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GREENWICH MAGNETICAL AND METEOROLOGICAL
OBSERVATIONS,

1844.

INTRODUCTION.

Iy 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 (erected in 1841), 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-timne 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 near the middle of its west side.
These are all the fixtures which contain iron ; but as the ante-room is used as a computing-
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room in the day, and as a room for occasional repose at night, it is impossible to avoid
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 fixed, for the support of the conducting
wires to the electrometers ; the electrometers, &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 5’, 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 3 Ursee 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 passing
through the pier, through which circumpolar stars can be observed as high as & Urse
Minoris above the pole, and as low as 8 Cephei below the pole.

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 double
rectangular box (one box completely inclosed within another), both boxes being covered with
gilt paper, on their exterior and interior sides. On the southern side of the principal upright
picce of the stand, 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
carriesat 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 of suspension, by giving a motion
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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 carried
over it and over the south pulley, and is then attached to a leathern strap, which passes
downwards to a small windlass, 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)

is reduced in the proportion of 5 : 2 nearly.
(b) 2
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Observations relating to the permanent Adjustments of the Declination Magnet and
its Theodolite.

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

1843, January 13. 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; it was then 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 ten times, and the following are the results. Observers, Messrs. Glaisher

and Hind.

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

&
B

div.

With Illuminated End of Axis East — 4-1 || With Illuminated End of Axis East — 8°0
s West — 1°8 'y West + 1°2
s East — 10°0 ’s East — 9-1
s West — 74 . West — 3°8
Iy East — 10°6 s East — 8°3
ss West — 52 ,s West — 8°5
) East — 98 5 East — 10°8
s West — 3°6 ys West — 7°6
. - East — 99 | .o East — 133
>s West — 24 | ’s West — 29
Hence that (‘end o.f the level. which.is placed on the} by Ist and 2nd sots...... d:ilv..lé
illaminated end is too high
s 3rd and 4th sets...... 130
s 5th and 6th sets..... . 270
ys 7th and 8th sets...... 3°10
ys 9th and 10th sets...... 375
ys 11th and 12th sets...... 460
ys 13th and 14th sets...... 265
s 15th and 16th sets...... 240
»s 17th and 18th sets...... 160

’ 19th and 20th sets...... 5°-20
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The mean of these numbers is 2°"85, which appears to be the quantity by which that
end of the level which was placed on 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 1943. And this quantity has been taken into account in the
reduction of all the observations with the theodolite, for the determination of the
theodolite-reading for the Astronomical meridian. One division of the level scale was
found by Mr. Simms to be equal to 17:0526.

2. Value of one revolution of the micrometer-screw of the theodolite-telescope.

By the mean of seven results of observations made on January 1, of the year 1842,
between 92"" and 115™", and of six similar results obtained on January 3 of the same
year, it appeared that the value of one revolution was very accurately 1°.347:271,
and the value used in 1841, viz. 17.347°07, was so nearly equal to this that it did
not appear necessary to construct new tables. The same value, viz., 134”07, has
been used, without fresh trial, during the year 1844.

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

telescope.

1843, December 27. The vertical axis of the theodolite had been adjusted to verticality,
and the transit axis was made horizontal. The declination magnet was made to rest
on blocks, 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
after each observation. Observers, Messrs. Glaisher and Dunkin.

Position Micrometer Position Micrometer
of P of .
Micrometer Head. Reading. Micrometer Head, Reading.
E 98845 w 101 786
w 101 -850 E 98 ‘813
E 98 788 w 101773
w 101 826 E 98 860
E 98 823 w 101772
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Position Micrometer Position Micrometer
Microm:ter Head. R:aadmg. Micromgtt;ar Head. R:aadmg.
E 98 197 E 98 ‘853
w 101775 W 101 763
E 98 ‘862 E 98 ‘840
w 101 -782 W 101 763
E 98 823 E 98 ‘840
w -101 778 W 101 -%87
E 98 ‘875 E 98 ‘868
W 101 +763 w 101788
E 98 ‘834 E 98 871
W 101 777 w 101771
E 98 *842 E 98 *865
AL 101 773 w 101 790
E 98 ‘863 E 98 ‘8568
w 101 -768 w 101772
E 98 823 E 98 ‘878
W 101 ‘768 W 101 -764

The mean of these readings is 100312, and this reading is used as the reading for the
line of collimation throughout the year.

In the year 1840, observations were made by which it appeared that the clock
draws the marked end of the magnet towards itself, or towards the West, through an arc
of 9*41, and therefore causes the micrometer reading to be too small by this amount : the
correction 9”41 has, therefore, been added to every observation throughout 1844.

In the year 1841, were also made experiments by which the compound effect of the two
other magnets upon the declination magnet is shewn, which is to cause the marked end
of the magnet to approach the East by 55”22 of arc. As the effect is to increase
all the micrometer readings, the correction is subtractive; and, therefore, from all
theodolite readings 55”'22 has been subtracted. It is thought proper to repeat here in
detail the observations on which these results are founded.

4. 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 Micrometer| Reading with
Clock Micrometer | Beadings, theone | Cjoek away
Day, 1840. Removed or in Reading of o&’:f‘}?ﬁ'fv;’;dg%fn —Reading with Mean.
its place. the Theodolite. for Clock in its place.;Clock in its place.
Deec. 2 Removed 99 627
In its place 99 454 99 ‘637 + 0-183
Removed 99 647
In its place 99 477 99 :582 + 0°105
Removed 99-517
In its place 99 -539 99592 + 0-053
Removed 99 ‘668
In its place 99 *495 99 616 + 0-121
Removed 99 564
In its place 99 *451 99 :506 4+ 00565
Removed 99 448
Inits place 99 +426 99 ‘546 + 0120 + 0°080
Removed 99 645
In its place 99 *524 99554 + 0°030
Removed 99 463
In its place 99 442 99 °528 + 0086
Removed 99 594
In its place 99 :565 99 ‘666 + 0-101
Removed 99 1138
In its place 99915 99 843 - 0°072
Removed 99 948
In its place 99 -831 99 927 + 0-096
Removed 99 -906
Dec. 3 Removed 100 485 |
In its place | 100°663 | 100-344 | — 0°119
Removed 100 -603 g [
Inits place | 100548 | 100°604 | + 0°056 |
Removed 100 606 i
In its place 100484 100 -694 + 0210
Removed 100783
In its place 100 559 100 *867 + 0308 4+ 0-159
Removed 100 *951
In its place 100 *444 100 903 + 0459
Removed 100 ‘855
In its place 100301 100510 + 0219 |
Removed 100 *165 |
In its place 100 -265 100 -248 — 0017
Removed 100 356

On Dec. 2, during the time of the experiments no magnetic change was going forward;

vii

but on Dec. 3 a change was going on, and the result is not entitled to more than one

fourth of the weight of that of Dec. 2: under these circumstances it is considered that 01

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 9”41 has been added to every
observation, as before stated.
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5. 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
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 Horizontal Micrometer | the one preceding and | Horizontal and Vertical
and Vertical Force . the other folloyvmg Force Mpgnetg away
. | Reading of the |that for the Horizontal | — Reading with the
Day, 184]. |Magnets away or in Theodolit and Vﬁmca} Force Hon%(;x‘\:l ;ll:ign‘:::lwl Mean.
their places. | ohte. in thete places. in their places.
Awa 100 ‘641
May 26 |1y their glaces 100 *583 100 *440 — 0°143
| Away | 100-239
‘ In their places 100°512 100 ‘176 — 0°336
| Away | 100112 |
In their places | 100 ‘317 | 99 898 — 0419 |
Away [ 99683 »
| In their places: 100°020 ! 99483 — 0537 |
Away | 99282 |
In their places, 99823 99 217 — 0°606
Away | 99-151 |
In their places l 99 ‘824 j 99 171 — 0653
Away { 99°190
In their places| 99913 | 99173 — 0740
Away I 99156 |
In their places| 98-843 | 99109 — 07134 — 0587
7/ Away | 99-062 |
In their places! 99722 99 -164 — 0°558
Away I 99266
In their places| 99°674 98 '991 — 0-683
Away 98 715
In their places 99 *665 98800 | — 0855
Away 98 -884
In their places 99691 98 *880 — 0811
, Away 98 ‘876
| In their places 99 299 98 873 — 0426
! Away [ 98-869
'In their places' 99°216 98 ‘679 — 0°537
i Away 98 488
- In their places | 99 -287 98 *537 — 0750
Away | 98°586
! In their places| 99-105 98 *495 — 0°610
Away 98 *403
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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”722 has been sub-
tracted throughout the year 1844.

No new experiments were made during the year 1844 to determine the separate or the
compound effect of the different causes of disturbance on the respective instruments.

6. Determination of the error of collimation for the plane glass in front of the boxes
of the declination magnet.

1843, December 27. 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 is 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 wire
carried by the collimator of the magnet was observed with the marked side of the
glass alternately inside and outside of the box. Observers, Messrs. Glaisher and Dunkin.

) Micrometer ) Micrometer

Marked Side of the Glass. Reading. Marked Side of the G lass. Reading.
Out of the box 98 845 Out of the box 98 *852

- In the box 98 *650 In the box 98 598
Out of the box 98 *845 Out of the box 98 '848
In the box 98 ‘628 In the box 98 *602
Out of the box 98 ‘855 Out of the box 98 *858
In the box ‘ 98 *600 In the box 98 ‘607
Out of the box 98 ‘848 Out of the box 98 845
In the box 98 602 In the box 98 -593
Out of the box 98 *843 Out of the box 98 *862
In the box 98 *590 In the box 98 *590

The mean of all the readings when the marked side of the glass was outside of the box
is 98850, and the mean of all the readings when the marked side of the glass was inside
of the box is 98"606. These numbers were not satisfactory, and the result deduced from
them was not thought worthy of being used alone.

1843, December 29. The following experiments were made in the same manner as those
on December 27. Observers, Messrs. Glaisher and Dunkin.

GRSENWICH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1844. ' (c)
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) Micrometer ) Micrometer
Marked Side of the Glass. Reading. Marked Side of the Glass. Reading.
Out of the box 99 -488 Out of the box 99 *492
In the box 99 272 In the box 99255
Out of the box 99 500 Out of the box 99 °485
In the box 99 *266 In the box 99 '260
Out of the box 99 -497 Out of the box 99 '510
In the box 929 271 In the box 99270
Out of the box 99 490 Out of the box 99 *488
In the box 99 260 In the box 99 *261
Out of the box 99 *488 Out of the box 99 -486
In the box 99 -255 In the box 99 *272

The mean of all the readings when the marked side of the glass was out of the box is
99492, and the mean of all the readings when the marked side was inside of the box is
997:264. Half of the difference is 0™114.

1843, December 29. Another set of experiments was made in the usual way.
Observers, Messrs. Glaisher and Paul.

Micrometer Micrometer

Marked Side of the Glass, Readin Marked Side of the Glass. Readine.
g g

Out of the box 99 *503 Out of the box 99 499
In the box 99 271 In the box 99 270
Out of the box 99 490 Out of the box 99 500
In the box 99 -271 In the box 99 280
Out of the box 99 +500 QOut of the box a9 500
In the box 99 278 In the box 99 *263
Out of the box 99 509 Out of the box 99 508
In the box 99 260 In the box 99 269
Out of the box 99 °481 Out of the box 99 491
In the box 99 262 In the box . 99271

The mean of all the readings when the marked side of the glass was outside of the
box is 997498, and the mean of all the readings when the marked side of the glass was
inside is 997269. Half of the difference is 0%115.

r

Therefore, the half difference from the set on December 27 is 0:122
. 1st set on December 29 is 0°114
. 2nd set on December 29 is 0-115

And the mean of these three values is 0117, or 11”00 in arc, which is the error of col-
limation of the plane glass. As the micrometer-head of the telescope is always kept
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East, and the glass is always kept in its *“ usual position,” previously explained, the correction
for this error is subtractive; and 11” has consequently been subtracted from all readings

for the bisections of the magnet-cross during the year 1844.

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

1843, December 27 and 28. A magnet of the same size was suspended in the building
erected for Deflexion Experiments: a reflector was attached to its center : and a telescope
with a wire in its focus was directed to the reflector. A scale of numbers was fixed
Jjust above the object glass of the telescope. The time of vibration of the magnet was 26°.
The distance of the scale from the reflector was 4 feet 7 inches; one foot of the scale
corresponded to 30""9 exactly: and, consequently, the value of one division of the scale
was 12/.8”°21. One observer (Mr. Hind, on December 27, and Mr. Paul, on December
28,) observed this magnet at intervals of 26°; while another, Mr. Glaisher, observed the
declination magnet, at such pre-arranged times that the mean of the times for both sets of
observations was the same, then reversed it in its stirrup, and again observed it, and so on.
The illuminated end of the axis of the theodolite-telescope was, as usual, East.

The results are contained in the following table :—

Position Mean Scale Reading | (i 00 e tor | py
of Cross Mean Reading of | Micrometer for Reading reduced]  East ! f,‘:nce
Day, of Col. | Micrometer TScale of Reading Temporary |t g;cégff;‘fjj"d Ex‘cvei:ls)— E;x;or
B tmator, | Rending. | U | reducedto Are. | BORE | Sele Kending | Collmator Gotimasion
r div, (o) ’ " Q ’ 13 o] ’ " ’ n ’ ”
Dec. 27 W 100 '95 30 49 2.38.16 6.10.14 2.28. 2 s 8 4 4
E 105 *43 30 +40 2.45.18 6. 9. 8 2.36. 10 : :
w 101 -84 30 41 2.39. 40 6. 9.16 2. 30, 24 5.16 2 38
E 10535 3043 2.45.10 6. 9.30 2. 35. 40 : :
w 101 ‘64 3043 2. 39, 21 6. 9.30 2.29. 51 6. 43 3 924
E 106 29 30 *47 2. 46. 39 6.10. 0 2. 36. 39 ) o=
w 102 ‘80 30 -44 2. 41.10 6. 9.37 2.31.33 432 2 16
E 10616 30 -50 2. 46. 26 6.10.21 2.36. 5 : )
w 10150 30-45 2.39. 8 6. 9.45 2. 29, 23 5. 15 5. 98
E 104 '92 30 -46 2. 44, 30 6. 9.52 2.34. 38 " 2=
w 102°12 30 -54 2.40. 6 6.10.51 2.29.15 | o .o 2. 38
E 105 -92 30 46 2.46. 3 6. 9.52 2.36.11 | -
w 100 ‘60 30 -33 2.37.43 6. 8.17 2.29. 26 ' 5. 47 2. 54
E 104 -06 3030 2.43. 9 6. 7.56 2.35.13 ! )
W 10071 30 -27 2.87. 54 6. 7.34 2. 80. 20 ‘ 3. 37 1. 45
E 104 418 30 42 2. 43. 20 6. 9.23 2, 33. 57 { : )
Dec. 28 w 10293 3077 2.41.23 | 6.13.38 | 2.27.45 1 5.30 2. 45
E 106 ‘98 30 -84 2.47. 44 6.14.29 2.33.15 “
w 103 -21 30 80 2.41.49 6.14. 0 2,217. 49 l 6. 48 3. 24
E 107-16 3075 2.48. 1 6.13.24 2. 34. 37 )

(¢) 2



xit INnTRODUCTION TO GREENWICH MAGNETICAL OBSERVATIONS, 1844,

The mean of the values in the last column is 2'.56”, and when the collimator is West
of the magnet, as it was during the year 1844, the readings are too small by the above
amount ; therefore 2.56” has been added to all observations during the year 1844.

In the volume for 1841, observations are exhibited shewing that the oval copper bar,

or damper, had but little or no effect on the magnet; the same bar has encircled the
magnet throughout the year 1844.

In the volume for 1841, observations are exhibited shewing that the effect of the grate
in the ante-room is insensible.

In the volume for 1842, observations are exhibited shewing that the iron attached
to the electrometer pole, has little or no effect on the magnet.

8. Calculation of the constant used in the reduction of the observations of the
declination magnet. ‘

r

Micrometer equivalent for reading for line of collimation 100 -312....... — 2.37.16°35
Micrometer head of the theodolite East. Correction for the plane glass
in the front of the box, in its usual position. . ... ceeeinineea. - 1100
Correction due to the compound effect of the horizontal force magnet and
the vertical force magnet ........................ ceriaans — 5522
— 2.38,22-57
Correction for the effect of the mean timeclock ....covevavier e e + 941
‘ — 2.38.13.16
Cross wire of the collimator West of the magnet. Correction for Error of
collimation . ..covviinvnrvnnens e tneenee s tenvaas verass o+ 2. 5600
— 2.35.17°16

This was used throughout the year 1844.

In the volume for 1841, are exhibited observations, by which it appeared that the time
of vibration was 30°; since that time a few observations have been frequently taken, and
as no reason has appeared for departing from the above determination, 30® has been used
as the time of vibration throughout the year 1844.

9. Investigation of the fraction expressing the proportion of the torsion force to the
earth’s magnetic force.

1844, December 28. Observers, Messrs. Glaisher and Dunkin.

The suspension-skein was without torsion, when the torsion circle read 227°.20’. The
torsion circle was then turned through an angle of 70° on one side, and of 110" on the
other side of this reading, and the theodolite was read for the position of the cross in
each position of the torsion circle.



DEcrLiNATION MAGNET. Xiid

u
o ¢

N o ‘
With torsion-circle reading 297. 30, the theodolite reading was 249. 47. 5975
¢ s 227, 30, s 249, 21, 277
’s . 117. 30, ’a 248. 44, 29 ‘81
ys 227. 30, ys 249, 17. 58 17
S o V'
Therefore from the 1st pair the difference for 70 was 26. 56 ‘98
sy 2nd pair ’s 110 was 36.32'96
Y 3rd pair »s 110 was 33.28°96
And the torsion-force from the 1st pair is ;15 of the earth’s magnetic force.
’s 2nd pair is 14 s
.5 3rd pair is 15 ys

1845, April 21. The suspension skein was without torsion when the torsion circle
read 219° and the following experiments were made, as on December 28, except that
the theodolite was not moved during the experiments; and, consequently, the micrometer
reading only was taken. Observer, Mr. Glaisher.

o (o] ' "
With torsion-circle reading 269, the micrometer reading reduced to arc was 3. 2.30 8
s 169, s 2,27.46°1
’s 269, 3 2.59.35°0
s 169, 2 2.25.49°8
’s 269, o 2.57.28°1
s 169, ’s 2.24.29°8
’s 219, s 2. 40.29 -8

It is evident that a gradual magnetic change was going on during the time of the
experiments, therefore the mean of the 1st and 3rd experiments has been taken and
compared with that of the 2nd ; also the mean of the 3rd and 5th has been taken and
compared with that of the 4th, to deduce the change of micrometer reading corresponding
to the change of the torsion-circle reading, as follows :—

o ‘ "
¢

T : 1st and 3rd experiments is 3 1. 2°9 . o
The meun from the 1 r P r}m R ., The difference for 100 is 33. 16 -8
The 2nd experiment gives 2,27.46 1

The mean from the 3rd and 5th exper.lments 1§ 2.58.31-6 The difference for 100 is 32. 41 ‘8
The 4th experiment gives 2.25.49 '8

The 5th experiment was then compared with the 6th; and again the 6th with the 7th,

as follows :—

o ’ n
"

. . t . X . . ) . ’
The 5th experimen g}ves 2.57.28 °1 The difference for 100 is 32,58 ‘3
The 6th experiment gives 2,24,29°8

The 6th expergment gives 2.24.29°8 The difference for 50 is 16. 0+0
The 7th experiment gives 2. 40,29 ‘8
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Therefore, from the 1st result, the torsion force is +15 of the earth’s magnetic force

.y 2nd result, s s s
s s 3rd result, s 15T s
’s 4th result, »s s ys

1846, January 1. The torsion-circle reading was 228°, when the suspension skein was
without torsion. The following experiments were made in the usual way. Observer,

Mzr. Glaisher.

[e] (e} ’ "
With torsion-circle reading 318, the theodolite reading was 249.54. 10
) 228, s 249.28.43°5
s 138, 'y 249. 2. 5°0
> 228, ’s 249. 30. 58 6
s 138, 5 249. 2,116
’» 228, ’s 249.31. 69
s 318, ’s 249. 57.25 7
) 228, ,s 249. 30,119

o ’ "

Therefore from the 1st pair the difference for 90 was 25.17°5

»s 2nd pair ,s 26, 38 *5
55 3rd pair ys 28, 53 6
,s 4th pair ) 28.470
s 5th pair ss 28. 55 '3
vy 6th pair . 26. 18 '8
' 7th pair ys 27.13 8

.

And the torsion force, from the 1st pairis 1y of the earth’s magnetic force

|
]

’s 2nd pair is 31 .
5 3rd pair is 1+ vs
s 4th pair is 1~ )
’s 5th pair is 13- ’s
5y 6th pairis 51, .
’s 7th pair is 15 ys

torsion force
earth’s magnetic force
blishment of the Magnetic Observatory, are :—

from the time of the esta-

The results thus obtained for the value of

1840, August 28 = ;1.
1840, December 11
1842, February 1

I~ ol
of

1 1
3? 193 a.lld 1T70°

)
&

2

-

1842, May 16 = b, iy and £l
1842, May 23 = 1dr, T and io.

1843, January 23 e T e o Tw e and 1ig
1843, September 4 = 11y, e T Tim Tip Tiw and g
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1844, December 28 = 15, +1;, and {14
1845, April 21 = 11y, tls, iy and io.
1846, Janvary 1 = 3l dm i the i Tie a0d gk

. . 1 , .
The mean of these 39 results gives the torsion-force = 1= of the earth’s magnetic force.

Determination of the Readings of the Horizontal Circle of the Theodolite corresponding to
the Astronomical Meridian. '

The error of the 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 division having been found by Mr. Simms to be
equal to 17°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., and 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 has been computed independently in
every observation, by the following method, which is found 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 meridian,
by changing the sign of the north polar distance.

Put a for the star’s polar distance, 4 for the co-latitude, 4 for the azimuthal-angle, and
C for the hour-angle. Then,

sin. a sin. C )
cos. a sin. & — cos. b sin. a cos. C

tan. A =

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

sin. a (C — %)
tan. A =

. . C:
cos. a sin. b — cos. b sin. a (1 — 3)

Csin. a {l _C* cos.bsina C7

~ sin. G—-a)™ F—sin.(b-—a)xaf
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and 4 =tan. 4 — 1 tan. 3 4 =

Csin. a g 1 C? sin. b sin. @

sin. (b—a) ~ 3 X Sin. 0—a)

(cot. a + 2 cot. (b—a))}

,; the number of seconds of arc
contained in A be 4,,: and let the number of seconds of time contained in C be Cs; so
that we may use indifferently,

Let the number of seconds of arc contained in @ be a

aora,sin. 1”
Aor 4, sin. 17
Cor C, 15 sin. 1”.

Then the last equation becomes

4,;5in.1”=Cs155in.1”.

sin. @ {1 C215%sin* 1”7 sin. bsin. a

sin. (0—a) v 3 X (b_a)(cot. a+2 cot. (b—a))%

Make sin. ¢ = C; 15 sin. 1”7y { és—lsr%ﬁé——————(?_rr;; x (cot. a + ¢ cot. (b—a_))%

15 sin. a
Then A// = L m_—a) COS.(I).

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

In the computation of log. .li(sg_n__.a), the peculiarity of principle, to which I have above
sin. (b—a
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 in the form
E x (a, + F)
where £ and F are constants.”
This will be proved, and the values of £ and F in the instance before us, will be

determined by the following process :—

Let the general value of @ be expressed by a°+? a, where a° is constant. Then, for the
assumed equation,

15 sin. a

g F . . 1'/
sin. (0—a) x (a + Fsin. 1)

=E x (a, + F)=

sin. 17
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or, h. log. 15 + h. log. sin. @ — h. log. sin. (b—a) =
E N
h. log.m, +h. log. (@ + F'sin. 17)
we may put
h. log. 15 + h. log. sin. (¢® + &) —h. log. sin. ()—a° — ¥ a) =
h. lo £ + h. log. (¢ + Fsin. 1”7 + 3 a).
* 108 §in.1¥ Tet
Expanding both sides to the first power of ¥ g,
h. log. 15 h. log. L}
+ h.log. sin. @°  + cotan. a°d @ = sin. 1 ' g
— h.log. sin. (b—a°) + cotan. (b—ad°) 8a | + h.log. (&°+ Fsin. 1”) + propray o

an equation which is evidently possible; since, by comparing the terms independent of
Y@ and the terms multiplying 3 4, two equations are formed for determining the two

quantities £ and F.

The comparison of the terms multiplying  a gives,

1
cotan. a®° + cotan. (§—a°) = —————,
( ) a® + Fsin. 17
sin. b _ 1 1
sin. @°sin. (b—a®) ~ sin.1” " a°, + F

or

sin. @° sin. (b—a°

: ; ,,-) - a,.
sin. b sin. 1

sin. @° sin. (b—a°)
+ F sin. bsn, 17 0

whence a°,

The comparison of the terms independent of ¥ a, reverting from the logarithmic equation
to the equation between the numbers, gives,
15sin.a® E (& + F sin. 1) E (&
= = a
sin. (b—a°) sin. 17 @, + F)
whence E = 15 sin. a° _ 15 sin. bsin. 1*
(@, + F)sin. (b—a°) sin? (b—a°)

The mean value of a may be used for ¢° in the computations of E and F, and the
computation of the azimuthal reduction in any instance is effected by the formula

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

GrEeNwicH MAGNETICAL AND METEBOROLOGICAL OBSERVATIONS, 1844,

(d)
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The following table contains the values of these various quantities, as they have been
used in the reduction of the observations. ‘

Tabulated Values of Log. Cos. ¢, for different Values of Cy and of the Quantmes Log. E and F
for the Stars Polaris and § Ursae "Minoris.

Hoar Log. Cos. ¢ for
Angle, Polaris. '8 Urse Minoris.| Polaris S.P. [5Urse Min.S.P.
m
1 9 99999 999999 9 °99999 9 -99999
2 999 999 999 999
3 999 999 999 999
4 998 998 998 998
5 996 996 997 997
6 994 994 996 996
7 992 992 994 995
8 990 989 992 993
9 988 986 990 991
10 985 983 - 988 989
11 981 979 985 987
12 978 975 982 984
13 974 971 979 981
14 970 966 975 978
15 966 961 972 975
16 961 955 968 971
17 956 950 964 968
18 951 944 959 964
19 945 937 955 960
20 939 930 . 9560 956
21 932 923 945 951
22 926 915 939 946
23 919 908 933 941
24 912 900 928 936
25 904 891 922 930
26 896 882 915 925
27 888 873 909 919
28 880 863 902 913
29 871 853 894 906
30 999862 9 '99843 999887 9 -99900
Log. E| 6°09721 613638 |—6°03899 |—6°00617
F| —186™79 | —944”71 | 4181”57 | 4886786

Then log. 4, = log. C; + log. E + log. (a, + F) + log. cos. ¢,
where A, = seconds in arc of azimuth,
C, = 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 1844 :—
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xxii  InTroDUCTION TO GREENWICH MAGNETICAL OBSERVATIONS, 1844.

No observations were made in the month of January ; the adopted reading in the month
of December, 1843, was 269°.49’.44”, and this was found to be the reading in the month
of February, and therefore the same reading was adopted for January. No observations
were made in July, and the reading adopted for July was the mean of the adopted
readings in the preceding and following months. The readings for all the other months
were obtained by combining all the results in the month, according to the number of
observations from which each was deduced,

Adopted Mean Readings for Astronomical South Meridian.

[e] ’ v

1844, January........... ceenen 269. 49. 44
February ...... ceeeee.e0269.49. 44
March.......c.ov0nevnune 269. 49. 38
April coviviiiiininanns 269. 49. 41
May....coovnnnennennns 269. 49. 30
June ..oiii il iiieanes 269. 49. 40
July Cheeeseseisenans 269. 49. 38
August....cooviieenannns 269. 49. 36
September.............. 269, 49. 42
October .......... ceraen 269. 49. 34
November,......... .. 269. 49,27
December .............. 269. 49, 22

The following is a description of the methad of making and reducing the observations :—

A fine horizontal wire is fixed in the field of view of the theodolite telescope, and
another fine vertical wire is fixed to a frame-work, moved right and left by a micrometer
screw. On looking into the telescope the cross of the magnetometer is seen ; and, during
the vibration of the magnet, this cross is seen to pass alternately right and left. The
observation is made by turning the micrometer till its wire bisects the image of the
magnet-cross at the pre-arranged times, and reading the micrometer. The verniers of the
horizontal circle are also read at every observation in the regular daily observations, and
occasionally in the term observations, and in extra observations.

The mean-time clock is kept very nearly to Gottingen mean time (its error being ascer-
tained each day), and the clock time for each determination is arranged beforehand.

The first observation is made by the observer applying his eye to the telescope about one
minute before the pre-arranged time; and if the magnet is in a state of vibration, he
bisects the cross of the micrometer-wire at 45, and again at 15° before that time, also at
15* and 45° after that time. The intervals of these four observations 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.
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The mean of each pair of adjacent readings of the micrometer is taken (giving three
means), and the mean of these three 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.

If the magnet be in a state of rest at the time of first looking through the telescope, then,
at 15° before the time recorded in the printed tables of observation, the cross of the magnet
is bisected by the micrometer-wire; and then at 30' afterwards, the observer notes
- whether the cross continues bisected, and if it does, that reading is adopted as the result.
The number of instances when the magnet was observed in a state of vibration during the
year 1844 is very small.

The adopted result is converted into arc, supposing 1'=1.34"-07, and the quantity
thus deduced is added to the mean of the vernier readings, from which is subtracted the
constant given in Article 8 of the permanent adjustments; the difference between this
number and the adopted reading for the Astronomical South Meridian is taken ; and thus
the magnetic declination is deduced, which is printed in the tabular observations.

In reading the verniers of the theodolite, it was found that Mr. Breen differed from the
other observers ; this difference was generally in defect, but it was frequently found to be
in excess, and at times it amounted to 20” or 30”; its general amount, however, is about
10”. A correction has been, therefore, deduced to apply to all his observations ; in the
Daily Observations it was found by comparing his reading of the verniers with that of any
of the other observers, the telescope not having been moved ; in reducing the Term Obser-
vations his reading has never been used ; in Extra Observations the correction has been that
which under the circumstances, and by consulting the comparisons made both before and
after them, appeared to be the best. In all cases, wherever Mr. Breen’s readings have been
used, a correction has been applied.

In the Extraordinary Observations, the observations have always consisted of pairs of
readings of the micrometer, separated by the time of vibration of the magnet, at times
when the magnet has been vibrating, and of single observations at all other times, the
observer satisfying himself that the magnet was at rest, by inspection.

§ 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
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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 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 upper pair, however, has
been used in 1844. The 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 double rectangular box, covered with gilt paper, similar to that used for
the declination magnet, a small portion of one of whose sides is 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 8%.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, for the first pair of rollers, the distance between
them is 0™92.

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

1843, December 26%. Observer, Mr. Glaisher.

Every part of the suspension apparatus was cleaned and examined; the state of the
magnet was also examined and found to be in perfectly good order.

1. Determination of the angle of torsion when the magnet is suspended by the first
pair of rollers.
1843, December 26°. Observer, Mr. Glaisher.

With the marked end of the magnet to the East, the torsion-circle read ....... 40.19
With the marked end of the magnet to the West, the torsion-circle read ....... 317. 0

The half difference is 41°.39 for the angle of torsion.

1843, December 27¢. Observer, Mr. Glaisher.
The magnet was inserted in the stirrup, with marked end to the West.
The division of the scale bisected by the vertical wire . o 4
of the telescope was........... teciaeenes e 51 Torsion-circle reading 317. 0
The magnet was inserted, with marked end to the East.
The division of the scale bisected by the vertical wire o
of the telescope was ........ O : 1 | Torsion-circle reading 40. 6
The brass bar was inserted.

The division bisected by the vertical wire of the o
telescope Was...evivoanann ceceieans ceeesas 51 Torsion-circle reading 359. 20

And the angle of torsion is 41°.33.

1843, December 27¢. Observer, Mr. Glaisher.
The magnet was inserted, with marked end to the East.

The division bisected by the vertical wire of the . ° .
telescope was. ...... ceenenans tetiesaereas . 5329 Torsion-circle reading 40. 10
The brass bar was inserted.

The division bisected by the vertical wire of the . o
telescope Was. c.eveevveriessierniiasanses. 5303 Torsion-circle reading 359. 40

GreENWICH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1844, (e)
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The magnet was inserted, with marked end to the West.

div. [] ’
The division bisected by the vertical wire was...... 5275 Torsion-circle reading 317. 6

And the angle of torsion is 41°.32,

o) '
Therefore, from the 1st set of experiments the value was 41.39
s 2nd set ’s 41.33
- 3rd set s 41.32

The mean value of the angle of torsion was, therefore, considered to be 41°.35".

The previous values of this element have been as follows :—

[o] /

1841, January, it was 41. 3
1842, January, it was 42. 0
1842, April, it was 41.43
1843, January, it was 41.29
1843, May it was 40. 51

So that no certain change has taken place in the value of the angle of torsion since
the date of the first of these determinations.

2. Determination of the times of vibration and of the different readings of the scale
for different readings of the torsion-circle, and deduction of the readings of the torsion-
circle when the magnet was transverse to the magnetic meridian.

Observers, Messrs. Glaisher and Dunkin.

Magnet suspended from First Pair of Rollers,
Its marked end West, ’ Its marked end East.

Day, ’

1843. Torsion- Difference of Mean Torsion- Difference of Mean
0.”“;" Scale Scale Readings {of the Times|| OTSI;)H Scale Scale Readings | of the Times
circle Reading. for 1° of of } arcie Reading for 1° of of

Reading. Torsion-civcle. { Vibration. || Reading. [ Torsion-circle. | Vibration.
o} div. div. 8 " o div. div. F}
Dec. 26 | 312— 569 219 | 35 990 198
13— | 1599 | . 1079 22-1 | 36 1678 80 198
314 25 -87 8 ‘86 216 37 2624 816 19-8
315— 3473 982 216 38 34-40 8 -89 195
316 44 +55 10 40 21 -2 39 4329 8 ‘91 203
317+ 54 95 8-53 211 40 52 +20 1015 203
318 63 48 869 20 6 41 62 35 10 -09 201
319 7217 10 -69 21.2 42 7244 201
320 82 86 672 20°1
321 89 58 20 -2
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From this set of experiments it appears that, with a reading of 317° of the torsion-circle
when the marked end was West, the scale reading was less than 54%7-95; and that, when
the marked end was East, with a torsion-circle reading of 40°, the scale reading was 5292 ;
so that, with the respective readings of 317° of torsion-circle in one position of the magnet
and of 40° + in the other, the scale readings were nearly identical. There is not so close
an agreement in the times of vibration at those readings as could be desired, that at 40° +
being nearly three-fourths of a second less than that at 317°. Throughout the year 1844
the marked end of the magnet has been to the West, and the torsion-circle reading has
been 317°. The time of vibration throughout the year has been considered to be 20*8.

The mean difference of the scale readings for a difference of 1°in the readings of the
torsion-circle, from the experiments on January 2, was, with the marked end West, 932 ;
and with the marked end East, it was 8%793.

The previous values of those determinations have been as follows :—

With the marked end of the magnet West, and the torsion-circle reading 317°.
div. .

1841, March 14. The scale reading was 91 *78; the time of vibration was 20 -8

1842, January 2. The scale reading was 6136 ; the time of vibration was 20 *7

1843, January_,ﬂ. The scale reading was 60 42; the time of vibration was 20 -8

1843, May 1. The scale reading was 50 *85; the time of vibration was 20 '3

‘With the marked end of the magnet East on the same days respectively.

o div. s

The torsion-circle reading was 40; the scale reading was 91°12; the time of vibration was 20 -2
The torsion-circle reading was 41; the scale reading was 61-28; the time of vibration was 204
The torsion-circle reading was 40; the scale reading was 59 '65; the time of vibration was 205

The torsion-circle reading was 38} ; the scale reading was 50 *51; the time of vibration was 20 ‘2

On 1843, May 19, the time of vibration, with the torsion-circle reading 316°, was 20*7;
and with the reading 318° it was 208 : it was concluded that some error had been made
in the times of vibration at the reading 317°, and throughout the year 20%8 was considered
to be the true time of vibration. In the above table the time of vibration appears to be
21*1 at the same reading of the torsion-circle; but, considering all the previous values, it
was thought best to consider the true value to be 20*'8, as in each of the preceding years,
and, as above stated, it was so considered throughout the year 1844.

(e) 2
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The mean differences of the scale readings for differences of '1° in the readings of the
torsion-circle, have been found to be as follows :

div,

1841, March 14, with the marked end of the magnet West it was 918

1841, March 24, sy .y 967
1842, January 2, - s 924
1843, January 2, s ’ 927
1843, May 1, . ys ’ 919
1843, December 26, s ’s 9-32

1841, March 14, with the marked end of the magnet East, it was 8 *74

1841, March 24, ys s 8-71
1842, January 2, ys ' 921
1843, January 2, ), s 931
1843, May 1, . ) 932
1843, December 26, ys s 893

And the mean of the values with the marked end of the magnet West, is 99731 ; and
with the marked end East, it is 9%°-04.

In the year 1841 experiments were made to determine the compound effect of the
declination and vertical force magnets on the horizontal force magnet, the result of which
was that the two magnets appeared to cause the horizontal force magnet, when its
marked end was towards the West, to approach the North by a quantity corresponding
to 0%"487 of the scale. The following are the experiments by which this determination
was made.

3. 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 magnets were in their places, the marked end of the vertical force magnet
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.
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XXIX

| s Mean of Readings, Reading with the
Vertical Force and | Mean Reading tl‘:ﬁ one. pre;:egin& and ge{_tic::! Fo]xc[:e am:
Declination Magnets Of the Scale of | the ol olowing | Declingtion Magnets
Day, 1841. away or in thg;lr the Horizontal D‘g:l\;iﬂt\} FO;:?« and awD‘;e]t'iﬁE_l Foioewﬂlnlllime Mean.
places. Force Magnet. inl?;e;?‘;)lﬁ?m ecix;rtlge‘i‘:%facagm
dive div, div, div.
May 23 Away 58 315
In their places 58 -590 58 -218 — 0372
Away 58 120
In their places 58340 57948 — 0392
Away 57115
In their places | 58590 57870 — 0720
Awa 57 965 — 0-487
In their places| 58640 58 *065 — 0575
Away 58 165
In their places 58 520 58 *139 — 0+381
Away 58°113
In their places 58 -713 58 -229 — 0484
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.

The scale was afterwards moved, so that all readings of it are less by 0°5 than they
would have been if it had remained unmoved; and thus all subsequent observations
were corrected for the compound effect of the two magnets.

4. Computation of the angle corresponding to one division of the scale, and of the
variation of the horizontal force (in terms of the whole horizontal force) which moves the
magnet through a space corresponding to one division of the scale.

It was found by accurate measurements at the end of the year 1840, that the distance
. from 40° on the scale to the center of the face of the mirror is 8.5 1, and that the length
of 30%"-9 of the scale was exactly 12 inches; consequently, the angle at the mirror subtended
by one division of the scale is 13'.12”°32, or, for one division of the scale, the magnet
is turned through an arc of 6'.36"-16.

With the first pair of rollers, which was used throughout the year 1844, the adopted
angle of torsion was 41°.2°.50”, being the same as that in the years 1841, 1842, and
1843, the experiments in Article 1 of this section shewing that no change was necessary ;
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°002206. The number actually
used throughout the year 1844 is 0:002214.

5. Determination of the correction for the effect of temperature on the horizontal
force magnet. '
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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 instrument) is attached to a fixed tripod stand, with its plane hori-
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 reflexion 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 deflexion 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 Deflexion of a 2-Fect Magnet by the Horizontal Force Magnet, at Different
Temperatures, in Lamont’s Method.

.. . . [
Position of | Distance Temperature |

marked End of of Centers| of Hori- Adopted Reading . Its
Day, 1843. | Horizontal of zontal Force! Circle Reading. for no Deflexion. Natural Sine.
Force Magnet.| Magnets.| Magnet, | : Deflecting Force. atural Sine
ft. in. [s] z © 4 ” [e) ’ " [o] ’ L4
April 207 Away vee. | 24.16.16°6
W 4.0 67.7 J 49.17.17°9 24.16. 566 8 25. 0.21°1 }0 42958
w 4.0 67.7 | 49.17, 12 24.17.37°1 24.59.24°1
w 4.0 118. 8 48.58,58. 5 24.18.17-3 24. 40. 41 -2 0°41750
w 4.0 103. 0 49, 1.41°0 24. 18,576 24.42.43 5 0 '4180(_3
w 4.0 6.7 49. 9, 69 24.19.377 24. 49. 29 *2 0°41985
Away e ceae 24.20.17°9




HorizonTaL ForcE MAGNET. xxxi
ition Di Te:
Mﬁff;éé En?ifofof é?&‘é‘.’-s of Hotk© . . Adopted Reading . Its
Day, 1843. | forizontal of zontal Force| Circle Reading. for no Deflexion. Nataral Si
Force Magnet.| Magnets.| Magnet. Deflecting Force, atural Stue.
ft. in, (o] o ’ ” Q ’ v [o] 4 I
April 21 | Away aee ees 24.14.167
w 4.0 55 2 49. 7. 5'1 24, 14. 561 24.52. 90 0 420565
w 4.0 126. 8 48. 44. 40 ‘8 24.15.35°6 24.29. 52 041447
W 4.0 1063 48.48. 28 24.16.15°0 24,31.47 -8 0 41517
W 4.0 910 48.50.45 -9 24.16. 544 24.33.51 5 041570
W 4.0 734 48.58.39°1 24.18. 133 24. 40. 25 ‘8 0°41745
Away . eee 24.18.562. 17
April 29 | Away eee cene 24.32. 2°9
W 4, 54 8 49. 24. 452 24, 32. 59 -2 24,51.46 0 042045
Away e . 24.84.51 7
w 4.0 139 -0 49, 4.35°0 24.35.32 4 24.29. 26 0-41444
W 4.0 126 -0 49. 8.54-3 24, 36, 63 9 24,32, 04 041522
Away . cens 24.38.15°4
w 4.0 540 49.20,21°9 24,38.45°5 24.41.36 4 041776
Away - ceen 24.39.45 8
w 4,0 140 0 49, 2.56°5 24. 39, 389 24, 23.17°6 0-41292
Away . cens 24. 39. 25 -2
April 20 | Away ves e 24.20.17°9
w 4.6 |. 1230 41.33.16°1 24, 20. 525 17.12.23 6 029578
w 4.6 1150 41.38. 26 24.21. 99 17. 16. 527 0 29705
w 4.6 79 5 41.42.50°9 24,22, 1° 17.20.49 1 029816
w 4.6 58 0 41.45.24 ‘1 24, 22. 53 8 17.22.30-3 0 -29863
Away .. ces 24.23.11-3
April 29 | Away . cenn 24.82. 29
E 4.0 57.6 1. 2.403 24, 33. 65 ‘4 23.31. 151 0 '39908
Away cee cenn 24, 34.517
E 4.0 133 -0 1.28.35°3 24,36.13 2 23. 7.37°9 039277
E 4,0 120 7 1.24.31°5 24.37.34 1 23.13. 32 0 -39422
Away ces cee 24.38.15°4
E 4.0 640 1.12. 6-3 24. 39,15 7 23.27. 94 0 -39799
Away . e 24.39.45 '8
E 4.0 1327 1.31. 477 24,39, 321 23, 7.44'4 0-39281
Away ces . 24. 39.25°2

The difference between the deflexions 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 apparatus, 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 temperature 63°-63, the nat, sine of deflexion = 0 :419773

It is
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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 = 0°415683

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

Chaunge of natural sine for 1°..... = 0°00007246

Referring to 55° as the temperature to which the estimation of small changes of force
nearly applies,
Natural sine expressing whole force = 0 *42 nearly
change of force for 1°

whole force = 0°0001725.

Hence,

Marked end West, distance 4 feet 6 inches.
The mean of 2 observations at low temperatures gives
At temperature 68° *75, the nat. sine of deflexion = 0298395

The mean of 2 observations at high temperatures gives

At temperature 119° +0, the nat. sine of deflexion = 0°296415
Therefore,

[~

*001980
*00003940

Change for 50°25.cccvivuncnecnnns ceresenes =
Change for 1° ... c.oevnns cesieane et oes =

(=

Also,

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

change of force for 1° _ 00001524,
whole force

Hence,

Marked end East, distance 4 feet.
The mean of 2 observations at low temperature gives

i
o

At temperature 55° *8, the nat. sine of deflexion *398535

The mean of 3 observations at high temperatures gives
At temperature 128° *8, the nat. sine of deflexion = 0 393267

Therefore,
005268

+00007217

=

Change for 73°....... tvecsesnorsseinsenans =
Change for 1°. .. .cvvevnunenn. ceree coreena =

(=]

Also,

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

change of force for 1°_ . 55,813,

e
Hence, whole force

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

[o]
change of force for 1 — 0-0001686.
whole force
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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 carried by the magnet. On looking into the telescope, the graduations of the
fixed scale are seen; and, during 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
position of the magnet is to be determined (usually 2".30° after the time for the deter-
mination with the declination magnet), having been calculated, the first observation is
made by the observer applying his eye to the telescope 40° before that time, and, if
the magnet is in a state of vibration, he observes the next four extreme points of
vibration of the scale, and the mean of these is adopted in the same manner as for the
declination observations; but if it is at rest, then at 2™.20° after the time recorded
in the printed tables of observation, he notes the division of the scale bisected by the
wire; and 20° afterwards he notes whether the same division continues bisected, and
if it does, that reading is adopted as the result. The number of instances when the
magnet was observed in a state of vibration during the year 1844, is very small.

From the adopted result, 40°" 14 was subtracted at the end of the year 1843. At the
beginning of the year 1844 it was found necessary to clean the mirror, an operation which
occupied only one or two minutes, and the difference of scale readings immediately
before and after was found to be such, that assuming there was no change of force
during the time of cleaning the mirror, the above constant was altered from 40%%14 to
39%"39, and this latter number has been subtracted from every observation during the
interval from January 1° till December 28 at 0*. After this time the whole of the
suspension apparatus was cleaned, and, the reading immediately before the cleaning
being 54%“59, as it had been for some time before, and, immediately afterwards
being 52%-09 (it continued for some considerable time at this reading), therefore
the constant was altered from 39%"39 to 36%"89; and this number was used between
December 28%.1".50" and December 29°.22"% after which time the mirror, being dull
and dirty, was cleaned. The scale reading, before the mirror was touched, was 509798,
and no magnetic changes were going on ; immediately after the operation, the reading was
found to be 51%"91, and the magnet remained steadily at this reading for some time : so
that it was supposed that the mirror was turned through an angle corresponding to 0%"93
while cleaning it. The constant was therefore increased by this quantity, and it became
37%"82; this number was used to the end of the year.

The remainder is converted into a number, expressing the proportion of the variable
force to the mean horizontal force, by means of the numbers in Article 4 of this section.

Within the double box is suspended a thermometer, which is read at every even hour
of observation. In section 5 it appears that for an increase of temperature of 1° there
is a decrease of horizontal force amounting to 0: 0001686 parts of the whole horizontal
force. This is applied, according to the reading of the inclosed thermometer, to every

GrueNwicH MaGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1844, (f)
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observation in the various sections : the observations are therefore all reduced to a uniform
temperature.

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

The vertical force magnet is of the same dimensions as the other two magnets. Itis
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 magnetic 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 gravity and the inclination of the magnet in its position of rest can be altered.
The whole is inclosed in a double rectangular box, covered with gilt paper, similar to those
used for the declination magnet and the horizontal force magnet. This box is based upon
the block of wood above mentioned, and in it the magnet can vibrate freely in the vertical
plane. A small portion of one of the sides of the box is of glass.

'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 symmetrical with that of the telescope by which the horizontal force magnet
is observed ; so that a person seated in a 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.

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 it 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 (as seen with the fixed telescope) denote an increasing vertical force.
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Observations relating to the permanent Adjustments of the Vertical Force Magnet.

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

The observations which are repeated here, for determining the disturbing effects of the
other magnets, were made in the year 1841.

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

; oo -
Position of | Declination and Mean Reading tbl\e(zlﬁnr:a ";f;ﬁi?ﬁ.‘ﬂfiﬁa ‘R::?i"l’igo‘:ilz!gn?neldflr%:ifn‘
Declination | prorizoptal Force | of the Seale o | ot bllwing | Sognisaway =
Day, 184]. Magnets awa the Vertical | and Horizontal Force | and Horizontal Force Mean.
zontal Force N g . v Magnets Magnets
Magnets. | or in their places. | Force Magnet. in their places. in their places.
dive div, div. div,
May 23 { Marked Away 33750
end of De-! In their places 35 763 36 563 + 0°+800
clination Away 39375
Magnet | In their places| 42775 41+949 — 0826
N. Away 44 -523
Marked | In their places 44775 44 012 — 0763 — 0°148
end of Awa 43 *500
Horizontal In their places| 41-175 41 '388 + 0°213
Force Away 39 -275
Magnet | In their places| 38°900 381738 — 0162
W. Away 38 200

An inspection of the numbers contained in the fourth 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 two sets of experiments made in 1841,
and published in the volume for that year, it was clearly shewn, that neither magnet had
individually much effect in disturbing the vertical force magnet.

In the volume for 1842, are exhibited experiments shewing that the effect of the
iron affised to the electrometer pole was nearly inappreciable, the result being, that the
marked end of the vertical force magnet was drawn upwards by 0°190 division of the
scale. The apparent compound effect of the declination and horizontal force magnets,

(f) 2
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as deduced above, is nearly the same in amount, but acting in a contrary way; and, con-

sequently, no corrections have been applied to any of the observations on account of
either of these disturbing causes.

Determination of the Time of Vibration of the Magnet in the Vertical Plane.

2. Between January 1° and April 30%, the magnet had been in all positions for scale
readings between 38%™ and 48%", and the times of vibration, which were observed every

day, had been taken at every division between these: each result is the mean of about
ten vibrations. |

Division Mean of Times of Number of
of Vibration in Mean
Scale. Mean Solar Time. Results.

div. [

38 24 66 2
39 24 -84 9
40 2505 10
41 2524 5
42 25 08 5
43 25 26 7
44 25 ‘43 6
45 25-39 9
46 25 27 12
47 25 35 8
48 25 23 2

As the magnet is horizontal when the scale reading is 50", the number 25*2 was
adopted from the above table, as the mean time of vibration between January 1 and
April 30°.

Between May 1¢ and October 12%.12" the magnet had been in all positions between

32%" and 40%", and the times of vibration had been taken at every division between these.
The results are as follows :— ‘

Division Mean of T'imes of Number of
of Vibration in Mean
Scale. Mean Solar Time. Results,

div, 8

32 2511 4
33 25°18 7
34 25617 10
35 25°19 13
36 25 23 12
37 ' 2518 8
38 24 °95 7
39 24 81 8
40 2500 5

AR
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The apparent decrease in the time of vibration, as the readings of the scale increase, is
probably accidental, as it had been found in every previous investigation to decrease with
the decrease of scale readings ; and it may be added that, in every subsequent investiga-
tion, up to the time of writing this, viz. 1846, the time of vibration has been found to vary
with the ‘changes of position of the magnet, independently of its temperature, and so that,
for every decrease in the scale readings, a decrease in the time of vibration has taken place.

From consideration of the above table it was thought that 25° was the best value to
adopt for the time of vibration.

Between October 13° and the end of the year the magnet had been in all positions for
scale readings between 34%" and 42", and the times of vibration had been taken at
every division between these. The results are as follows :—

Division Mean of Times of Number of
of Vibration in Mean
Scale. Mean Solar Time. Results.

div, 8
RY 25 15 4
35 25 86 5
36 2594 4
37 2617 ‘'S
38 2617 9
39 2618 8
40 2655 2
41 26 -39 4
42 26 28 3

The mean time of vibration adopted was 26*5, and it was used from September 13% 14®
to the end of the year 1844.

Determination of the Time of Vibration of the Magnet in the Horizontal Plane.

1844, April 28. Observer, Mr. Glaisher.

3. The vertical force magnet was suspended from a tripod in the library, the broad side of
it being in a plane parallel to the horizon ; therefore its moment of inertia was the same
as when it is in observation. A telescope, with a wire in its focus, was directed to the
reflector carried by the magnet : a scale of numbers was placed on the floor of the library
at right angles to the long axis of the magnet, or parallel to the mirror. The following
observations were then taken for the purpose of ascertaining the time of its vibration in the
horizontal plane, During the whole time the magnet was swinging through a small arc,
the extent of which was about five divisions of the scale. ~After April 28%2" the magnet
was left suspended, and on the following morning it was found to be without motion ;
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a small swing was communicated, and all the observations were considered to be satisfactory.
No correction is required for the rate of the chronometer, which was small.

Chronometer Int 1 Chronometer 1 Chronometer 1 1
Day and Times of ntervais Day and Times of | Intervals Day and " Times of ntervals
the Extremes| jij Solar the Extremes| i, Solar the Extremes| in Solar
Hour. of ! Hour, o Hour. of )
Vibration. Timne. Vibration. Time. Vibration, Time.
] d h s s d h s s d b s 5
Apr.28. 1| 570 | oo |Apr.2s.e2| 150 | 2273 ) Aproogoe| s9s | 2970
220 = . .
465 245 42 -g 24°5 33 .3 25°0
1m0 | 249 295 | 25°0 140 | 200
) 240 23+5
00 | 510 175 25 330 245
240 | o0 43-0 2?,0 575 213
490 0 80 2 218
116 | 2076 25 -0 24-5
_ 33-0 463 )
39 0 24 4 24 ‘8 . 25 2
. 578 11°5 )
3.4 | 2474 ° 24 7 248
) 225 363 .
28 0 246 245 24 2
) 470 2 05 )
260 250 25°0
540 ) 12-0 255 ou -
18 -0 240 26 -0 . 24 -8
) 380 ) 503 24-3
39.5 | 215 9.0 | 240 146
o 23 5 25 5 249
3-0 © 275 395 45
o7 -5 245 5.0 245 40 24 «
525 | 2970 174 | 204 9gwy | 2477
17 0 245 - 241 . 248
i . 415 . 535 24 5
415 | #5 g0 | 24 1800 | 2
. 250 24 5 24 6
65 305 426 .
31 245 255 249
10 - 560 75 )
- 250 25 2540
560 205 325 .
20-g | 246 - 2445 - 251
0°6 z 45 0 YR 09 .
254 o 255 239
46 -0 105 215 )
) 24°0 - . 245 , 245
100 245 350 24 5 46 0 25 0
34-5 595 | 51 10 4 9505
24 -0 365 .
488 Zg 5 05 3: _g
Apr. 28, 22 315 . 140 - 250 250
550 | 239 390 | 2070 50 -0 20
198 | 248 3.5 | 247 146 | 26
aq2 | 244 280 | 2478 39-0 | 244
92 250 59 5 24 5 45 255
340 | 28 180 | 228 285 | 240
550 | 2470 425 | 2479 530 e
23 0 25-0 b 2540 170 240
ar0 | 2079 s2-5 | 2279 a5 | 290
115 | =572 576 | oo, 597 | 943
360 | 249 205 | 249 300
0°5 24-5 43 0 245 546 246
.. 25 -0 . 23 -0 . 24°4
255 25 9 10 -0 250 190
50 -7 350

The mean of these is 24*6, and this number has been used as the mean value of
one vibration in the horizontal plane throughout the year 1844. '
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4. 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 = %inches. Hence the angle which one division subtends, as seen from the
mirror, is 8.49779; 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 corresponding to a change of one division of the
scale, 5°.277°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

T‘Z
plane, and T the time of vibration in the vertical plane.
The dip has been assumed to be 69°.0" throughout the year.

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

1844, January 1% to April 304, T'is assumed....o.ovveivnans. 246, T=252
May 19 to October 12, 12", TV is assumed ... ......o0ovtn 246, T=250
October 13" 14" to the end of the year 1844, T’ is assumed. 246, T =265

consequently, the corresponding values of the changes of vertical force (in terms of the
whole vertical force) corresponding to a change of one division, are:—

1844, January 19 to April 804 .. .ooeviieiini ittt 0000581
May 1% to October 120, 128, it veiviiiiiinnnnnenennnns 0000590
October 13¢, 14" to the end of the year.......... cerss.s 0°000525

And these are the numbers that have been used in the reduction of the observations.

5. 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 year 1843 in the same manner as those for the horizontal force magnet,
page Xxx :i—
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sition of | Distance | T
Mesked End ofof Genters| of Yertond | . Adopted Reading : Tts
Day, 1843, Vertical of ' Force Circle Reading. fqr no Deflexion. Natural Sine
Force Magnet. Magnets.i Magnet. Deflecting Force, - ’
fr. in. <] o L o ’ 14 o ’ n
April 22|  Away N ciee 24.18. 52 7
W 4.0 540 41. 0.38°8 24.18.55°0 | 16.41.,43°8 | 0-28728
W 4.0 1270 40.47.20-0 24.18. 5672 16.28.22 8 028356
W 4.0 89 -2 40. 56. 40 3 24.19. 4°0 16. 37.36 3 0 28613
w 4.0 713 40. 59.48 5 24.19. 6°2 | 16.40.42°3 | 0°28698
Away ces 24.19.108
April 26| Away s e 24.18. 89
w 4.0 505 40, 49. 34 -7 24.19.167 | 16.30.18.0 | 0 -28409
Away . coes 24.21.32°3
A4 4.0 1240 40.30.55'9 24.21.568°4 | 16. 8.57°6 | 0°27814
Away oen cees 24.22. 50 6
w 4.0 502 40. 49. 50 5 24.23.10'6 | 16.26.39'9 | 028309
Away .. ceus 24,23, 60 5
w 4.0 124 '8 40. 28. 56 *3 24.23.40°5 | 16. 5.15'8 | 0-2%711
Away .. e 24.23.20°5
w 4.0 503 40. 49. 317 24,22,46°2 | 16.26.45°56 | 028311
Away .. SN 24.21. 377
W 4.0 134°0 40.15.42°1 24.20.38°1 | 15.556. 40| 0°-27426
w 4.0 1218 40. 17.23 -7 24,19.384 15.57.45°3 0 27501
Away ‘e 24.19. 86
April 27| Away .. cees 24.14. 158 _
w 4.0 505 40.28. 215 24,16. 14 | 16.12.20°'1 | 027908
Away . e 24.19.32°5
w 4.0 1350 40. 8.59°9 24,19,456°5 15.49. 14 *4 027263
w 4.0 1190 40.13. 8-0 24,20, 116 | 15.52,.56°4 | 0°27366
Away . ceee 24, 20. 377
w 4.0 520 40.28.40 3 24.21, 69 16. 7.33 ‘6 027775
Away 24.22, 48
April 23| Away ces ceen 24.13. 16
w 5.0 5556 32.43.12-9 24.18.53 4 8.29.19°5 0°14762
W 5.0 1220 32.37.18 5 24.16.29°0 8.20.49°5 014517
w 5.0 95 0 32.41. 521 24.17.20°8 8.24.31°3 0°14623
w 5.0 7540 32.46. 5°6 24. 19, 56 *3 8.26. 93 0-14670
Away ceee 24, 20. 48 -2
April 22| Away .. R 24.18.527
E 4.0 1180 8. 2,310 24.18. 595 16.16.28 5 0 28022
E 4.0 955 7.58. 76 24.19, 17 16.20. 541 028147
E 4.0 700 7.54.35°9 24.19. 8°5 16.24.32 6 0 °28249
Away e 24.19.10°8
April 26| Away . cees 24.18. 8°9
E 4.0 512 8. 6.164 24.20.24°5 16. 14. 8°1 0 27958
Away cen 24.21.32 -3
E 4.0 1161 8.24.304 24,22, 245 156.57.54 ‘1 0 -27505
Away 24.22. 506
E 4.0 503 8.12.328 24.23,30°5 | 16.10.577 | 0°-27871
Away . Ceee 24,23, 505
E 4.0 119-0 8.27.39°8 24,23.30°56 | 15.55.50°7 | 0°27447
Away | j 24.23. 20 *5
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3 ¢{
| imarked Bog of of Centore of Yerten | . _ | Adopted Reading , Its
Day, 1844. Vertical of Force Circle Reading. for no Deflexion. Natural Sine
Force Magnet.| Magnets.| Magnet. Deflecting Force. ’
ft. ine o} o ” o 1 1" [o] I3 I 4
April 26 E 4.0 505 8.14.52°2 24.22.120 | 16. 7.19°8 0 27768
continued.| Away cen vens 24, 21.37°7
E 4.0 138 -2 8.42. 5°3 24.21. 79 | 15.39. 26 | 0°26977
E 4.0 127 -8 8.40.47°1 24.20. 82 15, 39.21 1 0 26985
Away 24.19. 8°6
April 27 way cee cees 24.14.15°8
E 4.0 520 8.21.33 1 24.17.47°0 15.56.13.9 | 027458
Away . ceee 24.19.82 5
E 4.0 125 -5 8.44.38 7 24.19. 58 *5 15.35.19°8 | 0°26873
E 4,0 1142 8.41. 86 24. 20.24 *6 15.39.16°0 | 0-26983
Away ces ceee 24, 20. 377
E 4.0 52 -0 8.28.31°1 24.21.357 | 15.53. 46| 0°27369
Away 24,22, 4°8
April 23| Away cee cons 24.13. 16
E 5.0 5545 15.47.56 2 24.14. 453 8.26.49°1 | 0°14690
E 8.0 129 -0 16. 2.565°4 24, 15.37°1 8.12.41 7 0 °14283
E 5.0 94°5 15.58. 8-1 24.18.126 8.20. 45 014495
E 5.0 760 15.58. 65 24.19. 45 8.20. 690 0 '14522
Away .. cees 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.

For temperat‘ure 54° *11, nat. sine of deflexion
For temperature 120° ‘99, nat. sine of deflexion
Difference for 66° -88
Difference for 1°

0 -283054
0 -277980
0-005074
000007586

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

Marked end West, distance 5 feet.

Change of force for 1°

Whole force

= 0°0002681.

For temperature 65° *25, nat. sine of deflexion = 014716

For temperature 108°+ 5, nat. sine of deflexion
Difference for 43° -25
Difference for 1°

Change of force for 1°

0-14570
0-00146
0 *0000337.

Natural sine for 65° = 0-148

Whole force

GreenwicH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1844,

= 0'0002277.
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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° = 0-00007157
Natural sine for 55° = 02777

™ f o]

Change of force for 1" _ 0-0002577.

Whole force

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° = 0 ‘147
o
Change of force for 1° _ .1103417.

Whole force

Giving to these four results the respective weights 10, 1, 10, 1, the mean value of
change of f for 1°.
ang orce ior | is = 0-00026397.

whole force

From these experiments it appears that for an increase of temperature of 1° the
decrease of the vertical force was 0:000264 parts of the whole vertical force. This
number has been applied to every observation in the various sections; the observations
are, therefore, reduced to an uniform temperature.

The method of observation with the vertical force magnet is precisely Slmllal‘ to that
described for the horizontal force magnet, except that the adopted clock time is 2™ 30°
before that for the declination magnet, and that the eye is directed to the telescope at an
interval of time equal to twice the adopted time of one vibration, before that time. If
the magnet is in a state of rest, the eye is again directed to the telescope at an interval
equal to half the time of one vibration, before the pre-arranged time, and the division
bisected is noted : and at the time of one vibration afterwards the observer notes whether
the same division is bisected as before, and, if it is still bisected, that reading is adopted as
the result, and it is converted into a number expressing the proportion of the variable force
to the mean vertical force, by the numbers obtained in Article 3 of this section. The
numbers in the printed columns are those numbers reduced to an uniform temperature.

Occasional Adjustments of the Vertical Force Magnet.

The scale has not been moved throughout the year; in fact, it has not been moved
since it was set up in 1840.
The adopted scale reading was converted into the number required to express the
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proportion of the variable force to the mean vertical force, by means of tables containing
the multiples of the values of one division of the scale.

On Jan. 0! at 14" the time of one vibration in the vertical plane was considered to
be 25*2; at the previous observation it was considered to be 24*2; and, in consequence,
the value of one division of the scale changed from 0:000630 to 0:000581. The scale
reading on Jan.0% at 14" was 47%11. Had the time of vibration not altered, the
reduced observations would have been 0:042123; in the printed volume it is 0-039814 ;
the difference between these numbers is 0°002309: therefore, to make the numbers
beginning January 0% at 14", comparable with the series in December, 1843, it is necessary
to add 0:002309. This correction applies to all numbers between January 1¢ and April
30%, and it has not been applied.

The numbers in the series ending 1843, December 31 required to be increased by
0003852 to reduce them to the series beginning 1843, May 6°; and as the numbers
in the series beginning 1844, January 19, are less than those in the preceding series by
0- 002309, the series beginning 1844, January 1% require 0°006161 to be added to reduce
the numbers to the 1843, May series; and this correction applies from the beginning of
the year 1844 to April 30% 12"

On April 30% 14%, or May 0% 14", the scale reading was 38%"32; the time of vibra-
tion in the vertical plane was 25%0; at the previous observation it was considered
to be 25*2; and, consequently, the value of one division of the scale changed from
0-000581 to 0-:000590. Had the time of vibration not altered, the reduced observation
would have been 0037720 ; in the printed volume it is 0-038079 ; the difference between
these numbers is 0°000359, which is to be applied subtractively to the numbers in the
series beginning at this time to reduce them to the preceding series; and it applies to
all numbers in the various sections of observations between May 0% 14" and Oct. 12%.12":
and as the numbers in the preceding series, or that ending April 30 12", required 0-006161
to be added to reduce them to the series beginning 1843, May, this series will be reduced
to that of May, 1843, by adding 0°005802 to all its numbers.

October 18°.14". The scale reading at this time was 34%83; the time of vibration
in the vertical plane was 26*5 ; at the previous observation it was 25*0; and, consequently,
the value of one division of the scale changed from 0:000590 to 0:000525. Had the
change not taken place, the reduced reading would have been 0:035994 ; in the printed
column of observations it is 0033729 ; the difference between these numbers is 0:002265,
which it is necessary to apply additively to the series of numbers beginning at this time,
to reduce them to that ending at the previous observation; and as that series required
0-005802 to be added to reduce it to that of 1843, May, the series beginning Oct. 13% 14*
require 0°008067 to be added to reduce the numbers to the 1843, May series; and this
correction applies to the end of the year.

In the formation of the hourly Abstracts, all the numbers at the even hours of Gottingen

(g) 2
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time, between October 134 14* and October 31°% 12", were increased by 0°002265, to reduce
them to the series of the former part of the month, and then the means of the numbers
at each hour were taken.

From the preceding remarks it follows :—

That all the numbers in the various sections of observations

Between January 1 and April 30 requirc to be increased by........ocu.. vesses 0006161
Between May 1¢ and October 12, 12" require to be increased by......ecuuovn.. 0 °005802
Between October 13°. 14" and the end of the year require to be increased by...... 0°008067

That in the daily means of observations, all the numbers

Between January 1% and April 30° require to be increased by.......... ceersen.. 0006161
Between May 1% and May 12? require to be increased by.......... Cerrreeianene 0 *005802:
Between May 13° and the end of the year require to be increased by......... ee.. 0008067

That in the hourly means of observations, all the numbers

From January to April require to be increased by . ................ teeseesas.. 0006161
From May to October require to be increased by ..... O secsenas 0-005802
From October to December require to be increased by «............ teressere.. 0°008067

to reduce all these numbers to the 1843, May series; and these corrections have been
applied where necessary in the Abstracts.

The numbers in the series May 1% to October 12% require the subtractive correction
of 0°000359, to make them comparable with the series January 1° to April 30°%. The
numbers in the series October 14% to the end of the year require to be increased by
0:002265, to make them comparable with those in the series May 1 to October 12°: or
require to be increased by 0°001906, to reduce them to the series January to April. These
corrections have not been applied.

On the Effect of altering the Adjustment Screws at either End of the Magnet.

1843, May 5°.  Mr. Glaisher adjusted the magnet to balance leaving the East screw,
or that at the marked end of the magnet, vertical, and the West screw horizontal ; he then
made the following experiments.

The scale reading was 4197'6: the West screw was withdrawn 6 half-turns, and the
mean scale reading was then 22°"1.
div.
Therefore, 3 revolutions caused a change of 195
or, 1 revolution caused a change of 6°5
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The West screw was then further withdrawn 5 half-turns, and the mean reading of
the scale was found to be 7%"1.

Therefore, the withdrawing of the screw 2} revolutions causedy %~ div.
. 221 to 7°1
the scale reading to change from ...................
or, 1 revolution caused a change of.......... feerasaeens 60

Then the screw was driven through 2 half-revolutions, and the mean scale reading
was found to be 13%"5.

div, div.
Therefore, 1 revolution caused the scale reading to change from... 71 to 13°5
or, 1 revolution of the screw caused a change of.......... 6-4

The screw was then driven through 10 half-revolutions, and the mean scale reading
was found to be 49%"4,

dive div.
Thegefore, 5 revolutions caused the scale reading to change from.. 13°5 to 494
or, 1 revolution caused a change of . .......0.vvvvvnn.n.. 72

After some experiments had been made with the vertical or East screw, as detailed
below, the scale reading being 827, and the mean time of one vibration being 25*5, the
West or horizontal screw was withdrawn through 10 revolutions, and the scale reading
was 19%"0, and the mean time of one vibration was 25*1.

Therefore, 10 revolutions caused a change of . .... Ceereasressees 63°7
or, 1 revolution caused a changeof.......ccovuviuue.n 6-4

The screw was then driven through § revolutions, and the mean scale reading was
52%-2, and the mean time of vibration was 25%0. The scale reading was found to be
50%" when the magnet was horizontal and resting in its Y’s.

On dropping the Y’s, the magnet resting on the agate planes, the mean scale reading
was 6790, and the mean time of one vibration was 24*7 ; the horizontal screw was then

withdrawn 2 revolutions, and the scale reading was 54“70.
div,

Therefore, 1 revolution caused a change of...........00vvvuns.. 6°5

The screw was then withdrawn 1 half-revolution, when the scale reading was 51%"1,
and the mean time of one vibration was 249 ; and, when the magnet was raised in its Y's,
the scale reading was 54%".

After this time the instrument was left for observation with its marked end to the East.

The following are the experiments on the vertical screw alluded to above :—

The scale reading was 49%™4 ; the screw was then drawn upwards 10 half-revolutions,
when the mean scale reading was 38%"6, and the mean time of vibration was 258 ;

div.

Or, 1 revolution caused a change of, .. .....coeovniveerariaens. 22
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The screw was then drawn upwards 5 additional revolutions, when the scale read 35%"4,

and the mean time of one vibration was 259,
div.

From this, 1 revolution of the screw caused a change of............ . 06

The screw was then drawn five additional revolutions, and the scale reading was found
to be 3245, and the mean time of one vibration was 26*1.

div.
Therefore, 5 revolutions caused a change in the reading of the scale of 29
or, 1 revolution caused a change of............... beeieunes 0°6

The screw was then drawn upwards 30 additional revolutions, and the scale reading
was found to be 319%8, differing from the former reading by only 0%"7 ; so that from this,

One revolution caused a changeof .. ... i i, 0-02

The mean time of one vibration was 30*9.

The screw was then driven downwards through 50 revolutions, and the scale reading
was found to be 36%"1, being increased by 4%3 only.

Therefore, 1 revolution caused a change of. .. ...cc.vvveiiiiivenn, 0-09

The mean time of one vibration was 24*6.

The final results of the preceding sets of experiments are as follows: that, the with-
drawal of the West or horizontal screw, the head of which is towards the West, through
1 revolution, causes the scale reading to be less by 6%*7, and the driving of the screw causes
the scale reading to be greater by 6"7 for every revolution; and that such changes in the
position of the horizontal screw have a little, but only a little, effect on the time of vibration
in the vertical plane.

That the driving of the vertical or East screw, the head of which is towards the zenith,
through 50 revolutions, caused the time of vibration to be increased by about 5*5, and to
be diminished by about the same amount on the withdrawal of the screw, and that such
changes in the position of this screw have a very small effect on the scale reading.

§ 4. Dipping Needle and Method of observing the Magnetic Dip.

The instrument with which all the observations of the Dip have been made was con-

structed by Robinson, and it is one of the last instruments completed by that artist before
his death.
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The inner diameter of the vertical circle is 9'59 inches, and the circle is divided to
ten minutes ; so that every two divisions are 0™014 apart at their inner extremities. The
divisions appear to be very perfect.

The diameter of the horizontal circle, measured between the points where the extremity
of the index meets the graduations, is 5'43 inches. The graduation is to half degrees,
and the vernier subdivides to single minutes. There is only one reading.

The vertical circle is graduated upwards and downwards to 90° from the two extremities
of the horizontal diameter. The horizontal circle is graduated from 0° to 180° and then
from 0° to 180° again in the same direction; so that had the circle been divided from 0°
to 360° (a more natural and convenient method), the readings 180° to 360° would have
occupied the part of the circle now occupied by the second set of divisions.

The instrument has two needles marked at one end A 1 and A 2.

The length of A 1is 9:56 inches.
The length of A 2 is 9°55 inches.

The lengths of the needles, therefore, are respectively only 0™:03 and 0™04 less than the
inner diameter of the circle.

The needles usually swing quite round the circle without touching, proving that the circle
is nearly perfect, and that the upper surfaces of the agate planes on which the cylindrical
terminations of the axle rest, are so placed as to be below the center of the vertical circle
by a distance equal to half the thickness of the axle at its bearing points.

The surfaces of the agate planes are 1™:09 apart; the whole length of each of the axles
of the needles is 120, of which a length of 0™88 is nearly 0™1 in diameter; a portion,
0°:02 in length on each side, is of a less thickness, and this part of each rests in the Y’s
when the needle is raised from the agate planes, and the remainder 0™ 14 on each side is
the length of the terminations of the axles, and its thickness is about 0™02: both needles
are of the same dimensions in these respects, and no certain difference exists in the
thickness of their axles.

The coincidence of planes of the two agates, and the general accuracy of their surfaces
have been occasionally examined by placing on them, sometimes the plane glass of an
artificial horizon, and sometimes a small level in different positions; and no reason has
been found for doubting the perfect accuracy of their workmanship.

The observations were made in a house built for the purpose entirely of wood, with
copper and brass fastenings, at the distance of 64 feet S.S. E. from the nearest part of the
Magnetic Observatory.

The observations of the Dip have been made as follows :—

The horizontal circle is levelled, so that the bubble keeps the same position in all
positions of the vertical circle. For ascertaining the reading of the horizontal circle
when the vertical circle is nearly in the plane of the magnetic meridian, an instrument is
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occasionally inserted, consisting of a small steel point above, a brass steadying weight below,
and two brass arms by means of which this instrument rests upon the Y’s; upon the steel
point a free horizontal magnet is mounted with an inverted agate cup in the usual manner;
and the whole apparatus is turned till the plane of the vertical circle passes through the
free needle. This method has several times been combined with that of corresponding
inclinations in two positions of the vertical circle nearly perpendicular to the Magnetic
Meridian : and also with that of turning the instrument on its axis until the dipping needle
has assumed a vertical position, and inferring the reading for meridional position of the
vertical circle by applying 90° to the reading corresponding to this position : the differences
have been always found of small amount.

The needle is then placed on the Y supports, and lowered gradually on to the agate
planes, with its marked side on the same side with the divided circle, both being towards
the East, and the vertical circle at the two ends of the needle is read. The instru-
ment is then turned 180° in azimuth, and the observation is repeated, the marked side
of the needle and the graduated face of the instrument being towards the West. The
needle is then reversed on its axle so that its face is to the East, the face of the instrument
being still towards the West, and similar observations are made. The instrument is then
turned 180° in azimath, so that its graduated face is towards the East, and the marked
side of the needle towards the West, and the observations are repeated as before. To
eliminate the effect of the want of coincidence of the center of gravity of the needle with
the axis of rotation, the poles of the needle are then reversed by means of about twenty
double strokes of two 9-inch bar magnets on each side of the center of the needle; it is
assumed that it is completely saturated by this means, and then step by step the observa-
tion is repeated as before.

The observations were made in the meridian and in the above manner till September
15%.21%  After this time they were made in planes inclined to the magnetic meridian as
follows :—The plane of the instrument was placed at a certain inclination to the magnetic
meridian ; the needle was placed on the Y supports, and lowered as usual on the agate
planes, with its marked side on the same side with the divided circle, both being towards
the Eadt, and the vertical circle at the two ends of the needle was read. The instrument
was then turned round by the South through successive 90° in azimuth ; and the observa-
tion was repeated with the circle reading in its first position, increased by 90° by 180° and
by 270° successively ; in the last position the marked side of the needle and the graduated
face of the instrument being towards the West. The needle was then reversed on its axle,
so that its face was towards the East, the face of the instrument being still towards the
West, and similar observations were made. The instrument was then turned in azimuth
round by the South, through successive 90° as before ; the observation being repeated in
every different position of the instrument. The poles of the needle were then reversed
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“in the usual way, and then step by step the observation was repeated as before. In a few
instances observations have been madein only two different azimuths, the one differing
from the other by 90°.

In each position of the needle the axle is raised off the agate planes, lowered, and the
readings taken again ; and this is repeated two, three, or four times, according to the degree
of uncertainty, and the mean of all is adopted.

In the case of the observations being made in the magnetic meridian the resulting dip is
that corresponding to the mean of the eight observed results.

In the case of the observations being made in different azimuths: the mean inclination,
deduced from each azimuthal angle, is converted into the Resulting Dip by the formula : —

Cot.? 8 = Cot.2 5y + Cot.2y/
in which 8 denotes the resulting dip.
» denotes the inclination to the magnetic meridian at a certain azimuth.

%' denotes the inclination at an azimuath at right angles to that for which
the inclination is .

With the view of ascertaining whether partial results obtained on one day could be
combined with other partial results obtained on other days, and also whether a needle left
at rest would shew the diurnal changes, the needle A 1 was left for some time in 1843 on
the agate planes, and observations were made at short intervals which appear in the
volume for 1843. From those observations it appeared that partial observations on one day
cannot be safely combined with other partial observations taken on another day, nor
can the diurnal change be shewn by reading the needle repeatedly on the same day
without touching it.

§ 5. Meteorological Instruments.

BAROMETER.

The barometer is a standard, by Newman, and is fixed on the South wall of the West
cross of the Magnetic Observatory. The graduated scale which measures the height of
the mercury, is made of brass, and to it is affixed a brass rod, passing down the inside
of one of the upright supports, and terminating in a conical point of ivory; this point in
observation is made just to touch the surface of the mercury in the cistern, and the

GreEENWICH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1844, (h)
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contact is easily seen by the reflected and the actual point appearing just to meet each’
other. The rod and scale are made to slide up and down by means of a slow-motion
screw. The scale is divided to 0™05.

The vernier subdivides the scale divisions to 0™002; 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 in diameter; the correction for the effect of capillary attraction is
therefore only +0™002. The cistern is of glass.

At the bottom of the instrument 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 mean level of the sea is 159 feet. This element is
founded upon the determination 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 5", .

The readings of this barometer are considered to be coincident with those of the Royal
Society’s flint-glass standard barometer.

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

No correction is required for the difference of capacities of the tube and the cistern;
for, as the mercury rises or falls in the cistern by the falling or rising of the mercuryin the
tube, so the termination of the scale is adjusted to the surface of the mercury in the cistern,

and the distance between the surfaces of the mercury in the cistern and in the tube is at
once measured.

DRY-BULB THERMOMETER.

The dry-bulb thermometer, used in conjunction with the wet-bulb thermometer, is
mercurial ; its scale is divided to 0>5. The following are comparisons of the dry-bulb
thermometer with the Royal Observatory’s standard thermometer.

¥
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T'{lgfmlzge- Number, Mean T'l}:!;:ml«)frﬁe- = Number| pMean
ter reads Range of of ., ter reads Range of of
Day, 1844. |lessthanthe T Com- | Tempera- Day, 1844, |less thanthe Temperature Com- | Tempera-
"‘éﬁf&hﬁi&’f emperature. parisons. ture. %&?dz;ﬁh emp * |parisons,| ture.
[o] o [¢] (o] (o] (o] o o
Jan. 1 01 30 to 47 | 11 a4 July 1 0°6 52 to 69 6 60 -7
8 0-1 33 to 41 11 370 8 05 54 to 69 4 59 ‘1
15 0-1 28 to 34 10 315 15 03 52 to 72 5 61°0
22 0-1 33 to 43 10 392 22 02 55 to 73 2 63 ‘8
29 0°1 38 to 49 12 43 -8 29 05 62 to 68 2 64°9
Feb. 5 0-1 26 to 35 11 308 Aug. 5 0°5 50 to 67 b 59 4
12 0-1 30 to 33 6 313 12 09 61 to 66 3 63 1
19 0-2 39 to 47 10 43 2 26 o7 60 1 60 2
26 0-3 33 to 47 9 41 0
D . . 3 2 73°1
Mar. 4 | 041 | 87t080 | 4 | sys | 5P 21 9% WO S| G
‘ 11 02 38 to 53 8 44 -9 s 9 .
16 0-8 68 to 69 2 68 ‘4
18 0-2 32 to 44 11 382 23 04 51 to 58 4 553
25 | 0-4 | 40 to 51 8 | 452 30 | 0-2-| 51 to 56 3 | 334
Apr. 1 0-2 37 to 63 8 492
8 05 35 to 41 3 376 Oct. 28 05 40 to 48 3 446
15 05 44 to 60 13 508
22 0-4 45 to 63 1 56 ‘8 - R
. p R Nov. 4 0-3 40 to 45 4 432
20 1 02 | 44to52 ) 3 | 486 11 | 00 | 39to4s | 7 | 41°1
. t 2 7 50 4
May 6 | 02 | 45t0 66 | 7 | 54-4 T g 10| 402
13 0-17 46 to 70 6 58 -6
20 | 06 | 44t061 | 5 | 517 _ :
27 07 48 1 48 -3 Dec. 2 0-1 34 to 38 12 360
9 03 26 to 30 11 28 *3
June 3 09 56 to 65 5 59 71 16 0-2 36 to 38 12 37°1
10 04 52 to 72 3 595 23 0-2 29 to 31 7 30 -6
17 11 47 to 71 5 619 30 02 36 to 43 10 38 7

The next table is formed by collecting and arranging the results in the order of
temperature.

The The
The Dry Ther- Dry Ther- "The
Dry Ther- mometer mometer Dry Iber-
mometer Teads Jess reads less mometer
re‘;zds :(}']ss Gthan th_el Gthan th_eh r;'m;s :lex:s M
&
Day’ 1844. thre‘:::wi(?h Mean. Day’ 1844. Sl;:fll:i:l}sl Mean, Day’ 1844. gtiiﬁ;;;fi Mean. Day’ 1844. Greenwich can.
Standard between 32° between 50° Standard
below 3.°, and 50°, and 60°, above 602,
[ o [} [°) o o [}
Jan. 15| 0°1 Jan. 1| o0°1 Apr. 16| 05 June 17 1
8 0-1 22 04
Feb. 5| 04 22 | 0°1 July 1| 06
12| 0°1 0-1 20 0°1 May 6| 02 15| 03
13{ 07 22 02
Dec. 9 0-3 Feb. 19 0-2 20 06 29 05
23| 0°2 26| 03

(h) 2
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The Dry The Dry The Dry
Thermometer Thermometer Thermometer
Day, 1844. :ﬁidélgziﬁ:ﬁl Mean. | Day, 1844. :ﬁzdé:ee:z:;:g Mean. | Day, 1844. :ﬁ:d(s}:::s‘izz Mean.
Standard between Standard between Standard above
32° and 50°, 50° and 60°. 60°.
o o o | o o o
Mar. 4 01 June 3 0°9 l Aug. 12 09 07
11 0-2 10 0-4 05 26 07
18 0-2
25 04 July 8 05 i Sep. 2 05
9 16
Apr. 1 0-2 02 Aug. 5 05 16 08
8 05
29 02 Sep. 23 04
30 0-2 |
May 27 07
Nov. 18 0-3
Oct. 28 05
Nov. 4 03 -
11 0-0
25 03
Dec. 2 0-1
16 0-2
30 02

Therefore the dry-bulb thermometer reads less than the Royal Observatory standard—

o] o o]
Below 32 by......0°1
Between 32 and 50 by......0-2
Between 50 and 60 by......0°5
Above 60 by......07

Also, the correction to be applied to the Royal Observatory standard is 0°'2 subtractive
for all readings below 60°, and 0°3 subtractive above 60°. (See the volume for 1841.)

Applying these, therefore, to the above differences, the correction necessary to be
applied to the dry thermometer readings are—

o [ [o]
Below 32 e . 0°1 subtractive
Between 32 and 50......... 040

Between 50 and 60.........0'3 additive
Above 60.............% ..O'K\additive

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
observation or in the Abstracts.



Wer-BuLB THERMOMETER AND DEW-POINT APPARATUS. lin

WET-BULB THERMOMETER.

The wet-bulb thermometer is mercurial ; its scale is divided to 0°5. The readings of
this thermometer when under the same circumstances as the dry thermometer, are
considered to be 0°2 lower than those of the dry thermometer. (See the Introduction to
the volume for 1841.)

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 the wick by capillary action, and keeps the muslin on the ther-
mometer-bulb constantly wet.

In frosty weather the muslin is moistened for a sufficient length of time before each
observation, that the water shall have become frozen, and the evaporation from the surface
of the ice have commenced at the time of making the observation.

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 these, which is blackened, ether is inclosed, with
a small thermometer plunged in it; on the other a piece of muslin is wrapped, by
dropping ether on which, the vapour of the inclosed ether passing from the first bulb is
condensed, and the ether in the uncovered bulb is cooled until dew is deposited on the bulb,
when the reading of the inclosed thermometer is taken. This is generally done at the
appearance of the moisture only, but if there be any suspicion on the mind of the
observer as to its correctness, it is also done at its disappearance; and if any discordance
appears between the results, the observation is repeated. It is found that no certain
discordance exists between the results as obtained from the appearance and from the
disappearance of the dew.

The following is a comparison of the dew-point thermometer with the Royal Observatory
standard thermometer.

The thermometer used in determining the dew-point read—

o (o] o
On Jan. 1, from 11 comparisons between 30 and 47, lower by 0°1
’s 8 5, 11 . sy 33 and 41, . 02
v 15, 4, 10 . ,», 28and34, ,, 0°3
s, 22, ,, 10 - - 33 and 43, »s 0°3
,s 29, ,, 12 ), Vs 38 and 49, . 01
Feb. 5, ,, 11 ,s ' 26 and 35, s 0-1
' 12, ,, 6 ys - 30 and 33, s 01

sy 19, ,, 10 >s . 39 and 47, ’s 0°2
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[+] o [+

On Mar. 4, from 4 comparisons between 37 and 39, lower by 02
,, 11, ,, 8 .s ,, 38 and 53, ,, 02
vs 18, ,, 11 ’s ’s 32 and 44, .5 02
s 25, ,, 8 3 ss 40 and 51, s 0-2
Apr. 1, ,, 8 ’s ys 37 and 63, higher by 0°1
ss 8, , 3 ’s .5 35 and 41, lower by 0-2
,, 15, ,, 13 ,s s 44 and 60, higher by 01
2 22, ,, 7 3 s 45 and 63, .’ 0-3
,, 29, ,, 3 ' ,, 44 and 52, ,, 0°1
May 6, ,, 1 ys .s 45 and 66, ,s 04
s i3, ,, 6 s 5 46 and 70, ’s 04
,s 20, ,, b ,s ) 44 and 61. lower by 0°1
s 27, ,, 1 ) s 48 and 49, > 0°1
June 3, ,, 4 - ys 56 and 65, ,s 0-°1
s 10, ,, 3 ’) A 52 and 72, - 0-1
’s 17, ,, b ) s 47 and 71, higher by 0-4
July i, ,, 6 y s »s 52 and 69, s 0-3
ys s, ,, 4 ,s s 54 and 69, lower by 02
’s 15, ,, b ys ys 52 and 72, higher by 0°7
., 22, ,, 2 ) ,, 55 and 73, sy 07
s 29, ,, 2 ys v 62 and 68, ys 0°8
Aug., 5, ,, 4 ys ys 50 and 63, lower by 0°1
. 12, ,, 2 s ,, 6land 66, ,, 0°1
Sep. 2, ,, 2 . ys 73 and 74, higher by 07
s 9 ,, 2 »s .5 62 and 63, lower by 0°1
sy 16, ,, 2 ’s . 68 and 69, 5o 01
s 23, ,, 4 »s 55 51 and 58, higher by 0-2
. 30, ,, 2 . ,, 53and 57, ,, 0-4
Qct. 28, ,, 3 ys Y 40 and 48, ys 0°3
Nov. 18, ,, 6 ys ys 49 and 52, sy 0-1
v 29, ,, 1 s s ys 38 and 43, lower by 0°1
Dec. 2, ,, 12 ' s ' 34 and 38, ys 0-1
. 9 ,, 9 5y 5y 26 and 30, . 02
., 16, ,, 12 . ,, 36 and 38, ys 0-2
sy 23, ,, 7 s s 29 and 31, ys 04
»s» 30, ,, 9 ’s ys 36 and 43, )5 0-1

From these observations it appears, that when the temperature is below 32° the thermo-
meter reads 0°2 less than the standard; that befween 32° and 50°, it reads less by 0°1;
that between 50° and 60°, it reads 0°'2 more than the standard; and that above 60°, it
reads more than the standard by 0°3.

No correction has been applied on account of these differences, as a determination of
the temperature of the dew-point is considered to be doubtful to a quarter of a degree.
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The dew-point observation was made at 4, 10°, 16" and 22°, Gottingen mean time,
every day except Sundays, Good Friday, and Christmas Day.

The relation existing between the temperature of the air, of evaporation, and of the dew-
point, has been investigatedy as explained in the Abstracts; and the following are the
tables, &c. which have been used in the formation of the tables in the Abstracts.

A Tablo shewing the Elastic Force of Vapour, in Inches of Mercury, for every Tenth of a Degree,
from 0° to 90°, calculated from the Experiments of Dalton (Manchester Memoirs, vol. V.) and

Ure (Philosophical Transactions, 1818).

Temp. |Force of] Temp. |Force of| Temp. [Force of ] Temp. [Force of] Temp. Force of| Temp. |Force of] Temp. [Force of
Fahr. |Vapour.] Fabr. |Vapour.] Fahr. |Vapour.] Fahr. |Vapour. Fahr. |Vapour.] Fahr. |Vapour.] Fahr. |Vapour.
o in. o in. o in. o] in. o in. Q in. o im,
00 lo-061]3-9 007178 [0-082J11+7 (0095 156 [0-110 |[19°5 [0 127 |23°4 (0146
‘1 ‘061 ] 40 071 3 7°9 083 ‘8 096 7 ‘110 6 ‘127 ) *147
2 ‘062 ‘1 072 ] 8°0 083 119 *096 '8 ‘111 7 *128 ‘6 ‘147
3 ‘062 2 ‘072 ‘1 ‘083 120 -096 159 ‘111 ‘8 128 i ‘148
4 *062 3 072 2 <083 °1 097 160 *112 {199 129 8 ‘148
0] ‘062 4 072 '3 ‘084 2 097 1 ‘112 1200 ‘129 |23 -9 ‘149
-6 ‘063 ) ‘073 4 ‘084 '3 097 2 ‘112 1 ‘130 24 -0 ‘150
7 ‘063 ‘6 073 0 ‘084 4 098 3 113 2 130 1 ‘150
8 ‘063 -7 ‘073 6 ‘085 5 <098 ‘4 ‘113 3 ‘131 2 151
0-9 *063 ‘8 073 i ‘085 ‘6 098 5 ‘114 ‘4 ‘131 3 *152
10 ‘664 { 49 ‘074 ‘8 085 7 099 ‘6 *114 5 ‘132 4 *152
‘1 ‘064 | 5°0 074 | 89 ‘086 8 *099 7 ‘115 ] ‘132 5 1562
2 ‘064 ‘1 ‘074 190 ‘086 1129 *099 8 ‘115 i 133 ‘6 <153
3 ‘064 2 ‘075 ‘1 ‘086 130 *100 |16 9 ‘115 '8 *133 7 153
‘4 *065 3 ‘075 2 087 1 <100 {170 ‘116 |20°9 ‘134 8 '154
5 ‘065 4 ‘075 3 ‘087 2 101 ‘1 °116 {210 134 124 -9 ‘165
‘6 065 5 ‘075 4 ‘087 '3 *101 2 ‘117 ‘1 ‘135 250 ‘155
i ‘065 ‘6 ‘076 5 ‘088 4 ‘101 3 ‘117 2 135 ‘1 ‘156
‘8 ‘066 7 ‘076 ‘6 ‘088 5 +102 ‘4 ‘118 ‘3 ‘136 2 ‘156
19 ‘066 ‘8 076 7 ‘088 ‘6 ‘102 5 ‘118 ‘4 136 -3 ‘157
20 ‘066 | 59 077 ‘8 *089 7 *102 "6 ‘118 5 ‘137 4 ‘157
1 ‘066 | 60 077199 ‘089 ‘8 ‘103 7 ‘119 ‘6 1387 5 ‘158
2 ‘067 ‘1 ‘077 {100 ‘089 |13 -9 *103 *8 119 i ‘138 ‘6 158
3 067 2 ‘077 1 *090 |14 -0 *104 179 ‘120 ‘8 138 7 ‘159
4 067 3 ‘078 2 *090 ‘1 *104 |18 -0 -120 219 ‘139 ‘8 +160
5 ‘067 ‘4 ‘078 3 090 2 ‘104 | *121 220 139 1259 ‘160
6 ‘068 ) ‘078 4 091 3 105 ‘2 ‘121 ‘1 ‘140 260 ‘161
-7 068 6 079 5 *091 ‘4 *105 3 ‘121 2 ‘140 °1 ‘161
‘8 ‘068 7 079 ‘6 ‘091 5 -106 ‘4 ‘122 3 ‘141 2 ‘162
2-9 ‘068 8 ‘079 7 ‘092 ‘6 *106 5 ‘122 ‘4 ‘141 ‘3 *163
3°0 ‘069 | 6°9 080 -8 ‘092 7 *106 6 *123 5 ‘142 4 ‘163
1 ‘069 170 *080 10 -9 ‘092 8 107 7 ‘123 ‘6 142 ‘5 *164
2 ‘069 1 080 1110 ‘093 1149 107 ‘8 *124 7 ‘143 ‘6 ‘164
3 ‘069 2 ‘080 1 ‘093 1150 108 |18°9 ‘124 ‘8 ‘143 7 *165
4 ‘070 3 ‘081 ‘2 ‘093 ‘1 *108 1190 *125 122-9 ‘144 ‘8 ‘165
5 070 4 ‘081 3 ‘094 2 ‘108 ‘1 125 |23 0 ‘144 |26 -9 ‘166
‘6 070 5 081 4 ‘094 3 109 2 *126 1 ‘145 27 -0 *167
7 <071 -6 ‘082 5 | 094 4 *109 3 ‘126 2 *145 1 ‘167
‘8 0071 7 10°082 ‘6 0095 5 10°110 ‘4 |0°126 ‘3 0146 2 10-168
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Table shewing the Elastic Force of Vapour, in inches of Mercury, &c.—continued.

Temp. %Fnrce of | Temp. (Force of] Temp. [Force of ] Temp. !Force of} Temp. |Ferce of} Temp. |Force of} Temp. |Force of
Fabr. 1Vap0m‘. Fahr. |Vapour.| Fahbr. |Vapour.] Fahr. |Vapour.| Fahr. |Vapour.] Fahr, iVapour.} Fahr. |Vapour.
o i, o in. o in. o in. o in, . o in, o in.

273 l0 ‘168 |32°5 [0-203 {377 (0244 U2-9 10292 81 0350 |53°3 [0°-418 [568°5 |0-498
4 169 ‘6 204 ‘8 245 M3 0 293 2 ‘351 4 ‘419 ‘6 499
5 *170 17 204 |37 9 246 °1 295 3 352 5 421 7 501
‘6 170 '8 *205 1380 *246 2 296 4 354 ‘6 422 8 503
1 171 329 206 °1 247 3 297 *d 355 7 423 |58 -9 504
‘8 ‘172 1330 207 2 248 4 298 6 356 ‘8 425 1590 506
279 ‘172 ‘1 207 3 249 *5 299 7 367 153 9 426 ‘1 508
28 ‘0 ‘173 2 +208 ‘4 250 6 300 8 *358 |54 0 *428 2 509
‘1 173 ‘3 209 ) 251 7 *301 489 *360 1 429 i 511
2 ‘174 ‘4 210 ‘6 252 ‘8 302 149 +0 361 ‘2 ‘431 ‘4 513
3 175 5 210 7 2563 439 303 ‘1 362 3 432 5 515
4 “175 ‘6 211 ‘8 2563 440 *304 2 363 4 434 ‘6 ‘516
5 ‘176 7 212 1389 254 1 305 ‘3 +365 5 ‘435 1 *518
G 177 ‘8 213 1390 255 2 306 4 366 ‘6 437 8 *520
7 177 1339 213 1 256 3 307 5] 367 7 438 1599 <521
-8 ‘178 1340 214 2 257 4 308 ‘6 *368 8 440 160 ‘0 523
23 -9 ‘178 1 215 3 258 *5 *309 7 370 1549 ‘441 ‘1 525
29 -0 ‘179 -2 216 ‘4 259 ‘6 310 ‘8 371 1550 442 -2 527
°1 *180 3 216 ) ‘260 7 311 499 372 -1 444 3 528
2 *180 ‘4 217 6 261 ‘8 312 150 -0 373 2 445 ‘4 530
3 *181 5 218 7 262 44 -9 313 ‘1 375 3 447 o ‘532
4 ‘182 ‘G 219 ‘8 263 K45 0 315 2 376 4 ‘449 6 534
SopcIs2 7 1721918399 | 263 -1 | 316 3 | 317| 5 | 450 -7 | 536
‘6 ‘183 ‘8 *220 |40 -0 264 2 317 4 379 6 452 -8 837
T 184349 | 221 -1 | 265 -3 | -3fs| 5 | 880 | 7 | -453 609 | 539
‘8 *184 135 -0 *222 2 2606 4 319 6 ‘381 -8 455 |61 +0 541
29 '9 1185 1 223 3 267 5 320 1 *382 15569 456 1 ‘643
30 -0 *186 2 223 4 268 ‘6 321 8 383 156 -0 ‘458 ‘2 ‘544
‘1 ‘186 -3 224 £ 269 7 322 1509 ‘385 1 459 3 *646
2 *187 4 225 6 290 8 *323 510 386 2 *461 4 548
3 *188 5 226 1 271 K59 ‘324 1 388 3 462 5 *550
4 188 6 227 8 272 |46 -0 326 -2 ‘389 4 *464 ‘6 552
‘5 “189 7 227 409 273 -1 327 3 390 ) *465 1 554
6 ‘190 ‘8 ‘228 410 274 2 ‘328 4 *392 6 467 -8 *865
7 *190 1359 229 'l 275 3 329 5 393 1 469 [61°9 567
‘8 *191 136 -0 *230 2 276 4 330 6 394 ‘8 470 1620 5659
30 9 *192 1 231 *3 277 5 331 -7 396 156 -9 472 ‘1 *561
31°0 ‘192 2 231 ‘4 278 6 332 8 397 570 493 *2 563
*1 *193 3 832 5 279 7 333 519 ‘308 *1 45 3 565
2 ‘194 4 233 G 280 8 335 152 -0 *400 2 476 ‘4 667
'3 | ‘194 53 234 7 281 |46 -9 336 1 ‘401 -3 478 5 +568
4 | ‘195 6 235 ‘8 282 {470 337 2 402 4 480 ‘6 870
‘5 | *196 7 235 U119 282 1 338 3 ‘404 ) 481 7 572
6 <197 ‘8 236 M2 -0 283 2 339 4 405 6 *483 8 5674
7 197 136 -9 237 ‘1 *284 ‘3 340 5 407 i ‘485 (62 -9 576
'8 ‘198 137 -0 238 2 ‘285 ‘4 *342 ‘6 408 ‘8 ‘486 163 ‘0 ‘878
319 *198 ‘1 239 3 ‘286 5 *343 7 409 1579 488 1 580
32 -0 ‘199 2 ‘240 4 287 ‘6 344 8 411 ’58 0 489 2 582
1 200 '3 240 i) 288 i 345 1529 412 1 *491 3 584
‘2 201 4 ‘241 6 289 '8 346 [53 0 ‘414 2 *493 4 *586
3 201 5 242 i 290 M47°9 ‘348 ‘1 415 ‘3 ‘494 5 *588
4 10 "202 ‘6 (0243 ‘8 |0°291 480 |0°-349 ‘2 0416 ‘4 10°496 ‘6 |0°590
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Table shewing the Elastic Force of Vapour, in Inches of Mercury, &c.—continued.

Temp. |Force of| Temp. |Force of] Temp. |{Force of| Temp. {Force of| Temp. |Force of| Temp. !Force of | Temp. |Force of
Fabr. {Vapour.] Fabr. |Vapour.] Fahr. |Vapour.] Fabr. |Vapour.} Fahr. |Vapour.{ Fahr. Vapour.] Fahr. ;Vapour.
o in. o in o , | o in. o ia. o ™ o in,
637 |0-591 [67°5 [0°670 {71°3 (0°758 {751 |0-857 }78°9 0967 1827 ’1 ‘090 1864|1224
‘8 593 ‘6 ‘672 4 *761 2 ‘860 }79°0 970 ‘8 *094 5 228
63 -9 595 7 ‘674 *5 ‘763 3 ‘862 ‘1 ‘973 829 097 ‘6 232
64 0 597 '8 677 ‘6 766 ‘4 ‘865 -2 976 (83 0 *101 7 235
- -1 599 {679 *679 7 768 5 ‘8G8 3 ‘979 1 *104 ‘8 -239
2 *601 {680 681 ‘8 171 ‘6 ‘871 ‘4 983 -2 108 86 9 243
‘3 ‘603 ‘1 ‘684 {719 113 ‘7 873 5 ‘986 '3 *111 {870 247
4 605 2 686 |72 -0 176 ‘8 ‘876 ‘6 ‘989 4 ‘114 ‘1 <251
! 607 3 688 1 718 1759 879 1 *992 ‘5 *118 2 255
‘6 ‘609 4 ‘690 2 781 {76 -0 ‘882 8 ‘995 ‘6 121 '3 258
1 611 ‘5 ‘692 '3 183 1 ‘885 {799 |0-998 1 125 4 262
‘8 ‘613 ‘6 ‘695 ‘4 185 -2 ‘887 80V |1 -001 ‘8 1 129 5 266
64 -9 ‘615 7 697 5 187 3 ‘890 ‘1 *005 83 ‘9 *132 ‘6 270
65 -0 ‘617 '8 ‘699 ‘6 790 ‘4 893 2 *008 840 +136 7 274
1 ‘619 {68 -9 701 i 792 5 ‘896 3 ‘011 1 139 8 278
2 *621 169 -0 704 ‘8 *795 ‘6 ‘899 ‘4 ‘014 2 *143 |87 9 282
3 ‘623 °1 706 }72 -9 797 7 902 5 017 ‘3 | <146 [880 286
4 ‘626 2 *708 }73 0 ‘801 8 905 6 021 ‘4 150 ‘1 290
5 ‘628 3 711 ‘1 803 |76 -9 ‘908 7 ‘024 5 *153 2 204
6 ‘630 ‘4 713 ‘2 806 |77 -0 ‘910 ‘8 <027 ‘6 *157 3 +298
i ‘632 5 715 -3 ‘809 ‘1 913 80 -9 *030 i *160 4 302
'8 634 ‘6 7 4 811 2 ‘916 |81 0 ‘034 ‘8 *164 5 306
65 -9 ‘636 7 720 5 814 3 ‘919 ‘1 *037 84°9 ‘167 6 ‘310
66 -0 ‘638 ‘8 722 ‘6 ‘817 ‘4 ‘922 2 ‘040 85°0 171 7 ‘314
‘1 ‘640 (69 -9 725 7 ‘819 *5 ‘925 3 ‘043 1 ‘175 ‘8 318
2 ‘642 {700 127 '8 822 ‘6 ‘928 4 ‘047 ‘2 178 (889 322
‘3 ‘644 1 ‘729 {13 -9 ‘824 i ‘931 5 <050 3 <182 [89 -0 *326
4 ‘6146 2 32 {7140 827 8 *934 ‘6 ‘0563 ‘4 ‘186 ‘1 *330
-5 ‘648 3 ‘734 ‘1 830 |77 9 937 7 ‘057 ‘5 ‘190 2 *335
‘6 ‘651 *4 736 2 832 (18 0 *940 ‘8 *060 ‘6 193 3 339
i ‘653 5 *739 '3 835 ‘1 ‘943 819 063 i 197 ‘4 ‘343
‘8 ‘655 -6 ‘741 4 838 2 ‘946 |82 0 067 ‘8 201 5 347
66 ‘9 657 N 744 5 -840 ‘3 ‘949 ‘1 ‘069 859 205 6 ‘351
{670 ‘659 8 746 ‘6 843 ‘4 ‘952 2 ‘073 {860 209 1 355
1 ‘661 |70 -9 *748 7 ‘846 ‘5 ‘955 3 ‘077 ‘1 212 ‘8 359
‘2 ‘664 {710 751 ‘8 ‘849 ‘6 ‘958 4 ‘080 ‘2 216 (899 ‘364
3 ‘666 -1 163 |74 °9 ‘851 1 ‘961 5 083 ‘3 1220 {900 1°368
4 iO ‘668 ‘2 10°756 {750 |0°854 ‘8 10-964 ‘6 |1-087
. b i

Previously to deciding upon the use of the above table, many comparisons were made
between the observed dew-point and that deduced from the observed temperature of
evaporation by means of the formula of Dr. Apjohn, using the values of the elastic force
of vapour as given in the Report of the committee of Physics and Meteorology of the
Royal Society; and also between it and that deduced from the values of the elastic force
of vapour and the formule given by Professor Kamtz, in his work on Meteorology : the
errors of the inferred dew-points were considerable with both sets of tables. Similar
comparisons were made, using the above table, and the errors were found to be nearly

GreENWicH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1844, (l)
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always small ; and, in consequence, the above table has been adopted for constant use.
In the Abstracts it will be seen that Dr. Apjohn’s formule, combined with this table,
give results in close accordance with direct observations of the dew-point; we may there-
fore infer that the above table represents, with considerable accuracy, the relation between
the tension and the temperature of steam; and the table has been always used in this
volume where such values have been required.

Dr. Apjohn’s formula for deducing the dew-point for all values of the temperature of
evaporation above 32° is,

f=f - ;55 X 5’% (Proceedings of the Royal Irish Academy, 1840.)

Where f” represents the force of vapour at the temperature of the dew-point,
J’ represents the force of vapour at the temperature of evaporation,
d represents the difference between the readings of the dry and wet thermometers,
h the height of the barometer.

. . d 1 e .
The following table, representing o= x o=, has been formed to facilitate the calculations :—

Values £ x—l- Values Z. 1 Values a % 1 Values a . 1 Values Z. 1
of d. 88 30 of d. 88 30 of d. 88 30 of d. 88 30 of 88 30
o o o o o
0-1 0 *00004 2°1 0 +00080 41 000155 6-1 | 000231 81 0-00307
0-2 *¢0008 22 *00083 42 ‘00159 62 00235 82 ‘00311
0-3 ‘00011 23 ‘00087 4-3 ‘00163 6-3 00239 83 -00315
04 *00015 24 *00091 44 ‘00167 64 100242 84 *00318
0°5 *00019 25 00095 45 ‘00171 65 +00246 8°5 «00322
0-6 100023 26 *00098 46 ‘00174 66 +00250 86 ‘00326
0-1 *00027 27 *00102 41 *00178 67 100254 87 *00330
0-8 *00030 28 ‘00106 4°8 *00182 68 *002568 8 8 «00333
09 *00034 2-9 *00110 49 *00186 69 *00261 89 ‘00337
10 +00038 30 ‘00114 5°0 ‘00189 70 00265 90 ‘00341
1-1 *00042 3°1 00118 51 *00193 71 00269 91 00345
1-2 *00046 32 ‘00121 5-2 ‘00197 72 00273 92 *00349
1-3 *00049 33 ‘00125 53 ‘00201 73 00277 93 *00352
1-4 *00053 34 ‘00129 54 +00205 74 00280 94 *00356
15 00057 35 ‘00132 55 *00209 75 00284 95 *00360
16 *00061 36 00137 56 00212 76 *00288 96 ‘00364
17 *00064 37 ‘00140 51 ‘00216 77 00292 91 *00368
18 +00068 3-8 *00144 58 100220 7°8 ‘00295 98 00371
19 00072 39 *00148 59 ‘00224 79 *00299 99 00376
20 ‘00076 40 ‘00151 60 *00228 80 00303 100 ‘00379
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Values a x_l_ Values ﬁx_l_ Values K3 xi Values 4 x _1_ Values a x-!-
of d. 88 30 of d. 88 30 of d. g8 30 of d. 88 30 of d. 88 " 30
o o o o o

101 0 -00383 122 0 00462 143 000541 163 0 00618 18 -3 0 *00693
10 -2 ‘00386 123 *00466 144 ‘00545 16 4 ‘00622 184 00697
103 ‘00390 124 00470 14 -5 ‘00549 16 -5 *00625 185 00701
10 ‘4 ‘00394 125 00474 146 00553 16 ‘6 *00629 186 00704
105 ‘00398 126 00477 14 -7 00556 16 -7 *00633 187 *00708
10 -6 *00401 127 ‘00481 14 -8 *00560 16 -8 ‘00636 188 00712
10 -7 00405 128 ‘00485 149 *00564 169 *00640 189 -00716
10 -8 *00409 129 ‘00489 15-0 00568 170 ‘00644 190 ‘00720
109 00412 130 *00493 151 00572 171 ‘00648 191 ‘00724
110 ‘00416 13°1 *00496 15-2 *00576 172 00652 192 00728
11-1 ‘00420 132 ‘00500 153 *00580 173 ‘00655 193 ‘00731
112 *00424 133 00504 154 00584 174 +00659 194 | -00735
113 ‘00428 134 *00508 1556 ‘005687 175 00663 195 +00739
114 *00432 135 00511 156 *00591 176 ‘00666 196 | 00742
115 00436 136 *00515 157 -00595 177 *00670 197 | 00746
116 *00439 137 *00519 158 *00598 178 ‘00674 19 -8 | 00750
117 *00443 138 *00522 159 *00602 179 00678 199 1 00754
118 ‘00447 139 *00524 160 -00606 180 00682 26-0 | ‘00758
119 *00451 140 00630 161 *00610 18 ‘1 *00686 20-1 ¢ 00761
120 00454 141 ‘00534 16 -2 ‘00614 182 *00690 202 ‘00765
121 *00458 14 -2 *005638

When the reading of the wet thermometer is lower than 32°, the formula becomes—

Sfl=f— &% X :—::—) (Proceedings of the Royal Irish Academy, 1840);

and the following table has been formed to facilitate the calculations for such cases :(—

Values __‘fx_l_ Values 4 X 1 Values KA % 1 Valnes | ¢ x_l__ Values ° x_l_

of d. 96 30 of d. 96~ 30 of d. 96 30 of d. 96 30 of d. 96 3