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ERRATA.

Colaba Magnetic Data, 1846—1905, Part 1.

Page 3 Formula (2) for _g- read r—? .
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» 5 Table 1a, column 4, for A Bt read A + Bt.

,» 6 Last but one line, for s read is.

» 9 Line 8 from bottom, for H2 = C/D + AD read H,2 = C{(D 4+ AD).
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» 17 Table 4a, in the foot-note read constants for constantso.

» 20 Table sa, for d termined read determined.
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» 64 » » September 19k, , 169 , - 169.
» 03 w 21, September 7%, ,, 92 , - 92
»n 65 » » March 17k, 8 ., - 87.
» 03 » 22, January 214, ,, 97 , -~ 97.
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»w 07 » 26, September 124., ,, =244 ,, + 244.
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» 69 » » April 25k, ,, — 15 , = 132.
” 69 ” ” ” 22h'1 » IS » - l56'
» 69 » » Range, year column, for 47 read 474.
»w 70 » 31, August 214, for 123 read -123.
» 71 » 34, ]“ne 6h., » 50 ” - 50.

» 72 » 35 April 8%, ,, + 65 , + 65.
”» 72 »” » Decemcer IOh., 1 183 n +183'

w 72 ” ,» October 12k, , 248 , +248.

;s 74 Tables 39 and 40. Wherever the signs are dropped read +
» 74 Table 39, June 16k., for — 8 read - 87.

” 75 ” 41, ” 3h‘n ” 131 - I131.

n 75 ” » March 4h., o 121, - 12I.

» 75 ”» ” Jan“ary 6h., , 31 5, - 3I.

s 75 ” » February 114, ,, + 32 ,  +372.

” 75 » » May 20h., ”» - 74 »n -~ 174.

»w 75 » 42, Year 10k, ,, + 31 , +316.

,» 70 ” 43, September ok., ,, 105 ,, ~10§.

” 76 ” ” AUgUSt Sh'; 1 34 » - 34

»w 76 » 44, {anuary 20k., ,; 187 5, —157.

w 77 » 45, ast row, year, ,, 2, - 2.

w 77 » 46, September 22, ,, 38 , - 38

w 77 " » » 22h., 72 - 72.

w 77 ' ,, Last row, December, for blank read - 2.
»w 79 " 49, April 114., for faint figure read 283.
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n 79 ” » July, last row, ) 2, - 2

» 80 ” 52 February 22k. »n 139 5, —130.

» 81 » 53 1896 January 6%.,, ‘08 ,, - ‘08.

n 84 " » 1873 April to September 144., for ‘o1 read --o1.
» 85 » 54 1908 April, difference, 104., for 4 0°5read +-05.

» 95 » 63 (Uncorrected) May 2, for 466 read 366. )
5 » » (Corrected) May 2 & 3, for 464 and 441 read 364 and 341, respectively,
,, 105 Formula 68, for c t (6 —p) read cot (8- p).

,» 113 Table 77, Years. column 1, for 1604 read 1904.

. 126 » 86, August, row 9, 5k, for gread — 9.
» 128 ” ” Year! ”n 81 6h-, » 48 9 "‘48-
) 120 »w »n November ,, 9, 12k, ,, +66 ,, +16.
» 133 » 90 1849, 184, for 114 read — 114,

» 133 » 91 1862, 10k, ,, 200 , -200.

» 135 »n 94 1850, 114., ,, 32 , 320.

» 135 » 94 18s1,22k, , 141 , -—141

» 135 » 95 1867, 19k, , -1 3 , ~—163.

» 137 » 98 Year, 3k, » 134 , ~134.

»n 137 ”» 99 Aug“St 9h'l for ~ 149 read +149.
» 137 1 ”» Septembe" 16h., 76 » = 76.

» 143 » 106 1901 July, for 9g read — go.

Most of the misprints above shown have been corrected by the hand wherever possible, especially in the case of the omissions
of signs and figures.
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Page 1435 Table 108, 1905, February, for 37348 read 37388.
110, 1872, Year, for o read

” I4'7
»n 147
» ISY
» 165
,y 160
» 107
s 167
b3} 169
”» 169
” l7I
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» 177
, 181
» 183
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» 230
» 231
» 234
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» 249
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n 285
» 258
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» 263
n 263
» 263

, 263

”

”
”

Table 192, December 1oh

n

111, 1881, December, colum

1877, » »

.

123, May 22, for 6'g read 16°9.

124, November 1, for 155 read 14°5.

;19, foro 1g read -0 19.

126, September 4., for —0°37 read +0'37

127, October  ok., ,,
130, June 16h., ,,
131, April 20h., ,,
134, July 12k, ,,
137, February  16k., ,,
146, January 8k., ,,
154, Avgust 13k.,
158, last row, year, ,,
162, 1892, year, »
1671 ‘855y 8h': ”
176, December 144., ,,

0.03 ”
0'23 ”
0-17 »
168 ,,
0'23 2”
+02
+200 ,,
26 ”
531
+11
+ '6 ”

+0°03.
-023.
-0'17.
- 1°68.
-023.
+032.
- 2°00.
2'68.
3511,
+1°13.
+ °56.

187, 1890, March 224., for - ‘17 read -~ ‘07.

”
”

1877, August 224, for

*60 read

‘00.

1902 and 1903, ]uly 10h., for —:12 and —-12 read 4°12 and + 12 respectively.
Paragraph 253, line 6, for cycluder 'read cylinder.

- 53 should be in thin type.

193, Year 6k., +65 should be in thick type.
199, December 114., for — 53 read - 55.

200, May 11k., for + 178 read —178.

211, August 13 and 144., for +29 read + 59.

214, February o, 1 and 2 hours, read +26, +24 and + 23 respactively.

218, in the year column the faint figures for the hours 0, 1,3, 4 16,17, 18, 19 and 23 are +36, +33, +22, +24
+ 18 -6, —6, —2 and + 36 respectively.

Wherever the signs are dropped read +

March 12k., for +82 read - 82.

June 11k, for the faint figure read - 134.

227
230
233
235
237

”

238

' lgh., for 45 read —45.

Wherever the signs are dropped read —.

Wherever the signs are dropped read —
une 11k, for -20 read - 202.

}uly 114, for - 16 read —166.

January 8h + 80 should be in thin type.

+96

3y

thick type.

97.
Plate 7, Flgures XIV and XIVa, for +0>1 read —0”1 and for —0™1 read +0™1.
Plate 8, Figures XIV and XIVa, for +0™1 read —0™1 and for —0™1 read +0*1.

Most of the misprints above shown have been corrected by the hand wherever possible, especially in the case of the omissions
of signs and figures.




COLABA MAGNETIC RECORD.
1846—1905.

INTRODUCTION.

Magnetic work was started at the Colaba Observatory in 1840, but it was not till the year 1846, six
years later, that a regular system of taking and recording observations was established. The record
since has run uninterruptedly for a period of sixty years till March 1906, when it had to be stopped.

Early in 1900 the City of Bombay decided to have its ordinary tram lines converted into electiic
traction, and it became at once imperative for the observatory to take early action for the protection of its
magnetic work thus threatened. With the certainty of the traction line approaching the observatory to
within 2 mile and-a-half of its site, if not actually passing by it, it appeared extremely problematic if means
could be devised by which the danger which threatened the magnetic work could be averted, allowing of
the work at Colaba to be continued without being seriously vitiated by the disturbing effects of the trac-
tion. It was hence deemed advisable to establish a new observatory at some protected site in the close
neighbourhood of Bombay as early as possible before the electric traction commenced its operations, in
time to allow of at least a two years concurrent series of magnetic record to be secured simultaneously at
the new and old sites, which by a critical comparison may enable the continuity of the long and valuable
Bombay record to be preserved. A suitable site was selected at Alibdg, about 18 miles away, which is
distant enough to be beyond the influence of the electric traction, but near enough to have similar and
comparable magnetic conditions ; and after securing a duplicate record extending over the years 1go4 and
1905 the one at Colaba was finally closed on March 31st, 1906.

2. The principal object of the present volume is to put the observations taken at Colaba throughout
the period of 60 years on record, in a single volume in as concise and easily available a form as possible. On
account of the heavy labour involved in the various operations and computations and owing to insufficiency of
the computing staff, some of the less important data have not been prepared to finality ; nor has it been pos-
sible for the same reason to take up their discussion in the present volume. It is hoped, however, that this
deficiency will be made good from year to year, part by part, in the annual publications of the observatory.

The volume has been conveniently divided into two parts : Part I contains full details of the instruments
used, and the various processes of reduction adopted which lead to the final results—the Colaba Magnetic
Data. In Part II appear the description of the phenomenon and its general discussion. {his division
allows of the discussion of the Colaba data to be presented to the reader ina continuous narrative form,
though here and there it has not been found possible to avoid referring to some of the results of discussion
in Part 11, which had thus to be anticipated in Part I.

3. The processes usually adopted to eliminate from the results of observations the instrumental and
other unrecognised sources of errors require even under ordinary circumstances great consideration. The
difficulties are specially accentuated when the series to be dealt with is a long one extending over several
decades and is made up of different portions contributed by mstruments of different types of construction,
which have to be linked up to form one whole continuous and comparable record.  Whenever a single
set of instruments has been in action, as has been the case in thisand other observatories in the
earlier period of their existence, however reliable and accurate its records may seem to be, it cannot
be really free from instrumental or other sources of error. A critical comparison of the records of two
independent sets of instruments working side by side throughout the period under discussion and showing
a close agreement in their results, is the best possible criterion of their absolute accuracy ; and whenever
it has been found possible, such comparison test has been applied to the Colaba record, and the discre-
pancies in the results have been fully investigated and explained.

4. The data are subdivided and discussed under two main heads : (1) The eye observation series for
the early period of 1846 —1872; and (2) the photographic (magnetograph) series of 1872—19035, the year
1872 being common to the two series.

The various processes which have been adopted in the reductions are given as fully in detail
as possible and no step of importance is omitted: all calculations have been checked once and, in
not a few cases, has the check operation been repeated twice. Every precaution has been taken
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to avoid errors from creeping in in the computations; but as the mass of figures dealt with covering the
record of such a large period as 6o years, is enormous, it is quite likely that many have escaped notice.
However as the several processes are given in full detail, the detection of errors could not be a very
difficult matter for the reader.

It has been found expedient at some places to take up the discussion in the reverse order, the
results of the more recent period having been taken in hand first. Thereasons are obvious: The later
series has been derived from instruments which claim to greater precision, and the examination of the
working of these instruments in all minor details is on that account made directly possible. This ensures
a high degree of reliability of the results so examined, which is not possible in the other (older) series, and
proves useful also in throwing light upon the behaviour of the older types of instruments and the series
derived from them.

5. The degree of accuracy aimed at is referred to in detail separately under each head, as it must
obviously depend upon the capability of each instrument as also upon the factors and conditions involved
in the various processes and deductions leading up to the final result. Generally the absolute observations
of force are depended upon to be reliably accurate only to 1y and the variations to "1y, and those for
declination and dip to "1 and ‘o1 minute of arc respectively forthe absolute values and the variations.
For convenience of discussion, however, at times, the angle has had to be expressed in minutes
and seconds instead of in decimals of a minute. In the analysis for Fourier series and other similar
.data, the computations have been specially carried to one place more than what appear in the data.



CHAPTER L

ABSOLUTE INSTRUMENTS.

HorizoNTAL FORCE.

6. The absolute values of the horizontal component of the earth’s magnetic force, were
determined during the period of 1847 to 1867 by a magnetometer of the kind described in Riddel’s
Magnetic Instructions, page 66, the full details of which are given in the publication of this observatory
for the years 1865—1870. For the later period 1868 to 1903, the observations were made with the Kew
Pattern Magnetometer No. 23 by Eliott Bros. supplied to the observatory after being tested at Kew,
a description of which, with details of the various constants, will be found in the same volume referred
to above. A discussion on the use and behaviour of this instrument and of the constants derived from
observations for the period of 37 years it has been in use, follows presently.

7. Inregard, however, to the instrument with which the absolute observations of the older series 1847
to 1867 were taken, it must be stated at the outset, that owing to the want of completeness in the formule
adopted for the reductions, owing to instrumental errors, and uncertainties to which the observations
then were liable, and to the fact that the rough construction of the instrument itself precluded the
determination of some of the constants altogether and other constants to the necessary degree of accuracy
usually expected in these observations, the series can hardly be accepted as even roughly approximate
without consideration.

' Attempts to improve the series by an examination of the instrumental errors and constants
having proved abortive, no weight has been attached to the series, its place being more reliably and with
considerable accuracy taken up, as will be seen later, by the series derived from the variation instrument,
Grubb’s Horizontal Force Magnetometer, the detailed process of the derivation of which 1s fully given in
the life history of this variation instrument described in Chapter I1I.

8. Taking up the absolute observations of the later period first, the instrument used from 1868
to 1905 was the Kew Unifilar Magnetometer No. 23 by Eliott Bros.

The observations, as is well-known, consist of two parts: (1) The vibration experiment which gives
mH, ‘m’ being the moment of the magnet used, and H the horizontal force of the earth’s magnetism;

and (2) the deflection experiment which gives " By combining the results of these two experiments m

q
and H are derived.
In the first experiment the equation which gives the time of a complete vibration of the magnet is

T = ,\/ 4= k/mH (1 + 7) ormH = 4 #*k/T* (147) o

where k is the moment of inertia of the magnet and - the torsion of the suspension skein.

In the second experiment the equation of equilibrium 1s

»H . P, Q m 7 sinu P, QO
Ssinu = I — 4= Jor o= T =4 4 2
2m + 72 + y4 H 2 +7,.. 7t + ( )
where u is angle of deflection, P, Q, etc., are constants of distribution of magnetism, and r is the distance
between the deflecting and deflected magnets. The corrections for induction, temperature, etc., have

been omitted from the above general expression.

Of the constants of importance those of induction and temperature were supplied by the Kéw'
Observatory, and these were accepted as correct, as no means were locally available for their
derivation.  The two most important of these constants are the moment of inertia of the magnet and the
distribution constant, and the latter is taken in hand for examination and discussion first.
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00630 73 \ 26 — 00647
26 — 00687 ,  July to Sept. 26 — 0066 ‘00661
Qct. to Dec o
: 26 | —'00660
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TABLE 1a.—ANNUAL VALUES OF P_ OBSERVED AND
CALCULATED.

PO: A 4+ Bt.
| Caleulated | oo |
Values 1 Observed values of P, observed Mean P, from
of t. Years, ' valupes‘of dte}:'évfeoirt;)rsg P, over ! 1868 to the
: ° calculated P, year.
P,— A +Bt. o |

' 2 t 3 , 4 5 6

o 1867 —'00645

1 1868 — 00043 — 00646 + *00003 —°'00643

2 | 1869 — 00665 — 00646 - 00019 - 00654

3 1870 — 00625 — 00647 + ‘00022 — 00644

4 1871 - 00652 ~ ‘00648 ~ "00004 - 00046

5 1872 -00630 - 00648 +-00018 - 00643

6 1873 —00665 ~ 00649 — 00010 —-'00647

71 1874 --'00647 h 00650 + 00003 - 00647

8| 1875 —--000638 - 00650 + 00012 - 00646

9 1876 ~ 00603 - 00651 [+ 00048] —'00641
10 1877 —'000625 - 00652 + ’00027‘ -'00639
It 1878 — 00669 -~ 00652 - 00017 - ‘000642
12 1879 — 00674 - 00033 - 00021 - 00645
13 1880 - 00674 — 00654 - "00020 ~ 00047
14 1881 — 00609 —~ 00655 ~ 00014 - 00048
15 | 1882 — 00669 —"00055 —"00014 —"00650
16 1883 — 00669 — 00656 —-'00013 - 00051
17 1884 — 00043 — 00657 +:00014 - 000651
18 1885 —'00682 —00657 - 00025 — 00052
19 | 1886 —-00696 — 00658 [ - 00038] -00655
20 1887 - 00652 - 00659 + 00007 — 00654
21 1888 —00630 - 00659 | +°00029 — 00653
22 1889 E —00656 - '00660 -+ 00004 —00053
23 | 1890 | — 00643 — 00661 +00018 - 00653
24 | 1891 -~ 00678 - 00661 —~'00017 - 00654
25 1892 — 00682 - 00662 | - '00020 - 006535
26 | 1893 —"000665 - 00663 — "00002 - 00656
27 1894 — 00660 —-00663 | + 00003 - 00656
28 | 1895 —~ 00682 — 00664 - 00018 — 00657
29 | 1895 ; — 00691 — 000665 —'00026 - 00658
30 | 1897 —~ 00678 - 00665 | - 00013 - 00658
31 | 1898 — 00660 — 00665 ‘ + 00006 — 00659
32 1899 —000652 - 00667 ‘ +'00015§ —-00658
33 | 1900 —'00660 — 000667 ; + 00007 '1 —°00658
34 | 1901 —'00652 ~ 00668 +°00016 - 00658
35 1902 — 00652 — 00669 +°00017 - 00658
36 | 1903 —-000665 - 00669 -+ 00004 - 00658
37 | 1904 — 00665 —-00670 + 00005 - 00658

Mean ... —-00658 Adopted value ... — —'00634
Constants: A = —'00645; B = —'0000068.

B 1034—2
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9. The Colaba Standard Magnetometer.— For the determination of the values of horizontal force the
deflection observations have been regularly made at two effective distances and the correction of distribu-
tion of magnetism, is applied for the first term only ~ The two distances observed at Colaba are 0'8 foot
and 1°0foot. If the correct distribution correction is previously known, observations at two distances are
not necessary ; and if 8» be the probable error of setting a distance, and &4 the error of measurement
of the deflection arc, the best conditioned single observation would be at that distance » which would
satisfy the equation %—i— =v3 377 With the usual strength of the Kew type magnets and with the value
of force to be measured at about ‘374 C. G. S., this distance, if 8 = o'oo1 inch and 84 = 10 seconds of arc,
works out at about 0°8 foot, which and the next higher distance 1-00 foot have been adopted at Colaba as
the observational distances, corresponding practically to two positions 3o c.m. and 40 c.m. adopted in
England and at places where the force is about 187 C. G. s. A double set of observations, is taken every
week, giving a total number of 104 observations in the year, each observation consisting of a ‘ vibration’
and ‘ deflection’ experiment. The observed yearly means of P, (P may be distinguished as P, when
derived from the two standard distances adopted at the observatory) and of K,,—the moment of inertia—
determined periodically are given in tables 1* and 5 as are also the adopted values of each and their
mean values for the whole period of 37 years. With the adopted values both of P, and K,, the values
of force at Colaba have been determined throughout the period. Table (4) gives similar data for the
moment of standard magnet as derived from observations.

10. The question which is of considerable importance is whether the standard instrument does
or does not, apart from observational errors, measure the value of H correctly. The most important
constants which must be examined for this purpose are P, and K,,.

Considering the distribution constants first, an examination of the mean annual values in table (1a)
in column 3 (the values of P, are in English units for the standard instrument), shows that the mean
value of P, for the whole period of 37 years is — 00658, while the value adopted initially and since used
unaltered in the reductions, is — 00634 (vide table 1). Though the results show a fairly marked constancy
in the value, it is not yet certain if the constants of distribution can be depended upon to remain
absolutely the same for any unlimited time. They are suspected in some way, to vary with the moment
of the magnet and it may be of interest presently to examine the relation between the two series.

11. Assuming, however, that such variability does exist, it will be seen that the condition in the
series of P, derived from some 3900 observations is best expressed by the formula P, = A + Bt
(A and B being some constants the latter depending upon the time ‘t’in years reckoned from some
convenient starting epoch 1867'5). The result as solved by the method of least squares, shows that A
the starting value of P, about the years 1867-68, was— 00645, and that B the yearly decrement, which
equals about —'0000068, brings it down by slow annual decay to its present value —'00670. A small
fall in the value has thus been indicated, and this change, if real, shall have to be taken into account and
be examined in connection with the special observations for the full distribution correction and the
adoption of the final result. 1f however, P, is assumed to remain constant, the mean value — 00658 (of
the whole period) being the best available value, shows that the adopted value —'00634 was over-
estimated by ‘00024 throughout the period, and the values of H have been, therefore, over-estimated
throughout by about 6y. How far this result compares with that obtained when the fu// distribution
correction 1s allowed for, falls next to be considered.

12. The determination of the exact laws of internal distribution of magnetism, including the question
of effective pole distances, is more or less an indeterminate problem. Observations have been known to
give values of the effective pole lengths ranging from g to *7 of the actual length of the magnet. The
molecular arrangement in a magnet depends in the first instance upon the physical treatment which the
magnet receives when under construction and however careful the manipulation, the smallest difference
in treatment, however insignificant it may be in practice, may result in an altogether different molecular
arrangement. Theory can scarcely explain such effects, much less take them into account in the
calculations, though the magnets may outwardly look precisely similar in dimension a'nd character. As
shown by Lamont, on the supposition which is not absolutely correct, that the interaction of two magnets
is reduceable to that of four poles—the values of P and Q are given by equations

P = 2\* — 3\% and Q = 3\'— 15\ N} + %5,\41 (3) and (4)

* The values of P, and practically the whole process for the derivation of H by the standard instrument, are in English units and in the discussion
which follows, the same unit is referred to.

+ Tt may be noted that no violent fluctuations in the value of P, as noticed in other observatories, have occurred at Colaba either in the magnet
of the standard magnetometer, or in others which have long been under observation, the probable reason of which has been referrzd to while discussing
the series of the moment of the magnet (paragraph 30).
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where X and A, are the effective semi lengths of the deflecting and deflected magnets. These values
at best may be taken as a measure, more of the magnitude of the corrections than of the corrections
themselves. To adopt equations (3) and (4) nearerto exact conditions obtaining in practice, Borgen
and Chree have further expanded the formulz, introducing additional terms to compensate for finite cross
sections, which though theoretically effective in modifying P, have little or no effect upon the values
of Q and the higher terms. Still the theoretical result so derived is of little practical utility. From the
dimensions etc. of the standard magnet at Coldba the values of P and ) assuming ‘8 as the effective
pole distance derived from formule (3) and (4), work out as P = —'000395; Q= — 0010005 ; (or in
C.G.S. units P =—-3723; Q = —863"42). These values, even when allowance is made for the finite cross
sections when compared with those experimentally derived, clearly indicate how little theory is helpful in the
solution of a complex problem where considerable indefiniteness prevails in the knowledge of the exact
conditions which determine the phenomenon.

13.  The method usually adopted, either to get P, from deflection observations at two distances, or
to get P’ and Q" from observations at three distances, is more or less a rigid process. There are just
as many equations as unknown quantities and no elasticity in the treatment is possible as the errors
are wiped out only to reappear accentuated in the final value of H. This difficulty is to a considerable
extent minimised by taking as many observations at wel/ placed distances between 23 ¢. m. and 40 c. m.
as may consistently be selected and combined to provide for the least probable error. The process
furnishes more equations than unknown quantities which permits of the values being determined by the
method of least squares, allowing the errors either observational or instrumental at each of the distances,
to remain as such errors and not to affect the value of H, and thus affords a higher degree of probability
in favour of an accurate value of H than is possible in the usual way.

14. Magnetometer observations are made for the purpose of determining the correct value of H
and the choice therefore practically lies, when for example observations are made at three distances for
the determination of P and Q, between (1) the rigid straight line passing through the three observational
values forced into equality with a more or less serious shift in the value of H and (2) a line approximating
to a straight line dut with a nearly correct value of H determined from a greater number of distances
than three [vzde paragraph 27 ; and Plate 1, figures 1a and 3a: dotted and continuous lines]. The latter
method under conditions which prevail in experimental observations, appears to have some decided
advantage and has been made use of, for the purposes of the comparison of magnetometers wherever
possible.

With proper precautions itis also advantageous occasionally to observe at a nearer distance
than 23 c.m. which is the nearest distance observed in routine work. For ~bvious reasons however it is
necessary to make certain that the laws of distribution remain unvitiated upto the limit of the near
distance so fixed upon, for observations.  Referring to the question as to how far distribution
constants may be neglected, Lloyd observes that at the usual distances of observations all terms beyond
that containing the inverse 7th power of the distance need not be taken into account and he
defines ‘ the usual distance’ as not being less than three times the length of the deflector. Theory
on the interaction of two magnets provides that the distance between the two magnets should be
considerably more than half the length of the (larger) deflecting magnet. Hence four to five times the
semi length of deflector may be deemed sufficient for the requirements of the theory and the graph of

experimental observations (of uncorrected ’\/ mH — nHl) at the near distance and other further distances

should be able to show how near one can safely approach without disturbing the law of distribution.
On the other hand, at the nearer distances the corrections due to Q which under ordinary circumstances
are small and comparable to the probable errors of observation become appreciably large. This if it be
an advantage is not materially affected as the shift or error in the value of H due to the omission of the
correction due to R which at the same time acquires an appreciably large value at nearer distances, is
by no means of the same order as when Q is neglected at the usual distances 30 and 40 c.m. [vide
paragraphs 17 and 18.] Besides as the correction due to R though appreciable at the near distance
1s almost 72/ at the other larger distances, when the observations at all the distances are taken together
as in the method of least squares, the error or the shift in the value of H is the mean error of the
whole combination which is almost always negligibly small.

15. The Colaba standard instrument for the special purposes of comparison was observed
at five distances "7 ft., ‘8 ft., 'g ft. and 100 ft. and 130 ft. The uncorrected results of 12 double
sets of observations were in the first instance corrected by the adopted value of P, equal to
— 00634 and it was seen that while the results at all distances from ‘8 ft. to 1°3 ft. fairly agreed with
.each other within probable errors of observation, at the distance of '7 ft. a deviation of so much as 11y
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was noted. R was assumed in the first instance to be small and was neglected and five equations of
the form H — Py, = — Q,7,7* = H, (where P, and Q, are the distribution constants not in absolute

values but in terms of H and hence marked P,, Q,; and H and H, are respectively the correct and
2

uncorrected values of force) were, after elimination of H, solved by the method of least squares and the

values of P, and Q, and thence those of P and Q were derived. For convenience, the expressions were

in the first instance used in the above form instead of in the correct form where the distribution constants
m
I‘_]:'

difference was found in the final value of H.

are applied to Subsequently however the correct equations were also employed and no appreciable

The approximation does not affect the result appreciably as the relation may be expressed in the

form D, = II%% 1+ Pr* 4 Qr* : ; where D, = % (5)
This when combined with mH the result of the vibration experiment, gives
m H —_ ,,,AH,?T e = 2 _ 22 —4 ~—2 2—H2
b = (TP TS H{I (Pr2 4 Or ) + (Pr + Qr ... } 6)
therefore
Jg%ﬂkm?@ﬂ+Qfﬂ+%ﬂﬂ”+@r%~ﬁH@ﬂ+QFTWMy (7)

1
Let /‘/f“D},_{ = H, where H, is the value of H uncorrected for distribution. As (P>~ + Q)% in
1
the last term in the above equation 1s very small we have
m:H—%mﬂ+wa++yMW4+@ﬁ% - (8)
and when the expression in the bracket on the right is small then we have H, = H — I—g (P~ + Qr=" (9)

(with the value of force at Colaba at about 37400 C. G. s., the effect of the omission of the above
expression in the bracket which is greatest at *7 ft. distance is only about 2y).

The solution of the equations gave the following values :—

P’ = —00599; Q = —0002836; (P'= —5562, Q' = —243'6 in C.G.S. unit). The value of H
derived from this distribution correction compared with that derived from the old adopted value of
P, = —'00634, shows an error of about 2y at 0’8 and 10 foot—the standard distances at which the usual

observations were made.

16. In dealing with experimental observations however carefully taken the results of a s/ort
series as the one now considered cannot of course be regarded as absolutely faultless, owing as
much to observational as to instrumental and other unrecognised sources of error. An attempt at
refinement is possible if the series of P, ' was as long as the one of P, at Colaba; but in a short
experimental series the taking into account of higher terms in the distribution correction in the full
expression for the action of one magnet upon another does not necessarily suggest improvement ; for
if proper precautions are neglected the process may prove more misleading than advantageous. Though
the greatest care has been taken, absolute accuracy is not claimed for the above limited observa-
tional set and a careful examination is necessary before their result can be finally accepted as correct.
Bef?rle this is taken in hand a cursory examination of the salient features of the theory may be found
useful. :

17.  The usual co-efficient correcting fully for distritution is of the form :—1 + P»=2 + Qr 4. ..

We have ordinarily in a convenient form

m .

Hi';m- 14 Pr2 + Qr—‘*,..‘........} (10)

In practice an approximation is usually attempted by observations at two distances only. This involves the

assumption that corrections due to Q, R, etc., are negligibly small and then only does the equality become
m,

ﬁi :% (I + Pr‘z) (102)
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If, however, this assumption is incorrect as it usually is, and the correction due to Q, etc., is appreciably large,
the relation would really be expressed by L

m m 3 m
. Tﬁ:Hg’*P“’ } A (1)

N

"where P, is not the same as P in (10) and—gA represents the contribution (SOme fraction of rﬁn) due to the
neglected co-efficients :  Neglecting R, we have from (10) and (11)

14+ Pr2+A=1+Pr=+ Qr* (12)

and 1 + Por,7+ A=1 + Pr,=2 + Qr,~ (13)

The constant A in (12) and (13) is of the nature of a small fraction of the whole F;: suppressed in the process

of approximation by observational deflections at two distances only. Its value is not the same for different distances
7y, 73 73, but as the difference is very small A may be taken in both the equations to be practically the same.

Substracting (13) from (12) and simplifying we have—

P =P+Q(r 7477 (14)
adding and simplifying we get
—2, =2 A
P =Pt Q(riir 2 S0 T, A |
o +Q<}’1 +7/2 ) 2 71-2+r2—2 271'-2+},2—2 (IS)
From (14) and (15) we have the involved equality
A= —Qr 2 ' (16)

If the term R»—8is not omitted from equations (12) and (13) since P, must remain the same as an observed
fact, by similar treatment as above we get from the same equations

P,=P+Q(r,2+7, )+ R(r,*+ i Y / (17)

and A = —Qr~%,~2—R (7", + ) (18)

Observe that P, Q and A in (17) and (18) are not the same as in (14), (15) and (16), if R is appreciably large.

m

We have seen that the constant A measures the shift or error in the value of b 28 some fraction of the whole

which affects the final determination of H in the process of approximation. To find what this {raction is in terms
of H, let :

m —
o= D and mH=C

whence we have H'= ([—:)- Suppose mH remains unchanged while }n{l changes to D +AD where A is some small

fraction. Then we have H] =C/D+AD and

2

H H® :: D: D+AD

H:H::I:\/1+A

1

A
S O I+E nearly

9

Hence neglecting a quantity % the fraction % measures the shift or error in parts of H which by formula (16) would

y. "2y 2 . —2, =21 R 7,_472_2_*_7’_21’ -
—2 or by formula (18) to -—Her 2+ (12 17 )

be equal to —H
By going a stage further in the approximation and putting the relation in the form

1+P' 724 Qr 4+ A=1+Pr24+Qr—*+ Rr°
B 1034—3
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and treating three such equations involving 7, 7,, 7, similarly as before, we have
.

P—P'=R(» 27, 247, 2+ ”1——.2"3‘-2) (19)
Q-Q'= ;R(71—2+72—2+ 757%) (20)
and A= R(rl—zr2‘2;’3—2) (21)
=R 72—“5 nearly. X (22)

18. The same results could be directly obtained from (14) and (17). Hence the error or shift in H as shown
by equation (12), with the usual values of R is very small even when nearer distances like 18 c.m. and 23 c.m. are
involved and if no additional difficulties in the evaluation of Q are otherwise incident, the advantage of the nearer
distances becomes obvious by comparing equation (22) with either (16) or (18).

A modification in the form of formula (18) is sometimes useful for practical application.

By adding (12) and (13) including the factor for R we have

r 242 44 4 4 64,6
2A=(P—P) ”i::“zz’ + g :— y 716+6 ? (23)
7Pt T rir, 757, ‘23
As 724 2= (r,77) 2+ 2my7y; ity = (72— 7%) 4 277" and so on, we have
2, 2 3,3
27y 277, 27°7y
2A=(P — P,) 12 Yy 56
( o) 712722 + Q 7,14,,24, 71o7,2<
¥, — )2 7 2—r 22 (r3—r2)?
+(P—P,) (3 =75y 2+ Q('ﬂ__zrl + R (24)
72, Ty ¥y
Assuming 7; = 23 c.m. and 7, = 30 c.m. and simplifying we have
‘ 29 (P— 8 R
A= R T e (25)
2 7’17’2 7 7’1 7y 3 7y 2
neglecting expressions in the lower line of equation (24) we have
P_P 0 |
A= o ) ]
P— -+ it + i nearly. (26)

19. If sets of observations at two distances are taken {1) at 18 and 23 ¢. m., (2) at 23 and 30 c. m,, (3) at 3oand
40 c. m., (4) at 20 and 26 c. m. and (5) 26 and 34 ¢ m., any two sets would furnish values of P” and Q” which ought
theoretically to be the same for all combinations. They may not, however, exactly agree, as more likely they will
not, on account of probable errors of observations, or if R is not negligible, or if there are other unrecognised
instrumental errors ; but if there is no apparent reason why the result of any one set should be preferred over that of
the other as being more accurate, the method of least squares enables the best probable values of P” and Q’ to be

obtained from the slightly discrepant results of individual sets.

20. The process generally adopted in observations is to correct for the natural change in the value of the
horizontal force by reducing the result of the deflection experiment as a whole to the mean horizontal force recorded
during the vibration experiment. Where refinement is aimed at for any particular investigation, it becomes also
necessary to secure readings or tabulations from curves of a variation instrument corresponding to the exact time
of the deflection at each distance observed which mmay perhaps be not necessary if the day is a quiet day.

21. In passing it may also be noted that ordinarily the distribution has been applied in the form :—
m_m{ —2|
H= 1 {1 P.7, i (27)
Instead of in the correct form » _ '
m =) MM _m I i
H(I+P1’1 )_HlorH_Hl 1+ Pr (28)

This is because the correct value of n}ll— is not initially known and the observed values of 5 are not all the same

at all the distances. This will introduce small errors appreciably large at nearer distances, which have to be guarded
against if the values of the distribution constants are obtained by including the correction due to Q in the correct

formula (28). )
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22. For the usual process adopted in observations at two distances we have by the approximate formula (27)
for z"wg distances »; and 7,
.

P = (‘ml _ ;mz) N (m1 -2 My 7,0—2) ' (29)
‘ H, = H, H, H,
while with the correct formula we should have
P.= (gl — 1}:-3) ~ (—}};71—2 _ 111_1{7'2—2> (30)
1 2

.- . . ) m
Hence P’, in (29) is not the same as P in (30) but bears the ratio of P, : P’_:: 217’1‘2— 227’3’2 : ;71-—2_ TN (30A)
1 2

From the relation expressed in (28) for two distances 7, », substitute in (30A) the values of r:li and Ez In terms
of E” and eliminating lHl} we‘have .
Poo P (4P )2 — (14 Py 7,78 0 (P T)
T (o W R P O T
1P (T
o Po= P+ PP (21,70 (31)

and P,—P/ = P’oz{yl-z.{. 7y 2 } nearly.
If for example the value of P’ is about 7:50 at distances 23 c.m. and 30 c.m, the correct value will be greater by
about 1/45 of the whole and work out as 7°67.

23. Having incidentally referred in detail to the various points of importance connected with the
question the results of special observations of the standard instrument at *7,-8, '9. 1700 and 1'30 ft.
may now be examined. If the values of P" and Q' (as R is neglected P’ and Q" so derived are not the
same P and Q in the full expression, 1 4+ P»~*4 Qr '+ R»%) derived as the result of the special series of
observations are accepted as correct the theoretical value ot P, can be rederived by equation (14) if R is
supposed, as it presumably appears to be, negligible. This value is —-00672. The special observations
were taken in 19o2-1903 and it will be seen from the progression of the series evidenced in the analysis
(column 4 table 1a) that if the steady fall in the value of P, is a real phenomenon, its calculated value
about the period 1902-1903 would be —'00669. This is almost the same value ( — 00672 indicated by
the special observations. If as Borgen points out the ratio of the pole distance of a magnet to its length,
the usual initial value of which is '8, tends to increase as the moment of the magnet diminishes,
P theoretically must vary with the moment of the magnet., The moment of the Colaba magnet has
diminished from 716 to "618 (vide table 4) and the relation between the two will presently be referred to.
Hence accepting for the present this decay as real, it appears that the value —-00634 adopted initially
from the beginning was fairly close to the calculated value —-00645. In fact the value —00642 was
obtained by averaging the subsequent series of observations [vide Vol. 1865/70 : also table (1) column (4) |
but for obvious reasons the old adopted value was allowed to continue. If therefore there was a slow
fall in the value of P, from —°00645 to — ‘00670 during the period of 1868-—1903, it would follow that
the values of P and Q would correspondingly alter; and as in 19o2-1903 corresponding to the value of
P, = —‘00670 we have the values of P'= —'00599 and Q'= —'0002836 ; we should have in the year
1868 for the value of P,== —'00645 some other corresponding values of P’ and Q" which however we
have no known means to ascertain correctly.

24. The change in the value of P, from - 00645 to — ‘00670 means a shift in the value of H by
about 6y. Whether this is contributed by a change in both P’ and Q" or in P’ alone, or 1n .Q’ glone is,
though valuable from other considerations, a point of secondary importance so long as the S.hlft m H s
ascertained correctly. The values of H have been derived at Colaba not from a changing value of
P, but from a constant value = —*00634; it is therefore obvious that in 1868 the value of H was over-
estimated (by not adopting the full distribution correction) by about 8y and this over-estimation steadily

diminished and stood 35 years later about 1903 at about 2y or 1v. :

25.  Which of the two distribution factors has changed and affected the above progressioniit is difficult
to ascertain. We have a long series of P_ but not of P’ and Q. Theory shows that in the process of
approximation by observations at two distances, the error in H depends upon an expression involving
Q’, etc. (vide formula 16 and 18). If therefore the shift in H of 6y may be ascribed to a change in the
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value of P alone, in 1868 the value of the distribution constants would appear tobe P’ = —'00575, Q" =
—0002836. Hence only on the correctness of the assumption that Q being small it may zemain
practically unaffected, is it possible to link up observations extended over a large number of year$ by an
attempt like the above without relying too much on the results of theory so well expounded by Borgen
and Chree which involve the complex, and incomplete and not fully understood question of the inter-
relation of the distribution constants to the dimensions and pole distances of magnets.

26. Onthe other hand as the constant (B) in table 1a varying with time in the distribution correction
1s very small only ‘00ooo68—(wide table 1a) much less than the probable errors shown in column (5)
table 1a, the evidence as to the reality of the decay may not be regarded as either strong or even
sufficient. The mean value of P, (—'00658) therefore must be accepted as the best approximation to the
true value of P.. In order to satisfy hence the theoretical relations, it becomes necessary to consider
how the difference in the values of P, (—-00672 the result of special observation and of —-00658 the
average value of the whole period of 37 years) could be reconciled. The former must be considered as
faulty by ‘ooo14 and putting P_ in formula (17) equivalent to —'00658, the difference may then be
allowed for and suggested as being due to observational error which is not improbable or to omission
of R or some other unknown error. If it is due to R, its value works out to be + ‘0000271 {or + 21702
C. G.S.) and the value of P’ and Q" as obtained from equations (19a) and (20) would alter slightly. In
any case the shift in H however, which is the most important and real point for consideration, would
remain practically unaffected [vide formula (28) .

27.  Whichever of the explanations is correct the fact remains that about the year 19o2-19o3 by
the use of the old adopted constant (—‘00634) the standard instrument measured the value of H
correctly to about 2y, And this conclusion is strengthened considerably by the comparison of the standard
" instrument with four other magnetometers by different makers the indications of all of which fall within
2y of each other. The following table summarises the intercomparison of the results of each instrument
by itself, as also their comparison with the results of each other.

TABLE 2.
1 ) P Difference
l Values of Dlﬁerence Shift in in H from
| P deter- in H from Value of P and Q value of that of
Length | Length | o .- 2 that of as determined H by Standard
of of | . standard from several using P
Name of Instrument. Maker’s Name. Suds-d D:ﬂec- ; w1t}tlwuosual instnt- . distances. and Q Inms;:;:-
pende or . men correc- -
Magnet. [Magnet. ' distances. using P tions Pl;Sr:?ng
- ~| correction instead correc.
: P, only. P } Q of P, tions.
- . 1 i
| |
1 2 3 a 3 6 | 7 8 9 10
Cms. | Cms. | C.G.S. C.G.S.
\ unit, : unit.
|
Coliba Standard Magneto-| Elliot Brothers | 762 9'27 \ ~ 5886 ~5562 | -2436 —+00002 | ...
meter. *

Magnetometer No. 137 ...| A. Dover Charlton ... 640 9'19 | +6°234 - 00007 +7°298 -556'5 ++00005 00000
Do. No. 7 ..|T.Cookeand Sons ... 638 894 1 -+ 7°398 — 00032 +9'549 | —5690 +'00032 + 00002
Do. No. 3 .. Clam:)ridge . CScientiﬁc1 762 9°35 f — 4432 - 00042 +2'660 | —1,033'5 +°00040 00000

nstrumen 0. i
Do. No. 5 .... T. Cocke and Sons CE ‘ + 6912 — 00022 +8'335 —463'5 +'00019 — 00001

The close agreement in the five independent measures of the value of force as shown by the results
in the last column of the above table, when the full distribution correction 1s used, seem to indicate
fairly conclusively that the determinations of the Coldba Standard instrument can be relied upon so far.

In the inter-comparison of the results of each instrument by itself, when either P, or P and Q’ correc-
tions are applied, it can be seen at once that if the adopted value of P, is not correct, discrepant shifts
of H as given in column g of the above table must result, as the shift depends theoretically upon Q
alone or upon Q and R if the latter is significant (vide formula 16 and 18). The apparently wrong shifts
indicated in column g are in all probability due to observational errors; but it is not equally improbable
that they may be due to some unrecognised (instrumental) source of error.

Plate 1, figs. 1 to 10, set forth in detail the results of observations of each instrument at various
distances, data of which also appear in table (3).
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TABLE 3.—Comparison of Magnetometers.

!
09 10 | 1°3 Means,

Distance in Feet. o7 o8 1
S R 1 ,,,,,,,,,,,,, \5 _ -
;‘?: Observed uncorrected values of H 037697 0°37630 } 037586 037562 ; 0’37510 | ...
§ Correction for the adopted value of P, (- '06634) - *00241 - 00184 ‘ - 00146 ~ 00118 | —0°00070 |  .cun.
2 P,- - 5886 C. G. S. unit, | ‘
é” Values of H corrected for P, ... 037456 | 037446 I 037440 037444 } 037440 0'37445
= Correction for P and Q {P = ‘00599, Q = —'00028) - 00232 | -+00188 | ~"00146 —00117 | —'00067 | veune
—’é’ P== - 53562, Q= -2436 C. G. S. unit. | |
(‘3 Values of H corrected for P and Q 0'37445 “ 0'37442 ! 0°37440 037445 ‘ 037443 0'37443
* ! |
B i B B N 1 B - ‘ —
{ Distance in C. M, 180 | 230 | ... 30°0 : 400 | ...
5 Observed uncorrected value of H 037125 037221 | ..u... 037308 , 037365 1 ...
2 Correction for P, (2, = +6-234) . +°00355 00219 | aeeens 4’00129 \: + 00073 | eee..
{g Values of H corrzcted for P 037480 037440 | - 0:37437 : T 037438 037438
§ Correction for 2 and Q (P= + 7298, Q = —556'5) ... +°'00317 400219 | ... +-00138 | +-0008r | ...
é" Values of H corrected for P and Q 037442 0°37440 | ... 0 37446 0°'37446 037443
Distance in C. M. 180 230 | ... 300 40'0 | .
°f7 Observed uncorrected values of H 0°37473 0'37418 | ..., 0 37412 g 0'37420 | ...
Zi Correction for P (P = —'4432) - *00025 —‘00015 | ..., -~ *00009 —*00006 |  ......
%3 Values of H corrected for P 037448 037403 | ... 0;3.74_03_& 0'37414% 037403
E Correction for P and Q (P=+2'660, Q = -+ 1033'5) .. ~ 00030 4100025 | ..., - 00031 1 +°00023
éﬂ | Values of H corrected for P and Q 037443 ‘037443 | ...l 0'37443 ‘ 0°37443 0°37443
DistanceinC. M. | ... 225 ‘\ ...... 30'0 \ 400 | .
L ) o | ) | o
‘f } Observed uncorrected values of H [ R 037141 1’ ...... 037263 0°37333 | eeeeer
% J Correction for P,, (P * =+7°558) RN O +'00272 i ...... +*00154 w 400087 | ...
g f Values of H corrected for P O 037413 :‘ ...... 0°'37417 ; 0°'37426 0°'37415
*go 1 Correction for P and Q, (P == +9'549, Q = —569'0) ... + 00304 ,‘ ...... +°00182 } + 00106 | ...
§ { Values of H corrected for P snd Q FUO I 037445 \ ...... 037445 } 037445 0'37445
e : e | ~ R B
4 Distancein C. M. | ... 22°5 300 “ 400 | ...
. - e 'l I
‘;) Observed uncorrected values of H R . / 37166 L e 0'37279 ‘ ' 0°37348
Zj Correction for P, (P ¥== +7'084) el e [ +:002359 1 ...... 400146 ‘ +'00082 [  ......
g Values of H corrected for P B I 0'37425 ‘ ..... 037425 [} 037430 037425
g; Correction for P and Q, (P* = 8325, Q = —4001) ..| ... :‘ +:00276 i, ...... +'00163 ; +°00094 | .ee...
;00 “Values of H corrected for P and Q O T j 0'37442 1 ...... 0'37442 " 0°37442 0'37442

* Al distribution corrections in the, table are derived by the use of forrpula (28). o
The valuzs here differ from those in Table 2 due to use of formula (27) in Table (2) for this instrument.

+ This value of H at 40 c. m. distance equuvalent to about 55, m.at places where the force equals *18000 C, G. s., is uncertain involving either
observational or instrumental error at that distance.
28. Whenever a discrepancy is observed between the adopted valu:a and )the }heoriucal value of P
. —2 —3 Y -2, =2 r 7 i
derived from P and Q by the equation P, = P4-Q (r, 47" + RO T ) V\,hethe:r partly
explainable as above or otherwise it is perhaps advantageous to put the shift or correction in H as

determined by experimental observations in the approximate form {vide formula (26))

H SP_PC - Q '
8H = ) fﬁ;l;z + it 2 -+ } (32)
or in the correct form (vide formula (23))
_By 7 Sy 7;14_1 +7y ) 2A
¢H = —/1 1(P—Po) ) + Q vt + ettty (3 )

B 1034—4
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instead of in the form v ‘
SH= — -};{er—z PN } (33)

The discrepancy may be due as much to observational error as to R ; to unrecognised peculiarities of
the magnet, 7o a progression in the value of P ; to instrumental error so well pointed out lately in detail
by Chree; or to all these causes combined. Observational errors of the nature of personal habit or bias
though constant like some instrumental errors introduce, errors in the value of H, different at different
distances, vitiating the correct law of distribution. When R is negligibly small the instrumental factors
perfect and no observational errors are involved then only is the relation.

Pop=_Qrit

"oy

(34)
satisfied and the shift SH= — ~I2~{Q st

~ 29. Incidentally it may be mentioned that the instrumental errors discussed by Chree cannot be
1solated from the observational values. Using Chree’s* notations and formula we have :—

¢ inclination of the deflected magnet to the meridian.

9046 . " to the line joining the magnets.
x=1nclination of the deflecting magnet.
Y= " ’ to horizon.

z=height of centre of deflecting magnet.
r=distance between the two magnets.

and
H Sin ¢ = 2 m r® cos ¢ cos x cos 8 (1 =4 tan 6 tan x) X

+ 27}2(1 — et ceenes
A2
NS
+%: tany (14...... ] (35)

The expression on the right may be taken for all practical purposes to be roughly equivalent to
A4+Br'4+Cr24+Dr2+ Er—4......

where the co-efficients of »~* and »~® may be taken to depend upon the probable errors and instrumental and
other defects due to various causes. As constants A, C, E, would already be involved and represented
in the results as given by the usual process in the evaluation of P and Q, the remaining factors particularly
B! may be specially taken as an appreciable and effective vitiating factor, and be requisitioned to explain
away the small discrepancies like those noted in the observations referred to., The inclusion of the alter-
nate factors B~ ...... in the equations for finding P and Q as used in paragraph (15) would at any rate
serve a useful purpose by indicating that the results of observations are not seriously faulty.

30. From the consideration of the distribution constants by themselves, the next step is to see how
far the interrelation between them and the moment of the standard magnet is evidenced in the Col4dba
series. ,

From the usual weekly observations of force, the monthly and annual means of the moment of the
standard magnet (No. 23) have been derived. The weekly observational values have been published
from year to year in the volumes of the Observatory. The monthly and annual means are collected in
table 4 in the last column of which are also given the annual decrement in the moment.

The magnetic moment of a magnet diminishes rapidly at first and then slowly as time advances.
This change 1s however, interfered with, in its regular decay by m.echan.xca] concussions or from a too
near proximity of other magnets or any heavy mass of iron. The disturbing effects of these causes have
been minimised at Coldba as much as practicable. The magnet has been very carefully handled and
when not in use it has been carefully placed in a special receptacle away from all heavy mass of iron and
always with the marked end in one direction—in the magnetic meridian. The deflector and deflecting
magnets were besides kept in separate boxes and away from each other. These precautions have not
improbably contributed to the steadiness in the value of P, which is known elsewhere in other observa-
tories to’have large fluctuations.

* Proc. Phys. Society, London, Vol. XIX.
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TABLE 4.—Mean monthly values of (observed) moment of standard magnet of
Coliba Standard Magnetometer.

Month.
D - Yearly
Years. I i ’ R Year. | decre-
January. F::);u' March. | April. | May. June. July. | August. Seg;f-m.‘Ortobcr. Nng;r?\- D;‘;Tn- ment.
| |
1867 | ' f 77324 | 76902 * 76670 | "76314 | *76099
1868 75850 | 75730 | 75455 | 74928 | ‘74347 | ‘74019 | 73831 | ‘73652 | '73421 | 73195 | 72723 | ‘72427 | ‘74131 1_02569
1869 72358 | '72365 | ‘72170 | 72023 | ‘71886 | ‘71597 | ‘71389 | ‘71262 | ‘71118 | ‘71004 | ‘70874 | '70694 | ‘71562
1870 ‘70672 | "70582 | '70552 | "70437 | "70378 | ‘70238 | ‘69964 | ‘69924 | ‘69804 | ‘69607 | ‘69578 | 69380 | ‘70095 S oner
1871 ‘69323 | "69284 | '69253 | "69228 | ‘69125 | ‘69015 | 68937 | ‘68942 | "68908 | ‘68883 | ‘68785 | ‘68689 | ‘69031 01004
1872 ‘68605 | ‘68621 | ‘68597 | "68572 | ‘68543 | 68389 | 68229 | ‘68195 | ‘68191 | ‘68153 | ‘68095 | ‘68067 | ‘68355 00?76
1873 67955 | 67924 | 67916 | ‘67891 | 67831 | ‘67746 | ‘67066 | ‘67544 | ‘67514 | ‘67512 | ‘67507 | ‘67462 | 67706 .‘00049
1874 ‘67382 | 67378 | 67373 | 67364 | '67336 | ‘67270 | ‘67239 | ‘67233 | ‘67180 | ‘67186 | 67120 | ‘67102 | ‘67264 | o0z
1875 ‘67051 | ‘67009 | ‘67019 | ‘66995 | ‘66960 | 66895 | ‘66860 | ‘66826 | ‘66796 | ‘66781 66764 | ‘66737 | ‘66891 L :Z:z
1876 ."66697 | 66699 | 66711 | ‘66732 | ‘66722 | ‘66665 | ‘66612 | ‘66504 | 66597 | ‘66575 | 663549 | ‘66498 | ‘66638 i'oozzo
1877 66432 | ‘66405 ] 66391 | 66380 | ‘66346 | ‘66306 | ‘66292 | ‘66277 | ‘60255 | ‘66222 I 66217 | 66170 | 66308 3 -
1878 ‘66163 | 66129 | 66120 | ‘66100 | ‘66078 | ‘66038 | ‘65992 | ‘65973 | 65953 | ‘65962 | 65936 | ‘65921 | 66031 1 00sT7
1879 65886 | 65873 | ‘65852 | 65838 | 65798 | 65787 | 65773 | 65761 | ‘65755 | 65723 . ‘65711 | 65692 | 65787 | oot
1880 65648 | 65674 | ‘65664 | '65639 | 65611 | 65554 | 65549 | 63525 | ‘65514 | ‘65494 %'65475 63476 | 65569 _00218
1881 65469 | ‘65425 | 65434 | 65407 | 65384 | ‘65353 | 65337 | 65306 | 65321 | ‘65297 ' ‘65295 | ‘65250 | ‘65357 1.002]2
1882 ‘65251 | 65236 | ‘65236 | ‘65212 | ‘65193 | 65162 | "65140 | ‘65129 | ‘63106 | ‘65075 | ‘65079 | 65082 | 65158 i 00199
1883 ‘65058 | 65051 65063 | 65053 | ‘65054 | 65030 | ‘64976 | 64952 | ‘64940 | ‘64960 . 64936 | 64936 | ‘65001 1~OOIS7
1884 64914 | 64907 | 64891 | 64885 | ‘64915 | 64898 | ‘64831 | 64813 | ‘64798 | 64800 i 64759 | ‘64715 | ‘64844 "00157
1885 64725 | 64706 | ‘64703 | 64700 | '64673 | 64048 | 64624 | 64616 | ‘64614 | 645905 5'64597 64586 | 64649 ;_00195
1886 64561 | 64547 | ‘64548 | ‘64541 | ‘64535 | 64489 | 64512 | ‘64472 | ‘64464 | 64469 ; 64427 | 64405 | '64497 '.:Zij:
1887 64414 | ‘64438 | 64409 | 64390 | '64404 | ‘64372 | '64361 | ‘64345 | 64337 | 04346 i 64353 | 64353 | '64377 00100
1888 "64337 | 64339 | ‘64307 | 64299 | "64288 | 64265 | "64237 | ‘64233 | 64239 ! ‘64246 g'64218 5'64210 64268 i‘
1889 ‘64196 | 64186 | ‘64183 | 64176 | "64162 | 64140 | 64142 ‘~64121 64118 i~64122 .'64107 !'64076 ‘64144 E oorzs
1890 64088 | ‘64077 | "64069 | "64050 | 64052 | "64041 | "64007 | ‘64008 | 63995 1'64002  *63086 | 63976 | 64030 %.Zzziz
1891 63983 | 63968 | ‘63945 63933 | 63924 | "63910 | 63892 | ‘63887 | ‘63868 %'63875 : 63866 | ‘63851 | ‘63908 3.
1892 ‘63853 | 63849 % 63849 63827 63825 | 63762 | ‘63781 | ‘63792 | ‘63798 ;'63803 § 63803 | 63791 | "63811 } 00097
1893 63779 | "63769 | 63743 | 03727 | 63706 | 63699 | 63690 | 63674 | 63677 E'63685 5‘63684 "63665 | ‘63708 j.ZZ;Zj
1894 "63658 | 63661 | ‘63628 | ‘63637 | ‘63649 | 63612 | ‘63616 | 63606 | ‘63607 i‘63599 . 63601 | 63363 | ‘63621 "00081
1895 '6358f 63560 | "63569 | 63570 | 63570 | "63520 | :63508 | ‘63513 | 63522 i'63539 63523 | 63498 | 63540 00073
1896 63500 | 63496 | ‘63484 | 63476 | ‘63475 | 63477 | 63434 | 63435 | 63452 g'63445 63462 | 63452 | 63467 0oofis
1897 ‘63441 | 63415 | 63413 | "63399 | ‘63385 | 63369 3'63337 "63373 | 03368 | 63369 | 63363 | ‘63356 | 63382 0008
1898 63358 | '63305 | 63327 | 63304 | ‘63299 | ‘63277 ;'63281 63276 | 63270 %-63267 63269 | 63281 | ‘63293 00160
1899 ‘63202 | 63141 | 63122 | ‘63122 | "63083 | ‘63092 | ‘63002 | ‘63069 | ‘63086 !'63082 63079 | 63068 | ‘63103 0005
1900 63063 | 63068 | ‘63069 | ‘63041 63059 | 63037 | ‘63045 | ‘63033 | ‘63032 | 63031 63020 | "63029 | ‘63044 .
1901 }‘63019 63028 | 63032 | 62991 | 62990 | ‘62981 | 62985 | ‘62977 | ‘62971 %'62980 62979 | 62987 | 62993 .Zzzzz
1902 62984 | 62975 | "62960 | 62951 | ‘62929 | ‘62026 | ‘62929 | ‘62931 '62933‘! 62918 | ‘620928 | 62940 | 62942 0060
1903 "62933 62928 | '62913 | '62899 ! 62894 | ‘62831 | ‘62856 | 62875 | ‘62869 j'62847 62831 | ‘62887 | ‘62882 00065
1904 ‘62792 | 62808 | 62833 | 62829 1'62822 62823 | 62822 | ‘62822 | 62812 | ‘62811 | ‘62825 | 62810 | "62817
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31. An examination of the series in column 3, table 42 showed that it was possible to reduce it to

some simple law and after trials the following equation was used :—
AM=A+Bt"

where AM i1s the annual decrement of the moment, t is the time in years reckoned from the starting year
18680 and A and B are some constants. The values of the constants were derived, in the usual way by the
method of least squares and the calculated values of AM were found to agree fairly well throughout the
period with the observed values, except for the year intervals 1868-69, 1870-71, 1872-73, 1875-76, 1884-85
and 1898-99. These faulty intervals were hence omitted from the 36 values and fresh calculations were
made from which the values of the constants A and B were finally rederived. These are given at the
foot of the table 4a while column 4 gives the calculated values of AM from which the figures in the
succeeding columns have been calculated.

Column 9 which gives the differences between the observed and calculated moments, shows
how far the equation actually represents the true conditions.

The faulty years are clearly marked and show that with the exception of the interval 1875-76
" which indicates a small retardation in the rate of loss, all the other cases exhibit an abrupt excess in the
decrement of the moment. These dislocations appear in column 6 the most serious of which is that of
1898-99 indicating an abrupt loss of moment of ‘oo119, when the annual decrement amounts to "0oo%1
only. This is due to the severe concussion which the magnet was known to have received (it had
dropped from the observer’s hand on to the top of the observation pillar fortunately without any other
serious injury) on 4th January 1899. The observations, that day [vide Volume 1898-gg, Table of
results of absolute magnetical observations, page 15], clearly show the effect of the mischief. There
is a sudden drop in the observed value of the moment, as compared with those of previous observations
and what is of graver significance, it had resulted also in a sudden and temporary dislocation of the
distribution constant. The value of H which by the application of the correction due to the adopted
value of P_ should give almost equal values at the two distances of observation, gave that day a
difference of as much as ‘o050 English Units or "ooo22 ¢. G. S. Units (page 15, Table of results of
absolute observation Volume, 1898-99). Subsequent weekly observations, however, showed that while
the loss in the moment of the magnet was of course permanent, the disturbing effect on the distribution
constant was of a temporary character only and had passed away before the next observation day
leaving no appreciable permanent change.

32. The magnitudes of similar abrupt losses or dislocations in other years had, it will be seen from
columns 5 and 6, never been nearly so large, and being within the limit of the annual rate of loss they
are well masked by irregularities and probable errors of observation. The accident of January 1899, so
well marked in the series of M, has no corresponding movement indicated in the annual means of P,
(table 1a) as naturally such parallel movement would be exhibited if the disturbance had permanently
affected the distribution constant.

Evidence of such abrupt and parallel movements in the annual means of P, (vzde column 5,
table 1a) though very small and unconvincing, is, however, noticeable in the year 1876 and 1885-1886
which record the large errors, ‘00048, "0oo25 and ‘00038. These years happen to be common to the
disturbed years indicated in column 6 of the moment series, and the parallelism of the movements
in magnitude and direction is fairly marked. ~ If the calculated series of P,and M and the two formulae
are accepted as correctly representing the condition and progressive decay of each element in the Coldba
magnet, it follows that P,&/ M would approximately be a constant quantity. This is shown in columns
6 and 7, table 4b.

34. We have seen how far, in view of the small uncertainty in the distribution constant, the absolute
determinations of force by the Coliba standard magnet can be relied upon for accuracy; and the con-
stant which falls next to be examined is that of the moment of inertia. The values of z* K communicated
from Kew, and those adopted in the reductions of the standard and other instruments, with their mean
observed values to date, have been collected for reference in table 3a.

A detailed examination of the values of moment of inertia of the standard magnet derived from
observations at Coldba may be of special interest as the values collected extend over a period of 37 years.

In the vibration experiment which gives the values of mH the most important constant involved is K,
the moment of inertia of the magnet. The equation of motion is

a0

K. ZitT+mH sin @ = o; (36)
and 1if 6, the arc of vibration, i1s kept as small as possible,
a0
we have K‘“Et_-' +m HO0=o B (37)
. Hence T, the time of a small oscillation, is given by the equation T = 2 = I%‘_‘I (38)

We have also mH = ‘LIAK"‘— (39)
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TABLE 4a.—Annual values of observed and calculated moment TABLE 40
of the standard magnet calculated AM=A+ Bt
Yearly Difference | . . Difference Values Values
Values | decre- | 1. of AM and Dc:flftff:in Calcu- | of Mand of M \F{al(lixes. Ofd VefouMes Values of V;hi;?w f P 4M| Difference
v of M ment 1 calculated P \Values| lated | calculated derived | *o ZETIVEd) © P_calcula- ° from or
ear. _ ated change in Year. from calcula- | [ | from
or (mo of M AM AM or the value of t. | values M or from b db ted from a b d calcula- [column 6—]
ment). or " |eolumn 3—i ", Mu of M. |column 2— obser- obser- tfe Yla formula, |0°3€TVe ted | column 7.
AM. column 4. : column 8. vations, | vations. | tormufa. { SCries. | series.
! |
— — —
ro e ; 3 4+ s 6 7 ’ 8 9 x 2 3 i 4 s 6 | 7 8
! _ L ! i ) L
i 1 ; ! {
1869 ... ‘71562 ; i 71877 | —'oo001}3 1869 ...| 71562 | —'00665 i ‘71577 | —'00046 | ‘00612 ' 00504 | + 00018
g ‘01467 1 '01445 | + 00022 2 | ‘ i
1870 ...' 70095 | ' 70132 | ~'00037 1870 ...| ‘70095 | ‘00625 = 70132 | —~'00647 | 00§72 | ‘00502 | — 00020
i ‘01064 ' 00956 +-00108 3 | i
1871 ..., ‘69031 \ . *69068 | —'00037 1871 ...| 69031 | —-00652 | ‘69068 | —'00648 | ‘00594 ; ‘00591 | -+°00003
i ‘00676 = 00711 | =="00035 4 X ‘
1872 ...I 68355 | 68357 | — 00002 1872 ...| ‘68355 | —'00630 ‘68357 | —'00648 | ‘00573 , 00589 | —"00016
000649 } ‘00564 + 00085 5 i i 1
1873 .... "67706 ! ‘67708 | —-00002 1873 ...| 67706 | ~--00665 ; ‘67708 J —~'00649 | 00603 | "00589 | -+ 00014
00442 | '00466 | —'00024 6 : |
1874 ..., 67204 : . 67242 | -+'00022 1874 ...| ‘67264 | -'00647 . ‘67242 | —'00050 | 00586 | 00589 | —'00003
‘00373 i ‘00396 | —'00023 7 ‘ ‘
1875 ...| "66891 i ‘66846 | +°00045 1875 ...| ‘66891 | —'00638 = ‘66846 | —-00630 | ‘00577 . '00588 | =-‘00OII
: ‘00253 | 00343 —'00090 | 8 f ; \
1876 e ‘66638 ‘66593 | +°00045 1876 ...| 66638 | —-00603 | ‘66593 ‘ —-00051 00345 | 00588 | —°00043
i '00330 | 00303 | +°'00027 9 ) : i
1877 ‘ 66308 i | '66290 | +-00018 | | 1877 ..., "66308 | - 00625 | '66290r —-00652 | ‘00564 | 00588 | —-00024
| ‘00277 | 00270 | -+ 00007 10 | . ' :
1878 ... 66031 | i 66020 | + 00011 1878 ...| 66031 = —"00669 , 66020 j ~--00652 | ‘00603 ; 00588 | +-o0OI§
| '00244 | 00243 | + 00001 |11 ‘ ‘
1879 ...| 65787 : | 65777 | +'oool0 1879 ...| 65787 | —-00674 65777 | —°'00653 | "00607 | 00588 | 00019
| ‘00218 | "00221 | —'00003 12 ‘ ‘
1880 ...| 65560 : . '65556 | -+-00013 1880 ...| 63569 | —--00674 ' 65556 | —'00654 | "00606 | ‘00588 | + 00018
‘00212 | ‘00202 | -+ 00010 13 ‘ ‘ |
1881 ...| "65357 i 65354 | +'00003 1881 ...| 63357 | —'00669 | 65354 | —'00655 | ‘00602 | ‘00589 | -'00013
‘00199 | "00186 | + ‘00013 4 : i
1882 ...| '65158 1 ‘65168 | —'00010 1882 ...| ‘65158 | —-00669 i ‘63168 | —'00655 | ‘00601 , "00389 | -+'00OI2
'001§7 | "00172 | =—'0001§ I3 i |
1883 ...| ‘65001 ‘ ., 64996 | -+'00005 1883 ...| 65001 | —'00G69 | 64996 | ~'go656 | ‘00601 | 00589 | +'00012
‘00157 ‘ ‘00160 | =—"00003 16 ; !
1884 .... ‘64844 ; ‘64836 | + 00008 1884 ...| ‘64844 | —'00643 & ‘64836 | —'00657 | "00577 ' 00590 | —°00013
‘00195 | ‘00149 + 00046 17 i
1885 ... "64649 ‘ i '64641 | -+ 00008 1885 ...| 64649 ! —'00682 & ‘64641 | —'00657 | "00012 ! 00389 | -'00023
‘00152 | ‘00139 | + 00013 8 | |
1886 ... '64497 ’ ’ ‘64502 | —"00005§ 1886 ...| ‘64497 | —'00696 @ ‘64502 | —'00658 00624 | 00590 | +°00034
‘00120 | 00131 | —'0001I 19 !
1887 ...| "64377 | 1 ‘64371 | +'00006 | 1 1887 ...| ‘64377 | — 00652 | “64371 | —'00659 | "00584 | 00590 | —°00006
‘00109 | ‘00123 | —'00014 20 | i
1888 ...| ‘64268 | | "64248 | 00020 1888 ...| ‘64268 | — 00630 } ‘64248 | —'00659 | 00564 | "00500 | —"00026
‘00124 | ‘00116 | + 00008 21 :
1889 ...| ‘64144 ‘64132 | +'00012 1889 ...| ‘64144 | —'00656 & 64132 — 00660 | ‘00587 | 00591 | —'00004
‘00114 | "00ILO | + ‘00004 22
1890 ...; 64030 ! '64022 | -+ '00008 1890 ...| ‘64030 | —'00643 | '64022 | — 00661 00575 | 00591 - 00016
‘00122 | "00104 | + 00018 23
1891 ...| "63908 | ‘63918 | —‘'00010 1801 ...| ‘63908 | —-00678 | ‘63918 | —'00661 | ‘00606 | 00591 | 00015
’ ‘00097 | "00098 | —'00001 . 24
1892 ...| 63811 ‘ 63820 | —'00009 1892 ...| ‘63811 | —-00682 | 63820 | —'00662 | ‘00610 | "00592 | +’'00018
i "00103 | ‘00094 | - ‘00009 I 25
1893 ...; "63708 ; 63726 | —"00018 1893 ...| ‘63708 | —'00665 . ‘63726 | —'00663 | "00594 | ‘00592 | -+°00002
| '00087 | 00089 | —"00002 i 26 |
1894 ...I 63621 I *63637 | —00018 1894 ...| ‘63621 | —-00660 | 63637 | —°00663 | ‘00589 | 00592 | —'00003
! ‘00081 : ‘00085 | —'00004 27 ’
1895 ..." 63540 | ! *63552 | —'00012 1895 ...| 63540 | —-00682 | ‘63552 | — 00664 | ‘00609 | ‘00593 +°00016
i *00073 | ‘00081 [ —'00008 28 !
1896 o 63467 | 63471 | —'00004 1896 ...| 63467 | —'00691 | ‘63471 | —'00665 | "00617 | ‘00504 | -+ 00023
' ‘00085 | ‘00077 | +°00008 29 !
1897 ... ‘63382 | i 63394 | —-00012 1897 ...| 63382 | —-00678 | 63394 | —'00665 | "00605 | 00593 | -+ 00012
{ '00089 | ‘00074 | +'00015 30 |
1898 .... 63293 63320 | —"00027 1808 ...| 63293 | — ‘00660 f ‘63320 | —'00666 | ‘00589 | "00504 | —’00005
| ‘00190 | 00071 400119 31 !
1899 .. '63103 ‘63130 | —'00027 1899 ...| 63103 | —'00652 | ‘63130 | —'00667 | ‘00§81 | "00595 | —'00014
! ‘00059 | 00068 | ~'00009 32 }
1900 ...' 63044 63062 | —"00018 1900 ...| ‘63044 | —-00660 | ‘63062 | —-00667 | "00588 | "00594 | ~ ‘00006
' ‘00051 | '00065 | —"00014 33 )
1901 .... ‘62993 62997 | — 00004 1901 ...| ‘62993 | —-'00652 | 62997 | —'00668 | ‘00581 | "00595 | —‘000I4
! ‘00051 | ‘00062 | —="000TI 34
1902 ...| ‘62942 ‘62935 | + 00007 1902 ...| '62042 | —'00652 | ‘62935 | —'00669 | 00581 ; ‘00596 | —-00OIS
*00060 | ‘00060 00000 35
1903 ...| '62882 62875 | +-00007 1903 ...| 62882 | —'00065 | ‘62875 | —"00669 | ‘00592 ‘00596 { — ‘00004
‘00065 | ‘00058 | +'00007 . 36
1904 ..., ‘62817 | 62817 *00000 1904 ...| 62817 | —-00665 | ‘62817 | —'00670 [ ‘00592 '00596 | —°00004

Constants ; A = —-0002430; B = +°029387.
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It is possible to work out the value of Km theoretically if the magnet is of some regular shape,
but as it is usually carried by a stirrup of irregular form, its moment of inertia can only be indirectly
obtained by experiment. This is done by observing the period of the magnet first by itself and then with
its moment of inertia increased by a known amount by the addition of an auxiliary cylinder in the carrier
of the magnet. 1f T, and T are the periods of vibration with and without the auxiliary cylinder and K.
the known moment of inertia of the auxiliary bar, we have

Km - Km+Kc
T T T E (40)
whence Kn = K. T—;—r_ifr, (41)

Applying the necessary correction we have
K, = K, L2 (e6) (¢, =80)]

T U

e and ¢ being the linear expansion of brass and steel respectively; t? and t being the temperature
during the vibration experiment without and with the inertia cylinder respectively.

The value of Km so derived experimentally from month to month and year to year from 1868 to
1904 are given in table 5.

The value of Ky communicated in 1868 in the certificate from Kew was 42071 while that adopted
at Colaba -—the mean of a series of five sets of observations was 42030 which value has been used through-
out the period in the reductions.

35. A glance at the table shows that while the mean values of K to date in column 5 show a
fairly close approximation to the adopted value used in the reductions throughout the period of 37 years,
their values as given by single determinations however are somewhat divergent. It is difficult to
believe how observers who have been trained for years to their work and whose probable error of a single
determination of the value of horizontal force (which among other factors involves the determination of
the time of vibration of the magnet without the inertia cylinder) is not greater than ‘ocooz2s of the whole
force, canin the vibration experiment wz// the inertia cylinder allow errors of a considerably large magnitude
to creep in in their results.

36. Another feature disclosed in the seriesis a small but unmistakable growth in the value of
K which should theoretically be an absolute constant. The mean annual values of Ki, for the period
1868 to 1888 (vide column 4) are as consistently above 42000 as they are thereafter in the later period below
this value. It can hardly be explained as a result of probable errors, and this discrepancy, along with that
alluded to in paragraph 35 tends to strengthen the suspicion that the observations are probably affected
by some as yet unrecognised source of error which the theory of the experiment possibly omits to take
into account.

37. Referring to the cause of the uncertainty in the accurate determination of the exact period
of vibration of the magnet loaded with the inertia bar, it may be noted that the same force has to move
almost treble the mass when the inertia baris mounted and the period becoming slow (the period of
vibration of the Colaba Standard Magnet with the inertia bar is over 5 seconds) the laboured motion may
become sensitive and susceptible to interference by what in other circumstances would be regarded as
insignificant factors. Small convective and other irregular currents of air in the magnet chamber, however
well closed it may be, may be sufficiently effective ‘in disturbing the weakened and slow swing of the
magnet. To those familiar with the behaviour of delicately adjusted horizontal or other pendulums of a
large and sometimes even moderate period of oscillations, this disturbing effect is well known. It is
therefore, conceivable that such disturbing effects may be responsible to some extent at least for the
large fluctuations noticed in the values of single observations. This effect, it was experimentally
ascertained could to some extent be reduced by increasing the semi-arc of vibration which has been usually
kept here within 25’, to the maximum allowable limit 100" which, with the proper correction, enables
more consistent values of Ky, to be secured.

38. Another seemingly plausible though not probable source of error was also examined. The
magnet rests in its carrier once for all iitially adjusted and compensated for dip. The centre of
gravity of the mass would thus have a definite position in relation to the axis of rotation. When the
auxiliary cylinder is introduced, this departure of the centre of mass from the axis of rotation may be
appreciably altered by the cylinder resting in slightly different positions in different experiments. Though
this source of error is fairly secured against by the reading of the vertical scale, the steady growth in the dip
extending over a period of 37 years, may introduce an alteration of conditions. To find whether this could
have any appreciable effect, experiments were performed by setting the cylinder in two extreme positions in
the carrier so as to allow the vertical scale in the magnet to be just visible at the top and at the bottom
alternately in the field of view. In both cases the change in the value of Km was found to be small, but from
the magnitude of the change it appeared to be unlikely that any small variation in the position of the cylinder

(42)
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Number| Values of Yearl
of obser-; Km. of carty
Date of vations each mean
observation. upto observa- valKues of
date. tion. m.
1 2 3 4
1868.
July 16 1 42036
.o 22 2 42045 L
.29 3 41968
Aug. 5 4 42046 |
S ¢ 5 42055
, 19 6 42042
. 20 7 42004
Sept. 2 8 42082
" 9 9 41995
w23 10 4'1963
. 30 11 4°2003
Oct. 7 12 4°2034 b 42017
» o 14 13 472054
o 21 14 42085
. 28 15 41986
Nov. 4 16 4.1917
w11 17 41959
. 18 18 42053
w25 19 42024
Dec. 2 20 42040
" 9 21 4°2050
» 16 22 | 4’1903
w30 23 | 41994 )
|
1869. ‘r
Jan. 13 24 | 41954 )
s 20 25 | 4'200I |
w27 26 | 41916
Feb. 3 27 41812
, 10 28 41786
Ve 7 29 4'1275
Mar. 3 30 41814
April 7 31 41960 ;,} 41969
May 12 32 42136
June 2 33 41991
July 7 34 41887
Aug. 7 35 4'2072
Sept. 2 36 4°2017
Oct. 6 37 42185
Nov. 10 38 41985
Dec. 1 39 4’2113 )
1870.
Jan. 3 40 42031 )
Feb. ¢ 41 42109 |
Mar.. 2 42 42029 !
April 6 43 42061 {
s B
une 1 4 42244
July 6 4§ 41960 | ¢ 42061
Aug. 3 47 | 41942
Sept. 14 48 41964 i
Oct. 5 49 42044 |
Nov. ¢ 50 42062
» 16 51 42111 »[
Dec. 7 52 42024 )
|
1871 l
Jan. 11 L. 53 42019 |
Feb. 1 and 2 34 42047 | l
Mar, 8 ... 55 42055 |
Slpnlxz ol 56 4'2022 ‘I
ay 17 57 | 4212
June 7 58 42060 \I} 4°2043
July 12 59 42088 ’I
Aug. 2 60 41990 ||
Sept. 6 61 42045 II
Oct. 6 62 41719 ,‘
Nov. 1 63 42128 w
Dec. 6 64 4'2221 ‘j

Mean
value of
Km. to

date.

Value com-
municated|
from Kew|

4'2071

4'2017

41998

42013

42019

|
Values of |

Number Yearl
of obser-1 Km. of earty
Date of SN ach | mean
observation, vations wa i values of
upto observa- K
date. tion. | m.
(. —
i
1 2 3 . 4
|
e I }
1872.
Jan. 10 65 | 42109 |
Feb. 14 66 | 42141
Mar. 6 67 42148
April 10 68 | 42133
May 1 69 | 42087
June 5 70 i 42154
July 10 71 1 42134 | & 42121
Aug. 14 72 |  4'2037
Sept. 4 73 | 42003
Oct. g9 ... 74 | 42006
Nov. 13 and 75 | 42204
15. !
Dec. 4 76 ‘ 42173 )
|
1873. ‘;
\
Jan. 10 77 | 42129 |)
Feb. 12 78 | 42006 ||
Mar. 19 79 . 42075 ||
April 9 80 | 42070 ||
May 14 81 42001 | |
Jun: 4 82 | 42040 | 42086
July o 83 | 420068 ||
Aug. 13 84 | 42047 !
Sept. 3 85 | 42077 ||
Oct. 8 86 | 42067 ||
Nov. 12 87 | 42132 ||
Dec. 3 88 ; 42141 |
\
1874. \
Jan. 89 ‘ 42060 |
Feb. 90 l 42094
Mar. o1 | 42092
April 92 | 42086
May 93 | 4'2076 |
June 94 | 42062 || 42055
July 95 . 42052
Aug. 96 | 42080
Sept. 97 ‘ 42073
Oct. 08 | 41958
Nov. 99 | 42042
Dec. 100 | 41980 iJ
|
1875. i
Jan. 101 | 42018 |)
Feb. 102 | 42058 |
Mar. 103 | 42042 ||
April 104 | 41969
May 105 | 4zo10
June 106 | 42055 | ¢ 42013
July 107 | 41929
Aug. 108 | 4201z
Sept. 109 . 41988
Oct. 110 } 42016
Nov. 111 | 4'2008
Dec. 11z | 42057 |J
1876. i
|
Jan. 113 | 42049 |
Feb. 114 | 42085
Mar. 115 | 4'2092.
April 116 1 42062
May 117 42078 ||
June 118 42097 | ¢ 42067
July 119 42104
Aug. 120 42102
Sept. 121 4°2059
Oct. 122 42044
Nov. 123 | 42018
Dec. 124 \ 4°2012 ‘J
1

Mean Number | Values of l Yearly Mean
; ! o Z
value of Date of ‘Of 2.b‘”“j' Krf“ sf mean value of
Km. to | observation, | VAHons eac values of Km. to
upto observa- N
date. 4 . Km. date.
ate. tion.
5 1 2 | 3 4 5
S | S
1877.
Jan. 125 42068 |
Feb. 126 420583 |
Mar. 127 42045 [
April 128 42125 l
May 129 42049 H
June 130 42086 | ¢ 42047 4'2043
42035 | July 131 42018 l
Aug. 132 41993 | |
Sept. 133 42011
Oct. 134 42040
Nov. 135 42052
Dec. 136 42029 |)J
1878.
Jan. 137 42036 |\
Feb. 138 42042 ||
Mar. 139 41992 |
April 140 41997 |
May 41 42004 ||
June 142 42082 |+ 42012 42041
42042 | July 143 41982 |
Aug. 144 41959 |}
Sept. 145 42024 ||
Oct. 146 41986 |
Nov. 147 42003 |}
Dec. 148 42032 |)
1879.
Jan. 149 42035 |}
Feb. 150 41996 :
Mar. 151 42008 !
April 152 42024 ||
May 153 42002 | |
June 154 42000 |¢ 41996 42037
42044 | July 155 41973 |}
Aug. 156 41933 |
Sept. 157 41993 |
Oct. 158 41987 ||
Nov. 159 42015 |
Dec. 160 41985 1)
1880. '
Jan. 161 41993 |}
Feb. 162 42055 ||
Mar. 163 42071 |’
April 164 42075
May 165 42036 ||
June 166 4°2061 - 4’2029 4'2037
42040 | July 167 41973 ||
Aug. 168 4°2024 i
Sept. 169 41988 | !
Oct. 1 170 42006 ||
Nov. 17 41971 |1
Dec. o172 42003 |J
\
J
1881.
Mar. 173 42038 )
June 174 42050 1L 4087 | 420
Sept. 175 42006 S 4'2057 42037
Dec. 176 42136 |-
42043
1882.
Mar. 177 4'1966
June 178 4'2032 -201 “20
Sept. 179 41969 4014 | 42037
Dec. 180 42089

Up to 1880 the determination of the inertia constant was made once every month.

From 1881 the values were obtained once every quarter.
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TABLE 5—continued— Values of K.

Number | Values of | Number | Values of l Number | Values of
: Yearly Mean Yearly Mean ! Yearly Mean
Date of of (t).bser- Km. }?t mean value of Date of of 3bser- Km.};)f mean value of Date of of i)'bser- Km.hof mean value of
observation. | VAUons eac values of | Km.to | observation. | V210NS cac values of | Km. to | observation, : Y310nS cac values of Km. to
upto observa- upto observa- upto observa-
: Km. date. K Km. date. . Km. date.
date. tion. date. tion. | date. tion,
l . B
1 2 3 4 5 1 2 3 4 5 I 1‘ 2 3 4 5
1883. 1893. 1903.
}Vlar. 131 4~2021 }Vlar. 221 4'195; }\/Iar. zg: 4'1927 ?
une 182 42064 . . une 222 4195 . . une 262 41959 . .
Sept. 183 42001 42074 42038 Sept. 223 4°1943 41947 4'2030 Sept. 263 41936 S 41948 42012
Dec. 184 42052 Dec. 224 41937 De-. 264 41971
1884. 1804. 1904. 1
Mar. 185 42078 | Mar. 225 41926
June 186 42130 2153 2040 June 226 41938 2 ‘101 42028 Mar. 265 42072 | .
Sept. 187 42154 4 4204 Sept. 227 41867 5 41917 June 266 41892 2 1066 | 2011
Dec. 188 42251 Dec. 228 41936 Sept. 267 41985 5 419 4
Dec. 268 4'1916
1885, 1895.
}Vlar. 189 42274 -1]VIar. 229 41973 Z
une 190 42177 . . une 230 4'2005 . .
Sept. 191 41961 42096 42041 Sept. 231 4'1963 5 41985 42027
Dec. 192 41974 Dec. 232 42001
TABLE 35a.
1886. 1896.
)
?”Iar. 103 | 41066 Z me’ 233 | 41990 ) Mean Values of log =K.
une 104 42009 . . une 234 4'2013 . .
Sept. 195 4'1990 5 42005 4'2040 Sept. 235 41996 g 4198 42020 -
Dec. 196 420583 Dec. 236 41923 |/ \ Mean Values of log #2K.
|
1887. 1897. ‘ -E _q_i g = é’
.| =@ E
M . . N . . ) e
e 3 e VA B | S5 B0 | s | yaosy | UrierMagnetomerer | E5 | gf | F43
Sept. 190 | 41058 || 42040 | Sept, 29 | 41931 |\ #1859 - B
ec. 200 4'1965 Dec. 240 41815 o8 =g g(_._% 2
= e = =
' \ 2% | B8y 255
1888. 1808. ! a2 Zo8 2 &
Mar. 201 41941 ) Mar. 241 41604
June 202 42097 | [ 41097 . June 242 4'1903 1826 42021 No. 137 by Dover Charlton. | 340273 3°40194 | 3'40182
Sept. 203 41937 5 99 42039 | Sept. 243 41916 S 4185 ke and i .
Dec. 204 42014 Dec. 244 #1910 | No. 7 by Cooke and Sons. | 339931 : 340031 | 339995
No.2 by Cambridge ‘l
'(889_ 1899. Scientific Instrument Co.... | 344108 {3‘44098 3'44100
-IIVIar. zog 4'1927 ) }Vlar. 24g 41835 ) . Ad 4
une | 20 41965 | . . une 24 41901 L. . opte
Sept. 207 41923 > 41942 42037 | Sept. 247 41892 S 41896 42019 as at
Dec. 208 41954 Dec. 248 41936 Kew,
No. 5 by Cooke and Sons ... | 3°37888 !3'37888
18g0. 1900. e R
}Vlar 209 41942 }\’Iar. 249 41788 2
une 210 42027 . . une 250 41907 . . No. 23 Colaba Standard* ... | 161828 | 161786 |16
Sept. 211 41046 41963 42036 Sept. 281 41837 \ 41851 42016 3 Colaba a 7 161766
Dec. 212 41939 Dec. 252 41874
* The values are in English Unit.
1891. 1901.
-1]\/[ar. 213 4'1943 -l]VIar. 253 41822 ?
une 214 4104 . . une 254 41904 L - .
Sept. 215 41852 41891 42033 Sept. 255 41907 S 471890 472015
Dec. 216 41818 Dec. 256 4'1929
1892. 1902.
}Vlar. 21; 41917 }Vlar. 25; 41918 ?
une 21 4°2055 . . une 25 41903 [ . .
Sept. 219 41921 41937 42031 Sept. 259 41939 |\ 41926 42013
Dec. 220 41857 Dec. 260 4'1945
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possible under ordinary conditions of observations, could introduce any error of the order noticed. Nor
does it seem probable that a change of about 3° which occurred in the inclination from 1868 to 1904 at
Colaba could appreciably affect a magnet with the type of suspension arrangement used for supporting the
magnet and inertia bar with a bunch of about 4 fibres of silk which having an appreciable breadth, could
hardly affect the value of Km appreciably.

39. Referring however, to the slow change noted in K, it is possible that it may be affected
by a change in the mass of the magnet which, by long use especially in a warm and moist climate like that
of Bombay, may by the slow process of oxidation lose some of its mass. The original weight of the
auxiliary brass bar was 102803 grains (vide volume for 1865-70, page XXXIII) ; when lately weighed,
the weight was found to be the same. But the original weight of the magnet with its carrier (vide
idem) was 655 grs. Its weight carefully taken lately was however found to be about 652 grs. That the
mass of the magnet has diminished there seems to be little doubt. It would be impossible however to
get any idea of the effect as the erosion could not be either regular or uniform and could not be located
definitely. But whether this fully explains the discrepancy, appears to be doubtful. Whatever be the
cause assuming, however, for the moment that the value of Ki, which stood in 1868 at 4'2030, was correct
and that it has gradually and uniformly diminished by an amount equal to twice the difference between
the starting value and the mean value to date (vzde col. 5, table 5) [that is by 2 (42030 —4'2011) = "0038]
and thus stands now at (42030 —'0038) =4'1992, it would mean that an error of 0’4y in the absolute value
of force was steadily growing every year and after 37 years, the overestimation now amounts to so much
as 15y in the value of H ; the effect of this would be to accentuate to some extent the growth in the value
of H due to slow change in P, which happens to have a similar effect. Whether this conclusion can
be consistently accepted after the unexpectedly close agreement between the determinations of the
standard instrument with those of other magnetometers, appears to be problematic. At Colaba one
value of K as of P, has been adopted in the reductions.  The constancy of these factors has of course been
taken for granted, the reason being that the use in the reductions, of fresh values of K, and P, derived every
month or every quarter of a year would hardly be admissible as the observational errors would be certain to
vitiate the fine changes in the annual and secular growth of H.  The points disclosed suggest at any rate
the absolute necessity of the duplication of the absolute work by two independent sets of instruments
at least in all large observatories. ~With regard to the small uncertainty revealed in the above
discussion after considering the question in all its bearings whatever can be urged for the close agree-
ment in the result of the comparison of the five magnetometers it cannct be denied that some uncertainty
in regard to the result does prevail, and this is inevitable in the present type of instrument and magnets ;
and refined accuracy in the final value of H is hardly possible under conditions which obtain at present.
The series of absolute values however has not been in any way modified and the results of the observa-
tions with the Kew standard magnetometer as defining the phenomenon have been taken up for discussion
in Part II of this volume without being otherwise tampered with.

40. In regard to the character of the observational work in connection with the determination of
the values of H the probable errors have been derived from observations of a few years arbitrarily
selected and these are given below. The total number of observations during each year is 104 or
106 the monthly means of the observed values are collected in table 6.

The observations of any particular month are averaged to determine the constant of the magnetograph
for the month. It is obvious that if there are no observational errors and if the zero of the magnetograph
does not appreciably vary during the month, the observed and the computed values would all be the same.
The magnetograph zero after being corrected for creep and temperature (vide Chapter II) may be
assumed to remain steady for the month and hence the difference if any between the observed and the calcu-
lated values practically measures the probable error of a single determination. All observations in the year
have been treated together in the usual way by least squares and the errors found were as follows : —

Table 7—Probable errors.
Unity = 1y = "oooo1 C. G. S.

1878. 1879. 1884. . 188s5. 1894. 1895. 1904. | 1QO5.
R \ |

Probable error of a single determination. +70 +77 +89 +76 +65 +62 ! 481 ; +92
!
|

Probable error of the monthly mean ... +2'4 + 26 +30 +2'6 +22 +21 +27 ] +31
|
|
J

Probable error of the annual mean + 7 + 7 + 9 + 7 + 6 + .5t + -81 + 9
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TABLE 6.—Mean monthly (observed) Values of Horizontal Force by Colaba Standard
Magnetometer, No 23.

37,000y +
Month.
Years. Ty ‘ I N 177 1 o T Year.
January i‘iy. ! March. | April. * May. June. July. | August. Segz:fn' October. Nc{::f" Debc::q_
| | | | ! o
1868 167 143 162 161 170 194 187 112 138 180 190 “ 158 163
1869 170 204 188 170 ‘ 139 | 201 207 178 214 184 205 \ 175 186
1870 188 105 236 208 ‘ 212 . 264 235 241 " 209 203 200 249 220
1871 241 251 243 229 229 251 264 259 266 255 235 214 245
1872 222 229 264 289 290 | 276 260 261 259 234 241 253 - 256
1873 232 260 | 269 ‘ 281 282 } 289 ‘ 296 277 268 280 274 278  274
1874 288 279 289 ‘ 288 301 300 315 324 . 310 307 305 309 301
1875 306 308 316 321 . 324 I 33t 326 327 324 337 335 324 323
1876 323 32t 34 555 356 353 361 362 349 | 351 355 340 | 347
1877 349 . 355 338 356 g2 340 356 349 34 365 360 ‘ 360 353
1878 366 349 376 ‘ 358 . 350 347 i 383 374 377 370 377 ‘ 383 367
1879 368 378 38 399 58| a8 04 380 78| 388 g6 877, 382
1880 397 402 393 419 387 377 387 384 342 363 347 ‘ 362 380
1881 374 360 378 | 572 383 3831 390 388 368 377 346 360 374
1882 364 369 379 ‘ 353 354 | 356 367 363 359 353 341 ; 345 359
1883 365 | 367 352 i 354 389 & 395, 396 404 398 410 422 412 389
1884 420 | 412 437 ‘ 461 ‘ 450, 460 450 . 454 432 422 422 1 427 437
1885 428 | 426 437 ‘ 420 42r 1 436 434 427 412 433 433 ‘ 419 427
1886 412 427 430 : 420 } 421 ‘ 424 ‘ 414 430 417 411 396 380 415
1887 4t 425 416 44 413 o4z 425 417 4m 434 430 416 | 421
1888 426 ' 443 454 ‘ 432 433 5 441 | 437 435 437 444 415 1 435 436
1889 430 442 431 445 432 . 443 ‘ 442 442 430 444 437 . 443 438
1890 438 437 . 448 ‘ 445 447 “ 450 ' 459 456 | 434 443 440 ‘ 441 445
1891 450 440 4331 431 44z, 4 450 437 425 | 438 445 as4 | a4r
1892 413 426 | 409 434 399 1 413 380 424 444 435 458 447 424
1893 (4% 437 438 442 456 ‘ 449 447 431 423 428 431 ' 430 437
1894 416 406 438 427 446 | 44z 422 416 410\ 430 408 444 | 426
1895 422 439 433 442 453 448 ' 442 447 434 448 459 © 439 444
1896 473 444 | 479 460 460 ‘ 471 460 460 455 468 469 463 463
1897 .. 460 475 469 ' 438 1 464 ‘ 473 483 459 474 459 454 ° 444 463
1898 447 | 465 421 440 450 4 454 . 450 441 428 447 43 453 445
1899 ; 457 438 433 447 1 458 454 1 a4s i 450 431 448 457 457 448
1900 456 444 | 451 460 437 461 452 453 466 457 465 446 454
1901 448 446 449 453 458 | 459 ass 453, 437 431 445 433 447 |
1902 439 446 | 443 448 441 ‘ 450 | 443 | 437 ‘ 430 436 439 431 440
1903 .. 430 436 44z 4g1 4z i 437 439 418 ' 404 | 415 392 390 | 422
1904 ol 430 . 411|422 308 416 ! 410 425 408 414 399 390 403 410
1905 ‘ 398 402 | 413 397 408 ! 410 410 ‘ 391 379 402 397 38s 400
' i
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41. The details of the method of taking absolute observations will be fully seen from the annexed
forms A, B used for the observations :—

Form A.
GOVERNMENT OBSERVATORY, BOMBAY.
Wednesday, o 190
OBSERVATIONS OF VIBRATION. No. or OBSERVATION
m, s.
CHRONOMETER ERROR = DariLy RATE =
I h. m, o Sc. div. o I Se. div.
At commt, : HF H P Semi ;
———e——— [ ¥ VF. k. Semi-arc of
ate:z?« Civil Time, | | Temp. of Magnet.| Magh. 1 Thermr. vibration. "
“'Means corrected, ’ T B -
SCALE MOVING APPARENTLY.
e TORSION FORCE.
To THE RIGHT, l To THE LEFT,
! Time of passing | Time of | Timeof | Time of I ol Means and Diffs.
No of Vibn. Wil[i)e. s ? 180 Vibns.. No. of Vibn. - ‘passing Wire! 180 Vibns. Torsion. '[hbc,nlu divn, o' S
- " h. m. s, i m. s m. s | m. s |
s o - I R B [ [ o o
180 - o 189 oteo o
8 — 27 ’ - . o ‘ ~ For go
198 SR (RS- A S — BB R I
36 _ 45_| o
216 |7 T T I 225 o i 360 | ) I'or 360
54 T 63 . ) o f ' IFor go”
234 | 243 | - 360 1 : Adopt.
S [ P I e ! . Effect of go” Torsion.
T 72 | o o 81 ! o | —~ 4 ~
) o i Sc. div.
252 7 - - e B 3005 J Level below.
90 9l _ Suwz e
270 279 | £z8 Level above,
90-0 - 999 f ) ﬁ v g e
Timefor 18oth | T T T} Time for 18gth. ) Mean.
T Mean = ‘ T Time of go Vibns, B Obscrver.
Mean time of 180 | | Timeof 1 Vibn. T = Soon
Vibrations = 1
Form B.
GOVERNMENT OBSERVATORY, BOMBAY.
Wednesday, 100
{OBSERVATIONS OF DEFLECTION. No. or OBSERVATION O
At commencement. H. F. o o CHUF. ) OBSERVER,
T TAtend. Magh. Thermr. | CHEckER OF REDUCTION.
- " Means. B o I Secn,
- Means corrected.
Deflecting Magnet. . ! Means and
ivil Time b B s e ol . Readings of | Mean of Lea
g;:onolmetery Distance N. End. ) Temp. Scale Reading. Vernicrs, | Verniers. Differences.
’ E.or W. __7___&777‘; B . : -
h. m. c.m. f " Divn. o 1 o 4w ! e o
- 23 E. E. L |
30 E E { | ‘ !
;‘ 30 E. w { ‘ {
B i — |
; 23 E. | W / : |
! L ; |
| 3 W | W {j i |
! : >
— | z |
| o W. | W { | ‘1
! ! ;
30 W. { . |
3 E 1 |
S - ——— i .
23 W. E { ‘: 1 i
i | |
| |
- ""’ o
o ~ Sums. _ =
M U Observed Angles | o = 237 4 =
eans. of Deflection A SR
- - e r,=30; u=
1 }Time corrected. > = 3% T WA

For the Colaba standard the distances used are "8 ft. and 10 ft.
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ABSOLUTE INSTRUMENTS.
2. Declination.

42. The absolute observations of this magnetic element did not commence till the year 1863, when
the advent of the Kew Unifilar made it possible to have independent absolute determinations.

43. In the earlier period 1846—1867 the indications of the variation instrument—Grubbs’ Declino-
meter—so far as they could be relied upon for absolute work have been made use of. A description of
this instrument is given in the report of the Committee of Physics (1840) of the Royal Society and also
in the Observatory Volume for the years 1879—1882. A life history of the instrument with the discussion
of its behaviour and the processes of reduction are also given in the Observatory Volume for the year 1896,
which is summarised for special reference in Chapter V, where the process adopted to extend the
record of the absolute series to earlier years has been fully described in detail.

44. It will also be seen from the description that a portion of the earlier years of the period, z2z. that
from 1846 to 1861, has been punctuated by repeated adjustments while, after the adjustment in 1861 the
instrument was allowed to lie undisturbed till 1896. It may be sufficient for our purpose here to note that
apart from the small changes which may be expected always to occur in the zero of the instrument at every
fresh adjustment and thereafter, due to residual torsion and other instrumental defects, the values of the
zero—that is the scale reading corresponding to the true astronomical North—appear to be fairly
consistent from January 1856 and thereafter, as the values lie all about 283 of the scale division. But
prior to this, the values are found to be widely divergent introducing a considerable amount of uncertainty
for which no precise explanation can be given. The results of the period before 1856 have hence been

regarded as unreliable.

Passing on to the later period of 1868—19o05, the absolute observations have been made with
the Kew Unifilar Magnetometer and the same magnet has been in use for the Declination observations
throughout the whole period.

The results of observations have been compared with those of four other magnetometers—

magnetometer No. 7 by Cooke, No. 3 by the Cambridge Scientific Instrument Company, No. 137 by
Dover Charlton, and No. 131 by Nalder Bros. and found to be in fairly close agreement, the differences

made out being within o"2.

46. The reference marks used at Colaba throughout the period are (1) the chimney of the Téardeo
Mill some four miles away to the north, and (2) the tower of the Kennery light-house some ten miles
away to the south.

The azimuths of these marks were previously very carefully determined by star observations. The

same have been rederived ar}d checked lately and found to be in close agreement. The values derived
and adopted in the reductions are o° 26" 26” E. of N. and 179° 49" 30” E. of N. respectively for the

Tardeo chimney and the Kennery light-house.
The values determined lately are : 0° 26" 30", and 179° 49" 40” both E. of N. respectively.



Kennery Light-house.
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TABLE 8.—Dufferences between observed Circle Readings of Tardeo Chimney and

179°+
. . — i -M’ — | ] S N l Year.
January. ruar)_'. | March. | April. 1 May. “ June. | July. ?August. egf;f“' October.‘ Ng;:m'l Deg::"
I i i !

N R R R 2 R J T B

1868 .22 45 23 o ‘ 22 58 ,22 51|22 49 23 o© 23 8 23 33 23 3I ; 23 27 23 14|23 5
1869 .23 3 : 23 2 l‘ 23 4 ’ 23 10 | 23 10 ' 22 45 ‘_ 23 26 | 23 15 23 14 ” 23 20 23 26|23 12
1870 | 23 22 23 29 | 23 18 i 23 1323 9 22 59 i 23 o023 20 i 23 14 “ 23 15 23 24|23 16
1871 .. 23 16 23 T 23 6 ! 23 18 |23 12 23 12 23 10|23 22 23 2§ ‘l 23 15 .23 21 |23 15
1872 - 23 23 23 6 ‘ 23 1 \ 22 56 | 22 5I 22 33 22 §I ‘ 23 1 E 23 3 23 3|23 1
1873 .23 6 ‘ 23 21 23 14 ; 23 5|22 59 . 22 55123 10|22 356 | 23 14 1' 23 17 23 9|23 8
1874 .23 18 ‘ 23 21 f23 23 : 23 31|23 25,23 27 23 28|23 29 23 25 { 23 30 | 23 33123 27
1875 | 23 30 ‘ 23 31 | 23 35 23 44|23 35 23 42 ‘ |23 32|23 22 | 23 3% } 23 21 23 21|23 32
1876 ‘ 23 17 23 33 ‘ 23 26 | 23 42 | 23 18 ! 23 12 3 23 14 ; 22 A57 ‘ 23 21 | 23 20
1877 ‘ 23 17 23 17 23 6 " 22 52123 5, E 22 35|23 33,23 32 \ 23 2623 8|23 12
1878 r 23 42 ‘ 1 23 1§ ‘ 23 25|22 59 | 23 o0 23 46123 37 : 22 49 ] 23 17 23 17|23 13
1879 23 33 ‘ 23 27 i23 O 22 46 | 23 5|23 15 i 23 10 ,‘ 23 1 > 56 | 23 11
1880 ! 23 923 20 23 22 .23 12|22 54 “23 1223 39|23 21 1 23 20 l 23 6 22 53|23 12
1881 i 22 49 ‘22 49 23 25 \ 23 13123 8,2318 =23 8! 23 10 | 23 6 5 22 57 22 42|23 2
1882 1 22 50 | 22 54 ? 22 50 .23 19|22 54 | 22 55 23 7123 7123 26 i 23 31 ; 23 54 | 23 13
1883 " 23 50 23 54 23 27 23 14|23 24|23 25 23 25|23 24123 2123 18 i 22 52 |23 23
1884 ‘ 22 52|22 49 23 9 | 23 26|23 422 50 23 7|23 30|23 7 : 23 40 23 30|23 10
1885 “ 23 22 59 23 6 ’ 23 12|23 25 23 20 23 O |22 50|23 12|23 14 ; 23 19 w 23 20 | 23 12
1886 3 23 8|23 15 23 14 23 13|23 18|23 18 23 30|23 2523 18l23 6 I 23 19 ; 23 14 | 23 15§
1887 1 23 7123 20 23 26, 23 42|23 30! 23 35§ 23 30 | 23 22 23 II ; 23 22 23 18|23 23
1888 : 23 25§ ! 23 19 23 36 23 2723 34|23 35 23 25|23 25|23 27 ' 23 23 } 23 25 | 23 28
1889 ‘ 23 13 | 23 27 23 26 ' 23 24 | 23 41 | 23 1323 4 ’ 23 12 23 7|23 18
1890 ‘ 23 10123 22 23 22 23 22|23 17 23 IO 23 57 23 33|23 22|23 35 23 27|23 24
1891 ..i 23 10 23 22 ‘ 23 23|23 16 23 12 i 23 24|23 13|22 55 22 54|23 12
1892 ‘ 23 8 1 23 19 23 22 23 6|23 12 23 22 23 12|23 8:!23 2|23 14 ! 23 10 23 30|23 15§
1893 i23 24 23 8 23 5 23 21|23 7 23 5 ‘ 22 56|23 o | 23 5 23 19123 9
1894 .23 24 23 35 23 32 23 30|23 16 23 15 23 33 ‘ 23 1222 49123 5 23 5|23 16
1895 .22 59 22 58 22 47 22 48 | 23 24 23 33 23 42 ‘ 22 356 ' 22 57 22 47|23 1
1896 22 §5 . 23 12 23 40 23 12 23 10 23 10 1 23 27|23 30123 22.23 o023 13
1897 23 25 23 18 23 10 23 18|23 1 ‘ 23 27 l 23 24| 23 27|23 25 23 26|23 21
1898 23 14 23 15 24 13 23 15(23 5 23 33 [ 23 29|23 28|23 15 23 48|23 27
1899 23 37 22 57 23 13 22 47 23 30 23 O 23 30 23 22|22 58 j 23 15 23 5|23 12
1900 23 5 23 20 23 16 22 58|22 47 23 10 23 I |23 20 ; 23 28 |23 19 ‘ 23 17 23 28|23 14
1901 23 16 23 4 23 31 23 4|23 2 23 28|23 6 j\ 23 19 23 17|23 14
1902 22 52 23 13 23 12 23 28|23 15 23 25§ 23 8 ; 23 27 |23 26 ] 23 4.'i 23 14| 23 15
1903 .. 23 17123 10 23 38 23 2723 35 : 23 19 23 25123 7 23 11123 4 ; 22 59 23 14|23 16
1904 .22 44 } 22 37 22 44 ‘ 22 44 | 22 49 | 23 20 | 22 40 . 21 51|22 40 '} 23 19|23 13|22 48
ws_cmememtinnnyng oo v (mamannnAn
olszie:l;i;oc:wfs. 121 ‘ 110 129 119 139 63 15 | 37 o8 161 | 160 \| 156 1,308

B 1034—7
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tions of the Absolute determinations of Declination.
always made at every weekly determination unless heavy rain or fog rendered the Kennery light-house
invisible during the monsoon months and occasionally also during the winter. The circle readings
for these reference marks have been examined, especially the included angle between the two, the con-
stancy of which throughout the period may presumably be held to indicate that the readings of the
In table 8 are
collected the monthly and annual values of the subtended angle derived from the circle readings for the

Tardeo chimney, the azimuth of which determines the Declination, are reliably accurate.

two reference marks.

The readings of the Tardeo chimney alone however have invariably been used in the reduc-

Observations of the two reference marks were

The lower figures denote the number of observations every month from which the

angle is derived, the Kennery light-house not being available on every occasion as just mentioned.

48.

In view of the accuracy of the readings of the reference mark and as also no other troublesome

constants are involved in the derivation of the values of this element, the observations may be regaided
as reliable and free from inaccuracy. The monthly means of the observed values of Declination are all
collected and given in table o.

49. The following table gives the probable errors of observations derived as described in paragraph

40 for the

Horizontal Force determinations.

appeared in the volume of the Observatory for the year 1896 —
Table 1o—~Probable Errors.

Results of some of the earlier years have already

Probable error of a single determination.

Probable error of the monthly mean ...

Probable error of the annual mean

1872. 1873. 1884. ; 1885, 1894.
+13” “ntls"’% iIO”'E w8 417
O e
O T e

1895.

+9

t4

+1

1904 1905
iAMi“; T7
I +2 17 +2 |

The form C below illustrates fully in detail the process of observation tor the determination of
absolute declination the results of which are discussed in Chapter II, Part Il .:—

FORM C [Form No. 11,
Readin Means and Diffs.
Torsion. Se ' di% e
e . ° I o )
i AR Sl GOVERNMENT OBSERVATORY, BOMBAY
0° ! -
\ e
— B e OBSERVATIONS ofF ABSOLUTE DECLINATION
+ 90 made with the Kew Unifilar (Elliott Bros. No. 23)
S on 190
-+ 360 .
S e —| - No. of Observation......... Chronr, Error = m
0 !
- Collr. mark of La. Declination Transit apparently to
—360 the. oo Reading of Az Screw..................
— QO
9 Adopt. . Standard..........coceeennnn ’ yo sy eeerereneeneneann
- - ——Ae o
o
COLLIMATOR MaGNET. N N . . . .
Civil Time by La Decln, Declination scale apparently At Reading of Verniers. Tdrdeo Chimney. Torsion
Chronr. Mognr, | MagoetogroPh. e, | Inveried . _
h owm Se. aiv. | se v, Se.  div. Se.  div e v
} o Commer.cement. { _ - ————
| T 1 e ]
' o o Mean, S S
l e _ . Cgﬂc]usion { L
o S U 1 -
: e
‘ } Mean !
[ I e | et . |
{ Mean of Means. l
- ‘ T !_"‘ Er.—-fn—vfj" T i Azim, of T.
H ( 2 | Chimuey.
B T o »' o - | ‘T'rue Merid.
—_— e e | Beading,
) R B - Correction for
. Torsion.  —— e
—"',Th;;:—__’ “__;R;;\——"J Sc. Inverted (
- - True Mend. | |
Mewn of Times Reduced to are, Er.—Inv. Circle :
Corrected. . o Reading, ! —
‘ - - Er—Iuv, Absolute :
) Decln. E L e e
I - ‘ “ Conveited Observer, \L Seen.
I
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TABLE 9.—Mean monthly (observed) Absolute Declination by Colaba Standard
Magnetometer No. 23.

Month,

Year. !
January. FZE;?’ i: March. | April. | May. | June. | July.

} |

|
1867 41 34
1868 44 16 | 44 2| 44 56| 43 19| 42 27 | 42 24| 43 24
1869 46 15| 46 56 4}5 22} 45 7| 4526 | 4538 45 357
1870 47 9| 47 4| 48 4| 4636 | 47 o| 4654 47 17
1871 49 7| 5018 | 4932 | 48 31| 49 11| 48 37| 48 48
1872 S3 11| 5243 | $057| 5045, s020| 51 6| 50 6
1873 53 6| 53 2 5235| 5314 52 o 5220 5252
1874 5317 5436 | 54 8| 5216| 5233| 5326| 5330
1875 54 3| 54 13| 5541 | 54 53| 5352| 54 8| 5435
1876 56 4| 5536| 5530 | 5444 5334| 5333| 5428
1877 56 21 | 35 57 { 56 22| s523| 5511 | 5452 3532
1878 56 56| 5632 s621| s559| 5531 5553 36 o
1879 56 58| 57 20 5729 5641 5548 | 56 21| 5544
1880 s725| 5723 5726 614 s525( s530| 56 o
1881 56 10| 57 8 | 57 9| 5533 | 5451 | 5459 | 555!
1882 56 29 | 56 50 ‘ 5542| 56 6| s441| 55 6| 53 1
1883 654 5732 57 1| s532| s512| 5556 | 3628
1884 5533 | 5624 $521| 54 8| 5337 5326 5432
1885 5543 | 54 32 55 8| s4 2 53 6| s344| 5332
1886 54 0 54 5 4 5357| s5225| 51 6| 5220 5249
1887 5230 53 1 I 53 3| 51 o| 5039 | 30387 5018
1888 51 1 51 4 ’ 5127 5016| 4956| 50 o 49 15
1889 4935| 49 1| 4938 4757| 4739| 4810 48 6
18g0 47 48 | 48 35 ,‘ 4720 | 4647 | 46 9| 4534, 45 5
1891 46 22 | 46 16 ! 46 8| 44 54| 4324 | 4333 | 4343
1892 4340 | a4 19| a4 11| 4215 4215 | 4131 41 52
1893 42 2| 41 2§ \ 41 13| 41 8| 30191 3934 | 39 7
1894 4124 | 4020 3953 | 3817| 38 4| 3736| 3713
1895 38 41 38 8 i 37 3| 3626| 3518 35 30| 3540
1896 3512 35 © 34 13| 3334 3319| 33 51! 3339
1897 32 49 | 32 47 j 33 8| 32 5| 3125! 3025| 3038
1808 30 33| 3013 i 31 41| 2816 2730 | 28 20| 28 4
1899 26 19| 2632 2630 2550 | 24 36| 2536 25 9
1900 25 1} 2537! 2355) 2310 23 9| 2315| 2252
1901 23 16| 2230 21 22| 21 11| 2035 20 30| 2022
1902 20 53| 2030 | 20 O 19 41 1835 1720| 18 4
1903 1817 18 1 1758 1620 15 8 16 o| 16 36
1904 16 28 | 1547 1549 | 14 33| 1444 14 31| 14 42
1905 1439 1517 13 4] 1239 1239 | 1234 | 11 18

August.

41 13
43 39
45 16
46 43
49 10
51 6
51 15
52 50
53 57
54 51
54 23
55 22
55 45
55 5
54 36
54 38
56 7
52 42

51 23
49 56
49 10
47 36
45 16
43 13
41 16
38 15
37 1
34 55
32 51
29 17
27 37
24 4
22 O
19 40
16 26
15 29
12 43
11 55

Septem-
er.

l

’

41
42
45
47
48
50
51
52
53
55
54
55
56
55
55
55
54
53
52
51
49
48
46
44
42
41
38
37
34
33
29
27
24
20

19

“

20
31
15
23
50

8
49
37

II

o
23
21
21
50
18
27
29
44
21
13
56
53
54
34
33
29
32

3
50

44

6
14
20

8

16 46

15 26

12

II

38

10

October,

13

12

”

18
51
29
15

6
46
46

Year.
Novem-| Decem-
ber. ber.
43 38| 43 58
46 4| 4534 | 43 57
47 13| 47 43| 46 8
49 47 | 50 7| 47 47
s1 31| 5152 49 38
52 3% 52 58 | SI 34
5259 | 5336| 5238
5338 | 5427 5326
54 51| 5553| 5426
5542 56371 55 3
56 6| 5624 | 5532
56 31| s6 31| 56 o
55 50| 56 59 | 3626
56 50| 36 47| 56 21
56 43| 56 40| 355 55
56 52| 57 39| 55355
55 46 | 54 55| 5555
5414 ] 56 ol 5433
53 46| 54 25| 53 52
52 28| 52 56| 52 34
51 9 51 49 | 51 13
50 5| 4942 | 50 4
47 50| 48 14| 4813
46 18 | 47 4| 46 22
44 34 | 44 53| 4426
43 16 | 43 46| 42 40
41 27 41 29 40 19
38350 39 15| 3834
36 2| 3612| 36 9
33 46 | 33 20| 3346
3054, 3135, 3119
27 50| 27 43| 28 34
25 24 | 2517 | 2523
22 33| 2244 23 6
21 9| 2r12| 20 56
1759 17 25| 1828
16 45| 16 54 | 16 39
14 21 14 2 14 28
12 53| 13 55| 125!
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ABSOLUTE INSTRUMENTS.

3. Inclination.

50. The instrument employed for the observations of inclination for the earlier period (1846—186%)
was an old pattern Dip Circle by Barrow of London : It carried no microscopes and the inclinations were
read off by the coincidence of the fine point of the needle with the scale on the limb of the circle which was
divided to minutes. The needle (a single one) used, was 6 inches long and it appears that to keep it clean,
the axle was now and again rubbed with emery paper.

51. Hence whatever may have been the capability of the instrument at first when it was received in
a new condition, it is obvious that the indications under such treatment must very soon have lost the little
accuracy they could have claimed initially. No value hence has been attached to the series given by the
instrument, and the annual means alone are given in thin type, at best as very rough measures of the
probable values of dip for the period (vide table 245, Chapter IlI, Part II).

52. The Kew Dip Circle No. 49 by Barrow of London was received in April 1867 with which the
observations of inclination of the later period have throughout been made. A description of this instru-
ment, with its behaviour, etc., with the different needles used has been given in the Observatory volumes of
1865 —1870 and 1891-1892 reference to which is invited.

53. Observations for the years 1867 to 1871 were made on the ground floor of the electrometer
tower. In October 1871 the instrument was removed to the top of the tower where all absolute observa-
tions have since been taken. A difference of three minutes of arc has been made out by observations at
the two places and hence the values of 1867 to 1871 have to be corrected for this difference to link them up
to the series taken at the electrometer tower after 1871.

Observations of inclination have been made every Tuesday and Friday, and each day’s observation is
made up of fwo complete sets. There are hence 416 observations in the year, and the results of the
monthly and annual means of these observations are given in table 11.

54. The observations made with this instrument gave very satisfactory results till about the
year 1873, after which year however the instrument unfortunately seems to have given considerable trouble.
Attempts to improve upen the unsatisfactory behaviour of the circle were made from time to time in—
1877, 1881, and 1888—and it was not till the last attempt—that of 1888—that the instrument appears to
have been brought to a satisfactory state of correct adjustment. The results of the observations between
1873 and 1887 are absolutely unreliable as will be seen later in the discussion in Chapter III, Part IL

Form D sets forth in detail the process of observations for the determination of absolute dip.

FORM D. [Form No. 16.
Government Observatory, Bombay,
day of 190
Nezdle by No.
Begun at h. m. h m h. m h m
Ended at -
f Poles Direct. I Poles Reversed. ’
Face of Needle. a End of Needle, Face of Circle. »
| | E | w. | E W
s ! Upper — . ‘ :
T I |
S8 i S R
50 |
= i Lower !4,4_“, R
2 l | :
- i -
© Upper l_ . ' i
g3 ‘ bp !
) . S [ B —
§ i | Lower . e
i~
b |
Sums, ;
Means. | ! I
Sum
Mean Of Means 0F DIP....ci.uuiiiiiiuies it ereiiaerriieteets seeentaoseetaseaessneeneruiassaeseneenssmassssrsnens =

Observed by Seen by
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TABLE 11.—Mean (observed) monthly values of Inclination By Dip Circle No. 49
and mean annual Inequality.

Month.
Years. | ‘ | ! Year
January. | February. | March. April ; May. June July August. ‘ Seg:}erm- October. | November. Dccember.j‘
| ' - |
T S O L O PO S P R
1867 19 I'I 19 I'Q 19 1'§ 19 08 19 22 19 2% 19 2'§ 19 28 19 27 ;, 19 20
1868 19 27 19 34 19 38 9 471 19 41 19 43 19 43 19 42 19 4°3 19 42 19 36 19 35 : 19 39
1869 19 37| 19 48| 19 52| 19 6o 19 62} 19 63 9 68| 19 64 19 57| 19 62| 19 65| 19 56 ‘ 19 58
1870 19 56 19 58 19 60 19 106 1 19 124 19 8o 19 70 19 25 19 13 19 74 19 64 19 88 1 19 71
1871 - 19 19 19 12'8 " 19 127 19 1471 ‘ 19 70 19 09 19 57 19 93 9 11°§5 19 97 19 92 19 112 | 19 88
1872 ; 19 11'5 19 11'Q 19 11°7 19 128 f 19 14°3 19 14'4 19 150 19 149 19 149 19 153 19 14'7 19 156 19 139
1873 19 144 19 14°4 19 167 19 16'7 : 19 16°4 19 156 19 146 19 128 19 12°9 19 14°2 19 137 19 137 ‘ 19 14'7
1874 19 142 | 19 149 | 19 138 | 19 134 | 19 159 | 19 154 19 16T | 19 15T ‘ 19 143 | 19 139 | 19 140 | 19 144 19 146
1875 19 144 19 140 19 142 19 138 19 14°3 19 134 ; 19 11§ 19 11°4 1 19 12°§ 19 128 19 132 19 136 1 19 133
1876 19 12'8 19 12°1 19 114 19 11°8 19 110 19 126 19 11'8 19 109 | 19 129 19 11'8 19 111 19 111 ‘ 19 118
1877 poI9 226 19 21'7 | 19 22°8 19 19’1 19 194 19 198 1 19 194 19 19°6 ‘ 19 188 19 19°Q 19 200 19 19'1 3 19 20°2
1878 ; 19 200 19 17'5 | 19 184 19 180 19 19°5 19 198 ' 19 207 15 21°Q } 19 21°1 19 21°8 19 2I'I 19 20'5 } 19 200
1879 i 19 2173 19 22°0 f 19 22°0 19 232 19 219 19 21°7 19 2179 19 226 ‘i 19 22°2 19 226 19 230 19 219 19 222
1880 19 21'8 19 221 ‘ 19 20°2 19 20'7 19 234 19 227 19 226 19 21°3 19 226 19 206 19 206 19 202 19 21°6
1881 19 22'1 19 21°3 19 207 19 209 19 21°8 19 202 | 19 187 19 181 ; 19 198 19 41°6 10 424 19 450 i 19 430
1882 19 435 19 43’5 19 436 19 43°2 19 432 19 433 19 418 19 42°1 ‘ 19 42°3 10 434 19 41°6 19 42°2 ’ 19 42°8
1883 19 42°5 19 42°4 19 426 19 422 19 430 19 42°§5 ! 19 431 19 44'7 } 19 4472 19 448 19 44°0 19 44'5 i 19 43'4
1884 10 444 | 10 44’7 19 430 | 10 447 | 19 437 | 19 443 . 19 438 | 19 452 | 19467 | 19460 | 19 467 | 19 4601 19450
1885 10 465 | 19 462 | 19 468 | 10 473 | 19 472 | 19 464 19 462 | 19 471 19 452 | 19455 | 19 458 | 19 456 19 46'3
1886 19 46'1 | 19 459 | 19 461 | 19 451 | 19 456 | 19 456 19 463 | 19 45'8 1 19 45°9 | 19 459 | 19 457 | 19 464 ’ 19 459
1887 19 461 19 461 19 460 10 454 19 454 19 458 ‘ 19 46'1 19 469 ’ 19 438 19 472 19 465 19 57°2 19 46'9
1888 20 96 20 83 20 76 20 99 20 108 20 108 20 106 20 93 ' 20 Q2 20 13’1 20 136 20 14°5 20 106
1889 20 19°4 20 19°4 20 170 20 166 20 184 20 19'§ 20 185 20 19'4 , 20 192 20 189 20 20§ 20 205 20 189
1890 20 207 20 204 20 21'7 20 227 20 231 20 233 20 244 20 257 | 20 240 20 253 20 267 20 26’5 | 20 237
1891 . 20 269 20 280 20 280 20 271 20 277 20 289 4‘ 20 289 20 29°7 20 29'3 20 302 20 31°§ 20 31°0 20 289
1892 20 32°§ 20 323 20 32°9 20 346 20 339 20 34’7 20 34’4 20 343 20 304 20 301 20 33’5 20 359 20 333
1893 20 352 | 20 349 | 20339 | 20348 20354| 20361 20358 20334 ! 20345| 20345 20356| 20377 20351
1804 20 35'% 20 377 20 387 20 399 20 406 20 41°0 E 20 41°9 20 41'3 20 41°4 20 41'5 20 43'8 20 44'8 | 20 407
1893 20 44°9 20 464 20 46'4 20 450 20 466 20 487 ! 20 494 20 489 20 49°5 20 499 20 518 20 538 20 48'5
1896 20 541 20 546 20 55°3,| 20 555 20 567 20 57°3 | 20 §7°2 20 54'3 20 56'3 20 544 20 56'1 20 552 20 536
1897 20 56°1 20 55'8 | 20 57°3 20 586 20 589 20 59°5 20 583 20 504 21 0’1 21 08 21 1'8 21 30 20 501
1898 21 38| 21 41 21 39| 21 s2| 21 48| 21 55| 21 63| 21 66! 21 86 21 82| 21 83| 21 87 21 62
1899 21 98 21 11°6 21 11°8 21 116 21 130 21 129 21 139 21 146 21 156 21 168 21 17°0 21 182 21 139
1900 21 185 21 20T 21 206 21 20'1 21 2I'I 21 208 21 21°3 21 231 21 236 21 240 | 21 245 21 254 ‘ 21 21°9
1901 21 264 21 266 21 27°% 21 274 | 21 285 21 29°2 21 301 21 314 21 3:'6 21 318 21 324 21 337 ‘ 21 297
1902 21 334 21 338 21 337 21 339 | 21 349 21 346 21 360 21 382 21 37°5 21 382 21 300 21 39°§5 | 21 361
1903 21 4077 21 40°3 21 41°3 21 407 21 41°0 21 420 21 437 21 454 21 453 21 454 21 476 21 47°6 21 434
1904 21 48'1 21 487 21 480 21 47°3 21 475 21 482 21 490 21 483 21 488 21 499 21 §51'7 21 527 21490
1905 21 33§ 21 553 21 550 21 540 21 548 21 562 | 21 50°% 21 59'3 | 22 05 21 59'3 21 500 22 10 i~ 21 57°4
Annual In- i
equality,l +o o4 | + 0’4 oo | - 02 o0 | -+ oz | -+ o'l - 02| - o6 | — o7 | + 0'1 -+ 0'3
1888-1905. i !
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5. The probable errors of observation of inclination for a few years arbitrarily selected are given
in table below.

TABLE 10a.—Probable E'rrors.

[ !
1891. ’ 1896. i 1904.
Probable Error of a Single Determination ... il'/z ! iyls _-}:1-6
_— _—— | ;‘ —
Probable Error of the monthly mean -+o04 -+o's +o03
Probable Error of the annual mean “+o1 ‘ -+0'1 —+o0'1
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CHAPTER 11.
HORIZONTAL FORCE.
VARIATION INSTRUMENTS.
H. F. Magnetograph.

56. This differential instrument, one of the self-recording Kew type magnetographs, was received
in 1870 along with similar instruments for recording Declination and Vertical Force variations, and
was mounted 1n a specially constructed under-ground room. A full description of the installation will be
found in the observatory publication of 1879—1882 to which reference is invited for details

57. The magnet of this instrument, as is well known, is suspended by two fine platinum wires some
little distance apart forming what is called the bifilar suspension. [t is clear that when there i1s no
torsion in the system the magnet would lie in the magnetic meridian and the planes passing both through
the upper and the lower extremities of the bifilar wires would also lie coincident with the magnetic meri-
dian. If now torsion is applied to the upper ends of the wires, the plane passing through the lower
extremities cannot follow this motion completely as the force of the magnet to keep itself mn the magnetic
meridian would restrain free movement. An angular difference in the planes through the upper and
lower extremities of the bifilar system thus results, and this gives rise to two couples—one caused by the
force of torsion which tends to twist the magnet away from the magnetic meridian, while the other
caused by the action of the terrestrial magnetic force acting on the moment of the maonet which con-
stitutes an equal and opposite couple, tends to retain the magnet in the meridian. When the torsion is
$ufficiently large to compel the magnet to lie east and west (magnetic) the torsion couple is balanced
by the couple formed by the horizontal component of the earth’s force and the moment of the magnet, and
for the time being there 1s an equilibrium,

58. The torsion couple on one side and the moment of the magnet on the other may be
regarded for a short time to remain constant and hence any change in the equilibrium which may occur,
must be caused by a change in the terrestrial horizontal force. A mirror is attached to the magnet and
just below it, in juxta- posmon 1s permanently fixed another mirror to the base plate of the instrument.
So that a beam of light reflected from the fixed mirror being focussed on a photographic paper mounted
on a cylnder rotating once in 24 hours, gives a steady line called the zero line; while that reflected
from the mirror which 1s attached to the magnet and moves with it, gives a curve which indicates the
variation of the horizontal force; and the ordinates between this curve and the zero line furnish a measure
of this variation. The instrument carries a telescope to which is attached a fine scale and the image of
this scale reflected from the mirror attached to the magnet, i1s observed through the telescope. This
serves to furnish an additional series corresponding to the changes of the horizontal force registered on
the photographic paper.

59. From measurements given in detail in Volume 1879— 1882, Appendix I, page [5], the following
angular values and factors for conversion have been obtained :—

#
| Factor for convert | Factor for convert J Factor for convert- | Factor for convert.
§ ) : - c - > wvert- a ~ -
Angular value of Angular value for ] Angular value for ing scale reading | i le reading | ing ordinate of ing ordinate of
g lL divisi 1 inch of increase | 1 c. m, of increase ! gt i " ! fg i 1ng sca 3. adi % ; neg hi t‘ ) s .lt‘ cal
I scale division. Of ordinate. : Of Ordinate. mnto UI" Iinate o into ordinate o ‘ I 1nc ll’)~ O scale Icom. 1!"1 0 scale
‘ 1 inch. i Ic om,. 1 reading. reading.
i ! ‘ R
N i - L — - e
- i . ‘ /
829 ‘ 2867 i 11°2¢g ; ; .
or | or 1 or 289 ; 734 : 346 1'363
*00241 f ‘00834 \ ‘00328 | 1
I
|

2. Scale Coeffictent of the H. F. Magnetograph.
60. The mechanical theory of the bifilar is briefly as follows :—

The equilibrium in the bifilar suspension is maintained by (1) the weight of the magnet, its carrier,
&c., (2) the reaction of the pulley against the tension of the wire, and (3) the horizontal tension in the
wire balancing half the moment of the terrestrial magnetic force acting on the magnet.

Let 2a be the distance apart of the wire at the top, the points of attachment being called a and a’;
and 23 the distance of the wire at the lower extremity (equal to the diameter of the pulley round which
the wire passes) the points of departure of the wire from the pulley being b and b’ Initially both aa” and
bb" lie on the magnetic meredian. Now turn aa’ through an angle . Asbb’ carries the suspended
magnet, it will not follow this movement to the same extent; and suppose it is compelled to lic west-east,
so that the north point of the magnet at 4 1s directed to west (vide fig. below projected on the horizontal
plane).



Let 0 be the angle which aa” makes with the magnetic meridian, « be the angle formed between the
planes passing through aa’ and bb’, the upper and lower points of the wire ; / the length of each arm of
the suspension wire and w the weight of the magnet with its appendages.

The tension of each arm of the wire 1s .XZV_ and the component of this force resolved in the direction

w
2/
o upon the base ab of the A abo. Now abXp equals twice the area of the triangle abo=a.p3

ab. The moment of this force to rotate the magnet, is 2\%ab . p, where p is the perpendicular from

ab, is
sin . Hence substituting this value of abX p we have the force equal to EYVZ a.B.sinu. This force
acts in the direction of the line ab. We have a similar and equal force in the direction of a’b’ due to the
other arm of the wire, hence the total moment causing the rotation is XZV—a .Bsinp.  As this is balanced

by the couple formed by the moment m of the magnet and H the terrestrial force, the moment of these
equals mH . sin (§—p) and we have

y[- a.f3.sin p = mH .sin (0-—,u) (43)
If the magnet is lying true magnetic east-west, § —p = 9o° and we have
,l“i a.f.sin p = mH (44)
Differentiating
L w JH
[—a.ﬁ.cosu.dy:m. (45)
Dividing (45) by (44) we get
dH
cot p du = | (46)

61. Now suppose that in the magnetograph either the distance of the photographic paper, or of
the scale of the reading telescope from the centre of the magnet, is n c.m. then as the image on
the paper, or that of the scale as seen through the telescope, is reflected from a mirror attached to the
magnet an ordinate of 1 c.m. on the photographic paper, or of an unit of the scale division of the attached
scale, upon a base of 2n c. m. would be a measure of the change du in the angle and as such used for
the scale co-efficient.

62. The form in which the formula is used at Colaba for the derivation of the monthly values of
the scale co-efficient adopted to the scale divisions of the instiument is obtained as follows : —

As sin (§—u) is not exactly equal to one, instead of equation (46), we have to deal with the equation

dH
{ cot n + cot (9—,11) }dp = H (47)
This, as § — p = g nearly, may now be written
™ 1 dH
cotp + (T +n-0) = 4 (48)

If w= u,+Au, u, being some value of 1 and neatly eéual to 0—7-21-' ; and H and H, are the values of
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force corresponding to u and g, respectively so that when A u vanishes %P—I = dH ° we may also have
the equality °
™ 1 dH,
cot p, + (; + 1“0_9) = H,. (49)
Substracting (49) from (48) and simplifying we have
! d—I_—I =1 £ZIfITIfJ---COtz,lt(, Ap (50)

de H ~ du H,
Now A u in terms of scale divisions* equals (s —S)a where, s is the scale reading for which the

co-efficient is sought, a the angular value (in this case ‘00241) of one scale division, and S the zero value
of the scale corresponding to condition x == u, and the equation thus becomes

7{17 é}{ﬁ = _7;/; %‘L, ——-COtZIu0 (S—S) a. (51)
Whence multiplying by Ha we get the scale co-efficient
LfZ}siI = Ha. 71”— —[{HL{ = Ha. cot p,— Ha?. cot’u, (s —S) (52)

63. The experimental determination of the angles 0, u &c. is of course possible in a direct way from
which the scale co-efficient is derivable : but the method of deflections affords a much more accurate and
easy method than the direct experimental one, and it has been taken advantage of in preference to
the former.

64. In this method a magnet (whose moment if not previously determined) is used first as a
deflector by being placed end on, on the north and south side of the magneto-
graph magnet at a distance ». The deflections produced on the photo-
graphic curve (or in the scale reading if eye readings are secured) are noted. The second operation is
to find the disturbing force which has produced the deflections in the first operation. For this the same
deflector is used on the declination magnetograph magnet which is similar in shape and dimension as
the H. F. magnetograph magnet, and © the angle of deflection is noted. It is clear that Htan 6 is here
the measure of the disturbing force. Hence the deflection in the first operation is due to a disturbing force
equivalent to Htan6. If the deflection measured on the paper is n c.m. then the scale co-efficient or

the value in force for anunit of scale viz. 1 c.m. equals —H-—tﬂ, The distance » in the experiment is
n .

The deflection method.

supposed to be large enough to provide for the exclusion of any correction due to the distribution of
magnetism. If this is not possible it is necessary to repeat the deflections at more distances than one to
allow of this correction to be applied to the results.

65. If however the moment of the magnet is previously known, as for example when the standard
magnet used for absolute déterminations is requisitioned, the second operation is for obvious reasons super-
fluous. For the condition of equilibrium during observations of H and m in absolute determinations, by the

3
method of tangents, is given by the equation m = Hr2tan 0,14 therefore H tan 6 = %7/7; Hence the
2

disturbing force which produces in the first operation a deflection of n c.m. on the photographic curve

2m

equals 5 and as m and » are known quantities the value of force for 1 c.m. of deflection which equals

2 . . . . . . . .
7/3—7’; or more correctly 277%(1 +€) when the distribution correction is applied, is easily secured. The use
7*n r

of a magnet with a correct moment previously determined, it will thus be seen, reduces the labour
considerably and introduces no additional uncertainties in the distribution correction which in every
experiment, depends upon both the deflecting and deflected magnet.

66. As however it is generally undesirable to use the standard magnet employed for absolute deter-
minations for purposes of this kind which bring it in close proximity of other magnets, the deflector used
in the Colaba deflection experiments is another magnet E; (solid cylindrical ) which was sent out initially
with the instrument for this special purpose. This deflector has been used throughout in the experiments.

The details of the process are as follows :—
(1) The deflections on the force magnetograph are made by deflector magnet E,.

* The north end of the magnet, in adjustment, points to west, and the movement of this end towards the north causes an increase of scale reading
as also increase in the value of u.
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(2) Deflections of magnet N;* which is used in a suitable magnetometer suspended by a single
thread, are made by deflector E,. These deflections are made at the electrometer tower where the usual
absolute determinations are made.

(3) Deflection of magnet N 23 c. are made by E, as in (2).

The magnet N 23 ¢ is the mirror magnet of the Kew unifilar magnetometer and the above operations
are usually performed during night hours when the magnetic traces are least disturbed.

In the first operation the deflections are taken at 2°0, 2°2, 2'5, and 30 ft. distances on either side
(N and S) of the force magnet, the deflector taking four positions for one distance.

At Colaba the deflections are recorded in scale divisions by eye readings and whenever necessary
the results are checked by tabulation ordinates.

In the second operation the deflections of magnet N; are taken at the same distances as in (1)
with an additional near distance—1-25 ft.

The third operation consists in deflecting the magnet N 23 c. by the deflector E, at a single distance
1o ft. the method of sines being used, the angular value of the deflection being secured by turning
the deflection bar until the first position of rest on the magnet seale is obtained. The angle of deflection
1s read off on the circle of the magnetometer. This secures a measure of the moment of the magnet
E, also.

67. The whole process for the determination of the scale co-efficient is best illustrated by an
example. The results of observations and experimental data taken on the 26th February 1goo are
as follows :—

Experiment (1).—The observed deflections d in scale readings at various distances were :—

ft. ft. ft. ft.
) 3’0 2'5 22 2°0
double deflections d = 821 1424 2083 2764; 2Zd= 7092

The mean scale reading in the away position during the experiment—that is when the deflector is
taken away and is not in action, was noted before and after each deflection. This mean scale reading
was 30°85.

Experiment (2).—At the electrometer tower.

The observed deflections in scale readings of the magnetometer were :—

ft. ft. ft. ft. ft.
30 25 22 2°0 1°25
double deflections =199 338 497 663 2641;

the torsion co-efficient 1 4 % = 1°001§I.

Experiment (3).—At the electrometer tower.

The observed angle of deflection 6" at 10 ft. distance was6° 23" 45".
Calculations.

The first operation determines the constant of distribution, which enables us to see whether or not
the value of p derived, continues to remain within passable limits of the adopted value (p= —'06234)
derived initially from a long series of observations at the five distances observed in experiment (2). In
the calculations full weight is given to the deflection at the nearest distance, and two equations are
formed—one derived from the sum of the deflections at the four remoter distances taken altogether, and
the other from that of the single nearest distance 125 ft.

They are =d = 272 + = D and d1.25:7D3 +Z;I_)g
1 1

7,5

* This magnet which is similar in shape and dimensions as the force magnet in the magnetograph, is, by expveriments, found to have symmetrical
distribution of magnetism as in the magnetograph magnet.
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where D is some constant, d the deflections in scale readings, and p the dzjferential distribution correc-
tion (vzde paragraph 69). Solving the equations by substitution in them of data in experiment, (2) we
get the value of p= — 06214, which, it will be seen, is fairly within passable limits of the adopted value.

The second operation for the determination of the value of the disturbing force is as follows. The
moment of the deflector magnet E, as derived from experiment (3) may for all practical purposes be
equated as

m=].H.sin ¢ (53)

where J is some constant, 6’ the angle of deflection in experiment (3). Hence calling the disturbing

force as Y we have
2 ].H.sin# (1 +L)
Yo . e

"
Similarly in experiment (2) if ¢ is the angular value in circular measure of the scale division of the

" (54)

magnetometer used in that experiment, I—I-%{~ —the co-efficient of torsion, and =d the sum of the deflec-

tions in scale value as the angle is small we have also

. Hy =d
i1+ E) =d
b
Whénce _ R (56)
4 sn i s ! ( 1+—P~)
1,“! ,1/2
Solving the last equation for the value of J from data in experiment (2) we have ] = "50230.

The value of | was initially derived from a large series of experiments and the adopted value
is ‘50015. Thus its value for the experiment of 26th February 1900, it will seen, is also within

passable limits of the adopted value, and does not affect the co-efficient more than é':)‘o of the

whole.

The value of cot u can now be derived from equation 46 for

1 dH =AH =Y

O = e H T Hde o < d (57)

M I Ha 2 57
2

where other notations remaining the same d = the deflections observed in experiment (1) and a = the

angular value in circular measure of a division of the scale of the reading telescope of the magnetograph.

Substituting in (57) the value of Y given in (54) we have :

Can 4] sin ()'{ E(I'j‘:f""‘)} (8)

t p— —— J— . B
R = L H asd

Solving (58) by the data of experiment (1) and subtituting the adopted values of p and J we get as first
approximation the value of cot u, which may for convenience be called cot u..

Thus cot py = 41 1‘89.

Then from equatiohs
cot uy = cot p; + a cot’u; (s—S) (59)
COt pz = cot p, + a cot’u, (s—S) (60)

where s = mean scale reading of the away position in the deflection experiment (1) and S = the zero
of the scale corresponding to condition x = pu,. We can derive successive values of cotp until when
the second expression on the right of the above equations does not change, the final value of coty may
be obtained. Usually three operations are sufficient.



36

TABLE 12.—Scale-coefficients of Horizontal Force Magnetograph.

Unity=0'1 y="000001 C. G. S. Unit.

Month,
Year. R | I
January. F::;:u- | March, April May. | June. | July.
} |

438 |
1872 4369 | 4144 | 4130 | 4138 | 4156 | 4179 | 4199
1873 w4276 % 4282 4292 4301 4312 4327 4338
1874 4134 | 4140 4144 4150 4154 4162 4170
1875 4204 = 4210 4217 4219 4226 4232 4241
1876 4274 % 4279 | 4282 | 4286 | 4201 | 4297 | 4302
1877 “.j 4331 iggi 4088 4092 4099 4104 4108
1878 n., 4136 ‘ 4139 4142 4146 4150 4155 4158
1879 “.i 4178 4181 4184 4186 4189 4102 | 4103
1880 “.% 4212 4214 4218 4219 4223 4224 4226
1881 ~~[ 4240 5 4244 4244 4246 4247 4250 4252
1882 “.} 4256 ; 4258 4259 4264 4265 | 4266 1037
1883 1039 | 1040 1040 1040 1041 1041 1041
1884 1045 | 1043 1046 1046 1047 1047 1048
1885 1250 i 1250 1250 1251 1252 1252 1252
1886 1253 i 1257 1262 1262 1263 1263 1263
1887 1265 % 1265 1265 1266 1266 1267 1267
1888 1269 | 1269 1270 1270 1271 1256 1257
1889 . 1250 1 1259 1259 1259 1260 1261 1261
1890 “.§ 1263 i 1263 12635 1268 1273 1273 1273
1891 ..l 1275 ‘ 1275 1275 . 1276 1277 1277 1277
1892 1278 } 1279 1279 { 1279 1280 1280 1266
1893 1266 1 1266 1266 % 1266 1266 1267 1267
1894 “.1 1272 1273 1273 ; 1273 1273 1274 1274
1895 1277 1277 1277 3 1278 1278 1278 1278
1896 1285 : 1286 1286 | 1286 1287 1287 1287
1897 1292 1292 1292 1293 1293 1204 1293
1898 1294 ‘ 1275 1276 1 1276 1276 1277 1277
1899 1277 © 1281 1281 1281 1282 1282 1282
1600 1284 1284 1284 1290 1291 1290 1290
1gor* s07 | 508 508 509 509 509 509 |
1902 511 i S5II 511 { 5I1 S11 511 512
1903 sir | s . sz | s12 512 512 512
1904 479 j 479 479 479 479 479 479
1905 479 479 479 ! 479 ( 479 479 479}

\

August.

4216
4347
4176
4247
4308

4114
4161
4198
4232
4253
1038
1042
1048
1253
1264
1267
1257
1261
1273
1277
1266
1269
1278
1278
1287
1204
1277

1282
1290
510
512
512
479
479

‘

Septem- |

ber,

4228

4336
4184
4255
4313

4119
4165
4202
4232
4238
1038
1042
1048
1254
1264
1268
1257
1262
1274
1278
1266

1270 !

1278

1283
1291

1294

1278

1282

1290

510 |

512
512

479

i
\
i
!
|
i
|
|
1

October.

4244

4112
4101
4260

4319

4124

4169

4204
4234
4250 |

1039
1042
1049
1254
1264
1268
1258
1262
1274

1278

1266

1270

1278
1284
1292
1294
1278

1282

1201 '

510
512
512
479
479

E

Novem- | Decem-
ber, ber.
l
¥
4253 | 4263
E 4120 5 4126
; 4196 : 4201
E 4265 | 4270
% 4323 4327
1
; 4129 4133
l 4172 4176
; 4207 4209
} 4237 4239
) 4262 4264
1040 1040
1043 1043
| 1049 1049
1254 1255
1265 1265
1268 1268
% 1258 | - 1258
‘ 1262 1262
1274 1274
1278 1278
1266 1266
1270 1270
E 1278 1278
1284 1284
% 1292 1292
1294 1295
1278 1278
| 1282 1283
| 1291 1201
510 510
! 512 ¢ 512
472 % 478
479 ‘ 479
480 i 479

* From the year 1901 the scale-coefficients are given for an ordinate of 1 c. m. on the photographic curve.
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The value of cot p so derived is "41252. Its value obtained from a similar experiment of the
previous year was "41104, and hence for continuity the mean of the two values (*41178) isadopted as the
value of cot g, for the intervening (yearly) period between the two experiments.

Having thus secured the value of cot g, the monthly values of the co-efficient in terms of the division
of the scale are derived from equation 52 —

dH
ds

where other notations remaining the same, s==the mean monthly value of the scale reading.

= H a cot pg — H @’ cot? i, (s — 5). (61)

68. The factor for converting the scale readings into an ordinate of 1 inch is 0'289 and into 1 c.m.
is 0734 as referred already and the scale co-efficients so derived and used in the reductions every month
have all been collected in table (12). The scale co-efficients upto 1goo are for an ordinate of 1 inch and
from 1901 to 190§ for 1 c.m.

69. It may be noted here that experiment (3) was added to the observational series after the year
1887, the scale co-efficients of the previous years being directly derived from the results of experiment (1)
and (2) only. The operations then consisted in correcting the deflections of magnet N; by a

factor (1 — .02%69) which indicated the correction due to the dissimilarity in the distribution of
v

magnetism between the magnet No. 3 and the magnetograph magnet.  If the distribution was similar it is

obvious that the ratios il- of the deflections of magnet N, to those of the force magnet would be for all

d

distances a constant quantity, and independent of the distances of deflections. If the magnets however

. e (rh)
are dissimilar then we have clearly to deal with the quotient ; (ﬂw,,—) which may be put equal to
I + >+
v

2

some constant [ ; p’ and p” being the distribution constants in each case.

We have hence approximately—

4

P= (=R =00 ©

where p is the differential effect of dissimilar distribution.  This value of p was initially derived from a
large series of deflection experiments and found to be "02269 which has been used as a factor for correct-
ing d’ —the deflections of magnet N,

70. Having thus corrected the deflection values d’, the first value of cot u was derived
from the equation—

1 di _ a3 (63)
de H = a=d 3
where a’ is the value in circular measure (corrected for torsion) of the scale division of the Magneto-
meter used for deflections of magnet N;; and @ is similarly the value of the scale attached to the

reading telescope of the magnetograph. The operations hereafter are the same as before leading up to
the final value of cot x from which the value of the scale co-efficient is derived.

71. It may be remarked here that the refinement aimed at in the several operations for the evalua-
tion of p and ], may not, from the point of the actual requirements of the scale co-efficient which does

. 1 . .
not necessitate an accuracy greater than 208 of the whole, be deemed essentially necessary. For it
00

can be seen that with either of the methods adopted before or after 1887 the values of cot u do not
differ sufficiently to affect the co-efficient to the above limit; and as a matter of interest it may be also
noticed that even the exclusion of the consideration of the distribution constant and ] from the
reductions does not affect the value of the co-efficients obtained to any seriously appreciable extent. And
yet as a matter of check and control on the working of the instruments as also on the observational work,
the process has been systematically adopted in order to make it impossible for any extraneous errors to
vitiate the results without being at once detected.

B 1034—10
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3. The temperature co-efficient.

72. It is obviously advantageous in all works of precision to secure if possible against the applica-
tions of any kind of corrections. We know that the indications of a magnet vary with temperature. It
is hence necessary in the first instance to have the variation of temperature to which the magnet is
subject made as small as possible; and secondly to secure a magnet with a small co-efficient.
The first is secured by installing the magnetograph in a room of special construction where the variation
of temperature may be practically made as small as possible. It 1s difficult always to command a
magnet with a small co-efficient but it is not impossible, and efforts to secure such a magnet are well
worth the trouble.

73. It becomes necessary next to consider ways and means by which the small variations of
temperature can be correctly determined. Assuming that a single day’s varnation of force should be
accurate to 1y so that the mean daily variation for the month may be depended upon to about -2y, it is
clear that the scale of the thermometer should be open enough to allow of the variation of temperature
to be read off to the necessary degree of accuracy so that with the value of the temperature co-efficient
the result may be correct to 1y. Supposing, as a case in point, the temperature co-effieient to be 10y for
1° F. a thermometer when it 1s of the usual type the length of the scale of which is about ‘1 inch for one
degree, it is obvious, can hardly answer the requirements. Another source of error has also to be guarded
against. The thermometer may not indicate the change actual of the temperature of the magnet. There
is not much uncertainty about this in the small enclosures of the magnetographs located in underground
rooms ; but in overground rooms with large variations of temperature and with large enclosures (as in the
Grubb’s Magnetometer, see Chapter 111), this is markedly serious ; and even in the magnetograph enclosures
under attenuated pressure as the thermometers and the magnet are some distance apart, with dissimilar
powers of absorption and radiation, there is undoubtedly a small lag (vide paragraph 117) in their indica-
tions. In such cases then all depends upon the magnitude of the temperature co-efficient. These
considerations will be referred to again in Chapters 11 and VI, Part 1. .

74. There are three methods by which the temperature co-efficient of the magnet of a force
magnetograph can be derived and one or-the other has been used wherever convenient.

The first method is that of heating and cooling the magnet bar by itself, when detached from its
fittings in the magnetograph and placed in a suitable receptacle filled with water the temperature of
which is raised or lowered. This causes the moment of the magnet to fall or rise respectively ; and noting
the angle of deflection produced on a declination magnetometer needle, the co-ethcient is computed.
The equation of equilibrium when the magnet is used as a deflector (by the method of sines} is—

Cm = H sin p (64)
where C'is some constant depending upon the distance between the magnets; and u is the angle
of deflection. :

When the temperature ¢ changes to #, a change of 8m occurs in the moment . of the magnet,
and du in the angle u of deflection.  Correcting 8u for natural change in declination and differentiating
we have—

Cém = H cos qu (65)
and dividing (65) by (64) we have—

I ot wdu = —k (¢ — 1) (66)
m

where £ is the co-efficient sought. When corrections due to changes of force which occur during
the experiment are appreciably large, they are allowed for and the expression cot udu in the

equation is written cotpudy 4 —=; and as allowance also should be made for the pulley and wires

which support the magnet in the bifilar suspension in the theory of equilibrium of which the force varies
directly as the diameter of the pulley and inversely as the length of the wires, if ¢ and ¢ are the
co-cfficients of linear expansion of brass and platinum respectively, the expression on the right
becomes — {4 + (2¢ — ¢')} (¢ — #) and hence the complete equation will be of the form—

J , ,
7:212 = cot IuSp “+ -SP—}I‘I = — {,% + (26 - 6)} (f — f) (67)
The second method depends upon the average change in the daily temperature and the simultaneous

ZAs

change in the scale reading of the instrument from which could be easily computed, and the

) dH =As .
co-efficient 5 SA; derived.
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In the t/4ird method—that of heating and cooling the magnetograph room the simultaneous readings
of the thermometer and scale during the experimental heating and cooling, are noted and the co-eflicient
derived as in method (2).

75. Each method has its advantages and disadvantages. Method (1) enables a correct value
of the co-efficient of the magnet to be secured by direct experiment. But it is doubtful if the
different conditions in which the magnet with its appendages, is actually used in the magnetograph,
would allow the value of the co-efficient to remain absolutely unaffected. Method (2) is convenient and
simple and has the advantage not possible in the other two methods of having the value of the co-efficient
determined in the very conditions which obtain when the ma net is working in the instrument
and under which its record is secured. The correct determination of the co-efficient by this method
however depends upon circumstances. The daily change of temperature should be fairly definite and
appreciably large and no uncertainty should prevail in the daily instrumental change such as may
be likely to vitiate the scale readings. In the magnetograph room at Colaba the average daily change
of temperature is so small as to be inappreciable. This precludes the adoption of this method.
It is of course possible by taking the montily changes of temperature and comparing them with
the monthly changes of scale reading, provided the instrumental changes are correctly eliminated to
secure the temperature co-efficient. But the uncertainty in the process of elimination of instrumental
changes even though small is too great to ensure the derivation of the value of the co-efficient correctly.
The use of the method extended to the monthly values however has been made, as will be seen presently,
not so much with the view to secure the co-efficient by this method, as with the object of showing how far
the reliability and accuracy of the computed instrumental change can be depended upon. This operation
and its result having been specially indicated in another section which treats of the creep of the zero of
the instrument, have been given elsewhere

76.  Method (3) which has been invariably adopted at Colaba though suffering from the objection
already referred to, in common with method (1), is on the whole fairly reliable. The only precaution
necessary is to ensure that the thermometer records the actual variations of the temperature of the
magnet.

77.  The magnetograph room at Colaba has been heated and cooled periodically for this purpose
and a summary of the results of the experiments conducted from time to time is given below :—

February 1879 temperature co-efficient %};{ —2—2; = ‘00121 X —'024 = —'00029 C.G.S.
January 1880 . " " = ‘00122 X —'030 = —’'000037 y
February 1880 ' " = ‘00122 X —'036 = —'000044 "
January 1881 " " = "00123 X —'023 = —’'000028 "
February 1881 ’ " = ‘00123 X —'0I1Q == —'000023

Mean = —'000032 C. G.S.

The mean co-efficient —3°2y for 1° F derived from these experiments was adopted and has been
used throughout in the reductions.

Similar experiments were repeated in January and February 1886, in January 1895, and in January
1907.

January and February 1886, Temp. co-efﬁcient%l% %%% = '000362 X — ‘0865 = — 000031 C.G. S
January 1895 " ) = 000368 X — ‘0960 = — 000035 ,,
January 1907 » » = '000352 X - '1108 = — ‘000039 ,,

The mean result of all experiments work out as — 000033 C. G. S. which shows that the adopted
co-efficient —32y for 1¥ F. can be accepted as fairly reliable. '
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TABLE 13.—ZReductions of monthly and annual Means of Absolute Horizontal Force.
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TABLE 13.—Reductions of monthly and annual Means of Absolute Horizontal Force.
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TABLE 13.—Reductions of monthly and annual Means of Absolute Horigontal Force.
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April 373991 | 160 | 2'6707 8976 | 2°6323 8992 | ‘373835 1362816 ;| 362819
May ‘373784 17’5 23857 | o182 | 2'5700 | 9186 |°373723 '362053 | 362803
June ‘373784 © 14’5 | 2’3080 | 9250 | 2'5145 | 92's7 |'373800 |'363268 363186
July "373940 160 | 274811 | 9216 | 2'4633 | 9213 | 373864 | 363530 | 363462
August 373885 165 | 274238 91°15 | 24001 91°16 |°373811 | "363710 363673
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R — :
w‘ 1 |
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TABLE 13.—Reductions of monthly and annual Means of Absolute Horizontal Force.

e~ 1 e b . = S wna
3 % EF lE=E= |ER |2 | E. ) 22 | 7B E5 &S g | E.
A 2 g 3w 3 -% b s e = g 23 2 g g = 22
| @ Q. 52 ¥ —_ £ o >0 ] = £ o g o, = S e o
g & . °9 S ~Sd | 8F 5 z 2 23 2 O, SIS £ 8 Qg
.3 ] ook 80N =eE | L& 2m 23 20 <3 ) e o . =N S L.E.—.
Month. = - i Soas | 20 s <2 <2 s S O s Rl g 8 3 T g
| - P9 IgEd T g gﬁ’g,, S e d s O €5 e : " LR 0T« Q ~ S &g
LS [ ESE | gk 5o | €8 & og Q w SR Eos L] 883 c2¢ = a3
] S | 688 o35 | ESS (3885 £ o Ex g ERE] 2e eh 885 o= g oS
: 3 ] \Q-N‘go up o Eg E:E“” N ~ N g o I 085 = Evo
8 c 8531 e 5o S g o ° s 55 EES BEC 2 Rl
53 8 |88 EBE 5. |Bwt| E2 | B8 | Bdu | Bsd | 28 | £8F  =£8f | 28 | Sts
i P) o) Pyt - D =
£° 2 STFI8%0 g% | 5°%% ] 2 =N | = = a a a % ©
! | o B |
1 L2 3 4 | s 6 7 8 9 10 11 12 13 14 15 16
1881,
in, ° in, °
January 373738 | 157 | 16178 | 8610 | 1'5854 | 8612 |'373602 | 366880 | 367004
February 373692 | 12’5 | 1'5461 | 8600 | 1'5169 | 8600 | 373568 |367130 | 367258
March ‘373779 | 16'2 | 1°5706 8716 | 1'5186 87'09 | 373556 | 367111 367204
April '373724 | 16'5 | 1'5485 | 88730 | 14879 | 88'21 |'373464 | 367146 | 367203
May 373825 | 14’5 | 14982 | 9027 | 1'4520 | Q0’55 | 373638 |'367471 | 367453
June '373834 | 150 | 14550 | 9130 | 14099 | 91°28 ‘373638 |'367646 | 367605
July ‘373899 | 16’5 | 14205 | 8990 | 1'3728 | Qo008 | 373702 367865 | 367862
August '373876 | 17°0 | 13041 | 8990 | 1'3447 | 89'93 |°373667 |'367948 | 367950 '
September ‘373678 | 17°'5 | 1'2906 9057 | 1°2531 9073 | '373523 | ‘368187 ‘368164
October '373770 | 155 | 12774 | 8962 | 12354 | 8975 | 373595 | ‘368333 | 368341
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October ‘373526 | 14'7 | 32454 | 89'62 | 31484 | 8969 |'373427 | ‘370156 . 370166 | \
November ‘373406 | 150 | 31070 8882 | 28380 8879 |'373125 | 370173 *370212 |
December 373452 | 16'5 | 30927 | 87795 | 29291 | 8802z (373284 {'370238 | 370301 ! J
_ ‘
77777 — B — s ;4____—«‘—5 !
Means 373586 | 15°'5 8897 8900 | 373401 !
1883.
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in. . ° in. ° ! . ‘
January ‘373655 | 170 | 30853 | 8744 | 20451 | 8764 ‘373515 ‘370435 | 370531 | 370657 | = 000126 | —'000156 | ‘00185
February 373673 | 17°5| 29940 | 8610 | 28257 86'22 | 373502 | 370563 *370684 "37079 114 | = 144 | — ISg
March 373516 | 177 | 27575 | 8645 | 27129 | 86'63 |'373476 |"370655 | 370763 | 370938 L 2 o
April - '373330 | 14’5 | 24900 | 89'20 | 25955 | 89'31 |'373653 |'370054 | 370976 | 371077 |~ 101 — I3~ 1O
May ...| 373890 | 16'0 | 2'5844 9240 | 2°'4660 92°33 |'373765 | ‘371198 371123 | 371215 | — 92 | — 122 |~ 93
June wo| 373054 | 165 | 24752 | 0265 | 23215 | 9272 ‘373790 371379 | 371202 | 373852~ 00— 90— 80 e o) e
July 373950 | 145 | 24278 | 0080 | 271650 | 0079 373685 | 371431 | 371406 | 371488 - 82— 11z = Bl 97ISER ) 7 I000MRS
August ‘374042 | 150 | 22743 | 8998 | 2'1002 | goOl |°373862 | 371674 | 371674 | 371622 + 52 |+ 22 |+ 3 37 810 | & 146
September 373982 | 157 | 10475 | 8897 | 18436 | Bgo7 |373877 |'371956 | 371986 | 37i7s6 230 200 4 195 57740 | 14D
October 374102 | 135 | 19714 | 8892 | 1°7061 8885 | 373917 |'372045 | 372082 | 371889 |+ 193 | 163+ 1421 37 ogo .
November ‘374222 | 14’2 | 18244 8770 | 1'6511 87'68 | 374040 | ‘372318 | ‘372392 | ‘372020 + 372 |+ 342 + 301 ;372101 | 4 231
December ‘374125 | 15’5 | 17941 | 8502 | 1°6602 84'97 |'373983 | "372251 *372412 372152 | + 260 | + 230 | + 190 372320 | + 92
i |
Means .l 373888 | 156 | 2'3855 8880 | 22569 8885 |'373756 | 371407 ‘371443 ‘371414 1 + 000030




44

TABLE 13.—Reductions of monthly and annual Means of Absolute Horizontal Force.
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]
1384.
. | ‘ 1 o
in, ° in, ° |
{_anuary i ‘374199 | 16'0 | 1'8017 8330 | 16704 8341 |°374066 | ‘372320 372531 ‘372281 | +°000250 | -+°000070 | +'000041 *372477 | + 000054
ebruary ... ‘374125 | 16'5 | 17470 | 8335 . 1'5795 | 8315 |'373944 | ‘372293 | 372312 | 372411 ; +  10L |~ 79 | = 98 372626 (- 114
March .. 374374 | 157 | 18111 | 8500 . 14366 | 8493 373980 |'372477 | 372639 | ‘372540 i + 99 | — 8 | - 64 | 372756 | - 117
April - ‘374614 | 16'0 | 1'6972 8730 | 12088 87°37 | 374199 | "372840 *372924 '372668 | + 256 | + 76 | + 105 372876 | + 48
May -+ ‘374303 | 17°'5 | 1'3894 | 9030  1'1952 | Q024 |'374298 | ‘373047 | 373039 | 372795 | + = 244 | + 64 | + 93 | 372988 | + 5t
June ...l 374604 | 14’5 | 1°2904 Q1'92 = 1°0032 91’79 |'374299 | 373249 373192 ‘372921 | + 271 | + 91 | + 122 ‘373099 | + 93
July ol '374498 | 160 | 11223 1 914 08458 | 9gogg |°374203 |'373317 | 373285 | 373046 |+ 239 + 59 + 90 | ‘373212 | + 73
August j "374545 | 170 | 1’1312 | 8075 ! 08525 | 8982 |'374255 |'373362 | 373368 | 373170 | + 198 | + 18 |+ 32 | 373321 | + 47
September ‘ '374323 | 13'5 | 08933 89'15 07299 89'03 | 374148 | 373383 "373414 "373293 | + 121 | — 59 - 64 ‘373429 | - 15
October ...l 374217 | 150 | 07102 8846 ; 05716 8844 |'374071 | '373471 *373521 '373415 | + 106 | — 74 i 95 *373528 | - 7
November ... 374217 | 155 | 06032 | 8745 04737 | 8744 |'374081 |'373584 | 373066 | 373535 '+ 131 : - 49 | - 9o | 373620 | + 46
December ‘ '374272 | 17°0 | 0'5533 | 8G'65 04532 | 86'32 |'374163 ‘373088 | 373799 | 373056 | + 143 | - 37 } - 77 | 373712 | + 87
! t
i I ; - -
Means ' ‘374374 | 158 | 1'2202 8781 ‘ 1'0092 8776 | '374142 | *373086 373157 372978 | + 180 i
| !
1885.
! -
i in. ° in. ° )
January . 374277 1 17’5 38442 8690 | 37160 86'71 |'374111 | 3609466 369571 *369501 | 4000070 | + 000165 | + 000136 369523 | + 000048
February | 374250 | 14’5 38go4 8582 | 36905 | 8594 |'374013 |'360400 | 369530 | 369621 | — g1 |+ 4= 15 | 369610 | — 8o
March - 374369 | 14’5 38475 | 86'85 | 36152 | 8705 |'374085 | 369566 | 369660 | 369740 | — 8o | + 15 1+ 32 | 369707 | — 47
April ... '374203 | 150 360350 . 8896 | 35230 8907 | 374104 | 369697 369727 360858 | — 131 | — 36 | - 7 369811 | = 84
May . 374208 | 16'5 34036 | Q145 | 33127 | 9143 | 374003 | 369945 | 369809 | 369976 | — 77 | + 18] + 47 | 369912 | — 13
June ..\ 374365 | 13's 34327 | 9295 | 3237! 0301 |°374122 | 370069 '369973 370093 T — 120 | — 25| = 94 "370006 | = 33
July ., 374337 | 150 33793 | 9238 | 32335 92°35 | "374153 | '370105 ‘370030 ‘370209 | — 179 | = 84 | - 53 '370008 | — 68
August "374268 | 157 32671 | 90’57 | 30892 | Q064 | 374047 |'370176 | 370186 | 370324 | — 168 | - 73~ 59 | 370203 | - 47
September ‘374125 | 1660 29648 | 89'86 | 2'0525 8980 |'374108 | 370406 370412 ‘370437 | — 25 + 70 | + 63 ‘370321 | + [o}4
October "374332 | 17°5 30809 . Q0’10 | 2'0405 90'06 | "374155 | ‘370468 *370466 *370550 | — 84 | + 11 - 10 370443 | + 23
November '374328 | 147 29785 | 90’25 | 28403 | 9026 |'374160 | 370503 | 370585 | 370663 | — 78 1+ 17 | = 24 | °370559 | + 26
December ‘374194 | 16'0 28886 © 8928 | 2'8383 8922 | "374129 | 370567 *370592 ‘370775 | — 183 " - 88 | - 128 | -370671 | — 79
Means ‘374272 | 15'5 33819 . 89°61 | 32498 I 8963 | "374107 | 370038 } ‘370050 370146 | — 000095 ‘ |
1886.
| . | | i ‘ |
January \ ‘374125 | 16'5 | 27754 8787 | 2°6652 | 88'04 |'373992 | 370653 '370716 *370885 | — 000169 | — 000018 | — 000047 '370787 | — 000071
February .. 374272 | 135 | 27367 | 8715 26180 | 8739 | 374131 370840 | ‘370924 | 370996 | ~ 72 | + 79 | + 60 | 370903 | + 21
March ...l 374305 | 1770 | 25851 8840 | 25122 | 8835 |°374211 | 371041 ‘371004 ‘371107 | — 13 | + 138 | + 155 ‘371010 | + 84
April 374199 | 175 | 2°3634 Q0’15 . 2°3313 \ 8998 | 374153 | 371211 ‘371212 ‘371217 | — 51+ 146 |+ 175 1 371108 | + 104
May .ol 374213 0 155 | 23177 92'67 | 22238 | 9269 |'374095 | 371286 371200 371326 | — 126 | + 25 | + 54 | 371200 )
June i ‘374245 | 160 | 22097 0292 | 21848 | 9293 | ‘374214 | 371455 ‘371361 ‘371435 | — 74 | + 77  + 108 ‘371288 | + 73
July < 374143 | 175 271519 | Q020 | 271166 | Q033 |'374102 '371420 | 371418 | 37143 | — 125 |+ 26 /4 57 371386 |+ 52
August ., 374300 | 14’5 21751 | 89'50 | 2'0430 | 89's51 |'374133 371551 | 371567 | 371650 | — 83 ' + 68 | + 82 | 371493 | + 7
September ... 374166 | 152 20836 | 80'00 | 19952 | 8904 |'374035 371533 | 371564 | ‘371756 |~ 192 ~ 41~ 46 | 371589 : - 25
October .l ‘374106 | 16'7 | 19558 | 8925 | 1'8607 | 8934 |'373989 |'371637 | 371658 | 371862 | — 204 | - 53 - 74 | 371670 | — 12
November ...| 373964 | 13'5 | 18743 | 8035 | 18000 | 8934 |'373870 |'371593 | 371614 | 371967 |~ 353 |~ 202 '~ 243 | 371758 | ~ 144
December ... 373798 | 150 | 17117 8864 ' 17304 '« 8867 |'373823 | 371634 371677 ‘372071 | — 304 | — 243 - 283 ‘371849 | ~ 172
! i .
| | | | | .
Means l "374153 | 15'7 | 22450 | 89'59 | 21734 | 8963 |'374064 |'371322 | 371334 | 371485 |~ 151 \
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TABLE 13.—Reductions of monthly and annual Means of Absolute Horizontal Force.
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January .| 374106 | 155 17476 8775 17085 8772 '374056 (371895 371968 372174 | = 000206 | +°000009 | —-000020 | '371935 | +°000033
February .| 374249 | 122 1°6699 86'87 16430 86'95 |'374218 | ‘372140 372238 ‘372277 | - 39 | + 176 l + 157 | ‘372024 | + 214
March ...| 374137 | 158 16835 8800 1'6043 8809 i "374060 372031 *3720092 372379 | — 287 | — 72 | = 55, ‘372121 | — 29
April .| 374143 | 16'5  1'5643 90’05  1'4611 90’00 |°374010 |'372160 *372160 ‘372481 | — 321 | — 106 | — 77 ‘ 372226 | — 66
May | 374130 | 14’5 1'3366 9207 13374 | 9225 |'374137 1'372444 | 372372 | 372582 | - 210 | + 5 ( + 34 . 372338 | + 34
June o 374249 | 150 14214 | 0244 12030 | 02134 |°374083 372445 | 372370 | 372683 - 313 - 98 | - 67 , 372456 | — 86
July .| 374254 | 167 13975 | 89'97 12759 | 8994 '374099 |°372482 | 372484 | 372784 ' -  3o0o | - 85! - 54| 372308 | — 81
August .| 374171 | 172 1'2356 22 1'1645 89°28 |'374083 i 372608 372631 372884 | ~ 253 | — 38 | - 24 372660 | — 29
September ...| 374213 | 17’5 11267 | 8877 1osai | 887s|374117 |'372783 | 372823 | 372083 |~ 160 | + 55 | + 50 | 372757 | + 66
October ... 374337 | 157 11543 | 8870 o125 | 8867 |'374156 |‘372872 | ‘372015 | ‘373082 { ~ 167 | -+ 48 |+ 27 | 3728064 | + 5t
November ...| °374300 | 160 1'0305 8842 09616 88'53 |'374217 | 372998 ‘373045 ‘373180 | — 135 | + 8o | + 39 ‘372067 | + 78
December ..., 374162 | 17'5 09087 | 8760 08893 8761 ‘3'374137 |°373009 | 373085 | 373278 | - 193 | + 22 | - 18 | 373068 | + 17
- - = e i
Means «.] 374206 | 158 1'3564 8915 : 12836 89’18 i“374114 '372489 '. ‘372515 ‘372731 | — 215 } ]
1888.
! i | : | ; | '
) | in. ‘ ° in. ° ! ’ i | ; | | ‘ |
January ‘ 374291 | 13’3 | 09521 | 8760 | 07856 87°51 |'374077 | 373080 i 373160 ‘373374 | — 000214 | + 000009 \ — '000020 373170 | —'000010
February ... 374448 | 150 | 09472 | 8744 | 07865 | 8742 |'374243 |'373245 ! 373328 | 373470 | - 142 + 8 | + 62 | 373267 | + 61
March A '374345 | 1777 | 00587 | 8922 | 07210 | 89'20 |'374243 J'373326 | 373352 | 373566 |~ = 214 |+ 9|+ 26 | 373360 | - 8
April - 374323 14’5 ) 06507 | OI'42 | 0'5044 | 9148 ('374253 {'373498 | 373451 | 373661 | - 210 + 13 |+ 42 373454 | — 3
May - "374328| 160 | 05347 | 9320 | 04435 | 09332 |'374216 |'373652 | 373546 | 373756 | - 210 | + 13+ 42 | °373541 | + 5
June .| 374406 | 16'5 | 38648 | 9390 | 37570 | 9396 | 374273 ['369554 369427 | 309658 | - 231 [ - 8+ 23 | 369434 - 7
July - ‘374374 | 14’5 | 38131 9247 | 37324 9235 ;374209 | ‘369577 ~ '369502 369752 | - 250 | — 27 |+ 4| 369524 - 22
August .. '374351 | 152 | 37909 91°00 | 36600 | 9r'o1 ;374186 | 369585 ‘369553 369846 | — 293 | — 70 r - 56 369608 | — 55
September .| ‘374374 | 155 | 36574 | 9082 | 3's603 | 9079 |'374251 369776 | 369751 | 369939 | - 188 J + 35|+ 30 | 369602 ' + 59
October .. 374443 . 170 | 36201 | Qo2 | 34784 | 9113 °374209 |'360893 | 360857 | 370031 | - 174 | + 49 | + 28 | 369778 | + 79
November ... 374153 | 17°'5 | 34192 | 91°50 | 33820 | 9164 ‘374110 |"369855 | 369803 | 370123 | - 320 | — 97 - 1381 360863 | — 60
December ... 374346 l 155 | 3'4444 | 9085 | 33660 | 9078 374245 ‘370012 | 369987 | 370215 - 228 ‘ - 51~ 45 ; '369948  + 39
| i I ! I i
% ! - A N o | . f ) -
Means - 374365 " 157 ! 90'87 90'88 | 374219 I - 223 | | .
| { |
1889.
| o | |
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September ... ‘374300 | 14’5 | 2'6696 9077 | 26792 90'93 i'374317 *370936 '370906 ‘371017 | — e | + 89 | + 84 370842 |+ 64
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December ... 374420 | 145 | 26205 | 8887 | 2'5196} 8865 | 374205 | ‘371115 | g7uis8 | g71277 [~ 119 [+ 81+ 41 371123 f + 35
i ! \ |
i , \
H . |
Means 1 "374383 | 157 | 29823 | 90'94 | 29055 | 9095 z’374287 "370625 | ‘370594 | 370795 | — 000200 ‘ l

B 1034—12
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TABLE 13.~—Reductions of monthly and annual Means of Absolute Horizontal Force.
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April .| 374452 | 160 | 23720 ( 0148 | 22858 | 9144 |'374342 |'371444 | 371398 | 371616 |- 218 | - 5t 22 | ‘371460 62
May .| 374471 | 17°5 | 22650 | 9320 | 21703 | 9308 |'374346 | 371583 | 371484 | ‘371700 | — 216 | — 49 20 i 371534 | - 50
June 374503 | 145 | 22180 | 93'52 | 21372 [ 0336 | 374305 | 371674 | 371566 | ‘371783 | — 217 | — 50 19 | ‘371610 | — 44
July "374591 | 160 | 272360 | Q0'92 | 21124 | Q095 | ‘374435 ‘371746 | 371716 | 371866 | — 150 | + 17 48 | 371689 | + 27
August "374563 ; 165 | 20960 | 8995 | 20168 | 8977 |'374456 |'371889 | 371896 | 371949 | — 53+ 114 128 | 371770 | + 126
September "374337 | 13’5 | 19730 | 89'50 | 10177 | 89'42 |'374264 |371821 | 371840 | 372032 | —. 192 |- 25 30 | 371849 | - 9
October 374429 . 150 19780 | 89'34 | 18308 | 80'46 |'374245 | 371913 | 371930 | 372114 | — 184 | - 17 38| 371926 | + 4
November ‘374397 | 15’5 | 1'8620 ; 89'so | 17852 89°'53 | 374300 | 372026 372041 ‘372196 | — 155 1+ + 12 29 372006 | + 35
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January .| 374503 | 17'5 | 1’8020 | 88'67 | 17375 | 8872 374419 |'372204 | 372245 | 372357 1 —"000112 | +000050 | +°000021 | ‘372182 +000063
February - 374489 | 145 17900 | 8782 | 16449 8775 |'374302 | ‘372205 | '372277 | 372438 | - 161 | + |- 18 | 372255 + 22
March ... '374328 | 14’5 | 1'6290 8862 | 1°5225% 8864 |'374193 | 372252 *372296 372518 | — 222 | — 60 43 372332 | - 36
April . '374208 ’ 150 | 14180 | 91’10 | 13690 | QI'21 |°'374149 :°372402 | 372363 | 372598 | -~ 235 | - 73 | - 44 | 372415 - 52
May .. 374425 | 165 | 14410 | 9345 | 12185 | 0340 |'374130 |'372583 | 372474 | 372677 | — 203 | — 41 | - 12 | 372498 - 24
June .| '374434 | 135 | 13740 | 04'87 | 12316 | 04'04 |'374254 | 372681 372523 | ‘372755 | - 232 | — 70 | - 39 | 372585 - 62
July .| "374503 | 150 | 13660 | 9370 | 1'1820 | 93'63 |'374266 |'372757 = 372641 | 372834 | - 193 - 31 0| 372066 | - 25
August | 374369 . 162 | 12180 92'07 | 11223 9218 | 374251 | "372818 *372748 ‘372912 | — 164 | — 2|+ 12 ‘372741 ' + 7
September ...| 374249 \' 16'0 | 1°0530 91°16 | 09764 QI'15 | '374151 | 372903 *372866 ‘372990 | — 124 | + 38 |+ 33 372822  + 44
October . 374383 | 17'5 | 11550 90’17 | 09837 9009 | 374161 | 372904 "372901 *373067 | — 166 - 4 | - 25 ‘372905 - 4
November ..., ‘374448 | 14’5 | 1'0980 | 8987 | 09347 | 8983 |'374238 1'373043 | 373048 ! 373144 | - 96 i+ 66 | + 25 . 372086 + 62
December .. ‘374540 | 16'0 ; 10850 8898 | 0'go73 8893 |"374311 |'373151 '373185 \l 373221 i - 36 | + 126 | + 86 373059 | + 126
| 1 _ i
‘ | ‘ | ! !
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TABLE 13.— Reductions of monthly and annual Means of Absolute Horizontal Force.
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TABLE 13.—Reductions of montily and annual Means of Absolute Horizontal Force.
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TABLE 13.—Reductions of monthly and annual Means of Absolute Horizontal Force.
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November 374448 | 16'7 | 37400 | 9105 | 36560 | 9I'32 |°'374414 |'372549 | 372507 | 372391 |+ 116 |+ 38 - 3. 372449  + 58
December 374332 | 14’5 | 37270 | 9002 | 36220 | Q009 |'374280 |'372433 | 372430 | 372439 | - 9 |- 87 | = 127 372490 | - 6o
Means ‘374471 | 158 | 42950 91°16 | 41350 9129 l 374393 | 372289 372248 372170 | + 78 i
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TABLE 13.—ZReductions of monthly and annual Means of Absolute Horizontal Force.
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1902.
c.m. ° c.m. °
January ‘374392 | 154 | 37330 | 8936 | 34960 | 8944 [°374274 |'372488 | 372506 | 372487 | +°000019 | —'000026 | —'000055 | 372534 | — ‘000028
February "374457 | 15’5 | 36880 | 8892 | 34780 | 8906 |'374354 |'372577 | 372007 | 372535 | + 72 | + 27 | + 8| 372581 | + 26
March ‘374452 | 157 | 3'5590 | 90’67 | 33610 | Q068 ‘374351 |'372634 | 372012 | 372583 | + 29 | - 16 | + 1| 372621 | - 9
April 374485 | 16°'4 | 33530 | 9288 | 29690 | 0204 |'374201 | ‘372774 | 372080 | 372031 | + 49 | + 4|+ 33| 372004 |+ 16
May "374411 | 175 | 30810 . 9517 | 28050 | 0514 (374269 |'372836 | 372672 | 372679 | - 7|~ 52 | - 23 | 372714 | — 42
June '374408 | 14'5 | 29950 9565 | 26970 | 9576 |°374350 |'372972 | 372788 | 372726 | + 62 | + 17 | + 48| 372766 | + 22
July "374429 | 16'0 | 28090 | 9460 | 26010 | 0474 ['374327 |'372995 | 372843 | 372773 | + 70 | + 25 | + 56 | 372822 | + 21
August "374369 | 16'7 | 26900 - 9382 | 2'5050 | 9388 |'374276 ['372993 | 372869 | 372820 | + 49 |+ 4|+ 18 | 372877 | - 8
September '374300 | 137 | 27430 . 92°57 | 2°4680 9261 | 374160 | ‘372896 ‘372812 ‘372867 | ~ 55 | - 100 | — 105 372929 | — 117
October 374360 | 152 | 26060 ;. 09238 | 23290 0252 |°374222 | '373030 ‘372949 ‘372914 | + 35 | - 10 | - 31 ‘372977 | — 28
November "374388 | 155 | 23770 | 9220 | 21570 | 9233 | 374279 | 373175 | °373100 ) ‘372961 | + = 139 |+ 94 | + 53| 373025 | + 75
December "374314 | 17°0 | 23440 : QO'Q0 | 21930 | Q105 |'374242 | 373119 | 373085 | 373007 | -+ 78 | + 33 | - 7| 373078 | + 7
I
!
Means "374405 | 158 2'9980i 9243 | 27550 | 9251 | 374283 | 372874 | 372794 | 372749 | + 000045
1903.
c.m. ¢ c.m. °
January ‘374305 | 17°7 | 22610 8911 | 2'1760 89’20 | 374265 | ‘373153 ‘373179 *373053 | +:000126 | — 000024 | — 000053 ‘373136 | + 000043
 February 374360 | 14’7 | 22830 | 87'77 | 21420 | 8776 |'374288 {'373193 | ‘3732065 | 373099 | + 166 | + 16 | - 3| 373191 | + 74
March ‘374415 | 14’5 | 24370 | 8885 20390 | 8889 |-374212 (373168 | 373204 | ‘373145 | + 59 | - 91 | — 74 | 373246 | - 42
April "374309 | 154 | 20260 | go'77 | 1’6030 | 9080 |°374093 |°373272 | 373246 | 373101 | + 551 - 95 | - 66 | 373305 | — 59
May "374254 | 16'5 | 1'7540 | 93’29 | 14790 | 0332 |'374114 |°373357 | 373251 | 373237 | + 14— 136 |- 107 | °373366 { - 115
June "374369 | 13’5 | 14970 | 93'51 | 12040 | 9367 |'374270 (°373607 | 373490 | 373283 | + 207 [+ 57 |+ 88 | 373426 | + 64
July 374388 | 150 | 14970 | 92'77 | 12430 | 0272 | 374256 |'373620 | 373533 | 373328 | + =205 |+ 55 | + 86 | 373488 | -+ 45
August "374185 | 157 | 12990 | 90’97 | I'to60 | 9101 |'374087 |'373521 | 373489 | 373373 |+ 116 | - 34 |- 20 | 373545 | — 56
September "374042 | 160 | 09840 | 9076 | 09650 | 9082 |°374034 (373540 | 373514 | ‘373418 | + 96 | — 54 | - 59 [ 373590 | — 76
October ‘374153 | 17°5 | 09030 9076 | 06090 Q0'71 | 374000 | 373688 *373665 ‘373463 | + 202 | + 52 | + 31 '373630 | + '35
November '374050 | 180 | 04220 89'57[ 0’1280 89'82 | ‘373919 | '373853 *373859 ‘373508 | + 351 | + 201 | + 160 373673 |+ 186
December "373904 | 160 | 04540 | 8871 | 03770 | 8867 |373865 |'373910 | 373753 | 373553 | + 200 | + 50 | + 10 | 373711 | + 42
_ | ‘ -
Means "374228 | 159 | 14850 | 90’57 {[ 12630 | 9062 | 374117 1'373490 ! 373454 | "373304 | +'000150
° {
1904.
c.m. ° c.m. °
January 374296 | 16'5 | 67530 | 8751 | 63690 | 87'57 |'374114 |'371063 | ‘371141 | 370749 | +°000392 | +'000350 | +°000321 | 370888 | +°'000253
February ‘374111 | 135 | 66430 8829 | 64680 8836 | °374029 | 370931 *370083 ‘370793 | + 190 | + 148 | + 129 ‘370916 | + 67
March ‘374222 | 160 | 70460 | 8924 | 65610 | 8914 |'373987 |'370844 | 370872 | 370837 | + 35| - 7|+ 10 | 370951 | - 79
April 373987 | 16°5 | 6°4890 9120 | 60780 9118 | 373789 | 370878 *370840 370881 | — 41 | — 83| - 54 ‘370980 | — 140
May 374157 | 14’5 | 64300 | 9302 | 58560 | 9318 |'373887 371082 | 370980 | 370025 | + 55|+ 13 |+ 42 | 370996 | — 16
June ‘374102 | 150 | 62830 | 9358 | 58570 | 0351 373806 |'371090 | 370978 | 370069 | + 9 - 33 |- 2| ‘371017 | - 39
July 374249 | 16'5 | 67160 | 91795 | 59870 | 92'06 |°'373904 |'371036 | 370970 | °371013 | - 43 | - 85 | - 54| 371038 | - 68
August ‘374079 | 17°0 | 6°2390 91'69 | 59280 91°66 |'373929 |'371089 ‘371036 ‘371057 | - 21 | — 63 | - 49 ‘371060 | — 24
September 374139 | 17'5 | 62540 | 9124 | 57690 | 9129 !°373909 |'371146 | ‘371105 | ‘371100 | + 5= 37 | - 42 | 371098 | + 7
October ‘373991 | 155 | 59820 | 92712 ' 54960 | 9204 |'373755 371122 | 371057 | ‘371143 | — 86 | - 128 | - 149 | 371139 | — 82
November ‘373899 | 160 | 55930 9196 | 54250 91°88 | '373816 |'371217 ‘371157 ‘371186 29 | - 71 | - 112 ‘371175 | — 18
December '374028 | 17'5 | 57470 | Q0’21 55670 | Q0’21 |°373942 |'371275 | 371268 | 371229 | + 39 | - 3|- 43 | 371214 | + 54
Means ‘374105 | 160 | 6'3479 91‘00% 50467 91°01 |'373913 | 371064 '371032 370990 | +°'000042
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TABLE 13.—Reductions of monthly and annual Means of Absolute Horizontal Force.
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1905.
e S R [ - I ’
l c.m, ° c.m. ° i
January ...\ 373977 | 14’5 | 56810 8892 { 5'3590 8873 373817 | ‘371250 371291 371272 | +'00001Q | = 000002 | — ‘000031 '371258 | +-'000033
February ! ‘374019 | 11’5 | 57550 | 8689 | 52660 | 86185 |'373784 |'371262 | ‘371363 | 371315 | + 48 | + 27 1+ "371303 | + 6o
March - '374130 | 150 | 58500 | 8794 | 52620 | 8799 |'373850 ‘371330 | 371304 | 371358 | + 36 |+ I+ 32] 371350 |+ 44
April -l '373973 | 155 | 5'5640 | 90’26 | 50760 | 90°23 |°373738 !'371307 | ‘371300 | ‘371401 | ~  IO1 | - 122 |- 93| 371397 | - 97
May | 373083 | 170 | ‘54170 | 9334 | 49400 | 9335 |373855 |'371489 | 371382 | 371442 | ~ 6o | - 81 | - 52| 371446 | — 64
June 1 ‘374102 | 17°5 | 50870 | 0499 | 46290 | 0488 373879 |'371662 | 371506 | ‘371484 | -+ 22 |+ 1|+ 32| ‘371499 | + 7
July ...l 374102 | 155 | 51670 { 93’60 | 47010 | 9355 |'373877 |'371625 | 371511 | 371526 | - 15 |~ 36| — 5
August ... 373908 | 164 | 4°6980 92'43 | 45020 92'51 | 373817 5'371661 371581 ‘371568 | + 13 | - 8|+ 6 |
September ...] ‘373793 | 167 | 4'2500 9261 | 42650 92'55 373798 | '371755 ‘371673 ‘371610 | + 63 | + 42 | + 37 '
October ..., 374023 | 14’5 | 47930 | 9335 | 43010 | 93'44 |373790 |'371730 | 371620 | ‘371652 | — 32 | - 53 |~ 74 ;
November ...] 273973 | 150 | 43160 9360 | 3'8ogo 9364 |'373731 | '371903 ‘371787 ‘371693 | + 94 | + 73 | + 32 !
December ...| 373848 | 16'5 | 39710 | 91'50 | 4’1530 | QU'SI °373935 '371946 | 371898 | 371734 |+ 164 |+ 143 [+ 7103 i
! !
Means - 373994 | 15'5 | 5'0460 91°62 | 46890 91°60 |°373823 1'371577 ‘371525 371505 | +°000021 ‘

Whenever an adjustment of the instrument has been made in the middle of the year the annual means for the year have not been derived.
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TABLE 14.—Showing corrections applicable to the monthly mean values of Absolute Horizontal Force
due to difference between the mean date of the Month and the mean date of observations.

Unity = o'1y = ‘000001 C. G. S.

Years.

1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905

Month.
. - l o I
g g £ _ o 3 £ 2 E E .
- 75 ! | +13 |+ 101 S —21| =61 +81 ‘ +19 | —41 | =72 | +35
-3 —56'\ O =30 |- 50| +ra| -14 =27 439 -5 -1z | =34 | -2
- 44 - 10 | +20i +66 |+ 451 +25 | + 8 - 3| —15, —-30 | + 7 - 7| + 5
- 15 + 7t —22‘ -37 0| —15| —30 | +15 o| —15| +22 4+ 71 -7
) +321‘ + 7} - 71- 21| =35 o| - —21 | +11 o’ —-15| - 5
—18 1 24| + 6)- 6| -18| +12| + 6| - 6| —18| —30 0
-5 -2 -1 -9+ 5| - 5| -t -19| + 5| 7| -14 410 -8
+ 2 -9 ' o} k - 81— 16 + 4| -4 =8 +12| + 4| -4 -12| -3
-12 0 -9 - 15 o -6} 12| +6 -1} -7|+8 + 3| -4
- 1 + 8 - 4 % - 81+ 5 ! ol - 5| - 8 —-13 o -5 =—-10| — 3
+ 5 +12 + 2 ‘ - 21— 8 ‘ —-12 ol — 2| — 8| + 4 o - 5| — 1
-7 -17 ~ 11 ! + 2 |- 2] - 7|+ 5|+ 2] - +10 | + 4 o — 2
-2 —8g-1;—4—8+ - 2| - 6| + + 2| -2 - 6] - 2
-7 -z +3 Ol= 3+ 5| +2 -1 =3 -7+ 1 -2 1
-3 + 2 -5 =8 ol -3 -7/ +3|-1|-4]l+5 +2]|-2
o + 0 -1 L - 51+ 3 o - 4| - 51 -8, -1| -3 -6l - 2
+ 7 - 2 -7 + 2|- 2| -5+ 3| +1| -2 -15|-28 ? ol — 1
-1 -7 —31+4+1IE—I—4—6 P R I S
+ I - 4 o - 3= ﬁ6 [ + 1| - 1| -3/ + 4+ 1 -1 = 41— 1"
-5 -1 + 3 oO|l— 3|+ 4+ 1| -2 -3 -5+ 1 -1 -1
- 1 + 2 - 1 - 4|+ 5 ‘ ol - 5] - 4! -6] 4+ 31 =2 1 - 5| - 2
+ 2 + 5 | + 1 -1 |- 4 j - 5 ol -1, - 3|+ 2 ol - 2 o
- 3 - 8| - 5 + 1 |- 1 | - 3|+ 2|+ 1| - 1| ~-3| -6 3 o] — 2
- 1 - 6 - 2 | + 3|+ 1 ‘ - 1| - 4| =-5|+ 1| —-1| -4 ; + 2| - 1
+ 1 - 2 + 2; ol— 3 % + 3| + 1 o, — 2| - 5| + 2 . I )
- 2 + 1 -3 -5 ) E - 21 - 4! 4+ 2 o — 2|+ 3 4+ I| -1
o) + 3 -1 - 30+ 2 % o| -2 - 31 -4 o — 2 - 4| -1
+ 2 + 4 + 1 - 1 |- 3 i - 4 o} — 1 - 3 + 2 o - 2 o
- 2 - 6 - 3 + I |— I g - 2| + 2 o} — 1| = 3| -4 o - 2
-1 - 4 - 2 + 2|+ 1 ? - 1| -3 -3+ 1| -1 -3 4+ 2| -1
0 -3 ) - 2|- 3 { + 1| - 1| =24+ 2|+ 1] -1 - 3|1
-3 -1 + I — 1 |- 1] 4+ 2|+ 1 ol — 1| =3 -4 =1 -1
-1 + 1 -1 - 2+ 1 o] — 1] -2 -3 o -1 - 3 -1
+ 1 + 3 + 1 - 1|=- 2| - 3 | o]l -1 - 2| + 1 ol — 1 )
| !

The corrections have been desived from smoothed instrumental changes.
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4. Use of the duyferential Instrument.

78.  Having obtained the values of the scale co-efficient of the instrument and of the temperature
co-efficient of the magnet, it is now possible to make use of the instrument in the first instance, to secure
the absolute values of force corresponding to the mean of the month and the year. In table 13 are
collected the data in full detail from the year 1872 to 1905, the various operations involved being set
forth step by step. Col. 2 contains the monthly mean value of the absolute force observed with the
Kew unifilar. Col. 3 gives the mean date of the observations for the month. A minute correction to
the final result of the month is necessary as the mean of the dates in this column does not exactly
coincide with the exact middle date of the month. This though invariably inappreciableis sometimes
significant and has been computed and given in table 14. Cols. 4 and 5 contain respectively the ordinate
of the magnetograms and the temperature of the magnetograph enclosure corresponding to the exact
time of the absolute observations. Cols. 6 and 7 give the mean ordinate and mean temperature
respectively for the month. In Col. 8 appear the absolute values for the month derived from corrections
obtained from the previous columns.*

79. The values of the zero of the instrument similarly derived are given in Col. 9 which in
Col. 1o are all corrected for and reduced to a common temperature of go” F. Col. 11 contains
the theoretical values of the instrumental zero as computed from a suitable formula, the details of the
derivation of which are given in the next section. Col. 12 gives the difference between the observed
and computed values of the instrumental zero. Differences in Col. 12 corrected for the mean annual
excess appear in Col. 13, and in Col. 14 these are further corrected for the annual variation of the instru-
mental zero. In Col. 151is given another series of the values of the zero derived by smoothing
the values given in Col. 10 by taking the running means of 12-monthly means, and reducing them
finally to the mean of the month. Col. 16 gives the difference between the Cols. 10 and 15. Corrections
indicated by figures in Col. 3 have been computed and given in table 14 but have not been applied.
Cols. 1 to 8 refer to the use of the differential instrument for the purposes of the absolute determinations,
while Cols. g to 16 give data which, while fully indicating the behaviour of such an instrument, may also,
if these indications have been correctly interpreted, otherwise prove useful for the purpose to be presently
referred to.

80. The mean monthly values of absolute force given in Col. 8, it should be noted, are not free from
errors. They involve (a) observational errors, (4) instrumental (magnetograph) errors due to the shift
of the zero, probably also (¢) difference, if any, betwezn the magnetic secular change at the two places,
the electrometer tower 50 feet above ground where absolute observations are made and the underground
room where the magnetograph has been located; and () any instrumental error of the absolute
magnetometer which may depend upon and vary with some meteorological conditions. In the result of a
large number of years the errors of the average month due to cause (2) and any small irregular movements
due to other causes may by the law of probability become small enough to be inappreciable. This will
leave the regular errors (¢) and (4) alone to be dealt with, provided it is assumed in regard to (4) that
the mean annual secular (1nstrumental) change proceeds at a uniform rate from month to month, and
hence it is possible to elimmate it fully by the application of the correction ___/2_73»2213 s where s is the

secular change and » the month of the year.

81. All these have been severally examined in the next section.

The examination of the zero series of a variation instrument is usually very rarely undertaken. It
must hence be stated at the outset that the discussions about the data of this differential instrument and
others which follow, whatever be the result and conclusions arrived at, refer solely to the behaviour of the
particular instruments and to other collateral phenomena, and do not in any way affect the results of
the absolute observations the results of which are given in the first eight columns in table 13. They do
however throw some useful hight on the probable errors involved in the final results and enable the degree
of reliability of the working of the variation instruments to be ascertained fairly correctly.

* The temperature figures from March 1875 to February 1877 are not available as the ivory sca e of the thermometer in the enclosure had cracked
and the thermometer had fallen down, The temperature readings hence were not resumed till the enclosure was next opened for adjustment in February
1877. The absence of corrections precludes the zerd series from being correctly determined for that interval, For the mean absolute force however
it will be seen that the correction n.cessary for its reduction to the mean of the month is deperdent upon a very small difference of temperature which
is always less than 0®2  And as the temperature co-efficient is 3'2y for 1° the uncertainty would amount to about jy,
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TABLE - 15.—Mean monthly and yearly values of Horizontal Force Magnetograph

Zero and Annual Inequality.
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1895 371446 371545 371604 371680 | 371887 371778 | 371814 371934 372025 372348 372398 372544 371897 57 77 +1§ 371995 | — 98
1896 372605 | 372430 | 372500 | 372610 | 372726 | 372809 | 372705 | 372060 | 372086 | 373131 | 373233 | 373319 | 30280 el I S ae | 372744 |+ 86
1897 373312 373307 373374 373301 . 373497 373599 373706 | 373642 373763 373770 373877 373968 373581 ;1 U 373420 oo
373990 : 374213 [ 374143 12
1808 370134 370208 370231 370142 | 370232 370292 370287 370450 370510 370560 370621 370853 370357 23?, 283 ! g; 370287 | + 70
1899 370878 | 370788 | 370781 | 370801 | 371046 | 371024 | 371042 | 371072 | 371133 | 371202 | 371323 371455 | 371033 | gl¢ 62@; TS| 370041 | - 92
1900 371444 | 371887 | 371547 | 371572 | 371480 | 371586 | 371582 | 371685 | 371840 | 371881 | 371080 | 371893 371630 | cgy 6o1 | _ 12| 371569 | + 70
1901 372033 | 371984 | 372074 | 372143 | 372183 | 372305 | 372255 | 372348 | 372374 | 372345 | 372507 372430 | 372228 §46 s79 | - 33| 372170 | + 58
1902 872506 | 372607 | 372612 | 372680 | 372672 | 372788 | 372843 | 372860 | 372812 | 372049 3(733100 373085 | 372774 | 7 J 7| 372749 e
‘ eee 3069702 370904 373434 660 373304 25
1903 373179 | 373205 | 373204 | 378246 | 873251 | 373490 373533 | 873480 | 373514 | 373665 | 373850 | 373758 | apoese 42 onl 1981370885 | 4130
1654 371141 | 370983 | 370872 | 370840 | 370980 | 370978 | 370070 | 371036 | 37T105 | 371087 | 371157 | 37xe08 371012 | on | Slg _ g | 370090 |+ 22
1905 371201 | 371363 | 371304 | 371300 ' 371382 | 371506 | g7isii | 37181 | 371673 | 371620 | 371787 | 371808 | 371505 | ! | 371505 o
. S —e §_ —_ e
Inequality ‘ ‘ |
1878—1905. - 505 - 418 - 357 -272 - 175 -80 +18 1 +132 +248 +361 +478 + 574 i i
Corr.ction s ’ \ {\
due to in-| 1 | | ) ;
Sirumenta! s oaus| S TOR RO N B L
ge +534 +437 +340 +243 +14 +49 49 14 240 340 437 I 534 [
- —_— —_— — e e | o ; |
Corrected| - | |
Inequality . + 29 + 19 - 17 - 29 - 29 -31 ~31 | - 14 + 5 Poer + 41 + 40 I l

Lo

The monthly means from 1891 to 1905 are not corrected for a change of 2y due to the introduction in the magnetogra;

ph room of V. F. No. 2 magnet, But the yearly means have been corrected for this change,
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5. The Magnetograph as a recorder of secular change.

82. It is usual always to treat instruments of this type strictly as differential instruments. And the
reason is obvious. When the instrument is young with its magnet newly
magnetised to saturation, what with large losses in the moment of the magnet
and the fatigue of the wires of the bifilar suspension, the creep of the zero for several years is not only
rapid but irregular. In magnetographs of the most recent construction the magnets are very small and are
specially ‘aged’ to remove the excess of magnetisation, which minimises the effects of the first defect ;
while the quartz fibre suspension effectively meets the second objection. In the older type of instruments
owing to these drawbacks it is difficult for the first few years at least to expect the 1nstrumental indi-
cations to preserve their zero unaltered for more than a day, and even thic is mainly a matter of presump-
tion. It'is only after the lapse of several years that the creep becomes steady and sufficiently reduced
magnitude to make it possible, if the data refer to a large number of years, to formulate some law for this
instrumental creep.

83. As the rapid shift of the zero takes the curve off the photographic paper in a very short time,
fresh adjustments become necessary periodically to bring the curve back on to the recording paper. This
introduces an additional disturbing factor fatal to correct registration by the instrument, of the minute
secular changes which are so important for the purposes of investigation.

84. The Colaba Magnetograph was started in 1870. It had to be readjusted or its record inter-
rupted for some reason or otheron the following occasions :—May 1871, February 1872, October 1873,
February 1877, July 1882, January 1885, June 1888, July 1892, February 1898, and November 1go3. It
will be seen that the instrument was practically disturbed by these adjustments every six years in the later
years of its life, and much oftener when it was young.

85. In table 15 are collected the mean monthly values in force of the datum or zero line as
derived from the absolute values. All are corrected to an uniform temperature of go® F. Wherever
double figures are given, an adjustment is indicated, the upper figure corresponding to the zero of the
former adjustment, and the lower figures to that of the latter. It must be noted that the zeros are com-
parable during the year, but the values from year to year are comparable only during the period of
one adjustment to which they are common. Though the series is given from 1872 to 19035, unfortunate-
ly no temperature corrections are available, as already referred to, from March 1875 to February 1877.
This precludes the use of the series prior to 1878 for this purpose and hence the period 1878-1905 only
has been made use of in the following discussion.

86. Proceeding to the consideration of the mean annual values, the treatment adopted is as follows :—
In column 14 are given the annual means of the zero, double figures being given for the years of adjustment.
As the curve of the zero itself rises very rapidly it is difficult to be charted on a suitable scale, and as it
is also otherwise inconvenient to deal with, in column 1z are collected the differences ¢f the annual
means of two consecutive years which are treated with the formula Az =« + Bt~ which appeared to
suit best the condition of the series for the period considered, where « and B are some constants and ¢
is the number of years reckoned from some convenient year. The theoretical differences so derived are
given in column 16, the next column 17 giving the departures of the observed from the th=oretical
differences.

87. The theoretical differences in column 16 are then taken, and with the initial value of the zero of
the year 1905 the series of the annual values of the zero is built up for the period. This is given in column
18, while in column 19 appear the differences of the annual mears of the observed zero series from
the theoretical zeros.

88. The series in columns 15 and 16 are charted for ready reference in Plate 2, figure 1, in thin
and thick lines respectively, as are also the departures in columns 17 and 19 as figures 3 and 6.

89. Assuming that the theoretical zero curves (of either differences or actual zeros) fairly set forth
with correctness the conditions obtaining in the instrument, the departures of the observed from the
theoretical presumably indicate the irregularities of the instrument, and figures 3 and 6 show how far the
instrument fails to conform to the assumed law in the former case in regard to the differences of zeros
and in the latter to the actual zeros.

go. Side by side, however, have been charted figures 4 and 7, the resulting curves obtained by a
similar treatment of the zero curve of another instrument of an altogether different type—Grubb’s H. F.
magnetometer, a full description of which is given in Chapter I1I.  The series charted as figures 4 and 7
appear in table 77, columns 19 and 16 respectively.

91. A glance at the two sets of curves shows that while not agreeing in the main in the minor
fluctuations, their general run is strikingly parallel. The points of disagreement, the graphs of which
are represented by figures 5 and 8, will be presently referred to; but considering the parallelism

The creep of the Zero.
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first, it is difficult to conceive how two instruments, so widely different in make and type, can behave
so regularly in their irregularities from year to year over 25 years, the period under examination. The
conclusion is unavoidable, therefore, that a considerable portion at least of these irregularities cannot be
of instrumental origin, but that both these instruments have been subject to some disturbance having a
common origin, which acts either on the electrometer tower disturbing the absolute determinations
but not affecting the two variation instruments nearer the ground, or on the variation instruments alone,
the influence being rendered nappreciable at the height of the tower. The cause may be magnetic or
non-magnetic in origin.  If the former, it is conceivable that the strong local factor at Colaba renders the
induced effects of the disturbance of the 11-year period on the secular march of the absolute force,
referred to in Part 11, Chapter I, slightly unequal at unequal distances from the ground.

92. If the latter, it may possibly be due to some unrecognised source of error in the absolute

determinations themselves, due to some instrumental defect, though what that possibly may be it is not
easy to guess. Defective temperature correction or any faulty constants in the absolute instrument can,
it has been ascertained, hardly explain these annual irregularities, amounting to such a large amount
as 20y. ]
93. On the other hand, the general run and peculiarity of the curves, the peaks in 1884 and 1896
and a possible one in 1874 occurring after an interval of about 12 years, if not accepted as accidental,
may be suspected as indicating the differential effect of some general magnetic disturbance operating
with a slight inequality upon the absolute instrument at the tower and on the variation instruments located
nearer the ground.

94. Coming now to the points of disagreement between the two variation instruments a further
examination of figures 5 and 8 shows that the departures are pretty irregular such as may be expected from (1)
irregular changes of the zero or from (2) uncompensated effects of temperature on the variation instruments
if the thermometer failed to measure accurately the actual changes in the temperature of the magnet.
The irregularity in the shift of the zero is always most marked after every fresh adjustment of these instru-
ments, but the larger departures do by no means correspond to the epochs of these adjustments of the mag-
netograph; and Grubb’s magnetometer was not disturbed at all after 1873. Hence the probability of the
discrepancies being due to irregularities in the zero of either instrument appears to be small. Examining
the departures in connection with uncompensated temperature effects, the indications of Grubb’s instrument
in this respect, as will be seen later (vzde Chapter III), give undoubted evidence of being vitiated. On
the other hand, the small temperature coefficient of the magnetograph and the small range itself of the tem-
perature in the magnetograph room and lesser range still in the enclosure, make the possibility of such
uncompensated temperature errors markedly remote* in the magnetograph. Hence for the major portion
at least of these irregularities the Grubb’s instrument appears to be clearly responsible.

95. Referring now to the march of the mean monthly values of the zero of the magnetograph, it
is obvious that if there is no instrumental creep, if the temperature errors
have been fully compensated and there is no difference in the magnetic
secular change from month to month at the two places, the values of the zero should be all equal and -
must lie on a straight horizontal line. A minute but well-defined annual variation, it will be seen, is
however, indicated. The mean monthly values of the zero (average of the period 1878-1905) given in
table 15 are corrected for the instrumental (secular) change equal to 1166y in the usual way by the
application of the formula referred to in paragraph8o. It will be noted that thiscorrection (+53'4y) graded
from January to December is very large, compared to the minuteresidual variation which falls to be explained.
The mean monthly values of the zero can also be derived by an indirect and less reliable process by
taking the crude monthly means of the zero wholly wrncorrected for temperature and deriving the annual
inequality by assuming that the inequality is the result of the combination of two variations only—one caused
by the temperature series shown in the last row of figures at the bottom of table 16 with an unknown
coefficient of temperature to be sought and the other by the secular (instrumental) series where s is the other
unknown constant. In this assumption the operation of any other possible cause is, of course, excluded.
From these data, by the method of least squares, the following result has been obtained: s=122"7y;
t,= —1'98y.

96. This method of procedure, which attempts to determine both the temperature coefficient
and the progressive change on the supposition that the inequality is due to the operation of
two factors only, is obviously objectionable; its only utility, however, is thatit enables one to see
how far at least the large value of the secular (instrumental) creep 1is approximately reliable
the observed value (annual instrumental creep) of which i1s about 1166y while the calculated
value indicates 122'7y. The temperature coeflicient also works out at — 1'98y instead of the correct
value —3'2y; and as also the residual inequality after the elimination of the variations due to the

Annual variation of magnetograph zero.

« Results of experiment conducted in one of the magnetograph enclosures (vide para. 117) where the conditions of the magnets and thermo-
meters in all enclosures are almost identically alike, show that these effects are inappreciably small in the diurnal and annual march.
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TABLE 16. —Monthly Mean Readings of Thermometer in the fHorizontal Force
Magnetograph Enclosure.

Years. T
IJanuary.
|
1873 8786 !
1874 8491
1875 8485
1876
1877
1878 8874 |
1879 8751
1880 8470
1881 8612
1882 8673
1883 8764
1884 8341
1885 .. 8671
1886 8804
1887 8772
1888 . 87781
1889 } 8963
1890 8817 ‘E
1891 1 8872 ’
1892 “ 8830 ‘
1893 ‘ 8783 l‘
1894 8929
1803 ' 8856
1896 i 89'88
1897 .: 8876
1898 . 8813
1899 ; 88'14 %
1900 ‘ 8961
1901 [ 8893
1902 t‘ 8044
1903 ! 8920
1904 ‘ 87'57 b
1005 ‘ 8873
Inequality, | -

1878-1905 l -2'55

Febru- : March.

Month,

SePtem.October. Novem-| Decem-

i
|

Year.

90'20

8780

91°06
89'78
8799
8889
8900
8885
8776
8963
89'63
8918
90'88
9095
9025
9087
9121
91'16
9146
91'57
91'90
9128
9142
91°88
9r's7
91°29
92'51
90°62
gr'o1

91'60

ary. April ‘ May. Junz. il July. [ August. ber. ber. ber.
i \

o o N o o o
8799 | 8921 9200 9393 | 9441 , 91'39 ‘ gorr | 8942 | 8956 | 8914 | 8741
8417 8484 86'68 go 02 9187 9040 i 89'07 8906 8875 87'83 8709
83'59 ’ |

‘ |
‘ i

8908 | go71 | 9286 | 09496 | 9460 ‘, 9395 | 9325 | 9316, 9223 | Or'11
8821 | 8934 | 0102 0203 | 0470 0274 | 9150 | 9170 i ors6 | 9095 | 8923
8762 8806 8992 9185 92°'57 92'13 “ 91°16 90°'52 90‘19} 89'06 8678
8401 | 8553 8847 9021 | or67 | 8985 i 8950 | 8860 | 88354 | 8804 | 8679
8600 87'09 8821 90°55 91‘;8 90’08 ; 8993 90'73 l 89'75 8926 8774
8615 87'02 89’13 | 9107 91°'51 0048 i 8982 89'39 | 8969 8879 8802
8622 8663 8931 \ 9233 0272 90'79 I [T} 89'07 i 8885 8768 8197
8315 . 8493 8737 | 9024 | o179 | 9099 8982 | 8903 8844 } 87744 | 86'52
8504 | 8705 | 8907 9143 | 9301 | 9235 " 9064 | 8980 | 9006 i 90’26 | 8922
8739 8835 8998 9269 92°93 9033 1‘ 8951 8904 8934 ' 8034 8867
8695 | 8809 | 9000 | 9225 | 9234, 8904 ; 8928 | 8875 | 8867 | 8853 | 8761
8742 | 89zo | 9148 | 93321 93906 9235 }‘ 91°01 0079 | 9113 | 9164 | 9078
8923 90°23 91'58 93'13 09368 9103 ‘: 91°19 90°93 ; 91'12 90'03 8863
8842 | 8979 | 0144 1 9308 | 9336 | 9095 ; 8977 | 89742 i 8946 | 8953 | 8963
87775 | 8864 | o121 | 9340 | 0494 | 9363 | 9218 | or15| 9oog | 8983 | 8893
8850 89’00 | 9297 | 9547 { 95°35 04'41 ! 9223 9006 | 9003 8943 8876
8687 | 8840 | 9135 9395 i 0425 | 9241 | 9198 | 9zor | 9198 9199 | G087
89'28 90°40. 92'53 04°44 [ 95'04 93'31 9198 Q1’13 90'87 90'08 8921
8865 | 9057 | 9211 9434 | 9511 | 9372 | 918y | o9ro4 | 936 | 9116 | 9O'39
8941 | 0050 | 9334 | 9532 | o561 | 0275 9077 | 9085 | 9170 | 9184 | 9063
8807 | 8895 | 9137 | 9407 | 9550 | 9397 { 9216 | 9179 | 9134 | 9032 | 890)
8864 | 8963 | 9217 0443 | 0438 1 92'81 l gr'71 | 9ros | 9156 | 9163 | 0093
8824 | 8960 9226 9427 9469 9302 ; 9272 92°42 09296 9264 % 9164
8882 | 9014 | 92’15 | 9401 | 0481 i 93'ss ! gr77 | ora2r | 9ri4 | oroz | go64
8763 | 8967 | 9232 | 0441 | 0479 | 9268 \ o1z | 9088 | 9139 9132| 9009
8906 | 9068 | 9294 | 9514 | 9576 | 9474 l 0388 | oz61 | 09252 | 0233 | 9105
8776 88-8g 9080 | 9332 9367 i 92772 91°01 9082 Q071 8982 8867
8836 | 8914 | 9or18| 9318 | 9351 | 9206 | 9u66 | 9129 | 9zo4 | 9188 | go21
8685 | 8799 | 9023 | 9335 | 0488 | o355| 9251 | 9255 | 9344 | 9364 | 9U'5I
~goz | —184 | +039 | +262| +331| +1735 +063 | +013| +017 o020 | —-135

B 1034—15
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two adopted factors, is nearly as large as before, the existence of some other disturbing cause besides
the two factors admitted in the mathematical analysis, becomes strongly plausible.

97. At first sight one is inclined to ascribe the annual variation of zero to a possible over-correction
of temperature of the magnetograph. The examination however of the temperature curve given in table
16 fails to explain the large maximum in November and to a lesser degree the minimum in July.

And as the determination of the temperature coefficient has so far given most consistent and reliable
results from time to time in the eight independent experiments referred to in paragraph 77, it is difficult
to ascribe the variation of zero to a faulty temperature coefficient.

98. There are still two more possible causes to examine. As already referred to, the thermometer in
the enclosure may not correctly measure the actual march of temperature of the magnet. This has been
duly investigated by an experiment conducted in one of the magnetograph enclosures (vide para-
graph 117) and the results show that the difference, if any, may be relied upon to be inappreciably small.

99. The other cause which also has been examined is the possible irregular expansion of the
photographic paper and the condition of the film at the time the ordinates are tabulated. The procedure
at Colaba is as follows. Papers are put on the cylinder every alternate day, two days curve being secured
on one magnetogram. These are immediately developed, fixed, and finally washed and left in running
water for 12 hours. ~ They are then hung up and allowed to dry Usually, though not quite always, the
turn of the paper when it is taken for the purposes of tabulation, comes about a fortnight later. Thus
the condition of the paper will depend mainly upon the season at which it is taken to the tabulator and
upon the treatment it initially received at the time it passes through the various photographic processes.
The factors which may be expected to affect the paper film are moisture and temperature. 1t is hence
obvious that as the photographic process and the work of tabulation are spread more or less uniformly
over all the months of the year, the ordinates measured from month to month ii affected by such influence
may acquire an annual variation dependent upon the combined effects of moisture and temperature.

100. The usual daily routine work includes eye readings of the magnetograph taken at 6, 10,
14, 16 and 22 hours every day. Tabulations taken at these exact instants of observations are entered
in a special form along with the scale readings (eye observations). It is obvious that as both the
ordinates and the scale readings are simultaneously taken a constant relation must exist between them
provided no change occurs in the telescope and scale by which the eye readings are secured, and in the
paper from which the ordinates are measured. The check constants obtained are derived thus. The
tabulation ordinate is converted into scale reading by the factors 3°46 and 1°363 respectively for an
ordinate of 1 inch or 1 c¢.m. The value of the scale reading is then subtracted (added in case of
Declination) from the observed eye reading. These constants from month to month are shown in
table below :—

TABLE 17.—Scale Readings of H. F. Magnetograph corresponding to the Datum Line.

Months.
Year. ) ! { ’ |

January. | February.‘ March. ¢ April. May. June. July. August. %September, October. Nob\;erm- D%ceerm-

‘ ‘ ;

| i

1883 1971 | 1970 | 1971 19'72 1971 | 19'70 19°69 19°68 19°68 ’ 19°69 19°68 19°05
1884 19°66 | 1065 | 19'66 19°66 19'67 1967 19°66 1967 19066 | 1965 19°65 19'63
1885 22'70 2269 2271 22'71 2270 " 22°71 22'71 22772 | 2270 | 22770 2268 2268
1886 2269 | 2267 2267 2267 2267 2265 22'65 22°66 2266 | 2266 22°66 2265
1887 2267 . 2266 ; 2267 22'67 22'67 22'65 22'64 2264 22°64 ‘ 2265 22°65 22'58
1888 22'57 . 22'58 22'56 22°57 22'58 2267 22'66 22'70 22'75 | 2277 2275 22'74
1889 2274 | 2273 2272 2272 22°69 2267 2267 22'68 2268 ; 2267 2268 2268
1890 2267 22'68 2266 22°68 2268 2266 22°66 2266 2268 2270 22°70 22°70
1891 22'70 2268 , 2270 - 22°70 2270 2269 2269 22'68 2267 ‘ 22°68 2268 22763
1892 2263 2263 | 2264 22°65 2266 2267 22'73 22'68 2276 ‘ 2278 2277 22'75
1803 2275 2275 . 2271 22772 2272 22'69 22°69 22'71 2272 . 2275 | 2274 22'70
1894 2269 2271 . 2272 ¢ 2274 2273 2267 22°68 2268 2267 | 2266 2265 2266
1895 22°63 2265 | 2267 | 22°69 22°70 2264 2264 2263 2265 ¢ 2206 22'66 22°65
1896 2264 2265 | 2265 2266 2266 2263 2261 22'61 2262 2264 2203 22°61
1897 2262 2261 |+ 2262 2201 2262 22°62 2262 2262 2262 22°62 2262 | 2261
1808 2260 2269 ; 2268 | 2270 2274 2266 22°62 2262 2260 | 2266 2266 2267
1899 22°65 2265 | 2266 | 22°67 22°68 22°65 22767 22:67 22°67 l 22.69 22°69 2268
1900 22'68 2267 . 2267 | 2268 22°68 22'67 2268 22'64 22'62 1 22°64 22°63 22'63
1901 2262 2262 | 2264 , 22064 2263 | 2262 2261 2263 2263 | 2263 2263 | 2261
1902 22’59 ;2259 | 2250 | 22'59 2260 2260 2260 22°'59 22'59 l 22'59 22°60 22'58
1903 22°60 J 2259 2261 | 2262 2262 22°63 22°62 2261 2262 | 2261 22'82 2279
1904 2281 ‘ 22'79 ‘ 2279 ‘ 22'79 2280 2278 22°75% 22'75 2277 22'80 2283 2282
1905 22'82 J 22'81 ‘ 2282 | 22'82 22" 85 2283 2282 2282 22'83 ‘ 2285 2284 2284

Aunual varia- | { i
tion o [ ) l o i +o1 + ot o 1 -o1 0 l o o o —o1
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101. The zero mirror of the magnetograph is once for all fixed and there is no possibility of its being
disturbed inside the enclosure. The telescope and the scale are firmly fized, but from their exposed
situation they are likely to be disturbed by an accidental knock. Any sudden dislocation of the constant
hence would at once reveal that the conditions between the two series have been disturbed, possibly by the
disturbance of the telescope or scale, if not caused by a readjustment of the instrument. These
dislocations whenever markedly apparent have been duly investigated and allowed for.

102. If now an annual variation is disclosed in the above monthly constants it would presumably
indicate that the operation of some regular disturbing cause affecting either the paper or the telescope and
the scale or both 1s existent. As there is no possibility of the latter being affected by such regular
influences, we are driven to the inference that the development and other photographic processes and
the subsequent operation of tabulations of the magnetograms made from month to month under different
conditions of temperature and moisture, are the cause of this variation. A glance at the last row of
figures in table 17 shows that such a variation is indicated, but whatever its cause may be, its effect 1s
very small, being within + o'4y.

103. For the purpose of the present-ienquiry however it is sufficient for us to see that this effect
on the paper is at any rate very small and that it fails to explain the comparatively large annual variation
of the H. F. magnetograph zero, though undoubtedly it forms a part of the variation and contributes to it
to the small extent noted above.

104. The cause of this may however lie in a non-magnetic source of variation in the results of
absolute determinations. Such a contingency though improbable is not impossible. For the methods
usually employed in the Absolute Observation experiments for recording the temperature changes in the
. magnet during the Vibration and Deflection experiments, are by no means perfect. The thermometer
which is placed in the Vibration box and that placed on the Deflection Bar during the Deflection
experiments, though near enough the magnet, may not in either case give the true temperature changes
of the magnet. From the experimental results derived from the temperature observations specially
conducied to investigate this question in Grubb’s Magnetometer enclosure (vide Chapter III), we see
that such differences are by no means unlikely or impossible. If the results of these experiments can
be depended upon as applicable to a certain extent to the small enclosure of the Kew magnetometer, the
- magnet during the winter or dry months may stand at a lower temperature than that indicated by the
thermometer in the enclosure and during summer or moist months at a higher temperature. The errors
in the experiments of vibration and deflection are to a certain extent complementary, still the residual result
may give a minute fictitious inequality to the absolute determinations. Presumably these effects are not
appreciably large; but some uncertainty must remain which cannot be avoided in the conditions which
obtain at present in the construction of the magnetometers.

1o5. If any of the causes examined above are regarded as insufficient to explain the variation of the
magnetograph zero, no alternative is possible but to suppose that the minute but definitely marked variation
of the magnetograph may be due to some difference in the magnetic secular growth from month to
month at the two places above and below the ground, as we have some reason to believe that such
difference does exist between the secular march of force from year to year at the two places as will be seen
from Chapter Il1, Part I, and Chapter I, Part I .—
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106. 1f so it may be interesting to see how the annual variation of force recorded by the magneto-
graph compares with the similar phenomenon recorded at the electrometer tower where absolute determi-
nations* are made. The figures above which give the annual magnetic inequalities of force as derived
from absolute determinations and that given by the magnetograph (combining the absolute variation
with the variation of zero) indicate that the latter exhibits a slightly smoother phenomenon with a

* The annual variation is referred to and discussed in Part II, Chapter L.
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somewhat more regular semiannual pulse, the minima falling exactly about the equinoxial months and the
maxima about the solstices and it will be seen later, (vide Chapter X, Part II), that a similar semiannual
pulse 1s also indicated by disturbance curves. The annual inequalities from which the above curves
are charted are given in table below :—

TABLE 18.
Unity = 1y ="00001 C. G.5.
! oy | | [ i l |
January.| February. = March. * April. | May. | June. | July. | August. September. October. November.| December.
. S [ S . |
! . | : . | | | ;
From  absolute! ~1'5 -43 ‘ -29 | 4173 i +18 | +48 F3s | +o8 | ~26  +o1 L -rs L tor
determination. | i ‘ ! ‘ i ‘
—_— — — _— S i S ! e S R
From the Magne- +1'4 —-2'4 " —4'6 -16 ! -11 +17 | +04 -06 —21 | + 22 1 +2'8 +41
tograph. i 1 ‘ | B

107. In this connection the curves of the annual variation of absolute horizontal force (reversed),
declination, and the variations of the zeros of the two variation instruments, are charted together below,
and it may be noticed that the general sweep of the curves in each element is markedly similar, and
as the declination curves obviously preclude, so far as is known, any temperature effect the parallelism is
suggestive of a common magnetic influence.
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108. In any case, whatever be the real cause, whether instrumental or magnetic, these variations of
the zero must be allowed for, as they presumably would not affect the march of the magnetic phenomena
generally at the tower where the absolute determinations are made which must be regarded as our standard
observations. Referring back hence to table 13 the process adopted for reduction 1s as follows. Figures
in column 11 (monthly means of the zeros) have been derived from the calculated annual mean zeros by
interpolation so as to secure a continuous series. In column 12 appear the differences of the observed
and calculated zeros which are corrected first in column 13 for the mean annual excess shown in column
19 of table 15, and then in column 14 they appear further corrected for the annual inequality of the
magnetograph zero discussed above.

109. These final or residual errors can be derived by a simpler method. From the observed series
in column 10, is derived a continuous series by a simple smoothing operation, the mean of every 12
consecutive monthly values being taken and placed as the value at the epoch of the 1st day of the seventh
month in the series and combining thereafter two consecutive means so derived for the epoch of the middle
of the month. The series so derived appears in column 15, from which obviously the annual variation is
eliminated by the smoothing operation. In column 16 are shown the differences between column 10
and column 15. Either of the series in column 16 or column 14 may now be supposed to give the
residual errors which are partly the result of probable errors of observations of the absolute determinations
and partly of the irregularity of the magnetograph instrument in not exactly conforming to the assumed
law of the uniform creep of the zero. The probable error of the monthly mean derived from either
of the columns 14 or 16, (+53y or -+50y) when compared with the probable error of the monthly mean
of the absolute determination (+2°'6y) referred to in Chapter I, shows a small difference as obviously they
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must on account of the different treatment adopted, the magnetograph zero having been relied upon
in the latter case just for the period of one month, while 1n the former by the adoption of a hypothe-
tical law it is dep=nded upon for a much greater period. The difference hence in the two may be taken
to measure roughly the irregularity of the variation instrument (inclusive of the wregularities, if any, in
the monthly growth of magnetic force at the two places).

110. The use of the instrument for the derivation of the diurnal inequalities falls next for discussion.

6. Magnetograph as Recorder of diurnal variations.

111. The drum of the instrument is fed every alternate day with photographic paper and thus
two days’ curves are secured on one magnetogram. The time at which the papers are changed, as also
when the slit is altered to receive the second day’s curve on the paper, is always between g a.m. and 10a.m.
Thus the curve on the paper is continuous from 10 a.m. of one day to 10 a.m. of the succeeding day.
As described elsewhere the papers are removed from the cylinder every alternate day and developed,
washed, dried and are ready as a rule for the tabulator about a fortnight later.

112. The tabulations are made every hour by the measurement of the ordinate between the zero
line and the curve. These measurements are made by specially constructed tabulators the verniers of
which read to "oor inch. No smoothing operation of the curves is resorted to. At Colaba the traces are
not so much disturbed as in the higher latitudes and hence no trouble has been experienced in tabulating
the result so as to necessitate smoothing operations. Only on very rare occasions at times of great
disturbances as the day is not omitted altogether, does the tabulation require attention when a smoothing
operation here and there is allowed. The ordinates are tabulated and duly checked and entered in forms,
from 10 a. m. to 10 a. m. (vide form E attached). The practice at Colaba as at other observatories to
change lamps, slits and paper between 9 a. m. and 10 a. m., gives an unbroken continuity to the
diurnal curve only between 10 a. m. of one day and 10 a. m. of the following day. It is doubtful hence if
it is of any advantage to arrange the ordinates in the forms otherwise than from 10 a. m. to 1o a. m. If
they are arranged from oh to 24" the unbroken continuity which one naturally expects to secure in the
diurnal curve cannot be preserved. This would, it is true, be immaterial if the instrument can be relied
upon to remain undisturbed, without introducing any dislocation (thatis a change in the curve due to other
than magnetic causes) of the curve between 9 a. m. to 10 a. m. This peculiarity is noticed in the vertical
force instruments which show a dislocation of the curve on the slightest provocation. A gentle knock, or
any slight concussion produced by an accidental fall of a glass chimney or any small article, such as a note
book, on the floor of the magnetograph room, is sufficient to cause such dislocations of the curve They
occur sometimes even without any assignable cause. If these are detectable in the curve, and if the curve 1s
available, these can be, as they have to be, corrected. But during the shifting time when either the slit is
changed or the paper is renewed no curve is available, and if during that operation, as is usually the case,
the dislocation occurs it would be an unknown quantity and if the ordinates are arranged from o" to 24" a
portion of the day’s curve from o® to 9" will differ from the other portion of the curve fromioh to 24" by
the unknown constant equal to the dislocation and to that extent vitiate the diurnal inequality. In the
other case it will appear in the aperiodic change. The practice hence at Colaba has been always to arrange
the hours from 10 a.m. to 10 a.m., and perform all necessary calculations, reductions, etc., on this form
so filled up, leading up to the final result. ~As after the elimination of the aperiodic change the inequality is a
cyclic phenomenon, in the analysis for securing Fourier coefficients, the epoch of the maximum which is
considered from 10 a. m. in the analysis can be easily reduced eventually so as to reckon from midnight.

113. That the adoption of hours from 10 a. m. to 10 a. m. of the next day is open to some objec-
tion cannot be denied. The diurnal inequality so derived for each month clearly omits the first nine hours
of every month and includes in their stead the nine corresponding hours of the following month, The error
involved by this subtitution is 1/30th of the difference between the ordinates of the same hours and affects
the hours from o" to ¢" only, the rest of the hours obviously remaining unchanged. Usually it has been noted
that this difference is negligible at Colaba, and only when the 1st day of the month happens to be a
greatly disturbed day that these differences become appreciable but they are of such order and character
as may affect any variation of a month obtained by the rejection or inclusion of a single disturbed day,
from the 30 or 31 days of the month.

114. The other point on which itis also open to criticism, is that the mean epoch of the month, of
which the diurnal inequality is assumed to be typical will not be coincident with but differ from the actual
mean of the month by about g hours. The correction due to this shift is so small that it can be safely held to
be negligible.

115. The diurnal variation of the tabulated ordinates for every month as shown at the bottom of
the form E is then reduced to force variation by the scale coefficient for the mionth indicated in table
12, and the results so derived from 1872 to 1905 are collected in tables 19 to 52.

Before however the correction due to the aperiodic change 1s applied, the ordinates of the inequality
require first to be considered for corrections due to temperature changes.

B 1034—10
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FORM

‘Government Observatory, Bombay, Month of August 1904,

| Colata | l | |
Tabulat.d by. | Checked by. Civil | 10 I 12 13 14 15 16 17 8 19 20 21

Hour. ‘ | i
[ S —— [ P o e _

Date. . !
sth August 1904 | 15th August 1904, 1 6715 6760 6737 6645 6410 \ 6267 6'170 : 6012 5875 5840 5847 5830
Rer A 2 6315| 6925 6980 | G915 | 6667 G200 | 6085 ‘ 5740 | 5580 5515 5535 §'595
7th August 1909,| 16th August 1904 3 . 6200 6°400 6410 67605 6'392 6°200 5'905 i 5700 5465 3482 4862 4°660
9;13 %g:?ﬂst 1904. AI.X' 4 5880 6055 | 5880 | 5715 | 52062 | 5385 5200 l 4990 | 4732 | 4680 4735 4790
161?1 Su%‘m 1904 A. S 5852 5875 | Go2s | 6087 | 6087 | 50940 | 5780 i‘ 5632 5555 | 5587 5550 5'557
16th August 1gog; A. 6 6°490 6595 6790 | 6°540 6270 | 6017 5795 “ 5700 5720 5727 5690 5717
17I§h iiu];{lst 1904l 27th August 1904 7 6770 6970 7'100 | 7°055 6647 6280 5980 \‘ 5767 5647 5'600 5660 5657
KKBBPP | A‘i“. 8 ‘ 6710 6810 6767 6600 6412 6°082 5820 5770 5760 5742 5732 5710
K. B. P. A, 9 { 6632 6'730 6710 6642 6'420 6167 59077 | 5835 5780 5830 5805 5825
K. B. P. » A 10 ‘ 6840 6880 6840 6'705 6445 6170 5995 6000 6030 6'005 5025 5900
K.B. P Al 11 6430 6647 6700 6567 6287 6115 6'047 5960 5870 5840 5812 5810
K.B.P Al 12 7000 | 70000 | 6947 | 6715 | 6395 | 6137 | 5970 | 5747 | 5830 | 5830 | 5860 5'860
K.B. P i goth August 1904 13 6730 6762 6840 6'640 6380 6145 6'005 ‘ 5875 5782 5680 5'575 5'585
K.B. P } A‘i& 14 6630 6°555 6445 6'310 6150 6'030 5890 5800 | 5770 5747 5742 5767
K.B.P A. 15 6445 6°'550 6730 6660 6530 6°500 6342 6185 6042 6'000 5827 5670
K.B. P. - A 16 | 6382 | 60655 | 6605 | 6520 | 6250| 6015| 57901 5590 | 5640 | 5630 | 5555 5'550
K. B. P .| 1st  September 17 6110 6267 6°290 6'265 6100 5025 5772 5655 5570 5412 53440 5455
K. B. P | Al.g04 A 18 ‘ 6435 6°405 6422 6°295 6175 6°205 6080 5905 5755 5620 5640 5650
K.B. P 1 A. 19 I’ 5987 6'105 6'160 6090 5920 5827 5782 5742 5'780 5730 5667 5605
K. B. P .| A 20 l 6°475 6610 6675 6610 6435 6347 6275 6170 | 6°'040 5932 5920 | 5970
K.B. K 1‘ A. 21 } 6840 6910 6720 6502 6367 6247 6180 ‘ 6027 5045 5680 5737 5745
K. B. P A. 22 6337 6180 6:037 6'037 5920 5810 5847 ‘ 5735 5637 5622 5567 5'615
st September| A. 23 | 5750 5925 | 6075 6110 | 6037 | 5940 | 5807 5747 | 5735 | 5705 | 5647 5640
KI,QI?’ 5B 1A 24 \ 6007 6’110 6'122 6137 6097 6'072 5995 ‘ 5047 5815 5732 5720 5692
K. B. .| 2nd  Septembar 25 | 6257 6330 6302 6°190 6007 5915 5880 5915 5912 5845 5810 5762
K. B. AI.904 A 26 ; 6750 6925 6'920 6730 6487 6320 6132 \ 5'045 5877 5782 | 5745 5752
K. B. .| A. 27 . 6340 6°405 6372 6390 6°400 6°400 6187 ‘ 6140 6040 5990 5085 5960
K. B. . 28 6762 6870 6795 6545 6310 6132 5'970 ‘ 5'092 6000 5930 5865 5880
sth  September| 15th September 29 6757 | 6965 | 6G9so | 6735 | 6465 | 6225| 5950 | 5847 | 5847 5847 [ 5755 5617
Kl.gl(?’ B Al,904 A 30 6°340 6190 5°925 5635 5560 5'580 5687 ‘ 5700 5865 5875 5515 5°030°
7th  September| A. 31 ‘ 5620 5910 6.170 6075 5'900 5750 5637 5675 5612 5512 5'430 5447

1904 K. B. i : |

Sum 198878 | 202276 | 202'441 |199°357 I;;—;a ~18—83—Lg 415352-1 180‘44; 178508 A176-949 175°155 174'5;;

Mean __E;; 6'525 6°530 6'431 7 6232 6'076 5933 5821 5'758 5708 5650 5'623‘

\/;?O;i aiT4§ T;9_7— Té)c;; T—S;;;_ +'304 | +°'148 | +-003 i -107 | —"170 | —-"220| -'278 — 305

C i o |
Seale coeffcient | Variationin | | | || ‘ !
=G..O§A.WQ M- M- M. M. G S.. unit. | M. ...|4+ 00233 |+00286 -+ 00288 |+00241 |+00146 |+00071 |-+00002 i—OOOSI -00081 |{-00105 |—00133 ~00146
. Hourly cums and meams taken by M. 7th September 1904.
Do. do. checked by A. 22nd September 1904.

Variations taken by K. 22nd September 1904.
Do. checked by A.
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E.
Hourly Abstract of tabulation of H. F. Magnetograms.

| 3 | ; %
Date. 22 23 j o ‘ 1 : 2 3 4 3 6 ‘ 7 i 8 9 Sum. Mean.
! | | T
B |
T 5867 5870 5843 . 5870 5875 | 5955 | 5985 | 5987 6183 6087 ; 6000 6560 | 1477194 f 6133
2 | 5052 5690 : 5630 , 5640 5620 5620 5632 “ 5642 5687 5850 “ 6027 6177 142°919 “ 5955 |
3 5437 | 5260 | 3380 5305 5280 | 5700 ! 5825 5522 5837 5232 | 5'337 5710 | 1306'196 | 5675 |
4 | 4700 | 4820 j 5390 } 5147 | 5000 | 51201 5347 | 5230 5260 ‘ 5205 \ 5423 5660 | 125608 i 5234 |
5 % 5575 | 5605 5553 j 5550 | 5585 | 5600 | 56171 50640 % 5700 5805 5975 6280 | 138014 L s7st
6 5692 | 5780 ‘ 5750 i §690 | 5775 | §735| 5737 | 5747 5823 5932 6170 6520 | 143404 “ 3975
7 5647 | 5647 5662 1 5665 | 5662 | 5710 | 35600 C 5680 5770 5845 ‘ 6110 6'420 |  144°641 N‘ 6027 |
8 5675 | 5705 5727 ' . 5715 | 5745 | 5697 { 5770 J 5762 5830 - 5945 6170 6435 | 144091 ‘; 6004
9 5845 5°920 5980 | 6010 6170 5985 5960 ‘ 5887 " 50915 6087 : 6280 6°590 146°982 J 6'124
10 5890 . 5815! 5855, 57751 58401 5790 | 5730 | 5790 5885 5940 6'047 6190 | 146°282 ‘ 6095
1 5800 5805 | 5877 5880 5870 5845 5832 5863 5880 “ 6°000 : 6310 6705 1457584 ; 6'073
12 } 5880 | 5990 ‘ 5967 | 5925 | 5975 | 5960 5957 5975 Gorz 6065 6225 6'520 | 147742 ‘! 6156
13 5647 | 5642 ‘ 5810 | 5815 | 5797 | 5832 5792 5817 5740 5647 5737 6305 | 143'580 \ 5983
14 5737 | 5747 1 5775 | 5800 | 5807 | 5807 | 5882 | 5915 5947 6-000 ! 6167 6415 | 143835 ‘ 5'993
15 5832 5800 ‘ 5865 6020 5945 5967 5910 6000 l 6127 6130 : 6005 6'147 ‘ 147'229 ‘ 6135
16 5600 5647 : 5625 | 5645 | 5650 5595 | 5620 | 57710 5655 5683 “ 5795 6027 | 140430 1 5852
17 5577 | 5647 5647 | 5710 §710 | 5710 ) 6425 | 6257 6115 6005 6077 6125 141260 | 5886
18 5627 5600 ‘ 5'690 5'730 5660 5700 E 5632 5600 5705 5625 5630 5800 140°586 i 5858
19 5700 | 5715 'i 5727 | 5742 | s§770 | 5777 | 5760 | 5795 5815 5845 ; 5960 6190 < 140°191 \ 5841
20 5937 6025 6'070 6160 6 080 6020 6°032 6050 6012 ‘ ‘5887 : 6'057 6440 . 1487229 J 6176
21 5655 | 5972 5757 | 5642 | 5815 | 5840 | 5780 | s710 5717 5740 ‘ 5777 6200 | 144'593 \‘ 6025
22 ‘ 5700 | 5815 5680 | 5925 5725 | 50625 | 5670 5680 5'555 5435 \ 5472 5625 | 138251 57760
23 1 5580 5580 5°660 5632 5640 5725 5660 5670 5637 1 5560 : 5622 5812 137'896 ‘ 5746
24 “ 5670 | 5652 ' 5712 | 5747 | 5800 | 5775 | S742 | 5740 5710 ! 5710 }‘ 5840 6080 | 140°624 ‘ 5859
25 5762 | 5780 . s§760 | 3745 5750 | 5800 | 5782 | 5782 5777 5785 ‘ 5'967 6315 | 1427130 ‘ 5922 |
26 .‘ 5737 | 5740 5740 | 5782 | 5855 | 5830 5832 5842 5862 [ 5957 ‘ 6067 6205 | 145814 | 6076
27 | soz2 | $887 5932 | 5047 | so10| 5012 | 5060 | 5055 5910 ‘ 5837 | 6020 G425 | 146236 | 6093
28 ‘ 5882 { 5915 5940 | 5917 | 5920 | 5940 | 5980 | 5977 6035 ‘ 6207 \ 6127 6460 147?51 i 6'140
29 | 5625 | 5635 5732 | 5925 | 5930 | 6o020| 605! 61rs 5875 l‘ 5650 | 5900 5982 | 145474 ‘\ 6061
30 4°790 I 4842 E 5035 5140 5295 5'392 5470 5'497 5497 ‘ 5345 l‘ 5477 5435 132117 j 5505
31 5497 ! 5567 ‘ 5560 | 5585 5550 | 5557 | 5517 5570 \ 5'577 | 5600 ; 5775 6000 | 1367093 5671
o s s v e oo e s | oz | e
5630 | 5682 \ 5'720 \ 5735 } 5742 | 5759 | 5795 | 5787 3 5808 ; 5795 | 5921 1 _6_'186 142282 “.__ 5928 |
_—'278 —+246 1 — 208 ——-’193 - 186 ‘ —-169 J——‘:;q— — 141 +°120 1—-—1:-1;3_‘—#:'—0‘0; - +°258 :iggi \ 5708 |
— | ‘ — R t__ S 1____ | !:__
—20133 |—o00118 \—OOIOO i—ooogz, —~00089 | - 60081 1—00064 ~ 00068 ]i —00657 { — 00064, " - 00003 +00124 |

Daily sums and means taken by K. B.
Do. do. checked by M.
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