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XXVIL. An abstract of the results deduced from the measurement
of an arc on the meridian, extending from latitude 8° g 8" ,4, to
latitude 18° 8' 28" ,6, N. being an amplitude of 9° 53' 45".2.
By Lieut. Colone!/ William Lambton, F. R. S. 3gd Regiment

of jfoot.
Read May 21, 1818.

I the 12th vol. of the Asiatick Researches, there are detailed
accounts of two complete sections of an arc on the meridian,
measured by me at different times, in prosecuting the trigoe
nometrical survey of the Peninsula of India. The first is
comprehended between the parallels of Punnz, a station near
Cape Comorin, in latitude 8°9g’ 38",39, and Patchipolliam in
Coimbetoor, in latitude 10° 59" 48,93 ; being an amplitude
of 2° 50' 10"”,54. The second is comprehended between the
parallels of Patchipolliam and Namthabad, a station near
Gooty, in the ceded districts ; and lying in latitude 15° 6’ 0",21,
gives an amplitude of 4°6’11",28. Since these measure-
ments were made, I have had the good fortune to get another
section, extending from Namthabad to Daumergidda, in the
Nizam’s dominions, which being in latitude 18° g’ 23”6,
gives an increase of 2° 57’ 23",42 ; making in the whole an
arc of 9° 58’ 45,14 in amplitude ; the longest single arc that
has ever been measured on the surface of this globe. The
detailed accounts of this last arc, with various conclusions
concerning the three sections, have been presented to the
Asiatick Society by the Marquess of Hastings, the present
Governor General, and will be published in the 1gth volume
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of the Asiatick Researches. But as it may be three or four
years before that volume makes its appearance, I have been
induced to draw out this abstract of the results, thinking that
the conclusions herein contained may be interesting to the
Royal Society, and to the astronomers of Europe. As a re-
ference may be made to the volumes above mentioned, I have
simply given the lengths of the sides of the triangles from
which the arcs are deduced, together with the lengths of the
terrestrial and celestial arcs, without including either the
tables of triangles, or the particulars of the astronomical
observations, farther than the names of the stars, and the
mean lengths of the celestial arcs, and, consequently, the mean
degrees deduced therefrom.

The first of these sections gives the degree due to latitude
9° 84/ 44/, the middle point of that arc, equal 6o4y2,83
fathoms. The second section, whose middle point is in latitude
18° 2’ 55", gives the mean degree equal 6048%,56 fathoms.
The last section gives the degree equal 6o512,78 fathoms,
due to the latitude of 16° g4’ 42", the middle point of that
section. ‘ ;

In my second paper, in the 12th vol. of the Asiatick
Researches, it appeared that the degree due to latitude 11°
37’ 49", the middle point between Punnz and Namthabad,
was 60480,3 fathoms. Since that paper was sent, there has
been a small correction applied to the base near Gooty, after
comparing the chains with the brass standard scale. This
correction has somewhat increased the meridional distance
between that base and Yerracondah south; and, consequently,
the whole terrestrial arc between Namthabad and Punnz is
also increased, which now gives the degree due to latitude
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11° g% 49", equal 60481,55 fathoms. However, as there are
now three distinct sections, whose respective middle points lie
in 9° 34/ 44""; 18°2' 55" ; and 16°g4/ 42" ; I have thought it
best to take the degrees due to these latitudes, as deduced
from actual observation, using each, first with the French
measure, then with the English, and /Jastly with the Swedish
measure ; and thence obtaining a general mean for the com-
pression at the poles. The first mean of these three degrees used
with the French degree, gives the compression —— 309’1_ The
second mean of the same three degrees used with the English
degree, gives 3‘;’5_} And the third mean of these three
degrees used with the Swedish degree, gives 307' 5 for the
compression; so that the mean of these three means will give

the compression at the poles — 96, or 3—13-5 nearly of the polar

axes ; and this has been finally adopted for computing the
general tables of degrees from the equator to the pole.

It will be seen by inspecting the plan of the triangles,
(Pl. XXIIL) that all the sides from which the arc has been
deduced lie so near the meridian, that no correction has been
© required ; a circumstance that has saved much trouble. The
sides being so nearly north and south, that the base reduced
from each side as an hypothenuse, may be considered as a
chord of an arc parallel, and so nearly contiguous to the
meridian, that it may, as to sense, be taken as the chord to the
same arc on the meridian; and these chords being in general
short, they will be the same as the arcs, very nearly. I have
tnerefore not been at the trouble of applying any correction ;
for if the whole arc between Punnae and Daumergidda
{upwards of 680 miles) were divided into small arcs of go
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miles each, the whole difference between these arcs and their
chords would not be more than a fathom and a half.

The number of base lines in this extensive arc, are five;
all measured with the chain extended in coffers; wiih
elevating screws, &c; and every part of the operation has
been performed with the greatest posssible attention. The
one near Bangalore may be considered as the first ; and its
height above the sea was obtained by a series of triangles
connecting it with another base near St. Thomas’s Mount,
whose height above the low water mark was determined by
observations made at the sea beach, and at the race stand near
the north end of the base (Asiat. Res. vol.viii.). The base lines
to the southward are, the one in Coimbetoor, and the other
near Tinnivelly, whose heights above the sea were determined
from the Bangalore base. Those to the northward are, the
base near Gooty, and the one near Daumergidda. The
account of this last measurement, and of the curious experi-
ments for comparing the steel chains with the brass standard
scale, will appear in the 1gth volume of the Asiatick Re-
searches. The particulars of the other measurements may be
seen in the 1oth and 12th volumes of the same work.

The great station of observation at Doddaguntah, is near
the first base line; and it was at that station where the
position of the meridian was fixed for extending it to the
north and scuth. The latitude of that station was also
determined by observing the zenith distances of a number of
stars from the Greenwich catalogue for 1802. That latitude,
however, was afterwards set aside from a supposed disturb-
ance of the plummet. The latitude was afterwards fixed
from observations made at Punne, the southernmost station of



490  Lieut. Col. LaMsToN’s abstract of the results deduced

observation, by setting off degrees corresponding to different
latitudes, after they were finally determined.

As Doddaguntah station has been left out in the divisions
of the grand arc, its latitude was only useful in fixing that of
Savendroog, one of the great meridian stations for crossing
the Peninsula (Asiatick Researches, vol. i.). The other re-
maining stations of observation are, Patchipolliam, or Coim-
betoor ; Namthabad, near Gooty; and Daumergidﬁa, in the
Nizam’s dominions. We shall now see how these stations
are connected by the triangles; Doddaguntah being the
referring station in counting the northings, southings, &c.;
and to whose meridian the whole terrestrial arc is reduced.

Without regarding the order of time, we will set off from

- Doddaguntah to Patchipolliam, and thence to Punnz. After
which we will return to Doddaguntah, and proceed northerly
to Namthabad, and from Namthabad to' Daumergidda.
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From the foregoing tables we collect the following parti-

Terrestrial arcs.

culars.
By Table I. the terrestrial arc between Doddaguntdh feet

and Patchipolliam is 7273340
By Table IL. The arc between Doddaguntah and Nam-

thabad is - 761796,6
Their sum will be the arc between Patchxpolham and

Namthabad - 1489131,2
By Table I11. the arc between Patchxpolham and Punnae

station is - - 1029100,§
Their sum is the terrestnal arc between Punnz and

Namthabad 25182317
By Table IV. the arc between Doddaguntah and Dau-

mergidda is 1835224,8
From which subtract the arc between Doddaguntah

and Namthabad - - - 761796,6
The difference will be the arc between Namthabad and

Daumergidda « = | 1073428,2
And the sum of the whole of these three sections will

be the terrestrial arc between Punnz and Daumer-

gidda - - - -

fathoms

248188,53
171516,75

178904570

A —— e

598609,98

Amplitudes of the celestial arc between the parallels of Punnc

and Patchipolliam.
Zenith distances at
Stars. Amwmplitudes.
Patchipolliam. Punne.

& Hydre 4°37" 12,65 § 1°47' 01,37 S 2° 50' 11,28
¢ Hydra 3 52 08,97 8 1 oI 59,318 9,66
« Cancri 1 36 32 ,64N. | 4 26 42,91 N 10,27
o Leonis o 13 18,168 2 36 52,07 N 10,23
Regulus| 1 55 12,99 N 4 45 24,06 N 11,07

b Leonis 5 29 54,20 N 8 20 03,44 N 9,18
8 Leonis 4 39 59,40 N 7 30 11,59 N 12,19
¢ Virginis] 1 oo 55,20 N 3 51 05,95 N 10,75
& Serpentis; o 12 14,15 N | 3 oz 25,36 N 11,21
« Serpentis; 3 56 48 ,46 8 I o6 38,108 10,36
e Herculis| 3 37 38,58 N | 6 27 48,35 N 9,77
» Ophiuchi| I 43 20,69 N | 4 33 11,86 N 11,17
s Aquile | 2 35 16,44 N | 5 25 29,25 N 12,81
v Aquile | © 50 50,748 159 19,11 N 10,51
Atair 2 37 54,138 0 12 14,69 N 8,82
8 Aquile 5 03 55,688 2 13 48,408 7,28
£ Delphini| 2 55 48 ,68 N 5 45 58,28 N 12 ,60
Mean 2 50 1C,55
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Amplitude of the celestial arc between the parallels of Patchipolliam

and Namthabad.
Zenith distances at
Stars. Amplitudes.
Patchipolliam. Namthabad.

o Leonis | 0°13 18,16 S 4°19' 29",91 § 4°c6' 117,75
Regulus | i 55 12,99 N 2 10 59,168 12 515
& Leonis 5 29 54,26 N 1 23 42,08 N 12 ,38
8 Leonis 439359,40N | 0o 3349,17N 10,23
¢ Virginis | 1 oo 55,20 N 3 58 56,588 10,07
& Serpentis | o 12 14,15 N 3 53 56,588 10,73
« Herculis | 3 37 38,58 N | o 28 34,098 12,07
2 Ophiuchi | 1 43 00,69 N z 23 10,995 11,08
¢ Aquile 2 35 16 ;44 N 1 30 53,628 10,06
yAquila o go 50,745, | 4 57 02,598 11,80
Atair 237 54,135 | 6 44 07,198 13 500
B Delphini | 2 55 45 ,68 N 1 10 23,408 9 508

Mean 4 06 11,28

rer

Amplitude of the celestial arc between the parallels of Namthabad

and Daumergidda.
Zenith distances at
Stars. - = Amplitudes,
Namthabad. Daumergidda,

o Leonis 4°19”30"079 S 7°16'53",233 § | 257" 23",254
Regulus | 2z 10 59,4635 | 5 08 21,5828 22,099
o Leonis 5 43 28,7048 | 2 46 03 ,056 N 25 ,648
€ Leonis 1 23 42,038 N | 1 33 40,925 S 22 ,903
B Leonis 0 33 49,174 N | 2 23 34,324 § 23 ,498
e Virginis | 3 o5 14,7508 | 6 oz 36,5708 21 ,820
n. Bootis 4 16 54,460 N | 1 19 29,335 N 25 ,12§
Arcturus | 5§ o6 16,777 N | 2 08 51,502z N 25 ;272
s Bootis o 31 35,8688 | 3 28 55,0508 19,182
dSerpentis | 3 53 56,2905 | 6 51 19,5368 23 ,246
B Serpentis{ o 56 32,646 N | z co 50,287 S 22,933
ySerpentis | 1 12 23,718 N | 1 45 00,865 S 24,583
yHerculis | 4 31 19,103 N | 1 33 55,469 N 23,034
Mean 2 §7 23,320
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Amplitude of the whole celestial arc between the parallels of
Punnee and Daumergidda.

Zenith distances at

Stars. Amplitudes.
Punne. Daumergidda.
o Leonis 2°36' 51"926 N | 7°16'53%,233 8 | 9953 45%159
Regulus | 4 45 23,979 N | 5 o8 21,582 § 45,5063
6 Leonis 8 20 03,213 N | 1 33 40,9258 44,138
B Leonis | 7 30 11,608 N | 2 23 34,3248 45,932
¢ Virginis | 3 51 06,083 N | 6 oz 36,5708 42,653
& Serpentis| 3 oz 25,643 N | 6 51 19,5368 45 5179
o Serpentis| 8 o8 47,269 N | 1 45 00,865 S 48 ,134

Mean 9 53 45,251

Latitude of Punne station deduced from ihe foregoing =zenith
distances of eight principal stars, whose declinations and annual
variations are given in the Greenwich observations for 1802,

For the beginning of 1803,

Stars. Latitudes.

' Mean declination. | Correct. zen. dist.

Regulus | 12954/ 58",93 N | 4°45" 24,09 N {8%¢’ 34" ,84 N
£ Leonis 15 39 45 ,28 7 30 11,59 N 33,70
« Serpentis| 7 03 00 ,30 1 06 38,108 38 ,40
« Herculis | 14 37 30,96 6 27 48,35 N 42 ,61
« Ophiuchi| 12 42 50,91 4 33 11,86 N 39,05
v Aquile | 10 08 §8,34 159 19,77 N 38,87

Atair 8 21 53,53 o 12 14,69 N 38,84
B Aquile 5 55 52,71 2 13 48,408 41 511

Mean 8 09 38,39

Latitude of Punnza station - - 8209’ 38,39
Celestial arc between Punnz and Patchipolliam 2 5o 10 ,54,

“Their sum is the latitude of Patchipolliam 11 59 48,93
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Celestial arc between Patchipolliam and Nam-
thabad = = - - - 4° 06’ 117,08

Which added to the last gwes the latitude of
Namthabad - - 15 06 0o ,21

Celestial arc between Namthabad and Daumer-
gidda - - - - - - 2 57 23,32

Which added gives the latitude of Daumer—
gidda - - - 18 03 23.53

The arc between Punnae and Daumergidda by
seven corresponding stars (9° 58" 45",25)
added to the latitude of Punnz (8° og’ g8,

59) gives - - - - 18 og 23,64

Mean of these two latitudes gives the correct ,
latitude - - - - 18 03 23,58

By comparing the above three sections of the celestial arc
with their respective terrestrial measures, we shall have the
following conclusions.

Celestial arc between Punna and Patchipolliam 2° 50’ 10",54
Latitude of the middle point (9° 34/ 48", 6) 9 84 44

Terrestrial arc in fathoms - - 171516 75
Mean length of the degree due to latitude g° g4/ o
44/ in fathoms - - - 60472 ,83
Celestial arc between Patchipolliam and Nam- (
thabad - - - - 4°06" 11,28
Latitude of the middle point - - 18 02 55
Terrestrial arc in fathoms - - 248188,53
Mean degree due to latitude 13° 2’ 55" - 60487,56

Celestial arc between Namthabad and Daumer-
gidda - - - - 2° 57’ 38" ,32
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Terrestrial arc in fathoms - - 178904,70

Latitude of the middle point 16° g4/ 42"

Mean degreein fathoms due to latitude 16° g4 42" Goz12,78
So that by the above comparisons it appears that the

degree due to latitude ~ g° g4/ 44" is - 1 604/72,83
the degree due to latitude 12° 2' 55" is - 60487,56
the degree due to latitude 16° g4’ 42" is - 60512,78

It now remains to compare each of these mean degrees,
Jirst with the French measurement; then with the English ;
and lastly with the Swedish; and by proceeding on the
elliptic theory, deduce from these data three mean ellipticities,
and from these three a general mean, which must give nearly
the true compression at the poles.,

" Previous to this determination, it will be necessary toinves-
tigate the requisite formule for obtaining the compression by
a cbmparison of measured degrees in distant latitudes ; and
first, by the measured degrees on the meridian.

Let ' and m be the measured degrees, in latitudes '/ and /;
and let a represent the equatorial diameter, and b the polar
axis : that is, supposing the earth to be an ellipsoid, let @ and
b represent the transverse and conjugate axes of an elliptic
meridian.. Then it is known from conic sections and the

a*b*
nature of curvature, that T T TS T

of curvature of the ellipse at ’/; and that

is the radius
az bl

» 2 (Cos.? L. a*' Sin.* L. b*)3
is the radius of curvature of the same, or any other elliptic
meridian, on the same ellipsoid, at the point .  And since the
degrees at /and / are as the radii of curvature at these points,

N a?. bz al b‘h
2 (Cos*'ly @*4 Sin ' b*)§ * 2 (Cos.* L, a* 4 Sin2 1 b*) 3

we have m': m :
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1:(Cos. L. a* 4 Sin. /L. b*)—%: (Cos.* L. & + Sin.* 2, b*)—
Now to simplify this expression, if a = 1, e the ellipticity ;
and therefore b = 1 — ¢, and b* = 1 — 2 ¢ nearly, because
¢* must be very small. Then will m': m:: (Cos.* '/ 4- (1 2¢).
Sin.*’I)=~%: (Cos.*l 4 (1 =~ 2e¢). Sin.* /)—1 And if
(1 —Sin.*’/) and (1 — Sin. */) be substituted for Cos.* // and
Cos */. the expression will be transformed into (1 — ge.
*)—%and (1 2e. Sin.*/)—3%; or 1 4 ge. Sin.*'/ and
1 + ge. Sin.* / nearly, by developing the series, and leaving
out all the quantities involving e¢* or its higher powers.
Hence m:m::1 4 ge.Sin.*'/: 1 4 ge. Sin.* / . (1)

. . ‘ nt'——m
which reduced gives e = YOI Py . (2)

and when the degrees are contiguous, or very near to each
other, this expression may be rendered still more simple by
making m’'=m in the denominator, which under these cir-
cumstances will scarcely affect the result: whence

m —m

3m (Sin.*'l — Sin.* )" (3)

By this expression it will be easy to estimate the incre-
ments to degrees lying contiguous to each other: for if m,
m', m", &c. be contiguous degrees in latitudes 7; '/, "/, &c.
that is /, / <4 1°; / 4 2° &c. Then we shall have

M —m m —m
3(8in.2 "] == Sin. 3 (Sin.* 'l — Sin.%l)

and reduced, we get m' — m: m" — m : : Sin.*'/ — Sin.*/:
Sin.* 7 — Sin.*/.; and in like manner m"” — m: m" — m ;-
Sin**"/—Sin.*Z: Sin.* "/ —Sin.*/; and m"”"'—m : m" —m: -
Sin,*"/— Sin.* Z: Sin.*" [ — Sin,*/. &c. from which it ap-
pears that the increments to the degrees, beginning with the
lowest latitude, will always be as the increments to the

€ =

=773 which being made equal to



Jrom the measurement of an arc of the meridian, &c. 499

squares of the sines of the corresponding latitudes: and if
m be at the equator where the Sin. Z is ¢, then we shall
have m et : M’ —mm :: Sin. % Sin2*l. ‘

Since by equation 1, m’s m:: 1 4 ge. Sins'Z:

2 - t -4 3e Sm"l)
1 - ge. Sin. *Z; then m' m(x_’_jem N )

—? 1+3e.bm.’l) )
and m ==m (1+3e.Sin."'l e v (5)

When m-is at the equator, and therefore Sin./ ==0; then
om=m (14 ge.Sin.?7) . ., (6)
If m’ be at the pole, and therefore Sin. ®’/ = 1, then we

T t 4+ 3¢
have m ....m(m-———-—-‘_He Sm,l) ()

If the degrees perpendicular to the meridian be made use
of let ' and p be the measures of those degrees in latitudes
‘0 and /, then the radius of curvature of the perpendicular

degree at '/ being as - = e"sln_,,,) 7 =3 (1—2e.5in*/) 1=

=% (1 -} e. Sin.* /) very nearly; and for the same reason
the radius of curvature of the perpendicular degree at / will be
as 7 (1 -} e. Sin.” /) very nearly ; so that we get p': p: : 1-4ee.
Sin,*‘l: 1 4 e. Sin.*/ . . . . (8)

. - P—p
and when reduced gives ¢ = PRty SR (9)

From equation 8, p’ = p(%) .+ . (10)

and p=p(rEezn) L L (1)

If p be on the equator where the Sin. / vanishes, then
equation 10 becomes p' ==p (1 4. Sin*%) . . . (12)
If p" be at the pole, and therefore the cosine of / unity,

then equation 10 becomes p' == p (x : :bfn r ,) s .- {13)

MDCCCH VI, o 3T
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Since the degree on the meridian, and the degree perpen-
dicular to the meridian, are equal at the pole, we shall have
v 4e — 1 4 3¢

) =n (55,

1 4 e Sin?{ T+ 3e. Sinl® [

where p and m are in the same latitude /. Now

I 3e e i
mfwgm)?‘—:?n(l“i-ge).(i'*‘ge. Sln.gl) l"‘:

by equations #,and 13, p (

=m (1 4 ge. Cos.*/) nearly ; and therefore p (TI%:T%T)L‘

=p(1-e).(1 4 e Sin*/) ™ = p (1 4 e. Cos.*/) nearly.
Hence m (1 == ge. Sin*/) = p (1 -~ . Cos.* /) which reduced
givese:m———ff_—;;)%am c e e . (14)
Since m (1 4 ge. Cos.*l)=1p (1 - e. Cos.*/), we get
m:p::1 4 eCostl:14geCostl . . (15)

and when / == o, and its Cos. equal 1,then m : p:: 1 4 e:
143 . . . .(16)

If we make use of the degrees of longitude, then let 4’ and

d represent their measures in latitudes // and /; and their
respective radii of curvature at / and / will be expressed by

Cos. 'l . Cos. 2
2 (Cos®' I (1 == 2¢) Sin.*'l)3 and 2 (Cos2 [ 4 (1~—28). Sin.’l);{--’and there-

i dleds e Cos. 1! . Cos. 1 .
Ore a’: &:: TerTT§ (1—2¢) Sim 21 £+ (Costl F (1 — 2¢) oin> )%°

e e T Cos. 'l . Cos. / . s ’. .
that is d': d: : (51 =~ ze. Sin2 '))£ > (1 — ze. Sin.?))3° that is d': d::

Cos. 7 (1— ge. Sin.*'7y=%: Cos. [ (1 — 2e. Sin* /)™ %; that is

d':d::Cos.'l (14=e. Sin2'l): Cos./(14e Sin®l)y.. (17)

. . d' Cos, ! — d. Cos. 'l
and this reduced gives ¢ = g 5= g cor. Lomal  (18)

sinced': d:: Cos.’l (1 4 e. Sin*l): Cos. (1 e Sin*Z);
if d be at the equator where Sin. / vanishes; then
d:d'::1: Cos. I(14e.Sin2'%) .. .. (19)
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df
Cos 'L(x 4 €. Sin¥1) °
. . P
And from equation g we get p = - rPy

at the equator the degree of longitude, and the perpendicu-

a3 b2 Rwavined fl!
lar degrec are equal, then = G FeSmay = Y¥e smail >

and this reduced we shall have d' = p'. Cos. */, where d' and
2’ are in the same latitude. Hence d" p*: Cos. 'Z: rad. .. (20)

I shall now proceed to determine the compression at the
poles from the foregoing three sections of the arc; and
comparing each, first with the French degree in latitude
47°30°46", equal 60779 fathoms; then with the English degree
in latitude 52° 2’ 20”, whichis 60820 fathoms; and Zastly with
the Swedish degree in latitude 66° 20’ 12,"” when it is 60955
fathoms. _

‘With respect to the French degree, as there appears much
irregularity in the different sections of the arc between Dun-
kirk and Montjouy, I have used zhat between the Pantheon
at Paris, and Eveaux, as given by De Lamsre in the Base
du Systeme Metrique, as it appears to be the most consistent.
This degree is 57066 toises, equal to 60798 fathoms. But
their measurements being all reduced to the temperature of
g2° of FAHRENHEIT’s thermometer, the above degree will
require a deduction of 19 fathoms nearly, to make it what it
would have measured by the brass standard at the tempera-
ture of 62° which is our standard temperature, Hence,
Goy79 fathoms is the degree in latitude 47° 80" 46" to com~
pare with the Indian measurements.

Let this degree be denoted by m’; and its latitude,
47° 80" 46" by ‘I; and let the degree 6o442,83 fathoms be
m, and its latitude g°g4/44/bel. Then by equation 1,

From this equation we get d ==

; and sihce
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ot We shall then have the type of

e RS TR e ey y)

calculation as follows :
l= 9°g4' 44" m == 60472,83
"I== 47 8o 46 m' == 60%79

s botses B

M e === §06,17

Log. m == 4,7815604
log. (Sin."l) = T,7354892

4,5169996. its nat. no. == 92885,1

Log. m'=4,7837536
log.(Sin.*))==2,4423288

8,2260824,. nat no.. 16830

31202,1 == (1 5. feme m! ©.24)
3

306,17 1
93606,3 — 305,73 98600,3

Let /= 13" 2' 55" .. m = 60487,56
1==4%7 80 46 ..m'== 6oy7g

- Hence e ==

o 291,44 == M == 12
Log. m == 4,7816660
log. (Sin*7) =1,7354892

F e

405171052 .. nat. no. = 3289g,2

Log. m' == 4,7837536
log. (Sin.* /) == 27073618

$,4911154 ¢ . nat. no, = g0g8,3

" . 29794-9
Hence ¢ = Gogtrr = 355

89884,7
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- Let / == 16° g4/ 42" .. m == 6o512,78
=44 30 46 . . m' = 6oyyg . .

m — m = 266,22
Log. m = 4,7818471

log. (Sin.*"l ) = 1,7854392

4,5172463 . . nat. no. = 32903,8
Log. m'== 4,7837536 |
log. (Sin.*/) = 2,9106824,

2 bt

8,6944860 . . nat. no, . . 4948,1

2795557
‘ 38
66,22 1
83867, >
3867,1 315,03 83867,
Whence the mean of e : mgme § m—mem === ; or the

305,73 ° 306,7 * 315,03 3°9 15
mean compression deduced from the mean degrees given by
these three sections, compared with the French measure.
If we proceed in the same manner with the English and
Swedish measures, we shall have by the whole as follows

1 L. et
By the FrenCh 305,73 7 306,7 ’ 131503 > mean 309,15
. 1 L r . . e
By the English  —oo5s 50e smgr s MO0 5oy
‘ . LA . —_—
By the Swedish 305,14 5 305,72 ° 3iops 5 mean -
And the mean of the three means equal ——— = ——

309,96 T 310,00
nearly for the compression at the pnles, as deduced from

these comparisons; which compression will be adopted for
computing the different degrees from the equator to the pole.
All this is supposing the carth to be an ellipsoid. But that



504 Lieut, Col. LaMBTON’s abstract of the results deduced

these Indian measurements may rest on their own ground, I
shall examine whether the increments to a succession of con-
tiguous degrees as deduced from the present data, be con-
sistent with the elliptic hypothesis, beginning with the degree
in latitude 9° g4/ 44", as determined by observation. To effect
this let m("), m(2) m'3), &c. be the measures of complete
contiguous degrees on the meridian in latitudes (9, (2,
1(3), &c. Then, if a meridian of the earth be an ellipse, we
know from equation g, that the compression will be expressed

by — Pl ) (1)
; or ; or
3 (Sin* 1* == Sin, (1) © 3 (Sin.® 183) e gin, 24(1)
(") (1) .
s £ — s 1) ; let the length of the diameters be what
3 (Sin. ? we Sin, *
(2) (1)
they will. So that we shall have 2= S
y 3m(')(8in."l (2) Sin."l(l)
. (3} e (1) or m(?) (1) o
30 (Sin,? U3 sin,2 2000y 3 m() (sin2 1) msin, 2200 7 T
(3, (1) ‘ A
i and by reduction m*’— 5" =

RN Py O NP D
sin.* 103 e gin.» A1)

ey (2) (1) .
..(m m )Sinbzl(z)usiuazl(l)

in.2 2(3) s a (1)
and m(3)m m(l) + (ng(z)‘__ m(l))' Sin. > /\3)— §in.? 1

Sin.» (2) - §in. = 2(1)
Sin. 2 () gin. > 1(1)

Pz m® o (e O,

Sin, » £2)— gin. 2 1)

Sin. 21(5)— gin. 2 (D)

m(S)= m(f) + (QL(Z)__ m(l)). &c. to

Sin. 2 1) Sin, ? l(l) ?
Sin. 2 (1) . gin,» (1)
Sin, ® 1(2)— §ipn. 2 2(1)

to mP=m® 4 (mD— 1y,
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g o 2 (2] soa (1 ) -
(2)__ () (2) (1), Sin. 12! sin,* 1 s that
Also mT= m o (= ). Sin.* 42— §in.» 1)

is m® = m™ 4 (m(z)-- m(')), by preserving the expres-

sion m® — m(’), which we will call &. Then we shall have

m(')z m(l)+ 0

m(z—'-m‘)—}-d

2 2 )
), (1) {Sm 1(3)— sin., 1(’}
" d Sin. 2 22— sin. 2 2(1)

P ) P (1)
@__ {Sm. 1) sin, 2y } &e.
= d Sin, * l(z)-—- Sin. 2 i« 1y’

™__, ) { n.zz("’-sm.zz("}
to m'" == d
+ Sin. ? {®)— sin, 2 1{1)

Here d is the only unknown quantity to be determined, since
mOmD e m® L m™= A, the terrestrial measure

m

m

of the arc of z complete degrees; m'" being the measure of
the first degree in latitude /*) by observation.

2 (M gin, 2 (D

2 (3)___3 2 l(’)
Th A —_ (1) (]{ 0 1 "Sin, *! in. .o
en i + + + Sin. 2 (%) Sin. * l(‘)

(A — nmy . (sin.2 12)— sin, 2 1(1)y

And d = - }
, { (Sin. * 12 §in, = 1(1) 4o (sin, 2 £3)msin. 2 LDy g ... sin. * 1M — gin, 2 £V

when d becomes a known quantity. And sinceSin.*/*— Sin.2/(*?

is a constant and known quantity, if d be called
Sin. » #2)_gin, 2l ! )

Q, we shall have the order of contiguous degrees as follows :
m*) = m +4-o0
m® = m 4 d
mP = m 4 Q {Sin2® — sin.> 1V}

}



506 Lieut. Col. LAMBTON’s abstract of the results deduced

m® = m 4 Q {82t P — sin.* 1V 8.
tom™ = m 4 Q {Sin" — sin.* /M
To apply this formula to the present measurement, it will
‘be necessary to have a terrestrial arc to correspond with the
celestial one of complete degrees, and the first degree deter-
mined by ocbservation. If we begin with the degree in
latitude ¢° g4/ 44", which is 604/42,83 fathoms, as the mean
degree deduced from an arc of 2° 50’ 10”, 54, where the

fathoms.
corresponding terrestrial arc, is - - 17151675

The half of which is the distance of the middle

point of the arc from Patchipolliam, equal ~ 85%58,375
To which add half the degree south, or - g0236,415
Their sum is the terrestrial arc between half

the degree south of the middle point and

Patchipolliam, - - - == 115994,790
The latitude of whose commencement is 9°4/38",66

the latitude of the south extremity of an arc of

complete degrees.

Now the terrestrial arc between Patchipolliam
and Namthabad is - - - 248188,534,
And between Namthabad and Daumergidda - 1%78904,700
Their sum is the terrestrial arc between g° g4 43"

66 and Daumergidda - - 548088,024,
The latitude of Daumergidda, by adding the arc

between Namthabad and Daumergidda

(==2° 57" 28",82) by 1g stars, to the latitude of

Namthabad (15° 6’ 0",21) gives - 18°0g’ 23",6.4,
The latitude of Daumergidda, by adding the

whole arc between Punnz and Daumergidda
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(9° 53 45",25) as determined by seven corres-
ponding stars, to the latitude of Punna, is 18° oy’ 99" ,64

The mean of which, or correct latitude, is 18 og 28 ;58
Hence from 18° g 23",58 ‘

Subtract 9 4 48,66

Dif, orarc 8 58 39 ,92 whose measure is - 543088,024,
To which add o 1 20 ,08 whose measure is 1 345,:84.'

Gives the N°. n of o 1 . .
complete degrees}= 9° 0'0” whose measure (A) is 544483,21
Now the measure of the first degree is - 6o472,83
And n = g, therefore nm(" is equal - 544255547
Which subtracted from A gives A—nm™ = 117,74
And Sin2/® — Sin.*/(")= ,006014; therefore, 006014 x117,74
= 1,0689284 = (A — n mV) . (Sin.*/® — Sin.* ") the
numerator ; and the denominator (Sin. */ (2} _ Sin, ‘Zm) -
4 (Sin.* 2% — Sin.* 8 4 (Sin.* 1P — Sin. * /Ny 4 ...
(Sin.* 1090 Sin.2" ) is equal 0,26g13%. Hence we shall have
(A nm(® ).(8in22(2) m Sin, 2 (1)
(sin208) —sin.211)) 4 (sin.223) = Sin2d") ) 4 . . . (Sin 209N gin.2(1))

1,0689284 ’ . d
L9274 — 4,06225 == d; and
0,263]37 4’ 5 ? sin. 2 1(2)—-Sin.’l(l)

__ 406225 675,47 = Q, and from these the following table

;006014
has been constructed.

,equal

MDCCCXVIII. g U
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Tasre L
Degrees. | Latitudes.
mO=m® o - - - | 6047288 § 34 44
O g O N S - - | 60476,89]10 84 44
m® == ™ 4 Q (Sin. *1®~ Sin, 1Y) | 60481,34 /11 g4 44
7 = ) 4 Q (Sin. 2 [ ___ Sin, 2 /™) 60486,16 |12 g4, 44
m® = m™® 4 Q (Sin. 1P —Sin.* 1) | S0491,36|13 34 44
m® = m™" 4 Q (Sin.* 19— Sin. 2Zm) 60496,92 |14, 34 44
D = m® 4 Q (Sin. 21— Sin. * 1Y | 605092,85 15 84 4d
m(8)=._m(‘)+(~) (Sin.zl(s)--Sin.‘Z(l)) 60509,12 (16 34, 44
m(9) = (V) + Q(Sin.*/9— Sinﬁl(l)) 60515,74 (17 24 44
Sum -.544454_‘33,21 = A

According to this table, the degree in latitude 16° 34 44"
is 60509,12 fathoms; and the mean degree for latitude
16° g4/ 42", as deduced from the arc between Namthabad and
Daumergidda is 6051¢2,78 fathoms, which exceeds the com-.
puted one for latitude 16° 34 44" (which may be considered
the same) only 8,66 fathoms.

It may however be necessary to notice that any one of the

m(® e (V) m(3) e (D)
3 (Sin."l('z) — Sin, = /(1) ) ; 3 (Sin. ® K35 i, 2 1) )’ &e.
will bring out a compression equal ;%5 nearly, which differs
considerably from the general mean. But a very small dif-

ference in the numerator will produce a great difference in
the compression.

expressions
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If we suppose %5 to be the true compression, let it be
determined what the value of m" ought to he to bring out
that compression; and by that means to detect the errors of
the observed degrees, in latitude 9° 84’ 44/, and 16° 34/ 42",
which last may be compared with m®, -

Put A = 544438,21 ; a == Sin.* 2! — sin, ) = ,006014,
radius being unity; & == (Sin. 2 1*)_Gin.:/! ’)) + (Sin.? 1)
A W EU (Sin.* 79 — sin, * 1) = \263137.

Then d = (m(z)-- m") = Qé.:_"l"..(.?_'..., and m(‘)

A-——nm( )

j310. A
IOl —; from which is deduced m* e =
—nm (1)
==6047 5,47 fathoms. Whence d = (A ””’2’6312 . 006014 .. 3,519¢2.

And Q==—2 _ = ;8517 From these the following table

»006014 =
has been computed, from which it appears that the first

degree by measurement, is 2,6 fathoms in defect ; and that
the one in latitude 16° g4/ 42" is 5,89 fathoms in excess:
either of which is too small to affect the elliptic hypothesis ;
the greatest being only % of a second on the earth’s surface.
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TasLE II.

mW=m® 4o
D () 4 d
mP= m® 4 Q (Sin2® — Sin.*1™)
mW= m® 4= Q (Sin 2 — Sin.» /M)
me= m® 4 Q (Sin2l5 — Sin.» /M)
m@: m) 4+ Q (Sin.’Z(GD — Sin.*™)
7= mD 4 Q (Sin 7! — Sin.= 1M)
m¥= m" 4 Q (Sin s — Sin.2 M)
M= w4 Q (Sin2(? — Sin.s™)

Sum

Degrees.

60475,47
60478,99
| 60482,84,
60487 ,02
60491,53
60496,34
60501,4/7
60566,91
6c512,64

‘Latitudes.
9 84 44
10 84, 44,
11 84 4d
12 34, 44
13 34, 44
14 34, 44
15 84 44
16 34 44
17 34 44

544438,21

= A

From inspecting these two tables, it appears that the degree

in latitude 18° 34/ 44" is nearly the same in each, and the
mean is 60491,46 fathoms; which certainly must be near
the truth. I shall therefore adopt it with the compression
735 for computing the general tables of degrees for every
third degree of latitude from the equator to the pole.

With respect, however, to the compression, that nothing
may be left undone to give full and entire satisfaction on this
subject, I shall here add an investigation similar to that
given by Professor PLAYFAIR, in the sth vol. of the Edinburgh
Philosophical Transactions, where, in place of using the
measures of degrees due to particular latitudes, two measured
arcs of large amplitudes are made use of, the latitudes of
whose extremities have been determined with great accuracy.
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Let ADBE be a meridian of the earth, where A is at the

equator, and D at the pole. D&_.NF”"% ,

Suppose I to be any point on F

that meridian, and FH the ra- O‘GF

dius of curvature of the ellipse , b 4,
a

at that point. Put A C =a ; | &
DC=b; ¢ being the centre of
the ellipse; and let A be equal

the angle AKF, the latitude ¥
of F: or let it be the measure of the arc of latitude a Kf,

to radius unity, or aK: that is, the measure of the angle aKf
in parts of the radius K, or unity. Let GF be an inde-
finitely small part of the ellipse. Then if AF =z, GH =23
the fluxion of the arc AF of the ellipse; and if GH be drawn,
then the angle GIF = < g Kf = A or fg the fluxion of the
arcof latitude a fto radius1. Henceas1:A:: FH: % =A.FH.
But the radius of curvature FH = a* b (¢* — a°. Sin.* A +
b* Sin. A)—%. Let e be the ellipticity, or a — b; then b = g —e,
and b* =a* — 2 ae very nearly, since ¢* is very small. Hence

FH=2a®(a — sze) (a® — 2ae. Sin.” A)“‘”. But (a' —
— 2ae. Sin.*A)" - (a®)™ 7 (1 — =.S8Sin.*A)™
L+ . Sin.* A) very nearly, by rejecting all the
terms involving e® and its higher powers. Hence FH =
= a®(a— 2¢). a—a.(l -+ %‘f Sin.* A) == @ — 2¢ 4~ ge. Sin* A,
which substituted for FH, we get & = A(a—2¢ 4 ge. Sin.*A)=
= A (a— 2¢) + A (ge. Sin.*A). ButSintA = L=524,
and therefore % ==A (a—ge¢) 4 2 ¢ A—32c A, Cos 2 Aj Whose

fluentis z = (a— §¢) A--ge. Sin. 2A=aA —e ( +;’; A.Sin.2A)
which requires no correction. And this is the measure of an
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arc on the meridian extending from the equator to the lati-
tude of the point F; where A denotes the arc of latitude in
parts of the radius 1. "

Let ¥’ be any other point on the meridian whose arc of

latitude is A’. Then AF =a A'— e( + 3 A’. Sin. 2A) and

therefore F F'=a(A'— A)—e { A =4 2. Sin.2A’—2.Sin. 2A., }

Let I', F", be any other two pomts on the meridian whose
respective arcs of latitude are A’ and A". Then from the
same reasoning as above, we have F" F"'=a (A" — A")—
— {Am =4 + . Sin. 2 A" — 3 Sin.® A"}

Now FF’ and F"”F" are here supposed to be measured arcs
on the meridian, whose respective lengths in fathoms may be
called L and L', corresponding with the celestial arcs A'—A,
and A” — A”. To shorten the operation, put A'— A =r;

A" — A" =1¢". Also =2 { 3Sin, A'— 3. Sin. A= S, and
A"' Al 4 3.Sin.2A"— 2. 8Sin. 2 A"=19". Then we have

—— [
L—~ar-—~es, L/ = ar' — es'. And therefoream%’—-—%

7L —rL' e 7L —rL .
— e =——_—3 and —= 57— equal the compression

expressed in fractional parts of the semi-equatorial diameter.

To apply this to the case in question,

LetA = the latitude of Punne = 8 9 58,4
A =thelat.of Daumergidda=18 3§ 23,6

Al Ae=r - = 9 58 45,2 ==,1727158
A== lat. of Montjouy = - 41 21 44,96
A"== lat. of Dunkirk - 51 02 0g,2

Am___ A”= 7 - = 9 40 24,24 :,1688327
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A A
2

Put s == -+ 2 Sin.2 A’— £.8Sin, 2 A =, 3176258

== &A1 3Gin.9 A"— 3. Sin. 2 A"=, 0738689

L.== 598610 }arc be- [ Punnze and Daumergidda,
L= 587475,41 | tween iMontjouy and Dunkirk.
sSL—sl!

Q= T = 3483955
r’L'—_-SL‘ —
e ] rs’-—-—r—’;‘ ———— 9820,8

¢ = %{% = —-3—;5— nearly.

In the paper which I sent to the Asiatick Society, and
which will appear in the 1gth volume of their Researches,
the terrestrial arc between Barcelona and Dunkirk, as given
in the ed volume of Colonel MUuDGE’s Survey, was made use
of, and is there stated to be 587987 fathoms, which gives the
compression by this method ;5. But there must be some
mistake in this; for by comparing it with the distance
between Montjouy and Dunkirk, as given by DE LaMBRE,
the former is considerably greater than the latter, though
Montjouy is 8" south of Barcelona. The mean degree for
latitude 47° 24/ used in that paper for determining the
ellipticity, compared with the Indian measurements, was
deduced from that arc, and gave the compression ’2'5173’ while

the general mean compression obtained by comparing these
measurements with the French, English, and Swedish de-
grees, was 55z hearly.
Since it is here determined to adopt i as the compres-
sion, and 60491,46 fathoms for the measure of the degree
* See vol. iil. p. 89. Base du Systeme Métl;ique, where the arc between Montjouy

and Dunkirk is 551583,6 toises, or §87657,17 fathoms, at the temperature of 32°,
which reduced to the temperature of 62°, will be 587475,41 fathoms.
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on the meridian, due to latitude 18° g4 44/'; we shall have
m'==60491,46 ; [==14" g4/ 44.” Then if m be the degree
1+ 3e.8in. 20,
1 4 ge Sin®E° 0
If m have its middle point on the equator, where / == o, then

in any other latitude /; by equation 5, m =

m' . 6o401,46

T 30, Sl 1,00053345

= 60459,2 fathoms.

‘ . . iy oge . I 4 36
By equation 16, p == m. = 60459,2 . e

= 60459,2 x 1,006481 == 60848 fathoms for the degree on
the equatorial circle. Put A = 57°, 2957795 the arc equal
radius. Then A . p = 57, &c. x 60848 == 3486334 = La;
and therefore ¢ = 6972668 fathoms; and consequently
b(=a.(1—¢)== 69720668 x 9967742 = 6950176 fathoms,
the length of the polar axis. Now since 6972668 is the
diameter of the equatorial circle, then 8,14159, &c. multiplied
by 6972668, gives 21905280 fathoms for the circumference
of the circumscribing the elliptic meridian, Put d = 1 —
....g-:- ==, 00644: Thenas1:1 - (g e ;%;.&c,) :: 21904280,
the circumference of the circumscribing circle : 21869976 =
the circumference of the elliptic meridian ; which, divided by
4, gives 5467494 fathoms for the quadrantal arc of that
meridian ; and this reduced into inches, and divided by
10,000000, Will give g9.866 inches for the I'rench métre, at
the temperature of 62°. Now, the métre deduced from the
measurements of Dr Lamsre and MecHAIN, and reduced
from g2° to 62°, was 89,871, English inches, which exceeds
this one by ,005 inches: a quantity too small to affect any
standard measure: so that the métre as deduced from a
comparison of all the recent operations, may be considered,

as to practical purposes, the same as that which has been
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adopted by the French mathematicians, being obtained from
comparing the measurements of D LAMBRE and MEcHAIN,
with those of BoucuEr and CoNDAMINE.

As I am in hopes that another section, and perhaps more,
will be added to the arc, I shall defer making any final
conclusions till I see what may be done. The next station of
observation, I propose to be as near the latitude of 21° 6’ 5"
as possible, in order that the middle point of the section may
fall in 19° 84/ 44", so as to compare the mean degree as
obtained by observation, with the one computed from the
increments as in the foregoing tables. I say another section,
and perhaps more ; because should the country to the north-
ward be open and settled, there may be a possibility at some
future day, of continuing the same arc to the northern
confines of Hindostan : so much, at least, seems necessary for
laying the foundation of Indian geography; and if it were con-
ducted with zeal and judgment, it would not be a work of
many years,provided the features of the country be favourable.
The whole time taken up in the measurement of the arc
between Punna and Daumergidda, including the base lines,
astroncomical observations, &c. ; that is to say, the entire field
work, has only been three years and nine months ; and a con-
siderable part of the corrections for the stars, for the angles,
and for the reduction of the base, were done during the time
of measuring the base and observing for the zenith distances;
-~ so that I suppose four years and a half may be allowed for the

whole work. From this estimate, the meridional arc might
be continued from Daumergidda to Dhelliin about five years,
if no local impediment disturbed its progress. 1t is however
~probable that difficulties might occur in Sindia’s country,
MDCCCXVIIIL gX
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which a northern direction from Daumergidda would render
it necessary to passthrough. But it would be a sufficient point
gained, if a series of triangles were carried from Nagpoor in
Berar, to Kalpy on the Jumna, which two places, if the maps
are correct, lie nearly on the same meridian. From Kalpy,
the meridional series might perhaps be continued north to
the Kemaoon mountains ; Kalpy would also be a favourable
position from which to extend a series to the east and west,
and for meridian stations not more than sixty or seventy miles
from each other, where the positions of the meridians ought
to be determined by pole star observations, Data would then
be had for extending the survey on a more enlarged scale
over the upper provinces ; and the arc between Nagpoor and
Kalpy might be easily reduced to the one terminating in
latitude 21° 6’ (that station of observation and the one near
Nagpoor being connected ), so as to form one entire arc
between the parallels of Punnz and Kalpy. Thus would be
formed a geometrical connection between the southern and
northern possessions of the East India company, and a com=
plete basis laid for local and detailed surveys of the whole.
‘Innumerable might be the individuals employed in carrying
them into effect, and various might be the description of
these surveys. By the assistance of this work as a foundation,
they might all be rendered useful ; but without it, no com-
bination of the best common surveys could ever be formed
~into a correct map to embrace such an extensive territory as
‘British India.
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The lengths of different degrees computed from the fore-
going data, for every three degrees from the equator to the

pole.

Degrees on |Degrees on the] Degrees of
* {the meridian,|perpendicular.| Longitude.

o 60459,2 608480 60848,0
3 60460,8 608484 60765,0
6 60465,6 60850,1 60516,8
9 6047355 60852,8 60103,6
12 | 60484,5 60856,5 5§9526,7
15 604984 608611 58787,3
18 60515,1 60866,7 5788757
21 605343 60873,2 56830,0
24 605506,0 60880,3 55628,1
27 60579,8 608885 5425250
30 60605,5 60897,1 52738,4
33 60632,7 60906,2 51c80,2
36 60661,3 60915,8 49281,9
39 | 606908 60925,7 473482
4z | Goy21.3 60935,7 4528450
45 60751,8 60946,1 4309554
48 60782,3 60956,4 40787,8
51 60812,5 60966,5 38367,5
54 60842,1 60976,5 35841,1

57| 6o870,7 6093861 33215,4
6o 608g8,0 609952 30497,0
63 60923,7 6100358 27695,2

66 6004755 61011,8 24815,7
69 60969, 1 6101859 21867,2
72 60988,3 61025,6 18857,9

75 6100551 61031,0 15796,0
78 61018,9 61035,8 12090,1
81 61029,9 610395 9548,7
84 61037,8 61042,1 6380,6
8y 61042,6 61043,7 3194,8

90 610443 610443 —
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