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APPENDIX.

ROYAL OBSERVATORY, GREENWICH.

RESULTS

OF THE

OBSERVATIONS OF THE TIME OF SWING

OF THE

INDIAN INVARIABLE PENDULUMS.
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OBSERVATIONS OF THE TIME OF SWING

OF THE

INDIAN INVARIABLE PENDULUMS.

These observations were made at the request of General J. T. Walker, F.R.S., in
order “to improve and strengthen the connexion between the Indian series of pendulum
operations and other series taken in other parts of the world,” under circumstances
explained by him in the Philosophical Transactions, Vol. 181 A., pages 537-358.

The pendulum under observation was mounted in the Record Room of the Royul
Observatory, a brick building with stone floor ; the airtight cylinder in which the
pendulum was enclosed being 61 ft. East and 11 ft. 6 in. South of the centre of the
Transit-Circle, and the point of suspension of the pendulum 158 ft. 10 in. above
mean water at Greenwich.

The apparatus was put approximately in position under the superintendence of
General Walker on 1889 May 8, but the ob:ervations were not begun until June 3.

Mr. Hollis superintended the whole of the work generally, and is responsible for
the reductions.

Details of Position of Apparatus.

The clock “ Shelton” was fixed rigidly to the south wall of the Record Room. The
braced wooden stand carrying the pendulum in its metal cylinder was placed on the
stone floor at such a distance north of the clock that the arc-scale was 49 inches
distant from the disc on the clock pendulum. The lens which forms the image of
disc was placed approximately 11 inches from the scale, its accurate position being
determined by trial so as to make the image of the disc as nearly as possible in the
plane of swing of the free pendulum.

The observing telescope, which was made specially for these observations, consists
of a small telescope fixed vertically on a tripod stand, the feet of which rested in small
holes cut in the stone floor. A plane mirror 25 inches vertically below the object-
glass of the viewing telescope, and inclined at 43° to the horizon, brought the images
of the pendulums into the field of view. The plane mirror was 8 ft. 2 in. distant
from the arc-scale. ‘
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4 (BSERVATIONS OF THE TIME OF SWING

Method of Observation.

The time of coincidence was found by observing the disappearance and re-appearance
of the disc on the clock pendulum at one edge only of the occulting tail piece on the
invariable pendulum, the apparent west edge as seen in the telescope. At disappear-
ance the disc is last seen between an even and odd sccond of the clock, and at
re-appearance is first seen between an odd and even second—the even or odd second
was noted as the time of disappearance, at the discretion of the observe-, according to
the size of the portion of the disc last seen, and similarly for the re-appearance. Kach
pendulum was swang with its marked face both towards and from the observer, the
observations in each position being distinguished by the letters M., P. Such observa-
tions were made both when the air in the cylinder was at a pressure equal to that of a
column of mercury, of height about 2 inches, and also when at a pressure equal to about
27 inches of mercury. For the swings at low pressure it was proposed to start the
pendulum at 10 a.m. and observe three consecutive coincidences ; to observe threc
consecutive coincidences at 4 p.m.; and the three final coincidences of the swing
at 10 p.m. ; then starting the pendulum again to observe one (or three) coincidences,
and the final three of that swing at 10 a.m. following.

It was obviously impracticable to carry out this programme strictly, as on the
occasions when the pendulum had to be reversed on the agate planes, some time was

occupied in exhausting the cylinder, and the pendulum could not be started until
much later than 10 a.m.

Determination of Clock-rate.

The rate of the clock * Shelton ” was found by comparing it with the Greenwich
Sidereal Standard by means of the chronograph. On reducing the clock-rates it was
found that there was some personality in these comparisons, and it was therefore
inadvisable to use a comparison made by one observer at 10 a.m. with that made by

another at 4 p.m. Hence the clock-rates used have been determined by pairs of
comparisons made by the same observer.

Temperature.

A specially constructed “ Richard "’ thermograph was mounted on the stand of the
pendulum cylinder, the metallic coil of the thermograph being almost in contact
with the cylinder. The scale of the record was such that 2° of temperature Fahrenheit
covered a lincar distance of 1 centimetre, and 2 hours of time also corresponded
to 1 centimetre. A comparison was made between the eye-readings of the thermometers
attached to the dummy pendulum and the simultancous record of the thermograph,
and a mean correction deduced to reduce the thermograph reading to the reading of
the thermometers. A graphic mean of the thermograph record for any period, with
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of THE INDIAN INvaRrRIABLE PENDULUMS, 1889, 5

the above correction applied, was used as the mean temperature of the pendulum
cylinder for that period.

[t may be added that the range of temperature as shown by the thermograph
during 24 hours was seldom more than 1° and that the thermometer readings and
thermograph record were very consistent,

Explanation of the Observations.

The general arrangement of the following tables is similar to that on p. 128 of
the Account of the Operations of the Great Trigonometrical Survey of India, Vol. V.

At the head of each table is given the name of the pendulum and the position of
the marked face. There were three pendulums, all of Kater’s Invariable Pattern :
they are made of brass, with a steel knife edge at the head of each pendulum, and
they are of very nearly the same dimensions. One is numbered 4 and another 11 ;
the third has no such distinguishing number, but is marked 1821, presumably the
year in which it was constructed ; Col. Herschel believes that it is probably No. 6
of the series, and it has here been so designated. Further details are given in the
paper by General Walker in the Philosophical Transactions, cited above.

Face M. and face P. indicate that the marked and plane face respectively were
towards the observer.

Columns 1 and 2 require no explanation. In column 3 the initials A. D., T., L.,
H., S. D., and R., are those of Mr. Downing, Mr. Thackeray, Mr. Lewis, Mr. Holli,
Mr. Dolman, and Mr. Robinson respectively. In column 4 are given the times by the
clock “ Shelton ” for coincidence of the pendulums, each number being the mean of a
time for disappearance and a time for reappearance.

The next seven columns require no further explanation beyond that already
given.

In the last column the readings of the ¢ Level on planes ” are in divisions of the
level scale, each of which represents 10”. The inclination is thus 2% times the
difference of the sums of the bracketted numbers. It will be seen that the agate
planes were sensibly level throughout the operations. The letter D indicates the
distance of the scale of the invariable pendulum under observation from the object
glass of the telescope with which the coincidences are observed, d its distance from
the pendulum, and r its distance from the knife edge. ‘
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6 OBSERVATIONS OF THE TIME OF SwiNG

SWINGS UNDER LOW PRESSURE (ABOUT 2 INCHES).

PENDULUM 4. Face M.
& s =) .
£ o - T 3 Clock Pendulum Corrected
s E ’g’ é 3 E g Vibrations | Vibrations i Vibrations
No. of Set | £ T | Timesof £z | B3| i Corrections )
cZ - £ . 23 3 31 = ina in a ina REMARES,
and Date. p=1s) 5 3 Coincidence. > a g o
5,.3 4 oy =" 235 g Mean Solar | Mean Solar a0 aArcof  For To Mean Mean Solar
& B g g © gﬁ § Day. Day. i . Tempera- Day.
'% ) Z - o ay. . Vibration. Pressure. ture 62° .
h mi h m _s— ’ >m7A o _‘_n““ [ o ,
1. 'SD Il 5. 4.48'5! g .
12. 15 2 10. 560 i 0°60 | 62°3 | 197 i Level on planes,
. 3 17. 2°§ (1 N.z2 | 274 )
S 8663661 1 86164°30| +0'13 4059 +0°16|8616518 S.2:4 | 22 |
g SD| 38| 8.51. 33
= 16. 1 39! 57. 90!lo°40(62'3|1°97 N
i 40 9. 3.17°0 d.= o085 in.
& 8663661 | 86164'35| + 005 +060 +0'02 8616502 I.=49'90 in.
* AD| 93 14.27.24' | .
21. 36 9+i‘ 33.31°0| 022 | 62°2 | 2°03 | D. =123 in.
95{ 39.34'5 ?
i {
PENDULUM 4. FACE M.
1I1. 22, 4(AD| 1[15. 2.25'5|064|62°2 203
< 8663665 | 8616438 | +0'21 +0'61 —o0'0z|8616518
- 23. §|H| 11|16, 3.34'5/061|62°1|2'04
g 8663665 | 86164°41 | + 007 4062 —007|8616503
PN 122 3.22.21°%
o 10. 28 123 28.29'5/0'16 | 61°6 | 2°09
= . 38
2 124 34.38°§ | .
PENDULUM 4. FACE M.
111 L 1| gz
. 11.26: z, 30.21°'50'60|63°8 | 2°03
i 31 36. 280
] i | 86636'86 18616357 | +0'20 +061 +089|86165°2
=~ T| 56 8.59.50°5 : 77 ? 7
g |16 2! 57, 9- 5.57'5,032|64°¢ | 2°03
= L] 58 9.1z 35
| | 86636'86 8616368 | +0'03 +o061 o 86164
? L “9}[]5.24' 6o 3 3 3 94 4'94
22,28 120 30.11°5{0'15 | 63°8 | 204
i 121 36.17°5
! I
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oF THE INDIAN INVARIABLE PENDULUMS, 1889.

SWINGS UNDER LOW PRESSURE—continued.

PeNDULUM 4. FAceE M.
g ; & ) |
) ] a o E Clock Pendulum . Corrected
58 g S e8| 2 L L o
No. of Set 25 % Times of E@ ;E E E Vibrations | Vibrations Corrections Vibrations
gz ] e =S| 32| 4 ina ina ina REMARKS,
and Date. B3 g1 B8 | Coincidence. | > g ) °
g2 | & ° 5 EE 8 | Mean Solar | Mean 8olar | por Arcof For  To Mean | Mean Solar
SE | 2 s 2 CR Day. Day. Vibrati Tempora- Day.
< o Z < & ibration Pressure. ture 62° i
h m h m s in, o in
Iv. L 1|15.46.47°5
22. 47 2 52.54'0|0°53|63°8 | 202
o 3 §9. 10
g 8663724 |86163'73| +0'05 +060 +064!8616501
© H 112| 3. 3.47°5
~ 10, 2 113 9.55°5|014 631|202
g 115§ 22. 35
= 116 28.11°5
PENDULUM 4, Face P.
V. H| 1| 5.14.35%0
12, 12 2 20. 40°5 | 065 | 63°8 | 1°86
. 3 26. 46°5
s 86637°22 |86163°97 | +0'11  +059 +0'57| 8616524
=] H| 65[11.45. 7°5
o 18. 41 66 §1.13°5|0'30 | 63'0 | 2°12
67| 57.19°5
PENDULUM 4. Face P.
VI. H 2| 4. 6.25°5
10,53 3| 12.355]0%65|57'6|1'90
4 18. 42°5
86637°64 | 8616662 | +0'14 +0'57 —199 8616534,
- SD| 50| 9. ©0.44°§
° 16. 46 51 6.52°5|0°38157°7| 1°90
g 52 13. 0§
- 86637°64 | 86166'57 | +0'04 4059 —2'02|8616518
L |116{15.45.170
22,29 117 51.30°5|0'17|57°5 | 202
118 57.41°%
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8 . OpservaTioNs oF THE TIME oF SwiN:

SWINGS UNDER LOW PRESSURE—continued.

PENDULUM 4. Face P.
& . 8 ;
,‘?_’g § o = g Clock Pendulum Corrocted
S 2 BE -+ 7+ : i i
So.ofs t | (é: ,?: Times of §3 Eg é Vibrations | Vibrations Corrections Vibrations
and Date : 53 o] 'cE: Coincidence. §§ S a2 ® na ina ine REMATIGS.
. ! ;S--; é 95 - 05-—- g 5 % Meaa Solar | Mean Solar | pos Ave of  For 1:1‘0 Mean | Mean Solar
‘ 5: g | é ‘/cj i E = & Day. Day. Vibration. Pressure. t(xllTepgg- Day.
1 b m h m s in. o in |
VII. | L 16. 4.53°5 ‘ ‘
122. 49 2 1. 1'51062|57°5|1°77 i
S { 3 17. 70
E f | 11s 86637°64|86166°55 | +0'08 +0°58 —z'11]8616510
| 151 3.43. 445
g I 10, 26 116 49. 520|018 |57°3 | 1'89 .
e 17 56. 15 5
}
PENDULUM 4. FAcE P.
i | ;
VIIT. H! 1| 4. 14260 . | | |
10. 57 2 20.33°5|0°55|57°5 | 1°91 |
3] 26.41°5 ] | ;
| s 3 ; 86637°41 | 86166'24} +0'13 4059 —2'06 T 8616490
; $ 50 9-45-25°5: E ? | i
= 16. 27 56 51.32'5 1034 | 57°6 | 200 i !
2 57 57-39°5 i i ‘
5 | 16| 15, 50, 26 ! 8663741 (8616648 | 4003 4059 —2'04i8616506
5.59.29°3 . Lo
22, 40 117 (16, 5°3670|0'17|57°6. 1°91 g i
118 11,445 ' i
|
PENDULUM 4. FacE P.
| . i
X, | H 1 16.25.20 ! ; !
123, 3 Loz 31285 065 577|191 ‘ :
@ C4 43-42°5 ‘ !
1‘ | o 50 AD; g A 86637'50 | 8616650 +009 4060 —1'97 8616522
2 9.50! . 21,25 i
PO 109 3.27.30°0|021]§7'7 | 20§ !’ :
5 ‘ 86637'50| 8616683 | + 002z +0'60 —1°g5| 8616550
B IL 4 H 121 441 951018 578 | 1084 ‘ "
! | ! !
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oF THE INDIAN INVARIABLE PENDULUMS, 1889. 9

SWINGS UNDER LOW PRESSURE—continued.

PENDULUM 6. FacE M.
a . g _ )
FE g 3 3 Clock Pendulum Corrected
= 5 1 g s E-1
No. of Set gg;: :a,’ Timesof | 4 gg & | Vibrations | Vibrations Corroctions Vibrations
S | & o 22| 8 g 8 ina ina ina REMARKS.
and Date. 5 g | § | Coincidence. | &g 2 S
EE 5 3 b §§ 7 Mean Solar | Mean Solar | po v veor  For ’Iv‘ro Mean | Mean Solar
5 E § 2 E = ﬂ Day. Day. Vibration. Pressure. t?xrx!‘lepg{él- Day. i
h o h m s in in l
X SD| 1| 9.29. 1'% ° 1
16. 6 2 345 § 60 |59'3| 180 Level on planes.
& 3 39- 75 N. 2° 2°0
- 86637°41 | 86066'40| +0'10 +0'54 —1°43| 8606561 4 } . }
g AD| 78]15.58.28% ‘8 2’0 ) 24
2 22. 34 79{16. 3.305|027|587| 180 g i d. = 083 in.
80 8. 340 ' |
PENDULUM 6. Face M.
XI 22.53 |AD| 1]16.23. o'5|067|588]| 180
iy 86637738 | 86066°44 | +0'08 +0'54 —1'59| 8606547
- H|[139| 4. I.IIO
5 10. 34 140 6.14'5|016|582| 180
=} 141 11.180
=
.—;
PENDULUM 6. FACE M.
XII. H 1| 4.39. 40 ;
1. 12 2 44. 85|02 (586|180 i
4 54. 14'5
86637°31| 8606633 | +0'16 4054 —1'50 86065'53
< SD| 61| 9.43.32°5 j !
- 16. 16 62 47.36°5| 040 | 587 |'1°80 ; } ;
2 63|  52.39'5 f ‘ }
3 8663731 86066'+9| +o004 4054 —1'50] 8606557
H 13616, 1,580 ‘ . : |
22.33 137 7. 15|01y |58 181 i | : I
138 12, 853 i : | |
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10 OBsERVATIONS OF THE TIME OF SwiING

SWINGS UNDER LOW PRESSURE—continued.

PENDULUM 6. FAceE M.
g g 553 '; :csg S g bCIoc?g I’fj*ndul.um C.orrec.te(l
o, of Set 35 % Dimes of ;‘;.:'g E’g E Vibrations be'mnona Corrections bef‘atlons
<z k= 2.4 ok - ina ina ina REMARKS.
and Date. Ef 5| 3 | Coincidence. | £8 | ©& s
H o b o a8 2 | Mean Solar | Mean Solar | por aveof For  ToMean | Mcan Solar
5.2 3 o & K] ’ -
g’? é S _% A & Day. Day. Vi‘bmtion, Pressure. rt?l];lc? oz, Day.
h m h m 8 in o in
XI1II1. H 1|16.23.330
. 22. 55 2 28.37°0(0°58| 589 | 1°81
= 33.41°5
i 86637:31 | 86066°44 | +0'06 4054 —1°48]|86065°56
; H|[139| 4. 1.40°%
=] 10. 31 140 6.43'5|0°14 586|179
S 141 11. 465
PENDULUM 6. Face M.
XIV. H 1| 7. 9.32%5
13. 39 2 14.37'0|0'%42|589| 1'81
- 3 19. 41°0
- 86637°48 | 8606654 | +0'04 +0'54 —1°41]8606571
e L | 87]|14.24.320
= 20. 54 88 29.38'5 (016|588 | 180
= 89 34.41°0
PENDULUM 6. FAcE M.
XV. H 1[16.27.130
. 22, 51| 2 32.16°5 | 070|591 | 1°81
= 3 37.200
N 86637°54 [ 86066°64 | +0'09 +0'54 —1°35 8606591
- H |146| 4.40.440
& II. z{ 147 45.44'0]0'15| 590|180
= ' 148 50.47°5
PENDULUM 6. FAcCE P,
XVI. H 1]|12.16. 460
. 18. 29 2 21.49°5|0°66 | 59°4 | 2°39 d = o350 in.
9 3 20, §2°0
& 86637°11|86066°31 | +0'06 4071 =148 8606560
- H|192| 4.23. 9'5 )
g 10. 33 193 28. 9'5|0'09 | 582236
- 1941 33.12°5
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or THE INDIAN INvARrRIABLE PEnpULUMS, 1889. 11

SWINGS UNDER LOW PRESSURE—continued.

PENDULUM 6. FACE P.
4 . 8
§ téi § g s E; Clock Pendulum Corrected
Nootser | SE 3 Simesor | B4 §§ g | Vibrations | Vibrations Corrections Vibrations
B g o 24 | 88 | = ina ina ina REMARES.
and Date. 85 5| 8§ | Coincidence. | > C;E' °
EE’ 5 b Eh S & g Mean Solar | Mean Solar | p . a oo For T,'ro Mcﬂ:n Mean Solar
%B g ,2' s A ‘E Day. Day. Vibration. Pressure. tcunxl']cp 2;5]:_ Day.
h m h m s in o in
XVIIL H 1| 4.47.19'5
10, §7 2 52.22°0 (071 (583|236
s 3 §7.250
Q 8663668 | 86065°85 | +0'09 4071 —1'48|86065'17
g H 137|16.15.21°0 -
= 22,23 138 20.24'0 (018 | 59'1 | 2°36
= 139 25. 300
PENDULUM 6. FAcE P.
XVIII, H 1]16.31. 170 |
. 22. 39 2 36.20'5 | 0°65 | 592 | 2°37
b 3 41.24'0
4 8663695 | 8606607 | +0°08 4071 —1°28 8606558
o H|[135] 3.49. 80
g 9-55| [136| 54.13'5|017|59°1|2°37
= 137 59. 15°5
PENDULUM 6. FACE P,
XIX, H 1| 3.58.21°5
10. © 2| 4. 3.25°0|068|595]2°36
3 8.27'5
8663664 | 86065°52 | +0'12 +0'71 —0'97 | 8606538
. H| 78| 10.27.420
B 16. 28 79 32. 455|029 603|236
© 8o 37. 500
g 8663676 | 8606572 | +0'03 4071 —0°75 | 8606571
= H | 147 |16, 16. 380
22. 16 148 21. 430|015 ‘60'3 2°37
149|  26.47°5 1 :
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12 OBSERVATIONS OF THE TIME or Swine
SWINGS UNDER LOW PRESSURE—continued.
PENDULUM 6. ' FACE P.
' a N
§ 3 2,5 : o 3 Clock Pendulum Corrected
CBE § ;'ao‘ §§ § Vibrations | Vibrations : Vibrations
No.ofSet | 25 £ | mmesot |Eg|EZ| 3 . ’ Corrections '
gg . .g Coincidence EE 83 - ina ina ina * REMARKS.
and Date. '52 21 o g™ | =8 2 | Mean Solar | Mean Solar |p o aroot  For  ToMean | Mcan Solar
=2 ] 5} 1 2 -
_:53 é :2' é’ i & Day. Day. Vibration. I’ressure.Tteuu;gzg‘. Day.
h m h m s in. o
XX. H 1| 4.39.57°5
0. 34 2 4§. 10 601
3 §0. 3°§
8663647 | 86064'87 | +0'16 +071 —o0'64|86065 10
+ SD| 60| 9.38. 35
Q 15.32 61 43. 55
® 62 48. 9'3
g 86636°47 | 8606571 | +0'04 4071 —0'64|86065'82
= L |140] 16. 22. 50°0
22, 1§ 141 27.54°0
142 32. 550
PENDULUM 6. FACE P.
}
XXI. |22.35/ L | 1 |16.47.470
w | | 8663640 | 86065°39 | +006 +071 —0'73|86065°43
& H {1351 4. 5.29°5
8 10. 59 136 10. 33°5
2 137 15. 36%
2
PENDULUM 11. FAacE M.
XXIIL SD| 1|10.31.41
18.17 2 37.13°5 Level on planes.
" 3| 42.475 N 2'0} 2'3
« ! 8663621 | 86116°32 | +0'09 4052 —0'20|8611673| S.26{ 22
v AD| 63|16.16. 6% d = o'8s5in.
= 22. 4 64 21. 380
= 65 27.11°
PENDULUM 11, FAcE M.
XXIIIL |22.19{AD| 1|16, 36.340
3 8663621 | 8611647 | +007 +o0'52 —o0'41 8611665
o S| 131 4.38.52'5
N 10, 2§ 132 44.25'§
g 133 50. 1’5
()
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oF THE INDIAN INvarIABLE PEnpULUMS, 1889. 13

‘SWINGS U:NDER LOW PRESSURE—continued.

PENDULUM 11. FAceE M.
& . a :
da 3 L-BR a3 Clock Pendulum Corrected
E8 g 8 8 4 o - i
No. of St BE % Times of E% g_; E Vibrations | Vibrations Corrections Vibrations
S B ) =4 | 85 | ina ina ina REMARKS.
and Date. B5 | 5| 8 | coincidence. | 55 | O& | 3
Ha z ° g a8 g | Mean Solar [ Mean Solar | po. are of For To Mean | Mean Solar
=9 g1 ° ° = 2
53 gl s 5 A E Day. Day. Vibration. Pressure. 'I;e;nr? Gzo, Day.
h m' h m 8 in o in.
XXIV. H| 1| 5.41.36%
11,28 2 47. 90|066|61°3]|1°73
3 §2. 4275
86636'21 |86116'24 | +0'14 +0'52 —o0'20|86116'70
. SD| 52|10, 24. 50§
Q 16. 11 53 30.255| 038 | 61°9| 172
g 54 35.57°5
= 86636'21|86116'23 | +0'04 +0'52 —o0'0§ 8611674
= H|124|17. 4.480
22. 49 125 10. 230|016 | 62°0| 1'73
126 15.54°5
PENDULUM 11. FaceE M.
XXV. H 1|17, 22.51°%
. 23, 7 2 28.24'510°58 | 621 | 1'73
5 3 33. 570
<& -1 86636'13| 8611623 | +0'06 4052 —o02 8611679
X 8D|126| 4.57.10%%
Z 10. 41 127 5. 2.44'5]|0°15|62°1| 173
= 128 8.17°%
PENDULUM 11. FACE M.
XXVI. | H 1| 5.55.23°5 ‘
11,38 2| 6. o.56'0|071|62'3]| 174
" 3 6. 290
~ ! 86635'81 8611562 | + 016 4052 40208611650
a2 SD| 5110, 32,575 l
3 16, 15 52 38.31°5(0°39 |62°8 [ 173 z
53 44. 3°§
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14 OBSERVATIONS OF THE TIME oF SWING

SWINGS UNDER LOW PRESSURE—contined.

PENDULUM 11. Face P.
& A
23 ¢ o o . @ Clock Pendulum Corrected
65 g «95 ‘Eg 'g Vibrations | Vibrations ; Vibrations
No, of Set foph 3 Times of g2 ég 8 Gorrections
EE | = . 29 | 88| 8 ina ina ina REMARKS,
and Date. 85 | & | 8 | Coincidence. | »§ | Q& |
da e | 2 5" of 5 | Mean Solar | Mean Solar | pov Areof  For  To Mean | Mean Solar
5.2 o O 2 . -
EB ég 2 g A 5 Day. Day. Vibration. Pressure. ,11‘:?11;? G2 Day.
h m h m 8 in. o in.
XXVII. H{ 1| 6.18.24
11,57 2 23.55°5|0°67[63°9 | 2°01
3 29, 280 d = o045 in.
86635'97 | 86114°51 | +0'16 +0'58 4079 |86116°04
. SD| 48] 10. 38. 405
0
« 16,17 49|  44.13'5/044 (638|197
g 50 49-44°5 -
= 86635°97|86114°93 | +006 +0'59 40778611635
= L|115|16,50. 2°§
22,27 116 55.33°5|023]|637|1°96
117/ 17. 1. g0
PENDULUM 11. Face P.
XXVIIL [22.43| L| 1|17.11.49'0|057]|637]|1°95
& 86635°97 | 86115°06 | +0'07 4058 40708611641
N Hj125] 4.39.13°5
kS 10, 14 126 44.47'5|017|63°5| 1°97
° 127 50.23'0
=
=]
=
PENDULUM 11. Face P,
XXIX. AD| 1| 5. 16. 580
10, 51 |2 22.28'0 (066 | 64°1 | 1'96
.3 28. 15
86635'97 | 86114'79| +0'14 +0'58 +40'86|86116°37
& H| 68|11.28.135
& 1701 69|  33.435|037 (642|197
2 P70 39.15%0
= 8663597 | 86114'79| +0'05 +0°58 40°99 | 8611641
AD|123|16. 32. §7°0 |
22. 6 124 38.29°5| 022 | 642 | 1°96
125 44. 1°0
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oF THE INDIAN INvAnriABLE PENDULUMS, 1889, 15

SWINGS UNDER LOW PRESSURE—continued.

PENDULUM 11. Face P.
) 4
§ a §' E § g E; Clock Pendulum Corrected
[<F: 2 b= 3 S | Vibrations | Vibrations \ - Vibrations
No. of Set eg % | Timesot g4 @g 8 Corrections,
gz . a 29| 88| = ina ina ina REMARKS.
and Date. 25 5 3 | Coincidence. | » g 2 @
:C’:'g 22 <~ | a8 g Mean Solar | Mean Solar |po ax00r  For To Mean | Mean Solar
g 2 ° . o Tempera-
_%-E g S 5 A g Day. Day.  |Vinration. Pressure. ture 62°, Day.
h m h m 8 in. o in,
XXX, |22,21|AD| 1|16, 53.50°5(0'61|64°3|1°96
S 86635'97 | 86114°58 | 4007 +058 +0°95 8611618
g H |139| 5.43.22
Q 11,14 140 48.56°0 017|641 | 1°97
g 141 54. 290 |
: |
H
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16 ~ OsservaTiONs oF THE TIME oF SwiNe

SWINGS UNDER HIGH PRESSURE (ABOUT 27 INCHES).

PENDULUM 11. Face P.
& . a |.
o @ b 3 4 Clock Pendulum Corrected
1| ] g g 3
Og K i = 88 | g | Vibrations | Vibrutions | Corrections Vibrations
No. of Set B s Times of £¢ | £E8 = . . | .
5-3 . a . ﬁ—g 38 =] ina ina ing REMARKS.
and Date. B0 ] 8 | Coincidence. | > g 2 o * |
§% =l 2 o g8 E Mean Solar | Mean Solar ‘por Arcof  For To Mean | Mean Solar
&g H S o SF [ Day. Day.  Vitheati Tempera- Day.
g S 2 5 ‘ & §V1bmt10n. Pressure, ture 62°,
h m : h m £} in o in
I H 1| 6.46.370
11.47 2 52. 1'5|0°68|65°4 [26°77 Level on planes.
3 57-34°5 N. 26 } 2°0
S. 20§ 26
o 86636'07 | 8610571 | +006  +801 +142|8611520| 4 = 045 in
)
= 77| 13. 40. 26'0 ) : The cylinder
= 19. 6 78 45.52°0| 007 | 650 [27°11 was leaking
79 §1.24 during this
swing.
PENDULUM 11. . A FacE P.
I1 H 1|14, 7.52°5
19. 33 2 13.19°5 (066 | 651 |27°11
o 3 18. 4575
) 8663607 | 86105°77 | 007 4806 +1'31|86115°21
>
= H| 53[18.51. 30
- 0.16 54 56. 300|014 | 64°6 |27°08
55119. 1.56°5
PENDULUM 11. Face P.
.
III1. H| 1| 5 1.14%0 \
10.20| R 2 6. 40°5 061|627 27°10
Hi 34 17.34°5
- R 5 23. 2°§
b 8663642 | 86106'62 | +0°06 +8'09 +0°44|86115'21
= R | 64|10. 44. 400
= 16. 3 65 50. §'5 o'11[62°7 27°10
66 55.30°5
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oF THE INpIAN INvVARIABLE PrNpULUMS, 1889. 17

SWINGS UNDER HIGH PRESSURE—continued.

PENDULUM 11. Face P.

' o H
§§ $ a | B 8 Clock | Pendulum | Corrected ;
|2 g ) -1 a :
[CF 3 b= ] S | Vibrations | Vibrations : Vibrations i
No. of Set 82 % Times of 8 % 235 8 Corrections. ;
35 X a Ik S8 a ina ina ina REMARKS. H
and Date. .so ot S Coincidence. ?.5 - E' ) !
g 2 E 5 5 g ﬁ g Mean Solar | Mean Solar For Arcof  For go Mean | Mean Solar :

ag A 'empera- .
%B g S 5 A E Day. Da¥.  |vibration. Pressure. tare G, Day- :
h m h m s in. o in i ’ B
IV. SD| I [II.II.II'§ i .
16. 29 2 16. 385 [ 0°56 | 62°9 [27'10 : ‘ '
. | ! t
& 3 22. 4§ | i
> 8663642 j 8610670 | +0'04 + 809 0°43| 8611526 :
= T | 70 |17.27.17°§ [ f

= 22. 38 71 |17.32.52°5 | 0'06 | 62°8 |27°10 g
|

PENDULUM 11. FAcE M.
V. AD| 1| 5.57.26%
11.12 2| 6. 2.540|066| 6302726 Level on planes.
3| 6. 8.210 N. 231 23
+ 8663636 | 8610746 | +0'07 +818 +0°36 8611607 | S. 273 2'3
B R | 52 |10.35.550
2 1550 53 41.22'0|0'14 | 62°6 |27°49
| 54 46. 480 d = o'goin.
PENDULUM 11. FAce M.
VI. R| 1 |11. 7.13%0
16. 21 2 12, 40°5 [0'11 | 62°9 [27°51
3 18. 90
<+ 8663636 | 8610758 | +0'07 +8'27 4034 |8611626
2 AD| 59 |16.23.570
= 21.37 60 29.26'5 | o010 | 62°5 |27°83 !
61 34. 560 | i
1 |
PENDULUM 11. . Face M.
VIL H| 1[5 3333 i ‘ 1
10. 14 2| 5. 9. 1o 0'65 [ 622 [27°10] | | 'The cylinder
9y 3| 5 14.280 6 6 ’ was leaking
= w| 641047 400 8663642 | 86107°81 | 4006 +8'14 +o 16:86116 17 during  this
= 16. 3 65 §3. 13°0 | 009 | 62°9 [27°36 | ‘ - swine
66 58.39°5 | w}
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18 OBSERVATIONS OF THE TIME OoF SWING

SWINGS UNDER HIGH PRESSURE—continued.

PENDULUM 11. FAcE M.
& . L] @
§ E § g ° G _é Clock Pendulum Corrected
No. of Set EE % Times of gg) gg .5 Vibrations | Vibrations Corrections Vibrations
< a2 B o~ i in ¢ 3
and Date, £5 5 § Coinciden e, ;g L:)?} S ma e me BEMARKS.
gg E < B ‘%S 7 Mean Solar | Mean Solar For Arcof  For %'OMBEL'X] Mean Solar
5 g é é 5 & & Day. Day. Vibration. Pressure. t?l?epg:‘;f- Day.
‘i h m h m 8 in. [ in
VIIIL R 1|11.10. 535
16. 21 2 16.21°0|0°68 | 63°3 |27°39
. 3 21. 49°5
wn ¢ 8663613 | 86107°42 | +0'06 +818 +o041|86116'07
] H 9|17.22.19°§
o 22, 31 70 27. 45'5 | 008 | 62°9 |27°40
71 33. 14°5
PENDULUM 4. FACE M.
X, | AD 1| 6.25.380
1. 2§ 2 31.37°0|068|63°1 26794
. 3 37-37°5 Level on planes.
o 86635'97 | 86155°28 | 4008 +807 +041|86163'84
,_;3 SD| 46| 10.55.59° N.21) 21
- 15.55 4.g I1. 1.55°5/018|62°g (2722 S. 23 21
4 7-59°5
PENDULUM 4. Face M.
X. SD| 1 |11.19.52°5
16. 19 2 25.52'5 1068|632 |27°23
. 3 31.53°5
0; g 86635°97 | 8615526 | 4006 +8'18 +0°48|8616398
e AD| 59 |17. 8.200
S 22. 6 6o 14.18'5 009 | 630 |27°56
61 20.17°5
PENDULUM 4. Face M.
XI. H| 1| §5.24.30°5
10. 26 3 32. 310|063 | 63°3 12682
. 5 48. 320
N 86636'06 | 86155°54 | +0'06 +801 +069|86164°30
= R| 57 [11I. 0.59°5
= 15. 56 28 7. 65009637 (2683
9 13. 45
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or THE INDIAN InvariABLE PENDULUMS, 1889. 19
SWINGS UNDER HIGH PRESSURE—continued.
PENDULUM 4. FAcE M.
] s L] o
§ g § g T %’ Clock Pendulum Corrected
No. of Set gé % Times of lé‘an; gg .E Vib.ra,tions Vib.mtious Corrections Vibrations
§-= ! L a4 8 B - ina ina ina LEMARKS,
and Date. 2O 51 8 Coincidence. | > g -t g e
5_3 g b ) g ! % Mean Solar | Mean Solar | por Araof  For Mean Solar
%5 'é' 2’ é’ A E Day. Day. Vibration. Pressure. ture 62°. Day.
h m h m =8 in. in.
XII. R| 1 |11.20.51°§
16. 16 2 26. §3°5 | 067 2683
) 3 32.54°5
o 8663606 | 86155°45 | +0°06 +8'00 86164°33
Lo H| 63 |17.33.240
E 22. 26 64 39. 245 2683
65 45.27°5
PENDULUM 4. Face P.
XIII. L 1| 6.29.51°5
11,21 2 35. 515 26°92 Levelon planes.
. 3 41.51°0 N. 23] 20
2 88635°96 | 86154'85 | 4007 813 86163°99 | S. 22| 26
P SD| 46|10.59.57°5
E; 15. 51 47|11, 5.56°5 27°63 d =o063in.
= 48|11, 11. 595
PENDULUM 4. Face P.
XIV. H| 1| 5.50.45%0
10. 38 2| 5.56.45°5 2695
. 3| 6. 2.46'%
- 8663588 | 86155°11| +0'07 805 8616378
,;w R| 54|11. 9..5%
£ 1556 55 15. 7°5 26'95 :
56 21. 85
PENDULUM 4. FaAce P.
XYV. R 1|11.26.54'5
16. 14 2| 32.55°5 26'97
. 3 38.55°5 !
o 8663588 [86155'19| +0'07 80§ +0'76i‘86164'o7
B H | 6417.45.24'5
B 22. 31 65 51,245 27°03
= 66 57.26%5

C2
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~20 (OBSERVATIONS OF THE TIME OF SWING

SWINGS UNDER HIGH PRESSURE—continued,

PENDULUM 4. Face P.
@ S 2 4
g g =] ] Clock Pendulum Corrected
28 g B 22| S | vinn hrati ibrati
§ No. of Set ?ﬁi % Times of ;ég Eg E Vlb.mhons Vlb‘ra.tlons Correations Vlb.mtlons
! d Date. E.Z & 'g Coincidence. EE S a2 ° me me e REMARKS.
! o ) '52 £l 2 ’ =" 28 8 | Mean Solar | Mean Solar For Arcof For  ToMoan | Mean Solar
: £ | 8| © o | & -
: E‘B é »/°: 31: = & Day. Day. V.ibra,tion. Pressure. ’I;%?? 620, Day.
h m h m 8 in. o in.
XVI AD| 1| 5.41.59°5
10. 26 2 47.58'5]0°67 1635 |26°99
o 3 54. oo
- 8663602 | 86155'10 | +0'07 805 40788616400
> R| 55|11, 6,135
'S 15. 49 56 12. 19°5 | 011 | 64°0 |26°99
i 57 18.11°5
"PENDULUM 4. Face P.
XVII. R 1|11.29.47°5
16. 13 2 35. 46°5 | 0'70 | 64°0 26799 Level on planes.
R 30 41.47°5 N. 19} 2'8}
= 8663602 | 86155°03 | 4-0'06 805 +089|8616403| 8. 2.9 20
[ AD| 66118. o. 3§
B 22. 42 67]18. 6. 2°0|008|64°0|26'99
i 68 12. 2°§
PENDULUM 6. Face M.
XVIII H 1l 7. 2.53°
11. 42 2 7.520|0°63 | 65°2 |26°98 Level on planes.
. 3 12. 50°0 ‘ N.25] 20
= 8663608 | 8605520 | + 00§ 803 +1°19|86064'47| S. z'o} 2°5
B H| 75|13.10.44°0
B 17. 49 76 | 15. 48'0| 0'08 | 648 |26°97
" 77; 20. 4470
PENDULUM 6. ~FACE M.
XIX. H 1|13.31. 440
18, 10 2 36. 44°0| 071 | 64°9 |26°97
K 3 41.41°5
- 8663608 | 86055°15 | +0'03 +803 +1'19|86064°45
= H| 60|18.25. 45
R 23. 2 61 30. 0'5 (014|644 |26°97
62 34.57°5
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oF THE INDIAN INvARIABLE PENDULUMS, 1889. 21

SWINGS UNDER HIGH PRESSURE—continued.

- PENDULUM 6. FAcE M.
4 . 5
§QES § g B E; Clock . | Pendulum | Corrected
No. of Set gg | % Times of EE g% 'E Vib.ra.tions Vib'mtions Corrections Vibf‘ationé
and Date. §5 5 g Coincidence. -‘;E 23 o ma ma me REMARKS.
§§ g S o 35 g Mean Solar | Mean Solar |por arcof  For '1,1:0 Mean | Mean Sol&?‘
E'E g g E A 5 Day. Day. Vibrotion. Pressure, ture 620, Day. |
h m h m s in, o in,
XX. T 1| 5.54.57°5
10. 26 2 59.55°5 062|631 {2686
¥ 3| 6. 4.540
- 8663591 | 8605532 | +0'06 4802 +0'53|86063°93
) SD| 68| 11.28.11°% ,
= 15. 58 69 33.12°5| 0’10 63°3 |26°85
70| 38. 9%
PENDULUM 6. FAcE M.
XXI. SD| 1]11.350.26%%
16. 20 2 55 24°5| 069|635 {2686
- 3|12. 0.22°%
- 86635°91 | 8605551 | 4006 +8'01 40'51 | 86064709
) H| 78|18.13.35%0
= 22.43 79 18. 32°0
8o 23.29°0 | 0'07 | 62°5 |26°80
PENDULUM 6. FAcE P.
XXII. H| 1| 6.43.490 ‘
11,11 2 48. 46°0 | 0'67 | 62°1 |2689 Level on planes,
< 3 53. 44°0 N. 21 23
- ’ 8663648 | 86055'63 | +0'07 +8'05 +00z2|8606377| 8. 2:4 | 22
2 SD| 63|11.52. 35 | |
5 16.18 64 57. 2°5|013|62°1 2688 | d.= o'53in.
65|12, 1.8 1
PENDULUM 6. FACE P.
XXIII. H| 1| 6.20.565
10. 44 2 25.53'5 | 0°65 | 61°4 [26°87
: 3 30.53°§5
- 86636°46 | 86055'88 | +0'06 +8'05 —025|86063'74
B R| 68|11.54.13°5
= 16. 16 69 §9. 105 {0’10 | 61°4 [26°88
70! 12. 4. 7°§
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22 OBSERVATIONS OF THE TIME oF SwING

SWINGS UNDER HIGH PRESSURE—continued.

PENDULUM 6. Face P.
8 . g
2 qa: § a - @ Clock Pendulum Corrected
ok g k) 5 ] ) , . . \ .
No. of Sct EE—; :E Times of E g E*?; .§ Vibrations | Vibrations Corrections Vibrations
=z a 29 | o8 a ina ina ina REMARKS,
and Date, B5 | 5| 8 | Coincidence. | &8 | 28 | o
L - It w~ | §8 | 8 |MeanSolar| MeanSolar|po. Areof  For  To Mean | 2080 Solar
.9 § =] D 2 T -
EE‘ gl 8 E A & Day. Day. V.ibmt,ion. Prossurc. ture 625, Day.
§ h m h m 8 in, o in
XXIV. H 1| 5.58. 405
10. 17 2| 6. 3.365 1071|608 26°82
. 3 8.35°5
o 86636°52 | 86055°90 | 0707 +804 —046|86063°55
= SD| 72|11 51,46
= 16. 10 73 56.47°5 |0 10| 61°1 [26°84
74 1. 44°5
PENDULUM 6. - FacE P,
XXYV. H 1| 6. 9.550
10. 2§ 2 14. 52°5 [ 0°66 | 60°5 [26°81
. 3 19. 52°0 :
A 8663658 | 86056'07 | +0'06 +8'05 —0°64 8606354
= SD{ 7212, 3. 3°§
2 16.18 73 8. §5'5lo10]|61'0[26°81
74 13. 85
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oF THE INpDIAN INvARIABLE PENDULUMS, 1889. 23

COLLECTED RESULTS OF PENDULUM SWINGS UNDER LOW PRESSURE
(ABOUT 2 INCHES).

PENDULUM No. 4.

Face M. Face P.
Means,
Number of Swing, Vlbméﬁgi Bxa;Mean Number of Swing. vmm;:ﬁz: ;x‘;xa;‘Mea.n

I 86165°08 V. 8616524
II. 8616503 VI 86165°25 Face M. 8616506
II1. 8616509 VII. 86165°10 ' Face P. 8616516
IV. 86165°02 VIIIL 8616498 86165°11

IX., 8616525

PENDULUM No. 6 (1821).
Face M. Face P.
Means.
Number of Swing. Vibraggix;: %&;.Mean Number of Swing. Vibraélocir;i %az.Mean

X. 8606561 XVI. 86065 60

XI. 86065747 XVII 8606517
* Face M. 8606564

XII. 86065°55 XVIIIL 86065°58
Face P. 8606547
XIII. 86065°56 XIX. 85606554 —
8606556

XIV. 86065°71 XX. 86065°51

XV. 8606591 XXI. 8606543
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24 . OBSERVATIONS OoF THE TiME oF Swine

COLLECTED RESULTS OF PENDULUM SWINGS UNDER LOW PRESSURE—continued.

PENDULUM NO. 11.

Face M. Face P.
Means.
Number of Swing. | Viereions i];‘a;_Me“ Number of Swing. | Viorations }’,‘a;Me“

XXIL 8611673 XXVIL 8611622

XXIII. 8611665 XXVIII. - 8611641 Face M. 8611668
XXI1V. 8611672 XXIX. 86116°39 Face P. 8611630
XXV. 8611679 XXX. 8611618 8611649
XXVI. 8611650

COLLECTED RESULTS OF PENDULUM SWINGS UNDER HIGH PRESSURE
(ABOUT 27 INCHES.)

PENDULUM NoO. 4.

Face M. Face P.
Means.
Number of Swing. | Viorations iﬁ‘a;.M%n Number of Swing. | Viorefions in o Mean

XXXIX. 86163°84 XLIIIL. 8616399
XL. 8616398 XLIV. 8616378 Face M. 8616411
XLI. 86164°30 XLV. 8616407 Face P. 8616397
XLII. : 86164°33 XLVI. 86164°00 8616404

XLVII. 8616403
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oF THE INDIAN INvARIABLE PENDULUMS, 1889. 25

COLLECTED RESULTS GF PENDULUM SWINGS UNDER HIGH PRESSURE—continued.

PENDULUM NoO. 6 (1821).

Face M. Face P.
T . . . . . Means.
Number of Swing. Vlbragg(;:: i:)la;Mea.n Number of Swing. Vlbra.gxoolgsr %la;.Mean

XLVIII. 86064°47 LII. 8606377
Face M. 86064°23

XLIX. 86064745 LIIL 8606374
Face P. 8606365
L. 86063'93 LIV. 86063°55 _
8606394

LI 8606409 LV, 86063°54

Face M. Face P.
Means.
Number of Swing. Vibmgi)oll;: %a;‘Mean Number of Swing. Vlbrag:)ci:: gla;‘Mean

XXXV. 8611607 XXXI. 8611520
Face M. 86116714

XXXVI. 8611626 XXXII. 8611521
Face P. 8611522
XXXVII. 86116717 XXXIII. 8611521 _—
! 8611568

XXXVIIL 8611607 XXXIV. | 8611526

D
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