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“An Account of the Base Observations made at the Kew Observa-
tory with the Pendulums to be used in the Indian Trigonome-
trical Survey.” By Bavrrour Srewarr, M.A., LL.D., F.R.S.,
Superintendent of the Kew Observatory, and Bensamin Lorwy,
Esq. Received June 18, read June 15, 1865.

Her Majesty’s Indian Government, on the recommendation of the Royal
Society, lately decided that pendulum observations shall be made at different
stations in India in connexion with the Great Trigonometrical Survey of
that country.

The object of these proposed observations may be stated in a very few
words. The labours of those engaged in the Trigonometrical Survey have
already disclosed the fact that the direction of the plumb-line in the north-
ern stations of India was influenced to some extent by the mass of the
Himalayas, and it was therefore thought highly desirable that the influ-
ence of these mountains upon the infensity of terrestrial gravity should be
investigated in addition to their influence upon its dérection. The propriety
of this view will at once be evident, if we reflect that by knowing the
change produced not only upon the direction of gravity, but also on its
intensity, we know at once all the particulars of the disturbing mountain-
force both as regards magnitude and direction.

It was therefore with the view of ascertaining the alteration which these
mountains might cause upon the intensity of gravity that the Indian pen-
dulum observations were decided upon. In consequence of this decision,
Captain Basevi, R.E., and first assistant in the Survey department, was ap-
pointed to superintend the observations, and instructed to repair to the
Kew Observatory previously to his departure for India, in order to become
acquainted with the necessary instruments, their adjustment, and the
method of observing with them.

After attending daily at the Observatory from the beginning of Septem-
ber to the middle of November, this officer was perfectly instructed in
every particular necessary for the practical part of these observations, as
well as for their calculation and reduction. He was then obliged to leave
for India, being prevented by his early departure from making the necessary
base determinations with the instruments at Kew Observatory.

The best arrangement of apparatus formed the subject of careful discus-
sion with Colonel Walker, Superintendent of the Indian Survey ; and the
experimental arrangements ultimately adopted received the sanction of this
officer, who, besides suggesting several improvements, made himself tho-
roughly acquainted with all the details of the apparatus.
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426 Pendulum Base Observations for India. [1865.

A room suitable for these observations was constructed in the south-east
corner of the Observatory, the expenses of which were defrayed from the
Government Grant Fund of the Royal Society.

The following simple diagram will be sufficient to show the experimental
arrangement in the Pendulum-room.
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C is the place for the clock, which is connected with the transit-instrument; P is the
pillar bearing a slab attached also to the wall at W, to which the receiver (R) is
rigidly fixed.

T is the telescope for the observations of the coincidences, mounted on a pillar which

stands in a depression, so that the observer is not under the necessity of kneeling
down during the observation.

In every other part the arrangement is entirely similar to that de-
scribed by General Sabine in the Philosophical Transactions for 1829,—with
this difference, that the receiver was in our experiments a copper one with
glass windows. The whole of the apparatus was made by Mr. P. Adie,
who deserves the highest praise for the excellent manner in which the work
was executed by him.

The pendulums used were those marked No. 1821 and No. 4, used
formerly by General Sabine in different parts of the globe. The former
was also used by Mr. Airy in his Harton experiments.

Method of registering and reducing the Observations.

The manner in which the number of vibrations, made by a detached
pendulum, are determined from a series of observed coincidences with the
pendulum of a clock has been so often described, that we may refer to the
writings of Kater, Sabine, Baily, and others on the subject. The esta-
blished methods have been followed throughout in these experiments, and
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the only change introduced was a very slight one, with the view of obtaining
a more correct arc of vibration.

It is usual to observe the arc a little after the coincidence, which does not
give the true arc corresponding to it. To obviate this, the are was read in
our series about 30 seconds before, and again 30 seconds after each observed
coincidence, marking first the right edge of the tailpiece and then the left
.one. If we call these four readings of the scale @, 8, ¢, d, we may consider

(a~b)+(c~d)
2
as a very exact representation of the reading for the arc at the instant of
the coincidence.

The adjustment of the diaphragm, disk, and tailpiece was made very
carefully at the commencement of the experiments. Nevertheless it was
found slightly deranged when the pendulum was reversed. In this case,
as is well known, the disappearance and reappearance of the disk are not
each instantaneous ; but we see first one side of the disk, then the other
disappear, and in the same order reappear, so that we have four events,
of which, calling the time of their happening respectively «, O, v, 9, either

) ﬂj—@, or (2) %@, or (3), lastly, @.—%—1

will give us the fime of coincidence. In a few sets of our series the first
formula was used ; but it was soon found that the correct registration in
such a case is a matter of the greatest difficulty, and it was therefore thought
in one instance preferable to stop the clock and repeat the adjustment, and
afterwards a similar derangement was rectified by a lateral motion of the
observing telescope. With a few trials, using a few successive coincidences
for the purpose, it is quite possible to adjust the whole to the greatest
nicety without stopping the clock.

The reduction of the observations was made entirely after the manner of
former experimenters. It comprises the following corrections :—

A.. Correction of the observed arc-readings and reduction of the vibra-
tions to infinitely small arcs. In the first place, the scale for reading the arc
being behind the tailpiece of the pendulum, the registered readings are too
large.

Let D be the distance of the scale from the object glass of the telescope,
d its distance from the tail of the pendulum, O the observed reading of the
whole arc on the scale graduated from end to end, $ the distance of
the indicating-point of the tailpiece from the knife-edge, then the true arc,
or more correctly semiarc observed (=), through which the pendulum
moved from the vertical, is given by the formula
tang “=0(§)DSCQ s ‘
expressing all distances in inches, into which the scale was divided.

2K 2
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The values of %T_):Sii were determined for each pendulum from accurate
measurements, and are

_ . . _ 9874

For pendulum No. 4 in position, face on = 5% 100-92 4989
99-67

ace off =

. . . 5,  face o 2% 10022 x49-89

_ 99-47
) » No.1821 ,,  face on =g——rron— o
2» 3 2 ”» fa‘ce Oﬂ. = ik

2x10022%x 493"

The logarithms of these expressions were added to those of the observed
readings for the logarithm of the tangent of a.

In the next place, the reduction to infinitely small arcs was deduced from
the well-known formula,
M sin (a+a') sin(a—a') 4

Number of infinitely small vibrations=n+n X 52 (log sin a— log sin o)

where M denotes the logarithmic modulus =04342945 ; « the initial, and
«' the final semiarc of vibration, expressed in degrees, minutes, and seconds,
n being the number of observed vibrations; and to obtain a more correct
result from this formula, the calculation was made for each interval between
two successive observations.

B. The rate of the clock was determined from a series of observations
of star-transits, the results of which are given in Table I. The rate was
somewhat unequal during the experiments, the range being equal to %;ths
of a second ; and besides, the unfavourable state of the weather occasioned
longer intervals between the observations than was desirable. To free the
results as far as possible from any errors arising from this source, the rates
were represented in a series, as shown in Table II., which also gives the
actual number of vibrations made by the sidereal clock in a mean solar
day, as deduced from the following formula :—

Number of vibrations in a mean solar day =N'=86636'5554(1 ————,—7:‘—>,

; 86400
where 7 is the observed rate, which in our case was a losing one throughout
the whole of the observations.

If we now call V' the number of observed vibrations of the clock-pen-
dulum from beginning to the end of one experiment, V the number of
observed vibrations of the detached pendulum during the same time, cor-
rected for the amplitude of the arc, and finally N’ the number of actual
vibrations of the clock in a mean solar day at the date of the experiment,”
found as above, we have for the number of infinitely small vibrations of

* See Memoirs of the Royal Astronomical Society, vol. vii, p. 22.
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the detached pendulum during a mean solar day the following pro-
portion :
V':V::N':N,
VN'

N= Vi_c

TasrLe I.—List of Transits observed in connexion with the Pendulum
Experiments for India, and clock-rates deduced from them.

Time of  |Sum of] . ¢ | Mean
Right passin instru-| Error o
Date. Name of Btar. Ascer?sion. lmeang mental| clock. a 3”‘1:0 a
wire. errors. ecuced.
1865. h m s h m s 8 m s
January 7.| 8 Arvietis  ...... I 47 12'40| 1 47 7°96|-F0'76 — 368
« Arietis  ...... 1 59 35'42| 1 59 30°96/-fo70|— 376
g20Ceti ... 2 20 6028 2 20 5542|4103 |—  3'83
aPersei ......... 3 14 4447 3 14 40'84/—o17|— 380
nTauri ........] 3 39 2968 3 39 25'16/+0'68 |— 384
y’ Eridani ......] 3 51 4534 3 51 4006|4148 |— 382
eTauri ........| 4 28 12'58| 4 29 394 (+085|— 385
»  8./nBootis .e.......| 13 48 1568/ 13 48 9'98/4-1'06 |— 464
« Bootis ......... 3038/ 14 9 2472|4104 |— 462
p Bootis ......... 0'57| 14 25 5516|4081 |— 460 8
¢ Bootis .. 52614 38 59°68|4089|— 469 | =181
, 9.7 Bootis ......... 1571113 48 84 |4o084|— 647
2 Bootis ......... 30°42| 14 9 22°98|+082 |— 662
p Bootis ......... 0'61| 14 24 5374|4055 |— 632
¢ Bootis ......... 5°30| 14 38 582 |4064|— 646 —1'83
»w 13. 2 Bootis .. 30°54/ 14 9 161 |40'97 | — 1347
¢ Bootis 5'43| 14 38 sr'02|4081 |— 13'60| =176
»  14.] e Bootis 5°46/ 14 37 4'56/4088 |—2 o'02 |
a2 Librae ......... 25'37| 14 41 23'70|+1'65 |—2 o002
v Piscium ...... 1 34 25°30] 1 32 2344|4112 |—2 074
B Arietis  ......| 1 47 12°31] 1 45 1066|4079 |—2 ©'86

« Arietis  ......| 1 59 3533 1 57 33'8 |[+073|—2 o80

£2Ceti  eveenns.| 2 21 020 2 18 5828|4106 | —2 086

yTauri ......... 3 39 29°61| 3 37 27°98|4071|—2 092 | —1'64
»  16./ p Bootis «eueev.i| 14 26 085 14 23 56'72|4079 [—2 3'34

¢ Bootis ...... |14 39 5'52/14 37 I'16/+0'87|—2 349

a? Tibree ...eev.| 14 43 25°43| 14 41 2018|4165 |—2 3'60| —1'76
» 17| aBootis «..eeeen| 14 9 3067|149 4586/+113 [+ 1632

p Bootis ......... 14 26 0'89|14 26 16'3 4092 |+ 1633

€ Bootis .........| 14 39 5'55| 14 39 210 |+0°98 |+ 1643

a? Librae ......... 14 43 25°46| 14 43 4022|4169 |+ 1645
» 19 npTauri ..., 3 39 29'55| 3 39 4I'06|4-0'57 |+ 1208

eTauri .........| 4 20 46'05| 4 20 57°54|+0'69 |+ 12'18

«Tauri | 4 28 12°49] 4 28 2378|4076 |+ 12°05| —1°67
»  20.|aPersei .........| 3 14 44°22| 3 I4 54'92|—0'33 |4 10'39

y' Eridani ......| 3 61 4520/ 3 51 54'16/+1'41 |4 10'37

¢ Tauri ......... 4 20 4604 4 20 556 |4+081 |4 10°37

o Tauri ......... 4 28 12°48| 4 28 21°94|+0'83 |4 10729

o Aurigee ......| 5 6 4601 5 6 562 |—003|4+ 1016 —177
» 22.aPersel ........ 3 14 44°18] 3 14 5128|—0'17 |4  6'93

nTauri ......... 3 39 29°52| 3 39 35'74|4+067 |+ 689

y' Eridani ...... 3 51 4518 3 51 5066|4146 |+  6'94

eTauri .........| 4 20 46'02| 4 20 52'16{+40'88 |4 702

aTauri ....ooee.| 4 28 12°46] 4 28 18'38|40'94 |+ 686| —171
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TasLe 1. (continued.)
Time of  |[Sum of]
. 4 - Mean
Date. Name of Star. A ng}}t passing lnshtui Ellrorl' of rate
scension. mean  mental) clock. |40y
wire. errors.
1865. h m s h m s s m s
January28.| 3 Tauri ......... 5 17 47°76] 5 17 46°36 4096 | — o044
0 Orionis ...... 525 8350 525 634142 — 058
e Orionis ...... 5 29 2366 5 29 2172 4144} ~— 050 s
« Orionis ...... 5 47 £3°80| 5 47 517964131 — 053 —122
Febr.  9.y' Eridani ......| 3 51 44°90| 3 51 29'06|41'53| =--14'31
¢ Tauri ... 4 20 4578 4 20 3058|4081 — 1439
eTauri ... 4 28 12723 4 27 5698|4087 | —14'33
¢ Aurigee 4 48 1434 4 47 59'3 |+063| —1441
¢ Leporis 4 59 4614 4 59 3006|4179 —14729
« Aurige 5 64568 5 6 3116/+022| —14'30
B Tauri .... 5 17 4761 5 17 3226|4088 —1447
« Leporis . 5 26 4822| § 26 3196|4173 | —14'53| —116
w17 ¢ Aurigee ... 4 48 14°29] 4 47 48:36|Fou1| —2552
eLepg)ris ...... 4 59 45°99! 4 59 18684173 | —25'58
« Aurige ... 5 6 4552) 5 6 19°98|—0'06| —2560
BTawri ......... 5 17 4747 §5 17 21'36|+4-0'54| —25'57
8 Orionis ...... 525 824 5 24 414 4122 | —2562| —1'40
» 19 Geminorum..| 6 14 49'62| 6 14 2016|4050 —28'98
y Geminorum..| 6 29 5679 6 29 27'08|4066| —2905
« Canis Majoris| 6 39 1333] 6 38 43'26|+1'50| —29'12| —1'69
20 ¢ Aurigee ... 4 48 1413 4 47 42°58|+082| —3073
: ¢ Leporis . ... 4 59 4593 4 59 13°4 |+184| —3069
e Aurigee ... 5 6 4543 5 6 1426/fo45| —3072
BTauri ......... 5 17 47°42| § 17 157 |40'92| —20'80
« Leporis ...... 5 26 4803 5 26 1548/+175| —3080| —1'80
Tasre 1I.—Showing the rate of the clock, and the number of its vibra-

tions during a mean solar day.

ibr \§ e .
No. | Rate No. of vibr. No.| Rate [NO: of vibr. No.| Rate No. of v‘1br.
£ (sid, | TS of | (side | TSR | of | (side |
exp. | time). so_aAN(/ay exp.| time). so_mN(.'ay exp.| time). soilN/ay
s s ]
1 |—176| 86634795 | 21 |—1°'16| 86635395 | 41 |—140| 86635155
2 |—1'76| 86634°795 || 22 |--1°16 | 86635°395 | 42 |—1°40| 86635155
3 |—176| 866347795 | 23 |—116| 86635395 | 43 |—1'46| 86635095
4 |—176| 86634795 24 {—1°16| 86635395 | 44 |—1°52| 86635035
5 |—164 | 86634°915 | 25 |—1'16 | 86635395 || 45 |—~1'52 | 86635°035
6 |—1'64| 86634'915 || 26 |—1°16| 86635°395 || 46 |—1'58| 866347975
7 |—1°64 | 86634°915 || 27 | =116 86635°395 || 47 |—1°58 | 86634975
8 |—176 | 86634795 || 28 |—1'16| 86635°395 || 48 |—1'64| 86634915
9 |—176| 86634'795 || 29 |—1'16| 86635395 || 49 |—1°64| 86634°915
10 |—1°67 | 86634885 || 30 |—1'16| 86635°395| 50 |—-1°64| 86634°915
11 |—1°67 | 866348851 31 |—1°'16| 86635'395| 51 |—164| 86634°915
12 |—1'77 | 86634785 (| 32 |—1'16| 86635'395]| 52 |—1'69 | 86634865
13 |—1'73 | 86634825 | 33 |--1°16| 86635°395| 53 |—1°69| 86634'865
14 |—1'69 | 86634°865 | 34 |—116| 86635395 54 |—1°69| 86634:865
15 |—1'26 | 86635295 (| 35 |—1I'22| 86635335 55 |—169| 86634865
16 |—124 | 86635°3151 36 |—1'22 | 86635335 (| 56 |—1°69 | 86634865
17 |—1°22 | 86635335 || 37 |—128| 86635275 57 |—1'75| 86634805
18 |—120| 86635°355 | 38 |—1'28| 86635275 58 |—175| 86634805
19 |—1°18 | 86635'375 || 39 |—128| 86635275 |l 59 |—175| 86634805
20 [—1'18| 86635375 40 |—1'34| 86635'215 | 60 [—1'75| 86634-805
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C. Correction for temperature.—~Two thermometers were fixed, one to
the lower, the other to the upper part of a brass bar, which was made by
Mr. Adie, of precisely the same form as the pendulums.

The brass bar being fixed near the middle of the receiver, close to the
swinging pendulum, every change in the temperature of the latter was of
course shared by the brass bar, and indicated by the two thermometers,
which were extremely sensitive and read to *05 of a degree. The readings
of these two thermometers were in the first instance corrected for index-
error. 'The instruments having been very carefully compared with the
Kew Standard, a table of index-errors was made from these comparisons,
and, by interpolation, giving the errors from degree to degree. Another
correction was applied for the observations in the exhausted receiver on
account of the effect of exhaustion on the glass tubes of the thermometers.
This effect was determined very accurately by a series of experiments at
Kew, and found to be equal for both thermometers, and amounting to
0°43 for a decrease in pressure of 29210 inches. This correction is
smaller than that assumed by General Sabine and the late Mr. Baily, who
make it # of a degree for the thermometers which they employed.

Our experiments showed the remarkable fact that the correction is by no
means proportional to the decrease in pressure. The diminution of the pres-
sure from 30°080 inches to 13-610, that is, by an amount of 16'470 inches,
gave a correction of only 0°052, while a further decrease of 12:820, bringing
the pressure to 0°790 inch, gave for one thermometer 0°°377, and for the
other 0°385.

The mean of the upper and lower thermometer reading will give the
temperature of the pendulum at the moment of the observations ; and if we
call 4, ¢, ¢, ¢" the temperatures found in this manner for the successive
observations, we have

A A A
'T’ 2 3 - 2

as the most probable temperature during the interval between two con-
secutive observations. These intervals being of unequal length, we will
call #, ', »", n'", the number of coincidence-intervals which they contain ;
and calling ¢° the mean temperature of the whole experiment, we have

(t+t>_|_ (t jg_t) ,/(t + ) ......

Table III. gives the mean temperature found in this manner for each ex-
periment, and shows the mean of all observed temperatures for each pendu-
lum, to which temperature all the experiments made with that pendulum
have been reduced. For this reduction it would have been best if we had had
an opportunity of swinging the pendulums at extremes of temperature, say
about 50° distant from each other. But the desirability of sending the appa-
ratus to India under the care of Mr. Hennessey, who left by the March mail,
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prevented such a course, and we availed ourselves of the elaborate series of
experiments on the temperature corrections of pendulums, made by General
Sabine (vide Phil. Trans. 1830, p. 251), which gives 044 vibration per
diem for each degree of Fahrenbeit’s scale. General Sabine found in a
former series this correction nearer to 0°43 ; and he says, in the above men-
tioned publication, ¢ The probable error which may be incurred by employ-
ing the correction 044 for each degree as now determined, can only be very
inconsiderable; but when the differencesof temperature amount to 50°, which
is a case of actual experience in pendulum observations, the question of
whether 0°43 or 0-44, for example, be the more correct value, involves an
uncertainty in the ultimate result of no less than half a vibration a day.”

The pendulums which we used were not those employed by General Sabine
in his determinations, but they were made by the same maker at the same
time, and very probably from the same kind of brass, and there cannot be
the least doubt that the true correction will lie between 043 and 0-44.
‘We have therefore adopted 0°435 for our reductions; and as the greatest
difference in temperature between a single experiment and the mean is less
than 11°, the greatest error would in this case amount only to +35ths of a
vibration per diem, an error too small to affect seriously the mean result of
the whole.

At the same time we must state that, as Colonel Walker and Captain
Basevi inform us, experiments will be made in India with both pendulums,
to ascertain their exact constants with regard to expansion, and that our
results will of course have then to be modified accordingly.
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TasLE III.—Showing the Mean Temperature for each experiment, and
the Mean of the whole series for each Pendulum.

Pendulum No. 1821. Pendulum No. 4.
No. of Mean tem- No. of Mean tem-
experiment. perature. experiment. perature.
o o

1 57°963 1 55869

2 54'573 2 52692

3 53'750 3 52°116

4 54'460 4 53'586

5 52'890 5 54269

6 52°300 6 51'047

7 52°233 7 51°432

8 53339 3 52°093

9 53°397 9 53'972

1o 49°154 10 50794

11 49075 11 45631

12 51°649 12 50°120

13 49789 13 50455

14 50795 14 57°081

15 47'723 15 56'737

16 48813 16 58894

17 48398 17 59'412

18 43843 18 60'954.

19 48203 19 60'597

20 46264 20 62°560

21 46515 21 65551

22 50'892 22 59°162

23 507077 23 61489

24 50°352 24 62:183

25 54°051 25 64°151

26 55°714 26 66°690
27 55'536
28 56°561
29 58'344

Mean .... 51781 Mean .... 56°520

D. Correction for pressure of air.—This correction, as shown in the
Phil. Trans. for 1832, is thus determined :—

Let B' denote the reading of the gauge for the mean of the experiments
made in air, and 3" the same reading for the mean of the vacuum experi-
ments ; also let ° denote the mean temperature of all the experiments,
both in air and vacuo, then the expression

ﬁ!
14-0023(£°—32)
will denote very nearly the mean difference of density between the two sets
of experiments. .

Now if N’/ denote the mean number of vibrations ¢ «ir during a mean
solar day, and N'/ the mean number of vibrations iz vacuo during the same
time, then the constant for one iuch of reduced pressure will be

"
= 12 —a ( 14-0023(°—32))-

Hence if 3 denote the actual mean pressure for a single experiment and
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¢ the mean temperature of that particular experiment, the final correction
for that experiment will then be found

C=C'x

B

1+-0023(¢—32) "

The following Table (IV.) gives the elements for obtaining the constant
C' for both pendulums.

TasLe IV.—Elements for deducing the Constant C' from the
Experiments in Air and in the Exhausted Receiver.

Pendulum No. 1821, Position “ Face on.”
In Air. In the Exhausted Receiver.
No. [Number of No. |Number of
of experi-| corrected |Pressure. ?;;?E:- of experi-| corrected |Pressure. g‘imfe'
riment. | vibrations. e | ment. |vibrations. abure.
in. ° in. °
I. | 86063840 | 29°793 57°96 L. | 86072'053 | 2165 49'15
II. |86063'881 | 297381 54°57 II. |86072'725 | 1°325 4907
III. |86063'818 | 29'193 5375 IIT. | 86072643 1'402 51°65
IV. |86064'126 | 29'153 54'46 IV. (86072917 0'943 49°79
V. 186063771 | 29048 5405 V. |86072'846 | 1°944 50'80
VI. |86064'240 | 29'103 5571 VI. |86072'495 | o905 4772
VIL. |86064202 | 29222 5554
VIII. |86064°138 | 2gr271 5656
IX. |[86064'015 | 29'362 53'34.
Means...| 86064015 | 29'281 55°66 | Means...| 86072613 1447 4970
Pendulum No. 1821, Position ¢ Face off.”
in. o in. °
I. | 86064362 | 28'906 | 52'89 L. |86073'049 | o781 4381
II. 86064206 | 28'718 5230 II. |86072'769 | 1461 4840
TII. |86064°354 | 28°990 5223 ITI. |86072'349 | 1°031 4884
IV. |86064'578 | 29°180 5334 IV. |86072385 | o814 4820
V. |86064°423 | 29068 53°40 V. |86oy2200 | o960 4626
VI. |86063°433 | 29'378 5089 VI. |86072'289 | 1513 46°51
VII. |[86063°375 | 29279 50°08
VIII. |86062'738 | 297005 50'35
Means...| 86063'934 | 29065 51°94. | Means...| 860727507 | 1°093 4784
Pendulum No. 4, Position “Face on.”
in. o in. °
T. |86162:815 | 29°926 5587 I | 86171544 | 1649 57'08
I1.- [86162°495 | 30°159 52°69 II. | 86171213 | -1'33% 5674
III. |86162°518 | 30427 52°12 III. | 86170853 | 2865 5889
IV. |86162°351 | 30°459 53'59 IV. 86170518 | 3340 59°41
V. |86162'394 | 30'532 5427 V. |[86170°909 | 3839 6095
VI. |86162'774 | 29'718 6060
VII. |86163228 | 29'709 6256
VIII. |86163°337 | 29'683 65'55
Means...| 86162739 | 30°077 57'16 || Meang...| 861717007 | 2'705 5861
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Tasre IV. (continued.)

Pendulum No. 4, Position “Face off.”

In Air. In the Exhausted Receiver.
No. |Number of No. |Number of
of experi-| corrected |Pressure. f;ﬁf:' of experi-| corrected |Pressure. Te]t:}np' o
ment. | vibrations. ’ ment. | vibrations. rature.
. in. ° in. °
I. | 861627460 | 30°631 510§ L | 86172510 | 1491 | 5079
II. | 86162187 | 30'638 5143 IT. | 86171026 | 1°973 4775

II1. | 861627994 | 30'640 52°09 III. | 86172383 | o575 4563
IV. |86162933 | 29'355 59°16 IV. |86172'236 | 0637 50°12
V. |86163613 | 29'303 6149 V. |86171°482 | 0535 50°45
VI. |86163°484 | 29'306 62°18
VII. |86163480 | 29'477 64°15
VIII. |86163°757 | 29°647 6669

Means...| 86163'113 | 29874 5853 | Means...|86171°927 | 1'042 4895

Determination of the Constant C' from the above Mean Results.

N7—N.| B'—f". | 14 0023(2° —32). [Value of C'.

Pendulum No. 1821, Face on...| 8609 | 27834 1°047564 0°324010
’ ” , Faceoff...| 8573 | 27972 1°041147 0319096
Pendulum No. 4, Face on ......| 8268 | 27372 1'059524 0320040
” » » Face off 8814 | 28832 1°050002 0320988

E. The reduction of the resulting number of vibrations to the sea-level
i calculated from '

%xhx&

where R is the earth’s radius at the latitude of the Kew Observatory, %
the height of the receiver above the mean level of the sea, and  a quantity
which, with Dr. Young, may be assumed for a tract of level country to be
=666 (vide Phil. Trans. for 1819, page 98).

This correction has been only applied to the ultimate mean number of
vibrations of each pendulum.

Taking Bessel’s value for the semiaxis major and the eccentricity of the
earth, and 2==17"5 feet as given by measurement and the known height of
our standard barometer, the logarithm of the factor for this correction is

77467623,

Result.

Adopting the values for the reduction to a vacuum as found in Table IV.,
and applying the correction to those experiments, which were made in a
highly rarefied medium, we find the following numbers of vibrations made
by each pendulum in both positions in a mean solar day in vacuo, viz. for
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Pendulum No. 1821, Face on, Exp. I.
I1.

II1.

1V.

V.

VI.

»» . Face off, Exp. I.
11

111,

IV.

V.

VI.

Pendulum No. 4, Face on, Exp. 1.
iI.

III.

IV.

V.

»
1I.

III.

IV.

V.

Pendulum Base Observations for India.

. 86073-218

Face off, Exp. I.

[1865.

86072°7287
8():(){.3,138,' Mean :
86073078 86073-064
8§6073:211

86073450

86072777
8§6073-289)

Mean :

86072°668 \ g5079.944

86072:635
86072:497
86072756 )
86172043
86171767 Mean:
861 71'7]7}861 71-822

86171:524

8§6072-061
86172:9697
86171637 | Mean:
86172:562 »86172:249
86172:432

86171647 J

And reducing the means to the sea-level, we obtain the following

Final Result :—

Pendulum No. 1821, Face on, 86073-112 vibrations in a mean solar day.

Face off, 86072:892
Face on, 86171°870
Face off, R6172:297

» "

No. 4,

8 »

Pendulum

»

3 3 »

» ) »

3 » 3

Finally, we give an example of one experiment, with the mode of its

reduction. v
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Pendulum Base Observations for India.

1865.]
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Pendulum Base Observations for India.

Preliminary corrections.

[1865.

Correction of the Thermometer-
Readings.

=,

Computation of semiare of vibration

Corrected for index error. [Corrected| Mean

for effect || reading
of ex- || of scale

Upper. | Lower.

Mean.

haustion.|| =O.

Logarithm | Logarithm
of O. of tan e.

True

semiarc

=0

o o / /"
5317 | 53755 | 52962 | 53392 || 27250 | 0'3521825 | 83550433 | 1 17 51
5322 | 52803 | 53012 | 53442 || 21225 | 0'3473300| §'3501908 | 1 16 59
53'32 | 52'905 | 53'I12 | 53°542 2'210 | 0'3443923 | 8:3472531| 1 16 28
5322 | 52655 | 52937 | 53'367 || 1970 | 0'2944662| 8'2973270|1 8 10
5322 | 52'655 | 52'937 | 53367 || 1970 | 02944662 8'2973270 1 8 10
5327 | 52705 | 52'987 | 53417 || 1955 | 02911468 8294007611 7 39
49'92 | 4921 | 49'565 | 49'995 || ©'550 | 97403627 | 7'74322350 19 2
4967 | 4901 | 49°340 | 49'77° 0’540 | 97323938 | 7'7352546 | 0 18 41
4943 | 4881 | 49120 | 49'550 || o0'518 | 97118072 | 77146680 |0 17 49
5022 | 49'74 49'980 | 50410 o'505 | 9'6074550| 76103158 |0 14 I
. 5027 | 4984 50055 | 50'485 0'400 | 9'6020600 7°6049208 |0 13 5T
50°37 | 49'94 50155 | 50'583 0'390 | 9'5910646 | 7°5939254 | 0 13 30
Correction for amplitude of arc and rate.
Number of
. Vibra- infinitely
Vibra- ¢ | tions of . log. , Correction | _small
Coin- minslf detached | M sin (a+«') sin (a—2") | logn4 | for ampli- | _vibrations
cidence. (I})glf‘ pen- | 82 (logsine—logsina’) | logA. tude, during
dulum. pilum =log A. +- experi- £efn
= ment, | 41
1 to 2| 3070 3050 5'5009216 7°9852214.| 0'0096654
2 — 3| 3080 306 54931423 7'9788637 | 00095250
3 — 17| 4294°0| 42660 5°4412666 90712875 | 01178386 | o
i; - ii} 6140 610°0 53871234 81724532 | 0'0148749 %: g
19 — 153| 41243°0| 409750 49438104 9'5563294| 0'3600228 | { & |
153 — 155| 617°0|  613'0 42743172 7°0617777| 0'0011529 | { L, 5
N ©
155 — 159| 1233'5| 1225°5 42457725 7'3340858 | 00021582 | | &, «
159 — 183] 7406'5| 7358’5 41249578 7°9917471 | 00098118
183 — 184 3080 306'0 4°0114300 6°4971514.| 0'0003142
184 — 185| 3080 3060 -3°9951628 6°4.808842 | 0°0003026 | J
56639'0| 562710 05256659




1865;] Pendulum Base Observations for India.

Correction for temperature.

e 3
Tempera- B Number
ture of S8IE . of
Coi pendulum &5 : "g’ vibrations
h doxn- during | Number of (z‘+t’ 2 518 &| per diem
cdence. | interval | intervals. |?\ g ) =S8 &| corrected
{4t %ﬁ & g-' for tempe-
9 S |S 8| rature.
ar
o
1to 2l s3q1y 1 53417
2 — 3| 53492 1 53°492
3 — 17 54454 14 762356 g
17 — 18 [53367 1 53'367 S
18 — 129 53392 T g3 || ol E
19 — 153 51'70 134 9207004 | L J| | 860726
153 — 155| 49882 2 99764 | [&| F. | 26072043
o 5
155 — 159| 49660 4 198'640 °
159 — 183} 49'980 24 | 1199°520 I
183 — 184] 50447 1 50'447
184 — 185 50°535 1 50'535 | J
184 | 9503'534
Correction for pressure of air.
Mean pressure in the receiver during thq experiment = 1'4o2 inch=0.

Mean temperature in the receiver during the experiment= 51°:65=1.

t—32=196§ log=12933626 log B=0"1467480
log 0023 =7'3617278 log C=9'5105577
10023 X ({—32)=0'045195 log=8'6550904 9'6573057

Jlog 14-0023(f~ 32)=00191973 |

Correction for pressure=0435 log=9'6381084

L)
Resvrr or e EXPERIMENT.

Corrected vibrations: 86072643

+ 0435 for pressure of air,

Number of vibrations én vacuo: 86073°078
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