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APPENDIX I. 

Notes on a comparison of two Unifilar Magnetometers made at the 
Oolaba Observatory, Bombay, in the years 1873 and 1874. By 
Oharles Ohambers, F.R.S. 
The two instruments are by Elliott Brothers, of London, and were supplied, after exami­

nation at the Kew Observatory, the one, numbered 17, to the great Trigonometrical Survey 
of India, and the other, numbered 23, to the Colaba Observatory. No. 17 was used by t:be late 
Captain J. P. Basevi, R.E., in a :Uagnetic Survey of India between the years 1866 and 1870 ; 
and No. 23 has been used for regular weekly determinations of horizontal Magnetic force at 
the Colaba Observatory, from June 1867 up to the present time. 

2. .A. considerable body of observations having been taken with both these instruments, 
it seemed to the writer desirable that some careful observations should be made with the two 
instruments, nearly simultaneously and under similar circumstances, with a view to bringing 
the two series of observations into a state of exact comparability. .And on mentioning tbiR to 
Col. J. T. Walker, R.E., the Superintendent of the great Trigonometrical Survey, he courteously 
placed the instrument No. 17 in the writer's hands, to allow of the proposed observations 
being made. 

3. The constants required in the reduction of the observations were, in general, 
determined for both instruments at the ~ew Observatory :-they are given below in the 
nomenclature adopted at Kew :*-

No.l7. I No. 23. 
-

Correction for error of grRduation of 
deHection bar at 62° Fahr. _ 

0'00000 foot '00000 foot. at distllnce 1'0 foot ............ 
at distance 1'5 -'00003 foot 00000 foot. 

" •• II ~ ......... 

'000228 Induction coefficient (I' ) ............ '0003433 
Log 11" K at 60° Fahr ............ , ... 1'638886 

Temperature correction of deflecting magnet- of No. 17 = 0·0001216 (to _380
) + 

0-000,000,157 (to _38°)3 • 
Temperature correction of deflecting magnet of No. 23 = 0'000188 (to -35

0

) + 
0'000,000,112 ( to -35 Y'· . 

Besides the above the values of constants adopted for the redue.tion of the comparIson 
observations were as follow~ :- 0 

K' (the moment of inertia of th? deflecting magnet of No. 23 at 35 Fahr.) -4'2004, 
beiD the mean of thirteen determmatlOns made at Colaba. . ' 

gp (for the magnets of UnifiJar No. 23) = -'00634.' derived from 125 paIrs of deflectIon 

observations at Colaba.. '., h . f 
And P (for the.magnets of Unifilar No. 1~) = -·0018.52 denved from elg t paIrs 0 • 

deflection observations at Colaba-~viz. the comparIson observatIons. h d t h 
. t k . the usual manner and on tea es sown 

. 4. The comparis~~ o?ServatlOns were a en~bration observatio~ and of eaeh deflection 
below; and at the begmmng and end of eac\o . ontal force maO'netometer of the Colaba. 
observation, the read~ngs were taken ~ the nS r]~f which the variationAof th~ horizontal 
Observatory and of Its thermometer, Y me~ shown too-ether with the values of the 
force are recorded. Th.e means of these read~ng~b~:rved data hI the subjoined table, and the 
horizontal force calculated ~rom the corresPbondt~ng eriment ~nd one deflection experiment 
data of each value are furmshed by one VI ra Ion exp I . 

for each of the deflection distances 0'8 foot and 1'0 foot • 

• See Introducti~n to the" Bombay Magnetical and Meteorological Observations, 186S to 187'()," pag~9 xli and xlii. 



1873 
Date. 

1 

Obsprved 
X. 

- f 8'0694 
',July - 11 ...... ) -£'0657 

{ 
8'0684 

" 16 ...... 8'°724 

J \ 8'°768 
'1 26 ...... ) 8 °7 25 

{ 
8'0688 

August 10 ..... 8'073 I 

Mean •••••. 

L.R. F. 
Magneto. 
meter. 

Scale 
Readmg. 

I 3 I 

_ 10 83 
10'51 

-10 28 
1056-
II'47 
10'97 
10'42 
10'76 

Thermo­
meter 

(-.54 ) 

TABLE T. -

L. H. F. 
Magnelio- Qolumn 7 

meter. Excess muU.plted 
-- over 11'00. by 
correCI ed - '0121. 

to 820 • 

1 5 1 ~ -I 7 I 8 

EllIot's Unifilar No. 17 (Basevi'fl), 

82:7 
830 
82'5 
82'7 
82 9 
83'2 
82'1 
82'2 

10'94 
1066 
10'36 

_ 10'67 
II 61 
II'IS 
10'43 
.10'79 

-·06 
"'-'34 
-'64 
- 33 
+'61 
+'15 
-'57 
-'zl 

+'0007 
+'0°41 

+'0078 
+'004° 
-°°74 
-'0018 
+'006g_ 
+'0025 

- Elliot's Umfilar No. 23 (Colaba Instrument). 

July 9 ...... { 

" 
16 ...... { 

., 23 ...... { 

,. 30 ..... { 

August 6 .. m. { 

.. 13 ...... { 

8'0869 
8'684,8 
8'09°3-
8'0886 
80924 
8'0846 
8'0934 
80845 
80880 
8'0824 
80917 
80869 

Mean.. .... 8'0879 

11'°9 
11 07 

- 10'59 
10'20 
10'51 
10'37 
11'54 
1099 
10'67 
10'48 
io 87 
10'7° 

82'9 
82'9 
84'0 
_84'1 
83'0 
83'0 
83'3 
834 
83'0 
83 6 : 
83'5 
83'4 

I i:23 
11'21 _ 

10'89 
10'51 
1066, 
10'52 
I 1'74 
II'20 
10 82 
10 72 
11'10 

10'91 

+'23 -'0028 
+'21 -'0025 
~'11 +'0013 
-:49 +'0059 
-'34 +0041 
-'48 +'0058 
+74 -'oogo 
+'20 -'0024 
-' 18 +'0022' 
-'28 +'0034 
+'10 -'0012 

--'09 +001l 

x.. 
Corrected 
to 11'00. 

8'°7°1 
80698 
80762 
80764 
8'0694 
80707 
8'0757 
80756 

Means at 
11'0 of 

L.B.F. 
Magneto­
meter. 

10 1 

) '\ 

I 

r'OO7JO 

) 

. 
Difference 
=. 0154 
='00190 

of the 
whole 
force. 

Increasing readings of the horizontal force magnetometer denote increasing force, and the 
coefficient for converting differences of scale reading into decimal ,fractions of the horizontal 
force is ,0015: the decrease of scale reading caused by an increase of 1° Fahr. of t~mperature 
is 0'15 division. 

The meaI1- scale readings 5n the table are first corrected to the constant temperature 82°, 
then their excesses above 11'00 are taken, and mUltiplied by (-'0121) to reduce them to the 
British unit of force, and finally the numbers last found are added to the values of the horizontal 
force dedu ced fl'om the obs-ervations. Then, if there were no defect in the instruments and 
no error' of observation, these-last numbers ought all to be alike. 

5. I~ is at once noticed that the observed values (as we may call them). of the horizontal 
force, shown in column 2 of,the table, are an less when observed with the Unifilar No.-17 than 
when observed with the U:p.ifilar No, 23,-also that the greatest value given by the former 
,instrument is less than the least given by the-latter; on the average the difference amounts to 
'0170 British unit or '00223 -of the whole force. This result is subject to correction on account 
of the variations of the intensity of the- force that are perpetually occurring, and to which are 
owing the considerable differences in the values found OD dlffer~nt days. 

To eliminate these variations the obse-rvations of the.horizontal force magnetometer have 
been applied in the manner above described, and il; is seen that the numbers in column 8 are in 
much greater aGcord with each 'other than those in column 2. -' The difference in the values 
given by the two instruments remains, however; almost as great ,as befQre, being now, on 
,the average, '0154 or '00190 of the w1!ole force. _ 

6, In seeking an ~'xplanation of a discrepancy of this kintl, one naturally first inquires. 
what- is the probable error 0'£ an observation: and that this is comparatively' small in the present 
case we may see by ~oting the degree of accordance that, subsists between the several deter­
minations made all with instrumen~ No. 17 or all with No. 23; and besides the probable error 
of regular observations made in the same manner and with Unifilar No. 23 has been calculated 
from 35~ determinations to -be only ±'0032 British unit for an average of eight determinations. 
Hence we must look for ~n explanation not-to indelicacy of tlie-instruments, nor to inaccuracy 
of the observer in noting the sev~ral phenom~na which make up ~n observation, but either to 
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specifio differences in the construotion of the t . 
constants used in the. reductions. wo lOstruments or to possible errors in the 

7. Genex:alIy speaking, the two instruments are f h . . 
only notable dIfferences. being that the brass deft t' 0 b t e ~aNe pat~rn and dImenSIOns, the 
the vibration experiment., ~nd the bottom of the v~: I~~ ~x 0 h o. 1 'lIS removed bodli,y during 
in No. 23 these conditions are reversed To det~ ra,lOn ox as n~ m~tal plate under It, whilst 
caused any discrepancy in the results ;ielded by ~hn~e w~et~er thIS dIfference of construction 
being in every case suspended b th e wo IDS ru~ents, the magnet of No. 23, 
Unifilars and the times of one osciIiatio~ sShamowensbIl~]othread, wbas vlbr

d
ated alternately in the two 

, 00 w were 0 serve • 

TABLE II. 

I I Time of L.R,F, L,R,F, Semi·arc, 
Unifilar L,R,F. Magneto. Tempera. Date. one Magneto. Thermo_ corrected Effect of 

No, Vibration. meter. - meter. to temper· meter, ture of At 90° Time 
ature 82° excess Magnet. commence· At end. Torsion, corrected. 

over 1215 ment, 

..; S, . 0 0 Scale divisions, t~ Scale 
00 s. .... 

2'76930 
divisions, 

oal r; . 23 11'94 83 6 12'18 +03 84'0 1500 5 05 1'04 2'76944 ..... ~cS = 17 2'76833 12'16 83"4 12'37 +'22 83'3 1505 6so 0'86 2'76)05 ~ ..... = = 2'76g17 83"3 :;P-_o 23 , 12'11 12'30 + IS 843 1500 5'00 1'°4 2"76948 ... S..d..d 17 2'76866 83'2 
d 8'~-

• T 1 9 1 12'09 -'06 84'0 1500 680 087 2'76861 
0 

23 276934 u'n 83'4 11'94 -'17 84'7 15'00 5'05 1'02 2'76889 

-'--- -
Means .. 23 2'76927 11'94 83'4 12'15 '00 84'3 15'00 5'03 1'03 2"76927 . 
Means .. 17 2'76849 12'03 83'3: 12'22 +'08 83'6 15'02 665 0'86 2'76883 

- ,The last column shows the times of vibration corrected to the uniform force corresponding to 
readmg 12'15 of L. H. F. Magnetometer at temperature 82°, and to constant temperature of the 
vibrating magnet 840.'3. 

- The mean times corrected differ by '00045 of a second, which corresponds to a difference 
of '00016 of the whole in the deduced value of the force, or '0013 of a British unit No. 17 
giving the larger value, The individual times observed in Unifilar No. 17 are in both c;ses less 
than the preceding and following times observed in Unifilar No, 23, and they are so both before 
and after the application of the small corrections for change of force and change of temperature 
of the magnet. It is probable therefore that the instruments, or one or other of them, re-act in 
some way"" on the vibrating magnet, but the difference of effect is less than a fourteenth of that 
whjch we are seeking an explanation of, and it need not, for this purpose, be further regarded. 
No corrections were applied for torsion of the suspension Lhread, because the same thread was 
used in every experiment, and the agreement of the three values (1'04; 1'04 ; and 1'02 scale 
divisions) of the effect of 900 of torsion wp.en measured in Unifilar No. 23, shows that the torsion 
did really not change. It is remarkable, nevertheless, that the measure of the torsion force ma.de 
in Unifilar No. 17 is a sixth less, in 'both cases, than-the precedjng and following measures of 
it in Unifilar No. 23: and this was the case also when a brass inertia cylinder was vibrated 
with the magnet, t An allowance for the difference of the two measures would however, only 
affect the value of the force by '900035 of itself, and neea not therefore be made. A vibration 
experiment was also made in each instrument with an inertia cylinder vibrating with the 
magnet. Here again the resI,11ting times of vibration were very nearly identical, but the small 
differen,ce found ('00009 of the whole force) was in the contrary direction to that found when 
the magnet 'alone was suspended. . 

8. The magnetic moments of the. two vibrati,on ~agnet~, as also their times of vibration, 
are widely different, and-the commencmg arc of VIbratIOn bemg always made nearly the ~ame 
{a little less than 2o)-the relative velocities, at corresp.:mdingphases of the are, are also Widely 
different and the resistance of the air on the one maO'net is therefore greater than on the other. 
The red-dction of energy of the magnet in the course of an exper~ment,.indicated in ~able I. by the 
reduction of the al'O of vibration at the end of the observatIon as compared WIth that at the 

* A possible manner would be by the re·actio. on the magnet of currents of electricity generated by it in the metai 
base-plate of the box of No. 23. 

t The writer is unable to offer even a surmisal as to the cause of these differ~nces. 
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beginning, is very considerable., It must be attributed either-to resistance of the air, friction of 
the suspension threaa, or the re-action of currents in the metal surroundings. Its valuo in terms 

of the whole energy _at commencement is t 1-(~ r 1 ",-a, ~I being the arcs (or semi-arcs) at 

commencement and end of the observation. The average values of a and rl for the comparison 
observations made'with Unifilar No. 17 were 30'6 and 186 scale divisions tespectively, whilst 
for the observations with' No. 23, they were, 3~'3 and 13-6, These numbers give for the 
respective reductions of the whole energy 0'63 and 0-81. ' 

It was co,nceivable that the time of oscillation might be affected by resistance of the 
air, and the actual losses of energy being very unequal, an endeavour was made to find an 
expre{:!sioIi for the time of yibration .allowing for the resistance of the air, but without success. 
Not'caring to use an unexplained rule given in the books of reference at hand, the writer 
determined to 3,rrange a.n apparatus forvibl'ating the magnets in air of various pressures, so as to 
afford I)leans o.f determining t.he effect of the air's resistance experimentally. The air-tight 
receiver conMsted of a cylindrical glass shade, with globular top, resting on a slate base: 
through the, slate a tube projected having a valve at the outer end for attachment of the air­
pump_ 

The- vibration box of each instrument was successively fixed to the slate base, and the 
,observations were, made by viewing tlie scale, on tbe magnet througli the side of the glass 
shade, the small observing telescope being placed outside the receiver. 

9. The, times of oscillation were obse~ved under three different pressures with each magnet, 
and with u,nd without an inertia cylinder. The results ar~ shown in t~e following table :-

TABLE nr. 
-

Semi-arc. . 
L. H. F. Tempera- ' Pressure t Inertia. UIllfilar Time of Thermo- . of air in 90· o( Time 

cylinder. No, VIbratIon. 
Magneto, 

meter, ture of 
At com- inches of Torsion. corrected· 

.6T 
meter, magnet. 

mencement At end merc'!-ry. T 
"'al

• a. 

S. 0 0 Scale divisions. Scale s. 
divisions 

Without .. 23 277236 9'68 83'2 85'9 15'50 7'80 29'85 2'77280 

" ... " 2'77244 9 80 83'S 85'9 15'00 8'50 14'30 2'77322 +'00042 

" " " 2'77268 10'P3 84'0 868 15'5° 10'00 3'50 J' 5 I 2'77382 -

WIth ...... 23 4'87808 947 84'8 89'4 16'00 10 50 29'83 4'95 4'87725 

" 
........ u 4'87825 9'3 1 84 8 88'4 15'00 , 10'50. 9 82 

- 4'8773 2 +'0003S ., ...... " 4 87783 9 81 84 8 87'8 IS 56 11'00 2'70. 4'87900 
Without .. , 17, 378950. 10'26 84'1 86'1 15'50 9'50 2991 3'7915 I 

" .. ' " 37890.8 10'36 84'3. 86'0 15'00 10.'00 12 90. 379154 +'00005 

" ... " 378875 \ 10'47 84'7 86'1, 150.0 10.'50 4'0.3 J'29 379167 
With ...... 17 6'77166 10'68 85'0. 87'7 15'50 10'50. 29'86 6'21 6'7770. [ 

" ...... " 
6'77108 10'4 1 852 875 15'5° 11'00 13'YO . 6'77535 -'0004° 

" ..... " 6770.50. 10.'16 85'3 86'3 IS'OO Il'Qa 167 6'77443 

10. There are four distinct series of determinations, each consisting of one observation, at 
the normal pressure of the air, one at an intermediate pressure, and one at a very low pressure. 
In all the four series the air is found to affect the-time of vibration in the same sense between 
the- upper and middle pressures as between the middle' and lower pressures; and the three 
first series are in accordance in indicating a slight decrease of the time of vibration as due to 
the air pressure. but they differ as to the amount of it; on the other. hand, the fourth 
series ,indicates .an increase of the time of vibration as the effect of the air pressure. In 
the last colllmn of 'rable III. is shown, for' each series, the proportional correcting fac~ol' 
to the tinie of, vibration due to t)1e whole atmpspheric pressure, on the assumption that 
the rate of effect found between the highest and lowest pressures holds good for the 
total pres.sure; these effects are all too small to. be regarded in our present search-the 
greatest being "00042: if X represent the horizontal force and if allowance were made 

dX dX 1 dT for such effect (x) pf pressure as we have found, ,x would be equa to - TO 

It ~ay be me~tioned too that the error of the moment of inertia of the magnet, that 
,would 'be caused by the aiJ!ll affecting the time of vibration of the magnet alone differently from 
the time of vibration of th~ magnet and inertia cylinder together, would amount to almost 

* Corrected to umform force corresponding to'readmg 10'00 ot L. H. F. Magnetometer at temperature 82°, aDd the 
first six to temperature of magnet 88°'5 and last six to 87°'2. ' 

. t for 87°'8 the temperature coefficient;=: 000200 ;;:'000188 + 2(878-350)'000000112. ' 
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nothing with the magnet. of No. 23 and only to '0012 r th - -
and the ~ that would cOITespond to the latter erro ~ e whole with the magnet of No. 17: 
attac~es to a result derived from so few observ:t:~u ~ be ftnly ·Of006. To~ much uncertain~y 
quantity. s 0 a ow 0 our making any use of thIS 

11. We have yet to examine whether ossibl . 
reduction of the observations can be the sourceP of th ed~rrors m. the constants adopted in the 

e IscrepanCles under consideration 
To take first the temperature co-efficients of the. . • 

two magnets more than i~ usual, that of the magnet of Nag~ei~ ~hese fappen to dIffer for the 
that of the magnet 1)f No. 23 is '00020' but as th o. . emg on y about '00013,.whilst 
values of the force unless there is a differe~ce between ethor;ectIOn does not af;fect the deduced 
experiment is made and that at which the vibration ex e/ e~~erature ~t whIch the deflection 
these differences fpr the comparison observations amo!ntsl~eI! ~sthmadet' afndbas the ~verage of 

h 20 th .tr t f h 1: I m nel er se 0 0 servabons to so 
muc as , so e eLfec. 0 t e WaO e temperature correction is less th '0001 f h . 
force, and any error m It must be inappreciable. an 0 t e whole 

1~. Errors in the d~flection distances (ro) used in the reductions, would affect the result 
both dIrectly and by alterIng the value of the constant P ,-the total effect being represented by 

AX _ Jl. (AT. + Ar:) 3r Q r'll (AT AT') X -- ...,...." - -- + 0 0 o.u. 
- TO r; 'ro'4 .r" r - ~ 

No means exist at the~Colaba Observatory for determining· the ~bsolut; errors of th d fl t' 
d· t . b t b I' th t d fl '. e e ec Ion IS ances, ~. y pacIng e yvo e ectIOn bars hOflzontal, one inverted above the other, 
so that the dIVIded edges were In contact and the faces of the scales dI'rected t' d 
t 1 'd d . h . t" owar s a e escope prOVI e WIt a microme er, It was possIble to compare one scale wI"th th th t 

d· d'" I the k' e 0 er a correspon Ing IVISlons. . n IS w.ay, ta mg the bar of Unifilar No. 23 as a standard, it 
was found that ~he corre~tIOns reqUIred to that-?f No_ 17 were at 0'8 foot '00000 and at 1-0 
foot -:'00010 WIth an estu,nated probabl~ error, m ea:ch case, of less than ± '00001 foot, In the 
r~ductI~ns of the compansoIJ, observatIons, the dIstances, on both bars, of the 0-8 and 1-0 
hnes were regarded as correct; hence the full amount of the relative corrections just found must 
be applied. Inserting in the l:!bove expression . 

'A ' '00000 for ~ and -'00010 for Ar. we get 
r r' 

AXX = + -00040, which, again, is ~egligible. 
13. The moment of inertia (K') adopted for the magnet of Unifilar No. 23 was the mean 

of thirteen independent determinations made in 1868. Its value at temperature 350 Fahr. 
was 4'2004, and the probable error of an individual determination ± '0025; that is to say it 
is an even chance that a single determinatIOn will be within or without the limits 4'19 79 ~nd 
4'2029. The mean of all the determinations made up to the end of 1873-ninety-one in 
number--is 4-2014. The excess ('0010) of this over the adopted value would, if allowed for, 
increase the horizontal force by only '00012' of itself. The observations were all made with the 
Bame inertia .cylinder-the one which belongs to the instrument No. 23; they would all therefore 
be affected alike, if the inertia cylinder happened not to be of uniform density throughout its 
mass. A determination was therefore made with the inertia cylinder of the Unifilar No. 17, 
giving a value 4'1991 or -0013 less than the adopted value; as this lies within the limits of 
probable departure from the true value of a single determination, the result may be taken as 
evidence of similarity of condition of the two inertia cylinders -; and as the similarity' aimed 
at in the manufacture of the cylind~rs is that of uniform density, it is more likely similarity 
of that kind than a siJllilar unequal distribution of the matter in each of the two cylinders. 

The value of K' adopted f()f the magnet of Unifilar No. 17 is 4'4105 at temp~rature 43° 
Fahr.: this was determined "at the !rew Obs~rvatory. It is known that ~efore th~ Instrument 
was put into use the magnet had become rusted and had to be c1eane~; I~ removIng the rust 
the mass would be sliO'htly diminished, and with it the moment of mertla. In June 1874 a 
determination at Colaba gave the value 4,-4053 at temperat~lre 43° Fahr. The ac~~~acy of single 
determinations of moment Of inertia the writer has much reason to be SUSpICIOUS of, and 
accordingly he rather advances this value as confirmatory of the expected ~edaction th~n as 
a determination that is fit to be used as a standard value for the reductIon of a senes of 
observations. Accepting it; however. in default of any other, the values of the f~rce c~Iculated 
with the original K' require to be reduced by '00059 of the whole force. Addmg tIns to the 
defect '00190 found from the comparison observations,. we haye a total defect of '0024!} of the 
whole force shown by Unifilar No. 17 as compared WIth UDlfilar No. 23. 

14. The adopted constant, P, for the magne~s of Unifilar ~o. 23 ~s -'00634: from the 
observations of the year 1873 alone the value ~ound IS -:00665: ~.the dItfer~nce were allowed 
for the force would be diminished by '0002-of Itself-agalU a neglIgIble quantIty. 
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The <:omparis,on obs_ervationswhichgave the value ofPfor the magnets ofUnifilarNo~ 17, 
were accordant amongst themsel"es; and it may thence be inferred that the adopted value is 
substantially correct. ' . 

15. Th~ corrections t?at ha~e be~n applied for the eartl1's 'magnetic induction upon tJIe 
magnets-usmg the co-e.ffiC1~nts gIven III para. 3-are for the two instruments respectively :_ 

I ' 

For No, 23. For No, 17. 
mo 

'00275 '00733 Xo 

~(mean) '00067 -00101 
'1"0 --- Sum -00342 '00834 -- --

dX = \ -'00171 -'00417 X 

The consideration of induction has reduced the force that would otherwise have been 
shown by the observation,s with. U riifil.lir No. 23, by '00171 of itself, and that which would have 
resulted from the observatIOns With U mfilar No. 17 by '00417 of itself: the difference of these two 
numbers '00246 i8,almost exactly the amount by which No. 17 gives the 'force less than No. 23; 
Can it be that induction really produces ~n inappreciable effect on hard steel, such as the hollo\v 
cylindrical 'magnets are made of? To suggest such an explanation, as otherwise than very 
doubtful, would at the present moment be, to leave unexplained the invariable indications 
of a -real effect which are shpwn by the experiments for determination. of the induction 
co-efficient.' '. 

16. The results of the ,preceding experi:ne,nts are the more perplexing because a previous 
compar~son of the same two lOstrumeI}~s, 0!Iutt1?-g much ?f the ela?oratioI;l attend~ng the later 
compansons, gave r~sults t~at were a~~ost IdentICal. ~hIS ,eo~parlson !Vas made III November 
1867, the observatIOns WIth the Um~lar. No. 17 bemg taken by Captain Basevi, on <the 
22nd and 23rd; three separate determmatIQns of the force ga.ve the value 8'0678 with the 
approximately corresponding readings of the Colaba horizontal force J:naO'netometer and its 
thermometer 24'10 scale diVIsions, and 84°'8 respectively. _ The mean value~ftheforce deduced 
from the regular observations at Colaba for November 1867, is 8'0523, with corresponding 
readings of magnetometer &c. 23'97 and 8,2°'7. The readings of the Colaba horizontal force 
magnetometer show the mean value of the force d~ring Captain Basevi~ s experiments to have been 
'00066 of itself greater -than the mean val.ne dlirmg the regular Colaba observations. .Also t,he 
reductions of the observations with Unifilar- No. 17 were made with the Kew value of K I

, and 
Captain Basevi (as the mean of two determinations at Dolaba and Madras) found this to require 
a correction of -'002607 x K~. The correctIon to X (the force), to render the determinations 
with No. 17 comparable with those with No. 23, will,therefore be 

6X 'dK'-
X = -'00Q66 + ~]V = --00066 - -00130 = --'00196, 

and the corrected value of the force equal to 8'0678 (1-'00196) = 8'0520. Thus No. 17 
gives the value 8'0520, and No. '23 the practically identical value tj'0523. - , 

17. It is not improbal;>le that the attainment of a more rigid comparability between 
individual instruments than is indicated in what precedes, will be deemed by observers to be of 
saine importance; the writer has accordingly described his own- unsuccessful endeavours to 
detect the cause-of the discrepancies, in the hope that they may, at any rate, be useful to a. 
more fortunate inquirer, in directing his steps elsewhere than over the already trodden ground. 
He has not, to his knowledge, left unquestioned any of the more importaut conditions that 
affect the result of an observation. He anticipates also that the vibration experiments in air of 
different pressures will be of inte~est to o~hers besides himself . 

. January 1875. 

On Magnetic Iriduction as affect~ng Obseryations of the Intensity of the 
Horizontal Oomponent of the Earth's Magnetic Force.. By Charles 
Chambers, F .R.S., Superintenden~ of the Colaba Observatory, Bombay. 

, , 

[Com~unicated to the British Association at its Plymouth Meeting in 1877J. 

The' magnets used in observations of deflection and vibration, which observations are 
necessa'rily made in the field of the earth's magnetic force, are subj~ct to the inducing action 
of that force; and it is the universal practice of }llagnetic <>bservatories, sanctioned by the most 
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eminent w:iters on !erre~trial magne~ism, to apply corrections 0'11 account of inducti b th t 
the deflectIOn and vIbratIOn observatIOns. on 0 0 

The o?ject of thi~ communicatio~ is to advance theoretical reasons-supported b ex en­
mental ~vIdence-:-agamst ~he proprIety of the particular correction applied to the ;ibrItion 
observatIOn. ThIs correctIOn 13 based on the assumption that the vibratl'o t ' 

'bi f' d "to 1 't d' 11 b n-magne ]9 susceptI e n III uc Ion ongi u ma y ut not transversely or not so sensibly - d th 
assumption pro,?ably rests on what the writer regards as a fal;e analogy between a pe:!anen~ 
magnet, a?d an l?duced ~agnet_ The former, when removed from the influence of a strong 
magnetIzmg aC~IOn, remams a magnet by virtue of'its own internal forces, whilst the latter is 
a magnet by Vlrtue of external forces alone; it does not therefore follow that because the 
power of a permanent magnet-measured by its magnetic moment-cannot be made by the 
~ame means near)y as great, tra?sversely as Jongitudin~lly, therefore ,the same may be said of an 
Induced ~agne~_ Indeed, III hIS treatment ,of the subJe~t. of,the deVIations of the compass, Sir 
George AIry gIves to each elemental portIOn of It ShIp S Iron as great a susceptibility to 
induction in- one direction as in another; and in the more elaborate treatment of the same 
subject. in which Poisson's equatio?s are taken as expressing the fundamental conceptions of 
the theory, terms representing transverse induction are still retained, as of comparable 
magnitude, in presence of others representing longitudinal induction_ 

Applying the Astronomer Royal's -theory to the particular case of the vibration magnet, 
its induced magnetism_becomes- an assemblage of elementary magnets whose magnetic axes 
are all- parallel to the magnetic meridian, and which, since they sensibly retain their 
parallelism to the meridian during the oscillation of the magnet, give rise to no moment of 
restitution; henCe, accordjng to this v,iew, no correction would be required_ According to 
Poisson's theory the amount of the correction is matter for experimental inquiry, and cannot be 
safely determined on a priori ground, It may be objected, however, that the swinging of a ship 
being a slow motion compared with the oscillation of a magnet, the theory of the deviations of 
the <:lompass must be modified in its application to the case in question; and this is no doubt a 
correct view; for the..theory regards the inductive action as being, at every moment considered, 
sensibly carried to its,limit 'of e~f1cti:veness; whilst it is ~ot ~nly conceIvable, but doubtless the 
fact, that where, as WIth the oscillatmg magnet, the motIOn IS reversed every few seconds, the 
transverse inductive action does not reach, but only approaches, its limit. On this account we 
should be prepared ~o expect, then, that even if the. trans!erse induction 'Yere as grea~ as the 
longitudinal, when tIme for full development of the mductIOn was allowed, It would be m some 
degree in defect in the case of the vibrating magnet_ 
,-- In the years 1873 and 1874,- long ?efore these views on the ~ubject of induction ,first 
occurred to the writer, he had had made III Bombay a careful comparIson of two Kew Umfilar 
magnetometers; by means of practically contemporaneous obs~rvations_ The ~esult was to 
show IJ. persistent difference in the values ofth~ horizontal force yIelded by the t~o ~nstruments, 
far exceeding any probable errors of observatIOn; and ,afte: a careful examI,natlOn of e~ch 
single observational quantity, and of each consta~t entermg I~tO the ~omputatIOns, t~e wrlter 
came to the conclusion that no error of the magmtude of that III questIOn could have Its source 
anywhere but in conn.ectioI?-. with ~he induction corrections. The values obtained for the 
horizontal force were (Ill BritIsh umts 9f force) :-

With magnetometer No, 17. With magnetometer No, 23_ 

8-0701 J 8-0841 l 
8'0698 8'0823 j 
8-0762 J 8 0916 ~ 
8-0764 8-0945 j 
8'0694 ~ 8-0965 l 
8'0707 5 8'0904 5 
8-0757J 8-0844 l 
8'0756 8 0821 S 

8-0902 } 
8-0858 
80905 { 

Mean =? 8-0730 

8-0880 j 

Mean = 8-0884 

No. 23, showing an excess over No. 17 of -0154 British units of force, or of -0019 of the 

whole horizontal force. , h hIt 1 ' b 
. We observe that the greatest value given by No. 17 IS less t an t e e~s va ue gIven y 

No. 23, and infer that the difference between the two means cannot be attrIbuted to probable 
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error ?f',!?bserv~tion, ~he value of which for a 'single determination (about.;,QOl of the whole: 
force) IS, i\;Ioreover, much smaller, > • I 

.! ~ ,1 

If we now remove the corrections applied for induction to the vibration observations, the I 
. l!lean value yielded by: No. 17 becomes '0004 of the 'Yhole force'greater than the ~ean yielded: 

by No. 23. It thus appears -that a small correction, such as we have already seen reason tal 
expect, is :required for the vibration observation, but (on an average for the two instruments I 
employed) only of about one-sixth of the val.ue of that which it is the custom of magneticiansl 
to apply; and as this small quantity scarcely exceeds· the probable error of the meau 
determination of 'the horizontal force. it is yet premature to attribute it to any definite cause. 
Whilst, -however, the experiments afford no sufficient T.eason for applying this small correction~ 
they speak very distinctly in favour of no induction correction at all for the Yibration 
observation· a~ against the common practice. _ 

To\show that 'the errpr that we have been discussing is not of that min~te order that 
is usually disregarded, we may mention that it 'would amount, in the case of the Unifilar 
magnetome~er 'used .at.the Kew Observatory, to about eight times the probable error of an 
observation. 
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TA.Bu'165,-Showing the diurnal variation of the, readings .of the T~e1'mnmeter of Grttbbfs 

Horizontal Force'Magn,tometer for each rno-nth of the,yea'f-1872 and for the groztps oj 
months Match to October n.nd November to January. \ ," , \ LV . -

1-1-87-2-, ":"1---------: ".,m,.. . ...:, '.;IN •• , .. I 
Bombay -I I I,', - "I "oct. Jau,' 

CIvIl Jan, ,Feb, March; April, May. ,June. July, Aug~ • Sep. 'Oct, Noy', Dec. 
tlme. J I _ I r 

!~ =::l:~~ -:'3:: +'03+"O'-:-::~3-"63 - "3~ 
-XI - '53 - '36 + 'II + '17 +-'28 +'16 +'34 +'32 + '34 + '09 '- "27 -,. '15 + '23 - '32 
12 + 'II + '36 + '53 +-'55-+ '52 _+'34 +'5 1 '+'68 +' '63'+ '48 + '21'+ 'z7 + '53 + '22 
13 + '''IS -rI'07 + '88 + '86 +,'82',+'58 +'64 +'85 + '90 ,+ ·86'+ '97,+ '65 + '80 of- '79 
14 +1'33 +1'58 j-q6 +1',12,+1'07 +'13 + 66 +'9t +'~'Oz r!"1,'r'r +X'64 +1'10 .. + '9~;+1'36 
15 +1']2 +1'96 +~'z6 +1'16-+1',23 +'83 +'69 +'91,+1'12 :'!-1'33 +2:0.9 +1'45 +1'01 +1'75 
16 +i'91 +2'02 +1'19 +I'U +1'20 +'82 +'65 +'83 '1/-.1'02 +.,t'36,'f.2'17,+,I'56 +1'02 +1'88 
17 +1"83 +1'85 + '93 + '95 +1'07 +'64 -t,'59 +'69 + '69 +l'I9 +.1'94 +'1"47,+ '84,+1,'75 
.11 + 1'46 + 1'41 i; '53 + '61 ,+ '73 + '45 T '33 + '38 + '37 + '88 '-It 1'49 + L'll7 + '53 + 1'37 
19 +1'23 +'1'12 + '33 + '34 T '42 +'20 -+'14 +'1'1 + \14·-+ '72 +,I'24'tl'ol + '30 +1:16 
20 + '96 +,'90 of '19 + ':;10'" '27' +'07 ~'PI -'oz.'+ '06 +. '61 -I;- '97 i' '81 +- '17 +. :91 
21 + '79 + '70 + '14 + '12 + '18 '00 - '09 - '99 '03 + '47 ,+ '59 +' '54' + '09 + '64 
22 + '58 + '52 + '06 + '05 + '07 \ '-"03 ~,'17 - '18 ,- 'I€> + '26 + '21 +- '21 '00 + '33 
23 + '36 T '27 + '10 - '03 -' '07 - 'U' '-"Z2 - 'Z!) - "zo + '04' - 'x3 -, '20 - -'09 + '01 
o + '01 ~ '37 - '20 - 'Z4 .:.,. '29 .,- '04 ,:...·26 - ~z9 - '4 r '.:..' '18, - 'z4 _- '21 - 'z4 - '15 
1_ - '23 - '54 - "z9 - '31 - '47 - 'Z2 '- 'z8 - '38 r '49' - '40 -, '48 - '41 - ~35 - '37 
Z - '46 - '67 ..; '36 - ~'41 -; '58 - '30 . - '35 - '45 '- '51 - '60 - 'TS - '53 .." '45 ~ '58 
3 - '69 - -'89 - "46 - '53,- '71 -"4°. ';"40 ' -'51 ..,.. '64 -- '$3 .:.. ~97 - '65 -.i '56 - '77 
4 '-1'()0 -1'02 - '59 -'-- '70 - -84 ~~54' -',42 -'62 - '69'- '97 -1'21 -' :85 - '67,1:92 
5. -1'31 -1'27 .,... '13 - 82 :- :98 --'60 '..-'50 ..,.'69 - ~75 -1:22 -1'47 -IlC~1 - '79 -I'z6 
6 - 1'61 - 1'61 - '97 - '98 - ~'15 -.'70 - '57 -_'08 -'-, '75 - 1'38 - 1'77 - 1'33 - '90 - 1'57 
'1 -2'01 -.1'98 -1'25 ~1'~I'-I'14 ";'11 -'6x -'68 - '79 -1'44 -'1'98 -1'53 - '97 -1'84 
8, -2'II .... :I·II -J'30 -("08 - '93 -/61, -'46 -'56l- '63 -,1'24 -1'92 -1'53f- -85 -l"85 
9 '- 1'$4 - i'78 -' '97 - '72 - '5'3 ~ '44 '-'24 - '37 - '30 - '78 - 1'49. -l'12 - "54 -"'1:'48 

, ' 

275 .. In concluding .these appendi~s_ the w~iter desires'to place on'record his sense 
of obligation to those who have assisted, hi;m- in the preparation for apd production, of 
them :-to Mr. F. Chambers and Mr, Vinayak, Narayen ~~ne and, in ~ less degree, to 
Mr, J ehangirshah Erachshah Koh~yar for the immediate supervil)ion of observational, 
experimental, and~routine-computing ,0perFttio:q.s,_ for the ma,king or oversight of tbe njgher 
class calculations that were of an, extrit·routine nature, and for the revision and veiification 
of his own special work: to Mr, Purshram Luxuman Datal" and Mr. Vishnoo Damodhar 
Benderker for carefully conducted expeJ'hn~nts and their methodic~l reauction, arud for in~ 
telligent and vigilant attention to'-secure accuracy in the copying of matter for the press 
and in the drawing of diagrftms respectively l and to ~r, Govind Dhondev Deshpandy' and 
:rtfr, Crishnaji Gunesh Thakur, who have acted'~uccessively as photographer, for unremit­
ting attentioq. to the !esponsibl~ duties of working tlie 'photographic self-recordipg 
instruments, ' , 

1 ~25-61 .4P 
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273. Fi. 664 tells ~ that the range of the'decIiIJ.at.ion ;magnetometer is greater by 
about one.'foJteenth of itself than the range of the d~cllI;tatlOn ~a~netograph, !tnd_ the 

. t' . f the same character as the mean diu~naI vanatioL. of the year: the excess varIa Ion 18 0 , II th t th .' . 
numbers of Table 162 for separate months also show, genera ,y, a e, exce~s va:~IatIon 
is of the same character throughout the year. . _ ". 

274. The first idea that is suggested by Figs. 8?1 an(802 is that, t?ese being:~lose 
counterparts of the temperature curves of the respectIv~ perIOds, an~ haVIng proportI?na.l 
ranges, the temperature co-efficient that has been used III ~he re~uc~lOn of the observatIOns 
is much' too large; but a closer examina~ion of the respectIve varl~tlOns cotDpared leads to 
material modifications of this idea. FIrst we remark, howp.ver,;. that the. excess force 
ranO'es are for March to October and November to January respectIv~ly '00121 and '00229" 
whihl the corresponding temperature ranges are 2°'04 and)3°''l3 : and. the'respe.ctive ra~ios 
of these two pairs 9f numbers are 1'9 and 1'8! 0; ~early equal : conseqh~~~ly, ,dIsregarding 
the difference of phase of the two sets of varIatIOns, the te~perature cQ-efficient used for 
the magnetometer must, on the supposition that the caus~ .of the discrepa~cy lies therein. 
. '00121+'00229 ' lId' . : . b . 

have been taken too great by 204+3'73 .... '00549='} sca e IVIsIon~ '~549 elI~g 

the'scale coefficient for the year 1872:, and the temperature,coeffic~ent usedt ~lvipg been 
'15, must have been *ths of itself too great. But, as we have strong, evidence (see' para­
graph 222) that the coefficient is not itself considerably in erI'or, this means that the 
changes of temperature of the magnet have been only ~:; ths of th~ c4anges of temperature'­
of the thermometer bulb, which lies well within the lid o~ the wooden bDX enclosure of the 
instrument. So great a difference in a 'small air-spac,e, ;the circulation in which is. unDb­
structed, is scarcely credible, and especially when itis bbrne in mind that the cDmmunica;· 
tion of external temperature influe!J.ces is retarded and contracted by'a padding of qui lied 
cotton, 2 inches thick, which surrouhds the wooden bQX on its flides and at top*. The 
retardation and contraction ofraTlgl3 Df the tp.ermomete;r readings is clearly brought out on 
c,omparing the numbers of Table 165 with corresponding variations of the temperature of 
the e~ternal air : and if the tempez:ature range of the magnet is subject- to 'a further CQn­
tract~on ?own to l~ ths of the ranges of Table 165~ it:is highly improb~ble that such con-. 
t~actIOn IS not also accompanied ?y.a further retardation-of :phase~ lp.stead of a retarda­
tIon Df phase the exc~ss force vanatIOns as cDmpared with the temperature yariations S:p.DW, 
however, an acceleratiOn of phase of no less amount than two hours' --.and besides the 
general similarity of variations that 'Otherwise-holds during the day h~urs is not' ciDsely 
maintained at night. Whilst, for the months March to. October the fall of ,the excess 
forc~.betweeno22b and 7b is only '00012 Dr 0'10 of the whole range, the fall of temperature . 
~s 0 97 or 0 '48 of the whDle, range: and, for November to JaI).uary, the cprrespond­
mg numbers ~re '00034.01' 0-15 of the whole range, and 2°'17 or ()'58 of the, whole range. 
So far, the weIght of ~vldence seems, then, to incline Dn the side of rf!ality of 'the -excess 
var~atlOns, ~s m~gnetlC e:lCcesses tha~ v,ary apprDximately with natural temperature and 
agamst theIr bemg reg:arded as unehmlI~ated influences of temperature upon the instru­
ment. ~he results p~m~, at the same tIme, t~ the desirableness of placing the thermome-
ter bulb m close prOXimIty to' the magnet. L 

I L:! 

J 81!8· .. nQduhi:t;~ cotto~ edcovers wtehre applied ~o the declination aud horizo~ta1 force magnetometer boxes early in 
v "'" remam apon em ever lunce. ' 



TABLE 164.~Exeesses oftlte ~£ottrly illerz.ualities of horizontal/oree ai S}i01Of1, by Grubb's Ilorizontf1,l Force Magnetometer over the same as shown by tke 
. I Hor'izontal Force Magnetograp~ afler correcting the latter for the average progresb~": increase per day. , 

, , -
1872. - MONTH •. 

, 
- I March to November ttl 

\' I 
. 

Bombay Civil March. 

1 
~ay, . ·1 -I' . '\ 

October, January • 
~anuary. ~ebruary. April. June. July, August. September, October, November. Decembe~ .. 

, 
, Tune, 

\ 
, 

, 

~ 
, / , ~, 

h. , , , , 
, / 

., 10 ''';''0001 7 +. '0'0026 +'00°37 +'00046 
, ... +'0005 2 +'~0005 + '00024 +'00042 + '00009 +'00029 + 'OO02~ +'00029 +'00027 +'00034 

II ... +"00081, +'00005 +'00045 +'00054 +'00068 +'00044 :-ti'i>o'038 ' + '00045 +';0007 2 +'00,057 +:oo'q96 + '00062 +'00053 +'00079 
12 +'00101 + '00062 + '00057 +'00069 +'00085 + ~00063 + '00053 + '00046 +'00082 + '00083 

, 
+-'001 3 2 + '00680 + '0007 0 + '00105-". 

13 ... +'oot22 -+ '00098. + '00100 +'00103, +'00083 + '00067' ,+ 'pooQo +'00051 + '0009° +'00067 +'06144 + '00°75 + '0007 8 +'oOIl3 

-H ... +,'00136 +'00099 +'00096 + '00098 +'00074 ' +'00065 + '00°47 + 'po06Q' +'00078 +'00°7° +'00154 t +'00107, +'00074 + '00132 

IS , 
+'00127 + '00091' of. '00076, +'9°062 +'00055 +'00063 +'0007 0 ,. :00057 +'00060 +'00°54 +'00145 + '0009 2 of '00062 + '00121 ... 

16 , , .. +,'001 39 + ~00'O69 +'00065 +'00040 +'00031 ,+ :0005 1 +'?ooS6 t.- '..p '0005° +'0005 1 + '00047 + '00106 +'00082 + '00050 : + '00109 
17 .. , +'oOII7 + '00025' +'OOP37, +'00918' +'·OOO~.J +'00020 +'ooq5° +'00046 +'00026 -'oooo~ +'oP~78 +'00081 + :°002 7' + '0009 2 
18 

, 
+'00061 , +'0001.8 +'00006 +'00038 +'00°48 , .. -'00012 ' +'00003 + 'oootb +'0'0934 + '000-1 7 -- +'0~004 +'0002 3 +'00040 + '00010 

19 '" +'00061 -'oo~35 -'00016 -'ooC!I::I -- 'oo'pI6 +'00004 - '00008' - '0'101 5 - '000031 + '0001 3 + 'OO!)!7 ' + '0003.7 -"00007 + '00038 , 
20 .. , '00000 - '0001 9 .... ·OQ029, -'000:.13 -'Op021 - 'oooQ,5 , - 'oo,oog -'00007 - '00,009 ",,'00010 ..:. '06016 r+ '00012 '- '00014 -'00001 
21 .. , ~'00025 + '00062 " - '00030 ' -'090 38 -'00036 ' - '00(112 ,,- '000:.17 -'060?9 -'0001 5 - '000 II -'00044 - '00021' - '00022 -'O~030 

- 22 ~ ... -'00055 + '002 3 1 . ,-'OQ947 _ - '000'1$ -,'000.53 -'0001 9 -'0003 1 - '0001 9 - '00034. -;'00028 - 'O?062 -'00065 -'0003 1, J- '00061 

23 , .. -'00070 + '00.281 -,'00024 - '00033,' ~'0005° - 'poo04 ; -- '0001 5 -'00003. - '000 4 2, ""00040 - 'OOOQ2' '- '00063 --0002 7 ' -:00065 
0 .H - '00073 :- '0010'5 -'00031, -. '0002~ 

, 
- ·0.002Q - 00020' - 'ob031 -'00055 ... ·00037 - '00054 , =- ·6006!:}' -'00035' '--,?0034' . -'00069 

.1 ... :-"00068 . "'" '001 1~ - '00030 ' -'00045 -'~0034 -'0002 3 .- ... '00040 -'00042 - '000 5,1 - 'oQP5 2 -'00082, ' ";"00059 - '.00039, - '00070 
fZ ... - '0008'6 -'00139 -'00039, -'00042 -'00022 ,- '00022 , - '0005 2 - '00<?5 8 ... '00043" - 'oo05~ , -'00070 -'00°41 - '00042 , --;'00066 I 

. 3' . .. -'0009° ..... 0 0141 -:00035 '- '00045/ ..; '0003 1 -'P004 2 - '00046 -':090 3 2 '- 'po053 .' - '00061 - ·oeJ075· , -'000.,44 - '00043' ,- '00070 

4 ... -'00083 -'00102 -'00039 --'0,0048 -'00028 - 'op0 37 -'co034 ; ...:. '00060 ... '0004:t -'00045- - '00088_ -'00062 -"00042 -'00077 

'5 .. ' - '001,05 -'00143 -'P004 2 -'00041 - ·00Q.26 , -:0002!? -'00/j3:il , - '090 $5 - '00054- -:-'00016' -"00081 - '090 7° -,'00036 , -'00085 
·6 ~ .. - '00115" - 'OOlI3 -'00048 - '(>002,3 - '00048 - '00041 -;' - '0005° - '00038 - 'oo06r - '00036 - 'dOIIO', -''00068 -'00043 -'00091 

1 ... -'09104 ""'00077 -'00.055 ... ·0004° - '000'5 2 ' - '0003 2 , -:0005 2 -'00030 
, 

- '00055,' - '00°33 - 'oo{07 ... '00074- -'0004_3 - '00095 
S, ... -'00067 . -'00061 - '000~3 -'00 °55 ... '00'023': -·0~036. - '00021 ... '00003 - '00042 -'00043 . -~0098' -'60°70 - '00034 ... '00078 

I 

9 .. , ~'oo030 + '00091 - '009II - '00025 + '00022 ' '06000, .., '00'011 """ ''00021' - '00011 +'00003 - '000'16 -'000.11 -, -'00002 -,'O~019 
, 

, ,...., 

, , - , 
.~ 

Tho nUJnbera in ~he)ast t;wo oolumna are ollrveli in Figs, 801 and 802, 


