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OF THE INVESTIGATION.

(1) In 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. In
the same paper he explains the apparent preponderance of
northerly deflections throughout India by assuming, that local
attraction is producing a southerly deflection at Kalianpur, the
station of reference of the Indian Survey.

(2) It is decided to determine the effect of local attraction at
Kalidnpur by means of a “ group’” of astrondmical stations.

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

(4) Completion of astronomical observations at Kalidnpur and at
eight adjacent stations, four being situated at an average
distance of 9 miles, and four at an average distance of 30
miles from Kalidnpur.

(5) An analysis of the results of the observations of the ““group

shows that local attraction is producing a northerly deflection
at Kalidnpur.

(6) Necessity arises of reconsidering General Walker’s theory ex-

}I)h:;ping the preponderance of northerly deflections throughout
naia.
(7) An examination of data discloses the fact that two-thirds of the
*  southerly deflections observed in India are to be found situated

within a narrow zone, running from east to west between the
parallels of 24° and 26°.

(8)- Further examinations show that large northerly deflections pre-
vail from east to west between the parallels of 24° and 18°.

(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.
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Itis assumed that the change in the sign of the deflections along
the parallel of 24° is in some way connected with the relation-
ship of this parallel to the station of reference.

The observed latitudes in Sub-Himalayan regions preclude the
acceptance of Pratt’s theory, that the Himalayas are wholly
compensated. If alarge Himalayan attraction exists at Dehra
Dun, it cannot suddenly cease south of Dehra Diin.

It 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.

L]

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

The errors in Pratt’s values of oceanic deptbs necessitate a re-
calculation of the effects of the Himalayan mass and of the
oceanic deficiency.

A re-calculation shows that the Kalifna discrepancy is mythical.

The results of latitude observations at 160 stations do not
justify any theory of entire compensation of mountains and
seas ; they support the suggestion made above in (12).

The results of two arcsof longitude however, observed across India
from coast to coast, cannot be explained except on the hypo-
thesis, that the Indian Ocean is wholly compensated.

These longitude results, and the consequent adoption of the hypo-
thesis, that the Indian Ocean is wholly compensated, necessi-
tate the abandomment of the idea, that the change in.the
sign of the deflections along the parallel of 24° is due to the
Joint action of Himalayas and Ocean.

If the Ocean is wholly compensated, and the Himalaya Moun-
tains uncompensated, the latter will cause negative deflections
north of latitude 24° and positive south of latitude 24°:
observations however indicate the opposite, viz., positive north
of 24°, negative south of 24°¥.

The evidence is conflicting : the large deflections in Sub-Hima-
layan regions preclude the hypothesis, that the Himalayas are
wholly compensated: the great preponderance of negative
deflections south of 24° seems to indicate entire Himalayan
compensation. .

It is suggested that the change in the sign of the deflections
along the parallel of 24° is not real, and is due to errors of
the ellipsoid of reference.
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The observed arcs of longitude favour Clarke’s value of the
major axis and forbid the introduction of any considerable
modification.

If Clarke’s major axis be maintained, no assumed error in Clarke’s
value of the ellipticity will suffice to explain the results of the
latitude observations.

The negative deflections south of latitude 24° cannot be attri
buted to errors of the ellipsoid of reference. :

The negative deflections south of latitude 24° cannot be regard-
ed as accideutal or as due to “local ” attractions.

It 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 24°
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 cause of the positive deflections north
of latitude 24°, and of the negative deflections south.

It masks the true effects of Himalayan attraction: Himalayan
effects thus suffer from both compensation and obscuration.

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

The effects of the chain are superimposed on those of a far-
reaching Himalayan attraction, the latter perhaps deflecting
tl;e plumb-line at Cape Comorin through one or two seconds
of are.

South of the chain, from latitude 20° to latitude 8°, the northerly
deflection of the plumb-line has been observed to decrease
gradually for 800 miles, the total decrease amounting to 10,
from — 8” in latitude 20°to + 2 in latitude 8°; this decrease
is possibly a Himalayan effect. -
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PREFACE.

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 were
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 thag all discrepancies between astronomical and geodetic results might
be attributed to local attractions. The examination of recent evidence suggests serious objections
to the acceptance of this 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 evidence 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 at his disposal and that have
been 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, was issued by the Royal Society :
in this paper General Walker advocated the adoption of “ groups” of astronomical 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 deflection at Kalidnpur, the station
of reference of the Indian Survey. In 1898 in consequence of this paper and in full accord with
General Walker’s views, we threw a ‘“ group” of astronomical stations round Kalidnpur: their
results showed that the deflection at Kalidupur due to local attraction was nortkerly : this unexpect-
ed issue created a dilemma: either General Walker had been mistaken in advocating ‘‘ groups”, or
his assumption of a southerly deflection at Kalidnpur had been incorrect.

I have to acknowledge the great assistance which I have received from Mr. C. H. Mc A’Fee,
Extra Deputy Superintendent, who was acting in charge of the Computing Office and who has
superintended the publication of this pamphlet: the heights of compartments were averaged by
M:r. J. Hickie, Extra Assistant Superintendent, now Chief Draftsman in Calcutta, and by Munshi
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 much indebted to Mr. C. L. Griesbach, C.I.E., Director of the Geological Survey of
India, for valuable advice and iuformation.

DeErRA Dt'm: §. G. BURRARD.
December 1901. '







CHART No. 1
Chart of Loeal attractions in the Meridian at the stations of the Kalanpur Group, the
mean latitude of the Group being assumed to be the true latitude of Kalisnpur.
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The arrows show the directions of the deflections of the Plumb-lines; the lengths of the
arrows are proportional to the amounts of the deflections.






OHART No. 8
Chart of Looal attractions in the Prime Vertical at the stations of the Kakianpur Group,
the mean asimuth derived frem the Group being assumed to be the true asimuth of the
ray Kalianpur-Surantal.
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QHART No. 8
Ohart showing resultant Local attractions at the stations of the Kalisnpur Group, obtained
from & combination of the results of the two preveding charts.
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The arrows show the directions of the deflections of the Plumb-lines; the lengths of the
arrows are proportional to the amounts of the deflections.
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CHART No 4.

Deflections of the Plumb-line in Meridian.

DIAGRAM No. 1

The deflection at Knli’a'npnr derived from results of the Group.
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DIAGRAM No. 2

The deflection at Kalidnpur derived from results of all India.
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CHART No.5
Deflections of the Plumb.line in the Prime Vertical.
. DIAGRAM No. 8
The deflection at Kalisnpur derived from results of the Group,
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DIAGRAM No. 4
The deflection st Kalidnpur derived from results of all India,
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PART I.

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

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

Groups of latitudes round a central station were first observed in India by Colonel John
Herschel, R.E., in 1870, and are considered to give a more reliable value of the local attraction
at the central station than observations taken at the central station itself. On page 807 of India’s
Contributions 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. In 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
¢ for mathematical treatment than the separate individual initial data, because the mean astrono-
“mical 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 stations;  If the astronomical latitudes and longitudes of these points”’, he writes, “are
“then determined, we have, from a discussion of the discordances between the geodetic and
<t astronomical results of the figure, all the requisite data for computing the local attraction at the
¢t 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 Kalidnpur was deduced by General Walker, before the recent snrround-
ing group of latitudes and azimuths had been observed. It had always been noticeable, that the
value of (O — C)* in latitudes had a tendency to be negative, and GeneralWalker explained this
tendency by the theory, that the plumb-line at Kalidnpur was deflected 2” to the south: on page
804 of India’s Contributions to Geodesy he writes ““Of the 148 astronomical latitudes available
“there are 90 cases of negative excess to 58 of positive excess. If the latitude of Kalidnpur is
“ diminished by 2”0, the whole of the geodetic latitudes will be correspondingly diminished, and
¢ this will make the number of positive and negative cases almost exactly equal .

In the case of the fundamental latitude General Walker estimated the deflection of the
plumb-line after the Indian triangulation had been computed, but the effect of local attraction on
the fundamental ezimutk he deduced, before the reduction of the triangulation had been carried
out. Thus the triangulation is based on an observed latitude, uncorrected for local attraction,
and on a derived azimuth, corrected for local attraction. The computed geodetic values of
latitude are based on the observed latitude of KaliAnpur, but the computed geodetic walues of
azimuth are based on the derived azimuth of Kalidinpur. On pages 137 to 141 of Volume II of the
Great Trigonometrical Survey of India, General Walker explains, that of 35 stations situated in
different parts of India, at which astronomical azimuths had been observed, the value of (0 — C)
" proved to be negative at 26, and positive at 9, and he arrives at the conclusion—a conclusion
generally accepted hitherto—that the adopted value of the fundamental azimuth at Kalianpur
was 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—1*-1 to be applied to the observed
azimuth at Kalidupur, thus arguing a local attraction of 17'1 cot ¢ = 245 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 the Prime
Vertical at Kalidnpur from a comparison of the 55 astronomical Arcs of Lougitude, measured
over India and Burma, with their geodetic values : he finds the zenith at Kalidnpur to be probably
displaced 3”42 to the eastwards, or in other words a local attraction of the plumb-line of about
8" to the westwards.

® In determining deflections of the plumb-line we deduct the geodetic value from the astreneomic: the astrenomic
value is obseroed, and designated O: the geodetic value is computed throagh the triangulation from the initial elements
and designated C: the deflection of the plumb-line at any station is taken to be (0 —C), the assumption being made that
C or the geodetic value is the true one. In the case of latitudes, if the plumb-line at any station is attracted to the
north, the zenith will be displaced to the south, the observed latitude or O will be too small, and (O— €) will be negative.
In the case of azimuths, if the plumb-line at any station is attracted to the east, the zenith will be displaced to
the west, the observed azimuth or O measured from south by west will be too small, and (O — C) will be negative,
We therefore have the following rules of signs, always assuming that the value of C is correct:—
If at any station (O —C) in latitude is negative, the attraction in the meridian is northerly
If (0~C) in latitude is positive, the attractior in the meridian is southerly
If (0—C) in azimuth is negative, the attraction in the Prime Vertical is easterly
If (0-C) in azimuth is positive, the attraction in the Prime Vertical is westerly.

1 In comparing the number of cases of negative and positive excess it is difficult to deeide whether to reject
certain latitudes or not: it frequently happens that two or more astronomical latitudes have been ebserved within a few
miles of each other, and it is questionable in discussing the latitude of all India whether we should regard each value as an
independent latitude, or whether we shounld adopt the mean of the gronp. Two latitudes were observed withim 5 miles of
one another at Madras (see page 782 of India’s Contributions to Geodesy): six latitudes were observed within & radius
of 4 miles near Punnm (see group 1, page 778); the four latitudes of-group 2, and the three latitudes of greamp 3,
page 778, are other cases in point: when General Walker gives 90 and 88 as the respective numbers of negative and
positive excess, he is giving full weight to every observed value of every group; if we take the mean of a group spread
over a small area as a single value of latitnde, and thus give equal weights to equal areas, we find that there are, including
the latitudes observed in the last two years, 111 instances of negative excess and 49 instances of positive excess. Theugh
this difficulty in the matter of combinations and rejections does exist, General Walker’s deduction of the meridiomal
deflection at Kalidnpur from the Indian latitndes as a whole has met with general approval, and of recent years a southerly
attraction of 2” at Kalidnpur has been accepted as a working hypothesis in explanation of the excess of negative values.
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Before the group of latitndes and azimuths had heen observed round Kalifnpur, the local
attraction at Kalidnpur had thus been deduced by Indian geodesists from the results of 148

observed latitudes, of 51 observed azimuths, and of 55 arcs of longitude, distributed over India.
with the following results :—

Deflection of the plumb-line in the meridian = 2" to the south

Deflection of the plumb-line in the Prime Vertical (as deduced from Agi-
muths) = 2}" to the west

Deflection of the plumb-line in the Prime Vertical (deduced from Longi-
tudes) = 8’ to the west.

It remains now to be seen to what extent these resulls have been corroborated by Caplain
Lenox Conyngham’s group round Kalidnpur. .

The Observed Latitude of Kalianpur.
The Kalifnpur observations can best be analysed in the following order :—
(a) The latitude at Kalifnpur derived from observations at Kalidnpur only.

(b) The latitude at Kaliinpur derived from observations at the group of snrrot;nding
stations.

(c) The azimuth at Kalidinpur derived from observations at Kalianpur only.

(d) The asimuth at Kalifnpur derived from observations at the group of surrounding
stations.

The latitude of Kalifinpur itself has now been observed on six occasions as follows* :—

Date Observer Value
1824-25 ... | Geo. Everest wo| 24° 7 10":76 + 0”13
183940 <. | Andrew Wangh ... 10 ‘92 + 0 08

1840-41 «.. | Geo. Everest and T.

Renny-Tailyour ... 11 *18 + 0 -07
February 1865 ...| W. M. Campbell ... 11 "44 + 0 *07
November 1865 ... | W. M. Campbell ... 10 '90 + 0 ‘07
1898-99 ... | G.Leuox Conyngham 20 ‘59 + 0 ‘08

Mean ... w. 24° %7 10%:97

* Lenox Conyngham’s value is corrected for variation of latitude from the data furnished in Albrecht’s Report.
Potadam, February 1900: the earlier values are uneorrected.



~ The adoptedl initial value of latitude for the Indiam Survey is 24° 7’ 117:26: this value.
was'derived by Everest.from the results of 1824, 25, ’39, 40 and ’41, using the best values of the
stars’ places, -that he could then obtain: his stars’ places have since 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 therefare appears to be 0729 too great, owing
to errars of observation and star’s place.

“The Group of Latitudes round Kalianpur.

Astrononiieal ‘Jatitudes have been reeently obeerved by Captain Lenox Conyngham at 8
stations round Kalidnpur (see Chart No. 1).

The results are as follows :— ' .
¢ Correoted | of Compated | 0= .C =
’ 3 or Corr mpu .
-4 Station Observed Latitade | CQrrection to ?:sgfeif (;eod:e::(i{}:: Lati- | progection of
: Meridian
o L4 K 4 4 » L4 ”
Daiddhari 24 38 18-83 + o006 18-89 17°59 + 1°32
Sirantal 14 21°41 + o°14 21°55 20°42 + 1°13
Sironj, N. E. End Base 8 55°46 + o011 | 5557 53°57 + 2-00
Bhaorssa 8 513 + o-o8 521 3°73 + 1°48
Losalli 6 18-31 + o'15 18- 46 19°17 — 071
Tinsia 6 29°11 + o'15 | .29°26 27°97 + 1°29
Kémkhera 23 59 42°95 + o'14 43°09 44°93 — 1°84
Ahmadpur 36 18-59 + o1r | 1870 2088 — 2-18

The geodetic latitudes in this table have been.computed on the assumption, that the latitude
.of Kalidnpur is 24° 7 117-26. It is significant that the positive values of (O — C) should be in
.excess of the negative, the results of the group being thus in opposition to those of all India.

In :the following table the latitude of KaliAnpur.is deduced from the observed latitude at
.cach station, by applying the geodetic difference of latitude derived from the triangulation : —

Station,of Observation Observed Latitude Geodetic Difference Resg}tixnfl&g;igde
o ’ L4 v n o 1 ”

Daiddhari 24 38 1889 —3I 6°31 24 7 12° 58
| Sdrantél 14 21°55 -7 9°16 12°39
| Sironj, N.E.End Base 8 5557 — I 42°31 13°26
Bhaorssa 8 521 | — o052°47 12°74
{ Losalli . 6 18-46 + 0 52°09 10° 55
Tinsia 6 29°26 + 0 43°29 12° 55
Kémkhera 23 59 43°09 | + 7 26°33 - 9°42
Ahmadpur . 36 1870 +30 50°38 908

| Mean of Lenox Conyngham’s group 24° 7' 117" 57




We have now the three following values of the latitude of Kalidnpur :—

Value adopted in computations of the triangulation 24°7 11''26
Mean observed value -~ 24 710 97

Value derived from the group 24 711 ‘57

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 Kalidnpur is displaced 0"-60 to the south,
and that tkere is a deflection of the plumb-line in the meridian at Kalidnpur of 0”60 to the north.

It has been explained, that General Walker, arguing from all India, estimated the meri-
dional deflection of the plumb-line at Kalidnpur at 2” to the south. If we correct the initial
latitude at Kalidnpur, firstly, by —0”-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 value 24° 7’ 11”57 into
the computations, the excess of negative values of (O — 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
magnitude of the negative values will be considerably greater than the mean magnitude of the
positive values.

The Fundamental Azimuth.

The azimuth of Siurantdl has been observed from Kalidinpur on two occasions with the
following results* :—

Date Obeerver Value
] ’ 4
1836 | Geo. Everest .. | 190 27 6°20

1898-99 | G. Lenox Conyngham 190 27 637

Mean ... 190° 27" 6”29

General Walker’s value of the fundamental Azimuth, derived from azimuths observed in
different parts of India, is 190° 27’ 5”10 or 1719 less than the latest mean observed value.
The Group of Azimuths round Kalianpur.

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

* Lenox Conyngham's value is corrected for variation of latitude from the data furnished in Albrecht's Report,
Potsdam, February 1900,



The results are as follows :—

Seconds of Seconds of
saion Oumrs s | IR | ST omES | 00
= -
o » » L4 L4 [ 4
Daiédhari 303 32 52°53 + o°15 5268 50°41 + 2°27
Siurantél 10 27 43°'37 + o002 43°39 40°46 + 2°93
Sironj, N. E. End Base | 80 46 33°96 + o-08 34°04 31°61 + 2°43
Bhaoréisa 95 12 39°36 + Q'11 39°47 38-08 + 1°39
Losalli 305 52 55°80 | — 007 5573 5730 - 1'57
Salot 175 58 10°16 10°16 10°89 — 0'73
Kémkhera 154 45 36°67 — 005 36°62 35°31 + 1°31
Ahmadpur 185 10 56°27 — @08 56°19 53°91 + 2°28

The Geodetic Azimuths have been computed on the assumption that the azimuth of
Surantél at Kalifnpur is 190° 27 5”-10. Again the positive values of (O—C) exceed the negative,
in opposition to the experience of all India.

In the following table the value of the fundamental azimuth at Kalidnpur is deduced from
the observed azimuth at each station of the group by applying the geodetic differenee of azimuth
derived from the triangulation.

Station of Observation

Observed Asimuth

Geodetic difference

Resulting Azimuth

at Kalffnpar

o s+ » o s+ » o o+ »
Daifdhari 303 32 52°68 113 5 45°31 190 27 7°37
Sirantél 10 27 43°39 179 59 24'64 8:03
Sironj, N.E.End Base 80 46 34°04 109 40 33°49 7°53
Bhaorfsa .| 9512 39°47 95 14 27°02 6-4§
Losalli e | 305 52 55°73 115 25 52°20 3°53
Salot 175 58 10°16 14 28 54°21 4'37
Kémkhera .| 154 45 36°62 35 41 29°79 641
Ahmadpur 185 10 56°19 516 11°19 7°38
Mean . 1g9a°27' 6":39




We have now the three following values of the azimuth at Kalignpur:—

Value adopted in computations of the triangulation 190° 27 5°*10
Moan observed value ... : 6 ‘29
Value derived from the group .. 6 ‘39

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 Kalidnpur is displaced 0"-10 x cot ¢=0"-22
to the west, that there is a deflection of the plumb-line in the Prime Vertical at Kalidénpur of 0“+22
to the east, that the fundamental azimuth is 1”29 too small, and that every value of (O — C)
requires a correction of — 1”-29. A complete list of the Observed Azimuths is published as
Appendix II of this paper. It 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 (O — C)¥, and that
if the mean value derived from the group be accepted, there will be 170 negative values and 39
positive values.

Deflection of the Plumb-line at Kalianpur..

If the mean latitude and azimuth, obtained from the group, 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 as follows : —

Deflection of Plumb-line
Station Deflection in Deflection in
Effect on Azimuth | Prime Vertical Meridian

-(©,-C,) |=(0,-C,)cote| =(0p~C,)

4 (4 L4
Daifidhari - + 098 + 2713W, + 1701 8.
Sdrantdl + 1°64 + 3°64W. + 0°82 8.
N. E. End of Base ... + 1°14 + 2°54W. | + 1:698.
Bhaorfisa + o'10 + 022 W, + 1°17 8.
Kalifnpur . — 0°I10 — o'22E, — o060 N.
Losalli - 2°86 — 6°38E. - 102 N,
Tinsia S + 0°9g8 8.

Salot - 3'02 — 4°49E.
Kémkhera + o0°02 4+ o004 W. - 215 N.
Ahmadpur + 0°99 + 2°27W. — 2°49 N.

* On page 804 of India’s Contributions to Geodesy, General Walker explains, that this predominance of negative
values can be eliminated by increasing the negative correction applied to the initial azimuth., But according to the
evidence of the group the correction to the initial azimuth should be positive,
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The deflection of the plumb-line at Kalidnpur itself has thus been given-isfoﬂows —

In the Meridian | I Arimuth In the Prime

By the group of latitudes round’| “ !

Kalidnpur ...| o+60 North
By the latitudes of all India ... | 2-co South
By the group of azimuths round v ; v

Kalianpur o-10 East o-22 East
By the azimuths of all India ... 1°19 West 265 West
By the longitudes of all India ... 3'00 West

Difference 2”+60 1”29 2"+ 87

In each case the results of the group have falsified predictions based with confidence on
the results of all India¥*.

The contradictions with which we are now faced, cause us to consider the following
uestions :—

4 (8) Can any inequality in the distribution of matter in the immediate locality of
Kalidnpur be conceived, that can deflect the plumb-line 3”5 to the south-westt at Kaliénpur itself,
and yet allow the mean deflection, resulting from eight surrounding stations in the vicinity, to
be half a second} to the morth-east?

{b) Can there exist any external source of attraction affecting the plumb-line at every
station of the group, and rendering the mean determination of the deflection in error by 4"?

Explanation of Charts 4 and 5.

In Charts 4 and 5 are shown four diagrams:—

The first diagram gives a vertical section through stations on the meridian of Kaliénpur. §
The deflections of the plumb-line in the meridjan 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. )

All the plumb-lines 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 Kalidnpur is situated over the centre of a subterranean mass of excessive deusity attracting
the plumb-line at Ahmadpur and Daiddhari inwards. ZThis assumption would mot account for the
excess of negative values in India. ,

If the positions of the plumb-lines in Diagram No. 1 are to be explained on the
hypothesis of some external force, it seems necessary to assume, that a source of repulsion exists at

* It is worth noting that the deflection in azimuth x cotangent latitude=deflection in prime vertical, and that
1”19 x cot 24° 7'=2".65, and that therefore the deflection in the Prime Vertical derived from the azimuths of IAdia is
2"+65 west, or only 0”36 less than the deflection of 3” west derived independently from the longitudes of India,
That is 2” south on the Meridian, and 3” west on the Prime Vertical,
0”+60 north on the Meridian and 0”22 east on the Prime Vertical.
§ A description of Kaliinpar and the sarronnding country is given in Appendix I,
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a considerable distance either to the north or south of the group. Such a source might affect
the mean value of the group by 10” or more, but not be shown up in the results. If it existed
to the south, the plumb-line at Ahmadpur, the nearest station would be repelled slightly more
than that at Kalidnpur, and that at Daiddhari 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
at Kalidnpur, 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 further: a source of repulsion north of Daiddhari might produce the deflections in this
diagram.

*® The existence of a source of repulsion north of Daiddhari is not confirmed by the azimuth
observatious at Salot, but is not incompatible with the results of the latitudes observed at Kesri and
Usira, vide Table following page 14. Possibly a further group of latitudes may locate such a
source. The proof of its existence will be our justification for the retention of Walker’s correc-
tion of — 27 to geodetic latitudes. ‘

The third diagram gives a vertical section through stations on the Prime Vertical of
Kalidnpur: 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 will not explain the excess of
negative values of (O — C) 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 Kalidnpur, as has been deduced by Walker and Strahan from a consideration of the Indian
asimuths and longitudes : this has been done in Diagram No. 4.

This diagram would show that a source of attraction exists between Kalidnpur and Losalli.

The Calculations of Archdeacon Pratt.

Before, however, we endeavour to decide whether the contradictions at Kalifnpur are due to
local or external causes, it 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 and theories of
Archdeacon Pratt¥. :

In 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. It had been pointed out by
Everest in his Great Arcof India, 1847, that if the curvature of the Indian Arc be taken the same
as that of the mean figure, the observed latitude of Kalidna, a station on the Great Arc 54 degrees
north of Kalidnpur, was 57-236 less than its geodetic latitude, and the observed latitude of

* Of recent years we have been possibly too apt to attribute differences between astronomical and geodetic values
to mere local deviations of gravity and to regard them as due to local irregularities in the distribution of matter in the
immediate neighbourhood of the stations of observation. The method of treating these differences by minimum squares
can only be justified on the ground that they are purely local and accidental, and its practice has tended to strengthen
the belief in their irregularity. The discovery, moreover, that deflections of the plumb-line occur in flat unbroken plains
and the theory, which it necessitated, that these deflections are due to invisible subterranean canses, have also helped of
late years gradually to give rise to the idea, now generally prevalent, that local attractions obey no explicable law and
that no result however contradictory need excite surprise. It is only in the presence of some enormous visible mass,

_such as the Himalayan Mountains, and when large constant deflections of gravity occur, that an external source of

attraction affecting large areas is admitted, and that the method of minimum squares is considered inapplicable,
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Démargida, a station on the Great Arc, six degrees south of Kalidnpur, was 8¥:791 less than its
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 shown at page 85 of Pratt’s first paper, Philosophical
Transactions of the Royal Society, 1854, to be as follows:—

Deflection of the plumb-line in the Meridian

at Kalifna . . . .. <+« .. 277853 North,
at Kalidnpur . . . . . + + + . 117968 North.
at Ddmargida ........ 6”909 North.

Deflection of the plumb-line in the Prime Vertical
at Kalidna . . ...... . . 167942 East.
at Kalidnpur. .. ... ... 47:763 East.
at Ddmargida ........ 27”-728 East.

Total deflections of the plumb-line

at Kalifna . . ........ 32”:601 in azimuth 81° 18’ East of North
at Kalignpur. . ... « ... 127880 in azimuth 21° 42" ,, 2
at Dédmargida . .... ... 77:426 in azimuth 21° 31" ,, "

This calculation increased the difficulty, which it was intended to remove, as the disturbing
effect of the Himalayas was shown to be greater in amount than had ever been-anticipated. -

It may be objected now that Pratt’s knowledge of the mass and density of the Himalayas
was deficient, and that a recalculation based on madern data might reduce Pratt’s values of the
deflections. Pratt took the density of the Himalayas at 2:75, whereas Mr. C. L. Griesbach, the
present Director of the Geological Survey of India, informs me, that the mean density probably
lies between 26 and 2°7: if we reduce the value of the density from 2°75 to 2°65 in Pratt's
formule, his deflections will be reduced by only one-twenty-fifth part. In the matter of area
Pratt’s southern limits of the Himalayan Range are geographically correct; the accuracy of his
northern limits of the Tibetan plateau and of his position of the Altai Mountains is not very
material, as the distant ranges exercised but slight effect on his results: he omitted the Hindu
Kush and the Sulemdn 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 values of his
deflections can be expected to result from the comparatively trifling corrections, which modern
geographical knowledge might apply to his Himalayan and Tibetan areas.

In the matter of heights Pratt shows himself, that the deflections are more due to the
table-lands and to the plateaus than to the higher and more prominent 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 north, and is 4,000 feet high in latitude 40°: the modern value of the

- height of Leh is 11,000 and of Lhasa 12,000 feet and 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 keights, such as can
be justified by modern explorations, will reduce his values of the deftections.

Pratt’s paper was answered by Sir George Airy, who suggested that there was probably a
deficiency of matter beneath the mountains, which ¢ounteracted their effect upon stations in the
plains: in a postscript to a paper on the English Arc of Meridian (Philosophical Transactions of
the Royal Saciety, 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 of
the Mean Figure. :
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) In 1858 Pratt reduced to calculation (Philosophical Transactions of the Royal Society,
1858) another hypothesis regarding deficiency of matter below the mountains, viz., that the irre-
gularities of the mountain surface have arisen from the expansion upwards of the crust of the
earth from depths below, which has upheaved the mountains and preduced a slight but extensive
attenuation of the mass below them: his calculations furnished the following results.

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

at Kalidna at Kalidnpur  at Dimargida

100 miles 26"-440 12”7-111 6”855
300 miles 217-106 11”7-678 6”-866
500 miles 17”-066 9”-622 6”-670
1000 miles I1”-199 7%-386 5%-220

Pratt thus showed, that the hypothesis of submontane deficiency was sufficient to produce
a considerable amount of compensation for mountain attraction, but by no assumption in the
amount of the depth could he reconcile the apparent anomalies in the Indian latitudes.  The
“ existence of the mountain mass is a fact indisputable’’, he writes, “not so the compensating
““ cause, whi,ch is simply conjectural as to its existence, and altogether uncertain as to its extent,
“if it exist”.

Whilst employed on this last calculation it occurred to him that the ocean was another
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 the smaller density of the
ocean produces a northerly repulsive force equal to the attraetion 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 3 mriles, in 28° sonth latitude, 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 to be three-fourths of a
mile*. He finds the calculated deflections to be as follows :—

At Cape Comorin  19*:71 North and 2”:19 East.

At Dimargida 10”44 North and 1*-80 East.
At Kalidnpur 9”:00 North and 0”-48 East.
At Kalidna 6”18 North and 0*:09 East.

He points out that althongh many depths in the Atlantic of 4 miles have been measured,
no deep sea soundings had .been taken in the Indian or Southern oceans, and that his results
must therefore be regarded as demonstrating that the effect of the ocean is of importance, rather
than as determining its amount.

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

* Modern Admiralty charts give Soundings which show that Pratt's depths were not too great,
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the plumb-line at Kalidnpur to thes outh, and will account for the anomalies in the results 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, aud this near Kalifnpur”’, with a certainty
greater than is visible in his paper of 1860. In his Figure of the Earth, dated 1871, he calculates
that there is a southerly deflection of the plumb-line of 83”55 at Kalifnpur, and he argues that an

excess of density must exist near Kalidnpur, “for the deflection at Kalidnpur”’, he writes, is
considerably south” *.

The zone of Positive Values.

Pratt’s calculations were based on but three observed latitudes : we now possess the results
of 161 observed latitudes, and cannot solve Pratt’s problem. In the following table, are arranged
the results of all the Indian astronomical latitudes brought up to date, 1901 ; reflection will show
that the value of (O — C) is equal to the difference between the local attraction at any station and
the local attraction at Kalidnpur: assuming that the latter is nothing, a positive value of (O — C)
denotes southerly attraction, and a negative value northerly. The persistence of the negative
sign is noticeable, not only under the Himalayas but over Southern India. The results of the
Kalianpur group having rendered problematical the southerly deflection of 2” at Kalidnpur—a deflec-
tion which had been assumed in order to account for the excess of negative values of (O — C) in
India—I have endeavoured to consider on what other hypothesis the excess of negatives can be
explained. From the accompanying table it will be seen, that there are 117 instances of negative
excess and 44 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 amongst surrounding negatives in central India; that three,
two of which are less than 1”7, occur near Amritsar in Northern India, and that 27 cases occur
within a belt or zone, crossing India from Karachi to Calcutta. (Vide Chart No. 6).

If the plumb-line throughout India were attracted to the morth by some great excess of
matter, situated beyond our northern frontier, the values of (O — C) north of the parallel of
Kalisnpur would be negative, and the values of (O — C) south of Kalidnpur positive : this is clear,
because the value of C depends on the deflection at Kalifnpur, and this deflection, if the attracting

force is north, is less than the deflection at northern stations and greater than the deflections at
southern stations.

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 (O — C) south of the
parallel of Kalidnpur would be negative and the values of (O — C) north of Kalidnpur positive.

If we suppose the northern attraction and southern repulsion to be acting simultaneously,
we find that the northern force produces negative values north of Kaliénpur and positive south :
the southern force produces negative values south of Kalidnpur and positive north: at a. certain

arallel of latitude, dependent ou the relative rates of decrease of the two effects, the resultant

eflections will equal the deflections on the parallel of Kalidnpur, and the values of (O — 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 tendency of (O — C) in latitudes south of

Kalifnpur, and the positive tendency morth of Kalidnpur: this substitution will accentuate and
not remove the zone of positives.

* Colonel Clarke, in his caleulations of the Figure of the Earth, also makes the deflection at Kalfénpur to be
soxth by 3578 in the Accoust of the Primcipal Triangulation of the Ordmamce Swrvey, by 87:678 in Polume XXIX

lll:;;irc R.A.8., by 17392 in his Geodesy. The results of the group of observations have thus falsified all theoretical
predictions,
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Table showing the Differences between

The Laticude of Kalfdnpur has been taken 24° 7' 117:57, Positive Values are printed in red.



' Observed and Computed Values of Latitude.

kool 4 Meridian of 78° 30/ Meridian of 80° Meridian of 81° and 82° Meridian of 84° Meridian of 86° Meridian of 88°
! 0-C Station |Lat.| 0-C Station Lat.| 0-C Station 'Ln. 0-C Station Lat.| 0-C Station |Lat.| O—C | Station |Lat.| 0-C
*
—a
25 —39°1
—37-
x —rs o
53 —23°9S) Sarkdra ... |29 16(—12°11
30— 7
4+ — 6°13 Sirsa ... |28 s4|— 9-65]
31— 8- Bénsgopél (38 33— §°-07] °
= 1-1 Rimudpur ... [28 22 —11°31
§1 — o- Jarira ... |28 o/— 6-104
1c — $-72 Sankrdo ... |38 12{— o3
g3 — 6- Salimpar... (37 47— o-sfl Nimkéar (27 21j— o-34
49 5-45 —
34 56— o7 Y S
3* 1-01 < RUSTUNEE ERETI SR T
Lo T2 ¥ 45 7 F
" ittg
' . $4 037 } [EP1Y
- 1-17
k] .
6 — 1- Amia .. $4 of o038 0,
:L"_c:_r'lg Rangir ... |24 o|— I-40] Karkra ... |24 5|~ o'13) o,
—— ora . 331308 446 JGurwani L b4 1 f 2001 &Iuriléong BYIE YRR S {-LFP1 o o 4
5- g lacaundi o s nn g 4eTd Chendwir $: 57 f 276 [Malineha po o4 b o531
“‘: ;-8 .. Cucutta ... f2 31k o-to
3 TP ST + - e g [oeridpuc. pra7 oS Patos ar 47~ 3079
7= 85 Sitﬁp&s:m ... |31 25|— 6-g8] Pathafdl ... [2r 49— 3°17]
Bhim .. |20 87— 7°
15— 3°§ Réjull i tiT b Ramat .. |20 57|— 142 Cattack ... |20 29|~ 8-g6f Chandipur |a1 27| 3°37
- 27 Diwai v |19 49'— s-08 Khundibolo ... |19 $1{— s§*
Pirmulo ... |17 $3|— 4°78] Ankora ... |19 2§|— 8-38]Hitibena ... Jg 52 |+ o-05
8'— 3-978 Vinakonda [17 36{— 6-8of Burgpaill ... |18 54| — 4-0d) Mal ... |18 47|—10°§
| Bolarum ... |17 30|~ 6-2 Karfa v (19 12]~— 3°55] Réwal . |18 32/— 4°
1o — §° Rimgir e 18 335 o053 Vizagapatam Base {18 1j— 6°62}
Singdwdram (17 45|— 2-oof Waltair |17 43|~ 924}
6— o- Bolfkonda ... |17 43|— 7-01] Sénjib ... |17 31|— 66
) L_ . Nidlamari ... |17 1|— 7-98] Parampidi... [17 13|~ 5-9
%4 S5 393 Dhilipaila ... {16 26— 3-5
4 OfF 3719 Dinapa ... |18 56|— 0°7
Ongole w. |15 30— 42
Darutippa ... |15 1,— 3-2
13— 41 Kistama wo (14 37|— 2487
Gudali o 4T 008y
2 oft o-56 E“ms B 4 4060
iravendipuram pt 45H- 5§45
9 23}~ 3-35
oH =201} -

The horizontal black lines show the limits of the zone where positive values predominate,
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The apparent zone of positives would not be eliminated, even if a southerly deflection of 2”
at Kalidnpur were proved. If the values of (O —C) in all India be corrected by + 2”, the difference

in the mean direction of gravity in the zome from that in all India will remain the same : there
would still be a greater tendency to southerly deflection within the zone than beyond it,

Mean value of (O — C) in the zone of positives = 4+ 1 104
Mean value of (O — C) south of the zone of positives = - 3 67
Mean value of (O — C) north of the zone of positives = — 9”48
Mean value of (O — C) north of the zone, if six large Hlmalayan

values are excluded ... = - 3 66
Mean value of (O — C) in latitude for all India ... = - 3 *83

Mean value of (O — C) for all India excluding six large values — 2”4 47
Whatever correction be applied to the initial latitude to eliminate the value — 3”83 for all
India, the direction of  gravity within the zone will remain inclined to the mean meridional direc-
tion for all India by 4" 87.

Results of the Indian Observed Longitudes.
There are 24 Longitnde stations in India and Burma.
The following table gives the values of (O — C) in Longitude for the arcs connecting

Kalidnpur with each station.
Deflection in
(0-0) Prime Vertical
=(0—C)cos ¢
(a) Stations near the meridian of Kalninpur ” ”
Amritsar ... ee] = 300 |3 55 West
Agra we| 4+ 5°55 | 4 ‘94 West
Bellary e .| + 075 [0 *72 East
Bolarum . | = 3 °45 | 3 "29 East
Bangalore ... ooe el 4+ 2 85 | 2 -78 East
Nagarkoil ... o .| + 1 80 |1 -8 East
{(b) Stations in Western India.
Bomba el = 6 95 | 6 +39 West
Mangalore ... tes el = 195 | 1 90 West
Mooltan we| + 5 10 |4 41 East
Karachi - + 0 *45 | o *41 East
Deesa . + 3 *60 | 3 28 East
(c) Stations in Eastern India.
Fyzabad wo| = 0 °45 | o *40 East
Jubbulpore ... «.| =10 *20 | g *37 East
Madras we| = % *20 | 7 o1 East
Waltair) we| = 3 30 | 3 ‘14 East
Calcutta «.| = 10°95 | 10°12 East
] (d) Stations in Burma. , -
Chittagong ... w.| —1I1 *70 | 10°82 East
Akyab w.| =11 *70 | 10799 East
Prome wo| —16 °35 | 15748 East
Moulmein ... ...| =18 *30 | 17°55 East
(e) Stations near mountains.
Peshawar ... .| —14 25 | 11°81 West
Quetta wel + 2 °40 | 2 ‘07 East
Dehra Din ... wo| —25 65 | 22°14 East
Jalpaiguri ... w..| —20 *40 | 18-26 East
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The preponderance of apparent easterly deflections can be eliminated, if a westerly
deflection at Kalidnpur be assumed to exist; as however Captain Lenox Conyngham’s observations
at the group of surrounding stations do not support this assumption, it cannot be considered
justifiable.

The Observed Azimuths of India and Burma.

In Volume II of the Great Trigonometrical Survey of India, General Walker treated 63
observed 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 II of this paper. 195 such astronomical
azimuths have been observed ; the value of (O—C) is positive in 57 cases and negative in 138
‘cases. But the value of C, the geodetic value, is 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 Kalidnpur by the observed value.

The azimuth at Kalidnpur, as observed at Kalignpur 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 Kalidnpur; General Walker’s derived Azimuth is 190° 27’ 5”'10, or 1”°29 too small¥*.
If we increase the geodetic azimuths of India by 17°29, we find that the value of (O — C)
becomes positive in 37 cases and negative in 158 cases ; General Walker’s correction has therefore
reduced the number of negative values of (O — C) from 158 to 138, and has increased the number
of positive values from 37 to 57. If a line be drawn through KalidAnpur north-east and south-
west, i.e., through Bombay, Kalifnpur, Lucknow, it will be found, that 33 of the 87 positive
values lie north-west of that line, and of the four values that lie south-east of it three are less
then 1. (Vide Chart No. 7).

The triangulation of India was divided for the purpose of simultaneous reduction into six
great areas: the first, known as the North-West Quadrilateral, covers the whole country North-
West of Kalifnpur; the second, the North-East Quadrilateral, embraces the portion of India
North-East of Kalidnpur up to the western Boundary of Burma: the third, the South-East Quadri-
lateral, is the country South-East of Kalifinpur as far south as latitude 18°: the fourth, the
South-West Quadrilateral, covers the country South-West of Kalifnpur as far south as latitude 18°.
The fifth, the Southern Trigon, embraces the whole peninsular area south of latitude 18°, and
the sixth is the Burma Quadrilateral.

* Because the azimuth at Kalffnpur has been re-observed and deduced from the group.
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- The following table gives the mean value of (O — C) and the numbers of positive and
negative values found in the several areas :—

General Walker’s €O — C) corrected
0-0) by — 1”-29
Area cl f (OM“CR)

TaLoo A No.of | No.of | No.of | No.of

in asimuth pouoitivo ne;atti)ve po:it?vo ne:at?vo

values _values values values

/4

N. W. Quadrilateral ...| — o'17 36 21 25 32
N. E. Quadrilateral . — 614 4 24 4 24
S. E. Quadrilateral ...| — 453 6 35 3 38
S. W. Quadrilateral .. + a°61 9 2 5 6
Southern Trigon we| = 662 2 34 o 36
Burma Quadrilateral ...| —13°14 Q 22 Q 22
Total 57 138 37 158

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 it on the southern side.

It will 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 sets of
observations have been taken :

Deflection in Prime Vertical Mean
Discrepancy | Discrepancies
Area Station between in the
By Azimuth By Longitude the Values several
Observations Observations Aveas
” » » »
N. W. Q. | Karachi ... — 635 E. o-41 E. - 59 1_ ,.
N. W. Q. | Dehra Din .. — 23°02 E. 22°14 E. - 0-88 } 341
N. E. Q. | Bisaul (Fyzab;d) v = 11712 E. o040 E. — 10°%2 }_ .81
N. E. Q. | Ramganj (Jalpaiguri) ...| — 23-15 E. | 1826 E. | — 489 7
8. E. Q. | Karaundi (Jubbulpore) | — 12°14 E. 9-37 E. - 277
S. E. Q. |Calcutta ... .| — 25'30E. | 1012 E. | — 1518 }- 8- 24
S. E. Q. Vizaga)zpatamBase (Wal-| — 990 E. 3°14 E. - 6-76
tair
8. T. Mangalore ... — 19°22 E. 1°go W, - 21°'12
S.T. Bangalore ... «.| = 3011 E. 2°78 E. - 2733
S.T. St. Thomas’s Mount | — 26'55 E. 7:o1 E, — 19°54 [ r—33"57
(Madras)
S.T. Kudankulam (N4garkeil) — 68:08 E. 178 E. — 66°30 .
Burma Taungzun (Moulmein)...| — 47°53 E. | ' 17-55 E. — 29°98 | —129°98
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If the discrepancies in the last column are assumed due to errors in the geodetic azimuths,
then the actual errors of the geodetic azimuths can be found by multiplying these discrepancies
by the tangent of the latitude thus:—

Arn Detigion s Fime | orEORing,
» v
N. W. Quadrilateral ...| — 341 ! - 1+48
N. E. Quadrilateral ... - 781 | - 3°90
S. E. Quadrilateral ...| =— 8-24 | - 3°aI
Southern Trigon | = 3357 — 6°98
Burma - 29°98 - 8-84

In the following table the mean values of (O — 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.

Mean value of Error in Azimuth
. (0—C) in Azimuth | deduced by com-
A obtained by com- | paring the results

1 paring Geodetic of Azimuth and
and Astronomic | Longitude Observ-
Azimuths ations

«

» 14
N. W. Quadrilateral ...| = o°17 —1°78
N. E. Quadrilateral - 6°14 —3°90
S. E. Quadrilateral - 4°53 -3'21
S. W. Quadrilateral
Southern Trigon - 6°62 —6-98
Burma - 13°14 —8-84

It will be seen that there are reasons for believing, that the persistence of the negative
sign in the azimuthal values of (O — 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 (O — C): in the
Southern Trigon the mean value of (O — C) agrees with the deduced error in Azimuth: in the
North-East and South-East Quadrilaterals, the deduced error is 2” less than the value of (O—C):
in Burma the deduced error of the triangulation is — 9* and the value of (O — C) is — 18”.

The triangulation of the North-West Quadrilateral was the first reduced, and that of
the South-East Quadrilateral followed: the North-East Quadrilateral had thus its western
and southern sides fixed when its reduction began; The Southern Trigon had the eastern half
of its northern side fixed before its reduction, and the ‘South-West Quadrilateral was fitted in
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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 will be carried into the Southern Trigon, and those of the latter
into the southern half of the South-West Quadrilateral : the errors of the triangulation of the
North-East Quadrilateral will be carried on into Burma. The mean azimuthal closing errors of
circuits of triangulation of the six areas are as follows :—

Mean Closing Average Error in
A Error in Azimuth | Azimuth generated
of the in 10 triangles

Triangulation of Triangulation

4 ”
N. W. Quadrilateral .. 07 0°28
N. E. Quadrilateral ... o8 o83
S. E. Quadrilateral ... 2°9 o°25
8. W. Quadrilateral ... 32 1°33
Southern Trigon 1-8 0°48
Burma 2'25 o-58

Positive values of (O — 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 orientation 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 (O — C) in both the North-East Quadrilateral and the South-
West Quadrilateral. Burma is affected 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 — 13”-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 atfraction is liable to produce in an observed azimuth.

Other possible causes of the preponderance of negative values of (O — C)
in Azimuth.

It has been shown that there are reasons 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 present surrounds the subject of Himalayan attraction, has been removed, no conclusion can
be final. In 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; it may be correct, but we have no present means of telling.

At stations, however, on the meridian of Kalidnpur, the errors of the adopted spheroid have
no effect in either longitude or azimuth ; and yet the deflection in the prime vertical at Kudankulam
(Négarkoil) as deduced from longitude observations is 17+78 East, and from azimuth observations
is 687:08 East. If the island of Ceylon attracts the plumb-line at Kudankulam (Négarkoil)
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or if the Arabian Sea repels it, the same effect should be exhibited by the longitude and azimuth
observations. It is difficult to avoid the conclusion that the discrepancy here is due to errors of
the triangulation.

The largest values of (O — C) in azimuth occur in Burma, where the negative sign is
persistent. The Himalaya mountains tend to render values of (O—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 (O—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 masses of
the mountains of Burma will help towards the solution of the problem.

Dehra Din :
June 1900.

POSTSCRIPT.

February, 1901.

A second zone of positive values.

Since the above paper was written, I have come to the conclusion, that the positive values:
of (O—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 first by a combination
of Himalayan and Oceanic influences. The positive values of South India have always been
regarded as proofs, that the plumb-line is attracted fowards the Oeean¥*, and on this account
great interest attaches to them. If (O—C) in latitude is positive, O 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 has led us believe in deflections fowards the Qcean. But in truth we have no
justification for assuming C correct. If (O—C) is positive, the only true inference is, that O has
been influenced less by northerly attraction (or more by southerly attraction) than C.

At Punne in the south of India the value of (O—C) in latitwde is positive : the inference
has been drawn that the plumb-line at Punns is deflected towards the Ocean. If we are correct
in arguing from the preponderance of negative values throughout India, that the Deflection at
Kalidnpur ts south, then the positive value of (O—C) at Punnez denotes southerly attraction.
But if we pretend to no kneowledge of the absolute deflection at Kaliénpur, then the positive
value at Punna merely indicates a more southerly or less northerly deflection than at Kalidnpur.

The positive value of (O—C) at Amritsar near the Himalayas, (vide meridian of 74° in
Table following page 14), 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 Kalidnpur. If the deflection at Kalidnpur as deduced from the results of all India
is accepted, then the positive value at Amritsar proves the weakness of Himalayan attraction.

* Vide page 806, Philosophical Transactions Royal Society, Volume 186, 1895, India’s Contributions to Geodesy :
“The whole of the arcs (i.e., of longitude), except those from Waltair, show deflection towards the ocean and not towards
“the interior of the continent. The astronomical latitudes in the Southern Peninsula tell the same tale of deflection
“towards the ocean”. .
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But the only true inference from the results of the group is, that the meridional deflection at
Amritsar is less northerly than at Kalidnpur, a fact that is not surprising, seeing that the Hima-
layan mass is east of Amritsar and north-east of Kaliénpur.

Examples might be multiplied, but it is only necessary to mention one more, viz., the case
of Kesri, on the meridian of 77° 80’ in latitude 25°46’, (vide the Table following page 14). Kesriis
112 miles due north of Kalidnpur, and the appearance of a large positive value between Kalifinpur
and the Himalayas has been considered to indicate the absence of Himalayan influence: but this
positive value has no real significance : it merely denotes, that some local cause gives a deflection
to the plumb-line at Kesri, more southerly by 5”, than the deflection at Kalifnpur. The Kesri

result will continue to demote this single fact, whether Himalayan attraction is found to be
far-reaching or not*.

Let us assume that the alternate positive and negative zones, shown on Chart No. 6, are due
to the combined influences of the Himalayas and the Ocean : then the positive zone in latitude
25° will signify, that northwards from Kalifnpur the influence of the &ea.n is decreasing more
rapidly than that of the Himalayas is increasing: as however the Himalayas are more nearly
approached, their influence begins to increase more rapidly: in the centre of the positive zone
there will be a line of maximum positive values of (O — C), and of minimum absolate deflections ;
from this line the inerease in the Himalayan inftuence is greater than the diminution of the Oceanic
influence, and in latitude 26° a line is met with, along which the deflections are again as great as
that of Kalidnpur: thenceforward northwards the deflections imcrease rapidly. -

Southwards from Kalidnpur the preponderance of negative values denotes that the
influence of the Ocean is increasing to the south more rapidly than that of the Himalayas is
decreasing : between the parallels of 18° and 20° a belt of maximum negative values is found
to exist, which indicate the places of the greatest northerly deflections south of Kalffupur: after
this belt is passed, Himalayan attraction begins to decrease more rapidly than Oceanic influence
is increasing: deflections consequently become less northerly south of latitude 18°, and in
latitude 14° are again equal to the deflection at Kalidnpur: south of latitude 14°, deflections
continue to decrease owing to the waning effeet of the Himalayas, and a second positive zone is
created. The slow rate, at which the Oceanie influence increases southwards from latitude 18°, 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 of the Arabian Sea and the Bay
of Bengal south of latitude 15° begin to oppose the influence of the Indian Ocean.

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

Positive Negative

Values Values
(1) Northern negative sone 8 33
(2) Positive zone north of Kaliénpur 26 13
(8) Negative zone south of KaliGnpur 5 70
(4) Southern positive zone 9 1
The mean values of (O — €) in latitude are as follows :— ¥
(1) Within the northern negative zone .., =948
() Within the northern positive zone veo + 1°04
(8) Within the southern negative zone ... vee = 447
(4) Within the southern positive zone .. + 208
(5) In all India ... .. — 88

* The surface of India consists of alluvium north of Kesri, and of rock to the south : the change from alluvium to
goeiss, trap and Vindhyan rock occurs near Kesri. KEast of Kalifnpur the northern positive sone follows the line, where
the alluvium and rock join, as far almost as the Bay of Bengal.



No mean correction, applied to the latitude of Kalidnpur, can alter the differences between
the mean values of (O—C) of the several zones: a diminution of 2” in the latitude of Kaliénpur

will decrease the areas and mean values of the negative zones, and increase those of the positive
zones.

The existence of the zones cannot be attributed to errors of the Everest spheroid: if we
select a spheroid that eliminates a positive preponderance north of Kalidnpur 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
south of Kalifnpur with negative values, and we increase the northern positive zone.

S. Q. B.



23

PART II.

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

The two rival systems of deflections.

In Charts Nos. 4 and 5 are given four diagrams ; two of these diagrams, Nos. 1 and 3, show
the deflections of the plumb-line as deduced from the results of the Kalinpur 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. 1and 3 have been constructed from the astronomical data derived from
a group of stations, all situated within a radius of 85 miles: Diagrams Nos. 2 and 4 have been formed
from data derived also from 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
is the more probable or the more acceptable, we must never lose sight of the essential difference
between them : Diagrams Nos. 1 and 3 merely pretend to show the relative deflections of the plumb-
lines inter se at the stations of the Kalidnpur 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 8 have no cognisance: Diagrams Nos, 1 and 8 give the absolute
deflections, that would obtain at Kalidnpur, if all outside influences were removed : they give, in
fact, deflections due to purely local attraction.

Diagrams Nos. 2 and 4 go further : they pretend to give not relative deflections but absolute.
Diagram No. 2 states definitely that the plumb-line at Kalifnpur 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 Kalifnpur. When the
negative values of (O—C) in latitude and azimuth predominate in India over the positive, it is
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easy to bring about an e(i:ality, if we diminish the latitude and azimuth of our station of origin :
but this expedient entails the assumption of a knowledge of Himalayan attraction greater than
We possess.

The two systems of deflections may be exhibited thus :—

In the Meridian In the Prime Vertical
Station
Ty | Biem | myomee | Bied
» v » v
Daifidhari + 1'01 8. + 361 8. + 2°13W. + 5'35W.
Sirantél + o-82 8. + 3742 8. + 3°64W. + 6-86W.
Sironj, N.E.End Base | + 1°69 8. + 4°29 S. + 2°54 W. + 5°76W.
Bhaorésa | + 1717 8. + 377 S. + 0°22W. + 344 W.
Kaliinpur w.| = 060 N. + 2°00 8. — o022 E. + 3°00W.
Losalli w.| = 1'02 N. + 1°58 8. - 6°38 E. — 3'16 E.
Tinsia .| + 098 8. + 3°58 8.
Salot - 4'49 E. - 1°27 E.
Kémkhera .| = 215N, + o0°45 S. + o004 W. + 326 W,
Ahmadpur ol = 2°49 N, + o'11 8, + 2°27W. + 5°49W.

Whatever value be adopted for Kalidnpur itself, its difference from the deflection of each
other station will remain the same: therefore, if we impose on Kalidnpur a deflection of 2* to the
south in the meridian¥, we must increase the deflection of every station, as given by the group
system, by 27°60. A deflection of 2” to the south at Kalidnpur must be accompanied by a
southerly deflection at every station 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 Kalifnpur, 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 peninsula. . I put
forward the plea, that we should locate this cause in sitt, 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.

It had been prophesied that Kalifnpur 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 purpose of equalising the numbers of positive and negative values of (O = C) in latitude,
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are found : along a parallel line nine miles to the south the plamb-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, is practically unique: there is nothing in India to
be compared with it.

Before we can investigate the deflections at Kalidnpur, that are due to subterranean causes;
we must clear the observed deflections of the effects of the visible configuration of the surfaee.
A description of the country round Kalidnpur 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, others 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 possess
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 @, 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 the mass of
the compartment contained between limits a, and a’, and r, and ' is

vy O . r
12744 ah (sin &’ —sin a,) log, P

where § is t‘he density of the mass, A the mean density of the earth, and A the average heigﬁt 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 azimuths were in
arithmetic progression, could not be adhered to, as the deflections both in the prime vertical and
in the meridian were required at Kalifnpur. The approximate deflection imn the prime vertical
was derived from the formula

12"44-‘8?)'3 (cos @’ — cos a,) log, rl.
n

The radins > was taken equal to 2r,, and thence log, —:i is equal to 0'693.
1

The deflection due to each sector and not to each compartment was calculated : ——z— was as-
sumed = 0°5: the formula for the deflection in the meridian for each sector thus became
", . . [4] — 9H
12744 x 0'5 x 0693 x 5380
= 07000817 {[A] — 9H} (sin ¢’ — sin a,),

X (sin a’ — sin @)
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where H = the height of the station, and [A] = the sum of the average heights of the nine com-
partments in a sector.

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 64 miles will
not affect Kalidnpur differently to the mean of the group: our object was to find not the absolute
deflection at Kaliénpur 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 Kalidnpur 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 Kalidnpur 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 as 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 south
side, will be by Colonel Clarke’s formula, assuming the height of the shell to be 150 feet,

150 _ o oo
lz”MxQxWXOG%xz—O”%.



Heights of Compartments in feet.

DAIADHARI.
Height above Mean Sea Level = 1867 feet.
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SECTORS
Radii of Aonuli | ™ N.E. E. S.E. 8. 8.w. Ww. N.W. N.
a'=30° = 60°| = 90°| =120° | =150° | =180° | =210° | =240’ | =270° | =300° | =830° | = 0°
4 n ay= 0°| = 80°| = 60°| = 90° | =120° | =150°| =180°| =210° | =240° | =270° | 300" | =330°
miles miles
0°3§ 0*115 1700 | 1700 | 1750 | 1720 | 1720 | 1720 | 1500 | 1700 | 1700 | 1700 | 1700 | 1700
o's o'15 1700 | 1700 | 1730 | 1500 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700
1 o's 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 31700 | 1700 | 1700
) 1 1700 | 1680 | 1680 | 1680 | 1680 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700
4 2 1680 | 1670 | 1640 | 1660 | 1660 | 1680 | 1700 | 1700 | 1700 | 1700 | 1700 | 1650
8 4 1640 | 1640 | 1600 | 1640 | 1620 | 1650 | 1700 | 1700 | 1700 | 1700 | 1650 | 1600
16 8 16co | 1620 | 1540 | 1450 | 1500 | 1650 | 1700 | 1700 | 1700 | 1720 | 1500 | 1500
33 16 1600 | 1550 | 1400 | 1400 | 1400 | 1680 | 1700 | 1700 | 1500 | 1550 | 1600 | 1400
64 32 1550 1 1500 | 1400 | 1400 | 1500 | 1400 | 1700 | 1400 | 1300 | 1300 | 1300 | 1500
Sum — 16803 = 8 —1;33 —3043 |—3363 |—2453 |—2333 |—1923 |—1303 |—1803 |—2103 |=2133 |—3353 |—2353
M -~
B x ‘000817 = R |=1"579|=1°669|—1°931|—2°004|—1'898|—1°571|—1°228[—1°473|=1°718[=1"743|—1-841 -l'9311
8ina’ — sina;=A |+0°500| +0°366|+0°134/ —0"134/— 0" 366/ —0" 500/ —0" 500/ —0°366| —0° 134/ + 0" 134] + 0° 366) +0° 500}
R x A = Deflections [—0°79 | =061 [—0°26 |+0°27 |+0°69 |+0°79 |+0'61 |+0°54 |+0°23 |[=0'23 |~0°67 |—0°gb
in Meridian
Cosa’ — cos a) = B [—0°134|—0° 366/ —0° 500| = 0" 500|—0" 366 —0°134]| + 0°134| +0° 366+ 0" §00| + 0" 500{ +0° 366/ +0°13
R x B = Deflections |+0°21 [+0°61 |+0°97 | +1°00 [+0°69 |+0°21 [~0°16 |—0-54 |~0*86 |-0-87 | =067 [=0-36
in Prime Vertical ; )
Calculated Total Deflection in the Meridian = — 0”'39.

Calculated Total Deflection in the Prime Vertical =

+ 0 °33.
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SURANTAL.
Height above Mean Sea Level = 1802 feetl.

Heights of Compartments in feet.

SECTORS
Radii of Annuli | N N.E. E. S.E. 8. 8.W. w. N.W. N.
a@’'=80°| = 60° | = 90° | =120° | =160° | =180° | =210° | m24(° | =270° | =300° | =330° [ = 0°
r n a=0°| = 30°| = 60°| = 90°| =120°| =150° | =180° | =210°| =240° | =270° | =800° | ~830°
miles miles
o°15 0" 12§ 1750 | 1780 | 1760 | 1760 | 1760 | 1760 | 1780 | 1760 | 1760 | 1760 | 3760 | 1760 |
o's 0°12§ 1700 | 1750 | Y750 | 1750 | 1760 | 1750 | 1760 } 1740 | 1760 } 1760 | ¥760 | 1750
1 o's§ 1680 1720 1730 1700 1720 1720 1740 1700 1750 1750 1750 1730
3 1 1680 | 1650 | 1700 | 1650 | 1700 | 1680 | 1720 | 1650 | 1750 | 1750 | 1750 | 1730
4 3 . 1650 | 1620 | 1650 | 1650 | 1650 | 1650 [ 1680 | 1700 | 1750 | 1730 | 1750 | 1680
8 4 1650 | 1600 | 1650 | 1550 | 1600 | 1600 | 1650 | 1700 | 1730 | 1730 | 1700 | 1750
16 8 1600 | 1550 | 1500 | 1450 | 1450 | 1550 | 1690 | 1720 | 1700 | 1750 | 1650 | 1700
32 16 1600 | 1500 | 1400 | 1320 | 1350 | 1420 | 15350 | 1720 | 1600 | 1750 [ 1650 | 16350
64 33 1550 | 1500 | 1400 | 1400 | 1800 | 1700 | 1550 | 1550 | 1400 | 1400 | 1410 | 1600
?um— 16218 = B |— 1358 |~1548 [—1678 [—~1988 [—1428 [—1388 [—1098 |— 978 |—1018 |~ 838 —1038 |— go8
8 x ‘000817 = R |{~1°109|—1°265/—1°371(=1"624|=1°167|—1°134 —0°897|—0"799|—~0"832|—0"'685|—0"848/—0" 742
Sina’ —sina; = A }|+0°500]+0°366}+0°134|—0°"134|—0"366|~0"500|~0" 500} —0" 366 —0'134(0-0':34 +0°366| + 0° 500
R x A = Deflections[—0°55 | ~0°46 |-0°18 |+0°22 [+0°43 |{+0°57 |+0°45 |+0°29 |+0°I1 [—0'09 [~0"3] |—0°'37
in Meridian
Cos @’ — cos @) = B |~0°134|—0°366|—0°500|—0"500|—0"366|—0"134|+0"134|+0°366(+0°500|+ 0" 500(+0°366 +o'x34¥
R x B = Deflections | +0°15 |+0°46 |+0°69 [+0°81 [+0°43 |+0°15 [—0'12 |=0°29 |~0'43 [~0"34 |—0°31 |=0"10
in Prime Vertical :

Calculated Total Deflection in the Meridian
Calculated Total Deflection in the Prime Vertical = + 1 *1X.-

= 4+ 0”-11.



NORTH-EAST END OF SIRONJ BASE.
Height above Mean Sea Level = 1481 feel.
Heights of Compartments in feet.
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SECTORS
Radii of Annuli N. N.E. E. 8.E. 8. 8.W. Ww. -N.W. N.
@/=80°| = 60° | = 90° | =120° | =150° | =180° [ =210° | =240° | =270° | =300°| =330°( = 0O°
r n a= 0°| = 30° = 60°| = 90°| =120° | =150°| =180° | '=210° | =240° | =270° | =300° | =380°
miles miles
0°13§ 0°12§ 1470 | 1470 | 1470 | 1470:.] 1470} 1470 | 1470-| 1470 | 1470 | 1470 | 1470 | 1470
o°s 025 1460- | 1470 | 1460 | 1460 1460 | 1460 | 1470 | 1470 | 1460 | 1470 | 1460 | 1460
| & o°'§ 1460 | 1460 | 1450 | 1450 | 1450 | 1450 | 1460 | 1470 | 1450 | 1460 | 1450 | 1460
P 3 1 1460 | 1450 | 1440 | 1440 | 1440} 1440 | 1450 | 1470 | 1450 | 1450 | 1450 | 1450
4 3 1440 | 1440-| 1400 [ 1410 [ 1410 | 1410 | 1430 | 1460 | 1430 | 1440 | 1440 | 1430
8 4 1430 | 1440 | 1380 | 1350 | 1350 | 1350 | 1450 | 1500 | 1500 1470 | 1450 | 1500
16 8 1400 1400 | 1300 | 1320 | 1300 | 1380 | 1430 | 1600:| 1650-:| 1630 | 1600 | 1520
33 - 16 1430 | 1300 | 1350 | 1300 | 1500 | 1400 | 1380-| 1550 | 1720:| 1700 | 1730 | 1500
64 32 1300 | 1230 | 1300 | 1400 | 1650 | 1620 | 1550 | 1550 | 1460 | 1500 | 1600 15027
Bum — 53329 = 8 |~ 489 (- 679 [— 779 |— 729 |~ 299 |— 349 (— 239 [+ 281 [+ 261 [+ 261 |+ 311 (= 39
8 x -000817 = R |—0°400}—0°555|—0°636/ —0°506| ~0°244]~0"285|~0'19z|+0°172| +0°213/+0'213|+0°254 —o-o32f
Bina’ — sina, = A |+0° 5001+ 0°3661+0°134|—0"134|~0°366)—0"500|—0"500|=0"3661—0"134|+ 0 134|+ 0" 366 +o~5o4
i.x A = Deflections |—0°30 |~0°30 |—0'09 [+0°08 [ +0'09 [+0'14 [+0°10 [=~0'06 |—~0°'03 [+0°03 |[+0°09 |—0"02
in Meridian
Cosa’ — cosa; = B |~0"134/—0°366}—0°500/—0"50¢c|=0"366|=0"134|+0"134]+0"366}+0°500|+0°500|+0°366|+0"134]
R x B = Defloctions |+ 0°05 |+0°20 |+0°32 |+0°30 [+0°09 | +0'04 |~0'03 [+0°06 [+0°11 [+0°11 |+0"09 | o0°0O0
in Prime Vertical ‘

Calculated ‘I'otal Deflection in the Meridian
Calculated Total Deflection in.the Prime Vertical-= + 1'°34.,

= — 0”-07.
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BHAORASA.
Height above Mean Sea Level = 1387 feet.
Heights.of Compartments in foet.

SECTORS
Radii of Annuli N. N.E. E. 8.E. j 8. 8.W. Ww. N.W. N.
a’=30°| = 60°| = 90°| =120°| =150° | =180° | =210° | =240° | =270° | =800° | =330°| = 0©°
Y o |me= 0°f = 80°| = 60°| = 90°] m120° | ~160°] =180° | =210° | =240°| =270° | =300° | =330°
miles miles ! § [ E
015 . 0°13§ 1360 ‘| 1360 | 1370 | 1380 | 2360 | 1370 | 1360 | 1360 | 1370 | 1370 | 1360 | 1360
o°s o°1§ ‘ 1340 | 1340 | 1360 1379 | azs0 . a38o | 1350 | 1370 | 1360 | 1360 | 1350 [ 1350
|
1 M 1340 | 1340 | 1350 | 1370 | 4340 | a36o | 1380 | 1370 | 1360 | 1350 | 1340 | 1340
3 1 | 1340 | 5330 | 1330 | 1350 | 2330 | us60 | 1370 | 2350 | 1350 | 1360 | 1330 | 1340
i )
4. 3 1340 | 13320 | 1340 | 3360 | 18830 | 1850 | 4360 | ag60 | 1360 | 1350 | 1340 | 1330
8 4 1320 1380 | 1330 | 1350 | 1350 | 1320 | 4330 | 1330 | 21380 | 1380 1380 | 1380
16 8 1330 | 1360 | 1360 | 2360 | 1400 | 1330 | 1340 | 1380 | 1450 | 1440 | 1380 | 1340 -
32 16 1400 | 1380 | 1400 | 2400 | 1530 | 1450 | 1380 [ 1400 | 1700 | 1730 | 1680 | 1500
64 33 1300 | 1200 | 1300 | 21400 | 1650 | #650 | 2600 | us50 | 1600 | 1500 | 1600 | 1500
Sum — 12483 = B [~ 433 |— 533 |~ 343 |~ 143 |+ 147 |+ 87 |— 13|— 13|+ 447 [+ 357 |+ 277 |- 73
8 x *000817 = R |—0°346|—0°435|—0"280|—0"117|+0"120| +0*071|=0'011{—0" 011} +0°365| +0°292| + 0°236 —6'
8in a’ — sina, = A | +0°500|+ 0°366{+0°134|—0"134|—0"366|—0"500|—0"500|—0"366/—0"134| +0°'134|+0"366|+0"5
R x A = Deflections (=017 |~0°16 |~0°'04 | +0'02 [~0'04 |—0'04 |+0°01 | 0°'00 |w0°'05 |+0'04 |+0:08 |—0°03
in Meridian
Cos — cosa; = B |—0°'134]|—0°366/—0°500—0°500|—0"366/—0"134|+0°'134|+0°366|+0°500|+0°500| +0°366|+0°134
B x B = Deflections | +0°05 |+0°16 |+0'14 |[+0'06 |—0'04 |—0'01 | 0'00| o0'00 [+0°28 [+0'15 [+0'08 |~0'01
. in Prime Vertical '

Calculated Total Deflection in the Meridian
Calculated Total Deflection in the Prime Vertical = + o *76.

= — 0" 38.



KALIANPUR,
Height above Mean Sea Level = 1763 feet.
Heights of Compartments in feet.

LR

SECTORS

Radii of Anpuli N. N.E. E. 8.E. 8. S.w. W. N.W. JW
«m30°| = 60°| = 90° | =120° | =150° | =180° | =210° | =240° | =270° | =300° | =330° | = (°

1 4 n a= 0°| = 80°| = 60°| = 90° | =120°| =150°| =180° | =210° | =240° | =270° | =800°| =330°

miles miles

0°3§ 0°13§ 1755 | 1750 | 1980 | 1760 | 17850 | 1750 | 1750 | 1745 | 1740 | 1750 | 1760 | 1760
o's 03§ 1738 | 1720 | 1930 | 1580 | 1740 | 1740 | 1740 | 1740 | 1730 | 1720 | 1780 | 17380
] o'g 1700 | 1690 | 1720 | 1780 | 1720 | 1720 | 1730 | 1700 | 1720 | 1710 | 1350 | 1y80
3 1 1630 | 1600 | 1680 | 1680 | 1680 | 1700 | 1700 | 1700 | 1690 | 1700 | 1730 | 1740
4 2 1630 | 1580 | 1580 | 1570 | 1580 | 1650 | 1690 | 1700 | 1680 | 1700 | 1700 | 1730
8 4 1680 | 1460 | 1450 | 1450 | 1500 | 1750 | 1650 | 1650 | 1680 | 1680 | 1700 | 1700
16 8 1720 | 1540 1450 | 1400 | 1450 1600 | 1650 1650 | 1700 | 1700 | 1700 | 1700
33 16 1550 | 1450 | 1400 | 51350 | 1350 | 1380 | 1530 | 1650 | 1550 | 1700 | 1710 | 1700
64 32 1580 | 1500 | 1400 | 1400 | 1800 | 1650 | 1500 [ 1500 | 1350 | 31400 | 1410 | 1600
Bum — 15885 = 8 |~ go5 [~1595 [—1735 |—1775 |[—1315 |— 045 |— 955 |— 850 |—1045 |— B25 |— 675 | 455

8 x ‘000817 = R |—~0°'739|=1"303|—1°417|—1°450|—1°074|—0°772|—0"780|—0°694|—~0"854/—0'674|—0"551 —o’37ﬁ
Sin o’ — sina;=A | +0°500| +0°366|+ 0134/ —0"134|—0°366(~0"° 500 —0" 500| —0°366| —~0°134] + 0° 134/ +0° 366 +0° 5
R x A = Deflections |~0°37 |—0°48 |=0'19 |+0°19 |+0°39 [+0°39 [+0°39 | +0°25 |+0°11 [=0'09 |—=0"20 |=0"19

in Meridian

Cosa’ — cosa, = B |~0°134|—0°366|—0°500|— 0" 500|—0°366(—0°134| + 0°134|+0°366|+ 0" 500| + 0° 500 + 0* 366(+ 0" 134}

B x B = Deflections |+0°10 |+0°48 |+0°71 | +0°73 |+0°39 |+0°10 [=0'10 |—0°'25 |~0°43 |~0"34 |—0°30 |—0"0Of
in Prime Vertical
Calculated Total Deflection in the Meridian = + o”'20.
Calculated Total Deflection in the Prime Vertical = + 1 *14.
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LOSALLL.
Height above Mean Sea Level = 1749 feet.
Heights of Compartments in feet.
SECTORS
adii of Annuli N N.E. E. 8.E. 8. 8.W. Ww. N.W.
a’=80°| = 60° | = 90° [ =120° | =150° | =180° | =210° | m24(° | =2370° | =800° | =380° | = ©°
n a=0°| = 80° | = 60° | = 90° | =120°| =150° | =180° | =210° | =240° | =270° | =800° | =830°
miles miles |”
o35 o135 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 | 1740 .
o's o'ss 1740 | 1740 | 1730 | 1730 | 1730 | 1730 | 1730 | 1730 | 1730 | 1720 | 1740 | 1740
1 o's 1730 | 1730 | 1730 | 1730 | 1730 | 1730 | 1720 | 1720 | 1730 | 1700 | 1730 | 1730
2 1 1730 | 1730 | 1710 | 1720 | 1700 | 1710 | 1700 | 1700 | 31700 | 1700 | 1720 | 1710
4 3 1720 | 1730 | 1690 | 1700 | 1680 | 1660 | 1670 | 1700 | 31730 | 1730 | 1730 | 1700
8 4 1730 { 1700 | 1750 { 1720 | 1700 | 1680 | 1680 | 1730 | 1750 | 1730 | 1700 | 1720
16 8 1740 | 1740 | 1450 | 1530 | 1600 | 1650 | 1660 | 1750 | 1950 | 1750 | 1730 | 1650
32 16 1730 | 1550 | 1420 | 1380 | 1400 | 14320 | 1500 | 1600 | 1450 | 1450 | 1500 | 1700
64 33 1620 | 1600 | 1500 | 1600 | 1700 | 1500 | 1500 | 1500 | 1360 | 1450 | 1350 | 1700

8um — 15741 = 8 |— 271 |— 481 |—1021 [~ 891 |— 761 |— 931 |— B41 |— 571 |= 821 |= 791 |~ 821 {— 351

8 x *000817 = R |~0'221|—0"393|~0'834|—0"728|—0°622|—0" 752/ ~0°687|~0°467|—0°671{=0°646|~0°'671|—0"287

Sina’ —sina, = A |+0°§00| +0°366]+0°134|—0°134|—0°366|—0" 500/ —0° 500/ —0°366|—0"134] +0*134|+0°366|+0"50

R x A = Deflections|—~o0°11 |—0°t4 |=0'11 [+0°10 [+0°23 (+0°38 |+0°34 |+0°17 [+0'09 |[—0°09 |—0'25 |~0"14
in Meridian

Cos a’ = 008 a; = B |—0°134|—0°366/—0" 500/ —0° 500/ —0° 366| ~0" 134] + 0 134| + 0" 366/ + 0° 500| + 0* 00| + 0°366{ + 0" 13,

B x B = Deflections | +0°03 |+0°14 (+0°43 |+0°36 [+0°23 |+0°10 [=0'09 |=0°17 |=0"34 [—0"32 |—0'35 |~0°04
in Prime Vertical

Calculated Total Deflection in the Meridian = + 0”'47.
Calculated Total Deflection in the Prime Vertical = + o ‘o7,



TINSIA.
Height above Mean Sea Level = 1776 feet,
Heights of Compartments in feet.

S8ECTORS
Radii of Aonuli | N.E. E. S.E. 8. s.w. Ww. N.W.
«'=30°| = 60° | = 90° | =120" | =160° | =180° | =210° [ =240° | =270° | =B800° | =830° | =

Y n (= 0= 80°| = 60°| = 90°| =120° | =160° | =180° | =210° | =240° | =270° | =800° | =53¢°
milee miles

o085 o128 1750 | 1760 | 1760 | 1760 | 1760 | 1760 | 1760 | 1760 1760 | 1750 | 1760 | 1760
o's 025 1720 | 1740 | 1740 | 1740 | 1740 | 1750 | 1750 | 1760 | 1740 | 1720 { 1740 | 1740
‘ o' 1700 | 1740 | 1740 | 1730 | 1720 | 1740 | 1740 | 1740 | 1700 | 1680 1740 | 1700
2 1 1720 | 1730 | 1720 | 1700 { 17320 | 1720 | 1740 | 1700 | 1650 1640 | 1700 | 1660
Py s 1730 | 1740 { 1700 | 1730 | 1730 { 1700 | 1720 | 1650 | 1600 | 1600 | 1600 1620
8 4 1700 | 1730 | 1750 | 1750 | 1700 | 1750 | 1650 | 1500 | 1500 | 1450 | 1450 | 1550
16 8 1700 | 1700 | 1700 | 1720 | 1600 | 1650 { 1480 | 1400 | 1550 | 1400 1400 | 1530
33 16 1650 | 1650 | 1550 | 1500 | 1550 | 1630 | 1460 1450 | 1400 1400 | 1350 | 1800
64 39 1500 | 1500 | 1350 | 1350 | 1350 | 1600 | 1500 | 1450 | 1400 | 1300 | 1150 | r350
Bum — 15984 = B [~ 834 (— 714 [~ 974 [—1034 |—1134 |— Gg4 |=1184 (~1574 |—1684 {—3044 —-32094 |—~1884
8 x ‘000817 = R |~0°673|—0°583|~0° 796/ —0°83;|—0"918|—0°§67|—0°9g67| — 1°286/~1° 376~ 167 -1°q11 -x‘294l
Sim o’ —~6ina; = A |+0°500(+0° 366/ +0°134|—0°134] =0°366|~0" 500/ —0"500{— 0" 366{—0"134 +0°134] +0°366 .,,o.’o,{
R x A = Deflections {~0°34 [—0°21 [=0"11 |+0°11 | +0°34 [+0°28 [+0'48 {+0°47 |+0°18 [—0°22 -0°'63 [—o0-6s

in Meridian

Cosa’ — 008 &y = B |~0°134|—0°366—0" 500(~0*500) -o'366‘ —0°134|+0'134{+0°366(+0°500| + 0" 500( + 0* 366 +o-|3ﬁ
Bi:gﬁ:“%z:toit::r +0°09 1+0°31 {+0°¢40 [+0°42 [+0°34 { +0'08 1~0"13 |~0°¢y {—0°'69 {—0°84 =0°63 {=0°1p

_Calculated 'l'otal Deflection in the Meridian =
Calculated Total Deflection in the Prime Vertical = — 1 *39.

- 0”*30.
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SALOT.
Height above Mean Sea Level = 1834 feet.
Heights of Compartments in feet.

S8ECTORS
Radii of Annuli | N N.E. E. 8.E. 8. 8.W. Ww. N.W. N.
a'=30°| = 60°| = 90° | =120° | =150° | =180° | =210° | =240° | =270° | =800° | =380° | = ©°
4 n aqy= 0°| = 80°| = 60°| = 90°| =120° | =160° | =180° | =210° | =240° | =270° | =300° | =330°
miles miles .
0°35 0'12§ 1820 | 1820 | 1820 | 1820 | 1820 | 1820 | 1770 | 1770 | 1820 | 1820 | 1820 | 1820
o°s 0°15 1780 | 1800 | 1800 | 1820 | 1820 | 1820 | 1720 | 3750 | 1770 | 1770 | 1750 | 1350
1 0's 1750 | 1800 | 1780 | 1800 | 1760 | 1800 | 1700 | 1700 | 1700 | 1700 | 1700 | 1700
3 1 1750 | 1750 | 1740 | 1750 | 17320 | 1740 | 1650 | 1650 | 1600 | 1600 | 1600 | 1650
4 3 1780 | 1780 | 1750 | 1700 | 1680 | 1650 | 1600 | 1600 | 1500 | 1500 | 1500 | 1680
8 4 1700 | 1720 | 1750 | 1750 | 1650 | 1600 | 1500 | 1450 | 1450 | 1400 | 1450 | 1450
16 8 1700 | 1740 | 1700 | 1730 | 1700 | 1650 | 1500 | 1450 | 1450 | 1450 | 1400 | 14850
32 16 1700 | 1680 | 1700 | 1600 | 1650 | 1600 | 1520+| 1400 | 1400 | 1400 | 1350 | 1400
64 33 1500 | 1500 | 1350 | 1350 | 1350 | 1600 | 1500 | 1450 | 1400 | 1300 | 1150 | 1400
Sum — 16506 = 8 | —1026 |~ 916 |=1116 |~ 1186 [—~1356 |—1226 |—2046 |—2286 |~2416 |—2566 |—2786 |—2206
8 x *000817 = R |=0°838|—0°748|—0°9g02| —0°969|—~1°108| ~1°003|—=1°'672|—1'868]| ~1°974| —2°096]| —2°276) —1'80#
Sin o’ — sina; = A |+0°500| +0° 366 +6'|34 —0°134|—0°366|~0°500|~0°500|—0°366|~0"134]| +0°134|+0°366| + 0" 500
R x ?n-;‘?r?gie::iom —0°43 |—0°27 [—0'12 |[+0°13 [+0°41 |+0°50 [+0°84 [|+0°68 |+0°26 |~0°'28 |~0°83 |~0°90
Oosa’ — cosa; = B |—0°134|~0°366|—0"500 -o*5oJ —0°366|—0°134| + 0 134] + 0° 366| + 0* 500| + 0* 500| + 0°366| + 0*134]
B x B = Deflections | +o0°11 [+0°27 |+0°45 |+0°48 |+0°41 |+0°13 [—0°22 |—0°68 |~0'99 |[—1°0§ |—0'83 |—~0"24
in Prime Vertical

Calculated Total Deflection in the Meridian
Calculated: Total Deflection in the Prime Vertical = — 2 *16.

07+ 00.




KAMKHERA.
Height above Mean Sea Level = 1780 feet.

Heights of Compartments in feet.

35

Calculated Total Deflection in the Prime Vertical

+ 1 -30.

S8ECTORS

Radii of Annuli N. N.E. E. 8.E. 8. s.w. Ww. N.W. N.
a'=30°| = 60° [ = 90° | =120° | =150° | =180° | =210° | =240° | =270° | =800° | =330° | = 0©°

r £ a= (°| = 30°| = 60°| = 90° | =120°| =150° | =180° | =210° | =240° | =270° [ =3800° | =380°

miles miles

o'2§ 0°125 1770 | 1770 | 1770 | 1770 | 1760 | 1750 | 1750 | 1770 | 1760 | 1770 | 1770 | 1770

o's 0°23 1760 | 1700 | 1720 | 1740 | 17520 | 1700 | 1720 | 1730 | 1750 | 1760 | 1760 | 1720

1 o's 1660 | 1650 | 1700 | 1700 | 1650 | 1650 | 1650 | 1720 | 1720 | 1740 | 1700 | 1650

3 I 1650 | 1600 | 1600 | 1600 | 1550 | 1550 | 1500 | 1700 | 1720 | 1700 | 1650 | 1640

4 2 1600 | 1550 | 1550 | 1550 | 1450 | 1450 | 1450 | 1350 | 1680 | 1700 | 1650 |72>o

8 4 1520 | 1500 | 14350 | 1400 | 1400 | 1400 | 1400 | 1500 | 1650 | 1650 | 1650 | 1560

16 8 -1480 1460 | 1380 | 1350 | 1350 [ 1350 | 1400 | 1500 1600 | 1700 1700 1550

32 ’ 16 1480 | 1400 | 1350 | ‘1500 | 1350 | 1350 | ‘1400 | 1550 | 1550 | 1700 | 16350 | 1700

64 32 1580 | 1560 { 1400 | 1400 | 1500 | 1600 1500 | 1500 1350 | 1400 1470 | 1600

Sum — 16020 = 8 |—1520 |~1830 |~2100 |—2010 |—2090 |~ 2220 —zoso'-:soo —1240 |~ Qoo |—1020 [—1130
S x ‘000817 = R [=1°"243{— 1" 495|=1°716|—1-642|— 1708 —1814|=1"675|—1*226|—1-013|—0"735|—0°833|~0"923]
Sina’ = sing) = A |+0°500/+0°366|+0°134|—0"'134|—0°366|—0°500|—0°500|~0"366|~0"134|+0 134+ 0"366|+0"500

R x A = Deflections.{~0°62 |—0°'55 [~0°23 [+0°22 |+0°63 [+0°91 |+0°84 |+0°45 |+0°14 |—0"10 |=0"30 |—0"46

in Meridian
Cosa’ — cos & = B |~0"134|—0°366]—0"500]~0°50c|—0°366(—0°134|+0"134]+0°366(+0"500|+0°500 +0‘366: +o'|_;41
|
| R x B = Deflections [+0°17 |+0°55 |+0°'86 |+0°82 [+0°63 | +0'24 |—=0"22 |~0'45 |—0"51 |~0°37 [~0°30 [—0"12
in Prime Vertical
Calculated ‘I'otal Deflection in the Meridian + 0”7 93.



AHMADPUR.
Height above Mean Sea Level = 17135 feet.

Heights of Compartments in feet.

SECTORS
N 9
Radii of Annuli N. N.E. E. 8.E. 8. S.wW. w. NW. N.
@'=30°| = 60° | = 90° | =120° | =150° | =180° | =210° | =24(° | =270° | =800° [ =330° | = O°F
r n a=0°| =380°| =60°| = 90°| =120°| =150° | =180° | =210°| =240° | =270° | =800° | ~330° |
miles miles . 2 .
02§ 0125 1560 | 1560 | 1560 | 1560 | 1560 | 1560 | 1560 | 1360 | 1560 | 1560 | 1560 [ r560
o'§ 0°125 1480 | 1380 | 1480 | 1480 | 1480 | 1480 | 1480 | 1480 | 1480 | 1480 | 1480 | 1480
1 o's 1440 | 1440 | 1440 | 1440 | 1440 | 1440 | 1440 | 1440 | 1440 | 1440 | 1440 | 1440
3
2 1 1430 | 1430 | 1440 | 1420 | 1430 | 1450 | 1450 | 1440 | 1440 | 1420 | 1430 | 1440
4' 2 1440 | 1450 | 1430 | 1430 | 1400 | 1420 | 3450 | 1450 | w460 | 1450 | 1440 | 1470
8 - 4 1420 1430 1380 1400 1450 1400 1500 1400 450 1450 | 1350 1450
16 8 1400 | 1370 | 1370 | 1350 | 1500 | 1450 | 1500 | 1500 | 1500 | 1450 | 1450 | 1430
32 16 1420 | 1370 1400 | 14350 1450 | 1600 | 1450 1600 | 1550 1500 1600 1550
64 32 1450 | 1350 | 1400 | 16350 | 1300 | 1400 | 1300 | 1600 | 1500 | 1400 | 1500 | 1740 ‘
Sum — 15435 = 8 (2395 |—2555 —2535 |—2255 |-2425 |~2235 |~2305 |~ 1965 |—2055 |~2285 | —2085 |- 1855
S x ‘000817 = R |=1°957|~2'087(—2°071|~1'842|=1°981|=1°826,—1°883|—=1'605|—1'679|—=1°86%7/~1°'703|—1°516)
Sina’ ~ sina; = A |+0°500|+0°366(+0°134|—0°'334|—0"366|—0"500/—0"500|—0°366/=0°134|+0'134|+ 0366 +o'5ooJ
R x A = Defleotions| =098 [~0'76 |~0°28 [+0'325 [+0°73 |+0°91 [+0°94 |+0°§9 [+0'22 |—~0°2§ |~0'62 |=0"76 [
in Meridian
Cos o’ ~ cos g, = B [~0"134|—0"366|—0"500|—0°500/—0"366|—0 134/ +0°134|+ 0" 366|+0°500| +0" 500/ +0*366| +~0"134}
R x B = Deflections |+0°26 [+0°76 |+1°04 |+0°92 [+0°73 [+0°24 |~0'25 |=0'59.|—~0'84 [~0°93 [~0'62 [—0"20 r
in Prime Vertical | 3

Calculated Total Deflection in the Meridian
Calculated Total Deflection in the Prime Vertical = + o *52.

= — 0" ol.




The Group System of Deflections may. now be exhibited:thus ;o=
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Ix THE MERIDIAN IN THE PRIME VERTICAL
Deftection - . Deflection .
Sra - I Residual
o Deflection as "‘?lwlﬁ:d‘ Do:l.;c:ign Deflsction as cnlcula;:ad li?;gtui::
observed e ::gur :f due to hidden observed from the | 446 to hidden |
cause contour of cause
the ground the ground

¥

Daiadhark +1°0r 8. | 0398 |+0:628.| +2°13W.| 033 W.|+1'80W.}

Sirantél +0°828. | o'11N. | +0°938. || +3°64W.| 1-11W.| +2:53W.|
" N.E.End of Base... +1°698. | 0078, | +1°628.| +2°54W.| 1°34W.|+1°20W.

Bhaorésa +1°178. | 0°388. [+0°79S. | +02aW.| 076 W.|—0-54E. |

Kaliénpur. —0'6oN.| 0'20N. | =040 N.|| —0'22E.| 114 W.|—1:36E.

Losalli. —1'02N.| 0°47N. | —0'55N.| —6'38E.| a'07 W.|—6'45E. |
t  Tinsia. +0°988. | 0'308. | +0°68 8.

Salot. —4'49E.| 2°16E. | —2°33E.

Kémkhera. “v| =2°15N.| 0'93N. | =122 N.| +0'04W.| 1:30 W.|—1:26E.

Ahmadpur- —~2°'49 N.| o018 | ~2'50N.| +2°27W.| o°52W.|+1-75W.
Mean. of the group ex-| o°co o'o5 N. o'o5 8. 0°00 041 W.| o'41E. |-

cluding Kalidnpur

It is interesting to see that a deflection due to the configuration of the ground, of 0”-05.
in the meridian, and of 0”41 in.the prime vertical remains uncancelled. in the mean.of the:

group.

Dehra Diin:-
Apiil. 1901,



PART III

The Pendulum Observations .at Kalianpur.

A fixed datum for deflections is unattainable,and it is not pessible Trom -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: if.we observed for aximuth.at every furlong
between Kalidnpur and Losalli, the intervening deflections would probably vary from + 3”7, the
value at Kalidnpur, to—3”, the value at Losalli, and would pass through zere. But that the
station of no deflection was situated ower the centre of the subterranean cause of disturbance would
not be a true inference, unless the absolute deflection at Kalidnpur was.proved to be 3”. Our series of
deflections, gradually changing at every furlong, would fit equally well into Diagram No. 8 of Chart
No. 5: they would .vary then from 0” to — 6”, instead of from +:8”.to — 3”, and the station of no
deflection would be differently situated. Pendulum observations 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 hy Capt. Basevi 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 present discussion.

' ‘Observed defect in
Stations on the meridian ‘Distance in'miles | the vibrations of a seconds
of 77° 80 from Kalidinpur ipendulum in a mean

' 1solar day
Usira 193 — 3-60
Pahérgarh .. 52 — 5'60
Kalidnpur ... — 361
Abhmadpur ... 35 — 4°38
Badgaon ... 230 — 4°03
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We have to consider, whether Basevi’s pendulum results support the ““ Group’’ system of
deflections or the ““Mean of India’’ system. It is unnecessary here to repeat the Table, which
exhibits these two systems, and which is given on page 24%: but as 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.

el | RREGY | TSl e T
Usira 193 6”+03 north 3"+ 43 north
Kesri 112 5™ 45 south 8”05 south
Pahérgarh 52 0”76 north 17+ 84 south
Daifidhari 35 1”01 south 3”61 south
Sirantdl 8 0"+ 82 south 3”42 south
Kalifnpur v 0”60 north 2”00 south
Kdmkhera 9 2”15 north 0" 45 south
Ahmadpur 35 2"+ 49 north o”:11 south
Ladi 6% 5"*34 north 2”74 north
Takalkhera 207 6” - go north 4”30 north
Badgaon 230 %83 north 5”23 north

The deflection of a plamb-line in a given direction, if due to a subterranean cause, may
be ¢ither 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 consider whether a deficiency or an excess is the probable cause.

The “ Group ” system of Deflections.

(a). Hypothesis of Excessive Density. Charts Nos. 1, 2 and 8 shew that almost all the
deflections, both in the meridian and prime vertical, can be explained, if we assume the existence of
a long dyke of excessive density traversing the group from S.E. to N.W. Its centre line may
be imagined to pass some 12 miles south of Bhaorésa and almost under the S.W. End of the
Base and proceed thence between N.E. End of Base and Kémkhera, between Kalidinpur and
Sirantél, between Salot and Daiddhari. The only observed latitude, that is opposed to the

* In this table the defloctions have not received the small correetions on account of configuration of surface,
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hypothesis of the dyke is that of Tinsia: the only opposing azimuth is that of Ahmadpur, 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 Kalianpur
than at the two neighbouring stations, and that a maximum value of intensity exists at some point
between Ahmadpur and Pahargarh: it is ektremely unlikely that in selecting Kalidnpur itself
Basevi should have alighted on the exact position of the maximum, and it is probable that a
point will be found where the vibration-number exceeds that of Kalidnpur. The location of
this point to the north of Kalidnpur and the discovery there of a very small excess in vertical
attraction would confirm the “ Group”’ system: if the point of maximum vertical attraction is
found to the south of Kalidnpur, a southerly deflection at Kalidnpur would be expected ; this
latter, if at all appreciable, would be contrary to the results of the “ Group ”’ system: whether
it 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’* system is
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 & maximum,
and that Kalidnpur is nearer the vertical plane passing through the centre of the dyke, and at a
point where the horizontal component is small §.

(b). Hypothesis of Deficient Density. The ©“ Group >’ system of deflections does not favor
any hypothesis of a deficiency of density existing in the vicinity of Kal#inpur. Eight meri-
dional deflections out of nine point inwards, seven deflections in the prime vertical out of eight
point inwards, and the pendulum observations show an.excess of vertical attraction at the central
point of the area of the group.

The **Mean of India” system of deflections.
(a). Hypothesis of Excessive Density. No plans, such as Charts Nos. 1, 2 and 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.

* It is perhaps but an argument in a circle to assume the mean latitude and azimuth of a group correct, and to then
locate tho cuuse of individual discrepancies: discrepancies derived from their own mean can only indicate a cause near
the centre of the group. But it might happen that the meridional deflections were inwards, and the prime vertical
deflections outwards : it might happea that the deflections were all towards a point, at which the pendulum exhibited a
deficiency of gravity: if the latitude and the azimuth and the pendulum observations are in accord, the evidence is strong.

We must not expect future pendulum observations to corroborate either the one system or the other with exacti-
tude. According to the “Group” system the defloction at Kalidnpur is 0”60 North: but an error of observation exists :
the effects of irregularities of subterranean density may not have been completely eliminated in the mean of the group,
;;ntu the configuration of the surface was shown in Part II to have a smull residual effect: moreover the effects of the

imalayas and of the Ocean, though probably eliminated in the mean of the group, may be different at different stations
of the group. If pendulum observations show a slight excess of vertical attraction either north or south of Kalidnpur,
they will indicate that no marked attraction exists at Kalidnpur, and the “Group” system will be supported. Bimilarly
the “Mean of India” system does not stund or fall according to whether an exact deflection of 2” south is proved or
not. If any considerable deflection to the south is proved, the “Mean of India” system will be upheld. Broadly
speaking, te “Group” system denies the existence of any marked local attraction in the meridian at Kalidnpur, whereas
the “Mean of India” system imposes on Kalifnpur a marked local deflection to the south.

1 1t is unfortunate that the weights of azimuth and latitude observations differ so largely: not only is the weight
of an observed latitude greater than the weight of an obseved azimuih, but the errors of geodetic latitudes are less than
those of geodetic azimuths: a value of (O — C) in latitude is thus superior both astronomically and geodetically to the
value of (O = C) in azimuth. Moreover a meridional deflection is derived directly from a value of (O — C) in latitude,
but & deflection in the prime vertical is obtained by multiplying the value of (O— C)in azimuth by cot. lat. (= 2-2).
The weight of a deflection in the meridian is 150 times greater than the weight of a deflection in the prime vertical,
oven at the distance of Loaalli from the station of origiu,
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in Chart No. 1, require a constant correction throughout of 2”60 towards the south, to bring them
into accord with the ‘“ Mean of India’’ system: the deflections shown in Chart No. 2 require a
constant correction of 8” fo the west. All the deflectionsin 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
to affect 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 cause,

If the “ Mean of India’’ system of deflections, as exhibited in the tables on pages 24 and 3g,
is to be explained on an hypothesis of excessive density, we have to assume the existence of a
longitudinal mass lying in the prime vertical south of Kalidnpur. If such a mass werenorth of
Ahmadpur, the deflection at Ahmadpur, which is southerly, would be fowards the north: the
existence of such a mass underlying Ahmadpur itself is contradicted by the pendulum observations
there: the deflection at Kdmkhera points to no such mass. If then such a mass exists, we can
Onli suppose it to be of small extent and of great density, and situated south and within a mile
of Kalidnpur. Such a mass might cause a southerly deflection of 2” at Kalidnpur and if of
compact form, exercise no effect at Kdmkhera and Ahmadpur. But if its form were compact,
it would not explain the southerly deflections at Tinsia, Losalli, N.E. End of Base and Bhaorfsa :
if its form were elongated its influence would be visible at KAmkhera. A hidden mass of
excessive density, situated south of Kalidnpur, and sufficient to produce a southerly deflection there
of 2”, might be expected at its summit to show an excess of vertical attraction over that at Kaliin-
pur, equivalent to a whole vibration of the second’s pendulum per diem. The vertical attraction at
8 station, overlying such a mass, would be greater than any value obtained hitherto at inland stations.
in India from pendulum observations. The probability of any considerable mass of excessive
density existing south of Kalidnpur is, in fact, so small, that the ‘“ Mean of Iudia’’ system of
dlt:ﬂcctiolllm depends for its justification mainly on the discovery of a deficiency of density to
the north.

(b). Hypothesis of Deficient Density. We wish now to see, if we can explain the “ Mean.
of India” system of deflections on an hypothesis of deficient density existing nortk of Kalidnpur.
The pendulum observations, vide page 38, show that at Pahdrgarh the intensity of gravity is remark--
ably less than at Kalidnpur or Usira, the observed defect in the Vibration-number amounting to-
2:00. A point of minimum vertical attraction. therefore exists north of Kalidnpur. Under the:
“ Mean of India”’ system, the deflections at Sdrantdl, Daiddhari, and Pahdrgarh are all essentially:
southerly : it is not possible therefore to locate the deficiency of density, which is now supposed to-
be deflecting the plumb-line at Kalidnpur to the south, anywhere south of Puhérgarh: we must
search for the spot between Pahdrgarh and Usira. If we locate the deficiency north of Pahérgarh,
it will have to be of large extent if it is to affect the whole Kalidnpur group; we cannot continue
our search to an indefinite distance to the north, for the *“hidden cause” of the southerly deflec-
tion at Kaliinpur must after all be but a local cause : the basis of the “ Mean of India’ system
is, that Kalifupur is peculiarly affected with regard to India, the mean error of India being:
attributed to this purely local canse. When therefore we reach Pahirgarh, we are approaching.
the limit allowed by our theory.

Between Pahdrgarh and Usira is situated the station of Kesri, and the relative southerly
attraction here is great, amounting under the *“ Mean of India ” system to 8”. We cannot suppose
the existence of a deficiency of density between Pahérgarh and Kesri, because a deficiency,
sufficient to repel all the plumb-lines of the group, would deflect the plumb-line at Kesri‘to the:
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 deusity is in defect of the surrounding surface
density by jyth part of the mean density of the Earth, would, if its highest point was 40 miles
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north of Kesri, cause a southerly deflection at Kesri of 8”, and at Kalidnpur 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 surrounding surface density by 1j5th part of the mean
density of the Earth, would cause a northerly deflection at Usira of 3”, and a southerly deflection
at Kesri of 7”, at Pahérgarh of 8”, at Daiddhari of 2”7, at Sirantil of 2”-3, at Kalidnpur of
2”, at Kdmkhera of 17'7, and at Ahmadpur of 0”'8. The effect of such a cylinder on the pendu-
lums at Usira and Pahérgarh would be, that Pahfdrgarh would exhibit an excess of vertical

attraction over Usira. The vertical attraction at Pahérgarh 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 soutk. The pendulum observations show an
excess of matter north of Kesri and a deficiency south. The contradiction between the deflection
at Kesri and the vibration-number at Pahdrgarh leads to the conclusion that the two cannot
be due to the same cause, and that therefore the deficiency at Pahérgarh is not sufficient to affect
a plumb-line at a distance of 60 miles: if a sufficient deficiency existed at Pahérgarh to deflect
the plumb-line at Kalidnpur by 2”, its effect would be visible at Kesri ¥,

Dehra Diin:
April 1901.

® Intermediate latitude stations between Pahdrgarh and Kesri, between Kesri and Usira, and between Ladi and
Takalkhera are desirable : intervals of 60 and 80 miles are too great. 'I'nkalkhera is the station at which Colonel Everest
made his celebrated calculation of the attruction of the Mahadeo Pahar range of hills. He attributed the apparent
error in the observed latitude at Takalkhera to the presence of this range. But now that latitudes have been observed
north and south of Takalkhera, vide Table following page 14, it will be seen that he would have been confronted with &
similar error, if he had placed the centre of his arc at Lédi or Badgaon,
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PART IV.

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

Forty years ago it was concluded 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 was 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. The data on which the theory was based have been forgotten : the theory itself
has 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 reports 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
to subterranean causes. The power of ascribing all anomalies to an invisible cause is a dangerous
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 counteracted by an invisible cause is
mainly based on the following argument :—The observed effect of the attractian of the Himalaya
Mountains on the plumb-line at Kalidna (in latitude 29° 30° 48”), the northern terminus of the
Indian Arc, is 57°236. But the attraction of the apparent or superincumbent mass of the Hima-
layas at that point is sufficient to produce a deflection of 27”-853, as calculated by Archdeacon
Pratt of Calcutta®,

There are two assumptions in this argument : it is, firstly, assumed that the influence of the
Himalayas does not extend to Kalidnpur, and, secondly, that the influence of the Indian Ocean is
inappreciable. The deflection of 5“'2 is assumed to be the ahsolute deflection at Kalidnat. It
represents in reality the difference of the deflections at Kalidna and Kalidnpur. It might be
inferred from the statement of argument given above, that the calculated deflection at Kalidna
due to the Himalayas exceeds the observed deflection by 22”. It is true that Pratt calculated the
deflection at Kalidna to he 277 : but he also calculated the deflection at Kalidnpur to be 12”7, thus
making the difference in the deflections at the two places to be 15”. The discrepancy between
observed and calculated values is thus 10” and not 22%. But if we take into account the effects
of the Indian Ocean, this discrepancy is further reduced : Pratt calculated that the deflection due
to the Indian Ocean at Kalidnpur exceeded that at Kalidna by 3", and thus the discrepancy
between the observed and calculated effects of the Himalayas is reduced to 7”. Pratt calculated
the effect of the Indian Ocean, before a single sounding in the deep sea had been taken : he
assumed the depth of the Qcean everywhere too small: it is shown hereafter that if correct oceanic
depths be employed in the calculation, the discrepancy at Kalidna between calculated and observed
values will disappear.

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

It is incorrect to regard Dehra Din as lying at the foot of the great Himalayan mass -
it 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 40 miles
from Dehra Din. In Chart No. 9 is shown a cross section of the Himalayas on the great circle
through Dehra Din in azimuth 30 East of 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 Din and Mussooree, vide Table following page 14. Dehra Din is 55 miles north
of Kalidna§: the deflection at Dehra Din as observed is apparently 38” and that at Kalifna 7”;
there is thus a decrease of 31” in 55 miles. Is such a decrease characteristic of the effect which
wauld be produced by a great mass campensated by underlying deficiencies of matter ?

* Vide Account of the Principal Triangulation, Ordnance Burvey of Great Britain and Ireland, pages 578 and 574,
Vide also Operations of the Great Trigonometrical Survey of Indis, Volume V, page XXXI: also Philosophical Magazine,
Voluwe XI, May 1881: also Bull. Acad. Science, 8t. Petersburg, 1861, tom, iii, pages 896—424, in which the discrepancy
between observed and calculated results at Kalidna is called an undisputed fact.
+ The cbserved deflection at Kalidna from modern data is 7”03,
. 1 Mussooree is situated a mile west of Landour and on the same ridge. An ides of the position ef Mussooree
;xth;eferenco to the Himalayas can be obtained by supposing it to be identical with the ridge called Landour in Char¢
0.9,
" &5 The relative situations of Dehra Din, Kalifna, Kalidnpur and other astronomical stations are shown on Chart
0- i
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In view of the enormous dimensions of the Himalayan mass, compared with which the
distance of 55 miles separating Dehra Din and Kalifna 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-
nal axis, a decrease from 38” to7” in 55 miles would place that axis 10 miles north of
Dehra Ddu: if we imagine Himalayan attraction to vary inversely as the square of the distance,
the centre of attraction is placed 36 miles north of Dehra Din.

The only explanation, that appears acceptable, is that the values 38” and 7” do not represent
ahsolute deflections but differential, and that though the difference between the deflections at
Dehra Din,and Kalidna is doubtless 317, yet the absolute deflections are 38” + x, and 7” + X,
where x represents the deflection due to Himalayan attraction at Kalifnpur, the station of origin¥*,

If we compare the observed deflections, given in the table of latitudes following page 14,
at Nojli and Kalidna, we find that the deflection at Nojli is double that at Kalidna. Nojli
is 25 miles north of Kalifna, and both are situated on flat low alluvial plains ; the nearest scarp of
the Tibetan plateau is from 90 to 100 miles distant. By what law of attraction is the effect of
this distant mass twice as great at Nojli as at Kalidnat?

No hypothetical deficiency of matter below the visible Himalayan Mass will suffice:
to explain the coexistence of large deflections in Sub-Himalayan regions
and na deflections in Gentral India.

An objection to the accepted theory of Himalayan compensation, is this: subterranean
compensation should have a greater absolute effect at stations near the Himalayas than at distant
stations, whereas the theory seems to imply the opposite. On page 803, Volume 186, Philosophical
Transactions of the Royal Society, India’s contributions to Geodesy, General Walker writes:—
It is evident that the effect of the attraction of mountain masses on the plumb-line, which may
“ be very large in the immediate vicinity of the mountains, will be reduced at a distance in greater
¢ proportion than is assigned by an incomplete application of the law of gravitation, because of the
“ deficiency in the density of the strata under the mpuntains, which has not hitherto been allowed.
“for. Eventually a point must be reached at which the positive attraction of the matter above
““ will be cancelled by the negative attraction of the deficiency below, and then the mountain masses.
““ will have no influence on the plumb-line .

The effect of a subterranean deficiency of matter varies with thie depth to which it extends:.
if the same deficiency of matter be distributed through various depths, the direction of the-

resultant deflection will be different for each depth, and the deflection will decrease as the depth.
increases.

Colonel Clarke’s formula for the attraction of a mountain mass is

P TR
rH ST+ R

By taking A negative we can apply this formula. to.a subterranean. deficiency of matter..

ph (sin @’ — sin a,) log,

* Latitude observations are about to be taken on the meridian of 88° at intervals of 30 miles between Calcutta.
and Darjeeling. The results will show whether the plumb-lines at stations situated south of Mount Everest and.
Kinchingunga are deflected to the same extent as at Dehra Dfin, and whether the compensation of the eastern Himalayas.
is more perceptible than that af the western.

+ On the meridian of 80°, Rémuépur is 54 miles and Jarira is 76 miles from the foot of the Sub-Himalsyas; the-
Table following page 14 shows that the deflection at Rimuépur is almost twice as great as at Jardra.
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If the area of the mass as defined by 4a’, ¢, and 7', v, remains constant, and if tke tofal
deficiency of matler remains constant, that deficiency may be distributed through any depth 4:
as 4, the depth, increases, p the density decreases, and pk remains constant. It is omly in cases,
when the depth is so large, that it is necessary to take A? into account, that the compensating
effect of a deficiency of matter below a mountain 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 Will produce
deflections similar in amount but southerly : neither at Dehra Din nor at Kalifna nor at Kalidn-
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
station due the subterranean matter being water instead of rock, will be——125’5H , the density of
water being = 1, the density of rock being = 2'5. The resulting deflections at all stations will
be as though the visible mountain mass had a density ef 1, and the nearer stations will be affected
by the compensation to a greater absolute extent than stations at a distance.

‘ Let H,, H; and H; be the northerly deflections produced at Dehra Din, Kalifina and

Kalidnpur respectively by the visible superincumbent Himalayan mass; then the southerly deflec-

- tions, at the same stations produced by a deficiency of matter, underlying the Himalayas, equal in
amount to that contained in the Himalayas themselves, will be as follows* :—

Idfi s?:i‘;m(::gctiﬁ!::z gli: Dehra Dﬁn Kalifna Kalidnpur
{ A depth of 10 miles H, H, H,
1 A depth of 100 miles ‘9 H, ‘g9 H, H,
] A depth of 500 miles °5 H, *6 Hy ‘8 H,
| A depth of 1000 miles ‘3 H) ‘4 H, *6 Hy

* The results in this table have been obtained as follows:—Tables containing the heights of compartments round
Dehra Din, Kalidna and Kaliinpur are given hereafter. In these tables the Himalayan compartments can be identified,
as their heights are printed in special type. It is thus easy to find the effect of the Himalayns alone on the plumb-line. In
order to find the effect of an equal subjacent mass distributed through a depth D, the depth of the deficiency underlying
the Tibetan plateau is taken to be D miles, and as the true height of that plateau is 8 miles, the height of every Himalas

yan compartment is multiplied by —];- Thus the expression ‘distributed through a depth of 1600 miles” is taken to

mean that the deficiency underlying the main plateau extends to a depth of 830 times the true height of the plateau: the
dogth of each compartment is then found by multiplying its true height by 830. Thus the depth of the imaginary
deficiency is assumed everywhere proportional to the height of the mountains immediately superincumbent. If H, is
the northerly deflection produced at Dehra Diin by the visible Himalayan mass standing on any compartment, the
-southerly detlection due to an equivalent deficiency of matter distributed under that compartment through & depth of 1000

amiles will be
H, x [log {r + VT (3308)2} - 10g. {n+ J;]mﬁs—()h—)’}]
: ) logetr' —logery
whero h is the average height of the Himalayas on the compartment.
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Then the resultant deflections, which will be shown by observations to exist at the three
stations, under the combined iufluence of the attraction of the Himalayas and the repulsion of
the subjacent deficiency of matter will be as follows :—

Seonton teey s Dehra Dén Kalidoa Ealiapur
A depth of 10 miles o o o
A depth of 100 miles ‘1 H, ‘1 Hy o
A depth of 500 miles ‘5 H, ‘4 Hy ‘2 Hy
A depth of 1000 miles *7 H, *6 H, .4 Hy

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

If 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 Din, but wili be incomplete at all stations, and the attraction of the Himalayas will then
be perceptible to observation at places far distant from them*.

It is not unmreasonable 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 Himalayas will affect the deflections at el stations proportionally, and
mo point will then be reached in India, where the influence 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 the negative attraction of the deficiency below.

Pratt calculated the defleetion due to the visible mountain mass to be at Kalidna 27" and
at Kalidnpur 12”: if we assume the density of the Himalayus to be only one-half of the density
of its component rocks, the deflection at Kalidna will be 13”:5 and that at Kalidnpur 6”: no
assumed change in the density factor can entirely eliminate the northerly deflection at Kalidnpur.
Kalidnpur is our reference-station, and the crucial question is: Is the plumb-line at Kalidnpur
affected by Himalayan attraction? It is difficult to see, how the entire compensation of the
attraction at Kalidnpur can co-exist with a large uncompensated effect at Dehra Din.

No hypothesis of uniform compensation will suffice to explain the contradictory
effects of Indian Mountains and Seas.

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 outwards

* If the deficiency of matter be distributed through a depth of 1000 miles, the point “at which the positive
$‘attraction of the matter above will be cancelled by the negative attraction of the deficiency below” will be situated
840 miles south of the Equator. If the deficiency be through a depth of 500 miles, the neutral point will be situated
just south of Cape Comorin, -
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and fowards the Ocean ; these outward deflections are found at coast stations, and disappear inland
(page 806, Volume 186, Philosophical Transactions of the Royal ‘Society, 1895)%. It has been
inferred that the beds underlying the Ocean are of excessive density and a#fract the plumb-lines
on the coast. In the case of the Himalayas it is argued, that their effect is compensated at dis-
tant stations, but uncompensated at near stations : in the case of the Ocean it 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 Din on account of
its proximity to the Himalayas, and at another we are stating that the influence of the Ocean is
more completely counteracted at Madras than inland on account of its proximity to the Ocean.
The submarine excess of density is thus supposed to produce its mazimum effect at Madras and
Mangalore, stations near to the Ocean, whilst the submontane deficiency of density is assumed to
produce its minimum effect at Dehra Ddin and Mussooree, stations near to the mountains. Is
there not an incousistency in these arguments ?

All authorities have accepted the theoryt, that “under mountains and plains there
“is a deficiency of matter approximately equal in amount to the mass above the sea level:
““that below Ocean beds there is an excess of matter approximately equal to the deficiency in the
““Ocean when compared with rock : that the amount of matter in any vertical column drawn from
““the surface to a level surface below the crust is approximately the same in every part of 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 been caused by differences of temperature.
(Comptes Rendus, Volume XC, page 1185). He points out that at the bottom of the sea at a
depth of 4000 metres the temperature is 1° Centigrads, and that at the same depth under a
continent the temperature is 149° Centigrade: that the cooling and contraction of the erust are
more rapid under seas than under continents. Viewing the problem from the contracted aspect of
the Indian 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
and 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)} fowards those seas. (Philosoph. Transact. Royal Society, Volume 186, page
806). At Dehra Din we find a meridional deflection of 38” towards the Himalayas: let us
suppose that instead of a Tibetan plateau there exists a Tibetan sea, whose form, position and
dimensions are the same as those of the plateau inverted : the meridional deflection at Dehra Din
due to this hypothetical sea would by analogy he 24” lowards the south. But observations at
numerous stations on the shores 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 Diin would be 8” towards the
north. At coast stations in South India we find a meridional deflection of 3" fowards the Ocean :
let us suppose that instead of oceans and seas there exists an equatorial platean, 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 platean 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 Indian Ocean attracts, the equatorial plateau would repel: but
actual experience on the mountains of Northern and Central India has taught us, that an equatorial

* Vide page XXXII, Volume V, Operations of the Great Trigonometrieal Survey of India. Vide also Philosoph.
Magazine, August, 1878. Vide also I'able following puge 14 of this paper.

+ Helmert, mathematischen u. physikalischen:Lheorion der Htheren Geodasie, Teil IL., 8. 865,

1 I say “appurently ”, because the observed values of deflections are based on an assumed Figure of the Earth and
on an assumed ub, of attraction at the station of origin. The apparent southerly deflections at the stations of South
India, i.e., the southern positive zone, may be due to the unsuitability of the Everest spheroid: but the Longitude Arcs
of South India exhibit deflections fowards the sea, and these cannot well be attributed to errors of spheroid. A meridio-
nal defleotion towards the land is exhibited at Bombay and Waltair, but the deflection in the Prime Vertical at these
places is towards the sea: and the resultant deflection of the plumb-line is therefore sea-wards. The statement that
wherover we observe within sight of the sea we find a sea-ward deflection, is thervfore correct.




49

plateau of the dimensions of the Indian Ocean inverted would assuredly producé large deflections
towards itself at stations on its perimeter.

The discordance between the effects of mountains and seas 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 : it will then occupy #ths of the volume of the Ocean, and a vacuity equal
to 3ths of the Ocean will exist. The presence of water does not alter the character of deflections,
though it modifies their amounts. It may be pointed out that the theory of compensation as
quoted above, expressly states that the deficiency of matter under mountains is equal to the
mass of those mountains, but that the excess of matter under oceans is equal to the deficiency
in the ocean, when compared with rock: and that the amount of matter in any vertical column
8 approximately the same.

Necessity for re-calculation.

When writing Part I of this paper, I compared the Himalayan heights and Oceanic depths
assumed by Pratt with those 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 wagnitude of his results having always been
considered an obstacle to their acceptance.

I did not then see the significance of Pratt having taken his heights and depths fao small.
A chart of the Ocean, Chart No. 8, in which the depths at several places are marked, is attached
to this paper: at each place the true depth derived from modern Admiralty charts is given in roman
figures 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 values
for the negative attraction of the Ocean must be rejected*. It is useless to discuss discre-
pancies between calculated and observed results, unless the calculated results are based on correct
data, It is impossible to examine the question, unless a re-calculation is undertaken.

L

The method of Calculation.

The method of calculation, that has been adopted, is that given by Colonel Clarke in his.
work on Geodesy. Round each station, asa common centre, sixteen circles have .been drawn on
the maps, and through each station a series of thirty-six radial lines: the country round eacly
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 »’ the radii of two consecutive circles ; then Colonel
Clarke shows that the deflection in the éirection north caused by the mass of the compartment
contained between limits a, and a’, and , and 7’ is

12%-44 L2 h (sin @' — sin a,) log . '—,
A r

where § is the density of the mass, A the mean density of the earth, and 4 the average height of
the upper surface of the mass above the station.

.. * Pratt assumed the dopths at certain points in the Arabian Sea, Bay of Bengal and Indian Ocean, and then
imsgined the floor of the Ocean to slope up gradually from these poiuts Lo the const lines,
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The approximate deflection in the prime vertical was derived from the formula

’

) , ’ r
12744 — h (cos &’ — cos a)) log.-’-.:-

The radius »’ was taken equal to 2r,, and thence log, -:—- is equal t0 0'693. The radial lines
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 the mean density of the earth can be expressed
in terms of the ellipticity of the surface, and as the spheroid of reference, on which our
triangulation has been projected, has an ellipticity of %5, I have, in order to maintain

consistency, taken the ratio of the surface density to the mean density to be —2—15-

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

12744 x —— x 0-698 x LA —15H

oXP) 5280 X (sin @' — #in a,)

= 0”-000742 {[A] — 15 H} (sin o’ — sin a)),

where H = the height of the station, and [A] = the sum of the average heights 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, 3 to 36 then the factor 0”-000742 (sin a’ — sin a;) for each
sector may be computed aund tabulated : the following values of factors for the several sectors have
been employed, taking f, = factor for meridional deflections and f; = factor for deflections in the
prime vertical :—

TABLE OF FACTORS.

SECTORS

1,18,19,36{2,17,20,35(3,16,21,34/ 4,15,22,83\5,14,28,82

6,18,24,81|7,1 3,26,80'8,1 1,26,29|9,10,27,2&

sin o’ — sin @, ‘o1§ ‘048 ‘074 ‘100 ‘133 ‘143 ‘158 168 ‘174
cos o’ — 008 &, ‘174 ‘168 ‘158 ‘143 ‘133 ‘100 ‘074 ‘045 01§
‘000743 (sin @’ — sina)) = f; | "000011 | ‘000033 | ‘000055 | ‘000074 | “000091 | “000106 | "000117 | "000125 | ‘00OX329

'000743 (cos a’ — 008 a)) = f3 | "coo139 | ‘000135 | '00011] | ‘000106 | ‘000091 | “000074 | ‘00005S | ‘000033 | ‘000011
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: 'The factors were made positive ; as it was desirable that meridional deflections to the south
should be positive, meridional deflections have been given the same sign as [4] — 15 H for southern
sectors, and the opposite sign for northern sectors : deflections in the prime vertical have been given
the same sign as [4] — 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 difference
between the density of the Ocean and the surface density of India was 26 — 1 = 1:6: therefore
10 = § x 5o (nearly) = $ths of the density
factor for heights. In order to preserve one formula for both heights and depths, the latter have
been multiplied by § : the depths entered in the following tables are consequently but three-fifths of
the depths actually shown on Admirally charis.

in the formula the density factor for depths was

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 it is
probable that the resulting meridional deflection at Punnz, the southernmost station, is slightly
too large—say by 1”—relatively to the deflection at Mussooree. Mussooree is 1500 miles north of
Punne, 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 Punnze.

Beyond 4000 miles the correction for curvature rapidly increases 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.

Annulus tan } Factor for
Lo Y _ A Log. tanir Curvature
B + cos§ 1 — cosir, B
! r, in miles ¢+ in miles =B A
500 1000 0°693 0°689 0'994
1000 2000 2 0°675 0°974
1 2000 4000 2 0619 o-8go
4000 8000 9 0°424 o612
8000 16000 2 0093 0°134

. Hx

‘When a compartment includes both land and sea, the mean height or depth is taken to be

L 3D

S

L+S &

XL FS

S = area and D = mean depth of the sea portion.

, where L = area and H = mean height of the land portion, and

* Helmert, mathem, w, physikal, Theorien der Hoheren Geodasie, Teil II, 8, 892,600,
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An error of 1,000 feet in the adopted height of a compartment will, if the eempartment
be situated due north or south, produce an error of 0”'13 in the resulting deftection. Nowhere
within the limits of India is a compartment likely to be in error by 1,000 feet ; it is possible that
Himalayan compartments may occasionally be in error by as much as 2,000 or 3,000 feet; if ten
such compartments have a probable error of 3,000 feet, the probahle error of the resulting deflec-
tion will be about 1”. -

In determining the heights of Tibet, I have made use of the explorations of Prejevalsky,
Pevtsof, Littledale, Bonvalot, Sven Hedin and Deasy. The depths of the sea 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’s
heights of compartments in the vicinity of Mussooree.

Selection of Stations for Calculation.

Chart No. 8, illustrates the positions of the 12 stations selected for calculation. The first
stations chosen were Kalidna, Kalidnpur and D4margida, being Pratt’s three stations: to these
were added the stations of Dehra Din and Mussooree in the north and of Punne in the extreme
south of India: there were then six stations situated on the central meridian of India.

It was intended to end the calculation with these six stations, but when the result at Punnze
alone was found to be at serious variance with the result of observations, it 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, hecause observations give it a soutkerly deflection with
reference to the deflection at Kalidnpur, and it was difficult to conceive, how the deflection at a
station situated like Calcutta due south of the Himalayas and due north of the Bay of Bengal
could be less northerly than at Kalidnpur, which is south-west of the Himalayas. i

Test Station. If the theory of Himalayan compensation is correct, and if no northerly
attraction exist at Kalidnpur, the values of (O — 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 Kalidnpur
suffers a northerly deflection, such as its situation would lead one to expect, then the value of
(O—C) at stations removed from the influences of the Himalayas and Ocean should be persistently
positive: Mandalay would be a valuable latitude station, but the deflection of its plumb.line
cannot be calculated, because the heights of the mountains north of Burma are unknown :
these mountains rise to great elevations, and the mean 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 suitablé place for a test station: the longitude station at
Quetta* would have served the purpose, had it not heen too close to hills. Another station was
therefore selected in a flat open valley with no hillsin the immediate vicinity. The station has been.
named ‘‘ Beyond-Quetta ”’, and the deflection of its plumb-line has been calculated. A northerly
deflection at Beyond-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 in
visible excess of that to.the south. Therefore, if there is no northerly attraction at Kalidnpur,
the value of (O. — C) at Beyond-Quetta- should be negative. If, on the other hand, there is a
large northerly deflection at Kalidnpur, it will exceed in amount the northerly deflection at
Beyond-Quetta, and the value of (O. — C) at the latter will be positive. Beyond-Quetta is thus a
test station : if it furnishes a negative value of (O — C) the theory of Himalayan compensation

* No latitude observationa have been taken in Baluchistan,
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will be confirmed: if it furnishes a positive value of (O—C), the attraction of the Himalayas
at Kalidnpur will be shown to be probably appreciable.

Tests of the Formula.

Being uncertain as to the most favourable forms and dimensions to give to compartments,
I calculated the deflection at Kalinpur under different conditions: firstly, the country round
Kalidnpur 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 lines at 15° interval in azimuth and by circles, whose radii increased in geometrical pro-
gression with a factor of §: the deflection under these conditions was calculated as 36"°4.
The discrepancy between the two values of the deflection derived from different systems of
dissection was 1”+2.

Mussnoree and Dehra Diin are within 8 miles of each other, and observations show that
the deflection of the plumb-line at the two places is almost identical : the deflection derived from
the following calculations is at Mussooree 73™5, and at Dehra Din 73”°2. A discrepancy of only
0”:3 was reassuring, in that both Mussooree and Dehra Din are- situated in hilly regions, the
heights of whose compartments are difficult to average, and whereas. Dehra Din lies in an open
valley with no hills within 4 miles, Mussooree stands at the summit of a. precipitous hill*.

As Réjpur, situated only 5 miles from Dehra Din, shows: a deflection exceeding that at
Dehra Dxin by 107, vide Table following page 14, a rough calculationsof its deflection. was made to
test the practical application of the formula: the hills rise at 700 yards from Rajpur-.if two circles-
be drawn one with a radius of 700 yards and one with a radius of 5 miles, and four-radial lines-
one in azimnth 60° west of north, another in azimuth 30° east of north, a third in: azimuth 30%

* The error arising from the adoption of a ratio -:—I- = 2 may be found: we will take-an extreme case and:suppose

that the height of one half of a compartment is 10000l feet and. the height of the other half 0. By our system of
averaging we take the height of the whole compartment to be 5000 feet. The deflection, due to the compartment, as
calculated, is 07°000186 x 5000 log, 2 = 0”7°64: the true deflection, if the inner half of the compartment is 10000 feet

bigh, is 0°000186 % 10000 log, v/ 25 = 0"'85: the true deflection, if the outer half of the compartment is 10000 feet

high, is 0”7-000186 x 10000 log . ‘/22_5 = 0”44, The error in the deflection due to this compartment arising from the

adoption of the ratio —:—:l— = 2, is 0"°20.
1

In such.an extreme case an error must obtain, whatever value of Yi be adopted. If we had taken 1:— = }, instead.

1 1
of 2, then the deflection due to the compartment as calculated would have been 07:38. The true deflection, if the inner-
half of the compartment had been 10000 feet high, would have been 0”°45. The true deﬂectio,n, if the outer half of

the compartment had been 10000 feet high, would have been 07:30. The error with a ratio of rT = 3 is 0”°08.

1
On the-other hand the smaller the ratio, the gréater the number of annuli requisite, and, if e be the probable-

error of the deflection due to one compartment, the probable error of the deflection due to a.sector is e +/», where:
% = number of annuli,

The magnitude of distant compartments is not decreased by decreasing the ratio of % when %— = 2, the radial
1 1

”

length: of a compartment becomes 1000 miles, when ;. = 1000 miles: when — =% the radial length.becomes 1000 miles
]

when 7, = 2000'miles: a decrease in the ratio postpones but does not eliminate the necessity of large compartments.
The question of the ratio was anxiously considered, but I unfortunately overlooked the possibility of altering the ratio at.
different. distances from the station, .
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'east of south, and a fourth 60° west of éoﬁth, and if the average height of the enclosed area to
the north be taken as 1,500 feet above Rdjpur and the average <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>