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I N T R O D U C T I O N  
Y 

1. The present volu~ne is the second of the series of Technical 
Reports issued during the post-wax period. The f i s t  volume 
entitled " Technical Report 1947, Part 111-Geodetic Work " 
covers the period 1st October 1939 to 30th September 1917. The 
present report gives a detailed account of the activities of the 
Geodetic and Research Branch ( formerly lu~owrl as the Survey 
Research Institute ) during the period 1st Ortoher 1947 to 31st 
March 1049. From 1825 to 1939 an account of the geodetic work 
of the Survey of India has been published in the  annnal Geodetic 
Reports. A brief report was issued for 1940 as well. The following 
is a review of the work carried out. during the period under repcrt. 

2 .  Geodetic Tria,ngJatio~z.-( C'hapter I ). ,4 good deal of the 
geodetic triangulatioil of India is of secondary quality ( see Chart I ). 
This and the topographical triangulation based on it, although 
adequate for providing a framework for the one-inch topographical 
map of India, are quite insufficient to meet the needs of large scale 
cadastral, hydro-electric, irrigation and otlher developnlent surveys 
both as regards density of coiltrol points and the precision of basic 
and control data. As t=in e:<:~mplcb, the triangulation carried out in 
Kulu ( Yunjab ) to serve as n basis for large scale revenue maps and 
that carried out in Nepal in co~~nection -with the Kosi Irrigation 
Project, were both without a propor geodetic basis Similarly for 
the surveys which are urgently required for the development of the 
Port of Kandla in Kutch, geodetic and topographical triangulation 
of the requisite accuracy does not exist. A start is therefore bring 
made with the strengthening of the fiecondary triangulation in the 
Kandla area by the measurement of a geodetic base, the observation 
of twin Laplace a t  4 stations of this series and the re-observations 
of the angles of triangles which had large triangalar errors. 

A systematic programme of re-observation of the entire secondary 
triangulation in India extending over a period of years is envisaged. 
TI) Rome areas it may be more economical and convenient to replace 
gcotletic triangulation by high precision tmvcraes. With this end in 
view, the necessary personnel are being trained. It will, however, 
take Rome time before any tangible results are obtained. 

Large scale maps are also likely to be required for the develop- 
ment of the Andaman and Nicobar Islands for the re~ett~lement of 
refugees from Pakistan. Detail8 of the existing triangulation and 
maps of these islands are, therefore, put on record and recommenda- 
tions for future work are made; 

3. Levcl1ing.-( Chapter TI ). The levelling under report h w  
added 906 milos in one direction only to the new High Precieion 
level net. O u t  of a total estimated mileage of 16,800 milee for this 
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net, levelling of 4,600 lniles still remains to be carried out. About 
400 lnilos of levelling of precision were also run to meet extra- 
departmental needs. 

Two of the level lines have yielded some interesting results. 
h line from Roorkee to Hardwar has indicated an upwarping of 
the Siwalik axis a t  the rate of about one inch in 40 years. One 
line was run from BardwBn to 13ublat a t  the request of the Ricer 
Sunyepor to the Commissioners for the Port of Calcutta for prod- 
cling new reference bench-marks along the Hooghly for the tide- 
gnuge stations. This ha9 given useful data about the subsidence of 
levels in Sonth Rengal. 

4. Gravity.-( Chapter I11 ). Observations have been made a t  
101 new stations with the Frost Gravimeter in the Rgniganj cod- 
fields area and in the Nagpur area. The work in the Nagpur area 
is still in progress. The results in the Rqnigtmj coal-fields area 
are discussed and some interesting features are brought to li ht. f PYliile the present spacing of stations can not locate anything ike 
the actual coal seams, it c ~ m  help in structural investig:tt,ions 
such aq the possibility of exten~ion of the RBntganj coal bearing 
aeries under the ~~lluvium and in pointing out areas for more 
intensive study. 

Thirty-six old pendulum stations have also been re-observed, and 
useful information gained about the precision of older work. 

A noteworthy event hm been the oomection of the beae station 
et Dehra Diin to the group of 5 stations a t  Delhi recently obeerved 
by Dr. G .  P. Woollard of the Wood3 Hole Ooeanographic Institution 
( U.S.A. ) a~ part of his world net of p v i t y  eta ti on^. The detaib 
of this connection are given in para 38. 

Isostatic anomalies have been calculated for gravity stations 
in Thailand. 

5 .  Deviatign of the Verticul.-( Chapter LV ). Two weak 
mctions of the geoid, one in Central India and the other in South 
India have been ~trengthcned by observing deflections a t  stations 
rrpaced ahout 15 to 20 miles apart. As a, result, the closing errora 
of the two geoidal circuits have greatly improved. 

The reaulta of Laplace observetione a t  1 station in Nep&l, 
3 paire of stations in Central India, 2 etatione in MHrwBr, and 
2 etetione in South India, are also diecussed. 

6. Headgwrrtms Rimline.-( Chapter V and VI ). The tidal 
prediction, eeiemic and meteorological observetione a t  Dehra lXln 
hove been continued. It hes not been posaible to restart the 
Dehre Diin Magnetic Observatory due to financi51 atringenoy and 
the programme of re-observation a t  magnetic repeat stations haa 
.fso mmained in abeyance. 

8amo inbmting obeervetion~ for determination of variation 
of megnetio force a t  different levels were, however, made in 'the 
Kohr Qolaelds to k t  the modern theories of Earth'a magnetism. 
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7. Computing Ofice.-( Chapter VII ). A start has been made 
:vith the adju~ltrnent and publication of topographical triangulation 
and traverse data all over India. Due to  shortage of trained 
~jersonnel, the progress is slow. The job is estimated to take 
30 computers abollt 30 years to complete. 

8. Research and Technicut Notes.-( Chapter VIZI ). In  Sec- 
tion I the problems associated with Mesn Sea-Level in Inclia and 
its fluctuations are disoutlsed. I11 Section I1 the results of recent 
levelling to detect subsidence of levels froin Calcutta to Diamond 
Harbour and to Dublat are considered. There appears to be 
evidence of a general subsidence but  to determine the rate of sub- 
sidence relevelling a t  frequent intervals say every two to five years is 
necessary. Sectiofi I11 gives the definitions of the various geoids in 
use in India and the data on which they are based. 

9. Future Programme.--The financial stringency is likely to 
impede the progress of geodetic and geophysical work for sometime 
in the future. It ia, however, hoped that it will be possible to carry 
on the programme of strengthening the secondary triangulations 
by the measurement of new bases, re-observation of angles where 
necessary and the provision of Laplace control, beginning with 
areas where there is an urgent demand for large scale surveys. In 
order to meet the urgent requirements of Central and Provincial 
Governments for secondarjr levelling, the completion of the new 
High Procision net will inevitably be delayed. It is intended to 
continue the observation of the new 10-mile network of gravimetric 
statione. 

The question of restarting the Magnetic Observatory a t  Dehra 
Dfin is under the consideration of the Government of India.. When 
tho observatory gets re-opened the programme of observation of 
magnetic elements a t  Repeat stations will be resumed. 

Some work on the redetermination of tidal constants to improve 
predictions is also contemplated. * 

It is a100 intended to continue the study of changm of levale 
associated with major geological faults and thrust planes, tho rise 
of Siwalik axis and the downwarping of deltaio area of Bengal by 
carrying out levellug et periodical intervals. 

B. L. QULATEE, M.A. ( CANTAB. ), P.B.Y.U.&, 
October, 1950. Director, Geodetic and Training Circle. 
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TRIANGULATION 

I .  Geodetic Triangulation in India.-Chart 1 shows the Primary 
and Secondary Triangulation of India which has often been loosely 
described as Geodetic Triangulation. 

The hulk of this work was carried out between 1802 and 1882 
when the skeleton framework of the Geodetic Triangulation was 
reckoned to be complete and the net was adjusted by sirnultaneous 
grinding for getting final values of co-ordinates-a process that 
took 20 years to complete. The Survey of India department was 
reorganized in 1905 and i t  was asked to concentrate its energies on 
a new series of topographical maps of 1 inch to 1 mile scale. 
Accordingly, very Little was done in the way of Principal triangula- 
tion after 1905-only a few series being observed, mainly in 
Ba!uchistBn and Burma. A numbel= of secondary series were 
observed between 1909 and 1917 with a visb~ to filling in the gaps 
between primary series; and a vast amount of topographical 
triangulation was caa.ricd out to pro\-iiie the fra~ncwork for 1-inch 
maps. 

The stations of the broad network of Geodetic Triangulation 
are protected monuments and their co-ordinates and heights have 
been printed in triangulation pamphlets. While the Primary 
triangulation was of the same order of accuracy as tha,t in Europe 
in its time, i t  cannot compete with good triangulation executed 
now-a-days by modern instruments. Some of the st&ions are over 
a century old and have been destroyed and can only be restored by 
observations to surrounding stations. The triangulation is also 
weak in certain areas especially in the plains of India where high 
towers had to be erected to secure visibility of rays. There are 
sure to be large local errors in places, especially between the centres 
of weak series running parallel to each other a t  a comparatively 
short distance apart. Accordingly there are considerable areas 
inside India where re-observation and strengthening of secondary 
seriee is necessary. 

As an example the problem arose lately to  demarcate the 
boundary between East and West Bengal. The old cadastral 
16-inch maps in this area were based on data unrelated to the 
primary triangulation of India. The only series running through 
thb area is Calcutta Meridional Series (No. 16 ) executed under 
very difficult circumstances in the year 1846-48, aa the country is 
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a perfectly level plain abounding in tall trees. It is of secondary 
quality and most of the stations are tower stations ranging in height 
from 26 to 44 feet. A recent reconnaissance of this series revealed 
that most of these stations had disappeared and when the boundary 
is demarcated, quite a number of trig11 precision traverses will be neces- 
sary making use of the sparse G.T. control as far as possible. 

The stations of t>lle G.T. framework in a chain are about 18 to 20 
miles apart but the chains themselves are about 100 t'o 200 miles 
apart. Fortopographicnl maps of 1-inch and smaller scrcles, this has 
been supplemented by topographical triangulation and tra.verse and 
the detail of the Indian sub-continent so far as the accuracy of 1-inch 
maps can show it, is in terms of this topograpllical frameworlc. 

2. Framework for Large Scale Maps.-As a basis for large scale 
and local projects, the precision of the existing topographical 
triangulation is generally not enough and the geodetic framework 
was not a t  all designed for this purpose, its stations beiilg located 
in remote and not easily accessible places. In  the plains high tower 
stations were used and these have been mostly damaged or 
destroyed. No serious primary traverses have been run in India 
as a substitute for geodetic triangulation. 

The strengthening and extension of the G.T. triangulation and 
the provision of a sufficiently dense and precise framework to 
provide scale and azimuth in areas where there is likelihood of large 
scale work are important practical necessities which will entail years 
of planned work and labour. 

There are numerous urgent demands now-a-days on the Survey 
of India for large scale maps and one of these is in the KMhiiiwBr 
area for the development of tho Port of Kandla. This area has so 
far not been covered even by 1-inch modern survey. Two secondary 
series Kutch Coast Series ( No. 35 ) and Kutch Coast-line Seriea 
(No. 39 ) run through the area and it is proposed to strengthen them 
next field season by the measurement of a geodetic base and the 
observations of Laplace stations as shown in Chart 11. 

It will, however, be some time before a vigorous programme 
of eyetematic geodetic triangulation and primary traverse can 
be startecl. Observers are being trained in precision base measure- 
ments and in the use of Geodetic Wild and Taviatock theodolites. 
Hitherto, observations a t  night have been made to archaic Argand 
l amp ,  which work with kerosene oil. Some electric signal lamps 
have now been obt,ained from Messrs. Cooke Troughton and Simma 
and it ia hoped that the use of these will contribute towards better 
precision of rmults. 

3. Triangulation in Ku1u.-Chart I11 shows the topographical 
triangulation in Kulu valley of East Punjab, carried out in 1946 to 
e r n e  aa a bmis for large scale revenue maps required for revising 
the land settlement of the area, the l ad  settlement having been 
c o n i d  out more than 60 year8 ago. It is of a rewonably good 
quality, but the area is so far removed from the geodetic triangule- 
tion network, that i t  hae not been po~sihle to uae the (3.T. either 









as a basis for the topographical trial~gulation or to control the errors 
of topographical triangulation in scale and hearing. The triangulation 
was bared on an independent short base of 4-chain length measured ' 
with an accuracy of sbciit, 1/10,000 and an astronomical azimuth 
measured at  Bijli h.s. The co-ordinates were derived from Saupar 
h.s., ( of Beas-Chandrsbhi~ga Serics ) which is a sta,tion of an , 
exploratory triangulation emanating from stations Lasirmou H.S. 
( Lat. 34" 16', Long. 77" 30' ) and Parchakanri H.8. ( Lat. 34" O l ' ,  
Long. 77" 27' ) of Iiashmir Ytincjpal Series. The co-ordinates of 
this station can tlius be in error by a, coi~siderablo amount. The 
initial astronomical azirnlitll at Bijli h.s. of Kolrhan h.s. used for 
the computation of the triangulation was corrected for Lsplace. 
The correction applied was +23". The astrolaomical azimuths 
observed a t  three other stations wcre also sinlllarly corrected for 
Laplace and provided a satisfactory check. The triangulation is 
however without a proper geodetic basis and the extension of the 
Great Arc Meridional Series Sectioil 24"-30" ( No. 6 ) to join with 
.the Kashmir Principal Series ( No. 36 ) would provide a G.T. 
connection in this area. It would also provide a support to 
the Kashmir Series a t  its eastern end. There are, however, topo- 
graphical and other difficulties in the execution of this work but 
it is on the programme of the Survey of India and i t  is hoped 
that i t  will be possible to take this up a t  not too distant a date. 

4. Triangulation in Nepal.--In most of the catchment area 
of the Bosi river there was 110 tria'ngulation of any kind when 
framework data v,-as required in 1926 to co~itrnl the surveys then 
urgently required in cor~nectit~n ivit!l the Kosi hyd1.o-electric and irriga- 
tion project. In other areas where any trii~ngulation existed i t  was 
of a sketchy nature and of poor quality. It was decided to carry 
out fresh triangulation from Sandakphu to KiZtmLndu and to effect a 
oonnection with the G.T. to Ladnia T.S. ( see Chart IV ). 

Again, as in the case of Kulu triangulation, for lack of any 
geodetic tria~lgulation in the vicinity, the scale, bearing and initial 
co-ordinates for the ncw series of topographical triangulation had 
to be derived from Phalllt h.s. and Sandakphu h.s., two stations 
of a very weak old triangulation ( 1879-80 ), which had its source 
in the North-East Longitudinal G.T. series about 100 miles away. 
The scale was controlled by iilea~ured short bases to prevent any 
serious accumulstion of error and the connection to Ladnia T.S. is 
sufficient to put the co-ordinates of the new topographical triangula- 
tion in terms of G.T. series to which Ladnia T.S. belongs. Without 
a connection to G.T. bearing, or the observation of Laplace, however, 
i t  was not possible to put the azimuths of the now triangulation in 
terms of G.T. 

It was not >osaible to observe at Lacinie T.S. to any of the 
surrounding G.T.  station^ due to the obstacles that have now surround- 
ed this station. It was, therefore, decided to establish a Laplace 
station a t  Ladnia T.S. by observing a t  an auxiliary station close to i t  
end to supplement it, by observations a t  two other Laplace etatione 
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in the new series running towards Sandaliphu h.s. It is unfortunate 
that owing to the failure of the wireless set, the programme had 
to be abandoned after malring observations only a t  Tarnsrang h.s., 
which is a station of a subsidiary chain and the longitude of which 
is by no means well determined. Tne subsidiary chair is based on 
its own astronomical bearing and measured short base indapsndent 
of the main chain. 

Nearly all the old tower stations in this area have crl-tmbled 
down and it appeared difficult to effect a corinection of the main 
chain of topographical triangulation to a G.T. side. Fortunately, 
Bilby steel towers have now become available and i t  is contem- 
plated to observe the quadrilateral Ladnia T.S., Sarunga h.s., 
Gidhmanau h.s. and Harpur T.S. 

It is also proposed to strengthen the connection to Tainarang 
h.s., and remove other weaknesses in the main chain extending 
to K5tmBndu. From KBtmBndu i t  is proposed to carry the 
triangulation southwards and to effect a cormection with the G.T. 
North-East Longitudinal Series a t  Sinaria T.S. and Bulakipur T.S. 
observing a t  stations Gehri Goor Thumka h.s., Kawachuri h.s. and 
Dhumi Danda h.s. ( see Chart IV ). The North-East Longitudinal 
Series is really a secondary series and it appears desirable to observe 
twin Laplace stations a t  Sinaria T.S.-Bulakipur T.S., and a t  
Phalut h.s.-Sandakphu h.s. respectively. 

5. Triangulation in the Andamans and Nicobars.-Lately, the 
development of the Andamans and Nicobar Islands for the purpose 
of resettlement of refugees from the Pakistan areas has assumed 
considerable importance and large scale mapping over there is 
being contemplated. It is therefore of importance to record what 
exists in the way of control framework in those areas and what 
further action is needed. 

( a ) Andaman Islands.-The datum station for latitudes and 
longitudes is the astronomical observatory on Chatham Island, 
where very elaborate astronomical observations were carried out 
by Mr. Nicholson of the Survey of India in 1861. Latitudes were 
determined from 162 meridional zenith distances and longitudes 
were obtained directly with respect to Greenwich from 41 lunar 
culminations and 180 lunar zenith distances. The actual values 
obtained were : 

Latitude 11" 41' 13".00N. 
Longitude 92" 42' 44" - 00 E. 

The triangulation ( see Chart V ) was executed by Capt. J. R. Hobday 
in 1883-86 with a 10-inch theodolite by Troughton and Simms. 
I t  wm based on the astronomical co-ordinates of the above observa- 
tory ~ E I  determined about 22 years previously. A b a ~ e  about mile 
long was measured in 1883 with 6 rods of well Reasoned teak wood 
prepared locally. T h e ~ e  rods were 10 feet 2 inches long and 2 inches 
equare in section and were standardized against an iron standard 
her  upp plied by the G.T. Survey Office a t  Dehra DQn. The rode 
were not varnished or protected from damp in any way, nor were 
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their coefficients of expansion determined or applied to base-line 
measurements. 

An astronomictll azi~uuth was determined ak the site of the 
observatory in 1684 and the heights of the triangulation are based 
on Ross Bench-Mark C which was connected by levelling to a tide- 
gauge. The tide-gaage obaeri atory at, I'ort Blair was in operation 
from 1880 to 1905. RSean sea-level as deterinii~ed from 1880-86 
observatiolls worlced out to be 4 .TO8 feet above zero of t h e  gauge. 
This figure makes Ross' R.M. 7  .766 ft. above M.S.L. and for the 
purpose of triangulation heights, the spirit levelled height of this 
B.M. was defined as 7 . 7 7  ft. 

Later on, an improved value of M.S.L. was derived from 25 
yearly means (1880-1!)05), which made Ross' B.M. to be 7.71 ft. 
above 1I.S.L. but this value has not been brought into use. 

Although the angles were measured with considerable care 
with a 10-inch theodolite, the average triangular error is rather 
large ( about 8 seconds ). Some of the triangles are not well 
conditioned on account of the peculiar shape of the Islands and the 
intersected points are particularly weak. The work was executed 
under difficult conditions as except in the vicinity of Port Bia,ir, 
the islands are covered with dense vegetation. 

( 6 ) Nicoba~ Ishnds.--During the course of triangulation in 
the Andaman Islands, the GOT-ernment of India decided to make 
an accurate survey of the coast-linc of the Nicobar Islands as 
well ancl to dcternliile the position of various conspicuous hills 
in the interior to ellable the navigators to use them as landmarks. 
TII pursuance of this decision, triangulation in the Nicobar Islands 
xvar c:+rried out in 1886-87. For this purpose, a base-line about 
1,000 yards long was measured in the Camorta Settlements with 
10-foot seasoned teak wood rods of 3-inch cross-sect8ioa standardized 
against an iron bar supplied by the G.T. Survey Office a t  Dehra Dfin, 
as for bases measured in the Andamans, and a small observatory 
was built near the Police Lines there to  serve a.s the origin of the 
survey. 

The latitude of the observatory was cleternlined by 88 circum- 
meridian altitudes. 

The longitude was determined differentially from that  of Ross 
Bench-Mark C, ( Chatham Island, Port Blair ), by transfer of 
chronometers. Eight chrononleters were carried 3 times between 
the two stations. The longitude of the Chatham Island observatory 
had been determined in 1861 by Mr. Nicholson of the Survey of 
India. 

An azimuth wau measured at Camorta observatory by observ- 
ing a circumpolar star near elongation. 

The instrument used for the determination of the latitude 
and azimuth was a 14-inch theodolite by Troughton e;nd 
Simms. 
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The triangulation is based on the following  element,^ :- 
( i ) Camorta observatory ( 1886-88 values ) : 

Latitude 8" 2' 20"- 79 N. 
Longitude 93" 31' 55".  05 E. 

( ii ) Azimuth of signalling sta.ff-146" 33' 00". . . 

( iii ) Height above mean sea-level of t'he upper surface of 
bench-mark built near the jetty a t  Camortn--6 feet. 
This height has been obt'ained from x tidal record 
estending over one month. 

( iv ) Length of the base-line-2994.653 feet. 
( v ) Everest's elements for the ea,rth, as used in the Survey 

of India. 
The triangulation was execut'ed utlclt~ the supervisiou of Lieut.- 

Colonel G. Strahan, R.E., with 14-inch and 6-inch theodolites by 
Troughton and Simms. The average triangular error was 10".9. 

A secorld base-line was measured on the north coast of the 
Great Nicobar. An azimuth uTas also observed to Polaris near 
olongation. By this means the breadth of the channel between 
the Great and Little Nicobars was determined and further some 
conspicuous hill-tops in the latter island were fixed which were also 
intersected from the stations on the islands of Katchall and Trinkat, 
whereby the triangulation was carried through the Little Nicobar to 
t,he Great Nicobar. 

The coast-line traverses were worked out by the Subtense Bar 
method. 

Several of t,he stations of the triangulation and also some of 
those a t  which the latitude was observed, were be!ow the high water 
mark. Consequently no permanent marks were built there. 

( c ) Existing dula an11 charts of the Anciarnan and iVicobar 
Islamb.--Great confii~ion exists about the terms of reference of the 
printed data and charts of these Islands, ancl this led to  a considerable 
amount of embarrassment in World War IT. For the Nicobar 
Islands, the following frames of reference are available :- 

( i ) Snmey of India, spherical data triang~iletion pamphlet 
( 1927 ). 

( ii ) Survey of India A-inch sheet ( Nicobars ), 1887. 
( iii ) Survey of India grid pamphlet ( 1944 ). 
( iv ) Admiralty Chart 1153 ( wale 1 inch = 1 mile ), con- 

taining Nancowry, Trinkat, C a m o r t ~  and Kajtchall 
Islands. 

( v ) Admiralty Chart 840 ( wale I inch -= 8 miles ), con- 
taining the above I~landa and also Tillenchong, 
Teressa and Car Nicobor. 

( vi ) Houth Aeie Seriee ( Andemen ), scale 1/3M, 1916. 
Aa hea alreedy betn dated, the origins1 survey of 1 W M 8  

of the Nicobar Islands waa baaed on Camorto observatory ~s migin, 



its longitude being determined with reference to a point in Port 
Blair by the method of' transport of chronometers. The longitude. 
of Port Blair had been determined in 1862 with reference to Green- 
wich directly fro111 lunar culminations. 

It was later rea,lized that this was an ina~curn~te method. 
Accordingly in 1899, another determina,tion of 10ngit~ude of Port * 
Blair was made with respect to a C.T. point in Burma (Diamond 
Island, Flagstaff) by transport of chronometers. This value differed 
from the preceding one by 1' 16". Hence the longitude of Camorta 
end points in the Nicobars based on i t  require n orr-cction of -t. l f  
16". In the following discussion, the 1ongit)udes dependent on 1862 
values of Port Blair will be called unadjusted values, and those 
based on 1899 values as adjusted values. 

Items ( ii ) and ( v ) mentioned above are based on unadjusted 
values, while ( i ) is on adjusted values. The two Admiralty Charts 
( iv ) and ( v ) appear to have been prepared independently of each 
other. Chart 840, the older one of the two is ungridded and was 
compiled from surveys and observations of Frigate " Novarro " in 
1868 ; coast-line afid topogrephy being carried out in 1887 by the 
Survey of India after the triangulation of the Island. This chart is 
in unadjusted terms. Chart 1153 was prepared by the Marine Survey 
in 1921 and they complicated the situation by introducing yet another 
value of longitude. They determined the longitude of a new 
station, Rs y Point from Port Blair ( n.llose longitude was supposed 
to be i l l  berms of tllc geodetic longitude of Madras ) and connected 
this station to Indian trix:1g!.nlation and fnuud the following differ- 
ence :- 

Atlrniralty - G.T. ( adjusted ) = -1" a 5 in latitude and 
-- 2 1 " - 7  in longitude. 

No corrc?ctions were applied to Marine Survey values to bring them 
in terms of Indian G.T. vdues. 

The next stage was illat tho Admiralty charts were prepared 
in spherical tlerms in 1924-25. By wrong rea,soning, the value of 
longitude of Ray Point was decreased by 5" 6 ,  as i t  was considered 
that this would make the astronomical longitude of Madras the 
basis of longitudes, which would be more appropriate. 

At the time of gridding the charts a t  a later date, i t  was con- 
eidered that the above procedure was not justified and that for 
grid the basis of longitude should be restored to that of the geodetic 
longitude of Madras. This wm achieved by making the grid out 
of sympathy with the graticnle by 6" 6 or 186 yards. 

Actlially the whole confiision was due to faulty assessment of 
the  problem^ in'volved and of the methods employed. The method 
of traneport of chronometers is out-of-date and may give en error 
of 1 mile due to the uncertainty of the rates of the chronometers : 
end this method only gives the difference of estronomioel longitudes. 
One omnot therefore ray that the longitude of Ray Point is i n .  
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terms of the geodetic longitucle of hIsdras. Until there is a 
. triangulation connection between Inclia and thi: Nicobars, the latter 
can only be regarded as being in indepenclent terms. 

Due to the above causes, the t'wo versions ( spherical and 
grid ) of Chart 1 153 are out of sympathy by 5" - fi ; the two 
charts 840 and 1153 are out of sympathy by 1,700 yards and 
the Survey of India 1944 grid pamphlet differs from Chart 840 by 
1.700 yards. 

To get over the confusion until the time that further work is 
undertaken the Survey of India, 1927 spherical parliphlct which is in 
adjusted terms must be regarded as the final finthorit). All others 
must be reduced to it. This involves the correct,ion of the spherical 
graticule on Chart 1153 by +28". 3 in longitude and the grid on it 
by + 720 y ~ r c l ~  in Easting. The graticule of Chart 840 neecis shifting 
by 1' 16", but the relative positions of all the Islands are correct. 

ALI this produced considerable delay8 and puzzled the users of 
the data in World War 11. In  1944, the Director of Military 
Surveys prepared maps on scale 2 inches = 1 mile of Teressa, 
Car Nicobar and Tillanchong and other islands from aerial photo- 
!Taphs. 

The maps of Teressa, Car Nicobar and Tillanchong were based 
on Chart 840 and those of Nancowry, Trinkat, Camorta and Katchall 
on Chart 1153 without bringing charts 840 and 1153 to the same 
terms. The new sets of maps of these islands were consequently 
not in sympathy and the army was a t  a loss as to how to reconcile 
them. When the war ended, these maps went in oblivion. 

It will be apparent from the above that the existing triangu- 
lations both in the Andamans and in the Nicobars are not connected 
to the Indian Triangulation and are only weakly connected to each 
other. The base measurements were made with rather crude instru- 
mente and the layout of the triangulation is not very good. The 
longitudes wew necessarily determined by the older inaccurate 
methods of lunar culminations and transport of chronometers. The 
existing date is in such a tangle that none but an expert can 
understand the conflicting longit~lde change3 which were applied from 
time to time. 

For any new mapping that may have to be done in this area, 
new bases end new valnes of astronomical longitudes determined by the 
latest methods employing radio signals are the first easential. These 
would put the islands on their own datums independent of India. 
Them is then the much wider question of connecting the triangula- 
tion of them Islands with India to get the geographic co-ordinates 
in the aeme terms. 

Some yeare ago, thia would have been considered of academic 
i n k e d  only, ee the relative accuracy of points within the border8 of 
mob country wee all that was conaidered important. The discre- 
pmriarr which inevitably exiat between the triangulation ~ysteme 
of the different countrim because of their being on independent 
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datums and different figures of the earth are, l~owevel-, now-a-days 
causing ernbarrassl~~ent to mariners, anti the~ve is a strong demand. 
for unification of the geogm3p!:~cal grids of the world. hlodern 
electrollic aids to na~igat~iou such as Shoran, Loran, Decca, etc., 
which have been invented in the last iew years have hronght to 
the fore the need for more acourato geodetic ciatn, for the preparation 
of marine charts covering large parts of the glohc anti cont,aining 
coast-lines of several countries. 

6 .  Error in Heights fixed by Geodetic Triangulation.-Chart YI 
shows the estimated maximum discrepancy between trigonometrical 
and spirit-levelled heights of G.T. stations, It will be noticed that 
the heights of some of the older series are seriously in error. 
This will also be manifest from the values of gl  ( which is an i d e s  
of precision of trigonornetrical heights ) as tabulated in Chart I. 
The error in the height of G.T. series is carried forward when 
topographical triangulation is based on it  and is continued over long 
distances. This error combined with t,he accumulat~ion of error in 
the topographical triangulation can sometimes assume serious 
proportions. This is best illustrated by the following example. 

I n  December 1944, Lieut. Gadd of the U.S.A. 653 Engineers 
Corps did some survey work near Jiwani aerodrome ( SW. Balu- 
chistgn ) .  He pointed out that his heights which were based on 
sea-level, differed from the Snrvey of India heights on maps by as 
much as 3 0  to  40 f i ~ ~ t , .  

To invr>stigato tlii.; discrcp~ncy No. 20 ( C'ai i to~i~ue~~t ) Party of 
the Survey of Inditl which m-RS working ill the area a t  that time 
effected a direct con~lection of Ganz h.s., one of the stations of the 
topographical triangulation, to sea-level by spirit-levelling, The 
sea-level was observed near ( within an hour ) high and low water. 
Mr. Wi~nbush of the Imperial Airways had also established a bencll- 
mark in this area in 1940 and his observations were confirmed b\ 
the results of No. 20 Party's work. Q 

It is thus established t1hn t the topographical triangulation in this 
area which is some 300 miles away from the geodetic triangulation, 
had, in fact accumulated an error of ahout 30 feet in height, one 
third of which a t  least was possibly clue to the error in the heights 
of geodetic triang~lat~ion. Tliere is thus need fill. a systematic 
examination of all such areas and the inipro\~enlcllt of the accurac). 
of trig~nornet~rical heights bv morc fretll~ent connections to spirit- 
levelling lines. 

7. Upkeep of G.T. Stations.-All geodetic, sorne minor stations 
and selected primary bench-marks are under the custody of local 
officials, who are responsible for their upkeep. Annual reports on 
their condition are ~ubmitt~ed by Distzict officials to  the President, 
Geodetic and Research Branch together with an estimate of the oost, 
of such repairs as may be necessary. Such stations are termed 
protected. 



The strrtiolls of geodot,i!: triar~gu!ation are genero,lly m ~ r k e d  by 
a circle and dot cut on rock or R 1 ~ 0 d . r ~  st,one. Abo.\.e the mark in 
hilly country is built a low yillnr ( s f  stone or bricks. :tnd the whole 
i3 surrounded by a lalgc platform of looqe stones and covered by 8, 

cairn, and in flat C O U I ~ ~ I ~ J ~  R higI1 k)ri('k tower. Most cif these stations 
were built over a century ago. 

I n  jungle areas the  station:^ are, liable t o  be clestroyed by wild 
animals and vegetation and in other oreas from wind, rain and 
other natural causes. In  some itreah, c.specjallj, Burma, many 
stations have been dug up by treax~u e seekers. The result is that 
rapid decrease is taking place in the number of pairs of stations 
which can give a value of scale find azjmiitli to  geodetic accuracy 
for future extensions. This fact came home when data of geodetic 
triangulat8ion was recently examined for issue and to establish 
control points from it  for the purpose of running triangulation and 
traverses to fix boundary pillars that are likely to  be built to 
demarcate the boundary between East and West Bengal. 

It appears that  the time has now arrived to  organize a field 
tletachment to  visit old stations and replace their st'ructures b 
monuments of more modern types and to  refix their positions wit 3: 
geodetic eccuracy where they are complet,ely destroyed and cannot 
now be identified. 

8. International Geographical Grid of the World.-It has been 
pointed out in Technical Report 1947, Part  111, Chapter I, page 33, 
para 22, that the triangulation of India and Burma is computed on 
the Everest spheroid, the axes of which are about 3,000 feet smaller 
than most modern spheroids and which is not in good agteement 
with the geoid. Moreover the deviations of the vertical accepted 
a t  the datum of Indian geodetic triangulation, viz., Kaliiinpur are 
not defined on an International basis. The Survey of India would 
therefore welcome any scheme which would make for uniformity 
in this rtnl~c.ct in all the countries of the world. 

Recently the International Hydrographic Bureau has been 
evincing some interest in the unifloetion of the Qeogrephioal Grids 
of the World. At present discreprsncie~ occur between the 
triangulation ~ystems of the varioue nhtions, firstly due to 
importance having been attached to relative aocuraoy of the et~ltione 
within the bordera of each country end secondly due to  the use of 
different figurea of the earth for the computation of these 
t8dangulation ewtems. 

With the introduction of modern electronic aids to  nlcviga- 
tion such ss Shoran, Loran, Decca, etc., there is need for more 
aocurate geodetic deb for the preparation of marine charte which 
contain conate of several countries and cover large pa& of the 
globe. The Fifth Internetionrl Hydrographic Conference held et 
Monte-Carlo in 1947 therefore passed a reeolution recommending 
that the Directing Committee of the International Hydro aphic 
Bureau ahould get in touch with the International Union of g o d a y  
end k p h y a i c a  for the purpoee of finding tho b e ~ t  means of makirlg 



anh reducing observations fca ubtair~ing the absolute geographic co- 
ordinates of points on the globe with the highest possible standard 
of accuracy. 

The Survey of' Inditt will natrirally watch the outcome of thew 
efforts with interest and would be willi~lg tjo offer aU t h e  co-opara.tion 
i t  can. 

It is also of great interest to learn that the Italian Military 
Geographic Institute has in&iated action for the simulti~neous 
adjustment of the European Geodetic Nets of Triangulation. Tnclicz 
has always been interested in a co~lnection of the I~ldian Triangula- 
tion systenl to that of Europe and as pointed out in thelast pears' 
Teohnioal Report, the chances of such a connection in the near 
future are now better and consequently the adjustment of the 
geodetic triangulation nets of Europe is regarded as of great 
importance. 



LEVELLING 

9. General.-Yue to the paucity of trained personnel only 
two single levelling detachments could be organized. One of these 
tletachments under Mr. 1. &I. Saklani completed tlie back levelling 
of the High Precision line from Bombay to RatnLgiri which was 
levelled in the fore direction only during the last field season. 
Anothr r detachment under Mr. B. P. Rundev ( Surveyor ) carried 
out precision levelling in the fore direction from BurdwLn to 
Diamond Harbour. The back levelling of this line was carried 
out during the same season by Mr. H. C. Gupta ( Surveyor ) ae 
the results were urgently required by the River Surveyor to the 
Commissioliers for the Port of Calcutta. In  addition to the above, 
revisionary levelling from Roorkee to HardwLr was carried out with 
R view to detect changes of level in this area. A detachment also 
carried out double tertiary levelling for the G.I.P. railway. 

10. Summary of out-turn.-The total out-turn of work ( see 
'Cable 1 ) carried out during field season 1947-48 is as follows :- 

( a ) High Precision Levelling in one direc- 
tion . . . . . . 239 rniles ( 251 gross ) 

( b ) Levelling of Precision in both direc- 
tions . . . . . . 131 rniles ( 142 gross ) 

( c ) Levelling of Precision in one direction 22 miles 
( d ) Double tertiary levelling . . 2 1 miles 
I I. RatnHgiri to Bombay.-A detachment under Mr. I. M. 

Saklani with one recorder and 15 khal6s.i~ commenced work at  
Ratniigiri on 6th December 1947 from Standard Bench-mark ( Type 
M ) in the compound of the Collector's bungalow. The route follow- 
ed was the same by which the fore-leveller had gone in the previous 
seaaon ( eee Technical Report 1947, Part 111, para 27, pages 36 and 
37 ). For transport a 3-ton lorry waa secured on contract from 
Meeera. R. B. Shirke Bros. of RatnSigiri a t  RY. 201- per day, which 
included ell chargee such as the pay of the driver and cleaner, repairs 
end maintenance, except the cost of petrol which waa wipplied by the 
detachment. The lorry functioned satisfactorily and the programme 
wee completed in good time. The work was closed on Standard 
Bench-mark No. 2/47 B st Bombay on 22nd April 1948 and the 
detachment returned to Dehre DOn for re-. 







LEVELLIKG 

The health of the detschrnent remained generally good except 
that the recorder fell sick 011 Slst Jaauary 1948 and had to be 
replaced by a computer from Dehra Diin. The work in the 
meantime was continued single handed by the observer for about 
20 days. One khalksi died of an attack of paralysis. 

12. Burdwiit: to  Diamond Harbour.-In August 1947, the 
River Surveyor to the Commissioners for the Port of Calcutta 
pointed out that leveliing carried out by him showed that 
bench-mark No. 159179 R a t  Diamond Harbour had sunk by about 
6 inches relative to bench-mark No. 260179 B in the same locality. 
He, therefore, made an urgent request to this department to confirm 
this subsidence. A detachment under Mr. B. P. Rundev ( Surveyor ), 
with one recorder and 14 khaZsis left Dehra Diin on 20th December 
1947 and commenced work at Diamond Harbour on 27th 
December 1947 from B.M. No. 91/79 B and closed on B.M. 
No. 353179 B a t  Calcutta. Besides confirming the subsidence of 
B.M. 159179 B relative to B.M. 160179 R referred to above, this 
levelling also provided reference bench-marks for the river gauges 
along the Hooghly river. 

There is, however, no rock-cut bench-marl< near Calcutta and 
it was considered advisable to continue the levelling to a stable 
bench-mark. The levelling was, therefore, carried on further from 
Calcutta ( B.M. No. 353179 B ) to Burdwln ( B.M. No. 116173 M ). 
This served another useful purpose too. The previous levelling line 
from Calcutta to Burdwiin ran along the main road. During World 
War I1 this road was widened considerably by the Americans and 
all the bench-marks were obliterated. Sixty-nine new bench-marks 
have now been constructed along this road. 

The levelling in the back direction was carried out by Mr. H. C. 
Gupta ( Surveyor ) in the same season. He replaced Mr. B. P. 
Rundev on 24th February 1948 and commenced work on 26th 
February 1948 a t  BurdwBn from B.M. No. 116173 M and following 
the route of the fore leveller closed work on B.M, No. 91/79 B 
at  Diamond Harbour on 25th April 1948. Results of this level- 
ling are discussed in Chapter VIII, Research and Technical 
Notes. 

At the request of the River Surveyor, the levelling from 
Calcutta to Diamond Harbour has been extended to Dublat and 
work is in progress to relevel the line from Howrah to Balasore 
via Hijli. This is described in Section I1 of this Chapter. 

13. Upwarping of SiwHlik axis.-A line of precise levelling (No. 
61 B )was run from Nojli to HardwRr in 1908, which connected several 
bench-marks built by the Irrigation Department of the U.P. along 
the route from Roorkee to HardwBr ( Chart VIII ). This line runs 
through the gap in the SiwZilik range carved by the river Ganges. 
The SiwBlik range is of recent origin and the intention was to relevel 
thin line a t  frequent intervals to detect the upward movement 
of the SiwBlik axiw which is of considerable geological interest. 
This objective appears to have been forgotten in the course of time 



and most of the fine bench-marlts built by the I~rigctt~ion Department 
have not been preserved intact and have heen disturbed by routine 
repairs carried out by the same depa,rtmerlt.. A revision of this 
line was carried out in November, 1947 Iny Mr. Jagan Natb 
( Surveyor ) assisted by Rfr. H. C. Gupta ( Surveyor ) and 16 
khak2s;is. 

The results are given in Table 3. I n  this table a comparison is 
made of the observed heights above the Standard Bench-mark at 
Roorkee, as derived by the old ( 1908 ) and new ( 1947 ) levellin$, of 
eleven bench-marks which appeared to have remained undisturbed. 
The figures in column 6 are very interesting, as they are all of the 
same sign. That they are significant would be apparent from a 
comparison wit'h the values in column 7 ,  which gives their probable 
errors. It is thus evident that a general rise of about one inch in 
40 years appears to have occurred in this area. 

There were two handicaps in the above work-one was that 
there is no stable bench-mark a t  Hardwar similar to the one at 
Roorkee, on which the levelling line from Roorkee could be closed 
with confidence and the second was that the marks were mainly 
on milestones which are subject to frequent tampering by the 
Public Works Department. 

At Hardwlr a standard bench-mark ( Type M ) has since been 
built. I n  addition it is proposed to  build interred bench-marks 
( Type B ) a t  BBjiiheri, Dhanauri, RLnipur, JwLlBpur and HardwLr 
railway station ( see Chart VIII ) and to preserve them. It is 
also proposed to extend this levelling line to RLiwLla and Rishikesh. 
Levelling will then be undertaken a t  5-yearly intervals and it is 
hoped that they will provide quantitative results as regards rise of 
the Siwllik axis. 

14. Changes of Level across Krol Thrust.-It is also proposed 
during the next field season to build some banch-marks along some 
major faults and thrust planes suggested by the Geological Survey 
of India and -lo connect them by precise levelling. One such area 
is that of the Krol Thrust shown in Chart IX,  where levelling 
bench-marks are being established a t  points 3404 and 3285 lying 
on the SiwLlik block and points 2993 and 3089 on Kalanga Hill, 
which belongs to the pre-tertiary overt,hrust ICrol unit. Periodic 
levelling for connecting these hench-marks may be of great geologi- 
cal significance. 

15. Tertiary levelling from Ghoradongri to ~athakhera.-This 
levelling was carried out a t  the request of the Chief Engineer G.I.P. 
milway to provide the h~ights  of three hench-marks estnhlished 
a t  ahor~dongri  railway station. Salaiya ant1 Sarni during March to 
April 1948. Ohservationg were commenced hy Mr. S. N. Nandi 
(8urveyor) from Shahplir --B.M. 25!Fifi F of line 115. The work was 
carried out on the ~y.rtem of fore nncl hack levelling. The back 
levelling way commenced immediately on the conclu.qion of the 
fore levelling. Check levelling was carried out from B.M. 36/65 F 
da B.M. 26/55 F on the same system. 
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16. ~ ~ ~ e r ~ l . - D u r i n g  this field $eason, only two detachments 
were provided for in the first instance but three more w m  raised 
later to meet urgent demands from extra-departloental author! tics. 

Detachment No. 1 co~llpleted levell~ng in the back direction of 
the High Precision line Kolldpur to R,atnSgiri. which was levelled 
in the fore direction during the field season 1946-4'7. It then carried 
out high precision levelling in the fore direction from KolbLpur to 
Hubli via Belgaum and DhiirwLr, and from EIuhli to KBrw5r via 
Yellapur. 

Detachment No. 2 was employed on levelling of high precision 
from Raipur to Vizagapatam via Dhamatri, Jeypore, and Viziana- 
gram in the fore direction. 

Detachment No. 3 was organized a t  the request of the River 
Surveyor to the Commissioners for the Port of Calcutta to run a line 
of high precision levelling in both fore and back directions from 
Diamond Harbour to Dublat. After completing this work, the 
detachment carried out about I60 miles of high precision levelling 
from Howrah to Jellasore. 

Two more levelling detachments were organized for precise 
levelling from HosllangBbBd to Mhow for the Executive Engineer 
Lower Narbada Division in connection with the Narbada and TBpti 
Projects. 

17. Summary of out-turn.- The total out-turn of levelling ( see 
Table 1 ) for field season 1848- 42 18 as follows :- 

( a ) H.P. Levelllrig in one direction . . 856 miles ( 939 gross ) 
( 6 ) H.P. Levelling in both directions . . 64 miles ( 56 gross ) 
( c ) Simultalieous double levelling of 

Precision in both directions . . 201 miles ( 236 gross ) 
18.  KolhZpur to Ratnlgiri.-Levelling detachment No. 1 

under Mr. I. M. Saklani with one recorder and- 15 khal&is 
commenced High Precision levelling a t  Kollliipur on 23rd October 
1948 from B.M. No. 23/47 r, and closed on B.M. Xo. 1/48 J 
a t  KBrwiir on 2nd April 1949. The route followed was the 
same by which the fore leveller had gone in season 1046-47, 
that is via MalliRpur, Amba Ghbt, Salrarpa and Pali. The steep 
hills along the route were crossed a t  Amba Ghiit,. The bench- 
marks en route from Hat,hkha~nba to Rat,nkgiri were identical with 
those of this section of line No. 122 and consequently the work was 
closed on a rock-cut bench-mark a t  Hathkhamha. 

After completion of KolhRpur-RatnBgiri section, the detach- 
ment returned to Kolhlpur and recommenced work in the fore direo- 
tion from B.M. No. 23/47 L on line No. 129 of the new level net 
from Kolhlpnr to Mangalore. It was run via Kegal, Sankeehwer, 
Belgaum, Kittur and DhBrwir and closed on B.M. No. 1/48 M 
a t  Hubli. From this bench-mark a branch-line waa run via Yellepur 
to B.M. No. 1/48 J a t  KLrwLr. The route followed from Kolhgpur 
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to Hubli was along theold line No. 29 and that; from Hubli to 
KLrwiir along the old line No. 17. All old bench-marks which could 
be traced and found intact were connected inchlding bench-mark 
No. 1/48 J which was the bench-ma'rk of reference of the old 
tidal observatory a t  KLrwLr now closed. The difference between 
old and new values of these bench-maslcs are being studied and will 
be discussed in the next Report. 

New standard bench-marks ( Type M ) a t  Kolhgpur, Hubli and 
KBrwLr and four other types of primary protected bench-marks 
were connected during the work. Levelling was also carried to 
three G.T. stations and four hill stations of topographical triangu- 
lation. The whole work covered 16,522 feet of rise and 18,696 feet 
of fall. 

For transport a 3-ton lorry was engaged from Messrs. R. B. 
Shirke Bros. of RatnLgiri a t  Rs. 231- per day inclusive of all charges 
except petrol. It greatly helped in speeding up the work through 
the Western Gh5ts and other such areas where transport difficulties 
would otherwise have made progress very slow. 

The general health of the detachment remained good through- 
out, though part of t,he line ran through a notoriously malarious area. 

19. Raipur to  Vizagapatam.-Detachment No. 2 under Mr. 
H. C. Gupta ( Surveyor ), with one recorder and 15 khafisis first 
took up the levelling in the fore direction of the High Precision line 
from Raipur to Vizianagram. He commenced work on 23rd October 
1948, and starting from Standard Bench-mark No. 173164 G 
( Type P ) a t  Raipur continued via Dhamtari, SihLwa, Raigarh,, 
deypore and Salur t o  Vizianagram, and closed the line on Standard 
Bench-mark No. 237165 M ( Type M ) a t  P.W.D. Inspection 
Bungalow, Vizianagram. 

Thereafter he started work on the section Vizianagram to 
Vizagapatam and completed it  on 18th April 1949. This section 
closes on Standard Bench-mark No. 91/65 O (Type P ) a t  
Vizagapatam, which is also the reference bench-mark for the tidal 
observatory there.. The route followed was the same as that for the 
old line No. 36. 

The line from Raipur to Vizagapatam runs partly through 
cultiveted plain area and partly through thick forest. 

For transport, bullock carts were used on a permanent basis 
wherever possible. The local officials were generally helpful, but 
rationa were obtainable with great difficulty particularly in Madras 
Presidency. Mach inconvenience was experienced due to  dearth 
of poat offices enroute, particularly on the portion from Dhamtari 
( C.P. ) to Nowrangapur ( Orissa ) where the existing post offices 
are about 60 to 60 miles apart and the telegraph offices are still 
fewer being about 150 miles apart. 

AE many old bench-marks rss could be traced along the route 
of work were connected. A new Standard Bench-mark ( Type M ) 
at Rudri and seven other typea of primary protected bench-mark8 



were also connected. Thirteen hill stations of geodetic and t~opo- 
graphical triangulation were connected to  spirit levelling (luring the 
course of the work. 

The whole line from Raipur to Vizagapntam covered 15,577 feet 
of rise and 13,457 feet of fall. 

20. Diamond Harbour to  Dublat and Howrah to Ba1asote.- 
No. 3 levelling detachment under Mr. B. P. Rundev ( Sllrveyor ) 
with one recorder and 14 class IV servants conlnlenced fore lerellillg 
from B.M. No. 91/79 B a t  P.W.D. Inspection Bungalow, Diamond 
Harbour on 3rd January 1949. After satisfactory check-levelling of 
old bench-marks including those connected in the previous season, 
the work was carried on along old line 74 B via Sagar and closed on 
a newly inscribed bench-mark on top of pier a t  Dublat as near as 
possible to  the old site of the tidal observatory, since none of the 
old marks were found existing. A number of bench-marks 
were left in the neighbourhood of this inscribed bench-mark. The 
work was thereafter continued in the back direction along the same 
route by whioh the fore levelling was brought and the line was finally 
clmed oh B.M. No. 91/79 B a t  Diamond Harbour on 27th February 
1949. All the old bench-marks found en route were connected during 
fore and back levelling of the line Diamond Harbour t o  Dublat. 
The reaults have not been analysed yet and will be discussed in the 
next Report . 

After completion of thc line frorn Jliamond Harbour to  Dublat 
the ~ . l -~rk  was restarted from B.M. No. 353/79 B a t  Calcutta on 1st 
MR~c] )  1949 and carried on along old linc No. 75 in the fore direction 
vis Triubiiria, Kedgeree, Nijlcnsha ( Hijli ) and Contai towards 
Balt~sore covering about 60 ~ililes till 31st March 1949. Tlie work 
wxs dosed a t  Jaleswar ( Jellasore ) 011 20th May 1949. Eventually 
i t  m i l l  be of interest to carry the levelling to False Point to provide 
an i ~ t i s ~ a n d ~ n t  conllection to mean sea-level. 

This work was part,ly paid for by the Commissioners for 
the Port of Calcutta. The lines run were in the na.t,nre of revision 
levelling of old line No. 74 B, lliamond Harbour to Dublab, and 
part of old lines NOS. 75 and 121, How rah to  Bnlasore. The results 
are being worked out and it i.q hoped that t,hey would provide very 
usefill information regi~rding the ainount of changns of level, subsi- 
dell00 or otherwise, in th is  RTCR. 

21. Hoshanglbld to  Mhow.--Two levelling detachments were 
organized a t  ~ h o r t  notice to meet the reqliirements of the 
Executive Engineer, Lowcr N ~ ~ r b a d a  Division for the Narbada and 
Tapti  project^. It was a paid for job and in order to  execute it  as 
early as possihlc, the line from Ho~hangiibBd to Mhow was divided 
into two portions. 1)etachment ' A '  under Mr. A. K. Bhatta- 
chrrjee ( Officer Surveyor ) assisted by Mr. S. N. Nandi ( Surveyor ) 
with 15 kh&ia  commencnd work on the portion HoshangSbBd to 
Khendwa from R.M. No. 87/56 F a t  Hoshangiiblid on 21st 
January 1949 and after check-levelling a t  Hoshangkb6d and again 
at Iarei ( see Tahle 2 ) en route carried i t  forward towarda 
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Rhandwa. Detachment 'B ' under the charge of Mr. J. K. Donald 
( Surveyor ) assisted by Mr. V. D. Bhatt ( Surveyor ) with 14 
khnliisk started work simultaneously on the portion Mhow, to 
Khnndwa from Standard Bench-mark No. 83/46 N a t  Mhow on 21st 
February 1949 and carried i t  forward towards Khandwa. A junction 
was effected a t  a bench-mark near the Kalamachak river on 18th 
hiay 1949. 

The levelling was carried out both in tho fore and back d&c7 
tions by sections of 8 miles, each section being subdivided into 4 sub- 
sections of 2 miles each. These sub-sections were levelled first by 
the fore leveller in the morning and in the afternoon till the 8-mile 
section was completed. The back leveller then followed the sqme 
procedure of observations for the 8-mile section from the opposite 
direction levelling in the afternoon the sections done in the morning 
by the fore-leveller and vice versa. This was done to ensure that 
the two observers observed the same sections under different 
atmospheric conditions. 

The probable error of the secondary levelling line from Mhoy 
to HoshangBbiid is f 0-00029 feet per mile. 

The maximum discrepancy allowed between the results of fore 
and back levelling in the main line for each 2-mile sub-section wb 
0.025 ft. For branch-lines a greater tolerance was allowed. The 
work as a whole can be classed as simultaneous double levelling of 
precision. I 

22. Probable errors of levelling.-The probable aocidental mend 
systematic errors in levelling of high precision calculated by the 
usual formulae are given below :- 4 

23. Progress of the New Level Net.-The levelling under 
report haa added 510 miles of completed levelling ( both directions ) 
and about 800 miles in one direction only to the total mileage 
of the new level net. Chart VII shows that i t  has not been 
poseible to extend thie net into southern India. About 4,708 m i h  
of levelling of 8 total estimated mileage of 16,800 mile8 atill remad@ 
to be carried out and a t  the pmen t  rate of progreae i t  mey take 
another 10 yeers to oomplete. 

Line No. 

Part  of 
Noa. 74 & 

74 B 
Pnrt of 

No. 74 B 
Part of 
No. 122 
Pert of 
No. 127 
- -. -- - 

Name of the line 

BnrdwLn to Diamond Harbour 
via Calcutta . . . . 

Diamond Harbour to Dublnt . . ' 
Rombay to RatnBgiri . . 

Retnlgiri to Kolhlpur . . 

Maximum error perrnis~ihle in H.P. Levelling 

Probable 
aystemntic error 

per m ~ l e  
--- 

~ P C  t 

f 0.00202 

f 0.00038 

f 0.00109 

0.00159 

Probable 
ac-identel error - 

per mile 

feet ' ' 

f O.OOSg3 ' 

f 0.00301 

f 0.00374 

0.00450 
I-__-- 

f 0.00106 
1 

f 0.00416 *. 
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The existing skeleton High Precision level net is not a t  aU 
eufficient for providing datum bench-marks for secondary and tertiary 
levelljng which is required urgently for the various irrigation and 
hydro-electric projects. It is hoped to accelerate the progress of 
precision and secondary levelling in India by employing more 
persohne2 and by inducing the provincial governments, railway and 
other, interested agencies to carry out some levellings in their 
areas according to specified standards of accuracy and tied on to the 
Survey of India High Precision level net. I 
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TABLE 1.-Tab2cla.r stl&.men.t oj' out-turn of work, senson 1947-48 

Illlee levrued 

~ ~ - 

I 

13nt.niqi1-i ) por- I 
tion Katniqiri 1 Yzr. 17 1 

P t ~ r t s  of Lines 1 
74 and 74 B j 

( Pirpainti t o  I I 
Howrah & I ! 

Kidderpore to  ' 

Dublnt ) portion j 
Diamotld ' Dec. 47 , ! 

Flnrbour to  t.0 I 

- - 
Season 1948-49 

- . . .-. . .-. --- - - - 

I 
1 .  P .  L e e  i 
'. t)rfachmcnt. 

--->- 

Line So.  127 I i l !  I 
( Ratniigiri to  1 

Hyderribrid 
Drrran ) portioh ! 

KolhOpl~r t o  ' 

C k t .  48 / 
Ratnadri tn 

i 
( R w L )  i I I o  48 76 1 4 80 4,043 6,888 1.810 2 I2 147 

1,ins ~ o .  120 I 

3 8  9 141 8 4 2.12'7 1 . . 27 216 

( C o n l i d )  

142 

141 

HurtlwPo ( Fore ) ,  Fel,. 48 1 131 
i 

L)o. ( nnck ) 1 Fcb. 48 
I t o  

' 11 1,419 1,376 i 
1,456 1,554 

I 
i 

22 281 . . 1 
I - .- -~ . 

i 

2,146 

2,266 

24 

11 lR 

. . 

.. 130 

Parts of 
branch-line8 tll B 1 

( Nojli to  I 
Hart l~f tr  ) & 61C I 
( Dchra D i n  to 
HnrdwL ) por- I 1 1  tion Roorkee I 16-11-47 1 

16 

15 

t o  Hardwiir i to I 
1 

( Fore ) 25-11-41 1 22 

223 

280 

. . 
- . - - .. -- - . . -- .. .- - -- - . .- 



I I ) i d  ~ I I X  !O>~~?I IPI~ 
I 

Branch Line of 
Line No. 129 
( Kolhiip~lr to  

Mangalore ) por- web. 4!) 
tion Hubli to 

( 0 ) Ap 

Line No. 124 
R ~ i p n r  t o  ~ c t .  1s I 

Line NO. 120 
( Vizinnnprn.m to  I R:~jalltu~u~tlry ) I 

port,iotl \Tizi.~. I 2- 1 .  I ! )  

( Poro ) I 
Portion of I,irie 
74 1 ( i l l  i 

Howrnll to .Tnle- 
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Discrepancies betmeen the olcl a1111 new heights of bench-marks. 

Bench-mnrke cl the origlnel lrvrlling 
t11:it s ere  conllectrtl lor 

check-lcv~.lling 

. .  - ..... - . . . . . . . . .  . - ~- . . . . . . . -  - .- -- .... - -- r~- - -  - .  
i ! I l l  i 1 ~ 8  I i , / ( p i .  , , p ~ t  I ~ P P I  
I I 

~ . I 
. . .-... ............ - -.  

At Roln.hay on  1l:n~s  ATos. 3.' (t. 122 
. . . . . . . . .  . . .  . . . . . .  - ......... 

> - 7 I I . ,  wonn o.ooo / 0.000 

3 
i 

I 

8 
7 ,, Step 

30 ,, j Step 
I 

I 

'3 
41 

I 

I:! , Flooring [:.I!. hIarkl 
! ( Ob~rrvirtory ) . . I 2.98 ,, i+ 14.140 ;k 14.177 /+O.O.'S 

j I 
, : Step . . .  0.38 
, 1 Step . . , O,:i!) 
,, Step . . I  f j . 7 3  
,, : step . . ;  0.7!) 

1 I 

35 .. I Step 
129' ,, 1Sto11e 

2 ,, S.B.M., Rornhay . / 0.00 1877-78.1 0.0110 1 0.000 0.000 
I 1906-07.l 

34 ' ., Plintli  4.711 - 4.694 + n . O l i  
1 1934-35 

29 1 , Step - 4.433 - 4.47!) 1 ~ O . ~ I I ! I  
I 

' B.M's. from " Sapplement to the levelling pamphlet 47, Inland of Bombs] 
correoted to 1937 ". 

. ........... 9 r n  / 0 .00 1477.78,~ 0.000 0.OM) 0 . m  
! ~nc~i-07.1 
I i 1010-11 i 

105* i ,. I R h n ~  seat . . 0 .  + +  2 .~0 ;  + 2.834 ~ + O . O ~ R  
79* 1 ,. ,Yt.pp . . ,  1.25 

,, 
,, 
, 

( Continu~d ) 

--- 3.804 
-- I.AT,H 

- -  4.690 
+ 0,409 
- 3,883 

- 3.SlR 
- 4.788 

, - 4.667 
+ 0.384 
- 3.914 

1 ,, 
Plirlt>h . . 1 2 . I O i  ,, 

t0 .014  
-0.071 
k 0 . 0 3 1  
4-0.026 
+Om031 

Stono pillar . . 
Sill . . 
Step . .  

2.94 1 , 
3.21 
3.84 

,, 
,, 



LEYELLIPJG 

I)iscrepencies betwoen the old i ~ l ld  iiew heigl~ts of be11cIl-marks. -- 
C 

I - -22% 
e 4 * c  

M I ; .3cvclC~ 
Bet~cli-inarks of the origi~tal !cvelUtlg ' $ Obscrvcd hclght ~ l ~ o v c  ( t ) or l.~elu\v . ~ 2  $3: 

that \\'ere connected tor ( - )  starl~ng bench-111:trli as ! i check-lovclling dctcrwi~~rt l  by 

- - . - . - . - - . 

I At BurdzcZn on lines Nos. 70 A & 74 

(Typo A) a t R u r d w B n  0.00 1913-14. 0.000 0.000 0,000 
1910-17 

8.B.M., Burdwiin . . 0.04 ,, + 6.117 I-I- 5.095 -0.022 
Pillar . . 0.19 1914-15, I- 5.335 I-+ 5.:123 -0.Ul2 

1916-17 1 

S tone  coping . I  0.96 I926 I +  10.505 + 10.496 -0.009 
Stonecoping  1 1 . 0 4  ,, + 1 1 1 + 1 1 9 t i  -0.014 

- - - - -  - -  - 

At Culcwtta on lines Nos.  7 4 ,  77 rC: 121 
- 

I i  
I 

:Li3 7!l 1; ( l'ypc 1 3 )  , ~ t  
( c:~lc~ll4 :I I i 

0 00 IS82-S3. 0.00tb 0.000 0.000 
' 18!Jl-!46. 
1 l t&0-1902 

S t r p  
R t o ~ ~ c  floot.ing 
S tonc  
S.B.RI., Howrctl~ 
I 'nvcme~it  

S t r p  

! 1 .!)!I , l!)24-253' b 
I!l27.28 

. . 2 . 2 6  ! .. 

. . i 2 .24  I ,, -t 
. ' . O ( i I  *. . .  - I -  

. . 2.24 1 .. {- 

. . I  1 .43 : 1~ti.'-(i:3,' + 
I SH.1-8:) 

. . 2.  ti!) , I SS"83. + 
, ISR4-93. 

I *!I!)-] !lo2 

. .  3 ,: -I- 

. .  2.7!) '  . $- 

. . 3 . 2 0  ,, .L. 

i I 

M liowrith ! 
I~ridgr . . 2  I!I1U-R7 1 -  I l . l i2  

St(.Jl . o . ~ ,  i .. 1 1 -  ! . ! ) i ~  
P u v c ~ i i e ~ t  t . . '  0 . 2 3  1!)27-2n,'+ 3.105 

I 1036-37 
Y C I L ~  . . 0.31 ,, I +  1.490 
Coping . . 4 .40  188s-1902, - 0.757 

I 1928-27 
coping  . . I  4.43 , - 0.701 

I I 1 I I 

( Continued ) 
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TABLE 2 . 4 h . e c k - l e t .  -( conttl. ) 

1)iscrcpnric.ies betweoll tho old ~ i 1 t i . l  rre:r Ilcights of  1)elloh-marks. .. . .--.--. lz$;s 
I y 12:;s 

I;c~ach-~~a~r*. of l l ~ n  .~rini,i;~l i~ .vc>\ l i~~g 
f 

Ul,s! r~ l ) ~ % i ~ l ~ t  ! I ~ V O {  c> (+ ) or L ~ ! ) \ v  !:%J 2%: 
Ill;~t werr c.onnrc.t!.~l litr g, ,, : s t .n . f l~~g  t , ! ,~~c l~ -n~nrk  as , 2: g cliccli-!cvclli~~g t!~,I,~:~t~invtl 11.y 122g.1. 

5 2 1 d c  
&.!I 

.. - . ;:+03.1 
! i 2  1 a c b-.e 
, Y  ( D ~ + C  i 0rigi11:11 I ! o My - 0  

SIB. l'rflcc I j)cscriptio~i of I ~ V ~ I L J L , Z  kt~it,,.k-\ryc.~- i 2 ' m ~  1 c 
shcet , I 5 orig111:~l ( ~ I I I ~ ~ ~ I I P ~ !  , : . i~q  i!,4;-48 1 ~~.~~~ 

IrvelH~~g I vrr111~s ) 1 i $ ~ . l & . l  B 

At Dianiotzd Harbo,itr or[ lixes Nos. 74  A d: 74 B 

At H~lrtlzcdr wrt lines Nos.  61 B & 61 C 

i 
16 55 K ('oping 
I*  ,, C!opinq 
l o  .. Bridge . . 5 l!WH - 27.087 1 -  .'7..ICi4 
11 .. St~~rlr slab . . 0 .  7 0  : ,, .- 22.442 8.- ~ ~ . ~ ~ ( ;  
9 ,, Plinth . . 1 I , .-- %.nl) l  j -  27.854 

2 .65 8 : , Plinth . . ,, i -  2 1 . 0 8 0 ; -  30.842 
7 ,, Plinth . . 3.65 , ., 1 -  20.RfiU 



TAE;JAE 5.-'!:i~ck-!tvclEl.r~y.-( contd. ) 

.- - - -- - - - - - - - - - 

1 1  1 milea ( ( f i ~ t  1 I 1 I [cci  
-- - 

At KolluZpur on line No. 29 

-- -- - . - - 

At Hathlcha~nba on line No. 122 

- - - - - - 

At KZrtuiir o n  bin,~ No. 17 

* Vclue obtained through another route, 

48 .J 
,, 
,, 
,, 

K.I3.M., KCrwilr 
ltock 
Ilock 
Iloc:k 

,, I Rock 
,, C~.pntonc. 
,, I Rock 
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TABLE 2.-Check-levelling-( contd. ) 

Discrepancies betweell tllo old and now heights of bench-marks. 

No. 

Stc.1' 
Step 
Ytcp 
s t ep  
~ ' ~ ~ ~ ~ 1 1 1 ~ l l ~  

I 'ulvvrt 
1'1.1 t form 
I:ritlyc. 
(:oping: 

- . -- - - . -. -. . . . -- - -- - -- - - . - .- - - - - 8 '  ' 

i n i l t s  
i 

, f r e t  ' /bet , ----I Jeet 

lines i\'os. 116, -117 & 118 I 

I At Vixianugrutn on lines Nos. l'lr?, 39 CC 125 I 
237 65 S S f .  V I Z ~ I I I ~ ~ I  0 I ) . ,  l).O(!o 
233 , Flooring . . I  0.04 ! ,. 2 . ):)ti 
'3% ,, ~ t c p  1 1 ,, li 3 .373  
I , . Ytvp 0 4  ,. .i . SHO 
238 , ,, I Culvert . , I  0 i . i  I ,, 1; I I . ~ ! ) : )  

I ! I 
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TABLE 2.-Checlc-levelling,-( contd. ) 

Di~crepancies betwoen the old ant1 new heights of bench-mnrlw. 

( Continued ) 

- 

- .  . . - - - - - - 
! 

Wn. I)rgrcc? ' 
~heet , Dcnc~.ll~tio~r 

1 -. -- - . - 
in 

~ -~. . . 

I i m i l ra  I 
I 

I I j ~ f l  i  PI 1 
1 

-- -- -- - . - 

At V,iznqapatnm on line No. .36 
- -. .- - - - - -~ -- 

I I 
71 I Ra 0 S.B.M., Virngnpotnrn 0.I10 I lS!ll-95 0 ~ 0 0 0  -. 
I ; I  ,, 

i 
(Type C ) Vizngn.- 

patnni 
71 ' ,, Flooring . . 0.40 ., ,-(- 0.249 I +  0.2:ll --fl.l~ls 

. . 0.75 ,. I +  7.912 I+ 7.HS0 ---II.0:!2 
2.923 1 -  2.395 -0,07? 

.- . .- 

~t Calcutta. 61 lines Nos. 77 & 121 

s, -., .,.),) 

82;  

'320 

!)I!) 
!)IS 
15:l 
'31 7 
46: 
906 
!lo!) 

...- - 

. - - - - 

I 
I I ( I li ) :I+ ( ' a \ -  I 

; 1 ~ 1 l t t : l  : o . ( I I I  ISXJ-s3.l 0.000 

At D,in.~,lon,d Ilnrhou.~ on, b i n ~ ~  Xos. 1'4 A & $4 B 

I 
n.non i 0.000 

--.-- ~ 

!I I 1 7.:. 1 

SXp 

9 2 ( Type 1% ) i l l  l)i;t- 
rnc11111 Hnrl,c~~ir . . 1).01 

I - 1  I .. 1 ~ ~ I I ~ I I I I \  * I ; I ~  

. . :  0.5U ' I!)47-4H' t- I l .232 

. . 0.70 ,. 1 I- 9 . 1 ~ 9  

. . ' O . I H i  .. It 13.095 
-- 3.522 
-I- IO.BZH + 1.890 

I 

I 1 S94-!)5.I 

I 
.. 1 I'litltlt 

., S1,ep 
,. S. L1.M.. I-l~~a.~.;ilt . . 2." .. St,rl) 
.. /Sto1,,. 

.. 1 -  5 - l l i h  1,- i . l i i 3  - 0 , O l i  

. - . ... ~~ ~ . I I I 
~ . . 

.- ~ 

0 ~ 0 0 0  0 ~ 0 0 0  

4- i . l i81  '-(l . . '19 
-1- i . t i ~ 4  - ~ - I I . o o ,  
-k 10.S42 -().()I:  
- 10.842 ,-1-0-011 
-1 1 1  ,241 .~().o()!) 
+ n ~ n ~  , + O . O I ~  + 13.095 '+0-002 
- 9.521 1-+0.001 + 10.82R , 0.000 
+ 1.807 ; - t o . n n ~  



TABLE 2 .-CA~~k-ic~~iiix!; ,- -( ~t.:ii.~.!d. ) 

I.)iucrepancies between t ,he  olcl. a.??d ne-Jtl !~lsight,rj ;sf bench-marks. - ---.-- . ---*----',. -:*. 

-. . . - - - --- 

At It~irsi on linp N o .  I l , i  

- - - - - - - - - - - -- . - 

At Mho~rl on line No.  171 
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TABLE 3.--Cornparison between old ( 1908 ) and new ( 1947 ) level- 
ling of branch-line 61 B. ( Nojli to Hardw6r ), Portion 
Roorkee-Hardwiir. 

B.M. 
No. 

1 

63/63 G 

05/53 G 

1/53 K 

2/63 K 

3/63 K 

Observed Haight I Probable 
in ternls of Difference, error of 

f .B.M., Itoorkee ( New- , difference 
-- - 

I 
Old ) in column 

New Old 
1945 1908 

! 6 

-- --- 

, I - 5  4 7 

I 
I 

Distance I 
from S.R.M.,  I nescriptiorl 

Roorkee 

1 

2 I---; I 

1 
I o ooo 1 0.0oo i 0.000 

I 

Miles Chains 

o 00 

1 68 

10 77 

11 79 

12 79 

* 0.000 

6/53 K / 10 19 Pllntb of milestone 1 No. 5 .. 

S.B.M., Roorkee . . 

Plinth of milestone 
No. 19 .. 

Plinth of milestone 
NO. 10 . . 

Plinth of mileatone 
NO. 9 .. 

Plinth of milestone 
No. 8 . . 

6/53 K 

7/63 K 

8/63 K 

9/63 K 

10163 K 

11/63 K 

- 3.977 

+29-316 

+21.864 

+19-620 

+63.295 

4-59 387 

f68.026 

+67.841 

+60.829 

+61.219 

+66-427 

17 19 Plmth of mllestoue 
I No. 4 
I 

. . 

- 4138  

+39.291 

+21.806 

+19.662 

+63.235 

+59.310 

+67.908 

+67.686 

+G0.676 

f61.078 

+66.324 

18 19 

19 19 

20 19 

21 19 

21 23 

I 
Plinth of milestone 

No. 3 .. 

Plinth of milestone 
NO. 2 .. 

P l i ~ t h  of milestone 
No. 1 . . 

On hIByBpur regu- 
lator bridge . . 

Stono slab in canal 
bl~ngalow . .  

+ 0 1 6 1  / "-003 

+ 0.024 0.028 I 
+ 0.053 

+ 0.008 

+0.060 

+ 0.077 

+ 0 - 1 1 8  

+ 0.165 

4- 0.154 

+ 0.141 

+ 0.103 

0.027 

0.029 

0.034 

0.036 

0.037 

0.038 

0.040 

0.042 

0.042 



CHAPTER I11 

GRAVITY 

BY B. L. GULATEE, M.A. ( CAKTAB. ) 

24. Summary.--An indication of the future programme of 
gravity observations in Tndia was given in the last year's report 
( see Technical Report 1017, Part  111, Para 34 ). It was pointed 
out that i t  was intended to comnlence work on n new 10-mile net- 
\\-ork of gravimeter stations covering the whole of India. .In 
pursuance of this programme, 101 new gravimeter stations ( 24 in 
West Bengal and 75 in Madhya Yrade~h ) were e~t~ablished with the 
Frost gravimeter during the period under report. The area covered 
is shown by blue colourwash in Chart X and amounts roughly to  
3,600 square miles. 

Gre,vimetric obsemations have been taken a t  twelve standard 
and twenty other primary protected bench-marks of the Primary 
Level net of India. 

In  ~ddi t ion  to the above, thirty-six old pendulum stations were 
also revisited. 

An important connection of the base station a t  Dehra Diin was 
also effected with the group of five gravity stations a t  Delhi recently 
observed by Dr. G. P. Woollard of the Woods Hole Oceanographic 
Institution ( U.S.A. ) as part of his world net of gravity stations. 
This has gone a long way towards finalizing tha absolute value of 
gravity a t  Dehra Diin about which there were always some doubts. 

The follow in^ paragraphs give a detailed account of the field 
work mentioned above. 

, 25. Narrative.- -( a ) Field Season 1947-48. A detachment 
consisting of two sections, a position and height fixing Section and 
a Gravinleter Section, was organized. The position and height 
fixing Section was under the direct charge of Mr. A. K. Bhattacharjee 
( Class I1 ) assisted by four Surveyors and 26 klia26sis. The Gravi- 
meter Section comprised of Mr. P. Vaikuntanathan ( Class I1 ), 
1 Surveyor, 1 Computer and 6 khaliis;is. 

The position and height fixing Section left Dehra Diin by rail 
on 20th October 1047 and arrived a t  Riiniganj on 27th October 1047. 
The Gravimeter 8ertion left llehra Dfin on 5th November 1947 by 
r o d  in a 15-cwt, Dodge Weapon Carrier in which the Gravimeter 
wcle fitted by making suitable alteration8 in the body of the vehicle. 
This section arrived in RBniganj on 13th Noveniher 1947. Both 
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section8 .continued work in the R5nliganj Coal-fields area of West 
~~~~~l till 18th December 1047. For transport two 1 5-cwt. Dodge 
Weapon Carriers were obtained on loan from the Director, Eastern e 

Circle,, Survey of India, Calcu t t8a . Some difi cult y u7as experierlced 
iq tinlely silpplies of petrol for these vehicles. On the 
phole the use of motor transport helped to  speed u p  work and 
consequently proved economical. The health of the detachment 
remained good and the-r~e were no casualties. 

On the conlpletion of IT orlc in the Rsniganj Coal-fields area the 
under Mr. Ehntbacharjee left Bnurdwan 11y rail via Calcutta 

for ](amptee ( Madhya Praclesh ) on 22nd December 1947 and arrived 
at Ksnlptee on 29th Decenlber 1947. This Section retmned to  Dehra 
Dfih on 1st April 1948 after complet,ing the prograinme for the year. 

The Gravimeter Section left Riiniganj on 19th December 1947 
in the Weapon Carrier in w l ~ i c l ~  the Gravimeter was fitted, and 
arrived a t  Lakhnadon on 25th December 1947. This section com- 
pleted its programme on 6th &larch 1948 and returned to  Dehra Dfin 
on 14th   arch 1948. 

( b ) Pield Season 1.918-49. During the prerions field season 
positions and heights of some of the stations a t  which observations 
with the gravimeter were made could not be fixed. A detachment 
under Mr. A. K. Bhattacharjee, with three Surveyors, one Computer 
and 28 kh(~,ICZsis left Dehra Dfin on 15th Octoher 1948, arrived a t  
Gondia on' 19th October 1948 and collimenced work on 21st October 
1948. Throughout the field season t,lle detachment was employed 
on position and height fixing of the gravinletric stations. The 
work was closed a t  Bblgghiit on 15th January 1049. Thereaftei. 
Mr. A. K. '~ha t tachar jee  and Mr. J .  K. Donald were ordered to  
proceed to  Hoshangfihiid and Mhow respectively t o  carry out* 
secondary levelling for the Executive Engineer, Lower Narbada 
Division ( see Chapter 11, Para 21 ) and the rest of the detachnient 
returned to Dehra DOn. 

The climate of the area was not healthy and most of the 
personnel suffered from ~nnlaria and jaundice. 

26. Position Fixing.-Both in the RRniganj and Niigpur arees 
the gravimetric stations were sited close to  the roads with a view 
to easy accesb. All available triangulation and traverse data  in the 
' m a  was plotted on a chart and the sites of the gravimetrib 
stations were selected in such a way tha t  the PO-ordinates of each 
station could be derived most economically either by a ~ h o r t  line 
of traverse between two known points or by observing a couple of 
tiangles based on existing triangulation data. Tn some cases the 
position was fixed by resection froni nearby st>at,ions and intersected 
point8 with a Sun or Polaris azimuth observed. A $mall Wild end 
a Tavi8tock theodolite were used for obaervetion. The co-ordinates 
"ere generally fixed correct to  about 10 to  20 feet and in a very few 
cases where data w a s  sparm to  abont 50 feet. 

27. Heights.-The determination of heights of gravi~j~etrib 
atations ta the neareat foot wsa a aerious problem as levelling bench+ 
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marks in Iriclin. nre few nnd far between. E L L C ~  station was connected 
to  levelling bench-nlsrks hy tertiary levelling and tacheometric 
levelling, the  Iatder heirlg rnucli quicker. 

In  addiiion, to  net an idea of the performance of Paldin baro- 
? meters, a battery of 4 barometers was taken to  the field, two 

of which mere used for field obser\-ations and the other two for base 
obse~a t ions .  The routine of' observations, conlputstions and the 
conclusioris as to  the accuracy achieved are tlcscrihed in Chapter VII, 

The final heights of stations in Table 3 are the mean of the 
levelling and tacheomctric heigl~ts. 

28. Selection and marking of gravity stations.--Gravimetric 
stations were  chose^^ in the main abotit 10 miles apart with due 
regard to  eaqy fixation of their podions 2nd heights by the survey 
crew and easy access by transport. The stations consist of a cement 
concrete pillar, 8 inches square a t  base dresrcd to the form of s 
frustum of a pyramid terminating in a square of 4-inch side, 
embedded in the ground. The upper surface of the pillar is flush 
with the ground and is covered hg a cairn 3 feet high. The details 
of the location of pact1 ~ t~a t ion  and the distances and tenrings of the 
surrouncling objects hilt-e been recorded. These stations have been 
handed over to the  local distrjcl authorities for maintenance and 
protection. 

29. Routine of observations.-At the beginning of each day's 
work with the sravimeter, observations were made for 16 to 20 
minutes a t  the base station to  ensure that the instrument was in 
thermal equilibrium ancl free from erratic drift. 

The field observer's routine was to set up, lerel, read and 
record the readings of the Frost Gravimeter, and to  take t u  o samples 
of soil a t  each station for density determinations. He also read two 
Paulin aneroids for pressure ant1 height and recorded the outside 
temperature. 

I n  addition he had to write out the description of the station 
and enter the topography around i t  for a radius of about 660 feet in 
all directions with a view to getting an estimate of the terrain 
correction at the station. 

The gravimeter ohserver was accon~panied by the Magnetio 
Variometer observer who recorded the values of magnetic V e r t i d  
Force a t  each station. The base observer used to read the magnetio 
V.F. Variometer once every 15 minutes and Yaulin aneroid8 eveq 
half hour. 

30. Characteristics of the Gravimeter.---Drift is an inherent 
characteristic of the gravimeter and depending on its rate per hour, 
the instrument he3 to  be brought to  the starting ~ ta t ion  after every 
three or four hours. In  the actual fieldwork, a m~ximum drift of 
6 dial division corresponding t o  0.4  mgals only was allowed in 
3 to  4  hour^; the length of each oircuit waa limited to about 40 
miles. In order to keep down the drift to  about 0.1  mgal per haul 

great n&ed to see that  ( i ) the gravimeter ia kept in tb-d 
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eqaifibnlorn and the voltage d the accnmnlatms supplying beating 
caprent ta its elements is not allowed to drop down, ( ii ) that it is 
fid exposed t o  direct sunlight even for a short time and ( iii ) that 
16 subjected to severe jolts dnring transpcr~tation. Excwive 

&re p ~ d u c e d  when there is a hrge temperature difference! 
Wwem the gravimeter and the o ~ ~ t ~ i d e  tempermtnre. 

]It; is imperative for a satisfactory working of the instrument 
that B e  6-volt accumnlatms should ham their full voJtage. A s  
the gravimeter section was to  work in areas remote from towns 
whma no f~cilities existed for recharging the accurnubtcrrs, a 
4pedal fitting wm made to the gravimeter transport for the purpose. 
The 16-mt. W e a p  Carrier had e battery of 12 volts. To charge 
the instrarnent battery of 6 volts simnltane.ou~1-y with the truck 
battery, an arrangement as shown in Fig.jl was usetl. An ammstm 
was intrdoced in the circuit $0 keep a check on the charging 
arrent. The arrangement worked fairly satisfactorily throaghmt 
%be masm~ 

Ammeter 

6 volt 
Flg. I. Device for charglng the gravlrneter battery. 

Earth 

Cut out Earth 
Car battery 

The Frost Gravimeter has a total range of 120 mgals and when 
the difference of gravity to be measured exceeds this cbmo~lnt, i t  ha8 
to be r e a d .  After each resetting, a wait of about 2 hours is advi~able 
before resttlming work. The tote1 niimber of rcsettings made at 
-rims places during the period under report is as below :- 

No. of 
settings 

Rtiniganj area ( W. Bengd ) . . 2 
Niigpur area . . . . . . 3 
Dehra Mln-Mussoorie . . . . 3 
Dehra Dfin-Simle . . . . 4 
Dell rn DCln-Delhi . . . . 2 I 

' 2  volt 
Car 

Battery 
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31. Calibration of Meter Factor.-Readings can be taken with the 
Frost Gravimeter to 0.01 rnga.1~ and the mean error of observations 
with it can bo reckoned as &0.05 mgals. The pendulum observa- 
tions have a mean error about 40 times greater than this and so cannot 
be used either as a check on the gravimeter or for the derivation 
of its calibration constant. Jn a country well supplied with precise 
gravimetric bench-marks, the calibration of a new gravimeter is 
easy. An alternative method is to make measurements a t  the 
bottom and top of a tall skeleton t'ower or an isolated tall building 
and determine the calibration factor from the change i11 gravity 
after appbying the usual Free-Air correction. 

In India neither of these facilities are available. The only net 
of gravity work is that established by means of the pendulums 
which, as has already been mentioned, is of a, much lower 
precision. 

The calibration constant of t'hs instrument as supplied by the 
makers in 1946 w,w 1 scale division = 0.0809 mgals. This cannot 
be expected to hold for all time and the following attempts were 
made to see whether i t  had changed its value. Firstly observations 
were made a t  the top and bottonl of Qutab Minar a t  Delhi with 
the following results :- 

Them give the value of the meter factor to be 1 scale 
division = 0- 0833 mgals, 

This determination, however, cannot be considered very reliable on 
account of two reasons :-- 

Difference of g 
by Free-Air 

formula 

mgcJe t 

22.37 

( a ) The instrument had to be man carried through a n m o v  
winding stair case. This introduces a chance of 
creep coming in due to jolts. The ideal way is 
t,o take it up smoothly in a lift which was not 
available. 

Date 

29-1-49 

( b ) The attrection due to the maas of Qutab llinar haa not 
heen allowed for. Ignoring of mass correction results 
in a larger value in the lmt column and so the metm 
constant found would be on the high side. 

Place 

Quteb Miner, Delhi . . 

Height 

fed 

238 

An indirect check on the calibration amstant, however, hm 
berm afforded by conneoting eeveral pendulum slteticms round 

Difference of 
ecele reeding 

diviaiona 

260.8 
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nehra Diin with the gravimeter. The table below gives the details :- 

TABLE 1.-Old Peytdulum 8tutions near Dehra DCn 
connected u ~ i t h  the Gravimeter 

The first four stations a.re a t  a higher elevatiorl than the base 
etation Dehra Dfin and the others are a t  a, lower elevation. Column 
6 which ie obtained by using factor 0.0809 shows a significa.nt 
ayatematic trend-the diecrepencies being positivelneeetive aooord- 
ing the atations have higher/lower values of gravity than the base 
~btion.  Although i t  has to be admitted that the cbcouracy of 
pndulum rwdta ie oaly 1 to 2 mgah and that the brepmciea 

'hang' ''1 dial 
divisions 

between base 
and field 
station 

0 

-3648 

-3338 

- 754 

-3016 

+ 810 

+ 989 

+ 1038 

+ 838 

+ 569 

+ 729 

+I694 

+ 1038 

+ 1088 

+ 1026 

+ 236 

+ 086 

+ 148 

+ 148 

0 

t 

Height 

2239 

7128 

6917 

3334 

6933 

807 

879 

1434 

1684 

1660 

949 

888 

2202 

734 

716 

649 

636 

687 

612 

761 

264 

+ 

3 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

Station 

Debra Dan . . 
Dunseverick 

( Mussoorie ) . . 
Evelyn Villa 

( Mussoorie ) . . 
Rijpur . . 
Chakrtita . . 
Roorkm . . 
Nojli . . 
Fatehpnr . . 
KiLi  . . 
Mohan . . 
Herdwir . . 

Ambila . . 
Kilka . . 
Meerut . . 
Delhi . . 
ILhurje . . 
Agra . . 
Hithraa . . 
Aligarh . . 
Dhanbiid . . 

8uri . . 

REMARKS 

Pendulum minus 

Meter 
factor 
0.0809 

value 

' Meter 
factor 
0.0817 

. . mgals 

- 3.1 

- 1.5 

- 1.6  

- 6.7 

+ 0.7 

+ 1.8 

+ 2.1 

+ 2.0 

+ 0.8 

- 0.9 

- 0.1 

+ 1.6 

+ 0.2 

+ 0.4 

+ 1.9 

+ 0.7 

+ 3.8  

+ 0.6  

. . 
+ 1.6 

lngala . . 

- 0.2  

+ 1.2 

- 1.0 

- 4.3 

0 .0  

+ 1.0 

+ 1.3 

+ 1 .3  

f 0.3 

- 1.6 

- 1.6  

+ 0.8 

- 0.7 

- 0.4 

+ 1.7 

+ 0.7 

+ 3.7 

+ 0.6 

. . 
+ 0.8  

Datum 

Datum 
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in column 5 am in the wain of this order, still an error in calibration 
mustant is indicated as the errors k the pendulum resulh am 
random and not sy~t~matic .  

Bv idecting a calibration factor of 0.0887, an obviow improve- 
ment 'in the picture of the discrepancies b m m e ~  apparent aa is 
Been from mlumn 6. This factor b s  been derived only by rough 
trial lend error. A rigorous derivation by h s t  eq1l.&m will' b 
undertaken when some more data has been aiccumulated. 

The above shows the desirability of calibrating the Fro& 
Gravimeter directly against mrne other gravimeter such acs tlze 
Wordan a& the earlieat o p ~ ~ t y .  

32. Difference Base at Dehra DQn.-A difference baae hm 
been &bli~lmd at Tkhra Dfin to keep a check on themmtancy of 
the dibration conetarit of the instrument. The two station0 
e r e M  for the purpoAe are Haig Obaervabry Bench-mark, Debra 
B i n  ( Height 2231 -6  feet ), and Bench-mark No. 16911 17 at mjpur 
( Height 3334.1 feet ). Gravity differences were determined 
between theee stations on different owwiom and are tabqlatsd 
below. They am ~atisfaetorily constant and it can be inferred that 
no abrupt changw have taken place in the calibratiorl c o n ~ h t  of 
the imtitument. 
TABLE 2.-Diference Bat? ( Haig Obsemdory B..M.-Ejp~rr B.M. ) 

( Distance = 6 63 mil= ) 

33. Reduction of Gravimeter Stations.-Gravimeter measures g 
to e prhbion of 0.1 mqal or better but these ralues a n n o t  be 
made we of directly for any interpretation work. They have to be 
rsduced to --level by applying oomtione for altitude, tmdn, 
topogwphg, m p r u l t i o n ,  etc. Theae reductions can introdnoe 
eonsidmble inaccuracy, and quite a lot of the advantage of the 
rrse of a lugh prPrcirse inetrument crrn be lmt if the reduction 
sgipbyed is not carefully choeen. Quite different con~idetatiaoa 
w Rabded for the choice of the redadion, however, according aa tb 
d&ma lava h n  lrid down for paletic or geophysical put- 
m- 

For p x k t i o  pnrposas, duct ions  take cuunt of the dec t  of 
tkl wpqpphy d ibr c?aml-m (aamding to M-t 
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hypothoses ) for the whole earth and even with the best of care 
cannot be expected to be more accurate than 1 or 2 mgala bec~irse 
of the inevitable uncertainties in distant zones. For interpretation 
of broad features, this is quite ample. 

For detailed g~ophysical work, the isostcttic reductions a.re not 
at all important. Tl~e  area under operation is very limited nnd a-11 
that is needed is that the efi'ect of tthe terrain up to  iL certain distance 
( a ~ y  10 to 15 miles ) from the area nhould be accurately estimated. 
The distant zones can be neslected altogether and so far as geophysi- 
cal interpretation is concerned are of no interest as they affect all 
the stations by the same amount. 

Our objective was two-fold : 
( i ) to establish an accurate frameworL of fitations on which 

further detailed geophysical prospecting work could be 
based. This wolzld enable such a local work to be 
brought in a,lbsolube terms. 

( i i  ) to delineate the broad features of curiosities in the 
ea.rth's cnlst in as far as they can be revealed by a 
10-mile inesll of st,ations. 

For purpose ( i ), an accurate ohserved value of gravity is all 
t h ~ ~ t  is required. Later on, when detailed work for locating economic 
deposits is carried out in this area, one of these stations could be 
used as the reference station and could be reduced in the same 
fashion as the others near it. Precise terrain corrccbions have to be 
evaluated to conserve the accuracy of the gravimetric observa- 
tions. 

Objective ( ii ) leans more on t,he geodetic side than geophysical 
and can only reflect regional anomaly ~tructures rather than small 
local deposits. For this purpose, the obscrved gravity values have 
been reduced as follows :- 

( a  ) They have been corrected for the usual Free-Air, 
Bouguer, and Hnyford Isostatic reduction and by 
hypotheses of regional compensation. The results 
are given in Table 3. 

( b ) Modified Bonguer anomalies in which the attraction of 
topogrnphy is taken count of up to tlie outer limit 
of Zone 0 have also been worked out and included in 
Table 3. 

34. Interpretation of Gravity Anomalies in the RBnIganj 
Area.-Table 3 gives gravity anomalies on seven hypot'heses for 30 
stetions and also the mean anomalies with and without regard 
to sign. 

Curiously enough, Bouguer ano~nn.lies are the least and most 
mgular of the lot. ~ e a n  Free-Air anomalies are greater than Bouguer 
but are lei0 than Isostatio anomalies. It is thus abundantly clear 
that this region is not in Ieostatic equilibrium. 
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The other curious feature is, that the bulk of the Bouguer 
anomalies are positive indicating under colnpensation or excese 
masses undern?ath. 

Chart XI11 shows tile Hayford Isostatic nnom~ly contours on the 
Helmert spheroid at. intervals of 5 mgals in red. For comprtrison 
the older contourv aro shown in black by dotted lines. These were 
based on pendulum observations and were drawn a t  contour 
intervals 20 mga1s &part, because of the larger spacing of stations and 
low precision of pendulum results. They are in the main correct 
but i t  will be seen what a, lot of curiosities can be missed when 
stations are as far apart as 70 miles. The corresponding modified 
Bouguer anomalies are shown on Chart XIV. 

The most conspicuous features of the Bougner anomaly map 
am two. regions of gravity highs separated by a gravity low. The 
alluvium in this area is only a skin and the two intrusions appear 
to  be due to some feature that is intimately bound up with sub- 
surface geological structure. 

A denser net of stations for further investigations is indicated 
in the neighbourhood of RBniganj where the steepest gradients 
occur in the direction AB. The magnitude of the gradients is 
nbout 10 mgals per mile which is about ten times the normal 
gradient . 

On the extreme east, near Burdwkn, the gravity field becomes 
rapidly negative due to Lrge thickness of the light sediments. There 
are hardly m y  outcrops here on account of this reason. 

A quantitative interpretation of the gravity field in terms of 
the geology of the area is of the utmost importance and will form 
the subject of a separate paper. A short preliminary discussion is 
given below. 

The anomaly charts show the various formetions that occur in 
the aree. In  addition to these, there are a number of intrusions 
of basic rocks in Rgniganj Series. They are such a common feature 
in this area that they have even increased the density of this forma- 
tion. These basic intrusions have actuadly caused a lot of harm as 
in their process of coming out through the RLniganj Series, they 
have burnt 8 lot of coal. 

Basic rocks can only intrude through RBniganj and not through 
alluvium, because the alluvium is too recent. But Dalma Trap 
being ultrabmic and archean can only penetrate through gneisses 
and not the Riiniganj Seriea. 

In the interpretation two possibilities can arise. The two 
n o w  of high anomalies may he due to the eastern extension of 
RBniganj series and basic rock dykes in it. If this is so there are 
tremendous economic possibilitiee of presence of coal and boringe 
sbould immediately be underteken at the gravity highs. If on the 
other hand them high ere due to Delme Trap or gneiaees then i t  may 
not mean Rgniganj Sekm a t  ell end the anomdiea have no econodo 











GRAVITY 

significance. It would be desirable to put in Nome more stations 
in these areas for further detailed study. 

The specific gravities of the various formations in this area are :- 

Formation Approximate 
specific gravity 

Alluvium . . . . . . 1 . 9  
RBniganj Series . . . . 2 . 5  
Gneiss . . . . . . 2.65 
Dalma Trap . . . . 3 . 0  
Basic intrusions in RBniganj Series 3 . 0  

Densities from surface specimens were found to be of the order 
of 1.3 to 1.6  in the RZniganj area. These cannot be regarded as 
representative as the top sediments are rather loose. To get an 
estimate of effective density for the area, two "density profiles" 
were run over a slightly undulating site comprising of about sixteen 
stations a t  intervals of 330 feet. The height differences were 
plotted against a series of elevation correction factors drawn a t  
intervals of 0-002 and it was found that the profile corresponding 
to density 2 .0  was smoother than the others and was more indepen- 
dent of the topography. This is a reasonable value for the surface 
density. 

It would be seen from the above, that density differences of as 
muoh as 0 . 6  are possible amongst the various formations. One over- 
simplified solution of the mass anomalies that can produce roughly 
the observed Bouguer section 011 the line AB is shown in Chart XV, 
which is drawn on the assumption of two prisms of infinite extent 
at shallow depth perpendicular to the plane of the paper one having 
an excess of density of 0 .6  and the other an excess of density of 0 . 5  
from the surroundings. 

A more detailed discussion taking into account the probable 
thicknesses of the various formations will be given in a separate 
research publication as mentioned already. 
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RZniganj Area 

F O R D  
Hayford's 
Compen- 

nation 
113.7 km. 

m g d  

t15.4 
t42.0 
+36-8 

t32 .1  
+31-7 
+lea4 

t13.7 
+47-2 
+a%-8 

t26.0 
t44.6 
+38-3 

t36.2 
t62.6 
- 4.3 

$63.2 
t48 .0  
t42.7 

-6 .8  
+ 5.3 
t43.6 

t61.2 
t62 .4  
t34 .Q 

t23.8 

t 28 .0  

t 33 .7  

4-43.0 

+ 6.7 

-10.2 

tJ0.8 

32.2 

H&y ford's 
113'7 

wab 

- 2.0 
+24.6 
+19.4 

+14.7 
+14.3 
+ 1.0 

- 3.7 
-129.8 
+28.4 

+ 9.2 
+27.2 
+20.9 

+17.8 
+36.1 
-21.7 

+36.8 
+30.9 
+25-3 

-23.0 
-12.1 
+26.2 

+33.8 
+36.0 
+17.6 

+ 8.4 

+11.2 

+lee3 

+26.6 

-11.7 

-27.6 

F O R M U L A  

HEISKANEN'~ REGIONAL COMPENSATION 

I N T E R N A T I O N A L  F O R M U L A  

HEISKANEN'S 

40 km. I 
w a l e  

+14.2 
+40.5 
+35.2 

$30.8 
+30.4 
+16.9 

+12.2 
+45.7 
+42.1 

+26.0 
$42.7 
+37.0 

+34.2 
+60.8 
- 6.0 

+61.3 
+46.6 
+40.6 

- 7 . 6  
+ 3.5 
+41.4 

+40.2 
+50.6 
+33.2 

+22.3 

+26-Q 

+32.0 

+42.l 

+ 4.2 

-12.0 --- 
+20.0 

30.0 

80km. 1 
wale 

C18.9 
.$44.6 
+40.6 

+36.2 
+36.7 
+22.4 

+10.9 
+61-0 
+47.8 

+30.8 
+48.9 
+41.3 

+38.9 
+67.1 
- 0.4  

+67.6 
+52.4 
+47.3 

- 1 . 6  
+ 9.8 
+48.0 

+56.8 
+67.3 
+38.9 

+27.4 

+32.6 

+37-8 

+47.7 

+ 9.6 

- 0.3 

+34.8 

36.4 

100 km. I 
w a l s  

+ 3.3 
+29.0 
.+25.1 

+19.7 
+20.4 
+ 6.9 

+ 1.3 
+35-3 
+32.6 

+15.0 
+33.7 
+25.8 

'+23.1 
+42.2 
-16.6 

+42.7 
+37.3 
+32.4 

-10-4 
- 6.2  
+34.1 

+41.3 
+42.4 
+23.8 

+12.1 

+17.3 

+22.6 

+32.8 

- 6.6 

-21.4 

60 km. 1 
wale 

+16.7 
+42.6 
+38.3 

+33.1 
+33.1 
+19.R 

+!4.8 
$48.6 
$45.1 

+28.1 
+46.1 
+39.4 

+36-7 
+54*2 
- 3.0 

+64-7 
+49.R 
$44.3 

- 4 . 3  
+ 6.9 
+46.4 

+62.8 
+54.1 
+36.2 

+26.1 

+29.8 

+36.1 

+46.1 

+ 7.0 

- 8.0 

+32.2 

33.3 

40 km. 

wals  

- 3.2 
+23.1 
+17.8 

+13.4 
+13.0 
- 0.6 

- 6.2 
+28.3 
+24.7 

+ 7.6 
+26.3 
+19.6 

+lea8 
+33-4 
-23.4 

+33.9 
+29.2 
+23.2 

-24.9 
-13.9 
+24.0 

+31.8 
+33.1 
+15.8 

+ 4.9 

+ 9 . 6  

+14.6 

+24.7 

-13.2 

-29.4 

100 ha. 

w a l e  

+20.7 
+46.4 
+42.6 

+37.1 
+37.8 
+24.3 

+18.7 
$62.7 
+40.9 

+33.0 
+51.1 
+43.2 

+40.6 
+59.6 + 1.9 

$60.1 
i 6 4 . 7  
+49.8 

+ 1.0 
+12.2 
+61.5 

+68-7 
+69.8 
+41.2 

+29.5 

$34.7 

+40.0 

+60.0 

+ l l . 8  

- 4.0 

+37.0 

37.3 

1 60 km. 

- 0.7 
+26.2 
+20.9 

+15.7 
+15.7 + 2.4 

- 2.6 
$31.2 
$27.7 

+lorn7 
+28.7 
+22.0 

+19.3 
+36.8 
-20.4 

+37.3 
+32.4 
+26.9 

-21.7 
-10.6 
+28.0 

+36.4 
+36.7 
+18.8 

+ 7.7 

+12.4 

+17-7 

+27.7 

-10.4 

-26.4 

- 

80 km. I 
mgala 

+ 1.6 
+27.2 
+23.2 

+17.8 
+18.3 + 6.0 

- 0.6 
+33.0 
+30.4 

+13.4 
+31.6 
+23.9 

+21.5 
4-39.7 
-17.8 

+40.2 
+35.0 
$29.9 

-18.0 
- 7.6 
+31.2 

+38.4 
+39.9 
+21.6 

+10.0 

+ l6 . l  

+20.4 

+30.3 

- 7.0 

-23.7 
-- 
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35. Magnetic Anomalies in the RZnTganj Area.-Vertical Force 
observations were also carried out in conjunctio~l with the gravi- 
meter by means of Variometers Nos. 19134 and 19136. The former 
was used a t  the base station and the latter a t  the field stations. 
Scale values were checked from time to time and found to be fairly 
constant. 

The magnetic anomalies computed with reference to RBniganj 
Standard B.M. are shown in Table 4. These have been correc- 
ted for latitude variation which was derived with the help of 
a generalized V.F. Chart of the earth's magnetic field. 

As will be seen the range of anomalies is considerable. Chart 
XVI shows the V.F. magnetic anomalies with contour intervals of 
5%. 

Unfortunately no data is available regarding the magnetic 
susceptibilities of the rock formations occurring in this area. A 
systematic investigation of this appears to be necessary. 

Some of the salient features of the magnetic anomalies are 
given below. 

The small closed contour of lOOy a t  the boundary of gneiss 
and alluvium is unexpected and is possibly due to the boundary 
being incorrect as this geological map is an enlargement from a very 
small scale map. 

The north-east po~vtion has excessive anomalies and nee+ 
further investigation. The pocket on the southeast also is of 
interest. a 

The section on line AB is shown in plate X ; f f .  

There is a good correspondence between gravity and magnetic 
maxima near latitude 23" 30', longitude 87" 30'' but the two are 
inversely related a t  the first maximum of gravity just to the SE. of 
RBniganj. Magnetic anomalies here exhibit a minimum. It may 
well mean that the Rhiganj series or coal measures extend up to 
hem only and that the other maximum of gravity and magnetic 
force ( a t  longitude 87" 30' ) is caused by gneisslea being humped in 
the form of a horst or peak under the alluvium. These gneisses 
are presumably quite magnetic and are responsible for the magnetio 
high. 

It ia of interest to note that as in the case of gravity, the 
eteepeat magnetic gradients also occur in the neighbourhood of 
Mnigen] . 
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TABLE 4.-Magnetic Anomalies in RZiniganj Area 

Station Latitude 

73 M Riniganj S.B.M. .. 3 6 1 6  
73 M RBniganj ( Magnetic 

Field Sjation ) . . 35 30 
53 M R&jbnntl B.M. . . 28 22 

73 M PBna.gar B.M. 27 49 
73 M 1 Bfid Biid B.M. 1 2 3 6 6  
73 M Kulgarin B.M. .. 1 8 1 1  

73 M Bi1rtlw6n S.B.M. ' 14 18 
Sainthia S.B.M. 

73 M Mohanpur B.M. 

73 M ' I Dubrnjpur 1 
( ~ u x 1 i i a . r ~  Point ) . . 47 14 

73 M Mejin ( Auxiliary Point) . . 34 04 
73 M Purandnrpur 

( Auxiliary Point ) . . 61 10 

I I 

* With rapoct to Rrinigsnj. 

Longitude 

- 
Height 

feel 
440 
659 
388 

341 
395 
314 

307 
245 
192 

162 
184 
345 

191 
207 
106 

267 
319 
127 

122 
108 
139 

260 
169 
173 

322 

300 
210 

238 
177 
119 

OB 
176 
260 

. . 

. . 

. . 

. . 

. . 

Mtlgnetia 
Anomalies 

-- 
Y + 279 

-t 169 
4- 446 

+ 9 + 271 + 68 

+ 223 + 72 + 230 

+ 360 + 206 + 113 

+ 266 + 180 + 112 

+ 476 + 428 + 44 

+ 140 + 176 + 660 

+ 382 + 606 + 166 

0 

+ 24 + 170 

+ 168 + 266 + 172 

+ 13 + 360 + 42 

+ 416 + 74 

+ 372 

+ 370 -+ 363 
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36. Gravity inside the earth.-The vertical gradient of gravity 
plays a very important role in Geodesy, but its determination hitherto 
by means of sensitive balances has been moot difficult and not ve 
precise. The modern gravimeters ale ideal for the purpose both 7 a 
regards speed and accuracy and the following proposal was accept- 
ed a t  the Eighth General Meeting of the International Union of 
Geodesy and Geophysics in Oslo, 1948. "The Association of 
Geodesy c d s  attention to the known variability of the vertical 
gradient of gravity and expresses the hope that it may be studied 
with the aid of recently developed sensitive gravimeters ". In 
Chapter VII are described the magnetic observatio~ls that were 
undertaken in the Kolar Gold-fields, Mysore, to .provide an experi- 
mental test of the theories about the magnetic field of the earth. 
This opportunity was utilized to combine gravimeter observations 
with the magnetic ones a t  various levels in the Nundydroog Gold 
Mines to get an idea of the variation of gravity with depth. The 
results are as follows :- 

Depth below A9 Sg/Sz 
surface 

feet mgals mgals p e r  foot 
872 16.2 0.01858 

1750 34 .6  0.01977 
2768 56 .3  0.02034 
4199 85.6 0.02039 

The date for heights underground was supplied by the Chief 
S u ~ e y o r ,  Nundydroog mine and is quite reliable. In 1907-08, 
observations had been taken with the pendulum apparatus a t  the 
surface and a t  e depth of 2,628 feet in Edgar Shaft and the following 
result was obtained :- 

Depth below Change in Gg/Sz 
surface gravity 

feet mgals rngals p e r  foot 
2628 67.0 0-02131 

Thie agrees more or less with the present findings. The verticel 
gradient in this area ranges from 0.0186 to 0.0204 mgals per foot. 
For comparison, it may be noted that the Free-Air gradient is 
0.1 mgeb per foot and Bouguer gredient is 0.06 mgala per foot on 
the eemmption of p ( den~ity ) = 2-87. 

If the earth he considered as e sphere composed of shells of 
uniform density, gravity a t  a depth z is g, = go ( 1 + zlr ), where 
Q, ia grevity a t  the surface 

ss 90 -- -- 978 
= 0.0466 mgah per foot. 

82 - r - 3980 x 5280 
Thia is about double of what i~ actually found, but i t  is of only 
theoretical in temt  ea it ia well known that the earth is not consti- 
tuted in thia way. 
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The observed value is very much less than the Free-Air and 
the usually adopted Bouguer corrections, which may partly be 
due to the fact that there are very heavy surface rocks a t  Kolar 
which exert rt greater upward effect as we go down, thus diminishing 
the vertical gradient. 

The above figures are useful in that they give a quantitative 
idea of the uncertainties with which the usual gravity reductiom 
ape burdened and in which for want of better data, the normal 
value of gravity gradient is used. 

The increments of gravity with depth as givcn in the above 
table can serve another useful purpose also. They can be used to 
give the average density of the various layers t~ different depths 
in tbis region. 

The Kolar Gold-fields are located in a schist belt composed of 
ancient basic lavas. There are hornblendic rocks and slates, 
quartzite and conglomerates. In this area of igneous rocks and 
sediments, there are numerous auriferous quartz veins. T b  main 
rams of hornblendic schist is surrounded by a '  wide expanse of 
granitic material. In such a complex series, it is not possible to 
get a direct determination of the average speci$c gravity from a 
few samples. The porosity of rocks, cracks, water content, etc., 
introduce further uncertainties. The hornblendic schist samples 
up to a depth of about 3,000 feet have been found tlo be very uniforni 
and have revealed a density of about 3 -013. I 

If p denotes the average density of a strata bdtween the surfabe 
and depth z and g,, g the gravity at the surface and this depth 
reepectively, then g, = g + 2gzlR - 4rkpz, where k is the gravita- 
tion comtant. 

Substituting in this formula, the gravity inkreases a t  various 
depths from our observatione, we get the followipg figures :- 

Layer Mean density j 
0 - 972 feet 2.954 
0 -  1760 ,, 2.906 , 
0 - 2768 ,, 2.883 , 
0 - 4199 ,, 2- 881' 

These are quite plausible figures. The &rmula above b 
appmximate in that i t  assumes normal Free-Airlvalue for vertical 
gradient and the orographical correction is neglected in the legt 
term. But further mfinementa are not justified, comidering the 
object in hand. 

37. Old Pendulum Stations.-Table 5 shows the old pendulum 
atations comected so far by the gravimeter. These compriae 16 
etatione on Dehra DGn-Mumoorie, Dehra Dfin-Simla and Dehra 
DBn-Delhi roads ; 2 etations in Weat Bengal ; 3 in Madhya Pradesh 
and 2 in South India. The discrepancies between the gravimeter 
and the pendulum multa are tabulated in the ,last two columne 
using 0.0809 and 0.0817 for the value of the m h r  f ~ t o r  respect- 
fmly. With the exception of 3 sfetions, the agreement is within 
tb mra of pendulum obeervatiom. 
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38. Value of Gravity at Dehra Dfn.-The first attempt et 
obtaining the absolute value of gravity a t  Dehra Dan was made 
in 1903-04, when observations were made b d h  a t  Dehra M n  md 
Kew with Von Bterneck's new pendulum apparatus. !he  vdne of 
gravity at; Kew was based on Pdsdam, which is the reference 
atntion for the whole world. The value obtained from 1904 oberva- 
tions for Dehra Dfin w w  979*063 cm/seca but it we% considered to 
be s~~spec t  M the apparutus was new and the observations both at 
Kew and Dehra, Dtin were not regarded as very satisfacto~y-at 
Kew on account of clock trouble anci at Dehra DBn cm account of 
the room in which pendulums were swung having an iron roo6ng 
producing very unsatisfactory temperature conditiun~ during the 
day time. In later years, several attempts were mads to  connect 
Dehrs IMn directly and indirectly with some European gtations, 
but as the table below will show, each time a different value wcrs 
obtained and it wat~ not considered advisable to  change the p m  
visionally accepted value. The pusition was thus ansatid&dmy 
in that Dehra Dfin was not tied so well t o  the European m f m c e  
stations aa these latter were with respect to  one another. 

Lately, indirect evidence has revealed that the value. of 
gravity g = 881.274 crnlseca accepted for Potsdam as s rmdt d 
very elabureb observations by Ktihnen and Fur tw~nder  in the 
beginning uf this century and which was taken ae a datum value 
for the wmld was really in error by a large amount. Beside+, the 
gravity velnea st the reference stations of some countries were 
either not well determined or not known at* all and the advent 
of the modern gravimeter with ib extraordinary mccumcy and 
speed of operation offered a unique opportunity to  i n t e ~ c m e c t  the 
vsriaes reference stations of the world. Dr. G. P. Woollard d th@ 
Oceanographic Institution, Woods Hole, Massechusets in September- 
November 1948 was sble to effect this with a special gravimeter, 
travelling in a military plane placed a t  his disposal by the Naval 
Reseerch Office, U.9.A. 

During this extensive world girdling tour which covered 
mileage of 83,000 miles he observed a t  Calcutta, Gaya, AllehBbGd, 
mnpnr and five stations in Delhi. None of these ~tat ions is an 
old Pendulum Station of the Survey of India. Dr. Woollard WM 
p r d  for time and could not include Dehra Dijn in his itinerctrg 
aa it is  not p s i b l e  to  get there by aeroplane. Accordingly, conk%- 
tion betweh D e h r ~  Diin and Dr. Woollard's stationa a t  Delhi wee 
e.stahliehd by the Survey of India with the Frost Gravimeter. 
These &stions were also connected by spirit-levelling end their 
height0 were snpplied to Woollard for incorpbration in hie find 
repurt. Table 6 givw the  results of the connection. 

The velueo in this table for the Frost Gravimeter are derived 
from'the accepted value of gravity at  Ilehra Dfh ae 979.063. Tha 
agreement with Dr. Woollard's velue~ is fairly setisfactory, indicat- 

that the accqted value st Dehra IXn in old Potsdam terms is 
pactical~y correct. 
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The older contours in the area between Andaman Islands and 
Mergu were based on very conjectural data and these Siamese 
stations alu, consequently of considerable value. 

The main feature disclosed by this additional information on 
the Helmert spheroid is the intrusion of the negative anomaly area, 
in about the latitude of 14" N. separating two regions of positive 
anomalies. On the International spheroid the anomalies are now 
predominantly negative in contrast to the positive ones shown on 
previous charts. The negative strip to  the west joining on with the 
negative strip of Vening Meinesz in the neighbourhood of Sumatra 
remains intact. 



-- -- _-- 
TABLE 6.-Dr. Woollard's &avimetric Stations in India 

Value of g 
by F'rost 

gravimeter 

cm /seea 

979.1359 

- 1363 

.I456 

-1317 

979.1321 

Not 
available 

,B 

9 9  

Value of g 
by Worden 
gravimeter 

cm/seca 

979.1352 

.1364 

.I459 

el320 

979.1424 

978.8062 

.8811 1 

Height 
above 

mean sea- 
level 

f e d  

693 

695 

701 

799 

720 

14 

370 

319 

R E M ~ K S  

At  entrance to  terminal build- 
ing on ground-level. 

On ground level in Queens- 
way, New Delhi. 

Old Secretariat, Delhi. 

Junction of station and Gur- 
gaon roads. 

On landing strip just outaide 
field entrance to  terminal 
building. 

These stations are not yet 
connected by Frost Gravi- 
meter. 

Longitude 

0 , .  

77 12 43 

77 13 08 

77 13 30 

77 09 42 

77 07 

88 26 

84 57 

81 44 

*Klnpur Air Port . . I  .. 1 2 6 2 4  
I 

* Precise elevations and positions of these stations are not known, as they are not connected by spirit-levelling and large scale maps for 
them are not available. The positions and heights are estimated values, and are approximate only. 

410 1 ,, 1 978:::::j 
I 

80 25 

Latitude 

0 , .  

28 35 00 

P h  

I 

Date 

I 
Willingdon Air Port, New 1 

Delhi . . 28 Jan. 1949 

Imperial Hotel, Xew Delhi 29 Jan. 1949 28 37 31 

I 
Surveyor General's Ofice. 

Delhi 
I ! 

. . 28 Jan. 1949 28 41 08 

Palam Road Junction, New 
Delhi . . 29 Jan. 1949 28 35 30 

*Palam Air Port, New 
Delhi . . . . I 28 35 

22 38 

24 44 

25 27 

*Darn Dum Air Port, 
Calcutta . . 

*Gape Air Port . . 
+Allahib&d Air Port . . 

. . 

. . 

. . 
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TABLE 7.-Gravimeter Stations near Dehra DCn 

I 

. . 15 4 47 

fed 

2239 
2310 
1660 

16 447  
18 4 47 

: j53 Fl Ameri .. 

O I .  

30 19 29 
30 14 18 
30 10 53 a3 F 

. .  17 447  1486 
' ' : :: )085 

867 

942 
949 

1179 

1334 
1685 
902 

1484 

30 10 44 

30 02 46 

29 52 20 

2 9 6 5 1 2  
29 66 29 
30 01 58 

30 04 55 
30 11 51 
29 57 27 

30 25 63 
29 53 28 
30 23 21 

30 31 08 
30 31 17 

30 32 32 

30 33 64 
30 36 49 

30 37 18 

30 38 29 
30 39 46 
30 40 30 

30 41 19 
30 41 58 

30 41 36 

. . 

i\l&an . . 

o t .  

78 03 22 
77 58 36 
77 54 37 

15 153 F 
I 16 $3 F 

17 153 F 
18 '53 F 

19 153 FI 
20 153 F 

77 54 38 

77 41 46 

77 53 59 

7 8 0 4 5 4  
78 09 19 
78 12 50 

78 08 32 
78 07 42 
77 33 27 

77 43 37 
77 40 23 
77 49 00 

77 50 26 
77 50 43 '  

77 60 39 

77 51 07 
77 52 37 

77 52 40 

77 61 36 
77 51 33 
77 62 23 

77 52 12 
77 52 10 

77 52 29 

. . 

. . 
Saheapur . . 
Kilsi I.B. . . 
Kilsi B.M. 341 . . 
Culvert botween 
furlong-stom 
6416 and 5416. . 

B.Y. 347 . .  
B.M. 351 . . 
Bride furlong- 

s h n e 6 4 / 4 )  .. 
b.M. 857 . . 
B.Y. 860 . . 
B.M. 863 . . 
B . I .  366 . .  
Oh&6ta I.B. . . 
firlong-etone 

~4 . . 

B.M. 877 . . 

21 

22 
23 
24 

25 

cm/.seca 

979.063 
979.067 
979.109 

F3 F 

S t  F 
55 F' 
63 F 

ii3 F 

979,116 

079.134 

978.120 

979.116 
979.122 
979.107 

979.106 
979.087 
979.158 

1 979.147 
979.143 
979.127 

979.131 
979.126 

979.079 

979.058 
979.032 

978.999 

978.970 
978.934 
978.895 

978.842 
978.819 

978.838 

978.809 

13 6 47 
15 647  

16 5 47 
16 6 47 

17 6 47 

17 6 4 7 '  
17 6 47 

20 5 4 7  

20 5 47 
20 6 4 7  
20 5 47 

20 547  
20 6 47 

20 6 47 

21 6 4 7  

~on/s& 

-a074 
-.058 
-.074 

879 
1605 

1684 
1710 

2673 

2962 
3438 

4037 

4587 
6232 
5832 

6666 
6933 

6744 

7217 

26 153 F 
27 53 F 

-a080 

-.099 

-a102 

-a111 
- . lo5 
-.lo7 

-.097 
1--092 
- -076 

--OW 
- a 0 9 0  
-.076 

-.075 
-a075 

- .044 

-.030 
-.016 

+.006 

+a028 
+.Oh0 
f .066  

+.090 + .103 

fa093 

28 

ern&.& 

- a  145 
-.I34 
-a124 

63 F 

cm/aee~ 

+ .m 
t.012 
+ . ~ 2  

-a128 

- el31 

I 

-.002 

-.025 

-.I29 

-.I43 
- a135 
-.069 

-.I41 
-.092 
- -105 

-a121 
- . l l 9  
-.I26 

-.122 
-.I23 

-. 121 

-.I14 
-a117 

-.118 

-.118 
-a l l8  
-.I19 

-a120 
-. 118 

-.I21 

. . 

-a031 
-.016 
-a018 

-a012 
- 405  
-a021 

+ ~017 
-.031 
+-023 

+no31 
+.033 

+ a 0 4 4  

+.069 
t.065 

t.068 

+no68 
+ s o 7 1  
+no73 

+a073 
t.073 

+so73 
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41. lAverage Heiglrt Map.-Chart YVUI ehows the average 
heisht map of India which is drawn by estimating the average 
heights of 4" squares. This was drawn in the main by Col. Glennie 
with extensions northwards and eastwards bgr Mr. Haahmie. This 
chert haw been found very useful for computing the Isostatic reduc- 
trion for zones 12 to P. For zones N and 0 certain care is needed if 
these cut very high eontourn. 



DEVIATION OF THE VERTICAL 

42. Summary.-Both components of the deviation of the 
vertical were measured with an astrolabe a t  2 statio~ls in Mgrwii~, 
12 stations in South India and 1 station in NepFil. 

Observations to Polaris were also taken for the determination 
of azimuth a t  2 stations in Mgrwiir, 2 stations in South India and 
one station in Nepiil. The first two stations were observetl for 
oomparison with the 1945-46 and 1946-47 values observed with 
Shutter theodolite. The azimuth observations a t  the two astrolabe 
etations in Sout'h India and one in Nepd were undertaken to make 
them into Lapla& stations for azimuth control of the triangulation 
aeries to which they belong. The astrolabe observations a t  the 12 
stations ( about 15 miles apart ) in South India including the two 
Laplace stations mentioned above were made with a view to'obtain- 
ing a reliable section of the geoid in this area. 

43. Observations.-The instruments used were the big astr.olabe, 
Two-Pen Mercer Chronograph, Mercer break-circuit Chrononleter 
and Marconi Wireless receiver. 

The instants of the passages of the stars t,hrough t,he'altitude of. 
60' were recorded by one pen of chronograph and were read with the 
help of a time scale provided by the other pen beating seconds of t,he 
chronometer. 

Wireless rhythmic signals were received from Rugby a t  9:65 and 
1756 honrs G.M.T. The chronometer is so arranged as to disable the 
wireless set for a fraction of a second every second, so that about one 
third of the pips are obscured. The times of the first signals to  emerge 
from the silence are recorded on the chronograph and from them the 
Greenwich Sidereal Time error of the chrononleter is derived. The 
required longitude is then obtained by subtracting from it  the Local 
Sidereal Time error as determined from stellar obser~et~ions with the 
astrolabe. These longitudes have been corrected for emission correc- 
tions received from the Royal Ob~ervat~ory, Greenwich. 

One night's work waR normally done a t  each station. 
44. Personal Equation.--0b~e~atit-m to measure the personal 

equation of the obmrver wpre made for two nights at Dehra Dfin, 
one night a t  Banpalore, and two nigh& before and two nights after 
the field work in ,South Tndics a t  old Madrw Ilongitude stjetion. 
The wirelam receiver hmke down in Nepiil a.nd consequently ohaer- 
vation8 for personal equation could not bs made a t  Dehra Dfin 
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after tho close of the field work. This is not serious in view of 
the consistency of the ~neasurernents obtained from time to time 
a t  different places during bhe season. 

The figures obtained for personal eyuatiou were as follows :- 

A correction of +0 17 seconds was applied to  the longitude 
value of MBrwlr station, corrections ranging between +08- 16 and 
+08.  24 to other stations of South India, and +08.  24 tdo the last 
station observed in NepB1. 

45. Geodetic Positions.--The astrolabe wns placed on old 
station marks dr in their immediate vicinity where these could be 
reached without much difficulty, and the geodetic position of the 
astrolabe station was cledliced by observing an approximate azimuth 
and measuring its distance with a tape from the known points. 
The geodetic position of some stations was determined by theodolite 
resection from existing trigonometrical stations and points utilizing 
an astronorllical azimuth usually ohtained from w n  observations. 
I n  some cases the astrolabe station formed one end of a measured 
short base and its geodetic position was determined by observing 
to  a known station or point supported by n sun azimuth. 

46. Narrative.-One detachment consisting of Mr. J. B. Mathur 
( Surveyor ), one recorder and 10 khnlitsi.~ left for MRrwgr on 14th 
November 1947 by train after completing observations for two 
nights a t  Dehra Diin for the determination of personal equetion. 
The detachment reached Erinpilra Road R.S. on 17th November 
and in addition to the nornlal astronomical programme, observed 
&qtronomical azimuths a t  two st,at,ions, P lwa  and Sumorpur. 

After completion of work a t  MBrwiir the detachment left for 
8outh India and arrived in Madrag on 2nd December and ob~erved 
for pmonal  ecluation fr~r one night a t  the old T,ongitude Eltation. 

The observer t hcri went to Bangalore to arrange for mechanical 
trenuport for his detachment and to compile the trigonometrical data 
required for po~ition fixing of his stations from the office of the 

I Madrrts i Dehre Dan I Madras 

9 

Nov.2  .. + 0.13 

Nov. 7 . . + 0.23 

I-- 
a \  8 

Dec. 2 I . . + 0.19 1 Jan. 21 . . + 0.25 

Dec. 11  . .  + 0.10 Jan. 22 i . . + 0.24 

! Bangalore 

1 Dec. 8 . . + 0 .19  
I 

Mean . . + 0.18 Mean before the com- 

i 
1 Mean at the close 

mencement of field 1 of the field work 
work in South India + 0.10 in South India . . + 0.24 









CHAP. N ]  DEVIATION OF T H E  VERTICAL 57 

Southern Circle, Survey of Tnrlia. In  the courx of his visit, he also 
observed for personal equatioil nt the old Bangalore Longitude 
Station ( 1877-88 ). 

On return to  Madras, he observed for pcrsonal equation for one 
more night on 11th December and then p?,oceetled with his pro- 
gramme of observations of 12 stations from M:tdra.s t o  Arangatanzi in 
degree sheet 68 N. These stations were spaced a t  intervals of about 
15 to 20 miles. 

I t  was not possible t o  arrange for motor transpoi'i as the local 
dealers demanded exorbitant rates. Journeys were performed by 
train which was of metre gauge and was always very crowded. 

The original programme of observations in NepBl was to 
establish Laplace stsations a t  Ladnia, Tamarang, Sandakphu and 
KBtmEndu in order t,o control t,he error in bearing of the recent 
topographical triangula.t,ion in Nepal carried out in connection with 
the Kosi Project. 

After arranging for camp equipment and permits for 
entry into Nepiil the detachment travelled by lorry from Forbes- 
ganj to  Chaitra and thence by ferry to  Barahakshetra and 
Tamarang. Observations were made a t  Tamarang on 7th and 
8th February. The wireless set failed after that  and was taken to  
Calcutta for repairs but could not be put into working order. This 
wireless set could no: 1)e replacecl as no other set was available. 
Further work was, therefore, not possible and the detachment 
consequently ret,urned to Dehra Dfin towards the end of March 1948. 

The Marconi R.P. 11 set.s which are in use in the Survey of India 
for reception of Ultra Long-wave signals have become too antiquated 
and arrangements are being inade t o  replaace them by suitable 
communication receivers for short wave rhythmics. 

47. Results.-( a, ) MZrwir Section. Experimei~t~al high pre- 
cision traverses were run in the Erinpura area of Jodhpur in 
1945-46 and 1846-47 to test the method and the technique of observa- 
tions. A regular ancl essential feature of the project nras to  control 
the geocletic azimuths by observing astronon1ica.1 a.zimuths a t  inter- 
vals of about 10 miles and correcting them for deviation of the vertical. 
The mcuracy aimed a t  for astronomical contjrol was 1" of arc and 
the instrument used was a small TavistoCk Theodolite equipped 
with Shutter eye-piece. 

On close of the work, it wirs founcl t , l~a t  not only were there 
considerable discrepancies in t'hc valnes of a,stronomical longitudes 
in the two seasons' work for t,hr same st~t , ions,  hut bhe geodetic 
azimut,hs RR (Ierived from asttrono1nic~,1 ones differed from the 
trigonometricnl azi~nlrt~lls hay amolint,n muah greater than the esti- 
me't.ed accurn~~lat~ed errors a t  different ~t,at,ions. 

To nettle t,he v~r ions  points of tlouht, it was decided in 1947-48 
to reobsarva the a~tronomical azimuths with a Geodetic Wild 
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Theodolite and to obtain the deflections by Astrolabe a t  two stations. 
The results which are given below cordrmed the suspicion that 
the observation? with the improvised Shutter Tavistock were 
unsatisfactory both as regards Longitudes and Azimuths. The 
orrors in the cleflections were mnch greater than their motual 
magnitude. 

The actual deflections in this area are small and consequentl~~. 
the difference between astronomical and geodetic azimuths is onlr 
2". 

I Nape of 
Station 

( b ) Obeervortdom in South India.-These observations were 
undertaken to  reduce the closure error of +35 feet in the circuit 
BengaloreMadras-Manaar-Minhhi. The new observations have 
reduced this error to  + 11 feet. 

Opportunity was taken to establish one new Laplace station 
a,t Mallipat H.S. of South-East Coast Series, seasons 1875-79 and 
Villupuram Series of 1911-12, and to check the old Laplace station 
of St. Thomas's Mount Trestle S. of Madras Longitudinal series of 
1886-80. Details of the Laplace correobions derived are given 
below. 

The accepted value of the geodetic azimuth a t  Mallipat H.S. of 
Ekkamalai H.S., Ag is 110" 46' 24". 2. The present observations 
give the value of astronomical longitude to be La = 79" 22' 28".20 
end astronomical azimuth, A, a t  Mallipat H.S. of Ekkamalai H.S. 
to be 110" 46' 22". 1 .  The resulting correction to  the geodetic 
azimuth as a result of the Laplace Equation is 

8Ag=Aa-A,--[ ( La-L, )+3"-  16 ] x Sin Ag = - 1".6 

Prime Vertical deflections Geodetic Bearing of referonceobject i 

The nearest Laplace station to this station is 80 miles away 
end this correction is not unexpected considering the accuracy of the 
obwrvations. The astronomical azimuth was obtained by 86 
o b r v a t i o n s  to Polaris, the probable error of the resulting mom. 
value being f 0". 43. 

( 3  ( 4 )  

$ 2 . 7  - 7 . 4  + 4 . 2  

Obeervetiona a t  St. Thomas's Mount Trestle S. are elso intmest- 
iq~:end the table below gives the comparison of the oId and new 

104546 
( Sbutter ) 

1916-47 1 1947-48 
( Shutter ) (Astrolabe) 

IYIM7 
Astro. 
values 

reduced to 
geodetio 

( 5 )  

0 , .  

134 01 36 

1 5 9 0 2 2 3  

1947-48 
Astro. 
valuea 

rctluced to 
geodotio 

( 6 )  

0 "  

134 01 40 

1 5 9 0 2 4 2  

Triangula- 
tion 

valuee 

( 7 )  

0 , .  

134 01 39 

1 5 9 0 2 3 6  
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values of correction to the published gthodetic azimuth :- 
* -  - - A  A -  L A  

The Laplace correction given above in column 7 is the correction 
which is applied to the ob~erved astronomical azimuth to  obtain the 
correct geodetic azimuth. The last column gives the error accum- 
rndrted in geodetic azimuth. The older observation8 for longitude 
were not made a t  St.  Thomas's Mount but a t  Madras, and the 
dSerence A-G in longitude a t  Madras was used for the calculatioh 
of the correations to azimuth a t  St. Thomas's Moufit. 

The agreement of the derived correction to published geodeiic 
azimuth is satisfactory and within the precision of obsernhtions. 
The older observation8 were clone by much more rigorous methods ns 
they were made a t  one station only. The present ones are for a 
different purpose namely the delineation of the geoid. The oldor 
latitude in 1890 was obtained by the Talcott method by observations 
of 39 pairs of stars, its probable error being f 0"- 077. The probable 
error of the new latitude with the astrolabe is & On.912. 

I 

, A - G  
Azimuth I in 

Similarly the older longitude was observed by electro-telegra- 
phic arcs, its p.e. being reckoned as & OR.329; that of the new 
longitude is f 0" 160. 

The older azimuth was derived by observations to 80 circum- 
polar atars a t  elongation, the p.e. being f 0". 134 as against the 
p.e. of & 1".42 of the 1947 observations which was derived from 
Polaris  observation^ only with a small Wild Theodolite. 

,g4t5  ,;=, 
% + E E  

& u.5 
0 2 2  

-;*\ 

-9.8 

A-G 
in 

Long. 

----- 

-ii.3 

-08 .5  

Lat. 

+;.a5 

+0.14 

Station 

( c ) Laphre i~ ,  NepZ1.- As has already been luentioned, i t  WM 
originally intended to observe for 1,aplace a t  Ladnia T.B., Tama- 
rang h.s., Senda.kphu h.s. and Kfitn~bndu. Owing to the break 
down of the wireless ~ e t ,  observations were made a t  Tamarang h.s. 
only. Unfort~nat~cly this is a station of wlbsirliary triangulation 
which is not connected to t'he main topographical triangulation 
from Sandakphu t,o Lrtclnict. Consequently the geodetic longitude of 
this station is doul~tful and the ~,st,ronomical observations cannot 
be utilized for deriving the Prime Vertical deflection and for the 
correction of triangulated azimuth for Laplace o f .  m e  
~tronomical  coardinates of this otation are latitude 26' 62' 66"- 130 
and longitude 87" 11' 34"- 16. 

8 . 5 3  
qso ,  
~ 2 1 . g  
3 4 4 ' I t  

+ 0 . 9  

+ la2  

0 - -- I 
1 

: 1890 

I 

1947 

St. Thornaalr 
Mt. 

St. Thomaa'a 
Mt. 

I 
Madras I St. Thomas's 

Mt. 

I 
St. Thomls'a 1 St. Thomas's 

Mt. Mt. 
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48. Summary.-Two detachments were formed to determine 
the deviation of the vertical, one under Mr. 0. P. Grover, M.A,, 
fussistad by one Snrvtbyor and the othor undor Bfr. J. R. Mathur. 

The former wna to determine only the mcriclional component 
of deflection along longitllcle 83" 45' bctwecn FVnltair and Dehri- 
on-Sonc a t  33 stations ( including two olcl latitude stations ), the 
object being to improve the gcoiclal circuit closuro of -SO feet of 
which this line forms C L  ;)art. Thc second detachment determined 
hoth compononts of tiit. deviation of the vertical, and also ezirnutha 
a t  three pairs of stations in Madhye Bhiirat for obtaining reliable 
values of Prime Vertical deflections and corrections to triangulated 
azimuths. Old values of draflections a t  these stations had been 
determined from azimuth observations and appeared to  be suspeck 
am they were not in tune with the deflections a t  the neighbouring 
stations. 

49. 0bstrvetions.-( i ) Detachment No. 1, under Mr. 0. P. 
Grover, M.A., observed Astronomical latitudes with Zonith Telescope 
No. 1 by Mmm. Tronyhton & Simms ( P l ~ t e  XXI ). The values of 
one tlivision of the micrometer were determined before and after 
the field Eletwon with the following results :- 

Before the field season 69". 26 from Polaris a t  elongation. 

After ,, ,, ., 69". 20 from 6 micro pairs. 
Thi~ ingtrument has h e n  in use for & long time in the department 
and the earlier values of one divieion of its micrometer are tabulated 
below : - 

w 

Before the atart of work, the imtrument was set in the meridian 
with the help of Polaris. The actual programme of obser.vatione 
conaistc<i in,  ohservatirm to  not less than 8 peirs of latitude stars, 
2 collimation etam and 4 time star8 ~ a c h  night. One night% work 
r r a ~  normally done at mch station. 

Only one Rtntion WRR fixed by resection. The o t h m  were 
located either a t  or in the immedinte vicinity of previously fixed 
tdgonometricrrl points. 

( ii ) Detachment No. 2, under Mr. .T. R .  Mathnr, observed with 
the sattolabe. One night's work wm norrrlrcllv done a t  cnch stntion 
except et  the firrrt, stntion where two nighk' were observed on 
.oconnt of the faulty behrrviour of the clock. Greenwich time wee 
obtained from the Rugby 09-65 and 17-56 C.M.T. eignale. The 
obwatiorm were made a t  the old n i t m  of the geodetic stations, 
which wan, nnmirrtakehlv identifled. 



THI Eb# ETR T&bd08CQPB, 
-- 

m- i ~~~~~ 





C w .  IV] DEVIATION OF THE VERTICAL bl 

50. Personal Equation.-Obmrvations were made with the 
astrolabe a t  Dehra Diin by IW. J .  B. Mathur bdore and after the 
field with the following results :- 

Date Personal Equation 
9 

Mean before field season . . +0.28 
Mean after field season . . $0.28 

These have been corrected for B.H. corrections from Rugby. 
51. Narrative.- ( i ) Detachment No. 1 consisting of one 

observer, one assistant and 15 kI~akFsis left for Vizianagram 
on 26th November 1948. The work was started from Riinlchandar- 
pur ( District Vizagapatam, Maciras ). The station is just near 
the sea-shore and was utilized by the Indian Army for fixing the 
air-craft guns on i t  in the last GI-eat war. Transport was 
difficult and the area was infested with tigers and wild elephants. 
The health of the detachn~ent remained normally good. 

( ii ) Detachment No. 2 consisting of one observer, one com- 
puter and 12 khahsis left Dehra Dfiil on 3rd January 1949 and 
arrived a t  the first station on the 7th January 1949. The work 
proceeded well except for bad weather and untrained lampsmen 
who caused a delay of about 2 weeks in the programme. 

52. Laplace Stations in Madhya Bhlrat.-It was noticed that 
prime vertical deflections a t  Amua H.S., Rangir S. and Karara 
H.S. were unduly large. These stations are near the crest of the 
Hidden Range and are on flat ground. The deflections were derived 
from azimuth observations and appeared to be suspect as there 
were no obvious grounds for their being abnormal. To teat these, 
twin Laplace Stations have been established a t  the former two 
stations and a single Laplace a t  Karara H.S. The results are 
tabulated in Table I. 

New observations show that the accepted prime vertical deflec- 
tion is in error a t  Rangir by 30", a t  Amua by about 6" and at  Karara 
by about 12". 

The last two columns give the errors accumulated in geodetic 
azimuth as derived by the new observations and that accepted 
before for deriving the P.V. deflection from azimuths given in 
oolumn 8. 

It will be seen that whereas the large discrepancy in P.V. 
deflection a t  Rangir is due to a n  error of 13" in the old astronomi- 
oal azimuths, the discrepancies a t  the other two stations arise from 
a wrong estimation of tho orror mcumulatod in geodetic azimuth 
due to lack of Laplace control. All these stations, although they 
belong to secondary series of triangulation, are also oornmon to the 
Calcutta Longitudinal Series, which is of primary quality md the 
mall  accllmulation of error in geodetic azimuth ah Rangir and 
Amua is reasonable. 

At Karara the error in geodetic aeimuth ir 7. 4" ; thim is &her 
large and needs further inv~figcltion. 
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The new meridional deflections a t  all the three stations are in 
satisfactory agreement with the older values. 

53. Deflections in Subansiri Area ( Assarn ).-To provide 
Laplace control for the Subansiri (Assam ) reconnaissance triangu- 
lation in 194645, Mr. M. N. Kalappa observed for deflections of the 
plumb-line a t  three stations. 

The astronomical latitudes and longitudes were obtained by 
semi-graphical fising from observations to  4 stars, in four quadrants 
by position line ( intercept method ). Astronomical azimuths were 
derived by observations to  sun and are not of a high degree of 
accuracy. 

The datum for co-ordinates of the triangulat'ion is an 'S ' class 
intersected point, the scale is derived from a base measured with 
a 10-foot subtense bar, and the initial azimuth is a sun azimuth. 
Another sun azimuth observed a t  Pad Puttu ' differs from its tri- 
angulated value by 41 seconds. The triangulated values of the 
co-ordinates of the Laplace stations are therefore weakly determined. 
The deflections are not thus of a high degree of precision and may 
be in error by 5" to 10". They are included in Table 2 as there are 
no other deflection stations in the area. 

54. Results.-Table 2 gives the results of the deflection observa- 
tions made during the two field seasons 1947-48 and 1948-49. 
Chart XXII  gives the revised geoidal circuits and their closing errors. 

The new stations were designed to strengthen the weaker por- 
tions of the two circuits KaliBnpur-PValtair-Sambalpur-AllahabBd- 
Kaliiinpur in Madhys Pradesh and Bangalore-Minakshi-Madras- 
Bangdore in South India. As regards the first circuit latitude 
observations along the meridian of 83" 45' have improved its closure 
error by 15 feet but have naturally worsened the closure error 
of the circuit to the eavt by the same amount. This latter circuit 
has one very weak side from Waltair to  Calcutta. A few deflection 
stations on this line are desirable. 

While the new closure error of - 15 feet in a circuit of linear 
length of about 1700 miles can be regarded as satisfactory, part of it 
is no doubt due to the fact that the deflections a t  some of the new 
stations display a large variation on account of the rugged topo- 
graphy. Some parts of the area contain hills with elevations of 
about 4000 feet and the spacing of the stations a t  15 to 20 miles is 
rather large for interpolating the deflections. 

The cloaum error of the circuit in South India haa also been 
appreciably redr~cerl from +3.', feet to + 11 feet. At the southern 
tip of the circuit, however, the spacing of three ststione is about 
50 miles and this is possibly respon~ible for a part of the 
resirlual error of + 1 1 feet. 

The charts of the Goid  and tho Compematerl Oeoid in India, 
Cham XXIII and XXTV, have hecn revi~ed incorporating the 
I W U ~ ~  of the nr?w d~tlection data. I n  drawing thoae charts for the 
earlier Rep& the Btmnger geoidal sections were treated as errorless 











&up. rv] DEVIATION OF T H E  VERTICAL 6 3 

and the entire closing error of the circuit was applied to the weaker 
sections to obtain geoidal heights a t  the various stations of observa- 
tion. The addition of two new strong sections has necessitated the 

of the closing errors of the circuits, each station now 
receiving a correction proportional to its distance from the starting 
station. 

A comparison of Chart XI11 of the last year's Report with 
Chart XXIII  of this Report shows that  whereas the general picture 
of the Geoid in South India has remained the same as before in 
some areas the contours have shifted upwards by about 5 feet. 

I n  Central India the general picture is altered considerably. 
The closed $35-foot contour connecting Jubbulpore and NLgpur 
and the small +40-foot local contour within this have disappeard, 
as also the +30-foot closed contour between Ahmedabiid and Mhow. 

As regards the Compensated Geoid ( Chart XXIV ) the colltours 
in the South havc altered inakerially in shape but not in magnitude. 
In the centre the +30-foot closed contour to  the north of Nggpur has 
disappeared. A prominent feature of the new chart is a wide saddle 
in the centre of India formed by contours of +20 and +25 feet. 

The closed-40-foot oval t o  the north of Bena.ras has been re- 
placed by a-25-foot contour. 

Towarcls the nort,h also, the contours above +20 feet have a.ll 
shifted in the north-east direction. The displacement of zero 
contour is by about -8 feet. 

55. Future Geoidal Programme.-The geoidal circuit Manga- 
lore-Bangalore-Poonn-Mangnlore had a large closure error of +56 
feet ( vide Geodetic Report 1935, Cllnrt VIII  ). I11 1935-36, tjhe two 
weak E. to  W. sections of this circuit were re-observed and Geodetic 
Report 1936, page 27 says that  as a consequence t,he error was re- 
duced to +25 feet. This was, however, a mistake, and the correct 
figure is -3 feet which is very satisfactory. 

It is now on the programme t o  carry out a line of latitude 
observations north of Bombay altllongh the exist'ing closure of the 
circuit of which this line forms a part appears to  be good. This line 
is, however, weak and the small closure error can only be attributed 
to chance. 

With the completion of the last two seasons' work, the main 
geoidal framework in India, is pretty well braced up except in the 
north where observat,ion of a section Jalpaignri-Pot'a-Meerut along 
the North-East Longitlidinal Series is indicated. As mentioned in 
Chapter IV of Technical Report 1947, Part  111, some further stations 
in Burma along Mandalay to  Dibri~garh or on Manipur Road are 
desirable to form a closed circuit. and carry out geoid into unexplored 
regions. These would, however, be impos~ibly difficult a t  the 
moment not only on account of the existing conditions in Burma but 
8150 due to  the fact that determination of geodetic positions would 
be a seriou~ problem. Primary stations are few and old topographi- 
cal points are not,oriously bad and of doubtful accuracy, being 
burdened with errors of as much as 200 yards. 
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TABLE 2 

g g' 
Obeerved nt 

-- 

I 
I 

h.s. ( 3 3 8 7  5.3 / -  0.3 , , I --- 
1171 58 M ~ a l l i ~ a t -  I I 3 0 2 + 3 . 3 ( - 1 . 0 1 - T -  1 i I I 

M Tiruvendipwam '"7 1 Lat, station 

) . .  1 - 5 . 8 ( + 1 . 2 1  I 1 I 
6. 1 145 1- 9.0 1- 0.2 ( I I 1 

N Petukota 88 + 1.6 - 1.0  11761 1 Trestle 8. 1 / 1 ! I 1  -- . - -- -- - 
IT, N I l?;:z$yd 1 150 I+ 4.8 ;- 5 . 6  / 1 1 1 S. 
1178 00 C 8t. Thomaa's 250 + 4.8 - 3 . 3  I I Mount Trestle S. I 1 I I 
1- 72 N Tamarang I 1 h.s.131981-38.31-16.11 j I -  I 1801 e s p N -  . .- . .- .. . -. - - 

I I ---- ~. ----- -- 
11811 N ( Pindi H . S . 1 7 6 6 1 - 2 . 8 1  I I I I 
1182 66 N ~ i l k o n d e  I I 

Co~ma 4 r Exoept at Q. T. and other triangulation stktiolu a11 helghb 
approrimate end oomot to within 10 to !ZO feet. , 
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DEFLECTIONS 1947-49 

iz 

b 

EVEREST'S SPHEROID 

I 

(-12.0 11166 
A 26 09 33.61 A 73 05 01.33 1- 5 .0  /+ 4.5 11164 
G 25 09 38.58) 0 73 04 59.531 
A 25 25 03.26 A 73 04 40.51 I I 0.0 (+ 4.2 11166 
G 25 25 or .24l c 73 04 39.071 
A 12 53 62.25 A 80 05 42.56 I )+ 5.0 1- 3 .0  11167 
(i 12 53 47.2111 Q 80 0,s 49.761 
A 12 41 36.37-A-79-5838.55 I+ 3.8 1- 4.6 
G 12 41 32.6 I 0 79 68 66-4 1 I -.-- 

A 12 22 20.44 A 79 47 18.90 I +  4 .9  1- 2.7 
G 12 22 15.5 1 0 79 47 24.8 / 
A 12 07 64.49 A 79 30 68.211-- 
Q 12 07 47.60 Q 79 37 03-16 

- - -  

A 1158 0 5 . 2 9 1 ~  79 22 2=0-- I G 11 68 00.26 0. 79 22 33.841 
A 11 44 43.07 ~ - 7 Y 4 2 8 0  I I +  5 .4  1 -  2.8 111% 
G 11 44 37.641 0 79 42 45.80: 

-- - - 

A 11 24 00.431 A 79 4132.80r I 
I I + - O T l F F 2  ,1173 G 11 24 00.32 (1 79 41 40.03 

. - - -- 
~ 7 1 7 1 4 ' i - ~ 7 9 2 4 5  45-- I 1- 3.8 / -  0 .6  (1174 
G 11 11 41.3 / Q 19 42 4 9 1  1 
A-10-46-22.72~-79 37 53-73 1- 6.8 1- 1 .7  11-135 
G 10 1 29.501 Q 79 38 00.631 
~ 1 0 2 8 2 0 9 4 - A - 7 9  17 58.34 I I+ 3.8 1 -  2 .3  11176 
G 10 26 17.091 Q 79 18 03.85 
A 10 09 18.43 A 79-15- ' 

C 10 09 11.231 8 79 01 01.10( 
A 13 00 20.93 A 80 11 32.85 1 I +  6 .1  1 -  5.2 (1178 
G 13 00 14.7d (1 80 11 41.381 - 
A 26 52 66 .8087-11  24.15 I 1- 42' 1-21' 11'179 
(3 26 53 39. I Q 87 11 51. 1 -- - - 
A 18 07 10.27 
(3 I8 07 16.711 Q S3 4z 16.411 -- I - - - -- - -- 
A 18 19 35.04 
G 18 ID 38.281 (1 85 46 12.181 

--- 1- 
A 18 36 29.76) 
G 18 36 39.35, (1 83 46 06.351 -- - - - 

I 
- - -- - - 

A 1n05-31.74 
G 19 05 34.401 Q 83 44 31.951 I 

A 19 17 44.43 
19 17 49.321 Q 83 44 50.951 . - - -  . I . 

A 19-40 46;06-- - 

U 19 40 47.26 0 83 40 17.681 
A 20 06 02-02 

I 
a 20 OR M.161 Q 83 43 12.301 -- - 
A 20 21 17%&---- 

I I +  I - - - - - ------- 

(i 20 21 1 l . d  a 83 43 0650 )  I )+ 6.0 

NOTR:-Minua eign d e n o h  N. or E. defleotion of the plumb-line. 
Doubtful. 

-- 

Deflertlons 
- 

Mcrldlan P V. 

-- -- 

Name of rtstlon 
ohsrrved for 

Azln~uth 
Letltude 

I 
I 

Lnmitude Azlmuth 
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TABLE 2 

I 
Detleo- 

Obeerved nt 

I 

1106j N / Burha No. 1 

1 2 ~ 1  51 Sewfidhi 
I I 

I 

-- 
1254 83 E Jorum I I h.a. 1 6422 1- 9 \+21 1 I 

-- 

l2Oi7 
E I Pad Rlttu h.8. 

I l a  

( 3 a ~ r n m  4; Exespt s t  0.T. sod other triangulation stations dl heighh am 
-rimate and oorreot to within 10 to a0 feet. 
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DEFLECTIONS 1948-49 

A- 2 4  04-67.40 A 81 48 30.4.5) A 89 31 09.9 
(3 24 04 69.33 I f? 81 16 36.23 O ID 31 10-6 
A 27 30 48 A-9r4g-:,2 --A-f3-l-m2A--- 
(3 2 1 3 1  00 1 G 0'3 48 23 1 a 1 3 1  06 23 r0int26 

NOTE :-Minu8 sign d e n o h  N. or E. dcflection of tho plumb-line. 

EVEREST'S SPHEROID 
-- - 6 

Letltude 

0 1 "  0 I 

A 20 32 54.441 a 1 * 1 1 1 ,, Illis 
G 20 32 61.02 0 83 42 07.50 + 3.4 
A 20 52 3 2 2 7  
- 

B 20 52 33.591 D 83 46 10.111 
A 21 03 30.23 

I 
21 03 32.611 D 83 45 ow571 

A 21 21 37.01 
B 21 21 37.231 a a 47 14.291 I - - - - - -. - 
A 21 44 35.14 1 I i- 3 . 8 T - - 7 1 9 ' 2  G 21 44 38-97  O 83 46 28.96 

I 1-k-1.9 1 111% 

A 22 14 43.40 
(i 22 14 46.511 0 83 12  25.271 - 
A 22 28 49.23 
G 22 28 52.841 a 83 46 08.441 
A 22 46 51.18 I I -70-r- - 7 9 6  G 22 46 66.221 D 83 46 17.461 
A 23 05 10.95 I I -  - 1 1 1 9 7  
G 23 06 17.021 - D -- 83 45 -- ~9.151 
A 23 24 43.89 I I -- I+  4 . 7  1 1 1 1 9 5  
0 23 24 39.231 0 83 46 26.691 
A 23 36 20.391 I 0 23 38 10.381 D 83 47 51.321 

I 
-- 

A 23 68 31.871 I I+  7 .5  1 11200 

Longitude 

Deflections ' 
Name of station 

Azimuth obaerved for 
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56. Tidal Observations.-( a ) B y  port authorities.-Registre- 
tions with automatic gauges were continued by the port authorities 
a t  Aden, Kargchi*, Bombay ( Apollo Wa~idar ), Vizagapatam and 
Calcutta ( Kidderpore ). The Kent's Pneumatic gauge a t  Dublat 
( $augor ) which had to be shut down in September 1943 due to 
erosion of the foreshore had been re-installed by the Calcutta Port 
Commissioners in March 1944 and has since been working conti- 
nuously. Three more self-registering gauges of the Kent's Pneumatic 
type had been established by the Calcutta Port Commissioners 
during the recent years along the Hooghly, one being a t  Gangra 
( established in April 1940 but destroyed by cyclone in October 1942 
and re-installed in December 1942 ), anothpr at Balari ( established 
in August 1940 ) and the third a t  Diamond Harbour ( established 
in January 1947 ), and have all been in operation during the period 
under report,. Daylight observations of high and low waters on 
tide-poles were also continued a t  Bhiivnagar and Chittegong*. 

The tidal observatory a t  Bombay was inspected by the Surveyor 
of the Port Trust in May 1948 and again by the Chief Engineer in 
December 1948. The Observatory a t  Calcutta was inspected by the 
River Surveyor of the Calcutta Port Commissioners in May 1948. 
No inspection reports were received from any of the other obser- 
vatories. 

Only a few breaks occurred in the above tidal registrations. 
The following table gives details of these breaks :- 

s 

Port 

Aden . . 

Karkhi* . . 

Bombay . . 

Obsematnry Reports from Karichi and Chittagong have not been received 
rhce Msmh 1948 but i t  is presumed observations have been in propreen, 

I 

Dates of breaks  REMARK^ 

I 

9-10 Sept. 1948 
6-8 Feb. 1949 

23-24 Jan. 1948 
8-12 Feb. 1948 1 22-24 Feb. 1948 

28 Nov.-2 Dec. 1947 

8-10 Mar. 1948 
10-14 May 1948 
27-30 Nov. 1R48 

Vizagbpatam . . 1 2S24 May 1948 

I 12-31 iko. 1948 
I 

Due to some unknown obatruction. 
Do. 

Causos not known. 

Due to accidental interference by dock 
workers. 

Due to breakage of lead substitutes. 
Due to inspection of gauge. 
Due to breakage of the silver chain. 

Due to pen not touching the diagratd 
paper. 

Due to ovcrhanling of the gauge. 
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But for these minor interruptions, all the gauges were working 
satisfactorily. 

( b ) By lourii.zg tidal detachment of the Survey of India.-A 
programme of 29 days' systematic observations was carried out by 
a touring tidal detachment, newly formed in the Department, a t  a 
number of ports along t,he west coast of India during the field seasons 
1947-48 and 1948-49. The neecl for starting such a regular short- 
period observation programme hacl long been felt for two main 
reasons : ( i ) our predictions for Standard Ports rest, in most cases, 
on observations taken about 60 years ago, and no recent "actuals" 
have been available to check whether the predictions continue to 
conform reasonably to the " actuals " or whether local changes in the 
sea bed and ~onfigura~t~ion of the land in the harbour have since 
taken place a.Rcct.ing the tidal occurrences to  any appreciable 
extent ; and ( ii ) in the case of most Secondary Ports, only in- 
ferred harmonic constants are given in i,he Admiralty Tide-Tables, 
and no modern systemat,ic observations have been available to  
provide reliable harruonic data for ihe use of the mariners. Obser- 
vations were carried out a t  Cochin, Beypore and Bassein ( Bombay 
Presidency ) during the season 1947-48 and a t  Port Okha, Mandvi 
( Kutch ), Porbandar and BhBvnagar during 1948-49. The obser- 
vations at each port consisted of tide-pole readings a t  intervals of 
every half-hour during both day and night, and also a t  times of high 
and low waters, for 29 consecutive days. 

At the Standard Ports Cochin, Beypore, Okha, Porbandar and 
BhBvnagar the tide-pole was installed pract'ically a t  ( or very close 
to ) the old tide gauge sites, so that the results of the present obser- 
vations and analysis could be compared with the previous values. 
At the Secondary Ports Bassein and Mandvi, sites were chosen a t  
the best available spots, in consultation with the respective port 
authorities. 

The zero of the tide-pole was, in every case, tied on to atleast 
two permanent bench-marks on the shore by levelling, and a 
watch was kept on this zero throughout the observations, by 
frequent levelling on to the reference bench-marks, to ensure 
that the tide-pole remained firm and undisturbed. The half-hourly 
tide readings on the staff were recorded to 0 el ft., while the readings 
near about the times of high or low water ( which were recorded a,t 
every 6 minutes commencing from about a quarter of an hour before 
the expected high or low water to about a quarter of an hour after ) 
were estimated and recorded to 0 -01 ft. 

The detachment comprisctl an officer in charge ( Mr. M. K. Bose ), 
four Record-keepers ( or tide-watchers ) and five class IV  servants. 
For the season 1947-48, the party left Dehra Diin for the field on 
3rd December 1947 and after carrying out the observations a t  Cochin, 
Beypore and Ressein, returned to tho Headquarters on 6th April 
1948. For the aeason 1948-49, the party left the Headquarters on 
13th October 1948 and returned on 24th March 1949 after complet- 
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ing observations a t  four ports. The health of the detachment during 
both the seasons remained satisfactory. 

57. Harmonic Analysis.-The observations of 1947-48 were har- 
monically analysed by the Admiralty Method of Harmonic Analysis, 
during the recess. The results of this analysis, together with the 
comparative values of the constants which have hitherto been ( and 
still are ) in use for our annual predictions, are given in Table 1( a ). 

It will be seen from the table that the old constants* for Cochin 
and Beypore have not undergone any appreciable change during the 
last 60 years or so. Preclictions obtained from the old and new 
constants are practically the satme and show no significant variance. 
The conclusion is that  our present predictions for these ports have 
not appreciably deteriorated in quality and that the old harmonic 
constants need no change a t  present. 

The predictions in the case of Cochin, however, have been 
found to differ from the observed "actuals" consistently by about 
4 inches in the same direction. Table 1( 6 ) shows a statement of 
these differences. Whether this consistent difference is due to any 
coastal subsidence, or to a sinkage of the reference bench-marks or 
to some ot,her cause is under investigation. Certain data of recent 
tidal observat.ionu carried out by the Cochin port authorities for their 
harbour development schemes have been obtained in this connection 
and are being studied. 

For Bassein, the "inferred" harmonic constants given in the 
Admiralty Tide-Tables Part I1 can now be replaced by the more 
reliable constants now derived, so that reasonably acourate pre- 
dictions may hereafter be possible for purposes of navigation. 

The field observations of 1948-49 have not yet been analysed. 
Their results will be published in the next Technical Report. 

58. Tide-Tables.-The annual "Tide Tables of the Indian 
Ocean" and the three separate pamphlets for Bombay, the Hooghly 
River and the Rangoon River for the year 1949 were prepared and 
published during July-Sept. 1948. 

Advance predictions for the years 1949 and 1950 for a number 
of ports were sent, in December 1947 and December 1948 respec- 
tirely, to  the Hydrographic Departments in England and the United 
States and to the Royal Indian Navy, as usual. 

At the request of the R.J.N., special tidal predictions for Rozi 
( in the gulf of Kutch ) for the year 1948 were prepared and supplied, 
both in tables and charts form, on payment. 

The total realization from the sale of tide-tables ( exclusive of 
agents' commission ) and from the supply of paid-for data during 
the period under report was Rs. 10,868-16-0. 

59. Mean Sea-Level.-At the request of the International 
Hydrographic Bureau, values of the monthly and annual Mean Sea- 
- - - - -- -- .. - -. -- - -- A 

Only the nine major constante that are obtainable by the Admiralty Method of 
Harmonic Anebnls, have hew been ronnidewd. 
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Level a t  Aden, KarBchi, BhBvnagar, Bombay, Vizagapatam, 
Saugor, Kidderpore, Chittagong, Akyab and Rangoon for the 
years 1939-47 were computed and supplied. The values, however, 
oould only be derived from the high and low wa.ter observations, and 
not rigorously from hourly heights. The annual M.S.L. values are 
given in Table 2. 

Monthly a.nd annual values of the Mean Sea-Level at Dublat 
( & Saugor ) for the yemu 1991-86 and 1937-43 were also supplied 
to the Port Commissioners, Ca.lcutt,a, a,t their request. 

60. Corrections to Predictions.-Empirical corrections based on 
the "actuals" of recent, years have, as before, been applied to the 
predictions for KarBchi, Navlakhi, Bhgvnagar, Bombay ( A. B. ), 
Vizagapatnm, Chbndbali, Dublat, Kidderpore and Rangoon for the 
years 1940- 51. I n  thc case of Navlakhi, ChBndblEli, Chittagong and 
Rangoon, the same corr~ctions a;r were applied for the 1948 predic- 
tions ( see Technical Report 1947, Part I11 ) were used, while for 
the remaining ports the values were revised. These revised values 
are given in Tables 3 to  8. 

61. Accuracy of Predictions.-Table 9 gives the greatest errors 
in the predicted heights of low water during 1947 and 1948 a t  the 
ports a t  wliich " actuals " were observed. 

The detadled results of the comparison between the predicted 
and observed tides during 1039-48 have been worked out but are 
not reproduced here for want of space. It may be mentioned that 
the average ( P- A ) discrepancies have remained insignificant, 
except in the case of Cliittagong, KarBchi and RhBvnagar where 
some large discrepancies appear to have crept in during the war. 
Observed data a t  Chittagoilg and Kariichi have not been available 
since March 1948. The probable cause of the large discrepancies 
at these ports has been given in the previous Technical R,eport. 
The effect of the bar a t  Bhavnagar has been dealt with in t,he form 
of empirical corrections to predictions and the ( P-A ) discrepancies 
are now reasonably small. 

62. Prrdiction Methods.-With the object of improving the 
present method of our riverain predictions, a stast has been made 
with trying out Liverpool Institute's method of Harmonic Shallow 
Water Corrections in the case of Rangoon. The met,hod consists in 
analysing hnrmonically the ( P-A ) discrepancies for certain 
dominant shallow water const,itl~ents which have been ignored in 
the primary predictions as obtained from the tide machine. These 
constituents are set on the machine to obtain correction curves for 
high water times, lligll wat,er heights, low wa,ter times and low water 
heights, to sllpplement the primary predictions. Rangoon has been 
taken as a start, and the ( P- A ) discrepancies for the year 1941 
are now in the process of analy~is and study. 

Similarly special methods involving consideration of shallow 
water components will have to be applied to Saugor, Diamond 
Harbour, Kidderpore and other riverain ports of the Indian Omn. 
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63. Additional Tidal Observations.-The need for the instal- 
lation of a number of addittionnl permanent tidal observatories along 
the Indian coast, to s1-~pplemen the ones a t  Bombay and Kidderpore 
and to help various tida! ri,nd othor geophysical investigations, is 
being strongly felt, and i t  is proposed to open a few such observatories 
before long. A resolution that nrcts adopted in this connection 
by the International Union of Geodesy and Geophysics a t  their 
eighth meeting held a t  0910 in August 1048 reads : "The Inter- 
national Union of Geodesy and Geophysics considers that to provide 
data for a satisftxctory study of M.S.L. and its variations on the 
Indo-Burma-MalayaSiamese waters and also for detailed studies 
of many other geophysical problems such as the secular subsidence 
or elevation of land, the present number of active tide-gauge stations 
on the Indo-Rurma coast is far from adequate, and strongly re- 
commends to the Governments concerned the establishment of a 
number of additional permanent tide-gauge observatories on their 
coasts as soon as practicable." This resolution was put up by the 
author, and action is in hand to procure the necessary tide-gaugea 
for the purpose. The present Tidal Section of this Department will 
slitably be expanded to cope with the increased work when these 
observatories are installed. 

It is considered that in addition to the existing tide-gauge 
stations, the establishment of permanent stations a t  the following 
ports along the Indian coast would be very useful :- 

) Gulf of Kutch 
# 

3. ~ e r s v s l / ~ o r b a n d a r  . . Kathiawar Coast 
4. KarwRr 'I 
5.  RatnBgiri 
6. Beypore 
7. Cochin i West Coast 

4 

8. Minicoy . . . . Minicoy Island 
9. Tuticorin 

10. Negapatam East Coast 
11. Dhamra Point/Shortt Island 
12. Port Blair . . . . Andaman Islands 

In  view of the Kandla project and the complex nature of the creeks 
through which tides find their way to  the port, a proposal is under 
way to install three or four tide-gauges a t  different points along the 
Kendle coast aa early as possible. 

64. Miscellaneous.-The tide predicting machine remained out 
of order for ahout 2 months during the last year due to certain 
gear wheels having got worn out and wanting replacements. New 
gear wheels of the required specifications were made and suhsti- 
tuted for the worn-out ones without much difficulty. The 
machine hes since been in working order, though i t  is felt that 
sooner or leter certain other worn-out parts also ( e.g., tho crank- 
pins, the a l d a  of the T-piecee ) will have to be replaced to maintain 
the neaeutary ecmeoy. 



TABLE l ( a  ).-Harmonic Ti& Constants derived from 29 days' observations, by the Admiralty Method of 
Harmonic Analysis - 

- Place & position Description 

pole eite ) reference 

1 

2 

3 

Stmdmd Ports. t Corrected for eeasonal corrections. 5 Provisional value. 

I 
C O C B I X *  
Iat: Q058'N - 
Long : 76" IS'E. 

A t  h e  old t ide 
m w  ) 

B a r ~ o a n *  
I&: 11.10'N: 
Long : 75' 48' E. 
(About 54.l y&. 
south of the old 
Ude-muge elk ) 

B A B ~ E I ~  
Let: 18O18' N. 
Long : 720 48' E'. 
At the June- 
Llon of stream 
and Baeaein creek 
about 60 yds. E. 
of the Cnetom 
H o w .  

ft. I ft. Indian Slandurd Time ( 05h 30mfast on O.M.T.  ) t7.T.S. A 
0 

Old B.Y. 

0 8 3  1 9 3 1  29 days 

30-12-47 

29 

4-2-48 

29 days 

16-3-48 

-0'29 

-0.W$ 

I 

1 
OBce. 

Q.T.S. A 
Old 

about 100 ft. 
E. o f  f r o n t  

' Inferred' 
I 

F l a g  s t o n e  
Adm. T.T. I s e c o n d st,ep 
Pt. I1 leading to the 

17.47 ft. 4.1 1-6 1 .5  0 .7  7 . 5  main entrance 

{ 357 036 054 054 of the Custom 
House. 

0-39 1-56 0-69  0-52  0-28 0.20 $7 .5  
044 060 0 0  060 303 3.52 I 1 
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TABLE 3.-Correctim applied to the predicted times and heighh 
at Kara'chi for 1949-51. 
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TABLE 4.-Corrections applied to the predicted timw and heighh 
at BhZvnagar for 1949-51. 

Corrections baned on ( P- A ) di5cmnces during 194246. 

I :: .* P 9 9  , 104347. 
r v  9) I* .. 1044-48. 
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TABLE 4( a ).--Corredions applied to the predicted keighh d 
L. W. at B?uimagar for 1949-51. 

1819 ! 1950 I 1951 
I - .- -- - - .. 

Corrrbotions iu feet 

1'rcdirtc.d 
htaight in 

feet 
-- 

Predict4 
height in 

feet 

1949 1 1950 I 1951 
-- 

Corrections in feet 
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U B L E  4( a ).-Corrections applied to the predicted heights of 
L. W. at B7uiz!naga~ lor 1949-51. 

v i ; d ~ d  height in I inu- - 

feet 1 Corret tiorl~ in feet 
llrig,t in 

Corrections in feet 

The corrections in each case have been derived from a mean graph prepared from 
i separate curvc-s, each reprcventi~ig ( P-A ) diffcrr.ncrs corrcspondi~~g to prcqrl~rtctl 
]eights during t l ~ e  latest 6 years. These corrections are consequent on the formntiorl of 
I bar in the creek. 

TABLE 6.-Corrections applied to the predicted times and heights 
at Bombay ( Apollo Bandar ) for 1949-51. 
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TABLE 6.-Corrections applied ta the predicted times and heighh 
at Vixagmpatm for 1949-51. 

* Correctiom bawd on ( P-A ) differences during 1942-46. 
9 99  *I es ,, 194347. 

H v s t  *I se ,, 1 W 8 .  
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TABLE 7.-Corrections applied to the predicted times and heights 
at Dublat for 1949-31. 

H. W. L.W. 

Year aoc? Mo~lth 

win. ft. 

1949-50 
Jan~~arytoDeoember 

1951 
January to December . . 0.0  

Tho correctinns hnve bee11 based qlli ( P-A ) differences obtained 
during 1036-42. 
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TBBLE 8.-Correcfio~zs applied to the predicted times and heights 
ut Kidderpure for 1949-51. 

Ic , lr  I 1010* 1950t I 1951t 
-- 

\I,)!lth Time 1Tt~:ht 

-- 

--- 
I '  

0.0 + 6 +0.4 + 6 -0.2 

-- 

-- 

-- ---- 

-- 

I -  --- 
1 

I 

--- 
I-- 

I-- 

Nov. + 3 4 0.4 :+ 4 '-0.4 + 6 $ 0.4 + 4 -0.6 -1 6 +0 -6  4- 4 -0.4 
I 

I ' I  -- 8- 
--- 

I ]  
k c .  + 3 i t 0 . 6  ' + 6 0 .0  + 5 $0 .6  + d 0 .0  + 6 +0 -6  + 6 0.0 

I I 

Corrections b e d  on ( P- A ) differnoen during 194 1-45. 
99 91 v*  w ,, 1943-47. I :: w 19 9s ,* ,, 1944-48. 
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TABLE 9.-Breutest differences b~tujeen the predicted and actual 
htighrls q,P 1,020 w a , t e ~  during 1947-48. 

rd af't)cr 1st. 
I hlrlrcll i9.19. 

A bar  hnn formed 
in tht. clia.nnc1 
which obst.ructs 
tlir How of \r7xt,t~r 
t o  t l l ~  tide-l~olc, 
thereby nlfect- 
ing all tidea 
hrlow 9 ft. 

The mean range 
of t,he ortlinnry 
spring  title^ at. 
tliia port. is 31 - 15 
ft.. 

! - -. -- - - . 
BhBJnagar . . , - 3.G I 14 Oct,. 1947. 

- 1 . 4  I I U(.t I!IIX. 
I 

I 
I 

---- 
Bonibay ( Apnllo - :?a2 ' 10 April 1!)47. 

Bandar ) / - 1.3 I PVNov. I!I*X. 

Vizngnpntnm . . 

Cnlclittn 
( Kicltlrrporc ) 

Chit,tngong . . 

Rnngonn ( Monkry 
Pbint ) 

- I .!I 20 Oct. 1847. 
- 0 . 9  

+ 2.0 
- 2 .0  
- 2.1  

- 4 . 4  
- 0 . 5  

- 4.2  
- 1.9 I -1- I 9 

I 
I 

' :  

12 Ang. 1848. 

32 J n n r  & 1 A I I ~ .  1!)47. 
24 1 25 Ort. 1947. 
14 A I I ~ .  1!)4H. 

7 An+ 1947. 
28 Ji1.n. 1948. 

23 Oct. I947 
4 April 1948. . 24 .TIIIW 22 h 23 .J11ly 1948. 

Rivcrnin Port,. 
Act,uals froin S 

Fcl). to 2  BIny 
1947 not  nvxil- 
:~hle  dnc t,n dook 
st.rike. 

Rivcrnin Port. 
Actriab ]tot receiv- 

ctl mftcr 1 Mnrrli 
1948. 

Itircrnin Port. 
Tidnl rogistrntioti~ 

nre nt  Monkoy i 
Point about Id  
miles down the* 
river. 
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65. General.-The principal ~ ~ o r i i  of the observatories consisted 
of :-- 

( i ) Comparison and maintenance of standards of length ; 
(, ii ) Sei~nlogrnph and meteorological observations ; 
( iii ) Mnint>enance anrl ~t t just~ment  of delicate scientific 

instruments stored in the c:cocletic Rranch; 
( iv ) Test, calibration and  repair of various Survey Instru- 

ments ; 
( v ) Instructions to officers in astronomical ol~servations; 

and ( vi ) Preparation of the annual S11rvey of India Star Almanac. 

The Magnetic Observatory remained out of comnllssion and no 
programme of field observatio~ls a t  Repeat Stations was carried out. 
Some special observations for horizontal and vertical force of earth's 
magnetism were made in the Kolar Gold Field and some other useful 
material was collected. These are discussed in paras 79 to  82. 

66. Comparison of Primary standard of the Survey of India 
with European standards.-The Survey of India possesses the follow- 
ing modern metric standards of one metre length :- 

1 -metre Nickel. 
1 -metre Fused Silica. 
1 -metre Nickel Steel ant1 1 -metre Invar. 

Of these, 1-metre Nickel bar which was made by Societh 
Genevoise d' Instruments de Physique in 191 1 is intended to be the 
fundamental standard and the others as auxiliaries for checlc and 
working purposes. 

I n  view of the fact tha t  all material bars, no matter how care- 
fully handled undergo grad~lal ~chc~rlar variatiol~s, i t  is essential that 
the working bars should he interrompared frequently and that the 
etandard shoulcl be compared against European standards after aome 
ymm. 

The Nickel metre was made by S.I.P. Geneva in 1911 and was 
etandardizd a t  the National F 'h~~icnl  Lat)oratory, Tecltlington in 
1914. Silica metro waR con~truoted ancl cnlibreted at RT.P.1,. in 
1926. Both these bars were sent hack to N.P.TA. in 1930 for rp- 
etcmdardization ant1 it was fount1 tohat I,c1twcr.n 1!)14 ant1 1930. Nicltel 
metre had shortened by 0 -0044 nlln. ( - 1/10° ) and Silic:~ hat1 
inorenaed by 0 -0005 mm. ( -- 112 r 1 Oa ). 



These bars urerr ;nterc.n:npared in the Intlian Comparator in 
1934 and l9:;7 an(\ tl1c-y s ~ , r n : ~ d  to llavc prc~scrvcd their relati\-n 
difference in lengt::. I n .Till v 1047. thc Nickel n ~ ~ t r c  bar was taken 
to the National P h j  sicnl  I,ubonitor.y for restandardization. The 
certificate of' loi~gtlr c ~ b t ~ i n c d  is as fc iows :- - 14, ( 1 + 0.000,012, 396 t 4 0 .000,000,00836 t 2 ) ,  

= 1111 4- O.2(;50 lnm. 

where Lo is i he lcngth at zero degrec cenligrntle and Lt a t  to centi- 
grade. 

As ment,ioncd this bar l ~ a d  l.)eon previously sta.udar.clized in 1931 
and it has been fou~lcl to hitvc decrc:t::ed in h g t h  by 0 4 0 0 4  mm. 
( = 110.4 x loG ) during 1,hc period 1031 to 1047, which is very 
satisfactory. 

67. hl[eteorological and Seismological Observations.-The usutti 
meteorological obser vatioils, which are talren a t  8 hours and 17  hours 
daily, have beell cont,inued throughout the pear. Values of recorded 
temperature and pressnre were supplied to the local Civil and 
Mi1itai.y I-Iosyital, the Anti-Xalnl-ia Hospital and other Government 
agencictb. Monthlj~ nletcorological data were sent to tlie Director 
Regional fiiTeteorologica1 Centre, h'ew llelhi. 

Thc 011lori Seislnograph was in operation throughout the year 
and worlierl sat,isfactorily. 

h list of the enrthclua!icr rc.co~.c!ed a t  1)ehra DCn have been 
published in thc C:corlril ic Rc'i~orts l~rintecl bcfol.c World War 11. 
These tables ha \  now been oinittctl from tlre new series of Technical 
Reports started after the war as t l~cy  arc being included in the 
Seismological Bulletin issllccl by t,hr India Meteorological Department 
along with similar data  for other obsei.vatories in India. 

68. The Riefler Clock.-The Rieflei. electric clock has on the 
whole functioned satisfactorily throughout the year. The Shortt 
clock has had frequent stopl,ngcs. The Caustic Soda Cells, used to  
run the Shortt cloclr, arc not giving the requisite steady current and 
hence the stoppages. Action is in hand to renew thc! plates which 
heve already been indented for. 

69. Wireless sets.-One of t,he two portable wireless sets 
R.P. 11 which had gone o l ~ t  of order was set right and has been 
issued to the Astronomical I)etn,chment for field work during season 
1948-49. These Marconi sets ha,ve now 'become too antiquated and 
do not givo a satisfactory reception of the time signals on the ultra 
longwave. Some attempts have been made to  receive short wave 
rhythmic signals with Hallicrafter 8 x 2 8 .  Only GIA signals from 
Leafield on a frequency of 19,640 Mc/H have been successfully 
received. It appears that none of the 18:00 hours ( G.M.T. ) signals 
give a useful signal ~ t r eng th  in India. Further tests are in pro- 
gress. 

The rating of tho clocks has been done by hearing the R.B.C. 
time pips on an ordinary wirelose receiver by Phillips. 
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70. Test, Calibr~tion and Repair ~f Instruments.-Durbg the 
period luidsr rnpr;i*t, 631 instruments of various kinds were tested 
and cnl;b:.atcd in the Observatory ficctio~. The main c a l i b r a t i ~ ~  
ha3 1)cen of 2 0 - i ~ t r 0  Iuvar tapes for fioid units which were compared 
i ~ g l ~ i ~ ! . d l  bays 1-6 of the %-metre ~omparat~or .  The other instruments 
cn!ihl,cl, t ~ d  were tlieotlolites, levels, barometers, invar levelling staves 
for precision worli and chronomciers. 

Solne new Tt~vistock theocloliks received from Messrs. Cooke 
Trotighton R Simm* were found on besting to  have developed a 
serious clefect, by the wearing out cjf the adhesive property of the 
chomical used by the rncllrers to stick the graduated glass circle to 
the lower horizontal piste of tho theodolite. This resulted in the 
circle becoming eccent~ic and the instruments had to  be sent to the 
makers for repxirs. 

Four hundrerl and thirty instruments of a replacement valve of 
Rs. 2,S0,000 were repaired during the year. The instruments for 
repairs included 31 glnds arc theodolites, 60 vernier l heodolites, 7 
 chronometer^, 3.5 lovcls, 44 1evellir:g staves, 10 Aneroid barometers, 
20 calcirlating machines, 119 ~nngnet~ic compasses. 102 drawing 
instrul~~ents  awl 67 clinornotera. 

'Cwo invar F1.S.R. Tapes were con~truct~cd and calibrated for 
the Enst-West Hengal Boundary Comniission. 

7 I. Calibration of Tapes for Topographical Works.-In the 
past, foi~r  stpel tapes of 66-foot length were used with the H.S.R. 
equipmcnt for the measurement of topographical bases. Them tapes 
used to he standardized on the flat in a mural base; on which foot- 
marks have been put by a bevelled bar graclr~ated in terms of 
10-foot bar I,. This bar is now obsolete and has not been compared 
against European stantlards for over 40 years. Six tapes were 
measured on the flat on the mural base and were also standardized 
on the 24-metre cornparattor in catenary and then reduced to flat. 
There was a large systematic difference between the results of the two 
measurements of as much aa 0 - 0 14 feet. It has accordingly been 
dec ihd  to utilize 20 metres tapes instead 66 feet onee and to cdi- 
brate them in the 24-metre comparator. This hae the additional 
advantage that  the tapes get standardized while hanging in catenary 
under the same conditions as in the field. 

72. The Telemeter of Precision.-The telemeter i~ R devico 
which can be fitted to the'wilrl Universal Theodolite and enables 
clistsnces between two t ,r~verse stations to he m e ~ u r e d  by 8 sub- 
tenrre methotl. It i~ containctl in a cylindricel box and can he 
screwed on the object end of the thoodolito for observing A ~ p c i a l  
invar subtense ~ t a f f  plllced a t  right anglaq to  the line of .sight of the 
theodolite. Two image3 of the staff &re seen in the telemeter end 
fbre brought into coincidence. The readings on the scale st the 
coincidence of the images give the metres of the distance and tho  
reedings oa the drum the centimetres. The vectioal anglss can also 
be m8d. 
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A trial telemeter traverse was run froin Dalanwala Satellite 
8, to Dehra Dun Base-Line East End 8. and back-s total sun of 
18 miles, to  tesh the precision attaiaablc with the telenietcr attach- 
ment. The travcrse closed with aa error of 1/7000 in scale and 
0 .6  feet in height,. The ou l t a r~ l  was about lt miles a day. It is 
believed that with nlure pl.cictice I)oth i$e outturn and the accuracy 
could be iinprovod. 

73. Miscellaneous.-Various field detrachments of the Georletic 
Branch were sup1):iecl with instrumcl~ts, stores and equipment for 
field work durirlg 1947-48 and 1948-19. A small stores section was 
organized for holding stores in current use. 

All the delicate scientific instruments were maintained in good 
coildition and adj ust~ment . 

Star Al~iini~acs for 1943 ant1 l!).lr) uerc conlpiled and published. 
Results of field obscrvatiulls witli the astrolalbe were computed. 

Instruction was givcn to  :t number of young depart,nlentttl 
officers in the use of ast,rouomical instruments and observation. 

74. Seismological Observatory a t  Dehra D6n.-During 1047 
the Government of Indin sanctionecl the expansion of the Seismologi- 
cal orga~lixation in Tndi:~ under the Meteorological Department and 
as one item of this ]>~-ograrnme i t  had been proposed to eclilip some of 
the older scismologinal stations, of which Dehra 1)iin is one, with more 
sensitive :111tl inorlorn t\.l)cs of i~lstrulnent,~. Plans and detailed 
estimates of' a nrbw huil~;iag 11; flit. compountl of the Geodetic and 
Research Brnrlcli, Hi:~-vey of' Illcli;~, Ilehra l)Gn to house tlie new 
instriiments, which were t,o be s11l)plied I)y t,hc Mc-teorological 
Department were preljsred by the local C.P.W.1). but, tjl1is has not 
receivcd financial sanction of the Government of India. The n ~ a t t c r  
is being taken up with the Government by tlie Clent,ral Board of 
Geophysics. 

75. Dehra Diin Magnetic Observatory.-The underground 
Dehra Diin Magnetic Observatory u e ~ l t  out of comn~ission in August 
1943 due to heavy floods, which conld not be controlled. I t  wa.s 
reported in the last year's Technical Report ( see page 11 8 ,  para 7 3  ) 
that the sanction of the Government of India had been obtained to  
start a surface observatory a t  u new site about 15 miles away from 
Dehra Diin close to the Dehra Dfin-Chaltrat~ road. This atatemcnt 
was based on the fact that the report of t,hc (:eophysical Planning 
Committee which was acceptet-l by the  C:ovc~*urnent of I n d i ~  con- 
tained a reconlmendntion to this effect,. A site was selected and 
detailed plans and estimat~cs of csl)entlitnrc were preparcd by the 
Evecutivc Engirlrcr, C'.P.W.I)., 1)cltm J)Gn and submittccl to the 
~overnmcnt  for fitlancial sanc.tion. For reasor18 of economy the 
Government of India have not given their approval to the project for 
the present, but thc rnattcr ir;l being represented by the Central Board 
of Geophysics for reconsideration. 

76. Magnetic Charts.-A complcte set of iooma,gnetic charte, for 
the epoch 1946 -0 was received from tho Hydrographer, U.S. Navy, 
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in l?obl.l~nry, 194s. The ohn~ t s  were tlmwn either on MercatorBs 
pro juction on :tale 1 !::0,000,000 or on .Azimuthal equidistant pro- 
jecl.ion on scitls 111 l ,OO{ ' . (~OO.  They show t,he north and east 
co~npouent~s of horizontnl !'nrc:c:, vcrl;ioi~,l force and total force a t  
intervi~ls of 0 -01 ycrstecl, t!le tleclinlttion nt i n t z r~~a l s  of lo and the dip 
a t  in?crv;tls of 3". The isoporic lines are also given a t  intervals 
of 10 ,p,zmmn for Horizontal and Vert,ical forces, 20 gamma for 
total force :tncl 1' for liotli declination and dip. 

AR nlctltionetl in Tecl~~lical Report 1947, Par t  111, Chapter VII, 
parit 75, the Survey of India. has prepared a nmgnetic variation chart 
for t'he kpoch I!)46 -0 for India. A comparison between this and the 
corr-cspo~ltling clla.rt by tlrc U.S. Navy is shown in Chart XXV end 
is of interest. It would :t!)penr that  the isogonic lines on the two 
charts are in gencral agreeinent except in northern India where 
cliffererices of as i i~uch as lo exist. These discrepancies may be due 
t,o t,he fact that  the U.8. Navy charts are only generalized ones while 
our chart ha.s been based on further observational data a t  repeat 
stations observed during the lacst war. 

The trcrrrl of isoporic cur-vcs on thc other hand is found to be 
rcnril.rkably tliR'ernnt in the two cllarts. This is not entirely un- 
exp( ct,ctl m t l  affords yet another evidence of the fact that deduc- 
tion of reliable secrllttr variation is difficult and as such requires to 
bc cnntrollccl hy frequent ob~ervations a t  a sufficient number of 
Repeat Stations at  regular intervals of about five years. 

77. Magnetic Equator.-Chart XXVI shows the Magnetic 
Eclllator ns derived from actual dip observations from the property 
that  dip is zero there. It can also be drawn from theoretical 
consicler~t~ions by assuming the Earth t'o be a centred dipole and 
eccent,ric dipole re~pect~ively. These latter determinations would 
naturally differ from the one derived from actual observed values 
of dip. 

78. Magnetic Variation in Subansiri Area (Assam).-The 
Suhansiri region in Assam falls in the nodal area in which the Isogonal 
lines are necessarily conjuctural. To obtain reliable values of 
magnetic declinat.ion for topographical sheets 83E and 831, 
ob~ervations with the Wild Compass Theodolite were made a t  four 
stations in 1944-46 by Mr. M. W. Kalappa. 

The results are as follows :- 

Stnt~ons 

.Torum h . ~  

Pnrl Patto h.3. 

Lonkho 

I 

I Mngnctic 
Longitrdc vnrinti,,n 

I 
0 , -  o r - 1 . 3  I 

27 -31 00 : 93 48 23 0 35.3 W. 
I 

27 34 0 1  H3 12 53 1 0  3 8 . 2 W .  

27 17  37 1 63 06 1 0 30.3 w. 
I 

Xnrkb Lnkhimpi~r HateUitr h':~ 27 I 4  26 fM 06 29 0 40.0 w. 
I 







Prhled a t  the  Sutvar  of lndla Ofllces (P. 2.0.) 





Magnetic Varlation 
In 

Subansiri Area (Assam) 
Scale 1'=300 Mllcr (approx) Chart XXVll 

I lorum h.r. 

2 Pad Pattu h.a. 

3 Lenkho h.s. 

P R I N T E ~  4 r  ru t  Sunvrr or luonr Orr1crs(P.Z.0I. 

Reg. No. 57 7nlN.c. ~ ' 5 0  (C. T. C .  300 Mile WP?OX)-375. 

4 North Lakhlmpur Satellite I .  
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This data was not available a t  the time, the magnetic variation 
1946 was drawn and has been plotted in Chart XXVII. 

79. Magnetic Observations in Kolar Gold Field .-In view of 
modern theories on rnagnet,i::m, the "Core T11eor~-" and Rlackett's 
"Bulk Theory ", tlie rleterlnination of horizon tnl ancl vertical 
magnetic forcc:: a t  various depths inside the earth has assumed 
special significnnc~. On the l~ypothesis of earth's magnetic field 
being due to lnagrietisnl prcscnt in eartll's core only, both H and V 
should increasc \vlt,h clepth. Bla,ckett's i l~eory, however, assumes 
magnetism to be a universal property of matter in rotation and so 
according to i t  the onter layers of tlze eari 11 will also contrihllt,e to 
the magnetic field of earth. It has heen shown that on this 
theory, V will still increase u~it~h depth but H should decrease. A 
measurement of the magnetic field in a deep mine a t  different 
levels shoulcl thus provicle a crucial test between the two theories. 

The Kola,r Gold Field provided a very coilvenient site for the 
purpose and with the kind co-operation ofMessrs. John Taylor & Sons 
Committee, i t  m-as possible to carry out obserrations up to a depth 
of 8679 ft .  a t  the Nundydroog mines. The final results are tabulated 
below :- 

I 1 Depth 9 abllion Vertical Force 
( Station vsluc-Base Date of obswvation \.a,,,c at surfncc ) 

The vertical force ohservn.t,ions were taken with the IVat,t,s V.F.  
Verionleter~ which are aupposcd to be tjemperat,nre coml>ensated. 
Two instrllment,s wero used-one at, the h s e  station for the diiirnal 
variation and the other a t  different levrls. The scn,le values of the 
two instruments wow 19.4 and 26.5 y respect.ively. Simultaneous 
 observation^ were taken with hot,h inst.rumen tls before rind after the 
cluee of the observations to check their relative index errors. The 
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closure errors displayed by tlhc field instrxment in an interval of about 
4 hours after correctix~g for d i l ~ r n a , l  variation are 21, 13  and 16 
ga~nmss rwpectivel:; <,n ihe t1:ree clays of observations. These can 
be reg,xrtlcd a,s quite ~ n t i a h c t o ~ y  considering that the instrument 
had to  gu throi~gh a :-ariation of temperature of as much as 40°F. 
Thc clcrsi~~e errors n ere ~lu iy  ~listrib~~ieci ill the observed values. 

Ko H.F. V?.riometers were nvailnblc and consequently the 
horizontal force observations n ere caribieci out with two Kew 
Pattern ,\ilagnetolnei~rs ( Eos. 5 and 13 ), one a t  the base and one for 
field work. These observations were very trying especially a t  deep 
lc~vels (where tcmyeratnres wcre v,.r;y high j as they take niuch more 
ti11.s than the V.F. obser~nt~~ons.  'I'he values of rno~nents of the 
miqnets werc determined b. the usual vihration and deflection 
observations n t  the snrface. Inside the mine, on account of un- 
cornfortable conditions, only deflection observations were talcen to 
save time. These give m/H, from which H was derived by utilizing 
t8hc known valuc of m. The closure errors of the field instrument 
No. 5 on the three days werc 37, 33 and 16 gammas respectively. 

The working temperatn~es were a.s follows :- 

Depth in fee t  
0 

873 
1760 
2768 
4199 
6875 
8679 

The Magnetometers not being temperature compensated, i t  was 
necessary to take account of the variation of the moment of the 
magnet with tenlperature. Magnctic moment mt at. to C. is related 
to its moment m, a t  0" C. by mt == m, ( I - at - ,8ta ). The 
values of the temperature coefficients a, /3 for the two magnets were 
determined a t  Icew in about 1901 and are as follows :- 

For magnet No. 5B a - 394 -5 x 
p = 437 - 5  x per I "C. 

For magnet KO. 10 a .- 394 x 
,8= 475 X 10-9 per. 1 "C. 

An error of 1 2 1 in a + 2/3t ( where t is the working temperature ) 
produce8 an error of about 70 gammas in H and so i t  is necessary to 
have a preci~e knowledge of these temperature coefficients. It was 
considered that after this considerable lapse of time, the magnets 
might have changed their temperature coefficients and accordingly 
they were despntched to the Physical Laboratories of the Manchester 
University for recalihration. T t  was found that they had not 
altered a t  all, which speaks very highly for the quality of these 
magnets. 

80. Interpretation.-The vertical field in the Kolar Gold Field 
area ie rrbont 0 -076 gauee. Thfe gives B predicted change of V 
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between the surface and the station 8,679 feet deep of about '-3 
gammas which is about, a fourteenth of t'he observed results. The 
Horizontal force n!~:o iircreases with depth. 

The geology of this area comprises of auriferous quartz veins 
running parallel to one ancther in a north-south direction in a belt 
of hornblende dcllists. Red;onal metamorphism has converted 
igneous rocks of DLarwar ?ge into many varieties of Hornhlendic 
Schists, in which a little TlmenitelRlagnetite is present. Reef quartz 
is also by no means just pure quartz-it iq  magnetic and is very 
irregularly nlineralised. 

In selecting the stations of observations, the proximity of tlie 
ore was avoided and the instruinent was put in cross cuts running in 
a direction perpendicular to the reef. To guard against the presence 
of local nlaguetic rocl~s and other material, the instrument nra,s 
shifted a few feet in either clirection and only those stations were 
finally selectetl where the reading did not change. 

Samples of roclcs were brougl~t from the vario~ls levels and their 
susceptibilities were determined a t  Delhi University with the 
following results :- 

I. Schist ( Depth 1,750 ft. ) K= 16 x 1 0-6 ( Weakly para- 
magnetic ) 

2. Two samples of Schist K= 34 1 ( Strongly para- 
( Depth 2,768 ft. ) K= 30 x ( ~nagnetic ) 

3. Schist ( Depth 6,875 ft. ) K= 0.4  \ ( Very wealily 
paramagnetic ) 

4. Champion Reef 
( Depth 3,679 ft. ) K= 196 x ( Very strongly 

para~nagnetic ) 
6. Dyke K= 1347 x ( Almost ferro- 

magnetic.) 
I t  was considered that the nnomalous vertical gradient in V might 
be due to the high magnetic susceptibility of bhe schist and Prof. 
Blackett suggested magnetic survey over the surface to confirm it. 

8 I .  Surface Survey Observations.-This survey was done with 
two vertical force Watts Varionleters Xos. 191 34 and 19135 with 
scale values of 25.5 and 19 - 4  gammas respectively. The area 
covered was about 15 square miles covering the entire mining area 
of the Kolar Cold Piclds and points were taken a mile apart on a 
grid of about 3 miles by 5 miles. 

A detachment under Mr. S. Vaikuntanathan, M.A., with a com- 
puter and one kh,almi left Dehra T)Bn on the 2nd March and returned 
back to headquarters on the completion of the work on 27th March 
1049. 

About 250 stations were observed at,  their location being 
established by pacing andm the prismatic compass. Three base 
stations were made for the entire area for observation8 of diurnal 
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variat~ion-observntions a t  these stations being taken every quarter 
of an hour. Simultimeon-4 observations were made a t  the beginning 
ii~lli close of c~'hcc?ciration;l each day and the base stations were so 
r1;osen that contlnidty W;LS cn~lrl.cd. All built I I ~  installations were 
nvoidrd and safe minimal distances were kept from such objects as 
barbed nin:s, iron gates, rai!s and ao on. Stations were also kept 
away fro111 outcrops of igncous reclis and boulders. 

82. Results. -Chart XXVIII shows the magnetic anomalies in 
ganllxla after applying the closure enor and diurnal variation cor- 
rection. At some of the stations, wl~erc there were sudden jumps in 
values, some more observati~na were taken round the place and 
these values are also recorded on the chart. It would appear from 
an ex~minntion of the chart that the magnetic fields is not at all 
sn~ooth and there are large gradients. Although the various 
samples of schist that were collected displayed a considerable 
variation of magnetic susceptibility, the main disturbances must, 
however arise from the hornblendic rocks and granitic material. 
The unexpectedly Inrge vertical gradicnt down to  abont 9,000 feet 
may thus be well due to the ares being magnetically disturbed. 
The conclusion is that tho values of j7 and H in Kolar Gold Field 
mines are not representative of the radiation with depth of the 
main field of the earth. 
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CHAPTER VII ' 

COMPUTATIONS AND PUBLICATIONS 

83. General.-The main occupation of the Computing Office 
during the period under report hag been the training of new com- 
puters, the supply of t,riangulation, traverse and levelling data  to  
departmental and non-departmental units, the preparation of a 
second edition of certain levelling pamphlets, the reprint of some 
Auxiliary Tables and Professional for~ns  and the maintenance of 
the progress charts of the various field detachments. Some progress 
has also been made with the readjustmeilt of the triangulation by the 
Mesopotamia Expeditionary Force in Persia executed during World 
War I and the printing of data  of Paiforce triangulation ( see 
Technical Report 1947, Par t  111, paras 47 and 48 ). The M.E.F. 
triangulation is very weak and has most,lv been superseded by  
Paiforce triangulation ; there are, however, areas in which the only 
data is that of this triangulation and i t  has consequently had to  be 
retained and readjusted. 

Much work coultl not, however, be clone on the systematic 
adjustment of topographical t,riaiiguln tion all over India and its 
publication in palnplllcts, due to shortage of suitably trained 
personnel. 

84. Adjustment of Topographical Triangulation in India.- 
The bulk of the topographical tria,ngulat8ion carried out during the 
last half century to  provide control for the 1-inch map of India is 
lying uncompiled, ~znadjusted and in an  unpublished condition. 

Most of the old computation volulne~ have no triangulation 
charts and the cornp~t~a~t~ions a,re faulty. I t  is est,imated that  the 
adjustment and puhlicnt.ion of this huge mass of da.ta comprising 
about 3# lakhs of points in India alone ( excluding Pa,liista.n and 
Burma ) will take 30 computers about 30 years to  complete. 

In  .spite of the denrth of personnel, a serious sttart has been made 
to adjust and compile good qualit,y work with a view to  publication 
in a series of cotnplet,e d a t ~  pnn~phlets, arranged by degree eheets. 
Charts XXIX and XXX .show the bloclts in which work is now in 
progres~. 

The first block covwinp  part,^ of l /M r3heetj8 53 and 54 is bounded 
on the north by G.T. Series No. 22 ( North-West Himiila,yn ),on the 
9011th by G.T. Scrics No. 25 ( Kariichi 1,ongitudin~l ), on the wost 
by G.T. Series No. 33 ( Rallfin Mcridional ) and on the east hy G.T. 
Series No. 6 ( G r e ~ t  Arc Meridional between latitudes 24" and 30" 
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. ) IVork in !,his block is c~rlcent~raced on the production of a 
complcto data panlphlct for she& 6 4 A. 

The second blrck covering psrt,s of I IM sheets 47 and 48 is 
I~oilndrcl on the north hy Series No. 7 ( Bornbay Longitudinal ), on 
the w ~ t  and :;o:ith bv Series No. 11 ( South Konkan Coast ), 
and uu the east by Series No. 49 l, Mnngalore Meridional). The 
preparation of cornplcte data pamulllet for sheet 47 F is well 
advanced in this area. 

Some preliminary scrutiny of the recorcls, compilation, and 
~eoomputation of soule series has a!s(:, been carried out in the 
Soubhcrll Circle in l/M Sheets 48 and 58. 

85. Triangulation Data in Persia and Irlq.-Technical Report 
1947, Par t  111, paras 46 t,o 49 describe in detail the existing triangu- 
lation in Persia and Triiq. The adjustment of this triangulation has 
been completed and a start  k n . ~  now bee11 made with the publication 
of the data in pamphlet form. The wl~ole data, will comprise of 
about 80 pamphlets out of which 16 have so far beell published. 
The work is being continued and i t  is hoped tha t  the job would be 
corupleted in about 2 to 3 years. 

86. Azimuthal Maps.-On denland from the Director Military 
Slirvey, India, calculations were made for the preparation of three 
one-centred nzimutlial maps of the World giving true bearings from 
Mhow, Poona and Calcutta respectively. 

87. Publications.-The following publications were seen 
through the press :- 

1. Report on the Geodetic Work of the Siirvey of India 
for the periocl 1!)3!)-48, presented a t  the Eighth 
Meeting of the International Union of Geodesy and 
Geophysics held a t  Oslo in August 1948. 

2. Technical Report 2947, Part  111, Geodetic Work. 
3. Levelling pamphlets for 1/M sheets 78, 73 and 55. 
4. Auxiliary Tables, reprinted. 

Par t  11. Mathematical  table^. 
Par t  111. Topographical Survey Tables. 

6 .  Grid data  triangulation pamphlets 66 E, F, G,  H, I, 
J, K,  T(u' and O. 

88. Computation of Heights observed with Paulin Baro- 
meters. --Four Parllin barometers were user1 in the RBnignnj and 
Niigpur areas of gravimetric survey ( see Chapter ITI, para 27 ) 
for determination of heights of gravimetric stations. These 
stations were also connected either by spirit-levelling or Tacheo- 
metric levelling in order tto he able to judge the performance of 
them i n ~ t n ~ m e n t s  under field conditions. The following routine WM 

followed. 
Two of the Paulin barometers ( Nos. 1769 and 2782 ) were 

used for field 0b~erv8tionfl and the other two ( NOR. 2904 and 2927 ) 
for bese obeervetion~, which were taken a t  intervals of 30 rninnt@s4 



Blocks of Topographical Trlan ulations under adjustment 
(Southern f ndia) 
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At the base both wet a-nd dry bulb t8emperatures were read ; the 
field observer recorded only dr,y bulk, ternperaturc and the time a t  
the observing station, the cjbservat,ion being a,lways closed a t  the 
base a t  close of work. 

The field ob~orvat~ions wsrc often made a t  distances ranging 
from 10 to 40 miley from tlic base station. Heights of st.ations 
visited ranged from 1 C'O feet t,o 500 feet. 

The reduction of observations n-as carried out in the Computing 
Office on the form reproduced on page 99. The various entries in 
this forin &re self explanatory. 

Beforc ta,kixlg :illy obse~~~a t ions  with Pa,nlin barometers they 
were compared wibh a st,n~~dnrd barometer and index errors were deter- 
mined. Similarly these indcx correct.ions uere obtained on return 
from t,he field. Tllc niean of bobh sets of errors for the particular 
time and pressure of bot,l~ the field a.nd base ba,rometers are entered 
in col~zmn 3( c ). 

Table 1 gives discrepailcies betwoen the heights by Paulin's 
beronleter and spirit-levelling in Riiniganj a,rea in season 1047-48. 
The results of the observations in tohe N5,gpur area have not been 
completed y ct. 

Out of 28 stations two discloso discrepancies of -30 feet 
and +20 feet which nro undonbt,edly too high and are possibly due 
to  certain local sllocl~s \yllic.I1 1)roba.bly a.ffect,ed the index corrections ; 
st 13 sttations these range I~et'ween 6 a,nd 13 feet a.nd a t  13 stations 
the discrepal~cies nro less than 5 feet. This was t,he verv first year 
of exporimcnt wit,l~ t'l lc Paulin barometers and Ibetker results are 
bxpacted with the exlwrieuce gained. 

The followilig ~.onl;ine in observing ttIle Paulin Aneroid is 
saggest,ccl for filtnre ~vorlr :-- 

( i ) M;tkt\ one oi' t,he st,:~.tions of the previous circltit a~ 1,118 
h n ~ c  statmion for the secoi~rl clircuit.. 

( i i  ) i4 ba,tt,ei.y of :< instend of 2 a,neroidu both at, the base 
and a t  t1he ficld is supgcsted to help in spotting 
erroneoils rea'dings. 

Hygrometers should Bo ta,ken t o  the field stations 
also. 

( iii ) One ~ R R C  observer should obwerve every 20 ~ninutes 
in~tead of hhe u s u ~ l  half-hour. Roth observers 
slio~ild synchronize their watches before starting and 
after closing ttho ~ o r l i  each d8,y. 

( iv ) Thoso in~ t~rumet i t~  require very careful handling parti- 
cularly in t,rnnsportation ot,herwise the index errore 
change considerably rewulting in loes of accuracy. 
A careful watch on the index errore should be kept 
by taking readings of all the six aneroids a t  the 
beginning and close of a day's work. 
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TABT,E I .--lleighk hi] I'a,u;in Rn.rmeto~s in Rdn@arr.nj Arcn 

Starting point R5,tignnj S.B.M. No. 342 - 
! 

l !  2 :1 4 5 

C;orrrc. tor1 Spirit - ! Difference 
Serial 1 Gravity st;rtion ! rnt~lit!  I h.volling I C!ol. 4- 
So. Sib. hnigllt* i l l  hlrqlltt: in C'c~l .  3 in 

f c r t  I fcct foet 
-___. . . _ _ _..-..-, _--- 

1 : 7 3 2  i: I . .  450 440 / -30 
2 1 5 3 1  G 2 . .  t(40 j t i  , -1- 5 0  
:I 1 .. 3dH :3ns 0 

! 
i ! 7 :  8 ; 2 . . :)I; 341 : - 6 
. ; 7 :  A[ i . . 3S.i :+!)4; - + I 1  
I 7: ;  ( 4 . . 327 31.1 - 13 

R ~ m . 4 n ~ s  

--.- 
Poseiblc tluo to 

c ~ ~ r t n i ~ l  local 
~ h o c h  whioh 
~hould have 
nffoctrd the 
index correc- 
tione. 

7 ;7:l\l(: .i . .  312 306 - -  fl 
S ' 7 3  \I C; C i  . . 253 2.4;; I - 7  

173Af(: i . .  ' If46 1112 
'I 1 

I 

I I . 1 RS I t iZ - 6  
1 1  , 73Mf; 9 .. L ' C ~ I  ; 184 -11 
1 2 7 7 3 J 1 ( : 1 0  . .  36:) i 345 , - - 8  i 

I 
I 

13 i3AIC:ll . .  108 / I!)[ 
I4 73 JI (: 12 . . 51 1 310 

- 7  i -- 1 
13 3 .. 101 ! 106 ' -1 -4  

It; 
I 7  
I r i  

IR 
tn 
41 

22 
23 
21 

73 M G I4 . . , 21) , 267 , - 3 
I .. ' 325 310 : - G 

13,. , 128 i 3 h I C I f l  . . ,  - 4  

73nr(?l;  .. 119 ! 122 -t 3 
7 3 1 \ 1 ~ i n  . .  111 i IOR ; - 3 
7 3 M G I 9  . .  148 / 111) ! - 1 
73 M G 2n . . 257 2t-N 
7 3 M G  21 . .  ' I W  ' IRC) 

I :  1 73 $1 R i j  bn1111 
! U.M. . .  31s , 318 

2 / 73 Y Bad ni,d 
I B . .  . . 177 I 1 177 

I 
0 1 

28 j 73 kt B d w & n  
I B.M. . . 98 1 98 4- 2 I 

27 1 73 hf Piinngar . 2.78 i 238 

!!R , 73 M Klll~~rin . . 122 118 - 4 
1 i I - I (  1 

I I 
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89. Miscellaneous.-The results o f t  he High Ps~ciuion Levelling 
from Bombay t o  KolhBpur Rntnigiri, M hich has been completed 
in both directions ( set. Chapter II ,  Ilaras 11 and 18 ) have been 
comyutt:ci. Until the new high precision lo\.el not is complete, it has 
heen decided to retail1 unaltered thc publis11t.d values of stallclard 
ancl primary bench-marks of thc old I !I09 Precision level net anrl to 
fit the lines of the 1 1 e i ~ ~  H.P. lines in between these bench-marks. 
There is no old standard or. primal*? protected bcnch-n~arli at  
Kolhiipur. The new lille cannot be ncl.jusl,ecl until the line from 
Kolhiipur to Belgnnrn 118s l~cen le\-elled in the back clircction during 
the coming field season. The. fuse-le\ el ling has been carried out 
during the p~riotl under rcport. 

Results have rrlso beer] conll)atctl of' the precision levelling 
ca.r~*ic~cl ontt fr1-11~ Hoshanpll~iid to M h o ~  for t,hc Rxecutive Engiilees 
lowcr Nnrbatln J ) iv  ision ( C'l>ill)ter 11, para 21 ). 

Large scale s u r ~  eys for tlle developnle~lt of the Port of liallclla 
are likely to be taken u p  in tbc near fiiture by the Southern Circle. 
Existing fralncwork data triangu1:rtion has beell exa,miaed for 
accuracy and sufficier~c,~ . 1 t has been found that there is no pukka 
geodetic triangulation ill the area. Sories No. 35 and 39, which 
provide thc (;.'I?. (lata ars of a secondary quality ancl are connected 
to the good r1unlity KarLchi Longitutlini~l Series No. 25 through 
another seco~lcla~-y scl-ies ( KiithiRwiir Meridional No. 28 ). It 
thus appears necessary to strengthen the G.T. frame\vork by the 
introduction of a new geodetic base of l~igli accuracy noar the 
junction of Series Nos. 28 and 35 anrl to observe two twin Laplace 
 tati ions in Series No. 35. The old data of topographical trimgala- 
tion carried out in 1882-8:1 ig  practically non-existent now and 
nupplementary topographical trianglrl~t~ion to  provide points for new 
surveys is necessary. A party i~ndcr Mr. U. D. Mamgain has rec- 
onnoitred tlie area and a detailctl programnle ofgeocletic triangulation 
h~ been prepared, which will he given effect to during the next 
field seaaon, thus making a start wit11 the revision of triangulation 
of secondary quality, which is nearly a century old now. 

Gravity anomalies have been computed a t  stations observed 
with the gravimeter in RBniganj and NBqpur areas ( see Chaytor 111, 
para 33 ) and a t  a numhor of stations in Siam ( C!hapt,er 111, para 40 ). 



I3ESEAIZC.I-? AND TECHNICAL MOTES 

I. A number of ooilntries have, of late, been paying increased 
attention to the study of the Mean Sea-Level ( M.S.L. ) and its 
fluctuations, and of the multifitriou~ geophysical problems associated 
with such fluctunt,~ons. Various scientific bodies, riotably the 
1nterna:ional Asqociation of Physical ~)c~anography,  and others 
interested it1 the subject hare lwcn frequsntlj. asking the Survey of 
India for mol~thly and annuel values of the MS. L. a t  Indian ports, 
as obt~ined from systematic tidal ~Lservations, for quantitative 
analysis and research on various problems. Tables 1 and 2 show 
respectively the values of the morithly and annual M.S.L. at, 
various ports in the India11 Ocean, as far as have been computed. 
Most of these computed values have been supplied to the Inter- 
national Hydrogsapliic Bureau, who have been compiling world-wide 
data of this type, nn(l some of these havc already been published by 
the Intel-nnlional Association of Physical Oceanography in their 
"Publication Scientilique No. 5 " end its supplementary annual lists 
for 1937 and 1938. 

2. The table of annual values ( i.e., Ta.ble 2 ) conlprises three 
different kinds of data, viz : 

( i ) Accurate yearly means, computed rigorously from 
hourly heights for the period 1st Jan.  to 31at Dec. of 
every year with the incomplete t,ida.l periods ignored, 

( ii ) approximate yearly lneens ( A, ) computed from 
hourly heights for 370 consecutive days, as obtained 
in the course of harmonic analysis of tidal obser- 
vations, 

and ( iii ) $till less accurate yearly means called Mean Tide 
Level or M.T.L. computed from the mean observed 
high and low waters of each year ( J a n .  to Dec. ). 

For a number of ports, observational data exist for years subse- 
quent to 1920 but it  hau not been possible, due to shortage of per- 
sonnel, to comput,e the M.S.L. results from hourly heights. The 
data ere mostly in the form of tide-gauge charts, the hourly heights 
from whioh need reading and proper summing up-a fairly laborious 
task. Even for the years up to 1920 for which hourly heights have 
been mad in the course of harmonic analysis, i t  has not been possible 
to compute the M.S.L. results rigorously as in method ( i ) by 



c.alculnti!lg tJe R I ~ ~ I U U ~  tncLtns ( I \I S3n.  t 9  31st Dec. ),and the means 
c:f 370 (lays' ol~rfbwaticns I i ;3 r r~  h , o r l  lo be accepted. A synopsis of 
ti,? ( Itl,ll dacn avo~ilahle ~ C I -  M.S.L. con, uu la tions is given in Tt~ble 3. 

r 7  1110~gil the vdues given in 'r3'ule5 b and 2 may suffice 
ibr i L  j ) ! . f s ! i : ~ , l r l  LC., i~lvchtiga!I~~:, of' 31.:; L. changes, it is essential 
to c\btain :+c.cb.1~-,:tc Ggure* flc.~:)r., icn final interpretation of 
s i ~ c h  c h a n u  T ., . 1 ) ~  atfemlltcc?. The M.T.L. values are com- 
p s ~ * : ~ t  ivelv L a y  to  ot,t ain, buf may rliFer aonsiderably from the 
!uc:tl J1.8.L. \ a l~~t : i ,  capetially a t  p lnc :~s  situated up the river 
c.qluaries. F~~r t&t~~~l i - . - r .c ,  ch'jngea it1 tne M.T,L. primarily depend 
on challg& ~ r t  y l l -  t itid regime ( wbic.!: qcunr frequently due to  local 
cnusthn like siltation, fo-rmntio;l of b:ira. cirodgir~g, eto. ) and may have 
no proportionate relatior1 to bile changes in the actual local M.S.L. 
ConcluAons about M.S.L. uhaxges, based on M.T.L. values, are, 
therotart., apt to be unrciiable. 

3. It. is worth r n e n t i o ~ ~ i ~ ~ g  t!l:~t the M.S.L. ~ s u l t s  derived 
fi*oni systematic observlttivns at ditiere~lt ports for n suffiaient 
n lm~btr  of gears :we of p a t  vnluc for 

( i ) nldnining a reliable (!aturn for the geodetic level net 
of a country, 

( ii ) tleciphoring vertical rnovernenta of the land and investi- 
gating the ooastal stability, 

( iii ) studying the fluctuations of the sea-level in reletion to 
meteorological conditions, 

and ( iv ) ciotccting ellstatic changes in the sea-level (due t6 
glaciation and other factors ) by ~ompariwn with 
similar observations in other countries, and helping 
many geoidal investigations. 

The question of constancy of sea-level is of partiouler interest 
to the geoclesist eince this surface ( inlagined extended under the 
land ) is the geoid to  which all land heights ate referred and to  which 
the figure of the earth adopted for map projectione ie to be closely 
fitted. The ohtsnges in the sea-level, whether eusttltic or only local 
( due to  rise or subsidence of land ), generally take place only in the 
course of some years, and in order to detect thdr  trend and extent, 
very acourate encl systernatio observations extending over a number 
of yeera are required. 

4. Plate LKXI shows the plotted graphs of the monthly 
and annual M.S.L. values for the major ports in the Indian Ooean, 
a t  which sy~tematic and continuous observations have been carried 
out for over 10 years. The plate also shows the respective emooth- 
ed graphs of the annual M.S.L. values plotted from O-yearh 
moving means. Table 4 gives the values of these means. 

Prog~)sbive ohenges of meen sea-level reletiw to tbe lend 
noti-ble in Port Bl& a d  Coaoutte. There ira fbn u p w d  bmd of 
bhe M.S.L. rr Banbey f h n  1090 onwoada, but thaw vd- 4m not 
rigorously derived and are baaed on only High and LOW watem. 
The Calcutta re~ulta are diacuaaed in detail in the next eection. 
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TABLE 1 .--Mo~thly . M c m  Heig;'!ds of Sea-Level 
:lIJE>; 

__C 

I I 

Resulte not cou~pnted 

6.83 5.75 
1927 6.04 6.08 6-07 6.10 6.08 5.86 6.54 5-42 5.47 5.78 6.85 

1928 a.08 5.95 6.05 6.09 6.07 5.92 5.66 5.35 5.41 5.57 5.75 5.90 
1929 5.92 0.03 6.07 0.10 6.13 6.88 6.61 5.17 5.46 6.64 6.76 5.84 
1030 6.0Q B07 6.04 6.14 6.05 1.92 1.53 5.29 5.41 5.52 5.6715.86 

1931 6.96 8-17 6.14 6.13 6.20 6.13 5 7 9  5.30 5.56 6.46 5.71 5.93 
1932 6.95 5.97 6.07 6.08 5.88 1 5:66 5.46 6 - 5 0  5.09 6.74 8.06 
9 3  6 1 3  6.15 6.20 6.26 1.01  1 5.80 1 511 53lb 567 569 5 8 7  

Rrsnlta not computed 
1937 4.68 4.60 4.88 4.80 4.62 4.47 4.17 3.70 4.03 4.08 4.30 4.32 
1038 4.47 4.48 4.46 4.60 4.61 4.38 3.08 . . . . 
1830 . . . . . . . . . . 4.46 4.18 3 : ; ~  3:67 4:08 4.29 . . 

4.67 4.82 4.70 4.77 4.78 4.69 4.12 3.88 4.13 4.21 4.56 4.50 
1941 4.50 4.68 4.66 4.86 4.79 4.69 4.34 4.10 4.06 4.96 4.54 4.60 

4.72 4.74 4.81 4 . M  4.H8 4.70 4.16 4.16 4.08 4.16 4.31 4.40 
1943 4.38 4.73 4.78 4.06 4.80 4.56 4.19 3.94 3.91 4.lE 4.36 4.54 
IR44 . .  . . . . . .  4,717 4.40 4.17 3.07 3.82 4.16 4.41 4.67 
lM5 4.72 4.69 . ,  . . 4.86 4.70 4.26 4.17 4.11 .. 4.27 4-53 

1 1w 4.61 4.88 4.80 4.87 4.71 4.68 4.39 3.58 3.86 3.86 4.13 4.29 
1947 4.62 4.64 4.60 4.74 4.A6 4.64 4.40 4.10 4.07 4.08 4.42 4.58 lwfl 4.81 4.78 4.76 4.08 4.88 4.74 4.29 4.00 4.08 4.2L) 4.64 4.66 -- 

-1- -I-- . 2 - - - 7  

'"y} , , 8.02 8.03 8.09 8.16 8-14 6.90 6-62 6-35 6.4l 5.55 0.73 6.BI 
101689 
[ 33 yn. ) 

N m - ~ o t  4etrilr rqprding taro of hoiahta, method of reduction, ?to., ree h b l a  9. 
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!$.iPYRAH 
I 

-- 

h: A 1 L,kC:.H T 

Yc~ar 

- ~ 

1 
1!117 
I!)IH 

1919 
1920 

193; 
8 
I ! !  

1940 
1941 
1942 

1943 
I944 
1945 

I!)lli 
1947 
1948 

RHAVNAGAR 
I 

Year Jan. i Feb. June July Aug. Sept. Oct. Nov. Deo. 
-. 

1937 19.15 18.90 
1938 19.03 ,18.60 18.93 /19.19 i19.40 119.94 20.35 20.80 20.66 20.27 20.04 ,19'hfl 
1930 19.21 1 le .06  19-73 19 .17  1 9 . 1 9  20.04 20.54 20.26 120.49 20.06 19.52 10.63 

I I 

I 
. .  i ' .  I 

I 
7.27 , 7.16 1 7.32 7.33 ' 7.43 7.70 7.54 7.24 7.24 7.23 7.28 7.34 

I I - 

-- 
I I. 

. I t ~ n .  i F'rh ?*larch April  ALl1y June / Jol>- Aug. Sept. 1 Oct. NOV. DeO. 
1 , .  . .  1 - _ ! 

- 

I I 
I 

'i.R:i I 7 . 0 2  7 . 2 8  / 7.:?5 : 7.33 7.65 7.72 , 7.39 7-36  ! 7.28 7.25 7.51 
7.4; 1 7-37 , 7 . 2 8  , 7.49 7.37 . 7 - 7 3  7 .2 s  7.20 1 7.25 7.37 7.23 7.48 

' 

7.21 I i.l!J : 7 .43  1 7 .24  7.69 5.82 ' 7.47 
I 

5.19 7.11 7.25 7-33 7.15 

I w n  1 9 - r e  I I W O I  ilX.66 1 l a . m  119.42 l n o 3  20.36 20.74 20.33 
20.43 20.62 20.36 

7 0  7 1 
7 I 7 7 4  

I 

I 

5..51 ; 5.98  i 5.38 
B . l , i  ! 5.1.' ! 5 
5.24 5.:lO 5 . N  

I 
3.42 ; 5.18 5.13 
5 x 3  ! 3 . 2 9  i i l i  
i 2 i i  5.31 / A47 

20.13 
20.01 
20.10 

20.36 
2 1 1 3  
21.24 

20.86 
21.42 
21.28 

6.37 . 4.87 . . Dl~ta not. avnilahle . . . . . . 

4 2 
$12 4.97 
6.3"S.O 

5 .15  5.39 

-!- 
I-- 

.5.33 
8 0 9  
5.34 

5.44 

- 

19.92 119.36 
19.99 119.83 
19.88 :lO.27 

20-29 :19.@6 
2 / 1 6  120.29 
20.52 !l0.fl3 

20.22 i19.49 

7.16 
7-48 

5.63 
5.13 
5.29 

6.63 
5 0 0  
5.58 

6.11 
5.46 
5.14 

5.04 
5.54 

7.18 , 7.14 
7.3L 7.13 

1.28 5.36 
5 5.18 
5.31 1 6.14 

5.18 6.46 
5 1 7  6 3 3  
6.29 16.34 

4.98 4.118 
5.31 1 0.20 
6.32 5.16 

5.07 6.00 
, 5.14 8.06 

7 7.47 1 7.42 7 . 5 7  7.23 
7.59 1 7.27 1 5.86 ! 7 . 6 7  ' 7.31 

Y.t>s~r~ts not computed 
I I 

3,tiO 
' 

7.43 5.62 5.45 
3.57  5.53 , 5.64 
5.4.' ( 5.35 5.43 1 6.09 

5.46 6.56 6.84 5.50 1 . 3 9  

. . 3.33 6.19 

20.68 '20.23 1 O . U  , ! I 
N-.-For details rcparrlinp ~ t n  of heights, method of wductton. efc.. ofis Table 3. 

21.13 
20.43 

7.55 
7.01 

5.35 
6.45 
6-53 

6-46 
6-39 
5-64 

6.40 
5.29 
6.52 

4.78 
5.42 

4 4  I 77 5.79 
6.19 / 6:62 6.41 

1 

5.35 ' 5.41 / 5.45 
5.08 ! 6.19 1 6.37 
6.26 1 6.73 1 5.15 

18.60 
19.78 

5.67 / 5 - 6 0  , C 2 4  1 5-58  1 5.42 
5.30 5.49 6.31 1 6.53 5.72 

5 4 1  5 4 8  
5.60 5.40 

5.03 
6.62 
5.22 

5.14 
5.62 
6.67 
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TABLE I .--.JfonthLy Mean H ~ i g h t ~  qf Sen- Level-( contd . ) 
H OMHAY ( Apollo Ennc1a.r ) 

I 
Y a r  Jm. / lhb .  Ilnrch April 

, .- - -- -. - 

1878 9 . 9 2  1 0 1 . 9  10 .19  : I 0 . 2 i  
1879 10.38 (10 .37  1 0 - 0 9  ! 1 0 1 1  

1881 1 0 . 6 3  110.55 1 0 . 3 3  
1882 10 .44  .l(i.r17 1 0 . 3 5  

Rnm.-For dettni18 rogariling zero of heighb, method of duct ion ,  eta., see Table 3. ( c o d .  
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BOMBAY ( Prince's Dock ) 

I Are- ~ I@l%M } 

I 

1 1 Oct. 1 Nor. 1 Da. Jm. Peb. hhrch April 1 June July ! Aua. Sept. 

I ! 
- - - , _ -- - -- - -- 

I I , I I I I 

.-Fa d e b L  mrdw tsra d b e f ~ h b .  mathod dducc laa ,  &.. me Table 3. 
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TABLE I .--~WcsnElr.lty Msan Heighds of flea-Level-( contd. ) 

..-", 
COLOMBO 

I 
Y a r  Jan. Beb. ;bJalu:,i April ' >rag 

I 

! 
-- ~ 

MADRAS 

Srpt. 1 Oct. , Aov. I Ucc. 
i 

--! 

1018-20 
I 

VIZAGAPATAM 

1O4O 
1841 
1942 

1943 
1944 
1946 

I 

NOTB.-FO~ dehils regarding gem of heighb, method of rsdnction, etm., T~ble  8. 

2.04 
2.16 
2.25 

2.36 
2.03 
2.46 

1 .M 
1.88 
1 -88  

2.01 
1.92 
2.03 

1 -66  
1.63 
1.73 

1.96 
2.03 
2.01 

1.98 
2.02 
1.97 

2.21 
1.87 
2.26 

2.60 
2.50 
2.24 

2.60 
2.29 
2.63 

2.72 
2.84 
2.81 

2.87 
2.54 
2.64 

2 . 4 0 1 2 . 6 0  
2.44 2.70 

2.73 
2.67 
3.14 

3.19 
2.70 
3.26 

2.66 

2.80 
2.43 
2.67 

2.76 

2.60 
2.26 
2.66 

3 - 1 0  
3.16 
3.39 

3.48 
3.29 
3.39 

3.49 
3.11 
3.39 

3.38 
3.00 
3.18 

2.93 
2.91 
2.62 

2.82 
2.89 
2.83 
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TABLE 1.-Uonthly Mean HeigFt~ o j  Sea-Level-( contd. ) 

N ~ T E . - F I ~  11etnil.i regartling zero of heights, method of reduction, eto., see Tnble 3. 

.DUBL!bT ( 1881-8t; ) 
SAUGOl3 ( 1933-48 ) 

I 
- 

Y e  Jnn. Feb. 1 
1381 

. . I i 
I I 

, Saugor v a l i ~ ~ s  1939-36 not  coo~putctl 8 

1 
1937 8.20 : 8 .82  8.77 1 9.06 1 9.95 1 0 . 3 8  '10.56 '10.31 l o 0 8  i10.33 9.76 9.73 
1938 
1939 

1910 
1941 
1912 

I941 

9 .02  S.67 , 9.00 1 9.20 1 0.93 10.55 
9.24 8 . 8 2  \ 8.72 8.91 , 9.90 ,10.03 

8.VB , B.il i 8 . 8 2  9.13 110.06 1 0 . 1 6  
5.63 8.47 i 8 .50  9.10 ; 9.80 110.39 
8 . l l  8.67 / 8.65 9-04 9.63 1 0 . 4 5  

I I 
9.15 1 8.58 9.0 9.28 / 9.68 :lO.O7 i ! 

10.60 10.47 111).30 iL0.47 
9.87 i10.71 110.29 1 0 . 4 5  

10.13 110.10 , 9.91 I 9.81 
9.89 10.39 i10.23 10.27 

10.38 110-18 ' 1 0 6 8  9.96 
I 

! I 
10.27 110.08 '10.52 / . .  

.. , . . 
I I I 

9.83 
10.22 

9.96 

9.25 
9.71 

9.41 
9.71 9.68 

10.06 1 9.26 
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TABLE 1 .----Jlonfh-ip mean 1~eight.s o j  Rm-Level-( contd. ) 
KIDUERPORE 

I I 
I near . J ~ I I .  ~ e b .  April ~ i a y  i ~ u o o  1 July j Aug. Sept. 

I 
I O@b. ) Nor .  1 Dsc. 

_ _  .. . ~, - - - -  I 
. . , I  . I  , - - 

9,869 

I 

1929 8.71 / 8.19 / S.05 I 9 . 1 7  10.06 10.20 11.07 :13.18 11.90 11.94 9.93 8.73 
I I I 

1930 '8.03 1 8.18 I S.71 i 9.1:) 9.93 10 22 11.:j1) 13.03 112.44 111.02 9.98 8-84 
1031 8.19 8.25 8.32 , 9.21 l~o.ab I a : s ~  1 0 . a ~  12.75 13-14 112.14 10.52 9-07 
ID33 8.66 8.28 8.40 1 ! ) .O i  9.20 i 9.82 10.41 11.76 111.89 '10.47 9.90 8.86 I 
1Y33 7.76 .9-14 8.35 8.71 : 9.00 10.07 11.89 13.00 113.70 11.86 10.00 8.70 
1934 8.24 8 - 2 8  8.38 9.20 , 9 3 3  9.34 10*98 12.42 112.90 11.02 9.65 8 4 1  1 1935 7.66 7.:):) 8.24 8.58 9.20 9.63 j10.10 12.41 112.34 10.61 9.29 8.49 ' 

1936 8.07 / 8.19 R.28 9.03 9.42 10.12 11.31 j13.30 !13.83 11.36 9.90 H) 8.74 
8.63 9.84 10.12 10.87 '12.59 '13.32 12.34 9.64 9.06 
9-19 1 9.70 J0:92 12.64 (14.88 14.24 111.83 9.64 8.71 

8.98 1 9.8;1'!Ibr02 10.94 14.38 112.70 /1.'13 10.12 8 0 3  
8.72 9.70 llO.10 10.63 12.24 '12.14 10.90 9.69 8-08 
9.26 1 V.89 l l 0 - 2 ~  11-92 9.66 9-29 

8.24 9-86 ;10.37 12-24 10.23 8-70 
9.24 I U62 10-IU 11.92 10.10 9.14 
8.66 , 9.81 ! 9.71 

8.48 9.64 ' !).6? 
8.96 ! 9.69 ; 9.90 

i 

(12 ym. ) 
t 

No~r.-For detaile regenling cero of heigllte, method of retluction, etc., see Teble 3. 
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TABLE 1 .-iiIlmthS?l mean h,rig.hts of Ern-Leuel-( concld. ) 

9.23 s.99 9.27 j 9 . 6 2  : I O . ~ : !  jil.10 111.21 : I I . G ~  
9.52 9.27 7837 , !#.'i4 '10.59 110.86 11.36 11.43 

I I I !  
1 Kesulta not 'romputcd 

PORT BLAIR 

I 
year I Jm. I Fob. I March1 April Yny I June I J l ~ l y  / Aug. Septa i Oet. ' l o r .  1 Dr. 

I I I 

I , 
4-00 1 4.63 4.00 4 . 0  4.86 4-05 6.02 j 4.Q8 

I 
I 

-For rl~toile reparding mro of belghb, method of mduoth~,  eta., rse Table 3. 
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TABLE 2.--A~~tz?sa.l Mcrtn Iieights of Sea-Level 

I 

-, --.-- 
Port ; I I I 

i 
! Susz Perin, ' ddcn : I r l n k a t  Bnsrab / Bushim 

,<, 
~ ~ ~ i ~ b i  

Yenr \ i -- - . .  -. -- - 
1863 . . . .  I . .  . i I . .  17.149 

1869 . . . . . . !  . . I  . . I  . .  7.291 
1870 1 . . . . . . . .  I . .  

I I 

1871 : . . . . . . . . . . . 7.107 
1873 I . . . , 1 .. i , .  .. I . .  )7.031 
1873 1 . . . . . .  1 . .  . j . .  7 - 0 7 9  

I 
I 

IS71 , . . . , . . .  1 . 1 . .  
1875 1 . . . .  , . .  I . .  . .  
1870 . . . . . .  . . I 

I 

l87i  1 . . . . . .  . .  1 . .  I . . ' 7 . 2 0 7  
1878 i , . . .  , . .  ! . i .. ! . .  17.331 
1879 . . . . . . . . I 7 308 i ' '  I 

" I ! 
1880 1 . . . .  1 6.765 . .  1 . .  1 7.267 
188 1 . . 5.829 . . .  
1892 . . . . i i3.761 . . . . 

i 
1883 . . . . , 5.789 : . . I . . I . . 7.192 
1884 . . . . 15.842 i . .  
1895 . . . .  ; 5.879 ' 

1886 , . . . . 5.906 1 . .  a .. . .  7.225 
1867 . . . . 5.814 i . . 7.152 
I . .  ' . . R.869 I . .  . . 

I 
I 

lY8Y . . . . 5.832 . ,  / . .  1 . .  I 

I S ~ O  , . . . .  I 5.808 . I . .  i . .  
1891 I . .  . . 1 6.830 . .  I . .  j .. 

7.155 
7.143 
7.114 

I 

I B!I? . . . . 5 .  H3i . . . ,  4878 7,243 
1893 . . 3.HOfi i.li!)J , . .  , . .  7.203 
IBR.4 . . . . . 4 , . ~ . 1 7  ;,(;XI ! . .  j 4.769 , 7.217 

I 
1895 . . . . 5.845 7.639 : . .  i4.0915 / 7,191 
1996 . .  ' . . 6.837 7.704 1 . .  4.G51 1 7.190 
1897 1 4.338 . . 6.933 1 iaU99 , . 1,710 1 7.314 

! 
1888 4.380 5,396 6.92U i . .  ' . .  1.689 1 7.211 
1880 1.391 1.361 1 6.8110 , . . 1 . . 4.621 7.19:' 
1900 4 , 2 I-7x5 . .  ' I . , 4 .  f;?,) / 7~1165 

lwl i 4.400 5,407 5.837 . .  8 . . / 7.161 
1 . '  

1902 / 4.381 5.443 , 5.000 .. .. , , i 5 .ROG 
1W3 / 4.190 

- .) n . .  .-P.:jti4 .. i . .  . .  1 1.-9- 

I I 

lDD4 . . . .  , 5.872 . .  i . .  . . I 7 . 2 1 0  

1 M 6  . . . .  I 6.855 . .  1 .. . . 1 5.120 
I WHI . . . .  1 ri.sl:i . . . . . . 7.424 

1807 , . .  . . I 5,058 . . . . . . / 7.328 

1808 . . . . 5,820 . . . . . 7.178 

leOO 8 
. . . . 6.780 . . . . . t 7.188 

I ! 
I I 

( Continual 
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TABU3 2 . A a d  Nwn H e i m  oj Sea-Level--( contd. ) 
1 ' 

Rusbiru / K u i r b i  

I 

. . 1 7.233 

. .  i 7.223 
I 7.312 

1 Port I I 
Periru Aden 1 Alwkat B u m h  

1910 . . 
191 1 :: 1 . .  
1912 1 . . . . 

I I 
1913 . . 
1914 : : 1 . . 
1915 , . . 

! I 
--! 6.833 . . 

5.788 1 . . 
Li-@73 . .  
6.860 I . .  
6.833 ( . .  , 6.961 . . 

. . 

. . 

. . 
" j 

. .  j . .  7.243 

. . . . 7.818 

' .  I I I 
1916 . . .. 
1917 . . :: I i . .  
1918 : . .  ! 5.862 . . 

I . '  j 1 I 

1919 . . . . / 6.839 

i 1920 . . . . ! 8.871 . . 
1921 . . . . I 6.839 . . 

. . 

6.905 
6.117 
6.479 

1922 ' . . . . I 

1923 1 . .  I . .  1924 1 . . . . 

. . 1 7-818 
I 

. .  ) 7.377 

. .  , 7.374 

. . 1 7.340 

6.841 1 . . 
5.834 . . 
5.816 . . 

' . .  , .. 
. .  I .. 
. .  I .. 

\ 

. . . . 

1925 . . . 
1926 . . . . 
1927 j . .  1 .. 
1928 . .  , . .  

7.230 . . 7.248 
6.540 1 . .  7.377 
6.383 , 

6.439 
6.085 
6.863 

1029 ' . .  1 . .  
1930 . . 

1831 1 :  '1 . . 
1832 . . . . 

6.864 1 . . .  

. . . . 

. . . . .  

. . . . 

. . . . 

6.783 . . . .  1 .. 
6.800 . . 
6.872 . . 

. .  j . .  
. . 

6.858 
8.838 

6.816 

. . . . 

. . . . .  

. . . . 

' .  [ 
. . 

. . . . 
. . 

6.97 . . . . . . 
. . .. i .. 
. . . . . . 7-36 

6-06 '7.43 
6.10 . .  1 . .  7.48 
6-00 . . 9-42 

8-00 . . . . 3-20 
. . 7-28 
. . I 

I 
6.00 j .. . . 
$.Be 
8-14 . . 

1934 . . . . 
1936 i 
1936 :: ir 

Nm.-For d e h b  w r d i q  w e  of hebhta, method d ~uct iorr ,  etc., nee Teble 3. 

1937 
1038 
1939 

1040 
1941 
1942 

1943 
1844 
1046 

1948 
1947 
1048 

. . . . 

. j . .  

. . 

. . 

. . 
, . 

. . 

. . 

. . 

. . 

. . 

. . . . 
. .  : . .  
. . I . . 
. .  1 . .  
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TAfJLE 2.-An.nwrl Mean Heigkb of Kea-Leved( oontd. ) 

Nw.-Fm dobila w r d i n g  mro of belgbh. methad of reduotion, eb. ,  see Tnble 8. 
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TABLE 2.-A./~nml: Mmn Heights o j  Sea-Level-( contd. ) 
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TABLE 2 .- -Anntcccl Mean fleiah& of Hea-&we&-( contd. ) 
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TABLE 2.-Annual Mean Heights of Sea-Level-( contd. ) 
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TABLE 2.-An?~uczI i?Iean Ifeights of Sca-Level--( contd. ) 

 for deteiL rellsrding pero of heighta, method of reduotion, eta., IW Table 3. 
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TABLE 2.-Annual Mean Heights of Sea-Leved( contd. ) 
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TABLE 2.--AvnwlE Men% Heights of Sea-Level-( contd. ) 

H o l . . - F ~ r  debiL ~ r d i n g  aero of heighta, method of duotion, eta., ow Table 8. 

Ynlse 
Poiot 

. . 

. . . . 

. . 
s - .  . . 
. . 
. . 
. . 
. . 
. . . . 
. . 

7-55!! 
1 7.597 

7.693 
7.492 
. . 
. . . . 
. . 
. . . . 
. . 
. . . . 
. . 
. . . . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

Port'  I 
1 

Shortt 1 
, Cht% h h ~ d  

I 

Dublat Die- 
(Saugor rnonci 

Kidder- 
pon 

., 

. . . . 

. . 
• B . . 
. . 
• # 

, . 
... 
... . . 
. . 

10:+19 

10:573 
10.869 
10.920 

11.359 
11.166 
10.836 

11:164 
11.486 
10:622 

10.848 
11.301 
11.383 

10.476 
10.123 
10.636 

10.858 
10:860 
10.604 

10'368 
10.398 
10.711 

10.830 
10.593 
10'722 

10.368 
10.397 
10.770 

f 

Island ) 

. . . . 

. . 

. . 

. . .  . . 

. . 
• . . . 
. . 
. . . . 
. . 
. . 

ISGG I .. 
1869 1 .. 

Chitte- 
gong 

--- 

. . 

. .  . . 

. . 

. . 

. . 
a . . . 
. . . . 
. .  
. . . . .. 
.. .. .. 
8.251 
7.945 
7.923 

8.086 
7.977 
. . 
.. . . . . 
.. . . . . 
.. . . .. 
.. .. . . 
.. .. . . 
.. .- 
. . 

C d n * d  

Elarbour 

l e i0  I 
ldil 
1876 
1873 

1874 
IS75 
1876 

1877 
1878 
1879 

1880 
1881 

.. 

. . 

. a  

. . 

. . . . . . 

. . . . . . 

. . 
1882 

1883 
1884 
1885 

1886 
1887 
1888 

1889 
1890 
1891 

1892 
1893 
1894 

1896 
1898 
1897 

l8B8 
1899 
1800 

1901 
19Ca 
1903 

1904 
leOB 
1908 

IW7 
18(#I 
1808 

! 
. . . . . . 
. . 
m e . . 
. . 
. . 
. . 
. . 
. . . . 

9:585 
9,670 

9.588 
9.550 
9.434 

. . . . . . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
, . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

. '. . I .. 

. . 

. . . . 

. . . . 

. . 

. . . . 

. . 

. . 

. . . . 

. . 
8.976 
9.011 

8-999 
8.897 
8.804 

. . 

. . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . .. 

. . 

. . .. 

. . 

. . 

. . 

. . 

. . . . 
1 .. 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . . . 

. . 

. . 

. . 

.. 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. , 

. . 

. . 

. . 
t . -  

. . I . -  

. . . . 

.. I . .  
. . 

. . 
. . 

-. I 
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TABLE 2.-Annual Mean Heights of Sea-Level-( contd. ) 

1910 
1911 
1912 

1913 
1914 
1916 

1916 
1917 
1918 

1919 
1920 
1921 

1822 
1823 
1924 

1825 
1926 
1927 

1928 
1929 

1930 

1931 
1032 
1933 

1934 
1936 
1936 

1937 
1938 

1839 

1940 
1941 
1942 

1943 
1944 
1846 

1946 
1047 
1948 

Derived 
V~lnea 

K milee wecrt of Di~blat. 
Km.-For details regarding cem of heights, method of reduction, &., eea Table 8. 

i n -  
b5li 

. . 

. . . . 

. . 
. . .  . . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
6.304 
. . 
. .  
. . . . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . . . 

ri~orously 
on Ra~lgor 

Chittam 
gong 

. . 

. . 

. . . . . . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

.. 

. . 

. . . . 

. . 

. . . . 

. . 
6.74 
7.00 

6.83 

6.81 
7.01 
. . 

6:43 
6.76 

6.81 
0.09 
. . 

- 

Is about 

Shortt 
Island 

. . . . 

. . 

. . . . 

. . 

. . 

. . . . 

. . . . . . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . 

. . 

. . 
6.762 . . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

from 
Idand 

&IS. 
Pomt 

. . 
---- 

. . 

. . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . 

hourly heighta. 
from 1837 

Kidder. 
pore 

10.896 
10.781 
10.314 

10.496 
10.313 
10.453 

10.804 
10.807 
10.318 

10.382 
10.109 
10.10 

10.66 
9.86 

10.39 

10.00 
9-08 
. . 

io:ia 
3 

10.23 
9.73 

10.11 

9.84 
9.63 

10.21 

10.09 
10.46 

9.76 
10.09 
10.45 

10.37 
0.614 
0.87 

10.11 
10.29 

{i::ii6* 
Point, whioh 

Dub'att "13- 

. . . . . . 

. . 

. . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. .@ 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . . . 
10.11 
10.10 

10.07 

9.95 
9 01 
9.98 

. . 

. . 

. . 

. . 

. . 

. . 

onwards refer 

. . 

. . . . 

. .  

. . . . 

. . 

. . . . 

. . 

. . 

. . 

. . . . . . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 
" 

ta Seugar 
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TABLE 2.-Anfzual M t > a ~ .  kIeighh of Sea-level-( contd. ) 

N m F m  dsteilrr regrding zern of heights, method of redudon, eta., se Tebb 8. 
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TABLE 3.--Bynopsis of tidal data available ,for 

Ststiun 

Suez . . 

P e r h  . . 

Aden . . 

Maskat . . 

Basrah . . 

Bushire . . 

K h h i  . . 

Hannhl . . 
I 

Navber . . 

NavLhhi . . 

( 1 ) Hourly heigbte &om Harmonio Analysie. 
( 9 ) Hourly heighta from T.Q. diegrrm. 
( 3 ) Hourly heighta from obmwetory reporb. 
( 4 ) Hi h and Lnw water d i n g s  ( a ) day and night ( b ) day only. 

+ Llm looel Y.9.L 
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M.S.L. contpctation, anri o j  result9 compuied-( contd. ) 

B.M. is an iron hand fixed 
to  the NE. stanchion 

1-82 , 40.32 0.e .  black st,one let into 
the fieaward coping 
of the Cnbln House. 

( Continued ) 
( 13 ) From hourly helghta for 9(M days (Jan.-bet. ) axcludlng lnbomplete 

tidal perioda. 
( 8 )  Prom hourly hsiMht. far 870 days, obtaind in the c o u m  of Harmonic 

Anal ais.- 
( 7 ) h t n  digh and d w  watm d i n g  ( o ) day and night ( b ) d . ~  only. 

7 Below the M.S.L. nt FRO. 



TABLE 3 .-By nqls i8 ojf tidal data available .for 
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M.S.L. computation, and of results computed-( contd. ) 

--- 
B.M. of rofnrerlce 

( Dearription ) 

B.M. rut on tlic pl~nth or 
the lighthouse below 
the doom ay. 

G.T.S. dressed block of 
0 stone close to the 

B.M. steam ferry incline. 

8 .23  -14-00' Standard B.M. at the 
P.W.D. Secretariat. 

1878-1936 10.23 Standard B.M. at the 
P.W.D. Secretariat. 

G.T.S. embedded in ma- 
B.5M. sonry, west of the 

A.D. embram~re of the old 

G.T.S. embedded In a block 

2.36 1 0 . M  G.T.S. in the verandah of 

( 6 ) From hourly helghta for 366 day0 ( Jm.-Dec. ) exoluding Incomplete 
tidal period. 

( 0 )  From hourly hedgbta for 870 &yo, obtained in the ooune of Harmonic 
Anal me. 

( 7 )  hoa~khmdlorra~ndfw(a)day.od.ilht(b)day only. 



TABLE; 3.- Sy?~opais of tidal duta available ,for 
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1934-36 1.24* Sil  I 9.09 

I 
1884-89 ?.tii)+ I 1.64 7 . 7 1  

M.S.L. cotq)utalion, a1,d of reaults cmpicted--( clo~ittl. ) 

G.T.S. situated clove under 
Q the outer mall of the 

double flight of steps 
leading to the Custom House. 

- 
Zero ',I tlniglits in Tnh!os 1 nnd .! 

-- -- - - . 
I 

IJCI+\W t ~ r  1,1n I~cslou B.hf. 
for perlod ' !nd~zr~ Uzt~. ,a  of I of reference 

1 M.S.L / So*-7d~ngr , 
- - 

1 

1888-91 , 4 7 1 ~  0.27 8 ')I 

1891-915 5.32* '1. tK) 1 10.03 

1878-81 1 2 .71  1 38 10.18 

G.T.s. embedded in n block 
fi of masonry 4 feet, A.::ree4 outside the fort wall 

end 9 feet eaut of t,he 
northern gatew-a y. 

B.M. of reference 
( Descr~pt~on ) 

G.T.S. in the verandah of 
t the office of B.I.S.N. 

*.D. 1869 Coy. ( XI-. Cocque's 
house ). 

G T.S. 113h feet enst of the 
Ci A north-east corner of 
M. the Katcheri. 

G.T.S. close to the west wall 
L3 of the Telegraph '2 .  (Inble House. 

G.T.S. eituatod in the wharf 
A . f l  of the Naval Dock- 
:& yerd. 

I G.T.S. Hag-ntone embedded 
O A in t.he verandah of 

the Marine office. 

( 6 ) From hourly heighta for a80 &p ( J a n . - h .  ) excluding ' inoomple& 
tidal period. 

( 6 ) F N ) ~  hourly heighta fa 370 days, obtained in the course of Hannonic 

2 .20  I 0.3.; 16.9'1 

1808-1920 

I 

1 .'.;I 1886-90 ; 5.26 11.30 

1879-84 4.83 2.22 1 34.63 

1 0 3 7 4  2.61 Sil i 12.41 
I I 

Analysis. 
( 7 ) From High aad Low water reading0 ( a ) day and night ( b ) day only. 

G.T.S. cnt on the third step 
0 C on the eaat side '"' of Lord Cornwcllli'e 

f01111tain. 

G.T.s. embedded near tshe 
0 A SE. oorner of the 

Marine Office. 

Standard Ben ch-mark, 
marked "GTS/SBM/1810", 
about 220 yard8 hE. of the 
chapel of the B l m l  Virgin. 

( Continued 





- -- - 13.M of reference 
( Dewr~ption ) 

B? S.1,. I S t ~ u n k ~ , - u  
- 

I 
1931-32 / 4.15 1 .51 I 1" 92 B.M. is a t  the baqe of the 

flagstaff in front of 1 the Port OOtle. 
I 

Nil 1 23.80 

1 .17  i 22.71 

Nil I "1.55 

The mark is below the 
Iread of a bolt on the north- 
cast ooner of the lightmast. 

0 Marine Survey B.M. -~ 
t cut on the S\V. pile 

of the Refuge House 
at Hookey Tollah . 

Top of a rail embedded 
in a hlock of masonry and 
situated about 77 ft. north of 
the Snugor Semaphore. 

G.T.5. embedded iu t.he 
B.g. paddy field about 

AD 194 180 yards nort,h 
of the embankment dong 
tlie Honghly and about 3 
furlongs NE. of the new tidal 
oheervntory ( 1!)48 ). 

H.R.S. ahout 300 feet. awrty 
0 from the tidal obser- 

vntory a,t Garden 
Reach, nea.r the entrance to 
the King George's Dock. 

B.M. situated near the 
0 A BE. corner of the 

Port Office. 

( Conlinucd ) 
(6) Fmm Hourl heighta for 988 days (Jan.-Dm. ) excluding incomplete 

tidal period: 
( 0 ) From hourly heighta for 870 days, obtained in the c o u m  of Harmonio 

Anslysir. 
( 7 ) From High and Lov water readings ( a ) day and night ( b ) day only. 

t Datum of Pwndlngn in this o m  I8 below the mro of hsighte. 

1887-91 / 7.80. 3.36 19'56 

183742 / 4.63* Nil I 16.20 

C.T.S. situated in the portico 

B.M. 
0 of t h ~  Marine Office. 
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'L' -1 ' 3  ;, E 3. --,Y! 8 g n p  ?is  of t ilia1 data available for 
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Anal eis. 
( 7 ) From digh and LOW water m d m g ~  ( a ) day and night ( b ) day only. 

t Below Amherat M.S.L. 

concld. ) 

B.M. of reference 
( Description ) 

----- 

G.T.S. embedded in ma- 
n A sonry a t  the foot of 

B.M. the flagstaff hill. 

G.T.S. embedded in the step 
0 A loading to the Port 

B.". and Custom Office. 

- inscribed on an iron t plate on top of a 
block of masonry. 

Situated on a flat concrete 
pillar ( 1947 ) in a fenced 
enclosure. 

Situated below Scotte' 
B.M.. a concrete block one 
foot square, within a walled 
enclosure SW. of the Port 
Commissioner's flagstaff a t  
the bottom of the Lewis 
Street. 

B.M. 36 ~i tua ted  a t  the 
9 4 ~ -  P.W.D. Inspection 

Bungalow. 

B.M. 22 situated in verandah 
' 94  H -  of the Telegraph 

Ofice. 

A embedded in a block 
G.T.S. of masonry 5 feet &, from the SE. corner 

of the Post O5ce. 

G.T.S. eituabd in the oom- 
C pound of the Settle- 

B.M. ment Club. 

Jan.-Deo. ) exoluding incomplete 

M.B.L. computation, and of results computed-( 

( 6 ) From hourly heights for 370 days, obtained in the o o m e  of Harmonio 

Zero of heights in Tables 1 and 

belom 
Dat,um of 
Souclings 

2.55 

3.62 

2.48 

4.90 

Nil 

Nil 

3.89 

2.66 

3-86 

1.16 

heighta for 365 

I 
for period 

1895-99 

1902-03 

1924-28 

1880 

1884-88 

1880-1948 

1880-85 

:::::} 
1889-93 

1880-1920 

( 6 ) 

2 

below B.M. 
of reference 

24.67 

15.15 

14.01 

30.92 

26.02 

25.08 

38.30 

26.50 

26.49 

13.27 

days ( 

below 
In?ittn 
S J .  

7 24" 

7.29t 

6.15t 

16.17t 

ll.27t 

8.99t 

13.65" 

6.05t 

12.99* 

4.76. 

From Hourly 
t i d d  poriod. 
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Kidder- Rangoon 
pore 

TABLE 4 --9-Yearly N.S.L. 

- I' I Aden IKBridi 

10.239 
10.232 
10 241 
10.243 

I 
-- 

ls6b76 1 .. 
69-77 . . 

i 187&78 . - 
71-79 
72-80 
7S-81 
7&82 
75-83 

7.153 1 
7.160 
7.1fS 
7.169 
7.1S7 
7.201 
7.139 I 

- . 
.. 
.. . . 
. .  7 - 203 

7.308 
7.216 
7.218 
7.190 

I 

. . 

.. 

1 
I 

. . 

.. 
4.676 
4.653 
4.641 
4.829 
4.639 
4.637 
4.652 
4.669 
4.674 
4.693 
4.716 
4.736 
4.752 
4.749 
4.753 
4.767 
4.781 
4.776 
4.774 
4.77d 
4.770 
4.783 
4.793 
4.803 
4.799 
4.803 
4.818 
4.832 
4.839 
4.863 
4.867 

' 4.864 
4.864 

10.1.~?! .. 

1878-80 . 

1 1 2 
81-891 6835 

5.832 
6.W2 
6.847 
6.843 
5.837 
6.830 
6.833 

89-97 8.840 i 1890-98 5.850 
91-99 6.868 

92-18001 5.862 
93-19011 5.862 
94-1902 1 5.874 
95-19031 6.889 

10 237 
10.240 
10 236 
10.228 
10.220 
10.224 
10.224 
10.239 
10.234 
10.235 
10.229 
10.240 
10.249 
10.247 
10.229 
10.216 
10.199 

7179 . 
7.1671 .. 

961904 
97-1005 
98-1906 

18W-1907 
1900-08 
01-09 
02-10' 
0SlL 
Ot12 
0,%13 
W 1 4  
07-15 
08-16 
09-17 

191&18 
11-19 

. .  

. . 

. . 

. .  

.. 

.. 

.. 

.. 

. . 

.. 

.. 

. . 
2.220 
2.235 
2.275 
2.293 

1 2.292 

7.163 
7.169 ' 
7.174 
7.175 
7.176 
7.172 
7.177 
7.186 
7.195 
7.201 
7.195 
7.185 
7.196 
7.204 
7.206 
7.198 
7.lQ9 
7.208 
7.2071 
7.216 
7,227 
7.218 
7.221 
7.225 
7.247 
7'257 
7.263 
7.285 
7.3M 
7.300 
7.323 
. . 
. 
. .  
. .  
. .  
. . 
.. 
. . 
.. 
.. 

5.891 
5.983 
6.880 
6.873 
6.866 
6.867 
5.866 
5.842 
5.832 
6.830 
6.828 
6.843 
5.848 
6.846 
6.852 

, 6.8.52 

.. 

.. 

. . 

. . 

. 

. 
8.287 
8.2.32 
8.284 
8.271 
8.253 
8.237 
8.251 
8.256 
8.245 
8.212 
8.181 
8 176 

8.151 
88167 
8 I46 
8.147 
8.152 
8.190 
8.222 
8.240 
8.269 
8.289 
8.306 
8.314 
. . 
. . 
. . 
.. 
.. 
. . 
.. 
. . 
.. 
.. 

12-20' 5.864 
13-21 : 
15-23 8.868 
16-241 6 . M 3 ,  
17-26 6.438' 
18-20 / 6.646 
18-27; 6.843 

19-28 6.841 
11-29 / 6.831 
2240 1.82'7 
-1 5.830 

S 4 4 2  I 6.831 
6.m 

8.165110194/ 2.267 
10.1941 2.288 
10.191 2.302 
10.177 2.325 
10.176 
10.176 
10.197 
10.210 
10.228 
10.248 

2.326 
2.331 
2.317 
2.304 
2.316 
2.341 

10.2611 2.326 
1 10.263 1 2-314 
10.264 
10.284 
10.271 
10.267 
10.268 
10.246 
10.240 
10,233 
10.240 
10.247 
10.W 

2.316 
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SECTIOX 11.-SUBSIDENCE OF S. BENQAL as EVIDENCED 
BY TIDU AND LEVELLING OPERATIONS 

I. Gcnerd Considerati ms.-For studies of coastal subsidence, 
sea-level dsterminntions fronl systematic tidal observations furnish 
perhaps the only data of a quantitative nature. A change, in the 
course of years, in tho established relation betveen Mean Sea-Level 
and a perma!lent ( &able ) bench-mark a t  a tidal station indicates a 
relative ~clhsidence or elevation of land with respect to water. To 
analyse this relative movement*, it is necessary to consider the 
evidence of the tidal regime a t  the port. If, for instance, the tidal 
datum planes ( M.T.L., M.H.W., M.L.W., M.H.W.S., etc. ) have all 
risen by the same amount with respect to the reference bench-mark, 
the tidal range remaining unaffected, the coast can be taken to have 
subsidctl by that amount. If, on the other hand, the datum planes 
have all changed differently, the indication is that the tidal regime 
has changed and that considerable changes in the sea bed and other 
hydrographic features have taken place causing such a change. In  
this case the problem becomes complicated since it would be neces- 
sary to investigate whether these hydrographic changes have occur- 
red as a result of any actual subsidence ( or emergence ) of the coast 
or as a result of artificial improvements in the harbour like dredging, 
deepening or widening of the harbour entrance. 

It might be mentioned that a8 between the open coast and 
inland bodies of water ( e.g., tidal rivers ), the investigation of 
coastal subsidence is relatively simple for the former. The reason 
for this is, that on the open coast, only profound changes in the 
hydrographic features can bring about changes in the range of the 
tide, while in inland waters, because of the relatively limited areas 
and depths involved, small changes in the features are enough to 
produce large changes in the range. In  the former case, therefore, 
the tidal datum planes generally remain constant for periods covering 
many years, and any slight subsidence or emergence of the coast is 
directly reflected by an equivalent change in these datums ; while in 
the latter case, as for instance in a tidal river, a slight dredging in the 
channel or a little widening or deepening of the river mouth brings 
about 8 large increase in the tidal range and a lowering of the mean 
water level some distance up stream, thus causing non-uniform 
changes in the tidal datums and consequent difficulties in analysis. 

Data next in importance for such investigations of local up- 
heaval or subsidence of a region, are those provided by repititions 
of levelling a t  frequent intervals. Qeologicsl and archreological 
evidences can also be very helpful in considering whether or not a 
aeculer movement of land with respect to water has taken 
place. 
-- - . - . .. . .. - - - . - 

Buch movements are generaUy assumed to have wourred due to movement of 
the land rathcr than of aster. ,by abaolute ohenp in water level oan only ooour due 
ta world-wide caunea Hke glaciation, deglsaintion, etc.. end to deteot this it IE neoesmry 
to rtudy tide-gauge obmrvatione at  a number of open ser thraoghout the world. 
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2. Areas of Subsidence.-There is a gonernl belief that certain 
areas in India such as the HBthiLwar coast, %be land near the Rann 
of Kutch, Calcutta, etr. ,  are in a state of gradual subsidence. In 
particular, the stability of Calcutta  ha^, since some time past, been 
the subject of grave concern, and opinions have frequently been 
expressed that no further buildings should be allowed to be cons- 
tructed on its alluvial soil, since such const,mctlions would only help 
the subsidence and ultimately bring ahout inundation of the city. 
A study of the gradual movements of soil in this area is thus most 
important. 

3. Tidal Evidence.-Kidderpore ( Calcutta ) is the only port 
in S. Eengal for which a iong series of continuous tidal observations 
are available. This data covers the period 1881 to  date. Some 
observations have also been taken for Dia'mond Harbour and Dublat 
( Saugor ) further down the Hooghly, but these cover only a few 
years and are, therefore, not of much value for our present 
discussion. 

Table 1 gives the yearly values of mean sea-level ( strictly 
speaking, mean river level ) a t  Kidderpore beginning from 1881, 
and Chart XXXXII shows the corresponding graph. The values from 
1921 onw~rds  are a little approximate in that they have been derived 
only from mean tide level values ( means of high and low water ) by 
applying a uniform correction of +0.20 feet. This correction has 
been arrived a t  by comparison of M.S.L. and M.T.L. for 6 specimen 
years between 1900 and 1948 and is unlikely to be grossly 
in error. 

Tables 2 and 3 give the 9-yearly and 19-yearly values computed 
by the method of moving means, and Chart XXXIII  shows the 
corresponding curves. The full tidal cycle is completed only in 
19 years and the 19-yearly means are naturally to be preferred for 
investigating any changes of level. These indicate that there is a 
gradual fall of the M.S.L. from about 1890 to about 1932 and there- 
after a slight, though not marked, upward trend. The fall in the 
M.S.L. during the above period of 42 years amounts to a little over 
half a foot. 

This fall in the M.S.L. would appear to indicate a corresponding 
rise of the land in relation to water, but the port being situated on a 
river, caution is necessary before forming conclusions. Firstly, it is 
to be noted that the change in the M.S.L. between 1881 to 1948 hm 
not been gradual and systematic in one direction. There is a rise 
between 1881 and 1880, then a gradual fall up to about 1932 and 
thereafter a r i ~ e  again ; secondly, Kidderpore being a riverain port, 
the M.S.L. is bound to be affected by variations in the volume of 
water flowing in the river. Such variations can be brought about by 
changes in meteorological conditions such m rainfall, melting of 
mow in the  hill^, fre~hets, etc. They can also be due to changes in 
the hydrographic featcures of the river, for which thare ia ample 
evidence aa the paragraphs blow will ehow. 
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The various non-harmonic tidal constants of Kidderpore for 
four specimen years betwsen 1881 and 1948 are tabulated below :- 

Time intervals in Springs and Neaps 
-- - -  - 

It would be manifest from the above tables that a t  Kidderpore 
the range of the tide has undergone considerable changes since 1881, 
although the time interval after Dublat ( Saugor ) for corresponding 
tidal occlirrences has pra~t~icnlly remained the sa,me. There is a 
distinct change in the volume and sha,pe of the water in the Hooghly 
and there can hardly be any doubt that this change has been due to 
dredging and other hydrographic changes in the river since 1881. 

I 

KIDDERPORE 
mtnus 

~)UEUT ( ~ A U ~ O B  ) 

Yoar 1881-82 

,, 194142 

That the tidal regime in the river Hooghly has undergone adistinct 
change is confirmed by' the results of mean monthly luni-tidal inter- 
vals for Kidderpore and Dublat ( Saligor ). These are tabulated in 
Tables 4 and 5 for two specimen years separated by a long period. 
It would be seen that at both the ports, the high water and low 
water intervals seem t~ have increased by about 26 to 30 minutes 
during the l a ~ t  66 years. 

As already pointed out in para 1 above, a widening or deepening 
of the mouth of a tidal river brings about a lowering of the mean 
level of the water some distanoe upstream. It is difficult to get e 
preciee relation between the inoreeee in volume of water md a o o m -  
ponding change in the meen water level. A rough idea o m ,  however, 

H.W.S. 

h m 

4 08 

3 44 

L.W.8. 

h m 

6 14 

6 14 

H.W.N. 

h m 

4 17 

4 12 

L.W.N. 

h m 

5 28 

6 25 
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be obtained from the simple relation th: l, jf thc 3l.S.L. a t  a given 
point of the river is lowered by d feat and the ranTe is increased by 
r feet, the M.H.W., M.S.L. and 3I.L.W. are ] O W ~ : I E ~  by ( d - r / 2  ), d 
and ( d + r / 2  ) feet re~pect~ively. In  nctcal pract,ice ( d - r / 2  ) is 
aegntive and so the mean high water is really raised. 

In  the case of Kidderpore we find from the table of non- 
harmonic constants above that between 1681 and 1030 the M.H.W. 
has practically remained constant while the M.L. W. has fallen by 
about 0.6 feet. We accordingly derive 3 ralue csf about 0.3 feet for 
d from the above formula, which more or less fits in with the actual 
fall in the M.S.L. noticed during this  period from the graphs of 
Chart XXXITI. This would go to show that the apparent changes in 
the M.S.L. hare only been consequent on the hydrographic changes 
in the river and are not due to any change in the coastal elevation 
a t  Kidderpore. That no coastal subsider~ce or emergence has occur- 
red a t  Kidderpore is corroborated bx our recent levelling operations, 
as will be shown in para 4 below. 

It might be pointed out here that Kidderpore is not an ideal 
port for such a study. It is about 80 miles up the river and the 
freshets play an important but unknown role. Xew systematic 
observations have been started a t  Saugor which is near the mouth 
of the river and these, i t  is hoped, would be very useful for such 
investigations. 

4. Levelling evidence.-In 1947, the River Surveyor to the 
Commissioners for the Port of Calcutta eent in an urgent requisition 
for some levelling round Diamond Harbour. He had found by his 
local levelling that B.M. 159179 B a t  Diamond Harbour had sunk by 
about 6 inches relative to B.M. l60/79 B in the same locality and 
he wanted to make sure as to which was the one that he could 
nee aa s reliable starting B.M. for fixing the zeroes of some of his 
pugee along the river as the heights of bench-marks of reference of 
his gauges along the river depend on these values. He reported that 
sU the other bench-marks along the Hooghly River especially from 
Felte point to Diamond Harbour were either missing or reported to 
be disturbed. Details of this levelling are given in Chapter 11, where 
i t  is explained how in the absence of any stable rock-cut B.M. a t  
Calcutta i t  wa8 conaideretl advisable to extend the levelling to 
otandard B.M. a t  BurdwZn This levelling confirmed the sinkage 
of B.M. 159179 B relative to R.M. 160179 B and in addition has 
furnished valuable information about the general subsidence of the 
delta area. 

The original levelling through this area was carried out in 
1881-83, from Pirpainti to Howrah, ( Main-line No. 74 of the-old 
level net ) and from Kidderpore to Dilblat via Diamond Harbour, 
Brsnah-line No. 74 B ( Chert XXXIV ). In 1913 moat of the 
hoh-marks from Howreh to Budwiin were reported ee destroyed. 
A rtsndard bench-mark waa estcrhliahed a t  BudwBn in 1910 and 
again connected by levelling from Benarea in 191 4-1 6. A line wru 
run from Howmh to Champdini in 19 1 3- 1 4 and from Chempdgni fa 







OLD AND NEW LEVELLIN0 

113 
Dieorepancies between old (1913-17) and new (1947-48) levelling (Bdwiim to  Howmh) 6 
between old (1882-83) and new (1947-48) levelling ( H o d  t o  Diamond Harbour) 

V 
130 \ 

S d e  1 small division (horisontal) =l Mile 
) I  ,, * I  $1  (vertical) = 0,02 ft, 

. . . . . . . . . . . . .  Old levelling.. 
D b q m o i e r  (New -Old). . . .  .M 
Stmddd Bsnch-Hmk.. . . . . . . . .  a115 
Benoh-Morh type A . . . . . . . . . .  8 95 

,* Bp 11 B . . . . . . . . . .  oroe 

110 P r i d  a t  the Surrrr d lnd le  120 Omcer. ( P. 2 . 0 . ) .  130 # i h  



Feet 

. . . . . . . . . . . . .  Old levelling.. 
. . .  Dioorepoiea (New -Old). .M 

. . . . . . .  Standad Benoh-Mark.. , 8 1 1 5  

Benoh-MerB type A . . . . . . . . . .  95  

11 11 11 B . . . . . . . . . .  0100 
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Burdwgn in 191 6-17, the closure being effected on the standard 
bench-mark a t  Burdwiin. 

In  trying t.o delineate rruhdidence of an area by levelling, i t  is 
nessentia!: to start the levelling from a stable bench-mark, preferably 
on rock and carry it  on to good bench-marks of the suspected area 
where previous heigh.ts a,re kaown. The levelling of 1913-16 was 
not carried oui; with ?.he iclea of det,ecting such secular changes and 
i t  did not- therefore connect any bench-marks of the older levelling 
of 1881-33. 111 running the new line from Eurdmln to Diamond 
Harbour, there-fore, a careful search was made for all old bench-marks 
and as mail:,- as could be identified were carefully connected. Table 6 
shows the differences in the values of these bench-marks by the old 
and new levellings in terms of B.M. 116/73 M a t  BurdwBn. These 
differences are plotted graphically in Chart XXXV which exhibits 
some interesting features. 

The sudden discontinuities indica.te irregular local sinka.ge of 
bench-marks but there are ~ystemat~ic t,rends to be discerned also. 
The region between B.M. 126 and Howrah has remained practica,lly 
undisturbed ( except for one solitary B.M. 439 ), but on either side of 
it  there are 'V '  sha.ped depressions, which can be attributed to the 
general downwarping of these areas. The portion from Howrah to  
Diamond Harbour especially in the vicinity of the latter is violently 
disturbed. I n  t,he neighbourhood of Achipur, subsidence since 
1882-83 is of the order of 0 a 3  feet, but it  is very much greater a t  
Diamond Harbour whcre B.M. 159 ha,s subsided by as much as 
1 a 4  feet, R.M. Id0 by 0 a 9  feet and B.M. 92 by 0 -7 feet. Curiously 
enough, Kidderpore Dock does not seem to ha,ve altered. This is 
probably due to  the B.M. being on piles driven well into the sea. 
The above changes are much more than the errors of levelling and 
must be regarded as real. Such changes, however, can be normally 
expected in an area composed of deltaic alluvium. Individual and 
highly discrepant sinkages occur because of the existence of quicksands 
and of supersatura,ted beds and lack of uniformity from place to 
place in the alluvial strata. They do not represent a general 
subsidence of the crust. 

It appears thus to be essential to have a group of bench-marks 
of suitable pattern in this region which should be reconnected a t  
frequent intervals to keep track of local and regional changes of 
level. 

That the immediate region round Calcutta haa not changed is 
also proved by the fact that the check-levellings carried out a t  
different periods have shown that many bench-marks have retained 
their original heights since 1882-83. 

Further levelling has been dono on the right bank of the Hooghly 
and will he extended to F a l ~ e  point to get i t  in terms of independent 
M.S.L. Full discussion will be given in the next Technical Report. 

5. Conclusion.-From the data available, no firm mnoluaianr 
can be dmuw about the vertical deformatione of the crust in 9. Bangel. 



140 TECHNICAL REPORT [ P ~ T  III, 1948-49 

The region in the vicinity of Calcutta appears to have remained more 
or less stable, while to the ~ o u t h  in the region round Diamond 
Harbour there are large and irregular sinkages of bench-marks. 
These are to be taken more as local individual subsidences rather 
than regional downwarping of the crust. Such downwarping is 
generally very snlall and even with sufficient data great care and 
experience is needed for its delineation. The levelling data has 
its severe limitations in such areas as the deltaic portions of 
Bengal as the bench-marks are liable to individual sinkages which 
are not a t  all representative of the general downwarping of the crust. 

For a riverain port like Kidderpore 80 miles above the mouth of 
the river the tidal data also has its peculiar diaculties. Such non- 
tidal factor8 as f~seshets and shallow water corrections can vitiate 
the conclusions. There is also the added uncertainty that the port 
authorities do not generally realize the importance of ensuring that 
the zero of tide-gaugo should remain undisturbed. Cases are not 
wanting where this datum has been changed lightly through ignor- 
ance resulting in a break in the continuity of the observations. 
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TABLE 1 .---Kidderpore ( Calcutta ) 

Annua,l Mean Sea-Level 
.- 

I 
Year ; 1.8.L. year  M.S.L. j Year 

( 
. - - -. - . ' 

M.S.E. 
i -. 

- 
.- 

/cet i feet 
1881-Y:! ' 10.539 1 ,911 10.781 1941 1 I t ; :  
1882-83 10.686 1 1912 10.314 1942 10.70 

1883-34 10.599 1913 ' 10.195 / 10.62 

1884-85 1 10.669 
I i 1914 10.313 1944 

1865-96) 1 10.950 
1943 1 10.09 1 1915 10.453 1 1945 10.22 

1886-8'7 j 11.383 1916 : 10.804 i 194s 10.36 

ll .080 j 1917 i 10.807 
i 

1947 10.64 
188849 1887-as 1 10.842 1 1918 10.318 1 1948 10.52 

1889-90 j l l .  232 1919 10.382 

1890-01 
e m  2 - 9 0  I 1949 

1920 10.169 Mepn 1941-49 

Mean 1 9 1 1 a o  / f O . ( U  
1 

11.364 

10.gW 

10.18 

10.40 

1891-92 

1892-93 

1893 

I i 
10.618 1921 

I 
10.36 1 

10.817 1 1922 10.83 

11.292 1 1923 10.12 

1894 11.383 1 1924 

1898 1 10,456 

:lN: 

M989 lWl23 1926 

10.636 

1898 10.868 I 18.28 

1899 / 10.660 1829 

I900 , 10.604 1 1930 
Mean 1.991-1900 10.737 Mean 19~1-30 

I 
I I 

i 

10.70 

10.13 

10.22 

10.21 

10.69 

10.39 

10.36 

10.39 

1801 

1002 

1903 

I904 

1905 

10.358 / 1931 1 l0.43 

10.398 j 1032 9.98 

10.711 ! 1933 1 lo'36 

10.830 / 1034 1 10'09 

10.593 , 1935 i 9'78 ' 
' 10.46 1806 1 10.722 ) 1936 

1937 10.34 

1 808 193R 10.71 i 
I810 1940 

' 10.00 10,895 ! 
Meall I t . . -10  ( 0 . m  a 0 10.87 

I 

+- I I i 
i 

N0~~.-Frorn 1881 to 1803 the par in the above Table r e h  to the period April to 
blrroh. 
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TABLE 3.-Kidderpore ( Calcutta ) M .S.I,. 

TABLE 2.-KiCIdc~p~?re ( Catczctta ) M .S.L. 
( 9- Yf.ar1.y Mteii,;~ ) - w.-ununn- 

I I I I 

Yeare ' Uenli  Team Meeu I Yeare I Mean 
, i I 

I i I 
I 

-- . 

i 
, feet ' 1 feet I 

i 
1881-90 , 10.91 1 190i-@ti 

fed  
10.57 1921-29 j 10.39 

82-91 i 10.98 ; 02-10 j 10.63 I 22-30 10.39 
83-92 10.97 , 03-11 ) 10.07 1 23-31 1 10.36 
84-93 11.00 04-12 1 10.33 j 2P32 i 10.34 
86-93 i 11.06 / 35-13 i IC.51 26-33 i 10.30 
8694 1 1 l . l i  . 0 i 10.56 2634 I 10.29 
87-95 1 11.01 ' 07-16 10.63 27-36 1 10.24 
88-96 , 10.90 08-16 10.58 / 28-30 I 10.21 
88-97 ' 10.87 09-17 10.83 29-37 i i o . ~  

1890-98 10.83 i 1810-18 / 10.68 1 1930-38 1 10.26 

( 19-Yearly Means ) 

1891-99 j 10.75 
92-1900 1 10.75 

Yeam Mean Years Mean Years Mean 

- I I  - - - - - I 
feel 
10.86 
10.85 
10- R3 
10.82 
10.82 
10.82 
10.78 
10.76 
10.73 
10.69 

I 
1911-19 / 10.52 1 1931-39 
12-!!0 ' 10.46 . 3240 

10.30 
10.25 

93-01 1 10.70 1 13-21 10.46 ! 33-41 , 10.29 
94-02 10.60 14-22 / 10.49 34-42 10.33 
95-03 10.52 3G-43 ' 10.39 

10.42 
10.40 
10.40 
10.38 
10.38 

10.40 

96-04 , 10.56 ! 364.1 
97-05 ; 10.62 17-25 E{ 1 3745 
98-06 10.64 1 18-26 ' 38-46 

1899-07 ' 10.58 19-27 10.36 39-47 
1900-08 I 10.55 

1 1920-28 1 10.37 194048 
I 

I 194149 
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TABLE 4.-Luni-tidal inte~vals at Kidderpore for High and 
Rmu Water-meam monthly values lor 1882 and 1948. 

( Intcrval has been calc~ilated from Greenwich Meridian ) 

TABLE 5.-Luni-tidal intervals at Dublat (Saugor ) fo7 High and 
Low Water-mean monthly values for 1882 and 1941. 

Interval has been calculated from Greenwich Meridian 

I 

' High Water Low Water 
REMAR= 

Xanthe - 
186.2 1 1948 

1 ----- 

i h m ' h m  

Low Water 
Mon the - - -  - 

RE MARE^ 

I I 
h m h m  h m  h m  

January 9  66 16 68 16 31 
February . . 0  67 16 65 1 16 33 
Maruh 0  62 16 03 16 27 

9 4 7  1 5 6 4 ' 1 6 1 6  
9 4 2  1 6 4 9  1 6 0 0  

June 0  41 16 33 16 10 
J ~ Y  . . 9  40 16 31 16 07 
August 9  42 16 34 16 04 

1882 

h r n  
9 3 2  
9  26 
9  28 
9  25 
9 1 6  
9  Of3 
9  02 
9  14 
9  09 
9 1 3  
9  20 
9 1 1  

September . . 
October 
November . . 
December . .  
Man .. 

.- 

h m  
9 6 6  
10 04 
9  52 
9  39 
9 2 5  
9  30 
9  32 
0 3 1  
9  39 
9 4 7  
9  39 
9 6 3  
-- 

1 4 6  
1 48 
1 33 
1 2 1  
1 1 5  
1 20 
1 1 7  
0 5 9  
0  68 
1 0 9  
1 23 
1 4 2  

January . .  1 2 5  
February 1 19 
March :: 1  10 
A prd . .  1 1 6  
May . .  1 1 2  
Juna 0 66 
July 

9  17 I 9 4 2  

Diff + 25 mins. 

. .  

-- 

9  01 ( 9  45 
9  47 : :: 1 9  49 

9 2 1  9 6 2  

9 16 / 0  48 

M. + 88 mine. 

0 4 4  

Mean . .  1 0 2 1  1 2 2  

Diff. + 20 mine. 

15 34 
15 30 
16 46 
1 6 4 0  

I6 U 

I 

1 :  0  40 
August . .  0 3 6  
September . . I  0 3 4  

16 12 
16 16 
16 19 
1 6 2 8  

16 I7 

October 
Novem her . . 
December .. 

DW. + 82 &r. 

1 11 
1 1 7  
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TABLE 6.--Old and nrw Leveltiny frc)nz B.urdu:u'n to Diamond Havhour. 

128 I Sonakiir T.S. .. I 9.6 .. 1 -10.355 ; -10.368 1 - 0 . 0 l l  ) - 0.087 
I 

- i - - - - - - l - -  I- - 
i r . 1  jeet  I jeet 1 jeet  

73 Jd 1 I 

Balut village. ( Type B ) 
Raeulpur Rly. Sbt,ion 

Platform . . 
Memari Rly. Station 

Platform . . 

116 Burdwh, ( Type A ) . . 0.0 1 10:3-17 0.000 0.000 

Memari, ( Type A ) . . 
Bridge . . 
Step of b n k  . . 

0.000 ' 0.000 

Edge of field ( Type B ) 
Road boundary pillar . . 
Simlegarh Rly. Station 

Platform . . 

115 Burdwin S.B.M. . 0.0 I ,, , -i- 6 11s /- 5.005 - 0.0:!3' - 0.023 
124 1 Bridge . . 1 1.7 / 9. I - 4.8iL' I - 4.921 1 - 0.051 , -- 0.074 

I I 
119 ' Road boundary pillar . . 29.9 - 4.866 - 4.881 - 0.016 

' - 0.173 
126 8 Khonean village 

1 ( T P B )  36-3 1 ,, 1 -12.297 -12.140 + 0.157 - 0.016 
127 Culvert . . 36.4 1 ,, 1 - 1.099 - 1.113 - 0.014 - 0.030 , 
79B 

. I 
I I 

I 

Abutment of bridge . . 
Parapet of well . . 
Rly. culvert No. 85 . . 
Rly. bridge No. 3 . . 
Culvert . . 
Culvert . . 
Stone slab, Chinaura 

Circuit house . . 
Bese of Clock tower . . 
Seat of mtrmce gats . . 

Parmjmt of culvert . . 
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TABLE 6.--Old and new levelling from Burdwan to Diamond Harbour.-(concld.) 

d 
k 

zi 
d 

79 B 
850 

( 326 1 
365 
894 

( 356 

Brlef descriptio~l 

Bridge . .  

Marble ~ t c p  . .  
Step of statue . . 

itfilee 

69.4 

79.9 
80.3 

367 

369 
111 

113 
126 

127 

130 

136 
146 

169 

160 

92 

01 

---- 

1913-17 

1881-83 
,, 

feet 

+ 4.876 
- 2.704 
- 0.024 

Pavemont, Hmting's 
bridge . . i 80.9 

Kidderpore New Dock 81.5 
Top of marine socket . . 90.8 

Top of marine socket . . 1 92.2 
Step, Aohipur telegraph 

office ..1100.6 
Stone slab, Mayapur 

Tidal Semaphore . . 1 101.1 

,, 
,, 

Stone slab, Mayapur 
Magn zine . . 

Top of marine socket . . 
Top of marine socket . . 
Hooghly Point, Tidal 

Semaphore . . 
Step, Hooghly Point, 

P.W.D., I.B. . . 
Diamond Harbour, 

( T Y P ~  R . . 

feet 

+ 4.839 
- 2.692 + 0.049 

102.1 
105.6 
110.8 

120.7 

121.1 

129.1 

+ 8617 
-13.723 

Step, Diamond Harbour, 
P.W.D., I.B. . . - 7.683 

fee t 

- 0.037 
+ 0.012 + 0.073 

+ 8-661 
-13.666 

feet 

- 0.065 

- 0.053 
+ 0.020 

, /+1.328 

- 0.472 

129.1 / ,, 

fl.101 

- 0.697 

- 4.163 

- 1.187 

+ 0.671 
+ 1.273 + 0.649 

- 1.749 

- 0.967 

+ 6.903 

+ 0.219 

., 

,, 

- 7.902 - 0.472 

- 0.056 
+ 0.067 

- 4.276 

- 1.299 

- 0.036 
+ 0.021 

-0.227 

- 0.225 

+ 0.113 
4- 0.112 

- 0.281 
+ 0.289 
- 0.126 

- 1.070 

+ 0.475 
+ 0.228 

-0.206 

- 0.431 
- 0.318 
- 0.206 

- 0.487 
- 0.198 
- 0.324 

-1.394 

- 0.919 

- 0.691 

I 

,, ; f 0.952 
,, 0.984 
,, 0.675 

I ' 0.679 " I - 
,, 

1 ,, 

- 1.432 

+ 6.676 
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I. The study of deflections in Irlrlis on some sort of a syste- 
matic basis started in tho beginning of this century ( see 
Profwsional Paper No. 5, Suivey of In(; in 1901 ). In those days, the 
data was sparse and the plumb-line rleflectionu were plotted and 
shown vectorially by arrows. Certain imp~r t~an t  characteristics 
about their distribution were noticed, such as their being deflected 
away from the Himslayas in Central India and pointing towards 
a line in the plains. As more and more data accumulated i t  was 
considered that to make a dotailed stildy of the hidden mass 
anomalies in the earth's crust, i t  was better to study the rise of 
the geoid which can be regarded as a synthesis of the deflections 
rather than individual values of deflections. 

Reliable charts showing the different types of geoide wero starhd 
in the Survey of India in about 1028 ( see Geodetic Report Vol. V, 
Charts IX, X, XI  and XI1 ). Thcse geoidal charts have provided a 
broad framework for the study of deep seated effeots well below the 
limit of geophysical prospecting. The next step is to narrow down 
this framework further and further till true knowledge of superficial 
effects is gained. 

Unfortunately the definitions of geoids given on page 67 of 
Geodetic Report Vol. V are all incorrect. They are accordingly set 
down in the next para. It is important to put them down clearly rta 

there is no uniformity about their nomenclature and different 
countries are apt to designate them differently. 

z. Natural geoid or Geoid : 
This ie simply the sea-level 
equipotential surface of the 
matter comprising the whole 
easth. It may be reckoned as 
equipotential of cl reference 
epheroid S, + matter A between 
thie epheroid and the geoid + 
matter B between the geoid end 
the earth. 

Compensated geoid or 
Co-geoid : If the topographio 
meesee B between the geoid and - 
the earth be removed together 
with their compeneation, the 
level eurhce of the new maae 
syetem ie called the co-geoid. 
The new eyetem of mclesee of 
which co-geoid is the level 
mrfm may be represented 
by referenmi spheroid 9, + 
matter dl. 
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Obviously all the attracting masses are not externctl to the 
co-geoid rta some parts of A, lie above it. 

Corrected Geoid : For 
many purposes, i t  is necessary 
to have a level surface which 
has no masses external to it. 

Surface %ring This can be achieved by further _- - - - - - - - - -  - - 
modifying the topography by 
condensing it on reference 
spheroid 8,. The equipotential 
of the new mass system having 
the same potential as the 
spheroicl S,  is called the correct- 
ed geoid. 

Isostatic Geoid : This is the theoretical geoid obtained by 
assuming isostasy to be perfect in all detail. I ts  height above its 
reference spheroid can be computed theoret,icdly by calculating the 
warping produced by the topography and its compensation. 

If earth were in isostatic equilibrium, compensated geoid would 
be a perfect spheroid but not so the isostatic geoid. This will 
ooincide with the natural geoid. 

If, however, as is the actua.1 case, isostasy is not perfect, then 
deviation of compensated geoid from its reference spheroid gives a 
measure of the non-fulfilment of isostasy. Some countries parti- 
cularly the U.S.A. call Co-geoid as Isostatic geoid, so i t  is necessary 
to be ciear about the definitions. 

Chart XXIV of this Report shows the compensated geoid in 
India. 

3. Normally the observed gravity is reduced to co-geoid and 
is compared against yo the value on the reference spheroid computed 
theoretically. The conventional isostatic anomaly ( gc - yo ) = AgC 
is due to three causes : 

( u ) Distance N between co-geoid and spheroid. 
( b ) Matter N between these surfaces. 
( c ) Anomalous masses. 

In India the nntural gooid has been derived from observed plumb- 
line deflections and not from gravity data. Compensated geoid can 
be derived by integrnting Hn~fort l  deflection anomalies but since 
these are l ahor io~ l~  to computc, it was derived from the natural 
geoid by subtracting the height of the isostatic geoid from it. 
Elevation u of the isostatic geoid above its splieroid was calculated 
theoretically by considering the cffect of topography and its compen- 
fietion. There is a little irrcgl~lrtrit,y involved here as tlle condition8 
under which u is calc~ilat~d arc that Inasses of geoid and spheroid ctm 
the semo. This condit,ion is not nemssa.rily ~atisfied for the geoide 
determined from plumb-line deflections and their referenoo spheroid 
but the method hae been checked by integrating dimotly 
Hay ford deflection a.nomaliee. The reeults agree fo within 1 fad. 
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4. Orientation of International spheroid in India.-;\ refer- 
ence spheroid in triangulation is s true sph~roid  which has to  be 
defined by the follou~ing seven constants :-- 

to the anglc between the spheroidal an? geoidal normals a t  
the geodetic datum. 

-4, the angle which the plane containing the above two normals 
makes with the geoiclal meridian. 

No the vsrtticnl scpnration hetween the spheroid and the geoid 
a t  the datum. 

p, y the direction cosines of its minor axi4. 
a, its semi-ma jor axis ancl ellipticity. 
It is not possible t o  give anything tha t  can be describer1 as the 

International values of deflection a t  ICali5,npur which is the datum 
of Indian triangnlation. An attempt, however, was made in 1926 
to  derive values ( qO, to ) of plumb-line deflections a t  ICalignpur 
which would have given a best fit between a spheroid with Inter- 
national axes and the compensated geoids then known. At 12 
points, the rise of the compensated geoid was taken and equations 
were written so as to  make C ( N + 6N )2 a minimum. It was 
found, that qo = + 2" -42, to = - 3" 17, No = 31 feet gave the best 
agreement between the compensated geoid and the spheroid with 
International axes. These values have since been adopted for the 
orientation of International spheroid in India. 

It might be remarked, however, tha t  much more deflection data  
has accummulated since 1926 and the present chart of the compen- 
sated geoid besicles marked extension of knowledge to  the east 
presents salient differences from the older Chart X I  of Cieodetic 
Report Vol. V. A new solutinn wol~ld no doubt give different 
values for ( qo, to, No ), and so the quotation of two figures of 
decimals in q0 and to and nearest foot in No should not be regarded 
as connoting corresponding accuracy. These values may be 
regarded as part of the definition of the International spheroid in 
India. 

It would also be seen from the above that  the International 
Spheroid is fitted t o  the geoid in a geometrical rather than in the 
physical sense as its centre of gravity does not coincide with that, 
of the co-geoid. The absolute deflections a t  the datum can only be 
found from the gravity anomalies and these have not been utilized 
in our orientation of the co-geoid. 

5 .  Masses external to  the geoid : It would be apparent from the 
definition of the co-geoid tha t  i t  has masses external to it. This 
presents a great complication M in order to get the form of 8 level 
surface from gravity anomalies on it, i t  is essential that there uhould 
be no maesen protruding beyond it. The co-geoid ha8 thus to be 
reduced one step further by removing the maRses between the 
oo-geoid and the natural geoid. These masRe8 a m  by no mean8 
negligible end produce concliderahle warping of the level surfaces. 
Their treatment preuent~ great, clifficl~lties and geode~ists are not 
yet qpd ae to how they uhotild be finally disposed off. 
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Diin, 1928. Price Rs. 6. 

Geodetic Report 1925-26. Comput~ctions and Research. 
Vol. I1 Tidal work. Time and Magnetic observa- 

tions. Preparations for the International 
Longitude Project. Triangulation. Eevel- 
ling. Investigation of the behaviour of 
tree bench-marks in India. Dehra Dan, 
1928. Price Rs. 3. 

Geodetic Report 1926-27. The International Longitude 
Vol. I11 Project. Complltations and Publication 

of data. Observatories. Tides. Gravity 
and Deviation of the Vertical. Triangula- 
tion. Levelling. Research and Technical 
Notes regarding Personal Equation 
Apparatus and the height of Mount 
Everest. Dehra Din,  1929. Price Rs. 3. 

Geodetic Report 1927-28. Computations and Publication 
Vol. IV ofdata. Observatories. Tides. Gravity 

and Deviation of the Vertical. Triangule- 
tion. Levelling. Dehra Diin, 1929. 

Price Rs. 3. 

Geodetic Report 1928-29. Computations and Publicetion 
Vol. V of data. Observatories. Tides. Gravity 

and Deviation of the Vertical. Triangula- 
tion. Levelling. Research and Technical 
Notes. Dehra Diin, 1930. Price Rs. 3. 

Geodetic Report 1929-30. Computations and Publication 
Vol. VI of data. Observatories. Tides. Gravity. 

Triangulation. Levelling. Research and 
Technical Notes. Dehra Diin, 1931. 

Price Rs. 3. 
Supplement. Indian Ddection and Gravi- 
ty atationa. Dehra Din, 1931. 

Price Re. 1-8. 
Geodetic Report 1930-31. Computations and Publication 

Vol. V I I  of data. Observatories. Tides. Devia- 
tion of the Vertical. Gravity. Triangula- 
tion and Base Measurement. Levelling. 
The Magnetic Snrvey. Dehra Df n, 1932. 

Price RB. 3. 
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No. 

18. 

Name of Book 

Geodetic Report 
Vol. VIII 

Geodetic Report 
1933 

Geodetic Report 
1934 

Geodetic Report 
1936 

Geodetic Report 
1936 

Geodetic Report 
1937 

Supplement to 
Geodetic Report 

1937 
Geodetic Report 

1938 

Geodetic Report 
1939 

Geodetio Report 
1940 

Details 

I 93 1-32. Computations and Publication 
ofdata. Observatories. Tidos. Gravity. 
Triangulation. Levelling. Research and 
Technical Notes. Delua Diin, 1933. 

Price Rs. 3. 
Triangulation and Base Measurement. 
Levelling. Deviation of the Vertical. 
Computations and Publication of data. 
Observatories. Ti des. Research and 
Technical Notes. Dehra Dfin, 1934. 

Price Rs. 3. 
Triangulation and Base Measurement. 
Levelling. Gravity. Deviation of the 
Vertical. Cornputling Office and Tidal Sec- 
tion. The International Longitude Project. 
Observatories. Research and Technical 
Notes. Dehra Diin, 1936. Price Rs. 3. 
Triangulation. Levelling. Deviation of 
the Vertical. Gravity. Geophysical Sur- 
vey in BihBr. Computing Office and Tidal 
Section. Observatories. Research and 
Technical Notes. Dehra Dfin, 1936. 

Price Rs. 3. 
Triangulation. Levelling. Deviation of 
the Vertical. Gravity. Computing Office 
and Tidal Section. Observatories. Sub- 
soil Water Levels. Levelling in Bengal 
and Bihiir. Dehra Diin, 1937. 

Price Rs. 3. 
Triangulation. Levelling. Gravity. Mag- 
netic Survey in BihBr. Computing Office 
and Tidal Section. Observatories. Dehra 
Dfin, 1938. Price Rs. 3. 
Isostatic reductions of Indian Gravity 
Stations. Dehra Diin, 1939. 

Price Rs. 2-8. 
Triangulation and Levelling. Deviation 
of the Vertical. Gravity. Computing 
Office and Tidal Section. Observatories. 
Dehra Din,  1939. Price Rs. 3. 
Levelling. Gravity. Computing Office 
and Tidal Section. Observtttories. Re- 
search nnd Technical Notes. Dehra Dfin, 
1940. Price Rs. 3. 
Levelling. Deviation of the V~I-tical 
Gravity. Computing Office and Obaerve* 
toriee. Dehra Dan. 1046. Price R8. 2- 
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No.  

28. 

Name of Book Details 

Technical Report, Triarlgulation in the Neighbowing Coun- 
Part 111, Goodetic tries of India. Levelling. Gravity. Devia- 

Work 1947 tion of the Vertical. Computations and 
Publicntions. 'Fides. Observatories. 
Dehra Dfin, 1948. Price Rs. 4. 

Technical Report, Triangulation. Levelling. Gravity. Devia- 
Part 111, Geodetic tion of the Vertical. Tides. Observatories. 

Work 1948-40. Computations and Publications. Research 
and Technical Notes. Dehra Diin, 1950. 

Price Rs. 4. 
Professional Pendulums. Tho Pendulum Operations in 

Paper No. 10 India, 1903-07, by Maj. G. P. Lenox- 
Conyngham, R.E. Dehra Dfin, 1908. 

Price Rs. 2-8. 

Professional Pendulums. The Pendulum Operations in 
Paper No. 15 India and Burma, 1908-13, by Capt. H. J. 

Couchman, R.E. Dehra Dtin, 1916. 
Price Rs. 2-8, 

Professional Geodesy. The Earth's Axes and Tri- 
Paper No. 16 angulation, by J. do Graaff Hunter, M.A. 

Dohra Diin, 1918. Price Rs. 4. 

Professional Levelling. Three Sources of error in Pre- 
Paper No. 22 cise Levelling, by Capt. G. Bomford, R.E' 

Dehra Diin, 1929. Price Rs. 1-8' 
Professional Gravity. Gravity Anomalies and the 
Paper No. 27 Structure of the Earth's Cruat, by Maj. 

E. A. Glennie, D.s.o., R.E. Dehra Dfin, 
1932. Price Rs. 1-8. 

Professional Triangulation. The Readjustment of the 
Paper No. 28 Indian Triangulation, by Maj. G. Bomford, 

R.E. Dehrs Dtin, 1938. Price Rs. 4-8. 
Profesaional Magnetic. Magnetic Anomelies, by B. L. 

P a p r  No. 29 Gnlatee, M.A. ( Canteb. ). Dehra DGn, 
1938. Price Rs. 1-8. 

Professional Gravity. Gravity Anomalies and the 
Paper No. 30 Figure of the Earth, by B. L. Gulatee, M.A. 

( Cantab. ). Dehra DGn, 1940. 
Price Rs. 3. 

War Remmrch The Trans-Persia Triangulation 1941-44. 
Series Pamphlet ( linking Iriiq and India, ), by J. de Graeff 

No. 9 Hunter, c.I.E., s c . ~ . ,  F.R.S. and B. L. 
Ouletee, M.A. ( Centab. ), with en Appendix 
" The Pmeia-India Connection ", by Ma). 
P. A. Thomas, I.E. Price Re. 2. 
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38. Memoirs of The 
Survey Research 
Institute lTol. 1, 

No. 1 

40. Technical Paper 
No.  2 

41. Technical Paper 
No. 3 

Geophysical Prospecting for Manganese 
near RBmtek, C. P., by B. L. Gulatee, M.A.  
( Cantab. ). Price Rs. ,?. 

Tr~lue of Gravity a t  Dehra Diin, by Mr. 
B. L. Gulatee, M.A. (Cantab. ). Dehra Dfin, 
1948. 

Levelling in India: Past and Future, by, 
Mr. B. L. Gulatee, M.A. ( Cantab. ). Dehra 
Dan, 1949. 

42. Technical Paper Mount Everest, its Name and Height, by Mr. 
No. 4 B. L. Gulatm, M.A. ( Cantab. ). Dehra Dan? 

1960. 

( B ) Articles on Geodetic Subjects. 

1. . . , . The Indian Geoid and Gravity Anomalies, 
by J. de Graaff Hunter, M.A., s c . ~ . ,  
F. INST. P. and Capt. G. Bomford, R.E. 
( Bulletin GBodBsique, No. 29, Jan.-March 
1931, pages 20, 21, Paris ). 

. Construction of the Geoid, by J. de Graaff 
Hunter, M.A., ~c.D.,  F. INST. P. and Capt. 
G. Bomford, R.E. ( Bulletin GBodBsique, 
No. 29, Jan.-March 1931, pages 22-26, 
Paris ). 0 

. *$The Hypothesis of Isostasy, by J. de 
Graaff Hunter, M.A., ~c.D. ,  F. LNST. P. 
( The Observatory, Dec. 1931 and Geo- 
physical Supplemont to Monthly Notices 
of the Royal Astronomical Society, Jan- 
uary 1932 ). 

4. . . . . f Stokes's Formula in Geodesy, by B. L. 
Gulatee, M.A. ( Cantab. ). ( Nature, 20th 
Feb., 1932). 

6. . . . . *' ' Crustal Warpings " discussing the gra- 
vity work of the Survey of India, by Maj. 
E. A. Glennie, D.s.o., R.E. ( The Ob~er- 
vatory January and April 1933 ). 

- - . - -. -. . - .- - --- - -. - - . . - . . - 
Obtainsble fmm Mourn. Taylor nnd Francis, Red Lion Court, Flmt S t m t .  

Lnndm, W.C. 
Obtsinable from the 05ce of Nature, St. Martin's Street, London, W.C. 8. : Obtainable h m  bbe h y d  ~ n m o m i o s l  Bodsty, Butllqbon Honne, bndnn,  

W. 1. 
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No. N0m.e of Rmk. 

6. . . . . *Figure of the Emth, by B. L. Gulatee; 
M.A. ( Cantab. ), ( Gerlands Beitrlge, Bd. 
38, H. 314, 8.42t;, 1933 ). 
tDefloction of tho Plumb-Line, by B. L. 
Gulatee, M.A.  ( Csntab. ), ( Hydrographic 
Review, Vol. S, No. 2, NOV. 1933, pages 
182-189). 
*Isostasy in India, by Lt.-Colonol E. A. 
Glemlie, n .s.o., , R.E. ( Gerlands Reitrage 
Zur Geophysik, Vol. 43, No. 4, 1935 ). 
$The Figure of the Earth from Gravity 
Observations and tho Precieion Obta.inable, 
by J. de Graaff Hunter, c .I .E. ,  s c . ~ .  
( Philosophical Transactions, Royal 
Society, Series A, Vol. 234, 1935 ). 

§On the Subterranean Mass-Anomalies in 
India, by B. L. Gulatee, M . A .  ( Cantab. ), 
( Proceedings of the Academy of Sciences, 
U. P. India, Vol. 5, Sept. 1936). 
llCrustal Warping in tho United States, by 
Lt.-Col. E. A. Glennio, n.s.o., R.E. ( Ger- 
lands Beitrage Zur Geophysik, Vol. 46, pp. 
193-197, 1936 ). 
IlThe Boundary Problems of Potential 
Theory & Geodesy, by B. L. Gulatee, M.A. 
( Cantah. ), ( Gerlancls Beitrage Zur Geo- 
physik, Vol. 46, pp. 91-98, 1936). 
Geophysical Prospecting for Manganese, 
by B. L. Gulatee, M.A. ( Cantrtb. ), ( Journal 
of Scientific and Industrial Research, 
Vol. 111, No. 12, June 1946, pp. 643-664 ). 
Standards of Length, by B. L. Gulatee, M.A. 
( Canteb. ), ( Journal of Scientific and 
Industrial Research, Vol. IV, No. 8, Feb. 
1946, pp. 453-69 ). 
Standerde of Measurement, by B. L. 
Gulatee, M.A. ( Cantrtb. ), ( Journal of 
Scientific and Induetrial Resoarch, Vol. V, 
No. 3, Sept. 1946, pp. 104-06 ). 

Obtainable from Akedemhohe Verlragr eneUechraft M.B.H., Leipzip. 
t Obtmhmble from the Intwmational FIY!ro npbia Rumau. Monk-Carlo. Mmm. 
3 0-b boo M m n  D u b  & C*.. 11 \oh" B g s ~ r e ,  Londan, W. o Mewn. 

H.rrkon & &w, H t .  Mertin'r Lane, Lnodon, or The Royral Socirty at Burhqtan 
Hooes fardoa. 

Obbbabb km 8he Academy of Beisnoa. U.P., Al labsbd.  
OM.inable born Akadsmleche Ver1epgmellnc:haft M.R.H. Leipip .  
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16. . . . . Angular Corrections for the Larnbert 
OrtE,omorphic Conical Projection, by  B. L. 
Gulatee, M.A. ( Cmtab.  ), ( Empire Survey 
Rovie.rv, Vol. VIII,  No. 62, Oct. 1946, 
pp. 311-14 ). 

17. . . . . Secular Variation of Magnetic Declination 
in India, by B. L. Gulatee, M.A. ( Cantab. ), 
( Scienco and Culture, Vol. XII ,  No. 6, 
NOV. 1946, pp. 215-17 ). 

18. . . . . Future of Geophysics in India, by B. L. 
Gulateo, M.A. ( Cantab. ), ( Journal of 
Scientific and Industrial Research, Vol. VI, 
NO. 2, Feb. 1947, pp.,53-59 & 71 ). 

19. . . . . The Huntor Shutter Eye-Piece for Longi- 
tude and Azimuth, by J. de Graaff Hunter, 
c .I.E., ~c.D. ,  F.R.S. ( Empire Survey Review, 
Vol. IX, No. 63, Jan.  47, pp. 20-24 ). 

20. . . . . Practical application of the Laplace 
Longitude-Azimuth relation to  control 
of Geodetic Anomalies, by J. de  Graaff 
Hunter, c.I.F., s c . ~ .  , F.R.S. ( Empire Survey 
Review, Vol. IX, No. 65, July 1947, pp. 
131-34 ). 

. . Tho Level net of India and its datum, by 
33. L. Gulateo, M.A. ( Cantab. ), ( Journal 
of the Central Board of Irrigation ). 
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