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ERRATA.

PAGE.

xiv  In the column under Mean, for 0744 read —0°744.

xxx  Line 9 from the top, for log. (a+ F,in 1) read log. (a + # sin. 1”).

Ixxxiii After linc 9 from the top, insert ¢ The quantity of water registered by
this gauge, between 22" of one day and 22" of the next, is added every
day to the whole quantity previously registered from the begioning of
the year, and the sum is inserted in the column whose heading is
¢ Stand of rain-gauge No. 1.” The quantities in this column represent
the amount of rain in inches collected from Jan. 1.”

After line 14 from the top, insert * The quantity of water collected
in this gauge is measured every day at 22b, and the amount in inches
is inserted in the column whose heading is ¢ Reading of rain-gauge
0.2,

Before the 6th line from the bottom, insers ‘ This gauge is read
every day at 22%, and its readings are inserted in the column whose
heading is ¢ Stand of rain-gauge No.3." The quantities represent the
amount of rain fallen from Jan. 1.”

[5] In the foot-notes, Dec, 214, 122 to Dec. 214, 224, for previouly read
previously,
[12] Foot-note March 14. 224, for east read west.
[13] The last word of the foot-note March 139. 22b, for east read west.
[14] » » March 214, 10%, — east — west.
(98) Dec.304.85, Barometer corrected, for 30 ‘065 read 30 *165.
(104) Jan. 144, 22h, Stand of rain-gauge No. 1, for 026 read 0°41.
(120) Feb. 129.22%, Reading of rain-gauge No. 2, for 0'04 read 0-00.
And for Stand of rain-gauge No. 3, — 2204 — 2244,
(128) Insert in the foot-notes :

‘ Feb.26¢.19, 10, The wind suddenly subsided ; no pressure was
recorded at the Anemometer till 21b, 15=, when suddenly a pressure
of 4lbs. on the square foot was registered.

‘¢ Feb. 264,225, 30=, The wind in gusts with a pressure of 5lbs.
on the square foot.

‘ Feb,274,6". 30®, The wind suddealy blew with a pressure of
3lbs. on the square foot, and this pressure continued constant for
seven minutes.”

PAGE
(136) March 127, i6b,
(140) March 224, 8h,

Barometer corrected, for 20 208 read 30 *208.

Dry Thermometer, for 43°8 read 44 ‘0.

Wet Thermometer, = 440 — 42°5,

Wet Thermometer below Dry, for —0°2 read 1°5.

(140) March 224, 10% Amount of Clouds, for 1 read 0.

(141) Dele the foot note corresponding to March 224, gk,

{168) May 134.4b, Dew Point below Dry Thermometer, for 7 *3 read 17 3.

(170) May 184.2b, Wet Thermometer, for 515 read 56°5.

Wet Thermometer below Dry, for 138 read 8 8,

(177) May 279.10b. General Remarks, for 8, 10m read 8h, 50m,

(184) June 109, 10%. Barometer corrected, for 39556 read 29 *556.

(203) Foot-note, for 159, 0b read 159, b, 5m,

(206) July 194, 4%, Dew Point below Dry Thermometer, for 07 read 10 7.

(212) Insert in the foot-notes :

“ July 299,225, The difference between the readings of the Dry

and Wet Thermometers is greater than between the readings of the
Dry Thermometer and the Dew Point: it is probable that an error of
5° was made in the reading of the latter, and, if so, its reading would
have been 47°0, and the Dew Point below the Dry Thermometer
would have been 9°3. No note upon the anomalous readings was
mude at the time of the observation.”

(218) Aug.114.4b, Dew Point below Dry Thermometer, for 10 8 read 0 8.

(234) Dele the foot-note corresponding to Sep.79,22%, and insert the fol-
lowing : ¢‘ The reading of the self-registering minimum thermometer
is undoubtedly 10° too small : it should be 50°-7.”

(288) Dec.154.16% Barometer corrected, for 24 °372 read 29°372.

(304) Insert in the foot-notes the same notes as are required to be jnserted
on page (128},

26 Table 1V, November, for 30 302 read 30324,

And range, — 1°543 — 1565,
34 Table XIX. December 27, — 322 — 324.
42 Table XXXIV. December27, — 323 — 316,
- =03 - 04.

43 Table XXXV. December 27,






GREENWICH MAGNETICAL AND METEOROLOGICAL
OBSERVATIONS.

INTRODUCTION.

Iv consequence of a representation of the Board of Visitors of the Royal Observatory
to the Lords Commissioners of the Admiralty, an additional space of ground on the south-
east side of the existing boundary of the Observatory grounds was inclosed from Greenwich
Park for the site of a Magnetic Observatory, in the summer of 1837. In the spring
of 1838 the Magnetic Observatory was erected. Its nearest angle is about 230 feet from
the nearest part of the Astronomical Observatory, and about 170 feet from the nearest
outhouse. It is built of wood; iron is carefully excluded. Its form is that of a cross
- with four equal arms, nearly in the direction of the cardinal magnetic points : the length
within the walls, from the extremity of one arm of the cross to the extremity of the -
_opposite arm, is forty feet: the breadth of each arm is twelve feet. The height of the
walls inside is ten feet, and the ceiling of the room is about two feet higher. The
northern arm of the cross is separated from the central square by a partition, so as to
form an ante-room. The meridional magnet (placed in its position in 1838) is mounted
in the southern arm; the bifilar magnet, for variations of horizontal force (erected at
the end of 1840), is mounted in the eastern arm; and the balance-magnetometer (for
variations of vertical force) in the western arm. The mean-time clock is in the southern
arm, near its union with the western arm; the standard barometer is near it, in the
western arm ; the sidereal-time clock is fixed to the wall which divides the central square
from the ante-room, and is nearer to the balance-magnetometer than to the bifilar;
the “check-clock,” or “watchman’s clock,” is in the ante-room, affixed to the dividing
wall, nearer to the bifilar-magnet than to the balance-magnet; the alarum-clock is in the
north-east corner of the ante-room; and the fire-grate at the middle of its west side.
These are all the fixtures which contain iron ; but as the ante-room is used as a computing-
room in the day, and as a room for occasional repose at night, it is impossible to avoid

(b)



ii ~INTrRODUCTION TO GREENWICH MAGNETICAL OBSERVATIONS, 1840 & 1841.

introducing into it iron in small quantities. On the outside, near the north-east corner .
of the ante-room, a pole 79 feet in height is now (1842) fixed, for the support of the
conductor and wires of an electrometer; the electrometer, &c. are planted in the window-
seat, at the north end of the ante-room; and in the re-entering angle, between the north
and east arms, is fixed the stand carrying the thermometers.

I shall now proceed to describe the instruments, their adjustments and constants of
calculation, and the modes of using them.

§ 1. Declination Magnet, and Apparatus for Observing it.

The theodolite with which the meridional magnet is observed is by Simms: the radius
of its horizontal circle is 8-3 inches: it is divided to 4/, and read to 5" by three verniers,
carried by the revolving frame of the theodolite. The fixed frame stands upon three
foot-screws, which rest in brass channels let into a stone pier, that is firmly fixed in the
ground and unconnected with the floor. The revolving frame carries the Y’s (with vertical
adjustment at one end) for a telescope with transit axis: the length of the axis is ten
inches and a half: the length of the telescope twenty-one inches: the aperture of the
object-glass two inches. The Y’s are not carried immediately by the T head which crosses
the vertical axis of the revolving frame, but by pieces supported by the ends of that T
head and projecting horizontally from it: the use of this construction is, to allow the
telescope to be pointed sufficiently high to see & Urse Minoris above the pole. The
eye-piece of the telescope carries only one fixed horizontal wire, and one vertical wire
moved by a micrometer-screw. The stone pier is fixed nearly in the line which divides
the southern arm of the cross from the central square: in the roof of the building an
opening is made (closed by shutters), in the direction of the astronomical meridian of the
pier, through which circumpolar stars can be observed, as high as 3 Ursze Minoris above
- the pole, and as low as 8 Cephei S. P.

For supporting the magnet, a braced tripod wooden stand is provided, resting on the
ground and unconnected with the floor. Upon the cross-bars of the stand rests a drum
(having a covering of glass), within which the magnet vibrates. This drum is now (1842)
changed for a double rectangular box (one box completely inclosed within another), both
boxes being covered with gilt paper, on the exterior and interior sides of both. On the
southern side of the principal upright piece is a moveable upright bar, turning in the
vertical E. and W. plane, upon a pin in its center, which is fixed in the principal upright:
this moveable upright piece carries at its top the pulleys for suspension of the magnet:
and this construction is adopted in order to give an E. and W. movement to the point
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of suspension, by giving a motion to the lower end of the bar. The top of the upright
piece carries a brass frame with two pulleys: one of these pulleys projects beyond the
north side of the principal upright, and from it depends the suspension skein: the
other pulley projects on the south side: the suspension skein being brought from the
magnet up to the north pulley is then carried over it and over the south pulley, and is
then attached to a string (changed, 1840, Dec. 21, 3" for a leather strap), which passes
downwards to a small windlass, that is carried by the lower part of the moveable upright.
The intention of this construction is, to make it easy to alter the height of the magnet
without the trouble of climbing to the top of the frame. The height of the two pulleys
above the floor is about eleven feet nine inches, and the height of the magnet is about
three feet: so that the length of the free suspending skein is about eight feet nine inches.

The magnet was made by Meyerstein, of Gottingen: it is a bar two feet long, one inch
and a half broad, and about a quarter of an inch thick : it is of hard steel throughout. The
suspension-piece was also made by Meyerstein, but it has since been altered under my
direction by Simms. The magnet is not now inserted endways in its support, but side-
ways; a double square hook being provided for sustaining it: and the upper part of the
suspension-piece is simply hooked into the skein.

The suspending skein is of silk fibre, in the state in which it is first prepared by silk
manufacturers for further operations; namely, when seven or more fibres from the cocoon
are united by juxtaposition only (without twist) to form a single thread. It was reeled
for this purpose at my request by Mr. Vernon Royle, of Manchester. The skein is
strong enough to support perhaps six times the weight of the magnet, &c.: I judged this
strength to be necessary, having found that a weaker skein (furnished by Mr. Meyerstein)
broke ultimately even with a smaller weight.

Upon the magnet there slide two small brass frames, firmly fixed in their places by
means of pinching-screws. One of these contains, between two plane glasses, a cross
of delicate cobwebs: the other holds a lens, of thirteen inches focal length and nearly
two inches aperture. This combination, therefore, serves as a collimator without a tube:
the cross of cobwebs is seen very well with the theodolite telescope, when the suspension
bar of the magnet is so adjusted as to place the collimator object-glass in front of the
theodolite object-glass, their axes coinciding. The wires are illuminated by a lamp and
lens in the night, and by a reflector in the day.

In order to diminish the extent of vibrations of the magnet, a copper bar, about one
inch square, is bent into a long oval form, intended to contain within itself the magnet
(the plane of the oval curve being vertical). A lateral bend is made in the upper half of
the oval, to avoid interference with the suspension-piece of the magnet. The effect of
this copper bar is very striking: it appears, from rough experiments, that every second
vibration of the magnet (that is, when a direct and reverse swing have been finished)
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is reduced in the proportion of 5 : 2 nearly. Two such bars were mounted, for con-
venience of use, in different positions of the magnet. Experiments, to be detailed below,

have given reason to think that one of them is not free from magnetic action: it has
consequently been laid aside.

Observations relating to the permament Adjustments of the Declination Magnet
and its Theodolite.

1. Determination of the inequality of the pivots of the theodolite-telescope.

1838, June 6. The theodolite was clamped, so that the transit axis was at right
angles to the Astronomical meridian. The illuminated end of the axis of the telescope
was first to the East; the level was applied and its scale was read; the level was then
reversed, and its scale was again read; then it was again reversed, and again read ; and
so on successively six times. The illuminated end of the telescope was then placed to
the West, and the level was applied and read as before. The above process was repeated
six times and the following are the results. Observer, Mr. Glaisher. '

The West end of axis, in the successive observations, was apparently the highest by
the following quantities :

Illuminated end East ....... —_ gv"21 Illuminated end East ....... - ;v:19 :
Illuminated end West....... + 0°+69 Illuminated end West....... + 2-41
Illuminated end East ....... — 5°49 Illuminated end East........ - 272
THuminated end West....... 4+ 308 Illuminated end West....... + 2°85
Illuminated end East........ — 474 Illuminated end East....... . — 3°'65
Illuminated end West....... + 2-94 INluminated end West....... -+ 287
[ Y N ® 1 1 div,
e wminatod ond 1s fo0 bigh. oo pby 1st and 2nd sets 3°45
ditto by 3rd and 4th sets 429
ditto by 5th and 6th sets 3:84
ditto by 'ith and Sth sets 2-30
ditto . by 9th and 10th sets 2-79
ditto by 11th and 12th sets 3°'26

The mean of these numbers is 3%32, which appears to be the quantity by which
that end of the level which was placed upon the illuminated end was too high. The
angles of the level-forks and those of the Y’s are nearly 90°; therefore we may conclude
that, when the level indicates the axis to be horizontal, the axis at the illuminated end
is really too low by 1966. And this quantity has been taken into account in the
reduction of all observations with the theodolite, for the determination of the theodolite
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reading for the Astronomical meridian. One division of the level scale was found by
Mr. Simms to be equal to 1'°0526.

2. Determination of the value of one revolution of the micrometer-screw of the
theodolite-telescope.

1838, June 7. The object selected was the edge of the stone coping on the Library of
the Royal Observatory. The micrometer was placed in different positions, and the
theodolite was then turned till the micrometer-wire bisected the selected object. Observer,
Mr. Glaisher.

‘ a "

r (] ’ " /
Micrometer set at 92, Reading of Theodolite 246. 21. 49-3 [ Difference 32. 530 Cm‘msponding‘[1 3395
Micrometer set at 113, Reading of Theodolite 246, 54. 42+3) for 21 rev. * value for L rev. [ ™

Micrometer set at 92, Reading of Theodolite 246. 21. 5871 Difference 55 40.9 Corresponding 1. 3344
Micrometer set at 113, Reading of Theodolite 246. 54. 41-0) for 21 rev. [*°° value for 1 rev. ™"

Micrometer set at 92, Reading of Theodolite 246. 21. 59-7 [ Difference 32 33_GJ’Corresponding 1. 3303
Micrometer set at 113, Reading of Theodolite 246. 54. 33:3) for 21 rev. [*' {value for1rev, ¢

Micrometer set at 92, Reading of Theodolite 246, 21. 527 Difference, . [ Corresponding) )
Micrometer set at 113, Reading of Theodolite 246. 54. 39"7{for 21 rcv.j'n' 47 O{v'alue for 1 rev.jl' 33-67

Therefore, the mean value of one revolution is 1/.33:520.

1838, Dec. 21. 'The magnet was made to rest on blocks, and the collimator-cross was
used as a fixed mark. Observer, Mr. Main.
T o ’ y ’ ” ’ "

Microm. setat 95, Read® of Theodolite 245. 33. 07
Microm. setat 100, Read® of Theodolite 245. 24. 580
Microm. setat 105, Read® of Theodolite 245.17. 11-7
Microm. set at 110, Read® of Theodolite 245. 9.29-7
Microm. set at 114, Reads of Theodolite 245, 2.59'3

Diff. for 5 rev.8. 27, Cor. value for 1 rev. 1. 36'54
Diff. for 5 rev.7. 463, Cor. value for 1 rev. 1. 33:26
Diff. for 5 rev. 7. 420, Cor. value for 1 rev. 1. 32:40
Diff. for 4 rev. 6. 30°4, Cor. value for 1rev. 1. 3760

Therefore, the mean value of one revolution appeared to be 1/.34”-737.

1838, Dec. 26. The collimator-cross was used as before. Observer, Mr. Main.
Microm. setat 94, Read® of Theodolite 2450. 15,. 2;'0 " C
Microm. set at 95, Read® of Theodolite 245.17. 53
Microm. set at 100, Read® of Theodolite 245. 24. 56°7
Microm. setat 105, Reads of Theodolite 245. 32. 45°0
Microm. set at 110, Read® of Theodolite 245. 40. 217
Microm. setat 115, Readr of Theodolite 245. 48. 22-3

Diff. for 1 rev. 1.44'8, Cor. value for 1 rev. 1. 44-30
Diff. for 5 rev. 7. 561°4, Cor. value for 1 rev. 1. 34°28
Diff, for 5 rev. 7. 483, Cor. value for 1 rev. 1. 33:66
Diff. for 5 rev. 7. 467, Cor. value for 1 rev. 1. 33°34
Diff. for 6 rev. 7. 506, Cor. value for 1rev.1, 34:12

The mean value of one revolution was considered to be 17.33"/-952.
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The mean of the three preceding determinations is 1’.34’"-07, and this value has been
used as the value of one revolution to the end of 1841. Special tables are formed of
the multiples of this adopted value for every 0701 between 917 and 1157; the micrometer
comb-plate having an extent of 9 revolutions of the micrometer on the right side of its
zero, as viewed through the telescope, and an extent of 16 revolutions on the left side
of its zero, as viewed through the telescope. All readings of the micrometer are read
too great by 100 revolutions; and all readings of the micrometer thus read, are con-
verted into arc at once by the use of the above table, for every value to 0'01 of a

revolution.

3. Determination of the micrometer reading for the line of collimation of the theodolite-

telescope.

1840, July 30% 23". The vertical axis of the theodolite was adjusted to verticality, and
the transit axis was made horizontal. The declination magnet was dropped on blocks so
that it rested entirely on them, and the cross wires carried by it were used as a collimator
for determining the line of collimation of the telescope of the theodolite. The telescope
was reversed at each observation. Observer, Mr. Glaisher.

Illuminated end Micrometer Illuminated end Micrometer
of Axis, Reading of Axis, Reading
or, Micrometer Head . or, Micrometer Head R
E 99, 691 E 99 750
W 100 -471 w 100 °453
E 99 750 E 99 755
w 100 476 W 100 -445
E 99776 E 99 763
W 100 490 W 100 *443
E 99 695 E 99 780
w 100 -461 W 100 °472
E 99 750 E 99 770
w 100 *462 w 100 471

The mean of these, or 100106, is the reading for the true line of collimation, and
this is used from 1840, Nov. 9, to 1840, Dec. 10¢, 2"

1840, Dec. 10% 2" A quadrant and spirit level, for setting to any required star,
were affixed to the theodolite-telescope, the micrometer first being removed. On the
micrometer being again fixed, the following observations were taken for the line of col-
limation. Observations taken as on July 30. Observer, Mr. Glaisher.



Illuminated end of Axis

E
W
E
w
E
w
E
w
E

€

DEecrLiNnaTIiON MAGNET.

99 -612
100 -572
99378
100 778
99319
100 775
99 -290
100 ‘635
99 192
100 741

INluminated ond of Axis E

drgHgHgE g

99272
100 774
99265
100775
99240
100 +780
99170
100756
99 233
100 778

vii

From these observations, the reading for the line of collimation is 100016 ; and this
number is used from Dec. 10%. 4* to Dec. 114 0", when the micrometer was again
disturbed to make some alteration in the quadrant and spirit level.

1840, Dec. 11¢. 28",

of collimation. Observer, Mr. Glaisher.

The following observations taken in the usual way for the line

Illuminated end of Axis E

HagEIR g

IOi ‘106
99 042
101 -100
98 ‘072
101 +061
99 049
101 -107

Illuminated end of Axis W
E
w
E
w
E

W

99006
101 -081
99 010
101 -060
99011
101 -022
99 038

The line of collimation from these observations is 100048, and this is used from

Dec. 114 4* to Dec. 144, 22".

1840, Dec. 14°. 22". The quadrant and spirit-level were again fixed to the telescope,
and a ring clamp applied for pinching the eye-tube. The following observations for the

line of collimation were taken in the usual way. Observers, Messrs. Glaisher and Hind.

Illuminated end E

HegR dw g

99 -562

100 -868

99 -621

100 725

99 -661

100 800

99 -681

- Illuminated end W 10()r 670

E 99 *709
w 100 *739
E 99707
W 100 650
E 99 778
W 100 750
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lluminated end E 100 -072 Illiminated end E 100 -090
W 100°351 W 100200
E 100071 E 100043
W 100320 W 100395
E 99 920 E 100031
W 100°350 W 100277

The mean of these is 100194, and this number is used as the reading for the line of
collimation from 1840, Dec. 15% 0", to 1841, Dec. 31°.

1841, Aug. 15° 4*. The following observations for the line of collimation were taken
in the usual way. Observer, Mr. Dunkin.

Illuminated end W 99150 Illuminated end W 99 -035
E 101-476 E 101305
W 99 080 w 99 060
E 101-216 E 101-293
W 99-186 W 98970
E 101 129 E 101°404
W 99 083 W 99538
E 101-096 E 100715
W 99 *542 W 99 270
E 101178 E 101138
W 99 232 W 99 456
E 100 ‘690 E 101 210
W. 99462 W 99130
E 100-773 E 101-235
W 99 237 w 99 *330
E 101 ‘246 E 101 354
W 99 088 W 99 043
E 101°349 E 101-232

The mean of these is 1007192 ; the previous determination was 100™194. No change
was made in the constant of reduction on account of this small difference.

4. - Determination of the error of collimation for the plane glass in front of the box of
the declination magnet.

1840, July 319 0. The magnet was made to rest entirely on blocks. The micrometer
head of the telescope was to the East. The plane glass has the word “top” engraved
on it, and this word was always kept upwards. When the glass is so placed that the
marked side is outside of the box, it is called its usual position. The cross wires carried
by the collimator of the magnet were observed with the marked side of the glass alternately
inside and outside of the box. Observer, Mr. Glaisher.



Marked side of glass out of the box

in the box
out of the box
in the box
out of the box
in the box
out of the box
in the box
out of the box
in the box

DEecrLiNaTION MAGNET.

Micrometer
Reading.
100 -140
99 ‘989
100131
T 99978
100161
99 ‘961
100 -143
99 ‘957
100 -151
99 ‘968

Marked side of glass out of the box

in the box
out of the box
in the box
out of the box
in the box
out of the hox
in the box
out of the box
in the box

ix

Micrometer
Reading.

100 *160
99970
100 °151
99 ‘960
100175
99 ‘960
100 140
99 930
100140
99 ‘960

The mean of all the readings when the marked side of the glass was outside of the box,
is 1007149, and the mean of all the readings when the marked side of the glass was
inside of the box, is 997:963. Half of the difference is 07093, which is the error of col-
limation for the plane glass in front of the box.

Therefore with the micrometer head of the telescope to the East, and the glass with its
marked side out of the box, the observations require a subtractive correction of 0093, or,
expressed in arc, of 8”+75. The telescope and the glass were kept in these positions in
1840and 1841, and 8”75 has therefore been subtracted from all readings for the bisections

of the magnet cross.

5. Determination of the error of collimation of the magnet collimator, with reference
to the magnetic axis of the magnet. '

1840, Nov. 4°. A magnet of the same size was suspended on a tripod in the Octagon-
room : a reflector was attached to its center: and a telescope with a wire in its focus was
directed to the reflector. A scale was fixed just below the object-glass of the telescope.
The following observations were taken for the purpose of ascertaining the time of its

vibration :
Chronometer Chronometer
Time of Scale- Intervals Time of Scale- Intervals
Day, 1840. | Division passing in Day, 1840. | Division passing in
the Wire in the | Sidereal Time. the Wire in the | Sidereal Time,
Eye-Piece. Eye-Piece.
s s ] ]
Nov. 3 56 2 188 Nov. 3 125 200
150 326
24 -5 227
3956 55 2 N
212 213
o7 165 .
22 '8 220
23 56 38°5 .
195 223
430 08 .
25 2 24 2
8°2 250
198 20°1
28 0 45 1
493 213 80 2279
23 -2

(c)
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From these observations, the time of vibration of the temporary magnet was 21*9. The
distance of the scale from the reflector was 7% 7™ 4 : each division of the scale = %2 inch,
and, consequently, the value of one division of the scale was 436”88, or was equal to 4™644
of the micrometer of the magnetic theodolite. One observer, Mr. Dunkin, observed the
magnet in the Octagon-room at intervals of 22°; while another, Mr., Glaisher, observed the
declination magnet in the magnetic observatory at intervals of 30°, then reversed it in its
stirrup, and again observed it, and so on. The illuminated end of the axis of the telescope
was to the East. The results are contained in the following table :—

M&cr%x‘neter
e : . eadings .
Pos;:_lon Mean Reading E&g;ﬁ}ﬂ?ﬁlén for Collinigator I\l/}i‘;ilrl:\%t:‘
Cross Mean of Scale of the diminished by | Gross Wire W
Day, 1840. of Micron.neter for Temporary Micrometer Equivalents of —Reading, Cross|
Collimator. Reading. Magnet. — 260r. Temporary . Wire E.
Magnet.
T a’ r T T
Nov., 4 W 96 457 57923 8995 87462 — 5-394
E 101 -925 87 9564 9-139 92 -786 <
W 96 064 57 °903 8 -902 87162 — 5-548
E 100 -929 57 *156 8219 | .92-710 o
w 96 235 58 <027 9478 86 767 — 5-444
E 101715 58 :035 9514 ‘92 <201 :
w 97 6477 58 -117 9 -895 87162 | — 4897
E 102 -586 58 126 9937 92 -649

The mean of the numbers in the last column is 57303, the half of which is the error of
collimation, 2651.

Therefore, with the illuminated end of the telescope to the East:—
When the collimator is East, the micrometer reading is too great by 2651 or 4°.9” 37
When the collimator is West, the micrometer reading is too small by 2-651.

During the year 1840, and the year 1841, the telescope was always used with the
micrometer head East, and the collimator of the magnet was always West of the magpet.
Therefore 4°.9” 37 has been added to all observations.

6. Observations to determine the effect of the oval copper bars, or dampers, on the
meridional magnet.

Observations for the effect of the bar No. 2 (which has been used exclusively, from
1840, Nov. 7, to the end of 1841).
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1840, Nov. 49, 21*. Observers, Messrs. Glaisher and Dunkin.

The time of vibration of the temporary magnet in the Octagon-room was 29s.

The

distance of the scale from the reflector was 7°.8"3, and the resulting value of 1¢ of the
scale was 432”°54, or was equal to 4600 of the theodolite micrometer.

Position - Mean Reading| Equivalents | Micrometer
of Mean of Scale  |in Revolutions| Reading dimi-|
Cross Position of Bar. Micrometer for of the nished by Equi-|
Day, 1840. of Renading. Temporary | Micrometer ivalentsof Tem-|
Collimator. Magnet. - 300*. |poraryMagnet|
Nov.4 | East | Usual position 98 528 67 156 8104 90 -334
North end moved 1} inch West 97833 67723 8066 89 167
South end moved 14 inch West 976567 67730 8 -008 89 559
The whole bar moved 1} in.West | 97°614 67-898 8-878 88 *736
Nov. 5| East | Usual position 102 603 66 ‘941 7929 94 674
North end moved 1} inch West | 101 -536 60 889 7689 93 -847
South end moved 1} inch West | 101049 66778 7179 93 870
The whole bar moved 14 in.West| 101 -332 66878 7639 93 ‘693
Therefore this bar has little or no effect on the magnet.
Observations for the effect of the copper bar, No. 1 (that used in 1839). Observers,
Messrs. Glaisher and Dunkin.
Position Mean Reading] Equivalents | Micrometer
of Mean of Scale |in Revolutions| Reading dimi-|
Cross’ Position of Bar. Micrometer for of the nished by Equi-
Day, 1840. of Reading. Temporary | Micrometer |valentsofTem-
Collimator. Magnet. — 3007, |porary Magnet.
Nov.5 | East | North end moved 1} inch West 99 -168
South end moved 1} inch West | 105°599
The whole bar moved 14 in.West| 103 296
Usual position 104 -238
Nov.7 | West | Usual position 99 '194 66 -530 6 ‘038 93 *156
North end moved 14 inch East 99 *674 66 628 6489 93 085
South end moved 13} inch East | 96-291 66 -388 5-385 90 906
The whole bar moved 14 in. East| 98045 66 212 4°575 93 *470

Therefore this bar has a sensible effect on the magpet.

After these observations were made, the bar was carried by one observer near to the
magnet, while the cross of the collimator was watched by the other, and it had a very

sensible effect.

The bar. No. 1 after this time was entirely taken away from the Magnetic-house.

(c) 2
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7. Determination of the effect of the fire-grate in the ante-room of the magnetic observa-
tory, on the declination magnet. Observer, Mr. Glajsher.

The magnet was nearly stationary at the times at which the following observations were
made. The micrometer of the theodolite was first read corresponding to the position of
the cross of the magnet when the grate was away; next when the grate was in its place;
then again when it was away, and so on successively. The following table contains the
results :

Grate removed Mean Micrometer ﬁ:‘&;’ngﬁf‘:{f:z‘,"‘: t::e_ Reading with
or Reading ceding and the other Grate removed
Day, 1840, in its place. of the following the Readings | — Reading' with Mean.
Theodolite. for Grate in its place. | Grate in its place.
Nov. 9 Removed 97515
In its place 97 -5693 97 °525 — 0068
Removed 97534
In its place 97 -485 97 874 + 0°389
Removed 98 214 + 0046
In its place 98175 98 265 + 0°090
Removed 98 ‘315
In its place 08 -285 98 057 — 0228
Removed 97 198 .
Nov. 10 Removed 100412
In its p]ace 100381 100 372 — 0°009
Removed 100 -331
In its place 100 *418 100 *400 — 0018 4+ 0°005
Removed 100 -468
In its place 100 -323 100 *364 + 0041
Removed 100 259 i

Considering that the mean of those readings when the grate was removed, which immedi-
ately preceded and followed the reading when the grate was in its place, would give the
true micrometer reading for the magnet when not under the influence of the grate at that
time, the last column but one of the above table is formed. The mean of the numbers in the
last column is 0”025, or in arc 2”40, as the effect of the grate. It is not taken into
account in the reduction of the observations. :

8. Determination of the effect of the mean-time clock on the declination magnet.
Observers, Messrs. Glaisher and Hind.

The clock was put in its place; the micrometer of the theodolite was read, corresponding
to the position of the cross carried by the magnet; the clock was then removed, and
the micrometer was again read for the corresponding position of the cross, and so on
successively. The following table contains the results :— '
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Mean Mean of Micrometerl Reading with
Clock Micrometer R“de:"!""gfi"‘:e Clock away
Day, 1840. Removed or in Reading of [ofrer fo'l',:,‘,;n' that] — Reading with Mean.
its place. the Theodolite. |for Clockinits place.| Clock in its place.
Dec. 2 Removed 99 -627
In its place 99 -454 09 637 + 0183
Removed 99 647
In its place 09 477 99 -682 + 0-105
Removed 99 617
In its place 99 -639 99 592 + 04053
Removed 99 ‘668
In its place 99 495 99 ‘616 + 0°121
Removed 99 '564
In its place 99 -451 99 '506 + 0°055
Removed 99 *448
In its place 09 426 99 °546 + 0°120 + 0080
Removed 99 -645
In its place 99 °524 990 '654 + 0030
Removed 09 +463
In its place 99 -442 99 -528 + 0°086
Removed 099 *594
In its place 99 -565 99 ‘666 + 0°101
Removed 99 738
In its place 99 -915 99 *843 — 0°072
Removed 99 -948
In its place 99831 09 927 + 0-096
Removed 99 008
Dec. 3 Removed 100 -485
Inits place | 100663 | 100644 | — 0°119
Removed 100 °603
In its place 100 +-548 100 '604 + 0056
Removed 100 *606
Inits place 100 -484 100 ‘694 + 0-°210
Removed 100 -783
In its p]ace 100 5569 100 -867 + 0-308 + 0°159
Removed 100 951
In its place 100 *444 100 ‘903 + 0-459
Removed 100 ‘855
In its place 100 -301 100510 + 0219
Removed 100 °165
In its place 100 -265 100248 — 0-017
Removed 100 -356

Xiii

On Dec. 2, during the time of the experimenté no magnetic change was going forward ;
but on Dec. 3 a change was going on, and the result is not entitled to more than one
fourth the weight of that of Dec. 2: under these circumstances it is considered that 0"1
is very near the truth. Now as the effect of the clock is to cause the micrometer reading
to be too small, the correction is additive, and therefore 941 has been added to every

observation.
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9. Determination of the effect of the horizontal force magnet, when placed at different
inclinations to the magnetic meridian, on the declination magnet. Observers, Messrs.

Glaisher and Hind.

The horizontal force magnet was alternately laid in.its box at different angles of inclination
to the magnetic meridian specified beneath, and then removed to a place where it had no
effect on the declination magnet. The angles of inclination are reckoned from the North
magnetic meridian, round by the East, the point of reference of the magnet being its marked
end ; and the experiments are placed according to this order.

}nﬁlination ) lv:hem of Beadi'liags. }l}eaging t:{itry the
of Horizontall Horizontal Force | Mean Micro- | g e Bieeenis ';;Zg‘_’:et aw:;”
Day, 1640. [\ Ningnere| 35espnel " | oF Prooduite | Fmbasii i | Shadnewibus | Mean,
Meridian. Magnet inits place.| Magnet in its place.
(o] T 4 r T
Nov. 13 6 Away 98 137
In its place 98 517 98 -026 — 0491
Away 97914
In its place 98 *423 97744 — 0679
Away 97°5675
In its place 98 470 97 -648 — 0°'822
Away 97721
In its place 98 666 979 | — 0947
Away 97 117 — 0744
In its place 98 373 97722 — 0651
Away 97 726
In its place 98 "328 97°697 — 0631
Away 97 668
In its place 98 407 97586 — 0°821
Away 97-503 _
In its place 98 *352 97 *442 — 0910
Away 97 *380
Nov. 12 90 Away 98 '991
In its place 98 799 98 *991 + 0°192
Away 98 -992
In its place 98 793 98 *922 + 0°129 + 0125
Away 98 *851
In its place 98 ‘821 98 ‘876 + 0055
Away 98 900
Nov. 13 90 Away 97104
In its place 97080 97143 + 0-063
. Away 97181
In its place 97215 97242 + 0-027
Away 97-302
In its place 97261 97 °240 — 0021 + 0045
Away 97167
Inits place 97 -008 97097 + 0°+089
Away 97026
In its place 96 ‘884 96 ‘954 + 0070
Away 96 881
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:r;;:lination . ﬂm of Ru:dh\p. llitealdmc :.'1“1'; the
of Horizontall Horizontal Force | Mean Micro- | theone preceding orlsontal torce
Force Magnet| R and the other fol. Magnet awa
Day, 1640, [0 Vagoetie| ™ pute pics. | of Tueodole: | Horiomat For | Horonts Fomy | Mot
Meridian., Magnet in its place.] Magnet in its place,
(o] r r r r
Nov. 13 104 Away 97380
In its place 06 803 074483 + 0°590
Away 97°585 |
In its place 96 700 97508 + 0°808
Away 97 430
In its place 96 642 07454 + 0°+812
Away 974717
In its place 96 658 975635 + 0-877 + 0862
Away 97603
In its place 96 -578 97494 + 0°916
Away 97395
In its place 965563 07 435 + 0-882
Away 97 475
In its place 96138 97286 | + 1-148
Away 97 095
Nov. 13 250 Away 98 *206
In its place 97775 98 *604 + 0°829
Away 09 1002
In its place 07057 08 ‘8256 + 0-8608
-t Away 08648
In its place 08 *309 98 °526 + 0-217
Away 98 +404 : + 0166
In its place 97 497 98114 + 0°+617
Away 97820
In its place 97270 08 -102 + 0832
Away 08 *378
Iu its place 97103 08 277 + 11714
Away 98 176
Nov. 12 270 Away 99 023
i In its place 99015 99-023 | + 0°008
! Away 99 -023
In its place 09 <190 08 -987 — 0203 — 0°017
Away 98951
In its place 98 ‘814 08-950 | + 0°145
Away 98 *966
Nov. 13 270 Away 96 ‘881
Tn its place 97072 96972 — 0°100
Away 97053
In its place 97046 97065 + 0°009
Away 97 057
In its place 97 257 97083 — 0°174 — 0°109
Away 97108
In its place 097300 97°097 — 0203
Away 97087
In its place 971562 97074 — 0°078
Away 97 +060
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’ glglin.ationsl )';lhean of Readépgs, Eeafling ';itg the
of Horzont; s v e one preceding orizon! orce
Day, 1640, FOeeMBEIEtl Mogrct away or | meter reading Homen it o, | e
aYs * | to Magnetic in its place. of Theodolite. | Horizontal Force | Horizontal Force viean.
Meridian. Magnet in its place.] Magnet in its place.
[+ : r r T r
Nov. 13 284 Away 99 582
In its place 100339 98 ‘966 — 1373
Away 98 *349
In its place 99100 98 *563 — 0-537
Away 98 171
In its place 99 ‘195 98 *570 — 0°625
Away 98 -364 — 0952
In its place 99 533 98 663 — 0°870
Away 98 -961
In its place 99 639 98 *28 — 0911
Away 98 *495
In its place 99 748 98 350 — 1-3898
Away 98 205

From the numbers contained in the last columns of this table it appears, that

‘When the horizontal force magnet is inclined to The marked end of the declination magnet
the north magnetic meridian approaches the
r . /I .
’18 with its marked end to the East, East by 0744, or inarc 1. 9°99
104 with its marked end to the West, West by 0952, or in arc 1. 29 55
90 with its marked end to the East, East by 0°076, orin arc  6°96
90 with its marked end to the West, West by 0:075, or in are ~ '7°06
104 with its marked end to the East, East by 0862, or in arc 1.21 09
76 with its marked end to the West, West by 0756, or in arc 1.11°11

From these numbers we may infer, that if the declination magnet had been in the
magnetic meridian, and the horizontal force magnet hac} been strictly placed at right
angles to it, the latter would not have had any effect on the former. It also appears
that the effect of the horizontal force magnet upon the declination magnet, in positions
separated by 180°, is the same, or nearly the same, in amount, but with opposite effects.

10. Determination of the effect of the vertical force magnet on the declination magnet.

1841, May 10, May 18, and May 21. The vertical force magnet was placed in its
Y’s, with its marked end to the East, and when the micrometer observation was completed,
it was removed to such a distance that it had no effect on the declination magnet. All
parts of the experiments, connected with the vertical force magnet, were performed by Mr.
Glaisher, who raised it out of its Y’s and dropped it into them with the greatest care.
In the other parts of the observations he was assisted by Mr. Hind, on May 10, and on
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May 21, and by Mr. Dunkin on May 18. The reading of the micrometer of the
theodolite, corresponding to the position of the cross of the declination magnet, was
registered for each position of the vertical force magnet. The results are contained in

the following table :—

e eeegfr: [Rending with the Ver-
Vertical Force Reading of |ib2 one preceding o orce Magnet
Day, 1841. M_ngt_:et away or Micrzmelelr_ of o |{." :.i::l ﬁg .v:;z.;m., ;,::h Mean.
in its place. the Theodolite. the ‘me‘ i pm Magnet on its piace.
May 10 Awa 93 '372
In its place 93 746 93 -535 — 0211
Awa 93 -697
In its place 93 -466 93-762 | + 0206
Away 93 820
In its place 93 ‘555 93 +652 + 0-:097
Away 93 -478
Away 04 -220
In its place 94 277 94233 — 0°044
Away 04 -240
In its place 93 -999 94 +204 + 0°2056
Awa 94 °168
In its place 94 -373 94 :301 ~ 0072
Awa 94 -433
In its place 93 998 94279 + 0-281 + 0-0s6
Away 94124 .
Away 93 *611 :
In its place 93 813 93696 | — 0°217
Awa 93681
In its place 93 -059 93 -400 + 0°341
Awa 93 219
In its place 93 -034 93 -2568 + 0224
Away 93 -296
Away 94 -231
In its place 93 -384 94 -319 - 0-0856
Away 94 408
In its place 94 284 94 °485 + 0-201
Away 94 °564
May 18 Awa 100108
In its place 99 -666 100199 + 0533
Away 100 °290
In its place 100 -298 1003565 + 0°057
Awa 100 -420 + 0°-030
In its place 100663 100 -228 — 0435
Away 100 035 ~
In its place 100 °343 100 106 — 0°037
Away 100°176
May 21 Away 100032
: In its place 99 *607 99 ‘976 + 0-368
Awa 99 ‘918
In its place 99 -742 99667 | — 0075
Away 99 ‘415
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. Mean of Readings, | )
Vertical Force Reading of n;'.ﬁh?:m%‘;ﬁ?‘g_ R&';i"ﬁ::é%ﬂ}nvf »
Dy, 1B | pacs. | the Theodolte: | the Vot s | ot Variiforee | Menn
Magnet in its place,| Magnetin its place
May 21 | Inits place 99 -542 99:070 | — 0472
Away 98 725
In its place 99251 99 -064 — 0187
Away 99 °402 _ .
In its place 98 ‘687 99 *563 4 0-876 + 0-115
Away 99 -723 ' ' ’
In its place 98 -728 99 229 4 0-501
Away 98 *135
In its place 98551 98 *566 + 0015
Away 98 ‘396
In its place 98 -469 .98°544 + 0075
Away 98 692
Inits place | 98-544 98 538 — 0°006
Away 98 -384
In its place 98 -378 98 *436 + 0°058
Away _ 98 -487

The numbers in the last column shew, that the vertical force magnet causes the marked
end of the declination magnet to approach the West on May 10 by 0™086 from 12 results,
on May 18 by 0030 from 4 results, on May 21 by 0"115 from 10 results; the mean
of these, giving weights proportional to the number of results, is 0°:088, and would require
all micrometer readings to be increased by this amount. This correction is not used,
the vertical force magnet never having been, at the time of observation, in the Observatory,
when the horizontal force magnet was out of it. The compound effect of both magnets
on the declination magnet, is determined in the next set of experiments.

11. Determination of the compound effect of the vertical force magnet and the
horizontal force magnet on the declination magnet.

The vertical force magnet was placed in its Y’s with its marked end to the East: the
horizontal force magnet was placed transverse to the magnetic meridian with its marked
end towards the West. While they were thus placed, the micrometer reading of the
theodolite, corresponding to the position of the cross of the declination magnet, was
registered by Mr. Paul. The vertical force magnet and the horizontal force magnet were
then simultaneously removed to places where they had no effect on the declination magnet :
the former by Mr. Glaisher, who was very careful in raising it out of, and dropping it
into, its Y’s: the latter by Mr. Hind. The micrometer reading was again registered
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for the corresponding position of the cross, and again when the two magnets were placed

as before, and so on successively. The results are inserted in the following table :—

Mean of Readings, | Reading with the
. the one preceding |Horizontal and Verti-
e o | Rt the (gt fo tpeHors| . eading with e |
and Vertical Force { Re | —
Day, 1841. |Magnets away or in| Theodolite. '}z‘x,‘ad.:n:zlﬁ] ‘;",“;:,",}:‘M"‘,;‘m?(f',ﬂ‘ Mean.
their places. their places, their places.
May 26 Away 100 -641
In their places| 100583 100 *440 — 0°143
Away 100 -239
In their'places | 100512 100 176 — 0°336
Away 100 -112
In their places | 100317 99 *898 — 0°'419
Away 99 *683
In their places | 100 °020 99 *483 — 0°5637
Away 99 282
In their places 99 -823 99 217 — 0606
Away 99 151
In their places 99 '824 99171 — 0'653
Away 99 *190
In their places 99 913 99°173 - 0740
Away 99 -166
In their places | 99843 99109 — 0734 — 0°587
Away 99 -062
In their places| 99722 09164 — 0°5658
Away 99 266 -
In their places | 99 -674 98 991 — 0-683
Away 98 -715
In their places| 998565 98 ‘800 — 0°855
Away 98 *884
In their places 99 -691 98 ‘880 — 0°811
Away 98 876
In their places 99 -299 08873 — 0°-426
Away 98 -869
In their places| 99216 98 679 — 0°5637
Away 98 488
In their places | 99-287 98 537 — 0°750
Away 98 -586
In their places 99 °105 98 *495 — 0610
Away 98 403

The compound effect is to cause the marked end of the declination magnet to approach
the east by 0587, or in arc 55"°22. As the effect is to increase all micrometer readings,
the correction is subtractive; and therefore from all observations 55”:22 has been sub-
tracted, beginning with the observation of 1841, May 31¢. 14~

12.

nation Magnetometer

(d)2

Calculation of constants used in the reductions of the observations of the Decli-
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.o ¢ ]
Line of collimation 1007°106. Micrometer equivalent ..............c..... — 2.86.56°97
Micrometer head of the theodolite East. Correction for the plane glass in the
front of the box, in its usual position. .......coivviiiiiiiiiiiiia, — 875
v — 2.87. 672
Cross wire of the collimator West. Correction for the error of collimation
of the magnet collimator.................. ceseaaans Cessenn R 4., 9°37
— 2.32.56°35

This was used from 1840, Nov. 9°, to 1840, Dec. 3°. 2". 10™.

After Dec. 3% 2! 10™ the mean time clock was fixed in its place, the correction for
which is + 9”41, and this alters the above constant to — 2°.32".46"°94. This was
used from Dec. 3. 4" to Dec. 10 2" 10™.

o +

After this time the micrometer was disturbed, and the reading for the line of
collimation was 100" °016. Micrometer equivalent.............. S — 2.36.48 50

The micrometer head of the theodolite to the East. Correction for the plane
glass in front of the box, in its usual position ......... Crierersiraaas - 815
— 2.36.57°25

Cross wire of the collimator west of the magnet Correction for error
of collimation,................ Ceciediseeene cecesencnnan Ceenaes .+ 4. 9°37
— 2.82.47-88
Correction for the effect of the mean time clock ......cc0viveeeeervevas. + 9-41
— 2.32.38-47

This was used from Dec. 10%. 4" to Dec. 11% 0", when the micrometer was again
disturbed. The reading for the line of collimation was afterwards found to be 1007048,
the micrometer equivalent for which is — 2°.36".51”51, and the constant is altered to
— 2°.32. 417 48, which was used from Dec. 11% 1" 50" to Dec. 14% 2". 10°. After that
time the micrometer was disturbed, and the line of collimation in consequence became
100194 ; the micrometer equivalent for whichis — 2°.87°. 5”25, and the constant was in
consequence altered to — 2°. 32". 55”°22; this was used from Dec. 14", 4" to Dec. 20". 20",
The mean time clock was then removed, and the constant became — 2° 33".4”°63; and
this was used from 1840, Dec. 20°. 22" to 1841, Feb. 7°. 20", at which time the mean
time clock was again fixed in its place, and the constant became the same as before it was
removed, viz., — 2° 3255”22, which was used from Feb. 7°. 22" to May 25°. 22"
Before May 26°. 0%, the vertical force magnet was placed in its Y’s, and left there. The
correction due to the compound effect of the vertical force magnet and the horizontal force
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magnet on the declination magnet, was found to be — 55"22, and the constant in con-
sequence became — 2°.83'.50”°44, and this was used from May 26°. 0* to the end

of 1841.

13. Determination of the time of vibration of the declination magnet loaded with its
collimator, counterpoises, &c., when suspended for observation.
Observer, Mr. Main.

Clock Time of Clock Time of
Day. 1839 Collimator C;'ma Intervals Collimaitor (;‘rou Inteiruln
ay, . passing the in Day, 1839. ssing the n
Y Microm:tir Wire. | Sidereal Time,} R4 Migr.bmegr Wire, |Sidereal Time
Jan., 28 20.17 3 303 Jan. 29 52.45°8 310
29. 476 30 7 63.15°4 29 -6
30.18 -3 300 53.48 *2 328
30. 48 ‘3 308 54.16 8 286
31.19°1 29 -8 54.48 6 31°8
31.48°9 656.18°1 296
303
32. 192 301 -
32.49 3 . Jan. 30 25.18 ‘6 .
. 304 . 306
33.1917 . 25.49°2
303 . 28 7
33.60°0 306 26.17 9 324
34.20°6 298 26. 50 ‘3 31-1
34. 60 4 27.21°4
317
27.563°1 29 -9
Jan. 29 49. 425 28,230 .
306 333
60.13 0 28.66 ‘3
307 300
50. 43 -7 . 29. 26 -3
303 320
51.140 310 29. 68 °3 295
51.45°0 298 30.27°8 315
52.14°8 30. 59 ‘3

From these it appears that 30* may in practice be used as the time of vibration of the
magnet. In the course of the year 1841, a few observations of the time of vibration were
taken several times, and no reason appearing for departing from the above determination,
30* was used as the time of vibration to the end of 1841.

14. Determination of the fraction, expressing the proportion of the torsion-force to
the earth’s magnetic force.

1840, August 28%. A twist of 24 revolutions in the suspension thread caused the
magnet to deflect 5°; from which it appears that the force of torsion was +1is of the
earth’s magpetic force.
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1840, October 31,  Observer, Mr. Glaisher.

The time of semi-oscillation of the brass bar was. ...vvv.vu... .. - 3.48

The time of semi-oscillation of the magnet was............... 0.15

Therefore the torsion-force was 51 of the earth’s magnetic force.
Again, 1840, October 31%  Observer, Mr. Glaisher.

The time of semi-oscillation of the brass bar was........... v 3. 82

The time of semi-oscillation of the magnet was ............... 0.15

Therefore the torsion-force was 5 of the earth’s magnetic force.

1840, December 11°. An alteration of 4°7 in the position of the magnet was pro-
duced by a change in the torsion circle of 736°. Therefore the force of torsion was +2-
of the earth’s magnetic force. '

1840, December 25%  Observer, Mr. Glaisher.

The time of semi-oscillation of the bar Was:..e.cvvvveesncese, 8,30
The time of semi-oscillation of the magnet was............... 0.15

Therefore the force of torsion was 45 of the earth’s magnetic force.

1841, Jan. 15% 23". Observer, Mr. Glaisher.

wa

The time of semi-oscillation of the brass bar was..«........... 3.19
The time of semi-oscillation of the magnet was ......oo000veve  0.15
Therefore the torsion-force was 1 of the earth’s magnetic force.

1841, Jan. 24 23". Observer, Mr. Glaisher.

we

The time of semi-oscillation of the brass bar was......... N .10
The time of semi-oscillation of the magnet was .......... ciees 0.15

Therefore the torsion-force was 3+ of the earth’s magnetic force.

1841, March 22%. 22". Observer, Mr. Glaisher.

The time of semi-oscillation of the brass bar was........... .. 2.38

The time of semi-oscillation of the magnet was .............. . 0.15

Therefore the torsion force was 11y of the earth’s magnetic force.
1841, April 10°. Observer, Mr. Glaisher.

The time of semi-oscillation of the brass har was.............. " 2.63

The time of semi-oscillation of the magnet was .............. . 0.15

Therefore the torsion-force was 15 of the earth’s magnetic force.



DECLINATION MAGNET. XXiii

1841, June 13 22*. Observer, Mr. Glaisher.

The time of semi-oscillation of the brass bar was. ............. 2.48
The time of semi-oscillation of the magnet was ............... 0.15

‘Therefore the torsion-force was 15 of the earth’s magnetic force.

1841, December 5. Observer, Mr. Glaisher.

m L]
The time of semi-oscillation of the brass bar was ............. 1.49
The time of semi-oscillation of the magnet was............... 0.16 _

Therefore the torsion-force was 4 of the earth’s magnetic force.
1841, December 20°. Observer, Mr. Glaisher.

The time of semi-oscillation of the brass bar was.............. 2.24
The time of semi-oscillation of the magnet was ....... berenans 0.15

Therefore the torsion-force was 4, of the earth’s magnetic force.

1841, December 22°. Observer, Mr. Glaisher.

The time of semi-oscillation of the brass bar was. ............. 4. 9
The time of semi-oscillation of the magnet was ....... cesreaes 0.15

Therefore the torsion-force was 345 of the earth’s magnetic force.

1842, February 1. Observer, Mr. Glaisher.

With the torsion-circle reading 317°, the skein was without twist. The torsion circle
was then turned through angles of nearly 90° on both sides of this reading, and the
theodolite was read for the position of the cross in each position of the torsion circle.

[+ o ’ . ’ &
With torsion circle reading 237, reading of theodolite 249. 11. 20 Difference for 80°, 22.31
i 3 ' 249, 33. 51 Difference for 170, 52, 10
’s 147 ) 248.41.41 Difference for 90, 30,18
’s 237 ’» 249. 11. 59

Therefore from the 1st pair the torsion force was o}; of the earth’s magnetic force.

. 2nd vy - ) +hg of the earth’s magnetic force.

’s 3rd . +i¢ of the earth’s magnetic force.

1842, May 16°. Observer, Mr. Glaisher.

The reading of the torsion circle when the brass bar rested in the magnetic meridian
was 206°: the following observations were taken as on February 1.
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(] ’

[+ N ’ M I i
Torsion circle reading 206, reading of theodolite 249. 19. 26 .
116 248, 4733 Difference for 90°,  31.53
. 206 ”? 9 49' 43‘ 54 Difference for 180, 56.21
i 39 R N .
D
s 206 v 249.16,15 1 derence for 90, 27.39

Therefore from the 1st pair the torsion force was i; of the earth’s magnetic force.

s 2nd 59 35 of the earth’s magnetic force,
’s 3rd ys ++7 of the earth’s magnetic force.

1842, May 23% Observer, Mr. Glaisher.

The reading of the torsion circle when the brass bar rested in the magnetic meridian
was 193°,

o o L ’ A |
Torsi ircl i i heodolite 249. 13. 35 .
sion circle reading 193, reading of theodolite Difforence for 90°, 82.15
'y 103 ys 248.41.20 .
Difference for 180, 617.41
?? 283 ’? 249.49. 1 ) ference fi 90, 38.37
. 193 ), 249,10,24  eremee for 99, .
Therefore from the 1st pair the torsion force was 1+ of the earth’s magnetic force.
s 2nd »s 4+ of the earth’s magnetic force.
s> 3rd s i35 of the earth’s magnetic force.

1843, January 13% Observers, Messrs. Glaisher and Dunkin.

The suspension-skein was without torsion, when the torsion-circle read 232°. The
observations were taken as before.

o o ’ " ’ o
. . . . i ding 249.11.556 .
With the torsion circle reading 32‘::, theodolite reading o 37 a8 Difference for 90°, 25.53
»» ’ c e Difference for 180, 56, 51
) 142 »? 248. 40. 52 Difference for 90, 29.16
., 239 vy 249, 10. 8 ’ )

Difference for 90, 28.44

249. 38. 562 .
» 322 ’ 493 Difference for 90, 28, 0

»” 232 i 249.10. 52 Difference for 90, 28.30

> 142 " 248, 42. 22 Difference for 90, 28.30

s 232 s 249. 10. 52 ’ :
Therefore from the 1st pair the torsion force is 343 of the earth’s magnetic force.

s 2nd ’s +3v of the earth’s magnetic force.

. 8rd ys r1; of the earth’s magnetic force.

03 4th . 45 of the earth’s magnetic force.

s 5th s 137 of the earth’s magnetic force.

s 6th _ .s 17 of the earth’s magnetic force.

” Tth ’s +vo of the earth’s magnetic force.
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torsion force are
earth’s magnetic force

The results obtained statically for the value of

1840, August 28 = yp-
1840, Dec. 11 = i

1842, Feb. 1 = v 1her a0d .

1842, May 16 = .}, , and yfope

1842, May 23 = i, ::Z, and .

1843, Jan. 18 = iy, The e T T T and e

And the mean of the whole gives the torsion force .}, of the earth’s magnetic force.

torsion force
earth’s magnetic force
times of vibration is +4y. This determination is considered to be of but little value.

The mean of all the results for the value of obtained by the

Occasional Adjustments of the Suspension Apparatus, 1840 and 1841.

1840, August 28.

- On examining the meridian magnet preparatory to making the Term Observations,
it was found that the position of rest of the magnet (as nearly as could be judged by
the eye) was 5° different from its usual position of rest. The only probable cause
which suggested itself being a torsion of the silk skein, the magnet was taken out of
the stirrup and replaced by the brass bar. This was carried round with considerable force
and finally settled about 2} revolutions from its first position. From this it appears that
the force of torsion when the silk skein is turned through 900°, is equivalent to the mag-
netic force which would draw the magnet 5° from its position of rest.

1840, October 29.

The vertical suspension-bar was taken down for the purpose of having fixed to it,
near the top, where the free suspension begins, two projecting pieces of wood,
through which a pin passes, which pin also passes between the two divisions of the
silk skein, to prevent any torsion being communicated from the opposite side. Two
similar pieces of wood were also fixed on the opposite side (which carries the small
windlass), three feet from the top, near the junction of the silk skein and the string; and a

e
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pin passes through them, and between the two divisions of the skein, in order. to prevent
the string communicating any twist to the silk.

1840, October 30.

From experiments made this day, it appeared that the silk skein, when loaded with
the brass bar, did not take any definite pesition of rest, but settled sometimes in one
position and sometimes in another.

1840, October 31.

Mr. Glaisher, assisted by Mr. Dunkin, mounted a new skein of silk, connected with
the string by a copper-double-hook, a little above which is the pin passing between
the two divisions af the silk; the two divisions of the skein were then tied together (by
passing a thread round them), a little above and below the pin; also alittle above and
below the pin on the opposite side, and likewise close to the hook connected with
the stirrup ; so that from top to bottom the two divisions form but one cord of parallel
fibres. The torsion bar was then inserted, and allowed to take its position of rest. On
examining the suspension-skein, its fibres were found parallel from the top six feet down-
wards ; in the remainder was a twist of about 4 of a revolution. Inless than an hour it
was found that the string had stretched $ of an inch; the magnet was therefore raised by

this quantity,

1840, November 2.

It was found that the‘ magnet had dropped § of an inph : it was raised by that quantity.

1840, November 4.

1t was found that the magnet had dropped 1 an inch : it was raised.

1840, November 5. Observer, Mr. Glaisher.

Took the magnet out and inserted the brass bar, which rested very nearly in the magnetic
meridian. Torsion-circle reading 182°: it therefore appears that the raising of the magnet
two inches has not affected the angle of torsion.

The adjustments of the torsion circle, after this time, which are always determined by
the position of rest assumed by the brass bar, are recorded in the notes in the inner
margin of the section * Daily Observations of Magnetometers.” S
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1840, November 30. Observations by Mr. Glaisher,

In about half an hour after the insertion of the brass bar, it settled North about 15°
West ; the bar was then brought to the meridian by turning the torsion circle through an
angle of 15°, the circle then reading 167°. After half an hour it was found without motion,
the North end being some degrees East of the meridian. Several unsuccessful trials were
made to determine the reading of the torsion circle when the bar was in the magnetic
meridian, until, the time of observation of the magnet drawing near, it became necessary to
insert the magnet. The brass bar apparently would not take any definite position.

1840, December 8. Observer, Mr. Glaisher.

After oscillating about half an hour, the brass bar settled with its North end about 15°
West of the magnetic meridian, in which situation it remained ten minutes; without any
apparent cause it again moved ; and twenty minutes after this, it was about 14° East of the
meridian, and remained some minutes without the slightest motion ; again it moved, and
finally settled about 2° East of the magnetic meridian. The magnet was then inserted
without altering the reading of the torsion circle, which was 183°.

1840, December 11.

On Mr. Hind attempting to take the observation at 2 Gottingen mean time, he could
not see the cross carried by the magnet. Mr. Glaisher examined the magnet, and found
the marked end deflected about one inch from the meridian. A workman had been engaged
in fixing an adjusting-screw to the vertical bar which carries the suspension work, but it is
difficult to conceive how any twist could have been communicated by this. The detorsion
bar, on being inserted, immediately turned through one revolution ; it was then checked,
and, on being left free, turned through another revolution ; it was again checked, and when
again left to itself it settled about 20° West of North. The torsion circle was then turned
through an angle of about 20°; and the torsion circle was left reading 198°. 50°, when
the bar was in the meridian. On examining the suspension thread it was found parallel
from the top, and six feet downwards ; in the remainder was a left-handed twist of } of a
revolution : this was exactly its situation when first put up. By the above process the
torsion ‘was got rid of as nearly as possible, and the magnet was replaced for the obser-
vation at 4",

1840, December 12. Observer, Mr. Glaisher.

The detorsion bar would not, during nearly two hours, come to a state of rest, but

() ¢
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oscillated some degrees on each side of the meridian: when the time had arrived for. the
-observation, the magnet was inserted, the torsion circle still reading 198°. 50’.

1841, Febrbary 22 Observer, Mr. Glaisher.

With the torsion-circle reading 255°, in 1 of an hour the North end of the brass bar settled
‘about 45° East. After several trials, it was found that the bar would not take any definite
position, it remaining for } of an hour in a position without motion, then moving without
any apparent cause to another position, remaining stationary, and moving again. The
time for observation of the magnet approaching, the torsion circle was left reading 229°:
not at all satisfactory.

These are the only observations which present very remarkable anomalies. The deter-
minations of the position of rest of the brass bar at other times are, for the most part,
pretty certain. In several instances the position has changed many degrees in one week
without apparent cause ; in all these, the readings for the position of rest have been certain.

Determination of the Readings of the Horizontal Circle of the leeodolzte corresponding
to the Astronomical Meridian. :

The error of level is determined by application of the spirit-level at the time of
observation (due regard being paid, in the reduction, to the inequality of pivots already
found, and to the value of its scale, one part having been found by Mr. Simms to be
equal to 1-0526); and the azimuth reading is then corrected by the quantity, elevation
of W. end of axis x tan. star’s altitude. The readings of the azimuth circle increase
as the instrument is turned from N. to E.S.W.: from which it follows that the correction
must have the same sign as the elevation of the W. end,

The correction for the azimuth of the star observed, was in the earlier observations
computed from tables of double entry, the arguments of which were the hour angle of
the star and its north polar distance. In the later observations it- has been computed
independently in every observation, by the following method, which is found much more
convenient, and which involves a principle that may be found advantageous for application
in many other instances.

The star is supposed to be so near to the meridian, that the fifth and higher powers
of its hour angle are insensible. The star is supposed also to be near the upper meridian ;
but the investigation will be made to apply to the neighbourhood of the lower memhan,

by changing the sign of the north polar distance.
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Put a for the star’s polar distance, b for the co-latitude; A for the azimuthal angle,

C for the hour angle. Then,
. sin. a sin. C
C0s. a 8in. b — cos. b sin. a cos, C

n

tan A =

Putting for sin. C and cos. C their expressions in series, to the extent above mentioned,

this becomes | - o {w\“ﬁ.
sin. a (C — 2-) !
tan. A = - foo Ak Coves
cos. 4 sin. b — cos. b sin. a (1 — =)
2 Hoy ~ Mo
Csin. a ' g COS. bs‘n a (;'2 a .. Seanno f-’,
= ———x{1l— 3 3
sin. (b — a) sin. (0 — a) »

A = S0 i &

and A =tan. A — J tan. * 4 = Crractien X
Csin. g C?sin. b sin. a Aot
sn. G-y ¥ { L= 5 gy (oL@ + 2 cot (”"“))§ A

oy Lo
Let the number of seconds of arc contained in 2 be a,; the number of seconds of arc = <
contained in A be 4,,: and let the number of seconds of time contained in C be C,; so
that we may use indifferently,
a or a,, sin. 1”
Aor A4, sin. 1”
Cor C, 15 sin. 1",

Then the last equation becomes
. 2152000 2 : :
A,,sin. 1”=C, 15 sin. 1”. _sin. a ./§l _C/15%sin. 1” sin. bsin. a
sin. (b—a) 3 gin. (b—a)

(cot. a+2 cot. b—a)}

Make sin. ¢ = C, 15 sin. 1"y { ;—Is%—b&m_'zaj x (cot. @ + ¢ cot. b:Z)}.

15 sin. a
Then 4,, = C, sin. (5—=a) €08. ¢.

The variations of cos. ¢ depending on the small changes in a are utterly insignificant,
¢ therefore may be regarded as depending on C, only. A small table of log. cos. ¢ is
therefore prepared, of which the argument is C,.

15 sin. a

n.(b—ay

alluded, is introduced. It proceeds on this assumption :—‘‘ when the variations of a,,
are so small that their squares may be neglected, any function whatever of a,, may be
expressed i in the form

In the computation of log. the peculiarity of principle, to which I have above
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' E x (a, + F)
where £ and F are constants.”
This will be proved, and the vahies of £ and F in the mstance before us will be

determined, by the following process :—
Let the general value of a be expressed by a°+3 4, where a® is constant. Then for the

assumed equation, _ :
15 sin. a E . w

SinT_-a—)'::E x a” + F)-—.‘“.——l‘” x(a+ F‘Sln 1 )

or, h. log. 15 + h. log. sin. 2 — h. log. sin. (b—a) =

=2 — +h. log (a + Fgin 1”)

h. log -~

we may put :
h. log. 15 + h. log. sin. (¢° + 3 a) —h. log. sin. (h—a° — ¥ a) =

h. log, El,, + h. log. (a +Fsin. 17 + 3 a).

Expanding both sides to the first power of § a4,
h. log. 15 h. log.

Al

+ h.log. sin.@®  + cotan. a®$ @ = & sin. 17 S
— 1 — —n0 : . , }
h.log. sin. (b—a°) + cotan. (b—a°) ¥a | + h.log. (a° + Fsin. 1”) + Py T

an equation which is evidently possible; since, by comparing the terms independent of
da and the terms multiplying 8a, two equations are formed for determining the two
quantities £ and F.

The comparison of the terms multiplying & & gives,

cotan. ¢° + cotan. (b—a°) = !

a® + Fsin. 1”
sin. & 1 1
sin.a®sin. (b=a°) ~ sin.1”"a°, + F

or

4 F= sin. @° sin. (b—a°) and F' = sin. @° sin. (b—a°) &~

whence a .
sin. b sin. 17 sin. & sin. 1 “

The comparison of the terms independent of 3 , reverting from the logarithmic equation
to the equation between the numbers, glves,
15 sin.a® _ E (a° + Fsin. 1”
sin. (b—a°) «“ sin. 17 - - E(a “ ok
15¢in.a° 15sin. b sin. 17
@, + F)sin. (b—a°)~ sin.? (§~a°)
The mean value of a may be used for a°® in the computations of E and F, and the
computation of the azimuthal reduction in any instance is effected by the formula :

log. 4, = log. C; + log, cos. ¢ + log. E + log. (a, + F)

whence £ =
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The following table contains the values of these various quantities, as they have been
used in the reduction of some of the observations near the end of 1841, and of subsequent
observations :(—

Tabulated Values of Log. Cos. ¢, for different Values of C, and of the Quantities Log. E ad F
for the Stars Polaris and 3 Urse Minoris.

Log. Cos. ¢ for
Hour -
Angle. |  Polaris. |8 Urss Minoris| Polaris S.P. [8Urse Min.S.P.
e
1 | 098900 | 9-90999 | 9°990090 | 9©-99999
3 999 999 809 999
3 999 990 999 999
4 298 998 998 908
5 906 996 897 997
6 994 994 996 996
7 902 992 994 995
8 990 989 292 993
9 988 986 990 991
10 985 983 988 089
11 981 979 985 987
12 978 975 982 984
13 974 971 979 981
14 970 966 915 978
15 966 961 972 975
16 961 956 968 971
17 956 950 964 968
18 951 544 959 964
19 .94 937 955 960
20 839 930 850 956
21 932 923 945 951
22 9268 9156 939 846
23 919 908 933 841
24 912 900 928 936
25 904 891 922 930
26 896 882 0156 926
27 888 873 209 919
28 880 863 902 913
29 871 863 894 806
30 | 999862 | 999843 | 9°99887 | 9°99900
[Log. E| 609721 | 6°13638 |—6-03899 |—6 00617
F| —186"79 | —944"71 | +181"°67 \ +886":86

Then log. 4, = log. C, + log. E + log. (a, + F) + log. cos. ¢,
where A, = seconds in arc of azimuth,

seconds in time of hour-angle,

a, = seconds of N.P.D. for the day of observation.

The following table contains the whole of the operations for determining the readings
for the astronomical meridian in 1840 and 1841 :—

O
il



Observatiens with the Maguetic Theodolite at the Royal Observatory, Greenwich, for ascertaining the Reading of its Horizontal Circle
corresponding to the Astronomical Meridian, in the years 1840 and 1841.

Reading| Reading of Correction| Resulting W.endf Corres-| Corrected | &
of Mi- [Circle Verniers. Clock Sidereal | R.A. [N.P.D.| to Reading for of |ponding|Reading for 5 i
Day. Object. crometer Mean. Time. Time. of of | Meridian| North Mean. | Level |Correc-| North 2
Wire. A |B|C Object. | Object. lin Azimuth| Meridian. High.| tion.. | Meridian. [ &
1846. v o gyl o r h m o h m s h m o 4 1 n o r °© 1 " 174 c ¢t g

ANov. 7| Polaris. ...... 10010690 7.90'4455/90. 8. 3°0| 0.38.10-0| 0.38. 7+0| 1. 2.51{1.32. 5/—16.29-089.51.34 0 ™
! 90, 5.7225(25/90. 5.40°7| 0.41.43 -5} 0. 41,405 —14. 6°3[89.51.34 4 G’
90. 1.703030/90. 1.43°3| 0.47.54 0| 0.47.51 0 - 9.59°9(89.51.43 4 G

89, 59. 55:20|15/89, 59. 30 *0} 0. 50.59 0] 0. 50, 56 *0 ~ 7.57°1/89,51.329/89.51.37 7|~ 29— 40 |89.51.33+6] ¢

89. 57. 98,52/45(89. 58. 50| 0.53.20 0! 0. 53,170 — 6.23-1/89.51.41°9 G

89, 55. 90/5045/89. 56. 17| 0. 56. 38 0} 0. 56. 35 *0 — 4.110{89.51.50 *7 G

89.53.46| 5| 3/189.53.1840] 1. 0. 70| 1. 0. 4°0 — 1.51°5/89.51.265 G

Nov. 21| Polaris .......]100 ' 106|89. 56.92140.63189. 57. 5-0} 0.54.17 | 0.55. 0 | 1. 2.46|1.32. 1|— 5.10 8 89.51.54 *2 G

. 89.55.35| 0 5/89.55.13°3| 0.57.29 | 0.58.12 — 3. 2-8/89.52.10+5 G
29.23.75383389.53.47‘7 0.58.33 |0.59.19 — 2.18°3/89.51.29 4 G

9.53. 45| 0|10/89. 53.18°3| 0.59.51 | 1. 0.37 - 1.27+0/89.51.513 . R . ul 6

89.52.601225/89.52.32:3 1. 1. 4 (1. 1.50 — 0.37-889.51.54 6|3 51.50°3/— 13— 19 89.51.484| &

89.51.6023 30189.51.37°7{ 1. 2.28 | 1. 3.14 + 0.18+7(89.51.56 4 e

89. 50.40:1010/89.50.20+0| 1. 3.57 | 1. 4.43 + 1.18°1(89.51.38°1 Jn

89, 48. 9ﬂ675889.49.12‘3 1. 5.54 |1. 6.40 + 2.36°0(89.51.484 JH

Dec. 3| Polaris....... 100 *106{89. 58. 75 35150(89. 58.53 3| 0.51.45 | 0.52. 7 1. 2.40(1.31.58— 7, 6°6[89.51.467 G
89.57.42|01089.57.17‘3 0.53.55 | 0.54.17 — 5.39+0{8Y.51.38-3 . G
89.55.81374089. 55.52°71 0.55.55 | 0.56.17 — 4.18°1{89.51.346/89.51.42 2[+ 33|+ 46 [89.51.468| .
89.54.9852,50(89.55. 67| 0.57.18 | 0.57.40 — 3.22°189.51.44 6 T G
89. 53. 90,40/40/89.53.56 *7] 0.59. 5 | 0.59.27 — 2.10°0/89.51.467 [}

Dec. 22| Polaris .. .....[100°194{89. 57. 652530(89.57.40°0| 0.53. 5 | 0.53.33 | 1. 2.27|1.31.54|— 5.557|89.51.44 3 G

. 89. 56. 6510,17/89. 56.307| 0.54.44 | 0.55.12 — 4,49°8(89.51.40°9 : G-
89. 55. 40/12/20/89. 55. 24 0| 0.56.30 | 0. 56. 58 — 3.39°2/89.51.44 '989,51.46 6|+ 11 5|+ 160 [89.52. 2°6] ¢
89. 54.7585/50/89. 54, 53°3| 0.57.34 | 0.58. 2 — 2.56+5/89,51.56°8 G
89.52.100/58/68i89. 53.15 3| 0.59.45 | 1. 0.13 — 1.29°3/89.51.46°1 6.

Dec. 23| Polaris ... .....|100 *194}90. 11.94150/57190.12. 7-0( 0.31.49 | 0.32.21 | 1. 2.27|1.31.54|—19.59-4|89.52. 76 ) JH
90. 9.70145|56/90. 9.57°0| 0.34.24 | 0.34.56 —18.17 *3(89.51.397 JR
90. 8.50{ 6/11[90. 8.22°3| 0.37.36 | 0.38. 8 —16.10°5/89.52.11 *8 : EL: )
90. 6.60(25/17/90. 6.34°0] 0.39.47 | 0.40.19 —14.43°7(89. 51.50 *4 JH
90. 4.70135'36/90. 4.470| 0.42.29 | 0.43. 1 —12.56°4(89. 51.50 -7 IH
90. 2.91/54164]90. 3. 97| 0.44.47 | 0.45.19 —11.24 °4/89, 51. 45 *2(89. 51. 55 2|+ 8°8|+12°4°{89.52. 7*6\sn
90. 1.51119/15[90. 1.28°3} 0.47.21 | 0.47.53 — 9.42°0{89.51.46°3 : JH
89, 54.70/40,35!89. 54. 48 3| 0.57.31 | 0.58. 3 — 2.55'9{89.51.52°4] . 12:]
89.52. 9550 48/89.53, 43| 1. 0.26 | 1. 0.58 - 0°59°3/89.52. 5°0 IR
89. 50. 75/46'45(89. 50. 55 *3{ 1. 3.20 1. 3.52 + 0.56°4/89.51.51 9 ) JH
89. 49. 66 4'45 89.49.45-0| 1. 5.27 | 1. 5.59 + 2.21°3189.52. 6°2 | |IH]

-1841. | -

Jan. 20| Polaris .. .....[100 ‘19490, 0.10055'56 90. 1,10°3| 0.49.12 1 0.48.38 | 1. 2. 5[1.31.52]— 8.572|89.52.13"1 ' ’ $):4
89. 59. 60]20! 35 89.59.38°3( 0.51-39 | 0.51. 5 — 7.19°4/89.52.18°8 |9
89.57.9050/54(89, 58. 4°7| 0.53.44 | 0.53.10 — 5.56°2/89,52. 8°4/89.52. 8°6|+123|+17°3 [89.52.259[sH
89. 56. 60, 22,30 89. 56.37°3( 0.55.52 | 0.55.18 — 4.31°0{89.52. 6°3 - e
89, 55. 40| 511089.55.18°3| 0.57.36 | 0.57. 2 — 3.21°8/89.51.56°5 : JH

Nov. 21.  The times of observation are all doubtful to 2° or 3¢ or more : the star appeared to cling to the wire,

HXXX
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Observations with the Magnetic Theodolite at the Royal Observatory, Greenwich, for ascertaining the Reading of its Horizontal Circle
corresponding to the Astronomical Meridian—continued.

()

Reading| Reading of [Correction] Resulting W. endj Corres-} Corrected | §
Day of Mi- Circle Verniers. Clock | Sidereal | R.A. [N.P.D.[ to [|Reading for of [ponding| Reading |
1841, Object.  [crometer, Mean. Time. Time. of of | Meridian| North Mean. | Level | Correc-| for North | &
. Wire. A B|C : Object. | Object. inAzimuth Meridim‘z. High.| tion. | Meridian. {2
v o 1t nyriul o 4+ w A wm 3 h = s | M m o 1 70 oln‘olu " » ot u
Jan. 21! Polaris S.P...[100 194[89. 40. 45| 8[10/g9. 40.210] 12.43.13 | 12.42.43 | 1. 2. «1.31.52+12. 2-3l89.52.233 D
89.42. 50/10[15/89. 42. 25 0! 12.46.32 | 12.46. 2 + 9.56°5/89.52. 21 *5 D
B9.43.95/45/50/89. 44. 0°0' 12.49.25 | 12.48.55 + 8.11-2[89.52. 1 b
9. 45. 7540/45'89. 45.53 3 12.52.39 | 12.52. 9 + 6.10°3[89.52. 38 ) ) ) .
9.47.72|30[35189. 47. 45 7| 12.55.33 | 12.55. 3 + 4.24-2089.52. 9-9f89-5213°A+127|+15°5 169.52.29°1)
89. 49. 60|15(25/89. 49. 333 12.58.15 | 12.57. 45 + 2.41-389.52.14°6 D
89.50. 88(45/50/89. 51. 10, 13. 0.42 | 13. 0.12 + 1. 9-8[89.52.10 8 o
89. 52. 65/23125/89. 52.37 71 13. 3.18 | 13. 2.48 — 0.27-4/89.52.10" n
Jan. 23| Polaria ........ 100 -19489. 59.75/60[40/89.59.58-3  0.51. 8 | 0.50.39 | 1. 2. 31.31.52r- 7.37-4 o
9.58. 50125/ U189.58.250] 0.53.40 | 0.53.11 - 5. °
89.57. 4512{ 089.57 19-0] 0.55.25 | 0.54.56 >y o
.55.100170[55/89.56. 150 0.56.57 | 0.56.28 -3 o
89. 54. 80/60(48(89.55. 2-7| 0.58.43 | 0.58.14 - 2. + 13+ 15 [89.52.318] o
9. 53.75/4030189. 53.48-3| 1. 0.37 | 1. 0. 8 -1 o
89. 52. 60|30(12189.52.3¢-0| 1. 2.27 | 1. 1.58 — 0. 3-3)89.52. o
9.50.72[55/40[89.50.55-7| 1. 4.45 | 1. 4.16 + 1. 152.24- o
9. 48.72(50135/89. 48.52-3 1. 8.10 | 1. 7.41 + 3 37" o
Mar, 8| PolarisS. P. .., 100 -194/89. 41 85|43[52/89. 42. 00/ 12.46.15 | 12.45.27 | I 1.36|1.32. 0|+10. 3-0|89.52. 39 )
39, 43. 83(40(48(89. 43. 57 -0| 12.49.22 | 12, 48.34 + 8. 7°4[89.52. 4-4 D
9. 45. 63(16/23/89. 45.34 7| 12.51.58 | 12.51. 10 + 6.30-2[89.52. 4- D
9. 47. 45| 3|10(89. 47. 19 3| 12. 54.40 | 12.33.52 + 4.49°2(89.52. 8°6 D
89. 48. 60]14(23/89. 48.32 3| 12.56.43 | 12.55. 55 + 3.32°6/89.52. 4-9089.52. 60|+15-9]+19-9 [89.52.26-0| p
89. 49. 85145(55(89.50. 1-7| 12.59. 5 | 12.58.17 + 2. 4-1{89.52. 57 D
89.51.53/10(15/89.51. 26 0| 13. 1.20 | 13. 0.32 + 0.39-9(89.52. 59 o
89. 52. 8013|4089, 52. 50 -0| 13. 3.30 | 13. 2.42 = 0.41-2[89.52. 89 o
9.54.55(12/26/89. 54.31 7| 13. 6.16 | 13. 5.28 — 2.24+6/89.52. 70 D
Mar. 9| Polaris S. P...|100194(39. 47. 75(43|45(89. 47. 55 0| 12.55. 5 | 12.54.17 | 1. 1.36|1.32. 0|+ 4.337[39.52.287 G
9.49.48) 5 0189.49.)7 7| 12.57. 11 12.56.23 + 3.15-189.52.32 ¢
.50. 65[20125/89. 50. 367| 12.59.27 | 12.58 3 + 1.50°3)89.52.27" .. ) ) )
89. 51. 8045[50/89. 51. 58 3| 13. 1.38 | 13. 0.50 T 0,28 7089, 52,27 0[29-52.27'8] 0°0 0°0[89.52.27°8| ;
9.53.5420125/89.53.33 0] 13. 4.13 | 13. 3.25 — 1. 8-0/89.52.25 o
89.54.90/45[50(89.55. 17| 13. 6.33 | 13. 5.45 — 2.35-2(89. 52. 26 G
Mar. 15 Polaris S.P... 1100 -194[89. 54. 50 5(10(89.54.21 7] 13. 5.25 | 13. 4.33 | 1. 1.34/1.32. 2|— I.51 6[9.52.30 1 D
89. 55. 70/25(3089. 55. 41 7| 13. 7.30 | 13. 6.38 — 3. 9-689.52.32] D
89.57.35| of 5/89.57.133{ 13. 9.56 | 13. 9. 4 — 4.40-6/89. 52,32 7|89, 52. 31 2|~ 26|~ 3-2 [89.52.27 9| p
89. 58. 70[30135/89. 58. 45 0| 13. 12. 25 | 13.11.33 — 6.13°5[89.52. 31 5 D
89. 59. 75[10/45(89. 59.53 3| 13.14. 18 | 13.13.26 — 7.23°9/89.52.294 D
Mar. 26 Polaris S. P._.|100 ‘194[9. 41. 60|15}23(g9. 41,32 7| 12, 43. 3 [T2asl 1. 1.32|1.32. 6+10.432/89.52. 15 G
89. 43. 70[30[35(89. 43. 45 ‘0| 12. 48.52 | 12. 47. 39 + 8.39°7189.52.247 . G
89.44.67.52 5(89. 44. 45 0] 12.50.39 | 12.49.26 + 7.32-9[89.52.17-9[89.52.19 3|+ 1-3[+ 17 [89.52.21°0{ G
189.45.&P0 789: 45430 13,52, 4 | 12, 50,51 + 6.39-9)89.52.23- e
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Observations with the Magnetic Theodolite at the Royal Observatory, Greenwich, for ascertaining the Reading of its Horizontal Circle
corresponding to the Astronomical Meridian——continued,

Reading] Reading of ‘ . Correction| Resulting W, end Corres-| Corrected | &
Day of Mi- [Circle Verniers Clock Sidereal R.A. [N.P.D. to Reading for of [ponding| Reading | E
1841, Object, cromete Mean. Time. Time. of of | Meridian | North Mean. |Level| Cor- | for North | &
' Wire, A [B|C Object. | Object. linAzimuth| Meridian. High. | rection.| Meridian. 3
r o ! njnin ° 4 N h m s h m s h m s|© o [ 4 ] i n o 4 N ”n " o
Mar.26] Polaris S.P...[100-19489. 46.85/45(50(89.47. 0-0| 12.54.22 | 12.53. 9 | 1. 1.391.32. 6+ 5.13-0/89.52.13-9
A 89. 48, 55(10(15(89. 48. 26 7| 12.56.32 | 12.55. 19 + 3.52-9/89.52.19°5 G
Aprill5| Polaris S. P...|100 -194]89. 55. 62|17(30[89. 55,36 3| 13. 9. 3 | 13. 6.50 | 1. I1.33|L.32.11|— 3.17 '8/39.52. 165 T
89, 57.75(25[3589. 57. 45 -0 13.12. 24 | 13.10. 11 — 5.235/89.52.21 5 I
90. 0.60(14[17/90. 0.303| 13.16.36 | 13.14.23 — 8. 0°8/89,52.29°589.52°25 4|+ 1-0|+ 1°3 |89.52.267{sn
90. 3. 5| 0| 3/90. 3. 2-7| 13.20.13 | 13.18. 0 —10. 16 -3|(89.52.46°4) i
90. 3.85/53[59/90. 4. 5-7) 13.22.17 | 13.20. 4 —11.336/89. 52. 321 s
April19| Polaris S, P...|100 19490, 3.95(53/50[90. 4. 6-0| 13.22.46 | 13.20.16 | 1. 1.34|L.32.13|—11.40789.52.25 3 . - >
P 90. 5.48| 3| 0/90. 5.17-0| 13.24.55 | 13.22.25 —13. 1-1/89.52.160,39-52.20°6;+ 6°7+ 8°4 189.52.29-0
April30| Polaris S. P...|100°194[89. 47. 45| 2| 9|89.47.187| 12.54. 3 | 12.53.45 | 1. 1.38|1.32.16|+ 4.556[59.52. 143 P
89. 48, 73(29|20[89. 48. 40 7| 12.56.13 | 12.55.55 + 3.34-489.52.15°1 s
89.49.110157|63(89. 50. 16 -7| 12.58.50 | 12. 58.32 + 1.56-3(89.52.13-089.52,12°5 + 50+ 63 |89.52.18°8| 1
89.51.82(40(42(89.51. 54 7| 13. 1.38 | 13. 1.20 + 0.11-3(89.52. 59 '8
89. 53. 60(19|24/89.53.34 3| 13, 4. 4 | 13. 3.46 — 1.20-0[89.52. 143 o
May 1| Polaris S.P... (100 194)89. 56. 53|12|17|89. 56.27 -3| 13. 9. 5 | 13. 7.27 | 1. 1.38|1.32.16|— 4.25°1(89.52. 23 >
89.57.77|30(37(89. 57. 48 0] 13.11.12 | 13.10.49 — 5.44°489.52. 376 b
89. 58. 77(34]22]89. 58. 51 0| 13.12.53 | 13.12.30 — 6.47°5[29.52. 35 ) i ) s
90. 0.44] 3| 890, 0.18-3| 13.15. 1 | 13.14.38 — 8. 7-5/89.52,10-8|2% 52. 4°8/+ 5°5/+ 68 189.52.11°6
90. 0.102[55(62/90. 1.13-0| 13.16.35 | 13.16.12 — 9. 6239.52. 68 e
90. 1.9047]5390. 2. 3-3[ 13.18. 3 | 13.17.40 —10. 1-2/89.52. 21 b
May 12| Polaris S.P... 100 -194[9. 50.52,142089. 50. 28 7| 13. 0.13 | 12.59.19 | 1. 1.44|1.32.18|+ 1.30789.51.59 4 >
89.52.42| 0| 7|89.52.16+3| 13. 2.50 | 13. 1.56 — 0. 7°5/89.52. 88 ot
89.52. 90[53160/89.53. 77| 13. 4.14 | 13. 3.20 — 1. 0°1[89.52. 7+6 . ) ) o
89. 54. 52[10(17/89. 54. 26°3| 13. 6.14 | 13. 5.20 — 2.15°1[89.52.11289-52. 6°1j+ 6°3/+ 7°9 [89.52.14°1)
9.55.45| 7{12(89.55. 21 3| 13. 7.47 | 13. 6.53 — 3.13-3[89.52. 80 b
89.56. 47| 0| 8[89.56.18+3 13, 9.28 | 13. 8.34 — 4.16°5[89.52. 18 b
May 20| Polaris S. P...|100 194]89. 45. 9030|48[29. 45,56 -0| 12.52.54 | 12.51.45 | 1. 1.49|1.32.20/ + 6.17 -2[89.52.13 2 S
89. 47. 55| 0(12(89.47. 22 3| 12.54.59 | 12.53.50 + 4.590[89.52. 21 -4 o
89.47.105/58(70(69. 48,17 -7 12.56.32 | 12.55.23 + 4. 09[89.52.18°5 . A e
89. 49. 40| 0[17[89.49.19 0] 12.58.24 | 12.57.15 + 2.50°8(89.52. 9-8/0%-52.122+ 36|+ 4°5 89.52.167) -
89. 49. 98[50/60/89. 50. 9-3| 12.59.45 | 12.58.36 + 2. 0°1[89.52. 95 s
89. 50. 90/50(60(89.51. 67| 13. 1.30 | 13. 0.21 + 0.54-5[89.52. 1°1 o
June 3| Polaris S.P...|100 -194(89. 48. 72(25(32/89. 48. 43 0| 12.58. 5 | 12.56.17 | 1. 1.591.32.22/+ 3.34089.52.17 0 >
89. 49. 72128(33(89. 49. 44 3| 12.59.50 | 12.58. 2 + 2.28°3/89.52.12°6 b
9. 50. 68120(25(89. 50. 37 7| 13 1.15 | 12.59.27 + 1.35°1/89.52.12°8 b
89. 51.72(32(37(89.51.47 0| 13. 3. 7 { 13. 1.19 + 0.250(89.52.120(89.52. 15 *0(+ 8°6|+10°9 |89.52. 259 p
89.52. 78138]42/29. 52.52 7| 13. 4.41 | 13. 2.53 — 0.338[89.52.18°9 >
89. 53. 78[38(44[89. 53.53 3| 13. 6.16 | 13. 4.28 — 1.332/89.52.20°1 b
89.54.72[33/38]89. 54.47 7| 13. 7.56 | 13. 6. 8 | — 2.35°8/89.52. 119 b
June T6{ 3 Ursos Minoris, 100 104189, 52. 7235 40/89. 52 490 18,2412 | 18.23.27 18.23.453.24.37| = 0.27 9)#0.52.21 1 D

April 15. The star was very tremulous, and the times of observation are consequently doubtful to 2° or 3». There is something wrong about the fourth observation ; it is
omitted in the mean. May 20. The readings of Verniers B and C in the first observation were recorded one minute too great.
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Observations with the Magnetic Theodolite at the Royal Observatory, Greenwich, for ascertaining the Reading of its Horizontal Circle
corresponding to the Astronomical Meridian—continxed.

|Reading Reading of Correction| Resulting W. end| Corres-| Corrected | &
Da of Mi- (Circle Verniers. Clock Sidereal | R.A. [N.P.DJ to Reading for} of |ponding| Reading | E
1“{’ Objeet. cr Mean. Time. Time. of of | Meridian| North Meao. | Level| Cor- | for North | ¥
. Wire.| A |BlC ‘ Object. | Object. finAzimuth| Meridian. Righ. | rection.| Meridian. | &
* o ¢ wlulujo ¢+ n [ B m s |y m o0 / » ] o 4 n o 4 n ] “ °© 4 u

June 16| & Ursee Minoris.[100 *194 89.42.77 ;3;269.49.56-3 18.26. 2 | 18.25.17 [18.23.45{3.24.37} + 2.23089.52.19°3 D
89. 46. 82 89.47. 2-3| 18.27.53 | 18.27. 8 + 5.15°5/89.52.17 - ) . oo
89, 43. 60]12/16]89. 4329 3| 18.30. 4 | 18.29.19 T 8.38-9089,52, 8-gtd-521577|+ 57|+ 85 89.52.24°7 5
89. 40. 602012589, 40.35 0| 18.31.55 | 18.31.10 +11.31°1/89.52. 6°1 D
89.37. 6025/30/89. 37. 38 3| 18.33.59 | 18.33.14 +14.43-2/89.52.21 5 D
July 13 SUMMinoris.100‘19489.50.9355'6089.5! 93| 18.26.15 | 18.24.36 |18.23.433. 24. 28 + 1.22 3. 52.31 '6 ™
sg 47.78 g4389 47.52+7| 18.28.15 | 18.26.36 + 4.28°6/89.52.21 b
89, 45. 60(18/22/89. 45. 33 3| 18.29.52 | 18.28.13 + 6.58°689.52.319 ; . . .l D
89. 42. 9355'6 89.43.10-0] 18.31.23 | 18.29. 44 + 9.20-1]89. 52, 30-1[%-52- 272+ 5°6+ 8°4 89.52.35°3)
89. 40. 3 89.40.15°0] 18.33,12 | 18.31.33 +12. 86/89.52.23 D
89.37. 37, o 89.37.14-3| 18.35. 9 | 18.33.30 +15.10°1/89.52.24 -4 D
Aug. 9| Polaris.......|100 ‘19490, 5.55(1230/90. 5.323| 0.43.43 | 0.41.48 | 1. 2.521.32.17 ~14. 4°9/89.51.27 4 in
90. 3.77[35045/90. 3.52-3| 0.46.18 | 0.44.23 ~12.215/89.51.30 '8 8
90. 2.54[10/22[90. 2.28-7| 0.48.33 | 0.46.38 —10.51 :389.51.37 489.51.32-3% 27|+ 3-8 [89.51.366/sm
90. 0.75[30[40/90. 0.48-3| 0.50.51 | 0.48.56 — 9.19°1/89.51.29 2 M
89.59. 60[35/45/89.59.46 7| 0.52.38 | 0.50.43 — 8. 7°6/89.51.39°1 in
Aug. 11] 8 Ursm Minoris,| 100 -194|90. 34. 55(2025/90. 34. 33 3| 17.57.48 | 17.55.53 |18.23.36;3.24.20,—42.44 9189.51. 484 D
90. 31. 4512[15[90. 31. 24 -0} 17.59.50 | 17.57.55 —39.39°5/89.51.44 -5/89.51.49 4|+ 0-8/+ 1°3 [89.51.507[ p
90. 28. 55/15(23{90. 28. 31 -0} 18. 1.50 ' 17.59.55 ~36.356,89.51.55 4 D
Aug. 12| Polaris.......|100 -194(39. 58. 85/50.70/89. 59. 83| 0.53.56 | 0.52. 1| 1. 2.54/1.32.16— 7.167}89.51.51 7 T
89.57. 45/15/23!89.57.27 7 0.56.20 | 0.54.25 — 5.40°5/89.5).47 289.51.50 0+ 2-9{+ 3°9 (89.51.53-9lsn
89.55. 75/45/60/89. 56. 0.0/ 0.58.37 | 0.56.42 — 4. 8-889.51.51 2| ’H
Aug. 14 8 Ursz Minoris.|100 *194/89. 58. 85!4550{89. 59. 0°0| 18.20.52 18. 18.55 |18.23.353.24. 19/~ 7.14" 189.51 45 9| P
80.55.10055,63/89. 56. 12 7| 18.22. 47 | 18.20.50 ~ 4.16°1]89.51.56°6! )
89. 53. 65/25(35(89. 52. 41 -7 18.24.52 18.22.55 -1 2 osss 51.39-7(89.51.44 9|+ 48+ 7-2 [89.51.52°1| p
89. 50. 40| 0/ 5/89. 50. 150 18.26.26 ' 18.24.29 + 1.23°6/89.51.38°6 P
89. 46. 65 20(35/89. 46.40 -0 18.28.48 18.26.51 + 5. 3-789.51.43°7 P
Sep. 5| Polaris .. ... .. (100 19489, 57.7545(3589.57.51 7| 0.56.16 0.54.29 | 1. 3. 81.32. 8 — 5.46 5'89 52. 5°1 3
89.54. 90 60[45/89.55. 5°0] 1. 0.24 = 0.58.37 |’ - 3. 1‘0189.52 40 P
89.51.10065/55(89.52.13°3) 1. 3.20 - 1. 1.33 —~ 1. 3-489.52. 9-9(89.52. 6.3|— 1-2|— 1-6 [89.52. 47| ¢
89. 50. 5520(25/89.50.333) 1. 7.12 1. 5.25 + 1.315[89.52. 48 P
89. 40.80'55/45/89.49. 00| 1. 9.36 * 1. 7.49 + 3. 7-7/89.52. 7°8 P
Sep. 6 Polaris....... 100 194/90. 3.40,10| 5/90. 3.183| 0.47.11 . 0.45.23 | 1. 3. 81.32. 8 —11.510/89.51.27 4 ’n
gg 1.80565390. 2. 3-0| 0.49. 11 0.47. 13 —10.37°5{89.51.25°5 i

. 0.7550[45(90. 0.56-7| 0.50.48 & 0.49. — 9.26-2/89.51.30 5 ) . .3 lg9.51.3370
89. 59.7048/44/89.59.54 0 0.52.32 | 0.50.44 Z 8.16-889.51, 37 2|0 L. 282+ 34+ 4°8 89 su
89. 58. 52;13| 9|89.58.24 7| 0.54.35 | 0.52.37 — 7. 1-4/89.51.23°3 J8
89.57. 40| 3| 089.57.14'3] 0.56.13 | 0.54.25 ~ 5.49°3/89.51.25°1 i
Sep. 13| Polaris ....... |100 "194/89.53.105/55/52(89. 54. 10 7| 1. 0.57 | 0.59.27 | 1. 3.111.32. 6 2.29°6:89.51.41 1 i
89.52.90[5045/49.53. 1°7( 1. 2.47°| 1. 1.17 — 1.16°189.51.45 6 IH
89.51. 60[15/1389.51.29°3 1. 5. 2| L. 3.32 + o.14-o"89 51 43-4/89.51.42-2 o0-0 0-0 i89.5l.42‘2m

Sept. 5. The minute of Vernier A in the second observation was recorded one minute t0o small.
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Observations with the Magnetic Theodolite at the Royal Observatory, Greenwich, for ascertaining the Reading of its Horizontal Circle ;
corresponding to the Astronomical Meridian—continued. o]
Reading| Reading of r Correction| Resulting W. end| Corres-| Corrected | & ’z"

D of Mi- [Circle Verniers| Clock Sidereal R.A. |N.P.D. to Reading for, of [ponding| Reading | & =
ﬂ};’ Object. crometer| | Mean. Time. Tiwe. of of | Meridian| North Mean. |Level| Cor- | for North _§ =
1841, Wire. | A |B|C Object. | Object. [inAzimuth| Meridian. High. | rection.| Meridian. || &
r o t ulnvlnl o g /] h m [y b m s h m s © 1N ! n o ol o {f n " " ©c 4 0 g

Sept.13| Polaris ... ....|100°194/89. 49.9350148189.50. 37| 1. 7. 3| 1. 5.33 | 1. 3.11| 1.32.6/+ 1.34-8l29.51.38°5 JH Q
89. 48.60/20/18(89.48.327| 1. 9.25 | 1. 7.55 + 3. 9-6/89.51.42°3 iH o

Oct. 12| Polaris.......|100-194/89.53.100/5055/89.54. 8-3 1. 0.15 | 0.59.47 | 1. 3.17|1.31.55— 2.19-9/89.51 48 4 G o
89.51.80(25/3589.51.46°7| 1. 3.40 | 1. 3.12 — 0. 3°3/89.51.43°3 G 2

89. 50. 75125/25/89.50. 41 7| 1. 5.35 | 1. 5. 7 + 1.13°3(89.51.55 0 . ) ) ul e o

89.47.6520(1589.47.333 1.10. 7 | 1. 9.39 + 4.14-5[89.51.47 +9[39-51.49°5/+ 6:3|+ 89 [89.51.58+4 O} &

89. 46.45| 0/10/89,46.18-3] 1.12. 3| 1.11.35 + 5.31889.51.50 °1 I Q

89.43.85/30/40/89.43.51°7] 1.15.47 1.15.19 + 8. 0°+9/89.51.52"6 G =

Oct. 15| Polaris ..... .. .|100 -194/89. 49.45| 0/10189.49.18 3 1. 7.20 | L. 6.55 | 1. 3.17|1.31, 54|+ 2.25-389.51.43°6 G =
89.46.80(25\35(89. 46.46 7] 1.11.15 | 1.10.50 + 5. 1.8/89.51, 485 G t

89. 45. 90/45/50(89.46. 17| 1.12.15 | 1.11.50 + 5.41°7/89.51.43°4/89,51.44°3( + 3-8+ 54 [89.51.497| ¢ 2

89.44,83/45/60/89.45. 2-7] 1.13.35 | 1.13.10 + 6.35°0/89.51.376 G <€

89, 43. 25{4055/89.44. 0°0( 1.15.25 | 1.15. 0 + 7.482/89.51.48 2 G A

Nov. 5| Polaris .. ..... (100 '19489. 46.52| 7(14|29.46.24 3| 1.10.52 | 1.11.13 | 1. 3.15|1.31.46|+ 5.17-989.51.42 3 D o
89.44.90/55/60{89.45. 8-3| 1.13. 0| 1.13.21 + 6.4340/89.51.51 4 D )

89.43.92(47|57(89.44. 5°3] 1.14.37 1. 14.58 + 7°47+5/89.51.52 ‘8 D g

89.42,75(40{47(89.42.540[ 1.16.17 1.16.38 + 8.54°0[89.51.48089.51. 470+ 55|+ 77 189.51.54°7| p S

89.41.75/42/50/89. 41,55 7| 1.17.40 | 1.18. 1 + 9.49-1/89.51.44 8 D o

89. 40. 73{354289. 40.50°0{ 1.19.16 { 1.19.37 +10.528/89. 51, 42 8 D ]

89.39. 70(30135/89.39.45°0[ 1.21. 0 1.21.21 +12. 2+0/89.51.47 0 D :

Nov. 6| Polaris...... - 1100194 89.37.?5 5855(89.38. 93| 1.23. 3 | 1.23.24 | 1. 3.15|1.31.46|+13.23-7(89.51.33°1 I8 5

89. 36.7847145/89. 36,56 -7| 1.24.41 | 1.25. 2 +14.28°6/89. 51. 25 -2 . . . I

89.35. 90{50(50(89. 36. 33| 1.26. 6 | 1.26.27 +15.24 7]89.51. 28 -009- 51.29°7|— 27— 37 [89.51. 260/ .1 >

89.35.36] 0| 0[89.35.12°0] 1.27.31 1.27.51 +16.20-4/89.51. 324 JH e
Nov.24| Polaris ....... 100 °194/89. 46.75145/48189.46.56 0] 1. 9. 6 1.10. 6 1. 3. 8{1.31.40{+ 4.37°8/89.51.338 D b?

89. 45. 80145(40|89. 45. 55 ‘0] 1.10.56 1.11.56 + 5.50°889.51.45 8| . . . al G

89. 43. 6025/30(69. 43.38 3| 1.14.32 | 1.15.32 + 8.14-2[89.51.52-5/39-51.45°2+ 5°11+ 7°1 189.51.52°3] | @

89.42. 30| 0] 5/89.42.11°7] 1.16.37 1.17.37 . + 9.37°1/89.51. 488 G w

Dec. 3|3 Urse Min. S.P {100 *194|89. 58.70(35:30(89. 58. 45 ‘0| 6.26.32 | 6.28. 7 [18.22.533.24.93|— 6.58 8|80, 51,46 2 G <
90. 2.60{1510/90. 2.28'3] 6.29.15 | 6.30.50 —10.36-289.51.52 1 G :

90. 4.80/3030{90. 4.46°7} 6.31. 8 6.32.43 —13. 6+9/89.51.39°7(89.51.498|+ 63|+ 7-4 [89.51.572| ¢ ot

90. 7.90[50/50/90. 8. 33| 6.33.20 | 6.34.55 —16. 3-0[89.52. 0°3 G )

90. 9.75(3530(90. 9.46'7| 6.34.45 | 6.36.20 —17.55°8'89.51.50 -9 e a

Dec. 68 Ursee Min.S.P.[100°194{90. 7.57(33'28/90. 7.39°3| 6.32.46 6.34.34 [18.22.52]3. 24, 24|—15.36 189.52. 3 3 JH -
90. 9.93 57‘54 90.10. 80| 6.34.41 6.36.29 —18. 9 289 51.58 8 JH ]

90.12. 55123 23 90.12.337] 6.36.32 6. 38. 20 ~20.37" 189 51.566/89,51.57 °3|+ 1°7|+ 20 [89.51.593|sn ’Oﬁ

90. 14. 92/58.56/90. 15. 8-7| 6.38.30 6.40.18 —23.14°289.51,.54 5 JH e
90.17.4012! 990.17.203] 6.40.10 | 6.41.58 —25. 27 2 89. 51. 53 °1 JH o

Dec. 13| Polaris .. .. ...|100-194[89.55.90/50:55/89. 56. 50| 0 57.16 | 0.56.32 | 1. 2.57|1.31.35— 4.15 689 51.49 4 D «
89.54.75 37‘40 89.54.50°7] 0.59. 3 0.58.19 -~ 3. 4 689 51.46°1 D o0

89, 53. 60 23|3089 53.37°7 L. 1. 1| L. 0.17 - l.46'2i89.5l .514/89.51.49°9+ 9-3]+130 |89.52. 29| D 'S

Nov. 6. The star was exceedingly tremulous: there was a heavy vapour in the air. The observations are very indifferent.



Observations with the Magnetic Theodolite at the Royal Observatory, Greeuwich, for ascertaining the Reading of its Horizontal Circle
corresponding to the Astronomical Meridian—concinded.

Reading| Reading of Correction | Resulting W. end|Corres-| Corrected E
Day of Mi- [Circle Verniers, Clock Sidereal | R.A. [N.P.D, to {Reading for| of |ponding| Reading

1841, Object.  |crumet Mean. Time. Time. -of of | Meridian | North Mean, | Level| Cor- | for North é
Wire. A B‘C . Object. | Object. |in Azimuth. Meridian. High. | rection.| Meridian,
‘, o:un':lo:u‘n-_. D mosfhom o s 4 /";ol. °o / » » P o 4 ut

Dec. 13| Polaris ....... 100 194 89. 52. 57|18 23(89. 52. 32 7| 1. 2.35 1. .51 (1. 2.57(1.31.35/— 0.43-8 89.51.48°9 D

89.51.47/10 15(89.51.24 ‘0. 1. 419} 1. 3.35 + 0.25-2 89.51.492 D

8Y. 49. 90 57 7089. 50. 12 3 1. 6.15 1. 5.31 + 1.42°2589.51.54°6 D

Dec. 30} Polaris S.P.. ..|100 *194|89.56.110,50 55|8Y.57. 117, 13.11.30 | 13.11.53 {1. 2.44{1.31.32 — 5.40° 689.51.31°0 ]

89. 58. 9550 50{89. 59. 5 Ol 13.14.19 | 13.14. 42 — 7.25° 489.51.39°6 G

89. 59, 80 35 30(89. 59.48°3' 13.15.44 | 13.16. 7 — 8.18° 180.51.302 []

90. 0.803035/90. 0.48°3, 13.17.19 | 13.17.42 - 9.17° 089.51.313 . . . 6

90. 1.904545%. 2. 00 13.19.13 | 13.19.36 ~10.27+ 689.51.32-439-51-34°9 + 6°01+ 7°5 83.51.42°4) ¢

90. 2.90|50 55 3. 5'0! 13.20.50  13.21.13 —11.27- 689.51.37 "4 o

90, 3.855060/90. 4. 5°0 13.22.12 | 13.22.35 —12.18- 489.51.46°7 [}

90. 4. 72'30 2090, 4.40'7' 13.23. 36 | 13.23.59 —13.10° 389.51.30°4 []

A monthly mean reading of the theodolite for the astronomical meridian was obtained, by combining all the results
in the month, according to the number of observations by which they are deduced ; and thus the following are formed,
except in the month of November, two of whose results (those on the 6th and on the 8th) differ from the preceding and
succeeding results, and also differ from a result obtained on the 15th, by means of the fixed mark which gave 89°.51°.53".
The observations on these days appear good ; but perhaps the foot screws of the theodolite may have taken a temporary

different bearing in their grooves. The mean of the month was obtained by combining the results of November 5 and
of November 24.

Adopted Mean Readings for Astronomical South Meridian.

o i . o ’ ”

1840. November.. .. .. e, eev. 269.51.42 1841. Jume. ... .0vivieinnennirnanenns 269. 62. 24
December. .......... veesieens. 269.52. 2 July........... Cretencaeaaann . 269,52 .36
1841. January...............eeuen... 269.52.30 . August ........cooeviivunen... 269.51.48
February....... Ceeieeeeenaes .. 269.52.27 September................... .. 269.51.46
March................. ceve..s  269.52.25 October.......ccoevvieaeeennn. 269. 51. 56
April.o..oiiiiiiiiia.., ee..  269.52.24 . November........ e ieeneanean 269. 51. 556
May. .ooiviii it .. 269, 52.14 December....... feereesnseeas. 269.51.55

‘ILITOAOIH], IHL 40 FATIUI)) TVINOZI¥O}] THIL 40 SONIAVIY
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The following is a description of the method of making and reducing the observations :—

The mean-time clock is kept very nearly to Gottingen mean time (its error being
ascertained every day), and the clock time for each determination is arranged beforehand.
From this time 45° is subtracted for the first observation; then 30°, 60°, and 90°, are
added to this time for the succeeding observations. The intervals of these four obser-
vations are therefore the same as the time of vibration of the magnet; and the mean of
all the times is the same as the Gottingen mean time, which is recorded in the printed
tables of observations. ,

The observation is made by turning the micrometer till its wire bisects the image of
the cross of the magnetometer at the pre-arranged time, and reading the micrometer. The
verniers of the horizontal circle of the theodolite are also read for every observation in
the regular daily observations, or occasionally in the term observations.

The mean of each pair of adjacent readings of the micrometer is taken (giving three
means), and the mean of these three is taken ; and this mean is adopted as the result.
In practice this is done by adding the first and fourth readings to the double of the
second and third, and dividing the sum by six.

The adopted result is converted into arc, supposing 1" = 1°.34”07, and the quantity
thus produced is added to the mean of verniers. From this is subtracted the constant
given above in Article 12 of the permanent adjustments; and thus the number printed
in the tabular observations is produced.

In the Extraordinary Observations, the micrometer frequently has not been used at
all (its wire being retained in a definite position, and the theodolite being turned to follow
the movements of the magnet); and the observations frequently have been single obser-
vations, and not pairs, or greater numbers of observations, separated by a time equal to
the time of vibration of the magnet.

§ 2. Horizontal Force Magnet, and Apparatus _for Observing it.

The horizontal force magnet is of the same dimensions as the declination magnet. For
its support, a tripod stand is planted in the eastern arm of the magnetic observatory,
resting immediately on the ground, and not touching the floor. This tripod supports
an upright plank, to the top of which a brass frame is attached, carrying two brass pulleys
in front of the plank and two at the back of the plank. A small windlass is attached
to the back of the plank, at a convenient height. The suspension-frame of the magnet
is supported by the two halves of a skein of silk, which, rising from the magnet, pass
over the two front pulleys, then over the two back pulleys, and then under a single large
pulley, whose axis is attached to a string that passes down to the windlass. The magnet

~N
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is inserted in a suspension-piece, of which the upper part is a vertical plate, having five
pairs of small pulleys (those which are nearest together being highest), and the lower part
of the silk skein is passed under the two pulleys of one pair: only the two upper pairs,
however, have been used. This vertical plate is connected with the torsion circle; it
turns with reference to the magnet-cell (being held by stiff friction), and the readings of
the circle graduations are indicated by a pointer carried by the magnet-cell. On the
lower side of the magnet-cell is a mirror, whose frame turns with reference to the magnet-
cell (being held by stiff friction), but has no graduated circle. The magnet, &c., swings
freely in a box, one of whose sides is partly of glass: the vertical plate of the suspension-
piece passes through a hole in the top of the box. The height of the upper brass pulleys
above the floor is 11% 5™.; that of the highest pair of the lower pulleys is 3% 8" ; and
that of the center of the mirror, is about 2" 11®. The distance between the upper
portions of the half skeins of silk, where they pass over the upper pulleys, is 148 ; at
the lower part, the distance between them is 092 if they pass under the first pair of
rollers, and about 13 if they pass under the second.

The scale which is observed by means of this mirror, is fixed to the south wall of the
east arm of the magnetic observatory. The numbers of the scale increase from east to
west, so that, when the magnet is inserted in the magnet-cell with its marked end towards
the west, increasing readings of the scale (as seen with a fixed telescope directed to the
mirror which the magnet carries) denote an increasing horizontal force. A normal from
the magnet-mirror to the scale meets it at the division 40 nearly. _

The telescope is fixed to a wooden tripod stand, whose feet pass through the floor
without touching it, and are firmly connected with piles driven into the ground. Its
position is such that an observer, sitting in a chair at a convenient place for observing
the declination-magnet with the theodolite, can by turning his head look into the telescope
which is directed to the mirror of this instrument. The angle between the normal to the
scale (which usually coincides nearly with the normal to the magnet) and the axis of the
telescope, is about 54°, and the plane of the mirror is therefore inclined to the axis of
the magnet about 27°.

Observations relating to the permanent Adjustments of the Horizontal Force Magnet.

1840, Dec. 4°. 2. An observation was made by Mr. Glaisher for the determination
of the angle of torsion when the magnet was suspended by the highest pair of rollers
(or those whose centers are nearest together) which are attached to the torsion circle.
The result of this observation will be found below. After this, the silk suspending-skeins
were placed under the second pair of rollers. '
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1. Determination of the angle of torsion when the magnet is suspended by the second
pair of rollers.

1840, Dec. 4%. 2*. Observations by Mr. Glaisher.

The torsion circle was first adjusted so that the magnet should be transverse to the
estimated magnetic meridian when inserted in the stirrup with its marked end towards
the East, and was then adjusted so that the magnet should be transverse to the meridian
when inserted with its marked end towards the West. The difference of readings of the
torsion circle was 54° + : the angle of torsion, therefore, was 27°.

The magnet, in both these observations, was made parallel to the north wall of the
East cross of the Observatory.

1840, Dec. 5% Observations by Mr. Glaisher.

The brass bar was inserted in the stirrup, and made parallel to the north wall.

The division of the scale bisected by the vertical wire ¢

o
of the telescope Was .. ceeievevieererrnianans. 537 Torsion-circle reading 0.40
The magnet was inserted, with marked end to the West.
2
The division bisected by the wire was....... Ceeees 54°+0 Torsion-circle reading 331 40
The magnet was inserted, with marked end to the East.
, . .
The division bisected by the wire was ......... ... 536 Torsion-circle reading 29. 55
From these— g
The torsion-circle reading when the marked end of magnet was towards the West ,
—the torsion-circle reading when the brass bar was inserted.............. =— 29. 0
And the torsion-circle reading when the marked end of the magnet was towards the ,
East—the torsion-circle reading when the brass bar was inserted ..........= + 29,15

Therefore, the angle of torsion = 29°, 7-.

On inserting the magnet again with its marked end to the West, it was found necessary
to turn the torsion circle so that its reading should be 333°.40’, in order that the division
54 of the scale should coincide with the vertical wire of the telescope; and on inserting
the brass bar and making it parallel to the wall, the torsion circle read 2°.10". It would
therefore seem that the mirror had been touched, so as to give a circular motion to it
to the amount of 2°.
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1840, Dec. 6*. Observations by Mr. Glaisher.

The mirror was re-adjusted, leaving every screw certainly tight.
The brass bar was inserted, and made parallel to the North wall.

The division of the scale bisected by the vertical wire of o

the teloscope Was........co.conesneescissesss-.. 81°8 Torsion-circle reading 2.30

The magnet was inserted, with marked end to the West.

d o s

The division bisected by the wire was ............... 513 Torsion-circle reading 334. 40

The magnet was inserted, with marked end to the East.
d -] ’

The division bisected by the wire was ........... «ess 61°0 Torsion-circle reading 30. 0

From these the angle of torsion appears to be 27°.40'.

1840, Dec. 6.

When the brass bar was inserted, and made parallel to the North wall, the two
suspension-threads were in a plane parallel to the North wall. By continuing the
plane passing through them until it cut the East wall, a mark was made on the East
wall, by means of which the magnet or brass bar was afterwards placed in the position
supposed to be at right angles to the magnetic meridian.

With the marked end of the magnet to the East, the torsion circle read 275. (;
With.the marked end of the magnet to the West, the torsion circle read 328. 10

The half difference is 28°.25’ for the angle of torsion.

1840, Dec. 6°.
The brass bar at right angles to the magnetic meridian.

The division of the scale bisected by the vertical wire of , o ¢
the telescope was.................. tessessrssssa 616 Torsion-circle reading 355. 50

The magnet was inserted, with marked end to the West.
' 4 o

The division bisected by the wire was............... 51°3 Torsion-circle reading 327. 40

The magnet was inserted, with marked end to the East.
s . a ' o s
The division bisected by the wire was................51°5 Torsion-circle reading 23.20

From these the angle of torsion is 27°.50’.

(g)
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1840, Dec..19°. Observations by Messrs. Main and Glaisher.

The brass bar was inserted, and made to hang in a plane at right angles to the magnetic
meridian.

The division of the scale bisected by the vertical wire of o 4
the telescope Was ... ovevveninineininnnnns. «.... 626 Torsion-circle reading 356. 10

The magnet was inserted, with marked end to the West.
B d o ’
The division bisected by the wire was....... Ceeraeans 62 7 Torsion-circle reading 327. 40

The magnet was inserted, with marked end to the East.
[} ] AR

The division hisected by the wire was ............... 62°7 Torsion-circle reading 24.35

From these the angle of torsion is 28°.27’.

1840, Dec. 26¢. Observations by Messrs. Main and Glaisher,
The brass bar was inserted, and at right angles to the magnetic meridian.

The division of the scale bisected by the vertical wire of , . o
the telescope Was.,...veveeateearsnessassoses-sr 61°40 Torsion-circle reading 855. 58

The magnet was inserted, with marked end to the West.

d ] /
The division bisected by the wire was............... 6320 Torsion-circle reading 327. 15

The magnet was inserted, with marked end to the East.

d © ’
The division bisected by the wire was............... 63:18 Torsion-circle reading 24.45

From these the angle of torsion was considered to be about 28°.45.

2. Determination of the angle of torsion when the magnet is suspended from the first

pair of rollers.

1840, Dec. 4%, 2". Observation by Mr. Glaisher.

The torsion circle was first adjusted so that the magnet should be transverse to the
estimated magnetic meridian when inserted with marked end East, and again so that
the magnet should take the same position when inserted with marked end West. The
difference of readings of the torsion circle was 82°, and the angle of torsion therefore
- was 41°,

The suspending-skeins were then passed under the second pair of rollers, and the
observations were made which have been given in detail. On 1841, Jan. 1, the skeins
were again passed under the first pair of rollers, and the following observations were made :—
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1841, Jan. 1. Observations by Mr. Glaisher. _
The brass bar was inserted in the stirrup, and placed at right angles to the magnetic
meridian by means of the mark on the East wall.

The division of the scale bisected by the vertical wire of o
the telescope was.........ccovvenvviiaienncess,. 896 Torsion-circle reading 3566. 0

The magnet was inserted, with marked end to the West.

4 ) ’
The division bisected by the wire was.......... cienes 592 Torsion-circle reading 313. 65

The magnet was inserted, with marked end to the East.
d Q ’
The division bisected by the wire was............... . 598 Torsion-circle reading 85. 58

From this set of experiments the angle of torsion is 41°.14".

1841, Jan. 1°. The brass bar was again inserted, and placed at right angles to the
magnetic meridian by the mark on the East wall.

The division of the scale bisected by the vertical wire of o
the telescope was................ Cereteereeaes ++ 69°3 Torsion-circle reading 3566. 0

The magnet was inserted, with marked end to the West.

4 o t

The division bisected by the wire was................ 589 Torsion-circle reading 314. 0

The magnet was inserted, with marked end to the East.
4 o '
The division bisected by the wire was................ 696 Torsion-circle reading 36. 6

From this set of experiments, the angle of torsion is 41°. 27"

The magpet was then placed transverse to the magnetic meridian, by means of the
mark on the East wall.

o ¢
With its marked end to the West, the torsion circle read 313. 66
With its marked end to the East, the torsion circle read 35, 50

The difference of the readings is 81°. 55, the half of which is 40° 58’ for the angle
of torsion. ’

1841, Jan. 16°. Observations by Mr. Glaisher.
The brass bar was inserted, and placed at right angles to the magnetic meridian by
the mark on the East wall.

The division of the scale bisected by the vertical wire of °o
the telesCOPe Was.....eevveuusssscnessrsssssssso 59°6 Torsion-circle reading 356. 3

(®) 2
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The magnet was inserted, with marked end to the West.
d [+ ’
The division bisected by the wire................... 5856 Torsion-circle reading 313.55
s> <y again.............. 606 Torsion-circle reading 313. 58

From these it appears that 313°.56" is very near the truth.
The magnet was inserted, with marked end to the East.

d *~

[
The division bisected by the wire was............... 598 Torsion-circle reading 36. 5

From this set of experiments the angle of torsion is 41°.44/,

1841, March 2°. Observations by Mr. Glaisher.
The brass bar was inserted, and placed ‘at right angles to the magnetic meridian.

The division of the scale bisected by the vertical wire of | o
the telescope was....ovverneriieennnn. cereies .. 60°3 Torsion-circle reading 356. 0

The magnet was inserted, with marked end to the West.
d [+] !
The division bisected by the wire was............... 60°'0 Torsion-circle reading 813. 30

The magnet was inserted, with marked end to the East.
d . (-} 1
The division bisected by the wire was............... 604 Torsion-circle reading 36.28

The angle of torsion from this set of experiments is 41°.29’.

3. Determination of the time of vibration of the horizontal force magnet, when sus-
pended from the second pair of rollers, and with its marked end to the West.

Ooserver, Mr. Glaisher. The reading of the torsion-circle was 327°.40'.

Clock Time of] Cloc_k-Time of | Intervals
Division pass-| s ecarae) Division pass-| ;n'S:dereal
Day, 1840. ling the Wirein|  rpyio. Mean. Day, 1840. ' [ing the Wirein| i, Mean.
the Eye-piece. the Eye-piece.
s 5 . . s 5 .
Dec. 6% 1* 47 ; Dec.6%1"| 320 .
21+0 }g g continued. 475 %g g 163
872 166 48 156
63°8 155 20 -4 166
9-4 17°1 31°0 160
265 15°9 530 170
42-4 166 10-0 159
590 16°1 259 169
15°1 169 428 156
58°4 16 6
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Clock Time of] [niervals Clock Time of | [ntervals
Day, 1640, fing the Whee fa| 10 Sidereal | Day, 1840, |ing the Wheof 10 Sidereal |\,
o ean, . ng the ire O ¢ . ean.
i thlfe Eyepi‘:‘eel.l Time. i the Eye-piece. Time
1 ] L ] . L ] ]
Dec. 6. 1* 150 165 Deoc. 6% 7 450 156
concluded. 80°5 continued. 3.0 180 16-2
Deoc. 6. 7 570 19-0 }g 8
e 18-0 160 34-0 162
. 164 502
204

From these observations 16® was used as the time of vibration.

4. Determination of the time of vibration of the horizontal force magnet, when
suspended from the first pair of rollers.

Observer, Mr. Glaisher.

The reading of the torsion-circle when the marked end was
West, was 313°. 56"; and when the marked end was East, 36°. 5'.

Position Clock Times Intervals Position | Clock Times Intervals
of of Extremes in [ of Extremes in
Day, 1841, ||[Marked End.| of Vibration. | Mean Time. Mean Marked End.| of Vibration. | Mean Time. Mean.
Jan. 1 Wes .
est 30-56 225
830 p
216
146
. 20 6
35°0
220
570 .
. 210
180 220
400 2150
. 216
1°6
. 210
226
210
4356
. 220
56
206
26 0 22 -0
48 ‘0
Jan. 18 Wes . .
t 69.0 208 East 400 19 0
198 590
. 207 . 195
40 5 185 .
20 *5 193
10 378
. 22 5 . 197
235 21 -8 876 197
45 -3 2145 172 . 1966
. 20 -2 188
6556 360
22 -9 198
28 -4 558 >
216 20 -2
60 -0 160
210 20 -2
110 36-2
. 225 . 188
335 215 55-0 20-0
650 160
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Position Clock Times Intervals Position | Clock Times Intervals
of of Extremes of of of Extremes in
Day, 1841. |Marked End.| of Vibration. | Mean Time. Mean. Marked End.| of Vibration.| Mean Time. Mean,
s '3 s ] ]
March 2 . .
West 20 °8 217 East 500 205
425 105
221 197
46 30 2
212 18 7
25°8 48 ‘9
219 . 201
477 90
221 . 20 -3
9-8 29 3
211 196
30-9 21 8 . 489 191
52 -9 217 8-0 19-73
213 g 199
140 279 p
. 226 20 -2
36 6 481
. 213 . 197
579 7-8
221 N 190
20 0 213 26 ‘8 199
413 46 7
March 8 West 51 .0 226 East 73 197
136 270
219 19°8
356 46 ‘8
. 205 19-2
56 0 60
22 -3 20 -0
183 225 26 -0 19 -2
408 21°64 452 . 19°65
. 20 2 . 20 6.
10 58
. 22 -6 . 18+
23 -6 24 5 .
214 195
450 440
218 ; 196
6°8 36
21°2 20 -4
28 -0 ) 24 -0 195
680 435 ) )
On Jan. 15 the time of vibration was found to be 2° less when the marked end of the

magnet was towards the East than when it was towards the West.
same difference was found.

On March 2 the

On March 8 the meridian magnet was removed from the

Observatory, and the difference was found to be the same; so that it was not at all

owing to the meridian magnet.

In consequence of this difference, experiments were

made on the times of vibration and on the different readings of the scale for different

readings of the torsion circle.

Observer, Mr. Glaisher.

The results are coutained in the following tables.

Magnet Suspended from First Pair of Rollers with
Tts Marked End West. Its Marked End East.
Torsion- Difference of || Mean Times | Torsion- Difference of || Mean Times
Day, 1841..|| Circle Beale |gorale Reading of Circle Scale | Scale Reading of
né Reading. | Reading. forl (ﬁf—c’{:,mon Vibration. §Reading.| Reading. for ltgig;llgmon Vibration.
o d d [] o d d H

March 14 312 48 18 794 2170 33 2971 942 19-17

313 56 72 978 21 °568 34 3913 9-38 - 1924

314 66 50 8 72 21 45 35 48 *561 6 64 1930

315 75 22 10-28 2134 36 55°15 8 47 19 47

316 8560 21-00 37 63 ‘62 981 1965

38 73 -43 2007
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Magnet Suspended from First Pair of Rollers with
Marked End West. Marked End East.
Torskon | Seale ““:m:ﬁ Mean Ties | Torsion- | o |0 feRors ne]| Movn Times
Circle of rcle h o
1841, . |for 1°of Tor- Reading. |for 1°of Tor- :
Day, Reading. | Readiog. jfor 159 Tor{ vibration. | Reading. 8. [for1%of Tor- vibration.
(4] d [] . © d L] .
March 21 | 307 [— 487 ) 22 -90 30 398 . 1872
308 |+ 848 (* 8735 | 99.80 | 31 | 12.26 | 2 28 1 187
300 | 18-85 | 00 | 227 32 | 19-07 o.18 || 19°08
310 2423 1087 22 560 33 28 26 7-97 1920
811 35°10 987 22 -00 34 36 -22 8 86 1040
312 44 97 850 2184 35 4508 -84 19 52
313 63 47 1056 2164 36 54 02 921 1940
314 64 °03 976 21568 37 64°13 1034 19 -80
315 7379 932 21-24 38 74 47 612 1990
316 8311 867 2136 39 80 °59 1053 19 -88
3117 9178 20-78 40 91-12 2023

From both these sets of experiments it appeared, that with a reading of 317° of the
torsion-circle when the marked end was West, and of 40° when the marked end was
East, the time of vibration was nearly the same; and from the 2nd set it appears that
the reading of the scale was the same with those readings. It was therefore determined
to alter the reading of the torsion circle to 317°. The cause of the difference of the
times of vibration before this alteration was, that the magnet was not truly transverse to
the magnetic meridian.

The mean difference of the readings of the scale for a difference of 1° in the readings of the torsion

circle, when the marked end was West in the 1st set of experiments, was............0.000... D°18
in the 2nd set of experiments, was.......... cecivereas 967

and when the marked end was East in the 1st set of experiments, was.,........0.c00v.v... 874
' in the 2nd set of experiments, was........... A - N |

March 31%.  After the observation at 12" the reading of the torsion circle was changed
from 313°. 56" to 317°. With 313° 56’ immediately before the change, the reading
of the scale was 64 2—. With 317°, the mirror was so adjusted that the scale reading
was 64% 0 +, and in consequence of the experiments on March 21, the time of vibration
was used as 20 8 after March 31% 12*. Previous to this, the time of vibration in
observation had been considered 21* 5.

5. Determination of the effect of the declination magnet when placed at difterent
inclinations to the magnetic meridian, on the horizontal force magnet when suspended
from the second pair of rollers and with its marked end towards the West.

The declination magnet was first placed in its position, and was then removed to such
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a distance that it had no effect on the horizontal force magnet. The division of the
scale of the horizontal force magnet bisected by the vertical wire in the telescope was
registered, both when the declination magnet was in its place and when it was removed.
The angles of inclination are reckoned from the North magnetic meridian round by the
East, the point of reference of the declination magnet being its marked end.

Observations by Messrs. Glaisher and Hind.

h]‘)celai(g?ﬁ(:'nod Mean Rezding chi”&?f %f:cdgi'ﬁf}; Reading with the
ination Declination i
' . Magnet_ Magnet away or of the Sgale of mg]ﬂle &tlltl%; lfotllow- “I:aeclgx-agﬁdl ly::;gvr;?:h
Day, 1840 |t agutic| i hce. | the Horitontal o S e by ) e
° a a a a
Dec. 8 0 Away 5524
In its place 5549 55 °560 + 0-01
Away 5575
In its place 55 ‘80 5543 — 0°37.
Away 55°11
In its place 65 68 5514 ~ 0-44
Away 5617 — 0240
Inits place | 55°01 5509 + 008 |
Away 5500
In its place 5550 55°10 —~ 0-40
Away 5519 ,
In its place 55 565 5523 — 0°32
Away 5526
14 Away 5526
In its place 5550 55 32 ~— 0°18
Away 5537
In its place 55563 55°31 — 022
Away 5525
In its place 5555 5624 ~— 0-81
Away 5522 - — 0258
In its place 5551 5518 — 0°33
Away 55°13
In its place 6561 5517 — 0°34
Away 55 21
In its place 5535 55°18 - 017
Away 55°15
166 Away 5540
In its place 6512 5525 + 0°13
Away 5510
In its place 5476 6508 + 0°32
Away 65 *05
In its place 5508 5609 + 001
Away 5513 + 0°157
In its place 5504 5516 + 0°12
Away 55420
In its place 5495 65614 + 0°19
Away 5508 '
In its place 5505 - 6522 + 0°17
Away 5535
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lgeﬁlm&d Mean Reading Aeomm proscdieg’ Reading with the
%1 Declination ; and the other follow.] Declination Magnet
Magnet Magnet away or of the Scale of " M4 Forthe | away—Rending with M
Day, 1840. rizontal ean.
180 |ioMagute| il e | e g P s e
-] L] d ] a
Dec. 8 180 Away 55°13
continsed. In its place 54 98 5528 + 030
Away 55 -42
In its place 54 -98 5538 + 0°40
Away 55633
In its place 6476 56 22 + 0-47
Awa 66-11 + 0°-348
In its place 55 02 56 '30 + 0-28
Away 56 *49
In its place 5494 5524 + 030
Away 54 -98
In its place 54 -85 55°19 4+ 034
Away 55 *40
194 Awa 55635
In its place 6495 55 -30 + 0°36
Awa 56 26
In its place 5495 55 -26 + 0°31
Awa 56 27 ,
In its place 54 ‘85 66 26 + 0°40
Awa 656 -23 + 0320
In its place 54 -80 6521 + 041
Awa 5619 .
In its p{ace 64 ‘88 56514 + 026
Awa 55-08
In its place 5488 5607 + 019
Away 5505
. 346 Awa{ 6516
In its place 55 °36 66°17 — 018
wa{ 56°20
In its place 6535 6619 — 018
Awa 5618
_ Inits place 5530 6516 - 014
Away 65614 — 0°1456
In its place 55 30 5522 — 008
Awa 55 29
In its place 5532 6520 - 012
Awa 65-10
In its place 5530 5511 — 019
Away 55°12

From the numbers contained in the last column of this table it appears, that

When the declination magnet is inclined to
North magnetic meridian

0 with its marked end to the North,
180 with its marked end to the South,
14 with its marked end to the North,
194 with its marked end to the South,

166 with its marked end to the South,
316 with its marked end to the North,

the

(h)

The marked end of the horizontal force magnet
approaches the

North by (; +240 of the scale,
South by 0 -348 of the scale,

North by 0-258 of the scale,
South by 0320 of the scale,
South by 0157 of the scale,
North by 0145 of the scale,
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As the declination magnet is always about 0° and the horizontal force magnet was
always with its marked end to the West, it may be considered that all readings of the

latter are too large by 0 2. This has not been taken into account in the reductions :

it will apply from 1840, Dec. 7, to 1840, Dec. 31.

6. Determination of the effect of the declination magnet when placed at different
inclinations to the magnetic meridian, on the horizontal force magnet when suspended

from the first pair of rollers, and with its marked end towards the West.

The observations were made as on 1840, Dec. 8: the results are contained in the
following table.

‘Observations by Messrs. Glaisher and Hind.

lr]l;:lixi?tion of]| lzihem of Reade;ll%s' Reading with the
eclination | Declination . and the other follow-| Declination Mognet
Day, 1841 |1 Mg | Mty or | Redingrof [ ngliclopiuel omy SRS M,
Meridian., in its place. Magnet in its place.
o d [} d a
Jan. 30 0 Away 60 '943
In its place 61 405 60 -944 ~ 0°461
Away " 60945
In its place 61 160 60 -928 -~ 0232
Away 60 ‘910
In its place 61 452 60 905 — 0547 — 0°388
Away 60 900
In its place 61°225 60 -924 ~— 0-301
Away 60 -948
In its place 61275 60 -878 ~ 0°397
Away 60 *808
14 Away 60 ‘808
In its place 61360 60 -873 ~ 0487
Away 60938 /
In its place 61 +430 60 894 — 0:536
Away 60 -850
In its place 61°443 60 -984 ~ 0459 — 0-517
Away 61-118
" In its place 61-323 60 -917 — 0°-405
Away 60715
In its place 61413 60714 ~ 0°699
Away 60 713
166 Away 60 -713
In its place 60 503 60 633 + 0-130
Away 60 '553
In its place 60 *478 60 -619 + 0141
Away 60 685"
In its place 60 -435 60 -680 + 0245 + 0180
Away 60 ‘675 '
In its place 60 *420 60 663 4+ 0°243
Away 60 *650
In its place 60 485 60 -628 + 0°:143
Away 60 -605

S|
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Mean of Readings,

Inclination of] )
Declination | Declination et ot | Desivaion Mags
Dar 1041, | M| Magnet ryor | Resdingrof [yl e Sy T e,
Moridian, | 1 PUe Senle P s pases | Maguet in e pias.
) q d a 4
Jan. 30 180 Awa 60 *530
continsed, In its place 60 277 60 °5629 + 02562
Awa 60 628
In its p{ace 60 ‘306 60 -614 + 0°309
Away 60 700
In its place 60 ‘288 60602 + 0°314 + 0271
Awa 60505
In its place 60 -088 60 ‘416 + 0327
Away 60 '326
In its place 60 °200 60 *382 + 0°182
Away 60 ‘440
194 Awa 60 ‘806
In its place 60 -218 60 '620 4+ 0°402
Awa 60 ‘635
In its place 60 *163 .60°679 + 0°5616
Away 60 723
In its place 60 083 60 660 + 0677 + 0°466
Away 60 508
In its place 60 -0856 60570 + 0°486
Awa 60 543
In its place 60 200 60550 + 0850
Away 60 :558 :
346 Awa 60 -5568
In its place 60 ‘870 60589 — 0-281
Away 60 ‘620
In its place 60 830 604670 — 0°260
Awa 60 -520
In its place 60 ‘875 60669 — 0316 — 0°264
Awa 60 -5988
In its p{nce 60 ‘800 60 608 — 0°192
Awa 60 ‘618
In its place 60 845 80674 - 0271
] Away 60 -530

li

7. Determination of the effect of the declination magnet, when placed at different
inclinations to the magnetic meridian, on the horizontal force magnet when suspended
from the first pair of rollers, and with its marked end towards the East.

Observations by Messrs. Glaisher and Hind.

The experiments were made exactly as in the last set.

(h) 2
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[l]l;:lilll?.ﬁon of| lglenn of Reag;ngs,
eclination Declination . e one preceding | Reading with the
Magnet | Magnet away or | Readingsof m(iinthglg:‘?fotliow- M‘T Row ‘imgng"
Doy 1801 Magnetie) 3 e e T
<] . d a a a
Jan, 80 0 Away 56470 ,
In its place 56143 56 °501 + 0°358
Away 56 *5633
In its place 56075 56471 + 0°+396
Away 56410
- In its place 56 128 56 424 + 0°+296 + 0°229
Away 56 *438 ‘
- In its place 56038 56 -149 + 0°+011
Away 55 -860 ‘
In its place 55-925 56 007 + 0°-082
Away 56 *155
14 In its place 56155
Away 55 ‘905 56 234 + 0°329
In its place 56-313
Away 55975 56 332 + 0°357
In its place 56 +350
Away 55 -900 56313 | + 0413 | + 0-382
In its place 56 275
Away 55 °950 56275 + 0325
In its place 56 275 »
Away 55 850 . 56 -338 + 0488
In its place 56 -400
166 Away 56 *400 ,
In its place 56 -475 56°300 | — 0°175
Away 56 -200
In its place 56 +450 56 °288 — 0°162
. Away 66375
In its place 56 °350 56 259 — 0°091 — 0170
Away 56-143 :
In its place 56 *440 56122 -~ 0°318
Away 66100
In its place 56 °200 56 094 - 0°106
Away 56 -088
180 In its place 56 ‘088
Away 56 340 56104 — 0236
In its place 56120
Away 56 -200 56 °122 - 0078
In its place 561256
Away 66 -300 56000 — 0-300 — 0°218
In its place 55875 A
Away 56 238 55 *950 — 0288
In its place 56 -0256 '
Away 56275 55888 | — 0°387
In its place 55 750 :
194 Away 55 750
In its place 56100 56 °025 — 007
Away 56 °300
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Beinsion|  puctstion SRR | potng e
Maguet M away or Readings of 1 :&tf;r:ho'.‘nu —R:ldl “:ﬁh
b B e o e
° ’ a ¢ d q
Jan. 30 194 In its place 56125 56 °100 — 0025
continued. Awa 55 ‘900
In its place 56 *200 66100 — 0°100 - 0175
Awa 56 *300
In its place 56 400 56087 — 0°313
Awa 55876
In its place 56 260 55 888 - 0°'362
Away 55 '900
346 Awa 55 ‘900
In its place 55 -700 55 °926 + 0-225
Awa 65 ‘050
In its place 65688 65875 + 0187
Awa 65 800
In its place 55475 65 900 + 0°-425 + 0°222
Awa 56 ‘000
In its place 55 ‘6256 55 ‘900 + 0275
Awa 55 800
In its place 65 800 56800 0 °'000
Away 65 800

From the numbers contained in the last columns of the two preceding sets of experi-
ments, it appears, that when
The marked end of the hori-

zontal force magnet being to
the East, it approached the

The marked end of the hori-
zontal force magnet being to
the West, it approached the

The marked end of the decli-
nation magnet was inclined to
the north magnetic meridian
(the angles being reckoned
from the North round by the
East)

[

0 with its marked end North,
180 with its marked end South,

14 with its marked end North,
184 with its marked end South,

166 with its marked end South,
846 with its marked end North.

a
North by 0388 of the scale,
South by 0°277 of the scale,
North by 0517 of the scale,
South by 0°4686 of the scale,

South by 0-180 of the scale,
North by 0264 of the scale.

d
North by 0229 of the scale,
South by 0218 of the scale,
North by 0 -382 of the scale,
South by 0175 of the scale,

South by 0170 of the scale,
North by 0222 of the scale.

Now as the declination magnet is always about 0° and the horizontal force magnet
has always been with its marked end to the West, it may be considered that the decli-
nation magnet has always caused the horizontal force magnet to read too large by 0*3.
By the numbers in this abstract it appears that the effect is greater when the marked end
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of the declination magnet is East of its mean place than when it is West of it.
The correction has not been taken into account in the reductions; it applies from 1841,
Jan. 1, to the time when the vertical force magnet was placed in the Observatory.

8. Determination of the effect of the vertical force magnet on the horizontal force

magnet when suspended from the first pair of rollers, and with its marked end towards
the West.

The marked end of the vertical force magnet was towards the East; it was first placed
in its Y's, and was then taken a considerable distance from the Observatory by Mr.
Glaisher, who was assisted in the other parts of the experiments, on May 10 and May
17 by Mr. Dunkin, and on May 21 by Mr. Paul. The reading of the scale of the
horizontal force magnet corresponding to the division bisected by the wertical wire of
the telescope, was registered every time the vertical force magnet was in its place and
every time it was away. The results are contained in the following table : —

Vericl Fors | Mesn Reding 555 Rl Resymite
an ¢ other foliow- cal ¥orce Magn:
Dey, 1841, | Magnetaway or | Honisonal| S guirile oy Reng ol M,
Force Magnet. (Magnet in its place.| Magnet in its place.
d d d a
May 10 Away 59 -228
In its place 58 *980 59 *229 + 0-249
Away 59 230
In its place 59 333 59 °460 + 0-°127
Away 59 690
In its place 60 °088 59778 — 0°310
Away 59865
Awa 60 278
In its p},ace 59'850 | 60296 | + 0-a46 | T 0°118
Away 60°313
In its place 60380 60 437 + 0°057
Away 60 '560 :
In its place 60 *425 60 562 + 0°137
Away 60 °563
In its place 60 340 60 *444 + 0104
Away 60 325
May 17 Away 60 -200
In its place 60 *025 60138 + 0-113
Away 60075
In its place 60138 60 107 — 0031
Away G0 -138
In its place 59 -938 60172 + 0°234
Away 60 205
In its place 60 *062 60 ‘113 + 0051 :
Away 60 020 4+ 0°100
In its place 60 -005 60 024 + 0°019
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Mean of Reldi:lp.
Vertical Foros | Mesn Reading |8 10 POSoi’e | ot ¥ reomagnet
Day, toa1, | MARetaray or | 0 o | BEAMGISY WTYTRmIET  Mean.
Force Magnet. Magnet in its place.| Magnet In its place.
4 d (] 4
May 17 Awa 60 028
continued, In its place &9 -876 60 127 + 0252
Awa 60 -225
In its place 60 *000 60 207 + 0°207
" Awa 60°188
In its place 60°195 60 -147 — 0°048
Away 60106
May 21 Awa 69 600
In its place 69 -495 59 -605 + 0°010
Away 69 °410
In its place 659 °480 59 *400 — 0080
Away 59 -390 .
In its place 59°510 69 408 - 0°-102
Awa 59 *425
In its place 69 *400 69 -384 — 0°016
Away 59343
In its place 59 3756 59 -339 — 0036
Awa 89 336 — 0032
In its place 59 -410 59409 - 0-001
Awa 59 -483
In its place 50 -483 590442 — 0°041
Awa 50 -400 .
In its place 59 -468 60°465 | — 0°003
Awa 69 630
In its place 59 *495 69 480 - 0°015
Away 59 *430
In its place 59 475 59438 — 0037
Away 59 445

On May 10 magnetic changes were going on during the experiments. On May 18
circumstances were more favourable; and on May 21 every circumstance was favourable.
Giving, therefore, a weight of } to the first set, ; to the second, and of 1 to the third set,
the mean is + 0°027.

Therefore, the mean effect of the vertical force magnet is to diminish the scale readings
by 0'03, or to cause the marked end of the magnet to approach the South by the
corresponding angle. It may be considered that the vertical force magnet has no effect

on the horizontal force magnet.

9. Determination of the compound effect of the vertical force magnet and of the
declination magnet on the horizontal force magnet, when suspended from the first pair
of rollers with its marked end towards the West.

When the magpets were in their places, the marked end of the vertical force magnet
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was towards the East, that of the declination magnet towards the North. While they
were in this situation, that division of the scale was registered which coincided with
the vertical wire in the telescope. The magnets were then removed to some distance
from the Observatory, the division of the scale again registered, and so on successively.
All parts of the experiments connected with the vertical force magnet were performed by
Mr. Glaisher. Messrs. Dunkin and Hind assisted in the other parts of the experiments.

Mean of Readings,| Reading with the
. . . the one preceding | Vertical Force and
Vertical Force and | Mean Reading (and the otherfollow-| Declination Magnets
D  [Declination Magnets| of the Scale of | ing that forthe away — Reading with
ay, 1841, away or in their | the Horizontal Declination- Magnets; Declination Magnets Mean.
places. Force Magnet. | in their places. in their places.
d d d d
May 23 Away 58 *315
In their places 58 -590 58 218 — 0°372
Away 58120
In their places | 58340 57948 — 0392
Away 57115 '
In their places 58 590 57870 — 0°720
Away - 87°965 — 0°487
In their places 58 -640 58 -065 — 0575
Away 58 *165
In their places | 58 -520 58 -139 — 0-381
Away 58°113
In their places 58713 |. 58229 | — 0-484
Away 58 *345 '

The mean compound effect of the two magnets, from the number in the last column,
is 0487 division of the scale, by which the scale readings are increased, or by which
the marked end is made to approach the North: the correction is therefore subtractive.
From all observations taken between May 26% 2" and June 2% 2. 10™, 0%487 has
been deducted. After June 2% 2". 10™ the scale was moved, so that all readingé of it
are less by 0*5 than they would have been if it had remained unmoved. -

10. Computation of the angle corresponding to one division of the scale, and of the
variation of horizontal force (in terms of the whole horizontal force) which disturbs the
magnet through one division of the scale.

1840, Dec. 214,

Mr. Main very carefully measured the distance between the division 40 on the scale
and the center of the mirror, as follows :
The distance from 40° on the scale to the glass in front of the boi:and opposite f i,

to the center of the mirror......... e teeeeretataatenainaes teeereresansscnss = 8,07
The distance from the glass to the center of the face of the mirror........c.c0vveeee. 4°0° .

Therefore, the whole distance = 8%, 4™7.

o
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Mr. Main also measured two feet on the scale, and found that 61:8 divisions of the
scale corresponded exactly to two feet.

1840, Dec. 24°

Mr. Glaisher measured the distance between the division 40 of the scale and the
center of the mirror in the following manner:—A small weight was suspended by a
thread ; the thread was then moved until it just touched the center of the face of the
mirror; the lid of the box was then moved, so as just to touch the thread, and a mark
was made on it. This mark was therefore in the vertical, touching the mirror in the
center of its face. The distance of this mark upwards, from the center of the mirror,
was then measured, and a mark was made on the wall immediately above the division
40 of the scale, at an elevation equal to this vertical distance, as measured from the
center of the figures on the scale. The distance was then measured on a line joining
these two points between the point on the lid of the box and a perpendicular just touching
the face of the scale = 8" 5"2—.

Next, the distance between the division 40 on the scale and the glass in front of the
box, in the vertical plane passing through the mark on the lid of the box and the mark
on the wall, was = 8% 0"8,.

And the distance in the same plane between the glass and the mirror, was............ 43

Therefore, the whole distance was 8%, 5"™1.

Each division of the scale = 5% inch, and consequently, the value of one division of
the scale was 18".12732, or for one division of the scale, the mirror is turned through
an arc of 6.36"°16.,

With the second pair of rollers, the adopted angle of torsion was 28°.30’; consequently,
the variation of horizontal force in terms of the whole horizontal force for a disturbance
through one division of the scale, computed by the formula * Cotan. angle of torsion x
value of one division in terms of radius,” is 0'0035374. This was the number to be
used to 1840, Dec. 314, 12" '

With the first pair of rollers, the adopted angle of torsion was 41°.2.50”; from which
the inferred value of one division of the scale in terms of the whole horizontal force is
0'0022057. And this was applicable from 1841, Jan. 1, to 1841, Dec. 31.

In consequence of trifling errors, the numbers actually used are 0-003551 and 0-002214.

11. Determination of the correction for the effect of temperature on the horizontal
force maguet. ,

In the month of April 1843 an apparatus was erected for observation of deflexions
in the form proposed by Dr. Lamont. A graduated circle (formerly used as the setting-
circle of the transit instryment) is attached to a fixed tripod stand, with its plane hori-

(i)
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zontal ; upon a pin in the center turns horizontally a plank; upon the center of the plank
is fixed the box and suspension-apparatus for the magnet which is to be deflected (the
magnet carrying a mirror); at one end of the plank is fixed a telescope (with a wire
in its focus) and a short scale, to be viewed by reflection in the mirror (only one adopted
division, however, of the scale being used); and on the other end is placed, at arbitrary
distances, a copper trough, having a proper resting-place for the deflecting magnet, which
trough can be filled with water of any desired temperature. Thus (in turning the plank)
the deflecting magnet, the telescope, the scale, and the suspending-skein, all turn together ;
and, the observation being always made by turning the plank till the adopted division
of the scale is seen under the wire of the telescope, the relative position of the magnets
and the torsion of the skein are always the same. It is evident that several causes of
doubt, both theoretical and practical, are thus entirely removed. The deflexion of the
magnet, or (which is the same thing) the angular movement of the plank, is measured by
means of two micrometer-microscopes, fixed to the plank and reading the divisions of
the graduated circle.

The proportion of the deflecting force of the magnet to the directive force of terrestrial
horizontal magnetism, is evidently the same as that of the sine of the angle of deflexion
to radius. '

In the following observations, the deflecting magnet was always placed with its end
towards the deflected magnet, and was on its Eastern side (sometimes North of the East
and sometimes South of the East). The position of the deflected magnet for no deflecting
force was determined from time to time by making similar observations when the deflecting
magnet was removed. The changes of position for no deflection do not correspond exactly
with those of the declination magnet. The adopted readings for no deflecting force at
each observation were found by interpolation between those observed, on the supposition
that their changes were proportional to the time.

Observations of the Deflection of a 2-Feet Magnet by the Horizontal Force Magnet, at Different

Temperatures, in Lamont’s Method.

— . :
m}:";’;;;'g;ﬁ‘oJ lt):i“:em °ff Te?ipepmr:lor Adoptt?; lz(e’admg Its Natural
Day, 1843. |porce Magnet.| Magnets. | Force Magnet.| Circle Reading. | Deflecting Force. Deflection. Sine.
ft. in, ) [o] o 1 ] o vl ] (o} [ ']
April 20 | Away cees 24.16. 166
) w 4,0 67 49.17.1%9 24. 16. 56°'8 25. 0.21-1 }0-4"258
w 4.0 671 49.17. 12 24,17.371 21.59.24°1 =
W {1 4.0 1188 48. 58. 5856 24.18.17'3 24.40.41'2 0441750
w 4.0 103 -0 49. 1.41°0 24,18, 575 24.42.43'5 | 0°41806
w 4.0 76 -1 49. 9. 69 24.19. 377 24. 49. 292 041985

Away . . cene 24, 20. 179
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Position of Adopted Readi
d End of] Distaves of | Temperatt d’ P o ng
Duy, 1645, [pHorsout | Coteyof | Horsoss | (irclo Reuding. | Defestiog Force, | Deflction. | " Siner
Q. ta o o 7 . o ¢+ w (-] ru
April21 | Away | ... cons 24.14. 167
w 4.0 552 49, 7. 61 24, 14. 66°1 24, 562. 90 0 420556
w 4.0 126 -8 48.44.40'8 24. 15. 35°6 24.29. 5.2 0 +41447
w 4.0 1063 48.48. 2'8 24. 16. 15:0 24,31.478 0415617
w 4.0 910 48. 50. 456’8 24,16.64°4 24. 33. 516 041570
w 4.0 734 48. 68. 391 24, 18.13°3 24, 40. 25°8 041745
Away | ... ores 24. 18. 627
April 20 | Away | ... 24.32. 2'9
w 4.0 548 49. 24. 45°2 24, 82. 69°2 24, 51.46°0 042045
Away | ... cees 24. 34. 617
w 4.0 139 -0 49. 4.356°0 24, 35. 32'4 24.20. 26 0°41444
w 4.0 126 '0 49. 8.564'3 24. 36. 639 24.32. 04 041522
Away cee ceee 24.38. 164
w 4.0 540 49. 20. 219 24, 38,456 24.41.36'4 041776
Away oes ceee 24. 39, 45'8
w 4.0 1400 49. 2,566 24. 39. 389 24.23.17'6 041292
Away 24, 39. 26°2
April 20 | Away ces cees 24.20.17'9
w 4.6 1230 41.33.16'1 24. 20, 52°5 17.12. 236 029578
w 4.6 1160 41.38. 26 24.21. 99 17.16. 62'7 0 °29706
w 4.6 796 41.42, 50'9 24.22. 18 17. 20. 49°1 029816
w 4.6 5680 41.45.24'1 24. 22. 538 17.22.30°3 029863
Away 24.23.11°3
April 290 | Away | ... cene 24.32. 29
. B 4.0 576 1. 2.40'3 24,33. 664 23.31.151 0 39808
Away | ... 24. 34, 61'7
E 4.0 133-0 1.28.35'3 24.36.13°2 23. 1.37'9 089277
E 4.0 1207 1. 24.31°6 24, 37.34'7 23.13. 32 0 °39423
Away | ... e 24.38.156'4
E 4.0 54°0 1.12. 63 24.39. 156°7 23.27. 94 0 °39799
Away cee coes 24. 39. 46°8
B 4.0 1327 1.31.477 24.39. 32°1 23. 7.44'4 0-30281
Away cee evas 24. 39. 256°2

The difference between the deflections with marked end East and marked end West,
may arise from unsymmetrical distribution of the magnetism of the deflecting bar, or
from a small error in the horizontal adjustments of the apparatns, which allowed the

magnet to swing nearer to the deflecting bar in. one position than in the other.

unimportant in this investigation.

From these observations we obtain the following results (the observation at temperature
91°0 on April 21 being omitted, and the mean of the two observations at temperatures

139°:0 and 140°0 on April 29 being used as a single observation) :
Marked end West, distance 4 feet.

The mean of 6 observations at low temperatures gives
At toml)eratnra 63°:03, the nat. sine of deflexion = 0 °419773

(i)e

Itis
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The mean of 6 observations at high temperatures, distributed in the same manner over

the same days of observation, gives
At temperature 120°°07, the nat. sine of deflexion = 0415683

Therefore,
Change of natural sine for 56°44 = 0004090

Change of natural sine for 1° = = 000007246

Referring to 55° as the temperature to which the estimation of small changes of force

nearly applies,
Natural sine expressing whole force = 042 nearly.

[¢] .
change of force for 1° _ 0-0001725.
whole force.

Hence,

Marked end West, distance 4% 6™.
The mean of 2 observations at low temperatures gives
At temperature 68%75, the nat. sine of deflexion = 0 ‘298395

The mean of 2 observations at high temperatures gives
At temperature 119°-0, the nat. sine of deflexion = 0296415

Therefore,
Change for 50°.25 ......ciceniveserccnases. = 0°001980

Change for 1°...ccivueeeecaccccennscacssss = 0°00003940

Also,
Natural sine expressing whole force at temp. 55° = 0 2987

(]
change of force for 1° __ 0-0001324.
- whole force

Hence,

Marked end East, distance 4 feet.
The mean of 2 observations at low temperatures gives
At temperature 55°'8, the nat. sine of deflexion = 0398535

The mean of 3 observations at high temperatures gives
At temperature 128°8, the nat. sine of deflexion = 0393267

Therefore,
Change for 8% .. c0iseecrresssecivenneeess == 0°005268

. Change fOl'10..-....--..--..-.o..........-.= 0.00007217
Also,

Natural sine expressing whole force at temp. 55° = 0 °3980

. A
Hence, Cha“'%‘fh‘(’f;:‘;?;:‘" I — 00001813

Giving to the three determinations the weights 12, 3, and 5, the mean result for

change of force for 1° = 00001686. The numbei' adopted in the Abstracts, &c., is

whole force .
0:00017. This is not applied in the various sections of observations.
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The method of observing with the horizontal force magnet is the following :—

A fine vertical wire is fixed in the field of view of the telescope, which is directed to
the mirror that the magnet carries. On looking into the telescope, the graduations of
the fixed scale are seen; and, in the oscillations of the magnet, the divisions of the scale
are seen to pass alternately right and left across the wire. The clock-time for which the
determination is to be adopted (usually 2. 30* after the time for the determination with
the declination magnet) having been calculated, the first observation is made 30" before
that time, and three others are then made, following at 20°, 40%, and 60* after the first.
The observation consists simply in noting the division which is seen under the wire at
the pre-arranged instant. After 1840, Dec. 21% 2" 10", a different method was adopted :
the observer applied his eye to the telescope 10 carlier than the earliest of these times,
and then observed the four next extreme points of vibration of the scale. The mean of
these is adopted in the same manner as for the declination observations. From this
mean the constant 50-000 is subtracted (50'487 being used from May 26°. 2" to
June 2°. 2% 107, for the reason given in Art. 9 of the adjustment above), and the
remainder is converted into number expressing the proportion of the variable force to
the mean horizontal force by the numbers obtained in Article 10.

§ 8. Vertical Force Magnet, and Apparatus for Observing it.

The vertical-force magnet is of the same dimensions as the other two magnets. It is
supported upon a block, connected with a tripod stand which passes through the floor
and rests immediately on the ground, in the western arm of the Magnetic Observatory.
Its position is as nearly as possible symmetrical with that of the horizontal force magnet
in the eastern arm. The magnet is inserted in a brass frame, to which two steel knife-
edges are attached, similar to the knife-edges of a balance or pendulum, by which it
vibrates upon agate plates. A proper apparatus is provided for raising it a small height
above the agate supports. On the upper part of the brass frame is a mirror, whose
plane makes with the axis of the magnet an angle of 54° nearly. The height of this
mirror above the floor is the same as that of the horizontal force magnet. The axis of
the magnet is as nearly as possible transverse to the ﬁxagnetic meridian. Near the ends
of the magnet are two holes, in which are inserted brass pieces carrying screws, by which
the elevation of the center of the gravity and the inclination of the magnet in its position
of rest can be altered. The whole is inclosed in a box, based upon the block of wood
above mentioned. In this box the magnet can vibrate freely in the vertical plane. One
side of the box is partly of glass.

The telescope is fixed to a wooden tripod stand, whose feet pass through the floor
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without touching it, and are firmly connected with piles driven into the ground. Its
position is symmetrical with that of the telescope by which the horizontal force magnet
is observed ; so that a person seated in the position proper for observing the declination
magnet can by an easy motion of the head right and left observe the vertical force and
horizontal force magnets. v

The scale is vertical : it is fixed to the stand which carries the telescope, and is at a
very small distance from the object-glass of the telescope. The wire in the field of view
of the telescope is horizontal. The telescope being directed towards the mirror, the
observer sees in the telescope the divisions of the scale passing upwards and downwards
over the fixed wire, as the magnet vibrates. The numbers of the scale increase from top
to bottom; so that, when the magnet is placed with its marked end towards the East,
increasing readings of the scale (as seen with the fixed telescope) denote an increasing
vertical force.

Observations relating to the permanent A(jjushﬁents of the Vertical Force Magnet.

1. Determination of the effect of the declination magnet, when placed at different
inclinations to the magnetic meridian, on the vertical force magnet with its marked end
towards the East. '

The declination magnet was alternately placed in its box, and then taken some distance
from the Observatory. That division of the scale for the vertical force magnet, which
coincided with the horizontal wire in the telescope, was recorded for every position of
the declination magnet when it was away, and when it was in its box. The angles of
inclination of the declination magnet are reckoned from the North magnetic meridian
round by the East. The point of reference of the declination magnet was its marked end.

Observers, Messrs. Glaisher and Paul.

Il]l:;:lil;aﬁon of Mean Read D'ljl‘ean of Rea;lgngs, Read th h
inati o e ean in e one preceding ling wif C]
Dar, 141, |, MIEOEL | Mpgeot ey | of e Sl o (whtboberolohy pelounpent|
2y, + | to Magnetic ios the Vertical Thati Yeclinati ean.
Meriginn. in its place. Force Magnet. Decli‘:?::o;hﬂf‘net meu]e?te ﬂnn:;h ;’:’.i&'.’"
- - - ——— —
May 22 0 Away 34643 ‘
In its place 34433 34453 + 0020
Awa 34363
In its place 34 260 34 203 + 0°033 .
Away 34223
In its place 34-218 34217 — 0-001 ~ 0°008
Away 34213
In its place 34°130 34 °082 - 0°048
Away 33 -9560 : '
In its place 33 920 83875 | — 0045
Away 33800
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VerricAL Force MacGNET.
lgcli;l.aﬁ;).n of] Mean R Mean of Readings,
eclination s nati ean Reading | the one preceding | Reading with th
Dagy 1641, |0 OB | Mgt avay or | o Sl f oflizali iy il
Meridian, | DitSPlace: | g Mognet, [DoCimion Muguer| | the Declination s
o a ] ] a
May 22 14 Away 31675
continued, In its place 31603 31643 + 0°040
Awa 31610
In its place 31°5658 31+580 + 0°022 + 04026
Away 31550
In its place 31490 31505 + 0015
Away 31460
166 Away 333956
In its place 83 ‘360 33-339 - 0021
Away 33-283
In its place 33198 33 237 + 0°+039 + 0°029
Away 33-190
In its place 33 *100 33°170 + 0°070
Away 33°150
180 Away 33 -603
In its place 33698 33543 — 0°056
Away 83°483 ~ 0°052
Inits place 33488 33:439 | — 0°-049
Away 33 '395
194 Away 33 150
In its place 32-918 33000 + 0°082
Away 32850 :
In its place 32 810 32 810 0-000 + 0°041
Away 32770
In its place 32720 32760 + 0°040
Away 32750
346 Away 31875
In its place 81 800 31-833 + 0033
Away 31790
In its place 31750 31745 | — 0:005 | <+ 0°005
Away 31700
In its place 31700 31688 — 0-012
Away 31675

The numbers in the last column of this table indicate, that

When the declination magnet is inclined to the -
North magnetic meridian

0 with its marked end N orth,
180 with its marked end South,

14 with its marked end North,
194 with its marked end South,

166 with jts marked end South,
346 with its marked-end North,

but the numbers are all so small that it is most likely that the declination magnet has no effect.

Nadir by 0 +008 divisions of the scale,
Nadir by 0-052 divisions of the scale,
Zenith by 0 -026 divisions of the scale,
Zenith by 0041 divisions of the scale,
Zenith by 0029 divisions of the scale,
Zenith by 0005 divisions of the scale,

The mérked end of the vertical force maguet
approaches the



Ixiv INTRODUCTION TO GREENWICH. MAGNETICAL OBSERVATIONS, 1840 & 1841.

2. Determination of the effect of the horizontal force magnet when placed at various
inclinations to the North magnetic meridian, upon the vertical force magnet with its
marked end to the East.

The horizontal force magnet was taken some distance from the Observatory, so that
the vertical force magnet was under the influence of the earth’s magnetism alone, and that
reading of the scale was then registered which coincided with the horizontal wire in the
telescope. The horizontal force magnet was next placed in its box in the Observatory,
and the corresponding scale reading was recorded, and so on successively. The angles of
inclination are reckoned from the North magnetic meridian, round by the East, the
marked end of the magnet being its point of reference.

Observations by Messrs. Glaisher and Dunkin.

lnﬁlin_atiou a;)f Mean Readi nggnn of Rengfiggs, ﬁm«_iing t:iigl the
orizont: Horizoutal Force ean Reading e one preceding orizontal Force
Force Magnet| of the Scale of [ardtheotherfollow-t  Magnet away
Day, 1841, (1o Magneto | MUEIE ey oF | “iicVertioal | g sforiie | SResdngws | Mean,
Meridian. Force Magnet. |Magnet in its place.| Magnet in its place.
o d da d a
May 22 76 Away 29 -310
In its place 29 +183 29259 + 0°-076
Away. 29 °208
In its place 29°113 29 222 + 0°109 + 0°079
Away 29 235
In its place 29 -200 29 252 + 0°052
Away 29 268 :
90 Away 28 -875
‘In its place 28 ‘675 28 7173 + 0-098
Away 28 670
In its place 28 863 29018 + 0°155 + 0°059
Away 29 365
In its place 29°413 29 -338 — 0075
Away 29 310 :
104 Away 29 268
In its place 29 130 29 -219 + 0°-089
Away 29170
In its place 29 °165 29 -203 + 0038 + 0°071 .
Away 29 -235
In its place 29 073 29158 + 0°085
Away 29 *080
256 Away 29 080
In its place 29 153 29 -084 — 0°069
Away 29088 ‘ - 0052
In its place 29 088 20054 | .~ 0034 | . . .
Away 29 020
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Inclination of]
Horizontal Horizontal Force | Mean Reading n?ﬂ.&'mﬂm' ‘:::ﬂ‘l?m‘::‘:‘:hl;
Day, 1841 PorceMagnet| pyonet away or | Of the Scale of g that Tor i — Renling wat)
¥ * | to Magnetic in its place. the Vertical Hu:iloﬂlll Poree Iloriwufl?ll?lsn‘:. Mean.
Meridian. ’ Force Mngnet. Maguet in its place.| Magnet in it place.
o d d 4 4
May 22 270 Away 29343
continued, In its place 29 338 29 201 - 0047
Away 29 -238
In its place 29320 29 238 — 0°082 — 0047
Away (29 +608)
In its place 28 888 28 875 — 0°013
Away 28 -875
284 Awa 24575
In its place 24 500 24 432 — 0068
Away 24 -288 — 0°061
In its place 24 223 24169 — 0064
Away 24 -050

With the angle of inclination 270° the 3rd reading, when the magnet was away, is
different from the preceding and following readings when the magnet was away : it would
seem, therefore, that some magnetic change took place; and that observation is conse-
quently not used. The 2nd reading, when the magnet was in its place, is compared with
the preceding reading; and the 3rd reading, when the magnet was in its place, is compared
with the following reading. '

.The numbers in the last column, representing the effect in each position, are all
insignificant ; they indicate that

When the horizontal force magnet is inclined The marked end of the vertical force magnet

to the North magnetic meridian approaches the
4

'7?3 with its marked end East, Nadir by 0°079 divisions of the scale,

104 with its marked end West, Zenith by 0052 divisions of the scale,

90 with its marked end East, Nadir by 0059 divisions of the scale,

90 with its marked end West, Zenith by 0047 divisions of the scale,

104 with its marked end East, Nadir by 0-071 divisions of the scale,

76 with its marked end West, Zenith by 0-061 divisions of the scale,

Therefore, when the marked end of the horizontal force magnet is to the East, it causes
the marked end of the vertical force magnet to dip 0%05 of the scale, and when it is to
the West it has a contrary effect to the same amount.

3. Determination of the compound effect of the declination magnet and of the hori-
zontal force magnet on the vertical force magnet.

Both magnets were first taken some distance from the Observatory, and the reading

(k)
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of the scale was recorded, which coincided with the horizontal wire in the telescope. The
magnets were then placed in their boxes, the marked end of the declination magnet being
to the North, and the marked end of the horizontal force to the West: the division of
the scale was again recorded. The magnets were again taken away, and so on successively.

Observers, Messrs. Glaisher, Hind, and Dunkin.

. Mean of Readings, | Reading with Decli- |
Position of the one preceding {natiomrand Horizontal|
Degilr_xls;tlifi)n }?ez_:linati«lni? and l\gtalln sRce:lgizg ?:;l :ll::xoft‘l;:rtggl%v: Fo_rf%:;t; i‘t'i?y
Day, 1841, | sontal Forcs | Maguets away or | the Vertical | losiogsod otk [Decimtion il Mean.
Magnets. in their places. Force Magnet. inetsin their places.| in their places. s
. a a d a
May 23 | Marked " Away 33750
endof Dec-| In their places 35 163 36 *563 + 0°800
lination Away 39375
Magnet | In their places 42775 41 *949 — 0-826
N. Away 44523
Marked | In their places | 44775 44012 — 0763 — 0148
end of Away 43 -500 ‘
Horizontal In their places 41°175 41 388 + 0°213
Force Away 39-275
Magnet | In their places 38 -900 38738 — 0°-162
W. Away 38200

An inspection of the numbers contained in the first column of this table when the
magnets were away, will shew that no satisfactory result can be deduced from them. It
would be necessary for this that the readings preceding and following the reading when
the magnets were in their places, should be very nearly the same ; in the table they differ
very much. In consequence, the number in the last column can only be considered as
shewing that the compound effect is very small. In the two preceding sets of experiments
it is clearly shewn, that neither magnet has individually much effect.

4. Measure of the distance from the mirror carried by the vertical force magnet to the
face of the scale.

1841, May 28°

Mr. Glaisher measured the distance between the center of the mirror and the scale,
as follows :—The magnet was raised from the agate planes and rested entirely in its Y’s;
it was then horizontal, and the plane of the mirror was perpendicular to the horizon.
A small weight was suspended by a thread ; the thread was then moved until it touched
the reflector; a piece of wood resting on the sides of the box was then moved until it
just touched the thread, and was left there, a mark being made on it where it was touched
by the thread. The distance between this mark and the center of the mirror was
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‘measured, and laid off from the center of the scale upwards, so that the two marks were
in the same horizontal plane ; the distance between the marks was found to be, from three
measures, 12% 72, Mr. Main afterwards measured the distance between the mirror
and the scale, and found it exactly the same, viz., 12" 7.

5. Measure of the angle at which the mirror is inclined to the magnet.

1841, May 29°.

Mr. Glaisher took off the lid of the box in which the magnet is inclosed, and made a mark
on each end of the box in the plane of the magnet produced. From these marks perpen-
diculars were dropped upon the floor ; through the points thus determined a line was drawn’
on the floor; it was therefore in the same vertical plane as the magnet. Another line was
then drawn on the floor in a plane passing through the axis of the telescope. The angle at
the intersection of these two lines was then measured, and it was found to be 36°.5". The
scale is placed between the telescope and the magnet, a small distance on one side of
the telescope. The distance between the scale and the object-glass subtends at the
mirror a horizontal angle of about 10’. The half of this, or 5’, is therefore to be
taken away from 36°. 5" to get the true angle between the vertical plane passing through
the magnet, and the vertical plane passing through the centre of the mirror and bisecting
the horizontal angle subtended by the scale and the object-glass. This angle is therefore
36°, and consequently, the angle at which the mirror is inclined to the magnet is 54°.

6. Determination of the time of vibration of the magnet in the horizontal plane.

1841, May 31°.

The magnet was suspended from a tripod in the octagon room, the broad side of
it being in a plane parallel to the horizon; therefore its momentum of inertia was the
same as when it is in observation. The sun was shining, and the observations were
taken as follows :—One observer was seated at some distance from the magnet; another
observer was at a less distance ; the latter watched the cast shadow of the magnet, counting
the beats of the chronometer, and the former recorded the times of the extremes of
vibration as given to him. The following are the observations :—

1st Set. 2nd Set. 3rd Set.
('i‘l::::g}e:;: Inteill;val' Mun }C‘b;o;:):;cg.; ln“i:l"h Meﬂn. ggll‘;.o;o‘l”;‘f:e: Inwil;lva]s Meﬁn
. L m .
“v‘fﬁl‘&f;n"' Solar Time.| ;lbr:;.:no Solar Time.| Vibration, {Solar Time.
s L[] . L ] 1 ]
20°0 | 9449 00 | 95.9 430 [ o4
46:0 | 999 250 | 950 76 1 950
80 530 325

(k) 2
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1st Set—continued. 2nd Set— continued. . 38rd Set—continued.
Shromometr| Intervls Shronmeter | Lntoryals Srommter| fntervals |
Extremes of m Mean, Extremes of n Mean. Extremes of iz Mean.
Vibration. [Solar Time. Vibration. |Solar Time. Vibration, ISolm- Time.
. ] [ L s 8 ) L] L] ]
335 | 2875 170 | 240 570 | 248
26 -0 ) 240 26-0
59 6 410 230 .
: 230 ) 225 23 5
225 36 . 46 5
255 . 24 5 . 230
480 280 95
10-0 | 22°0 53.5 | 200 315 | 260
o) 220 | 244 ) 245 | 247 ) 245 | 24-3
320 180 59 0
28 -0 ) 22 -0 ol 245
0°0 400 235
240 ) 2540 2| e22+5
24 -0 50 455
240 : 265 : 225
48°0 316 80
230 ) 245 ) 250
110 66 0 330
g 240 26 -0 e 265
3640 220 595
230 . 230 . 235
58°0 | 9740 450 | 9440 23°0 | 9440
250 90 470

In the 1st and the 3rd sets the observations were by Mr. Glaisher; in the 2nd set
by Mr. Hind. Previous to the 3rd set, an attempt was made to protect the magnet better
from currents of air, and that result is considered the best.

7. Determination of the time of vibration of the magnet in the vertical plane.

1841, May 27. |

Three different sets of observations were taken for the time of vibration of the magnet,
the results were 30*5, 30*1, and 29*8. From these 30" was adopted, and used .in the
Term Observations of May 27 and 28.

In the month of June, the magnet had been in all positions for the scale to read
between 43° and 60%, and the times of vibration had been taken at every division between
these : each result is the mean of about 10 vibrations. The results are contained in the
following table :—

ivisi an Time of Division| Mean Time of|,_ -
Dw;:xon w{giabnration in Ij;l §B:; of Vibration in r:}'ﬁ?::
Scale. | Solar Time. jResults.] Scale. | Solar Time. | Results.
[ 3 d s
43 27 80 1 52 2781 9
44 27 37 2 53 28 33 10
45 27 *66 2 b4 28 49 4
46 2725 1 55 28 87 5
47 27 46 2 56 29 26 7
. 48 27 *36 12 o7 29 -39 3
49 27 32 8 58 29 -99 4
&0 2780 5 59 3043 2}
51 2733 6 60 30°83 2
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As the magnet is horizontal when the scale reads 50¢, the number 27*5 was adopted
from the above table as the mean time of vibration.

8. Computation of the angle through which the magnet moves for a change of one
division of the scale: and calculation of the disturbing force producing a movement
through one division, in terms of the whole vertical force.

The distance from the scale to the mirror is 151'2 inches, and each division of the

scale—so 9 inches. Hence the angle which one division subtends, us seen from the
mirror, is 8/.49"79; and therefore the angular movement of the normal to the mirror,

corresponding to a change of one division of the scale, is half this quantity, or 4'.24"-90.
But the angular movement of the normal to the mirror is not the same as the angular
movement of the magnet; but is less, in the proportion of unity to the cosine of the angle
which the normal to the mirror makes with the magnet, or in the proportion of unity
to the sine of the angle which the plane of the mirror makes with the magnet. This
angle has been found to be 54°: therefore, dividing the result just obtained by sine 54°,
we have, for the angular motion of the magnet correspondmg toa change of one division

of the scale, 4/.27"7:43.
From this, the value, in terms of the whole vertical force, of the disturbing force pro-

ducing a change of one division, is to be computed by the formula, “ Value of Division
72 9

in terms of radius x cotan. dip x o where T is the time of vibration in the horizontal

plane, and T the time of vibration in the vertical plane.
The dip is assumed to be 69°.12".

To 1841, May 31, T' is assumed........... =24'4, T =300
From 1841, June 1 to Dec. 31, T’ is assumed =24'-3, T = 27'*5

Consequently the value of the change of vertical force (in terms of the whole vertical
force), corresponding to a change of one division, is,

To the end of May 1841, ....cccuuruns ceseseeies ces. 0°000398
From the beginning of June to the end of December 1841 0-000471

These are the numbers that have been used in the reductions.

It is proper to remark, that the dip used here was obtained by means of a very im-
perfect instrument, and that later observations with a very fine dipping-needle give for
the mean value of the dip an angle differing little from 69°.0’.

9. Investigation of the temperature-correction of the vertical force magnet.

The following observations for the effect of temperature on the vertical force magnet
were made in the same manner as those for the horizontal force magnet, page lviii :—
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mff’l::f%'ﬁgir Distance of | Temperature of] Adopté’i lzgadlng‘ Its Natural -
Day, 1843. vexlt;z;a?me %:::)r:‘gf Vegl::}lg?me Circle Reading. Deflecting Force. Deflection. Sine.
ft. in. o [+ L4 " [o] i " o 4 ’
April 22 | Away | ... ceer | 24.18.52:7
W 4.0 540 41. 0.38°8 24.18. 550 16.41.43'8 028728
w 4.0 1270 40.47.20'0 24.18. 572 16. 28, 228 0°28356
w 4.0 89 2 40. 56. 40°3 24.19. 40 16.37.36°3 0-28613
W 4.0 713 40. 59. 485 24,19. 62 16. 40. 42:3 0 -28698
Away | ... veen 24.19.10'8
April 26 | Away | .. ciee 24,18, 89 s
w 4.0 505 40. 49. 347 24.19, 167 16. 30. 180 0 28409
Away . ceee 24, 21. 323
w 4.0 1240 40. 30. 55'9 24.21. 584 16. 8.57'5 0-27814
Away | ... ceen 24. 22. 50'6
w 4.0 50 -2 40, 49. 560°5 24.23.10'6 16. 26. 39°9 0 -28309
Away ‘e Tveae 24. 23. 505 '
w 4.0 124 ‘8 40. 28. 563 24. 23. 4056 16. 5.15°8 0-27711
Away cee ool 24, 23.20'5 |-
W 4.0 503 40. 49. 317 24. 22,462 16. 26, 455 0-28311
Away . cees 24.21. 377
w 4.0 1340 40. 15. 421 24.20.38°1 15.55. 40 0 -27426
w 4.0 121 -8 40. 17. 237 24.19.38'4 15.57. 453 0-27501
Away | ... ceen 24.19. 86
April 27 | Away | ... cers 24, 14.15'8
w 4,0 50 5 40, 28. 215 24.16. 14 16.12.20°1 027908
Away vee ceee | 24.19.32°5 '
W 4.0 1350 40. 8.599 24, 19,4556 15. 49. 14°4 027263
W 4.0 1190 40.13. 80 24.20.116 15. 52. 66°4 0 -27366
Away .ee cene 24.20. 377
w 4.0 520 40. 28, 403 24.21. 67 16. 7.33°6 0. 27775
Away | .., cee 24.22. 4'8
April 23 | Away . Cens 24.13. 16
W 5.0 556 32. 43.12°9 24.13. 534 8.29.19'5 014762
w 5.0 122 -0 32.37.18'5 24.16.29°0 8.20.495 0 +14517
w 5.0 950 32.41. 52°1 24.17.20'8 8.24.31-3 0°14623
W 5.0 750 32.46. 56 24, 19. 563 8.26. 93 0 14670
Away ces RN 24. 20. 48°2
April 22| Away | .. ceee 24. 18. 527
E - 4.0 | 118°-0 8. 2.310 24.18.59°5 16.16. 28°5 0 °28022
E 4.0 956 7.58. 76 24.19. 17 16.20. 541 0 -28147
E 4.0 700 7.54.35°9 24.19. 86 16. 24. 326 0 -28249
Away e e 24. 19. 10’8 .
April 26| Away | ... ceee 24.18. 89 A
E 4.0 51-2 8. 6.16'4 24. 20. 24'5 16.14. 81 0 °27958
Away | ... s 24.21.32'3 '
E 4.0 1161 8.24, 364 24.22.24'5 15. 6. 54°1 0 27505
Away cee e 24. 22, 50'6 :
E 4.0 503 8. 12.32'8 24.23.30'5 16.10. 5717 027871
Away | ... ceen 24. 23.50°5
E 4.0 1190 8.27.39'8 24.23.30°56 15.565. 607 .| 0°27447
- Away ‘e cees 24. 23. 20°5
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Position of Adopted Readi
packed Bndof] Distanes of Temponpinee of Plorno © Its Natura
Day, 1843. |"“\gnet. | Magnets. | Magnet Circle Reading. | Deflecting Force. Deflection. Sine,
ft. in. [ ) ’ [] o ’ ” o ! "
April 26 E 4,0 605 8. 14, 52'2 24, 22,120 16. 7.19'8 027768
continued.| Away . cee 24.21.377
E 4,0 138 -2 8.42. 63 24.21. 79 156.39. 26 026977
E 4.0 1278 8.40.471 24. 20, 82 15. 39. 211 0 -23986
Away . . 24.19. 86
April 27| Away | ... cees 24.14.156'8
E 4.0 52-0 8. 21. 33'1 24. 17. 470 16. 566. 139 027458
Away e e 24.19.32'5
E 4.0 1256 8. 44, 387 34.19. 6856 15.35. 19'8 026873
E 4,0 1142 8.41. 86 24. 20. 24°6 15. 39. 160 0 °26983
Away | ... vees 24.20. 377
E 4.0 620 8. 28.31°1 24. 21. 3567 15.563. 4'6 0 27309
Away | .. ceen 24.22. 48
April 23| Away | ... cees 24.13. 1'6
E 5.0 55 6 15. 47. 56°2 24, 14. 456°3 8. 26. 49°1 014690
E 5.0 1290 16. 2.564 24.16.37°'1 8.12,41'7 0 ‘14283
E 5.0 9456 15.68. 81 24.18.12:6 8.20. 46 0 °14495
E 5.0 76 ‘0 16.68, 66 24.19. 46 8, 20. 690 014522
Away | ... ceen 24. 20, 48°2

Grouping the two last observations W., 4 feet, April 26, and also the two last
observations E., 4 feet, April 26; omitting the second result E., 4 feet, April 22; and
dividing each day’s results remaining into two equal groups for high and low temperature,

we have—

Marked end West, distance 4 feet.

Adopting 55° as the temperature of reference, for which the nat. sine = 0-283.

Marked end West, distance 5 feet.

For temperature 54°11, nat. sine of deflexion = 0 ‘283054
For temperature 120°99, nat. sine of deflexion = 0°277980
Difference for 66°-88 = 0005074

Difference for 1°

= 000007586

o
Change of force for 1 = 0°0002681.

Whole force

For temperature 65°:25, nat. sine of deflexion = 0°14716
For temperature 108° 5, nat. sine of deflexion = 0°14570
Difference for 43°°25 = 0°00146

Difference for 1°

Natural sine for 55°

= 00000337
= 0°148

Change of force for 1° _ .0509077.

Whole force
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Marked end East, distance 4 feet.
For temperature 54°:33, nat. sine of deflexion = 0 ‘277788
For temperature 120°:97, nat. sine of deflexion = 0273018
Difference for 66°64 = 0 004770
Difference for 1° = 000007157
Natural sine for 55° = 02777

Change of force for 1°

Whole force = 0°0002577. .

Marked end East, distance 5 feet. _
For temperature 65°75, nat. sine of deflexion = 0 -14606
For temperature 111°-75, nat. sine of deflexion = 0 *14389
Difference for 46°:00 = 0002170
Natural sine for 55° = 0147

Change of force for 1°
Whole force

= 0'0003217.

Gwmg to these four results the respective weights 10, 1, 10, 1, the mean value of

change of force for 1° is = 0'00026397. The number used in the Abstracts, &c., is
whole force

0:000264. This is not applied in the various sections of observations.

The method of observing with the vertical force magnet is precisely similar to the
second of those with the horizontal force magnet, except that the adopted clock time is
2".30° before that for the declination magnet, and that the eye is first directed to the
telescope 55° before that time, and that the constant subtracted from the mean is 40-000.

§ 4. Meteorological Instruments.

BAROMETERS.

The barometer used from 1840, Nov. 9, to 1840, Dec. 18, is one by Newman, fixed
in the Circle room. The raising of the index by which the upper surface of the mercury
is read, depresses a plunger in the cistern of mercury, for the purpose of making the
elevation of the surface in the cistern invariable. The scale is a short piece of metal
fixed on wood, divided to 0™05; this is subdivided by means of a vernier to 0-002.

The tube is about 0™3 in diameter; the mercury was bonled therefore, a correction
of +0™014 is required for capillarity.

The height of its cistern above the level of the sea is 156%4™ This element is
founded upon the determinations of Mr. Lloyd, in the Phil. Trans. 1831; the elevation
of the cistern above the brass piece inserted in a stone in the transit room (to which Mr.
Lloyd refers) being 2°.6™. ' -
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From 1840, Dec. 18*. 12" (midnight Gottingen mean time), a standard barometer by
Newman, fixed in the magnetic house, has been used. The graduated scale, which
measures the height of the mercury, is made of brass, and slides up and down by means
of a slow-motion screw, so that its lower end, which is a conical point of ivory, is made

just to touch the surface of the mercury in the cistern.

The scale is divided to 0'"05.

The vernier sub-divides the scale divisions to 0002 ; it is moved by a slow-motion

-

screw, and in observation is adjusted so that the ray of light passing under the back and

front of the semi-cylindrical plate carried by the vernier is a tangent to the highest part

of the convex surface of the mercury in the tube.

The-tube is 0'565 of an inch in diameter; the effect of capillary attraction is therefore

only + 0"002.

The cistern is of glass; below the cistern are three screws, turning in the fixed part
of the support, and acting on the piece in which the lower pivot of the barometer-
frame turns, for adjustment to verticality : this adjustment is examined weekly. The
height of the cistern above the level of the sea is 159 feet: this measure is obtained by
reference to the same mark as that above cited.

The following comparison of the Greenwich standard barometer with the standard
barometers of the Royal Society, was made by Mr. Roberton, assistant secretary of

the Royal Society :—

Royal RoyalSociety’a’RoyulSoci«'ty’s Royal Society’s | Royal Soclety's
Observatory Standard Standard lint Glass Crown Glass
Standard Flint Glass | Crown Glass —~ Royal —Royal
Barometer Barometer | Barometer Observatory Obser vatory
Corrected. Corrected. Corrected. Standard. Standard.
In. in. In. In. Ia.
30 -270 30 -266 30 -258 — 0-004 — 0°012
30234 30 -232 30224 — 0°002 - 0-010
30 -129 30-128 30120 — 0°001 — 0009
29 957 29 ‘959 29951 + 0°:002 — 0006
29773 29 -761 29755 — 0012 — 0°-018
29 -782 29 -780 29 774 — 0002 — 0°008

The mean of the numbers in the last column but one seems to shew that the Royal
Observatory standard reads more than the Royal Society’s flint-glass standard by 0*003,
and the mean of the numbers in the last column shews that it reads more than the Royal
Society’s crown-glass standard by 0"-013.
barometer and the Royal Society’s barometer was ascertained by the intermediation of
the Royal Observatory standard, using as its difference from the Royai Society’s flint-
glass standard 0™-003. Previously to the reductions of the observations taken by the
standard barometer, the numbers contained in the above table were again considered,
and there appeared to be no doubt that an error of 0"-01 had been made in the reading
of the Royal Observatory standard barometer at the fifth comparison, as the difference

(D

The ditference between the circle-room
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between its reading and the reading of each of the other barometers is different from
the other comparisons by this amount. This comparison was therefore omitted in the
mean ; and the resulting difference between the Royal Observatory barometer and the
Royal Society’s flint-glass standard barometer was 0™001, the Royal Observatory
barometer reading higher by this amount. No correction has been applied on account
of this small difference.

All observations of this barometer have been corrected for the difference of temperature
of the mercury in the tube at the time of observation from 32° by the application of the
corrections contained in the table for barometers whose scales are engraved upon a rod
of brass reaching from the level of the mercury to the vernier. (See Report of the
Committee of Physics and Meteorology approved by the Royal Society.)

The following is a comparison of the barometer in the circle-room with the standard
barometer of the Royal Observatory :—

Royal
Day and Hour, Obsen}mtory Circle-room Royal
Standard Barometer Observatory
1840 and 1841. Barometer Standard—Circle]
Corrected. Corrected. |room Barometer
d h m in. in. in.

Dec. 17.23. 0 29 483 29 -473 + 0010
18. 1. 0 29 °435 29 418 + 0-017
18.23. 0 29 498 29 487 + 0011

Jan. 38.17. 0 28 ‘811 28 -804 + 0°007

4.21. 0 29 -223 29 *199 + 0-024
4.23. 0 29 195 29 176 + 0°019
5 0. 0 29 °198 29182 + 0°016
5. 0.40 29°195 29 +182 + 0°013
5.21. 0 29 443 29 423 + 0°-020
7.23. 0 29 ‘805 29 -787 + 0°-018
8.22, 0 29 ‘6056 29 ‘607 — 0002
8.23. 0 29 606 29588 + 0-018

The mean of the numbers in the last column is 0014, and the circle-room barometer
reads lower than the standard barometer by this amount, and therefore requires an additive
correction of 0™014 to reduce its readings to those of the Royal Observatory’s standard
barometer. '

The constant to be applied to all readings of the circle-room barometer to reduce them
to readings which would have been given by the Royal Society’s standard flint-glass
barometer, is thus computed : —

Correction for capillarity........oovevnennanens. teereeaens + 0-014
Correction to reduce readings to Greenwich standard readings. .. + 0°-014

- Correction to reduce readings by Greenwich standard to readings
by the Royal Society’s flint-glass standard, ......0..00u... — 0°003

Sum 4 0-025
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This correction, 0°:025, has been added to all readings by the circle-room barometer.

The readings have all been further corrected for the difference of the temperature of
the mercury in the tube at the time of observation from the standard temperature of 32°
Fahrenheit, by the application of the quantities contained in Table III., page 84, of
the Report of the Committee of Physics and Meteorology of the Royal Society, entitled,
* Correction to be applied to Barometers, the scale of which is engraven on glass.”

- DRY THERMOMETERS.

From 1840, Nov. 9, to 1841, Feb. 28, a mercurial thermometer, by Watkins and Hill,
was used. The following are comparisons of Watkins and Hill's thermometer with the
standard thermometer of the Royal Observatory and with the dry-bulb thermometer :—

On February 3 and 4, 18 comparisons were made, the temnperature ranging between
15° and 30°; the result was, that Watkins and Hill's thermometer rcad lower than the
Royal Observatory standard thermometer by 0> 1, and required an additive correction.

On April 5, from 7 between 41 and 55, the reading was the same.
12, from 12 comparisons with between 38 and 45, the reading was the same.

)

’s 19, from 12 dry-bulb between 38 and 52, {_t‘l;'e.:ll‘li'g' ::;(:{Ti‘)l'l'll:lt; I";’_l:'
th t . ‘

ermomcter the dry thermometer above
1, from 13 betweon 86 and 74, { Woikins and Hill's by 0°2.

Therefore between 38° and 72° there is no decided difference. Now, as the dry-bulb
thermometer between £2°and 50° requires an additive correction of 0°1, and above 60°
a correction of 0”2 (from comparisons to be detailed hereafter), to reduce its readings
to readings by Mr. Simms’s standard thermometer, Watkins and Hill's thermometer
requires the same corrections.

The standard, by Newman, is a mercurial thermometer ; its scale is divided to 0° 5.

The following is a comparison of the Royal Observatory standard thermometer with
Mr. Simms’s standard thermometer.

Mr. Simms’s standard was in a glass case, and it was fixed on the revolving stand,
parallel with and closc to the Royal Observatory standard.

Between Aug. 23 and Aug. 80, the Royal Observatory standard was found to read

From 7 comparisons between 40 and 6(:, higher than Mr. Simms’s standard by 0-3.
From 40 comparisons between 50 and 60, the same as Mr. Simms’s standard.

From 52 comparisons between 60 and 70, lower than Mr. S8imms’s standard by 06,
From 27 comparisons above 70, lower than Mr.Simms’s standard by L°9,

In consequence of these great differences, Mr. Simms'’s standard was taken out of its
case, and between Aug. 30 and Sept. 18 the Royal Observatory standard was found

to read—
(g
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From 31 comparisons between 40 and 5?), higher than Mr.
From '76 comparisons between 50 and 60, higher than Mr.
From 75 comparisons between 60 and 70, higher than Mr,
From 15 comparisons between 70 and 80, higher than Mr.

Simms’s standard by 0 2.
Simms’s standard by 0 2.
Simms’s standard by 0 3,
Simms’s standard by 0 -2,

OBSERVATIONS, 1840 & 1841,

And these quantities it is necessary to apply subtractively to the Royal Observatory
standard thermometer, to reduce its readings to those which would have been given by
Mr. Simms’s standard thermometer. '

By comparisons of the results obtained when Mr. Simms’s thermometer was in its
case and when it was out of its case, the effect of the glass case was—

d
Between 40 and 50, nothing.

Between 50 and 60, very slight.
Between 60 and 70, to cause the readings to be too high by 0 ‘9,
Between 70 and 80, to cause the readings to be too high by 2-1.

DRY-BULB THERMOMETER.

The dry-bulb thermometer, used in conjunction with the wet-bulb, is mercurial ; its
comparisons of the dry thermometer with

scale is divided to 0°5. The following are
the Royal Observatory’s standard thermometer :

Dry Ther- Dry Ther-

hoviatnd Number Teads v Number M

than Range of o Mean than - Range of 0 ean

i Com- | T - . Com- | Te -

Day, 1841. | Greenwich | Temperature. | OO0 | Tempera- | Day, 1841, | Greenwich | Temperature. | o 5eonel ™~ tover
Feb. 11| . AT ° Jul 05 | s1to7l | 12 | 60

eb. . uly 19 * 0
2} 0:2 f 15t033 | 21 | 26 26 |- 05 | 52t072 | 12 | 60
05 5to 3

AR B By ic-odl I B Aug. 3 | 06 | 51t066 | 12 | 585
5| 02 | 2ae031 | 13 | o0 10 | o2 | s1t066 { 12 | 57
S| o0 | 2tte 28 5| 24 | 05 | s52t067 | 12 | B8
8| o0a| 253 | 12 | oo 31 | 07 | s5tove | 12 | 64
9 | 01 | 26t032 | 12 | 28 Sept. 6 | 0.4 | 37to60 | 12 | 48
April 5 | 08 | 411051 8 | 47 13 1 02 | 57 f° 75 :2 66
19 10 37 to 51 12 47 27 02 51 to 63 12 56
27 | 09 | 55t072 | 12 | 64 Oct. 4 | 03 | 49to60 | 12 | 54
' 1w | 01 | 48toeo | 12 | 54
May 3 | 07 | 43to50 | 12 | 47 18 | 0.1 | 45t051 | 12 | 49
10 | 12 | s0t062 | 12 | 56 25 |.03 | s9tos2 | 12 | 44
Tl Ben | o Nov. 1 | 04 | 45t047 | 12 | 46
31 | 12 | s51t07 | 12 | 63 8 | 0-3 | 40to50 | 12 | 44
15 | o1 | 28to37 | 12 | 82
June 7 | 09 | 42t057 | 12 | 49 22 | 02 | 40tos6 | 12 | 52
14 | 05 | 42t069 | 12 | 57 20 | 04 | 49to56 | 12 | 53

.21 | 03 | 52t070 | 12 | 59 :

; X Dec. 6 | 03 | 40tos51 | 12 | 45
‘July 5 | 06 | 52t071 | 12 | 61 20 | o | 30te34 | 12 | 31
12 | 05 | 4sto6L | 12 | 55 27 | 01 | 30t034 | 12 | 82
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The Royal Observatory standard was in a glass case from Feb.1 to June7. After

this time it was taken out of its case.

The effect of the case when the temperature was

below 40° is considered as insensible ; above 40° the effect appears to have been about half

a degree, the case causing the reading to be too high by this amount.

The comparisons,

therefore, between April 5 and June 7, are not used. All the other comparisons are
collected and arranged according to the order of temperature in the following table :—

Dry Therm. Dry Therm.
Dry Therm. reads less than reads Jeas than) Dry Therm,
paiio o e el A
Day, 1841. G Mean. | Day, 1841.| butween | Mcan. [ Day, 1841.| between | Mean. [ Day, 1841.] Standard | Mean.
below 32° 32° and 50°, 50° and 60°, above 60°,
(] o o ] (] [} (] o
Feb. 1 } 0-2 Sept. 6 04 June 14 08 July & 06
2 21 03 19 06
3 05 Oct. 18 0°1 28 06 20 06
4 00 25 03
5 0-2 July 12 05 Aug.17 07 |06
(4} 0-4 0°2 | Nov. 1 04 3l 07
7 0-0 8 03 03 fAug. 3 0-6 04
8 0-4 15 0°1 10 0-2 Scpt. 13 0-2
9 0-1 24 08 20 03
Dec. 6 03
Dec. 20 0°1 13 0°3 Sept.27 02
27 01
Oct. 4 0-3
11 0-1
Nov.22 0-2
290 04

Therefore, the dry thermometer reads less than the Royal Observatory standard—

o [+ o
Below 32......0000000000. 03
Between 32 and 560........ ..0°3
Between 50 and 6O0........ ..0°4
Above 60 ...... PP ees0°8

Also the correction to be applied to the Royal Observatory standard is 0°2 subtractive

for all readings below 60°, and 03 subtractive above 60°.
Applying these therefore to the above differences, the corrections necessary to be applied

to the dry thermometer readings are—

0o [ o
Below 32.......... ceee.es0°0
Between 32 and 50......... 0 ‘1 additive
Between 50 and 60.........0 2 additive
Above 60...... eresesssss0°2additive

to reduce its readings to the readings which would have been given by Mr. Simms's
standard thermometer. These have not been applied either in the various sections of

observations or in the Abstracts.
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A piece of muslin was wrapped round the bulb of the dry thermometer (the maker con-
ceiving that it would thus be placed under the same circumstances, moisture excepted, as
the wet-bulb thermometer), and remained on it to the end of February. The readings
taken during this time are rejected, and those of Watkins and Hill’s thermometer are
substituted for them. After this time the muslin was taken off, and it was considered
trustworthy. '

WET-BULB THERMOMETER.

The wet-bulb thermometer is mercurial ; its scale is divided to 0°5. The following
is a comparison of the dry thermometer with the wet-bulb thermometer when both
thermometers were under the same circumstances ; and the difference between the readings
of the wet-bulb thermometer and the Royal Observatory’s standard thermometer :—

Between Feb. 5* and Feb. 10% 79 comparisons were made, the temperature varying
between 15° and 30° from which it appeared that the wet-bulb thermometer read less
than the dry-bulb thermometer By 0°2; and as the dry thermometer does not require
correction at these temperatures, the wet-bulb reads less than the standard by 0>2.

Between Feb. 2? and 39, 8 comparisons were made between the wet-bulb thermometer
and the Royal Observatory’s standard between 16° and 30°; the result was, that the wet-
bulb thermometer read less than the standard by 0°3.

Several comparisons (not recorded) were made in water of different temperatures ; the
result of which was, that the wet-bulb thermometer generally read too low by about 0°-3.

The bulb is covered with a piece of fine muslin; immediately under it is placed a small
cistern of rain-water (the water to which is supplied by a fountain-cistern), A piece of
cotton lamp-wick is connected with the muslin, and its end dips into the cistern of water ;
the water ascends up the wick by capillary attraction, and keeps the muslin on the
thermometer-bulb constantly wet.

In frosty weather the muslin is moistened about a quarter of an hour before each
observation, and the water has then become frozen, and the evaporation from the surface
of the ice has commenced at the time of making the observation. In the earlier
observations, this method was not fully understood by the assistants, and the wet-bulb
readings are consequently lost.

DEW-POINT APPARATUS.

The dew-point apparatus is that commonly known as Daniell’s hygrometer, consisting
of a bent tube with two bulbs, in one of which ether is enclosed, with a small thermometer
plunged in it; on the other a linen rag is wrapped, by dropping ether on which, the
vapour of the inclosed ether passing from the first bulb is condensed, and the ether
itself is cooled until dew is deposited on the bulb, when the reading of the inclosed
thermometer is taken, This is sometimes done at the appearance of the moisture, some+
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times at its disappearance; but it is found that when care is used there is no certain
discordance in the results.

The following is a comparison of the dew-point thermometer with the Royal Ob-
servatory standard thermometer : —

The thermometer used in determining the temperature of the dew-point reads—

On Feb. 2,from 6 comparisons between 17 and 200, lower than standard by 04
On Oct. 10, from 5 comparisons betwecn 56 and 58, higher than standard by 01
On Oct. 11, from 12 comparisons between 48 and 60, higher than standard by 01
On Oct. 17, from 12 comparisons between 45 and 50, the same as standard.

On Oct. 24, from 12 comparisons between 39 and 51, lower than standard by 0-1
On QOct. 31, from 12 comparisons between 45 and 48, lower than standard by 0°1
On Nov. 17, from 12 comparisons between 40 and 50, the same as standard.

On Nov. 14, from 12 comparisons between 27 and 38, lower than standard by 032
On Nov. 21, from 12 comparisons between 40 and 56, lower than standard by 01
On Nov. 28, from 12 comparisons between 50 and 57, bhigher than standard by 01
On Dec. 6, from 12 comparisons between 40 and 60, higher than standard by 0-2
On Dec. 13, from 12 comparisons between 42 and 52, lower than ‘standard by 0°1
On Dec. 20, from 12 comparisons betwecn 30 and 32, lower than standard by 04
On Dec. 27, from 12 comparisons between 39 and 34, lower than standard by 083

From these it appears that when the temperature is below 30° the thermometer reads
less than the standard by 0°4; that between 30° and 40° it reads less than the standard
by 0°1; that between 40° and 50° it reads the same as the standard; that- above 50°
it reads more than the standard by 0°1.

No correction has been applied on account of these differences, as a dctermination of
the temperature of the dew-point is considered to be doubtful to 3 of a degree.

The dew-point observation was made at 3 9" 15% and 21°, Greenwich mean time,
every day, to 1840, Nov. 28. Since that day the adopted hours are 4% 10*, 16", and 2¢",

Gottingen mean time.

MAXIMUM AND MINIMUM SELF-REGISTERING THERMOMETER.

The maximum and minimum thermometer is one of Six’s construction, the fluid being
spirit of wine, and the indexes being of blue steel with knobs at each end.

The following is an investigation of the index errors of the maximum and minimum
thermometer.

During December 1840, and January and February 1841, there were several instances
of differences between the temperature as shewn by Six’s maximum and minimum ther-
mometer, and the temperature as shewn by the other instruments; this difference some-
times was nearly a degree. On February 2* and February 3, the difference amounted
to 1°2 and 1°5 respectively, and these quantities were applied subtractively to the
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maximum reading at February 2. 22" and February 3. 22". Beginning with the month
of March, the maximum and minimum thermometer was usually compared twice on
every day, with the Royal Observatory standard thermometer: once at the time of the
maximum temperature, and once about the time of the minimum temperature. The
mean of all the differences of the minimum temperature in each month has been applied
to every observation in that month. With respect to the maximum, it was found
necessary, whenever the temperature rose to 70° to group all the differences at that
temperature and above'it for one index error to apply to those readings, and to group
all the others for another index error to apply to all readings below 70°. In this way
the following quantities have been obtained, and the temperatures, as inserted at 22" on
every day, are the readings of the instrument corrected by them, and are such-as would
have been given by the Royal Observatory standard thermometer :—

(]
March. Subtract 0 *7 from all maximum readings.
0 +5 from all minimum readings.

April. Subtract 2 2 from all maximum readings above 70,
0 -7 from all maximum readings below 70.
02 from all minimum readings.

May. Subtract 1°5 from all maximum readings above 70.
05 from all maximum readings below 70.
05 from all minimum readings.

June. Subtract 23 from all maximum readings above 70.
16 from all maximum readings below 70,
09 from all minimum readings.

July. Subtract 17 from all maximum readings above 70.
1°1 from all maximum readings below. 70.
0 ‘9 from all minimum readings.

Anugust, Subtract 19 from all maximum readings above 70.
12 from all maximum readings below 70.
10 from all minimum readings.

September. Subtract 2 ‘4 from all maximum readings above 70.
1 2 from all maximum readings below 70.
09 from all minimum readings.

October. Subtract 09 from all maximum readings.
08 from all minimum readings.

November. Subtract 0°4 from all maximum readings,
01 from all minimum readings.

December, Subtract 04 from all maximum readings.
02 from all minimum readings.
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RADIATION THERMOMETERS.

The self-registering thermometer for solar radiation is a mercurial thermometer with a
blackened bulb; its index is a piece of blue steel wire; its readings are higher than those
of the standard thermometer by 0>6. It is read every day at 21°.

The self-registering thermometer for radiation to the sky is of alcohol, with blackened
bulb placed in the focus of a parabolic metallic reflector : its index is glass with a knob
at each end; its readings are lower than the readings of the standard thermometer by
0°8. It is read every day at 21"

POSITION OF THE THERMOMETERS.

The positions of the thermometers, during the latter part of 1840 and the begifwing of
1841, are given in the notes to the Observations. In the beginning of March 184],-a post
was planted in the ground in the north-east re-entering angle of the Magnetic Observatgry,
about six feet from the walls of the building; and upon this a revolving frame. was
placed for carrying the thermometers. The frame consists of a horizontal board as
base, with a vertical board projecting upwards from it connccted with one cdge of the
horizontal board, and with two parallel inclined boards (separated about ¢ inches) con-
nected at the top with the vertical board, and at the bottom with the other edge of the
horizontal board. The air passes freely between all these boards. The standard ther-
mometer, the dry and wet-bulb thermometers, the dew-point instrument, and the maximum
and minimum thermometer, are attached to the outside of the vertical board with a small
projecting roof above them ; their bulbs being about 4 feet above the ground, and those
of the three first projecting below the wood; and the frame is always turned with its
inclined side towards the sun. 1t is presumed that the thermometers are thus sufliciently
protected. ~This arrangement commenced on 1841, March 10, after 0"

The radiation thermometers are placed in open boxes upon the ground, the tides of
the boxes being sufficiently high to prevent lateral wind striking the bulbs. That for sky
radiation (giving the minimum temperature) is placed in a horizontal position, its bulb
and reflector being fully exposed to the sky; that for solar radiation is inclined as need

requires to receive the full rays of the sun.

ANEMOMETER.

The anemometer is self-registering, on Osler’s construction ; it was made by Newman.
A large vane, which is turned by the wind, and from which a vertical spindle proceeds
down nearly to the table in the north-western turret of the ancient part of the Observatory,
gives motion by a pinion upon the spindle to a rackwork carrying a pencil. This pencil

(w)
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makes marks upon a paper which is affixed to a board that is carried (by a chain con-
nected with the barrel of a clock) in a direction transverse to the direction of the rack
motion. The paper has lines printed upon it corresponding to the positions which the
pencil must take when the direction of the vane is N, E, S, or W: and also has
transversal lines corresponding to the positions of the pencil at every hour. The first
adjustment for azimuth was obtained by observing from a certain point the time of
passage of a star behind the vane-shaft, and computing from that observation the azimuth ;
then on a calm day drawing the vane by a cord to that position, and adjusting the rack, &c.,
so that the pencil position on the sheet corresponded to that azimuth.

For the pressure of the wind, the shaft of the vane carries a plate one foot square,
which is supported by horizontal rods sliding in grooves, and is urged in opposition to
the wind by three springs, so arranged that only one comes into play when the wind is
light, and the others act successively in conjunction with the first as the plate is driven
further and further by the force of the wind. A cord from this plate passes over a pulley,
and communicates with a copper wire passing through the center of the spindle, which
at the bottom communicates with another cord passing under a pulley and held tight
by a slight spring; and by this a pencil is moved transversely to the direction in which
the paper fixed to the board is carried by the clock. Lines are printed upon the paper
corresponding to different values of the pressure; the intervals of these lines were adjusted
by applying weights of 1lb., 2lbs., &c., to move the pressure-plate in the same manner
as if the wind pressed it.

A fresh sheet of paper is applied to this instrument at 23" mean solar time (11 in the
morning, civil reckoning), every day.

RAIN~-GAUGES.

The rain-gauge No. 1 (Osler’s) is connected with the anemometer. It is 205" 6™
above the mean level of the sea. It exposes to the rain an area of 200 square inches
(its horizontal dimensions being 10 by 20 inches). '

The collected water passes through a tube into a vessel suspended in a frame by spiral
spridgs, which lengthen as the water increases, until 0'24 of an inch is collected in the
receiver ; it then discharges itself by means of the following modification of the syphon.
A glass tube, open at both ends, is fixed in the receiver, in a vertical position, with its
end projecting below the bottom. Over the top of this tube a larger one closed at the
top is placed loosely. The smaller tube thus forms the longer leg, and the larger tube
the shorter leg of a syphon. The water having risen to the top of the inner tube, -
gradually falls through into the uppermost portion of a tumbling bucket, fixed in a globe
under the receiver. When full, the bucket falls over, throwing the water into the pipe
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at the lower part of the globe: this action causes an imperfect vacuum in the globe, suffi-
cient to cause a draught into the longer leg of the syphon, and the whole contents run off.
After leaving the globe, the water is received in a pipe attached to the building, which
carries it away. Then the springs shorten and raise the receiver. The ascent and descent
of the water vessel move a radius-bar which carries a pencil ; this pencil makes a trace
upon the paper carried by the sliding-board of the self-registering ancmometer.

The scale of the printed paper was adjusted by repeatedly filling the water vessel until
it emptied itself, then weighing the water, and thus ascertaining its bulk, and dividing this
bulk by the area of the surface of the rain receiver.

The rain-gauge No. 2, on the top of the library, is a funnel, whose diameter is G inches ;
its exposed area consequently is 28'3 square inches. The water passes into a cylinder
from which it is poured into a circular vessel, the diameter of which is 325, and there-
fore 34 in this corresponds to 1 inch of rain. This gauge is 177% 2" above the mean
level of the sea.

The rain-gauge No. 8 is a self-registering rain-gauge on Crosley’s construction, made
by Watkins and Hill. The surface exposed to the rain is 100 square inches. The col-
lected water falls into a vibrating bucket, whose receiving concavity is entirely above
the center of motion, and which is divided into two equal parts by a vertical partition
whose plane passes through the axis of motion. The pipe from the rain-receiver descends
immediately above the axis. Thus that part of the concavity which is highest is always
in the position for receiving water from the pipe. When a certain quantity of water has
fallen into it, it preponderates, and falling discharges its water into.a cistern below ; then
the other part of the concavity receives the rain, and after a time preponderates. Thus
the bucket is kept in a state of vibration. 7To its axis is attached an anchor with pallets,
which acts upon a toothed wheel by a process exactly the reverse of that of a clock-
escapement. This wheel communicates motion to a train of wheels, each of which
carries a hand vpon a dial-plate; and thus inches, tenths, and hundredths are registered.
Sometimes, when the escapement has obviously failed, the water which has descended
to the lower cistern has again been passed through the gauge, in order to enable an
assistant to observe the indication of the dial-plates without fear of an imperfection in
the machinery escaping notice. This gauge is placed on the ground, 21 feet south of the
Magnetic Observatory, 156".6" above the mean level of the sca.

The rain-gauge No. 4 is a simple cylinder gauge, 8 inches in diameter, and therefore
having an exposed area of 503 square inches. The height of the cylinder is 134 inches ;
one inch from the top within the cylinder is fixed a funnel (an inverted cone), of 6 inches
perpendicular height; with the point of this funnel is connected a tube, one-fifth of an
inch in diameter, and 14 inch in length; three quarters of an inch of this tube is straight,



Ixxxiv INTRODUCTION To GREENWICH METEOROLOGICAL OBSERVATIONS, 1840 & 1841,

~and the remaining half inch bent upwards, terminating in .an aperture of one-eighth of
an inch. By this arrangement, the last drop of water remains in the bent part of the
tube, and is some hours evaporating; it is usually found that the dew at night fills it,
and evening comes before it is again free of water. The upper part of the funnel, or
base of the coue, is made to touch the internal part of the cylinder all round. The
cylinder is sunk 8 inches in the ground, leaving 5% inches above the ground; and it is
believed that evaporation is almost totally prevented. The height above the mean level
of the sea is 155".3"™; the place of the gauge is 6 feet west of the gauge No.3. The
quantity of water collected is read at the end of every month: its readings are inserted
in the marginal notes to the Observations.

PERSONAL ESTABLISHMENT.

The number of persons regularly employed in the Magnetic and Meteorological
Observations is three, namely—

Mr. Glaisher, Superintendant,
Mr. Edwin Dunkin,
Mr. John Russell Hind.

In cases of illness or absence of one of these persons, it is necessary to detach an
assistant from the Astronomical establishment. ‘

The order of observations is arranged every week, and usually proceeds on the following
principle.  Denoting the three assistants by A, B, C, three complete days’ work will
be thus disposed— :
A from 12® (midnight) to 20

B from 2¢* to 2*
A from 4* to 10"
B from 12" (midnight) to 20"
C from 29* to 2°
B from 4* to 10"
C from 12" (midnight) to 20*
A from 22" to 2°
C from 4* to 10

In order to give reasonable security to myself and to the superintendant, that the
assistants have really been present at the time at which their observations profess to -
have been made, there is provided an instrument frequently used in large manufactories,
and usually denominated *the watchman’s clock.” It consists of a pendulum-clock
which has no hands, but of which the dial-plate turns round ; this dial-plate has a number
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of radial pins fixed in its circumference, each of which can be pressed downwards (being
held by the friction of a spring only) without disturbing the others. A lever is attached
to the clock-frame, in such a position that, by means of a cord which passes from the lever
through a hole in the clock-case to its outside, the lever can be made to press down that pin
which happens to be uppermost, and no other. The clock-case and clock-face are securcly
locked up. Thus the only power which an assistant possesses over the clock, is that of
pulling the cord, and thereby depressing one pin; the dial-plate then turns away, carrying
that pin in its depressed state, and thus retains, for about eleven hours, the register of every
time at which the assistant has pulled the cord. About one hour before returning to the
same time (semi-diurnal reckoning), the bases of the pins begin to run upon a spiral
inclined plane, by which they are forced up to their normal position before coming to
that point at which the lever can act on them.

It is the duty of each assistant, on making the prescribed observations, to pull the
cord of the watchman’s clock; and it is the duty of the first assistant (Mr. Main) to
examine the face of the clock every morning, and to enter in a book an account of the
pins which he finds depressed. It is presumed that great security is thus given against
irregularity, as regards the time of the observations.

END OF THE INTRODUCTION TO MAGNETIC AND MRTEOROLOGICAL OBSERVATIONS.
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DAiILY OBSERVATIONS OF MAGNETOMETERS,

(2]
Daily Observations from November 8 to 21.
|
Gottingen Mean # |° Gottingen Mean ¢ ||. - Gottingen Mean & ‘ Gattingen Mean ¢
Time (Astfonomical . E % Time (Astronomical E’ Time (Astronomical “i ‘ Time (Astronomical ) $
Reckoymg) of Theodolite | g ||  Reckoning) of Theodolite @ Reckoning) of Theodolite | g |  Reckoning) of Theodolite 5
Declination Reading. 2 | Declination Reading. 2 Declination Reading. 2 | Declination Reading. 2
Observation, e | Observation. ‘ © Observation. © J Observation. ©
Ee— ) |
d h m [} ’ " a h m \ o ' n d h m o ‘. r d h m o A
Nov. 8.14. 0 |246.29.17. G | Nov. 11.14. 0 |246.31.20| G || Nov. 15.14. 0 |246.27.33| ¢ J Nov. 18.14. 0 [246.28. 6, ¢
16. 0 29. 40 16. © 29. 14 16. 0 26. 38 16. 0 29. 17
18.- 0 29. 40 18. 0 29.43 18. O 25. 45 J 18. O 28, 32
20. 0 25. 9, ¢ 20. 0 30.17| ¢ 20, 0 23. 7| ¢ | 20. 0 28. 34
22. 0 27.50, D 22. 0 29.50| p 22. 0 18.31| p (‘ . 22, 0 27.34| p
Nov. 9. 0. 0 [246,18.56 » f Nov. 12. 0. 0 | 246.26.14| p | Nov. 16. 0. 0 |246.17.54| p | Nov.19. 0. 0 [246.24. 1| p
1. 50 1.50 1.50 1.50 P
{2. 0 18.55| 6 {2. 0 25.19| D 2, 0 21.56; G 2. 0 23.49| p
2.10 2.10 oo 2,10 coe 2.10
4, 0 22,51 4, 0 26. 5! G 4. 0 26. 33 4. 0 26. 2| ¢
6. 0 29. 8 6. 0 28. 38 6. 0 28. 8 6. 0 30. 17
8. 0 30. 23 8. 0 29. 33 8. 0 29. 56 8. 0 28. 30
10. 0 39.27, 6 10. 0O 31.56| ¢ 10. O 35.10) ¢ 10. O 28.59) ¢
12, 0 34.24| D 12, 0 80.20|JH 12. 0 24.54| p 12. 0 28.21! p
14. 0 35. 1 14. 0 30. 7| D 14. 0 27.49 14. O 28. 9
16. 0 26. 47 16. O 29. 3 16. O 26. 44 16. 0 27. 41
18. 0 28. 44 18. 0 29. 39 18, 0 - 26. 20 18. 0 27.29
20. 0 29.18| D 20, 0 29.20| » 20, 0 28. 1/ p 20. O 25.19| p
22, 0 30.37JH 22. 0 29. 9JH 22, 0 29.42 JH 22, 0 27. 501' JH
Nov. 10. 0. 0 |246.26. 0|yH| Nov. 18. 0. 0 [246.23.32 /5| Nov. 17. 0. 0 |246.26. 3 yu| Nov. 20. 0. 0 |246.23. 415 JH
1.50 1.50 .50 | ... | 1.50 e |
{2. 1] 25.19JH {2. (1] 25.13J H {2. 0 24.34 JH {2. 0 18.43 3 H
2.10 2.10 2.10 ( 2.10 ces
4. 0 26.24| o 4. 0 26.25| D 4. 0 26.16 p 4. 0 22.27/ b
6. 0 28.39 6. 0 28. 44 6. 0 28.11 6. 0 23. 48
8. 0 29.41 8. 0 27.57 8 O 35. 7 8. 0 28. 38
10. O 31.56| » 10. 0 84.27| p | 10. 0 31.56| D 10. O 28.35; D
12. 0 32.16|JH 12. 0 35.52 3 H 12. 0 29.50.3 H 12. 0 35.51 (34
14. O 34.22 14. 0 29. 10 14. O 27. 35 14. 0 26. 34
16. 0 31. 4 16. 0 27.23 16. 0 29. 30 16. O 32, 52
18. O 30. 52| 18. O 30.10 18. 0 28. 2 18. O 20. 13||
20. 0 29.24 JH 20. 0 28.17/JH 20. O 27.153H 20. O 24.18,J H
22, 0 29.42! G 22. 0 25.51} 6 22. 0 %5.382 G 22. 0 23.20, G
Nov. 11. 0. 0 97.24! ¢ || Nov. 14. 0. 0 {246.21.51| @ || Nov. 18. 0. 0 |246.21.46 G (| Nov.21. 0. 0 |246.16.11| 6
1.50 1. 50 oo 1. 50 N 1. 60
{2. 0 24.40, D {2. 0 22.44! G {2. 0 21.44, 6 {2. 0 21.69, 6
2.10 2.10 2. 10 2.10
4. 0 25.14'JH 4, 0 25.37 JH| 4. 0 23.56 JH 4, 0 30. 1i{JH
6. 0 26. 34 6. 0 26. 4 6. 0 26. 57 6. 0 33.12
8 O 27.63 8. 0 27. 1 8 0 29. 26 8. 0 41.39
10. 0 29.26 JH 10. 0 32.545H 10. 0 29.43 17 H 10. 0 41,168
12. 0 29.31| @ 12. 0 29.37 @ 12. 0 28.48| ¢ 12. 0 28.41) G
|

Theodolite reading for Astronomical Meridian, 269°.51’, 42”.
Reading of Torsion-Circle for Brass Bar resting in Magnetic Meridian, 182°,

Nov. 7. The declination magnet was prepared for observation,

meter reading for the line of collimation of th
Time of vibration 30°. The microm

position.

e telescope of the theodolite, 1007°106.

illuminated end of the axis of the telescope to the east.

Nov. 12¢. 6. Experiments were made to determine the effect of the Bifilar ma,

Nov. 124, 22"

Experiments were continued to determine the effect of the Bifilar
Nov. 12%. 22h, A heavy gale of wind began to blow, and continued till 134.23%.

was not affected by it even at the times of the heaviest gusts.

Nov.
Nov.

Nov. 21“..
Nov. 214,

Nov. 21¢

6b. A severe gale of wind : no effect on the declination magnet.
3" 23m,  The needle was in a position requiring the theodolite to read 246°. 38’.

7", 30™,

Several auroral streamers seen : the needle was agitated.
. 12, The theodolite readimg was less by 12'+ than at 10,

16%. 12*. ~The theodolite reading was less by 10+ than at the preceding observation.
17¢

the cross-wire carried by the magnet being west of it. ‘The micro-
The glass in the front of the box in its usual
eter head on the same side of the telescope as the illuminated end of the axis. The

gnet on the declination magnetometer.
magnet on the declination magnetometer.
The declination needle was frequently watched, and
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Daily Observations from November 22 to December 5.
Gottingen Mean ¢ Gottingen Mean z Gottingen Mean 8 Gottingen Mean @
Time (Astronomical . g || Time (Astronomical £ (| Time (Astronomical E Time (Astronomical 4
Reckoning) of Theodolite g Reckoning) of Theodolite E Reckoning) of Theodolite | g Reckoning) of Theodolite §
Declination Reading. = Declination Reading. 2 Declination Reading. 2 Declination Reading. 2
Observation. © Observation. © Observation, o Observation. (=3
4 b m o ’ L [} h m o t a h m [} ’ " a h m o ' "
Nov. 22.14. 0 [246,29.19| ¢ Nov. 25.14. 0 |246.25.32! ¢ || Nov. 29. 14, 0 |246.33.45| 6 || Dec. 2.14. 0 [246.32.48| ¢
16. 0 24, 32 16. 0 33. 7 16. 0 29, 7 16, 0 | - 83.44
18. 0 28, 4 18. 0 31.14 18. 0 29. 29 18. 0 32. 63
20. 0 27.64| ¢ 20. 0 29, 1|4 20. 0 28.44| 6 20. 0 30.18| ¢
22, 0 24.356| D 22, 0 29.19| o 22, 0 27.47| D |, 22, 0 30.47| b
Nov.23. 0. 0 {246.24. 1| p || Nov. 26. 0. 0 |246.27.44( D Nov. 30. 0. 0 {246.25.31| D | Dec. 3. 0. 0 [246.26.15| »
1.50 22. 2 1. 50 25. 18 1.50 24. 46 1.50 26. 17
2. 0 21. 55 {2. 0 24, 38 2. 0 25. 14 2. 0 26.16
2.10 22, 1| D 2.10 24,.22| D 2.10 25.14| D 2.10 26.31] »
4. 0 31.15| @ 4. 0 26.13| G 4. 0 29.42| G 4. 0 29.32| G
6. 0 25.37 6. 0 26. 38 6. 0 30.42 6. 0 - 27.53
8. 0 29.11 8. 0 27.24 8. 0 31. 6 8, 0 31. 7
10. 0 48.556| 6 10. O 28.32| 6 10. 0 31.25| 6 10. 0 32.23| @
12. 0 80.35| D | 12. 0 32.23| p 12. 0 31.10; » 12. 0 27.10| p
14, 0 29. 18 14. 0 28. 63 14. O 31. 67 14, 0 32.24
16. 0 29.29 16. 0 28,17 16. 0 31.33 16. 0 31. 58
18. 0 26, 7 18. 0 28, 27 18, 0 31. 6 18. 0 32. 38
20. 0 26. 9 D 20. 0 28.33| D 20. 0 29.50| D 20. 0 31.16| »
22, 0 26.31| G (|- 22, 0 29.29|JH 22. 0 29,465 H 22, 0 29.46 | JH
Nov. 24. 0. 0 |246.25.49\5u || Nov. 27. 0. 0 [ 246.25.35{JH| Dec. 1. 0. 0)246.28. ‘1 JH Dec. 4. 0. 0 |246.28.57|JH
1. 50 20. 53 1. 50 23. 42 1. 50 26. 356 1.60 26. 50
{2. 0 22, 2 2, 0 23. 44 {2. 0 26.42| {2. 0 26. 39
2.10 22.10(JH 2.10 23.49|JH 2,10 27. 1JH 2.10 26.566 |JH
4, 0 25,36 » 4, 0 25.34| D 4, 0 28.25| D 4, 0 26.21| D
6. 0 40. 43 6. 0 25. 32 6. 0 29. 19 6. 0 35. 47
8. 0 29. 21 . 8. 0 27.28| D 8. 0 30. 45 8. 0 34. 19
10. O 33.37| o 10. O 32.26| 6 10. O 32.19| D 10. O 31.15( o
12. 0 30, 2{JH 12. 0 31.31| ¢ 12, 0 33.18JH 12. 0 36.35|JH
14. 0 27.38/ '14. 0 28.22| » 14. 0 31. 52 14. 0 31. 20
16. 0 21. 417 16. O 27.28JH 16. 0 31. 6 16. O 32.33
18. 0 27.45 18. 0 28. 4 WR 18. 0 31. 10 18. 0 30. 0
20, O 27.11}{JH 20. 0 29.17| R 20. 0 31. 7IJH 20. 0 31.42|JH
22, 0 28.31| ¢ 22. 0 29.28| £ 22. 0 30.34| 6 22, 0 29.34| 6
Nov. 25. 0. 0 |246.26.28| p || Nov. 28. 0. 0 |246.25.16| u| Dec. 2. 0. 0 | 246.28.57| ¢ Dec. 5. 0. 0 |246.26. 5| G
1. 50 23.44| G 1. 50 25.32( M 1. 50 25. 4 1.560 26. 30
2. 0 23. 28 2. 0 25.16 {2. 0 24.25 {2. 0 26. 22
2.10 23.47| G 2.10 22.43| M 2.10 24.34| G | 2,10 25.24| G
4. 0 25.47JH 4. 0 23.12| 6 4, 0 27.69 JH 4. 0 29. 6/JH
6. 0 26. 2 6. 0 27.40| ¢ 6. 0 27.46| | 6. 0 30. 14
8. 0 29, 25 8. 0 31.589| o 8. 0 31. 4 8. 0 30.49
10. 0 36.43'JH 10. O ceenn 10. O 42. 4.JH 10. 0 42.156)JH
12. 0 31.43| G 12. 0 31.37|Jn 12. 0 36.46| G l 12. 0 32.57| 6

Brass Bar.)

Theodolite teading for Astronomical Meridian,
Reading of Torsion-Circle for Brass Bar resting in Magnetic Meridian, 182°;
mounted, after each examination by means of the Brass Bar, with the reading of the

269°.51%.42"; Dec. 1, 269°.52.2".

Nov. 30 4", 183°.
Torsion-Circle determined by means of the

(Nore.—The magnet is always

Tespectively.

24,
24,

34,

Nov. 284, 100,

I‘iov' 234, 84, The needle without vibration. '
. Nov. 234, 10", The marked end of the needle was nearly 20’ more easterly th
1t had moved back 18'.
Nov. 244, gb,

The observation inadvertently omitte

2"4. Experiments were made to determine the effect of the mea
10". The theodolite reading was 11’ greater than
24, 22", Experiments were repeated to determine the e

The marked end of the needle was 15’ and 11/

an at the preceding observation ; at the next observation

more easterly than at the preceding and succeeding observations

After the observation at 2°. 107, the mean time clock was fixed in its place.

. 5% 10%, The theodolite reading was 11 greater than at 8", and 9" less than at 12h