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PREFACE TO APPENDICES. 

The attention of magnetlcians is particularly called to the treatment, in these Appendices, of the 
t<Alowmg questions, VlZ.-

(1.) Of the neceflslty of taking account of the curvature of the knlie-edge of the vertical forc~ 
magnetometer (Paragraphs 18 to 72). 

(2.) That the scale-coefficlCnt of the vertical force magnetograph i~ a. function of the tempcraturf' 
of the Instrument and also ()f the time (Paragraphs b4 and 55). 

(3.) 

(4.) 

On the temperature-compensation of the vertical force magnetograph (Paragraph:; 73 to 82). 

On the conditions whi('h shooM determine the degree of 8em:!ltiveness chosen for the vertlCal 
force magnetograph (Paragraph 86). 

(').) Evidences of the sun-spot period in various ma","'Iletic phomomena (ParufSmphs HO, 150, 2:!ti 
aud 234,). 

(6.) 

. (7.) 

(8.) 

(9.) 

(10.) 

(11.) 

(12;) 

(13.) 

(14.) 

(15.) 

(16.) 

(17.) 

Moth~(l of calculatiug the totality ~f disturbance from observations of di~tnrbance exceed;ng 
a. fixed hmit (Paragraph 142). 

CoefficIents of harmonic serIeS expressmg the solar and lunar dIUrnal variation" of dechnatIOn 
and hOl"lZontal force (Paragraphs 148, 164 .. 232 and 2,t3; and Tables 53, 60 to 60, lOt 
and lOS, and 113 to 116). 

That the alJsolute easterly declination and absolute horizontal force hoth reached maxlIDmn 
values in the year 1879 (Paragraphs 159 and 241). 

TLe lunar diurn!l.l variations of declination and horizontal force for different quarters of thd 
year and phases of the moon lea.d to the hypothesis that tho period IS the solar Ib,y, and 
that the valiation 1::1 of tho same 9haracter at new moon and full moon and tho same at. 
first quarter and la,st quarter, but of reverse character at new lllOon anJ firs~ quarter 
(Paragraphs 167 and 248). 

Trial of the solar day as the penou corret-ts the hypothesls, showing that tho .perlOd is tl1'3 
lunar day but that th~ llhasefl slip backward SlX lunar hours every seven or f'lght daYR
the character of the vanation being at the same hmo inverted (Paragraphs IG9a and 1 tJ fl b) 

The.mode of reversal of the character of the Iu-nar variation curves and of the shpPlllg of 
tIw phases IB by the waning and dIsappearance of the afternoon mfiexIOns and by the 
birth and growth of ruorlllng inflexions (Paragraph 169('). Corresponding changes tracetl 
in a partIcular case (Paragraph IG9d). 

The probable similarity o( character of the luni-solar variations of declination anti honzolltal 
force, but with a difference of phase of three hours. Some evidence adduced. (Para
graph 249a). 

:Modification of the ordinary theory of the horizontal force magnetometer so as to take 
account of thc torsion of the dUsponsIOn Wires about tluJmselv6ii (Paragraph 206). 

Evidence that the tot'sion of the wires varie::! with time (Paragraphs 207 and 208). A case 
of eecu1ar untwisting of a Silver wire. 

An artifice for eliminatmg the efi'ect of the torsion of the wires (Paragraph 209). 

The determination of the scale-c{)cffi~jent by means of deflection experiments IS more accurate 
tha.n the lIse of the usual formula (Paragraph 212). 

Evidence that ~he horizontol force, at height of six feet above the ground is not, 10 Its 

VarIatIOns from day to dt7 ?J, bllt may be in its variations from honr to honr, a fllnctlOD of 
the natural temperature of the place of obserntlOD (Paragraph 222). 

Ool<iba Obserratorll, Bombay, April 18SJ. 
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ON rilE SOLAR AND LU!-<AE VAlUATIONS OIl' TIIE nORIZONTAL COMPONEN1' O'F Tm: EARTIl'S lUG-
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Ta.ble 88 220 
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Tnltle 89 221 
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APPENDIX IV. 
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APPENDIX I. 

History of the set of Magnetographs established at the Cola'ba Obser
vatory, with a new theory of the vertical force Magnetometer. 

This Observatory, like fourteen or fifteen others that have been established or re
organised in various parts of the world since the year 1860, is indebted to the parent 
inf>titution-the Kew Observatory-both for a successful example of the workin~ of a set 
of differential magnetographs, for precise directions how to copy that example III the use 
of instrlllnents of similar construction, for making its experience available for the procuring 
of a set of in~truments of the best character obtainable, and for a careful testing of these 
instruments, by actual trial, before they were despatched from England. 

2. The directions spoken of are contained in " an account-by Dr. Balfour Stewart
of the construction of the self-recording- magnetographs at present in operation at the 
Kew Observatory of the British Association," published in the Report of the Association 
for 1859 (pages 200 to 228). This account, as modified and enlarged on page 228, applies 
to the set of magnetographs supplied to and erected at the CoIaba Observatory in 1869 ; 
and the reader's acquaintance with it will be presumed in the remarks that are now made 
on the special characteristics of the CoIaba instruments. 

3. These are placed in a locality which is effectually removed from neighbouring 
magnetic influences-the nearest of which is that of vehicles moving along the CoIaba 
Road-and in a room the floor of which is 12 feet below the level of the ground and the 
roof of which is covered with soil to a depth of 3 feet. The magnetograph room, as it is 
called, has substantial double walls of masonry, with a passage (or air space) between, and 
a teakwood roof covered with asphalte. Access to it is obtained by a staircase and lobby, 
the roof of which is also covered with soil. The object of these arrangements is to pre
serve an equable temperature in the air of the room, in order that the magnetic records 
should be as purely magnetic as possible, that is, as free from the influence of temperature 
as it is practicable to make them. This is effectually secured, for the average daily range 
of temperature in the room is only 0°'4 Faht. ; and in three months only, out of the 83 
months from February 1872 to December 1878, did that average reach 0°'7 Faht. In 
the same period the greatest of the mean monthly maxima is 92°'7 and the least of the 
mean monthly minima 82°'0. 
. 4. Drainage water flows underneath the passage to a well in one corner, and thence 
-since the monsoon of 1871-to the sea. Before 1871 no natural drain had been provided, 
and the water had to be pumped or carried out of the room as it accumulated. 

5. Controllable ventilation is provided in the following manner: for the admission 
of fresh air there is a copper tube, with a cowl at top (the mouth of which can be turned to 
face the wind) and with its lower end-which can be closed at will-near the floor of the 
room; and there is a wide copper pipe, which also can be closed at will, leading from the 
room to the lobby and thence, by the staircase, to the door of the building; for the egress 
of foul air there is a copper chimney (also with cowl at top, which can be turned awa., from 
the wind,) the lower end of which opens into the room at the ceiling, and branch plpeS of 
zinc lead by means of a single connecting pipe into this chimney from above the several 
lamp flames, so as to carry off the smoke; since May 1870 there has also been a tall 
cop'per chimney with a stove at its foot (out of doors), and opening into the room at the 
ceilmg, so that on lighting a fire in the stove, which is done daily, a draught is created 
causing foul air, by which alone it can be fed, to flow out of the room. In the original 
arrangement the zinc pipe connecting the branches proceeding to the lamps with the 
copper chimney entered the mouth of the latter without closing it, thus allowing the 
products of combustion from the lamps to fall back into the room. The object of this 
arrangement was to allow the egress of foul air from the room as well as from the lamps, 
but the former purpose being, since 1870, sufficiently served by the stove chimney, and 
thtl closing of the aperture between the zinc pipe 'and the other chimney being thus no 
longer objectionable, a conical piece of zinc was III 1872, fixed 80 as to effect the closure, 
and since then the ventilation of the room has been much improved. A further addition 
to the ventilating arrangements was made in 1881 with the special object of supplying, 
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when ullobjectionable, a continuous stre~ o~ flesh a~ to. the bo~ in whi~h the pl(.to
graphic papers are exposed; to e.ff:'ect thIs a piece of ZlllC pIpe was rnscried mto the ?n)t
mentioned inlet-pipe nca~ th~ ceiling, and the ~ther end was .13~lrported over the 11lId:]]\.' 
of the apparatus ?ox, which IS cO.nnected and dl.~conn.ectcd at wIll hy lllL'ans. nf n ~Ldmy 
vcrtical tube. Srnce these addItIons were provlded, It has been a d.llly practKc to sllnllt 
fresh air into the room, during the night hours, exclusively through the apparatu'l Lox, 
and to close the passaae in this direction, during the day hours, and open the mlet-pipe 
llear the floor of the r~om. vYhen the underground room is filled vi1.th a warm damp 
atmosphere, as in the months before the commencement vf the monsoon, the sensitiycne::-s 
of the photographic papers undergoes a serious deterioration during- the exposure, and the 
formed images tend to fade away so that the earlier portions or the traCl':'1 arc feebk, 
whilst the later P?rtions on the same sheet of paper are stronger: it was to miticrate tbese 

, harmful influences that the special ventilation of the apparatus box was resortet to. 

6. The precaution was taken, before the roof of the building W,18 put on, to fix an 
absolute direction line in the magnetograph room by means of horizontal ivory scale~ 
secured to the llorth and south walls. Six. independent observations of Polaris ga,'e, in 
J annary 1869, as the dIrection joining the divisions + 35 on the north scale and + 6 OIl 

the south scale N, 14° 15' 2" 'V., with an average deviation from this direction of the 
single determinations of 23". The pillars of the instruments are of Porbandar stOlle, and 
to the tops of them were cemented the marble slabs which form the basements of the 
several instruments: on these and through their centres stra!zht lines were drawn, by 
reference to the datum just mentioned in the true directions .N. 0° 58' E. in the case of 
the declination instrument, and N. 89° 2' W. in the case df the horizontal force instru
ment, 

7. Observations of declination, dip and horizontal force were also made, in the 
rootless room, as follows :-

I. OF ABSOLUTE DECLINATION. 

By reference to the datum line in the magnetograph room. 

Position of Instrument. 
In Elerlrometer 

Tower at same tllll8. 
HeIght In Magnetograph Deduced from EXle"" In 

Date, 
Distance from Wall ahove floor. room. absolute observatiOns l1agnetograph 

and readtngs of room. 
Gmbb's DecImatIon 

East. South. lIIagnetometer. 

Ft. Ft. Ft. 0 . n . . n . . 
1869 February 5 •.. } 4'6 { N 1 2 49 E No 47 18 E + IS 31 

" " 6 .. ~ 
3'2 14'9 NI 2 oE No 47 18 E + 14 42 

" May II, .. } f No 52 0 E N047 4 E + 4 56 

" " 1 I '" 89 13'2 4'6 No 51 29 E No 47 37 E + 3 52 

" " 12 •.. No 55 50 E No 50 26 E + 5 24 

The materials excavated to clear the space for the underground magnet(lgra~h room 
were red soil and boulders of trap rock, the latter of which were sensibly magnet1c The 
influence of similar boulders in the ground surrounding the building is apparent in the 
excess of the declination in the room over that found 38 feet above the ground surface 
being greater according as the place of observation is further from the middle of the ro(,rn 
or nearer to the walls. 

II. 0, DIP. 

8. ·With Barrow's dip circle No. 49 and Barrow's 3i-inch needles. 

Date. Needle No. Dip. 

0 , 

1869,. February 4 ... '" J 18 57 I 

" " 4 ... ., 2 18 453 

" 
May J2 '" .. 2 13 497 

" " 13 '" '" 2 IS 54 I 

" " 14 ' , .. 2 18 5-lJ 
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The positions of the instrument in the room w~re not recorded. The means of the 
observations of dip taken in the Electrometer Tower mrthe months of February and May 
1869 were 19° 4"8 and 190 6"2 respectively. 

9. III. 0, HORIZONTAL FORCE. 

Position of Inatnment. HorizoDtal Force, in Bntish UDltS. 

DistaDce from Wall Height In Electrometer Tower 
Date. above at s&IIle tune, 

floor. In Hagnetograph Deduced from absolute Excess in 

room. obsenatlona and Magnetograph . readlDgs of Grubb's room. 
East. South. Honzontal Force 

Magnetometer, 

1869 February 1-2 .. ' ... ... .. . 8'1126 8'0711 + '041 5 

" May 8 ... J 8'0932 8'°537 + '0395 
8'9 12'8 4'6 

" " 
10 ... 8'0993 8'0560 + '0433 

1870 October 17 ... 'In lobby of magneto-
graph room. 

4'6 8'1981 8'0654 + '132 7 
. 

Here again the excess is larger in the small room, the walls of which are nearer to 
the instrument, than in the larger room, in consequence-doubtless-of the presence of 
magnetic rock in the enveloping ground. 

10. In the Introduction to the" Bombay Magnetical and Meteorological Observa
,tions, 1865 to 1870," will be found on pages xxxiii to xlviii a description of the method 
of determining the absolute horizontal force, of the formula of reduction, and of the 
nomenclature adopted. The following are the data, according to this nomenclature, used 
in calculating the values of the horizontal force given in the above table :-

J)ale. 

Civil Time... ... .. 
Observer '.. ,_ ... 
Grubb', Horizontal Force Magneto. 

meter... ...(D) 
Do. ,_ '.. .. ('Y) 
Do. Seale coemoient ... '012 
Do. Thermom~ .. -r.f". 
Do. do.... ..,(r.!. 
Do. Ueet of 10 of temperature= 

-'OJ/i ae. div. 

'. '. T. 
Uect of 90" of torsion (ae. div" • •• , 
One aeale division (d magnet N, 23 II ... 

2'33'. 

• 
FOI' ". ; 0'8 foot ••• ... , ... = 
For". = 1'0 foot '.. ... ' .. ,,= 

K' = 4'2()(K 
"cI = + 2"'0 ". = + 10

'1 
A = 1'61751 
Bo" = 9'41246 
B1,o = 9 701" 
p. = -'OO6M 
q = '000188 
iJ = '000,000,112 
" = '000,228 

TABLE IV. 

18CH1. 1809, 

Pel>. 1. Feb. I. Ilay 8. Kay 8. 

h.m. h. m, h. m. h, m. 
7 42 7 24 I] 29 16 20 
F.C. C.G.T. F.C. F,e. 

24'98 2S'I6 2]'12 22'97 
24 65 24'8.z 23'68 22'74 

78'1 77'3 88'0 88'0 
78'2 77'7 87'6 87'9 

75'S 74'0 86'7 86'8 
72'3 70'9 86'0 85'S 

2'66528 2'66541 2'67750 2'67967 
0'63 o'6S 0'22 0'28 

+ 3'3 • + 3'4 + O'S + o'S 

19 5837 
o , " . , 

" . , II 

19 59 18 19 52 20 19 52 23 
10 538 10 7 16 10 3 51 10 4 3 

1869, 1870, 

1l"110. Kay 10, c:ict, 17,1 <><;t, 17. 

h. ID. h. m, h. m. h. m, 

I2'J: I~ 8 elMl 1629 
B.8. , R. ,M. C.G,T, 

2]'52 23'21 23'72 23'41 
23'49 22'74 24'39 23'30 

885 88'7 86'7 84'6 
88'0 88'S 86'3 86'0 

84'9 85'1 88'8 87'7 
84'7 8S 0 91'S 91'4 

2'67833 2'67953 2'7049 2'7070 
0'28 0'29 0'74 0'74 

-0'9 -0'9 -"7 - I" 
0 

, 
6 . , 

" 18 56 33 "8 57 ~ 1949 1949 19 
10 3 26 10 324 936 56 936 y 

a,a' alwsYlless than:!" 
X,.. 8'1159 8'1093 8'0969 8'089S S'IOII 8'097S 8'2009 8'1954 

'------.-. __ oJ .... ' __ ....,.... __ -" ---v---' . • ' 
Mean X .. , 8'1126 8"093S 8'0993 8'1981 
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October 
November 
December 
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11, The baroO'raph was placed in the room, in such a position that its temperature 
Gompensation bars bshould lie midway between the two force magnetometers, so that it 
should afford a record of the variations of temperature of those instruments, Tabulations 
from the temperature curves ofthe barograph t:egistration paI)l;)rs, read off to 0°'2, gave, for 
the months October to December 1876, mean diurnal val iations of the temperature of the 
instrument of t~e characters indicated by the following numbers :-

TABLE V. 

h m • h, D\ h In. h m h m h. m, h m h m h. m h m h. m.b. m h m 'h m h. m. h m h, m b m h m b m, h m b m h m Ih m 
172737 , 1 5 7 6 7 7 7 8 7 9 7 10 7 11 T 12 7 13 7 14 7 15 'I 16 7 17 7 18 7 19 7 20 7 21 7 2~ 7 23 7 , 0 ? 

--- ~ f-- -- --f--I-. . . . , . . . . 
'001+'02 

.. -'02 '00 '/)0 _~4 -'04 -'06 -04 -'08 - 04 '00 +'08 + to +'04 + 06 +'02 +1)' +'04 + 02 00 -'02 + Ol '0<) .. + 02 00 + 02 +'02 -'02 -02 +04 + 10 + 14 +'06 + 04 +'02 - OJ -'04 - ~d -(Id -'08 - It -'0'" - UI :;~; 
-04 -OS -04 -'02 -'02 00 -'02 - 04 + 02 00 00 + 06 00 + 06 00 00 + 04 + 04 + Ol +'04 --------

Mean -'01 

+ 021 + 04 ~ 2 

-OJ 00 -01 -'Ol - 01 -'01 - 05 -001 :1-'01 + 06 + 10 +'03 +'05 +111 +111 +111 '00 -"Ill - 02 
""1-'02 

-'03 -'03 -::-ZJ!o; 

And the mean diurnal variations of the readings of the thermometer attached to the 
barograph are, for the same months, as folluws :-

TABLE VI. 

1876, h. m, h. m, h. m, h. m. h. m. 
6 20 10 20 14 20 16 20 22 20 

0 0 0 0 0 

October ". -'01 + '24 -'09 -'II' + 'oS 
November , .. - '06 + '21 -'06 -'10 + '01 
December .. , -'oS + 'II -'06 -'°5 + '03 

Mean ... -'°4 + '19 -'°7 -'°9 + '°3 

Also, for the same months, the mean diurnal variations of the readings of the 
thermometer enclosed with the vertical force magnetograph are :-

TABLE VII, 

1876. h, m, h. m, h, m, h, m. h. m, 
6 17 10 17 . 14 17 16" 17 22 17 

0 0 0 0 0 

October ." -'02 + '22 -'06 -'13 -'01 
November , .. -'°7 + '22 - '°4 -'07 -'°3 
December ... -'06 + '18 -'01 -'06 -'oJ 

Mean ... ..... ·oS + '21 -'04 -'09 -'°4 

12. To obtain the angular values of a division of the scale attached to the reading 
telescope and of an inch of ordinates of the magnetograph curves, the following measure
ments were made :-

Distances from backs of mirrQrs attached to magnets to telescope scales are-
Of Declination = 42'56; of Horizontal Force = 41'67; and of Vertical Force = 

65'05 inches, 
Thickness of all the mirrors = 0'115 inch. 
Thickness of glass plates in sides of gun-metal cylinders = 0'18 inch. 

Whence, taking 1'5 for the refractive index of the glasses, and reducing each nUlnbu 
b~ '0 1 o~ account of the angle subtended at the mirror by the telescope and scale, the 
vIrtual dIstances are-

Of Declination 4~'45; of Horizontal Force 41'56; and of Vertical Force 64'04 
inches. 
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Similarly the distances from backs of mirrors to the recording cylinders are-
Of Declination 60'25; of Horizontal Force 60-'26; and of Vertical Force 60'08 

inches. 
Thickness of hemi-cylindricallenses = 0'60 inch; whence, with thicknes~ of mirrors 

and gla.~s plates as above, the virtual di'ltances are-
Of Declination 59'95; of Horizontal Force 59'96; and of Vertical Force 59'78 

inches, 
The ivory telescope scales being circular in form, and the chord of an arc of 50 divisions 

mea.~uring 10'00 inches, we have, for the angular movement of the magnet corresponding 
to a change of unity in the scale reading-

1 f S' 1 5 
60th 0 m- irt I di ta v ua s nee 

and, multiplying the declination value by the torsion coefficient (1'0016) of the suspension 
thread, we obtain-

For the Declination 8"13 or '002365 
for the Horizontal Force 8'29 or '00241 
and for the Vertical Force 5'30 or '00154. 

And, for the an6rular movement of the magnet, per inch of increase of the ordinates 
of the curves, we have, when the movement i.s small, (say) 

1000 times Sin-l Twice the :::~al dlsta.nce' that is-after multiplying, in the case 
of the declination instrument, by 1'0016 the torsion coefficient

For the Declination 28"72 or '00835 
for the Horizontal Force 28'67 or '00834 
and for the Vertical Force 28'75 or '00836 

13. It will be convenient to give here the converting factors for changing scalQ. 
readings into ordinates and vice 'Versd. These are, 

TABLE VIII, 

To change Icale·readiDgs Tochan~ 

lDto ordmatea, ordInatee mto 
8cale.readmgs, 

Declination ,,' .. ' '00%365 == '283 3'53 
'00335 

Horizontal Force ... ~=='28 
' 00834 9 3'46 

Vertica.l Force , .. ' 001 54 .. , --='184 5'43 
' 00836 

14, The scales of the three instruments, as well as the thermometers and vacuum 
ga.uges in the enclosures of the two force instruments, have been read four or five times a 
day, as follows;-

in 1870 and 1871 ............... about the civil hours 8, 10, 12, 14 and 16 
in 1872 ..... : , .................... about the civil hours 6, 10, 14 and 16 
and from 1873'0 onward ...... about the civil hours 6, 10, 14, 16 and 22, 

the minute of reading having always been 
for the Declination 18 after the hour 
for the Horizontal Force 19 after the hour 
and f~ the Vertical Force 17 after the hour 

except before the 29th March 1871 when they were 12,14 and 10 minutes after the 
hour respectively. , 

15, :Maximum and minimum thermometers, a pair of which is exposed to the air of 
the room, are read once a day. 

16, Fresh sensitive papers are generally put upon the recording cylinder of the three 
ma('l'netographs every two days, but on occasions when difficulty has been experienced in ob.. 
taizrinO' distinct photographic traces of the movements of the magnets, the papers have been 
chang~d daily or even oftener. The time at which the cylinders are put forward daily is about 
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9 hours 28 1l1r~utc;s, and the avC'n'!e tiLte v,",~ied in ch:l.T"?iJ,<~ t.he p.1r:'~r" IS a1
)011t Cl Tmnu", < 

~)cd tb;;..t (,('cuplccl-on alttrmtte d.lYS-ill "bltlD.,) lh' cylUll,t.x3 only IS .. Lnut 1]1' ,t,;-· 

1:-. Homlv tabul tJOllS aro matte of the c,nllll;1tE-" of the 1n::t~1 t ';1 : I Cl.n,
at tt.., PU111e miDuLes (17, 1" DDd 19) atv~r the hv,il' a," th'J"C 011 whi(~l thl ~l::th -n ljln~" 
fxe takell' tLey arc lend off .It once, in tIUC mdh'~, 1)), Ull,tJ.i of a tahll',ltm::>: 1:,',) d',_nt. 
.lc6ione(1 '~llc"inaUy bv Mr. Robert Bec;"lq aDd improved lly ~lr. G )1. Whippl." :,,,d "It"' 
clltc~ed ou ~f)nthly :.huacts, and on these the InutitL.!y means are luLubLll fm l"nll 
hour Allay <; t,d,bul(1.tions bc~:ill wIth 10 hours and l nd wiLh B holl' -, tlc~,- \.;(,lll~ t h3 
first Jl1rlla.;t ful] Lour" that uppt:ar on each regi3tmtion pap <:!f. As t.j'~ .l.uly I~lll":, (.: 
temr,,"mt.urE' of th.~ lDstruments, as iudicated by the examp~d inc}uJ>::d III tI:e ta!.;, " lit' 
'paragl~1ph 11, are .onlJ:" a few ~tenths of a degree, the taLulat1011''' (',f the t\\ () fore ... lll-tr 1-

ments are dcalt Wlijl, In the trrst place, as If frpc from temper.dure eiflCLt; the extL'llt to 
which the: ~-c<;ults olkulled are vitiated by this proceduro will, thcfefore, re(i uire wll:'l(lu:\
tion at a later stage. 

NE"W THEORY OF THE VERTICAL FORCE MAGNETO~IETER, 'YITH 
A-L~ APPLIGATIO~ TO THE CASE OF THE COLA'BA VEHTICAL 

FORCE MAGNETOGRPH. 
18. In the gcnelally accepted theory of the vertical force magndometer it ,

Uf?sumed that the knife-edge of the magnet is a mathematical E:tmi~ht lIne, a ('ur.')equ'rtc 
of \\ bell is that the coetficient should not vary sensibly wIth .- han:;.:; of bcalc-re.ld.lIl~ i t. 
with th.c) positlOll 0f the magnet: it is also assumed that the ('obfficient is-within III ,ll tilal 
limit" c>f tempewture-the same ["r all temperatures; but both these assumptIOn:, : 1(' f"r 
from being aUo"i'Uhle ",'ith respect to th,~ Colaba vert.iC3.1 foree magnet(l~raph It \\ 'ldll 
corue to the barue thing III respE.ct to t1e first a..,sumpti0n If the curvature of the I"UJf.:('e of 

the knife-edge, being: sensible, were ahu uniform, but this t,:-", IS an m:uimi,,:'lole a:-'3~11111'ti("! 
in ref-peet of the Col.iba im.trument as its behaviour-to be now de"~riL,;d-\\'ill fIt arly 
she ',Yo In the report of this Observatory for 1t:>71-72 it was mentioned that tLt.- agate 
klllfe-edge wab shown, by inspection, to lie sensibly cur,ed, with an e~tiIllated r.\dn.l~ I.Jf 
CUl'Yatme of '006 inch; and also that within the range (of about 4°) l,f th!;! scak-H<lwW'<> 
of the instrument the sensitiveness varied so as to be twice as great at the extreme ends ~ f 
the seale as in the middle, and this when the absolute retaimng force in th~ ruiddk Jlo<,itj.,n 
bnJ been made as great a~ the horizontal fcrce at Colaba, i.e. aLout 8 0 British unit" "f 
torce. From the first (in 1869) ithadbeenobservedalsothatifthes .. msitJ\·encsswl:rellHld~' 
mueh grea,ter than this, the magnet became an oYersetting balance, on lloth :-ld,_s, wlll.n
ever the disturbance from the middL positIOn of adjustment rt;;ached (say) 2°; ami the 
deflection experiments (to be hereafter d\-scnbed) of Febn13.ry 8-9, and Apru 11, 1872, 
September 12, 1873, and July 5, 18S2, inmlate an even wor::-:e result than the aboYf, viz. ;
that the diminution of the scale-coefficient due to a change of 10 dlYisions of the 8cale from 
the middle po:;.itlOn (a,bout 33) is (roughly) '002 mm.-)llg.-s. UJlit of force. 

19. Let us now see in what way the theory of the in',trument mu>'t be motlifiul if 
we suppoRe that the curvature of the knife-ellge increa~es on bot.h sides 01 the ;Jidd1e 1mI' 
of support as it would do if its section (at right angles to the kmfe-edge) had the form that 
an ellipse has at the extremity of its 
shorter axid. 

When the knife-edge rests upon the 
plane iX; its middlo position 0 (0 Q being 
the radius of.cm vature of 0) let the centre 
of glavity of th'j mass of the magnet twd 
its attachments, when in adjustment, lie at 
a dIstance a to south-ward of Q and ut 
a distance b below Q: then we have 
the ordina.ry equations-

W!la=rnYo' and ttLXda+ Trgb1ia =mdYo 
Where Wi", the mass of the macrnet 

an~ attachment", 9 is the force of gra~ity, 
m IS the magnetic moment d the vertical 
force ma;;net, Yo is the vertical maO'netIc 
force and .Y is the horizontal ma~nctic 

L> 

Ezg,L. 

/ 
/ 

/ I 

\1 
• La.tterly these tuncs have been reduced to aront 6 and 2 minl1t"a. 
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force of th:: 'Carih, and" is the inclinatio.1 or the line 0 Q to south of the vertical: but if 
the Fyf,tel~ roll on tho k~ife-cdge tIll 0'. is in conta~t with the horizontal plane, a new 
moment w111 be brou~ht mto play tmdmg to increase tho roll; the norm<J 0']-> be.n ..... 
f~ t..wg'cnt to tho cvohlte will have the point Q to the right of it and the new murr.ent will 
he Wg (PQ)-PQ Leing the J.i.sw.ncf) of the point Q from the lino O'P. 

The equation to tht: normal to the ellip:;e"; + ~ = 1 at the point r:!, y' is 
a ~ 

a~ y' 
y-'!/ = + p z' (x - Ii) 

aud the di;:;tance ufthe i,oint rl', if from the straight line Y==CJ:+J is 
y" - rx" - d 

PQ = vcl- ;-1 -= 
2 

Of the point Q the co-ordinates are~" = 0; Y" =: - b 

a"- 11 d (12" a'" ) and froUl (a) c == + 7} ii an J = y' - b~ Y = Y (1 - I} , whence 

(0) 

(l.) 

a'" ,az (at 
b -b-y (I-p) r} -1) (b + y') a't , b3 al' 

PQ = (a* y;J ::: ~2 i r-:-:-b4.c,t::: (1)2 -1) (b+y) o;z '!l (c) 
.; 7} i'2 + 1 b2 .;;' .; 1 + a'" 1/2 

nearly, bincc 

~: ;: is tho tangr:-nt of the small angle a (see c(luation «(!) above) and, therefufe, its 

square or a'J. may be neglected. tH.!side unity. Now y' = -~ ({(,z - OJ'2) 
1 

:=; - b (1 - ~ :~ ) 
'" when ~ is a small fraction, and b +' y' = ~ b z; ; whence (c) becomes 

a a 
(d) 

aZ 11:,2 lr OJ' ) 
PQ = t (--:- - 1)---ob (--, : b2 w aZ y 

b2 Z' I a2 , 
and as 0 = -, -; Of X = -, y a nearly 

a~ y b" 

(
a2 ,2 a'J. \a~ • 

~Q ::::;! b
2 

- 1) ~3 y" a3 = ~ (~ - 1fi} ,; nearly, smce y2 = b% nearly 

all a3 

Hence the new· moment is i TVg (p - l)f as, and 

!.- ffi d (PQ) = ~ lV[I (~ _ 1) a
2 0"', 

m 9 do 2 m b2 b 
or thcl ad,.1itional coefficient vanes as 0

2 

( e) 

20. Now in Janu.u-y 1880, or hefore, ohservationsor experiment~ gav~ ~c fopvlving 
values. Tf= 1760·1 grains, 9 = 32·1~, TVg = 56657'6,111, = 0'5907, all m Bntl.:ili uruts, and 
tho fal'tor for converting Briti:lh units of magnetic force into (mm--mg-s) units is 
046108. Ono divisi<'>ll of the vertical force magnctograph. scale =; ·OO~54. or 10 .scale
divi."ioIl8 == ·0154. Henct.:, the C:J.:,\.l tlc:,criLed in paragraph 18 glves for UlBerbonm equation (e) 

:.Q07 x OO:! = ~ x 5665:"·6 (a~ -1) ~ x ('0154)1 =- (a't. -1) ab
2 

X 8498(;'4 x ·000237111 
~ro8 2 ~ b ~ 

(
UZ a2 

5~07 x '000215 foot = - - 1) -
{jJ b 

'5907 x ·00258 inch = '00152 = (:2 _ 1) ~z 

If we suppose:: == 1·1 this O'ivt:s a - ·006(P whence a value of ~ between 1·1 and b b - I b 
and if.. " = 1'2" " = ·0029 J 1·2 and nccl.l'. to I-I will giv~ a. = ·006 
1I1eh. That i"l to say, if we suppo-u the small pa.rt of the kmfe·edg-e brought .Into u..,c 
within the range of the, s"all- (Ie:>:> than half J. thousandth of an inch) tl) be a blt d t~.~ 
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broad aide of an ellipse whose a>..es are '006 inch and betwee!l '005 and :00.55 in~h, the 
behaviour of our instrument would be to a great extent explamed; and wltlun the rall""<=! 
of the scale the magnet would become an oversetting ba~ance unless the. eocffirien i f~)r 
the middle position exceeded '002 G~)2 or '0125. It dld nQt, however, m fact oycr:"d 
within a greater range than this when t~e coeffic.ient :va.s as small as about :008, so the 
assumption that the curvature of the kmfe-ed~e IS ellIptIcal although accountmg rou~hly 
for the general facts is not suited for rigorous adoption. 

- 21. But having now ascertained that this effect is of the right order of ma~nitude. 
we may reverse the process and construct from actual vUJ'iations -of scale reading under the 
action of known disturbing forces the curve of the knife~edge on an enlarged scale. Tht: 
curve may be any orthogonal line to the series of normals drawn through the successive 
points marking thf{ values of PQ for different scale-readings providing that such orthogonal 
line cuts none of tlle normals above their points of contact with the evolute to the curve. 
In this way we find by experiment that the curvature of the knife-edcie of the Col:iba 
vertical force magnetograph is a minimum at that part which rests on the agate plane 
when the scale-reading is 33'2 (about)-the relative positions of the mugnet, the mirror 
attached to it, the scale, and the reading telescope· having been the same throughout the 
period considered-and the curvature increases continuously though not symmetrically on 
both SIdes of this position, and consequently the evolute to the curve has a cusp on the 
normal to the point of minimum curvature and has branches on each side tha.t are con
vex towards that line. 
Suppose 0 p n (fig. 2) 
to be a representation 
(exaggerated in order 
that it may be distinctly 
~;een) of one side of the 
evolute on a plane sec
tion perpClldicular to 
the knife-edge, the cusp 
being at the point 0, 

through which passes q 0 

the normal to the knife
edge drawn from its 
point of minimum cur
vature : let 8 p w, touch
ing the evolute at p, be 
the normal to the point 
of the curve of the knife
edge on which the 
magnet is supposed to be 
resting under the influ
ence of a deflector 
magnet: 8 p w will 
necessarily be vertical, 
since the agate plane on ' 
which the magnet rests, 
being a tangent plane, 
is horizontal: .let the 
angle q r 8 which q 0 

makes with s p w be a, 

and-t being the centre 
of gravity of the magnet 
and its attachments-let 
the distance t 0 = c ; 
and-ro 0 being perpen-
dicular to q o-let the 
angle ro 0 t be called ~ : 

s 

. ·On the 7th February 1879 the reading-telescope was undamped from It3 fra.me and moved laterally, ADd 
It wa.s then put back and re-clamped: it is believed tha.t there wa.s no chanD'e of eleTahon of the teJc9cope tha~ 
need here be regarded. The change of sca.le readinoo from ]0 hours to 14 h~lU'a of that day was a fall of (r4-l, 
the usua.l change being & rise of abou~ 0'12. 0 
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also let 0 0 be the north dip of the magnetic axis of the magnet when q 0 js vertical. 
Further let us define as follows :-

X = the horizontal magnetic force of the Earth.
Yo = the vertical magnetic force of the Earth. 
y = the vertical magnetic force produced by the presence of the deflector 

magnet. 
'In '= the magnetic moment of the vertical force magnet. 
W = the mass of the magnet and its attachments. 
g = the force of gravity. 

Then, t 'lJ and W 0 being perpendicular, and 'V " parallel, to s p to, the equation 
of equilibrium is-

m (Y. + y) cos (00 + a) - ni X 8il~ (ao + a) - Wg (t u) = 0 (1) 

or as (ao .,. 0) is a. small angle, and t u = t v - J(J 0 == - c cos (. + ~) - w o. 
W. lV (Yo + y) - X (00 + a) + -g c cus (f + a) + _u (wo) = o. (2) 
'In m 

When 0 = 0 this expression becomes-

Yo - Xo + Wg C C08 • = 0 
o m (3) 

Subtracting which from (2), we have-

v Wg • lVg {) I h Y - .AO - - c stn • X 0 + - W 0 = 0, near y, w ence 
'In 'In 

(4) 

r::: (w 0) == (X + ~ C Bin cr) 0 - y (5) 

W ot = (l; X + C Bin .)0 - w.m y, and differentiating (4) with respect too (6) 
g g , 

dy = (X' + Wg c sin.) _ Wg d (wo) (7) 
do m m do 

22. It would render the instrument practically useless if 0 were allowed to become 80 

large as to make the variations [(say) diurnal] of X a consideration in this regard, that is 
to say-if it were such as to make a dX a quantity not of a lower order than, but of the 
same order as, dY; and this is of the 'greater importance in a low magnetic latitude where 
the diurnal range of the horizontal force greatly exceeds that of the vertical force. For 
this among other reasons- care has been taken never to allow the vertical force magnet at 
Colaba to deviate largely from the horizontal direction,-the means of control devised having 
been those that will nr>w be described. It was found that when the magnet was supported 
upon its lifters, and adjusted to horizonWity by means of a small level resting upon its 
cdge, the mirror should be adjusted to read 29'55 (approximately) in order that its normal 
should also be horizontal. On the 4th February 1872 it was adjusted to 29'85, and on the 
28th January 18S0-the mirror having been accidentally moved two days before-it was 
again set at 28'62. On the 11th January 1881, after a new adjustment of the instrument, 
the mirror was found at 28'99 when the magnet was horizontal. The greatest scale reading 
on the records of May 1872 to June 1882 is 38'26, which, taking 29'55 as corresponding 
to the zero value of 0, gives a = (38'26 - 29'55) X 5"30 = 46' (about) or sin 0 = '014 : 
the average diurnal range of the horizontal force is about '006 units of force, and '014 of 
this is about '00008,-or about double the limit of accuracy of measurement of the vertical 
force magnetograms; and this is of course an extreme case. The least reading on the same 
records is 24'10 and would give less thaI}. '00006 as the greatest effect of the diurnal 
va~iation of horizontal force. 

23. Now the relation of to 0 to 0 being purely geometrical, the values of 'Wo givt:n 
byequation (6) should be the same, however the terms on the right hand side may vary 

-Magnetic force will, in these investigations, a.lways be expressed in millimetre-milligramme:second units, 
except when a.n express statement is made to the contrary. But as all our weighings and measunngs are mado 
With instruments adapted to the British system, it will be convenieut when these enter into equations along 
With forces to convert the latter into British measare by dividing br '46108. -

tThough sca.rcely nocessary, it mal be remarked that when 0 IS negative toO will also be a.fIeck'<l with the 
negn.tive sign. 

a 825-3 £P 
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amO'ngst themselves sO' lO'nO' as the relative positiO'ns O'f the magnet, the mirrO'r attacheJ, 
the scale, and the r~ading t~lescO'pe r~main the same. Henc~ althO' ugh c,., m, W. and X 
may vary, we are at ~iberty to' cO'mbme values. of (w 0) obt~l~ed frO'm the data glve.n by 
different sets O'f experiments, a mat~er O'f sO'me ImpO'rtance arISin~ ~rom the fact that sm~le 
determinatiO'ns are subject to' cO'nslderable prO'bable errors. SlIDllarly we may cO'mbme 

values O'f.!!1 (w 0) given by equatiO'n (5) if we are careful to' regard the result as affected 
'l1'£ 

W by sO'me mean value O'f ~. 
m 

24. It will render the equatiO'ns (4), (5), (6) and (7) mO're canvenient for practical 
use if, in them, we substitute for Y and a equivalents in terms O'f O'ther quantities. As it 
will be quite by ac~dent if the initial PO'sitiO'n O'f the vertical force magnet, in any set of 
experiments, is that which places qo vertical, let the disturbing fO'rce, which will be zero 
for the actual initial PO'sition, be called Yand let the force necessary to' bring go intO' the 
vertical PO'sitiO'n be Y,; then we must substitute Y - Y, fO'r Y in the equatiO'ns. AlsO' calling 
the angular value of a division of the vertical force magnetograph scale a-at CO'labao 
a= '00154-and the scale-reading s, we may write a (s-33'2) {O'r a O'r as-3S'2 a: and for 

(X + ~ c sin £) 33'2 a, which is practically cO'nstant during a single set O'f experi

ments we may write O. The equatiO'ns then becO'me-

Y - Y, ::: ( X + Wg 0 &in E) as - 0 _ Wg (wo) 
,m m, 

(4a) 

-r;; (wo) = (X + T~ 0 sin E) as - ¥ - (0 - ¥,) (5a) 
, 

(wo) == ( w.m 
X + 0 sin.) as - Wm y - ~ (0- Y,) 

9 9 Wg 
(6a) 

~; == (X + r::: 0 sin~) a - :0 d ~~ a) (7 a) 

25. Y has been defined as the vertical magnetic f9rce produced. by the presence of a 
deflector magnet. This magnet is a SO'lid cylinder, 4'04 inches IO'ng, and is marked E 1 : 
it is placed successively at different distances. frO'm the knife'-edge of the vertical fO'rce 
magnet with its middle point O'n a hO'rizO'ntalline that intersects the knife-edge at right 
angles' and that lies in the plane O'f. rO'tatiO'n of the magnetic axis of the vertical fO'rce 
magnet, first O'n the nO'rth side O'f the instrument and then O'n the south side; and at each 
distance on each side it is adjusted to' verticality, and its effect is O'bserved by reading the 
vertical fO'rce scale in each O'f fO'ur cases, viz. :-lst when the magnet is at the nO'rth side 
and its nO'rth end· is upward, 2nd when at the nO'rth side and north end dO'wnward, 3rd 
when at the SO'uth side and nO'rth end upward, and 4th wh~n at the souih side and nO'rth 
end dO'wnward. We thus obtain twO' seri.es of values O'f s cO'rresPO'nding to' twO' identical 
series O'f distances of the deflector magnet-one series O'f the former fO'r which the deflectO'r 
was O'n the nO'rth side and anO'ther for which it was O'n the south side of tM instrument. 

If the vertical fO'rce magnet were nO'w suspended. by a fine thread with its knife-edge 
vertical in cO'ntinuation O'f the thread and the deflector magnet were turned to point east 
and west instead of up and down, the relatiO'n of the two magnets to each other WO'uld, as 
to' positiO'n, be the samet at each distanCe, as in the deflection experiment8 just described; • 
and the only difference between the two cases is that in the one the mO'tiO'ns O'f the vertical 
fO'rce magnet are opPO'sed by the hO'rizO'ntal magnetic fO'rce of the earth and in the O'ther 
by an unknO'wn fO'rce the value of which we seek to determine. It WO'uld make nO' difference 
either if another magnet of the same shape and dimensiO'ns as the vertical force magnet 
were substituted fO'r the latter in making the experiments of deflection in the hO'rizontal 
plane,-prO'viding that the magnetism in the substituted magnet were distributed in the 
same manner as that in the vertical fO'rce magnet; and that this prO'visO' is satisfied may be 
determined by comparing a pair O'f sets O'f experiments O'f defiectiO'ns in the hO'rizO'ntal plane 
~ade, O'nce fO'r all, when the vertical force"magnet and the substituted magnet are respec
tIvely suspended. If, mO'reO'ver, the hO'rizontal deflectiO'ns are O'bserved at a place for 

• By north end of a magnet we shall always 1lleall the end that, if the magnet were free, would point 
northward. I 

t Except for the slight deviation of the vertical force maCl'net from the north and south direction in the 
one case and from the horizontal direction in the other, andOthese deviations have too small effects to need 
consideration. 
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which the horizontal force is exactly known, their angular values, corrected for the torsion 
of the su:;pension thread, have only to be multiplied by the known horizontal force to 
()htain the values (Y) of the disturbing forces of the deflector magnet in its several 
positions. Such a place at Co1:1ba is the top of the pillar on which ar0 made the regular 
observations of vibration and deflection for the detennination of the horizontal force, and 
it has been used for the purpose described in all the experiments to bo presently dealt 
with. The CoMbo. magnet spoken of above as the substituted magnet is marked N3. 

26. In the practice of magneticians at the present day, pairs of deflections giving 
the disturbing forces Y + and Y _ as corresponding to the scale-readings of the vertical force 

magnetograph 8 + and 8_, are adoptel as yielding values of dd Y ( ::.:: y + - y -) 
8 8+ - s_ 

for each deflection distance, and such values for the several distances are combined to produce 
the coefficient which is to 00 adopted in the reduction of the registrations of the time near 
tho date of the particular fd of deflection experiments. A serious objection to this 

pra.ctice is that ~! is not constant for a given time but varies materially with "he scale

reading, and it is found, moreover, at Cola.ba that individual values of Yare subject to 
such considerable probable errors that it is- better to combine values-or for convenience 
their equivalent deflections-not only for several distances but also for ex~erimel1ts of 
different dates; and then to calculate the values that shall be used in combmation with 

the several values of , to find a general value, for each set of experiments, of~~. In 

fact it would seem that the probable error of a. small deflection, such as all those dealt 
with in these experiments are, is about as great as that of a large angle such as that from 
which, in tho regular deflection observations, the absolute value of the horizontal force is 
deduced. The mode of combination of the deflections in the horizontal plane will presently 
be described. 

27. From what has been said the following tables will be understood without any 
further description than their headings and the notes to them afford. 
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TAnLE t.-Experimental deflections of 'T.e Deelinalion Magnetograph by the deflector Magnet E 1. 

-
(a) OBSIIBU'l'IO!lS. (b) C,U,(WUYWN OP nIlr DOUbts r IlPLlICTlvNS 

DeclinatioD Magnet E 1. Means. V~ue of one 
Number and Local Time by Magneto. D.'ferencc ruvIlII.lOD III 

date of Magnetograpb graph, Observer, Distance. or double acale ('or· 

expenment, Clock. - ddlectlOn. rpct!'J {or 
Scale Dlstanoe North Higher Lower 

readmg: ,in feet. end, readwgs. readlDgs torSIOn 
, 

d. h. m, 

f 
9 IS ZS z4'oS Away. 0.\0. s'o zS'29 zz'S6S Z'4ZS S' 13 

22'8S 

I •• " 39 S'oN. E. 0,0. z's 26'19 ZI'98 421 

" ,., 42 21'97 2'5 N. E, 0.0. 2'0 28'23 19'94 8'29 

I " " 47 19'93 2'ON'. E. 0.0. 1'7 3°'93 17'22 13'7 1 

I " " 51 17'ZI I·7 N. E. 0.0. I 
IJ " 56 3°'88 x'7 N. W'} 0.0. 

r-

" 16 19 30'90 1'7 N. W. 0,0. 

" " 23 28'22 t·oN. W. 0.0. . 
e-i 
to-
IX) 

I " 26 26'19 2·SN. W • 0.0. .... " 
~ ::s .. 

" 28 25'29 S·oN. W • 0,0. .g " r;.., 

~ 
0> 

" .. 3° 25'29 3'0 S. W. 0,0. 
I 

I-l 

" .. 33 26'19 z'S S. W. 0,0. . 

I " .. 3S 28'24 2'0 S. W. 0.0. 

J> .. 38 3°'97 I'7 S. W. C.C, 

tt .. 41 17'23 I'7 S. E. C,C, 

" " 44 19'95 2'0 S. E. C.C. 

tI .. 47 21'99 2'5 S . E. C.C, 

.. n 49 22'88 3'0 S. E . O.C. 

" " 50 24'08 Away. - C.O. 



~~ 
~a .. ;:: 

l~ s .. 
Z'a 
--

r 
e-i 
"-
00 -
~~ 
-:3 c. .... 
J 
~ .... 

l 

Ot) .... 
CI) -'" '" -a 
! 
'" rI.l 

,J:l I 0 .... 
I 

t:l .... 

! 
.., 
0-
00 .... .. 
~ 
S 
'" ~ .. 

CC 

H 
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TABLE 2.-ExJ1erimental deflections of tllA! Magnet N 3, sU3pended in the ElectrQmeter TOtCer, 
b!J the deflector Magnet B_1. 

OBSEH.V ATIONS. 

...:i"; I 
Magnet E 1. ~ii Magnet E 1. 

-.:tEl I 

I j Scale /Thermo. ~ ;:: ~cale Thenn 
Observer. Lo\l&l TIme. -t~' Observer . Local TIme. Re&dlng 

.. .. 
mewr. ,8e-

D18tance North - .. Distance North 
Ulfeet. end. e- m feet. end. ZO 

-- I---

d. h. m. d. h. m. 

U 14 u 14 U 880 Away. ... 
1 I 13 18 58 IS 84 · . 2'0 N. W. VY. 

" " z7 1335 ... 3 0 ::1. E. " 19 0 16 56 . .. 1'8 N. " 
p. 

" " 28 13'18 ... 28 S. E. 
" " I 16 57 · . " " V.N. 

It .. 30 12 96 . .. 2'6 S. E. I " " 3 n'27 I'S N. E. p. 

" " 38 '3'02 ... 2'6 S. E. " " 4 11'26 . .. " II V.N. 

" " 41 11'73 88'2 Z 0 S. E. I " .. 6 12'00 · . 2'0 N. " 
P 

" " 44 8'35 ... IS S. E. 
" It 7 12'01 ... " " 

V.N. 
47 2 45 I'Z S. E. 0 

9 u'80 2'4 N. p. 
" " ... " " ... " 
" " 53 2S 70 ... I':! S. W. 

" " 
10 12 81 .. " " 

V.l-T. 

" .. S4 1977 ... 1'5 S. W. C. C, .. " 13 1393 84'6 Away. ... p. 

" " 58 16 38 ... Z'o S. W. and " " 14 13'94 84'6 " ' .. V.N. 

" IS I 14 73 ... 3'0 S W. V,N. I 

4 141% 87'9 3'0 N, W. " " 
" " 7 16'36 '" 

2'0 N. W. 

" " 9 19'78 .. , 1'5 N. W 1 17 52 14'06 888 Away. p, . .. 
" " II 25'65 ... 1'2 N. W. 

" .. 53 14 06 88'8 " '" V.N. 

" " 17 2'39 ... 1'2 N. E. 
" " 58 12'9 1 · . 2'4 S. E. p. 

" " 22 827 877 1'5 N. E. 
" " 59 12'90 ... " " V.N. 

" ", 2S 11'7 1 ... 2'0 N. E. 
" 

18 I 12 OS ... 2'0 S. 
" 

p. 

" " 
28 13'37 ' . 3·oN. E. 

" " 
2 1205 , .. 

" 
V.N. 

880 Away. 
.. 

" " 30 14'04 ... .. " 3 II 31 ... 1'8 S, 
" 

p. .. " 4 11'29 ... " " 
V.N, 

" .. 6 16 70 ... 18 S. W. p. 

" " 7 16'70 ... ff .. VN. 
10 8 18 14'10 8J'8 Away. ... ) " .. 9 IS 95 . .. 20 S 

" 
p. 

" " 23 13'5 2 83'8 3'0 S. E. 
" " 10 15'95 · . " " 

V.N. 

" " 28 12'05 83'8 2'0 S. E. 
" .. U 15 10 88'9 24 S, " 

p, 

36 83'8 I'S S. E. 889 V,N .. " 9'05 " " 13 15'10 " " 348 83'9 I'Z S, E. 16 88'9 2'4 N. p, 
" " 44 " " 15'17 .. 

52 24'43 83'9 I'Z S, w. 

I 17 15'19 83 9 ?y 
" " " " .. " .. .. 57 19'03 83'9 1'5 S. W. 

" " 19 IS 93 ... 20 N. " 
p 

" 9 2 15'96 83'9 Z'O S. W. p. " " 
20 15'9 2 .. " 

Y.~ 

7 14'50 839 3'0 S. W. 22 1666 I·g N. P. 
" .. 

r 

&nd It " 
... " 

" " 10 14'49 839 30 N. W. N.V It to Z3 1666 ... " " 
VN. 

" " 13 JS 85 83"9 20 N. W. <c " " 
26 11'36 ... 18 N. E, P 

17 186l 84'0 15 N, W. .... 11'36 YX 
" " ~ " " 27 " " lO 23'31 84'0 1'2 N. W. - 2'0 N. l~. 

" " " " 29 12'14 ' . " 24 84'0 I l N. E, ~ V.N. 
" " 4'43 

~1 
" " 30 12 14 " " " 

" " 28 9'21 84 1 IS N. E. 
" " 33 I2 89 , .. 24 N, It P. 

" It 33 11'99 84'1 l 0 N. E. 
" It 34 u'S3 ,. " .. V.N 

" It 37 13'3 1 8 .... J'o N. E. 
" " 37 J.J '02 89'1 Away, .. P. 

,. n 41 IJ'89 84 I Away. .. J :> " " 38 14'01 39 I I " '" VN 

" " 4 J 10'04 ' . 1'6 S, E. p. 

I 
, 

" " 4z 1003 ' . .. " 
VN 

" " 44 795 I , . 1'4 S. " 
P 

13 18 28 13'97 S·n Away. ... P 
" " 45 195 " " 

VN, 

It " 29 q 96 84'5 .. .. V.N. 
" " 49 4'10 , .. 1;: S, 

" 
P 

" " 34 U76 ... 2'4 S. E. P 
" " 50 4'09 , .. " .. VN, 

" " 35 u'75 . .. " 
VN. 

" " 54 23'74 ' . I l S W P 

" II 39 u'87 ... :I 0 S. " P 
" " 55 23'73 '" " " 

VN, 

n .. 40 If 8a ... " " 
V.N. ., 

" .s8 19'96 I 14 S. " 
P 

42 II 03 18 S. p, 59 1994 " " 
V' N, 

" .. '" " " .. 
43 II 09 V.N. lC) :3 17'91 89'Z 16 S, P 

" " 
... " " " " 

" " 45 16'79 .. 1'8 S. W. p. 
" .. 3 17'83 c-9' Z " " 

VN 

46 16 79 VN. 

II 7 17'84 89 Z 16 N. " 
p, 

" " .. " " " 
" " 48 1600 ... 2'0 S. 

" 
P 

" .. 8 17 85 89 Z , . " 
VX 

1601 V.N. 19 86 ! 14 N. P 
" " 49 ... " " " " 

10 ... " 
" .. 51 15'05 84 6 24 S If 

p. 

! 
.. " 

II 19 34 .. II V,N 
52 15'06 84 6 V.N 14 23 60 ... I IN. 

" 
I P .. II " .. " " I ., " 54 15'00 84 6 24 N. " 

p. 
" " 15 Z3'59 .. , " " VN 

" " 5S IS 00 .846 .. " 
VN . 

" " 
20 4'34 .. I;: N. E r. 

" " 57 I) 82 ... :I 9 N. 
" 

p. 
" .. H 4'35 .. , " .. I vx 

88::5-4 AI' 
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., ~., I ..., . .. .., Magnet E! 1- -e'" MAgnet E 1 

""r::1 " ",,'" 1l§ S,._ rh'=-~ ~ Local TIme, Scale Thermo· Observer, <II .... Local TlUle, Ul1serH:r 

~~ 
Readmg meter tg. Reaumg meter 

DIstance lD I North AX DIstance I\J I N OJ til 

1~ feet, end. s:; " feet, eu..!, 
~Cl 

Z 

d, h m, d, h. m, I I 
1 

I 19 24 808 '" 1'4 N , E, p, I 3 17 4 14'46 890 3'0 S. w I P 
8'08 V,N, 5 14'47 890 

I 
T 

" " 25 " " " " " " " 
30 1012 ,. r6N, 

" 
p, 

" " 61 1441 889 3 0N, P 
" " 

2 " 

l " " 31 10'14 " " 
V,N, 

" " 7 1441 89'0 
" " T 

34 1396 89 2 Away, , , p, 
" " 

8t 14 80 00, 2'5 N, P 
" " 

2 " 
" " 35 J 3 961 \89 2 " 

,., VN, 
" " 9 14 80 " " " 

T 

" " 101 IS 73 · , 20 N, 
" 

p, 

" " 
II 15'14 ' . " " 

T 

" " 13 18 42 00 IS N, " P 

" " 13! 18'43 ' , " 
., T 

" " 15 9 27 ' , 15 N, E p, 

r 8 16 38 14 00 86'3 Away, ... p, 
" " 

16 9'27 ... 
" " T 

I " " 40 14 00 86 3 " ' , V,N, 
" " 

18 II 97 '" 2 0 N 
" P 

" " 45 1353 3'oS, E, p, 
" " 19 11'96 '" " " I T 

" " 46 1352 ... 
" " 

V,N, 

I " " 20! 12 86 '" 2 5 N. " 
I p 

I 
" " 48 13 17 .. 2'5 S. 

" 
p, 

" " 
21 12'87 '" " " T 

I " " 49 13'17 00' " " 
V,N, 

" " 23 13'30 ' .. 30 N. " 
P 

" " 53 IZ 21 , .. Z'oS, 
" 

p, l " " 24 13'30 , . 
" " 

T 

" " 54 IZ 20 
" " 

V.N. 
" " 

26 13'96 888 Away, P 

" " 56 95 2 00 ISS, 
" 

p, 
" " 27 1396 888 

" 
. , '1' 

" " 57 9'53 " " 
V,N, 

" " 59 18'79 00' 15 S, W, p. , 
<0 I7 0 1880 V,N, 

il " " " 
" " 

2 16'04 20 S, 
" 

p, 

r 
10 16 23 14'00 90 '0 Away, P 

" " 3 16 oS ,'. " " 
V.N. " " 23 14'00 90 '0 " ' , VN, 

" " 5 IS'II 2'5 S, 
" 

p, 
" " 29 1343 ., 30 S. E p 

~Ol " " 
6 15'11 " " 

V,N, 
" " 30 13'44 .. " " 

YN, 
8 I4 69 84'6 3'0 S, p, 32 13'04 25 S, p, 

!1 
" " " " " 

.. , 
" 

" " 9 14'69 84'6 
" " 

V,N. 
" " 33 13 04 .. , 

" " 
YN, 

" " 
II 14'73 84'6 3'oN, 

" 
P " " 35 12 92 24 8 

" 
p, 

" " 
12 I4 73 846 " " 

Y,N, 
" " 35 12 93 .. 

" " 
YN, 

?-, 
" " I4 IS 16 2'5 N, " 

p, 
" " 37 1208 00, 20 S, 

" 
p 

I " " IS 15'16 .. , 
" " 

Y,N, 
" " 38 1209 " " 

VN 

" " 17 16'II 2'0 N. 
" 

p, 
" " 40 II '34 18S, 

" 
p, 

I " " 
18 16'12 .. 

" " 
V,N, 

I " " 41 II 35 " " 
V,N, 

" " 
20 19 06 1'5 N, 

" 
P " " 43 16'73 18 S, W, P 

21 19'05 V,N, 44 16'73 · , VN. 

I " " " " 
I 

" " " " 
" " 23 9'34 1'5 N, E, p, 

" " 45 15'95 ' . 2'0 S, 
" 

P 

" " 24 9'34 " " 
V,N, 

" " 46 IS 95 ' , " " 
VN, 

I 26 12'26 2'oN, p, t...: 48 IS I7 2'4 S P 
" " " J:o- I " " " 
" " 27 12'26 

" " 
VN OC) 

" " 48 IS 17 VN .... " " 

l 
" " 30 13 20 2'5 N " 

P .. 
I " " So 15'07 25 S, 

" 
P 

31 Y,N', 
0) 

YN 
" " 13'21 

" " 
..0 

" " 50 IS 07 " " 
33 13'62 84'S 3'oN, P S 52 14 66 89'6 3 oS, P 

" " " ~ I " " " 
" " 34 13 61 84'5 " " 

VN, o ~ " " 53 14 65 897 " " 
YX, 

" " 37 14't6 Away, '" 
p, ZI " " 54 14 64 89 6 3'0 N, 

" 
p. 

" " 38 14'16 , , 

" 
V.N, g " " 55 14 64 89'7 " " 

YN 

I .... " " 56 15'05 ". 2'5 N, 
" 

p 

I I " " 57 15'05 '" " " 
V,N, 

I ~ " " 59 15 16 2'4 N, 
" 

P 
1-1 17 0 IS 16 , .. VX 
:> " " " 

I " " 
2 1595 .. , 20 N 

" 
P 

r 3 16 40 14'00 89'0 Away, '" 
p, 

" " 3 IS 96 .. , 
" " 

V,~ 

I " " 41 1400 89'0 " 
T, 

" " 4 16 70 .. , 18 N. " 
p, 

" " 43 1335 , .. 3 oS, E, P I " " 5 167I . .. " " 
VX, 

" " 44 1335 .. , 
" " 

T, 
" " 7 II '45 18 N E. p, 

~l " " 46 12 93 25 S, 
" 

p. 

I " " 
8 11'44 " " 

\-~ 

" " 47 12'93 
" " 

T " " 
10 12'18 2'0 N 

" 
P 

" " 49 11'99 ." 2'0 S, 
" 

p, 
" " 

II 12 17 " " 
VN 

co ..... 
" " 50 11'99' , . 

" " 
T. I " " 

12 12 98 .. 2'4 N " 
P 

~ " " 52 9'10 .. , 15 8, " 
P " " 13 12'97 ... " " 

V.::-; 
~ " " 53 9 10 , .. 

" " 
T, 

I " " IS 13 12 25 N " 
P 

'"d " " 55 18'67 .. , 1'5 S, W, P " " 
16 13 12 " " 

VX ... ..., I " " 56 18'68 T 18 13'44 3'0 N P 
I " " " " " 

" " 58 15'81 , .. 2'OS, p. I 19 1345 · , 
V'::-; 

1-1 

I " " " " " 
1-1 " " 59 15 80 

" " 
T, " " 

21 14'01 889 A"ay , , P 
t:> 

" 17 I 14 85 2'S S, p l 22 14 00 889 VN 
~ 

... 
" " " " 

" " 2 14'86 , , 

" " T. 
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, A • , ~~ 

ThemlOl Magnet E 1. 
.s.; 

.."" ~~ - Magnet E 1 • 

]~ Scale Scale Thermo· .. ~ LooalTime, Readmg meter, Observer. all Local TlIDe. Readmg

l 
meter, Observer, 

""" ~= D1Btance III I North ,814 

I 
Dutance in I North 

"- feet. end. S! feet. end, 
=' Q :so 
~ Z 

d. h. m, d. h.m. 

r 10 8 43 13'7 1 79'8 Away, ... p. 12 16 16 13'40 . .. 3'OS. E. V,D, 

I .. " 44 13'7 1 797 " 
.,. V,D. 

" n 19 14'57 . .. J'o S. W. p. .. .. 49 13'21 ... 3 0S• E. p. 
" " 19 14'58 ... 

" " 
V,D, 

.. " 50 13 20 ' .. " " 
V,D. .. " 

22 14'00 ... Away. '" P. 

I .. " 53 14'33 ... 3 08• W. p, 

I " " 
22 14'00 · . " ... V.D. .. " 54 1434 ... 

" I • V,D. 
" It 25 14'65 .., 3 0N. W. p. 

" .. 56 1374 ... Away. ... p. 
" " 

26 14 64 ... 
" " 

V,D, 

" " 57 1373 ... " ... V.D. 

I " " 29 13'42 ... 3 0N E. p. 

" .. 59 14 28 ... 3'0 N. W. p. 
" " 30 13'43 " " 

V,D . 

" 9 0 14'28 ... 
" " V.D. 

" " 33 14 02 793 Away ... P. .. .. 2 IJ'2I .., 3·oN• £. p, 

I " " 34 14 01 79'3 " ... V,D, 

" " 
2 13'20 .. ' " I' V.D. 

" " 37 13 07 ... 2'5 N. E. p. 
.. " 5 13'75 798 Away. ... • p, 

" " 38 13 0 7 ... 
" " 

V.D. .. " 6 1374 798 " 
, . VD. 

" n 41 IS 05 ... 2'5 N W. p. .. " 9 12'84 '" 2 5 N. E. p. 
" " 42 15'04 ... 

" " 
YD. 

I .. .. 10 12'84 ... 
" .. V.D. " " 45 14 02 ... Away. ... p. 

., 
" 13 14 68 ... :I 5 N. W. p. 

" .. 46 14'03 " ... Y.D. 

" " 13 1468 ... 
" " 

V,D. 
" .. 49 15'09 ... 2'5 S. W. p. 

I " " 
16 13'75 ... Away. ... p, .. " 49 15 09 ... " " 

V.D. 

" " 17 13'75 ... 
" . .. V,D. I " " 52 13 1I ... 2'5 S. E. p. 

I " " 20 1282 ... 25 S. W. p. 
" " 52 13 10 .. " " 

V.D. 

" " 
21 12'83 ... 

" " V.D. I " " 55 14 04- 79 0 Away ... P. 

" " 23 14'69 79'9 2'5 S. E. P 
" " 56 14'04 79 0 

" 
... V.D. 

" " 24 1470 800 
" " V.D. 0 I " .. 59 12 81 .. 2'3 S. E. p. 

Away. 
a) 

" " 27 13'75 ... ... p. co 
" 17 0 12 80 ... 

" 
,. VD. 

oi 
" " 

28 1,3 74- ... ... V,D. -I 3 15',34 23 S. W. P. 
I:- " .. " · , 
co 

" " 30 12 51 ... 2'3 S. E. P. S'I 4 1533 VD. ;1 .. .. ... 
" " 

" .. 31 12'5 1 ... 
" " V.D. g ~ 

" " 7 14 04 Away . ... p. 

~1 
.. " 34 15'00 .. , Z'3 S. W. p. ~I " " 7 14 04 ... 

" 
V,D. .. " 34 15 01 ... " " V.D. 

~ .. " 
10 15'35 ... 2'3 N, W. p. 

" " 37 13'78 ... Away. ... p, .... " " 
10 15'34 ... 

" " 
VD 

~I 
" .. 38 13'78 '" " ... V.D. 1 " " 13 I2 84 ... 2'3 N. E. p, 

" " 40 14'97 ... 2'3 N. W p. M .. " 14 I2 85 " " 
V.D 

" " 41 1498 ... 
" .. V.D. 

" " 
18 14'06 788 Away. ... p. 

esl 
.. .. 43 12'53 ... z'3 N. E. p, 

" " 19 14'05 788 
" ' . V.D. 

" " 44 12'53 '" " .. V.D. 
" " 

22 12'14 .., 2·oN. E p. 

" .. 46 13'75 80'3 Away. ... p. 
" " 23 12'13 · . " .. V.D. 

I 
" " 47 13'75 804 " ... V.D. 

" " 25 1600 ... 2'oN. W. P .. " 50 11'88 ... 20 N. E. p, 
" " 25 1601 . .. 

" " 
VD, 

" " 51 JI'87 ... .. ., V.D. I " " 27 14 06 ... Away. .. , P 

I " " 55 15'56 ... :z·oN. W. p, 
" " 27 14'05 ... " 

V,D, 

" " 56 1557 ... 
" " 

'v,D. JJ " 30 16'10 · . 20 S. W. p. 

" " 59 13H ... Away. .. , p. 

I " " 30 16'08 ... " .. V.D. 

I 
" 

10 0 13'13 ... " ... V.D. 
" " 33 12'10 ... 2'OS. E. P 

" " 3 15'66 ... 2 oS. W. p, 
" " 33 12'10 .. , 

" " 
VD. 

" " 4 15'67 .. , 
" .. V.D. I .. " 36 14 07 77'9 Away, ... P 

" 
6 1J'79 .. , z'oS. E. p. 36 14'06 779 V,D, 

I " " " " .. 
" " 7 11'80 ... 

" " 
V,D. 

" 40 JI 30 '" 18 S. E, P 
80'9 Away. 

I 
" 

1 " " 9 1374 ." P. 
" " 41 H 31 ... " " 

VD 

" " 
10 13'74 810 " .. , V.D. 

" 44 16'60 , .. 18 S. W, P 
" 

I 
" " 13 10'99 .. 18 S. E. p. 

" " 45 16'62 ., " 
VD 

" " 14 11'00 .. " " V.D. 

I 47 14 06 ... Away. r, 
" JJ 

" " 
16 16 43 ... 1'8 S. W. p. 47 14'05 ... 

I 
VD 

" " " 
I " " I7 16 44 ... JJ " V.D. 

" " 50 16'74 ... T 8 N. W. P 

" " 19 13'7 1 ... Away. .. ' p , 
" " 50 16'75 ." " " 

VD , 20 13'70 , . V,D. 11'46 18 N. E. P 

I " " " .. , 54 · . 
16 30 18 N. \Y. i 

JJ " 
" " 

22 p. 55 JI'4S .. " " 
VD 

" " 
" " z3 16 31 " " V.D. 

" " 59 14'05 ... Away ... P 
J5 II '3 I 18 N. E. p. l 18 V.D 

I " " 
.. 

" 
0 14'04 · . " . .. 

" " 
:z6 11121 .. " " 

V,D. 

" " 29 13'67 81 2 A~ay. ... p. 

I I 
I l " " 3° 13 68,'81'3 " .. , V.D 

r 16 19 3 14 01 900
1 

Away I p 

I " " 4 14 01 
9" I " 

VD 

" " 
6 13'45 3 oS. E P 

f 
12 16 11 1399 i9 6 A ,,·ay. p, I 7 1345 " ! . VD 

" " lZ 1399 79 6 V.D. I 14 55 3 08 W P " " " .. 
" " 9 I 

" " 15 1339 .. , 30 S. E I P 
" " 

10 14'54 ... ., ! ., V,D. , 
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.3. ~.J ! 

4i ~ ~ 
~ 1:1 Magnet E 1. "'" '" Magnet E 1. I 
""'co'" 8 ,Scale Thermo,I-----;----1 Ob ~ E Lo 1 T' Scale Thermo-
... ~ Local Time, Readmg meter, North server. t ~ ca 'me, Readmg meter, I 100l1lener, 

.E ~ Distance in .., M Distance in 1'-orth I 
§.: feet. end. ~ ! feet. enu. 
ZO ZO 
I~~~--~L-_+--~----_+--~--~~~------t--_+I--~-----IL-~----

d, h. m. d. h. m, 

I 
16 19 12 14'02 ••• Away. ••• P. I II 8 57 13'91 ... Away, . , p 
" " IJ 1402... " ... V,D. " 9 0 I48:z ... 2 5 S, 'V, p, 
" " IS 14'55 .. , 3'0 N. W. P. I " /I 3 12 97 ... 25 S, E P. 

I 
" .. 16 1455 .. • " "V.D. " .. 6 13'90 79'9 Away, . , p, 
" .. 19 1346 ... 3'0 N. E, p, .... I " " 9 1261 ." 2 3 S. E. p 
" " 20 13'45 8"'8 A" "Vp,D, ~ J " .. I2 15'13 .,. 23 S, \V p, 

I 
" " 22 14'02 9' way. ... , ~)"" IS 13 88 .. , Away, , , p, 

" "j\l ,," V.D, oj "" 26 1386 80'2 Away, p, 

I 
:: :: ~2365 11/33:0;t~~, 2'5' N, ii: i,D. ~ I :: :: ~~ ~~,~~ :,: :,~ ~: ~: ~: 
" " 28 14'94·.. 2'SN. W. p, :: I " ,,30 12'03 ••• 20N E P. 

" .. Away, ... P. 1''''' 37 13'85 ... Away, ... P. I 
" " 32i 1144,~i ::: " "V.D. ~ "" 33 IS 83 ... 2'0 N, W, p, 

" " 32 14'01... " '.. V.D. t-i I " ,,41 IS 85 .. , :Z'O S, 'V, p, 
" " 34 14'95 ... 2'5 S. W. p, ~"" 44 Il'99 ... 20 S, E. p, 

I " " 35 14'95 .. • " "V,D, " ,,49 13 82 80'4 Away, , , p, 
" " 37 13 04 ... 2'5 S. E, P. " ,,52 Il'q... 1'8 S. E P 

I " " 38 13'05 ' , " "V.D. " ,,55 1648 ... 1'8 S, \v. p, 
" " 40 14'00 89'7 Away. ... P. " ,,58 1380 ... Away, '" p 

~ II :: :: 11 :m ~? ,.~:s. ~ i::: l:: :: ,!:;:;: i::611!E: r~: ~. :a I ., " 4467 J5'24 .. , 2'3 S. W. P. 
-<tj "" 15'25... " "V.D. 

" " 49 14'01 ... Away. ... P . 
.:;g ~ " " 50 14'01... " ... V,D. 
:::'.1 " " 52 IS 24·.. 2'3 N. W. P. 

" " 53 IS 24 .. • " "V,D. 
~ I " " 55 12 77 ... 2 '3 N. E. P. 

" " 56 I2 77 .. , " "V,D. 

, 
" " 58 14'01 89'4 Away. ... P. 
" " 59 14'01 89'4 " ... V.D. 
" 20 I 12 16 .,. 2'0 N. E, P. 

I " " 2 12'16... " "V.D. 

I 
,. " 4 15'91 ... :1'0 N. W. P. 
" " 5 15'91 ... " "V.D. 
" " 7 14'01 ... Away, ... P. 
" " 8 14'00... " ... V.D. " :; :: ~~ ~n~ ::: 2'~, S. ,:. ~,D. 
" " 13 12'15 ." 2'0 S. E, p, 
" " 14 12 15 .. , " "V,D. 

I " " 16 14'03 89'3 Away. ... P. 
" " 17 14'02... " ... V,D, 

I 
" " 19 1l'42 ," 1'8 S. E, P. 
" " 20 lI42.,. " "V.D, 
" " 22 1663 .. , 1'8 S, W. p, 

I 
" " 23 16'63'" " "V.D. 
" " 25 14'02 ... Away. ... P. 

I 
" " 26 14'02 .. , " ... V,D. 
" " 28 16'64 ... !'8 N. W. P. 
" " 29 1665... " "V.D. 

I 
" " 31 lI'42 .. , 1'8 N, E. p, 
" " 32 1142... " " V,D. 

l 
" .. 35 14'00 89 2 Away. .., P. 
" " 36 14'00 .. , .. ... V,D. 

r Il 

1 

I 
I 

" 
" 
" 
" 
" 
" 
" 

8 30 13'87 
,,33 13'31 
,,36 14'45 
,,39 13 89 
,,42 14'43 
,,45 13'33 
,,48 1390 

,,51 12'98 
,,54 14'81 

79'8 

Away. 
3'0 S. 
3'0 S, 
Awa.y. 
3'0 N. 
3'0 N, 
Away. 
2'5 N, 
2'5 N. 

E. 
W. 

W, 
E. 

E, 
W. 

P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 

r 

I 
I 
I 

5 18 40 14'02 

" " 43 13'50 

" " 47 14'55 
" " 50 14'03 
" " 53 14'55 
" " 56 13'49 
,,19 I 14'03 
"" 4 13'10 
"" 7 14'97 

~I 
11 

"" 9 14'02 
" " U 14'98 
.. " IS 13 0 9 
.. " 20 14'03 

" " 23 12 79 
" " 26 15'26 
" " 29 14'02 

/I " 3 2 IS 26 
" " 35 12 83 
" /I 40 14'02 
/I " 43 12 21 

" " 45 15'90 
" " 48 14'03 
" " 51 15'91 
" " 54 12'18 
" " 59 14 '04 
,,20 2 U'46 

-:S~ 
1<) 

I 
t-i 
1-1 

~ 

"" 5 16'65 
"" 9 14'04 

" " U 1666 
" " 16 II 49 
" " 20 14 'oJ 

I
r :::::; 

" " 26 

I " " 29 
" " 3

2 

I .. " 3S 
" " 3

8 

J 
" " 41 
" .. 44 

13'98 
13'46 
14'5 1 

13'99 
14'53 
1345 
1398 
13'06 
14'92 

82'9 

828 

82'7 

826 

82'6 

Away, 
3'0 S, 
3'0 S, 
Away, 
3'0 N, 
3'0 N, 
Away, 
2'5 N, 
25 N, 
Away, 
25 S, 
2'5 S, 
Away, 
2'3 S, 
2 J S, 
Away, 
2'3 N, 
2'3 N, 

Away, 
2'oN, 
2'oN, 
Away, 
2'0 S, 
20 S, 
Away, 
1'8 S, 
18 S, 
Away, 
I'8N, 
1'8N, 
Away, 

Away. 
3'0 S, 
3'0 S. 
Away, 
3'oN. 
3'oN, 
Away, 
25 N 
1 $N, 

E, 
W, 

W. 
E, 

E 
W. 

W, 
E 

E. 
W. 

W. 
E. 

E, 
W. 

W. 
E. 

E. 
W. 

W. 
E. 

E. 
W. 

W, 
E 

E 
W, 

p. 
p. 
p. 
p. 
p. 
p. 
p. 
p, 
p 
p, 
p 
p, 
p, 
p 
p, 
p 
p 
p, 
p, 
p 
p 
p, 
p, 
p, 
p, 
p, 
p 
p, 
p 
p 
p. 

P. 
p, 
P. 
P. 
p, 
p 
p, 
p 
P. 
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]§ 
Magnet E 1. ~~ I I 

Loo&1 Tlm~ . ..;c.,caa:,e
u
· ~'IThmee~r. ---------1 Observer .... Local Tune. I Scale- Thermo-I ____ -:-___ I 

"'" u ~ ~ _______ --.. -~-l.---- fuadwgl_meter. Observer. 
D1l!tBnce I North J, ;;' Distance North 

In f~et. end 5 " III feet. end. z--S 
----

d. h. m. 

13 [9 47 14'00 
" ,,50 1494 
",,53 1 3 0 7 
" ,,56 1399 
" "S9 12 78 
,,20 2 15'23 

" " 
" " 

5 14 01 
S 1521 

1280 " ,,11 

" " 14 14'00 
" ,,17 1215 

" " 
tt " 

" " 

20 1584 
23 13 'J9 
26 15 83 

" ,,29 12 '4 
" ,,3z '400 
" ,,35 I( ,\9 
" ,,38 [664 
" ,,41 1400 
" ,,44 16 59 
" ,,47 11 46 
" ,,50 '40' 

6 20 [4 I 14 00 
" ,,'7 13 50 
" ,,21 14'52 
" ,,24 140[ 
" ,,28 1453 
" ,,3 1 13'5 2 

" .. 34 '4 02 

" ,,39 [3 [3 
" ,,42 14'96 
" ,,45 14 0 3 
" ,,48 IS Ot 
" ,,51 [3'14 
" ,,51 [4 0 5 
,,:u 2 f281 
" " 6 15'28 
" " 9 14'03 
" ,,13 15'25 

" ,,17 12 84 
" ,,21 1404 
" ,,24 1:1 24 
" ,,28 IS 9 [ 
" ,,32 14'02 
" ,,35 IS 96 
" ,,39 I Z 19 
" ,,4.~ '4 0 4 
" ,,47 II 42 
",,5 1 [67 0 

" ,,5S 14 0 5 
" ,. S~ 16 S9 
"lZ I II 56 
" " 4 14 05 

9 1 '8 

9 1 7 

9[ 7 

9( 6 I 

86'S 

865 

86'4 

864 

I I' 
6 H 39 14'00 82'6 

" ",p 1348 
tt ,,45 1453 ... 
" ,,48 14'01 

",,51 1453 
" ,,54 1347 
" ,,57 r.r02 82 6 
,,22 0 1310 
., " 3 14 99 I 

Away. 
25 8 
25 8 

Away, 
2'3 S, 
23 8 

Away, 
23 N 
23 N, 
Away 
2 oN. 
2 oN, 
Away, 
208 
2'0 S 

Away 
I8tl 
18 S, 

Away, 
18 X 
18 N, 

Away 

Away 
30 H, 
3 08 

AWllY 
JoN 
3'oN, 
Away. 
2'5 N 
2'5 N 

Away 
25 8 
:I 5 S, 

Away, 
23 8 
2'3 8 , 

Away, 
23 N. 
:I 3N, 

Away, 
2'oN 
:I oN, 

Away, 
208. 
20 S, 

Away. 
[88, 
1'8 S 

AWRy 
I8N, 
I'S N. 

A",ay. 

A'i<'sy 
30~ 

3 0S 
A"n,-
3 oN 
3 0N 

Awav, 

:I 5 * 
25 N. 

I 

W. 
E. 

E 
W, 

W. 
E. 

E, 
W, 

W, 
E. 

E. 
W, 

w. 

E 
W, 

W, 
E, 

E 
W 

W, 
E 

E, 
W, 

W 
E 

E. 
W. 

W 
E, 

E 
W 

E. 
W. 

I W, 
E 

E. 
Vi 

p, 
P. 
P 
P. 
p, 
p, 
p 
p 
p, 
p, 
p 
p, 
p, 
p' 
p, 
p 
p, 
p, 
p, 
p 
p 

p, 
p 
p 
p, 
p 
p, 
p, 
p 
p, 
p 
p, 
P. 
p. 
p 
p, 
p 
p, 
p, 
p, 
p. 
p 
p, 
p, 
p. 
p 
p 
p, 
p, 
p 
p, 
p, 

r 
p 
p, 
p. 
p. 
p 
p. 
p. 
p, 

( 

I 
I 
I 
I 

d. h. IlL 

6 22 6 14'03 

" " 9 14 <)8 
" ,,12 1307 
" ,,15 14'04 825 
" ,,18 1285 
" ,,21 J5'26 
" ,,24 14 07 
" ,,21 IS 27 
" ,. 30 1

12 '84 
" ,,33 14 05 82'S 
" ,,36 12'18 t ,. 

" " 39 115
'94 

" ,,42 14 0 7 
" ,,45 15'93 
" ,,48 12 17 
" ,,51 14 06 825 
" ,,54 II 49 
" ,,56 1663 
" ,,59 14 06 
,,23 2 1666 
" " 5 II '48 
" " 8 1406 82 5 
" "I I 999 
" ,,14 1816 
" ,,17 18.12 

" ,,20 I 100
3 

" ,,23 9 zB 
" ,,26 1885 .. 
" ,,29 18 9 1 ' .. 

" ,,32 9 2 4 
" ,,3S 856 
" ,,38 19 61 
" ,,41 1956 
" ,,44 858 
" ,,47 7 27 
" ,,49 2085 
" ,,51 20 92 1 ,,, 

" ,,54 7 22 , .. 

" ,,57 5 96 
" ,,59 22 22 
7 0 2 22 13 
" " 5 602 

I "" 8 14'10 825 
" ,,12 5'05 

I 
" ,,15 23'18 
" ,,18 2331 
" ,,2 I 4'94 

I " ,,24 392 

" ,,27 2439 
" ,,30 2442 

I 
" ,,32 399 
" ,,34 2 94 
" ,,37 2539 

I 
" ,,40 2549 
" ,,43 2 99 
" ,,46 2 15 

I " ,,49 26 17 
" ,,52 2602 

I "." 54 2'03 
" ,,57 1'37 
" I 0 26'78 

I "" 3 
26

9
2 

I "" 6 1 48 
" ,,10 14 18 82 5 

I "" 13 039 

III 
" ,,17 27'<)4 
" ,,20 1127'86 
" ,,24 043 
" ,,28 '4'16, 82 <; 

Away. 
25 S. 
Z 5 S. 

Away. 

W, 
E, 

2'38. . E I 
2'3S. W, 

Away. 'I 
z'3N W'j' 
2 3 N. I ]<~, 
Away 
20 N, 
2'oN, 

..lway 
2'08. 
208. 

Away 
18 S. 
188, 

Away, 
I8N 
18N. 

Away, 
1'558 N, 
1'558 N, I 
1 SS8 8, 
I 558 S. 
14778, 
1477 S 
r 477~, 
1477 N, 
1'416 N, 
1'416 X 
I 416 S. 
I 4168. 
132 3 8 
1323 S 
1'32 3 N, 
1'323 N, 
1256 N, 
1256 N 
1'2568, 
1 2568, 

E 
W. 

W. 
E 

E 
W, 

w, 

~'1 E 
w, 
W, 
E. ! 
E 
W. 
W. 
E 
E 
'Y, 
W. 
E 
E, 
W, 
W, 
E 
E 
W 
W 
E, 

E 
W 
W. 
E 
E 

Awa), 
1209 S, 
1'209 S, 
1209 N 
1209 N, 
1169 N 
1 '169 N, 
1 169 ~ 
I 169 S 
1136 8 

I ~' 
E 
E. 
W 
Vi 

1 1368, 
1 136 N 
I 136 N. 
I'IUN 

I II2 N 
1'1 l2 8 
11128 
1088 i
l'ob8 S 
1088 N. 
1088 N, 

~v I 
WI 
E II 
I: Wi 
w 
E 

Awav, I 
1067 N, E 
1'067 N, W 
10678, W 
1069 S E I 

A'i<''lv, I 

p, 
p, 
P. 
p. 
p. 
p, 
p, 
p 
p, 
p 
P. 
P. 
p, 
P 
p, 
P 
p, 
P 
p, 
P 
p, 
P 
p, 
p, 
p, 
P. 
P. 
p, 
p, 
p 
P. 
p, 
P 
p, 
p, 
p 
P. 
P 
P 
P 
p 
p 
p 
p 
p 
p, 
p 
p 
p 
p 
p 
p, 
p, 
p 
p 
p 
p 
p 
p 
p 
p 
p 
r 
p 
p 
p 
p 
p 
r 
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rc~.-~----~--~--~-------r--'-----7<$'-~-----'---'-------------------
~.p cS'; 1 
"d d Magnet E 1. "d d Magnet E 1. 
~S ~a 
:a t: Local Time. Scale Thermo 1----.... --- Observer, .. t: 
lil ~ ReadIng meter. lil ~ 

Local Tune, Scale Thermo-I ____ --;-___ Oh 
Readmg meter sen er 

.c >¢ DIstance North .c >¢ 

S'" § ..... " ,..... In feet. end. ~ 
Z 0 Z 0 

d, h. m. 

8 U 17 
" ,,18 
" ,,24 
" I' 25 
" ,,28 
" ,,29 
" ,,31 

" ,,32 

" ,,36 
" ,,37 
" ,,39 
" ,,4° 
" ,,44 
" ,,45 
" ,,47 
" ,,47 

13'90 

13'90 

9 2 4 
9 2 5 
808 
8'07 
6'5 2 

6'5 2 

5'50 

5'49 
4'33 
4'33 
2'93 
2'93 
1'27 
1'27 

" ,,57 2644 
" ,,58 26'45 
,,13 0 2474 
" " 1 24'76 

." " 3 23'35 
" " 4 23'36 
" " 6 22"17 
" " 7 22'19 
,j " 9 21'22 
" ,,10 2122 
" ,,12 19'66-
" ,,13 1967 
" "IS 1853 
" ,,16 1855 

Away, 

" 1'5 S. E. 

" " 1'4 S. E. 

" " 1'3 s, E. 

I'25 s, " E. 

" " 120 S, E. 

" " I'I5 S, E, 

" " 1'10 S, E. 
... .. " 

Out of field atl'05 feet. 
.. , X'IO S. W. 

" " 1'15 S, W. 

" " 1'20 S, W. 

" " 1'25 S. W. 

" " 1'30 S. W. 

" W. 

" " 1'50 S. W. 

" " 

p, 
V.n. 
P. 
V.D. 
P. 
V.D. 
P. 
V.D. 
P. 
VD. 
P. 
V.D. 
P. 
V.D. 
P. 
V.D. 

P . 
V. D. 
P. 
V.D. 
P. 
V,D. 
P. 
V.D. 
P. 
V,D. 

P. 
V.D. 
P. 
V,D. 

( 

I 
I 1 

tlO\ 

'" 

8 13 18 
" ,,19 

" 21 " 
" ,,22 

" ,,24 
" ,,25 
,. ,,27 

" 28 ::a "<:! " '" ~ I' " ,,3
0 

e ~ "" 31 

~ ~ I " ,,33 

] f j :: :: ~t 
t: ~ "" 37 
~~ 
Jl~ "" 48 .: ~ I " ,,49 
~-!l ",,5 1 

§ 00 "" 52 
...... "" 54 1)~ 
~ §, "" 55 
"C os "" 57 
'tl ~ "" 58 

,,14 0 

I 
i 
L 

" " 
1 

" " 3 
" " 4 
" " 6 
" " 7 
" 
" 

" 10 
"II 

DIstance Korth 
m feet, end, 

1'5 N. w, 

" 14N. W. 

" " 1'3 N. W. 

18'56 
18'56 
19'70 
19'7 2 
21'28 
21 '26 ... " " 
2224 ... 1'25 N. 'V, 
22'25 "" 
23'42 ,.. 1'20 N. W 
23'42... " " 
2485 ... 1·15 N. " 
24'85 ... " " 
26'51 ... 1'10 N. " 
26'5 1 ... " " 

Out of field atl'05 at E and W, 
0'94 ... no N. E. 
0'94 .. • " " 
2'65 ... 1'I5 N, E, 
2'65 ,.. " 
4'04 .. , 1'20 N, 
4'04 ". " 
5'25 ... 1 25 N. 
5'25 .. , , " 
6'26 .. , 1'30 N, 
6'26 .. , 
7'85 .. , 
7'85 ... 
9'02 
9'03 

13'79 
13'79 

886 
886 

" 1'40N, 

" I'50N. 

" Away. 

" 

E. 
" Eo 

" E, 

" E. 

" E. 

" 

p 
V D, 
P 
VD 
P 
v, D, 
1'. 
v, D, 
p 
V D, 
P 
V D, 
p. 
V,D 

P 
v, D, 
P 
V,D 
p, 
V.D, 
p, 
V.D 
p, 
V,D 
P. 
V.D, 
p, 
v, D, 
p, 
V D. 



.. 
l .. 
" 

II, ~ 12th 
Apnl 
1872. 

III, 
10th 
Sept, 
1873, 
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TABLE 3.-Experimental deflections of tht; Magnet N 3, 8~spended in the Electrometer 
Tower, by the deflector Magnet E 1. 

CALCULATION, FRO~1 THE DATA IN TABLE 2, OF THE DOUBLE DEFLECTIONS • 

3'0 
20 
I S 
1'2 

3'0 
20 

I'S 
12 

14'72 
16'37 
1977 
2S 67 

1449 
1590 
1882 
23 87 

13'41 
1202 
9 13 
395 

1'08 
3 88 
969 

1992 

1'00103 

I 00551 14"37 

XL ( 
16th i 
AprIl L 
1880. 

XII, ( 
I 

11th i 
January I 

1--f---:~-+_-J._-;---t---r--1 1881, l 

3'0 1455 
2'5 1494 
23 15'24 

13'45 
13 0 5 
1276 
12 15 
II 42 

20 11590 
18 1664 

3 0 
25 
z3 
20 
I 8 

14 '44 1332 
14 '81 1297 
15'11 1263 
15'84 12'01 
1643 11'18 

100154 

100162 

IV 
13th 

B"pt, 
Ib73, ! 2'4 IS'03 12'78 2'25 '" 100549 14"36 

:Z'O 15'92 II 94 3'98 , , , , 
1'8 1668 11'17 551 .. , .. , .. 

~~~-4---+--~-~-~---+----

XIIL ( 

i 
3 0 
2'5 
23 
Z'O 
1'8 

1455 13'49 
1497 13'0<) 
15 '26 12 S( 
15'90 12 19 
1665 II 47 

106 
188 
2'45 
371 
5 18 

1'00207 14"30 

V. I 
let ) 

t:il. I 

VI, I 
8th , 

August I 
1876, 

VII, { 3rd 
May 
1871. 

VIII, l' 
10th 
Nov, 
1871. 

IX. ~ 
10th 1 

Feb" 
1S79, 

x. { 12th 
Jl\Iluary 
1880, 

2'4 15'14 12'89 
20 IS 94 12 09 
18 1668 11'33 
I 6 1787 10 oS 
1'4 19'90 801 
1'2 23'66 422 

.3'0 
25 
2'0 

I'S 

3'0 
2 S 
ZO 

"S 

3'0 
2S 
Z'4 
2'0 
18 

3'0 
25 
23 
20 
18 

3'0 
:I 5 
:I 3 
2'0 
18 

14'71 
15 13 
1608 
189:Z 

14'43 
14 83 
IS 77 
18'55 

14'31 
1469 
1499 
1561 
16 37 

14'61 
IS 07 
15'34 
1605 
16'68 

1357 
13 19 
1223 
943 

13'32 

1290 
1198 
9 18 

1344 
Ij 08 
u 95 
U 13 
11'39 

13'20 
u 83 
J2 52 
II 83 
11'06 

1341 
1309 
12 Sl 
Il 12 

II 38 

:Z'25 
3 85 
535 
779 

II 89 ... 
1944 

1'14 
1'94 
3'85 
949 

I II 
193 
3'79 
937 

"z' 19B 
:z 'ZI 

3 82 
5'33 

I'" 
1 R6 
:I 47 
3'18 
5'31 

1'20 
198 
2'52 
393 
530 

381 
5'34 

3'g6 
533 

100541 

10063 

I 'OOSJO 

1'00199 

1 00159 

5th 
March 
1881. l 

~:: If 
}.fay 
188!, 

3 0 

25 
2'3 
20 
18 

XV, 

6th 
June 
1882. 

XVL 

J 
I 
l 

3 0 
25 
2'3 
20 
[ 8 

( 3'0 

I 25 
23 

I 
I 

i 
l 

20 
18 
1'558 
1'477 
1416 
1'323 
1'256 
1209 
I 169 
I 136 
1'112 
r 088 
1'067 

1'5 
14 
1'3 
1 2 5 
1'2 
1 IS 
1'1 

14'52 I] 45 
1493 13 06 
15'22 12 79 
IS 86 12 14 
1661 1142 

14'52 [13 SI 
1498 13 13 
15 26

1

12 82 
15 93 12 21 
1664 II 49 

14 '53 13 47 
14'gB 1308 
1526 12 84 
1593 [2'17 
1664 11'48 
18 14 1001 
1888 926 
19'58 8 57 
2088 7 24 
22'17 599 
23 24 499 
24'40 3'95 
2544 296 
26'09 209 
2685 1'42 
27'90 0'41 

18 55 
1969 
21'24 
22'21 
2339 
24 80 
26 48 

9 13 
7'g6 
639 
537 
4 18 
279 
I 10 

107 
187 
2'43 
372 
5 19 

10f 
I 85 
2'44 

374 
5'21 

375 
5 2 2 

3'72 3'75 
5'15 5'18 

1'06 
1'90 " 
242 ... 

376 379 
5 16 5 19 
813 816 
962 96S 

II 01 II 04 
13'64 1367 
16 18 1621 
1825 18'28 
20 4S 20'48 
2248 22'SI 
24'00 2403 
2543 2546, 
27'49127 S2 

9'42 
11'73 
14 85 
1684 
19'21 
2201 
2538 

100191 

1'00117 14"30 

1'00107 '."30 

1'01 58 

:::6° 55' 

6° 55' 

6° 54' 

6' p' 

6' 52' 

• This depenru on the d •• tan"" of tho mirror attacbed to the .".""oded magn<t from the scale, a dL<tance which i. Dot, in all the sets of ex""nments, exactly the rame. 
t The hory aeale. whIch before had been unbroken, W&e found cracked between the dnunoDs126 a.nd 18 on the 10th ?oIovember l8i7 • the crack gapes to the ext4':.nt of "03 dn,slon 
f TheBe ohscJ'vatlons are taktm to remove a.nv dOllht abou~ the Vra.ctical COn.tltancy of strength of the de6ector Magne' E L As the horizontal fo~ changl"tt but shghth tile 

IHag-netlo rnoveruent of E 1 u. nearly prw1port.lf\nU to the sines of th~ andes or roughly to the angles themselves.. M&.Io,"l1et N 23c l8 the suspended magnet, lD the dCtlC<tWfl 
e:ll'mmont, 01 the l:llllilar Mognetometer by WJ,," Broth ..... used lor the reguI ... deterwlllatlon of abeolute boruontal lorce. 
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TABLE 4.-Experimenia,z deflections of ehe Vertical Force Magnetograph by the deJl .. clor l.hgM! E 1. 

MAO\KT E 1 ~ V.rt!caJ MAGNET E 1 ~ Verl,cal I 
't' ~ Local TlID0 Force :: ~ Local TIme For, e 
'l! II by Magne Magne. Ther· Vacuum abser· Disturbmg 26 bv Magne Magno Ther Yocuum " 
Itt 8 tog-mph tograph mome~ Gauge ver force (Y). t .. ;: ~togra.pb to!:~h Dl~~e Gaub P 

.. .: Olock • ter DIStance No ..... end Jj ~ I (.lock S I DI>tance ,. h ~ " S 1 1W_ ::: )( ('II. e '" fe't.. I .. ,ort end 

i~ ~g mleet.. ___ \ _____ ~Q. ___ readmg _________ '_1 ___ _ 
z ______ 1_------

d,n, m, 

I ( 32 '10 
, 8 15 16 49'53 

I 
" .. 22 45'27 
" " 30 42 '60 

, "" 33 40 '77 
" " 34 3944 

, "" 37 38 45 
OJ " 40 3762 

I 
"" 42 36 99 
.. " 44 36 45 
" " 46 3601 
" " 48 35 64 

I 
"" 51 35 '32 
" ,. 53 35 '04 

I 
"" 56 34 80 

~ "J, 17 34 82 
~ .. 16 11

1

34 81 

::1 :7 "" 22 35 02 
.. I "" 25 35 27 
2' "" 27 35 58 

..Q ~ " " 29 3~ 93 
~ I "" 42 28 83 
a; I "" 43 29 2~ 
I 'I "" 45 29'5 

"" "" 47 29 Eo 
~ Ii ",. 50 30 '1[ 

I
I 9 14 34 29 46 

" " 37 29 22 
, "" 39 28'92 

" " 41 28 57 
" " 43 28 II 
.. " 44 27 60 
" " 46 2688 
" .. 48 26'03 

I "" 50 24 ,88 
" " 52 23'35 

I 
"" 54 21'11 
" " 58 16'98 
"IS I 703 

1I " " 29 31'69 

II.( II 14 37 3985 
, 50 3846 II :; ,: 53 38 18 

II,'.:' .. 55 37'75 
" 56 37 2 1 
" 58 36 40 

I 
" 15 0 35'26 
,." 3 3349 

I"" 63
06

9 
" " 10 2837 I I, " 16 26 84 

I 
" " 12 24 99 
" " 20j 1862 
" " 25 13 26 

i'! ,," 30 5 0 3 :::; I " " 39 4
0 

64 
" " 42 4 1 •00 

"" ~ " " 44 41 52 
;, " " 46 42'26 
::: ,," 49 43 25 
_, " " 53 44'99 

" " S6 46'45 
" 16 0 4823 
" " 12 4922 

" " 16 4748 
" " 20 46'17 
" " 23 44 41 
" " 25 43 31 

, " " 28 42'51 

I
" " 29 41'98 

I ',', " 30 41 '62 
,,3438 60 

, " " 3613828 

I II:::: ~~I ~~,~~ 
li"" 4' 36 35 

90 '3 

90'3 

900 
900 

Away 
17N 
18N 
19 N, 
2'oN 

\ 2 IN, 
2'2N 
23 N , 
24N 
2'5 N 
26N 
27 N 
28N, 
29 N, 

'3 oN 
3 0N, 
3 08, 
29 8• 
28l:i 
27 8 
268, 
268 
278. 
2'8 S 
2'98 
3 08. 
3 0N• 
29N. 
28N 
2'7 N, 
26N. 
2'5N, 
2'4N, 
23N, 
22N 
2 IN. 
20N 
19 N . 
18N. 

Away 

Away 
3 oN. 
28N 
2'6N. 
2'4 N 
2'2N, 
20N. 
18N. 
16 N 
1·5 N• 
I45 N 
1'40N 
I'30N, 
125 N 
I20N. 
3 0N, 
28N 
26N 
24 N. 
22N. 
20N. 
1·9 N. 
I8N. 
1'8 S, 
198 
2'08 
22 S. 
2'4S, 
2'6S 
2'88. 
3'oS, 
3 oS, 
288 
268 
2'4 S 
2'2 S. 

Up. 
Up, 
Up. 
Up. 
Up 
Up, 
Up. 
Up 
Up. 
Up 
Up. 
Up 
Up, 
Up 
Up 
Up 
Up 
Up 
Up. 
Up 
Down 
Down 
Down. 
Down 
Down 
Down, 
Down, 
Down. 
Down. 
Down 
Down, 
Down. 
Down, 
Down, 
Down 
Down, 
Down. 
Down, 

Down 
Down 
Down 
Down 
Down, 
Down, 
])own 
Down. 
Down, 
Down, 
Down. 
Down 
Down. 
Down. 
Up, 
Up 
Up 
Up 
Up. 
Up, 
Up 
Up. 
Up, 
Up. 
Up. 
Up 
Up 
Up, 
Up, 
Up 
Down 
Down 
Down 
Down. 
Down, 

e,c. 
oc. 
00, 
o c, 
ec. 
ce, 
Oc. 
Cc 
C.c. 
C c. 
ce 
C.c 
cc. 
CC 
cc. 
cc 
ec. 
cc 
cc 
CC 
CC 
CC 
CC 
CC 
cc. 
CC, 
CC 
CO 
C.C, 
o C, 
ce. 
CO, 
C.C, 
ce 
c c. 
CC. 
C.C. 
C.C. 
C.O. 
oe. 

+ 060248 
+ 050527 
+ 042 799 
+ 036:;77 
+ 031509 
+ 027339 
+ 0 2 3876 
+'020976 
+ 01852 9 
+'016448 
+ '014669 
+ 0 13138 
+ OIl81 3 

~ + '010661 

+ 'oIl813 
+ 01 3138 
+ 014669 
+ 016448 
-'016448 
- 014669 
-'013138 
- OIl813 

! - 010661 

-oIl813 
- 013138 
- 014669 
-'016448 
-'01852 9 
-'020976 
- 0 2 3876 
- 027339 
-'03150 9 
-'036577 
- 042799 
- 05052 7 

- 010659 
- 013116 
-'016390 

- '020853 
- 027097 
- 036109 
- 049610 
-'07°792 
- 086040 
- 095331 
-'10601 3 
- 132700 

-'149464 
- 169185 
+ 010659 
+ 0131I6 
+ 016390 

+ 020853 
+'027097 
+ 036109 
+'042146 

! + 049610 

+ 042146 
+'036109 
+ 027097 
+ '020853 
+ '016390 

+ 013116 
+ 010659 
- 010659 
- 013116 
- 016390 
- 020853 
- 0270 97 

d,h. m. 
II 

(II 16 44 35 08 

I " .. 47 3324 
..,.; "" 52 3000 

~ I " " 54 27 55 
" j 58 23 hI 

t j ~~ ~; I; !H; 
~ " " 18 3994 

III 
( 12 14 29 33'03 

" " 52 32 01 
" " 53 3202 
" 15 4 31 82 

, 

"" 5 3180 
" " 12 31'43 
" " 13 31 42 
" " 2230 99 
" " 23 30'94 
" " 24 3032 
" " 30 3032 
" " 37 29'32 

'I" 382932 

" " 45 27'71 

" " 47 27'72 
" " 54 2488 
" " 55 24'87 
" 16 15 22'16 
" " 16 22 18 
" " 17 3265 
" " 31 2042 
" " 32 20-41 

" " 53 1782 
54 17'81 

2 982 
2 9'80 

12 2'90 
" " 12 2 89 

I 
" " " 17 
" ,,. 
" " 

Scale 

90 2 

879 
88 I 

885 

88 I 

90 0 
901 

ont of 
Do, ~I 

i!( I " " 35 33'52 90
0 

S "" 35 33 54 9°'1 
~ { " " 45 33 80 
~I ",,46 33'81 

00 "" 50 34'23 
£ "" 50 3426 
"" "" 58 34 '68 
..... "" 58 34 '69 ... 

,,18 3 35'25 " 
" " 4 35 25 
" " 8 36'08 ... 
" " 9 36 '11 

I " " 13 36 So 
" " 15 36'82 ... 

I " " 17 37 58 
" " 19 37 60 ... 

r " " 23 3860 
" " 24 38'60 ••• 
" " 27 40"00 
" " 27 40'00 

" " 30 42 13 
" " 31 42'13 
" " 33 4349 
" " 33 43 '49 

243 

field. 

" " 37 45 21 89 6 
1 " " 38 45 23 89 6 , . 

I Scale I ont of field, 
Do. ' 

Scale ont of field, 

" 19 13 46 55 
" " 13 46 55 
" " 16144 53 
" " Ii 4452 

I "" 19i 43 00 
l " " 20 42 99 

Do ' 
897 ' 
896 I, 

2'OS'\, 18S 
16" 
1'51-< 
14';' 
1'3 R 
I 25 S 
120S, 

Away 

Away 
3 0N 

2'8N 

Down 
Down 
Down 
Down 
VOlin. 
iJo'IVn 
llow-n. 
Down. 

Down. 
t, 

DO\\D. 

2·6N. Do~n. 

2'~N I Do~ 
2 ~':i 1 Do;."n. 

2'~N. 

J,8N. 

J 6N. 
I!SN, 

" Down. 

A~~y. " 
145N, Down. 

14N. 

l·lN. 

I·;SN. 
J';~N, 

3 ;;N. 

2'SN. 

2'6N. 

z·:;N. 
2·~N. 

" 2'oN 

J 9N, 
I:SN 
J!7 N 

1'6N, 

J!SN. 

J'45 N 

1'4~N 
l·j;N, 

I·.:i~ s 
J-'4~S. 

145 S 

1'5~S 

.. 
Down, 

Do;'n. 

Do;n. 

Do~. 

Cp 

Up. 

fih .. er
ler 

-I 

P. 
P 
YN, 
P 
Y.N 
p, 
VN, 
I' 
Y5 
P 
\' N 
P 
VN 
P 
VN 
P 
V.N 
V.N 
H. 
T 
V.N. 
O. 
VN 
o 
YN, 
o 
YN 
(~. 

V.N 
O. 

D ... tnrl,"ng 
flJf\.~'\) 

--03nIO'l 

- 049010 

- 0;0792 
-',,~6<'40 

- 1000'3 
- 132 ;00 
-'q94~4 
- J"91~5 

} - 00')017 

1- 011096 

1 - 013Sv6 

\ - 017('4 1 

I -'022')24 

! - 030547 

1- 04 19(,9 

1- 059S33 

1 -'072738 

-
1-'08064<; 

\ -'oS'P&5 

! - 112201 

I -'126443 

VN I 
G \ + 009017 
V,N I (, \ + 011096 

V N I + 013S,,6 
(; \ 

O
VN ! + 017641 

VN·l o. \ +'022924 
V.N I 
G \ + '030 547 
V,N. ! +'035654 O. 
V.N. I + 04 1969 
G. I 
ri N, ': + '049S69 

YN I + 0598~S n. \ 
Y.N 1 
G \ + 072783 

~.N ! I + 080648 

Y.N.I, 
(; I + oSqJjS 5 
p 
YX 
P 
YX 
~ N I + 0896S5 
P( 
Y X i I + 03:)1", 

I P " + 0-,2-,») 
,YX II 

• a~~koned froll\ m,dmght t C!11culated by equation (q) With the constants 01 Table 10 and b1IUd 01 Table lL 



., vertl .... 
Ihsllft Bl. 

[ 21 1 
TABLE 4-continued. 

.B Vertl ... \ 'IIj .a Force 
J LMaI TIme HAgne, Ther, V"""am 

11 t by Mag ... wlI'raph mom... Gauge, 
• E ¥1frapb &e •• 

"er, 
D .. turblng 
force(J'). 

o \ KA9KB~ B1. I 
-3 Force Oheer. 

.. LoeaI TIme H&gD_,!: Thor· V""':'ll!' I"er U~bt!.1.'i"'I~ m~~ IGauge. Dlstanee North end i"tO (.~ock. • I 8 ... 1& In leet. 

DIoturbl3 
force (¥). 

l;: CIook. lea1e-
S ~ .-Jug 

I 
d. h. m. 

Ill. 7 

r 121 19 23 40" I ... 
It " 23 4C172 ••• 
" .. 28 39"19 •• , 
" .. 28 39"18 .. . 
n " 33 3810 .. . 
,t n 34 J8 10 ••• 
n " 37 37"20 •• 
J' " 38 Jr21 ••• 
n It 42 36-49 ••• 
.... 43 36 So .• -
II II 46 35'57 •• , 
" .. 47 3560 .• , 
.... 50 35-00 ., 
.... SI 3500 •• , 
.. II 53 3458 .. , 
.... 54 34'59 .. 
II .. 56 34'22 .. , 
.. " 57 34:ZZ ., 

'!§ ,,:zo 0 34'00 ... 
:;j "" I 34'00 ... 
S ".. 2 31'95 ... 
, 3 31'95 .. , 

" " 

=.. 

.... S 31 '70 ... 
.~ .... 6 3"70 .. , 

".. 8 31'36 ... 
".. 9 31 '36 .. , .8 .... II 30 '90 .-a .... .12 30 '90 ... 

.J!! .... 14 30 '22 .. , 
~~ .... 15 30 ':Z2 .. , 
c:n ..... 17 29'20 ,,' 
-B .... J8 2920 ••• 

:! " .. 20 27'53 ", 
.. " 21 27'52 ., 
.. " 25 24'32 ... 
.. " 26 24'32 ... 
" .. 29 21 40 ~ .. 
" .. 30 21'40 , .. 
" " 34 16 18 ... 
.. .. 34 16'16 .. , 
" .. 45 6'48 .. , 
.. If 49 6'48 ... 

52 0'20 .. , 
.... 6 0'20 89'S 
.. " 56 0'20 89'4 
.. .. 5 Scale out of 

.. , Do. 
I .. j'j 3 32'40 89"4 
\ ".. S 32'45 895 

IV. 32'~ 87'9 

f
l313403289882 
.. .. 41 8 87'9 .. 14 17 32' 0 

tI " 22 3080 .' 
I 23 3081 .. , .. It 

I
" .. 25 29'09 .. . 

26 29'11 .. . 
:: :: 28 21'48 
,t II 30 2747 ... 
t' ,. 34 38 19 .. 

. ,t" 35 38" 17 ••• 
~ ,," 37 36"71 roO 

~ II .. 38 36 70 88'6 .8 .. II 4C 35 10 882 
I:l .. II 41 35'10 88'4 

.J!! .. " 49 35'10 88'3 
'" SO 3509 ~ .... • 36'70 .. , 

.. " SJ 6'70 .. , ~I .. " 5~ 3829 .. "n 5 38 8 ::: 

I
" ;' S~ ~7!0 ... 
.. 5 7 27'21 .. 
:: :: 10 28884 ••• 

I .... 10 28 ~ ... 
It ,. 13 30*5

8 
.... 

t
" " 14 3°'5 884 21 32'77 
.... 3279 8g 3 
II .. 22 3282 88 S 
" .. 38 

B 825-6 AP 

1'60S. 

1'7:; S. 

I'S:; S. 

I'~S, 

1 1 
~:! l'eoJIng 

I 

I d.h, m. 

V'

f 
29' IS 32 27'20 92'8 3'43 Away. ... P. t 

7'32 ... S oN. Up. ~ N +'001913 .... SI 2 .. , ... • 
Up. P. I +'059

888 
.. .. S2 27'32 ... ... 48'N. Up. P. t +'002162 

V.N. I II .. 59 27'39 .. • .. V.N, 
Up. p, I +'049

86
9 " If 59 27'38 ... .:: 4.6'N. l.~p. P. +'

002
457 

V.N. I II 16 S 2749 ... V.N, 
Up, P. ~ +'04

1
969 It.. 7 27'49'" '" 4.,i'N. Up. P. t +'002808 

V.N. I " .. 15 27 So... ,.. V,N. I 
Up. P. I +'035

6
54 " " 16 27 50... ... 4·~'N. Up. p, I + '003

22
9 

" V.N. I II " 27 27·52 .. • .. • "V,N, 
... 2'~ S. Up. V. +'03°547 .. " 28 27'52 ... ::: 4'~'N. Up. P. I +'003738 
... X.B. .. .. 33 27'60 ... V,N. I 

2·':;S. Up. VX'S t +'02
2
924 " " 34 27'S8... ... 3 s'N. Up. P

V

'

N 

t +'0043
6

1 

2'~S, 

. .. " 38 27'62... ' . . • I 2'4~ S. Up. v. +'oi7641 II II 39 2762... .., 3,6'N. Up. p, I + '005
1
3
0 K.8. " .. 46 27'70... ... V.N. , 

Up. v. I +'0
1
3
866 

" II 47 27'69'" ::: 3.4N. Up. P. l + '006091 
K.S. .. " 51 27 78... ,.. V.N. I 2'S;S. 

30:; S. 

3'O::S. 

Up. v. +'011096 It II S2 27'78 .. .., 3,;'N. Up. P. I + '007308 
X,S .0 "" 59 27 89'" .. , V.N. I Up. v. \ +'009

01
7 t;; ,,17 0 2788... .. 3'~'N. Up. P. I +'008873 

" ~.S. I ~ .. " 6 z8 01 .. ~ 3'43 , .. V.N. I 
DowD. K,S. -'0090

1
7 :g .. " 7 28'01 93 0 3'; N. Up. P

V
'.
N

. + '007308 ' ~ I II " J2 27'90 .. 
... 2'S:;S Do';n. V 1-'011096 _ "II 13 2788 .. , .. ' 3',i'N. Up. P. 1+'00

609
1 

... .. ~,S. ~ "" 17 2780 .. :.: "V.N I 

... 2·~·g. Down. . t -"013866 .. .." 18 2781 3,6'N. Up. P. + '00513
0 ... .. X.S. I II II 22 27 69... • , V.N . 

.. , 2·4;S. DowD. V, 1-'017641 " II 23 27'69 .. • .. , 3,8N. Up. P. 1+'0043
61 .. "X.8. .. .. 27 2761 .. , ... V.N. 

... 2'2:; S. Down' K V.S I -'022 924 II II 28 27 62._ ... 4 ~'N. Up. P

V

' N I + '00373
8 .. , .' I II II 32 27'58.. ... . . f 

::: -2~S. Do~. i's 1-'030 547 II 33 27'58 '.. ,.. 4'~N. Up. P. l +'003
2

29 

I .. V I :: .. 3
6 27'50 

..... "V.N. 'I 
::: J sd S. DO:D. X:S. 1-041969 I::::!~ ~~.~~ .. , ::: 4·4N. ~:' ~.N. I + '002808 

::: .. ~ S. DOWD. V. S \-'0598
88 

II II 41 27'49... ~: 4 erN. Up. P. N I + '002457 
' .. K S· l I II II 45 27'43 ... II V. J'S~ S. Down. K. -'°72788 .... 46 2743 - ... 4.g'N. Up. P. I + '002162 

It v. I II 5c 27'41 .. , ••• V,N. , 
... I·,:;S. DowD. V. (-'089685 :: .. 50 27'41 .. , ::: 5'~'N. Up. P. 1+'0019

1
3 

::: "K S. I I .. II 55 27'39 .. II V.N. .. ... 

. . 1'3:; S. DDoOWWIIDD'. VvK·,.B. tl -'uu61 l~~:"~~I'S:....5~!I~~:~~::~~+~9·j::~2 __ 3·:_4~31_A_W_·_~Y_'t-:-":-t-~-:-N-'I--"-'--••• n S, ',' II I 27"20... • " ... 1'3~,' " C C. -'123423 
;:47 .. .. X.S • 

field. 1'25 S. Down. .., .. 
Away. 

.. 

2'56 Away. I ... 
2'50 II 

~'44 24N. DOWD. 

2'50 

252 

2 S2 

2';;N. 

I·S'N. 

diN. 
z:;N. 
=4'N, 

24S. 

2;;S. 

IS'S. 

rS's 
II 

2'0 S. 

2'4 S• 

A~~y. 
II 

II 

Do;'D. 

Do~. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. .. 

DowD. 

Do~. .. 
DoWD. 

II 

I 
XS., 
C,C' I 

P. 
V.N. 
T . 
V. 
VN. 
v. 
V.N. 

. ..... 
f -"017641 

} -'030S47 

v. J -'041969 VN. 
V. I + '041969 V.N. I 
V 1+'030547 VoN, ~ 

V. ~ +'017641 V.N . 
V. t +'017641 V,N, ( 

~N, I + "030547 

V. '+ '041969 V.N, I 
V. l -'041969 V.N, I 

~N. t -"030547 

V. 1-"017641 V.N, I 
V. 
VoN. 
VoN. I,!:: :: 

" " l" It 

3'43 
343 
343 
3'43 

Away. 

. 3;~'N. 

2·g'N. 

2·6'N. 

2·4N. 
2·;N. 
2·~'N. 

l·gN. 
d'N. 
l·iN. 
I~N. 

" J·soN. 

I 45N. 
1·4~N. 
r·jSN, 
I j~N. 

Up. 

Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. ' 

" 

P. 
V.N • 
P. 
V.N. 
P. 
V.N. 
P. 
V.N. 
1'. 
V,N. 
P. 
V.N, 
p, 
V.N. 
P. 
V,N. 
p, 
V.N. 

f +'008873 

I +'0109 18 

} +'013643 

I +'OJ7358 

! +'022556 

f + 030057 

I +'035082 

J +"041295 

P. l +'049069 
VN. \ 
P. t +'058927 V.N.- f 
P. I +'071619 V.N 

~.N. f +'07m3 

P 1 +'088245 V.N 
P. + 098520 V.N. 
P. I +'1~04S9 
VN. I 
P. I + 124414 V.N. { 
P. I +'1l0459 V.N. \ 



~ It ~ VertIcal 
... Locs.\ Tim. Force 

'8 g by Magne- Magna
.. ~ I tog-mph I togmph 

.8 "I I.lock Scal., 
~ ~ readmg. 
:z; 

d.h. m 
Va. 

r30 16 50 37'18 
" " 51 3718 
" " 56 36 00 
" " 5713600 
" 17 2 3S 02 
.... 3 3501 
" " 734 22 

".. 8 3421 
...; .." 13 3 2'96 
~ "" 14 32 94 
N/""Z432oo 
:;. 
~j " .. 2S 3

2
'00 

oo'~.,~= ,,11 30 3
1

'28 _ .," 30 31 27 
" " 33 30 67 
" " 34 3068 
., " 37 3020 

~ ".. 38 3°'20 
, ~ "" 41 29'52 t " .. 42 2 95° 
... "" 45 2902 

" " 46 2902 
., " 48 2870 

I 
49 2870 

:: :; S5 28 41 
.. " 56 28'40 
" .. 59 2820 
" 18 ° 2821 
"" 3 2742 
"" 4- 2740 

lIAGNBTEl. 

Ther.. Vacuum 
mome- Gauge 

ter I DIstance Nortb end in leet 

93'9 
939 

343 
343 

135 N 

14;;N. 

\x 45N. 
1'5~N. 

r6:,N. 

I i~N 
d~N, 

I~N 

2~N. 

2~~N 

24~N 
" 2·60N. 

" 280N 

3'~N. 
" Away, 

" 

Up. 

Up. 

Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up, 
Up. 
Up. 
Up . 
Up. 
Up. 

Obser, 
ver 

P. 
V'N 
P. 
VN. 
P. 
VN, 
P 
V.N. 
p . 
VN, 
p. 
V.N, 
p. 
VN 
P. 
V.N. 
P • 
V.N. 
P. 
VN 
P 
VN, 
P. 
V.N. 
p. 
V.N. 
P. 
VN. 
p, 
V.N. 

[ 22 J 
TA:BLE 4-continued. 

DlSturbmg 
force (y). 

f +'og852o 

} +'088245 

f +'°79353 

I +'°71619 

1+'058927 

! +'°49069 

I +'041295 

} +'°35°82 

f +'°30057 

~ +'022556 

l +'017358 , 
1+ 013643 

I +'01°918 

I +'008873 

~ Vertical 
oa ,J Local Time Force 
1 t1 by Magne.. Magne
.. a tograph togmph 

.8 5 Clock. Scale-
~~ readmg 
:z; 

d h.m. 
Vb. 

( 30 21 21 30'50 
l , ., " 21 30 So 
~ I .. " 2 3 298o i ,," 2 4 2 9'79 

f j ;: :: 3~ ~~.~~ 
~ " .. 40 28 90 
00 "" 41 28 91 
;; " .. 43 28'68 
~ "" 44 28'68 
~ I " .. 46 28'40 
'3 I " II 47 28 40 
..., " .. 54 27 6o 

\ .... 55 27'60 

Yo. r .~ :: ~! ~~:!Z 

I
" .. 38 25'19 
'J .. 39 25 19 
.. " 43 23'50 

I
" " 44 23 51 
" " 46 21 81 
" " 47 2181 

I " .. 56 31 '20 

I 
~ ~6 5~ ~~:;~ 

..s .." I 30'19 to ,.., 3 29·00 
... I .... 4 29'01 

-3' "" 8 27 28 _ ..... __ --.: __ .... _--: ___ ..L. __ -.i. ___ .:..._...!. _____ I .... " .. 9 27'28 

I I 
'I:j .... 13 2 509 

Vb·1 (30 18 27 27'33 

I " " 28 27'33 
" " 47 28'10 

I 
" " 48 280

9 
" " 54 2830 

" " 55 2829 

I " " 59 28 51 

" 19 ° 2850 
,," 7 2886 

I "" 8 2887 

j :: :: ;; ~~ ~~ 
" .. 16 3002 
.. " 17 3003 
., " 2230 53 

, ,, " 2 3 30 '53 
" " 26 31 12 
" " 27 31'13 

I 
" " 47 32'12 
" " 48 32 12 
" " 5S 33'12 

1 
" " 56 33'12 
,, 202 3450 

.0 ",. 3 34'5° 
.... "" 7 35'37 
~ ,,~, 8:i5 37 
8 "" II .36'39 
.; "" 12 3638 

" " 18 37'66 
-5 "" 18 37'66 
~ I " " 22 39'31 

.. " 23 393° 
,. " 28 41'59 

I 
" " 29 41 60 
" " 34 39' 50 
" " 35 3950 
" " 40 3791 
" " 40 37'90 
" .. 45 36'68 
" " 46 3667 
" " 48 35 61 

I " " 49 3561 
" " 50 3480 
",,5°3479 

I " " 54 3341 
" " 54 3340 

I 
.. 21 8 32 43 
".. 9 32'43 
" " 14 31'68 

I .. " 15 3169 
.. " 19 3~'98 \ 

L .... 19 JO'~ 

1;:, .... 14 25'°9 
93'<) 343 Away .. P. ...... .. .. 16 23'3° 
939 343.. '" V.N. " . .. " J7 23'29 
939 343 300S. Up. PI"" 19 21 48 

93'9 343" V N. 1 +'008873 I .. " 20 21'47 
.. '" 2'80 SUp. T, I. 8 'I " 28 31 29 

V N, I + Ologl .. " 29 31 '29 

93'7 
937 

343 
343 

2 fuS Up. VT'N. l +'013643 \" .. 32 3°'21 • J " .. 33 3°'21 
24~S. Up. T. f 8 " " 35 29'00 

V N. +'01735 " " 36 29'00 
22~S. Up. VT'N. +'022556 " .. 40 27'21 

.. " " 41 27'21 
2'00 S, Up. P. I 

VN, ,I + 0 30057 
1·9·0'S. U" P I 

p. V'N. I +'°35°82 
I &;S. Up. P. I +. 

V N, \ 041295 
1'7~ S, Up. P. I 6 

VN 1+ 0490 9 
I'6:;S, Up. ~·N.} +'°58927 

I 5~ S Up. V N, } +'071619 

1'45 S. up' PI' 
V·,N. \ + '°79353 

1 4~ S, ~~. ~ N. f +'088245 

1'35 s, Up. P. I +'og8520 
" ., V N. I 

1'30S Up. P I 
,V N. \ +'110459 

12SS. Up. P. ! + VN 124414 
1'3'0' S. U" P 

p. V N +'11°459 
1 3'5'S, U'p' P I 

. V N. \ +'098520 

I·4~8. • Up. P I 
VN 1+'088245 

1 4'5'8. U'p' P I 
' V' N + '079353 

1'50"S. U" P I 
p. V N \ +'071619 

1 6~ SUp. P. I +'°58927 
" "VN. 

170S U P \ p. VN +'°49069 

18~S, Up. p.' I +'041295 

I 9~ 8 Up I; .N. \ 
" "V·N. I + 0 35082 

iI. ( 8 10 54 34'53 

\

",,56 3453 
" 11 12 33'59 
" II 

13 33 6o 

I
" .. 16 32 92 

I 
" " 17 32 '92 

" " 20 31 39 
" " 21 31'38 
.. .. 25 26'11 

I .. " 26 26'u 

I 
.. " 32 43'32 

.," 334332 

I 
" " 37 37 81 
" " 38 37 81 
" .. 42 3620 

.c "" 43 36'19 
.... ",, 46 35'51 

~ "" 47 35 So 
1i; .. " 49 3457 
~ "" SO 34'57 
-.. " 12 4 3542 
-5 ".. 5 35'41 
':2 "" 9 36'11 

, ... 10 36 12 

I " " 13 37 80 
" " 14 3780 

I " " 25 43 83 
" n 26 43 83 
" .. 34 2594 

I " " 35 2 593 

I 
., " 4° 31 '31 

" " 41 31 31 

.... 46 32 93 

I " " 47 32 93 
I " .. 54 33 65 

l
" .. 55 33 b5 
" " 58 3457 
" .. 59 3458 

kAo"'"tEl. 

Ther- Vaeuum 
morne Gdouge 

ter. 

937 
93'7 

3'43 
343 

9
2
'313'45 92'3 345 ... .. 

92 '3 
92 '3 

92 '9 
92 '9 

90'8/ 90 8 
90'9 
90'9 

912 
91 :z 

3'45 
345 

3'45 
3'4S 

2'OOS, 

2·2~8. 

2·4~8. 

2~8. 

2&;8. 

3~8. 
A":~y. 

Awa.y. 

24N. 
2~N. 

18N. 
,. 

18N. 

2~N, 

2~4N. 

A~~y. 

:/';8. 
2';;8. 

I'SS. 

" I'S S. 

2~C: S 

2'48. 

A~~y. .. 
Away. 

3·;;N. 

2·SN. 
2·:;N. 
1'5N. 

1'5 N, 

2·;;N. 
2·SN . 
3·~N. 

" Away. 

3';;S. 

25'8. 

2 ~8. 

ISS. 
1'5 s. 
2;; 8. 

25 s. 

9 1 '2 

912 

. :: 13'~'S' 
2'36 Away 
236 .. 

Up. 

Up. 

Up. 

Up. 

Up, 
Up. 

Down. 

Do;;n. 

Do~ 

Up. 
Up. 
Up. 
" 

Do~. 

.. 
Down. 

Up. 
Up. 
Up. .. 

Down. 

Do~ .. 
Down. 

Do~. 

Up. 
tjp. 

Up. 
Up. 

Up, 

Up. 
Up. 
Up. 

D()~. 

Do~. 

.. 
Down. 

" 

Obser, 
•• r 

Dl~urhlflg 
lorco (1) 

P. I + 0 30057 
V.N. I 
~:N \+ '022556 

~·.N. ! +'01 7358 

~:N. I + '013643 

P. I + 'Ologl8 VN. 
P. +'008873 V,N. 
P. 
V.N. 

P 
VN. 

~·.N. ~-017358 
P. . 
V.N. -°30057 

~.N. /-'04 1295 

~·,N. } + '041295 

~:N. 1+'030057 

~.N. I + '01 7358 
p, ... 
V.N 
P. 
V.N. 
P. 
V.N. 
P. 
V.N. 
P 
VN. 
P 
V,N. 
P. 
V.N. 
P. 
VN. 

P . 
V.N. 
P. 
VN. 
P. 
V.N. 
P. 
V.N. 
P . 
V.N. 
P . 
V.N, 
P. 
V.N. 
P. 
V.N. 
P. 
V.N. 
P . 
VN, 
P. 
V.N. 
P. 
VN. 
P 
VN. 
P. 
PN 
P 
V.N 
P 
VN 
P 
VN 
P 
VN 
P I VN . 

! -'01 7358 

\-'030057 

1-'041295 

f + '041295 

l + '°30057 

I +'017358 

\-'OO8S73 

: -'015352 

1

-°30057 

-'°71619 

! + '071619 

l + '°30057 

I + 01 5352 

} + '008873 

! + 008873 

I + 01 5352 

! + 0 30057 

! + '071619 

\-'071 61 9 

1- °30057 
I 
( - 01 5352 

I og ,- oo~ 73 



l) ~ertlcrJ :.., Loe&l Tlme::::- Ther .. 
:i ii1bY Magno- tocraph mom .. V""""m Oboer· 
~ i 'Cr:'~b &;I.. toor, oa1l¥.'~..r North end. •••• 

~.. If 
III 

~, d.h.m 

3 13 54 34'89 
.... 55 34 89 
., 14 4 34 01 
.. If S H'OO 
.. .. 8 33'40 
.. .. 9 33'40 
" .. 13 31'96 
If ,,14 31'94 
" ,,20 27'06 
.. .. 21 27'06 
" ,,31 4349 
" ,,32 43'49 
., ,,35 38'OS 
" ,,36 38'06 
.. .. 38 36'48 

:::: II If 39 36'46 
~ .." 42 35'81 

.. .. 43 35'79 
oS' .. ,,4S 34'90 
... .. If 48 3578 
t. " .. 49 3S 79 
. -. .... 54 36-41 

VIII 

.... SS 36'40 
" .. 58 38 02 
.. .. 59 3801 
.. IS 8 43'86 
.. .. 9 43 87 
.. .. 18 26'89 
.. .. 19 26'90 
.. .. 24 31'76 
.. .. 25 31'75 
" ,,28 33'28 
.. ,,29 33'26 
.... 31 33"92 
.. .. 32 33'93 
OJ .. 34 34 81 
• , ,,35 34'81 

r 
~~ ~: ~: ~~:!: 
" 12 6 34'31 
" .. 7 34'31 

" " 12 33'69 
" .. 13 33'69 
.... 16 33'50 
.... 173349 
It " 20 32.20 
II It 21 3221 

" " 24 31'00 
" " 25 31'01 
" .. 36 39'46 
" .. 37 3947 
OJ " 40 3821 

.. OJ 41 38 21 

~ '. OJ 46 36 90 
.... " .. 47 36 89 
~ "" 51 3669 Jl '1 OJ 51 36'70 

e .. .. 55 36'01 
.. OJ" 56 3600 
~ ., 13 3 36'00 

.. OJ 4 35'99 
~ I .. " 7 3666 

"I "" 8 3
66

7 .. .. 12 3687 

I 
" It 13 3687 
.... 18 3820 
.... 19 3820 
.. " 23 39'52 

.. .. 24 3953 
" " 32 3093 
.... 33 30 93 
" .. 37 3210 
.. .. 38 3210 
.. " 42 3335 
" .. 43 3336 
.. .. 46 3354 
.... 47 3354 
.. .. 51 34'20 
" .. 52 34'20 
.. .. 5435 0 5 
.... 551 3505 

91 0 
91'0 

91'3 
91'3 

91'S 
91"5 

92 2 
922 

92'6 
926 

Away, 

3'~'N. 

2S'N. 

2';;N, 

"s'N, 
I'S'N, 

2';;N • 

2'S'N, 

3';;N. 

A';;y. 
3~S, 

2'S'S. 

z~S. 

I~S s. 
1'5S• 

2~S. 

25S, 
3:;S. 

A';~y: 

" 

DoWII • 

Do~. 

Do~n. 

" Down. 

Up. 
• Up. 
Up, 
Up. .. 
Up. 
Up. 
Up, 
Up. 

Do~. .. 
Down. 

Do;'n, 

Do~. .. 

2'47 Away, 
2'47 

3~N, D~~. 

2'47 
247 

2SN. 
24'N. 

z·;;N. 
IS'N. 

IS'N. 

2~'N. 

2·4N. 
'-'S'N, 

3;;N 

3';;S. 

2'5'8. 

2'4'8. 

2~'S. 

IS'S. 

IS'S. 

2~'S_ 

24'S. 
2S·S. 
3;;S. 

A";;y. 
If 

" Down. 

Do~. 

Do'~. 
" Down. 

Up. 
Up, 
Up. 
Up. 
Up. 
Up. 
Up. 
Up. 
Up, 
Up. 
D~~. 

Do~. 

Do~. 

Do~ • 

Do~. 

p, 
T. 
p. 
T. 
p . 
T . 
p. 
T. 
p. 
T. 
P. 
T. 
P. 
T, 
P 
T, 
P. 
T. 
p. 
p. 
T. 
p, 
T. 
P 
T. 
P. 
T. 
P 
T, 
P. 
T, 
P. 
T, 
P. 
T . 
P. 
T. 

P. 
VoN. 
p. 
VoN. 
p, 
VoN. 
P. 
VoN. 
P. 
V.N, 
P. 
VoN. 
P. 
-V.N. 
P. 
V.N. 
P. ' 
V.N. 
P. 
V.N. 
P. 
V,N. 
P. 
VoN • 
P. 
VoN. 
P. 
V.N. 
p, 
VN. 
P • 
V.N • 
P. 
V.N, 
p, 
V.N. 
p, 
VoN. 
p, 
VN. 
P. 
V.N. 
P 
V.N. 
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TABLE 4-continued. 

Disturbing 
........ (1'). 

iIXa d, h.1B 

r 8 13 32 35'88 
.. " 33 35 88 

I -'008822 .. " 40 34 89 r " " 41 34 89 

1
_'015264 .. .. 47 36 83 

" " 48 3684 
-'02 9884 .. " 52 35 88 

.. .. 53 35 88 
l ~'071208 " .. 59 36'83 r " 14 ·c 3683 

I +'071208 " " 7 34'88 
" " 834 89 

+'029~84 .. " 15 35'81 
" If 16 35 80 

l +'01 5264 .... 26 34 10 
r .... 27 34'10 
I +'008822 " " 36 37'60 
S .... 37 37'61 

.. .. 42 35 87 
I +'008822 .. " 43 35 88 
S .. " 48 3751 

l +'01 5264 I .... 49 37'58 J I .. " 57 34 I 
l +'029884 .. .. 58 34 17 r I ,,15 1 35'76 
I + '071208 .. .. 2 35 76 
~ " " 10 3370 

I -'071208 ~ ...." 33'70 
S ~ " .. 25 38'02 
l -'029884 t> .... 26 3803 

l 
~ .... 31 35'81 

-'015264 .;; .... 32 35 82 
_ .... 38 3801 

l -'008822 ~ .... 39 38 02 
J ~ .... 49 33'61 

.... 50 33 61 

.. " 543571 

" .. S5 3571 

.. 16 3 32 43 

.. ,' 4 3243 
" " 16 3932 

} -'008822 

1

_'015264 

-'017259 

l-029884 

t -'04.1058 

} +'041058 

f +'029884 

I +'017259 

t +'015264 

J +'008822 

1:= 
r +'0172 59 

I +'029884 

+'041058 

t -'0410S8 

t -'02gS84 

~ -'0172 59 

} -'0152~ 
} -'008&22 

.. " 17 39'32 

.. .. 25 35 80 
" .. 26 3580 
.. " 3c 39 20 
" .. 31 39 20 
.. .. 3932 49 
" .. 40 32 49 
.. .. 45 35 62 

I " " 46 35 62 
" " S~ 31'11 
.. .. 53 31 12 

, ,, 17 7 40'59 
... 8 4060 
" " 1535 67 
" .. 16 35'66 
" " 28 4070 
.. .. 29 40'70 
.... 41 30'99 
'J " 42 30'99 

l .. " 48 35.54 
" .. 49 3555 

:arb 

[ 

10 13 29 35'45 
.. " 30 35"45 
" It 46 3451 

.. ,. 47 34 SI 
" " 57 36'51 

0.. "" 58 36'5 1 

,fa ,,14 5 35 60 
.. .. It 635 60 
t> It .. II 36 55 
~ .... 12 36'55 
.l:l " .. 19 34'60 
~ .... 2( 3460 
..d I " " 27 35 54 o OJ" 28 3S 53 
.. "" 3S 33-S8 

.... 36 33'88 
" " 44 37 2 5 
n " 45 37 2 5 
" " 50 3552 

l" " 51 35'53 

880 
8T9 

880 
880 

265 
265 

Away. 

:r;;N. 
3·~'N. 

A~~y. 

3';;S, 

3;;S. 

A";~y. 

2·S'S. 
2 S'S. 

A';;y . 

2S'N. 
2S'N. 
A~~y. 

2,jN-. 

"j'N. 
A';~y. 

2·j'S. 

23'S. 

A";~y, 

2·;;S. 

2';;S. 

A";~y. 

2';;N. 

"~'N. 
..\.";~y. 

I S'N. 
diN. 

A";~y. 

I S·S. 
18'S, 

A';;y. 

" 

,,67 Away, 
2'67 :r;;N. 

:;;;N, 

A';;y. 

3';;S, 

3";;8 • 

A';~y, 

2'5'S. 

2'5S, 

A';~y, 

" 

Down, 

Up. .. 
... 

Up. 

Do~n. 

" 

" 

" 
D~~, 

Up. 
" 

Up. 

Do;n. 

" 
Down, 

Up. 

" 
Down, 

Up. 
" 

Up. 
I. 

Down. 

" 

Down. 

" Up. 

Up 

Do~ 

" 
.h 

Down. 

U'p. 
" 

Oboe.· 
"or, 

P. 
V.D 
P. 
V.D, 
p, 
V.D. 
p, 
V.D . 
P. 
V.D 
P. 
V.D, 
p . 
V,D. 
P • 
V.D. 
P. 
V.D, 
P • 
V.D, 
P. 
V.D . 
P. 
V,D. 
P . 
V.D . 
P. 
V.D . 
P. 
V.D . 
P. 
V.D, 
p, 
V.D. 
P. 
VD. 
P . 
VD, 
P. 
V.D . 
P. 
V.D. 
P • 
V.D. 
p, 
V.I>. 
p, 
V.I>, 
P . 
V.D. 
p, 
V.D. 
P. 
ON. 
P. 

DulturblDg 
force (Y). 

1"':'~822 
} +'008822 

I +'008822 

~ -'008822 

f ~'~1~264 
t + 015264 

~ +'015264 

I ~'O15264 

i-'OIg617 

l +'olg617 

I +'011)611 

t -'011)617 

} - 029884 

l +'029884 

I +'029884 

i- 029884 

1-'041058 

l +'041058 

OoN . 
p, ~ 
YD. 
P. 
V.D, 
p, 
V.I>. 

P. 
V.D. 
p, 
V.I>. 
p, 
V.D. 
P. 
V.I>. 
p, 
V.D. 
P. 
V.I> . 
P. 
V.D. 
p, 
V.D . 
P. 
YD . 
P. 
V.D 

I ~'~822 
I +'008822 

! +'008822 

1-'008822 

t - 015264 

} +'o15z64 



"S 
~ Vertical 

:,.:. Loeal Tune ::~~~ Ther-a iii by Magne· tograph mome. Vaouum 
S tograph ter Gaug. 

l i Clock Bcale· 
S... readmg 
=" Z 

d. h. m. 
IXb. 

I 10 14 56 37 22 
.. " 57 3722 

I 
" 15 4 3388 
"" 5 3388 
" " 10 3548 

I " " II 35 48 
.. " 16 3336 

I " " 17 3337 
" " 23377 1 

I .. " 24 3771 
I " " 28 35 53 

I 
" " 29 3554 
" " 40 378o 

1i ",. 41 37"79 
~ "" 49 33 33 
~ I " " 50 33 33 
~ " .. 57 3544 
" .." 58 3545 I ,,16 4 32 II 
~ I I' " 5 32' 1? '!:1 " .. 1438 97 
Po "" 15 38 98 
:. "" 19 35 50 ] I " " 20 355 1 

~ I " " 25 3
8

9° .c: "" 2638go 
Cl ,," 34 32 19 
M "" 3~ 32'20 

I " " 39 35 31 

" " 4°3531 

I " " 45 3088 
" " 46 30"87 
" " 57 40'40 

" " 58 40'39 
'" 17 4 35'49 

I 
,," 5 35'49 
,," 9 40 48 

l
" n 10 4049 

x. 

• , " 23 30'78 

\ "

,,', " 24 3078 
" 30 35'31 

" 31 35 31 

(12 10 15 36 29 
I " " 16 3628 

I " " 29 3530 
" " 30 3530 

I .. " 37 3721 
" " 38 37 21 
.. " 43 36 30 
" " 44 3629 
" " 49 3721 
" .. 50 3721 

I " " 58 35 30 
" " 59 j530 

~ / ,::, ~~ g 3t:~ 
"" "I2 3442 :: I " " 13 $4'4

1 

~ " .. 21 37"95 
:0 "" 22 37'96 j "II 2836'zo 
• ,. .. 29 36'20 
~ ,," 37 38-01 

COl .." 38 38'00 
.. "" 46 34"42 

" .. 47 34'41 

I " " 55 3&09 

I " " 56 36'10 
"IZ 5 33'94 I .. " 6 33'93 
" " 13 3b'SI 
" .. 14 3£'51 
.. " 18 3(·.H 
" " 19 36'21 
.. .. 28 3864 

1
",,2938 64 
" " 36 33'97 

I " " 37 33'~S 
" " 45 3''''5 

l" '. 46 3(;'14 

880 
880 

88 I 
880 

882 
882 

2'61 
267 

2'67 
2'67 

2'9° 
2'90 

2'9° 
290 

2'go 
2'go 

MAOHBTEL 

D.stance Lortb end 

10 teet;. r' 

\A~~y. 

23N. 

23N. 

A~~y. 

2·3S. 

2'3S. 

A~~y. 

2~·S. 

2·;;S. 

A~~y. 

2'~·N. 

2·;;N. 

A;'ay, 

IS'N. 
rS'N. 
" Away. 

I g'S. 
18S. 
A~~y. 

If 

Away. 

3·;{N. 

A~~y. 

3·;;S. 

3';;S, 

A~~y. 

2·5'S. 

2'5'S. 

A~~y. 

2·S'N. 

2·S'N. 
AV:~y. 

23';N. 

2·3N. 
.A~~'J' 
23S . 

2 'j S. 

A~~y. 
II 

Up. 

D~~n. 

" 
D~~. 

Up. 
" 

Up. 
D~~. 

" 
Do~. 

Up. 
" 

Up. 
" Down. 

" 
D~~. 

Up. 
" 

Up. 
D::wn. 

" 

Up. .. 

" 
Down. 

Up. .. 

" Down. 

" 

.. 
Up. 

n~~Il. .. 

[ 24 ] 

TABLE 4-continued. 

Obser· 
ver 

Disturbing 
force (Y). 

I +'015264 

1-'015264 

p. 
Vol>. 
P. 
V.V. 
P. 
V.D. 
P. I 
V.D. ~I P. 
V.D 
P 
V.D. 
P. I 
V.D. f 
P. l 
V.D. I 
P 
V.D, 
P. I 
V.D. f 

~.D. I 
P. 
V.D. 

-'019617 

t'019617 

-'029884 

+'029884 

~ Vertical 
'r:J Foree "S I I 
"" -04 L,.,01 Time M !>gIl" Ther. 
;; g by )1agne togmpb mom •. Vacuum 
.. ~ togmpb _ tor Gauge. 
Ji 11(. Clock. BcoIe-
95" readwg 
Z 

d. h. m. 
X. 

r 

12 I2 53 32'65 
It " 543264 
" 13 04010 

_ "., I 4009 
" .. 6 3623 

..e .. " 7 3623 
~ "" J2 40'02 
~ ,," 13 40'02 

~
§ "" 20 32' 76 

" " 21 32'75 
" " 27 36'11 
.. " 28 36'11 

~ I,,, 32 31'30 

f:> I, " 33 31'30 

....,

<1 .. ~ I' I, " 4° 4
1
'64 

" " 4 1 41"65 
" " 46 36- 17 

~. " " 47 36-18 
~ I ., " 56 41 80 

I 
,,57 41'S .. 

:: 14 5 31'01 
" .. 6 31'02 

2go 
2go 

2'go 
2'go 

~~'i~r' N oRb end 

208. 

2~'S. 

A~~y. 

2·;;N. 

2·~'N. 

Av::.y• 

I'SN. 
rSN. 
A~~y. 

18'8. 
I8'S. 
A~~y. 

II 

Down. 

Up. 

Up. 
" Down. 

" 
D~~n. 

Up. .. 

" 

OL~r· 
ver 

~.D. l 
tD I 
P. 
VD 
P. I 
V.D. ~ 

P. I V.D. 
P 
V.D 

~.D. I 
P. l 
YD. r 
p 
V.D. 
P. 
V.D. 
p, 
V.D. 
P 
V.D. 

Dulturh1112 
torce Ill. 

-'029884 

+'029834 

~.D t 
l " " (0)3591 

" " JI 35'go 
+·0298841--r---t--7--t--+---i---..,;~-~---J 

P. t 
V.D. f -'029884 
P, 
V.D. 
P. 
V.D. 
P. 
VD. 
P. 
V.D. 
P. 
V.D. 
P. 
V.D. 
P. 
V.D. 

l-'04I058 

~ +'041°58 
I 

~ +'041058 

} -'041058 

.0: ••••• 

1-"~~822 
1 +'008822 

XI 

r 
16 12 2 29 80 

" " 3 29 81 

I " " 16 29 22 
" " 18 29 zz 
" " 26 30'41 

I 
" " 27 30'40 

" " 31 29 83 
" " 32 29 82 

" " 37 30 43 
" " 38 3°43 
" " 43 29'24 
" " 44 29'24 
.t " 48 29'82 
•• ,,49 29 82 
" " 56 2880 
" " 57 2879 
,,13 2 30-88 
"" 3 30"88 
OJ II 8 29'86 

I 
" " 9 29'85 
" " 17 30'89 
.. " 18 30'go 
" " 25 28go 
" " 26 28 go 

,g "" 30 29 88 
~ "" 31 29"88 

" " 35 2860 
" " 36 28 59 
" " 43 31 19 

..d .... 44 31'20 
~ "" 50 29"92 

" " 51 29'92 
,,14 2 31'24 

p. 
V.D. 
p. 
V.D. 
P. 
V.D. 
P. 
V.D. 
P. 
VD. 
P. 
V.D. 
P. 
V.D. 
P. I 
V.D. I 

( +'008822 1 
t -'008822 

~.D. I 
p, 
V.D. 
P. 
V.D. 
P. 
V.D. 

l +'015264 

J -'015264 

. ..... P. 
V.D. 
P. 
V.D. 
P. 
V.D. 
P. 

1-'01961 7 

} +'01961 7 

V.D. 
P. t 
V.D. { 
P. l 
V.D. I 
P. 
V.D. 

+'019617 

-'019617 

.. " 3 31'23 
" " 10 28-62 
" ., II Z8-62 
" II 18 29'92 

" " 19 29'93 
" " 28 27·85 

/

' " " 29 27·84 
" " 40 31'96 
" " 41 31 95 

I 
.. " 45 29'96 
.. " 46 2<;;'96 

II " 51 31'95 
" " 52 31'95 
It " 58 27'94 
.. " 59 2794 

I ,,15 5 29'94 
"" 6 29'95 

/

" .. II 2j'15 
" .. 12 2i'15 

l ',,
". " 18 3:"73 

" 19 3:'73 
" 25 29'98 

" " 26 29'98 

88-6 
887 
887 
88'7 

88:8 
888 

889 
88-9 

89'1 
890 

89'2 
89'2 

1'52 

152 

1'52 

1'52 

1'52 

152 

Away. 

3·;;N. 

3~'N. 

A~~y. 

3~'S. 

3·~'8. . ". 
Away. 

2'5'8. 
2'5'8. 

A~~y. 

2'SN. 
" 2'SN. 

" Away. 

2'j'N. 

23N. 

A~~y. 

2'3S, 

2'3'S. 

1:52. A;~y . 
1'52 

2;;S. 

1'52 

152 

2;;S. 

A~~y. 

2;;N. 

" Away. 

IiiN. 
diN. 
A";~y 

" 

Down. 

Up: .. 
Up. 
D~~n . .. 
Down. 

Up. 
" 

Up. .. 
Down. 

" 

.up. 
Do~. 

.. 
Up. 

D~~. 

" 

P. 
V.D. 
P. t -~8.~2 
V.D. f 
V.D t +'ovS822 
P. 
V.D 

P. I + 008822 V.D 
p, -'008822 
V.D. 
P. 
V.D. 
P 
V.D, 
P. 
V.D 
P. 
V.D. 
P. 
v.n 
P. 
V.D. 
P. 
V.D. 

1":':~J'~Z64 
I +'01 5264 

V.D. ,I -'019617 

~. D. I + 01961 7 
P. .. 
V.D. .. .... 

V.D I +'01 961 7 

P. l -'0196 17 
V.D. f 
P. 
V.D 
P. I - 029884 
V.D. I 
~.D. f + 029834 
P 
V.D 
P. I + 029884 
VD. I 
P. ! 
V.D. - 029834 
P 
V.D. 

~.D. I -'041°58 

V.D I + 041058 
P. 
V.D. 



, -, J Vertical 

;; Local "nme :.:;;:: Ther. 1 ~ by Wa!rno· tograpb mom .. V""uum 
I: ii qrapb .... Gaur 
.l! I' VIox,II. ~ca! .. 
9 ~ rca<lwg 
III 

XI d. h. III 

~~ f ,6 IS 31 32 82 
.. " 32 3282 

_ .. " 39 2708 
"a. .... 4C 27'09 

< l" " 45 29 9
6 

.;i .. " 46 2995 
'2 

XII. • 
10 18 48 28 66 
.. 19 ,28 01 
.... '4 2927 
" " 27 2867 
" " 41 2928 
.. .. 5S 2802 
.. 20 7 28'61 
.... :u 27'49 
.... 36 29 64 
.... So 2860 

+- .. 2. 4 2965 
_ .... 17 27'5' 
~ .... 29 28 59 

., " 43 27 17 !; .. 22 I 2989 
., ... , 15 28 SS 
; .... 31 299' ... ! .. " 47 27 10 
.;i .. 23 0 28 4') 
2 ..... 4 26 33 

1 

.... 3(3069 

.. .. 47 28 59 
U 0 63069 

, .. " 22 2640 

" .. 41 28 52 

... 58 25'S7 

l:. I '3 3' 49 
.. .. 29 28 57 
" " 47 JI 57 
.. 2 6 25'40 
.... 16 2842 

XlII 18 20 29'16 r .~ .. 35 282J 
.... 47 3008 

I .... S9 2919 
.. 19 13 3007 

I " .. 28 2828 
.... 42 29 17 

'

" .. 58 2751 
.. 20 12 3069 
.. .. zG 29,6 

~_..: I" .. 4
0

3
06

5 ~ .... S4 2753 
.. 21 9 2912 

~ 1 " " 2S 27 01 
!! .. " 4" JI'oq 

~..,.1" .. 5S 2916 -= ,,22 18 JI 13 
.. .. 33 2708 
" " 4Q 29 I. 
.. 23 6 25'85 
.... 24 32 'S 
.. .. 37 29 19 
" .. 5S 32.,6 
5 0 12 2599 

I .... 27 29 '3 
.. " 4S 24 S6 

'

' '' 23310 
.. .. 19 29 '4 

.. • lS 3335 

l :.:. ,. S6 24 38 
2 8 29'21 

854 
855 

86 I 

866 

86'S 

866 

868 

1'76 
176 

176 

176 
176 

1'76 

2'40 

240 

~: Northend 

183. 

.ii 8. 

A~;y. .. 

Away. 
loN, 
J'oN 

Away. 
3 0S 
3 08• 

Away • 
25 8 , 
z'SS, 

Away. 
2 SN 
2SN, 

Away 
z'3 N• 
23 N, 

Away 
Z 3S. 
23 8. 

Away. 
2 oS. 
zoS. 

Away • 
z·oN. 
20N. 

Away. 
18N. 
J'SN. 

Away. 
J 88. 
J·S3. 

Away. 

Away. 
3 0N. 
3'oN, 

Away 
3 0S • 
3 oS, 

Away. 
a'sS 
asS. 

Away, 
25 N. 
Z 5N. 

Away 
23 N. 
23 N• 

Away 
23 8 . 
23 8, 

Away 
20S 
208, 

Away 
zoN 
::I'oN 

Awav 
18N 
r SN, 

Away. 
ISS 
188, 

Away 

Up. 

D~~D. .. 

Down. 
Up. 

Up. 
Down 

Do~. 
Up. 

Up 
Down, 

Down. 
Up. 

Up, 
Down. 

Do~n. 
Up. 

Up. 
Down. 

Do;n. 
Up. 

Up, 
Down. 

DO;D. 
Up. 

Up. 
Down. 

D~;n, 
Up. 

Up. 
Down. 

Do;n. 
Up. 

Up, 
Down . 

Do~. 
Up 

Up 
Down. 

D,,~ 
Up. 

Up . 
Down. 

Oboe,. 
Yeor. 

P. 
V.D, 
p, 
V.D, 
P. 
V.D 

P. 
P. 
p, 
P. 
P. 
P . 
P. 
p, 
P. 
P, 
P 
P. 
P, 

VN 
V.N, 
VN. 
V,N. 
VN. 
VN. 
V,N. 
V N, 
VN. 
V 
V. 
V. 
V. 
V. 
V • 
V. 
V. 
V. 

P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
p. 
p. 
p. 

VN. 
VN. 
VN, 
YN 
VN 
VN. 
V,N. 
VN 
'IN • 

V 
V. 
V. 
V 
V. 
V . 
V. 
Y. 
V 

[ 25 ] 

TABLE 4-continued. 

D .. turblng 
ro_(Yj. 

-'01 5012 
+ '01 5012 

+'0ISOI2 
-olson 

-'019439 
+'019439 

+'019439 
-'019439 

j I IvertJca! I 
.," Local TIme i~~~. Ther· 
:i ili by HOIJIoe'l togropb mom... VacuWD 
~ ~ toa-mpb _ ter. a"l1ie. 
1l 8. Clock Ileal ... 
e ~ Ireadlng 
" .. :r; 

d. h. m 
xrv 

(14 18 16 28'10 
" " 33 27'21 
.. " 49 :z8 91 
.. 19 2 2810 
.. .. 16 28'91 
" .. 28 27'21 
.. " 42 2807 

I 
',,' " 581 26'52 

20 13 29'5' 
" ,. 27 2809 

oo~'l 
" " 41 29 52 
.. .. 5S 26 57 
,,21 8 28'10 

_)"" 22261~ 
I>. .... 342989 

::a .... 4628 09 
:£31 .. 22 4 2995 

! '" .. 17 2612 .... 34 2810 
.. " 50 25'00 

'

" 23 5 30 90 
" .. 18 2804 
" " 35 3085 
.... 52 2501 
15 0 6 2802 
" .. 22 2368 
.. " 38 31 82 
.. ,. 52 2802 
" 1 8 31 96 
.... 24 2358 
" .. 33 2799 

2'42 

2'42 

242 

900 2'43 

90 0 243 

I 
Distance 'Nortb end. 
m loot. I 

Away. 
3'oN. 
JoN. 

Away • 
30 S. 
3 oS. 

Away • 
25 3. 
2'58. 

Away 
2SN 
2·5 N . 

AVlay, 
23 N • 
23 N • 

Away. 
23 S. 
23 8, 

Away, 
20S, 
20S, 

Away. 
2'oN. 
20N. 

Away 
18N, 
18N. 

Away. 
188 
I 8~ 

Aw .. y 

Down. 
Up. 

Up . 
Down. 

Down 
Up. 

Up. 
Down . 

Down. 
Up, 

Up 
DO"D. 

Down, 
Up, 

Up 
Down, 

Down 
Up, 

Up 
Down. 

Obser
ver 

P. 
P . 
P 
P. 
P, 
P . 
P 
P. 
P 
P. 
p. 
p. 
P, 

VN 
VN 
VN 
VN 
VN. 
V,N 
VN. 
V,N. 
VN. 
V. 
V. 
V. 
v, 
V. 
V. 
V. 
v, 
V. 

DISturbing 
force (1'). 

-'008266 
+'008266 

- 014510 
+ 014510 

+'014510 
- 014510 

- 018811 
+ 018811 

+ 018811 
-'018811 

-'029191 

+ '02919 1 

+'029191 
-'029191 

- 040842 
+'040842 

+'04°842 
-'040842 

-'029612 1-....;.----'1--+-....,.--.;----+---+-...;-----1 
+'029612 

+'0296'2 
- oZ9612 

-'040684 
+'040684 

+'040684 
-'040684 

-'008266 
+'008266 

+'008266 
-'008266 

-'014SI0 

+'0145'0 

+'014510 
-'014510 

-'018811 
+'0188'1 

xv 
( S 21 19 2603 

.. .. 32 25 18 

.... 45 2682 

.... 58 2603 
" 22 12 2682/ 
" .. 25 2520 
" .. 38 2602 
" .. 54 245 1 

·1 :: ~~ !~ ~~ ~~ 
,

,, " 37 27'46 
.. .. 51 24 S4 

d 6 0 I 2604 
~ I .... IS 24 II 
_ "" 3<: 2780 
=~ .... 422602 

~ 1 " " 58 27 81 
_ " I 16 24'10 

~ .... 282600 

.. " 43 23'00 

.... 58 28,64 

.. 2112600 

.... ; 628 70 

.. .. 42 22'91 

... , 58 2594 
.. 3 13 2169 
.. .. 27 2962 
" .. 42 2598 
,J .. S6 2972 

.. 4 15 21'50 

.... 27 2589 

907 270 

909 2'70 

909 270 

910 271 

Away 
30 N. 
30 N. 

Away 
30 S. 
308, 

Away. 
25 8 . 
25 8 

Away. 
2 SN. 
2 SN. 

Away. 
2'3 N 
2'3 N , 

Away. 
23 8. 
23 S. 

Away. 
20N. 
2·oN. 

Away, 
2 oS. 
208. 

Away 
18N. 
1'8N 

Away. 
188, 
1'8S. 

Away, 

D~;n, 
Up. 

Up. 
Down. 

Do~. 
Up 

Up. 
Down, 

D~;n, 
Up. 

Up 
Down, 

DoWII. 
Up. 

Up 
Down. 

Down. 
Up. 

Up. 
Down • 

p. 
p. 
p, 
p, 
P. 
P. 
p. 
p, 
p. 
P. 
P. 
P . 
P 

VN, 
VN 
VN, 
V,N 
VN 
VN 
V,N . 
VN, 
YN 
V. 
V . 
V . 
V 
V. 
V . 
V. 
V. 
V. 

-'008266 
+'008266 

+'008266 
-'008266 

- 014510 
+'014510 

+ 014510 
- 0145 10 

- 018811 
+ '018811 

+ '018811 
- 018hu 

+'029191 

- 029191 

-'Q40842 
+'040842 

+ 040842 

-'040842 

+ 018811 
-'0188" t--+----il~-+-~--,...--+_--+-~----
"'::029191 XVI .. 3 21 3 30'10 91 2 139 Away. ,.. P 
+'029191 .. " 13 32'39 30;N. Up p, + '008438 

" .. 23 3393 2 5 N Up, P + 014700 
-+ 029191 
- 029 191 

-'040842 
+'040842 

+ 040842 
-'0408~2 

~ .... 31 35 01 2 3 N Up, P + '018970 
gg_ .... 39 35'59 .. , .. , 2'219 N Up, p, + 021114 

.. ., 48 35 77 2 198N Up. p, + 021801 

~ :: ~~ 5~ ~~ &: ~ ~~N. g~ ~ ! '~~~!1~ 
"" .... 16 42 19 1'820N Up P + 039026 
:; " .. 254309 18N. Up. P + 040389 

I .. .. 34 45'30 I 76~ Up. P. + 042704 
.. " 42 46'51 I 7,oN. Up. P + 044084 

l. , ... S5 31 '11 91 3 139 Away P 

-The re8/hnr:s were alwavs taken twice over, as a check agatnst any la.rge 811'0" and the number entered Is the meall of the two n-admgs. 
tin Ih""" e'p"rJU .. nls and alilaler ones tJll the 6th June ll!8l. an mterval 0110 mmutes was rJlowed '" elapoe altar the Vertlca.l Fore. macne& bocam. nearir mu belore .. 

"""'tng."" MJr..n Fmm tho Srd July 11>82 the mtorval allowed wao onIJ 6 mmutee. • ., 

B 825-7 AP • 



'0 
:1 Vertical 
~ For~ • 
... .; Loo&t Time Magno Ther, 
" Ii by Magno t.ograpb mome' Vacuum 
: ~ tograph _ ter. Gauge. 
1, ~. Clock. Seal., 
~ ~ readlng 
Z 

d. h, m 
XVIa 

( 3 23 8 32 '59 
" " .20 34 09 I ..... 

" " 30 35 II 
" " 38 35 69 

] "" 46 35 90 
.... 57 3805 

i! 4 06 4009 
i, " " 13 42 27 

" " 21 4321 "1 I 
~ ~ .. " 30 45 70 

,~ "" 4c 46 50 
po, .,,, SI 31 40 
~ "I 9 28'48 
•• II" 23 2602 
], " " 36 22 82 

" " 53 2987 
" 2 4' 27'50 

l :: :: !~ ~~ ~ 
" " 43 2973 

XVIb 

r 

5 18 2 3435 
" " II 33 62 
" .' 21 33 II 
,. " 29 3276 
'I " 37 31 91 

" " 45 30 99 
'1 " 54 29 02 
" 19 2 2800 
" " 10 2?"02 

" " 19 .~5 01 
11 " 2922 92 

" " 39 21 05 
" " 54 1904 
" 20 5 1698 
" " 16 15 01 
" " 24 1300 

N "" 34 10'95 
00 "" 42 9"12 
~ "" 52 6'94 
.!!' •• 21 0 5'04 
::>'"" 8 299 .." I • I , 16 0'99 :5 ~,. 8 
V') I " " 30 33 7 

I 
I, II 48 041 

" " 56 2'47 

I ,,22 5 4'30 

" " 13 5 99 

I " .. 21 832 
" " 29 1002 
" .. 36 1202 
" " 44 14'09 
" " 52 1583 
" 23 0 1789 
" " 10 2000 
.. " 19 2190 
" " 28 24·00 
" " 36 2609 
" " 44 27 II 
.. " 52 28'28 
6 ° 2 30'38 

\ .. , 

"'I ::: 
908 
go8 

910 

91 '1 

91'2 

1'39 
141 

1'43 

I SI 

1'51 

)I.G"BT j!: 1. 

Dl8tance North ond 
In feet 

3'oS. 
25 S, 
23 S 
2219 S, 
2 198S, 
2US 

I 890S 
I 820S 
180 S, 
1'768 S 
I 750S, 
Away, 
3 oS, 
25 8 
23 8, 
Away, 

3 oN, 
25 N, 
23 N, 
Away, 

Away. 
3'oN, 
25 N, 
23 N, 
20N 
1'8N 
15S8N, 
1'477 N, 
1'416N 
1'32 3N 
!'256N• 
1209N, 
I 169N 
l'I36N, 
['1I2N 

1088N 
I067N, 
1051N 
!'033N, 
1020N, 
lOO7N 
o 994N 
Away, 
0'994 8 
1'0078, 
1020 S 
1033 8 , 
1'051 S 
1067 A 
1088 S, 
1'112 S 
I 136 S 
l' I69S, 
1'2og S 
1256 S 
1'323 S, 
1'416 8, 
1'477 S 
15588 
18 S, 

Up. 
Up, 
Up, 
Up 
Up, 
Up 
Up, 
Up, 
Up, 
Up, 
Up. 

Down, 
Down. 
Down, 

Down. 
Down. 
Down. 

Down. 
Down 
Down 
Down 
Down. 
Down, 
Down 
Down. 
Down, 
Down 
Down, 
Down, 
Down 
Down. 
Down, 
Down, 
Down. 
Down. 
Down, 
Down, 
Down 

Down, 
Down, 
Down. 
Down, 
Down 
Down. 
D<rwn 
Down 
Down, 
Down, 
Down 
Down. 
Down 
Down. 
Down. 
Down. 
Down. 
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TABLE 4-contin7~ed. 

Obser, 
ver 

p, 
P 
P 
p. 
p, 
P 
p, 
P 
p. 
p. 
P 
p, 

V,N. 
VN 
V,N 
VN, 
VN. 
V,N 
T.N. 
V,N 

p 
p 
p. 
p 
P. 
p 

DlBturbmg 
lorce (y). 

+ '008438 
+ 014700 

+ 018970 
+ '0211 14 
+ '021801 
+'029149 
+'033156 
+'039026 
+ 0 40 389 
+ 0 42 70 4 
+ 0 44084 

--'::~8438 
- 014700 
- 018970 

-'008438 
- 014700 
-'018970 

d. h, m, 
XVlb 

( 6 ° 10 31'32 .. .. ~ 0 S Down P. 

I " " 19 32 19 .. • 2 3 S Do".. P 
" " 28 32 57 ... " 2 5 S. Dow'J p, 

I " " 38 33 10 3'0 ~ Down l' 
" .. 47 33 82 90 8 1'51 "\"I\Y, p, 
"I 53463 .... 308 Up, "N 
" " 14 35 19 " .. 2 58, Up, V N 
" " 22 3553... 2'3!'l Up V N 
" " 31 3643 '" " 2 08 Up, V N 

~ "" 42 3749 '" I 8 S Up V,N 
E "" 531 39 67 I 558 SUp, " N 
.::: ,,2 3140'88 ... , • 1477 S Up, V :>I I 
:5 " .. 134200 14161'> Up V" I 
"liS T) \' 1" " .. 24 44'32 '- .. I 323' , , P .. , I 
~1"" 3546 70 -. 12561'< Up YN 
_ "" 46 4888 "I 20g S Up, V N 
::&~I " 3 73421 91'0 1'51 Away, , VN 
-: " .. 24 4826.. 1'2ogN Up, V,N 

" .. 35 46 38 " I 256'" Up, V N 
'" " .. 46 44 2 3 " " 1323N Up, vV NN 

" " 55 42 10 ... • , 1416N Up, 
" 4 641'02.. •• I 477~ Up. Y,N 
" ., 18 39'92 .. I 558N, Up. V,N 

-'008438 " " 28 3783 .. , 18 N. lJp V N 
-'014700 " " 37 3689... 20 N Up, V N 
-'018970 I"" 46 36'01... 23 N, Up, V N, 

--040389 "S 2 35'11.. 3 0 N. Up V N 
-'063404 " .. II 34'43 go 9 151 Away. 

PlHtur' '''' 
(vr ... " \1 ). 

-°''''49 
- oth'JiO 
-~14;oO 

- 00h,US 

+ 0<'''"138 
+ "'4700 
+ 'OI~(17o 
-+ u 29149 
+ U40 3") 
+ ot~\tul 
+ ('7,>U2 7 
+ l~~75<j 
+ ' luhSl2 

+ J25~~5 
+ 142452 

+ 'P4,2 
+ 12Sh95 
+ W(,SI2 

+ 085759 
+ u75027 
+ ,'>634('4 
+ 04('3S,) 
+ 02Q'49 

+ 'OI~970 
+ 0 14700 
+ 001438 

P. 
p, 
p, 
p, 
p, 
P. 
p, 
p, 
p. 
p, 
p, 
P. 
P. 
p, 
P, 
p, 
P 
p, 
p, 

-'029149 l"" 54 35 67 '" .. 25 N Up I NV NN 

-'0750:27 r-....l.----!---i---;.--oI----i---4----;----
-'085759 XVIG 

p. 
p, 
P. 
p. 
p. 
p. 
p. 
p, 
p 
p. 
p. 
P. 
p. 
P 
P. 

-'106512 (14 19 57 33'29 
- 125895 I" 20 8 35'25 
-'142452 " " 18 36 71 
-'158979 I"" 28 3780 
- 174626 " " 36 38 36 
-'187370 " " 44 38 56 
-'201396 .. " 54 4080 
-'214892 ,,21 3 43'20 
-'2260II " " 19 34 36 
-'239486 " " 43 43 go 
-'249919 " " 53 41 58 
-'260976 " 22 2 39 28 
-'272596 ~ "" 10 3908 :;J " ., 18 38'49 
-'272596 :::: " .. 28 37'30 
- 26og76 " " 36 35 84 
- 249919 .; "" 45 34'03 
-'239486.<l ,... 58 31 82 
-'2260II ~ ,,23 8 30'39 
-'214892 ,. " 17 29 28 
-'201396 "," 26 2861 
-'187370 " " 36 2840 
-'174626 " " 51 25'31 
-'158979 15 ° 16 32'91 
-'142452 " " 34 25 35 
-'125895 " " 46 27'79 
-'106512 " " 59 2 7'91 
-'085759 "I 8 28 50 
-'075027 I"" 16 29 60 
- 063404 " " 28 31-08 
-'040389 l"" 40 32 91 

2'28 

2'28 

go3 228 

90S 2'27 

gos 227 

Away 
3 0 1>: 
25N, 
23N 
2219N 
2 19i!N, 
2'oN. 
I8goN 
Away 
1898, 
2 ° 8, 
2198 S 
2'2198 
2'3 S 
2'5 R 
30 S, 
Away, 
3'08 
258 
2'3 S 
221 9 8 
:2 1988 
20S 
Away 

2 oN 
2'I98N 
2 219N, 
23 N, 
25N 
3 0N 
Allay 

Up 
Up 
Up, 
Up 
Up, 
Up 
Up, 

Up 
Up, 
Up, 
lip, 
Up, 
Up, 
Up, 

Down 
Down 
V"wn 
Down 
Down. 
Down, 

Down. 
Do,,']) 
Down 
Down, 
Down 
Down, 

p 
p, 
p, 
p, 
)', 
p, 
P 
P 
r 
p 
l' 
p, 
P 
l' 
p, 
1', 
P 

VN, 
V~ 
VN 
V N, 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
V~, 
V,N 

+ 008438 
+ 014700 
+ 01\910 

+ 021114 
+ OZI>-..;») 

+ 02')119 
+ o33 1S') 

+ 0 33 1((, 

+ 029149 
+ 0211501 
+ 021/ '4 
+ Olb970 
+ 0147 t JO 

+ oc,b4]8 

- 008438 
- 014700 
- 01'970 
- 021114 
-=11>01 
- 029 149 

-'0'9149 
- (;2J~OI 

-'()211/4 
- 01~970 
-'014700 
-'oo~H8 

The data in tables 1, 2 and 3 will now be used to determine values of Y, and then 

those of table 4 to determine values of ~;, some ofthese being also applied to find values 

of WO, and thence the form of the curve of the knife-edge. 

28, The first inquiry was as to the similarity of distribution ofthc magnetism of the 
verti?al force magnet and of that of ma,gnet N 3. In tho rollowing table are placed. side 
by SIde, deflections made by the same deflector magnet E I-first on the magnet N,3 (on 
July 1, 1876) and secondly on the vertical force magnet (on July 8, 1876) thcr-e ure 
taken from Table 3 and, being multiplied by the respective values of a divi"ion of the 
scale (14"29 and 14"31) arc converted into the comparable numbers E>hown in columns 4 
and 5. The only distances which exactly correspond for the two sets of numben, are 1'2 
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and 1'4 feet; but the comparison has been extended by interpolation in column 4-for the 
distances 1'15, 1'25 and 1'8 by interpolating betwee~ those for 1'2 and 1'4. and for the 

, d~tance 1'5 by interpolating between tJl.Ose for 1'4 a.nd 1'6. The interpolation formula 
used was a= (D p) where d is the double deflection, r the distance, and D and p 

,. I-fj 

constants. 
TABLE 5. 

DOUBLB DIIl'LBCrIOl\"8. 

DistanCe OftheVer. of Of Magnet Of the Vera Eneuof 
deflector N30D 

tical Force Of Magnet tical Force colulDJI " 
El, Ju111, 1876, 

MagnetoD 
N 3 cODverted Magnet over 

- Ju11 II. 1876, 
mto DllDutea CODverted column Ii. 

Feet. Scale- Bcale- of arc. into UIlDU tea 
dlVllioDB, W.Vl3lons. of arc, 

I 2 3 4. :; 6 

·"5 ... 22'01 3Z0"I 320"0 -O"J .. , 19'44 19'21 278"9 279"2 +0"3 
1'25 '., 16'84 244"6 244"8 +0"2 
1'3 ,., 14'85 21 5"8 215"8 0"0 

1'4 11'89 11'73 170"6 170 "6 0"0 
1'5 '" 9'42 137''0 136"9 -Q"J 
.. 6 7'79 ... .. , - . .. 

As these differences are within the range of the probable error of observation of the 
deflections, we conclude that it is safe to employ the magnet N 3 in lieu of the vertical 
force magnet for the experiments in question, And as the single set of deflectiona 
observed on the 9th February 1872 in the horizontal plane were made upon the 
Declination magnetograph in position-the arrangements for observing independently hi 
the Electrometer Tower not having, at that time, been completed-we shall assume that 
the same holds with respect to the magnet of the Declination magnetograph, which is of 
the same size and form as the two other magnets. 

29. The first step taken with the deflections in the horizontal plane was to calcu1at~ 
the constants D and p. in the expression for them d= ~1~~) by an approximate 

application of the method of least squares, This was done separately for the deflections 
numbered I for two groups of VI to XI, for one group of XIII to XVI, and for XVI. 
The two groups of VI to XI were formed so as to include the greatest number of values 
of d for several different distances of which the least should be 1'8 foot, the corresponding 
values of Y being-as will be seen hereafter-those that are mainly influential in 

determing ~;: and the IQean of the two values of p yielded by the two groups was 

adopted as applicable to all the experiments from II to XII. The 'data and results of 
these calculatiOns are shown in tables 6 and 7 :- • 

• In dea.liDg with d~6.ectioDS affected, by large probable errors it would be misleading to ta'ke acCOUDt 
of other constants than p m the full expressIon for the action of one magnet l1poB an.other,-or at least 80 long 
loS the two magnets are not very near "together. 
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'l'A.tLII (j, TABLE 7. 

I 
Observed double d~flect'rm n.t W:iUuJ.oo I DudUCAd value (m lcot) of 

F.x.I'Rh..iMJr.N'f I I ofp 

'--~~-
18 2'0 28 2. 811 

--
I 1371 829 4'21 24251 +0 I1566 

- - --- - -;-;;-1 VI 3 85 194 I 
VII 379 193 III I VIII . , 3 85 .. , 108 I 21 ." 
IX " 3 81 r86 I II ", I X 3 96 198 12O .. 
XI 1'78 189 110 I 
--I~ ------

VI to XI 193 1'14 +0'QI294 : 

--r- oo 
VIn I 5 36 385 198 I 21 ... 0-0 

Ott'" 
IX 534 3 81 I 86 I II .d~ 8 .... ' X S 33 396 198 12O ",.,0 

XI 5 2S 3 78 189 I 10 ::<l"'+ 
:S II ----I--

VIII to XI 532 3 85 1'93 I 15 +0°4°3°) 
1---- -

XIII 5 21 374 2'45 18l! 106 
XIV 5 22 37S 243 I 87 1'07 ,,' 
XV 5'18 375 2'44 185 1'01 " XVI 5 19 379 2'42 19° 106 , , 

1-;; -;;r;:; ---
XUI to XVII 187 1 05 +03°800 

i'xPz.Ul'!If,lS"'T XVI.. 

I Ol"wmd I I I 

---
Ot~rv'ld t 1!I1Ij';."le (~'("ul~Ofl fJ~qer ,,f 

Dioia.nco 
r1oui;,e dl..ti.:ctlOn l Values HlJI,{lc I 'ItWlJli' 

opfh·d"wu _ of P d(,.r1v~ on 1.~kl1'J.t.t(! 
lD feet - C'omert<"t ruui 1J - 1 'Ill 1( 

~ 

So dlv l.r.;O force IJl for:e I d(lfi~. t eD_ 

I _2 ____ 3 __ " __ 5_-' t> 

0'994 'z7260 .. 
1'007 ' , '" 

'260<)8 
1'020 

0 24<JClZ ". .... 
1033 " 23'1<11 , .. '" 1051 , , :<- ·:;.:ll...;J 

0 '21489 1'007 27'52 '21 449 II + OL040 

1088 2;;-46 '9843 ., ·201..0 + 00297 
1'112 24 03 13721) '-' ' r87,7 +'()()(A.s .. 
J 136 225 1 17544 .s '174°3 - O'Y).~I 

I 169 20 48 "5 r/)2 2- '1>01)1> - 00064 
1209 1828 14247 &::l 

142 15 - "Ot. ...... )1.)2 

1 256 1621 ' 12634 1251>9 - '00015 
1'323 13 67 ' 10654 lOG" - 'CX'OfJl 

1'416 1104 '08605 'OJ- '08576 - 00029 
1477 9 65 '07521 00 '0750 3 - 00018 

oo 
1 558 I> 16 '06360 -0 06340 - 00020 
1'8 5 19 "04CY45 b °4°>ry - 00006 
2'0 379 '02954 .... '029 1 ; - c.J039 
2'3 242 0181>6 11 '01097 + ncoll 

2'5 1'90 '01 481 "" '01470 - 00011 

3'0 1'06 00826 '008« + 000IS 

30. In experiment XVI the distances and deflections are extended as far as the limits 
of the scale of the instrument (from 0 to 28 divisions) will allow, partly fur eompanson with 
a similarly extended series of deflections of the vertical force magneto!,rraph and par dy 
with a view to testing the accuracy of the law of variation of the deflections assumed in the 
formula* d= (D P)' The whole series of deflections at distances from 1067 to 3'0 feet 

r3 1--
rJ 

were first used to find p and D, and then the process was reversed, the formula being 
u'l'led to calculate values of d for each distance, and these values are entered in column 5 of 
Table 7. It will be seen by the differences in column 6 that-with tho exception of that 
for the distance 1'088, which is evidently affected by some extraordinary error which a 
careful search has nevertheless faIled to discover,-the fUlmula accords well \\ ith the 
observations, the mean error scarcely exceeding a thousandth of the mean deflection. If 
all values of d for distances less than 1'7 foot had been excluded from the calculatlOns, the 
agreement of the retained values would necessarily have been still close-I', but on account 
of the smalLless of the retained deflections, the probable error would have borne a largH 
proportion to the mean deflection, and the deduced p might have had a widely different 
value from the true one. For this reason it is unadyjsable to calculate a value of p for 
each set of experiment,s, and better to apply a general value to a series of experIments: 
but on the other hand, it does not yet seem safe to assume that p remains une-hanged for 
an unlimited time, and may be determined, once for all, from a set of large aH well u,/:$ 

small deflections, as in the example just dealt with, What has recently been deC'lded upon 
for this Observatory is to observe one large deflection as part of each set of expt-riment." of 
deflection in the horizontal plane, and when a series of such deflection observations has 
been accumuluted, to determine p by combininO' in a suitable manner the mean large 
deflection with the aggregate of the means of the smaller deflections: it is expeetf..--d, that 
successive values of p obtained in this way will be III much better agreement with each 
other than are those of Table 6. 

31. A rough estimate of the extent to which the law of our equation is followed by 
the .mean deflections of Table 6, which have yielded the several values of p, may be 
obtall1ed by multiplying the deflections by the respective values of .,.a, when the product8 
ought to vary in a gradual progression as r varies. The products are shown in Table 8 -

.. When b is small in coruparison WIth unity, this is practically the Bame as the theoretically more exad 
formula d = rr( 1 + ~), and III the use that we make of it-aa a smoothIng agent merely-may BaFd, be 

adop:e:, as is evidenced by the case under di~clJssion t e, experiment XVI, in liell of the Id.tter. In future the 
eXile. ormtila. wlll, however, he substItuted £Ot· the ;'ofcly approxlIIJ.Jl.te one. 
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TABLE 8. 

Distance (r), 
Experiment. 

I" 1'8 2'0 23 2'5 3'0, 

J 67'357 ' , 66'320 '.' 65"7 81 65"475 
Vito XI ". .. , 30 "7 2 . .. 3016 30 '18 

VIII to XI .. , 31'03 3080 ' .. 30 '16 31 '°5 
XIII to XVI ... 3°'326 3°'080 29'566 29 21 9 28'350 

The numbers in the first and laat lines satisfy the required condition, but not those 
of either of the intermediate lines: hence as we lnay conclude from the experiment ot 
~able 7 that the action of the deflector magnet upon'the suspended magnet does in fact 
obey the law, we must attribute the apparent absence of it in the deflectioilll of expe
riments VI to XI to some unrecognised extraneous influence or to error of observation ~ 
neither can any more satisfactory explanation at present be found of the large difference 
between the values of p given by the experiments XIII to XVI together and expe
rimentXVI by itself, these being +0'30800 and + 0'16284 res~ectively. Havingalready 
made the assumption that the distribution of the magnetism of the vertical force 
magnetoraph magnet is the same as that of the magnet N 3, the adoption of different 
values 0 p implies an assumption either that the distribution ofthe magnetism of the 
deflector magnet E 1 has changed, or the more improbable one that the similarity in the 
two others is maintained by a similarity of change in them, or else that the means for 
finding p are imperfect, but being the best available the use of the values which they yield 
leads to less error than the use of any other values would. The last is the assumption on 
which we proceed, but it will presently be seen that much the greater part of any error 
involved in the use of an erroneous "alue of p is generally compensated by the introduction 
of an opposing error into the adopted value of the constant D. Practically it is only in the 

very few cases in which ~: is determined from deflections of the vertical force magneto
graph on one side only of the undisturbed position of the magnet, and not including that 
posltion, that an error in the adopted value of p will have its full effect, and that effect 
will be to make the coefficient too gteat or too small according as the adopted value of p 
is too great or too small, whether the deflections are on the side of increasing or decreasing 
scale-readings. In the only two cases of this kind that occur-those of experiments lIa 
and IIh-it will be seen, however, on inspection of the curve of Fig. 25 (to be presently 
described) that the two coefficients are not both in excess or both in defect of that which 
appears to be applicable to the intermediate part of the scale, and we may therefore regard 
any error of p, as affecting those cases, as unimportant. The effects of such an error on 

dY , 
the value of Ta for parts of the vertical force magnetograph scale far removed from th~ 
undisturbed reading would be considerable; but no values of ~ have been uetermined 
under these conditions. 

32. To enable a comparison to be made between the results obtained by the method 
that we have adopted for finding Y and those that would have been obtained if the 
simpler method had been adopted of equating Y, for each deflection distance, to the 
product of the angular deflection (corrected for torsion) multiplied by the horizontal force, 
we had intended to place along the carves of Figs. 24 to 44. (presently to be de
Rcribed) pointS' representi~g the values of Y that are siven by the simpler method; but 
findin~ that the po~nts are generally so nearly coinCl~ent with the curves as to ~reate 
confUSIOn, we have Instead placed the values of Y obtamed by the two methods SIde by 
ilidd in the follo~ing table :-

.825-8 j,p 



TABLE 9. 

- ~------ ------- ----

EUERIM1!.NT. I. II. III. IV. V. VI. VIL VIII. 
, 

Values of Y. Values of Y. Values of Y. Values of Y. Values of Y. Values of Y. Values of Y. Values of Y. 
I 

,.. 
Calculated. 

Taken Calculabed. 
Taken 

Calculated 
Taken Calculated 

Taken 
Calculated Taken 

Calculated Calculated I Taken from from last frorulast from last from last from last Ta.ken from Ca.lculated Taken from 
last column from smgle column of from slOgle column of from slOgle column of from smglE column of fromsmgle column of from smgle last column frolL smgle ast column from BlDgle 
of Table 4. deftectlonB Table 4. deflectIOns. Table 4. deflectIOns Table 4. deflectIons Table 4. defiectlons Table 4 deflections. of Table 4- deflections. of Table 4. deflections, .... 

1'2 '" ... '16918 '18101 '14313 '15591 ... . .. '14°83 '15 126 . .. . .. ... , .. ... ... 
1'4 ... .. ' ... ... .., '" ... '08824 '09252 ... ... '" . , .. , . , 
1'5 .. , '" '08604 '08922 '07 2 79 '075 84 ... ... .. , . . '071 62 '°7396 '°7 121 '°73 29 . , ... 
1'6 .. ... '" .. , ... ... ... .., '05893 '06061 , .. .., 

'" ." ... . .. 
l'7 '06025 '06034 ',. ... ... ... ... . .. .. , .. . .. '" '" .., , .. . .. 
1'8 ... .. , .. , ... ... ... '°4197 '°4312 '°4129 '04163 .., .., 

'" , .. '04106 '04184 
:t'o '°3658 '°3648 '036n '°3620 '03°55 '°3°37 '°3°55 '03 II 5 '03°06 '02996 '°3°06 '°3°00 '02988 '02964 '02988 '03°°5 
2'4 ... ... .. , ... ... ... '01 764 '01 761 '01 736 '01 75 1 ..' '" 

, , '017 2 6 '017 25 
:t'S '01853 '01853 ., ... .. , '" ... ... . .. . .. '01 535 '01512 '01 526 '01 5°9 '01526 '01 546 

! 
3'0 '01066 '01067 '01066 '01°59 '°°9°2 '00845 ... .. , .., 

'" '00887 '00888 '00882 '00868 '00882 '00945 
~-~~- - - - ------ --

,--, 

Co' -, 
EXl'JlRIMJlNT. IX. X. XI. XII. XliI. XIV. XV. XVI. -' 

L-J 

Values of Y. V .. lues of Y. Values of y, Values of Y. Values of Y. Values of Y. Values of Y. Values of Y. 

,.. 
Taken from Calculate<l 

Taken 
Calculated 

Taken 
~alculated 

Taken 
Caloulated 

Taken 
Calculated 

Taken 
Calculated Taken from Calculated Taken from Calculated from lust from last from last from last from last 

last column from amgla columnoE fromslDglE column of romslI1gle column of from slDgIE column of from slDgle column of from alOgle last column from smgle h\St column from 8\1lg1e 
of Table "- deflection •• Table 4. deflectlon8 Table 4. deJiectlon8 Table 4. dellectlOns Table i. dedectlons Table 4. deflectIOn 8, of Table 4. deflectIons. of Tabl< 4, uefiectlUns, 

I 

1'067 ... ... ... ... ... ... .. . ... ... .. . .., .. . ... ... '21489 '21 449 
! 

1'088 ... .. , ... ... '" ... . .. ... ... ... .. . ... . . ... ' 201 4° '19843 
J'U2 ... ... . .. ..' ... ... ... ... ... . .. ... ... .. . . .. ' J8 737 '18729 I 

1'136 ... ... ., ... ... ... ... ... ... ... ... .. . . .. . .. '17463 '17544 
n69 ... ... ... ... '" . .. . .. ... ... .. . .. , '" .., .. . '1589B '15962 
1'209 ... ... ... .. , .. , ... ... ... ... ... .. . . .. ." . .. 'J4245 ·I.P47 
1'256 ... ... ... ..' ... .., ... ... ... ... ... '" ." ... '12589 '1263 ' 
1'323 ... ... ... ... ... . .. . .. . .. ... ... . .. .. . .. . , .. '1065 I '1065+ 
1'416 ... ... ... ... ... ... ... ... ... ... ... .. . .. . .. . '08576 '0~',o3 

1'477 ... .., ... ... .., . .. ... .., ... . .. .., ... . .. .. . '07503 '°7,21 
1'558 .. , ... ... .. , .. '" . .. ... .., .. ,,, .. , '063{0 oliy>o 
18 '04 106 '0415 8 '04106 '04 IS 1 '°4106 '°4°88 '04 068 '04 II 4 '04084 '°4°62 '04084 '0~069 '°4°84 '04038 '04039 'OjCJ'i 

2'0 '02 988 '02 967 02 983 '03084 '02988 '02944 '02961 '°3°08 '0%9 19 '02 9 16 '02 9 19 '02~)23 '02919 '02 92 3 '02 9 15 020'1 
2'3 01 96 2 '01 9 1 3 '01 962 ' 01 962 '01 962 '01 931 '01 944 '01 93 2 'olBBl '01 9 10 '01881 '01894- '01881 'OI,C2 0181]7 Cd j,-' J 

2'5 '015 26 '01 448 '015261 'OIS,P '01 526 '01 47 2 '01 5°1 '014H '0145 I '014 66 '01 45 1 'oq5 S '01 45 1 'o14-P '01 47 0 014 81 
3'0 '00881 '0086; 00882 '0093 ; 'c0882 '00857 008 74 '008 73 00S27 '00826 '00827 00834 0082 7 '007 87 '00844 .C': E z(j 

I I I 
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3~, The ti(;dnccd v ll..:'~ (.)f D for c:{pcrir~lent I W:l.3 64'5G5. E'or II to XV a. 

vah.c I f lJ wa; f\.lund, ill ~ 1ch <... JI,), that should best accord with the adopted value of 
p and with th,: assumption that the probable errors of the several deilections-great 
or ~,m..l.!l-are about equal; and th. i was supposed to be obtained by dividing the sum 
of a.ll the dcfltlctions for d:ff.,rcnt distancE.!~ by the r,um of the values of ( 1 p) for the 

r'l--,:s 

haOle distances-the weighting of thn deflections being in this way proportional to their 
value". The results of these calculi: lOllS are shown in Table 10. 

TABLE 10 . 

. 
%d Value of 

11 rI(l~$) } 
%a 

Expeflllleot. 

%1 rI(l ~~)} 
MUI'8, 

. 
1 2 3 • 

-
• 

II. 6'01 
36'873 '16%09 

Ill. 4'96 
30'431 

} ' 16299 
31"020 , 

IV, 11'74 
31'610 • 

'37 140 

V. 11'45 
30'8%9 

} '37140 
30'660 

VI. ~ 3°'492 
'227 2 7 

VII. _6'83 
3°'°5 2 

'22727 

VIII, 14 6• 
30899 

'47 283 

IX. 14'59 lO'u,: 

f 
3°'4$' 

'48276 

X. 14'99 
31'°5 1 

'48276 

J XI. 14'5° 
3°'°36 

'48276 

XII. 14'58 
30 '201 

'48276 

XIII, 14'34 
27 691 1 's17 8S 

I XIV, 14'34 
27 69 1 117-85 

~ 2,'648 

. XV. 14'23 
27'479 I 517 85 

XVI. 14'36 
51'7 85 27'73° J 

34, The numbers in column 3 show a general decrea.sc with time, which i~ doubtlei'S 
due to the gradual I?R~ of strength of the derledor magnet El ; but tht,y arE' also eubjrct 
to large casu,.l Vur1.ltWl1S of which no explauation can at prC3cnt be nfL'reJ except to 
l'unnise that--heing oC the same order-they are due to the same erra.tic i~fluen('('s that 
make the proLabIe error of a Jetennination of the absolute horizontal force so great as 
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a thousandth of the whole force. No reasonable estimate of the errors of the separate 
observational qllantities that enter into a determination of the horizontal force would 
rate their effects nearly so highly" so that it is probable that some characteristic of the 
unifilar maQ'lletometer is' not yet fully understood, and it may be that due allowance for 
it would r~move as large an absolute ~rror from sDlall deflection observations as from 

• large ones. Thi~ ~ur~isal, as ~o a possible direction in which to look for an .explanation 
of the irregularItIes In question, IS advanced only after most careful, but fruItless search 
for possible variations, of condltion of the deflection apparatus used, for .errors in the 
adopted distances apart of the scal'e and the mirror attached to the suspended magnet, 
and for abnormal values of the horizontal force during the time occupied by a set of 
observations,~any of these that should be influential in any degree even approaching 
tllat of the irregularitiesi The t<?rsion force of the suspension thread, though affecting 
the, observed deflections, and all9wed for in the next step of our procedure, is always too 
small to be of a!\'y account in this regard, and the saD,le may be SaId of variations in the 
value of a division of the scale. '. 

35. The precaution has always been taken to keep the deflector magnet E 1, when 
.not in use, well away from the influence of other magnets, but until the 13th May 1881 
the- magnet N 3 was kept in a box, provided with the CoIaba set of magnetographs, 
between soft iron keeper'~ and along· with-though separated from-three other magnets 
belonging to the set of instruments. It is almost certain that the position and direction 
in its position of each magnet were always kept unaltered, but in June 1876, one of the 
magnets was removed, bodily, and it might be conceived that this removal, by altering 
the position of the polles of the magnet· N 3, would alter the amounts of the observed 
deflections: this, howeter, would only affect the comparability of values of D for the 
time before with those for the time after June 1876, and would afford no explanation 
of irregularities occurring during either of the two" periods. A supposition that the 
magnet N 3 was, after use, placed indifferently with its north end pointing in one direc
tion or the opposite relatively to the' box, would possibly serve the latter purpose, but 
the supposItion is too highly improbable to be admissible. From the 13th May 1881 
the magnet, N3 has, like El,. been kept isolated, i.e. at a distance from any other 
magnets. 

36. A circumstance that should be men:tione~ is that the object glass- of the observ
ing telescope, which is very old, is a good deal weather-stained, so that in diffused day
light tlie image of the scale is seen somewhat indistinctly, whilst when the observations 
a're taken after dark an'd the scale is illu,minated artificially, the distinctness of the image 
is much improved. On this account all the experiments from April 16, 1880 (except that 
of January II, 1881) have been made at· ~ight and with artificial light, and since this 
time there is an evident increase of consistency in successive values of D-that is, from 
experiment XI. onward. 

37. It will be observed from Tables 1, 2 and 4 that the order of observation, with 
the deflector magnet in its different positions, has always been arranged so as to elimi
nate from the mean deflections the effect of any uniform- change of declination occurring 
during the time of making a set of observations: but since the 8th February 1879 the 
elimination has been rendered 8; little more complete, by finishing a set of observations 
at a single distance before commencing a set at another distance, the ,time during which 
the assumption of uniformity of change is needed being thus genetally reduced, and with 
advantage especially With respect to the deflections of smaller amount. In higher 
fatitudes, where abrup~ disturbances with abrupt reversals are cotnmon, the assumption 
would be quite inadnli~sible, bui; a careful examinatiM of the declination magnetograph 
curves for the times of all the experiments ha.s shown that no improvement worth consi
deration would be made upon the aggregate deflections (,<1) by correcting all the readings 
of each set of observations to a constant value of the declination: there were sli~ht wavy 
disturbances on September 13, 1873, May 3, 1877 and June 6, 1882, but no SIgnificant 
changes and no departures from uniformity of movement worth mention even, on any other 
of the occasions. The' choice since the 16th April 1880, of night hours instead of day 
JiourS' in- ,,:,hillh to make these experiments has an advantage-additional to that already 
~len Of,1 that the movement of the declination magnet under the influence of the re~lar 
diurhal varia.tion ,of decli:ilati'OJ'i is at a slower rate at night than, in the day; and tor a 
similar reason the' deflections of the vertical force magnetograph have also, since the 
llOih January 1881 aeen made at night, the slow rate of change in this case being in the 
regular diurnall v'ariati<>n of vertical force. . 
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38. At an early stage of investigations of this nature the question of the degree of 
precision practically attainablu presents itself for settlement; for, as it serves no useful 
purpose, and therefore involves needless labour, to determine some of the data of a 
problem with great accuracy whilst others have to be accepted with much larger ,probable 
errors, it depend~ npon this what amount of change from an adopted value need be 
regarded in any of the data made use of, and whether account need be taken of a. number 
of influences that are known to form part of the conditions of the problem, but may be 
neglected if their effects are considerably smaller than the probable error of the final 
result. It will be seen later that the probable error of the fi~lly adopted scale coefficients 
of the vertical force magnetograph is about a hundredth of the whole coefficient, and 
the limit within which extraneous affections and growth of data have been disregarded 
is one two hundredth (~th) of the whole. 

39. The theory of these experiments does not require a knowledge of the strength, 
or magnetic moment, of the deflector magnet, but as a knowledge of this quantity would 
remove one source of doubt as to the cause of the irregularities in the values of D found 
in Table 10, the practice was introduced on the 18th August 1880 of using the magnet 
E 1 to deflect the magnet N 230 in the Unifilar magnetometer employed in the regular 
observations of horizontal force, at a distance of 1'0 foot, and in the usual four positions 
end-on to the middle of the deflected magn~t,-such deflections being made as accessories 
to each set of experimental deflections in the horizontal plane. These auxiliary deflec
tions, which will appear in a table further on, amount to nearly 7°, and they show that the 
loss of strength of the magnet EI between the 18th August 1880 and the 15th July 
1882, has been. gradual and aggregates only about a hundredth of the total strength. 

40. To retum now to the consideration of the numbers in column 3 of Table 10, 
the irregularities in which are in the main still unexplained, it would seem that the be~t 
.that can be done with them is to divide them into groups, the averages for which will 
exhibit the gradual decrease that necessarily results from the loss of strength of the 
deflector magnet, and to regard the averages M applicable to all the experiments under 
the respective group~: this has been done-the groups (or isolated experiments) being 
I, II, III and IV; V and VI, VII to XI, XII, and XIII to XV and the ayerag$ 
values of D those entered in paragraph 33 and in column 4 of Table 10, A gradual 
change might have been allowed for in the case of the three years' group VII to XI, but 
in presence of the irregularities exhibited within that group, such an allowance would 
have been fairly characterised as over-refinement. Having now obtained the requisite 
data, the value of the disturbing force (Y) corresponding to each position of the deflector 
magnet in each of the experiments of deflection upon the vertical force magnetograph 
(those of Table 4) was calculated by the equation, 

Y Xa' (1 + :)2r'(:_~ ) 
r" 

where a' is the angular value of a division of the scale on which the horizontal deflec. 
tions are read off, (1+ :) is the torsion coefficient of the suspension thread of the magnet 

N 3, and -( D p) is the calculated single deflection. The values adopted of the 2r' 1- _ 
r" 

several factors and of p in this expression are shown for each experiment in Table 11. 

TABLE 11. 

~ 

EUItl!UUtllT, X, 1 +!! 
F D, p, -Xa'(l+:lD. 

Minutes.. Arc 
RadlU8. 

I. 3'7 218 8"13 '00236 Included in 0,', 64'565 +0'11566 
II. 3'7 222 14"36 '00418 1'0010 36'S73 +0'02662 

III AND IV, 3725 1 14"365 '00418 1"0055 31'020 +0'02662 
V AND VI, 37310 14' 290 '00416 1'0046 30'660 +0'02662 
VII TO XI. 3'7361 14"3°4 '00416 1'0033 3)'452 +0'02662 

XII. 3'74°3 14"30 '00416 1"0016 3°'201 +0'02662 
XIII TO XV, ,3'H2o 14"3° '00416 1'001 7 27'648 +0'3°800 

XVI. 3'7435 I.l"30 '00416 1"00 II 28'702 +0'16284 

And the value~ of r'(l~~) for each value of p and r are shown in Table 12. ,.. 
B 8:!5-9" p 

2 

'28415 
' 28695 
'24275 
'23886 
'23748 
'2353% 
'21 555 
'2237° 



TABLE 12. -
p. f 

r 

I +0'11566- +0'02662. 'to 30800. +01G:S4. 

'994 ....... ...... ...... 10 12186 
1'007 . ...... ... ... ...... 1'11666 
102O . ....... I •• ,., ...... 1'1I I7 2 
1'033 It' ••• ...... . ..... 1'10706 
1'°5 1 ...... ...... ...... 1"10103 
1'067 10' ••• " .. _, ...... '96062 
1'088 ...... ...... . ..... '9°028 
1"112 

\ 
...... ...... . ..... '83759 

1'136 ...... . ..... . ...... '7806 2 

1'169 ..... I. . ..... . ..... '71 067 
1'2 ...... '58960 . ..... . .... 
1'209 ...... . ..... ...... "63680 
12$ ...... 'S2087 ...... , 

1'256 ........ ...... ...... '562 78 
1'26 . " .... '5°843 ...... . ..... 
13 ...... '46245 ....... . ... 
1'323 .--.. ...... . ..... '4761 3 
1'35 ....... '41247 ....... .. ... 
1'4 ....... '36945 ...... . ..... 
1'416 ....... ...... ....... '38331} 
1'45 ...... '33222 ...... .. .. . 
1'471 ... ... ...... .... - . '33539 
1'5 .....• '29984 ...... .., 
1'558 ...... . ..... ...... '28343 
1'6 ...... '24671 ...... , .. .. 
1'7 '21202 '20543 ...... .... 
1 '75 ........ ...... . ..... '197°7 
I'768 ........ ....... ...... '1909° 
1'8 '17782 '17 289 '18948 . ' 18055 
1'82 ...... ...... ...... '17445 
1'89 ...... ...... ....... '155 20 
1'9 15062 '14688 ...... ' .. 
20 '12872 ' 12583 '13543 '13°3° 
2'1 'lI089 ...... ...... 
2'198 ...... ...... . ..... '09745 
Z'2 09621 "09443 ........ , .. 
2'21 9 I ..... ....... . ..... 09439 
2'3 '08403 '08261 '0872'1 '08480' 

2'4 '07382 '07 267 ...... . ..... 
2'5 '06521 '06427 '06732 '0657 1 
2'6 '05789- '°5712 ...... ...... 
2'7 '05 162 ...... . ..... .. , .. 
2'8 '04624 '°4571 ...... .. .. 
2'9 '04157 ....... ... ... .. ,0' 

3'0 '°375 2 '037 15 '03,835 
, '0377 2 

By multiplying the number of a particular experiment taken from the last column 
of Table 11 successively by the several numbers from Table 1 ~ corresponding to the 
values of rand p for that experiment, we obtain the set of values of Y for that experi
ment: these are entered in the last column of Table 4. 

41. The next step in our procedure was to construct a curve, for each experiment, 
representing the variation of vertical force with variatiQn of scale reading of the vertical 
force magnetograph, the numbers in columns 3 and 9 of Table 4 being taken as abr-t,jssre 
and ordinates respectively. Figs. 3 to 23 are copies of these curves, which we procf cd to 
examine. The upper left hand branch of Fig. 3- is evidently displaced with reference 
to the three other branches: this arises from the observations which it represents haying 
been taken on the following day, when a change had taken place in the position of th£' 
vertical force magnet. Similar displaeements appear in the upper right hand branch(s of 
Figs. 4 and 5, but of these no satisfactory explanation presents itself," In the first and bst 
cases constant corrections (of+O'6G and+O'38 respectively) have, before proceeding 
further, been applied to bring the readings into general accord with tllOse of th~ 
respective adjacent branches, the average readings for corrp,sponding di:stances in the pair'> 
of branches being thus made equal: in the second case the right and left hand branchc<; 
are treated as if they belonged to independent experiments, the one yielding a value of 

• See rema;rk on a feature in the behaviour of the instrument in paragraph 59 It is t11s behaVlc.a.r n,at 
"Wants explanatlon. 
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the scale coefficient corresponding to o~e sGale-reading, and the other to another scale
reading, :M,'an "('.3.I.'-re:ldin~g were noW' taken, for each experiment, and for corresponding 
distances, and new curves (Flgs. 24 to 44) were constructed to represent them. The means 
are shown in Table 13. -

r. 

L II... lib, IlL IV. v,," n. 
--1---4,--1--1-1- -----

'994 
1'0'1'1 
,'oz(; 
1'033 
1 '051 
1067 
l'oSS 
1'112 
I !~ 
I'~,,:, 
12 
1'209 
1'25 
"256 
1'3 
1'323 
1'4 
1'416 
1'477 
I'S 
1'558 

-

1'6 .. , ~ 
1'8 7'69 3l'j6 

2178 

24'59 
2761 27'34 

TABLE 13. 

0'70 
2'73 
4'67 
6'46 
8'72 

10'48 
12'51 
1~'5S 
10'40 
18'46 

20'52 

22'41 

24'50 

26'55 
27'S5 

28'65 

30 '68 

... 

1"9 17'64 ' 
2'0 21'77 35'17 
2'1 24'01 

~ar;; 

21'64 '.. 30 97 3
"

05 30'83J1:~6 2;:~21~ 24:47 23'63 2:'59 

2j:~ 3;:~S 31'85 3~:;5 32'46 P-:-'513;'fc 2i:~ 26"j6 2;';2 25'00 2295 ~ 25733 

2'IgB '.. • •• 
2'2 2S'54 36 '37 
2'21S ,,' 
2'3 26'69 

30'27 

30'93 30 '69 

31 '39 

.. , 2809 

.' 
28'26 

33'65 33'35 33 9S 28'61 21'13 2~ 26'12 24'10 2j:96 32'47 2889 
2S'I4 33'42 '" 

32"92 33'33 33'61 34'14 33'88 34:41 28'85 2i:50 2i'Sz :z6~s. 24:52 25'51 32 B4 2999 
2'4 27'54 37'2C 
2'5 I~ '" 
2'6 28 80 37'78 
2'7 29'U 

38 '23 31 75 2'8 29'58 
2'9 2987 
30 3011 
00 32'41 
3'0 34'81 
29 35°3 
28 35'Z9 
2 7 35'61 
26 3S 97 
25 36'45 
2'4 3699 
2'3 ~ 
2'219 
22 38 45 
:Z'l98 
2 I 39'44 
2'0 4') 77 
1'9 4260 
189 
1'82 
1'8 45 27 
1"768 
175 
1'7 4953 
1-6 , , 
I'SS8 
I'S 
J'477 
1'45 
1'416 
14 
1'35 
1'323 
J'3 
1 256 
1209

1 

38"S3 '" 31"98 
39 89 .l2.!!2 33 '01 

41 13 339S .. 
41 '4934'20 

.. , _' ......;::.. 33 6:z 3396 34'25 34'89 .u:Ss 3S:jC29 '23 28 ~I 28 ~5 27'21 as',j9 27:99 3j:36 31'45 
3284 21'35 21'46 27 24 34'S6 34'87 35'08 3S'76 35'47136'1629'90 28'S7 29'16 28'07 :z6'oo 3061 34'10 33'56 

28 U 28'25 35'4635'79 36'00 3683 36 S3 37 21 3°'42 29'27 30'07 28'91 26'82 32'49 34'87 35'$4 

28:302S:49 

4:Z:~1 34'60 2856 287C 
...., , 3615 36 '44 36 68 37'56 37:23 37:98 3~ 8g 29'64 3~:67 29:51 27 47 14'01 3S 43 37'00 

42"?;l 35 ~3 35 'IC 28'go 29'08 29'00 " '" 36 88 .. ,.. I .. ' 
.' .... ,,:~ I "~lJ8:"1 "::~"'.'." ".:~ ",.. .::80

1

:: ~ I'm ~;: 
43'8313S-61 29'37 29'S6 • .. ,... , .. , ,'.. .., .. ' 

, 8 , , 3892 

45:~8 3~;~8 ~130'O5 30 '26 JO'2C 37'80 ~'38'2O 39:;~6 J8:~ 4O:~.3I'~5 30';~ 32':;5 3~:87 zi'i7 37:98 36'66 41'19 

4~:.r7, ~9 ::: 3~~~0 3~,~S ,,, '" ::~ I ::: .. : ::: ::: ,:: ::: I ,: :', ':' 4006 43'55 

48'72 ' 38'03 38=%3 l!.:2? 31'40 3r '24 39:49 ~ 65 40:# .;:72 p'77lJ!iJuriz.,13;'S9 Z :;,~~ 31'66 

I .. ... ' ... 45'So 

::' 39'08 '" 31"81 32~7 " ,:. 14~:SO 
.. ' 40'54 32 77 33'26 

34'0534'65 .. 43'S743'68 

34'84 35'49 

3979 

4095 
". 

42'05 .-
::'I 42

?S 
' .. +f I 9 

::~ 46~ 

... 1 
(4'21 

46 54 : , .. , .. 
I 

.., ,.s 57) 
I ' 

42. As many points as possible, includinO' generally the point of no disturbance, 
were now selected, by inspection of each curve, as

O 

would fulfil the condition of lying all 
nearly in the ~ame straight line, and for which the several scale-coefficients would therefore 
be nearly umform: the mean scale-reading and disturbinO' force corresponding to each 
point then afforded an equation of the form 0 

, • 0, (8-S)=1", (9) 
and those corresponding to all the pomts selected trom a given curve a set of such equa
tions from which to determine by the method of least squares, the values for the part of 
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that curve included between the extreme points, of 0 or ~!" and 8 or the scale-reading for 
which Y, o. The values of 0 and 8, for the several experiments, are shown in. Table 14, 
and they are represented also by the straight lines drawn on ,Figs, 24 to 44, by means of 
which the agreement of the line and points of each of the several curves may be estimated. 
Strong lines are marked in Table 13 in the positions corresponding to the limits of the 
selected points. 

TABLE 14. 

SCALR-READING V,F, v, F. Experi. o or 01/ POINTS, Value Date, S, dY Ther- Vacuum ment. d8. mome· gauge. o£m, 
Least. Greatesl ter. 
---- i------

I 2 3 4 5 6 7 8 9 
-- ------

\ \ 

8-9th February 1872 . -, I, 32'42 '004589 28'80 37'62 89'1 , .. '68o 
lIth April 1872 .. , ... IIa, 39'96 '0075 23 3.:n6 38'53 90 '2 1'63 '678 
nth April 1872 .. , .. , IIb, 39'37 '006137 41'13 42'78 90'2 1'63 '678 
12th September 1873 .. , III, 32'96 '008550 2996 36'48 89'3 2'45 '662 
13th September 1873 .. , IV, 32'86 '0°7926 28'97 36'7° 88'1 2'5° '662 
30th June 1876 .. , .. Va 27'32 '011008 27'35 31'09 93'S 3'43 '634 
30th June 1876 ... ,., Vb, 27'45 '010696 27'46 30'26 93'8 3'43 '634 

3rd July 1876 ... ,., Vc, ..' .. , 2'1"24 131'24 92 'S 3'45 '633 
8th August.r876 , .. ,., VI, 34'56 '00942 7 3r'35 37'80 91'0 2'36 '632 

3rd May t877 , .. .., VII, 34'9° '0097 26 31'85 38'03 91'3 2'42 '624 
loth November 1877 .. , VIII, 35 14 '009893 30 '97 38'20 92'S 2'47 '618 
8th February 1879 , .. IXa, 35'83 '008773 31 '05 39'26 87'6 2'65 '605 

loth February 1879 , .. IXb 35'53 '008844 30'83 37'75 88'0 2'67 '605 
12th January 188o .. , .. , X, 3622 '008548 32:70 38'57 84'5 2'90 '595 
16th April 1880 ,., .. , XI. 29'87 '01 5°04 27'12 31'21 88'9 1'5 2 '59 2 
lOth January 1881 , .. .. , XII, 28'55 '013297 2S'48 31'53 85'8 I'76 '5 84 
4th March 1881 .. ' .. , XIII, 29'06 '008810 24'47 33'27 86'7 2'40 '582 

14th MaJ 1881 .. , .. , XIV, 27'97 '00913° 23'63 31'89 89'8 2'42 '5 81 
5th June 1882 .. , , .. XV, .. , .. , 21'59 29'67 908 2'70 '569 
srd July 1882 .. , .. ' XVla, 3°'52 '004139 30 '61 35 83 91'0 1'40 '5 68 
Sth July 1882 .. , , .. XVlb 34'II 'OII546 3161 34'87 91'0 1'51 '568 
14th July 1882 ... , .. XV-Ie, 33'50 '004068 28'09 38'92 90 '3 2'28 '568 

43, Considering now Figs, 24 to 26 and 43, the curves of which have a long range, 
by themselves, we see at a glance that the middle parts are much more inclined to the axis 
of abscissre than the two ends, and the change of inclination is gradual both to the right 
and to the left, though it is so small as to be scarcely perceptible through a considerable 
part of the middle of the scale; this implies that the scale-coefficient is a maximum in the 
middle part and grows smaller towards each end of'the scale, Indeed on the 3rd July 1882, 
when the instrument was adjusted for greater sensibility, but yet so as to leave the scale· 
coefficient for the division 33'2 about '004, it became an oversetting balance when the 
scale-reading was either less than 21 or greater than 49, Observing also that the straight 
lines of Figs, 24, 26 and 43 and the lower one of Fig, 25 are, as nearly as the eye can 
detect, tangents to the parts of the curves which are most inclined to the axis of abscissre, 
and therefore represent the maximum scale-coefficients of the respective curves, we may, as 
we shall presently show, regard the corresponding coefficients as applicable, without material 
error, to any part of the scale between 32 and 36 divisions, and therefore to the division 33'2; 
the latter division we have chosen-as heing nearly midway between 32 and 36, but 
otherwise arbitrarily,-to be referred to as the scale-reading that will be found when the 
knife-edge of the vertical force magnet rests on its part of minimum curvature, The 
middle points of the parts of the curves to which the coefficients actually apply, correspond 
to the scale-readings 33'21, 35'94, 32'87 and 33'24-a11 within the limits laid down. 

44. Attributing the change of sensitiveness of the instrument with change of scale
reading to the varying curvature of the knife-edge of the magnet, we are now prepared to 
apply the equation (5a) to find how much force, tending to increase any change of position 
from the scale-reading 33'2, the magnet exerts in each of the positions taken up by it in 
the four sets of deflection experiments ;-

Equation (5a) is r:; (wo) = (X + r:; csin E) as-Y-(O-YJ 

=(X + ':: c sin e:) a (s-S)+(X+ ~ c sin e:) a S

(X + ~ c ,in e:) ax33'2-Y+ Y, 

={( x. +'~ c sin E) a (s~S)-Y} + 
, (x+ ~ c sin .. ) a (8-33'2) + ~ (9a) 

" 
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in which, if we assume that the last two terms are together eqwLl to :ero, we shllll be 

neglecting the, at present ~nknown, sma.ll values of !, (w~) that accumulates between the 
scale-readings, and 33'2 ; but as this small quantity will be a constant affection of all the 

values of :' (1.170), and as we shall practically have to deal only with difl'erences between 
different values, the constant will disappear in the diiferences and it may therefore be 
altogether disregarded. We thus obtain :-

~ (wo)=(X+ !:' e,in ')a(.-S)-Y. (9b) 
For insertion in this equation the mean scale-readings (.) are obtained from Table 13. 

the values of 8 and th~ approximate values of (X + ':: C Bin .) a* from Table 14, colU1Illl8 
3 and 4 respectively, and the disturbing forces (Y) from the last column of Table 4. Pre· 
mising that the value of Whaving been 1760'1 grains until the 13th January 1880 and 
1802'6 grains since the 20th January 1880, the results obtained from the first three of the 

four Bets or experiments have been multiplied by 1'0241 (== ~~~~:~) to " render them, so tar, 
comparable with those of the laat set, the values found f~r ':: (wo) are shown in Table 15. 
By an oversight a corresponding reduction. of the four sets of results to a. constant v~lue of 
m was omitted at this stage, but the effect of the omission will presently be .allowed for. 

TA.BLB 15. 
ESPBBURn I, Euunt:B¥r IL EuuDlurill. EuBBlKU'l' XVIii. 

'I. F. M.guetb~ ~IIIO). V. F. Jlagnet~" Wg 1\7, F. Mague~ Wg<tDO). 'I, F, Magne~ ~IIIO). 8ca}e.readJDg. I'll 8cale·rUdiDg" -;:<IDO). 
Scale-ruding" .. Sca.le.readiDg" .. 

7"69 -'0645 3'59 - 'leW9 8"14 - '1024 0'70 .... 1132 

17"64 -'0356 11"83 -'0637 16"99 -"04S0 2"73 .... 1013 
21"77 -'0126 17"83 - '0347 "21"78 -"0234 4"67 -'0900 

24'01 -'0°73 24'40 - '0113 24'59 -'0120 6"46 ""0798 
25'54 -'0043 17"96 -'0°43 27'61 -"0039 S"72 ""0671 
26'69 -'0025 30 "34 -"0016 2g"26 - '0011 10"48 ""0579 
27'54 -'ootS 33"36 '0000 3°"27 - '0001 U"SI -"0480 
28'36 -'0006 35"17 +'0001 30"93 +'0003 14'55 -'0385 
28"So -'0002 36'37 +:0001 31'39 +'0005 16".0 ... '0299 
29'22 '0000 37'20 +'0001 31'75 +'0008 IS"46 ... '0217 
29'SS +"0001 31"78 '0000 31 "98 +'0007 20"52 -'0145 
29"S7 +'0001 38'33 + '0001 33"95 -'0006 22'41 -'0092 
30TI + '0001 38'53 -"0001 34"20 -'0005 24"50 -'0044 
34'81 +'0003 4 t "13t +'0031 34'60 +'0002 26"55 ... '0016 
35'°3 +'0002 41"49 +'0024 35"03 +"0001 27'55 -'oooS 
35'29 '0000 4a"01 +'0030 35"61 - '0003 28"65 +'0003 
35'61 '0000 4a '78 +'0044 36"48 - "0005 30"68 +'0008 
35'97 - '0002 43"83 +'0061 37'19 + '0005 31"61 . +'0003 
36"45 '0000 45'58 +'0103 38"03 + '0014 3a '47 '0000 

36"99 '0000 46"96 +'0148 39'08 +'0025 32"S4 '0000 

37"62 '0000 4S"72 + 'Oz07 40'54 +-005° 33'30 -'0002 
3S'4S +'0003 4 3 '75 + '0112 34"S7 +'0003 
39'44 +'00°7 44'19 +'0157 35'43 +'0005 
4°'77 +'0018 46"07- +'02%g 35'77 +'0002 
42"60 +'0041 36"66 +'0003 
45'27 +'OOS6 37"66 +"ooo~ 
49'53 + '0187 39'79 +"0022 

t The .alDee of 8 for the 
40"95 +'0039 

DumbenJ JeB~e11 aboft 42"05 +'0059 
and below thia mark are 39116 44'27 +'0108 
aDd 39"«' Ik. footu.ote '" 46'54 +'0176 
paragraph "- 48"57 +'0245 

45. Figs. 45 to 48 have been constructed to represent these numbers," 
the abscisslB, of the curves being scale-readings. and the ordinates values of 

Wg (wo), t Remarking on these that in their principal features they tell the same tale. 
m 

• The uppel"right bud branch of Fig" 'is shlfted bodily. with. reference to the line of continuity of the rest 
of the curve, tI> the len: the average displacement of it iii 1 -OS Be. div. and the zero reading adopted for compa
rison with the means of the two right hand branches is, accordingly, 0"52 So. div. lEU than that adopted for the 
two left hand branches: that is, the nlue of 8 for experiment lLJ being 39"96, that for experiment IIb is 39"44 ; 
ant{ the two pa.rtisJ experiments being thus brought into connection with each other the coefficient (-007523) 
foud for experiment IIII is applied to the complete e:q>eriment IL 

t Only.the IlllDlben of experiment XVlb a1"6 cDl"Ved Dear the .uriaions 32 to 36, whe1"6 othel'Wi.Ie can
fwon would arise from the Jl,eal'De&I tc) co-incidence of the four CIlI"VeB. 

8825-10u 
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and passinO' by-for the moment-the discrepancies exllibited nmon~: t theill, \\0 r ;-occrd 
1:1 W 

to find an avern-ge set of value::, of -;! (1CO) and to con&truct an r ... vcmgc ( . .If V " TIlL l~r;-t 

step taken was to co~bine points lying bet~T,'een one scale-reading alld the nu t l)y r-.i"D[ L 
averaging, thus reducmg the n~mber of pumts on each cur~e to not more thD.!l on·! bvtwU.1 
ea.ch pair of adjacent scale-readmgs : the next step was to mterpr,late between e \ L ry f.l~-

cessive pair of points remaining on a curve the valueg of lVg (teL') f')r all the intc<lr.tI.:,'::..lp-
In <:> 

readings lying between the respuctive pairs of points, on the a%umption of a ulllfort'l 

rate ofc,hallO'e of Wa (100) betv.-een each pa.ir ofpoints,-in tr..is wcJ.y oLtamiIJCf an (Irdin:.;.t,. 
<:> ?n 0::-

for each curve corresponding to each integral scale-reading, the third step "£'3 to a\l.-ra.;;(: 

the four valu~of Wg (wv) for the four experiments: and the fOUlih and l.<st step ~;'l..~ 
1n 

to construct the average curve (Fig, 49) representing these values, Afterwald, the diff8T
unces were taken between the averages for the scale-rp"Jing"S ~3 and ::!4, 24 and :?5 ...... , ... 
and 43 and 44, these differences representing the additional scale-cocffici<':'lt of the instru
ment, due to varying curvature of the knift;-edge of the ma~net, for ever.) part of the sCdlc 
that has come into use in the course of the instrument's actIOn as a rec()rder t f yuri3.tlOn'i
of the vertical magnetic force. The averages and differences arc shown in T""l,) 16,-

TABLE 16. 

Average 
value of 

Difference, Va.lU<l8 of 1"[1(100) 
WY(wo/, Values of Smoothed 

valued of 111 

lR~cale m Values of t.(wo) 
eadlllg (w~), t.(100) 

& 
~ -----------

W=18026 W=1760 I W=176o'l W=I'>u2 f 
m=06.{j m=o 678 m=o 643 '" =) S77 

I- ------- ------
1 , 2 3 4 4a 4b 5 6 7 

----- - ~----

Inch. Inch I 
9 - '074..5" - 00002154 .. ' ..... -'0690 - '07 2 7 - 08 30 

10 -'0694 -'00002006 ..... . ..... - 0643 - c6;8 - 0773 
II - '0643 " -'00001859 ., ... ..... - 0595 - 0628 - 07 1 7 
'12 -'0593 .. , - '00001713 , .. ..... - 0549 - 0579 - 0661 
13 -'0$43 " - 00001571 ' , .. .. - 050 3 - 0530 - 0605 
14 - 0495 ,., - 00001430 .. , .. .. - 045 8 I - 0483 - 055 2 

15 - 0446 .. - '00001288 ...... -'04 1 3 - 0435 -. 04?7 
16 - '0397 ~ 00001147 .. .... ..... - 0363 - 03&3 - 044 2 

17 -'0349 - 00001009 .. - '03 2 3 - 0341 - 0390 
18 -'030 7 ,., -'00000887 . -'0284 - 0300 - 0342 
19 -'0268 .. , - '00000775 .. , ..... - 024 8 - 0262 - OZ9') 
20 -'02 3 0 . - 00000664 ... - 021.3 - 021 5 - 025() 
21 -'01 92 ! 

-'00000555 ... - oq8 - 01 R7 - 021 4 
22 - '01 5 8 

+"~030 I 
- 00000456 , .. 

I - 01 46 - 01 54 - uq6 

23 - OIZ7 -'00000366 I - 0118 - '0 12 4 - 014' + 00000086 + 0000008z 
24 -'0097 - 00000280 - 0090 - 0095 - oloiS 
25 -'007 2 

+ 002 5 
-'000002°9 

+ '00000071 +'0000007 1 
- 0067 - 007 0 OO~C> 

+'001 9 +'00000055 +'00000060 
20 - '0053 - 00000154 - 0049 - 005 2 - 005(; 
27 - 0036 

+ 001 7 -'00000103 
+'00000051 +'00000049 

- '0031 - 0035 - 004'> 
28 - 0021 

+'001 5 
- 00000060 

+'00000043 + 00000038 
- '001 9 - 0021 -'v02J 

+ 0010 +'00000029 +'00000028 
29 - 0011 - COOOO031 

+ 00000018 + 00000018 
- 0010 - 001 I - 00!2 

3 0 - 0004 
+ 0007 

- 00000013 - 0004 - 0004 - '0004 
+ 0003 + 00000010 + 00000010 

31 - '0001 - '00000003 - 0001 - 0')01 - ·C1001 
+'0001 + 00000002 + 00000002 

3 2 0000 -- 00000001 0000 0000 eOOc. 
- 0001 -'00000001 00000000 

33 - '0001 -·00000002 - 0001 0001 
I 

- 0001 
0000 '00000000 '00000000 

34 - '0001 - '00000002 
+ 00000006 

- 0001 - 0001 
I 

- (1.)0' 
+ 0002 00000000 

35 ,+ '0001 + 00000004 + 0001 + 0001 + :or,.:·! 
- 0001 - 00000003 'OOOOC::lOO I 

36 '0000 +'00000001 0000 0000 ! C:00 
+ 0002 + 00000004 +'00000004 I 

37 +'0002 + 00000005 +'0002 + 0002 + G002 

"8 + 0006 
+ 0004 

+ '000000 1 7 
+ 00000012 + '00000012 

+ 0006 + 0006 + 0(-:'7 ,I 
+ 0007 + 00000019 + 00000020 

39 + ·COI3 
+'0010 

+ 00000036 
+ 00000029 + -00000029 

+,0012 + 001 3 + '001 5 
40 + 002 3 +'00000065 + 0021 + 0022 + .J)~:' 

+'001 3 + 00000039 ' + '0000003 8 
41 + 0036 + 000001 0 4 ! + 00000"43 -L 0033 + 0035 -l- u"}4 -) 

I 42 + 00::;4 
+·0018 

-l 00000155 
+ '0000 :'05 1 

..,- 005 0 ~ 053 -- o-:,Go 

43 + 0074 
+ 0020 

+ 00Cc.,021 3 
+ 00000053 + oooocoSS 

I + oC'(J9 I + (J07 2 I + 0082 
+'0022 + "o,~00064 +'ooo;)vu08 

44 I t- 00<)6 + oO"o(J0277 + oO~SI ! + oo')~ 
I 

r 01 C 7 

45 

\ 

-t 0122 + 0'1;)00354 

I 1 

+ -.112 + 011(/ (_ 1 ,\,"j 

t,.6 + 01 52 + 0000Q,U9 + Ol.p I + 01'1 T : 1 "fJ 
I 
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The differences are curved in Fig. 50 on a scale ten times more open, as regards the 
<>rdinates, than that of Fig .. 49; and a line is drawn, with. a free hand, to represent 
the general course of the curve,· which is seen to be of a very definite character, and far 
too extensive to allow of the characteristic of the instrument which it exposes being 
ignored in any attempt at even approximately accurate interpretation of the records. A 

second scale of ordinates, representing the values of A(WO) ~ven in column 4a orthe table, a. . 
is attached to Fig. 50, and from the free-hand curve of Fig. 50 the smoothed values of 

A(WO) are read oft', with the same scale, and entered in column 4b : the meaning of these 
AI 

numbers will presently appear. 
46. The justification of our assumption (paragraph 25) that the scale-coefficient is a 

maximum and practically uniform between the seale-readings 32 and 3& is to be found in 
the horizontality of both the curves (Figs. 49 and 50) in that region. 

47. If the four curves of Figs. 45 to 48 had been more exact counterparts of each 
other, it might have been worth while to devise a more exact mode of interpolation, hut 
the r,rocess adopted is as elaborate as the nature of the materials operated upon would 
justlfy. One reason why the curves differ is that they have not been reduced to a constant 

value of m, and the average curve must be understood to represent values of Wg (WQ) in 

in which ~ is the average of its separate values at the times of the four ex;:riments. 

The vertical force magnet was used to deflect the magnet N 23c in the Kew Unifilar 
Magnetometer on the 20th December 1871 and again on the 14th January 1880, being 
placed at a distance of 1'0 foot and directed end-on to the suspended magnet: the angles 
of deflection found were 9ci 43' 10· and 80 25' 55" respectively, and half the sine of the angle 
('0844 or '0733) multiplied by the horizontal force (8'0735 or 8'1128 British units) gives 
the magnetic moment (m) of the vertical force magnet (in British units) nearly enough for 
the present purpose: the respective products are 0'681 and 0'595, and, assuming that the 
-dimmution of m has been throughout at a uniform rate, we find for its values at the times 
of the four experimentst 0'680, 0'678, 0'662 and 0'568, whence the m of the average 
curve is 0'643, Using this value of m, 1802'6 as that of lV, 32'108 as that of g and 
0'46108 as the divisor for converting mm-mg-8 units into British units, we have 

.' . Wg ( ) b '46108 Wq . ' dlvlded the average values of m wo y 12 m' and have thus obtamed a set of 

values of (wo) expressed in inches. These are given in column 4 of Table 16. 
48. We have seen (paragraph 5) that these numbers may, under certain conditions, 

be regardeq as invariable: hence we have only to multiply them by the particular value 

of 0'46108 Wg, corresponding to the ti~e of a'particular experiment, to obtain the several 
12 m 

values of Wg (wo) (in mm-m.g.-s units) to be allowed for in that experiment. Thus to 
m 

find the value of the coefficient, from any experiment, for the scale-division 33'2, that 
experiment furnishes us with a series of equations of the form [that of (54).with trans
position] 

(X+ Wq t; 8i1h), as=Y+ lVq (wo) + (0- Y) (10) 
t1I 11" I 

in which sand Y+ ~q (wo) are known, and (X+ ~q c sitlE )aand,(O-Y] may be found 

by least squares. This is the method that we propose to adopt in future, but with the 
restriction that only such equations are to be included in a series as have values of s that 
lie between 23 and 44 : it has been applied also to the experiment XV (of June 5, 1882) 
and retrospectively to experiment Vo (of July 3, 1876) with the respective results 

(X+ Wg 08in .) a='01233 and '01110, and (C-'Y)='32042 and '30238; and it is with 
'" these data that the straight lines on Figs. 41 and 30 have, as exceptional cases, heen 

constructed . 

.. In the printed copy of the curves, the free-hand lino has, to avoid confusion, been cODstructed below the 
other, 

t These and the values of m for the times of the remaining experiments are entered lD coluDlD 9 of 
Table l4o. 
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49. It is unnecessary, however, to incur flO much labour with respect to the rest of 
the experiments: for I to Vb nnd VI to,XtI of these it will suffice to keep ua within our 
standard limits of error to use the equation (7a) in the form 

ASWf(wo)J 
(X + Wg 0 tint,)11 = dY + --,-l-;"'_--" 

til ,1. ~ 

(11) 

taking ~~ from the 4th column of Table 14 and A.I as the increase (rom the least to the 

greatest of the scale readings shown in columns 5 and 6 of the same table, and A) :-q (U'o) I 
as the corresponding increase of the numbers in column 6 ofTa.ble 16, These last numbers are 
bta' _03 &0 th 'I b l' 1 . la 0'46108 Wg o IDt:<U ro ose ill co umn 4 y rou tip ymg the tter by 12 m for tLe CMe In 

which W=1760'l, g=32'108 (foot-seoond units), and m=O'643: and other sets oevalues 

of r:; (wo) obtained in the same manner .with other values of Wand m, are-for conveni

ence-entered in columns 5 and 7 of the table. One general value (Q'643) of m has been 
adopted as exact enough for all the experiments I and III to XII, their own proper 
value (0'678) for IIa and IIb, and the general value O'[)77 for XIII to XVIc: for I to 
XI the value of W was 1760'1 and for XII to XVle it was 1802'6, Table 17 exhibits the 
data and results of equation (11) {or all the experiments to which it was applied :-

TARLE 17. 

dY A{ !?(1fO)} A{~(VO)} ~-
V.F. 

Experiment (date). (l; Aa. (X + -.!UM .)0 Therm~ 

Aa. 
1/1 me'er, 

1 2 3 4 S 6 7 

I (8-gth FebrulU'f 1872) .. "004589 S·S2 '0016 '000181 '00477 89"1 
IIa (Ilth April 1872) .. , '0°7523 5.17 '0010 -000183 '00771 9°'2 
IIb (lIth April 1872) ... -006137 1'65 '0031 '001782 '00792 902 

III (12th September 1873).,. '008550 7'22 '0008 'O'X>1I0 '00866 89'3 
IV (13th September 1873) ... '007926 7'73 '0010 '000129 '00805 88'1 

VII (30th June 1876) ... 'OIl 008 3'74 '003 1 '000802 '01181 93'5 
Vb (30th June 1876) , .. '010692 2·So '0023 '000821 '0115 1 93.8 

Vo (3rd July 1876) .. . .... .., ...... . .... '01110 92 5 
VI (8th August 1876) ., '009427 6'45 '0004 "000062 '00949 91-0 

VII (3rd Ma.y 1877)... ... :009726 6'IS '0006 '000097 '00982 91.3 
!vIII (lOth November 1877).,. '009893 7'23 '0003 '000111 '01000 92'5 

IXa (8th February 1879) ., .008773 S'21 '0016 "000195 '00897 87-6 
IXb (loth February 1879) ... '008844 6'92 '0004 'ooooS8 '00890 88·0 

X (12th January 1880) ... '008548 5'87 '0010 '0001 70 '0087 2 845 
XI (16th April 1880) .. , '015004 4'09 '0034 '000831 '01 583 889 

Ix~I (loth January 1881) .. '013297 6'05 '0063 '001041 '01434 Ss 8 
III (4th March 1881) .,. '008SIO S·SO '0094 "001068 '00988 86'7 

XIV (14th May 1881) .. '009130 8'26 ·0120 '001 452 'OIOSS 89 8 

XV ~sth June 1882) .. , ..... .., ...... ...... '01233 9°·8 

~;Ia 3rd July 1882) .. '0°4139 S'22 '0002 '000038 '00418 91 '0 

Vlb (Sth July 1882) ,. '011546 3'26 '0002 '000061 '01161 91 '0 

!KVle (14th July 1882) ... '004068 10-S3 ·003S '000323 '00439 90·3 

50. We are now prepared to understand a graphical illustration that Fig, 49 may be 
made to afford of the change of sensitiveness of the instnunent with change of scale-read
ing and of its ultimately oversetting when a particular division is rea.ched either on the 
side of increasing or decreasing readings. On the figure and passing through the scale-

division 33'2 we have drawn a straight line to represent the coefficient (X+ J~q c ,in.) a 

for the time of the experiment of July 3, 1882, so that equation (7a) 
dY =(X+ Wg c sine) a- lVg d(wo) 
~ m m ds 

is represented in its first term of the second side by the tangent to the angle whiC'h tLe 
straight line makes with the axis of n.bscissre, and in its second term by the tangent to the 
angl? which a tangent line to the curve at a particular P?int makes w~th t~e a~i3 of 
absClssre ; and consequently, the last term beino- affected WIth the negatIve SIgn. If the 
inclination. of the tangent Une at a given point be greater than that of the drawn atraight 
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line the value or ddr: the actual scale-coefficient for that point, wID be negative, tha.t is the 
8 / 

instrument will be unstable and the magnet will ·overset. 1£ we imagine a tan~ent line 
drawn parallel to the drawn '8trai~ht line it will touch the curve near the divisIon 18 on 
the lower part and near the diVIsion 50· (perhaps) on the imagined prolongation of the 
higher part, whilst between these two scale-readings the tangent lines will have a smaller 
inclinatIOn than the drawn straight line, and beyond them in both directions they will 
have a greater inclination. Hence the state of the instrument will be one of stability 
between the specified scale-readings and one of instability beyond them. ' 

A similar illustr~tion, but necessarily confined to the stable part of the scale, is 
afforded by Figs. 24 to 26 ana 43, the curves of which all tend, at their extremi.ties, 
towards horizontality, the direction which implies a zero coefficient and that the instrument 
is in a state of neutral equilibrium. 

51. We shall see further on that such a disturbance of the vertical force magnet as 
takes place when a set of deflection experiments is made upon it constitutes a break in 
the continuity of its registratioD.8.-the magnet stopping short, on the withdrawal of the 
disturbing force, of its original undisturbed position. For this reason it is undesirable 
that deflection experiments should be made too frequently, but on the other hand the 
scale coefficient is subject-even after- allowance for the effect of change of posi. 
tion of the magnet-to such considerable variations, of which the accepted theory of the 
instrument takes no account, that it is unsafe to assume that it changes at a uniform rate 
for any lengthened period. Choosing the lesser of two' evils, we have, therefore, since the 
16th August 1880 had deflection experiments on a small scale made once every month, 
whilst still continuing the more complete experiments once a year or oftener. The sarna 
deflector m:agn~t (E 1) was used in the monthly experiments as in the others, but it waa 
placed at a constp.nt distance on the north side of the instrument only, and one reading 
only was taken for each of the positions of the deflector-north end down-and north end 
upt: the constant distance was 1'8 foot from April 16, 1880, to January 10, 1881,and 2'3 
feet from January 17, 1881, to JWle 5,1882. The readings and differences (or double deflec
tions) are showp. in Table 18, as are also the single deflectioIlS--'-with the deflector at 1'0 
foot distance-referred to in paragraph 39 :-

TABLE 18. 

Th .......... Time 8lnll'Ie de 
- (.r+~"".)a mete. of _koned fleetloM 0 

Dlltance Leue. G_te. Double A I.!!' (eo)} IY+CoL8 VF'h ill montlul Magnet 
Dt.te, Inleet. _Ie- ocaI ... delloctton froID To lU3c~ ..-mg, .eodlng, Col, 7-'-CoL 6-

KAgnet .. 
~~net , 'l! 10100 
diotance, 

1 . 2 3 ~ /) 6 7 8 9 10 11 -
16th April 1880 .. , .. 8 27'15 32'72 5'57 '0033 '085° '01527 88"9 3'5 ' .. 
16th August 1880 " I'S 26'22 31"99 5'77 '0051 '086S '01505 887 75 I' 

, 
17th A uguat 1880 .. , I'S 26'26 32'19 5'93 '0047 '0864 'Ol4f S9"2 7'S 55 
17th September 1880. I'S 26'04 31'9S 5"94 '0053 '0870 '014 ~ 8T9 86 6 56 
Isth October 1880 "., 1'8 26'14 31'8!) 5'72 'COs I '0868 '0151 8S'3 9'5 6 5S 
19th November 1880, I'S 26'05 31'94 S'89 '0053 '0870 '01477 8T2 10'6 6 5S 
18th December 1880, I'S 26'10 32'1S 6-08 'COSI '0868 '01428 85'9 JI" 6 55 
7th January 1881 .. , 1'8 25'90 32 04 6'14 '0055 'oS72 '01420 

85'1 lZ'2 6 SS 
lOth January 1881 ' .. 1'8 25'57 31'49 5'92 '0059 '0876 '01480 85' ,u'3 6 55 -
17th January 188. , 1'3 22"98 18'11 5'13 ...... ....... ---- 85'6 .., 6 55 -20th February 1881 " 1'3 27'09 31'30 4'2. '0034 '0410 "00974 858 0'0 6 S5 
4th March 1881 .. 2'3 27'01 31'09 4'08 '0936 '0411 '01010 86'7 ,0'4 6 S5 

2Ut ~rill881 .. , 2'3 26'45 JO'31 3"86 '0040 '0416 '01078 88'0 z'o 6 S4 
14th a,I881 , .. 13 2612 2989 '577 '0046 '04Z2 '01119 89'8 z'8 6 54 
16th June 1881 .. , 1'3 25'82 29"54 3'72 '0053 '0428· '01151 90'8 3'9 6 53 
16th July 1881 '" 2'3 25 63 29'50 3"87 '0054 '0430 '01111 89'1 4'9 6 54 
25th Auguat 1881 ,,' 2'3 25'29 29 29 4'00 '0058 '0434 'OloS~ 89"7 6'2 6 54 
17th September 1881 1'3 25'29 29'02 '573 '0056 , 

'0432 'OilS 90'1 7'0 6 54 
19th October 1881 , 1'3 24 89 28'89 4'00 '0062 '0.$38 '01095 88'S 8'0 6 S4 
16th November 1881, 2'3 24'73 28"65 3'93 '0066 '0442 '01127 89'0 g'o 6 54 
15th December 1881 , 2'3 lI439 28'55 .p6 '0070 '0446 '01072 86-9 9'9 6 54 
17th January 1882 ,. z"3 2393 284% 4'49 '0084 '0460 '01024 8S'S u'o 6 53 
I~th Februe.ry 1882, lI'J 23'83 28"10 427 'OO8a '0458 '01073 86-0 12'0 6 53 
I th MarcA 1882 , .. 2'3 2362 27"93 4'3· '0088 "tl464 '01077 86'1 13'0 6 53 
19th April 1882 .. , lI'J 2401 2806 4'05 '0076 '0452 '01116 88'2 14'1 6 53 
16th May 1882 ., J'J 24'06 2T9lI 3 86 '00'11 '0448 'oJl6. :1 15'0 6 52 
sthJune 1882 ... 2'3 24'01 lIT7S 3'74 "<x>'o, '0446 0119% 15'7 6 52 

• If the curve of Fig, 4l:I had beeD coDstmcted to suit the value of m 8S It was on July 3, 1882,-that is 
for m = '568 Instead of m = '643,-these unstable equilibIium readings would have been both nearer the 
mIddle of the scale, as are the actual positions of instability Doted in paragraph 4.3, 

t Once iu every six mouths two complete seta of deflections are Inade at the single distance, 
B 825-11 loP 
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52. The numbers in column 6, which correspond to those ~n columns 3 and 4, were 
taken from column 2 of Table 16. They should have been obtamed from column 7 of that 
table but as the mistake will not affect our final results by more than the probable error 
of anyone of them, it is not worth while to repeat the tedious.calculations which follow. 

53. Table 18 contains two series of comparable deflections-the one dating from 
April 16, 1880, to January 10, 1881, and the other from February 20, 1881, to June 5. 
1882. Premising that the changes ofhonzontal force were inconsiderable, the auxiliary 
deflections in column 11 tell us that, during both periods, the strength of the deflector 
magnet (E I) also was practically constant : hence we decide to use as the constant dis
turbing force (Y) of the first period" at distance I'S foo~ the mean ('0409) of the two 
values adopted for April 16, 1880, and January 10, 1881, in Table 4. and of the second 
period, at distance. 2'3 foot, the value adopted ('0188) in the same table for :March 4 and 
May 14, 1881~ and for June 5, 1882. The doubles of these numbers ('0817 and '0376') 
are the values of 2Yused in calcuIating the numbers in column 7 of Table 18. 

54. On curving the numbers in column 8 as abscissre, with the numbers in column 9 
as ordinates, it was at once seen that the variations of the two were of simultaneous increase 
and decrease and were almost completely repres~nted by to and fro motions along a straight 
line: from this we infer that an increase of temperature of the vertical force magnetograph 
decreases the sens\tiveness of the instrument. 

55. Observing also from Table 17 that the scale coefficients of the period April 1872 
to July 1876 show a large Uacrease with lapse of time, we formed-for trial-the hypo
thesis that the coefficient varies conjointly as the time (T) and as the temperature (t), so 
as to be expressible in the form-

Coefficient = A + ~ (t-SO) + ~ '.f (12) 

Applying the hypothesis. first to the second period of Table ] 8, the numbers in 
columns 8, 9 and 10 furnish data for seventeen equations of the form of (12), and these 
equations, being combined by the method of least squares, give values of the constants as 
follows;..4= +'00844; b= +'000,258; and c= +'000,.044,6. On 'now inserting these 
values in equation (12), and calculating the values of the coefficients for the temperatures 
and times of the several experiments, they were found to agree fairly with the numbers in 
column 8, the probable error of one of which came out as ± '00011 or about one hundredth 
of the whole coefficient. Fig. 51 exhibits both the observed and calculated values of the 
coefficients. 

56. As the horizontal force is independent of the temperature of the magnetograph~ 

we must-in the full expression, (X + ~ c sin .) a, for the coefficient*-attribute any 

observed effect of temperature to the term Wg a (e sin.), and in this-since the factor TV,? a m m 
was practically constant during the period-to the factor c sin ~; in other words, we must 
attribute it to a depression of the centre of gravity of the llli\,onet and its attachments 
with relation to the height of the knife-edge. The amount of the depression-per degree 

of temperature-will be '0.:,25.8 millimetres if Wg be expressed in mm-m.g.-s units, or 
--Ha m 

'000,258 m 
'46108 Wga 

11 (c sin .) = 
I1t 

m 

feet if W:q be expressed in British units: hence-inserlingnumerical values m . 
• 12 ()-576 . 
000,258 x '46108 X 1802'6 x 32'108 X '00154 = '000,043,39 mch (13) 

57. As soon as the suspicion is suggested, it seems not improbable that although the 
line of the knife-edge passes nearly through the centre of figure of the magnet, yet-as 
the centre of the mirror and the brass frame in which the mirror is clamped are sem.lbly 
lower-there may, when the whole mass is heated, be a very minute balance of down
ward expansion of the mass over upward expansion-a balance which will be exaggerated 
if the rate .of expansion of the agate wedge per unit of length is less than that of its brass 
socket and attachments. It will be seen too, when we come to consider the heating 

• Equation (11). 
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experiments that-in liko manner-other conditions far outweigh change of strength of the 
magnet in producing a change of scale-reading when the instrument is bodily heated; 
and that the evidence afforded by the experiments-though of a mixed kind, and there
fore inconclusive-is, as far as It goes, favourable to the hypothesis of an increase of 
temperature causing a decrease of the sensitiveness of the instrument. But no mere 
expansion under the influence of heat could po<;sibly displa.ce the centre of ~vity so much, 
for each degree, as is required by equation (13); and the only suggestion of a possibly 
adequate influence that occurs to u.s is that the flexure of the two ends of the magnet 
under the a.ction of gravity is increased by increase of the temperature of the magnet; 
but on the subject of molecular changes of the magnet more will be said further on. The 
!!imple~t t""",t of the hypothesis itself would, however, be to make a set of deflections of 
the vertical force m~i1etograph at a relatively low temperature, and then to heat the room 
and repeat the expenments at a high temperature; and when a fitting time- arrives, this 
will be done. Meanwhile, the scientific course is to adopt the hypothesis-which rests on 
,tnn,#J evidence-till a better is established: and as the second period of Table 18, which 
involves two progressions from low to high temperatures and one intermediate progression 
from hirrh to low, is-of those that are a,oailable-the only suitable one for vieldin(p a. 
nlue of the temperature variation of the scale-ooefficient, we shall adopt that '\""alue"('000258) 
for all the other periods also. It is true that the attachments .of the magnet were altered 
near the beginning of the years 1880 and 1881, but the alteratioll8 were in lateral append
ages that were designed to expand effecti'\""ely only in the horizontal direction, and with no 
means of gucl38ing what residual effect they may have. it must be assumed to be nil. The 
legitimacy of the assumption may. however, be tested by observing whether the scale
coefficients of other penods agree better amonQ'St each other after or before they are 
corrected for temperature; and correction, it will be seen, increases the regularity of the 
numbers. 

58. It has' been long known that in the damp warm atmosphere of Bombay the 
sensitiveness of the vertiCal fo~ce magnetometer is subject to rapid diminution, owing to 
the formation of organic matter, which constitutes a sort of connecting spring between the 
knife-edge and the agate ~lane ; but it was expected that when the atmosphere hurrounding 
the instrument was kept dry and in a highly attenuated condition, as it has been now for 
more than ten years past, t this phenomenon would disappear: the mischief attending it has 
undoubtedll been greatly mitigated. but signs of organic action-·in the shape of irregular 
ramifying lines on the faces of the agate prism and plane and ofa general weather staining
are still noticeable in a. more or less pronounced form according as the interval since the 
last cleaning of the agates is greater or less; and it is to this action that we suppose 
the increase of the scale-coefficient with simple lapse of time to be mainly due. It may 
be mentioned that in the cleaning process-(I) the agate faces and edge are rubbed with a 
linen cloth moistened with a mixture of prepared chalk and alcohol, (2) the chalk ia 
rEmoved by linen cloths, (3) the rubbing is repeated, with a clean linen cloth and alcohol 
alone several times, and (4) the surfaces and edge are brushed with the rough edge of a. 
fresh torn piece of clean white paper, the last operation being to remove any fluff remaining 
from the linen cloths; finally. everything is carefully inspected with a strong magnifying 
glass. . 

59. It y;ould not, however, be going altogether out of the field of experience to 
suggest that a sensible part of the observed diminution of sensitiveness of the vertical 
force magnetograph may possibly be due to molecular changes in the mass of the magnet 
and its attachments; in other words, to a secular yielding of the molecular force of cohesion 
to the stress of gravity acting at the centres of gravity of the two ends of the magnet. 
That molecular actions far exceed the minimum force that the instrument has the power 
of distinctly recording, we have evidence of several kinds: (1) If the instrument be made 
very sensitive (with the scale-coefficient at all approaching '005), it is practically impossible 
-even usin~ the greatest care-to prevent the occasional occurrence of a jump, or sudden 
dislocation, lD the curve; the least shock on replacing the lamp, e'\""en although resting on 
woollen pads, is sufficient to jerk the molecules of the m~onet into a new set that appears 

-That is, wheu the coueertbl observa.tions of the International Pol&r Commission have come U> an end. 
tThI! maxImum pressure of the &ir in the enclosure during this period was 3·..., inches of mercury, or less 

than a.n eighth of • fuU.tmosphe1't", and the maximum annual rate of leakage 0'4J inch. Between April 14, 
lSi:!. ~nd July '1, 18io, the fall of the vacuum gange was from 162 to 1'83 incbes; between July 14,18i6, 
and Ja.nuary 14, 1880, from 233 to 2"90 inches; between Jannary 24, 11'80, and January 10, 1881. from 
1 51 to l'i6 inches; between Fibruaty 1, 1881, and June 27. 1882, from 240 to 2 73 inches; and on July 17, 
1882, it was Idt at 2'26 inches. Before AprillS72 the air in the enclosure was under the natural pressure of 
the atmosphere. 
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days ton-ether and so brgdy that theyaru all Lut Y3 [ue:0ss a.,; lc('''rd;; of tte r, L,tlY'c1\ 
minute ~m .. (Yn~tic force3 that ar" thus buncu in what mu",t Le rt.~"f':krl <:!f) trdcn ; of tL' 
tff(;cts of r~-n.rrall rrt.ment of IDolccul.:cr strains in the lUagnl-t ~lld fittwg'1. A., <..U C\Ttl '1! ,Ll (If 
such chanITe may be mentioned a fall ofsl'cLle-rca.dmg ofnel.riy seven l:.iyisir1n8-ujun,lknt 
to a force ~f nearly a tenth of a unit-between the 21st "I'd 27th .hllll~ry 1880, a third 
of which occurrtJ in a smgle day; tlllS was after a frc--h arlj'lst:,)el1t for tC'llll)cnture 
compom:ation h,1d been made: (3) SimIlar but 1e::.s e'{ten~ive cLa.ngt. .. o<-cur nfCH :;c nt:' r 
haudlillg of the magnet: (4) vVhen the varticnl forl'o lua·;neto:.;rnph i" dot1edcd, hy 
brinainIT the doflector magPf't nearer and nearer graduc1llJ SCI as not tl) sot the <kP.,-', t. J 
illa'J'~etvlbrating.\it is founu that the deflection grows larger for some mmutes nfter tlLe 
deflOector has bwm left at rest; anu on withdrawing the deflector-iu the Ra.me nUtllner-the 
vertical force magnc:t does not rdurn fully to its former undif'turbed positi("n, but stops at 
a point whIch-providing the disturbance hft3 much exceeded the regular diurnn.1 oxcursion., 
of the maanet-is more diw:mt from the original pORition in prol'"rtion (nearly) to tLe 
extent of tllO di"turbance: Loth the growth of the deflection and the deviation from the 
orio-inal undisturbed position of the magnet are greater as the Ren'3itiveness of the jn'-tru
me~t is greatpr ; and yet in both cases the vertical force m.1.gnet will, when ott( r" he at 
rest, respond tl) a minute rlisturbing force, or additional force, tendulg' either to incTL,l.se 
or decrease tho scale-read.iz<g by '01 division even (or 'O(}004 of foree), ~howin:; that it i~ 
no oOf;trudion akin to friction that preventf; the full effect from being produced at once III 
the first case or at all in the second. Hence, It it! difficult to find an explanatie.n of Plis 
behaviour unless it be that change of positIon alters the molecular condltioll of the 
m'lgnet-as by drawing its molecules towards the descending end, that a sensible hm'3 is 
required in which to effect the alteration, and that new an n.ngc,ments of the mollJcules 
formed in the course of this alteration are not completely reversed (.n the revu;.Ial of the 
change of pOSItion of the magnet, and less completely the greater tho di:>turbanco ha.s been. 
Figs. 52 to 50, which are copies of vertical force magnetograms ubb.ined whiht deflection 
experiments W8re in progress, are intended to illustrate the behaviour of the in~truwent 
just spoken of. 

60. It may be remarked that it the view here taken be correct, the instrument may 
be a much more exact indieator of small than of large variations of V( l'tical force; for it i" 
probable that the frequent reversal of the motion of the magnet within the range cr its 
ordinary daily oscillations, will ultimatdy have disrosed of all those re-arrange1l1t ntd of 
the molecules that are not. completely reversed on the reversal of the motions, whilst sU<.h 
of these as are brought about only when large, and therefore infrequent, motiona take 
1,13000 are a perpetual source of breaches of continuity in the purely magnetic record. 

61 In the facts under diSCUiSi'ion we find abundant reason for regardin'- the vertical 
for,,0 magnetograph, as Dr. Balfour Stewart tells us that it. was mtended to Le reg-ard~d·, 
mnely (1S a differential instrument, and for not following a former practice Ilfthi" ObRer\,a
tory, of calculating an absolute force equivalent of oyery hourly pu",ition of the d.iTerentia.l 
instrument. the ad Clition of a large number like the aLsolute v.)rtical forCe' to the hourly 
inequalities of (say} a day's variations of the vutical force tends to obscure ew .-..lI1.l11, r 
numbers that represent the significant phenomenon-the variatiml, and when lep":l.ted for 
a month of days, there is danger of overlooking the fact that the variation f10m hour to 
hour has a much less probable error than the variation from day to Jay. .Morl-over, the 
inevitable occasional alteration of the added constant t.hat the pmcticc involves, implip<> 
that errors comparable with the magnitude of the alterations, affed the valuc~ of the 
absolute vertical force that are attributed to different parts of a p . ...:riod for which a nearly 
constant addition is m.1.de. 

62. Fads may here be mentioned which show how c.:mti')l< . ..,ly, under the extreme 
nicety of adjustment of the vertical force magnetograph, prp:;.uwptions !Should be atlmittcd 
that such and such disturbing influence >I will have. no sensible etltct UPo,! the recorrh of 
the instrument. There are two :mall bral--s screws attached to the m:lgnet with then a:-.e" 
respectlVely vertical nnd horizontal, the ono intel1Jed, by a lJ.lOYCmult of it, to D ~t,::r t ~o:.l 
sen::.itivl:'l1css of the instrument, and the otLtr to alter the pOl:nbvu III re"pect of deviation 

• Report of the lll'itish Association for the Atlva.ncement of Sc:ence, IS;;;), page 223. 
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from horizonb.1ity; but althou';ih to all appearance perfect and properly phl.Cc{l, the s<:rt'WS 

are either so Ul eymmctrical or their axes are 80 untrue that a partial turn of the verti<:.al 
8cr' \\- :t~ttct3 Ow balance (:onsiderabJy and a partial tutn of the horizontal ~" rew f.ft'ect6 the 
bCd.l'l-codiiu<.,nt ,'n,,;b1y, and 3. rC1uilt~d pusitiull and degree of sell"itivenc.,s can both be 
6ccured onl) b) sllcces,>ivu ar'proximations. 

G3. Ha"inri liON considl'red the cOt:;fficient~ b a11d c of egltatic!l, (12) \\lJ proceed to 
cnn.,id,;r the vlli'itant A. We may, in thtl first place, "ta.te tl1J.t the deflect. :l ring, and 
tilerefure the anru, wLieh artl ri~idly atta(~hed to it and on \i hich the deflector lli'1gnet is 
plac\..d at thtl rC(iuired tlista'1cc, 18 always adjusted to have sen'>lbly the "ame pOEoitiun with 
relatIon to the vertical fflree magnet; and, further, that the experiments of T,.1.1e 13 
exhil,it nu b.f1>ternatic difference between the deflections observed with the ddlector 
lI1a~net on th!) north arm and those with the deflector magnet e,n the south arm of the 
ring. The'll' (",-cts justify" our regarding the determinations ufthe f>cale-coefficient obtained 
frum the parti.d monthly deftection.~ (those of Table 18) a.s indepe11dent detenniruttioIlB
.mbject, howcH'r: to a larger probable error than the determinatlOn;; of Table 17, which 
are obtained from the more elaborate d(;!flection experiments of Tabla 13. But the 
number of determinations ofthc fomler kind, in a gI,'en period, being greater than the 
l1umber of the btter, the cquality of \.eight which is lacking in ipdivIdual results, will be 
approached in any general rer,ults-as.a valur; of A -derived from the two serIeS of 
individual values. 'We !'haU, for thi" rea:,<lll, glVl; the .,ame weight to values of A den ,'cd 
from set,. of cxpcrirnent~ of the two different kinds; that is to say, Wtl shall adopt a value 
of A that is a mean of the two independ,:,nt values. Thu" calculating-by equation (12) 
with the ("Om,bnts given l:,elow it-the scale-coefficients of the times and for the tempera· 
tUres of experiment, XIII, XIV and XV of Table 17 we find them to be ·01019, ·01109, 
and ·011 !)2, of \\ hich the mean is ·01107 : the mean of the three values for those expcri
mepts, given in column C of Table 17 is ·01093, and hrdf of the excess of this over the 
{f)rm.·r 111(:<1n (-·00007) i:::; an adJitiw <.Orrection to be al 'plied to the value of A fOUl1d in 
paragraph 55 which theu becomes + 00837. 

For the first period of Tabltl 18, a.veraging tIw dat.l. of August 16 and 17, 1880, and 
of January 7 and 10, 1881, and taking ·000,258 as the value of b, we obtain seven 
equations, whirh when properly combined give .4=+0·01274 and (='000,010,8 with a 
prubable error of a single determination of the coefficient of ± '000,14. this, again, is only 
about a hundredth of the whole coefficient. Also calculating-by equation (12) with the 
above constants-the scale-coefficienh of the tiUl('S and £)r the temperatures of the 
experiment XI and XII of Table 17 we find them to be ·01508 and '01437 of which the 
ITlecUl is '01472: the mean of the twu values given in column 6 of Table ] 7 for those 
e"-pcrirnents is ·01508, and half the exees,> of this over the former Dlean (+·00018) is an 
additive corrcction to be applied to the above stated value of A, which then b(;comes 
+ ·01292. 

64. The order in which deflection experiments have been mad8 cron the vertical 
fl)rCC maguetograph has been generally to bring the defleL tor magnet up, step by step, 
from a distant to a ncar pO..;itlOu, then tl) reverse the directiun of the deflector and rn we it 
a,crl.ill, step by step, tll the distant po:"ition, and finally to repeat tht: ('peratior.:. in the 
8~m,-' ordt'r. with the deflectvr moved over to the other arm of the ddlection ring; but 
alll,ther oruer, shown in Fig. 5~, ha'l been to complete the experim'3nt fu,I' each singI8 
ui8ta.nce by itself, awl then proceed with the other distances and by ont:'o It ib obvious, 
huwever, that in the b~t ('a~e the uncert.l.inty due to unreversed molecular chanW s of the 
vertical force magnet will bt' greater than m the first case, since the individual disturbanceS 
cre greater, and the l'omparJ.t1vely irregular progression of the point'; in Figs. 13 to 20 as 
t'ompared with th')5e in Figs. 5, 6 and 9 to 12 shows that this is really the case. The 
former order has ag ... in been reverted to, a11d readings are taken with the magnet right 
away nt the beginnlllg and end of each half of th~ experime11t : and, to ehminate ft'> far a'l 
1'0~~:;1blo any chunge of zero po~ition-whethcr due to change of vertical force or chal1qe of 
the' magnct-tl~e four set" of real lings are practically corrected to a constant yalue of the 
scalvrcadmg WIth the magnet away. 

65. Reyertin~ now to Table 17 with special reference to the },eriods Aprilll, 1872 
to July 3, 1876, and Angu'>t 8, 1876 to January 12, 1880, we first remark that the 
experiment of June 29, 1 ~7 G (V of Table 4), was made rather to di~(;oyer whether the 
instrument is subJt'ct to large variations of sensitiveness accordmg a.'! the deflections are 
very small or of considerable magnitude, than with a view to it'! yielding an ab£olute 
value of the coefficient: it a.llSWtirs its main purpose s.ltisfa.ctorily-gi\ mg a negative reply 

B 825-12!p 



( 

. 

I 

I 

[ 46 ] 

,to the question put, but the small range of the deflection (less than a single scale-un lsiol') 
. renders it unsuitable, and it will not therefore be used, for the other purpose, The ~ame 
'objection appJies, in less degree, to t~at P3.:t of the cxpe;i~,ent of the 11 th ~\.prll 187 Z of 
which the range of the use~ul deflectIons IS oilly 1'65 diVlSlO~S, and acco~dlll~Iy we take 
the mean ofthe two coeffiCIents for that date ('00771 and '00792) by welghtln(J' t~cm ill 
proportion to the respective deflection ranges (5'17 and 1'65) obtaining the result '00776. 
rFor September 12 and '1..3, 1873, June 30, 30 and July 3, 1876, and February 8 and 10, 
'1879, we take the simple means of the separate values, obtaining '00835, '01147, and 
.r00893 respectively. Table 17 thus, and otherwise, contracted becomes :-

TABLE 19. 

Date \ (X+WgCain*)Cl V. F. Magnet ~ TIlDe reckoned 
Experiment thermometer, In months - -- m from T 

or mean date, or Experiments, - - -r or mean. or mean. 

lIth April 1872 IIa and JIb '00776 
[To=1872 'o] ... , .. ... 90'2 3'4 

I2-13th September 1873 ... .., III and IV :00835 88'7 20'4 
30th June-3rd July 1876 ... .. , Va, Vb and Va 'OIl 47 93'2 54'1 

[T.=1876 0] 
8th August 1876 ... ... " . VI '00949 91 '0 7'3 
3rd May 1877 '" ... .. , VII '00982 9 1 '3 16'1 
loth November 1877 VIII '01000 ... ... 92 'S 22'3 
8-Ioth February 1879 ... ... IXa and IXb '00893 87'8 37'3 
12th January 1880 ... ... .., X '00872 84'S I 48 '4 

Adopting +'000,258 as the value of b, the other constants of equation (12) given by 
the data of this table are for the first and last periods respectively ..1= +'00492 
c= +'0000580; and A== +'00648, c=+'0000183 ; and the respective probable errors of ~ 
determination are '000,00 and ± '000,12. 

66. In Table 20 are collected together the adopted values of the constants of equation 
'(12) for the several periods to which they apply:-

TABLE 20. 

Penod, Adc~ted values of oonatutl in equatIon 
cefficient=.d +11 (t-8O"J+c T, 

To 
Begmning. End. . .d II , 

Year. Month. 

1St May 1872 ... . .. 6th July 1876 ... .. 1872 O·S· +'0049S +'000258 +'0000580 
loth July 1876 ... 13th January 1880 ... 1876 0'5 + '()0649 +'000258 +'0000183 
22nd January 1880 ... lOth January 1881 .. 1880 o's +'01293 +'000258 + '0000108 
12th January 1881 ... 26th June 1882 ... .. 1881 0'5 +'()0832 + '000258 +'0000446 

67. In order now to find the value of ~ for any particular time, temperature, and 
scale-reading, what we have to do is first to calculate, by equation (12) and the proper 
constants taken from Table 20, the value of (X + ':: c sin E) a; and then to calculate the 
value of ';: (wo), by multiplying the number in column 4 b of Table I6-corresponding to 
the particular scale-readingt-by the appropriate value of '4:!08 ~: with these two numbers 
equation (7 a) give 

ttY (X rf"g .) 'Wg A{wo) - - + - c s~n f a----'" -.. .. A. 

-For convenience of ca.lcula.tion these numbers are all ma.de 0'5, and complementary changes are made ID 

the vMuea of .d, tOr ra.ther lts v.a.lue read off from the free.haud Cl1rve of i'lg, SO. 
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Table 21 exhibits the data for this calculation for 'each month- from :May 1872 to 
June 1882, and the value of ~ derived from them, as also the values of ",,;, the variation 
of Y per inch of increase of the ordinates of the vertical force magnetogiams. 

TABLE 21. 

Oalculation'oftke 8cale-coejJicient8 oftke verticalforce magnetographfor each rrwnt'4jram 
May 1872 to June 1882. 

..f+ 
Oolumn 7 

j W'g A (tDO) man", , 
rlY Month. ,-SO 2' " ('-80) .2' 11('-80)+ • Column 9 

c7' m AI dY 'Iii g a; 
'-> 

1 I ~ 3 , 6 6 I 7 I 8 9 10 11 

'0002321 May 1872 ... ... u'8 4 '003302 '00848 37"48 '0004° '00808 '0438 
June " ... -, 14'0 5 '0°3612 '000290 '0088S 36 '68 "00016 '00869 '.047 2 
July " ... ... 11'.0 6 '.0.02838 '.00.0348 '00814 36 '87 '00.021 '.00793 '043° 
August It ... ... 9'0 7 '0.02322 '.0.004°6 '0°768 36 '92 '00.022 '.00746 '.0405 
September tI ... ... 8'5 8 '0.02193 '.00.0464 '0°761 36 '56 '00015 '°°746 '.049.5 
October " ... ... 8'5 9 'C.OU 93 '.00.0522 '0.0766 36 '16 "000.08 '.0.0758 '.0411 
November •• ... ... 8'3 1.0 '0.02141 '000580 '00767 35'89 '0.0.005 '00762 'J)4I 3 
December" ... ... 8'5 II '0021 93 '000638 '.0°778 35'54 '000.00 '°°778 r0422 
January 1873 ... ,., 6'6 12 '0017.03 '00.0696 '0.0735 35'90 '00005 '0073.0 '0396 

~,. 
February 

" 
... ... 6'6 13 '.0.017°3 '00°754 '00741 35'46 '00.000 '°°741 '04°2 

March 
" 

... ... 7'5 14 '.oQ1935 '000812 '0°77° 34"97 '000.00 '0077.0 '0,p8 
• .0 April . , ... ... 10'5 15 '.0027°9 '000870 '00853 34'.00 '000.00 '0.0853 '0463 

~~ 
May ., ... ... 12'2 16 '003148 '.0.00928 '0°9.03 33'30 '0.000.0 '009.03 '.049.0 
June 

" 
.0 • ... 12'6 17 '.0.03251 '.0.0.0986 '0.0919 32'72 '.0.0.000 '.00919 '.0499 ..,co 

July 9'0 18 '002477 '.0.01.044 '0.0847 33'04 '0.0.0.00 '00847 '.046.0 .. 
If ... ... 

II August •• ... ,., 8'4 19 '.002167 '0011.02 '.0.0822 33'.07 '.0.0.0.00 '00822 '.0446 
J ~o September If ... ... 7'8 20 "0020U '00n60 '.0.0812 32 '87 '0.0.0.00 '.0.0812 '0441 

•• October It ... '" 7'8 21 '002.012 '0.01218 '0.0818 32'74 '000.00 '00818 '.0444 
~ November ., , .. ... 7 8 22 '002012 '.0.01276 '0.0824 32'64 '000.00 '0.0824 '°447 

f December .. ... ... 6'3 23 '001625 '.001334 '00791 3 2 '77 '00000 '00791 '0429 
January 1874 .. , ... 3'8 24 '.0.0.0980 '.001392 '.00732 32'94 '0.00.00 '.00732 '0397 
February 'f ... ... 3'1 25 '000800 '.00145.0 '0.07 20 32'84 '.0.000.0 '0°72.0 '0391 + Ma.rch .. , ... 3'9 26 '001006 '0015.08 '00746 32 '56 '0.0000 '00746 '0405 /I " .. April " ... ,., n 27 '.001471 f.015 66 '00799 32'Il '00002 '00797 '°432 
May " 

,., .. , 9'.0 28 '.002322 '001624 '0089° 31'22 '00012 "00878 '0476 
co June , .. ,., 10'7 29 '0.02761 '001682 '0°939 3°'86 '0002.0 "0.0919 '°499 V) " .. July ... ... g'l 30 0.02348 "001 740 '00904 3.0'95 '0.0018 '00886 '0481 § " AuguBt " 

.. , ... 7'6 31 '001961 "001 798 "00871 30 '91 '00019 '00852 '0462 
+ September" , .. ,., 7'2 32 '001858 "001856 "00866 3°'77 '00022 '00844 '°458 

II October .. ... ... 7'4 33 '001 9.09 '001914 '008n 30 '68 '00025 '00852 '°462 
.co November .. .. , ... 6'6 34 '001703 '001972 '00862 30 '68 '00025 '00837 '0454 
;;; December If ... ... 6'1 35 '0.01574 '.002030 '00855 3°'59 '0.0029 '00826 '0448 
~ January 187S ... ... 4'6 36 '001187 '002088 "008u 3Q 56 '00.030 '.00792 '.043.0 
$ Februa.ry " ... ... 3'5 37 '00.0903 '002146 '0.080.0 30 '66 '00026 '00774 '0420 

+ March " 
... '" 5'9 38 '.0.015 22 '0022°4 '00868 30'36 '0°°38 '0.0830 '045° 

II April " 
, .. ... 8'5 39 '002193 '.002262 '00940 29'97 '00048 '0.0892 '0484 

~ May " 
... ... 11'2 40 '00289.0 '00232.0 '01016 29'41 '00.063 '0°953 '°517 

June If ... ... 13'6 41 '0035°9 '002378 '01084 28'73 '00087 '00997 '0541 
July .. ... . .. 12'.0 42 '003°96 '002436 '01.048 28'62 '0.0091 '00957 '°519 
August " 

... , .. 1.0'7 43 '002761 '002494 '0102.0 28'49 '0°°95 '0.0925 '.05.02 
8eptember If , .. .. , 9'6 44 '002477 '002552 '00998 28'37 '0°°99 '.0.0899 '°488 
October " 

, .. ... 9'1 45 '.0.02348 '0.02610 '0°991 28'3° '.00102 '00889 '0482 
November" .. , ... 8'9 46 '002296 '002668 '.00991 28'22 '001°4 '00887 '0481 
December" ... ... S'l 47 '002090 '.002726 '00977 28'24 '001.04 '.00873 '0474 
January 1876 .. , .. ' 6'6 48 '001 7°3 '002784 '00944 28'13 '001°7 '00837 '0454 
February " 

... ... 5'9 49 '001522 '002842 '00931 28'18 '001.05 '00826 '°448 
:March " 

... , .. 6'8 50 "001754 '0029.00 '00960 28'08 '00108 '.00852 '0462 
Apru " 

... .. , 9'.0 51 '002322 '0.02958 '00923 27'84 '0.0116 '00807 '0438 
May " 

... ... 11'4 52 '002941 '0.03.016 '01°91 27'S5 '00126 '°°965 '0524 
June " 

... .. , 12'6 53 '0032 51 '0.03074 'onl7 27'19 '0014° '00987 "0536 
July (1St to 6th) " ... 12'4 53 6 '003199 '003109 '01125 '7'20 '0.0139 1 '00986 '0535 

• n wouId have been, In lOme respeete, more aatiafactory to ealC11I.ate anel .pply daily coefficient., or even more frequent 
.. 10811 In cal.S of great chsturbanoe of leale reading or temperature; but after • careful IcrutlDY of the records It large, we 
decided that no commensurate adnnt.ge would be reaped 1D returD for tlle heavy labour that very frequent changes of the 
lcale-eoefllclent would In"ol" .. 
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TABLE 21-continued. 

Colomn7 
.A+ 

~ 
Wg 4 (wo) mtnua dY 

Month, ,-SO T i ('-SO) c'l' b(t-80)+ • Column II 

1 
1:2' fit 4' dY (l;' 

dB 
0 -- ----- -
1 2 3 4 5 6 7 8 9 10 11 . ---

July (15th to 31St) 1876, 11'0 6'3 '002838 '000115 '00944 34'73 '00000 '00944 '05 12 
August IJ 10'6 7 '002 735 '000128 '00935 34'67 '00000 '00935 '0507 
September \ " 

10'2 8 '002632 '000146 '00927 34'79 '00000 '00927 '0503 
October 

" 
10'1 9 '002606 '000165 '00926 34'88 '00000 '00926 '0502 

November 
" 

9'8 10 '002528 '000183 '00920 34'98 '00000 '00920 '0499 
December IJ77 " 

89 II '002296 '000201 '00899 35'15 '00000 '00899 '0488 
January ", 8'0 12 '002064 '000220 '00877 35'41 '00000 '00877 '0476 
February 

" 
, .. 7'2 13 '001858 '000238 '00859 35 64 '00001 '00858 '0466 

March " 
.. , 82 14 'o02u6 '000256 '00886 35'46 '00000 '00886 '0481 

.c April " 
, .. 9'7 IS '002503 '000274 '00927 35'15 '00000 '00927 '0503 

"§!"l May " ' .. II '8 '16 '003044 '000293 '00983 34'83 '00000 '00983 '0533 =,/0 
June ", 13'S 17 '003560 '000311 '01036 34"53 '00000 '01036 '0562 

" \0 July .. .., 134 18 '003457 '000329 '01028 34'73 '00000 '01028 '0558 ....... 
geo August .. .. , 12'8, Ig '003302 '000348 '01014 34'91 '00000 '01014 '0550 

i>< ... 

If September 11 .. , 12'1 20 '003122 '000366 '00998 34'96 '00000 '00998 '0542 
0 October; 

" 
, .. 12'0 I!I '003096 '000384 '00997 34'98 '00000 '00997 '0541 

Eo! November ,,, 11'2 22 '002890 '000403 '00978 35'19 '00000 '00978 '°531 
,~ " t<') December , 

." 10'2 23 '002632 '000421 '00954 35'37 '00000 '00954 '0518 .. co January 1878 7'9 24- '002038 '000439 '00897 35'99 '00006 '00891 '0483 ... ,., 
0 February 7'3 25 '001883 '000457 '00883 36'16 '00008 '00875 '0475 0 " 

, .. 
0 March 8'4 26 '002167 '000476 '00913 35'78 '00004 '00909 '0493 P " 

... 
+ April 

" 
... 10'2 27 '002632 '000494 '00962 35'46 '00000 '00962 'OS22 

IJ ,May 
" 

.,.. 12'1 28 '003122 '000512 '01012 35'06 '00000 '01012 '0549 

'" June 
" 

,,, 13'9 29 '003586 '000531 '01061 34'72 '00000 '01061 '°576 
.~ 

co July II ." 12'0 30 '0°3096 '000549 '01013 35'01 '00000 :°1013 '0550 
V> August 10'7 31 '002761 '000567 '00982 35'32 '00000 '00982 '0533 '" .. ", 
0 September 10'8 32 '002786 'oooS86 '00986 35'21 '00000 '00986 '°535 0 to .. ' 
P October " ... 10'9, 33. '002812 '000604 '00991 35'3 2 '00000 '00991 '0538 
+ November 10'3 34 '002657 '000622 '00971 35'53 '00000 '00977 '0530 
1/ " 

... 
December 

" 
... 8'6 : 3S' 1'002219' '000640 '00935 35'97 '00006 '00929 '0504 

,Q 
January 1879, ,6'9 - 36 '001780 '000659 '00893 36'25 '00009 '00884 '0480 

.~ 

0- February ( 1St to 7th) .. 6'6' 3~'6 • '001703 '000670 '00886 36'27 '00010 '00876 '0475 ..r 
\0 February(8th to 16th~" .. .. , ... . . .. ,,, ... ... '" ... Variable, 0 
p February(17thto28th " 7'7 37'2 '001987 '000681 '00816 35'°7 '00000 '00816 '0443 
+ March " ,7'6 38 '001961 ' '000695. '0091S 35'05 '00000 '00915 '0496 
II April .. 9'4 39 '00242 5 "000714 '0°963 34'61 '00000 '0°963 '0523 
~ May " 

11'2 40 '002890 '000732 '01011 . 34'21 '00000 '01011 '0549 
June ,,' II'7 41 '003019 '000750 '01026 34'12 '00000 '01026 '0557 
July .. II'4 42 '002941 '00076'9 '01020 34'25 '00000 '01020 '0553 
August 

" 10'5 43 '002709 '000787 '00999 34'54 '00000 '00999 '°542 
September .. 9'9 44 '002554 '000805 '00985 34'76 '00000 '00985 '0534 
October .. 9'7 45 '0025°3 '000823 '00982 34 81 • '00000 '00982 '0533 
November II 8'4 46 '002167' '000842 '0095Q 35'02 '00000 '00950 'o~15 

December 
" 

6'2 47 '001600 '000860 '00895 35'63 '00001 '00894 '0485 
January{ 1st t()13th)1880, 4'2 47'7 '001084' :,000878 '00845 36'14 '00008 '00837 '°454 

- - -
,-

00 

! Janua,rY(22d t03IBt)1880 , .. ... .., ... ... .. ... ... . .. Variable 
February (1St to 15th)., 4'5 0'8 'oolI6I '000009 '01410 31'92 '00003 '01407 '0763 
February(16th to 29th) ., 8'3 1'2 '002141 '000013 '015°8 31'20 '00012 '01 496 '0812 

+ 
March " 5'5 2 '001419 '01437 3°'7 2 '00024 '01413 '07 67 

gt~ 
'OQ0022 

... 00 April .. 8'4 3 '002167 '000032 '01 513 3°'14 '00045 '01468 '0797 
co;:!! May ., 9'9 4 '002554 '000043 '01553 29'78 '00054 '01499 '0813 
'" §~~ June .f 10'9 5 '002812 '000054 '01580 29'59 '00060 '01520 '0825 

July 
" 9 0 6 '002322 '000065 '01532 29'5 1 '00062 , '01 470 '0798 

+ II August .. 8'6 7 '002219 '000076 '01522 29'3 1 '00069 '01453 '0788 

~ r;..,0 September 
" 7'8 8 '002012 '900086 '01503 29'23 '0007 1 '01 432 '0777 

~ 
October .. 8'0 9 '002064 '000097 '01 509 29'17 '00074 '01435 '°779 .. November 

" 7'S 10 '001935 '000108 '01 497 29'17 '00074 '01423 '077 2 
is December 

" 6'3 II '001625 'oOOII9 '01467 29'27 '00070 '01 397 '0758 
+ January (1St to 7th) 1881 5'4 II '7 '001393 '000126 '01445 29'34 '00068 '01377 '0747 
1\ 

""l 
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TABLE 21-continued. 

:i 
ColuDllI7 

A+ r!2 A (IL'D) tIIinlU rlY " Month. ,-SO 2' 11 (t-SO) c2' b (t-SO)+ Column!! .s • T-.. cT. m IU dY 
€ iii • t.I 

1 2 3 , 6 6 'I 8 D 10 11 

- f-

'5", 
80 Jan.,. (reth tD 3 lit) 1881 ... . .. ...... . .. ... . .. ... Variable ~ ... 
i~ 

FelJrua.ry ut .. ... ... ... . .. ... '" ... ... Variable 

... - Februa.rY(2ndtol2th) .. 5'1 0'7 '001316 '000031 '00967 29'91 '00057 'oogIO '°494 
I Feb),. (J3thto 23rd) " 5'4 1'1 'ool~93 '000049 '00976 29'38 '00074 '00902 '°489 

e.,' Feb)" (24th to 28th) 
" 

... . .. ... . .. ... '" ... ... Variablo .. lurch .. 6'4 2 '001651 '000089 '01006 28'80 '00097 '009°9 '0493 
'" April 1'6 3 '001 961 '000134 '01041 28'39 '00113 '00928 '05°4 :r: " 
~ 

Ma)' 
II 99 4 '002554 '000178 '01105 2809 '00174 '00981 '°532 

June It 10'6 5 '002735 '000223 '01128 27'77 '00136 '0099 2 , '05.33 
+ July .. 9'3 6 '00:1399 '000268 '01°99 27'62 '00142 '00951 '0519 
II August 

" sn 7 '002348 'oooJI2 '01098 27'34 '001 53 '00945 '0513 .. .. September .. 10'0 8 '002580 '000357 '01126 27'17 '00160 '00966 '0524 
"" October V'I 

" 89 9 '002296 '0004°1 '0110Z 26'90 '001 72 '00930 "0505 
~ November 

" 8'3 10 '00H41 '000446 '01091 26 79 '00176 '009 1 5 '0496 
+ December 

" 6'8 II '001 754 '00°49 [ '01056 z651 '00188 '00868 '0471 
1\ January 1882. 6'[ 12 ' 001 574 '00°535 '01043 2624 '00199 '00844 '0458 .. February 

" 5'S 13 '0014 19 '000580 '01032 26'00 '00210. 'oo8u '0446 .. ... March 
" 6'2 14 '001600 '000624 '01054 25'94 '0021 3 '00841 "0456 .... 

'§ April II 82 IS '002116 '000669 'OIlIO 26 10 '00206 '009°4 '0491 
May .. 10'3 16 '002657 '0007 14 'ou69 26'10 '00206 '00963 '05 2 3 

I + June (1St to 26th) 106 16'9 '002735 '000754 'OUSI :ZS 96 '00212 '00969 '05 26 n " 
~ 

68. The angle of the agate prism which forms the knife-edge of the vertical force 
magnet is very nearly 60°, and its faces, except close up to the edge, are flat. In December 
1871 the knife-edge was carefully examined with a microscope, and the edge WM found 
to be rounded, showing definite straight lines of intersection of the curved edge with the 
flat faces: the cord of the arc between these lines was measured-by placing a. fine scale 
alongside of it-and found to be '008 inch nearly, and the arc itself was estimated hy 
observing the line of reflection-parallel to the e~e-of a light from a fixed direction, and 
by turning the magnet in both directions till the Illuminated line disappeared; the esti
mated angle of rotation of the magnet-and therefore the arc of the knife-edge-was about 
S 0°: hence the radius of curvature of the curve of the knife-edg~ is (roughly) = 8':c:r = 
'006 inch. 

An irregularly formed but nearll straight line was found !:.trongly marked in the 
middle of the rounded part of the knlfe-ed~e where it had rested on the agate plane, and 
a similar clear line was marked, but with mterruptions, on the plane from end to end. 
These lines, of course, still renlain, being due to the mutual pressure of the two surfaces
a pressure which, measured in grains on the square foot, must-considering the minuteness 
of the surfaces of contact-he very great. It is even conceivable that the lines imply that 
the pressure has produced depressions on the plane, and diminution of curvature of the 
knife-edCfe, of sufiicient depth (or relative depth) to affect the sensitiveness of the instru
ment. in this case, as the lifting apparatus i.s not constructed so as to set the magnet 
down n,r-ain with its knife-edge exactly on the same part of the plane on each occasion of 
liftinO', it may be that the variation of sensitiveness with change of scale-reading is not 
quite°the same under different adjustments of the magnet, since fresh liftings and settings 
alwa.ys form the concludinO' operations of an adjustment. Herein we may perhaps find a 
partial cxplanation of the discrepancies exhibited amongst the four curves in Figs. 45 to 48, 
for the Olle that uenates most from the course of the general aycrage curve is that of 
experiment Ill, and this experiment was made after the vertical force magnet bad been, 
for some months, gradually twisting in azimuth so as to lift the knife-edge out of the 
grooye in the plane in which it may be supposed ordinarily to oscillate. 

69. A few other remarks may here be made on the discrerancies in question: (1) 
allowance for the different values of m at the times of the severa experiments-as given 
in paraQTaph 47 -would not materially increase the agreement of the four curves, though 
it would bring the first and last (those of experiments I and XVlb) into better accoru; 

11 8~5-13 AP 
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(2) neither would the addition of a constant of +·0020 to the numbers in column 4 of 
Table 15 have any' material effect, t~o?gh if it could hav.e been foreseen how great the 
constant, which depends. on the devlatlOn of the zero reading (3?·7) from 33·2, would be, 
the value ofY, in equatIOn (5a) should for that c!",se have been mcrt;ased by tha~ amount; 
(3) neither, again, would allowance for the coefficIent used for expenment II berng that of 
the scale divisioh 35·94 instead of that of 33·2 improve the general accord, though it would 
bring the result~ of that expe~~ent and No. III into ~loser agreement: nor finally, would 
the adopti5>n of ~s large a p~sltIV? value of p for expenm~nts II and III as fo~ I or XV:1b 
nearly obhterate the respectIve dIscrepanCIes. The relatIve. greatness of the d15crepancles 
in the extreme parts of the scde is of no importance, since the records of the instrument 
are all confined to readings between 25·61 and 38·26, and they are great because of the 
feebleness, in those parts, -of the force which opposes any disturbance, and th~ consequent 
slu~gishness a!\d comparative indefiniteness of behaviour of the instrument. It should be 
notlced too that the average curve (Fig. 49) has its characteristic form notwithstanding 
some tendency of the positive values of p that we have used to convert it into a straight 
line or to reverse its inflexion~. 

70. If we take the rough measure in paragraph 68 (-006 inch), as the maximum 
radius of curvature of the curve of the knife-edge, the numbers in column 4b of Table 16 
afford the requisite means for calculating the deviation, at different points, of the actual 
curve from the circle whose radius is ·006 inch: it will be convenient for this purpose to 
imagine the circle and the deviations magnified .oo~5t times, so that the length of the arc on 
the knife-edge corresponding to a division of the vertical force scale will become one inch: 
in that case the deviations, in inches, from the circle at positions corresponding to the 
several scale-readings are as follows:..!... _ 

TABLE 22. 

Scale 27 2812, 30 
31 

23 ~" " 
to 37 38 

M "~"~ 44 - WVlSlon 36 

•00137 '00091 ·00057 ·00033 =1·~7 = ------ -
Inch .. • 00197 '"OOooc ·~I ~3 ·00009 ·00020 ·00037 ·00062\ ·00097 •00143 

It thus appears that at the extremity of an arc ten inches long, reckoned from the 
division 33 in either direction, the deviation of the curve from the circle is less than ·002 
inch, or less than ·0002 of the whole are, and the deviation diminishes rapidly as the arc 
diminishes. Such an approach to exactness, in a circular arc the whole actual length of 
which is less than a hundredth of an inch, astonishes one rather at the nicety of the work
manship displayed than at the absence in it of abSolute-perfection; and, again, we have to 
remark on the insecurity of assuming that influences apparently minute in themselves will 
effect only insensibly so delicate an instrument as the vertical force magnetograph. In the 
present state (October 1882) of the Colaba instrument, a change of scale reading from 33'2 
to 23 would multiply the sensitiveness by nearly four times, solely by reason of the minute 
deviation just spoken of; and a somewhat further change would render the instrument 
unstable and altogether useless. 

71. We make a digression here to observe that the theory that we have propounded 
1pplies equally to the ordinary balance or weighing machine, that if the knife-edge of the 

Colaba. vertical force magnetograph were attached to the beam of a delicate balance, and 
that the beam was 12 inches long and the weights at the two ends, including the pans, 
ab9ut a pound each, then the numbers in column 4 of Table 16 tell us that the weight 
(say) in the right hand pan would apparently differ by 2 x ~02J X 7000= ·05 grain accord
ing as the knife-edge rested on its part of minimum curvature or on the part (2° removed) 
corresponding to the division 9 of the vertical force magnetograph scale, and this even 
neglecting the difference due to the weight of the beam and after allowance had been 
made for the rate at which a. small weight changed the inclination of the beam when rest
ing in the firstnamed position. The difference would, obviously, disappear if this last rate 
were taken between the same limiting positions of the beam as the two weighings, but it 
is the practice of experimenters to adopt a uniform rate as applicable to weighings in all 
positions, 'a practice which, in thIS case, would necessarily lead to considerable inconsisten
cies, and possibly to a sensible error in the finally adopted weight. Whether or not the 
form of any particular knife-edge is such as to give rise to sensible error is matter for 
experiment, and possibly the method by which the character of the Colaba vertical force 
xnagnetograph knife-edge has been learned, might with advantage be applied to knife-
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edlJ'('s intended to be attached to the beams of high-class ,balances, as well as to the knife
ed;:e of the particular balance that was u3ed for the determina.tion of the weights of the 
I~perial Standard Pound and its copies. 

72. At thi.<; stage of our present tll'll: we were led to consult the paper by Professor 
W. II. Miller" on the Construction of the New SLandard Pound" (Philosophical Trans
actions, 1856, page 753); and we found from it that the balance used was constructed by 
Barrow, had a beam 15'06 inches long, and steel knife-edges and quartz planes; and, in 
some respects, behaved-as will 00 seen by the subjoined extract from Dr. Miller's paper
in a most remarkably similar manner to the C(.>Mba vertical force magnetograph as the' 
behaviour of this is described in the preceding pages-

Page 765. 41 In the course of making the preliminary observations some pecu
liarities of the instrument were di)'covered, which, though they probably 
exist in other balance8, do not appt.ar to have been hitherto noticed. One 
of these is, that the expansion of one arm by heat, the len in the present 
case, is a little greater than that of the other arm. Hence, when the 
weights in the two pans are nearly equal and of equal volume, the reading 
of the scale in the position of equilibrium diminishes as the temperature of 
the beam increases. Another is, that the sensibility of the balance, as mea
sured by the number of parts of the scale equivalent to a given weight, was 
found to diminish with an increase of temperature. The cause of this is ob
vious. The beam being of bronze and the knife-edges of steel, the balance
beam becomes an over-compensated pendulum, and an increase of, tempera
ture increases the distance between the middle knife-edge and the centre of 
gravity of the beam and weights, supposing the !atrer concentrated in the 
extreme knife-edges. Possibly also, the flexure of the beam m!),y increase 
with the temperature, or the mean expansion of the upper bar of the beam 
may be greater than that of the under bar. The variation of the sensibility 
of the balance is so large, that it is necessary to determine the weight equi
valent to a given number of parts of the scale for each set of observations, 
except in cases where the temperature is very nearly the same." 

In Dr. Miller's repetitions of any single weighing the range of variation of the position 
of the beam is generally small, but in at least one instance it is over 30

: althouO'h a revi
sion of the calculations, with a definite knowledge of the character of the knife-~drre of the 
bala.nce, would therefore not be likely to affect the results generally arrived at °by Dr. 
Miller, it might, in isolated cases, lead to a modification ~f t?e results by quantities much 
exceeding the probable error of the average of a. set of welghmgs. The method, adopted in 
the paper of averaging a set of weighings a.nd a corresponding set of scale-readings Implies 
the aS8~ption that the weights vary uniformly with the scale-readings. No account haS, 
been found of the method of determining the rate of this variation-whether for different 
parts of the scale or only for nearly tha whole range of it. 

TEMPERATURE-COEFFICIENT 01' THJ: VERTICAL FORCE MAGNJ:TOGRAl'lI. 

73. Towards the end of the year 1878 a .po~ble copper stove with chimney was 
provided for the purpose of heating the rooms m which the magnetographs and magneto
meters are placed: coal fires were lighted in the stove and regulated so as to heat the air 
in the maanetom'aph room and maintain it, a.t pleasure, at a J:equired temperature. The 
winter sc~on "t;as chosen for the experiments in order that the natural temperature attain
able by causinN' a current of extern8.1 air to flow through the room, should differ as much 
as p~ssiblo fro';: the highest temperature up to which it was considered prudent to hea.t 
the instruments. Five sets of heating and cooling experiments have been made, the scale
readings of the vertical ~orce magnetograph, a.nd. the readings (in Fahrenheit degrees) of 
the thermometer placed III the enclosure of that rnstrument, bemg observed simultaneous1y 
at the tjmes and with the results entered in the fullowing table. The entries for the dates 
January 31 and February 1, 1881, refer to an almost abortive attempt at cooling without 
previous heating. 
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time. 
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h. m, 
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~ 
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I 16 36l 
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~ 
10 36 
II 6m g II 21 .. II 36 .... 

~ 
II 51 

co 12 6 

"" 12 21 
,:I 12 36 .. 

.;g 12 51 
~ 13 6 

13 21 
13 36 
t3 51 
14 6. 
14 21 
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TABU: 23. 

VERTIOA.L FORO. VnTICAL FORe. Vn'ftCAL FORe8 
MAe"BTO&&AFB, 

Col§.b. 
)U"SBTOGIU.l'B, 

CoI1b& 
M.o.e!IIftOGLU'8, 

Date, meaD. Date. m ..... Date. 
Thermo 

tIme. 
Beale- Th ...... .,. tilll" 

Scale· ~O Scal .. 
readlag, meter. readmg meter, readlng, meter. 

---"-- - ---- - - -
h, m. , F, rat set of h. Ill, 

ex perim. lute, 
35'73 86'6 16 34b 32'66 102'~ ~ 19 34 32'09 103'9 0-
34'13 97'8 0- 16 49 32 '61 102 ~ 19 49 32 OS 103'9 .... 

~ 33 20 997 .... 17 4 32'54 103'2 20 4 32'01 103'9 
33'03 100'2 ~ 17 19 32'48 104'0 ~ 20 19 32'01 103'9 ~ 
3p5 100'3 ~ 17 3.f 32'40 104 8 '2 20 34 32'00 103'S '2 

~ ~ 3 '91 100 8 

~ 
17 49 32'35 104'8 

~ 
20 49 32'00 103'7 .tI 32'89 100 7 18 4 32 30 1°4'7 2I 4 31'99 103'S -32 '88 100 5 r;., 18 19 32'25 104'6 .. 21 19 32'00 103'4 :::-

32'85 100'3 18 34 32'20 104'4 "'" 22 49' 32'18 98'S 'g ~ ~ 32'81 100'8 '" 18 49 32'15 104'4 23 34~ 32'43 96'4 .. 
32'78 1012 .. 19 4 32'10 It'4 -a 0 4 32'66 95'3 ~ 
32'70 102'0 19 19 32'10 I 4'1 .. 0 34 32'89 94'6 '2 

Seeo ndse" of experi ments, 

27'39 84'0 9 6 27'10 95'0 14 19 26'45 10;'0 ~ 27'29 84'1 10 6 27'29 97'S 14 34 26'39 106'8 ~ tz7'13 84'0 JJ 6 27'u 98 'S 14 49 26'29 106'4 
~ 27'03 84'1 e) JJ 34 27'07 99'3 .l!I IS 4 26'19 106'3 

27'00 84'0 00 
27'01 99'S IS 26'09 106'2 ~ II 

4& co 19 
~ 26'91 84'0 

t-
12 27'00 998 .. IS 34 26'00 106'2 

26'85 83'9 12 19 26'90 101'1 ~ IS 49 2S'93 106'2 ... .. 
~ 26'71 83'1 '" 12 34 26'86 101'2 16 341 2S'77 104'9 01 '" ..... 26'70 83'1 ~ 12 49 26'81 101'6 .! I~ 4 2S'71 101'6 .. 

26'70 83'1 13 4 26'80 10J'S 17 19 '25'65 99'8 "'" 26'69 83'1 ~ 13 19 26'76 105'2 ~ 1,/ 34 25'61 98'9 ~ \0 
26'65 83'0 .. 13 34 26'70 /1066 :~ 43 

25")8 98'0 ~ 26 55 82'7 13 
4&" 

26'60 106'5 25'5~ 97'0 '8 
26'69 1 9I'4 14 26'51 106'6 18 34 25'4 g6'o 

Th lrdsot of experi menta, 
32'91 85 6 ~ 12 19 32'51 96'0 ~ 14 .6 32'42 94'1 .l!I 32'78 85'7 1~ 34 32'51 96'0 14 34 32'41 93'0 00 co ~ 32'71 93'7 

... 12 49 32'51 95'9 
.. IS 34 32'46 91'7 

~ ~ ~ 3266 95'1 13 4 32 49 955 16 34 32'47 91'0 
3261 96'0 .... 13 19 32'48 95'3 18 34 32'50 90'S 
32'59 96'1 ~ 13 34 32'45 94'9 t 20 

~!& 32'52 896 .... .. 
32'52 96'1 M 13 49 3Z'43 94'6 22 32'59 88'3 M 

Fo~r th set of expel'l mente, 
28 99 85'S l4 36 29'08 926 20 Ii 2S'57 99'4 
2!)'I9 85'6 14 51 29'07 93'0 20 21 28'52 99'8 
2920 854 IS 6 29'07 93'4 20 36 28'51 100'3 
29'15 84'9 IS 21 29'06 93'9 20 51 28'49 100'3 
29 13 843 15 36 29'06 94'4 . 21 6 28'47 100'4 .: 
2914 842 IS SI 29'04 94'6 

... 21 21 28'44 100'5 co co ~ 2920 84'2 ... 16 6 29'01 95 2 ~ 21 36 28'41 100'6 

i 2884 84'4 00 16 21 29'00 95'7 ~ 21 51 28'39 100'6 00 
2888 84'7 .. 16 36 28'97 960 22 ~, 28'35 100'7 
28'90 8§'3 ~ 16 51 28 94 96'3 5 23 28'31 100'2 ~ 28 90 86 I 1'1 6 28'90 96'~ ~ . 0 6 28'31 98'6 ::s 

~ 28")1 8"'0 .,:1 17 h 28'89 96 I 6 28'32 9T7 
28 92 88'0 ~ 17 36 28'77 97'2 0- • 6 28'32 96'6 
28 95 887 -:S 17 51 28'74 97'7 "'" 3 6 28'38 95'4 "'" 28'99 89'S co 18 6 28'71 98'0 II 4 6 28'39' 95'0 ~ 
28 99 900 18 2t 28'70 98 I ~ ~ 6 28'41 94'4 t 28 99 90'7 18 36 2869 98 I 6 28'50 93'7 
29'01 91 t 18 51 28'66, 985 7 6 28'51 93'0 
2902 '91'7 19 6 28'64 99'1 8 6 28 S9 92'6 
29'05 91'9 '19 21 28'61 99 2 9 6 28'50 92'4 
29'07 92'0 19 36 28'59 993 10 6 28'37 92'4 
2g08 92'2 19 51 28'58 99'4 n 6 28'39 92'2 

G, Fire made'In the ~.tog'l'aph room at 7h, 2m, 
6 N () more coals added aftor thls t.me 
., Removed the fire away between 21h, 80m, and 22h, 16m, and opened the doors IIIll1 gentllatol8, 
d, FIre made ID thellpper stove at 23b 
e, Removed tbe fire away frOIll upper stove at 2!h on tbe 16th, 
f, Fire made in the upper ston at 18h, 00 the 26th and kept burning tiU 7 lUll. on 'he ~tb 
l' ~~~r~ j'::'~\!':.~d~~'i:rt~:I:~~ brought loto the room. 
•• Flre romoved away at about l6h and doors Bnd gent.latorB opened. 
" Beadmg taken after tbe fire had been lighted for BOllle tlllle. 
Ie, Doors and ventilators opeoed about 21th. 
i, F,re made In the IIpper sto"e at about 14th I\nd veotllaton and doors opened, 

fit. KU'e made In the Kagnetograph. roolll at lOb '8111, 
n, "0 more coals .dded after 22ib 
II, Doors and ventilators opened at 1Sb, 14m, 
;p V.gorous fire made In the upper stove at l7b, 18m, 
II FlJ'e taken away from the upper stove II~ lOll, 60lIl 
r, Doo,. closQII at 19b, 

VBRTfCAL r"aca 
CoI!ba 

HAGICI'I'OO& .. ru 

m ... o 
time. 

Se.l .. Thermo 
eo<iIog meter - f--:-

h. Ill, 

J 4 33'07 94'0 
I 34 33'23 93'3 
2 4 3340 92 '6 
2 36e 33'~6 92'1 
4 4 33' 5 92 '0 

! 4 3395 92 '0 
17 34 10 91'2 

10 17 34'42 go'4 
14 17 34 6~ 89'2 
16 17 34'7 888 
22 17 35'10 87'S 
6 17 35'35 87'0 

19 4 25'42 94'8 
19 3~ 25'40 94'3 
20 25'36 935 
20 34 25'30 92 '9 
21 34 25'22 92 '0 
22 34 25'15 91'4 

0 34 25'00 89'3 • 34 2489 89'0 
4 34 24'79 88'0 
6 34 24'69 87'4 
8 34 24'60 87'2 

10 34 24'49 87'2 
II 34 24'41 87'2 

0 34 32'63 87'6 
:a 34 3:2'67 87'0 
4 34 3267 86'4 
6 34 32'69 85'8 
8 34 32'71 85'S 

10 34 32'71 85'5 

II 36 28'40 92'0 
12 36 2848 91'S 
13 360 2862 91'1 
14 36 2871 go'2 
IS 36 2880 89'6 
16 36 z8'82 88'6 
17 36p 2882 88'S 
18 36 28'go 88'3 
19 36 z8'go 88'0 
20 36 28' go 87'7 
21 36 28'90 87'2 
22 36 2891 87'1 

0 36 28'92 868 

l 36 28'97 85'9 
36 2894 85'3 

10 36 28'52 85'S 
14 36q 2879 85'S 
16 36 28'Sa 85'2 
18 36r z86S $S'2 
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TABU 23-continued. 

-
VO,""AL ~o&C8 V ...... C .. L Fo..:. - V."'/'JCAL"O_ Iv~ ..... o"" FoaeB 
M .. UAnoaaua. K .... BI06Ul'11. K ..... _ ...... a. 11. ..... --......, 

CoUN Date. 
ColiN 

Daie, ColiN Date. 
CoI4ba 

ro ..... ....... ........ ......... 
'1m .. ~~ r-~ \1me, The .. Rme. I~or. time. ScaJe.1 Thero 8co1 .... bl~ _m .... 

,MClin" _er, ...w.r moms- readlDg, ",,", .-!1lUf -W, ter, 

/Smglel 

h. 
00 oliog exp enmen t. 

h. m, ~ [L ~ It. m, >. 
m, 

2Z 3611 30'56 84'4 5 36 30'49 83'0 >. 7 36 30'3. 83'1 ~ .: 9 36 ]0'43 83'3 ~..: .a 
f> • r-.gg r-..,., ","w 

4 36 30 'S' 83" .. 00 6 36 30 '5° 83'0 00 8 .36 3O'3t 83'1 ! w 10 36b 30 '47 83'5 ::- .. "" :: .. 
Filth set of ez, 

penm ents. 
6 J7c 29'30 84'2 21 36 29'20 92 9 I 6 2923 96'S 7 2' 29'43 89'4 
8 6 2932 842 .. 21 51 29'20 93'1 I 21 29 23 96'7 7 36 29'43 89'2 

10 17 29'31 844 co 22 6 29'20 932 2 36 29 :u 96'7 .: 8 36 29'41 888 
'4 17 293' 84"4 ~ 22 21 29'20 93'6 3 36t 29'20 94'7 00 9 36 2941 88'S 
.6 '7 2919 84"5 ~ 22 36 29'20 937 .: 3 51 2921 93'S ~ .0 '7 29'3' 88'3 
18 211l 2928 853 e 22 51 29 :u 94 0 co 4 6 292J 92'7 t- 12 36 29'44 877 
18 36 29 29 86'J 23 6 2922 94'J ~ 4 21 2922 92'3 OS 14 '7 2944 87'S .a ts 
,8 5' 2930 867 r:: 23 21 29'22 94'S t- 4 36 29'27 91'7 .. 16 J7 2942 87'2 .a 
'9 6 2929 87'2 23 36 2922 -94 6 <II 4 51 2929 9"4 

., ,8 36 29'49 87'0 :J ts r.. 
19 :11 29 29 87'7 23 51 29'20 948 .. 5 6 29'30' 91'1 20 36 2949 86'8 '" .a 11 19 36 2929 88'~ .. 0 6 2919 95 I r:: 5 21 29'30 go'7 22 17 29'48 866 

1 
..... 

'9 51 2928 88 0 21 29'19 95 2 5 36 2931 go4 .. 6 17 29'48 !j5'8 
20 6 2926 89'6 0 36 2919 '95'6 11 

~ 51 2932 90"3 3 '0 17 29 29 86'0 .d on 
20 21 29 23 go '3 ~ 0 SI 2920 96" .. 6 2934 go'2 11 14 IV 29'35 86'2 
20 305 29'21 91 'I .. I 6 2920 96'~ 6 21 2937 go', '" 16 17 29 25 86'1 .. 
20 51 2921 91 7 J 21 29'21 96 6 36 2939 goo 22 17 2935 858 
21 6 ·2921 92 I J 36 29'22 969 6 S( 2940 896 6 17 29'33 85'6 
21 21 29 2O 926 , 51 29'23 96 8 7 6 2941 89'S 

.. Cooling e<!n1l1l0noed 'rolD 18b 1 m "'''en tbe d,,., ... and vontlldo ... Were opeDc1 and. fire kindled ID tllo upper Ito"'. 
6 Cooling operations at.l)pped, dOl.,'" clOled. and fire in upper lltove put out. at l.4b .om. 
•• Doors .. nd •• nul.ton lolt open ""d lire klDdiod In upper .to.e at 1Mb OD 2.lrd 
•• Hoatlng commonOfd at 18h 8m 
•• At Sh. put out fire In tbolo ... r Ito"" and ld .. dl.d htoppe. ono; ~nd doo," .. nd .ent,l .. tortleft open. 
f. Fir. put ODt In the opper .'0 •• at Uh. 0" .. on 20." , doo .. Dlooed at 7b. DIQ, OD 27tb. 

The .curves of Figs, 57 to 61 are constructed from the numbers in this table, taking 
the temperatures as abscissre, the scal,:-readings as ordinates, and marking the times along 
the course of the curves, 

74, As in the heatin~ experiments there is no external magnetic disturbing force 
introduced, and as (/Jo + /J) IS a small angle, our fundamental equation of equilibrium
equation (1) - becomes 

Yo-X (/Jo + /J) - W:q{tu) = 0 (14) 
m 

where X may be regarded as constant during a. set of experiments. Let III (the north dip 
of the a.xis of the m~a~net) and t (the temperature) vary together, a.nd let the partial differ
ential coefficients of t '1£) with respect to Q and t be distinguished by being enclosed by 
parentheses: then . erentiating 

dYo _ X d/J _ Wg l(d (tu») +(d (tu» d/J _ (~dm t = 0 (15) 
dt dt m I dt . d/J dt m dt ~ 

where dYo is the change of Yo that occurs during the time in which t changes from' to 
t + dt: but tu = - c cos (. + /J) - tOO, and as /J is a small angle 

(l. t~» = c sin. • - d £:0); th~refore, as d/J:::o cIs, 

dYo _ (X + Wg c sin .) a d8 + Wg d(wo) ds _ IV9{(d (!'I£»)_ ~ dmJ=o 
dt m dt m ds dt m dt m dt (16) 

or Bubstituting for { (X + ':: e Bin.) a- I:;; d~:o) } its value ~~ [Bee equation (7a)] 

and for Wg (t'l£) its approximate value Yo [see equation (14)] 
m 

d Y as _ d Yo = ~ dm _ Wg (d (t'l£) and 
di dt dt m dt m dt' 

(17) 

Yo <dm _ Wg (d (tu) d Yo 
ds m dt Tn dt + JT (18) 
dt. dY 

ds 
8825-140 u 
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'15. Deferring, for the moment, the final r~duction of the ?bservations, we proceed 

now to describe the process adopted for approxnnately destroymg the large temperature 
coefficient which the instrument was found to require when the first set of experi-
ments was made, viz. in February 1879, The average value of ~ for the cooling 
period commencing on February 15d 21h 15m and ending on February 17d 6\ or 

,35'35-32'00 = -0'21, was taken as near enough for this purpose. The value of m was 
87'()--103'4 

found in the manner described in paragraph 47 and by similar deflection experiments at the 
distance 1'6 foot, to be 0'5948 and 0'5755 respectively: it was also roughly determined 
by vibrating the vertical force magnet with and without a bar whose moment of inertia is 
19'6138, and observing the respective times of vibration in seconds: the squares .of these 
were 75'8814 and 36'2321, whence the moment of inertia (K) of the magnet and attach-

ments is 17'923~, and m = i~ = 8'l1;:6~8~~~2321 = O'6018-all in British units: 

the mean of the three values (0'5907) was made use of, Other data used were X = 8'1128; 
'8, the north magnetic dip, = 19° 20', whence Yo = 2'8464; W = 1760'1 grains; and 
g ~ 32'19, On account of resistance of the air to the motion of the mirror, times of 
vibration of the vertical force magnet c~n only be roughly observed, but combining such a 
rough value (48 '84) of the vibration of the magnet when in adjustment, immediately before 
the first heating experiments of January 1880, with the time of vibration of the same 
magnet in a horizontal plane, the square of which is given above, we obtain as the value 

of ddY (in British units) 3t~3~; x 8'1128 x '00154 = '0193,* Disregarding dYo and 
, 8 4' 4 dt 

inserting numerical values in equation (17) W/3 obtain 
, . 

'0193 x (-0'21) = 2'8464 t!:!!!:. _ 1760'1 x 32'19 (d (tu» (19) 
'5907 dt '5907 dt 

-'004053 = 4'8187 dm _ 95916 (d (tu» (20) 
dt dt 

76. We may form an estimate of the relative importance of the two terms on the 

!,ight hand side of this equation by taking for ~7 -'000,2, which is not far from the value 

of it u~ually found by hot and cold water experiments, This gives for the first term the 
value -'000,964, and thence we obtain for the second, the value -'003,089; or the force
equivalent of the change of position of the centre of gravity of the magnet and attachments 
due to an increase of one degree of temperature is more than three times greater than the 
force-equivalent of the loss of strellgth of the magnet due to the same cause, Dividing 

~<'003,089 by the coefficient ( -95916) of the second term, we obtain(d~;»)=+ '000,000,0322 

foot, implying that the centre of gravity moves to the southward of the knife-edge by that 
amount for every increase of a degree of temperature, Now, neglecting the middle term, 
equation (14) gives for the total <Ustance (tu)= ~~ = 29:;~: ='000,03 foot (nearly) ; whence 

. m 
the rate of increase of (tu) per unit of its length and per degree, is ~O:':22 ='001 nearly. 
As the knife-edge passes nearly through the centre of figure of the magnet, this is far too 
extravagant a rate to be attributed to any regular expansions; nor can any material part 
of it be accounted' for by the consideration of the unsymmetrical arrangement of the at
,tachments ; for the most considerable of these is the mirror, which weighs 105 grains, and 
it would be necessary that the displacement of this to the south side of the knife-edge 
should be about an inch, in order that the expansion for one degree should move'the 
centre of gravity of the whole mass by '000,900,0322 foot, whilst the actual displacement 

is but a small fraction of an inch, Although, however, (d~;») is large as compared w~th 
any probable uncompensated simple expansion, it is very small in comparison with ,6(c;",) 

(~'OOO,043,39t inch='OOO,003,62 foot] the depression of the centre of gravity due to the 

.. If we could have known beforehand, what has only been brought to light by an elaborate lawr 
investigation, that the high temperature of the instrument during the experIments would increw;e the value 
of the scale coefficient, this should have been about. one-fourth of Itself greater, It is mainly on this accoun~ 
that, as will be seen presently, the calculated additIonal compensatlOn was found, OD trial, to be one-third or 
one-fourth too small In comparison with the tempera.ture effect, the time-growth of the coefllcient betweell 
February 1879 and January 1880 is insignifica.nt. t See paragraph 56, 
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~aml~ callse; nnd if the surmisal that the latter movemeI.t is an effect of incrca;,e of flexure 
()f the two (;Dds fJf the magnet with inCre'lRC of temperature;: be admissible, then it may 
wdl b~ that this smaller movement, which w more than a hundred times le<:>8, is caused hy 
latl.!r .... 1 inequality of the same molecular changes that give rise to the change of flexure, 
and such movement-being in this ea.,c in the same direction-would ah\ay.:! be initiated 
and augmented Ly losa of btrength of the" magnet. 

77. But so large a temperature-coefficient being practically highly objectionable, 
Qur fin,t eonc-em W8.3 to obliter.\tE- it as far as possible, from whatever cause it arose, and, 

as ~~t' is beyond contwl .. our attention had to be directed to the reduction of (d~:» to 

such an extent that 95916 .{d~;». should be equal to -'{)04053, when tbe coefficient 

cJught to clliappear: in otha word3 ~(d~:) WM to be made equal to -'000,000,042,3 foot 

per degree by altering th~ tc.-mperature-compensation arms and the weight:; placeJ upon 
them. Originally these oorJsi"teJ of a. horizontal bra::,s arm fixed to th.e north side of the 
knife-edge frame, a zinc wei;;ht sliding "timy upon it, and a brass socket sliding stiffly 
upon thu south end of the magnet. The weight!> of th.ese were 26 grains, 10 Z grains, anu 
5:.1"45 grain.'l respectively and the respective di<;taH<X:s of their cen.tres of gravity from the 
knife-edge 0"116 foot to northward, 0'0977 foot to northward, and 0'0643 foot to south~ 
ward. (JonRwiueutly, the weight of th~ magnet and all appendages being 1760'1 grains, 
and th£' linear expansion coefficients per degreB Fahrenh~it-of brass being -000,010,4, of 

zinc being '000,01643 and of steel being '000,006, the part" of (d~~;l)) llue to the regufar 

~xpansion of the respective piecea were -l;!lX 0'116 X'000,010,4= -'OOO,000,0178;-1:~\ 
X 0"0977)( '000,010,4=-'000,000,008,9; and+:;.,.;.\ X 0 (}643 X 'OOO,OOG=+ '000,000,013,0, 
The first question put wai'l v,bether the substitutilln of a larger wei.ght (call it.z) for the 
";lflall zinc one would suffire for our purpose' to ubcertain this we: haH' only to suppose the 
brass tlocket moved on to be flush with the extreme ;,,~nth end of the magnet, when it::; 
distance from the knife-edge would be 0'2095 foot and-suppu'5mg the .llDC weight to have 
Lpen removed-the weight il acting at the very end of the bra...<;s arm-distance = 0"2192 
fl)ot, will, in order to restore the balance, ha.ve to he 

:I = &945" (n-m6-00643) + 1'0 2" oO'.m = 43'9')07 
~~u -

But with this weight and the changed di.,tanrcq the changed parts of t~_;l)becoD1e
for the brasli so<'ket .;.:~~ X (+0'2095) X '000,006 = + '()00,000,0425 and 

for the wei,~ht z ~:i X{-0'2192)X 000010,4= -'000,000,0569 

78. And as the brass arm is the same in hot,h case.:; the SUUI of these two parts 
(- 000,000,014,4) Jess the sum of the corresponding two unchanged parts (+ '000,000,0130 

-'000,000,008,9 = + '000,000,004,1) is the greatest chang~ of (d~t;t)) [a dinlinution of 

'000,000,018,5J tha.t could be produced in this way, and w( see that thi" ," not even half 
adequate to Illeut the reqUIrements of the case. Com;equelltly, as it seemed unadvisable 
to increase the l'ize of the weights beyond that of the LMSS socket, we decided-after find
ing that this would dil'pen8~ "ith any U€ed of Jarg-e weiO'hts-to substitute fur the old 
bra"" ann a zinc arm vfthe same form and dimelH,ion~ ~ld so to take ndvanwCY'e of the 
greater expansibility of the former metal. Having done this, the moment (.d) otthe new 
wtight {x) to be plaC€d on the zin,c arm wi~h its. centre of gravity at the distance (l) to 
northwnr(l of the kmfe~edge, and l the reqUIred dlstance of the brass socket to southw:u J 
of the knife-edgc, were found from the two following equations,-

(xl)=59'45 X (l'-O'0643)+ 10'2 X 0"0977, and 
~ (;:~JI Xl'X 'OOO.OOG)-(..:1 XO'lIt) X '000,016,43)-(l;(~\ X '000,016,43H-'OOO,QOO,013,i = 
-'000,000,042,3, the last term of the first side of the hst equatiun being the sum (jf the 

unchanged three parts of e~t)), or +'000,000,013.0-'000,000,017,8-'000,000,008,9= 

-'000,000,013,7. 

7,). The first of these equations cxpresse'i the condition that the l, .. dance shall be 

maintained, ~nd the s0cond that tl.e required change shaH he eu"ded in tIll: value (If (l::;t)) 
tl~cy g""c C'32J fur zl, and 0'154 for l'. To fix upGn thL: bt.st vJ.lues of x anJ l, consistultly 

• See paragraph 5'1. 
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with ttl being equal to 6'325, we must have recourse to other considerations than those 
of the problem just solved; and if the zinc arm had been some~hat less slender than it is,. 
the least weight (x) that 'Would have allowed the same effectIve range of further adjust
ment, in bringing it and the brass socket up ~o ~he ends of their resp~ctive arms, would 
perhaps have been the best to choose; but, as It IS, we fixed upon a WeIght (51'9 grains) 
that should never project from the knife-edge by more than 0'18 foot, and this gives for 
l '120 foot. 

80. To allow of the various weighings, measurements, and other experiments that 
have been described being made the instrument had, of course, to be dismounted, and 
removed from its usual place. This was done on the 14th January 1880 and following days, 
and the fit of the brass socket upon the magnet being inconveniently tight, the opportumty 
'was taken of easing it a little by filing a few particles off the inside of the socket. . \ . 

81. On re-adjusting the magnet, with the new zinc arm and new brass weight attach
ed, the latter was actually placed at the distance 0'128 foot from the knife-edge, and the 
brass socket 'was then roughly adjusted to restore the balance, and finally the small brass 
-screws were turned as is cu'stomary for fine adjustment both of sensitiveness and balance. 
Between the 25th and 27th January 1880 the second set of heating experiments was made, 
but It was of no value, because the apparatus was yet in a stata of gradual molecular 
change, was in fact taking a new "set" after the comparatively rough handling to which 
it had been .recently exp.osed, and the, effects of this action over-rode the effects of temper
at~e upon the readings oftha instrument. The figure (No. 58) is interesting as exhi
biting this action. The third set of heating experiments was made on the 30th and 31st 
January 1880, and the small range of the curve (F.ig. 59) shows, even after allowing 
for the sc~e-coefficient being nearly twice as great as in Eebruary 1879, that the large 
temperature coefficient had been substantially destroyed. t This result is confirmed, though 
not in quite so marked a manner by the curve of Fig. 60, which represents the fourth 
set of heating experiments-those of the 7th and 8th January 1881. After this, the 
compeXlsation weights were again moved,~ the brass socket so as to lie flush with the end 
of the magnet, and the brass weight on the zinc arm so as to restore the balance. Then, 
after allowing a little while for the instrument to settle down to a steady habit, the fifth 
and last set of heating expe,riments was made on the 24th-25th February 1881; and 
the curve representing these experiments (Fig. 61) is regarded as implying as nearly a 
complete obliteration of the temperature coefficient as the instrument is susceptible of 
receiving or as the particular kind of experiment is capable of exhibiting. 

82. We now proceed to the determination of the numerical values of the temperature 
coefficients deducible from the numbers afforded by the several experiments. A cursory 
examination of the four useful curves (Figs. 57 and 59 to 61), and especially of the first 
which has t4e widest range. shows that the magnet lags behind the thermometer in tak
ing up the changes of temperature to which the glass shade, which encloses them both, is 
exposed in the course of a set of experiments; for the rate of change of scale-reading per 
degree of temperature is slower in the earlier than in the later part both of the heatings 
and coolings,1\ and it is two or three hours after the rise of the thermometer has been 
finally arrested before the scale-readings cease to fall or begin to rise again even though 
the thermometer has in this interval fallen, in the several experiments, from one to four 
degrees. It was foreseen that this would render the utilization of a great part of the 
observations somewhat uncertain, and both high and low temperatures were maintained 
until in aU cases, the scale-reagings had become steady: ultimately we,resolved to base 
the reductions on these steady observations alone. The periods selected as comprising 
observations generally of this character, that is-of times of nearly uniform higher tem
perature a.n.d of times of nearly uniform \ower temperature, and the average scale-readin'gs 
aI\d average temperatures for these periods are shown in Table 24, as are also the scale· 
reading differences and temperature differences of the intervals between the respective 
periods (~he latter being always taken with the positive sign), the sums of these differences. 

d h . ,; (48) 
an t e quotIents ~ {4 tr 

• Its dimensions are.-Iength = 2'47 inches; breadth (vertical) = 0'15 inch; and thickness = 0'02 inch. 
t The reason for the small deficiency in the addltional compensation first applied has been explained in 

the foot.note to paragraph 75. 
t The mode of calculating the amount of motion requisite to destroy the residual temperature coefficient 

still found to be r\lquked by the experiments of January 18RO and January 1881, is obvious from what has 
gone before. . 

• 1\ The fact of the general direction of the :lower one-fourth of Fig. Ii 7 being much less inclined to the 
hO~lzontal thau the npper three-fourths is mainly due to this cause, but-as remarked io paragrapb 67_ pan 
'If lt may be due to the influence of tllmperature on the sensitiveness of the instrument. 
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T~BLE 24 • . 
l'ulon, VUTlC.u. FORc. lliGlfB'l'OGB4l'H, . , . 

~ronth. BegiJmillg, End, Scale-reading. Dift'erencea. 'l'hermo- Ihfi'erences, 41, 
, meter, Ai. . 

, 

1 2 3 , Ii 6 , 7 8 . 
, 

d. b. Ill. d. b. Ill. Firat let of experiments , 
0. 6 6 35'73 86'6 - 15 17 15 '7 00 

-,'85 +14'0 N ... 
i IS 14 34 ts' ,IS 49 3z'88 100'6 

-0'86 + 3'1 e •• 

~ IS 19 34 IS 21 19 3"0' 1 103'1 

J Ii<c 16 II 36 16 S 4 33'79 -3'33 9Z'O +16'7 ... 
17 6 17 17 6 17 35'35' 87'0 

Sums a.nd quotient ... ... .. _ .... -7'04 ... +33'8 -'z08 

Corresponding means ... .. , 33'47 .~ 97'0 .., ... 
'Temperature coefficient= ~;~!:~ =C'oII56) (- '20S]=.- '00240, 

d, b. Ill. d.. b. m, Third set of experiments I d 
co 

32 '78 85'7 00 30 10 17 3010 17 ... 
&" 

-0'24 I +10'3 ... 
30 II 34 30 U 49 32'54 96'0 

§ . +0'06 + 5'3 .., 
'~ 30 16 34 30 18 34 3z'48 9°'7 

-0'22 + 5'1 .. , 
31 6 34 31 10 34 3z'7° 85'6 

Sums and quotient ... .., ...... -0'40 ", +20'7 -'019 
\ 

Corresponding means ... .. , 32 '59 ... gO'7 . .. ... 
. 

Te~perature coefficient = ~~~AI) == ('01570) (- '019) = - 'oo03a. a. ~~) 

H d. b. m, 
00 

d, h. m. Fourth Bet of experiments 
00 .. 8 10 36 8n 6 28'86 84'S r -0'5° +16'0 -821 36 8 '3 6 18'36 I 100'5 

} +IS'Z ~ 9 8 6 9 11 6 /18'46 -0'58 92 '4 ... 
10 6 36 10 ,6 36 • 28'94 85'3 

Sums and quotient ... 
" f •••••• -1'08 ... +31'z -'°35 

Corresponding means ... . .. 28'63 ... gZ'7 .. . ... . , 

Mal' f ~(AI) '035 + 046-ea.n v ue 0 ~(~) == - II = -'041 

Temperature coefficient = !!!~(AI) _ ('01542) (- '041)= - '00063. a. l:(~) -

. ... d, b. Ill. d. h. Fifth set of ~rimen~ 
. 

00 Ill. 
CIO .. , 

i 113 u 17 24 18 III 29"9 84'6 . .- -'07 +12'2 ... 
,.Q 25 1 III 2S :I 36 29'2;1 • g6'$ 
~ -'20 +10'3 ... 

25 18 36 26 6 17 29'48 . ~6'5 

Sums and quotient ... .. , . ..... -Q'33 ... +22'5 -'015 

Corresponding means .. , .. , 29'30 
,. gI'l ... , .. .--

, Temperature coeffici~l ==~ l:(AI) = ('oJ"''') ( .. '015)= - '00016. a. ~(~). 

• See next paragraph. 
B 82S-1S.u 
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83. The only au,l'mpts m'lde to allGw j'''r ~hf1ngcs of Lhe Y..;n:('al f'Jrcc O('Cl~n iL~ ,n 
the course of a set of exneriments had rl?sp' ct to th3 diumnl Y'1iIatH 'n nf t:" t dClm :It , . rl 
the expenments of J an'uary and February' 1881: It did not illcr,_rne ti,e C(lli~ j :;t .. ncy L f 

the several pairs of differences and it left the valuo of; ~~.;; for Fer.ruary 1881 tho sarl1C 

(-'015) as is found above without any mch a1lowance: it gave for January 1881 the 

value -'046 to:S ((t.B», and the mean (-'041) bet.ween this and the yalue fuund abo,a 
:s t. t 

(-'035) has been adopted. 

84. Period;; of .,teady di.fference of temperature outbidc and inside the b 1.1 ~s ~Iw., Ie 
were also selected from the observations, and were. (livided into p:11ts d high.-'f all.! p:llts 
of lower tempe\ature, and these parts were treated like the hot and cold pt'riod:i of the 
pret3eding table. The pairs of difference;; were much less accordant than thObC of the pre-

ceding selection, and the resulting values of ~ ~: :~ were, in the order of the c:\ perimchts, 

-'201 ; -'037; -'047 and-·025. These have been made no URe of. 

85. The values of ~~~ used in Table 24 were calculated from the data giwn at th,~ 
foot of the table by means partly of the constants of Table 20 and partly of the nUl n t,ers 
in columns 2, 6 and '1 of Table 16. The readings of the vacuum gauge, within the Yt.rtilal 
force magnetograph enclosure, varied during the four useful hcat;n;; experiment" Ldwc -'n 
2·6? and 2·74; 1'51 and 1'55; 1'74 and 1'80; and between 2·40 and 2'43 inchc3 of 
mercury, in the order of occurrence of the expeliments. 

86. One of the obvious practical conclusions to be drawn from the whole inve'~tiga
tion is that the- degree of sensitiveness of the instrument ",hould be fixed with reft:'rcnc~ to 
the character of the particulal instrument, and to the ranges of tonpeIaturo aJul of Rca!;
reading under which it is to be used, and nut on foreign considerations whi:h aSSUillP tbat 
the scale coeffiClent is independent both of temperature and of the srale-reading : :11:'\0 that 
if the CoMba instrument may be taken as a type of it,s dass*-a (::188 which cOl1",ist" of 
some fifteen copies establIshed in various parts of the world-it would be futile to attcllJl,t 
to maintain uniformity of scale in the whule class, because it would be abstU'd to sUPI'()<;c 
the instruments varyin~ together, in respect of temperature and scale-reading, in virtual1y 
parallel lines ; and this being premised, the most suitable scale for any particular case i3 
one that will allow (say) of a year's unbroken records being obtained without any extra
vagant variation of the scale-coefficient-(say) that the upper limit should not bear to the 
~ower a greater ratio than 2 to I-but otherwise be as open as possible consi"tently with 
the retention within the range of the recording paper of all but the most erratic dis
turbances. 

SCALEr COEFFICIENT OF THE HORIZONTAL FORCE MAGNETOGlUPH. 

87. The form of the instrument being that of the bifilat magnetometer, with a thin 
platinum suspension wire, the mechanical theory of it may be stated as follows :-

Let m = the magnetic moment of the magnet 

X = the horizontal component of the Earth's magnetic force 

l = the (single) leng-th of the suspension wire 

a = half the distance apart of the wires at top 

a' = the radius of the pulley 

A. = the angle between the magnetic meridia.n and the vertical pla.ne containin~ 
the two wires at top 

v = the angle between the vertical planes containing the two wires at top and 
at bottom, i.e. the angle of tor.~ion 

W == the mass of the maznet and its attachments 

• There 18 r-o reason for prl)suming it to be otherVi i.e seeing that ID order of manufacture it C'jl:J.9 nelll" 
1he middle of tl." class as at present e::ustmg. ' 
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9 = the force of gravity, 
and, in Fig. 62, let a, rI be 
projections on a. horizontal plane 
of the half-distance apart of the 
wires at the top and bottom. 
The equilibrium of the system 
may be regarded as maintained 
(1) by half the weight of tho 
magnet balancing the upward 
tension of the wire at the F0ini; 
A, (2) by the re-action 0 t~ui 
pulley a~ainst the tension of the . 

Fig. 62. 

,a' 
r-~----------~o 

B 

wire a.ctmg along AO, and (3) by 
the moment round the point 0 of the horizontal tension of the wire acting at A 
balancing half the moment of the Earth's horizontal magnetic force acting on the 
magnet; and of these (1) and (3) give us 

i Wg = (the tension of the wire) x (1- ~·)l or (4) 

the tensi~n of the wire = 1 WfI(l --~21)-i 

= I W, (1 + :z:) nearly 

_ 1. W. (1 + a! + a,1 - 2 a tI coa 'V) d 
-~ g Il! ,an (6) 

~ m X sin (A-v) = (tension of the wire) i sin (BAO) tI (e) 

or, as (J Bin (BAO) = a sin V, (d) 
we have, inserting the value of the tension of the wire given by equation (b), 

-X . (A ) - W. a II. (1 + a' + a,B - 2 a a' COB", (e) 
II. 'Ln - V - , T 8m v III - J 

In the Colaba instrument l = 12-96 inches; a = 0'20 inch; tI = 0'18 inch (tho last 
two during a particular adjustment), whence the greatest possible value of the last term 
of the last. factor e t It. ") is' ·040~3~.~0324 = '00021, a.nd the term. may-in co~pa.rison 
with unity-be neglected without sensiblt) enor. We then have .., 

mX sin (A - 'V) = Wg at sin u (1) 

and differentiating on the supposition that the temperature is constant 
arJ Sin (A - v) d (mX) + mX cos (A - v) (dA - dv) = Wg "T cos vel" (2) 

and dividing by (I) 

d ~f) = {cot'll + cot (A - v)} du - cot (..4. - v) dA (3) 

or, as the coefficient of the last term is necessarily kept small enough 
to allow of the r~jection of the term 

J" d ~~X) = {cot u + cot (A - ~')l (4) 

which, since {A - v} is nearly equal to tr 
2 

= { cot" + (i + " - A)} (5) 

Now let 11 = Vo + 4t', 110 being soma arbitrarily chosen value of 11 that is nearly equal 

to (A - i), and when 4U vanishes let d ~~X) = d(~~~o, that is 

1 d (mX)o ~ { ( r )} 
dv ('I/X). - cot 110_ + i + 110 - A (6) 
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Of, subtracting this from equation (5) 

lA {..!. a (mX)o} = { _ ~ + lAV} = - cot'vo lAV, and (7) au (mX)o s'tn Vo 

1 a (mX) = -.!.-. a (mX)" _ cot'vo lAv" (8) 
av mX dv (mX)o 

88. Now as the north end of the magnet, when in adjustment, points nearly to west
ward, and as a movement of that eD:d towards north causes a? increase of scale-reading, as 
well as an increase of v, we may wrIte (8 - S)a for lAV, 8 bemg the scale-reading corre-

sponding to v = Va, 8 any other scale-reading for which the coefficient a <:f) is to be 

found, and a being the angular value (in ,this case '00241) of a division of the scale. 
Equation (8) th~ becomes . 

~ d (mX) = ..!...- d (mX)o _ a (8 _ 8) cotlvo (9) 
av tnX dv (mX)" 

89. The use that will be made of this equation is to combine series of values of 

...!..- d (~X) , corresponding to certain values of 8, determined by the method of deflections; 
~ m . 
thus obtaining for each period of undisturbed adjustment of the instrument appropriate 

values of:
v 
d/:~~o and cot!,v,,; and th~_n to apply it for the calculation of monthly values 

of d~ d( :J(, or rather of the proper scale-coefficient Xa ~v d :;>. 
The deflection experiments for the determination of the scale-coefficient are similar 

to those described in paragraph 25 except that-in this case-the deflector magnet (E 1) 
is placed to north or south of the deflected magnet, when used to deflect the horizontal 
forM magnetograph, and is directed end-on towards the latter; so that the four positions, 
for each deflection distance, are (I) to southward with north end south; (2) to southward 
with north end north; (3) to northward with north end north; and (4) to northward with 
north end south; and the experiments are made, in the same order, successively upon the 
horizontal force magnetograph in adjustment, and upon the magnet N 3 in the Electro
meter Tower-modified, however, in the latter case, by every thing being turned through 
90° ?f azimuth. " 

Tables 25, 27 and 29 contain copies of the original deflection observations of the 
respective kinds, and in Tables 26, 28 and 29a are collected the double deflections deduced 
from the observations. 
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TABLE 25.-EJ!periraental deflections afihe Magnet N3, 8,",~pended in the Electromefer Tower, 
by the deflector Magnet El. 

OBSERVATIONS. 

~.: 2.; 

,::=.I 
-e" Magnet El. ~i1 Magnet El. 
""~ a a Loc&1 TIme, l'cale· Thermo- i§ Scale· Observer, .... Low Time, ObSel'Vllf, .. " Readmg meter, .... Readm~ "' ... "c. .0>< Dll!tance North .0" Dliltance I North " .. ~ ., I 
;;- in feet. elld, " .... m feet. end, 
~o ZO 

:---- r 

d, h. m. . 
d. b. m. 

III. II 7 30 23'55 ... 1'5 E. E, C,C, Va. 4 16 32 112'97 1'5 lL E. J,E.K. 
17 64 

. .. 
" " 34 ... 2'0 E. E. C,O, 

" " 33 u'99 ... " 
p, 

" 36 81'4 
n 

" 14'55 3'0 E. E. C,C. n " 31 5'34 .. , J'S Eo W, JE.K. 
.; 

" 38 W, CC, 
"" " II 93 '" 3 0 E, 

" " 39 5'36 .,. n " 
p 

tIJ 

" " 4S 8 So ... 2'0 E. W, CO. 43 10 44 :z'o B. W, J,E.K. .. 
46 " " . .. 

-;:I " " 2'90 ... 1'5 Eo W. OC. n " 44 10'45 , .. n " 
p. .. 50 ;!'S3 ... I'S W, W, C,O, 't " 46 849 W, J,E.K. ~ " " " 13'10 3'0 Eo 

~ " " 52 8'76 81'8 2 ow, W. 00, ;=! 46 13'09 85 0 p, 
1 W, ·5 " " .. " " " H 11'9 1 '" 3 0W, C,C, ";j: " " 50 13'11 84'7 3'OW, W. J,E.K. .. 51 1454 '" 3'0 w. E. 0.0. 8 84'7 p, ... n " " " 51 13'12 " " 

" " S9 11 61 . ,' 2'OW. E. C,C, I " " S6 10'46 ... 2·OW . W, J,E.K. 

" 
8 I 23'5 1 81'7 1'5 w. E. C,C, ..., 

" 57 10'47 p. .... " 
.,. 

" " co 
" 17 3 5'44 1'5 w, W, J,E.K. ... .., .. 
" " 4 543 .. , 

" " 
p, 

IV, 10 10 21 22'74 84'2 1'5 E. E. .g 
" " 

8 22'95 ... 1'5 W, E. J,E.K. 
lit set, " 24 17'68 84'2 2'0 B, E. +> 

9 2295 p, 
" 0 " " ... " .. 

26 15'05 84'2 30 E. E. 0 " 12 11'93 2'OW, E, J,E.K. .:, " " ,d " ... 
.... 

" " 29 l.q6 84'3 3'OE. W, .... 
" " 13 17'93 ... f p. 

00 Poi "'" " " ... 32 10'06 84'3 2'0 Eo W, 18 IS 34 84'3 3'ow • E. J,E.K. 
" " "d " " ... 

" 35 84'4 1'5 E. W, 19 84 2 p. 
<l> " 4'93 ~ " " 15'34 " " -a " " 38 S'2S 84"5 1'5 w. W. 

Z " " 22 14'20 84'1 Away, ... p, 

.s " " 41 10'18 84'6 2'OW • W. " " 25 1421 84'1 " ... J,E.K. 
~ 

" 43 12'75 84'7 3'ow, W. ~ ., 
" tIJ 
" " 45 IS 03 848 3'ow. E. 

o:S " " 47 17'59 84'9 2'011'. E. VICl. 10 20 42 14'42 84'2 Away, .,. p. 
0 22'60 85'0 E. V.N. ... 

" " 51 I'S W. 
" " 43 14'42 84'2 " ... 
" " 50 15'49 84'2 3'0 B. Eo p, 

" " 51 15'49 84'2 " " 
V,N. 

IV. 13 16 41 22'68 85'6 I'S E, E. p, 
" " S3 16'28 ... 2'5 B. E, p, 

~nd eet, 
" " 4 2 2267 85'S " " 

V.N. " " 54 16'28 .. ' " " 
V,N. 

" .. 45 17'65 ... 2'0 Ie. E. p. n " 56 18'01 . .. 20E. E, p, 

" " 46 17'65 ... " " 
V,N. 

" " 57 1802 ... " " 
VN. 

" " 4
8 15'11 ... 3'0 E. E. p. .. " 58 2283 ... 1'5 E. E, P 

" " 49 15'10 ... n " 
V,N. " " 59 2283 .. , 

" .. V,N, 

" " 51 12'95 ... 3'0 Eo W. p. .. 21 I 5'99 .., I'S B. W. p, 

" " 52 12'97 ... " " 
V.N. II " 

2 5'99 ... 
" " 

V,N, 
~ .. " 56 10'15 ... a'OE. W. p, 

" " 4 1082 ... 2'0 B. W. p, 
.... V,N. 1082 V,N, 00 

" " 57 10'16 ..... " " " " 5 ... 
" " ... 

85'7 W. p. 12'56 W. p, 
'" " 17 0 5'06 1'5 E. v5 " " 7 , .. Z'S1 

i 1 5'05 85 6 
" " 

V,N. .... 
" " 

8 12'57 , .. 
" " 

V,N. .. " co 

5 5'13 85'7 1'5 w, W. p. .. 
" " 

10 13'33 83'8 3'oB. W. P. 
<l> " " 85'6 V,N. 

.p 
83 8 V,N, +' 6 5'15 " " '" " " 

11 1333 " " ~ " " ~ ., 
" 10 10'15 ... 2'011', W. p. t.I) 14 13'33 83'7 3'oW. W. p, 

rn " 
n " V,N. ~ 83'8 V,N, 

-:9 " .. II 10'15 .. , 
" " ..q " " 15 1332 

" " ..., 
" 14 12'80 ... 3'ow. W. p. o:S .. " 17 12'55 .., 2'5 w. W. P 

" .. 
12'78 V,N. 18 U'54 V,N. 

" " IS ... " " 0 " " 
, .. 

" " 
18 15'06 3'011', E. p. ... 21 10'77 Z'ow, W. p. 

" " 
... " " 

, .. 
" .. 19 15 05 .. ' .. " 

V,N. 
" " 22 10'77 .. , 

" " 
VN 

" 
2I 17'62 ... 2·OW. E. p. 

" " 25 5'77 ... I'SW. W. p, .. 
" " 

22 17'62 .,' " " 
V,N. 

" " 26 5'77 ... 
" " 

VN, 

" " 24 22'60 85'6 1'511', E. p, 
" " 29 23'10 ... 1'511', E. p, 

" " 25 22'60 85'6 " " V.N. " " 30 23'10 .. ' " 
., VN. 

" " 33 18'09 .. , 2'011'. E. P 

" " 34 18'09 .. , 
" " V.~ 

Va. 4 16 18 14'22 85'5 Away, ... J,E.K. It " 37 16'30 .. , 2'SW. E. p, 

.. 20 14'23 85'7 " 
... p. It " 40 16'30 ... 

" " 
V,N, 

:l1 " " 85'4 E. J.E.K. 83 8 3 0 11'. 'E. p, 
" 24 15'37 3'OB. " " 41 15'49 

], " 85'S p. 83 8 V,N. 
0'" " " 25 15'37 " " " " 42 15'49 " " otii 28 17'97 ... 2'0 E. E. J.E,K. " " 46 14'40 83 8 Away, ... p, ... " " p. 83 8 V,N. 
~ " " 29 17'99 ... " .. " " 47 14'40 " ... 
"'" 

B 8:::5 ....... 16 u 
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TABLE 25-continued. 

~. ~. 
'I.">"t; Magnet EI. "'Cl~ M"b'll.t EI. .",,, 'CS., OlE! Rcale a.~ Scale Thermo· Observer. to C Local T1IIle. Therm(). 
... ., Local Time. l'teadmg meter • t~ Rea.dmg meter. tJ~JI:JBrVet. 
.2l~ D,stance North .1'>,.. DIstance North S .. In feet. end. S .. 

In feet. end. "' ... I ~~ Zo 
--- - I-

d. h. m. d. h. m. 

VII. S 17 31 14'06 81"9 Away. ... P. VIII. 22 16 I2 15'74 ... 2'5 w. E. p 

" " 3
2 14'06 81'9 " ... V.N. ..0.::: " " 13 15'73 ... .. " V.N. 

" " 3
8 15'10 82'0 3'0 E. E. P. "00 " " 15 1495 818 3'0 w. E. p, 

I5'II \82'0 V.N, J;:;j ... 
16 1494 81 9 VN. " " 39 " " rt:J1-.. " " .. 

" II " 41 IS 89 .. , z'S E. E. p. I'l ~ " " 
18 13 03 81'9 Away. ... P. 

" 42 IS 89 V.N. .. p 
19 13 86 81 9 V.N. " ... 

" " .. ... " " " 
.. 

" " 44 17 64 ... 2'0 E. E. p. 
17'65 V.N. - - -" " 45 ... 

" " 
" " 46 22'50 ... I'S E. E. p, IXa. 6 17 35 14'06 84'1 Away. 

'" 
p 

" " 47 22'5 1 ... 
" " 

V.N, 
" " 36 14'06 84'z " VN 

" " 49 549 .. , 1"5 E. W. p. 
" " 42 15'16 ... 3'0 Ie. E p 

" 50 549 ... 
" " V.N. 

" 43 15'15 V" " " ... 
" " .' 

" " 52 1042 ... Z'o E. W. p. 
" " 46 17 '71 ... Z'O E • B. P 

" " 53 10'41 ... 
" " VN. 

" " 47 17'70 ... to " VN ..:. 
" " 55 12'19 ... z'S E. W . p. 

" " 50 2258 ... 1'5 E. E. l' t-

" 56 12 19 VN. 22'56 VN 00 

" 
... 

" " " " 51 .. , .. " 
... 
I» " " 58 12'97 8ro 3'0 E. W. p. 

" " S4 5'58 ... 1'5 E. W. P 
~ " " 59 12'96 83 0 

" " V.N. 
" " 55 556 ... 

" " 
VN, 

~ " 
18 I 12'96 83 0 3'ow. W. P 

II " 57 10 53 ... 2'0 B. W. P 
12'96 83'0 V.N. cO 58 - VN, " " ,2 

" " " " 10 53 ... .J ~ W. p. "" " " 3 12'20 ... 2'5 w. co 18 1 13 0 3 84"9 3'0 Ie. W. p. 
~ '" ... " 

" " 4 12'20 ... 
" " 

V.N. 
t- " " 

2 13'04 84'9 .. " 
VN, U) 

" " '5 10'43 ... 2·OW. W. p. 
c6 " " 6 13'05 84'9 3'0 w . W. P 

" " 
6 IO'43 ... 

" " 
V.N. \: " " 7 13'04 84'9 " " 

V,N. 
8 S'Sl ... 1'5 w. W. p. ,.Q 

10 10'57 Z'o w. W. p. II " ., 
" " ." 

" " 
8 5'5 1 ... 

" " 
V.N. J;:;j 

" II 10 57 ... VN " to " " " 10 22'55 ... 1'5 w. E. p. ~ 
" " 14 5'7 2 ... 1'5 w, W. P. 

II 2256 V.N. \0 
V.N. " " ... 

" " " " IS 5'73 ... 
" " " " 13 17 66 ... 2'OW, E. P. 

" " 
18 2250 ... 1'5 w. E p. 

" " 14 17 66 ... 
" " 

V.N. 
" " 

Ig 22'48 ... .. " V.x. , 
16 15'88 2·SW. E. P. 17 67 20 W. E. P :" " ... 

" " 
22 ... 

" " 17 IS 87 ... 
" " 

V.N. 
" " 23 17'68 ... .. " 

V,X 

" " 19 15'10 82'7 3·ow• E. P. 
" " 26 15'17 ... 3'0 w. E. P 

,II " 20 15'09 82'7 
" " 

V.N. 
" " 27 15'16 ... 

" .. VN. 
" " 22 14'00 82'7 Away. ... P. 

" " 30 14'09 85'0 Away. '" p. 
" " 23 13'99 82'7 

" ... V.N. 
" " 31 14'10 85'1 .. ... VN. 

VIIt 22 15 31 13'97 82'0 Away. ... P. X. II 15 30 14'05 81"7 Away. . .. P. 
" " 32 13'98 82'1 

" 
.. , V.N. 

" " 31 14'06 81"7 " 
... V,D 

" " 34 14'95 ... 3·OE. E. P. 
II " 40 15'20 ... 3'0 E. E. P. 

" " 35 14'95 ... " " V.N. 
fI " 41 15 20 ... .. 

" 
V.D. 

" " 37 15'7 2 ... 2'5 E. E: P. 
" " 43 13'00 ... 3'0 Ie. W. P. 

" " 38 15'72 .. , 
" " V.N. 

" ,I 44 13 00 ... 
" to V.D. 

" " 4
0 17'50 ... 2'0 E. E. P. 

" " 47 14'09 ... Away. 
'" p. 

" " 41 17 So ... 
" " V.N. 

" " 48 14 10 ... 
" ... V,D. 

" " 42 22'40 ... 1'5 E. E. P. 
" " 50 13 02 ... 30 w. W. p 

" " 43 22'41 ... 
" " V.N. 

" " 50 1302 ... 
" " 

V.D, 

" " 45 5'30 ... 1"5 E. W. P. 
" " 53 15'19 . .. 3'0 w. E. P. ..:. 

" " 45 5'30 ... II " 
V,N . 0. 

" " 54 15'20 ... 
" " 

VD. .... 
" 47 10'25 2·OE. W. P. "" " 58 81'g Away. p ClO " ... ClO 

" 14 0 9 ... M 

" 48 10'26 V.N. ... 
82'0 V.D. " 

... 
" " t- " " 59 14'09 .. ... t> 

" 49 1201 ... 25 E. W. P. 16 I 17'65 ... 2'0 W. E, p, c6 II 01 " ~ " " 50 12'02 ... 
" " V.N. I! " " 

:2 17 63 ... 
" " VD 

" 52 12'80 82'1 3'0 E. W. P. ,.Q 
4 10'55 2'0 W. W. P. " .. " " ... J;:;j 

" 53 12'81 82'1 
" " 

V.N. 
"'" S 10'54 ... " VD " " " .. rt:J 

" 55 12'79 82 I 3'0 w. W. P. ~ 7 14'08 Away, p, s:1 It 

" " 
... ... .. 

" 56 12'80 82'1 V.N. ... 
8 14'09 V.D, .. " " .. ... 

" " 
... .. ... 

II " 58 12'00 ... 2'5 w. W. P. 
" to 10 10 53 ... 2'0 E. W. P. 

" " 59 12'01 ... " " 
V.N. 

" " 
10 10'54 ... 

" " VD. 
" 

16 0 10'24 ... 2'0 W. W. P. 
" " 14 17'66 ... 2'0 E. E P. 

" " 
I 10'25 .. , 

" " 
V.N. 

" " IS 17 66 .. 
" " 

YD. 
" " 3 5'37 ... 1'5 w. W. P. 

" " 19 14 08 82'2 Away, . .. p. 
" " 4 536 ... 

" .. V.N. 
" " 19 14 07 82 3 " ... YD. 

" " 
6 22'36 ... 1'5 w. E. P. 

" " 30 2245 ... IS B. E. P. 
" " 7 2237 ... 

" I. V.N. 
" " 31 22'46 ... 

" " YD. 
" " 9 17'5'"' 

_. 
2·oW. E. P. 

" " 34 5 65 ... 1'5 E. W, P. 
" " 10 17'49 ... ff ft V.N.' 

" " 35 5 67 ... .. .. VD, 
I 
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TA.BLE 25-continlled . 

. 
~ ... .$ 

Magnet El. 
c ... 

"d<l "dti MagnetEl, 
"dg 
:is Local Time. 

Scale Thermo- ]~ 
e= 

Thermo-

leo ReadlDB meter, Oble"er, 
""'-

Local Time, Ee meter, Obee"er, 

9:: 
DI.tance North 1~ DiatanCQ North 
in feet, end. in feet, end. 

ZO ~o - -
cLb.m. d, h. In. 

X, II 16 38 14'°7 .. , Away. .. , p, XII, 8 19 24 14'03 86'2 Away, p. ... 
&'1 

.. " 39 14'05 ... 
" 

... V,D, .. " z5 14'°3 ... G • 
5'65 W, p. " . .. 

" " 42 ... 1'5 w. 
" " 29 15'10 3'OB. E, p. 

f~ 5'64 V,D, 
, .. 

" .. 43 ... 
" " .. " 30 15'10 G • 

" 46 E. p, 
, .. " " 

~§ IJ 22'50 .. , 1"5 w. 
" .. 33 12'96 .. , 3'0 B. W. p. 

1'041 " " 47 22'51 ... 
" .. V,D. " 34 12'98 

. G • 
83'2 Away. " ... " " .;go. " " 51 14'09 ... p, 

" " 38 14'04 .. , Away. ... p, ..... 
" 52 14'08 82'Z V.D, 

.. 00 " " 
... " 39 14'05 G, .. " 

.. , 
" .. ' 

" h 4:1 12'98 ... 3'ow, W. p, 
II t. 43 1:1'99 ... I> " 

G. 
" " 47 15'10 .. , 3'0 w, E. p, 

" " 48 15'°9 ... 
" " 

G. 
XI,- 17 19 0 13'99 90'2 Away, ... p. 

" It 52 14'04 85'S Away, ... p. 
.. " 

1 13'99 ... " 
... V,D. II " 53 14'03 ... .. ... G. 

" " 3 15'04 .. , 3'0 Eo E. p, 
" .. 55 15'85 ... :1'5 w. E. p. 

It " 4 15'03 .. ' " " 
V,D. 

" " 56 15'86 ... 
" " 

G. 

" " 
6 12'95 ... 3'0 B, W. p. 

" " 58 12'25 . .. 2'5 w. W. p. 

" .. 7 12'95 .. , 
" .. V.D. " .. 59 12'25 ... " " " 

G. 

" " 9 14'00 ... Away. ... p, " 20 I 14'02 . .. Away, ... p. 

" IJ 10 14'00 .. , 
" 

... V,D. .. " 
:I 14'00 .. ' " 

... G. 

IJ " 
12 12'92 .. , • 3'0 w, W. p, .. " 4 12'24 ... z'S B. ·W • P. 

.. ".13 12'92 ... .. " 
V,D. " " 5 12'25 ... 

" .. G. 

" " IS 15'04 ... 3'ow. E, p, .. " " 7 15'84 . .. 2'5 B • E. . P. 
16 15'04 ' .. " 

' V,D, 00 
It " 7 15'85 .. , G. 

" " " 00 " .. 
.. 18 13'99 90'1 Away, ... p. .. .. .. 10 14'06 85'0 Away, . .. P. 

" 19 13'99 V,D, CD 
" II 14'07 G. 

" " 
... " 

... ~ " 
, .. It ... 

" I, 22 17'53 ... 2'OW, E, p, 
~ " " 13 17'53 .... 2'0 B, E. P. 

" " 23 .17'53 ... " .. V,D. .;g .. " 14 17'53 . .. 
" " 

G, 
6 

" " 25 10'44 ... 2'0 W, W. p, 00 

" .. 16 10'53 ... 2'0 B, W. p. 
CIO 
00 to " 

26 10'44 ... " " 
V,D. " .. 17 10'53 ... .. II G. .. Away, p, 19 14'01 Away, p. - .. " 29 13'97 ... '" .. " 

... .. , 
'~ 

" .. 30 13'98 , .. " 
... V,D. .. " 

20 14'00 ... 
" 

... G. 
~ .. 33 10'46 2'0 Eo W, p, , 

" 23 10'54 ... 2'0 W, W. p, .. ... .. 
.;g " " 34 10'46 ... " " 

V,D, " " 24 10'55 ... .. .. G. 
r-

" 37 17'51 ... 2'0 B, E, p, 
" " 27 17'52 ... 2'OW, E. P. .. .. t. 38 17'51 V,D. " 28 17'53 , .. . G. .. ... " " " " . " 

" " 41 13'96 89'8 Away. ... p, .. " 32 14'00 85'0 Jt.way •• , .. p, 

" 42 13'96 ". " 
.. , V,D. " " 33 13'99 .. .. ... G. 

" E, p, 
" 36 E. p. 

" 44 22'23 ... 1'5 E. " 
22'24 ... 1'5 w. .. 

" 45 22'23 ... .. " 
V,D, 

" " 37 22'23 ... 
" " 

G, .. W, p, 5'78 W. p, . .. 48 5'64 . .. 1'5 E. " ,n 39 ... 1'5 y, 

" . V,D. G . 
" 49 5'65 .. .. .. " 40 5'79 ... .. .. .. ... 
.. 51 13'96 .. , Away, ... p, .. .. 42 13'99 ... Away. .. . p. .. V.D. G. 
" S~ 13'96 ... .. .. ~. .. .. 43 13'99 , .. 

" 
.. , 

n W, p, It 46 W. p, 
.. 54 5'59 ... 1'5 w, .. 5'73 ... 1'5 B, 

" If 55 5'60 , .. .. .. V,D, 
" .. 47 5.72 ... n " 

G. 
" E. p, •• 50 E, p. 

.. 58 22'26 ... 1'5 w. .. 22'21 .. , 1'5 B. 
" V,D, G. 

" 59 u'27 .. , .. " 
.. .. 51 22'21 ... .. .. .. 

89'6 Away, p, .. 54 13'98 84'S Away. p, 
20 :I 13'95 ... .. ... 

" V,D, G. 
3 13'95 .. , .. ... .. " 55 13'97 ... .. . .. .. .. 

• E:r:periments made at Jlight from thia time, to reduce the inIlUeJIce of the diumal TariatioD of dec1matiOJlo -' 
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TABLE 26,-E.rrerimental dpflections (!the ][('gw't .Zf'J, susrrnrleclm the :;7"~f)'u','r' .,' Ttl 'I ~ , 

by the drjlcctor l1i(lgnrt El. 

Numholof 
EXPCf\~ 
mellt, 

f------

CALCULATION, FROM THE DATA IN TABLe 2;;, OF ,TilE DOU:CLE DEFLECTJOXS 

DI"'or.il DE~~~~~~~N' . I MEA~~, I 11"~\~'~~;1~" i 
1 ___ ,---1 u' Value 1----___ 11' ITer· , 

I 
coce or I of ooe Number of. D 'I cUee "r -- 1- - , 

Dis· donh!e Ooneot- C dlVISIOO r.:'pe"l' I t~;:;' I dnnl,k I'C"r,u' ,. I 
taoca, HIgher Lower ,'eliee' cd for e';[rf~;' of luent, • lll~l., r: Lnu er, deUcG' t ,\ t"r I' '" r'l t 

ReadInglReadlllg tlOfl, ,rack In t Scale, * I j'Hvailiog1r:.e .. dmg\ tlOU, ,crack ID t'd f., 
SC3.1e orblon bt...:\le \ (,reh'U 

I 'I i 
-3-

0

- --!4-'-5-4 ~-9-2- --2-6-2 -.-, - --2-6-2 -I4-'-3-8-1--~---'---3-0 -: ':-961-:!--[ , -,~ I 
] 

885 

"5 23'53 286 2067 

~~ 
~~ 
",'" 

I .... ..... 

2'5 12'19 37 1 

20 10.p 

\ It 
of lI r t' 

d,\ I" IIll 
{I( 

/-(.11, 

> 1----1--------- 1'5 22 :: 3 5 50 17 '03 ., I 7 14 , 

1-1---1---
14'951 12 So 215 ,. 216 

2'30 14"34 
3'0 

3'0 15'04 12'75 2'29 
q' 29 

z'O 1763 10'12 7'5 1 755 
:2 5 1573 12'01 314 

1'5 2267 
2'0 17 50 10'25 725 7'30 

.----~-------

2 Z2 14"37 

7'5 2 

')'0 15'08 12'87 2'21 

2'0 17'63 10'15 748 
\ 

1'5 I 22'J8 533 17'05 .. Ii 16 1 

--;:-:':::~~--::I-q-'-3-0-
2'0 11"69 10'55 7'14 *7'17 7'18/ 

15 22'64 5'10 17'54 1764 

~---I-I---I,-------
1'5 22'53 5'65 16 SS 16 91 I6'9~ 

---!----,:---
3'0 2'26 3'0 15'20 1301 :2 19'" 2'19 14' 30 

2'0 7'53 2'0 17'65 10'54 7'II "14 "IS 

I 5 17'66 1'5 2248 5'65 1683 1686 1689 

I-----------I-----:I---~-,---~-~---

3'0 15'35 13'10 2'25 .. ' 2'26 14' 35 3'0 1Z 93 2'II 

20 17'95 10'45 7'50 .. 754 2'0 10 45 "10 7'11 

1'5 22'96 539 17'57 17'66 16 (,71 
-r--------- -I-----I---il---I---i---r---j----

1662 2224 5 62 1'5 

S'o 15'49 13'33 216 2'17 14"30 ~ 3'0 IS 10 12981 2'12 .. , 2'12 14' 30 

2'5 16'29 1255 3'74 .. ' 3 76 ~ 2'5 IS 85 12'251 3 60 3 63 3 63 
..cIN 

2'0 1805 10'79 7'26 

1'5 22'96 5'88 17'08 IPS 

"'00 

i~ .... .... 
1>1 

2'0 

IS 

• See fil'llt two fovt·ZlVtes to 1 ~ble 3, 

17'53 10 5-+ 699 7'02 

22'22 5 75 16'47 10 52 
I 
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TABLE 27.-EzperimentaZ deflection8 of ths Declination Magnetograph by the deftecto1' Magnet El. 

OBSERV A.TIONS. 

Number I Local DecIma- lUolilftEl. Local 
DecIma- lliGNft E 1. 

T,me by twn l1a1' . Number Time by tlon Ma~ 
and date of Magneto. netograp , 

Obeener. and date of Magneto-
netograp , 

Observer. Exper,. 
grakh - Distance North Experi. 

8~t~ 
- Dlstance North m"nt Cloc .- Soale· 

In feet. end, ment. Scale-
In feet. end. reading. reading. 

d, h. m, . d. b. JlL -
I. 10 to 9 :ZZ'23 Away. ... TIb, 10 14 50 24'58 Away, ... p, .. " 23 3'17 1'5 E. W. 

" " 51 24'58 .. ... V.N, 

0 " " 28 14'°3 2'OE. W. .. .. 54 26'45 3'0 E. R p. 
.... 

" " 32 3°'29 2'0 E. E. 
" " 55 26'46 .. " 

V.N. 
00 .. 

" " 36 3° 29 2'0 £. E. 
" " 59 27 84 2'5 E. E, p. 

~ 

" 42 41'10 1'5 E. R " IS ° 27 84 V,N. g, " •• " 
" " 47 41'64 I'SW, R F,O. 

" .. 3 3089 20E. E. P. 
~ 

" 5° 3°'42 2'OW. E. 4 30'89 V.N. < " " " " .f 

-:S II " 54 3°'42 :I·oW. E. 
" " 9 39'29 IS E. E, p. 

° " " 58 13'7S 2'OW. W. 
" •• 1O 39'29 " .. V.N. ... 

" tI 2 2'5° I'S W. W. - 16 976 IS E. W, p. 
" " 

" " 
6 22'08 Away. ... .. .. 17 97 6 

" " 
V,N, .. .. 21 18'24 20E. W. p. .. .. 22 1823 .. .. V.N • 

.0 .. .. 28 21'30 25 E. W. p, 
II. I II 32 22'76 Away. ... .... .. .. 29 21'31 

" .. VN. . 00 

" 41 3063 2'0 E. E. .. 
" " 31 22'68 3'0 E. W. p. 

OJ 

" 43 3°'63 2'0 £. E. ... 
" 32 2263 V.N. 

" 
co .. " .. 

" " 47 26'83 2'5 £. R g, .. H, 34 22'66 3 0w. W. p. 

" 49 26'83 2'5 £. E. i:I 
" .. 35 22'66 .. V.N. 

" < " 
0 .. " 52 18'70 2'5 Eo W. .. " 37 21 29 25 W. W. p, 
.... " 54 18'70 2'5 £. W. -:S 

" •• 38 21'2 9 
" .. V.N . 

00 " 0 
18'15 W. p. ... 57 14'88 :1'0 E. W. .. .. .. 40 2'OW, 

" " .. 
59 14'88 2'0 Eo W. F,O. " " 41 18 IS .. .. V.N. 

.8 " .. 
u 4 1468 2·OW. W. .. " 4/3 9'42 1'5 W. W. 1'. a " I!> 

" 6 14'68 2'OW. W, .. " 47 941 .. .. V.N. 

'" .. R p, 0 8 18'60 2'SW, W. " " 51 3995 1'5 W. 
Z " " V,N. .... " " 

10 18'60 2·SW. W. .. .. 52 3995 " .. 
OIl 14 26'90 2'SW. E. 

j 
.. .. 58 31 16 2'OW. E . p, .. .. " V,N. 16, 26'9° 2·SW. E. " .. 59 31'17 " " " .. 
" 16 28'00 E. p. 

19 3°'83 :I·OW. E. 3 2'5 w, 
" .. 

28'01 V.N, 21 3083 2·OW. E. " " 4 " " " .. 
26'59 E. p. 

" 25 22'74 Away. ... •• " 7 3·ow. 
to 

8 2660 V,N, 
" " .. " 
" .. 13 24'66 Away, ... p, 
.. " 14 24'66 

" 
... V.N. 

Vb. 4 I2 19 24'10 Away. ... p. IXb., 6 14 2I 33'58 Away.: ... p. 

" •• 20 24'11 " 
.. , J.E.K 

" 22 2357 ... V.N. 
" .. 

" " 
28 26'05 3'0 E. E. J. R K 

" 3° 2545 3'0 E. R p. 
p. " " " 29 26'06 .. .. 

" " 31 25'44 .. " V N. 

" " 34 3°'58 2'0 E. E. J.R K 
" 37 29 83 2'0 E. E. p, 

p. .. .. to 35 3062 " to .. " 38 29 83 .. .. Y.N. 

" » 39 39'23 1'5& E. J. E.R. .. 4 r 38'z5 1'5 E. R p. 
p. " 

" It 40 39'25 » " ,. " 42 38 IS .. " V.N. 

" .. 45 884 1'5 E. W. J. E. K. •• 55 89° 15 E. W. P. 
P. " 

" " 46 8'85 " " 56 8'89 V.N. 
W. J. R K. ,. .. " 

~. 

.;, " " 50 17'S5 :1'0 Eo cO 
" 15 :I 17'26 2 ° E. W. P 

17'56 p. ... V N. .... 51 .. " CIO 3 17 26 00 " " W. p. ... " • f .. .. .. 
" SS 22'18 3'0 £. 7 2166 3'0 Ii: W. P " J. RK t- ., .. ... 56 22'18 " 8 21'66 V.N, I!> .. " " cO " .. ., " ~ .. 59 22'10 3·oW. W. J. E.K ~ 13 21'65 3·ow. W. p. .... .. p . .. " " ., 13 ° 2:1'13 " .. ~ " 14 21'65 V N. 

0 " W. J. R K. .. .. " 
" 2 17'41 2·OW. J';<t 19 17'15 2·OW. W. P. 

,.<:I " P. ~ " " .... .. 3 17'44 " " " 20 17'15 V.N. 
~ .. 

W. J. R K. -0 " " .. 
" " 9 839 1'5 w. 

P. .. " 24 8'49 1'5 w. W. p. .. " 
10 839 " .. 

" .. 25 8'49 .. n V.N. 

" 13 3990 I'SW. E. J. R K. 
" 3

2 3869 1'5 w. R p. 
" p. .. 

" " 14 39'94 " .. 
" .. 33 3869 .. .. V.N. 

" " 
18 3083 :I·OW. E. J. R K. 

.. 38 3°00 :I·OW. E. p. 
3086 P. " .. .. 19 " " .. " 39 3000 .. , . V.N. 

" .. 21 2 614 3·oW• E. J. E.K. 
.. 43 255 1 3·ow. E. P 

P. .. 
" " 

22 26'13 " " •• 44 25'5° V.N. 
Awa.y. J. R K.: .. .. , . 

" " 25 24'13 ... 
" 49 2359 Awa.y, ... p. 

26 24'14 P " 
" " " 

... 
" .. So 23'59 " ... V.N, 

- Reckoned from nudntght. 

II 825-17 AP 
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TABLE 'l8.-Experimental deflections oj the Declination lIagnetograph by the deflector J[ognet E 1. 

CALOULATION, FROM THE DATA IN TABLE 27, OF THE DOUBLE DEFLECTIONS. 

MUNs. Value I MUlls. V:.lue 
I olone of "'Ie Difference 

dlVISIOD Difference 
dlVlS10D Number lind date of Dis- or of scale 

Number and date of Dls- or of 8c:.le 
ElCperun~nt. tanee double Experunent. tance. double HIgher Lower deflectIOn. correct H:thcr Lower deflectIOn corr .... ct-

rea.dmgs. readings. ed for rea lDgS. readmgs. ed for 
torsion tor-non. 

I 

I 

I. "0 3°'34 13'9° 16'44 8"13 Vlb. 3'0 26'52 22'67 3'85 8"13 
lOth Aug. 1870, 15 \41"37 2'83 38'54 ... lo~h Aug. 1876. 2'S 279 2 21 30 6'6z ., 

2'0 3103 18'19 1284 ... , 
1"S 39 62 959 3003 .. 

II. z'5 26'865 1865 8'21S 8"13 
1St Now. 1870' ~o 3° 73 14'78 15'95 ... 

IXb, - 3'0 2S'47 21 65 3'82 8' 13 
Vb, 3'0 26'09 22'15 3'94 8"13 6th Feby. 1878. 2'0 2991 17 2O 12 71 .. 

4th Octr. t873. 20 3°'72 17'49 13 '23' ... 1'5 38'42 8'69 2973 
1'5 39'58 862 30 96 ... I 

I 

" TABLE 29.-Experimental deflections oj the Horizontal Force Magnetograph by the deflector JIagnct El. 

OBSERVATIONS. 

1$ I " 
'" Horizontal Magnet EI. ~ Horizontal Magnet El. ""oP "'''; 
",,§ Farce ""~ Force 
fA § Local Time Magneto-

Thermo- Vacuum Obser- " OJ Local Time Magneto· 
Thermo- Va. 

Obler· ... by Magneto- graph. Gauge, Dis-
"'.: by Ma51eto. graph. cuum ... " meter, .. ~ meter DIS· "p, graph Clock." -- North v"r. graph 'lock. - Gauge North ver, 

tance Q) Id tance .e>< Scale· end. "SP'l Scale-SP'l in feet In feet, end, 
" .... readlng, Z'" readtng. 
Zo 

d, h, m, I d. h, m. I I 
l, 10 8 24 19'79 88'2 .. , Away, .. , F. C, III, 10 IS 1 3665 I 91'7 2'74 Away ... C, C, 

" " 38 3553 , . ... 1'5 s, N, 
" .. " 10 34'92 . .. . .. 3'08, S, .. 

" " 46 26 54 .. , .. , Z'O s, N, 
" .. .. IS 30 93 ... .. . 2 ° 8 S, 

" 
" " 50 26'5 6 ... ... 2'0 S, N, 

" " .. 21 23'29 ... ... 1'5 s. S 
" 

" " 54 26'5 2 .. , ... ,2'0 N N, 
" 

oj 

" I. 37 SO'I5t ... . .. 1 5 II. N, .. 
0 

58 26'55 N. 
.... 

91'6 N, "- " " 
.. , .. , 2'0 N 

" 
co 

" .. 43 42'39 ... 2'08, .. ... 00 
9 2 35'60 1'5 N, N. 48 38'35 3'0 s, N, ... " ... ... 

" ~ .. .. ... .. . " ~ II 4'5° ." 1'5 N S, ... 54 38'33 91 7 ... 3 ° 1'1, N, 
" 00 " " ... .. s::>. " " p 

17 13'5 2 2'0 N, S, ~ 16 ° 42'29 ... ... :I ° 1'1, N " bl) " " 
. , ... 

" " l:l 20 13'52 2'0 S, s, f1 6 5006t ... .. , J 5 1'1 N 
~ ., 

" ... .. , 
" t, " " 13'56 S, ° 23'47 151'1 S, 

..<:: " .. 30 ... .. , 2'0 S .. .. .. " 
10 ... .., .. .., ........ 13'56 2'0 s, S . 12 30 98 .. .. 20N S .. 

° .-. ." " " " ... 
36 4'56 1'5 i!. S. IS 3495 91'6 2'74 3 01'1 S, 

" .. ..' .. , 
" .. .. " 

" .. 41 1357 .. , .. , 2'0 N, S' " 
. .... 3665 ... .. . Away, ' .. I " 

" .. 46 13'59 ... ... 2'0 N S. 
" 49 20'10 88'6 Away, S I 

" " 
.. , .. 

IV. II 13 25 21'35 9°'3 2'61 AWay! .. I p, 

I 
1st 

" " " 21'35 9°'0 .. - " 
' , JEK 

II I 12 26 32'94 882 Away, F, C, set 46 1997 .. , 3 0 1'1 s, p ... ... " .. 
3° 39'1-9 2'0 N N. 19'96 .. - , .. 

" 
VN .. " ... ... " " " " " 

" " 33 36 '16 .. , ... 2'S N. N, .. " 5° 16 77 ... .. 2'0 S S p, 
" 

" .. 35 36'14 , .. ... 2'5 N, N " " " 
16'74- , .. ' .. " " 

VN, 
" 0 " " 39 29'75 ... 2'S 1'1 S, .;, 

" 14 15 10'5° , .. ISS S P .. , 
" .... 41 29'75 2'5 N S, "- 1°5° VN 

00 " " ... .. , 
" co " " " 

.. ' , " " ... 
44 26'79 S, ... 26 32 3° 1'5 s_ N P 

" " .. , .. , 2'0 N, " .. " 
,_. ... ... V~ <l> .. .. 46 26'79 2'01'1 S <l> 

" 32 32 .., .. 
" " .>:> .. ' ... .. .>:> .. " a " " 50 26'74 2'0 B, S. S .. " 29 2599 ... ' , 2 08 N p-

O) '" .. , 
" <l> YN I- " .. 52 26'74 .. , 2'0 S, S +> 

" " 
2601 . , ... 

" " Z 
... .. s::>. .. .. " 56 29'73 2'5 s .s. (\) 

32 2277 902 

I 
30S N P ... ... 

" rn " " .., 
" " 53 297 2 2'5 S, S, :9 " 

22'7 2 90 3 " " 
V~ ., .. ' '" " .. " .. 

" 13 2 361 3 2'5 s N, ... 36 2268 902 ... 3 0 1'1 N. P ... .. , 
" ... " .. 

VN 
" " 4 36'12 ... ' .. 2'5 s, N 

" .. " .. 22-69 90 3 " 
,. 

" " 9 39 14 .. , 2'0 S N, 40 2593 ,-. .. 20X N I 
P ... 

" " " " " II 32'89 88'3 ... Away, ,,, 

" " 2594 ' . " " I V,N .. " I 

.. Reckoned from midmght, t Estimated by paper Beale beyon 150, 



Local Tune 
by Magneto
graph i;Lock. 

cLh.m. 

IV. II 14 43 

" JJ " 

-' " " S°· It ""§ 
~ .. " til " a.! .. IS 10 
~'; " II JJ 
~3 

,.)J I " " 14 
~~"JJ" 
"00 .. ,,17 .... 

" " " 

IV. II 16 19 
2nd 
let. " " :'5 

";' ... 
00 .. 

1 
-!3 .. .. 

,. " .. 
" ,.. " 
.. .. 29 

" 1J " 

.. " 34 

" " " 
" OJ 39 
It " " 
.. .. 43 

" " " .... 51 

" .. " 
" " 55 
It " " 
.. 17 5 
t, " " 

'! OJ 9 
" " .. 
.. " 13 
't " " 
.. It 17 

.. " " 
" .. 21 
II It " 

V. 4 10 34 
., .. 35 
" .. So 
.. .. 51 

.., .... 
00 .. 

.. " 57 
" " 58 
.. 11 

" " n If 

" .. 

1 
2 

8 
9 

" " 1'2 
.. " :13 
.. " 15 
" OJ 16 
" " 20 

" " 21 
.. t, 24 
.. II 25 
" .. 27 
" " 28 
" " 3

2 

" " 
" " ,. " 
" " 
" " 
" " 

33 
36 
37 
40 
41 

44 
4" 
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TAJlLE 29-continuecl._ 

Horizontal 
Force 

MagnetEI. 

Magneto'jThermo Vacuum 
graph, meter. Gauge. DiB-

tance North 
Scale-

reading. 

3 2 '23 
32 '20 

10'42 

10'36 
16'62 
1665 
19'9° 
19'86 
21'21 
21'24 

21'22 
21'22 
19 81 
19 82 

16'58 
16'58 
10'45 
10'45 
32 '14 
32'14 
25'89 
25'88 
22'60 
22'60 

22'61 
22'61 
25'86 
25'87 
32 '22 

32 '21 

10'40 
10'40 
16'58 
16'59' 
19'82 
19'80 
21.16 
21'16 

36'5 2 

36'5° 
34'94 
34'93 
3 1 '55 
31 '5 2 

25'°5 
25'°5 
47'95 
47'95 
4 1 '3° 
4 1 '30 
37'85 
37'83 
37 84 
37'84 
4 1 '29 
41"2 9 
47'9 1 

47'9 1 

24'98 
24'98 
31 '47 
31 '49 
34'92 

3490 

36'S7 
36'36 

9°'2 
9°'2 
9°'2 
9°'2 

9°'2 
9°'2 
9°'3 
9°'2 

9°'3 
9°'2 
9°'3 
9°'2 

88'6 
89'1 
89'0 
89'2 

89'2 
89"3 
89'2 
89"3 

in feet. end. 

I·S.J N. 

" " 1'5 N. S. 

" " 2'0 N. S. 
" .. 

3'0 N. S. 

::: IA~~y, 
••• I' 

It 

2'61 Away. 
2'60 

2'60 
2'60 

2'60 
2'60 

" 3'0 N. 

II 

2'0 N. 

II 

I'S N. 

" 1'5 N. 

" 2'0 N. 

" 3'0 :'\" 

" 3'0 s. .. 
2'0 B. 

" 1'5 s. 

" 

" 2'0 B. 

" 3'0 s. .. 
Away. 

" 

II 

3'0 s. 

S. 
It 

S. ., 
s. 
" N. 
" N . .. 
N. .. 
N. 

" N. 

" N. 

s: 
II 

S. 

" S . .. 

s. 
" " 2'0 S. S. 

" " 1"S s. a 
" " 1·5S. N. 

" " 2'0 I. N. 

" " 3'0 s. N . 

" " 3"0 N N. 

" " 2·oN. N. 
" ,,. 

1'5 N. N. 

" " 1"5 N. a 
" " 2'0 N. S. 

" " 3'0 N. S. 
.... " 

2'28 Away " 
2'28 

Ohler· 
vel'. 

P. 
V.N. 
P. 

V.N. 
P. 

V.N. 
P. 

V.N. 
P. 

V.N. 

.!$ 
tI 
'OJ 

<I ""II " e tic .... 
.8~ 
s~ ,,:..0 

VL 

Local Tune 
by Magneto
graph (;lock • 

cLh.m. 
5 
6 

10 12 

" " ,J II 9 
.. It 10 

" " 12 
.. II -13 
II .F IS 

16 
" II 

Honzontal 
Fo1"C4l 

Magneto-
graph. Thermo. Vacuum 

_ meter, Gauge. 
Scale-

readmg. 

MagnetEI. 

D,e
tance 

IJl feet. 
Yorih 
end. 

Obeer. 
Vel'. 

22'78 91'2 5'84 Away. ••. P. 
22'78 9l"I 585 " •.. V.N. 
21'41 91'2 •.• 3'0 s. S. P. 
21"41 91"1 ••• .. .. V.N. 
20'45 •.• ... %'5 s. S. P. 
20'46 ... '" " " V.N . 
18'27 •.. •.• 2'0 s. S. P. 
18'29 •.. •.. .. .. V.N. 

" .. 21 12'25 ... •.• 1'5 B. S. P. 
.. .. 22 12'26 ••. •.• .. " V.N . 
.. II 31 33'50 ••• _. 1'5 s. N. P. 
II .. 32 33'49 ,.. ••• " ,. V.N. 

P.' ~ .. ,,37 27'37 ••• ••• 2'0 S. N. P. 
V.N. ~ " .. 38 27'38 ••• •.. ,. " V.N. 

P 
" ,,41 25'14 ... ... 2'5 B. N. P. 

• 1i: 4 VN V N :::I ".. 2 25'14 ... ... " .. •• 
• • bti " ,,46 %4'16 91"% •.. 3'0 s. N. P. 

P. .;: .." 47 24'16 91"2 ..• II .. V.N. 
.V.N. -!3 .. II 53 24'16 91"2 ••. 3 ° N. N. P. 

P. ° VN V.N. ... V" -54 24 1 7 91 '2 ..• " " .• 
P. II " 58 25 IS ••• ... 2'5 N. N. P. 

V.N. "" 59 25'15 •.• ... " .. V.N. 
P. II 13 2 27'36 •.. •.• 2'0 N N. P. 

VN "' " 3 27'36 ... ... " " V.N. 
. . "" 9 33'46 •.• ... 1'5 N. N. P~_ 

P. I 5 V.N V.N. II.. I~ 334 •.. ... " .. .. 
P. II ,. 12'29 .. • ••. 1'5 N. S. P. 

V.N. "" 19 ~~.:98 •.. ... ,. S" Vp.N. 
P. It " 25 •.• .•. 2'0 N.. • 

V.N. .1" 26 1829 ••• ••• " .. V.N. 
P. " ,,29 20'47 ... ••• 2'5 N. a P . 
v N .." 30 20'48 •.• ••• " " V.N . P . It .. 34 21"43 91"2 .. , 3'0 N S. P. 
v N "Ir 35 2I 44 91"2 ••• " " V.N. 
P. . .... 38 2222:7767 91"2 5'8

8
4 A.way. ••• VP'N 

V':T .... 39 91"2 5 5" ••. ., 
· ... '·I--I-----I---~- r----

. P. VIL 5 12 15 20'79 87'9 7'03 Away. P. 
V.N. .. II 16 20'79 87'9 7'03" ... V.N . 
P. .. II 29 19'46 87'9 •.• 3'0 I. S. P. 

V.N. " .• 30 19'47 87'9 .. , ,. .. V.N. 

J.E.K. 
P. 

J.E.K. 
P. 

J.E.K. 
P. 

J.E..K :: 
P. ~ 

J.E.K. t> 
P. ., 

J.E.K. e 
P. ~ 

J.E.K. ~ 
P '::;l . .,., 

J.E.K. 
P. 

lJ.E.K. 
P. 

J.E.K. 
P. 

J.E.K 
P. 

J.E.K. 
P. 

J.E.K. 
P. 

J.E.K 
P. 

" It 36 18'49 •.• ••• 2'5 s. S. P. 
.. .. 36 18'49 •. , ••• " .. V.N. 
" II 42 16'36 •.. .., 2'0 S. S. P . 
.. II 42 16'35 .,. ... .. II V.N 
.. II 52 10'39 ••. ••• 1'5 B. S. P. 
II II 53 10'39 ... ..• II ,. V.N 
.. 13 2 31'4° '" ••• 1'5 B. N. P. 
.... 3 31'41 .•. ••• " " V.N. 
.. II 10 25'34 ••. ••• 2'0 B. N. P. 

25'34 ... ... .. .. V.N. II It II 
16 
17 

" Jt 

" " 
" " 21 
" II 22 
II .. 26 
" .. 27 
" II 31 

" " 3
2 

.. " 36 

.. " 37 

.. " 42 

.. .. 43 
" " 52 
.. .. 53 
" .. 59 
,,14 ° 
" " 
" " 

5 
6 

" " 10 

" " II 
16 

" " 
" " 17 

23'14 .. , .•. 2'5 8. N. P. 
23'15 ••• ••• " " V.N. 
22'16 88'0 ••• 3'08. N. P. 
22'16 88'0 •.• " " V.N. 
22'15 88 ° ... 3'0 N N. P. 
22'15 88 ° ... .. .. V.N. 
23'14 .. , ... 2'5 N. N. P. 
23'14 •.• ..• .. ,. V.N. 
25'34 .•• .•. 2'0 N. N. P. 
25'34 ..• ... ,. " V.N . 
31 '37 ..• ... 1"5 N N. P . 
31"37 •.. ... " " V.N . 
1040 •.. ... 1'5 N. S. P. 
10 39 •.. ••• " ,. V N. 
16'35 •.. ••• 2'0 N S. P. 
16'36 ... ••• ,. ., V N. 
1854 •• , • 2'5 y S P. 
18 54 .•• .•. " " V:N. 
1949 88'0 •.. :ro N S P. 
1948 880 ••• "VN. 
2081 88 ° ... Aw~y .• P 
20'81 88 0... ,. •. "\ X 



ill 

Local Time 
by Magneto. 
graph Clock, 

d h m 

22 II 0 

" " 2 
" ,,14 
" ,,15 
" ,,20 

" ,,21 

" ,,24 
" ,,25 
" ,,3 2 

" ,,33 
" ,,41 

" ,,42 

" ,,48 
" ,,49 
" ,,55 
" ,,5 6 
" 12 6 

" " 7 
" ,,13 
" ,,14 
" ,,18 
" ,,19 
" ,,23 
" ,,24 
" ,,28 
" ,,29 
" ,,36 
" ,,37 
" ,,4° 
" ,,41 

" ,,48 
" ,,49 
" ,,53 
" ,,54 
" ,,59 
,,13 0 

Horizontal 
force 
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TAIlLE 29-continued. 

Magnet RI. 

Magneto· Thermo- Vacuum 
graph. G 

Obser· 
ver. 

~ +> HOrizontal\ \ ~hgtl(t F,I 
"" ~ , forc~ _ 
;.j E Local TIme M"l!neto l'h V I ( " "r· 

., by Magneto· graph, I ermo' acuum 'I Hr 

Scale· 
readmg 

36'18 
36'18 
3478 
3478 
3376 
3376 
31 '47 
31 '46 
25'19 
25'20 

47'49 
47'49 
4104 
41'0 5 
38 70 
38 '7 0 

37 64 
37'64 
37'64 
37'64 
38 '65 

3866 
41 '°3 
4 1 '°3 
4742 
47'43 
25'10 

25 10 

31 '45 
31 '45 
33"75 
33"75 
3474 
34'75 
361 7 
36 17 

meter, auga Distance 

1m feet, 
North 
end. 

~ ff graph Clock -- I meter. Gaug. iDlf<hnce North I 

"6 ~ Scrue· I ill teet, I end I z'C! I readlng, 

2'00 Away, p. 
" V,N, X. 200 

3 ° s, S p. 
" v V,N, 

2'5 B. S, P 
" " VN. 

2 ° S, S, p, 
" " V.N. 

I'S s. S. P. 
" " V.N, 

1'5 s. N. P. 
" " V,N, 

2'0 s" N. P. 
" " VN. 

2'S s. N. P. 
" " V.N. 

3'0 s. N. p, ... 
" " V.N. 

3'0 N. N. p, 
" " V,N. 

2'S N, N. P. 
" " V.N. ~ 

2'0 N. N. p, ::: 
" "V. N, 

I·SN. N, p, 
" " V.N. 

IS N, S. P. 
" " V.N, 

2'0 N. S. 1'. 
" " VN. 

2'S N. S. P 
" " V N, 

879 3'0 If, S. p, 
879 "" V.N, 
87'9 2'00 Away, p, 
87'9 2'00" V.N, 

d. h. m. 

II 10 20 

" " 27 
" " 28 

" 44 
" " 45 

" 53 
" 54 

" 

" 
" 
" II 

" " 2 
" " 13 
" " 14 
" " 25 
" " 26 
" " 3

1 

" " 3
2 

" " 40 
" " 41 
" " 4

8 

" " 49 
" " 57 
" " 58 
" 12 19 .. 
" 

" 20 

" 26 
" " 27 
" " 3

8 

" " 39 
" " 52 
" " 53 
" ,I 57 
" " 58 

29'99 
31 36 
31 38 
2864-
2864 
29'99 
3° 00 

25'46 
2547 
34'66 
34 66 
30 '02 

30 '01 

34 65 
34'65 
25'5 0 

25'5° 
3°'°3 
3°'°4 
19'43 
1942 
4086 

4037 
2999 
2999 
40 '80 

4080 
19'28 
19'28 
29'94 
2995 

Away 
:; O!- i N, 

" 3 ° If, 
" Away 

" 2 ON 

" 2'0 N, 

" Away, 

" 20 S. 

" 
2 ° S. 

" A.way .. 

" 1"5 s, 

" ISS, 

A~~y 
" 1'5 N .. 

15 N, 

" Away. 

" 

" s. 

" 

s. 
" x. 
" 

" s. 
" 

s. 
" N. 

" 

N. 

" S. 

" 

VD 
P. 

YD. 
p, 

VD 
p .. 

VD 
p 

VD, 
p 

VD 
P 

YD. 
p, 

VD 
p 

V.D 
p 

VD. 
P 

V D, 
p, 

V.D 
P 

VD 
P 

VD, 
P 

YD. 
P 

V,D. 

t--I.----I---- __ - ___ XI. 17 II 50 

" " 5 I 
,I J2 4 

27 18 
27'18 
25 84 
25 85 
28'5 1 

23 52 

27'J5 
27'15 
25 82 
25 82 
28 49 
28 49 
27 10 

27 II 
3164 
31 '64 
22 65 
2265 
27'10 
27 10 

3162 
3163 
2267 

217 Away r 
VD 

I~, IX. 

x, 

6 II 30 

" " 3
1 

" ,,4° 
" ,,41 , 

" ,,46 
" ,,47 
" ,,54 
" ,,55 
,,12 9 
" ,,10 

" ,,19 

" 
" 
" 

" 20 

" 25 
" 26 

" ,,32 

" ,,33 
" '" 36 
" ,,37 
" ,,42 

" ,,43 
" ,,55 
" ,,55 
" 13 I 

" " 
" " 5 
" If 6 
" ,,12 

" ,,13 

32 '50 

32 '49 
31 '13 
31'13 
27 88 
27'89 
21'7 1 

2 I 7 I 
43'5 0 

435° 
37 18 
37'I9 
33 87 
33'88 
33 88 
33 89 
37'18 
37 19 
43'49 
43'5 1 
21 '61 

2162 

27 84 
27'84 
31 '06 

3106 

32 '48 
32 46 

88'7 
88'7 
88'7 
887 

88'8 
888 
888 
88'8 

Away, 

" 3 ° s. 
" 2'08. 

" 1'5 s, 

" 1'5 s. 

" 2'0 S, 

" 3'0 s. 

" 30 If, 

" 2'0 N 

" 1'5 N. 

" 1'5 N. 

" 2 ON. 

" 

s. 
" S. 

" S, 

" N, 

" N. 

" N. 

" N. 

" N, 

N. 
" S, 

" S, 

" S. 

" 

p, 
V,N, 
P. 

VN 
p, 

VN 
p, 

VN. 
p, 

VN. 
p, 

V,N, 
P 

V'N 
P 

VN. 
P 

VN. 
p, 

VN, 
P 

V.N 
P 

V,N, 
P. 

V.N 
p, 

V,N, 

-----1·--- --- - ____ _ 
II 9 54 
" ,,5S 
,,10 4 

" " 5 
" ,,1.1. 
" ,,15 
" u I() 

2998 
29'99 
2863 
28'64 
3 1 '36 
3 1 36 
2999 

Away 

" 3'0 ~ 

" J .. ", .. .y, 

S, 

" N, 

" 

P 
V,D 

P 
VD 
P 

YD 
P 

6 
00 
00 ... 

" " 5 
" 
" 

" 21 
,f 2Z 

" " 29 
" " 30 

" " 3
6 

" " 37 
" " 44 
" " 45 
" " 5 I 
" " 52 
" 13 ° I 
" " 
" " 10 

" 
" 

" II 

" 18 
" " 19 

26 
" 
" 
" 

" 27 
" 33 

" " 34 
" " 43 
" " 44 
" " 56 
" " 57 
" 14 9 
u " 10 

" " 13 
" " 19 

" 3 1 

" 3: 

I " " 43 
44 

I, " " 49 
,? 

t 1J " -' 

2267 
27 10 

27'10 
16 69 
1669 
37 68 
37 68 
27'08 

27'08 

37 68 
3; 68 
Ib hI 
J6 Go 
~7 04 
z; q 

2 17 " 
3 ° s, 

30 s. 

I " Away 

" 3'0 N 

" 3 ° N. 

" 2 I7 Away, 
2'17 " 

2 ° )l 
" 20N 

" Away 

20 S, 

" 2'0 s.. .. 
2'17 Away 
217 

s. 
It 

N. 

" 

N. 

" S 

" 

N. 

" S. 

N. 

" S 

VD 
P 

YD. 
P 

VD 
P. 

YD. 
P 

VD 
p 

YD, 
P 

YD. 
P 

VD 
p 

VII 
p 

V,D 
P 

YD 
P 

VD. 
P 

YD 
P 

VD 
P 

I'D 
P 

ID 
P 

Y fl 
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TA.BLE 29--continued, 

.8 
Honzontal Magnet E I, ~ II Horizontal Mague'E 1. -.., '0.., 

'O~ force ..,~ , force 
"'s Local Time Magneto- i EI ~alTlme Magneto-~;:: Thermo. Vacuum Obser- Thermo- Vacuum OblMlf-
.. e, by Ma~eto- graph, meter • Gauge. D1I- ver. 

t I by Magnet<;. graph. meter. Gauge. Dis- yer. 
~" 

graph (.;lock. - North t ~l graph GI04:k. - North 
S>-l Scale- tance 

end. oSf;4 Scale. tance end. 
re&<bng, in feet, 1:1 ... readmg, in feet. ,,- Z9 Z9 

d. h. m. d. h. m. 
m.- 7 2O 33 23'34 91'7 

_. 
Away. ... p. fxII 7 2' 23 233 t 91'9 .- Away. ... G. 

u " 34 23'34 91'7 ... .. ... G. 
" " 33 18 96 ... .. . Z'O 8. S. p. 

It ., 4' '4.65 '" ... 3'0 s. N. p. 
" " 34 18 97 ... _ . 

" " G. 

" " 43 '4'66 - .. , .. .. G. 
" " 44 2j'74 . . ... "0 fl, N. p. 

It II So 22'01 -. ... 3'08. S. p. 
" " 45 2774 ... ., . 

" .. G. 

" n 51 2201 ... ... n .. G. 
" " 52 23'3' ... .. Away. . .. p. 

" If 
58 23'33 ... ... Away, _ . p, 

" " 53 23'32 ... ... n ' . G. 
tt n S9 23'3' ... ... .. . .. G. '1i " '3 ° 27'74 ' . ... 2'011. N. p. 
" 21 4 24'65 ... ... 3'0 If. N, p. " " " I 27'74 . .. .. . 

" " 
G. os .. " , 5 '4 64 ... ... 

" " 
G. ': " " 8 19'00 . .. , .. 2'0 If. S. p, 

co 14 22'02 '" ... 3'0 Jr, S. p. g 9 19'00 ... . .. G. co .. " " .. " ... IS U'02 ... ... .G, ... I7 23'37 91"9 .. . A:way, , .. p. .. " " I " " C) 

23'31 91,8 Away, p, 18 '338 G. ~ " 24 ... -, .. " " 91'9 , .. .. ' .. 
2S 23'3 1 918 G. "" 13'19 1'5 If. S. p. loa " ... " " . ct:) " " '7 .. , .. . 

~ 36 21'08 '" 
_. 2'5 11, S. p. .. 28 13 20 ... ,., G, .. " " " " ... 

21'08 G. «> 
33 69 N. p. .... 

" 37 _. ... " " s= 
" " 39 ..' ' .. I'S 1If, 

45 25'58 "5 11, N. p. =' 3370 G. 
" '" ... loa " " 40 .. , .. . 

" " 
" 46 25'58 ... ... 

[A.~~y. " 
G. .::: 

u " 47 23'38 ., . ... Away, ... p. ... 
" " 5' 23'3Z '" ... ... p. ~ 

" " 48 23'38 _. . .. 
" 

... G. 

" " 53 '3'32 ... . .. " ... G, 
" " 56 3375 ... ... I 5 8. N. p. 

" " 58 25'59 '" ... '5 8. N. p. 
" " 57 3375 ... .. ' " " 

G. 

" " 59 '5'59 ... ... " " 
G, 8 ° 6 13'21 . .. ... 1'5 B. S, p. 

" 2Z II 21'09 ... ... 2'5 •• S. p, 
" " 7 13'22 .. ... " " 

G. 

" " U 21'10 ... ... " " 
G. 

" " 16 23'32 91'9 ... Away, ... p. 

" " u 23'30 91'9 ... Away. ... p. 
" " 17 23'33 91 9 .. . 

" 
... G. 

• Expe:uneJlta made at night from thla .iDle, to reduce the mfiuence of the dJnmal variation of horizontal force. 

T !BLB 2~ a.-Experimental deflections of the Horiwntal Force Magnetograph by the deflector l[agnet E 1. 
CALCULATION, FROM THE ~>ATA IN TABLE 29, OF THE DOUBLE DEFLECTIONS. 

MHNs. 
Value of 

MUN!L 
Value of 

Numbarlll1d Ddreren.e on. dlVl. Nomberaod Difference one run· 
date of Experi. Diatanoe. or double Slon of date of Experi. Distance, or double 81nO of 

ment, H:r;her wwer deaectlon, Beale. ment. !1!; Lower defieetlon. .eale, 
rea U1gs. readulgs, readmge. 

I. 20 ,6'54 13'54 13'00 8"29 VI. 3 0 24'16 21'42 274 S' 29 

roth AUguit IS 35'59 4'53 3106 loth A.ugust 2'5 25'14 20'46 4'68 .. ... 
20 2737 18'28 9 09 I 187°' 1876. 

.. 
1'5 33'47 12 27 21'20 

IL 36'14 6'40 8"29 VII. 3'0 22'15 19'47 268 8"29 
2'5 29'74 z'5 23'14 18'51 4'63 18t Nov, 1870' 2'0 39'16 26'76 12'40 5th Feby 1877 

... - 20 2534 16 35 899 . , 
IS 31 '39 10'39 21'00 , < 

III. 3 0 , 38'34 3493 3'41 8"29 
37'64 34'76 z'88 8"29 3'0 loth April 2'0 -4"34 3° 95 11'39 .. , VIII. 

"5 3868 33'75 4'93 1872. 1'5 5°'10 23'38 26'72 22ndFtlby. 
.., .. , 

Z'o 41'04 31'46 9'58 .. , 
1877. I'S 47'46 25'15 22'31 .. , 

IV • 
8"29 , 

1St set 
, 3'0 22'71 19'92 2'79 

11th Septr. 
Z'O 25'97 1669 9'28 ... IX. 3'0 33'88 31'0) 2'79 8"29 

1873 
1'5 32'26 10'44 21'82 .. , 6th FebY,1878. zo 37'18 27'86 9'3z ... 

1'5 43'50 2166 21'84 .. 
IV, 

2nd set 3'0 2260 19'81 "79 8"29 . X 3'0 3r 36 28 64 2'7' 8"'9 
nth Septr. 

Z'O 25 87 16'58 9 29 ... 11th Feby. 34 65 25'43 9 17 20 ... 
1873, 1'5 32 .18 10'42 21 76 ... 187?· 1'5 4083 19'35 2148 , .. 

IY XI, 2&'50 2S'S3 2'67 8"29 
~re!\n oftwvsetB 3 0 .- -, 2'79 ... 3'0 

lIth Septr. 2'0 . .. _. 9'28 ... 17th April 2'0 3163 22'66 897 

18'3' 
1'5 ... ... 21'79 _. 18So, 1'5 37'68 1665 21'°3 

V 37'34 8"29 3'0 24'65 22'01 264 3' 29 
3'0 34'92 2'9 2 XII. "5 2558 2109 

I 
44') 4th October 20 4129 31'SI 97 8 ... 

7th June 18S" "0 27'74 IS'98 S 7(j 
IS73 q 4793 25'01 229 2 ... 

1'5 33'72 13 20 20'S2 ) , , 
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• ~ 90, As, in the ?ase of the horitontal.fl)rc~ m~gnetograph, there is DO qU0sthn aL, ut. 
~he practical uniforml~y ofthe scale-coefficIent 1ll ~iferent pa~t~ ofthe5calo, It 13 a110\\<.11>1e 
'a.t Once to compare together two sets of'correspondmg deilectIOns ; and if the magnG1j3lO 
1)f the 'two magnets-N3 and that of the force magnetograph-is similarly uI5tnoutLJ JJj(' 
quotiellt ( ~') of the respective deflections will be independent of the deflection distance; 

'but if othcrwis~ the _corrected quotient will be d'(l +~) -;- d (1 +~) or nearly enuugb 

~ ~ _pH ;.P') or (say) ~ (1- ;.), The following tables will show whGthcr p has or has nut a 
considerable value :~ 

TABLE 30, 

Showing v~ues df the ratio ~, where 
a: is the double deflection of the magnet 

. Ns in the Electrometer Tower and d is the 
defl4ction ,of the horizontal farce magneto· 
graph-both by the d~flector magnet El. 

, 
.. (m leetj 

E>tpe:linent and date 
15 20 aD 

, -- ----
III. IO-llth Apn!' 1872 • 0'7'433 0'77700 0'76833 
IV, to-13th September 1873 ' '81046 '81142 '81004 
V~, 4th Octob~l' 1873 .. , .. '77051 '77096 '77397 

VIa. loth August 1876 .. , .. '81038 '80308 '79197 
Vir, 5th February 1877 " '81619 '80979 '80224 

VII!, 22nd February 1877 .. '76916 '76200 '75000 

IX~, 6th February 1878 .. '77564 '77°39 '75986 
, l~th February '1879 ... '78631 '77972 ' 80515 

Xl. 17th April 1880 " '" '79268 '79264 '79026 

------
Means ... '" 0'78952 0'78633 0'78354 

--

TAI>LE 31. 

Sh ' d' 
OWIng values of d' where d'is the: 

double deflection of the declination ma<rnc
to~raph and d is the deflection of the hori
zontal force magnctograph-both by the 
deflector magnet E1. 

- -
r{IDf ... t). 

EXpenmen' .nd date, 
:a 1'0 80 

-

Vb, 4th Octobor 1873 ... '.' 1'350 79 1'35276 '1'34932 
VIb, roth A.ugust 1876 _ _, 1'41651 141254 1'40510 
IJCb, 6th FebruAry 1878 .. , , 1'36126 1'36373 1'36917 ------Mew - ... 1'37619 1'37634 I 37453 

The numbers d' and d, for the calcula
tion of the ratios in Tables 30 and 31, are 
taken from Tables 26 'and 28 and Table 29a 
respectively . 

91. For the reason stated in paragraph 30 the mean numbers only at the foot of 
Ta.bles 30 and 31 were used for the calculation, in the manner described in paragraph 29, 
of tho constant p in the expression 'D= ~ (l-;?'), and with the respective results 
p = + '02269 and p = + '00344, I t is of little importance whether or not the latter of 
these numbers be reO'atded, for when most influential-i.e. for the least distance 1'5 
:. <::> -, '00344 ' ,. 
foot-It would affect the coeffiCIent by only (1'5).=-0015 of Itself: and besldes III the 
'first cas~, 'not oDly is the value found for p tnuch larger, but the mean numbers show a 
steady progressive change fur the distances 1'5, 2'0 and 3'0, whilst in the second the 
middle number is greater than either of the extremes: we resolve therefore to app1y the 
correction 'to the numerators of deflection ratios of the first kind but not to those of the 
second kind, 

92, We shall now assume-in the case of Jefiections of the magnet N3 after multi
,plica.tioh by the factor (1 _ 'O!:69)_that the theoretical ratios are the same for all dis
: tances, 'and the 'I probable error of deflections, both of the declination magnet and of the 
I horizontal force magnet, being the same for all deflections, whether gr€a.t or sraaI1, we 
'shall add the numerators and denominators of the ratios for the several distances to. 
g'ether, 'and 'take the ratio of the sums ~~ as the theoretical ratio for a particular set of 
el(;eeriments, It is obVious that there will be some compensation of errors in adding the 
detlections together, and also that the rf'ma.1ning probable errors of tho sums will have 
! less'relative effi.zt (that is, effect on the ratio) than the probable errors for the singl03 dis
: t1tn6es have up~n their respective ratios. But if ~d' be first multiplied. by a', the value, 
correct$d for tc\rsion of the suspension thread, of a division of the scale in which the 
auxiliaty deflections (<1') are observed, and ~d by a, the division will then give the chan~e 

I, of forcq, in tenp.s of th~ horizontal force as unit, per unit arc of chaDg~ of position of the 
, h " :.. 1 e' • 1 d' rill . 1 dX It' , th' t-orlZon:~t', lorco magnet; III otller wor s It v. gIve J1, X' IS ill 13 manner ha.t 

I the-scate-coE::fficients shown in Table 32 have been obtained from the data. tha.t appc:\f 
afongsi\le of them, 



TAlltB 32, 
-- --

Double dellectiolll, 
- . - - . 

t!o'!~ Corree· 

At dJltance (r). a' Of horuonttJ Coree magneto· ~ po~~ Experiment ef! date. 
STaph (el) at dl8tanoe (r), 1 dX 

Beale 
Of magnet. IJ. 

Q%,l -dpX readulg Sci' - c{Zd'f I: . 
1'5 2'0 2'5 3'0 Minutes arc 

I'G 20 !'5 311 II ... ·OO!!'I radius, - - - ---1-~ - I"-
1 2 3 4. S tr 'I 8 9 10 11 12 13 140 15 16 17 is -- - - - - - c --

I. loth .AugUst 1870 .. , .. , Declination 38"S4 16'44 ... ... S4'98 S"13 '002365 0'13003 31'06 13'00 , .. , .. 44'06 0'10618 "U4S4 22'50 
magneto-

II, rat November 1870 
gra{lh, 

hiS 24'16,; 8"13 '002365 12'40 6'4° 18'So '0453 1 ~ i':l61 37 3"91 '" ", Declination ... 15'95 . .. ,'057 15 ... , .. 
ma.gneto-
gra~h. • 

}'34236 36'65 
III, 10-lith April 187. ... .. ' 3,- 20'48 8'So ... 2'61 31 '89 14"38 '0042 1:1 '13432 26'7 2 11'39 ... 3'41 41'5 2 '10006 
IV. 1o-13th September 1873 ... N3. 17'48 7'49 ... 2"5 '7'12 14"35 '004174 '1136:: 't'79 9'a8 .. , 2'79 33'S6 '08160 1.'.l92 41 21'24 Va, 4th October 1873 ... ... N3, 17'48 7'50 ... "25 27'23 14"35 '004174 I 'U3H 22'9' 9'78 .. '. "92 35'6, '08584 1'3:150 4 36'44 Vb. 4th October 1873 ' .. .. , Deolination 3°'96 13'23 . .. r~4 48-t3 8"13 '002365 

magneto- ~ 

,...., 

VIa, loth Augus' IS76 
/graph, 

7,,6 2't6 30'18 14"30 '004160 J 
, .,. ... N3. 17'ot 3'75 'uS8S U'2Q 9'09 4'68 2'74 37'71 'o~o8S 1'38472 22'77 Vlb. loth August 1876 ... ... Declination 30 '03 13'84 6'6, 3'85 53'34 8"13 '002365 

magneto- -
VII. 5th February 1877 

gra~h, 
i4"31 '00-t t6S iUSl6 8'99 %'68 '08ggSl 1'39216 %0'80 ... . .. 3~ 16'91 "%4 3'70 2'14 30 '05 11'00 4'63 31'30 -vm, und February 1877 ... .., NS. J6'99 7~ 3'73 2'15 30 '13 14"29 '004155 'u~t9 22'31 9'58 4'93 2'S8 39'70 '09568 1'30838 36'17 lXa, 6th February 1878 , .. ... N3. 16'77 7'I4 .., ,'II 26'02 14"30 '0°4160 I :10882 21'84 9'32 2'79 33'95 '08182 1'33000 32 '48 IXb, 6th February 1878 Declination 3'82 46'26 8"13 '002365 ,I, ... . .. 29'73 12'71 ... 

magneto-

X. 11th February 1879 
gra~h, ~ 

14"30 '10820 n'48 '08041 ... ... S, 16'72 "11 . .. 2'18 26'01 '004160 9'17 , .. a'72 ~3'37 1'3453 1 29'99 XI, 17th April 1880 ... , .. NS. 16'50 7'07 .., 2'10 25'67 14"30 '0°4160 '10679 21'03 8'97 ... J'67 32'67 '07874 1'35618 '7'lI XII. 7-8th Jane lS82 .. , .. ' N3'. 16'35 6'99 3'62 2'11 29'07 14"30 '004160 '12093 20'52 8'76 4'49 .'64 36'41 '0877' 1'37807 23'33 -
- - ( oO!ItIO) -no doUbI. doftoctlollll 01 1IlfISIl"' Nhre aU multJpIlod b1 1-rr before being entered ID ,hie teble. 

t Wbere two Independent .alu .. 01 O:7-tl al'O avallable tile _ of th. two II adopted for IIOInbJDatloa wltb ald, 
* no .trolli borl&ontt.l Un .. ID OoI\llllQ 17 "~Ie 4okrmlnaUoni belODtr\DI &0 Onl undla\urbe4 adJunment 01 till 1DItrum000l frOID thole beioDIUI8 &0 oIlier UDdlHurbecl adJu ..... .,,1t. 
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QQ' 

m X cos (.1-11)+ WUT cos v 

{tnX sin (.1-7)- JVu!f- sin'll }dv-mX sin (A-v) dA. _ _ 2dT 

00' - 'I' 
, mX C08 (A-v)+ Wuy COS'll 

but as the coefficient of dv is by equation (1), equal to zerQ 

dA=2;'l' {cot v+cot (A-V)} (g) 

For the case under discussion we may take (A.-v)=900j 'V=l (279° 30' -280 0' -180°) 
= 35° 45' j whence dA = -24'~~: cot 35° 45' = 28'. Hence the meridian reading must 
be made 28' nearer to 279° 30', for which position the time of vibration is the lesser, than 
to 28° 0', that is, it must be 1530 59ft. The reading we have adopted is 1540 0'.: 

96. In the next place the torsion circle readings were made successively 3340 and 
154 co, so as to make the vertical plane containing the two wires and the magnetic meridian 
coincident-in the one case with the north end of the magnet pointing southward anu 
in the other northward: the partial exhaustion of the enclosure was carried! down to a 
pressure of about 4 inches of mercury as before, and the times of vibration of the magnt,t 
were observed (on the 4th and 5th March 1872) to be 5"9851 and 2"9567 re"pedively
the semi-arcs of vibration being again under one degree and the other influences sensibly 
constant. 

• The vernier of the torsion circle moves with the suspension wire, and-Ioolung from abo,e-Il.a 
reiLdings of the circle increase with a right-handed rotation of the vernier plate. The Clrcle reads to [j'. 

t A suspIcion having arisen that, owing to a slight knock that it received, the mirror might ha .. e (.hang-o:d 
position between the two experiments, the first one was repeated giving the time of vibra.hon 4'170~, and the 
meridian reading 2' greater than the above. 

t The vibration observations which have yielded this result were ma.de on the 29th Fcbnnry and 4th 
Ma.rch 1R72. A SImilar pair of observations made on the 16th June 1870, without cxhaTlBting the Il.lr frum the 
enclosure of the instrument, and therefore necessarily with a. large semI-arc of VIbratIOn (about 4~ <> at r:om
mencement) gave the result 154 0 2'. 
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97. For these experiments, restoring the coefficient rejected fram equat,;()'l) (e), 
equation (f) becomes 

X rrr fJ4' (1 (a_a')s) -'K 
-m +"Ur +~ = 1'" 

+mX+ JVgr(l + (a-;"/')= ~~ 

and (h) 

(i) 

U) 

We may now insert these values in equation (e), and use the. latter to find what value 
v must have in order that (A -ti) should be equal to;. The result is 

S ' _ mX'(l_ a'+a,l-204 cOB'U)=T'I_T' (1_ ad'(I-C08v» 
~n 'V - Wg~ Il' - 1"2+r It 

l 
(k) 

or inserting numerical values 
_(5'9851)1- (2'9567)' (1-0'20 XO'I8 X (I-COB 35° 45'))='60765 
-(5'9851)'+(2'9567)2 (12'96)11 

'17= 37°26' (l) 

98. But in the interval between the two vibration observations the torsion circle 
was turned 80 as to read 28° 0' and the scale-reading, at that time, was observed to be 
35'69, Hence if S denote the scale-reading that implies that the aXis of the magnet is 
at right angles to the magnetic meridian 

28°_(154°_90°_37· 26')=(35'69-S)X8"29, (m) 

8"29 beina' the angular value of a division of the scale, and S=25'56, This value 
has been adopted for the period March 1872 to June 1882, during which it is believetl 
that-disregarding an accidental knock that the instrument received on the 26th March 
1872-the mirror and magnet have retained the same relative position. Judging by the 
mean scale-readings of the 25th and 27th March, 1872, the accident did, however, increase 
the scale-reading by about 1'19 Beale division or nearly 10', For the period September 
1870 to February 1872, we ha\""e adopted an arbitrary value (28-21) of S, but only after 
ascertaining that any possible error involved in the use of it cannot affect the scale-coeffi
cient, in any ('ase, to the extent of one two-hundredth of itself, that is-to the extent of 
our general limit of inconsiderable errors. 

99, A straight line is marked upon the marble slab of the horizontal force instrument 
in the true direction N89° 2' W, as stated in paragraph 6; and by raising the Copper 
damper and placing it against the magnet so as to thrust it a little aside and so prevent 
it from oscillating, it was possible, by means of a small drawing square, to compare th~ 

- direction of the lme with that of the edge of the magnet when the scale-reading had a 
particular value, In this way it was found on ihe 6th March IS72-the day after the 
last of the vibration experiments-that the edge of the magnet pointed to magnetic 
west (00 56' north oftrue west) when the scale read 21'55. This differs by 4 divisions or 
about 33' from the reading given by -the vibration experiments, but as the means of 
measurement are rough, and the magnetic axis of the magnet may not be parallel to its 
edge, it is perhaps as nearly coincident as should be expected. 

100. The extreme readings on the record of the horizontal force magnetograph for 
the two periods for which the adopted values of S were 28-21 and 25'56 were 18-83 and 
35'20 and 20'41 and 37'86 resfectively, giving maximum departures from the position S, or 
values of A- t', of r 18' and 1 42' or, in arc, of '023 and '030 respectively: that is to 
say about ·i;rrd and l'"[rd are the proportions in which, in the extreme cases, the diurnal 
variation of declinatlOn-the average range of which is ·0031 unit of force-is mixed up 
with the record of variations of horizontal force. 

101. Changes of (A- v) due to secular change of A, i,e. to secular change of decli
nation, have been insignificant as compared with changes of ~), the least absolute annual 

B 8Z5-19 AP 
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mean declination (that of 1870) during the ~riod of record ha.ving been NO° 49"3 E, 
and the greatest (that of 1879) No· 57"5 : SInce 1879 the easterly declination, as well 
as the horizontal force, has been decreasing. 

\, 102. For the future some sacrifice will be made of continuity of the record, or of the 
extension of records under an undisturbed adjustment of the instrument, in order to keep 
the limits of the range of scale-readings nearer together, and thw to reduce the extent of 
the vitiation of the horizontal force registrations by variations of declination; and the 
scale-reading thai: places the axis of the magnet at right angles to the magnetic meridian 
will be made to lie more nearly midwa.y between the extremes of the contracted range. 
This will have to be done by altering the inclination of the mirror to the magnet : the 
middle position of the record on the photographic register is 3'5 inches from the zero side 
of the sheet of p~per ~ for the paper is 6 inches wide, and allowing a space of o· 5 inch 
between the edge and the nearer zero line, another 0'5 inch between the ·two days' zero 
lines, and a margin of 0'5 inch at each side of the remaining space to prevent the curves 
from crossing the nearer zero line or going off the edge of the sheet, there remains a spa.ce 
of 4 inches available for the curve record : in this space the mean position of the lower 
curve will be 3'25 inches and that of the upper curve 3'75 inches from the zero edge of 
the sheet, and the range of motion of each curve will be 3·5 inches j and thus, if the mean 
p0sitions of the curves be made to correspond to (A-v) =;, by altering the inclination 
of the mirror till the reading that is now 25'56 becomes 29'S, the greatest positive or 
negative value of cot (A -v) will be '0}'5, i.e. cot 50'. 

103. It is a defect in this instrument, as compared with the lorm of the old horizon
tal force magnetometer by Grubb, that whereas in the latter provision was made for 
moving the collimator on the stirrup of the magnet by exactly 90·, there is no similar 
provision for placing the mirror of the magnetograph nrst with its normal nearly parallel 
to the axis of the magnet, and then exactly 900 removed from the first position. 

104. The first month for which the photographic registers of the horizontal force 
magnetograph are complete is that of September 1870, and since the first day of that 
month the changes of adjustment of the instrument that have been made are the follow
ing-

(1) On the 31st October 1870 the torsion circle reading was increased from 24° 15' to 26° 0'. 
(2} On the 15th May 1871 do. do. 26 0 to 28 O. 
(3) On the 29th February 1872 a smaller pulley was substituted, and the wires 

were separated further apart at top. 
(4) On the 1st October 1873 the wires were brought closer together at top. 
(5) On the 6th February 1877 do. do. 
(6) On the 30th June 18828. smaner pulley was substituted, and the torsion 

circle reading decreased from 28° 0' to 3560 10'. 

105. Now separating the determinations of d~ d;, given in Table 32, that be

long to one undisturbed adjustment of the instrument from those that belong to others, 
we obtain groups as follows: experiments I and II each by themselves; and experiments 
III and IV, V to VII, and VIII to XI forming three groups. From equation (6) we 
observe that the mqre nearly the adopted value of S makes Va =.A-; the more 

nearly will cot 110 be equal to ~v rl(~:,~!o; and, at this point, we may notice that as m 

has been practically constant during each set of deflection experiments, the values of 

d~ d; found in Table 32, are applicable in equation (9) in lieu of dIu d~l'): indeed, 

as independent investigations of the effects of temperature and lapse of time upon the 
records, of the instrument will have to be made. we may, from this time, drop the m 

altogether and write dXX and d)[" for d (mX) and d (mX)o. Considering then appropriatt 
Xo mX (mX)" 

values of 8 and S and of""!" dX for each experiment of a particular group, together with 
dv X 

equation (9), we have determined a mean value for that group of cot Vo by a method of 
successive approximation. First, we have taken cot Va to-be the mean of all the values 

in the group of d~ ~, and inserting this value in equation (9), have found first values 
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of;/1 ~t: secondly, we have taken-as a second approximation-the mean of all the 

first values of i" eli:, and-inserting this in the equation-have found second values or 

iu d~o; thirdly, we have taken-as a third approximation-the mean of all the second 

va.lues of ~I1,1°, and-inserting this in the equation-have found third values of d! ~~o; 
and, fourthly, the mean of these last has been adopted as the final value both of ~v ~: and 

of cot 11. Doubtless we should ha.ve obtained nearly the same results by solving the 
qua.drat1c equation for each experiment separa.tely and averaging the roots, but the pro. 
cess described is simpler to work, and it shows, at each step, the extent to which the 
numbers of a group are amenable-as a group-to the law assumed by the equation. An 
exposition of these calculations appean in Table 33. 

TABLE 33. 

Calcuiated 
I ax Third T&lu~ final value of 

tJ ax. El[perimeQ' and date. dDT s. .-so 1 ax.. 1 dX. a· coCo " .. 
(obaervedl, of(k X. iii T. or (kYo 

coC "a' 

I 2 3 4r :; 6 '1 8 

I. loth August 1870 .. , 1'22454 19'94 . ,. ... . ..... ... ... 
IL lBt November 1870 ." 1'26137 32 '91 .', ... ...... . ... .., 

III. IO-IIth April 1872 -, 1'34236 , 36'65 +II'09 1'393481 } 1'382989 '00001 II IC IV, lOth to 13th Sept. 1873 1'392 41 21'24 - 43 2 1372497 '0°3333° 
V, 4th October 1873 ... 1'32504 36 44 +1088 1'374423 

1 VI. loth August 1876 ' .. 1'3847 2 22'77 - 2'79 1'37 2056 1"37 2345 '0°33°74 '000010939 
VII, 5th February 1877 ... 1'39216 20'80 - 4'7 6 1'370556 
VIII. 22nd February 1877 '" 1'3°838 36'17 +10'6, "355765 } IX. 6th February 1878 ." 1'33°00 32 '48 + 6'92 1'3609°5 1'361216 '00328°5 '00001 0 762 X, 11th February 1879 ... 1'34531 29'99 + 4'43 I 365094 
XI, 17th April 1880 .. ' 1'35618 27'11 + 1'55 1'363102 -Xll,t 7-8th June 188% .... 1'37807 23'33 - 2'23 - ..... , . .. .. , 

106. From the nearness of agreement of the separate third values of 1.- dXXo, shown 
do 0 

in column 5, we mny form an estimate of the probable error of a single determination of 
the scale-coefficient; roughly speaking the average differences from the mean (regardless of 
signfl) are for experiments III and IV about i!oth, for experiments V to VII about l~th, 
and for experiments VIn to XI about Joth of the whole coefficient. 

107. Multiplying equation (9) right thr~gh by Xa it becomes 

X l dX v 1 clXo V I t ( S) .. a df} X =~\.a dl1 X -Aa cot t·o s- (n) 
#' 

which expresses the scale-coefficient in terms of the unit of force. Referring to columns 

7 Ilnd 8 of Table 33 for the coefficients d
a d~ and a' cot' vo' and inserting ill this equation 

• v .do", 

the mouthly mean values of s and X, we obta.in monthly! .alues of the sc.a}e-coefficient as 
sho" II in the fl1llowing table. 

• For experiments I and II S hn.s the .. alue 28,21, and for the rest 2S'56, 

t As the first .. alut) of ;v ~~o gh-en by this is witluna two-hundredth of the final va.lqa of it gnen 

by tbE' preceding four experiments, the latter value has been adopted, without cha'1ge, in the calculatIOn of 
Ultllltbly values of the sca1t;coefficients, for later months up t.o June 1~82, 

: See footnote to paragraph G7. 
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TABLE 34. 

X ndX 
~7 dX 

(ealell' df 
lated) l' 

dX 
=Jii: 

Month, x. 
:: 

B, 

X"dX 
dO oX dX 

(calen. dI: 
lated) t 

fiX 
-(jf 

February(24th to 29th) 1 872, 3'7218 
o March • ,.. ,,3'7220 
::: April ....\ 3'7222 

35 65- '01199 '04144 
36'66* '01195 '°4130 
3612 'oII97 '04138 
34 '85 'OU02 '0,4156 
33'28 '012°9 '°4179 
31 '91 '01215 '04199 
3°'72 '01220 '04216 
29'88 '01223 '04228 
28'82 '01227 '04S144 
28'18 '01230 °4253 
27'5° '01233 '04263 
26'62 '01237 '04276 
26'18 '01239 '04282 
25'52 '01241 '04292 
24 '87 '01244 "04301 
24'09 '01247 '04312 
23'12 '01251 04327 
22'35 '01255 '04338 
21'69 '01258 '04347 
21'II '01260 '04356 

February (6th to 28th) 1877, 3'7322 36'30. '01181 '°4084 
March ..." 3'7324 35'99 '01183 '°4088 

::: Ma, ...~, 3-7223 April ... II 3'7325 35'69 'oll84 '04092 

May ..... 3'732735'25 'oJl86 '04099 g Jllne ..." 3'7225 June ..." 3'732934'90 'oll87 '°4104 g JulJ' -" 3'7 22 7 July ."" 3'7331 346o '01188 °4108 it August ..." 3'722 9 
..,0 September ..." 3'723° 

August ..... 3'7332 3,,'22 'o1l90 '0411 4 

° .., .., .., .., 
° ° il 

~ol' ... ~ 

October ..." 3'7232 
November "'" 3'7234 
December .. ," 3'7235 
January ,.. 1873,3'7237 
February ... II 3'7239 
March .. ," 3'7241 
April ..." 3'7242 
May .. ,.. 3'7244 
June .. ,,, 3'7246 
July ..." 3'7248 
August ..." 3'7249 
September "'" 3'7251 

September ••• tl 3'733433 86 'oll91 '°4 11 9 
October ..." 3'73363351 'oll93 '°4 124 
November ..... 3'7338 33'13 'OJl94 '°4129 
December ... n 3'7339 32 91 '01195 '04133 
January ... 1878, 3'7341 32 '66 '01196 '04136 
February ... II 3'7343 32'46 'OJI97 '04139 
March ... " 3'7345 32'29 '01198 '04142 
April ..." 3'734632'03 '01199 '04146 
May .. '"" 3'734831'73 '01200 '0415c 
June ... II 3'735°31'37 '01202 '04155 
July "'" 3'7352 31'21 '01203 '°4158 
August .. '" 3'7353 30 98 '01204 '041 61 
September ..... 3'7355 30 '68 '01205 04 165 
October .. '.. 37357 30 '46 '01206 '04169 
November "'" 3'73593°'23 '01207 '°4 172 
December .. '" 3'736029'97 '01208 '04176 

Oct.ober 
November 
December 
January 
February 
March 
.April 
May 

January ... 1879 3'7362 29'81 '01209 '0417 8 
1873, 3'7 253 36'03. 'oII89 '04112 February ,.." 3'736429'64. '01209 '04 181 

" 3'7 2 55 35'5 1• '01192 04120 March ".... 37365 29'44 '01210 °4 184 

June 

" 3'7 2 56 35'03 'oII94 '04126 ~ Apnl ... It 3'7367 29'30 '012lI 04186 
.1874 3'7258 34'5 2 '01196 '04134 ~ May .. '.. 3'7369 29'10 '01212 '°4189 

II 3'7 260 34'09 'OII98 '04140 C; June .. '.. 3'7371 2889 '01213 °4192 

" 3'7 262 33 84 'oII99 '04144 g July ,.. II 3'7372 28'7 1 '01213 '°4 195 
" 37263 33'43 '01200 '041 5° ° August .. '" 3'737428'49 '01214 '04 1 9& 
" 3'7 265 33'12 '01202 '041 54 'II September '"'' 3'737628'24 '012'15 '°4202 
" 37267 32'61 '01204 '04162 ;,0 October •• ," 3'7377 2808 '01216 '042 0 4 
II .37269 3208 0J:206 '°417° ~ November .. '" 3'737927'91 '01217 °4 2°7 
" 3'7 2 7° 31"60 '01208 '°417 6 '" D('cember ,.. II 3'7381 27'72 01218 "04209 

July 
August 
September 

~ October 

[ ~~::::~:: 

" 37 272 31 II '01210 '°4184 ~. J8Jluary .. 1880, 3738327'56. '01218 °4212 
II 37 2 74 30 '59 01212 04191 <S' February ,,, t' 37384 2738 '01219 '°4214 

g January 
p February 
II ]}1arch 

",0 Apnl 
'15 May 
'" June 

"<::I 
July 
August 
September 
October 
November 
December 
January 
February 
March 
Apnl 
May 
Juue 
July 
.August 
September 
October 
November 
December 

". 

January , 
February (1St to 5th) 

" 37 276 302 7 '01214 '04196 ~ March .. ,,, 3'738627'17 01220 04 218 

" 37277 29'94 '01215 04201 ~ April .. ,,, 3 7388 27°7 '01220 °421 9 
r875, 3'7279 29'69- '01216 '04204 0 May ..." 3 73892683 01221 04223 

" 37281 29'32- '01218 '04 210 'II June .. ,,, 3'7391 2678 01222 °422 4 
" 37282 28"82'" '01220 0421 7 ~l-i July .." 3'73932666 01222 04226 
" 37 284 28 70• '01220 04219 til~ August .. ," 3'7395 2623 01224 °4 2 32 
" 37286 28 24- 01222 '°4226 September .. "373962620 01224 °4 2 32 
" 3 7288 27'78 '11 '0I224 '04232 October " 3'73982606 0122S '04 2 34 
" 3'7 289 27"20· 01227 04241 Nov('mber "'" 3'74002587 '01226 °4 2 37 
" 3'7 291 26 76* 01228 04247 December ..." 3 7401 2578 , 'ou26 '04239 
" 3'7 293 2623* 01231 04255 January 1881 3'14°3 2568*1 OI:l27 04 2 4 0 

" 3'7 2 94 25 87. 01232 04260 February .. ," 3 7405 2542*1'012281 °4 2 44 
" 37 296 2553· 01234 04265 March " 37407 2545 '012281°4244 
" 37298 25'21- 01235 '04270 April " 3'7408 25'34 . 01228i 04246 

1876 3'7 299 24'92 01236 04 2 74 May , ' " 374102523 012291 0424i 
" 3'7301 24'57 01238 °42 79 June , ' " 3'7412 25°9 '01229, 0425c 
" 3'73°3 2436 01239 '04282 July .." 3 7414' 24'96 '01230' o,P52 
" 37305 24'10 '01240 04286 August ,.." 3'7415 2485 '0123°: '04 25' 
" 3'7306 23'74 '012 4 1 °429 1 Sept('mber .. , " 37417 2454 1 '01232 / 0.P5;' 
" 37308 2336 01243 °4297 October .." 3 74192446 012321 042:~ 
" 3'73 10 23'01 01244 '°43° 2 November ,," 3'7421 2424 101233. 04262 
" 3'7312 22'63 012 46 04308 December " ,,37422 2416 [ 01233~ 04264 
" 37313 22'23 01248 °43 13 January 1882, 373502407 012311 0425(' 
" 37315 21'88 '01249 '043 19 I Fpbruary " 3735°[2394 01232 ; 04:5~ 
" 37317 21'59 01250 °43 2 3 March " 13734912390 01232. 04:59 
" 3'7318 2128 01252 '°4327 Apnl ,,, i 3734912351 01133 0416.) 

1877,3732021'01 01253 °4331 May " 137348:2343 101234 o.p6c 
" 373 22 10 91- 01253 04333 I June (rst to 28th) "137348: 2336*[ 01234 r pC( 

* Appro>.lmate mean. 
t The last cnhtmn gIVes th.e coeffiClents for .,arlations, In inch •• , of oldmates of the photographic cnrYe!, 
::: The monthly yalues of X from October l~iO to DeLelIlber 1881, are c •• lcnlated by the formnla 

X =04(,108 (8 0651>+ 00451'), 
T bemg the tune m years aftel the lstOetober 1870 [See PhI1""ophILal TransactIOns, vol. 1G6, page(lO, "i.ere th~ formula," ,1,,,,<1 rr.m1 Ij, 
ab.olnt. determlnatlOu" "f the years 1867 to 1873] After 1881 the rueln of the ab,olllt~ dcternllnatlOho of the I'recedrng ye" I< .. un«~, I lur. ,,',
change at the late whICh helll between the t",o pre~edlllg years, 
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108. For the mon~hs September 1870 to February 1872.wemust take 'aCcount of the changes of. 
torsion circle reading made on the 31st October 1870 and on the 15th May 1871. Taking the value of 
:. ~ (1'26137) given by experiment II (that of November 1, 1870) as equal to l. e:.·-a cot2vo (32'91 
-28'21) we find Vo to be 3S- 0', at which it remained from November 1870 to May 15, 1871..: to this 
adding 10 4::;' tho decrease of torsion introduced on the 31st October 1870 we have 39° 45' as the value 
of Vo for September and October 1870; and deducting 2" 0', the decrease made on the 15th May la7ls 
we have further 36° 0' for the Vo of May 15, 1871 to February 1872. With these data a.nd makIDg 
d~ ~r. =cot v

O
' we obtain the following monthly values of the scale-coetficients which have been adopted 

for the period in question ;-

TABLE '35 • 

. 
X adX x~8,X 

.:i ~y dX ol d" X dX 
j , , • Month. X. •• (ealen. do i Month. X . B. (calcu. d •• 
a lated) t lated) t 
8 dX ~ dX 0_ =aa !U 

, . 
..:. . ,. '" . 

if 
, 

September a8H':': 3"7189 23'81- '0109 I '03773 ].fay (16th to 31St) 1871 ... 3'720 3 34'2~- '01209 '04181 
~ .. ~ ~ ,;, ~ , 0 June 32 '63* II II 0 

" .. , 3'7205 '01216 '04204 
::'!"c',1'0 October 20'9 1- '03 805 .. .. ... 3'7191 'OIIOO .. 
.I~~ 0 July 3'7 206 29'89-0 .. ... '01227 '042,43 0 

p 

: II August .. . .. 3'7208 28'11'* '012$4 '04267 
~ 

;.0 , 

'" November 187°'" 31'74'· 
~ September 

" 
,., 3'72tO 26'67:· '01241 '04289 

J 
3'7 1 93 'Oil 35 '03923 8 

December " October .. ,3'7 211, 2S'I3lt 'OY247 '04311 

" ... 3'7 194 29'4Z 'oII43 '0395 2 OR •• 
II 

... . . .... November 23'S91t { January 1871 ... 3'7196 27'5 1 'OI'1So '03975 

... It ,., 3'7 213 'du53 '04333 .., . .., .. '" g. December 3'721 5 22'5 11• '0125 8 '04348 IS February 3'7198 25'80 'oIIS6 '03996 .. .. ' .. .. . .. 
if .... ... ~ol:;i ~ March II .. ' 3'7199 24'26- 'on61 '0401 5 January 1872 .. , 21'06" 8 "'~ 3'7 21 7 '01264 '04369 

~'i~, 
April II .. , 3'7 201 22'44* '01168 '04038 Feby. (1St to 20th) 3'7218 19'99- '01268 .f ... '04384 

lilt; May (1St to 15th) .. .. ' 3'7203 20'95* '01173 '04056 
I 

• Appro):imate means. 
l' The lut oolollUl gIves tho eoefliclenta 'for variations, in inch es, of ordinates of the !>hotogrllphic curvea. . 

109. Periods during which the air in the enclosure of the horizontal force magnetograph was 
under artificial pressure were as follows :-

Beguming of renotl. Presnre. End of Period. 
, 

Pressure. 

Inches of Inches of 
Mercury, Mercury. 

April I. 1Sl1 , .. 4'61 April 9. 187z . .. 41>1 

April 9. IS7t .. , z'78 October I. 1873 ... 2-61 

:May '7. 1874 ... 2'02 November x7. 1874 ..' 7'23' 

November 17. 1874 ' .. 3'12 January tI, 1815 . .. 7'50 

January It, 1875 ... 1'44 March 9. 1875 
. 

7'4° . .. 
March 9. 18;5 ... Z'IO February 6t I8n . .. 7'04 

January ::2, 1880 ... 2'25 May 2", 1880 ..' 7'48 

B 8Z;i-20AP 
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TEMPERATURE-COEFFICIENT OF THE HORIZONTAL FORQE ~fAGXETOGRAPH. 

110. The same experiments of heating and cooling t~e magnetograph room that 
have been described, in paragraph 73, in seeking the temperature-coefficient of the 
vertical force magnetograph, were effective in heating and cooling the horizontal force 
maO'netograph. Practically simultaneous readings were taken of the scale of the hori
zontal force magnetograph and of the thermometedFahrenheit) placed in the enclosure of 
that instrument, with the results shown, for each of the five experiments, in Table 36:-

Oolli.ba 
Date mean 

tlIDe. 

1 I 2 I 

h, 00, 

. 6 19 
10 19a 
13 8 

0- 14 10 ... 14 36 
~ 14 51 
>. 15 6 
~ 15 21 e 

,.Q 15 36 
~ IS 51 

~ 
16 6 

'" 
16 21 ... 16 36b 
16 51 
17 6 
17 21 

. 

16 19 
0 22 19f 00 

4 38 ~ 
5 10 

~ 5 38 

'" 6 10 

~ 6 38 
7 8g 

~ 1.0 19 ... II 38 
>d II 53 ti 12 10 
~ 12 21 
V'I ... 12 36 

12 51 
13 6 

0 6 19 co 
~ 10 19 
I>.. 

II loj 

~ II 21 
II 36 

~ II 51 
12 S 

~ 12 21 

'" 12 36 

TABLE 36. 

HORIZONTAL FOReH HORIZOR'l'AL FoRes HI;1tIZON'fAL FORes 
MAGNETOGRAPU. MAGNB'l'OBRAPB. ldAGNIn'OGRAPH. 

\ 
Sca1e·rea.dmg. Colli.ba Scale·rea.dmg Colli.b .. 

Scale·reeding. Date. mean Date. mean 
Ther· time. Ther· time. Ther~ 

mome- mome· mome· I Corrected ter. Corrected ter. Corrected to r. Observed for chale Observed. for change Observed tor change 
ofH, , olH,F, olR ~. 

8 I 4 I 5 I 1 I 2 I 3 I , I G I 1 I II I 8 I 4 I 6 

First Bet of Experiments. 
, 

I 

h, 00, h, m, 

29 65 29'6,5 86'8 17 36 29'30 29'24 102'0 23 I 29'37 29'43 988 
2962 2943 94'9 17 51 29 29 29'25 102'0 23 36d 2942 2947 968 
29'58 2935 97'4 18 6 - 29 28 29'25 101'9 0.. 0 6 2946 29 So 95 8 ... 
2952 29'34 98'1 0- IS 21 ~924 29'22 101'9 ~ 0 36 2937 2943 950 
2951 29'29 98 4 ..... IS 36 29'22 29'22 101 9 

! 
I 6 2936 2943 945 co 

29'51 29 29 98 7 ~ 18 51 29'21 29'22 102'0 I 36 29'34 2942 939 
2949 29'27 98'7 ~ 19 6 29 20 29'22 1020 2 6 2940 2942 934 
2949 29 28 986 19 21 29'20 29'22 102'0 2 38e 29'41 2945 928 ] 2947 29'30 98'7 19 36 29 19 29'22 102'0 I':! 4 6 29'43 29'44 92'3 
2944 29'29 99 0 ~ 19 51 29 IS 29'22 1020 ~ ~ 

6 29'43 2941 921 
29'40 29 27 99'2 

~ 
20 6 29 12 29'19 102'0 ::;- 19 29 So 2945 916 

29'39 29 27 99'6 '" 
20 21 29 12 29'20 102'0 S 10 19 2960 2946 go'S 

29'39 29'29 100 0 ... 20 36 29 II 29'21 102'0 ~. .14 19 29'50 2947 Sg5 
2938 29'30 100'4 20 51 29 22 29'22 1020 16 19 2945 2946 89 I 
2938 2931 100 8 21 6 29'25 29'20 102'0 :!? 22 19 2949 2951 88'3 
2934 29'27 101'2 21 21t 29'19 29'19 101'9 6 19 2966 2952 877 

Second set of Experiments, 

2748 27'37 84'1 13 21 27'17 27'01 100'0 IS 8 27'08 2701 97'0 
27'38 2749 83'9 13 36 27'13 26'99 101'1 0 18 36 27'II ~7'05 96 0 
27'47 2752 828 26'98 101 3 co 19 6 27'12 27'09 95 0 13 51 27'II ~ 2748 27'55 82'7 14 8h 2710 26'96 101'5 19 36 27'12 27'II 944 
2747 27'54 82'7 ,~ 14 21 27'10 26'95 101 9 ~ 20 8 27 15 27'15 937 2748 27'53 82'7 14 36 27'06 26'93 102'1 

~ 
20 36 2714 27 15 93 I 

27'50 27'52 82'7 
~ 14 51 27'03 26 go 102 3 21 36 2717 27'21 91'9 

2751 27'53 82'9 15 6 2702 26 go 102 3 22 36 2718 2724 91'2 
'" ~ 2732 2720- 943 ~ IS 21 27'01 26 91 102'2 ..... 0 36 27'20 2728 goo 

27'30 2714 960 15 36 26'99 26'90 102'5 ... 2 36 27 23 27'24 891 
27 29 27 II 96'2 ~ IS 51 26 98 26 90 102 4 >d 4 36 27 27 27'28 880 
27'29 27'13 966 \0 16 36i 26'98 26'87 1020 ~ 6 36 27'30 27 29 87'S 
27'27 27 08 97'2 

.. 
6 26 99 26'89 100'2 ~ 8 36 27'39 2734 87'1 17 

27'25 27'07 97 6 17 21 27'00 2692 99'2 \0 10 36 27'40 27'31 872 .. 27'23 27 0 3 97 8 17 36 27 0 3 2696 98 2 II 36 27'41 27'25 871 
2720 27'03 98 8 17 51 27'07 26'9S 979 .. , '" .. , 

Third set of Experiments, 

, 
27'29 27'33 85'S ,g 12 SI 2732 27'06 93'1 i 18 36 27'21 27'16 goo 
2742 27'29 855 ~ 13 6 27'33 27'04 93'2 20 36 27'20 27'20 896 
2740 27'17 89'9 13 21 27'31 27'03 933 22 36k 27'28 2724 88 I 
27'39 27 IS 90 9 ~ 13 36 27'30 27'04 93'3 "!d 0 36 27'30 27 23 87'2 
27'38 27 13 916 '" 13 51 27 29 27-<>5 93 I 

",00 ~ 36 2730 272S 870 
fA' >d~ 2739 27'13 92'0 14 8 27'26 27 0 3 92 7 ~ 4 36 2741 27 29 86'S 

27'34 27'08 92'2 ... 
14 36 27'28 27'03 92'3 6 36 27'49 27'32 8S 7 

2734 27'09 92'S ~ 15 36 27'26 .7'08 91'3 ~ 8 36 2755 2733 85'4 
27'33 2707 92 7 '" 16 36 27'26 27'11 go'7 ~ 10 36 2759 2731 854 

" Ftre made m the magnetograpb room at 7h, 2m. 
b, No more ccals added after thiS bme, 
., Removed the fire away between 21h. 30m. and 22h. 15m. and opened the dooftl and venblatora. 
d File made In the upper stove at 23h 
• Removed the fire away from upper stove at 2lh on the 16th 
f Fire made m the upper stove at ISh OD the 26th and kept burning till 7h. on the 26th. 

, g, Reading just taken when the fire was brought Into the room, 
A, No more ccals added after this bme 
I. Ftre removed away at about 16 honrs, MId dooftl and ventilatoftl opened. 
1 Readmg taken alter the fire had been lIghted for Bome time 
fr, Dooftl and venttlatoftl opened about 21!h, 
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TilLE 36-continued. ' 

lJ OkIZO .... L FO!IQ lJORWll'UL 1'0..,. HORWlll'UL FolIC. 
ILl .... 8'I'O<IUJ'IL )U&BII!OOLU'B. !iIAanToo&.uu. 

• 
CoUba 

~-~ 
CoUba BcaIe--.Iing. CoUba 

-~~ !Alii. m ..... !Ate, ........ Date. mean 
tuue. Ther, *'me. Ther, mae. Th .... 

mom&- mome- mome-
C~ tor, ICo~ tor, Corrected tor, 

Oboerved.iror chan Ohoerved. lor change Observe4.llor cban 
01 H. 1', 01 H. 1', 01 H. F, 

I J I a I 4 I b 1 I ! 8 I 10 I 6 I 1 I ! I 8 I , I 5 

Fourth let of Expenments • . . 
h. m. h. m, h, m. 

JO 38 257:1 25'74 85'7 16 23 2550 25'52 94'3 4 8 25'48 25'54 94'6 
14 38 2572 25 66 85 8 16 38 2550 25'53 94'6 ~ 8 25'50 :W56 94'3 
16 ~~ 25'71 25 68 854 16 5~ 25'50 25"52 94 8 8 25'53 25'57 934 
:U 25'71 258% 85 0 17 2550 25'51 95'0 7 8 2S 61 25 61 939 

~ 38 2577 2585 84 6 17 23 '25'50 25'50 95'3 8 8 25 67 25 65 927 
38 2579 zS 84 84S 17 38 2548 25'50 95'7 9 8 25 68 25'67 926 

7 38 25'72 258f • 845 17 S~ 25"47 2549 g6'o 10 8 2570 25'63 926 
10 38 2571 2S'80 845 18 25'46 2548 g6'4 II 8 25 " 25'65 92'3 
II 8b 2S13 :1S7S 84 6 18 23 2544 2547 966 ..: II 38 2578 25 64 92'2 
II ;~ 25'73 2,'73 85'0 .;:; 18 38 2542 2545 g66 00 12 38 2578 25'63 92'1 

00 
25 7~ 2572 857 18 5~ 2541 2544 g68 ~ 13 38d 2573 25'62 91 '3 

~ II ~ 
II S~ 25'7 2S 71 S6S 19 2540 2545 968 i 14 38 25 63 25'57 go3 

t' 12 2576 :IS 70 87 0 ~ 19 23 25'38 25'45 97 0 IS 3~ 25 62 25'60 8g8 
~ 12 23 2577 2569 878 " 19 38 2538 25'45 97'2 ~ 

16 38 25 63 25 62 896 
~ 12 38 2573 25 65 885 ~ 19 53 2538 25'46 97'3 17 38e 25 65 25'61 89'2 .., 

12 S~ 2572 2562 890 
.., 

20 8 2538 25'46 973 :a 18 38 2570 25 6 88'7 
:3 13 2570 25 6:1 89'7 :3 20 23 25'36 2546 97'7 S 19 38 2571 2571 88'S 
00 25-69 2562 

0-
38 98 I 38 88'2 .., 13 ;i 90'0 .., 20 2533 2544 ~ 

20 25'73 25'73 
~ 13 25 68 2S'61 904 ~ 20 53 25'32 2543 98 4 :i 21 38 2572 2572 87'9 

:3 "3 5i 25 65 2559 9fY7 :3 
21 8 25'32 25'43 98'6 .l:I 22 38 2572 25'68 87'S 

'4 25 64 2559 91'0 21 23 25'31 25'42 98 7 
.., 

0 38 25 68 25'71 87'2 .... CoO Q\ 

l4 ;i 25 62 2557 912 21 38 2531 2542 988 3 38 2S 69 25'78 86'4 
14 25 62 2S'SS 91 6 21 Sg 2530 25'42 988 6 38 2571 2S'74 85'9 
14 sa 25 61 2554 92 0 22 25'31 2544 98 9 IQ 38 2594 2574 85'9 
IS 25 60 2553 93 '4 23 8e 2537 25'44 988 14 30/ 25 88 25'66 86'0 
IS ;i 2558 2554 92'8 0 IS 2539 2552 98'0 16 38 25 81 25'69 85'8 
IS 2555 2554 93'0 I 8 2541 2552 97'1 18 38g 25'74 25 69 85 8 
IS Sg 2554 255S 933 2 8 2547 2555 g60 
16 2552 2553 93 8 3 8 2S'44 2S'57 95'1 

Smgle coohng Experiment, 

~.6 , ". >. >. ,,::.."" 
23'5 8 84'9 6 38 24'66 h~ 22 

3
8
" 

.. , .... "'!I .; .. 84'0 ,J:l, 9 38 24'go , .. 84'2 
~~ 

.... .... ~ 4 38 2450 .. 8,. 0 7 38 24'79 . .. 84'0 roo.gg 10 38i 25 10 84'S .. .., 5 38 2,rOI 84'0 ...... 8 38 2471 84 0 .... 
;;'::i! : ... :: ... .. , .. " 

FUth set of Experiments, 

6 19) 25'46 2S'59 84'9 22 38 25'17 25'33 92'2 4 Si 25'24 2535 91'6 
8 8 25 61 2S'S6 84'9 22 5~ 25 18 2534 92'S 5 25'30 25'40 91'S 

10 19 2575 25'5~ 85 I 23 25'20 25'35 92 7 5 23 25'32 25'42 91'3 
14 19 25 So 25 .. 85'1 23 23 25 20 25'33 93'1 5 38 25'31 25'40 91'1 
16 19 2543 2S'49 8S'2 .;:; 23 38 25 20 25'33 93'3 ~ 53 2534 25'42 go'9 

'18 23k 2541 25'48 857 ~ 23 51 
25'20 2533 93'S 8 25'33 25'40 go7 

18 38 25,.0 25'48 86 I r 0 25 19 25'32 93'8 ..: 6 23 25'36 2541 go6 
00 18 S~ 2540 25'48 868 o 23 2518 2532 93'9 ~ 6 38 25'40 25'43 go'S 
00 

25'38 25'49 87'1 0 38 25'18 2531 6 . 19 94'4 53 25'45 25'47 go'2 
>0 19 ;~ 2539 25'48 87'3 ,J:l 0 Sa 25 18 25'30 94'7 ~ 7 8 25'45 2S'4S go'O 

~ 
Q) 

19 2538 25'47 880 roo. I 25'18 25 29 95'0 ] 7 23 25'46 2545 89'9 
,J:l Ig 5~ 25 J6 25'45 886 -5 J 23 25'17 2528 95'1 7 38 25'46 2543 89'7 .. 20 2534 25'44 8g'I .,., 1 38 25'17 2529 952 r:: 8 38 25 60 25'51 89'4 roo. .. 
.l:I 20 23 25'32 25'41 897 .." I 53 25'17 25'28 95'2 :3 9 38 25'64 25'49 88'8 
~ 20 38 2531 2541 go2 ~ 2 8 25"7 25 28 95 2 '" 10 19 25 62 25'46 88'9 .. 20 S~ 2530 25'41 go '6 .2 23 25'17 25'28 95'3 

.. I2 38m 25'63 2544 88'4 .<I 
21 25 29 25'42 go8 .. 2 38 25 17 25 28 95'3 14 19 25'40 2543 88'0 '<t' 
21 23 25 27 2539 91'0 .. 3 38l 25 23 25'32 94'4 16 19 2537 2543 87'7 
21 38 2S 21 2536 9"5 3 53 25'2:2 2531 935 18 38 25'41 25'46 87'1 
21 

5i 
25 18 2S'34 91 '6 4 8 25 27 25'36 93'0 20 38 25'38 2547 87'0 

:U 25'17 25'34 918 4 23 25'29 2538 92'S .. ' ' .. 
2.:! 23 25'17 2533 92 '0 4 38 2S'30 2540 92 I ... ... .. 

:- :,';::::: ~~!J:: ~I;r,,~;:p~ ~~taW~a~entllatol'B and dool'B opened. 
... ~o m~", ",,,,18 add"d afta 22t ~ou... d. Doon and veuW.ton OlM'Ded M 13h. 14m. 
, ',,,nroua ftre ulade lD the IIpper 01oV(' at 17b Um. I FIre taken away from tb. upper nove at IOh 5Om. I 1)001'8 closed at ISh. 
/l Cool .. iii comno~nCt'd from I,b. 1m. when tJ:e doo .. and ... ntllators ..... re opened and a lire ldodIed II> the uPI'Ol' Rove. 
.. CooIiOlg operat.wn .topped, duO'" cln .. d aod fire lD upper IItove put out ~ Ub. 4o>m. 
J 1'00", and .enblato,. k.t "I"'" and lire kindled in upper ato.e allSh, 
.. HeatlOg COl 'menCt d Ilt l~b om 
I. At Sh, put out Hre In tho lower stove and kmdled in npper one, and doo ..... 4 Y.ntilaton left opeD. 
_. Flre put out In the upper ato ... at 1Ih. Om. OD :I6t.b, dool'l closed ~ 7h. ..... OD 27t11. 
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The curves of Figs. 63 to 67 are constructed from the numbers in this table, 
taking the temperatures as abscissre, th~ scale-readings a~ or~nates,. and marking the 
times along the course of the curves. FIgS. 68 to 72 are, IdentIcal WIth 63 to 67 except 
that for them, the scale-readings, shown in column 4 of Table 36, are corrcctell, in 
the ~ase of each curve, to a constant value of the horizontal force; this was done by 
means of nearly simultaneous readings* of Grubb's horizontal force magnetometer, on 
the assumption that the changes of force were the same in the magnetograph room as 
in the magnetic observatory; it is evident, at a glance, that some of the irregularity of 
Figs~ 63 to 67 has been removed 'by the operation, and the corrected scale-readings will 
therefore be used, in preference to the uncorrected, in the steps now to be taken. , 

111. The remarks made in paragraph 82 apply in some small degree in this case also, 
and here too, ,~e resolved to base the reductions on such observations only as were made 
during times when the temperature was steady. The periods selected as comprisinN 
times of nearly uniform higher temperature and times of nearly uniform lower temper:' 
ture" and the average scale-readings (corrected) and average temperatures for these periods 
are shown in Table 37, as are also the scale-reading differences and temperature differcnccg 
of the intervals between the respective periods (the latter being always taken with the 
positive sign), the suros of these differences, and the quotients ~ ~~} 

TA:8LlI: 37. 

PERIOD. , HORIZONTAL FORCE MAGNETOGRAPH. 

Scale-reading 
corrected to a Thermo· t.1l. Monl;h. : BeginnmA' End. constant value Differences. meter. Differences , 

of the horizontal I:.t, 
, force. 

, 
I 1 2 3 4 5 6 7 8 
I , 

0- tL h, m, d. h. m, 
1'0 
00 

6 29'65 86'8 ... IS 6 19 IS 19 
to -0'43 +15'2 
~ 

IS 17 38 IS 21 21 29'22 102'0 e 
~ -0'28 +14'3 
~ 17 6 19 17 10 19 29 So 81'7 

Sums and quotient • 0' , .. ...... -0'7 1 ~I +29'5 -'024 

Corresponding means .. ' , .. 29'39 ... 94'6 I ... ...... 

,aX~t.3 ) 
Temperature coefficlent = di ~t.t, = '012 I X ( - '024 = - '00029, 

d d. h, m, d, h. m. 
00 
00 

26 8 26 8 27'53 82'9 .. 7 7 

i -0'63 +19'4 
26 14 38 26 16 38 26'90 102'3 

I'r -0'40 + IS'I CIt 
~ 21 6 38 27 II 38 27'3° 87'2 

Sums and quotient .. , .. .a. •••• - 1'03 I .. , +34'5 -'030 

Corresponding means , .. .. 27'1$ ... I 93'6 .. , .... 

, dX~M 
Temperature toefficlent = ell ~t.t ='0122 X ( - '030) = - '00037, 

• These readings were taken 4 minutes before those of the horizontal force maguetograph, 
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TABLB 37 ~ccmtin'Ued.. 
.. - > - .- ~ - -- - - .. - , 

PUIO:O. HoalZOn4L Foacs MAO!fnoGJU.PIl. 

8cal .. readmg • 
correcteti to & Thenno· AI, 

}loath. Beginning. End. couet&nt value Dttrerencea, Differences. 
~f the hOnZOllta meter. 41. 

force, 

1 t a , I) 6 7 S 

0 co d. h. m. d. h. m. 
co 6 t9 85'S .. 30 30 to 19 27'31 
t- -0'26 +1'3 
.: 30 12 8 30 14 36 27'05 

~ 
92'8 I '" .:: 30 15 36 30 18 36 27'12 -0'27 9°'7 +1'3 as , 

~ 31 6 36 31 10 36 27'S2 8n 
-

Sums and quotient . ,' , , ...... -0'53 , '" +14'6 --'036 
-

I I 
.. 

Con:esponding means .. ' " 27'18 .. , 89'1 ,., ...... 

, dXu.6 
Temperature coefficient = ih W = '0122 X ( - '036):. - '00044, 

.. 
<Xl 

d. h. m. d. h. m, 
co 8 10 38 8 11 8 84'S .. 25'77 
t- -0'34 

} 
... 14'1 

as 8 20 38 8 23 8 25'43 1 986 
'" = 9 9 8 9 1Z 38 25'64 

lJ 
-0'27 92'4 + 12'7 as 

~ 10 6 38 , 10 18 38 25'70 85"9 

... \ 
. 

SUlU8 and quotient '" ...... 
I 

-0'61 , , +26'8 - '023 . 
Corresponding means '., · .. 1 

25'58 I ... 91'8 ! . ,. . ..... 
, dX%~ 

Temperature coeffiCient = di" iAi='o123)( (- '023) = - '00028, 

,.; d, h, m. d, h, m, 
co 
co 

24 18 23 24 18 2S 25'48 85'7 .. 
t- -0'20 +9'5 
as 25 1 23 25 2 38 2S'38 

} - 0'18 
95'2 } '" .. 

25 7 311 25 8 38 25'47 89'S + 10'2 .D 

~ 25 18 33 25,20 J8 25'46 85 0 

. , -
Sums -a.nd quotient , .. ". . ..... 

F 
' , + 19'7 -'019 

-
Corresponding means .. , .. , 25'37 90'2 '" ...... 

, dX%~ 
.. , , 

Temperature ooefficl.6nt == 7.7. ~ .",*'0123)( (- '01 9) = - 'OO02J. 

.. , ... 
The sum of all the differences of scale.reading ,for all .the five experiments, ,divided 

by the sum of all the differences of temperature g :!;!] is ~2~:'6 :;: -'0:6 ; ~nd the 
mean scale coefficient for the times of the five experiments being '0122 we have: for the 
final value of the temperature coefficwnt, Il.!~ = '0122 X (-'02G~ = -'00032. This 
value has bt,--en adopted. 

112, Periods of steady difference of temperature outside and inside the gl$.&S shade 
M"ere also selected from the observations, and were divided into parts of higher and 'parts of 
lower temperature, and these partl were treate<llike the hot and cold periods ofthe preced

a 82S-2l., 
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ingtable. Tho FLiTR vf (lilIercn('cs were lCJ.uch ic'l'3 tJ\..(nrd.1.nt tl.:t:l tlH:;"~ ('1 ~. e : >u .'1 ,-, 

, 1 • 1 f : (.::. \ i' d' f 1,1-, 
I '.'~ :ction, :::nu the reS'l tmg- vn. ue! 0 y--,~) '~'crE', m I.e or er C C cxpenluLIlt", ,0u ' 

_ f\4J; -'037; -'OlE, ~.nd -'/')28 aid tlH: gt.a:ral V~,UC fell' ul1 tho hve (~·Vl.!ri:l.crlt~ 
__ '023, These Lave been made no use of, 

113. During the exreriments oj .Tllnu:rj 24 tn 27 and J uIluary ~J ~dld ~ J, 1 ~~ 0, 
'the reading of the vacuum rauge of t"e ~or,lz()nt:ll force m.' ':'ltk.:;rapL ? a:. :2:W Wdl":", 

but during the other expel'lments the all' In the endosure 1-,ad the ittll r l'~f,u!"e of the 
atroo<>phere. 

DtCLINATION J\fAGNETOORAPH. 

114. Silk threa.ds are used for the sUf!pension of thh in<,trumcnt, and bd( Ie 
being tied on to the suspension-pin and looped through the eyelet ot the supportlJW reId, 
they were steeped in a solution of shellac in alcohol and afterwards strcttheu by su~r,enu
jng b::nall weigMs from them, in si.ngle strands, and allowing the weights t,l "will" until 
the torsion of the threads was removed; and care was taken, in bringing the ;trand!i 
together a'ld in attaching the bunch of them to the brasR pIeces, to ayoid us mUlh :is 
possible introducing new torsion. After placing the socket, ca,rrying tl10 mirror, upon 
the suspension-pin, the mirror was adjusted for azirl'uth and to a proper height, and tl:t n 
a brass hlf, of the same wt'ight as the magnet, was im:crted in the sf)('ket and allowf tl to 
swing until it came to rest: the torsion head was turned so &.S to place the positic,1l of re:-t 
approximately in the magnetic meridian, and it was then pC3sible to rea.d the scale. In 
June 1870, aft,pr the thread had been under its proper tension for several months, the 
scale was read and the torsion head again turned to eliminlJ.tp the remaining torsion. 
Then, for seven days in succession, a single reading was takw-the brass Lar occupymg 
the magnet's place-and the mean of these compared with the scale-reading founJ whLn 
the magnet was in place, gave a final correction of the torsion drcle nading: the tnnion 
circle was altered accordingly and left with its vernier reading 400 45'. The mean n-'bult 
of three experiment.s for determining the torsion force of the suspension thread gave tbe 
torsion coefficient l'0016-the experimental angle8 of torsion introduced having Leen 
+90 0 and _90°. 

115. The following (necessarily rough) measures of the dinction of the edge (If 

the declination magnet were made, by comparison with the direction line marked (In the 
marble slab, on the !lith April 1 872,-the magnet being blocked in the manner descnL·~d 
in paragraph 99 and the scale then read:-

Sca.le-readmg. De~hna.tioIJ, 
24'68 N 0° 58'E 
22'80 NO 44E 
21'3.) NO 5gE 

Means ••• 22'94 NO 53E 

The mean declination in the Electromet('r Tower in the month of April 1572 wag 
NO' 52"9 E, and the mean scale-reading .of the declination magnetogragh in the under
ground room 24'19: assuming that changes of declination are the same in both phCf'g, 
the declination in the Electrometer Tower, when the scale-reading was ~2'94, w(,uld Lc 
52'9-(24'19-22'94) X S']3 =NOo 42'7 E; (lrtheeasterlydeelination of the plate 
of the declination magnetograph-reckoned by the direction of the edge of the mar'net 
instead of by its magnetic axis-is about 10' greater than in the Electrometer Tower. OF or 
a position near the declination magnetograph we found it (in paragraph 7) to be ab(lut 
!i' greater, a result which implies-by its near agreement with the other-that the 
magnetic axis of the declination magnetograph magnet is very nearly parallel to the edge. 

116. Periods during which the air in the enclosure of the d€.dination mr..gnetograph 
was under artificial pl'(;;ssure were as follows :-

11eglIining. l'reaaure. End. Pre~8'.lle. 

Inches of lnchew of 
mercury. n.er"tll'y, 

April 19, 1872 ... ." .. , 2'77 July 11), 1S75 6'84 
July 23, 1875 ... , , .., dIS Scptemi)er 19, 18;5: 390 

July 18, 1876 .. ' ... , . 2'28 at whica it 51,)11 remains in I'eu-mber 1882 
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111. For converting variations of the scale-readings or tabulations olthe declination 
magnetograph into variations of east magnetic force, the coefficients that have been 
used are the products of the monthly va!ues of the horizontal force into the arc-value of 
a scale d\vision or an inch, the former being taken from Tables 34 and 35 (paragraphs 107 
and 108) and the latter being '002365 or -'00835 as stated in paragraph 12. It may 
be mentIoned here that scale-readings increase and ordinates of the photographic curves 
decrease with an increase of easterly declination. 

118. In the observations given in the foregoing pages, observers have been desig-
nated by their several initials: the corresponding names are a& follows :-

C. C.... ••• Charles Chambers. 
F. C. ... ..• F. Chambers. 
J. E. K. . .• J. E .. Kohiyar. 
Y. N. • .• 'Vinayek Narayen. 
C. G. T. .•• Crishnajee Gunesh Thakoor. 
R. S. M. . .. Ramcnshna Sukharani l\foghey. 
P. ••• • .. Purshram Luxuman. 
V. . .• Vishnoo Damodhur. 
G. ••• ... Govind Dhondev. 
T. ... Tookaram Gunesh. 
K. S .• I. ... Keshev Shitaram. 
G. • .. Govind Narayen. 
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APPENDlxn .. 

On the Solar and Lunar variations ()f magnetic declination 
at Bombay. 

119. The observations discussed in the following pages were made at the Govern
ment Observatory at Bombay during the years 1846 to 1872.- With the exception of 
Sundays, and eight or ten complete days in each year, the observations were taken con
tinuously at hOl.\l"ly intervals throughout the period of twenty-seven years. The observers 
were Hindoos, g~nerally of the Brahmin caste. 

120. The instrument used was made by Grubb of Dublin, and is one of tho5e 
described in the report (of 1840) of the Committee of Physics of the Royal Society. It 
is placed in the magnetic observatory and consists of a rectangular bar-magnet suspended 
horizontally, and carrying a divided scale and a lens, by means of which its position can be 
determined from time to time by reading the scale with a fixed telescope properly placed.· 
The dimensions of the magnet are 15 inches by 0'86 inch by 0'25 inch, and the broad 
surface is made to lie horizontal j the suspension-thread was formed of about forty fibres 
of untwisted silk, and is 35 inches long, being protected (but not concealed from view) by 
at glass tube 1'3 inch in diameter: the' bottom of the glass tube rests upon the top of a 
cylindrical mahogany box (8'5 inches in height) which surrounds the magnet, and the top 
supports a horizontal divided circle (the torsion-circle) and a brass cross piece to which 
the suspension-thread is attached. The tube is secured in a vertical position by a 
mahogany cross bar which has a circular hole in the middle of it that fits over the upper 
end of the tube, and which is fixed at its extremities to two copper pillars whose feet are 
screwed into the marble basement of the instrument; and the upper aperture of the tube 
with the attachments is screened from the outer air and dust by an inverted hemispherical 
glass vessel. A sliding-frame which carries above a finely divided scale etched up,0n 
gla.ss is fixed by a binding-screw near the northern extremity of the magnet, and a simIlar 
frame carrying a lens, whose focal length is about 12'7 inches, is secured to the magnet at 
that distance to the southward of the glass scale, so that the latter is approximately in 
the principal focus of the lens. The vertical lines which form the scale are equidistant 
~nd generally of uniform length; but every fifth division is slightly and every tenth 
division considerably prolonged, and over the tenth divisions numbers are marked in con
secutive order, thus allowing a numerical designation to be given with facility to every 
point of the scale when viewed by the telescope. To permit the scale to be viewed 
through its lens by a telescope outside the mahogany box, the latter has two small 
windows of flat glass suitably inserted in its curved side, and a lamp is placed on a stool to 
the northward of the masonry pillar which supports the declinometer, and is kept constant
ly burning. The joints and crevices, and, for greater security, the whole outside surface 
of the cylindrical box was covered with paper to keep out small spiders or other insects. 

121. The observations are made by a transit instrument (30 inches long and with pivots 
15 inches apart) which is fixed on an isolated pillar of masonry, at a distance of 27 feet 
to the southward of the declinometer pillar, and which in this position is capable of being 
used also for observing the transits of stars through an opening (provided with shutters) 
in the roof of the Observatory. This instrument was adjusted in a line with the centres 
of the scale and lens attached to the magnet, and the telescope was focused so as to give 
a distinct view of the scale. To ensure greater stability of the instrument its basement 
was on the 12th May 1853, firmly embedded in masonry. A vertical spider-line is placed 
in the common principal focu~ of the object-glass and eye-piece, and the instrument was 
adjusted so that an object on the true meridian should be cut by this line. With these 
arrangements any change in the azimuth of the freely suspended magnet is indicated 
by a change of corresponding magnitude in the position of the image of the collimator 
scale, as seen in the field of view of the telescope; and the actual position of the magne, 
at any moment may be found by noting the scale-division that )8 cut by the reading 
wire of the telescope, if only we know the position corresponding to anyone reading 

• The results of the sa.me observa.tions for the yea.rs 1859 to 186S formecl t¥ lub~ec. of • f'l'per publ.ishe4 
in the Philosophical TrUDSlICtioDS of the Royal Society fol' 1869. 
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125. It ought to be mentioned that ~he sliding tube of phe. transit instrument w~th 
which the declinometer was read was rather loosely fitted 10 Its socket, a fault whIch 
might cause sensible change in the c.ollimation-error w~e~ever the focusing adjustment 
was used: now since May 1853 and untIl May 1866 the mstrument was turned-some
times once a month and sometimes once a week-upon a divided scale fixed upon the 
north wall of the magnetometer-room and was adjusted for distinct vision, after which the 
adjustment was restored for the collimator scale of the magnetometer. It is suspected 
that small but important irregularities in the observations, which will be pointed out later, 
are due chiefly to this fault. The fault is believed, however, to have been effectually 
removed in May 1866 by packing the sliding tube with thin paper to make a tight fit, 
and by ceasing from that time to alter the focus of the instrument, 

126. Sinc~ then the direction J?ointed to by the reading wire has occasionally been 
determined in tHe manner described 10 the Introduction to the "Bombay Magnetical and 
Meteorological Observations, 1864," pages viii. to x., with the following results :-

On May 22, 1866 ... .., ... . .. N 0° 0"43 W 
" May 23, 1866 ... ... NO 0'37 W 
" June 7, ~866 ... ... NO 0'31 W 
" April 24, 1867 ... ... NO 0'17 W 
" June 10, 1871 ... ... NO 0'16 W 

127. Values of the true meridian reading and of the torsion-coefficient have been 
determined experimentally, at various times, as follows:- ' 

True·mendllm Torsion-coeffioient Date, reading Remarks. 
R. c. 

1845, April 18 ... ... . .. 25.1 72 1'0035 
1850, December 3? ... ... 25'221 l'o03S4Q 
1855, December 26 ... .., 24'8777 1'093443 . 
1856, January 10-II ... .. 22'3537 1'00358 Another magnet substituted from January 

28'3064 
II to 23, 1856. 

1856, J.a.nuary 25 .. ... . .. 1'003009 Magnet re-magnetised between Janu8.1') 

28'5334 
II and 25, 1856. 

1861, July 8 ... ... . .. 1'00039 
1861, August 13 ... ... .. 28'2515 1'00088 
1861, November 2 ... . .. 28'2733 "1'0028 
1861, November 9 ... ... . ..... 1'002864 Torsion arm turned. 

128. But, with exceptions that ~ill be stated further on, the conversion of scale
readings into minutes of declination has been made, by inserting in the formula of reduction 
the constants that appear below for the several periods put opposite to them :-

For January 1,1846 to November 18, 1849 ... 4=6'868 ~-25'1751 
" November 19, 1849 to December 23, 1855 ••• 4=6'868 /-25'248 
" January 11 to 23, 1856 ... • .. 4= 6'868 /-22'231 

-" January 25, 1856 to July 2, 1861 ... 4~6:860 /-28:379) 
" July 9 to August 6, 1861 '" ... 4-6844 /-31153) 
" August 13 to October 27, 1861 ... ..,4=6'847 ((-28'2515) 
" November 13, 1861 to December 31, 1865 , .. 4=6'860 (/-28'2733) 

and for 1866 to 1872 the values adopted of the scale-coefficient and of the torsion
coefficient were 6"841 and 1'0028 and that of their product 6"860 .. 

129. By comparison of the last two paragraphs it will be seen that although the 
adopted value of the scale-coefficient, with allowance for torsion, has always been passably 
near to the value resulting from the several experiments, but little heed has been given to 
the experimental determinations of the true-meridian reading, whenever these would have 
caused a sudden and persistent large increase or decrease in the calculated value of the 
absolute declination. The fact is that the elimination of torsion from a bunch of threads 
of silk of sufficient strength to support the magnet is so difficult and uncertain of attain
ment that it is safer to regard the instrument as a differential declinometer only, and to 
resort to independent means for the determination of the absolute declination. Althouah 
such means have been provided and made use of only since the year 1866, yet the tre~t
ment that will be applied to the observations under discussion will, for the whole period, be 
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such onll as is appropriate to simple differential observations.- Indeed it will be requi~ite 
that stnet contmuity should be maintained only throughout the observations of each 
individual month, and even this will be assumed in cases of interruption which do not 
appear to alter the general flow of the record: in other cases broken portions of a single 
month will be brought into correspondence by adding to'the entries for each hour such 
constanta as shall make the mean of each portion the S3-me as that of each other portion. 

130. The conJinuity of the record was interrupted on the following occasions :

(1.) On the 18th November 1849, when a new vertical force magnet was 
introduced, causing an increase of '073 in the scale-reading. 

(2.) On the 30th December 1850-by the examination and renewal of ad
justments. 

(3.) On the 7th August l851-apparently by a change of the reading telescope. 

(4.) On the 30th October 1851-by the breaking and renewal of the reading 
wire of the telescope. 

(5.) On the 6th December 1851-by a change of azimuth of the reading 
telescope. -

(6.) On the 4th April1853-by change of the reading telescope . 
• (7.) On the 14th April1853-by apparent change of the reading telescope. 

(8.) On the 22nd April 1853-by change of azimuth of the reading telescope, 
increasing the scaIe-reading by 0'41. 

(9.) On the 12th May 1853-when the basement of the reading telescope was 
moved and embedded in masonry. and the azimuthal adjusting screw was 
afterwards turned so as to place the wire upon the same division of the fixed 
reference scale as before. 

(to.) .On the 28th February l854-by changes of collimation and azimuthal 
, errors of the reading t~lescope. 

(ll.j, From the '24th December 1855 to the loth January 1856-by examination 
'nnd ,ret;tewal of adjustments. I> 

(12.) From the 11th to 23rd of January 1856-anothermagnetwas substituted 
for the usual declination magnet. 

(13.) On 1;he 24th January 1856-by renewal of adjustment. 
(14.) From the Srd to the 8th July 1861-by stretching and breaking of the 

suspension, thread~ and by trial adjustment. 
(15.) From the 7th to the 12th August l861-by trial of a silver suspension 

wire, 'a~d by renewal of adjustment. 
(16.) From the 28th October.t9 the 12th November l861-by repeated unsa-

tisfactory renewal of adj~tments. • 
and (17.) From the 2nd to 4th May I 866-by:. alteration of collimation adjustment 

of reading telescope. 
131. 'Method of f'eduction of the observations.-The mode of treatment adopted is that 

which 'was introduced' by General Sir Edward Sabine and is described by him in the 
J>roceedinga of the Royal. Society, Vol. X, pp. 624 -626, in the following words :-" The 
hourly d\rectians of the magnet are entered in monthly tables" having the days of the 
month in successive horizontal lines, and the hours of the day in vertical columns. The 
C means' of the entries in each vertical column indicate the mean direction of the magnet 
a.t the ditferent hours of the month to which the table belongs, and have received the name 
of ' First Normals.' On inspecting any such monthly table, it is at once seen that a 
considt)table 'portion of the entries in the several columns differ considerably from their 
respective means or first J.1ormals, and must be regarded as C disturbed observations.' The 
laws of their relative frequency and amount of disturbance, in d.ifferent years, months, and 
hours, are then sought out, by separating for that purpose a sufficient body of the most 
disturbed obt;ervations, computing the amount of departure in each case from the normal 
of.the same month a~d hour, and arranging th'.:l amounts, in annual, monthly, and hourly 
tables. In making these computations, the first norma.ls require to be themselves corrected, 

• Except wben the obscrvv.tious are applied, in paragraphs 151 to 159, to find iho character of the annnal 
.. riation of decImation. 
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by the omission in each. vertical column of the entries noted as disturbed, .nnd by. t.--.Lmc: 
fresh means representmO' the normals of each month and hour after tl:.l" (,illl~~lOn, and 
therefore uninfluenced by °the larger disturbances. These new means have rl~C'-'1 \ eO. thE' 
name of' Final Normal:",' and may be defined as being the mean directions of the rna<rnet 
in every month and every hour, .after the or:lissior; from the r~cord of every entry w'llich 
differed from the mean by a certam amount mther III excess or m dtjfect. 

"In this process there is nothin~ indefinite, and nothing arbitrary snve the as"ign
ment of the particular amount of dIfference from the normal which 8h::111 be held to 
constitute the measure of a large disturbance, and which, for distindion sake, we may call 
, the separating value.' It must be an amount which will separate a sufficient body of 
disturbed observations to permit their laws to be satisfactorily ascertained; Lut in other 
respects its precise value is of minor significancy; and the limits within which a selection 
may be made, l'vithout materially affecting the results, are usually by no means narrow; 
for it has been found experimentally on several occasions that the ratios by "hit h the 
periodical variations of disturbance in different years, months, and hours are char:1Lt~rized 
and expressed do not undergo any material change by even considerable chfferences in the 
amount of the separating value. The separating value must necessarily be larger at some 
stations than at others, because the absolute magnitude of the disturbance variation itfoelf 
is very different in different parts of the globe, as well as its comparative magnitude in 
relation to the more regular solar-diurnal varia~ion; but it must be a constant quantity 
throughout at one and the same station, or it will not truly show the relative proportion 
of disturbance in different years and different months." 

132. The first step to be taken was to fix upon a suitable separating value, and in 
rioing this regard was paid to the desirableness of having the results derived for Bombay 
cOlbpamble with those for some one of the stations where similar observations had been 
made and similarly treated. Now the ordinary reductions of the Bombay ohlaervations 
already made showed that the station amongst those which it most nearly resembled WII,.,,· 

St. Hel~na; for whilst both are equatorial stations in the sense of the ordinary solar
diurnal variation being at certain seasons over-ridden by the semi-annual inequality ofthat 
variation, Bombay has very nearly the same preponderance of the character of a north
latitude station that St. Helena has as a south-latitude station. The separating valu£' 
a.dopted by General Sabine in the reduction of the St. Helena observations was 1"78, or a 
disturbing force equal to '0029 English unit: a force of this magnitude acting at Bombay 
would produce a deviation of the declination-magnet of 1 "25. The value finally fixed upon 
was 1"4 which gives the ratio of the number (11,625) of disturbed observations to the 
total number (197,280) of observations in the twenty-seven years as 1 to 17"0, the similar 
ratio for St. Helena having been 1 to 13'7. This was for the years 1846 to 1865 when 
the entries on the monthly abstracts were in minutes of arc: for the years 1866 to 1872 
the equivalent in scaIe divisions ('204) was adopted as the separating value. 

133. Trials were also made with separating values 1"0 for the years 1859 and 1860 
and 1'7 for 1860; the results of which (being furtlier confirmatory of the position taken 
above that" the ratios by which the periodical variations of disturbance in diffel ent hourR 
are characterized and expressed, do not undergo any material change by even considerable 
differences in the amount of the separating value") are shown in Tables I to III of 
Appendix II to the" Bombay Magnetical and Meteorological Observations, 1865-70." 

134. The following statement shows all the irregularities of procedure that have been 
rendered necessary by interruptions of the record and extraneous influences upon the magnet. 

(1.) December 31, 1850-Rejected, in taking out disturbances and lunar differ
ences, on account of interruption of record. 

'(2.) August 1 to 6, 1851-Entries increased by + 2"489, the excess ofthe mean 
for a month after over the mean for a month before August 7. 

(3.) Augusi'7, 1851-Rejected on account of interruption. 
(4.) October 30, 1851-Rejected on account of interruption. 
(5.) October 31, 1851-Included with abstract of November 1851. 
(6.) December 1 to 5, 1851-Entries increased by -1"898, the exces'! of the 

mean for a month after over the mean for a month before December 6, on 
account of interruption. 

(7.) April 1 to 3, 1853-Entries increased 
(8.) April 4 to 14, 1853- do. do. 
(9.) April 23 to 29, 1853- do. do. 

bY-3"184.} . 
_ 1'404. On accou!lt of In-

terruptIOn:::. 
- 2·815. 



(10.) 

(11.) 

(12.) 
(13.) 
(14.) 
(15.) 
(16.) 

(17.) 

(18.) 

(19.) 

[ 8!J J 
September 9 to 20, 1853-Entries increased by -2"567, the period beinO' 

noted on the register as subject to correction but without further remark. 0 

December 24, 1855 to January 10, 1856-Rejected on account of inter. 
ruptions in the examination and unsatisfactory renewal of adjustments. 
July 3 to 8, l861-Rejected on account of interruption. 
August 1 to G-Included with abstract of July 1861. 
August 7 to 12, 1861~Rejected on account of interruption. 
October 28 to November 12, l861-Rejected on account of interruption. 
December 1 to 3, l8G5-Entries increased by 1"235 on account of a dis-

turbance of the reading wire of the telescope. 
May 2 to 4, 18G6-Rejected on account of large and uncertain collimation 

error of telescope. . 
November 1 to 15 and December 17 to 31, 1868, are combined to form one 

month's aostract which was adopted both for November and December, and 
the entries for the days in December are increased by +0'144 se. div., the 
supposed effect of excavating for the magnetograph room. 
November 16 to 30 and_December 1 to 16, 1868-Rejected--excavation 

for the magnetogtaph room having been in progress during that time. 

And it has, occasionally, been necessary to interpolate a. missing entry, but no 
incomplete days have been embodied in the monthly abstracts. 

From January to May 1847 observations were taken at the even hours of the day 
only, and consequently the disturbances separated are for those hours only; but in cal· 
culating the mean diurnal variations for the five months named, values of the" final 
normals" were interpola.ted for the odd hours by simply taking the means of those for the 
preceding and following even hours. 

135. The following table shows the number of complete days' observations, com
prised in the records made use of, in each month of the twenty-seven years :-

TABLE 38. , 

MONTH. 

Total 
Year. Ul 

January Febru- March. Apnl. May. June. July. August Seftem. Octo- Novem - Decem- Year. 
ary. . er. bel'. bel'. bel'. 

--I--I-- --------I--- --------I--

1846 ... ... 26 25 26 'z6 26 26 27 26 26 26 26 27 313 
1847 ... ... 26 24 27 26. 26 26 26 27 26 26, 26 26 3IZ 
1848 ... ... 26 25 25 25 27 26 26 26 25 27 26 25 30 9 
1849 ... ... 27 24 26 26 27 25 27 27 25 27 25 24 310 
185°'" ... 27 24 26 26 27 25 27 27 25 27 26 23 310 
1851 ... ... 27 24 26 26 27 25 27 25 26 25 26 26 310 
(85 2 ... ... 26 25 27 26 26 26 25 27 26 26 26 26 312 

1853 .. '" 26 24 25 24 27 26 26 26 26 25 26 25 306 
1854 .. ... 27 24 26 24 26 26 26 26 2$ 26 26 25 307 
lSSS .. ... 27 24 25 25 26 25 27 26 2$ 27 25 19 301 
1856 ... ... 17 25 24 26 26 25 27 25 26 26 25 26 298 
1857 ... ... 26 25 25 25 26 26 27 24 26 25 26 26 307 
1858 ... ... 26 . 23 27 25 25 26 26 26 26 25 24 25 30 4 
1859 ... ... 26 24 25 24 26 26 25 26 26 25 26 25 304 
1860 .. ... 26 24 25 25 26 25 26 27 25 27 as 24 305 
(861. .. ... 27 24 23 26 26 25 27 15 26 23 IS 25 28; 
1862 ... 27 23 25 

. 
26 25 26 26 ... 25 27 25 25 24 30 4 

1863 .. ... 26 24 25 25 26 

~ 
27 25 26 26 25 25 306 

1864 ... ... 26 25 25 25 26 26 26 26 25 26 25 30 7 
1865 ... ... 26 23 26 24 26 26 26 27 25 26 26 24 30 5 
1866 ... ... 26 23 25 25 23 26 26 26 25 27 25 25 302 
1867 ... ... 26 24 24 25 ~/ 25 26 26 25 26 26 25 304 
1868 ... ... 26 24 25 25 26 27 25 26 26 12 12 279 
1869 ... 25 2Z 26 26 25 26 27 25 26 26 25 26 305 
(87 0 .. .. 25 23 26 25 25 26 26 26 26 25 26 27 306 
1871 ... ... 26 23 26 2{ 26 26 26 26 26 26 25 25 30 5 
1872 . ... 26 25 23 26 26 25 27 27 25 26 26 25 30 7 

11825-23 A.P 
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136. From 1846 to 1865 the first of a day's observations was taken at Q hour llf 
GottinO'en astronomical time, or 16h. 12m. of Co lab a c.ivil time; and from lS6G to 187:3 at 
Oh. 12~. of Colaba civil time. In strictness a proportionate part of the pro6T1:,,,-,i \ c change 
of declination from month to month should be eliminated from the hourly means at the foot 
of each monthly abstract, before regarding them as reprcsentativt) of the rc'Opective diur
nal variations, but as will be shown further on ,he change at Bombay is small enough to 
be ignored without involving any material error. 

137. The results that follow are all expressed in millimet.re-milligramme-second UUlts 
of force, the conversion .having ~!3en. made by multiplying by the horizontal force and 
for the years 1846 to 1865} b th' f{ I' R 1 r . d' , 
for the years 1866 to 1872 ,Y e sl~e 0 6"860 estl ts lor m H'1dual years arc, 

'multiplied by the horizonta1~force of that year, those for combined years by the mean 
horizontal force of The comgined years. 

138. The following are ~he "alnes adopted for the horizontal force of the sonral 
J'ears:- . -

Year, HorIzontal Year, . Horrzontal Year, Horizontal Year, HorIzontal ' Peflod lIonzontaJ 
Force Force, Force, Force, Force, 

. 
1846 .. 3'6077 185) 3'6583 1860 .. 3'6899 1867 .. 3'7 106 1846 to 185& 3 G.~87 
1847 . , 3 6151 1854- , .. 3'6638 1861 ' .. 3'6935 1868 .. 37 127 1859 to 1866 3 6980 
1848 " 3'6225 1855 '" 3'6687 186~ .. 3 6969 1869 .. ' 37146 1867 to 1872 37 151 

18-1-9 " , 3'~98 1856 . ~ 6734 186~ 3'7°01 1870 . .. 3'7 162 1846 to 1870 3'6748 , < 

1850 3'6371 1857. .. 3'6778 . 1864 ' , 3'7°31 18p .. 37 1 77 1846 to 1872 3 6780 
1851 .. , 3'6445 1858 .. 3'6821 • 1865 .. , 3'7058 1872 ... 3'7 189 
1852 , , 3'65 17 1859 ' 3'6861 1866, , .. 3'7083 ", 

139. Di8turbaYbc-e~variations-diurn;al, annual, and secu-lar,-The following tables 
exhibit the..generg;l results as to diurnal, annual, and secular variatiolL'3 of disturbance when 
the separating value made use of is 1"'4. 

TABLE 39-Showing for 'the pe,ioi18.t6 to 1872, ~he aggregates if easterly disturbancel1 
e.cceeding '00150 (equivale1lt to l"4},in amountfor each lWJ,I,r of the day in. each month of 
the year:- '" . 

AGGREG,I.'4'ES OF EASTERLY DISTURBANCJl.~, -
Bombay 

CIV11 , \ Hours, 
Jany Feby. March, April. May. ' June, July. August, Septr, Octr. NoV?, Deer, 

~ --- --- --------- --- ---------
h. m, I 

012 '034°5 '06377 '03124 '°4886 ';25~ '00697 '01533 '02071 '02706 '07301 '05 O:J7 '06410 
'1 12 '037 20 '0737 8 '0401 5 '06829 '01538 '02569 '02402 '02169 '°328 7 '°5°93 '05549 '05509 
2 12 '0479 1 '07373 '04'166 '°5955 '°3°74 '02445 '02331 '02524 '02 404 '°43 10 '04146 '°55°3 
3 12 '05 269 '°7800 '05 201 '06325 '~2944 '01877 '03334 '02994 '°3°46 '°4 2°9 05693 'o,p16 
412 '0375 2 '05.55>1- • °3979 'G4393 ' C02ISt 'olI80 '02918 '02 741 '032 92 '04101 '°3 658 03369 
5 12 '03035 '04317 '03620 '°5425 '6206~ "01597 '03°84 '02868 '°4669 '°3770 '0261 5 '010°7 
6 12 '01895 '04894 c '05559 '07816 .03684 02050 04188 '°535 1 '°5799 04035 '03016 'C1I S8 
7 12 '02399 '°5451 '1 0207 '°5567 '03~85 '03980 '06864 '06318 '°5°10 '°4°84 '02867 '01810 
812 '08575 '07°°2 '07867 '05 225 '03144 05879 "07427 '°4879 °5754 '°37 28 '02 794 03816 
9 12 '10579 .'°7922 '0834~ '08625 .°5982 '07829 '°77 12 '081 31 '04959 '07 z 5 7 02504 '05S S9 

10 12 '09374 '014.7 1 '08779- '1!;15 f '\!'tj'85 8 "II632 '10°77 '10856 '12196 '0857 1 '°3567 '09643 
·11 12 '0681 5 'ndll '08858 13357 '08142 '1}673 '097 80 '13196 '11997 '097 II '05 2°9 '07 61 9 
12 12 °9°99 '07170 '°9616 '''993° '08431 '11099 '10°56 '13841 11229 1481 5 '07953 08 519 
'13 12 '09947 '072Q5 0874; .°7750 '06328 '069 II '°75°8 '12405 '1l419 16521 '105691 '--1 054 
14 1.2' '067~4 '05704 °95 2 7 '06~~ '04662 '06100 '088rS 09603 061 34 '1°145 09069 '05 006 
15 I2 ''03648 0435 2 06 1 4'* '033 °5°4. '04993 '07436 .06098 '07 280 06585 055 80 , °5 11 4 
16 12 '034<58 ;04854 '02623 02543 '°5536 01695' 0734'9 '07346 '07 2 32' 07 253 02 74 2 'o,ns6 

-17 12 '01419 '0421 6 '02880 '01801 '°3582 '02436 '03638 '06172 07 5~,~ 07536 0381 5 04:)13 
18 12 - '01 775 '°4741 '02806 '°3°79 02909 02106 03 225 '04·P7 '08206 ct)1l8 042 77 040~ 
19 )"2 '02666 '04226 04383 1-:~3748 '0 1 747 '008574 '03153 '06367 '0737° '08242 '02841" 0~4 
20 12 '02868 03628 '04481 ·04374 '01866 '01185 03 225 '047 83 '07650 09440 035 2 5 "H12 
21 12 '02984 03028 '03131 '03774 '01 3°3. '00795 '01831 '04330 '061 34 '07 1 35 I 04636 0,"444 
22 12 02999 °415° 04069 '031I8 '01478 '00853 '01 988 'olb ,8 '04890 06895 03860 \ 0 .. 194 
23 12 '02957 '047 14 °37 60 03574 '017 67 '0°77 6 '01 357 '011 53 'o:!92O .078341 o,p83 ~ 06JIO 

I 

. 
CU!ves replesentUlg these ag;;regates are numberod 73 to 84 on I'la.te \ II, 
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T.u:u: -IO,-Showing, Jor the period 1846 to 1872. the alJ9re]atcs cj Westerly Disturbnc2~ euc~ding 

'00150 (e1.'Livalcllt to 1"4) in amount for eacT, hour of the-day in each "tonti, oj thfJ year. 
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'lJ,'uary, Fd, '.lJ.'Y !lhrch, !.Iay. June. 

t'-olU1'"1 I;J\ Il~- _. I 
I 

-___ ----------- ----1---1----1 
J,', ~ ... ,. !"p~m'" 0, .. "" 

'oosoo 1 ~,=I 00", ~~,., I 
b. m I 

o 
I 

2 

3 
4 
5 
6 
7 
8 
') 

10 
II 
lZ 

13 
q 
15 
J6 
17 
1:) 

II) 

20 
2I 

22 
23 

12 
12 

12 
12 
12 
12 
12 

IZ 

12 
12 
lZ 
12 
IZ 
12 
12 
12 

T2 

12 
12 
12 
12 

11 

I~ 

( 2 

1 

I 

oocoo 
'00385 
'0°335 
'01 -~4 

od'53 
015y6 
'oli07 
'033 t4 
°S5 2 4 
089 2 4 
'033 5 
'12102 
122(,Z 

'09463 
0745 1 
05 218 
01082 
'00,319 
001 50 
00000 
'0013,3 1 
'00000 

1 '001 57 
1 '00162 

'OC22 I 
'00433 
c0336 
G0578 
'00430 
0059 1 

'c0858 
03364 
073 02 
0(,(,23 
'07413 
'06(,7 6 
'06 18 7 
07 876 
'07 890 
'05454 
01804 
'007 13 
00349 

'00000 
'001 52 
'00000 
0015S 
'005 2 9 

00':)00 
'00000 
·OCOOo 
00162 
'oo.1S7 
' 00630 
'014 20 
'04381 

'03355 I 
053'>S 

'o9.)H 
09935 
09159 

'06S7 1 
'05 0 36 
0355 2 

'02 1 29 
'009051' 
'00160 
'00553 
'00000 ! 
00205 
'oooco I 

1 '00000 

'00558 

'002 52 I 
'00229 I 

'OOI~1 1 
'o030'~ 
'(08Y3 
'°14;6 
0-l9GS 
'067 II 
'09883 
'0973 0 

'115 22 
'0(,';1I 

06166 
'°53 23 
°S-l08 
'039S 8 
'030 76 
'00963 
0lJ61 
'001 )2 

'005 67 
00496 

'001 77 

'00000 
'c:;9 14 
'00335 I 
00558 i 
'00693 ' 
'0<:19 18 
' 01 383 
'0355 z 
'04859 
'06775 
'097 29 
'08839 I 
06311 

08057 
°53-l2 

'03863 
'02 790 
'028 75 
02%75 
01

7
0

7 I '00781 

0034;) I '001 59 
00000 

'00209 
'001 57 
'001 79 
'00000 
'00000 

00462 
01490 
03 104 

'05 63 2 

°7 2 7'l 
'0853 I 
'°9(,20 
'08256 
'09335 
'°7485 
'(,0054 
'04 193 
01 935 
0100 7 
ooS60 
0':)849 
003 28 
'00000 
00000 

'00333 '00558 I '0vS69 '01860 
00353 00000 I '0°458 '01 333 
00677 1 '0°365 ,'OO,Pl '01451 
00387 ! '00163' 016115 'o1H7 
'00880 1'01 366 OJ 1')6 '01583 

I 
02658 '02.j.4° ' 06 708 '°3794 

'°34°3 '03466 '043 10 '055 H 

1 '084:4 '06723 07 ISS '0744E 
1 0384 09009 10830 '08I1c 
1 '133 20 lI875 '1220 7 '07 68 7 

'14337 16109 '12 361 'UIS34 
'14291 13293 '08826 '12360 
'10844 '1l681 '03338 Jl613 
09572 '07458 085~1 '09969 
078~1 ~78S4 0.j.32 I 03 198 
°49 2 5 045 08 '02 7°4 '02 173 
'°3782 i '0~60'J .)173:! '01489 
02635 '00851 1 C' 936 01436 

'02100 '005Z3 01821 '01502 I '00('90 '00000 '0°971 011 0 4 

I 
0(0317 ooujo 00473 OIr32 
'0"067 00382 '002 30 '01 394 

! '0 369 ! '00167 I '003S" c~935 

Curve. rCl'reslnt1ng the.c aggregates Me number~ti 8.3 to 96 00 Pla,~ VIlt 

I~wember Inecerntxr. 
, .1_-

'002°3 
'005 18 
'001 7° 
'0:;144 
'oqJ4 
0'.(13 

'oUSio 
'02600 
'05084 
'05037 
'061 30 
07 1 71 
'08079 
'04 2 97 
'03885 
'02502 
'00375 
'00-lIO 
'00980 
'0°558 
'005°4 I 
'00000 
'000:>00 
01067 

00000 
'00364 
00000 
'coooo 
'001 57 
'00835 
::l14li~ 

'\ 17;- , 

-03 7l J 
'°5320 
'06214 
'C 8324 
'<..673 Z 

','5°55 
04243 
02 30 5 
'010 27 
'00000 
'001 52 
'00000 
'00000 
00r85 
'00000 
00000 

'I.'All! L: 41.-Showing thr, ag!}regcd(s of E(U1tuly Di.sturbrtnci'f! f'3:ceeJilt:7 '00150 (eqnivalent to 1"4) III 
amoulltfor each hOlJr oj the d1ly in each of the vpars ] S-t6 to 1872. 

AtlGllWH£S OP EAsTERLY DJ'TI1RIl.U>CE'I. 
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7 12 01\::3 'ol862i 0!55i! 03354 0191:i2 '01552 oq,F' OlIO( '01829 1 008 76 '00::5 6 '0°596 'C r 951 0(,3')6 
8 12 

'OU", 0''''1 °""1'03'''1 ~"OS '0".,1'°" 751 ~'35' '01855 '00934 00000 01018 'C38JJ 04 630 

9 IZ '02HS! 0·n02 04723 02932 034261'0257°1 030ii '0306., 02 522 '013°8 '012 46 :018 73 '044 12 '05333 
10 1.1 053291 05h6SI'0640'~ 02j61,'Ol9H '03045 04122 ·03~2 .. 03739 '02 55 0 02~93 '03664 '04.'>66 '07(.94 
fI 12 '04 001 ) 0.17 601 oS030i vZ5cSi 03 159 046151'°3635 0289' 016 79 '02 943 021 54 OZI}') '03 ~56 °9iOS 
12 I! 02 76 31 '04 186i Oi60<)1 c~64SI 0225 2 05T4I '042991 0313~ '02 4°1 '03 182 '02093 '02 323 '03;:)($0 061::;3 
13 12 '01 9("'1 0(,0241'0585i 'Coo(,11 02374 '033$0/'0394i l 0319il 0~9JJ ' 01 579 '00999 on35 '045 63 ·04L~S 

14 I~ '020141 OSOiS!'06':H, '04S221 oQ 1 3 '030'=>21 038101'027121 '02495 00936 00696 02 3 10 '04939 '03~~'6 

IS 12 '004801 0.j.6q 027i81 oz6~6, 0077:>1 013361 02Q05, '02121/ '02 340 '00620 00598 '01 35 1 '02552 0~12(, 

16 12 OC' 3'=>.li 0426.2!·027261 015S81'Ol02Si 00600' 02S2S' '02264 003 99 '0054 1 00000 'CoS46 
! 

'01293 O~Sc3 
I7 12 '0,,6001 0.)i 26

1 
°3334: ;)15931 005iS' '0210s1 OlS.p! 0156il ')082 3 '00181 , '00000 00i l2 00775 ' 03< + 

IS 12 'oll,3S,'o~~61, 031351 .060S; :)16101 015SI, '0;(35) 01 34') '0')554 00000 1 '001i8 '0148: 1 '0108 7 I 03 C ' .: 

19 12 015241,040051 033 20 00:;00: 01'019 01327! 024<;0' ~I69QI •01b2 3 

I 
00000 I '00348 t.1228 

1 
'°14 29 I C> 3t i 7 l j .... I _I 

'o19 S2 ·0"~'46 20 12 OU31i 02;)901 02F oi 00'H9, 011351'020,30 023501 01340, 0122 4 '00000 ' '001 93 012 99 
1 1 21 IJ 0077 L °39101'0-lz(,9' 004031'0083' 01251) 020001'014 '01 014S2 oooe.:> , 00180 i 01 330 1 '01 34 1 I 033 63 • I , I I '!).) -- 11 00;1: 04081,0342500(14101130101104102033:'01441 0166 9 I 00(,00 I C0214 i 009i9 I ellll I O{.~ J 

~ ~ 12 1·0001 : 0437 C 02~9~ 003 16, 00718, OI5.BI c2I39' oOF'~' 01 ;.15 ooljj~ 001 64 1 oc::,()::; I 016,3 o~:·~ 
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TA.BLE 41-codinued. 

AGGREGATES 011' EASTERLY DISTl:ltlANCE3. 

Bombsy C,VU 

1 

I 
Hours. 

1863. 1864. 1865. 1866. 1867 1868. 1869. 1870. 1871. I 1860. 1861. 1862. l,-n ,,-
i 

--------- ~-

h. m. 
0 12 '02408 '02890 02 319 '00000 '00547 '01°54 00768 '°°564 01 420 oIl28 '°3°16 ·oz3·P °3953 
I 12 '01 981 '027°0 '01 554 '°°941 '00849 '01 465 '01 248 00412 01 428 '01 495 '02385 025io 0.p6S 
2 12 01 79° '01462 '023°3 '00860 '°°994 '01 539 '0062 7 00441 '01 3 10 °3°93 '02034 '°34°3 °314~ 

3 12 '02 716 '02433 '°3°86 '01 324 '01 757 '02220 '°°797 '0°5 26 '01 7°6 '03 130 '02689 '02698 '°35°1 
4 12 0 1 920 '022~ '0149° '0114° '01613 '01 765 '0055 1 '0°532 ' 01349 02083 '021 78 P2522 '022H 
5 12 °3.1!41 0142 '01 712 '°°701 '01690 '0089° 'Q0704 '00252 °°931 '026 38 '0197Z '0.:5 19 017 66 
6 12 "/' .. 65 '01 997 '021 35 '°°349 '01060 '01 535 '°°337 '0°55° '02021 02496 '02682 '03417 °3°°9 
7 12 \.-/',)16 '029°4 '0281 5 '01610 '01 4°4 '01 428 '°°365 '00000 '01086 02646 01 79° '0433 1 0]602 
8 1::- '°4356 '02912 '0293° '01018 '01393 00568 'oIlS6 '00864 '°1482 03 293 '°4461 '°3632 04 298 
1/ IZ '°3414 '°35°5 '°4867 '01339 '015°4 '02°97 '02°43 '01 4°7 '01462 040 46 06852 '°4594 04696 

f _ 12 '°5360 '°347 1 '°7663 '01 965 '°3327 '°3264 '01 514 '02408 '02066 '05 254 '0895 2 '°5°7 6 05 12 9 
11 12 '06°7 2 '04°88 '°7404 '°3583 ' 02675 '03 144 '01006 '°3°5° '02636 '059H '0688 3 '054 10 05 820 
U 12 05566 '0293 1 '06780 '06827 '°3536 '°3192 '02355 '02 724 '02 984 '°7594 '082 46 '°7 2°9 '06939 
13 12 '06181 '02815 '06283 '04878 '°33°8 '02 720 '02820 '03981 021 38 '06°3 1 '°5 261 04875 '08 77 5 
q 12 '°4383 '02429 '°4793 '°3704 '°395° '03686 '02896 '01428 '°°9°3 '°17°0 '03758 '03868 '061°5 
IS '12 '04398 '02280 '°3491 '01851 '02204 '03 137 ' 01 37 1 '°°533 '01860 '01 961 '04409 '°4126 05 875 
16 12 '03124 '01843 '°35 88 '02458 '0108 3 '02455 '01663 '00599 02163 029 10 '°5°81 '03049 045 25 
17 12 '02°73 '00822 '°5 261 '01 745 '01888 '°17°2 '00839 '0045 8 '03 183 '01 913 '0092% '02 962 0380 3 
18 u '02427 '007 13 '02806 '02513 '0202 7 '027°0 '012 91 '°°79° '01 779 '01 953 '01595 '02483 °374° 
19 I2 '°3768 '01 485 '02244 '02°31 '0061 9 '°1416 '01 5°1 '002°3 '01 574 '02 758 '03 236 017 15 0 2R48 
20 12 '°3202 '02180 '03298 '0207° '00868 '01 767 '0 II 30 '0°434 01 529 '0189° '035 16 '02108 02 972 
21 12 '02864 '01553 '02088 '00833 '01101 '02060 '01283 '00161 '°°941 '02°46 '03 134 '018H 011)06 
22 12 '02535 '°1794 '01 594 '°°429 '005 19 '01225 '00865 '00413 00989 '00853 '03955 '01002 01~63 
23 12 '023°6 '023°9 '0253° '00663 '004 II '00604 '00742 '001 76 '00828 '01199 '04 159 '01221 '01('33 

Curves representing these a.ggregates are numbered 97 to 123 on Plate IX. 

. 
TABLE 42.-Showing the aggregates of 'Westerly Disturbances exceeding '00150 (equivalent to 1"4) in 

allwuntfor each hour of the day in each of the years 1846 to 1872. 

AGGREGA.TES 011' WESTERLY DISTURBANCES. 

Bombay CIVIl 
Hours. 

1846. 1847. 1848, 1849. 1850. 1851. 1852. 1853. 1854. 1855. 1856. 1857. 1858. 18.)9 

1----~ ------ - ---

h. m. 
~ 

0 12 '00000 '00000 '00000 '00218 '00000 '002°7 '00000 '00161 '00000 '00000 '00000 '00000 '00264 00203 
I 12 '00000 00000 '°°487 '00000 '00000 '00159 '0°353 '°°763 '00224 '00000 '00000 '00361 '0062 3 00000 

• 2 12 '00000 '00000 '00167 '00165 '00000 '00000 '00000 '0017 8 '00000 '00000 '00000 '00000 00386 I 00000 

3 12 '00000 '0022 3 00000 '00000 00000 '00000 '00562 '°°432 '0°474 '00000 '00000 00388 '0045 I '00000 

4 12 '°°317 '00554 '001 72 '00000 '00000 '00000 '005 17 00846 '00159 '001 72 '00000 '01116 '011 °9 00000 

5 12 '00000 '°°37 2 '0°454 '°°388 '001 53 '00000 '00665 '°°7°2 '0°398 '00000 '00000 '°°977 '°°746 003O~ 

6 12 '0°482 '01104 '01 94° '0°947 '01016 '°°975 '022 7° '01166 '00000 '00182 '00000 '00811 '01020 027i4 
7 12 '00919 '01684 '02 936 '02 324 '0101 3 '012 33 '02°94 '01668 '01196 '00532 '00000 '01 73° '009 10 01457 
8 12 '02°46 '03136 '03883 '°3439 02160 '°3 185 '°3866 '02314 '01116 '01081 '01281 03365 '0J710 02494 
9 12 '029 21 '°4488 '°34°7 '03567 °4II2 '°3°18 '03485 '02822 '01815 '02537 '01645 '053 26 '°4381 '055°7 

10 12 '02 968 '06221 '°4128 '°5406 '°5 247 '°3834 '°3°41 '°3894 '02523 °3793 '°3060 '02 998 '0433° 05746 
II 12 '°4988 06679 '°4647 '08621 '°5288 03 202 '04865 °3303 '°353 1 '02 35 8 '°4°87 '04802 05 600 '07 678 
12 12 '°4449 '04921 '°5942 '04794 '03934 '03582 '°4°27 '02608 '03i 27 '02 356 '01836 '04658 °58 76 I 08

9
21 

13 12 '0:1222 '°4297 '06563 '0449° °3°93 '04192 '02427 03499 '01842 '01!l79 '0°37 8 '°3735 '04333 08121) 

14 12 '0214° '03769 '°4°14 '°4474 '02539 '°4533 '0266 7 03584 '01 327 '°°922 '0°7'1 2 '02433 '03157 I 05 140 
15 12 '0209° '02°5 2 '04396 '°37 22 'OIl 10 '0249 2 '02113 '°1783 '02022 '°°448 '001 76 0 1416 '02417 0 181 9 
16 12 '°°999 '01045 '018°4 '01 382 '00684 '°°974 '01326 '0°5 18 '00545 '00000 '00000 0°354 00667 I 01610 
17 12 '°°537 '°°3°4 '014 28 '009 11 '°°175 '°°320 '°°473 '00608 '°°74° '00000 '00000 '00i64 '0065° 1'00::>43 
18 12 '01099 °°322 '°°779 '00148 '00000 '001 57 '0°539 '0035 I '0017 I '00000 '00000 0074 6 '003::>3 005 0G 
19 12 '°°339 '0°°77 '°°719 '00000 '0018 7 '°°333 '00557 '00699 '00000 '001 57 00000 '003°0 '00364 I °°35° 
20 12 '00000 00000 '00677 '00000 '00000 00000 '00000 '0°411 00000 '001 79 '00000 00000 003·P I 00000 
21 12 '001 5° 00000 '00183 '00000 00183 '00000 '002°3 002 96 '001 7° '00000 '00000 00000 001(,9 ' 000C'O 

22 12 00000 '00000 00000 '001 56 '00000 00000 '001 56 '001 78 '00000 '00000 '00000 oeooo 002 30 I 00000 

23 12 '00000 00185 '00653 '00183 '00000 '°°487 000°°1'°°000 '00165 '00201 00000 0016,Z '002 36 0021 7 
I 
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TABLB 42-COfltinued. 

BrJmbay 
AOORXGATIIS Olr Wl!IlTnLY DISTURBAliCKS. . 

CIVIl Houn. 
1860. 1861. 1862. 1863. 1864. 1865. 1866. 1867. 1868. l869. I 1870. 1871. 1872. 

---
h. m. 
0 J2 '00000 '00000 '00394 '00000 '00000 '00000 '00267. '00000 '00668 '00668 '00000 '00206 '00000 
J J2 '00334 '00167 '00702 '00000 '00000 '00530 '00493 '00000 '00p3 '00000 '00000 '00440 '00000 
2 12 '00586 '00230 '00700 '00178 '00000 '00000 '00222 '00000 '00702 '00000 '00000 '00u6 '00000 
3 u '00725 '00000 00690 '00000 '00000 '00184 '00433 '00000 '00691 '00000 '00000 '00159 '00157 
4 J2 '00216 '001 57 '005 25 '00393 '00000 '00718 '00210 '00000 '00818 '00000 '00000 '00000 "00496 
5 J2 '01256 '00000 '00741 '00586 '00169 '0 1442 '00232 '00000 -00968 '00327 '00000 '0035 2 '00354 
6 J2 '00840 '00733 '02577 '00388 '005 13 '01486 '00461 '001 73 '01288 '02 449 '01 367 '01340 '02345 
7 J2 '02702 '02318 '02009 '01015 '00920 '01 770 '01 374 '00523 '01918 '02079 '02352 '03329 '02839 
8 12 '0439 2 '02566 '0362 7 '03380 '01622 '01870 '01 911 '00537 '01467 '02070 '°5 226 '04331 '°3856 
9 12 '07462 '02692 '04628 '03494 '°3 114 '01710 '022 79 '00537 '°3574 02314 '060°3 '°4242 '035 27 

10 u '08398 '05216 '04486 '04082 '0292 5 '02884 '024°2 '01985 '04432 '030°5 '08657 '04843 '03628 
II 1% '°7314 '04°30 '04008 '04472 '03079 '02736 '05 182 '01077 '04600' '03804 '08858 '05 149 '03475 
u lZ '07436 '05360 '045 18 '02213 '01860 '02883 '03736 '01874 '04138 '02 781 '05709 '04229 '04338 
'3 J2 '06498 '04944 '04462 '02900 '02295 '012 75 '01 796 '01248 '02 73 2 '03394 '06207 '05683 '05 132 
14 12 '04969 '02}32 '03554 '03696 '01387 '017 20 '022 72 '01856 '03011 '02334 '05 203 '04996 '03374 
15 12 '03158 '02 26 '04007 '01 6 46 '02331 '01022 '01166 '00888 '00790 '02 997 '03807 '03 120 '02078 
16 12 '03442 '01553 '03463 '00742 '01204 '00981 00889 '00350 '00589 '01 957 '01867 '01863 '00890 
17 u '02084 '01022 '01394 '00153 '00974 '°°910 '00491 '90368 '0°926 '0°742 '01726 '007 22 '00604 
18 12 '00860 '00699 '01290 '001 51 '0027' '0°97 1 '00504 '00167 '00660 '00230 '01275 '00541 '00162 
19 U '01089 '00592 '01 840 '00000 '00406 '00852 '00298 '00000 '0077° '00000 '00000 

S 
'00641 

20 12 '001 73 '00186 '00907 '00338 '00000 '0059' '00305 '00000 '00610 '001 55 '00000 '0 7 '00412 
2J J2 '00335 '00000 '00775 '00162 '00000 '00313 '00291 'ocooo '00642 '0035 1 '00000 '0000 ~~O 22 lZ '00691 '00000 '00736 '00158 '00000 '00385 '00304 '00000 '00706 '00000 '00160 '00000 ~ 
23 12 '00168 '00000 '00178 '00163 '00000 "00168 '00454 00000 '00669 '00000 '00000 '00000 '00000 r-

Curves representing thes~ aggregat~8 are numbered 124 to 15() on Plate X. 

TABLE 43.-SkO'UJ'ilng.for (Jack lwur of the day and for the. whole day, (1) the agg1'egates of Easterly and of Weste1'ly 
disturbances, inclUding and exclUding the separating value, (2) the 8ame ~n ter7n8 of the average aggregate for 
the twenty{our lwurs, (3) tl&6 number of observatiqns 8eparated as disturbed, (4) the algebraical 8'W1l1. of all the 
disturbance8, th08e to the eastward being reckoned as positive and those to the westward as ,negative, and (5) the 
average disturbance per day,-all being derived from the observations of the year8 1846 to 1872. 

EASTlCRLY DISTURBANCES. ,WEliTEItLY DISTURBANCES. 
EASTERLY minus WESTERLY 

DISTU RBANCE8, 

Bombay 
CIVil HOUri. 

Includmg 8eparating value. Exclowng Beparat 
lUg value, Including separatIDg value. ExclodlDg separat 

109 value. Including separatlog value, 

.Number Number Average dIstur 
of dlB' of dIs· 

Aggregate •• Rati~, tarbed Aggre. Rati08, Aggregate&. RatiOS, turbed .Aggre- Ratios, Aggregatea. bance P"f' day 

obaer- gates. obser· gates. Column 12 

ivatlona vatlOna -:-8220, 

1 2 3 " Ii 6 7 8 9 10 11 12 13 --
h. m. 
0 12 0'46061 0'7 2 187 0'18051 0'87 0'03242 0'08 10 0'01 745 0'16 +0'4281 , +'00005 2 
I J2 0'50023 0'78 207 0'19050 0'92 0'06343 0'16 31 0'01700 0'16 +0'43680 +'000053 
2 12 0'49621 0'7 8 203 0'1921 5 0'93 0'037 28 009 16 Q'01332 0'12 +0'45893 + 000056 

3 12 0'5 2810 0'83 232 0'18060 087 0'05561 0'14 25 0'01817 0'17 +0'47 249 +'000057 
4 12 0'41088. 0'64 179 014276 0'69 0'08494 0'21 41 0'02353 0'21 +0'32594 +'000040 

5 u 0'38072 0'60 168 0'12908 0'62 0'11574 0'29 57 0'03037 0'28 + 026498 +'00003 2 
6 U 0'49445 0'77 225 0'15743 0'7 6 0'30621 0'76 146 0'08753 080 +0'18824 +'000023 

7 u 0'57642 0'90 276 0'16301 0'79 0'44816 I'U 219 0'12014 1'10 +0'12826 +'000016 
8 u 0'66091 I'OJ 323 0'177 10 0'85 0'71939 I'78 355 0'18766 1'7 1 -0'°5848 -'000007 

9 12 085429 1'34 413 023568 1'13 0'9461 4 2'35 457 0'26162 2'39 -0'09 185 -'00001 I 

10 12 "15 '74 180 538 0'34589 1'67 "14146 2'83 542 0'32963 3'01 +001028 +'000001 
II 12 1'13369 q7 528 0'34282 1'65 1'275 29 3'16 600 0'37 658 3'44 -014160 -'000017 
12 12 l':n830 191 564 0'3735° 1'80 1'12768 280 540 0'3'1884 2'91 +009062 + '000011 
13 12 1 10022 1'7 2 506 0'342 30 1'65 0'99649 2'47 485 0'27003 2'47 +0'10373 +'00001 3 
14 12 0'87760 1'37 426 0'2395 2 1'15 0'82235 2'04 415 0'20074 I'S3 +0'05525 + 000007 
15 12 065645 1'03 310 0'19 211 0'93 0'57620 1'43 302 0'12385 ni +0'08025 +'000010 
16 12 0'574 27 0'90 260 0'18482 0'89 0'31667 0'79 168 0'06503 0'59 +0'25760 +'00003 1 
17 U 0'49631 0'78 212 0'17876 086 0'19'845 0'49 99 00501 7 0'46 +0'29786 +'000036 
18 12 050672 0'79 215 0'18468 ,0'89 0'12893 0'32 61 0'03757 0'34 +0'37779 + '000046 
19 12 049047 0'77 203 0'18640 090 0'10964 0'27 56 0'02577 0'24 +Q 38083 +'000046 
20 12 O'S143S' 0'80 218 0'1878S 091 0'05426 0'13 27 0'01383 0'13 +0'46012 +'000056 
21 12 0'44574 0'70 186 0'16714 080 0'0421 5 0'10 20 0'01219 O'll +~4°359 + 000049 
22 12 0'40143 0'63 168 0'14979 0'7 2 0'03843 0'10 17 0'01298 0'12 +0'36300 +'ooo04-l 
23 12 0'41206 064 169 0'15892 0'77 0'04296 0'11 20 0'013°1 0'12 +0'36910 +'000045 

-
~916 ~83321~ :::F.I 

1-

Total .. IS'342l0 ." 9'68028 2'62701 .. , + S'6619Z + 000689 
----

Mean .. 0'63926 ' .. ." 0'20764 .. 0'40334 0'10946 +0'2359 1 +'000020 
l'he numLtJ'"8 IllwlUInQa a ~d S are curved III l!'1!8. 151 and la,!, those lD colu1llWl II and 11 Ul ~'lg8. H.i anl1 i>l!. and U10il" III coluDln b 

ill FIg. 163. (Plate XL) 

B 825-24 AP 
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TABLE 44.-Showing, for each month and for the whole year, (1) .the aggregates of IFasfcrly ald· of w, ~t,_rly dd/'Il'ill,", 

includ~ng and excluding the separating value, (2) th~ same w tel'ms of the ~verage ('ggreqatB fur Lc t,I'1 be /I,onil,· 
and (3) the numbers oj ob8ervations separated as dLBturbcd,-all bemg dCHved jlom the ob8t:7"1n/,,,n8 oj the ,J"a; 

1846 to 1872. 

EASTERLY DIRTURBAN('K8 WE~TERLY DI8TlH.BANCM EAMTE:RL\ l'fu. Vt &8TltRLY Dlton RBANCJr&-

-
Includmg scpo.ratmg va.lue Excludmg separating IncludIng separatmg value \ ExcludIng oepamtmg Includmg •• paratwg ,alue I Excl"JlII~ Oct ~rat 

value. \[\}.ue in" \-UUl 

Months Number 

.. ··~ ... I&-
Number NumT.u 1 , of dIS- of dl'j 

01 '110-1 I Aggregates RatIOS turbed Aggregates Ratios turbed Aggregates RatIO. A~.;ngl1t,-s Rat108 turbt. J A!!gT("~attS l\a.tJ.O~ 
obsu- obser- ob ... t.r-

vatlOns vatlUDtI 

v.::~ I -- ! 13 
f-

1 2 3 4 5 6 7 8 9 10 11 12 15 16 
-- --

il 
January I 14172 0'89 550 031790 077 085632 106 422 022422 102 199804 096 97 2 05421 ;) c8S 
February 136599 107 604 0'46128 I II 065962 082 321 O'I7S80 0'82 202S61 0'97 92~ o u4'Xl9 101 

r~' 
I 36542 107 635 041428 100 064239 080 323 o 15&58 072 200780 0<}6 95 0' 572llS I 090 

Apul 1'42 904 1 '12 624 049438 I 19 084413 105 415 022252 102 227318 1 09 1039 0"71ul)O I 13 
May. 090869 071 429 020011 064 073066 091 366 018259 0 83 I 63935 079 795 044),('9 0'71 
June 0'9321 5 073 457 024763 060 076708 095 376 o 203b8 093 I 69923 oS\. 8U o 4S I S~ 07 1 
July 1'21232 095 572 035554 086 I 15100 143 559 031370 143 236332 113 1131 0'6692~ , u6 
August 1'42274 'II 65 1 044703 108 1 01 559 126 490 628,64 129 243833 117 1141 07292 7 115 
/:lcptember 1'53104 120 666 053347 I 28 099036 123 480 027139 124 2521 40 I 11 1146 o 804~6 127 
0ctobc~ I 77687 1'39 746 06,947 I 59 101162 1 25 449 0'33908 155 2715849 134 1195 099~S5 I 57 
November .. 109825 o S6 488 036729 0'S8 0'52241 0'6S 264 012698 0'58 162066 0'78 752 049427 a'':> 
December I'tS828 091 494 041834 1'01 048909 061 244 012361 0'56 I 64737 079 738 0541'15 I) 85 

- -- - - - -
Total 1534251 6916 498332 9 68027 4709 2 62699 25 02278 

, _(,
62

5 I 7
610

3' --------------- ---- -- -----------~---- ---------- - --
Me.m 127854 0'41528 080669 021892 20&523 0634 19 

n." numbe1'8lD columna 3 ~nd 8 are eun od ID FIgs 153 and 154, those In columns 6 and 11 m FIgs 159 and 160, and those In columns 13 and 16 it. F'!18 164 &rid 16(; (1'1.te XI ) 

TABLE 45.-Shnwing,jM· the years 1846 to 1872 andfor th. whole period, (1) the aggregates oj EastErly and of West,:"!! 
disturuance, ~ncl!U'hng and excludmg the sepamting ~alue, (2) the same in terms oj the aLerage yearly aggTc~att, and 
(3) the nwnber oj ob~ervations ~epal aied a8 disturbed " -

Years 

1 

EASTERL\ DISTURBAl'ICBS WBSTERLY D18TUF~BA.N{'B8 EASTERLY plus WB8TJ.KLY DJRT\JRBA" lt8 

------------------------I---------------~--------I-----------------------
lncludmg separa .. mg value 

Numher 
of dlS

AggI egates RatIOS tUI bed 
obscr 

\atlODs 

2 3 4 

Exclud~~l~~ara.tmg Includmg separatmg value 

Aggregates. RatIOS Aggregates RatIOS 

5 6 7 8 

Number 
oldls 
turbed 
obser

vatIons 

9 

Exeludlllg separating 
,a}ue 

Aggregate., RatlO8 

10 11 

IncludmS' sepamtmg ,.lue I EXclUdil:~;:!~~h~~ 

_~ / .. - ~~E' -..~ I Rat! 01 
obser--

\atlons I 
I-- ---

1-------___ -- __ 
12 1 13 ~ 15 ~ 

1846 
1847 
1848 
1849 
1850 •• 
185! 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 •.• 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
18n 
1872 

o 34859 0'63 173 009440 0 52 028666 080 153 
095992 172 383 0'39605 2 18 041431 I 16 198 
091615 164 411 0 30979 I 70 049379 1 38 244 
054568 0'97 268 0'14950 0'82 045335 I 26 224 
033655 060 171 0083Z7 046 030893 086 149 
049045 087 224 015797 086 032883 092 165 
062750 1 II 291 019472 106 03620$ 101 181 
049679 088 235 0 14666 080 032786 091 168 
042496 075 205 011908 065 022145 062 118 
o 19573 035 103 004184 023 0 16797 0'47 87 
012818 0'2, 70 002346 013 0'13185 037 69 
031734 o· 56 149 009416 0 51 036441 I 02 174 
o 5881 9 1'03 267 0 18782 I 02 040273 I I2 195 
103929 1'82 417 041328 223 053708 I 50 255 
o 89339 1 57 385 0 f1482 1'70 065126 1'82 301 
055178 097 262 015769 085 037422 104 188 
085035 1'49 388 026619 1 43 052213 I 46 262 
044831 078 217 0'12133 065 030312 0'85 155 
040327 0 70 198 0 10467 0 56 023070 064 120 
047634 083 232 0 12620 068 027395 076 134 
029873 0 52 143 008278 044 0 27"70 078 122 
022907 0'40 110 0'06284 034 011582 032 61 
039769 069 179 0 121"4 068 ° 38092 106 147 
~97OO3I~~ 1'22 297 0'25 1,4 135 03)/ 088 lsi 

102 388 034448 1'85 05'" 163 263 
o 7i'984 I 38 359 0 24633 I 32 046335 I 29 230 
095862 167 391 0'36644 I 96 033309 107 189 

006185 0 6~ 063525 069 326 
o 12281 '16 I 37423 I 48 581 
o 13381 I 37 I 40994 I 52 655 
o 12222 I 26 099902 I 08 492 
0-08823 091 064548 070 320 
o 0~3!J2 0 86 0 81923 0 &8 389 
0'09286 0 95 0 9b95S I 07 472 
007756 080 082465 089 403 
004538 047 064641 0 70 323 
003798 039 0 36370 0 39 190 
002862 029 020003 028 139 
010378 107 068175 074 .123: 
o 11032 I 13 0 99093 I 07 462 
0'15427 I 59 1 57037 1 70 6721 
o 19893 204 I 54465 I 67 686 
009'44 094 0920CK> I 00 450 
012707 I 31 I 37247 1 48 ~Y2) I 
006'156 071 075'43 081 .;), 
0040 73 0 Sf 0 63197 0 68 31~ I 
007172 074 075029 08l ;;66 
009544 098 0 57843 062 265 
002 364 I 024 034490 037 17 1 I 
~ ~~~~ I ~ ~~ ~ ~~~~! ~ ;~ ~~~ 

009685 100 134171 145 580 

0'15626 
05 1886 
044160 1 
0'7 172 

o 17 1SO 1 

o 241'10 1 
028758 
o 22.P3 
016441> 
007'1<'2 
o 05.l(.J~ 
0"')794 
02(.1'>'4 
0'56755 
05 1376 
o 24~ 13 
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o 19a5'I 
01 5440 
o '9792 
o 17lin 
00,\649 
0 28570 

0330 59 
053 )bl 

u 3')117 
o 46j2~ j 

0-55 
1114 
1 57 
0')6 
o C.I 
o b6 

2 OJ 
I ~2 
08& 

, 01 
I J i 
156 
1 2~ 

I:" 

0186131 1'91 I 5'583 164 651 
011514 I 18 I 25320 135 5li91 

---1f--- - --------

__ 2 62757!--=- 25 0255
0 
___ 11_62_5 !_7_(jI_I_>~i _ 

1----1----1-1--~ ___ 1-_1_ 
Total 15 34524 6916 9 68025 

I 009732 i 092687 I ! 0 ''> 192 / 
Mean 056834 

__ h ____ I_~ -------

The nwu1)el'6lD columns 3 and S are curved In Figs IG5 ano150, those U1 coluInIiJ 6 and 11 Ul }< 191 161 and 1\U, and th )kl.. In colutlJ..nB 13 anJ lto IU t 1~'"!J 
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140. Remarks on the Disturbance-variations.-At nearly a.ll stations whose disturb
ance-diurnal variation curves have been found by the process described above, one or 
other of these curves, either the easterly or the westerly, closely corre£!ponds in shape to 
a general type. T~e westerly dist1:U'~ance.diurnal vB;riation curve for Bombay conforms 
to this type, of WhICh the charactorlstlCs are, that durmg about half the day the ordinates 
are very small, whilst there is a gradual and regular rise on either side of this quiescent 
period towards a maximum, which occurs near the middle of the remaining part of the 
day; such curves are the easterly for Kew, St. Helena, Toronto, and the Cape of Good 
Hope and the westerly for Hobarlown, St. Helena, Pekin, and Nertschinsk. The corre-
8pond~nce as to shape does not, however, hold as to time, either absolute or local, for the 
hours of maxima are not confined to any particular portion of the day~ The Bombay 
hours of ljttle or no westerly disturbance are from 18 to 5, the considerable and regular 
variation from hour to hour occurring during the remaining hob . The principal features 
of the easterly disturbance-diurnal variation curve for Bomba are like those of the 
westerly curve, with this distinction, that there is a considerable amou easterly disturb
ance at all hours of the day, the least hourly ratio being 0·60; the easte curve is also 
less remarkably regular than the westerly. There is great similarity in t declination 
disturbance-diurnal variations of St. Helena and Bombay, and the principal i ctions of 
the curves occur at the same local hours i but the night hours at St. Helena are, nlike 
the sam~ at Bombay, almost entirely free from easterly disturbance. In the disturo ce
annual variations there is, as at Toronto, ,a tendency, though not very decided towa 
double maxima and minima, the maxima occUrring in the case of the easterly disturbances 
abont the equinoxes and in the case of the westerly disturbances about the solstices. In t~e 
secular variation curves of both easterly and westerly disturbance the sun-spot period IS 

prominently brought out, the years of maximum being 1847-48, 1859-60 and 1870-72 in 
the ea,.,terly disturbance curve, and 1848. 1860 ~nd 1870 in the westerly disturbance 
curve, and the years of minimum bein~ 185& and, 1867 in both curves. The ratios of 
disturbance for the maximum and mimmum yeaf~.(or mean years), in order, are 1'68; 
0'23; 1·69; 0·40 and 1'56 for the easterly-disturba.nces and 1'38; 0'37; 1'82; 0·32 and 
1'63 for the westerly disturbances. ,The distutb:tnGe-diurnal variation curve shows a 
preponderance of easterly disturbance at alr hours. except 8h" 9h, and llh. : the prepon
derance from 16h, to 5h. is great, but it'is less considerable during the remaining hours. 
On the whole the proportion of aggregate easterly disturbance to westerly is as 1·6 to 1. 

141. Two sets of tables and two corresponding sets of curves are employed to 
represent the disturbance-variations-diurnal, annual and secular, the one set including 
and the other excluding that part of a disturbance which lies within the limits ± 1'·4 of 
the normal declinatton, If E, represent the aggregate disturbance at one hour, month 
or year, and IE, the aggregate for all the hours, months or years, and if the num ber of dis
turbances embodied in Er he nr and G be the constant separating value, then the second 
~et of aggregates is obtained from the first by subtracting nrC from the E. of each hour, 
~onth or year. Now the disturbance aggregate of a particular hour (say) may be large 
eIther by reason of a greater number of disturbances of a given value occurring at that 
hour than at others, or by the same number of disturbances occurring but by their being 
of a larger average magnitude. The relation between the two sets of ratios should serve 
~ a criterion for attributing a large ratio to greater frequency or to greater magnitude of 
dl'3turbance : for if the two sets of ratios are practically identical throughout we have-N 
being the number of hours, months or years,- ' 

Er E.-nrO 
IE. == I(Er-nr U) or 
N N 

ErIE.-E,In.C= E.IE.-nrCIE., whence 

E.= IE. 
n. 1 n, 

or th~ average, yalup. of a disturbance is the same for each hour, month or year (r), and 
the difference l~ the aggregates must then arise from a difference in the frequency of 
?ccur,reucc 0'£ dis~urbances at different hours, months or years, The near approach to 
lllelltJtyof to.rm III the two sets of curve,s, both of easterly and westerly disturbance, and 
both of the dIUrnal, annual and secular disturbance variations (Figs. 151 to 162 of Plate 
XI.) scc~s to lend some support to this view, 
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142, But looking to the fact that the d~sturbance diurnal variati~ns of different 
stations show preponderance of disturbance at dlfferent hours of absolute time, and to the 
fairly established fact that disturbances a;e of cosmical orig~, the inherent impr,ou:.J.bllity 
of the occurrence of disturbances ~epending upo~ the local bme of, anyone statwn leaJs 
us to examine the converse proposltlOn, that It IS upon the magmtude and not on the 
frequency of disturbance that the variation of the aggregates depends, In order to do 
this we assume that the distribution of disturbances (considered in one direction ouly at 
a ti:ne) follows the law of the distribution of errors of observation, so that our Ilurnl)cr<; 
of disturbances and aggregates of disturbance may' be compared to the number of bullet
marks on a target outside a particular circle and the aggregate distances of thcse ntarks 
from the centre of the target, and half the total number of observations employed in the 
separation of disturbances will correspo~d to the total number of shots upon the target 

From A~y's Theory of Errors of Observations (1861) we obtain (page 21) for the 

number of positiv" errors between the limits ~ and 00, . c 

A foo -:: 
.; 

£ dx 
C 'Ir II: 

C 

where A is the total number of observations-positive and negative, c is a constant for the 

same set of observations, and x is the error, . A table of values off ~ £ - ;: d.c for diffe. 

rent values of ~ is given on page 22 of Airy's treatise and has been us:d-in combination 
C .r' 

with a more dilated table of the doubfe~: of ~hese' integrals in Chauvenet's Astronomy, Vol. 

~I. page 593-to find (by interpolation) values -6f:!! corresponding to the known values 
n '\0 "'? C 

of the integral i-A for the case of o~ disturbances, in which :2) = C the constant 

separating value, Again, we find (in Airy, page 19) for the sum of all the errors betwef'n 

+x and + 00 

11:2 zt z2 

-- cA [ -a] 00 cA -I £ c2xdx= ___ £ c =---=£ C 

2';"" :2) 2';"" 
(fJ) 

()! 

Wh th' b cAd h C 't ' /lA -2" th t ' h en :2)=0 IS ecomes --= ,an w en:2)= 1 IS .;_ £ C, a IS to say, t e 
2.';"" 2 .". 

aggregate of all the positive errors is .;c~ and the aggregate of the positive errors which 
2 .". 

02 

cA --exceed Cis .;_ £ c2
• Hence the aggregate of positive errors exceeding 0 multiplied 

2 .". 

+(0)11 
by £ -; is equal to the aggregate of all the positive errors, and the proportion of 

positive error per observation is that p1'oduct divided by A, 

Applying th: result to the cas~ of our easterly disturbances 

C +(~y JE 
r 

2';;:- = £ '7 

0: this is t,he aver~ge amount of easterly disturbance per observation, Separate ca];ula
tlOns of thIS quantIty have been made from the respective values of n" A, and 'Y.E. vi tf:.· 
~10urs, months or years in thE) several periods of variation, each result being-lIke its data
mdependent of every other, The data and results are exhibited in the followlllg table,s'-
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TABLB 46. 

DUturbance diurnal variations. 

tAlTERLY, I WESTERLY, 

A =8120. 
h.-"'~ overWeelerl,. 

BoInbt.J cliaeurb&oce. 
OIYiI 

~ • ~ ~ ~ 
U- iF ,v'; ,v'; Colomn 8 om-..., .. ir c Ao .. CoIIJ111D 18. 

C zE. -;=- 1 2E. -,-- 1 .... .- .v'" /' .. 
,.. • ,v'" ~Il: 1 1 .. ,;~ .. 

'-" • ~ '-" . Vah .... Batt ... 

:0-

n"1 1 2 3 , II G 7 8 \J 10 Ii 11 14 15 16 17 18 

h, m. 

0 1:1 187 '955 r4:1 0'46061 3'4596 2:~ 'ClCI04JOS8 1'04 10 '998 :1'19 0'°3242 3'9238 ]"8914 '00047735 1'41 -"00005647 
I 1:1 SOl '950 1']9 0"50023 345~ :1'9533 '00042014 I "Of 31 '992 1'88 O'Q634J 2'17?~ 2'1105 '00026#7 0"78 + '00015567 
:I 12 :103 '951 r'39 0'49621 J'42 2'9296 "00041676 I 'OJ 16 '996 2'04 0'037 2'3923 2'3550 "00029104 0'86 +'0001257:1 
3 u 2J2 '944 1'35 052810 J'2675 2'7394 '00039750 0'99 25 '994 1'94 0~561 2'3968 2'3412 '00029159 0'86 +'00010591 
4 12 179 "956 r4:1 0'41088 

~= 
2'675z 'OOOJ7i44 09J 41 '990 1'82 o 494 2'3~6 2'2467 'OOOZ8365 0'84 +'00009179 

~ 12 168 "959 1'44 0'38072 3' 2'641J '00036 37 0'91 57 "986 1'74 0'11574 2'3 7 2'2740 '00029072 0'86 + '00007765 
1:1 22$ '945 1'35 0'49445 3'059z 2 S648 '0003721, 0'92 1046 '¢4 1'48 0'30621 2'7371 2'4J09 '00033298 0'98 +"00003919 

1 II 276 '9JJ 1'Z9 0'57642 3'0440 2'4<>76 '00037031 092 219 '947 1'37 0'44816 2'9279 2'4797 "00035619 1'05 + 'OOOO141a 
J2 323 '921 1'24 0'66091 3 0754 2'4~~ 'oooJ7414 093 J5s '914 I 21 0'71939 3'1103 2'3909 "00037838 1'12 -'OIlOOO424 

9 12 41i .goo 1'16 085429 3'2809 2'42 'OOQJ9914 0'99 457 '889 1'13 0'94614 3'3923 Z 4462 "00041270 I'ZZ -'00001356 
10 12 'S3 -869 1'06 1'15174 J'5426 2:~ "00043097 1'07 542 868 1'07 1'14146 3'5866 2'4451 '00043632 1'29 -'00000535 
II IZ $28 ~7Z I 'oS 1'13369 3 6396 2'50S~ '00044271 1'10 600 '854 1'03 "27529 3"6843 2'4~ '00044821 1'3J -'00000544 
12 13 56.4 '863 1'05 1'21830 3'6690 2'45°7 '000446J5 I'll 540 '869 1'07 1'12768 3'5433 2'4156 '00043106 1'27 +'00001529 
13 IZ 504 -877 1'09 1'10022 36096 2'S094 '0004391J 109 485 '882 III O'~49 J'416J 2'4198 "00041561 1'23 +'00002352 
14 12 426 1896 I'I~ 0'87760 3'2934 2'4158 "00040066 099 415 '899 1'16 0' 2235 J'I582 2'3359 '00038421 1'14 + "0000164$ 

:A u JIO "925 1'2 0'65645 3'211J 2'5549 '00039067 0'97 302 '927 1'27 0'57620 2 8909 2'3'47 '00035170 104 +"00003897 
12 260 '937 1'31 0'57427 ]'1946 2'6203 '00038863 096 168 '959 1'44 9'31667 2'5185 2'2018 '00030639 0'91 + '00008224 

17 12 21Z '948 1'31 0'49631 3'2424 2'7461 '0003944<> 098 99 '976 1'60 0'19845 25670 2'3686 '00031229 0'92 +'00008217 
18 12 215 '948 "31 0'50672 33105 2'803g "00040274 100 6r rs~ "72 0'12893 2'4840 23$5' 'OOQJ0219 0'89 +'OOOIOO$S 
19 12 203 '951 1'.19 0'49047 3'3861 28956 "00041194 1'02 56 1'74 0'10964 2'2638 2'1542 '00027540 0'8, +'00013654 
20 12 2rS "947 "37 0'5'438 33605 2'846r "00040882 1'02 27 '993 1'91 o'oS426 2'0836 2'0293 '00025348 O'7~ + 'OOO ISi 34 
21 u '186 '955 "42 0'44574 3'3480 29023 '00040730 I'or 20 '995 1'98 0'04215 2' 1252 '3 0831 '00025854 0'7 +'00014 76 
lI2 sa 168 '959 1'44 0'40143 3 1926 Z 7912 "0003~ 0'96 17 '996 2'04 0'03843 2'4661 2'4277 '00030001 089 +'00008839 
1.3 12 169 '959 1'44 0'41206 3'2772 28651 "0003 0'99 SO '995 "98 0'04296 2'1660 2'1230 '000263$0 0'78 + '00013519 

-- f-- -----
Mean, '00040277 '00033825 

The nnmberl in columllll 6 and 14 are cnrved in Figa, 168 and 169. those in columua 7 and 15 in Figa, ISO and 181. those in columna 5 and 13 
in FlgB, 174 and 1711 (Plate XII). those in column 18 in Fig, 163 (tlun lweI, and tbOlie ill coiulJlIlll II and 17 In FIsa- 1111 IUld 162 (Plate Xl), the Jut 
-beIng In tlun 1111111 to dl8tiJ1gulBb them from the ratlOli of lE.., 

TAIILE 47. 

Disturbance annual variations . 

EASTERLY, . 
,WESTERLY, 

~ ~ • ~ ~ ~L Month. 1./; A 
!!.. .... pt il~ c "'0 " zEr .v'; I ZEr Iv'; 

1 ",. • ~I~ 

~ 
fI.r • ~I~ ~ ! 1 .. 

'-" Valu ... '-' ValuM, 

- --r--- --- If---

1 2 3 , /I 6 7 8 10 11 12 13 14 J5 16 171 18 

~anuary 

'1 
'934 1'30 1'14172 6'1874 5'0457 '00036935 0'92 167~~ 422 '950 1'39 085632 5'91I9 $'0556. '0003991 "02 

February ~ '922 1'25 I 36599 6'5167 5'1507 "00041967 1'0; 1552 321 '959 1'44 0'65962 5'2460 45864 '00033784 097 
March '923 I'2.S 1'36542 65140 5"486 '00039681 099 16416 123, '¢I 1'46 0'64239 5'4141 477'7 '00032981 095 
o\pru 624 '924 1'2i 142904 68174 nSS. 'ooO,P773 1'05 16320 j~ '949 1'38 084413 5'6685 4 8244 '00034734 100 
May 429 '949 1'3 090869 61OZ1 5'1934 '00036322 0'91 1680c '956 1'42 073066 5'4881 47574 '00032667 0'94 
iJune 457 '945 1'36 0'9321 5 ~ 9258 4'9937 '00035680 089 ,6608 376 '955 1'42 0'76708 5'7616 4in5 00034611 100 
July .. 57z '933 130 1'21232 5701 5'3578 '00038395 0'96 17112 559 '935 1'30 1'15100 6'2378 5 68 '00036H3 1'05 
August, ~~ '921 1'24 1'42274 6'6205 5'1978 '00039979 1'00 

!~ :~ '941 "34 1'01559 6'1I69 S',013 '0003~38 107 
~eptember '920 1'24 1'53104 7'1244 55934 '00042897 1'07, '94:1 1'34 099036 S'9649 4'974S '00035915 1'04 
19..ciober 746 '911 120 1'77687 7'4996 5'7227 '00044768 1'12 J67~2 ~~ '946 1'36 J'oll62 6'4310 5'4194 '00038389 I'll 
Noven,bet, 488 '939 1'32 I "0982~ 6'2721 5'1739 '00039239 098 159~4 '967 1'51 O'S2241 S'I078 4'5854 '00031955 0'92 
Deceml>er , 494 '938 132 l'IS82 66148 5"4565 '00041760 1'05 15840 244 '¢9 1'53 o'48g0g 5'0818 4'5927 -o.:x>32082 093 

-r-I '000399501 '--1-- ---- I--
Mean '00034657 

The numbers in colnmna 6 and. 15 are eurved in Fig1l, 170 and. 171, those in coluJPDtt 7 and 16 in Figs, 182 and 183. those in columna 5 and 1" 
in FIgs, 176 and 177 (Plate XlI). ADd those in colulDJII 9 and 18 m FIgs. 153 and 1M (Pla~ XIJ. tlie *\ hein8 ~ tlun !mea to WstwgulBb thtul 
frlllll the ratios of ,;&-, 

.825-25 !P 
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TABU 48. 

Disturbance $eeular variations. 

EASTERLy, WESTERLY. 

f<l 
~ ..-... ~ • 

"" . .;;- A ,./. y-, Ae '1 A. " C C I il" il" 2Er I~ %Er -;v,; ~ .-
~l~ 

fir • 
~I~ 1 I 

F. 
.. .. 

'-" 
Valu .. , Batloe. '-" VtJu& 

--:-- - - ---I-

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 

1846 ' .. I!j '954 1'41 0'34859 z'S452 2'1966 '00033881 0'87 7512 153 '959 1'44 0'28666 2'2799 I '993z '00030349 0'88 
1847 .. 38 '898 1'16 0'95992 3'6865 2'7266 '00049231 "26 7488 198 '947 1'37 0'41431 Z'7068 2'2925 '000361 48 I'e,s 
1848 .. 411 '889 1'13 0'91615 3'2848 2'3687 '00044293 "14 7416 244 '934 1'30 0'49379 z'6760 2'1822 'tlOO36084 1'05 
1849 ... 268 '928 1'27 0'54568 2'7379 2'1922 '00036799 Q'94 7440 224 '940 1'33 0'45335 26586 s'2053 '00035734 1'04 
18so .. , 171 '954 1'41 0'33655 2'4573 2'1208 '00033029 08S 7440 149 '<)60 1'45 0'30893 ::&'5290 2'2201 '0003399:1 0'99 
1851 ... 224 '94° 1'33 0'49045 28761 2'3857 '00038658 0'99 7440 165 '956 1'42 0'32883 24698 S'I41O 'tlOO33197 0'97 
11152 .. ' 291 '922 1'25 0'62130 2'9936 2'3661 '00039978 103 7488 181 '952 1'40 0'36305 2'5103 2'2083 0003432 5 I go 

1853 .. 235 '936 1'31 0'49679 2'7635 2'2667 '00031630 0'97 7344 168 '954 1'41 032786 ::&'3939 2'0660 '00032 596 ~'U 1854 .. 205 '944 1'35 0'42496 2'6293 2'2043 '0003S68S 0'92 7368 118 '968 1'52 0'22145 22318 2'0104 '00030291 
1855 .. 103 '971 1'54 0'19573 2'0971 l'gol4 '00029030 O'7~ 7224 87 '976 1'60 0'16797 2'1728 2'0048 '00030077 088 
1856 .. 7° '98o 1'64 0'12818 1'8875 1'7593 '00026391 0'6 7152 69 '981 1'66 0' 1318S 2'0740 1'9422 '00028999 084 
1857 .. 149 '960 I'45 0'31734 2'5978 2'2805 '00035258 0'90 7368 174 '953 1'40 0'36441 2'~870 2'2226 '00035112 1'02 
1858 .. 267 '92 7 127 Cl'S8819 29SJI 2'3629 '00040449 1'0 4 7296 195 '947 1'37 O'402~ 2' 311 2'2284 '00036062 1'05 
1859 .. 417 '886 1'12 1'03929 3'6434 2'6041 '00049938 1'28 7296 255 '93° 1'28 0'537 2'7643 2'Z272 '00037888 1'10 
J860 385 '895 I IS 0'89339 3'3527 2'4593 '00045802 1'18 7320 301 '918 1'23 0'65126 2'9566 Z'3OS3 '00040391 I 18 
1861 .. 262 '923 1 25 0'55178 2'6324 2'0806 '000388~s 1'00 6768 188 '944 1'35 0'37422 2'3154 1'9412 '000342 11 1'00 
1862 , .. 388 '894 t'I4 085035 3 1189 2'2686 '00042748 1'10 7296- 262 '928 1'27 0'52213 2'6197 2'0976 '00035906 I~ 1863 .. 217 '941 1'34 0'44831 2'7002 2'2519 '00036767 0'94 7344 ISS '958 1'44 0'30312 2'4107, 2'1076 '00032826 0' 
1864 .. 198 '946 1'36 0'4°327 2'5637 2' 1604 '00034794 0'89 7368 120 '967 1'51 0'23070 2'2556 2'0249 '00030614 089 
1865 .. 232 '937 1'31 0'47634 2'6498 2'1735 '00036199 093 7320 134 '963 1'47 0'27395 2'3776 2' 1037 '00032480 095 
J866 " 143 '961 146 0'29873 2'5177 2'21go '00034737 089 7248 122 '966 1'50 027970 26536 23739 '00036612 1'07 
1867 .. 110 '970 1'53 0'229°7 2'3801 2'1510 '00032623 084 7296 61 '983 169 011582 20145 1 8987 '00027611 0'80 
1868 ... 179 947 J'37 0'39769 2'5981 22004 '00038801 100 6696 147 '956 1'42 0'38092 2'86n 24802 '00042 728 1'24 
1869 .. 297 '919 1"23 0'70085 3'1818 2'4810 '00043467 I 12 7320 157 '957 1'43 0'31657 2'44~ 2'1299 '00033423 0'97 
1870 " 388 '894 I 14 0'93168 34172 2'4855 '00046531 1'19 7344 263 '928 1'27 0'58415 293 2'3467 '0003gg08 1'16 
1871 359 'go2 1'17 0'78984 3 1048 2'31SCo '00042416 1'09 7320 230 '937 1'31 0'46335 2'5775 2'1142 '00035212 102 
1872 391 '894 1'14 0'95862 3'5160 25574 '00047720 J 23 7368 189 '949 138 0'38309 2'5725 2'1894 '00034915 1'02 

--.---- --- I- -1-
'000343591 Mean '00038954 

-
The numbe1'll in columns 6 and 15 are curved in Figs, 172 and 173, those in columns 7 and 16 In FIgs, 184 and 185, those in columna 5 and 14 

in l1gs,178 a.nd 179 (Plate XII), a.nd those In columns 9 and 18 In Figs, 155 a.nd 156 (Plate Xl), the last being 1Jl thm hne.to dultlllgwah thom 
from the ratIOs of '2.liJr, 

143, Instead of employing n,. as one of the data, we might, however, have used the 
constant separating value (0) in lieu of it ; for equation ('Y) gives us 

\ log v' A E = a: log E - log e ( a) 
2 ". ~ r C 

from which c may be obtained by a process of successive approximation, and thence c_ 
2v'. 

It would be interesting to compare the results of the two independent processes, and 
might afford a criterion for judging of the admissibility of our assumption that the disturb
ances follow the law of distribution of errors of observation, a close agreement being in 
support of the assumption and a wide divergence opposed to it, but opportunity fails for 
p.mbodying the comparison in the present discussion, 
\ 

\' 144, It will be observed, from the curves of aggregates on Plate XII, that there is a 
~neral, though far from exact, similarity of movement in the annual and secular curves 
representing disturbances below and above the magnitude of the separating value, so that 
the curves of total disturbances are exaggerated copies of those of disturbances exceeding 

\ the limit. It is otherwise with the diurnal curves, for the aggregates of westerly disturb. 
\a~ces below the limit are nearly constant throughout the day, whilst those of easterly 

lSturbances vary in a manner the opposite (roughly speaking) to the variation of aggregates 
o easterly disturbances exceeding the limit, It would appear, then, that the separating 
v~ e happens to be so chosen that the diurnal variation in the magnitude of westerly 
dIS rbances below the limit is counterbalanced partly by an opposite variation in the 
numb,ers of occurrences within the limit and partly by the relatively large magnitude of 
the disturba.nces corresponding to the extra occurrenc~s. The numbers of occurrences of 
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westerly disturbances above the limit between the hours 18 and 5 are too small to secure 
the obliteration or casual a.bnormalities from the corresponding aggregates, and to this is 
attributable the erratic foim of the curve of calcula.~ total distUrbances for those hours 
(Fig. 169): but little significance attaches, therefore, to this part of the curve, which has 
a probability small in, comparison with the sparseness of the observatio~ upon which it 
depends. The thick line of Fig. 163 represent8, fQr each hour, the exeeS8 of observed 
easterly over observed westerly disturbance per day tor the whole period of observation: 
the thin line represents the excess of calculated total easterly over calculated total westerlr 
disturbance per day, and the close agreement of the two curves between the hours 3 and 
18 imJ>lies that, of the disturbances occurring within the limits :f: 1"4 of the normal de
clination, the exceS8 of the easterly aggregate$ over the westerly aggregates follows the 
same law of variation from hour to hour as does the corresponding excess of the larger 
di.turbancea taken by themselves and, having regard to the scales of the curves, that the 
two excesses are of about the same magnitude: the disagreement of the two curves in the 
remaining hours is explained in the same way as the erratic form of Fig. 169. 

The thin lines of Figs. 151 to 156 re~~;~ent ratios of the calculated total disturbances per observation-within and without the . 't of the separating value, and the thick line 
curves represent ratios of aggregates of the larger disturbances only. 

145. Figs. 13 to 150 are constructed to show the extent to which the general character 
of the diurnal variation of disturbance aggregates is exhibited by individual month's or 
year'8 observations: the yearly curves further indicate that the extent of variability of 
disturbance at different hours follows, like the general aggregates of disturbance, the 
sun-spot period,-being great when the spotted area is great and small when this is small. 

146, The regular solor-diurnal ooriation.-After the separation of disturbed observa
tions differing from the final normals by 1 "4, the averages were taken of the monthly final 
normals of the twenty-four hours-in the first place for every month, and in the second 
place for each of the fifty-four half-years; and by means of these averages were calculated 
the diurnal variations· for each month (on an average of twenty-seven years), for the 
whole year, and for each individual half year from 1846 to 1872, the one half-year compris
ing the months April to September, and the other the months January to March and 
October to December. The diurna~ variations are shown in the following tables. 
TABLE 49.-Showing,for the period 1846 to 1872, the 'mean-diurnal 'Variation of Declination 

for each month of the year and for the whole year. t 

Bombay 
Civil January, Jl'ebnw:y. March. AprlJ. Ha" laue, JuI.7. AUJrUB\. Septr, October, Novr. Decr. Year. 

Houra. 

----- ----~ 
h. m, 

0 U +'00016 +'00030 +'00017 +'00033 +'0002~ +'00026 +'00017 +'00017 +'00026 +'0Q027 +'00031 +'00021 +'OOO2J 
1 12 +'00ClCl9 +'00016 +.~ +'1lOO40 +'0003 +'00038 +'00035 +'00029 +'00033 +'00030 +'00037 +'00015 +'00027 
a 12 -'00006 +'OOClCl9 +. +'1lOO42 +'1lOO41 +'1lOO47 +:0Cl04<i +'00037 +'00035 +'00020 +'00016 +'00001 +'00024 
J 12 -'00020 -'OOOO~ -'00007 +'00028 +'00038 +'1lOO491 +'00050 +'00044 +'00034 +'00007 -'00007 - 00Il09 +'00017 
4 12 -'00040 -'0002 -'00018 +'00017 + 00042 +':i3 +'00059 +'00054 +'00036 -'00007 -'00029 -'00031 +'00!l09 

~ 12 -'00058 -'00041 -'00022 +'00020 +'00072 +. 9 +'00095 +'00092 +'00053 -'00016 -'1lOO49 -'00053 +'0001 5 
12 -'00071 -'00052 -'0000 +'00100 +'00189 +'00213 +'00217 +'00220 +'00166 +'00022 -'00066 :....·00064 +'0007J , U -'00077 -'00040 +'00076 +'00207 +'00264 +'0027E +'00274 +'003°5 +'00278 +'00108 -'00059 -'00086 +'00127 
12 '00000 +'00037 +"00148 +'00234 +'00248 +'00257 +'00243 +'00263 +'00250 +'00143 -'00001 -'00032 +'00149 

9 J2 +'00094 +'00087 + 00156 +'0016~ +'00117 +'00145 + 00123 +'00099 +'ooll3 +'00088 +'00027 +'00022 +'00103 
10 12 +'00093 +'00073 +'00097 +'00019 -'000~3 -'OOOll -'00026 -'00083 -'00072 -'00016 +'00001 +'00004 +'00002 
II 12 '00000 +'00007 -'00019 -'00125 - 001 2 -'00155 -'00158 -'00216 -'00226 _'oollS -'1lOO47 -'00030 - 00106 
12 12 -'00039 -'1lOO45 -'ooll7 -'00232 -'00260 -'00247 -'00229 -'00283 -'00314 -'00160 -'00031 -'00030 -'00166 
IJ 12 -'00015 -'00033 -'00134 -'00226 -'00228 - '00244 -'00235 -"00265 -'00276 -0"00120 +'00019 +'00021 - '00145 
14 12 -'00001 - 00006 -'00076 -'00161 -'00161 -'OQ2OC -'00191 -'00194 -"00153 -'00035 +'llOO4o +'00045 - 00091 
IS 12 +'00013 + 00006 - 00012 ::~ - 00082 -'00124 -'00111 - '00083 -'00028 +'0Q023 +'00035 +'00046 - "00033 
16 12 +'00025 +'00ClCl9 +'00017 -'00016 -'00045 -'00040 +'00003 +'00044 +'00035 +'00016 +'00037 + 'OOOCI6 
17 Ja +'00007 -'00010 -'00017 '0000(I +'00010 -'0001<: '00000 +'00038 +'00032 -'00019 -'00012 +'00005 +'00002 
18 12 -'00005 -'00031 -'1lOO45 -'00025 -'00003 -'00009 -'ooro5 +'00016 -'00013 -'00032 -'00002 +'00010 -'00012 
19 12 +'00014 -'00002 .... 00031 -'00039 -'00040 -'00053 -'1lOO43 -'00028 -'00014 -'00011 +'00015 + 00027 -'00017 
20 12 +'00016 +'00005 -'00024 -'00031 - '1lOO41 -'00049 -'00056 -'00033 -'00011 -;-'00005 +'00013 +'00022 -'00016 
21 J2 + 00015 + 000061- 00011 -'00012 -'00024 -'00035 -'1lOO40 -'00024 -'OOOCI6 -'00001 +'00011 +'00016 -'00009 
:.a:.a 12 + 00013 + '00007 - '00005 +'00005 - 00007 -"00017 -'00021. - '00012 -'00001 +'00013 + 00021 +'00020 +'00001 
23 J2 +'00010 +'00014 +'00008 +'00020 + 00011 +'00005 - '000011- '00004 +'00016 +'00024 +'00033 +'00023 +'00012 

These variations are also represented by the curves of FiQ'S. 186 to 198, which show 
great similarity of characterJor the six. summer months, and a °gradual change to a type 
of curve nearly approa.ching to that of a magnetic equatonal station in the months 
November and December, with a reverse change after these months. 

• By diurnal or annual va.rIation is always to be uude1'8tood the series of hondy or monthly values 
expressed by the excess of ea.ch above the mean value for the whole day or for the whole year respectively, or 
rather, by these values converted into force, 

t In this and all the Tables that follow, the positive si!!'D indicates a movement of the north end of the 
declination magnet to the eastward of its norma.! direction, ~nd the deviations from the normal are expressed 
in mm-m~.s units of force. 



TABLE. 50. 

Showing,for the lw,lf years including the months from April to September in the several years 1846 to 1872, and in the whole period of 
twenty.seven years, the rnean diurnal variation of Declinai£on, 

--Bombay Civil 
Hours, 1846" 1847, 1848, 1849, 1850, 1851, 1852- 1853, 1854. 1855. 1856, 1857, 1858, 

h, m. 

0 lZ .. +'00018 +'0001 7 +'00028 +'00022 +'00028 +'00028 +'0002 9 +'00030 +'00037 +'oP029 +'0003 1 +'0002 7 + '00025 I lZ .. ' +'00028 +'00023 +'00038 +'00032 +'00041 +'00034 +'00038 ,+'00041 +'00045 +'00040 +'00043 +'00039 +'00040 2 12 .. ' + '0003 1 +'00028 +'00035 +'00032 +'00043 +'00036 +'00045 -1- '00047 +'00054 +'00048 +'00046 +'00047 +'00043 3 12 .. +'0003 2 + '00025 + '0003 1 +'00030 + '00039 + '0003 1 + '00042 +'00054 +'0005 1 +'00045 +'00050 +'00047 +'00047 4 12 .. +'00037 +'00040 +'00030 +'00036 +'00037 +'00034 + 00050 +'00060 +'00046 + '00054 +'0005 2 +'00047 +'00049 5 12 .. ' +'00061 +'0007 8 +'00057 + '00068 +'00060 +'0005 1 +'00068 + '00092 +'00068 +'00063 +'00069 +'00069 + 00076 6 12 .. , + '001 74 + '00185 + 'OGI94 +'00201 +'00184 + '00151 + '00188 + '0021 5 +'00167 +'00146 + '00153 +'00160 +'00186 7 12 .. ' + 00265 +'00254 +'00302 + '002 9 1 +'00280 +'00245 + '00263 +'00288 + '00227 + '0022 7 +'00212 +'0024 2 +'002 73 8 12 .. , +'00249 +'00245 +'0029 2 +'00270 +'00266 +'002 3 2 +'002 4 6 +'0023 8 +'0021 3 + '0021 5 + '001 99 +'0023 2 +'00252 9 12 .. + '001 39 +'00102 +'00146 +'00148 +'001 45 + '00133 +'oo1I 3 +'00098 +'00101 +'0011 9 +'00096 +'00119 +'001 31 10 IZ .. -'00048 - '0005 6 -'00034 - '00024 -'00020 - '00001 - '00045 - '00073 -'00057 -'0001 4 -'00039 - '00055 - '00045 II IZ , .. -'00183 -'001 77 - '00205 - '001 70 - '00181 -'00142 -'001 79 - '0021 7 - '00165 - '00148 - '00153 - '00150 -'0018 7 12 12 , .. - '00256 -'0025 1 -'00285 -'00289 - '002 7 0 -'00234 -'00259 -'00294 -'0023 0 -'00229 - '00223 - '00229 - '00269 13 12 , .. -'00247 -'002 3 2 -'002 57 - '00261 - '002 7 1 -'00228 - '002 4 2 - '00260 -'0022 7 -'0021 7 -'00206 -'00213 -'00257 14 I2 .. - '00115 - 001 5 6 - '001 9 2 -'00186 -'001 95 -'00165 - '0017 1 \ - 00180 -'00148 -'001 59 - '001 4 0 - '00146 - '001 93 IS 12 ,., -'00090 -'00068 -'00082 -'00078 -'00091 -'00078 -'00080 -'00079 -'00068 -'00085 -'00064 -'00063 -'00100 16 12 .. '00000 + '00018 - '00010 -'00004 - '00014 - 'OOOIl -'00012 -'00012 - 00008 -'0001 9 -'00004 -'00006 - '00021 17 12 , .. +'00029 +'00026 +'00009 +'00014 + '00016 + '00009 + '00007 +'00020 +'00002 - '00001 +'00003 - '00001 + '0001 3 18 u , .. + '00012 +'00007 -'00002 -'0001 5 -'00007 -'00006 - '00011 +'00001 - '00022 -'00019 - '00022 -'00045 + '00001 19 U .. - '0002 7 -'00035 -'00036 -'00047 -'00039 -'00038 -'00035 -'00033 -'00043 -'00040 -'00043 -'00049 -'00030 20 12 ' .. - '00032 -'00039 -'00033 -'00040 - '00039 -'00043 -'00035 -'0002 9 -'00041 -'00036 -'00039 -'00048 -'00030 21 12 .. -'00014 -'00024 -'00028 - '00026 -'00020 -'00030 -'0002 3 -'00020 -'00022 -'00022 - '00025 -'0002 3 - '0001 5 22 12 - '0001 3 - 'ooon - '00011 -'OO()O9 -'00004 -'00010 -'00005 -'00004 -'00001 -'00008 -'00008 -'00009 -'00002 23 J2 +'00010 -+- '00005 + 'OOOIl +'00006 + '000 13 +'00010 +'00008 +'00017 +'00021 +'00010 +'00013 +'00014 +'00013 
'---------------------------------- --

Range , .. '005 21 '005 0 3 00587 '00580 '0°55 1 '0°479 'ooSu '00582 '00457 '00456 '00435 '0047 1 '0054 2 

1859, 

+'00019 
+ 1>003 2 
+'00030 
+'00030 
+'0003 2 
+'00063 

,..., 
+ '00211 

+'00300 
+'00306 
+'00180 

- '0001 5 
- '00177 
- '002 91 
- '00281 
-'0021 9 
- '00 II 9 
-'0001 5 
+ 'Q0007 
- '00001 
,'oooH 

- 00°3 2 
-'00016 
-'OOQIO 
+ '00001 

'00597 
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Bombay CIVIl 

I Houri, 1860, 18GI, 1862, 

h, m, 

0 u .. + '00018 + '00018 + '0001 7 

• 12 .. ' +'000z8 +'00032 +'00033 

• u .. ' +'0003° + '00041 +'00038 

3 U .,. +'00024 +'00035 +'00038 
4 IZ .. +'00032 +'00035 +'0003 2 
5 IZ ... + '00081 +'0007 6 +'0006 7 
6 lZ ." +'00216 + '00Z07 +'001 93 
7 12 .. , +'003 19 +'00Z98 +'00269 
8 12 .,' +'003 10 + '00261 +'00240 
9 u ... +'00167 +'001Z3 +'00119 

10 12 '" -'00037 -'00049 - '0005 1 
11 IZ ." - '0021 7 -'00206 -'00180 
12 12 ." -'00308 - '0027 8 -'00253 
13 12 ... -'00282 - '00Z62 -'00241 
14 12 , .. - '00214 -'00188 -'00162 
15 J2 , .. -'00107 -'00083 -'00065 
16 u .. , -'0001 3 +'00002 + '00016 
17 12 ... +'00024 +'00028 +'0001 5 
18 U .. +'00018 +'00003 - 'OOOIZ 
19 II ... -'00022 -'00032 - '00035 
20 12 , .. - '00030 -'00034 -'00041 
21 lZ ... - '00022 -'00023 - '00024 
22 12 .. ' - "00007 - 'OOOIl -'00011 
23 12 ... '00000 +'00008 -'00001 

----------

Range , .. '006271 '0057 6 '005 22 

TABLE 50-COlttinllcd. 

1863. 1864, 1865. 1866, 1867. 1868. 

+ '00027 +'00020 +'00026 +'00031 +'0002 5 +'00021 
+'00036 +'00036 +'00036 +'00042 + "00039 + "00031 
""00045 +'00045 +'00048 +'00047 + '00047 +'00039 
+'00047 +'00044 +'00042 +'00049 +'00048 + "00042 
+'00043 +'00044 +'00043 +'00043 +'00044 +'00050 
+'00074 +'00066 +'00066 + "00049 + '0005 6 +'00067 
+ '00177 +'001 74 + '001 58 +'001Z2 +'0014 1 + 00162 
+'00z53 +'0024 6 +'00233 +'001 94 + "0021 5 +'0024 8 
+ '00237 +'00242 + '00Z17 + "001 9 2 +'00206 +'0021 9 
+'00108 +'00134 +'00°97 + 00122 + '00110 + '0011 3 
-'0002 5 -'00034 -'00040 - '0001 3 - '00025 -'00030 
- ' 00157 - 00168 -'oolp - '001I8 -'0014 1 -'00159 
-'00265 -'002 50 -'00:u8 -'0019 Z -'00210 -'00235 
-'0024 8 -'00229 ... ·00218 ~ '00187 -'00205 - '0021 9 
-'001 78 - '00182 - '00166 -'001 35 - '001 50 - '001 5 0 
-'00084 -'00077 -'00074 - 't)0075 - 00070 - '00073 
-'00009 - '00012 -'00018 - '00021 - '00011 -'00016 
+'0001 3 +'00011 +'00007 - '00011 + "00005 + '00001 
- '00001 -'00012 -'00014 -'0002 7 - '00012 -'00008 
-'00029 -'00034 - '00031 - '00042 -'00059 -'00041 
-'00038 -'00039 -'0002 7 - 00041 -'00033 -'00039 
- '0001 9 -'00023 - '00017 - '0002 7 -'00020 -'0002 7 
- 00008 -'00009 -'00005 -'00009 -'00008 - '00010 
+'00009 +'00008 + '0001 7 + 'OOOIZ + 'OOOIl +'00007 

------ --
'005 18 '00496 '00461 '00386 '00425 '0048 3 

, 

Curves r~rreBentmg thea. varIations are numbered 199 to 226 on Plato XIV, 

1869, 18'70. 1871, 

+'00017 + '00013 +'00030 
+'00032 +'00030 +'00039 
+'000035 +'00036 + "00038 
+ "00039 +'00041 +'00042 
+'00043 +'00050 +'0005 1 
+'00073 + "000 9 2 +'00099 

+ 00205 +'OOZ3 2 +'0024 1 
+'00,287 +'00336 +'0033 2 
+'00265 +"00306 +'00308 
+'001 47 +'00157 +'001 47 
-'00039 -'00055 -'00047 
-'001 9 0 -'00225 - "00214 
-'0029 2 -'00324 -'00318 

- '002 75 -'00306 -'00297 
- '00185 - '0021 5 - '00225 
-'00085 -'00106 - 'oOlI7 
-'00006 -'0002 5 -'00016 
+'00022 +'00038 +'0001 5 
+ 00002 +'0001 9 +'00007 
-'00035 -'00025 - '00036 
-'0003 1 -'00033 -'00039 
- '00022 -'00030 - '00032 
-'00008 -'00015 -'00012 
+'00005 + 00002 +'00007 

----------
'00579 '00660 '0065 0 

1872, 

+ "0002 5 
+'00035 
+ "0005 1 
+'00047 
+'00056 
+ 00088 
+'002 3 2 
+'0032 7 
+'00281 
+'00129 
-'00047 
-'00209 
- '00280 
-'00269 
-'001 95 
- '001 07 
-'00034 
-'00002 
-'00010 
-'00036 
-'00047 
- '00030 

-'0001 3 
+'00002 

--
'00607 

I Twenty. "ven years 
18-&6 to 1872 

+ '00024 
+'00036 
+'00041 
+'00040 
+'00043 
+'0007 0 
+'00184 
+'00268 
+'002 5 0 
+'00128 
-'000l8 
-'001 77 
-'00261 
-'00246 
- '00177 
-'00084 
-'00010 
+'00012 
-'00007 
-'00037 
-'00037 
-'00023 
-'00009 
+'00009 

---
'005 29 

..... 
o -



Bombay CIVIl 
Hours. 

h m, 

0. 12 

I 12 
2 12 

3 12 

4 I2 

5 I2 

6 I2 

7 12 
8 12 

9 12 
10. 12 
II I2 
12 I2 

13 I2 

14 I2 

IS I2 
16 12 

17 12 
J8 12 

J9 12 
20. I2 
2J 12 
22 12 

23 J2 

R/lnge .. 

TABLE 51.-Showing,jor the half-years including the months j1'oln Janua1'Y to March and Octo bel' to Decen'l-ber in the several 
yeq,r$ 18~6 ,to 1872, and in the wlwle period 0/ twenty-seven years, the mean-diurnal variation oj Declination. 

~ . 
--

1~6. 184;. 1848. 1849. 1850, 1851. 1852. 1853. 1854. 1855. 1856. ~ 185'7. 1858. 

-

r 

+'0.0.0. 15 + 0.00. 1 3 +'0.0.0.1$ +'0.0.022 +'0.0.0.13 +'ccell + '0.0.0.21 +'0.0.0.26 +'0.0.0.34- +'0.0.0.2 3 +'0.0.0.20. +'ccCJ8 +'Qco26 
+'0.0.0.0.3 +'0.0.0.22 + 0.0.0. 1 7 +'0.0.0.1,3 +'CCCJ4 +'CCC2g +'0.0.0.1,3 + 'CCC2J +'0.0.02 7 +'occJ6 + '0.0.0. 1 3 +'0.0.997 +'000.1$ 
-'0.0.0.0.8 + 'QOC12 +'0.00.0.4 +'0.0.010. +'0.0.0.0.1 +'0.0.0. 14 -'0.0.0.0.1 +'0.0.0.04 + '~COI7 +'0.0.0.0.7 +'0.00.0.6 -'0.0.0.99 +'0.0.005 
-'0.0.0.20. -'0.00.0.3 -'00.0.12 -'0.0.0.21 -'0.00.16 -'0.0.0.01 -'0.0.0.16 -'00.0.10. -'0.0.00.5 -'0.0.0.0.8 ""'90.0.0.8 -'0.0.0.19 ~ '0.001 3 
-'0.0.0.37 -'00.0.20. -'cQQ,35 -'0.0.0.44 -'0.00.33 -'qce23 -'0.0.0.31 ...,. '00.0.2 7 - '0.0.0. 25 -'0.0.0.2 3 - '00.0.26 -'0.0.0.31 - '0.0.0.3 1 
-'0.0.0.46 -'0.0.0.28 -'0.0046 .... 0.0.056 -'00.0.46 - '00.0.37 -'0.0.0.5.0 ~/OCC44 -'90.041 -'0.0.0.44 -'000.41 - '0.0.0.47 - '00.0.57 
-'0.0.0.44 -'0.0.0.22 -'0.0.0.30. - '0.005 1 -'0.0.0.38 -'0.0.0.26 -'0.0.0.61 - '0.0.0.5 1 -'0.90.54 -'0.00.39 -'0.0.0.49 -'0.0.0.53 - '0.0.0.5 6 
- '00.0.0.2 +'0.0.0.18 '0.0.0.0.0. -'0.0.0. 1 5 -'0.0.0.05 + '0.0.0.16 -'0.0.0.30. -'0.0.0.41 -'0.0.0.39 - '0.0.0.21 -'0.0.0.26 -'0.0.0.24 -'0.0.0.25 
+'0.0.0.62 +'0.0.0.75 +'0.0.0.82 + '0.00.74 +'0.0.0.66 + '00.0.74 +'0.0.0.36 +'0.0.0.0.6 + '0.0.0.14 + '0.0.0.36 +'0.0.0.40. +'0.0.0.38 + '00.0.57 
+'0.0.0.6 5 +'0.0.0.6 3 +'ccu6 + '0.0.119 + '0.0.118 +'0.0.0.88 +'0.0.0.76 +'0.0.0.37 +'00.0.36 +'0.0.0.62 +'0.0.0.62 +'0.0.0.7 6 + '0,9J I 9 
+'0.0.0.0.8 +'0.0.0.38 +'0.0060. + 'QCC9 1 +'0.0.0.78 +'0.0.0.33 +'0.0.0.61 +'0.0.0.18 +'0.0.0.1 5 +'0.0.0.10. +'0.0.0. 14 +'ccc4a +'0.9084 
-'0.0.0.62 - '0.00.30. -'0.0.0.34 +'0.0.0. 1 9 -'0.00.18 - '0.0.0.55 +'0.0.0. 1 1 -'0.0.0.27 - '0.0.0.39 -'0.0.0.59 - 0.0.0.43 - 'CCOOJ +'cCCCJ 
-'0.0.0.8 3 -'0.0.0.8 3 -'0.0.0.75 - '0.0.0.5 6 -'0.0.0.73 -'0.0.0.96 -'0.0.0.31 -'ccc5J -'.00.064 ;- '0.0.0.77 - 0.0.0.6 9 -'0.0.0.28 -'0.0.0.48 
-'0.0.0.49 -'0.0.0.46 -'0.0.0.38 -'0.0.0.55 -'0.0.0.54 - '0.0.0.5 2 -'0.0.0.23 -/0.0.0.28 -'0.00.42 -'0.0.0.46 -'0.0.0.3 1 -'0.0.0.21 - 'QCC4 1 
+'0.0.0.0.9 -'0.0.0.0.8 -'0.0.0.14 -'0.0.0. 15 ..,.'0.0.0.1 4 +'0.0.0.0.1 -'0.0.0.0.3 +'0.0.0.0..8 - 'ccglc - '-OCCJC +'0.0.0.0.7 -'0.0.0. 13 - '00.0. 1 9 
+'0.0.0.66 +'0.0.0.1 5 +'0.0.0.2,3 +'0.0.0.07 +'0.0.0. 14 +'0.0.0.38 +'0.0.0.10. + '0.0.0.3 2 +'0.0.0.21 +'0.0.0. 1 7 +'0.0.0.30. +'0.0.0.0.3 -'0.0.0.0.4 
+'0.0.0.74 +'0.1)0. 2 9 +'cc,e1l5 +'0.0.60.1 +'OOQ 24 + '0.0.0.42 + '0.0.0.12 +'0.0.0.3 2 +'0.0.0.35 +'0.0.030. +'0.0.0.30. +'0.0.0. 1 3 - '0.0.0.0.4 
+'0.0.0. 23 -'ceo. l 5 !-'cccl8 -'0.0.0.24 -'0.0.069 -'0.0.0.0.4 -'ccccS +'0.0.0. 19 + 'cccJ7 +'0.0.0.16 +'0.0.00.9 -'OQCCJ -'0.0.0.28 
-'0.0.003 -'0.0.0.35 -'0.0.0.38 -'0.0.0.34 - 0.0.029 -'0.0.0.2 5 - '0.0.0. 1 5 +'0.0.0.0.2 +'0.0.0.0.7 +'0.0.0. 14 +'0.0.00.2 -'CCCOS -'0.00.2 9 
+'0.0.0.0.8 - '0.0.0.0.2 -'00.0.09 -'0.0.00.6 -'0000.6 -'00.00.5 -'0.0.0.0.1 +'ccQH +'00.0.0.8 + 0.00. 15 +'0.0.0.0.7 + '0.0.0.0.2 + '0.0001 
+'0.0.0.0.5 +'CCGC4 +'CCCCJ '0.0.0.0.0. 10.0.00.0. -'00.0.0.7 + '0.0.0.0.3 +'1)0.0.[2 +'00.0.16 +'0.0.0.16 +'0.0.0.0.7 +'0.0.0.0.3 + 'OCCOJ 

+'00.0.0.5 -'oCCEl3 ""0.0.0.09 +'0.0.0.0.1 -'00001 -'0.0.01 3 + 00.0°7 +'occJ5 +'0.0.0.20. +'0.0.0. 19 +'0.0.0. 1 3 +'0.0.0.0.6 +'0.0.0.0.7 
+'0.0.0.0.6 +'0.0.0.0.1 -'0.0.0.0.4 +'00.0.0.4 +'0.0.00.1 + 0.0.0.0.2 +'0.0.0.07 +'0.0.0. 1 3 +'0.00.24 +'0.0.0.21 +'oOOJ5 +'0.0.01 5 + '0.0.0. 13 
+'0.0.00.6 +'0.0.0.0.8 + '00.0.13 +'0.0.0. 1 9 + '0.00.12 +'00.0.0.5 + '0.0.0. 17 +'0.0.0.2 5 + '0.00.2 7 +'0.00. 2 3 +'000 19 +'cco~3 + 0.0.0. 24 

'0.01 57 '001S8 '0.0191 '0.0. 1 75 'CCJ 9 1 'cCJ84 '0.0. 137 '0.0.088 '00.10.0. '001 39 0.0.1 3 1 'cOJ Z9 'CCJ 76 

1859. 

+'0.0.0.1 7 
+ '00.0.1 7 
+'0.0.0.0.8 
-'0.0.0.0.6 
-'0.0.0.30. 
- '0.0.0. 25 

- '00.0.39 
- '00.0. 19 
+ '900.81 

+ '0.0. 1 33 
+'CCO~2 

- '0001 5 
-'0.0.0.53 
-'0.0.0.44 
-'cccJ4 
- '0.0.0.0.1 
-'0.0.0.0.8 

~ '0.0.0.44 
-'0.0.05 8 
-'0.0.0.0.8 
+ 0.0.0.0.1 
- '0.0.0.0.2 
+'0.0.0.0.8 
+'0.0.0. 1 9 

'0.0. 191 



Plate 1"V CUlitmIUJ. 

HOUR 1 
o 
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+ 00100 

Fig. 234 
. - " .... 1853 '00000 -............ /" / .......--.-.-._._._---'-.- ...... .-. 

,- 00100 

• .. ·00100 -

~ . Fig. 241 
1866 t ·00000 _.-.... : /.- ..... • ........ -._-_. __ .--_ • _ ....... -/. '.......-./ 

-·00100 • 

{

+ 00100 

Fig. 235 
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l +·00100 
, __ Fig 246_. 
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._ ....... , Fig. 236 
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-·00100 -. • 
{

'+ 00100 

._._. • ........ ", ~4S 
1864 ·00000 ...... _. - / \. ' ./ -'-'_-'-'-'-'--' ...... -.-. "/ 

I ' • ..""." 

- 00100 

{

+.00100 

18S6 '00000'-'-' /.,..., Fig. 231 -.-. . .--:;'- ..... --" '" /' -'-'-'-'- _.-
-'00100 ........ / t

+ 00100 .-. 
._. -./ - Fi .144 

1863 '00000 _.-...... '/ \ g .-._ ........ __ .-._._.-.-'-.-.-' ~./ .-...... 
-·00100 

{

+.OOIDO 
,/ ........ ' 
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....... ' ,---

-·QOIOO 

(

+ 00100 
./',. Fig. 2!:_ 

1862 t 00000 -'_.-', ./ \ / ""._._-_._ • ........ .-...- ---" 

..... '/ 
- 0010,," 
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+.OOIOO /". 

1858 00000'--.,. / \. Fig. 23f -_. -., ~ .... .--....... /-_.-
'--' ",. ..... "-

-'00100 

{

+ 00100 • ."......... , 
• Fi 242 

1861 00000 _._.-._._ ...... _1 \ g ./",,-_.-,-,-,---, 
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- 00100 

{

+ 00100 ./'" 

18!19 .00000·_·--. ..... __ ....... 1 \, F'i:..t~...... . __ ._.-._. 
-·00100 .- .-./ 

{

+OOIOO' /, 

._ ' Fig 241 
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TAEI.I!: 51-continued, 

Bombay Civil 
Hours, 1860. 1861, 1862, 1863, 1864. 1865. 1866. 1867. 1868. 1869. 1870. U~ll. 

TWlIDty-aeveu 
1872- yelU'l 

1846 to 1872. 

h. !p. 

0 1, +'0001 5 +'0001 7 +'00013 + '00021 +'00031 +'00027 +'00030 + '0002 7 + '00025 + '00034 +'00028 + '00030 + '00024 +'00022 

J U +'OQOn + '00011 +'0001 5 +'00017 + '00025 +'00023 +'00021 +'0001 9 + '0001 9 + '00032 +'0002 7 + '00032 + '00023 +'0001 9 
2 11 +'Qoo08 +'1'0006 +'00006 +'00007 +'00013 -'00002 +'00003 + '0~013 +'00009 + '00021 +'00030 + '00016 + '00020 +'000C?8 

3 U ... ·00006 - '00009 +'00018 - '00009 -'00004 - '00008 -'00016 - '00007 -'00004 + '00008 + 'OOOIl '00000 + '00002 -'00007 

4 J2 7"'00026 -'00023 - '0001 7 -'00029 - '00015 -'0001& -'00033 -'00026 -'00024 - '00010 -'00006 -'00013 - '00023 - '00025 
l 

#- '00034 g 12 -'0,,043 -'00039 -'00034 - '00042 -'00039 - '0005 2 ~ '00°39 - '00036 - '00028 -'00018 - '00030 - '00035 - '00'040 
J2 -'00046 - 'PopU -'Q0029 -'00°46 -'00042 - '00035 -'00056 -'00°42 -'00039 -'000 3 8 '00000 - '00033 -'0001 9 - '00039 

7 u -'00006 -'0000C; .. '00015 -'00035 - '00028 - '00014 -'0002 7 - '00°38 -'00026 -'00026 + '00056 + '00007 + '00016 - '0001 3 
8 J2 +'00014 +'00065 +-00046 +'00028 +'OO02t +'00018 +'00018 +'00006 +'00024 + '0001 9 + '00105 +:00065 + '00°95 +'00049 
I) u +'001 3 0 +'00093 +'00084 +'00069 +'0005 +'00023 +'00029 +'00036 +'00064 + '00040 + 'OOt13 +'00107 + '00Il7 +'00079 

10 I2 +'0009$ +'00055 +'090 33 +'00083 +'00026 -'00020 +'00007 '00000 +'00050 + #00006 + '00038 +'00059 + '00064 +'00042 

H I2 - 'OOOIS -'00038 ... ·00060 -'00049 -'0003& -'00089 -'00035 -'00060 -'00015 -'00058 -'00053 - '00035 - '00037 .. '00035 

U '2 -'00060 -'00080 -'oQolh -'00071 - '00073 -'00095 -'00061 -'00067 -'oooSo - '00087 - '00119 -'00085 - '00085 - '00070 

J3 ,2 -'00049 - '0006 3 -'OOQ48 -'00036 -'00036 -:0005 2 -'00040 -'00055 -'00029 -'00025 - '00066 -'0005 1 - '00059 - '00044 

'4 u -'0001 7 -'00031 +.'00029 +'00003 -'00009 '00000 +'00001 +'00014 -'00002 + '00018 - '001n7 -'OOOIS - '0001 3 -'00005 
15 u - '00003 +'00008 +'00031 +'00014 + 'o~017 +'00036 +'00024 +'00035 +'00009 + '0005 1 - '00004 ;"00007 + '00007 +'00018 
16 12 + tOOQI4 +'00024 +'090 33 +'00021 +'000:11 +'00050 +'00032 +'00039 +'00010 + '0002 7 +'00006 +'00004 + '00006 +'0002 3 . 17 12 -'00025 - '(,)0010 -'Q0023 - '00001 + '00003 +'00020 +'00021 +'00026 - '0001 3 -'00014 - '00046 -'00041 -'00036 .. "00008 
IS 12 -'00050 - 'Ogo05 ... '00020 -'00008 -'00004 +'00018 + 't>0015 + '00018 - '00012 -'00017 - '00062 -'00057 - '0005 2 - '00018 
19 J2 -'ooop8 +'OOOQ2 +'00001 +'0000,3 +'00009 + '00032 +'00024 + '00016 + '00003 +'00004 - 'ooot l - 'OOOHI - '00018 +'00002 
2g J2 7'09004 +'00010 -'OOGOl + '00011 +'00010 +'00028 + '00019 + '00016 '00000 -'00005 "'00007 -'00 004 - '00010 ... ·0000$ 
21 III -'00004 +'00007 ~'ooooS +'0001 3 + 'OOOIl +'0002 7 +'00022 + '0001 9 +'00007 + .1000°7 -'oeo04 +'00002 -'00008 +'00006 2, I~ -'00002 +'00005 +'00007 + '00011 +'00020 +'00030 + '0002 7 +'00026 +'00012 + '0001 7 + '00006 + '0001 5 +'00007 +'OOOU 
23 u +'Qj.)015 +'00014 + 'OOOII +'00021 +'00023 +'00033 +'00 030 +'00029 +'00020 + '00025 '+ '0001 7 + '0002 7 +'00018 +'0001 9 • 

- . 
Range .. , 'gol90 ' 001 73 'f)016S '00 1st 'eoI2S '00145 '00093 '00106 '00 II 4 'oOl3S 'OQ23 2 '001 9 2 '00202 '00149 

-
OUfVeJ represlIDtiDg these variatioDB are Dum~ered ~~ til 254 aD Plate XV, 

, 14~, Viewe~ together w~th the curves for April to SepieIllber, they show very distinctl, the consist~nt oharaoter of the semi-annual inequality 
lD the dIurnal v~trlation of decImation in different years. 
. The half-excess fall e&ch hOQr of the numbers in the last column of Table 50 OVer thos~ in the lllost column of Table 51 or the semi-annual inequal. 
lty of the mean diurnal v~riation of declination, is as follows, the excesses being written in the order of the hours 0 ~o 23:-

+ '00001. + 'OOOO~.+ '00016.+ '00024. + '00034, + ·00055, .... '00111, + '00138, + ·00100, .... ·00024,-·00004,-·00011. 
-'00095.-'OOlOl,-·00086,-1>005l,-'00016,+·OOOlO,+·00005,-'000l9,-'00021,-'00014,-'OOOlO,-'00005, 

,..., 



TABLE 52.-Show'i'1g the 'IlJ,ean diurnal variation of Declination for each of the years 1846 to 1872. 

Bombay Civil 1846, 1847, 1848, l849. 1850, 1851. 1852, 1853, 1854, 1855, 1856, 1857, 1858 1859, 
Hours 

h. m, 

0 I2 +'00016 +'00015 +'00023 + '00022 + '00020 +'0001 9 +'00025 +'00028 +'00035 + '00026 + '00025 + '00022 +'0002 5 + '00018 

I 12 +'00015 .. + '00022 + '000a7 +'00022 + '00027 + '00027 + 0002 5 +'0003 1 + 00036 +'00028 +'00028 +'00023 + '0002 9 + '0002 4 

2 12 +'00011 +'00020 +'0001 9 + '00021 +'00022 + '000;15 +'00022 +'00025 +'00035 + '0002 7 +'00026 +'0001 9 +'00024 + '0001 9 

3 12 +'00006 +'00011 +'00009 +'00004 +'OOOJI +'0001 5 +'0001 3 + '00022 + '0002 3 + '00018 + '00021 +'00014 + '0001 7 + 00012 

4 12 '00000 +'00010 -'00002 -'00004 + '00002 +'00005 +'00006 +'00016 +'OOOJo +'0001 5 +'0001 3 + '00008 + 'ooco9 + '00001 

5 12 +'00007 +'00025 +'00005 +'00006 +'00007 +'00007 +'00009 +:°0024 +'0001 3 +'00009 +'00014 + 'OOOlJ + '00009 + '0001 9 

6 I2 +'00065 +'00081 +'00082 + '00075 +'00073 + '00062 +'00063 + '00082 +'00056 +'00053 +'00053 +'00053 + 00065 + 00086 

7 12 + '001 3 1 +'001 3 6 +'001 51 +'00138 + 'Oot37 + '001 3 0 + '00 II 6 + 0012 3 +'00094 +'00103 + 00093 + '00109 + 00124 +'00140 

8 J2 + '001 55 +'00160 + '00187 + '001 72 + '00166 + '001 53 + '0014 1 +'OOI22 + '00 II 3 + '00125 + '001 19 + 001 35 + 001 54 + '001 93 

9 I2 + '00102 + 00082 +'001 3 1 + '001 33 + '001 3 1 + '00110 + '00094 + '00067 +'00068 +'00090 + oQ0 79 + '00097 + '00125 + 001 56 

10 12 - 00020 -'00009 + '0001 3 +'00033 +'0002 9 + '00016 + '00008 - '00027 - '00021 - '00002 - '00012 -'00003 +'0001 9 +'00033 

I1 I2 - 'OOU2 -'00103 - 'OOIJ9 -'00075 -'00°99 -'00101 -'00084 - '00122 - '00103 -'00103 -'00098 - '0007 6 - 00093 -'00096 

12 12 - '00169 -'00167 -'00180 - '001 72 - '001 7 1 - '001 6 5 -'00145 - '001 7 2 -'001 47 ~ '001 53 - '00146 - '00128 - 001 5 3 - '0017 2 

13 12 -'001 4 8 -'00139 - '00147 - '001 58 - '00162 -'00140 -'001 3 2 -'00144 - '00 134 -'001 3 1 - 00118 - '00117 - '00149 -'00162 

14 lZ -'00083 -'00082 -'00103 - '00100 - 00104 -'00082 -'0008 7 -'00086 -'00079 -'00084 -'00066 -'00079 - 00106 

I 
- 00JI6 

IS 12 - '00012 - '00026 -'00029 -'oo03S -'00038 -'00020 - '00035 -'0002 3 - '00023 - 00034 - '0001 7 - '00030 - 0005 2 -'00060 

16 12 + 00037 +'OOO:l3 +'00007 -'00001 +'00005 +'0001 5 '00000 +'00010 +'0001 3 +'00005 +'0001 3 + '00003 - '00012 -'oooll 

17 12 +'00026 +'00 005 -'00004 -'00005 +'00003 +'00002 + 00001 + '0001 9 + 00009 + '00007 +'00006 - 00001 - 00007 - '00011\ 

18 12 +'00004 -'00014 -'00020 -'00024 -'00018 -'00015 - 'OOOI,~ +'00001 - '00007 - '00002 -'00010 - '0002 5 -'00014 - '00029 

19 IZ -'00009 -'00018 -'1'0022 - 'ooo~6 -'00022 -'01'021 - '00018 - 'OOOIl - '0001 7 - '00012 - '000 18 - 00023 - 0 001 4 - OOOl I 

20 12 -'0001 3 - 0 001 7 - '00016 -'01'010 -'0001 9 -'00025 - '00016 -'00008 - '00012 - 00010 -'00016 - 000;12 - 0 001 4 - 0001 5 

:n 12 - 00004 - '00013 - '00018 - 'ClOOI2 - '00010 - '00021 -'00008 - '00002 - '00001 - '00001 - '00006 -'00008 - '00004 - 00009 

22 12 -'010003 - 000 05 -'000107 -'00002 - '00001 -'00004 +'00001 +'00004 

I 
+ '00011 + '00006 +'000°3 + '00003 -t- (;OOCS -'00001 

13 12 +'00008 +'00006 + '00012 +'00012 +'00012 +'00007 +'00012 + '00021 +'0002 4 +'00016 + '0001 5 + 'OOOIS I + 00018 I + 00010 

------ ~0'631 "0";-i Range '003 2 4 '003 27 '0036 7 '003441 '00337 '003 18 '00286 '002 95 I '00260 I '002 78 00265 '003 65 
I 



TA.BLE 52-continued, 

Bombay CivIl 
Hours. ISr,o. 1861. 1862. 1863. 1864, 1865, 1866. 1867. 1868. 1869, 1870. 1871, 1872, 

h, m. 

+'"00016 
, 

0 u + '0001 7 + '0001 5 +'00024 +'00025 + '"00026 +'00030 +'00026 + '"00023 + '"00025 + '"00020 +'00030 +'00024 
I 12 +'000221 + '00021 +'00024 +'00026 +'00030 +'0002 9 +'00031 +'00029 +'00025. +'00032 + '"00028 + '"00035 +'00029 
2 12 +'0001 9 +'00023 +'00022 +'00026 +'00029 +'00023 +'00025 + '00030 +'00024 + '00028 +'00033 + '0002 7 +'00035 

3 12 +'00009 + '0001 3 +'00028 +'0001 9 +'00020 + '0001 7 +'00016 +'00020 +'00019 +'00023 + '00026 +'00021 +'00024 
4 III +'00003 +'00006 +'00007 +'"00007 + '00014 +'"00012 +'00005 + '"00009 + '"0001 3 +'"00016 + '000221 +'"00019 + '00016 

5 12 +'0001 9 +'00018 + '00016 + "00016 + '0001 3 + "00016 -'00001 +'00008 +'.0001 5 +'00022 +'00037 . +'"00034 +'00026 
6 12 +'00085 +'00098 +'00082 +'00065 +'00066 + '00061 + '"00033 +'00049 + '00061 +'00083 + 'Oon6 +'00104 +'00106 

7 12 + '0015 6 + '00146 + "0012 7 +'00109 +'00109 + '00109 + '00083 +'00088 + 'OOIll +'OOIJO +'001 9 6 +'00169 +'001 71 
8 U +'00192 + '00163 + '00143 + '"0013 2 + '001 3 2 + '001I 7 + '00105 + '"00106 +'00121 + "00142 +'00205 + "00186 + '00188 

9 III + '00148 +'00108 +'00101 + "00088 +'00095 + '00060 +'00075 +'00073 +'00088 + "00093 +'00135 + '0012 7 +'ooul 
10 12 +'00028 + "00003 .• '00009 +'0002 9 -:00004 -'00030 -'00003 - "00012 +'00010 - "00016 -'00008 + '00006 +'00008 
II lZ - '00116 - '00122 - 'OOlZO -'00103 -'00103 - "00120 - '00012 -'00100 -'00087 -'00124 - '00139 - '00124 - '00123 
u 12 - '00184 -'001 79 - '0016, - "00168 - '00161 - '00161 - '00126 - '001 3 8 - '00142 -'00189 - '00221 -'00201 -'00182 
13 12 - '00165 - 'oot6a - "00144 -"00142 - "001 3 2 - '001 35 - '00113 

-'
001

3
0 - '00124 - '001 5 0 - '00186 - '001 74 -'00164 

14 12 ,- '00115 -'00109 - '00066 -'00087 - '00095 -'00083 - '00067 -'00068 -'0097 6 -'00083 - "00121 - '00120 - '00104 
IS u -'00054 -'00045 - '0001 7 -'00035 -'00030 - '0001 9 - '00025 - '0001 7 -'00032 - '0001 7 - 'oooS5 - '00055 -'00050 
16 12 '00000 +'0001 3 + '0002 4 +'00006 + '00004 + '00016 + '00005 +'00014 -'00003 + "00010 - "00009 -'00006 - '0001 4 
J7 u '00000 +'00009 - '00004 +'00006 + "00007 + '0001 3 + '00005 +'0001 5 -'00006 +'00004 -'00004 - 'oooll - '0001 9 
18 u - '00016 - '00001 - "00016 -'00004 -'00008 +'00002 - '00006 +'00003 -'00010 -'00007 -'00031 -'oooa5 - '00031 
19 12 - 'OOOlS -'0001 5 -'0001 7 -'0001 3 - '00012 '00000 -'00009 - '00021 -'0001 9 , - '0001 5 -'0002 3 -'o002l -'0002 7 
20 I2 -'0001 7 - '00012 -'00021 -'00013 - '0001 4 'oepoo - '00011 -'00008 -'0001 9 -'00018 -'OOC20 -'00021 -'00028 
21 12 -'00013 - '00008 - '00009 -'00003 -'00006 +'00005 -'00002 '00000 -'00010 -'00007 - '0001 7 -'OOOlS -'0001 9 
22 12 -'00004 -'00003 - '0000:2 + '00001 +'00005 + '00012 + '00009 +'00009 + '00001 +'00004 -'00004 +'00001 -'00003 
:23 u + '00007 + '000 II +'o~05 + '00015 + '0001 5 +'00025 + "00021 +'00020 +'0001 3 +'0001 5 + '00009 +'0001 7 +'00010 

, 

Range .. '0°376 '0034 2 '0°310 '00300 '00293 '00'178 '002 3 1 '002441 '00263 '00331 '"00426 '0°387 '00370 

148. The equivalent east magnetic forces <el> to the deviations of the declination magnet from its normal position at each hour (h) may be 
expressed by the series 

~A=Al cos hz+B1 Bin hz+Aa COB 2 hz+Bs Bin 2 hz+As COB 3 hz+Ba Bin 3 hz+~c. (y) 
where 8 = 15°, and 11, represents the hour; and it is easy from each complete set of hourly values to deduce' the values of the coeffici~nts Au B1 ; 

At. Bt ; A3• Bs; &c. This has been done for the mean solar-diurnal variation for each month of each year in the period 1846 to 1872, WIth results as 
shown in the following tables, 



TABLE 53,-Sltowing, for the period 1846 to 1872, the calculated values oj the coefficients A1• B 1 .. A2, B2; As, Bs; A. and B. in the series (y) 
which expresses the mean solar diurnal variation for each month and ~ach yea1', 

MONTH, , JANUARY, :FEBRUARY, 
....-

CoeffiCIent, A1 B1 A, B. As B8 A4 B, A1 Bl 
, 

d l B. I Aa B3 A, B, 

Year, • 
1846 ,,' , .. - '00024 -'00049 +'0002 3 +'OOOI2 +'00016 + '00009 - '00022 -'00001 -'00008 - '00022 - '00038 +'00009 + '00057 - '00011 -'00036 .... "00009 
1847 ... .., -'00005 -'0001 9 +'00003 '00000 +'00022 +'00004 -'0002 3 -'00003 + 'OOOIl -'00012 - '00021 +'00007 +'00037 -'00010 -'00026 +'00009 
1848 ... ... -'00023 + '00011 + '0001 3 -'00030 +'00040 +'00018 -'00044 +'00001 -'00008 '00000 +'00012 -'00003 +'0002 5 +'0001 3 -'00037 -'00003 
1849 ... ... -'00024 -'00005 + '0001 7 -'0005 2 +'0001 9 +'00045 -'00033 - 00024 -'OOOIS +'00018 +'00'05 0 - '00065 +'00020 +'0005 6 -'00037 -'00018 
ISso .. , ... -'0001 3 -'0001 4 +'0001 7 -'0002 5 +'00023 +'00029 -'00035 -'0001 4 -'0001 7 - "00023 + '00021 -'00037 +'00020 +'00041 -'0002 7 -'0001 4 
185 1 .. , , .. -'0001 5 +'00007 + '0001 5 -'00046 +'00030 +'00042 -'0003 2 -'00009 -'00024 - '00005 +'00014 + '00012 +'00033 '00000 - '00032 +'00008 
185 2 .. , ... - 'OOOIl - '00022 +'00037 -'0001 3 -'00010 +'0003 2 -'00007 -'00016 -'0001 9 -'00002 +'06035 -'0002 7 +'00005 + '00021 -'00021 -'00004 
IS53 , .. .., -'00023 - '00021 +'00044 -'00028 - '0001 5 +'00037 -'00004 -'00015 +'00006 -'00001 +'00005 -'00002 +'00026 + '00012 -'00025 -'00008 
1854 ... .., -'00026 -'00044 -'00001 -'00005 +'00032 + '00015 -'00030 -'00003 +'00018 -'0001 9 +'0002 3 -'0001 3 +'ooooS +'0001 9 -'oeol8 -'00009 
1855 ... ... -'00002 -'00043 +'0002 3 -'00020 +'00002 +'00023 -'00012 -'00016 -'00°J:9 -'00007 +'00023 -'0003 1 + '00010 +'0003 2 -'00018 -'ooon 
185 6 ... , .. -'00005 -'00019 '00000 -'00024 +'00046 +'00024 -'00042 -'00002 -'00003 - '00007 -'00002 -'00020 +'0001 9 +'0001 7 -'00021 -'00006 
1857 ... ' .. -'00008 -'00028 +'00025 -'00022 +'00003 + '0003 1 - 'OOOIl - '00011 -'00020 - '00010 +'00033 -'00034 -'00002 +'00034 -'00010 -'0001 3 
1858 ... .., -'0002 3 -'0001 4 +'00044 -'00023 '00000 +'00026 -'00024 -'00005 -'00001 -'00008 +" 0001 5 - '0001 7 +'00018 +'0001 7 -'00023 -'00002 
1859 ... , .. - 00005 +:00003 -'00002 -'00025 + '0003 2 +'00022 -'00045 -'00004 '00000 -'00016 + 'OOOIl - '00033 +'0001 4 +'00026 -'0003 2 - '00003 
IS60 ... \ , .. -'00023 +'00002 +'00039 -'00037 +'0001 3 + '00027 -'00029 -'00009 -'00024 +'00016 + '00043 .- '00037 +'00001 +'00033 -'0002 5 '00000 
1861 ... .., '00000 -'00007 -'00036 -'00029 + '00034 + '00015 -'0001 5 '00000 -'00003 +'00024 +'00007 -'00 041 +'00017 +'00034 -'00029 -'00011 
IS62 ... .. ' -'00016 -'00018 +'00035 -'00028 +'00003 + '0003 1 -'00021 -'00016 + 'OdOIl +'0001 9 - '00019 - '00012 +'00047 +'00004 -'00039 +'00010 
1863 , .. . .. +'0001 3 -'00008 +'00007 - '00026' + 00024 +'00016 -'00030 +'00002 +'00004 +'00001 +'00009 -'00015 + '00012 +'OOOIS -'00016 -'poo04 
1864 ... ... -'00001 -'00025 +'00024 -'00021 +'000'02 +'00030 -'0001 7 -'00014 -'00001 -'00008 +'00020 -'00024 + '0002 3 +'00025 -'00016 -'00001 
1865 , .. .. ' + '00018 -'0006 7 -'00004 +'0001 9 +'0003'0 -'00014 -'00020 +'00014 +'00033 -'0002 7 -'00016 +'00004 +'00026 '00000 -'00013 '00000 
1866 ... .. +'00002 - '00022 + '00021 -'0003 1 +'00005 +'0003S - '00011 -'0001 7 -'00014 -'0001 9 +'0001 9 -'OOOIS +'0001 3 +'00026 - '00013 - '00013 
1867 .. ' .. , + '00021 - '0002 7 - '00015 -'00026 +'00039 +'00019 -'0003 2 +'00003 +'00004 - '00021 +'00024 -'ooooS + '00004 + "00017 - '0001 5 -'00005 
1868 .. , ... '00000 -'0002 9 +'00024 - '00005 +'00002 +'0001 5 .... ·00007 - '00012 - '00010 +'00003 +'00024 -'00032 +'0001 3 +'00035 -'00022 -'0001 4 
1869 ••• I _. - '00003 - '00038 +'0005 1 +'00008 -'00008 +'00012 -'00022 -'00004 +'0001 3 -'0001 3 +'0001 7 +'00009 +'0001 3 -'00002 -'00020 +'00007 
1870 .. ' ... +'00011 + '00005 -'00008 -'00005 +'0003 1 +'00005 -'00033 + 00004 - '00021 +'00033 -'0001 7 -'00035 + '0005 1 + 'OOOIl - '00041 + 0001 4 
187 1 ... ... - 'ooooS -'00008 + '00022 - '0001 5 + '00022 + '00022 -'00038 -'00010 -'OOOIl +'0001 9 +'00043 -'0002 9 +'00006 +'00021 - '0003 1 -'00004 
187 2 ... ... - '00014 '00000 + '00041 -'00033 '00000 +'00041 -'0001 4 - '00024 -'00022 +'00039 +'00046 - '00042 +'00007 +'00030 -'0003 2 +'00003 

Mean .. -'00008 -'00018 +'0001 7 -'00020 +'00016 +'00023 -'00024 -'00008 -'00005 -'00002 +'00014 - '0001 9 +'0001 9 +'0001 9 - '00025 - '00003 
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TABLE 53-continued. 

MONTH. lliBl.:B. Anu •• 

Coefficient. .41 81 .4. B, .4, Ba .4, B. Al 8 1 .4, B. AI B, ..t. JJ .. 

Year. i 

1846 
+'00084 

! ... ... +'0001 3 +'00020 -'00035 - "00035 +'00060 +'00022 -'00029 -'00008 +'00034 +~0073 -'00064 -'00061 """00031 - "Oo03l +"OOOot 1847 ... ... +'00010 +'00042 -'00025 - '00055 +'00048 + '00037 - '00026 - '00012 +'00055 +'00069 -'00081 -'OOO:Zlil +'00079 - "Oooi3 - '00019 +'00016 
1848 ... , , -'00005 +'00060 -'00043 -'00058 +'00082 +'00023 - '00016 + '00005 +'00050 +~0076 -'00056 - '00050 + '00096 +'00010 - '00024 + "00016 1849 ... .. ' - '00017 +'00057 +'00002 -'00075 +'00061 +'00044 - "00041 -'00006 +'00030 + '00094 - '0006 5 ""'00078 t'0008 7 + '00023 -'00028 + '0001 7 185 0 ... .. -'00022 +'00044 +'0001 9 - "00064 +'00040 +'00045 - '00037 -'000J5 + '00042 + '00078 - '00061 - '00039 +'00090 + '00025 -'00026 : - '00005 185 1 '. •. , - '00003 +'00036 -'00Q I 9 -'00026 + '00057 +'00020 -'00037 -'00008 +'00026 + '0007 1 -'00045 -'00055 +'00083 + '00025 - '00032 + '00001 1852 ... -'00016 +'00048 - '00007 -'000 5 1 +'00058 + '00022 -'00037 '00000 +'00055 + '00080 -'00090 -'00048 +'00098 +'00010 - '0003 1 + 'Ooor .. 1853 ... ... + '00001 + '00005 -'00008 -'00026 +'00048 +'00017 -'00041 - '0000 7 +'00062 + '00091 -'0007 2 - '00046 +'00083 + '0001 51 -'00030 : + 'OOOlS 1854 ... ... + '00008 + '00029 - '0000% -'00033 +'00034 +'0003$ -'0001 9 - '00011 +'000 55 + '00069 -'00059 -'00043 +'00075 +'OOOIZ - '00027' + '00007 1855 '" ••• + '00023 + '00023 -'00029 - '00027 +'0005 0 +'0001 7 -'00030 -'00002 +'00057 +'00077 - '00066' - '00045 + '00074 +'00023 - '00025 I +'00002 185 6 ... ... - '00001 + '00030 - '0001 7 - '0002 7 +'00043 + '0001 7 -'00029 -'00001 +;00018 + '00080 - '00055 -'00045 +'00071 + '00030 -'000251 + '00005 1857 .. , ... - 00007 +'0001 5 - '00012 -'0001 9 + '0004 1 +'00003 -'00022 '00000 +'00035 + '00066 -'00047 - '<>00%6 +'0006.:1' +'OOOIZ I - '00014; +'00003 185 8 .. , ... _ '00006 + '00051 -'00007 -'00065 + '00053 + 00038 -'00034 - '00012 +-'00056 +'00078 -'00085 - '0005 2 +'00087 . +'00023 - '00024 I +'00002 18'i9 ... ... _ 00001 +'00063 -'00011 -'00065 +'00057 +'0002 9 -'00047 -'00004 +'0007 8 + '00094 -'00088 - '00085 + '00100 +'00033 - '00045 ~ +'00000 1860 ... .. , _ '00012 +'00051 '00000 -'00066 +'00065 +'00041 -'00039 -'00011 +'00053 +'00075 -'00091 -'00043 +'00096 '00000 -'00027! + '00021 186, , .. , .. +'00005 +'00052 -'00036 -'00053 +'0006 7 + 'ooo~7 -'00043 - "00001 +'0001 9 +'00097 -'00053 - '00074 +'00085 +'00033 -'00030 +"00004 1862 .. ' ... + '00003 +'00044 - '00020 - '00018 + '0005 6 +'00007 -'00054 +'00003 +'00066 +'00077 -'00081 -'00040 +'00088 +'00002 -'000361 +'000)9 
J863 ... .. , - '00003 +'00035 -'00020 -:00030 +'00053 +'00023 -'00°4° -'00003 +'00047 +'0007 8 -'00070 -'00044 +'00077 +'00018' - '00023, -'00003 
J 864 .. , ... + '00018 + '00049 - '0003 0 - '00044 +'00058 + '00018 - '0003 1 +'00002 + '0005 1 + '00081 -'00055 -'00056 + '00077 +'00023 -'000231 +'00009 1865 , .. .. , +'00030 +'00038 -'00023 -'00036 + '00047 +'00022 -'00024 -'00008 +'00060 + '0007 1 -'00065 - '0003 2 + '00077 +'00006 - '00024 1 +.'00007 1866 .. , .. + '0001 5 + ' 0002 9 -'00030 - '00018 +'00054 -'00002 -'0003 2 +'00012 +'0003 2 +'00083 -'0004 2 -'00056 + '00068 +'00028 -'000361 +'00001 1867 ... .. + '00014 + "00023 - '00011 -'00034 +'00041 + 00028 -'00025 -'0001 4 +'00041 +'00069 -'00068 -'00047 + '00077 +'0001 5 -'00026: +'00007 1868 ... ... , - '00008 + '00035 -'00005 -'000 47 + '00038 + '00033 - '0003 1 -'00012 +'0005 6 + '0007 1 -'00083 -'00040 +'00083 +'ooo06! -'00034: + '00010 (861) ... + '0001 5 + 00045 - '00019 - '00012 +'00063 +'0002 3 -'0002 7 - '00021 +'0005 1 +'00064 -'00082 -'0003 1 +'00093 +'00005' - '00043 +'00008 1870 , .. + '00026 +'00064 -'00039 -'0003 1 +'0005 8 + '00005 -'00024 +'00003 +'0005 0 +'00108 -'00077 -'00080 +'00096 +'00022 -'00039 + '0001 7 18 71 .. , ,,' - "00006 +'00086 -'ooor8 - "00069 +'00065 + '00026 - "00046 + '00007 +'00088 + '00112 - '0009 2 -'0006 4 + '00101 +'00016 : -'00025 +'00008 1872 ... +. '00024 +'00062 -'00049 - '00042 +'00089 + '00005 - '00043 +'00016 +'00050 + '00114 -'00078 -'00058 +'00088 +'00007 ' - '000211 + 'OOOIS 

Mean .. + 00004 +'00042 -'00018 -'00042 +'00055 + '0002 3 -'00033 -'00004 +'00049 +'00081 -'00069 -'00050 +'00084 +'00016 -'00029 +'00008 



TABLE 53-continued, 

MONTH, MAY, JUNE, 

Coefficient, Al Bl A9 B2 Aa Ba A. B. Al BI A2 Bs Aa-- Ba A, B, 
---

Year, . 
1846 '" .. +'00066 +'00089 -'00102 -'00047 +'00087 +'00007 - '00012 +'0001 7 +'00063 +'00109 - '00092 -'0005 2 +'0007 8 + '00010 -'00008 +'00009 
1847 ", .. + 00059 + '00067 -'00100 -'00026 + '0007 2 -'00009 -'00006 + 0001 5 +'00048 +'00100 - '00104 -'00040 +'00085 '00000 -'00010 +'00005 
1848 '" .. +'00065 +'00102 -'00098 -'00042 +'00099 -'00008 - '00011 +'00023 +'00047 +'00107 -'00098 -'00059 +'00086 +'00007 -'00014 + '000%2 
1849 '" +'00062 +'00098 - '00111 -'00040 +'00106 -'00010 -'00022 +'00016 +'00057 + 'oOIl7 - '00106 - '00058 +'00095 +'00007 -'0001 3 +'00007 
1850 '" " +'0007 8 + '0009 1 -'00103 -'00037 +'00099 -'00005 - '00012 +'00016 +'00069 + 'oou9 -'00105 -'00043 +'00091 -'00002 -'00008 +'0001 7 
185 1 .. , , .. +'00054 +'00082 -'00084 - '00051' +'00082 + '0001 5 -'0001 5 +'00010 +'00045 +'00105 -'00099 -'00049 +'00081 +'00004 -'00004 + '0001 5 
185 2 ... '" +'00060 + 'OOIlI -'00095 -'0002 7 +'00084 -'00005 -'0001 9 +'00020 +'0005 8 + '00121 -'00100 -'00057 +'00050 +'00008 -'00009 +'0001 4 
1853 ... .. +'0007 6 + '0007 1 -'00108 -'00036 +'0007 8 -'00009 - '0001 5 +'00020 +'00094 + '00122 - 'ooll6 -'00035 +'0007 6 +'00001 '00000 +'00009 
1854 .. , +'00073 + '00097 -'00094 -'00035 +'00080 -'00004 -'00008 +'0001 7 +'00054 +'OOtIO -'00078 - '00041 +'0007 8 '00000 - '00012 +'0001 3 
1855 .. ' .. +'00062 +'00099 -'00088 -'00034 + '00077 -'00002 -'00014 +'0001 9 +'00039 + 'OOIlO -'0007 1 -'00045 +'00069 + '00016 -'00016 +'00002 
185 6 .. ' .. + '00047 + '00081 - '00064 - '0001 7 +'00062 -'00003 - '00013 +'00009 +'00053 + '00 II I - '00069 - '00026 + '00065 +'00002 - '00013 +'0001 3 
1857 .. ' , .. + '0007 1 +'00101 - '00087 -'00036 +'00083 +'00002 - '0002 5 +'00014 +'00048 +'00099 -'0007 2 -'0002 7 +'00066 -'00003 -'00008 +'00008 
185 8 ... .. , + '00057 + '00107 - '00108 -'00054 +'00089 +'00003 -'00018 +'00020 +'00062 + '00 II I - '00087 -'00055 +'0006 7 +'00009 '00000 +'0001 3 
1859 .. , .. +'0006 7 + '00099 - '00144 - '00054 +'00109 -'00009 -'00005 +'00026 +'0005 2 +'0013 0 - 'ooll4 - '00070 +'00089 +'00014 -'00008 +'00009 
1860 , .. .. +'00057 +'00093 - '0012 3 -'00055 +'00101 - '00011 - '00014 + 00024 +'00078 + '00120 -'001 33 -'0007 2 +'00100 +'0001 5 -'0001 3 +'0002 3 
1861 .. , +'00063 + '0009 1 -'00105 -'00037 +'00089 +'00002 -'0001 3 + '0001 7 +'00080 + '00120 - '00112 -'00042 +'00084 - '00001 +'00004 +'0001 7 
1862 ,., .. +'00057 + '00075 - 00100 -'00010 +'00085 - 'OOOIl -'00023 + '00012 +'00065 +'00106 - '00124 -'00040 +'00087 +'00004 - '00002 + '00012 
1863 , .. .. , + '00074 + 00105 - 'OOIl2 -'00043 + 00095 -'00002 -'00018 +'00020 +'00069 +'00100 -'00097 -'00038 + '00077 +'00007 -'00007 +'00007 
1864 .. , .. +'00047 + 00100 -'0007 8 -'00045 +'00069 +'00007 -'00010 +'0001 9 +'0006 5 + '001 4 2 -'00099 -'0005 2 +'00083 +'00006 - '00016 + '0001 5 
1865 '" +'0005 6 +'00095 -'00100 -'00026 +'00083 -'0001 3 - '00007 + '0001 9 +'00062 +'00115 -'00084 -'00049 +'00065 +'00012 -'00007 +'00010 
1866 , .. -, + '00053 + 00094 -'00059 -'0002 7 +'00060 -'00001 - 'OOOll + 0001 3 +'00058 + '001[3 -'00061 -'00042 +'0005 8 +'00011 -'00010 +'00007 
1867 , .. , + '00055 +'00086 - 00082 -'0001 7 + '0007 1 - '00012 -'0001 5 +'00014 +'00044 + '00124 -'00055 -'00037 +'00073 +'00005 - '0001 9 -'00004 
1868 ... ... +,00°56 +'00089 -'00083 -'00028 +'0007 2 -'00001 -'00008 +'0001 3 +'00053 +'00128 -'0008 4 -'00050 +'0007 6 +'00007 - ' 0001 5 + '0001 5 
1869 .. , .. +'00065 +'00065 -'00109 - '0001 4 + 00092 -'00022 -'00016 +'00016 + '0007 2 +'0012 5 -'001 3 6 -'00042 +'00101 -'00001 -'00007 +'00021 
1870 ... .. +'0002 9 +'00107 - '001 II -'00057 +'00085 +'00006 +'00002 +'0002 5 + 00087 +'00134 - '0014 2 - '00057 +'0009 1 +'00001 -'00009 +'0001 4 
[87 1 ... .. + 00060 +'00107 - '00121 -'00036 +'00095 -'0001 3 -'00004 +'0001 7 +'00076 +'00123 - '001 3 6 -'00060 +'00099 + '00011 -'00003 +'00010 
18 72 ... .. +'0009 1 +'00122 - '001 37 - '00035 +'00104 - '00003 - '00012 +'00020 +'00069 +'00108 - 'OOIl4 -'00033 + '0007 2 -'00011 + 00010 + '00021 

-------------- ---- ---------------- -------------
:Mean .. +'00061 +'00093 - 00100 - 00036 +'00085 -'00004 -'0001 3 + '00017 +'00062 + '00116 -'00100 -'00°47 + 00079 +'00005 -'00008 +'00012 



• 
00 
l~ r 
~ 
CD 

~ 

MORTH, 

CoefficIent, 

Year, 

18 4 6 , .. 
18 47 .. , 
18 48 .. , 
1849 , .. 
18 50 , , .. 
185 1 .. ' 
185 2 , .. 
1853 .. , 
1854 .. , 
18SS , .. 
1856 .. , 
1857 .. , 
185 8 .. , 
1859 .,' 
1860 , .. 
1861 , .. 
1862 , .. 
1863 , .. 
1864 .. , 

' 1865 .. , 
1866 ... 
1867 .. , 
1868 .. , 
1869 , .. 
1870 , .. 
1871 .. , 
187 2 '" 

Mean 

I 
..4, 

.. ' +'C0062 
' .. +'00068 
, .. +'00073 

..' +'00063 

..' +'00069 
, .. +'00057 .. ' +'00081 

.. ' +'00079 

'" + '00051, 
, .. +'00047 
, .. +'00058 

.. ' +'00055 
, .. +'0007 2 
.. , +'00026 .. ' +'00046 

" +'00064 
, .. +'00044 .. ' +'0005 6 
, .. +'00059 
.. ' +'00050 ,. +'0002 7 
.. ' +'0005 2 
, .. +'00043 
.. , +'00062 
... + '00085 

'" +'00068 
, .. +'00064 

, .. +'00059 

JOLT, 

B, ..4. B. 

+'00101 -'0010 4 -'00039 
+'00089 - '00120 -'00026 
+'00122 -'ooll3 -'0006 5 
+'00112 - 'ooIl8 -'00044 
+'oOIl9 - '00 II 4 -'00055 
+ 'ooIl7 -'00091 -'00043 
+ '001 0 9 -'00103 -'00029 
+'00108 - '00120 -'00014 
+ 'OOlll - '00075 -'00035 
+'00110 -'00069 -..'00037 
+'00099 -'00077 -'00020 

+'00109 -'00065 -'0002 3 
+'oo1l3 -'oq0 98 -'00044 
+'00129 - '00101 - '00056 
+'00130 -'oOIl3 - '00082 
+ '00 II 5 - '00 II 7 -'00037 
+'00109 -'00091 -'00032 
+'00112 -'OOIU -'00030 
~'oOJ05 -'00090 -'00045 
+'00100 -'00075 -'00034 
+'00086 -'00060 -'00029 
+'00109 -'oo08S -'00033 
+'00105 -'00066 -'00035 
+'001 4 0 - '00123 - "00049 
+'00102 -'00159 -'00033 
+'00125 - '00143 -'00044 
+'oon8 - '00 II 7 - '00031 

--
+'QOlII - '00102 -'~0039 

TULK 63-:-eonfinued • 

--
~.!' 

. 
..4. B. ~, • B, ~I HI . i" 

+'00073 +'00001 -'00004 + '00012 +'00088 t "00093 
+'00082 -'00006 '00000 +'00006 +'00058 + '90101 
+'00094 +'00012 -'00009 +'00021 +'00080 + 'OOIDS 
+'0008 3 - '00002 -'00003 + '00008 +'00067 + '00103 
+'0009 2 +'00009 -'00014 +'00014 + '00056 + '001 0 7 
+'00081 +'OOOl3 -'00011 +'00008 +'00061 +'00087 
+'00077 -'00001 -'00007 +'0001 5 +'00077 +'00091 
+'00084 -'00020 +'00002 +'00018 +'0009 2 +'00099 
+'0006 7 -'00001 -'00006 + 'OOOII +'00071 +"00086 

+'00054 +'0001 3 -'00004 +'00007 +'00067 +'00086 

+'00057 +'OOoo~ -'00005 +'00006 +'00072 +'00078 

+'00063 -'0001 5 - 'OOOII +'0001 7 +'00061 +'00086 

+'00069 -'00004 - '00001 + '00021 +'00097 +'00089 
+ '00077 +'00005 '00000 +'00006 +'00075 + '00102 

+'00077 + '0003 1 +'00002 +'00006 +'00090 +'001 37 
+ '00082 -'00002 +'00001 + '00011 + ~00085 + '00083 
+ '00081 -'00002 -'00002 + '00014 + 100063 + '00097 
+'00081 -'00006 - '0000:1 + 'OOOIl + '00077 + '00092 

+'00069 +'00017 -'00009 + '00005 +'0006 7 + '00081 

+ '00061 +'00002 - '00007 + '00012 +'00069 + '00083 
+'00060 +'00015 -'00010 +'oo~09 +'00063 +'00071 
+'00070 +'00003 - 'OOOIl +'00012 +'0006% + '00083 
+'00054 +'00005 -'00006 +'00007 +'00063 +'00084 

+ "00084 +'00005 + 00004 + 'OOOII +'0,,060 +'00109 
+'00092 -'00000 +'()0008 +'00008 +'00092 +'ooIl4 

+'00094 -'00014 -'00001 +'00027 +'00081 + '001 35 
+'00080 '00000 +'00001 + '00017 + '000 61 +'00120 

-- -
+'00075 +'00002 -'00004 + '00012 +'0007 2 +'00096 

. 
AOQ03T • 

~. I B. .A. B. 
- . 

- '00143 - '00047 +'00098 -'00007 
-'00109 -'00037 + '00089 - '00004 
-'O~144 ;"'00030 + 'OOlOS - '00020 
-'00136 - '00021 +'oo09~ - 'COO14 
-'OOIU -'00048 + '00081 ' +'oooot) 
-'00098 -'00018 +'00074 - '00009 
-: ' 0013 2 -'00028 +'00093 -"OOOH 

- '00153 -,'00032 +'00107 -'Ooon 
-'00102 -'00009 +'00078 -'00013 
-'00083 -'00031 +'00067 '00000 

- 'OO~12 -'00005 +'00 082 -'00021 

-'00105 -'00024 +'00082 ,.,''C)0006 

-'00146 - '00016 +'00097 • <:.:.. '90021 

- '0012 9 --00053 + '00103 '.{-.'O0009 
- '001 79 -'00061 +'00127 -'00009 
- '00168 -'00040 + -00112 - -00016 

- "OOlt3 -'00032 +,0"0088 _ -00016 

- 'OOIll -'00040 +'00077 +'00008 

- '001 33 -'00018 +'00096 -'00016 
-'00100 -'oc037 +'00072 -'00003 
-'00081 -'00019 +'00067 +'00006 

- '0009 1 -'00029 + '00064 +'00003 
- '00120 -'0002 5 + '00087 -'00009 

- '00125 -'00068 + '00090 '00000 

-'00179 -'00038 +'00124 -'00010 
-'00162 -'00054 +'oon6 -'00007 

- '001 37 -'00044 +'00 098 -'00005 

----
- '00126 -'00034 +'00091 -'00007 

..4, 

-'00009 
- '00007 
-'OOOOS 
- '00015 
- '00008 
-'00004 
-'00006 

-'
00013 

- '00007 
-'00010 
-'00007 
-'00010 
-'00012 
_'00010 

- '0001 7 
- '00009 
-'00011 
- '00009 

.,-'0001 3 
-'00002 
-'000«>9 
-'0000$ 
-'00004 
- 'OOOIS 
-'00010 

• -'00004 
-'00005 

-'00009 

B, 

. 
+ '00018 
+'0001 3 
+'00024 
+'00017 
+ 'OOOIS 
+ '00014 
+ "00010 

+ '00013 
+ 'OOOIS 
+'00014 
+ '00016 
+ 'OOOIS 
+'00020 

+"0001 7 
+ "00028 

+ '0002 3 
+'00014 
+ '00012 
+ "OOOlJ 

+ "0001 3 
+"00012 

+'0001 7 
+'0001 5 
+'00019 
+'oe020 
+ '00020 
... "00023 

--
+'0001 7 

.... 
o 
~ 



TABLE 53-continued. 

MONTH. SEl'TEMBER. OCTOBER. 

Coefficient. Al Bl .AI B, .As Bs .A, B, .AI Bl .A. B, .As 
----

Ba • .A, B, 

Year. 

18 4 6 ... .. +'00048 +'00062 -'001 3 2 -'00007 +'00108 - '00026 - '00023 +'00030 + '00014 +'0002 3 -'00045 - '00016 +'00069 - '0001 5 -'00037 +'00023 

1847 .. , ... +'00047 +'00083 - '00u8 - 'Qo037 +'00109 - '00004 - '00027 +'00016 +'00005 +'0006 9 - '00033 -'00038 t'ooo7 8 +'00006 -'00040 + 'C0033 

J 8 48 , , .. ' +'00066 +'00094 - '0012 3 -'00046 +'00123 -'00003 -'00042 + '00025 +'00033 +'00045 -'00033 -'0002 5 +'00062 -'00006 - '00033 +'00021 

1849 .. ' ... +'0007 6 +'00090 - '00115 - '00040 + '00106 - '00008 -'00032 +'00012 +'00028 +'00028 -'00029 -'00018 +'00054 -'0001 3 -'000,30 +'00024 

185 0 ... ..' +'000 79 + '00087 -'00114 -'00°49 + 'oqIII + '00001 -'00034 + '00012 + '0001 7 +'00037 -'00031 -'00039 +'00068 +'00001 -'00031 +'0001 9 

185 1 ' .. , .. +'00066 + '00067 .- '00102 - '00033 +'00098 -'00003 -'ooQ2 7 + '00012 +'00043 +'00030 -'00038 -'0001 3 +'00068 - '00008 -'00037 +'00016 

1852 ' .. .., +'00059 +'0005 6 - '00083 -'00030 +'0007 8 -'00012 -'00018 +'00022 + '00030 + '0001 3 -'00030 -'0001 3 +'00054 -'00010 -'0002 7 + '0001 7 

1853 , .. .., + '00069 + '00079 - '00128 - '00023 +'00103 - '0003 1 -'0001 9 +'0002 5 +'00022 +'00010 -'0001 9 + '00001 +'00046 - '00,016 - '00018 +'00020 

1854 " .. ' +'00085 +'00049 .- '00104 +'00004 + 'C009° - '0001 7 -'0002 7 +'0001 3 +'00037 +'00010 -'00034 -'00001 +'0005 2 "'oootI - '0002 7 +'00007 

1855 , .. .. + '00075 of '00057 - 'oolI8 -'00016 +'00099 -'0001 7 -'00032 + '0001 7 +'00041 +'0001 7 -'00033 -'OOOIl +'OO05? -'00002 -'00028 +'00009 

185 6 ... ... +'00085 +'00063 -:00104 -'oo<?25 +'00095 -'00009 - '00035 + '00012 +'00041 +'00004 -'00032 - '00005 +'00047 -'00006 -'00026 -i: 'O0011 

1857 .. , .. , +'00064 +'00098 -'00128 -'00034 +'00125 -'00024 -'00042 +'00029 +'0002 9 +'0003 1 -'00035 - '00033 +'00066 +'00012 -'0003 1 +'00004 

185 8 ' .. ..' +'00080 +'00088 - '00 II 7 -'00042 +'00105 +'00003 - '00033 +'00011 +'0001 9 +'00043 - '00011 - '00050 +'0005 2 +'00023 - '00035 +'00010 

1859 " .. +'0007 8 +'00107 - 'OOIZO -'00058 + 'OOIl2 -'00004 -'00043 + '00025 +'00002 +'00060 -'00039 -'00039 +'0007 6 - '00001 - '00043 +'0001 9 

1860 ' .. , , + '00077 +'00085 - '001 3 6 - '00032 +'00113 - '00012 -'00028 +'00017 +'00041 +'00050 - '0005 2 -'00032 +'00067 +'00011 -'00048 +'0001 5 

1861 ", .. ' +'00086 +'00072 - '00144 -'00010 + 'ooll7 -'00033 -'00032 +'0002 9 +'00028 +'00014 -'00044 -'00005 +'00059 -'00009 -'00023 + '0001 9 

186'2 ' .. , .. +'00049 +'00078 -'00112 -'00044 +'00102 -'00005 - '0002 7 + '00012 +'00010 +'00016 -'00032 -'<10008 +'00054 -'0001 7 -'00035 +'00026 

1863 .. , .. ' +'00064 +'00066 - '00 090 -'00032 +'00083 +'00002 -'00026 +'00011 +'00016 + '0001 9 - 'oQ028 -'00022 +'00086 +'00001 -'00038 +'00020 

1864 .. , 
" + '00071 + '0005 1 - '00u3 - '00014 +'00101 -'0001 7 -'0003 2 +'00016 +'00032 + '00004 -'00029 - '00005 +'00050 -'00004 - '00026 +'00009 

186 5 , .. .., + '00067 +'00048 -'00098 -'00025 +'00083 -'000°3 -'00033 +'00014 +'00026 +'00003 -'00035 - '00011 +'0005 2 -'00010 -'0002 9 + 'oooJ3-

1866 . .. .. , +'0005 8 +'00046 -'00085 - 'COOIO +'00080 - '0001 7 - '0002 3 + '0001 9 +'00038 -'00006 - '0005 1 -'00023 +'00068 +'00001 - 'oo03S + '000r3 

186 7 -, ' .. +'0006 7 +'00035 - '00083 - '0001 7 + '00077 +'00005 -'00024 +'00009 + :00030 - 'OOOIl - 'C0045 +'00007 +'00059 -'00008 - '0003 2 + '00009 

1868 .. , .. +'0006 4 +'00066 - '00105 - '00020 +'00087 -'00012 -'00023 ,+ '00018 +'00018 +'~0034 -'00006 -'00008 +'00050 - '00012 . -'0002 3 + 'O0022 

1869 ' .. .., +'00083 +'00093 -'00109 -'00065 +'00106 + '00012 - '00035 +'00008 + '00045 +'00011 - '00039 -'00005 +'0005 8 - '00007 -'0003 2 + '00016 

r870 .. , .. ' + '00078 + '00113 - '001 55 -'00050 +'001 34 -'00009 -'00039 +'00033 +'00034 + '00075 -'00050 - '00047 +'00080 '00000 - 'C005° + '00024 

187 1 '" ... +'00085 + '00093 - '001 3 0 - '000 51 + 'oOIl3 +'00004 - '00031 + 00020 +'00046 +'00039 -'00053 - '0001 3 +'00076 -'00025 - '00035 +'Oe03° 
187 2 .. .., + '00088 + '9011 4 -"00125 -'00064 +'00109 -'00004 - '00035 + '00035 +'00046 +'00062 - '00058 -'00034 + '00078 -'00002 -'0004 2 +'oooI6 

-- --------------- ----
Mean .. + '0007' +'00076 - 'OOIlS .... 0003 2 + '00102 - '00009 - 'C003O +'00019 +'oooz9 +'0002 7 -'00036 -'0001 9 +'00062 -'ooooS - 'C003J. +'00017 

9 



MONTH. 

Coefficieut. 

1 846 
1847 
1848 
1849 
1850 

1851 

1853 

1853 
1854 
18 55 
1856 
1857 
1858 
1859 
1860 

1861 

1862 
1863 
1864 
1865 
1866 

1867 
1868 

1869 
1870 

IBn 
1872 

Year, 

~!ean 

to 

.AI 

• 
NOV.14BII8. DBCIIMIIIIR. 

.AI .AI 

A. C 
" + '00005 - '00032 '00000 + '00004 + '00034 - "00001 - '00029 + '00009 - '00019 - '00037 + '00024 - '00009 + 'OOOIZ + '00023 - '00020 - 'ooooS 

, .. + '00002 - '00004 + "00020 - '00001 + 00017 + '00005 - '00025 + '00016 + '00006 - '00021 + "00031 + "00002 - '00015 + '00006 - '00010 - '00002 

... -'00007 -'00033 +'000%6 -'oooo~ +'00016 +"000[1 -"00006 +'00015 -'ooon -'00035 +"00036 -'00006 -'0000% +'00017 -'00017 -"00004-

.. + '00007 - '00020 + '00019 + "00005 + '00014 '00000 - "00010 + "00015 - '00014 - '00025 + '00026 + '00009 + '00013 + '00002 - '00018 - "00001 

.. +00008 -'00023 +'00009 +'00013 +'00023 -"00006 -'00022 +'00011 +'00002 -'00026 -'00021 +'00001 +'00033 -'00006 -'00027 +'00010 

•• + '00019 - '00004 - '00012 + '00009 + "00030 - '00009 - "00027 + '00022 + '00003 - '00028 - '00008 + '00007 + '00023 + '00007 - "00020 + '0001 5 

.. - '00020 - '00006 + '00025 - '00030 + "00010 + '00028 - "00020 - '00002 + '00004 - '00070 + "00030 + '00015 + '00002 + 'OOOIl - '00006 - "00005 

•• , +'00019 -'00036 +'OOQIl +'00013 +'00021 +'00002 -'00016 +"00009 +'00022 -'00057 +'00004 +'00013 +'00003 +"00007 -'00010 '00000 

.. , +'00003 -'00035 +'00031 +'00002 +'00006 +"00013 -'00000 +'oooo~ +'00008 -'00049 +'00005 +'00008 +'Qool3 +'00004 -'00013 +'00002 

+'00035 -'00037 -'00009 + 00008 +'00024 +'00002 ~'00021 +'00016 +'00004 -'00035 -'OOOIl +'00007 +'00031 -'00013 -'00022 +"0002 3 

.. , + '00002 - "Oo03c + '00032 + '00015 - '00001 - '00002 - '00008 + '00014 + '00001 - "00052 + '00019 + "00007 + '00009 '00000 - '00017 + "00005 

.. +'00015 -'0002(. +'o~18 +'00005 +'00012 -'00009 -'00012 +'OOOIC -'00027 -'ootll8 +'00033 -'00023 '00000 +'00014 -'00013 -~0004-

.. +'00003 -'OOO;1J +'00030 -"00008 +'OCOI2 +'00007 -'00017 +'ooooS -"00003 - 00015 +'00023 -'00024 +'00016 +'00018 -'00028 '00000 

, .. -'00003 'Ooooc +'00035 -'00018 +'oco09 +'00006 -"00023 +'00009 -'00006 -'00031 +'00074 -'00001 -'00030 +'00010 +'00001 -'00002 

.. - '00001 - '00016 + "00022 + '00006 + '00011 + '00007 - '00023 + '00001 - '00008 - '00013 + '00001 '00000 + '00020 + '00003 - '00028 + '00007 

+'00007 -'00029 +'00028 +'00003 +'OOOIl +'00006 -'00021 +'00007 +'00002 -'00030 +'00037 -'00012 +'00003 +'00020 -'00011 -'00011 

.. , '00000 - '00023 + '00029 - '00003 + '00005 +'00004 - '00015 + '00009 + '00026 - '00034 - '00004 + '00027 + '00008 + '00001 - "00036 + '00004 

.. + '00014 - '00048 + 'C0032 + '00012 ·ooooc - '00007 - 00012 + 'OOOIC + '00010 - '00058 + '00018 + '00009 '00000 + '00014 - '00012 - '00002 

.. ;. '00014 - '00030 + '00031 + '00009 + '00009 + '00006 - '00013 + 'OOOle + '00019 - '00039 + 00012 + '00024 + '00001 - '00004 - '00023 - '00003 

, .. + '00030 '" '00049 - '00010 + '0000;: + '00013 - '00006 - '00016 + '00009 + '00010 - '00043 + '00007 - '00003 + '00009 + 'ooou - ·Ooou - 'OOOOJ 

.. +'00008 -'00056 +'00023 +'00012 +'00007 -'00006 -'00004 +'00009 +'00005 -'00069 +'00026 +'00016 -'00001 ,-'00003 -'00003 +'00005 

... + '00015 - '00050 + '00016 + '00018 + '00001 - '00006 - 'COOl3 + '00005 + '00014 - '00054 + '00015 + '00023 + 00001 - '00005 - '00003 + '00001 

.. + '00012 - '00028 + 'OOOII + '00004 + '00013 + '00002 - '00015 + '00005 + '00012 - '00028 + 'OOOIl + '00004 + '0001 3 + '00003 - '00015 + '00005 

.. + '00012 - '00031 + '00025 + '00011 + 00007 - 'C0002 _ 'ocol8 + '00009 + '0001 I - '00020 - '00008 + '00020 + '00030 - '00014 - '00033 + ' 00024 
'" 00000 + '0003 I + '00035 - '00018 + '00014 + 'COOIJ '- oc023 + '00016 - '00002 - '00011 + '00033 - '00001 + 'OOOIl + '00001 - '00024 + '00001 

.. +'00024 +'00003 + 0:018 -'00016 + C0021 +'cooI3 -'00025 +'00006 +'00015 -'00035 +'00031 +'00009 +'00003 +'00001 -'00017 -'00005 

... - '00005 - '00009 + 0'031 - '00003 + '00028 + 'coo03 - 'OC031 + '00013 - '00002 - '00020 + '00009 + '00010 + '000:17 - '00008 - '0003:1 + "00015 

~0008 - 'COJl~ + '00019 + 'OOOOl -:;:~~03 - '00018 + '00010 +;;;; - '00035 -:;;:;; + '00005 +'00009 --:;:;=S---:-;-OOI8-r-:;-'0000~ 

And the means for the twenty-seven years and for the twelve months are + '000341 + '00047 - '0005 0 - '00028l + '00058 + '00006 - '00020 i + '00008 
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14!>. As the hourly excesses from whi~h these cOt::licients ,;(10 ca1cn1,ttcd ]'j(l,:,) •• 

the effect of progressive change from. da}: to day-whd!lCf .:.ri-..,:ng from annual Y~,TL1' ) ',J 

or secular increase of magnetIc derbnatlOn-they re'guire correctIOn for tha,t 1 ,crt uf t 1.(;11 

which is due to such progressive cha.nge. whether the correction is of~ufficicnt 1, \;ItltUlle 
to demand its application we will now lllr)uire. For the year;,; lR66 to 1872, wh('~(J hourly 
excesses were arranged in the order of observation, the nrst bemg for Oh 12m of DUll1b,lY 
civil time the B coefficients only will require correction; but for the years 184(; to 1&G5, 
whose ho~rly excesses were re-arranged so as to place the 9th hour of observation (S" of 
Gottingen astronomical time) in the position of the hour 0 of Bombay civil time, the first 
hour of observation in the position of the hour 16, and so on, corrections will be requiru.l 
both for the A and B coefficients. 

The genera\ expression for the value of the B coefficient of the tth order iq· 

B, = ~ { <;. sin t z + 02 sin 2 t z + ............ + aN_l sin (N-l) t z} 

where N is the number of observations per day and all "2, ...... O<N -1) aT() the excesses of 
the hours 1, 2 &c .... (N-I), or theSQ excesses plus or minus any constant. If c represent 
the increment of declination per day we may substitute for <;., as ...... a (N_I)-regarded 
as due to the progressive increase-

c 20 (N-1)c . 
N' N ............ Jj J when the expressIOn becomes 

B t = ;.~ { sin t z + 2 sin t z + ......... + (N - 1) 8in (N -1) t z } 

When N z = 2"., as in the present case, the factor within brackets is equal to 
N tz 

- "2 cot 2 ,whence 

B t = - N cot ~ , and putting for N its value 24, and for:: its value] 5", 

Bl = - ;4 cot (7° 30') ; Bx = - 2~ cot 15°; Bs = - ;11 cot (22" 30'); 

B
e 0 

4 = - 24 cot 30 . 

To find what value of c would make these results considerable, or would (say) give 
to BI-which is the largest numerically-the value -'00001, we have 

'00001 x 24 
c = Cot(70-30'f = '000032 

Now out of 310 months for which we have values of the increase of declinn.tion from 
month to month, there are only 13 for which the increase per day reaches this limit, and 
only one in which it is just doubled, whilst the average value of c for the 310 month" 18 

only '000,004,7 or one-seventh of the limit which makes Bt considerable. Hence we con
clude, as the last figure of decimals to which the coefficients are carried is the fifth, that 
no corrections need be applied to the coefficients on account of progressive change of dp
clination. This applies to the coefficients of the years 1866 to 1872. For the yeard 1846 
to 1865 we must in the general term B, sin t hz write (h-16) for h when it becomes 

Be sin t h z cos (16 t z) - B t cos t lb z Sin (16 t z) 
so that in this case the B coefficient, due to progrei:isive increase, will be 

c t X 15° 
- 24 cot 2 cos (16 tz) 

and the A coefficient 
c t X 15° . 

+ 24 cot 2 8m (16 t z) 

In both these the B, of the preceding case, which was found to be negligible, i", I:I,J!
tiplied by a sine or cosine and the values of the products being numeric,.lly 1('s8 tll,m D .. 
are therefore also negligible. 

150. Variationfrom year to year in the range <:Iihe mean-dittrnal variation ·;f Df'ch
nation.-These ranges for the &ummer and winter half-years- and for the full Y( J.r" UT' 

bhown at the feet of Tables 50 to 52, and their changes from year to year are bl.ll'llll ~lJ: 

• See Quarterly We:.ther Report, 1870, Anendu, pag~ [25]. 
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dlilplaycd in Fi~,. 255 to 257 (plate XVI). In Figs. 199 to 226 and 227 to 254 
(Plates XIV all,1 XV). the principal point~ to be note<l are the simIlarity of the variations 
in different years, and the variation of range from year to year. The latter feature 
is, however, better displayed in the curvei of Figs. 255 to 257, wherein the Eun-spot period 
is, again, strongly marked: in the curve of diurnal ranges for the year the maxima. occur 
in 1848, 1860 and 1870 and the minima in 1854-57 and 1866-the respective ranges, 
in order, being '00367; '00266; ·00376; '00231 and '00426,-and the curves for the 
se~arate half-years are in f.tir agreement with this. A more elaborate investigation of 
thiS element of the behaviour of the declination magnet has, however, been made taking 
for data the ranges on individual dlys-mcluding the effects of disturbances. These were 
treated in the manner uescribed by Dr. Balfour Stewart in the Proceedings of the Royal 
Society for 1877 (pages 102 to 121) and yielded nine-monthly means, at mont41Y 
mtervals, of declination-range as follows :-

TABLE 54. 

,... to I . I ~ I ~ 
Year. : e ..c! 0::: • oj • ~ .2l I .8 

~ ~ ~ ~- ~ ~ ~ I ~ I ~ I ~ 
I ... roo 0"1 .... ~ ... ... -. 00 -::. 

-~--- ----- r--- t--- -1-1-
:~!~ ::. .. 1~'76 I170 1~'66 1;·60 1144 tI30 II'~3 1~'22 \ 1~'~4 I 1~60 
1849 .. ... 1171 Il65 I161 1155 1141 1118 1089 1061 1052 1053 
1850 1036 1043 1050 1047 1048 1038 1018 1017 I 101 7 1003 
ISSI ... 956 957 959 958 958 957 9S7 963 97 8 1000 
1852 ... ... 1028 1031 1031 1034 1027 1015 1010 1010 1001 984 
1853 ... ... 974 995 1016 1020 1013 1008 1013 1019 1022 lOIS 
1854 .. , 957 945 938 927 910 89 2 884 883 873 862 
1855 865 863 859 855 857 866 87 6 887 891 882 
1856 .. ... 869 853 84 2 836 822 806 809 817 821 824 
1857 .. , ... 81 5 81 5 I 81 9 823 833 844 863 \ 905 935 I 953 
1858 ., .. 1025 1025 1036 1047 1041 1044 1043 1033 1039 1056 
1859 .. .. 1141 Il53 1151 1169 1193 1200 1207 1202 1179 Il59 
r860 1I61 1157 1172 !181 1187 n89 1175 II5 2 Il34 
1861 .. , ... 1047 1028 1027 1045 1062 1065 1060 1050 1043 
186z 1003 993 992 990 988 984 980 977 976 
1863 ... 959 961 960 953 937 926 928 92 7 918 
1864 ... .. 908 927 934 931 933 933 927 9 291 943 
1865 ... 9r8 914 916 910 896 892 898 905 914 
1866 ... ••• 919 906 872 838 821 818 321 821 1)25 

1868 . 830 843 842 839 854 874 888 892 887 

Il22 
1 0 45 
975 
911 

942 

922 
829 
797 
883 

1047 

1867 ... .., 864 867 856 833 812 1 807 819 822 I 806 

1869 .. "I 929 949 977 998 1009 1014 1020 r033 1042 
18,0 1065 1094 II 30 Il63 II89

1 

1219 1230 12f6 1207 1204 

;~i; .. 'j ;;!~ ;:~~ :~~~ ~~!~ I ;:~~ :~~~ I ~~~~ II~.:O i 1134 I 1.'.~5 

1153 
1182 

1041 

981 
1000 

977 
997 
857 
87 8 
81 9 
983 

1083 
Il59 
1109 
1039 
965 
906 
927 
929 
834 
801 
891 

1051 

1200 
1148 

11M 
IIlh 
1035 
963 

1013 
973 
976 
860 
818 
SI5 

1010 
1114 
1I67 
1079 
1025 
957 
900 
922 

926 
850 
81 3 
910 

1054 
119 1 

1I47 

These rangf'~, wInch are freeu by the mode of treatment from any annual variation in 
their value, are curved in Fig 258 (Plate XVI). This curve is of necessity-owing to 
the smoothiu~ procc'!!'! which has been applied to the oitl,erved numbers-freer from 
irregularities than the others; but they all agree in indicating the sun-spot period as that 
to whiC'h the variations of range are maiuly related, and they all bring out distinctly the 
('harncterl"tic of the Hun-spot curve of a rapid rise and slow fall before and after each 
maximum. 

151. Allnl/lll1'l1riaiII)1I.-0n account of the interruptious of the record noticed lD 

l'amgraph 130, and notwith~tanding the attempts described in paragraph 131, to form 
artiticial (ollnc('tinns of broken series of ob,.,crvations, the monthly lllean.~ of the' final 
IllwmJ.ls' arc still rt>garded as here and there discontinu0us; and, for the present purpose, 
the me,lQS for the months .August 1851, April 1853, July 1861 and November and 
l)('C'cmber 18G8 heLve been rejected, and points of interruption have }'een supposed to €.Xist 
:It Dt'C'cmLa 1. ISH; January I, 1856; November 1, 1861; Deceml,er 1, 1865; anJ 11a\-
1, 1866, wlul~t for the Tl'maiIllIlg months it Wa..i decided to see what result would fono~ 
fl'Olll the u::-,suwption that each month's mean wa.s comparable v. ith those of the month~ 
immediately preeeding and followlllg. Table 55 exhibits the monthly means of the' final 
normals' cxprcs"cd in minutes of arc,-tbe values (/) in scale-readillgs for the years 1866 
to 1812 havmg been converted by the furmula. a = 6'8GO (/ - 28·2«~3). 

B 82.:i-29 AP 
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TABLE 55. 

Janu- Febru- March, Apnl. May, June, July, August, Set Octo- November December, Year, ary ary, tem r her, 

--- --I--- ---- -- --

1846 '" 13'708 13'547 13'342 13'537 13'530 13'273 12'9°3 12'554 13'058 13'259 13'184 13 682 
1847 .. ' 13'957 14 075 14'193 14'13° 13'922 13'533 13'341 13'757 13964 14466 14'492 14'5 13 
1848 ... 14'786 14'742 14'741 15'236 15 '2°7 13'808 13'778 13'919 14'148 14 192 

1
4

'
007

1 14"93 
1849 .. , 13'858 14'247 14'355 14'640 14'994 14'445 14448 14'415 14'498 15'086 15'232 IS 635 
1850 IS '653 16005 16'012 15'901 15'79° 15'697 IS 583 15'5°4 IS 667 16021 16'142 16150 
1851 16'021 16 327 16'182 16'237 16'289 15'853 15'306 [17'542],1835718346 18 461 16 491 
1852 .. ' 16'7 20 17'920 17936 17'959 16'416 15'982 15'847 15'740 16053 16 361 16 935 16894 
1853 18'038 18lL? 18'748 [15'416] 18421 17 673 17 61 7 J7 698 17 865 18 338 IS 805 18 919 
1854 18'945 18' 81 18'748 18'433 18'193 17'805 16 762 16 S06 16823 IS'74 1 J8'080 18 539 
1855 .. ,j 19'121 19347 19'325 19'39° 19'601 19'385 19'231 19'362 19 049 19'347 19'5 13 19'6031 
1856 .. 19'°34 18 949 18664 18'540 18'824 18 742 IS 446 IS'93S 18853 19'134 19'582 19'767 
1857 19 846 20027 19977 19'555 19 691 19 806 19'002 18'854 19 026 IS 071 18650 19 016 
1858 .. ' 20030 19'797 20'156 20'lI 1 19775 19'794 18 986 18864 19'4°9 19'837 20'357 2069 1 
1859 .. , 20'592 20'835 21 '130 20'868 21227 21'258 21'366 21'190 21 569 22'092 22375 229 13 
1860 .. , 23 021 23°37 23498 23'460 23562 24'045 24'209 24'506 24'226 24'294 24'932 25'150 
1861 .. 25414 25'685 26'158 26'136 26'023 26100 [25'902] 2S 861 29 041 29 185 2l:S'63 2 28897 
1862 .. 29'°42 29'014 29'178 29'7°3 29'367 30'416 3°992 31'049 31'3°3 31 '677 31820 32'464 
J863 .. 32'57 1 32'755 33'948 34'334 33 633 33'424 33'802 33'783 34'4°7 34'742 34'5 29 3547 1 
1864 , .. 35'262 35 °32 35'379 35'331 35'7 10 36'016 36'459 36'7 16 37'126 38'043 38167 38'198 
1865 .. 38'5 68 38'618 38680 37 816 39'0°4 39'499 40 '143 41'25 J 4I'489 41'717 41 '24J 42'3 11 
1866 42'600 42880 42'97° 43'210 43 828 43'896 44'321 44396 45'096 45'281 45 604 45 851 
r867 .. , 45'817 46064 46'441 46'393 46'572 46'695 46866 46'633 46 S87 47'175 47'3 12 47'449 
1868 .. , 47'75 1 48081 48 '280 48'801 48 '945 48 '959 49'137 49'562 50 '146 50632 [50'166J [50 166] 
1869 .. ' 49'534 49 830 50'IIl 5°'37 2 50 '866 50'886 50 '873 51'277 51634 51 '634 51'737 51'81 9 
1870 .. , 52'176: 52'224 52'608 52'780 52'574 52'533 52'7 25 5337 6 54 199 54'330 54'495 54'440 
1871 54'6321 54'899 55'1I2 55'002 54'79° 54'556 54'8n 55'256 55'359 55'58~1 55'9

6
3 56'038 

1872 .. , 56'313: 56'491 56'491 56'477 56'347 56'306 56'II4 56'505 56 443 56882 57'1S4 57'oSo 
I 

Rejected months' means are enclosed In square brackets, and interruptIOns are marked by strong vertIcal lines, 

152. The operations performed upon these numbers were (1) to take their differ
ences for each month and the next following month, (~) to take the monthly means of thebe 
differences for all the years, (3) to take the sum of the twelve monthl, means and regard 
it as representing the mean secular change per year of the period, (4) to subtract one
twelfth of this sum from each of the monthly means and regard the differences as due 
entirely to the annual variation, (5) writing zero for the month of January to add succes
sively the last found differences and find a series of accumulated changes from the month 
of January to each other month in succession, (6) to take the variation of these accumula
tions, and (7) to convert this variation into force and regard it as representing the annual 
variation of declination, These operations were performed for the whole perIOd 1846 to 
1872 and for the subordinate periods 1846 to 1858, 1859 to 1866, and 1867 to 1872 sepa
rately, with the results shown in the following table, The table also exhibits the several 
values of the secular increase per year, the periods having been chosen so that this should 
be approximately constant throughout each single period, 

TABLE 56. 

Annual variation of east magnetic force. 

Secular 
Penod, January Feby, March AprIl May June July August 

&,L t~~' NOT. Dec lDCTe.'\8e 

p"r year 

------

+ '0005)~~~~ + '00043 

--

1846 to 1858 +'00037 + 00025 - 00020 - 00062 -'00063 -- 0005 - 00019 - 00006 + 00011 + 00063 
1859 to 1866 + 00002 - 00013 + 0<l004 - 00023 - 00019 - 00014 +'00003 +'00002 + 000111 + 00023 + 00010 + 00014 + 00303 
1867 to 1872, + 00005 + 00010; + 000171 + '00012 -'00002 - 001>25 -'00033 - 00015 +'00003 - '00012 + 00016 '00000 + 00230 
1846 to 1872, +'0001 9 +'00025 + 00028 +'00017 +'00006 - 00019 - 00038 - 00034 - 00021/ 00000 + 00004 + 00010 + 0016-, 

1 I 

.15~. The same operations were performed upon the monthly mean readings of the 
d~c~mahon magnetometer-inclusive of all disturbances, and with the following results, 
wluch are practically identical with those of Table 56, 



Period. JaDuaI'J' 

.846 to .858, +'00035 

.8S9 too .866, , +'00011 

.867 to. .872, +'ooooJ 
'146 to .872. +'00013 

FebJ, Karch. 

+'00057 +'0005' 
+'00001 +'000.8 
+'00011 +'00017 
+'00024 +'00029 
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TABLB 57 • . ~ I ~J_ J~7. A~ ~~ 
+'00043 +'0002J -"OOOZ~ -~~ -"D006S -'~S' -'OOO'~ 
- 'OOO1Z -'c:IOOa5 - 'ClOO2t -'0001( -'COOOJ +'00005 + '000.8 
+'00015 -' -"OOOZS -'OOO3( -'00015 + +-ooozc: 
+'000'9 + -'0002 -"0004( -'000]2 -'00017 +'oooo/i 

..Izuuud, ~ of ~, 

x_.~_. 
r::::3 + '00013 
+ 'COOO. + 'c:IOOa2 
+ '0001 -'00003 
+ '0001 + '00003 

18-f6l41J'72 1846 ~ 18.f8 laS's fiJ 1868 18G7 ~ /872 

~ ~ ~3.l~·~ ~ ~~~~ ~I~ ~~;fl~ ~ ~ ~~~!JJ ~ Ji~[ji\~~ ~t$J~~~' ~t~JJL1jt>;t~~_~ 

-
~-t--1.As du~ ~ ~ oFtJraJJ.f ~ TllDj'ne/.Dnufll' 

. " 
r-... ~, a. 

I .... " .' 
..!. , . 

L 1 100' .-
3 ~ 

r::::: cL'~ liZ. .... ,- .... 

I 

18G7(~~m4 187J ~ 1877 l ~478 ~ f88f I f8fl(~JfiJtI8t 

154, The nwnbers of Table 56 are curved in Figs, 262 to 265. We first remark 
upon the curves that the range of them is very small, that for the first period scarcely 
exceeding the equivalent of a minute of arc in the whQle year, and that for the last period 
not quite reaching the half of this: the first and last periods agree in making a minimum 
about July a principal feature and a maximum about March a marked feature of the varia
tion ; but the curve of the middle ~eriod, though of still smaller range and therefore less 
significant, has little in common With the other two. 

155. For comparison with these results we have applied the same process to the 
mean observed values of absolute declination in each month after correction of these for the 
difference .of declination-as shown by the declination magnetometer-between the times of 
observation and the mean declination of the month. The corrected monthly means as wen 
the yearly averages and the increments for the several years are shown in Table 58. 

TABLE 58, 

Year, Jan~~ March. ApriL May, June. Jn1y, Aug. Sept. Oct. tlovr. Deer, Year. Aunllal 
mcrement. - . 

43 ;6 
, 

" 
, 

" 
, 

" 
, 

" , 
" 1867 ' .. ... . .. ... , .. .. . 43 6 43 35 43 56 44 19 43 58 . .. .. . 

" . " , " . " 44 ;6 
. . . . 1868 .. , 44 8 43 54 44 5:1 45 '4 44 43 44 38 45 38 45 31 46 I 45 56 45 42 4S 4 • M 1869 ... 4S 5S 47 o 47 IS 47 30 47 37 47 49 47 23 47 47 47 38 47 '47 47 50 48 20 41 29 +2 25 

1870 ... 48 27 48 14 48 33 48 55 48 51 48 57 49 16 49 39 50 35 50 37 50 7 So 8 49 II + I 52 
1871 49 52 50 26 50 46 51 3 50 53 50 44 51 3 51 37 51 22 52 I 52 28 52 21 51 13 +1 52 
187:1 ... 52 26 52 43 52 52 52 52 52 40 52 48 52 38 53 13 53 12 53 43 53 45 53 47 53 3 +1 50 
.873 .. , 53 51 53 43 5349 53 55 53 51 54 2 54 14 S436 5413 S4 0 53 56 53 48 54 c +0 57 1874 53 37 53 S9 54 8 54 19 54 19 544c 54 31 S43 2 54 23 54 55 54 52 55 4 54 27 +0 27 
1875 55 o 55 6 55 at 55 Z2 55 38 55 14 55 24 5~ 27 55 14 55 9 5S 28 55 49 55 21 +054 1876 ... 55 48 55 56 55 50 55 37 55 33 55 32 55 46 5 9 56 22 56 22 56 19 56 25 55 58 +037 1877 56 37 56 17 56 42 56 37 56 41 56 30 56 21 56 34 56 46 56 52 56 51 57 I 56 39 +041 1878 , .. S7 o 57 2I 57 10 57 13 56 57 57 7 57 I 56 40 56 51 57 7 57 20 57 28 57 6 + 027 1879 57 3S 57 32 57 33 57 26 57 30 57 35 57 51 57 40 57 51 57 6 57 8 57 15 57 30 + 024 188Q .. 57 9 57 3 56 53 56 55 56 59 57 4 57 14 57 28 57 12 57 8 57 23 57 20 57 9 

-021 
1881 .. 56 59 57 24 57 I 57 24 57 43 57 10 57 2I 57 JZ S6 56 57 9 57 28 56 32 57 12 

+0 3 
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These numbers may be treated as independent data because they are independent of 
the chang~s that occur. from mO!lth to m~nt.h and from year to year in the rea4ings of the 
declination magnetometer, that IS to say It IS assumed that such changes are likely to be 
of pure magnetic origin in a less degree than those that occur in the course of a single 
month. 

. 156. Subordinate periods were, in this case, taken from 1867 (July) to 1872, from 
1873 to 1877, and from 1878 to 1681. The results were as follows :-

TABLE 59. 
Annual variation of east magnetic force. 

Period, January February, March. A.prll, Mar, June July A.uguat. September Octobor November December 

-r--- ----------I---

1867 (July) to 187Z , - 00030 -'00019 +'00004 +'00010 +'00013 +'00004 -'00018 +'00011 +'00006 + '00024 + '00009 -'0001 5 
1873 to 1877 -'00001 -'00004 +'00008 +'00002 +'00001 -'00008 -'00006 +'00011 -'00003 - 00001\ - 00004 +'00005 
1878 to 1881 -'00025 -00003 -'00018 -'00004 +'00006 +'0Q005 +'00023 +'00016 +'00016 +'00012 -'00006 -00021 
1867 (July) to 1881 -'00014/- 00006 + 00001 +'00003 +'00005 -00003 -'00006 +'00008 +'00001 + '00007 + '00007 -'00004 

The numbers of this table are curved in FIgs. 266 to 269. 
157. In none of these periods does the range of the variation exceed the equivalent 

of half a minute of are, but the differences in the character of the variation exhibited within 
that small range are such as to throw doubt on the reality of the phenomenon as a magne
tic one, and to imply that it is, perhaps, mainly instrumental error. As the number of 
absolute observations made in a month is only four or five, as against some 600 in the case 
of the declination. magnetometer, we cannot expect the same regularity in these results as 
in those obtained above, and the average inequalities of the variations of the several periods 
do not greatly exceed the probable errors of observation of the corresponding absolute 
determinations. -

158. Another view olthe matter would, however, be that the annual variation-as a 
true magnetic phenomenon-is different in the different periods, and is approximately repre
sented by the several curves. In this case, comparing the figures (265 and 266) for the 
period 1867 to 1872, we must attribute the greater part of the variation shown by the 
former curve to other than magnetic affections of the instrument, and the magnitude of these 
other affections will be more distinctly brought out by subtracting the numbers, for the 
period in question, in Table 59. from t:b.ose in Table 56. The differences thus found are 
curved in the dotted line of Fig. 265; and they show a decided minimum in June, July and 
August, an,d a decided maximum about the winter solstice, with a gradual progression from 
each to the other. The dryness of the air at Bombay follows a similar order of change, 
so that we may, perhaps, fairly infer that the principal cause of the variations shown in 
the dotted line <?f Fig. 265 is variation in the hygrometric condition of the bunch of silk 
fibres which supports the declination magnet. The definite conclusion of value to which 
the discussion leads is, however, that in any case the annual variation of east magnetic 
force is exceedingly small. In going beyond this, other points worth consideration, in 
addition to those already referred to, are (1) that if for the period 1867 to 1872 (Fig. 265) 
the variations observed be attributed to hygrometric action in the suspension threads, the' 
moist or dry air must be supposed to have had freer access to the threads in the period 
1846 to 1858 than in 1867 to 1872, since the curve of the former period (Fig. 263) is more 
open than that of the latter (Fig. 265); (2) the contrary supposition must be entertained 
in regard to the middle period (Fig. 264); and (g) if we attribute the comparative irregu
larity of Fig. 264 to the unknown changes of collimation of the reading telescope, referred to 
in paragraph 125, we must suppose Fig. 263 to be affected in less degree in the same way, 
seeing that the period of doubtful settings of ~he telescope extended from 1853 to 1866. 

159. Secular change.-The annual mean values of absolute declination and the yearly 
increments of declination, are shown-for the years 1868 to 1881-in the last two columns 
of Table 58: The rate of increase from 1868 to 1872 is 2".0 per year, the equivalent of 
which in east magnetic force is +'00216 mm-mg-s unit. This agrees well with the value 
(+'00230) for the years 1867 to 1872 given by the declination magnetometer alone, and 
such agreement forms some ground for confidence in the general accuracy of the values 
( + '00063 and + '00303), obtained also from the readings of the declination magnetometer 
alone, for the periods 1846, to 1858 and 1859 to 1866. (See last column of Table 56), 
It will be observed from the last column but one of Table 58 that the absolute easterly 
declination reached a maximum in 1879 and has since decreased. 

• See Philosophical Transactions, Vol. 166, page 82, 
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160. Lunar diurnal variations.-The data used for this investiga.tion are the o'bserva. 
tions of the twenty-five years 1846 to 1870. The method of treatment of the observations 
is the same as that adopted by General Sir Edward Sabine for those of the Colonial magnetic 
obr:.erv .... tories. From the monthly tables, described in paragraph 131, all observations hav
ing been thrown out which deviated from the " Final Normal' of each hour by more than 
1"4, new tables were formed in which each observation was substituted by its excess above 
the :Final Normal of its own hour; or rather by that excess plus 2"0. Practically, the Final 
N onnalwas diminished by 2"0, and the difference being then taken between the number found 
and each observation in the same hour column, all the differences have the positive sign, 
and thus the inconvenience of dealing with positive and negative numbers is avoided. On 
the new tables the observation at the solar hour of each day which was nearest to the 
time of the moon's crossing the meridian of Bombay (from East to West) was marked 
with a. figure 0 to indicate that that observation must be placed to the Oth hour of the 
lunar day in tables having the lunar hours, from 0 to 23, marked in consecutive order at 
the top of the several columns. If only twenty-three observations intervened between 
two marked ones, they were entered in the table consecutively as forming a complete lunar 
day : but as twenty-four observations generally intervened, the two which were in the 
nearest correspondence to the sa.me lunar liour were combined together, and the mean of 
the two treated as a. single observation. 

161. Sixty-four varieties of lunar tables were recognized, as shown in the following 
form:-

QUUTJ:B 011' YBAB. ' NoVlUlll.EB. TO J,urUARY. 

Doolmation of Moon. North. ChAllging from North South. ChanglDg from South 
to South. to North. 

.: ..: ~ .: .: ~ t 1 ~ -t ~ ~ ~ ~ 
l'hlllle of Moon. & ~ = .. .. .. .. t:3 ~ t:3 CI a CI a • ~ ~ ] ~ ... 

~ 
... r; ... 

~ 
... Ii< ... 

~ 
... 

~ ~ 
.. 

z ., .! z 2 Z 
.. ::I 

Z ....:I ~ ~ - - - 1-

Number of Variety ... I 2 3 4 S 6 7 8 9 10 II u 13 14 IS 16 

QUARTIIR OJ' YUB. FEBRUARY TO APBIL. 

Decbnation of Moon. North. Changing from North South. ChaDgin'k from South 
to South. to orth. 

t f ti ..: .: 

~ ~ t 
~ '" ~ "S '5 'S 

Phase of Moon. & .. .. or .. .. .. 
t:3 CI CI t:3 t:3 t:3 t:3 

Il ... 
~ 

.. Ii< -a ~ 
... Ii< ! ~ 

.. t "E d ... 
~ .3 UJ 

.3 .! z z j z .. r.<; :.:; ~ ~ 
1-

~:r~ 
r--- r---1- - r---

Number of V&riety ... 17 18 19 20 2I 22 25 26 27 28 29 30 31 32 

QUARTU. 01' YUB. lliy TO JULY. 

Declination of Moon. North. ChAllging from North South. Changin~rom South 
to South. to orib. 

i i j .: I .: 
~ .: 

.f i i 
Phase of MooD, 

.. or 
t:3 

.. or CI 
.. 

t:3 '" t:3 CI t:3 t:3 
~ ... 

~ 
... ,; 1: d ... t ... 

::J ... ,; ~ d ... 
~ . 

~ ::I ~ ::I .3 z ii: j Z ~ ....:I :z. ~ ....:I Z ~ ~ - - - - - - - r---

Number of Variety ... 33 34 35 36 37 38 39 40 41 42 43 44 4S 46 47 48 

B825-30 AP 
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QUABTER OF YEAR. AUGUST To OcTOBER. 
. 

Deolination of Moon. North. 
Changitig from North 

to South. . South. Changing from South 
to North. 

.: r;i ~ ~ .: 

~ 
.: ..: 

" , i 2 2 .;: ~ ;: .. .. :a !i 
Phase of Moon. 6> ::s ::s 6> 6> ::s ::s ::s c:r c:r c:r c:r c:r 

t 2 :::i i Ii ... 
~ 

.. t ri :::i Ii ... 
~ 

., 
3 "i r:: ... 

&: 
., 

~ &: 
., ~ !Zi ..:l !Zi !Zi ~ ..:l Z ~ ..:l 1-- f- - - - - - -

Number of Variety 
\ 

... 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 

162. A little consideration will show, however, that only forty-eight of these varie
ties have counterparts in actual phenomena, and that in sixteen of these the occurrences 
far outweigh those of'the remaining thirty-two. As the path of the moon deviates but 
little from the plane of the ecliptic, we may suppose it to move in that plane. At the 
summer solstice we shall then have new moon and the moon's maximum north declination 
occurring together, first quarter and the moon~s passage from north to south declination 
together, full moon and the moon's maximum south declination together, and last quarter 
and the moon's passage from south to north declination together; and similar simultaneous 
occurrences at the autu~nal equinox, at the winter solstice and at the spring equinox
bringing the simultaneities up to sixteen in all. But in classifying lunar days according 
to the concurrence of quarters of the year, phases of the moon and declination of the 
moon, one of each together, and in giving duration of a quarter of a period to each 
phenomenon (roughly speaking from an eighth of a period before to an eighth of a period 
aftet the epochs of the solstices and equinoxes, &c., &c.) we shall have the phases of one 
quarter of the year occurring not only during the corresponding declination of the moon, 
but entering also the categories of the preceding and following declinations, and the pro
ponion of such overlapping occurrences to the whole number Will be one-half at the begin
ning of the quarter, none in the middle, and one-half at the end .of the quarter; or of 
the total number of occurrences about three-fourths will be classed with the corresponding 
declJination and about one-fourth win overlap at one side or the other. From May to July, 
for instance, new moon should comprise about six times as many occurrences in the cate
gory of moon's declination north as in either of the categories moon passing from south to 
north or moon passing from north to south: and similarly moon's declination north should 
comprise about six times'as many occurrences under the category new moon as under 
either of the categories first quarter or last quarter. For each of the sixteen principal 
categories there will, however, be two subordinate categories making forty-eight in all; 
but the weight of the results for the former categories will be about six times as great as 
the weight of the results for the subordinate categories. 

163. From 1846 to 1865 the first tables of differences, having the hours of Gottingen 
astronomical time marked at the head of the columns, the Gottingen times of the Moon's 
passage from North to South or South to North declination: and of New Moon and Full 
Moon were marked on the margin of the sheet opposite to the several corresponding solar 
days: for 1866 to 1870 the same was done on tables having the hours of Bombay civil 
time marked at the head of the columns, the times of the lunar phenomena being marked 
in Bombay civil time. For the days so marked, and for three days before and after, the 
moon was regarded as "changing from North to South" declination; "changing from South 
to North" declination; as "New;" or at "Full" respectively; and during the interveninO' 
days the designations of the moon's position or phase weI:e "South" declination; "North 7-
declination; "First Quarter"; and "Last Quarter" respectively. The whole of. a lunar 
dais differences were entered iIll the lunar abstracts under that variety of position to which 
the greater half of the day belonged. Whenever the number of undisturbed observations 
on a lunar day was less than twelve, the whole day's differences were rejected. When 
all the differences of each category had been entered on their respective lunar tables, the 
hourly means were taken on these tables ~ and the excess was then found of each of the~e 
means above the mean of all the hours. The series of hourly excesses thus found may, in a 
s!lfficiently extended inquiry, be taken to represent the lunar diurnal variation of Declina
tion when the sun and moon have 'the positions indicated by that particular table . 

• 
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164, The fullowing tables show the hourly excesses found on each of the forty-eight lunar abstracts ;

TABLE 60, 

DECLlNATIO!f or MOON, NORTn. 

Phase of Mooil. New, First Quarter, Full 

Bombay Lunar Hour,· Fe~to May to August to November to Feb~to M~to November t.J Febrn:r to Angus' to 
Jaly. October, January, Ap J y, January. Apr, October, " 

1 2 3 • Ii 6 7 8 II 

0 ... , .. -'00015 -'00020 - '00022 + '00011 +'00004 -'00005 +'00008 +'00001 +'00008 
I , .. ,., - '00018 -'00016 - '00006- + '00006 +'00006 '00000 +'00003 +'00004 +'00016 
I , .. . .. - '00015 -'00009 -'00001 -'00002 +'00006 +'00006 +'00005 -'00002 +'00011 

3 .. , .. , - '00002 +'00004 +'0001 4 + '00003 + '00001 +'00009 -'00001 -'00004 +'00010 

4 ,,, , .. -'00002 +'00004 + '00026 -'00006 -'00001 +'00001 -'00004 -'00005 +'00001 

S ... .,' +'00001 + '00015 +'00022 -'00012 -'00005 +'00005 - '00007 - '00008 -'00005 
6 .. , .. , -'00001 +'00010 + '00016 - '00012 -'00004 + '00006 -'0001 5 -'00007 -'00001 

7 ... , .. +'00008 +'00004 +'00006 - '00003 -'00006 '00000 -'00016 -'00007 -'OOOIS 
8 , .. , .. + '00006 + '00002 - '00004 +'00001 -'00005 -'00003 

-'
0001

9 
+ '00001 -'0001 9 

9 .. , , .. +'00006 -'00001 - '00006 -'00009 -'00004 -'00004 - '0001 5 +'00004 -'00036 
10 .. , ... + '00010 +'00002 - '00003 -'oe007 -'00001 -'00009 -'ooooS +'00004 -'00012 
II .. , , .. +'00013 +'00002 -'00002 - '00001 +'00006 -'00014 + '00007 -'00002 +'()oooS 
12 ... ... +'0001 1 -'00001 - '00002 +'0001 9 + '00007 -'00008 +'0001 1 +'00001 +'00007 

13 .. , , .. +'0001 3 - '00001 -'00003 + '00016 + '00003 -'00008 +'0001 9 +'00001 -'00010 

14 .. , ... - '00001 '00000 - '00004 + '0003 1 +'00002 -'00008 +'00016 +'00010 +'00009 
IS ... ... + '00004 '00000 -'00007 +'00024 '00000 -'00008 +'0001 3 -'00002 -'00001 
16 ... , .. - '00005 +'00002 '00000 '00000 + '00001 -'00002 +'00001 -'00009 -'OOOOl 

17 ... ... + '00003 +'00007 - '00001 +'00010 -'00004 + '0001 7 -'00009 + 'OOOIl +'00005 
18 ... ..' - '00001 + '00011 +'00008 -'00007 -'00008 + '00020 -'00003 -'00001 +'OOOO~ 

19 , .. ... + '00004 +'00011 + ,()OOI4 -'00038 - '00004 + '0001 7 -'00003 +'00008 +'00007 
20 ... . .. -'00003 +'00004 + '00011 -'00021 -'00004 +'00012 +'00001 + '00002 +'00005 
21 .. , ... +'00001 -'00005 - '00001 - '00012 +'00004 -'00010 +'00002 +'00002 + '00001 
211 ... . .. -'00007 - '00011 -'00025 +'00006 +'000011 -'00002 +'00002 -'00001 +'00004 

;3 ... . .. - '0001 7 -'00015 - '0003 1 +'00002 + '00003 - '00011 +'00001 -'00001 '00000 

11 
Al ... + '00011 +'00005 +'00002 + '00007 -'00001 -'00004 +'00001 + '00001 -'00007 

Dl .. -'00001 -'00001 -'00005 + '00001 '()OOOO +'00002 + '00007 +'00003 +'00006 

·s .d. .. ' +'00002 + '00010 + ' 0001 3 - '00011 -'00005 +'00009 - '00010 -'00001 -'00003 

S B. ... +'00003 - ,()OOOI -'coooS -'00010 -'00001 -'00002 -'00006 +'00001 -'00007 
G> .oili +'00005 + '00005 -'00010 -'00006 + '00001 + '00001 +'00004 '00000 +'00004 0 • ..' 0 D, ... '00000 -'00001 -'00003 +'00006 '00000 -'00005 +'00002 -'00002 -'00002 

lNumber of lunar days' 
Iobservations in abstract 3 8 3 23 70 42 3 29 til 3011 58 34 

• Tho lunar day is rockouod III bcguuUng .t tho moment of tho moon'. upper pZlllIillogU of the meridian. 

Last Quarter, 

November to ll~to August to 
,January. J y. October. 

10 11 111 

+'00007 -'00020 -wo06 
+'00007 -'00012 -'00004 

+ '0001 3 +'00007 - '00001 

+ '0001 7 +'00009 + '00004 
+'00024 +'00022 +'00015 
+'00010 + '00018 +'00020 

- '00004 +'00012 t '0001 3 
-'00014 +'00006 +'C0004 

- ' 0001 9 +'00012 -'00004 
- '00022 -'00011 -'00011 
-'00018 -'00032 -'00010 
+'00001 -'0001 9 -'00006 
-'00001 -'ooooIJ -'00002 
+'00010 +'00006 '+ '00004 
+ '00005 +'00003 +'00002 
+'00005 + '00006 +'00001 

- '00004 '+'00003 + '00001 
'00000 + ,()0004 '00000 

-'00003 + '00009 +'00001 
-'00004 +'00003 -'00006 
-'00005 -'00001 '00000 
-'00005 +'00005 - '00003 
-'00009 -'00012 -'00004 
+ '00008 -'00009 -'00009 

-'00006 -'00002 'OOCOO 

'00000 - ,()0001l - '00003 
-'00003 +'()00I2 + '()ooos 
-'00012 -'00008 -'00006 
+'00005 +'00004 + '00004 
+'00001 +'00005 + '00004 

0 

70 41 324 



TABLE 61. 

DECLINATION Oll MOON. CHANGING nOM NORm TO SOUTH, 

Phase of Moon, New. First Quarter, Full. Last Quarter, 

Bombay Lunar Hour. 
November to May to July. 

August to February to May to August to November to February to 
May to JUly, November to February to August to 

January, October, ApnL July. October, January. Apnl, January. Apnl, October. 

1 2 3 4 5 6 7 8 9 -10 11 12 

I 
0 .. , ... +'00006 -'0002 5 -'00017 + '00002 -'00010 -'0002 5 -'00004 -'00001 -'00001 +'00007 +'00008 -'0001 9 
I ... ... +'00006 -'00026 - '00010 -'00002 -'00004 -'0001 5 '00000 - '00001 -'00003 +'00010 +'00014 -'00018 
: ... ..' + '0001 7 + '00005 +'00001 -'00001 +'00001 +'00002 -'00001 - '00004 '00000 +'00009 +'0001 3 -'00008 

3 ' .. .. , +'00007 +'00001 + '00008 - '00002 + '00001 + '00009 -'00005 -'00006 +'00003 +'00010 -'00007 + '00001 

4 .. , ,,, +'00004 +'00001 +'0001 3 -'00003 -'00001 ,-r '00002 - '00008 -'00010 -'00003 -'00001 -'0001 3 -'ooc04 

5 .. , .. , - '00010 +'00008 +'00009 -'00018 '00000 + '00002 -'00023 -'00009 -'00003 -'00008 - '00024 + '00010 
6 .. , .. , - '00016 -'00005 +'00003 -'00010 -'00002 -'00002 - '00016 -'00008 '00000 -'0001 3 -'00007 + '00022 

7 .. , .. ' -'00024 + '00002 -'00002 -'00008 -'00003 + '00001 -'00007 + '00001 +'00006 -'0001 5 -'00001 +'00009 
8 ... .. , -'00010 + '00008 '00000 -'00006 -'00004 -'00004 -'00019 + '00010 +'00008 -'00014 - '00008 -'00002 

9 .. ' .. , -'00001 + '0001 5 -'00001 +'00004 -'00004 +'00006 +'00002 +'00009 -'00003 -'00010 -'00003 -'00001 
10 .. , , .. '00000 +'00009 +'00003 +'00014 -'00004 -'00009 +'00003 + '00010 -'00008 '00000 +'00002 +'00001 
II .. , , .. +'00002 +'00015 +'00001 +'0001 5 -'00008 -'00010 +'00015 + '00006 -'00009 +'00008 +'00006 + '00001 
12 .. , .. ' + '00002 +'0001 3 '00000 +'00002 -'00012 -'00006 +'00021 +'00004 -'00014 +'00007 + '00007 +'00001 

13 , .. .., +'00002 + '00005 '00000 -'00010 .. '00011 -'00007 +'00020 - '00005 - '00021 +'00006 +'00005 +'00001 

14 .. , .. ' + '00004 -'00002 + '00003 +'00005 -'00007 +'00002 +'00014 -'00005 -'00008 +'00002 - '00004 +'00008 

IS ' .. , .. +'00007 + '00003 +'00004 -'00012 +'00006 +'00023 +'00002 ..!'OOO02 + '00011 '00000 +'00004 +'0001 3 
16 ' .. .. , '+'00001 + '00005 +'00008 -'00009 + '0001 9 +'00033 -'0001 3 '00000 + '00021 -'00002 + '00006 +'00005 

17 ' .. , .. -'00003 + 'OOOIl +'00009 + '00014 +'00018 + '00020 -'00008 +'00001 +'00024 -'00001 '00000 '00000 
18 .. ' '" '00000 + :00025 +'00004 +'00021 + '0001 5 +'00009 -'00004 +'00001 +'00020 -'00002 -'00002 +'00002 

~, 
o 

• L...J 

19 '" .. , +'00005 + '00016 + '00005 +'00009 +'00016 +'00008 + '00001 -'00001 +'00006 -'00002 -'00004 -'00001 

20 .. , .. ' +'00005 -'00003 - '00001 +"00007 + '0001 3 -'00005 +'00005 +'00002 -'00008 - '00003 -'00003 -'00003 
2t .. , , .. +'00001 -'0002 7 - '00009 +'00005 -'00001 -'00008 + '00012 +'00003 -'00008 +'00003 +;~OOI - '000°9 
22 , .. .., -'00003 -'00024 - '0001 4 - '00011 -'00007 -'0001 3 +'00005 +'00001 -'00004 + '00004 +'00<:;01 -'00004 

23 .. ' .. , -'00001 -'00032 -'00016 -'00005 -'00008 -'00014 +'00008 +'00004 -'00006 + '00004 +'00007 - '00006 

j Al ... -'00003 + '00014 +'00005 + '00002 -'00001 + '00006 +'00004 +'00002 - '00001 -'00003 '00000 + '00007 

R Bl ,.' + '00004 -'00001 -'00001 + '00005 +'00007 + '00005 + '00006 +'00001 +'00004 +'00003 +'00004 -'00002 

'0 A. .. ' - '00006 + '00009 +'00006 '00000 +'00009 + '00011 - '00011 - '00002 + '00010 -'00008 -'00008 + '00006 

a3 B. .. , -'00004 - '00003 -'00005 +'00004 -'00002 -'00009 + '00003 +'00006 -'00004 -'00004 '00000 - '00002 
~ A. + '00003 +'00005 +'00004 +'00002 -'00001 -'00003 +'00006 -'00002 -'00003 +'00003 - '00004 + '00001 8 .. , 

B. '" '00000 -'00010 -'00003 -'00009 -'00004 -'00003 + '00001 - '00002 -'00004 -'00003 -'00003 + '000°5 

Numbor of lunar days' 
ol'hurVl>tl'JDS In abo 
~tr,\ct ,., ... 79 50 343 54 3 65 90 57 3 22 74 335 74 44 



DI!ICLIlfUIOlf OJ MOOll, 

!'hue of MOOD. New, 

Bombay Lunar Hour, November to Februazto August to November to 
January, Apr October, January, 

I ~ 3 , 
0 ... .., +'00018' +'00009 -'oooor + '00011 
I ... . .. +'OO02S +'00006 + '00001 +'00001 
2 , .. . .. +'00016 + '00009 +'00007 +'00004-

3 ... ... +'00009 +'0001 4 -'00002 -'00004-

4 ... . .. -'00003 +'0001 3 -'00010 -'00006 

5 ... . .. -'00009 +"'00005 -'00002 -'00008 
6 ... .- -'ooon -'00002 -'00006 -'00005 

7 ... .. ' - 'OOOIl -'00010 +'00002 -'00004 
8 , .. ... -'00006 -'00010 -'00004 - '00007 

9 , .. .., -'00002 -'00003 -'00006 -'00004 
10 .. , ... +'00002 +'00003 +'00002 - '00001 
II ... .. , '00000 +'00002 -'00003 +'00003 
I2 ... , .. +'00002 +'00013 -'00003 +'00009 

13 .. , , .. +'00004- '00000 + '00001 +'00006 

14 .. ." +:00001 +'00009 -'ooool +'00004-

IS ... .. , '00000 +'00004 -'00003 +'00001 
16 .. , .. , -'00001 +'00001 - '00018 + '00007 
17 ". .., -'00005 -'00006 -'00019 +'00007 
18 ... ... -'ooou -'OOOIS - '00012 -'00006 

19 ... . .. - '00014 - '00021 - '00004 -- '00006 
20 .. , , .. -'00009 -'00024- +'00010 - '00005 
2J .,' ... -'00007 -'00006 + '00023 +'00004-
U .. , .. , + '00002 + 'OoooS + '00036 +'00005 

23 .. , , .. + '000 II +'00005 +'00015 -'00005 

~ 
..4.1 " -'oooos -'00001 -'00003 + '00001 

B1 .. -'00002 -'00005 +'00001 + '00003 
4> A, - '00011 - '00009 - '00007 

~ 
.. , -'00005 

B. .. ' -'00004 -'00008 +'00008 -'00002 
G) 

A. 0 .,' - '00004 '00000 +'00003 -'00001 
0 B. ... -'00002 +'00002 +'00007 -'00001 

Number of lunar days' 
oooervationsinabstract 293 59 36 77 

TA.BLE 62. 

SOUTH, 

First Quarter, run, 

M~to 
J y. 

Augnstto 
October, 

February to Ma!to 
Aprll Ju y, 

IS 6 7 8 

+ '00010 -'00002 +'00004 -'00004 
+'00005 - '00001 + '00003 + '00003 
-'00006 +'00003 + 'ooool +'00003 
-'00004 + '00001 +'00004- - '00001 
-'00018 +'00003 +'00003 +'00001 
- '00011 '00000 +'00001 +'00007 

~ -'00010 +'00001 +'00004 +'00007 
-'00001 -'00002 + '00007 +'00004-
-'00005 -'00002 +'00003 + '0000'8 
- '00014 - '00003 -'00001 +'00002 
+'00002 - '00001 -'00007 -'00014 
+'00001 -'00005 - '00009 - '0001 3 
-'00010 -'00002 -'00024 -'00018 
-'00004 + '00005 -'00016 -'00012 

- '00015 + '00007 -'00015 -'00004 
-'00004 +'00007 -'00009 +'00004 
-'00001 +'00008 + '0001 3 +'00008 

""00021 +'00007 +'00006 +'00009 

+'00034 +'00007 + 00007 +'00008 

+'00025 +'00005 '00000 '00000 

+'QOOI3 - '00003 +'OOG05 +'00001 

+'00005 - '00012 + '00007 +'00001 

-'00007 -'00012 +'00007 -'00001 

-'00008 -'00009 +'ooool +'00002 

-'OOOOl - '00003 -'00008 -'00004 

+'00011 + '00001 '00000 '00000 

+'00005 +'00003 +'00006 +'00007 

+ '00003 -'00006 +'00001 -'ooooa 

-'00001 - '00001 -'00004 -'00005 

-'00009 -'00002 - '00001 +'00001 

SO 337 3J 331 

August to November to 
October, Jauua.ry, 

9 10 

- '00006 +'00022 

-'00003 +'00024 

+'00005 +'00026 

+'00009 - '00007 

+ '00003 -'ooon 

+'00005 -'00022 

+'00008 -'00022 

+'00009 -'0002 3 
+'00001 - '00021 

-'00005 - '0001 5 

- '0001 5 +'00003 
-'00020 +'00004-

-'oooll + 00002 

-'00019 +'00005 

-'00003 '00000 

-'00002 '00000 

+'0001 5 -'00004 
+'00021 +'00002 

+'00005 +'00001 

+'00003 +'00004 

-'00001 +'00005 
+'00001 +'oooro 

+'ooool +'00916 

+'00002 + '00012 

- '00005 -'00008 

+'00001 +'00010 

+'00009 -'00013 
-'00004 '00000 

-'00005 -'00001 
+'00001 - '00005 

63 . S2 

Last Quarter, 

February to 
Apnl. 

11 
, 

+'00007 
+'00004 
-'0000 4-

- '00009 
-'00010 
+'00003 
+ 'Ooooa 
+'00010 
+'00003 
+'00001 
-'00003 
+'00001 
+'00002 
+'ooooa 
+ '00006 
-'oeOOI 
+'00001 
-'00001 

- '00004 
- '00007 
-'00003 
-'00001 

'00000 

+ "00003 

+'00001 
-'00001 
-'ooooa 
+'00001 
-'00003 
+'00003 

334 

Ma~to 
Juy, 

12 

- '00002 
- '00014 
-'0001 5 
-'00001 
+'00006 
+'00018 

+ '0001 5 
+ '00004 
+ '00008 

+'000°4 
-'00007 
-'00005 
-'00004 
+'00001 
+'00001 
-'00008 
-'00005 
-'00001 
- '00002 

'00000 
.. '00002 

+'00003 

+'00005 
+ '00001 

'00000 

-'00004 
+'00005 
+'00002 
+ '00002 
+'00006 

70 

.... 
t:-:) .... 



TABLE 63. 

DECLINAIION OJ!' MOON, CHANGINg FROM SOUTH TO NORTH, 
-

Phase of Moon, New, FIrst Quarter, Full, Last Quarter, 
, 

Bombay Lunar Hour, 
November to Febraal'Y,to May to July, 

November to February to August to ' November to May to July, August to February to 
May to July, August to 

January, AprIl, January, Apnl October, January October. AprIl, October, 

1 2 3 , 4 5 6 '1 8 9 f 10 11 12 

0 .. , ... + '00011 -'00003 -'0002 3 +'0001 4 +'0001 3 -'00001 +'00005 -'00001 -'00002 +'00001 -'00007 +'00002 

I .. , , .. +'00020 -'00004 -'00028 + 00012 + '00004 +'0000 3 + 'OOOIl + 00001 '00000 -'00009 -'00010 +'00007 

2 ' .. ." +'00018 -'00003 - '0001 7 +'00006 ,+'00005 +'00003 +'00008 -'00003 +'00005 -'00008 -'000°5 + '00001 

3 .. , .. , -'00008 -'00002 -'00004 + '00003 -'00003 +'00009 + 00005 -'00003 +'00004 -'00022 +'000°4 - '00001 

4 , .. .. -'00026 +'00001 -'00005 +'00003 -'00006 + 00002 +'00003 +'00007 + '00001 -'0001 9 +'000°5 + '0001 3 

5 '" .. - '0001 9 -'00001 +'00012 '00000 - 00005 - 'OOOIl -'00001 +'00009 +'00005 - 00007 +'00007 + 00011 

6 ... ", - '00021 -'00001 + '00011 -'00004 -'ooooS -'00006 -'00005 +'00006 + 00005 '00000 +'00014 +'00006 

7 ' , -'00006 -'00006 + '00003 -'00003 -'00003 -'00003 -'00007 + '00011 +'00005 - 00001 + '0001 5 +'00006 

S .. -'00004 -'00009 -'00006 - '00005 -'00006 - '00002 -'00003 +'00003 - '00001 -'ooooS +'00009 +'00009 

9 .. -'00004 - 00004 -'00004 -'ooooS -'00004 -'00007 -'ooooS -'0001 5 -'00004 + C:0OOI -'00005 +'00001 

10 .. , , + '00004 +'00001 -'00001 -'00001 -'00006 -{OOOlS -'00010 - '00012 -'00016 +'00004 - '00014 -'00021 

II , , ' .. + '00006 +'00003 -'00005 +'00004 -'00004 -'00024 - '00007 -'0001 9 -'0001 3 +'00002 -'00009 -'000 24 

12 .. ' + '00006 +'ooooS +'00001 +'00 005 '00000 -'00009 - 'OOOIl - '0002 7 -'00006 + '00001 - '00008 - 'OOOIS 

13 .. ' ... + '0001 5 +'00005 -'00003 + '00008 +'00002 -'00004 +'00001 -'OOOlS -'00005 +'0001 3 + 00001 - '0001 3 

14 .. .. + 00003 +'ooooS +'00002 +'00004 -'00004 '00000 +'00009 -'ooooS +'00004 +'00009 + 00004 - 00001 

15 ,~ , .. +'00006 + '00005 +'00004 +'00006 - '00006 +'00007 + '00011 +'00002 +'00012 '00000 '00000 -'00004 

16 .. ' .. - 00002 +'00002 +'00001 -'00003 -'00005 + '00018 +'00005 + '00021 +'0001 3 + 00009 00000 +'00001 

17 .. -'00005 -'00005 +'00002 -'00005 -'00002 + 0002 4 '00000 +'00020 + 00008 +'00009 '00000 - 00004 

IS , , .. - '00005 '00000 + 'OOOIl - '00012 +'00008 + '0002 7 - '00010 +'00008 +'00004 + '00002 '00000 + '00001 

19 .. , .. - '00005 +'ooooS +'00010 -'0001 7 + 00007 +'00010 -'00003 + '00009 - '00004 +'00001 +'00001 + '000 03 

20 , .. + 00004 +'00001 +'0002 4 -'0001 5 + '00012 -'00006 -'00005 +'00002 -'00005 +'00007 +'00001 +'00005 

2J , , , .. - 00006 +'00004 +'0001 4 -'00005 + 'OOOIl -'ooooS +'00001 +'00002 -'00004 +'00006 +'00005 +'00004 

22 , , .. ' +'00008 + '00001 + '00007 +'00006 -'00004 -'00006 +'00003 +'00007 -'00005 + '00009 '00000 + '00008 

23 , .. , , + 'OOOIl -'00009 -'00008 + 'OOOIl 00000 +'00001 +'00006 - '00001 -'00002 '00000 -'00007 + '00007 

wi '&1 -'00001 + '00003 + '00003 -'00002 -'00004 -'00003 ' - '00004 -'00007 -'00001 +'00005 'OOOQO -'000°9 ..., BI + 00005 + '00003 +'00006 -'00003 + 00004 +'00008 +'00001 +'00004 + '00001 + '00008 -'00002 - 00002 
>:l 

I 
~ A2 - '00012 -'00001 +'00010 -'00009 -'00001 +'00007 -'00003 + '00012 + '00005 - '00001 + 00007 + 00007 
u 

IE Va +'00001 -'00001 +'00005 -'00004 + 00002 -'00008 -'00006 - 00003 - 00007 +'00004 -'00001 00000 

'" As - (10004 +'00004 +'00007 - 00002 +'00001 -'00005 - 00003 -'00006 -'000°4 - '00001 '00000 - 00003 0 
0 Va -'ooooz + '00001 + '00005 + 00003 - OOOOI -'00004 +'OOOOZ + 00002 + '00002 + 000°3 + 00006 + 00004 

Nnmhor of lunar days' 
""ben a!iolls III ahbtrad 51 340 . 87 34 1 80 55 87 59 347 55 349 92 



PHASE. OF THE 

MOON 
NEW MOON. 

GOLABA OBSERVATOR~ 
LUNAR DIURNAL VARIATION OF DECLINATION 

FIRST Q.UARTER 

Plate XVll. , 
FULL MOON LAST Q.UARTER. 
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• 
The last six numbers but one in the ",everal column~ of Tables 60 to 03 ",how the values of the coefficients, derived from the respective ~cts of 

hourly excesses, in the series 

in which o represents the hour angle and 88 the excess for the corresponding hour. 
Curves have been constructed, in the u'lual manner, to represent these variations, and appear as Figs. 270 to 317 on Plate XVII. 
165. By means of the sums and numbers of days marked at the feet of the lunar abstracts combinations were also made first irrespective 

of the moon's declination, and then irrespective of the phases of the moon. The results-the mean excesses for all the days for which entries of lunar 
differences are found-arc shown in Tables 64 to 67. 

TABLE 64. 

1'1I,uS or MOOlf. NEW, FJRST QUUTBB.. 

;-. 
Bombay Lunar Nov.roberto February to I M to J I I Auguat to April to October to Year. November to Febru:;r. May to July, Augu.tto Al'nl to October to Y.ar. Hour, Ja.nuary, Apnl ay u y OLtober, Scpt .. u.ber, March, JanuBol')'. to Aprl. October, September, March, . 
0 ... ... +'0001 5 - '00003 - '000%1 -'00016 -'00020 +'00008 -'00007 +'0001 3 +'00006 -'00007 -'00006 -'00007 +'00009 +'00001 
1 ... ' .. +'00020 -'00004 -'0001 9 -'00009 - '00016 + '00011 -'00003 +'000°9 +'00005 -'00002 -'00003 -'00002 +'00006 +'00002 
J .... .., +'00016 -'00003 -'00009 +'00001 -'00005 +'00007 + '00001 +'00004 +'00005 +'00001 +'00003 +'00003 +'00004 +'00003 
3 ... ..' + 00007 '00000 +'00002 +'00008 +'00005 +'00003 +'00004 +'00002 '00000 +'00001 + '00004 +'00003 +'00001 +'00002 
4 ... .. -'00005 +'00002 +'00002 +'0001 3 +'00008 -'00002 +'00003 +'00001 -'00002 -'00002 +'00003 '00000 -'00001 00000 
5 .. ' .. -'00010 '00000 +'0001 3 +'00010 + '0001 3 - '00006 +'00004 -'oooor -'00006 '00000 - '00001 '00000 -'00005 -'Qoo03 
6 .. .. , 

-'
0001

3 -'00001 +'00008 +'00004 +'00007 -'00008 '00000 -'0000 5 -'00005 -'00002 -'00001 -'00002 -'00005 -'00003 
7 ... .. , -'0001 3 -'00006 + '00004 -'00001 +'00002 -'00010 - '00004 -'00003 -'00006, -'00002 - '00002 -'00003 -'00004 -'00003 
8 .. , ... -'00007 -'00008 +'00001 -'00001 -'00001 -'00007 -'00003 - 'Coo05 -'00005 -'00004 -'00002 -'00004 -'00004 -'00004 
9 ... ... -'000021 - '00003 +'00001 -'0000% -'00001 -'00002 -'00002 -'00001 -;-.:00003 -'00005 -'00002 -'00004 -'00005 -'00004 

10 ... ... + '00002 +'00002 +'00002 +'0000% +'00002 +'00002 +'00002 -'00002 'QOOOO -'00004 -'00005 -'00004 - '00001 -'00003 
II ... .. ' +'00001 +'00004 +'00002 '00000 +'00001 +'00002 +'00002 +'00003 +'00005 -'00008 -'00008 -'00007 +'00003 -'00002 
1:1 .. , .. +'00002 +'00009 +'00001 '00000 +'00002 +'00005 +'00003 +'00007 + '00005 - '00011 - '00004 - '00008 + '00006 - '00001 
13 .. , .. + 00005 +'00006 -'00001 -'00001 '00000 +'00005 +'00002 +'00008 +'00001 -'00010 +'00001 -'00007 +'00007 '00000 
14 .. , .. ' + 00002 +'00008 '00000 + '00001 '00000 +'00005 +'00003 +'00006 +'00002 -'00008 +'00005 -'00003 +'00005 +'00001 
IS ' .. ." + 00002 +'00005 +'00001 + 00002 +'00001 +'00003 + '00002 +'00007 -'00003 +'00003 +'000[0 +'00004 +'00004 +'00004 
16 .. , .. , -'00001 + 00001 + 00002 +'00005 +'00004 '00000 +'00002 -'00001 -'00001 +'0001 5 +'00014 +'0001 3 +'00001 +'00007 
17 ... ." -'00004 -'0\,005 +'00006 + '00005 + '00005 - 00004 +'00001 -'0000:1 -'00001 +'00018 + 'OOOIl +'0001 4 '00000 +'00007 
18 .. , ... -'00009 - '00002 + '00012 + 00003 +'00008 - 00006 + 00001 - '00011 -'00002 +'00018 + '00010 +'0001 3 -'00005 +'00004 
19 .. . .. -:;00010 +'00004 + '00012 +'00006 + '00011 -'00006 + 00003 - '0001 7 -'00001 + 0001 7 +'00006 +'00012 -'00009 + '00001 
20 ... -'00004 -'00002 +'00008 +'00002 +'00007 -'00006 +'00001 - '00014 '00000 +'0001 3 -'00004 + '00007 -'00009 -'00001 
21 .. - '00005 +'00002 - '00003 -'00006 - 00004 - '00003 -'00003 -'00004 + '00005 -'00001 - '00011 -'00003 -'00003 -'00003 
u ... ..' +'00002 +'00001 -'00009 -'00012 - '0001 I + '00002 -'00004 +'00006 -'00001 -'00006 - '00011 -'00008 +'00001 -'00003 
23 .. , .. ' +'00009 - 00007 -'00015 -'00016 -'0001 9 +'00004 -'00008 +'00007 +'00002 -'00008 -'00009 -'00008 +'00004 - '00002 

, 
Number of lunar 
daJs' observatIons 
III abstract ". 4!J 437 460 449 919 8so 176 9 460 4 6 3 476 482 946 935 1881 . 

,...., 



~ --- TADLE05.-

PlUllE OJ' MOON, FULL, LAST QUARTER. 

Eombay Lunar ~~m~ February to May to July, Augo.st to April to October 1-0 I Year, NOl"ember to February to May to July, August i:l) Apcl~ \ October to Year, 
Hour, January, Apnl, October, September, March, • January, ApriL October. September, March. 

-

0 ... ... '+ '00006 - '00001 -'00003 -'00002 -'00003 +'00003 '00000 +'00009 +'00007 -'00007 -'00006 -'00005 +'00006 + '00001 

I .. , ... +'00004 '00000 +'00002 +'00001 +'00001 +'00003 +'00001 +'OOOII +'00004 - '00011 -'00004 -'00008 +'00008 '00000 

:I ... .. ' +'00004 - '00003 +'00002 +'00006 +'00002 + '00002 +'00002 +'POOII - '00002 -'00005 -'00001 -'00006 +'00007 +'00001 

3 ... ... '00000 -'00005 -'00001 +'00005 +'00001 - '00001 '00000 +'00009 ~ '00010 +'00003 +'00002 '00000 +'00002 +'00001 

4 ... .. , -'00003 -'00008 +'00001 +'00002 'OOOCo - '00004 - '00002 +'00001 ~ 'OOOIl: +'00006 +'0001 3 + '00006 -'00002 +'00002 

5 .. ' ... -'00008 - 00008 +'00006 +'00004 +'00003 -'00006 -'00001 -'00006 -'00002 +'00010 + ' 0001 7 +'0001 3 -'00004 +'00004 

6 .. ' .. , -'0001 3 -'00007 +'00006 +'00005 +'00004 -'00009 -'00003 -'00012 +'00001 +'00014 + '00012 + '0001 3 - '00006 +'00004 

7 .. ' .. ' - '00013 +'00001 +'00006 +'00004 +'00006 -'00008 +'00005 -'00016 +'00007 +'00012 +'00005 +'00010 -'00006 +'00002 

8 .. ' - .. ' -'00016 +'00008 + '00007 -'00002 +'00004 -'00006 -'00001 - '00016 - '00001 +'00009 -'00001 +'00004 -'00008 -'00002 

9 .. ' ... -'00012 +'00008 -'00001 -'00006 -'00001 -'00005 ":'00003 -'00012 '00000 -'00004 -'00007 -'00004 -'00008 -'00006 

10 .. , .. , -'00005 +'00008 -'00013 -'00016 -'00012 -'00001 -'00007 -'00003 -'00001 - '0001 5 -'00011 - '0001 3 -'00002 - '00007 

II ... ..' +'00005 +'00004 -'00013 -'00012 -'00012 +'00004 -'00004 +'00007 +'00002 - '00010 -'00009 -'00009 +'00004 -'00002 

12 ... .. ' + '00012 +'00001 -'0001 9 -'00006 -'0001 3 + '00007 - '00003 + '00005 + '00003 - '00008 - '00005 - '00006 +'00004 -'00001 

13 ... .., + '00016 - '00005 - '00014 -'00008 -'00011 +'00006 -'00003 +'00007 + '00003 +'00001 '00000 +'00001 + '00005 +'00003 

14 , .. ... +'0001 5 -'00004 -'00005 +'00003 - '00002 +'00007 +'00002 +'00002 + '00005 +'00004 + '00002 +'00003 + '00004 +'00003 

IS , .. ... + 'OOOII -'00003 +'00004 +'00009 +'00005 + '00006 +'00005 +'00001 '00000 -'00001 +'00002 - '00001 + '00001 '00000 

16 ... .., '00000 '00000 +'00012 + '00012 +'00012 +'00001 +'00006 -'00002 +'00002 '00000 + '00002 +:00 001 '00000 '00000 

17 ... ..' -'00007 +'00003 +'0.0013 +'00009 +'OOOII - '00002 +'00004 '00000 '00000 '00000 - '00001 '00000 '00000 '00000 

18 .. ' .. ' -'00004 +'00001 + '00010 +'00005 +'00007 -'00001 +'00003 -'00002 -'00003 '00000 +'00001 '00000 -'00002 -'00001 

19 .. , .. , -'00003 +'00001 +'00002 -'00002 '00000 -'00001 -'00001 -'00002 -'00006 +'00001 -'00004 -'00001 -'00004 -'00003 

20 , .. ... '00000 +'00002 '00000 -'00004 -'00001 '00000 -'00001 -'00002 -'00002 '00000 + '00001 + '00001 -'00002 -'00001 

21 .,. .. ' +'00003 +'00003 '00000 -'00003 '00000 +'00002 +'00001 +'00003 '00000 +'00005 -'00002 +'00 004 -'00001 +'00001 

22 ... . .. +'00003 + '00001 '00000 -'00003 -'00001 +'00001 '00000 +'00003 +'00001 '00000 -'00002 '00000 +'00001 +'00001 

23 ... , .. +'00003 +'00003 +'00001 -'00001 +'00002 +'00001 +'00001 + '00005 +'00003 -'00006 -'00006 -'00004 +'00003 -'00001 

- --~ . 
Number of lunar 
doys' obserova.tJ.ons 
in a.bstrnct , .. 446 417 4 64 444 897 874 177 1 457 4 63 460 4 6 0 9Zl 919 1840 



TABU 66. 

O&CLTlfATION . 
OP Moot', NORTH, CH4lI01NO raoll NORTH TO S011T1l, 

Bombay LUJlAr November to Februarl M~to August to Apnl to October to Year, N o .. ember tol February I May to AUgU8t to I Apnl to Oetobe~ to Year, Hour, January, to Apn, J y, October, September, March, J&Iluary, to Apnl. July, October, September, March. 

. 
0 .. , .. ' +'00008 +'00002 -'0001 7 - '00007 -'00014 +'00007 -'ooc03 +'00006 '00000 -'00010 - '00018 - '0001 3 +'00003 -'00005 
I .. , ., +'00004 +'00004 -'0001 3 -'00003 - '00009 + '00005 -'00002 +'00008 +'00001 -'00006 - '00014 - '00008 + '00004 -'00002 
2 .. , , .. +'00005 +'00003 -'00005 '00000 - '00003 +'00004 + '00001 + '00009 -'00001 + '00001 '00000 +'00001 + '00004 +'00002 

3 .. , ... +'00003 '00000 +'00005 + '00006 +'00007 '00000 +'00003 +'00008 -'00005 + '00001 +'00008 +'00004 + 00002 +'00003 

4 .. , ... +'00001 -'00002 +'00005 + '0001 5 + '00010 '00000 +'00005 -'00001 -'00010 -'00001 + '00009 + '00002 - '00003 -'00001 

5 .. , .. , - '00004 - '00005 +'0001 3 +'00018 +'0001 5 -'00004 +'00005 -'00010 - '00012 '00000 +'00008 + '00002 -'00009 -'00003 
6 ... ' .. - '0001 3 -'00004 +'00009 +'00612 +'00010 -'00008 + '00001 - '00014 -'00008 -'00002 +'00003 -'00001 -'00010 - '~0005 

7 ... ... -'00014 - '00005 + '00004 + '000 03 +'00002 -'00009 - '00003 -'00015 '00000 -'0<1001 -'00001 '00000 -'00009 - '00004 
8 ... .. -'0001 7 -'00003 + '00002 -'00005 -'00002 -'00009 -'00005 -'0001 4 + '00005 -'00001 -'00001 '00000 -'00006 -'00003 

9 , .. .. ' - '0001.5 -'00002 -'00002 - '00012 -'00005 -'00010 -'00008 -'00007 +'00007 -'00002 '00000 '00000 -'00002 - '00001 
10 , .. .. , -'00008 + '00001 - '00002 -'00009 -'00005 -'00004 -'00004 '00000 +'00009 -'00004 +'00001 '00000 + '00003 +'00001 
II .. , ... + '00005 +'00006 -'00002 - '000°4 -'00003 + '00005 + '00001 +'00008 

~ +'00007 -'00006 -'00001 -'00003 +'00007 + '00002 
U .. , .. + '00014 + '00007 -'00002 -'00001 -'00002 +'00011 +'00004 +'00007 +'00004- - '00010 - '00001 -'00005 +'00005 '00000 

13 .. , .. + '0001 7 +'00004 -'00001 +'00001 -'00001 + 'OOOIl +'00005 +'00007 -'00004 -'00011 -'00001 -'00007 +'00003 -'00002 

14 '0. ..' +'00016 +'00003 -'00001 +'00001 -'00002 + '00012 +'00005 +'000°4 -'000°3 -'00007 + '00003 -'00003 +'00002 -'00001 

IS ' .. ... + 'OOO{3 '00000 - 00001 '00000 -'00002 + '00007 +'00003 +'00001 -'00002 + '00007 +'00008 +'00006 +'00002 +'00004 
16 .. , , .. +'00001 -'00001 + '00002 +'00001 +'00002 '00000 +'00001 -'00002 '00000 + <00018 +'0001: +'00014 '00000 +'00007 

17 .. , ... -'00006 -'00001 +'00008 '00000 +'00004- -'00003 +'00001 - 00002 +'00002 +'00018 +'00010 +'00014- '00000 + '00007 
18 ." .. -'00003 -'00007 + '00012 +'00003 +'00007 -'00004 + '00001 -'00002 +'000:)2 + '0001 7 +'00004- +'00012 -'00001 +'00005 

" -'00006 .... '00001 +'OOOll -'00006 -'~OOOI '00000 +'0001 4 +'00005 +'00010 -'00001 +'00004 19 .. , , .. -'00001 +'00007 '00000 

20 .. , .. ' -'00002 -'00003 + '00005 +'00002 + '00005 -'00004 '00000 -'00001 +'00001 +'00008 - '00002 +'00 004 - '00001 +'00002 

II .. , ... '00000 + '00003 :-'00 005 -'00002 - '00001 -'00001 -'00001 +'00004 + '00003 -'00004 -'00009 -'00005 + '00002 -'00001 

22 ' .. .. , +'00001 '00000 -'00010 - '00,007 -'00008 +'00001 -'00004 +'00003 '00000 -'00008 -'0001 3 -'OOOlI +'00002 -'00004 

'3 .. , , .. +'00003 + '00001 -'00014- - '00011 -'0001 3 + '00002 -'00005 +'00004 + '00003_ -'00010 - '0001 5 - 'OOOll +'00003 -'00004 

, -
Number of 
lunar days' , 
observation 8 

in abstraot ... 414 425 4 25 4 28 85' 840 1692 471 450 48~ 477 973 914 1887 



TABLE G7. 

DECLINATION SOUTII. CllANGING FROM SOUTH TO NORTH, OF MOON. 

Bombay Lunar November Febnlary Mav August Apnl October November I February 1>;fay August Apnl October 
to to to _ to to to Year, to to 'to to ~ to to Year, Hour, January. Apnl, July. October, September, March. Ja.nua.ry, AprIl. July, October' September, Marc~ 

0 .. +'0001 7 + '00007 - 00002 -'00002 -'00001 + 'OOOII + '00005 + 'ooora '00000 -'00009 -'00001 -'00006 + '00007 '00000 

I .. , +'00020 + '00004 +'00001 -'00001 '00000 + 'OOOIl +'00006 + '00012 -'00003 ~ 00012 + 00001 -'00007 +'00007 '00000 

:3 .. +'00014 -'00002 -'00001 + 00004 -'00001 +'00008 + '00004 + '00007 - or00 3 -'00007 +'00004 -'00003 + 00005 + 00001 

3 .. +'00005 -'00005 - '00002 + '00002 -'00001 +'00002 '00000 +'00002 -'000°5 + 00001 + 00004 '00000 + '00001 +'00001 

4 .. -'00006 -'OOOOS '00000 +'00002 '00000 -'00004 -'00002 '00000 -'0000,1 + '00003 + 00004 + coo03 - 00001 +'00001 

5 .. -'00010 + '00003 +'00007 '00000 + 'oooOS -'00005 '00000 -'00002 -'00002 +'00008 + 00004 +'00007 -'00003 + '00002 

6 .. -'00011 +'00002 +'00006 +'00001 +'00005 -'00006 '00000 -'00007 - '00002 +'00013 +'00004 + 00008 - 00004 + '00002 

7 '" -'00011 +'00007 +'00004 00000 +'00005 -'00005 '00000 -'00 004 -'00005 +'00012 +'00004 +'00008 -'00004 + '00002 

8 -'00008 +'00001 +'00006 -'00001 +'00004 -'00005 ':"00001 -'00 005 -'00009 -+'00005 +'00001 +'00001 -'00004 -'0000:3 

9 , .. - '00004 '00000 00000 -'00004 '00000 -'00004 -'00002 -'00007 -'00003 - 00006 -'00003 - '00005 -'00005 -'00005 

to .. +'00001 -'00003 - 'OOOIl -'00003 -'00009 +'00001 -'000°4 -'00002 + '00001 - '00011 -'0001 7 - 0001 3 - '00003 -'00007 

II .. + '00001 '00000 -'00010 -'00007 -'00010 +'00002 -'00004 +'00002 +'00002 -'00010 -'00016 - 00010 '00000 - '00005 

12 .. ' +'00003 +'00001 -'00015 -'00004 - 'OOOII +'00004 -'00004 +'00002 +'00006 -'00009 - 00009 -'00007 + 00003 - '00002 

13 .. + 00005 '00000 -'00009 + '00001 -'00006 + 00004 -'00001 +'00007 +'00006 - 00002 - 00007 -'ooc03 + '00005 +'00001 

14 .. +'00002 +'00005 -'00004 + '00005 '00000 +'00004 + '00002 + 00005 +'00006 +'00002 +'00002 +'00004 +'00004 + 00004 

15 '00000 -'00001 + '00001 +'00005 +'00002 + 00001 + '00001 +'00007 +'00003 + '00001 +'00009 +'00004 + 00005 +'00005 

16 '00000 +'00002 +'00005 +'00006 of. '00007 '00000 +'00003 -'00002 +'00002 +'00003 + 00012 + 00006 +'00001 + 00004 

17 .. -'00002 - '00001 + '00009 +'00007 +'00008 -'00001 +'00003 - 00004 -'00003 + 00003 +'oeo07 + 00003 - 00001 +'oooor 

18 ... -'00009 - 00005 + 00009 +'00005 +'00007 - '00007 '00000 - OOOIr +'00001 + 00003 + 00006 + 00003 - 00003 'COGOO 

19 -'00010 -'00009 +'00003 +'00004 +'00002 -'00008 -'00003 -'0001 3 +'00007 +'00004 -'00001 +'00003 - 00005 - 'oeoor 

20 .. -'00006 - 00005 +'00001 - '00002 -'00001 -'00005 -'00003 - '00012 + 00004 +'00005 -'00003 + 00004 - 00007 - 00001 

21 .. -'00003 -'00001 +'00002 -'00007 -'00001 -'00003 -'00002 -'00004 + 00005 +'00006 - 00003 + '00004 - 00002 + 00001 

22 +'OOC04 + '00001 '00000 -'00006 -'00002 + '00002 '00000 +'00006 +'00001 +'ooooa -'00002 + 00002 + '00001 + OOOO! 

23 .. +'00008 +'00003 +'00001 -'00005 -'00001 + 00004 + '00002 +'00010 -'00006 -'00006 '00000 -'00004 + '00003 - 00001 

Number of 
lllnar days' I 

I 
I 

(,1>5' nations 

I I In ab~tract 422 430 45 1 436 877 86: 1739 479 475 495 49-t 9 81 962 '943 
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1e6. The curves that have been constructed to represent the nriations otherwise 
expressed by the hourly excesses for the several quarters and phases are Figs. 318 to 
~45, and for the several quarters and declinations of the moon Figs. 350 to 377. The 
latter fiJ:,rures are marked with the phases to which they principally correspond, and it will 
be noticed that, comparing like phases for each quarter on the two sets of figures, the 
curves are nearly identical throughout: they are also nearly identical with the curves that 
correspond at once to the same phase and declination in each quarter on Plate XVII; 
but as the variations represented by the latter are of a purer type-being unmixed with 
the variations of adjacent declinations or phases-they are generally slightly larger in 
range and, perhaps, of more pronounced though similar character. 

167. Considering now the phase curves (Figs. 318 to 345) by themselves, we are 
led to form the hypothesis that the bulk of the phenomenon that we are dealing with is 
really n? lunar diurnal variation at all, but a solar diurnal variation that depends on the 
relative positions of the sun and moon,-a variation that is of the same character at new 
and full moon and of the same character at first and last quarters, but of reverse character 
at new or full moon as compared with that of first or last quarter. It will presently be 
seen that though the typical variation of one quarter differs from that of another, this 
hypothesis holds good in each quarter of-the .,ear separately, and that it reduces the unex
plained residual phenomenon to a small fractIon of the observed variations that seek for a 
theoretical explanation. 

168. As the lunar day roughly approximates to the same length as the solar day, 
we suppose tJe observed lunar diurnal variation at new moon to imply with rough approx
imation a solar diurnal variation of the same character; and we enter the hourly excesses 
in a table having solar hours, from 0 to 23, marked at the top of the columns: under these 
numbers we enter the excesses of full moon, placing the number belonging to the OUi hour 
oflunar time under the 12th hour of solar time, and we then take the sums of the two 
sets of numbers: again, we enter the excesses of first quarter, placing the number belong
ing to the O~b hour of lunar time under the 6th hour of solar time; and under these we 
enter the excesses of last quarter placing the number of the OUi hour of lunar time 
under the 18th hour of solar time, and we then take the sum of these two sets of numbers : 
next, we subtract the latter sums from the former and divide the results by 4, calling the 
series of quotients the typicalluni-solar variation, In this way have been obtained the 
typical variations shown in Table 68, using as data the numbers in columns 2, 5, 7 and 12 
of '£able 60; 3, 5, 8 and 10 of Table 61; 1, 6, 8 and 11 of Table 62 ; and 2, 4, 9 and 11 of 
Table 63. 

TABLE 68. 

Bombay 
AatronomloaJ 3 4 6 7 8 9 )0 0 1 2 5 

Hour. 

Nov, to 1 
Jan, + '00015 + '00019 + '0001 5 + '00009 -'00002 - '00009 - '00009 --00008 - '00003 - '00001 +'00001 

11 

00000 

Fe\; to} 
April. +'00002 -'00004 -'00002 -'00002 '00000 -'00001 - '00001 - '00004 -'00005 '00000 '00000 +'00003 

I1iay to} 
July, - '0001 7 - 'OOOIS - '00009 +'00003 +'00008 +'00010 +'00009 +'00002 '00000 '00000 '00000 +'00001 

Aug, to 1 
- 'OOOH - '00006 +'00003 +'00011 +'00012 + '00008 + '00003 - '00002 -'00002 -'00002 - '00001 '00000 

Oct. I I 

Bombay 

~ 
21 22 23 A~troDomlca1 13 14 15 16 17 18 19 20 

flour, 

---

Nov, to J -'00010 '00000 +'00008 
Jan. + '00004' + '00003 + '00003 + '00001 - ooooa -'00005 -'00010 - '00012 - '00009 

Feb to ~ 
April + '00004 +'00004 +'00003 +'00001 -'00002 - 00006 - '00005 '00000 +'00003 +'00005 + '00005 '00000 

lIay to I 
JUly, - '00001 +'00001 + '00001 '00000 + '00001 + '00007 + '00009 +'OCOO9 +'00006 -'00003 - '00012 - '0001 3 

Aug to I 
Oct, - 00001 + '00002 +'00002 + '00003 +'00003 +'00007 + '00004 +'00002 - '000021- '00006 - '00Q.I3 - '0001 4 

Theae nnabo1lll are I:urved III FIgs. 346 to 3-19. 
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169, And now, €limin9.ting, by a sort of reversal of the process de~criLed above, H,e 
typical from the obseryed variations, and then takin~ ~he mums of ~he rer,iuual q~.lntitic~, 
properly arranged, as If ~hese were, prop,er l~nar Y!'rlabons. we obtam the full OWIng nUTIl
bers, which are curved, III dotted hnes, 1Il FIgS, 3,8 to 381 and 384, 

TABLE 69, 

Bomooy I I I 
I 

1 2 3 4 6 6 7 8 9 10 I AstronOlllJcal 0 
Hour, I 

, 
---" 

i 

II 

--

Nov, to} + OOO~I 'ooooe 
Jan. 

+'00001 '00000 -'00001 -'00001 -'00002 -'00003 -'00003 '00000 '000001 00000 

Feb, to} -'00004 -'00003 - '00002 +'00001 '00000 -'00001 -'00002 - '00001 + '00001 +'00001 + '00003. + 00001 
April 

May to} 
July 

-'00002 +'00001 '00000 '00000 +'00001 +'00002 +'00001 '00000 + 00002 +'00002 + 00002\ '00000 

Aug, to} -'00001 '00000 +'00001 '00000 -'00001 - 00002 '00000 + '00001 + 00001 + 000011- '000011 00000 Oct, 
-----------

- 00001 ~~I-:~I +'o~I~~!-'~oooo Year - '00001 '00000 '00000 '00000 '00000 '00000 

Bombav 
, I 

c\-stronomlCal 12 13 14 15 16 17 18 19 20 21 22 ~3 
Hour, 

---- ----

Nov, to} 
Jan. 

+ 00002 + '00002 +'00001 +'00002 + '00002 '00000 '00000 '00000 + '0000 I I - '0000 I - 00001 +'00001 

Feb, to} 
April 

+ '00001 '00000 -'00001 '00000 -'00001 +'00001 +'00003 +'00005 +'00003 '00000 - 'ooooJ - '00002 

May to 1 
July, '00000 '00000 '00000 '00000 -'00002 -'00002 +'00001 -'00001 -'00002 -'00002 - 00001 - OOCOI 

Aug to 1 
Oct, +'00001 -'00002 - '00001 '00000 +'00003 + '00002 + 00001 + '00001 - 00001 -'00001 

-o~o +-000;;-; + 0~1 ~~ol- ~o, 
- '00001 

Year 
---

+'00001 '00000 '00000 '00000 00000 - '00001 
I 

169a, If, however, the hypothesis of paragraph 167 were true and the period in
volved was the solar day and not the lunar day, we should expect that our proce::>R 
of finding the typical variation would have resulted in the contraction of the range of the 
:1ctualluni-solar variation, because in combining three or four lunar days hefore and after 
each phase with the exact day ofthat ~hase, the maximum and minimum events, instead 
of being exactly superimposed as they would have been if the observations ha.d been 
classified in solar days, would have been spread over some five or l>ix consecutive solar 
hours, and consequently the mean maximum and mean minimum results would be of 
more nearly equal magnitude than those of the actual variation, Hence, if the investi
gation were repeated, arranging the lunar abstracts in solar instead of lunar days, but 
making no other change* in the process of reduction, we might find a criterion for attri· 
buting the variation rather to the one period than to the other, Such repetition has 
been made for each quarter of the year and each phase of the moon, using the identical 
lunar differences for the years 1846 to 1870 that formed the basis of the preceding 
investigation, The results obtained are shown in Tables 69a to 69c and they nre cun'ed 
to correspond with the curves of Plate XVIII, in Figs 384a to 384ff of Plate XIXa. 

• Except that, there being one more sola.r day in a Iunation than the number of lunar days, the day. 
after new moon were dlstrlbuted as follows, VlZ" 5th to 11th.. under first quarter; 12th to 19th under full 
moon, :!oth to 26th under last qua.rter ; and the rema.mder under new moon. 

00000 

00000 
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CO~A8A OBSERVATORY. 
LUNAR DIURNAL VARIATION OF DECLINATION. 

VARIATIONS FOUND ON THE SUPPOSITION THAT THE PERIOD IS THE SOLAR DAY AND NOT THE LUNAR DAY. 

MOON. J FIRST QUARTER. 1 FULl. MOON. I LAST QUARTER 1 
~ ... BOMBAY ASTRONOMICAL HOURS. 

'* !:! ~ '* ~ .... ~ -~ -- ",,- --. 

Plate XIXaJ 
TYPICAL UCE5S 

SOLAR-DIURNAL VARIATION. 



TABLE 69,l, 

J PILUIl 01' MOO1)r, Nl!w, FIRST QU~TER. 
, 

--
BombaI' Aatrono- No .. mho .• o!",,,,,,,,,, to !" to J ~ ! August to Apnl to October to Year, N~~t.·1 """:1 I M.y to J.11! August to I Are

rdto I October to I Year, 
mica Hours, January, ApnL I ay y, October, Septen..ber, M&reh, January, ' to Aprl , October~ Sep mber March, 

. -
h, m, 
0 12 .. ' +'00006 -'0000:1 -'00010 -'00003 -'00009 +'00005 -'00002 -'00003 +'C;X>003 + '00012 +'00008 + '00011 '00000 +'00006 

I u " + '0001 3 - '00003 -'0001 5 -'00002 -'00010 +'00007 -'00001 -'00009 +'00004 +'00008 +'00002 +'00006 -'00003 +'OOOOl 

, 
2 U ", +'00008 -'0000:1 - '00011 --'00002 -'00007 4'00004 -'00002 -'00010 -'00001 +'00008 - '00003 +'00005 -'00007 -'00001 

3 12 +'00004 + '0000 a -'00007 - +'00005 - 'ooooa . .. +'00004 + 'OOPOI -'00006 +'00001 + '00002 -'00006 +'00001 -'00005 -'00002 

4 u , .. -'00006 +'00001 +'00005 +'00007 +'00007 -'00004 +'00002 +'00005 -'00001 - '00008 -'00008 - '00007 +'00001 -·00002 

S U .. , -'00008 -'00003 +'00009 +'00005 +'00007, - 00006 + '00001 +'00010 +'00003 -'ooooS -'00004 -'00005 + '00005 +'00001 

6 U .. , -'00007 -'00005 + '00003 '00000 +'00001 -'00006 - '00003 ,j-:00006 + 00004 +'00001 '00000 '00000 +'00005 +'00004 
, 

7 u .. , -'00005 -'00004 '00000 +'00002 '00000 -'00004 - '00002 *'00004 +'00004 +'o~003 -'00001 +'00003 +'00003 +'00003 

8 12 .. ' -'00006 - '00001 '00000 +'00002 +'00001 -'00004 -'00001 +'00004 +'00004 +'00003 '00000 +'00002 +'00003 +'00003 ,...., 
-

9 12 .. -'00003 -'00003 +'00001 +'00002 +'00001 -'OOOOl -'00001 '00000 +'00001 -'00002 -'00001 -'00001 '00000 '00000 

10 U .. -'00003 '00000 +'00001 +'00002 + 00001 -'00002 '00000 +'00001 -'00001 -'00001 '00000 '00000 -'00001 '00000 . 
II u .. , +'00001 +'00004 +'00003 + '00001 +'00003 +'00002 +'00002 -'00001 - '00002' -'00001 - '00001 -'00001 -'00001 -'00001 

11 U .. +'00003 +'00005 +'00003 '00000 +'00002 +'00003 + '00003 -'00001 -'00005 -'00002 -'00003 -'00003 -'00003 -'ooooa 

13 U , .. +'00003 +'00006 +'00003 '00000 +'ooooJ +'00003 +'00003 -'00003 -'00007 -'00004 -'00003 -'00004 -'ooooS -'00004 

14 u .. ' +'000 03 +'00007 +'00003 '00000 +'00003 +'00004 +'00003 -'00004 -'00006 -'00007 -'00002 -'00006 -'00004 -'00004 

IS 13 .. , +'00004 +'00004 +'00001 -'00001 +'00001 +'00002 +'00002 -'00003 -'00003 - '00006 - '00001 -'00005 -'00001 -'00003 

16 u .. , +'00003 +'00003 +'00003 '00000 +'00001 +'00004 + '00002 -'00003 -'00004 -'00004 -'00002 -'00004 -'00002 -'00003 

17 u .. , -'00002 +'00001 +'00007 +'00002 +'00004 '00000 +'00002 +'00002 -'00001 -'00006 -'0000 3 -'00006 +'00001 -'00002 

18 U ... - '00004 -'0000:1 + 'OOOll +'00007 +'00009 -'00002 +'00003 +'ooooS +'00004 -'00008 -'00007 -'00008 +'00004 -'00001 

19 U .. , -'00007 -'00002 +'00007 +'00007 +'00007 -'coooS +'00001 +'00008 +'00005 -'00008 ~'OOOOI -'00004 +'00006 -t'OOOOt 

20 J2 .. , -'00004 +'00004 +'00002 -'00002 +'00001 -'00002 'ooooe +'00007 '00000 -'00003 +'00006 +'00001 +'00004 +'00003 

21 u , .. +'00002 -'0000:1 -'00002 -'00008 -'00005 '00000 -'00003 '00000 +'0000:1 +'00008 +'00010 +'00008 +'00002 +'00006 

22 12 .. , + '00002 -'00003 - 'Q0006 - 'OOOIl -'00008 -'00001 -'00004 -'00004 -'00002 + '000 II + '000 II +'00008 -'00001 +'00004 
, 

23 u ... +'00003 -'00007 -'00009 -'00012 -'00012 '00_000 -'00006 -'00005 -'00003 + '0001 3 +'00008 +'00009 -'00002 +'00004 



TABLE BOb. 

PHASE-OF MOON FULL, -- - - LAST QUARTER, 

. 
[-Bombay 

--

Novembel." to November to February May to August to April to October to Year, February May to August to Apnlto October to 
Astronomical January, to Apnl, July, October. September, March, January, to Apnl. _July October. September. March. Year. 

Hours. 

h, m 
0 12 .. , +'00004 -'00003 - '<>0006 - '00010 -'00007 -'00001 -'00004 -'00010 +'00006 .+ '00006 +'00006 +'00008 -'00004 +'00002 

I 12 .. ' +'00009 -'00004 -'00006 -'00004 -'00007 +'00004 - '00001 -'0001 3 +'00003 + '00008 +'00007 +'00008 -'00006 +'00001 

----
:I 12 .. , +'0001 7 - '00001 -'00001 +'00004 '00000 +'00010 + 00005 -'0001 5 +'00003 -+ 00004 +'00001 +'00004 -'00007 -'00001 

. 
3 12 '" +'OOOJO +'00001 +'00002 +'0000& +'00003 +'00007 +'00005 -'00010 -'00001 +'00004 -'00006 '00000 -'00006 -'00003 

. 
4 12 - 00001 + '00004 + 00010 +'00009 +'00008 +'00003 + 00005 +'00003 - '00005 -'00008 -'00011 - '00009 -'00001 -'00005 

5 12 -'00007 +'00003 + 00009 +'00004 +'00006 - 00002 +'00002 + 00008 -'00002 -'00012 -'00007 -'00010 +'00004 -'00004 

6 12 .. + 00001 -'00002 +'00003 -'00004 +'00001 -'00001 '00000 00000 +'00001 -'00004 +'00004 -'00001 +'00002 '00000 

7 12 .. , +'00002 -'00003 -'00001 -'00003 -, '00002 '00000 - '00001 - '00001 +'00004 +'00001 +'00003 + '00002 +'00001 +'00001 

8 12 +'00003 ~'OOOOI -'00003 -'00005 -'00004 + 00001 - '00001 - '00002 +'00004 '00000 +'00003 '00000 +'00002 + 00001 

9 12 +'00003 - '00003 ~ '00001 - '00002 -'00001 '00000 -'00001 +'00002 +'00004 '00000 + '00002 + '0000.1 +'00003 +'00002 

10 12 .. , +'00004 -'00002 '00000 '00000 '00000 +'00002 + '00001 - '00003 + '00003 ...! '00001 +'00001 '00000 '00000 '00000 

II 12 .. +'00003 -'00001 -'00002 - 00002 - 00002 +'00001 -'00001 .,.'00002 '00000 +'00003 +'00002 +'00002 '00000 +'00001 

12 12 .. +'00004 -'00001 - '00001 + '00001 '00000 +'00002 + 'ooooi -'00004 '00000 + 00002 '00000 +'00001 -'00002 -'00001 

13 12 .. +'00001 '00000 - '00001 '00000 -'00001 +'00001 '00000 -'00003 + '00001 +'00003 '00000 +'00002 - '00002 '00000 

14 12 , , 00000 -'00002 + 00002 +'00001 +'00001 00000 '00000 '00000 -'00003 +'00001 -'00001 +'00001 -'00003 - 00001 

IS I..! .. - 00002 '00000 + 00002 +'00002 +'00001 -'00001 00000 +'00003 -'00002 + '00003 -'00001 + 00002 '00000 +'00001 

16 12 -'00004 -'00004 'OOQOO + 00002 '00000 -'00004 - '00002 + '00003 +'00004 + '00002 -'00002 + '00001 + '00003 +'00002 

I7 12 -'00006 -'00002 00000 + 00007 + 00003 -'00004 00000 + 00004 +'00002 -'00002 - 00004 - '00001 + 00002 '00000 

18 12 - 00010 - 00001 + 00006 +'00008 +'00007 -'00006 + 00001 +'00008 '00000 -'00010 -'00009 -'00009 +'00004 - 00003 

19 12 - '0001 3 +'00001 + 00005 +'00004 + 00005 - '00006 -'00001 + OOOIl '00000 - 00007 - '00007 - '00007 +'00006 - 00001 

20 12 - 00010 + 00003 +=00, I -'00001 +'00001 -'00005 - 00002 +'00009 -'000071 - 00002 - '00002 -'00003 + 00002 - 00001 

21 12 .. , - 00009 + 00007 - 00002 -'00006 - 00003 - 00002 - 00003 + 00009 - '00011 ! - 00001 + 00004 - '00002 +'00002 00000 

- 000061 

\ 

00008 22 I Z ' .. - 00002 +'00009 - 00007 - '00004 00000 - 00002 + 00004 - 00004 1 + 00003 I + + '000041 +'00002 + 00003 
I I 

2j 12 + 00002 +'00005 - '00009 - 00007 ' - 00006 + 00001 1- 00002 - 00001 - 00001 + 000071 + 000091 + 00007 oeoco + roccOj 

I : I i I 
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TABLE 69c. 
Typical excess 80lar diurnal variations, correspondi1i9 to the typical Zuni.solar varation8 of Table 6& •. 

lIomlJay I 
0 1 2 3 " 5 I 6 7 8 9 10 11 AstronomIcal 

Houn, 
~-- ----

.\Oy, to) 
+'0000 6 + '000 II +'0001 3 + '00008 -'00004 -'00008 -'00003 - '00001 -'00001 -'00001 +'00001 + 00001 

Jail 5 
Feh to} 

April 
-'00004 - '00004 -'00001 + '00001 + '00003 '00000 - '00003 - '00004 - '00002 - '00003 -'00001 + 00001 

May to J -'00009 -'00009 -'00006 -'00003 +'00001 +'00009 + '00002 - '00001 - '00001 +'00001 +'00001 ooooe July, 

- '000011 '00000 Au/.{ to J -'00007 -'00004 +'00001 + '00006

1 
+ '00009 + '00005 -'00002 - '00001

1 

'00000 'ooooc 
O('t, 

Bomhay 
.\stronOlIUc&1 12 13 14 15 16 17 18 19 20 21 22 23 

Hours, 
-- -----
Noy, to} 

Jan, +'00003 +'00002 +'00002 +'00001 '00000 -'00003 -'00007 -'00010 - 00008 -'00004 '00000 + 00003 

Fe", to} 
April. +'00003 +'00003 +'00003 +'00002 -'00001 - 00001 -'00002 -'00002 +'00004 +'00003 +'00003 + 00001 

May to} 
July, +'00001 + 00001 +'00003 + '00001 +'00001 +'00004 +'00009 +'00007 + 00002 - 00002 - 00006 

- '00002[- '000071- '00009 

- 00009 

Aug, to} 
O(,t, +'00001 +'00001 + '00001

1 
+ 00001 + '00002 + 00004 + 000081 + '00005 - 00009 

IG9b, A glance is sufficient to show that the curves of Plate XIXa, though through
out similar in general character to those of Plate XVIII, are decidedly of smaller range; 
and so considerable is the difference in this respect, that little doubt remains but that the 
variationi'! in question have for their true period the lunar day, Regarding, then, the 
typical variation of each quarter as a lunar variation, we see, from Figs, 318 to 321, 325 
to 328, 332 to 335, and 339 to 342 (Plate XVIII), that the variation has the same 
character at full moon as at new moon, but the phases occur twelve hours earlier, that it 
haq the same character at last quarter as at first quarter, but the phases occur twelve hours 
earlier, and that the character of the variation at first quarter and last quarter is the 
reverse of that at new moon and full moon: otherwise and more fully stated the changes of 
phase consist in back" ard slips of six hours at each reverbal of the character of the variation; 
or the lunar hour angle of the sun marks, at each exact quarter of the moon, what may 
Le regarded as the initial phase of the typical variation or its opposite-of the typical 
,'ariation at new moon and full moo~ and of its opposite at first quarter and last quarter, 
Having regard to this fixed relationship of the variation to the position of the sun, it i .. 
not difiicult to conceive that a possible physical counterpart to the law of variation may lie 
in redistributions of the medium in which the solar magnetic action takes place being 
caused by lunar attraction upon the earth or its envelop or both,. 

169c. The mode in which the reversal of character of the variation and seeming 
slipping of the phase occurs appears to be this: as the days increase after the exact 
quarter to which a typical curve, (say) Fig. 346 for November to January, corresponds, 
the principal inflexion wanes and becomes the later inflexion of the inverted curve, whilst 
the later inflexion fades away altogether; at the bame time the e,nlier inflexion grows 
and becomes the principal inflexion of the inverted curve, whilst a new inflexion of reverse 
curvature appears in the place of the earlier one, 

Certain combinations that have been made of lunar differenct s for different solar days 
after new moon will serve to illustrate the mode of growth and decay of the variation that 
has been described. The lunar differences used were for all the days in the month of 
January in all the years 1846 to 1870 and were formed into groups of thiJ ty varieties, the 
first group comprising the six days from the 28th to the 3rd day after new moon (i e, the 
28th, 29th, 30th and 1st, 2nd and 3rd days after new moon), the second group from the 
29th to the 4th day after new moon, and so on, the last or thirtieth group comprising 
the six days from the 27th to the 2nd after new moon. Having entered the lunar dif. 
ferences on solar abstract sheets, the means and variations were taken of the several groups, 
and the latter were converted into force, with thc results shown in Table 69d, 

.. In the T'"allsachons of the Royal SocIety of Edmbnrgh. Vol XXVI, pagel! 733 to ':57, th~re is _ paper by the late John 
Alioto Broull 011 the" LUBAr DIurnal Y"natlOns of .Magnetlc Dedmatwn at Trevandrum," the second plate of whICh consISts of 
curH3 whIch represent the varIatIOns for d,ff"rent month. of the )'ear and for each of the four 9uarters of the moon. The carvel! 
for the munths of December and January gIve _ typICal curVe almost "lentlcal WIth the wlDter curve of Bombay thow.h of 
somewhat wld~r rangt'o aud they support 10 a remarkable manner the vIew taken above of the mode of growth and decay c,{ the 
lunar dIurnal \"8rJatlOns for dllf~rent ages of the mOOn, Thll,vlew, It may be remarked, was founded on the Bombay obaerv
_thins alone, WIthout any kno\'i ledge or Broun'. InvestIgatIon 



TABLE ()9cl. 

MEAN DAY AFTER NEW MOON, 
Bombay 

AstronoJnlcal 
Hours, 0 1 2 3 ,4 5 6 'l 8 9 10 11 12 13 14 

h. m, 

0 12 .. , .. , + 'OOOIl '00000 -'00002 + '00021 -'00014 - '00011 -'00005 -'00001 -'00002 -'00004 +'00003 +'00002 + '00003 +'00007 + 'OOOIl 

I 12 .. , .. ' +'0001 3 +'0001 5 +'0001 5 +'00011 +'00003 -'00006 -'00012 - 'OOOIl -'00022 -'00026 -'00020 "00000 -'00005 '00000 +'00014 

---2 12, .. .. ' + '00007 +'00010 +'00010 +'00007 +'00005 -'00005 -'00006 -'00014 -'00010 - '00012 -'00012 '00000 +'00009 + '00014- +'00018 

3 12 .. , .. ' + '000 II +'00012 +'0001 9 + '0001 9 +'0001 7 +'00009 +'00001 -'00006 -'0001 4 -'00004 -'00021 - ' 0001 9 - '0001 5 -'00006 + 00002 

4 12, .. .. , -'00005 '00000 +'00006 +'00012 +'0001 9 + '00018 +'0001 5 +'0001 3 +'00005 -'00002 -'00012 - '0001 7 -'0001 9 -'00018 - '00016 
, 

5 12, .. .. -'00006 -'00001 +'00002 +'00001 +'00005 +'00007 +'00009 +'00009 +'00009 + '00005 '00000 -'00004 -'00004 -'00009 -'00012 

6 12, .. .. -'00006 -'00004 -'00005 -'00004 -'00003 -'00002 +'00003 +'00005 +'00006 +'00006 + '00008' +'00009 + '00011 +'00007 + '00005 

7 12, .. ..' -'00006 -'00006 -'00007 -'00006 -'00004 -'00003 -'00002 +'00002 +'00006 + '00007 + '00008 + 'OOOIl + '0001 5 + '00011 +'00007 

8 12, .. ..' -'00004 - '00001, -'00008 -'00007 - '00005 -'00006 - '00004 + '00002 +'00004 +'00004 +'00006 +'00009 + '00010 + '00010 + '00006 

9 12, .. .. +'00001 -'00003 -'00002 -'00004 -'00004 -'00006 -'00006 '00000 + '00003 +'00004 +'00006 +'00006 +'000°7 +'00007 + '00005 

10 J2 , .. -'00002 -'00001 -'00001 -'00002 -'00001 '00000 '00000 +'00002 +'00002 + '00004 + '00005 + 00006 + '00007 +'00004 +'00007 

II 12 .. .. + '00001 + '00001 + 'oooor '00000 +'00001 -'00001 - '00003 - '00004 -'00001 '00000 '00000 '00000 + '00002 + 00001 + 00001 

12 12 .. , .. ' +'00004 +'o~003 +'00004 +'00002 +'00002 - 00002 -'00004 -'00004 -'00003 -'00004 -'00001 +'00004 +'00006 + '00005 + '00003 

13 12 .. , .. +'00005 +'00008 +'00007 + '00002 +'00003 +'00002 '00000 -'00006 - 00004 -'00006 - '00005 -'00004 -'00005 '00000 -'00002 

• 
14 u, .. ' - 00001 +'00004 +'00007 '00000 + '00004 +'OOOO~ +'00005 -'00001 -'00002 -'00001 -'00005 -'00006 - '00011 -'00008 -"00008 

<IS u .. +'00001 +'00005 +'00007 +'00004 +'00005 +'00003 + 00004 -'00001 -'00002 -'00003 -'00007 -'00004 -'00009 - 00007 - 00003 

16 12 .. .. '00000 +'00003 +'00003 +'00002 +'00005 + 00003 +'00005 +'00001 +'00002 - '00001 -'00006 -'00006 -'00012 - '00011 - 'oooq 

17 12 .. , .. ' - 00004 -'00001 '00000 -'00001 +'00004 +'OOOII +'00013 + 00008 +'00006 +'00004 '00000 -'ooc06 - 0001 3 -'00013 - 'OOOI.l-

18 12 .. .. -'00009 -'00007 -'00008 - '00006 '00000 +'00007 + '00011 + 00010 +'00010 + '00009 +'00006 '00000 -'00004 - '00009 - '00012 

19 Il .. -'00020 - 00018 -'00021 -'00014 -'00002 +'00006 + '00012 +'0001 4 + 0001 7 + '00017 +'OOOIZ + OC007 -'00001 -'00007 - 00010 

20 12 .. .. -'00007 - 00010 - '00012 -'00009 -'00001 +'00005 + 00006 +'00010 + 00011 + '0001 7 +'0001 4 +'00004 + 00001 - 00003 - '00004 

21 12 .. + 00001 -'00004 -'00006 - '00007 -'00007 - -00009 -'00005 -'00001 +'00001 +'00003 +'00010 +'00005 +'00003 - '00001 - 00004 

U 12 .. + 00008 -'00001 -'00007 -'00010 - '0001 7 - 0002 3 - 00021 -'00020 - '0001 3 - 00014 + oooc6 + oeo08 + '00012 + oooq + oooq 

23 12 + 00009 +'00002 -'00003 - '00012 - 0001 7 - '00001 - 00014 - 00010 -'00010 - 00006 I + oco06 I + '00006 + OOCII + '00010 + occq 
I 
I , 



COLABA OBSERVATORY. 

EXCESS SOLAR-DIURNAL VARIATION OF" DECLINATION F"OR EACH DAY OF THE MOON'S AGE 

MONTH OF oJANUARY-1846 TO 1870 

, . 
(t. 

BOMBAY ASTRONOMICAL HOURS 

.------, , 

I : 

, 
+-

THE MOON'S MEAN AGES ARE THE NUMBERS MARKED ON THE RESPECTIVE CURVES 

Pla1e XIXh 



TABLE G9d-continued. 

MBA!! D.n UTEB Nlw MOON, 

Bombay 
Astroaollllcal 

BourL 15 16 17 18 19 20 21 22 23 240 25 26 27 28 29 

h. m, 

0 12", , .. +'00014 + '00009 +'00002 -'00006 - '00011 -'00016 -'00018 - '0002 5 - '00016 - '00009 -'00002 +'00002 + 'OQ007 + '0001 9 +'00016 

1 12,., , .. +'0001 9 + '0001 7 + '00010 - '00001 -'00007 -'OOOIl - '0001 5 - '00001 - ' 0001 7 - '00009 - '00003 - '00003 +0'0002 + '00013' + '0001 7 
2 12 ••• .., +'Qo024 +'0002 7 + '0002:1 + '00011 +'00003 -'00004 - '0001 5 -'00024 -'00022 -'00016 - '0001 I - '00011 -'00004 +'00005 +'00006 

3 12 .. , ", + 'OOOIZ +'0001 9 +'00022 + '00022 +'00017 +'0001 3 +'00004 -'00006 -'00010 - '00016 -'00014 - '0001 7 -'0001 4 -'00007 +'00001 

4 12 .. , .' -'00008 + '00001 +'00008 +'0001 5 +'00014 +'0001 9 + '0001 7 +'00011 +'00004 -'00003 -'00007 -'00016 -'0001 9 - '0001 9 -'0001 3 
5 J 2 , •• .. - '00012 - 00007 +'00001 +'00005 +'00009 +'00014 + '00016 +'00017 + '00008 + '00005 +'00002 -'00003 -'00002 -'00007 -'00004 

6 12 ..... , .. +'00002 '00000 -'00003 -'00007 -'00006 -'00004 -'00002 '00000 -'00001 +'00001 -'00001 -'00001 - '00003 -'00004 -'00004 

7 12", .. , + '00005 +'00002 - '00002 -'00005 -'00004- -'00002 -'00003 '00000 '00000 + 00002 '00000 -'00001 -'00002 -'00005 - '00004 
8 12 •• ,,, + '00005 +'00002 -'00002 - '00004- - '00006 - '00003 -'00003 - '00001 - '00001 '00000 +'00001 '00000 -'00001 -'00004 -'0000;1 

9 13 .. , .. + '00003 +'00001 -'00001 - '00001 -'00003 -'00002 -'00001 +'00001 +'00001 -'00001 -'00002 - '00004 - '00005 -'00007 - '00003 
10 12 .. , , ' + '00005 + 00002 - '00002 -'00002 -'00001 -'00005 -'00005 -'00002 -'00002 -'00003 -'00003 -'00004 -'00005 -'00006 -'00004 

11 12 .. , .. , - '00001 +'00001 +'00003 +'00002 +'00007 + '00003 +'00004 +'00003 +'00001 '00000 -'00004 -'00004 -'00005 -'00007 - '000°3 
sa 12 .. , .. + '00002 + '00003 + '00001 +'00001 + 00001 + 00003 +'00002 -'00001 :"'00004 -'00005 - '00007 -'00007 -'00006 -'00005 - '00001 

13 12 .. , .. , - '00001 '00000 - '00001 +'00003 +'00001 +'00002 +'00001 - '00001 -'00002 -'00005 -'00007 -'00006 -'00002 -'00001 +'00001 

14 12 .. , .. -'00006 -'00001 '00000 +'00007 +'00008 +'00010 +'00008 +'00007 +'00006 +'00002 - '00002 -'00005 -'00004 -'00006 - '00002 

15 12 .. , , .. -'000 08 - '00002 -'00001 +'00004 +'00006 +'00009 +'00008 +'00007 +'00003 +'oooot -'00002 -'00004 -'00002 -'00002 - '00001 
16 12 .. , -'00012 -'00004 -'00003 +'00002 +'00004 +'00005 +'00004 +'00002 +'00003 +'00003 + '00001 + '00002 + '00002 '00000 '00000 

17 12 ... .. - '00013 -'00009 -'00004- +'00001 +'00004 +'00003 +'00004 +'00002 '00000 -'00002 -'00004 - '00001 -'00001 - '00004 -'00007 
18 1:1 .. , ", - '00013 -'OOOta -'OOOtO -'000 07 -'00004 '00000 +'00002 +'00004 +'00010 + '00011 + '00012 +'0001 3 +'00008 '00000 -'obo08 

19 12, .. ..' -'00016 -'0001 9 -'00013 -'0001 4 -'00004 + 00002 +'ooc08 +'00014 +'0001 5 +'0001 3 +'00014 + '00011 +'00003 -'00007 - '00016 
20 12, .. , .. - '0001 5 -'0001 9 -'00018 -'00009 -'00008 -'00004 +'00004 +'00009 +'0001 5 + 'OOOIl + '00012 + '00011 +'00004 -'00001 -'00006 

U 12 .. , .. ' - 00010 - '00012 -'00009 -'00008 -'00006 -'00004 +'00003 +'00002 + '00011 +'00014 + '0001 7 .. '00018 +'0001 5 +'00012 +'00005 
:u 12, .. .. +'00009 - '00002 - '00003 -'00007 -'00010 - '00016 - '00014 ~- '00009 + 00004 +'00007 +'00004 +'00020 +'0001 9 + '0001 9 + 'OOOIl 

33 12 .. , , .. +'0001 3 +'00001 + '00002 -'00003 -'00006 - 00011 -'00008 -'00010 -'00004 + '00001 +'00006 +'00012 + '00015 +'00021 + '0001 9 

~ representing thNle numbers form Flge, 384UU to 384m on Plate XIXb, 

169d. On these curves, which may be taken to represent the mean variations for the "everal days after new moon, in order, in the month of 
January, the relative growth and decay of the same inflexion is indicated by the marks a, a, a, a, &c . .. , . in one case; b, h, b, &c. in another; 
c, c, c, &c. in another, and d, d, a, &c, in another. The progresbion in the solar time of these occurrences, also accords with our conclusion that the varia. 
tion has for its period rather the lunar than the solar day, though the )'ate ofpro~ression is much less than one day?,er lunation. We see, however, 
from Figs. 318 to 321, 325 to 328, 332 to 335, and 339 to 342, that what is lackmg in the rate of progress of indiVIdual inflexions must be made up 
m delayed outbreak of new inflexions, 
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170. The lunar diurnal variations for each quarter, for the summrr and winter hnlf
years, and for the full year, irrespective of phase or declination of the moon, are l'hown i'1 
Table 70 and by curves in Figs. 378 to 384. Also the mean lunar diurnal variations fpr 
each year separately are shown numerically in Table 71. 

TABLE 70. 

!Bomba.y Lunar November to February to May to July. August to April to October to Year, 
Hoar. January, Apnl, October, Sepliember. March, 

0 .. ' + '00011 + '00002 -'00009 -'00007 -'00008 +'00007 - 00001 

I ... + '00011 +'00001 -'00007 - '00004 -'00006 +'00007 00000 

2 .. ' +~0009 - '00001 -'00003 +'00002 -'00001 + 00005 + 00002 

3 .. , +' 0004 -'00004 + '00001 +'00005 +'00002 +'00001 + 00002 

4 ... - '00001 - '00005 +'00002 +'00007 +'00004- -'00002 + 00001 

5 ... - '00007 -'00004 +'000 07 +'00007 +'00007 -'00005 + 00001 
6 .. , -'00011 -'00003 +'00006 +'00005 +'C0005 - '00007 - 'OOOO! 

7 .. , - '00011 -'00001 +'00004 +'00001 +'00004 -'00007 - 00001 

8 .. , - '00011 -'00002 +'00003 -'00002 +'00001 -'00006 - 00003 

9 .. -'00008 '00000 ~'00003 -'00004 -'00002 - '00005 - 00004 
10 .. , -'00002 +'00002 -'00007 -'00007 -'00007 -'00001 -'00004 
II ... +'00004 +'00004 -'00007 - '00007 -'00007 +'00003 - 00002 
12 ... + '00007 + '00005 -'00009 -'00004 -'00006 +'00006 00000 

13 ... + '000.09 + '00001 -'00006 - '00001 -'00004 +'00006 + 00001 

14 .. + 00006 + '00003 -'00002 +'00003 00000 +'00005 + 00002 

IS , .. ' + 00005 '00000 +'00002 +'00006 +'00003 +'00004 + 00003 
16 ... - '00001 +'00001 + '00007 +'0000& + '00007 00000 + '00004 

17 ... -'00003 - 00001 +'00009 +'00006 +'00007 -'00001 +'000°3 
18 .. , -'00006 -'00002 + '00010 +'00005 +'00007 - '00004 +'00002 

19 .. -'00007 -"00001 +'00008 +'00002 +'00006 - 00005 '00000 
20 ... - 00005 - '00001 +'00005 -'00001 +'00003 -'00004 00000 

2I .. - '00001 + '00003 '00000 - '00005 -'00001 - 00001 - 00001 

22 ... +'00003 + '00001 -'00004 -'00007 -'00005 + 00002 - 00002 

23 ... + '00006 '00000 -'00007 -'00007 - '00007 +'00003 - 00002 

----
Number of 

lunar days' 
obs erva-
tiona in 
abst,ract .. , 1786 1780 1860 1835 3 683 3578 7261 
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TABLE 71. 

Bombay 1850, 
. 

Lunar 1846, 1847, 1848, 1849, 1851, 1852, 1853, 1854. 1855. 1856, 1857, 1858, 
Hour, 

, 
~ . 

. 

. ' 

+'00003 + '00001 -'00003 + '00007 0 .. +'OOQ03 +'00003 +'00004 -'00004 -'00005 -'00003 - '00003 - '00003 -'00007 

I .. , + '00004 -'00003 +'00004 + '00001 -'00004 -'00003 :- '00001, +'00007 + '00008 -'00004 + '00005 -'00001 - '00006 

2 .. ' +'00009 -'00003 +'00006 + '00002 +'00001 + '00001 'OOOOQ +'00010 +'00007 - '00007 +'00007 + '00005 '00000 

3 .. , +'00010 - 'OOOOl +'00002 +'00002 -00000 +·00004 +'00001 +'00007 + '00009 r- '00005 +'00008 + '00004 '00000 

4 .. ' +'OOOU -'00001 - '00003 +'00003 - '00003 +'00006 +'00001 +'00006 +'00004 -'00006 +-00004 +'00004 -'00001 

5 .. , ;:'00004 -'00002 '00000 +'00001 -;'00001 +'00001 +'00003 +'00010 '00000 '00000 +'00006 +'00003 + '00002 

6 .. ' +'00005 -'00001 '00000 - 1;)0003 -'00002 +'00007 '00000 +'00006 +'00001 - '00003 +'00005 -'00001 +'00005 

7 +'00003 +'0000'1 '00000 -'00006 -'OOOoa -'00001 -'00002 +'00004 -'00001 
, 

'00000 +'00003 -'00007 +'00006 .. , 
8 .. ' +'00001 +'00001 -'00005 - 1;)0008 -'00004 -'00002 + '00003 -'00001 -'00004 -'00002 +'00003 -'00010 '00000 

9 .. , -'00005 -'00002 -'00003 :"00008 -'00007 -'00003 '00000 - 'ObOOI -'00007 -'00003 +'00001 -'00009 - '00001 

10 .. , ""00008 -'00007 -'00004 -'00002 -'00006 -'ouo05 +'00004 - '00009 -'00010 -'00001 +'00001 -'00009 + '00001 

II .. , -'00008 -'00006 -'00002 '00000 -'00001 -'00002 '00000 -'00002 -'00010 '00000 - '00003 -'00008 - '00002 

12 .. ' -'00009 -'00005 -'00001 -'00002 -'00001 -'00002 +'00002 +'00001 -'00008 + '00003 -'00005 -'00004 - '00 003 

. 13 .. ' -'00006 -'00004 '00000 '00000 '00000 +'00001 +'00007 +'00001 -'00007 + '00001 - '00003 - '00001 -'OOOOl 

14 ... -'00004 -'00002 +'00001 +'00004 +'00004 -'00003 +'00007 + '00003 -'00004 +'00006 - '00003 ... ·00001 + '00001 

IS .. , + '00003 +'00003 +'00004 +'00004 +'00002 +'00005 + '00002 -'00005 -'00003 +'00006 + '00001 + '00003 +'00002 

16 .. ' + '00006 +'00008 -'00004 + '00005 +'00006 +'00003 '00000 - '00006 -'00001 +'00006 '00000 +'OOCOS +'00002 

17 .. ' +'00003 +'00007 -'00003 +'00006 + '00004 '00000 '00000 -'00001 -'00001 + '00003 -'00004 +'00006 + '00006 

18 ... + '00005 +'00004 -'00003 +'00008 +'00005 -'00001 -'00004 -'00001 -'00004 +'00002 -'00007 +'00005 +'00005 

19 .. -'oooot +'00002 - '00002 +'00007 + '00004 +'00001 -'00007 -'00006 -'00002 +'00004 -'00005 +'00007 +'00003 

20 .. -'0000 +'00002 + '00002 - '00001 '00000 '00000 -'00004 -'00001 + '00004 +'00002 -'00005 +'00007 +'00003 

21 '" -'00008 +'00003 +'00001 '00000 + '00001 -'00002 -'00004 -'00008 + '00005 +'ooooa -'00003 ' + '00004 -'00002 

:U .. , -'00005 +'00002 +'00001 -'00004 + '00001 -'00002 -'00006 -'00007 +'00008 +'00001 -'OOOOl '00000 _·ooooS 
23 .. , -'00003 '00000 -'00003 -'00005 '00000 -'00001 -'00003 -'00007 +'00 009 -'00002 -'00003 +'00001 -'00007 

Number of . 
lunar days' I 

observations 
in abstract", 3 01 294 291 2?8 298 296 295 293 295 289 ,87 294 289 -



TABLE 71-continued. 

Bombay Lunar Heur, 1859. 1860, 1861, 1862, 1863, 1864- 1865, 1866, 1867. 1868, 1869, 1870, 
-

0 .. ' .. , '00000 -'00005 '00000 +'00004 '00000 - '00001 - '00002' - '00001 -'00006 -'00001 -'00001 -'00004 

I '" ." -'00001 + '00001 +'00002' - '00002 +'00002 +'00001 -'00004 + '00003 -'00001 "-::"'00002 -'00002 + '00001 

2 .. ' ... +'00001 -'00003 + '00001 +'00001 +'00003 -'00004 + '00001 +'00002 +'00009 -'00003 +'00001 +'00001 

3 ,,, .. ' +'00001 + '00002 '00000 +'00001 +'00091 -'00004 -'00002 - '00005 +'00006 -'00006 +'00004 +'00001 

4 .. ' +'00001 :"00006 +'00001 +'00002' -'00002 '. -'00002 - '00005 -'00002 +'00007 - '00005 -'00001 '00000 . .. ' 
5 , .. ." +'00001 -'00005 +'00003 + '00004 -'00003 -'00002 - '00007 '00000 +'00006 -'00005 +'00001 'oooeo 

6 .. ' .. , +'00003 -'00010 + '00002 + '00001 -'00003 -'00001 -'0001 3 -'00008 +'00005 - '00009 - '00001 -'00006 

~ , .. . .. '00000 - '00004 +'00005 +'00004 -'00005 -'00006 - '00008 -'00003 '00000 -'00005 -'00003 -'00008 

8 ... .., -'00005 - '00007 + '00002 -'00002 -'00006 -'00006 -'00004 -'00003 +'00007 -'00006 - '00003 -'00006 

9 .. , .. ' -'00004 - '00004 - '00001 -'00008 - '00005 -'00005 -'00007 - '00002 +'00003 -'00003 '00000 - '00010 

10 .. , .. , -'00002 -'00002 -'00005 - '00011 -'00001 '00000 - '00009 -'00003 + '00008 -'00004 -:00003 -'00008 
-

II , .. ..' +'00001 -'00003 -'ooooS -'00005 +'00001 +'00003 '00000 -'00001 +'00009 -'00002 +'00006 -'00003 

12 .. , .. ' +'00007 + '00004 -'00003 -'00002 -'00001 +'00007 +'00004 + '00005 +'00004 -'00002 -'00001 +'00002 

13 ... ..' + '00002 +'00008 '00000 + '00001 +'00001 +'00001 + '00002 +'00005 +'00001 '00000 +'00002 +'00005 

14 , .. ", +'00001 + '00005 -'00001 +'00002 +'00010 +'00005 +'00005 + '00010 -'00001 -'00001 +'00004 +'00007 

15 .. , .. , - '00002 .... ·00004 + '00004 +'00002 + '00008 + '00007 +'00007 + '00005 - '00002 +'00004 + '00004 +'00010 

16 ... + '00002 + '00006 +'00003 +'00001 +'00006 +'00009 +'00008 +'00005 +'00002 +'00006 +'00004 + '00011 

17 .. , .. ' +'00002 +'00006 - '00001 '00000 +'00001 +'00007 +'00011 +'00002 +'00001 +'00009 +'00003 + 'o~004 

18 .. ' .. , - '00002 +'00010 + '00001 '00000 -'00001 +'00004 +'00008 +'00002 -'00007 +'0001 3 +'00006 +'00001 

19 .. ' ... +'00001 + '00008 '00000 -'00002 -'00005 -'00002 +'00004 '00000 -'00010 +'00009 + '00005 + '00002 

20 .. , ... -'00005 + '00005 - '00002 '00000 -'00006 -'00002 +'00006 -'00001 -'00010 +'00008 -'00006 +'00001 

21 .. .., + '00001 '00000 -'00005 + '00006 +'00003 -'00003 +'00004 -'00004 -'00012 +'00004 -'00008 +'00003 

22 ... , .. -'00001 -'00003 '00000 +'00002 '00000 -'00004 +'00003 -'00003 -'00012 -'00001 -'00005 + '00002 

23 .. , ' .. - '00001 -'00005 - '00001 +'00002 '00000 -'00002 -'00003 - '00003 -'00009 - '00001 - '00005 -'00005 

iNumber of lunar days' 
observatlons in abstract 285 289 269 289 29 1 295 29 2 288 292 263 292 29 1 
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171. Objection may be tak~n to the process usedJn the formation of lunar differ
ences on the ground that the solar diurnal variation, being itself subject-at certain 
seasons-to rapid growth or decay, is not completely eliminated by the subtraction of 
monthly final normals from the observations. The seasons at which the solar diurnal 
variation changes most rapidly are near the equinoxes. so we have chosen one of these
August to October-and one of the principal sixteen varieties of luni-solar positions, that 
viz:, of new moon with the moon's declination changing from north to south, for which 
to calculate the effect that would be produced on the resulting lunar diurnal variation 
if daily, instead of merely monthly, solar diurnal normals were used_ The daily normals 
adopted for this purpose were obtained from pairs of adjacent monthly normals by 
assuming that the change from one hour in the first of the months to the same hour in 
the second of the months took place at a uniform rate. The excesses of the daily over 
the monthly normal may now be supposed to be entered, for each day, in monthly 
abstracts, and then to be transferred to lunar abstracts (just as the original lunar differ
ences were) on which the hourly means would be taken. The a.ctmtl proceeding, though 
equivalent to this in its results, was much less laborious, and for the case in question 
gave for the lunar hours, in order, from 0 to 23 

- '00002, - '00002, - '0000 1, - '0000 1, + '00001, + '00001 + '00001, '00000, 
-'00001, '00000, '00000, '00000, '00000, '00000, '00000, + '00001,+ ·00001, 
+ '00001, +'00001, +'00001, -00000, + 00001, '00000, -'000002. 

Comparing these numbers with the lunar diurnal variations, for the same case, given 
in column 3 of Table 61, and which has a definite character and a range of '00030, we see 
that it is unimportant, when observations extending over a long period are dealt with, 
whether monthly or daily normals, of the solar diurnal variation are used in the calculation 
of lunar differences: and as the case that we have chosen for examination is presumably 
one that is most affected in this wav, we may conclude that in all the sixteen principal 
cases of luni-solar positions, the eriors of the deduced variations due to the adoption of 
monthly normals are insignificant. 
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APPENDIX III. 

On the Sola,r and Lunar variations of the horizontal component 
of the Earth's magnetic force at Bombay. 

172. The observations dlscussed in the following pages \\ cr.3 til.l.le at the Go. un· 
ment Obscrv~tory at Bombay, during the) (;ars 184G to 1872, and ',\ ere taken ullder the 
same conditions and in the same manner as the declination ob"f.·rvatiuns d,'nJt with ln 

l",he preceding paper. 
173. The instrnment used was made by Grubb of Dublm and is one of tho,,(' 

described jn the report (of 1840) of the Committee of Physics of the Royal Socidy It 

consists of a rectangular bar magnet suspended horizontally, and carrying a C(l11iluator 
scale, hy IDeans of whlch its posItion can be determined from time to tIme by reLl'iing th( 
scale with a fixed telescope properly placed. The magnet i::; of duncnsin'1.s 15 inchb 
by 0'87 inch by 0'24 inch, and it rests with its broad surface horizonhl in a. stirrup that 
is hooked on to the ends of the axis of a small pulley, round the groove of \\ hiLh pa.SRCR 
a supporting wire; the suspension wire is of silver, and is 30'50 inches long (fn III uxi" of 
screw to axis of pulley), being protected (but not concealed from view) by a gln.ss tut", 
1'3 inch in diameter, the bottom of the glass tube rests npon the top of a cylindrical 
mahogany box (8'5 inches in height) which surronnds the magnet, and the top supports a 
horizontal divided circle (the torsion-circle), and a brass crof>s-piece to which the bURpen
sion wire is attached. Under the cross.pieee is fixed a doubl'J screw, betwe('n the thrl'ads 
of which pass the two threads of the suspension wire, and by turning which the d' tam'e 
apart of these two threads is regulated. The glass tube is secured in a vertical pO"lti(ID 
by a mahogany cro:-s bar which has a circular hole in the middle of it that fits over the 
upper end of the tube, and which is fixed at its extremities to two copper pillan; who~e 
feet are screwed into the marble basement of the instrument; and the upper aperture of 
the tube with the attachments is screened from the outer air and dust by an inverted 
hemi8pherical glass vessel. The collimator consists of a brass tube with a lens at one end 
and a finely diVided scale in the principal focus of the lens at the other, and it is att:4l'hed 
below th«:> stirrup by meani-l of a pin round which it can rotate in azimuth; it has also an 
azimuth circle with an index that can be set on either of two marks, one of which implio, 
that the collimator is nearly parallel to the axis of the magnet and the other that It 
deviates 90° from this position. The verticalliues which form the sca1e-2&0 in number 
-are equidistant and generally of uniform length; but every fifth divbion is "lH~Ltly 
and every tenth division considerably prolonged, and over the tenth divisions nurubLrs :11'e 
marked in consecutive order, thus allowing a numerical de<;ignation to be gwen with 
facility to every point of the scale when viewed by the tLll~s('l)pe. To pBrmit the f'cak 
to be viewed through its lens by a telescope outside the maho~any box, the latter kls t\\ 0 

small windows of flat gla.ss :-,uitably mserted in its curved sidE', and a lamp i~ placed OTI a 
stool to the eastward of the masonry pillar which support::> the instruD1('nt, and 18 kept 
constantly burning. The jetints and crevices, and, for greater security, the: whole out..,lde 
surface of the cylindrical box was covered with paper to keep out small splden:! or uther 
insects, The telescupe is firmly fixed with its Ime of collimation nt.:nly at right an~'k ... 
to the magnetic meridian. The adjustment is made with the north end of thl' Tll:)~net 
turned to westward, so that mcrease of scale-rearling Implies an increase of the hOrizontal 
force. 
. 174.. The continuity of the re{)ord wa.) mtenupted or inter f 0red With on the foIl,)\\-
mg occaSlOns '-

(1 ). 

(2). 

On the 18th November 1849, when a new vertical furco Ill.lgnet. v,a,;; i'ltro
duced. As the total effect of the magnet was le<;s than '0'3 :,cCile-di\ !-t"l! r.o 
correction has been applied on this u,ccount. 
On the 27th December 1850, when (I) the o!d su"pension wir.: \\a~ !)[cb 11 

and a new one substituted, (2) the Ill:lg-net and fittmg::> wer(~ dcJ.II' 1, ,'r. I 
(:3) the instrument wus re-adjusted. At the beg-mnm:! (1f the 0l'd atlO!"!- " 

~mall cobweb was found connecting the magnet ~nd the box, !'ut 0'1 hr '"J.;"I~I:: 
1t no change of scale.readmg was found. 



(3). 

(4). 

(5), 

(6). 

(7). 

(8), 

(9). 

and (10). 
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On the 21st January 1853, when the suspension wires were brought closer 
together at top. ' 
On the 30th December 1855, when the torsion arm was turned and the 

distance apart of the wires at top altered. 
On the 23rd January 1856, when the declination magnet was re~magnetised 

-increasing the scale~reading of the horizontal force magnetometer by 1'14. 
On the 16th June 1866, when a new reading wire was inserted in the read~ 

intJ' telescope. 
I?rom the 13th February to the 1st October, and from the 4th October to 

the 31st December 1872, a small magnet was placed end-on, so as to bring 
the scale, the reading of which had approached its upper limit, back into the 
field of view. On the 25th June it was found that some time during the 
interval since the 13th February the small magnet had rolled slightly out of 
place. Its effect in this position was to reduce the scale-reading by 5'33-
m the former position by 5'43: its effect on the 4th October was still 5'33. 
When the magnet was finally removed in January 1873, it was again found 
to have moved aside slightly and its effect was found to be 5'58 scale~visions. 
From the 1st to the 4th October 1872 the small magnet was removed to 

allow of deflection experiments'being made. 
On the 1st Deceruber 1853, when a new reading wire was inserted in the 

reading telescope. As the wire-plate was adjusted to eliminate any error of 
collimation, this appears to have produced no effect on the observations, 
On the 26th September 1872, when the enc10sing box was opened and 

a search was made fur spider lines' none were seen, but the hand was passed 
round the magnet, without touching it, 80 as to break any that might be 
there. On re-adjusting the instrwnent in January 1873 a single small white 
spider was founel inside the micrometer screw-head at the top of the suspen
SIOn tube. 

175. The method of reduction adopted was the same as is described, as having been 
applied to the declination observations, in paragraph 131 of the preceding paper. The 
entries made upon the monthly abstracts were of hourly scale-readings, after correction 
to the standard temperature 82° Faht., and disturbances were separated a~d final normals 
and their diurnal variations found-first in scale-readings, and these were then converted 
into millimetre-milligramme-second units of force. 

176. The correction applied for the temperature twas (t -82)XO'20 from 1847 to 
1850, (t-82) x 0'21 from 1851 to 1855, and (t-82) xO'15 from 1856 to 1872, the observed 
scale-reading being increased when t was above 82° and decreased when t was below 82°. 
The modes of determining the temperature coefficient, both by natural and artificial 
variations of temperature, will be described further on. 

177. The separating value fixed upon was '00334 unit of force, or in scale·divisions-
0'93 from 1846'50 to 1851'00 
0'96 for January 1851 
0'95 for February 1851 
0'94 for March 1851 
0'93 from 1851'25 to 1853'00 
0'91 from 1853'00 to 1856'00 

and 0'60 from 1856'00 to 1873'00. 

178. The following statement shows all the irregularities of procedure that have 
been rendered necessary by interruptions of the record and extraneous influences upon 
the magnet:-

(1). Dece~ber 27,1850 to Januaf.y 7, 1851-Rejected on,ac.count ofre-adjustment 
a~d rapId change of scale-readmg due to gradual untwlstmg of the suspension 
Wire. 

(~). January 8 to April 30, 1851-Before using the abstracts for the separation of 
di::;turb~ces ?aily corrections applied to eliminate the effect of untwisting of the 
:"uspenslOn WIre. 

(3). January 21 to 24, 1853-Rejected on account of re-adjustment. 
(4). January 25 to 31, 1853-Entriesincreasedby+12'06, the excess of the mean 

for six days before over the mean for the six days after the re-adjustment. 
(5). December 30 and 31, 1855-Rejected on account ofre-adju::.tment. 
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(6). January 24 to 31, l856-Entries increased by -1'14, the effect of re-magne

tising the declination magnet. 
(7). June 16, 1866-Rejected-incomplete day, reading wire of telescope being 

broken. 
(8). June 1 to 15 and 18 to 30, 1866-Formed into two distinct abstracts for the 

separation of disturbances; and the final normals of the two abstracts were 
combined, with appropriate weights, to find final normals for the full month. 

(9). November 1 to 15 and December 17 to 31, 1868-Combined to form one 
month's abstract, which was adopted both for November and December' 
entries for the days in December increased by + '21, the supposed effect of 
excavating for the magnetograph room. 

(10). ~ovember 16 to 30 and December 1 to 16, 1868-Rejected-excavation for 
the magnetograph room having been in progress during that time. 

(11). February 13 to 29, 1872. Entries increased by 5'38, the effect of the small 
magnet placed as a deflector. 

(12). March to June, 1872. Final normals increased by 5'38, the effect of the 
small magnet. 

(13). July to December 1872. do. do. 5'45, do. do. 
of removing (14). October 1 to 4, 1872. Entries increased by-5'33, the effect 

the small magnet. 
And it has, occasionally, been necessary to interpolate a missing entry, but no 

incomplete days have been embodied in the monthly abstracts. 
From January to May 1847 observations were taken at the even hours of the day 

only, and consequently the disturbances separated are for those hours only; but in calculat
ing the mean diurnal variations for the five months named, values of the • final normals' 
were interpolated for the odd hours by simply taking the means of those for the preced
ing and following even hours. 

179. The following table shows the number of complete days' observations, com
prised in the records made use of, * in each month of the twenty-six and a half years :-

TABLE 72. 

MONTH. 

.: .: ..: Total 
YEAR. 

~ 
., 

.8 m 

~ 1 
..c .: 1 Year. 1 :E ~ 

., 
~ J e ~ .; b ... ~ ~ ~ § = 2- 0 A ::!I ::!I = 

"'" 
0 z "" ... ... v. -------- - - --

1846 ... ... ... ... ... ... . .. 27 26 26 26 26 27 158 
1847 ... 26 24 27 26 26 26 26 27 26 26 26 26 312 
1848 ... 26 2S 27 2S 27 26 26 26 25 27 26 25 311 

1849 ... 27 24 26 26 27 25 27 27 25 27 26 24 311 
1850 ... 27 24 26 26 27 25 27 27 25 27 26 21 308 
1851 ... 21 24 26 26 27 25 27 26 26 27 25 26 306 
1852 '" 26 25 27 26 26 26 25 27 26 26 26 26 312 
1853 ... 23 24 25 24 27 26 26 26 26 2S 26 25 303 
1854 ... 27 24 26 24 26 26 26 26 25 26 26 25 30 7 
1855 '" 27 24 25 25 26 25 27 26 25 27 25 23 30 5 
1856 ... 27 25 24 26 26 2S 27 25 26 26 25 26 308 
1857 '" 26 25 25 25 26 26 27 24 26 25 26 26 30 7 
18S8 ... 26 23 27 25 25 26 26 26 26 25 24 25 304 
1859 ... 26 24 25 24 26 26 25 25 26 25 26 25 303 
1860 .. 26 24 25 25 26 25 26 27 25 27 25 24 30 5 
1861 ... 27 24 23 26 26 25 27 25 26 27 24 25 305 
1862 ... 27 23 25 25 26 25 27 25 26 26 25 24 30 4 
1863 ... 26 24 25 25 26 26 27 25 26 26 25 25 306 
1864 ... 26 25 25 25 26 26 26 26 26 25 26 25 30 7 
1865 ... 26 23 26 24 26 26 26 27 25 26 26 24 305 
1866 ... 26 23 25 25 26 25 26 26 2S 27 25 25 30 4 
1867 ... 26 24 24 25 26 25 26 26 25 26 26 25 30 4 
1868 ... 26 24 25 25 25 26 27 25 26 26 12 12 279 
1869 ... 25 22 26 26 25 26 27 25 26 26 25 26 305 
1870 .. 25 23 26 25 25 26 26 26 26 25 26 27 306 
1871 ... 26 123 26 24 26 26 26 26 26 26 25 25 30 S 
1872 ... 26 25 23 26 26 25 27 27 25 26 26 2S 30 7 

• The observations of July to December 1846 were made use of for the extraction of lunar drlrerenC€s, &Ild 
for this purpose only. 
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180. From iS4s to 1865 the first of a day's observations was taken at Oh. 2m. of 
Gottingen astronomical time, or 16h. 14m. of CoIab3. civil time; and from 1860 to 1872 
at Oh. 14m. of CoMba civil time. -'_ 

181. The converting factors, or scale-coefficients, were calculated by the formula 
[equation (4) of Appendix I, paragraph (87)] 

Xa d~ a; = Xa fcotf7+cot.(A-v)} (a) 

the constants and data for insertion in which we proceed to find. 
To obtain a, the value of a division of the collimator scale, the magnet and colIima.tor 

were, on the 18th January 1873, firmly fixed upon the horizontal circle of a. large altitude 
nnd azimuth instrument by TrouCYhton and Simms; and the telescope of the latter instru
ment was fixed on a separate support so as to view the scale. The horizontal circle was t.hen 
turned till the Oth, 7th, 21st and 28th divisioilli of the scale were successively cut by the 
vertical wire of the telescope, and corresponding readings were made of the horizontal 
circle. These gave for the value of a between 0 and 7 divisions 10"781 ; between 1 and 21 
divi"ions 10"198, and between 21 and 28 divisions 10"S10 : the mean of these -giving 
double weight to the middle one-is 10"797. The arc value of a that has been adopted 
is sin 10"80. 

182. By mounting the altitude and azimuth jnstrument in line with the reading 
telescope and under the transit bhutters of the room, and using it first to observe PolOlT'i& 
and then alternately with the reading telescope to read the collimator scale, it was found 
that the direction in which the line of collimation of the reading telescope (which had no 
collimation error) pointed was N. 91° l' 41" W. 

183. Again, mounted the altituda and azimuth instrument to northward of the 
horizontal force magnetometer in a position from which Polaris could be seen: suspended 
the magnet and collimator by a bunch of silk fibres, turned the mahogany enclosing box 
90" in azimuth, and observed the absolute declination in the place of the horizontal force 
magnet to be N. 0° 55' 25" E. when tbe declination magnetometer read 36'40: also by 
invorsions of the ma~net found the scale-reading corresporfding to the magnetic axis of 
thEf' magnet to be 10 '90 : due allowance was made for torsion of the su~pension thread 
in the former case, and for a slight chauge of declination between the erect and inverted 
observations in the latter. 

184. Repeating the experiment, with a small ('ollimator magnet in place of the 
horizontal force magnet, a result was obtained which, after allowance for change of decli
nation during the interval, was 0' 43" in excess of the former; and the mean of the two 
results was 3' 32" in excess of the absolute declination in the Electrometer Tower corre
l-lponding to the same reading of the declination magnetometer. 

185. The several operations constituting an adjustment of the instrument, nearly 
as described in the Report of the Committee of Physics, pages 25 and 26, but special1y 
a~ applied to the Colaba instrument, are-

(1). To turn the arm of the torsion circle till the axis of the magnet is, by estima
tion, approximately in the magnetic meridian, with its north end directed 
northward. . 

(2). 

(3). 

(4). 

(5). 

(6). 

To turn the collimator in azimuth by its independent motion, till a division 
of the sC:l.le near the middle is cut by the reading wire of the telescope, and 
note the scale-reading. 
To remove the magnet from its socket, hang the brass weight on to the 

stirrup, and note the scale-reading. 
To turn the torsion arm so as to correct any difference in the scale-readings 

of (2) and (3); to repeat (2) and (3) till this is completely effected; and then 
to read the torsion circle. 
The brass weight being attached, to turn the torsion arm so as to diminish 

the circle reading by 90°, and then turn the collimator till a division of the 
scale near the middle is cut by the readina' wire of the telescope, and note the 
f>cale-reading. This scale-reading and the

O 

corresponding torsion circle reading 
are to be called the west scale-reading and the west torsion reading re,;pectively. 

Having removed the Lra.ss weight and inserted the magnet in its socket, to 
turn the torsion arm till the scale has the reading which it is desired to have 

(I 82S-S6 if 



[ 142 ] 

at the commencement of the new period of observation, and to read the torsIOIl 
circle, calling the result the torsion adjustment reading. 

186. Changes were made in the adjustments of the instrument at times and with 
results as follows ;-

TABLE 73. 

west Adjustment Angle of West 
Date. torsion torsIOn Torsion 1IC&!.e- Remark&. 

reachllg. readmg. - readmg. 
11. 

0 , • , . , 
February 2, 1846 ..• 336 38 264 17 72 21 I08S 
May I, 18,6 •.. ....... ...... . ..... IS'7 1 Collimator moved and cobweb 

removed -
May 30, 1846 ••• ..... ...... . ..... .. .... Cobweb removed. 
December 30, 1850 •.. 334 58 262 37 72 21 12'20 Magnet and fittings cleanfod 

sIlver suspension wire bro-
ken and renewed. 

January 2S, 1853 .. ... ... .. ... .. ..... . ..... Wlre8 brought closer together 
at top. 

December 31, 1855 ... ........ 269 58 .... .. . .. Turned torsion arm and alter-
ed distance apart of Wl~S at 
top • 

.. The mcrease of scale-reading from the hour before to the hour after the change was 9'72. m the absence of IIDY ~ord of 
the separate effects of the cobweb and of the shifting of the collimator, the half of thiS has been attnbuted to each, thul mereu
mg the west scale-reading from 10 85 to-15·71. 

187. The change of absolute declination b,etween 1845 and 1856 being only about+6', 
its effect on the value of A in the scale-coefficient formula may be neglected ; and calling 
the angle of torsion for which the magnetic axis of the magnet is at right angles to the 
magnetic meridian '110 , and writing '/}o+ A'IJ for '/}, we have 

A-v=A-v.,.-AV=; -A'17, and 

cot (A-~)=tan AV, whence the formula becomes 

Xa il1 ~=.xa{cot (vo + A'IJ} + tan AV} 

in which, denoting the scale-reading by 8, 

Between May 1~ 1846 and December 30, 1850 ..... vo+Av=72° 21'+(8-15'71) 10"80. 

" Deer. 30, 1850 and Deer. 31,1855 .... ... vo +Av=72°21' +(8-12'20) 10"80. 

188. At the re-adjustment of December 31, 1855, neither the west torsion reading 
nor the west scale-reading were re-determined ; but as the collimator was apparently not 
disturbed, one resource would, under the circumstances and since the change of declination 
was only 3' or 4', be to adopt the values found at the next preceding adjustment, viz. : 
3340 58' and 12'20, As the adjustment torsion reading was 2690 58', this would give-

Between Decr. 31, 1855 and Deer. 31, 1872 ..... vo +Av=65° 0' +(8-12'20) 10"80. 

189. But recourse may also be had to deflection experiments made in ~Iay and 
June 1866 and in October 1872, as means of supplying the necessary data. On the 
first occasion a solid cylinder magnet,3 inches long and marked A5l, was used to deflect 
in succession the horizontal force and declination magnetometers in the manner that ha-. 
been described in paragraph 89 of Appendix I. On the later occasion the deflector 
magnet was substituted by a larger one marked D14 and of length 3'65 inches. Th~ 
readings taken, for the several positions of the deflector magnet, were as shown in Table:::. 
74 and 75. 
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TABU 74. 
Deflections oj Grubb', declination magnetometer by the deflector magnets A51 and D14. 

Deehoa- llAGYIIT ASl. DecliD" llAGK.£l' D14. 
Date of ttODMr.g. 

Date of 
twnMag. 

Expen. Loeal Inetometer. 

r:~ r°rtl18l1d. 
ObletTer. Expen.- Loeal netomet.er . Observer. 

meat. Tune. - Tulle. -
Scal&o meDt. 8caJa. Distanee Northelld. 

reading, readlDg. in feet. 

h. m, hom. 

II 31 34'u 5 Away. .. , C.C. n 3Q 36'165 Away. ... F.e. 

" 4C 36'595 ~'o B. E. C.O. " 3
2 36'165 " . . .. p. 

" 41 36'600 " " 
K. " 48 38'45° 3'0 .. E. F.O. 

" 47 31 '860 Z'o s. W. C.o. .. 49 38 455 " " 
p. 

" 48 31'855 I, " K. It 52 33'820 3'0 JC. W, F.C. 

" 53 36'590 2'0 B. E. 0.0. " 53 33 820 " " 
p. 

" 54 36'59° " It K. " 56 38 '470 3'0 JC. E. F.O. 
13 5 31'865 Z'o K. W. 0.0. " 57 38'480 

" If P. 

" S 31'855 " " K. 12 " 33 820 3'0 Ill. W. F.O. 

" 10 36'600 2'0 K. E. 0.0. " 
2 33'825 " " 

P. 

" 11 36'595 II " K. " 
6 38 487 3'0 E. E. F.O. 

" 13 34'24° Away. ... 0,0. 
" 7 38 490 

" " 
P. 

" 13 34'230 
" 

.. , -K. " 12 36'170 Away. ... F.O. 

" 24 35'550 2'5 L E. 0.0. " 13 36'190 " 
... P. 

" 2t 35'SSo " " K. " 24 40'065 2'S E. E. F.O. 

" 28 32'945 1'51. W. C.O. " 26 4<;1'060 " " 
P. 

" 29 32'940 " " K. " 32 32 '342 2'S E. W. F.O. 

" 32 35'545 a'S I. E. O.C. " 33 32 '340 " " 
P. 

" 33 35'550 ,,, 
" K. " 35 40 '085 2'5 E. E. F.O. 

" 34 32'945 a'S E. W. C,C. " 37 40 '092 " " 
P. 

" 36 32'93° II " K. " 40 32'355 2'5 E. W. F.O. 

" 39 35'545 2'S JC. E. C.O. " 41 32'365 " " 
p. 

" 41 35'545 " " K. " 43 40'107 2'5 E. E. F.C. 

" 45 35'025 3'0 •• E. O.C. ,,44 40 'UO " " 
p. 

" 47 35'020 " " K. " 46 36'237 Away. ... F.e. 

" 50 33,460 3'0 B. yv. e.o. " 48 36'235 " 
... p. 

" 51 33'460 
" " K. " 51 43'23° 2'0 B. E. F.O. 

" 54 35'°3° 3'0 B. E. O.C. " 52 43'230 " " 
p, 

" SS 35'020 
" " K. " 58 29'175 2'0 B. W. F.O, 

" 57 33'475 3'0 II. W, C.O. " 59 29'17° " " 
P. 

" 58 33'460 
" " K. 13 3 43'200 2'0 B. E. F.O. 

14 0 35'035 3'0 E. E. 0. C. " 4 43'200 " " 
P. 

" 
2 35'°45 If " K. " 6 29'145 2'0 B. W. F.C. 

" 4 34'255 Away. ... C.o. to 7 29'150 P. 
~ " " " ..0 5 34'25 2 ' .. K. co 

" II 43'215 2'0 E. E. F.C. 
\0 " " .. 
co " 17 34'265 ... K. ... " 12 43'220 P. .. " " " 

" 23 3S'065 3'0 w. E. D.C. 
CI) 

" 14 36'205 Away. F.C. 4> ,D ... 
~ " 25 35'085 " " K. .8 " 16 36'205 ... P. 

(J " ~ 
" 3° 33'5°5 3'0 w. W. C,C, 0 14 28 36'455 F.e. 

" 
... 

-:1 " 3
1 33'5°° " " K. "tS 

" 30 36'465 It ... P. 
~ 

" 33 35'°92 3'0 W. E. C,C. ~ 
38'850 E. F.O. .. 

It 34 3'0 w. 
" 34 3S'IOO ., " K " 36 38 '860 " " 

P. 
II 37 33'5 22 3'0 W. W. C.O. " 39 34'145 3'0 w. W. F,e. 
II 38 33'5 10 

" " K. " 40 34'145 It " 
p. 

" 40 35'102 3'0 W. E. 0.0. " 43 38855 3'0 w. E. F.C. 

" 41 35'102 " " K. " 44 38'855 " " 
p. 

" 49 35'655 "5 w. E. C.O. " 47 34'130 3'0 w, W. F.O. 

" 50 35'655 II' n K. " 48 34'13° .. " 
P. 

" ~: 33'°35 2'5 w. W. C,O. " sc 38847 3'0 w, E. F.O. 

" 5 33'°47 " " K. " 52 38'85 0 " " 
P. 

" S9 35'675 2'5 w. E. O. C. " 53 36'485 Away. ... F.C. 
IS I 35'690 " " K. " 54 36'485 ' , p. 

33'065 W. C.C. " F.C. 
I> 3 a'S w. .. 59 4°'420 2'5 W. E. 

" 4 33 °75 " " K. IS ° 4o'420 " " 
p. 

" 7 35'7°7 1'5 'II. E. C.C. 
" 3 32'575 2'5 w, W. F,C. 

" 
8 35'710 ,. 

" K. 5 32'585 " 
P. 

" " If II 34'4°5 Away. _. C.C. n 8 4°'415 2'5 w. E. F.O. 
" 12 34'4°2 " 

, . K. 
" 

10 4°'430 " " 
p, 

16 27 34'540 Away, e.c. 
" 

12 32'587 2'5 w. W. F.C. 

" 3
2 36 '940 2'0 w, E. C,O " 13 32'585 " " 

p. 

" 33 36'942 " " K. " 16 40'425 2'5 w. E. F.C. 
" 37 32162 2'0 W, W, O.C. n 18 40'430 " 

P. 
n 38 32'152 K. " F,C. 

" It " 20 36'502 Away. ... 
" 44 36'952 2'0 W. E. O.C, " 21 36'500 ... p. 

" 45 36 '95 2 K. " F,C, 
" " " 24 43'637 2'0 w. E.· 

" 48 32'17° 2'0 w, W. C.C. " 25 43'645 .. p, 

" 50 32160 " 
" " K. " 28 29'365 2'0 w. W, F,C. 

" 54 36'957 2'0 w. E. C,C. n 30 29'380 " 
p, 

36'955 " " 55 " .. K, " 34 43"655 2'0 w, E. F,C. 
" 57 34565 Away. , , C.C, 

" 36 43'655 " " 
p, 

" 58 34'575 " . ... K. " 39 29'390 20 w, W, F.e 
" 40 29'39° " " 

R. 

" 46 43'640 2'0 w. E. Fe. 
.. 47 43 635 " " 

P. 

" S9 36'507 Away F,e 

" 52 36 505 " I 
p 
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TABLE 75. 

Deflections of Grubb', horizontal force magnetometer by the deflector magnets A 51 and D 14, 

Horizontal ..: 
MAONETA 51. Honzontal .. 

I .3 '" MAGS""T DU, force Mag. ..: force Mag. .. 
Ddeof 

., .. Date of " I 
.. 

LoeM netometer Ii! i: Loc&I. netometer S .. 
experi' Time. 0 

" 
expen. 

TlID8. 
0 I t -- @ -- e '" ment, 

&alo· DIstance \North d. .! ment. Scale- .. I DIstance North I , " m f('et,... en 0 " In feet. enu, 0 readmg, .c readmg .c .... .... 

d h.m. h. m. IF 0 29 14 19 22'79 88'8 Away, .. , 14 9 24'365 .. Away ". 

" " 
28 25 835 889 2'0 N, N, 

" 
10 24'355 85'9 " 0 .. " 30 25 82 .. ' " " " 14 27'487 .. , 3'0 N N F C, 

" " 34 19 6,5 88'9 Z'O N, S, 
" 15 274<;0 .. 

" " 
C, .. " 3

6 19 60 .. , ., 
" " 19 21'18 859 30 N S, e 

" " 40 25'71 .. , 2'0 N, N, " 20 21'17 ... 
" " 

Fe 
" " 41 25'70 ", " " " 23 27'445 859 3'0 N :N C, 

" " 45 1953 89'0 2'0 N, S, " 24 2744 .. , 
" " 

F,e 
" " 47 195 25 .. , 

" " " 27 2 I 'I.3 85'9 3'0 N, 8, 0 

" " 51 25 62 ... 2'0 N, N, " 28 21 '117 ' , " " 
Fe 

" " 53 25 61 , , 

" " " 32 27'34 30 N, :N, FC' 
" " 55 24'18 2'5 N, N, " 34 27'34 859 " " 

C, 

" " 57 24 185 .. , 
" " " 36 24 205 85'9 Away, .. , e 

" IS 0 20'77 .. 25 N, S, " 37 24'21 
" .. FC 

" " 2 20 775 , .. 
" " " 42 18'995 859 2'5 i' 8, C, 

" " 4 24'11 .. , 2'5 N, N, " 44 19 005 " II F,e , 
" " 5 24'12 , .. 

" " " 50 24 277 85'9 Away, .. FO 
" " 8 20 73 .. , 2'5 N, S, " 51 24'260 

" 0 

" " 9 20'7 25 .. , 
" " " 5-l 19 045 .. , 25 N, S, FO 

" " 12 24'06 ... 2'5 N, N, " 55 19 045 85'9 " " 
e, 

" " 13 24'05 .. 
" " " 58 24'280 85'9 A",'ay, .. ' C 

" " 15 22'29 89'0 Away, .. , " 59 24'297 .. , 
" FO 

" " 19

1 

22'305 ' . " " IS 4 14 69 2'0 'IT, I::!, F,e .. " 
21 23-3 1 89'0 3'0 N, N, 

" 
6 1470 85'9 " " 

C 

" " 23 23'31 .. , 
" " " 9 24 265 859 Away, .. ' 0, 

" " 25 21'27 ' , 3'0 N, S, " 10 24 272 , , ,. .. , F,e 
" " 26 21'255 -, 

" " " 14 14'69 85'9 20 N, S. F,e 
" " 30 23'275 , .. 3'0 N, N, 

" 15 14682 .. ' " " 0 
>, " 31 23'29 ' , " " " 19 24'255 85 8 A",ay, .. C 

-0 
" " 35 21'225 .. , 3'0 N, S, " 20 24'25 , .. 

" 
... FO -0 

()Q 

" " 37 21'225 , .. 
" " " 49 24'32 860 

" " 0, ... 
" " 38 23'25 ... 3'0 N, N. .. 

" 50 24275 .. , F,e .... .... " Oil .. .. 39 23 24 89'1 " Z co 
" 53 27467 86'0 3'0 I! N F 0, ::;1 " ... 

" " 43 22'20 .. , Away. '" 
"1:$ 

"" " 54 27470 
" " C 

~ 30 II 30 Away, a:I 0> 

" 58 :;, I C, 2292 .. , 
'" 

c:l .:> 2 I '155 3'0 8, 0 
36 26'15 N, 0 0 

iF C <") 

" " ... 2'0 S, 1J 

" 59 21 ISS .. , 
" " t) 

"1:$ .. " 37 261 5 87'9 " 0 0 16 2 27'445 860 3 08, N. F,O § " " 42 1975 2'0 s, S, +> 
3 27'440 0 " ... Ul 

" " " ~ " 43 19'75 
... 

6 86'0 S FC " .. 
" " " 21 '105 30 8. 

0\ 

" 46 26'15 N, 0 .. " .. 20 S, 
" 7 21095 ., ., 

" " 47 26'145 .. , 
" " " 10 27'39° 860 3'0 s. N FC 

50 19745 2'0 s. S, . 
27395 0 " " .. 

" 
II 

" " n " 51 19'745 ' , . , " " 14 24'25 2 , , Away ... e, 
" " 53 26 lIS 

i~:'31 
2'0 s. N, 

" IS 24'255 860 
" 

.. FO 
" " SS 26 II5 

" " " 20 18 977 25 8 s, e, 
" " 58 2470 2'5 s, N, " 231 18 960 85'9 " " IF C, 
" 12 0 24'705 .. ' " " " 

26 24225 85'9 Away ... FO 
" " 2 21235 .. 25 s. S " 

28 24'227 .. , 
" 

IF:e " " 4 21 24 .. 
" " " 29 18 99 85'8 25 8, S. 

" " 5 2473 ' , 2'5 s, N " 30 18 995 .. 
" " 

" " 6 24'73 .. ' " " " 32 24 250 85'8 Away, .. t 
jFoO 

" " 9 21 235 .. , 2'5 s S, " 34 24 250 .. 
" 

" " 9 21'24 , .. 
" " 38 14'61 857 20 S S FO 

" 12 24745 2'5 s, N, " 39 14 605 t 0 " " " " 
" " 14 2474 " " " 41 24240 85'7 Away IF 0 

17 22955 Away, t C " " ' , " 42 24'240 
" iF 0 " " 49 2291 

" ' .. " 44 14'60 85 7 20 S. S 

" " 53 23945 .. 3'0 s, N, " 45 1460 ., " 
IFge " " 54 23'935 885 

" " " 47 24245 Away 

" " 57 21'83 , .. 3'0 s S 48 24'26 85 6 - .. , 
" t 

" .. 58 2181 
" " \ 

\ " " S9 21'805 .. 
" " 

I 

I 
" 13 2 23 89 ,. 3'0 s. N, 

4 23 895 
I 

" " , , 

" " I 
" ) 6 21 '785 .. , 3'0 s. S I 

" " 7 21'80 .. 
" " I " " 8 21 795 ... 
" ,. 

" " II 2390 .. , 30 s. N, 

I " " 
IZ 23 895 ' , 

" I " " " 15 22845 836 Away, .. , I I 
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190. The mean deflections for the different distances, calculated from the readings 
of Tables 74 and 75, are as follows :- . 

TABLE 76. 

Deftectlon8 of the declinatIOn Deflections of the horizontal Iorce 
magnetometer at chatance (r), magnetometer at chatance (r). 

Date. sri. 

/ 21) 25 3'0 21) 2'5 3'0 

1 2 3 4 Ii 6 7 8 

May and June 1866 ... . .. ... Z'3S1 1"30S 0'787 3'150• 1"720. 1"037. 5"907 

October IS72 , .. ... .. , .. , 7'079 3'S94 z'341 9'6u 5'247 3'144 IS'002 

• In th .. uperllllClnt the cha1la.ncee were -007 foot too great, and the deflectiolllI have been multiphed by (1 + 3;r) to ol.tain 

thOle here enter'd. The ob.erved deflectiolllI were 3'134, 1-
1
114 and 1 '035, and the respective factora (1 + -0:1), (1 + ~~~) 

and (1 + 'o;l). 
191. Using the nomenclature of paragraph 90 of Appendix 1. we find the ratios 

d: ( -(l-) of these numbers to be-

TABLE 77. 

r. 21) 2'5 3'0 

May and June 1866 . ,. ... ..' 0'7559 0'7605 0'7589 • 
October 1873 .. - ... ... .. 0'7366 0'7421 0'7446 

192. And now expressing the ratios in the form ~ = D (1 + !:) D and p being 
constants, we find that the first three numbers give to p an insignificant value and the last 
three the value -·Ob7. When the last three are divided by the respective values of 
(1- '~7) the deflections (d') of Table 76 and their sums become-

TABLE 78. 

2'0 2'5 3'0 

~ 
4'U: ,,%a 

a'Sd 
r, 

aU 

1 2 3 4 6 7 8 

May and June 1866 '" .. , 3'381 1'308 0'787 4'476 '0088867 '018558 '47886 

October 1872 ... .,. .. ' 7'336 3'949 3'364 13'549 'oz6900Z '056557 '47563 

In column 5 of this table is entered the sum of the numbers in columns 2 to 4. In 
column 6, a' = 6'806 X 1'0028 X '0002909 or the arc-value of a division of the declinometer 
scale multiplied by the torsion coefficient. In column 7, a= to-sO X '0002909 or the arc
value of a. division of the scale of the horizontal force magnetometer, and sd is the sum of the 
deflections entered in columns 5 to '1 of Table 76. Column 8 saQws the deduced values of 
1 clX 

dll X-' 

193. The mean scale-reading of Grubb's declination magnetometer ha.ving been 34·50 
on tlle first occasion and a6'34 on the second, the respective values of the easterly decli
nation were approximately 0° 43' 23~ and 0° 56' 56". With these values and the respective 
mean scale-readings of the horizontal force magnetometer 22'64 and 24'27, we obtain in 

B 82.5-37.lP 
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the manner that will be described in paragraph 196, for the magnetic deviations of tJl'~ 
magnetic axis of the magnet N89°38'16"vV and N89°34'13"'V. 

194, Inserting now numerical values in the equation'(a) or rather in! d~=cof v+ 
tlu .x 

cot (A -v) we obtain for the two occasions-

'47886::;cot v+cot (89° 38' 16") and 
'47563=cot v+cot (89° 34' 13") 

whence we find v=64° 42' 26" and 64° 54' 51" on the respective occasions, when the 
mean scale.readings were 22'64 and 24'27: reducing them both to the mean scale.readin', 
23'45-by adding and subtracting 242';2264 10"80-they become 64° 51' 14" and 64° 46' 3"~ 
or the two set~ of experiments give a mean value of v for the scale-readinO' 23'45, uf 
640 48' 38". J:i or the great difference between this and 67° l' 30" [=650 0' 0';: + (23'45-
12'20) 10"80J, the value found in paragraph 188, a probable reason will be given hereafter 
(se6 paragraph 212), 

195. As the secular variation of absolute declination was much more, considerable 
after 1856'0 than before, full account has been taken of it for the period 1856'0 to 1873'0 
in calculating values of the angle (A-v), For the present purpose the yearly values of 
the absolute easterly declination were obtained from the mean scale-reading~ (J)ofGrubb's 
declination magnetometer, by means of the formulre 

from 1856 to 1860 ...... a=(/-28'3064) 6'S06X 1'003009 and 
from 1862 to 1872 ..... ,11= (J-28'2733) 6'806 X 1'0028 

the mean of the values for 1860 and 1862 being interpolated as that for 1861. 

196. Values of (A-v) were then obtained, for the months January to June 1856 
and for each year or half-year thereafter, by adding the absolute easterly declination to 
91 0 I' 41", the westward azimuth of the line of collimation of the reading telescope, and 
deducting (s,-10'90) 10"80, the deviation of the north end of the axis of the magnet to 
northward of the line of view of the telescope. These values and the data used in thE" 
calculations are shown "in Table 79:-

TABLE 79. 

Mean scale-
Absolute- readlD! of 
easterly Grubb's on· 91°}' 41"+~-

Year. declm. zontal force (6 -10'90) 10' 80 
atlon. Magneto- -- meter, .A -II, 
a -

8. 

, 
" 0 , 

" 
1856n .. ' .. , . , 19 U 18'31 89 59 15 
1856f~ , , ... , .. 19 14 19'18 89 51 23 
18561..- .. , .. , ... 19 IS 19'05 89 52 48 
1856: .. ' , .. , .. , 19 17 19'08 89 52 31 

1856~~ ,., ... ..' 19 19 19'18 89 51 28 
18S6.! , .. ... .. 19 20 1886 89 54 56 
1856'5 ... ... .. . 19 21 18'89 89 54 44 
1857'S ... .. , .. 19 41 18'97 89 54 13 
J858',5 ... .. 20 14 1863 89 58 26 
1859'5 .. , , .. ... 21 54 19'08 89 55 14 
1860'5 .. ' .. , ." 24 24 19 60 89 52 7 
1861 '5 , .. .. 27 23 20'29 89 47 39 
1862'S ... ... ... 30 23 20'69 89 46 20 
1863'S ... ... . .. 33 48 21'24 8) 43 49 
1864'S ... .. . .. 36 17 21'75 89 40 47 
1865"5 .. , ... .. 39 52 U'46 89 36 42 
r8665 .. ... . .. 43 55 23'00 89 34 55 
18675 ... ' .. .., 46 28 23'54 89 31 38 
1868'S ... . , ... 48 56 2392 89 30 0 

1869'S .. ... 50 40 24'00 89 30 52 
1870'5 .. 52 58 24'36 S9 29 17 
r871 5 . " . , ... 54 56 24'79 89 26 36 
1872'S ... .. 56 20 25'°5 89 25 12 

197. We now proceed to determine yearly values of X, the horizontal force, u!::>ing 
for the purpose the mean monthly scale-readings of Grubb's horizontal force magnetomctkr 
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corrected for temperature at the rate of 0'22- Be. div, per, degree Faht. from 1846'42 to 
1856'0 and at the rate of 0'15 se, div, per degree from 1856'0 to 1873'0, the observed 
readings being increased for temperatures above 82° and decreased for temperatures 
below 82°. On account of repeated interruptions and abnormal behaviour of the instru
ment between January and May 1846 no use will be made of the mean readings before 
June 1846, The corrected monthly means from June 1846 to December 1872 are shown 
in Table 80, and dividing them into five periods 1846'42 to 1851'0, 1851'0 to 1853'0, 
1~53'O ,to 1856'0, ~856'O to 1866'5 and 1866'5 to 1873'0, they are separately curved, 
WIth hme as absclssro and correded scale-readings as ordinates, in Figs, 385 to 389 
(Plate XX). 

TABLE 80. 

Monthly mean 8cale-reading:
o 
1e::;:::;!r~O~~~n;~~tTce magnetometer, corrected 

YEn. JaDuary FebY., MarCh.I ApnL I M~y, I JUDe. I July, \Auguet \ septr,\october I "NOVl', Deer. 

1846 ... .. ' . .. .., ... '., .. ' 15'76 IS 93 1612 16'23 16'83 17'42 181 7 
1847 ... .. , IS'5° IS'16 IS'27 IS'43 18'77 19 04 19 09 19'22 IS 80 19 07 19 II 18 99 
1848 , , .. , 19'50 19 89 20'35 2069 2104 2136 21'08 21'39 22'3 2 2X'II 20 93 21 '39 
1849 .. ' .', 21'79 22'06 22'61 22'92 23'15 22'95 23'05 23'23 23 20 2334 23'39 23'85 
1850 , , ... 23"98 24'25 24'66 24'89 25'07 25 oS 24 87 25'07 25'07 25'14 2546 25'42 
18S0 ... ... ... .., ,., ... .., ..' . , .. .., 14'42 
ISS1 .. , .. ' 17'37 19'U 20'48 21'46 22'JI 2245 22'53 22'63 22'27 2260 23'40 23 19 
ISS2 .. ' , , 23'47 23'06 23'85 23'87 2444 24'56 24'63 2477 2448 24 86 24'99 25 04 
1853 ' .. .. ' 25'27 , .. .. ' '" .. , ..' ... , .. ..' .. , , .. 
IS53 .. ' ,., 13'23 13'38 13'70 1393 13'89 13'98 13'92 14 28 13'77 14'57 14'54 14'5 1 

1854 ... .. ' 14'80 14'92 15'05 14'86 IS 32 15'57 15'29 IS 41 15'33 IS 57 IS 88 1603 
1855 .. , .. ' 16'36 16'34 16'54 16'62 16'73 1679 16 53 1663 16 78 16 77 17'09 17'39 
1856 , .. .. ' 18'31 19'18 19 oS 19'08 19 18 1886 1880 1866 1863 18'72 19 04 19'16 
1857 '" .. , 19'21 19'36 19'33 19'33 19'08 19'26 18'95 18'84 18 51 1866 18'5 2 18 56 
1858 ... .. , IS 68 1881 18'58 18'5 1 1885 18 65 18 46 18 50 18'38 18 42 18'94 1881 
1859 .. , .. , 19'14 18'96 19'11 19'08 19'21 19 05 19'16 1944 18'76 1868119'22 19 19 
1860 .. , .. , 19'62 19"95 19'45 19'27 19'44 19'56 19'37 19'17 19'34 19'68 20'17 2018 
1861 ... .. 20'34 20'35 20'35 20'5 1 20'58 20 oS 20'26 20'15 ,20'05 20'14 2033 20'33 
1862 .. , ,,, 20'7 1 20'88 20'90 20'88 2089 2099 20'60 20'29 20'42 20'12 20'69 20'87 
1863 ' .. .. , 21'11 21"23 21'49 21'33 21'49 21'32 21'14 21'00 20'90 21'09 21'38 21'43 
1864 ... .. , 21'84 21"91 2180 21'7 1 21'60 2146 21"44 121'38 21'39 21 88 22'24 22'36 
1865 ... ... 22'35 22'54 22'75 22'70 22'73 22'58 22'47 21'69 22 16 2207 22'48 22'97 
1866 22'97 22'82 22'95 23'17 23'32 2343 

. .. , .. ' ... .. ' , , .. .. , ... 
1866 ' .. , .. , .. .. , ... ... ' .. 2281 22'64 22'38 %2'41 2%'47 %3'02 23'43 
1867 '" , .. %3'65 23'75 23"58 23'63 23 63 23'56 23'41 23 25 23'08 23'13 23'79 lI4'03 
1868 ,., ... 24'17 24'07 24'10 23'88 24'02 23'99 23'79 23'77 23'47 2357 24'12 24'14 
1869 ... ..' 24 03 24'00 24'07 23'81 %3'90 24'08 24'16 23'81 23'55 23'87 24'32 24'38 
1870 ' .. .. ' 24'15 24'22 24'39 24'32 24'70 24'70 24'76 24'35 23 87 23'87 24'31 2474 
1871 .. , .. ' 24'79 24'69 24 80 24'39 2510 25'07 24'84 24'63 24'68 247 2 24'54 25'19 
1872 ... .. 25'40 25'09 25'08 2S'z4 2S"58 25'30 25'01 24'70 24'74 24'54 25'01 24'90 

198. If in Figs. 385 to 389 we disregard the oscillations which are evidently repre
sentations of the annual variation of the horizontal force, and disregard also the early parts 
of Figs, 386 and 388, which follow fresh adjustments of the instrument, a mere inspection 
shows that there is a general increase of scale-reading from nrst to last, that the increase 
is at a nearly uniform rate ti~11853'O, and that it is thenc~forwardat a graduall~ din:inish
ing rate till 1873'0. Assummg, for the present, that the Increase of scale-readmg IS due 
solely to increase offorce, we select the periods of steady increase 1847'0 to 1851'0, 1851'5 
to 1853'0 1853'0 to 1856'0, 1859'5 to 1866'5, and 1867'0 to 1873'0, and finding the annual 
increments of scale-reading to be 2'04, 2'02, 1'37, 0'57 and 0'30 respectively, attribute 
them to the mean epochs 1849'0, 1852'25, 1854'5, 1863'0 and 1870'0, for which the mean 
scale-readings are 21'90, 23'84,15'34,21"02 and 24'28 respectively. ' The me:mscale-read
ings from which these numbers are derived are shown in Table 81 • 

• As stated ill paragraph 176 the ra.tes used in the final reduction or the observations were 0'20 and 021 
so. div" the value 0 22 was deduced from that found ('15(6) for the period 1856 to 1865, and was used, provi
sionally, for this investi,,<>"ation only, 
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TABLE 81. 

Mean MJddle of 
~fean lltddle of Mean MIddle of \ Mean MIddle of I !tl~'n 

Mlddl~ of scale- Yea.r 
scale, Year, scale- ¥ear, BCal", ¥ear I K~ 1.1f'-

Year readlDg readmg readtng readlog I rca,I",!: 
I ---
I I 

I 

1847'S 18'79 1852'0 , , 2332 18535 .. 1397 18600 ",I 1931 186 7 5 ,I 23 H 
1848 5 .. 20 92 1852'25 .. , 23 86 18545 .. 15'34 18610 

,: I 
2001 1863 5 239 1 

18495 .. 2296 1852 5 ... 24'33 1355'S . .. 16'7 1 18620 20 54 18695 I 24 00 
1850'S 2491 1863 0 20 91 1870 5 

I 2436 
I 

1 

1864 0 

: .. 1 

21'44 18 71 5 : 'j 
2479 

1865'0 2l 19 1872 5 25 05 
18660 22 7 I 

199, WIth the above-mentIOned mean scale-readings for the several epochs and witI! 
the data of Table 73, we obtain, by equation (h) 

For18490 , :v ~=ginl0"80[cot{72°21' + (2190-15'71)10"80} +tan(21'90-15'71) 10"80 ]-'OOO~9n. 
for 1852'25, .. ;v d; =sinl0' 80 [cot{72°21' + (23 84-12'20) 10"80 J + tan (23'84.-12:20) 10"SO J -OOOaS!) ~ 

&£01' 1854 5"'d: a; =8inl0"80[ ('ot{72°21' + (15'34-12'20)10" 801 +tan(15'34-12 20)10"80 J--'OOli9%0 

and by equation (It), assuming, for the present, that the scale-reading 23'45 corre"pond~ 
to the angle of torsion 65° I' 22", and taking (A-v) by interpolation from Table 79, 

for 1863 0 .. ;0 d; = sin 10"80 [ cot{65° l' 22" + (2102 - 23'45) 10'80} + l:ot(89° 4;;' 5")] = OO}',)06 ~ 

and for 1870'0 .. :0 d;=s-in 1 0"80 [cot{ 65° l' 22" + (24'28-23'45) 10"80} + cot (890 30' 5")1 = '0014')0:; 

200, Attributing, for the moment, the several annual increments of scale-readmg, 
taken in order, to the periods 18460 to 1851'0, 1851'0 to 1853'0, 1853'0 to 1856 0,1856'0 

to 1866'5 and 1866'5 to 1873'0, and applying the values of fa dX jW:.t found to the l'{,
(V X 

f'pective periods, we find for the increments of force between the f;everal epoch::; : 
From 1849'0 to 185225 .. , 2 x 2'04 x '0009941 + 1'25 )C 2'02 X 'OOO~894 = 'OOG5:>4 

" 1852'25 to 1854'5 .. ,0'75 X 2'02 X '0009894+ 1'5 X 1'37 X '0009%6 = '003:>47 
" 1854'5 to 18630 .. ,1'5 X 1'37 X '0009966 + 7 x 0'57 x '001;)1164 = '008058 
" 1863'0 to 18700 ... 3'5 X 0'57 X 'Ou15064+3'5 X 030 X '0014808 = '0045110 

201. Or taking the horizontal force of] 870'0 as unity, and subtracting the:"e incre
ments in turn, its values at the several epochs are approximately-

At 1849'0 .. , 0'977281 
,. 1852'25 .. , 0983835 
" 18545 .. O'9873~2 
" 1863'0 .. , .. ' 0'995440 
" 1870'0 ,.. .. 1000000 

202. And multIplying the several values of d: di by these numbers, taken in ort!er, 

the products are approximate values of the scale coefficient on the supposition that the 
force of the epoch 1870'0 is expressed by unity, 

203, U sing these values in lieu of those of paragraph 199, and repeating the calcula
tions of paragraphs 200 to 202, we obtain further approximations as follows :-

TABLE 82, 

At Epoch, 

HORIZONTAL I sc.us,coxnl-I SCALX,coun, I 
FORCR. ('lXNT CIXNT ADOPTXD t Perio,l. tv .. blch the I coeffiCIent m .. y be 
In terms of the HOl'J2'ontal Force at the taken as applIcable. 

epoch 18700 

1849 0 09775 29 '00097 18 

1 

'0009702 18460 to 18510 
1852 '25 .. 0'98395 1 '0009735 00097 20 18510 to 1853'0 
1854'S .. 0'987448 '0009841 '000982 7 1353 0 to 18560 
1863'0 .. , 0995453 '001 4996 001 4996 18560 to IS66'5 
18 70'0 .. 1000000 '00 14808 0014$08 

I 
18665 to 18730 

.. This is too great by an insignificant number of 3 in the last place of decimals It is the mean of two 
results for the sca.le-rea.drngs 10 f!5 and 2057, and has been used msk"i of the tungle result for the Ilit aI: 
s~ale-readlll~ 1571. 

t In thu calcula.tion of these .alnes the periods for ",hIe h uniform rate!! of mCTease of Lonzontal for, (' 
were ~sumed were from epoch to epoch, not those stated in parag!'aph 200 The resulta are, however, practJ. 
cally IdentIcal. 
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Further repetition of the calculations, it may be remarked, produces no further 
alteration of the resulting numbers, 

204. Our assumption of a uniform rate of change during each period having now 
served it.'! purpose, we shall-in what follows-regard the annual increments as represent
ing the rate of change for the mean epochs of the several periods only, and we sh3.ll now 
assume that the rate grows uniformly from epoch to epoch, Converting the preceding 
and following rates, of 1863'0 for example, into the same scale as its own, by multiplying 
them by the resJ?ective scale-coefficients of Table 82 and dividing the products by that of 
1863'0, we obtaIn for the times 1854'5, 1863'0 and 1870'0 the rates +0'898,+0'57 and 

+0'296 scale-divisions respectively. showing a growth per year of -:- ':~58 for 1854'5 

to 1863'0 and - ~;4 for 1863'0 to, 1870'0. Thus for a time + T reckoned in years 

onward from 1863'0 we have for the increase of scale-reading 

+ 0'57 T - I '2;-' Tl 
and, for a time -T reckoned backward from 1863~0 

-0'57 T _l.~ T' 
, j) 8'5 

In this way we find increments of scale-reading as follows:
TABLE 83. 

, 
Scale-reading Deduced 

Tune, Increment, - lcaJe-readlDB 
observed, for 1863, 

1860'0 , , -1'88 19'31 21'19 
1861'0 ,,' -1'22 20'01 21'23 
1862'0 .. -0'59 20'54 21'13 
1863 0 '- 0'00 20 91 20'91 , .. 
1864'0 .. , +0'55 21'44 20'89 
1865'0 , , +1'06 2Z 19 21'13 
1866'0 .. ' + 1'53 u'g 21'18 

The mean of the numbers in the last column, giving (by mistake) double weight to 
the value for the epoch 1863'0, is 21'p7, Adding this to the respective increments we 
obtain "what we shall call the calculated scale-reading for the several times; and in the 
same way, and with the same data, calculated scale readings are found for the remainder 
of the period 1856'0 to 1866'5. 

205, By a similar treatment of the data of the other periods, but using the same 
growth of the rate of increase before as immediately after 1849'0, and the same after as 
immediately before 1870'0, calcula.ted scale-readings were obtained for the periods 1846'0 
to 18U '0, 1851'0 to 1853'0, 1853'0 to 1856'0 and 1866'5 to 1873'0: these are shown in 
Table 84, and it is from them that the smooth-flowing curves of Figs, 385 to _389 have 
been constructed :-

TABLE 34, 

Year, Calculated Year, Calculated Year, Calculated Year, Calculated Year, Calcolated 
soa1e-read.mg. acale.readmg acale-readlDg ecaJe-readiDg ~a1e,readlDg 

1846'0 .. 15'16 1851'0 .. , 21'31 1853'a. .. 13'01 1856'0 ... 16'13 1866'S, 23'04 
1846'S .. 16',S 1851'S'" 22'32 1853'S, .. 13'87 1857'0 ... 16'96 1867'S'" 23'46 
t847'S .. IS 83 1852'0, .. 23'33 1854'S .. , 15'38 1858'0,. 17'74 1868'5", 23 84 
1848'S , •. 2088 1852'S, .. 24'34 18SS'S .. 16 72 1859'0 .. , 18'48 1869'5' 24'18 
,849'5 .. , u'92 1853'0 ... 25'28 1856'0. 17'37 1860'0 .. 19'19 1870'5'" 24'48 
1850'S .. ' 24'95 1861'0, •• 19'85 1871'5" 24'74 
1851'0 .. 25'97 1862'0 .. , 20'48 1872'S .. 24'96 

1863'0 •• , 21'07 1873'0 .. , 25'05 
1864'0, .. 21'62 
1865'0 ... 22'13 
1866'0 .. , 22'60 
1866'S .. • u 82 

I 

206, In Figs. 385 to 389 the agreement of the curves of calculated scale-readings 
with the general course of the curves of observed scale-readings is satisfactory, except for 
a while after any manipulation of the suspension wire that alters temporarily or perma
nently the amount of twist in it, and especially after the re-adjustments of February 2,1846 ; 
December 30, 1850, and December 31, 1855, To explain the cause of the discrepancies at 

B 825-38.lP 
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these til;Ues we must introduce u neglected element, the torsion of each branch of the <'UV 

pension wire about itself, into the theo~ of ~he instrument. Calling the moment 0/ 
torsion per unit angle ". our fundamental equatIOn (1), of paragraph 87 (App~ndjx I), 
becomes 

m X sin (A-v) = Wg itJ1 

sin v+2,. (v-w) (Ill) 

where w* may be regarded as constant during the short periods for which variations of X 
and v are considered, but as variable in much longer periods. 

Hence dA being negligible, 

sin (A-v) d (mX) -mX cos (A-v) dv ==( Wg ar cos V+2,.) dv (2(1) 

1 d (r~X) W. aa' ; 9 -l- cos 'V + 2 ,. 

dv (mX) = cot (A-v) + 
Wg i' sin V+h (v-w) 

1 d(mX) Wg T cos 'V 

dv (mX) = cot (A-v) + w. oa' . 
9 -z- stn v 

1+ 

1+ 

Wg !!!!... cos 17 
l 

2,.(V-W) 

Wg i' sin v 

and, regarding the second terms of the numerator and denominator of the last fractIOn 
as small in comparison with unity, 

d
1 ~(~) = cot (A-v) +cot 17 {I + :,. 

17 m Wg-
l
- cos 17 

(3a) 

Now,. may be found by suspending the horizontal force magnet by a single silver 
wire of the same kind as is used in the magnetometer and of the same length as one of it::; 
branches, and observing the deviation (u) of the magnet from the meridian when an angle 
of torsion (U-u) is introduced into the wire: for we shall have,. (U-u) = mXu or 

,. = mX UU • Substituting, also, in the last two terms of equation (3a) the near 
-u, 

equivalent r;~X for Wg i' sin v, the equation becomes 

1 d(mX) 2u 2,- (v-w) 
d- (X = cot (A-v)+cot v+-u - cot v X 

17 m ) -u 'lrL 
(4a) 

Comparing this with equation 4, of paragraph 87 (Appendix I), we note that it con
tains one additional term which is constant and one which varies as the torsion 2 ,. (v-1o). 

207. We remark now that if at the end of operation (4) of paragraph 185 there be 
no torsion in the suspension wire, both branches of it will lie wholly in the magnetic 
meridian, and that at the conclusion of the adjustment the torsion will be v or that 10 = O. 
We conceive, however, that the wire-being under the tension of a weight, in this case, 
of 8285 grains-will, with the lapse of time, gradually lose its torsion, and that a while 
after the adjustment it may be assumed to be sensibly free from it, that is W = v . mean
while, we see from equation (la) that without any change of mX, as (v-w) diminishes, 
'" increases, and in such a way that the decrease of 2 ,.(v-w) is sensibly balanced by 

the increase of Wg i' sin v. But, if some years after-the adjustment remaining the 

same until then-the operation (4) be repeated, it will be found at the end of it that the 
wires are no longer wholly in the meridian plane: the bottom ends of the wires will be 
in that plane, but the vertical plane containing the top ends will be inclined to the meridian; 
and if the torsion arm be now turned back to its former adjustment reading the value found 
for the .angle A will differ from its former value by the angle of inclination of the two 

planes, although there is no real change in the adjustment. Consequently v or ( A - ; ) 
will also differ by the same amount from its former and correct value. 

208. We have the following evidence that what is stated above really occurs. 'Ve 
premise that the readings of the torsion circle increase by a right-handed rotation of the 
torsion arm. Before April 1845, the north end of the magnet had always been turned 

• If there be any torsion in the wires when the plane containing them at the bottom ends is the magnetic 
mendian w must, of course, include it. ' 
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t-a"t"",rd: it was then turned westward, and the meridian torsion reading found was 
68" 28': at the adjustment in February 1846 the meri,dian reading was found to have 
ii.L1l8n to CG" 38' or by 10 50': this cou"il>t.'i with the fact that a relative left-handed twist 
(lookinlJ' from above) that was put into the wire on the first occasion partly disappeared, by 
molecular change of the wire, befol e the second. Whether any part of the twist remained 
or dn oppol'>ite one had been acquired we cannot now ascertain, and in adopting for the 
),w"Il.otic west torsion reading 336 0 38', we virtually a.s lAme that there was no twist ill 
dlC'" wire when the meridian torsion reading was ob-.erved on the latter occasion, Again, 
with a fre"h wire that may be presume.} to have been approximately free from torsion on 
it'l fin,t attachment, there was after the adJugtment in December 1850, a rapid rise of 
th,· scale-readin~f; which waf; far in eXCt;S3 of the effects of any real increase of mX: the 
rapid increa~e uf v that tml3 implies is such a-; would follow upon the gradual disappearance 
of the left-handed tor~ion put into the wire at the time of the adjustment, And further. 
when the in,trumcnt was first examined before readjuiitment in January 1873, there \\as 
a decided right-handed twist in the wire when the plane of the wires at bottom was 
turned into the meridian. and so persir,tcnt was it that after a weight instead of the 
magnet, had been hanging from the wire for four days, it was &hll from 2° to 3° in amount, 
though gradually diminil>hing, 

209, Reverting now to equation (4a) let us imagine another instrument like the 
one under consideration in all rel>pect~ and under the &ame circUlll&tances except that 
(I'-W) is always zero, and let it be subject to the Rame changes of mX. For distinction 
"lake let us call the v of thj~ instrument V. Then, in lieu of (4a) we shall have 

1 d (mX) ( 1 ) V 2u 
dV (mX) = cot J - r +cot + U-u (4b) 

But, as the left-hand sides of equations (4a) and (4b) are equal, the right-hand side~ 
will ahm he ~tlual; and if we can find the values of V that corref'l-'ond to those of ", we 
may U'i11 equation (4b) in lieu of (4a). Thi~ is, however, preci:sc.ly what we SUPPO&C the 
curves tlf calculated scale-readings of Figs, 385 to 3S!:) enable us to do: we take them to 
represent the course of variation of the scale-readings that would have been run if the 
wireh had, throughout each period, been free from tursion, as they have been very nearly 
ill the later years of each period: otherWIS'::l stated, we regard tho departures, in the 
positive din·ction, of the general course of the observed scale-readings from that of the 
(:akulatod scale-readings a~ measuring the eXl.e.,s of '0 oVt.:r V. 

210. Using the calculated scale-readings in this sense, let us now compare the 
dlanges that they give with the changes indicated by available direct determinations of 
abi"olute horizontal force. Of the btter we have a mean value in British units for l\fay 
to December 184()* (7'887), and a mean value for the year 1863t (8'0794), both obtained 
from observations with the same old unifilar magnetometer; and we have also mean 
values for the years 1868t (8'0563) and 1872t (8'0728) both obtained from observatIOns 
with Elliott's unifilar magnetometer. and reduced to the monthly mean reading of Grubb'!:! 
horizontal fo1'cO magnetometer Premising that the annual ine'lualities for the months 
::\Iay to Dtleclllber arc less than one in the third place of detimals and therefore negliO'lblt, 
we lIIU~t subtract '0026, two months' sP('ular change from 7'887 to reduce it to the ~rldlt) 
of the year 1846: we then have increases of 8'0794-7'8844= + '1950 from 1846'5 to 
186:.1'5 and of 8'0728-8'0563=+'0165 from 1868'5 to 1872'5. To compare with the"" 
illcrements we have from the calculated scale-readings, 

From 1816'5 to 18.'il'O .. . .. '(25'97 -16'78) x 0009702 = '008916 
" 1851'0 to 18530.. , ,(25'28-21'31) x '00097:.W=:'003859 
" 1853'0 to 18560.. ... (1,37-13'01) x '0009827=:'004285 
" 1856'0 to 16635 .. , ... (21'34-16'13) x '0014996=:'007813 

Total incre:l1>0 frum 1846'5 to 1863'5 =: '024873 
Do. do,. in British units of force, = +'024873 x 

S'0581§==+'Z004 and, , , .. 
.. , (24'96-23'84) x '0014808 == '001658 or m From 1868'5 to 1872'5 ... 

British units = +'0134 

• S ... 'e .. Bombay ~tagnetictll and lIck..,rological Observations, 184;;," Results, paga (3l) 
t Do, do do, 1363," Introduction, raga ix. 
: See Philost'pillcal Trnruactions, Vol. 166, p;;" 84, 
§ Tlun IS tho value 0f thl) honzonial f0!'Cl' that we have adoFteJ for the epoe 11 18iO'0: It is tLo mNn result 

gl\'eu by the absolutt: OLs<'fvatlOllJ COf th ... mouths of Dt'cember E~J ana Jallllary 1~70, 
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These increme~ts differ but .slight!y from ~he corr~sponding increments given by the 
absolute determinatIOns, and so InconsIderable IS the difference between the aO'O'regates of 
the former and of the latter increments-being only about a three ten thous:;dth of the 
horizontal force-that the two sets of numbers may be taken to imply that the strenO'th 
of the magnet of the horizontal force magnetometer has been practically constant through
out the period of twenty-six and a half years, and to justify therefore the provisional 
assumption made in paragraph 198 that-except as regards changes of the torsion of 
the wire-the increase of scale-reading is due solely to increase of the horizontal force. 

211. . Having a~ived at this result, we may-with the scale-coefficients of paragraph 
203 applied for their. respective periods,-deduce from the calculated scale-readings of 
succeeding years (or half years) the changes of force from year to year (or half year) in 
terms of the horizontal force at the epoch 1870: then, calling this latter unity and 
subtracting ~om n the change from 1869'5 to 1870'0 we get the force for 1869'5; from 
this subtracting the change from 1,868'5 to 1867'5 we get the force for 1867'5; and so 
on. In this way have been obtained the numbers in column 2 of Table 85. Finally 
these numbers have been multiplied by 8'0581 and by 0'46108 to obtain, values of X for 
insertion in equation (b). 

212. Now, comparing equations (4b) and (a) we ar~ prepared to understand why 
the angle v* deduced (in paragraph 194) from deflection experiments is so much less than 
the value inferred from previous direct measurements. In equating the observed values 

of Jv <!f to cot v+cot (A-v) instead of to cot'v+
U

2U 
U + ;ot (A-v), the apparent value 

of cot v that we obtained was really the value Qf cut 'IJ + U2U 
; and the difference between 

-u 

the apparent and real values may be taken as Ii. rough measure of U2U 
• This difference 

-u 

is approximately (cot 64° 48' 38"-cot 67° l' 30") = '0464, wp.ence UU ='0232, or about 
-u 

one-fourth-of the value ('0894) found experimentally with a similar magnet and suspension 
wire in 1855. [See BOl;nbay Magnetical and Meteorological Observations, 1855, Intro
duction, page viii]. 'rhere can be no doubt that the result of the 'deflection method, 
which measures the actual coefficient of the time o~ the experiments, whatever this may 
depend upon, is to be preferred to the other in any case, though more so because the 
latter is derived from uncertain data; and although it would be desirable to separate the 

two parts of the result-cot v and U2U -if y/e had accurate and dependable experimental 
-u 

m~asures of the latter part, we have decided, in the absence of such measures, to regard 

the result as including the constant U2U
• It is quite conceivable that after long use 

-u 
of the instrument the wires having been subjectetl to a great number of small increments 

and decrements of the twist, a different value would be found of U2U from the one that 
-u 

was determined for the .same wire before it was first put in use; so that even an experi
mental value may not safel'y be regarded as an absolute constant, and a guessed value 
would be even more objectionable. Under the circumstances we regard'it as impracticable 

to make any allowa:nce for the term UU in the value of the scale-coefficient for the 
-u 

period before 1856'0: and, accordingly, the general practice of magneticians will be followed 
in the conversion of variations derived from the observations of 1847 to 1855 from scale
readings into magnetic force. 

213. Unfortunately the investigation which had led to the equation (4b) was not 
worked out upon paper before the scale-coefficients were calculated and actually applied, 
and in the mental impression of it acted upon, the mst term of the equation had the angle 
v in the place that should have been occupied by V. This involves sensible errors in the 
coefficients of the years 1856 and 1857 but only insignificant errors for other years. A 

small error is also involved in the use of a slightly different value of cot V + U2U from 
-u 

"" As there was no torsion in the wire a.t the time of the e~periments (1866 and 1872) the angles 11 and V 
may be written indiscriminat-ely. 
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that found above. To estimate the amount of the errors, we have-writing cot V' for 

cot V + 1
2U , and V" for the erroneous value of V' made use of-
J-u 

;" dt = cot V' + cot (A- V) 

= cot { V"-{V"- V') } + cot { (A-v) + (v- V) } 

= cot V" + (V~-; ;,> + cot (A -v) - (v- V), since (A-~) == -2" nearly, and (4c) 
atn 

1 dX { V" V' } Xa-
d 

v' = Xa cot V" + cot (A-v) + .7V" - (v- V) 
VA 8m 

(4d) 

or inserting adopted standard values, 

= Xa (Cot{65° 1'22"+(8-23'45) 10"80}+cot{91o l' 41" + a -(8-10'90) 10"80] 

+ Xaf sin(65° l' 22"-64
8 

48' 38") -(a-8)10'SO sin I'] (4e) 
lsin2 165° l' 22" + (8-23'45) 10'"80} 

where 8 represents the mean observed and S the calculated scale-reading. 
214. The values of the two terms of this expression have been calculated separately, 

for each month from January to June 1856, and for each year or half year from 1856'0 to 
1873'0, and the values of the first term are entered in column 7 of the following table, 
as the adopted coefficients, and the values of the second term in column 8, as errors (or 
algebraical defects) of the adopted coefficients: the data for each calculation are also 
shown in the table. . . 

TABLE 85,* 

X Adopted scale· 
Error of 

Date. 37154 
. , S • Y". A-v, coeffiCient. adopted 8cale· 

coefliclQut • 

. 
1 2 3 4 5 6 7 8 

0 , 
" 0 

, 
" 

1856"1\ ... '98810 18'31 16'16 63 42 39 89 59 15 '005 69 -'00003 
[8561"0 .. , 98820 19'18 16'23 63 43 25 89 51 23 '0057 2 -'00005 
18561"." .. , '98830 19'05 16'30 63 44 10 89 52 48 '0057 2 -'00005 
1856.-'. .. '988.p 19'08 16'37 63 44 54 89 52 31 '0057 2 -'00005 
18560\- .. '98851 1918 16'44 63 45 39 89 51 28 '00572 -'00005 
1856H .. , '98861 18'86 16 51 63 46 24 89 54 56 '00570 -'00003 
1856'S ' .. '98868 18'89 16'56 63 46 57 89 54 44 '00570 -'00003 
1857 0, .. .. '98928 [18'93] 16'96 63 "51 16 . ... '00569 -'00002 
1857'S .. , .. ' .. , 18'97 , .. . ... , 89 54 13 ['o0567J [ '00000] 
1858'0, , , , '990 45 [1880J 17'74 63 59 42 ...... '005 65 +'00001 
1858'5 .. , .. ' .. , 18'63 .. , ...... 89 58 26 ['o0563J [+ '00002] 
1859'0, .. ... '99 156 [18'85] 18'48 64 7 41 , .. '00562 +'00004 
1859'S, .. , '" 19'08 ... .,,6, 89 55 14 ['o0561 J [+ '00004] 
1860'0, , .. , '99 265 [l9'34J 19'19 64 IS 22 ..... '00561 +'00005 
1860'S, .. " 19 60 .. , •• OIl •• 89 5a 7 ['00561 ] [ + '00005] 
1861 '0, '99363 [1994] 19'85 64 2Z 29 ...... '005 60 +'00005 
1861'S .. '" 20'29 ... ...... 89 47 39 ['00559] [+'00005] 
1862'0 .. , '9945 6 [20'49] 20'48 64 29 17 ...... '00558 +'00005 
1862'S .. , , , , 20'~ .. .... 89 46 20 ['00557] + '00005] 
1863'0, .. , '99544 [20'96] 21'07 64 35 40 .. , '00557 +'00006 
186n .. , , , 21'24 .. , ..... 89 43 49 ['0055 6] [ + '00006) 
I 86 .. ro .. '99627 [21 49] 21'62 64 41 36 . ..... '00556 +'00006 
186 .. rs, , .. ' .. 21'75 ... . ..... 89 40 47 [ 00555] [ +'00005] 
1865'0, .. '9()704 [22'10] 22'13 64 47 7 ' " '00555 +'00005 
s865'5 .. , .. 2346 .., ...... 89 36 42 ['00554] [+'00005) 
18660, , .. '99775 [:u 73] 22 60 64 52 II . ... '00553 +'00005 
18665 '99809 23'00 23 04 64 56 56 89 34 55 '00553 +'00005 
1867'S, ' , '99871 23'54 2346 65 1 28 89 31 38 '00553 +'00005 
1868 5 .. , .. '999 27 23'92 23'84 65 5 35 89 30 0 '0055 2 +'00005 
18695 .. .. '99977 24'00 24 18 65 9 IS 89 30 52 '00550 +'00006 
1870 5 .. 1'00021 24'36 24'48 65 12 29 89 29 17 '00550' +'00006 
1871'S, .. , 100060 2479 24 H 65 IS 18 89 26 36 '00550 + '00005 
[87 3'5 ' ' , 100093 25 05 2496 65 17 40 89 25 12 '00549 +'00005 
1873 0 .. I 00107 .. , 25 05 65 18 39 ...... '00549 . ..... 

-From March to December 1872 the actual scale reading was about li't divisions, or 1° less than the 
corrected value ente~d in Ta.ble 85 : cOD~equently the scale coefficient should have been about -008 of Itself 
greater than appears In columu 7, 

D 825-39 AP 
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The only furthtr datum required (Xoa = 8'0581 x '46108 x sin IO"8C) is 3'71548;,,1(, SO 

='011672. The values of 3'7~54 are those referred to in paragraph 211 and lho'3c (It 

(A-v) are taken from column 4 of Table 79. 
The mean value qf the adopted coefficients for the whole period (1856'0 to 1873'0) 

is '00557. 
The time may come when it will be worth while to take account of the small error8 

shown in the last eolumn, repeating the conversions into force for the whole period, Lut 
for the present we deem it sufficient to state the errors and leave it t.o the judgment of the 
reader to decide whether they should be applied for any special use of the records that he 
may contemplate making. 

TEMPh,ATURE COEFFICIENT OF GRUBB'S HORIZONTAL FORCE MAGNETOMETER. 

215, Provisional values of the ~oefficient were found, in the first place, by means of 
the nat1,lral changes of the temperature of the instrUlnent. Entering the mean temperature 
of the instrument for every day in the year side by side with the corresponding mean 
daily scale-reading, the differences of every two successive entries of scale-reading divided 
by the corresponding differences of temperature would, if the mean readings were 
unaffected by other causes, give independent values of the temperature coefficient, Taking 
then the sum of all the differences of temperature (regardless of their signs) in the year, 
and after changing the signs of all those differences of scale-reading for which the cor
responding differences of temperature were negati ve, adding together also the differences 
of scale-reading with their proper signs, the quotient of the latter sum divided by the 
former gives the mean coefficient for the year, and ilS the equivalent of the mean of all 
the daily determmations, giving weight to each proportional to the temperature difference 
which furnished it, The actual calculations were much shortened, but without altering 
the principle of procedure, except that, when the change of mean temperature between 
two successive days or the progressive change in the same direction of the mean tem
perature of a series of days did not reach or aggregate 10

, the pairs of differences for such 
periods were thrown out of account. The treatment of all the observations from 1856 to 
1865 in this manner gave 0'143 scale-division, as the diminution of scale-reading produced 
by an increase of teJ;uperature of 10 Fahrenheit. The extreme values for any of the ten 
years were 0'126 and 0'160; it is therefore evidently a very safe assumption to make that 
any individual determination whibh gives a value less than '000 or greater than '300 is 
untrue; in other words, that the effect of difference of horizontal force on the two da,ys 
which furnish it, over-rides the effect of difference of temperature: in a fresh determination 
every such individual value was rejected, and the comparisons of mean scale-readings and 
mean temperatures were made not only between every two successive days, but between 
every day and the five preceding and five following days: the coefficient was now found 
to be 0'1506, with limiting values for the individual years of 0'136 and 0'158. 

216, As the diurnal ranges of temperature of the instrument are much greater in 
winter than during the monsoon, the investigation was made separately for half-years 
commencing with the 1st November and 1st May, and the individual and combined result~ 
were as follows, A s standing for differences of scale-division and A t for differences of 
temperature. 

TABLE 86. 

Excluding pairs oj diJJerences that gav~ to :: values outside the limits '000 and - '300, 

Half-year :S(.<\s). Half-year :!(.<\a) % (.<\,) 
commencmg 

:S(M) :S('<\i), commencmg :S(.<\t )' 
:!(.<\t), %(.<\t) 

November,l. May 1. Mean for ycar 
--- . 

1856 - ' 1609 796'2 1857 ' , -'1446 302 '0 - '15 27 
1857 - '1396 676'7 1858 ", ", - '14°3 35 6 7 - 14°0 
1858 - '1580 525'9 1859 .. ", - '1590 310'7 - 1585 
1859 .. - '1345 465'4 1860 ", '" - '1367 43°3 - '1356 
1860 - '1674 594'0 1861 " - '1749 417 ° -'17 11 

1861 - '1543 4°3'4 1862 .. - '1412 397'7 - 1477 
1862 - '1659 693'7 1863 - '1414 33 2 '9 - '1536 .. 
1863 I - '1473 . 6 20 3 1864 ' , .. - 1362 365 8 - 14 1 7 
r864 - '1684 383'2 1865 ' , - 1405 472 7 - '544 --

Mean - '155 1 Mean - 1461 - '15 06 
\V mter result Summer result 
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TABLE 87. 

IncluJLn7 the pain of differences that 1t'ere rejected in the calculation 0/ the numbers of 
the preceding table. 

Half.year 2 (A.) Half·year 2 CA.} %(At). oommeDClDg 
2 (At) 

%(Al), eommeDClIlg 
% (At) November I, May I, 

1856 '" - '1621 941"0 1857 , .. -'1589 435'7 
18S7 . , -'0938 1077'4 1858 .. - 'II 90 S89'S 
1858 .. - '1790 949'1 1859 ... -'1647 603'3 
1859 .. - '2023 7582 1860 '" -'0696 7327 
1860 '" - '1853 93 2 4 1861 ... - '18S9 651'5 
1861 .. , - '089 633'3 1862 ... - ' I1 7O 6418 
1862 ., - '2060 974'3 1863 .,' -'1328 591'4 
1863 ... - ,,822 877'8 1864 .. - 0769 581 '3 
1864 .. -'2054 601'1 1865 , .. -'oSQ7 119'6 

• Mean Mean 
W mu,r reBuli, - '1106 ,,, Summer result, - 'IllS ,,, 

217, On the strength of results of the first table, which support each other as 
effectively as could possibly be expected, it was resolved to adopt the final result '1506, or 
rather, as the last figure has no practical signi,ficance, '15 in the correction for temperature 
of the readings of the horizontal- force magnetometer from 1856'0 to 1873'0. 

218, Similar investigations were undertaken for the years 1847 to 1850 and 1852 

to 1855, rejecting for these periods pairs of differences which gave to :: values outside 

the limits '000 and - '045, and the results found for the several years were 

Year, 
2 (A.) 
2 (At) 

Year, 
% (.18) 
%(4t) 

1847 , .. - '198 
1848 , .. - '21 3 

1852 ... - '198 
1853 .. - '241 

1849 .. , - '17 1 
1850 .. - '216 

1854 " -'205 
1855 ... - '199 

--- ---
Mea.n -'200 Mean ". -'211 

-
The oorrectJl>D8 applied to the observatlons were at the rate of '20 ~ degree from 1847 to 1850, and '21 per ~gree from 

1831 to 1855 

219, If we convert the value ('1506) found for the period 1856 to 1865 into the 
same scale as the mean of the other two values, by multiplying by its own scale-coefficient 
('0014996) and dividing by theirs ('0009737), it becomes '232; and it would appear from 
the gradual increase of the three numbers ('200, '211 and '232) that the temperature 
coefficient is, for some reason, subject to a gradual change with tIme: the evidence is, 
however, scarcely such as to justify the assumption of change at a uniform rate, and-as 
already stated-the coefficients adopted have been '20, '21 and '15 for the three succes
sive perio&. 

220, In preparation for the heating experiments upon the horizontal force magne
tOIueter, and with a view to rendering the instrument more retentive of the heat which 
was imparted to it, it was surrounded with inner walls and a ceiling of bamboo matting, 
and the copper stove was surrounded in the same way by an adjoining enclosure: an inner 
room, with two compartments, was thus formed within the magnetic observatory, which is 
itself a building of substantial masonry walls with tiled roof and a calico ceilinO', A 
thermometer was attached outside the magnetometer and was read at the same t~e as 
the thermometer belonging to and placed within the box of the instrument, the object 
heing that times of wh.lt may he called a state of steady flow of heat should be distin
guished from other times by steadiness in the difference of the readings of the two ther
mometers or by parallelism of their movements within a small range. The observations 
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taken at such times only were regarded as fit to be made use of for the present purpo<,c 
The first operation performed upon the observed scale-readings "as to reduce them all to 
the constant temperature 82°-using the adopted coefficient '1506, and it is theRt:' 
reduced readings that will be compared with the temperature variations, By means of 
tabulations of the curves of the horizontal force magneto graph the readinO's were further 
corrected for changes of horizontal force that occurred during the c011rs~ of tho experi
ments, and both the corrected and uncorrected readings are shown in the followinCl" table, 
The table also shows the readings of the two thermometers--inside and outside the 
magnetometer box--and the division of the observations into groups of steady difference 
of temperature bpth at high and low temperatures is indicated by the brackets on the 
right hand side, 

\ TABLE 88. 

SCALE'READING OF 
GRUBB'S HORl- GRUBB'S HORIZON-
ZONTAL FORCE TAL FORCE MAGNK-

MAGNE!OMETER, TOMETER, 

GRUBB'S HORI, 
ZONTAL FORCE 

MAGNETOMETER, 

SCALE READING OF 
GRUBB'S HORIZONTAL 

FORCE MAGNETO, 
MKCER 

I.ranuary Col!tha Th ~anuary CoUha 
1879, mean 1------1 ;~t·I----.--- 1879, mean 1 __ -,.. __ Th;~~-I ______ _ 

Date, time, outside Reduced Corrected Da.te. tlDle outside Reduced 

loa 

IIac 

b, 

12a 

h, m, 
5 4 
5 19 
5 34 
5 49 
6 4 
5 4 
5 19 
5 34 
5 49 
6 4 
6 34 
6 49 
7 4 
7 19 
7 34 

15 32 

IS 40 
IS 59 
16 5 
16 20 
16 34 
16 49 
17 4 

5 4 
5 19 
5 34 
5 49 
6 4 
6 39 
6 49 
7 4 
7 19 
i 34 
5 4 
5 19 
5 34 
5 49 

Scale- Thermo
readmg meter, 

145 1 

14'54 
14'58' 
14'61 
14'64 
15'12 
15'20 
15'12 
15'12 
15'00 
15'23 
15'23 
15'27 
15'30 
15'31 
11'84 
II '88 
II'9 2 

,1190 
12'°5 
12'09 
12'15 
1221 
14'56 
14'50 

1452 
14'50 
1459 
14 66 
14 67 
1460 
14'60 
14'75 
14'85 
14'90 

14,87 
1482 

76 '9 
76 9 
768 
768 
768 
74 I 
74'1 
74'2 
74'3 
74'3 
74'2 
74'2 
74 I 

74'1 
74'2 
97'5 
97 2 

96 4 
96 '1 

95'8 
95'2 
95 0 

94'S 
7P 
77'2 
77'4 
77'4 
77'2 
77'0 
77'0 
76'9 
76 '9 
76 9 

, 76'4 
76'4 
76 3 
76'3 

F'8 
719 
71 '7 
11 '8 
718 
72 'S 
726 
72 '7 
72 '6 
72 'S 
72 '3 
72 '0 

72 '0 

72 '3 
72 'S 
99'9 
995 
96'8 
97'0 
97'7 
97'S 
96 '0 

94'S 
74'S 
74'6 
74'8 
74 8 
74'4 
73'8 
73 8 
739 
742 
74'S 
74'S 
74'4 
74'S 
74'7 

to tem- further fOt Scale- Thermo, to tern-change of 
perature Horizonta.l readmg meter, perature 

82°, Foree, 82°, 

13'75 
13'78 
13 80 
13 83 
13'86 
13'93 
14'01 
13'95 
13'96 
13'84 

• 14'06 
14'06 
14'08 
14'11 
14'14 
14'18 
14'17 
14'09 
14 02 
14'13 
14'08 
14'II 
14'10 
13 84 
13'78 
13'83 
13 81 
13'87 
13'91 
1392 
13 84 
13'84 
13'99 
14 01 
14'06 
14'01 
13'96 

14 

b, 

b, 

16a 

h. m, 
6 4 
6 34 
6 49 
7 4 
7 19 
7 34 

IS 4 
IS 19 
IS 34 
IS 49 
16 4 
16 23 
16 34 
16 49 
17 4 

5 4 
5 19 
5 34 
5 49 
6 4-
6 34 
6 49 
7 4 
7 19 
7 34 

IS 39 
IS 49 
16 4 
16 20 
16 34 
16 49 
17 4 
5 4 
5 19 
5 34 
5 49 
6 4 

14'87 
14'84 
14'76 
14'83 
i4'7s 
14'65 
II 39 
11'41 
U'49 
11'53 
II '59 
11'69 
11'76 
11'82 
11'86 
14'36 
14'36 
14'50 
1445 
14'56 
14'55 
14'59 
14'70 

1470 

14'70 

II 45 
11'32 
11'17 
11 02 
10'95 
10'96 
II 06 
14 2 5 
14'26 
14'46 
1436 
14'50 

76 '3 
76'S 
76'6 
76'8 
77'0 
77'1 
~OI'O 

100'2 
99 8 
99'0 
98 '1 
97'0 
96 '1 
96 '1 

95'9 
78 4 
78'4 
78 3 
78'3 
78'2 

78'0 

780 
78'0 

78'0 

78'0 

102'0 
102'9 
103 2 

104'0 
103'4 
102'9 
101'4 

79'2 
79'0 
78 '9 
786 
78 3 

74'7 
74'7 
748 
75'1 
75'S 
7(ro 

1035 
102'3 
100'5 
99'0 
97'3 
95'4 
96 5 
96 '1 

94 8 
75'4 
754 
75'3 
75'0 
75'2 
75'0 
74'9 
74'9 
75'0 
75'4 

1I2'7 
II3'2 
I I I '5 
107'0 
106 4 
102 7 
98 '0 

75'7 
75'5 
75'4 
747 
74'4 

14'01 
14'01 
1395 
14 05 
14'00 
13'9 1 

14 2 5 
14'15 
14'17 
14'09 
14'01 
13'95 
13'98 
1394 
1396 
13 82 
13'82 
13'94 
13 89 
13'99 
1395 
13'99 
14 10 
14'10 
14'10 
14'46 
14'47 
14'36 
1433 
14'17 
14 II 
1398 
13 83 
13 81 
1400 

13'85 
1394 

Correcte,\ 
further for 
change of 
Honlontal 

Force, 

1401 I 
14'06 r 
14'03 I 
14'12 
14'10 J 
14'01 

~::~~ 11 
13'97 
13 '94 ~ 

~n; I 
1393) 
1397 
13 '72 1 
13'74 ' 
13 8z I 
13'76 I 
13 '87 } 
1385 I 

13'901 I 
14'04 
14 0 5 , 
14 'OS J 
14 '25 1 
14 '27 I 
14 1 8 
14 '21 ~ 

14 0 9 I 
14'09 

~~,§! j 
13'79 
1400 

13 84 I 
1390 

d. h, d, h, m. 
(~) Doors and transit shutters kept open from 9 22b to 10 7 

d. h m 
(b) Fire made ill stove at 11 12 20 

a ll~ 

" 
" .. 10221to1l750 

" 11 22~ to 12 n 
.. 13 22! to 14 7! 

" " " .. 14 22! to 15 n 
" 15 12 20 

" " .. .. 15 221 to 16 7f 
Ie) Cott')n'p~dded covers of magnetometer box removed at lOd, 22~h" and replaced when the series of expellments was complded 



lTAlIuar,y Co14ba 
1879, mean 'lIB., 
Data. 

h, m. 
16 6 34 

649 
7 4 
7 19 
, 34 

b. IS 4 
IS 19 
IS 34 
IS 49 
16 4 
16 20 
16 36 
16 49 
17 4 

17" 5 4 
5 19 
5. 34 
5 49 
6 4 
6 36 
6 49 
7 4 
7 19 
7 34 

18 6 14 
10 14 
14 14 
16 14 
J:I 14 

19 6 14 
10 14 
14 14 
16 14 
22 14 

20 6 14 
10 14 

b. 14 34' 
14 49 
15 4 
IS 19 
IS 34 
15 49 
16 4 
16 19 
16 34 
16 49 
17 4 
17 19 
17 34 
17 49 
18 4 
18 19 
18 34 
18 49 
19 4 
19 19 
19 34 
19 49 
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TABLE S8-continued. 

GAUDB'S HOBI, 8cAIJ'BUDIli'O O. GRUBB'S HOBI' 
zonAL F'OBCII GRUDB'8 HOBIZOnAL ZOIITAL FORCli 

MA.alB'J'OJO'l'KB. FOBCa !rlAD~ 
MAGlB'J'OKBnB. , JaT&&. 

lThermo- J~~ Cou.~ 
meter 1879.. , mean 

outlide. Corrected time. 
Reduced ltU~ft>1 Date. rnenIJD. ~ 

Thermo- totem- change of ScaJe. 
meter, peratl1l'8 Honzonta reading. meter, 

S1', Force. 

14'62 ,8'0 14'0 14'02 13'93 ~ :b.m. 
14'56 ".8 73'6 13'93 ,n'l 20 20 6 U'IS 99'8 
14'57 77'7 U'S 13'92 13'91 20 19 11'24 99'6 
14'67 77'8 74'0 14'04 14'07 20 34 U'38 99'S 
14',S 77'7 14'1 14'10 14'13 20 49 11'38 99'3 
11'14 103'0 1J4"S 14'30 14'29 :II 6 11'10 99'1 
10'94 103'9 113'3 14'24 "." I :II 19 10'92 99'0 
10'84 104'5 110'3 14'23 14:19 :II 34 10'82 99'J 
10'67 105'0 108'S 14'13 14'15 :II 49 10'67 99'0 
10'70 104'5 107'0 14'09 14'13 u 6 10'67 99'0 
10'74 104'0 106'6 14'0$ 14'01 I U 19 10'74 99'0 
10'81 103'9 1°7'4 I4'U 14'09 22 34 10'78 99'0 
10'80 103'6 107'6 14'05 14'03 112 49 10'85 98'7 
10'76 103" 107'3 13'95 13'98 23 6 10'85 98'S 
14'38 '78'1 '4'7 13'79 13'84 23 19 10'97 98'2 
14'34 ,8-1 '4'7 13'75 13'79 23 34 11'09 97'8 
14'51 78'0 74'7 13'91 13'94 23 49 11'20 97'8 
14'42 ,8'0 14'S 13'82 13'86 21 0 6 II'U 98'0 
14'40 ,8'0 74'8 13'80 13'80 o 19 11'30 97'9 
14'46 77'9 74'4 13'85 13'85 o 34 11'26 97'4 
14'43 77'9 74'0 13'82 

1
3

'
82 1 o 49 ,II'37 97'1 

14'45 77'4 74'0 13'76 13'76 I 6 11'53 96'8 
14'45 "'3 74'S 13'74 13'72 I 19 11'76 96'0 
14'53 77'4 'S'o 13'84 13'82 J I 34 11'80 95'3 
14'27 '9'0 .. , 13'82 13'98 1 I 49 11'71 95'3 
14'57 79'0 '" 14'13 14'°4 t 2 6 11'65 .95'2 
14'21 82'9 .. , 14'35 14'23 :z 19 11'60 95'1 
14'00 83'8 ," 14'27 14'20 :z 34 11'58 94'9 
13'99 80'9 ... 13'83 14'02 :z 49 11'65 94'S 
14'50 ,8'I '" 13'91 13'95 3 6 11'67 94'6 
14'65 ,8'3 ... 14'09 14'16 3 19 11'81 94'S . 
14'10 81'0 ", 13'95 14'20 3 34 11'74 94'9 
13'99 8:z'o ... 13'99 14'24 3 49 If'7:Z 95'0 
14'27 80'0 ,- 13'97 ~4'OS 4 6 11'77 95'0 
14'85 77':& ... 14'13 14'09 4 19 11'77 95'3 
14'76 78 '6 ... 14'25 14'15 4 34 11'69 96'0 
11'35 101'6 107'6 14'30 14'21 449 11'66 96'0 
11'4:& 101'0 109'0 14'28 14'18 . 5 6 11'64 96'0 
JI'32 101'8 108'0 14'30 14'24 5 19 11'64 96'0 
11'14 102', 106'3 14'16 14'17 5 34 11"71 95'9 
11'00 102'1 104'5 14'02 14'14 5 49 II '76 95'9 
IQ'96 102'0 106'0 13'97 14'14 6 6 11'7. 95'9 
10'91 10:a'1 105'5 S3'93 14'11 6 19 11'77 95'2 
10'97 102'0 103'8 13'98 14'12 634 u'87 95'0 
11"04 101'9 102'3 14'04 14'12 1 6 49 11'81 95'3 
U'II 101'4 101'0 14'03 

14'04 \ 7 6 11'7.8 96'0 
11'15 100'9 100'6 14"00 14'05 7 19 11'75 96'0 
11'22 100'4 100'3 13'99 14'05 7 34 11'69 96'1 
11'28 100'0 98'S 13'99 "~, I 7 49 11'67 96 ':z 
U'38 99'6 97'S 14'03 14'06 8 6 11'64 96'3 
11'38 99'3 99'7 13'99 14'07 8 19 11'65 96 ':z 
11'44 99'0 99'4 14'00 ,i4'04 834 11'61 96'8 
11'45 99':& 100'8 14'04 

14'
07 1 8 49 11'63 97'0 

11'39 99'3 99'8 14'00 14'03 9 6 11'61 97'1 
11'38 99'3 99'6 13'99 14'09 9 19 11'64 97'0 
11'37 99'2 100'6 13'96 14'081 9 34 11-67 97'0 
11'34 99'3 99'8 13'95 14'08 9 49 11-66 97'1 11'22 99'4 100'9 13'84 14'13 10 6 11'70 97'1 

(aJ Doors and 6ranait shutters kept Op<!ll from 16d. 22111, to 17d. 71l1. 
(b) Fue made ID etove .~ 16d, llll. 25m. 

.. .. II n 2Od. llh, 4&0. 
BS25-40AP' 

SCALB-lULUlDI'G 01' 
GRUBB'S HOBIZon.u, 

FOBCB MAGNftOo 
Im'l'BB. ..... 

';;~ 
ou.d., 

~ :Reduced eJ' for 
to tem- ohange of 
~:,re Honzontal 

• Force, 

100'4 13'83 14-08 ~ 
98'9 13'89 '4'04 1 
98 '1 14'02 14'10 

100':1 13'99 ".'41 98'9 13'67 14'09 
99'8 13'4~ 14'10 
99'0 13'39 14'12 
99'3 13'23 14'08 
99'0 13'23 14'11 

100" 13'30 14'12 
97'9 13'34 14'11 
98'1 13'37 14'15 
96'0 13'34 14'16 
96'1 13'41 "."] 97'2 13'47 14'12 
98'4 13'58 14'16 J 

96'4 13'62 14'16 
95'8 13'70 14'16 
95'4 13'58 14'09 
94'4 13'64 14'08 
92'6 13'76 .14'11 
91'S 13'87 14'05 
9:&'4 13'81 14'05 
93'1 13'7:& 14'13 
93'S 13'64 14'14 
91'6 13'57 14'09 
92'0 13'53 14'05 
9:&'6 13'58 14'09 
92'0 13'57 14'08 
94'6 13'70 14'181 
93 8 '13'69 , .. '" 
93'8 13'68 14'15 
97'0 13'73 14'18 
97'S 13'78 14':Z0 
96'S 13'80 14'22 
96'0 13'77 14'17 
96'0 13'75 14'13 
94'S 13'75 14'12 
94'3 13'81 14'17 
95'8 13'86 14'21 
92 '0 13'84 14'19 
91'8 13'76 14'13' 
96'S 13'83 14'18 
96'0 13'82 14'16 I 

96'1 13 89 14'21 
96'0 13'86 14'19 
96'S 13'81 .14'17 
95'S 13'8, 14'15 
95'S 13'80 14'17 
97'0 13'79 14:15 
96':& 13'84 14'19 
97'7 13'89 14'21 I 96'S 13'88 14'18 
96 '9 13'90 

14'
18 1 97'S 13'93 14'19 

97'0 13'93 14'15 
98 '0 13'97 14'15 J 

, 



January CoiAha 
1879, mean 

tIme, 
Date, 

I 
h. m, 

21 10 19 
10 34 
10 49 
II 6 
II 19 
II 34 
II 49 
12 6 
12 19 
12 34 
12 49 
13 6 
13 19 

I 
13 34 
13 49 
14 6 
14 19 
14 34 

22 6 14 
10 14 
14 14 
16 14 
2:': 14 

=3 6 I4 

I 10 q. 
14 14 

I 16 J4 
22 14 

27 a 18 6 
18 31-
19 6 
19 3-1-
20 6 
20 34 
21 6 
21 34 
22 6 
22 34 
23 6 
23 34 

28 0 6 
0 34 
I 6 
I 34 
2 6 
2 34 
3 6 
3 34 
4 6 
4 34 
5 6 
5 34 

b 18 6 
18 19 
18 34 
IS 49 
19 6 
19 19 
19 34 
19 49 
20 6 
20 19 
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TABLE S8-continF"il. 

&'ALE·RRADlNO~ OJ' I f' \J. 
Gr.UBB's HORI· I Om ",', non, 1 GpUL.,'M HuT tzQ}o'TA1. I (Jf't l r: 
ZONTAL FORCE 1_""'0>"" MAGSJ;TOMETER. 

FORCI: MAlll>liTO-
METEu.. 

Thermo· 
meter 

Corrected uutsIde 
Reduced further for 

SeaIe- Thermo· to tempe, change of 
reawng, meter, rature 82· H0'lLontaJ 

Forc~, 

II'74 97'S 1018 14'08 q'26 

II 6l 986 104'6 14'11 J4'33 
I1'4 100'3 105'6 14 20 Q'38 
11':0 101'4 1048 14'12 1437 
II'07 101'8 1049 J4'05 1430 

11'02 102'4 1102 J4'09 14'34 
10 88 104'3 JI6'S J4'24 1446 
10 50 106'3 II36 14'16 14 ;;8 
10'27 1073 I13'9 14'°9 14 31 
1006 lOP) Il33 13'97 14'20 

9 89 108'5 III J 13'89 14'16 
9 83 108 5 III'S 13'83 14'13 
9'80 108'6 II4', 13 81 14'12 
973 109'4 II53 13 S6 14'14 
9'59 no 0 II4'4 13 81 1410 
948 IIOS 114 6 1378 14 II 
939 III 0 Il5'2 1376 14'10 
9'30 IIl'O Ilz'6 13 67 14 0Z 

13 i5 52'3 13'80 14 III 

14 17 82 9 , .. 14'31 1421 I 
13 65 85'9 .. , 14'z4 1433 
1330 87'0 , , 14'°5 1430 
13 85 82'41 ' , 13'91 14 12 I 
14'39 800 , , 14 0 9 14 26 ~ 
14'80 79 8 .. 14'47 

14'251 14'II 839 1440 1444 
13 66 85'9 .. , 14 2 5 14'39 
1 .. 1'10 818 14'07 14'35 ) 
14 2 3 820 78 '7 14'23 14'3"' ") 
14'32 I 81'1 78 3 14 18 

143
0 I 

I..J.3° 80'9 71:> 3 14'14 14 29 
14 27 808 782 14 09 14 28 
14'3 1 

MAt. '" I:TOM:ETl':T' .... 
Jannary Cui:1ba ,Tl,enlO 

1879,- mUD meter 
tIme. I out~'l!e 

Date. I €cl1.le- TherMo, 
Irea.:Lng meu,r. 

I I 

h, m, 
101 0 I 103 J 28 20 34 It 14 

~o 49 11'13 101 '0 103'1 
21 6 II'I9 100 {) 102'0 

21 19 lI'28 100 I 101'5 
21 34 U'30 99 6 1006 
21 49 1133 $9'4 100'7 
22 6 II'3S 99'4 101 5 
22 19 11'36 99 6 ICO 9 
22 34 lI'3S 9') 'i I 100 4 
22 49 II'36 995

1 

ICO 0 

23 4 I I '42 99';> 995 
23 19 II 41 

9
01 I 99 6 

23 34 11'40 99'0 99'0 
23 49 11'43 9,,'8, 982 

29 0 6 11'50 980 98 3 
o 19 II 52 c,80 979

1 o 3-l- II 55 98 '0 979 
o 49 II 60 930 97'6 I 
1 6 II 62 979 97'6 
1 19 II'61 97'9 97'S 
I 34 11'66 97 6 97 6 
I 49 !J'6S 97 5 97'S I 
2 6 II 7 I 97'4 97 2 ' 
2 19 II 79 97 0 96 4 
2 34 I I 82 96 7 96 9 
2 49 II 80 96 9 974 
3 '6 II '90 97'I 974

1 3 19 II 90 973 97'3 
334 1I 89 973 97'1 1 

3 49 II 82 97'S 97 61 
4 6 II '70 979 98 '71 
4 19 II bl 98 'S 99 I 

r _, 

TIe<lu 
to t~l 
ntU!'e 

q 

13 
13 
14 
14 
14 
14 

vO 

99 
99 
00 

14' 

01 
00 
00 

01 
03 
00 
01 
;3 
~G 
96 
9 1 

Sl3 
,6 
01 
0:: 
01 
01 
99 
03 
05 
04 

05 
17 
21 

1 i 
14 
14 
13 
13 ' 
13 
13 
f3 
13 r 

J4 
14 
14 
14' 
13 
14 
I .. ' 

14' 
14 
14 
14 
14 
14 
14 
14 
14 80'S 782 14'08 

14'35 I 4 34 
14 20 I 802 78 '2 1393 14 23 4 49 

11'56 98 '9 
IJ'S6 98 7 

988 , 
9821 
97 61 

14 

20 
16 
10 
10 
II 

c:3 
07 
07 
10 
I I 

';2 

14'21 80'1 78 '6 139 2 1430 5 6 II 63 982 14 
14'19 800 78 'S 13 89 

14
2

91 
5 19 II 70 97 7, 978

1 

14 
! 14'24 795 76'9 13 86 14'28 5 34 II 79 973 97 6 14 

14'28 79 0 76 3 13'83 14 28 5 49 11'84 971
1 1:: 1 

I.J. 
14 20 79 0 76 '3 13'7S 14'28, a 18 6 13'3 2 860 I .. 

.) 

14 23 78 9 76 '3 1377 14"38 , 18 34 1345 85'2 2-: 6 13' 
14'30 78 '9 76 '3 13 84 14'43 19 6 1343 R4 8 802 13 
14 34 788 76 5 13 86 1439 I 19 34 1352 84 2 800

1 
13 

1435 78'6 76 '0 13'84 1446 i 20 6 13 6;; 84 0 So 0 I 13 
1443 78'3 755 13'87 1437 I 20 34 13 80 84 0 800 14 
1445 78'0 75 2 13 85 1433 

1 

21 6 13 95 1 
84 0 S'J 01 14 

14'40 78'0 75 I 13 8o 
1

4
'
29

1 
21 34 14 02 

8' 61 7991 14 
1438 77; I 74'S 1377 14'27 1 22 6 14 01 8~'2 79 6 ' I4 
14'47 

77 61 74'3 13 81 14'32 22 34 I 14 0:; ~ .. 0 -9 ' I 14 
8~ 8 f 

I ')' 

14 S5 774 74'1 13 86 1438

1 

23 4 I 14
12 793 14 

1457 77 2 74 1 13 85 1438 23 34 q 10 82 4 i93 14 
14'651 77 0 737 1390 1438 30 0 6 I4 10 82'21 ~S S q' 

14'75 768 734 13'97 14'40 ) o 34 I 14'13 i 820

1 

i~ .. Ir 

II'39 1009 1059 14'24 14'57 1 6

1

I P 2 Sl9 'i7 5 14 
11'31 I 1010 107'4 14'17 14'5 2 I 34 14181 81 3 : 77'S I.j 

II'2I 101 2 1053 14'10 14 43 2 6 14 18 81'1 77 6 14 
II 2Z 101'2 1060 14'II 14'43 2 34 I 14'24j 81 0 ;i4 q 
11'20 101 0 105 6 14'06 14'39 3 6 )1445 805 773 i 14 
II IS 1010 105 ~ 14°4- 1439 3 34 I 145 2 , 80 3 j6 ) I 14 
II 141101 ) , i 043 14 05 14 4 1 4 6,14 6r l 802 i 6 5 I 14 
II 12 , 1010 1 103 8 1398 1435 4 34 i 1454 I S:.; 1 I 7f; ; ; I+ 

IIl'1
1010

1 
103 6 13'99 

I 
1436 5 6 1+ 68 I 00 "I ;65 1 I .. 

111(,1010 104 0 14 02 14 39 - ~4 114 -(, I So C I j) 3 ; q 
:, .) I l 

a Door. nnd tranblt slmtters keI,t open fTr)m 27d I7h to 29 L ih 
Do do do ::9J tih to 30J 'ih 

b Fire mad. lU stove at 2SJ l;,h 

I 4·~ '"; 

14 :7 
q .)fJ ) 

1 I ,7 I 
q""(j! 
1-, J~ I 
q 3~ I 
q 3 2 1 
Q 35 I 
I , ,J 0 ! 
14 3 2 : , 
!..) ; ') , 

J 1 !f) : 

'4 :;0 
q :j , 

4 ;;: I 
14 3

1 1 
,~, ' 
Ij 3 i I 
1\ 34, 
1431 f 
q 32 1 
1433 

14 371 
q;.j. 

14 36 , 
q 36 : 
q 3~1 
14 331 
q 37 
114~ I 
14 39! 
14 ,\, I 

I~ 3( I 

14 35 i 
1435 , 
14 ~5 I 
q 3.5} 
t 4 3~ 

l4 29 
qn 
14 23 
q 3 1 

l,r..) <; 
1461'1 

14 (,4 ~ 
14 ~4' 
14 q ! 
14 57 I 
14,1 I 

14 49 1 
q-l~l 
14 ~ ~ (
I .. ~,j t 

14';0 I 

1'; 43 : 
14 :" 
I4 +5 

; ~ ::; I 



l 159 ) 

\"-" 221. Mean scale-readings and mean temperatures for the several ~OUp8 or observa.tions are shown 
:11 Ta,llc 8~, as are also the corresponding pairs of differences for each rlSe or fall of the temperature of 

... succeeding groups. Although mad(} no use of the means for periods of unsteady difference of tempera
ttll~ (a.nd one superfluous mean) are also entered in the table, but they are distinguished by being 
enclosed within square bra.ckets. 

TJ.BLlC 89. 

Adchtional coefficl' 

Dilfereneea of eDt c m c"tcesa 
January IS79, Mean uale·reaJ..ing. ecale-readmg. 

above '1500, 

':Mean Differ· Deduced from 
tempeBture, eueea, colullUl8 • 

I To Reduced to Correekld further for 
Re· I Cor· 4 aud 7'14&Dd8 From . 

chauge of Horizontal temperature 82", Force.. duced. rected. 

1 2 3 4 5 6 7 I 8 9 10 --
d, h,' In. do L. m. . 

[10 5 4 10 6 4 768 . 13'80 13'77 ] 
II 5 4 II 7H 74'% 21'8 14'0'1 13'98 - '10' - '17 -'005 -'008 

" IS 32 .. 17 4 96'0' 18 9 
14'II 14'1S -'25 -'27 -'d13 -'0'14 

u 5 4 IZ 7 34 77'1 13'86 13'88 
14 5 4 14 7 34 766 21'6 14'00 14 04 -'0'6 +'0'6 - '0'0'3 +"003 . 
" '5 4 fI,17 4 98'2 20"0 14'0'6 13'98 

-'09 -'10 -'005 - 'OO'S 

15 5 4 IS 7 34 78'2 24'6 13'97 13 88 
-'30 -'27 -"OIZ -'Oil 

" IS 39 " 17 4 10'2'8 
24'S. 14'27 14'1~ 

-'33 -'22 -'01 3 -'0'09 

16 5 4 r6 7 34 78'3 25'7 13'94 13'93 -'29 -'0'0'7 -'011 - '19 

.. 15 4 " 17 4 104'0 26'2 14'13 14'12 
- '32 -'30' -'012 - 'Oil 

17 5 4 17 7 34 77'8 13'81 13'S2 

Means == -'oog -'008 

Mean. Mean. Mean, 
18 6 14 20 10 14 80'1 14'06 14'II 

[20 14 34 " 16 19 101'S . 14'12 14'16] .. 16 34 21 0' 4 99'31 13'74 14'0'9 1 . 
[21 0 19 It 3 6 95'9 97'65 16'0' 13'66 13'78 14'09] 14'13 

+'33 +'065 + '021- +"004 

14'17 J .. 3 19 It 10' 6 96'0' J 81'65 13 82 14'11 14'195 
[ .. 10' 19 " 14 34 105'8 13'97 14'23] 
22 6 14 23 22 14 83'2 14'16 J 14'28 
27 18 6 28 5 34 79'°1 13'91 1 14'331 

[28 IS tr 28 20' 49 10'1'0 14'06 14'42) , 

" 
2I 6 29 S 49 98'3 r 80'3 18'0 14'04 

f 
14'06 14'34 > 1~'4IS +'0'2 +'075 + O'Clt +'004 

[29 18 6 30 S 34 82'4 14'14 14'45] i .. 21 6 30- S 34 8.6r 14'21 14'5° 

1Ifeans ::0 ... ·0'11 +'004 
I 

• ThIB 18 largely alIected by • magnetic disturbance that was m progreaa between 2Od. 19b. and 21d. 14b. 
t A.ffected by • dIsturbance between 27d. ISh, and 28<1. Sh. 34m. • 

222. Adding the mean of the two results ( - '008 and + '004) to '1506 we find as the final value ()f 
the coefficient given by these experiments '1486. A.t this time the scale-coefficient was '00574, whilst its 
mean value from 1856'0 to 1873'0 was '00557 : consequently the temperature coefficient for the latter 
period would be '1486 ~~ or '1531, which differs by only '0025 from the value that has been adopted. 
For 1856 to 1865, the years w.hich yielded the adopted value of the temperature coefficient, the mean 
bcale-coefficient was '00560, so that the experimental value reduced to the same scale is '1523, or still 
nearer to the adopted value. This agreement would seem to imply that temperature coeffidents 
determined, in the manner described in paragraph 215, from the observations themselves may be 
depended upon, or-what comes to the same thing-that the horizontal. force is not a function of the 
natural temperature of the station of observation as shown in its variations from day to day; but it will 
be seen further on that it is still an open question whether a considerable part of the variation of 
horizontal force exhibited at a heig~t ?f 6 fe~t ~bove the ground may not march in close correspondence 
\\ ith natural temperature as shown m Its variatIons from hour to hour. 

223. Disturbance variati.ons-diurnal, annual and seetdar.-The followinO' tables exhibit the gene
ral results as to diurnal, annual and secular variations of disturbance when th~ separatin(J' value made 
u"e of is 00334 mm-mg-s unit of force, 0 



-
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T.dltE 90.-Sltowi'ftg,/ryr the period 1847 to 1872, the aggregates of disturbances incrcrt.~ing the hoyi::.onUJ 
force * exceeding '00334 in amount,jor each hour of the day in each rrumth oj the 1jCltr, 

AGGRBG.&TES 01/ NORTHERLY DIS'fVRIlANCEB. 

Bombay 
ClvUHours, 

March'l I I Angust,\september'l OctOber,INOvember,! December January, February, April. May, June, July, 

h. m. 

0 14 '04320 '02385 '021 93 '05608 'oIl30 '03754 '00000 '01563 '06800 '01 701 '01149 '01 559 
I 14 '01805 '03286 '01102 '05026 '02461 '03700 '00000 '01280 '02 355 '04081 '02658 '0°731 
2 14 '03486 '007 29 '01414 '°319° '00955 '0245 2 '00410 '01832 '01875 '011 16 '023°5 '0°7 10 
3' 14 '01569 'oll492 'OIl 25 '02741 '00387 '01679 '0075 6 '02146 '01185 '0193 1 '01 946 '02208 
4 14 '02573 'oo~70 '0°974 '02467 '01636 '02 758 'o1I5° '°3618 '01140 '02236 '022 35 '01295 
5 14 '04899 '02073 '01304 '02692 '02122 '01633 '02844 '029°3 '02064 '02132 '03338 '01066 
6 14 '04600 '02837 '021 9° '05027 '00369 '0313° '04892 '03343 '03596 '03438 '035 1I 01479 
7 14 '04532 '01:584 '04306 '05807 '02495 '04353 '05620 '05745 '03443 '05192 '05064 '02°98 
8 14 'P5480 '05412 '08367 '°7 2 39 '05048 '055°0 '06473 '°7°28 '05 289 '1031I '°7743 '04333 
9 14 '09346 '12038 '08340 '09786 '09916 '10259 '08976 '1°300 '12948 '13786 '°9537 '04369 

to 14- '09328 '11056 '16937 'X3777 '09313 '10929 '1I383 '15421 "15745 '15918 '09864 '04822 
II 14 '13472 '11255 '208u '14411 '08235 'u582 'U398 '14092 '18560 '14996 '10347 '04287 
12 :14- '13801 '12286 '175°2 '12335 '07194 '12253 '1°438 ;13256 '16872 '13448 'I1826 '04584 
13 114 '11383 '13°14 '08'685 '11355 '07046 '10865 '09389 '15246 '10021 '12589 '11°5 1 '02544 
14 14 '10297 '12236 '07074 '06289 '°7533 '07683 '09610 '14176 '08079 '18944 '05938 '045 66 
IS 14- '06841 '09166 '06670 '04461 '°4880 '06233 '04838 '055 23 '03495 '12659 '05831 '03345 
16 14 '05623 '08988 '06755 '02516 '03201 '05116 '03507 '05447 '01 758 '115 23 '04106 '04679 
11 14 '03288 '05592 '°59°7 '03295 '04026 '04407 '04345 '02528 '02725 '°7359 '03578 '02626 
18 14 '03393 '04119 '02966 '°37 23 '°3254 '02950 '04uO '°4°47 '04938 '08431 '06826 '021 59 
'19 14 '04961 '0335 2 '02195 '04614 '01226 '°3514 '03764 '03018 '°3597 '06339 '06125 '022 76 
20 14 '04779 '0237° '03759 '03 281 '01 752 '03889 'Cl335° '02254 '02701 '04652 '°7 21 7 '02856 
2I 14 '03997 '04518 '04382 '02914 '00799 '02442 'Ql849 '02058 '04626 '04361 '075 1 7 '01 798 
22 14 '°5939 '02197 '02°51 '02833 . '00405 '03223 '01484 '02837 '04885 '035 13 '06531 '01885 
23 14 '05 1?7 'I 'oIl63 '00737 '03720 '01 lIB '°3713 '00769 '03104 '05480 , '04034 '0642 5 '007 68 

* Heteafter, for the sake of brevity. disturbances increasing and decreasmg the hor1Zcmtal force will be called also northerly and lOuther11 
dlsturbances respectively, 

Curves representmg these aggregates are numbered 390 to 401 on Plate XXI, 

TABLE 91.-Showing,jor the period 1847 te 1872, the aggregates of disturbances decreasing the horizontal 
jorce exceeding '00334 in amottnt,jor each hour oj the day in each month oj the year. ' 

Bombay 
ClvU 

AGGREGATES OF SOUTHERLY DISTVRBANCES, 

Rolll'S, 
January, February, March. April May, June. July, Angust, September October, November, December, 

h, m, 

° 14 '28066 '42819 '28343 '33557 '18748 '10304 '18901 '25807 '38116 '56871 '27501 '35822 
I 14 '26708 '41780 '24°99 '32397 '13866 "10940 '14539 '24094 '3675 1 '46518 '255 28 '31896 
2 14 '23022 '39636 '15292 '24676 '15877 '09874 '14712 '21699 '29649 '39574 '21892 '3°9 17 
3 14 '19609 '33188 '16928 '22414 '13849 '09994 '12678 '19277 '26590 '2942 5 '21605 '24228 
4 14 '17532 '30505 '14872 '19426 'U475 '10030 '12B46 '19602 '23732 '24669 '18337 '24295 
5 14 '18469 '30498 '12774 '17.044 '10650 '05968 '1165B '20074 '25736 '3°9 14 '20058 '22986 
6 14 '14919 '28258 '13221 '20538 '12132 '°77°1 '11262 '15202 '23781 '34135 '22119 '24577 
7 14 '12927 '27°31 'I38n '24618 '17 175 '09849 '12415 '15958 '29405 '35258 '22577 '233 2 5 
8 14 '15 168 '26519 '16679 '29665 '19458 '16324 '15 219 '22447 '31800 '40544 '20939 '21875 
9 14 '16212 '34895 '26492 '36921 '25676 '21668 '2IlOO '27813 '39660 '50300 '23493 "23902 

10 14 ' 1670i '3955 1 '26611 '39080 '32290 '28932 '24629 '30247 '46746 '56080 '23366 '27343 
It 14 ' 16788 '47174 '26878 '41°99 '32560 '27434 '29°7° '33164 '5°587 '62953 '28149 '30980 
12 14 '21269 '49647 '31988 '43404- '36062 '28268 '30986 '34183 '5 1238 '69620- '27761 '25406 
13 14 '23II2 '48592 '405°5 '40618 '34185 '26080 '28190 '36490 '5892 7 '64189 '32218 '26731 
14 14 '20624 '41740 '40076 '40660 '3092 4 '25736 '25277 '34756 '59°44 '58677 '36955 '29493 
IS 14 '24735 '39755 '36859 '44432 ' '3°176 '23791 '25°55 '39209 '65 166 '63456 '35 112 '32289 
16 14 ' 28764 '39173 '42220 '49755 '27688 '22418 '253°3 '40003 '69785 '66040 '38899 '39553 
17 14 '31694 '45621 '40383 '42365 '3°371 '20809 '27585 '44874 '63612 '66039 '42°39 '41510 
18 14 '277 18 '48402 '42763 '45 175 '31227 '17°14 '28048 '40061 '64959 '73°25 '38630 '417 87 
19 14 '28913 "52183 '44041 '49106 '26602 '13 2 99 '26575 '37473 '63761 '70461 '38140 '4602~ 
20 14 '31654 '4993° '38739 '49184 '22855 '14241 '25839 '35 258 '57137 '69664 '39606 '461C,3 
2'1 14 ' '27732 "499°9 '32009 '44044 '2021 3 '15826 '24162 '33107 '52616 '67453 '33218 '445 r' 
22 14 '28°75 '45360 '34339 '42864 '24414 '12740 '20982 '25869 '44731 '69463 '2945 2 '406ro 
23 14 '2437 2 '4°967 '32442 '36380 '22615 '10.67 I '19365 '21839 '37841 '~1738 '2773° '38796 

Curves representIng these aggrega.tes are numbered 402 to 413 on Plate XXII, , 
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... TABLE 92.-Showing, Jor the period 1847 to 1872, the aggregates of di~lurba7'lce8 inereasing the hbrizontal 
jorce exceeding '00334 in amount,jor each. MU'r of the day in each of the years 1847 to 1872. 

r" 

Bomooy 
(;1'11 

IIvur •• 
1841. 

--
h. m. 
0 14 00000 
1 14 '°°374 
:I 14 '00000 
3 14 '00738 
4 14 '00000 
S 14 '005 18 
6 14 '00360 
7 14 '00896 
8 14 '01 361 
9 14 '01994 

10 14 '02498 
II 14 '036°7 
12 14 '02 473 
13 14 '01670 
14 14 '°°9°0 
IS 14 '02°34 
16 14 '02016 
17 14 '011 45 
18 14 '00000 
19 14 '00680 
120 14 '00000 
lJ 14 '00929 
22 14 '01°48 
23 14 '00000 

Bombay 
Clvll 

Hours. 
1800. 

---
h. m. 
o 14 '01217 
I 14 '02093 
2 14 '02 I 7 I 
3 14 '0157 I 
4 14 '03590 
5 14 '°373 1 
6 14 '041)81 
7 14 '049 14 
8 14 '04965 
9 14 '08561 

10 14 '11119 
II 14 '1 02 78 
12 14 '07327 
13 14 '°4628 
14 14 '047 1Z 

15 14 '0434 2 
16 14 '01677 
17 14 '°3416 
IS q 01060 
19 q 01161 

~" I-J 'ozz55 
~ I q '02°70 
J:! q '01745 
~3 14 '01°7 2 

11 82.>-41 AP 

• 

1848. 

'01 519 
'00709 
'00778 
'0°342 
'004211 
'01184 
'01 368 
'03366 
'05°62 
'04608 
'05 U 3 
'03550 
'°3539 
'°3917 
'04154 
'015°1 
'00382 
'00349 
'00464 
'00389 
'00389 
'0 1627 
'01087 
'01166 

1861. 

'01 789 
'01738 
'00369 
'00408 
'00755 
'0°743 
'02940 
'02560 
'04338 
'07368 
'05909 
'07 105 
'07133 
'061 38 
'04629 
'02890 
'03628 
'02896 
'0262 7 
'01481 
'01 968 
'01263 
'01 336 
009 II 

AOORltGATU o. NOIlTlnnlLY DI8TU1U1UCD. 

184!). 1800. 1851. 1852. lW. 1854. 1855. 1856. 1851. 1858. 1859. 

---

'00400 '00000 '00454 '01742 '02332 '00000 '00000 '01961 '00000 '008Il '01206 

'01019 '00000 '00000 '035 86 '01296 '00369 '00000 '01265 '0035 2 '0207 2 '00729 

'0°378 '00000 '00000 '00976 '00734 '00000 '00000 '01756 '00000 '01464 '00684 

'01 343 '°°353 '00000 '008821 '01 336 '00350 '00000 '00456 '00000 '01 379 '01 997 
'01260 '00544 '00000 '005°4 'ou37 '0°5 18 '00000 '00872 '00000 '00856 '01571 

'0°788 '00349 '00364 '0°414 '00891 '00000 '00000 '00821 '00000 '0°704 '02 177 

'0°900 '00000 '00648 '01253 '01690 '01248 '00000 '00787 '00000 '01210 '01I67 

'016°9 '01148 '0°760 '01 127 '01 I21 'oII68 '00000 '00000 '00499 '03237 '03495 
'011°9 '0115 21 '01 516 '02038 '01088 '01215 '00369 '00359 '01 729 '05405 06547 
'01 994 '01 318 '°5 105 '°3766 '02654 '°3°44 '01544 '01197 '°3192 '06756 05677 
'03 2140 '02164 '04493 '04148 '037°1 '01602 '00821 '01556 '047 2 3 '054 22 08746 

'02516 '02257 '03996 '06642 '03369 '01 584 ' 01 383 '01624 '06180 '°5 123 10221 

'01922 '01930 '044 21 '08320 '03329 '029°9 '01836 '00348 '0243 2 '°353° 10956 

'02542 '00806 '0222 5 '05 180 '02179 'ozu8 '01037 '°°45° '0°397 '°3187 '07 882 

'02099 '01120 '0127 1 '04687 '03796 '01657 '01026 '00764 '°°35 2 '02888 '°5829 
'01516 '01 454 '01066 '°5 141 '°3358 '01215 '0°361 '00365 '00000 '01 599 '01 924 

'01 933 '00814 '00821 '06833 '02836 '00000 '00376 '00958 '00346 '01458 0245 2 

'OIlI6 '00000 '00000 '031I0 '01464 '00000 '00000 '01 334 '00805 '01453 '01285 
'00763 '00396 '01202 '01 969 '01274 '00000 '007 12 '01807 'OIl96 '02838 '03 21 5 
'00403 '00000 '00000 '01519 '0 II 97 '00339 '00442 '01630 '00550 '00687 '01 947 
'00803 '00000 '00482 '01098 '012 34 '00361 '0°431 '01824 '00510 '01 57 1 '02266 

'00385 '00835 '00374 '015°8 '00358 '00000 '00000 '01 311 '00414 ,02 708 0°7°7 
'004°0 '00403 '0°356 '01084 '004°1 '00409 '00000 '01 374 '00000 '01965 ."54'1 '01354 '00000 '00907 '01008 '021 75 '00000 '00000 '01870 '00000 '01565 01234 

~AllLE 92-continued . 
. 

AOOIlIWATBS O. NORTllZRLY DIBTUlIIIAl'ICI!8. 
~ 

> 

1862. 1863. 1864. 1865. 1866. 1867. 1MB. 1869. 1870. 18il. 1872. 

--

'00930 '01835 '00344 '01 950 '00702 '00503 '00342 '01287 '06517 '02799 '01526 
'02334 '00812 '00339 '0201 I '00343 '01261 '00381 '01 474 '00000 '01650 '0228~ 
'01487 '01 384 '00366 '01557 '00000 '01 300 '00425 '01397 '00000 '01655 '0159~ 
'00000 '00823 '0042:1 '01656 '00337 '0121 7 '0081 7 '01 551 '00341 '00973 '0087' 
'00769 '01601 '00000 '01 789 '00000 '00813 '00000 '02876 '00770 '01094 01016 
'01810 '01207 '00344 '02449 '01526 '01222 '00364 '02084 '01463 '01 919 '0200~ 
'02061 '01257 '01165 '02848 '01808 '01051 '00000 '021 45 '02370 '02975 '02284 
'03370 '02908 '007 83 '02033 '02267 'oU23 '00370 '02436 '03212 '02898 '02943 
'04601 '03 191 '01143 '04144 '04651 '02278 '02352 '02 750 '0397 6 '°4856 '06034 
'06779 '06978 '°4151 '°4410 '02483 '01709 '04747 '04103 '09273 '08349 '079O( 
'07Q29 '095 19 '07 215 '04033 '06254 '0237 2 '06044 '05 692 '12314 '12661 '05501 
'06890 '10°30 '°5900 '06903 '04236 '02643 '05 250 '06545 '14074 '1359° '07955 
'07581 '097 24 '08047 '0992:1 '04203 '02500 '04350 '09069 'II907 '10620 '0547~ 
'06795 '08390 '037 24 '09285 '°7969 '03655 '05 283 '07 656 '09636 '08030 '084 II 
'05553 '06889 '04856 '08692 '06238 '04°81 '05426 '06611 '04944 '07997 '11265 
'04528 '04198 '03935 '05 662 '°3180 '02018 '02357 '047 13 '05857 '05 104 '03629 
'02412 '03642 '0259 2 '08376 '02135 '01985 '01419 '04647 '02398 '04499 '02591 
'012 14 '016°7 '02309 '°57 12 '03030 '00796 '013°8 '01892 '°3388 '04779 '05 27t 
'00746 '01 535 '01 543 '05396 '01239 '00780 '02495 '01 441 '06457 '06528 '0323S 
'0°774 '01413 '01138 '08083 '02577 '00000 '02285 '01127 '04026 '06275 '0485S 
'00473 '0233° '°°37 2 '04764 '01698 '00371 '0°707 '02981 '04°15 '06490 '03475 
'°°7 19 '03 108 '01160 '0247 1 '00730 '00000 '00348 '04092 '053°7 '05 192 '03651 

'01287 '02663 '00499 '02598 '00785 '00763 '00000 '03421 '03652 '05456 '035O~ 
'00852 '02969 '00683 '02776 '01609 '01261 '00000 '01639 '02970 '04598 '0359t . 
Curve. repreleLting these aggregate. are numbered 4Ii to 439 wl'late XXIII.. 
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TABLE 93,-Showing,fo7' the perz'od 1847 to 1872, the aggregates of disturbances decre'1$i71g tlle h,lrizor.tm 
force exceeding '00334 in amount,for each hour of the day in each of the yeaTs 1847 to 1872, 

AGGREGATES 011' SoUTRULT DIsTURIlAIIIClI8, 
Bombay 

e,vU -Hours. 
1849. 1847, 1848, 1850, 1851. 1852. 1853, 18M, 1855, 1856, 18;;7, 15::;3, 11859 

h, m, I 
° 14 '24754 '23659 '°5670 '02693 '16236 '08968 '08880 '09610 '0243 1 '009 12 '09°95 '15:Z46

r 
J P 14 

1 14 '23533 '23353 '05821 '02146 '13619 '06520 '06884 '07 643 02 17 2 '009 12 097 69 '12'}60 30614 
2 14 '20477 '19886 '03719 '02801 '10800 '07333 '05358 '05 256 '022 78 '00769 03323 09763 25 284 
3 14 '19°15 '1931\, '04612 '00781 '10001 '07506 '°4413 '°375 2 '00748 '00000 '07394 09~}20 '23197 
4 14 '17762 '14047 '°3366 '01667 '°9893 '°7 114 '0301 5 '01343 '00777 '00000 °75 24 09008 ' 21 55 0 

5 14 '15412 '15980 '03528 '00760 '10861 '08978 '04679 '02478 '01226 '00000 06934 07 235 212 34 
6 14 '16070 '16078 '°4601 '01 516 '°9364 '07675 '06154 '02 75 2 '0°35° '01208 07184\'08113 20c8 .. 
7 14 '17536 '15757 '03373 '02696 ' lo41I '08294 '08479 '03449 '02015 '0°399 0898r '10173 zZlS9 
8 14 '20520 '15368 '04500 '02167 '10865 '07988 '10475 '04300 '02 362 '01636 '08800 '123°7 '2\JI}~" 

9 14 '20657 '19246 '07625 '03517 '10904 '°9810 '13410 '05296 '03449 '02656 '11062 '15539 20G,}, 
10 14 '19836 '19404 '09328 °3143 '14702 '11002 '13666 '08366 '03701 '04132 '11879 '15U7 27530 
II 14 '20°34- '255 13 '1°717 '03938 ' 18223 '14828 '13906 '07902 '05 143 '0442 3 '13449 '199 19 2899b 
12 14 '21290 '26302 ' Il671 '03046 '18821 '14742 '15 290 '09756 '05606 '0543 2 '12179 '2102': 28,po 
13 14 '23263 '27364 '11455 '06606 '19138 '18673 '177 10 '°9129 05413 '04594 '13387 2121 9 28218 
14 14 '25531 '24264 '08644 '0447 1 '20743 '19462 '16009 '1°793 '°547 1 '045 26 '11833 1333 1 '17394 
15 14 '27065 '22896 '08726 '05573 '2°927 '17514 '15 184 ' II147 '03500 '°3933 'Il3 17 '201 55 31023 
16 14 '30010 '28883 '°5137 '°45°7 '21 73° '1675 1 '14498 '12078 '04409 '01 966 1342 7 '24479 34395 
I7 14 '31561 '29336 '04745 '05875 '2124° '20459 '15545 '10362 '03924 '03 186 15 298 '244i9 "35046 
18 14 35546 '27997 '°7°06 '°7°°9 '17 24° '17125 '17093 '°9928 '03238 '°37 22 14050 20820 '374°7 
19 14 '34567 '30838 '06239 '°4900 '12992 '15916 '186°4 '11556 '0265° 05421 ' lII87 24018 4493G 
20 14 '32861 '31061 '061 99 '05 144 '14814 '14933 '16027 '1051 9 '03592 '03631 '1037 6 '185 Jl '453H 
21 14 '30456 '24656 '062°3 '°4597 '15336 • '1 24th '15761 '09289 '03223 '04070 '140II 1&390 '44 IS .. 
22 14 '27 212 '233°6 '06088 '05382 '13774 '14753 '106°7 '°95 1 9 '04008 '02474 ' 1I 93° '191°3 44212 
23 14 '25970 '257 29 '06041 '04781 '13662 '12694 "II242 '091!)8 '°365° '01914 '10342 '17 233 32 7&:) 

TABLE 93-continued. 

Bombay 
AGGREG~TJ: 011' SOUTJIIIRLY DISTURB~NCE8, 

Civil ------.-----~--__ --.-------._----~------._----~------._----_,------._----~--~----
Hours" 

h, m, 

° 14 
1 14 
2 14 
3 14 
414 
5 14 
6 14 
7 14 
8 14 
9 14 

10 14 
II 14 
12 14 
13 14 
14 14 
15 14 
16 14 
17 14 
18 14 
19 14 
20 14 
21 14 
22 14 
23 14 

1860, 

'26552 
'24460 
'1831 7 
'18973 
17189 

'18317 
'192 37 
'18866 
19332 
'23517 
'22788 
'22939 
'25 195 
"28016 
'2671 5 
'25413 
'27 1 47 
'31214 
'34614 
'3321 7 
'3°333 
'27354 
'29211 
'29408 

1861, 

'15°37 
'16015 
'13461 
'1°397 
'°91 73 
'12399 
'10420 
'u208 
'10655 
'10845 
'14981 
'159°4 
'14774 
'15389 
'13494 
'15708 
'159°9 
'14964 
'18100 
'192 35 
'20292 
'15 1 °4 
'17480 
'16021 

1862. 

'16610 
'140 64 
'11597 
'10126 
'10160 
'10188 
'10316 
'10°43 
'11597 
'16097 
'18838 
'19879 
'20893 
'19863 
'19166 
'19283 
'25°°9 
'25360 
'236I1 
'21829 
'20364 
'17534 
'16743 
'15457 

1863. 

'°5010 
05 1 93 
'03325 
'03008 
'°3703 
'01 72 9 
'02063 
'02 54 1 

'061°5 
'07673 
'°7695 
'06533 
'10°75 
'10436 
'13427 
'17JI4 
13555 
'II910 
'12382 
'II 348 
' 12744 
'08963 
'08056 
'042 98 

1864. 

'06921 
'06188 
'04973 
'02 531 

'04007 
'035 1 9 
'02991 

'043 23 
'08059 
'1135° 
'13 148 
'14874 
'15845 
'17860 
'16794 
'16506 
'16395 
'161 78 
'1793 2 

'15 2 35 
'15967 
'11766 
'1°445 
'0831 9 

1865, 

°9739 
'081 27 
'08731 

'06786 
'055 12 

'04692 

'°555 1 
'04393 
'°7324 
'10144 
'142 38 
'155°1 

'148°3 
'13124 
'13878 
'12814 
'19767 
'16365 
'203 15 
'19523 
'J99Il 
'18781 
' 1299 1 

'10387 

1866, 

'08710 
'°7 25° 
'08339 
'°4745 
'°5 265 
'04623 
'04739 
'°4728 
'05°54 
'°9318 
'°7°5 1 
'1075° 
'12232 

'09993 
'09937 
'1049° 
'12299 
'12420 
'13101 

'15086 
'12116 
'10540 

'°7454 
05088 

1867, 

'04656 
'0237 2 
'01808 
'00382 
'01244 
'01 753 
'0247 2 

'01 786 
'02660 
'05381 
'080 46 
06520 
'06520 
'06000 
'°7360 
'08361 
'06437 
"06553 
'06885 
'°41 31 

'°3423 
'04053 
'°4595 
'0361 7 

1868 

'06756 
05 2 55 
'05680 
'03384 
'03422 
'01755 
'01816 
02280 
'04764 
'11945 
'14943 
'18956 
'20327 
'17 2 33 
'13281 
'173°0 
'17349 
'18216 
'15622 
'1349 1 
'14203 
'115 26 
'loIl3 
'07612 

1869. 1870. 1871, 1872 

'19668 28292 23045 '31600 
18254 23798 '19734 27472 

'20°36 26922/ 1961 31 21 97 6 
'17319 216811 IR2541 21559 
'14388 '1936°115</.1;120362 
'12408 "19 145 155 26 21477 
'12859 '17572 16247 20417 
14740 '192 331 173691'19127 
'15664 '23831 19574: 1936<) 

'18419 '258331"2225~1 25441 
'23149 '28512 2467~ '31°7' 
'22621 '29293 233 141 3275J 
'21516 322571'2lio88, 33125 
22484 I '332°3: 2733~132j26 

'20234 36206; '2494 g 31051 
'21444 '38142125116 33305 
'21444 44852 ~43101: 3286') 
19624 '457 60 22902 , 343 8 .. 

'20091 4IC30123)69: 32C'';'t 
"22742 '41112 25536, ~'~")" 
'24134 4°49 1 : "255'10, ,I ',-, 

'23II6 42361 i 24871 , -,I 4 
2389: '334561 23873: 23 21 71 
'20064 '379 17j 1085'.11224211 

Curves representing theae aggrega.tes are numbered 440 to 465 on Plate XXIV, 
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C DLABA DBS ERVATORY,-DISTURBANCES or HORIZONTAL FORCE. 
_CALCULATED TOTAL DISTURBANCE:-OBSERVED LARGER DISTURBANCES. ____ CAlCULAT£O SMALLER DISTURBANCES. 
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COLABA 08SERVATOR~-- -
-UPPER STRONG LINES REPRESENT RATiOS OF' LARGER DISTURBANCES.-CALCUl ATEO TOTAL DISTUR B"NCE Pi 

DISTURBANCES INCREASING HORIZONTAL FORCE. DISTURBANCES DEC 
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TADLB 94,-Showing, for eiUh hour of the day and for the whole day, (1) the aggregates of Northerly and oj 
Southerly disturbances, including and e:tJcluding the Bl'parating value, (2) the same in terms of the 
average aqgregates for the twenty-four kouTI, (3) the number of observations separated as dilturbe<J" 
(4) the algebraical sum of all the disturbances, th08e to the northward being reckoned as positive and 
those to tM southward as negative, and (5) tl~e average disturbance per day,-alt being derived from 
the observations of the yean 1847 to 1872. 

NORTHKIlLY DVJ'rtTRlIUCU, SoUTllZllLY DISTUlIlIA.CU, 
NOlLTlmBLY,,""UII 

So~RL'( DISTUlLBA1!CBS, 

Includmg leparatmg .. lue, Excludmg eeparatmg InclndlDg eeparating value, Excludmg aeparating Including eeparating value, 
Bombay value, value, 

emi 
noun, 

Numbe. Number Average dIS-
of d18- of dla- turbance 

Aggregate. Ratioe, torbed Aggregates. Ratioa. Aggregate.. Ratios. turbed Aggregates. Ratioa, Aggregates. per day. 
obae" .. obaer- Column 12 
tlOn., vatlOna, +7939, 

1 2 3 4. 5 6 7 8 9 10 11 12 13 

h. m, 

0 14 0'32166 0'49 74 '07450 0'5 1 3'64864 0'96 550 r81I64 0'99 - 3'32698 - 'OOO·P9 

I 14 0'28491 044 69 '05445 0'37 3'29128 087 513 1'57786 0'86 - 3 00637 -'000379 

2 14 0'20479 0'42 49 '04113 0'28 2'86830 0'76 45 2 1'351!62 0'74 - 2'6635 1 -'000335 

3 14 0'20165 0'31 49 '03799 0'26 2'49794 0'66 398 1"16862 0'64 - 2'29629 -'000289 

4 14 0'22856 0'35 '52 '05488 0'38 2'27326 0'60 374 1'02410 0'56 - 2'04470 -'000258 

5 14 0'29076 0'45 69 '06030 0'41 2'26836 0'60 372 1"02588 0'56 - 1'97760 -'000249 

6 14 0'38416 0'59 91 '08022 0'55 2'27849 0'60 386 0'98925 0'54 - 1'89433 -'000239 

7 14 0'5°243 0'77 117 '11165 0'77 2'44359 0'64 417 1'05081 0'57 -1"94Il6 -'000245 

8 14 0'78229 1'20 183 '17 1°7 1"18 2'76644 0'73 466 1'21000 0'66 - 1"9841 5 -'000250 

9 14 1'19660 1'84 278 '26808 184 3'48134 0'92 581 1'54080 0'84 - 2'28474 -'000288 

10 14 1'44499 2'22 324 '36283 2'49 3'91591 1"03 654 1"73 155 0'94 -2'47092 , - 'oo031I 

II 14 1'53451 2'36 347 '37553 2'58 4'26830 1'12 67 2 2'02382 1'10 - 2'73379 -'000344 

I2 14 1'45802 2':14 335 '33912 2'33 4'4982 7 1'18 703 2'15025 1"17 - 3'04°25 -'000383 

13 14 1'23200 1'90 281 '29346 2'02 4'59831 1'21 724 2'18015 I 19 -3'36631 -'000424 

14 14 1"12436 173 260 '25596 I'76 4'43963 1'17 688 2'14171 1"17 - 3'31527 -'000418 

15 14 0'73947 1"14 175 '15497 1"06 4'60038 I'2I pI 2'22564 1":21 - 3'86091 -'000486 

16 14 0'63226 0'97 15 1 '12792 0'88 4'89612 1"29 753 2'38IIO 1"30 -4'26386 -'00°537 

17 14 0'49684 0'76 115 '11274 0'77 4'96906 1"31 744 2'48410 1"35 - 4'47222 -'000563 

18 14 0'5°922 0'78 119 ' Ill 76 0'77 4'9881 7 1"31 727 2"55999 1"40 -4'47895 -'000564 

19 14 044986 069 107 '09:148 0'64 4'96592 1'31 714 2'581I6 1"41 -4'51606 -'000569 

20 14 0'42868 0'66 102 '08800 0'60 4'80284 1"26 702 2'45816 1"34 -4'37416 -'00055 1 

21 14 0'41267 0'63 101 '07533 052 4'44812 1"17 641 2'3°718 1"26 -4'03545 -'000508 

22 14 037788 0'58 92 07060 0'49 4'18901 1"10 61 3 2'14159 1'17 - 3'81113 -'000480 

23 14 0'36215 0'56 85 '07825 0'54 3'74762 0'99 549 1"91396 1"04 - 3"38547 -'000426 

--
Total.., 15 6007:1 ... 3625 3'49322 ... 91'1453° -- 14104 44'03794 ,-, ...... ...... 

Mean ... 0'65°°3 , .. ... 0'14555 _. 3'7977 2 1'83491 ... .., .., . ..... . ..... 

, T~o numbers i~ ~OJuIlUl8 3 and 8 are curved in FIgs. 4GG and 467, thOle 1Il colUDIJII 6 and 11 in FIgs, 472 aad 473, and thOle in column 13 in 
1: 10 4, S (Plate XX, ), 
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TADLE 95,-Showing,jol' eaeh monfh andfor the w7wle year, (1) tl.c agJuga['C3 (>f Norf7tC1l!l 011d </ "')1. 'r.
I erly disturbances, including and excluding the separating valu,e, (2) the sa) w H~ tent/s oj til { a I cr,' J-e';' .,. 

the twet/Je months, and (3) the numbers of observations seprtrate,:j as distur~ed,-all ~l'ing dl'm;tli. jlo:n 
the observations 0/ the yea1's 1847 to 1872. ' 

! NOI<'llIRItLY D'.TURBANC •• SoUTBBALY DIBTUB.BAliCBS. N,)RTIIYfIY phubllT'n~RI\ L"T1 ~(l·'O/'r-A 

- --- - -

Including separatlDg va.lue 
Excludmg sepa.rat Including sep ..... ttng value E.xoludln~ ~I>pa.r 4tlDg Including twp& .... tl ~ " .. luf) r(clurllT!., !III .. rat 

mg' .. lue, .u.lue trlj(' ,,"-'uo. 
Months --

Number Numbero! ~nmbf>, of of dIS, 
Aggtegates. RatIos turbed Aggr<Jg<>t ... Ratios. Aggregates. Rat,OS dlsturbt4 AggTegateo Ratio. A,ro""gatte. r~tJos 

dlst1lrtJ.ed 
Ae-'"b'r gates }.. •• 1 ... 

obser- obearva ()UJ;lna.-

vatlODs tlOns. i,10na. 

--I---- ----- ------ ----I------ --- ----f--
1 2 3 4 5 6 7 8 9 10 11 12 13 I a 15 16 

t---

January 1 '44888 I'II \'30 '34668 1'19 5'44785 0'72 946 z'z882l 0'62 689673 078 1~76 z 634~9 067 
February I 34921 J'04 318 '28709 099 9 73136 1"28 1445 490506 134 II 08057 125 17u3 5 1921~ I 31 
March I 37746 J'06 316 '32202 I'll 6'92370 091 Il36 3'12946 er8S 830 116 093 1452 J 4SQ ° ~7 
Aprll 1'~9106 J'07 316 '33562 1'15 869425 1'14 1329 4 2 5539 I 16 louS53 1 113 1645 459 101 I 16 
May , .. o 6500 0'67 203 18698 064 5'61086 0'74 965 23Sn6 06S 64751>6 073 Jill):) 2 ,7474 o 6~ 
June ' , 1'28019 098 292 '30491 105 3'99915 053 725 1'57765 °43 5 27934 erS9 101 7 I b1>250 04 
July ... I'1I3S8 086 262 '23850 0'82 5'06397 067 858 2'19825 er60 61 7755 er69 1120 243(,7~ ° bl 
August " 1'42765 [ 10 330 '32 545 1'12 6'98507 0'92 1106 3 29103 er90 841 272 095 1416 3 6164< 0<)1 
September" 1'44177 I 'JJ 330 '33957 1'17 10'9[373 1"44 1558 57 1001 [ 56 12 35550 139 11>:s8 6040:;S I S3 
October 184690 1'42 435 '39400 ['35 13 07067 1'72 1784 7'II2II 1'94 '491757 I cS 221 9 750611 ,,)0 

~o"ember, 1'42718 1'10 340 '29158 100 6'95325 0'92 1145 3 12895 085 S 3&043 0'94 I4bS 3420 ,3 01>6 
De~ember 0'63047 ° 48 153 'II945 O'4[ n503° 1'02 1107 4 05292 110 838077 094 1260 4 172 37 1'05 

-------------- --------------------- -- ---- -------
Total IS 59935 ' , 3625 349185 .. , 91'l4416 14104 44 03680 106 7435' 17729 47'52$('5 

------------------------------ ,--------
MeaD 1'29995 .. , , '29099 ' .. 7'59535 .. 3 66973 889529 .. , .. 39607 l 

The numbers m COlumDS 3 and 8 ate curved m Figs, 468 a.nd 469, those in columns 6 and 11 m Figs 474 and 475, and thoee in c<>luwU8 13 and ) 6 
In F'lgS, 479 and 480 (Plate XXV), 

TABLE 96,-Showing,Jor the years 1847' to 1872, (lnd for the 'Whole period, (1) the aggr~gates 0/ Northerly 
and of Southe"zy di8turbances, incl'uding and e:.cluding the separating value, (2) the same il~ trNM of 
tlze average yearly aggregate, and (3) the number if observation8 sepa'rated as disturbed, 

NORTIIIIRLY DISTURBANoe., SOlJTBBRLY DISTURBANCBS, NORTH&RLi' pi ... SOUTHaRLY lJJ~Tlrn BAlf(.lof 

IndudlOg separatlDg value 
Excludmg •• parat, 

lnoludlllg separating valu., Excluding 8eparat, Inciudmg lell""tmg value. ExcludIng "'""ra! 
JUg v<Lllle Ing value wg ,a.lue. 

Y.~re. 
Numb<lr 

Number of Nnmh"p'ot of dIS_ 

Aggyeg.tea, Rat,OS turbed Awe, 
Rafaol!- Aggre .... te .. Ratio. ~b~~~ 1 Aggregates, RatiOS Aggregate1l RatlOll dlflturbf-d Aggregat .. , 11<41101 

ob8er~ 
gat .... ()h~rva. 

vatlons. t.JOnB ~ tlOlla. 

------- ~ ---------
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

- ~ - -- --
1847 .. '25243 042 ,0 '08543 0'64 5 80940 1'66 709 344134 203 606183 1'48 759 35 2677 19, 
1848 .. , '46994 '78 113 '09252 '69 550234 157 824 :I 75018 162 59722S 14S 937 2 Rp70 I S6 
1849 , .. '31793 53 75 '06743 '5° I ~SOI2 '44 320 481 32 28 18u60 5 '45 395 54875 30 
r8so '1704~ '28 43 02680 '2O 9715 '26 187 '27257 '16 I 06757 26 230 2Q'.I37 16 
1851 '30459 '51 71 '06745 5° 356297 1"02 560 1 69257 1'00 3 l:i67S6 '94 63 1 1760nz 96 
18S2 '69134 1'15 152 '18366 137 3 01 523 '86 477 1'42205 84 370657 90 629 160571 88 
1853 .. , 45048 '75 log '08643 '64 282890 '81 47f17, 1 23906 '73 3 27938 So 585 I 32S48 73 
1854 'ZOI20 '34 49 '03754 '28 185424 '53 332" 74536 44 2 °5544 '50 381 78290 43 
1855 ' 10335 '17 23 '02653 '2O '7>338 '21 157 22900 14 '85"73 21 180 255531 i4 
1856 .. ' '26660 '44 60 '06620 '49 '(,2044 '18 12 5 20294 12 '88704 2Z 185 269 14 IS 
1857 '23680 '39 54 '05644 '42 259735 '74 384 I 31479 78 2 83415 '69 433 137 123 75 
1858 .. '~9880 1'00 144 '11784 '88 392201 l'U 617 1 86123 110 452081 110 761 I 97907 108 
1859 5462 142 201 '18328 136 736181 21O 935 4 2 3891 2 SO 821643 200 1136 44221Q 242 
1860 .. '94555 I 58 210 '24415 1"82 5'98321 [ 71 862 3 10413 183 692876 16<) 1072 J3482S J 03 
1861 '72916 I 22 169 '16470 123 346971 '99 146905 87 4 19SS7 102 768 I 6H7~ 

, 
I 599 

1862 '7°994 1'18 160 '17554 1'31 404631 1'15 640 190871 113 47560 5 I 16 800 20S4> 1'14 
1863 , .. '9oon 1'5° 21 3 ' 18869 14° 1'88886 54 353 70984 '42 2 7~' ,7 '68 566 89853 '49 
1864 .. '53034 88 126 10950 0'82 262IJ 5 '75 474 1 03799 '61 3 15149 '77 600 I 14749 63 
1865 , .. 1'09520 1'83 250 '26020 194 293397 '84 544 I IJ701 66 4°2917 '98 794 J 37721 '~~ 
1866 .. '60000 1'00 141 '12906 '96 21132 7 '60 356 '92423 55 2 i 1327 co 497 I 05329 
1867 .. '35698 '59 87 06640 49 1'070 16 '3 1 223 32534 '19 142 714 35 300 j?1-4 '21 
1868 .. '47067 '78 113 '09325 '69 257731 '74 45 1 1 07097 63 3'04798 74 564 J 1('42: I 64 
1869 '83601 1'39 205 '15131 1'13 4'7°253 134 757 I 2 17415 128 553854 135 962 230 540 I I 27 

1870 .. 1'18839 198 z8[ '24985 186 760242 217 1027 4 17224 2 4;;~ ~790S1 214 1308 442201) 242 

1871 1'30959 218 287 35 101 261 530915 J 51 855 245345 145 661874 161 1142 2 WH5 1 53 
187:& 100891 168 239 21065 I' 57 655°77 187 800 3 67837 217 755968 I 8~ 1099 J~~Qt21 21 3 

_--1--
~ ~ - - 1--------------1------- ---

4TS:t",5 I Tota.l 15'59935 '.' 3625 349185 9114416 , , 14104 44 03680 , ~~~I--I~: 
.. 

~ -- - --- -------- --
M~ '" '59997 .. , .. , '13430 .. 3'50554 1'69372 I 4 10552 , I Ie _ '{)Z , 

The numbel'8 1D columns 3 andS ~curvedUl Figs, 4.0 r.nd471 thoBeln colunllill6&Jld 1110 Figs, 476a.ad477,:.lid tL,',IC r'Jl"mn, l~ &LJ 

16 IU Figs, 481 and 482 (Plate XXV), ' 
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224. Rt'1Iwrks on the dtslurbance variations.-The most striking feature about the 
horizoutal force Ji",turbanccs ~ the gl eat frequencl and magnitude of disturbances. in .the 
dirt.~( tion of a dimiHi~hing force, and the comparatIve rarity of those of the 0ppo!>lte sIgn. 
TIn! total number of thctormer (14,104) in the twenty-six years is nearly four times as 
glt..at a.~ the numLer (362.'» ()f the latter; nnd whikt the average excess of the former 
above tho I)<:parating value ('00334) is '003122, that of the latter is only '000963. In the 
ea'll) of the dedmation the corre,.,ponding numbers for twenty-seven years, the separating 
\ alue beIDg 'uO 150, were-<>f ea.-;terly disturban<..cs 6916 with an average excess of '000'721, 
and of wCf>terly disturbances 4709 with an a ... erage excess of '000558; so that-allowing 
for the difference in the two separating values-the southerly disturLances are seen to 
pnpond"ratu largely over tho&e in the direction west, north or east, and even to exceed all 
thC'He talen to;.; ... ther. And when we look at the aggregates of actual disturbance-
91'14416 for the southerly disturbances, and 40'62484 for the westelly, northerly and 
eahterly taken together-we flIld that the preponderance is still more marked than in the 
numhcrll. It follows from the"e f.lcts that dioturbance in the horizontal plane at Bombay 
consists mainly of casual outbreaks of south-magnetic force followed in each case by a 
return to the normal state of things after a more or less prolonged interval of disturbance. 

225. The diurnal variation curve of north disturbance (Fig. 466) is of intermediate 
character between those of ea::.t and west di::,turhance (Figs. 151 anrl152), havin;; the same 
hours of great preponderance, an intermediate range of the ratio'S, and an intermediate 
prevalency of di~turba.nce during the night h(mrs. That of southerly disturbance is quite 
diffurent from the:;e, having a maximum of di"turbance about 18 hour", a minimum about 
5 or 6 hours, and a motion of a him pIe wave type between each and the other. In the 
annual variation curve of north disturLance (Fig. 468) there is, as in that of east disturb
ance (Fig. 153), a tendency towards a double period, the maxima occurring near the 
equinoxes: a more decided tendency of the same kind appears in the curve of Routh lhs
turbance (Fig. 469) which represents a much larger body of disturbed observations. 

226. Also here, as in the corresponding declination curves (Fig'S. 178 and 179), the 
8un-spot period ill strongly marked in th..: secular variation curve (Fig. 49;1) of r,outh dis
turbance, the years of maximum being 1847-48, 1859 and 1870-72 and the years of mini
mum 1856 and 1867. The two miruma and the two later maxima are also distlllctly 
::,hown by the curve (Fig. 493) of secular variation of north diRturbance, and the absence 
of a maximum at 1847 is partly accounted for by the observations of the first five months 
of that year being only half as many as usual; the presence in this curve of two erratic 
points at 1852 and 1865-counterparts of which appear also in the curve of south disturb
ance-would have some signIficance if it were not for the overwhelming flow of the latter 
curve which &talllh by its t-ide. The ratio!:! of south disturb.lnce for tlw ma'{imum and 
mininmID years, in order, are 1'61, 018,2'10, 0'31 and 1'85; in other worth, the disturb
ance at the average ma'\":imum time is about eight times as great as the di.,turbance :It 
the average minimum time. The disturbance diurnal variation (Fig. 478-btrong line) is, 
un account of the ovrrpowering frequency and magnitude of south disturbance, substan
tially the reverse of thu curve of south disturbance. On the whole the proportion of 
north disturbance to south di",turbance, in the twenty-six years, is as 1 to 5'8. 

227 . Variations of distLlfbr .lce ratios including and excluding the separating value, 
arc shown in the curves of Fig:>. 4G6 to 477 : the significance of the approach to identity 
of fl'rm in the pairs of diurna.l and annual variation curve~. both of north and south dis
turbance, has been explain/3d in para!:p"aph 141 : the similar approach, though marked, is 
Ics3 complete in the two pairs of secular ,-ariation curves. 

228. Hourly, monthly and yearly tota};; of nQrth and south disturbance, calculated 
in the manner described in paragrapbs 142 and 143, are shown in Tables 97 to 99 and by 
the curves of Figs. 48~ to 488 en Plate XXVI; and so also are the aggregates of diRturb
:U!ces that exceed thl" separatin~ \' alue and aggregate~ of disturbances that are in defect 
of the l'l~parating value, these two together makin~ up the calculated total'!. 



Bombay 
OlVll 

HOW8 

1 

h, m, 

o 14 
I 14 
2 14 
3 14 
4 14 

6
5 14 

14 
7 14 
8 14 
9 14 

10 14 
II 14 
12 14 
13 14 
14 14 
15 14 
16 14 
17 14 
18 14 
19 14 
20 14 
21 14 
22 [4 
23 14 

Mean 
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TABLE 97. 

D£sturbal1ce diurnal variations. 

NORTHERLY SJUTHERLY , 
fI''(~o' 
}I!! n.herl ... 

--;--~;---.... ------,--I-----,-------.-~r--... -,r----.---.----,------I OVN ~outh~rl) 

3 

74 '981 
69 '983 
49 988 
49 '988 
52 '987 
69 '983 
91 '977 

II7 97[ 
183 '954 
278 '930 
324 '918 
347 '913 
335 '916 
281 '929 
260 '935 
175 '956 
151 '962 
115 '97[ 
Il9 '970 
107 973 
102 '974 
[01 975 
92 977 
85 '979 

c 
• 

Values 

,....... 
.;I~ nr .. -I RaQ08 ~. 

c 

dJ..tslUf'banoe 

Column 8 m tn'll", 

Column It) 

-4.-~ -6--
1
-7--1--

8
--r. ~ -;.-\-;;- -1-3-

VWu.. \ Ra&",. 

~1-1-5-1---l-a--~ --1-8 -

1 66 0'32166 5'0598 + 7381 
I 69 0 28491 4'9555 4 6706 
1'78 0'20479 48675 4 '6627 
I'78 020165 4'79294'5913 
I 76 022856 5'061348327 
1'69 0 29076 5'0572 4 7664 
1'61 0'38416 5 131347471 
I 54 0'50243 5 3832 4 8808 
1'41 0;78229 5'711949296 
1'28 1'19660 6 15874'9621 
1'23 144499 6'5599 5'1149 
I '21 I 53451 66345 5 1000 
I '22 I 45802 6'4589 5 0009 
I 28 1'23200 6'3409 5 1089 
1'30 I 12436 6 0934 4 9690 
I 42 0'73947 5 5542 4 8147 
1'47 0'63226 5'48734'8550 
I 54 0'49684 5 3233 4 8265 
1'53 050922 5 29104 7818 
1'56 044986 5 '1283 4 6784 
I 57 0'42868 5 0421 4 6134 
1'58 0 41267 5 0091 4 5964 
I 61 037788 5047446695 
I 63 036215 5 1613 4 7992 

00063732 
00062419 
'00061 3II 
'00060371 
'00063751 
00063700 
'00064634 
00067806 
00071947 
'00077575 
'00082629 
'00083568 
'00081356 
'00079869 
00076752 

' 00069960 
'00069 II 8 
000670 52 
00066645 
'00064595 
'00063510 
00063094 
00063577 
'00065011 

0'92 
091 
0'89 
088 
093 
092 

0'94 
0'98 
1 04 
1'13 
1'20 
1'21 
I 18 
I 16 
I'II 
1'02 
100 
097 
097 
0'94 
092 

092 

092 

094 

550 '861 I 05 3~864 10'98837'3397 'oo13!408 1'03 -'00074676 
513 871 107 329128 103414 7 0501 00130260 097 - 00067~41 
452 -886 I 12 2 86830 100552 7 1869 '00126654 0-94 - 00065H3 
398 900 1'16 249794 9 5931 70952 00120834 090 - ~63 
374 '906 1'18 2'27326 9 148768754 '00115236 085 - 000514~S 
372 906 I 18 226836 9 12896 860S OOJI4987 085 - 'AXlS12S7 
386 903 I 17 227849 8956766782 "00112818 084 - 00048184 
417 '895 1 15 2'44359 9'170267266 0011550; 086 - 00047701 
466 '883 I'll 276644 94844 6 7180 00119465 089 - 00047518 
581 854 1'03 348134 100575165762 'oo126t>83 094 -0004<)108 
654 835 098 3'91591 10231016'3151 "00128869 09S -'00046240 
672 '831 0'97 426830 1093636 66&> '00137753 102 -'000541SS 
703 '823 0'95 449827 II 0917 6 5934 '001397 11 104 - OOOSS]" 
724 818 094 4 59831 11'1260 6 5277 '00140142 I 04 - 00060171 
688 '827 096 443963 II 158167185 '00140546 104 -'00063794 
7II '821 095 460038 11'343367429 00142879 106 -'00072919 
753 810 0'93 4891i12 II 6271 6'7310 00146454 1'09 - 0007733h 

744 81 3 0'93 496906 II /i002 6 8311 00148635 I 10 - 00081 SoH3 
727 '817 094 498817 12 0692 70810 00152023 1'13 - '0008 5378 
714 '820 095 496592 12244772788 00154234 I 14 - ()O()~'J"31) 
702 '823 095 480284 II 8427 70399 '00149169 I'll - 0008,659 
641 839 099 444812 I I 853074049 00149300 I J I -'u008'>2(,{, 
613 846 1'01 418901 II 6180 7 4290 00146339 108 - 0008176 2 

--'" .8M -'..:'- 314,6, n '86'1' SJ89f--00_142_16_4_1~ _-_OOO_~~J 
'001 34<}61 

The nombers In ('olumns 6 and 14 are curved In Figs 4.83 and 4.84, those In columns 7 and 15 In Fig" 49':> and 496, those III columna') anJ I { 
In FIgs 4.89 and 4.90 (Plate XXVl), those III column 18 III Fig 478 (thm hne), and those III colwnns 9 and 17 rn F;ga 4b6 a.nd 41)7 (plate XX V), the 
last bemg in thin bues to dlstIngl1lsh them from the ratlOs of ~Er 

TABLE 98. 

Disturbance annual val'iatiollR, 

NORTHERLY SOUTHERLY 

1-----.--,--------·-,-----:-- -;---- --- - -

,....... ~ ;""'. 'I I i ~ I 
i\"l C ..to ~ .v; A §'I"l C I ~Er I A'_I' r.: I 

I---.-----c,----.---,----,---------

Month, 

n,. 

,v." 
I 0 ~Er 2";; I'll: I n,.!. '; ;'V"I~'~I: 

V ~ "t Valu.. Ratio. "-" 1 I ' ~I ~ 
1--

1
--t-

2
-'--a---4-I-S---6- --7-1--8--1

1
-

9
- --10- -1-1 12 -13-i--14-I-I-5-! --;~ 

, : 
I-----j--T----'---T---';-----;,---+---':---':---'o---'---,---,-- ---- ------- ---

11 

i -
I IK 

~anuary , 330 '959 ['44 I 44888 II 5231 100742 '00071341: I 03 16152 9461 883' I II 15 447~5' 186775 Ii 132297 0011,635: 0 '>(, 
February 318 '957 I 43 I 349Zl 104270 9'on8 '000698491 1'01 149281445' 806 092 19 73136, 22 6856 129,42 uo151967 I 11 
March 316 '960 145 137746 112764 98989 000711891 103 158401136 857 1'04 692370120 4207! 134970 OOJ2Q'J17! ° 4" 
Apru 316 960 145 139106 II 3878 9'9967 00072552\ 1'04 156g6 1329 811 097 869425; 22 2767'113 5Rl~ 00141(;2' I of. 
May 203 975 158 086500 10 4998 96348 00064622, 0 93 16~~ 965 SSI I 10 561056 188157 13204'3' 0011580;1 0 hi, 
June 292 '963 147 128019111104 98302 000696151100 159vu 725909 120 ,9<)915:16879111281-00 00105760 uN 
July 262 968 1 52 I 11358 11'2228 10 1092 '000681651 098 16464 858 896: I 15 1 5 063971 190038, IJ r, ,,8 0011 s-p 5 J;,lt 

August 330 959 144 142765 II 3543 99267 '00070192, 101 161761106 863, 1'05 ' 698507 210363' 14uSl2 '0<1'-"47 0"7 
8eptember 330 '959 '44 144177 114067 '1100249 000717381 10~ 159841558 805: 092,10913732544191'45232 OCd,,)li' I HI 

October 435 '947 137 184690 120659 102190 000741521 107 162721784 781 0 '7 '13 07(>67 27861 8 114 i'J ll I 'A 1,1226' I 27 
November 340 956 1'42 142718 107196 92924 'ooo6/iS211 0-99 155761145 853, 103 6 953l5' 200877113134' ,. '2")6" 0 '>I, 
~ecember,~ 9&> 164_ 063047192839 8653~ 00060919088 ~52~1I07 855 _~o: 77503°'_223903 14(.4001-.ex-14')c'2'_~L~ 

Mean \--. -1- ------ - --I 0006943X:- ,i I (oQl J.!31 3: 

The numlll'rR ill c,'}umns 6 and 15 are curvod In FIgs 1B5 and 4,G those In columns 7 snd 16 J[l FIS!8 {97 and ~~8, • ,,-,,,e m co!ume" 5 an,1 : * 
In Flgs 491 and 492 (PI,te XX V I), and th''8e In coluUln~ 9 aud 18 In ~"gs 468 and 469 (Plat.e XX vi the last kmg IU :.hm IIll<. t(l J,.Ll11;<l h' 
th<m from the rahos of 'r.Jt:,. 
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TABLE 99, 

Disturbance secuhLr variations. 

• 

SOUTHERLY. 

L 
, I lIS Yea, 

d~ • v .. 4 
...-. ~ IV" -2.- %Er 

.A. ... il~ A. ... . ./; I C n,. %Er . ..;;- I • 
~I~ 

n,. I 

ILii~ I • ~I~ 
~ 

'-" Valu ... '-" Valuea. lIatJoe. 

--- -- --I-

r~ 
-- -1-------

I 2 3 4 5 6 7 8 10 11 12 113 14 15 16 J7 IS 
-----

1.~47 50 '987 J'76 0'25243 S'i898 
I 

S'3374 '00074650 J'07 7488 ,{" 0931 580940 13'7959 '19865 '00184238 142 1848 113 '970 1'53 046994 4 828 44129 '00065418 094 7464 824 '779 087 5 50234 II 72<)0 62267 ::J7141 1'21 1849 .. 75 '980 1 64 0'31793 4'6817 4'3638 '00062723 0'90 7464 320 '914 I 21 I 55012 67021 5'1520 ' 9792 0'69 1850 43 '988 1'78 01 7042 4 0506 3 8802 '00054797 019 7392 187 '949 1 38 089715 60246 5 1275 '00081 502 063 18S1 71 981 1'66 0'30459 47913 4'4867 00065241 0'94 7344 560 847 101 356297 9 881 7 6'3187 '001 34555 1'03 1852 152 '959 1'44 0'69134 54983 48070 '00073428 106 7488 477 '873 108 3 01 52 3 9 6801 66649 '00129174 099 IRS] 109 '970 153 0'45048 4 6807 4'2302 '0006436) 093 72 7Z 476 '869 107 282b90 88887 60598 '00122233 094 1854 49 987 176 0'30120 44554 4 2542 00060470 087 7368 332 '910 t 20 1'85424 7 8262 59720 '001 33721 103 ISSS 23 994 1'94 0'10335 4'4545 4'3512 '00060854 088 7320 157 '957 143 0'75338 5 8222 5 0688 '00079539 061 1856 60 '984 170 026660 47969 4'5303 '00064893 0'93 7392 !25 966 I 50 0"62044 5 8864 5 2660 '00079632 061 IMS7 54 '985 1'72 0' 23680 45623 4'3255 00061920 089 7368 384 8<)6 I 15 2'59735 97472 7'1499 00132291 1 ocz IIIS8 144 '96, '46 0'59880 5'0467 4'4479 '00069172 100 7296 61 7 831 097 3'92201 10 0492 61272 00137737 106 ISS9 201 '945 136 0'85462 5'4329 45783 '000747 10 1'08 7272 935 '743 080 736181 139614 65996 00191991 1'48 1860 210 '943 1'35 094555 5 8502 49047 '00079921 I 15 7320 862 '764 084 598321 121163 61331 00165524 1'27 1861 169 '954 141 0'72916 53239 4'5947 '00072731 105 7320 599 836 098 346971 9 0653 55956 00123843 095 1862 160 '956 1'42 0'70994 S 3324 4 6225 00073087 lOS 7296 640 825 096 404631 101695 61232 001 39386 107 1863 213 942 1'34 0'90011 54214 4521 3 '00073821 106 7344 353 904 I 18 I 88886 7 601 7 57128 001:>3509 080 1864 u6 966 150 0'53034 5 °315 45012 '00068289 098 7368 474 871 107 262115 82359 5 6148 0011 1779 086 1865 250 '932 129 1'09520 5'783~ 4 6883 00079010 I 14 7320 544 '851 102 293397 83042 53702 00113446 0 87 1866 141 '961 J 46 0'60000 5 056 44568 000693 11 100 7296 356 902 I 17 2 11327 83073 61940 00113862 0'88 1867 87 '976 160 0'35698 4 6176 42606 ' 00063291 091 7296 223 939 132 107016 61117 5'0415 000837G8 G 64 1868 .. 113 '966 150 047067 4'4655 39948 '00066688 096 6696 45 1 865 106 ;2 57731 792 76 53503 'oollb391 091 1869 .. 205 '944 "35 083601 5 1725 4 3~65 00070663 102 7320 7571 793 089 470253 10 3832 5 6807 00141847 109 1870 28, 923 125 1'18839 5 6694 44810 '00077199 III 7344 10271 720 076 760242 13'5456 59432 001844~6 142 1871 287 922 125 130959 6'2477 49381 '0008535' 123 7320 Sss 766 084 530915 10 7513 54422 00146876 1'13 1872 239 '935 1'30 100891 54676 4'4587 '00074208 1 07 7368 860 '767 084 6550 77 13'2657 67'49 00180045 138 

---~-- -- ---- --- --- ----- ---1--------- -----

Mean 00069470 I I 001 30014 I I 

The num!'ertl ill coluDlD8 6 and 15 are curved 111 Figs, 487 and 488, thoBe III ",.lumn.7 anJ 16 JD Fig. 49'1 and 500, those m columns 5 and 1-1, 
In Fig., 4113 and 49-& (Plate XXVI), and thoae In columns 9 and 18 ill l!'lgs, 470 and 471 (Plate XXV,), the Iaot beIng ID thm hncs to d18tmglll8h 
them from the ratIos of fEr. . 

229, No remark is called for by the curves of annual and secular variation except 
that, in the latter, the maximum of 1847, which is missing in the north disturbance curve 
and defective in the south disturbance curve (Figs. 493 and 494), takes its place, with 
proper magnitude, in both the curves of total disturbance tFigs. 487 and (88). The diurnal 
varIation curves of north disturbance (Figs. 483, 489 and (95) show that the aggregates 
of disturbances that keep within the separating value, whilst otherwise varying in the 
same way as the larger disturbances, are much more nearly equal in amount at all hours 
of the day. Those of south disturbance (Figs, 484,490 and (96) indicate that the Hmaller 
disturbances follow, not the same law of variation as the larger, but rat.her vary oppositely 
to the north disturbances; that is, they occur with greatest effect in the night hours, and 
with least effect during the day hours, having a minimum a little before noon. This 
opposition of variation in the smaller north and south disturbances determines, in the 
curve of disturbance diurnal variation (Fig. 478, thin line), a relative elevation above the 
thick line curve, representing the larger disturbances alone, during the day hours and a 
relative depression during the night hours: nevertheless the total disturbance curve de
pends for much the greater part of its motion upon the larger disturbances, 

The thin lines of Figs. 466 to 471 represent ratios of the calculated total disturbances 
per observation-within and without the limit of the separating value, and the thick line 
curves represent ratio" of aggregates of the larger disturbances only, 

230, Figs, 390 to 465 on Phtes XXI to XXIV are constructed to show the extent 
to which the ~Lneral character of the diurnal variation of disturbance aggregates is exhi
bited hy indivIdual month's or year'~ observations: the yearly curves further indicate that 
the extent of variability of disturbance at different hours follows"like the general aggre
gate8 of disturb.1.n~t:, the sun-spot period,-being great when the spotted area is great 
and !;IDaU when thIS 1S small, 
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231. The regular solar-diurnal variation.-After the separation of disturbed observa
tions differing from the final normals by '00334 the averages were taken of the monthly 
final normals of each hour-in the first place for every month, and in the second place 
for each of the fifty-two half years; and by means of these averages were calculated the 
diurnal variations* for each month (on an average of twenty-six years) for the whole year, 
and for each individual half year from 1847 to 1872, the one half year comprising the 
months April to September, and the other the months January to March and October to 
December. The diurnal variations are sho~vn in the following tables. 

TABLE 100.-Showing, for the period 1847 to 1872, the mean diurnal variation of Horizontal 
Force for each month of the year and for' the whole year. t 

Bombay Clvil January. Februa;". March. Apnl May. June. July. August Sept. October Nov. Dec Year 
Hours. 

h. 

° 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

m. 

14 -'00164 -'00178 -'00178 -'00179 -'00163 
-'00164 

-'00152 -'00143 -'001 32 - 00138 -'00137 -'00165 - 00168 - 001 58 
14 - 00142 -'00169 - 00171 -'00171 -'00145 -'00145 - 00124 -'00115 - 00136 - 001 55 - 00151 -- 00149 
14 -'00138 - 00149 -'00167 -'00164 -'00157 -'00140 -'00139 - '00121 -'001°4 

-""00096 
-'00121 -'00139 - 00132 - 00139 

14 -'00126 -'0015° -'001 56 -'001 51 - 00146 -'00131 -'00134 - 00114 -'00120 - '00132 -'00129 - 00132 
14 -'ooll7 -'00140 - 00146 -'00144 - 00141 - 00128 -'OOIZ3 -'00106 - 00086 -'00112 -'00125 - 0011Z - '00124 
14 -'00101 -'00127 -'00142 -'00146 - 00128 -'00123 -'ooll3 -'00098 -'00079 - 00100 -'00101 - 00093 - 00113 
14 -'00077 -'00107 -'001 34 -'00140 - 00105 -'00089 -'00083 - 00089 -'00099 -'00092 -'00072 -'00068 -- 00097 
14 -'00055 -'00064 -'00083 -'00076 -'0001 5 -'00007 -'00013 -'00059 -'00114 -'00077 -'00003 -'00026 - 00050 
14 +'00045 + 00043 + 00074 +'00094 +'00127 . +'ooll7 +'00103 +'00055 - 00001 +'00075 +,00138 + 00090 
14 +'00176 +'00210 + 0029Z +'00305 + ooz86 +'0025z + 00242 + 00205 + 00174 +'00252 + 00285 +'oou6 
14 + 00306 + 00351 +'00439 +'00447 +'00411 +'00369 + 00357 +'00310 +'00316 + 00387 +'00394 +'00338 
14 +'00371 +'00430 +'00479 +'00477 + 00436 +'00400 +'00396 + 00361 +'00360 +'00451 +,00435 + 00384 
14 + 00361 +'00425 +'00444 +'°°423 + 00405 +'00370 +'0037% + 00351 +'00347 +'00414 + 00375 +'00344 
14 + 00292 +'00341 +'00357 + 00312 +'00321 +'00302 +'00297 +'00280 + 00281 +'00291 +,00269 + 002b8 
14 + 00201 -f'OOZ21 + OOZ25 +'00200 +'00198 +'00197 +'00185 + 00185 +'00184 + 00145 + 00170 +'00180 
14 +'00122 + OOIl9 + 00090 + 00089 +·00082 +'00070 +'00075 +'00097 +'00091 +'00059 +.00073 +'00101 
14 +'00049 +'00024 +'00001 + 00006 - 0001 5 -'00035 -'00035 -'00001 +'00018 - oooZI -.00004 + 00023 
14 - 00024 - 00041 -'00071 -'00083 -.00093 -'00109 -'00106 -'00066 -'00041 -'00072 _.ooo6g _ 00048 
14 - 00084 -'00100 -·00127 - 00147 -.001 55 -'001 5° -'0014° -'00117 - 00092 -'0013° _ .001~6 _'00103 
14 - 00141 -'00157 -.00178 - 00189 -,00200 -.00183 -'00176 -'00159 -'00148 -,001110 _ 001 7 _'00150 
14 -'00172 - 00184 - 00208 -'00191 - 00208 -,00190 -'00180 -'00174 -'00165 -·00200 - 00208 _.00181 
14 -.00193 - 00197 - 00226 -'00199 - .002°4 -.00176 -'00177 - 0017° - 00169 - ·00210 _ 00222 - 00197 
14 -.00199 -,00208 - 002(1 -.0019° -,00185 - 00169 -'00165 -'00164 -'00164 - '00188 -.oozI8 _ 00201 
14 - 00188 - 001 89 - '00193 - 00182 - 00176 -'00159 -'00152 -'00151 -'00149 -'00168 - '00197 _ 00184 

These variations are also represented by the curves of Figs. 501 to 513 (Plate XXVII), 
which show great similarity of character aU the year round. The mean curve for the 
year has a maximum at 11 hours and a minimum at 21 hours with a range from one to the 
other of '00611 : after the minimum there is at first a slow rise till 7 hours followed by a 
more rapid rise to the time of maximum: the fall after the maximum is at a less rapid 
rate than the rise before, and there is no abrupt change in the rate of fall corresponding 
to that which occurs in the rate of rise about 7 hours. These characteristics are, it will 
be observed, altogether unlike those of the mean diurnal variation of declination the range 
of which ("00315) is also considerably less. 

*By churna! or annual variatlOn IS always to be understood the senes of hourly or monthly values expressed by the exe.1lI of 
each above the mean value for the whole day or for the whole year respectlvely, 

tIn this and all the tables that follow, the pOSItive sign indIcates a movement of the north end ofthe hon7.ontal force magnet 
to the northlfard of Its normal dIrectIon and the deVIations from the normal are expressed in mm-mg-a Unlt 01 force. 

+'00079 
+ 00241 
+'00368 
+ 00415 
+ 00385 
+ 00301 
+ 00190 
+ 00088 

.00000 
_.00069 
-.00124 
-.00171 
_ 00189 
- .00196 
_ 00189 
- 00174 
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h. 
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TABLE lOl.-Shou:ing,for tlte ltalf~yeaTs including tlte months from April to September in tlte set'cml yea1's 1847 tD 1872, and 
in the whole period of tu:enty-siz year8, the mean diurnal variatioll of Horizontal Force, 

Bomba,)' ClvillIoure. 1847, 1848, 1849, 1850, 18.51. 1852, 18.53, 1854, 1855. 1856, 1857, 1858, 
. 

; 

m, 

14 .. ' .. ' .. - '001 33 -'00180 -'00180 -'001 3 0 - '001 3 1 -'00094 - '001 3 1 - '00088 -'00091 - '0012 5 -'00125 - '001 5 8 

14 ,., , .. .., -'001 44 -'001 9 1 -'00169 - '00122 :,'00123 -'00097 - '00113 - '00084 -'00088 - '00114 - '00113 - "00146 

14 .. , ... .. . -'0014 8 -'00180 - '001 5 8 -'00112 -'00128 -'00083 - '00113 - '00073 - '00084 - '00097 - '00113 - '00141 

14 , .. .. , .. , -'00'148 -'00169 - '001 5 1 - '00108 -'00098 -'00061 -'00099 -'00066 -'00080 - '0009 1 -'00096 - '00129 

14 .. , .. .., - '001 37 - '00169 -'00144 -'00104 -'00103 :. -00068 - '00099 -'00055 -'00069 - '00080 - '00096 - '00124 

14 .. , .. , , .. - '001 4 0 - '001 55 .:. '00126 -'00094 -'00096 -'00061 - '00088 - '00044 - '00069 - '00063 -'00090 - '00113 

14 ... .. ' , .. . - '00108 - '00126 -'00086 -'00097 -'00108 -'0;)068 -'00095 - '00073 -'00073 - '00057 -'00079 -'00096 

14 .. , , .. ..' -'00043 -'00068 - '00032 -'00047 - '00063 -'00050 -'00058 - '00062 -'00036 -'00028 -'00045 -'00045 

14 ... ' .. .. +'00086 + 'oo07ri +'00101 +'0007 2 +'0005 6 + '00061 +'00066 +'00033 + '00055 + '00085 +'00057 +'00107 

14 .. ' , .. ' .. +'0024 8 +'00284 +'00263 +'00223 +'00205 + '00187 + '00215 +'001 5 0 + '001,82 +'0021 7 +'001 9 8 +'002 7 6 

14 , .. .., , .. +'0036 4 +'0040 7 +'0038 9 +'003 28 +'00330 +'00299 + '003 18 + '002 74 +'002 74 + '003 13 +'002 95 +'00394 

14 .. , .. ' , .. +'0037 1 +'00450 +'00436 +'00360 +'0038 3 +'00335 +'00350 +'003 10 + '0029 2 +'00336 +--0°329 + '00462 

14 .. , .. , .. ' + '00346 + '00414 +'00400 +'00331 + '0036 3 +'00306 + '00328 + '002 77 + '002 74 +'003 19 + '00340 +'00417 

14 , .. .., , .. +'00284 +'00338 + '00313 +'002 74 + '00299 +'00245 +'00281 + '00212 + '00223 +'00245 +'00289 +'0032 7 

14 , .. .. , .. ' +'0019 8 + '0022 7 +'00205 ~'oo169 +'00204 + '001 55 +'001 75 + '001 35 + '001 39 + '00148 +'00187 +'00203 

14 .. , , .. , .. +"00094 + 'OO1l2 +'00094 +'00076 +'00079 +'000.22 + '00073 +'00047 + '0005 1 +'00°5 1 +'00085 +'00090 

14 .. , .. , ... +'00004 +'00025 -'00011 -'00022 -'00020 -'00061 -'00036 -'00029 - '00011 -'00034 + '00006 -'00023 

14 , .. ,. .. -'00079 - '00054 -'O()083 -'00086 -'0008 7 - '00101 - '00106 -'00080 -'00073 -'00091 -'00062 - '00113 

14 .. , .. , .. , -'00137 - '00115 - '00115 - '001 44 - '0014 1 -'001 4 0 - '0014 2 - '00120 - '00124 - '00125 - '00108 - '001 5 8 

14 .. , , .. .. -'00162 - '001 73 -'00162 -'00169 -'00186 - "00184 - '001 7 2 - '001 53 -'00161 - '001 11 - '00164 - '001 9 1 

14 .. , ... ... - '00169 -'00180 - '0018 7 -'00166 -'00183 -'00180- -'00168 - '001 53 -'00161 -'00177 - '001 70 - '00214 

14 ... ... ..' - '001 5 8 - '001 9 1 -'001 94 -'001 5 8 - '00166 - '00162 - '001 5 0 -'001 3 1 -'001 4 6 - '001 7 1 - '001 70 - '00214 

14 .. , ... .. ' -'00162 -- '001 9 1 -'001 94 -'0014 8 -'00161 - '001 3 0 - '001 5 0 - '00120 - '00I24 -'001 54 - '001 53 -'00203 

14 .. , 00' .. ' -'001 4 8 -'00187 - '00184 - '001 33 -'0014 8 - '00108 -'OOI24 -'00099 - '00109 - '001 37 -'001 3 0 - '001 75 

Bange .. , '00540 '00641 '0063 0 'Q0 5 29 '005 6 9 '005 19 '005 22 '00463 '00453 '005 13 'OOSIO '00676 

. 

1S!l9 • 

- '00202 

-'~196 

-'00180 

-'00168 

- '0015 1 

- '0015 1 

- 'OOU3 

-'00084 

+ '00095 

+'0033 1 

+ '00477 

+'00505 

+'00494 

+'00381 

+'0024 1 
+'00107 

- '00006 

-'00084 

- '00168 

-'00224 

- '0024 1 

- '0023 0 

- '002 30 

- '0021 3 

'00746 



TABLE lOl-continued. 

Bombay Civil 1860. 1861. 1862. 1863. 1864. 1865. 1866. 1867. 1868. 1869. 1870. 1871, 1872, 
Twenty-six 

yeam, 
BOurB. 1847 to 1872 

----
h. m, 

0 14 - 'oor8S -'001 90 -'0016 7 -'OCISO -'00133 - '00111 -'OOIlI -'00100 ~ 'OOII6 ~'OOI76 ~ -00297 -'
002

4 21 - '001 9 8 -'001 5 1 .. , .---
I 14 .. , -'00185 -'00184 -'00162 - '00128 - '00123 -'00094 -'00105 -'00094 - 'oou6 - '00170 -'00236 -'002 36 - '00214 -'00143 

:z 14 ... - '001 8 5 -'00179 - '00150 - '00117 -'00111 -'00100 -'00094 -'00105 - '00105 - '00159 - '00231 - '00220 -'002 31 - '001 37 

3 14 ... - '00174 -'001 57 -'00145 -'00111 - '00100 -'00089 -'00083 -'00100 - '00105 - '001 54 -'002 3 6 -'00203 
-'00220 -'00128 

4 14 ... - '001 74 - '001 51 -'00134 - '00106 - '00089 -'00066 - '00083 -'00088 - '00099 - '00148 ... '002 3 1 - '001 9 8 -'00209 -'00121 

5 14 .. , -'001 57 - '00145 -'00128 -'00100 -'00100 -'00072 -'00066 - '00083 -'00094 - '00126 - '00220 - '00203 - '00203 - '00114 

6 14 .. - '001 57 - '00I:Z9 - '00106 -'00078 -'00089 -'00061 -'00050 -'00072 - '00077 -'00104 - '00181 ... '001 76 - '00165 -'00100 

7 14 ... -'0009° -'0005 6 -'00061 - '00022 -'00022 -'00022 '00000 -'0001 7 -'00028 -'0002 7 - '00082 ... 'oOQ66 - '00077 -'00047 

8 14 ... + '00107 + 'OOIl2 + '00072 +'00095 +'00100 + '00072 +'00094 +'00083 +'00066 +'00082 +'00121 + '001 0 4 +'00077 +'00082 

9 14 .. ' +'0032 5 +'00313 +'00240 +'00239 +'00239 + '00199 +'00221 + '001 99 +'00182 + '002 3 6 - +'00346 + '00308 + '002 9 6 + '00243 

10 14 ... +'00477 +'00453 +'00379 +'00345 +'00311 +'00332 + '00304 +'00315 +'0028 7 +'00390 +'005 22 + '005 11 +'OQ489 +'00368 

11 14 .. ' + '005 II +'00498 +'00446 +'0037 8 + '00,317 +'00343 + '00326 +'00332 +'00331 +'00429 +'005 66 +'00544 +'00538 + '0040 5 

12 14 .. ' +'00466 +'00453 +'00395' +'00356 + '003 16 + '00316 +'00293 +'00299 + '00315 +'0040 7 + '0057 2 + '00539 +'00494 + 00378 

13 14 .. +'00381 + '0035 2 + '00317- +'00289 + '00255 + '002 II +'0022 7 +'00216 + '0023 2 +'00335 +'00462 + 00440 + '00379 +'002 99 

14 14 .. ' + '0025 8 + '00246 +'00206 + '001 78 +'001 39 + '00111 +'00144 +'00122 + '001 3 2 +'00209 +'00324 + '00297 + '002 47 +'ool9 l 

15 14 .. ' + 'OQIOI + '00101 +'00100 +'0007 2 +'00050 +'00028 + '00061 +'00050 +'00066 +'00099 +'00187 +'00165 + 001 37 +"00084 

16 14 ... '00000 - '00028 +'00006 - '00028 -'00033 -'00039 -'00022 -'00028 +'00006 -'00005 +'00044 + '0002 7 +'00038 -'00010 

17 14 .. -'00090 -'00106 -'00084 -'00100 - '00111 -'00089 -'00088 - '0007 2 -'00055 -'00088 -'00038 - 00088 -'00049 -'00033 

18 14 ... ... '00140 - '001 57 - '00128 - '001 45 --'00144 - '001 3 8 - '0013 8 - '00116 - '00110 -'00121 - '00 II 0 - '00165 - 'oolI5 - '001 33 

19 14 .. ' - '00219 -'00201 - '00167 - '00183 - '001 78 -'001 7 2 - '001 77 -'00160 -'00149 -'001 54 -'001 9 8 -'001 9 2 - '001 59 - '001 75 

20 14 '" 
-'0024 1 - '00224 -'00184 -'00183 - '001 7 2 -'00166 _ - '00160 - '00160 -'00144 - '00187 - '002 3 1 -'00220 -'00187 - '00184 

21 14 .. ' - '00236 - 'OOZ18 -'00201 -'001 95 -'00161 - '001 5 0 - '00171 - '00149 - '001 55 -'00209 - '00258 - '002 4 2 - '001 98 -'00182 

22 14 , .. - '00208 - '00201 -'00189 - '001 78 - '001 5 0 - '001 33 -'001 55 - '001 33 -'001 49 -'001 92 -'00269 - '002 4 2 -'00209 - 00173 

23 14 , .. - '001 96 -'001 9 6 - '0017 8 - '0017 2 - '00128 - '0012 7 - '00122 - '00127 -'001 32 -'00187 -'00275 -'00253 - '002Z0 -'00161 

Range .. ' '0075 2 '007 22 '00647 '00573 '00555 I '005 15 '0050 3 I '00492 '00486 
1 

'0063 8 '00869 '00797 '007 69 005 39 

Curves represcntmg the~c variatIOns are numbered 5H to 540 on Plate XX \'IlL 
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TABLE 102.-Showi/~g,for the half-years including the 11wnths!ro,?, January to Ma)'cl, and October to Decenwer in the several yc(tr~ 1847 to 
1872, and in the whole period of twenty-si~ years, the mean diurnal '1Jariation of Horizontal Force. 

Bombay CiVll Houra. 1847, 1848. 1849. 1850. 1851. 1852. 1853- 1854. 1855. 1856, 1857, 1858- 1859 • 

h. m. 
. 

0 14· .. . .. - '00180 -'002 3 0 -'0022 3 - '00184 -'001 5 2 - '00126 -'001 35 - '00128 - '00117 -'001 37 -'001 59 -'OOISO -'OOISO 

I 14 .. , . ... - '0019 1 -'00205 -'00198 -'00162 -'00141 - '00112 - 'OOIJI -'001lJ - '00102 -'00120 -'00125 - '00158 -'00185 

2 14 .. • , .. -'oolS7 - '00212 -'001 9 1 -'001 5 1 - '00110 -'00068 -'00099 - '00099 - 'OooSS -'00120 -'OOIOS -'ool6J -'001 9 1 

3 14, .. ... -'001 76 -'00202 -'00187 -'0014° -'OOIOS -'00076 -'oooSo -'OooS4- -'oooSo - 'OOIOS - 'OOIOS - '001 41 - '00185 

4 14, .. .. ' - '00166 -'00205 - 'oolS4 -'OOIJO -'00110 -'00061 -'oooSo -'00088 -'00069 -'oooSs - '00096 -'00124 - '00174 

5 14 .. , ... - 'oOl5S -'oOlS4 - '00169 - '00122 -'00092 -'00050 -'00069 -'oooSS -'oooSS -'00068 - '00079 -'oolI8 -'00140 

6 J4 .. • ... - '001 37 - '0014S - '001 30 -'00108 - '000S3 -'00047 - '00051 -'00047 -'00044 - '00034 - '0005 1 - '00090 - '00101 

7 14 .. , ... -'00061 - '00090 -'00079 -'00061 -'00054 - '00011 -'00040 -'00026 -'00033 -'00011 -'00028 -'00056 - '0005 6 

8 14 ... ... +'00076 +'00083 + '00101 +'0007 2 + '0007 2 +'00076 +'00084 + '00077 + '00062 +'00108 +'00090 +'00079 + '00079 

9 14, .. ... + '00241 +'00288 +'00295 +'00241 + '0021 9 + '00220 +'00237 +'0020S + '001 7 2 +'00245 +'0023 2 +'00248 +'00320 

JO 14 .. , .. , + '00396 +'00439 +'00428 +'00374 + '0035 1 +'00320 +'00365 + '00318 + '00281 +'00336 +'0035 2 +'00394 +'00466 

II 14 .. • .. ' +'00425 +'o05OS +'00490 +'00415 +'00403 +'0035 6 +'00405 +'0035 0 +'00332 +'00370 +'00391 + '0046 7 +'00533 

u 14 .. , .. ' + '00421 +'00454 +'00454 +'0038 5 +'00374 +'00306 +'0038 3 + '00321 + '00303 +'00331 +'00346 +'00434 + '004SQ 

13 14 .. • ... + '00331 +'00346 +'00349 +'003 13 + 00309 +'00248 + '002 9 2 + '00245 +'0023 0 + '00228 + '00266 +'00327 + 'o03~3 
, 

14 14 .. • .. ' +'00241 +'00213 + '00:127 +'00205- + '001 97 + '001 33 + '001 79 +'001 57 +'001 57 + '00137 + '001 70 + '0019 1 + '00219 

IS 14 .. , , .. +'001 30 + '001 33 + '001 37 + 'oolI9 + '00090 + '00047 +'00062 + '00062 +'00066 +'00063 + '00079 +'00090 +'0010 7 

16 14 .. , ... +'00047 +'00068 + '0005 0 +'0003:1 -'00004 -'00050 -'00033 - 'COOl 1 - '00001 -'00028 - '0001 7 '00000 + '00011 

17 14, .. ... - '00029 - 'ooon - '00023 -'OOOJ2 - '00064 .- '00068 -'00109 -'00077 -'00062 -'00080 -'00074 -'00045 -'00073 

18 14 .. , ... -'00090 -'00076 -'00086 -'00104 -'oons -'001 33 -'00161 - '001 35 -'001 3 1 -'00148 -'001 36 -'001 35 -'00174 

I~ 14 .. , ... - '001 55 -'00122 -'001 58 - '001 55 - '00183 -'00180 - '00201 -'001 75 -'001 72 - '00182 -'001 93 -'00180 - '00196 

20 14 .. , ... - '001S4 - '001 73 -'Od1 94 - 'oolS4 -'001 9 0 -'001 94 - '0022 3 - '00186 - '001 7 2 - 'OOlll - '00204 -'00220 - '002 36 

ZJ 14 .. • .. , -'00205 - '00227 - '00220 -'001 98 -'00202 - 'C019 I - '00212 -'00182 - '001 79 -'001 94 -'0021 5 -'0024 8 -'0025 2 

" '4 .. • ... - '00223 - '00241 - '00241 - '00205 - '001 99 - '00162 -'OOZOI -'001 57 -'001 57 -'00182 - '00198 - '00225 -'00324 

23 14 .. • ,.' -'00205 -'00227 -'0024 1 -'001 98 - '001 7 2 - '001 33 -'00168 -'001 35 - '001 39 - '00160 -'00187 -'00203 - '00224 

Ra.nge ... ..' 'o064S '00749 '0073 1 '00630 '00605 '0055 0 00628 '00536 '005 II '005 81 '00606 '007 15 '00785 



TABLE l02-continued. 

Bombay 1863. 1864. 1865. 1866. 1867. 1868. 
':!'wenty. 

1860. 1861. 1862. 1869. 1870. 1871. 1872. SIX yean, 
Civil Hours. 1847 to 

1872. 

---h. m. 
0 14 ... - '001 74 - '001 73 - '001 5 6 - '.001 5 6 -'001 55 -'00122 -'00088 - '001 3 8 -'001 55 -'001 59 -'0024 2 - '00225 -'00220 -'00165 
I 14 ... -'00168 -'00145 - '001 5 0 - '00128 - '00128 - '00116 -'00094 - '001 3 8 - '001 55 - '00159 - '00225 -'002 3 6 -'00209 - '001 54 
2 14 ... -'001 74 - '00129 -'00134 - '00117 -'00111 -'00089 - '0007 2 - '00116 -'001 3 8 -'00143 - '0023 1 - 00220 -'00203 - '001 41 

3 14 .. , - '0016& -'00145 -'00134 - '00100 -'00100 -'00078 -'00083 - '00116 - '001 3 8 - ' 00159 - '00225 -'00209 -'00181 - '001 35 
4 14 .. ' - '001 5 1 -'00134 - '00123 -'00089 -'00094 -'00066 ~ '0007 2 -'00100 -'00121 -'001 54 -'00203 - '00214 -'00165 -'00126 

5 14 .. ' -'00140 - '00101 -'00106 -'00078 - '0007 2 -'00066 -'0007 2 -'00088 -'00110 -'0014 8 -'00187 -'00187 -'00165 - '00111 
6 14 '" - '00101 -'00101 -'00084 -'00061 - '00067 -'00061 - '0007 2 - '00077 -'00099 - 'oolI5 -'001 7 0 - '00143 -'001 43 -'00092 

7 14 ... - '00073 -'00067 - '00039 - '00028 -'00033 -'00022 -'00028 - '00044 -'00066 -'0007 1 -'00104 - '00066' - '00077 -'0005 2 
8 14 .. ' +'00084 + '0006 7 +'00095 + 'OOllI + '00100 + '00083 +'00083 + '0007 2 +'00028 + '00049 +'00038 + '00082 +'00044 +'00077 

9 14 . , +'002 75 + '00218 +'0025 6 + '00245 +'00233 +'00233 +'00243 +'00243 +'00182 +'00203 +'00214 +'00269 +'0024 2 + '00240 
10 14 ... , +'0°398 +'00402 +'00395 + '00345 +'00350 +'00349 +'00299 + '00343 + '0030 9 + '0035 2 + '00418 + '0040 7 + '00412 +'0036 9 
II 14 .. +'.00499 + '00481 +'00446 +'0037 8 +'0038 3 + '00377 + '00371 + '0037 1 + '00381 +'00418 + '005 11 +'005 00 +'0048 3 +'00425 
12 14 .. + '00477 +'00430 +'0042 3 + '00361 +'00355 +'003 16 +'003 26 +'00332 + '00359 + '00374 +'0048 9 +'005 1 7 + '0048 9 +'00394 
13 14 .. ' +'0038 7 +'00341 + '0°3 12 + '00261 +'00261 +'00249 +'00182 +'002 3 8 +'00282 + '002 9 1 +:00412 +'0042 9 +'00384 + '0030 3 
14 14 .. , +'0023 6 + '001 9 6 + '00184 + '00161 +'00161 +'00161 +'00100 +'001 49 +'001 71 +'001 9 8 +'00302 +'00269 +'0022 5 +'001 9 0 
IS 14 ... + '00101 + '00101 +'00050 +'0007 8 +'00044 + '00061 +'0005 0 +'00083 + 'ooII6 +'00104 +:00165 +'001 54 + '00159 +'00093 
16 14 ... +'OOOII +'00006 + '00006 -'0001 7 - '00011 - '00011 -'00033 '00000 +'00039 - 00,022 +'OOIlO +'00049 +'00060 +'00011 
17 14 '" -'00067 - '00073 -'0007 2 -'00083 -'00078 -'00089 -'00094 - '00061 - '00011 -'00033 + '0002 7, - '00022 - '00016 - '00055 
18 14 .. , -'00107 - '0012 9 -'001 39 -'001 45 - '001 33 - '00111 -'001 33 - '00105 -'00050 -'00066 -'00088 -'0007 1 -'00044 -'0011 4 
19 14 .. ' - '00185 -'00184 -'00201 -'00183 - '00166 -'00205 -'00166 -'001 44 - '00110 -'00121 - '00121 -'001 43 - 'OOIU - '00166 
20 14 ... -'002 3 0 - '00201 - '00212 - 00200 - '00189 - '00211 - '00182 -'00160 -'001 3 2 - '00154 -'001 9 2 - '001 9 8 -'00187 -'001 93 
21 14- .. - '00269 - 0022 9 -'0022 3 -'00206 -'00200 -'001 94 -'00166 -'00160 -'00166 - '00187 -'002 3 6 -'0023 1 - '00225 - 00208 
22 14 ... - '0023 6 -'00218 -'00223- - '00206 -'00189 -'001 77 -'00160 -'00166 -'001 77 -'0018 7 -'00242 -'00269 -'0025 8 -'002OS 
23 14 ... -'00202 -'00207 -'00189 -'00167 - '001 7 2 -'001 55 - '00144 - '001 55 - '0017 I ,- '0017 6 -'00220 -'00264 - 0024 2 - '00187 

Range .. , '00768 '007 10 '00669 '005 8 4 '0058 3 '00588 '00553 '00537 '00558 '00605 '00753 '00786 '00747 '00633 

I 
Curves repre.entmg these v&rlahona (in broken hnea) are numbered 514 to 640 on Plate XXYIII, 

From the general likeness of the dotted and strong-line curves, neither of which is systematically of greater am'plitude than the other, we see 
that there is in this case no semi·annual inequality corresponding to that which forms so striking a part of the declmation variation: even in the 
avera&e' curves for all the years, it is seen to be very minute, the excess range being also in the half-year October to ~brch, that is, contrary to 
what IS found for the declination, ' 
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TABU; 103. 

Slwwing the mean diurnal t'ariation of HOl'izontal Force for each of tlte yea,'s 1847 to 1872. 

.847, I 1848, I 1849 I 1850, I 1851. 1802. I 1853. 
\ 

1854, 1855, I )856, 1857, I 1858, )859 

- '001 56 -'00205 - '00201 -'00157 -'0014 2 - 'OOllO -'001 33 -'00108 -'0010 4 -'001 3 1 - '0014 2 -'00(61) - '001 9 1 

- '00167 -'001 98 -'00183 -'00142 - '001 3 2 -'001 04 -'00122 - '00098 -'00095 - 'oOIl7 - 'oo1I9 - '001 5:1 -'OOJ90 
- '00167 - '001 96 -'001 74 - '001 3 1 - '00119 -'00075 - 00106 -'00086 -'00086 -'OOI0S - 'OOIlO -'00152 

-'00185 
- '00162 -'00185 -'00169 -'00124 -'00J03 -'00068 -'00089 -'00075 -'00080 - '00099 -'oor02 - 'OOJ35 - '001 76 
- 'oo15 J -'00187 -'00164 - '00117 -'00106 -'00064 -'00089 -'0007 1 -'00069 -'00082 -'00096 - '00124 - 00162 

-'00149 -'00169 - '00147 -'00108 - '00094 - '00055 -'00078 - '0005 1 - 00063 -'00065 -'00084 - 'OOlIS - '00145 
- '00122 - 'OOJ37 -'00108 -'00102 -'00095 -'00057 -'00073 -'00060 -'00058 - 00045 - 00065 - '00093 - 00113 
- '0005 3 - '00079 -'00055 -'00054 -'0008 7 -'00030 -'OOO}9 - '00044 - '09034 - '0001 9 -'00036 - ,(l005° -'00070 ,....., 
+'00081 +'00081 +'00101 + '0007 2 +'00064 +'00068 +'00075 + 00055 +'0005 8 +'00096 +'00073 + '00°93 +'00087 
+'00244 +'00286 + '002 79 +'002 3 2 + '00212 +'00203 +'00226 + 001 79 + '00177 +'0023 1 + '0021 5 + '00262 +'003 25 
+ 00380 + '00423 +'0040 8 +'0035 1 + 00340 + '0°30 9 + '00341 +'0029 6 + '00277 +'003 24 + '003 23 +'00394 + '0047 1 
+'00398 +'00479 +'0046 3 + 0039 2 +'00392 +'00345 +'00377 +'00330 + '003 12 + '00353 + '00360 +'00464 + '005 19 
+ '0038 3 +'00434 + '00427 + '00358 +'00368 +'0°306 + '00355 + 00299 +'00288 +'0°325 +'0°343 +'004 25 +'00488 
+'0030 7 + '00342 + '0033 1 +'00293 +'0030 3 +'002 46 + '00286 +'00228 + '00226 +'00236 + 00277 + 003 27 +'0036 7 

+ '0021 9 + '0021 9 + '00216 +'00187 +'00200 + 0 01 44 +'001 77 +'00146 +'00148 +'0014 3 + '0017 8 +'001 97 + '002 3 0 
+ 'OO1l2 +'00122 + 00JJ5 + 00097 +'00084 + 00034 +'00067 +'00°54 +'0005 8 + '00057 + 'C0082 +'0009° + '00107 
+ '0002 5 + '00046 +'0001 9 +'00005 - 'ooon - 00055 - 00034 -'00020 -'00009 -'0003 1 - '00005 - 'OOou + '00002 
-'00054 -'00032 -'0005 2 -'00059 - '00075 -'00084 - '00107 -'00078 -'0006 7 -'oo08S -'00068 -'00079 - '0001 8 
- '00113 - '00095 - '00100 - '00124 -'001 32 - 001 36 - 001 5 1 - '00127 - '00127 - '001 3 6 - '00122 -'00146 - '0017 1 
- 'OOJ58 - '00147 - '00160 - '00162 - '00183 - 00182 - 00186 - 001 64 -'00166 -'OOJ76 -'001 78 - 'OOJ8S - '00210 

- '0°17 6 - '0017 6 - '00190 - '00175 - '00186 - 0018 7 -'001 95 -'00169 -'00166 -'001 94 -'00187 - 00217 - '002 38 
-'00181 -'00209 -'00207 - '001 78 -'00183 - '00 17 6 - '00181 - 001 56 -'00162 -'00182 - '00192 -'0023 J -'0024 1 
- '001 9 2 - '00216 -'0021 7 - 001 76 -'00180 - 00146 - 0017S -'co138 - '00140 -'00168 - '001 75 - '00214 - '00227 
-'001 76 -'00207 - '00212 -'00165 - '001 59 - '00120 -'001 46 - OOIl7 - '00124 -'00148 -'001 58 -'00189 -'00218 

'00590 '00695 '00680 '0°57° '00578 '0053 2 '0057 2 '00499 00478 'ooS47 '0055 2 '00695 '00760 

I 



TABLE l03-continued. 

Bombay CIVIl Hours. I 1860. I 1861, 1862, 1863, 1864, 1865 1866, I IS67. I 1868, I 1869 I 1870, 1871, 
\ 

1872, 

h, m, 
0 14 ' .. ... - '00179 -'00181 - '00161 -'001 53 - '00144 - 'oon6 -'00099 - 'OOlI 9 -'001 35 - ",6, r -~"69 -'002 33 -'00209 

J 14 .. , ,.' - '001 76 -'00164 -'001 5 6 - 00128 - '00125 - '00105 -'00099 - '00116 -'001 35 -'00164 -'0023 0 -'00236 - '0021I 

2 14 .. , .. - '00179 -'001 54 -'001 42 -'OOII7 -'00111 -'00094 -'00083 - 00110 -'00121 -'00151 -'002 3 1 -'00220 - '002 17 
3 14 ... .." - 00171 -'001 5 1 - 001 39 - 00105 -'00100 , - '00083 -'00083 -'00108 - '00121 - 00156 I - '00230 -'00206 -'00200 

4 14 '" .. , -'00162 -'0014 2 - '00128 -'00097 -'00091 -'00066 - '00077 -'00094 - '00110 -'001 5 1 -'00217 -'00206 -'00187 
5 14 .. , , .. - '00148 - '0012 3 - 'oOIl7 -'00089 -'00086 -'00069 -'00069 -'00085 -'00102 - '001 37 -'00203 - '001 95 -'00184 

6 14 .. , ... -'0012 9 - 'OOIl5 - '00095 -'00069 - '0007 8 -'00061 -'00061 -'00074 -'00088 - '00109 -'001 75 -'001 59 - '00154 

7 14 .. .. - '00081 -'00061 -'00050 - '0002 5 - '0002 7 -'00022 - '0001 4 -'00030 -'00047 -'00049 -'00093 -'00066 -'00077 

8 J4 .. , ." +'00 095 + '00089 + '00083 + '00103 + 00100 + '00077 +'00088 + '00077 + '00°47 +'00065 +'00079 +'00093 +'09060 

9 14 '" .. +'00300 +'00265 +'0024 8 + '002 4 2 +'002 3 6 +'00216 + 002 3 2 + 00221 + '00182 +'0021 9 +'00280 +'00288 +'00269 
10 14 '" ... +'00437 +'0042 7 +'0038 7 +'00345 + '00330 +'00340 +'00301 +'0032 9 + '00298 +'0037 1 + 0047 0 +'00459 +'0045 0 

II 14 '" .. ' + 't>0 5 0 5 +'0048 9 + '00446 + '0037 8 +'0038 0 +'00360 +'00348 + '0035 1 + '0035 6 + '004 23 + 00538 +'005 2 2 +'005 10 

12 14 ... .. + '00471 +'00441 + '0040 9 +'0035 8 + '00335 + '003 16 + 003 0 9 + 003 15 + 00337 +'00390 +'00530 +'005 28 + 0049 1 

13 14 '" .. +'0038 4 +'00346 +'003 14 + '002 75 +'002 5 8 +'002 3 0 +'00204 + '0022 7 + '002 57 +'003 13 + 00437 + '00434 + '00381 

14 14 '" '" +'00247 +'00221 +'001 95 +'00169 +'001 5 0 + '001 3 6 +'00122 + 001 35 + '001 5 1 + 00203 + '003 1 3 + 00283 +'002 3 6 

IS 14 '" ... + 00101 + 'OO10t + '00075 +'00075 +'00047 +'00044 +'00055 +'00066 + 0009 1 +'00101 +'001 76 + 00159 + '00148 
16 14 '" ' , +'00005 - 'OOOIl +'00006 - '00022 -'00022 -'0002 5 - 0002 7 -'0001 4 + '00022 - '0001 3 +'00077 + '00038 +'00049 

I7 14 '" .. - '0007 8 -'00089 -'00078 - '0009 1 - '00094 -'00089 -'0009'1 -'00066 -'00033 ,- co060 - '00005 -'00055 -'0003 2 

18 14 .. , .. , - '0012 3 - '001 43 - '001 33 -'001 45 -'001 3 8 -'00124 -'001 35 - '00110 - 00080 - 00093 -'00099 - 'oOIl8 -'00079 

19 14 ... . .. - 00202 -'001 9 2 - '00184 -'00183 - '0017 2 - '00188 - 'ooql -'001 5 2 - '0012 9 - '001 37 - 'OO159! - '0016 7 - '00140 

20 14 '" .. ' - 002 35 -'00212 - '001 9 8 - '001 9 1 -'00180 - '00188 - '091 7 1 -'00160 - '001 38 -'001 7 0 -'00211 - 00209 - '0018 7 

21 14 .. , ' .. - '002 5 2 - '0022 3 -'00212 - 00200 -'00180 - 001 7 2 - '00168 - 00154 - 'OOl60 - '001 9 8 - '002 47 -'002 36 - OOl[[ 

22 14 ... - '00222 -'00209 - '00206 -'001 9 2 -'00169 - '001 55 -'001 57 -'00149 - '00163 - '00189 - '002 55 - 00255 - '00233 

23 [4 .. , .. , -'001 99 -'00201 -'00183 - '00169 -'001 5 0 - '001 41 - 001 33 - '0014 1 - '001 5 1 - '00181 -'00247 - 002 58 - '002 3 1 

. 
Itnl1!,"o .. , .. '00757 '007lZ '0065 8 '0057 8 '00560 00548 005 1 9 005 II 005 19 '00621 'ooS07 '0°7 86 '00743 

I , 
232" Tl~e coefficients ?f, the series (!J) r see paragraph 1481, expressing the equivalent nort~ magnetic force to the devi<ttion of the horizont,al fo~ce 

IJId~nct from lt~ Burmal pO:;ltwn at each hour, havo been calculated for each month of the typIcal year and for ('<{('h of the years 1847 to 1872, WIth 
the results :,hown in Tables 104 and 105, 
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TABLE 104. 

Showing the calculated values o'tke coem"ients At B' i B· A B· A an J D ;yo the A • 

() 
h' h 'J J.lfN '1' .a" J, " ., • ~ "', .,. 8,,1"/,e8 

y tv LC expresses the mean .olar-diurnal variation lor each mo-nth of the year and lor the 
whole year, 

V.t.LUl8 0,. 11Dii COEnlClEIiTS 0' TO FDIft FOUB PAD18 0,. TERIIS 0., THE IIIERI.s (Y), 

MONTHS. 

I r I , .AI 0. .As Bs .Is Os .A, B. 

~' 

January ,', -'OOZ41 +'00022 +'oo09z +'00003 - '00025 + 'oooz7 +'00006 -'00015 

February .. , -'00268 +'00023 +'00115 -'00008 -'00034 +'00030 +'00008 -'00016 

Ma.rch ' .. -'0029° +'00041 +'001 35 -'0002 7 -'00032 + '00045 '00000 -'0002Z 

Apnl .. , -'ooz80 +'00045 + '00133 -'00038 - '0002 7 +'00045 - '00013 - '00027' 

lUay .. , - '002 7 1 +'00059 +'00124 -'00035 -'00018 + 00030 - '00005 - '0001 5 

June .. , - '00z45 +'0005 8 +'00u8 -'00033 -'00021 +'00022 -'00005 -'00007 

July ... - 'Ooz4° +'000 54 +'00115 -'00032 -'0002 3 + '00021 -'00001 - '00009 

August , .. - '00z30 +'00036 +'00108 -'00009 - '00024 +'00024 '00000 -'0001 5 

September ", -'0021 3 + '00023 + '001,07 +'00095 -'00036 +'00033 +'00001 -'00026 

October, '" -'ooz47 +'00056 +'00124 - '0002 3 -'00032 +'00046 +'00008 -'0002 7 

November ... -'00262 + '00069 + '00103 - '00029 -'00014 +'00041 -'00001 - 0001 7 
December ". .'00243 +'000 43 +'00090 -'0001 3 -'0001 9 +'0003 1 00000 -'00015 

is--

Year .. ' .. - 'o025 z +'000 44 +'00Il4 -'00020 -'00025 +'00033 00000 - '00018 

TABLE 105. 

Showing the calculated values o( the coeffillients A •• B 1 ; ..12• B!; A8, Ba; A, and B, in the 
,eries (y), '/.Chich expresses the mean solar.diurnal variation for each of the years 1847 to 1872. 

V ALUEB 0" THB COEUICIBNTS OJ' THE FIllST I'OUB 'PAIBS 0' TEtlMS 01' THB BEttlES (y), 

YIlABS, 

I .AI H1 .As B'/, I .AB I B3 I .I, I 0, 

. 
1847 ... ..' -'00262 +'00025 +'00088 -'00011 -'0001 7 + '0003 1 -'00004 -'00014 

1848 '" ,., -'0030 3 + '0001 5 + '00 II 9 - '0003 2 -'00025 +'00046 -'00002 - 00021 

1849 ." .. -'00291 + '00031 +'00114 - '00022 -'00025 + '00041 -'00016 - '00041 

185 0 .. , .. -'0024 0 + '00037 +'00109 - '0001 7 -'00024 +'00031 -'00005 - '0001 7 

18S1 , .. ." -'00235 +'00045 + '00117 -'00009 - '00029 +'00026 -'00001 - '0001 4 

185 2 ... .. - '001 9 1 +'00065 +'00104 - '00012 - '00025 +'00025 +'00002 -'OOOlS 

1853 ' .. , .. - '00222 +'00062 +'00116 -'00014 - '00029 +'00025 -'00003 -'OOOIS 

1854 ". -'00185 + '00053 -+' '00098 - '00009 -'0002 3 + '000:22 '00000 - 00020 

1855 .. , ... -'00184 +'0005 1 +'00094 -'00005 -'00018 +'00020 '00000 - '0001 7 

[SS6 ,.' ... ' - '002Il + '00066 +'00096 -'00020 -'oOOIS + 00026 +'00001 - '0001 7 

1857 ... ..' - '00223 + '0005 1 +'00103 -'ooooS - '00021 + '00026 '00000 - '0001 5 

1858 " " - '002 73 +'00056 +'0012 5 -'0001 9 - '00028 +'00037 +'00004 - ' 0001 9. 

1859 ' , ., -'00316 +'00054 +'00143 -'0003 1 -'00030 +'00042 '00000 -'00026 

1860 ,.' ., -'00308 +'000 44 +'00143 - '00023 -'0002 7 +'00042 +'00006 -'00020 

1861 .. .. , -'0028 7 + '0005 1 +'00134 -'00024 - '00033 +'00039· + '00001 -'00020 

1862 .. , ... -'00265 +'00050 +'00121 -'00021 -'00028 +'00037 +'00003 -'00018 

1863 .. , " -'00234 +'0006 4 +'00106 -'0001 7 -'00022 +'00028 -'00003 - '00011 

186~ ." .. , -'00218 +'00062 +'00103 -'0002 3 - '0002 3 +'00030 -'00003 - '00014 

1865 ... .., -'00203 +'00066 + '00101 -'0001 7 -'OOO!1o +'00031 - '00001 -'00023 

IS66 ' .. -'001 93 +'00065 +'00097 -'00021 -'0001 5 +'00030 ... ·00002 - '0001 7 

1867 ... ..' -'00204 +'000 47 +'00095 -'0002S -'OOOIS +'00031 -'00002 -'00019 

1863 ... ..' - '0021 3 + '00022 + '0009 1 -'00013 -'00024 +'00029 + lOCOOS -'00019 

1869 ... -'00260 +'00026 + '00112 -'00022 - '0002 7 +'00035 +'OCOO4 - '0001 3 

1870 '" .. ' -'00360 '00000 +'001 37 - '00019 -'00032 +'00043 +'00001 - '00018 

1871 .. -'00349 +'00018 +'001 39 - '00021 - 00036 +'00039 +'00001 - 00010 

1872 ... " -'00321 +'00009 +'0012 7 -'0002 9 -'00034 + '00047 +'ooob5 - '00022 

I 
. 
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233, With respect to the effect of prngressive change of horizontal force 011 til( ,I' 
coefficients, the remarks made in paragraph 149 apply aho in this ca,.,c: the' grC.J.tf-t 
chanO'e of scale reading in a year is 2'07 wllich is at the rate of ~b()ut '006 }JCf d.l'., (.r 
'00002 expressed lD force; h~nce the greatest effect on the coefficients wIll be Iv,:, '1 hall 
unity in the fifth place of deCImals and may be dIsregarded, That part r,f the 1,rc)!:,'Tcb lW 

change which is due to annual variation of the horizontal force may, it will be seen fr'l111 
paragraphs 235 to 240, also be neglected. Even for the month of January 1851, when the 
untwisting of the wire caused a chan~e of scale-reading at the rate of about '03 lwr (Lv, 
the greatest effect on any of the coefficient;; is only about '00003, and before the end ~f 
the following month this had been reduced to '00001. 

234, Variationfrom year_til yea?' in the range of the 1Ju'an dillrnal cariatlO1! (Jf IIul I. 
'lontal FOl'ce,-These ranges for the summer and winter half-years and for the> fuil r('ar~ 
are shown at tlk feet of Tables 10] to 103 and their change« from year to year arc grr;phie
ally displayed in Figs, 259 to 261 (Plate XVI), As in the correspondi.ng declillatJ.)fl n>ults, 
so here the sun-spot period is strongly marked, the maxima occur in 1848-49, 18 59-GO a.nd 
1870-71 and the minima in 1855 and 1866-68; and the maxima and minima, taken in Older, 
are of the magnitudes '00687; '00478 ; '00758; '00516 and '00796: the average rnaXllllum 
range is here, as in the case of the declination, about half as great again ail the avcn'gL 
milJlmUm, 

235, Annnal variation,-In paragraphs 197 to 205 and 211 a method \\-as de",cribeu 
of finding the secular variation of horizontal force from mean monthly scale-reading., of 
Grubb's magnetometer, inclusive of disturbances, :For the present purpose that method 
has been applied also to the monthly means of the final normals-after the exclusion of dib
turbances exceeding '00334 in amount, In this case the periods of approximately unifonll 
rate of change of scale-reading are taken as 1847'0 to 1851'0,1851'5 t" 185'3'0, l853'O to 
1856'0, 18600 to 1866'0, and 1866'5 to 1873'0, and the corresponding rates of imrca."Ic 
are +197, +1'95, +1'34, +056 and +0'44 for the epochs 1849'0, 1852'25, 185,15, 
1863'0 and 1869'97 respectively, and the last is still 0'44 when corrected to the epoch 
1870'0, Allowing for the values of the scale-coefficient at the different epochs, indicated 
in Tahle 82 (paragraph 203), and assuming-as before-that the growth (or rathudecay) 
of the rate of increase between the epochs is at a uniform rate, the secular changes frolll 
the several epochs to each month of the periods to whICh they correspond are calculated 
and found to be as follows :-

TABLE 106. 

Year January, February March, Apnl, May June July I August September october'lNovember Deccmhcr 

---- -·--1----1----1---- ----1---

I 
1847 
.848 
1849 
1850 

1860 
1861 
1862 
1863 
1864 
1865 

1867 
1868 
1869 
1870 
1871 
1872 

- 3 87 
" - 189 
.. , +008 

+ 205 

'.. - 0'41 

- 3'7° 
.. 1'73 
+02 5 
+2'21 

- 024 

- 354 
- 1 56 
+°41 
+238 

-008 

- 1'95 
-040 

+094 

- 337 
- 1'40 
+057 
+254 

+008 

- r8J 
- 0 29 
+ 104 

- 3 21 
- 123 
+074 
+ 2'70 

+0'24 

- 167 
- 01 7 
+ I IS 

-3 04 
- 107 
+0'90 
+ 287 

-288 
-090 

+ 1"0 7 
+3'03 

- 27 1 
-0'74 
+ 123 
+ 3 1 9 

- 255 
-057 
+ 139 
+336 

- 2 38 
- 04 1 

+ 156 
+ 3 S2 

- 222 

-02S 
+ 17 2 

+ 3 68 

- 2 05 
- 008 
+ 1 8~ 
+ 3 85 

----I---;~-- -

+04
0 

1--+_0_'5_6 ___ +_0_'7_1 __ +_0_87 ___ +_1_0_2_1:, __ +_I_I7_~+~ __ 

- I 02 I - 0 (;') - 0 76 - 1'54 
-0'06 
+ 126 

- I 40 
+0'06 
+ 1"37 

- 127 
+017 
+ 1'47 

- 114 
+028 
+ 1'58 

+039 I' +05 0 +061 
+ I 68 + J 79 + , 39 

I 

----i---- -----1---- ---1---1--- ---1---1----,----- ---

- 1"44 - I 38 - I 331 - 182 
'.. - 1'17 

-0'55 
+002 

,.. +0'57 
+ I'll 

-1'38 
- 0 90 
+0'43 
+0'02 

.. , +0'45 

... +086 

- 1'77 
- I 12 
-0'50 

+007 
+0'62 
+ 1 IS 

-134 
- 0'86 
-039 
+005 
+°48 
+0'89 

-I7I 
- 106 
-0'46 
+0'12 
+066 
+ 1'19 

- 1'30 

-0'82 
-035 
+009 
+05 2 

+094 

- 166 
- 1'01 
- 0'4 1 

+0'16 
+0'7 1 
+ 124 

- 1'26 
-0'78 
-0'3 2 

+0'13 
+055 
+097 

- 1'60 
-096 
-036 
+0'21 
+075 
+ 1'28 

- 1'22 
-0'74 
- 0 28 
+016 
+0'59 
+1'00 

- 1'55 - 1'49 

~~'~; I' ~H~ 
+080 +0'84 

+1'32 ! ,+1 37 

=~';! I 
- 024 
+020 
+062 
+ 1 0 4 

- 1'14 
- 066 
- 020 
+ 024 
+066 
+ 1'°7 

-081 +0'76 -070 
- 0'2 I - 0 17 - 0 12 f 

+035 I +039 I +O'4-l '1 
+ 089 .,. 093 + 098 

- I 28 I - I 22 

-0651 -060 
- 0 07 - 0 02 

+04)\ +053 
+ 102 + 106 

+ I S-l + I 58 + I 41 I + 1 45 + I 49 I 
----I __ -I ___ ~ 

_1'10
1

_106 -1'021 -098 j' -0(1+-
-0'62 -058 -0'551 -05 1 I -047 
- 01 7 - 0'13 - 009 - 0 06 I -° 02 
+0'27 +0'31 +034 +038 +04 1 

+069 +073 +076 +079) + 083 
+I'IQ +114 +1'17 +120 +T23 



The monthly means of the final normals are shown in Table 107 ;

TABLE 107. 

Year, January. February, March, Apnl, May, Jllne, July. 

1847 ' ' 18'16 17 84 17'96 18'14 18'44 1861 18'64 
1848 .. W 26 19'81 20'14 20'35 2060 ~O'9° 20'78 
1849 .. 21'43 21 82 22'18 22'44 2262 22 51 22'59 
1850 .. 23 66 23'93 24'25 24'40 24'53 24'55 24'41 
18S 1 21 29 21'41 2167 21'81 21 69 22'03 22'12 .. , 
1852 , , 23 24 23 04 23'41 23'57 23'97 24'17 24'18 
1853 .. 12 85 13'05 13 2 9 13'58 J3'55 13'54 13'56 
1854 1446 14 S9 14'75 14'56 14'85 IS'II 14'80 
1855 15'96 15'94 16'15 162Z 16'26 16'33 1609 
1856 .. 17'99 19'20 19'06 19'09 19'20 1889 18 79 
1857 19'21 19'38 19'35 19'35 19'21 19'27 18 96 ... 
1858 18'80 18'84 18'71 18 78 1886 18 75 18'48 .. 
1859 .. 19'15 19'24 19'12 19'25 19'26 • 19'13 19'28 
1860 '" 19 64 20'05 19'7 1 19'33 19'5 2 19'57 19 6r 
1861 .. 20 43 20'41 2044 20'5 2 20 58 2000 202 9 
1862 .. , 20'75 20'93 2 I '01: 20'94 20'9 1 20 99 2061 
1863 .. 21'15 21'22 21'42 21'34 21'53 21'31 21'18 
1864 , .. 21'83 21 92 2189 21'75 2163 21'61 21 49 
1865 , .. U'41 22'(;0 22'77 22'79 22'76 2Z 61 2248 
1866 U'98 23'06 22'95 23'19 23'34 23'43 .. , ... 
1866 .. ' '" ' .. , .. .. , 2282 2263 
1867 ' .. 23'67 23 83 23'5 8 23'64 23 66 23'57 23'42 
1868 ' .. 24'17 24'09 24'25 23'95 24 06 24'00 23 87 
1869 .. ' 24'10 24'14 24'15 23'94 2412 24'16 24'16 
1870 .. 24'35 2436 24'50 24'46 24 88 24'19 24 81 
187 1 '" 24'85 25'06 24'90 24'53 25'11 25 12 2490 
J 872 .. 25'40 25'39 25'17 25'54 25 67 2541 25 26 

August. September, October, November, "-~,.~ Anl'ul\l 
in~r.wf'n~. 

1887 19'01 18'90 18'99 1930 18'57 I +2'07 20'93 21'91 21'00 21'02 21 03 2064 
+ 1'9 1 

2277 22'80 22'90 23'09 23'46 u 55 + 193 2461 24 01 24'69 25'00 25'06 2448 
22'22 22'00 22'38 22'97 22 91 22'°4 .. ' 
24'34 24'17 24'38 2460 24'65 2398 

.. , 
1382 13'60 1410 14 16 14 2 3 13 61 

+ 133 14'98 14'92 15'22 15'47 IS 61 14'94 
1620 16'33 16'40 16'63 16 96 16'29 + 1'35 

18 70 18'67 18'73 19 oS 19'16 18'83 
1886 18'58 1869 1863 18 91 19'°3 

, .. 
18'5 [ 18'48 18'43 18'96 18'92 18 71 " 

19'56 19'08 19'16 19'38 19'44 IC'2S 
.. 

19'42 19'43 19 85 20'23 20'28 19'7 2 
. , 

+0 63 20 I7 ao 13 20'30 20 39 20'50 20'35 +041 
20 38 20'48 20'37 20 76 21'04 20 76 

+0'50 
20'97 20 97 2 I 18 21'45 21 43 21 26 

+" 54 21 46 21'46 21 91 22 24 22'38 21 80 
+070 

2[ 84 zz'I6 22'1 I 2:1'48 22'96 22'50 .., ... 
2244 22'44 22'S I 23 05 234) 

... .. 
23 25 23'1 I 23 15 23'80 24 ('2 235 6 

.. , 
+0'44 

23 80 23'54 237 2 24 27 24 2 7 24'00 
+009 

2393 23'68 23'93 2436 24'45 24 09 +0'43 
24'5 1 24 18 24'17 24'39 24 88 24'5 2 

+0'37 
24'74 2477 24 82 24'7 2 25'18 24'89 

+0'37 2508 24'99 25 09 25'12 25 06 2S 26 

236, On account of changing torsion in the wires of the horizontal force lUagnetometer no tl~e was made, for the present purpose, of the obser
vations of the years 185 t and 1856 to 1859, nor, on account of the breakage of the reading wire of the telescope, was any use made of the observa
tions of the year 1866. For the remaining years the numbers in Tahle 106 were "uLtracted from the corresponding numbers in Table] 07, the 
differences being then regarded as affected simply by the annual variation of horizontal force. The variation was taken for each year, and converted 
into force with the results shown in Table 108, where average varioltions are taken for the periods 1847 to 1850, 1852 to 1855. 1860 to 18G5, 
and 1867 to 1872 and for these period~combined. Curves representmg the annual variation for these periods are constructed in Figs. 541 to 545. 



TABLE 108. 

YeSd', 
I January, I February, March, Apnl, May, ,Tune. I July, August, September, October, November, Decemher, 

... 
1847 ' , " 

+'00180 +"00004 -'00011 - '00007 +'00043 +'00043 -'00004 + '00018 +'00011 -'00090 - 'oo1I 5 -'00065 

184 8 .. ' .. ' - '00113 ~'OOO32 + '00025 + '00043 + 0007 2 + '00122 -I '000r8 + '00014 +'003°6 -'00079 ~'oo130 -'00187 

1849 
, 

-'00079 '00000 + '0007 2 +'00108 + 'OOIl2 + '00014 +'ocol8 - '00011 - '0005 8 -'00083 - 0007 2 '00000 ' .. , .. 
---r850 , .. .. +'0002 9 +'00068 +'00122 + '00 II 9 + '00108 +'00054 -'00054 -'00040 - '00101 -'001 3 0 -'0007 6 -'0011 5 

185 2 ... ... +'00050 -'00083 - '00007 -'00007 + '00079 +'00094 +'00040 + '00043 - '00076 - '00054 - 0002 9 - '00065 

1853 , .. .., -'00007 +'0005 1 +'0005 1 + '00106 +'00044 - '00007 -'0005 1 -'00004 -'001 3 1 + 00007 -'00018 -'0004° 

1854 ,., ... +'0005 6 +'00058 +'00073 -'00036 +'00026 +'00080 -'00077 - '0005 1 - 'oOIl3 -'00044 +'00007 + 00018 

1855 .. ' .. +'00095 +'00047 +'00084 +'00073 +'00047 +'00033 -'00095 -'00091 -'00084 -'00095 - '0005 1 + 00033 

1860 , .. .. ' +'00123 + '00325 + '00101 -'001 4 0 -'00067 I 
-'00067 -'00079 -'0021 3 -'0024 1 - 00034 + 001 5 1 + 001 4 6 

1861 .. , , .. +'00207 +'00168 + '0015 1 +'00168 + '001 73 - 001 79 -'00045 -'00140 -'001 9 0 - '0012 9 - '00106 - 00073 

1862 .. , .. ' +'001 39 + '00212 + '00234 + '0016 7 +'00123 + '001 39 -'00100 - '002 5 6 - 00223 -'00312 - 0012 3 +'00006 

1863 ' , , .. +'0007 8 +'00089 + '001 72 +'00106 +'00183 +'00039 -'00061 -'00206 -'00228 -'001 39 - 'OOOIl - 0 0 05 0 
, 

1864 .. , ,,, + '00155 + '001 7 8 +'001 39 +'00033 -'00055 - '00094 -'00183 -'00228 -'0025 0 -'00028 + '001 33 , + 00189 

1865 , .. .. +'00083 + '00166 +'0023 8 +'00222 + '00183 + '0007 8 - '00022 -'00399 -'002 44 - 002 94 - 'oo1l6 + '0012 7 

1867 , .. , .. + '00182 + '00249 + '00088 + '00100 + 00088 + '0001 7 -'00088 - '00205 - 00,304 - '0030 4 +'000,33 + '001 33 

1868 , .. + '0021 5 +'00149 + '0021 5 +'00028 +'00066 +'00011 -'00083 -'00144 -'0030 9 -'00226 + 00055 +"00033 

1869 .. .. + '00115 + '00115 +'00099 -'00033 +'00044 +'00044 + 00022 -'00121 -'00280 - 00165 + '00055 +'00082 

J870 .. ' , , + 'OOOIl '00000 + 00055 +'00011 + '00225 + '001 54 +'00143 -'00038 -'0024 2 - 'o026 t - 00J65 +'oooSS 

187 1 '" ... +'00082 + '00181 + '0007 1 -'001 4 8 +'00148 +'001 37 -'000°5 - 'OOIlO - '0011 5 - 00104 - 0017 6 + '00055 

18 7 2 ' .. .. +,00181 + 001 59 +'00011 + '001 98 +'002 53 + '00088 - 'OOOll -'00126 -'ooI9~ - '001 59 - OC' 1 59 -'002 °9 

1847 to 1850 - '00011 + 00010 +'0005 2 +'00066 +'00084 +'0005 8 -'00005 -'00005 + 00039 - <;(}095 I - 00C'?8 - 'ooo~)2 .. 
1"52 to 1R55 .. +'00048 + 00018 +'0005 0 +'00034 + 00049 + '00°50 -'00046 - 00026 - 00101 - 000t6 -'oC'oz3 -'0001 3 

Tl<rJo to 1865 : + '001 3 1 + 001 9 0 + '001]2 +'00('93 + 00090 - '0001 4 - 0008z - 00240 - 00~29 - '001 5 6 - 'COOl2 +'00057 

IS67 to 187- .. + 0013 t 

I 
+ 'OOI.p 

I 
~ C'oc9° 

I 
+'ooo~6 + '001 37 +'00075 -'00004 - '001 24 - 002,P - 00204 - 00059 + 0003 0 

I I 
t I 

ISH to t87l +'000':6 + 00105 + 00N)9 +'0005 6 + 000')5 +'00040 - '00036 I - 0011 5 - '001 53 -
001 36 i - OOC46 I +'000°5 

I 
I I I : I 
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237. The corresponding results to those of Table 108, when disturbances are included In the 
investigation, arc as follows :-

TABU 109, 

Year, Jall1 .. ~ry, Februr] , :r.larch. Apot May, J'I1De. July, August. September October. IN'ovember, December 

1847 .. +'00234 +'00050 + '0002 9 +'00025 +'00086 + '00122 +'00079 +'0006 5 -'00148 - '00112 -" 00158 -'00263 
184 8 , , - '0017 6 -'00097 +'00007 + '00068 + '001 33 + '00187 + '0002 5 +'00076 +'00349 -'00148 -'002 74 - '00169 
1849 -'00086 -'00050 +'00086 +'001 37 + '001 5 8 + 00025 '00000 +'00004 -'00068 -'00079 -'00122 -'00018 
1850 '00000 + '00036 + COl22 + '00144 +'0014 8 +'00079 -'00047 -'00036 - '00097 - '001 33 -'00079 -'001 55 
18S2 .. +'00014 - 001 94 +'00029 -'00022 + '00122 +'00 104 + '0007 2 +'00065 -'00097 -'0001 4 -'0002 5 -'00061 
1853 .. + 'OOOII +'0001 5 +'00077 + 00109 +'00040 +'00022 - '00047 +'00033 - '00204 +'00040 -'00018 -'00077 
1854 _, +'00044 +'00040 + '00044 -'00069 + '00055 +'00106 -'00040 -'00036 -'00106 -'00062 +'00011 +'00026 
1855 .. +'00095 +'00044 +'00077 +'00066 +'00066 + 00047 -'00088 -'00088 -'00073 - '00117 -'od040 +'00029 
1860 " +'00180 + '0033 1 +'00022 - '00112 - '00045 - '0001 I -'0014 6 - '00286 -'00224 -'00067 + '00180 + '001 51 
1861 .. +'001 9 0 +'00168 +'001 34 + '001 9 6 + 'ooz0 7 - '00123 -'00034 - '00123 -'00207 - '00185 -'00106 -'0014 0 
1862 .. , + '00162 +'oo:u8 + '00212 + '001 73 + '0015 0 + '001 78 -'00061 -'00262 -'0021 7 -'00412 -'00123 -'00050 
1863 , .. + '0007 2 + '00111 + '00228 + '00 II 7 + '0017 8 +'0005 6 -'00067 - '0017 2 -'002 5 0 - '001 7 2 -'00033 -'00033 
1864 +'00183 + '001 94 + '00111 +'00039 -'00050 -'001 5 0 - '00183 -'002 39 - '00261 - '00011 +'00166 + '00211 
1865 ,,, +'00061 +'00144 +'002 3 8 + '00188 +'001 8 3 +'00078 -'00006 -'00460 -'00222 -'00294 - 00089 - '00161 
1867 .. +'00160 +'001 99 +'00083 +'00094 + '0007 2 + '0001 7 -'00083 -'00188 -'0030 4 - 002 3 8 +'00055 +'001 71 
1868 + '00226 +'001 55 + '001 55 + '0001 7 +'00077 +'00044 -'00083 - OOIIO -'00293 -'00254 +'00033 +'00028 
1869 ... + '00104 + '0007 1 + 00093 -'00066 -'00033 +'00055 + 00082 -'00126 -'00280 - '00121 + '00115 +'001 3 2 
187 0 , .. - '00044 - '00022 + '00060 +'00011 +'00203 +'001 9 2 + 00 209 -'0002 7 - 00302 -'0031 3 -'00088 + 001 37 
1871 , .. +'00060 -'00005 +'00044 -'0019 2 +'00187 + '001 59 +'00022 -'00104 -'00088 -'00077 -'00187 - '001 59 
1872 .. + '0024 1 +'00066 +'00049 + '00126 +'00302 +'001 37 -'00027 -'00209 -'001 92 -'0031 3 -'00060 -'001 32 

, 

1847 to 
185 0 .. -'oQ007 -'0001 5 +'00061 +'00093 +'001 3 6 +'00103 + '00014 + '0002 7 +'00009 - '00 II 8 - '001 5 8 - '001 5 1 

185 2 to 
1855 ' , +'00041 -'00024 + '00057 +'OOOZI +'0007 1 +'0007 0 -'00026 -'00006 - '00120 -'00038 -'00018 -'00021 

1860 to 
1865 ,,, +'00141 +'001 9 6 +'001 57 + 'ooroo 

186, to 
+'00104 +'00005 -'00083 - '00257 -'00230 -'001 9 0 -'00001 -'00004 

1872 .. +'00124 +'00077 + '00081 -'.00002 +'001 35 +'00101 +'00020 - '0012 7 -'00243 - '0021 9 -'00022 + '00082 
1847 to 

1872 .. , + '0009 1 +'00074 + '00095 +'0005 2 + '00 II 2 +'00066 -'OQ022 -'oorlI - '00164 - '001 54 -'00042 - 'OOOll 

~ · ~ ~ ~ ~ ~ ~~ ~. ~ It J. ~ ~ ~ ~ ;t l ~ ~ ~ ~;t ~ ~ ~ ~ ~ ~ ~ ~ ~ '~ .~:t ~ ~ \~I ~ ~~ ~ ~ ~ ~~ .. 
1 1 
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I" ' " ~-

1868 14187.1 (S7J Q ;'<f81' 1868/jj 188/ 

238, Absolute determinations of the ho~izon~l force are available from 1868 onward, and after 
correction for the difference-shown by Grubb s honzontal force magnetometer-between the force at 
the time of observation :lnd the mean force of the month, may be used as partly independent data from 
which to deduce the annual variation of horizontal force. The monthly means of the determinations so 
corrected are shown in Table 110. 



Year January. Febru· March. April 
ary. 

-- ------ ----' 

1868 80556 80491 8'0551 80606 
1869 80584 80680 80629 8 0552 
1870 , , 8 0581 80610 8 0654 80627 
1871 .. 8'0674 80681 8 0673 80628 
1872 8'0668 80643 8'0718 80770 
1873 8 072 5 80727 80757 80802 
1874 80836 80776 80789 80849 
1875 .. 8 0874 80845 80878 80918 
1~76 80899 80~1 80928 80962 
1877 8 0966 809 7 80984 80989 
1878 80999 80993 81021 81000 ... 
1879 81020 81041 81037 81057 
1880 81051 81080 81043 81089 
1381 81021 81011 81011 80987 

[ 180 1 

TABLE no. 
(In British units.) 

May. June. July. August. 

--- --- ------
80578 8'0602 80617 80444 
80524 80592 8061 3 805S~ 
Soon 8'0708 80702 80672 
80658 80705 80735 80713 
lI0793 80791 80746 80715 
8 0816 80809 8 0833 808u 
80862 80873 80866 80894 
80925 80933 80934 809[8 
80983 80981 80977 80985 
8 0963 80946 80985 8 0987 
8 0976 80987 81032 81033 
8' 1031 81051 81062 81048 
81048 8'1044 81055 80982 
81029 8' 1032 81046 8'1040 

I 1 I I Annual Seph'ID' 0 tab Novem. , Decem·, y 
her c er ber b~r I (at ! Incre-

I , "t -- ----- -- '----1----
80568 80573 80612 SOSH S 0563 I 
8061 9 80576 S 0671 1 80S82 80600 + 0037 
80642 80604 80630 I S 0685 g 06-14 \ + 0044 
80718 80752 80657 80602 8 o(>~~ i + 0044 
80744 80691 807071 S 0752 S ()72~ 1 ~ (''''4('1 

80791 80809 g 0793 801'14 807'll I + ouu, 
80875 80889 80803 8 C)79 80854 

+ 00(,3 
809(>1 80953 809SS 80<)16 80<) 13 (Y'5'l 
8'0991 8098 :; 80973 8oo'S 8 u9t>2 + U04Q 
80978 80989 80997 8 ()()(,(l 8(1)S[ + 0019 
8'1011 81014 1\'1028 81034 8101[ + 00,,) 

+ 0026 81020 81043 8101 4 8101 3 II 10,7 
81001 80987 80985 8101[ 8 J('31 

-()I')on 

81004 81023 809')5 8 <x)'>8 81016 .- uoI 5 

239. The monthly means of these numbers were taken for the periods 1868 to 1872,187,3 to IH81, 
and 18G8 to 1881, and the change of mean force from the first to the last year of ealh period, dIVIded 
Ly the numLer of years, was taken as the annual rate at which secular increase should be allowed for fr(l]1I 
month to month, att"r such allowance the variations were taken, and converted into ?n1n-/II!l"~ umts of 
force, with the results shown in Table 111 :-

TABLE 111. 
. Deccm-Perrod, January February March. Ap1'll. May, June. July. August. September October NovemblT 

her 
-- --- --
r868 to 1872 -'00055 - '00037 + 00060 +'00005 - '00028 + '00171 + 00171 - 00115 + 00023 - 00078 - '0002 3 - 00074 
1873 to 1881 - 00046 - 00065' -'00037 + 00055 +'00032 +'00037 +'00097 + 0004' - 00037 + 00014 - 00040 - OCA)5S 

11868 tLlI881, , - 00046 - '0005 1 '00000 + 00037 + 00014 + 00088 + 001 2 4 - 0001.1 - 00014 - 00023 - 00037 - :0065 

~40. The numbers of this table are curved in Figs. 546 to 548. They are, of course, less 1 egular 
than those of Table 108, and, so far as they indicate a systematic variation at all, it is of' less rall~e and 
difrelent in character from that indicated by the numbers of Table 108. Here there is a tewleney, in 
both periods, to a maximum about the middle of the year and a minimum ahout the end of the year, 
whilst the main features of Figs. 541 to 545 are a maximum about the vernal equlllox and a minimum 
about the autumnal equinox. In the latter case the range is, however, much smaller in the ear Iy period~ 
(Figs. 542 and 543) than in the later periods (Figs. 544 and 545). The only apparent way of rec(JIl('ihn~ 
the two unlike variations is to suppose that at the top of th€ Electrometer Tower, where the ahbolut(· 
dl,terminations are made, the magnetic field is subject to a different annual variation from that of the 
magnetic observatory below, where the horizontal force magnetometer is placed. Failing this, tho magne
tometer must be regarded as subject to unknown non-magnetIC influences which have a systunatic allnual 
yuriation. . 

241. Ser:lIlar c71ange.-;-In paragraphs 198 and 235 we found the annual increments of horizontal 
force at different epochs, when disturbances were included and excluded rel'lpectively, to be as ShOWlllll the 
following table:- T 112 

ABLE • 

INCLUDING DISTlTRBANCES, EXCLUDING DISTURBANCE~. 

At Epoch. 
I 

Scale·dlvlsIOn. U mt of force. SCd.le dIvIsIon 
I 

U mt of furee. 

1849'0 2'04 '0°73 1'97 •C07 1 

1852 25 ... 2'02 '0°73 195 007° 
18545 1'37 '0°5° 134 '0049 
1863'0 057 '003 2 056 '°°3 1 

187°'0 030 '0016 044 '002 4 

The annual mean values of absolute horizontal force given in tho last column but one of Tahle 110, 
:,;:lOW that the average annual increments, in successive periods, were as fullows:-

Bntlsh Umts mm·mg 8 Umts. 

From 1868 to 1872 + '004 1 + 001 9 

" 1872 to 1876 .. +'°°58 + 0027 

" 1876 to 1879 .. + '0025 + ?012 

" 1879 to 1881 -'0010 - 0°°5 

It thus appears that the rate of inc I ease, which had been diminishing since 1847, incte.lsed from 
the firRt t? the second of these periods, reaching a maximum about the beginnillg of 1874. and then 
began agam to decrease, which it ha'! continued to do ever slIlce. It will be notiu'd that the fOf(t.' It"plf 
was-like the easterly declmation-a max.imum in the year 1879 and that the (hminutiuLi "hie h ful10weJ 
has continued ever since. 
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24~. T,II,wr di1m~Lll t-arirtli"".-The data u itd tU;" thi.<; inVtbtigation are the observations ofthc 
t .It'nty .. ,>ix anti a half year., 1&46:' to l:-li3·O. TLe metho..!-of tl'eah.lent adopted wa.~ to form from the 
n1l) lltlJl.\· .lL;-,trads, talJk., I)f lunar dlffeT,.ncc8, an.] thpn lunal' abstracts in the manma described ill 
raraglciI,h leO, th,) num),ers opeJ:ih.d upon being thrOugh0Ut ~(ak-readings of GruLb's horizontal lol'ce 
ma<~net()tndcr. TLe &eparatin~ value~ u'loo-the e,!uh-alent'i of '00;)34 of force-are those shown !U 

I,ara~'7ltf'll 177; and the con&t.'lnt number by wlll( .. h the final nonn~ls were diminished, in order to 
In vid posltn e and negative differences, was 1 00 sc. di\,. 

243. The following taLles show the hourly ex(ei>~es found on each ofthe forty-eIght lunar abstract,:: 
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DECLIC'lATlO:< Of MOON J 
Phase of Moon New. 

Bomhaj Lunar Hour N"o..emher to I 
Ja.nuary. 

l 

May to 
July. I 

August to 
October. 

I 1 2 3 

-----------------1------- 1--------1--------

o 
I 

2 

3 
4 
~ 
6 

7 
8 
9 

10 

T [ 

12 

13 

14 
[5 
16 
17 
18 

I!} 

20 

21 

2l 

23 

- 00003 
- '00011 
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- '00035 

-'0003 2 
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- 00003 

+ 00002 
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1------; ----- ------
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+ 00005 
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- 00001 
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1 I 1 
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- 00001 
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'Apnl 
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'l'ATILE 1 t4. 

F,rst Quarter 

May to 
July 

5 

August to 
October. 
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November to 
Jan11ary, 
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Full. 
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February to 
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May to 
July 
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OGtober, 

12 
-------1------1--------/ ------- -------1 -----1------1----___ 1 ______ _ 
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lJt.lLI'4T10N or }loUN. I 
I 

l'La.e of :'looD New. FU"st "Quarter. 

Novembertoi February to I I 

BUIJ1I)~y Lun .. r Uou .... Augu.t to November to I May to I J anu .. ry A pnl. October. Ja.nuary. July. 

1 2 3 40 5 

------
0 .. , - '00011 -'00016 - 0001 5 - '00012 - '0001~ 

I .. , - 0001 9 -'00033 -'0001 9 -'00018 -'00008 
2 .. - 'OO02S - 00030 - 00018 -'00009 +'00002 

3 .. ' -'00029 - '0002 7 + 00008 +'00001 +'00001 

4 -'0001 4 - 0003 2 +'0001 3 +'00021 +'00006 

5 - ooooS -'00016 + '00005 + 0001 4 + 'ooooS 
6 .. -'00003 + '0001 9 - 00002 - 00008 +'00008 

7 .. +'00004 + 0001 4 - 00001 - 00007 -'00008 
8 .. ' - '00001 +'00018 + 'ooO[J +'00008 - 00010 

9 + '00006 +'00010 - 00003 +'00010 +'0001 3 
10 ., + 00002 +'00005 + 00002 + 00024 + '0001 7 
II , .. ,'00000 +'00012 -'00007 +'00016 +'ooooo! 
1Z .. - 00002 +'00009 +'00010 +'00010 -'00002 

13 -'00003 + 00018 + OOOU + '00003 - '00003 
I I -'00007 +'00022 - '0001 I -'00003 - 0001 I 
IS .' - 00004 +'00010 +'00003 -'00007 +'00010 
16 + '00002 -'00007 +'00006 - 00003 + OOOIZ 
17 + 00003 - 00011 + '00028 -'0001 5 - 00035 
IS .. + '00007 -'00006 + '0001 7 - '0001 4 - 0001 3 
19 .. ... 'OOOIS +'00009 -'00003 - '0001 I - 00022 
20 +'0002 4 + 0001 9 - 000 48 - 00007 +'00007 
2[ .. , +'00028 + 00027 +'00021 -'00008 + '00012 
22 + 00021 -'00003 -'00003 + 00007 +'0001 3 
23 .. , + 'oc'OIS -'00021 -'00002 + 00009 + 00016 , 

u, Ai - 00001 - 00016 -'00005 - '00005 + '00001 ...- lIt '00000 - 00005 '00000 + 00008 + 00004 p 
.~ A~ - 0000-1 - 0000 3 -'00005 + '00004 + 00004 CJ 

!B BJ - 0001 5 -'00013 +'00003 -'00004 -'00004 

8 .As -'00001 - 00003 +'00001 -'ooe05 -'00002 
B3 - 00006 -'00010 - 00001 '00000 - 00005 

Number of )ulIl1rdays' 

I observatlODS in abstract, 3 0Z SCi 3l 86 SO 
, 

TAnE 115. 

8ot'r1L 

Full 

I I 
August to February to May to August to 
Oduber Apru. July. October. 

6 7 8 tl 

- 0=003 +'00007 + 00006 + '00001 

+ '00002 + 00008 +'00002 + 0001 3 
-'00004 +'00<71 9 +'00004 + 0001 5 
-'ooo0o! + '0002 7 + '00001 + 0001 3 
- '00005 +'00008 + '00007 +'00009 

-'00005 - 00008 + '00006 +,00004 

-'00009 +'00010 +'00003 +'00006 

-'00004 + '0002 5 + '00005 +'OOOTS 
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Laat Quarter. 
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July, 
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244. The last six numbers but one in the several columns show the values of the w(;ffir lellt~, 
derived from the tespective sets of hourly excesses In the series 

lle=A1 co8 6+B1 sin e+A2 cos2 8+B2 sin2e+&c. 
III which e represents the hour angle and li8 the exce::;s for the corresponding hour. 

Curves have been constructed, in the usual manner, to repre::.ent the:oe variations, and <>'Pl'c ,if il.' 

];'lgS. 549 to 596 on Plate XXIX. 
245_ By means of the sums and numbers of day" marked at the feet of the lunar uh.,trart, (t'lI.].!

nations were also maxle tir<;t irrespective of the moon's decllll.ltlOn, and then llTe'>pectlve ()f tIle ILl,!, I t 

the moon. The l'e1;ults-gh-ing the mean excesses for all the days fur \\ hlCh entrit:s of htllar J,ifc, L.,LL' 

a1'e found-are bhown in Table~ 117 tu 120. 



COLABA OBSERVATORY. 
LUNAR DIURNAL VARIATION) OF HORIZONTAL FORCE 
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THt /lJUMBER5 WITH WHICH THE CURVES ARE MARKEO REPRESENT THE NUM8ER Of DAYS' OBSERYATIONS fRO'" WHICH TH_ SEVERAL VARIATIONS HAvt lEEN fOUND 



PWASE OF THE. 
MOON. 

SOMBA" .. UNA_ 
HOUR ~ t---r---,.---

z 
o 

:r 
I
:::J 
o 
rn 

NEW MOON. FIRST QuARTER 

Plate XXIX CONTINUED. 

FULL MOON. LAST QU-ARTER 

o o 

I 
- _, - -4 

-: - ~ . 
; 

-~ ---------~-, ---,-



- , ---,------

z 
o 
I- t--~--
-t: 
Z 
.J 
U 
1M 
Q 

.. ... , .. .... _ ... ~ .. --- I ...... - ..." 

~ 

I \ / 1 ~ 

,.. • - ,. &or' ._ t~~ _'~;:......;=-------..:..--...:.--_'__ ___ _ 

THE NUMBERS WITH WHICH THE CURVE8 ARE MARKED REPRESENT THE NUMBER OF DAYS' OBSERVATIONS FROM 
WHICH THE SEVERAL VARIATION8 NAV&. BEEN FOUND. 



TABLE 117, 

PUAJlB 011 M 0011 NBw, FmaT QUUTBR. 

Bomb&y November to February May to August to April to October to I Year, November to Febru:.1 May to August tq Apnl to October to Year, L1llI&r Hour, January, WApnl, July, October, September, March. January, to Apr) July, October, September, M&reh, 
~" 

. 
0 '" - '00006 -'00006 -'00007 -'00006 -'00007 -'00005 -'00006 -'00001 +'00003 +'POOOI -'00004 '00000 -'00001 '00000 

I , .. -'00016 -'00010 - '00011 '00000 -'00009 -'00009 - "00009 - "00001 -'00001 +'00002 -'0"004 -'00001 -'OOOOT '00000 

% .. , - '00029 -'''°01 3 -'00009 -'00008 - '00009 -'00020 -'00014 +'00003 - '00003 -,"00003 -;- "00009 -'00005 - '00001 -'00002 

3 .. , -'00033 -'0001 5 - '00009 -"00012 -'0001 3 - '00021 -'0001 7 -'oooot +'00002 -'00006 -'00008 - '00006 -'00001 -'00003 

4 .. ' -'00019 - '00022 -'00007 -'00004 -'00010 -'00016 -'0001 3 +'00009 -'00005 -'00003 - "OOOIl - "00007 + "00003 - '00002 ... 
s. .. ' -'00009 -'0001 3 -'00003 -+'00003 -'00002 - '00008 -'00005 +'00004 - '00004 -'00004 -'00010 -'00008 + "00001- -'00003 

6 .. , -'00003 -'00005 -'OC002 - '00003' -'00002 -'00005 -'OQ003 '00000 '00000 ,+ '00002 -'00010 -'00004 '00000 - "00002 

7 .. , -'00001 -'00004 +'00003 -'00004- - '00002 -'00002 -'00002 +'00002 '00000 -'00003 -'00005 - '00005 +'00002 - '00001 

& , .. '00000 +'00001 -'00001 -'00001 -'00001 '00000 '00000 + '00006 +'00002 -'00007 +'00001 -'00004 +'00005 + '00001 

9 .. ' + '0000$ +'00001 -'00003 + 'ooooi' -'00001 +'00003 +'00001 +'00009 +'00004 ":'00002 +'00009 +'00003 +'Qo007 +'0000$ 

10 .. ' +'00003 +'0000$- -"00004 +'00001 -'00002 +'00004 +'00001 + '00010 +'00006 + "00002 +'00004 +'00003 +00008 +'00006 

\1 , .. +'00003 +'00001 +'00002 - '00001 +'00001 +'00001 +'00001 +'00010 +'00003 - '00001 '00000 - '00001 +'00007 +'00004 

12 , .. -'00001 +'00007, -'00001 +'00004 . +'00003 +'00002 +'00003 +'00003 +'00002 +'00002 -'00001 -'00001 +'00003 +'00002 

13 .. , -'00002 +'00006 +'00001 + '00006 +'00004 +'00002 +'00003 - '00007 -'00007 '00000 +'00012 -'00007 -'00004 -'ooooS 

14 .. , -'ooooS +'00004 '00000 +'00005 +'00003 - '00003 +'00001 -'0001 5 -'00008 -'00008 -'00009 -'00010 - ''Oooro -'00010 .. 
I!- .. , -'00001 + '00003 '00000 +'00005 +'00003 +'00001 +'00002 - "0002$ - '00020 - '00005 -'00010 - '00010 - '00020 -'00014 

16 , .. +'00004 - '00007 +'00004 + '00003 +'00003 -'00001 +'00002 -'00021 -'00014 +'00004 -'00003 +'00001 -'00018 - '00008 

17 , .. +'0000$ -'00001 +'00003 +'00010 + '00005 +'00003 +'00005 -'00020 - 'OOOIl -'00008 +'00005 '00000 -'0001 7 -'00008 

1& .. ' ... '00011 +'00006 +'00006 + '00008 +'00007 +'00008 +'00008 -'00007 -'00002 -'00002 +'00009 +'00004 - '00005 '00000 

19 .. ' +'00014 +'00010 +'00007 - '00001 +'00007 +'00008 +'00008 -'00004 '00000 '00000 + '00015 +'00007 -'00001 + '00003 

10 , .. + '000%3 +'00014 +'00005 -'00003 +'00006 +'00014 +'00010 +'00010 +'00008 +'00008 +'00005 + '00007 + '00009 +'00008 

as , .. + '00024 + '00021 +'00009 + '00012 +'00009 + "00024 + '00016 + '00010 +'0001 5 +'00016 +'00010 +'00015 +'00012 +'00014 

U , .. +'00020 +'0001 5 +'00002 '00000 +'00004 + '00014 +'00009 +'00011 + '0001 5 +'0001 4 +'00008 +'00014 + '000 II +'0001 3 

23 .. ' +:~OOIS +'00008 +'00004 -'00003 +'00001 +'00012 +'00006 + '00013 +'0001 7 + '00007 + '0000% +'00008 +'00011 +'00010 -
Number of lunar 
d&y~ obaervaUons 
in abstra.ct , .. 438 , 417 47 0 455-, 919 861 1780 480 459 ..189 49.1 966 954. 192C1 



TABLE 118. 

PRASE OF MOON FULL, LAsT QUARTER, 

-

Bombay November to f February to May to August to Apnl to October to November tol February to May to I August to April to \ October to -

Lunar Hour, January. April. July, October, September, March, Year, January, AprIl, July, October, September, March, Year. 

l) .. +'00006 -'00002 +'00003 -'00005 + '00003 -'00003 +'00001 -'00007 - 'OOOIl -'00005 '00060 -'00005 -'00006 -'00005 
-

I .. +'00010 -'00005 '00000 '00000 + '06002 + '00001 +'00002 - 00012 - 00009 -'00009 - '00002 - '00007 -'00009 - '00008 

2 .. , -'00003 -'00004 +'00001 -'00009 '00000 -'00007 - 00003 -'00023 -'00007 -'00007 -'00006 -'00008 - '00014 - '00011 

3 , .. -'00003 -'00008 - '00002 -'00007 - '00003 -'00008 - '00005 - '0002 9 - 'OOO~02 +'00004 -'0001 3 -'00003 - '00018 -'00010 

+'00'091 
, 

4 .. -'00002 -'00002 +'00004 -'00004 -'00004 - 00001 -'00022 -'00007 - '00001 -'0001 3 -'00004 -'0001 9 - '00011 

5 .. ' + '00002 + '00001 + '00005 +'00001 +'00005 '00000 +'00003 - '00005 - 'OOOIl +'00001 - '00007 -'00002 -'00008 -'00005 

6 .. ' +'00005 + '00009 +'00002 +'00002 +'00004 +'00005 
• 

+'00005 +'00012 -'00005 -'00006 -'0001 5 -'00008 +'00001 - '00003 

7 , .. + 'OOOIl + '0001 5 +'00006 +'00002 +'00005 .. '00011 . +'00009 + 00024 +'00002 -'00005 +'00001 -'00001 +'00012 +'00005 

8 , .. +'00024 +'oooi9 +'00005 +'00006 +'00007 +'0001 9 +'0001 3 + '0003 1 -'00001 +'00003 + 00005 +'00003 +'0001 7 +'00010 

9 .. , + '0002 7 +'00016 +'00008 +'00012 + 'oOOtl +'00020 +'00016 +'00026 -'00002 +'00003 +'00012 +'00004 +'00016 +'00010 

10 .. , +'00022 +'0001 7 +'00003 +'00007 +'00006 +'00018 + '0001 3 +'00024 -'00003 '00000 +'00002 - '00001 +'0001 3 +'00006 

II , .. +'00010 +'00011 +'00004 '00000 +'00001 + 'OOOIl +'00006 + '0001 3 +'00008 +'00001 +'00009 +'09004 + '00012 + '00008 

IZ , .. -'00004 +'0001 3 + '00003 -'00003 +'00002 +'00002 +'00002 +'00007 -'00001 -'00004 +'00010 +'00001 +'00006 +'00003 

13 .. ' -'00009 '00000 -'00001 -'00001 -'00004 -'00002 - '00002 +'00009 +'00006 -'00002 +'00010 + 00002 +'00010 + 00006 

14 .. ' - '0002 3 -'0001 5 -'00006 -'OOOIl -'0001 4 - '0001 3 -'0001 3 -'00001 +'00007 +'00001 + 000 03 + '00002 + 00004 ,+'00003 

IS .. , -'0002 7 - '0001 3 -'00006 -'00009 - '00011 -'00016 - '0001 3 - '00011 +'00008 +'00001 +'00002 +'00002 -'00003 -'00001 

16 ... -'00020 - '00011 -'00006 -'00005 -'00008 -'0001 3 -'00010 -'00004 + 'OOOOS +'00002 +'00003 +'00004 '00000 + '00002 

17 , .. -'0001 3 -'00006 -'00007 '00000 - '00007 -'00007 -'00006 - '00009 +'00002 -'00002 '00000 +'00002 -'00006 -'00002 

18 .. , -'0001 3 - '00011 -'00003 -'00001 -'00005 -'00009 -'00007 - '00003 + 00007 +'00002 -'ooooa +'00002 '00000 + '00001 

19 .. -'00004 - '0001 7 - 00001 +'00005 -'00001 -'00008 - 00004 -'00006 + 00012 + 00005 -'00001 +'00005 -'00002 + 00001 

20 .. , '00000 - 00007 + '00001 +'00006 + 00003 -'00003 + '00001 -'00003 +'00006 + OOOOS -'00005 +'00002 '00000 +'00001 

21 , .. -'00003 -'00003 -'00001 +'00001 -'00001 -'00002 -'00001 + 00001 +'00006 + '00001 -'00002 + 00001 +'00002 +'OCOOI 

11 .. +'00004 -'00004 -'00002 +'00005 -'00002 +'00003 + 00001 - 00002 +'00002 '00000 +'OOOOl '00000 +'00002 +'0000. 

23 .. +'00002 -'00002 -'00003 +'00008 '00000 + '00003 +'00002 -'000°9 -'00002 + 00001 + 00001 -'00001 - 00002 FOO' I 
N uml"3i of lunar 

I I duy~' oL~erval h'TISt 

I 
I 

I unh ... tt"ct 1 468 I 47 8 I 1~i3 -H3 
! 

421 45 1 913 87 0 1783 47 0 45 1 474 I 95 0 923 
1 



TABLE 119, 

Dr'cUlf4TIO,( 011 
~IOON, 

KOPTR, CJlA:'GI:'", FRO!W KORTH TO SOUTH, I 
- -

",,,,,mh,,",, I ,,,bro.,, "I Xovember to I February to 1 Bumbay May to 

I 
Aogust to 

1 AV
n1 

to October to I !.far to 1 August to I Al'ril to Oct.)Ler to 
I 

Lunar Hour, Janoary, ApriL July, Octvber, September, March. Year, January, ApnJ. Ju y, Odohtr, September, March, I y...,. 

t 

.. I I 
, I I 

0 + '00004 +'00006 -'00002 -'00007 -'00001 +'00005 +'00002 - 00007 - '00008 '00000 - '00005 - 00003 - 'ooooS -'0000-
.) 

I +'00004 '00000 - '00012 '00000 -'00006 + '00002 -'00002 -'00010 -'00007 + '00002 -'00005 -'00001 -'00009 - 'orooS 

2 .. -'00005 -'00003 -'00012 - 00006 -'00009 -'00004 - '00007 -'00021 - '00007 - 00001 - '00012 - 00005 -'00016 - 00010 

3 , .. - '00007 -'00002 --~~ -'00020 - '0001 7 - 00006 - '00011 -'00028 - 00009 -'00004 -'0001 3 - '00009 -'0001 9 - '00014 

-~ 
f---_~ 

4 -'00001 -'00013 -'0001 7 - 0001 4 - '00004 - '00009 -'00023 -'00006 -'00003 - '00011 - '00007 - '0001 5 - '00011 

5 .. +'00004 -'00003 -'00007 - 00004 -'00009 + '00001 -'00003 -'00008 -'00004 -'00003 -'00007 -'00004 -'00008 - 'oooc') 

6 , , +'OOOIZ +'00001 -'00006 -'00008 -'00007 +'00007 '00000 + '00009 +'00004 +'00001 - '00012 -'OOOOl +'00003 '00000 

7 .. + '0001 7 +'00003 '00000 + '00008 +'00001 + '00012 +'00006 +'00022 +'0001 5 +'00002 - '0001 3 -'00004 + '0001 5 + '00005 

8 , .. +'000:4 00000 '00000 +'00009 +'00003 +'0001 3 +'00008 +'000:8 + '00018 -;'00003 -'00003 - '00001 + 0001 9 + 00009 

9 ,,, + '00028 +'00003 -'00005 +'00010 +'0000: +'0001 5 +'00009 +'000:6 +'0001 3 + '00001 +'00005 +'00003 +'00018 +'00010 

10 , .. + '000:4 +'00006 -'00001 +'00004 - '00002 + '0001 5 + '00006 + '00020 + 'OOOIZ +'00004 +'00004 +'00004 + '00014 +'000°9 

11 ", +'00010 +'00002 -'oooot +'00006 + '00001 +'00007 + 00004 + 0001 4 + 0001 3 - '00001 +'00001 - 00001 + '00012 +'00005 

IZ , .. -'00001 -'00002 +'00001 +'00006 +'00003 -'00001 + '00001 +'00008 +'00012 + 00001 + '00002 +'00003 + 00006 +'00004 
I 

13 , .. -'00008 -'00010 -'00001 + 00010 00000 -'ooooS 1- 00002 +'00008 + '00004 +'00002 +'00003 '00000 + 00006 +'oob03 

14 .. , -'0001 9 -'0001: -'000021 +'00003 ~+-00001 - '00016 -'00007 - '00004 -'00006 -'00007 +'00005 - '00005 -'00002 - '00004 

15 .. -'000:6 - '0 001 5 -'00004 '00000 -'00003 -'0001 9 1- '00011 -'00008 - '00011 - '00005 + '00007 - '00004 -'00006 -'00005 

16 .. ' - oooar -'00016 +'00007 '00000 + '00004 - '0001 9 - 00007 -'00002 -'00002 -'00003 + '00005 -'00001 -'00003 -'00001 

17 ' .. -'00010 -'00002 + '00005 '00000 +'00005 -'00009 - 00007 -'00006 - '00004 -'00010 + '00012 - '00002 -'00003 -'00003 

18 , .. - '00011 +'00003 +'00008 - '00003 + 00006 - 00008 -'00001 -'00001 -'00006 -'00002 + 'OOOll '00000 - '00001 '00000 

19 .. -'00009 '00000 + 0001 3 00"00 + 00010 -'00008 +'00001 -'00005 - '00012 +'00002 +'00006 + 00003 -'ooooS - '00003 

20 .. - '00002 +'00007 +'00012 - 00005 + '00007 -'00001 +'00003 00000 - '00008 +'00007 + 00005 +'00003 -'00003 00000 

ar - '00002 +'00016 + 00015 + '00003 + 0001 3 +'00002 + '00008 -'00001 + 00002 + 0001 5 + 'COOl4 

I 
+'00012 +'00002 +'00007 

:u .. , '00000 +'00014 + 0001Z + '00002 + '00010 + '00004 + POO07 -'00001 + 00002 + OOOIl +'00007 +'00007 +'00001 + '00004 

23 

l~~ 
+'OOOJS _-I:: '90010 ~ + '000°4 + 00009 +'00009 +'00009 -'00004 + '00002 + '00006 +'000°4 +'00004 -'00001 +'00001 

N 11 m ber of lunar 
daya' observa.tioll!j 

I in abstract ... 426 ,415 443 43.1 869 847 17 16 482 454 SII 495 1005 937 I 1941 



IJIi'~T'<A noN 01/ 
MOON, 

BUlJlbay Lunar 
Hour, 

o 
1 
3 

3 
4 
5 
6 
7 
8 
9 

10 

II 
12 

13 
14 

15 
16 

17 
18 
19 
20 

21 
22 

23 

Number of lunar 
days' observations 
In abstract .. 

SOUTH. 

Novembertol February to 1- Ma;~:---~UgUst to 
January, April. July, October. 

- 'OOOIl 

-'00020 

-'00028 

-'00024 
-'00009 

-'00002 

-'00004 
'00000 

+ '00004 

+'00009 

+'00010 

+'00007 

+ 00004 
+ '00001 

-'00005 

-'00004 

+'00004 
+'00001 

l- OC001 

+'00009 

+ 00017 

+'0001 9 
+ 00018 

+ COOl2 

-'00010 

-'00010 

-'00007 

-'00003 

-'00008 

-'00009 

+ '00007 

+ '00001 

+ '00002 

+ '00004 

+'00004 

+ '00007 
+'00001 

+ '00007 

+'00007 

+ '00006 

'00000 

-'00005 

'00000 

+ 00011 

+'00007 

+'00003 

-'00004 

-'ooooS 

+'00001 

-'00001 

+'00002 

+ 00003 
+'00004 

+'00006 

+'00003 

+ '00002 

+'00002 

+'00008 

+'00006 

+'00008 

+ 00001 

+ '00003 

-'00005 

-'00005 

-'00005 

-'00009 

- OOC02 
-'00003 
-'c)0002 

-'00005 

-'00004 

-'00003 

-'00003 

+'00002 

-'00002 

'00000 

-'00001 

-'00003 
-'00006 

- 00001 

'00000 

+'00005 

+, '00001 

-'00002 

-'00005 

-'0001 3 

- '0001 7 
-'0001 5 
-'00004 

+'00003 

+'0001 3 

+'0001 4 
+'00008 

+ '0001 r 
+ '0001 5 
+'00009 

I 
April to 

September 

'00000 

'00000 

+'00004 

+'00005 

+ 00004 

+'00003 

+'00003 

+'00003 
'00000 

+'00005 

+'00004 

+'00004 

-'00004 

-'000°5 
-'00012 

- 00010 

-'00005 

-'00004 
+'00002 

+ 00005 

+ 00004 
00000 

+'00001 

-'00001 

TABLE 120. 

October to 
March. 

y ~,. I-... m"'" t. I January, 

-'00012 -'00006 

-'00016 -'00008 

-'00022 -'00010 

-'00018 -'00007 

-'00012 - 00004 

-'00007 -'00003 

-'00004 -'00001 

-'00002 '00000 

+'00004 +'00001 

+'00008 +'00006 

+'00006 +'00004 

+'00005 +'00004 

+'00004 -'00001 

+'00003 -'00001 
+'00001 -'00006 

'00000 - '00005 
+ '00002, - '00002 

-'00001 -'00003 

+ 00004 +'00003 

+ 00010 +'00007 

+'00010 +'00007 

+~0013 +'00006 
+'00011 +'00006 

+'00005 +'00002 

+ 00006 

+ '00007 

+'00004 

-'00004 

+'00001 

+ 00001 
-'00001 

'00000 

+ 00006 

+'00006 

+ 00008 

+'00007 

-'00004 

-'00009 

-'0001 7 

-'00025 
- 0001 9 
- '00021 

- 00003 
+'00002 

+'00016 

+ 00016 
+'00016 

+ '00011 

February to 
Apnl, 

-'00004 

- 00007 

-'00010 

-'00010 

- '00016 

-'00010 

- '00011 

-'00005 
'00000 

'00000 

+'00003 

+ 00001 

+ 00007 

+'00003 

- 00001 
-'00002 

-'00009 
-'00006 

+'00003 

+'00007 

+ '00016 

+ '00021 

+ '0001 5 

+ 00009 

May to 
July, 

-'00006 

-'00006 

- 00001 

+ 00004 
+ 00002 

+'00005 
-'00002 

-'00002 

+'00003 

+'00003 

-'00001 

+ '00001 

-'00002 

- '00004 

+'00002 

+'00004 

+ 00005 
+'00001 

'00000 

'00000 

+'00003 
'00000 

- 00003 
- 00002 

August til Apnl to 
O(;tober September 

-----'00004 
-'00001 

- 00009 
-'00007 

-'00003 
+ '00002 

'00000 

+ '00002 

+ '00007 

+'00016 

+ 00007 
+ '00005 

+'00010 

+'00007 
-'00001 

-'00004 

- '00001 
'00000 

-'00004 
-'00001 

-'00003 

-'00004 

-'00003 

-'00005 

-'00004 

-'00007 

-'00009 
-'00002 

-'00002 

+'00003 

-'00003 

- 00001 

+'00003 

+ '00007 

'00000 

+ '00001 

+'00003 

- 00001 

- 00003 
+'00001 

+'00001 

+'00001 

'00000 

+ 00002 

+ 00003 
00000 

-'00001 

-'00003 

I 
October to I 

March I 

-'00001 

+ '00003 

-'coo03 
- 00006 
- 00006 

-'00004 

- 00004 

- 00003 
+ 00004 

+'00004 

+ '00007 

+ 00004 

+'00001 
-'00002 

- '00007 
-'00016 

-'0001 4 

- '0001 5 
-'00003 

Year, 

- 00003 
-'00002 

-'00006 

- ,)00°4 
- 'orC04 
- '00001 

-'00004 

- 00002 

+ 00004 
+'00006 

+ 00004 

+ oeo03 
+ 0000,1 

- '00001 

- 00005 

- 00007 
-'00006 

- '00007 
- 00001 

+ 00001 

+ 00007 

+ 0 "0' 
+'00005 

+'00002 

+'00012 

+ 00016 

+ 00012 

+ 00009 I + 01'02 

434 

- '-4-1-2- --44-9--1---43-2-_1---87-3--1---85-4--1--1-7-2-7-1'---4-8-9--1--4-6-7- 1--50-2--1--5-1-3- 1--98-1--'11---9.-'0--1 .,,' 

~4G, The curves that have been ('('n,tructed to represent the variations otherwise expres.scd by the hourly exces.,es for the bevclal quaJtll':> 
tlnd l·ha",,"'" ,Ire Figs, 597 to 624, and for the several quarters and dec.linations of the moon Figs, 629 to 656, Th,; latter figures IUO marh'Li '\Ith 
t110 pha"c; to ',\hich they Inincipally corresllond, 

TI1l1 l'c'm~lks madu in r'll'agraph~ lC6 ar..d 167 on thl? CUrvC3 rcpresentingthe lunar diurnal ofvnriatioll"i of dL'c1m:tt::ln apply 91"0 to the {'urr, 1"\1i']· 
, 'c U \', , lL ~)ll',.:ntjng' thl' lunar dinnwl '-ariation"i ofhonzoubl force, TyplcalluDi-50br vanatiolls" ere f\J;mJ, in the mann~r d, t nbcd id 1',11 -' 1'( 
lC,~, f10m thl! 1l1l1ll1)L'r::-. III (OIUllm., ::, J, 'i and l~ of Table 113; 3, 5, 8 and 10 of Tabltl 114; 1. 6, 8 awl 11 vf T.lbltl 115. aI,,\ ::l, 4, (\ uuJ 11 " 
"rubl0 11 t; Thy ~'lt, rl'pr,'~entt'd numCf!1 n11y in the fullowing table and graphically oy Figs. 625 to 6:28 -



PHASE OF THE 
MOON 

~---

NEW MOON 

---COI.A8A --6SS-ERYATORY. 
I.UNAR DIURNAl.. VARIATION or HOR!ZONTAL FORCE. 

FIRST QUARTE.R FUI.L MOON LAST QUARTER 

Plate xxx. 
TYPICAL LUNI_SOLAR DIURNAL 

VARIATION 



LUNAR DIURNAL. VARIATION OF HORIZONTAl.. FORCe:. 

OE:('LlN4TION c,. THE 
MOON NORTH 1 CHANGING FROM NOATH TO SOUTH. I 

BOM8AY LUNAR HOUR.!! 
'" 

J 

• 

• 

! 
f /\ J /'.\ 

~ rOlL / \ • . /" \ 

{ 

00008 /Fit 629 '\ i- LAST Q~ /' \ 
(:_.. ; \ F'8 636 

Nov TOJAN 00000 426 _/ \.1 . i . /\i .... -\ 482-

+ ~~~:: \\ ~.j ('1\ ,J r"ST1l" \', \1' ~u. \\' "/""" 

I Ft8 53D. 1\ 1 

I\. '" I' . -\. Fig .. 637 -, _ . . /' 454 
rEI! 'TO APR 00000\ \/ ! " /4.[,5_ \~'\/ • -,' '; J I \.. \ 

r
-::::: '. I ',/'" ".\ . NEW, i ~. '\//\ ., -· ... 1/ ,1 . Fig,631 l J:"~ 638 / '\ FIRSTQ~ • 

MAY TO JUL)' 00000" ! 44'3 .. r\ / l"-\- - / 511 ..... \ /\;/\/ 
'v ' I \ ."\ I ' , -

00008 I \ - /'" '. .' \I~ [\' 

r
·ooooa J\ lAST Q'! -\ .... .,.\ J • / ~\ NEW 

" \ FIg 6JZ , I I /'" /'1 .... \ 
\ • t·~\:; n.. :,' 495 .\ t'8 639 /"\ ... 

AUG TO OCT 00000 -\iy ' \i .,. ... \ ~ 

APR TO UP 00000 \",/ • 869. I 'J"'\/- "\ .,/ /DOS \ ! \/ 
• I J I' ." "I ~ '_\ ,.... . / ' \ 

- 00008 ,: .... \,. I '. 

I
~OD008 /\- \/ ~ig 634 \: ~'\ Fi6.~41 . \ 

OCT.TO MAR. 00000, 847./ : \ - i '-. 9J~, / ' I 
.\ 'I "v:. : \r \j \ 

{
: :::::~ \ /-. J~"\' r~ sis: ..,.",\ : Ft 64; /' to. \ I / '\ 

\,. I-\; i'" \' \/ / .... 
YEAR 00000\ .- ","'- 11!6 \ . /. I' \194~/'1 \ j' 
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I . 
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1 CHANGING FROM SOUTH TO NORTH I - MEAN VARIATION. . I RESIDUAL VARIATION 

.. o 

1872 F'.s 650 '1\ 
\L' • '/' ;"-.j-' ,,\,1 \ .... f'1\ ...... \",0' ,I. /', . 

I ,\ ~\.;.\ I~ 
- y' /'. 

\ .... 
Fig 661 

/'/', , 

" _, '\1748 ,1'-..... 
\ I ... ._l 

." ',,1 

- .. ~ """8~~~ .. ,,-..u ''' ... ,1'' .. T"~ (,IIRVF~ ARI" MARKED AEPRESENT THE NUMBER OF DAYS' OBSERVATIONS F'ROM WHICH THE SEVERAL VARIATIONS KAYE BEEN rOUND. 



Bombay 
A1tronomical 0 1 2 a 

BOlIn, 

Nov, to} 
Jan. .'00005 -'00014 -'00024 -'00025 

Feb. to} + '00002 '00000 -'00006 -'00011 April 
May, to} , 

July, +'00002 -'00004 -'00006 -'00010 

Aug. to f - '00001 -'00004 - '00008 -'00010 
Oct. 

Bombay 
AatroDomioal 12 13 " 15 

Hour., 

Nov, to} 
Jan. +'00001 +'00002 -'00004 -'00004 

Feb, to} 
ApriL '00000 -'00005 -'00003 -'00004 

May to} 
July, +'00001 '00000 +'00002 '00000 

Aug, to} 
Oct. 

+'00002 +'00001 '00000 ~00003 

1 189 ] 

TABLE 121. 

• I 

-'00018 -'00009 

-'00010 -'00010 

-'00008 -'00004 

-'00007 -'00004 

UI 17 

'00000 +'00001 

-'00003 +'00001 

+ '00003 +'00003 

-'00003 '00000 

. 
• 7 

-'00006 -'00004 

-'00006 -'00007 

-'00002 '00000 

-'00003 - '00005 

18 19 

+'00005 +'OOOU 

+'00007 +'00011 

+'00004 +'00007 

+'00003 +'00003 

I It 10 11 

-'00001 +'00003 '00000 +'00003 

- '06002 -'00002 +'00001 '00000 

-'QOOOI -'00002 -'00004 -'00001 

+'00001 +'00001 +'00002 +'00002 

20 21 22 23 

+'00020 +'00029 +'00022 + '0001 3 

+ '0001 3 +'0001 4 +'00014 + '00010 

:I- '00007 +'00006 +'00004 +'00007 

+'00007 + 'COOlS +'00009 +'00002 

247. Residuallunar variations were now calculated, as in paragraph 169, giving the numbers 
entered in Table 122 and curved, in dotted lines, in Figs, 651 to 660 and 663. 

TABLE 122 . 
• 

Bombay 
1 6 8 9 10 ~8tronomio .. l 0 2 a 4 6 7 11 

Hours, 

Nov, to J 
Jan. 

+'00001 '00000 -'00003 - '00002 '00000 -'00002 - '00001 - '00003 - '00001 '00000 - '00002 - 00005 

Feb, to} 
April 

-'00002 -'00001 -'00002 - '00005 - '00003 '00000 - '00001 +'00003 +'00006 +'00004 +'00004 + 00001 

May to} '00000 -'00003 '00000 - '00002 '00000 -'00001 '00000 + '00003 +'00001 +'00002 '00000 +'00001 
July, . 

Aug, to} - '00003 +'00001 -'00002 '00000 + '00003 +'00003 +'00004 -'00002 - '00001 - '00001 +'00001 - '00001 
Oct. 

Year .. , -'00001 -'00001 -'00002 -'00002 '00000 '00000 '00000 '00000 + '00001 + '00001 +'00001 -'00001 

Bombay 
A1tronoDUcal 12 13 " 15 16 17 18 19 20 21 22 23 

Hours, 

-
Nov, to} 

Jan. 
-'00002 - '00003 -'00001 +'00001 +'00001 

-
+'00004 +'00002 +'00005 +'00005 +'00001 +'00002 +'00002 

Feb. to} +'00006 +'oooo~ .- '00002 + '00001 '00000 'O~ -'00003 -'00005 -'00002 '00000 'OOOOC - '00001 
April 

May toJ 
'00000 '00000 '00000 '00000 '00000 +'00001 '00000 +'00001 - '00001 -'00001 -'00001 -'00002 

July, S 
Aug, to} '00000 +:00004 +'00003 +'00003 '00000 +'00002 -'00001 -'00002 'OOOOc -'00001 -'00004 -'00002 

Oct. 

Year ,,, +'00001 +'00001 'ooooe +'00001 '00000 +'00002 '00000 '00000 '00000 '00000 -'00001 -'00001 . 
B 825-48 41 



L 190 :I 
248. The residual variations have little If:ft of a systematic character, and the tal'''''c 

of that little IS small as compared with the mean lunar diurual variations of the seve;:1 
quarter~. And h.en?e it appears that the. same hypothesis ~s to the moon's effect on .the 
Bolar dmrnal varlatIOn that was stated III paragraph 167 WIth re'''pect to the deelmatlOn, 
would account also for the bulk of the observed phenomena when applied to the lunar 
diurnal variations of the horizontal force. The typicalluni-solar diurnal variation of hori
zontal force has, it will be seen from Figs. 625 to 628, the flame character all the year round, 

. though the range of it is largest in the winter quarter and least in the summer y'"n.rV;r. 
It has a maximum about three hours before noon, a mmimum about three hours after noon, 
and is nearly nil for four hours before and after midnight. 

249. The typicalluni-solar diurnal variation of declination (Figs. 346 to 349) i~, 
unlike that of hdfizontal force, completely reversed between winter and summer: the two 
curves have a principal inflexion with a turning point about noon, two equal and opposite 
inflexions with turning point;; about five hours before and after noon, and little or no depar
ture from the mean line for three or four hours before and after midnight. In changing 
from the winter to the summer character the variation is, in spring, almost obliterated, 
but the spring curve retains more of the wintez: than of the summer character; whilst, Oil 

the other hand, in the passage from the summer to the winter character, the autumn curve 
retains more of the character of the summer curve and it is, indeed, little less in range 
than the latter. The turning points of the three principal inflexions occur about an hour 
earlier in summer than in winter, and about an hour earlier in the autumn than in f'um
mer. The ranges of the winter curves are-of declination '00031, and of horizontal force 
'00054 unit of force. 

249a. Although no separate investigation has been made using solar instead oflunar 
days, as in paragraphs 169ft and 169b, yet we may presume that, as with the declination f'O 

with the horizontal force the period of the luni-solar variation is really the lunar day, 
and th3.t the morning excursion enlarges as the age of the moon increases, whilst the 
afternoon excursion contracts and dies out, and a new movement is initiated in the same 
direction as that of the one that disappears, but about twelve hours earlier in phase. The 
nature of the luni-solar variations that we have found requires that these changes should 
completely reverse the character of the variation, and at the bame time cause its phases 
to slip backward by about six lunar hours in every seven or eight days. Let us now con
sider, looking at Fig. 625 (say), what the half-way stage of these changes will be, that is 
to say what the curve will have become a.bout four days after new moon: the maximum 
of 9 hours will have become somewhat enlarged, the minimum of 15 hours will have dimi
mshed to about half its former magnitude, and the new minimum at 3 hours will be about 
half-grown. These changes produce, however, a curve of the same type as the luni-so1ar 
varIation of declination (Fig. 346, say) but with corresponding phases occurring about three 
hours earlier. 'Ve are disposed, then, to think that if, in our investigation, the lunation 
had been divided into eight parts instead of four only, we should have found, for the ages 
of' the moon intermediate between the four quarters, luni-solar variations similar in 
character to those that we have found for the magnetic declination but generally three hours 
different in phase: and, conversely, we think that the luni-solar variations of declination 
for the parts of lunations intermediate between the quarters would have been similar t.o 
the luni-solar variations of the horizontal force for the exact quarters of the moon. Indeed, 
we have distinct evidence of this in the particular case of the month of January, repre
sented by the curves of Figs. 384gg to 384jjj: for whilst the curves of the 28th to oth, 5th 
to 8th, 13th to 15th and 22nd days of the moon's age are of the declination type, as we 
have found it, those of the 1st to 4th, 9th and loth, 16th to 21st and 23rd to 27th approach 
more nearly to the horizontal force type, and the 11th and 12th are indefinite. 

250. The lunar diurnal variations for each quarter, for the summer and winter half
years, and for the full year, irrespective of phase or declination of the moon, are shown in 
Table 123 and by curves in Figs. 657 to 663. Also the mean lunar diurnal variation for 
each year separately is numerically shown in Table 124. 
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TABLE 123. 

Bombay LunAr Hour. November to FebruAry to 
MAy to July. AuguR to April to October to 

Year. January. Apnl. October, September, March. 

-
0 ... -'00003, -'0000 4 -'0000% - "0000,3 -'00002 -'00004 -'ooooJ 

I · . .. - 00005 -'0000 5 - '00005 - '00001 - "0000,3 -'00005 -'00004 

2 · . -'0001 3 -'00006 - '00005 -'00007 - "00005 - "00011 -'00003 

3 · . .. , -'00016 -'00005 - "00003 -'00010 - "00006 -'00012 - 00008 

4 ,., , . -'00009 -'00008 - "00003 -'00008 -'00005 -'00009 -'00006 
-

5 ... .. , -'00002 -'00006 '00000 -'00003 -'0000% -'00004 -'00002 

6 ... +'00003 +'00001 - 00001 - '00006 -.00002 00000 -'00001 

7 + '00009 +'00004 '00000 -'0000% "00000 +'00005 +'00003 

8 .. .,' +'0001 5 +'00005 '00000 +'0000,3 +'00001 +'00010 +'00006 

9 .. , ... +'0001 7 +'00005 +'00001 +'00009 + '00004 +'00011 +'00008 

10 ... ... +'0001 5 +'00006 '00000 + '00004 + "00001 +'00010 +'00006 

11 .. , .. +'00009 +'00005 ·+'00001 +'00001 + "00002 + 00007 + 00005 

12 ... . .. +'00001 +'00005 '00000 +'00003 +'00001 +'00002 +'00002 

IJ ... " - '00003 +'00001 -'00001 + 00001 -'00001 + 00001 '00000 

14 ... .. - '00011 -'00003 -'00004 -'00003 -'00005 -'00006 - 00005 

15 · , ... - '00016 - '00005 -'OOOOJ 
. 

-'0000,3 - "00004 -'00010 -'00007 

16 '" ... -'00010 - "00006 +'00001 '00000 '00000 - 00009 -'00004 

17 '" .. -'00009 -'00004 -'00004 +'00004 '00000 -'00007 -'00003 

18 ... .. , -'00003 '00000 "00000 + "OOOOJ +'00002 -'00002 +'00001 

19 ... .. -'00001 +'00002 +'00002 + "00003 +'00005 - "00002 + '00002 

20 .. , .. ' +'00007 +'00006 +'00004 + "00001 +'00004 +'00004 +'00005 

21 , . ... + '00008 +'00011 +'00006 +'00005 +'00006 +'00008 + "00008 

22 ,., ... +'00008 of '00007 +'ooooJ +'00005 +'00004 +'00007 +'00006 

23 .. , ... + '00005 +'00006 +'00002 +'OOOOJ +'00002 + "00005 +'00004 

Number of lunar 
days' observations 
in abstract .. , 18.31 1748 1905 1872 3748 3608 7356 



TABLE 124. 

Bombay Lunar Hour, I 1847. 1848. 1849, I 1850, 1851, 1852, I 1853. 1854, 1855, 1856, 1857, 1858, I 1859, 

0 .., , .. -'OO~04 -'00011 - '00007 '00000 +'00007 -'00004 '00000 -'00007 +'00004 -'00006 +'00006 -'00006 '00000 ... 
I .. ' ... , .. -'00004 -'00007 '00000 '00000 -'00004 -'00007 '00000 -'oooo~ + '00007 -'00017 ;::0-'00011 -'POOll -'00006 

J .. , ... , .. -'OOOIl -'00007 -'0001 4 '00000 - 'OOOIl +'00004 -'0000 7 - 'OOOIl +'00007 - '00017 - '0001 7 -'0001 7 -'0001 7 , 

3 .., -'00011 -'00004 -'00011 '00000 - 'OOOIl '00000 -'OOOlS -'00007 +'00004 - 'OOOIl -'00006 -'00006 - '0001 7 ... ... -
4 ... .. , -'00007 -'00004 -'00007 '00000 - 'OOOIl , .. +'00..0 07 -'00007 -'00004 '00000 - '00011 '00000 '00000 - '0001 7 

5 .. , , .. ... -'00018 -'00004 +'00007, +'00004 -'00004 +'00004 -'00004 -'00004 +'00004 -'00006 '00000 '00000 -'00017 

6 ... .. , . .. -'00007 '00000 +'00011 '00000 - '00007 -'00007 '00000 '00000 +'00007 '00000 +'00011 +'00006 -'00006 

7 ... ' .. .., - '00004 +'00004 +'00018 -'00007 -'00004 +'00004 +'ooo~4 '00000 +'00004 '00000 + '00011 +'oooo~ '00000 

8 ... ... .. , '00000 +'00004 +'00022 '00000 +'00004 + '00004 +'00004 + '00011 +'00015 +'00006 + '00017 + '00011 +'00006 

9 .. ' ... ..' +'00007 +'00007 +'00022 -'00004 +'00007 +'00004 +'00018 +'00007 +'OOOIl +'oooq +'0001 7 + 0001l +'00006 

10 ... , .. .. +'00004 + '00004 +'00022 -'00004 '00000 '00000 + 'OOOIl + '00011 +'00007 +'00011 + '0001 7 +'00006 +'00006 

II .. , .. , .. , +'00004 -'00004 +'ooon -'00004 +'00004 '00000 +'00011 +'00011 +'00004 +'00006 +'00006 +'OOOIl +'00006 

I2 , .. ... ... '00000 -'00007 +'00007 -'00004 '00000 '00000 +'00004 +'00004 +'00004 + '00011 +'00006 + '00011 '00000 

13 , .. .., ... - '00004 '00000 +'00004 '00000 -'OOOIl '00000 -'00004 '00000 -'00004 '00000 'ocooo +'0001 7 + '00011 

14 ... .., .. , '00000 -'00004 - '00007 - '00007 -'00004 + '00007 -'00007 -'00007 -'00004 - '00011 - '00006 +'00006 + '00006 

IS ... ..' , .. '00000 +'00004 -'00014 -'00004 -'OOOIl '00000 -'OOOIl -'00011 '00000 '00000 - '00006 '00000 '00000 

16 , .. .., , .. +'00004 + '00011 - '00014 +'00004 -'00004 '00000 -'00018 -'00004 '00000 -'00006 -'00006 '00000 -'00006 

17 , .. ..' , .. '00000 +'00007 -'00007 -'00004 -'00004 '00000 -'00014 -'00007 -'00007 -'00006 -'00006 -'00006 '00000 

18 , .. ... .. + '00004 +'00007 -'00004 -'00004 '00000 '00000 -'00004 +'00007 - 'OOOIt +'00006 -'00006 -'00006 '00000 

+'00004 +'00007 -'00007 '00000 + 'OOOIl -'00004 +'00004 '00000 
, 
-'0001 5 + '00006 -'00006 '00000 +'00006 19 ... ... .., 

20 , .. .. , , .. +'00007 +'00007 '00000 +'00007 +'00011 +'00004 + '00004 '00000 - '00007 +'00011 +'00006 '00000 -'00006 

21 ... , .. , .. + '00011 +'00004 '00000 + '00007 +'00011 -'00004 +'00004 +'00007 - '00004 +'OOOIJ +'00006 '00000 + '00006 

u , .. ' .. ..' +'00007 '00000 - '00007 +'00007 +'0001 4 + '00011 +'00004 + '00007 -'00004 +'00006 +'00006 -'00006 '00000 

13 .. , .. , , .. +'00004 +'00011 - '00011 + 'OOOIl + '00011 +'00004 +'00007 '00000 -'00004 '00000 + '00011 -'00006 '00000 

N 1J.\1lbcr of lunar days' 
obcrvutlons m abstract 273 2 6 9 29 1 294 274 289 277 29° 29 1 293 28. 275 257 

, 



TABLE 124-cOJlliJlul:d. 

\ ! 
, 

I I I I I \ 

\ I Bombay LUll;!,' IIl)nr 
\ 

loGO. 1861 I 1862, J803. J864- IS6.S. 1868. 1867. 186S. I 
1869. IS70. IS71. IS;:!, 

I I 

I I 
I 

I I I 
I 
i 

! I 

I I I 

- 00006 
I - 00017 00000 '00000 I +'00006 '00000 '00000 -'00006 -'00006 'coooo -'00006 - 00006 00016 

0 I 
-

I 
I 

I ... .., -'00006 - 00006 -'00006 -'00006 '00000 '00000 -'00006 "00000 - '00006 +'00006 '00000 - 'oot' I I I 00000 

I 

+'00006 -'00006 :z .. - '00017 - 0001 I 

\ 

'00000 -'0001 7 - 00011 -'00006 - 00006 - 00006 '00000 '00000 - "00021 

3 ... .. -'0001 7 - '00011 - '00006 - '00011 -'0001 7 -'00011 - '0001 7 - '00006 - '00011 - '0001 r + 'OOOrl - "0001 I ~ 0':"11 

4 .. ' - 00017 -'00011 I - 00006 '00000 - '00011 -'ooon - 'OOOIl - '00011 - '00011 - "00016 - '00006 - '0001 I '00000 

5 .. , - '00')1 r _ '00011 I +'00006 '00000 - '0001 I '00000 -'00006 - "00006 - '00006 - '00006 '00000 - '00006 - "00016 

6 .. ' - '00011 -'00006 + '00011 '00000 - '00011 - '00006 -'00006 -'00006 - '00006 - "00006 +'00006 '00000 - '0001 I 

7 00000 + '000 I! +'00006 +'00011 '00000 - '00006 '00000 +'00006 '00000 - 0001 I + 'OOOl{ +'00006 - '00011 

8 ... . .. +'00006 + 0001 I + 00006 + 00006 -'00006 -'00006 + '00006 + '00011 - '00011 -'oooo~ + "00011 +'00006 '00000 

9 ' , + "00006 + 'ooon + 00011 +'00006 +'00006 -'00006 +'00006 +'00006 00000 -'00006 -'00006 '00000 + '00011 

10 .. ' .. ,. +'Qo006 +'ooo:z8 + 00011 +'00006 - 00011 '00000 + '00011 '00000 + '00011 '00000 '00000 '00000 + 'ooorr 

I' .. '00000 +'0001 7 + 00006 00000 - '00011 '00000 + 0001 7 - '00006 + '00011 '00000 - 00006 "00000 + 00016 

12 .. '00000 + '0001 7 -'00006 -'00006 -'00006 +'00006 +'00006 '00000 + '000'7 - '00011 - '00011 +'00006 I + "00016 

13 -'00006 +'000'7 

I 
"00000 '00000 -'00006 '00000 '00000 - '00006 + '00006 '0000'W -'00006 '00000 + '00011 

14 , .. -'00011 +'00006 - 00006 -'00006 - 00006 - 00006 - 00006 - 00006 '00000 - 00006 - '0001 ( - '00011' -'00006 

I 
-'coo06 

. 
- '00016 -'00006 

15 .. - '00017 - '00011 -'00017 -'00006 -'00006 '00000 '00000 - '00011 -'00022 - 'OOOIl 

16 .. '00000 - 'OOOIl - 00006 '00000 -'00006 '00000 00000 - 00006 - 00006 - 'OOOIl -'00016 -'00006 + '00011 . 
q 00000 - 0001 7 -'00006 - 00006 00000 +'00006 :- 00006 +'00006 -'00006 - '00006 - '00011 -'00006 + '00006 

18 ... +'00006 -'00006 + 00006 00000 -'00006 + 00006 + '00006 + 00006 '00000 00000 + 00006 -'00006 + "00011 

19 + OOOT I -'ovo06 +'00006 + 00006 + 00006 + 00006 +'00006 + "00006 +'00006 '00000 '00000 +'00006 - "00006 

20 + 00006 '0<'000 '00000 + 00006 + '00011 + 00011 + '000 II +'00006 - '00006 + 000r6 '00000 + '00006 + 00011 

H , , + oooq + 00006 + 00011 + 00006 + 0001 I + ovo06 + 0001 7 + '0001 I 'OOC'OO + ooo:z:z +'00006 + ooon + '00011 

2% ... of 00017 +'00006 +'00006 00000 + 0001 7 + '00011 + 00006 + 'oooc6 -'00006 + 00011 + 0001l + 00006 + '00011 

~3 .. + '00011 

r. 
+ 00006 'oOC'OO +'00006 + 'OOOLl + 00006 00000 - 00011 + 00011 + '0001 ( + 00006 + 00011 

- ------ --I 1_- --------,-

I NumlJ~'r of luna.r days' , I I obs"rvntlOns In abstract 25 8 274 27 6 287 ::34 -79 2SS ::89 255 27 1 259 268 ~66 



APPENDIX :tV. 

The Solar diurnal variations of Declination, Horizontal Force, and Vertical Force at Bombay as 
- ~- - - --- -- - derived from the regjstrations-ofthe Cola'ba Magnetographs. · 

251. The data ,!sed for this il!vestigation are the entries on the mont~y abstracts descri?ed in Appendix I. paragraph 17-of declination from 
January 1871 to AprIl 1882, of hOrIzontal force from. January 1872 to Apnl1880, and of vertIcal force from May 1872 to April 1879. The varia
tions Were taken of the mean hourly tabulations at the foot of each abstract, and these were then converted into force by means of the co-effi
cients of Table 21 * (paragraph 67), Tables 34 and 35 (paragraphs 107 and 108). and those described in paragraph 117 • .....--It is these converted varia
tions, and averages of groups of them, that are entered in Tables 125 to 156 and curved on Plates XXXII to XXXVI, 

TABLE 125.-DECLINATION MAGNETO GRAPH, 

Showing the mean diu1"11al variation of Declination f01' each 'month of the year 1871 and for the whole year, 

187I. MONTH, . 
Year, 

Bon.bay elVil TIme, January, February, March, April, May June, July. August, September, October, 4 November. December 

h m -
10 18 + 00096 +'00109 + '0012 7 -'00009 -'00090 -'OO02~ -'00062 -'00103 - '00037 -'00065 +'00016 +'00009 - '00003 
II 18 .. - '0003 1 +'00050 -'00040 -'00208 -'00211 - 00208 -'00208 -'002 55 -'0024 2 -'001 71 -'0005 6 - 00012 - 001 33 
12 18 - '00059 + 00003 - '00137 -'002 9 8 -'00280 •• '00304 -'002 77 - 00342 -'00342 -'00202 -'0005 0 -'00012 - 001 9 2 

13 18 - 0003 1 + '00006 -'001 4 6 - '00280 -'0024 2 - 003 2 3 - '002 77 - 00348 - '003 1 4 - '001 34 - '00012 + 0001 9 -'001 73 
14 18 .. , -'00034 -'00022 - '00090 -'0022 7 - '001 7 1 - 00245 - '00211 -'00242 -'001 93 -'00053 +'00006 +'00047 -'00120 

IS 18 .. + '0002 5 - 00006 -'00006 - 00099 - 00059 - 001 4 6 -'00103 - -'00096 -'00053 + '00031 +'00009 +'0005 0 - 00038 
16 18 .. +'00047 - '00009 -'00006 -'0002 5 +'0002 5 - oc047 - '00009 +'0002 5 + '0003 1 +'00040 -'00006 +'00040 +'00009 

17 18 .. - 00009 -'0005 0 -'00062 - 00006 +'00043 +'00028 +'00034 +'00068 + 0002S - 00040 -'00053 - '00003 - 00002 
18 18 .. ' - 00034 -'0007 8 -'00093 - '00022 +"00009 + "000 43 + '00016 + "00037 - "0001 9 - '00053 - '00025 + 00006 =-- ooorS 
19 18 .. +"00009 - 0001 9 - 00053 -'0003 1 - '0005 0 -'00034 -"00053 -'00016 -'00022 -'00012 + '00016 +'00037 -'0001 9 
20 18 .. + 00012 -'00009 - '00043 - 0001 9 -'00053 -'00053 - '00062 -'00034 -'00009 +'00003 + '00012 + 00028 -'0001 9 
21 IS .. + 00006 -'00009 -'0001 9 - 00009 - '00037 - 00040 - "00053 - '00037 - 00022 + 00003 +'00022 +'00°34 - 0001 3 
22 18 + '00006 + '00006 - '00012 + 00012 - 00022 - 0002 5 -'00043 -'00028 -'00016 +'0001 9 + '00037 +'00034 - oooo~ 

23 I'> .. +'0001 9 +'0001 9 - '00003 + 0003-:' - 00006 +"00003 - 0003 1 -'00009 + 00009 + '00047 +'00065 + 00043 + oool] 
0 I~ .. + '00037 + 00043 + 00003 + 0005 6 + '00012 +'00022 '00000 + 00003 +'00034 +'00047 +'00078 + 00040 + '00°3 1 

I 18 
'" + '0003 1 + 00037 + '00009 + '00065 +'00025 + 00034 +'00009 +'0001 9 + 00040 + '0005 0 +'00062 +'00034 + 00035 

I 
2 18 

" 
+ 00016 + 00043 + 00003 +'00053 + 00022 + 00037 + 00012 + 00022 + 00037 + '0003 1 + 00047 + 00006 I + '0002 7 I 

3 13 - 00006 + 00003 - '00016 + 0005 0 + '00028 + 0003 1 + 00034 + 00031 +"00034 + '00 011) +'00009 -'00016 + oooq 

4 18 - '00037 - 0002 5 - 0001 9 + '00040 +'00040 +'00047 + '0005 6 + 00068 +'0003 1 +'00006 - 00012 - 0003l" + 0001 3 
S IS - 00053 - 0005 6 - 00009 + 00059 +'00102 + '00 II 2 +'001 34 + 00124 +'0005 6 '00000 -'0005 6 - "00002 + "0001 9 
6 18 - 00075 - '0008 7 + '00022 + 00r83 + '00252 + '002 9 8 +'0030 4 + 0030 4 + 00186 + 00068 - '0009 6 - 00084 +'00106 

7 18 - 0('096 - 'OC0 7 B + 001 37 +"00283 +'00320 + 00354 + 0°354 + 0038 5 +"003 20 + (' 01 55 - '0007 I - '001 3 0 + '00161 

8 IS + 0001 9 + 00012 + '001 99 + 00261 + 002-1 8 + 'OO31I +'002 95 + 0030 1:) + 0 02 9 2 + COl49 +"00006 . 00034 

I 
+ 00168 

9 IS + 00'43 i + 00093 I + 00221 I + 0_ '40 + 00075 + 001 5:: + 00146 + 00093 +"00 146 + 00062 + 00053 - 00006 + 00110 

I : j .. 



TABLE 126.-DECLINATION lIAONETOGRAPH • 

. Showing the ~ean di'urnal variation 0/ Declination/or ~ach month of the year !87~ and/or lhe whole year. 

l8i2, 

\ JU"~" 
MO:NTH, 

. Year, 

Bombay CIvil Time, February, March, Apnl, May, June, July, \ I August, Septtllllber, October, November. December, 

b. m, 
10 18 , , +'001 43 + :°01 4 0 + '0003 1 +'00025 -'00103 -'00059 -'00068 -'00059 -'0006$ -'00003 +'00022 -'00003 '00000 

11 18 ,,' +'00090 +'00056 -'00093 - '001 37 - '00246 -'001 99 - '00211 - '00318 -'
00267 -'

0012
4 

-'00056 -'00084 - '00124 

IZ 18 .. +'00053 + 00009 -'00168 -'002 3 6 - '003 23 - '00255 - '00:170 - '00302 - '00370 - '00165 -'00022 -'00059 - '00176 

13 18 .. ' +'00034 -'00003 -'001 55 -'002 39 - '002 77 -'C0236 -'0025 8 - '00295 -'00333 - '00103 + '00037 + '00022 - '001$0 

J4 J8 .. , -'DOOJ9 -'00009 -'00056 -'00171 - '001 77 -'001 93 - '00180 -'00208 - '001 96 -'00038 +'00062 + 'OOOSl -'0009 1 

IS J8 '" -'00037 - '0005 6 + 0001 9 -'0008 7 -'00059 - '00121 - '00087 -'00099 - '00065 + '00025 +'00050 +'00090 - '00036 

16 18 .. -'00006 -'00068 +'00025 -'00022 +'0002% -'00050 - '00031 -'00012 + :00003 +'OOOU + '00019 +'000$9 - '00004 

17 18 .. -'00016 -'00084 - 00019 -'00022 + '00022 +'00006 + '00022 + '00031 '00000 -'00056 -'00028 - '00012 - '00014 

18 J8 .. ' -'00034 -'00090 -'oo07S -'00056 -'00006 +'00016 + '0001 9 + '000131 -'0001 9 -'00034 - '000.12 - '00003 - '0002 3 

19 18 .. +'00009 -'00037 -'001;34 -'00068 -'00059 - '00044 - '00044 - '00034 - '00022 .- '00006 +'00006 + 'OOOIl -'0002 7 

20 18 .. ' +'00006 -'00037 -'0003 1 -'00056 -'00044 - '00053 ~ '0005 6 - '0005 0 + '00003 +'00003 '00000 +'000°9 -;. '90025 

:II 18 .. ' +'00006 - '00025 -'00028 -'0003 1 - '00022 -'00037 -'00037 - '00047 '00000 -'00016 +'00003 + '00003 -100019 

22 18 , .. +'0001 9 + '0005 6 - '00003 +'00003 '00000 -'00016 -'0003 1 -'00040 +'00016 '00000 +'00016 +'00009 +'00002 

23 18 ", + '00022 +'00037 + '00023 +'00019 +'00006 +'0000 9 - 00009 -'00028 +'00025 + 'oooJ6 +'00028 +'00022 t'QPo14 

0 18 .. , ~ '0002 5 +'00059 +'00022 +'00050 +'0003 1 +'00022 + 00006 -'00006 +'00044 +'00022 + '00031 + 'Ooo:n +'0002 7 

1 18 , , +'0001 9 + '00050 +'00025 + '00050 + '00037 +'00044 +'00°34 +'00016 +'00053 +'00016 +'00025 +'00022 +'00033 

a 18 .. ' + '00003 +'0003 1 +'00012 +'00053 +'00053 +'00053 + '00050 + '9003 ( + '00047 +'0001 9 +'0001 9 + '00016 +'00032 

3 J8 .. , -'00025 '00000 -'00009 +'00040 + 00047 + 00059 +'00062 +'0005 0 + 00047 - '00006 -'00016 '00000 + '00021 

4 18 , .. -'00050 -'00044 -'00022 + '00022 +'00059 + 00062 +'00068 + '0005 0 +'00040 - '00022 -'00053 -'OO02~ +'00007 

5 18 .. - '00081 -"00068 -'00028 +'00044 + 'OOUI +'00106 +'00121 + '00109 +'00056 -'00019 -'00078 -'00047 +'00020 

6 18 , .. -'00096 -'00078 +'00037 +'00165 + 00280 + '0025 8 +'002 58 + '002 74 +'00208 +'00037 -'00093 -'00059 + '00099 

7 18 

":1 
-'001 4 0 -'00050 +'00149 + 'ool77 +'00326 + '00295 + 00308 + 0036 7 +'00336 +'001 52 -'00065 -'0007 2 + '001 57 

8 18 , .. - '00047 +'0005 0 + '00211 + 00261 + 00264 +'0024 6 +'0024 6 +'00302 + 00302 + '00165 + '0003 1 -'0001 9 + '00168 

9 18 +'00106 + '00149 + '001 59 +'00149 + '00081 +'00081 +'0007 8 + '00124 + 00140 I + 'OOllS +'00075 +'00053 +'00109 



TABLE 127.-DECLINATION MAGNETOGRAPH. 

Showing the mean diurnal variation of declination for each month of the year 1873 and for the whole~ear. 
, - . . MONTH. 

,,; 
1873. . . Year . -

Bombay Civil Tlme. January. February. March, April. May. June. July. August. September. October. November. December. 

. 
h. m. '. 
lO 18 .. +'00099 +'00009 + '00087 +'00078 - '00084 -'00012 -'00040 -'00084 -'00096 -'00068 - '0001:( + '00016 - '00009 

II 18 .. - '00012 -'00062 - '00081 -'00109 -'00208 - '00118 - "00165 - '0021 5 - '002 33 -'00140 -'OG044 - - ·0003t'· ...·-,·00118 

12 18 .. - '00103 - '00078 -'00183 -'00208 - '002 74 -'001 9 0 - '002 3 0 -'00289 - '002 95 -'00140 - '00012~ • ...; '00040 - '001 70:. 

13 18 ... -'00047 - '00028 -'00149 -'002:H - '00221 -'00180 - '0023 6 -'002 74 - '00239 -'00081 +'00040 -'00012 - '00137 

14 18 " 
-'00044 +'00003 -'00056 ..; '001 5 2 -'001 55 - 'oo14d -'00183 -'00208 -'00109 -'00003 +'00044 + 'oOOJ6 -'00082 

15 18 .. - '00012 + '0003 1 + '00012 - '00087 -'00075 -'00096 - 'ooIl8 -'00084 +'00022 + '00062 +'0001 9 + '0001 9 - '00026 

16 18 .. + '00025 + '00025 +'00012 -'00047 - '00009 - '00087 - '00053 + '00009 + '00075 + '00053 -'00003 + '000:Z2 +'00002 

J7 18 .. , +'0001 9 -'00040 - '00050 -'00040 + '00009 - '00037 -'00016 + '00037 +'00034 -'00016 '.-'00009 +'00016 - '00008 

18 • 18 .. +'00022 -'000 59 -'00103 -'00075 -'00028 -'00037 -'00012 +'00006 - '00022 :-'0001 9 +'00012 +'00016 -'00025 

19 18 ... +'00053 - '00012 - '00059 -'00078 -'00068 -'00068 -'00050 -'00034 -'00016 +'00006 +'0002 5 + '0002 5 - '00023 

20 18 .. +'00047 -'00006 -'00016 -"00053 -'00053 .... ·00075 -'00056 -'00037 -'00016 -'00003 +'00025 +'0002 5 -'00018 

21 18 - ... + '00040 - '00012 -'00016 -'00037 -'00025 -'00053 -'00050 -'0003 1 -'00009 '00000 +'00031 +'00012 - '00012 

U 18 .. +'00040 + '00003 - '00016' +'00003 -'00003 - '0001 9 - '00028 -'00016 -'00006 +'00022 +'00034 +'oOOJ9 + '00003 

23 18 ... +'00040 + '00012 +'00009 + '0001 9 + '00022 '00000 -'00006 '00000 +'00009 + '00034 +'00040 +'00028 +. '0001 7 

0 18 .. + '00025 + '00028 +'0001 9 +'00034 +'00044 +'00025 + '0001 9 +'00009 +'00022 +'00037 +'00037 + '00022 +'00026 

I 18 .. +'000:23 +'00031 +'00012 +'0005 6 +'00068 +'00040 +'00034 +'00025 + '0001 9 +'00034 +'00034 + '00016 + '00033 

2 18 +'00009 + '00034 +'00009 + ',?005° +'00065 + '00053 +'00053 +'00040 +'0003 1 +'00034 +'00025 + '00012 + '00035 

3 18 , .. - '00022 +'0001 9 +'00006 +'0003 1 + '00068 +'00050 +'00050 +'00059 + '00037 +'00022 '00000 -'00009 +'00026 

4 18 .. - '00062 '00000 -'00006 + '00009 +'00065 +'00050 +'00059 +'00065 +'00040 '00000 -'00028 -'0002 5 +'OOOJ4 

5 18 .. , -'00078 -'00028 -'00009 +'00009 +'00093 +'00078 + '00112 +'00112 +'0005 6 - '00009 -'00053 -'00044 + '00020 

6 18 .. , -'00096 -'00040 + '0001 9 + '00112 +'00208 +'001 77 + '00233 + '00255 + '001 71 +'00009 - '00078 -'00059 + '00076 

7 18 .. - '00068 +'00009 + '001 34 +'0021 5 +'00261 +'00264 +'00302 +'003 23 +'002 74 +'00068 -'oQ0 7 2 - '00096 + '001 34 

8 J8 ". +'00016 +'00090 +'00J99 + '00267 + '00211 +'0024 6 +'00264 +'002 5 8 + '00211 +'00059 -'0002 5 -'00028 + 'OOJ47 

9 18 .. + '0012 7 +'00096 +'001 9 6 +'00224 +'00071 +'00128 +'00124 +'00084 +'00059 + '00003 '00000 +'00047 +'00097 

,....., 



.. 
~ c.,., 

J. 
o 
~ ... 

']'.\.DU: 128.-DECLI~ATlOl'i )!.\oXETOtmAPH • 

Showing tile Mean diurnal variatiun (If (leclmativn for cach month of the yew' 187~ and fat' tlw 'lL'lwle year. 

1~74. ~IONTH. . 
.- --

I 
lloml,ay elvil Time. January F"LruaIY, Mar~h. Apr.l. M.,)', I Juue, July. A'igust Septon,o('r. O~too"r. Novemb('r, 

I - - ~.-----

I 
h, m, 

! JO J8 
" + 00J09 +'00100 + 'OOUl - 00006 -'00023 + 'oC',oJ7 +'(10(116 -'0005 6 -'0007 2 -'0002.1 -'00044 

II 18 + '0°°5° +'OOCjS -'OOvO~ - 000<)3 
I 

- 00096 I -'OCIS4 - 00112 -'OooS4 
'" - 001.37 - 'OOJ.B 

I 
-- 0021 5 

III 18 '" '00000 + 00034 - 'OOIO,} - '00205 - '00211 - '001~4 -'00163 - '002 4 0 - 00.280 - 00140 -'00047 

13 18 " 
- 'oooc6 + 000°9 

I 
-'00128 - 001 9 0 - 00209 - ("':)1~9 I -'001 99 - C021S -; 002 55 - 000 ')0 + 00006 

q 18 ." -'00003 -'00006 -'0(°7:: - 001 34 - '00149 - 'co159 - '001 bS - 00165 - OOIS! - '00022 + '00022 

15 18 , .. - 00016 -'00040 -'00012 -'00059 - 00075 - '00106 I - "Ooo':n - "00068 - '00037 + 00028 +'O~040 
16 18 

'" - 00009 -'00047 -'00006 - 000<.)1 - 0001 9 

I 
- 0005 6 I - 00037 +'00006 + 0003 1 + '00037 +'00037 

17 18 '·'1 -'00006 -'00047 - 0001') 00000 - 00003 - 0002 5 I - 00016 + 0<"028 +'00028 - 00012 + 00000 

18 18 , .. +'00003 - 00047 - '00034 -'0002'i - 00012 

I 
- 00016 I - 00012 +'oOC(9 -'00003 - '00025 + '00012 

19 13 .,' +'0002 5 - 00012 - 0003 1 I - 'oo02l! - 00044 - 0005 0 - 00(02 -'0003 1 -'00006 - ·0001 Z +'0001 9 
20 18 .. +'0002 5 + 00006 - 0 0 01<) - 00023 -'00034 -'0005 6 - oocci! - '0004 0 - 00003 -'00009 +'0001 9 
2J J8 .. + 00025 + 00006 - 00006 - 00016 - 0002:: - 000-1 0 - oc047 -'oooz5 -'00003 - 00006 + 0001 9 
u 18 .. +'00028 + 'OOOl? 'oooco + 00001} '00000 - C002S - 0003 1 - '0000<) +'00009 '00000 +'00025 
23 18 +'00028 +'00037 + '00012 + 00()z8 + 00016 -'·000°3 '00000 +'00006 + 0002 5 +'0002 5 + 0003 1 

0 18 .. , + 00034 + 0005 0 + '0001 9 + 00040 +'ooo~» + 00')25 + OOOlZ + 00016 + 0003 1 + '00023 +'0003 1 
1 18 .. + co025 +'00040 + 00016 + oooH + 0003~ + 000~O + 0('03 1 ~ '001'28 + 00037 +'oo03l +'00022 

2 18 .. , + oco06 + 00015 + '00012 + 00037 + 00034 +'00040 + 'oo04l + 0003' + 00037 +'00034 +'00009 

.3 18 .. , - '00022 - 00003 -'00006 + '0003 1 + 00034 +'00 °34 + 00047 ~ 'OOOlS + 'oo03l + 00019 -'00006 

4 18 .. ' - '00031 -'00018 -'OO02~ + oooz$ + 00034 + N'c',7 + 00044 +'0003 1 + 00°3 1 00000 -'00022 

5 IS - "Oooli8 - 0005,1 - '00034 + 00022 + 00°53 + OOOU2 + (,0075 + '00065 + 00044 - '00003 - '00044 
6 18 , .. -'00093 -'0007 2 - O')Olb + 00096 + 00162 + 00165 + 0017l + OOISl + '00 I ()') -j 00012 - 00065 
7 18 .. - '00112 - 00073 + co06S + 001 93 + c0233 + (ons + Cf)121 

I 
+ 002 7 1 +'00166 -j '00081 - 00037 

8 18 , , - '00010 - '00006 + 001 37 + 001 90 + 00.13 0 + '00205 + 0020<) + ,,02_10 I + OOZ27 -I- 00103 + 00009 

9 18 , .. + 0005 6 + '00068 + 00165 I t- '00118 I- '00111 + '001 37 + 00143 t- 0010,) 
I + 000S7 +-'00053 + 00012 

Year. 

Deucmber. 

----- -----

+ 00006 +'0001 3 
-'00034 -'OOCS2 

+ 00012 - 'ooll7 
+'00040 - 00120 

+ 00056 - '00079 
+ 0005 6 -'OO03 l 
+'00062 '00000 

+'00034 - '00003 

+ 'OOOlS -'00010 

+'00016 - '00018 

+ '00003 - '0001'6 

+ oC0°3 -'000°9 

+'00003 + OOOOl 

+ ooou6 +'00018 

+'0000,3 + '0002 7 
+'00006 + '00°30 

-'00003 +'00015 
- '0001 9 +'0001 4 
- 00040 +'00005 

- '00059 +'00005 

- 00062 +'00054 
-'00081 +'00103 
-'00047 

I 
+ 'OOIZI 

+'00016 +'00090 



TABLE 129.-DECLINATION MAGNETOGRAPH. 

Showing the 'mean lliurnal variation of declincttionfor each month of the l/ear' 18'75 andfm' the whole year. 

1875. MONTH. . Year . 
-

Bombay ClvU Time, January, February, March. Aprll. :May. Jnne, July. August, September. October, November, December, 

h. m, 
10 18 ", +'00006 -'0003 1 +'00081 +'00009 -'00053 -'00006 + '0001 9 -'00078 -'00081 - '00065 -'00037 - '00006 - '00020 

II 18 , .. -'00087 -'00081 +'00009 -'00087 -'001 71 -'00109 -'00084 - '001 77 -'0022 7 - 00128 -'00090 -'00016 -'0010 4 

12 13 .. -'00087 - '00093 ' -'00081 - '001 59, -'002 5 2 -'00184 -'001 34 - '0022 7 -'002 90 - '001 37 -'0007 8 -'00009 -'00144 

13 18 .. - 00025 -'0002 5 - 001I2 -'00165 -'00224 -'001 93 - ' 001 53 -'00206 - '00218 -'00075 -'00009 + '0001 9 - 'oo1l5 

14 18 , .. + 00034 +'00050 -'00062 -'00103 - '001 5 6 -'00165 -'001 37 - '001 37 -'00100 -'00003 +'00034 +'00034 ,- '00059 

IS 18 " + 00090 + '00087 +'OOQ22 -'00028 -'00075 - 00097 -'00087 -'00050 + 'YIl0003 +'00059 +'0005 0 + '0003 1 '00000 

16 18 .. ' +'00084 +'00093 + '00040 +'00016 -'00006 - 00044 -'00053 +'0001 9 +'00059 +'00062 +'00°44 + '0003 1 +'0002 9 

17 18 '" +'00012 +'0003 1 - 00003 + '00031 +'0002 5 - 00028 -'00047 +'00028 +'00040 +'00006 +'00022 + 'O00,}4 + 0001 3 
18 18 ." '00000 + 00003 -'0003 1 -'00009 -'00003 -'00031 -'00040 - '00025 - '00009 -'00006 + 0001 9 + '00037 -'00008 

19 18 . , +'00016 +'00022 - '00022 -'00034 -'00034 - 00053 -'00056 -'0003 1 - '00012 -'00022 +'0001 9 + 00028 - '0001 5 
20 13 .. + '00012 +'0001 9 -'00012 -'0003 1 -'00028 -'0005 0 -'0005 6 - 00037 -'00009 - '00006 + 'OOQI6 +'00031 -'0001 3 

ZI 18 + 00009 + 00006 -'00006 -'00012 -'00006 -'00037 -'00044 -'00028 +'00003 -'00009 + 00012 + 00022 - '00007 

u IS .. , +'00009 + '00012 '00000 +'00003 +'00012 -'00012 -'00022 -'00012 +'00009 +'00003 + '0001 9 +'0001 9 +'00003 

113 18 .. ' + 00016 +'00016 +'00009 1- 00012 +'00028 +'00009 -'00003 -'00003 + '00022 + '00012 + 00025 + 0002 5 + '00014 

0 18 .. + 00022 +'OOOZ2 +'00016 + '00025 +'00037 +'00028 +'00012 + '0001 9 + 0002 5 +'0001 9 + '00022 +'0001 9 +'00022 

I 18 .. , + '00012 + 00016 +'00009 +'0003 1 + 00040 + 00040 + '00034 +'00028 + '00022 +'0002 5 + '00016 + 00006 +'009 23 

z 18 ... '00000 +'00009 '00000 +'oc025 + 00047 +'00053 +'00044 + 00040 +'00034 + 00022 +'00006 -'00006 +'0002 3 

3 18 - 00016 - 00003 -'00009 +'00016 + 00040 +'00050 +'00047 +'00044 + '0003 1 + '00022 - '00003 -'00023 + 00016 

4 18 - 00034 - 0001 9 - 00022 + '0000 3 + 00037 + 00056 + '00050 + '00047 +'00034 + 00012 - '0001 9 - '00037 + 00009 

5 18 - 00053 -'00040 -'00028 - 00003 +'0005 6 + '00075 +'00065 +'00069 +'00047 + oooo() - '0003 1 -'00053 + 00009 

6 18 - 0007 2 - 00044 -'0003 1 + '00053 + 'ooq1 + '001 59 + 00143 +'00181 + '00143 +'00028 -'00040 - 0006 9 + 0('°5 2 

7 18 -'00047 - 00028 +'00034 +'001 43 +'002 37 + 00218 + 001 9 0 + 00249 + '0023-4 + 00081 - 00022 - 00093 + 00100 

I 8 18 I + 00022 -'0001 9 +'0009° + '001 5 6 +'002°5 + 00209 + 00181 +'00209 + '001 90 +'0007 8 + 00012 - 0005 6 + 00106 

9 18 
I 

+ 00062 -'0002 5 + 00109 +'00090 + 0°°77 + '00121 + 00Il5 +'00056 + 00059 + '0001 9 + 00009 -'00003 + 00°57 
, 



TABLE 130,-DECLINATION l\fAoNEtOGRAl'n. 

Showing the milan diurnal 'Variation oj de~linatio", for each month of the !lear 1876 and/or the whole !lear. 

I 1876, AlO:NTH. 

Tear, 

Bomb!'y eml Time. !&llUAr!, February. Mareb, April. May, JIlD8, July. August: September, Qctober, November, December. 

b, m, 
10 18 , .. -+'0006 5 - '00009 + '00050 +'00009 - 'OOlZl - '00031 - '00062 - '00069 -'00062 - '0003-1 - '00016 +'00006 -'OO02J 
11 18 .. , +'00003 -'0002 5 -'0002 5 -'00097 -'00206 - '001 50 - '001 59 - '00,174 -'001 90 -'001 3 1 - '0007 2 -'oooolt - '00103 
12 18 .. -'00016 - '00025 -'00097 - '00159 - '00221 - '00218 -'001 99 -'00227 -'00256 - '00168 -'00062 +'00006 -'001 37 
13 13 , , - '00006 +'00012 - '00106 - '00143 - '001 7 1 -'00212 -'001 99 - '00218 -'00237 - 'OOllS -'00012 + '00034 - '00114 
14 18 .. -'00016 +'00044 -'00047 -'00090 -'000 75 -'00162 -'00146 -'001 59 - 'oou5 -'00034 + '00003 +'oooz8 -'00065 
15 18 .. , +'00006 + '00062 + '0002 5 -'

0002
5 + '00003 -'00093 -'00075 -'00065 -'00022 +'00034 +''00022 + '00025 - '00009 

16 18 .. ' +'0002 5 +'00065 +'00037 + '00009 +'00050 -'00025 -'00016 +'00006 +'0003 1 +'00044 + '0003 1 + '00037 +'00024 
17 18 .. ' +'OOOIZ + '00031 +'00012 +'00006 +'00047 '00000 +'00006 + '00034 +'00012 + '00006 +'ooot9 + '00034 + '00018 
18 18 .. , +'00003 '00000 -'00009 -'00025 - '00012 -'00016 - '00012 +'00003 - '00016' '00000 + '00025 + '00031 -'00003 

19 18 .. , ... '00012 +'00003 - '00022 -'00034 - '00037 -'00047 -'00047 -'0003 1 -'00025 + '00003 +'00022 + '0002$ -'00015 
20 18 .. , + '00009 - '00003 - '0002 5 - '00034 -'00041 -'00037 -'00047 - '00037 -'0002 5 + '00016 +'00022 +'0001 9 -'0001 5 
II 18 .. +'00009 -'00009 -'0001 9 -'0001 9 - '00028 -'00028 -'00034 - '0002 5 -'00016 + '00016 . +'00021 +'00016 -'00010 
u 18 , .. +'00009 '00000 -'00012 -'00003 - '00006 -'00009 - '00016 -'00009 -'00006 + '00022 + '0003 1 + '0001 9 +'00002 

23 18 .. ' + '00012 +'00009 +'00003 +'00009 +'00016 + OooIZ +'00006 '00000 +'00006 +'00031 + '0003 1 + '00016 +'0001 3 
0 IS ... +'00016 +'00009 +'0001 9 +'0001 9 +'00028 +'00028 + '0003 1 +'00009 + '0001 9 +'00028 + '00034 + '00016 +'ooo:tJ 
I 18 + '00009 +'00009 +'OOOIZ +'0003 1 + '00034 +'00037 +'00044 +'00022 +'00022 +'0003 1 + '00028 + '00003 +'0002 3 
z 18 .. , -'00003 -'00003 +'00006 +'0003 1 +'00041 +'00047 +'0005 0 +'00034 +'00025 +'00025 +'00022 - '00003 +'0002 3 

3 18 .. , -'0001 9 - '00012 -'00009 +'0002 5 + '00037 +'00047 +'00053 +'00034 +'00034 + '0001 9 +'oooc6 - 'OOOIZ + '0001 7 
4 18 '" -'00037 -'00028 - 00012 +'00016 +'00037 +'00044 +'00059 + '00047 +'0002 5 +'00003 -'00009 -'00034 +'00009 

5 18 .. -'00059 - '00053 -'0002 5 +'00016 +'00062 +'00081 + 00093 + '00069 + '00044 -'00003 - '000a8 - '00047 +'00012 
6 ,8 .. ' - '00075 -'00053 - '00006 +'00062 + '001 56 +'00181 + '001 96 +'00184 + 'OOlIS + '00012 -'00053 - '00065 +'00034 

7 18 

'''' 

-'00081 -'00044 + '0005 6 + '00140 +'00209 +'00237 +'002 34 +'002 5 2 +'00333 +'0007 2 -'0005 0 - '00100 +'00105 
8 18 " +'00009 -'00003 +'00103 +'00140 +'00168 +'00202 +'001 93 + '00218 + '00218 +'00084 - '00006 -'00062 

+'
00105 I 9 18 +'00087 +'00009 +'00093 +'00100 +'00034 +'00093 + '0007 2 +'00087 +'0003 7 + '00044 +'00016 - '000.6 +'00058 



I 1877-

Bombay elldl TlDle, 

h. m, 

10 18 , .. 
II 18 .. , 
I2 IS .. 
13 18 .. , 
14 18 .. 
15 18 ... 
16 18 , , 

17 18 .. , 
18 18 .. 
19 18 

20 18 ,., 
21 -18 .. 
22 18 .. 
23 18 

0 18 .. 
I 18 .. 
2 18 

3 18 

4 18 

5 18 

6 18 

7 18 .. 
8 18 " - 9 18 ' .. 

TAnLE 131.-DECLL.'l"ATIO~ MAGNETOGnAPII, 

fJ,houiinfJ the mean, diurnal variation of declination for each month of the year 1877 and for the whole yea)', 

----
MONTH 

January, February March, ApflL May, 
, 

June, July August, September October, November, 

+'00059 +'00009 +'00041 +'00041 -'00053 -'00037 - '00037 - 00081 -'00081 - 00034 - ooo~~ 

- '0003 1 -'00034 - 'oo04 T - 00097 - 00165 -'001 59 - 001 75 - 00234 - 002 31 - '0012 5 - 00059 

- 00028 -'00059 - 00II2 -'001 93 -'00221 - 002 31 - 002 2 4 -'00284 -'002 93 - '00140 - '0001 9 

+'00009 - '0001 9 - 'oo1l8 -'00184 - 00;103 - 00206 - '002'15 - '002 5 6 - 0022 4 -'00081 +'00044 I 

'00000 +'00009 -'0005 6 - 00128 -'0012 5 - '001 37 - 00165 - 'OQI75 -'00109 - 0001 9 + 00053 

+ 00016 + 0003 1 +'00025 - '00047 -'00047 - 00075 -'00097 -'00075 + 00009 +'00040 +'ooo~7 

+'0003 1 +'00044 +'00062 + 00012 + 00012 - 00031 - 00037 + '00012 + '00072 +'00°5 2 + 00034 

+ '00009 + 0002 5 + 00044 + 00009 + 0002 5 -'00003 - '00012 + '00037 + '0005 0 + 00016 + 00028 

+ 00003 + coo0 3 +'00003 -'00009 -'00009 -'ooor6 -'0001 9 I + '00003 - 00012 + '00003 + '00028 

+'00009 +'00009 - '00016 -'00022 - 00034 -'0003 1 - 000~7_ -'00028 - 0 001 9 - 00006 + 00009 

+'00003 + '00006 -'00012 -'0001 9 - 0003 1 -'00028 - 00044 - 00022 -'00016 -'00003 + '00012 

+'00009 + '00003 -'00009 - 00009 -'00016 - '0001 9 -'0003 1 -'00009 -'00003 ' + '00006 +'00009 

+'0001 9 +'00009 -'00006 +'00006 -'00003 '00000 -'00006 +'00006 +'00003 + 00016 + '00022 

+ '00012 +'00016 00000 + 'OOC12 +'0001 9 +'00016 + '0001 9 + 00016 + 00016 + '00022 +'00028 

+'00016 +'0001 9 +''00006 +'0001 9 + 00031 + 00028 +'00037 + 0003 1 + 0001 9 +'000 2 5 + 00028 

+ '0001 9 + '00012 '00000 +'00022 +'00031 +'00044 +'00053 +'00037 + '00028 +'00022 +'0001 9 

+'00012 + 00012 '00000 + 00022 + 00037 + '00053 +'00059 + 00037 + 0003 1 +'00016 + 00006 

- 00012 -'00006 -'00003 +'00016 + 00034 +'0005 6 +'00062 + 000~7 + '0'003 1 + 00003 - 00003 

-'0004 1 -'0001 9 -'00009 + '00003 + '00037 +'00053 + '00065 + '00°53 + 00034 00000 - 00011]' 

-'00062 - '0003 I -'00009 + 00003 + 00053 +'00031 + '0007 8 I + ("007 8 + 0005 6 -'00003 -'oo03~ 

- 00081 - 0004 1 +'00003 + '00062 + 00140 + '001,.62 + 0013~ +'001 99 + 001 4 0 + 'OOOOQ - '0005 0 

- 'oooil7 -'0003 1 + '0005 6 +'00162 +'00206 +'00218 +'002 5 2 +'00281 +'002 34 + 000u9 -'00047 

+'00009 + '00006 +'00090 + '00175 + 001 9 0 + 00206 + '00228 + 00252 

I 
+ 00218 ,+ 00037 

I 
- 00037 

+'oo{06 + 000 2,5 + 0008 7 + 00109 + '00031 + 00094 +'00109 +'00087 + 00084 +'00044 -'oo03~ 

De~ember, 

-'oo04~ 

-'00090 

-'0005 0 
+'00016 

+'00041 

+'00059 

+ 00053 

+ 0002 5 
+ '00022 

+ 0001 9 
+'00012 

+ 00006 

I +'00000 

+ 00012 

+ 00009 
+ 00006 

-'00003 

- 00012 

-'0002 5 

- 00034 

- 0004 1 

- 0002'1 

I + 00023 

+ 00028 I 

Year, 

- '00022 

- '00121 

- '001 54 
-'00120 

-'00008 

- '00009 

+ 00026 

+ 00021 
'00000 

-'OOCI 3 
- 00012 

-'00005 

+ 00006 

' + 00016 
+ 00012 

+ 'o062~ 

+ 0002) 
+ 00013 

+ 0001 I 

+'0001 5 
+ 00057 

+ 00 107 
+ 00121 

+'00063 

t-:) 
o o 



TABLF. 132.-DEt:LlNATlON 1UONETOUP.APB. 

Shofoing the mean diurnal variatiw of declination for each month. of the yc"r 1878 and for the !t'holll !lear. 

ISiS. I MONTH. 

~. - l'Mr. 
lAimbay ('1,11 Tune, January. Febru·t.TY, March. April. M.y, JlUl<l. Jllly, August. Sepk'm ber, October November, Dec" 'Mr, 

----
h, m. 

10 18 .' +'00 °37 +'(01)06 +'00°5 0 +'00013 -'00056 -'00041 + '00009 -'00062 - 0007 2 -'oooSj - '00009 -'00090 -'000l5 
11 18 .. , - 0(053 - ooo-!4 - '00062 - '00125 - 001 50 - 001 37 - 00106 -'00143 - '(1 01 7 8 - '00147 - 'ooo,U - OOICr. -'OOI0S 
12 18 , , -'00065 - eo059 - '001 3 1 -'001 9 6 - 00203 -'0018 7 - '00168 - 001 78 - '00210 - '001 34 - '00009 -'Oeo~? - 'oolH 

13 18 ,,, - 00018 - '00028 - 'OOIIS - 001 71 - 00168 - '00175 - 'OOlY3 - '00175 -'001\10 - 00059 ·r -..,0':- .. 7 + '00016 - 'Co1 °3 
14 18 + 00003 +'00016 -'00047 -'00109 - 00°90 - oouS - 001 53 - '00122 - '()0097 +'00028 + '00(62 + 'OOOill - CDc4S 

15 18 .. ' + 00037 +'00053 +'00034 - 0004 1 -'00034 - 00071. -'ocoS4 - 00044 'OOGOO + OOOSI + '0,)05 6 + 00' i8 + '00005 
16 13 .. ' + 00053 +'00°53 + 0005 0 +'coo06 '00000 -'0001 9 - 00016 + 00016 + 00047 + 0006 5 of 00047 +'00066 +'00°3 1 

17 18 .. ' + 00028 +'0001 9 + 0001 9 + Oooll -'oeo03 -'00012 - 00003 +'oc025 + co08 - 00003 + oco16 +'00037 + '0<'01 3 
18 18 .. ' + '00019 +'00003 - 00009 - 0001 9 -'000::8 -'0003 1 -'00022 - OOOl! - 00006 - 'ON'19 +'oco09 + 0:>°3. - 00:1'0 7 
19 18 .. + 0001 9 + 00006 -'0001 9 - 00014 -'0004 1 - 0005 6 -'0005° -'00°37 - 00016 -'OOOI{) +'00009 + c'o34 - 0001 7 
~o 18 .. + 'OOOIl +'00003 - OOOlZ -'0002 5 -'00034 - 00037 - 0005 0 - 0004 0 - OOOl~ - oc:cc6 + 'coooJ + C~03I - oocq 
21 18 ... + 00009 oocoo -'00006 -'00006 - 0001 9 -'0')02 5 -'oooJ} - 00025 - 00006 - ooc~3 + 0 0003 + 00028 -'00007 
2Z IS +'00009 + '0('006 + 00003 +'00006 (,0000 - 0('003 - 'oc:)16 -"OOO! .. +'00006 + 0:.0006 + '00';<"3 + 00028 +'00003 

23 IS .. +'00009 +'00009 +'00009 +'00016 + 'coo16 + 0002.! + oooc6 + '00003 + 0001 9 + 00016 + '00009 + 'ooo~3 + 'C00I3 
0 IS +'00006 +'00003 + '0000') + 00028 + OOOJI + 0003 l + 00025 + 0001 9 + 00028 + 00022 +'OO(Hl + 00022 +'00020 
1 18 .. 'coooo -'00003 + 00006 + 00034 + 00041 + 'oool7 + 0(°34 + oc025 + 0003 1 + 0001 9 +'00006 +'00016 +'ooozo 
2 IS -'00012 - 00012 '000(0 +'00028 + 0004.t + 'ooqt + 'C'C,oH + 000,31 + 00031 + 00022 + 00003 '00000 + '0001 7 
3 13 .. ' - 00028 - '00012 - 00006 + 00016 +'00°37 

I 
+'0004 1 +'00':>lj +'00°34 +'OOOll + 00016 - 00012 -'00016 + 00011 

4 IS - 00044 - '00°3 1 - 0001 9 +'00006 + 00014 + 0004 1 + 00v4 1 + 0004 1 + '0002 5 + 00012 - 00022 - 00028 + 00004 

S 18 -'oc 056 - co037 -'00016 + c·oo09 + 0004 1 + 0006 9 +'00062 + 0 0 059 + '000l4 + 00cI6 - oe037 - 0004 1 + 00009 
6 IS - 00059 - '00034 - 00003 + 00075 .... COllI) +'00165 + 001 53 + 0<"'153 + 0011 5 +'oool4 - lo053 -'00044 + '00052 

7 18 .. - 00034 - oovl6 +'00"159 + r0159 + 00104 + 00212 + 001')0 + 00206 +'ool')l + 00075 - ceoSO - 00047 +'00°95 
S 18 ... +'or.,s? +'00034 + '00112 + cOl07 + OO;SI +'oolS7 +'OC'llSI + ""175 + OOTIH 

I 
+ 00059 - 00012 .. '0001 Z + 00109 

9 IS .. + 00094 + 00037 + 00106 + 00125 + 0(;031 +'00031 'I' 00106 + 0006: + oco5° - 000Q9 I -'OOOOJ -'00022 + 0 0 059 

I 



'T A.BLE, 133.-DECLINA.TION ¥AGNETOGRAPH 

Showing the mean diurnal variation oj declination jor each month oj the year 1879 and for ~he' whole year. 
, ~ 

\ 

----1879, MONTH, 
, 

- . - - '.- Year. 

Bombay Civil TIme. JaDuary~ Feb1;uary. March. April. May. JUDe. July. August. September. October.~ November. December. -
, -- -

h, 
, , 

Pl· 

10 18 + '00037 ' +'00041 
{ 

+'00078 t '00'003 --00081 -'00037 ~- '00081 ::-'00075 - '00,044 - '00022 - '00021 ... -'00012 -'00059 

P 18 .. - '1:)0072 -'0001 9 +'00003 - '00094 - '0019 0 - 'OQ"l75 - '0015 6 ':;'00203 ..: '00190 - 'OOIZ5 - '00106 "';;"00028 - 'OoIt2 
12 18 .. , -'00094 -'00025 -'00087 - '00137 "'<?0234 ;;. '00243 -'002 3 1 - '002 5 0 ~ '00253 - '00128 -'00053 -'00006 - '00145 

13 18 , .. ~-_'00044 ,'00000 - '00122 -'OO!31 - '001 93 - '00218 ";"00222 -'0023 1 :'='00218 ';;"00075 +'00019 +'00050 - '001I 5 - 14 18 -'00006 +'00022 -'00069 -'00072 - '00 II 5 - '00147 ::....001 5 6 - '00147 - '00106 '00000 +'0005 6 +'00069 -'00056 ... , 
15 18 +'0001 9 +'00047 '00000 +'00003 +'00056 +'0007 2 +'00050 +'00001 .. , - '00012 - '00031 -'00075 -'0007 2 -'00044 
16 18 .. , +'00041 + '00047 + '00034' +'00034 +'00034 -'00009 .... '00009 +'00031 +'00<;>62 +'00050 +'00044 +'00047 +'00034 

17 18 ~ ,,' + '0003 1 +'00009 '+ '0001 9 + '00022 +'00037 +'00012 +'00009 +'00044 +'00044 +'00003 - +'00012 +'00037 +'00023 
18 18 ... +'00028 -'oooog -'00006 "'!'ooo06 "';"00009 ~'OOOI2 - '00009 ....,.00603- '00000 -'00009 +'00016 +'00025 +'00001 

19 18 ... +'0002$ '00000 -, '0001 9 -'00025 , -'00028 -'00041 -'00047 - '00028 -'0001 9 -'00012 +'00012 + '00022 - '0001 3 
20 18 .. , +'00022 '00000 -'00016 -'00031 -'00028 -'00037 -'00044 "':'-00034 -:0001 9 -'00012 + '00012 + '0001 9 -'

0001
4 

2I IS +'0001 9 
-'00000 -'00006 -"0001 9 -'00009 -'00025 -'00028 -'OOQ22 -'00006 -'0000,3 +'00012 + '0001 9 -'00006 '" 

22 18 ' .. +'0001 9 +'00006 -'00003 -'00009 + '00009 '00000 -'00006 -'00006 +'00006 +'00006 .+ '0001 9 +'0001 9 + '00005 

23 18 ... +'00019 +'00006 +'00006 '000'00 +'OQ021 +'00016 +'00012 +'00006 +'00016 +'00012 , +'0002~ +'00022 +'0001 3 
0 IS ' .. +'00022 +'00006 +'00009 +'00009 +'00034 +'00028 +'00025 ,+ '00022 + '00025 + '00016 +'06028 +'00028 +'00021 
I 18 .. , + '00012 '00000 + '00003 + '00012 +'00041 +'00°37 +'00031 +'00031 +'00028 +'0001 9 +'00025 +'00022 +'00022 

2 'IS ... +'00006 -'00006 '00000 +'00009 +'00037 +'00041 +'00034 +'00041 +'00028 +'00016 + '00012 +'00009 + '0001 9 

3 18 '" -'00012 -'0001 9 -'00009 +'00006 +'00037 +'00037 +'00037 +'00044 +'.00025 +'00006 '00000 -'00009 + '00012 

4 18 ' .. -'00025 -'00028 -'00016 .. '00003 +'00°34 +'00 037 +'00041 +'00047 +'00031 -'00003 -'0001 9 -'00034 +'00006 

5 18 - '000.17 -'00037 -'00016 + '00006 +'00062 +'0007 2 +'00069 + '0007 2 +'00047 -'00009 - '0003 1 -'00053 +'00012 
6 18 '" -'00044 -'00053 - '00012 +'00069 + '001 59 +'001 7 8 , + '001 7 2 + 00181 + '00122 +'00012 -'00044 - '00072 +'0005 6 

7 18 '" -'00034 -'00050 +'00041 +'qo144 +'00209 +'00234 +'00222 +'00247 +'00209 +'00081 -'00041 - 'OOIl2 +'00096 
8 18 .. + '0001 9 +'00012 +'00087 +'00134 +'00181 +'00ZI2 +'00206 +:00212 + '001 78 +'00103 -'00012 -'00084 + '00104 
9 18 , .. +'00066 +'00050 + '00094 +'00090 +'00056 +'00094 +'00097 + 00084 +'00053 + '00037 -'00016 -'00034 + '0005 6 



l'ABLE 134,-DECLlN.\TION ~fAGNETO\lRAPH, 

Showing the mean diuf'nal variatic)n oj dedination for eac/l 1nonth oj the year 1880 alld jor the whole year, 

1880, MO~TH, 
, 

. 
Year, 

Bombay Civil Time, Januarr, February, March, April. May, June, July. August. September, October, November, December, 

h, m, 

10 18 .. , +'00028 +'00078 +'oou8 +'00044 - '0005 6 -'00009 -'OOOU - '00047 - '00050 -'00006 +'00009 - '00012 + '00007 
II 18 '" +'00012 +'00003 +'00041 -'00091 -'001 5 0 -'001 47 - '00128 -'00172 -'00194 - '00097 -'00037 - '00037 - '00083 
12 18 ' .. -'00003 -'00050 -'00066 -'00184 -'00206 -'00234 - '00184 - '00234- - '0025 6 -'001 3 1 - '0003 1 - '00019 - '001 33 
13 18 '" + '0003 1 -'00041 -'00087 -'00187 -'00184 -'002 37 - '00181 -~00231 -'o02z8 - '00084 -'00003 +'Oooza - '00117 
14 18 ' .. +'00044 - '00016 -'00047 -'001 3 1 -'00116 - 'ooq8 -'001 44 -'001 75 - '00125 - '00028 - 00006 +'00037 -'00074 
15 18 .. +'00047 +'00012 +'00016 -'00053 - '00044 -'00094 - '00078 - '00091 - '0001 9 + '00028 + '00003 +'0004 1 -'0001 9 
16 18 .. ' +'00050 +'00031 +'00028 + '00009 +'00003 -'00025 -'00028 -'00037 +'00037 +'00034 +'00012 + '00047 + '00013 
17 18 .. ' +'00037 +'00009 - '00016 + '00022 + '0001 9 '00000 -'00009 '00000 +'0001 9 - '0001 a -'00009 +'00028 + '00007 
18 18 .. , +'0003 1 - '00012 -'00044 - '0001 a - '00009 -'00006 -'00016 - '00006 - '00012 -'00022 +'00006 + '00037 -'oo~05 

19 18 ' .. + '00028 -'00003 -'00041 - '0003 1 -'00031 -'0003 1 - '00053 - '00037 - '00012 -'00003 +'0001:1 +'00037 - '00014 
:/0 18 .. ' + '0002 5 ... ·00003 -'0001 9 -'00022 -'00028 - '0003 1 - '00059 -'00031 -'00006 -'00009 +'00022 + '0003 1 - '00011 
21 18 , , +'00016 -'00003 ' - '00012 -'00003 -'00016 -'00022 -'00050 -'00016 '00000 '00000 + 00028 + '00034 -'00004 
u 18 .. , +'0001 9 '00000 -'00006 +'00006 +'00006 -'00006 - '00028 '00000 +'00006 +'00009 +'0003 1 +'00037 +'00006 
33 18 .. ' +'00016 +'00006 +'00003 + 000:2 +'0001 9 +'00016 - '00012 + ' 0001 9 +'00009 +'00022 +'00041 +'00034 + 00016 

0 18 
" +'0001:1 +'00006 +'00009 +'00028 +'00025 +'0003 1 +'0001 9 +'00034 +'00019 + '00025 + '0003 1 + '0003 1 +'00022 

I 18 .. +'00006 +'00006 +'00003 +'00037 +'00034 +'00041 +'00028 +'00044 +'00025 +'0001 9 + '0001 9 + '00022 +'0002 4 
3 18 '" -'00009 + '00003 - '00006 +'090 3 1 +'00037 +'00047 + '00037 +'00044 +'0003 1 +'OOOlZ +'00006 +'0001:1 +'00020 

3 IS ... -'ooou -'00009 - 'OOO:U +'0002 5 +'00034 +'00044 +'00044 +'00050 +'00025 -'00016 -'0001 9 -'ooou - +'00009 
4 18 ' .. -'00037 -'0001 9 -'00037 +'00016 +'00031 +'0004 1 +'00047 + '00047 +'00022 -'0003 1 - 0004 1 - 00044 '00000 

5 18 .. , -'00059 -'00034 -'00050 +'00009 + '00050 +'00069 + '00075 +'0007 2 +'00028 -'00031 -"00053 - '00072 '0000(', 
6 18 ., -'00013 -'00044 - '00059 +'00047 +'00147 + '00165 +'00184 + '001 7 2 + 'oou9 '00000 -'00069 - '00081 + '00042 
7 18 " .. , -'00100 - 00016 + '00016 +'001 3 1 +'OOlOO +'00228 + 00%3 1 +'0025 0 +'00:19 +'0008 7 - 'OO~34 -'00103 +'00093 
8 18 ' .. ' -'00069 +'00037 + '00103 +'00162 + '00184 + 'OOll2 +'00200 +'00219 +'00222 +'001 3 1 + '0002 5 -'00056 +'00115 
9 .18 .. , -'00009 +'00091 +'001 44 +'001 40 +'00075 + 00Jl9 +'0009 1 + 00097 +'00106 +'00081 +'00044 -'00006 +'00081 



TABLE 135e-DECLINATION MAGNETOGRAPH. 

Showing the mean diurnal variation of declination for each month of the year 1881 and/or the whole year. 

~ 

1881. MONTH. 
, - Year. 

-

I Bomba.y CIvil Time. Janua.ry. February. March. AprIl. May. June. July. August. September. October. ~ovember, December, 

h. In. 

10 x8 .. , +'00047 +'00081 + 'oox03 +'00003 -'00100 - '00025 -'00050 -'00053 -'00°47 -'00009 -'00009 +'00°34 -'00002 

II 18 .. , -'00056 +'00003 -'00012 - '00122 - '002 3 1 - '0017 8 - '0017 2 - '001 97 -'00206 - '0012 5 -'00066 +'00003 - 00u3 

I2 18 " ' -'00094 -'00056 -'00103 -'00200 -'00284 -'002 75 -'00225 - '002 72 -'00300 - '00162 -'00047 +'00003 -'00108 

13 18 .. -'00066 -'00053 -'00109 -'00187 -'002 3 1 -'002 7 2 - '00212 -'00269 -'00281 - '00109 +'0001 9 +'00044 -'001 44 
14 18 -'0003 1 -'00025 -'00062 -'oOU9 - '00125 -'00209 - '00156 -'001 94 - '001 75 -'00022 + 'ooo . .p + 000.J.I - '00086 

15 18 .. -'00003 +'00006 - '00 009' -'00041 -'0001 9 - '00 II 2 - '0007,2 -'00087 - '00059 + '00028 + 0005 5 +'00028 - 0002 4 
16 J8 , .. +'0001 9 + '00003 +'00003 +'00022 + '0005 6 -'00025 '00000 + '00009 +'oo~09 + '00031 +'00053 + '00022 - '00017 

17 18 .. ' +'00012 -'0001 9 -'00028 + '000"1 9 +'00053 +'00009 + '00041 +'00034 + '00003 - '00025 + '00006 + 00009 +'00009 

18 18 .. +'00009 -'00022 -'00050 -'00016 + 00006 -'00006 +'00025 +'00003 - '00009 -'00034 +'0001 9 +'00009 - '00<:'06 

19 18 +'0002 5 +'00003 -'0003 1 -'00034 -'00034 -'00050 -'00047 -'00037 -'00016 - '0001 9 + 00022 + 00022 -'ooor6 

20 18 .. +'0002 5 + '00012 -'0001 9 - '0003 1 -'00034 -'00037 - '00053 -'00044 -'00016 -'00003 + '00006 + 0001 9 - '0001 5 

21 18 .. +'00028 +'0001 9 -'00012 - '00012 -'00016 - 0001 9 -'00047 -'00034 -'00003 - 00006 +'00009 + ooor6 -'00006 

22 18 .. , + 0002 5 + 0001 9 -'00003 -'00009 -'00003 -'00003 -'00031 - '00016 + '00009 +'00003 +'0001 9 + 'oco06 + 'ococr 

23 18 + 0003 1 + '00022 + '00003 + '00003 +'00009 +'00009 -'00022 -'00003 +'00037 +'0001 9 + 'oOOIb +'00022 + '00012 

0 18 .. , +'0003 1 +'00028 +'00009 +'00009 + '00022 + '00028 '00000 + 00016 + '00047 + '00022 + '00022 +'00028 + 'OOOZ2 

I 18 +'oooz8 + 00022 + 00006 + '00022 + 00025 + '00037 + '0001 9 +'00022 +'00053 + '0001 9 + '00016 +'0001 9 + 00024 

2 IS + 00009 + 00012 '00000 + '00025 + 0002 5 +'00044 +'0002 5 + 00028 +'00059 + 'OC'012 + 00006 + coo03 + 00021 

3 18 - 00012 -'00003 -'00006 + '00016 +'00022 +'00041 + '000,3 1 +'000,31 +'OOC'5° -'00003 -'00016 -'00022 + '00011 

4 18 -'000,37 - 0002 5 -'OOOIZ + '00012 + '0003 1 + '0004 1 + '00044 + 00037 + '00041 -'00016 - 'OO02S - 00°44 +'oooo.j. 

5 18 .. -'oooso -'00053 -'00028 +'0001 9 +'00069 +'0008 7 + 00094 +'00072 + '00047 -'0001 9 -'00044 -'00009 + COOIO 

6 18 , .. - '00066 - '00°59 -'00016 + '0008 7 " COI97 + 002 3 1 + 002 3 1 + '00222 + 001 53 +'00°34 -'oo06z - 0 008 4 + J007Z 

7 18 - 00047 -'00046 + '0007 2 + '00181 + 00259 + '00297 + '0029 1 + '003 1 2 + 002 7_ + cOl28 - '00047 - 001°9 + '0012 9 

8 IS +'00044 +'00034 + '001 47 +'00200 +'00222 + '00253 + 00z41 + 002 72 + 00244 + oC166 + 00009 - 00053 +'ooqS 

9 18 +'00097 +'00094 +'00166 + '00122 + '00073 + '0011 9 + 00°9 1 + 00116 +'00097 +'00094 + '00034 + '0001 9 +'ooo'H 

I 
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1882, 

Bombay CJ\'ll Time. 

b. m. 

10 IS .. 
II 18 .. , 
l2 18 .. 
13 18 .. , 
14 18 .. , 
IS 18 .. ' 
16 18 , , 

17 18 , , 

18 18 ... 
19 18 .. ' 
2O 18 .. , 
2I 18 .. 
22 18 .. , 
23 18 .. , 

0 18 .. 
I 18 .. ' 
2 .18 '" 
3 IS .. , 
4 18 , .. 
S 18 .. 
6 18 .. , 
7 18 , , 

8 18 .. 
9 18 .. ' 

TABLE 136,-DECLI~ATION MAGNETOGRAPH. 

Showing the mean (liurnal 1:ariutwn of declination f01' the 'fI~onths Januat-y to April of UtO year 1882. 

MONTH. 

Juaary. February. March, April. May. JUDe, July, Allguet, September, October. Novl.'mber, 

I 

+'00075 + '00109 + 'OOIU + '00059 
- '00003 + '00012 - '00006 -'00094 
-'Ooou -'oo06S -'001 3-' -'00206 
+'00012 -'00012 - '001 53 - '00209 
+'0001 9 - 'oooS6 - '00094 I - '001 3 1 
+'0001 9 -'OO02S -'00006 -'00056 
+ '00019, - 'OOOlZ +'oo~25 - '00012 
- '00006 - '00022 -'00016 -'00009 , 
- 'OOOU - '00034 -'00047 - '00022 
+ '00006 +'00003 -'0003 1 - 00025 
+ '00003 +'00006 -'0001 9 - '0002 5 
-'00006 + '00003 -'00009 - 00012 

'00000 +'00006 +'00006 +'00003 
'00000 + '00016 +'00016 +'OOOU 

+ '00006 +'0001 9 + '00019 +'00028 
+'00003 + '00012 + '00016 + '00041 
+'00003 + '00006 + 'COon + '00037 

, 

-'00016 -'00009 '00000 + 'Coon 
-'00037 -'00022 - '00012 + '00012 
-'00059 -'00037 -'00022 +'00009 
-'00069 -'00041 - 000T6 +'00075 
-'00069 -'00025 + '0005 0 + '00162 
+'0001 9 + '00072 + '00134 +'cozoJ 

I +'00100 +'oolz8 + 00159 +'001 75 I I I I 

, 

DeOt>mber. 

I 

Year 

, 

t') 
o ", 



TABLE 137.-HORlZONTAL FORCE MAGNE'l'OGI1ArH. 

Snowing the mean diumalvariation (Jf Rorizontal Jilm'ce for each montn of the year 1872 and for the whole year. 

1872, MONTH. , 

---- Year, 
Bombe.y eml Time, January. I February. I ~iarch. I Apnl, I May" I ,June, I July. I August. I September. j- October, \ ,November. DeQember. 

I 

I -

h, m. 

10 19 ... + 'O03 1 !) +'004$9 +'00487 + '00567 + '0°5 24 + '004 14_ + '00466 + '0040 5 + '00397 + '00416 + '004 13 + '00354 +'00435 
II 19 ' , +'00380 +'O049~ +'0°545 +'00596 ;- 005 28 +'00443 + 'b0441 +'00451 +'00457 + 00441 + 00430 +'00375 4- 00465 

-1~ 19 '" +'oP358 +'0045 2 + 004~3 + '005°1- +'00449 +-0040 5 +'0040 7 -+' '0041 7 +'00435 +'00348 +'00344 +'00333 + '00411 
13 19 .. , + 002 5 8 +'00328 + '0035 1 + 00377 + 00328 + '003 22 +'00294 _ + '(1)0341 +'0036 4 + '001 7 0 +'00221 + '00243 +'00300 
14 19 .. + '00144 + '001 79 + 00206- +'001 99 +'00187 + '00184 + '00189 + '002 II + 00237 -'00004 + '00106 +'ooJ45 + '00165 
15 19 , .. + '00057 +'00088 +'00066 +'00074 +'00050 +'00063 +'00059 +'00080 +'00110 "'-'00089 +'00009 +'00081 + '00054 
16 1<) .. ' - '00039 +'00034 - '0001 7 - '00033 -'00042 - '00054 -'00055 -'00025 + '00025 - '00110 - '00085 -'00009 -'00034 
17 19 ' , -'000 74 + '00012 - 'ooIl6 -'00074 -'00096 - 'oOIl3 -'00139 -'00093 - '00034' - '001 49 - '0012 3 - '00064 -'00089 
18 19 -'00087 - '00.041 -'00161 - 'col08 - '001 5 0 -- '001 38 -'00185 - 'OOIlO -'00097 - 00161 -'0012 3 -'00068 - 'oOII9 
19 19 " - 00122 - '00043 -'O020~ - 001 41 -'00166 -'001 3 0 - 00185 - '001 33 I - '00169 - '001 74 -'00174 - 'OOIII -'OOJ46 
20 19 - '00162 -'00085 -'00223 -'00194 - '00212 - '001 5 0 -'001 97 - '00160 -'00169 - '001 9 1 - '00225 - '001 5 8 - '001 77 
21 19 .. , - '00210 - '001 99 -'0022 3 - '00186 - 002 37 - 00163 -'oor81 - '001 77 - '00182 -'00208 - '00225 - 001 92 - 001 99 
22 19 .. - '00210 -'00390 - '002 2 7 - '00228 -'002 33 - '00180 -'ool5 J - '001 5 2 - '00203" - '00149 - '001 9 1 -'00183 -'00208 
23 19 .. - 001 75 - '00435 - '002 35 - 00244 - c0233 - '001 9 2 -'00164 - 'OOJ48 -'00.103 - '0012 7 -'0017 0 - 00J')2 - 00210 

0 19 .. -'oor57 -'00344 -'0019° - 00257 - '00.116 - '0016 7 - '001 7 2 - '001 52 -'00203 - '00093 -'001 3 6 - '00168 - '001 90 
I 19 .. , -'001 31 -'003 15 - '00182 - '00232 -'00204 - '00134 - '001 93 -:- '00173 -'00169 -'00068 - '00102 ~ 00166 - '00172 
:I 19 .. .- '00122 -'002 72 - '0017 8 - '0021 5 - 00212 - '001 59 - '001 7 2 -'00164 - '001 5 2 - '00042 - 'OOIIS - '00111) - <'0160 
:; 19 .. - 'OOll.} I - '001 76 - '00145 

I' 
- 00203 -'00183 - '00163 - '00202 - '00186 -'0012 7 -'0001 3 - OOIlI - 'OO12E. - 00146 

4 19 - '00096 -'00138 - '001 36 - '00203 I - 'OOIh7 - '001 71 -'00189 - 'oc160 I - '001 35 + 0002 5 - 00094 -'o009~ - '001 3 1 I 

5 19 ' I - '0008 7 - '00°97 - 001 0 7 - '001 90 - 00175 - '00176 -'00160 - '001 56 I - 001 35 -'00°55 -'00035 - '00°77 , - 0012 5 
6 19 I - '00035 - 00055 - 'OOlI2 -'00161 - '00116 - 001I7 - 0008 4 - '001 35 - '001 35 -'0006.+ - 00030 -'00047 ! - 0009' 
7 19 +'00035 +'00030 -'00045 -'00091 + '00012 - 0001 3 +'00°4 2 - 00046 - 0012 7 - 'co03 0 +'oQ060 + 0001 3 - 0001 3 
1) 19 + 00100 + OOZOI + 'OOIIZ + 001Z4 +'001 79 + 00125 + 00202 I + 00067 + 00008 + 'OOIIO + 0017 0 +'00094 +'00124 
9 '9 + 001 97 + 003 15 + 00293 -'00356 + '00357 + '0023 0 + '0°370 + '00202 + 00116 + 'OO.l3 8 +'00235 + 00205 + 0(':]2 

! 
I i -------------

~OM6 i~=.l~=: 
, 1-- ---- - I--~-- -----

1 

I I I 
! A\Clllgo PI'('Igl P'~l" 0 

~l~'i I I I , , 
crease pO' d Iy - o('c .. 6 

I I I - OCOS1 I - 00°59 I - eN'53 , -- "('C4o - occ.p - .,0°35 - ("('1022 , 0,)03' 00°:1 
I I 

I I I I ! I I 
I 1 , 



TABLE 138,-HoRIZO:-'l',AL ,FORUK ~fAONETOGRAPH. 

SI.oUJtltr] the mean diurnal variation of Horizotltal l'orcejor each month of the !/~ar 1873 an(I/or He ,tI'1iVle year 

I F- I'"~ \ 
~O~TH. 

1 J.LtlU;l·Y· 
I 

I ! ! Str~mLcr·l I Novcu,ber. 

-- YeN'. 
Dombay C".I Time I 

}'ebruMY. March I April, I May, June, July I August, October, De~Dlber, 

- -----
I 

I I I 
1 

I h, ru 

I 10 19 +'002 95 I + 'Q0420 +'00468 +'005 25 +'00345 + 'Q028[ +'0031:1 + '0°335 +'003 1 4 +'0030 4 + '00283 + 'Cozy> + '0034. 
I[ [9 ... + 00359 +'00488 +'0°5 2 4 +'00.538 +'0037 1 +'00290 + 'O°3U + '0036 5 + '00357 + '00333 + '002 93 + 'OCJ 43 +'0°375 
IZ 19 +'003 2$ + 0044 1 + '00468 +'00443 +'00293 + 00290 +'00330 + '0°35 1 +'00348 + '002 71 + '00247 + '1"021 9 + 0<'336 
13 '9 + 0021~ + 00334 ""00326 + 0032 3 + 00216 +'oo14Z + '00:8r + '002!!3 + '('0274- ... ' 00169 +'OOI4~ + '0014-4 + '''02 47 
14 19 + '00120 

I +'001 93 +'0017-: +'001 94 + 00U9 + '00143 +'001 74 + '001 78 + '001'57 + '00083 + '0005 I +'00074 +'oc;>t;9 
'S '9 +'00034 +'00°5 1 + '0005 2 +'00086 + '00052 +'00009 +'00048 +'0005 2 + '00043 - '00021 - '(>OC>04 

I 
+'0("01 7 '*' '00035 

16 19 .. , -'0001 3 -'00064 -'00034 + '00026 - 0005 2 -'0005 6 - OOOZ2 -'00043 - '00026 - '00°74 - '00045 - '00012 -'00035 

17 19 .. - 'ove.'It - '00111 -'00047 -'00060 -'00095 -'00160 - '00117 - ' 00109 -'00096 - 00 107 - '0<'01 - '00058 - '00096 
18 ll) , , -'oooyo -'001 33 I -'00099 -'ooc99 - 'oOIl9 - '00186 - '001 34 -'001 30 - '00122 - 'Ocr IS - 'OC:>9 1 - 'Co06z - '00116 

19 19 - 'OO1:l0 - '0014 1 -'OOI4U -'00155 I - '00121 - 00160 - '001 43 - '00165 - '('01 44- - '00 1 4-Q - '00(::8 - '( 0095 - '00133 
20 19 -'00192 -'00167 - 00189 - ' 00185 I -'00108 -'00130 - '00147 - '00161 -'ooJ66 - '001 5 6 -'001 3 6 -'0010 1 - 'vol53 
21 19 .. ' - 0017S -'0021 4 -'00z~7 - 00::06 - '0012 9 -'001 34 - '001 5 2 - '00174- - '001 74 -'00164 - 00136 - 'O01~4 - 'OoI6~ 
:zz 19 - '00102 -'00210 - '0021 5 - '002371 - 'oc1 42 -'001 30 - 'oo1I 7 - '001 5 2 - '001 79 - '001 48 - '00124 - 'OoJ.jO - 't)oJ63 

23 19 - 'Ol)128 -'001 16 -'002 3 2 - 002 2 4 - '001 34 - '00125 - '00104 - '001 5 6 -'001 35 - 'OOU7 - '00119 - '00144 - 0015 0 
0 19 - 'OOI~O - 001 37 -'0021 9 - '00219 -'coI3$ - 'COl21 - '00108 - '00122 - "00113 - 'OOllS -'00111 -- '00103 - '001 3$ 
I 19 ... -. 00103 - '00167 - 00:106 - 00102 • - 001 34 - 00108 - COll7 - '00113 - '00109 - 'oooS.! -'00095 - "0(; 087 -'0012 7 
:2 19 - 00lc3 - 001 71 - '00189 - 00189 -'001 41 - 0011 3 - 001 3 0 - "00117 - '00037 -'0007° - '00103 - '0008,\ - ' 0012 5 
3 19 " - '0->0';' - 001 50 -'00185 - '00159 - '00121 - '00°73 - '00126 - '00122 - '0007 8 - '00066 - '0009 1 -'oo07 h - '00111 

4 r .} - '0008(; - '001 5 3 - '001 33 
j 

-'00163 - '00121 -'00039 - '00(26 - 'OOIf 3 - '00074 -'00053 - '00074 - 'oooG6 - 00100 

5 19 - '00077 - '00141 - 'oOIZ 9 - 001 72 - 0011 Z - 0005 6 - '00[21 - 00096 -'00061 -'00049 - 00049 -'00054 -'ooon 
6 19 - '00060 - '00116 - '00120 - 001 59 - 0007 8 - 00009 - '00087 -'00074 ~ '00065 - '00033 - '00004 ' -- 'OOOZ$ -'0006<) 

I .. 19 ,: I - 00(113 - 000110 - '00047 -'00069 '- 'ooo~~ + 00°-13 -'00004 -'00048 - 00061 + '00<,08 +'(,,0070 + 00°37 - '0001 4 , 
8 19 +'00,1068 ,L 0003r +'000')9 +'00°5 2 + 00112 I + 00104 + 000S1 + 00087 + '00022 + 0<:'119 + '00140 + 000')9 +- 00039 
9 l'l +'001 54 + 00.lS7 +'002 7° +'00262 -+-'0024 6 + '00182 

+ ""oS I + 00'" 
+ 0017 0 + 0022~ +'00210 + 0016') I + 0021 5 I 

----- - ---- ----- ~-

Averagu rl'ogrl)~.I\e m· 

I 1 
I crc:l.&v 1'~'T day - oooz~ 

i 
-'OOOIS -'00010 - 00036 -'00033 ~ 00043 I - 00°3 1 - 000;3 - 0 0025 -'0001) - 0001 3 - '00014 -'oooz4 

I I I I I 



11374 

Bombay C.vil Tune, 

b, m, 

10 19 

II 19 

17 19 

13 19 

J4 19 
IS 19 
16 19 

17 19 

18 19 

19 19 
~o I9 
21 19 

22 19 

23 19 

° 19 
1 19 

2 19 

3 19 

4 19 

5 19 
() 19 

7 19 
8 19 
9 \.) 

TABLE 139.-HolUZONTAI, FOl<CE MAGNETOGRAPH. 

Showing the mean di111"'tW.l variati()11 of n )?'izonial F07'ce fm' each lrLonth of the year 1874 and for the wh()le year. 

January, I February I 

+ '002 77 
+'003 14 
+ '00256 
+'00161 

+ '00087 

+ '00025 
- '00037 

-'00079 

00095 

- 00103 
- '00124 
-'00145 

- '001 36 
- '00 II 6 
- '00Il6 

- 00079 
- 'OOIU 

- 0009 1 

- cooH 
I - '00054 

- 00025 
+ 'oeo17 

+'00099 

+'001 90 

+'00344 

+'00373 

+ '0°3 15 
+'00224 
+ '00 II 2 

+'00029 
- '00011 

-'00054 

-'00046 
- 0007 0 

- '001 37 
- 00186 

- '00207 
- 'O021 9 
-'0011 5 
- '00166 

- 'OOI49 
- 00108 

- 0009 1 

- '0008 7 

- '00054 

+ 00004 

+ '00120 

t'oc2 44 

MONTH. 

Mal'eh, I Year I June j July. I August, j Septemher I October. I November. I December, 

-------+-----.----.:--1 -----!/--+ 
May. 

+'00406 

+'00435 

+'00356 
+ '00228 

+'00087 
-'00033 

-'0007 0 

- '00037 
-'00099 

- '00120 

- 00124 
- '00166 

- 00162 

- '001 45 
- '0014) 

- '0012 4 
- 00)33 

- 'ool.!4 

- 'OOIIl 

- 'COJl:! 

- 00083 
- 'OOO~9 

+'ooC"J9 

+'00265 

-+ '00403 + '00336 + '00296 + ' 002 75 

+'00415 +'00353 +'00333 +'00342 

+ '00357 + '00307 + '00312 + '00346 
+'00232 +'00233 +'00233 +'00284 

+ 00124 +'001 33 +'001 54 +'00175' 

+ 'Oo037 + '000.29 + 00042 + '00058 

- '00046 - 00037 - '00033 - ·Ooo.p 

- '00108 - 00075 - '00079 - '00096 

-'00174 -'00II6 -00121 -'00121 

- '00203 - '00141 - '00133 - '001 3:; 

- '00174 - '00154 - 'O0125 - '00154 

- '00178 - 00158 - '00125 - '001 3 8 

- 00191 - '00141 - '00 II 7 - '001I7 

- 'OolS8 - 'Oorso - 00108 - 00117 

- '001 3'3' - '00137 - 'oOIl7 - '0012 5 ' 

I
, -'00129 - '0012 5 - '001 33 - '00100 

-'OO1I2 -'00108 -'00125 -'OOIOS 

- '00120 - '00116 - '0012\ - '00092 

I - 00091 - '00104 - '001 I 7 - 00063 I - 00079 - 001 0 4 - '00100 - 00008 

I - '000751 - 00066 - '00062 - '000S8 

I 
-'MOO ~ + '00004 '00000 - 0001 3 

+ 00120 + '00091 + '00079 + '00029 

+'00216 
+'003 26 

+ '003 22 

+'00246 

+'001 5 0 

+'00033 

- 00050 

-'00084 
-'00100 

- '00125 
- '00150 

- '00146 
- '001 59 

- '001 34 
- 00Il5 

- '00104 
- 00:)88 

- 00071 

- OOOi5 
- '0007 T 

-'00058 
-'00038 
+ 0004 2 

+ OOQl 

+ '00259 + 00239 + '0029° + '00231 + '0030 3 
+ '00318 + '00289 + '00281 + '00248 + '00336 

+ '00289 + '00:39 + 00210 + 'OOHo + '00293 

+ '00197 +'00130 + 00122 oj '00155 + 00204 

+ '00109 + '00034 + '00076 + '00084 + '001 TO 

+ '00029 - '00025 '00000 I + '00021 + 00020 

- '00021 -'00054 - '00029 - 00046 - c,0040 

- '00050 - '00071 - 'O0088 - 00097 - 00081 

- '00054 - 00088 - '00105 - 00097 - 'OOTOI 

-'00075 -'0009 2 -'00147 -'00084 - Ovl19 

- '00121 - '00109 - '00126 - '0°"92 - 00132 
-'00142 -'00126 -'00126 -'00113 -'0,)145 

- '00126 - '00109 - '00126 - 'OOUlI - 00143 

1

-'OO1l3 -'00071 -'00122 -00109 - 001 3° 
- '00109 - '00038 - '00105 - 00059 - oor 19 
- '00100 - 00067 - '00084 - 00084 - '00108 

-'00079 - 00080 -'00071 -'00101 -'00105 

- 00067 - 00046 - '00067 - '00088 - 000')3 

- 00059 -'00059 - 00067 - 00080 - 000S4 

- '00046 - '00059 - 000$0 -- ooou3, - '00076 

- 'OCl0 75 - '00059 - '00034 I - 0003S' - 00°57 

I - 0009 2 - 0002 9 I + 0001') -I ('I~O]T I' - (")Ol I 

, - OC :25 + 00059 I' + 001 I7' + 000::13 + 0007 6 

I + 002~G __ +_'o_n_
2
_
1
_6_

1 

__ +_'_0_0_I_9_
1 .~_+_'_0_0_I_29 __ -------11----- j---- ,- 1---

in-I' i I : i 

I + 001 30 ~'00155 + OOJ,)3 I + 00172 + 001 95 
I I I I 
1---, --1---' 1--- ---1-

AHTHe:d 1" ~r{,RSJVC 
l'I £"1-'" 1,cr I' ay '" -(;00·6 -,-r,005! -00C)J3j -00017 , -'OOOI61-'ooo~:r -'OOOZ7: 00000 i - '00026 i - '0(",01 I 1 - OOO~61 - ('00"5 I - 00015 



TABLE 140,-HolllZONTAL FORCE MAG~-noaRAPn, 

Shouing t'M mean diurnal variation of Horizontal Force/oT each rr..ontl~ of the year 1875 and/or the whole year, 

1875, llONTlL 

February,' \ I \ I t SePtelllber'1 I November, I D&:lt'mber, 

TtlU, 

Bombay CIVU Tune: January, March, Apnl. May. June. July, August. October, 

h, m, 

10 19 ... +'001 93 +'00265 +'00358 + '00397 + '00292 + '0030 5 +'C>0229 + '002 34 +'00204 +'00251 + '00269 + ')01 96 +'C>0:z66 

11 19 .. + '00::27 +'00337 +'0039 2 + '00418 +'()ol04 + 00J05 +'00::63 + '002 7 2 + ,()021 7 + '002 77 +'oo.z64 +'00201 +'O029° 

12 19 ... +'00189 +'003°3 +'00333 +'00333 + '00266 +'002 7 1 +'00254 + 002 55 +'O0208 +'oozz6 +'001 9 6 + '00167 + '00250 

13 19 ' .. +'00119 +'oou7 +'00::°7 +'002 36 +'00190 +'00207 +'002 04 +'<'0200 + 00149 + '001 3 2 +'00102 + '()Olll +'001 75 

14 19 .. ' +'00030 + '00114 +'00084 +'00114 +'00101 +'00123 + '00127 +'00119 +'00068 t'oo043 +'00034 +'00047 + 00088 

IS 19 .. ' + '0001 7 +'00029 - 'oooJ7 + '00021 + 00025 +'00017 • + '00021 +'00042 -'O~4 -'00034 - '00021 -'00004 +'00008 

16 19 .. -'0002 9 - 00055 - 'O0093 -'00046 -'00038 -'00068 - '00042 - '0002 5 - 00055 -'00081 -'00073 - 00038 -'00054 

17 19 ... - 'O0063 -'00109 
- '

OOIl2
1 

-'celiO -'00093 - 00106 -'o008S -'00059 - 'OOOSI -'00094 - '00085 -'00064 -'00089 

18 19 ' .. '- '00067 -'00147 - '00114 - '001:17 - '00101 -'001 3 1 -'00106 -'oOOS9 -'00094 - "00089 - "00090 -'00"56 -'00101 

19 19 , .. -'00088 - 'OOJ35 -'001 35 -'00139 - :COIl 4 - '001:13 - 'OOllS -'00098 -'00094 - 00094 -'00094 -'0005 1 - '001 0 7 

20 19 ," -'00092 - '00147 -'00148 - 'OOJ43 - '001 14 - 'Oon8 - 'OOU9 -'00102 -'00102 -'00098 - '00107 -'QOO~5 - 'oOIlS 

31 19 .. ' - '00097 - '001 43 - 'OOJ5 6 - 'ooJ60 -'oou3 -'00114 - '00123 - 'C>0098 - 'OOllS - '00089 - '00102 -'0008 5 - '00117 

22 19 .. -'00092 ,.. '001 43 -'00148 -'00148 -'0012 3 -'
0011

4 - '00123 - '00081 -'00094 - '00098 - '00111 -'00055 - '00113 

23 19 .. -'00101 -'00109 -'0014 8 - '001 52 -'00118 - 00106 - 'OOIIO - '00106 - '0007 2 - -00068 -'00085 - 'OoeSl -'00105 
0 19 .. - '00105 -'00105 - -001 31 - 'co160 - '00127 -'00106 -'00102 -'00098 -'00064 - '0007 2 - '00081 - '001)90 - '00103 
J 19 ... . -'00084 -'00084 - '00122 -'001 5 2 - '06106 -'00093 -'00098 - '00093 -'000 38 -'0007 2 - '00085 -'00073 -'00092 

2 19 .. -'00097 -'00076 -'OOlIO - '0012 7 -'00106 -'00093 - 00093 -'00093 - '00043 - 00072 - '00077 - '00081 - 00089 
3 19 .. , - '0007 1 -'0007 2 -'00089 - '00114 -'00093 -'00097 -'00085 -'00089 -'0001 7 -'00072 -'00073 - '00073 -'00079 

4 19 .. -'00063 -'00067 - 0007 2 - '00105 -'00089 - 'O0097 -'00076 -'oo08S - 'O0021 -'00068 - '0006 4 -'oo()68 - '00073 

5 19 ... - 'O004 2 -'00059 -'00059 -'00089 -'00076 -'
0008

9 
-'00059 -'

0008
5 - '00009 - '00055 - '00047 - 'OOC'SI -'00060 

6 19 " - '0001 7 -'0005 1 -'0005 1 -'00080 -'0005 1 - 00047 - '0002 5 - 'oop64 -'00030 -'00043 -'00026 -'00021 - '00042 , 19 .. , + '00017 -'00034 -'00004 -'00046 - 00008 + 0001 7 +'0001 7 - '00038 - '000 47 -'00004 +'00038 + '0002'5 -'00005 

8 19 ... +'00084 +'00046 + '00122 +'00084 +'00089 +'00093 +'00076 +'00042 -'00004 + '00089 + '00119 + '00102 + '00078 

9 19 , .. +'001 35 + '00160 +'00266 + '00<162 +'00186 + '001 99 +'001 36 + '001 49 +'OOIJ 9 + '001 96 +'00200 +'001 37 +'001 79 

----, ---- ~ 

Average progressive ill-
crease per day .. , - 'Ooon -'00033 - '00002 ~'OOOIS -'00021 

-
0002

5 I - '00022 -'0001 5 -'00022 -'0001 3 -'00019 - '00007 - 'oCrol7 



TAllfJE i 11.-HoRizONTAL FORCE MAGNETOGRAPH. 

Showing the mean diurn,:!'l variation of Horizontal Force for each month oj the year 1876 and Jor the whole year. 

1876. MONTH, 

Year. 

February. I March. t -April. 1 May. I June. I J-u1y, I August. J September. I October. I November.) December. 

I------------------+-------+--- --+-------+-------7------~------~------~~----_,r_------~1 ~----~--__ ---L--__ ---LI-------

Bombay Cinl Time. January. 

h, m, 

10 19 + 00231 + '00261 + '00334 + 'Q0317 + '0029% + '00232 + '00267 + '00220 + '00181 + '0022(> + '00272 + '00212 +'00253 

11 19 + '00269 + '00282 + '00364 + '00339 + '00292 + '00249 + 0030 5 + '00246 + '00207 + '0<'272 + '00268 + '00216 + 00276 

1.2 19 + '00227 + c0244 +'00317 + '002 9 1 + '00240 + '00241 + '00267 + '00237 + '00190 I + 00238 I + '00225 + '00177 + '002.1,1 

13 19 + '00150 + '00128 + '00210 + 'OOH4 + '00172 .+ '00189 + '00206 + '00198 + '00142 + 'OOISt + '00134 + '00108 + '00165 

14 19 + '00090 ;. 00056 + '00 II I + '00124 + '00082 + '00120 + '00125 + '00121 + 'oooS6 + '00052 + '00052 + '00048 + oooS~ 
15 19 +'00030 '00009 +'00017 +.'0005 6 '00000 +'00°30 +'00030 +-00030 +'0001.7 -'00013 -'00030 -'00004 + 0001 3 

1619 -'00013 '00073 -'00034 -'00009 -'00060 -00034 -'00047 -'00030 -'00022 -'00039 -'00091 -'00039 -'00041 

17 19 - 'oooS 6 00077 - '00069 - '00060 - '00090 - '0009° - '00086 ... '00069 - '00043 - '00060 .:.. '00 I 08 - '00087 - '00075 
18 19 -'00073 'oooSJ -'00103 -'00094 -'ooIl6 -'00120 -'00112 -'00103 -'00060 -'00073 -'00112 - 00095 -'00095 

19 19 -'00085 00090 -'00124 -'oor20 -'oon6 -'00107 -'00125 -'00108 -'00065 -'00099 -'OOIl2 - 00095 -'00104 

20 19 I - '00107 '00098 - 001 33 - '0014 1 - '00116 - 'OOIU - '00125 - '00108 - '00082 - '00112 - 'oOIli - 'COI00 - '00[13 
::11 19 :', -'00137 '00107,-'00154 -'00141 -'OOII2 -'00112 -'OOIll -'00103 -'000781 -'oOIl7 -'OOIl7 -00100 -'oon6 

H 19 - 00124 '00111 -'00154 -'00124 -'00116 -'00103 -'00103 -'00099 -'00069 -'00104 -'00104 -'(;:)0;)7 - 1:'0103 

:13 19 -'00120 '00107 -'00128 -'00111 -'ool107 -'00095 -'00103 -'00078 -'00069 -'00073 - 00086, -'00°78 -'0009/ 

o 19 - 'OOlll '00098 - 00133 - '00 II I - '001°3 - '00077 - '00090 - '00073 - '00065 - '00069 - '000&6 - '00087 - '0)09 2 

1 19 -'00094 '00094 -'00137 -'00120 -'00090 -'00073 -'00099 -'00078 -'00056 -'00052 -'000731 -'00056 -'00085 

2 19 - '00081 '00077 - '00120 - 'ooll6 - '00099 - '00073 - '00099 - '00078 - '00035 - '00052 - '00069 - '00052 - '00079 

3 19 -00077 '00064 -00103 -'00107 -'0009° -'00077 -'00095 -'00060 -'00047 -'00060 -00065 -'ocoG' -'00075 

4 19 - 'oc064 '00064 - '00098 - '00103 - '00086 - '00069 - '00099 -'00073 - 00047 - '00052 I - '000S2 - 'oooS" - ooqz 

5 19 - '00056 0005 1 - '0(,086 - '00099 - '00077 - '00077 - 00095 - '00078 - '00043 - 00043 I - 'oC043 - 00"43 - 000u6 

6 19 - 00026 00(')39 - 'oo08r - '00090 - '00056 - '00039 - '00060 - '000731 - 00052 - '00035 I - '00013 - '00017 - 00048 
7 19 ',I +'0001 3 '00000 -'00039 -'00051 +'00009' +'00017 +'00009 -'00026 = 0cOooc6_.~ 1\ - 0001, I' +'000431 +'00035 -'oelt'o 
8 19 "I +'oc064 + 00077 ... 00081 +'00056 +'00120 I +'00073 +'00086 + 00047 v +'OC04 8 +'00121 +'000':11 I +'0::>0,0 

____ 9 __ 
1

9 _____ , I~O:~ _:_0_0_1_i_~_i--+_'_0_0_2_I_4 1_+_'_00_:_0_6 ___ +_'C_O_2_~_5_li ___ +_0,_0_1_4_' + '00,8, + '00,
46 1 + '000

9
'. _-I_'_'O_O_I_Z_l_'I_+O _0 __ 1_9_9_

1 

__ +_'_°° __ 1:_1_1 + '
0016

5 J 

,\ vern:;e I'ro~r!'S.IH' in I " I I I 
C!'l'a.SJ ptr oay ,- - '00014 'ooooS - 'OOOlO I - '00010 - C'0013 - (:")0:2 I - 0001 [I - 00019: - '0001 5: - '''''CIS; - 00003 I - 'OC" [ - 0::'01 4 / 

----------------------------------~------~------------------~-------------------

~ -o 



T.UlU: 142,-lIOlUZO~TAL FOl.U: ~J.\fJXf:TUGn .. rU, 

Showing the mean diurnal variation of liori;:ontal F01'Ce Jor each 7nlmtl. 0/ the Yf'ar 1817 and for fht ,dwle YI'u.r, 

1817 

\ 
:MO~TH, 

- -

I I I I I I I s"rten1u.or'l I Nonrubt'r./ Bomb.,y ClVJ Tuue 
\ 

January, Febru.u-y Ma.n:b. Apnt lIay, Jane. July, Aug> at. OctOM, 
~ 

I 
. 

I 
h. m. 

10 19 .. + 'oo~al +'00 2°4 +'002 7 8 +'0030 3 +'002.p + oOl34 + '00238 , 
+'00202 + COlOl +'002Sl> + '00211 

1 I 1') ... + "02St ... 0 024 2 + '(>03 l 7 + oOHo +'0028 7 +'00242 + 'oN79 +'002 47 +'0(;235 + '00'01 + 'oOlIl 
12 19 .. , + '0<.>212 + '0') zz 5 + '00.:66 + '00274 +'00246 +'00109 +'002 6 7 + '002 3') + 'COllO +'0,,:64 + cOl57 

13 19 ... + '00117 + 00[56 +'00180 + 00160 +'00 184 + '001 56 +'O020[ +'001 89 +'~cIS7 + '00[53 + 'cccH 
I [4 19 ... +'0003') +'00039 +'00°74 +'00078 +'00098 + 'ocqo +'00°99 + '00 I J I +'oocY5 + 'OOCj l I + 000\1 

15 19 .. -'00009 + '0')01 9 -'C0020 +'00008 + ooou - 'oooe8 +'ocooa + 'OOCl 9 + '00e33 - '00011 - coo..!o 
I' . 19 . , -'00°30 - 'OO03[ - '00061 -'Oe02? - '00041 - 00070 - ooe66 - 00"45 - co025 - 00049 - ooo(,t. 

17 19 " - '0005 2 -'00061 - '00074 -'oc053 - 00086 - 00098 -'000,),) - OOC8l - '00049 - '0008 7 - '00087 
IS 19 - 'OC'069 - '00074 - 0007S - ooo')Q - '0012 3 - '001 35 - '001e3 - '0C'1'~3 - 'OCO(,I) - "'01 II -'oocS 7 
19 19 .. ' - 00069 -'00103 -'00990 - '0012 3 - '00107 - 0012 3 - 00094 - 'oOL'9S - 'o00lh - '00103 - '00N)5 
20 19 , .. - coo,. - CI,)106 - 'COil!) -'001 31 - '0011 9 - '00119 -'00090 - 'O()095 - '00032 - '00103 -'0006: 

JJ 19 ... -'00087 - 'OOU2 -'00123 - •001z 7 -'00098 - OOlIS -'00032 - 00lc7 - 'oCL>Q5 - '001 15 -'ooc74 

2:1 19 .. -'00104 - 'C0102 - 0012 3 - '001 3' .- 001 Jl -'00103 - 00086 - '00099 - '(,0082 -'oe120 • 'oooS3 

23 19 ... -'oo~9S - '00093 - '00110 - 'Ot:1098 - '00102 -'00082 - 00094 - 'co074 - 'Oo"Sz - 0009') -'oc, 9') 

0 19 .. - 0009 1 -'00089 - '00094 - co086 -'ccolh -'00070 -'00086 -'0008; -'co066 - '0009 1 -'00091 

I 19 .. - '00087 - 00068 -'00069 -'OOC82 - 'C007S - '0001.6 - 00099 - '00086 - oc07° -'00('87 -'0007 0 

:I 19 .. - 0009 1 - 00075 - 'oooGI - '00074 -'oo07 S '00053 - ...- '--"': ) 1 -'oo07S -'00062 -'oC'°74 - '0006: 

3 [9 .. -'00074 - OOOs? - '0006, -'00074 - '00057 - 00045 - '00082 - '00082 - 00054 - 'ooc6b -'0'0045 

4 19 ., - '0005 2 - '0005 I - 00057 - 00078 -'O~04') - 'cc057 -'0007 8 - '00°7 8 - ooe l<) - '0007 0 -'oooSo 

5 19 -'00043 - '00045 -'00053 - '00090 - coo' 6 - 'OC0 57 - 'OOC74 - 'ooc66 - 00041 - '0005 8 - 'OOCZI 
(, 19 -'oooz6 - 'Ooc~o -'(,0061 -'ooofl6 - '00066 - 0001' -'00053 - 00049 - OC0(,Z - 0"058 -'00003 

7 19 .. +'0001 3 - 'c,0007 - 'oool5 I - '0004 1 - 0,",010 +'00('53 - '00008 -'OOO!9 - '(>0<'06 - 00021 + 'ooc,p 
I 8 19 .. +'0007 8 + OOOH I + 00053 

+ 0:)'-4') /-'00061 + 0012 3 +'00066 + 'ocoS3 '00000 + c~o66 + '00111 

9 19 .. + '..,015 l +'oou7 + 001 59 + 0018l ,+ 00lS6 of 001°5 + '00(.1 0 + '0014<:' + 00111 + '001 77 + '00161 

- ---- --~r-- I ---- ---~-

I : - 00006 •. '00013 

I I 
A.,'mgo prO{:;l'cs::Ilvo 

~~'I 
I I , 

creaSt' per da.y - 00011 '00000 - '00010 - '000 (2 - '00022 - ',.001 I I - 'ooox: I -'ooooJ - '0001 4 
I I I I 

Dt'cewher. 

+ '001 9. 
+'00207 
+ (016,) 

+ '0009 1 
+ 0004[ 
+ 'C(>('I ~ 

I 
- '0001 7 I 
-'coqS 

I - '00('62 
-'0(,08 7 

-'00099 

- '00095 
- ooo7'~ 
- ,,0('t;7 
- '00079 
-'0007 0 

-'co066 

- "0005 0 
, 

-'ooo.p 

- 00('37 
- 'coon 
+ '00021 

+'00074 

+ 'Oc 132 

-'00010 

Y~ar, 

+ 'C0232 
+ 'oc 21'4 
+ C'cnlS 

+ OOJS' 
,I 'el'C]'; 

' .. 'Oooc 4 
- ·f'CP-14 
- 'Coo; J 
- 'oOC'9 2 

-'00098 
- uCleo 
- 'C( OZ 
- (01)\ 

- 'ooc93 
- '00084 
-'0007S 
- '0007:1 
-'000(,2 

- ','OOS,) 

- '00055 
-'ooc45 
-'00007 

+'00065 
,I- 'r>()IS2 

-'Oc,':l!O 

t~ -..... 



THLE 143.-HoRIZONTAL Fo.ao~ M4 GN.El'OGI:APB. 

- I 

Showing llu~ mert-n d~ '.J/rnal variati01~ of Horizonta 1 Force jor erwh month (If fhe YC:lT 1878 and jor the' whole year. 

1-
- -

1871), MONTH. 
..--

Year, I 
May. I I , 

Bombay Civil Tune, J~nua.ry. February, March. ApriL June, July. August. September, October, November, December, 

-- ---- ----- ----
I -- -

" 
h, m, \ 

~ 

10 19 + '001 53 + '00186 + "002 94 + '00315 + '00241 +'00266 +'00208 + '001 79 + '00187 + 'oo~25 +'C02a 7 + '00184 +'oons 
II 19 .. +'001 57 + '00228 + '00331 + '00315 + '002 78 + '00283 + '00249 + '00229 + '00229 + '002 5>1- +'O02~0 +'00205 +·co'5 1 

12 19 .. +'00116 + '00211 + '00282 +'00269 +'002 37 + '00:149 + 0024 1 +'00254 +'00221 +'00200 + '0021 3 + '001 71 + '00::27 
13 19 ... + '00074 + '001 57 + '00182 + 0019$ + '00166 + 'ooliS +'002 °4 + 00216 + 00162 + '0012 9 +'00104 

I 
+'co104 + 001::;(. 

14 19 .. + oc037 + 00087 + '00079 +'00095 +'00079 +'00083 + '00121 +'00146 +'00075 + '0004'5 +'eo025 +'oc04G + eo077 
IS 19 , .. + '00021 +'00033 - 00004 "1- '00021 +'00008 +'000041 + (,,0025 +'00°71 -'00004 '00000 -'00021 +'000°4 + '(,OCI 3 
16 19 '00000 -'00012 -'00041 - '00046 - '00046 - '00071 -'00046 -'00004 -- '00050 -'OOO2~ - 00050 - '0002 9 - 'oc o3G 
17 I') - 0002 9 - 00041 -'00058 - '0007 0 -'00071 - '00100 - '00079 -'00050 - 0006 7 - "ooo·tz -'00079 -'C'0067 I - 00 11J I 
18 19 .. - ooop -"0007 0 -'0009 1 -"00100 --00087 -'00100 -"00095 -"000°7 -'00079 I - '0007 1 -'00100 -"00075 - (Joo&, 
19 19 .. - 0005 0 - "00083 -'00108 -"00120 -'00100 - 00100 -'00100 - '00081 - "0007 1 - ·00":'2 -'00121 -"ooeSS 

I 
- 'OO09~ 

20 19 -"00062 -'00095 - "00 II 6 - "001 33 - "00100 - "00120 -"00e8 7 -"001C4 -'00°71 - '001 04 - '0012; -"00100 -'00101 
2I 19 

. -'00070 - '00108 - '00120 -"00149 - 00100 - '00100 - "00087 '-'00112 -"OCCS1 I -"00104 - -00134 - 'ooq9 I -"('0104 .. 
22 19 .. - '00079 - oc099 - '00124 - 'OOJ37 -'00100 - 'oolc8 - 00083 -'00104 - ;)0083 - C'0096 - '00 II 7 - 00079 -'oe,01 

I 23 19 .. ' - 00083 -'00099 - '00128 - "00116 - "0009 1 -'00096 -'00079 - "0(,O~2 -"00079 -'00096 -'C0092 - ooo~\I 

I 
- ·OO('l')...f 

0 19 -'cooi4 - "00087 - '00112 - 00120 - '00108 -"00100 -'00079 -'00079 -'0007 1 - '00079 -;"00:>83 -"e0001 - OOOD ~ 

I 
I 1 19 .. -'00066 - '00075 - "00108 -'0012 9 -'00100 - "00079 - '00079 -"00079 -'00062 - '00075 -"00075 -'oc075 

- 'oe-_", 

I 2 19 -"00062 -"00079 -'00099 - 00120 - 0008 7 -'00087 -'00075 - '00075 -"0004 2 -"0~075 -'00083 -'oc067 I - OOt)/~ 

3 19 - '0<'054 - 0007 0 -"00099 - 00091 - "0003 7 - '00037 - 00075 - 'ooe, 5 - '00033 -'oC'06, - "0007.:> - ('0<54 I - 00°7 2 
4 Tt) - 0004J -- "00066 - oe083 

I 
--00083- - 00083 -'00096 - "Ooql --CC"°7 1 - 00029 -"00063 -"OOO"~ 

I 
- 00038 -- 00,:66 

S 19 - 0001 7 

I 
- 00058 -"00083 - '0009 1 -"00066 - '00083 - '00075 -'0007 1 - '0002 5 -'00063 - ooo~lS - "00033 - '000('0 

0 19 '" '00000 - 00046 - 0007') 

I 
-'0007 0 -'00050 -"00046 - 00067 -"00062 - 0004 6 -"00oS8 - 0002 9 -·OOC~I - (l1..J'V J 7 

7 19 + 0')021 "00000 - 'OOOlZ -'00012 + '0001 7 + "00025 - 0<"029 - "ON)5° - "0005 0 - 000<3 +'00042 + 00017 '00')03 
S H) "' +'0005 8 + 00066 +'001 0 4 + "00100 +"0009 1 + vOtI2 +'01202 9 '00000 of ooooi> + 00c33 + '0012 9 + "0006" + ,CCjO 

9 '9 .. + OOIOP. + 001 53 + '00228 + 00~32 + '001 7° +"001 95 + "00125 i + 0(>(.;9 2 of OOJOO +"00183 + 00209 + 0012 9 + 00160 

-------1------ I 
r-- I I ------ ------ ----- --/--1-----I 

I A\' 1";:;'(' pl'llgrl'~Hv(J l~-j 
I {'reuso }'eT day - 'ovO 3 I "00009 - 00007 - 'OJOll -"00012 I - 00000 I - '00010 -"COO15 - 00010 - ·cr ..:"":5 - 0001 3 1- 00(')71-"')01 I 

I , 
I 



eo 
00 
t .. 
(,. 

t 
C/O 
~ 

~ .. lS19, 

BomLay Clv,l TlJIle. 

h. Ill, 

10 19 
Jl 19 
13 19 
13 19 
14 '9 
15 19 
16 19 
17 19 
18 19 
I~ 19 
20 19 
;,1 19 
In 19 
33 19 

0 19 
1 19 
2 19 

3 19 
4 '9 
5 19 
6 I') 

7 I') 
8 19 

9 19 

Average progres8ivo 
Lrt':l~tj per day .. 

TABLI 144,-HoBIZONTAL Folte!: MAGNlTOOllAPS, 

Showing the 'P'terln diumal1Ja,.;ation of Hori:ontal Foret: jor tach month o/the ,ear 1879 and fOT Ihe wIlDie year. 

MONTH. 

- Year, 

January, I l""braary, March, April May, JUDe. July. August, September, October, November, Decemter, 

+ '00113 +'002U of '00297 + 'OoJ t 4 +'00263 +'00268 +'00235 + 'oOU7 +'00227 +'002$1 + '00:57 + 'OO:Z48 + '002:t4 

.. ' +'0016 7 +'0024' + '00343 +'ooJ 27 +'002~9 + '0027 J +'00168 + 'COz43 +'o026t +'0029 0 + '00261 +'00244 ... '002 61 

" +'001 67 + '00230 + 00297 +'O02~0 +'002 39 +~0247 + '00256 + '00223 +'00244- + '00244 + '001 94 +'00185 ~ OO'J34 

.. +'00109 +'001 51 +'00205 + '001 93 + '00189 +'00189 + 001 97 +'00168 +'oo~89 +'001 43 + '00093 + '00118 + 0')16:r 

+'00054 +'oo06J + '00100 +'00°9 2 + '00096 +'00080 + '00126 + '00088 +'00083 +'00055 +'00021 + 00046 + 0007 f 

+ 'coon 00000 + 000J8 + '00021 +'0001 3 + '0001 3 +'00034 -'00004 + '0001 7 -'00004 - '00025 + '00008 + 0001 I 

-'0,,004 -'00046 -'00038 -'00033 -'00054 -'00059 -'00034 -'00059 - 'O00l9 -'oooH - '00055 - '00025 - ),)040 

.. - 'OOOZI -'00°59 -'00079 -'00063 -'00092 - 00096 - '00080 -'eo06J -'00050 -'00059 -'00063 - '00038 -, "t,I"0('4 

, .. -'0002 9 - 'OCl07.'i -'00100 - '00096 - 'OOll7 -'00122 -'00109 -'0007 6 -'00076 -'00084 - '00080 - '0005') - 'O'O~5 

- 'OO04 l -'00079 - ooteS - '00121 - '00121 - '00 II 7 - 'oOIl3 - 00084 -'00084 -'0009 2 -'00097 -'00076 - 'oc )94 

.. ' - '00°46 - '00083 - '001 30 - '001%6 -'00126 - 'OO lJ 7 -'00109 -'00088 -'00097 -'00105 - 'oOt05 - '001 oS -'oeloJ 

-'0007 1 -'00100 - '001 38 -'00126 - '00(26 -~00109 - 00109 - '0009 2 -'00101 -'00118 - 00109 -'OOIU - '01) 111 

-'00088 - '00113 - 'ct!13° - 'OOUI -'00109 -'00101 - '001 13 - '0009 2 -'001°9 -'00109 - '0011 4 - '00122 - '00.1" 

- 00079 - 00109 -'001 38 -'oot05 - '00101 -'00084 - '00096 -'00080 - '00084 -'00097 -'00093 - '00101 - 'ooon 

.. , - c'o075 -'oof05 - '00121 -'00100 -'00088 -'oooSo - 00101 -'00080 -'00084 -'0007 1 - '00088 -'00109 - 'OOOtt2 

- '00058 -'00100 - '0010.5 -'00105 - '00088 -'00080 - '0009 2 - '00084 -'00080 -'00084 -'00076 -'00097 - 'oool:7 

.. .I 
- '00063 -'00083 -'00105 -'00096 -'00096 - '00075 - 0009 2 ~'oo080 -'0007 1 -'00084 -'0007 2 - 'OOlot - 'ooc1l$ 

- 00054 - 0007S - 00100 -'00096 - 0008 4 -'00084 - '00088 -'00076 -'00055 - '0007 6 -'0006 7 -'00084 - '00078 

- 0003::1 -'0006 7 - '00088 -'00092 - '00075 -'00088 -'00084 -'00067 -'00046 -'00067 -'00059 - '0007 3 - '0007 0 

.. ,I - '0002 5 -'00050 - 00088 -'0009 2 - 0007 1 -'00080 -'00080 -'00059 -'00046 -'00067 -'00050 -'00046 -'00063 
I 

-'0001 3 - 00033 - '00075 -'00084 -'00050 -'oo03~ -'00050 -'00050 -'00050 -'oo06J - '00029 - '00021 -'0/)°46 .. 
-'00008 + 'ooon - Clo033 -'00033 - 00004 +'0002 5 +'OOOIJ - '00021 -,00059 - '00017 +'00038 +'00055 

. -'0000' 

,,, + 0002') + 00100 + 0007 1 + '0007 1 +'00101 +'00096 +'00084 +'0005 0 -'00004 + '00063 + '001 35 + OOIJQ + 'ooon 

.. +'00063 +'00180 + 'OOlOI + 'oo~18 
""

001
93 

+'00189 + 'oor 64 + 'OOISI +'00122 + 00168 +'00206 + 001 9" +'001 71 

I ,---- ---- ---

\ 

, 

in. 
.. '00000 -'0001 3 -'00009 -'00006 -'00012 -'00003 -'00005 - 0001 I - oooor - 0001 I -'00002 -'oocoS -'00006 

I 



TA111;S 145.-HoRlzONTAL .FORCE MAONETOGRAPH. 

ShowilUJ Ule me(],n diurnal vaTiation of Horizontal F'orcej()r tlte months .January to April oj the year 1880. 

~ ______ 18_00 _______ 1 ___________________ ,-____ ~------~----l-IO-N~T-H-,-----~------~--------------~------________ Ii 

r--_Bo_m_ba_Y_C_1V_il_Tl_m_e._[ J~_'I h~~'I_M_&_rch_'_j A,N. I, __ M&_Y_, _1,_J_une_, -I' ''''yo I A""" 

h, m, I I I 
10 19 + 00215 + 00244 1-'00342 + 00342 1 r , 
11 19 +'00265 +'002 74 +~0329 +'0036 3 i 
12 19 .. + '002 49 T '002 57 + '00266 + '00308 ' l 
13 19 +'00173 +'001 77 + 001 4 8 +'00224 i I 
14 19 + '0:)084 + '00084 + '00046 + '0012 7 I 
15 19 +'00017 + 00025 - 00004 +'00025 
16 19 " - '00038 - '00017 - 00067 - 0005 1 

17 1<, .. - 00055 - '00°42 - 'ooe80 - '00101 

18 19 .. - 00072 I - 00055 - '00093 - 'OOIlS 

19 19 - 00093! -- 00076 - 'oo1I4 - '00122 

October, November. December 
l.ur. 

~-----I--~--I-----I--~--~---

September, 

20 19 .. - '00114 - '00093 - '001 35 I - oeI39 

21 19 -'OOIIS - '00101 I - 001 39 I - 001 35 

:u 19 ", - 00126 - '00118 - 001 39 \ - '00131 

23 19 - 00114 - '00118 - '0(113 1 - 001 35 
o 19 •• - 00105 - '00 II 0 - '00127' - 00127 

1 19 - 00088 -'00101 - 00110 -'00131 

~ 19 .. - 0008S - 00101 I -'00105 - '00105 

.3 '9 .. - 000S4 - 'Q0093 - '00080 - 00097 

4 19 ','j -_ :00~007592 '\ - '
0008

4 I - '0007
6 - '00093 5 19 v -'oooSo -'00067 -'00093 

6 19 -'00034 -'OQ055 I -'00055 -'00063 

7 19 + 00013 I - '000131 + 'oooosj - '00030 

8 19 + 00072 + 00059 + '00127 + '00089 

9 I!) + '00135 + '00177 + 00266 + '00232 

- ~- ------ -----

: i I ~0015 t 

Aven"e progl'C,SlVe .n- I 
'-1'l·Jt~e 1 u d ti .. - ~OOI2 I 

, 
00000 - 'ooons 

I 

Ii! 
I ! 

1 

I I I 
I , i 

-11---1--\------1--:--
I : 1 

I; I 



MONTH JANUARY 

HOUR 

w 
(.) 

a: 
o ... 
~ 

a 

~ i....-
~ FlgSoa/ ~ - -

{ 

+ 00160 1 ,1 
\ 

1872 00000 / --\ 

/./ f'.. \ 
- 00160/ - I \- \" 

{ 

+ 00160 flg.aJt \ ./ 

1873 00000 / \ 

~~' 1\ ~ 
- 00160 ;- \ \.,.1 

{

+ 00160 \ 

187+ 00000 / , 

"/Flg 827, \ -, -
- 00160 ,,' 

1\ 

/ . 
1875 00000 -' \ 

{

+ 00160 I \ 

,J'Flg 839 ,, __ 

{
:~~::: - /\ 

I \ 
1876 00000 / \ 

/'F"1~85\. " 
\..~~ 

- 00160 1\ -

I \ . 
1877 00000 / '-

{

+ 00160 / \ 

... Jr'Flg 863 \'-"--1 

- 00160 

{

+ 00160 --
/ \ 

I \ 

/ ' 1878 00000 " ......... 
.-/ng.875 ....... ,-... ..... 

- 00160 

t
+ 00160 /\, 

1879 00000 _/ \~ 
/,./ Fig 887__ \;,-l 

- 00160 f~ 

( + 00160 .t \ 

1880 )l 00000 / \ 

,j FI,S99 ~~ 
- 00160 • 

COLABA OBSERVATORY 

HORIZONTAL FORCE MAGNETOGRAPH. DIURNAL VARIATION 

Plate ).'").Alil 

FEBRUARV MARCH APRIL MAY JUNE 

c> C> C) 0 a C> a 0 



COlABA OBSERVATORY. 

HORIZONTAL FORCE MAGNETOGRAPH. DIURNAL VARIATIOIli. 

Plate:xxxm ~ 

MONTH. JULY. AUGUST. SEPTEMiER. OCTOBER. NOVEMBER. DECEMBER. 

HOUR. 



T.ULl 146.-VERtlCAL FORCB MAOSErOGRU'B. 

ShO'U.'ing the mean diul'MZ variation of Vertical Force for the mOI.ths JIay to Dtcen.ber of tilt y~ar 1872. 

1812. 1.10lli"TH. 

1------------------- --------~------~------~r_------~------~--------~------~------~--------._------~------~--------
February. I }larJt. Aprll }Iay. Ju,,~, July. I January. Augn'. September, <ktober. Nonmber. December. 

Year. 

--------- ---;-----1---- ----- ----------1----1---------------1-----1------- ---------
h ro. 

10 17 
I. 17 

13 17 

13 I7 
14 I, 
.5 17 
10 17 

17 17 
,8 I, 
19 '7 
70 17 
H 11 
:Ii 17 
'3 17 
o 17 
1 17 
2 17 

3 17 
4 17 
5 17 
6 17 
7 17 
8 17 

9 17 

------------------+-------

-_ .0000218158 I, _ 00165 _ 0018S - '00154 -'0(\2.3 - '00177 
- 00160 -'00159 -'00146 -'OV2SI -'ou173 

- '00140 I -'00109 - '00C90 - 00105 - '00182 - 00103 
- 00048 - '00042 - '00026 - 00045 - 'Ooo6~ - '00021 

+ '00013 '00000 + '00043 - '00004 + 0002S + '00029 
+'00053 +'00042 +'00009 + 00028 +'00061 +'00021 

+ 00053 + 'oe'057 + '00069 + 'ooqo + '00049 - '00021 
+ 'OOOIS + 0005' + '00052 + 'oe'024 ,'00000 - 'o004Q 

+'00004 + 00019: i 'CCQI] - OOOIJ + 00008 +'00008 

+ '00026 I + '00005 I - '00004 I - '000,6 + '00°3 2 + '00025 
+ 0<'039 1 r <)oooy + 00004 I - 'oe004 + '00033 + 000.6 

+'OV044 / +000191 +'0001,,1 +'00004 +'0003% +'00016 

+ '130039 + '00024 I + 00131 7 I + 00008\ + '00045 + '00049 
+ '00044 .. 00019 + '0(02) + '00028 + '00053 + 00045 

I i + 00044 + 00019 I + 'OvOZl + 00036 + ·00057 + '00045 
+ '00044' + 00014 + 00026 + '00040 1 )- '00061 + '00045 
+ 00044 I +'00019 +'0002Z +'00036! +·00057 +'00045 
+ '00039 I + 00024 + 00026 + 'C0045 + '00061 + 'oooJJ 
+ 00048 I + co028 +'oooz6 + 00040 I + 00061 + 00045 

+ .00079 ', + 00052 + '00052 T '00069 + 'ooe81 + '00045 
+ 00114 (+"00104 + 00095 +'00134 't- 00/46 1 +'00086 
+'00053 +'on'80 + "0006q + 00097 + 00097 I + ~0082 
- 00053 -'coo09! - 00026 - 00008 - 000,36 - 00008 
- 1:'0171 - OOIO~ I - '01'\120 - 0010,)' - ',,016z' . 00095 

- '00 045 
-'000·41 

+ 'ooon 
+ oocp 
+'00025 
-"00008 

-'00029 
- '0004 1 

-'00004 

- '00008 

-'000°4 
- '(.'0008 

+'00008 

+ 00012 
+'00012 
+'00011 

+'ooou 
'00000 

- 0000+ 

- '0000" 
- (0004 

+'0002 5 
+ 000J7 

'00000 

- '0005 1 

- 'oco.p 
+ 00008 

+ 'OOOSI 

+ '00046 
+ 00021 
- 'ocoo8 

- 'ooo.p 

- '00004 
- '00004 

- '0001 3 
-'0001 3 

00000 

+ 00008 
+'00008 

+ 00008 
+'00008 

+'00004 

+ '000°4 
00000 

+'00004 
+ 'Oooc;i 
+ 00030 

'00000 

i 
A V(,l'tJ 1;11 }>rog J'{'86i vc 

c ruafle P" d ,\ Y -C'co~31-'oocC'j tr:cc05 -O('Cl!.i1 -0<'0101 -(0006 -'00006 1 
- '000°3 \ 

in,\ --I---I--~--- ---- )-- --j------ I 
; I I '~I I I 

~------------~--------------------------------~--------------------------~--------------------~----



TABU 147,-VERTrbAL FORCE MAGNETOGRAPH, 

Showing the ?ne~m dinrnal variation of Vertioal Force lor ecwh month of the year 1873 and for. the whole '!lear. 

, 
1873, MONTH, ---- Year, -

Bombay CIvil Time. January, February, March, Apnl, May, June, July, August, September, OctGber, November, Decel11ber. 

h, m. ~ 

10 17 .. , -'0004 0 -'00109 -'0011 3 - '0014 8 - '00167 - '00155 - '001 5 6 - ' 00165 -'00229 -'00142 - '00049 -'00°30 - '00125 
11 17 ... -'00103 -'00084 - 0012 5, -'00162 -'0012 7 -'001 4 0 - '00161 -'001 38 - '00220 - '00129 - '00036 - "0005 6 I -'0012 3 
12 17 ... -'00083 - 'OC020 -'00084 -. '00097 -'00098 - '00140 - '00133 - '00107 -'00163 -'00058 + '00009 - "00034 

I 
-'0008 4 

[.1 17 -'0003 2 +'00036 + 00004 -'0002 3 -'00029 -'00075 - "00083 -'00062 -'00057 +'0001 3 + '00027 - '00021 - 00025 
14 17 -'00008 +'00064 + 00075 + 00042 +'00044 -'00040 .... ·00037 -'0001 3 +'00040 + '00053 '00000 ~ '00021 +'0001 7 
IS 17 + 00020 +'00064 + 0007 1 + '0005 6 +'00073 - '0001 5 +'00005 +"0003 1 +'00075 +'00053 -'0002:1: -'0001 3 + 00033 
16 I7 ,. + '00°5 1 +'00040 + 0001 7 + 00042 +'00073 - '00005 +'00028 +'00040 + "00053 '00000 - "0002 7 -'OOOO-l + oc.026 

'7 17 ,. +'00024 - 'OOC.'04 - 00029 + '00005 + '00054 '00000 + '00018 +'00009 - "00004 -'00036 -'00018 - '00013 '00000 

IS 17 +'00028 + '00004 -'0002 5 -'0001 4 +'00020 -'00010 -'0000$ -'00027 - "0001 3 + '0001 3 '00000 +'00004 - COO02 

19 17 .. + '0003 2 +'00024 + 00021 +'00009 + '00024 - '00005 - '00018 -'00022 +'00009 + "0001 3 +'00004 + 00009 +'00008 

20 17 " + '00016 + '00016 + 0002$ +'0001 9 +'0002 9 + 00010 '00000 -'00009 +'00018 + '0001 3 '00000 + 00009 + '00012 

2I 17 '" 
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TAELE 149,-VERTWAL FORCE MAGNETOGRAPR. 

Showing the mean diltmal variat_ion of Vertical Force for each month of the yea,. 1875 and for the whole yea ;', 

1875, I MON'fH. 
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'fABLE 150,-V ERTrCAL FORC! ~lAONI J GGRAPH, 

Showillg tile mean diurnal /"(ullltion (f Vertical Force Jor eaclt month of the year 1876 Q("d for: he 21'ltole !lear. 
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'rABLE 151.- VERTWAL FORCE lfAGNETOGRAPH 

Showing the milan di;,mul variation of Vertical Forcejor each month of the year 187'7 atulfor the whole yea'r. 

- ~ -
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1 

OctolJer. \ November, I December, 
I - , 
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19 17 + "00024 +'00028 +'00014 +'00025 + 'OOOLI + '00006 '00000 -r 00011 + '00022 - '00005 + '000 II +'00026 + 'OOOl.ol . .. 
20 J7 + '00024 T'oo037 +'0002 9 +'00040 + '00021 +'0001 7 + '00011 + 00022 + '0002 7 + '00011 + '00016 +'00026 +'0002 3 y 
21 17 '" +'00024 +'00037 +'00024 +'00040 + '0002 7 + '00017 + oooq + 0002 7 +'00038 +'00016 +'00016 + 00021 +'00025 
22 17 + 00024 +'00037 -It 00019 -I '00045 +'0003 2 +'00028 +'00028 +'00033 + '00038 + 'Slo022 + 00016 

- + 00021 +'ooo'Zy 
23 17 , .. + '0001 9 +'00033 + 0001 9 +'00040 + 00037 + 'C0028 +'00028 + "0002 7 I + 00038 +'0002 7 +'00016 + 00016 +'0002 7 

0 17 .. + '001:'24 + '00033 +'00024 + 00040 + 00043 +'00034 + 00028 + 00033 + 00038 +'0003 2 I + '000 II + 00016 + '00°30 

1 17 .. + 0001 9 + '0002 3 + 0001 9 +'00040 + 00043 +'00034 + '00028, +'00038 + '00038 +'0003 2 

I 
+ '00011 + '00016 +'00020 

2 17 .. +'0001 4 +'0002 3 + 0001 9 +'00040 + 00043 + "00039 + 00033 +'00038 +'00°43 + 0003:1 +'00005 +'00016 +'0002') 

3 17 '" + 00010 + 00009 + '00014 .. 00030 + '00937 + 00028 +'00033 +'00049 + 00043 +'000,32 +'00005 + OOL'~O + '0002 5 

4 17 +'00010 +'oooQ9 +'00010 +'00025 +'00043 + '00034 +'00039 +'00049 + 00049 + 0003 8 +'00005 +'00016 + '0007 7 

5 17 +'000°5 + 00,005 +'00010 

I 
'+ '00025 + '00064 + '0005 6 +'oo06J + '00071 I + 00060 + 'oo03~ +'00005 + 00010 + 00034 

6 17 +'00005 + 00005 + 0001 9 + 0 0065 + 000~1 + OQ084 + '00106 +'00121 
i 

+'00108 +'00043 - OOopS + ooolb + 'co055 n, 

7 17 + '0001 9 +'0001 4 + 00024 +'00045 +'00053 +-'00062 + '00,,84 +'00082 +'00081 +'0003 2 - 00005 + 'C0021 + 00043 

8 17 + 00057 00000 -'00014 -'00040 - 0002 7 00000 +'00006 -'00022 - 0003<l - 'OOO{ I - 00005 +'0-;016 -- ceo.::.o 

9 17 .. , + '00014 -'0005 1 -'00063 - oon6 - '£)01 33 - '00101 - '00061 -'00143 - '00173 - '00081 - 00016 - 00057 - 00002 

i 
-.:;\:, ( r:tf,' :--proc:rE'&si \il-lll- ----

I 
'------

+ '000091 lrr' I'e l'el (hy .. , + ocoo') - 'Oooos -'00003 - '0001 7 - 00007 - 00003 + 000°7 - '00003 + OOCC'5 +'00008 +'ococ7 
I 

+ COOOI 

I i 
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TABLE 152.-V ER'!'lCAL ]:.'ORCE l\fAGXET0GnAl'ff. 

Showing the mpan titLmWll:a,riation [I "Vert;cal Force for errch month of the year 1878 and for tlte ,,'71018 yeal'. 

--------.--------------~------------------------------------------------------------------------------------------------------------------------~ .. ~, I I I 
IlSiS I MONTH, ~ 

_______ -,--~----~-_:______:___----,--- It-Al 

August ~Ptember,1 (I"t<locr, I Nn'fo,ubet·ll>e':f'ml)('r, 

---_.-

I I I 
1 I 

l;'olll hay ('lv,1 T,m •. J&I1Il.u~' f"hruary. March A tori!. fllay I JUDe. July. 

'--'---------1 --- . 1--
- 0007 6 

\ I I I 

ru. 

- '00'," I 1 
00081 

h. 

- '000,,8 
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:z 

0 
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~ 

\ 
4 
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7 
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0 
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2 

3 
0 
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" 4 
5 
6 
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17 

17 
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17 
17 
17 

17 

17 
17 
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'7 J, 
17 
17 
17 
'7 
17 
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17 

17 
17 

J I 
17' 

- '0~159 

I - OON)Z 

- 0002'9 

.. / +'000'0 

+'01')0 39 "'I +'00048 i 
+'0"034 

I 
+ 000;>9 i +'00039 

.. + 00043 1 
.... occ34 I 
+ 0002>, 

+ 'onoJ4 .. ' + ovC' 19 
+ ooooS 

+'00005 
·oc;r'oo 
'00000 

- ·000°5 
00000 

+ '00014 .. + eO<:Z9 

-
1 

-'001 33 - no':09 

- o')C?" - 00143 

! 
-'00209 

- OOOSl I - 00104- -'001 36 
+ 0 0 009 

I 
- Ol"OIS - 00037 I 

I + 'oC'I~47 
+ '

00064
1 

+'00°3 1 

+'co052 ~ CNo"4 +'0(061) 

+ 00:)33 +'00059 - C>C·'~73 

+'000:4- + cooze I -I- 00041 
+'coo l9 + '000%0 I + '00026 

of 00"14- + 000=0 + 'co026 
t'00O~4 + ('0015 +'0003 1 

+ 00024 + '00020 ! + '00037 

+'0001 9 + coozo +'00('4' 
+ '00009 + 00020 + '00037 
+ onoO!; + OOOIS I +'ooc,p 
+'00005 + 00.)15 I + 0004 2 

- '(;0005 

I 
+ 00<l1S' I + '00037 

- '00009 +'''OotO + 00c26 

! 
- 'OCOOQ ! + 'oooos t 00021 
- voooS + 00005 + 00016 

- 'Oo')OS ... 0.)01, t 00057 

''''ueo + 0'>037 

- 00""5 - '0001 <; - 4,)f'"'o'7 

-- 'ooli o - '001 56 - 00 1 70 

I -'
001 59 - 001 5° - 'Oo176 

I - '00115 - OOUI - -("Ol;! 

- 00033 I -'00"5~ - OOO~2 

I 
. 

+'OOOU I - coou - '00011 

or ooo3~ + '00012 +'00033 
1 + 00044 + '00017 + '00044 

I 
+ '00027 'OOvOO + 'COC22 

+ 00016 - oe,006 +'00005 

I +'0001~ '00000 -'00005 

i t 'C'0012 

I 
+ 00017 + '00011 

I 
-,- <"'''OJ7 + '00017 + ·Coou 

+ oc 031 +'00029 + 00033 
I 

+ 00033 I + '00035 + 00033 

+ 0,')033 + '00°:J5 I + 00044 

+ OOOZ7 I .... 00040 I +-00038 
+ 00022 I + '00035 + '0003 S 
+ 'C0021 + c0035 I + '00038 
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+ 00033 + ,,),01) I +'0C'060 
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+ "°07 1 + ~oQ<.'9! +'00104 
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+ 00037 
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+ 00048 
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- '002 4 1 
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- 'ool6( 
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+'00010 
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+ 
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'000:; 

'coooo 
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'00011 

000 1 6 
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'0('027 

'00v3l 

00027 

- '00048 
+ 000) I 

+ '00016 

'Coo 00 

- 'ooon 
- '00011i 

- '00021 

- 000x6 

- 00016 
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-'00011 

- '00005 

+ CXlOOS 
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-'0014 2 
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+'00023 
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+'00026 

+ 0002 4 

+ 00023 
+ '00021 

+ 0002.1 

+ '0003 1 

+ '0005 1 

+ 0004 2 

- OOOOl 

- '00°73 

+'000'01 

\ 



TABLE 1 J3.-- -:;r ERTICAL FORCE MAONETOGRAPH. 

.. < 
r ]879. MONTH. I 
---------------------I-------~-----------------~--------T\---------~------~---------.-------~--------~------~-----------------\ 

!.Gr"',,,.:' Civil Time. Jall~ary. I February, I Marcll, r Apr,). , MIlY \ June I July, I Augu.t. I September. I Oct"ber I' November I Dt'ce,nb.:r, i 
1-------------------~--------_+--------_T--------~--------1.---------L---------·--------~----____ ~ ____________ -----~ ________ ~J_ I 

I 1 I 1 I I I I I ! : 
II> 17 - 00086 I - co057 I - '·)(-°35 i - 0014 1 I 'I' - Ii i 
If 17 .. -001391 -'OOC'( -'ooo89! -'00136 1 I 
Ll !] ., - '000861 - '0')<')41 I -- '0008-1-1 - "')094 I : II I 
IS ;7 - 00e>29 + '00001 - '0(><:.10 - 'oooIi' I I 
q 17 ',' I ·OC.Joo I +'0:0"::4 +'Coo4~ +'0003 1 I I I 
IS I; + 000191 + oooz4 + '00060 i \- coc47 I I I I I 
I'> I' I + 0003l I + 'OOOO~ + OOC~5 + '00042 I i I 
I7 17 'I "" '0,)014 -" )0,,0 I + '0001 5 i + (0016 ,\' I I I 
It> 1, + '°'.024 \ - '00012 I + 'COOIO, + 000"5 I 
'Q 17 _' 'I + 'C~O~ 4 I - ;;'0001; 4- '001'':0 I '00000 I 
20 11 " + '0')02 4

1

' ~- 00010 + Cu' ~o + ccoI6 I I I,' 

'. 11 + '0<.019 + '00013 + 00::>25 I + c>oozr \ I 

;>" 17 "j + ~oOI4 + 00c13 + '00020 I + ""<'-.:6 I I' I 
23 Ii + voc14 +'(>C016 +'oo("'~o + 1'\0037 I'! 

" Ii + -:;'~cf4. + ("00;9 + '00')20 I + 00°3i I I ,I 
1 lj I' 1- c~C'!o +, ~OJS + '00040 + 'oooH I I I 
2 17 , + 00014 .. OPol? I + O('~IO: + '000;6 I 
;} 17 +00014 +0,011)1 t'oooo:; +00021 " 
4 J 7 \. c,,014 <.001, I '0('1(;00 I + co0{6 

Year, 

h rn. 

: q + 0(014 + 000U I ,;)0000 I + '00026 

fj ) 7 -f 0001 II ., coo:"\ ' ('<eN)") I .l- 00053 

7 17 + ~'\O~11 r + (~O",I() +- coozo! + c')o37 
J 

! 
.. "i '7 + 0('..... ! I (h)j 1"\ I 00CCO: - ..... cc31 " ! I _, I 
r 1"J + 0..- ...... ".) O~CJI; -"C00 31.-- I - C~,-"l9+ I 

f f 1 l 

________________ 1 _________ I ~ ____ 1 _____ I _______ !-___ I ____ I ____ I _____ _ i ______ ; ____ 1 _____ _ 
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COLABA OBSERVATORY. 
VERTICAL FORCE MAGN£TOGRAPH DIURNAL VARIATION. Plate XXXIV. 

MONTH JANUARY FEBRUARY. MARCH. APRIL MAY. JUN£'. 
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1874 

1875 

1876 

1877 

1878 

1979 



COLABA OBSERVATORY. 

f[RTICAL f'ORC£ MACfilETOCORAPH DIURNAL VARIATION. Plate XXXIV: t;;7II'nzu.J. 

MONTH JULY AUGUST. SEPTEMBER OCTOBER AlO~EMB[R DEC£MarR 

HOUR 



I 

E;huwillfj,jur the pt;tiod 1871 to 1881, tlte 1Man ditunal va I iation of Decimationfor eacl~ month of t/te year and for the whole year, 

&mbay t 1 IJ Tnoll 

h m, 

10 IS 
11 JR 
u !3 
IJ 11> 
14 18 
J5 I'! 
16 10 

17 13 
I~ 18 

I) 18 
20 IR 
at 18 
u If! 
23 18 

o 1$ 
J 18 
I 18 
3 18 
4 Il'I 
5 ,3 
6 -18 
1 J8 
S J8 
9 11:1 

1---~------.---.-
\ JanuaJ')', I F~bntaJ')'. 1 lIarch, Apnt. 

+'00066 

-'0001 7 
- '00045 

-'0001 7 
-'00007 

.. • + '00016 

+'00033 
+ '00012 
+'00005 
+'00021 
+'00018 
+'00016 
+ '00018 
+'00020 
+ '000%1 

+ 00017 
+ 00003 
- '00018 
-'00040 
-'00060 

- '00075 
- '00077 
+ '00004 
+'00085 

+ OOOjJ 

- 00007 
-'ooo~6 

- 0001 5 
+'00006 

I 
I 

+ 'ooo:.:t 
+ 00022 I 

- '00011 

- oeo17 
- 'oooo~ 

- 00001 
- 00001 
+00012 

+ '00017 

+ 0002 5 
+ 00020 

+ '0001 3 
-'00005 

- '0002 4 
- 00045 
- 00055 

-'00039 
+- 00022 
+ 0006:.: 

+ =:: t 
00Jl6 
'00123 
00060 

+ '00011 

+'ooc25 
00009 
'00041 
'0003 2 
'00020 
0001 3 
'00005 

+'00007 

+ 0001 3 
+ 00009 
+'00003 

'''0008 
'oocl8 
'000%3 
'00000 

+ 00<:14 
+ 001 34 
+ OOltO 

+ 0001 9 
- '0011 9 
- '001 9''\ 
- 001 91 

- 001.)1 
-'00053 
+ 00001 
+ 00005 
-'0002 5 
-'00038 
- '0003 2 
-'00016 
+ '00002 
+ -00016 

+ '00029 
+'00037 

+ '00033 

+ '00025 
+ 'Oooq 
+'00018 

+ '0009 1 

+ 00184 
+ 001 94 
+ 00128 

- 'c0075 
- 00188 

- '002 46 
- 'OOZI1 

- '001 3 2 

- 00047 

+ 0001 5 
+ 0002 5 
- '00009 
- 0004 2 

- '00037 
- 00020 
- 00001 

'+ '00015 
+ '0001 9 
+'00037 
+ 00040 
+ 00038 
+ 'ooo,~o 
+'00069 
+'oolllI 

JUDe, 

- '00022 

-'001 5 2 
- 0.,228 

-'00223 
- 001 69 I - 'OQoY9 

I - 00038 

I - 00005 
-'00010 

I - 00046 

I - '00045 
- '0003 I 
- ·0001 i 

+'00010 

+ '0002 7 
+'00039 
+ 00046 
+ '00045 
+ 00046 
+ co03! 

+ 0014 0 I 
+ 00208 

l- 001')4 : 
:- lnSl i 
+ oozn 

HONTH, 

July 

-'u0037 
-'001 51 

- '00210 

- 'oe 21 3 
-'00164 
- 00088 

- 00026 
+ '00001 

- 00007 
- 'oooSt 
- co054 
- 0004 1 

- 0002 3 
-'00004 
+ '00018 
+'0003 2 
+ 00040 
+'00041} 

+ 'oo05~ 
+'oo,,::iy 
+ 0020,> 

+ oO~5 5 
+ 00122 

- '00079 
-'001 97 
- '002 59 
- 00247 
- 0017 6 
-'00073 
+'00008 

+'00033 
+'OOOOl 

- OOC'3 1 

- 00037 

- '0001 7 I 
- 00CI3 

- '00067 
- '00316 

-'00287 
-'00249 

- '001 35 
-'00020 

+'00042 
+ 00026 

- 00012 

- '0001 7 
- '(.1001) 
-'00006 
+'00003 
+ 00018 
+ 00028 

+ 00033 
+'00036 
+ 00034 
+'0003 2 

+ 00047 
+'00149 

+'00263 
+ '0022 4 

+ '000751 + COI!I I + OOlery 

00000 
+ 00016 

+ 0002 7 
+ 0(034 
+'00':4 1 
+'00048 
+ 000~2 

+ 00210 
+'00286 

+ 002P 
+ 0009 1 I + '000881 

-'00040 
-'001,30 

-'001 50 
- '00091 
-'0001 7 
+'00043 
+ '00044 
-- 'OOOIZ 

- 00020 
- OOOOQ 
- '00003 
-'00002 
+ '00010 

+ 0002 3 
+ 00026 
+ oooz6 
+ ooou 
+ 00009 
- 00004 
- aeoo7 
+ 00c/ 23 
+ 00095 
l- 00108 

+ 00049 

,0 J .. \ 
Y'i' 

'II' I Novem:r==-,----

- '0001 7 
- '00064 
- 00039 
+ 00016 
+'00034 
+ 00039 
+'00028 
+'00001 

+ 00010 
+'00016 

+'0001 4 
+ OOOIS 

+ 00013 
+ '0003 1 
+ 0003 2 

+ 'OOOlS 
+ OOOIS 

-'ooooS 
-'00025 
- OOQ44 

- 00064 
-'00049 

'00000 

+ 00017 

- '00010 

-'00°40 
- '0<.020 

+ 00025 
+ 00047 
+'00048 

+ 00044 
+ '00021 
+'OOOll 

+ '00025 
+ '000;11 
+ 'oooIl! 
+ o~ol8 
+ '00023 
+ '00022 
+ '000[6 
+'00004 
- 'oc>o J4 
- 00033 
- 00053 

- 00065 
- '00088 
- 00043 
+'00008 

- '0001 3 
- '001 0 9 
- '001 53 
- '00120 
-'0007 
- 'oor 
+'01" 

+ 
-:-"""'"" .... ?'"' 
- '00017 
- 0<.~016 
- '00009 
+ 00003 

+ 0001 5 
+'00024 
+'00026 
+'00024 
+'00016 

+ '00007 
-I '00013 
+ 00066 
... '00116 

+ 'ool~8 
; 'co08~ 



TABLE 155,-HoRIZONTAL FOROE MAGNETOGRAPB. 

Showing, fo')' the period 1872_ to 1879, the mean diu1'nal variatio~ of Horizontal F01'ce for each month oj the year and jor the whole year. 

- -
MONTH, .----

- YeU', 
-

Bo, bay Civil TIme, J .. nua~y, February, Maroh, Apnl, l\by, June, July, August. Septembel', October, November. Decemb..r, 

h m. 
10 19 .. ' + '002:15 +'002 95 +'0036 5 + 'O0 393 + '00317 +'00287 + '002 79 +'00260 +'0024 6 +'002 70 + '00283 +'00232 + '00288 
II 19 + 00265 + 00335 +'0°408 + 0041I + 'qo338 + :°°302 +'003 11 + '002 97 +'00285 +'0030 7 +'00286 +'o024l! +'OQ316 

12 19 + 0023 1 +'0030 3 + '0035 0 + '00343 +'00285 +'00278 + '0029 6 + '00287 +'00268 + '00254 + '0022 3 +'00204 + '002 77 
13 19 " +'ool~3 +'00213 + '00236 +'0024 1 + '00210 +'002 14 + 'O0234 + '002 3 0 +'00204 + '001 45 + '0012 5 +'00134 r~219"-
14 19 , , + '000 I + '00112 + '00114 + '0012 7 + '00 II 3 +'OOI2Q +'001 4 2 +'001 4 0 + 'OOII4 + '00045 +'00048 +'00066 
IS 19 +'00024 +'0003 1 +'00012 + '00040 +'00024 +'00021 +'00035 + '00042 +'0003 1 - '0002 5 - '0001 5 + '0001 7 +'t. 
16 19 .. ' - '00021 -'00033 +-'00048 -'0002 7 - 'O004 6 - '()005 6 - '00044 - '00035 - ' 0002 5 -'00059 "'00062 

-'
0002 7 -'00, 

17 19 .. - 00051 - 00062 -'00081 - 00075 -'00087 -'oo~05 - 'C1009 8 -'00076 -'00059 - '00084 - '00093 -'00065 -'000. 
18 19 .. -'00009 - 00083 -'00106 - '00111 - '00117 -'00132 -'00121 -'00097 - '00081 -'00099 -'00098 - 00072 - oo09~ 

19 19 .. -'00085 -'00093 - '00129 -'001 40 - '0012 3 - '00124 - '00126 - '00112 -'00098 - 'COllI - '00121 -'00086 - 001l~ 

20 19 .. - 00107 - '00 II 5 - '00148 - '0015.3 -'001 3 1 - '00124 - '00128 - '00121 - '001 II - '00122 - '0012 5 - '00105 - '00124 
21 19 .. - '00124 - '001 4 6 -'00163 -'001 59 - '00135 - '00121 - '0012 3- - '00'126 -'00122 -.'00'30 - '00128 -'001 14 -'001 33 
22 19 .. ' - 00124 -'001 72 -'00160 -'00165 -'00134 - 'oong - '00 II 2 - '00 II 7 - '00 II 8 , -'00117 - '00121 -'00111 - '0013' 
23 19 .. ' - 001I2 -'00168 - '001 58 - oot5 I - '0012 9 -'00111 - '00108 _'ootoS - '00105 - '00095 -'00108 -'00109 - '00122 

0 Iy .. - 00106 - 001 47 - '00144 - 'tl0148 -'00125 - ' 00105 -'00108 -'00101 -'00097 - '0007 8 -'00098 -'00098 - '0011 3 
1 19 I -'00088 -'001 34 - '001 32 -'001 44 - 'oon6 -'00096 - '00110 -'00101 -'00085 -'00073 - '00082 - 'ooooS - '00104 
:I 19 .. ,j -'0009 1 - '0012 3 -'00124 - '001 3 1 - 'oOIl6 -'00097 -'00108 - '00097 - '00°7 1 - '00069 - '00081 - '00084 -'00°9-:-

3 19 - '00077 - 00097 - '00113 - '00120 -'oo~04 -'00094 -'00[06 -'00095 -'00060 -'oooS8 - '00074 - '00077 _000"\ 4 19 - ooo6·l - 00088 -'00097 - '(lOllS -'00099 - '0009 2 -'00101 -'00090 -'00057 -'00051 -'00065 -'00064 -'0008 , 
5 19 .. I - 0005 1 -'00073 -'00"90 - '00113 -'00093 - '00090 -'00094 -'00085 -'0005 1 -'00056 -'000$0 -'00°5" - 00c> J 

6 1<) I - '00:>25 - 00054 -'00082 - 00101 -'0006 7 - 00047 -'00060 - '0007 1 -'00064 -'0005 2 -'oce22 I - '00025 . 00,6 

7 19 "I 
+ 00012 -'00006 - '00029 -'00043 -'00001 + ooon + '00003 -'00037 -'0007 1 -~00014 + 00045 +'00028 - '00,,,-8 

S 19 + ooop + 00092 + '00093 + '0008.1 + '00105 + OOlor + '00082 +'00048 -'00003 +'00080 + 'Collo + 00093 + 'ooe 31 

') 19 + ooq2 + 00201 + '002 37 +'0025 1 + 0021 7 +'ot'T8,) 
"'" '

0018
3 

+ 00160 +'00132 +'0018.1 +'00208 ~ 00161 + '00189 

-'-.- ----
- 000131 - '000151 . ~=71 A"l'rn;e pro:;reSSl\'e in. 

- '00012\ ('I t'A '0 l'er day - 'ooe [7 - 00010 - '00020 - 'O0022 -'0002 3 -'00021 - 00017 -'0001 9 - COOl [ 
: I 
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TABT,F. 15G.-V EnTIeAt FORCE MAGNETOGRAFII. 

Showing, for the perio(l May 1872 to April 1879, tl~e mean diurnal variaticn oj Vertical Force for each month oj the year and for the 1clLol8 year. 

MONTH. 

Bombay Civil Tltne, -i. ~.w .... 
,-

January, February, March. Apnl. May, JlIJle, July, August, September, October, Novemb~r, December, 

• . 
i-b. m, -

" 
JO 

- '00084 - '00180 
, , 

'7 - '00074 -'00093 - '00155 - '00 153 _ - '0016: -'00184 - ' 00245 - '001 59 - '00073 - '00057 , 
I n 17 ... - '001 24 -'OOQ86 - 'oon8 -'

00157 -'00163 -'00162 - '00161 -'00165 - '002 37 - '001 52 - '00067 - 'OOOGI 
12 '7 .. - '00077 -'00044 -'00096 - '00107 -'oo1J7 -'ooIr6 -'001 13 - '00116 - '00167 -'00077 - '0001 3 -'0001 9 _ 'otltl8ls 
13 17 ... -'00031 +'00006 - '0002 9 -'00030 -'00044 -'00065 -'00064 -'0005 8 -'00061 +'00004 + '0001 3 +'00006 - '00029 
14 17 .. -'00004 +'00034 + '00043 +'00029 + 'Ooon -'ooot7 ..1'00008 -'OQ004 + '0003 2 +'00048 +'00007 + '00009 + ~oo'6 
15 17 ... +'00020 +'OO03J +'00057 +'0005 6 +'00053 +'00019 +'00030 + '00037 +'00071 + '00047 'oooco +'00008 +'OO03ti 
16 17 ., +'0002 9 +'OOOI!S + '0003 1 +'0005 1 +'00057 + 0003 1' +'00041 + '00053 +'00061 +'00009 -'00007 +'00007 +'00('3 2 
17 17 .. + '00009 - '00011 -'00003 + 'OOOH +'000,32 +'OOOU +'00025 + '0002 7 + '0001 4 - '00022 -'0001 3 -'ooooS + '00008 
18 17 ., -+- '0001 9 +'00001 -'00004 +'oOC'0 5 +'00009 +'00004 +'00001 - 00006 +'00006 +'00005 +'oooo.J +'00006 + '00004 
19 17 ... +'0002 5 +'00014 +'0001 3 +'00010 +'00014 +'00003 -'00009 -'00005 +'00020 + 'ooon + '00005 + '00008 +'00009 
2Q 17 ,., +'00034 +'00018 +'00020 +'00021 +'00024 +'00012 +'00005 + '00007 -r 'oooz8 +'00018 +'00008 + 'ooocG + '00016 
ZJ 17 .. ' +'OOOU +'00018 +'0001 7 + '()0026 +'00030 + 'ooo:rl +'00016 + '00016 +'00034 +'0001 9 +'00009 + '00004 + '0001 9 
u 17 .. , +'00023 +'00020 +'0001 9 +'0003:1 +'00035 +'00031 +'00028 +'0002 3 +'00\:>41 +'0003 1 +'0001 5 +'oooc9 +'00025 ' 
23 17 ... + '00021 + '00019 + '00025 +'00034 + '00036 +'00034 +'00032 + '00°3 1 + '00048 +'00034 +'00018 + '00010 + '000· ... 

0 17 .. ' +'00021 +'0001 7 + 'Q0025 +'00034 + '00037 +'00036 +'00037 +'00038 +'0005 1 +'00036 + '00018 + '00011 +'OOO~ 
1 17 .. ' + '00013' + '0001 4 +'00020 + '00034 +'00036 + 00037 + 00038 +'0004 1 +'00053 +'oool5 +'0001 7 +'00009 +'00029 
2 ·7 .. ' +'00011 + 'ooon + '0001 1 +'00028 +'00033 + '00036 +'00039 + 00°43 + '0005 2 +'00034 +'0001 5 +'00009 +'0002 7 
3 17 .. , +'00007 +'00007 + '0001 3 + '00021 +'00028 +'00030 + 00039 +'00°46 +'00054 +'00030 +'00010 -+- '00005 + 'UoQ24 
4 17 .. +'00004 +'oOOOl + '00009 + '0001 7 +'00029 +'00036 +'00041 +'00048 +'00057 + '000,32 + '00010 + '00007 + '00014 
5 17 .. , +'00001 -'00001 + '000 II + OOOll + '00°5 2 +'00059 +'00064 + '00069 +'oc069 + 00033 + '00007 + 00005 +'00033 
6 17 .. , +'00002 '00000 +'OOOH +'00059 + '00085 + 00095 + '00101 + '0011 7 +'00120 +'00054 '00000 i '00003 +'00055 
7 17 .. ' +'00016 +'00007 +'00033 +'00045 + '00049 +'00074 +'00076 +'00081 +'00085 +'00045 +'0001 5 +'00008 +'00044 
8 17 ... +'00043 +'0000.1 +'ooooJ - ';'00:15 -'oool5 + '00010 +'00004 -'0001 5 -'00031 - 00024 +'0001 7 +'00028 -'00002 

!I 17 .. , + 'OOOIr - '00031 -'00046 - '00097 - 001 3 6, -'00080 - '00086 - 'OOlTS - '001 55 -'00095 - 'OOOIS +'00001 - '0007 1 

Average progresill ve 10- -'OOOO~ I crease per day, •• , .. +'00006 - '()OOOI -'00011 - '0001 5 -'OOOIS -'OOOOl +'00001 -'00003 +'00001 +'oooo:! +'00004 -°00003 
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252. The variat,ions be ... , I however, s~j'...,~HJ'y rtf 1 y tho l1rw"rc.,_i\(:! cki n ,,, J' 
• "l b the valuos of tho ordinateR from the 1,'girltir:; to i::C' p' t1v mOt,th (Jr 1),'1 the ,)\,,;':. 

(\f such changes for r;r0uPs ()[ Illvllt,h~, tLo Il.lli'Junt,g ~';L' Ch_tdgIJ"l '1'C; d,1:' f.l " .Jet I 
l'onversion into force, f;t,a.~ed at th.~ feet uf the several L 111PS of '(,aLlL~, 137 t" J J'l, t 5.) 
and 156, 1'10 that :..llow8 ilce call, if dOi-ired, be flln.tL • .:l for th~n) 1 J¥ tb~ I c~~clcr. Tn i,'" U ,. 
c.f th0 doclination they are, however, qUi~L inslgnitl,·.1nt in H(l~ud ~'l(.l art. thLrdl'l : l"Jt 
entered. 

253, The general chara~tr't t)[ the diurnal variatio:ld of ctedll1ahqa, hl riz01lt;,- 1 ion \' 
and vertlcal force is best exhluited by Figs. 1048 tll 1050 .>f Plate K:'{'X VI. 

254. Change f"om month to month ,l/ tl"e 1YJri,[ll uf ))I,l'('n dial It'll 'CUI i,Y1l v//,\. 

T'\BLE 1::'7. 
\ Range.': expressed in ,forl't:. 
- - I Doc!loa<,'Jn Mouth. l'hrw '1, td },'01 ce V crtJC:U rOr( , 

Mag""toh'l'apb Magn~t(\gJ apt., M, ;netn,,;raph, 

f------

January ,. , .. '00162 '0:)3,s,) C0167 
February, ... , . OOIlI '005°7 I 'CCl120 
March .. , .. ' '00263 '00571 

I flO 1iS 
April ... .. , .,. '0°392 00576 0021u 
Ma,v , .. ." ... 004.'3G '00473 

I 
00::65 

JUlio .of , .. ... '00480 ~0434 '002~" -, 
Ju13 .. ... .. 00468 00439 Y'J263 
August '" ... 'ooqS 0:'1-23 I (:'J)Of 

Sepr,i'mber ... 00550 '0040 i 'lA)YiS 
October ... ... 002 58 '00437 0021 3 
November ... ... , 'ocJI03 00414 'OOOJl 
D0comber ", ... '001 36 '00356 '00039 

On theee HIUIlbers, and on the corre£'poniling curve" of Pbte XXX\T, we rl l'''l' J. 
thi.tt the dodim; .. tiulJ aud -verticn.l force ranges mQve gi?I1i:_ra.lly tr,~ether ; tlliJY }y. t,h r \'., 
IUf)"Xmll1rn ,-n.Jues ak,u t the ::mturunul oquinox and ,er y low \ [I luc; from N (J\'en.J )f:l tl' 
.F'i?loruary. :lInd the intelDledia.te proglcs",iolli> are similar in ehUflctcr. On tJ1i"' nthet:~ .. .1 

thl.: roaXiJ'l1ltDl of the 110rizo).1taJ force range (lCCUrl::l al-out the \ ('rnal (qUlcox, \~l.Ji~t 
minimum occurs about the win tel' ~oht,ice, aud from June to N oVt;llJber it ha,> a l.,OnJl'ar,l' 

t,lvdy steady intermediate value. 
2fi5. Cl.,{l"ngl! frorn yea1' to yt'ar tn the range of meat! d?"trnal 'I.'wwtW{,,,, 

TALI.E 158, 

nange8 fOCpre81J13d in IVI ~". 

Yea,", D)rllU5tlO!l HOfl.on'All Force VVrtlcaJ Ff c~ 

Ma,;neto'P-::.ph. Magnet "'f~,rh. M"g'lf..iograr1, 

-----
IR;I ... ... 'oCJj60 

IS7.! ... . .. '00344 '00675 
I~73 ." ., '003 17 00542 '00177 
1874 '" , ... '0024 8 '0\.-'1 ~ I 'OOJ04 
1875 .. . .. '0025° 'OO4~7 O:J17R 

1876 ... ... '0024 2 003<:;2 '.:K):?OI 

1877 ... . .. '00275 '00366 '00221 

,1878 ... . " 00'43 00.:;57 '00190 
1879 ... . .. '0"249 '00377 
1880 ... ... 'W24i:l 
188r ... ... '0°3 16 

I -
We know (c:ee paragraph 150} that the dcdil.ation r:->ngc was at r), IU'::'Xl:!.'...~l ~r,cDt 

the year 1870, and we see from colullJn 2 of this L"U,: that it g-,l'.Ju .. Uy (!..;crc.~';ld t,;! 
t8U, remained at very low value till 1880, [lnd tl:f:'~ bC,23.H b riS0 a,;!'lin bwa!'d,., ... no: '-,er 
maximum, all in general aecord.1m .. e w;th the sun.spot pu I(lC~. The 11('ri~JI:ta.l , 'J ,(" 

ranges show [t £'imilar pl'l)grc:""ion us f.lr .13 they go ; tJut tho of: vf \-trtiL:..l fUl (' are Otl t~l<
average of the firbt three yeaI'" of'the t .... GJe F'()me\',r}l~r I:B'allH th&11 on tllt! aVErr';" '.,1 :'1' 

last thrtG years, und they "how as y0t no reb. Lion t') ~h BU'l.",pot pcrlccL 



r-------r-----,:...-~-,/-< COLA~A OBS()~TDRY. 'DIURNAL VARIATIONS. 

D[CLINATIGN IIAGIIETOGRAPH Ij HORIZONTAL fORCE N-'&IIETOGR1.PH. VERYICAl. FORtE N~&NETOGRhPH. 

1---H- o-U .. -.--:,'!4---..,---Ql_ .... , -!l-,t~ I~ ~. ~ . ~ Q Q 

Plate 'XXXVI. 

1811 .00000""· ..... -/ - i .... -... -~_/-;- - . - , . 

1-..... /\\ I " I\ \ . 
18721"::.>-) \ V F~'IQ2/F'f,"D3~jl __ ~ :\_\'~ 

...... '\ \ ('._' ': /,.t\' \ . Fog "42 

{

+-O0080 / \\J t,g_1025. : : ... ~,- II \ -\ \. '" 
1873 .:::::e,-.,v, A '\ t'/" mg.,) I' -, \ ",; --/\ (",, __ r 

j .... 00080 I '\ \ I -:.~ ....... ,. . /~ \ \'" ) rig 1043 \1 
, •. -. / / F"f8· I02S . ..! . II \ .... _.... ~._ ... t>-\ '" --v._. 

1874 00000 '-.- \ .r'.'-'--.r" ~- :EJgJ03 ~ . f - '\ \ ? -'-'" .. - -
l-'OOD80' ..' ,II : ... _.,." / \ \\ t1S 1044.\ / 

1

+'00080 / \ \ -r-:'"'. / '\ '.....,,. ... / 
/

. FIrS 1027, . / . \, "._. .L.. • .... 
.•.• , \. 1,0 ..., ,0' I \ --... ,0 \ C7 " ../,-_. 1875 '00000 ~-~, -, - < ~ ~ "':_;; ...... - I '0'"'03.1 - - -'. \ -. . ~ , - -I _~-..Y._ 

-00080! /'.' \. / ; ~/ / • \ \".~_ ' Fog 1045\/ 

\

+'00080 \/. .. 1 . 1 \ -. I .\. FilS 102& t +""'01Q3a 1\ ',- ~\ --
;--........ '" \( ... It '0 t· .-.- -- f u.. •. _ .'.--V-1876 '00000 -- -.- -r-..:.::;:..~ ,-'~. '-" - i -, - -- -'-T -- ~ ~ - -- - - .~.- -

\
. I : 1. /. L. \ i \ /: 

- 00080 "\ l, j 1 ;--- / f \ \".--•• r.! fig.ID4S. \... 

{

+ 00080 ,/ \. 0/ Fj~.LQ29.: t!!& 1039.L /\' ., - ; .... _.p,\ L<:-o. ... 
,-- , ... 0... ~r 1 • ' , 1 "' .;--t.:r 

1877 '00000 -. - ,- \--~ "~-.-~'r: .=.=l-,-: -- : .\ \. , .. .. \ I '~ .. 
:.~~~:~. /\; l _ t _ I : ... - .:. ~--.-;. f§IOH ·v 

18761 ooooo: ... ~·~./- ~-\\~;t:~ (~.I04jo.l/!; \,\ '--;--r~~\ 'I_~ _1'~t,-!~,-.1!f"-: 

\
:·~:o~~~ -------l~ ~\~ ~/! -F~ 1U3~ ; ~-':' ~1' . ; \\ ~.---:: . '\.' . ; 

. \' .... . "F8 104l' ~ , . I 

1879 'ODODob;..~\-.~-I 'X._._ .... -.~-~--. -- :---\-----;J--~---~·i-' -~~---~ . 

- 00080\ .• -, .~~ :- \- ~ '1 =-~~--': j .~--·'f' ~ j \,_- -- -'f; ~ - ~. It. -: - -1 
t ~. \ , r , ,... ,_, I' , 

~
+ '00980' - / • '\1 : t ,. - - . I : _ I \. F 1&103 2-' ~ -.. - J : , 

............. , .,. I I t I 

18BO '00000' - .=-.: ---'\ -- -F ....... ;; ... ~~~--t·- -'-- ---t----' ---- -:~ - --- -.- ' : I': . i 

- 00080 ,.\ '\ i ,/~': ' 
+ 00080 ..' . • 

-~-- - ----

Fig. lase 

YEAR ...... ~-J '\ ~ ;t~~>. '-~f~ .'.~\ ... ~ .. ~\ !"'-~ 
- 00080 /' . .,.."./ '... \, " hY IS12TO 

1371 TO 1881. \" . !8U TO 1379. ,. __ .. '! -. APRILl879 
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, 

? .sf} )1( ,_m ,wuj'rn '. J tfte .,r.tl'l S €;.:l ./.,C'd ~,·iJli ('j,/! hort" j ': .! .1'/ .,/- " d 1~', - ~( . 
, l'h h h' 1 •• (,~ "11>:. /,/.. Jr~)f('.:lrlJ.I)"Jf.- CC;~ mea.n.s, J I e .. ("l,i .. __ 1.J nt (,~ tl._ ./t'"L-, .1 .. ~ '.!.t:iJf,~'" 1': ..,,~lI.': t a ( . 

.t t':e h,ri.lf)utaJ f..r,;. tb)nllomct'~r fn)m ('IJ~>r;atiol~~ tll.; .. :n l .. :t ~e'.:n.1 ·., .. 1.r'/l~lJ Jor I 
,:'t- Lruolry 187 .:i ... nrl i l ,. h"~f" 2 tel fOr 't 1 SF anti I), etl.·,lJ<;r 18P..:', .l'.lri iJl '.11; '," tl 0: t L ~ 
\erh . .] tor('c thf'n ..... r.L-kr i!.1t!1 "bc.t'r,J.~_l"!' t,.kcu;",t.;v.ll},!.l:. 1,-,,:,,lltj.:-\pr:l: .,'1, 
t,h.' (,L.) 1"\ ,ttion.., I ,_;,,,~ taker" iTl b.,L}. Ca.'h, at 1.11) t ') i I), 1 " J -~ IG a,1\<1 ''':~' aH,i tl. f Y 
.. P' .•.. L"l!11Jd.ll)(',I, ill th,~ t'ullowi::,; t.;.b I ',!, l.y be lUC"1u:llit11:- .t t-J.ch of tnJ th I; hl).l!'~ .. -
",Tl'l'.\rvl .. ith L~cl ru'!an ()faU. 

TAtL, t 5!l. 

'l'n tR"O'lr""R 01' flu' IT",,, .. L 1!'r ',II 
~J HU'.tvJ'.1 .. Ji.!' tI 

Td"C '41)"1.1'0 0" V"uTlt.J.J.. it, ' 
#1 ...... rro>.J''')'H. 

2:;1, In no flll)nth is thCl J -,I1y r.iP~l:, l~L t,w' ('n am' of th,~ ~"'13 h,~ul'~. '- J tc ~r thl!f1 
0' n f~)r the horil.Of.bl luretl th.:ml)llwtl:r or IJ ;) fur the Jl:rti"al f(IT(t~ tL.d'l'1)'j -,tE.·, ,,' 
tl.J.H 'Ot}i)Ot;,)~ 0011: G e'; pres',,:J 1n f( r'C'e; and, tun n.; the Tuv;I"Uon TnO '1 t~H t :10 I l'''P.'' :J ... ' 
.lVLr:l~, rang'l'~ are (,nly o"O~ 'UI 1 O"'u6 'ihe df0ct 0~' i~rrl('l i::g thl""~ "ul:),ll 'I': ultlt, ',. ',~ 
.ltl~cur,'" the d.~Ju('cd diurnal \J.riJ.t.on,~ of hvr:Zonbl {',Ff', i > '-l'~"tL' iJ1~:glli'I'_~"t. I -
'1J:n.11 too :H atr", t:l'!j th,-~ ciillmJ.i ya.riJ,tion~ ,)fYlrt;,~ .. l tfl~', L,ot Lot in'O,":;ui[j(,a,tl. ('I, 
t)l..:! g'l!O"f.'l1 ~'",n-'! of diuru.:u ,,':l,iatwn of nrtlc.'ll Lru- (Fig. IO~O) :l.J.J ,:m th" ,11 ,rl'l!lJ 
('unC::i (Fig". 1011 to 1022) p,/into.; are IllLl.rkcJ, t-c".l,',:l."l hy ,-,!lllH LirdL~"" ~h .. ·.\: ;. 'h· 
,·xten.t t,) wInd't tIll' curves wouill be alolhheu if allu ,','.";( we re n,l'.de: fJ~ the "11.,1 

·(':~lper,1.tlllc var; ""t; 0: .. :; ih:.t \\t' hJ.v,' ju.4t fOUT)d' eth<!- Lt,> at ,d!:rh :1,1 ;'''!'. , ..... ' ,-f "1.c 
:. ,.;rt"· nl' tt)ll!l,_ratur.: ,\~ .. s bkc.n ~d <lffedinci the fore,) hdil.l.terl Lj' tn~ bC •• ~" re<:J~';
',\':l'i - I)')!:! to. (Set' T,\Ll~ 2.f, FIP"t ",t of ,'.xr, ... rirn(>nt3 on p:l;;e [57J\ 

~imi!J.r p,_,11't..'i ar,' m~.rk.l·d ai~f) L11 f'i~ IOU to 1017 ... nu f.e eorrc~~o0:"{111 ~ t.::~ 
.' r~t'l~,' iil~·'!'1::.1it.i. .. ., f.)r t!lt· c..:veral Yl':,u'" .1Pr,=n.r In Table 1 GO, 

'LJ,L' 160. 

'-----_ .. 
---I 

I I }~~:m .. f 

________ I -_6_-:--1)-i~ -J~-_-:;~~~l-G~~'I--::'-~ _R.a_' _n,_!p_; '_'_0 b_~: 

lr'3 +"":' to! "0C -04 I ... ·01' o718~r;~ 
:37-l -~':) +o.! +':) +'04 I -u.:: I II'~" ,"~G~ 
IS75 -"07 +07 +G5 OJ - -'3 ... 2::;9 
H~/-') - '()"j t- q. - ,)I - 0:; - ('" :'Ij' ) ... [ 

i t 77 .. I - 'J, J + I I "00 - 04 - 03 : ;- ?0 ' .. 
,t';~' ,,' -1',~ .-t'6 +.)T -02 -Ot '10 ~');:: 

____ ~ ____ ~ ____ ~ ____________________ __J 

-----, -- ------------------- -------------------
-lJutli) ~ll bl!U, .. h lSil)·\l.. .. ,.."y~r·" -f t!:.l·j\ 12)f)·Jfor("e(i~r'l1:~ .... !.l--~Lr (~lt!j 1. .. 'I~ J\.~:-~): ll~~ 

-t., ,nre tv tr~ .... .' .. 1-... ~t:al 'u dr/ &J of tL. t-.1ti,.J51,,:.J, ~~~2 4 Jd :'-:..~~r::al,:n...L ... t.(:-. f~'~:;,:g l)c-wn, "58 n~ c ... ..J:~ r~ ~_. 
'~_t' ".'~ ... ·J,,·J.&I<c:s:tf'·w :l.:'lFt:;;';I..~ylcli 



\ 

.~"'J- .LT?!Jlr3.) (I·",.~en·c{l in t.~e treof'11,,'~l,,~ oj) -frJt, (.7'" ~f,'7rJ."" ~ ---'V:"-l~ f, i ~ 
Te[I,~,,'L 4:he photographlc tr3.Ct'd fur-rished by t. . magnet{)gLl,ph.~ ,1re iIlt<:- ::.I!I~. J .1.- 1 . 
;nte'rr) ,tion ineJll,:e::l the ,I1tf'Dlf'llts when one 01" mOft: ~Jou!ly t3.l->uJf.tt~"r" ":J'-,u~J Lc: . ,uJc 
t'f-;;:P<> Jist are .~:ther I>ub~tituted by the corrc.-ponding eye-ob"enl'}~(>n.,1. if tilL Lc:.:, -l.v'J.:.J 
LOPl,on to be any of the t.y~ regu:.:.r observ ... tlUn hours, or if SP"', 1 ,ve-oL"2nJ.t.',"~ \,' " 
tv,ken for the' purpoRe. Cf e1sG. if no eye-obRUy"ti':'!1s ;'te r .. ,.nbbl", tr. 'J i-I ... ~Cl·.:r(' L: l. 
In the l<li>l case, if thtJ interruptnn lash {0f kaf, tim.'" th:>n (':,8 hi> 1r, th,~ int..:q \nic'.l ;" 
made on the as::.umrtion that tl "a,ttl of change of th,_ rhen):l!snrj!l irom it-, Y~Jl'e :':. t' , 
begi111Jjng to its V[~J:'~ at ,the snd of ,~ha interZ:Uf'ti0n, wa: H"ii, "1,), rrr"icin, ~h!ii :i>< 
p.·uts of the- curve Immt.dlately prececlD,; and Immf'dlJ.tdy f":,11 il.'I~ tIl" g-:'1' .. ' l~. lit 

3ypc..'trance, ?~ntU::un.tions ?f the d;:aight line con!lecting the L~;:rL!J. tic~ (,: t-l l l.. F'lP, If 
tll'} l.lst cond,tl?D IS ':lot sutIsfied, or If the gap t.'l~mg <lCCOU~'t, of l"L'm:" ll!"C;t.2.l! "Y 111(; fl" 

of eye-observatlOllfl, 1S of greater lenf,rth than oue nour, tl';) ill terroin tlOn IS rur de bd \V (Ln 

the next preceding and t.he next foDoy;.;'ng hourly f-atl-j(s, fir~t, Ly aUr, ,\ in~ fr Ir th-.: !.IJI 1\\ I. 

?1,01'1nrr.l rate (If change of the phenol.llenon lJet,YCGn thoBe Lours in the baIlie 1ll,'nH" mlJ 
t.lwn by a3~uming that B11y additional change, shown l.Jy the difference bcbnen the yslu(':,; 
of tte phenomenon a.t the t'Y0 extreme hours, ,has gro~ at a ul11Iorm rat~. tl1krpvL-:Lcd 
,'abE's are entered III the abstraet sheets wIth enclosmg square brackE't..,·-m~ertL(l"\'e
r.bservatioll',; betw8bn parenthesis. In statements thn.t follow each c:;.se of mtiJrrUl,t\'l; 1:; 

~1:l,rkcd by a n~ml-er signifying that the interpolation or rmll6titut.ion has k,c!1 m~Je hv 
one of four (ulcs, 'voiz.: [I] by interpolation as fir"t described :4bore, [s] by ll,terpqlati'l; 
as IF .. st described above when no modified eye-observati0ns ar~ im.erted, (J] the Sa!lIC Wh,~" 
(lne or more modified eye-ob&ervatlOns are inserted, and [4] loy the imcrtJ m of :eql • .i \-ak:.L 
of the reu.:F:lgs of the old maznetometers after reduction of these to the lJropu min1it,) oi 
the missi.uJ tabtll&:GioDS. Hours for ''Jhich eye.obser,atioIlli of the idcIlUcal instr'~m('nt 
wore available ure maJ:ked within parenthesis. 

In tab-.11ut.ing the magnetogram3 no regard is paid to events that have hccon n')~ld '1" 

F:Jssible dist'lrbs.nces of the l'ecord- such as the vccasional u"e oftools in tlH' nwgnrto\r ... ph 
room, bringin:s r.ear of a small magnet in the course of ddection experiments ma:!l'< upo:' 
€.,ther of tho two other instrnruenbl, 'Jr the npF0v.eh 'Jf vehicles 01 (.ther hr~"J t"dlC~ 
('(nLa~~ilJ6 ir,)u in their stmcture, unbs,> tbe) caust:} evident and irrcf;d,l" (and then'for 
Ll'Jmd10f,':!le) disruptions of the curve, and In thi:" ca",e the disturbe,{ P8ft of the curVe b 
rejected :..uJ treated a'J nn interrur~ion. Also in tabulating curves th'lt exhih:t cxpcn
menb.l ddi€dions made upon thp Jr.stmnlent, it.-:elf, the rbfiections nn trcr.t"d as Hlt'r
ruptiuns, In the declinc,~icu and hori30ntal force magnetogtsllls, and so:ndimp, ... in thnRe ()f 
to", TerticfJ force, dislocations generally come ill pairs, of eqllal and OFPosit~ amount, tho OHe 
on the intTodlietic1ll and the other on the reversal of :1 cause (of distUl'L~ncc, and in thfi'e 
cs.~e'.l ihe di"tu:-ba'1ce is measured and eliminated during ite i.nt<"rvll.l ,'f i:: u.jion , but ';'('< ," 

dG.!lbJ dibt·uL'bf,u{'CS occur m the ~e'. ti(al force ma;'1letograms that are cot, :..fl.erw'lrri: l_
ven'ed, and fur these tlle lesser;Jol'ti0n (1 the dJ,y'bcurve i~('orrccted S,) lUI to rna 1,: t ~ltj ';h'll( 
day t'omparabb, but no att,erupt is Illad.,~ ~I restore the comp<LI:11Jllit.y fro:n Cay to d.lv th~t 
may be supposed to have existed before the di~turbance occurred, Ifth~ curve L31rAlt kr the. 
IJj'(:!Jer mOlle-at of t.1buJatir,n but is :.rv,'l.lhble for a mij,ute !"efOl e or a rr.hu.te nf", r, t1tr t~ 1"1-
1at;nn i'J made f01 the aJjacent minuh and L, adopted [,3 that ~f the prorer r.,'):::u~'r t j t 

should ha.vl3 h:,en mentione~ before that the magn€.t()~aphs, like the C,)lil.a bar(),;raI,1-t .rA 
thel'mogr,n)h (see Magnotical [lnd l\feteDrolo6i('al Obf-ervatioc,c:. 1 fl/l to lSi' a, btn.Juc'..l", 
pa'1'e x::;), ~re provided with automati~3~utt~nwhichcloseat twc 'IllnUtf'3 Lcfull! :l.n.} t 1 '~;-1 
t,\';:, lDL"lutes after each even hom', t:JUS cuttmg off th" l:ght f,)! fGill' mir,Ilted nr.,1 dlVld.;q 
the ffi3gnetic curves :lna thE-ir d:itum lmes jnt;:> t1\o-hoa. 3€ct.1O!'<'; the Gj(.cl.n-,.~li:;~ I.' r' 
m:;r3e, ~o that the occurrence of the interruptioDR is ne.er more than l\ D,i:1:Jte in en '.:T ; 

aHd (.11'0 is takon to keep the rate cf the chr k ,fir. d, and to set the cl(lck ::term 3 tdy eV'ry 
\{ay, ::wd with thes: prLCi"_utlo11S it ld coru,idcred "l1el ",<tLle to re~;ttrd t}1(-; t-.m-':our brc.J::' 
:n the oun e3 as 1113.rkm,; f'.C'curateiy tbe eWl! hours of tIle cay, thouf;h they [.,,; .... h .. ay" 
tested, tw i"E'Cinlr that the first and last breaks a'-'rEEl y,-iLh tl>e timlo3 of Sb,l "in;! h~ld ft· &-._ 

J ,.., "". T 'J , 

ping Lbe cluck, ueforp Hie COll1menc(:'ruer.t (\f a d.lY':, tububtl0::.::;, ,he, tw::e·llr,u ,'p f." 
uulex glaL~es of the t::J-.l.l.1tor [)'13 at 0", 17m ::tuu l~r. the fir"t d wt.I, h 13 Lt 011 e, · .) 
h"luly l.Jl'f'3.k, whilst the others and th: f!'-3.Ce midway bdwecn then: !lli"-rk th,_ 1":. :w, ;~ 17, 
1'3 anf! 19 for wHc1 taJm:ations of the sev('l",ll .Qr.c'" Ltve to be l::.adc: tli':~ t .. }:,:~:,c'r',,, 
for thG odd hour~ aT» ol.tJi".r 1 by ~oving fOJ ";ar.] the T f:-al',e 11l th" Ep~J:e v: (u: L ~ 
UPC,lI its nccural"ly Jl vid~d tune-scaJe,-3. m.onment t.Q~,t i:: d~e('te<l II • :~ ... (I'''f',,,t :., ,~~) IJ f 
mC.: .. J).3 ofhomly not,cher,; cut on the (;,L:.", ofth2 8ca:e, Ex~,'~:_l.e3 OfIDJ5r..,- _:3..' ',~ 'f' 

in~ the two;hc,urJy br.:aks apP'3ar 0:1 FlJ.t~ IV. 



Wlu~n portions ot 8.~-day's d.t • fless tv..-". our:; have been I ~ ~' 
to·,t or been too faint for tabulatioq. (~ubJ"tituted: :J'; la;~ind.ry Ijtrai~ht 
lineR connecting or continuing the pc. I's or the reruai.ling tweh e or lCl'Jre hour~ of thu 
uatum. If OM of the two datUUl lit on a curve sheet be compltlw or be compkted a.~ 
first described, and the other is missing through a. gr~ater aggn.gate tha~ twelve hoers, 
the relation between the two is obta;ned by.measurement at a number 0f c-)rrbponding 
l,oint~, and the mean difference betw€len them is applied as a correction tIJ tabulations 
wade from the complete datum line of the other day's curve. In one instance (out of 
fimr) in which both dals' datum lines are lost or incomplt:te, the tabulations of bo+'h day ... 
were maGe from a straIght datum line drawn upon the paper, and corrections both tor two 
error of position and error of inclination of this line Wi3re drduced from the corre.spondinlY 
eye-observations and tabulations of each day. ~ 

Until May 1872 crue was taken by the photographer to commence the daily aitera
tion:;-changing of the recording papers or moving onward of the cylinders-a little after the 
times (17'u to 1 ~Rl after the hour) at which-tabulations are made, but, by some mibapprehen
..,ion, he then Legan -to encroach on or keep clear of these times indifferently, and hi~ chan(rp 
of habit wad not discovered till July 1873. During the interval there were con,-;equently 
many Ca.d(,R in which the curves wer~ lost for the hour 0 ; and f, n' tach of thei>le cases 
ordinate'! were interpolated (by rule 1) from tabulation3 at the final point of the preceding 
curve and at the initial point of the following curve. 

Such cases'are- ' 

(a). Afiecting the set of three magnetograru.<J-1872, May 10d and 29d
; June 9d , 

17d and 19d
; and 1873, July 7d

• 

(b). Affecting the declination roagnetograrus alone'-1872, May 17d, 19d and 
23d

; June 4d
, 7d

, 25d and 29d ; July 9d, and August lld; and 1873, January 
4d, April 22c1

, May 124 and July lId. 

(c). Affecting the horizontal force magnetograms alone-1872, May 14d, 17d 

and 21"; June 4d
, 7d

, 11d
, 13d, 15d

, 25d and 29d
; July 9d and 29<1; Augu&t 

21d and 22<1; September 8d
, 12d

, 18d and 22"; and October 10d ; and 1873, 
January 44, May 12d

, lI-nd July 11d, 

(d). Affecting the vertical force rnagnetograms alone-1872, May 9d, lld and 
23d

; June 8d
, 10d and 1801

; August 5" and 11d; October 2d ; and Novem
ber 9d

• 

259. Statement of irregularities' of tyrocedure.-The following statement shows all 
the irregularities of procedure, e~ccpt those just mentioned, that hay\::: he en rendered 
neceSS.lry by extraneous disturbing influences or by imperfections in the working or 
management of the instruments. . 

For 1872, Dt)ccmber lSd_lOb to 14d-9° and for 1873, January 5d -l0b to 6d -9" apparent 
tlrrors of 10 minutes in the setting of the clock dial were allowed for~ 

DECLINATION ltIAGXETOGRAJ'H. 

260. List of days the C'U1'L'e.<; of whi.ch wc)'e re}ect.ed. 

1872, January 28.-Clock stopped (28d 22" 50m to 29d 9" 42m) by accide~tal entangle
ment of trial paper in wheclwork. The day being Sunday no eye-observations wer" 
availa.ble to substitute for the lost curves. 

1875, S~ptember 26.-Curves lost-ov.ing to bad quality of wax.ed paper or bad 
photography. 

1878, July ~ } Curves too faint for tabulation-owing to bad guality of waxed paper. 

261. CUT'l'e$ wry faint but ta,bulated on the a~'Umptilm t'wt the tab-ulated values arc 
p'referable tu interpolations 

. For 1871, January 1001 _0" to 9~ and 1001 _15" to 11d _9"; 1875, September 27d _10b to 
28d_9h

; and .1878, April 3d _lOb to 5"_9b
; July 711_10h to 131> ; and October Id.12".to 22". 

262. Ourt'e affected and corrections applied to ta"bulutiori3. 

1871, May and June.-From May 10 to June 13 workmen were at times engaged 
\l1 the magnetogrl1ph room between the hours of 10 and 181; the occasions on \\hich their 
;ron Lou:" produced sensible effects were as_ folloW$;-

8 S~-S8 4P 



"-

'Od 1&' .. : ::l'!g-l1tC .~ 'r,ri;, (1i:;lorated': hbu/n,tior.s n::.dE' 
with'1'eg3rd t,) the b _ he Cl:rve 

11" lilt> and 1Gh
• Disl<ca.tion of - '02.., s alluw.=J fur. 

12d ~)Il do. _ '()50 ' do. 
L,d 1 P do. - '027 do. 
1'2$ 12h do. - '044 ' ~o. 
1511 hjb do. - '069 duo 
16d 12- to ISh: MflgL..:t III (lscillation but curve not di"Io._ated: t'\bulJ.t,jc'ns mnJ~ 

\vith fl'g:Jrd to the general cuurse of th'J L ..lrve. 
18i2, J.:;uuary 24.-Vertical force magn~t taken out of room at lGh ; dis:ocatlUH l,r 

_'r 32 was aL(J"ved fl,r. 
1872, M:d.l~h 4.-Horizor..tal force magnet undt:r vibration in changed position' d,,,· 

10C;itiop of -'028 allowed for at l~h and 14b. 

1&75 September 19d ISh to 20d 7b {},Iagnet in os<,ilbtion.owing to gra.dual L,ilull' 
, 21<1 3h a.nd 6h to 8h ofva,cuum : t.lLula.uonsmade wlth r· ~'llJ to 

" ., the general course of the curve<:. 

1876, July 7d I6h t.o 18b l VertiCal force magnet taken out of room; d:~loi?atio;. of 
" ,,8d 8h to 17h ~ - 'O~5 was allowed for. 

1876, December 31 d lOb to Uh.-Adjusted diaphragm on lens to verli. alIt,}'. dl<'· 
location of datum line of + '008 was allowed for. 

1880, Jan'lary 14d to 20<1._ Vertical force m~'YJlet bktn out of rocm : 
Disloca.tion of - '022 allowed for from 14d 16b to 15.1 lOh. 

Do. - '027 do. :4t 15d 14b
• 

Do. - '024 do. from 154 ISh to 1Sb
• 

Do. - '019 do. at 16d llh and 12h. 
Do. - '022 do. from 161 17h to 18d ISh. 
Do. - '022 do. from 18d 1811 to 19d 9'. 
Do. - '026 do. from 19d llb to 21h. 
Do. - '020 do. at 20d 8b

• 

Do - '023 do. at ZOd 12b and 13h
• 

263. Entries in abstracts obtained by interpolation 0)' by sub.stitu,tivn. of e1Je-ob.~cr. ,1' 

hons-not by d1re(t uxDlllation.. 
Rule of 

interpulatlOn, &.c. 
(1). Owing to stoppage of the clock: 

[, .' • I 

[2] 

for 1877, July lId ISb ; and 1878, January 18d IGh and 2411 20". 
for 1874, January 8d 211 and December 22d 13b

; 1875, January 
14-d 13h ; ] 881, November 13d 9b

; and 1882, January 1911 8h 
... 

for 1873, July 28d 3h to (611
); 1874, April29d 5h and (6b

) ; 1875, 
January 14d 21\ (22h) and 2311

: and 1880. March 31 20h to 
(22.~) ... ... ....... ... l2 ~lI~J 3J 

for 1879, December 18d (16h); and 1831, September lId (611
) ... [:3J 

(2). Clock being cleaned or taken to pieces: 1874., Apnl zrj'l 8h to ,,_ 
(lOh) and U h to 13h ... ... ... •• [2 anJ v I 

(3). Del'angemt'nt of clockwork being rectified: fo. 1877, February 27" (IChj[3] 
(4). String of driving weight deranged whilst winding the clock: 

for] 871, February 4d, 16b ... ... • .. 

for 1874, January 9d (lOb) ... 

[1 anJ 41 
••• [3J 

(5). Owing to f.iliure of light: 
for 1871. July 28d 151> ... 
for 1871, January 2d 511• and 7d 7h ; 1872, June lId 1711

; 1876, 
June l6d 8b

; and 1 ~79. August 244 9b 

for 1873, August 31 d 4~ to (61l
) ._. 

for 1874, January 12d (16b
) and 24d (16b

) ... 
(6). Owing to faulty waxed paper: 

for 187" July 26" 8b and 9"; 1878, October 2" ah and 911
; :md 

.rSS1, August 23d gil 

[lJ 

*The ncmberi witb.ill squa.J brack-ria Ul.ucate tha rulea by which t,he illterpdatlf'DS cr stlb~' iOlt.:::3 
... c.:e mr.de. 



f 
fe)r 1877, ,T"'y ':'b'] ('...~It) to. 2t~' ~" ::..nd 2G1 (~2:') \CJ 2,- L~ 
fur 1872, D\..~el.lLJ·_r ~! JOh to ~., ~h; au.] 3" 10" to t d r 

;7). (JWJ::10' to ~'f\J quality of ph,)togr~11l:je mater~l.,; 
f'jf lR7'"'l, ~a;lUItry ~J 10" to 2'3b ,10" IO~ to 14:' and lJ I ln' wI! II 

F) Owin;r to nt'~l'r;"nt u's'!li!)ul .... t;olls in the rhotof,'T::tphje pru,'!(;3S,e'5: 
f'Jr ] 87.; . .T .. llU .... ::-)' '21 I h" ... ••• ••• .... _':. 

(9) OW:{J;t to 'o"'~ ('i ref' rd rb:::l,g tiu,c of "i1angi' ~ }Jav'r 
fu:, le7l, J3.TJU,.lol'j 11° 2:':U 

.-. ••• • .. 

(10) n.:f'ordmg Lylind2f '.·"l~ not rroplorly .,et at ~~talting a-·J tr;,cc 
pa!o"ed ()"J'LT tll:? bind:'lg rod ... ; for tb7J .Jnly 9~ 5\._ .• 

(11). Iu-trulUt.lJt being readjusk,d Of exp"TlIa.;ntefl "ith, or pal~': 
of it Ix·jng <'lealled; fuf Id72, Apri11(jd l:~b to 17J 17h '" 

(12). T .'., !J:!l' 1L'1.~netH I rought into the rO.Jill to twi&t ~hr: \ ertlcw 
forw l;iafTnllt in aLimuth: fvr 1879, Febrllarv 1(;1 1 ~h '" 

~ > 

(13). Alte. ",ti .. m tcillg fJ}dJf' to incre,'ih.l the p:ay of: h,_ ~ ertical 
f'.);. (! ..,h.:tt.:r: fur 1874, May 14d (l0") ... 

(14) l1el!,.din!1 ':;XPdLlll' IItl'\ bjn; on: 
fooT lS78, }'dJT ,;)cy tjd }flit ... 

[or j 87 2, Fe~ru.lry ~d IG" , 1873, OLtober 4' il n ,)r,J l~u; I.WU 
IS7e, AU;just 10" };Jb 

(15). Br1.-;:l 'cIUi C,Ul)5tltll:'ld f')r pap··r sht .vh' ~!l :JJ. ~ ;:'_VI :mJ ... r 
rrir\1:f"rl~7& Junll,J.ll" ... . ... 

(16) Ddb:tion ">-l)eriL1'_'f.t ou flOr~rJntal £.)1('0- l1!ftg'nt:t. ',!i '1ph <:;et 
till' maiSnet ()sciilatio;j: f'r 1873, Septbr.lber l~~ ~lh ... 

(17). Ciln'~ :l,ji·,~tll.J ~y k.ll~!!, .. of air intl tb, end'·3t:.r0: f,~. 1376, 
J1lly t5J 13" : .• d 191>... ,.. ... • .• 

(18). Pr",parati'Jn for and attenrpt~ made to prU,l~J t'/C L,:l 0:lt ofth,-' 
rnc1o..,ure of tLe in,trnmt'd . 
',,\ Itl/2, April lGd 1:,' to J7d 17b [enter d .uso u.tdu· (il)]. 
f~r 1875, July 22'1 141' aTH123<! 1111; al.<ilo';'G, J1ll!'J 1" 11" to 

ISh; 2,4 1111 to 17"; S<110~ tv 17Q, 5<111" t.) 19b ; lji 11" tull)b; 
84 1211 and 17" ; 134 15'.0; 1 <J" IlL to 1711 ap 12Q~ ll~ v) 1.11 ; IG" 
:t!lJ 17h ; aral July 1 ill 11 h &,ll.! 1 ~Il .,. '.' 

~6L J.1"f f:ld(!y~ fl'! (..I{,"1'C$ of ,d,id, ,v,'r,_' 1'~."f,C!t.]. 

[lJ 

[f, 

, '1 
l o.J ; 

13, Z, J auua.ry ~3.-Cto('1 .. stopper! (28 1 221. 50'" to ~:)" 9" 42m) by Sl';('lCh b! t.l't JoC ,.:-1.:· 
:Ht.-'r.t of hi:..l Pl't'r iTl \\hrelwnrL Th,~ day being Sur",L.ty IltJ ":y,~ r,l'N.nat.ivn:- ',,;.r," 
1.\ aib.hlc to :,ub:.:titut" fl:t tL~ lo~t ('~ veil. 

BIZ, Ftbrubory :.:: 1 to 2~,- In.-'-! uUlent W:t'. bel 1~ re-ndJ_Bted. 
1>375, Sl'l't0111L0C 2f. -CUl /t.,:i lu:,t, owing to b3J..I qU:i.I,ty of .... J.'tc>,' p,1

1
'er or baa 

r I ~fJt"~ritrhy. 
! rl78, Ap. il 3 a:ll1 ~.-Curves l,)~t, O\:llJ6' tu lad qUJ,hj~,- (,f V-.l'(e.:i p.1

1
J('f U h.,d 

:'h,)t.\~rap11y, 

Uq,:, ,1:"\; 11lHlry 15 -Hvatln<; cXlX'riment'J gl)!I.; I,ll ill th" lU:lgnf::t-'Jr.1ph rutHn . 
. 'f, , \ ()f tcmpr r·1.tUl (, ct-.1.11ges varidb!u and Ul.cel'tam. 

ISS!), Jm'..l 1 i.\ ~o, -:.7 :m::! :30 -Heat'll'; eXI.t;:timcnts ~o:'ng oa iu tr.l: Dl:lZ11 t:tc Tap!: 
..' 1_ ' 1l J' .' l:> r ... 'lli· e ",,·t l'! t '.Lr.)Uti -lre C~f.r.~·_'.:) "al"a t; an uncertam. 

:!6:i. Cur,eli t':. -' iW1f, be l tu.;'v1are.1 (. , t'H, ('/,.s;;'.t~pti')n that the trJ 1, 1J.'t< 'd ()'lh.f'\ a:r" 
,1"'e/1/·][ ~'! (,) il,l f i1)r;,'l/~U\1f,S. 

Fn: 187 5, Sl'pt~'Ulber 2; i 12" to 1 flb ; aJ,d 1 878, ~\ prll 511 1711 to C<l 18" . 

.: ,: .~. C' "J 1 ~ , z" ~ l . _'''' ,i r~'e f .II ' t, " t::. " C)r1 • .e. 'oJ,H arp i"''J.. to,) let n. .. c.tUiTI-'; 

1 3 7~, ,Ll.llU.lI Y 24. --V (1 ~i(.al fv;cc llJ.:~nct r.J.eu out (If rlom at 1 ell; dish.>('~ ... ~;::!~ vf 
-- 014. .:-41.» alluwcJ for. 



. iS72, February 4 to ~'.-M~l .iC storm dt&ry~ curve near to the edO'e of the 
field'; 'defl~ctor magnet plal'ed end-on so as to, increas , ordinates by 3'334 m~hc" alld 
corre !ponding allowance made from 4d 23b to 8 h 11 b, a.. ,er which the magnet was removeJ. 

1872, February ~Sd lOb'to 15h.-Set of wires accidentally disturbed. change of 
+'324 allowed fo,. . 

. 1872, March Ad lOh and Uh.-Set of wires experimentally disturbed: change of 
~- '064 allowed for.' '- -

/' -- ·lS-1~, .. ~!ar{jh 5d lOb and llbt-Magne~ accidentally knocked: ,change of +'05-1 
i \ allowed for It ~ \ 

1872, March pd lOb to 14b.-Disturbed during the making of certain measurements. 
change of +'16Q allowed for. , 

1872, March 13d lOb and llh.-Disturbed during the exhaustion experiment,-
change ?f + '036 allowed for. - , 

18Z2, March 20d
, 10h and ·uh.--;-Disturbed during the exhaustion experiments: change 

, of - ~052 ~llowed for.. . I -

• - I" 1872, March 25d 10h to 27d .9h
• Inclination of both mirrors altered ~xactly ("y 

aCCIdent) to the same extent. From ISh to 9h the curves of the two days Were me)..tricablv 
confused and the two datum lines very close together; and the even-hour break~ of th'!: 
first day occupied positions about 17 minutes later than those of the second day. The 
$ametabulatio~s, using the mean curve, the mean datum, and the mean times were entered 
for both days. For 26d 911 and 15h, the curve being lost, equivalents of the eye-observa
'tiol1s of the horizontal force magnetometer were substituted for the missing tabulations. 

1873, October Id lOb and lIh. Alteration of distance apart of the wires at top: change 
of +3'409 ~llowed for. 
i" 1876, July 7: 16: to I8! ... }Verti~~l force magnet taken out of, room ; dislocation of 
r "" 8 8 to 17 ... - 011 was allowed for. 

, ,1877, February 6d 10h to ISh. Alteration of distance apart of the wires at top; 
change of +4'373 allowed for. 

1880, January '1.4 to 20. Ve!tical force magnet taken out of room :
. dislocation.of -"016 allowed for from 14d 16h to 15d 10h. 

. Do. - '014 do. at 15" 14h. 
Do. - ·on do. from l~d 15h to ISh. 
Do. -- '009 do. at 16d llh and 12h. 
Do. -'012 do. from 16d 17b to 1Sd 15h

• 

Do. - '01:3 do. from 18d 18h to 19d 9h
, 

Do. ... '012 do. from 19d 19h to 2P. 
Do. - '013 do. at 20d Sh, 
Do. - '010 do. at 20d 12b and 13h

• 

267 .. Entries in abatracts ootained by interpolation or by 8ubstitution of eyeyQbserva, 
tio'ns-.not bU direct tabulation. . 

{I.) 

. (2.) 

(3.) 
(4.) 

Owing to stoppage of clock : 
for 1875, Jan~ary 14d i3h ; 1817, July' lld 18b ; and 1878, January 

24d 20h ... .~. ... ... • •• 

for 1874, January 8d 2h and ,December 22d 13h; and 1880, March, 
31 d ,.20h and 21h ..• ... ..• .., ... 

Rule of mter
polatlOn, &:c 

• 
(1] 

(2] 
for 1873, July 28d 3~ to (6b

); 1874, April 29d 5h and (6b
) ; and 1875, 

January 14d 21h, {22b)-and 23b .,. ... . .. [2 and 3] 
for 1878, Jannary 18d (16h

) ; and 1879, December 18d (16h
) ••• [3J 

, Glock being cleaned or taken to pieces: I 

for 1874.' April 29- 0" to (lOb) and n h to 13h 
•. [2 and 3J 

Derangement of clock-work being rectified;for 1877, February 274 (lOb) [3] 
String of driving weight deranged whilst winding the clock; r" 1 

,for 1874, January 9d (10h) l·JJ 

.. The numbers ~ithin square br~ckets Indicate the rQle, by which the interpolatIons or 6ubstItUtlOllS were 
made 



(5.) Owing to failure of light: '~'ir.r- ~ 
for 1875, JaulLlry 15" 17b

; and November 34 17h 
; and 1877, Janu-

nry 201 IP... ... ... ...... ,...' rq 
for 1872, April 274 8b and !:It.; 1873, April 16 SII and 9", and December , 

2Gd 311 and 4 b ; and 1874, December 274 Ob and 111 ... '...., [2

1
, 

for 1875, April 511 1510 and (1Gb
) ,..!.to [Zand 3 ' 

for 1878, January 2201 (16h
) ••• ...... [3 

(6.) A white card used [.)r examinin$ the stren~h of the image having 
proL.lbly been left interposed: tor 1880, July lId lIh tQ 1311 

.. .' [2} 
(7.) O\ving tQ faulty waxed paper: 

for 1878, July 701 (lOh) to l3h and CUb) and 15b -~ .• [2 and 3] 
(8.) Curve lost 01' too faint to tabulate .... photography nt fa\llt; 

for 1877, March 164 9b 
••• ... ••• .p. [1] 

for 1877, March 11" 911 [2] 
for 1872, June 23 (10h) and I5h ; and 18751 September 214 (l01o) and 

(l1b) ... .... ••• .•• . .. [2 and 3] 
for 1872, February 29" 9b ... ••• ... ... [ 4] 

(!>., Recording cylinder was not properly set at starting and trace passed 
over the binding rods; for 1876, June 211 9b and 6d 9b 

... 

(10.) Recording cylinder taken out and replaced ca'!lSing t~ curve to 
OVt'flap: 

for 1873,April16d 17h 
.. , '," 

(11.) Curves of two days inextricably confused: treated as lost: 
for 1872, March 154 10h to l41J and 16<1 19b to 1412 .. ~ ' .. 

(12,) Do~ .of light p~ssed out of field: for 1874, January 14 9h 

(13.) Instrument being re-adjusted or e.x:pcriment<Jd with, or parts of it 
being clea.ned ; 

for 1873, October 14 1211 to ISh; n.nd 1877, February 6<1 14h 

(14.) 

(15.) 

(16.) 

(1i'.) 

(18.) 

(19.) 

po.) 

for 1872, Ftlbruary 24· lOb to 1712 ; and :1Iarch I" 1211 ltnd 1311 ; 4d 1211 
to IG4 and 54 12b to 16h ... ••• ... ... 

Two bar ma.gnets brought into the room to twist the vertical force 
magnet in azimuth: 

for 1879, February 10d 12h '" , .. 
Alteration being made to increase the play or the vertical force 

shutter: 
for 11174, May 14<1 (lOb) 
Deflection ~~xperiments going on : 
for 1873, SL'ptomLer U d 14h; 1879, February 114 12h~: and 1880, 

April 1'7" 12h ... ..." 
for 1872, April 104 ISh; 1873, October 4" llh; "1876, August 10d 

12h and J3h ; 1877, February 5d ISh and 1678, February 6c1 lZh ~ .. ' 

Vibration experiments going on : 
for 1872, February 29" 1211 to lSb 

Heating experiments ~n progress: effect of temperatute changes vari-
. able and Ufi(.0rt::l.ln ; treated as an intt:rrqption ; 
fur 18BO, .Tanuary 26d 7b to 9b

... • ... 

Curve affected by leakage of air into the enclosure: . 
for 1877, Aplil12d 1711 to 23b 

... ... ... 

Pr"p,l.mtioll for ~nd attempts made to pump the air out cf the- enclo-
sure of the instrument: 

[1] 

(1] 

[4] 
[1] 

[2] 

[4] 

[1] 

[3) 

[1] 

[2] 

[4] 

(2) 

[2J 

for 1874, Noyember 17" 1~1J; and 1877, Febmary7"12b to 18h ~84. 
12b to 18h 

; 9d Sb ; 15d 17h and 1Sb 
; 16d 1611 ; 17.1 11b to 19b i 184 8h

; 

and 22d llh and 1211, and March"2<l13h 
... [2J 

for 1874, May 27<1, llbto (14h) and'15/1 ; and 1880, January 22'112"00 
(14b

), 15h
, (1Gb

) and 17b 
•••. ••• ..... ". [~ilt!ld 3] 

for 1872, March ISJ 12b to 16b ; .l4d 14h; 154 J~h to J9b and 294 l~b 
to 1Gb 

' ••• (4] 
IS 825 -59 ,p 



1 •• ~ d . 
\ !.'V .... ~ ""n, t"..,.';. 

"Set" of instrument accid(~ntal1-.. ru .~..rrl)oo : 
for 187:;, February 284 16h awl 17l> (ind. :-'hrch 64 1 rib , .. 

VERTICA.L FORCE M v;:-:nOC:JUPH. 

258. List of days the c'-tr'lJes of :L',id~ 1cere reJc_,fcd. 

1872, Uay:'1 and 25 .... } n t l' 1 +- t J!" +-' t 1 1 
J 23 d 24 a um lne c,', or ,)0 l<lIIl .. lvr auu ~.tlon. 

" une. an ... 

187S, 'J\fay 17 and 18· .. 1 D t l' 1 L t J!"- t r "·h 1 t' 
M r ')1 , ;~ Ulll me os" or 00 !aID lor 1..<'\ TI,,), lOn, " 11"... 0" 

\ " September 12 and 13 ..• Dt.fiuctian expC'llillcnts ,~uj··/ ,)'1. 

1376. July 1 to 14 ... Instrumpnt heiag rc.r.iljohteJ arlll air pnlll (d ,It (J~ 
enclosure, &c., up to 10th, afterwrucd scale.readin~ chan'.jn;,; r.l; idlj', 

1878, April Cl to 5 .. 0 Curves lost, owing to bad '1 UJ.1j t J of ".1 ~ ~J ~.t ~. (11 

bad photography. 
1879, Fe1ruary 15 and 16 ... Heatir,g experiments glJing on iT) thr· un:;11 ':". 

graph mom: effect of temperature chan~es var.able and IDle!;l L..'1.ia 
1875, September 26d 10h to 286 

$1h : Datum lin'~l'l both Iv..:t thl" js 1'Ie "i'~!c (,\''', 
alluded to above, for which an artificial datum was drawn. 

269. Curve affecteel and correctio71Y ~l!plicd to trdJ'u.Zatiur.s. 
1876, June 30 ... Deflection e~peIimen.t3 made upon vertical f()r~'(' TnJ.gllt to!.{rapl: : 

disloC'"tion of -'035 was allowe,l forfrom 10h to 13b
• 

1877, May 3 ... Deflection experitLlent.l:l made upon vt:rf,ica.l fm ce m:lSIll t ';"'1 ~ :'(1 • 
dislocation of + '003 was allowed for lOll, Ill> and 13h

• 

1879, 'February 8 .. , Deflection experiments malie upon vertiC'ul f,'rcu rna;!Ll t 1'."1 '-I,JI 
dislocation of -'Y1~ was allowed for from l()U to 13b• 

1879, Februa.ry 10 ... Deflection experiw.ents made upon ';ertkal force In3.;;n~ t,' .;c:'!'~1 . 
dislocation of' + '010 was allowed for from 10h to 14h. 

2iG. Ent1'les in abstra.:;ts obtained mJ l1£terpolation or by subJtitutim. r1 cyr-cl,~xr'.all.}(,., 
-not by clirect to"&,datwn. 

r ..l:'J ~ ~ J • r-
1, ,1.... 1 ,n, l. 

(1.) Owing to stoppage of clock: 
for 1.877, July 11<1 ISh; and 1878, J~mumy 24d 2:-Y' 
for 187.3, July 28<1 3h to 61:1; and .... \ngust 2t\ 131:1; 1874, J~J~un.ry Sl 

2h; Apri129d 5: ar..d6h and December 22d 13h
; ~nd 187.5, Jal~uary 14· 

13h and 21h to 23h 
.. , 0" 0.' ... 

for 1878, January 18d 16h /' 

(2.) Clock bei.ng cleaned or taken to pieces: 
for 1874; April 29d 8h to 14b 

... 

(3.) Derangement of clock-"'\\ork being rectified: 
for 1877, February 27d (lOb) .•• 

(4.) StrIng of driving weight deranged whilst winding the dock: 
for 1874, January 9<1 lOb 

(5,) Owing to failure of light : 
for 1873, August 24d 13h 

for 1877, NO"ember 4d 011 and III 
(6.) Owing tc' faulty waXt.l paper: 

for 1877. April 15d 9!J. 
for 1875, Septemher 2()d (lOL) ... ,.. . .. 

(7.), Curves lost or too faint to tabnhte . photography d f,'o.111t: 
for 1874, JUly 29d lOll to 13b and 15b an:l17 11 

(lJ 

for 1875. September 22"'(lOh) t,) 13" al1,-l ~3d (IC I
) to 12"; 3.'1(1 1&7:, 

July 27d (22h) to 28d 4h a.nd ~)d \S2b ) to ~9" 41> .. [:! [.r~ 1 .~} 

- • Tf,e :;:'1lI'.lbers ",-i;~n EQlIlI'il brachts inJ:c .. te tl.o r'lleli by ,,~kh t1.; ilo.erf,,,: .. t.':;;:;3 (- c' _Dt . ".:c-, 
.tr.:.&de. 



(8,) Pa.p!"!r hciD6' ('~1.".,ng'f)d or curve pa,ssed ov.3r tindbg rodil at 9b 17&" 
talJ']Jatiou at U" 15'" ad0p~Ld: -
for 1872, .May 17ci ~Il and December 8,1 !)h, , 

P,) A IteratIOn t~ing' n.w.do to increa;:>'3 the play oftha vertic.11 force shutter: 
fOl 1574., l\[ay 141 l(/' ,.. ..• ... , .. 

(:0,) J)ctb:tion experiments going on: 
fur IfliG, July !;d IG.} ,.. [lJ 
for 187fi, June 2;)<1 1Gh to Iff'; an,130d Uhto 21b : August gcl llb and 

l~b: 1677, )fay 3d 12", 14b andl;jb; and November 100.1 l:!b and 13"; 
anJ J 379, February 80.1 14," to 1711 and 104 1511 to 17" ..• (2) 

(11.) Curve rcj~ct0d, owing to the occUr! en~ immediatf>ly after of a 
large ruslo<:at\ou : 
for ISH, .A <lgU'>t 25d lOb [2] 

~7 1. LLt of dj,,)IH.'ation, of tl1'~ vertical forco magrtotograms aurl of the correctJonq' appliod, 0~1 
,\: Ill. I,f thum, tl) m,tke the ",holt} of c\'cry day's tabulations cvmparable amongst th('lcI~elV('S .-

, ,Jl ! roar, 
HfJI,r. for ... h, h 
wrr~'l tHJJ.l 18 

a.l'P!.i~'1. 

J. 11. tl. It, 

Hours for wluch 
COlTec tlull 19 

..pph' ,1. I Hnurd fvr "ln~h II ' 
~rrec' Month and Year, cOl-rectbll 18 ~~~c. 

on, apph&!, I 
---------f-----------~I--- ----

I. IL d. h d, h, d. h. 
.. , u :-> to I;) 11 

31 1 to 31 9 
8 TO to 8 16 

+ "'32 1874 J'lDuary .. 29 6 to 29 'j - 015 ISn SPpt .. 21 10 to 2l 13 .- 07' 

... / 

.. I 
- '01 I " February ... II 10 to It 16 - 034 "Ootober .. ,:1 10 to 2 12 !- ,"!' 

+·C.d6 n " ••• 24 10 to 2{ 19 - "017 " " r-\ 26 10 to 26 IS - (.O2} 
., ... 19 

I, ;1",",' ,.. '7 
7 to '9 9 

I:) to 17 14 
10 to 18 16 

6 to 19 9 
7 to 21 9 

- 023 
r 019 
+'OIJ 

- '017 
., .. \ '1.,&J&t. .~. r ,S 
~1 It •• 19 ., 

'J -012 

" 23 10 - '013 

" ,"t l,tI1uJl\('r. 
~'11 O~ Jher 

,'{t" tmh,,!' I 7 3 to 7 9' - 01 4 
12 10 to 12 210 - 009 

3 10 to l 14 + 'Oil 

5 10 to 5 12 + '008 
IS IC to 15 14 + 014 
18 :3 to 18 9 - 'o~ 
19 10 to 19 16 - 'OIC 

" Jt ••• 

tt ••• 

" .. j 

". lJl ..... :~th/·; I 9 Ie. to 9 16 f- 'oot, 
17 7 to 17 9 - '004 j' 

" 

" 

" 

" 

.. 
" .. 26 7 to 2 () ') - ooe; 

, :.1U4<1l'Y 3 1 t,., 3 9 - 'Oll 

7 10 to 7 14 ;- 042 
7 Is!tnd 7 J6 +02Q 

3 10 to 8 q + 005 

S; TO + "OI~. 
9 11 to ') 16 +'014 

It .. .. 
" .. 

"I 
'''I 

1', "rUJ.ry 
:'1 ) ['..II 

12 10 tu 12 IS + '012 

2~ 10 to .'0 Ie. + Oil 

I 10 to , 16 I + 'oo~ 
,. II I.) t,} 1 I 19 + '00:' 

HJ '(' to 19 20 + 'OO~ 
(, (t" 0 9 - 'oos 

10 to t) 10 12 + 011 

.. I 13 I to l3 9 - 'on 
, I 23 ,,) to '?J U + '039 

" 
" ,\nnl 

\1y 

., 
luI tJ I 12 7 to t 2 9 - oq 

" , 25 3 to' 25 9 - 01 () 
" ~~ :,t flll ~r' 2$ '0 to 2$ 12 + '011 

, (Y'I i 1 loanJ 1 IT + CII 

: ~,"",,:J : i~~d :;; ;~:l 
".. .. I 16 10 tn I6 'v + 'OO'f 

"" 29 10 to 21) I2 + C,)0 ,{ i iO 10 to 3:' [S of C I ~ 
, «('luber: ;l I t.:l 3 Q + 'r -: 

25 7 to25 ? -'(')17 187sJanu .. ry 3Toand3Il -'-:"3 
:: Mar~h ::: 14 7 to 14 9 - '007 .. Fd,ruary .122 10 to n 12 - '007 

" 2f) 10 to 29 18 + 'OIl "March .. 'I' 9 ~ 3 to 10 9 + '006 " " .. If) 10 + '005 " Api'll .. ,!4 10 '00'; " Aplu 
.. 111y 
" June 

,.. 6 10 1-'005" " .. -'1 10 - OCt 

,.' 3 6~) :> 9 - '020 "June ... ,1 1(,0 to I 18 - '''''C4 
" " ... 14 10 -'cI3",," tl 10.,l1d 6 n +'UI: 

" August .. , 26 10 to 2/) 1,3 + '010 "" .. 7 10 1.0 7 I4j - °46 

" S\lp~nlkr, 8 10 - '014 "" ... 8 10 - 'c3t; 
,,, 26 14 to ::6 18 - 006 "" '7 15 to 1 lbj - '::Sl 

.' 8 II to 313 -'oz9 ,.,. _, 910 to 9!'? -c,: " .. 
" I4Iotu1415 +'01 9 OJ to "J')lotolOI~I+'(Q7 " .. " 

:: :: -::1 
" Oct,.Nov .. 
" Noyember 
'0 De<-eruhcr 
fI " • ~ • 

IS75 F"br,uary, 

" .. 
" " ,. " 
I. March .. , 

I, " 
.. April 

" " ~b ... .. . 
" '0 
" " 
to June 
" July 
" ,. 
.. H 

., " .. 

., Au","'j'it 

II ,. 

14 16 + '012 "" .. 19 10 to '9 16 ,- 0<.5 
17 10 to Ii 18 + 005 "'0 30 22 - 020 

18 7 to 18 9 - 'od' "July J 10 to 3 I4j - 034 
31 2:! to I 9 - '00-1- "" 3 23 to 4 91 + '007 

17 10 t, T7 16 +'002 "August .. 7 10 to 7 IS + "Ii 
17 7 t<) q 9 + 013 " " ... 7 16 to 7 [8 + '009 

24 8aud24 9 - OOq " " '''/19 IoandI9 II + O~I 
9 10 to 9 18 + '008 " December 19 10 to I C) 19 -"01 I 

15 [0 to IS 17 + 02: 1877 January 'I I~ pnd Hi 81 + 006 

19 4 to 19 9 +'OI~ " " ,,10 9 +'001 

.:1 10 to 22 17 + '006 " ., ,,,1:0:6 22, to 27 <]1 + '0"7 

5 10 to 5 T6 - 'oC' " FebruMY, 10 to to Ie: 12/ + oo~ 
9 10 to 9 17 - '0('3 II " '" 10 13 t.) 1(> .6 +'oC'+ 

26 10 to 26 I4 - '010 " " _, '3 23 to l-t 91 - '007 

27 10 to 27 J7 + 'cz8 " May '" 3 l18J.d 3 13' + '009 
21 10 tc ::4 IS I + 01 9 " June 22 10 to 22 141 + '010 

30 23 to 31 9 - 01:; .. August .• 26 10 to 26 13 + 012 

31 10 to 3' 18 1 + '013 "S~ptember, IS 10 to IS I3 i +'c05 
10 7 to 10 91- '007 " " Z? 10 tQ 27 161 + "007 

7 10 to 7 q + '009 "Octoher 7 10 to 7 211 + '006 

14 23 to IS 9 1+'012 " November, 6 10 to t Ii + '008 

!3 10 to 23 16 I - 015 " ;, 110 Sandlo 91 + CIC 

::4 Sa",Lz4 91-'001' ,R78 February/'3 10 to 13 16/ + 007 
8 IC' t.u 8 11 -'00" • " 126 10 to 26 I7 - 01 4 

IS 10 to 18 20 -'005 .. Yarch .. i 28 7 to 23 91 + oOf 

•• Z2 7 t" 11 9 1- Jor '0 Au~ru.st "'j 13 10 to 13 [hi -!-'022 

zl) 10 to ::6 161- c::-() "Od"l.cr 22 10 to Z2 Ii +·OO~ " OJ 

2& 10 to 28 16 - C't4 ,,~()veUll)eTi21 10 to 21 1/, - -0(. 

" .. .. I 19 23 co) 30 9 + 0[2 1879 January,: 10 6 to 10 9: + '17 
" Reptt"lllli;r I 4 7 t() 4 9 \ + '0 15 .. .f'eLrua.ry ,I 7 10 to) 7 121 + ..)02 

" " .. " 

.. " • 12 10 to 12 131 + 010 " " .. r S Ioand 3 III +'U,'I~ 
I! J "' • .u;.' I .. ., I Z'J 10 to ZO 14 - '0 I I I 

____________ ~J __ ~ ______ ~I ________ ~, __ ~ ______ ~ _______ ~I~ 
I II 10 til •• 18 + Ovil 

5 z3 to 6 ') - oC3 

L .'1,0, tha 1, IlG'~tU t L rI. Ltc tWCC::l ~)!t 17 n anJ lOll l-Illl arlj not • ntel'~J in ilil::' list bc.::r..us() tl.:ey do 
" ~,ti.,: c, 'lilp::lluLllity of the c0J.11:?ldu day's ta'tJulJ.t!'J:l .... 
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APPENDIX V, 

~nce of height above or below the gronnu level upcn tlJ o Diu ... ~llr..l 
Variations of Declination and Horizontal Force, 

~ 272, The heights of the lllagnetometers an.d magnetogr.l.phs a~L' r· 'P' .~tlVt':.I- (; f" ': 
above and 7-l feet below the general ground level; and the cOUlpari:::,on h,-~ 1 J;:li ~,} .. .!., r r 
the year 1872, when the hourly observations of the magnct,,:uctcr<: Y,-ere !>tlll ll'~'lIr,,:' : 
and the magnetographs were, speaking generally, in contil1uou::, adiun, All amilll.l., d:,\ ~ 
were included in each month's abstracts, regal'dl<lss of t:j~ p"v:autiun tll:lt w"'l:d L,\\., 
thr~wn out days in one abstract, of whicl;l there were no counterpart.; in tlw l uJ't L l' 'lJur' 

abstract, No regard has been paid either to the differen( e of tIme at ,,-hI' h J~l (,~,-, __ 
vations are taken and for which the tabula.tions are made, these difference,> l.t'lIl'; f) ',' I n I .. 

in the case of the declination and 5 minutes in the case of the hUrlzontal ff,n'e l,.lC a. ,_ d

sory inspection of Figs, 677 to 688 and 803 to 814 together \yith Figs, GG-1, ,'3)1 .),1·1 (~C'~ 
(to be presently described) will show that, with two exceptions, no cons1 11eralll..; p:"lt of 01 ~ 
difference variations that we find is, in any caqe, due to the::;e small (hffl.!ren('p., in th.~)~)
ment of observation; the excepted cases are the month of February and 5 hours {JC rl. ~ 
month of October, when large disturbances cau5ed considerable moyernents r)f d'lL' 1I~:l(!Ill" 
to take place in short times, 

273, The magnetograph variations used for this purpose are tho':le ~h(.1;\·n in 1.'"hlc..; 
126 and 137, the latter after correction for the progre:>sive changes bhown at tLle fuet (,f 
the several columns; those of the megnetometers are shown in Tahles Hil antI 16.3 i)ci '" I 

and the excess °variations, or thE. excesses of the hourly magnetometer incqua:ltle,~ OVd q] 
respective hourly magnetograph inequalities are shown in Tables 162 and 161. 

~TABLE 161.-Grubb's Declination Magnetomctu 
BholCi.ng the mean diurnal t·a.riatlon oj Decli,lahon JOT each month. of the yeclT 1872. anrl for tlv 1 J,,,16 '!I~a'" 

---r------------------------------------------------------~I----
lS1Z, Mo~-m.-

? ,~.~ .. __ I.... A~~ r:Y Jone July, Aogust ISePteInberli:octObe, 1,,,,uvtmLer 'Il'wrubl>r ~ .... ro 

~------- -- ---- -- ---1--
~~ ~2 + °00146 +'00148 + '00025 +'Q0030 -'00099 -'00053 -'00056 -"00063 -'00046 oorAA,l + '0Q03ol1 +'r ,o:l4

i! + '"Xl(. 

II 12 +°00092 +'00058 -'00108 -'00131 -°00245 -0(XH85 -°00209 -'00214 -'00263 -'00127 -''(">:l059 -'COO77- 'lOle 

'12 12 +'00039 +'00002 -'00180 -°00233 -'00337 -'00240 -'00263 -000298j-'00381 - '0174 -1Y)C,n, -'00071\ - Cr ,! 

13 12 + '00010 -'00001 -°00174 -°00252 -'00290 -°00226 - 00260 -'OO294~ -'0035° -'oo'~J + 'oc.Vl91 ... °oovz • - f,'( 

14 12 -'00030 -°00010 -'00082 -'00190 -'00197 -'00190 -°00190 -°002021-°00220 -'0:->:)4; + 0005" ~ '000;' \1_ 0, l' 

IS J2 -'00036 -'0004~ +'00004 -'00109 -°00082 - 00129 -'00102 - ooloSl-'oed'!l + °00022 + °0005' + oov,s: _oo:x.; 

J6 12 -'00014 -°00070 +'00018 -'00041 +'00007 -°00053 -'00041 -'OWI01- 00002 + 0000171 + '00011 r 'OOCS'I- OC, , 

17 12 -°00014 ~°ooo86 -'00015 -'00033 + o~IO + '00010 + °00022 +:00027 +OCOOO) --°00051 - 000351- 00029 - o.~: It I 
1812 -'00038 -'00095 -'00073 -°00059 -°00009 + 0002.4 +'00014 +':XlO17!-000Isil-00039 -'OOO3II-'00Ct211-crJ(.2~1 
19 12 -'00001 -'00045 -'00039 -'ooo6G -'00066 -'00035 -'00040 -'00032 + OCOOI -'00007 - (QOOI + '000-,21- 00C~0 
20 12 -'00001 - 00034 -°00027 --'00053 -'00059 -'00055 -°00062 -'00046 -'00001: + °00001 - 00:041 + ox/( ~I- (Joe I 
21 12 - 000031 -'00025 -'OClO2b -°00027 -°00027 --0004°\-°00041 -°00041 + oorvlj- (()()II _"ClOVOGI_'(N()()UL JY 2', 

n 12 + '00013 -°00024 -'~4 + '00002 -'00003 -'000151-000037 - 00036 + '00013 - O(fl;)] + 00017, + 0000071-"'" 1 
2312 + 00016 -'00014 + 00019 +'00018 +'00014 +°00001 -'00022 -'00030 ... 0000151 + XlOI81 +'Gu03~' + VOG20['" 0;..-1 
o J2 + '00024 + '00074 + °00025 + '00056 + '00029 of '000181 -1- 00007 + 00001 + 00(4) + °()1)021 + 000391 + 0: YlI.1 + 'ClV __ / 

I 12 +'00016 +'00065 +'00025 +'00059 + 00041 +'000.36 + 00039 +'00019 + ~51 +°00019 + oC0~(i - 0002 i+'IA'<-
2 12 + "000071 + 00059 + °00016 + '00057 + °00056 + '00047 + '00056 + '00042 + 00056! + °00G22 .,- 000',; 0QI"l13( IX ~ 
3 12 - 00017 +'00030 -'00001 +'00047 +°00056 +'00053 + '00062 + '00054 + 000491 ~ '00002 - OC'JJ5! - ro:(1)"' ,..c,"" 

4 12 -'00038 -°00020 -°00018 + °00027 + '00066 + 00059 + '00072 + '00058 + °00040 -°00021 - C\X)' )1- 0: J"i r In. 

S 12 -'00062 _°p0062 -'00020 +'00041 + '00125 +°00104 + 00119 + °00105 + '00057, - 000161- cv.~73! -'oc<_" + C1J( , 

6 12 -°00071 -'0006, + '00038 + '00146 + '00280 + '00225 + '00267 + 00255 + 'oof~' + 000 5J -'00')]' 1- rx:v:l4-,1 t "01<" 
, • I I 

,. 1 -'00106 _000Cl47 + '00175 + '00276 + '00331 + '00297 + 00328 + '00362 + '0033'-' + 001 S-! -- ()(v-;S'-'OC':'<':i + 00- I' 

812 -'0002 +'00060 +°00247 +'00261 +'~82 +'00243 +'00256 +'00313j-l w326 +'OO176r + or..o...' I-'O:C'~ t OOL 

912 +'00095 +'00147 +°001671+°00170 +'00116,+'00103 :roOC09OI-I'OOI28 + 00Ci1 t-?I + ooll~: +'~I+'\::u.~'I~"> I', 
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TABLE 162.-Euesses Of houtly inequalities of aeclination a8 shou:n by Grubb's Declination Ma!!l1et~meter Ct'cr the same as 
shown by the Declination Magnetog-raph. 

MONTH. 

. 
Bombay Civil Tune. January. 

f 
February, Mawh. I April. lIar, L Jup-a. July, August, I September, October, I November, December. 

, 
, 

. - --. -
h. . 

to .. ' +'00003 +'00008 -'00006 +'00005 +'0000 4 +'00006 ' +'00012' - '00004 +'00019 +'000°3 ... '00008 + '00007 
II . ... + 'oooci +'00002 - '(l0015 +'00006 +'00001 + '00014 + '(lOO02 +'00004 + 00004 - '00003 -'00003 + '00007 
u '" -'00014 -'00007 -'00012 +100003 -'0001 4 +'0001 5 + '00007 +'00004 - '00011 - '00009 -'00021 -'OOOn 

13 ." -'000~4 +'00002 -'00019 -'0001$ -'0001 3 +'00010 -'00002 .... '00001 -'0001 7 - 00020 -'00018 -'ooooa 
14 .. ~ '00011 ' - '00001 -'0::1026 .. '0001 9 -'00020 +'00003 -'00010 +'00006 - '00024 ~ '00018 - 'OOOIZ - 0000S-

15 .. +'00001 +'00009 
-'

00015 -'00022 - '00023- - '00008 - 'CooiS -'qoo09 - '00016 -'00003 +'00001 -'00009 

16 .. , -'00008 -'00002 .. '000°7 
-'

0001
9 -'

0001
5 

-'00003 - '00010 + '00002 - '06005 +'00005 ... ·00005 - 'OOoQ6 

.17 .. +'00002 -'00002 +'00004 - 'OOOIl -'00012 + '00004 '00000 -'00004 + '00003 +'09°0 5 -'00007 - '00007 
18 ", -'00004 -'00005 +'00002 'P' 'opoo~' -'00003 +'00008 - '00005 + '00005 + '00004 - '00005 -'0001 9 - 'oocuS 

19 .. - '00010 - '00008 ... ·00005 + '00002 -'00007 +'00009 +'00004- +'00002 + '00023 -'00001 - '00007 - '00010 

.0 .. - 'oooP7 +'00003 +'00004 + '00003 - '00015 ~ '00002 - '00006 +'00004 -'00004 - '00002 -'00004 -;oQOoS 

al .. ' - '00009 'cOOOO +'00002 +'00004 - '00005 + '00003 -'coo04 +'00006 +'00001 ",'00005 -'00009 -'00009 

2% ., -'00006 -'oooS,? - '00001 -'00001 - '00003 + '00001 -'00006 +'00004 -'00003 -'00007 +'00001 -'00002 

23 , .. - '00006 - '0005 1 - '00003 - '00.001 + '00008 -'0000& -'0001 3 -'00002 -'00010 +'00002 +'00004 -'00002 

0 .. - 'oqool +'00\:)15 +'000 03 + '00006 -'00002 -'00004 +'00001 +'00007 '00000 - '00001 +'00008 - '00003 

I " ..... -'00003 + ' 0001 5 '00000 +'00009 +'00004 - '00008' + '00005 +'00003 -'ooooS +'00003 +'00001 #' - . 
+'00028 +'00004 +'00004 +'00003 -'00006 +'00006 +'00011 + '00009 +'QOO03 +'00005· :2 ... +'00004 

3 ' . +'00008 +'00030 +'00008 + '00007 +'00009 - '00006 '00000 + '00004 +'00002 +'00008 + 'OOon 

4 .. ' +'00012 ... '00024' -I:: '00004 +'00005 +'00007 "7'000°3 +'00004 +'00008 '00000 +'00001 +'0001" 

5 .. ' +'000J9 + '00006 +'00008 - '00003 +'00004 - '00002 -'00002 - '00004 +'OPOOI +'00003 +'00005-

6 ." +'00025 +'0001 7 +'00001 
-'

0001 9 '00000 - '00033 -+'00009 
-'

0001
9 

- '00010 +'00013 + '00~l1, 

7 '" +'000 34 +'00003 +'00026 -'00001 +'00005 +'00002 +'00020 - '00005 '00000 +"00005 ' +-:0001 7' 
8 .. ' +'00024 +'00010 +'00036 '00000 +'00018 -'00003 +'000):0 + 'OOoII ±,:ooo~4 +'OOOll +'ooot5' 

9 .. ' ... '000 II - '00002 I "t' '00008 +,'00021 +'00035 ... '0002 7 +'00012 4''00004 .+.'00029 +'00004 +'00.005 .. . . , 
I 

.r.t.nu"lrr; ana 
Marc til 
DeOOllibcr, 

--

+ '00005 
+'00002 

- '00006 
- \.lOO'll 

- '00013 
_ - '00011 

-'00006 

-'00002 

-'00003 , 
'00000 " 

-'00003 

-'00002 

-»~ ... 
.,. 
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Slluwing the mean aiurnal 'I.;ariatwr. ~i floriz01l.tal PO'l'Cejc1' (1.,",'", v'),:h [~f the ;1(;''1{' lS7"~ (!'"d.r.I ;· t. e lI:il.ole yr3~! 
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-'- 0012(, 
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oe 1 r::...t,. 
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+ ""Cl~rJ 
-J~ 00,.):" 

of ~")I , 
+ C ,c(,6 

CCI...·l{' 

or"( l) 

o')J'I I) 
('.,)1"';;; r 

- OOIS'S 
r-'''''3~ 
0" .... rJ 

- (,,0,2)) 

- O"-- .. ~ 1 '!1. 

::(' I: 7 

( 1 fJ J 

0:; if, 
(I i l 

- ~'(' 

- ! ,- __ J .... 

+ ()04'~ 
r '004?'J 

+'CO-l-Tj 

+ 't'CJ55 
cc'!t:; .--t 

- ('("O;1 

- : 1 'i l) 
c c r 4" 

- 0.;)'(5 

"~oJ, °3 
00:20 

- \:--OJ;tl 
0C 1(. ~ 

_'C I, .l 
I}\.. I J 

"e-: J) 
-",,'(.I} 

".: ," I 

~ 'I I 

+ 'OO-!Z3 

+'c~~16 

+ "':'467 
!.. Od,3 ~7 

""t' (,0:5, 
of ,·('1 l" 

~ (",C"''"': I'j 

QGe /1 
r"r ,~ ,'~.) 

- 'f} :!C' 

+ 

(' . ...)y:: I I 

C"'\~2 

.., '.)''1 
,.. 1)1 

r'o)63 
1. 00 :Z3 

Or'i"! 
+ 0°3-' 

+ JC .j? 

.j _'U' (,c 

+ ~ : ,((, 
one1 I 

-\.J-c;~ 

- C C )i 7 
- "~.J ~S 

-~. ! <j 

-,)? t 7 
en: . 

0,)'; 

- ~- .. \ 

,- - I (',) 

c, 1 ') 

- Cl~ I ~ 7 

+'C--+4 
... CO)::" • 

+ 004 'I 4· ( C • 7.) 
<' 2, ~ 

.,.... oJ:' ... ' 

+ n·- ., I 
- 00 'j ~ \I 

- (,I. _ 0 

1 J; i 
,~ _ 1 

I 
- '- (.., J ~ 

, . 
" I , , I 

. _--------------------- -----------.----------------~---.-. - . 

/ 

" 
~, 


