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0 1. Preliminary remarks.

1. THE present paper is a sequel to two former communications to the Society on the
effect of Mountain Attraction on the Plumb-line in India. In the first of these (com-
municated in 1855) the deflection of the plumb-line caused by the Mountain Mass north
of Hindostan is calculated; and in the second (forwarded during the present year) the
effect of a small excess or defect of density prevailing through extensive tracts of the
earth’s mass is found; with a view to determine whether any compensating cause can
possibly exist below, to counteract the large amount of deflection caused by the super-
ficial mass lying above the sea-level. A survey of the causes of disturbance of the
plumb-line cannot be complete without taking into consideration the influence of the
ocean. To approximate to this is the object of the present Paper.

2. The geographical position of Hindostan is somewhat remarkable. The highest
mountain-ground in the world lies to the north of it; and an unbroken expanse of ocean
extends from its shores down to the neighbourhood of the south pole. The excess of
matter presented by the first causes a deflection of the plumb-line towards the north,
decreasing in amount as we travel southwards. The deficiency of matter arising from
the second causes a deflection of the plumb-line also towards the north, but decreasing
in amount as we travel northwards. The consequence is, that while these two causes
conspire to increase the deflection at the different stations, their combined action tends
to reduce in amount the errors the mountain attraction causes in the amplitudes.
But the attraction of the mountains northwards, and the deficiency of attraction of the
ocean southwards, which last is in fact equivalent to a repulsive force northwards, com-
bine to produce another effect upon the measures of the Survey besides the deflection
of the plumb-line, an effect of some importance. They have a sensible influence in
changing the sea-level, so as to make the level of Karachi—to which a great longitudinal
chain of triangles is brought down from Kalianpur in the centre of India—many feet
higher than the level at Punnce, near Cape Comorin, the south extremity of the Great
Arc of meridian.

3. If the density of the sea were the same as that of the superficial stratum of rock,
there would be no disturbing force. The deficiency of matter arising from the smaller
density of the ocean, produces, therefore, a northerly repulsive force exactly equal to the
attraction of a mass of the same form in superficial extent and depth, but having a

density equal to the excess of the density of rock over that of sea-water.
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§ 2. Hypothesis regarding the form of the bottom of the sea.

4. To calculate this force, it is necessary, in our ignorance of the form of the bottom
of the sea, to resort to hypothesis. In doing so it should be remembered, that as we
want to find the aggregate effect at certain places comparatively near each other, being
all in India, and not to find the law in passing from one point to another over the whole
surface of the ocean, an average representation of its form will be quite as good for our
purpose as an accurate knowledge of all its variations of depth.

Fig. 1.

| Equalor

The hypothesis I assume I will now describe. Let the preceding diagram (fig. 1) repre-
sent an outline of the ocean and bounding countries under consideration. ILet A, B, C
(as in my former Papers) be Kaliana, Kalianpur, and Damagida, the three terminal
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stations of the two higher portions of the Great Arc: P is Punnce, the station close to
Cape Comorin. Draw EPF east and west, meeting Africa in E and the Malay Peninsula
in F. I call the depths at the middle points, viz. at @ and , of these lines at the open-
ing of the Arabian Sea and Bay of Bengal into the Indian Ocean, ¢ and &: and I
assume that the bottom slopes up gradually from these points in lines due north to
m and %, near Karachi and the Sandheads of Calcutta; and that the bottom shelves
down to these lines from every part of the shore. Thus to find the depth at any point
H, we must draw ZHZE at right angles to am; first find the depth at % in terms of «,
from the measured ratio of mh to ma; then find the depth at H in terms of that at &,
and so in terms of @, from the measured ratio of H% to 2%. In this way the depth at
all points in the Arabian Sea and the Bay of Bengal may be found in terms of ¢ and &.
I next assume that at a point D, 86° south of Cape Comorin and nearly midway between
Madagascar and Australia, the depth is D; and that the bottom slopes down gradually
to D from all sides—from the bottom at FP and PE, from the shores on the east and
west, and from the neighbourhood of the south pole. It will soon be seen that any
uncertainty regarding the depth down towards the south pole is comparatively unim-
portant. From this description it will be seen that the depth along any line PI may
- be found as follows:—The bottom slopes down to L from both shores: the depth at L
is known in terms of @ and D from the ratio of aLi to LD. Again, the depths along a
line CMNQ are found thus. The depth at M is found in terms of @ from the slope of Pa.
From M to N the bottom slopes to a depth which is found in terms of D by the relative
distance of N from Madagascar, the nearest shore, and D. By this contrivance the
depths of all parts of the ocean under examination can be found in terms of one or more
of the arbitrary depths a, b, D: and by rightly choosing these quantities I think we shall
have a very good average representation of the volume and general form of the ocean,
as far as its effect on the stations in India require a knowledge of it. The effect of the
ocean to the right of the eastern peninsula and archipelago I have omitted, as it would
be about the same for all the stations.

Y 3. Calculation of the attractions and deflections.

9. The method of calculating the attraction is precisely the same as that adopted in
my Paper of 18556 for the Mountains. Thus for the station P. Through P imagine
great circles drawn (not given in the diagram to prevent confusion) at 30° apart. These
will divide the surface into lunes reaching to the antipodes. The lines drawn in the
diagram are the middle or dividing lines of these lunes, along which the attraction acts.
Around P describe a circle with radius =5°; and beyond this other circles with the radii
noted in the Table in page 782. The property of this law of dissection is, that the
attractions of the masses of the several compartments into which this process divides the
surface, are proportional to their average depths; or if d,d,d;... be the depths, the
attractions of the masses on P.are as d,d,d,... The attraction of each mass*

=% psin 16°x depth. Now the density of sea water =1-028 X dens. of distilled water.
* See p. 64 of Paper of 1855.
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Radii of circles. Radii of circles.
1 50 16 21-4
2 55 17 236
3 61 18 26°1
4 67 19 288
5 74 20 31-8
6 81 21 353
7 89 22 389
8 98 23 431
9 10-8 : 24 481
10 11-9 25 539
11 131 f 26 607
12 144 7 68-9
13 16-0 28 79:3
14 176 lo29 93-3
15 19-4 L 30 1167
The next is beyond the antipodes.

Also mean density of the earth=566 times that of distilled water. Also mean density
of the earth =4i g, g=gravity, 7=4000 miles. The density of Schehallien, which is a
T r

fair representative of the density of rock at the surface, =2-75 X dens. distilled water ;

. p==excess of density of rock above that of sea-water

1-722 3 1722 g .
=—5.gg Mnean dens. of earth =17 5660 -’

also sin 15°=0-2588,
.. attraction of mass in any compartment=0-000009079 X depth x ¢
=tan (0"-185) depth x g,
.. deflection caused by this =0"-185 depth,
as is easily seen by the resolution of forces.

Hence the deflection caused by the whole of any one lune is found by adding together
all the depths of the compartments, and multiplying the sum by the cosine and sine of
the azimuth, reckoned from the south to the left, to find the North and East force pro-
duced by the deficiency of matter in the ocean. These added together for all the lunes
will give the total effect of the portions of the surface beyond the first circle.

6. In parts where the compartments are broken into by the shores, or the lunes must
be narrowed in consequence of the land, I introduce the correction by reducing the
depths in proportion, and leaving the constant multiplier 0”185 unchanged. Thus too
in the third lune to the west, the middle line lies along the shore, and therefore half
the lune is on land, and the depth along the middle line, being zero all along, does not
represent the average depth of the compartments. I therefore take the depths along the
middle line of the half lune, that is, along a line making an angle 7° 30’ with the shore;
and besides this I take half only of the result, as the width of the lune is diminished in
that ratio. Again, the most important lune, that which has its middle line due south,
needs consideration. The middle line lies at the greatest depth in all the compartments.
The depths of the middle of the compartments will therefore be all larger than the
average depth of the compartments. The average depth of the compartment in the
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latitude of D, it is easily seen, is about % D. This, therefore, I shall adopt as the depth
at D for all lunes which have their middle line in APD.

7. I have not yet considered the portion within the first circle. It is easy to show by
the Integral Calculus, that the attraction of a small horizontal pyramid, of depth d at its
vertical base, =¢b4.d, irrespectively of its length, 84 being the width. Hence, by inte-
gration, 2¢sin15° d is the attraction for the whole width of the lune. And the conse-

quent deflection caused by this portion of the ocean __-2;-211 e sin 16°.d=0"185 x ?2—1 d.
Hence the deflection caused by the whole lune

=o"-185(-2§‘d+d,+d2+d3+ ----- ):

8. We are now prepared to enter into Tables the deflections caused by the several
lunes. The process T follow is partly graphic. I take a strip of paper and mark it, to
be used as a scale. After the zero-point the first mark is at 5° distance, this being the
radius of the first circle about P bounding the compartments. The distances of the
remaining circles, as noted in the Table in page 782, are next marked on the scale. It will
be observed that the distances of the circles from each other are at first very small, but
they afterward rapidly increase, and the 29th compartment terminates at 116° from P,
and the next stretches beyond the antipodes. The rapid increase of the dimensions of
the compartments in the southern ocean renders it unimportant to know the depths of
those regions with any degree of accuracy, as I have already noticed.

The scale thus formed is laid upon the diagram (fig. 1), along the middle lines of the
several lunes, the zero-point being at P. The values of d d, d, d;.. . are then, without
much difficulty, determined from the diagram for P, and similarly for other stations, as
noted down in the six Tables which follow. The deflections are resolved north and east.

Of the six stations I have chosen (for reasons which will appear), one has no name, as
there is no known place there. I therefore call it ““Near-Goa.” It is half-way between
Punnee and Karachi.
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TasLe L—Deflections at Kaliana.

First Lune. Second Lune.
Depths. Central Lune. ’
) East. West. East. West.
d 0 . 0 0 0 0
21d 0 0 0 0 0
dy | e, ST O O
d, s : SRS EENOSPSO AU
d, . —— SISO I
dy | OO EEAOSORE EENORR RO
dy | e — ISP IR .
d, SO U PPV SO .
d, - . . . s
dq . N N R .
glz N Em— 3from0 to-5 | 3 from0Otola
diy | e Five from Nine depths (=+050) (="3a)
dyy 2106%?)) from 0 to a
v v A (=459) | Six depths Six
: di; from 546 t0 0 | from Lato 0
o ey | (26
dy; . ’
dyg Nine depths
diy Nine depths | from 26 t0 1D | Qeven depths | wovveveee | oo
dy, from 0 to £D (=3%+'9 D) IfromatoL.D |  cecereene
dy, (=37 Dt) (=.35B§ ......... [
doy | e R
dy | e
dy, Three from | -«
32- 'JJUD to %D cesecsses PP
5 . Seven depths =45D) |  eereereen teseenaen
d;: Six depths from } Dgzo 0 _L‘“'——)— B
dy, | from 3D to0 (=+7D) Four from | ... N
i | (=#5D) 1D to 0 S
dyy (=4D) |
Totals ... 62D 16D+4675 | 12D+454a 165 9a
Deflect™ 115D 030D 40865 |0"22D+083¢a 0035 017 a
Sums .. 1"15D ¢"52 D+0"86 54083 ¢ 0"035+0"17 a
Cos azim. *866 *500
Def.NV. ... 115D 0"45D+0"745+0"72a 0"025+0"08a
Diff. ...... 0 —0"08D—0"865-+0"83a —0"0356+0"17a
Sin azim. 0 500 866
Def.E. ... 0 —0"04D—0"43b+0"41a —0"0356+0"15a

Total Deflection at Kaliana, North, 1"-60 D +0"76 5+ 0"-80 a.
Total Deflection at Kaliana, East, —0"-04 D—0"-465+0"-56 .
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TasLE II.  Deflections at Kalianpur.

First Lune. Second Lune. Third Lune.
Depths. | Central Lune. | —
East. [ West. East. ‘West. East. West.
d 0 0 | 0 0 0 0 0
214 0 0 0 0 o | o 0
Ay ] e L e e e L
dy | e L s e s e
dg | e L e i e
dy | en L . STV R SRR EEOTOIN
d S e f'ght Ten | o0 | el

vpths .
de | . i depths | ..o ] ol

rom .
dy; | 0to £ b from | ...

O 57 0. 10 .
ds | e Light depths |  Eight depths  |[(=1-196) % 10 17| oo 4 from
dy | e .0 17 (==2:94¢) ...... 0to #a
d o from 0 to £ from 0 1Lt a (='2137a)
dy | (=3430) (=252a) Six e
dyy depths |———r| ... 4 from
dig from | | ... Fato0
d14 b to 0 Nine ...... (_'23 (Z)
dis el (=890b)| depths | ......
dig Twelve . . from | ... .
dyy depths from| . Nine dept.!ls N11n7e depthf ,,,,,, ato0] ...... | ...
d 0tosD | from$dto2 D |from jlato % D (]-7—2'65(1)

'18 i Qe . — D RTINM cereee =2'004)|  ceeies b eienn
dy (=5D) (F3850+129D) (=283a+0:81D) T e
S O ssm— U ROV
dy 1
dp 1 e e
dgg ........................
dyy | i e e e,
Z?-" Seven Eight depths Eight depths | ceoeee s e
d26 depths from| from 2 D ¢to 0 from 3 D to 0 | cooece ] e e
dc_)y % Dio0 (=1.14 D) =.75 D) ........................
dy |(5%92D) OO EEO RO B
dy | L

Totals......, 792 D 243 D 156 D 2:08b | 559a | ... 46 «

+7:28 b 53ba
Deflections| 17-47 D 045 D 07-29 D 0380 | 103 a 0 009 ¢
+1-"35b +0"99 a

Sums ...... 147 D 0"74 D+1"3556+0"99 ¢ 038 b+ l""()f)f a 07+09 o

Cos azim 1 866 *500 0

Def. V. 1'47 D 0"64 D090 54-0"87 a 0195+ 0"81 ¢ 0

Diff. ...... 0 —0"16 D—1"-3556+0"99 « —07385+1"03 a 009 @

Sin azim. 0 500 866 1 -

Def. E. ... 0 —0"08 D—0"675+0"50a —0"33b+0"89 a 0709 @

Total Deflection at Kalianpur, North, 2"17 D+1"-09 b+ 168 a.
Total Deflection at Kalianpur, Eust, —0"-08 D—1"-0 54-1"-48 .
MDCCCLIX. oL
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TasLE ITL. Deflections at Damargida.

First Lune. Second Lune. Third Lune. Fourth Lune.
Depths. |Central Lune.
East. West. East. West. East. West. East. West,
d 0 0 0 0 0 0 0 0 0
21d 0 0 0 0 0 0 0 0 0
d, cere T Eight | |
do | coiinennn denths | oo | e .
L7 2 S L Nine - fr}())m dTel;l ...... Elev;aln
dy | e | depths even epths | ... epths
d : T R f?:r‘;ner(; ?(fp_t&iz from | depths ((2?158175) from | ... from
dg T R (_1.6251;’ 0tox-b| from |\ 0toda| ... 0tora
dy | e =10%a) |\ =1178)0to L3 a (=214a) ...... (="33a)
dg (=485a)) | |
d, 4 from | | ...
dy, +£- b to 0}——1 ... e
dy (=0590)| 4 from | ...... 3 from
d Seven 3ato0 A a0l
d12 Fifteen depths /7—%'805 """ 17 0
13 . depths . from N s (=090)
dyy Fifteen fo Thirteen depths b to 0 Ten | ... |— ...
d depths from| O from 6o to 2 D 77 b to depths | ... | ... |
15 ; 0tol D I3 32 01(=0915)
dig 0to D (—-2'3D) (=32+4183 D) from | L
dy, |(=625D)\ ™ PBatob) 0| | e ]
dg | (#4la) | oo | i R R
de | 0 e T R
dy | e L v v e
dy | e ] e R T
dy | ———— ... [ TR N EOPSUOE R
dyg | | e e b v b
524 Nine | | e ] e b i | e | e ],
d25 v Eight depths Nix]e dept}]s oooooooooooooooooo ees | eessee | sesees
d26 depths frOm frOm fl'Om ‘;_{92 D tO 0 ....................................
d27 %Dtoo %Dto 0 (=l’27 D) ....................................
28 (=3.33 D) (=l'5D) ....................................
dyg 1~ TR i ] e | e | e e L,
doy |l v e e b v b,
Totals ...| 958 D 4D 31D 2:08b 926 @ 170 2:99 u 0 042 a
+462a
Deflect™ | 1777 D | 0"74 D 057 D 07380 | 1"71a | 07314 | 0"56a 0 008
+085a
Sums 177 D 131 D40"85a 0"38b+1"71¢a | 0"3105+0"56a 008 a
Cos azim. 1 866 500 0 —+500
Def. N....| 177D 113 D+0"74a 0"196+0"85 ¢« 0 —0"04 @
Diff. ...... 0 —0"17D4+0"85¢a —G"38b4+1"71 0| ~0"31 b+0"56¢q 008 ¢
Sin azim. 0 500 866 1 866
Def. E.... 0 —0"08D+0"42a —0"33b+1"48 a| —0"31 b+0"56a 006 ¢

Total Deflection at Damargida, North, 2"90 D +0"195+1"55 a.
Total Deflection at Damargida, East, —0708 D—0"-64 54 2'52 «.




THE OCEAN ON THE PLUMB-LINE IN INDIA.

TasLE IV.—Deflections at Punnce.

787

First Lune. Second Lune. Third Lune. Fourth Lune. Fifth Lune.
D . ¥ 3
epths. | Central Lune Last. West. Last. West. East. West. East. West. Last. West.
4| &D | %D | 4D |&D+id|AD+tal 30 | e | A | e | A | e
. , , 072D | 076D | . . . . .
2d | 125D 087D 098D | L3950 | Labeg | 525 | 389a | 2430 2a 0376 | 026a
d, Seven from
dy 2D +21%5 | Ten depths| Eight . Six fr om
d g to from depths Ten Nine s bto Ten
dy F5D+556| AL D+18a| from depths depths | Tylve (—%ﬁ) depths
d, =72D to btod | from fmm5 depths from 5 a
d, +4538) 2D +fa| (=6b) |1¢atoa 1508058 from to;a
Z 7 (=127D ( 6 85a) (=38-540) A atodtal 4from |(=-48a)
d 8 Twenty Nineteen | Nineteen +573 )| ——— (=457a)| {50 to 0
9 WenLY ldepths from|depths from . (=0-115)
d depths from Six from
20 5D 5D11 D to } DD to %D b to 0 4 from
11 to (=554 D)|(=505D) > to b Bbto0 | | e 4 from
dyy ( 952 D) Fifteen (=30) Eight |[(=111d) Beml Lrato 0
dy depths from depths s rtom """ (=0°14a)
diy H5D+1256| Twelve || from | oo —7;0(‘) 8060 ......
zm to 0 depths from| ceceee ato | o (— 2 I
16 (=I'OQD _2_D+jTa ...... =4a) ......... PYT R TR N
d,, +6:48 b) 1 to 01 ...... (=da) | oo
dig (=2D49a)| oo || e | e e e
de | | b T e ] e L e e e
gm R e e R (R VOO OOV EEUSOO RDURVOR SRR RO
A e e Y INNPPPPPPR IPPPPIS S P T OO
dw ||l e | e | e e L
323 T d th E]even Eleven 000000000000000000000000000000000000000000000000000000
d24 el}‘ ep S depths from depths from eeeeseee | esessseee | aevess | seeees | sesees | eseses | eeceee | eesves
d25 5j:)l'()tl;:lo %—D to 0 DtDO ........................... vee | eessee | ceeee o | eesees oo
26 7)4‘ =2. 5D 2.41D oooooooooooooooooooooooooooooo eeesee | eeeee o | eesee . TR R R
& |(Ea17D)|[(F¥75D) (=2a1D)| e | | e | |
L e T T B N s I I E
(29 tecesnsee seecescee cessne sssese | eeeeee eee | eeeeee b eeceee
d30 .............................. B e STt seee
Totals ...| 15:54D 916 D 844D 2:46 D 403D 14256 | 1474 a 7:08b 743 a 0758 0:'88¢a
_ +1554b | +1473a
Deflect™® 281 D 1”69 D 1"-56 D 0"46 D 0"75D 2645 | 2"73a | 1310 | 1"37a | 0"145 | 0164
+2876 | 273a
Sums 281D 325D 121 D+2"-876+2"73a| 2"64b042"73a 131 5+4+1"37a 01454016 &
Cos azim. 1 0-866 0-500 0 —0-500 —0-866
Def.N....| 2"81D 281D 0"60D+1"-435+1"-36a 0 —0"656—0"68a | —0"126—0"13¢
Diff. .. 0 —0"13D 029 D—-2"876+2"73a| —2"-64b+2"73a | —1"-31b6+1"37a | —0"-146+0"16 a
Sin azim. 0 0:500 0-866 1 0-866 0°500
Def.E. ... 0 —0'"06D 025D —2"495+2'"36a| —2"-645+2"73a | —1"13b+1"19a | —0"-075+0"-08¢

Total Deflection at Punnce, North, =6"-22 D+ 0"66 5+ 0"55 a.

Total Deflection at Punnce, East,

51L2

=0"19D—6"335+6"36 a.
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TaBLE V.—Deflections at Near-Goa.
| First Lune. Second Lune. Third Lune. Fourth Lune. Fifth Lune.
; Depths. | Central Lune. )
i Last. West Last. ! West. Last. West Last. West. East. West
o d fra | e | fa | 0 | Fa | 0 | Fa | 0 ba 0 | e
| Ad 309 a 0-25 a 3:06 a 0 438 & 0 328 a 0 1117 a 0 0°26 o
d, . Seven | ...... Six | ... Five | ... | | ... Five
d, d tﬁle Sfeven depths | ...... depths | ...... from | ... Seven | ...... from
d “epihs from) - irom from from % ¢ Sea depth L5 @
3 5 gto L0 g dog | TOM T30 eeeeen T | eeeves pths | ... 10
d, 1(7_a2.4513> to o TE @ | e toda | ... toza | ... from | ... to 5l @
dy - (=%ba) tofa | ... |(=35a¢) ... (=859a) ...... Fatolal ... (=19 qa)
d (=4080))—| | ... f—] (=1:09q)| ......
d. T e— 4h
dg Eight —— Seven | ... |ee——— ... 1 ar(t):)no
d, depths Fi depths | ...... Five | A
dyy from f’ro::eo from | ... fr:)‘xs ...... ( @)
T 1
g“ Filteen 1 dlgr:ze;n (O_t;) bb) Fourteen| to %, & (z_al t7“50) """ Ltatoo| v
d12 Sixteen depths frf())m = depths (=.94 b) = a) eeeeen (_.5 (l) ............
d13 depths from| from 1, _"ST;—' from | | | e b T e ] e
14 1 0 é_ —1.— vy A .3_ ------------------
di, T(W_fzﬁt,ngD ¢ 2 ‘laD tog—}— D | depths _4_a5.t2050 3from | .o | v | i ] e | e
dig _'__4.74 a) (-(-)--236 ° (=5'05a| from (= @) Sbto0l ... ST O ATOTO
d,, ) ™ +°93D)| bto 0 (=-440)| ...... T U AT N
dlS +375D) (=3 b) ) ........................ e
dyy e O O TP T
d‘ZO e T T X T el EEP I S E S N O I T T X T X I
d?l e B B L AT P E PP I R A A T R I TT PO
d22 ................................................
L vt EvOUORE NNPOUCUIR IOORUE ISR PPN OUUU N
d24 Ten | oo | veeie b s L il s i b v
Z% Eight Eight dfig:r}:s P T B e O S O S
d26 ) from from T S B S e N I B B B
dg] %Dtoo %D t00 ‘7‘_'71 D) ..........................................
dii (=3.33 D) (=2 D) -_ seeene :::::: .:::: .........................
L e AEOCUCRS ERPOUCUORE IRRPOVOU URUOR RUOORI EUUUPRI SUUPURRS R
Totals ..., 10D 575D | 164 D 70 13183 | 13806 | 862a 0 276 0 ‘55 a
+1028a | +0:86 o | +12:19a
Deflect™ | 1"85D [ 106D |0"30 D | 1305 | 2"43a | 0260 | 1"59 ¢ 0 057 a 0 0710 @
+190¢ {+016a| +269a
Sums 185D | 136 D4+2"85a | 1"300+2"43a | 0"26b+1"59a 057 a 010
+1:90 @
Cos azim. 1 866 500 0 —+500 —+866
Def. N....| 185D
+190 « 1"18 D+42"47a | 0"6554+1"22a 0 —0"28 a —0"09 a
l‘).iﬁ'........ 0 —0"76 D+2”‘53 al—1"30 b+2"43a | —0"26b+1"59 o 057 010 a
Sin azim. 0 500 866 1 866 500
Def. E.... 0 —0"38D+0"75a/—1"1354+2"10a  —0"265+1"59 0749 005 o

Total Deflection at Near-Goa, North, =

Total Deflection at Near-Goa, Fast,

303 D+ 065 b+ 522 a.

=—=0"38 D—139 b+ 498 q.
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TaBLE VI.—Deflections at Karachi.

789

First Lune.

Second Lune.

Depths. Central Lune.
Last. West East. West.
(l % a g’g a TIT)- a 0 0
2ld 3a 012 105 ¢ 0 0
(S e e Ot
d, Seven | .|
d, depths from O
d 4 TIU ato0 | ... L.
d, Thirteen (=85a) |  ceee |
dg de})ths from Fifteen | | e L e
d, Zatoa | 4o e e
T depths from
d g (=836 a) LUato g | e e e
d, swaoTre | L L
do (=77e) T
L T
de | L e
dy |f——— L e e
d14
le ...... Five ......
dm ...... fl’Oln 0 to % b ......
d]‘] Eleven ...... (=1.25 b) ......
d” depths from Nine | =0
19 ato D depths from | e Tzl T
Zgo (=5,5 a-|1-26'42D) ﬁa to _21_ D | e 2 frz)_l}j.g 2;00 ......
21 (:'41a+2‘25 D) ...... =00} 1 eeenee
dgg ............
/L O O O
d, | e
dyy |f———— e
dyg _ N e R
dy, Six from Six 0 L e
dy T% Dto0 from % Dtoo | ... | .. e L e
dyg (=175 D) (=15D) | ... |
d3o ..................
Totals ...| 817 D-+1686 ¢« 375 D+130a 1-40 a 1750 0
Deflect™ | 151 D+3"12¢a | 069 D+ 024 026 @ 0325 0
Sums ...| 1”51 D+3"12¢q 0"69 D4-0"50 @ 0"32b
Cos azim. 1 866 +500
Def. N....| 151 D+3"12 ¢« 060 D4 0"43 ¢ 016 b
Diff. ...... 0 —0"69 D+0"02 —0"32 0
Sin azim. 0 500 866
Def. E.... 0 —0"35D—0"01 a — 028 &

Total Deflection at Karachi, North,

2"111 D+ 016 b4-3"55 a.

Total Deflection at Karachi, East, —0"35 D—0"28 5—0"-01 a.
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9. The results gathered from these Tables are—

North. Fast.
7] 1 H )
Deflection at Kaliana . . 160 D+07654+080a, —0-04 D—0-46 54056 .

Deflection at Kalianpur . 217D+41096+4168a, —008D—100541'48¢.
Deflection at Damargida . 2:90D4-01964165a, —008D—06404252a.

Deflection at Punnee . . 6:22D+40:66 64055 a, 0:19D—6-3504-636 a.
Deflection at Near-Goa . 8:08D4+0656+622¢, —038D—1-390+4+498¢.
Deflection at Karachi . . 211 D+401664+38565a, —035D—028—001c.

When the values of D, @, and & are known, these formula will give the deflections.

There have been no deep-sea soundings in the Indian or Southern Oceans. The
results, therefore, at which I arrive in what follows must be looked upon as demon-
strating that the effect of the ocean on the plumb-line is of importance, rather than as
determining its amount.

10. The widths of the openings of the Arabian Sca and Bay of Bengal are as 4 to 3.
In this ratio I shall take @ to . Also D I shall suppose 3 times «, and therefore 4
times 5. The formule then become—

At Kaliana. . deflection North %'06 D, deflection East 6'03 D.
At Kalianpur . deflection North 3-00 D, deflection East  0-16 D.
At Damargida. deflection North 347D, deflection Fast 060 D.
At Punnee . . deflection North 6-57 D, deflection Fast 0:73 D.
At Near-Goa . deflection North 4:93 D, deflection East 0-93 D.
At Karachi . deflection North 3:33 D, deflection East —0-42 D.

11. It appears from the chart of the North Atlantic in Lieut. MAURY'S interesting
work on the ¢ Physical Geography of the Sea,” that between North Africa and the West
India Islands—a width about three-fourths of that of the Indian Ocean, where I have
placed the depth D—many depths have been measured between 3 and 4 miles. If.
then, we make D=3, which will hardly be too much, the formule become—

At Kaliana . . deflection North g'l 8, deflection East 6'09.
At Kalianpur . deflection North 9:00, deflection East 0-48.
At Damargida . deflection North 10-44, deflection East 1-80.

At Punnce . . deflection North 19:71, deflection East 2-19.
At Near-Goa . deflection North 13:83, deflection East 2-79.
At Karachi. . deflection North 9:99, deflection West 1-26.

These at any rate serve to show that no calculations of the Figure of the Earth derived
from the measurement of arcs in India can safely be depended upon, for great exactness,
if the effect of the ocean is neglected.
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0 4. The effect of the Ocean on the Ellipticity of the Great Are of Meridian in India.

12. The results in the last paragraph increase the amplitudes of the two arcs Kaliana
—Kalianpur and Kalianpur—Damargida by the quantities 2"-82 and 144, In former
communications I have shown that the effect of mountain attraction is to decrease these
amplitudes by 14":896 and 5"-267. The effect, then, of the ocean is to reduce these to
12"-88 and 4"-12.

In my Paper of 1856 I obtain the following formula for calculating the effect of errors
in amplitude on the ellipticity. If 15"-885(1—wu)and 5"059(1—wv) be corrections to be
added to the astronomical amplitudes of these two northern portions of the arc, then
the ellipticity of the arc
' =0002346-40-003693x—0-001046w.

Put, therefore, 15-885(1 —u)=12-88 and 5'059(1—@):4'12;
©#=0-18918 and v=0-18561,
and ellipticity=0-003614 =7~

This is nearer to the mean value of the ellipticity than the hypothesis of deficiency of
matter below will make it, if the deficiency extend no deeper than 300 miles below the
surface (see my last Paper). The allowance, therefore, for the effect of the ocean brings
back the curvature of the Indian Arc, as deduced by the comparison of the computed
and observed amplitudes (the latter being corrected for the effect of mountain and ocean
attraction), more nearly to the mean curvature, and thus far acts in the right direction.
I may also observe, that the increase of amplitude between Damargida and Punnce
deduced from the last paragraph, taken in combination with the decrease which the
mountains produce (as far as we can infer this latter amount by supposing the law of
attraction between A and C to extend to P), is not very different from the error which
Colonel Everest deduced (p. clxxvii of his volume of 1847) for that portion of the arc.
13. The effect of the mountain and ocean attractions is shown in the accompanying
diagram (fig. 2). SDPmN is the meridian line in the longitude of Cape Comorin or
Punnce (P), on the supposition that the ocean is of the same density as superficial rock,
and that the mountain massis all removed. D is 36° from P, and Dd = the depth which
measures the deficiency of matter arising from the inferior density of sea-water = about
1:878 miles. From d the curves dP and dS slope up to Punnce and the neighbourhood
of the south pole, so as to make the change of depth vary in arithmetical progression.
The curve dP produced through P reaches a height at M (25° from P, and where the
axis of the Himmalayas crosses the meridian) =Mm=1-878 x 256+ 36 =13 mile. The
‘average height of the whole mountain mass (in the Enclosed Space) is only about one
mile; also the greatest height between Punnee and the beginning of the Himmalayas,
which is about half-way, does not exceed half a mile; and about Kaliana it is only one-
fifth of a mile. Hence the curve PM decidedly lies above the general curve of Asia
from Punnce towards the north pole; and the curvature of the actual meridian line is
greater than the average curvature. This is the result to which the ellipticity deduced
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in the last paragraph has also brought us. Thus while the effect of mountain attrac-
tion alone (as the diagram shows, and my former calculations have shown) would bring

Fig. 2.

8

out a curvature flatter than the mean, when the effect of the ocean is also considered,
the curve deduced is more convex; and, as the calculation of the last paragraph shows,
is nearer the mean. The Figure of the Farth is, however, more distorted from the mean
than if one only of these causes acted. For although the curvature of the portion of
the meridian under consideration is not so much affected, the position of this portion
has, so to say, a tilt northwards and a slope southwards, so as to break the continuity
of the ellipse; and at all the stations of the arc in India the plumb-line hangs more
northerly from the operation of both the mountains and the ocean, than if one of these
causes only existed.

§ 5. Change of the Sea-level produced by the Mountains and the Ocean.

14. Both the positive attraction of the mountains and the deficiency of attraction of
the ocean have the effect of raising the sea-level at Karachi, near the mouths of the
Indus in latitude 25°, above that at Cape Comorin. If the difference of level is at all
sensible, it is important to calculate it, as the Great Survey has brought down two of its
chains of triangles to these two places on the coast.

In order to estimate the effect of these disturbing forces upon the sea-level, it is neces-
sary to find their value along some line joining the two places, and to substitute them
in the equation of fluid equilibrium. The line I choose is the straight line joining Cape
Comorin and Karachi, which runs about 30° west of north. T have calculated the effect
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of the ocean on the point half-way, which I have called ¢ Near-Goa,” as well as upon
Punnce and Karachi, the two extremities, with a view to obtain the approximate law of
the force along this line. The formulee of par. 9 show that the chief part of the effect
arises from the portions of the sea which depend on D, down in the south at a consider-
able distance from Hindostan. The law, therefore, along the above line may be.obtained
approximately by assuming a formula in powers of A, or the difference of latitude of any
point on the line and Punnce. The value of this difference is 8°5 at ¢ Near-Goa,” and
17° at Karachi. The east and west parts of the force I neglect, as not modifying the
force northwards at all materially. In this way I obtain—

Deflection =19"-71—0"-5851-4-0"-00084x%.

This, as may be seen by substitution, gives the deflections of par. 11 at the three sta-
tions, Punnce, Near-Goa, and Karachi. It is easily seen, by the resolution of forces, that
the ratio of the force producing this deflection to gravity equals the tangent of this
deflection. Hence, calling the force W,

%=0'000095556839—-0'0000028361627\+O'OOOOOOOO4O727\2,

A being expressed in degrees and parts of a degree.
15. We shall soon require the integral of this force multiplied by the element of its
direction, taken between A=0 and A=17. I will therefore calculate it at once.

5‘% dr=00000955568391—0-00000141808122+40-0000000013572°

=0-0012215 in parts of a degree
=448-25 feet.

This, it will be soon seen, is the rise of the sea-level at Karachi above that at Cape
Comorin in consequence of the deficiency of attraction of the ocean, on the hypothesis
as to depths which I have assumed.

16. T will now consider the force arising from mountain attraction. It has been
proved (in my Paper of 1855) that the Himmalayan Mass attracts points between A and
C (in the diagram, fig. 1) as if it were a dense prism of great length and small transverse
dimensions running about W.N.W and E.S.E., and cutting the meridian of the Great
Arc at about 3° 30" north of Kaliana. The law of attraction for places between Kaliana
and Damargida varies as the distance from this line inversely. For distances from
this line greater than Damargida this law needs modification, for the following reason.
A prism attracts a point opposite its middle with a force varying inversely as the
product of the distances of the point from the middle and from cither of the extremities.
Hence when the point is not far from the prism in comparison with the prism’s length,
the force will vary nearly as the inverse distance; but when at a considerable distance,
it will vary more nearly as the inverse square. A

The point where the line joining Punnce and Karachi cuts the 20° parallel of longi-
tude is about equally distant with Damargida from the above fixed line (or axis) of the
Himmalayas. I shall therefore take the deflection there to be the same as at Damargida,

MDCCCLIX. oM
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viz. 6"-8 sec 22° 30’ or 7"-36, 68 being the meridian deflection at that station. Above
this point up to Karachi I shall suppose the deflection to vary as the inverse distance,
and below it down to Punnce as the inverse square. This will give results rather under,
than over the mark; for it makes the deflections at Punnce and Karachi only' 2165
and 97-15, as will be seen below.

Let b and w be the distances from the fixed line of Damargida and of any point on
the line between Punnce and Karachi, of which A is the number of degrees of latitude

above Punnce ;
b= arc 156° cos 22° 30', wu= arc 25° cos 22° 30'—2a sec 30°sin 37° 30
Hence from Punnce to the 20° latitude, the deflection
=7”-86< 15.cos 22° 30/ )2

25 cos 22° 30'— A sec 30°sin 37° 30!

28606

=@B2ss—a)” At Punnce this =265,

Calling M, the force producing this deflection,
M, tan2860"-6 0'0138666

g (32B6—A) (3286—)°

17. Also since du=—da.sec 30° sin 37° 81'=—0-702987dx
M 1 1
the limits of A being 0 and 12. This is in parts of a degree: in feet it =15-88. This,
it will be seen, is the rise of the point between Punnce and Karachi above Punnce in
consequence of mountain attraction.
18. From the point in latitude 20° up to Karachi, the deflection

—17-36 15 cos 22° 30 145"
- 25 cos 22° 30'—A sec 30°sin 37° 30 —3286—n

At Karachi this =9"-15. The force producing the deflection being called M,,
l\iﬂ __tan 145"'1_()'00070298
g T 3286—A  32:86—n

000049415 20°86

19. Also j—f du=""207"""10g 223 _0-0001855 in parts of a degree =50-44 feet.

This is the rise of the sea-level at Karachi above the point in latitude 20°, in conse-

quence of mountain attraction. This, as well as the similar statements in pars. 15 and
17, T now proceed to prove.

20. The equation to the surface of a fluid mass acted on by forces XYZ at the point
xyz is,

constant =;§"(de~‘+ng/+ Zdz).

In the case of the ocean the forces are the centrifugal force, the attraction of the general
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mass of the earth, and these three disturbing forces W, M, and M, which I have been
calculating. Let » be the angular velocity of the earth round its axis, ¢ the latitude of
any point of the surface, 7 its distance from the earth’s centre, ¢ the semi-axis major of
the mean meridian. Then «*.# and «°.y is the centrifugal force parallel to 2 and ¥, #
being the earth’s axis, and J#°e’ cos®d is the corresponding part of the above equation.
Let V be the potential for the earth’s mass, supposed a perfect spheroid of equilibrium

differing little from a sphere; E the earth’s mass. Then V differs from -}; only by a

small variable quantity depending upon the ellipticity: let it equal %(1+U). Substi-

tuting these and the three disturbing forces, the equation of the surface now becomes
const =—I;E( 14+U)4+ é w*a? cos’ é+deA —‘YMI du —j‘Mzdu

between the several limits, as already explained, or
const =g(1--|—U)—l-%w2a2 cos*d+L.g;

w?? cos?§

const =9(1 +U+T> +L,%.

r
But =§(1——e sin® 0)=g—(1-—-e+e cos® 0)

is the equation to the surface, ¢ being the ellipticity, when there is no disturbing force.
Hence the equation in the present case is

a . ag
1=;(1—s sin® §)4- L. L

r=a(l—esin*4)+L, as g= %.

Let +/ be the angle through which the normal to the surface is thrown backwards.
Now the tangent of the angle between » and the normal

1dr . 1 dL
= g =—¢sin 20+ L

1dL
V=L@
and ds=rdd=add being an element of the arc of the surface, the Elevation of the
surface of the sea in passing northwards = [Jds=1, between the linits =0 and A=17.
Hence by adding together the values deduced in pars. 15, 17, 19 to obtain L, we have
Elevation of sea-level at Karachi above that of Cape Comorin

=44825+415'88+50:44=>514-57T feet.

This will alter all heights which depend upon Karachi, but is not of sufficient import-
ance to affect the horizontal measures of the Survey.
21. This calculation shows, perhaps, the greatest extent to which the sea-level along
5 M2
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our shores can be affected, as there is no part of the world where the disturbing causes
can-be more influential. Had these lateral forces been capable of drawing up the sea
more, and changing the level from the mean more entirely, we should have no means of
detecting large protuberances or extensive hollows, that is large departures from the
spheroidal form either in excess or defect. The sea is our only standard of measure-
ment, to which the form can be referred; and were these local departures from the
mean figure capable of drawing the sea-level to a greater conformity with themselves,
than the above calculation shows they are able to do, we might despair of ever
obtaining an accurate knowledge of the form of the several parts of the surface, however
much they differed from the spheroid. This problem, as it is, is sufficiently beset with
difficulties. It is therefore satisfactory that this is not added to their number.

Calcutta, October 25, 1858.



