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E P I T O M E  

OF THE INVESTIGATION. 

February, 
1900 

June, 
1900 

PAGE, 

(1) I n  a paper read before the Royal Society, General Walker advo- 
cates the employment of "groups " of astronomical stations for 
the purpose of eliminating the effects of local attraction. I n  
the same paper he explains the apparent preponderance of 
northerly deflections throughout India by assuming, that local 
attraction is producing a southerly deflection at KaliBnpur, the 
station of reference of the Indian Survey. 3-4 

(2) It is decided to determine the effect of local attraction at 
Kali4npur by means of a r r  group " of astrondmical stations. 

(3) Captain Lenox Conyngham commences to observe for both lati- 
tude and azimuth at all stations of the Kalihnpur group. 

(4) Completion of astronomical observations at K&pur and at 
eight adjacent stations, four being situated at an average 
distance of 9 miles, and four at an average distance of 80 
miles from KaliBnpur. 

(5) An analysis of the results of the observations of the "group " 
shows that local attraction is producing a northerly deflection 
at Kalihpur. 5-10 

(6) Necessity arises of reconsidering General Walker's theory ex- 
plaining the preponderance of northerly deflections throughout 
India. 10-14 

(7) An examination of data discloses the fact that two-thirds of the 
southerly ddections observed in India are to be found situated 
within a narrow zone, running from eaet to west between the 
parallels of 24O and 26O. 14 

(8). Fnrther examinations show that large northerly deflections pre- 
vail from east to west between the parallels of !24' and 18'. 21 and 10% 

(9) Great significance is attached to the fact that the parallel of 24?, 
along which the deflections change sign, happens to be the 
parallel of the station of reference of the Survey. 14-21 



(10) I t  is assumed that the change in the sign of the deflection8 along 
the parallel of M0 is in some way connected with the relation- 
ship of this parallel to the station of reference. 

(11) The observed latitudes in Sub-Himalayan regions preclude the 
acceptance of Pratt's theory, that the Himalayas are wholly 
compensated. If a large Himalayan attraction exists at Dehra 
D ~ n ,  it cannot suddenly cease south of Dehra D h .  

(12) I t  is suggested that, if the Himalaya Mountains and Indian 
Ocean are uncompensated and are influencing the plumb-lines 
throughout India, 'a  change in the sign of the deflections 
would appear along the parallel of the station of reference. 

(18) The well-known discrepancy between the results of calculation 
(Pratt) and observation at Kalihna is opposed however to the 
assumption, that the Himalaya Mountains are uncompensated. 

April, (14) The errors in Pratt's values of oceanic depths necessitate a re- 
1901 calculation of the effects of the Himalayan mass and of the 

oceanic deficiency. 
(15) A re-calculation shows that the Kaliina discrepancy is mythical. 

October, (16) The results of latitude observations at 160 stations do not 
1901 justify ally theory of entire compensation of mountaim and 

seas; they support the suggestion made above in  (12). 

November, (I?') The results of two arcsof longitude however, observed acms India 
1901 from coast to coast, cannot be explained except on the hypo- 

thesis, that the Indian Ocean is wholly compensated. 
(18) These longitude results, and the consequent adoption of the hypo- 

96-98 

thesis, that the Indian Ocean is wholly compensated, necesui- 
tate the abandonment of the idea, that the change in the 
sign of the deflections along the parallel of 2.4,' is due to the 
joint action of Himalayas and Ocean. 100 

(19) If the Ocean is wholly compensated, and the Himalaya Moun- 
tains uncompensated, the latter will cause negative deflections 
north of latitude 24P and positive south of latitude 24': 
obaervations however indicate the opposite, viz., positive north 
of No, negative south of 24'". 

(20) The evidence is conflicting : the large deflections in Sub-Hima- 
layan regions preclude the hypotliesis, tbat the Himalayas we  
iholly compensated : the great preponderance of negative 
deflections south of 290 seems to indicate entire Himalayan 
com penaation. I oo- 10.3 

(21) I t  is suggested that the change in the sign of the deflectiods 
along the parallel of 24' L not real, and is due to errors of 
the ellipsoid of reference. 104 

* IIali6npnr being the station of reference. a "negative" deflection denotes a d:flec- 
tion more northerly than the deflection at Kalfhpnr, and a "positive de- 
flection denotea a deflection more eontherly than the deflection at Kalhpru. 



( vii ) 

DATE 
November, (22) 

1901 

PAGE. 
The observed arcs of longitude favour Clarke's value of the 

major axis and forbid the introduction of any considerable 
modification. r 06 

If Clarke's major axis be maintained, no assumed error inclarke's 
value of the ellipticity will suffice to explain the results of the 
latitude observations. I 06 

The negative deflections south of latitude 24' cannot be attri- 
buted to errors of the ellipsoid of reference. I 06 

The negative deflections south of latitude !UO cannot be regard- 
ed as accidental or as due to " local >' attractions. 102 

December, (26) 
1901 

(27) 

I t  is now believed, that the coincidence of the change of sign 
of the deflections with the parallel of the station of origin 
is accidental, and possesses no significance. 

The change of sign in the deflections along the parallel of !&I0 
is attributed to a great underground chain of excessive den- 
sity stretching across India from east to west for over 1000 
miles, the effects of its attraction being visible from latitude 
16' to latitude 30'. 

This chain is the probable came of the positive deflections north 
of latitude 24O, and of the negative deflections south. 

I t  maeke the true effects of Himalayan attraction: Himalayan 
effects thus suffer from both compensation and obscuration. 

The longitude arcs of the Pnnjab lead to the belief, that the 
underground chain trends to the north-west in Rajpntana, and 
maintains a parallelism with the Himalayas. 

The effects of the chain are superimposed on those of afar- 
reaching Himalayau attraction, the latter perhaps deflecting 
the plumb-line at Cape Comorin through one or two seconds 
of arc. 

South of the chain, from latitude 20" to latitnde 8 O ,  the northerly 
deflection of the plumb-line has been observed to decrease 
gradually for 800 miles, the total decrease amounting to 1% 
from - 8" in latitude 20' to + 2" in latitude 8' ; this decrease 
ie possibly a Himalayan effect. . 





P R E F A C E .  

Though the several parts of this paper constitute successive steps in one investigation, these 
steps were taken, so to speak, in the dark : one step led to another, and the earlier portions mere 
written, before the calculations of Part IV  had been begun. If the paper were to be rewritten, 
I should avoid in Part I an expression of views, which are subsequently shown to be untenable. 

The problem of Himalayan attraction, after lying dormant for many years, has again 
forced itself on our attention : its solution requires more data than we yet possess, but a periodi- 
cal investigation of the evidence is essential, if we wish to design the most profitable programmes 

'of future work. Archdeacon Pratt considered that the attraction of the Himalayas was com- 
pletely compensated, and tha all discrepancies between astronomical and geodetic results might 
be attributed to local attract' d ns. The examination of recent evidence suggests serious objections 
to the acceptance of t h ~ s  view. That the attraction of the Himalayas is partially compensated 
there are grounds for believing, but that their influence ceases within a hundred miles of their foot 
is a conclusion, that rests on no solid basis. I see nothing in the evidetice to justify the belief, 
that Himalayan attraction is inappreciable at Cape Comorin. 

A sense of loyalty to General Walker renders criticism of his theories an unwelcome 
task : such criticism can only be based on data, that were never a t  his disposal and that have 
bee11 accumulated since his death. Iu 1896, a few months before his death, a paper by General 
Walker, containing a masterly summary of Indian geodetic work, wlrs issued by the Royal Society : 
in tills paper General Walker advocated the adoption of " ~ o u p s J '  of astro~lomical stations for 
the purpose of eliminating the effects of "local attraction : he also in it explained certain 
perplexing phenomena by assuming the existence of a southerly dejection at KaliBnpur, the station 
of reference of the Indian Sui.vq.  I n  1898 in consequence of this paper and in full accord with 
General Walker's views, we threw a " groupJ' of astronomical stations round Kalirir~pur : their 
results showed that the deflection at Kallnpur due to local attraction was northerly : this unexpect- 
ed issue created a dilemma: either General Walker had been mistaken in advocating "groups1', or 
his assumption of a southerly deflection at Kali6npur had been incorrect. 

I have to acknowledge the great assistance which I have received from Mr. C. H. Mc AJFee, 
Extra Deputy Supcrinteudent, who was acting in charge of the Computing O5ce and who lras 
superintended the publication of this pamphlet: the heights of compartments were averaged by 
Aft. .  J. Hickie, Extra Assistant Superintendent, now Chief Draftsman in Calcutta, and by Munrhi 
Aulad Husain, Sub-Assistant Superintendent, and were compared with values obtained independ- 
ently by myself : the computations have been carried out by Babu Shoshee Bhushan Shome, Senior 
Computer, and the effects of modifications in the ellipsoid of reference have been calculated by 
Babu Shiv Nath Saha, Second Computer. 

By the kind permission of Colonel St. G. C. Gore, R.E., Surveyor General of India, I am - 
enabled to attach as a frontispiece to this paper the cross-section of the outer Himalayas, which 
he has constructed from contoured maps. 

I am muclr indebted to Mr. C. L. Griesbach, C.I.E., Director of the Geological Survey of 
India, for valuable advice and iuformation. 

S. U. BURRARD. 

December 1901. 
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PART I. 

On the errors of the initial values of Latitude and Azimuth 
in India. 

I n  1898-99 a group of latitudes and azimuths was observed round Kalilnpnr by Captain 
Lenox Conyngham. These observations are very important, and i t  is desirable to review the 
results obtained for the purpose of discovering the most profitable directions for future progress. 

Groups of Iatitnda round a central station were first observed in India by Colonel John 
Rerschel, R.E., in 1870, and are considered to give a more reliable value of the local attraction 
a t  the central station than observations taken at the central station itself. On page 807 of India's 
Contribufio~s to Geodesy, General Walker writes " Before mathematical treatment can be 
" advantageously commenced, steps should be taken to diminish the local deflections by which the 
#'observations are burdened. I n  treating meridional arcs, the only possible way is to combine a 
#'number of the astronomical stations within a narrow belt .of parallel together, and take the 
#'mean latitude of the group : this gives us combinations of data which will be far more valuable 
gf for mathematical treatment than the separate individual initial data, because the mean astrono- 
#'mica1 latitude of a number of points may certainly be assumed to be far more free from deflec- 

tion than the latitude of any single point ". 
On page [155] of the Geodetic Survey of South Africa 1896, Sir David Gill argues in 

favour of groups: he recommends that Principal Stations should be surrounded by six astrono- 
mical statiol~s; "If the astronomical latitudes and longitudes of these pointsJ,, he writes, "are 
cf then determined, we have, from a discussion of the discordances between the geodetic and 
" astronomical results of the figure, all the requisite data for computing the local attraction at  the 
' I  central point ". On page [157] Sir David Gill foresees, that if local attraction is persistent in one 
direction over large continuous areas, group observations would not avail to eliminate its effects, 
and he recommends in such cases, that the group be extended, till the centre of maximum deviation 
has been located and surrounded with astronomical points. 



The Local Attraction at Kalianpur deduced from the observations of all India. 

The local attraction at Kaliinpur was deduced by General Walker, before the recent snrround- 
ing group of latitudes and azimuths had been observed. I t  had always been noticeable, that the 
value of (0  - C ) *  in latitudes had a teudency to be negative, and GeneralWalker explained this 
tendency by the theory, that the plumb-line a t  KaliBnpur was deflected 2" to the south : on page 
80a of India's Contributiorzs to Geodesy he writes " Of the 148 astronomical latitudes wailable 
"there are 90 cases of negative excess to 58 of positive excess. If tbe latitude of Kdi i iqur  is 
c'dimi~iished by 2".0, the whole of the geodetic latitudes will be correspondingly diminished, an& 
'<this will make the number of positive and negative c a m  almoat exactly equal t ,'. 

I n  the case of the fundamental latitude Genenrl Walker estimated the deflection ef the 
plumb-line after tlie Indian triangulation had been computed, but the effect of local attraction on 
the fundamental azimuth he deduced, before the reduction of the triangulation had been carried 
out. Thus the triaugulation is based on an obnerved latitude, uncorrected f a r  local &traction, 
and on a derived azimuth, corrected for local attraction. The computed geodetic values of 
latitude are based on the observed latitude of Kalihpur, but the computed geodetic d u e s  of 
azimuth are based on the derived aaimuth of Kalihpur. On pages 137 to 141 of Volume I1 of the 
Great Trigonometrical Survey of India, General Walker explains, that of 35 stations situated in 
different parts of India, at  which astronomical azimuthu had lleen observed, the value of (0 - C) 

' proved to be negative at 26, and positive at 9, and he arrives at the conclusion-a cmclusion 
generally accepted hitherto-that the adopted value of the fundamental azimuth at Kaliixipur 
w;ur too great. He then collected all the stations at which azimuths had been observed, omitting 
those near the Himalayas, and finally derived a correction of-l*- 1 t o  be applied to the &served 
azimuth at Kaliiiupur, thus arguing a local attraction of la.l cot t$ = 2"-45 to  the west. 

. On page 446 of Volume XV, Great Trigonometrical Survey of India, Colonel Strahan, 
following General Walker, deduces the probable deflection of the plumb-line in BLe Prime 
Vertical at Kalihnpur from a comparieon of the 55 astrono~nical Arcs of Longitude, measured 
over India and Burma, with their geodetic values : he finds the nenith at KalGnpr  to be probably 
displaced 3"-42 to the eastwards, or in other words s local attraction of the plumb-liue of about 
3U to the westwards. 

I n  determining deflections af the plumb-line we deduct the geodetic valne from the mtcoaomic: the as tmomic 
value is obserocd, and designated 0: the geodetic valne is computed thrmgh the triangulation from the initial ebementa 
and designated C: the deflection of the plumb-line a t  any station is taken to be (0-C), the maamptiom k i n g  xmde that 
C or the geodetic value is the true one. In  the case of latitudes, if the plumb-line a t  any etation m . t t r ac td  to the 
north, the zenith will be displaced to  the south, the observed latitnde or 0 will be too small, and (0- C) will benegative. 

In the oarre of azimuths, if the plumb-line a t  any station is attracted to the errst, tbe l~enith dl be displaced to 
the west, the observed asimuth or 0 meanured from south by west will be too small, and (0 - C) will be negative. 

We therefore have the following rules of signs, always sssuming that the d u e  of C is correct:- 
If at  any station ( 0  - C) in latitnde is negative the attraction in the meridiem is northezly 
If ( 0  -C) in latitnde is positive, the attraction in the meridian is southerly 
If ( 0  - C) in azimuth is negative, the attraction in the Hime Vertical is easterly 
If (0-C) in aaimuth is positive, the attraction in the ?rime V e r t i d  is westerly. 

t I n  comparing the number of cases of negative and positive excess i t  is dV6cult to ddde W t h e r  to reject 
certain latitudes or not: i t  frequently happens that two or more aatrmomical latitndes have been obsened within a few 
miles of each other, and i t  in questionable in discussing the latitnde of all India whether we should regard eachvalue m an 
independent latitnde, or whether we should adopt the mean of the group. Two latitndes were observed withim 6 mile8 of 
one another at Madras (aee page 782 of Indio'a Contributionr to Geodesy): six latitndes were otmemed within s rttdiae 
of 4 miles near Punnra (aee gronp 1, page 778); the four latitudes of grapp 2, and the three latitndes of F e n p  3. 
page 778, are other cww in point: when General Walker gives 90 and 88 rul the respective nnmbem of negative MP 
poeitive excess, he is giving full weight to every observed value of every group; if we take the mean of s gronp ~ p r e d  
over a nmull area as a single value of latitnde, and thae give equal weights to equal arere, we find that there are. iarzllading 
the lutitndeu observed in the last two years, 111 instances of negative excess and 49 irurtanw of positive excw.  flrollgh 
this difficulty in the matter of combinations and rejections does exist, Qeoeral Walker's deduction of the men~llrual 
deflection at  KaliSnpnr from the Indian latitndes a~ a wholehaa met with general approval, and drecent  para a s o n t h u b  
attraction of 2" a t  K W p a r  hes been aocepted re a warking hypothwis in e q h a t i o n  of the excan of negative d a l r r s a  



Before the group of latitndea and azimuths had heen obsewed mund KaliRnpnr, the local 
attractiol~ at KaliAnpur had thus been deduced by Indian geodesists from the reaulb of 148 
observed latitudes, of 51 observed azimuths, and of 55 arcs of longitude, diatributed over India . 
with the following results :- 

Deflection of the plumb-line in the meridian = a' to the south 

Defleotion of the plumbline in the Prime Vertical (ae dedumd &.om Aai- 
mu-) = 24' to the west 

Deflection of the plumb-line in the Prime Vertical (deduoed fkom Longi- 
tudes) = 3' to the west 

It remaim now to be sm, to what ertent there remlfs huve been corroborated by Captain 
W x  Conynghm'r gronp r w d  Kalicinpw. 

The Observed Latitude of Kalianpur. 

The Kflnpur observations can beat be analyaed in the following order .+ 
(a) The latitude at Kali6npur derived from obsenatione at KaliAnpur only. 

@) Tbe latitude at  Kalihpur derived from observations at the group of s w n n d i n g  
atationa. 

(c) The azimuth at Kalihpur derived from obeervatione at Kalidnpur only. 

(d) The asimuth at Kalilupur derived from ohmatione at the gronp of snrrounding 
rtstions. 

The latitude of Kalisnpur itself hae now been observed on six occasions as follows* :- 

Lenox Conpghnm's value ie corrected for vha t ion  of latitude from the data fnminhed in Illbrecht's &port. 
Potedun, February 1900: the earlier v&ee PocorrecteQ 

Date 

1824-25 ... 
1839-40 ... 
189041 ... 

Febrnay 1865 . . . 
Noveniber 1865 ... 

1898-99 . . . 

Mean ... ... 24' '/' rov.97 

Obaemer 

Geo. Everest ... 
Andrew Waugh ... 
Geo. Everest aiid T. 

Rennp-Tailpour . . . 
W. M. Campbell .. . 
W. M. Can~pbell ... 
G. Lemx Conyngham 

Value 

q0 7' JO"-76 f 0"-13 
10 -92 + o -08 
11 -18  2 0  -07 
x r  ' 4 4 k O  -07 
10 -90 + o -07 
10 ' 59  + o -08 



The silopteil <xiitid milue of latitude for €he Indian h e y  is 240 7' 1lW.26: this value. 
-$derived by Evereat:£rom the results of 1824, '25, '39, -'40 and '41, using the best values of the 
stars' places, that he could then ol~tain : his stem' places 'have .eince been revised, and Everest's 
mean value of latitude, though still the fundamental latitude <of India, is no longer deducible 
from the observations. The initial latitude of India therefore appears to be 01.29 too great, owing 
to errars of obeervation and rtar's plaee. 

-The Group af 'latitudes ,round Kdlianpur- 

Astroeomieal 'latitudes have been reeently obaerved %y Captdn & m x  Conyngham at 8 
stations round Kalii~ipur (see Chart No. 1). 

The reaults are as follows :- L 

The ,geodetic latitudes in this table .have .beencomputed on the assumption, that the latitude 
,of Kalznpur is 24" 7' llw.26. I t  is significant that the positive values of (0 - C) should be in 
,excess of the negatiue, the resultm of the group being thus in opposition to those of all India. 

I n  :the following table the latitude of KaliRnpur .ia deduced from the observed latitude at  
,each station, by applying the geodetic difference of latitude derived from the triangulation :- 

Station 

Daiidhari ... 
Slirauthl 
Simnj, N. E. End BLe 
Bhaoritsa ... 
Losalli ... 
Tinsia ... 
Kimkhera . . . 
Ahmadpur ... 

Seconds 
of Computed 

Qeodetlc Lati- 
tnde 
- a  

n 

17'57 
20.42 
.53'5? , 
3'73 
19-17 
V.97 
44'93 
20.88 

Observed Latitude 

O I U  

24 38 18-83 
14 21'41 

8 55-86 
8 ,5'13 
6 18-31 
5zg-11 

235942'95 
3618.59 

- 
Of 

Plumb-line in 
Meridian 

91 

+ 1-32 
+ 1-13 + z.00 + 1-48 - 9-71 + 1-29 - 1-84 
- 2-18 

- 

Correotian to 
Me, Pole 

.u I 

+ 0.06 
+ 0.14 + 0.11 
+ 0.08 
+ 0-15 
+ o * 1 5  
+0'14 
+O.II 

Seconds 
of Corrected 

Observed 
Latitude - 0 

Y 

18-89 
2' '55 
55:57 
5-zr 
18-46 
29-26 
43'09 
I 8- 70 

Station,of Observetion Observed Latitnde Geodetic Dif£erenoe 

Daiidhari ... 
Siirantii . . 
Sironj, N.E. End Base 
RhaorClsa ... 
Losalli ... 
Tinsia ... 
Ktimkhera 
Ahmadpur . . . 

Ilesnlting Latitude 
of Hdhpnr 

Mean of Lenox Coaynghads group ... 24' 7' 11W'57 
/' 

0 I If 

W 7 12-58 
12-39 
13-26 
Ia.74 
10.55 
12-55 
9'42 
9.08 

O f  1* 

24 38 18-89 
I4 21-55 
8 55'57 
8 5-21 
6 18-46 
6 29-26 

93.5943'09 . 
36 18.70 

J If 

-3a 6-31 
- .7 9-16 - I 42-31 
- 0 52'47 + o 52-09 
+ 0 43-29 
+ 7 26-33 
+ 30.50'38 



We have now the three following values of the latitude of Kalitlnpur :- 

Value adopted in oomputations of the triangulation 24" 7' W - 2 b  

Mean observed value ... ... ... ... 24 7 10.91 

Value derived from the group ... ... ... 24 7 11 -57 

On the ssaumption that the value derived from the group is freed from the effect of local 
attractioe, we deduce that the aatronomical zenith at  Kali6npur is displaced 0".60 to the south, 
aud that there u a tiefiction of the plumb-line in the meridian at Kalia'npur of On-60 to the north. 

I t  has been explained, that General Walker, arguing from all India, estimated the meri- 
dional deflection of the plumb-line at Kalihnpur at 2" to the south. If we correct the initial 
latitude at Kaliinpur, firstly, by -OW.29 for error for star's place and observation, and, secondly, 
by + 0".60 for local attraction as derived from the group, and introduce the valae a0 7' 11"-57 into 
the computations, the excess of negative values of (0 - C) in India over positive is increased; 
there will be then 117 cases of a negative value, and 43 cases of a positive value, and the mean 
nragaitude of the wgative vakces tuill be considerably greater than the mean magnitude of the 
positive values. 

The Fundamental Azimuth. 

The azimuth of S6rantM has been observed from Kalilnpur on two occasions with the 
following results* :- 

General Walker's value of the fundamental Azimuth, derived from azimuths obaerved in 
different parte of India, is 190' 27' 6". 10 or 1". 19 less than the latest mean observed value. 

The Group of Azimuths round ~alianpur. 

Value 

0 1 11 

190 27 6 -20  

rgo 27 6.37 

Date 

1836 

1898-99 

Astronomical Azimuths have been recently observed by Captain Lenox Conyngham at 8 
stations round Kallnpur. 

... Mean ... 190" 27' 6".29 

Obeerver 

Geo. Everest ... 
G. Lenox Conyngham 

* Lenox Conyngham'a value in comcted for variation of latitude from the data furnished in Albreoht'a Beport, 
Potsdam, Febroery 1900. 
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The results are as follows 

The Geodetic Azimuths have been computed on the assumption that the uimuth of 
Slirantdl at KaliBnpur is 190' 27' 5"- 10. Again the positive values a£ (0-C) exceed the negative, 
i n  opposition to the experience of all India. 

I n  the fallowing tahle the value of the hndamental azimuth at Kalihnpur is deduced from 
the observed azimuth at each station of the group by applying the geodetic difference of azimuth 
derived from the triangulation. 

I 

. 

Station 

Daiddhari ... 
Sfirantil 
Simnj, N. E. Bod & 
B h a o r b  ... 
Losalli ... 
Salot ... 
Khmkhera ... 
Ahmadpur ... 

Cmction to 
Mean Pole 

1 

+ o - 1 5  + 0.02 
+ 0.08 

, + 0.11 - 0.07 
... - 0.05 - 0-08 

Obeerred 

0 1  1 

3033252.53 
10 27 43'37 
80 46 3396 
95 12 39-36 
305 ga 55-80 
175 58 10.16 
154 45 36-67 
185 10 56.a7 

d 

Geconds of 
Observed Cor- 

rected Admath - 0 

U 

52-68 
43-39 
34'04 
39'47 
55' 73 
10.16 
36.62 
56-19 

Bewlting Azimuth 
' st Kali6nppr 

0 ' 1  

' 190 '27 7'37 

8-03 

, 7'53 

, 6.49 

3'53 

' 4'37 

, 6.4~ 

' 7'38 

station of Observatton 

DaiMhari ... 
Stirantdl ... 
Simnj,N.E.fid Base 

Bhaorfisa -.. 
Loaalli ... 
Salot ... 
Kdmkhera 

Ahmadpur ... 

Mean ... . . . ... rp" 2;1' 6'"39 

Seconds of 
Computed Gee- 
detic Azimuth - 0 

6. 

50'41 
40.46 
31-61 
38-08 
57 '30 

- 10.89 
. 35.31 

53'9I 
! 

Qbeerved Bdmpth 

0 8  1). 

303 32 52-68 

10 27 43'39 

80 46 3q.04 

951239'47 

305 52 55.73 

175 58 10.16 

154 45 36.6% 

185 10 56.19 

(' - ') 

Ir 

. + 2-27 
+ 2-43, + 2-93 

+ 1-39 
- 1-57 
- 0'73 + 1-31 
+ 2 - 2 8  

L 

Beodetic diflerence 

0 8  fl 

113 5 45.31 

179 59 24'64 

rog 40 33-49 

95 I4 27'0% 

115 25 52-20 

' 14 28 54-21 

35 41 29'79 

5 16 11-19 



We have now the three following values of the azimuth at KaliBnpur :- 

Value adopted in oomputations of the triangulation 100' a?' 5*'10 

Mean observed value ... ... ... ... 6 -29 

Value derived from the group ... ... ... 6 -58 

On the assumption that the value derived from the group is freed from the effect of local 
attraction, we deduce that the astronomical zenith at Kali6npur is displaced 0".10 x cot $=OU.22 
to the west, that there is a deflection of the plumb-line in the Prime Vertical at Kalihpur of Ow-22 
to the east, that the fundamental azimuth is 1"-29 too small, and that every value of (0 - C) 
requires a correction of - lW.29. A complete list of the Observed Azimuths is published as 
Appendix I1 of this paper. I t  will be seen from that list, that if Walker's value of the initial 
azimuth be adhered to, there are 150 negative values and 59 positive values of (0 - C)*, and that 
if tire mean value derived from the group be accepted, there will be 170 negative velum and 39 
potitive values. 

Deflection of the Plumb-line at Kalianpur. 

If the mean latitude and azimuth, obtained from the p u p ,  be assumed freed from the 
effect of local attraction, the deflection of the plumb-line at the several stations of the group 
may be stated tta follows :- 

* On page 804 of India's Contributions to Geodesy, General Walker explains, that this predominance of negative 
values csn be eliminated by increasing the negative correction applied to the initial &nth. Bat according to the 
evidence of the group the correction to the initial peimntb should be pwitiva 

atation 

DaiBdhari . ... 
S h n t t l l  ... 

... N.E.EndofBaee 

Bhaoha  ... 
Kali6npur . ... 
Losalli ... 
Tinsia 

Salot ... 
KBmkhera ... 
Ahmadpur ... 

' Deflection of Plumb-line . 

Deflection in 
Meridian 

-(O,,-C*) 

H 

+I-01s.  
+ 0-82 S. 
+ 1-69 5. 

+ 1-17s .  
- 0.6oN. 

- I -onN.  

+ 0.98 S. 

... 
'- 2-15N. 
- 2.49 N. 

Effect on Azimuth 
O A A  

U 

+om98 

+ 1-64 

+ 1-14 

+ 0.10 

- 0.10 

- 2.86 

. . . .  ... 
- 3'02 

+ 0.0% 

+ 0 ° 9 9  

Deflection in 
Prime Verticd 

-(Oa-Ca)cotO 

Y 

+ 2 * 1 3 W .  

+ 3.64W. 

+ 2'54W.. 
+ o s 2 2 W .  

- o.22E. 

- 6-38E. 

... 
- 4.493. 
+o .o4W.  

+ 2'27W. 
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The deflection of the plumb-line at Kalignpm itself bas thus been given arr follows + 

I n  each case the reaulta of the group have hlsified predictions based with confidence on 
the resulte of all  India*. 

By the group of latitudes round' 
Kalisinpur ... 

By the latitudes di'all India .. . 
By the group of azimuths round 

Kaliiinpur ... ... 
By the azimuths of all India . .. 
By the longitudes of all India . . . 

Difference . . . . . . 

The contradictions with which we sne now f a d ,  cauae us t o  oonsider the following 
queetions :- 

(a) Can any inequality in the distribution of matter in the immediate locality of 
Ka l lnpw be conceived, that $an deflect the plumb-line b . 5  to the south-west? at Kalitinpur itself, 
and yet allow the mean deflection, reeuiting from eight surrounding stations in the vicinity, to 
be half a secondf to the north-east ? 

{b) Can there exiet any external souroe of attraction afEecting the plumb-line at every 
station of the group, and rendering tire mean determination of the defl8ction in error by 4'? 

Explanation of Charts 4 and 6. 

Ln the Xddian 

,I 
0.6oNorth I. w South 

2a-60 

In Charts 4 and 5 are shown four diagrams:- 
The firat diagram gives a vertical section through stations on the meridian of Kali4npur. Q 

r The deflections of the plumb-line in the mendjm on an exaggerated scale are shown in this 
diagram on the assamption, that the mean of the group of latitudes is freed from the effect of 
local attraction. 

~ l l  the plumb-linea tend inwards: if their positions are to be explained on the hypothesis 
of some local irregularity of matter, the assumption, that appears least objectionable, seems to be, 
that Kaliiinpur is situated over the centre of a suhterranea~i mass of excessive density attracting 
the plumb-line a t  Ahmadpur and Daitidhari inwards. This assumption w l d  not account for the 
exceas of negative valtreo in India.  

If the poeitioae of the plumb-lines in Diagram No. 1 are to be explained on the 
hypothesis of eome external £ o m ,  i t  seems neoeesary to assume, that a source of repulsion exists at 

* Lt is worth noting that the deflection in azimuth x cotangent latitude=deflection in prime verticai, and that 
1"-19 x cot 2.1' 7'=2".6fi, and that therefore the deflection in the Prime Vertical derived from the azimuths of 1- ia 
8"*66 west, or only V1.36 lese than the deflection of 3" west derived independently from the longitudes of India 

I That is 2" south on the Meridian, and 3" west on the Prime Vertical. 
01'.60 north on the Meridian and 0".22 east on the Prime Vertical. 

5 A bript ion  of K d b p  and fbe snrroruwling country ia given in Appendix I. 

Is M i n t h  

I 
a 

0.10 East i 
1-19 West : 

1"- 29  

I n  the Prime 
Vertiorl 

Y 

0 - 2 2  East 
2.65 West 
3-00 West 

2"- 87 
I 4 



considerable distance either to the north or south of the group. Such a aoarce might d e c t  
the mean value of the group by 10" or more, but not be sl~own up in the resulta. If it existed 
to the south, the plumb-line at Ahmadpur, the nearest station would be repelled slightly more 
than that at  Kaliainpur, and that at Daikdhari slightly less. The astronomical latitudes observed 
at stations of the Great Arc immediately south of Ahmadpur afford no evidence of the existence 
of any such source of repulsion, vide Table of Latitudes, which follows page 14. 

We can redraw the first diagram on the supposition that a southerly attraction of 2' exists 
a t  KaliPnpur, as was deduced by General Walker from a consideration of the Indian latitudes as 
a whole: this has been done in Diagram No. 2. 

A source of attraction south of Ahmadpur would deflect the nearer plumb-lines more than 
the h r the r :  a source of repulsion north of Daikdhari might produce the deflectiona in this 
diagram. 

The existence of a source of repulsion north of Daisdhari is not confirmed by the azimuth 
observatio~~a at  Salot, but is not incompatible wit11 the results of the latitudes observed at Kesri and 
Ilsira, vide Table following page 14. Possibly a further group of latitudes may locate such a 
source. The proof of ita existence will be our justification for the retention of Walker's correc- 
tion of - 2* to geodetic latitudes. 

The third diagram gives a vertical section through stations on the Prime Vertical of 
Kaliinpur : the deflections of the plumb-lines in the Prime Vertical on an exaggerated scale are 
shown on the assumption, that the mean of the group of azimuths is freed from the effect of local 
attraction. 

All the plumb-lines again tend inwards. This diagram toill not explain the czccss of 
negative values of (0 - C3 in azimuth, that prevails throughout India and Burma. . 

We can redraw the third diagram on the supposition that a westerly attraction of 8" exists 
at  Kali&apur, as has been deduced by Walker and Strahan from a consideration of the Indian 
azimuths and longitudes : this has been done in Diagram No. 4. 

This diagram would show that a source of attraction exists between Kaliinpur and Loealli. 

The Calculations of Archdeacon Pratt. 

Before, however, we endeavour to decide whether the contradictions at Kaliinpur are due to 
local or external causes, i t  will be well to consider the external forces, that affect the plumb-line in 
India, and as an indispensable aid to this investigation, to recall the calculations aud theories of 
Archdeacon Pratt*. 

I n  1852 the Ven. John Henry Pratt, Archdeacon of Calcutta, was asked by Sir Andrew 
Waugh, Surveyor General of India, to turn his attention to the influence of Mountain attraction 
upon the operations of the Great Trigonometrical Survey of India. I t  had been pointed out by 
Everest in his Great Arc of India, 1847, that if the curvature of the Indian Arc be taken the same 
as that of the mean figure, the observed latitude of Kalirina, a station on the Great Arc 54 degrees 
north of Kalftinpur, was 5".236 leas than its geodetic latitude, and the observed latitude of 

* Of recent yearn we have been poeaibly too apt to attribute dserences between astronomical end geodetic d u e s  
to mere local deviations of gravity end to regard them aa due to local irregularities in the dietribution of matter in the 
immediste neighboorhood of the stations of observation. The method of treating these differences by minimum squares 
a n  only be justified on the ground that they are purely local and accidental, and ita practice han tended to strengthen 
the belief in their irregularity. The discovery, moreover, that deflectiona of the plumb-line occur in flat unbroken plain8 
snd  the theory, which i t  necessitated, that these deflections are due to invisible wbterranean causes, have also helped of 
bte years g m d d y  to give rise to the idea, now generally prevalent, that local attractions obey no explicable law and 
that  no result however contradictory need excite wrprise. I t  is only in the presence of some enormous vieible m.ry 
such M the Himalayan Monntsins, and when large constant deflectiona of gravity occur, that en external eonme of 
-&nwtian &acting large areas is admittad, and that the method of minimum squarea ie w d d e r e d  inapplicable. 



Dbmargida, a station on the Great Arc, six degrees south of KaliGnpur, was 3u.791 less than itp 
geodetic latitude. The problem, that Waugh set Pratt to solve, was to calculate by some direct 
method the actual amount of the attraction of the Himalayan mass, and of the deflection given 
by it to the plumb-line. The results are show11 at page 85 of Pratt'e first paper, Philowphical 
Transactions of the Royal Society, 1854, to be as follows :- 

Deflection of the plumb-line in the Meridian 
at  Kalihna . . . . . . . . . .  27".853 North. 
at Kalih~ipur . . . . . . . . . .  l l n -968  North. 
at Dhmargida . . . . . . . .  6"-909 North. 

Deflection of the plumb-line in the Prime Vertical 
at  Kaliina . . . . . . . . . .  16*. 942 East. 
at Kalirinpur . . . . . . . . .  4". 763 East. 
at Dhmargida . . . . . . . .  2"-723 East. 

Total deflections of the plumb-line 
at Kalirina . . . . . . . . . .  32".601 in azimuth 31' 18' East of North 
at Kaliitnpur . . . . . . . . .  12".880 in azimuth 21' 42' ,, )J 

a t  Dkmargida . . . . . . . .  7".426 in azimuth 21' 3 1' ,, JJ 

This calculation increased the difficulty, which it was intended to remove, as the disturbing 
d e c t  of the Himalayas was shown ta he greater in amount than had ever been.anticipated. 

I t  may be objected now that Pratt's knowledge of the mass and density of the Himalayas 
was deficient, and that a recalculation based on modern data might reduce Pratt's values of the 
deflections. Pratt took the density of the Himalayas at 2.76, whereas Mr. C. L. Griesbach, the 
present Director of the Geological Survey of India, illforms me, that the mean density probably 
lies between 2.6 and 2 - 7 :  if we reduce the value of the density from 2'75 to 2'65 in Pr~tt.'s 
formuls, his deflections will be reduced by only one-twenty-fifth part. In the matter of area 
Pratt'u southern limits of the Himalayan Range are geographically correct; the accuracy of his 
northern limits of the Tibetan plateau ar~d of his position of the Altd Mountains is not very 
material, as the distant ranges exercised but slight effect on his results : he omitted the Hindu 
Kush and the Sulemin Mountains, and he placed the Kuen Luen Range perhaps 100 miles too 
far north : an examination of Pratt's calculations teaches, that no reduction in the valnes'of his 
deflections can be expected to result from the comparatively trifling corrections, which modem 
geographical knowledge might apply to his Himalayan and Tibetan arem. 

I n  the matter of heights Pratt ahows himself, that the dehctions are more due to the 
table-lands and to the plateaus than to the higher and more promillent snow peaks : he takes the 
line joining Leh and Lhasa to be 10,000 feet high, and he assumes that the Tibetan plateau slopes 
gradually down to the norti], and is 4,000 feet high in latitude 41)': the modern value of the 
height of Leh is 11,000 and of Lliasa 12,000 feet aud the line joining them is known now to 
cross altitudes of 15,000 feet. Modern maps show heights of 15,000 and 14,000 feet in the 
centre of Tibet, where Pratt showed 7,000 only. No alteration of Pratt's heights, such as can 
be justified by modern explorations, will reduce his values of the deflections. 

Pratt'a paper was answered by Sir George Airy, who wggested that there was probably a 
deficiency of matter beneath the mountains, which hunteracted their effect upon stations in the 
plains : in a postscript to a paper on the English Arc of Meridian (Philoeophical Transactions of 
the Royal Society, 1855) Pratt states his objection to Airy's hypothesis, and gives his opinion, 
that the only explanation of the discrepancy, between his calculation and the results of the 
Indian Survey, is to be found in the curvature of the Indian Arc being greater than that oE 
the Mean Figure. 



In 1858 Pratt reduced to calcnlation (Philosophical Transactions of the Royal Society, 
1858) another hypothesis regarding deficiency of matter below the mountains, viz., that the irre- 
gularities of the mouutain surface have arisen from the expansion upwards of the crust of the 
earth from depths below, which hae upheared the mountains and produced a slight but extensive 
attenuation of the mass below them: his calculations furnished the following results. 

Deflection in the meridian towards the south mused by a defieiency, equal to the mass of 
the Himalayas, and the mountain region beyond, distributed through a depth of- 

a t  Kalidna at KaliRnpur at  Dhmargida 
100 milm 26".M 12"- 111 6"-855 
,300 milm 21"-106 11".678 6" - 866 
500 miles 17".066 9"-622 6" - 670 

1000 miles ria. 199 7"-386 5".220 

Pratt thus showed, that the hypothesis of sobmontane deficiency was sufficient to produce 
a considerable amount of compensatiorl for mountain attraction, but by no assumption in the 
amount of the depth could he reconcile the apparent anomalies in the Indian latitudes. "The 
c1 existence of the mountain mass is a fact indisputable", he writes, "not so the compensating 
lf cause, which is simply conjectural as to its existence, and altogether ancertain as to its extent, 
l1 if i t  exist". 

Whilst employed on this last calculation it occurred bo him that the ocean was a n o t b r  
visible cause of disturbance, which might produce a sensible effect. In  a paper read before the 
Royal Society in 1859, (see Philosophical Transactions of the Royal Society), he calculates the effect 
of the ocean on the hypothesis that the deficiency of matter arising from thesmaller density of the 
ocean produces a northerly repulsive force equal to the at tmtion of a mass of the same form and 
of a density equal to the excess of the density of rock over that of sea-water. 

Pratt assumed that the depth of the ocean was 8 miles, in 28°sonth latitnde, at a point 
2,500 miles south of Cape Comorin midway between Madagascar and Australia : at the centre of the 
Arabian Sea in the latitude of Cape Comorin he took the depth to be 1 mile, and at the centre of 
the Bay of Bengal in the latitude of Cape Comorin he took the depth t o  be three-fourth of a 
mile*. He finds the calculated deflections to be as follows :- 

At Cape Comorin 19". 71 North and 2*. 19 East. 
At D4margida 10a.44 North and 1"-80 East. 
At Kaliirtipur 9".00 Forth and ON.48 East. 
At  Ka l iha  6"*18 North and 0"-09 I&&. 

He pointa out that althongh many depths in the Atlantic of 4 miles have been meakured, 
no deep sea soundings had .been taken in the Indian or Southern oceans, and that his resulb 
must therefore be regarded as demonstrating that tbe eflect of the ocean is of importa~ce, ratker 
than as determining its amount. 

In a paper on the Indian Arc of Meridian (Philosophical Transactions of the Royal Society, 
1860) he abandons the theory, which he had advanced in ail his previous papers, that the Indian 
Arc was curved differently to tbe mean meridian of the earth, and he finally puts forward the ex- 
planation, that an excess of density in subterranean mafler not far south of Kaliknpur will defkct 

. Modem Admiralty chsrts give Souding8 which ehow that Pratt'e depth were not too grea 



the plumb-line at Kalfdinpur to thes outh, and win account for the anomalies in the remlts of the 
Indian Observed Latitudes. In  a pamphlet, published in 1869, at  Calcutta, he speaks of peculiari- 
ties in local attraction, " such as that near Moscow, a~rd  this ilenr Kaliinpur ", with a certaiuty 
greater than is visible in his paper of 1860. I n  his Figure of the Earth, dated 1871, he calculates 
that there is a southerly deflection of the plumb-line of 8".55 at Kaliinpur, and he argues that an 
excess of density must exiat near Kalihnpur, " for the deflection at Kalitinpur ", he writes, '' is 
considerably south" *. 

The zone of Positive Values. 

Prattas calculations were based on but three observed latitudes : we now posness the results 
of 161 observed latitudes, and canl~ot solve Pratt's problem. In the following table, are arranged 
the results of all the Indian astro~~omical latitudes brought up to date, 1901 ; reflection will show 
that the value of (0 - C) is equal to the difference between the local attraction at any station and 
the local attraction at Kalirir~pur : assuming that the latter is nothing, a positive value of (0 - C) 
denotes souttlerly attraction, and a negative value northerly. The persistence of the negative 
sign irr noticeable, not only under the Himalayas but over Southern India. The results of the 
Kalihnpur group havin:: rendered problematical the southerly deflection of 2" at Kaliiinpur - a deflec- 
tion which had been assumed in order to account for the excess of negative values of (0 - C) in 
India-I have endeavoured to consider on what other hypothesis the excess of negatives can be 
explained. From the accompatlying table i t  will be seen, that there are 117 instailces of negative 
excess and 4.1. instances of positive excess: if we analyse the 44 instances of positive excess, 
we find that nine occur on or near the coast line from Madras to Mangalore: that five, mostly small 
in amount, occur in isolated positions amoilgat surrounding negatives in central India; that three, 
two of which are less than l", occur near Amritsar in Northern India, and that 27 cases occur 
within a belt or cone, crossing India from Karachi to Calcutta. (Vide Chart No. 6) .  

If the plumb-line throughout India were attracted to the north by some great excess of 
matter, situated beyond our northern frontier, the values of (0 - C) north of the parallel of 
Kaliiinpur would be negative, and the values of (0 - C) south of Kaliinpur positive : this is clear, 
because the value of C depends on the deflection at Kalitinpur, and this deflection, if the attracting 
force is north, is less than the deflection at  northern stations and greater than the deflections at  
southern etatione. 

If on the other hand the plumb-line throughout India were repelled to the north by some 
great deficiency of matter situated south of Cape Comorin, the values of (0 - C) south of the 
parallel of Kaliinpur would be negative and the values of (0 - C) north of Kaliinpur positive. 

If we suppose the ~~ortheru attraction and southern repulsion to be acting simultaneously, 
we find that the northern force produces negative values north of Kalihpur and positive south : 
the'southern force produces negative values south of Kaliinpur and positive north: at  a. certain 
parallel of latitude, dependent 011 the relative rates of decrease of the two effects, the resultant 
deflections . . will equal the deflections on the parallel of Kalisnpur, and the values of (0 - C) will 
equal nothing. 

General Walker's figures in India's Contributions to Geodesy show that the substitution 
of Clarke's Axes for Everest's increases the negative tel~derlcy of (0 - C) in latitudes south of 
Kalitinpur, and the positive tendency north of Kaliinpur : this substitution will accentuate and 
not remove the zone of positives. 

- -  - 

Colonel Clarke, in  hi^ dadations of the Figure of the Earth, also makes the deflection at ~alIbnpor to be 
.orth by 9w.678 in the Acc~mt  of tL Pn'nuipal ~ang,gu&tion of tbe Ordnancs Survey, by 3".678 in Folvas XXIX 
asaoir8 R.A.8., bg lW.992 in his f fdeq .  The redla of the group of observstions haye thae ftrleified dl theoretical 
predictions. 





Table ehoruircg the DzJKerencee betweesm 

T h e  brtlmude of Kdlhnp tu  hu been taken U0 7' lln.67. Porttire Values are prlnted In rod. 

bferldian of ri;7 llcridinn uf fi!)' and 70' Blendinn of 71' and 72' Jleri,linn of 733 

S t n t i a  a .  1 - 
I 

Statation ( I A R ~ .  

3frridinn of 74" and 75' 

0 I '  

, > ,  . . '  . r  

I Station Lnt. O C I I -  

- 0.42 hn~8cll i  ... 

-. - 

Station I  at. 1 0-c 

0 1 

24 50 

3Teriilim r f  

s t a t i o n  
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The apparent zone of positives would not be eliminated, even if a southerly deflection of 2" 
at Kalianpur were proved. If the values of (0 - C) in all India be corrected by + 2", the difeence 
in the mean direction of gravity in the zone from that in all India will remain the same : there 
would etill be a greater tendency to southerly deflection within the cone than beyond it. 

Mean value of (0 - C) in the zone of positives ... ... = + 1"'04 
Mean value of (0 - C) south of the zone of positives ... = - 3"'67 
Mean value of (0 - C) north of the zone of positives ... = - gW*48 
Mean value of (0 - C) north of the cone, if six large Himalayan 

values are excluded ... ... ... ... = - 3"'66 
Mean value of (0 - C) in latitude for all India ... ... = - 3;-83 
Mean value of (0 - C) for all India excluding six large valuee = - 

Whatever correotion be applied b the initi.1 latitude to eliminate the value 2--'47. 83 for all 
India, the direction of gravity within the zone will remain inclined to the mean meri ional direc- 
tion for all India by qY.87. 

6. 
Results of the Indian Observed Longitudes, 

Them am 24 Longitude etations in India and Burma. 

Kbii8n-ur 
The following table gives the valnes of (0 - C) in Longitude for the arcs ool 

with each station. 

(a) Statione near the meridian of Kalisnpur. , 

Amritsar ... ... ... ' ... ... ... Agm ... Bellary ... . .a ... Bolarum ... . . . .  
Bangalore ... ... ... ... Nhgarkoil ... . . 

(b) :)tations in Westem India. 
Bombay ... ... ... 
Mangalore ... : .. ... 
Mooltan ... ... . 
Karachi .,. ... ... 
Deesa ... ... ... 

(c) Stations in Eastern India. ... Fyzabad ... ... ... Jubbulpore ... ... 
Madras ... ... ... 
W altair] ... ... ... 

... Calcutta ... ... 
(d) Stations in Burma. 

Chittagong ... ... ... ... Akyab ... ... 
Prome ... ... ... 
Moulmein ... ... ... 

(e) Stations near mountains. ... Peehawar ... ... 
... Quetta ... ... 

Dehra D6n ... ... ... 
Jalpaiguri ... ... ... 

I: 

(0 - 0) 

n 

- 3 . 0 0  
+ 5 -55 + o -75 - 3 '45 + 2 -85 
+ I -80 

- 6 . 7 5  - I -95 
5 '10 

+ 0 '45 + 3 .60 

- o -45 
-10 '20 
- 7 .20 

- 3 -30 - 10.95 

-11 .go 
-11 '70 
-16 -35 
-18 -30 

-14 -25 
+ 2 .40 
-25 a65 
-20 -40 

Defleatioo ixi 
Prime Vertical 
-(0 - 0 )  con 

I). 

~ ' 5 5 W e s t  
' 4 94 West 

o -72 East 
3 - 2 9 E ~ e t  
2 -78Eaet 
I -78 East 

6 - 3 9 W e a t  
I .goWest 
4 '41 East 
o -41 East 
3 -28 East 

o -4oEast 
9 -37 East 
7 - 0 1 E ~ s t  
3 -14East 
1 0 . 1 ~  East 

10'82East 
10;99 East 
15-48 East 
17-55 East 

11-81 West 
2 a07 East 
22.14 East 
18'26East 



Tbe preponderance of apparent easterly deflections can be eliminated, if a westerly 
deflection at Kalisinpur be assumed to exist; as however Captain Lenox Conyngham's observation8 
a t  the group of surrounding stations do not support thb assumption, it cannot be considered 
jastifiable. 

The Observed Azimuths of India and Burma. 

I n  Volume I1 of the Great Trigonometrical Survey of India, General Walker treated 63 
obaerved azimuths in his endeavour to obtain the correct fundamental azimuth of India; many 
azimuths have been observed since that Volume was written, and a complete list of the observed 
azimuths of India and Burma is published as Appendix I1 of this paper. 195 such astronomical 
azimuths have been observed; the value of (0-C) is positive in 57 cases and negative in 138 
.cases. But the value of C, the geodetic value, ia dependent on General Walker's derived value 
of the fupdamental azimuth, and, before we can treat the observed azimuths as a whole, we 
must replace the derived value of the azimuth at Kalirinpur by the obaerved value. 

The azimuth at Kalibnpur, as observed at Kaliinpur itself, is 190' 27' 6".29, (vide page 7), 
and as deduced from the observations of the surrounding group is 190' 27' 6"39, (vide page 8); 
these two values differ but slightly; we will select the latter as the true fundamental Asimuth 
at  Kalisinpur; General Walker's derived Azimuth is 190' 27' 6"-10, or ln.29 too small*. 
If we increase the geodetic azimuths of India by ln.29, we find that the value of ( 0  - C) 
becomes positive in 37 cases and negative in 158 cases; General Walker's correction has therefore 
reduced the number of negative valuee of (0 - C) from 158 to 138, and has increased thenumber 
of positive values from 37 to 57. If a line be drawn through Kalisinpur north-east and south- 
west, i.e., through Bombay, KaliBnpur, Lucknow, i t  will be found, that 33 of the 37 positive 
values lie north-west of that line, and of the four values that lie south-east of it three are less 
than 1'. ( E d e  Chart No. 7). 

The triangulation of India was divided for the purpose of simultaneous reduction into s ir  
great areas : the first, known as the North-West Quadrilateral, covers the whole country North- 
West of Kalisinpur; the second, the North-East Quadrilateral, embraces the portion of India 
North-East of KaliLnpur up to the western Boundary of Burma: the third, the South-East Quadri- 
lateral, is the country South-East of KaliLnpur as far south as latitude 18': the fourth, the 
South-West Quadrilateral, covers the country South-West of Kalihpur as far south as latitude 18". 
The fifth, the Southern Trigon, embraces the whole peninsular area south of latitude 1 8 O ,  and 
the sixth is the Burma Quadrilateral. 

* Bmw the &nth at U p r u  hm been mobserred and deduoed froa the p u p  



The following table gives the mean value of (0 - C) and the numbera of positive and 
negative values found in the several areas :- 

No positive values occur in Burma or the Southern Trigon: the few that fall in the  
North-East Quadrilateral, the South-East Quadrilateral and the South-West Quadrilateral are 
either north-west of the dotted line in Chart No. 7, or situated very near to i t  on the southern side. 

Are8 

N. W. Quadrilateral . . . 
N. E. Quadrilateral ... 
S. E. Quadrilateral ... 
S. W. Quadrilateral ... 
Southern Trigon . . . 
Burma Quadrilateral . . . 

I t  r i l l  be instructive to compare the deflections of the plumb-line in the Prime Vertical, 
as deduced from Longitude and Azimuth observations, at those stations where both seta of 
observations have been taken : 

Correctepl Mean 
of (O - 

in azimuth 

It 

- 0-17 
- 6-14 
- 4'53 + 0.61 
- 6.62 
- 13- 14 
Total . .. 

< 

(0 - C) corrected 
by - 11'.29 

: 

No. OF 
positive 
valuer 
P 

25 
4 
3 
5 
o 
o 

3 7 

Qenenl Walker's 
(0 - c) 

* 

No. of 
negative 
values 

32 
24 
38 
6 
36 
2 2 

158 

No. of 
poaitive 
values 

36 
4 
6 
9 
2 
o 

57 

Station 

Karachi ,.. . . . 
Dehra D6n . . . ... 
Bisaul (F'yzahid) ... 
Ramganj (Jalpaiguri) ... 
Karaundi (Jubbulpore) 
Calcutta 
~ i z a ~ a p a t a m ' ~ a s e  (Wi: 

tair) 

Mangalore . . . ... 
Bangalore . . . ... 
St. Thomas's Mount 

(Madras) 
Kudankulam (N8garkd) 

Taungaun (Moulmein). . . 

Area 

N. W. Q. 
N. W. Q. 

N. E. 8. 
N. E. Q. 

5. E. Q. 
S. E. Q. 
S. E. Q 

5. T. 
S. T. 
S. T. 

S. T. 
Burma 

No. OF 
negative 
,values 

21 

94 
35 
2 

34 
22 

138 

Mean 
Discrepancim 

in the 
several 
Amas 

I/ 

) - 3-41 
I - 7.81 
- 8.24 
' 

1 
'-33.57 

, 
- 19-98 

Diwrepancy 
between 

the Values 

K 

- 5'94 - 0.88 

- 4-89 
- 10.7a 
- 2.77 - 15-18 - 6.76 

- u.12 
-27-33 - 19-54 
- 64-30 
- 29.98 

Deflection in Prime Vertical 

By Anmnth 
Obaermtions 

I 

- 6-35 E. 
- 23-02 E. 

' - 11.12 E. - 23'1.5 E. 
- 12-14 E. - 25-30 E. 

, - 9-90 E 

- 19.22 E. 
- 30.11 E. - 26.55 E. 
- 68 -08 E. 
- 47 -53 E. 

By Longitude 
Observations 

Y 

O'4I E. 
22-14 E. 
0-40 E. 
18-26 E. 

9'37 E. 
10.12 E. 
3.14 E. 

1 ~ g 0 W .  
' 2-78E. 

7.01 E. 

1-78 E. 
17 -55 E. 



18 

If the discrepancies in the laet column are rswmed due to errom in the geodetic azimuths, 
then the actual errors of the geodetic azimuths can be found by multiplying these discrepancia 
by the tangent of the latitude thus :- 

I n  the following table the mean values of (0 - C) in azimuth, obtained by comparing the 
geodetic and astronomic values of azimuth, are given: and beside them are shown the errors in 
azimuth, deduced by comparing azimuthal and longitude results. 

Ama 

N. W. Quadrilateral ... 
... N. E. Quadrilateral 

S. E. Q~xadrilateral ... 
Southern Trigon ... 

... Burma ... 
i 

It will be seen that the= are reasons for believing, that the persistence of the negative 
sign in the azimuthal values df (0 - C) is due to errors of triangulation. In  the North-West 
Quadrilateral the deduced error in Azimuth is 2" in excess of the mean value of (0 - C) : in the 
Southern Trigon the mean value of (0 - C) agrees with the deduced error in Azimuth : in thk 
North-East and South-East Quadrilaterals, the deduced error is 2" less than the value of (0 - C) : 
in Burma the deduced error of the triangulation is - 9" and the value of (0 - C) is  - 18'. 

Mean error in 
Deflection in Prime 

Vertical 

I 

- 3'41 

- 7-81 

- 8-24 

- 33'57 
- 29-98 

h 

N . W . Q u d r i l a b d  ,.. 
N. E. Quadrilateral ... 
S. E. Quadrilateral ... 
S. W. Quadrilateral ... 
Southern Trigon ... 
Burma ... ... 

The triangulation of the North-West Quadrilated was the first reduced, and that cif 
the South-East Quadlrilateral followed: the North-East Quadrilateral had thus its western 
and southern sides fixed when its reduction began; The Southern lkigon had the eaatern half 
of ite northern aide fixed before ite wduction, and the South-West Quadrilateral waa fitted in 

aomponding 
in Azimuth 

a 

- 1-78 
- 3'90 
- 3-21 
- 6.98 
- 8.84 

Mean value of 
( 0 - C )  in Azimuth 
obtained by corn- 
paring Geodetic 
and Aatronomio 

Azimuth8 . 
I, 

- 0.17 - 6-14 
- 4'53 ,.. - 6-62 
- 13.14 

Error in Azimuth 
deduced by corn- 
paring the resulta 
of Azimuth and 

Longitude Obserk- 
atiou 

a 

-1.78 
-3.90 
-3. 21 

... 
-6.98 
-8.84 



between three fixed sides. Any error in azimuth in the triangulation of the North-West Quadri- 
lateral and South-East Quadrilateral will therefore affect the North-East Quadrilateral : the errors 
of the South-East Quadrilateral r i l l  be carried into the Southern Trigon, and those of the latter 
into the southern half of the South-Weat Quadrilateral: the errors of the triangulation of the 
North-East Quadrilateral will be camed on into Burma. The mean azimuthal closing errors of 
circuita of triangulation of the six areas are as follows :- 

Positive values of (0 - C) occur both in the North-East Quadrilateral and the South- 
West Quadrilateral along the lines, where these two areas abut against the North-West Quadri- 
lateral, and doubtless the correctness of the latter's orientatiou has made itself felt for some 
distance-within the interiors of the abutting areas : the occurrence of these positive values has 
tended to reduce the mean value of (0 - C) in both the North-East Quadrilateral and the South- 
West Quadrilateral. Burma is afEected by the full force of the errors of the North-East Quadri- 
lateral; the closing error of the eastern circuit of the North-East Quadrilateral, the circuit to  
which Burma is attached, is - 18".14. 

Though the difference in azimuth between two rays can be more accurately determined by 
triangulation than by astronomical observations when the rays are not distant from one another, 
yet the errors of triangulation tend to accumulate and at great distances from the origin such as 
Cape Comorin or Moulmein, the accumulated error of the triangulation may exceed the error 
that local attraction is liable to produce in an observed azimuth. 

Arm 

N. W. Quadrilateral . . . 
N. E. Quadrilateral ... 
S. E. Quadrilateral ... 
9. W. Quadrilateral ... 
Southern Trigon . . . 
Burma .. . ... 

Other possible causes of the preponderance of negative values of (0 - C) 
in Azimuth. 

I t  hae been shown that there are reuons for believing, that the persistence of the negative 
sign may be due to errors that have accumulated in the triangulation. But until the uncertainty, 
which at preaent surrounds the subject of Himalayan attraction, has been removed, no conclusion can 
be final. I n  the Table on page 17  it had to be assumed that the errors of the axes of the Everest 
spheroid had the same effect in both Longitude and Azimuth : it was assumed, in  fact, that the 
discrepancies between the Longitude and Azimuthal results were not due to errors of spheroid: 
this assumption is not justifiable; i t  may be correct, but we have no present means of telling. 

Mean Closing 
Error in Azimuth 

of the 
Triangulation 

U 

0 . 7  
0.8 
2'9 
3 ' 2  
1.8 

2- 25 

At stations, however, on the meridian of Kaliiinpur, the errors of the adopted spheroid have 
no effect in either longitude or azimuth ; and yet the deflection in the prime vertical at Kudankulam 
(Ntigarkoil) as deduced from longitude observations is 11'.78 East, and from azimuth observations 
is 68".08 Eaet. If the island of Ceylon attracts the plumb-line at Kudankulam (Nkarkoil) 

Ayerage Error in 
Azimuth generated 

in 10 triangles 
of Triangulation 

X 

0.28 
0.83 
0.25 
1-33 
0.48 
0.58 



or if the Arabian Sea repels it, the same effect should be exhibited by the longitude and azimuth 
observations. It is di5cult to avoid the conclusion that the hcrepmcy here ia due to errors of 
the triangulation. 

The largest values of ( 0  - C) in azimuth occur in Burma, where the negative sign is 
persistent. The Himalaya mountains tend to render values of (0-C) in Burma positive : their 
effect, if they have any, is therefore masked by more powerful influences. The interposition of 
the Bay of Bengal between India and Burma gives a positive tendency to values of (0-C) in  
India and a negative tendency to Burma, but its presence does not account for the discrepancy 
between the results of the longitude and azimuth observations at Moulmein, (vide page 17). 
Longitude observations in ,Upper Burma, and a better knowledge of the heights and maasea of 
the mountains of Burma will help towards the solution of the problem. 

Dehra Du'n : 

June 1900. 

POSTSCRIPT. 

A second zone of positive values. 

Since the above paper was written, I have come to the conclueion, that the positive values 
of (0-C) in latitude, that preponderate over the extreme south of India, (vide Chart No. 6), 
may possibly constitute a second zone of positive values, produced like the fimt by a combination 
of Himalayan and Oceanic influences. The positive values of SOU& India have always been 
regarded as proofs, that the plumb-line is attracted towards the Oeesn*, and on this account 
great interest attaches to them. If (0-C) in latitude is positive, 0 must be greater than C, the 
observed latitude must be too large, the plumb-line must be deflected towards the south : this is 
the reasoning, that haa led us believe in deflections towards the Ocew. But in truth we have no 
justification for assuming C correct. If (0-C) is positive, the only true inference is, that 0 has 
been influenced less by northerly attraction (or more by southerly attraction) than C. 

A t  Punnae in the south of India the value of (0-C) in latitude ia positive : the inference 
has been drawn that the plumb-line at Pumoe is deflected towards the Ocean. If we are correct 
in arguing from the preponderance of negative values throughout India, that the DejEection at  
Kalicinpur is south, then the positive value of (0-C) at Punnae denotes southerly attraction. 
But if we pretend to no knowledge of the absolute deflection at Kalihpur, then the positive 
value at Punnre merely indicates a more southerly or leea northerly deflection than at Kali4npur. 

The positive value of (0-C) at Amritear near the Himalayas, (vide meridian of 74' in 
Table following page 14j, has been held to prove, that Himalayan attraction has no far-reaching 
effect: but this proof again is dependent on the correctness of the method of deducing the 
deflection at KaUnpur. If the deflection at KaliBnpur as deduced from the reaults of all India 
is accepted, then the positive value at Amritsar proves the weakness of Himalayan attraction. 

* Vide page 806. Philosophical Transactiom Royal Society. Volume 186,1896. India'a Contribntione to Geodefip: 
"The whole of the a m  (i.s., of longitude), except those from Waltair, ehow deflection towardn the ocean and not towanla 
"the interior of the continent. The astronomical latitudes in the Southern Peninanla tell the same tale of deflection 
*' towtuda the ooean ". 



But the only true inference from the resulb of the gronp is, that the meridional defiection at 
Amribar is k88 northerly than at Kalinpur, a fact that is not surprisii, wing that the Hima- 
layan mass is east of Amritsar and north-& of K d h p u r .  

Examples might be multiplied, but it ie only neceaaaq to mention one more, iz., the case 
of Kesri, on the meridian of 77O 30' in latitude 25" 46', (wide the Table following page 14). Keari is 
112 milee due north of Kaliipur, and the appearance of a large positive value between W b n p u r  
and the Himalayas han been considered to indicate the absence of Himalayan influence: but this 
positive value has no real significance : i t  merely denotes, that some local cause gives a deflection 
to the plumb-line at Kesri, more southerly by 5". than the deflection at Kalihpnr. The Kesri 
result will continue to denote this aingle fact, whether Himalayan attraction is found to be 
far-reaching or not*. 

Let ns assume that the alternate positive and negative zones, shown on Chmt No. 6, are due 
to the combined influences of the Himalayas and the Ocean : 

then the&' 
sitive zone in latitude 

25' will eignlfy, that northwards from Kdisspur the influence of the ean i s  decreasing more 
rapidly than that of the Himalayas is increasing: aa however the Himalayse are more nearly 
approached, their influence begins to increase more rapidly : in the centre of the positive zone 
there wil l  be a line of maximum positive values of ( 0  - C), and of mieimum absolilte deflections ; 
from this line the increase in the Himalayan inhence is greater than the diminution of the Oceanic 
influence, and in latitude 26' a line is met with, along which the deflectiona are again aa great as 
that of Kalisnpur : thenceforward northwards the deflections increase rapidly. 

Sonthwarde from Kaliiinpor the preponderance of negative values denotes that the 
influence of the Ocean is increasing to the south. more rapidly than tbat of the Himalayas is 
decreasing: between the parallels of 18' and 20' a belt of maximum negative values is f o d  
to exist, which indicate the placee of the greatest northerly deflections south of Kelisllpur : after 
this belt is psseed, Himalsyan attraction begins to decrease more rapidly than OceaPic influence 
is increasing: deflections consequently become less northerly south of latitude lBO, and in 
latitude 14' are again equal to the defiection at Kalllnpur : south of latitude t4=, deflections 
continue t o  decrease owing to t l~e  waning effect of the Himalayas, and a second positive zone is 
created. The slow rate, at which the Oceanic irifluence increases southwards from latitude lBO, is 
in strange contrast to the rapid increase of deflections, that accompanies an approach to the 
Himalayas, and may possibly be due to the fact that the effects ef the Arabian Sea and the Bay 
of Bengal south of latitude 15' begin to oppose the influence of the Indiarr Ocean. 

If we divide India into the four zones of Chart No. 6, the negative and positive values of 
(0 - C) in latitude will be found dietribubd as follows :- 

Positive Negative 
Values Valuea 

(1) Northern negative zone . . . ... 3 33 
(2) Positive zone north of Kalihpur . . . 26 15 
(3) Negative zone south of ICalihpnr ... 5 70 
(4) Southern positive zone . . . ... 9 1 

The mean values of (0 - 42) in latitude are as follows :- w 

(1) Within the northern negative zone . . . ... - 9 4 3  
(2) Within the northern positive zone ... ... + 1-04, 
(3) Within the southern negative none ... ... - 4.47 
(4) Within the southern positive gone ... ... + 2.08 
(5) I n  all India . . . . . . ... ... - 5.85 

* The clorface of India consiota of rrlluvium north of Kesri, and of rouk to the south : the change from alluvium to 
gneiu, trup and Vindhyau rock occum near Kesri. Ewt of g.llllnpur the northem positive roue follows the line, where 
the alluvium and rock join, ru fiu boot w the Bey of Ben@. 



No mean correction, applied to the latitude of KaliBnpur, can alter the diffrenees between 
the mean values of (0-C) of the several zones : a diminution of 2" in the latitude of Kalihnpur 
dl decrease the are- and mean values of the negative zonee, and increaee those of the positive 
zones. 

The existence of the zones cannot be attributed to errors of the Everest spheroid : if r e  
select a spheroid that eliminates a positive preponderance north of Kaliitnpur and a negative 
preponderance south, we enhance the apparent effects of Himalayan attraction in the northern 
negative zone, and increase the positive values in South India : we also cause the northern negative 
zone to expand southwards, and the southern positive zone to spread northwards. If we select a 
spheroid that eliminates the positive values in South India, we cover the whole Indian peninsula 
wuth of Kalisnpur with negative values, and we increase the northern positive zone. 



PART 11. 

The deflections at Kalianpur calculated from the configuration 
of the ground in the vicinity. 

The two rival systems of deflections. 

I n  Charts Nos. 4 and 5 are given four diagram; two of these diagrams, Nos. 1 and 3, show 
the deflections of the plumb-line as deduced from the results of the Kaliiinpur group : the remain- 
ing two diagrams Nos. 2 and 4 show the deflections of the plumb-line as deduced from the results of 
all India. Diagrams Nos. land 3 have been constructed from the astronomical data derived from 
a group of stations, all situated within a radius of 35 miles: Diagrams Nos. 2 and 4 have been formed 
from data derived also Gom a group of stations, the area embracing all India. There are no 
theoretical reasons for limiting the area of a group, and there are no scientific objections to a 
large group. But if an area of 3,000 square miles were bounded on the north by high mountains 
and on the south by deep seas, it would not be considered a favorable locality for an absolute 
determination of deflection; and an area of 4,000,000 square miles, if similarly situated, may 
possibly be unfavorable also. 

When considering whether the first or the second of the two rival systems of deflections 
ia the more probable or the more acceptable, we must never lose sight of the essential difference 
between them : Diagram Nos. 1 and 3 merely pretend to show the relative deflections of the plumb- 
lines inter se at the stations of the KaliBnpur group: the plumb-lines may all have a large 
constant additional deflection superimposed by external sources of disturbance ; but of external 
sources Diagrams Nos. 1 and 3 have no cognisance : Diagrams Nos. 1 and 3 give the absolute 
dejkcliona, that w w l d  obtain at Kalldnpur, if aU outside influences were removed: they give, in 
fact, deflections due to purely local attraction. 

Diagrama Nos. 2 and 4 go further : they pretend to give not relative deflection8 but abeolute. 
Diagram No. 2 states definitely that the plumb-line at K a l i p u r  is deflected to the south 
through 2". Diagram No. 1 claims no knowledge of Himalayan attraction: Diagram No. 2 
certifies, that neither the Himalayas nor the Ocean have any influence at Kaliipur. When the 
negative values of (0- C) in latitude and azimuth predominate in India over the positive, it ie 



easy to bring about an e uality, if we diminish the Iatitnde and azimuth of our station of origin : 
but this expedient entais the assumption of a knowledge of Himalayan attraction greater than 
we possess. 

The two systems of deflections may be exhibited thee :- 

Whatever value be adopted for Kalihpur itself, its difference from the deflectiou of each 
other station will remain the same : therefore, if we impose on Kalihnpur a deflection of 2" to the 
south in the meridian*, we muat increase the deflection of every station, as given by the group 
system, by 2".60. A defEeciwn of 2" to the south at Kalla'npur must be accompanied by a 
southerly dejkction at wery stntion of the group. There should exist therefore some powerful 
hidden cause, affecting the whole area of the group and vitiating all observations; it should not be 
far from Kali4npur, as it does not affect India as a whole, its existence having been assumed 
for the purpose of equalising positive and negative values throughout the peuinsula. . I put 
forward the plea, that we should locate this cause in sitd, before we use it in support of theories. 
If attractions were due only to visible hills, it would not be possible for us to assume suitable 
deflections, unless they were justified by the actual configuration of the ground : an imaginary 
subterranean cause is not a safe explanation of theoretical anomalies, unless it be accompanied 
by direct proof from the ground. 

Station 

Dai4dhari ... 
SlirantAl ... 
Sironj,N.E.EndBase 

Bhaorha ... 
Kali4npur ... 
Losalli ... 
Tinsia ... 
Salot ... 
K4mkhera ... 

Ahmadpur ... 

It had been prophesied that KalCdnpur would be found to resemble Moscow. At Moscow 
on a line 60 miles long, running nearly east and west over a flat plain, northerly deflections of 8" 

For the pnrpcee of eqpali8ing the numbere of positive and negative velaea of (0 - C) in latitude. 

In the Meridian In the Prime Vertical 
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are found : along a parallel line nine miles to the south the plumb-lines hang vertical, and along; a 
third line, nine miles further to the south, the deflections are southerly and amount to 8@. 
Fourteen miles north of the line of maximum northerly attractions, and fourteen miles south of 
the line of maximum southerly attractions the plumb-lines recover the vertical position. A case 
such as Moscow, though often quoted as typical, ie practically unique : there is nothing in India.- 
be compared with it. 

Before we can investigate the deflections at Kaliinpur, that are due to subterranean c a m ;  
we must clear the observed deflections of the effects of the visible configuration of the sdaee ;  
A description of the country round KaliBnpur is given in Appendix I of this paper. The surface 
is flat and there are no mountains : but a plateau exists 200 to 250 feet higher than the general 
level of the country, and some of the stations of the group are situated on the plateau, 0th- to 
the south and east of it. The deflections due to this plateau and to surrounding dislevelments of 
the surface must be calculated. 

The Method of calculation. 

The method of calculation has been taken from Colonel Clarke's Geodesy. We poseess 
maps of the district on the scale of one inch to the mile. Round each station, as a common 
centre, ten circles have been drawn, and through each station a series of twelve radial lines : the 
country round each station has been thus divided into a series of four-sided compartments: 
let a, and a' be the ~ i m u t h s  of two consecutive lines, and r, and r' the radii of two consecutive 
circles, then Colonel Clarke shows that the deflection in the direction north caused by the maes of 
the compartment contained between limits a, and a', and r, and r' ie 

6 r ' 12*.44 h (sin a' -sin 4) log,-, 
r1 

where 6 is the density of the mass, A the mean demity of the earth, and h the average height of 
the upper surface of the mass above the station. 

The radial lines have been drawn at equal intervals of 30' in azimuth : the method, followed 
in the Ordnance Survey, of so drawing these lines, that the sines of their aaimnths were in 
arithmetic progression, could not be adhered to, ae the deflections botb in the prime vertical and 
in the meridian were required s t  Kali6npur. The approximate deflection in the prime vertical 
was derived from the formula 

6 r ' 12".4$ - h (cos a' - cos 4) log, -. A r, 

f 
The radins f was taken equal to 2r1, and thence log, is equal to 0.693. 

6 
The deflection due to each sector and not to each compartment was calculated: wm a- 

sumed = 0.5 : the formula for the deflection in the meridian for each eector thus became 

= OHe000817 ( [h] - 9H) (sin a' - sin a,), 



where H = the height of the atation, and [h] = the em of the average heights of the nine com- 
partments in a eector. 

The calculation was extended to a distance of 64 miles from each station : this limit was 
adopted, because irregular masses of ground situated at a greater distance than miles will 
not affect Kalihpur diferently to the mean of the group: our object was to find not the absolute 
deflection at Kalitinpur resulting from all external causes, but the relative deflections existing at 
stations of the group, and we could therefore neglect all distant masses, whose average effect on 
the group did not differ from their effect at KaliBnpur itself. 

The calculation was commenced at  220 yards from each station : the maps are not contour- 
ed and relative heights cannot be ascertained with sufficient accuracy to justify a nearer approach 
than 220 yards. The heights of compartments were read off the map, and were averaged for this 
calculation by Captain Lenox Conyngham, whose intimate knowledge of KaliBnpur and its 
vicinity enabled him to appreciate the topographical features of the map. The ground immedi- 
ately surrounding the stations was as a rule flat and without feature : at the few stations, where 
there was a drop of 100 feet within the radius of 220 yards, the drop was uniform on each side. 
The only station, about which Captain Lenox Conyngham felt uncertainty, was Ahmadpur : this 
station is situated on a truncated pyramid of rock, rising 250 feet above the plain : a drop of 150 
feet occurs on each side within 220 yards, and at the summit the station is nearer to the southern 
precipice than to the northern slope. The error caused in the calculated value of the deflection 
by this want of symmetry may be found approximately ae follows :-Suppose the top of the hill to 
be a circle of 30 yards in diameter, and suppose the station to be 10 yards from the southern 
precipice and 20 yards from the northern : then on the north side there will exist part of a hollow 
cylinder concentric with the station : the inner radius of this cylindrical shell is 10 yards, and the 
thickness of the shell is 10 yards: the walls of the shell do not extend south of the prime 
vertical. The effect of such a shell on the north side, if uncompensated by matter on the eouth 
eide, will be by Colonel Clarke's formula, assuming the height of the shell to be 150 feet, 



DAIADHARI. 
Reight above Mean Sea Level = 1867 feet. 

Heights of Compartments in feet. 

- - 
Calculated Total Deflection in the Prime Vertical = + o '33. 



SURANTAL. 
Height above Mean Sea Aeuel = I So2 fed .  

Heighta of Compartments in feet. 

Calculated Total Deflection in the Meridian = + o''-II. 
Calculated Total Deflection in the Prime Vertical = + x a i r .  
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NORTH-EAST END OF SIRONJ BASE. 
Eeight ahove Mean Sea Level = 148 I feet. 

Heighta of Compartmenta in feet. 
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BHAORASA. 
Height above Bean Sea Lead = 1387 feet. 

Calculated Total Deflectiou in the Prime Vertical = + o . ;6. 



KALI'ANPUR. 
Height abwe Mean Sea Level = 1765 feet. 

Heights of Compartments in feet. 
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LOSALLI. 
Beight above Mean Sea Zeuet = 1749 feet. 

Heighta of Compartments in feet. 

. . 
Calculated Total Deflection in the Prime Vertical = + o -03. 



TI NSIA. 
Eeighd aboue M e a ~  Sea &eve2 = r 776 feet. 



SALOT. 
Height above Hean Sea Level = 1834 feet. 

IIeighta of Compartments in feet. 

- - ~ .  

Calculated. Total Deflection in the Prime Vertical = - 2 16. 
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KAMKHERA. 
Height above Mean Sea Level = 1780 feet. 

Heighte of Compartmente in feet. 
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AHMADPUR. 
Height above Jieatb Sea Level = 1 7 1 5 feet. 

Cdculated Total Deflection in the Prime Vertical = + o. -5% 

Heights of Compartments in feet. 
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3 7 
Wie Group System of Deflections may. now be exhibitedqtiim :- 

I t  is interesting to see that a deflection due to the configuration of the ground, of ' 0".05, 
in the meridian, and of. 0Y.411 in. the prime vertical remains uncancelled. in the mean-of the: 
group. 
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PART 111. 

The Pendulum Observations .at Kalian pur. 

A fixed datum for deflections is nnattainable,and it is not possible 'from .deflections alone 
to determine, whether any particular station is situated vertically over a centre of disturbance. 
Diagram No. 4 of Chart No. 5 furnishes an instance: ifawe observed fer aximuth e t  every furlong 
between Kaliiinpur and Losalli, the intervening deflections would probably vary from + 3", the 
value at KaliAnpur, to-3", the value at  Losalli, and would pass through zere. But that the 
statiou of no deflection was situated ewer the centre of the subkrranean cause of disturbance would 
not beu true inference, unless the absolute deflection at~Kali&upurwas~proved to be 3". Our series of 
deflections, gradually changing at every furlong, would fit equally well into Diagram No. 3 of Chart 
No. 5 : they would vary then from 0" to - 6", instead of from + 3" to - 3", and the station of no 
deflection would be differently situnted. Pendulum observatione are independent of the initial value 
of latitude of the reference station, and may possibly be utilized to decide between rival systems 
of deflections. Pendulum observations were taken by Capt. Baseui at several places between the 
Himalayas and Cape Comorin : the results at five of his stations, situated on the same meridian, 
are of value to the preser~t discussion. 

'Observed defect m 
the>vibntiona of a oeconds 

tpendulurn in a mean 
a solar day 

- 3-60  

- 5.60 
- 3.61 
- 4'38 

- 4-03 
A 

Btationo on the meridisu 
of 7 7 O  30' 

Usira ... ... 
Pahtirgrtrh ... ... 

... Kal'dnpur . . .  

Ahmadpur .,. ... 
Badgaon ... ... 

L 

Distance inmlles 
from:Kaliinpur 

'1 93 

9 

... 
33 

2P 



We have to consider, whether Bmevi's pendulum results support the '< Group" system of 
deflections or the "Mean of India', system. I t  is unnecessary here to repeat the Table, which 
exhibits these two systems, and which is given on page 24*: but ~s pendulum observations 
were taken at stations north and south of the area of the group, and astronomical latitudes were 
also observed, vide Tabe following page 14, some results are included in the following Table, which 
were beyond the scope of the former. 

The deflection of a plamb-line in a given direction, if due to a subterranean cause, may 
be either produced by an excess of density situated on the side of the station to which the plumb- 
line is deflected, or a deficiency of density on the opposite side. In  discussing a system of 
deflections, we have to coneider whether a deficiency or an excess ie the probable cause. 

Btrrtionr on meridi.n 
of 7 7  w 

Usira ... 
Kmri ... 
Pahirgsrli .,, 

DaiBdhari . . .  

Sbrantd . . ,  

Kalihpur ... 
Khmkhera ... 
A hmadpur ... 
LBdi . . .  

Takalkhera . . . 
Badgaon . . .  

The " Group " system of Deflections. 

(a). Hypothesis of Excessive Dewily. Charts Nos. 1, 2 and 8 shew that almost all the 
deflections, both in the meridian and prime vertical, can be explained, if we aesume the existence of 
a long dyke of excessive density traversing tile group from S. E. to N. W. Its  centre line may 
be imagined to p a a  some 18 miles south of Bhaorka and almost under the S.W. End of the 
Base and proceed thence between N.E. End of Base and Kbmkhera, between Kalihnpur and 
SlirantAl, between Salot and Daiddhari. The only observed latitude, that is opposed to the 

Dint.nce in milee 
fmm Kdh~w 

'93 

112 

52 

35 

8 

, . .  

9 

35 

67 

207 

230 

- - - - - -- 

* In thin table the deflectio~ h e  not receired the rmell ooneationr on ~ c o u n t  of eoaflgantion of murfrce. 
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of deflections 

in the merid- 

6". 03 north 

5-45 south 

ow 76 north 

I"*OI south 

on. 82 south 

on. 60 north 

2". 15 north 

zU.49 north 

5" 34 north 

6" 90 north 

7"- 83 north 

The "Mean of India " 
system of dellectionr 

in the meridian 

3" 43 north 

8".05 south 

I" a 84 south 

3*-61 south 

3" ' 42 south 

zUmoo south 

oww45 south 

ow I I south 

2"' 74 north 

4" ' 30 north 

5" 23 north 



hypothesis of the dyke is that of Tinsia: the only opposing azimuth is that of Abmadpur, which 
is a station south of the dyke, and where the plumb-line in the prime vertical might not be 

. affected.* 

The pendulum observations show that the intensity of gravity is greater at Kalilnpur 
than at the two ueighbouring stations, and that a maximum value of intensity exists at some point 
between Ahmadpur and Pahirgarh: i t  is extremely unlikely that in selecting Kaliinpur itself 
Basevi should have alighted on the exact position of the maximum, and i t  is probable that a 
point will be found where the vibration-number exceeds that of Kaliinpur. The location of 
this point to the north of Kaliinpur and the discovery there of a very sraakl excess in vertical 
attraction would confirm the " Group " system : if the point of maximum vertical attraction ia 
found to the south of Kalilnpur, a southerly deflection at Kaliinpur would be expected; this 
latter, if at all appreciable, would be contrary to the results of the " Group " system : whether 
i t  would favor the " Mean of India " system, will be discussed hereafter.t 

The extent and influence of the imaginary dyke of excessive density must be gauged from. 
the magnitude of the several deflections : the largest deflection under the " Group 'heystem i 
that in  the prime vertical at  Losalli; the inferences are that Losalli must be situated to one side 
of the dyke in a position, where the horizontal component of the dyke's attraction is a maximum, 
and that Kalienpur is nearer the vertical plane passing through the centre af the dyke, and at a 
point where the horizontal componeut is small $. 

(b). Hypothesis of Deficient Density. The " Group " systkrn of deflections does not f a v o ~  
any hypothesis of a deficiency of density existing in the viciuity of Kalllnpur. Eight meri- 
dional deflections out of niue point inwards, seven deflections in the prime vertical out of eight 
point inwards, and the pendulum observatians show an. excess of vertical attraction at the c e u t d  
point of the area of the group. 

The Mean d India" system of deflections. 

(a). Wypdhesis of Excesgive Density. No plaps, such as Charts Nos. 1 ,2  arid 3 have been 
drawn to illustrate the "Mean of India" system, but the results of the system are exhibited in 
the tables on pages 24 and 39 and in the diagrams of Charts Nos. 4 and 5. The deflections, shown 

- - - - -  - -  

* I t  is perhnpe but an argument in a circle to sssume the mean latitude and azimuth of a group correct, and to  t.len 
locate tho wuso of individual discrepancies: discrepancies derived from their own mean can only indicate a cause near 
t h e  centre of the group. But i t  mighd huppen t1111b t h e  meridioual deflections were inwards, and the prime vertioal 
deflections oulwards: i t  might happen thnt the dcfleotions wera all towards a point, a t  wl~ich the pendulunl exhibited e 
deficiency of gravity : if the latitude and the a & n u t l ~  and the  pendulum obsarvabiona are in uccord, the evidence in str-ng. 

t We rnelst not expect fulure pel~duluni observations to corroborate either the one system or the other with exacti- 
tude. According to t l ~ o  " Group" aystem the deflection a t  KuliBnpor is O"%0 North : but an error of obaervation exists : 
t h e  effects of irregularilies of subterrtinean density may not have been completely elimir~atad ill the mean of the  group, 
j u s t  an t l ~ e  configuration of the surface was shown in Part  I1 to have a smnll residual. effect : moreover t l ~ e  effecta of t h e  
Himalayan and of the Ocean, though probably eliminated in tho mesa d the group, may be different a t  different stations 
of the group. If pendulum observations 6110~ a slight excess of verlical attraction either north or  south of KaliBnpur, 
tlley will indicate ,that no marked attraction exists a t  Kaliiupur, and the "Qroup" a stem will be su~yborted. Sin~ilarly 
tlro "Mean of India" system does not stund or fall according to whether a n  exnot geflectiou of 2" south is proved or 
not. If any considerable deflection to the ~ o u t h  is proved, the "Mean of India" system will be upheld. Broadly 
rpeaking, t'le I' Q v u t "  eyatem denies the existence of a w  marked local attraction in the meridian at Kal%npur, shereas 
the  "Mean of I n d ~ a  system in~posee on Kali&n),~r n n i ~ ~ r k e d  local deflection to tho ~ouLh. 

f I t  ia unfortunate that  111e weights of azimuth and latitude observations differ so largely: not only is the  weight 
o i  an obraaed latitude greater than the weight of an ob86;0ed azimull~, but t h e  errom of geodetic latitudes are lers than 
those of geodetic azimuths: avalue of ( 0  - C) in lntitudc in thua su rior both astronomically and geodetically to tho 
vnlue of (0 - C) in azimu!h. Moreover a meiidional deflection is g r i s e d  directly from a v ~ l u e  of ( 0  - C) in latitude, 
bu t  a doKrction in the prime verticol is obtained by multiplying the value of ( 0 -  C) in azimuth by oot. lot. (- 2;2C 
T l ~ e  wei~l l t  of a deflection in the mcridian is 160 tit~lea grortor Llrau the weight of a deflection in the prime verhcsl, 
eron st Iho distance 01 Loenh lrom Lke etation of origiu, 



i n  Chart No. 1, require a constant correction throughout of 2"%0 towards the south, to bring them 
into accord with the " Mean of India" system: tile deflections shown in Chart No. 2 require a 
constant correction of 8" to the west. All the deflections in Chart No. 1 will then point to the south : 
all the deflections in Chart No. 2, with the exception of Losalli and Salot, will point to the west. 
Under the " Group " system the difficulty of locating the "hidden cause " might be considerable, 
because the deflections, being mostly small, may possibly be due to variations of density too slight 
t o  &ect a pendulum. But under the Mean of India " system, .the difficulty of location should 
be less, as a constant deflection in one direction cannot be imposed on nine stations except by a 
powerful came. 

If the "Mean of India " system of deflections, as exhibited in the tables on pages 24 and 39, 
h to be explained cm an hypothesis of excessive density, we have to assume the existence of a 
longitudinal mass lying in the prime vertical south of Kalllnpur. If such a mass were north of 
Ahmadpur, the deflection at  Ahmadpur, which is southerly, would be towards the north: the 
esbteuce of such a mass underlying Ahmadpur itself is contradicted by the pendulum observations 
there: the deflection a t  Kkmkhera points to no such mass. If then such a mass exists, we can 
on1 suppose i t  to be of small extent and of great density, and situated south and within a mile & of ali6npur. Such a mass might cause a southerly deflection of 2" 3 Kaliiinpur and if of 
compact farm, exercise no effect at Kdmkhera and Ahmadpur. But if its form were compact, 
i t  would not explain the southerly deflections at Tinsia, Losalli, N.E. End of Base and BhaorLa : 
if ita form were elongated ita i l~ f lue~~ce  would be visible at Kiimkhera. A hidden mass of 
excessive density, situated soath of Kaliknpur, and sufficied to produce a southerly deflection there 
of 2", might be expected at its summit to show an excess of vertical attraction over that at  Kaliiin- 
Fur, eq~ri&t t e  a d o l e  vibration of the second'spendulurn per diem. The vertical attraction a t  
8 station, overlying such a mass, would be greater than any value obtained hitherto at  inlaud stations 
in M i a  from pendulum observations. The probability of any considerable mass of excessive 
density existing south of Kalikipur is, in fact, so small, that the "Mean of Iudia" system of 
deflections depends for its justification maiuly on the discovery of a deficiency of dens it^! to 
the north. 

(b). Hypothesis of Deficient Density. We wish now to see, if we can explain the "Meanq 
of India " system of deflections on an hypothesis of deficient density existing north of Kaliinpur. 
The pendulum observations, vide page 38,show thnt at  Pahirgarh the intensity of gravity is remark- 
ably leea than at Kalicinpw or Usira, the observed defect iu the Vibration-number amounting to, 
2.00. A point of minimum vertical attraction, therefore exists north of Kaliiu~pur. Under the 
" Mean of India " system, the deflectiolls at SLil-antkl, Daiahari,  and Pahfirgarll are all ess~ntialZy.8 
southerly : it is not possible therefore to locate the deficiency of density, which h now supposed t o  
be deflecting the plumb-line at Kalihpur to the south, anywhere soutb of Pahsrgarh : we must 
uearcb for the spot between Pahhgarh and Usira. If we locate the deficiency north of PahRrgarh, 
i t  will have to be of large extent if i t  is to affect the whole Kaliiinpur group; we cannot continue 
our searcli to an indefinite distance to the north, for the " hidden cause" of the sontherly deflec- 
tion at  KaliAnpur must after all be but a local cause : the basis of the " Mean of India" system 
is, that Kal ihPur  is peculiarly affected with regard to India, the mean error of India being 
attributed to this purely local cause. When tllerefore we reach Pahiugarh, we are approaching 
the limit allowed by our theory. 

Between Pahkrgarh and Usira is situated the station of Kesri, and the relative southerly 
attraction here is great, amounting under the " Menn of India j J  system to 8". We cannot suppose 
the existence of a deficiency of deusity between Pnlikgarl~ and Kesri, because a deficiency, 
sufficient to repel all the plumb-lines of the group, wonld deflect the plumb-line at Kesri to t h e  
north. We have no alternative but to advance north of Kesri : a sphere, whose radius is 37 miles, 
the depth of whose centre is 37 miles, whose density is in defect of the surrounding sui-face 
h s i t y  by &th part of the mean density of the Earth, would, if its highest point was 40 miles 



north of Kesri, cause a soutlierly deflection at Kesri of an, and at Kaliinpur of 2" : the deflections 
at  intermediate stations would not agree with the results of observation. A long cylinder, lying 
in the prime vertical 18 miles north of Kesri, whose radius and depth of centre were 18 miles, 
and whose density was in defect of the surroundi~lg surface density by th part of the mean 
density of the Earth, would cause a northerly deflection at Usira of 3", a n x  southerly deflection 
a t  Kesri of 7", at Pahtirgarh of 3", at Daiiidhari of 2".7, at SiirantBl of 2".3, at Kaliinpur of 
2", at  KBmkhera of 1".7, and at Ahmadpur of 0".8. The effect of such a cylinder on the pendu- 
lums at  Usira and Pah4rgarh would be, that PaMrgarh would exhibit an excess of vertical 
attraction over Usira. The vertical attraction at Pah4rgarh happens to be greatly in defect of that 
at  Usira. 

The deflection at  Kesri is peculiar and irregular: it must he caused either by a deficiency 
of matter north of Kesri, or by an excess to the south. The pendulum observations show an 
excess of matter north of Kesri and a deficiency south. The contradiction between the deflection 
a t  Kesri and the vibration-number at PahArgarh leads to the conclusion that the two cannot 
Be due to the same cause, and that therefore the deficiency at  Pahhrgarh is not sufficient to affect 
a plumb-line at a distance of 60 miles : if a sufficient deficiency existed at Pahtirgarh to deflect 
the plumb-line at Kaliinpur by 2", its effect would be visible at Keeri*. 

April 1901. 

Intermediate latitude stations between Pahkgarh and Kesri, between Kesri and Urira, and between Ladi and 
Takalkhera are desirable : intervals of 60 and 80 miles are too great. Takalkhera is the station at which Colonel Erereet 
made his celebrated calculation of the attrwtion of the Mahadeo Pahar range of hills. He attributed the apparent 
error in the observed latitude at Takalkhera to tlie presence of this range. But now that latitudes have been obserred 
north and south of Takalkhera, mde Table following page 1% it will be seen that he would hare been confronted with 
rimilarerror, if he had placed the centre of his arc at Lddi or Badgaon 



PART IV. 

The influences of the Himalaya Mountains and of the Indian 
Ocean on the Plumb-line in India. 

Forty years ago it was concllided from the data then available, that the attraction of the 
Himalayas was probably compensated by a deficiency of matter existing below the mountain 
mass : differences of opinion prevailed as to the manner in which the compensation had arisen, 
but that there WRS some counteracting cause, cancelling the attraction of the Himalayas, was 
generally admitted. The acceptance of this theory ended discussion, and for many years our 
annual reports have not recognised the possibility of Himalayan attraction affecting a plumb-line 
in  Central India. Thc data on which the theory was based have been forgotten: the theory itself 
Ban remained an unquestioned article of professional faith. 

The design of future programmes of astronomical work in India is necessarily influenced 
by the theories that we have accepted: if those theories are incorrect, we may be working 
on unprofitable lines of progress. A perusal of our recent reporta creates an uneasy feeling 
that we have been seeking not for information, but for corroboration of accepted conclusions : 
we have decided to adopt the Clarke spheroid, and we explain contradictory results as being due 
t o  subterranean causes. The power of ascribing all auomalies to an invisible cause is a dangeroua 
power, that may be blinding us to true inferences. Now that we have almost come to believe 
in the existence of an excess of matter, wherever we see a deficiency, and in the existence of a 
deficiency wherever we see an excess, a periodical reconsideration of data cannot be regarded as 
superfluous. 



The compensation of Himalayan attraction. 

The theory that the attraction of the Himalayas is oounteracted by an invisible came is 
mainly based on the followillg argument :-The observed efect of the attractian of the Himalaya 
Mountains on the plumb-line at Kalia'na (in latitude 2p &), the northern terminupr of the 
Indian Arc, i s  6".236. Rut the attraction of the apparent or superincumbent mass of the Hima- 
layas at that point i s  suficient to produce a defection of 27".853, as calculated by Archdeacon 
Prat t  of Calcutta*. 

There are two assumptions in this argument : i t  is, firstly, assumed that the influence of the 
Himalayas does not extend to KaliBnpur, and, econdly, that the influence of the Indian Ocean is 
inappreciable. The deflection of 5".2 is aesumed to be the ahsolute deflection at  Kaliinat. I t  
represent8 in reality the diffmence of the deflections at Kalia'na and Kalidnpur. I t  might be 
inferred from the statement of argument given above, that the calculated deflection at Kalihna 
due to the Himalayas exceeds the observed deflection by 22". I t  is true that Pratt calculated the 
deflection at  Kali4na to he 27": but he also calculated the deflection at Kalinpur to be 12", thus 
making the difference in the deflections at the two places to be 15". Thediscrepancy between 
observed and calculated values is thus lo'* and not 22'9 But if we take into account the effects 
of the Indian Ocean, this discrepa~lcy is further reduced : Yratt calculated that the deflection due 
to  the Indian Ocean at KaliBnpur e~ceeded that at KaliBna by 3", and thus the discrepancy 
between the observed and calculated effects of the liimalayas is reduced to 7". Pratt calculated 
the effect of the Indian Ocean, before a single soundi~~g in the deep sea had been taken : he 
aasumed the depth of the Ocean everywhere too small : it is shown hereafter that if correct oceanic 
depths be employed in the calaulation, the discrepancy at  Kaliina between calculated and observed 
values will disappear. 

The observed value of the latitude of Dehra Dun is opposed to the theory of 
Himalayan Compensation. 

I t  is incorrect to regard Dehra Diin as lying at the foot of the great Himalayan mass: 
i t  is situated indeed in Sub-Himalayan regions, but the effect of the lower ranges of hills is 
slight: the plateau of Tibet is the main source of attraction, and its southern scarps are 41) miles 
from Dehra Ddn. I n  Chart No. 9 is shown a cross section of the Himalayas on the great circle 
through Dehra Dlin in azimuth 30" East oP North : this section has been constructed by Colonel 
St. G. C. Gore, R.E., the Surveyor General of India, whose long experience of these mountains 
gives great weight to the drawing$. 

Since Pratt made his calculations, latitudes have been observed in Sub-Himalayan regions 
at Dehra D6n and Mussooree, vide Table following page 14. Dehra D6n is 55 miles north 
of KalibnaQ : the deflection at Dehra D6n as observed is apparently 38" and that at Kalihna 7"; 
there is thus a decrease of 31" in 55 miles. Is such a decrease characteristic of the effect which 
would be produced hy a great mass compensated by underlying deficiencies of matter ? 

* Vids Account af the Principal Triangulation, Ordnance Survey of Qreat Britain and Ireland, pages 673 and 574 
Bids alro Operations of t l ~ e  Ureat Trigonometrical Survey of India, Volume V, page XXXI : also Philosopl~ical blagazine, 
Volume XI, May 1881 > also Bull. Acad. Science, 8). Petersburg, 1861, tom. iii, p g e e  89-4, in which the disorepancy 
between obaerved and calculated reaulta at BnliLna b called an undieputed faot. 

t The abserved deflection at Knlihna from modem data is  Y.03. 
f Muaaooree ia situated a mile west of Landour and on the eame ridge. An ides of hhe p i t i o n  ef Muclrooree 

with refereuce Lo Lhe Himalayan can be obtained by supposing it to be identical with the ridge oelled Lsndour in Char( 
No. 9. 

8 The :relalive aituatianr of Dehra DGn, gali8ns, Kalhpur lurd other mtronomid rtationr are ahown on Oharl 
No. & 



I n  view of the enormous dimensions of the HimaIayan mass, compared with which the 
distance of 55 miles separating Dehra Dlin and Kalitiua is small, I cannot conceive any law of 
attraction that will satisfy the observed deflections. 

If we imagine Himalayan attraction to vary inversely with the distance from a longitudi- 
n a l  axis, a decrease from 38" to 7" in 55 miles would place that axis 10 miles north of 
Dehra Dlin : if we imagine Himalayan attraction to vary inversely as the square of the distance, 
t h e  centre of attraction is placed 36 miles north of Dehra Dlin. 

The only explanation, that appears acceptable, is that the values 38" and 7" do not represent 
absolute deflections but differential, and that though the diference between the deflections at 
Dehra Diikand Ka l iha  is doubtless 31", yet the absolute deflections are 38" + x, and 7" + x, 
where x represents the deflection due to Himalayan attraction at Kaliiiupur, the station of origin*. 

I f  we compare tlie observed deflections, even  in the table of latitudes following page 14, 
a t  Nojli and KaliBna, we find that the deflection at Nojli is double that at KaliBna. Nojli 
is 25 miles north of Kaliiina, and both are situated on flat low alluvial plains ; the nearest scarp of 
the Tibetan plateau is from 90 to 100 milee distant. By what law of attraction is the effect of 
this distant mass twice as great at Nojli as at Kaliinat? 

No hypothetical deficiency of matter below the visible Himalayan Mass will suffice. 
to. explain the coexi.sten.ce of large deflections in Sub-Himalayan regions 

and no deflections in Central India. 

An objection to the accepted theory of Himalayan compensation, is this : subterranean 
compensation should have a greater ahsolute effect at  stations near the Himalayas thau at distant 
stations, whereas the theory seems to imply the opposite. On page 803, Volume 186, Philosophical 
Transactions of the ltoyal Society, India's contributions to Geodesy, General Walker writes :- 
I' I t  is evident that theeffect of the attraction of mountaiu masses on the plumb-line, which may 

be very large in the immediate vicinity of the mountains, will be reduced at a distnnce in greater 
proportion than is assigned by an incomplete application of the law of gravitation, because of the 
deficiency in the density of the Btrata under the mountains, which hna not hitherto been allowed 

" far. Eventually a point must be reached at which the positive attraction of the matter above 
will be cancelled by the negative attraction of thedeficiel~cy below, and then the mountain masses. 

" will hava no influence on the plumb-line ". 
The effect of a subterranean deficiency of matter varies with the depth to which it extends : 

i f  the sane deficiency of matter be distributed through various depths, the direction of the 
resultant deflection will be different for each depth, and the deflection wil l  decrease as the depth, 
increases. 

Colonel Clarke's formula for the attraction of a mountain mass ia 

ph (sin a' - sin a,) log. 
r' + J-= 
rl + Jr: + h9 

By taking h negative we can apply thie formula. to. a subterranean. deficiency of mattem. 

* Latitude observations are about to be taken on the meridian of 8S0 at intervals of SO mlles between Calcutta 
and Dajwling.  The resulb will show whether the plumb-lines at atation8 uituated routh of Mount Everest and 
&chjngunga are deflected to the asme extant as at D e b  DGn, and whether the compensation of the eastern Himalagsr. 
n more proeptible than that of the weeterp. 

t On the meridian of 800, Wrn116pur is 64 miles and J a d m  is 70 milw from t l ~ e  foot of the Bub-Himdspai tha- 
T&le following page 14 ohows that the deflectioa s t  Ilirpu6pur is &oat twice M greet aa a& J a r h  



If the area of the mass as defined by a', a,, and r', t., remains constant, and if the total 
deficiency of matter remains constant, that deficiency may be distributed through any depth A : 
as h, the depth, increases, p the density decreases, and ph remaitls constant. I t  is only in cases, 
when the depth is so large, that i t  is necessary to take hP into account, that the compensating 
effect of a deficiency of matter below a mout~tain mass differs appreciably from the effect of a 
change in the density of the mountain mass itself. 

If we suppose the Himalayas exactly compensated by an underlying cavity, whose form and 
dimensions are the same as those of the Himalayas inverted, the visible mountain mass will 
produce northerly deflections at all stations, and the invisible underground cavity t i l l  produce 
deflections similar in amount but southerly : neither at Dehra Ddn nor at  Kaliana nor at Kaliin- 
pur will there be any deflection perceptible to observation. 

Let the imaginary underground cavity be filled with water: then if H be the northerly 
deflection produced at any station by the visible mountain mass, the southerly deflection at that 

1.5 H 
station due the subterranean matter being water instead of rock, will be-, the density of 2.5 
water being = 1, the density of rock being = 2.5. The resulting deflections at all stations will 
%e as though the visible mountain mass had a density of 3, and the nearer stations will be affected 
by the compensation to a greater ribsolute extent than stations at  a distance. 

Let HI, H, and H, be the northerly deflections produced at  Dehra D h ,  KaliPna and 
~ a l i h n ~ u r  respectively by the visible superincumbent Himalayan mass ; then the southerly deflec- 
tious, at the same stations produced by a deficiency of matter, underlying the Himalayas, equal in 
amount to that contailled in the Himalayas themselves, will be as follows* :- 

* The results in  this table have been obtained as follows:-Tables containil~g the heights of compartmente round 
Dehra Ddn, Knliina and KeliLnpur are given herenfter. 111 t l ~ c s e  tables the Himalaysn cotnpnrtmenta can ba identified, 
as their heights are printed in specisl type. I t  is thus easy to find the effect of the Himnlnyns alone on the plumb-line. In 
order to f i  t l ~ e  effect of an equal subjncent mnss diatributed through a depth D, the d e p t l ~  of the deficiency underlying 
, the Tibetan plntenu is taken Lo be I) miles, and aa the true height of tliat plateau is 3  miles, the  height of every Himala- 

n 

. 

I 

1) 
yan compartment in multiplied by x. Thus the expreseion "distributed through o depth of 1000 miles" is  taken Lo - 
mean that  t h e  deficiency underlying the main plateau extends to a depbh of 830 times the  true height of the plateau : the  
d e  t11 of each compartment is then found by multiplying its true heigl~t  by 330. Thus the depth of t l ~ e  imaginary 
de&iency is assumed everywhere proportionnl to the lleight of the mountnine immediately superincumbent. If El is 
.tho norther1 deflection produced ut Del~ra  Udn b tho ,xisible Himalayan mass slanding on any compartment, the 
~011ther1y dedection due to an epuiv*lent deficiency o f  matter dutributed under t h n ~  compartment through a depth of 1000 
milee will be 

, C o g  .{+ + Jfl + ( 3 3 0 ~ ) ~ )  - log.  fr, + J 
log . 9' - log 0 r, 

where A ir the average height of Lhe Binrsleyw on the cornpartme& 

I f  the deficiency is 
distributed th rougl~  

A depth of 10 miles 

A depth of 100 miles 

A depth of 500 miles 

A depth of 1000 miles 

Dehrs DGn 

H 1 

' 9  H1 

'5 H1 

'3 H1 

XaliBna 

H, 

'9 H, 

- 6  H, 

'4 H, 

KalUnpur 

1% 
4 

H, 

- 8  H, 

- 6  H, 



Then the retultant deflections, which will be shown by observations to exist at the three 
mtations, under the combined iufluence of the attraction of the Himalayas and the repulsion of 
t h e  aubjacent deficiency of matter will be as follows :- 

I f  the compensating deficiency of matter below the mountain mass be distributed through 
r depth of 10 miles or less, its effect will exactly counteract the effect of the visible mountain mass, 
and no deflections will exiet at any station. 

It the deficiency is 
distributed through 

A depth of 10 miles 

A depth of 100 miles 

A depth of 500 miles 

I f  the deficiency of matter below the mountain mass be distributed through a depth 
of 1000 miles, its compensating effect will be greater (proportionally) at distant stations than at 
Dehra DGn, but wilf  be incomplete at all rlatiorcs, and the attraction of the Himalayas will then 
6eperceptibk to obrervation a t  places far dirtant &om them*. 

I t  is not uaressonable to suppose that the mean density of the Himalayan mass and 
of its underlying strata may be less than the density of surface rocks. But any reduction in  
the mean density of the Hitnaiayas will affect the deflections at  all stations proportionally, and 
no  point will then be reached in India, where the influeuce of the mountain mass will entirely cease. 
A mere change in the density factor is essentially different to the theory that large deflections may 
occur in the vicinity of mountains, but that a point must be reached, at  which the positive 
attraction of the matter above will be cancelled by tlie negative attraction of the deficiency below. 

Pratt calculated the defleetion due to the visible mountain mass to be at  KaliBna 27n and 
a t  Kalihnpur 12": if we asslime the density of the Himalayas to be only one-half of the density 
of its cornpoltent rocks, the deflection at Kali4na will be 13".5 and that at Kalianpur 6": no 
aaaumed change in the density factor can eutirely eliminate the northerly deflection at  Kalicinpur. 
Yalisinpur is our reference-station, a ~ i d  tile crucial question is : Is the plumb-line at  Kalfdnptcr 
afected  by Himalayan attraction? I t  is difficult to  see, how the entire compensation of the 
attraction at  Kalihnpur can co-exist with a large uncompensated qffect at  Dehra DGn. 

Dehm Dhn 

o 

. I  H, 

'5 HI 

N o  hypothesis of uniform compensation will suffice to explain the contradictory 
effects of Indian Mountains and Seas. 

A depth of 1000 miles I 7 H, 

A comparison of the astronomic and geodetic values of latitude and longitude at  stations 
in South India has brought to light deflections of the plumb-line, which are apparently otltwardr 

If the dedcieney of matter be dirtribated through a depth of 1000 milea, tlie point "at which the positire 
"attraction of the matter above will be cancelled by the negative sttraction of the deficiency below" will be situated 
840 miler south of the Equator. U the deficiency b through a depth of 600 miler, the neutml point will be rituoted 
jwt ~ u t h  of C q  Cornorin. - 

- 

- 6  H, 

Kalih. 
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.I H, 

' 4  HS 

- 4  Hs . 
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and towards the Ocean ; these outward deflections are found at coaat stations, and disappear inland 
@age 806, Volume 186, Philosophical Transactions of the Royal :Society, 1895)". I t  has been 
inferred that the beds uuderlying the Ocean are of excessive density and attract the plumb-lines 
on the coast. I n  the case of the Himalayas it is argued, that their effect is compensated at dis- 
tant stations, but uncompensated a t  near stations : in the case of the Ocean i t  is argued, that its 
effect is compensated at distant stations, and over-compensated at coast stations. At  one moment 
we are maintaining that Himalayan attraction is not compensated at Dehra D h  on account of 
its proximity to the Himalayas, and at another we are stating that the influence of the Ocean is 
more completely counbracted at Madras than inland on account of its proximity t o  the Ocean. 
The submaline ercess of density is thus supposed to produce its maximum effect a t  Madras and 
Mangalore, stations near to the Ocean, whilst the submontane deficiency of density is assumed to  
produce its minimum effect at Dehra D611 and Mussooree, stations near to the mountains. Is 
there not an incousistency in these arguments ? 

All authorities have accepted the theory?, that "under mountains and plains there 
rcis a deficiency of matter approximately equal it1 amount to the mass above the sea level: 
ccthat below Ocean beds there is au ercess of matter approximately equal to  the deficiency in the 
cr Ocean when compared with rock : that the a~nount qf matter in any vertical coli~mn drawn from 
"the surface to a level surface below the crust is approximately the same in every part oJ the 
Earth." (Clarke, Geodesy, page 98). According to  the theory of M. Faye the excesses of matter 
under oceans, and the deficiencies under mountains have heen caused by differences of temperature. 
(Comptes ltendus, Volume XC, page 1185). He points out that at the bottom of the sea a t  a 
depth of MOO metres the temperature is lo Centigrad:, and that at the same depth under a 
continent the temperature is 149' Centigrade : that the cooling and contraction of the crust are  
more rapid under seas than under contineuts. Viewing the problem from the contracted aspect of 
the Iudian data alone, I am not presuming to dispute theories that rest on a world-wide basis : 
I am merely endeavouring to show that the effects of mountains and seas in  India are radically 

essentially different. Wherever we observe within sight of mountains we find a deflection 
(apparently)$ towards those mountains : wherever we observe within sight of seas we find a deflec- 
tion (apparently) f towards those seas. (Philosoph. Transact. Royal Society, Volume 186, page 
806). At Dehra U6n we find a meridional deflection of 38" towards the Himalay as : let us  
suppose that instead of a Tibetan plateau there exists a Tibetan sea, whose form, position and 
dimensions are the same as tl~ose of the plateau inverted : the meridioual deflection at Dehra D6n 
due to  this hypothetical sea would by analogy be 24" towards the south. But observations at 
numerous stations on the shares of the Arabian Sea, the Bay of Bengal, and the Indian Ocean 
lead us to infer that, if a Tibetan sea existed, the deflection at Dehra D i n  would be 3" towards the 
north. At coast stations in South Illdia we find a meridional deflection of 3" towavds the Ocean : 
let us suppose that instead of ocealls and seas there exists au equatorial plateau, whose form, 
position and dimensions are the same as those of the Arabian Sea, the Indian Ocean, and the  
Bay of Bengal inverted: the meridional deflection at coast stations in South India due to this 
hypothetical equatorial plateau would by analogy be opposite in  sign to what actually now 
exists : there would in other words be a deflection of 2# in the opposite direction from the plateau. 
The analogy is fair that if the India11 Ocean attracts, the equatorial plateau would repel : but 
actual experie~ice on the mountains of Northern aud Central India has taught us, that an equatorial 

* Vt28 page XXXII. Volume V, Operations of the Great Trigol~ometrieal Survey of India. Pido Plso PLiloroph. 
Magazine, Angust, 1878. Vide also Table f o l l o w ~ ~ ~ p  page 1 4  of bliis paper. + Hclmert, n~atllematisol~en u. piljsikalisol~eu~'l'I~eoriun der H6heren Oeodibie, Teil II., 8. 365. 

' f I say "npprently ", because the obaerved values of dedeotions are based on an amumed Figure of (he Earth and 
on an ass~l~ned nbsence of attrnctioli at the station of origin. The apparent southerly defleotions at the stations of South 
India, i.c., the soiitliern positive aone, may be due to the unsuitnbility of the Werest spheroid : but the Longitude Arm 
of Soutli India exhibit deflectionr towards the sea, and thew oantiot well be attributed to errors of spheroid. A m e r i k  
M Z  defleotion towards tire land is exhibited at Bonibay and Wnltnir, but tlie dehction in the Prime Vertical at t h t w  
places is towards the 808: and the reanltanl deflection of the plumb-line is tllerefore sea-war& The rtatel~~ent th.L 
rherover we obeeme within sight ol the sea we Rud a sea-ward deflection, is therefore correct. 



plateau of the dimensions of the Indian Ocean inverted would assuredly produce large deflections 
Lowat.de itself at  stations on its perimeter. 

The discordance between the effects of mountains and seaa cannot be attributed to the 
presence of water in the latter. We can imagine the water compressed in volume, until its density 
equals that of rock: i t  will then occupy t ths  of the volume of the Ocean, and a vacuity equal 
t o  :the of the Ocean will exist. The presence of water does not alter the character of deflections, 
though i t  modifies their amounts. I t  may be pointed out that the theory of compensation as 
quoted above, expressly states that the deficiency oE matter under mountains is equal to the 
mass of those mountains, but that the excess of matter under oceans is equal to the dejciency 
in the ocean, when compared with rock: and that the amount of matter in any vertical column 
k approximately the same. 

Necessity for re-catculation. 

When writing Part I of this paper, I compared the Himalayan heights and Oceanic depths 
aeeumed by Pratt with tbose that have been given by recent explorations and surveys : in making 
the comparison my object was to learn, if modern geographical knowledge would justify a decrease 
in Pratt's calculations of the attraction, the magnitude of his results having always been 
considered an obstacle to their acceptance. 

I did not then see the significatice of Pratt having taken his heights and depths too urnall. 
A chart of the Ocean, Chart No. 8, in which the depths at several places are marked, is attache& 
to  this paper : at  each place the true depth derived from motlern Admiralty charts is given in roman 
figurea with an a attached to them, and the depth assumed by Pratt is given in  italic numbers with 
a p attached to  them. 

The errors in Pratt's assumed depths will be seen to be so great that his calculated valuea 
for the negative attraction of the Ocean must be rejected*. I t  is useless to discuss discre- 
pancies between calculated and observed results, unless the calculated results are based on correct 
data. I t  is impossible to examine the question, unless a re-calculation is undertaken. 

The method of Calculation. 

The method of calculation, that has been adopted, is that given by Colonel Clarke i n  h i s  
work on Geodesy. Round each station, as a common cel~tre, sixteen circles I~ave been drawn o n  
the maps, and through each station a series of thirty-six radial lines: the country roultd each 
station has been thus divided into a series of four-sided compartments: let a, and a' be the 
azimuths of two consecutive lines, and r and r' the radii of two consecutive circles ; then Colonel 
Clarke shows that the deflection in the direction north caused by t b  mass of the compartment 
contained between limits % and a', and P; and r' is 

6 r ' 
12n.44 - h (sin a' - sin a,) log, -, A 1'1 

where 8 is the density of the mass, A the meat1 density of the earth, and h the average height of 
the upper surface of the mass above the station. 

* Pratt assumed tbe depths at certai~~ points in the Arabian 6cn, Bay of Benglrl aud Indian Ocean, nud t b n  
iDugined the Boor of the Ocean to dope up grudually from these poillts to the coast linea 



The approximate deflection in the prime vertical waa derived from the formula 

6 I' 
12".U - h (cos a' - cos a,) logs - a  

A r1 

r ' 
The radius r' was taken equal to 2r,, and thence loge - is equal t o  0.693. The radial lines 

r1 
were drawn at  equal intervals of 10' in azimuth. 

The calculated values of deflections vary directly with the value adopted for the ratio of 
the surface density to the mean density of the earth : it is therefore easy after the calculation to 
find the effect of a change in this ratio. The ratio of 4, adopted in the calculations on page 25, 
is probably too large, and was selected as being a round number. Colonel Clarke has shown in his 
Geodesy that the ratio of the surface density to t l ~ e  mean dellsity of the earth can be expresaed 
in terma of the ellipticity of the surface, aud as the spheroid of reference, on which our 
triangulation has been projected, has an ellipticity of AK, I have, in order to maintain 

1 

consistency, taken the ratio of the surface density to the mean density-to b e z -  2.2 

The formula for the deflection in the meridian for each sector thus becomer 

= Ow- 000742 ( [hj - 16 H ) (sin a' - sin a,), 

where H P the height of the station, and [h] = the eum of the average heighta of the fifteen 
compartments in  a sector. 

If commencing due west of a station and proceeding clockwise through north, east and 
south, we number the sectors 1, 2, 8 to 36 then the factor OW.000742 (sin a' - sin a,) for each 
aector may be computed and tabulated : the following values of factors for theseveral sectors have 
been employed, taking f, = factor for meridional deflections and f = factor for deflections in the 
prime vertical : - 

TABLE OF FACTORS. 
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The factors were made positive ; as it was desirable that meridional deflections to the south 
ahould be positive, meridionnl deflections have been given the same sign as [ h ]  - 15 H for southern 
sectors, and the opposite sign for northern sectors : deflections in the prime vertical have been given 
the same sign as [ h ]  - 15 H for western sectors, and the opposite sign for eastern sectors. 

Account had to be taken of the presence of sea-water in the Ocean : supposing the mean 
density of the earth to be 5.7" and the surface density of India to be 2.6, then the diflerence 
between the density of the Ocean and the surface density of India was 2 .6  - 1 = 1 .6 :  therefore 

1 . 6  in the formula the density factor for depths was m= + x (nearly) = Pths of the density 

factor for heights. I n  order to preserve one formula for both heights nnd depths, the latter have 
been multiplied by # : the depths entered in  the following tables are consequently but three-fiflhs of 
the depths actually rhown on Admiralty charts. 

The calculation has been extended to a distance of 4000 miles from each station: it 
was necessary to extend the calculation to such a distance, that irregular masses beyond might 
be presumed to affect all stations in India similarly: the average elevations of all continental 
regions north of India are fairly well known, and the depth of the Ocean for many thousand 
miles south of India has been ascertained. By limiting the calculation to 4000 miles i t  is 
probable that the resulting meridional deflection at Puunae, the southerumost station, is slightly 
too large-say by 1"-relatively to the deflection at  Mussooree. Mussooree is 1500 miles north of 
Punnre, and consequently a strip of the southern Ocean 1500 miles in width, that did not enter 
into the calculation for Mussooree, has been included in that for Punnae. 

Beyond 4000 miles the correction for curvature rapidly increascs with distance, and 
tends to lessen the effects of mountains and seas. The heights and depths of compartments 
situated at distances of 500 miles and more from the station of calculation have been corrected 
for curvature. 

When a compartment includes both land and eea, the mean height or depth ie taken to be 
L  8D S H X  --- x L + 8  5 L + S  , where L = area and H = mean height of the land portion, and 

S = area and D = mean depth of the sea portion. 
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An error of 1,000 feet in the adopted height of a compartment will, if the w p r t m e n t  
be situated due north or south, produce an error of 0".13 in the resulting deflection. Nowhere 
within the limits of India is a compartment likely to be in error by 1,000 feet ; i t  ie p s i b l e  t h a t  
Himalayan compartments may occasio~lally be in error by as much as 2,000 or 3,000 feet; if ten 
such corn artments have a probable error of 3,000 feet, the probable error of the resulting deflec- 
tion will 71 e about 1". 

In  determining the heights of Tibet, I have made use of the explorations of Prejevalskp, 
Pevtsof, Littiedale, Bonvalot, Svea Hediu and Deasy. The depths. of thesea have been taken 
from Admiralty charts, and Captain Heming, R.N., the Superintendent of the Marine Survey 
of India, has supplied me with valuable information. I made much use of Captain Basevi'a 
heights of compartments in the vicinity of Mussooree. 

Selection of  Stations for Calculation. 

Chart No. 8, illustrates the positions of the 12 stat;ons selected for calculation. The first 
stations chosen were Kaliiina, Kalihnpur and Dhmargida, being Pratt's three stations: to these 
were added the stationsof Dehra DLin and Mrtssooree in the north and of Punnse in the extreme 
south of India: there were then six stations situated on the central meridian of In,dia. 

I t  was intended to end the calculation with these six stations, but when the result at Punnae 
alone was found to be at serious variance with the reault of observation% i t  was considered 
advisable to include more coast stations, and the four stations of Bombay, Mangalore, Madras and 
Waltair were added (vide Chart No. 8). 

The station of Calcutta was added, hecatwe observations give i t  a southerly cfeflectibn with 
reference t a  the deflection at Kaliinpur, and i t  was difficult t s  conceive, how the deflection at a 
station situated like Calcutta due south of the Himalayas and due uorth of the Bay of Bengal 
could be less northerly than at KaliBnpur, which is south-west of the Himalayas. 

Ted Station. If the theory of Himalayan compensation is correct, and if no northerly 
attraction exist at Ralihpur, the values of (0 - C) in latitude will not be large at  stations remote 
from India and will  show no persistence in  sign. If on the other hand the plumb-line at Kaliiinpur 
suffers a northerly deflection, such ss its situation would lead one to expect, then the value of 
(0 -C) at stations removed from the influences of the Himalayas and Ocean should be persistently 
positive: Mandalay would be a valuable latitude statiou, but the deflection of its plumb-line 
cannot he calculated, became the heights of the mountains north of Burma are unknown : 
these mountains rise to great elevations, and the m a n  heights of areas in  this region could not 
be estimated within 3,000 or 4,000 feet. The impossibility of calculating the deflection at 
Mandalay left Baluchistan the most suitable place for a test station: the longitude station at 
Quetta* wor~ld have sewed the purpose, had it not been too close to hills. Another station was. 
therefore selected in a flat open valley with no hills in the immediate vicinity. The station has been, 
named " Beyond-Quetta", and the deflection of its plumb-line has been calculated. A northerly 
deflection at Beyoud-Quetta is to be expected: on the north side is the Afghan plateau, and: 
on the south the low Jacobabad desert and the Arabian Sea, the matter to. the north being io, 
visible excess of that t o  the south. Therefore, if there is no northerly attraction at  Kaliiinpur, 
the value of (0, - C) at Beyond-Quetta- should be negative. If, on the other hand, there is a 
large nortl~erly deflection at  ICaliinpur, it will exceed in amount the northerly deflection at 
Beyond-Quetta, and the value of (0 - Cj at the latter will 5e positive. Beyond-Quetta is thus a 
test statiou : if i t  furnishes a negative value of (0 - C) the theory of Himalayan compensation 

* No btitude obaenatiolm have been W e n  in Baluchirtan, 



will be confirmed: if it furnishes a positive value of (0-C) ,  the attractionof the Himalayaa 
at K a k p u r  will be shown to be probably appreciable. 

Tests of the Formulae 

Being uncertain as to the most f a v m M e  f o r m  and: dimensions to give to compartments, 
I calculated the deflectim at Kali6npur under different conditions : firstly, the country round 
Ealiiinpur to a distance of 4000 miles was intersected by radial lines at 10' interval in azimuth 
and by circles, whose radii increased in geometrical progression with a factor of 2: the deflection 
under these conditions was calculated as 37".6. Secondly, the same area was intersected by 
radial linee at 15' interval in azimuth and bgr circles, whose radii increased in geometrical pro- 
gression with a factor of #:  the deflection under these conditions was calculated m 36"-4. 
The discrepancy between the two values of the deilectinn derived Prom M e r e n t  qstema o£ 
dissection w w  l"2. 

Mussooree and M r a  are within 8miIes of each other; an& observations show that 
the deflection of the plumb-line at the two places is $most identical : the deflection derived from 
the following m l c u l a t ~  is at Mussooree 73"'5, and at Dehra M a  729% A cliscrepancy of only 
W3 reassuring, in that both Mussooree and Dehra D h  arc- situated in hilly regions, the 
heights of whose compartments are difficult to average, and whereas Dehra Dtin lies in an operlr 
valley with no hills within 4 miles, M m  stands at the sllmnait of a precipitous hill*. 

As Rtijpur, situated o d y  5 miles from Dehm IhL, s h o w  a deflection exceeding that a t  
Dehra Dri'n by 10': wide Table following page 14, a rough calcu.lakio~o£ its deflectioa was made t e  
teat the practical application of the f o w d a :  the hills rise at 700 yards from Rhjpur : if two circles 
be drawn one with a radius of 700 yards and one with a radius of 5 miles, and four.radia1 lines 
m e  in azimuth 60' west of north, another in, azimuth 30' east of north, a9third in arimuth 30a' 

r' . *The error aribihg &om the adoptibn of a ratio = 2 may be found: we will t8ke.m extreme csse and'snppoafr 

that the height of one half of a compartment is 10000' feet and. the height of the other half 0. By our system of 
averaging we take the height of the whole compartment to be 6000 feet. The deflection, due to the compartment, ea 
calculated, is O"'000186 x 6000 log, 2 - 01'.64: the true deflection, if the inner half of the compartment is 10000 feet 
high, L U'900186 x 10000 log J 2 5  = 01'%6: the trne deflection, if the onter half of the compartment is 10000 feet 

2 
high, ie O"'000186 x 10000 log. - - On.44. The error in the deflection due to this compartment arising from the 

J26 
adoption of theratio 4 - is O1'.Z0. 

L 
J J 

In. wcban extreme case an error nwt obtain, whatever value of be adopted. If we had taken ; = Q, inatead. 

of 2, then the deflection due to the compartment as calculated mould ha;: been 0".38. The trne defledidn, if the inner 
half of the compartment had been 10000 feet high, would have been O"'46. The true de%ectiori, if the onter half of 

r' 
the compartment had been 10000 feet high, would have been 01'.30. The error with a ratio of - Q is O"'O8. 

On the-other hand the smaller the ratio, the greater the number of annuli requisite, and, if s be the probable 
error of the deflection dne to one compartment, the probable error of the deflection due to a sector is s f i  where - nnnaber of annnli. 

r ' C' 
The magnitude of dietant compartments is not decreased by decreaeing the ratio of -: when - = 2, the radial 

'-1 '.l 
f 

length of a compmkuent becomes 1OOO miles, when r,, .I 1000 miles: when 1_ =Q, the radial lesgth. becomes 1OOO milea 
when r, - 2000.miles: a decrease in the ratio postpones but does not elimi'nate the necessity of large compartment& 
The question of the ratio was anxiously considered, bat I unfortunatelp overlooked the possibihty of altering the ratio at 
a e r e n t  distanoee from the station, 



east of south, and a fourth 60' west of south, and if the average height of the enclosed area b 
the north be taken as 1,500 feet above Rkjpur and the average height of the valley to the south 
as 800 feet below Rhjpur, the deflection at li6jpur due to the hills aud valleys, that are situated 
within a radius of 5 miles, will be 

2.6 x 1500 + x (sin 60' + ain SO0) log. 12 5 = 9". 12"*44 x - 5.7 5280 

I t  is but natural that the excess of the deflection at R4jpur over that at Dehra Ddn, as 
calculated, should be less khan the obsexved value, seeing that we have omitted from the calcula- 
t iop any consideration of the fact that Rfijpur is 5 mike nearer than Dehra Drin to the Tibetan 
. plateau. 



T A B L E S  
OF 

HEIGHTS OF COMPARTMENTS. 

Himalayan Heights are shown in Roman Figures, thus, 1769. 

Continental Eeights ,, in Ordinary ,, 9,  I 769- 

Oceanic Depths 9 9 in Italic $ 8  ,, 1769- 

To allow for the presence of sea-water Oceanic depthe as entered in the tables are iths of 
the true dcpths derived from Admiralty charts. 

When every compartment of an annulue has the same average height, that height is entered in 
the two centre colurlne only. 



56 MUSSOOREE. 
Height above Meata Sea Level = 6920 feet, 

Beighte of Compartmente in feet and Calculation of Deflection of Plumb-line. North Side. 

Radii of Annuli 

SECTORS 
- 

w. N.W. N. N.E. E. 

a' - 
230' 1 290' 1 300' 1 310' 1 320' 1 330' I 340' 1 350' 1 OD / 1 0  1 20' 1 30' 1 40' 1 50° I 60' / 70' I SO0 I W 

01  = 1 I 270" 1 2 W  1 290' 300' 1 310' 1 320' 330" 3400 1 350' OD 10' 1 20' 1 30' 1 40' 1 60' 1 60' 1 70' 1 80' 

Miles Miles 

6100 6040 6150 6300 6320 6380 6450 

I 5500 5590 5550 5700 5780 5900 6100 

a 4600 5200 5500 5900 6400 6650 6700 

4 3800 3800 4000 4400 5000 5700' 0200 

8 6300 5000 4800 4600 4500 4800 5700 

16 I GOO0 6500 5500 5000 5000 5000 6000 

32 5700 5800 4500 4500 5300 3800 3500 

64 

64 

12500 13500 95001100012000 7500 6500 

r 28 13000 14500 13500 11500 11500 loo00 $000 

14000 14000 14000 14000 15000 14000 10000 

512 2j6 12000 14000 16000 15000 14000 1500G 13000 

3000 4000 5000 800011000 11000 9000 

600 1000 4000 4000 3000 3000 3000 3000 2000 

I 01 o 
o 2 0 0  zoo o 9500 8000 8000 

- - -  - 1 
Sum - 103800 

Corrcction for 
Curvature 

Sum = A 

fi x A 

f2 X A 

j.3920 

- 
zoo 

54rzo 

0.6 

-7'0 

50830 

- 
100 

509.30 

1.7 

-6.4 

4860J.+g3o 

o 

- I -  411Z0 ( 0 ~ 6 0  

o o 

32.~,60 21280 
I 

- - - - - - - - - - - - +  

3.81 2.7 

-1.8 - 0 . 7  

o 

4 0 ~ 6 0  48600 47630 

- 1 -  
3.360 21~80  

- 
19330 

o 

3 . s l  4.01 4.3 

-5'; -5.0 -4 .0-3 .0  

44120 

o 

I I 

o 

19330 17840 
I 

14680 

- 
17840 

o 

- - - - - - - - - - - - + - + - - -  

2m51 1 . 8  

- 0 . 2  -0 .2  -0.5 

- 
14680 

o 

1870 290 5030 

- I +  190 

- 
100 

1770 

- 
100 

1400 

0 . 2  

-2 .2  

5130 

- 
100 

0 . 2  

-0.1 

I 500 

- 
100 

+ - - -  

0 . 5  Osl 0 . ~ 1  o'! 0 . 2  

+o“, 0'0 +O ' I  -0.1 - 0 . 7  

1000 

1900 

+ 
900 

5670 lio50 

+ - - -  

63i0 

+ 
roo 

1 i8 jo  

+ 
800 



MUSSOOREE. 

Hedght above Hem Sea Leuel = 6920 feet. 
Heights of Compnrbente in feet and Calculation of Deflection of Plumb-line. flouth Side. 

I SECTORS 

S.E. S. 8.W. TV. Radii of annuli 

r' 
90' I 100' I 110' ) 120' 1 130' ( 140' 1 150" 1 100' 1 170' 1'180' 1 190' I 2"P / 210' 1 220" ( 210' 1 210' 1 2.0' 1 2GOC I I ' 

6300 6.530 6360 6580' GI510 

0.5 

5200 5300 5200 4980 4090 5300 GOO0 FG80 r I 

3G00 3800 3700 3900 4300 4800 5G00 6300 4 
l 

2 

2800 2800 2900 3000 3300 3500 4000 4500 8 4 

2100 2100 2000 1000 1000 1900 2000 2000 16 8 

1500 1500 lG00 1000 lCO0 1500 1700 1700 32 16 

830 Boo 800 800 800 800 800 850 900 64 3 2 

750 ~p i j 0  0 750 750 0 750 128 64 

9000 4000 roo0 1200 550 550 550 550 550 Goo 900 900 850 800 750 750 650 650 256 128 

lo000 3000 400 300 300 300 600 906 900 1300 1200  rzoo 1 2 0 0  goo 700 700 600 600 512 256 

GOO0 1000 loo goo loo 600 1100  1300 1400 1400 1800 1000 2 0 t  o o 200 100b 500 1024 512 

1000 1000 roo 0 GOO0 5000 2000 2500 6000 6500 

9500 8000 2000 0 6600 6000 6500 5000 5000 6000 
I 

i I 
- - - - - -  I 1  

- I -  - - - 1 - 1 - 1 -  
28490 16020 5~400  51530 5 9 q o  64910 ; s o 0  80230 791 7017.~iG0 72j40 76200 i8.3a074~40 G 9 9 9 0 6 3 ~ j o I j 9 1 0 ~ 0  Sum - 103800 

+ + +  + + + + + + + + + + - - - Correctionfor - - - 1  
1000 800 zoo o o loo 1200 1100 roo0 900 Goo 700 800 400 loo loo loo Curmture 

- - - - - - - - - - - - - - - - -  
27490 4 5 ~ ~ 0 , 5 ~ ~ 0 0 1 j 1 5 3 0 , ~ 9 2 9 0  6~810,;8.~00 jg130,~8170 73960 71910 75500 I ~ ; 5 z o i ; ~ o ~ o  I G9fi90 63850 59200 1 

0.6 fl x A 

f i x A  

Ueflectiou 111 ,\lcritllnll = s  - x S -  73" ' 5 
Yo, Prime Vertical = IV - E = - 41 I 



38 DEHRA DUN. 
Height above Bean Sea Zevel = 2239 feet. 

~ e i ~ h t s  of Compartments in feet and Calculation of Deflection of Plumb-line. North Side. 

I Radii of Annuli N.\V. N. N.E. 

r 7 Iirr, ~ t n l i o n  at 1)clim 1)ilri ,sc.lcctc(l for cnlr.t~lntiou i s  tlic Zcnitll Scctor I'illnu i l l  t l ~ c  IInig O l ~ ~ c r r a t ~ r r ~  ill the l~rcqcnt ollicc 
of the l'r;zonnn~clricnl Snrrry. I t s  latitiitle was o l ~ ~ c r r c d  I J ~  Cnl)tn~u Lenox Conyocham in Sovembcr lS!13. It is si,untctl 
2YG2 feet soath of the oh1 latitrlrlc station c ~ f  l k h m  Dlin. 

,, - 
- 37"+82 - 37 ' 1 2  

Debra 

Old Station ... 
New Station ... 

Observed Latitude 
9 0 

30' 19' 19'"56 
30 18 5 1  '92 

Geodetic Latitude 
= C 

30' 19' 57'"39 
30 19 29 .oq 



I 

DEHRA DUN. 59 

Height aboue Mean Sea Level = 2239 feet. 
Heighte of Compartments in feet and Calculation of Deflection of Plumb-line. South Side. 

8ECTORS 

1. S.E. 8. S.W. 

1W I 1IC / 120' 1 l3@ / l4@ / l5C 1 160' 1 170" / l80"i;:O0 200' 1 210' ( 220" / 230. (240'' / Is@ ( 2G0° / 270' 
9W I 100' ( 110' 1 1 W  / 130' I I4@ 1 150.1 160'' 1 if0°~18(P / 190' 1 20O0 1 2l@ / 220° / 230" 1 240' I 250' I ;Boo 

Bsdii of Annuli 

rt 1 r1 

Miles 
0.125 

o'a5 

0.5 

I 

a 

4 

8 

16 

32 

64 

128 

256 

511 

5001024 

toooao48 

Milea 
0 

0 . 1 ~ 5  

0.15.  

0.5 

I 

I 

4 

8 

16 

j r  

64 

128 

156 

511 

1014 

1140 

2400 

8800 

4000 

8500 

4300 

6000 

9000 

loo00 

1000 

Do. Prime Vertical = W - E = -38 - 6  

a220 

a400 

3600 

2800 

3000 

3000 

2000 

1000 

400 

zoo 

100 

1230 

2400 

3900 

3600 

8300 

3000 

3000 

4000 

3000 

60001000 

1000 

9500 

15645 

1000 

16645 

+o.a  

+ a . r  

I 

2000 

8175 

200 

7975 

-0.4 

-0.4-0.9 

8000 

4365 

+ + +  
800 

3565, 

-0.1 

2160 

a100 

2150 

2400 

1200 

850 

750 

900 

1200 

2500 

5000 

1908 j 

+ 
600 

18485 

-2 .3  

-0.6 

a110 

2 1 0 0  

2000 

a a w  

asoo 

4000 

4000 

r a w  

300 
J 

900 

o 

2160 

aooo 

2100 

1300 

t a w  

850 

750 

900 

1200 

1800 rooo  

6000 

5000 

2363j 

+ 
700 

zag35 

-1.7 

-1.3 

= S 

r 

0 

5685 

o 

5685 

-0.4 

-0.6 

a170 

zoo0 

2050 

2 2 0 0  

1100 

850 

750 

850 

1200 

zoo 

6300 

6000 

2180 

zooo 

a000 

2400 

I ~ O O  

900 

800 

f j o  

jw 

o 

1 1 I I "do1 22.30 

2180 

2000 

2000 

a200 

1100 

900 

800 

800 

900 

o 

6300 

2000 

2200 

2050 

1950 

a300 

1600 

950 

900 

650 

600 

a001000  

2190 

2020 

1950 

2600 

1450 

900 

850 

750 

700 

o 

l a w  

a w o  

1900 

r w o  

1700 

rlw 

900 

650 

600 

rooo 1000 I 4500 

1000 

600 1000 

Beyond 

a200 

2100 

iooo 

1900 

2000  

3000 

zoo0 

550 

300 

too 

1000 

0 

I 1945 

o 

11945 

-1 .1  

-1 .1  

26225 

+ 
800 

25425 I 

-2'7 

- 

2 1 0 0  

2190 

a160 

a000 

2200 

1700 

1500 

850 

foo 

550 

900 

5000 

8000 

16185 

+ 
1000 

. + - - - - - - - - - - - . . . - - - - -  
25185 

I 1545 

- 
roo 

11645 

-0.1 

-1.5 

I 

2190 

2050 

moo 

1/00 

1500 

a300 

800 

550 

300 

3500 

0 

16605 

+ 
loo 

16505 

- 1 . 7  

- 1 . 2  

Deflection 

2180 

2000 

a200 

1500 

1200 

l roo 

700 

550 

600 

6000 

9500 

29565 

+ 
r a w  

28365 

-3 '3  

-1.6 

------------------- 
2100  

2190 

2160 

a ~ w a ~ o o a ~ w a 1 o o a 1 o o z 1 o o z o o o z o o o a o ~ o z o 8 o a 1 o o a 1 o o a 1 o o a 1 w z 1 o o a 1 q o ~ 1 ~ o a 1 o o  

2000 

2200 

2200 

1300 

850 

700 

600 

1300 

2000 

6500 

+ - - - - - - - - - - - - - - - - -  

logo5 

+ 
800 

20105 
1 

13045 

- 
loo 

13145 

-0.7 

Sum - 33585 

Correctionfor 
Curvature 

Bum - A  

f, x A 

h x A  

a1;o 

2000 

2300 

1400 

1300 

1000 

7co 

550 

900 

6 0 0 1 1 0 0 1 3 0 0 1 4 0 0 1 4 0 0  

6000 

8600 

28a75 

+ 
1100 

z71;j 

-3.4 

-0.9 

in 

10845 

- 
loo 

1094j 

-0 '4 

-1 '4 

zz51 ~ '18665 

+ 
400 

a2115 

- 2 . 0  -3.2 

-0.3 

+ 
roo 

18565 

-1.4 

-1 .9 -2 .0 -2 -0 -1 .5  

-2.6 

-0.2 

N = -73''.2 hlcr id~an 



.60 KALIANA. 
Height above Hean Sea Leuet = 8 I 4 feet. 

Heighta of Compartments in feet and Calculation of Deflection of Plumb-line. North Side. 

Radii of Annuli 

SECTOI<S 
- 

N.W. N. X.E. E. 

a' - 

al = 

---------- 
0'25 0'125 

0.5 0'25 

I 0.5 

1 I 

4 2 

8 4 

16 8 

32 I 6 

64 32 790 800 Roo 8.30 

I 28 64 

256 128 700 700 700 ;OO 

gra 2 j G  700 800 900 I joo 

8 1024 2000 800 3000 1500 

Iloy0.d 1.0. 0 

o/ 0 

+ + + + 
Sum - 12210 21 70 2090 4.160 3790 

Correction for - - - - - - -  
Curvnture 200 0 1 0 0 1 0 0  0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 2 0 0 7 0 0  



KALIANA. 61 

Height above Mean Sea Level = 814 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 8outh Side. 

6.0. 8. S.W. W- Radii of Annuli 

d - I 



Height above Mean Sea Level = 1765 feet. 
Heighta of Compartments in feet and Calculation of Deflection of Plumb-line. North Side. 

Radii of Annuli 

SECTORS 

'". N.1''. S. S.E.  E. 

a' = 

I ?9O91 w0' 1 300' / 310' 1 320' 1 330' / 3 lC l  150n] 0" / 103 1 2". / 30' ( 40. 1 50" EO' 70. I SOo ; 90' 
a1 = 

r ' I 1 ' 1 27" 1 260' ! 290' 300- 1 310' 1 120' 1 310, ( 3 4 6  / 150. 1 On / 16 1 20" I 3 6  40' 1 5 6  / 60' 1 70- 1 10" 

Miles I 

1 

2 

4 2 

8 

I 6 

32 

64 

I 28 

512  256 

1024 512 

Brgond 
I 

Corrrrtion for - - 
Curvature 200 loo o 

- - -  
1 I 



KALIANPUR. 63 

Zeight above Mean Sea Leve2 = 1765 feet. 

Heights of Compartment8 in feet and Calculation of Deflection of Plumb-line. Bouth Elide. 

I SECTORS I I 
S.E. 8. 8.W. W. Brdii of Annuli 

d - I 



64 DAMARGIDA. 
Height abone Mean Sea Level = 1937 feet. 

Heights of Compartments in feet and Calculstion of Deflection of Plumb-line. North Side. 

6I:CTORS 

N.Ii7. N. N.E. B. 

11' = 

2909 2 9 6  1 30b 1 310' 1 320' 1 3301 1 )No / 3509] 0' ( 10- ( 20. 1 30. (0' I SOo GOo / 70" 1 8 6  / 90' 

al = 

l f i ln  1 >flies 
0.125 o 1910 1910 

0.25 0'125 1910 1910 

0.5 

1 

a 

0'25 

"'5 

I 

4 2 

8 4 

I 6 8 

64 

I 28 

512 256 

2048 1024 

Bcgond 1000 300, o 
I - - - - - - - -  - - - 1 -  sum - 290.55 13255 l2iOllO205 6.105 3755 .3305I 4.305 2fios 14;: 2245 6145 10605 6295 2 1 5 5  11655 1 . q ~ o ~ ~ 1 ~ 0 0 ~  

Correction for - + + I +  
Curvnturo loo o o 

, 

1920 

1920 

A x A 

f, x A 

1920 

1920 

1910 1910 

-0.1 

-1 .7  

-0.4 

- 1 . 6  

-0.6 -0.5 -0.4 

- 1 . 2  -0.7 -0.4 1 1 I I l l  -0.4 -0.5-0..1 -0 .2  +o.q +o . ;  + I . 2  

-o-.z -0 .2  - 0 . 1  , 1 o' j  O'oi+ O ' 2 ~ + 0 ' 6 ~ + O ' i  

I 
+0 .5  -0.zl-096 

+0'51-0'2-  1.3 

- o . 4 1 - o . 2  
- 1'61-2'1 



DAMARGIDA. 65 

Height above Meat8 Sea Level = 1937 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. South Side. 

SECTORS 

E. B.E. 6. S.W. W. Itsdii of Annuli 

1800 

aloe 

1500 

1000 

600 

4500 

300 

6500 

- 
a0425 

+ 
700 

r97a5 

-0.1 

Do. Prime Vertical = W - E = - 3 - 8  

1800 

zaoo 

1700 

r o w  

2000 

6000 

900 

2000 

- 

------- 

~ g o o  

2100 

~ I W  

600 

4000 

6000 

1200 

0 

1900 

a100 

a100 

600 

3000 

6000 

600 

0 

18125 

+ 
zoo 

17925 

1900 

aooo 

1800 

700 

4500 

7000 

7000 

- 1 -  18525 aola j  

Milee 
o 

0.12 

0.25 

0.5 

I 

a 

4 

8 

16 

31  

64 

128 

256 

5x2 

1024 

Beyond 

-0.6 

-2.5-2.2 

1900 

awo  

1800 

lzoo 

4000 

6500 

7600 

- 
32725 

800 

31925 

o 

6000 8300 I 
- 

25925 

+ + + + + + + + + + + + +  
I I W  

a4825 

1910 

1910 

1910 

1910 

1910 

1910 

19.30 

1950 

2000 

1500 

l a m  

1500 

2800 

2800 

8600 

8000 

- 
35225 

1200 

j402j 

IOO 

1900 

1900 

1700 

900 

300 

6600 

8600 

- 
29315 

1 2 0 0  

- - - - - - - - - - - - - - - - - -  
28125 

-3.2 

-0 .3-0 .7  

- 1 -  

18525 20025 
1 I 

- 
26025 

5 w  

2552s 

1900 

1700 

1400 

1900 

goo 

6600 

8500 

2600 9500 8500 
I - 

23325 

~ o o o  

22325 

1000 

1500 

1200 

1500 

2600 

3600 

5500 

7500 

33415 

1300 

31135 

-0 .2  

2100 

1700 

1900 

Z ~ O O  

1000 

6500 

-1.3 

N = 

8600 

1900 

1600 

~ j w  

1700 

900 

0 

8500 

-2.8 

- 
16725 

- 
loo 

16825 

-3  6 

-2 .9 -2 -5  

25oa5 

~ a o o  

a3825 

Miles 
0.125 

0'25 

0.5 

I 

2 

4 

8 

I 6 

31 

64 

128 

256 

512 

1024 

-3.6 

- 0 . ~ 3  

Meridian 

1910 ---- 
1910 

1910 

1910 

1910 

1910 

1930 

1950 

1900 

1500 

1300 

1500 

2800 

5600 

8500 

- 
28425 

1100 

17315 

z ~ o o  

1600 

1300 

1500 

800 

6000 

7600 

7500 

Sum - 29055 

Correction for 
Curvature 

sum - A 

Deflection 

-3.8 -1 .9  -1 .0  

- 2 . 2  

I 
3600 a048 

2000 

- 
201a5 

' o 

2 0 1 ~ 5  

--------- 

~ O W  

1800 

1700 

aooo 

1000 

6500 

6500 

aooo 

- 
26515 

500 

26025 

2 0 0 0  

1800 

1400 

2000 

1600 

6000 

8500 

!20&3 

- 
29025 

goo 

28125 

1950 

1600 

1350 

1500 

zoo 

6000 

8000 

6000 

-3.2 

-1.5 

= S 

-3.0 

-1 .8 -0 .8  

-1.5 

-a.r  

-0.7 

- 
32925 

1 2 0 0  

31/25 

2000 

1800 

1400 

2000 

lo00 

6500 

8500 

8600 

- 1 9  

-38". 

-3 ' 0 -2 ' 3  

- 2 . 1  

- in 

-1'7 

-2 .8-3 .7-a '5-ama 

I 



66 PUNNE. 
Height above Mean Sea Level = 48 feet. 

Heighta of Compartment8 in feet and Calculation of Deflection of Plumb-line. North Bide. 

Radii of Annuli 

SECTORS 
- 

W. N.W. N. N.E. E. 

a' = 

280' 1 290' I 300' 1 310' 1 320' 1 330' 1 340' ( 350" 1 On ( 10. I 20' ( 30° 1 40" 1 50' I 60. I 70' 1 80. 1 90. 

al = 1 1 270' 1 280' 1 29OO 1 3 W  310' 1 320' 1 330' 340' 1 350' 1 0 0 1 20' 1 3 1 4 1 5 1 GO0 70° 1 80° 

0.25 

0.5 

I 

1 

4 

8 

I 6 

32 

64 

I 28 64 950 5.0 zoo 80 o 801 5 d  id 800 

900 roo 300 loo 40 80 0 zoo 500 

I000 lo00 400 3000 5500 5500 6000 6000 5500 

- - - - -  - - - -  

Correction for + + +  - - - - - -  + + 
Curvnture o o IW loo loo o o loo roo loo 300 300 loo 100 o 1000 IOOC 

- - - - - + + + + + + + - - - - - -  
Sum - A 22028 17128 17523 I 1873 8818 2634 14144 1829; 113.37 1.3487 1156; 9252 2238 866.3 10948 128.~8 21688 zoi5R 

1 '  I I 

0.125 

0.25 

0.5 

I 

a 

4 

8 

I 6 

32 

80 

80 

400 

500 

o 

150 

80 

90 

500 

800 

100 

60 

75 

90 

600 

1100 

200 

50 

75 

90 

50c 

I I W  

300 

600 

70 72 

IOO 

350 

2000 

2000 

72 

1000 

IOO IOO 

500' 300 

I 
2500 JOOO 

rsoo 

1500 

s2 
60 

10 

75 

2000 

15 

1600 

1800 

15 

90 

240 

roo 

400 

800 400 

52 

60 

70 

15 65 

70 

IIO 

loo 

150 

200 

loo 

360 

2500 

2100 

20 

70 

90 

130 

200 

300 

lool roo 

250 250 

2.50 

6oc 

70 

80 

120 

1.0 

zoo 

200 100 

60 

60 

loo 

40 

100 

400 500 

40 

50 

50 

60 

go 

o 

40 

10 

30 

so 

40 

70 :j 30 

40 



PUNNE.  67 

HeQht above Xeut& Sea Level = 48 feet. 

Heighta of ~orn~artrnenta in feet aud Calculatiou of Deflection of Plumb-line. Soutli Side. 

S.E. 8. B.W. 

a' - 



68 BOMBAY. 

Zeight  above Meal8 Sea Zevel = 30 feet. 
Heights of Compartments in feet and Calculation of Deflection of Plumb-line. North Side; 

Radii of Annuli 

SECTOR8 

W. N.W. N. N.E. E. - A 
a' - 

aaoo I moo I am 1 310° 1 320° 1 s o Q  I amo cp/ ssool oo I w / wo I aoO / up I so0 I w 1 Too 1 aoo I soo 

a1 - 
i I P I I P ~ 2 8 0 ° 2 9 ~ / 3 W ~ 3 1 0 0 ~ 3 2 ~ ~ 3 3 0 c / 3 4 0 0 3 6 0 c (  0 ° 1 1 1 P ( 2 0 0 \ I P ( M 0 / M . ( 6 0 0 ( W 1 8 @  

Miles Miles 
0-125 0 30 30 
- -- -- - - - - - - - - - - 

0.25 0.125 

0.5 0'15 

I 0.5 10 0 

1 1 

4 1 

8 4 

16 8 

31 16 

64 31 

I 28 64 

I 

loaq 512 60004600 3600 2000 1000 1300 900 500 

Beyond 

Bum - 450 
Correction for 
Curvatvro 

Sum - A 
fl x A 

fs x A 
I 

- 
7920 

- 
1w 

8 I 20 

-0.1 

- 
5190 

- 
100 

- - -  
5290 

-0.2 

-1.0-0.7 

- 
5740 

o 

5740 

3990 

100 

3890 

480 

100 

380 

4140 

100 

4040 

-0.~3 

-0.7 

t0.8 

+O.I 

+0'6 

+o.a 

4990 

100 

4890 

5140 

100 

5040 

+I.I 

+1.6 

+1'3 

+o.1 

6160 

100 

6060 

+1'8 

+oS5 

+P.Z 

+ I * O  

1g120 

ZPO 

14920 

600 

9900 

- 
200 

+1.6 

+1.8 

+1.9 

+1.9 

3210 

600 

3810 9700 

+ + + + + + + + + + + + + + -  
14840 

300 

+ + + + + + + + + + + + + + +  

1310 

+ + +  
700 

2010 14540 

400 

220 

700 

480 18960 24070 2 1080 
I I 

1936024.6jo21680 

600 



t a w -  

: ? E m , -  
m +  N m m +  u m o o *  v - 



70 MANGALORE. 
B i g h t  above Heata Sea Level = I 74 feet. 

Heighte of Compartments in feet and Calculation of Deflection of Plumb-line. North Side. 

Radii of Annuli 

SECTOHS 

- 

w. N.W. N. N.E. E. 

a' - 
2B(P I 290' 1 300' 1 310' 1 320' 1 330° 1 340" 1 330' 1 OD I 10' / 20" / 30' I 40' I l O 0  I MP I 70° 1 80" / P P  

r ' 

Bfilos 
0.125 

0.25 

0.5 

I 

2 

4 

8 

I 6 

.3 2 

64 

r a8 

256 

511 

1014 

2048 

a1 

210' 1 280' 1 290' 1 3 W  1 310' 1 320' ! 330° 1 340' 1 350' 1 O" lo0 1 20' 1 30. 1 40' ] 50' I W I 70' I 80' 

Milea 
0 

0'125 

0'25 

0 ' 5  

I 

2 

4 

8 

I 6 

32 

64 

128 

2jG 

5x3 

1024 

Beyond 

- - - - - -  + + + + + + + + + -  

Curruture 

- - - - - -  
Sum - A 

f, x A -2.0-1.8-1.5 

20 

50 

100 

200 

500 

1000 

5000 

8000 

1000 

zooo 

10 

40 

80 

120 

400 

1500 

5000 

7000 

1000 

500 

20 

50 

90 

150 

450 

1000 

5000 

8000 

sot 

rga, 

10 

40 

70 

90 

300 

2500 

jooo 

7000 

0 

o 

o 

10 

20 

60 

100 

300 

600 

600 

3000 

o 

130 0 

30 

40 

70 

200 

2500 

5000 

4000 

zooo 

800 

150 

400 

160 

400 

700 

2500 

3000 

2700 

2000 

6000 

zoo 

8000 

40 

0 

10 

40 

50 

80 

150 

loo 

.~OOO 

o 

160 

400 

500 

2000 

*~OOO 

2800 

2500 

GOO0 

500 

8000 

I~II 900 
3300 

jooo 

1700 

700 

o 

500 

1000 

-------------------- 

loo 

loo 

50 

20 

0 

1000 

700 

300 

3000 

o 

3000 

3000 

2000 

800 

4000 

500 

7000 

175 

155 

IiS 

170 

I50 

110 

200 

50. 

2000 

2.300 

ZJOO 

1800 

1200 

5@0U 

o 

175 

I75 

li5 

170 

150 

IOO 

zoo 

280 

800 

1800 

2000 

2000 

1000 

3000 

o 

rlo 

300 

800 

2So0 

2400 

2000 

1400 

1200 

7000 

1000 

120 

400 

1.300 

,3.300 

1900 

1500 

1300 

1200 

12000 

jooo 

120 

goo 

900 

.zoo0 

2300 

1500 

1400 

1200 

I 1000 

3000 

130 

500 

1500 

3500 

z ~ o o  

1500 

I200 

1000 

6000 

o 



MANGALORE. .7 1 

Height above Meun Sea Level = I 74 feet. 

Heights of Compartments in feet and Calcuhtion of Deflection of Plumb-line. 8011th Side. 

SECTORS I 



7 B  MADRAS. 
E&ght abme Hean Sea Level = 54 feet. 

Heights of Compnrtmente in feet and Calculation of Deflection of Plnmb-line. North Side. 

Radii of Annuli 

r' I ' 

Beyond 800 rooo 500 o rooo 500 o o o 400 

Curvaturo 

Miles 
0.115 

0'25 

0.5 

I 

a 

4 

8 

16 

31 

64 

118 

256 

512 

1024 

7-04 

SECTORS 

W. N.W. N. N.E. E. 

a' - 
280°~2900~3000~3100~3200~3300~3~0~3500] 0" llOol 2V1 30.1 W I  50'1 I rn l  70'1 80°1 90" 

'=I - 
270' 1 280' / 290" 1 3W ( 310° 1 320' 1 330' 1 3.10' I 350' 1 0' 1 1V 1 20' 1 30' 1 40' 1 50' 1 60'' 1 la 1 80' 

Miles 
o 

0.125 

0.25 

0.5 

x 

a 

4 

8 

16 

32 

64 

128 

156 

51s 

1024 

70 

roo 

zoo 

800 

1700 

2800 

0 

bO&l 

8500 8000 5000 4000 2000 3000 2j00 3000 5000 DO00 

70 

roo 

170 

1200 

1600 

2100 

2000 

70 

roo 

150 

loo 

1500 

2600 

rooo 

6000 

70 

roo 

170 

13oo 

1400 

1500 

1600 

1300 

50 

80 

roo 

100 

300 

1400 

1.~00 

1400 

70 

go 

150 

800 

I roo 

1200 

1500 

600 

---------------- 

70 

80 

120 

300 

6w 

1800 

1500 

800 

70 

80 

80 

50 

200 

800 

1100 

1.00 

54 

54 

54 

50 

45 

45 

70 

70 

50 

0 

30 

300 

800 

1100 

54 

54 

54 

50 

45 

45 

60 

60 

20 

60 

600 

0 

1100 

1300 

60 

50 

40 

200 

800 

2000 

1500 

1000 

2000 

1300 

IIOO 

3500 

600 

JOO 

5000 

5500 

2000 

6500 

5800 

3500 

6500 

6000 

4000 

6500 6500 

6000 6000 

3600/ 3500 



MADRAS. 73 

Height a h e  Mean Sea Level = 54 feet. 
Heighb of Compnrtme11Cs in feet and Calculation of Deflection of Plumb-line. 800th Side. 

f SECTORS 

S.E. 8. S.W. m. 

a' = 
1 j i m ~ i l ~ l w ~ l l r P ~ I ~ ~ ~ o - l i c o ~ ~ i i ~ ~ ~ ~ l O ~ ~ m 2 l o ~ ~ 2 1 ~ ~ ~ n J ~ y l o J 2 ~ ~ 2 c 0 ~ ~ m  

Radii of Annuli 

w l o o l o o o s O l * l o * o l o O o O O O o ? O o 2 0 0 0 , 2 c o 0  ' 1 
Miles 

0 

o.125 

0.25 

0.5 

1 

a 

4 

8 

$6 

32 

64 

128 

256 

512 

1024 

Beyond 

I I Miles 
0.125 

54 

51 

5C 

40 

54 

54 

50 

40 

0.25 

0.5 

I 

t 

40 

30 30 40 40 so  50 so 

10 o 20 .qo 40 50 60 ;o 80 90 

loo 2 0 0  300 400 400 400 

150 50 loo 200 300 400 500 

400 100 BOO 300 $00 1000 1600 

10  0 IOO 500 1000 1400 2500 

3000 1500 600 800 2000 2000 

$000 

8000 

4000 

- 
8912 

+ 
loo 

8812 

Sum - 810 

Correalionfor 
Cunature 

Sum = A 

- I -  

60 

loo 

400 

500 

1700 

2800 

I200 

7000 

!WOO 

1000 

- 
26372 

+ 
400 

16432 

+ 
700 

15732 

-2 . ;  - Z . & ~ . ? I - ~ . ~  
- 0 ' ~ - 0 ' ~ - 0 ~ 8 ~ - 1 ' 1  

I)cllcction in I l r r ~ t l ~ n ~ l  = S  - N =  - 3 ~ " ' 5  
Do. Prime Vertical = W - E = + % I  *O 

_ I - ' -  
42292 2;6;2 

+ I +  
1200 1100 

- 
24872 

o 

11212 

+ 
zoo 

11012 

-0.9 

-1.8 

- - \ : I - l  2,952 24,42340;2.3;~12 

60 

~ b o  

300 

000 

1600 

,800 

400 

7000 

8 m 2 0 4 8  

1500 

- 
2.3152 

+ 
900 

21622 

+ 
1000 

_ - - - - - - - - - - - - - - - - -  
17442 

-0.4 -0.1 f i x A  

- I ~ - I ' ~  x A 

o 

-1.6 

-1'1 

4 

8 

16 

32 

64 

128 

256 

512 

1024 

25972 

- 1.5 -1.3 

-1'4-1'8 

24872 24922 2474233;;236912 41092 26572 20612 2 2 2 j 2  25352 
I \  ~ l ~ l l l l , l  

o 

- 
18242 

+ 
800 

19482,14872 16152 

- 1 - 1 - 1 -  264j2 20482 Ij772 17052 

+ 
300 

+ 
1100 

+ 
500 

+ 
900 

+ 
1000 

+ 
900 



74 WALTAIR. 
Height above Meaa Sea Level = 200 feet. 

Heighte of Compartments in feet and Calculation of Deflection of Plumb-line. 
- 

North Side. 

W i i  of Annuli 

SECTORS 

N.W. N. N.E. E. 

a' - 
290' 1 290' 1 300" I 310' ( 320' / 330" / 340" 350' I 0' 1 1 0  1 20' ( 3 C  I 4.0" ( 50' I 60' I 70' 1 80" 1 9 B  

a1 = 
r ' rl 1 2W I ?SO0 1 ?lo0 1 300' 1 310' 1 320' 330' 1 340' 1 35.. 0' 1 10' 1 20' 1 0 1 40' 1 50' 1 iOO 1 TO0 1 80' 

Miles 3liles 
0.12s 0 

0-25 0.125 

0-5 0.25 

1 

2 

4 

8 

1 6 

.32 

64 

0'5 

I 

0 

4 

8 

16 

3 

200 

200 

200 

600 

1200 

2000 

1300 

1500 

1400 

9000 

COO0 

500 

1700 

8oc 

1100 

SO00 

SO00 

a h 0  1400 16ml 200A ,000 

200 

200 

200 

600 

1.300 

2200 

1200 

1200 

1500 

1000 

8000 

9000 

5oo 

1000 

Sultl - 3000 
Correction for 
Uurvnture 

Surn = A 

200 

300 

300 

500 

1400 

2500 

+ J + / + ( + l + ( + I + I - 1 - 1 -  
I . ~ ~ O O I ; Z O O Z O ; O O ~ I ~ O O  I ~ ~ O O ~ O ~ O O I ~ ~ . + O  4790 790 96301886021~00 

1800 

1000 

600 

3630 

8000 

1600 1500 

1024 512 4000 :OW 

f a x A  

f2 X A 

300 

300 

300 

800 

1500 

2500 

5000 

+ ( +  500 1600 

200 

+ 
zosoo 

200 

o 

50 

2000 

5000 

o 

$000 

+ 
1.0 

+ 

+ 
600 

- 
90.30 

-300 

400 

400 

800 

1500 

2j00 

+ 
I- 

+ 
p o  

+ I +  

0.0 

+o.I 

200 

1200 

600 1700 
I 

- I - 1 -  
3.j yo. zoo 100 1.0 o 

+ 

+ 
1000 

- 
17860 

+0.4 

+O.; 

+O.I 

+0'2 

300 

400 

400 

800 

1500 

3000 

+ J +  
~ ~ O O I I ~ O O I ~ I O O I I ~ O O  

+ + l + l + i + l +  
20900 19600 20000 12340 4690 690 

I 1  1 

200 

+ 

+ 
,po 

- 
20500 

+ 0 - 8  + 

4W 

3300 

+ 

loo 

+ 
r ~ j o o  

loo 

+ 
~ z o o o  6400 I 1300 

1 I 

400 

500 

500 

roo 

1400 

+ 

- - - - - - - -  
zoo 

+ 
17000 

1.0 

+ 
11 joo 

600 

4500 

I 100 1000 

I 

400 

800 

4500 

3500 

1000 

1000 

9000 

2000 

3000 

0 

4000 

o 

0 

8500 

1000 

3000 

4000 I 

I I 
3000 2500 1500 1000 1300 

400 300 400 

200 

200 

300 

600 

800 

400 

400 

500 

IOOC 

500 

500 

200 

600 

I00 

100 

loo 

200 

300 

500 

I00 

1.300, 1200 

50 

50 

o 

40 

30 

0 

10 

20 

40 

20 

80 

10 

20 

40 

80 

60 

200 

20 

30 

60 

100 

120 

350 600 

30 40 

50 

80 

150 

200 

60 

100 

300 



WA LTA I R. W 
EGight dobe Mean Sea Zevel = aoo feet. 



76 CALCUTTA. 
aeight  above Hem Sea Level = 30 feet. 

Heighte of Compartments in feet a~ ld  Calculation of Deflection of Plumb-line. North B'ids. 

Radii of dnnnli 

SECTOR8 

W. N.W. N. N.E. E. 

a' = 

2BO~(2(10°~3000~~~Oo(82~0~3300~3YP~3500] C 110'1 XPI  3001 40°1 60'1 60'1 70~1 80'1 90. 

C 

"1 = I 1 270' 1 280' 1 290' / 300' 1 3 1  1 320' 1 330' 1 340' 1 350' I 0' 1 W 1 20" I 30' ( 40' 1 50' 1 fW / 70. 1 8W 

Miles 
0 . 1 2 j  

0.25 

0.5 

1 

2 

4 

8 

16 

32 

64 

128 

256 

512 

1024 

2048 

Miles 
0 

0.125 

0.25 

0.5 

I 

2 

4 

8 t 

I 6 

32 

64 

128 

256 

512 

1024 

Beyond 

Sum - 450 

Correctionfor 
Curvature 

Sum - A 

fi A 

f, x A 

200 

1300 

1900 

1200 

2000 

I;OO 

3960 

- 
100 

3860 

0.0 

+0'5 

I j o  

1500 

800 

900 

zoo0 

1000 

6210 

- 
200 

6010 

+0 '3  

+0.7 

I 

200  

1500 

1500 

1200 

0 

1000 

5260 

- 
100 

5160 

+ o a 2  

+0.6 

120 

1100 

300 

600 

3000 

500 

5480 

- 
100 

5380 

+0 '4  

+o.G 

50 

250 

2000 

2000 

120 

Boo 

350 

rUXH) 

2000  

o 

7130 

- 
100 

7030 

+0.6 

+0.6 

110 

150 

5000 

14000 

120 

360 

2OCW 

12900 

5000 

o 

19340 

- 
200 

19140 

+2.o 

+1'4 

3000 

o 

22120  

- 
200  

219ao 

+ 2 ' 6  

+ I * Z  I 

-------------------- 

90 

roo 

7000 

30 

30 

30 

30 

30 

30 

30 

40 

40 

5" 

70 

loo 

10000 

2000 

o 

23050 

- 
100 

22950 I 

50 

500 

2000 

2000 14000 

50 

300 

2000  

3000 

o 

27030 

- 
2 0 0  

26830 

30 

30 

30 

30 

30 

30 

30 

40 

40 

50 

70 

loo 

10000 

3000 

o 

+ 2 - 9  

+0.8  

3000 

50 

roo 

2000  

60 

goo 

5000 

60 

loo 

9000 

+3-5  

+0'3 

50 

200 

2000 

60 

zjo 

7000 

+ + + + + + + + + + + + + + + - - -  
26030 

- 
200 

+ + + + + + + + + + + + + + + - - -  
25830 

+3 '3  

+ o a 3  

I 4000 9000 12000 14000 

~8620 

- 
200 

18.p0 

+2.0 

+1'4 

26320 

- 
200 

26120 

+3 '3  

+o.g 

5000 11000 13000 

9110 

- 
100 

9010 

+0 .8  

f 0 . 8  

22470 

- 
200 

22270 

+2 '6  

+1 '2  

6010 

100 

61 10 

t o ' s  

+0.6 

2990 

+ + + +  
1000 

1990 

-0.1 

- 0 ' 2  

4090 

1000 

~ T O  

- oa r  

-0.4 

5840 

1000 

4840 

-0.1 

-0.6 

A 



CALCUTTA. 77 
Height above Mean Sea Level = 30 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumbline. 800th Side. 

I SECTORS I 
E. S.E. S. S.W. W- 

a* - 
Radii of Annuli I 



98 BEYOND-QUETTA. 
Eeight above Hean Sea Amel = 47 I 8 feet. 

Heighta of Compartments in feet and Cdculation of Deflection of Plumb-line. 
- - 

Badii of Annuli 

SECTORS 

N.W. N. N.E. E. 

a' = 

moo1mv1aaPIa1v132ool33vI~w(3~w1 2031 3001 10.1 w1 501 7001 B B ~  90. 

1 ~ ~ 2 8 0 0 ~ ~ o o 1 3 W 1 3 1 0 0 3 W ~ 3 3 ~ ~ 3 ~ 1 3 5 ~ ~ o o  1 0 ° 2 0 0 1 C ~  YPI60.I W'170°1W 

4760 

5300 

5000 

3800 

3800 

5000 

4000 

600 

100 

o 

- - - - - - - - - - -  
14775 

o 

1477s 

- 1 6  

Miles 
0.125 

0.25 

0.5 

I 

a 

4 

8 

16 

32 

64 

128 

256 

512 

lor4 

to48 

4750 

4800 

5200 

7700 

6000 

8000 

3000 

6500 

3500 

0 5 0 0  

+ + -  
2815 

200 

2615 

+om3 

+oez 

Miles 
o 

0'125 

0.25 

0.5 

I 

2 

4 

8 

16 

33 

64 

128 

256 

51% 

1024 

Beyond 

4755 

4800 

5600 

6200 

5600 

7000 

5500 

1500 

600 

o 

5580 

o 

5580 

-0.7 

-0.2 

4750 

4800 

5100 

7300 

6900 

6000 

2500 

4500 

5000 

285 

200 

485 

0.0 

0.0 

Sum - 70770 
Correction for 

Cumture 

Snm = A 

f, x A 

f, x A 

4728 

5300 

5000 

3500 

3000 

2000 

2500 

3500 

1000 

o 

16607 

o 

16607 

-0.2 

-2.1 

4750 

4800 

5500 

7000 

6000 

7500 

8000 

3000 

1000 

415 

o 

415 

0.0 

0.0 

4770 

5500 

4500 

3500 

3000 

2300 

3500 

3500 

3000 

o 

13565 

- 
100 

13665 

4718 

4720 

4725 

4725 

4730 

4735 

4755 

4800 

5600 

6200 

5000 

6000 

4000 

1000 

1000 

o 

8780 

o 

8780 

-0.1 

4755 

5200 

5500 

4200 

4000 

5000 

5000 

400 

200 

o 

12880 

o 

12880 

-1-5 

-0.7 

4750 

4800 

5000 

7000 

6900 

5800 

1200 

10000 

4000 

1315 

- - - - -  
100 

1215 

+oar 

+o-I 

----- 

4750 

5500 

4500 

.?So0 

3000 

2300 

3000 

4800 

500 

o 

15285 

o 

1528j 

-0.5 

-1.9 

4750 

4900 

5300 

7500 

7000 

4000 

600 

9000 

8000 

1915 

o 

1915 

0.0 

+0'2 

----- 

4750 

4850 

5000 

7000 

7000 

5600 

700 

13000 

~jooo 

o1000200025002000 

13765 

200 

13565 

+oV7 

+1*6 

------- 

4755 

5100 

5600 

4400 

4200 

5500 

4000 

400 

500 

o 

12680 

o 

- - - - - - - - - - - + + -  
12680 

4765 

5500 

5000 

3500 

3500 

2500 

2800 

2000 

0 

o 

17570 

o 

17570 

-0'8-1.3-1'4 

4750 

4900 

5200 

6700 

6900 

5000 

600 

11000 

13000 

+ + + +  
841 5 

100 

+ + + +  
8315 

+0'3 

+I-o 

4718 

4720 

4725 

4725 

4730 

4735 

4755 

5000 

5800 

5600 

4500 

6000 

3000 

1000 

500 

o 

10980 

o 

10980 

-16-1*4-1.z 

-0.4-0.1 

4760 

5300 

5000 

3500 

3500 

3500 

4000 

2000 

o 

o 

15575 

o 

15575 

-1.6-1.9-1.4-1.1 



BEYOND-QUETTA, 79 

Height above Xean Sea Level = 4718 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. South Side. 

I SECTORS I I 

. J ,  

Do. Prime Vertical = W - E = - I I 9 

E. S.E. 8. 8.W. W- 

a' - Radii of Annuli 



The following results have been abstracted from the precking tables :- 

TABLE I. 

Calculated Values of the Deflection of the Plumb-line. 

A negative value denotes a northerly deflection in the meridian and an eaaterly deflection 
in the prime vertical. 

The Disturbance of the Sea-level. 

1 

Btation 

Mussooree . . . . . . 
Dehra D h  .,, . . .  

Kaliina ,,, ... 
Kaliinpur . . . .., 
Dimargida , , . .., 

Punnse ,,, ... 
Bombay ,., ... 
Mangalore . . . ... 
Madras ,,, ... 
Waltair ,,, .., 

Calcutta ... ... 
Beyond-Quetta ,.. 

If large deflections of the plumb-line exist, they will necessarily be accompanied by consi- 
derable deformations of the level-surface : the heights of mountains and continents and the depths 
of seas employed as data in the preceding calculations are measured from the surface of the 
geoid, and consequently require a correction, if the true effect on the plumb-line of the irregular 
distributions of matter upon the surface of the ellipsoid of reference is to be deduced. 

I t  is not poaaible to determine these corrections with exactitude, but a rough approximation 
can be obtained by means of Colonel Clarke'a formulae for a circular plateau. 

Deflection 

In the Meridian 

P 

-73'5 

-73'2 

-47'3 

-37'6 

-38.1 

-50'3 

-41 '0 

-41.8 

-39'5 

-55'6 

-44.6 

-31'9 

In the Prime 
Vertical 

H 

-41 - I 
-38.6 

-20.3 

- 8.5 
- 3-8 
+ 0'7 
-20.3 

-22.2 

+21*0 

+ 17'5 
+ 0-8 
-11.9 



If Yo and Y = elevations of the eea in feet at the centre and circumference respectively 
of the plateau, then 

a a Yo = 2 ch sin - - 8 ch sins - 2 4 

where c = radius of the earth, h = average height of plateau, a = radius of plateau. 

firstly, omitting all elevations above sea-level, we can assume India to he a submerged 
circular plateau of 18' in diameter and surrounded by oceans between 10000 and 11000 feet deep. 
The eftect of the presence of water can be eliminated by multiplying the mean depth b #. In i Colonel Clarke's formulse the density of the attracting region is taken equal to half t e mean 
density of the earth, and the introduction of the factor fe is therefore necessary to render the 
reaults consistent with the preceding calculations of the deflections, in which a mean surface density 
of 2.6 was employed. 

Yo = # x 8960 x ### x sin 44' - fi x 3960 x x sins 2)' = 640 feet, 

9" Y = q-p x 8960 x g g  x - - fl x 8960 x x sing 2t0 = 388 feet. 
T 

Secondly, omitting the Himalaya Mountains, we can awume the continent of India, as 
bounded by the 100 fathom contour, to be an elevated circular plateau, of 18" in diameter, and 
1800 feet in height. 

Yo = 177 feet, 

Y = 108 feet. 

Thirdly, we can assume the plateau of Tibet to be a circle of 6' radius with an average 
height of 15000 feet. 

Yo = 1015 feet, 

Y = 626 feet 

From these approximate figures the disturbance of the sea-level may be estimated to be as 
follows :- 

At DBmargida . . . . . . 640 + 177 = 817 feet. 

At KaliBnpur . , . . . . . 817 + 9 = 921 feet. 
At Calcutta . . . . . . . 817 + = 974feet. 
At KaliBna . . . . . . . 817 + 8 x626 = 1287feet. 

At ( ~ ~ o ~ ~ ~ )  . . . . . . 817 + 626 = 1448 feet. 

I n  the centre of Tibet . . . . . 817 + 1015 = 1832 feet. 



If the above figures be accepted as indicating the disturbances of the sea-level, the correc- 
tions to the calculated values of the deflections in the meridian will be as follows* :- 

TABLE 11. 

Corrections to calculated values of deflections in the meridian on account of disturbance 
of sea-level. 

me oaloulatio~ of thme correotions nre an follows:- 

A 2.6 h r' 
Defleotion - UN.44 - - 1V.44 x - x - x (@in a' - sin a,) x log. - 

Pa 6-7  6280 TI 

r' - -00107 x h (in feet) x (sin a' - sin a,) x loge -;; 

Mw8oozw md Doh70 Dkr 

- * ~ 1 0 7 { 8 8 9 ~ i n i n 1 0 ~ e 8  + 8 8 9 8 i . 1 6 1 q . 8  + 600 x 2.i.90.10gm8 

+8M) x 2sin1O0logea + lam x a s i . w 1 o g a 2 ]  - - 8 . 9  

Elation 

... Mussooree ... 
Dehra D6n ... ... 

KaliBna , . .  ... 
KaliBnpur , . , ... 

... DBmargida ... 
Punnae ... ... 

Bombay ,,. ... 
... Mangalore, ... 

Madras ... ... 
Waltair ... , . , 
Calcutta . , . ... 

C,~~~~~~~J~ea 
of Deflection' 

I/ 

- 3'9 
- 3'9 
- 3-0 
- 3.0 
- 1.4 

- 1.1 
- 1.5 
- 1.0 
- 1.2 
- 1.1 
- 1.7 

Difference between 
the correction for 
each station and 

that for Kaliaopur 

It 

- 0.9 
- 0 . 9  

0.0 

... 
+ 1-6 
+ 1.9 
+ 1'5 
+ 2.0 
+ 1.8 
+ 1'9 
+ 1'3 



I t  is not proposed to apply the corrections shown in Table I1 to the values of the deflections 
given in Table I on page 80. The quantities in Table I have been calculated, on a certain 
hypothesis of density, from known heights and depths, and they represent, with a probability of 
error that can be estimated, the deflections due to visible masses. But the results in Table I1 
have been derived from speculative data, and must be regarded not as true determinations of 
corrections, but as indications of the possible importance of such corrections, and of the magnitude 

X a Z k  

- . 0 0 1 0 7 { t i ~ s i n ~ l o g . a + 8 ~ 0  x 2 ~ i n w l o g , a  + 660 x a ~ i n i v i o g , a  +lo60 x a ~ i n 9 0 ~ 1 0 g . a )  = -8.0 

Then, 6. g., 

K-7 

- .00107{700 dn  800 log. 2 + 600 sin 900 log, 2 + 260 sin 46' log, 8 + 200 x 2 ain 90" log, 2 

+ 860 x 28i1110"log.f + 660 x 2sin90~log.3) - -8.0 

Ddmar& 

- .00107(800 ain 800 log. ) + 450 x 2 ain 60" log. 2 + 100 x 4 sin 90' log. 2 + 660 x 2 sin 200 log. 8 )  - - 1.4 

Bombay 

-~00107(1100sin60010g.~ + 4 0 0 ( r i n W  + rin4V)log.8- 100sin5)0010g,2 + 10sin900log.4) =- 1.5 

Mangalor6 

- - ~ o o i 0 7 ( i i 0 0 ~ i n ~ i 0 ~ . +  + 800 h in0 log, 4 + a s o ~ i n w 0 0 ~ , 4  +loll,%) - m ( ~ i n 9 o o - ~ i n s o ~ i 0 ~ , 8 )  --1.0 

M h  

- .00107(1100 (sin 100 + sin 80") log, + + 400 x sin 80' (log. 4 + log, 2) 

+ 250 ein 90" (log, 4 + log, a) - zoo (sin 900 - h in log, 8 )  - - 1.2 

U'altair 

- *00107(1100 (sin 80" + sin 809 log. ) + 800 #in 70" log. 8 + BM) sin 900 log. 4) - - 1 *l 

Calcutta 

- g00107(700 (ain 400 + sin 200) log. 8 + 200 x 2 sin 900 log, 2 + 800 sin 900 log. 2 

4 400(2s inW - sin200 - sin7U')logS8 + m ( a i n 9 0 5  -sin8U')log,2)- -1.7 



of the discrepancies, that it is reasonable to expect between calculated and observed results, 
if the disturbance of the sea-level is omitted from consideration. 

Geological Considerations. 

I t  is desirable to ascertain whether corrections should he applied to the calculated valuee of 
the deflections (page 80) on account of the differences in the rocks that constitute the surface 
of India. Rough approximations may be obtained by dividing India into four geological areas 
(Chart No. 8) :- 

First area. The Himalaya Mountains, and the plateaux of Afghanistan and Tibet. This 
area is uncolored on Chart No. 8 and lies to the north of the yellow area. 

Second area. The Indo-Gangetic Alluvium, forming the plains of Northern India from 
Longitude 67' to Longitude 92', extending southwards to the parallel of 26' in the centre of 
India, to 24' on the west, and to 22' on the east. This area is colored yellow on Chart No. 8. 

Third area. The Decc~n  Trap, which constitutes the surface of Western India from Latitude 
16' to Latitude 25', extending inland to the meridian of 79". This area is colored red on Chart 
No. 8. 

Fourth area. The great area of gneiss, that separates the trap from the alluvium in Gujartit 
and Bundelkhand and forms the whole of Eastern and Southern India. This area is left uncolored 
on Chart No. 8. 

Mr. Griesbach's value for the mean density of Himalayan rocks is 2.65 and for Deccan 
Trap 2.95. The specific gravity of dry sand is 1.4, and of wet sand possibly 2.0. As water is 
found even in the desert at lesser depths than 500 feet, the density of the Indo-Gangetic Alluvium 
to a depth of 2QOO feet may be taken to be 2.0. 

The mean density of the surface of India may be estimated as follows :- 
Region Density No. of square 

degrees in ares 
(1). Himalayas, Afghanidan, Tibet, . . . ... 2.65 200 

(2). Indo-Gangetic Alluvium, . , . ... 2-00  112 

(3). Deccan Trap, . . . ... . . .  . 2-95  40 

(4). The Gneiss area of Eastern and Southern Iudia, 2.65 102 

Mean eurface density of India = 302 x 2.65 + 112 x 2.00 + 40 x 2 - 9 5  
302 + 112 + 40 

= 2-51. 

Though the mean surface density is 2 51, we may regard 2.65, which is the surface density 
of two-thirds of our whole area, as the normal surface density, and we may look upon the alluvium 
aud trap as local deviations from the normal. We can calculate the effect of these local devia- 
tions, and show the corrections, that might be applied to the values of the deflections in Table I 
(page 80) on account of the existence of these areas of abnormal density. 



TABLE 111. 

Corrections to the calculated values of deflections in the meridian on account of alluvium 
and trap*. 

The alluvium has been assumed to be 2000 feet deep along its central line and the Himnlajnn and Vindhyan rocks 
on the north and  south have been assumed to slope uniforn~ly downwards under t l ~ e  alluvium to this tnaxirnum depth. 
I n  all probability the depth of the alluvium is greater than 2000 feet, nnd the slopes of tlie rocks steeper than have been 
assumed. 

I n  the Geology oE India (page 271) Mr. R. D. Oldliam referring to Deccan Trap writes, " 2000 feet of horizontal 
" bed8 are exposed on the flanks of Matheran Bill and a still greater tliickness farther to t l ~ e  cast in the liills near the 
" B l ~ o r  QliBt and close to  the Great Indian Peninsula Railway line between Bombay and Poona, but it is impossible to say 
"how fur the lowest strata, exposed a t  tlie base of the hills, are above the  botto~n of the series, as no lower beds t11an the 
"traps are seen. Owing to the numerous breaks in the section, i t  is difficult, without closer measurements than have 
" hil l~erto been made, to estimnte the precise tl~icknrss of the rorks dippina to the westward near Bombay, but tuking the 
"average dip a t  5 O ,  the wliole thickness would be nearly 7000 feet. This is a r n ~ ~ r i ~ n u ~ n  estimate as tile average dip is 
" probnbly h ~ g l ~ e r  and tho thickness consequently greater. From 1200 to 1600 feet of rock are exposed in Bombay islnnd, 
"so that i t  is evident tlrat t l ~ e  lowest beds seen 011 the island are higher in the series thnn the higliest flows seen on the 
" Sul~yMri &Iountnins to the enst,ward, a l t l ~ o u g l ~  some of the higher portions of the range are 4000 feet nbove the sea." 

The urea colored red on Chart No. 8 has been nssumed to be 4000 feet tl~ick. The speculative nature of tliis 
assumption is recognised: it is not possible to deterinine from it the actual effect of Doccan Trap : we s h d  merely be 
able by Ineatis of calonlatio~rs to form an iden as to whether the  existence of the Trap i of importance or not. 

The formula in 

Dirrerence between 
thk correction for 
each station and 

that  for KaliAnpur 

I/ 

-2.7 

-2'7 

-1.6 

... 
-2.6 

-2'0 

-1.9 

-2.3 

-2.0 

-1.8 

-1.0 

Btntion 

Mussooree . . . . . .  

Dehra Dlin ... ... 
KaliPna .. . . . .  

Kaliiinpur . . . . . .  

Dlimargida . . . . . . 
Punnae .. . . . .  

Bombay . . . ... 
Mangalore . . . . . .  

Madras ... ... 

Waltair ... ... 
Calcutta .. . 

f ., ov.m2a66 x (y) x h (in feet) x (eio a' - c.in aJ l o b  - r1 

where 8 - 2.66, A - 6.7, 9 - 2 - 0 0  for alluvium a n d 2 - 9 6  for trap. 

Corrections to calculated values of deflections 

~ ~ h l  

R 

-0.8 

-0.8 

+0.3 

+1'9 

-0.7 

-0. I 

0.0 

-0.4 

-0' I 

+omr 

+oe9 

On account of 
alluvium 

I/ 

-I -04 

-1.04 

-0.05 

+ 0' 39 
+on18 

+0.05 

+o-16 

+O.II 

+oerz 

+0.16 

$9.89 ' 

On 
'Imp 

I/ 

+oSzz 

+o.zz 

$0.31 . 

+1*52 

-0.83 

-0.12 

-0-20 

-0.50 

-0.23 

-0.08 

+oeoz 



I t  is not proposed to apply the corrections shown in Table PIT to  the values of the deflections 
given in Table I on page 80. The results in Table I11 are based on mere speculations as to 
the depths of the alluvium and trap, and must be regarded aa indications of the magnitude of the 
discrepancies, that i t  is reasonable to expect between calculated and observed results, if geological 
considerations are overlooked. 

The effect of the Deccan Trap on the plumb-line at Kalianpur. 

The persistence of the negative sign in the last column of Table 111 is significaut : i t  means 
that the geological conditions teud to produce a more southerly deflection a t  Kalihpur than at any 
other station, and if we examine the third colum~i of Table I11 we see that the Deccan Trap 
exercises a strong influence at  Kalihnpur. Chart No. 8 shows that KaliBnpur is situated at the 
north-east corner of the red or trappean area, and the following questions at once occur : Can 
this trappean area be causing the southerly and westerly deflections at Kalilnpur, which Walker 
and Strahan have deduced (page 4) from the observations of all India? Can this area of trap be 
causing a southerly deflection at all the stations of Lenox Conyngham's group? Call the Deccan 
Trap be the hidden cause of the "Mean of India" system of deflections (page 40) and of the 
excess of negative values of (0 - C) in India (page 4) ? 

Assuming the trap to have an uniform depth of 4000 feet, we can calculate its effect on 
the stations of Lenox Conyngham's group*. 

The results of a calculation are as follows :- 

Alluvium #I 

2.66 - 2.00 - O"'008866 x 
200 

~ O * M P ~ O R . ~  + 10g.a)')- -1.a 

%P X 
a'96 - 

x 4000 x ain 80" x log. + - + 0.22 + 0*.008856 x 
n 

ltation and 
dintance from K d h p u r  

DaiMhari . . . 85 miles north 

S6rantll . , , 8 miles north 

Kalilnpur . . . . . . 
KBmkhera . . . 9 miles south 

Ahmadpur .. . 35 miles south 

Total - - 0;s 

Thin effeot largely depends on whether the trap ends abruptly or gradually, and whether at its juncLion with the 
rurronnding gneiss it underlie8 or overlies the latter. Our uncertai~~ty on these points rendem it impoosible for us to 
make even an approxhnte entimate of the deflectionr at ststions ritueted on the very border of the trap. 

Deflection due 
to Trap 

a 

+ 2-37 
+ I * 69 
4-1'57 

+1'49 

+1.26 

Difference from 
W n p u r  

I 

+oa80 

+o' 12 

... 
-0.08 

-0.31 



These results, based thongh they are on a speculative hypothesis of depth, suffice to show, 
that astronomical observatio~is taken at a group of stations, situated in one corner of an area of 
trap, do not in their mean give an absolute value of latitude, more reliable or more free from 
local attraction than observations at the central station only. In w c h  a d u a l i o n  a group is  
futile: i t  not only fails to eliminate the efects of local attraction, but i t  fails to w m  us of the 
exietence of local attraction. 

Assuming a depth of 41HH) feet we have shown that the trappean area may produce aonthmly 
deflection at Kali4npur of ln.57 : if we asaume a depth of 6000 feet, the resulting southerly 
deflection will theoretically be 2".36: and if the depth is taken as 1000 feet, the theoretical 
deflection will be OV.39. We can perhaps test the actual effects of the trap in the following 
way :--observations for latitude have been taken at every 40, 60 or 60 miles on the meridiaus 
of 74O, 75O, 76O and 77" from north to south across the trap. If this trap ean mass is exercising 
a paramount effect, the observations at stations on the northern edge of t E e area should indicate 
a mutherly deflection in the meridian, at stations on the southern edge a northerly deflection, and 
at stations in the heart of the trap no deflection. From the table following page 14, we abstract 
the following apparent values of deflectious in the meridian :- 

At etatiom near the northern edge of the Trap : 

At stations near the central parallel of the Trap : 

Collba 
Valvidi 
Kanheri - 9 . 1 2  Mean-8"'.0 
Badgaon - 7 083 
Voi - 6 #51 

At atations near tbe southern edge of the Trap : 

These quantitka are differential, and are affected by a constant error equal in amount k6 
the deflection caused by the trap at Kalihnprlr : but whatever routherly deflection we aaadme la 
exist at  Kalihnpur, the broad fact remains that a belt of maximum northerly deflections erwsea tbe 
centre of the trappean area from west to east. Over the heart o£ the trap, where theory plaeea the 
minimum deflections, we find the maximum values : and along the soathern edge of the tmp, where 
theory place8 the maximu~n northerly deflections, we find the values to be considerably l e e  than 
those of the central parallel : though therefore the calculations have shown that the ?0e&ta ef 
the KaliBnpur group may have beeu vitiated by the presence of the trap, yet the latitude observa- 
tions taken throughout the trappean area give no confirmation to the theory. 

The belt of maximum values, that crosses the heart of the trap from we& b esd, denotea 
either that the depth of the northern portion of the trap is many miles in excess of that 
of the southern, or that the effect of the trap, whatever it may be, is w k e d  by mawe powerful 
influences. 



The northern positive zone and  the  Indo-Gangetic Alluvium. 

The surface of the rocky area to the south of the Indo-Gangetic alluvium is higher by 
1000 feet* than that of the alluvium itself. This superior elevation tends to produce southerly 
deflections along the southern border of the alluvium. 

Table I11 on page 85 shows that the defective density of the alluvium, apart from any 
question of height, may cause a southerly deflection at KaliBnpur of O"m39 : Kalirinpur is 150 miles 
south of the alluvium, and the effects of the latter's inferior elevation alid defective density will 
gradually increase as its southern edge is approached from Kaliknpur : the alluvium will therefore 
tend to produce a zone of positive values of (0 - C )  in latitude over the area, where the norlhern 
positive zone actually exist8 (Chart No. 6 ) .  Can the northern positive zone, described on page 14, 
be due then to the Indo-Gangetic alluvium? The' following are the calculated effects on the 
plumb-line of this alluvium :- 

The mean value of (0 - C) in latitude,. derived from actual observations, within the 
northern positive zone is + ]"a04 (page 21). I t  is clew then that in the Indo-Gangetic alluvium 
we have found a possible cause of the northern positive zone. Whether i t  is the actual cause, we 
cannot decide, until we have arrived at more definite conclusions on collateral questions : so long 
as we hold that deflections at coast stations are towards the ocean, we shall not be able to accept 
any hypothesis denying the existence of deflections t o w a ~ ~ d s  the alluvium: the Indo-Gangetic 
alluvium fills a deep and wide channel, that was possibly once a branch of the ocean : we cannot 
at  one moment assume the ocean to be compensated by underlying strata of excessive density, and 
at  another moment assume the alluvium to be uncompensated. We cannot apply contradictory 
theories to different data: we must classify our results, and treat them from one standpoint 
as parts of one whole. 

nehra Du'n : 
October 1901. 

' South of Bengal the rocky area attains elevatione 2000 feet above the alluvium. 

Difference 
from 

Kaliinpur 

I/ 

... 
+ 0-2 
+ 0-5 

1.4 

+ 0 . 5  

-t- o/i7 

At Kallnpur ... ... 
At 50 miles north of Kalihnpur . . . 
At 100 miles north of Kalihnpur . . . 
At 150 miles north of Kalihpur ... 
At 200 miles north of Kaliiinpur . . . 

Mean ... 

Southerly Deflections due to the alluvium 

On account of 
Inferior Elevation 

I/ 

+ 1'3 
+ 1'4 
+ 1.6 
+ 1'4 
+ 0.6 

On account of 
Defective Density 

W 

+ 0'4 
+ 0 ' 5  

+ 0.6 
+ 1.7 
+ 1.6 

Totd 

I/ 

+ 1'7 
+ 1'9 
+ 2'2 
+ 3'1 
+ 2'2 



PART V. 

Comparison of calculated with observed values of Deflections 
in the Meridian. 

Results of Observation. * 
The results of the Indian observed latitudes require to be corrected for the heights of 

stations above sea level, before a comparison with calculated values is instituted. I n  Part I the 
expression ( 0  - C) was used to denote the difference between astronomical and geodetic values : 
the astronomical values were designated 0, as being observed, the geodetic C as being computed 
by the usual geodetic formulae through the triangulation. The investigations in Part I V  have 
now supplied a third value, derived from a calculation of the effects of masses : to avoid confusion 
we will i n  future denote the observed or astronomical value by A, and the geodetic value by G, 
and substitute the form (A-G) for (0-C) : the term "computed value " will not be used, and 
the " calculated value " will invariably mean the value deduced from a calculation of the effects of 
visible uncompensated masses. 

TABLE IV. 

SHOWING VALUES OF DEFLECTION8 A8 DEDUCED FROM OBSERVATION. 

The correction for height reduces the fundamental latitude of Kaunpur 
(page 7) to 24' 7' 1 lWm60 and all geodetic latitudes by 0".07. 

* The new latitude station at Del~rn, vide note on ago 58. + See Madras Meridian Circlo Obeorrntions, $olun~o IX, page XXI. The table followiviog page 14 was printed, 
before the Madras Volume had been received : in future Nr. Michie SmiLk's velue for the wtronomicnl latitude of Madre, 
will be adopted in the Trigonometrical Survey, 

(A-G) 
on 
Spheroid 

. I/ 

-37'08 
-37.15 - 7'00 

... 
- 2'73 
+1.89 
-10.56 
+ 2-76 + 3-6 - 9-18 
+ 0.67 

Btetion 

Mussooree . . . ... 
Dehra DLin* ... ... 
Kaliina ... ... 
Kaliiinpur .. . ... 
Dimargida ... ... 
Punnae . . . ... 
Bombay ... ... 
Matigalore . . . ... 
Madras Observatoryt . . . 
Waltair . . . ... 
Calcutta . . . ... 

8econda 
of Corrected 

Observed 
a 

I/ 

3'71 
51-82 
47'94 
11-50 
14-86 
29.92 
39.16 
17-76 
8.0 
20.37 
55'58 

seconds 
of 

Latitude - Q 

I/ 

40'79 
88.97 
54'94 ... 
17-59 
28.03 
49.72 
15.00 
4'40 
29.55 
54-91 

Oblrerved Latitude 

o r  n 

30 27 4-02 
30 18 51-92 
293047.98 
24 7 11'57 
18 3 14-92 
8 9 29.92 
18 53 39.16 
12 52 17-76 
i 3  4 8. o 
1 7  43 20.38 
22 32 55-58 

Correction 
to See-level 

I/ 

-0.31 
-10 

'04 
'07 
006 
-00 

-00 

-00 

-30 

-01 

-00 



Results of Calculation. 

The differences between the calculated values of the deflections at the several stations and 
that at Kalifinpur are given in Table V. 

TABLE' V. 

The results in Table V show that the calculated value of the deflection at Kalidnpur is 
less than at any other station, and that apparent northerly deflectiona and negative values of 
(A-G) in latitude may consequently be expected to preponderate in every part of India (page 7). 

Btation 

Muaswree ... 
Dehra Diis ... 
Kalidna ... . I. 
Kalifinpur ... ,.. 
Dfimargida ... 
Punnae ... ... ... 
Manga ore ... 
Madras ,,, ... 
Waltair ... .. . 
Calcutta ... ... 

* 

Gomparison of results of Calculation and Observation. 

The comparison between the results of calculation and observation is made in Table VI. 

TABLE VI. 

Difference - 8- K 

U 

-35'9 
-35'6 - 9'7 ... - 0.5  
-12.7 - 3'4 - 4 . 1  - 1.9 
-18.0 - 7.0 

Calculated 
Deflection in the 

Meridian from 
Table I. (p. 80) = 8 

a 
-73'5 
-73'2 
-47'3 
-37'6 
-38.1 
-50'3 
-41.0 
-41.8 
-39'5 
-55'6 
-44-6 

Calculated Deflectiom 
in the meridian from 

(A-G) in Latitude 
horn Table IV 

Other Btetions 

KaUnpur 

Calculated 
Deflection at 

E1iBnpur 

a z 
m 
I 

Mmsooree 
Dehra Ddn 
Kalidoa ,,, 
Kalidnpur ... 
Ddmargida 
Punnae ,,, 
Bombay ... 
Mangalom 
Madraa ... 
Waltair ,,, 
Calcutta ... 

... 
* . a  

8 . .  

I.. 

*. . ... ... 
. a .  

. a .  ... . . 

Di~crrpency 
between calculation 

and obaervetion 



When considering the discrepancies between calculation and observation we have to  b e ~ r  in 
mind that the calculated values given in the second column of Table V I  depend on an assumed 
ratio of surface to mean density, and that the observed values given in the third column of Table 
VI are based on an assumed ellipsoid of reference. 

Uncertainties arising from the adopted ratio of density. 

I n  Table V I I  are given the calculated values of the deflections on different assumptions of 
the ratio of surface to mean density. 

TABLE VII. 

Btntion 

Mussooree . . . ... 
Dehra Ddn . . . ... 
Kalitina . .. ... 
Kalianpur . . . ... 
Dgmargida . . . ... 
Punnae ... . . . 

Bombay ... ... 
Mangalore . . . ... 
Madraa ... ... 

Waltair . .. ,.. 
Calcutta . .. .. . 

Difference between the deflection st 
Kaliinpur and t l ~ a t  a t  ot,l~er stations, if the 

density-ratio is 

1 1 - 1 A I g  2.0 

Calculated Deflections in the meridinn, 
if ratio of to mean is 

1 1 
TO A ~ s  

Y 

-80.9 

-80.5 

-52.0 

-41-4 

-41.9 

-55'3 

-45'' 

-46.0 

-43-5 

-61.2 

-49.1 

Y 

-32'9 

-32.6 

- 8-9 

. . . 
- 0.5 

- 11.6 

- 3-1  

- 3.8 

- 1.7 

-16.5 

- 6.4 

U 

-39'5 

-39.2 

-10.7 

... 
- 0.6 

-14.0 

- 3.7 

- 4-6  

- 2 - 1  

-19.8 

- 7 - 7  

I 

-73'5 

-73.2 

-47.3 

-37.6 

-38.1 

-50.3 

-41.0 

-41.8 

-39-5 

-55-6 

-44.6 

/I 

-35'9 

-35-6 

- 9.7 

... 
- 0.5 

-1z.7 

- 3-4  

- 4'2 

- 1.9 

-18.0 

- 7.0 

Y 

-67.4 

-67-1 

-43-4 

-34.5 

-34.9 

-46-1 

-37.6 

-38.3 

-36.2 

-51.0 

-40.9 



Uncertainties due t o  the Ellipsoid of  reference. 

In Table VZII are given the observed values of the deflections, as deduced from different 
Ellipsoids of reference. 

TABLE VIII .  

I t  is interesting to see from this Table that the adoption of the third splieroid would convert 
the positive value of (A - G )  that now exists at P u t l n ~  into a large negative value and would 
consequently eliminate the southern positive zoue (page 20). 

...... Ynjor nxia in feet 

Ellipticity ............ 

Rlussooree ... ... 
Dehra Ddn ... ... 
Kaliana ... ... 
KaliBnpur , , , ... 
Dlmargida ... ... 

Punnre . . .  ... 

Bombay ... ... 

Rf angalore ... ... 

RIadras . . , ... 
... Waltair ... 

Calcutta ,,, . . .  

Degree of Uncertainty attaching to  the comparison of  calculated and 
observed values. 

Tahles VII and V I I I  show the dcpree of uncertainty attaching to the figl~res of Table VI. 
The comparison between the results of calculation and observatiou, as made in Table ??I, ia 

Observed Dcflcctio~~e in the Meridian - (A - G) in latitude 

On n third 
Spheroid 

20,926,202 

1 
8 0 0 8 0  

N 

-33'5 

-33'(j 

- 3'9 
... 

- 6.2 
- 7'2 

-13.6 

- 3.6 
- 2-7 
-12.8 

- 0'2 

On the Ererost 
Spheroid 

20, 022, 932 

1 -- 
YOC~.80 

w 

-37'1 

-37'2 

- 7.0 
... 

- 2'7 
+ 1.9 

-10.6 

+ 2-8 
3. 3.6 

- 9.2 
+ 0.7 

On t l ~ e  Clarke 
Spheroid 

20, U26,202 

1 
2 K 7  

Y 

-35'8 

-36-1 

- 6.2 
, ,. 

- 3'3 
+ 1.2 

-11.1 

+ 2.1 
+ 2 ' 9  

- 9-8 
+ 0.4 



repeated in Table IX on nine different hypotheses, each value of the density-ratio assumed in  
Table VII  being siicce.;sively coml)~i~ed with each of tlie three ellipsoids of Table VII I .  I n  
Table I X  a negative discrepaucy implies that the calculated value of the deflection is larger than 
the observed. 

TABLE IS. 

The discrepancies, exhibited in Table IX, between calclllated and ol,servetl results are 
neither large nor persistent iu bigu, and lleitllcr rcrlnire nor sapport in tllernselres the theory of 
ulliform compensation. But tlieir smallness is ~~ossibly unreal n~rtl nlislcnding : tllc attlaction of tlie 
Himalayas and the repulsion of the Ocean, if uncompr~~snted, coilspire to produce large tlut ~>ara/lcZ 
deflections in the meridlan tliroughout I~idia.  Comparisons rannot I)e mntle betwcen calculated 
acid observed values of ubsolufe dt,flc*ctior~s : we liavc to be content n ith conlparing the calc~ilated 
dijfererrces of deflections from Knliirnpur with the observed difer-encps; observed differences of 
deflections are almost aln,nys snaull in nll pnrts of the woleld and calculatccl diffel-ences nil1 Ile 
rendered small, if the active forces tend to produce parallel deflections. We callnot tllus attach 
great weight to an accordance between calculated and observed values of emall meridional deflec- 

Density-Ratio 

3Inssooree ... 

Dehra Dlin ... 

KdiAna ... 
Kalilinpur ... 

Dlimargida ... 

Punnae ... 

Bombay ... 
Mangalore . . . 
Madras ... 

Waltair . . . 
Calcutta . . 

.Mean discrepancy 

I)iscrrl~nnc~cs 

Ererest Sphero~d 

1 1 1 
2.0 f i f i  

W 

- 2.4 

- 2.0 

- 3.7 
. . . 

+ 2 . 1  

-15.9 

+ 6-9 
- 7.4 
- 5.7 
-10.6 

- 8-4 

between results (Cslcul~ited 

Cltirke Spheroid 

1 1 
2 0  - $ 1  ,i 

- 3.11 - 2.3 

/I 

- 3.7 
- 3.0 
- 4.5 

. . . 

+ 2.7 
I 

+ 7'4 
- 6-7 
- 5'0 
-10.0 

- 8.1 

- Obaerrcd) 

Third Spl~eroid 

1 1 1 
2.0 -+I 

If 

+ 1.2 
+ 1.6 
- 2.7 

. . .  

+ 2.21 
-14.6 

+ 7'2 
- 7.0 

- 5-5 

- 8.8 

- 7.7 

N 

+ 4 . 2  

+ 4.6 
- 1.9 

. . . 

+ 2.2 
-13.5 

+ 7'5 
- 6.6 

- 5.3 
- 7-3 
- 7.1 

- 4 - 6 -  

I/ 

+ 0.6 
+ 1.0. 
- 5.0 

. . . 

+ 5.7 
- 4.4 

+10m5 

- 0.2 

+ 1.0 
- 3.7 
- 6 - 2  

LT 

- 6.0 
- 5.6 
- 6-8 

. . . 
+ 5.6 

// r - 0.1 + 2.9 

- 2.51- 1 . ~ 1  - 0.1 

I/ 

- 2.4 
- 2.0 
- 5.8 

... 

+ 5.7 

+ 0.6 
- 3.5 

. . .  

+ 2.8 

+ 3.6 
- 2-7 

, . .  

+ 2-8 
6.8, - 5-5 -13.9 -12.8- 

- 

f 9.9 

- 1.0 
+ 0.6 
- 7.0 

- 7.5 

f 7'7 

- 6.3 
- 4.8 
- 8-2 
- 7.4 

+1oS2 

- 0.6 

+ 0.8 
- 5'2 
- 6.8 

+ 8.0 
- 5 - 9  

- 4.6 
- 6-7 
- 6.8 



tions in India: Table IX shows in fact an absence of discordance rather than an existence of 
accordance; i t  shows that the theory of Himalayt~r~ compensation :nust d e p e ~ ~ d  for its support on 
the results of longitude and pei~dulum observations and not on discreparicies in latitude. 

I t  must however be admitted that the agreement at  Dehra Ddn a i ~ d  illussooree is note- 
worthy : nature rarely exhibits great deflections on the earth's surface, and that great deflections 
should be found in accordance with tbe laws of gravitation, ia a remarkable and significant fact. 

Analysis of the Calculated Values. 

We have so far been dealing with the total values of the d e k t i o n s ,  as calculated, without 
examining their composition : it will, however, facilitate future investigation, if we analyse the 
total values and ascribe the due component parts to the respective sources of attraction. The 
heigl~ts of the compartments have bee11 entered in the Tables (pages 56 to 79) in different types : 
Himalayan and Oceanic nreas are thus easily identified : the heights of Continental India and 
Further Asia are given in a like type, but as a great difference of elevation occurs at the 
boundnry between Afghanistan and the Punjab, their dividing line on the Tables is easily followed. 
The deflections due respectively to the Himalaya Mountains, the Indian Ocean, Continental India, 
and Further Asia have been calculated and are given in Table X. 

TABLE X. 

Deflections due to the Himdayas, the Ocean, Continental India and Further Asia at points 
on the sea-level vertically below statiorrs of observation. 

Station0 

Mussooree . . . . . .  

Dehra Ddn . . . ... 
Kalisna ... ... 
Kalisnpur . . . ... 

Dfimargida . . . ... 
Punnae . . . . . . 
Bombay . . . ... 
Mangalore . . . ... 
Madras . .. . . . 
Waltair ... . . . 
Calcutta . . . ... 

Totnl 
Detlect,ns 

I/ 

-73.5 

-73'2 

-47'3 

-37.6 

-38.1 

-50.3 

-41'0 

-41.8 

-39.5 

-55.6 

-44.6 

Deflect,ions due to 

Himalaya, 

t/ 

-64.9 

-72'2 

-36.2 

-r8.4 

- 10.0 
- 3.4 
- 7'9 
- 4'9 
- 6.8 
-II*O 

-23.3 

Ocean ' 

I 

-10'3 , 

-10.3 

-11.0 

-19.4 

-26.2 

-37.6 , 

-29.6 

-28.6 

-28.0 

-33.0 

-19.9 

India 

X 

+ 5.0 
+12-6 

+ 1.9 
+ 3-1 
+ 0.1 
- 8-7 
- 1-3 
- 6.3 
- 3.6 
-10.9 

- 0.4 

Further Asia 

X 

- 3-3 
- 3.3 
- 2.0 
- 2.9 
- 2-0 
- 0.6 
- 2.2 
- 2.0 
- 1.1 
- 0.7 
- 1.0 



Chart No. 10 wan plotted from the data furnished by Table X, and exhibits the respective 
ancompensated effects of the Himalaya Mountains, of the Indian Ocean, and of Continental 
India on the plumb-line at all points on the Great Arc of India from Mussooree to Punnae. 

The effect of the Indian Ocean has been analysed, and in Table XI are ahown the negative 
d e c t s  on the plumb-line of the waterleae void, and the positive effects of the great mass of 
sea-water. 

TABLE XI. 

EFFECTS OF !FEZ OCEAW. 

Dehra DGn: 

October 1901. 

Btrtion 

Muasooree ... ... 
Dehra Diin ... ... 
Ka1iS;na ,,, ... 
Kalihpur .., ... 
Ddmargida ... ... 
Punnae ... ... 
Bombay ... ... 
Mangalore ... a * .  

Nadraa ... ... 
Waltair ,,. ... 
Calcutta ,,, ... 

eieot of 
Ocean 

I 

- IO'Q 

- 10.3 

- I I ' O  

-19.4 

-26-1 

-37'6 

- 29-6 

-98.6 

-28.0 

'33.O 

- 19'9 

Deflection due to 
vacant depths 

of Ocean 

C 

- 17 2 

-17.2 

-18-3 

-32.3 

-43'7 

-62-7 

-49'3 

-47'7 

-46'7 

-55.0 

-33'2 

Deflection due to 
the water in the 

Ooeen 

U 

+ 6 . 9  

+ 6 . 9  

+ 7 '3  

+ [ z a g  

4-17'5 

+25'1 

+19'7 

I) + I ~ ' I  

+IS .?  

+ 22'0 

+ 13'3 



PART VI. ' 

Corn parison of calculated with observed values of Deflections 
in the Prime Vertical. 

I n  Table XI1 are shown the discrepancies between the calculated and obeerved valnea of 
the deflections in the prime vertical. , 

TABLE XII. 

I t  is clear, that the discrepancies in the prime vertical, with which we have now to deal, 
are more serious than those of the meridian (in Part V). The observations at all station8 except- 
ing Mussooree, Dehra D h  and Kaliiina now give a deflection in the oppokte direction to th@t 
which the theory of gravitation requires. 

atetion 

Muasooree ... ... 
Dehra Din  ... ... 
Kaliina ... ... 
Kaliinpur ... ... 
Ddmargida .,. ... 
Punnae ,,, . . .  

Bombay ,,, ... 
Mangalore ... ... 
Madras ... ... 
m'altair ... ... 
Calcutta ... ... 

Dincrepancy 
between 

oalculstion 
and 

obaerration 

Y 

-- 6.6 

-- 8.0 

-7'4 

.. . 
+I4'5 

+II.O 

-18.2 

-15.6 

+ 36'5 
+agal 

+ 39'4 

~ b ~ l ~ b  
cdculnted 

Valuea from 
Table I 

It 

-41.1 

-38.6 

-aoq3 

- 8.5 ' 
- 3-8 
+ 0.7 
-20.3 

-22'2 

$ 2 1 ~ 0  

+I7'5 

+ 0.8 

(A - Q) 
in Longitude 

'''9 

Y 

... 
-!W-I 

... 

... 

... 
- 1.8 
+ 6.4 
+ 1.9 
- 7.0 
- 3 '1  

-10.1 

Cnlculatcd 
Defleclio~i in 
the Prime 
Vertical 

Other Statione - 
Kalfinpur 

II 

-32.6 

-30.1 

-11.8 

... 
+ 4-7 

+ 9-2 
-11.8 

-13'7 

+zgm5 

+z6*0 

+ 9.3 

(A - a) 
in Admnth 

x cot* 

Y 

-26.0 

-23.0 

-4'4 

... 
- 9 .8  

... 

... 

... 
m e .  

... 

... 



The trans-continental Arcs of India. 

m e  detail8 of three arcs of longitude that cross India from east to weat are given in 
Table XIII. 

TABLE XIII. 

A negative value of (A-G) denotes outward deflections at the t e r m i d s  of an arc, a 
positive value inward deflections. Amritsar and Mooltan are in the plains of the Punjab, (Chart 
No. 11 ) : the Himalayas rise 80 miles east of Amritsar, the Baluchistan plateau rises 70 miles 
w a t  of Mooltan : there are thus mountain masses on the outer flanks of the two, terminals of 
this arc: the ground that intervenes between Amritsar and Mooltan is the l o w - l y e  alluvium. 
The astronomical value of the arc is greater than the geodetic, and the p l u m h - l h  a m  apptwen. 
ly deflected inwards, from the hills towards the alluvium. 

Madras and Mangalore are on the c o d  (Chart No. 11) and a high pratean intervene*: 
the astronomical value of this arc is smaller than the geodetic, and the plumb-lines are apparent- 
ly deflected outwards, from the plateau towards the ocean. 

Waltair and Bombay are on the coast (Chart No. 8): the astronomical value oE the 
Waltair-Bombay arc is kas than the geodetic, and the plumb-lines are apparently deflected seac- 
war&. 

It will be seen from Table XIII tAat w modification ef the e E p o 3  ofi mefemme will 
produce accordance between astronomical and geodetic values: if we adopt the C l d e  spheroid to. 
suit the southern arcs, we increase the value of (A - G) at Amritsar and! Mooltan; if we. 
determine a spheroid to fit the northern arc, we find ourselves confronted with. enhanced discre- 
pancies on the southern. 

* 

; 

. 

Arc of Longitmde 

Amritsar-Mooltan . . . 
Waltair-Bombay . . . ... 
Madras-Mangalore ... 

Ou the three trane-continental arca the plumb-lines are thus debcted in the opposite: 

In Iatitude 

, 
0 

31 

I 8 

13 

B e c o n L  of 
Geodetic value - G 

8 .  
43'737 

0.961 

36.775 

"lne 
- A  

m 8 

13 44.285 

42 0~290 

21 36.157 

Observed deflections - (A - G) 

' 

On the 
Everest 

Spheroid 

a 

4- 8.22 

' -1o*o6 

- 9.27 

On the 
Clarke 

Spheroid 

u 

+10'43 

' - 3.84 
- 6.15 



direction to that, which the theory of gravitation would lead ua to expect : in the following 
table are given the actual numerical discrepancies between the resulta of calculation and 
observation. 

TABLE XIV. 

A negative value denotes outward deflections at the terminals of an arc, a positive value 
inward deflections. 

On each arc the resulta of observation favour a theory of entire compensation. 

Longihde 

Amritsa~Mooltan , . . 
Waltair-Bombay . . . 
Madras-Mangalpre . . . 

Dehra Dtin : 

November 1901. 

Estimated. 

Si60repenoy 

Y 

- 28 

+ 49 

+ 53 

Difference between the dstronomical and 
Qeodetic values of the arcs 

As deduced theoretically 
by calculating the attractive 

effecb of masses 

Y 

- 20+ 

+39'6 

+44'7 

As derived 
practically from 

observation 

U 

+ 8 -22  

- 10.06 
- 9'27 



PART VII. 

It is inferred that a hidden cause in Central India is masking 
true Himalayan effects. 

The seaward deflections at coast stations. 

The longitude observations ahow seaward deflections in the prime vertical at Bombay, 
Waltair, Madras and Mangalore : the latitude observations show northerly deflections at Bombay 
and Waltair, and southerly at Madras and Mangalore: it is of interest to ascertain the resultant 
directions of deflections at the four stations. 

TABLE XV. 
-. 

Station 

Bombay ... 
Waltair ... 
Madrm... ... 
Mangalore ... 

Colmt 

West 

East 

East 

West 

Deflections of the Plumb-line 

In Latitude 
(P. 92.) 

-11" North 

- 9 North 

+ 4 South 

+ 3 South 

In Longitude 
(PP. 15 md 96.) 

+6" West 

-3 East 

-7 East 

+ z Weat 
- 



roo 

The resultant deflection at  Bombay is towards the N.N.W., that at Waltair towards the 
N.N.E., that at Madras E.S.E. and that at Mangalore S.S.W. At each corner of the quadrilateral 
the plumb-line is being pulled diagonally outwards. The deflection at Madras is towards the 
deepest part of the Bay of Bengal, that at Mangalore towards the Laccadive coral-reefs. The 
deflection at Bombay is towards the shnllms of the Gulf of Cambay, and the land of Kathiawar. 
The resultant deflection at Waltair is towards the Orissa Coast and the shoals at the mouth  of 
the Ganges. If the seaward deflections of the plumb-iine in the prime vertical are really due 
to the contraction and condensation of the strata under the bed of the Ocean, and to tlre attrac- 
tion of this excess of submarine matter, a seaward deflection should also be perceptible to observ- 
ation in the meridian. If the depths of the Arabian Sea and Bay of Bengal are the centres of 
attraction, the plumb-lines at Bombay and Waltair should be deflected respectively towards the 
S.W. and S.E. On the other hand, if continental India produces the great northerly deflections, 
that have been observed in the meridian at Bombay and Waltair, the same cantinental India 
should cause landward deflections in the prime vertical. The testimony is in fact conflicting, 
and one cannot but infer the existence of an additional and undiscovered source of error or 
attraction which is masking the true effects of ocean and continent. Diagonal outward deflections 
tend to throw suspicion on the adopted ellipsoid of reference. 

The Conflict of Evidence. 

I n  Part lV attention was d r a w  to the contradictory effeds of mountains and seaa (p. 47). 
I n  Parts V and V I  we found ourselves confronted with further contradictions : an examination 
of the tables of Part V led to the conclusion, that the Himalaya Mountains and the Indian Ocean 
were not compensated to any considerable extent: the numerical results of the tables of Part 
V I  justified the inference, that the Himalaya Mountains and the Indian Ocean were wholly com- 
pensated. The results of the latitude observations at Bombay, Waltair, Dehra Dh, Muasooree, 
Nojli, etc., seemed to denote an absence of compensation : the results of the longitude observations 
at Amritsar, Mooltan, Bombay, Waltair, etc., appeared to show that the compensation was every- 
where entire. Whether the theory of uniform compensation be correct, or incorrect, there should 
be no direct conflicts of testimony : the true inferences to be drawn from the contradictions in the 
evidence are, that there i s  ap undkcoverad cawe at work afecting our numerical results, and that 
the theory of cornpeneation ia  not in itself suficient to account for the observed phenomena. 



I n  the following table the evidence is mmmarised. 

TABLE XVI. 

SUbfMARY OF AVAILABLE EVIDENCE. 

Obsmed Phenomena 
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Explanation of Phenomena, if mountains and seas are 
aseumd 

Not oompensated 

The plumb-line is deflected 
to the north throughout 
India by the attractioo 
of the Himalayas and 
the repulsion of the 
Ocean, their combined 
effect being a minimum 
at Kalihnpur. 

The Vindhya Xountaina 
cause northerly attrac- 

. tion and (this cause being 
by itself insufficient) 
the conjunction of Hi- 
malayan attruction with 
oceanic repulsion tends 
perhaps to create maxima 
within this belt. 

The attractio~l of the Vin- 
dhyaand Aravalli Moun- 
tains and of the Deccan 
Trap draws the plumb- 
line away from the Gan- 
getic alluvium. 

The errors of the Clarke 
and Everest spheroids 
produce this zone. 

The Himalayas, if uncom- 
pensated, would produce 
these deflections. 

No explanation. 

No explanation. 

(1) 

(2) 

+ -  
(3) 

(4) 

(5) 

(6) 

- 
(7) 

to be 

Completely compenaated 

The plumb-line at Kali- 
Snpur is deflected to 
the  eouth aud thus 
all geodetic latitudes 
are too large. 

. 

No explanation. 

No explanation. 

The submarine strata 
attract the plumb- 
line seawards. 

No erplanatim. 

The submarine strata 
attract the plumb- 
line seawards. 

The Indo-Gangetic al- 
luvium being over- 
compensated attracts 
the plumb-line away 
from the Himalayas. 

Persistence of the negative 
sign in the values of 
(A - G) in latitude be- 
tween the parallels of 
14" and a'. 

The belt of negative maxi- 
ma that crosses India 
from west to east in 
latitude 20' (vide Table 
following page 14). 

The northern positive zone 
in latitude 25'. 

The southern positive aone 
between the parallels of 
8' and 13'. 

The large deflections in 
Sub-Himalayan Regions. 

The seaward deflections in 
longitude at all coast sta- 
tiona. 

The inward deflections in 
longitude at Amritaar 
and Mooltan. 



The belt of negative maxima mentioned in the above summary is a remarkable feature of 
the table following page 14: an examination of this table discloses the fact, that between the 
parallels of 17' and 22', whilst there is but one eoutberly deflection greater than I", there are 33 
northerly deflections greater than 4", 22 northerly deflections greater than 6, 9 northerly deflec- 
tions greater than 8", and 3 northerly deflections greater than 10". South of this belt, from 
latitude 17' to latitude goJ no northerly deflection as large as 6" has been as yet discovered. 

Observed Deflections cannot be regarded as accidental. 

Observed deflections cannot be treated as accidental for two reasons : firstly, the persistence 
of sign indicates the existence of a common cause, and secondly, small pockets of great density, 
sufficient to produce large northerly deflections at places to the south, should produce equally 
large southerly deflections at places to the north, and these reactions are only met with on rare 
occasions, e.g. at Kesri and Bangalore. The observers, who took the latitude observations on 
the meridian of 80' (vide table following page rq), and who from latitude 14' to 22' found a 
long succeseion of large negative values, ridicule the idea that each of these negative values is 
due to some separate local subterranean peculiarity : how is i t  they rightly ask, that we never meet 
with the opposite effects of these local hidden causes? Every visible hill, that we know of, 
which exercises a northerly attraction on a southern plumb-line, will exercise a southerly attrac- 
tion on a northern plumb-line: and yet subterranean irregularities are readily assumed to 
account for inexplicable northerly deflections, and no corresponding opposite effect is demanded from 
them. If we examine the stations on the meridian of 74' from latitude 1C to latitude a', we find 
13 negative values to 2 positive, both of the latter being less than 1". On the meridian of 77'30' 
between latitude 15' and latitude 24' there is no positive value. Can it be maintained that these 
long suceessions of negative values are accidental ? 

The observed meridional deflections from south to north, if plotted graphically, degrees of 
latitude being measured on the axis of x, and seconds of deflection on the axis of y, form an un- 
dulating curve. From latitude 8' to latitude 14' the deflections are positive; in latitude 14" the 
curve cute the axis of x and in latitude 20' attains a negative maximum (on all meridians) : i t  
again cuts the axis of x in latitude 24', and after reaching a positive maximum in latitude 25' 
crosses the axis of x for the third time. The application of a negative correction to the funda- 
mental latitude a t  Kalitinpur has the mere effect of lowering the axis of x with regard to the curve. 
The significance of the curve lies as much in its undulations as in its preference for the negative 
side of the axis ; a negative correction applied to the* f undamental latitude eliminates the latter 
peculiarity but Leaves the former untouched. 

N o  theory of partial compensation of visible mountains and seas will suffice to explain 
the preponderance of negative deflections, that have been observed in Central India, 

or  the latitudinal belt of negative maxima crossing India in latitude 20". 

If we return to the supmary of available evidence givett in Table XVI (page IOI), we find, 
speaking generally, that the latitude observations s~~ppor t  the theory of "no compensation", and 
that the longitude observations support the theory of " complete compensation " ; but this is not the 
whole difficulty, for some of the observed phenomena, e.g. the large deflections in Sub-Himalayan. 
regions, admit of no explanation, if we adopt the theory of complete compensation, and other of 
the phenomena, e.g. the seaward deflections in longitude, cannot be explained, unless we do accept 
that theory. Whenconfronted with a direct conflict of testimony we have to infer, that tbere is an 
unknown cause affecting .our data, and rendering our conclusions abortive. In  view of the fact 
that the deflections apparently change their direction on crossing the parallel of our station of 
origin, a natural suspicioxr is that our adopted ellipsoid of reference is causing errors in our 



geodetic values. Before however the question of the ellipsoid is considered, i t  is advisable to anti- 
cipate an argument that will assuredly occur to everyone : the theory of " entire compensation ", 
i t  will be acknowledged, has been shown to be insufficient to explain phenomena, and the theory 
of " no compensation " has been found to be similarly insufficient ; but it will be asked, cannot a 
compromise be effected, and will not a theory of "partial compensation" be found to satisfy all 
results ? This question can only be answered in the negative : no hypothesis of a partial or irregu- 
lar compensation of the Himalayas or Ocean is sufficient to account for observed phenomena. 

I n  Part I of this paper I suggested that the alternations of nigative and positive zones, the 
undulations of the curve, were possibly due to the joint attraction of the Himalayas and Ocean ; for 
this idea to be upheld, the Ocean must be shown to be repelling the plumb-lines landwards and to 
be causing northerly deflections in the meridian. The longitude results in southern India admit of 
no other conclusion but that the compensation of the Ocean is entire; and we have to accept the 
inevitable corollary, that the Ocean is exerting no great influence on our plumb-lines in the meridian. 
When I attributed the alternation of zones to the joint effects of external mountains and seas, 
I did not foresee how unyielding to modification and explanation the longitude results would prove, 
and how impossible i t  was, in spite of their paucity and want of weight, to reject them. 

The dominant feature of the latitude observations is the preponderance of the negative sign of 
(A - G) between the parallels of 14' and 24" : the negative sign denotes that the deflections in 
southern latitudes are more northerly than at Kaliknpur in latitude a0 7'. It ia evident then that there 
is some powerful cause producing larger northerly deJEections between latitude 140 and latitude 240 than 
letween latitude 24' and latitude 2P. What is this cause, if it be not the Octxin ? The Himalayas, 
whether uncompensated or partially compensated, cause a greater northerly deflection at Kalisinpur 
than at stations south of Kaliknpur, and therefore tend to render a21 values of (A-  G). between 
the parallels of 14' and 240 positive : if the Ocean actually attract8 plumb-lines towards itself, as 
the longitude results lead us to believe, it will d o  conjer a positive tendency on values of ( A  - G )  
aouth of the parallel of 2P. I t  is therefore clear that no theories of irregular and partial compen- 
sation suffice to explain the preponderance of negative values: the longitude results stubbornly 
impress upon us the initial necessity of admitting the entire compensation of the Ocean, and when 
this admission is once made, no theory of partial Himalayan compensation will account for the 
,absence of positive values of (A - G) aouth of latitude 24'". 

I t  h desirable to observe for Lon(ritude at various poinb along the transcontinental arc8 80 that we may not be 
dependent on the results at the terminale: it would be well to extend the AmritMr-Mooltsn Arc outwards to the hills, 
m d  to mennure an arc in latitude 31' with one terminal near the Himslayas and the other at the foot of the Baluch 
plmtesa : the inrertion of two longitude etatiow between Bombay snd Waltair and between &galore and M . d r ~  would 
b of d u e .  



The Ellipsoid of Reference. 

TABLE XVII. 

TABLE XVIII. 

VALUES OF THE AXES OF THE EARTH. 

Laplace . .. . . . 

Everest . . . . . . 

Aixy ... ... 

Beesel ... ... 

Clarke ... ... 
\ 

Bbtionr 

on the Great Am of 
Indii  Meridian of 77r 

Dehra Din ... 
Kali411a . . . 
Daicidhari . . . 
Bali4npur ... 
Takalkhera ... 
Dgmargida ... 
Namthabad ... 
Punnae ... 

\ 

I n  the following table are given the values of (A - G) in latitude, when the Clarke and 
Everest spheroids are used, end when Clarke's major axis is combined with Everest's value of the 
ellipticity, and when Everest's major axis is combined with Clarke's value oft he ellipticity. Everest's 
account of his deduction of the Figure of the Earth shows considerable uncertainty, and we might 
now have been using either the third or fourth spheroid of the following tnble : there is therefore 
nothing [extravagant in their conception, and it is interesting to see the values of (A - (3) in 
latitude, with which we should have been confronted, had one of these spheroids been perchance 
adopted in 1830. The northern positive zone is represented iu this table by Daimari ,  the southern 
positive zone by Punnae, and the belt of negative maxima by Takalkhera.. 

Major Axie 
in foet 

2091 9768 

20922932 

20923713 

30923600 
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Date of 
determination 

1799 

1830 

1830 

1841 

1880 

Minor Axir 
in feet 
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Vduw of (A'- Q) in latitude 

.' 

Evereet'a Spheroid 

s - 20922982 
1 

0 - ------ 
31W).80 

Y 

- 38 - 7 + 1 . . . 
- 7 
- 3 - I 

+ 2 

Third Spheroid 

20926203 
1 - 

800.80 

U 

- 34 - 4 + a 
. . . - - g - 6 
- 7 

Clarke'a Spheroid 

20926202 
1 

2 x 7  

I 

- - 3H 
+ I 
... I 

- 7 - 3 - 2 + 2 

Fourth Spheroid 

a0922932 
1 

s9a.47 

W 

- 40 - 9 
o . . . - 6 
o 

+ 3 + 8 



!Che table shows 
( i. ) that a large deflection always appears at Dehra Diin, 
( ii. ) that the Clarke and Everest spheroids both give a positive zone in South India 

at Punnae and another iii Ceutral India at Daihdhari, 
(iii. ) tbat OII the third spheroid the positive zone at Daiidhari ia  accentuated, but the 

soutl~ern positive zone ol~literated, 
(iv. ) that, if the third spheroid had been adopted no positive value of (A- G) would 

have now existed soutli of latitude 2 4 O ,  
( v. ) that on the fourth spheroid the northern positive zone is obliterated, and the 

southern positive zone largely enhanced and extended, 
(vi. ) that the belt of negative maxima, crossing the Great Arc at Takdkhera, is 

perceptible on every spheroid. 

I n  Part I of this paper the question was considered, whether i t  would be correct to apply 
the mean Indian value of (A - G) in latitude as a correction to the fundamental latitude of India. 
The above table shows, that, if the fundamental latitude of India is to be corrected by a mean 
value of (A-G), the amount of the correction will  depend on the spheroid adopted. 

Mean value of ( A  - G) 
omitting Himalayan 

ntations ... On the Evereat apheroid ... ... - zY-5 

,, Clarke ,, ... ... ... - 2 - 5  

,, third JJ ... ... ... - 4 '9 

A decrease of 1000 feet in the major axis of the fourth spheroid would suffice to render 
the mean value of (A-G) positive. 

When we come to calculate the geodetic values of the longitude arcs on the third and 
fourth spheroids, we find that they nre mainly dependent on the length of the major axis and are 
not sensibly afFected by changes in the ellipticity. 

TABLE XTX. 
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Am 

... Madras-Mangalore ... 
Monlmein-Waltair ... ... 
Waltair-Bombay ... ... 
Chittagong-Karschi ... ... 
Fyzabad-Quetta ... ... 
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I Amritsar-Mooltan "' 

Value8 of (A - G)  in Longilude 
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If the Major axis is constant, the ellipticity may he changed from & to ,$B without the 
values of (A - G) in longitude being appreoiablp altered. The seaward deflections at Madras and 
Mangalore can be eliminated by an increase of 6700 feet in Clarke's major axis, but such an 
increase will produce enormous positive values of (A - G) on the northern longitude arcs. 

The seaward deflections canllot therefore,be attributed to errors of the ellipsoid of reference, 
and rnust be accepted as wtablishrd and real. Clarke's major axis is the most suitable for the 
Indian longitude arcs : any reduction of his value increases the (A - (3) of aouthern arcs and any 
enlargement of his value increases the (A - G) of northern ,arcs. 

Having been compelled to adopt Clarke's mrjar axis to suit .the Indian longitudes, we wish 
to learn, whether we can eliminate the belt of negative maxima of (A - G) in latitude and the 
alternations of latitudinal zones, and whether we can minimise the Sub-Himalayan deflections by 
introducing any particular value for the ellipticity of &he spheroid. 

TABLE XX. 

Thie table ehowe 
(i. ) that the belt of negative maxima, 911 represented by Takalkhera, can only be 

%eliminated by the srdoption of a value of the ellipticity considerably larger 
than ,&, 

$. ) that the reduction of Iarge Sub-Himalayan deflections requires an ellipticity 
smaller than &, 

(iii.) that a reduction of Sub-Himalayan deflections is neoesaarily ascompanied by an 
enhancement of the preponderance of negative values in South India, 

(iv.) that vice oersa the elimination of the preponderance of southern negatives is 
accompanied by an increase of the Sub-Himalayan deflectians, 

( 7 . )  that the alternation of zones caunot be eliminated by auy modification of the 
spheroid. 

I t  may therefore be concluded that our adopted spheroid is not a source of serious error, 
And that the Indian observed latitudes favour the Clarke spheroid. 



The inferred existence of a hidden chain. 

Two facts have been established on a fairly sound basis, Istly, that on the coaat of India 
there is a slight deflection of the plumb-line towards the sea, and Rndly, that in Sub-Himalayan 
regions there is a marked deflection towards the Himalayas. The conclusions are that the 
Ocean is completely compensated, and that the Himalayas are not. Neither the assumption of a 
southerly local attraction at Kalihnpur nor the adoption of a modified ellipsoid of reference will 
eliminate the alternation of positive and negative zones; and the existence of an undiscovered cause 
of deflections has been inferred. I t  is now suggested that this undiscovered cause is perhaps a 
great invisible chain of excessive density, traversing India from Balasore near the mouth of the 
Hooghly to Jodhpur in Rajputana, and underlying bfandla and Bhopal. I have repeatedly 
deprecated assumptions of subterranean irregularities of density, unless their existence be con- 
firmed by observations, showing, as at Moscow, the two oppoaite ejects of the hidden came. Such 
an objection however cannot be urged against the hypothesis of the subterranean chain described 
above, as in this case the two opposite effects are perceptible throughout. If we examine Chart 
No. 6, and the table following page 14, we shall find that between the parallels of 24' and 26' 
the plumb-lines are mostly deflected aouthwards, and that between the parallels of 21' and lBoa 
the deflections are northerly and large. 

TABLE XXI. 

Throughont the entire length of the supposed chain the plumb-lines on either aide of i t  
are deflected towards each other. If this is the case, i t  may be asked, why was not such an 
obvious fact stated before? The fact is not obvious : the very magnitude of the chain has con- 
cealed its presence: it only becomes apparent after examination and analysis. That deflectiona 
of the plumb-line are due to local attractions is the accepted idea : every unexplained deflection is 

eua deflected 

14" inwards 

6" inwards 

8'inwards 

g" inwards 

6" inwards 

10" inwards 

6" inwards 

r 6' inwards 

12' inwards 

4" inwards 

On the 
Meridian of 

73" 

74a0 

760 

77" 

78" 

80" 

8%' 

84" 

86" 

88" 

r 

the plumb-linea 

Jambo and Chaniina ... 
Jetgarh and Deo Dongri ... 
Gurkia and Kanheri ... 
DsiSdhari and Badgaon .. . 
Salimpur and VQnBkonda . . . 
Pavia and S i t i pb  ... 
Gurwini and Pathgdi ... 
HurilBong and Khundhbolo . . . 
ChendwL and Cuttack . . . 
Mallincha and Chandipur . . . 



regularly ascribed to a cause hidden in the immediate vicinity. When we meet with a southerly 
deflection in latitude 27' altd a northerly deflection in latitude lSO, we habitually prefer to assume 
two separate local causes to attributing both deflections to a distant central one. 

If the chain had traversed southern India, its effects would have been perhaps more 
perceptible, but by an extraordinary coincidence i t  crosses htdia in the latitude of the fundamental 
station of the ~~~~~~~~~~~ical Survey. When deflections change their sign at crossing the parallel 
of the station of reference, it is but natural to suspect either errors in the ellipsoid of reference, 
or the existelice of great external sources of attraction ; not until we have shown that no modification 
of the ellipsoid of reference is admissible, are we justijied in accepting the inward deflections along 
the chain as real : not until we /rave proved that visible external sources of attraction are insuflcient 
to  explain phenomena, are we warranted in assuming an invisible cause." 

The chain by itself does not suffice to explain all phenomena, but if we imagine the effects of 
a chain superimposed on those of a far-reaching Himalayan attraction, the alternations of zones, 
the undulations of the curve, the belt of negative maxima will become intelligible. On the Gange- 
tic plain the attractive force of the chain is opposed to the attraction of the Himalayas, and 
though it may offer but a slight check to the latter, i t  successfully obscures true Himalayan efects .  
However large Himalayan attraction may be, its variation between stations in the plains 50 miles 
apart is small, and,a chain capable of producing southerly deflections of 5" would cause a 
positive zone, i.e. apparent southerly deflectiolrs at all those stations north of Kalitinpur, at 
which the effect of the Himalayas was within 5" of its effect at KaliBnpur itself. South of the 
line Balasore-Mandla-Jodhpur the Himalayas and the chain combine forces, and after produc- 
ing a belt of negative maxima, or large nortl~erly deflections, they continue to exercise attraction 
as far as Cape Comorin. The chain does not cornpensale the attraction of the Himalayas: it 
imposes a wave on the latter's curve. 

The Balasore-Mandla-Jodhpur::line traverses the hilly region of Central India, and the 
question naturally arises, whether the visible ranges of hills, the Rajmahals, the KLimurs, the 
Vindhyas, the Satpuras, the Aravallis, the Mah4deo PahLr, are capable of producing the effect8 
attributed to the hidden chain. An examination of maps can only lead to the one answer, that 
the superincunabent masses of these mountains are insuficient to cause the observed deflections. 

On the meridian of 82' where the opposite and inward deflections are least apparent (see 
table followixig page 14) the mountains are most cor~spicuoua On the meridian of SO0 where 
marked southerly deflections extend from latitude 23' 11' to latitude 26" 54', and marked northerly 
deflections from 22' 13' to 18' 54') the Mandla hills are comparatively insignificant. 

On the meridian of 77' 30' there is no apparent cause for the change in the sign of the 
deflections in latitude 24' : the average heights of compartments round Kalitinpur are given between 
pages 27 and 37, from which the gencral flatliess of the country may be gauged. At Takalkhera a 
northerly deflection would certainly be expected, this station bei~ig situated only 20 miles south 

1 
of the centre of the Mah4deo Pah4r range : using a density-ratio of- (which is equivalent to 

1.67 
assuming the Mahtideo Pahiir rocks to have a density of 3.4), Colonel Everest calculated the 
northerly deflection at Takalkhera to be 5": if me employ a density-ratio of 4, the calculated 
deflection will be 4" ; the actual observed deflection is 6".9. At Badgaon, 25 miles routh of Taltal- 
khera and 45 miles distant from the Mahtideo Pallfir, the observed deflection is 7".8. Even there- 
fore in this neighl)ourhood the .northerly deflections are not explained, that at Takalkhera being 
2".9 greater than would be expected, and that at Badgaon, which is more distant from the 

I acknowledge to h v e  attactled undue nigni5cance in the earlier parts of this paper to the fact thnt the de5ec- 
tion8 change tlreir sign along the parallel of the rtation of origin. In Pnrt I, 1 attributed the change of sign along this 
lime to Lhe fact, that it was the p a d e l  of Kalknpur. I now beliere that the proximity of thin line to the station of 
origin in an accidental coincidence. 



1 

mountains, being greater atill*. At LBdi, norfh of the Mahaeo Pahiir, the map8 would lead 
one to expect a southerly attraction, but the deflection is still northerly, being 5"W. 

On the meridian of 73" there is no visible cause of the great deflections at Deesa and 
Chanilina: the hill of Mount Abu might deflect the plumb-liue at Deesa by half a second: the 
Aravalli hills might be expected to deflect the plumb-line at Chanitina by 3", but it is out of the 
question to ascribe the actual deflections of 8" and 11" to the unaided force of A h  and the 
Aravallis. 

I t  is instructive to study the v i h s  of the astronomical obse~vers, who took the latitude 
observations in the northern positive zone and in the belt of negative maxima, and who at the 
time of observation recorded their opinions of the probable effects of visible mountain masses. 
I n  1885 Colonel Heaviside wrote-"The country from Rimuiipur to Pavia appears perfectly flat 
* * * the southerly attraction shown at Etora, Dewarsil~ and Kirniikhera (meridian of 800) 

" is unaccounted for " : Mr. Eccles recorded, that he saw no reason for the large northerly 
deflections, that he discovered at Diwai, Ankora and Burgpaili (meridian of 80'). Major-General 
Campbell did not anticipate a southerly dcflection at Resri, nor did Capt. Lenox Conyngham at 
Sironj (meridian of 77h0); Col. Herschel was not lcd from his study of the ground to expect 8 

northerly deflection at Badgaon (meridian of 771'1, nor was ;Major-General Campbell at L6di. 
I t  may be concluded that the visible mountain ranges of Central India are of not sufikient 

mase to  account for observed phenomena. 
- 

The effects attributed to the chain may be partly caused by the Indo-Gangetic alluvium, by 
the Deccan trap, and by the mountains of Central Iudia, but they are mainly due to a hidden 
cause, that continues the line of inward deflections to the east and to the west, into Orissa and 
Rajputana, where the trap and the mountains have ceased to be visible. 

The hidden chain appears to run parallel to the Himalayas. 

The Longitrtde arcs Agra-Karachi, Agra-Deeaa, Agra-Mooltan and Amritsar-Mooltsn$ 
(aide Cllart No. 1 1 )  appear to traverse some invisible source of attraction, and lead one to imagine, 
that the chair1 is bending in the ltajputana desert to the north-west, and t l~us maintaining s 
strauge parallelis111 with the Himalayas. The deflection8 shown by these f ~ u r  arcs, all of which 
traverse flat low-lying plains, are :- 

Agra-Karachi, plumb-lines deflected . . . l z Y -  77 inwards 
Agra-Dcesa ' JJ ... l z N - 8 0  ,, 
Agra-Mooltan 2) ... 14"'95 ,, 
Amritsar-Mooltan ,, ... 1 0 ~ ~ 4 3  ,, 

Other arcs in this region show no such inward deflections :- 

Mooltan-Karachi,plumb-lines deflected 2"-09 outwards 
Deesa-Karachi J, ... of'.06 outwards 
Deesa-Mooltan ,I ... 2"nog inwards. 

* " The (Badgaon) group," write8 Ool~erlrl Walker, " contains four stations whose distances range from 20 bo 28 
"milea to the soutll of Takalkhera, all which allow a still larger amount of northerly attraction. Hew therefore there 
fl must be not only an esceas of risible l n ~ ~ t t e r  nbore ground in tho Mah6deo plateau to the north, but, a deficiency of in- 
"ylsible matter uuderground to the eouth." Pllilosopll. Transnct. Royal Society, Vol. 186, p. 805. 

t The Nerbuddn Valley intervenes betwee11 Lidi and the Mahkdeo PahLr, and tends to counteract the attraction of 
the  latter on plumb-lines to tile uorth: but the Nerbuddn Valley is not a significant feature of land surface and should 
exercise no strong effect. The truth ia that  the interval between G d i  and Takalkhera is too great, and a n  intermediate . 
latitude is wanted at  the  summit of the Mnh6deo Pahir. 

f The 1ut.itude and longitude of Apru, Karachi, Deesa, Amn't.sar and Mooltnn ere given in  the table following 
p e e  14. Karachi ia s i~owmon Chart No. 7, and Dee- Amitdm and Uoolkn on C h t  No. la. 



The data are insufficient to justify a definite assertion, that the inward deflections on the 
Agra-Karachi, Agra-Deesa, Agra-Mooltan and Amritsar-Mooltan arcs are due to a continuation 
of the same chain, as has been inferred to underlie Mandla, Bhopal and Jodhpur; never- 
theless i t  ie clear that these arcs of longitude reproduce ' in  the Punjab and Rajputana the 
eame extraordinary result, as has been given by the latitude observations in Bengal and the Central 
Provinces : south of the Himalayas the latitude observations have shown the existence of a hidden 
chain, that obscures Himalayan effects and deflects plumb-lines on either side of it towards itself: 
west of the Himalayas the Amritsar-Mooltan longitude observations disclose the existence of 
a hidden cause, deflecting plumb-lines towards itself, and aLo perhaps masking Himalayan effects. 
On Chart No. 12 I have marked with a cross all places, at which a hidden source of attraction 
has been found to exist. Whether the cross in the Punjab, as shown on the chart, belongs to 
the same chain as the crosses in Bengal, is a question, which cannot be answered, until more data 
have been accumulated. On Chart No. 12 the boundariee of the Tibetan plateau and of the Sub- 
Himalayan region have been plotted. 

The effects of the hidden chain. 

To disentangle the effects of the Himalayas from those of the chain and to  obtain defi- 
nite numerical ideas are operations complicated by the proximity of the chain to the station of 
origin : if as seems probable the chain crosses the meridian of 77' 30' between LBdi and Ailmad- 
pur, it would deflect the plumb-line at Kalihnpur to the south. Though reliable numerical results 
cannot be deduced from the data at present available, the following attempts to bring about an 
agreement between the results of observation and theory serve to illustrate the tendencies of 
the data. The ocean has been shown to be completely compensated and may be omitted from 
coneideration : tlie uncompensated attraction of the Himalaya Mountains has been calculated to 
produce approximately the following deflections at stations of the Great Arc of India, (page 94, 
Table XI*. 

TABLE XXII. 

Dehra D i n  ... 
Kalihna ... 
Noh ... ... 
Daiddhari ... 
K alihnpur ... 
Lcidi ... ... 
Badgaon ... 
Dtimargida ... 
Namthabad ... 
Punnae ... ... 

Stationat 
on the Meridian of 77'4 

Sub-Himalayan ... 
... ... ... Northern positive zone 

Ditto do. 
... ... 

Belt of negative maxima 
Ditto do. 

Regions of which the 
stations are types 

The omission from Table XXII of tlie attraction of Continental India (page 94) is questionable. 
gjUdn ur and Dimargida its effects are small : at  Punnm it produces a northerly deflection of 8"'7, but thit 
bs excrudrd, because on the coast the deflections are slight and seaward, and the statement, that the 00 
compen~ated, implies' that  ths joint e@ct of w a s  and tad a t  a station on the coast is alight. The c 
ir the mutl~erly deflection of lY.6 at  Dehra Ddn: the inclusion of this deflection would decrease the call 
of the resultant nortlierly deflection at  Dehra Ddn from 72" to 60". The difference in the calculated 
Dehm Ddn and Kaliinpur would then be 42" against 38'' as observed. 80 close an agreement betwet 
o k c m t i o n  would be a ntrong argument a-t the e w n c e  of any a m d a y e n  compensation. 

t Interpolated ~ t a t i o w  in iklicl. 

Calculated 
Nortlierly 
Deflecliolls 

due to 
Himalayan 

Latitude 

At Kaliina 
effect should 
Ln is wholly 
u b t f d  point 
dated value 
.eflectiom at 

theory and 

F c u l a t e d  

iy,"F 
PUnngB 



, . The abrerved values of deflections, given in the table following page 14, are not absolute 
but diffmwrtial from Kaliinpur : an Kallnpur is now suspected of being under the influence of 
4he chain, it dl be well to make Punnae the station of reference. 

TABLE XXIII. 

The dismpancies between observed and calculated results, thecHirnalayaa being assumed 
urrcomperuated, will be aa followa :- 

W o n  

DehralMn ... 
Kaliins ... 
Noh ... 
Daiidhari . . . 
Kaliinpnr . . . 
L4di ... 
Badgaon ... 
Dlmargida ... 
Namthabad . . . 
Punns ... 

TABLE XSIV. 
I 

Obuerved differential vsluea of deflections 

With hal%npur 
M origin 

Y 

-38 
- 7 

0 

+ I .  

o 

' 5 - 8 
- 3 - I 
+ 2 

Wit11 Punr~s 
M origin 

w 

' 40 

- 9 - 2 
- I 
- 2 
- 7 
- 10 
- 5 
- 3 

o 

Station8 
on the meridian 

of 7 7 O  8 4  

Dehra D6n 
Kali4na ... 
Noh ... 
Daiidhari .. . 
Kaliinpur .. . 
LBdi ... 
Badgaon ... 
DBmargida 
Namthabad 
Punnae ... 
. 

Lstitude 

, o  1 

30 19 
29 31 
27 51 
24 38 
24 7 
23 t3 
20 44 

18 2 15 
8 g 

Differenlial vnlues of deflections 
with P u n ~ l m  a s  origin 

As aalct~latetl 
oids TBble XXII 

a 

-69 - 33 - 25 
-17 
-15 
-13 - 10 

. - 7 - 4 
o 

As obeerved 
widcTable XXIII 

Y 

- 40 - 9 - 2 - I - 2 

- ,7 - 10 - 5 - 3 
o 

. 
Di"c'dpnncy 

Y 

-29 
-24 

- 16 
-23 

-13 - 6 
o - 2 - I 
o 



The eviden'ce of the existence of a cornpenration reata on the reanlta at  rtationa situated 
between the parallels of 23' and 30': whilst the observations at these atations indicate c o d -  
derable-almost entire-compensation, those at  Dehra Ddn show that the attraction of the 
visible mass is compensated only to the extent of 8 t h ~  or approximately itha. Too much 
weight should not be attached to the result at any one station; the elevation of the Himalayas 
may have been accompanied by great irregular compressions, and Dehra D6n may lie south of 
a region of abtiormal density: but there is nothing to lead us to suppose that this is the 
case; the pendulum observations at Mussooree and Dehra D6n, far from supporting such an 
hypothesis, have been held to show, that deciencies of matter underlie these Sub-Himalayan regions: 
aud the latitude observations at Nojli, SarkAra, Sirsa and RBmuipur, stations fifty miles from 
the Himalayas, tend to indicate that the great deflection at Dehra Dlin will not be found an 
isolated exception. The Himalayan curve on Chart No. 10 shows thst, if the Himalayas exercise 
their full influence, the latter will be clear and nnmistakeable in diferential results at the extreme 
north of India only, and when we find an unmistakeable effect in differential results at tile north 
of India, we aannot overlook its significance. 

In  the following table are shown the discrepancies that occur between theory and observa- 
tion, if Himalayan attraction is assumed to be compensated to the extent of one-third, one-half 
and two.thirds its normal force respectively. 

TABLE XXV. 

I t  will be seen that discrepancies of 13" and 15' continue to appear if the theory of a one4hird 
compensation be adopted. The theory of a two-thirds compensation renders the effects of the 
ohain approximately equal and opposite at Kaliinpur and @i, and also at Noh and Badgaon*, 
but i t  introduces a discrepancy of lru at  Dehra Dh. 

b 

Btotiom 

Dehra Diin ... ... 
Kaliina ... ... 
Noh ... ... 
Daisdhari ... ... 
Kaliinpur ... ... 
L4di ... ... 
Badgaon ... ... 
Dhmargida ... ... 
Namthabad ... ... 
Punnse ... ... 

* I am aasuining the diwrepanoier between theory md obremtion to be due to the iduenoe of tho 

Dhrepanciea between theory and obaewation, if Bimalaj~n 
attraotion is asrumed compensated to the extent of 

1 -rd. 
8 

I 

- 6 
- 3  - 15 - 10 - 8 - 2 
i- 3  

0 
o 

... 

1 - 
B 

I 

+ 6 - 7 - 10 - 7 - 5 + 1 

+ 5 + I + 1 ... 

a 
-dl. 
8 

I 

+I7 - 2 - 6 - 5 - 3  
+ 3 
+ 7 
+ z + 3 

... 



The expression r r  Himalayan Attraction" hae bitherto in this paper been assumed to com- 
prehend both the attraction of the Himalaya Mountains and that of the Tibetan plateau. If the 
uncompensated effecta of this Himalayan attractiou be analyaed, and thoae due to the Himalayan 
ranges mparated from those due to the Tibetan plateau, the following results are obtained :- 

TABLE XXVI. 

CALCULATED DEFLECMOHB. 

If it be assumed that the Himalayan ranges are uncompensatad, and that the Tibetan 
plateau ia partially compensated, the following discrepancies will remain between the resulta of 
calculatim and observation. 

TABLE XXVII. 

Total 

i 

Y 

72- a 
36.2 
28 
19-6 
18.4 
16 
I3 
10.0 

7 
3'4 

- 
Btstionr 

... Dehra Dlin ... 
Kaliiina ... ... 
Noh ... ... 

... DaiMhari ... 
K81'Bnpur ... ... 
L a  ... ... 
B d p n  ... ... ... DSmargida ... 
Namthabad ... ... 
Punnm . . - ... 

Defleatiom due to 

1 

1 

I 

I 

I 

.J 

&ti08 

DehrnDiin ... .... K J i h a  
Noh ... .... Daiahari ... Kalihpur 
LBdi ... 

... Badgaon 
Dimargida ...' 
Namthabd ... 
Pnnnae .... 

Him.1ay.n 
Ranges 

r*' 

19 
3 
2 
0.6 
0.4 ... ... ... .-. 
... 

T i b e h  p h u  

A?. 

53'2 
33'2 
d 
19 
18 
16 
1 3 
10.0 

7 
3'4 

Dimrepsnciee between calcuhtion and oberva- 
tion, the attmtion of the Tibetan platmu being 

mumed w m p n ~ t e d  to the extant of 

1 -A' 
8 

Ir 

- 12 

- r4 - 15 - zo - 8 - 3 

f 4 
+ I  + 1 

o 

1: - 
a 

Y 

- 4 - 9 
-11 - 8 - 6 
+ 1 
4 5  

, + a  + I 
o 

a -r&. 
8 

Y 

+ 4 - 4 - 8 - 5 - 5 
+ 3 

] t - 7  + 3 + 2 
o 



The hypothmis, that the attraction 'of the Hjmalapan ranges is uncompensated, and that 
*bat of the Tibetan plateau is compensated to the extent of two-thirds its normal force, removes ali 
POSB diecrepancies, and renders the efTects of the chain at stations to the north and south of it . 
approximately equal and opposite. It makes the crest of the chain cut the meridian of 77' 30' 
i n  latitude 23' 30', and it attributes to the chain a maximum effect of 8" at 200 miles north and 

. south of ita crest. 

Deflections +a" + g4' 0 - 8. - 2@ 
/ 

at ground hl 

Normd Normal 
density Excessive density 

In  the following table the poasible effects of the chein are illustrated on the hypothesis 
that the attraction of the Tibeha plateau is compensated to the extent of two-thirb its normal 
force :- 

TABLE XXVIII. 
- 

1 

Discw- 
P n c Y  

n 

+ 5  

- 2  

- 1  

- I 

Q 

o 

o 

4 - 1  

+ I  

... 

W o e  

Dehra D h  ... 
Kaliina . . . 
Noh ... 
Daiidhari ... 
Kaliinpur ... 
Lkli .. . 
B adgaon ... 
DBmargida ... 
Namthabad ... 
Punnae ... 

Latitude 

o I 

30 19 

2931 

2751 

24 38 

24 7 

23 8 

20 44 

18 3  

15 6 

8 9  

Calcdnbd deflections due to 
Total 

deflectioas 
by 

thmg 

Y 

"36 

+12 

+ 4  

- 3  

- 3  

t 8  

+ I  I 

- 5  

- 3  

- 1 

Under- 

g ~ z t  

w 

+.I 

+2 

+ 7  

+4 

+3 

-3  

-7 

-2 

-I 

o 

Himslagam 
h n g a  

I 

-19 

- 3  

- 2  

~r I 

+ 0'4 

,.. 
,.. 
,., 
,.. 
,,. 

Diffewntial deflections 
f ~ m  Punlrm 

Tibetan 
Plstew 

a 

-18 

-11 

, - 9  

- 6 ' 

- 6 

5  

- 4  

- 3  

- 2 :  

- I 

BY 
theoq 

a 

-35 

-11 

- 3  

- 2  

- 3  

- 7  

-10 

- 4  

- 2  

... 

g 
observation 

Y 

-40 

- 9  

- 2  

- I  

- 2  

- 7  

-10 

- 5  

- 3  

. . . 



This attempt to disentangle the effects of the chain from those of the Himalayas- 
the effects of the obscuring cause from those of the visible and compensating causes-is put 
forward as an illustration of the data and not a sa  solutioti of the problem. The point for 
which I contend is the recognition of the possible existence of an undergroutid chain in Central 
India, and of the consequent obscuration of true Himalayan effects : this paper seemed incomplete 
without a reference to numerical results, but no stress can be laid on the latter*. If the 
northern slope of the chain be assumed almost vertical, and the southern slope almost hori- 
zontal, the opposite effects of its attraction will not be equal at places equidistant from its ridge: 
such a chain will create a positive eone north of latitude 24', but its negative effects to the 
south, though perceptible to a greater distance, will be less marked : the gradual decrease i u  
the northerly deflection of the plumb-line, that has been observed to continue through 800 milea, 
from Badgaon to Punnae, from the belt of negative maxima to the southern positive eone, (Table 
XXIII,  page r 11) will then be mainly a Himalayan effect. 

If we regard the Indo-Gangetic alluvium aa an ocean, we find that its southernshore 
overlies the position of the chain : and we see that plumb-lines on this sea of sand arid plumb- 
lines on the main land to the south are deflected towards the coast area, in which the chauge of 
elevation from the lower strata of the alluvium to the summits of the Vindhyas occurs : on 
the north of the sea of alluvi~im the deflections are towards the area, within which the Himalapns 
rise from the level of the sea to the level of the snow : on the eastern, soutl~erti and western 
coasts of 111dia the plumb-lines hang outwards towards that area, within which the ~ubmerged 
cliffs drop from the level of the shore to the depths of the ocean. If then we can say, that the 
areas in which great changes of elevation occur are generally sources of attraction, we reconcile 
the contradictory effects of mountains and seas. 

Dehra Du'n : 

December 1Nl. 

The numerical results are baeed on an unwarranted aesumption, oir., that the northern n l ~ d  southern slopes of the 
underground chain are inclined at the same angle to the vertical; if, ss is probable, the cross-section of the chsin is 
h g u l a r  in outline, the deflectioar will not be equal at e q d  dirtunces north and w u t l ~  of its crmt. 









The following M Captain Lenox Conyngham'a description of the ground and country round 
Kalisrnpur :- 

dtalMnpr Group. 

The main featnre of the tract of the country in which the stations of the Kalihnpur group 
lie is the plateau, about !200 feet higher than the surrounding county, whicli, spreading widely 
to the north, narrows down to a wedge and ceases a little to the south of Kimkhera. The average 
height of the plateau above mean sea-level is about 1,700 feet. 

The stations of DaiMhari, Siirantjil, Kalihpur, Losalli, Tinsia and Kimkhera are on the 
plateau. The N. E. End of the Base and Bhaoriisa are in the plain to the east and Ahmadpur on 
an isolated hill which rises out of the plain to the south about 15 miles from the southern end of 
the plateau. At Daiidhari tbe width of the plateau is so great that i t  appears to be merely a level 
plain. S6ranthl and Kalihpur are on the eastern edge, Tinsia on the western, K h k h e r a  on the 
eouthern, while Losalli is ia the middle. 

The immediate surroundings of the atations are as follows :- 

Daiddhari. Height above mean sea-level 1,867 feet. The station stands on the 
highest point of an unimportar~t isolated hill about 100 feet above the surrounding plain. The 
top is fairly level and about 50 yards wide by 150 long, the direction of the length being north 
and south. The station is at the northern edge. Simil~tr small hills are scattered over the country 
at iutervals, the nearest being about 14 miles to the north ; with the exception of these small hills 
the county is flat. 

Bhawba.  Is  situated on the highest point of a small rolling hillock of sand-stone, 1,387 
feet above mean sea-level, which rises very gently from the general level of the plain to the 
aoath and west but falls more abruptly to the north and east. The Retwa river runs by the 
eaatern end of the hill at a distance of about I f  miles from the station. The height of the station 
above the general level of the plain is under 100 feet. 

N. E. End of the Baae. The station lies in the plain to the east of Kalisinpur and is 1,481 
feet above mean sea-level. The plain is perfectly flat and the horizon almost uubroken except 
t o  the west where the edge of the plateau ri&s slightly above it. 

Kalfdnpur. The station, which is 1,765 feet above mean sea-level, is on the highest of 
r series of rolling hilla or downs which form tlte eastern edge of an extensive plateau about 170 
feet higher than the plain to the east. The edge of the plateau runs north and then north-east 
and disappears in the distance; it is somewhat higher than the central parts and more undulating. 
The town of Sironj lies about S t  miles to the south-east. 

Su'rantdl. The aitll~tion of the station is very similar to that of Kaliinpur. I t  is 1,802 
feet above mean sea-level. I t  ia from o point very near thia atation that the edge of the plateau 
lbends tow& the eaat. 
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Losalli. I s  situated 1,749 feet above 'mean sea-level and in the middle of the plateau in 
perfectly flat ground, which is slightly lower than the undulatitig country to the west. 

Tinsia. Is  situated very similarly to KaliBnpur but on the western edge of the plateau. 
I t  is 1,776 feet above mean sea-level. The station is surrounded for miles by dense jungle, but 
is not far from a track which runs from Sironj to the valley of the Parbatti. 

Kbmkhera. Is on a flat-topped hill near the southern end of the plateau. Its height is 
1,780 feet above mean sea-level. 

Ahmadpur. Is  1,715 feet above mean sea-level and is situated on a conspicuous hill of 
almost solid rock, which rises to a height of over 200 feet out of the low plain to the south of 
the KaliSrnpur plateau. The ascent from the east is easy but on the other sides somewhat precipitous; 
there are many similar hills at intervals on every side but none so lgrge. The nearest is a small 
one about 2 miles to the south-east. The plain between KBmkhera and Ahmadpur is about 1,430 
feet above mean sea-level. 
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Observed 
nn'nw' 

Compnted 
Azimuth 
-(A-G) 

I - 6'08 
+ o.01 

- '-65 

- 146 

+ 1.16 

Bhsnar T.8. 

M i h i  ,, 
DLjd P.S. 

Dem Din P d h  ,, 
J h d  T.8. 

Great Am Meri- KaUnpru 8.8.. 
dional (8ec- 
t ~ o n  W ta 30') PahLrgarh ,, 

Keen ,, 
U s k  ,, 
Noh T.8. 

Datairi ,, 
KaliBlu 8. 

Banog XS. 

DehraDhn Obeerva- 
tory (old) 

&&tin &hi- K 6 n h  H.8. 
diond ... 

BLnalho 

T L h g  ,, 
Bdkhi T.8. 

Kheri ,, 
1, Boarr, ,, 

* 

(: 

n 

E. lomoo 

W. o-oa 

E. 3'57 

, 3-15 

w. 2-38 

+ 5-09 

+ 9'96 

+ 11'85 
+ 5-68 

+ I 

... 
+ 1-89 

- 1.70 

+ 0.80 

+ 2'47 

- 0.56 
- l'aa 

- 14.54 
- la-18 

+ 1.09 

+ 1.91 

+ 4-09 

+ 1.78 

- 1.61 

+ 1*24 

Station 

M e d d n i  iH.8. 

Jbli ,, 

Kumcbi ObrerPaory 

K m h i  Bare-line, 
8. mud 8. 

Ybuf  P.8. 

g 

I 
I 
I .  

,, 11-01 

,, 18.a9 

,, 20'99 

,, 9'62 

, 6-75 

... 
W. 4.07 

E. 3-52 

W. 1-57 

IS 4.67 

E. i.oa 

,, 2-15 

,, 24.70 

,, ao.81 

W. 2-27 

,, 5'75 

,, 7-13 

,, 3-17 

E. 2-78 

W. a.97 

Dab  of Ob-tion 

J m .  m d  Feb. 3863 ... 
December1851 ... 

October 1866 ... 
March 1853 ... 
December 1868 ... 

Berim 

N. W . B i d a y a  

Great t d p r  ,. 

LOngi- 
tude 
EaaL 

oI0reen- 
wich 

' 
76 14 

73 13 

67 4 

67 ia 

68 19 

lorth 
* 

0 1 0  

31 18 

33 17 

14 50 

a4 53 

af 5r 

April 1869 ... 
December 1 W  ... 
April 1860 ,. 
April 119 ... 
Dec. 1868 & h 1859 

Dec. 1836 &Jan.  1837 

Dec. 1836& Jan. 1837 

December 1836 ... 
February 1838 . 
April 1837 -.. 
January 1836 ... 
October 1836 ... 
September 1836 ... 
Marchend April1863 

March and Aprillla 

April 1861 ... 
December 1860 ... 
December lS66 . , 
Jan. and Feb. I856 ... 
April 1868 ... 

Height ' 

feet 
1935 

1918 
\ 

35 

69 

215 

69 ao 

69 53 

70 a5 

70 59 

7r i 

L 

77 42 

77 44 

77 43 

77 40 

77 41 

77 41 

77 42 

78 3 

78 6 

76 lo 

76 11 

76 15 

76 9 

76 8 

~ 9 

a8 9 

a8 34 

29 33 

30 34 

11 a1 

a4 7 

a4 56 

a5 47 

6 7 

27 51 

18 44 

29 31 

30 a9 

30 ao 

a5 3% 

26 50 

a7 53 

9 I 

30 5 

30 a1 

a56 

300 

412 

490 

5 4  

1765 

1641 

1487 

810 

710 

767 

818 

7433 

a289 

1652 

1870 

a050 

785 

821 

855 
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s ." .,a 

0 
rn 

. I 
jl 7 I 
4 1 
4 
a 
4 
D u , d 

C 

= <  
z I 0' 

ld I '  c 

Height 

z~~ 
f cet 
2618 

1204 

738 

779 

641 

3 ~ 1  

468 

512 

630 

856 

772  

1 7  

328 

479 

276 

282 

1713 

2120 

2533 

"28 

1810 

1714 

1946 

Iati-  
hde 

= + 

0 ,  

26 18 

27 56 

29 32 

II 18 

30 54 

29 6 

29 22 

'29 55 

30 6 

26 3 

27 16 

28 31 

26 2 

27 11 

28 2 

28 20 

23 36 

22 50 

21 46 

20 44 

20 o 

19 5 

18 3 

?gii- 
East 

of Green. 
wich 

0 1  

74 38 

75 4 

75 4 

75 5 

73 20 

70 52 

72 2 

73 z 

73 52 

72 25 

72 34 

72 $5 

70 6 

70 13 ' 

69 53 

69 53 

77 43 

77 40 

77 42 

77 39 

77 45 

77 42 

77 43 

O",";:zd 
Computed 
Azi~rluth 

=(A - (3) 
m 

+ 0.22 

+ 2.10 

+ 1 - 1 1  

+ 2.63 

- 0-84 

+ 3-81 

- 0.31 

+ 0.06 

- 3-63 

+ 3-74 

- 0.65 

- a 

- 2.86 

- 0.89 

+ 4-04 

+ 5.01 

+ 0.82 

+ 1'54 

- 1-14 

+ 0.63 

+ 1.41 

- 2.36 

- 1.89 

Date of Observation 

Mamh 1863 ... 
March 1863 ... 
April I861 ... 
March and April 1860 

January1857 ... 

Mamh and April 1861 

Jnnuarp 1862 ... 
March and April 1862 

December 1862 ... 

March 1873 ... 
Peb. and March 1874 

February1875 ... 

January 1877 ... 
February 1880 ... 
Dec. 1880 &Jan .  1881 

February 1881 ... 

December 1838 ... 
December 1838 ... 
February1839 ... 
January 1839 ... 
December1838 ... 
April 1838 ... 
October 1838 ... 

h i e n  

Gurhdgarh Meri- 
dional 

Jopi-'Ma Meri- 
dionnl 

Butlei ... 

~Todhpom Meri- 
dioml 

Eastern Sind 
Meridiollul 

Great Arc Meri- 
dional (Section 
lSOto 24") 

(* - ') 
'fJ 

I 

W. 0.45 

,, 3.96 

,, 1-96 

,, 4-33 

E. 1'40 

I 

W. 6.85 

0'55 

W. 0.20 

E. 6'26 

W. 7.65 

E. 1-26 

, 3'92 

1. 5-86 

,, 1-13 

W. 7'59 

,, 9-29 

W. 1.88 

,, 3.66 

E. 2.86 

W. 1.66 

,, 3'87 

E. 6.82 

I* 5'80 

8tation . 

Rtijgarh H.S. 

Garin& 8. 

Sirs. , 
Sangatpar f .9 .  

Akbar P.8. 

Paphm T.8. 

Lldimsir ,, 
Mnndress 

Jhambherr ,, 

Thob ST.% 

Jambo ,, 
Mu& ,, 

Nalar H.S. 

Bsu ,, 
Vijnot T.S. 

DHow6le ,, 

Ahmadpnr H.8. 

Bhimbst ,, 
Nilgarh ,, 
Badgson ,, 
&hi ,, 
Somthns ,, 
Dimargidr 8. 
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Z ro 
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1 
I 

% 1 C, 

1 
4 
& 

3 
4 .  
5 
Fr; 

b 
0' 
w 
m 

/ 
I 

Berim 

Calcutta Longi- 
tudinal 

last c o r d  ... 

I ,  
Big:d h n g i l u -  

Station 

Budhon H.S. 

h n g i r  H.8. (old) 

Amua H.9. 

K a r k a  ,, 
Ourw6ni ,, 
aors ,, 
Huriltiong ,, 
Cliendw4r H.8. (old) 

Pirasnlth H.S. 

Tilabani ,, 
MalGncha ,, 
Madhpur T.S. 

Akndpur ,, 
Calcutta Bme-line, 
8. End T.S. 

~ a t n a  T.8. 

Chandipur ,, 
Cuttuck H.S. 

Khundebolo ,, 
R6wal 

Vizagapatam Bme- 
line, N. E n d  8. 

Pimylo H.S. 

Vbnhkonda ,, 
8ingtiwBram ,, 
K&ngkon& ,, 
Shnjib , 

Date of Observation 

March 1864 ... 
January 1834 ... 
January 1834 ... 
April 1842 ... 
Deoember 1845 ... 
December 1845 ... 
Dec. 1848 & Jan. 1W 

Deceniber 1848 ... 
December1850 ... 
December 1846 ... 
April 1844 ... 
December 1868 ... 
March 1869 ... 
Dee. 1844 &Jan .  1846 

April 1852 ... 
December1854 ... 
October 1854 ... 
January 1857 ... 
Dec. 1859 &Jan .  1860 

Jan. and Feb. 1868 ... 

February 1869 ... 
Beb. and Mamh 1869 

February 1871 ... 
January l87a ... 
December 1860 . 

Lati- 
t u d e ,  

North 
= @ 

0 I 

a4 5 

24 o 

a4 o 

a4 5 

a4 I 

a4 5 

a4 a 

23 57 

a3 58 

a3 25 

13 54 

a3 lo 

az 54 

aa 37 

11 47 

11 a7 

ao a9 

19 51 

18 31 

18 I 

17 53 

11 36 

17 45 

17 50 

17 I 

Longi- 

:$ 
of Green- 

wich 

' 
78 34 

79 a8 

80 j a  

81 18 

81 a0 

83 17 

84 a4 

85 29 

86 1 1  

86 36 

87 8 

87 47 

88 6 

88 a5 

87 14 

87 5 

85 54 

85 1 

83 36 

83 16 

78 38 

79 a5 

80 59 

81 a1 

8 44 

Height 
above 

jeet 
1867 

I 180 

a113 

1966 

2083 

1818 

1378 

~8a0 

4481 

1329 

970 

180 

98 

13 

80 

51 

131 

3115 

874 

181 

a093 

1664 

714 

4634 

I 

Obaervd 

colnpulsd 
Azimuth 

= ( A  - G) 

I ,  

- 0.19 

- 14-13 
+ 0.68 

- 8-37 

+ 1'90 

- 6-61 

- 9-10 

- 4-08 

- 5'99 

- 3'73 

- 8.06 

- 1-59 

- 6-70 

- 9.15 

- 7'44 

- 4'96 

- 3'39 

- 4-91 

- 1-18 

- 1'93 

- 1.50 

- 2.30 

- 3.11 

- 1-38 

- 1.5 

(: 

" 
E. 0.65 

,, 31' 10 

W. 1-53 

E. 18.73 

W. 4.16 

E. 14-79 

,, '0.41 

,, 9-19 

,, 13-48 

,, 8.61 

,. 18.19 

,, 3.71 

,, 15'86 

,, aa'zo 

E. 18.61 

,, 11'6a 

,, 9'08 

,, 13.60 

,, 6-50 

,, 5'93 

1. 7-75 

., 7-15 

,, 10.06 

,, 4.29 

, 4'97 



11.6 
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~ 9 . 0 ~  

I + . ~ I . ~ #  
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18.1 

80. II 

1E.o 
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9 ~ . ~  -a 

99.9 
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S1.g 'x 

P1.l 

11.9 

99.c 

16.c 'I 

f1.6 'p 
I, 

60) 

SgS 

9# 

Sgs 

6El 

019 

SLS 

6tz 

161 

t+E 

flf 

91) 

gtS 

629 

COE 

t~oz 

FIEI 

618 

Eg6 

196 

06t1 
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11 9~ 
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viii APPENDIX 51. 

k .- 
.,a 

rz 

Data of Ob~ervation 

April 1846 ... 
Jan. and Feb.184Q ... 

Marchand April 1846 

December1846 ... 
April 1847 ... 

February1860 ... 
Februarp 1852 ... 

April 1846 ... 

Decembml85l  ... 

April 1846 ... 

Dec. 1845 &Jan .  1866 

December 1846 ... 

December 1868 ... 
April 1866 ... 
December 1866 ... 

December 1869 ... 
March 1873 ... 
April 1873 ... 

Oct. and Nov. 1861 ... 
Dec. 1863&Jan.  1864 

Berien 

G u m h i  Men- 
dional 

QoraMerifional 

Hurflsong l e r i -  
diond 

Ti 

Longi- 
tude 
"HI 

of Green. 
wich 

' 
82 17 

82 23 

8.3 17 

8.3 16 

83 18 

84 25 

84 26 

85 29 

86 1 1  

87 2 1  

88 25. 

88 32' 

89 45. 

90 30 

90 48, 

89 55 . 

89 41 

89 45 . 

91 46 

91 23 

Lati- '"" 
Nort'i 

@ 

0 I 

25 41 

26 41 

25 24 

26 o 

26 5q 

25 5 

26 4 

26 23 

25 20 

25 28 

23 31 

-23 57 

2.3 9 

23 o 

23 a 

23 57 

24 45 

25 10 

25 r 5 

23 45 

Station 

Mar& P.8. 

B i ~ a u l  ,, 

Hirdepur T.8. 

Samenda ,, 
Wjt ibbi  ,, 

Mcdnipur Z S .  

JalPpur ,, 

f 

Pot. T.S. 

Bichwi H.8. 

Birkande T.S. 

Anandbh T.8. 

Madhupur ,, 

Dnulatpur T.S. 

Gangapur ,, 
Lukhinogar ,, 

Tepri T.B. 

Alolkdndi ,, 

E a l k h h a r  ,, 

Rangsanobo 3.9. 

Dawa ,, 

/ Chendwlr Men- = dionsl 

North Pkacmlth 
Meridional 

North Ttfallincha 

I 

1 

(t it? 

w 

E. 8'1.3 

,, 8.56 

E. 8.49 

,, 4-55 

,, 8.52 

HI. 14'40 

,, 2.82 

E. 12-86 

E. 13'34 

E. 13.90 

E. 18.44 

1, 11.03 

E. 10.92 

1, 16.21 

, 3-91 

E. 16.66 

#I 18.70 

n 26.11 

E. 20.38 

,, 16.55 

HeiSl,t 

feet 
3;' 

342 

289 

285 

296 

335 

zjr 

222 

321 

131 

67 

92 

60 

54 

51 

67 

88 

103 

4455 

205 

East Calcutta 
Longitudinal 

Bnhmaputra 
Meridional 

Observed 
rninus 

Colnputed 
Ammutli 

-(A - U) 
II 

- 3-91 

- 4-30 

- 4'03 

- a.22 

- 4-32 

- 6'74 , 

- a.38 

- 6 3 8  

- 6-37 

- 6-62 

- 7.96 

- 9-34 

- 4.67 

- 6-88 

- 1-66 

- 7-40. 

- 8'62 

- '"27 

- 9'6% , 

- 7.28 
Enstern Frontier 

(Section 23' to 



Height 

Level 

feet 
133 

14.3 

803 

1906 

1796 

3126 

3016 

3136 

970 

351 

170 

177 

2174 

2189 

2610 

1163 

1751 

29.39 

4111 

473 

a794 

1898 

3138 

1544 

2525 1 

Date of Obemstion 

Dm. 1966 & Jan. 1866 

Febrnary 1874 ... 
November I858 ... 

January 1872 ... 
March 1871 ... 
May 1870 ... 
May 1870 ... 
Nov.&Deo.l869 ... 
February 1870 ... 
December 1878 ... 
March 1869 ... 
March 1869 ... 

December 1840 ... 
NovemberlSQO ... 
Deaember 1887 ... 
Msmh 1868 ... 
October 1948 ... 
April 1858 ... 
Merch 1841 ... 

Oetober 1844 ... 
December 1848 ... 
J W U ~  1844 ... 

Much 18s ... 
December 1866 .,. 
Much 1878 ... 

I 

d 

Observed 
miaur 

Computed 
Azituutlt 

=(A - Q) 

- 11'14 
- 10.78 
- 11-97 

- 4.00 

- 4-99 

- 5.67 

- 5'44 

- 7'57 

- 5'80 

- 8.12 

- 6-14 

- 8-48 

- 1.71 

- G-3: 

- 4.69 

- 5-41 

. - 6.66 

- 3'97 

- 6-31 

+ 1'16 

7 a.65 

+ 0'09 

- 5.15 

- 5'30 

- 6-16 

Bsriss 

Amam b n d t u -  
dinal 

Great Am Meri- 
dional (Section 
So to 180) 

Bombay Longi- 
tudind 

South Konkan 
_* 

Mangalore Meri- 
dional 

(t zt7 

IC. 11''76 

,, ii'la 

14.40 

I. 11.98 

qv 17'14 

IS 24'53 

11 13-41 

,, 36.81 

,, 29.84 

,, 48-61 

SI 46'30 

M 59'M) 

E. 8-25 

,, 19'18 

IS 14.01 

IS 16'11 

19'60 

a 11'91 

ss 18'89 

W. 4-11 

E. 9'28 

W. 0'33 

E- 16'63 

I, 18'3r. 

a ~ ~ ' ~ 5  

atstion 

Ataro B h k i  T.8. 

Alangjhi ,, 

Eaikuni H.8. 

Kod.npl 8. 

Darfir H.8. 

Ban~alore Base-line, 
8.W. End 8. 

Bangalore Bane-line, 
N.E End 8. 

Kanjamalai H.S. 

Pscha$laiysm 8ta- 
tion 

Kutiphrai 8. 

BBdhipumm , 
Kudankulam ,, 

AchoL H.8. 

N i t d  

Knnheri ,, 
Alsunda ,, 
Khlnp i sm ,, 
Dhauleahw ,, 
MSndvi 

bfiryrr H.8. 

Chaubla 

Kumbhhi ,I 

Phhvad H.8. 

Karabgati ,, 
K o m 6  #I 

-. 

North 
= 

' ' 
16 5 

15 59 

16 8 

17 8 

16 14 

13 1 

13 5 

I I  37 

1 1  o 

9 19 

8 17 

8 lo 

18 15 

18 17 

18 30 

18 17 

18 46 

18 16 

18 38 

17 i 

15 56 

15 9 

17 31 

16 8 

14 8 

g 
.a 
I 
ca 

[ 2% 
g s  . Y "I z 

Longi- 
tude 
Emt 

of Green- 
wich 

' ' 
89 31 

89 48 

90 41 

77 JI 

77 42 

77 37 

77 41 

78 6 

77 40 

78 3 

ff 45' 

77 

77 z 

76 19 

75 46 

75 3 

74 49 

74 12 

73 35 

73 18 

74 a 

74 so 

74 41 

7.4 50 

75 I 

* 
r 

I 
3 
h 
z ' s 
W 
3 
LJ 

' g  

I 

I 
C 



APPENDIX 11. 

(* - ') 
' * 

I, 

E. 16-38 

,, 21-16 

g .- a 

d 

I 
j+ l 
.C 

% 1 
1 ti 

1 e, 

I $ 

I 

aerier 

Madrss Meridio- 
nd m d  Coast 

South-kutCout 
and Ceylon 
B m c h  

n i t  
dinal 

KhBnpisurs Me. 
ridional 

Singi Meridiond 

K6th%w& Meri- 
dional 

GujanSt Longi- 
tudinal 

Cutch C o ~ t  ... 

Date of Observation 

April and May 1868... 

December 1863 ... 
December 1864 ... 
December 1861 . 

Much 1879 ... 
Januav 1879 ... 
March 1877 ... 
February 1676 ... 
March 1876 ... 

March 1878 ... 
November 1871 ... 
January1866 ... 
February1880 ... 
February1880 ... 
Marchand April 1847 

December 1846 ... 

December 1861 ... 
March 1845 ... 
February 1848 ... 
Deeember 1842 ... 

Docember 1862 ... 
October 1858 ... 

Deoembe~.1861 ... 
April 1852 ... 
October 1856 ... 

, 

i 
2 
8 .  
F1 

3 
3 
m 

Station 

DhGlipalla 8. 

Dinaps H.S. 

Kistama ,, 
Pammpddi ,, 

Kdlapat b. 8. 

Kayinipiripdn ,, 
Pithnmnkota ,, 
ManEgandi ,, 
Eamnad 8. 

Man,. 8.  

N~ighallibZtta H.S. 

Ana~idalamalai ,, 
St. Thomas's 

Mount Tm. 8. 
Injambikam H.8. 

IndnSwan T.8. 

Valvadi H 8. 

Pntdngri H.S. 

8Uer ,, 
P k e m  ,, 
Ka1sub.i ,, 

DGnkrpm H.8. 

Konkhrrb T.S. 

8~10 th  T.S. 

Ingrori ,, 

Hithria H.8. 

Lsli- 

North 
= 

' 
16 26 

15 56 

14 27 

I 3 

1 1  57 

1 1  8 

10 18 

9 46 

g 22 

12 52 

13 a 

12 56 

13 o 

11 $5 

ra 49 

za 44 

za 52 

20 43 

20 33 

19 36 

22 48 

21 39 

23 7 

22 sf 

23 27 L 

Observed 
minw 

Computed 
Azimuth 

=.(A - G) 

" 
- 4-83 

- 6-04 

- 4'50 

- 6-23 

- 5'15 

- 2'17 

- 2-69 

- 9-11 

- 7'97 

- 3-10 

- 1-64 

- 5'48 

- 4.Q 

- 6.~2 

- 0.44 

+ 4-68 

+ 0.70 

+ 1-26 

+ 10.h 
+ 0.02 

+ 2.29 

+ 0'76 

+ 3-75 

+ 1.18 

- 5.12 

Longi- 
tude 
EILBL 

of Green- 
wich 

O ' 
80 8 

79 59 

79 48 

81 I 

79 36 

79 2.5 

79 ' 5  

78 58 

78 52 

74 83 

76 31 

79 26 

80 14 

80 18 

75 13 

75 14 

73 56 

73 59 

72 59 

73 45 

71 a 

7o 59 

,, 17-46 

,, 2oarr 

E- 24-33 

z,",l 
feet 
zqq 

. 1010 
458 

685 

199 

158 

'20 

56 

48 

185 

3140 

923 

250 

29 

1834 

1125 

922 

5140 

614 

5400 

404 

(21 

i 

,, 11.03 

,, 4'6.4 

1, 9-67 

1, 48.32 

E- '3'57 

, 33.00 
w X3.a 

w m.96 

22-33 

E. 1'05 

W. a236 

W. 1-66 

,, 5.98 

,, &'86 

I,  0.06 

.w. 5.45 
,, 1.91 

71 48 

71 51 

69 5 

' 

. 

r 

150 

151 

696 

W. 8.78 

2.79 

E. 11.80 

, 



APPENDIX 11. Xi 

The quantities entered against thin Series are preliminary vduer. 

NOTE-H.S. rignifier Hill Etntion (Principal). 
9. ,, Station (Principal) in the plains. 

T.H. ,, Tower Station (l'rinc~pnl). 
Trr 8. ,, Trestle Station (Prinoipl). 

P.6. ,, Platform Station (Principal). 

8 .- .a 

2 
Date of Obaenation 

January 1866 ... 
December 186 . 
Nov. and Dee. 1866 ... 
March 1884 ... 
December 1877 ... 
Januarg 1882 ... 
January 1882 ... 
December 1881 ... 
December 1881 ... 

November 1889 ... 
February 1890 ... 
February 1891 ... 
Mrueh 1891 ... 
February 1892 ... 
February 1892 ... 
March 1892 ... 
April 1894 ... 
Febru~rry 1894 ... 
January 1896 ... 

Yamh 1896 ... 
December 1898 ... 
February 1899 ... 

br iee  

Burma C o ~ t *  

Etation 

Semu T h  H.8. 

Lsti- 
hde 
North 
= 

0 1 0  

aa 49 

I 49 

ao 13 

16 a6 

13 50 

12 aa 

12 aa 

11 26 

11 ao 

18 'a2 

18 56 

19 34 

20 42 

az 3 

22 17 

q 3 

23 41 

a4 14 

aq 36 

a4 39 

a5 o 

24 44 

(t it? 

II 

E. 15.49 

,, 21-23 

,, .9'26 

,, 43.16 

,, 41'18 

,, 48'30 
,, 49.71 

,, 48-94 
n 51-28 

E. 36.23 

1, 46-03 

8 ,  4i.80 

n 29-11 

r, 36-98 

18 40.46 

11 33'91 

8, 16-40 

n 33'79 

n 41-54 

E. 14-93 

H 18-61 

1, ao.31 

Fi T h  ,, 
Dattaung ,, 
Taungzuu ,, 
SouthernMoscos ,, 
Mergui Bane-line, 

East End T.S. 
Mergui Bnne.line, W. 

End T.8. 
Natknlintaung H.S. 

Minthantsung ,, 

Myayubepgkyo H.S. 

Toungoo 8. 

Letptaung H.8. 

Taungpils ,, 
Mingun ,, 
Shein- ,, 
Malh ,, 
Ubyhtaong ,, 
Thonbinzin ,, 
8 e i k p  ,, 

Tamunj. H.8. 

Thyoliching ,, 
Loijing ,, 

$eight 

Level 

feet 
a16 

563 

455, 

8j4 

1186 

20 

18 

888 

1054 

1411 

186 

3975 

101a 

1343 

456 

848 

2766 

1932 

3857 

3387 

6566 

6635 

I 
E 11 

Longi- 
tude 
En& 

of Green- 
wich 

' 
91 50 

a I 

93 4 

97 43 

97 58 

98 49 

98 46 

98 46 

98 50 

96 25 

96 28 

96 31 

95 56 

96 a 

96 I 

96 o 

g6 o 

g6 I 

95 4 

94 39 

94 46 

93 46 

Observed 
minur 

Computed 
Azimuth 

- ( A -  6) 

I1 

- 7-36 

- 10'90 
- 3-41 

- 1%-fj 
- 10.14 
- .  10.59 

- 10.90 
- 10.79 
- 11'43 

- ~2.03 
- 15'79 
- 16.99 
- 11'00 
- 14.98 
- 16.58 
- 14-43 
- 11.58 
- 15.21 
- 19.02 

- 6-76 

- ' 8-68 

- 9'36 

Mandalay Neri- 
diond* 

Mani ur Longi- 
tuXinal* 














