ratio may be determined from observa-
tions at three distances; it is probable, however, that the deflections are too small
in the observations for 1844 to render the consideration of the quantity ¢ of import-
ance : the values of the ratio have in consequence been determined from observa-
tions at two distances ; if these be » and +, and the corresponding deflections be u

and %, then
m_ 7' tan o —r° tan w

X 2 (" ~1?)

tan u being obtained from the formula

1+%&(ba—8,)
1—g(ta—t)

tan »w=tan [z (g + u—uy+ ) — fd +,d—ds+d)} A+ d))]

where ¢ is the angular value of one division of the long scale, £ is the coefficient for
reducing the divisions of the short scale to the value of divisions of the long scale ;
w; and ju are the observed mean scale readings of the unifilar magnetometer, the de-
flecting bar, with its north pole towards the east, being at a given distance to the
east and west respectively of the suspended magnet; similarly, u, and ju are the
mean scale readings when the deflecting bar, at the same distance, has its north pole
towards the west : d,, 1d, &c., are the simultaneous mean scale readings of the de-
clinometer corresponding to w, 14, &c.: 1 + @ is the torsion factor. [The quan-
tity within brackets is given for each distance, pages 166 and 167, in the column,
Deflection corrected for Torsion.] The last factor reduces the value of the tangent
to the value of X and m at the time of vibration, & being the coefficient for reducing
the scale divisions of the bifilar magnetometer to parts of horizontal force, b, and b,
are the mean scale readings of the bifilar at the times of deflection and vibration re-
spectively ; ¢ is the temperature coefficient for the deflecting bar, ¢, and ¢, are the
mean temperatures of the bar during deflection and vibration respectively.
The values of log L #* tan u are given for each distance, pages 166 and 167.
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20. The following are the values of the constants used in the previous formula :—

a = 40”35 (No. 8.) J = 1115 (No. 8.) q = 0-000288.*
Aug. 10—Nov. 9, 1843, ¥ = 0-00013. Nov. 9, 1843—Dec. 31, 1845, £ = 0-00014.
For the thread in the unifilar box and long scale magnet, o = 0-0012.

21. The comparative observations for u and d were rendered simultancous thus :
The times of vibration of the unifilar and declination magnets being nearly the same,
the time at which the unifilar magnet attained one extremity of its arc of vibration
was instantly indicated by me to Mr WELSH, who could observe my motions through
one of the north windows of the Observatory. He immediately commenced counting
the beats of the mean time clock, and at the end of the 18th second (the time of
one vibration) both observers commenced making readings of the magnetometers;
those by Mr WELSH being made at the end of the 18th, 36th, 54th, &e., scconds,
and those by myself at the extremities of the arcs of vibration. ¥rom 7 to 12 con-
secutive readings were made thus at every position of the deflecting bar, and from
these the mean readings are deduced. In order to render the arcs of vibration of
the unifilar as small as possible, the deflecting bar was at first moved gradually up
to its nearest distance (5 feet); in placing it at the next distance, it was moved
rapidly nearly half way, and 18 seconds counted, when it was immediately shifted
the other half. When the farthest distance was attained, it was placed vertically,
and after 18 seconds, laid down in the reverse position ; it was then moved as before,
by half-shifts, to its next position, and so up to the nearest. ~After comparative
readings for that position, the magnet was again placed vertically, and carried to
the beam on the opposite side of the suspended magnet ; at the end of 36 seconds
it was laid down at the same distance, and with the north pole in the same direc-
tion as before. In general, the vibrations were small, seldom above 10'; when
larger, the magnet was checked by slightly approaching or removing the deflecting
bar at proper times, with reference to the directions in which the suspended magnet
was moving. Mr WELsH observed the bifilar magnetometer before and after each
comparison, and after each comparison I observed the temperature of the deflecting
bar by means of a thermometer lying beside it.
22. The value of the product m X is obtained from the formula
m X = K—Tf—ﬂ'
where 7 is the ratio of the circumference to the diameter, T is the ¢rue time of one
vibration of the deflecting bar deduced from the observed time T’ by the formula

. 1
T= T'(l - "‘Tg—)a + @) (1 - 86‘3‘0‘6)
where @ and @’ are the semiarcs of vibration in parts of radius at commencement
- * See Introduction, 1843, p. xliii.
MAG. AND MET. 0BS. 1844. f
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and termination. ¢ is the ratio of the torsion force to the horizontal component of
magnetic force for the declinometer thread with the deflecting bar suspended, s is
the daily rate of the clock in seconds, K is the moment of inertia of the deflecting
bar obtained from the formula

T 2
K= b (rtrd) Moo "y
where r; and 7, are the internal and external radii of a regular metallic ring, M is
the mass of the ring in grains, T, is the true time of one vibration without the ring
(obtained by the above formula for T'), T, is the ¢rue time of one vibration with the
ring placed horizontally on the magnet, and is obtained from the observed time T,

by the formula

/ 1
T, = T;(1 —%‘)(1 +q>)2(1 - éﬁoo) {1 Yk (b — b)) — g (4 — tl)}
where the symbols in the first four factors have the same meaning as given above
tor T, it being remembered that @ is the ratio of the torsion force to the horizon-
tal force for the declinometer thread when carrying both the deflecting bar and ring.
The last factor contains the reduction of the time of vibration to the value of the
horizontal component for which T, was the time of vibration without the ring ; %,
therefore, 1s the bifilar coefficient, given previously, b, and b, are the mean bifilar
readings when the times of vibration T, and T, were observed, ¢ is the temperature
coeflicient for the deflecting bar, given above, ¢, and # are the mean temperatures of
the bar corresponding to the observations T, and T,. As the observations for de-
flection are corrected for temperature to the temperature at the time of vibration,
the value of m at the time of vibration is taken as the standard value for the series,
as far as temperature is concerned, but it requires a correction for the inductive
action of the earth, due to the position of the magnet during vibration in the plane
of maximum magnetic force ; during deflections the magnet is placed at right angles
to the magnetic meridian, and is therefore unaffected by induction : the first equa-
tion, No. 22, therefore becomes

mX=_ K7

T? (1 + é—@)

m

s the induction coefficient, and is obtained from the formula

dm _n+s—20b
m  n—s

where n and s are the mean scale readings of the bifilar magnetometer when the
deflecting bar is placed in the magnetic meridian with its north end towards the
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north and south respectively, its centre being in the prolongation of the bifilar
magnet, b is the bifilar reading with the deflecting bar away.

The deflecting bar was vibrated in the declinometer box after the observations
of deflection ; it was suspended in a stirrup of silk fibres of the same thickness as
the suspension thread, and a small thread of paper being gummed to the extremity
next the reading telescope, the times of transits of the paper at the wire of the read-
ing telescope towards right and left were observed for every 5 vibrations each way
up to the 96th vibration. (See Tables, pages 168 and 169.) A moveable object-
glass fits upon the object-glass of the reading telescope, in order to bring the paper
slip into view without altering the adjustment of the telescope.

23. The following are the values of the constants used in the preceding formul,
o for the declinometer thread, with the deflecting bar suspended, is obtained from
the value when the long scale magnet is suspended by multiplying the latter by the
ratio of the moments of the two magnets ; thus, moment of long scale magnet is to
moment of deflecting bar, as 1000 is to 0-942, whence, from the values of ¢ for
the long scale magnet (No. 10), we have for the deflecting bar and declinometer

thread,
Aug. 11—Dec. 18, 1843, @ = 0:001556. During 1844, @ = 0-001482.

The rate of the Observatory clock was generally less then 2 seconds a-day. No
correction for rate was therefore employed in the determination of T.

24. The following are the details for the determination of K.

The deflecting bar is 1-25 feet (= a) in length ; 0-0719 feet (= &) in breadth ;
62167 grains in weight (= W). The value of K had been previously determined
a® + O

12
termine it by the more accurate formula given previously ; as it was doubtful whether
the declinometer thread could sustain the deflecting bar and an additional weight,
a stronger thread was substituted, for which o was determined.

The deflecting bar was vibrated in a stirrup of silk without any appendages,

the results are :

x W. In January 1848, it was thought desirable to de-

from the formula

Jan. 114 1848. Observations made by chronometer, DENT, No. 1665, rate — 55-0.
Semiares of vibration, are ! « = 104° arc —! & = 6°. Temperature of bar 38”4 Fahr.
Mean observed time of one vibration from 160 vibrations, Ty = 15+9037.
Bifilar magnetometer observed every 5™ during vibration, mean during vibration corrected
for temperature = 5539 sc. div.
Deflecting bar with scale and lens suspended in a stirrup of silk as during vibration @ =0-00200.
Deflecting bar with scale and lens suspended in brass stirrup, @ =0-00193.
The true value of one vibration, T, =15%9014.

The deflecting bar having been placed in a stirrup of silk fibres, of the thick-
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ness of the suspension thread, it was vibrated with the vertical circle of the inclinometer
halanced horizontally upen it ; the results are :

Internal radius of ring = 0-39541 feet. External radius of ring = 0-43779 feet.

Weight of ring = 96286 grains.

Semiares of vibration, arc —! « = 12° arc — o’ = 7%°, temperature of bar = 380 Fahr.

Rate of chronometer, DENT, No. 1665, s = — 5%-0.

Mean observed time of one vibration from 120 vibrations, T, = 275-8006.

Bifilar magnetometer, observed every 5™ during vibration ; mean during vibration cor-
rected for temperature = 5693 sc. div.

Deflecting bar with scale and lens suspended in brass stirrup ® = 0-003966.

As all the observations for the time of vibration of the deflecting bar had been
made previously with the bar suspended in a stirrup of silk fibres, in order to employ
the second formula for K, given above, depending on the dimensions and weight of
the bar, it was necessary in the present case, to determine the value of K for the
same mode of suspension. The two values of @ given above for the bar suspended
in a brass and in a silk fibre stirrup, without the ring, give & with brass stirrup
suspension, to ® with silk stirrup suspension, as, 193 : 200, whence, from the value
of @ above for brass stirrup suspension and magnet with the ring, = 0-:003966, we
find @ for silk stirrup suspension and magnet with ring = 0-004109.

Since b, — b, = — 154 sc. div., & = 0000135, 7, — ¢, = + 0°4, ¢ = 0-000288.
'The true time of one vibration with the ring (reduced to the value of X for T ) T, = 2758403,

25. From the above, therefore, we find for the deflecting bar without ap-
pendages,
Log K, = 29091359 at the temperature of 38°4 Fahr.

The value of K used in the reductions in the present volume has been obtained
from K, by the formula

K=K,{l+e¢( — 38}
where ¢ is the dilatation of steel for 1° Fahr. = 0-0000068, and ¢, is the temperature

of the bar during vibration.

2 2
From the formula K = ¢ 12 v

26. The following are the observations for the value of the induction coeflicient

W, log K = 2-9096331.

5 ) 7 i : .
TZ" Nov 15, 1847. A strong wooden beam having been fixed horizontally in the

prolongation of the magnetic axis of the bifilar magnet which lies at right angles
to the magnetic meridian, the deflecting bar was mounted in a wooden block having
a4 groove cut to contain the bar; when the deflecting bar was in its place, it was in
the same horizontal plane with, its axis was at right angles to, and its centre was in
the prolongation of, the axis of the bifilar magnet. The block was fixed to the
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wooden beam: the deflecting bar when removed and replaced, was carried with a thick
cloth glove or silk handkerchief, to prevent variation of temperature in handling.
In reversing the magnet, the same side was always kept next the bifilar magnet.*

TABLE 2.—Determination of the Induction Coefficient for the large Deflecting Bar.

!
Interpolated Difference 5
Gottingen Position of Bifilar Reading, . Sum of N 7o mn
Mean Time. Deflector. Reading. Deflector Deflection. | pyogoctions. | Of Peﬂec- Value Ofﬁ
Away. tions.
d. h. m. Se. Div. Se¢. Div. Se. Div. Se. Div. Se. Div.
1847.
Nov. 5 0 11 | Away 157-12
15 | N. Pole S. 265-35 156-05 109-30
19 | N.Pole N.| 4257 | 154.97 | 11240 | 22070 | 310 | 00140
23 | Away 153.90
0 24 | Away 154-22
274 N. Pole S. 263-60 154-95 108.65 -
30 | N.Pole N.| 43.47 | 15547 | 112000 | 22065 | 3:35 | 0-0152
33 | Away 156-10
0 36 | Away 156.75
402/ N.Pole S.| 266.90 | 157.32 | 10958 . .
44 | N.Pole N.| 4675 | 15742 | 11097 | 2205 | 139 | 00063
48 | Away 158-20
Nov. 6 1 12| Away 150-50
15 | N. Pole S. 259.12 15042 108.70
18 | N.Pole N.| 3957 | 15035 | 11078 | 21948 | 2:08 | 0-0095
21 | Away 150-27
1 23 | Away 150.75
26 | N. Pole S. 259-46 150-97 108-49 P
29 | N.Pole N.| 3967 | 15118 | 11151 | 22000 3:02 | 00138
33 | Away 151.47
1 34 | Away 151.27
37 | N. Pole S. 261-10 151-44 109-66 .
40 | N.Pole N.| 4060 | 151.60 | 111.00 | 22066 1 1:3¢ | 0-0061
43 | Away 151.77
1 45 | Away 152-17
48 | N. Pole S. 260-97 151-98 108-99
50 | N.Pole N.| 39-97 | 151.85 | 11188 | 2207 | 289 | 00131
54 | Away 151-60

27. The adopted value of °* = 0-0112.

This value is very large, more than twice as great as that obtained for small
4-inch bars, and is evidently not to be neglected in the rudest mode of observation
for the horizontal intensity.

28. Inconsequence of the more accurate determination of the value of K, the mo-
ment of inertia of the deflecting bar, and of £ the bifilar coefficient, and on account of

* It will in general be preferable to place the deflecting bar to the east or west (as in the present
observations), rather than to the north or south of the bifilar magnet, since I have found that the
centre of figure may differ considerably from the centre of magnetism ; perhaps, for the same reason,
when observations are made only on one side of the bifilar magnet, the deflecting bar should be in-
verted when it is reversed, since the magnetic axis may be nearer one side of the bar than the other,

MAG. AND MET. 0Bs. 1844, g
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the omission of the correction for the induction coefficient, the observations for 1843
have been recomputed by the formulae given in the preceding pages ; the results will
be found in the following Table. The value of X from each pair of deflections is re-
duced to the mean bifilar reading for the year. The bifilar was adjusted in the year
1843, and the reduction of the bifilar scale readings for 1843 (column 6, Table 3)
to the mean for the year was made as follows :— f being the value of the bifilar read-
ing (column 6) obtained by the formulee after Table VIII., p. 230, 1843 5 0002618
being the mean for 1843 obtained from line 7, p. 231, 1843 ; and 1-:316 (see No. 40)
being the factor for reducing the quantities, Table VIIL., p. 229, 230, 1843, to their
true values ; the reduction of X (column 5, Table 3) to the mean for 1843
=1+ 1:316 (f — 0-002618)
The reduction of X for 1844 is made by the factor
1 + 0000135 (b — 527'9)

b being the bifilar reading column 6 for 1844, and 5279 being the mean bifilar
reading tor 1844.

TaBLE 3.—Results of the Observations for the Absolute Horizontal Intensity,
i 1843 and 1844.

5 m } Bifilar ’ X Reduced | Mean !

Date. DPairs of Distances. . Log — ‘ Log m X. X. Reading to.Mcan of | Weight.

i X S5t Bifilar. Group. :
1843. | reet. Feet. “ i i Se. div. |
Aug. 11| 50 and 65 | 0465366 1-517261| 3-3570 | 511-5 | .3-3526 }33512 |
55 — 65 ! 0-466084 3.3542 3-3498 ,
Aug. 21| 50 — 65 | 0-461487| 1-519634| 3.3812 | 511-1 | 3.3770 ’
55 — 70 | 0460922 3.3834 3.3792
55 — 75 0461249 3-3821 33779
60 — 80 : 0457371 33973 i 3.3930 |}3.3807 3
65 — 85 ' 0.459456 3-3891 | 3.3849
70 — 90 0.462511 3.3772 | 3:3730
7.0 — 95 0-460677 3-3844 3-3801
Nov. 8({50 — 60 0-464232| 1-520430 | 3.3736 | 5109 | 3.3695
50 — 65 0-463155 3.3778 3-3737 )
525 — 7.0 0-462200 3.3815 3-3774 3
55 — 75 0-463487 3.3765 3-3724
Nov. 14| 5125 — 6.75 0-457337 | 1.515526| 3.3814 | 507.6 | 3-3779 }33757 0
595 — 7.0 0-458435 3.3771 3.3736
Dee. 18| 5.0 — 6625 | 0-456307| 1.516321| 3.3885 | 515.2 | 3.3858 )$3813 5
525 — 7.0 0-458598 3-3796 3.3769 I{

1844, !
Feb. 17| 50 — 675 0-438660 | 1-517407| 3.3836 | 524.6 | 3.3851 | 3.3851 , 1
Mar. 23| 5125 — 675 0459748 | 1.515895 | 3-3734 | 5208 | 3.3768 . .

55— 725 | 0458444 3-3785 . 3.3819 }3 3793 2
May 29, 5125 — 6.75 0-450795 1-510367 | 3-3868 | 535.7 | 3-3831 }3 3816 5
1 55 — 7-25 0-451555 , | 3-3838 { 3.3801 .
Aug. 515125 — 675 0-451689 . 1-512270  3-3907 | 540.7 ( 33846 || gacg i
| 525 — 6-875 | 0451379 33919 3.3858 |
Dee. 26| 5-083 — 9.7083 | 0457975 1-516858' 3.3841 | 5395 ) 33786 ) ;
1525 — 9.83 | 0458462 | 3.3822 | 3:3767 |-3-3789 |, 2
|55 —1025 | 0.457238 - 3:3870 Cas1s |f |
Dec. 30| 5-083 — 9.7083 1 0459337 1-516483  3.3773 | 5349  3:3740 . R
525 — 9833 0.459976  3.3748 o }3“’727{‘ 2
! i i i i
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29. Giving the means of groups, column 8, the weights in column 9, we find

Mean value of X for 1843 reduced to mean bifilar reading for 1843, =3-3752

.................. for 1844 ... 1844, =3-3801
These give the secular change from 1843 to 1844 in parts of X, =0-00145
The secular change from the bifilar magnetometer, p. 356, =0-00389

From the observations, therefore, of the absolute value of X it would appear
that the secular change indicated by the bifilar magnetometer from 1843 to 1844 is
too great. )

B1rFiLAR orR HoRrizoNTAL FORCE MAGNETOMETER.

30. This instrument was made by GRUBB of Dublin, and is similar in its general
construction to the declinometer, having two boxes, gilt internally and externally as

in the latter instrument. The magnet a a, whose dimensions are 15 inches, g inch,
and  inch, is placed in a stirrup b, which carries below it a tube ¢, having a lens «
at the extremity next the reading telescope, and a glass scale at the other : the scale
has 280 divisions, and the graduation at the 300th division ; increasing readings of
the scale indicate increasing magnetic force ; the axle of a grooved wheel e fits into
the suspension eyes of the stirrup b; the magnet, with these appendages, is borne
by a silver wire f, passing round the grooved wheel, and having its two extremities
pegged into a suspension roller ¢: the roller is supported by the torsion cirele 4,
which also bears, beneath the roller, a micrometer-headed screw ¢, right-handed where
it meets one extremity of the wire, left-handed where it meets the other. The screw
serves to render the distance of the extremitics of the wire cqual to the diameter of
the grooved wheel ; the screw and suspension roller turn with the verniers £. A
copper ring encircles the magnet, in order to check the vibrations. A thermometer
by ApiE and SoN is enclosed by a glass tube passing through both boxes, the stem



XXV11 INTRODUCTION TO THE MAKERSTOUN OBSERVATIONS, 1844.

of the thermometer, with the graduations, being above the lid of the outer box ; the
bulb of the thermometer rests in a cup, formed in a brass bar of the same dimensions
as the bifilar magnet; the brass bar is supported on a wooden stand, and lies parallel
to the magnet ; the bulb of the thermometer is also covered loosely by a small brass
cap. It was found from comparative observations (p. xxx., Introduction, 1843) that
a thermometer, with its bulb free, would differ 1° from the thermometer resting in
the brass bar in the course of a daily change of 10° of temperature. The whole in-
strument was covered with a double thick cotton cover Jan. 312 6" 1844. The read-
ing telescope 1s fixed to a stone pier, 8 feet south of the magnet.

31. In the adjustment of the instrument, the magnet is forced to a position at
right angles to the magnetic meridian, by turning the arms of the torsion circle.
As, in forcing the magnet from the meridian, the upper extremities of the wire will
move through a greater angle than the lower extremities, the wires will be no longer
vertical, and the magnet and appendages will be raised ; the forces producing equi-
librium will, therefore, be the weight suspended endeavouring to attain the lowest
point, and the horizontal component of the earth’s magnetic intensity acting on the
free magnetism of the bar.

32. If » be the excess of the angular motion of the arms of the torsion circle,
or upper extremities of the wire, over u, that of the lower extremity or magnetic bar
in moving the latter from the meridian, the equation of equilibrium will be

2
. a .
m X sin u =VV_l-sm v

m, X, W, a, and { being respectively the magnetic moment of the bar, the hori-
zontal component of the earth’s magnetic force, the weight suspended, the interval,
and the length of the wires. The differential of this equation (u = 90°) divided by
it, gives

A X

X = ne cotv+¢(Q+2e—¢)
n being the number of scale divisions from the zero, or scale reading when »=90°,
a the arc value in parts of radius of one scale division, ¢ the number of degrees
Fahrenheit which the temperature of the magnet is above the adopted zero, Q the
coefficient of the temperature correction for the varying magnetic moment of the

A * o ’ . 3
bar or the value of —7; for 1° Fahr., ¢ and ¢ the coefficients of expansion for the

brass of the grooved wheel and silver of the wires.

33. Tt is assumed, in the previous investigation, that the suspending wire does
not act by any inherent elastic force ; that the torsion force depends wholly on the
length and interval of the two portions of the wire and the angle of twist: it seems
extremely probable that this condition will not be rigorously sustained, and it is
very possible that there may be considerable twist in the suspending wire or thread ;
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for this reason, the following methods, which are independent of the angle of torsion,
were employed to determine the coefficient :—

34. If the equation of equilibrium for the bifilar magnet at right angles to the
magnetic meridian be

mX=F, . . . . . . . ... @)

and if a magnet whose magnetic moment is M be placed with its axis in the mag-
netic meridian passing through the centre of the bifilar bar, the centres of the two
bars being at a distance », and the resulting angle of deflection be n scale divisions
=a v, the equation of equilibrium will be

{X+——(1+rl+q)}cosAv—F’

For a value of the earth’s horizontal force X +a X, which would alone have pro-
duced the deviation a v, we have

m(X+AX)cos av=F;

whence
AX 2M P9
Y p— X 7‘3 + 7'3 + ;7 . . . . . . (2-)

If the deflecting bar be now employed to deflect a freely-suspended unifilar magnet,

in order to determine the value of —-, as in the ordinary observations for absolute

X,
horizontal intensity ; u being the angle of deflection for a distance r, we have

If the bifilar and unifilar bars are of the same dimensions p and ¢, which are quan-
tities depending upon the distribution of the magnetism in the bars, may be consi-
dered equal to p, and ¢,, and if the deflections for both bars be made at the same
distances, or »=r, then

aX =tan w,
< =
and gt (3.

n
If, however, the bifilar and unifilar magnets are of different dimensions, the value
2M . . . . .
of X should be obtained from the deflections of the unifilar at different distances,

1 and ¢, being eliminated ; that value being substituted in equation (2.), and deflec-
tions of the bifilar being obtained for different values of », p and ¢ also may be
eliminated.

MAG. AND MET. OBs. 1844. h
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35. When the observations for 1843 were nearly through the press, observations
of deflections of the bifilar magnet were made at two distances; observations of
deflection of a unifilar magnet were also made; the dimensions of the bifilar and
unifilar bars were very different, but, as the results for the two distances computed
by equation (2.) were very nearly equal, 1t was considered that the differences be-
tween p, ¢, and p,, ¢;, might be neglected ; the abstracts were accordingly formed
with the aid of the coefficient so obtained. It was discovered, after the volume was
published, that the difference of the distances employed was too small to exhibit the
error of the assumption that p=p,, &c. In consequence of this error, the coefficient
has been redetermined by different methods, as follow :—

36. Wooden beams having been placed in the prolongations of the bifilar mag-
net, and at right angles to these, lines were drawn upon them, passing through the
centre of the magnet,—one in the magnetic meridian, the other at right angles to
it ; several distances from the centre of the suspended magnet were marked off on
each side with a beam compass ; a similar structure was erected for the declinome-
ter. The following observations were then made :—

1st, A cylindrical magnet, 3:65 inches long, was employed to deflect the bifilar
and declinometer magnets ; these two magnets are of the same dimensions, 15 inches
long, and were obtained at the same time from the same maker. The short de-
flecting bar was placed at different distances to the east, and at the same distances
to the west, of the bifilar bar, and the deflections of the bifilar were observed in
scale divisions.  Observations of deflection of the declinometer magnet were then
obtained with the same deflector—the deflector, however, being placed at the same
distances, as iu the other case, to the north and south of the declinometer magnet :
in both cases, the prolongation of the suspended bar, in its normal position, passes
through the centre of the deflector. The results are obtained in the 1st portion
of Table 4.

2d, The same deflecting bar was placed to the north and south of the bifilar
maguet, and to the east and west of the declinometer magnet, the prolongation of
the axis of the deflector in both cases passing through the centre of the suspended
har. The results are given in the 2d portion of Table 4.

3d, A large deflecting bar (15 inches long) was employed in the same manner
as the small bar in the 1st instance.

4th, The large deflecting bar was employed in the same manner as the small
bar in the 2d case.

In the 3d case, deflections of the bifilar could only be obtained to the E, and,
in the 4th case, to the S of the bifilar magnet, owing to the proximity of the bifilar
to the walls of the Observatory. It was easy, however, from the observations with
the small bar to make the requisite corrections for the difference of deflection on
the opposite sides : the correction is small.  The results for the 3d and 4th cases are
contained in the 3d and 4th portions of Table 4.
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TABLE 4.—Observations of Deflection for the Determination of the Coeflicient of
the Bifilar Magnetometer.

No. Deflections of Bifilar Magnet. ‘ Deflections of Declination Magnet. J‘ .
of - L L e ) [ Resulting
Series. i i " Value of 4.
Date. 1 Distance. [Deflection.| Mean. | Therm. . Date. Distance. |Deflection.| Mean. | Therm.
| 1847. | Feet. Se. Div. | Sc. Div. ° | 1847. | Feet. Se. Div. roo
E 1334 y N 94-30 . -
J May 11(2-2 {W 138.5 136-01| 536 ’ May 14 |2-2 {S 02.95 62 43| 62-6 | 0-0001345
({E 644 ‘ . N 45-85 |. o .
1 ] May 13|2.7 W 66-4 65-4| 61.9 | May 14 |2-7 S | 4500 30 33| 62-6 | 0-0001359
| | May 12 3-267{]{%, 3 1 349 585 | May 14 32673 o470 |16 6 626 | 00001342
/ N|onsa | oo o (B | 8160 |_. o .
} May 11|25 {S 119-6 11')‘()@ 539 [ May 15)2:5 {W 39.40 55 9| 60-0 ;0-0()[)13:;()
N 60-9 | (E 42-05 i ap
2 . .81 60 P .167. : 50- . 36¢
2 May 133 167{8 60-7 60 81 60-9 | May 153 1671W 42.75 28 31 600 \}00001564
N 21-0 [ R S 1.0 14-34 ’ .
May 12 4-583{S 21.0 2101 564 : May 15 |4 083{W 14.58 9 43| 60-0 | 0:0001346
| i |
) (N | e | | JE | 8256 | ool .. | ;
5 May 15,6 91718 119.8 119:8 ; | May 151{6:917 W 89.84 55 37| 61.5 3 00001351
May 15!8.200{Y | "o 714 May 15 8-209/2 | 2013 435 56l 615 | 0.0001370
v 18 714 | 0T ‘ """ ay W | 49.88 |7 2% PL@ he >
\ ; |
E 125-1 | - N | 10248 |, C ot ok .
. May 195-5 {W ...... 1260|552 May 1552 {s 10325 |69 11\i 61-8 {0:0001350
E 42.9 | N | e i 1 -
| May 19 7-792{W ...... 43~O! 55-2 .May 15 6-833{S 44.93 29 4,)i 61-8 | 0-0001357
‘ I 1 ‘;' i

37. 5th, In May and August 1847, a theodolite magnetometer by Mr JoNES of

London was converted into a unifilar horizontal force magnetometer, the suspended
bar having been deflected through an angle (u — 0) as in Dr LAMONT’S method, the
variations of horizontal force were deduced from the scale readings, reduced to angu-
lar measure by the formula

%?:—-cot(u—,ﬁ) (Au—A8) +q(t—1¢,)

where w is the angle which the deflected magnet makes with the astronomnical meri-
dian (negative when to the east) and 0 is the westerly declination, A« being the are
value of the change of reading, and a 0 the arc value of the simultaneous change of
declination obtained from the declinometer : ¢ being the temperature coefficient of
the deflecting bar (=0-00021), ¢, the standard temperature of the deflecting bar, and
¢ the temperature of observation.

In May 1847, only three comparisons of the two instruments were obtained
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during a moderate maguetic disturbance ; the results are given as a specimen of the
accuracy that may be expected from this method.

Bifilar (Au—A3)
Corrected. w 5 % cot 89° 40/ t q(t—ty) k

Sc. Div, ° 4 ° ’
May 70220 0m 4799 —14 4288 25 16:82
93 30 5330 —14 2956 25 98¢ +O0071l4 o
$ 132 5710 —142028 25 400 T0005331 444
The mean of the two values of £=0-0001336.

Date.

4
—0:000063 0-0001328
—0-000084 00001344

In August 1847, a series of comparative observations were made of the bifilar
and a unifilar horizontal force magnetometer : these ohservations were made every
hour for three days ; the results were grouped so as to obtain the greatest differences
of readings for comparisons ; the mean angle of deflection of the unifilar (u—¢) was
equal to 65°.  The final result of the whole groups was, that the changes of the uni-
filar scale rcadings were to those of the bifilar scale readings as 1 to 0-974, the value
of k for the unifilar being 0-0001389, therefore that of & for the bifilar = 0-0001353.
The changes of horizontal force from which this result was deduced were small.

38. The following, then, are the values of k, deduced by the five different pro-

cesses above —

Short deflector, E. and W. of bifilar magnet, and N. and S. of declination magnet,£=0-0001349

.................. N.oand S, .........cvvvve. Eland We oo E=0-0001353
Large deflector, B. ... Noand S. oooivveniiiii £=0-0001360
.................. S. eereiiniiiinie Beand W o B=0-0001353
Comparisons of unifilar and bifilar horizontal force magnetometers, £=0-0001353
The mean of all the results gives £=0-0001354
The adopted value of k=0-000135

39. The value of the coeflicient deduced from the angle of torsion of the sus-
pending wire is

1847. %k = a cot v = 000032675 x cot 69°8 = 0-0001251.

The ratio of the true value of £ to that determined by the angle of torsion — 5’2: 1-08.

40. The true values of k from 1841, obtained from the formula 1:08 x « cot v

are given below :—

July 11¢ 20h 1841—July 23¢ 501841, . . . . . k=0000128
Aug. 4 20 1841—Sept. 7 5 1841, . . . . . k=0000164
Sept, 7 20 1841—Sept. 30 5 1841, . . . . . £=0000158
Oct. 6 20 1841—Oct. 19 28 1841, . . . . . £=0000141
Oct. 19 23 1841—April27 4 1843, . . . . . k=0000135
April 28 2 1843—Nov. 8 22 1843, . . . . - £k=0000130

Nov. 10 8 1843—Dec. 31 12 1844, . . . . . k=0000140
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In order to reduce the variations of the horizontal component given, pages 229
to 238, in the volume for 1843, to their true values in parts of the whole horizontal
component, they must be multiplied by the factor 1:316.

41. The bifilar magnet was adjusted November 104 1843, when the angle v was
found = 68° 18, the bifilar scale reading 173. The angle v remained unaltered,
excepting for short periods during disturbances, till January 1, 1846.

42. During considerable disturbances the collimator scale, which contains too
small an angle, goes out of the field of the reading telescope, it was found necessary
in these cases to turn the arms of the torsion circle until it reappeared ; afterwards
the arms of the torsion circle were turned to their original position : experiments
were made in the end of 1842, during periods of slight change, which shewed, after
turning the arms of the torsion circle a few degrees in either direction, that on re-
curring to the original value of v, the scale readings were unaltered. If 8 be the
small angle through which the arms of the torsion circle are turned, n be the scale
reading minus 170 (the adopted scale zero), then N, the number of scale divisions
from the zero (corrected for temperature) for the same force when 8 =0, is ob-
tained from the formula,*

. B
2 8in =
N= 2005(v+§) +n—-————cos (v+'6>+tq’
@ COS v 2 cos v

A3 is considered negative when v is diminished, » is negative when the reading is
below the zero (170), ¢ is the temperature of the magnet minus 26°, and ¢ is the
temperature coeflicient in scale divisions.
43. The arms of the torsion circle were turned during the disturbance, Novem-
ber 16, 1844, as follows : _
Nov. 1606 20n— 87w = +1° & A=+ 590 B=0950
164 62 38m— 456m B = +2°43 A= + 1364 B = 0-880
169 6* 46m—1743" B = +1° 135 A=+ 637 B=0946

17¢ 3" The arms of the torsion circle were turned to their original position.

44. The mean time of one vibration of the bifilar magnet, is between 26° and 27s :
the natural arc of vibration is generally very small, and when considerable, the time
of vibration was found less than from large artificial vibrations.] 25 has been used
in the observations for 1844.

* Introduction, 1843, p. xxxiii.

+ In 1847, it was found more convenient during disturbances, to bring the scale of the bifilar
magnet into the field of the reading telescope, by means of a small deflecting magnet placed on a
beam of wood at known distances from the centre of the bifilar magnet. The effect of the deflecting
magnet was afterwards determined with the aid of a second deflecting bar.

i Introduction, 1841-2, pp. xxviii., xxix.

MAG. AND MET. OBS. 1844. 7
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45. The observations of the bifilar were made as follows: The point of the
scale coinciding with the vertical wire of the fixed telescope is estimated to the
tenth of a scale division at 25° before the minute of observation, at the minute, and
26s after it ; the three readings being «, b, and ¢, the mean is deduced from the

. +2b4¢ | . . .
formula *F207*¢ The mean thus obtained is corrected to the temperature of

26" Fahr., a constant quantity of 300-0 has been added to all the corrected means.
It N be the observed mean, and ¢ be the observed temperature of the bifilar bar,
the corrected means n, given pages 1 to 170, are obtained from the formula

n=N + 3000 + (£—26°) 190

1-90 bemg the temperature coefficient in scale divisions.
The means fin parts of the whole horizontal force given in the abstracts of re-
sults, pages 355 to 373, are obtained by the formula
F = (n — 500) 0:000140
0:000140 being the value of £ for 1844.
No correction has been applied for the effect of the balance magnet, which is

constant.

BALANCE OR VERTICAL FOoRCE MAGNETOMETER.

46. The balance magnetometer was made by RoBinsoN of London ; it is com-
posed of a magnetic ueedle ¢ f ¢, 12 inches long, about % inch broad, and about X

. o S

inch thick, with knife-edged axle f, which rests upon agate planes ; brass rings ¢ ¢ are
attached to the extremities of the needle, each ring carrying a cross of spider threads.
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The needle is placed at right angles to the plane of the magnetic meridian, it is ac-
curately adjusted to horizontality by a screw ¢ which balances the needle, another
screw d working vertically, regulates its sensibility. The apparatus, and a ther-
mometer o which gives the temperature of the needle, is covered by a rectangular
box % having glazed openings on both sides opposite the spider crosses; those on one
side allowing light to be thrown on the crosses from two small mirrors, (one of which
[ is indicated in the figure) ; those on the other, for viewing them and determining
their position, which is done accurately by the microscopes b b carrying micrometers ;
the micrometer heads « a are divided into 50 divisions, The supports ¢ of the
needle are fixed to a marble slab m, cemented to the stone pillar s ; the horizontality
of the slab is indicated by a level n, the lower edge of the rectangular box is covered
with velvet, and it is screwed hard to the slab by the screws ¢ i. A four-fold cover
of thick cotton cloth was placed over the rectangular box, July 189, 12" 1844, in
order to keep the temperature as uniform as possible ; the box itself is covered with
gilt-paper internally and externally. The large copper stove which was heated for
the last time, January 39, 1844, and which occupied a position about 7 feet from the
balance magnetometer (see Plate 1.), was removed from the Observatory, Nov. 44 23",
1844 ; it was found to have no effect upon the balance needle.

47. If m be the moment of free magnetism of the needle, Y the vertical coin-
ponent of the earth’s magnetic force, G the weight of the needle into the distance of
its centre of gravity from its centre of motion, and € the angle contained by the line
joining these two centres and the magnetic axis of the needle, the latter being hori-
zontal, the equation of equilibrium is

mY = G cos €
differentiating this equation, dividing by it, and having regard to the sign of a €
AY Am

— =—=tane€e A€ — —
Y m

where
2
tan € = cot 6 —

T2

where 0 is the magnetic dip, T” is the time of one vibration of the needle in a horizontal
plane, and T is the time of one vibration in a vertical plane.* A €1is obtained from
the observations in micrometer divisions, one division being = 0"1003.§

The time of one vibration in the horizontal plane, T" = 12¢00.]

Time of vibration in the vertical plane.

The needle being in its usual position on the agate planes, the moveable wire
of the left micrometer is made to bisect the spider-cross ; the necdleis then vibrated
by means of a small piece of steel, through an angle of about 40 micrometer divi-

* See Dr Lrovp’s Account of the Magnetical Observatory of Dublin, p. 38.
t Introduction, 1843, p. xxxviil. t Introduction, 18412, Table 15, p. xxxv.
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sions or 4/, and the periods of the cross passing the wire, are estimated to a tenth of
second (See Table 12, Introd. 1843, p. xxxix.) The arc of vibration at the com-
mencement was measured by means of the right micrometer, it was usually taken
very small on account of the difference in the times of vibration with difference of
arc (afterwards noticed, 54), although it is now certain that large arcs of vibration
give a time which satisfies better the previous equation and the true coefficient of
the mstrument.

The following Table contains the observations for the value of T made in 1844.

The number of vibrations observed, is given in the column after that contain-
ing the arc of vibration at commencement.

TaBLE 5.—Values of T, the Time of Vibration of the Balance Needle in a Vertical
Plane, with the Temperature of the Needle.

Gottingen Arc of | No. of | Time of T Gottingen Arc of | No. of | Time of
Mean Time. | Vib. | Vib. | Vib. €MP. §  Mean Time. Vib. | Vib. | Vib. | Temp.
.d. h. \\ ’ S, © d. h. ’ S, °
Jan. 0 22 | 35 40 9.31 383 | Feb. 1 22 4-0 25 928 | 34-6
Jan. 2 22 w 2.8 20 891 { 314 | Feb. 2 22 4.2 20 940 | 35.7
Jan. 3 2| 44 30 9.48 | 400 § Feb. 5 1 3-1 15 9.22 | 33.7
Jan. 3 4} 46 15 9.80 | 43.5 | Feb. 5 22 39 20 9.07 | 31.3
Jan. 3 5 50 13 9.96 | 45-2 | Feb. 6 23 3.2 20 9.22 34-4
Jan. 3220 40 | 30 | 974 | 414 | Feb. 7 22| 38 | 30 | 922 | 344
Jan. 4 22 x 4.2 20 9.67 | 41-.2 | Feb. 8 22 3-3 20 914 | 36.7
Jan. 5 22 ] 3.7 20 997 | 465 | Feb. 9 22 3.8 20 9.13 | 34.5
Jan. 7 22 3-8 30 9.42 | 39.6 | Feb. 11 22 3.6 10 8.87 | 326
Jan. 8 22 1 2-6 15 9.38 | 39.3 | Feb. 12 22 4.0 20 8-99 | 34.3
Jan. 9230 43| 20 | 922 375 | Feb. 13 22| 3.1 | 20 | 887 386
Jan. 10 22 | 4.0 10 9.52 | 40.8 | Feb., 14 22 3.1 20 9.11 | 43.7
Jan. 11 22 ‘:‘ 4.2 30 949 | 43.9 | Feb. 15 22 3-0 20 920 | 39.6
Jan. 12 22 1| 3.1 15 9.48 | 38.4 | Feb, 16 22 2.8 20 9-04 | 426
Jan. 14 22 3-8 15 9.12 | 32.6 | Feb. 18 22 2.9 20 9-05 42.2

Jan. 15 23 || 44 20 9.01 | 34.1 | Feb. 19 23 4.6 10 8.78 | 33.3
Jan. 16 22 | 30| 30 | 890| 34.9 | Feb. 20 22| 29 | 20 | 876 | 324
Jan. 17 22 35 | 15 | 915 | 369 | Feb. 21 23 || 31 | 20 | 845 | 276
Jan. 18 22 | 3.1 | 30 | 935 43.0| Feb. 22 23| 42 | 15 | 862 | 304
Jan. 1923, 28 | 30 | 929! 369 | Feb. 24 1| 33 | 20 | 880 | 371
Jan. 21 227 36 | 20 | 933 37.6| Feb. 25 22 || 42 | 20 | 869 | 329
Jan. 22 22 47 | 20 | 942 | 4044 | Feb. 26 22 | 4.0 | 30 | 842 | 280
Jan. 23 22 3.4 30 9.26 | 36-4 { Feb. 27 22 34 20 870 | 344
Jan, 24 21 22 | 20 | 950 | 440 | Feb. 28 22 | 26 | 20 | 9.15 | 385
Jan. 25 22 4.0 | 30 | 954 | 41.2 | Feb. 29 22 | 3.8 | 20 | 9.07 | 39:3
Jan, 26 22 © 32 | 30 | 958 | 450 | Mar. 122 32 | 20 | 933 | 388
Jan. 28 13 = 27 20 11014 | 43.5 | Mar. 3 23| 3.2 | 20 9.17 | 390
Jan. 28 22! 3.4 | 35 | 967 | 40.8 | Mar. % 23 | 42 | 20 | 891, 34.0

6

8

Jan. 29 4 ‘ 2.8 20 9.69 | 41.9 | Mar. 22 || 4.0 20 8.95 | 352
Jan. 29 22 | 29 | 40 | 984 | 432 | Mar. 6 23 | 4.3 | 10 | 9.04 | 365
Jan. 30 22 ! 3.6 | 30 | 950 | 36.9 | Mar. of 29 15 | 908/ 375

Jan. 04 22h,  The needle coMes to rest very soon after being vibrated.

Jan. 274, Needle removed for the purpose of determining its temperature correction by the
method of deflections,

Jan, 284 22h,  The needle seems to have a natural tendency to vibrate.

Feb. 21¢ 231, 264 92h, 274 221, The needle comes very soon to rest after being vibrated.
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TABLE 5.—~continued.

XXXVl

Gottingen I Arc of | No. of | Time of Gottingen | Arc of | No. of | Time of
Mean Time. || Vib. | Vib. | Vib. | T®™P-| Mean Time. | Vib. | Vib. | Vib., | Temp:
d. h. ’ s, ° d. . . s °
Mar. 8 22 35 20 9-34 | 435 { Apr. 29 22 3-1 15 9:04 | 499
Mar. 10 22 3-5 20 9-08 | 432 | Apr. 30 7 44 25 9:50 | 605
Mar. 11 22 4-1 20 9-04 | 37-8 ) Apr. 30 74 4-0 15 (1003 | 61-0
Mar. 12 22 4-8 20 896 | 356 | Apr. 390 22 34 20 8:97 | 505
Mar. 13 23 32 20 8§75 368 May 1 8 34 30 976 | 64-1
Mar. 14 22 4.4 20 902 | 385 May 1 22 3.7 20 9:28 | 56-2
Mar. 15 22 34 25 868 | 356 | May 2 21 3-3 20 912 | 55.2
Mar. 17 23 35 15 856 | 323 May 3 8 4.5 25 9-81 | 644
Mar. 18 12 3-3 20 898 | 39-8 ) May 3 23 3-8 20 9-02 | 536
Mar. 19 2 2.9 25 9.08 | 432 | May 5 22 56 25 897 | 545
Mar. 19 23 3-1 20 914 | 43-1 | May 6 23 34 20 9-08 | 56-3
Mar. 21 0 2.8 15 9.00 | 386 } May 7 22 32 20 875 | 52.5
Mar. 21 22 3-2 15 913 | 41-8 | May 8 22 3-9 25 8.79 | 52.2
Mar. 22 22 2.8 30 9-00 | 42:6 § May 9 22 4-0 20 902 | 546
Mar. 24 22 35 20 891 | 41.5 | May 10 22 3-7 20 843 | 512
Mar. 25 22 2-9 20 890 | 42:6 { May 12 22 34 25 9-03 | 56-2
Mar. 26 9 30 20 936 | 49-6 | May 13 22 4-1 10 9:22 | 599
Mar. 26 22 4-3 20 9-29 | 48-7 § May 14 22 3-7 20 863 | 54-1
Mar. 27 23 32 25 9-27 | 46-0 } May 15 22 3-7 20 847 | 521
Mar. 28 23 32 20 9-18 | 48:6 | May 16 22 4.0 20 857 | 519
Mar. 29 23 2-8 10 940 | 47-0 } May 17 22 4.2 20 790 | 436
Mar. 31 23 3-5 30 9-09 | 46:6 | May 19 22 3.7 15 8:05 | 46-9
Apr. 1 22 32 30 947 | 495 | May 20 22 3-8 15 843 | 494
Apr. 2 6 34 30 927 | 50.9 § May 21 23 3-6 20 8:28 | 51.2
Apr. 2 23 3-6 20 9.34¢ | 49-0 } May 22 22 39 20 8:50 | 51-1
Apr. 3 6 44 15 9-30 | 50-2 | May 26 22 | 3.8 20 847 | 505
Apr. 310 36 10 9.25 | 49-0 § May 27 23 | 36 20 827 | 50-0
Apr. 4 3 4-0 20 9.01 | 457 | May 28 22 33 15 810 | 498
Apr. 4 22 3.4 20 8.88 | 43-0 § May 29 22 46 10 817 | 50-0
Apr. 5 22 4-8 20 8.63 | 399 { May 30 23 3-6 20 813 | 50-6
Apr. 7 22 39 20 9.33 | 495 § May 31 22 3-8 20 8-28 | 50-4
Apr. 8 22| 4.1 20 9.35 | 519 f June 2 22 3.7 20 826 | 519
Apr. 10 0] 3.2 20 940 | 52.5 | June 3 22 39 20 8.80 | 540
Apr. 10 22 | 3.7 20 903 | 486 | June 4 22 ¢ 4.3 20 8:64 | 569
Apr. 11 20 38 | 20 | 892 | 469 | Junc 5 23 | 4.2 | 20 . 869 | 595
Apr. 12 23 | 3.0 20 8.83 | 483 | June 6 22 | 3.4 ‘ 20 9-04 | 61-8
Apr. 14 21 || 38 | 20 898 i 515§ June 7 22 | 4.3 = 20 891 | 59-8
Apr. 15 22 | 26 2 884 474 | Junc 9 22 3.7 | 15 | 879 | 599
Apr. 17 2 ‘ 4-8 15 921 | 525 | June 10 22 | 4.0 20 857 | 57-0
Apr. 17 14 | 3.0 10 9.35 | 54-3 | June 11 23 ‘ 4.2 20 8-68 | 60-2
Apr. 18 22 I 20 9-01 | 50-2 | June 12 22 1 3-9 20 875 | 614
Apr. 19 22} 4.5 30 | 921 | 54:0 § June 13 22 | 3.7 15 867 | 59-3
Apr. 21 22 3T 20 891 © 492y June 14 23 | 4.1 30 851 | 580
Apr. 22 22 " 30 20 8.99 | 494 { Junc 16 22 4.2 10 8.32 | 56.5
Apr. 23 22 ¢ 3.3 ;15 8.92 | 49-4 § June 17 22 @ 4.0 20 8.38 | 56-1
Apr. 25 14 3.1 1 20 | 894 528 June 18 22 |, 3.3 | 15 | 806 543
Apr. 25 221 4.0 | 20 9-20 © 52-1 § June 20 22 | 3-8 30 846 ' 59.9
Apr. 26 22 | 34 | 15 875 | 486 | June 21 22 | 3.7 | 20 | 862 | 605
Apr. 28 22 | 34 | 20 875 | 492 f June 23 22 | 43 | 20 | 916 | 66-8
Apr. 29 61 32 ! 20 955 | 615 | June 24 22 | 3.9 | 20 868 | 59.5
: i |

April 304 7h,  After the vibration the box of the magnetometer was removed for the purpose of
removilig an insect, but the insect could not be seen. The needle having been much vibrated from
exposure to the air, the cbservation of vibration at 7 }* was made.

May 3¢ 82, The needle vibrated before this observation by the aceidental approach of a mass of
iron introduced by visitors.

MAG. AND MET. 0BS. 1844,
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TABLE 5.—continued.

Gottingen Arc of | No. of | Time of Gottingen Arc of | No. of | Time of
Mean Time. | Vib. | Vib. | Vib. | P®™P- | Mean Time. | Vib. | Vib, | Vib. | Temp:
d. h. ’ . ° d. h. 4 S. °
June 25 22 33 | 20 | 791 53-0| Sept. 2 22 4.0 | 10 | 862 621
June 26 22 || 3.8 | 20 | 7-88| 529 | Sept. 3 22| 4.6 | 20 | 845 | 61.0
June 27 22 | 35 | 15 | 8.08| 558 | Sept. 422 3.8 | 10 | 843 | 622
June 28 23 | 48 | 10 | 849 582 Sept. 5 23 | 4.1 | 20 | 844 | 61.9
June 30 22 | 4.0 | 20 | 824 | 567 | Sept. 6 23| 4.4 | 20 | 851! 620
July 122 39 | 20 | 821 | 586 | Sept. 8 22| 3.3 | 20 | 7.74 | 566
July 223 38 | 20 | 830 589 ] Sept. 10 22 | 3.4 | 10 | 769 | 54-0
July 322 36 | 20 | 818 | 563 | Sept. 11 22| 3.1 10 | 778 | 56-1
July 422 438 | 20 | 799 | 552 | Sept. 12 23 | 4.0 | 20 | 783 | 540
July 5221 52 | 10 | 805 | 558 | Sept. 13 22| 3.0 | 10 | 774 | 552
July 722 43 | 10 | 822 575 Sept. 16 22 | 3.6 | 15 | 802 | 571
July 823 ) 44 | 20 | 851 603) Sept. 17 22 | 48 | 20 | 758 | 522
July 922 51 | 20 | 838 588 | Sept. 19 22| 33 | 15 | 7-61 | 524
July 10 22 || 43 | 20 | 827 | 59-6 | Sept. 20 23 | 40 | 10 | 740 | 48.2
July 11 23 || 42 | 20 | 834 | 589 Sept. 22 22§ 3.7 | 15 | 732 | 465
July 12 22 | 46 | 20 | 811 | 56:0 | Sept. 24 23| 38 | 20 | 734 | 490
July 14 23 | 41 | 20 | 786 | 553 ]| Sept. 27 O | 40 | 10 | 821 | 580
July 15 22 | 41 | 20 | 801 | 56-1 | Oct. 1 22| 42 | 15 | 801 | 545
July 16 22 | 4.5 10 | 830 | 581 ) Oct. 2 23| 40 20 | 795 | 556
July 17 22 | 45 | 20 | 828 | 589 ]| Oct. 3 22| 39 | 15 | 768 | 524
July 18 22 | 39 15 | 822} 57-5] Oct. 6 22| 34 15 | 7-10 | 454
July 19 22 | 56 ( 10 | 811 | 578 Oct. 9 22| 40 | 10 | 7:39 | 516
July 22 0| 3.8 20 | 822 622§ Oct. 11 22| 41 | 20 | 749} 497
July 23 22 | 36 { 20 | 910 | 680 ] Oct. 13 22 50 | 10 | 7:86 | 540
July 25 0| 41 { 20 | 980 | 672 | Oct. 14 23| 36 | 20 | 7-43| 508
July 26 0 [ 4.0 10 | 969 | 645 ] Oct. 15 22| 3-8 15 | 7-48 | 50.7
July 27 0§ 54 | 25 [10-04| 66:1 | Oct. 17 23 || 41 | 20 | 7-13 | 482
July 29 22 | 3.9 | 25 | 944 | 585 | Oct. 18 22| 40 | 15 | 6.87 | 425
July 30 22 || 3.5 | 10 | 9.17 | 572 Oct. 21 22 || 41 | 15 | 7.14 | 436
Aug. 1 2| 38| 20 | 918 | 589 | Oct. 24 22 | 33 | 15 | 690 | 44.1
Aug. 122 32| 10 | 925| 579 | Oct. 27 22 | 40 | 15 | 701 | 425
Aug. 2 22| 36 10 9-25 | 567 | Oct. 29 23 | 3.7 15 6.97 | 46-7
Aug. 523 | 33 | 10 | 9.20| 595 ] Oct. 30 22| 3-8 | 10 | 697 | 47.9
Aug. 7 0| 40 | 20 | 897 580 | Nov. 3 22| 42 | 15 | 672 | 439
Aug. 7221 35 | 20 | 867 | 570 | Nov. 7 23| 33 | 15 | 7.30| 425
Aug. 8 23| 50| 10 | 858 | 572 | Nov. 9 1 40 | 20 | 824 | 468
Aug. 10 1| 34 | 10 | 849 | 566 | Nov.10 23 | 40 | 10 | 803 | 43.7
Aug. 11 22 | 2.8 | 20 | 855 | 59-0 f Nov.12 23 | 27 | 15 | 7-61| 426
Aug. 13 22| 34 | 20 | 851 | 587 | Nov.17 22| 47 | 156 | 854 | 502
Aug. 14 22 | 47 10 | 862 | 59:0 | Nov. 19 22 | 46 ; 20 ; 835 | 509
Aug. 15 23 | 35 | 20 | 837 | 580 | Nov.24 22 || 49 | 20 | 7.23 | 35.1
Aug. 16 22 | 3.7 | 20 | 853 | 582 | Nov.28 22| 45 | 15 | 7.89 | 46.0
Aug.19 0 34 | 20 | 829 566 | Dec. 1 22| 34 7 | 738 | 400
Aug.19 22§ 3.5 | 20 | 818 | 589 Dec. 3 231 47 | 15 | 741} 367
Aug. 22 2| 38 | 20 | 813 | 56:6 | Dec. 4 23| 34 | 15 | 7.21 | 33.1
Aug. 22 23 39 | 20 | 803 | 559 | Dec. 9 23| 59 | 15 | 680 | 324
Aug. 25 23 | 34 20 | 803 | 56:5 | Dee. 10 22§ 39 15 | 660 ) 336
Aug. 27 22| 40 | 20 | 816 | 555 | Dec. 13 22 | 3.7 | 15 | 681 | 336
Aug. 28 23 | 46 20 | 836 571 | Dec. 17 22 | 46 15 | 7.37 | 386
Sept. 1 22| 40 | 20 | 860 | 614 | Dec. 20 22 | 40 | 15 | 6:91 | 305

instrument.
Dec. 34 23h and 94 23h,

The vibration of the needle ceases very soon.

July 24¢ 185, The box of the magnetometer lifted, and an insect removed.
July 264 3h. Needle much vibrated from iron introduced by visitors.
Nov. 84.  The needle much vibrated from a workman having brought a hammer too near the
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48. 1st, The first conclusion that may be obtained from this Table is, that after
the needle has been vibrated by any means through a large are, its time of vibra-
tion has been increased ; this will be apparent from the observations of vibration
before and after April 304 7, July 244 182, July 26¢ 32, November 5%, and Novemn-
ber 81 21 On all these occasions the needle was vibrated through large arcs,
either from the accidental approach of iron, or from the removal of the box for a
short period.*

49. 2d, It is at once obvious, that the time of vibration depends upon the
temperature of the needle, a change of +1° of temperature causing a change of from
+0s:05 to 0s-10 in the time of one vibration. The amount of change in the time of
vibration, for 1° of temperature can only be determined from the changes within
short periods, since,

50. 3d, The time of vibration diminishes with time. The balance needle was
adjusted, Jan. 27, 1844, the times of vibration after the adjustment were

Feb. 14— 62 Mean time of one vibration, 9524 Temperature of needle, 33>9
Feb. 190274 .. 896D i 32>0
Dec. 99208 ... 6590 ..., 33%7

The temperature of the needle is nearly the same in these cases; it appears,
therefore, that the time of vibration has diminished fully two seconds in ten months.
This diminution is altogether independent of any variation in the magnetic moment
of the needle, since the time of vibration in a horizontal plane remains nearly con-
stant. During the same period, the mean position of the needle had varied about 160
micrometer divisions. Since the position of the needle also varies with temperature,
it does not at first appear improbable that the variation in the time of vibration is
due to the varying position alone. Increasing temperature at the same time raises
the north end of the needle and increases the time of vibration ; from the beginning
of 1844 till 1846, however, the north end of the needle has been rising, while the
time of vibration has been diminishing. It is certain, from other observations, that
the time of vibration is nearly constant for any angle which the magnetic axis ot
the balance needle makes with the horizontal. During a considerable magnetic dis-
turbance, April 17%, 1844, observations of vibration were obtained for positions of
the balance needle varying 400 micrometer divisions, yet the observed time of
vibration only varied four-tenths of a second, and that not directly with the inclination
of the needle, but from errors of observation and variation of temperature. Such a
variation of position, if due to temperature alone, would have required a change of
50° Fahr., which would have produced a change of about 3%8, in the time of

vibration.t

* See Transactions of the Royal Society, Edinburgh, vol. xvi., p. 69, Table I.
1 Ibid., p. 72, Table 1V,
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51. In order to determine more distinctly whether change of inclination of the
magnetic axis affected the time of vibration to any considerable extent, the follow-
ing observations were made during an adjustment of the instrument.

January 18, 1848. The balance needle with its magnetic axis in the magnetic
meridian, nearly horizontal, mean position + 160 mic. div.

Arc of vibration at commencement, 32’. Time of one vibration, 805.

After this observation, turned out the horizontal screw one revolution, which changed
the reading from + 160 mic. div. to — 818 mic. div.

Are of vibration at commencement, 32. Time of one vibration, 8s12.

The horizontal screw was now turned in two revolutions, or one revolution farther
in than at first, when the reading was changed from — 818 mic. div. to + 1120

mic. div.

Arc of vibration at commencement, 21’. Time of one vibration, 8%00.

Finally, the lLorizontal screw was turned out one revolution, as at first, the
mean reading becoming as at first + 160 mic. div., when

Arc of vibration at commencement, 32". Time of one vibration, 8s-12.

52. These results are very consistent, and speak much in favour of the excel-
ience of the knife edges of the axle. It is quite certain, therefore, that the varia-
tions in the time of vibration observed in 1844, were not due to the varying position
of the needle, since all the observations in Table 5, were obtained from the needle
when in positions varying less than 400 micrometer divisions.

53. Asit was believed, that during considerable disturbances when the horvi-
zontal component of the carth’s magnetism increased considerably, the north end of
the needic might be drawn slightly out of its position at right angles to the mag-
netic meridian, the following observations were made to determine whether such a
result would affect the time of vibration.

January 14¢ 1848. The balance needle being placed on its agate planes with its
wagnetic axis at right angles to the magnetic meridian, the following observation
was made 3 position of needle, micrometer reading + 180.

Arc of vibration at commencement 8+4. Time of one vibration 11s-27.
Needle vibrated exeestively by a pair of magnetic scissors.
Arc of vibration at commencement 4’*8. Time of one vibration 11s-28.

Brought @ 4-inch deflecting magnet close to the side of the balance box near
the west extremity, in order to draw the needle out of the plane at right angles to
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the magnetic meridian ; after considerable vibration, always checked by changing
the position of the deflector, the following observation was made:

Arc of vibration at commencement 3*0. Time of one vibration 115:28.
Performed the same operation with the deflector, and again observed,
Arc of vibration at commencement 8+0. Time of one vibration 11s12.

Now lifted the needle by the Ys, lowered it, and observed the time of vibration
with a large arc.

Arec of vibration at commencement 100'-0. Time of one vibration 11527,

Again vibrated the needle by means of the deflector placed at the side of the
needle near its east extremity, so as to displace the needle from the plane at right
angles to the magnetic meridian, and observed time of vibration,

Arc of vibration at commencement 90'-0. Time of one vibration 11s-29.

None of these operations seemed to alter the time of vibration to any distinct
amount ; the box was accordingly lifted off, and the needle was placed about 3° out
of the plane at right angles to the magnetic meridian, the north pole (i.e. west ex-
tremity) being moved towards the north, the following observation was then made :

Arc of vibration at commencement 9*0. Time of one vibration 10s-58.

Although the time of vibration in this position differs somewhat from that in
the normal position, the previous observations prove that any deviations due to
natural changes of force, would be insufficient to cause the differences evident in
Table 5.

54. 4th, It was found in 1844 and 1845, that the time of vibration depended
greatly upon the arc of vibration, the time being greatest for large arcs. (See
Trans. Roy. Soc. Ed., vol. xvi., p. 70, Table II.)

55. It is difficult, if not impossible, to offer any explanation of the anomalies
n the time of vibration noted above, the knife-edged axle is a fruitful resource in
instruments of this class, for the explanation of all difficulties. In this case, the
needle is by the best maker (RoBINSON); when examined by a lens, the knife edge
appears perfect, and finally, the anomalies disappear at certain times without any
apparent difference in the state of the instrument ; thus, in the observations already
given, Jan. 14, 1848, the time of vibration for an arc of 3’ 13 exactly the same as
for an arc of 100’ ; the observations also for the time of vibration with the needle
differently inclined to the horizontal (Jan. 18, 1848), speak distinctly in favour of
the excellence of the knife edges. It should also be remarked, that previously to
the adjustment, Jan. 27, 1844, the curious effect of temperature upon the time of

MAG. AND MET. 0BS., 1844, l
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vibration was scarcely exhibited ; and it may be added, that in eight months since the
needle has been adjusted with its axis n the magnetic meridian, the time of vibra-
tion appears to remain nearly constant and equally independent of temperature and
arc of vibration.

56. It appears certain from these results, obtained from an instrument of the
best character, treated with the greatest care, that the time of vibration in a vertical
plane cannot be depended on as an element in the reduction of the observations of
the balance magnetometer.

57. The question still remains, to what extent these anomalies in the time of
vibration affect the observations for the varying vertical component of the magnetic
force? The following fact appears to render it certain that they have no effect
whatever. In determining, by the method of comparisons (see pages 1. and 1i.), the
effect of a change of 1° Fahr, upon the position of the needle, it has been found
that this effect is nearly constant, while the time of vibration in the vertical plane
has varied from upwards of 11 seconds in 1843, to less than G seconds in 1846
(No. 77, 3d) ; the differences of the results for the temperature coefficient being in
all probability due to considerable changes of vertical force in the periods selected
for the determinations, and certainly having no relation whatever to the varying
time of vibration. Siuce the temperature coeflicient in micrometer divisions (¢')
has remained constant, it follows that the coefficient of reduction (&) must also be
constant. This conclusion renders it the more desirable that the value of the angu-
lar motion of the needle in parts of the vertical component should be determined by
another method which does not involve the time of vibration; the statical method
already deseribed for the bifilar magnetometer, has been employed for this purpose
with some modification.

58. January 6, 1848. Wooden beams having been placed horizontally at right
angles to the magnetic meridian, and a line having been drawn upon them, which
was a projection of the prolongations of the balance needle, a small deflecting bar
(3-65 inch long, and having a temperature coefficient = 0-000285), was placed verti-
cally at different distances on the beam, and the angles of deflection of the needle
were observed ; the centre of the deflecting bar was in the prolongation of the axis
of the halance needle when horizontal, and the distances were measured from the
knife edges of the axle, which, however, was found not to be the centre of magnetism
of the needle. The resulting deflections and values of £ for each distance will be
found Table 6.

Jannary 10, 1848, the balance needle was taken out of its box, and attached to
the brass detorsion bar of the declinometer; the brass bar was mounted with a glass
scale and lens, and was suspended in the declinometer box ; the balance needle was
then deflected by the bar used for the previous deflections, which was placed to the
north and south of the suspended needle, so that in both series of deflections the
prolongation of the bhalance needle in its normal position passed through the centre
of the deflecting bar. The deflections for three distances are given, Table 7.



TABLE 6.—Observations of Deflection of the Balance Magnet resting upon the
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Agate Planes, January 6, 1848.

xliin

T m
Bar L. Bar W. | Bar B. Bar W, |
Dis- Ol;i»er N.end O):)(}er N. end 02‘:‘91 N. end Oﬁ}er N. end 4‘ Deflec- | Deflec- Tow. \'
tance of || pgep. | UP- Obser- up. || Opser- | 90Wn. | Opgep. | down. i; tionnat tionoat tan. . ! Value of &.
Bar. | yation. | Balance. || vation.| Balance. || vation.| Balance. || vation.| Balance. !“l 377 32° I‘
I
Feot. Mie. Div. Mie. Div. Mie. Div. Mic. Div. | Mic. Div. | Mie. Div. |
Away | 1 |+ 367 14 |+ 695 27 |- 490
2:6 2 |4+ 267-0 13 |+ 3835 15 |— 201.5 26 |— 382-21 308:5 | 309-0 | 7.94533 | 0-0000099
2.4 3 |+ 3335 12 {4 4715 16 |- 2820 25 {— 4797 391.7 | 3923 || 8.06003 | -0000099
2.2 4 + 4441 11 |+ 6320 17 |— 401.2 24 |- 6255 i 525-7 | 506-5 || 8-18828 | -0000099
2.0 5 + 6122 10 |+ 8755 18 |— 5835 23 |~ 8505 7304 | 731-5 | 833067 -0000099
1.8 6 |+ 9075 9 |+1238-2} 19 |- 890-0 22 {—1227.0 '1065-7 {1067-4 | 849577 | -0000099
1-7 7 [+1184:5 8 [+1500-5) 20 [—-1125.0 21 {-1505-5 13289 | 1331-0 || 8.58925 | 0000096
i ]
Away || 6 |- 665( 11 |+ 285 1 |- 445 ;
2.6 7 |+ 1902 10 |+ 3380 2 — 2807 5 - 3495 2896 | 290-1 | 7-94533 | 0-0000101
1-8 8 + 899-0 9 [(+1172-0 3 |- 9125 4 ~1188.0 ; 10454 | 10475 ‘ 8:49577 i1 -0000103

TABLE 7.—Observations of Deflection of the Balance Magnet suspended horizontally
by the Declinometer Thread, January 10, 1848.

Distance of | Observed 03::21“1 Value of Bsfxggs Value of | Resulting | Temp. of
Deflecting Deflec- Deflec. 14+ 4 for One Deflec- | Deflecting
Bar. tion. tiom. ' Torsion, | ¢ Div. tion, Bar.
Feet. S Sec. Div. Se. Div. Sc. Div. 4 ’ " °
. 26-96 b
3:0 { N. 23.78 25.37 1-00851 25-59 0-746 19 5 32.0
S. 56-83 ~ ¢
24 { N. 48.09 52-46 52-91 39 28
S. | 129.88 c
1-9 { N. | 104-98 117-43 11843 88 21
From the deflections, Table 7, and the formula
M P, 4
—=rtanw 1+232+2
X ( r? oyt )
we find
log X = 913614 1 9-88791 log ¢, = 9-11654
ogiz —logp, = 7 — log ¢, =

From the previous equation,

tan « =

M
X

1

Vi
73 (1 +7§—+%

.
b
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the values of )1\(——/‘[ , p1, and ¢, given above, and the values of » from the first column

of Table 6, being substituted in this equation, the values of log tan u, column 12,

have been obtained.
If Y, the vertical component, be substituted for X, in equation (2.), No. 34, we

shall have, since Y = X tan 6

whence
_ tanw
n tan ¢

. .AY . .
where k is the value of a for one micrometer division, » and n are the corrected

horizontal and vertical deflections for the same distance r; the former in angular
measure, its logarithmic tangent being given, column 12, Table 6 ; and the latter in
micrometer divisions, reduced to the temperature of the deflecting bar during hori-
zontal deflections; 6 is the magnetic dip, the adopted value being 71° 20°. The
temperature coeflicient of the deflecting bar = 0-000285.

The mean of all the values of %, 13th column, Table 6 = 0-00000994.

59. In the foot-notes to the observations, pages 1 to 157, the value of £ is given
=0-0000085, that having been the value deduced from the vertical deflections of the
balance needle compared with the horizontal deflections of a short unifilar magnet
July 1 and 2, 1846 : when these vertical deflections are compared, by the previous
method, with the horizontal deflections of the same needle, given Table 7, allowance
being made for the loss of magnetism of the deflecting bar between July 1846 and
January 1848, k is found =0-00001025.

The adopted value of £ for the balance magnet=0-0000100

This value of one micrometer division in parts of the whole vertical component
may be considered applicable to all the observations of the balance magnet since
1841 : it has been used in the abstracts of results for the present volume.

60. Adjustment of the balance needle.

The balance needle was removed January 27¢ 0® 1844, for the purpose of deter-
mining its temperature coefficient by hot and cold water experiments: the details
of these observations have been already given, Introduction, 1841-2, p. xliii. : the
needle was readjusted January 27¢ &

61. The observations before January 27% were connected with those after that
date in the following manner :—
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Mic. Div.
Mean balance reading corrected for temperature, Jan. 154-—20%, . = 8210
............................................................... Jan. 224264, . = 8119
Mean change of reading for 7 days, . . . . S =— 98 Mic Div.
Mean reading, therefore, corresponding to January 28d before adjllstment =806-3

Mean balance reading corrected for temperature, Jan. 299—Feb. 34, = 7665
............................................................ Feb. 5¢—Feb. 104, = 7593

Mean change of reading for 7 days, . . . . . -« == T2 Mic Div.
Mean reading, therefore, corresponding to January 28d after adjustment, . . =770-1
The readings after adjustment are therefore less than before adjustment, by . 362

The difference of mean readings for the two days before and after adjustment,
and the difference for the day before and after adjustment, are each nearly =39-0
mic. div., whence 370 has been adopted as the true difference. All the obscervations of
the balance made between Dec. 31, 1843 and January 27, 1844 have been corrected
by — 37:0 mic. div.

62. The observations of the balance magnetometer are made in the following
manner :—7The moveable wire of the right micrometer is made to bisect the spider-
cross half the time of vibration in the vertical plane before the minute of observation,
and that of the left micrometer as long after the minute ; the mean of the two read-
ings gives the position of the needle at the minute. The readings increase posi-
tively when the north pole of the needle moves below the horizontal. The quantities
given, pages 1 to 157, are obtained thus : n being the observed reading of the needle
(generally negative), ¢ that of the thermometer, giving the temperature of the needle,
¢ the temperature coefficient in micrometer divisions =7:90, and R the quantity in
the column, ¢ Balance Corrected”

R=1700+ ¢ (- 26) + n;

increasing tabular values, therefore, indicate increasing vertical force.

THE TEMPERATURE COEFFICIENTS OF THE DEFLECTING, BALANCE, AND
BiriLAR MAGNETS.

Deflecting Magnet.

63. The temperature coefficient of thelarge deflecting bar (15 inches long), used
in the observations for the absolute horizontal intensity, was determined November
11, 1843, by hot and cold water experiments, see pages xlii. and xliii., Introduction
1843, for the details: the mean of all the observations gave

The correction for 1° of Fahr., ¢ = 0-000288

MAG. AND MET. OBS., 1844. m
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64. The observations from which this result was obtained were very good, con-
sidering that the whole angle of deflection was less than 3°, and it may therefore be
worth examining the individual results for the highest and lowest temperature. The
whole number of results was 15, the mean difference, from the final result given

above, =0-000025, and the probable error of a single result was therefore about
0-000021.

The mean of 9 results for the mean temperature 49°7 gave ¢ = 0-000289
Themean of 6 .....cocovviiiiiiviiiniiiiiian, 63°7 ...... ¢ = 0000286

so that the temperature coeflicient for this bar is constant within the ordinary tem-
peratures occurring during the observations in which it was employed.

Bifilar Magnet.

65, The temperature coefficient for this magnet was also determined by means
of hot and cold water experiments, Nov. 9 and 10, 1843.  See page xli., Introduc-
tion, 1841--2, for the details. The whole number of results was 30: the mean gave

The correction for 1° Fahr., @ = 0:000294.

66. If the 27th and 28th results (counting from the top of the last column of
Table 19, p. xli., Introduction, 1841-2) be rejected, as it is believed that the great
difference of both from the mean was probably due to one error in reading, we find
the average difference of the 28 results from the mean = 0-000021, and the probable
error of a single result was therefore about 0:000017.  Combining the results from
high temperatures together, and similarly for those from low temperatures, we find

The mean of 15 results for the mean temperature 4870 gave @ = 0:000292
The mean of 13 .........oveiiii 68°7 ... Q = 0-:000295

so that for the bifilar magnet, also, the temperature coefficient is constant within the
ordinary temperatures of 32° to 80" Fahr.

67. The correction for the expansion of the silver wires and brass grooved
wheel, =0:000010, being added to the value of Q above, we have

The temperature correction for 1° Fahr., from kot and cold water experiments, ¢ = 0-000304.

8. As the observations in connection with the balance needle had shewn that
there might exist variations due to temperature, other than those due to the varia-
tion of the magnetic moment of the magnet, such as the varying elasticity of the
suspending wire of the bifilar magnet, the temperature coefficient was determined
in the following manner, which had at first been found to give consistent results tor
the balance needle.
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69. A series of days being selected in which the magnetic irregularities are
small, and in which the variations of temperature are as considerable as possible, if
we compare the mean instrumental readings for any two days, and if A R be the
difference in scale divisions, this difference is due to change of temperature of the
magnet, and to change of the horizontal component of the earth’s magnetism, let the
portion of change of reading due to the former = A, and to the latter = a X, so that

AR=A + A X,

If the difference of the mean temperatures of the magnet for the same two days
be at, then the correction for 1° of temperature in scale divisions

/=2

Al
whence

Let a series of such values be obtained by comparing the mean scale reading, and
mean temperature of the magnet for each day with those for each day following in
the period selected : if we consider the differences a ¢ positive, when the succeeding
day’s mean temperature is less than that for the preceding day, and sum the whole
number of differences for which a ¢ is positive,* then
, 2AR zaX
T73a: " 3ar
If we neglect the last member, the whole error of the determination of ¢ will
depend on the sum of variations of the mean horizontal force = a X ; asinasufficient
number of determinations, it is probable that these variations will be as much posi-
tive as negative, and, therefore that the numerator will nearly vanish, the last mem-
ber may be neglected in the determination of ¢, and this with the more accuracy
the larger the sum of the differences of temperature 3 a . Again, if the differences
for which a ¢ is negative are summed, we shall have

The sign of the first member on the right remains as before, since a R also
changes sign. Reasoning as in the previous case, = A X may be supposed nearly
zero, and the last member of the equation negligible. If, however, the supposition
that the sign of o X varies positively and negatively with reference to the sign of
A t be inaccurate, it must be supposed either that the horizontal component remains

* If the scale readings increase with increasing horizontal force, A R will generally be negative
when A ¢ is positive, and wice versa.  The sign of A ¢1is used as the argument, so that it & B be
positive when A ¢ is positive, that value of A R will be subtracted from the sum of differences 3 A R.
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constant, and therefore, that 4 X =0, or that it varies in one direction only, in-
creasing éontinuously, or diminishing continuously, throughout the period selected,
and, therefore, that the sign of A X is the same for both equations. In the latter
case, it is evident that by taking the mean of the values of ¢’ from the two equations,
the last members will nearly destroy each other. It has been supposed that the
variations of X are altogether independent of the variations of the temperature, a
supposition which is borne out by every method of examination of the results. The
details of aseries of comparisons are given, pages li., lii., and liii., Introduction, 1843,
from these 1t appears :

70. 1st, That the value of ¢’ is the same, when a sufficient number of compari-
sons have been obtained, whether it has been obtained from comparisons of daily
means, at 1, or 2, 0r 3, . . . . or 14 days’ interval.

71. 2d, That the value of ¢ is the same, whether the differences of temperature
have been due to natural or artificial causes, and when the differences of temperature
of the magnet have had an opposite sign from those for the temperature of the ex-
ternal air.

72. From the second result, it follows, that the variations of the horizontal
component of the earth’s magnetism are wholly independent of the temperature of
the air, and from both results it appears probable that they are independent of the
temperature of the soil.*

73. The following Table contains the sums of differences of the daily mean
temperature of the bifilar magnet, and the value of ¢ which has resulted from each
series of comparisons. The series of comparisons for 1845 have been made since
the publication of the series for 1844, for the purpose of verifying the constancy of

the result.

TaBLE 8.—Determinations of the Temperature Coefficient of the Bifilar Magnet.

Sum of Sum of

Period. pif. | Velueof Period. i, | Velueof
Temp. 7 Temp. KA
1844. ° Se. Div. 1845. o Se. Div.

May 9—May 24 320-6 2.22 Jan. 13—Feb. 12 | 1809-0 1.81
May 29—June 28 | 16107 1.83 Feb. 26—Mar. 28 | 1608-1 2.06
July 17—July 30 | 270-0 1.77 June 2—July 2 | 17250 2:13
Sept. 2—Sept. 25 | 1164-4 1-96 Dec. 8—Dec. 31 | 757.7 1-65
Nov. 26—Dec. 13 | 833-3 1-99

The series of observations for 1844, giving each result an equal weight, give ¢ = 1-95 sc. div.

.......................................... 1845, verereeireeereeeeenrriesree et e g = 191
.......................................... 1844, giving the results the weights 3 A ¢, give ¢ = 1:92
.......................................... 1 T T B & 1)

* See foot-note, p. 395 of the present volume.
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Whether the results for each year have equal weights, or have weights depend-
ing on the sums of differences of the daily mean temperatures (2 A t), we find

¢ = 193 sc. div.

The adopted value of the temperature coefficient of the bifilar magnet,
¢ = 190 sc. div.

The value of one scale division in parts of force for the period of comparisons
(1844 and 1845), being & = 0-000140.

‘Whence, the correction for 1° Fahr., from comparisons of observations, is ¢ = 0-000266.

74. The result from hot and cold water experiments is nearly 1 more. It ap-
pears, therefore, that the determination of the temperature coefficient, by removing
the magnet from its position in the instrument and varying its temperature by means
of hot and cold water, cannot be depended on. It appears also, that when a suffi-
cient number of observations is included, the method of comparison previously de-
scribed gives, under very different conditions, consistent, and, therefore, it is pro-
bable, accurate results.*

Balance Magnet.

75. The temperature coefficient of the balance magnet was determined by means
of hot and cold water experiments August 24, September 1 and 2, and November
13,1843, and January 27, 1844. See pages xlii., xliii., and xliv., Introduction, 1841-2,
for the details. The mean of the whole observations, properly weighted, gave

g = 0-000073.

76. The only good series was that obtained January 27, 1844, which included
changes of temperature from 35° to 65° only ; the other series are too inaccurate to
be employed for the determination of the value of ¢ for high and low temperatures ;
from series of comparisons of the usual observations of the balance it has been
found, however, that the value of ¢/, the temperature correction for 1° Fahr. in mi-
crometer divisions, is the same for high and low temperatures, thus—

Mic. Div.
From 7 series of comparisons in 1844 and 1845, about the mean temperature 40°, ¢ =833
From 8 ..o e 60°, ¢ =830

As the first result is the mean of 7 values of ¢, obtained from comparisons of
the mean readings of the balance magnetometer for about 170 days, in the months
of January, February, November, and December 1844 and 1845 ; and as the second

* It should be remarked, that these conclusions do not depend wholly upon the results for the
Makerstoun instruments, their aceuracy has been verified by an examination of the observations made

in other places.

MAG. AND MET. OBS., 1844. n
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result 1s the mean of 8 values of ¢/, obtained from comparisons of the mean readings
of the balance magnetometer upon about 190 days in the months of May, June, July,
August, and September 1844 and 1845 ; it is extremely probable that the tempera-
ture coeflicient for the balance magnetometer is constant for the ordinary tempera-
tures of observation.

77. As it was found impossible to determine % the value of one micrometer
division in parts of the whole vertical component, by means of the vertical vibra-
tions, the value of ¢ obtained from hot and cold water experiments could not be em-
ployed, since the observations could not be reduced to parts of vertical force, nor
could the value of ¢ be reduced to micrometer divisions. In consequence of this
difficulty, the method already described for the bifilar magnetometer was first em-
ployed for the determination of ¢’ the temperature coefficient in micrometer divi-
sions : the details of several of these comparisons will be found, pages xlv., xlvi,,
xlvii., xlviil., and xlix., Introduction, 1843. It was found from these comparisons,

1st, That the value of ¢/, when a sufficient number of comparisons had been
obtained, was independent of the interval between the days compared.

2d, That the value of ¢’ remained the same after various adjustments of the
needle ; the vertical serew for adjusting the sensibility never having been touched.

3d, That the value of ¢' has remained constant while the time of vibration ina
vertical plane has varied from upwards of 11° to less than 6°; from which result it
has been concluded that the value of £ also has been constant.

4th, That the value of ¢ is the same, whether the differences of temperature of
the magnet have been due to natural or artificial causes, and whether the differ-
ences of temperature of the magnet have had the same sign or an opposite sign from
those of the temperature of the air.

78. From the 1lst and 4th conclusions, it follows that the variations of the ver-
tical component of the earth’s magnetism are independent of the temperature of the
air and of the temperature of the soil.¥

79. The mean of all the results in the volume for 1843, Introduction, pages
xlvil. and xlvii., gave

¢ = 790 micrometer divisions ;

and adopting the value of £, obtained from deflections, No. 59,
g = 0:000079.

Which result 1s only Ilé more than that obtained from the hot and cold water ex-

periments : it appears in the case of the Makerstoun instrument that the errors of
the usual methods are found chiefly in the determination of £ ; this, however, is not

always the case.
The observations for 1843, 1844, 1845, and 1846, in micrometer divisions, have

been corrected by the value

* See foot-note, p. 395 of the present volume.
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¢ = 7'90 micrometer divisions.

80. Since this value was obtained, several other determinations have been made,
by comparisons of observations in 1844, 1845, and 1846 ; all the results obtained are
given in the Table below ; several of the results obtained more lately have been de-
duced from periods ill fitted to give a good value ; the whole, however, have been
given in order to shew the amount of error that may be expected in using bad series.
In one or two of these cases the amount of disturbance has not been very consider-
able, but the greatest variations of the daily mean vertical force have happened to
occur at the same time with the greatest variations of mean temperature; it is
believed that it is to this cause chiefly that the differences of the results are to be
attributed.

TABLE 9.—Determinations of the Temperature Coefficient of the Balance Magnet.

-

Sum of Sum of
Period. Diff. Valt/xe of Perisd, Diff. Vall}e of
Temp. 7 Temp. g
1843. ° Mic. Div. 1844, ° Mic. Div.

Jan. 16—Jan. 21 584 8-21 Nov. 4-—Nov. 30 | 1066-2 6-92
Jan. 23—Jan. 28 90-9 6-99 Dec. 2—Dec. 28| 939.0 7-20
Jan. 30—Feb. 4 64-0 7-21 1845.
Feb. 6—Feb. 11 67-8 6-69 Jan. 6—Feb. 8 | 2086-3 7-57
June 1—June 30 | 1885.8 7-82 Feb. 26—Mar. 28 | 1830-1 8-00
Sept. 6—Sept. 16 | 1204 | 8.04 | Apr. 10—May 10 | 1279-1 | 9-08

1844. June 2—June 30 | 1551.6 847
Jan, 1—Jan. 26 | 971.4 9-27 July 7—Aug. 6 | 1069.8 | 10-01
Feb. 5—Mar. 6 | 1392:5 9-30 Sept. 9—Oct. 13 | 1580-6 7-81
May 9—May 24 | 3506 7-93 Dec. 11—Jan. 10 | 1585.2 | 10-17
May 29—June 29 | 16931 743 1846.
July 4—Aug. 3 | 13609 774 | Nov.30—Dec. 26 | 11902 772
Aug. 4—Sept. 6 904-0 7-90

Giving the differences for all the series equal values, and dividing the sums of
differences of the daily means in micrometer divisions by the sums of differences of
the daily mean temperatures of the needle, we have

¢ = 823 mic. div. ;

but if the results from the bad series for July 7—August 6, 1845, and December
10, 1845—January 10, 1846, be rejected, the value would be

¢ = 7°99 mic. div.

If the whole series were properly weighted, it is believed that the resulting value
of ¢ would be less than 8:00 mic. div. The excellent series, November 30—De-
cember 26, 1846 (after an adjustment July 1846) gives
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¢ = 772 mic. div.
The adopted value of the temperature coefficient for the balance magnet = 7-90 mic. div.

It is believed that this value, which has been used in correcting all the observations
since the commencement of 1843, is within one-tenth of a division of the truth.

81. The following matters should be attended to in determining the tempera-
ture coeflicient by the previous method.

1st, The period selected should be free from considerable magnetic irregularities.

2d, There should be a considerable change of daily mean temperature, the tem-
perature at the beginning and end of the period being nearly the same.

3d, The smaller the duration of the period consistently with the 2d the better.

4th, Tt will be found best, in general, to correct the daily means at first by an
approximate coeflicient, and

5th, To eliminate the secular change approximately, if it be considerable.

Both the latter methods were employed in many of the determinations given in
Table 9.

INCLINOMETER.

82. The dip instrument was made by the late Mr RoBINSON of London. The
vertical circle is 91 inches in diameter; it is divided to 10, the graduations counting
from 0° on the horizontal to 90° on the vertical ; 1’ is estimated with the aid of
lenses attached to a glazed case ; the vertical circle turns with a copper framework
on a vertical axis, centred in a horizontal circle ; the latter is 6 inches in diameter,
is divided to 30" and is read to 1’ by means of a vernier. A sliding framework
carrying Ys moves within that bearing the agate planes on which the axle of the
needle rests ; the Ys serve to lift and lower the needle on the agates, but they have
been found to act very irregularly, at times giving the needle a pitch in a certain
lirection. A level screwed to the basement plate indicates the horizontality of the
agates ; this was, however, also verified occasionally by means of a small level placed
upon them ; it was found that the level varied according as the door of the case
inclosing the instrument was shut or open; it was, therefore, always tested with
the door shut, as it is during observations. The reading of the horizontal circle,
when the vertical circle is in the magnetic meridian, was obtained with the aid of
a horizontal needle, carried on a pivet whose arms rest on the agate planes. There
are two dipping needles, numbered 1 and 2, and one end of each needle is marked
A, the other end is marked B ; all the marks are on one face of each needle. The
needle 1s observed in four positions with one end dipping, namely, with the marked
face of the needle on the same side as, and opposite to, the graduated face of the
circle, the latter being in the meridian, first to the east, and then to the west ; as
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each extremity of the needle is observed, there are thus eight readings obtained.
The poles being changed, and the other end dipping, other eight readings are similarly
obtained. The means of the two readings for each position are given in this volume.
In changing the poles, the needle was placed on a small wooden block having
a hole to receive the axle; it then received eight strokes on each face (as in the
method of double touch) from two magnets, cach 9 inches long, 2 mch broad.

]3. Observations were made on April 18 and May 2, 1843, in different azi-
muths, in order to determine the correction due to the irregularity of the needle’s
axle, or perhaps to the presence of iron in the vertical circle ; these observations
have been already given (Table 21 and Table 22, Introduction, 1841-2.) The cor-
rection deduced was about — 11" for needle No. 1. No correction has been applied
to the results in this volume. In 18406, the vertical circle was removed from the
instrument and placed horizontally, the dip needle was suspended by a silk fibre
within the circle, the needle and circle being in the same plane, the needle was then
vibrated horizontally, and the zero of the graduations was placed in different azi-
muths ; the time of vibration was found very little affected by the varying positions
of the circle ; it seems probable, therefore, that the correction above mentioned is
due solely to the imperfections of the axle.

The inclinometer occupied a strong wooden pillar in the intensity house uncon-
nected with the floor.

84. From various instrumental causes, the observations of magnetic dip in 1844
appear to be of little value, the difficulties in connection with the lifter already
noticed in the Introduction for 1843 were frequently experienced, much care was
bestowed upon the observations, but, without some alteration in the instrument, no
care seemed capable of giving consistent results. Upwards of 60 hours were ex-~
pended in observing alone in 1844, and a half may be added for the necessary pre-
parations, &c. Yet, 1t is conceived, that a single good obscrvation would be as
valuable as the mean of the whole.* The observations are given, pages 162-164.

The mean of all the observations of magnetic dip in 1844 = 71*28"7.

* Observations were made in the following manner for the determination of the magnetic dip
in February 1846, The dipping needle having been placed on its supp;)rts in the inclinometer, it was
deflected by a magnet placed at known distances, in order to determine the ratio of the magnetic
moment of the deflecting bar to the vertical component of the earth’s magnetism ; the moment of the
bar was obtained from observations of deflection and vibration for the absolute horizontal intensity,
whence the vertical component could be determined, and the dip from the ratio of the two com-
ponents. The advantage of this method over others, consists in the capability of using a powerful
deflecting bar whose moment can be determined with the accuracy of the observaticns for the hori-
zontal intensity.

MAG. AND MET. OBS., 1844. 0
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BAROMETER.

85. The barometer is by NEWMAN.  The tube is 0-552 inch in diameter; the
scale is attached to a brass rod, terminating in an ivory point, which at each ob-
servation is moved by means of an endless screw till it mects its image in the mer-
cury of the cistern ; the cistern is about 3 inches in diameter ; the vernier professes
to read to 0:002 inch, and that 0-001 inch may be estimated, but the graduation is
so inexact as to give changes in error from 0:002 to 0-003 inch, when the reading is
made alternately at the two extremities of the vernier.

86. In 1841, the barometer was compared indirectly with the standard baro-
meters of the Royal Society of London, by means of one made by NEwMAN for the
Duke of ArgYLE. The comparisons of the DUKE of ARGYLE’S barometer with the
readings from the flint and crown glass tubes of the Royal Society (both tubes being
connected with the same cistern) are given, Table 23, Introduction, 1841-2. They
are not consistent. A consistent series of comparisons of the Makerstoun barometer
with the DUKE of ARGYLE's is given, Table 24, Introduction, 1841-2. The results
of these comparisons are

in.

DUKE of ArGYTE’S barometer minus Royal Society’s crown and flint glass, = + 0-009

Makerstoun barometer minus DUKE of ARGYLE’S, =+ 0003
Makerstoun barometer #énus Royal Society’s erown and flint glass, =+ 0012

87. In July 1847, a series of comparisons was made by myself of a barometer
by TrOUGHTON, marked B, belonging to Sir THOMAS BRISBANE, with the flint-glass
barometer of the Royal Society of London. The same barometer (TrovcHTON B)
was a few days afterwards compared by myselt with the Makerstoun standard baro-
meter : these comparisons are given, Tables 10 and 11.

TaBLE 10.—Compurisons of the Barometer TrousHTON “ B”” with the Flint-Glass
Standard Barometer of the Royal Society of London, July 2, 1847.

Royal Society’s ‘ . PR
Flint-Glass Standard, Troughton * B. |
Royal Societ;
T T [ Standard y
Corrected to Tro 7"}::“” B
. Tempera- . Tempera- Temp. of roughton “B.”
Height. ture. Height. ture. Royal Society
Standard.
i ? in. °© in. in.
30:302 63.6 30-262 66-0 30-256 +0.046
304 63-9 267 66-4 -261 043
300 64-2 -266 66-8 259 041
291 64-8 254 65-8 251 040
+292 64-8 265 66-2 -251 ! 041
-268 64-5 232 65-7 -229 ’ 039
i
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TABLE 11.—Comparisons of the Makerstoun Standard Barometer with the
Barometer TrouGHTON “ B,” July 84—104, 1847.

Makerstoun Standard. Troughton “ 1B.”
Troughton “ B’
minus
T T CO’II‘TGCted ;o Malkerstoun
. empera- . empera~ emp. O
Height. ture. Height. ture. MakerI;toun Standard.
Standard. 1
\
in. °© in. ° in. ‘ in,
29-722 687 29-682 73-0 29-671 —-0-051
29-717 66-4 29.667 66-8 29.666 i -051
29-924 71-3 29-882 74-9 29.-873 j -051
30-061 61.5 30-020 652 30-010 \ 051
29-987 67-0 29.946 71-3 29.935 {\ -052
i
From these comparisons we find
in.
TrROUGHTON B minus Royal Society’s flint-glass, . . . . =— 00417
Makerstoun standard minus Troughton B, . . . . . . =4+ 00512
Makerstoun standard minus Royal Society’s flint-glass, . . =+ 0-0095

In the comparisons made in 1841, the mean of both the crown and flint glass
tubes has been employed : making use of Tables 23 and 24, Introduction, 1841-2,
we find

in.

DUukE of ARGYLE’S barometer minus Royal Society’s flint-glass, . . =+ 00055
Makerstoun standard barometer méinus DUKE of ARGYLE’S, . . . =+ 0:0029
Makerstoun standard barometer minus Royal Society’s flint-glass, . =+ 00084

The comparisons in 1841 and 1847, therefore, differ only one-thousandth of an
nch.

88. All the observations of the Makerstoun standard barometer are corrected
by —0:012inch to the mean of the Royal Society’s flint and crown glass barometers ;
they are also corrected for temperature to 32° Fahr., by ScHumMacHER’s Tables, given
in the Report of the Committce of Physics of the Royal Society of London. The
cistern of the barometer is 213 feet above the mean level of the sea at Berwick-upon-
Tweed.

THERMOMETERS.

89. The dry and wet bulb thermometers @ « are by Apie and Sox. The bulbs
b b are 0°3 inch in diameter, and tenths of a degree can be estimated with accuracy
on the scales ¢ a ; the thermometers are attached to a wooden slab ¢, fixed to the
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moveable front d of the wooden case, 4 feet above the soil ; the bulbs project below
the wooden slab ¢, and as holes are cut in the wooden case behind them, they are
exposed to freely-circulating air.  The wooden
case, which has slightly-projecting top and sides
at the front, and a double sloping back, revolves

on a post £, and can be turned {from within the
Observatory by means of cords and pulleys ¢ g.

LY
T7
i/

When an observation 1s made, the case is turned
till the thermometers face the window #, being

a
(3

ol 9 inches distant from it ; after reading, which is

b

Mo~

== k1 donc through the glass (thus avoiding any error

IS5
.
e due to proximity of the observer, or the light at

"
i
B
B

= night), the case is again turned with the back

towards the window, or towards the wind if it

=t=hee

rain. It was found early in the summer of 1843,
that in spite of the precaution of turning the back of the case towards the sun
before 7" A.M. and after 5" .., if the sun shined brightly, the temperature indi-
cated by the thermometer was visibly increased. In all such cases, therefore, the
moveable front d was lifted off the case and suspended in the shade, at an equal
height from the soil, on the west or east wall of the Observatory, being kept apart
from it by projecting knobs. Observations at different times shewed, that, all
other things being equal, the temperature was the same in all the three positions,
but when the sun shined on the case, it might be one or two degrees less to the east
or west than to the north. The observations made to the east or west after July 9,
1844 are indicated in the column of differences by a cross, thus §, for the first ob-
servation after removal from the case, and by a cross, thus |, for the last observation
hefore replacing the thermometers on the case.

90. It sometumes happens, when the air is very humid, during frost, and on
clear nights, especially when the temperature is falling, that the dry bulb thermo-
meter reads less than the wet bulb ;% when such is the case, the difference of the
readings of the two thermometers has not been given, and in the summations for

* The cause of this apparent anomaly in frosty nights, it is conceived, is due to the deposition
of moisture on the silk cover of the wet bulb, which is frozen as it is deposited, till it becomes a
thickish coat of silk and ice; the dry bulb receives, at the same time, a thin coat of moisture, and
hecomes a more facile wet bulb.  In clear, humid nights, without frost, nearly the same explanation
will apply; the dry bulb will radiate its heat into space with more facility than the wet bulb. Tt
might be preferable, thervefore, on these occasions, to make use of the readings of the wet bulb for
the temperature of the air, and of the readings of the dry bulb for the temperature of evaporation
during frosty nights ; where, however, the differences of the readings may be considered due chiefly
to the different radiating powers of the two bulbs, the readings, perhaps, should be considered the

same ; this has been done in all cases in the present volume.
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the abstracts of results, the reading of the wet bulb has been considered the same
as that of the dry bulb.

91. The following Table contains the corrections of the dry and wet bulb
thermometer readings for 1844, to the reading of a standard thermometer by
NEWMAN,—the reading of the latter, in a mixture of pounded ice and water, being
3200. On January 7, 1843, a series of comparisons of different thermometers
was made with the standard thermometer ; the comparisons were made in water
of different temperatures; the results were given in the Introduction for 1843,
Table 23, p. Ivii. On October 17, 1843, the readings of the thermometers in a
mixture of pounded ice and water were obtained; they were as follow :—

NEWMAN’S standard, 32°00. Dry bulb, 32°8. ‘Wet bulb, 32°7.

Similar-comparisons, September 4, 1844, gave
NEwWMAN’S standard, 82°00. Dry bulb, 32°75. Wet bulb, 32°65.

On January 7, 1843, the readings in water and ice were,
NEWMAN'S standard, 32°00. Dry bulb, 32°7. ‘Wet bulb, 32°6.

It appears, therefore, that in 1844, the index errors of the dry and wet bulb
thermometers were about one-tenth of a degree greater than in January 1843 ;
altering the errors, Table 23, Introduction, 1843, to this extent, we obtain the
following Table :—

TABLE 12.—Corrections of the Dry and Wet Bulb Thermometers to the Tempera-
ture by NEWMAN’s Standard, in 1844.

Corrections. Corrections.
Tempera- Tempera-

ture. ture.

Dry. Wet. Dry. Wet,
32 -0-8 -07 60 -0:5 -0:3
36 —-0-7 -0-6 63 —-0-4 -0-3
40 -0.7 -0-6 67 —-0-2 -01
45 —-0-6 —-0-5 70 0-0 +0-1
50 -0-5 -0-4 76 +0-1 +0-2 '
55 -0-5 - 04 79 0-0 +0-2

The observations of the dry and wet bulb thermometers, given pages 172-308,
are not corrected for the errors of the thermometers ; but the corrections have been
applied to the abstracts of results, pages 404—412.

92. The maximum and minimum self-registering thermometers, on RuTHER-
FORD’S construction, were made by ADIE and SoN; they were attached to a frame
fixed to the north side of the Observatory, about three feet from the ground, and
near the dry and wet bulb thermometers. A self-registering mercurial thermome-

MET. AND MAG. OBS. 1844, P
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ter, with a black bulb, by R. ADIE, of Liverpool, was placed, in the end of May
1844, within the enclosed space occupied by the Observatory rain-gauge, exposed
to the sun, for the purpose of obtaining the maximum amount of solar radiation ;
another self-registering alcohol thermometer, with black bulb by the same maker,
was placed near the other in September 1844, with its bulb in the focus of a para-
bolic metallic reflector, for the purpose of obtaining the minimum of terrestrial
radiation. The observations of the self-registering thermometers are given pages
310-312; they have all been corrected for the scale errors of the thermometers.

93. Another thermometer was employed for the determination of the tempera-
ture of the water in two pump-wells, which are within about 200 yards of each
other; the pumps are nearly on the same surface-level, the depth of the cottage-
well being 10 feet,—that of the garden-well 21 feet. On one occasion, 1t was found
that there was one foot of water in the cottage-well, and two feet of water in the
garden-well. In obtaining the temperature, the water was pumped till the reading
of the thermometer remained constant. All the observations have been corrected
for the scale errvor of the thermometer used.

ACTINOMETER.

94. The actinometer was made by STEVENSON of Edinburgh ; it consists of a
hollow cylinder of glass filled with ammonio-sulphate of copper. One extremity of
the cylinder is joined to a thermometer tube, terminating in a hollow bulb; the
other extremity is cemented to a metallic cap, through which a screw, working in a
collar of leather, passes into the cylinder; a scale of 100 divisions is attached to
the thermometer tube; the whole is inclosed in a larger glass cylinder of two
inches diameter. A portion of this cylinder, opposite the liquid, is inclosed by a
segment of a metallic cylinder, blackened within. In making an observation, the
inner cylinder was exposed to the sun’s rays at a perpendicular incidence for 60
seconds, the scale readings of the fluid in the tube being observed at the beginning
and end of the minute. A screen was then interposed for one minute, or for one
minute and a half; if for one minute only, the last observation in the sun was also
noted as the first in the shade ; if for one minute and a half, the first reading in the
shade was not made till the instrument was shaded half a minute. At the end
of 60 scconds the scale reading was again observed, and the screen was removed,
that reading being also noted as the first in the sun. When the liquid mounted
near the top of the thermometer tube, the screw was withdrawn nearly half a revo-
lution, when the liquid fell to near the bottom of the tube. The times were noted
from a box-chronometer by DENT, No. 1665. In February 1844, the liquid in the
cylinder was frozen while the instrument was in the Observatory, and the cylinder
was broken. The following were the dimensions of this actinometer :—liquid cylin-
der, 5% inches long ; mean external diameter, 1'013 inch ; mean internal diameter,
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0:924 inch ; thermometer tube, 6} inches long ; the mercury, filling 2-9 inches of the
tube, weighed 11'5 grains, and 100 divisions of the scale are equal to 551 inches.
The screw, which is of silver, is 24 inches long, and has 25 threads to an inch, the
diameter at the outer edge of the screw i1s 0:57 inch, and at the bottom of the screw
is 0-53 inch in diameter; it was not possible to determine the amount of heat
stopped by the outer cylinder, as both cylinders were screwed to the same end-piece.

95. In the summer of 1844, a new actinometer (with the old screw) was ob-
tained from the same maker. The cylinder and thermometer tube were inclosed in
a mahogany box, open at one side ; the compartment containing the cylinder filled
with the blue liquid is lined with black velvet, and is covered by a slip of plate-
glass. The dimensions were as follow :—Glass cylinder, 5} inches long; mean
external diameter, about 1:05 inch ; the mercury, filling four inches of the thermo-
meter tube, weighed 167 grains; the length of 100 divisions of the scale are equal
to 5:51 inches. The cylinder of this instrument was again destroyed in the winter of
1846-7, by the freezing of the liquid. The previous dimensions of the cylinder
belonging to the actinometer, from June 1844 till Febrnary 1847, are considered
to be very near the truth; they are, however, only given from the dimensions of
the cylinder in the actinometer at present, which is of the same size. The ac-
tinometer was placed in a small revolving frame during observations after June
1844, by means of which the face of the actinometer was always presented to the
perpendicular incidence of the sun’s rays; at the end of the same table upon which
the revolving frame was placed, a double wooden screen was hung by cords passing
over pulleys; the instrument could be shaded or exposed to the sun by the observer
instantaneously. The following are the results of series of observations for the
amount of heat stopped by the plate-glass used in-the instrument after June 1844,
and marked A —

Se. Div.
1846. June 1410" 16m A.M. Mean time. Glass plate A on; mean effect of sun in 60s= 9-47
10 87 o e off o =12-04
10 86 o 1) = 970
Mean effect of sun in 60, glass plate A on = 958
Proportion of whole heat stopped by the glass plate A, =0-204.
Se. Div,
1846. June 3¢ 9" 51m A.M. Mean time. Glass plate A on; mean effect of sun in 60s= 9-29
10 12 oo 3 =12-83
10 33 oo 0 = 982
10 B1 weivi e off o =12-8¢
1110 oo ) Y =103
Mean effect of sun in 60, glass plate A off =12-85
Mean ....ovvvniivninnivivnnanennn., on = 981

Proportion of whole heat stopped by glass plate A, =0-237.
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Giving the last result two values, we find, from both determinations,
Proportion of whole heat stopped by glass plate A, =0-226.

96. Besides the breaking of the cylinders by the freezing of the liquid, the
instrument has been rendered useless for good experiments several times by the
deposition of a brownish oily sediment, which finds its way into the thermometer
tube, and this though the liquid had been long prepared by the maker. When this
deposition of sediment occurred, the instrument was sent to the maker to be
cleaned ; the observations, therefore, in this volume, are nearly unaffected by it.

RAIN-GAUGES.

97. The Observatory rain-guage is placed in a space, enclosed by a paling on

the top of the Observatory hill, with a good exposure on all sides. The funnel-mouth
is 6'1 inches in diameter, 8 inches above the soil, and 218 feet above the level of
the sea. The quantity of rain is measured at noon by pouring it into a glass tube,
oraduated with reference to the aperture of the funnel.
98, The monthly results of two other gauges are given in the abstracts. One
is placed on the top of the greenhouse roof, 680 feet NNE. of the Observatory
gauge ; the funnel-mouth is 6-7 inches in diameter, it is connected with a graduated
tube within the greenhouse, it is 18 feet from the ground, and 192 feet above the
level of the sea. This gauge is sheltered to the E. and NE. by trees, and its indica-
tions are therefore less trustworthy, especially during easterly winds ; the amount of
rain received in the funnel is also affected by the gusts of wind deflected from the
sloping roof.

99. The other gauge is in the middle of the Makerstoun garden, with a
good exposure ; the funnel—mquth is 67 inches in diameter, is 61 feet above the
soil, 171 feet above the level of the sea, and about 620 feet N. by E. of the Obser-
vatory gauge. The funnel is connected with a graduated tube. The greenhouse
and garden gauges were observed by Mr MAcCGALL, the head gardener, the former
daily, the latter monthly.

VANES AND ANEMOMETER.

100. The vane is placed on the north wall of the Observatory, and by means
of a rod and geering-wheels it indicates the direction of the wind on a dial-plate
within the building ; this vane (occupying the position W in the plan, Plate 1.) was
found too heavy for light winds, and the directions of these were estimated for some
time from a ribbon-vane. On July 6, 1844, a small vane formed of two crow
teathers (one from each wing) placed back to back, was erected above the door of
the Obscrvatory.  This vane was not connected with any dial-plate, and the direc-



V ANES AND ANEMOMETER. ix1

tion of the wind could be estimated from it during the day only. On November 13,
1844, a larger vane was formed of four large feathers from a turkey’s tail, this vane
was mounted on a long and light fir-rod, which passed through the roof of the Obser-
vatory, and had an index attached to its lower extremity, which indicated the direc-
tion of the wind on a compass fixed to the ceiling of the Observatory. This vane
indicated the direction of the lightest winds, and the direction of the wind was gene-
rally taken from it after November 13, 1844. The direction of the wind is indi-
cated in this volume by the number of the point of the compass, reckoning N = 0,
E =8,8=16,W=24.

101. The anemometer, the invention of Mr R. ADIE, of Liverpool, was made by
Messrs ADIE and Sox, of Edinburgh; it occupies the north-cast corner of the Obser-
vatory. This mstrument will be best under-
stood by a reference to the annexed figure:
a is a cistern containing water to the level b,
¢ being a turn-cock for letting the water off
to the exact level, and d a glass-gauge to shew
when the water becomes too low, from eva-
poration or otherwise ; an inverted vessel e
is suspended in the water by a cord passing
over the wheel f, whose axle rests on friction-
rollers at g and h; ¢ is a spiral, which has a
cord wrapped onit carrying a weight k, which
balances the vessel e; [ 1is a dial, graduated
\ on the face near the circumference ; m an in-
j dex, attached to the common axle of the
wheel and spiral ; » a loose index under the
index m, which the latter carries forward by
/ means of a projecting pin near the extre-

\i// ¥ mity; oa tube passing under the cistern a,
/ / which, entering the bottom, proceeds upwards
within the vessel e till its open extremity is
. above the level of the water in a neck of the
-3 vessel e¢; the other end of the tube o is six

1
{
1 feet above the outer wall of the Observatory,
- where it is capped by a vane p; at the top
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of the tube o three brass rods are joined,
which carry a small tube in which a pinwithin
g ) the top piece ¢ rests or turns ; the tube o is
N j double at the top, containing between the
tubes a quantity of mercury to the level »,
the continuation of the cylindrical body of
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the vane enters the mercury, and a double portion s acts as an outer cover to the mer-
cury cistern ; ¢is an aperture, 2 inches squarc. 'When the wind blows, this aperture is
presented to it, the wind then presses on the column of air within the tube o (being
prevented from escaping under the vane by the mercury), and ultimately on the top
surface of the vessel ¢, forcing