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

This report gives a detailed account of the activities of the 
Geodetic and Training Circle ( formerly known as the Geodetic and 
Research Branch ) during the period 1st April 1949 to 31st March 
1960. The following is a brief review of the contents. 

2. T~iangukzlion and Base Meas?~~ement.-( Chapter 1 ). TO 
provide planimetric control for the large scale survevs for the 
development of the Port of ICandla, a new geodetic base 5) miles 
long, has been measured, about 60 miles to the north east of Kandla. 
The old secondary triangulation has been re-observed for about 
100 miles and Laplace observations for controlling the error in 
azimuth have been made. 

The hydrographic triangulation in the Kandla creek carried 
out by the Marine Survey of India has been extended inland and 
connected to the new geodetic triangulation. 

I t  is hoped to establish a now astronomical datum, measure a 
geodetic base and execute a series of geodetic triangulation in the 
Andaman Island next year. Precision traverses and levelling will 
also be carried out to provide framework data for the air survey of 
the Car Nicobars. 

3. Levelling.-( Chapter I1 ). During the period under report 
good progress has been made with levelling. Out of the nine 
levelling detachments which were sent to the field, three carried out 
664 miles of levelling of high precision in one direction and 27 miles 
in both directions, one 114 miles of levelling of precision in both 
directions and five 1,240 miles of secondary levelling. 

The high precision levelling has been carried out to test the 
stability of some bench-marks in Calcutta area and also to  make 
new additions to the High Precision Levelling net of India. 

The precision levelling was undertaken for the River Surveyor 
to the Commissioners for the port of Calcutta to provide height 
datums for his tide-gauges. A special detachment carried levelling 
across un-bridged rivers a t  seven places by the vertical angle and 
double target methods. 

The secondary levelling has been mainly done for various 
Irrigation projects in Madhya Pradesh and BihHr and for the 
development project for the port of Kandla. 

4 .  07avity.-.( Chapter I11 ). A preliminary discussion of 
gravity and magnetic observations in Madhya Pradesh is given. 
The results on the whole seem to conform to the geology. It is 
hoped to continue the work in this area for another 2 or 3 yeara. 

6 .  Deviation of the Vertical.-( Chapter IV ). Observations 
were made with en astrolabe a t  four stations in Kutch for providing 
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Laplace control for the new geodetic triangulation and these ha 
provided some useful informat~on about the Geoid. Observation 
a geoidal section from Dohad to Deesa, a longitudinal section 
Sailraahtra and a line in Assam are on the programme for the ne 
2 or 3 years. 

6. Magnetic Observations.-At the Oslo Assembly of t 
International Association of Terrestrial Magnetism and Electrici 
in 1948, a resolution was adopted to promote observations of de 
variation of the Horizontal Magnetic force in defferent parts of t  
world near the magnetic equator. In accordance with this Resol 
tion, some stations were selected in South India where spec 
observations were taken with three Q.H.Ms. The results are 
great interest and will be discussed a t  the forthcoming meeting 
the International Union of Geodesy and Geophysics in Bruas 
( 1961 ). 

7 .  Computing Ofice.-( Chapter VII ). Main occupation oft 
Computing Office has been the computation of results of 61 
observations. 

The task of systematic examination, compilation and adju 
ment of the huge mass of topographical triangulation in In( 
( about 34 lakhs of points ) is a very gigantic one. Although 
start has been made in that direction, the progress is eeriou 
impeded due to lack of adequate staff. 

8. Headquurlera Routine.-( Chapter V and VI ). The tid 
predictions, seismic and meteorological observations a t  Dehra Dl 
have been continued as usual. With e view to over-hauling tl 
present methods of tldal predictions and analysis followed in t~ 
department, an officer was deputed to undertake a, course 
advanced studies at  the Liverpool Observatory and Tidal Institul 
I t  is proposed to introduce modern improved methods in all o 
future analysis and prediction work to achieve better accuracy f 
our predictions. 

DEHRA Dm, B. L. GULATEE, M.A. ( OANTAB. 
F.R.I.C.S., M.I.S. (INDIA 

July, 1951. Director, Geodetic and Training Cin 
Survey of India, Dehra Du 
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TRIANGULATION AND BASE MEASUREMENT 

~y B. L. G U U T E ~ ,  M.A. ( CANTAB. ), F.R.I.O.S., M.I.S. ( INDIA ) 

I .  ~ ~ ~ e r a l . - C h a r t  I shows in blue the Primary and in green the 
~ ~ ~ ~ ~ d ~ v  Triangulation of India. The secondary triangulation is 
of much inferior quality to the primary. An idea of the relative 
precision of these two categories of triangulation is given by the value 
of the Ferero number 'm'  recorded in the table facing this Chart. 

Due to the financial stringency and the shortage of personnel 
trained in precision base measurements and geodetio observations, 
it has not been possible to commence immediately a vigorous pro- 
gramme of systematic geodetic triangulation and primary traverse. 
~ ~ o d  progress is being made in imparting the necessary training to 
suitable personnel. 

During the year under report an urgent requisition for large 
scale maps of the KBthiBwiir area was received from the Development 
Commissioner for the Port of ICandla. It then became necessary to 
take up the consideration of the provision of a suitable basic geodetio 
control. The existing geodetic triangulation in the area consists of 
two secondary series, viz., Kutch Coast Series ( No. 35 ) and Kutch 
Coast-line Series ( No. 39 ). It was decided to strengthen this 
triangulation by the measurement of a geodetic base, reobservation 
of some weak triangles and the establishment of Laplace stations. 

Information was also received that the Marine Survey of India 
would also be carrying out some triangulation and levelling near the 
Port of Kandla and in the Rendla creek. A liaison was established 
with this department and the Marine Survey of Lndia agreed to 
base their work on the control provided by the new primary tri- 
angulation. 

z.  Reconnaissance.-The first step towards the execution of 
the above programme was to have the area rapidly reconnoitred 
and to select a, suitable site for the geodetio base. 

A small detachment consisting of Mr. U. D. Mamgein,  so., 
Oflioer Surveyor and two computers wea formed and left Dehre 
DBn on 27th May 1949, ai~iving a t  Kandle on 1st June 1949. 

The programme of reconnaissance was to  visit all old G.T. 
stations and permanent levelling bench-marks between Vandhie S. 
and Chitrod H.S. in sheet 41 I and SBmatra H.S. and Viifir H.S. in 
sheet 41 E. ( See Chart I1 ). 

There wea barely a month a t  the disposal of the detahment  in 
whioh to complete the reoonnaissence as the monaoon sta,rta in these 
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parts towards the end of June. There had been insufficient rain 
during the two previous years and drought and famine conditions 
were prevailing in the area. The heat was abnormal and move- 
ment by carts would have been slow. A jeep hired from the 
Government Stores Department Bhuj was found to be of very great 
help. 

As a result of the reconnaissance a site for the proposed new 
base-line was selected near MBnBba, about 60 miles north-east of 
Kandla. A stretch of flat ground extending for about six miles in 
a north-westerly direction was located. MBnBba H.S. is an old G.T. 
station fixed in the year 1856. The upper mark-stone of this station 
was missing, but the lower mark-stone was in tact. In order to 
simplify the base-extension figure it was decided to make this 
station into one end of the base-line and to build a new station a t  
the other end. 

All the other G.T. stations except Khari Rohar S, and RahiBda 
S. were found to be usable after minor repairs. Khari Rohar S. 
had completely disappeared and a new station was built about 34 
miles north of it, and was named Narar~sar Tarai S. A new station 
was also built a t  RahiQda. It is called RahiBda ( New ) S. 

KBnmer B.S. and Chitrod H.S. were selected as Laplace 
stations on the eastern end of the series and SBmatra H.S. and 
V&r&r H.S. on the western end. 

All the permanent levelling bench-marks in the area appeared 
to have remained undisturbed. 

The detachment closed its work a t  Morvi on 28th June 1949 and 
arrived in Dehra DBn on 1st July 1949 to prepare for the final 
programme during the coming winter. 

3. Narrative of the Observation Party.-The programme of 
obemations having been finally decided upon, Mr. U. D. Mamgain, 
B.SC., who wae in charge of the detachment left Dehra Dan on 
10th October and arrived in Bhuj on the 13th October in advance of 
the rest of the detachment in order to make arrangements for 
transport and rations. The rest of the detachment consisting 
of Mr. J. B. Mathur, Surveyor, one Observatory Assistant, two 
computers and 28 k-ia reaohed Kandla on 15th Ootober. The 
whole detachment moved to Bhachiu on 17th October 1949. From 
this place Mr. J. B. Mathur, with his recorder proceeded to KBnmer 
H.S. for Laplace observetion, and Mr. U. D. Mamgain, with one 
Obsematory Assistant and one computer started for MBnQba 
for reconnoitring and olwring the site for the base. 

On 2nd November 1949 Mr. J. B. Mathur rejoined the bese- 
meesurement party after completing Laplace observations d 
KQnmer H.S. and Chitrod H.S. By this time sufficient ground had 
been cleared, elopes evened up by digging where necessary and the 
e l i g ~ e s t  of the baee-lisle eeourd. Memurenent ww commenced 
on 2nd November and completed on 21st November. 
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a. J. B. Mathur then left to make Laplace observations a t  
Vir&r H.S. and SZmatra H.S. and Mr. U. D. Mamgain commenced 
the obsenration of triangulation a t  hfBnZba H.S. 

After completing Laplace observation8 Mr. J. B. Mathur 
returned to Dehra Diin on 15th December 1940. Mr. U. D. Mamgain 
completed the observation of triangulation on 25th January 1950 
and returned to headquarters a t  Dehra DGn. 

The detachment was inspected at  Sukhpur on 24th December 
by the Director, Geodetic and Training Circle. 

Except for minor cases of malaria and dysentry the health of 
the detachment remained satisfaotory. 

4. Maniba Base-line.-The base-line is 62 miles long with 
MinLba H.S. as southern end of the base and Thoriali H.S. ( a new 
station ) m the northern end. 

MlnLba H.S. is situated on a low hill 64 feat high. For the 
first 300 yards from MBnlba H.S., the hill face sloped unevenly in 
height falling by about 23 feet to the edge of low ground. The 
next mile was along fairly level ground ending on an outcrop of 
s~nall hillooks covered with bushes. The third mile wes also over 
level ground except that a small ruZh with uneven banks had to be 
orossed. The fourth mile of the base-line passed over a depression 
with mih banks about 8 feet high. The rest of the bese-line wes 
fairly even except for a small stretch of undulating ground near the 
north end. 

Exaot sites for the north-end-base station and the oentral-base 
station were first reoonnoitred. In  finalizing this alignment of the 
base-line, oare wtls taken that the slopes of the individuel 24-metre 
legs did not exceed 1 in 40 anywhere, and that the route involved 
the Imst possible clearing and building. The central-base station 
thus reconnoitred lay exactly midway between and in line with the 
two end stations. 

The description of the terminal stations of the base-line is 
given in the next para. A pakka station mark was leid a t  the 
central-bme station, also intermediate points lying on these two 
halves of the base a t  ebout one mile or shorter intervisible distances 
were next surveyed and denarosted by flsas. Alignment of 
the flegs was carried out with the help of e geodetio Tavistook 
theodolite-the flags being shifted to fall on the exaot base-line by 
computing the small satellite co~eotions between the flegs and the 
straight base-line. The base wm thus marked &om north end to 
south end and all obstructions such as bushes, trees, mounds, etc., 
were cleared away. A certain amount of raising, cutting and 
filling had to be done to overcome inconvenient slopes. The uneven 
north slope of Mlnlba hill was cut down to an average slope of 3 .6  
feet in 24 metres. 

5. Description of Termlnal Stations.-MdnGba BE. End Baae 
8.-The station oonaists of a platform of loose etones 12 feet x 
12 feet enclosing e solid ciroular isolated pillar about 4 feet in height. 
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A brass plug with a cross marl< on it  is laid a t  the centre of the 
existing pillar verhicslly above the lower mark ( a circle and dot ). 

Thwinli NW. End Base 8.-Tlie station consists of a platform 
of loose stones and earth 12 feet x 12 feet enclosing a circular pillar 
of masonry 34 feet in height having two brass plugs, one a t  the 
bottom with @ mark on it and the other a t  the distance of 3 feet 
I inch vertically above it. 

The station is situated on a high ground surrounded by culti- 
vated land about one mile east of Thoriali village, Pargana Vagad, 
Kutch State. 

6. System of Base Measurement.-The system of measurement 
was by invar wires in catenary. The Survey of India possesses a 
number of invar wires 24 metres long with scales 8 cm. long divided 
to mms. a t  either end. Nine such mires were obtained in 1914 and 
two more in 1934. Between the years 1929 and 1937, 10 geodetic 
bases were measured, but the wires gave considerable trouble on 
account of their erratic behaviour. Pull use was made of the 
previous experience with them and considerable care was taken in 
the selection of the good ones for the measurement of this base and 
in keeping an eye on any sudden changes in length. This was all 
the more necessary aa the observers were quite new to the work. 

Wires Nos. 244 and 248 were used for south to north measure and 
Nos. 252 and 1037 for the reverse direction. Wires Nos. 1038 and 
247 were used as sub-standards for daily comparisons of the worlcing 
wires and No. 245 as the standard for the comparison of the field 
sub-standards. Comparisons with the field sub-standards were 
made daily some time before and after the work, in such propor- 
tion as to make the mean temperature of comparison the same 
as the mean temperature a t  which the bases have been measured. 
Wire No. 246 waa taken as a spare wire for use in the case of a 
casualty. 

The wires were standardized against the Dehra DBn 24-metre 
comparator before and after the field season and full details regarding 
their lengths as well as their coefficients of expansion are given in 
Chapter VI ( Observatories ). I t  will be seen from the results that 
the wires have held their lengths satisfactorily. 

These wires were used with 10 tripods under e tension of 
10 kgms. Before the measurement was started, the positions for the 
tripods were laid out by marks on pegs, accurately aligned and a t  
approximately the correct-intervals. The heights of these pegs were 
determined by spirit-levelling. During measurement, an assistant 
meaaured tha heights of the tripods above the pegs but when the 
rise or fall in a bay exceeded 3) feet, this was checked by direct 
levelling between the tops of the tripods. 

The measurement of the base was carried out by Mr. U. D. 
Mamgain and Mr. J. B. Mathur misted by one Observatory Assistant 
one computer and 28 khldsis  from 27th October to 22nd November. 
The average out-turn wes 65 bays per day. Temperature ranged 
h m  16°C to 37°C. 
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8. Laplace Observations.-Laplace observations were made 
in pairs a t  K h m e r  H.S. and Chitrod H.S. and a t  V&Zr H.S. end 
Simatra H.S. A deteiled narr~t ive aocount end the results of 
Laplace observations are given in Chapter IV. 

7. Results of Base Measurements.-The final results are 
tabulated below :- 

\ wire 

Sec. 
N ~ .  

I 

I1 

111 

Total I to 111 

IV 

V 

VI 

T o t n l N t o V I  

Sum of 
two halves 

The discrepancy between the south-to-north and north-to-south 
measures is 1 : 1,300,000. 

The measured length of the base is 9279.890 metres. This 
length is reduced to Indian feet by the following conversion factors. 

1 standard yard = 0.914 399 20 metres 
1 Indian foot = 0.333 331 886 standard yards. 

The reduced length is 30 445992 Indian feet. 
Reduced to spheroid level, the length of the base is 30 445.877 

Indian feet or 4.483 6286 log fmt. 
The lengths of the opening and closing aides of the new tri- 

angulation in terms of the new base are tabulated below againat the 
older values. The agreement is satisfactory. 

Mean value 
of 

each section 

mehen 

1704.4232 

1806~3712 

p48.740D 

4640.6413 

1373.8844 

082,1483 

2374.3180 

4730.3487 

South to Piorth ( Fore ) North to South ( Back ) 

0279.8701 

No. 244 

metres 

1704.4194 

1808~3872 

048.7427 

4649.6203 

1373.8836 

082.1167 

2374 3143 

47303446 

8279.8738 

No. 1037 

metrcq 

1704.4230 

189O~3000 

1148.7470 

4649.5408 

1373,8708 

082.1428 

2374.3157 

4730.3383 

No. 248 

metres 

1704.4500 

1898.3748 

9448 7479 

4540.6427 

1373.8880 

082 1470 

2374 3203 

4730.3582 

9279.8089 

No. 252 

metre8 

1704.4208 

1808.3730 

948,7500 

4540.6628 

1373.8881 

982.1478 

2374.3217 

4730.3656 
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Unfortunately the results a t  Kinmer H.S. and Chitrod H.S. 
were not found to be in conforn~ity with each other and have oonse- 
quently been rejected. The error in the published azimuths derived 
a t  VLrkr H.S. and Skmatra H.S. is given below :- 

Stations Correotion 
to be 

pu hliahed 
Azimuth 

0 ,  . 

9. Triangulation Observations.-The observation of triangu- 
lation waa commenced by Mr. U. D. Memgain immediately on 
completion of the base measurement on 23rd November 1949. 

The State of Kutch is surrounded on the north, east and south 
by low lying land which is covered with sea water during the 
monsoon. This area is known as the R ~ M  of Kutch. On the 
west it  is washed by the sea. To the north of the Rann is a range of 
broken hills running from east to west. The stations occupied 
on the eastern end of the series lay in the area between the Rann and 
the range of hills to the north, while those on the western end were 
located on hill-tops. 

The headquarters of the detachment were established a t  Chitrod 
and Mr. S. C. Dhar was sent in advance to post the helio and 
lampmen. In a11 18 stations were occupied, 15 ofwhich were old ones 
( observed in 1852-58 ) and three new ones. The new stations are 
RahiEde ( New ) S., Naransar Tarai S. and Thoriali S. 

At MLnLba H.S., Sukhpur H.S. and VLrQr H.S., the upper 
mark-stonea were destroyed and new upper mark-stones were placed 
a t  exactly the same height txq the original onoa, centred vertically 
over the lower mark-stones, which were found in tact. 

Observations were carried out with a geodetio Tavistock 
theodolite. Horizontal angles were memured on 8 zeroes with 
three sets on eaoh zero. Observations were made mostly a t  night 
to Argand lamps. At MLnLba, Nara, Charakda and VLrLr stations, 
however, an electric lamp wm used and observations were also made 
during the dey to 9-inoh helios. 

Vertical angles were observed a t  the time of minimum refraction ; 
two sete were usuelly taken. 

Table I exhibita the old and new triangular errors. It will be 
seen that the new obaewations are a considerable improvement on 
the older ones. The mean length of the side of the trienguletion is 
13.4 milee and the everege trienguler error is 0'.72. 
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TABLE 1 .--Comparative statement of triangular error8 ( new and old ) 

The differences between the old and new horizontal angles are 
babulated in Table 2. The differences range from - 3"- i to +4". 9. 

No. of 
Triangle 

1 
2 
3 

4 
6 
6 

7 
8 
0 

10 
11 
12 

13 
14 
16 

18 
17 
18 

18 
20 
21 

22 
23 

: 24 

: 26 
, 26 

27 

Trianglv 

Miniha, Thoriali. KHnmer 
Kinmer. Miniha, Chitmd 
Chitmd. Kinmer. Thoriali 

Chitmd. Thoriali. Minibn 
Kinmer. Miniha, Vandhin 
Chitrod. Khmer.  Vendhin 

Chitmd, Miniha. Vandhiu 
Chitrod, Vandhia, Bhnchiu 
Vandhia. Bhaohiu. Narn 

Bheehiu. Nara, Chitrod 
Nara, Chitrod. Vandhia 
Nara, Bhachiu. Kikarvn 

K i k m a .  Bhaohiu. Rohiida New 
Rahiids New. Bhachiu. Sukhpur 
Rahitida New. Sukhpur. Jhuran 

Jhwsn, Sukbpur. Chanrhda 
Charakda. Sukhpm. Namn Sar Tarsi 
Charakda, Naran Sar Tarai, Sbinnye No. I 

Cherakda. Shinaya No. 1. g h i t m d  
Charakda, Khitmd, Jhuran 
Charakda, Khiitmd. Boledi 

Khitrod. Bolidi, &wan 
Bolidi. Jhuran. Chanrkds 
Bolidi. Khitmd, Sirnatm 

Khitrod, SZ+matra, V S r  
Simatra, V M r .  B o l a  
Virir. Bolidi. Khitmd 

'Crisngular Error 

New value 

-1.67 
-0.21 
+1.00 

+0,82 
-2 .51  
+1.19 

-1.14 
-0.80 
-0.28 

+0.08 
-0.60 
+1.42 

+0.24 
+0.31 
+0.08 

-0.03 
-1.12 
-0.98 

-0.48 
-0.68 
-0.68 

+1.13 
+1.13 
fO.14 

-0.04 
+0.23 
+0.41 

Old value 

fO.89 

~ 3 . 5 3  
-2.88 
f0.81 

-2.03 
-2.27 

-0.11 

-2.36 

->84 
-1.70 
-0.75 

-1.68 

+O.W 
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TABLE 2.-Differences between the old and new horizontal angles 

Name of statiou 

H.S. 
H.S. 
H.S. 

H.S. 
H.S. 

S. 

Chitrod 
Vendhin 
Nera 

Cbit~nd 
Vandhia 
Bhaohio 

Vandhis 
Bhachiu 
Nprn 

Bhaohh~ 
Nam 
Chitrod 

H.S. 
S. 

H.S. 

H.S. 
S. 

H.S. 

S. 
H.S. 
H.S. 

H.S. 
H.S. 
H.S. 

H.S. 
H.S. 
H.S. 

I Jhursn 
Chamkcla 
Khitrod 

H.S. 
H.S. 
A.S. 

Chamkcla 
Khitrod 
B o l a  

Khitrod 
Bol6di 
Jhursn 

H.S. 
H.S. 
H.S. 

H.S. 
8 . 9 .  
H.S. 

8 . 9 .  
B.S. 
H.S. 

' H.S. 
H.S. 
H.S. 

Kbitrod H.8. 
H.S. 
H.S. 
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10. Heights.-Table 3 shows a comparison of the new values 
of the heights adjusted to spirit-levelling, with the older values. 
The agreement on the whole is very satisfactory. 

The sides of the geodetic triangulation were on an average about 
13 miles long and the stations are mostly located on low bare rocks. 
The observations for vertical angles were normally taken between 
3 and 4 P.M. and it  was found that the values of the coefficient of 
refraction k as derived from reciprocal observations were verg 
irregular and were invariably less than the normal values. They 
ranged from 0.02 to 0.07 as against the expected value of 0.08. 
At some low stations ( with heights of 100 feet or so ), the refraction 
was even negative. These low values of the coefficient of refraction 
are no doubt due to large negative values of the lapse rate near the 
ground surface. 

Despite the above, the average triangular errors obtained by 
taking the mean of the reciprocal observations were very satisfactory 
being about 2 feet, the maximum being 7.4 feet. 

TABLE 3.-Comparutive statement of heighb ( old and new ) 

Serial 
No. 

1 
2 
3 

7 Bhaahiu B.S. 303.7 302.9 +0.8 
8 Kikarva 

HA I ""0 1 466:: I 4-2.1 9 HahiideNewt 9. . . 

Name of Station 

4 
6 
0 

Kinmer H.S. 
Chitrod H.S. 
Minibe* H.S. 

Thorialit 
Vendhia 
Nara 

13 KhUrod 1144.4 +0.6 
14 Bolidi 
16 Shinage No. l 

Old height8 
(.1862-58 ) 

10 
11 
12 

16 Simetre H.S. 904.0 983.6 +0.6 
17 VirL H.S. 1128.0 1128.8 
18 Naramsr Terait S. I .. I 96.7 I TO' 

1 ~ 8  
304.6 
490.0 . . 

Sukhpur 
Jhuran 
Charakda 417.6 +0.9 

I I I I 
New merk. 

t New station. 

Final heighte 
sdjunted to 

epirit-levelling 
( 1949-60 ) 

Difference 
( Old - New 

feet 
303.9 
490.4 
52.9 

I& 
+0.6 
-0.4 
. . 
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11. Connection with Triangulation by Marine Survey.- 
Chart I11 shows the Hydrographic triangulation of Kandla, which is 
based for scale and azimuth on the side Shinaya No. I H.S.- 
Naransar Tarai S. of the Survey of India triangulation. 

The hydrographic survey of Kandla and approaches was 
carried out by the Marine Survey of India simultaneously with the 
observation of the geodetic triangulation described above and the 
topographical triangulation in the area carried out by No. 6 Party of 
the Southern Circle, Survey of India. Hitherto the hydrographic 
surveys were not extended sufficiently inland to effect proper 
connectiol~ with the primary or topographical triangulation of the 
Survey of Ihdia ~ n d  the connection of the hydrographic triangula- 
tion of Kahdla to the geodetic triangulation of the Survey of India 
is a happy beginning. 

The average triabgulaf error of the main ttiangulation ia 3" - 2  
Add that of the Kandla creek triangulation 4". 1. The observing of 
the Kandla creek triangulation was carried out with Tavistock 
theodolites, but most of the other stations mere observed with Wild 
T 2  theodolites. 

Due to mirage, refraction, hoat and haze precise observations 
could only be taken in the morning and evening for about an hour or 
even less and observations a t  nearly all stations were made during 
this brief period. Observations nt night were impracticable. 

Two short check bases were measnred one a t  Hansthal and the 
other near Kandla creek. 

The length of side F-Bf ( near Hansthal ) as obtained in term8 
of the geodetic side Shinaya NO. 1 H.S.-Naransar Tarai S. (which in 
turn is derived from the MBnBba geodetic base ) is 12532.28 feet 
and that in terms of the measured short base is 12631.55. The 
difference is 0 . 6 8  feet or 1 in 18400 ( approx. ). 

Similarly the length of side B-Af ( near Kandla creek ) es 
obtained in terms of the MQniiba geodetio base is 4051.05 feet and 
that in terms of the measured short base is 4050.72 feet. The 
difference is 0 . 3 3  feet or 1 in 12,300 ( approx. ). 

The above cheoks on the scale of the triangulation ere quite 
satisfactory. 

12. Triangulation in the Andamans.-Technical Report 1948-49, 
Part 111, Chapter I, para 5 gives a brief account of the existing 
triangulation in the Andamans and Nicobar Islands. It has been 
pointed out there that the existing triangulations both in the 
Andamane and in the Nicobars are not connected to the Indian 
triangulation and are only very weakly connected to each other. 
The triangulations themselves are far from being preoiae being 
poorly observed and baaed on inacourate base meaaurernenh and 
weakly determined astronomical latitudes and longitudes. 

The Government of India haa recently ordered an air survey of 
the Andamans and the Car Nicobars for preparing new map8 of 





TRIANGULATION 

these islands. A new geodetic framework to provide a basis for 
these new maps is considered necessary and it is proposed to cover 
the Andaman Islands with a series of well conditioned triangles to 
be observed with a geodetic Tavistock theodolite. A precise geodetic 
bme will also be measured and Laplace stations established with 
en astrolabe. 

In the Car Nicobars no triangulation or geodetic base measure- 
ment has been planned a t  present. The area will be covered by 
traverses which will be suitably controlled by observed astronomical 
ezimuths withscale checltedat intervals by short base measurements. 

A fuU account of the new work will be published in the next 
Teohnical Report. 



LEVELLING 

13. General.-There was a considerable demand for levelling 
from various authorities during the year under report. Nine 
detachments took the field in various parts of India, three being 
employed on levelling of high precision, one on levelling of precision 
and five on secondary levelling. 

One high precision levelling detachment under Mr. J. K .  
Donald ( Surveyor ) first levelled the portion Jaleswar ( Jellasore ) 
to Balasore in the fore direction and then the line Howrah t o  
Jaleswar in the back direction and then proceeded to KBmBr and 
observed the line from KLrwBr to Hubli in the back direction. 
The back levelling of the portion from Jaleswar to Balasore wee 
carried out by Mr. A. K. Bhattacharjee during the same season 
from 16th to 30th June 1960. 

The high precision levelling detachment under Mr. B. P. 
Rundev ( Surveyor ) carried out the levelling in the back direction 
from Vizianagram to Vizagapatam and from Vizegepatam t o  
Raipur . 

The high precision line from Howrah to Balasore waa carried 
out to  test the stability of bench-marks a t  Howrah relative t o  
Jellasore and Balasore. The other two high precision levelling 
lines, viz., KBrwEr to Hubli and Raipur to Vizianagram form part 
of the new High Precision Levelling net of India. 

The following lines of precision levelling were carried out for 
the River Surveyor to the Commissioners for the port of Calcutta 
to  provide height datums for his tide-gauges on the Hooghly river :- 

( i ) Calcutta Mint to King George's Dock, 
( ii ) Calcutta Mint to Cossipore, and 
( iii ) Howrah to Purb,mthali. 

A special river crossing detaohment consisting of Messre. 
A. K. Bhattacharjee ( Class I1 ) and S. Vaikuntanathan ( Class I1 ) 
with 12 khaEsis was formed to carry out levelling aoross the Hooghly 
a t  two places on the line from Diamond Harbour to Dublat where 
the span of the river was 19 miles end miles respeotively. This 
detachment elso carried out river orossings a t  five other places on 
the line Howrah to Jaleswar. 
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The secondary levelling detachments were employed as 
follows :- 

( i ) One detachment for irrigation projects of Lower and 
Upper Narbada Divisions in the Madhya Pradesh. 

( ii ) Two detachments for the Gandalr irrigation project 
of the Government of Bihtir. 

( iii ) One detachment for the Kosi irrigation project, and 
( i v  ) One detachment for the development project of the 

Port of Kandla. 
14. Summary of out-turn-The total out-turn of work carried 

out during the period under report is as follows :- 

( a ) High Precision Levelling in one 
direction . . . . 654 miles ( 854 gross ) 

( b ) High Precision Levelling in both 
directions . . . . 27 miles ( 36 gross ) 

( c ) Precision Levelling in both direc- 
tions . . . . 114miles 

( d ) Secondary Levelling . . 1,240 miles 
The details are given in Table 12. 
15. Balasore to Howrah.-Detachment No. 1 under Mr. J. K. 

Donald ( Surveyor ) with a recorder and 13 khakisis left Dehra DBn 
for the field on 4th October 1949. Work was commenced from 
bench-mark No. 78/73 K a t  Balasore on 8th October 1949 and 
closed a t  bench-mark No. 363179 B a t  Calcutta Mint on 10th 
February 1950. 

At Jaleswar the work was started from bench-mark No. 244 
and was carried to Contai via Mohanpur and BBlighai. From 
Contai the metalled road to Rasalpur was followed and then the 
work was carried along the bund on the right bank of the Hooghly. 

The country was plain but swampy a t  places. Streams 
presented g r a t  difEoulty all along the coastal area, and part of the 
work lay in congested industrial area in the vicinity of Calcutta. 

For transport, bullock carts were used upto Rasiilpur, from 
where the work was done along the coast and a country boat had 
to be permanently engaged. 

Connection was made to Kudi Tower Station, to a few standard 
and embedded bench-marka, and to a few m a h e  bench-marks 
located on the right bank of the Hooghly. 

Weather conditions remained good except for a few day8 in 
October 1949 when rains i n b m p b d  work for four days. The 
health of the detachment was good. Vaccination and oholera 
inoouletion were taken by all the personnel of the detachment a t  
Diamond Htlrbour. 

During the course of the work, four big rivers namely Rasfilpur, 
Haldi, RiipnOr5yan and Damodar had to be crossed. The crossing 
wes done by a special River Crossing Detachment ( see para 18 ). 
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The revision of the old levelling from BurdwBn to Balasore 
completes two circuits RBniganj-BurdwBn-Howrah-&Lidnapore- 
RBniganj ( 304 miles ) and Midnspore-HomahJollasore-Midnapore 
( 277 miles ). See Chart V. Their closure errors are satisfactorily 
small being $0.132 feet and +O .345 feet respectively. 

As mentioned on page 13 of Technical Report 1948-49, Part 111, 
this levelling was carried out in continuation of BurdwBn-Howrah 
line to test tho sinkages of the bench-marks in tho deltaic region 
of south Bengal. I t  was not possible to get an indopendent connec- 
tion to mean sea-level a t  False Point as the old bench-mark of 
reference of the tidal observatory a t  False Point has now been 
destroyed. 

The heights of the permanent bench-marks a t  Burdw&n, 
Kidderpore New Dock Sill, Jaleswar and Balasore as determined 
from older and new levellings are as follows :- 

Brief desaription 

83.182 

10.176 16.808 

.. 237.0 41.873 41.837 

. . 270.1 44.883 44.889 

It would be seen that the relative heights of BurdwBn, Jaleswar 
and Balasore have remained unaltered ; the disorepancies being 
well within the range of levelling errors. The published heights 
&o include significant adjustment corrections, and the apparent 
change in the height of Kidderpore New Dock Sill is ah0 not 
conclusively proved. Chart VI shows the changes of heights of 
old benoh-marks on the line BurdwBn-HowrahJellasor8-Ba1~or~, 
as revealed by present levelling. Their numerical values are given 
in Table 1. 

A comparison with Chart XXXV, of Technical Report 194-9, 
Part III shows that changes on the right bank of the Hooghly are 
much less than those on the left bank near Diamond Harbour, 
where there were individual sinkages of as muoh as 1# feet. On 
the whole as expected in suoh alluvial ereas the bench-marks 
between Homah and Contai have undergone 8 alight aubs iden~.  

As mentioned in the preceeding Teohnical Report such siukages 
are no  roof of the general down warping of the crust. 





' CHANGES IN HEIGHTS OF BENCH-MARKS Chart VI 

FROM 

BURDWAN TO BALASORE 

Scale I small dlvlslon ( horlzontal ) = 2 Miles. 

DlscrepancIis new ( 1949-50 ) minus old levelllngs M \ / 
Standard Bench-mark ... ... ... ... @ 918/79 8 \ / 
Bench-mark Interred, rock-cut & embedded ... loshe A y7lT9 8 

_ I D , , , , , , ,  

1 0  

( I I J J J I I I , I I I , I I I I I ,  I , I I , I , I I  
I " " " " '  I ' t " " " '  

l J 4 ( # 8 4 1 1 1  I I I I I I I I J , I I I I l I I I I , I I I I # 4 J I I  I ' 4 " " " '  , J I I I # I J I I  1 1 1 ( 1 1 1 1 1  , ! a  8 9 . 1  

20 40 LO 00 100 110 1 ;O I60 180 100 ' 110 lb 260 

i b. ~o 615 M / N c D * s I - ~ ~ ~ .  PRINTED AT T W C  Sunvcr or INDIA Orr~ccs.(P.Z.O.). 



CHAP. 11] LEVELLING 15 

TABLE 1 .--Old and new levelling between BurdwZn and Bolesore 

i I / I Observed heights 
above I + 1 or I I 

Distencc below ( )'B.M. 

Brief I B.M. 
No. . , 

Burdwin 

1947-40 

Coping . . 
Coping . . 
Pillar . . 
Burdmh, S.B.M. . . 0.0 
Bridge . . : : I  ::: 
Bridge . . ' I  7 ' 3  

Sheet 
79 A 

85 Belut village 
(Type ' B ') 11.7 

RwOlpur 1.8. , . 1 12.9 
Memiri R.S. . . 18.0 

Memiri, (Type ' A ' )  17.7 
Bridge . . . 1 21.6 
Step . .  . . 23.2 

N&a village 
( T y p e S J 3 )  : :  25.1 

Piilnr . . 28.8 
Simlagerh R.S. . . 27.4 

Piller . . . . 29.0 
JChonean, (Type 'B' ) 35.3 
Culvert . . . . 36.4 

Bridge . . 40.4 
Railway bridge : : I 41 .O 
Tribenighit . . 42.3 

Well . . 42.6 
Culvert . . 1 1 43.3 
Reilway bridge . . 44.1 

Culvert . . 

1 Step . .  . . I 48.4 
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TABLE 1.-Old and new levellinq between Burdwdn and. 

B.M. 
No. 

Sheet 
79B 

411 
929 
(41";) 

028 

'4":;) 
027 
(415) 

418 
419 
420 

42 914 1 
(428) 
334 

439 
447 
465 

918 
817 
90tl 

463 
920 
019 

800 
458 
913 

284 
948 
949 

969 
960 
960 

( 246 ) 

966 
064 
963 

Baluaore-( contd. ) 

Brief 
DmcriPtion 

Circuit house . . 
Chinsura, (Type 'B ' )  

Baae of clock tower.. 

Step . . . . 
Seat of g n h  . . 
Flooring . . 

Culvert . . . . 
Pavement . . 
Step . . . . 

Ekn",$fLni,(Type,k.,, 

Bridge . . ' . . 

Coping . . . . 
Uttarplra. (Type' A') 
Flooring .. 

Howmh, S.B.M. 
Municipal offices . . 
Step . . . . 
Post office. Howrab 
Plinth . . . . 
Stone . . . . 
Sibpur . . . . 
Sluice . . . . 
Step . . . . 
Flooring .. 
Railway bridge . . 
Railwaybridge .. 

%bkie;(Type'Li'j. 
Geusl look . . 

. . :2: b o i ~ o f  S.B.M.. . 
E.pri8mofS.B .M... 

* M a n  value of levelling 

Disore- 
pnnoy 

(New- 
Old) 

Distance 
irom B.M. 

No. 
116173 hI o t  
Uurdwin 

Date of 
old 

levelling 

Y i l c d  

48.6 
48.9 

40.1 

49.4 

40.6 
49.9 

60.6 
63.3 
63.4 

: 
69.2 

81.4 
69.0 
75.2 

74.9 
76.0 
75.2 

75.1 
78.6 
79.0 

' 80.6 
83.0 
84.0 

84.6 
102.3 
103.0 

104.2 
104.2 
104.3 

104.4 
104.6 
104.6 

Observed heights 
nbove ( + ) or 

bcloa ( - ) B.M. 
No. 116Ii3 M a t  

Burdwin 

of I#?.@ and 1048.~). 

1913-11 .. 
,, 

, 

,, 
, 

,, 
, .. 
,. 
, 

, 
, 
, 
, 

1927-28 
,, 
, 

, 
,, .. 
, 
,, 
,, 

, 
, .. 
,. 
, 
,, 

.. 
, .. 

Old 
levelling 

Revised 
levelling 
1947-49 

feel 

-68.306 
-66.617 

-64.157 

-63.554 

-63.973 
-66.OOl 

-60.100 
-69.669 
-68.138 

-07.291 
-70.732 

-71.253 

-88.374 
-74.437 
-73,038 

-74.411 
-71.232 
-74.017 

-73.807 
-77.019 
-71.892 

-70.880 
-76.610 
-77.365 

-18.088 
-70.331 
-67.012 

-77.192 
-81.138 
-76.399 

-81.024 
-71.167 
-18.328 

feel 

-86.374 
-65.701 

-64.213 

-63.733 

-64.032 
-60.103 

-66.227 
-60.633 
-68.221 

-67.393 
-70.780 

-71.204 

-08.602 
-74.465 
-73.062*-0.024 

-74.409* 
-71.264* 
-74.079* 

-73.013 
-77~716 
-71.027 

-70~913 
-76.707 
-77.428 

-78162 
-70.681 
-07.823 

-77.314 
-81.206 
-78.403 

-81.137 
-77.312 
-78.478 

( 

feel 

-0.089 
-0.081 

-0.066 

-0.179 

-0.059 
-0.102 

-0.061 
-0.004 
-0.083 

-0,092 
-0.043 

-0.041 

-0.218 
-0.028 

t0.002 
-0.039 
-0.082 

-0,046 
-0.086 
-0.036 

-0.024 
-0.088 
-0.073 

-0.094 
-0.350 
-0.211 

-0.122 
-0.128 
-0.101 

-0.113 
-0.146 
-0.160 

CorJinucd ) 
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TABLE 1.-Old and  new levelling Between Burdzcdn and 
Balasore-( concld. ) 

Discre- 
pancy 

( New- 
Old ) 

fee1 

-0. I31 
-0.148 
-0.162 

-0.l64 
-0.122 
-0.049 

-0.735 
-0.262 
-0.220 

-0.084 

-0.510 

-0.061 
-0.359 
+0.020 

-0.039 
-0.496 
+0.318 

f0.142 
+0.087 

+0.161 

+I). 121 
+0.160 
+0.252 

+0.077 
+0.286 
+0.226 

B.hI. 
No. 

Sheet 
70 B 

052 
051 
958 

057 
238 
237 

217 
200 
206 

204 

Sheet 
79 C 

25 

Sheet 
73 0 
63 
74 
54 

66 
46 
00 

(29)  

93 
100 

20 

102 
104 
112 

Sheet 
73 K 

86 
136 
78 

Brief 
Description 

W. prism of S.B.M.. . 
Ulubiria, S.B.M. . . 
Step . . . . 

. . 
i t z n e  ~ d o k e t  No. 25 
Flange . . . . 
Oeonkhili. (Type 'B') 
Phulbiria Tower . . 
Balughit I.B. . . 
BasuliCl~ah.(Type'B') 

Iron pipc . . 

Kedgeree (E.B.M.) . . 
Hijli . . 
Contai (E.B.N.) . . 
Pillnr . . 
Kudi, T.'s. . . 
Jaleswar, E.B.M. . . 

Bridge . . . . 
Muhammnd Nngar . . 

S.B.M. 
Bridge . . . . 
Bapta village . . 
Briok . . . . 
Haldipsra, E.B.hf. . . 

Brick . . . . 
8.D.O'aOffice.Balapore 
Belasore, S.B.M. . . 

Distance 
from B.M. 

NO. 
1 l6li3 11 

a t 
Burdwin 

Mike 

104.5 
101.5 
104.6 

104.0 
108.0 
110.1 

129.0 
161.5 
161.6 

164.2 

169.9 

178.3 
187.3 
190.1 

190.3 
217.2 
237.0 

238.4 
241.3 

246.6 

252.4 . . 
262.9 
259.5 

266.8 
289.2 
270.1 

~~t~ of 
old 

levollinp 

1027-28 
, 
,, 

18si.43 .. 
,. .. 
,, 

, 

.. 

, 
, .. 
, .. 

1927-28 

.. 
,, 

, 

,, 
, .. 

, 
1038-40 
1927-28 

Observed height 
nhove ( + ) or 

below ( - ) B.JL 
No. 116/73 hf nt 

Burdwln 

Old 
levelling 

feel 

-78.318 
-77.688 
-77.402 

-78.632 
-77.689 
-80.517 

-77.128 
-18.410 
-,6.668 

-77,849 

-82.050 

-79.839 
-72.888 
-55.728 

-50.314 
-46.969 
-51.559 

-45.030 
-48.565 

-65.075 

-79.751 
-04.614 
-71.488 

-75.088 
-48.930 
-48.713 

Revinnd 
levelling 
1947-49 -- 

fcct 

-i8.469 
-77.736 
-77.654 

-78.796 
-77.811 
-80.666 

-17.863 
-18.672 
-76.886 

-77.933 

-82,560 

-79.900 
-73.227 
-56.708 

-50.353 
-47.466 
-51.241 

-46.788 
-48.408 

-85.814 

-72.030 
-64.418 
-71.234 

-75.W9 
-48.845 
-48.487 
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16. KHrwHr to Hubli.-After completing work a t  Calcutta the 
detachment under Mr. J. I<. Donald ( Surveyor ) left for K&rwir 
in Bombay state and commenced work from bench-mark No. 
1/48 J on 2nd March 1950. The work was closed on bench-mark 
1/48 M at  Hubli on 27th April 1950. 

The country was very undulating and hilly. As the road 
passes through dense jungle it was difficult to get bullock-carts for 
transport and so a motor truck had to be engaged at  times. The 
place was malarious but the health of the detachment remained 
good. 

Connections were made to two trigonometrical stations namely 
Ramankop H.S. and Guddhumdhur h.s. 

The line KBrwBr to Hubli has now been levelled thrice, once 
in 1873-74, a second time in 1907-08 and again in 1949-50. There 
were certain inexplicably large discrepancies between the two earlier 
levellings which could only be attributed to  mistakes made by the 
levellers as the bench-marks were mostly on rock. In particular 
on page 355 Survey of India G.T.S. Vol. XIX, there is a mention of 
an unexplained large difference of f0.671 feet between bench- 
marks a113 and 19 and of a similar error a t  Hubli. I t  wm suspeoted 
that this error could only be due to some mistake by the levellers 
either of 1873-74 or of 1907-08. 

The 1949-50 levelling has revealed that the fault lay with the 
1907-08 levellers. Although the bench-marks Nos. 8/13 and 19 
were found destroyed, a comparison was possible a t  B.M. No. 
44/48 J, which is very close to B.M. No. 19 and this differed by about 
4 foot from the 1907-09 value. T h  bench-mark was not included 
in the 1873-74 levelling. 

Table 2 gives difforences between the levels of the various 
bench-marks as evidenced by levelling a t  the three epoohs in ques- 
tion. Chart VII shows these differences graphically. 

Apart from the abnormal local rises and sinkages a t  a few 
points such as a t  bonch-marks Nos. 16/48 J, 17/48 J and 21/48 J, 
there appears to  be a sinkage of the area relative to KBrwBr. This 
sinkage becomes more pronounced east of Yellapur. 

But the existing evidence cannot be regarded tls conolusive as 
apart from the 1907-08 levelling being suspect, there are no rock-out 
bench-marks either, east of No. 2/48 I. In  fact, EBM. 1/48 M et 
HubLi a t  the extreme north end of the area shows actually a rise 
since 1873-74. 

It would thus appoar that the data is not su5oient to draw 
6r1~ quantitative conclusions regarding the stability of this region. 
For future study, new standard bench-marks have been established 
a t  KErwBr m d  Hubli respectively to supplement the old embedded 
benoh-marks a t  these places. 



TABLE 2.--Old and new levelling from KErunir to Hubli 

Bench-marh of the originel levelling that 
were wnneotd in year 1949-60 

Brief deecription 

Embedded a t  KinvL  
Engraved on margin cap stone . . 0.1 
Cut on granita etone .. 0.1 . . 

Distance 
from 

b l r  

Rook .. 
~ u t  on rn ie-hoe  : : . 
Rook . . . . 
Cut on mile.stone . . .. 
Boulder . . .. 
Rook . . . . 
Rook . . . . 

- 4.787 - 
!Y. 000 
4.930 

- 3.067 - 3.071 
- 1.156 - 1.161 
+ 85.152 Destroyed 

Obsemed heights above ( + ) 
and below ( - ) K i m i r  as Difference in height 

determined in ( Revised--original ) 

1873-74 i i i i i  1907-08 1949-50 

0.2 - 1.105 
0.9 I+ 85.180 

Rock . . . . 
Rock . . 
Bridge pie; . . 
Embedded a t  ~a t t ik 'ek  . . 
Rock . . . . . . 
Culvert . . .. 
Rock . . 
Wheel g& stone : : . . 
Wheel pard etane . . . . 
Cut on rook .. 

1 + 93.940 + 93,896 
+ 284.210 + 284.150 1 + 99,562 + 9 9 i 3 2  
+ 58.503 + 58.334 + 55.176 Destroyed 

1.3 
1.9 
2.3 
3.3 
6.9 

- - -  

( Conlia urd ) 

- 0.721 
+ 3.175 + 21.W6 
+137.641 
- 0.318 

10.9 
12.5 
15.2 
15.3 
17.8 

20.1 
22.0 
23.8 
24.8 
24.8 

+ 2.593 
+ 2.800 
+ 4.741 

+ 99.538 
+ 58.888 + 55.135 



TABLE 2.--Old and new levelling from KCrwEr to Hubli-( contd. ) ba 

Distance 
h m  

KHrwir 

Miles 
25.2 
25.3 
28.0 
29.9 
36.1 

31.7 
38.4 
38.1 
38.8 
41.2 

42.4 
50.4 
52.3 
54.2 
54.9 

56.8 
42.0 
60.3 
44.0 
60.4 

Benoh-mub of the original levelling that 
wen, oonnected in year 1949-60 

Observed heights above ( + ) 
and below ( - ) Kirwir se 

determined in 

Topo. No. 
of benoh- 

msrkn 

19/48 J 
20148 J 
21/48 J 
22/48 J 
27/48 J 

28/48 J 

30148 J 
31/48 J 
32/48 J 

38/48 J 
37/48 J 
38/48 J 
39/48 J 

40/4,9 J 

41/48 J 

43/48 J 

0 

Di5erence in height 
( Revised-original ) 

0 
.. 

Q 

-- 

iii 
1943-50 

fd + 59.488 + 59.344 + 29.811 + 79.940 
+ 124.887 

Destroyed + 97.695 
Destroyed + 87.487 + 161.267 

+152.845 
+ 674.360 
+1096.320 
+1439.926 
+1464.388 

+1563.057 
Destroyed 

+1798.000 
Destroyed 

+1778.307 

i 
1873-74 

+ 30~788 + 80.168 
. . 

+ 67.675 + 97.613 
+ 101.497 + 87.403 

. . 

. .  

. . 

. . 

. . 

. . 

. . + 150.800 

+ 167:906 
. . 

Old Nos. 

. . 

. . 
6 
7 
. . 
0 

b/ l l  
o/ll 
d / l l  
. . 
. . 
. . 
. . 
. . 
. . 
. . 

b/12 . . 
13 
. . 

ii 
1907-08 

fd + 59.641 + 59.403 + 30.275 + 80.058 + 124.912 

f 67.671 + 97.713 
+ 101.377 + 87.507 + 161.310 

+152.933 
+ 674.415 
+1096,384 
+1439.993 
+1484.459 

+1563.133 + 150.811 
+1798.086 + 167.922 
+1778.443 

Brief deecription 

Embedded a t  dgsur . . 
Gtone step . . 
Wheel gaud atone . . . . 
W h d  gaard stone . . . 
Rock . . . . 
Cut on culvert . . . 
Rock . 
Cut on bidge : : , 

Rook . . . 
Rook . . . . 
Embedded at P.W.D. Stores a t  

Ramanguli . . .. 
Rock . . . . 
Cess-pool . . 
Rock . . . . 
Culvert . . . . 
Culvert . . . . 
Cut on bridge abutment . . 
Huge boulder . . . . 
Cut on br idp  abutment . . 
At  Forest Offiee Yellipur . . 

. . . - 
-0.004 
+0.100 
-0.110 
+0.104 

. .  

. .  

. . 

. . 

. . 

. . 

. . 
+0.011 

. . 

+0:08% 

t 0 . 0 8 4  

-0.025 

-0~018 

-0.020 
-0.043 

-0.089 
-0.046 
-0.064 
-0.067 
-0.071 

-0.076 

-0.086 

i? 

'$ 

0 

- 
2 
ta e 

-E - 
W 
IP 

+0.016 
. . 

CD 
I cn 
0 

( Continued ) 
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TABLE 2.-Old and new levelling from KErwdr lo H?ibli--( concld. ) ts 
N 

Benoh-wlra of the original levelling that 
wsre mmwtad'io year 184950 

X,"h": 
msrb 

50148 M 
52/48M 
3/48 M 
2 / a M  
8/48 Bf 

Distsnce 
from 

Kirwir 

M i b  
100.4 
io3.a 
104.0 
104.2 
1M.3 

Difference in height 
( Revised-originnl ) 

Old Nos. 

. . 

. . 
28 
. . 
. . 

Obsemed heights above ( + ) 
and below ( - ) Kirwk ee 

determined in 

( i i - i )  
1907-08 
mtnw 
1873-74 

fd 
.. 
.. 

+0.693 
. .  
. .  

- - . - - - 

Brief denoription 

Bridge . . . . 
Bridp . . . .  
Embeaded at Hubli . . .. 
Flooring . . . . 
Flooring . . .. 

1 
1873-74 

feet . . 
.. 

+2048.200 
.. 
. .  

( iii-ii ) 
194.9-50 
mtnw 
1907-08 

fed 
-0.210 
-0.214 
-0.195 
-0.232 
-0.200 

- 

( iii-i ) 
1949-50 
minus 
1873-74 

feet 

. . 
+0.498 

ii 
1907-08 

fd 
+1954.728 
+1077.768 
+2048.893 
+2064.435 
+2067.058 

... 
u 

1949-50 

fur 
+1954.518 
t1977.654 
+2048,698 
+20&1.203 
+2066,858 
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17. Raipur to Vizagapatam.-Detachment No. 2 under Mr. 
B. P. Rundev ( Surveyor ), with one recorder and 13 liha1E~i.s took 
up the levelling in the back direction of the high precision line 
from Vizagapatam to Raipur which was levellcd in the fore direc- 
tion by Mr. H. C. Gupta ( Surveyor ) in 1947-49. He commenced 
work a t  Vizagapatam on 15th Octobcr 1049 from Standard Bench- 
mark No. 01/65 0 and followed the B. N, railway line to Vizia- 
nagram ria. Kottavalasa. Heavy railway traffic caused consider- 
able disturbance in the course of worlc in this section. 

Necessary check-levelling was carried out a t  Vizianagram 
The section from Vizianagram to Raipur followed the Vizianagram- 
Rayagada road up to Rambhadrampuram whence the line turned to 
Salur and followed the main road going over the Ghats to Jeypore. 
From Jeypore the worlc continued along Jeypore-Nowranganpur 
road, and thence to Raigarh and joined the forest road a t  Borai. 
From Borai it ran along the old cart track to Sihawa via Sitanadi. 
From Sihawa it  followed the old road to Dhamtnri. 

The MahZnadi river which came in the way was crossed over the 
weir opposite Rudri Canal Head-works m the river mas altogether 
dry. Thence the worlc continued to Raipur and closed on standard 
bench-mark No. 173164 G ( Type P ) on 15th May 1950. 

For transport, bullock carts were used on a permanent basis 
except in the section between Salur and Nawrangpur where they 
could not be had and so motor transport had to be resorted to. 

The country was not easy. Section Vizagapatam-Vizia- 
nagram which followed the railway line gave trouble due to shim- 
mer which was present from sunrise to sunset. The country 
between Vizianagam and Dhamtari was rather undulating ; in 
particular the Ghat section between Salur and Jeypore was very 
steep. 

All bench-marks were previously laid down by the fore-leveller 
except a t  a few places where new rock-cut bench-marks were made 
and connected by the baclc levellor in fore and baclc directions. 
Two trigonometrical stations of Bilaspur Meridional Series, viz., 
Hathb0naH.S. and Sirsi H.S. and five minor stations were also 
connected by branch-lines. 

The country was very malarious and many of the khafisis 
suffered but recovered quite quickly. Medical help was available 
almost all over the area. 

Starting with the published height of standard bench-mark 
No. 173164 G ( Type P ) a t  Raipur, viz., 997.765 feet above M.S.L., 
this season's levelling gives the height of the standard bench-mark 
a t  Vizianagram ( B.M. No. 237165 N ) to be 216 .811 feet. The 
published height of this bench-mark as derived by older precision 
levelling of 1894-96 is 216 .I30 feet. The discrepancy of 0.681 feet 
hths beon adjusted between Raipur and Vizianagam ( a distance of 
338 miles ), eaoh bench-mark receiving a correction proportional 
to its distance from Raipur. 
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Sinlilarly accepting the publiuhetl height of the standerd 
bench-marlc a t  Vizianagran~, t.llc closing error a t  staqdard bench. 
nlt~rlc Vizag~patam ( R.bI. 71/66 0 ) is 0 ,266 feet, and this has been 
tlistribnted between the portion Vizianagram to Vizagapatam 
( 41 miles ). 

Tho closing error of the circuit BhadraldrVizienagram-RaiPUr- 
Bhatlrolch is ->484 fcet. This large closure error needs critical 
scrutiny. There ore several peculiarities in this circuit. Firstly, 
part of the line from BhadralEhto Vizianagram was carried out in 
1938-40 by inexperienced and unsteady observers. Again, on both 
sections of the lines-Raipur to Vizianagam and Vizianagram to 
Vizagapatam, the route followed was the same as that of the old 
level lines Nos. 37 and 36 of the first precision level net of 
India of 1858-1909 ( see Chart IV ). There are quite a number 
of bench-marks common to the old and new levellings. The dis- 
crepancies especially on the section Raipur-Vizianagram are 
unduly large. See Table 3. 

Thus from embedded bench-mark No. 13/64 H a t  Gatasili to 
rock-cut bench-mark No. 11/64H there is a change of level of 0.127 
feet, which is increased to 0 , 2 0 8  feet a t  B.M. 10163 H. After that 
there is again a sudden change of 0 , 2 3 2  feet between rock-cut bench. 
marks Nos. 6/63 H and 5/63 H, the total discrepancy at  B.M. 
5/63 H between the old and new heights being 0.513  feet. The 
discrepancy appears to systematically increase still further and 
becomes about 0 . 8  feet a t  rock-cut B.M. 28/65 I and remains so ns 
far as embedded B.M. 77/65 J, when there is a further rise; the 
discrepancy a t  B.M. 68/65 J ( rock ) becoming as large as 1 . 2  feet, 
which persists till B.M. 4/65 J on rock. There is then a short fell 
of half a foot fiom rock-cut B.M. 49/65 N to rock-cut B.M. 48/65 N. 

In  the new levelling, there are also large systematic differences 
betwecn the fore and back levellers. 

As the majority of the bench-marks are cut on rook, end 
the area is not known to be subject to any tectonic activity, the 
explanation of these large discrepancies can only be found in some 
unexplained errors in the levellings. 

By completion of the levelling from Raipur to Vizagapatam, 
it  is now possible to compute the direct relation between the M.S.L.'s 
a t  Bombay and Vizagapatam. This is being done and the result 
will be included in the next Technical Report. 



CHAP. 11 ] LEVELLING 25 

1 B.M. 
Nos. 

TABLE 3.-Old and new ( 1948-50 ) lrvelling from Raipur to 
Vizianngram 

Brief description 

I I 

S.B.M. a t  Rnipur.. 
E.B.M. a t  Mana . . 
E.B.M. s t  Abhnn- 
pur . . 

I I I I 
Distnnee 

from 
R.M. No. 
173104 0 

Observed height above 

Icvellinq ( New- 

Old I I New 

58/04H E.B.M. a t  Darba 23.2 ,. + 15.441 + 15.431 -0.010 
47/64 H E.B.M. nt Kurud + 10.144 + 10.134 -0.010 
32/04H TemplerCDhmtaril 2:: I :: I +  62.941 + 62.821 1-0.119 1 I I 
130/04 1 slp 

, , 1 X.7 
31/04 H E.B.M. a t  Dhnmtnri 48.7 
27/04 H Temple 50.1 

28/64 H 
21/04 H 
13/64 H 

Stone 
Rock 
E.B.M. a t  

11/04 H 
10/0Z A 
9/04 H 

Rook' 
Rook 
Rook 

7/64 H 
8/64 H 
6/04 H 

E.B.M. a t  
Stop 
Rook 

5/04 H 
4/04 H 
3/04 H 

Rook 
Rook 
Rock 

2/04 H 
1/04 H 
1/05 E 

24/66 I Rook +1109.180 +1100.888 +0,800 

23/05 22/05 1 I Rook E.B.M. a t  Bera . : . : I ti::: 157.4 1 1+1130.377 1+1137.173 1+0,790 1 I / +1010.835 +1017.590 +0.756 

E.B.M. a t  Borni . . 
Rook 
E.EI.M. a t  ~0rin.g;' I 

28/05 I 
26/05 I 
25/05 I 

Rook 
Rook 
Rock 

Rook 
E.B.M. a t  Raignrh 
Rook 

Rook 
E.B.M. nt ~ r n a r k o l  
Rook . . 

12/85I 
11/05 
10/06 I 

( C m J i d )  

Ty e 'C' a t  Dodra 
E M  t Bi jpur  
E.B.M. a t  Dabgaon 

172.2 + 931.404 
I702 1 :: 1 + 059.402 
180.0 ,, + 940.762 

+ 832.200 + 060.090 
+ 041.457 

+O.i30 
+0.097 
+0.705 
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TABLE 3.-Old and new ( 1948-50 ) levelling from Raipur to 
Vizianagram-( concld. ) 

Rock 
E.B.M. a t  Pappada- 

handi 
E.B.M. a t  Nau- 
rnngapur . . 

B.M. 
Nos. 

Pillar 
E.B.M. a t  Bori- 
gummn 

Rock 

Rook 
Rook 
Rock 

Crave stone . . 
E.B.M. a t  Jeypore 
Rock 

Brief description 

88/65 J Rock 
05\05 J Rook 
02/65 J Rock I I 
60/6: J Rock 
67/66 J E.B.M. a t  ~ o r . i ~ G  
63/65 J Rock I I 

Distnnce 
from 

B.11. No. 
173/54 G 

MiIu  ( I fee l  I feel I feel 

48/06 J E.B.M. a t  Dom- I 32/65 J 1 E.$.M. ri t a t  Doliarnbo . .  1 253.7 203.0 1 I: 1+1840.094 +1964.003 1+1842.133 +1965.891 l+l .130  +1.191) 1 
24/66 J Stone on b r i d p  . . 200.2 +I870,468 +1871.241 +0.776 

L)ak or  
ori inal  
lev&ing 

101/069 E.B.M. a t  Sunki . . +1038.881 +1039.938 +1.067 
00/65 N Rock . . I ::::: / I +  951.964 I +  952.066 l+O.wl I 
18/05 N Stone on oulvert . . 301.3 I 1 - 477.131 - 477.155 -0,024 
70165 N Flooring 301.9 - 486.381 - 484.973 +0.408 
74/65 N E.B.M.at saluru 1: 1 2 0 1 3  1 ;I 1- 483.428 I -  482,743 l+o.086 (61 
73,06 N Step I I . . 302.4 - 486.610 - 484.082 +0.628 

Observed height nbove 
( + )or  helow ( - ) R.11. 

No. 173/61 G 

an 1 xe w 

E.B.M. s t  Gaia- 

~ i ~ .  
crepancp 

( Xew- 
Old ) 

patinagaram . . 
Rock 
Stone on oulvert . . 
Mile-stone . . 
Pillar 
Mile-stone . . 
Mile-stone . . 
Stone on bridge . . 
Stone on bridge . . 
Mile-atone . . 
Rock 
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TABLE 3( a ).-Old and new ( 1948-50 ) levelling from Vizianagram 

Dis- 
orepancy 

( New- 
Old ) 

feel 

0.000 
t0 .016 

+0.027 
+0.033 
+0.037 

+0.034 
+0.085 
+0,084 

f l . 4 5 5  
f0.040 
+O.Oti2 

fO.075 

+0.003 
+0.059 

+0.080 
+0,105 
+O.lM 

+0.123 
f0.12a 
+0.144 

+0.170 
+0.170 
+0.180 

+0.186 
+0.144 
+0.176 

+0.173 
+0.101 
+0.103 

+0.297 
+0.16d 
+0.210 

+0.180 
+0.141 
+0.146 

CoMinucd ) 

B.bf. 
Nos 

237/86N 

18/85 N 
17/05 N 

18/86 N 
16/85 N 
14/66 N 

13/86 N 
12/86 N 
10/86 N 

9/85 N 
8/85 N 
7/85 N 

8/86 N 
3/66 N 

2/85 N 

88/05 0 
67/65 0 
68/83 0 

85/65 0 
61/66 0 
63/65 0 

82/05 0 
60/06 0 
69/06 0 

58/86 0 

67/86 0 
55/85 0 ' 54/86 0 
62/65 0 
61/66 0 

60/86 0 
49/66 0 
48/66 0 

47/86 0 
48/85 0 
44/86 0 

Brief description 

9.B.M. a t  Viziana. 
gram . . 

Bridge . . 
Bridge .. 

Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge .. 
Bridge .. 
Plntform . . , E.B.M. a t  Als- 
mandaR.S. . . 

' Platform .. 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 
Bridgo . . 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 
E.B.M. a t  Kotta- 
vnlase . . 

Platform .. 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge .. 

Bridge . . 
~ r i d g ~  .. 
Bridge . . 
Bridge . . 
Bridge . . 
Bridge . . 

to 

from 
B.U. No. 
237168 C 

M i l a  

0.0 
0.9 
1.9 

2.1 
2.9 
3.6 

4.7 
6.8 
7.8 

9.0 
9.2 

10.2 

10.9 

11.0 
11.0 

11.8 
12.2 
12.9 

16.6 
16.9 
17.8 

19.1 
20.1 
21.1 

21.4 
21.6 
22.1 

22.3 
23.8 
25.2 

28.6 
27.7 
28.1 

29.4 
29.8 
31.6 

Vizagapalam 

of 
original 
levelling 

LL191-95 
, 

1895-97 

,, 
, .. 
, 
, 
, 

,, .. 
, 

,, 

.. 
, 

, 
, 
,, 

.. .. 
,. 

.. 
,, .. 
,. .. 
, 

,, ., 
, 

, 
, 
, 
" 

,. 
,, 

Observed height above 
( + )or below ( - ) B.M. 

No. 

Old 

feel 

0.000 - 22.853 
-31,942 

- 36.266 
- 47.991 - 47.999 

- 78.061 
- 98.172 
-111.339 

-118.676 
-109.607 - 90,179 

- 73.731 

- 73,704 - 73.727 

- 87.820 - 80.724 - 88.764 

+ 1.929 + 26,093 + 34.254 

+ 23.460 - 10.833 - 43.679 

- 43.683 - 42.765 
- 48.809 

- 63.766 
- 80.058 
-114~101 

-128.819 
-139.456 
-143.800 

-162.411 
-162.283 
-169.677 

237/65 G 

New 

--- 
feel 

0.000 
- 22.83d 
-31 .936+0.007 

- 36.239 - 47.901 - 47.962 

- 78.027 
- 98.147 
-111.255 

-115.121 
-109.467 
- 90.117 

- 73.668 

- 73.641 - 73.88d 

- 87.640 
- 89.819 - 86.850 

+ 2.052 + 25.221 + 34.39d 

+ 23.610 - 10.463 - 43.301 

- 43.498 
- 48.611 
- 48.633 

- 63.682 
- 80.807 
-113.993 

-128.332 
-139.297 
-143.871 

-162.261 
-1S2.142 
-160.432 

( 
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18. River Crossing Detachment.-In season 1948-49, in the 
course of levelling from Diamond Harbour to  Dublat and Howrah 
to Jellwore, Mr. B. P. Rundev had to cross the rivers Damodar, 
RiipnBrByan, Rasulpur, Haldi, Bartala and Gahattagenj, which 
were 9, ), #, #, l#  and If miles in width respectively. Fortunately 
only the first four of these crossings occurred in the Primary level 
net ; the last two rivers which were unduly wide came in the branch- 
line executed for the Port Commissioners of the Port of Calcutta. 

TABLE 3( a ).-Old and ?lew ( 1948-50 ) levelling from Vizianagram 
to Vizagapalam-( concld. ) 

The problem of transferring level heights across a wide river 
in the absence of bridges is beset with considerable di5culties and 
entails the use of special methods. Even rivers of a f mile width 
can introduce great inaccuracy unless special precautions are taken. 
Particularly important is the selection of a suitable site with due 
regard to length of crossing, asymmetry, height of water and 80 
on. Other things being equal, the aim should be that the selected 
site gives the highest elevation of the ray above the water. But 
there are so many factors involved that the balance of advantage 
oan only be ameased after considerable experience. 

Some experimental work was done on the Jumna river near 
Kalai ( about 36 miles away &om Dehra Diin ) and much time and 

B.M. 
Nos. 

43/66 0 

42/65 0 
41/65 0 

40/0K 0 
38/85 0 
37/85 0 

71/66 0 

75/85 0 

74/85 0 

73/66 0 
72/65 0 

Distance 
from 

B.M. No. 
237165 N 

Miles 

32.7 
3'2.7 
32.8 

33.7 
35.9 
37.3 

40.1 

40.4 
40.6 

40.8 

41.1 

Brief description 

E.B.M. a t  Simha- 
ohslsm .. 

Platform . . 
Plfitform .. 
Bridge .. 
Bridge . . 
Bridge .. 
S.B.Y. st Vizaga. 

patam . . 
Type 'C' a t  Vizsga- 

patsm .. 
Flooring . . 
Plinth . . 
Stntue of Queen 

Viotoria s t  Vizago- 
patam . . 

h t e  of 
orininol 
lev&ng 

Observed height 
above ( + ) or 

below ( - ) 8.31. 
NO. 237/(15 N 

Dis- 
,repancy 

( New- 

Old ( New 

---- 
feel I feel 

Old ) 

feel 

1805-07 
., 
, 

.. 
, 
,, 

1000-10 

, 
, 

, 

, 

-13i.185 
-117.371 
-147.262 

+0.172 
+0.167 
+0.161 

f0.218 

f0.221 
+0.109 

+0.179 

+0.141 

-101,338 
-160.075 
-106.105 

-1!lti.292 

-103.137 
-106.012 

-188.380 

-198.616 

-161.166 
-159-908 
-10G.044 

-198.074 

-194.916 
-195.843 

-188.201 

-198.474 
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thought was expended on the relative merits of the various methods. 
I t  was not considered advisable to entrust the work to the levellers 
who were running the lines. A separate detachment comprising 
of Messrs. A. K. Bhattacharjee and S. Vaikuntannthan and 12  
khalzsis was formed. 

Details of the methods used and a critical resume of the results 
obteined will be given in the next Technical Report. 

19. Calcutta Mint to King George's Dock and to Cossipore.-A 
report was received from the River Surveyor for the Port of Calcutta 
that standard bench-mark No. 985179 B situated near No. 3 Gate, 
King George's Dock was found damaged and that it  was necessary 
to reconnect it by levelling after it  had been repaired. I n  connec- 
tion with this work, opportunity was taken to establish two addi- 

H.R.S. 
tional bench-marks in the vicinity of 0 B.M. No. 80 which is 

B.M. 
the bench-mark of reference of the tidal observatory a t  King 
George's Dock, so that a check could be maintained in future on 
its stability; also the standard bench-mark near the old Power- 
house of Cossipore was reconnected. 

Messrs. A. K. Bhattacharjee and S. Vaikuntanathan took up 
this line both in fore and back directions on 14th February 1950 
from the inscribed B.M. No. 359179 B near Hastings Bridge, Kidder- 
pore. The levelling was carried out in $-mile sections first from 
the above B.M. near Hastings Bridge to King George's Dock and 
then from the B.M. on Hastings Bridge to B.M. No. 353179 B a t  
Calcutta Mint. Due to heavy traffic in Calcutta area the progress 
of levelling was only between 2 and 24 miles per day. The work 
was completed on 24th February 1950. 

Levelling was then started from S.B.M. a t  Calcutta Mint 
towards Cossipore. This line was done in 2-mile sections, both in 
the fore and back directions and by the same two observers. The 
line was closed on type M bench-mark near the old Power-house 
Cossipore which was, however, found to be in a damaged condition. 
Two new inscribed bench-marks have been established in its 
vicinity. The type M bench-mark a t  Cossipore Docks was found 
to be in a very good condition and was also connected en 
route. 

The instrument used on both these lines was Zeiss Level 
MK I11 No. 5741. 

Table 4 gives the difference between heights by old and new 
levellings of all old bench-marks connected by the new levelling. 
The discrepancies are small and indicate that the relative heights of 
bench-marlrs in the vicinity of Howrah have not altered. 
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TABLE 4.-0[d and new levelli,ng f ~ o m  Calcutta Mint to King 
George's Dock and to Cossipore 

Seoondery levelling bench-marks. 

Obsemed heights 
&bore ( + ) or 

Distance below (-) B.BI. Die- 

( New- 
Old ) 

feet fed 

C a k u t b  Mint lo King George's Dock 
Sheet 
79 B 

363 

894 
897 

982 
991 
980 

31 
989 
988 

355 
3€a 
357 

369 

368 

Calcultu Mint to Cossipwe 

363 Calontte hlint. 

Caloutta Mint. 
(Type B )  . . 

H o w ~ ~ h .  (TypeM) 
Stone . . 
Stane step .. 
Stone plinth . . 
Stone .. 
Stone pavement . . 
Plinth .. 
Step . . .. 
Step . . .. 
Step .. . . 
Pavement .. 
Kidderpore New 

Dock . . 
Kidderpore New 
Dook 

0.000 
- 0.266 + 3.095 
+ 1.961 
+ 3,663 + 0.760 
+ 1.088 
+ 6.031 
+ 3.880 
+ 4.268 + 4.310 
+12.872 

- 0.798 
- 0.790 

0.000 
+0.010 
+0.001 

f0.003 
-0.010 
-0.006 

f0.022 
0.000 

+0.016 

-0.036 
+0.041 
-0.014 

+0.041 
+0.038 

0.000 
- 0,285 + 3.094 
+ 1.968 + 3.673 + 0.766 
+ 1.086 + 8.031 + 3.864 
+ 4.293 + 4.269 
+12.886 

- 0.837 
- 0.837 

0.0 
0.2 
0.4 

0.8 
1.0 
1.0 

1.7 
1.8 
2.3 

3.1 
3.6 
4.1 

5.8 
6.7 

1938-37 .. .. 
, .. 
,, 

., 

., 
,, 

1894-96 
, 
,, 

, 
,, 
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20. Howrah to  Purbastha1i.-In 1929-30 a line of secondary 
levelling was carried out from Uttarpara to Kalna, a t  the request 
of the Commissioners for the Port of Calcutta to determine the 
heights of the special types of bench-marks built by them along 
the west bank of the Hooghly river. 

These bench-marks consist of a stone monolith 10 inches square 
and 2 feet high, the upper 3 inches which project above ground- 
level being dressed to the form of a frust~im of a pyramid terminat- 
ing in a square of 3-inch side. The lower 1 foot 9 inches is built 
in a masonry platform 3 feet 4 inches square and 3 feet high. It is 
surrounded by a masonry wall 3 t  feet square, 10 inches thick and 
1 foot high. The inner enclosure is filled in with earth to a height 
of about 9 inches above the top surface of the monolith. 

These special bench-merlis were established to provide perma- 
nent height datums for the tide-gauge stations. 

Recent levellings carried out from Howrah to Diamond Har- 
bour and Dublat had revealed sinkages of local bench-marks which 
were quite significant in magnitude and the Port Commissioners 
considered that it  would be worthwhile relevelling the line from 
Uttarpara to Kalna as well and further to extend i t  to Purbasthali. 

Of late, i t  has been decided that Kidderpore New Dock Sill 
B.51. 359179 B shall be the datum in terms of which all heights 
for the use of Commissioners for the Port of Calcutta will be reduced. 
I t  was, therefore, considered desirable that the revision levelling be 
carried out from Howrah imtead of from Uttarpara and that the 
entire line should be observed to a higher precision than before. 

The work was undertaken towards the end of Fehruary 1950 
by Mr. S. Vaikuntanathan ( Class I1 ) using a C.T.S. Geodetic Level 
with parallel plate attachment and a psir of invar staves. 

The levelling was commenced from standard bench-mark No. 
918179 B a t  Howrah and closed on bench-mark No. 318i79 A 
( concrete block ) a t  Purbasthali. 

The f i s t  8 miles were carried out by Mr. S. Vaikuntanathan 
himself both in the fore and back directions. Then he was joined 
by Mr. A. K. Bhattacharjee ( Class I1 ) and the next 16 miles were 
levelled in sections of 4 miles each, Mr. Bhattaoharjee observing 
in the fore direction and Mr. Vaikunbnathan in the back direction. 
After that Mr. M. M. Sobti ( Trig. Computer ) replaced Mr. Vaikunte- 
nathan. 

Table 6 gives the list of bench-marks common to the new 
levelling and high precision levelling carried out in 1947-48 
from BurdwBn to Howrah. The differences are fairly small end 
consistent. 

Tehle 6 gives the compsretive statement of the differences 
in heights of bench-merks on this line which are common to the 
1020-30 levelling and the new levelling. Although some of the 
Port Commissioner's bench-marks have ohanged their height, 
the amount of the change is generally small. 
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TABLE 5.-Comparison of common bench-marks connected in  
194748  and i n  1950 on line Howroh to Purbmthuli 

B.M. 
No. 

Sheet 
79 B 

359 
018 
870 
(328) 

447 
9 W S )  
(330) 
850(S) 

856(S) 
e s ( s )  
853(S) 

334 
014(S) 
(428) 
42 1 

420 
410 
827(S) 
($15) 

Desoription 
Distnnco 

&om B.31. 
No. 

359170 B 

Kidderpore NewcDoak . . 
Howmh, ( Type M ' )  . . 
Stone . . . . 

Utterpnra,( Type ' A '  ) . . 
Konnagar bnthiog g h i t  . . 
Railway bridge . . 
Stone 
Coping .. 
Coping . . 
Bridge . . 
Champndini, ( Type ' A '  ). . 
Flooring . . . . 

:::e 
. . . . . . 

Flooring . . . . 

Baes of pedeetal . . 
Chinsura. ( Type ' B ' ) . . 

Tribenighit. ( Type ' B ' ) . . 

d l  iks 

0.0 
8 . 7  

13.1 

13.0 
17.2 

23.4 

23.6 
23.6 
23.7 

24.3 
28.8 

30.0 

30.8 
30.7 
36.2 

Observed height 
above ( + ) or 

below ( - ) 
B.M. No. 359179 B at 

Kidderporo 
New Dock 

levelling 1 le;$ilig 
194748 

Discre- 
panoy 

( New- 
Old ) 

I I I I 

Prom levelling of 1 0 1 7 4 .  
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TABLE 6.--Old and new levelling from Howrah to Purbasthali 

B M. 
No. 

. . 

I ! I I Observed height 
I above ( + ) or 

Bricf 

Old Rcviaed 

i levelling levelling 
(Secondnry) ID60 

Discre- 
Pn"oY 

(New- 
Old ) 

Sheet Miles I 
78 B I 

360 KiddcrporeNew Doclc 
447 Uttarpira ( Type A ) 
006(S) Stone .. I (330) 

907(S) P.C.B.M. No. 1 (Type 
M 

gog(s) P.c.B.M.'N~. 3 : : 
9lO(S) P.C.B.M. No. 4 . . 
9ll(S) P.C.B.bl. No. 6 .. 
912(S) P.C.B.M. No. 0 .. 
913(S) P.C.B.M. No. 7 .. 
014(S) Cbamp&i(Type 'A') 
916(S) P.C.B.M. No. 8 . . 
017(S) P.C.B.M. No. 9 . . 
918(S) P.C.B.M. No. 10 .. 
019(S) P C.B.N. No. 11 . . 
BP2(S) Cement platform . . 
ezl(s)  step . . . . . . 
020(S) Step . . . . 
026(S) Stone 0ooring . . 
924(S) Stone flooring . . 
823(S) Stone . . 
027(S) Flooring 
(415) 

414 Seat of goto . . 
028(S) Step . . . . 

Base of pedestal . . 
929(S) Chinsura ( Type 'B'  ) 

i 4  I a . . . . 
408 I Culvert . . . . 
030(S) Plinth . . . . 
(407) 
347 Coping . . . . 
860(S) Step . . . . 
(348) 

031(9) Bindel (Type 'B ' ) .  . 
(405) 
033(S) P.C.B.M. No. 18 . . 
034(S) P.C.B.Y. No. 19 . . 

( CrmlindjP 
Value obtained from old H.P. levelling. 
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TABLE 6.--Old and new levelling from Howrah to 
Pv.rbasthali-( concld. ) 

291(S) 

Sheet 
79 A 

2R9(5) 
270(S) 
zoa(S) 

271(S) 
(12) 

272(S) 
(13) 

273(8) 

274(5) 
(14) 
17 

299(S) 

;:;:; 
a ~ e ( s )  

277(S) 
278(S) 
270(S) 

B.M. 
No. 

I 
Marble plaque . . 1 
Step .. 
Bridge . . .. I 
Stone coping 
P.C.B.I. No. 20 : : I Tribenighit,( Type' B') 

Brief 
desoription 

Miles 

43.0 
44.5 

45.1 

46.6 
43.5 
40.3 

Date of 
old 

Distnnce 
from B 1II 
350/79 B 

Bridge . . ..  1 40.4 

1 
P.C.B.M. No. 21 .. / P.C.B.M. No. 22 .. 
Bridge . . . . 1 
Step .. .. i 
Marble slsb 

Observed height 
about ( + ) or 

below ( - ) B.M. 
No 3.59179 N s t  

~ i d d ~ ~ ~ ~ ~ ~  

P.C.B.N. No. 24 .. / 

PenOY 

levelling 
New Dock 

I 

Marble slab .. I 
I 

( New- 
Old I 

Balsgerh, (Type ' B '  ) I 
Stone . . .. i 
Bri e 
P.C%.M: NO. 25 : : 
P.C.B.M. No. 20 .. / 

280(S) 1 Flooring. Kslne . . / 77.1 
%31(S) / Flooring . . i  77.7 

(25) 
~ w ( s )  I culvert . . .. / 81.8 
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21. Kosi Levelling.-Secondary levelling in the Kosi area of 
Bihiir was carricd out from Kishanganj in Pumea district to Ha.rpur 
in Ilarbhanga district for the purpose of providing height control for 
Kosl Irrigation Project ( See Chart VIII ). 

Detachment No. 3 consisting of Messers R. K. Gnpta and 
J. Narasimh~m as levellers with 13 kklalrisis commenced work on the 
15th October 1949 from B.M. No. 27/72 N at Kishanganj, and 
detachment No. 4 consisting of Messrs Avinash Chandra and 
T. K. Vi~hvanat~han as levellers and 13 k h a h i s  commenced work 
from PratLpganj on 17th October. 

I t  way originally intended that No. 4 levelling detachment 
would commence work from DiwBnganj T.S. (Latitude 26" 16' 
49" 97, longitude 86" 54' 21". 55 ), a geodetic station of N.E. Longi- 
tudinal Series. The height of the original tower was 20 feet, but 
when it was visited by a levelling detachment in April 1934, the 
height was found to be 14 feet, the upper six feet having crumbled 
away and the mark-stone a t  a height of about 12 feet was con- 
nected by spirit-levelling. 

When visited by No. 4 levelling detachment in 1949 the pillar 
was found to be only 5 feet high with a mark-stone, having a circle 
and dot cut on it on the top, which was connected by levelling. 
Apparently this was not the mark connected by levelling detachment 
in 1934. Hence the work wm commenced from bench-mark No. 

G.T.S. 
591725 0 on stone which was found on check-levelling to  

B.M. 
have maintained its height satisfactorily. 

The two detachments effected a connection a t  Mahachanda on 
14th December. Thereafter detachment No. 4 was transferred to 
Gandak area, and detachment No. 3 continued leveUing towards 
Purnea. The work was finally closed on B.M. 136 PP/72 J a t  
Harpur on 8th June 1950. 

The levelling was carried out both in the fore and back directions 
in sections of 8 miles, each section being sub-divided 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 ti the 8-mile 
section was completed. The back leveller then followed the aame 
procedure of observation 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 WM done to ensure that the 
two observers observed the same sections under different atmospheric 
conditions. 

The routes generally available were cart-tracks, mule end foot- 
pathe which remained under knee-deep stagnant water and mire a t  
meny places till the beginning of November. The country ia fairly 
plain and open but is full of water channels, a few of which only ere 
bridged. Boata en, not easily available. The only meam of lend 
transport is bullook carts obtainable either direotly through the 
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villagers or through the help of local officials. In the area ravaged 
by the Kosi river, tllerc existed no road or track except foot-paths 
zigzagging througl~ thick forests of high grass interspersed with 
unfordable water channels. No transport was available. Local 
cultivators were persuaded with great difficulty to act as labourers 
for shifting the camp from place to placo. 

Apart from a standard bench-mark a t  Purnea No. 348172 0 
and a primary protected bench-mark at  Harpur T.S.-No. 136172 J, 
a number of inscribed bench-marks on railways and road culverts 
were also connected. A few tower stations, viz., Masaldanga T.S., 
MBnikpur T.S. and Mohania T.S. of the North Maluncha Meridional 
Series were included in the levelling. 

The whole area of this project is highly rualarious. There were 
some cases of dysentery a1.90. 

As would appear from Chart VIII the levelling work in the Kosi 
area, described above comprises two closed circuits, viz :- 

( i ) Kishanganj - Raghopur - Srinagar - Sara Bathna -Kishan- 
ganj and 

( ii ) Raghopur - Srinagar - Madhipura - Tribeniganj - Maha- 
chanda- Raghopur, 

and the two branch lines from Madhipura to Harpur T.S. and 
Tr~beniganj to Diwiinganj. 

The first closed circuit yielded en error of -0.120 feet over e 
distance of 126 miles and the second + 0.088 feet in 110 miles. 

As usual the published height of old bench-marks at  Kishan- 
ganj, Purnea and Harpur have been retained, and the new levelling 
has been adjusted on to these values. The corrections applied to 
the various sections are as follows:- 

Purnea to Kishanganj ( 51 miles ) + 0.204 feet, Kishanganj 
to Sara Bathna ( 83 miles ) - 0.051  feet, Srinagar to Harpur 
( 110 miles ) - 0.429 feet, Diwsnganj to Raghopur ( 45 miles ) + 
0,146  feet and Madhipura to Tribeniganj ( 19 miles ) -0.029 feet. 

In  1946-47 No. 9 Party, Eastern Circle, Survey of India carricd 
out some tertiary levelling for providing height control for their 
surveys in the area and connected some bench-marks of the old high 
precision levelling line 161 B. This line wag run after the Bihlr 
earthquake in 1934-36. Unfortunately no permanent bench-marks 
were established on this line and bench-marks connected by tertiary 
levelling were mostly on edges of wells. The heights of some of 
these bench-marlts RA derived by the tertiary levelling were signifi- 
cantly ditferent from their heights by the 1 9 3 6 3 6  levelling l~nd 
oonsequently some of them were included in the new secondary 
leveling. The results are given in Table 7 and indicate that the 
levelling carried out by No. 9 Party correctly detected the changes 
in the heights of these bench-marlts, which being on wells were lieble 
to disturbance. 



Ohaerved height above I 
initial benoh-rnarke Discrepanoy Orthometric Height 

Bench- 
mark 

-- 
1 5 8 

M ilw 
69/72 J Stons . . 0.0 
58/72 J well io ~ l k w a n i ~ u r  0.5 

h . .. 11.4 + 7.038 + 8.079 . . 

I 
128172 J Stone . . . . 0.0 0.000 0.000 0.000 0.000 0.000 . . I . . . .  I . .  
127112 J Well . . .. 0.4 - 8.844 - 7.055 - 7.105 - 0.411 - 0.090 . .  , . .  
128172 J Bridge . . . . 1.0 - 4.211 - 4.148 . . + 0.083 . . ' I " 

. I . .  . .  I . 

123/72 J Bridge . . . . 3.7 - 4.771 - 4.787 . .  + 0 . 0 0 8  . .  I 
. I . 

. .  I 

TABLE 7.-Showing old and new values of bench-marks on line 151 B F 
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22. Gandak Levelling.-The secondary levelling in the Gandak 
project area of BihBr ( see Chart I X  ) was carried out by four 
detachments to meet the requirements of the Gandak Irrigation 
Project. Detachment No. 4 consisted of two surveyors Messrs. 
Avinash Chandra and T. IC. Vishvanathan and 13 khuldsis, and 
detachment No. 5 consisted of two surveyors-Messrs. S. Muthukri- 
shnan and D. V. Verma and 13 khal6sis. The other two detach. 
ments were by No. 9 Party of Eastern Circle. 

( a ) Line I-PadrauwMuz~ffu.rp~~r.-After closing the line 
DiwBnganj-ILishanganj in ICosi area on type B bench-mark at 
Mahachanda on the 30th November 1949, detachment No. 4 moved 
over to Gandak area and after doing some check-levelling near 
Muzaffarpur commenced work from S.B.M. 221 PP/72 F on the 
9th December 1949. 

The instnlments used were Level No. 17783 Wild, Model No. 2 
and a pair of Commit.tee pattern staves Nos. 038 A and 038 B. 

The system of levelling followed was the same as for Kosi 
levelling described on page 35. 

The route followed was the motor road from Muxaffarpur to 
HBjipur, thence after crossing the river Gandak over O.T. Railway 
bridge across to Sonpur along the motor road to Raghunathpur 
via ChBpra and Gangapur Siswan where junction was effected with 
detachment No. 5 on type 'B '  bench-mark on the 18th February 
1950. 

Type 'B '  bench-marks were established a t  Icarhani, Bhagwin- 
pur, Sarai, Sonpur, Nayagaon, DighwBra, SBntha, MLnjhi Ghit, 
Gangapur Siswan and Raghunathpur and Type 'M' hench-marks at 
HBjipur and ChBpra. These were constructed according to Survey 
of India specilications under the directions of Superintending 
Engineer, Gandak Circle, Patna. 

Detachment No. 5 started check-levelling a t  Bagaha on 24th 
October 1949, connecting bench-marks Nos 62, 139, 140 PP, 141 and 
142172 A and the line continued up to east bank of river Gandak. 
But since the railway bridge over Gandak a t  this place was found 
wasbed away, the line had to be closed on an inscribed bench-mark 
on east bank, and the line started afresh from Chhitalini GhBt R.S. 
on west bank of Gandak. The bench-marka on the two banks could 
not be connected as the personnel available had no experience of 
levelling across rivers. I t  was, therefore, decided to continile the line 
to Padrauna where check-levelling was done again connecting 
bench-marb Nos. 88 to  92, 95, 96/63 N and 152172 B. The results 
of check-levelling are tabulated in Table 12. 

The results show that bench-marlts Nos. 89, 91, 92, 96 and 
98/63 N are in order and bench-marks Nos. 88, 90/63 N and 152172 B 
have beon disturbed. I t  was, therefore. decided to reduce the 
heights in terms of bench-mark No. 89/63 N. 

The instrument used was Zeiss Level No. 6733 Model No. 111 
with Invar ~taves Nos. 121 and 122. 
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Tlle line was continued from Padrauna to Raghunathpur along 
the motor road via Turlcapatti, Katea, Rhore, Mairwa and Darauli 

junction with detachment No. 4 a t  Raghunathpur type 'B' 
bench-mark. 

Type ' R ' bench-marks were established a t  Turkapatti, BhZgi- 
patti Jhil, ICat,ea, Chau Mukha, Bhore, Sirsia, Mairwa and Raghu- 
nathpur and type '&I' bench-marks at  Padrauna and Darauli. 
Theso were also constructed under the direction of the Superintend- 
ing Engineor, Gandalc Circle, Patna, according to Survey of India 
specifications. 

The discrepancy between the heights of type 'B'  bench- 
mark at  Raghunathpur obtainod independently by the two detach- 
ments was 0.632 feet. 

The total distance from Padrauna to Muzaffarpur is about 200 
miles and for purposes of computations and adjustment of error 
this portion of the lin3 has been treated its a single continuous line 
from Padrauna to Muzaffarpur and the portion Padrauna to 
Chhitauni GllBt R .  S. as a branch line. The closing error of 0.61 1 
feot, which is th3 excess of reduced height of S.R.M. No. 221 PP/7% F 
over its published height has been rlistributed proportionate to 
distance. 

For transport detachment No. 4 had to engage bullock carts 
and detachment KO. 5 had the use of a jeep, whlch the Puperin- 
tendlng Engineer, Gandak Circle Patna, very kindly placed a t  their 
disposal. Food stuff and vegetables, etc., could he procured without 
much difficulty in the area. 

The health of the detachmont was good throughout but for 
occasional cases of malaria. Few sporadic cues of cholera, plague 
and small pox were reported in the area and later these broke out in 
an epidemi'c form in some localities. All the precclutionery measures 
for appropriate inoculations of the personnel were taken in good time. 

( b ) IAnc 11-~Wuzuffarp~~r to Rcijipur.--After effecting junc- 
tion at  R.nghunathpur on Gandalc priority I line on 18th February 
1950, detnchments Nos. 4 and 5 moved over to priority I1 line to  
meet the requirements of the Gandalr Irrigation Project. 

Detachment No. 4 conimenced work from the standard bench- 
mark a t  Muzaffarpur on 25th February 19.50, the stability of which 
llaving been already ensured by check-levelling while working on 
priority I line. 

The route followed was the motor road from Muzafferpur to 
I'usa up to about the 12th mile stone and then ~outhwards along the 
oart-track to Shalcrn-Faridpur, thence along the road vie TLjpur- 
Sen~astipur and Narhan R.S. to Dalsing Sarai, where junotior~ wee 
effected with detachment No. 5 a t  type 'B '  benoh-mark on the 14th 
April 1960. 

Since the type 'B' benoh-marks a t  Tijpur end Nerhen end type 
'M'  e t  Semestipur had nob been constructed when the detaohment 
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pnssed wol.!r~ng t,hrough these places, the detachment had to proceed 
u ~ i t ~ l ~  the ~vorlc leaving three inscribecl bench-marks at  each of tllese 
places. After effecting junction wi th  det,achment No. A at Dahing 
Sarai each one of these permanent bench-marks was connected to 
t'he group of the three inscribed bench-marlrs of the main-line. 

These permanent bench-marlrs were constructed according to 
Survey of India specification under the direction of the Superin. 
tending Engineer, Gandalr Circle, Patna. 

Detachment No. A 'commenced worlr on the line from Type 'M' 
hench-nlarlt a t  HBjipur on the 28th February 1950 and worlring along 
unn~et~alled road from HQjipur to Ilalsing Sarai via Ridduplw, 
MehnBr, Baghra, Mohiuddim~gar and RQxidpur effected junction 
with detachment No. 4 on the 14th April 1950 at  type 'B'bench- 
mark a t  Dalsing Sarai. 

Type ' B '  bench-marlrs were established a t  Biddiipur, Mehnkr, 
Baghra, BBxidpur and Dalsing Sarai and type 'M' bench-mark at 
Mohiuddinnagar. 

After completing the line upto Dalsing Sarai, detachment No. 6 
moved over to Ramlcola to Commence work on line from Captainganj 
to Tribeni GhBt. 

For transport, biillock carts were used by detachment No. 4 
and the jeep with its trailer by detachment No. 5. 

Health of the detachments remained satisfactory. 

The closed circuit taken from standard bench-mark 221 PP/72 I? 
a t  Muzaffarpur to type 'M' bench-mark a t  HBjipur and from 
HBjipur to JfiizaiTarpur via Dalsing Sarai and Samastipur yielded an 
error of 0.069 feet in a distance of about 152 miles and this hw been 
distributed proportionate to the distance. 

Captainganj to Tribeni GhBt :-After effecting connection with 
detachment No. 4 a t  Dalsing Sarai detachment No. 5 proceeded to 
Captainganj and carried out further check-levelling on the old line 
151 B. Connection to the new type 'M' bench-mark was from 
3.M. No. 102/63N and levelling was carried forward to Tribeni Ghit. 

From Senduria to Mchlaul levelling was carried out exactly on 
the alignment of the canal and permanent marks such as culverts, 
wells have been chosen for bench-marks. From Nichlaul levelling 
was done cross country and only trees were available for making 
bench-marlw. The levelling closed on type 'M'  bench-mark at 
Tribeni GhBt on 10th .June 1950. 

For trmsport, tho detachment had to depend solely on bullock- 
carts. In Nepal, the non-availability of carts due to harvest time, 
and the non-existence of any roads except cart-tracks which were 
rendered unsafe for the movement of carts due to setting in of 
monsoon made camp shifting really difficult. 

The health of the deteohment wcls fairly good during the period. 
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( c ) Line 111 -9 line of levels from Dighwira to Bhlgipatti 
along the south-west hank of tho Gandak ww run by two detach- 
ments of 11 Party. 

The first detachment commenced work on 18th December 1960 
from the reference pillar of the new Type 'I3 ' bench-mark a t  Bhigi- 
patti on the Padrauna-Muzaffarpur's secondary levelling line 
described above. No check-levelling whq carried out a t  Rhigipatti 
as the bench-mark harl only recently been built and could not have 
heen disturbed. 

The instr~iments used were Watt pattern level No. 402 ( Cooke 
Troughton k Simms, Ltd ) and tertiar,~ levels No. C.T.S. 34307 
and Committee pattern wooden staves Nos. 06 B and 040 B. The 
system of levelling followed waa simultaneous double levelling, the 
discrepancy between the two levellers a t  any station being limited to 
0.007 feet. The maximum permissible discrepanoy between the 
middle wire reading and the mean of the three wire reaclings was 
0.003 feet. The length of the shot was kept within 7 chains. The 
route followed was the unmetdled road from BhBgipatti to Jtllalpur 
R.S., thence to GopBlganj via Saaamusa R.S. and then on the 
unmetalled road along the south-west bank of the Gandak to 
Sonwalia village where junction waa effected with the second 
detachment on 12th January 1950. 

The second detachment con~menced work from type 'B' 
bench-mark a t  Dighwira on the Padrauna-Muzaffarpur secondary 
levelling line on 10th December 1949. No check-levang was camed 
out as the bench-mark had only recently been built. Moreover a 
branch-line was run from Dighwira to connect the new Type ' R '  
bench-mark a t  Nayagaon on the Padralma-Muzaffarpur secondary 
levelling line. Working along the unmetalled road along the west 
hank of the Gandak via Smnaur the detachment effected junction 
with the detachment working from Bhiigipatti on 12th January 
1960 a t  Sonwaha village. 

The instruments used were tertiary levels Nos. C.T.S. 34236 
and 34252 and the staves were of Committee pattern, viz., Nos. 16 A 
and 16 B. 

The line yielded a closing error of+ 705 over a distance of 107 
miles and this haa heen distributed proportionate to distance. The 
probable accidental error computed from the,formula 04746 worh  AYJI . ,  

out to 0.0042 feet per mile. 
I n  addition to tho above lines a secondary levelling line from 

Hiijipur to Patjjrwa along the NE. bank of the Gandak is contem- 
plated to be run by Eastern Circle in 195&51. 

23. Height of Standard Bench-mark at Purnea.-The seoondery 
levelling carried out in the Rosi and Gandak areas described in 
parw 21 and 22 above, and the old levelling of 1934-36 between 
Bagaha and Diniijpur have been shown on Chart X . 

In the discussion of the results of the levelling carried out in 
1934-36 after the Bihiir earthquake in Geodetic Report, 1930, 
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Chapter VIII, i t  is concluded that the heights of Ragaha and Dinkj- 
pur mere not seriously disturbed by the 19R4 enrthqurtlco hut that in 
between perrnnnent bend-marlis had undergone sorioos changes of 
height as shown in the table below :- 

TABLE 8.-OH and new levelliny from Bngaha to Purnea 

A direct cokection of Bagaha and Purnea by the new secondary 
levelling which followed a different route from the 1934-36 one, 
would have afforded a very valuable check on the old levelling but 
this waa not possible. The iron bridge over the Gandalr near Bagoha 
wes found to have been washed away, so the levelling from Muzaffar- 
pur could only be taken to the south hank of the rirer opposite 
Begeha. 

Benoh-mark8 of the orlglnal levclllng 
that were connected durlng 

' the revlslomry opcratlons 

No. Irc; 1 mcrlptlon 

- 
On the eastern end levelling from Purnea could be carried only 

up to Harpur after the detachment had been In the field for about 
9 months anrl due to bad weather conditions it  became impossible to 
take any further observations. Consequently Herpur could not be 
oonnected to Muzaffarpur. 

e 6 
E B  

I I I mika ( I feet / feet I feet 

Revkion of par1 of line 71 ( Qorakhpur-Purnea ) 

14 
16 
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The following table gives the observed difference of height 
between Padrauna and Muzaffarpur and that between Harpur and 
Purnea by the new and old levellings :- 

Observed difference 
of height Differenae 

From 

and 1934-38 Sec. ( 8 - 4 )  ( 6-6 ) 
1930-31 levelling levelling 

-- 
1 2 6 7 8 

B.M. No. B.hI. No. 
BO/83 N at 221 ~ ~ 1 7 2  F 
Padrauna a t  Muzaffar- 

B.M. No. B.M. No. 
348 ~ ~ 1 7 2  0 136 ~ ~ 1 7 2  J 

The new levelling confirms the difference of height between 
Padrauna and Muzaffarpur as obtained by the 1934-36 levelling, but 
indicates a rise in the height of Purnea relative to Harpur T.S. As 
a resnlts of the 1934-36 levelling corrections of -0.712, - 1 928 and 
-0.633 feet were applied to the pre-earthquake heights of S.B.M. 
Muzaffarpur, Harpur T.R. and S.B.M. Purnea. The new levelling 
shows that these corrections were justified although the magnitude 
of the correction applied to the height of S.B.M. Purnea was possibly 
on the lower side. This, however, cannot be regarded as conclusive 
and for adjustment of the present secondary levelling the post 
earthquake height of the standard benc!l-mark a t  Purnea  ha^ been 
accepted. The check-levelling ( see Table 12 ) shows that inscribed 
bench-marks at  these places have maintained thoir heights relative 
to the permanent bench-marks since 1936. 

24. Narbada Levelling.Secondary levelling in Madhya Pra- 
desh wau carried out to provide height control for the Upper end 
Lower Narbada Division of C.W.I.N.C. in connection with different 
irrigation projects, the work being extra departmental and paid- 
for. 

Lines from Bir ( G.I.P. Rly. ) to village Chikdaria and horn 
Timurni ( G.I.P. Rly. ) to Makrai were run for the Lower N a r b d a  
Division, and line from Hoshangsbid to Jubbulpore was run for the 
Upper Narbada Division. 

One line of about 26 miles starting from Jubbulpore was run to 
connect Balliir H.S. to determine the error in the trigonornetriod 
height of this station. 



The levelling was carlied out by a cleta.chn~ent under Mr. S. N. 
Nandi ( Surveyor ), assi~ted by Mr. 3t. L. Sahdev ( Surveyor ) and 
13 khnZ(E9is which left 1)ehra Dfin on the 15th October 1949 and 
reached Bir on the 17th October. The work was started on the 
19th October from B.%1.146/55 R and closed on a new type 'B'  
bench-mark a t  Chilidaria on 8th November 1949. 

On the 11th November 1949 the detachment toolr up the 
levelling of the other branch-line from Timl~rni to Makrai. The 
work was commenced from B.31. S o .  1'3(i;55 F a t  Timurni and closed 
on a new type 'M'  bench-mark a t  Blakrai. 

The detachment then moved to HoshangtibLd and started work 
there on 13th Decenibcr 1049 from B.M. 87 PP1.55 F and closed on 
type 'M' B.M. No. 104155 M a t  Jubbulpore on 3rd June 1950. After 
doing some check-levelling a t  Juhbulpore, the levelling was carried 
to  Balltir H.S. This line was completed on 29th June 1950. After 
doing f i~r ther  check-levelling a t  Jubbulpore the detachment returned 
to Dehra Dhn on the 1 l t h  July 1950. 

Wild Level No. 21201, Model I1 and Committee pattern wooden 
staves Nos. 020 A and 020 R were med. 

The system of work was the same as ior the Kosi and Gandek 
area secondary levelling ( see paras 21 and 22 ). 

Route followed on the lines from Bir to Chilrdaria and Timurni 
t o  Makrai was mainly cad-tracks and foot-paths. The country was 
on the whole undulating and very often the route lay t,hrough jungle 
and long grass. Several small streams had also to be crossed on the 
wey. Means of transport throughout were bullock-carts. 

The route followed from HoshangiibBd to  Jubbulpore wns along 
tbe old Bombay road which was in a motorable condition up to 
Narsinghpur but from there onwards the roar1 was in a very bad 
condition with bridges and culverts in many cases brolten and rive;: 
Narbada, Dudhi and others being unbritlged. The country was 
the whole plain. 

The route followed from Jubbulpore to  Balltir H.S. waa along 
the metalled road leading to  Mandla. The major portion of this line 
was through hills. Means of transport were bulloclc-carts up to the 
middle of January 1950 after which the detachment secured a motor 
vehicle with driver from the Executive Engineer, Upper Sarhada 
Division C.W.I.N.C., Jubbulpore. 

Connections were nia,de to Reodiya H.S. and Anjania Khurd 
H.S. in sheet 56 B and to Balliir H.S. in sheet 64 B. I n  addition to 
connecting the various Type ' R '  and 'M'  bench-marks which had 
been construcbed by the C.W.I.N.C., the detachment inscribed a 
number of bench-marks on railway or road culverts, bridges and 
other euitable places. Connection wa.3 also made to R.M. xo. 
!288/66 F a t  railway bridge over Tewa River of the levelling line 
carried out in 1948-49. 
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The area is highly malarious and the members of the detachment 
including the levellers were often laid down with fever. In  the first 
two or three months the 1:halrisis were constantly attacked by 
malaria and at  one tirue the whole or the squad was laid down. The 
progress of the detachment suffered much on account of this, as the 
local coolies mere not able to hold the staves or run the chain pro- 
perly. Imrueiliate relief could not be given to the sick persons aa 
the detachment was poorly equipped with medicines. Sick persons 
were, however, promptly sent to Government dispensaries wherever 
they were available. 

The closing error of levelling a t  Jubbulpore ( S.B.M. 104155 M ) 
with the starting datum a t  Hosl~angihBd ( B.M. 87 PP/55 F ) was 
-0.2G2 feet in a distance of 168 miles. For the sake of adjustment 
the main-line has been hrokenup into two parts, vlz., HoshangBbM- 
Semri-ItLrsi and Somri-Jubbulpore. 

A s m d  circuit composed partly of this year's and partly last 
year's aeoondary levelling ( HoshangihBdSemri-ItLmi-Hmhang- 
&bid ) is also formed. This has a closing error of -0.111 feet in 
51 miles. This hm been adjusted first taking the portion Hoshang- 
BbBd-Itirsi a3 unchanged. An error of -0.3 feet in 142 miles has 
then been adjusted in the main-line from Sernri to Jubbulpore. 

25. Height Control for Bargi Dam Project.-In order to  provide 
planirnetric and height control for the Bargi Dam Project surveys 
No. 1 Party carried out some triangulation in 1948-49. During the 
course of this triangulation heights of a number of stations were 
refixed. The new heights showed considerable clifferences fiom 
their old values. The difference, ( new-old ), ranged from + 16 to 
+ 37 feet. Both the new and the old heights were examined. It 
was found that whereas the new heights by No. 1 Party were closely 
in terms of spirib-levellcd values, tho computation of old heigbte 
( of 1873-74 and 1917-18 ) u7ere fa~dty. On recomputation of the 
old heights the differences between the new and old values were 
considerably reduced to an average of about 13 feet. It wtls 
~ t i m a t o d  that the recomp~ited old heights required to be increased 
by about 6 feet in order to bring them into terms of spirit-levelled 
values, thus reducing the discrepancy to 7 feet. 

To confirm that the old heights which were in toms of the 
G.T. stations KotBLi H.S., Rnnori H.S., Kfistcrn Bare H.S. end Ballkr 
H.S. did require an increase of about 6 foet, e line of levelling wes 
run from Jubbulpore Lo RallBr H.S. The height of Bellkr H.S. 
hy spirit-levelling has been found to be greater than its trigonometri- 
cal value by 5 feet. The nverage discrepenoy between the old end 
new heights is now 8 feet, a greater part of whioh is to be attributed 
to the old heights. The results ere tabulated below. 
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26. Kandla Levelling.4econdary levelling in Kutch wns 
carried out for the following purposes :- 

( i ) To provide height control for tertiary levelling and 
triangulation carried out in the area by units of the 
Southern Circle, Survey of India, 

( ii ) To provide bench-marlrs of reference to the tide-gauges, 

and ( iii ) To provide height datums for the hydrographic Survey 
of Lalres for taking down water by pipes to Kandla 
port. 

The entire job was carried out a t  the request of the Development 
Co~nmissioner for the Port of Kanclla and was paid for by him. 

A detachment under Mr. C. L. Puri ( Surveyor ) assisted by 8 

computer and 13 khafisis left Dehra Dfin on the 10th October 1949. 
After a month the computer fell sick and wa9 replaced by Mr. S. K .  
Bose ( Surveyor ). 

The portion of old level line No. 104 ( Viramgim to Tatta ) of 
1874 from B.M. No. 54/41 I ( type C )  a t  Lunwa village to B.M. 
NO. 64/41 I ( type B ) a t  Anjiir was first revised. The work 
commenced on 20th October 1949 and after connecting old bench- 
marks Nos. 68, 69, 60, 61, 62, 63 of sheet 41 I it  was completed on 
30th October 1,949. The results are given in Table 9 and show 
that except for bench-mark No. 58/41 I the heights of the rest of the 
bench-marks did not undergo any change. 
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TABLE 9.--Old and new levelling between Lunwa and AnjCr 

Levelling was then started from B.M. No. 8 a t  Bhimkar on 
1st November 1949 and was clo3ed on B.M. No. 64/41 I at AnjLr on 
3rd December 1949. During the course of this levelling trigono- 
metrical stations Rohar Miti s. Sllinaya No. 1 H.S., Shinaya 
No. 2 ha., Antarjkl NE. s. and Naransar s. were connected. A 
small branch-line WIM run to connect AnjLr Fort 8. 

After that a line wm started from B.M. No. 22 a t  AntbjLl on 
4th Deoember 1949 and was closed on B.M. No. 16 a t  Galpadar 
on 20th December 1949. The trigonometrical station conneoted by 
this line were Barapur Tower s., Kirnia 8. and KhLri Rohar S. 

Again allother line was commenced from B.M. No. 49 near 
WLri Rohar on 11th January 1950 and was closed on e. B.M. 
a t  IUlori creek near the Kllori creok tide-pole on 26th January 
1060. Threo 'type B' reference bench-marks for tide-gauges a t  
Kandla were also conneoted by this line. 

Before closing the work bome more l e v d h g  wea o d e d  out h 
provide height datums for hydrogaphio survey of the lakw. 

Unadjusted 
ortho- 
metrio 
height 
by new 

levelling 
1949-50 --- 

feel 

. .  

70.931 

93.827 

98.033 
111~335 
130.415 

140.024 

304~078 

208.010 

194:004 

220.738 

38i:011 

DiN. 
Old 

minw 
new 

feel 

+0.345 

-0,021 

-0.034 
-0.037 
-0.037 

-0.030 

-0.006 

-0.030 

0:000 

+0.006 

+0:019 

Height 
by old 

levelling 
published 

1874 

feel 

14l.110 

77.270 

93.806 

98.599 
111.098 
130.378 

139.988 

204.671 

204.980 

195.687 
194.004 

229.743 

392.008 
382.030 

1 
Height 

accepted 

feel 

. . 
70,029 

93.800 

98.590 
111,008 
130,378 

139.088 

2CM.071 

204.980 

1941804 

220.743 

382:030 

No. of 
Bench- 
mark 

54/41 I 

68/41 I 

59/41 I 

80/41 I 
01/41 I 
83/41 I 

63/41 I 
04/41 I 

09/41 E 

08/41 E 
08/41 E 

MI41 E 

68/41 E 
67/41 E 

Remarks 

Intact. 

Disturbed. 

Intact. 

,, 
,. 
,, 

,, 

,. 
Intaot. 

Intact. 

.. 
~ n t a o t .  

Briof devcription 

Onrock (Type C )  a t  
Lunwa 

G.T.S. ( Type B ) 
c O +  Paaura . .  

A.D. 1974 
On plinth of Satti . . 

On culvert . 
Plinth ortemple . . 
Parapet of well . . 
On culvert . . 
Q.T.S. ( Type B ) at  
en -. Anjir . . 
A.D. 1974 
Type ' B '  at  Chind. 
roda . . 

On rook . . 
G.T.S. On rock . . - 0 -  
A.D. 1874 
On rook . . 
On rook at  Ratnil . . 
On rook . . 
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For this purpose one line was started from AnjBr on 20th 
December 1949 from B.M. No. 64/41 I and was closed on 10th 
January 1950 on B.M. No. 64/41 I and another line was started 
from R.M. No. 64/41 I on 27th January 1950 and was closed on 
B.M. No. 107 PP/41E on 10th March 1 9 ~ 0 .  

Some 'type B '  and rock-cut old bench-marks were connected 
in this line. 

Table 10 give the heights of all the triangulation stations and 
other permanent bench-marks connected during the course of the 
levelling described above. 

TABLE 10.-Heights of triangulation stations and other 
permanent marks in  Kutch connected by secondary levelling 

aee leter replaced b y  level No. SO34318 ( due to the exb of the 
former beooming loocle and Invar stavea No. 31, 32. 

1929-50 
Obser. 
ver's 

No. of 
banoh- 
murk 

271.4 
301.4 
60 

64 
6 i  
88 

88 
05 

104 

139 
149 
167 

46/B 
48 
50 

11/X 
12 
l8/A 

ElB 
3418 

13711 

Level 

Brief description 

Overjeer bungnlo~v.. 
At hloghpur . . 
Type 'B' a t  Viri . . 
Type 'B' a t  Khedoi 
Type 'B' a t  3Iathoda 
Type 'B'  a t  Chind- 
rode . . 

Type 'B'  a t  Sntepur 
Type 'B' a t  Taper 
Type 'B' Dudhai . . 
Type 'B' a t  Jbumn 
Type '8' a t  Lodoi 
Type 'B' a t  Rudar 
Mate . . 

Barapnr tower a. 
Kirnia a. 
Khan Rohar 8. 

Miti R o h r  s. 
Nanrnaar . . 
Anterjil NE. a. 

Shinaye No. 1 H.S. 
Shinaya No. 2 h.s. 
AnjC Fort 8 .  

f inran  H.S. 

No. 1633 Model 

Ohser- 
ver.8 

No. of 
benoh- 
mark 

39/A 

45/H 

471A 

53/A 

M/A 

65 

68 
57 
68 

85 

6l/A 

l l / A  

l l / Z  

1618 
P / A  

P I C  
a i / a  
22 

The 

Height 
above 
Y.S.L. 

far 
158.561 
145.674 
227.787 

257.798 
279.920 

204.980 

105.497 
118.413 
133.554 

151.259 
118.150 

98.768 

75,895 
22.819 
30.011 

70.001 
07.796 
05.693 

216.726 
185.010 
208.300 

824.073 

I1 which 

Brief deaoription 

G.T.S. (Type B ) 
a t  Wema- 

B.U. 1949 medi . . 
0 mark on oon- 

oreta near 
Tekra tide- 
pole . . 

Type 'B'  a t  Kidsnu 

Type 'B' on Kundla 
mad 

~ y p e  'B' on &dl; 
rood .. 

T e'B'atDharam- 
s a  Kandla . . 

Type 'B'  a t  Kandla 
Type 'B 'a t  Kandla 
B a g  a t  Jetty . . 
Top of iron near 
Khori a y k  

Typ 'B a t  ~ h d i  
Rober . . 
Type 'B' a t  l o r r e -  
der .. 

T y p  'B' a t  Mti 
R o h v  

Typ;~ ' , . t~a l~ad; ;  
Type B a t  Kandla 

T y p e ' B ' a t h d l e  
A t  pipe htarjn . . 
O n m L  .. 

Instrument used 

in 

Height 
above 
M.S.L. 
-- 
Iecl 

110.638 

10.208 
57,085 

7.378 

8.489 

10.939 

11.601 
11.779 
14.285 

11.257 

29.060 

89,605 

28.800 
02.180 
87.803 

62.386 
m . 6 0  
87.760 

we3 Zeiss 
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The levelling was carried out in fore and back tlirections by 
&mile sections as for Kosi levelling described in para 2 1. Strong 
breeze generally interfered with the xrork. 

The area of levelling was heterogeneous nlisture of topographical 
details being marshy, sandy, Ililly, plain and undulating places. 

For transport, bullock-carts were used cscept where railways 
could be made use of for shifting camps. 

Difficulty was experienced in connecting the tide-pole*. Several 
creeks had to be crossed and the line had to be taken through the 
swampy rann. The work, in marshy areas could only be done at  
low tide and connections to tide-pole a t  neap tide periods, which 
resulted in some loss of time. 

Health of the detachment was not good. One of the officers 
suffered from the attack of typhoid for about a month towards the 
end of the field. 

27. Levelling in Navi Wat and Navlakhi Areas.--Secondary 
levelling in these areas wrts carried out ( i ) to establish reference 
bench-marks for tide-gauges and ( ii ) for connecting the zero of the 
tide-poles fixed in Navi Wat and Navlakhi. 

A detachment consisting of Mr. G.  S. Tonk ( Surveyor ), one 
computer and 10 k m w  reached Vkndhia on 5th March 1950 and 
after doing check-levelling between VBndhia and Shikzrpur com- 
menced work from B.M. 43/41 I a t  Vkndhia. The levelling closed 
on a new bench-mark built a t  Navi Wat consisting of a 2-inch thick 
stone slab, 12 inches by 8 inches, embedded on top of a masonry 
pillar 3 feet squaro and 14 feet high. The whole rests on 8 cement 
concrete foundation 2 feet deep. 

After colnpleting the branch-line to Navi Wat, check-levelling 
wa.. again carried out between VBndhia and Amliira as the check- 
levelling to ShikBrpur was not quite satisfactory. 

The orthometrio heights of the bench-mark of reference and of 
the zero of the tide-pole a t  Navi Wat are as followa :- 

1. G.T.S. 
0 embedded a t  Nevi Wet, +lo-163 feel 

B.M. 
2. Zero of the tide-pole a t  Nevi Wet -14.011 ,, 

Mr. G. S. Tonk then returned to Debra Dfin. He wee replaced 
by Mr. S. K. Bose ( Surveyor ). The detachment then proceeded to 
Nevlekhi erea. 

At Navlakhi 3 'type B' bench-marks had been constmoted ~hs 

bench-mrtrks of reference for the tid+pole them. Connections were 
effected to these as well as to an old tide-pole etteohed to peeclenger 
jetty after cheok-levelling from Dudhie to Jhijhura. 
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The heigl~ts of these bench-marks and the zero of the tide-pole 
are given below :- 

I .  Bench-mark Type 'B'  near Passenger Jetty 10.662 feet 
3. ,, a t  Post office 11.231 ,, 
3. .. a t  Port office 
4. Zero oftide-pdie attached to p;ssengor 

Jetty -14.798 ,, 
The instmments used for levelling in the Navi Wat area were 

Zeiss level No. SO 34509 Model I1 and wooden staves Nos. OllA and 
OllB and those used in Navlakhi levelling were Zeiss level No. 
SO 34318 Model and invar staves Nos. 30 and 31. 

The levelling was done in both the foro and back directions by 
the same observer. Every endeavour was made that the back 
levelling was done in the evoning for sections which mere observed in 
the morning and vice versa. 

The line from VPndhia to Navi Wat was carried along the cart- 
track up to Janghi Dok bungalow and thence along the marshes and 
small creeks ( the banks of which were dangerously slippery and the 
orossing of which w8s only possible during neap tides ) to Navi Wet. 
The line from Jhijhura to Navlakhi was carried through the fields 
up to Lavanpur and thence along the railway line up to Navlakhi. 
The area was plain. 

For transport, bullock-carts were generally employed. Country 
craft and ordinary boats were also used. 

The health of the detachment was good. 
28. Progress of New Level Net.-The levelling under report has 

added 27 miles of complete levelling ( both directions ) end about 
654 miles in one direction only to the total mileage of the new high 
precision level net. 

Out of an estimated totnl of 16,900 miles, the total mileage of 
this level net completed to date is 11781 miles. 
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T A B L E  11.-Tabular stutement of out-turn of work, season 1949-50 
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TABLE 11.-Tab~~lar statement of out-twn of ~rqork. 
senso?t 1 , 9 4 9 - 5 0 . 4  contcl. \ 
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TABLE 12.-Check-levelling 

Discrepancies between the  old and new heights of  bench-marks. 

I At Calcuttu on line No. 74 B I 

chwk-levelllo# 

levelling 

1 I ( m'b  I I Id I 1-1 I fed 
At BildZsore a line No. 121 

70 B At Celoutts Mint 1947-48 0 000 0,000 0.000 h: I . l o w e  ::I::: I .. 1- 0:2621- 0 ~ 2 6 8 ~ + 0 ~ 0 @ 4 ~  

78 
138 
140 
02 

1 136 

I At KEruxir on line No. 129 I 

1938-40 
,, .. .. 
,, .. 
,, 

902 
901 
990 
089 
988 
364 
388 

48 M Embedded a t  Hubli 0.0 I i 1 :: 1 Munioipal On hoepital borough.. Eooring 0.2 0.3 I "OF I+ + 18.186 1"g I+ + 18.157 I-::% -0.008 I 

0.0 
0.0 
0.1 
1.0 
1.1 
1.3 
2.2 

73 K 
, 
,, 
, ., .. 
,, 

;; .. 
,, 
, 
, 
, 
,, 

I I .  

At Visagapatam on line No. 126 
8 ,  I 

0.000 
+0.001 
-0.014 
-0.008 
-0.000 
+ O . W  
+0.064 

0.000 
- 2,087 
- 4.138 
+ 14,436 + 18.174 + 17,222 
- 0.217 

S.B.M.atBilhore . . 
On stone . . 
On veranda . . 
Embedded B.M. . . 
On I.B. veranda . . 
On parapet . . 
In  S.D.O.'s OWce .. 

1 

48 
49 

0.000 - 2.080 - 4.152 + 14.427 + 18.185 + 17.229 
- 0.163 

strand ware-iouse.. 
At M.M. Office . .  
Abdul Ghani Fort . 
Nortb B m k ' s s t e t u e  
Canning's statue . . 
Outrsm'e statue . . 
S.B.M. a t  D.E.C.'e 

Offim . . 

At Hubli on line No. 129 

48 5 

, .. 
Embedded a t  Kk- 

wir  . . 
On aapetone .. 
On granite . . 

72 
73 
74 
78 
71 

0.3 
0.7 
0.8 
1.6 
1.8 
2.8 

3.2 

1888.87 
, 
, 

0.0 
0.0 
0.6 

86 0 .. .. .. 
, 

;; 
, 
, .. 
, .. 
., 

0.000 
- 4.707 - 3.087 

Plinth . . 
Plinth . . 
Floor . . 
TYP(C)  . . 
S.B.M.(P) .. 

+ 1.968 + 3.668 
+ 0.762 
+ 8,043 
+ 3.871 
+ 2.872 

+ 2,104 

0,000 - 4.028 
- 3.072 

0.000 
-0.101 
-0.006 

0.00 
0.60 
0.34 
0.01 
0.34 

+ 1.063 + 3.664 
+ 0.742 + 8,029 + 3.864 + 2.889 

+ 2.004 

L0.003 
-0.014 
-0.010 
-0.014 
-0.017 
-0.003 

-0.010 

1900-10 
,. .. 
,. .. 

0.000 
+ 10.236 
+ 2.673 + 3.478 + 2.323 

0.000 + 10.272 + 2.836 + 3.681 + 2.404 

0.000 
+0.037 
+0.082 
+0.083 
+0.081 
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TABLE 1 2.-Check-levelling.-( contd. ) 

Discrepancies between the old and new heights of bench-marks. 

I 
Bench-mnrka of the oridosl levelllns 

that were conn~cted for 
check.levelUng 

I 

2 Oharrvcd helnht above (+)orbelor 

determlncd by 

- 

I At Viziunagram on line No. 126 I 

At Raipur on line No. 118 

Stone .. 
Furlong stone . . . 

.. 
%ring .. 
Bridge .. 
Culvert .. 
Iron bolt .. 
Stone prinm . . 
Stone prism . . 
S.B.M. ( Type M ) . . 
Bridge .. 
Bridge . . 

0.00 
0.40 
0.03 
0.73 
0.03 
1.24 
1.41 
1.41 
1.41 
1.41 
0.00 
0.09 

180 
170 ( 4 3 )  
178 (79) 
177 ( 4 5 )  
175 (46)  
I76 (77)  
170 
114 (76) 
171 
237 
48 

173 ( 7 6 )  
I72 (73) 

84 G 
, 
,. 
,. 
,. 
,, 
P. 

1: 
., 
, 
,. 
,, 

At Kishanganj on line No.  76 A 

Bridge . . 
Coping of platform 
Culvert . . 
Pavement . .  
Step . . 
Step .. 
step .. 

. . 
E F e r t  . . 
Culvert .. 
Stone .. 
S.B.M. . . 
Culvert . . 

28 
28 
27 
30 

113 
114 

116 

0.00 
0.21 
0.46 
1.18 
1.00 
1.00 
1.84 
2.01 
2.24 
3.20 
3.36 
3.81 
4.34 

( 0 a h . d  ) 

I O N  
,, .. 

7i'0 
,, 

.. 

1935.36 
1937-38 

,, 
,, .. .. 
,, 
,, 
, 
, 
, .. .. 

Rly. bridge . . 
Rly. bridge . . 
Rly. bridge . . 
Rly. bridge . . 
Rly. bridp . . 
Embedded a t  KanLi 

R.8. . . 
My. hridga .. 

0,000 + 1.747 
- 12.004 + 10.120 
+ 16.204 + 17.024 + 17.011 + 25.744 + 20.300 
+ 21.161 
+ 24,320 
+ 40,544 + 40.973 

0,000 
+ 5.784 
+ 3.720 
- 0.203 
- 7.678 

- 7.7@3 
- 11.340 

0.00 
2.90 
3.78 
2.75 
3.84 

4.04 
6.13 

0.000 
+ 1.743 
- 12.014 
f 10.110 
+ 15,286 + 17.013 + 10.987 + 26.700 + 20.169 + 21.001 

1888-1800 

, .. 
., .. 
,, .. 

0.000 + 6,748 + 4.320 - 8,160 - 7.578 

- ' 7.852 
- 11.848 

0,000 
-0.004 
-0.010 
-0,004 
-0.008 
-0.011 
-0,024 
+0.022 
-0.137 
-0.090 

0.000 
-0.030 
+0.694 
+0,0M 
+0.001 

-0,148 
-0,209 

+ 24,310 0.001 
I+ 40.480 (I0.084 
+ 41.020 .+0,047 

I 
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TABLE 12.4heck-levelling.-( contd. ) 

Discrepancies between the old and new heights of bench-marks. 

I '  

check-IeveUlng 

I I I m i b  I I fur I fed I 
At Purnea on line No. 151 B 

0.000 + 1.089 - 1.777 

+ 4.681 
+ 3,860 

1934.38 .. 
., 

,, 
., 

0.00 
0.38 
1.38 

3.45 
3.79 

0.000 
+0.009 
-0.007 

+0.014 
t0 .016 

At Hurpur on line No. 151 B 

0.000 + 1,080 
- 1.770 

+ 4.587 + 3.843 

S.B.M. at  Purnea . . 
Culvert .. 
Culvert . . 
Embedded a t  Purnen 

R.S. . . 
Bridge . . 

348 PP 
347 
348 
344 

345 
- 

138 PP 

134 
133 
131 
130 
129 
128 
127 
138 

72 0 .. 
,. 
., 

, 

72 J 

,. 
,, 
,. 
, 
,, 
,, 
,, 
, 

At Diwanganj on line NO. 151 B 

0.000 
+0~001 
+0.038 
+0.103 
f0.134 
+0,861 
+0.038 
-0.425 
+0.108 

Mark atone of H1- 
pur T.S. . . 

In temple . . 
00 step . . 
On oulvert .. 
On bridge . . 
On milestone . . 
In temple . . 
On well . . 
On bridge . . 

1934-36 
., 
,, . . 
, 
,. 
, 
,, 
,, .. 

0.00 
0.44 
2.81 
3.94 
6.26 
6.98 
7.29 
7.88 
6.25 

59 
68 
97 
95 
93 

0.000 + 2.200 + 3.108 + 4,328 + 6.202 

0.000 + 2,288 + 2.888 + 2.832 + 0.808 + 3.311 + 7.449 + 0,806 + 0.813 

0.00 
0.63 
3.78 
4.43 
6.96 

At Mwffurpur on line No. 151 B 

0.000 + 2.289 + 2.724 + 2.935 + 0.940 + 4.162 + 7.485 
+ 0.380 + 0.921 

1934-38 .. 
,, 
, 
, 

0.000 + 2.310 + 3.113 + 4.309 + 6.057 

72 J 

7 i ' ~  .. 
, 

0.000 
+0,020 
+0,006 
-0.010 
-0.146 

On atone . . 
On well . . 
On well .. 
On weU .. 
On well . . 

( C o n h d )  

0.00 
0.14 
0.22 
1.41 
0.03 
0.40 
1.10 
1.30 
2.10 
3.24 
4.39 

S.B.M. . . 
Stoneatep . . 
S t o n e ~ t e p  . . 
Bridge . . 
Plinth . . 
Stone sect . . 
Bridp  . . 
Culvert . . 
Cld~ert . . 
cdmrt . . 
Culvert . . 

221 PP 
222 
223 
224 
920 
209 
210 
207 
203 
202 
201 

72 F 
., .. 
, .. 
,. 
, .. .. .. . .. 

1934-38 
, 
., 
,, 
, 
,, . .. .. .. .. 

0.000 - 0.989 - 2.147 + 0.091 - 1.887 + 3.830 + 0.093 - 1.402 - 1.023 - 1.174 - 4.641 

0.000 - 0.006 - 2.170 + 0.096 
- 1.808 + 3.768 - 0.068 - 1.479 - 1.041 - 1.210 - 4.036 

0.000 
-0.000 
-0.023 
+O.Obl 
-0.009 
-0.072 
-0.151 
-0.017 
-0.018 
-0.036 
-0.086 
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TABLE 12.-Check-levelling.-( contd. ) 

Discrepancies between the old and new heights of bench-marks. 

i r r e  

Bcnch-marks or the orlglnnl levelling 
that were connected for 

chcck-lcvclllog 

- .- 

I I 
- . - - .- - I miles I I feel / feet 1 jeet 

At ~adrauna on line No. 151 B I 

Bridge . .I 2.73 

. . 

. . 
Bridge . . 
Plinth . . 
Culvert . . 
Culvert . . 
Well . .  

At Captainganj on line No. 151 B 

0.00 
1.01 
2.35 
3.08 
7.70 
8.74 
1.18 

02 1 83 N 1 Culvert 
Well 
Culvert 
Bridge 
Bridge 
Bridge 
Culvert 

At Jubbulpore on line No.  60 A 

0.00  
0.28 
0.46 

1.48 
0.70 
0.70 
0.20 
1.75 
4.40 
8.66 
2.21 
3.40 
6.61 
7.43 
0.70 

66 M 

, .. .. 
.. 
., .. 
,, .. 
,, .. 
,, 
,, 

GA 

( Type B ) at Jobbul- 
pore .. 

R.M.9. ofice .. 
Incourt .. 
( Type M ) at Jubbul- 

Pore . .  
On plinth .. 
In cirouit h o w  . . 
On plntform . . 
In Cmtt. board ofice 
On bridge .. 
On oulvexb .. 
On perepeb . . 
On parapet . . 
On parspet . . 
Onperspnt . .  
Onpsrspot .. 



TABLE 12.4heck-levelliq?.-( contd. ) 

Discrepancies between the old ancl new heights of bench-marks. 
I 392 a 

.--d 
Bench-murk8 or the arlainnl levelling 

t b t  were connected Tor 
check-levelling 

- --. - - - - - .- 

NO. Denme / De.crlptlon 1 nheet , 
- - - - -- -- 

I At Tawa River Bridge on 1 i n e ' ~ o .  115 A 

65 F On bridge 0.000 0.000 I;! On On culvert bridge i!! 1 lg4q;_ 2:'" 1- 43732 (+o.m 
8.327 - 6.318 +0.000 

I At HoahangdbCd on line No. 115 

S.B.M. 
Supplementary 

mark 
Supplementary 

mark 

;:",sing 
Flooring 
Plinth 
Plinth 

Bir on line No. 115 

I I 

At Timurni on line No. 115 A 
I I I I I I I 

107 
106 
196 
194 
103 

55 F 

6 ; ~  
,, 
, 

Culvert 0.00 
Flooring ::I 0.60 

104840 .. ,. 
, .. 

Coping . . 
C~~lver t  . . 
Culvert . . 

0.06 
0.60 
0.60 

0.000 + 13.389 + 13.169 + 18,017 + 28.788 

0.000 + 13.301 + 13.374 + 18.031 + 28.760 

0,000 
+0.007 
+0.216 
+0.014 
+0.022 
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TABLE 12.4heck-levelling.-( concld. ) 

Discrepancies between the old and new heights of bench-marks. 

I 
I '  ' . - '- I -  

At Dudhai on line No. 104 

Beoch-marks of tlle orlSlnol IevelUng 
that were connected for 

oheek-levelling 

148 41 J Type B . . 0.00 1921-24 1 0.000 0,000 0.000 
32.728 - 32.863 -0.127 1 ( : 1 g B  1 :  :::: 1 :: 11 38.747 1- 36.781 l-o.034 1 

At Vdndhia on line No. 104 

43 41 I S b p  . . 0.00 1021.24 0.000 0~000 0,000 
26.608 - 26,408 t0.008 

" 46 1 1 :E 1 1: 1; 18.439 1- 18,401 lt0.038 

I I I m i h  I I feet I fret I 
I At Lunzua-AnjZr on line No. 104 

1921-24 
, 
, 
, 
, 
,, 
,, 
, 

M 
58 
50 
60 
81 
82 
83 
84 

-=a. s--= 
c3-m 

9 :E;j 
?Barn- -4 

Olrsarved hcl ht above (+) or below g, ( - )  stnrtfng bench-mark as 

Rook (Type C )  . .  
Slob (Type B ) . . 
Plinth . . 
Culvert . . 
Temple . . 
Well . . 
Culvert . . 
Stone slsb . . 

411 
,. 
,, 
,, 
., 
, 
, 
, 

E 5 2 0 f;: e l  

0.00 
4.39 
9.04 

13.04 
14.10 
18.13 
7 
10.61 

At Ratmil on line No. I04 

deterrulnerl by 

0,000 
-0.350 
+0.010 
+0.019 
t0.021 
+0.019 
+0,011 
-0.010 

0,000 
- 63.839 
- 47.304 
- 42.608 
- 30.007 
- 10.726 
- 1.111 + 63.572 

60 41 E 
57 I .. 

0.000 
- 84.180 - 47.294 - 42.489 
- 29.988 - 10,707 - 1.097 + 83.6% 

Rook . . 0.00 1921-'& 0.000 0.000 
Rook . . 6 3  1 ,. I- 10.030 1- 10.067 

0.000 
-0,018 
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TABLE 1 %-List of t r ia~ulat ion sltations connected by spirit-levelling; 
secl~on 1949-50 
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TABLE 13.-List of trianguhtion stations connected by ~ p i r i t - l ~ ~ ~ l l i ~ ,  

R s u n s s  

Hcight refers b 
0 cut on mark. 
stone o kt 
above ground 
level mark. 

S.L. height relera 
to O mark 
whom height 
above ground 
level mark. 
atone could not 
be aseertuined. 

Tri . height 
refers to opper 
mark.stone. 

Height relem b 
0 out on 

mark-stone I4  
feet below the 
top of the 
aquare tower. 

Upper merk. 

Upper mark. 

Upper mart 
stone. 

Upper mark. 

Lower mark. 

upper mark. 

seaon 194940-( concld. ) 

1 I Height above 
Degree 

Difference 
Name of station --- 

(Lev. -Trian.) 
Spirie Trian. 

levelling gulation 
-- I l l  
72 N 

72 N 

72 0 

66 B 

65 B 

04 B 

44 E 

41 1 

41 I 

Musaldenge T.S. 

LB~.  26 ii  oi.80 
Long. 87 42 33.81 

Manikpur T.S. 

h t .  26 ii  li.49 
Long. 87 21 13.43 

Mohania T.S. 

h t .  26 d 4.44 
Long. 87 08 27.70 

Bs6diya H.S. 

~ g t .  29 oi 4i.m 
Long. 76 28 24.37 

Anjinia Khwd H.S. 

LB~. 25 ii 15.74 
hug.  76 26 28.48 

Ballir H.S. 

rst. 25 66 2i.68 
Long. 80 10 38.62 

Jhuran H.S. 

LB~.  230 2i 3i.01 
Long. 60 60 0.25 

Sbinsya No. 1 H.S. 

~ e t .  230 oi 5.44 
Long. 70 01 67.32 

Shinaye No. 2 h.8. 

~ t .  2; oi 4.82 
Long. 70 03 41.08 

J& 
170 

103 

161 

1047 

058 

2135 

624 

216 

100 

J.C~ I 
172 

204 

163 

1047 

067 

2130 

826 

219 

180 

feet 

- 2 

- 11 

- 2 

0 

+ 2 

+ 6 

- 2 

- 3 

- 3 



GRAVITY 

29. Summary.-Gravity reductions for all the 77 gravimeter 
stations a t  approximately 10-mile interval3 established in Madhya 
Pradesh area mentioned in the last year's report, were carried out 
and gravity anomalies have been derived on the varioiis hppotheses 
of Hayford's Co~npensation and Heiskanen's Regional Compensa- 
tion. 

In addition to the above, re-observations were made a t  the five 
gravity stations established by Dr. G. P.  Woollard as part of his 
World net a t  Delhi in January 1949 ( see Technical Report 1948-49, 
Part 111, Chapter 111, para 24 ). 

30. value of g at Pdam Airport.-In January 1949 Dr. G. P. 
Woollard established five stations a t  Delhi with Worden gravimeter. 
These stations were also occupied by the Survey of India with the 
Frost gravimeter to tie them up with Dehra Diin. The results 
were as follows :- 

Place 
Values of y Values of g 

by Frost by Worden 
gravimeter gravimeter 

Willingdon Air Port . . 979.1369 979 -1352 
Imperial Hotel . . . . el363 ,el364 
Surveyor General's Office . . -1468 -1469 
Palam Road Junction . . .I317 -1320 
Palam Air Port . . . . 979.1321 979.1424 

It will be seen that there is good agreement between the Frost 
and R-orden gravimeter values at  all stationa except a t  Palam Air 
Port, where there is a large difference of 10 mgals between the two 
instruments. 

In  order to find out the reason for this diaorepancy, all the five 
stations were re-occupied in August 1949 with the Frost gravimeter. 
The instrument reproduced its original values and it appoanr certain 
that the discrepancy is due to a booking error in the Worden gmvi- 
meter readings. 

The repeat obsemations were carried out by Mr. S. Vaikunta- 
nathan ( Class I1 ) under the peraonal supervision of tho Director, 
Geodetio and Training Circle &om 24th to 29th Auguat 1949. 



64 TECHNICAL REPORT [ PART m, 1949-50 

31. Reduction and interpretation of gravity anomalies in the 
Nagpur area.-Gravity reductions for all the stations observed with 
the Frost gravimeter in the NBgpur area of Madhya Pradesll ( 1947- 
48 ) have now been carried out on seven hypotheses. The results 
are given in Tables 1 to 4 

Charts XV and XVI show the Rougner and Isostatic anomalies 
respectively. On the latter chart, the older contours drawn on the 
baais of pendulum stations are shown by dotted lines. A comparison 
with the new contours is of intorest. Gravilnoter observations confirm 
the zero contour and the 20-mgals contour passing through sheets 
64 B and 55 0 .  The older 20-mgals contour in shoot 65 N, however, 
appears to be wrong and requires a considerable shift upwards. Gravi- 
meter observations are based on pendulum station Seoni as datum. 
Pendulum stations at  Nigpur and Amgaon were also connected by 
the gravimetsr and checked satisfactorily. I t  would be desirable 
to cover the remaining portion of sheet 55 N with further grilvi- 
meter stations to delineate this contour and the apparontly higher 
contours below it in greater detail. 

There is a poclret of large positive anomalies of 55 mgals or 
so which was missed by the pendulum observations, as they were 
too far apart. 

The Bouguer anomalies are all negative and on the whole 
small. Chart XVII shows the section on line AB from which it 
would appear that the anomalies display a progressive increase in 
this direction. 

The anomalies are on the whole closely related to geology. 
They are computed on the assumption of the average density of 
the rocks being 2.67. The Deccan trap in sheet 6 5 N  has an average 
density much higher than this (about 2.9 or so ). The more posi- 
tive Bouguer anomalies in this area are presumably due to this cause. 
The variations in the thicknesses of the trap will also influence the 
anomalies considerably. 

The south-west corner of Sheet 64 C appears to be of interest. 
On transition from the aUuvium to the gneisses the anomalies show 
a progressive trend. 

A further discussion will follow when the various geps in this 
area have been filled by observations and a more comprehemive 
picture becomes available. 

32. Magnetic anomalies.-Magnetic vertical force observatiom 
were also carried out in conjnnction with the gravimeter observs- 
tions with magnetic V.F. variometers No. 19134 and 10136. The 
formcr wea used a t  the base station and the latter a t  the field 
stations. Scale values of the instruments were determined from 
time to time and the re?ults obtained were steady. The v6lues 
adopted for the two instruments were 28.6  and 19.0 gemmc*s 
rsspectively. 

Table 6 gives magnetic anomalies computed with reference to 
Jubbulpore magnetic repeat station. The observed vslues have 







CHART XIX 
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been corrected for closure, diurnal and latitude variations. The 
latitude variations were derived from thc genoralised V.F. charts of 
the Earth's field published by the Unitod States Coast and Geo- 
detic Survey, 1945. 

A t  station No. GI9 ( Sheet 64 C ), a. very large anomaly of 
-1900y was obtained. This is purely a local phenomenon and 
has been ignored in the drawing of contours of magnetic ailomalies 
( Chart XVIII ). 

The strong magnetic lows are possibly connected with iron ore 
or manganese ore formations having reverse polarization due to 
thermal and mechanical processes or they might be produced by 
remanent magnetisation in the neighbouring rocks. 

The range ot anomalies is considerable as is inevitable in a 
regional survey like the one under discussion as certain stations 
must be burdened with large local effects. The stations marked by 
crosses denote magnetically disturbed areas whore the anomalies 
change by over 100 gammas in a distance of a few yards. 

In sheet 65 N, the stations are mainly located on trap and 
display a very large variation in the magnetic anomalies. Large 
positive magnetic and gravity anomalies are expected in trap areas. 

On the meridian of 80" near latitude 21°, there is a stendy 
increase in the anomalies on crossing the junction hetween the 
Dhal-wars and gneisses. 

. Chart XIX shows the magnetio variation along the section AB. 
As with gravity, the magnetic anomalies show a steady decrease 
in this direction except a t  the end, where the transition from a h -  
vium to gneisscs is accompanied by an increase. 
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TABLE l.-Gavi. 

9 
(obsemed 

value 1 

8 d  

978,8502 
.8843 
,8724 

.8709 
,6472 
,8220 

.6848 

.8815 
,6458 

,8549 
.8711 
.8616 

.8523 
,8388 
,8382 

978.6081 

. . 

No. 

1 
2 
3 

4 
5 
8 

7 
8 
9 

10 
11 
12 

13 
14 
16 

10 

M e a ~  without regard to sign . . .. 
Rsnge . . . . .. 

Topogrephioel reduotion up to zone 0. 
Note :-All observed valuea of '8' are in terms of Seoni Pendulum 

Latitude 

' I . 
22 28 11 

38 04 
30 14 

36 59 
16 45 
05 36 

28 43 
17 SO 
10 06 

17 28 
28 04 
08 18 

16 42 
02 20 
01 37 

22 01 24 

regard to sign 

Longitude 

, . 
79 33 61 

48 37 
44 00 

38 45 
32 64 
33 04 

49 34 
48 58 
41 33 

58 17 
67 40 
48 18 

43 23 
42 45 
49 39 

79 60 29 

. . 

Stations in 
Sheet 55 N 

G 1  .. 
G 2  . . 
G 3  . . 
G 4  . . 
G 5  . . 
0 8  .. 
0 7  . . 
G 8  . . 
0 9  . . 
G 10 . . 
0 11 . . 
G 12 . . 
G 13 . . 
G 14 . . 
G 15 . . 
G 18 .. 

HE 

g-yA 8-y, Modifie 1 1 8 - h  

Height 

/eel 

2077 
1859 
2084 

2004 
1899 
2027 

1694 
1500 
1737 

1687 
1545 
1588 

1854 
1781 
1739 

1151 

Mean with 

mgab 

- 3.. 
+ 5.. + 8.8 

+ 0. - 8.. 
-14. 

+ 0.' 
-20. 
-13.. 

-21.. 
-18.0 
-14. 

-17. 
-12. 
-10. 

-18.' 

- 9. 

11. 

2 8  

gal 

w d  
+63.8 
+88.8 
+75.8 

+67.0 
+53.8 
+52.4 

f52.2 
f29.2 
+44.3 

+29.6 
+34.7 
+37.7 

+37.0 
+45.8 
+45.7 

+20.S 

+47.2 

47.2 

55.3 

w d  
- R.0 
+ 2.7 + 4.0 

- 2.0 
-11.6 
-17.8 

- 2.7 
-22.5 
-16.5 

-24.6 
-18.5 
-16.9 

-20.0 
-16.0 
-14.2 

-19.1 

--- 
-12.6 

13.4 

28.6 

Station 1 g - 978.622 



WP. ml  

Anomalies 

GRAVITY 

~ E R T ' S  F O R M U L A  - -- 
nayford's H ~ ~ ~ ~ ~ ~ * ~  REGIONAL conpsNslnoN 
wmpen- 

l l m  O m .  I 60 k n .  I 80 l m .  I 100 Lm. 

~ ~ ~ f O ~ ~ >  

I l ~ ~ o ~ m ,  

m g b  

+27.l  
+36.0 
+37.8 

+32.3 
+23.1 
+15.3 

+29'0 + 8.4 
+16.2 

+ 4.8 
+12.8 
+13.3 

f l l . 6  
+16.3 
+ l 4 . 2  

+ 1 . 4  

+ l 9 . l  

19.1 

33.0 

m u d  

+44 ,8  
+63.7 
+66.6 

+50.0 
+40.8 
+33.0 

+&.I 
+26.1 
+33.9 

+22.5 
+30.6 
+31.0 

+29.3 
+34 ,0  
+31.9 

+26.1 

+36.8 

36.8 

33.0 

m g d  

+47.2 
+65.3 
f57 .2  

+51,7 
+42.7 
f 3 4 . 6  

+48.6 
+28,1 
+36.6 

+24,8 
+32.6 
f33 .0  

+31.3 
+36.6 
+33.4 

+27.1 

+38,7 

38.7 

32.4 

I N T E R N A T I O N A L  F O R I V I U L A "  

H E 1 s ~ d N ~ ~ ' ~  REOIONdIL 
COYPENSATION 

v o l t  

+43,2 
+52.3 
+64.0 

+48.0 
+38.8 
+30,6 

+45.6 
+25.3 
+32.3 

+22,4 
+30.3 
+30.3 

+28,1 
+32.3 
+30.9 

+25,4 

-- 
+35.6 

35.0 

31.8 

40 km. / 
vd 
+29,B 
+37,6 
f 3 9 . 5  

+34.0 
+25.0 
+16.9 

+30.9 
+10,4 
+17 ,8  

+ 7 . 1  
+14.9 
+15,3 

f 1 3 . 6  
f l 7 . 9  
+15.7 

+ 9.4 

+21.0 

21.0 

32.4 

60 km. 

mgals 

f 2 5 . 5  
+34,6 
f36 .3  

+30 ,3  
+21.1 
+12.8 

+27.9 + 7.6 
+14.6 

+ 4.7 
f 1 2 . 6 .  
f12 .6  

f 1 0 . 4  
+14.6 
+13.2 

+ 7 .7  

+17.9 

17.9 

31.6 

80 km. I 
~ a h  

+21.7 
+31.7 
+33.3 

+27,1 
+17.5 
+ 9 . 3  

+24.9 
+ 4 . 8  
+ l l . 6  

+ 2.1 
+ 9 . 8  
+ 9 . 7  

+ 7.6 
+11.3 
+10.4 

+ 6 .3  

+14.9 

14.9 

31.2 

100 b. 

mg& 

+18.4 
+28.7 
+30.3 

+24.1 
+14.1 
+ 6 . 2  

+22,0 
+ 1 .9  
+ 8 . 6  

- 0.8 
+ 6 . 9  
+ 6 . 7  

+ 4.6 
+ 8 . 2  
+ 7 . 9  

+ 2.8 

+12.0 

12.0 

31.1 

--- 
v n l a  

+39 ,4  
+49.4 
+61.0 

+44.8 
f 3 5 . 2  
+27 ,0  

+42.6 
+22.5 
+29.3 

+19.8 
+27.5 
+27.4 

+f6 .3  
+29.0 
+28.l  

+23.0 

+32.6 

32.6 

31.2 

vab 

+36.1 
f 4 6 . 4  
+48,0 

+41,8 
+31.8 
+23.9 

+39.7 
+19.6 
+26.3 

+16.9 
+24,6 
+24 ,4  

+22.2 
+25,9 
+25.6 

+20.6 

+29,6 

29.8 

31.1 
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9 
No. Stations in Height Latitude Longitude (observed 1 Sheet 55 0 1 1 1 value) 

feet 

29 Tirora 903 24 49 
30 I G I7 : I  1 955 I 40 56 
31 G 19 1521 49 20 

, 1 gab 

Mean with regard to sign . . . 
Mean without regard to sign . . 
Range . . 

Topographioal reduotion up to zone 0. 
NoQ :-All obearved valuea of 'v' ere in terms of Seoni Pendulor 
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Anomalies 

u E B T ' S  F O R M U L A  I N T E R N A T I O N A L  F O I t A I U L A  
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TABLE 3.-Qravi, 

I I I - 
tl E 

Stntions in 1 

40 
47 
48 

49 
60 
61 

62 
63 
64 

55 
50 

Note :-All obnemed vdues of '9 '  ere in torma of Ssoni Pendulum Station ( g = 078.022 @ 

G 1 . . 
G ? . . 
G 3  . . 
G 4 . . 
G 6 . . 
G 0 . . 
G 7 . . 
G 8 . . 
G 9 . . 

G 10 . . 
all 

1483 
1438 
1674 

1170 
1833 
1018 

1081 
1100 
1005 

2001 
1829 

Mean with 

Mean without regard to aigo . . .. 
Range . . . . .. 

Topogrephion1 reduotion upta zone 0. 

0 . " 

22 30 41 
25 38 
24 41 

I6 28 
22 48 
14 18 

15 23 
07 39 
10 02 

08 00 
22 00 10 

0 . " 

80 02 53 
06 21 
17 18 

03 40 
20 20 
16 07 

29 28 
0362 
16 22 

22 63 
80 32 64 

231 

20.1 

20.1 

34t4 

regard to sign . . . . 

20.7 

21.9 

gar8 

978.8870 
.8898 
,8489 

,8735 
.I3491 
.I3233 

,8449 
.8701 
,8205 

.I3208 
978.8239 

. , 

-2.3'1 +20.1 

+40.4 
+24.4 
+28.1 

+13.0 
f24.3 
4-34.3 

+30.5 
+11.7 
+34.8 

f46.1 
+35.1 

mgnh mqah 

-28.7 

\ 

mga 

-10.7 
-28.1 
-31.0 

-27.3 
-32.0 
-31.1 

-20.7 
-28.4 
-30.8 

-22.8 
-23.0 

- 8.1 
-23.( 
-28.1 

-24.' 
-28.1 
-28.1 

-24.; 
-23. 
-28,: 

-10.1 
-26.1 

I 

I 
I 

i 
. . . ._ 

--- 



GRAVITY 

i 

~ R T ' S  

6flord" 
oompen- 
&ion 

113,7 km 
/ 

wok 

t38 .5  
t 2 3 . 0  
t18 .1  

t 1 9 . 4  
t 1 e . e  
t 1 7 . 3  

t 2 3 . 6  
t l 8 . 9  
t 1 7 . 3  

t20.G 
t 2 2 . 5  

+22.1 

F O R B I U L A  I N T E R N A T I O N A L  B O R J I I T I , ~  
. . 

H ~ 1 s ~ ~ n a n ' s  REaIoNAL c o ~ p ~ ~ s a ~ ~ o y  
- 

21.1 

21.1 

4.6 

40 km. I 
mgob 

+40.4 
+26.0 
+20.2 

+21.8 
+zo.6 
+19.3 

+25.4 
+21.1 
+10.1 

+28.0 
+24.1 

+U.l 

24.1 

21.3 

80 km. ( 
mgok 

+35.4 
+20.1 
+14.6 

+17.1 
+i4.1 
+13.7 

+18.6 
+16.7 
+13.1 

+21.3 
+ l 6 . 9  

+18.3 

00 km. I 
W a b  

+31,9 
+22.8 
+17.6 

f19 .7  
+17.2 
f10.4 

-I-21.8 
+19.1 
+16.3 

f24.5 
f19.6 

+21.2 

0.4 

2 l . 2 (  21.3 

21.2 

21-6 

100 k m .  

nqflls 

+3?.6 

4.1 

+17.4 
+11.7 

+14.6 
+ i i . 3  
+10.R 

f15 .3  
+13.8 
f lO.9  

+18.2 
+12.6 

- 
+16.4 

21.6 

18.3 

21.7 

3.8 15.4 

21.8 

+ 1.7 + 0.5 
- 0.4 

+ 5.9  
+ 1.2 
- 0.4 

+ 8.8 
+ 4.8 

+ 4.4 

6.1 

21.1 21.8 

+ 4 . 1  
+ 2 . 8  
+ 1.6 

+ 7.7 
+ 3.4 + 1.4 

+10.3 + 6.4 

+ 6.4 

+ 5 0  
- 0.5  
- 1.3 

+ 4.2 
+ 1.4 
- 1.4 

+ 6.8  
+ 1.0 

--- 
+ 3.6 

- 0.0 
- 3.(1 
-- 4.0 

+ 0.8 
- 1.0  
- 4.0 

+ 3.0 
- 1.8 

+ 0.0 

- 3.1 
- 0.4 
- 0.9 

- 1.4  
- 3.9 
- 8 .8  

+ 0.3 
- f i . 2  

- 2.3 
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TABLE 4 . -4rav i l y  

No. 

67 
68 
69 

80 
81 
82 

83 
84 
86 

80 
87 
88 

89 
70 
71 

72 
73 
74 

76 
78 
77 

t i  i 
Sheet 84 C 

I 

G I . . 
Q 2 . . 
Q 3 . . 

0 4 . .  
0 6 . . 
Q 8 . . 
Q 7 ' . . 
Q 8  . . 
Q 9 . . 
12 10 . . 
G l l  . .  
Q 12 . . 
G 13 . . 
G 14 . . 
G 16 Sakoli 
( P.P.B.M. ) 

G 18 . . 
Q 17 . . 
0 18 . . 
Q 19 . . 
Q 20 . . 
Q 21 . . 

Height 

feet 

1085 
1040 
1883 

2049 
998 
996 

1960 
1927 
924 

BOO 
961 

1048 

948 
1010 

804 

994 
1084 
1019 

944 
868 
990 

Mean with 

Mean without r e e r d  to sigo . . .i 
Range . . .. 

Topogrephiad reduotion up to zone 0. 

I 

Latitude j Longitude 

I 

* - 
21 55 17 

58 28 
58 00 

68 11 
48 28 
48 34 

62 32 
62 19 
30 64 

37 38 
37 34 
39 20 

29 01 
27 40 

05 13 

21 18 
20 21 
45 09 

11 51 
04 44 

21 10 64 

Note :-All observed valuea of '0 '  an, in t e r m  of Seoni Pendulum Stetion ( 1 = 978.822 gels ). 

16.7 

80.6 

O , . 
80 03 31 

09 30 
18 10 

29 28 
02 62 
12 05 

20 27 
33 21 
01 04 

12 42 
19 40 
27 13 

03 61 
1 1 6 1  

00 28 

00 20 
12 16 
21 18 

11 24 
0009 

80 00 28 

27.4 

20.1 

regard to e i p  .i 

24.4 

28.3 

gale 

9 7 8 . 8 M  
,6869 
.8189 

.8020 
,8848 
.a583 

,8083 
,6048 
,0504 

.a473 
,8478 
,8479 

,8397 
,8290 

,0139 

,8348 
.el08 
,8618 

.I3040 
,6024 

978.8289 

+12.6 

+16,4 
+13.1 
+41.7 

+49.8 
+18.0 + 9.4 

+48.0 
+29.7 
+12.8 

+ 1.7 + 0.0 
+13.4 

+ 6.4 
+ 3 . 6  

- 2.9 

+13.7 - 2.8 
+ 8 . 8  

-12.1 
-14.8 
+17.2 

-27.4 -24.8 

mgala 

-21.3 
-22.7 
-23.2 

-27.7 
-18.3 
-25.0 

-21.6 
-38.7 
-19.0 

-29.0 
-28.7 
-22.8 

-28.2 
-31.3 

-32.6 

-20.3 
-30.6 
-28.6 

-44.6 
-44.2 
-18.6 

-- 

7 ~ 0 1 ,  

-17.5 
-20.0 
-20.8 

-25.2 
-14.7 
-21.2 

-17.2 
-34.3 
-15.4 

-20.2 
-23.2 
-21.3 

-23.0 
-27.0 

-28.7 

-17.2 
-36.5 
-24.6 

-41.0 
-40.7 
-19.7 



~ P : I I ] ! . '  $ '. - GRAVITY: ' ' 

Anomalies , ,  . . 

MEHT'S 
Bayford's 
oompen- 
ention 

111,7 hm, 

mgals 

+21.4 
+20.3 
+22.0 

+20.3 
+21.6 
+15.0 

+?2.8 + 9.1 
+18.7 

+ 8.6 
+13.3 
+19.2 

+ 8.4 
4- 5.3 

+ 0 . 1  

+15.1 - 4.3 
+15.7 

-10.0 
-11.6 
+17.0 

+11.8 

14.3 

34.4 

F O R M U L A  

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

H E ~ ~ K ~ ~ ~ ~ ~ ~  

40 k ~ .  

m g n b  

+23.4 
+22.3 
+23,4 

+21.1 
+23,8 
+17.6 

+24.0 + 9.8  
+21.8 

+10.6 
+16.6 1 
+20.6 

+ 9.7 + 7.1 

+ 1.5 j 

+18.6 - 2.8 
+17.3 

- 8 . 6  
-10.6 
+18.4 

C13.5 

16.6 

34.6 

RFIi,IONAL COYPENSATION H~yfird'sl  HEISRANEN'S REOIONAL 
c o m p e n -  COMPEXSATION 

60 km. 1 80 km. 1 100 km. lIy;%,l 40 k m  1 60 km. 1 00 km. 1 l w  k.. 

q a l e  

+22,0 
+20,6 
+21.0 

+17.3 
+22.5 
+16.0 

+21.C + 6.1 
+20.8, 

+ 0 . 3  
+14.q 
+18.6, 

+ 8.9 + 6.8 

+ 0.7 
I 

+15.7 
- 4.0, 
+15, l  

- 9 . 7  
-11.5 
+17,1 

+11.8 

14.2 

34.0 

1ngnl.s 

+ 3.7 
+ , 2 . 6  + 4.3 

+ 2.6 + 3.9 
- 2.1 

+ 6.1 
- 8.6 
+ 2 . 0  

- 9.2 
- 4.4 
+ 1 . 6  

- 9.3  
-12.4 

-17.6 

- 2 6  
-22.0 
- 2.0 

-27.7 
-29.3 
- 0.7 

- 6.8  

8.3 

34.4 

m g a b  

+19.9 
+18.3 
+18.4 

+14.3 
f20 .8  
+14.0 

+18.9 + 3.3 
+19.3 

+ 7.9 
+12,1 
+16.1 

+ 7.6 + 4.2 

- 0.6 

+14.6 
- 6.5 
+13.0 

-11.3 
-12.8 
+16,4 

+ 0.0 

12.8 

33.6 

m g a k  

+17.3 
+16.7 
+16.6 

+ll .O 
+18.4 
+11.6 

f l 6 . 1  + 0.6 
f l 7 . l  

+ 6.6 
+ 8.4 
+13.7 

+ 6.0 + 2.0 

- 2.8 

+12.5 
- 7.7 
+10.4 

-13.5 
-14.6 
+14.6 

+ 7.6 

11.2 

33.0 

Pngola 

+ 6.7 
+ 4.6 
+ 6.7 

+ 3.4 
+ 6.1 
- 0.1 

+ 6.3 
- 7.9 
+ 4 . 1  

- 7.1 
- 2.1 
+ 2.9 

- 8.0 
-10.6 

-16.2 

- 1.2 
-20.5 
- 0.1 

-26.3 
-28.2 
+ 0.7 

- 4.2 

8.0 

34.6 

mgals 

+ 4.3 
+ 2.8 + 3.3 

- 0.4 + 4.8 - 1.7 

+ 3.7 
-11.6 
+ 3 . 1  

- 8.2 
- 3.7 + 0.8 

- 8.8 
-11.9 

-17.0 

- 2.0 
-21.7 
- 2.6 

-27.4 
-29.2 

0.0 

- 6.8 

8.0 

34.0 

tngala 

+ 2.2 
+ 0.6 + 0.7 

- 3.4 
+ 3.1 
- 3.7 

+ 1.2 
-14.4 
+ , 1 . 6  

- 9.8 
- 6.6 
- 1 . 6  

-10.1 
-13.6 

-18.3 

- 3.2 
-23.2 
- 4.7 

-20.0 
-30.6 - 1.3  

- 7.8 

8.7 

33.6 

mgals 

- 0.4 
- 2.0 
- 2.1 

- 6.7 
+ 0.7 - 6.1 

- 1.8 
-17.2 
- 0 . 8  

-12.2 
- 8.3 
- 4.0 

-11.7 
-16.7 

-20.6 

- 5.2 
-25.4 - 7.3 

-31.2 
-32.3 
- 3.2 

-10.1 

10.2 

33.0 
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TABLE 5.-Magnetic Anomalies 

No. 1 Station Lntitude 

o r .  

22 28 11 
38 04 
38 14 

35 60 
184.3 
05 35 

28 43 
17 60 
10 06 

17 28 
2 8 0 4  
0 8 1 8  

15 42 
0'2 20 
01 37 

2% 01 24 

21 14 48 
09 05 
00 26 

09 03 
08 30 
18 20 

13 19 
18 23 
14 OR 

08 68 
22 38 
23 48 

24 40 
4 0 6 8  
49 20 

68 13 
31 10 
47 28 

12 00 
30 67 
3 0 1 6  

30 69 
31 03 
24 03 

04 04 
22 20 
16 38 

Megnetio R e p t  

1 
2 
3 

4 
5 
8 

7 
8 
0 

LO 
11 
12 

13 
14 
15 

18 

17 
18 
I9 

20 
21 
22 

23 
24 
25 

28 
27 
28 

29 
30 
31 

32 
33 
34 

36 
38 
37 

38 
30 
40 

41 
42 
43 

SURET 35 N 
G I  . 
6 2  . . 
G 3  . . 
G 4  . . 
G 5  . .  
G 6  . . 
G 7  . . 
G 8  . . 
G O  . . 

G 10 . . 
G 11 .. 
G 12 . .  
G 13 . . 
Q 14 . . 
G 16 . . 

G 18 . . 
S m s ~  56 0 

G 1 . . 
G 2 . . 
G 3 . . 
G 4 . . 
0 6 . . 
0 8 . . 
G 7 .. 
0 8 .. 
G 9 . . 

G 10 . . 
G I 1  . . 
G 12 . . 
Tirors . . 
0 1 7  .. 
0 19 . . 
Q 20 . . 
Q 21 . . 
Q 22 . . 
a 2a . . 
Q 24 . . 
a 26 . .  
Q 28 . . 
0 27 . . 
0 28 . . 
Q 20 .. 
0 30 . . 
Q 3 1  .. 

With rsspeot to Jubbulpors 

*?gnetia 
omnliea* 

gammud + 706 - 414 
- ? L ! l  

- 268 - 387 
- 323 

- 357 
- 100 
+ 240 

- 344 
- 504 - 283 

+ 37 
- 125 
- 274 

- 216 

- 658 - 405 - 308 

- 394 
- 647 
- 522 

- 621 - 831 
- 5 4 0  

- 448 
- 8 5 5  
-1147 

- 439 
- 474 
- 382 

- 464 
- 429 - 328 

- 664 - 381 - 209 

- 406 - 846 
- 607 

- 609 - 718 - 393 

Longitude Height I I 
0 , .  

70 33 51 
48 37 
44 00 

38 45 
32 54 
33 04 

49 34 
48 68 
41 33 

58 17 
67 40 
48 18 

43 23 
42 45 
49 39 

78 69 29 

79 08 03 
23 29 
39 07 

31 63 
12 38 
04 07 

11 21 
13 63 
1 8 0 6  

04 65 
2 3 1 8  
16 45 

65 08 
58 20 
40 41 

43 00 
64 08 
64  03 

47 38 
40 46 
48 08 

30 67 
43 22 
30 38 

39 18 
60 10 
27 63 

Station. 

fat 
2077 
1859 
2084 

2004 
1899 
2027 

1694 
1600 
1737 

1567 
1545 
1688 

1854 
1781 
1739 

1151 

1087 
870 
836 

871 
905 
975 

7 
980 
915 

1020 
1186 
1089 

008 
065 

1621 

1793 
885 

1080 

888 
1090 
1083 

1138 
1034 
1023 

037 
882 
044 
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TABLE 5.-Magnetic Anomalies-+ concld. ) 

No. 1 Station 

44 
46 

46 
47 
48 

40 
60 
61 

62 
63 
64 

55 
66 

67 
68 
60 

80 
81 
62 

63 
04 
BS 

88 
87 
88 

80 
70 
71 

72 
73 
74 

78 
78 
77 

.. 

. . 

. . 

0 , .  

14 16 
21 04 08 

22 30 41 
26 38 
24 41 

16 28 
2 2 4 8  
14 18 

16 23 
07 39 
1 0 0 2  

08 06 
22 08 10 

21 66 17 
68 28 
6 8 0 0  

6 8 1 1  
48 28 
4 8 3 4  

62 32 
62 10 
3 0 6 4  

37 38 
3 7 3 4  
30 20 

20 01 
27 49 
06 13 

21 16 
20 21 
46 00 

11 61 
04 44 
10 64 

21 31 

12 21 
21 24 61 

Msgnetio Repeat 

SERET 56 0 
G 32 . . 
G 34 . . 

SHEET 64 B 
G 1 . . 
0 2 . . 
0 3  . . 
G 4 . . 
Q 6 .. 
Q 6 .. 
G 7 . . 
G 8 . . 
Q 9 .. 
G 10 .. 
G l l  . . 

S H B ~  84 C 
G 1 . . 
G 2 . . 
Q 3 .. 
G 4 .. 
G 5 . . 
Q 6 .. 
G 7 . . 
0 8  .. 
Q O  .. 
G 10 . . 
a l l  . .  
G I 2  . . 
I3 13 . . 
0 14 
O 16 Eakoli ( P.P.B.M: j 
0 16 . . 
G 17 . . 
0 18 . . 
G 19 . . 
G 20 . .  
G 21 Pendulum station . . 
Amgeon . . 
Jamri h.e. ( No. 04 

P.P.B.Y. ) 
~ i t a ~ u r ( ~ o . 3 1  P.P.B.~. j 

With respeot to Jubbulpore 

0 , .  

38 41 
70 40 34 

80 02 63 
08 21 
17 18 

03 40 
28 20 
16 07 

20 28 
03 62 
16 22 

2 2 6 3  
80 32 64 

80 03 31 
0 0 3 0  
18 10 

20 26 
02 62 
12 06 

20 27 
. 33 21 

01 04 

12 42 
10 40 
27 13 

03 51 
11 61 
00 28 

00 20 
12 16 
21 16 

1 1 2 4  
08 08 
00 28 

28 . . 
01 84 

80 10 26 

Btation. 

f% 
864 

1483 
1438 
1874 

1170 
1833 
1018 

1661 
1106 
1806 

2001 
1820 

1086 
1040 
1883 

2040 
-908 
006 

1060 
1027 
024 

BOB 
061 

1046 

046 
1010 
884 

004 
1084 
1010 

044 
868 
080 

1032 

1718 
1241 

uammaa 
- 462 
- 612 

+ 77 - 90 
+ 86 

- 33 - 23 
- 78 

- 208 
- 207 
- 128 

- 21 
- 11 

- 282 
- 3 1 2  
- 173 

- 116 
- 382 
- 281 

- 118 - 220 
-1010 

- 206 
- 334 - 323 

- 127 - 361 
- 401 

-1137 
- 674 - 227 

- 6 8 4  - 878 
- 423 

- 484 

- 001 
- 680 



DEVIATION OF THE VERTICAL - 
BY B.L.  GULATEE, M.A. (dANTAB.), F.R.I.O.S., M.I.S. (IKDIA) 

36. Details of the Laplace statipns.-The following table 
gives the details of the La laoe oorreotions. The stations were" 
observed in pairs, K h m e r  2s: and Ch;'f,rod H.S. forming one p i r  
end SBmatre H.S. and Viirir S. the other. 

33. General.-Deflections of the vertical in both components 
were measured a t  four stations in Kutch. These furnished very 
useful information about deflections in an area where no astronomi- 
cal observations had been carried out before. 

These statidns were also made into Laplace stations. 
34. Narrative of the Season's Work.-The detachment con- 

sisting of Mc, J. B. Mathur ( Surveyor ), one recorder and 12 khabisis 
commenced observations for Laplace a t  Kinmer on 22nd October 
and after observing for two nights proceeded to Chitrod for similar 
observations. After helping in the base-measurement, the detach- 
ment then proceeded to VBrBr H.S. and SBmatra H.S. and 
completed the observations on 7th December 1949. 

40 
Observations were made with a large M e g r e e  prismetic 

astrolabe. Two nights' observations were taken e t  K h m e r  and 
one nights' e t  the other three stations. Greenwich time wes obtain- 
ed from Rugby 09 : 55 and 17 1 55 G.M.T. signals. The " demiaefi- 
nitive" corrections of the Bulletin Horaire have been eppliqd to 
the times of emission. Observations for personal equation were 
made a t  Dehra Diin before and after the field work. 

35. Personal kquation.-The persoul equation wes deter- 
mined a t  Dehre Diin before and after field work with the following 
results :- 

Before Held 1 Date ,. equation 

27th September 1949 +0.30 

29th September 1949 . . +0.32 

2nd Ootober 1949 . . +0.20 

W.. +0.32 

After 6ald 

Data ,. p -  

equalion 

10th Deoember 1949 . . +0.31 

21et December 1049 +Om27 . 
23rd Deoember 1949 . . +Om22 

I-. . +O-27 
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Detaih of the Laplace corrections 

It will be seen from the above table that convergence between 
the azimuth a t  KBnmer of Chitrod H.S. and the reverse azimuth 
Chitrod H.S. to KBnmer differs from the comct  value by 6" .6. 
The reeson for this discrepancy is not known but it is suspected 
that while observing azimuth the lamp used as the reference 
mark got shifted without the observer noticing it. As the results 
for these two stations ere doubtful they have been rejected. 

Station 

Gcodetic latitude = hg 

Geodeticlongitude=Lg 

Astronomical latitude 
= h a  .. . .  

Probable error . . 
Astronomical Longitude 

= L a  .. . .  
Probable error . . 
Correotion t o  reduce 
astronomical azimuth to 
geodetio 
= - [ ( ~ a - ~ . g ) + < . 2 ]  
x sin A@ . . 

The results a t  Sirnetre S. and VBrBr S. are satisfactory and the 
azimuth given in the second table has been used in computing the 
co-ordinates of the new Geodetio Triangulation in Kutch, Chapter I, 
see pere 8. 

37. Geoid in Kutch.-Table 1 gives the deflections a t  the, 
four stations. I t  will be seen that their magnitudes are compere- 
tively smell. 

Kln~ner  H.S. 

0 , .  

23 23 51.40 

7 0 5 2  40.46 

23 23 46.88 
f 0.53 

70 62 42.88 
f 0.40 

-2.2 

Chitrod H.S. 

0 1 -  

23 23 30.87 

7 0 4 1  03.81 

23 23 27.63 * 0.613 

70 41 06.75 
0.27 

-2.4 

Virir H.S. Simatra H.S. 

---- 
0 , .  I . , .  

23 20 33.25 

09 33 35.81 

23 20 28.01 
*0.49 

69 33 38.45 
j= 0.24 

-1.6 

23 09 48.71 

88 3041.84 

23 09 44.45 
f 0.87 

80 30 43.30 + 0.41 

-1.5 
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These results have been used to extend the charts of the geoid 
and the compensated geoid in India. ( Charts XXII  and XXIII  ). 
A closed contour of 40 feet is indicated in the Kutch area. Observa- 
tional data in this region and to the south of it is rather meagre. 
I t  is proposed to observe in the near future some deflection stations 
in Saurashtra in conjunction with the reobservation of geodetic 
triangulation that has to be carried out there, and it  is hoped that 
these will give a more detailed picture of the geoid in thia locality. 

38. Hayford Deflections.-To date observetions for deter- 
mining the deviation of the vertical have been made a t  1,210 
stations. By 1940, deflections on Hayford's isostatic system assum- 
ing the depth of compensation as 113 .7 kms., had been computed a t  
about 900 stations. Due to lack of personnel it  has not been 
possible to continue these computations during the war period 
and in the post-war period so far. 

39. Future Geoidal Programme.--Chart XXIV shows the 
geoidal sections. Although a number of reliable sections ere 
now available for drawing a fairly accurate picture of the geoid, 
there are several areas for which knowledge of the geoid is either 
totally lacking or too meagre. These regions are the foot of the 
Himglayas from Darjeeling to Srinagar in Kmhmir, the Assem, 
Kutch, Saurmhtra and the Western Coast from Mangalore to Cape 
Comorin. There are also some other weak sections which need 
strengthening. In  the next two or three years it  is proposed to run 
a meridional section from Dohad to Deesa and a longitudinal seotion 
from Bhavnagar to Porbandar. I t  is hoped to continue work as 
opportunity arises. 





DEFLECTION STATIONS 



lDOq 41 I I Kanmor H.S. 
I I 

111 41 I C h l M  H.8. 

UVPP&¶TU SPBB.01D 
- - - . - - -. 

1.11bd. b a t a d o  

. , .  
W 44.G 48-30 A 101 32 40.2 VLr& H.S. $ 2 OD 4a.711 i :: :! 4 7 . ~ 1  0 103 32 38.7 1 

A 2 29 4 . 8 0  A 1 0 6 2  42.08 
0 2: 25 6 1 . 4  0 70 32 U)-481 ( 1- 4 - 1  I+ 4.0 11100 

A 23 23 n . 6  A 70 41 00.751 
0 23 ~ 0 . 8 3  0 10 41 03.811 I 
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DEFLECTIONS 1940-50 
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( b ) By touring tidal dehchment of the Survcy of India.- 
A series of 31 days' systematic observations on tide-pole was carried 
out by a tidal detachment, under Mr. G. S. Tonk ( Surveyor ), at 
each of the ports, Navlalthi ( Standard Port ) andNavi Wat ( Second- 
ary Port ) in the Gulf of Rutch. The observations consisted, as 
usual, of readings a t  intervals of every half-hour during both day 
and night, and also a t  the times of high and low waters. The work 
was executed a t  the request of the Development Commissioner, 
Kandla port, for the purpose of obtaining up-to-date tidal informa- 
tion in the neighbourhood of the Kandla area in connection with its 
development. 

The detachment which, apart from the officer-in-charge, com- 
prised of 4 class 111 and 6 class IV personnel left Dehra Diin for the 
field on 7th January 1950 and returned to the Headquarters, after 
completion of programme on 13th April 1950. Due to various reasons, 
no other port could be visited during the season for such observations. 

41. Harmonic Analysis.-The field observations that had been 
carried out a t  Port Okha, Mandvi, Porbandar and Bhavnagar 
during the 1948-49 season were harmonically analysed, during the 
recess in 1949, by the Admiralty Method. The results of this 
analysis, together with the comparative values of the tidal constants 
that have hitherto been accepted as standard, are given in Table l ( a ) .  

It will be seen that while no significant changes in the constants 
have taken place in the case of Port Okha and Porbandar in the 
course of the last half a century or so, considerable changes have 
occurred in the case of Bhavnagar. The latter has presumably been 
due to some natural changes in the harbour, like the formation of a 
bar in the Bhavnagar Creek, about which a reference waa made 
already in a previous Report ( Technical Report 1947, Part I11 ) 
while discussing the accuracy of predictions for this port. The value 
of Z, has also changed considerably a t  this port. A proposal is now 
in hand to instal an automatic tide-gauge in the main stream, out- 
side the entrance of the Creek, and obtain systematic observations 
for a period of not less than a year for purposes of intensive 
analysis and derivation of fresh constants for future standard 
predictions for the port. 

The comparisons a t  Mandvi show that the "inferred" constants 
for this port published in the Admiralty Tide-Tables Part 11, are not 
good enough. These "inferred" constants can now be replaced by 
the more reliable constants as derived from the new observations. 

The observations carried out a t  Navlakhi and Naviwat during 
the laat season have not yet been analysed. Their results will be 
published in the next Technical Report. 

At the request of the Kandla Port authorities, the harmonic 
analysis of two series of 29 days' observations taken a t  the Port 
during 1949, was also carried out by the Admiralty method. The 
oondants derived were used in the preparation of tidal predictiom 
for the port for 1949-50 that were required to be supplied in connec- 
tion with the port's development project. The mean values of the 
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constants obtained from the two series are given in Table l( b ). 
The old constants published in the Admiralty and Indian Ocean 
Tide-Tables Part I1 are also included in the Table for comparison. 
The agreement is very satisfactory. 

Some data of 15 and 29 days' observations, executed by the 
Marine Survey Department in the course of their Hydrographic 
Surveys, have also been analysed. The constants derived from 
these obsemations are tabulated in Table I( c ). 

An important request for the special harmonic analysis of short 
period observations a t  the Saugor sandheads ( about 40 miles sea- 
ward of Saugor a t  the mouth of the Hooghly River ) has been 
received from the Calcutta Port Commissioners, and this analysis is 
now in progress. The results are to be used for the preparation of 
tidal predictions for Lower Saugor which have been asked for by the 
Central Waterways Irrigation and Navigation Research Station, 
Poona, in connection with the construction of a tidal model for the 
Hooghly River. 

42. Tide-Tables.-During the year under report, the prepera- 
tion of the annual Tide-Tables for the Indian Ocean ports for 1950 
was completed and that for the years 1951 and 1952 wan continued. 
Preliminary computations for the tidal predictions for 1963 were 
also taken up. 

The "Tide-Tables of the Indian Ocean 1960" and the separate 
pamphlets for Bombay and the Rangoon River for the year 1950 
were published in the month of August. The tidal pamphlet for 
the Hooghly River wan published in November. 

The Tide-Tables relating to the year 1951 are now in the press in 
various stages of printing. Proofs of predictions for 62 ports ( out 
of a total of 67 that are to be included in the Tide-Tables of the 
Indian Ocean ) have already been examined and passed for printing. 

Advance tidal predictions for 17 ports for the year 1961 were 
despatched ( i n  accordance with the standing arrangements for 
exchange of o5cial predictions between nations ) to the Hydro- 
graphic Departments of Britain, the United States and Portugal, in 
August 1949. Advance predictions for 3 ports for 1951 were elso 
supplied, as usual, to the Royal Indian Navy, during the same month. 

Also, special predictions for Kandla port for the latter part of 
the year 1949 and for the full year 1950 were prepared and supplied 
to the port authorities on payment. 

The total realization from the sale of Tide-Tables ( exclusive of 
the Agents' Commission ) during the year under report amounted 
to Re. 6,2991131-. The sum received up-to-date onaccount of paid 
for work done during the year, as well an the Royalties amounted 
to Rs. 1,8501-. 

43. Corrections to Predictions.-Empiricd corrections, based 
on the observations of recent yeers in each case, were es before, 
applied to the 1952 predictions for Karachi, Navlakhi, Bhavnegar, 
Bombay ( A.B. ), Vizagapatam, Chendbali and Rengoon. The 
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corrections were the same as those applied to the 1951 predictions 
( see Technical Report 1948, Part I11 ), except in the case of Vizaga- 
patam and Rangoon where the values were slightly revised. These 
revised values for Vizagapatam and Rangoon are givcn in Tables 2 
and 3 respectively. 

In  respect of Dublat ( Saugor ) and Kidderpore, the empirical 
corrections for the 1952 predictions were worked out as before, but 
were not applied. The intention is to change the entire method of 
prediction7 for the above porta, commencing with the 1952 Tide- 
Tables and use modern ( 1948 ) observations for the revised method. 
These empirical corrections are, therefore, not reproduced in this 
report. 

44. Accuracy of Predictions.-Tables P I 1  give details of the 
discrepancies between the predicted and observed tides, during the 
yeer 1949, a t  the porh a t  which "actuals" were observed, and 
Table 12 gives the greatest errors in the predicted heights of low 
waters a t  these ports during the same year. It may be observed 
that, in general, the quality of the predictions has remained practi- 
oaUy the seme es in the previous years in each case. 

Th6 cese of the Hooghly River ports, viz., Calcutta, Diamond 
Harbour and Saugor, requires special mention. From a recent 
levelling ( 1949 ) along the river banks, it has appeared that the 
tidal bench-marks of reference a t  these stations had all undergone 
considerable changes in their accepted heights due either to indivi- 
dual and/or regional subsidence or to local faulty levelling. The 
gauges having been set in relation to these faulty bench-marks, 
the recorded "actuals" have been modg for some yearn. The 
figures tabulated in Tables 8-10 are thus burdened with inaccuracies 
from this source and should not be regarded as merely representing 
errors in the predictions. 

For the ( P-A ) discrepancies to present a true state of affairs 
regarding the quality of the ~redictions, the importance of preserving 
the reference bench-mark and of keeping timely track of any altere- 
tion in its height by periodical check-levelling, cannot be over 
emphasized. In addition the zeros of the respective gauges 
should, of course, be kept adjusted to  the reference benoh-marks 
throughout. 

45. Prediction Methods.-With e view to overhauling the older 
methods of tidal prediction end analysis followed in the Department 
eapecidly those relating to riverain ports, Mr. A. N. Remanathan, 
Deputy Superintending Surveyor, waa sent on deputation abroad 
to undergo e course of edvenced studies a t  the Liverpool Obsematory 
end Tidal Institute, Birkenheed. He proceeded early in January 1950 
and is expected to be baok by the middle of M.ay. Soon after his 
return it 5 proposed to take up the introduction, by gradual stages, 
of modern improved methods in all our future analysis and prediction 
work with e'view to eahieving maximum pesaible acouraoy in our 
TideTeblee.. 
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The Liverpool method of reverain predictions has already been 
outlined briefly in the last year's Technical Report. The analysis 
for the harmonic shallow water constituent for Rangoon is being 
completed by Mr. Ramanathen a t  Liverpool and also among other 
things the special methods of analysis and predictions that are 
proposed to be followed in the case of the Hooghly River ports are 
being studied by him. 

The following is a list of the methods that will be adopted for 
the Hooghly ports, viz., Saugor, Diamond Harbour and Kidderpore. 
The obsemed data proposed to be used for the analysis are those of 
the year 1948 for each of these ports. In the final results of the 
analysis, due allowance will be made for changes in datums and 
subsidence of bench-marks. 

( a ) Saugor : 
( i ) Carry out a normal Harmonic anelyeis for 

primary constituents ( as for an open sea port ) 
by Liverpool Institute's intensive method. 

( ii ) Using as many of the above components as the 
machine provides, obtain the "primary" 
prediction for the port for the seme year 
( 1948 ) and obtain the ( P-A ) differences. 

( iii ) Analyse these ( P-A ) difference for harmonic 
shallow water constituents. If the residuals, 
after the first H.S.W.C. analysis, are large, 
analyse these residuals for a second approxima- 
tion. Combine the first and second approxi- 
mation results and obtain the h a 1  set of 
H.S.W.C. 

( i v )  For predicting any future year, obtain the 
primary prediction for that year from the 
maohine using the normal constituents cis 

used in ( ii ) above, and to this apply the 
shallow water corrections that will be obtained 
separately kom the machine by special 
methods and improvisations. 

- ( b ) h m o n d  Harbour :- 
( i ) Using the primary prediotions for Saugor for 

1948 as in ( a ) ( ii ) above, obtain the differ- 
ences between these Saugor predictions and 
the observations a t  Diamond Harbour for 
the year 1948. 

These differences ere bound to be large beoeuae 
of the time interval and height differences 
between the tidal occurrences e t  the two ports, 
and in order to reduoe the aize of these differ- 
ences for any easy analyeis, it might be 
neceseary to apply some suitable time end 
height correotiom every month or fortnight 
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( or even more often ) to the Saugor basic 
predictions to get a first approximation to the 
Diamond Harbour predictions and then take 
out the differences between the thus obtained 
values and the Diamond Harbour "actuals" 
for further analysis. 

( ii ) Analyse these differences for H.S.W.C. as in ( a  ) 
(iii) aboveandobtain the H.S.W.C. constants: 

( iii ) For predicting for any future year, obtain the 
Saugor primary predictions for that year as in 
( a ) ( ii ), and then apply the same corrections 
as were used vide ( b ) ( i ) aub-para above, to 
obtain bmic first approximation predictions 
for Diamond Harbour. To these will be 
applied the shallow water corrections- that 
will be obtained separately from the machine 
by using the H.S.W.C. constants derived in 
( b ) ( ii ) above. 

( c ) Kidderpore :- 
The procedure in this case is exactly similar to 

that of Diamond Harbour. The primacy 
predictions, here again, are those of the deep 
water tides a t  Saugor, and corrections are 
made to these Saugor btlsio predictions to 
obtain the required predictions a t  Kidderpore. 

It is hoped to introduce the above methods for the Hooghly 
River predictions, commencing with the 1952 Tide-Tables. 

46. Miscellaneous.-Though the tide-predicting maohine has 
remained in working order throughout the year, it haa been giving 
some errors due to the worn-out crank pins and slots in the T-pieces. 
In  addition, the gear wheel of the M, component happened to go out 
of order due to its wear, causing slight inaccuracies in some predic- 
tion curves. Aotion is in hand to effect the necessary repain to the 
worn-out pacts aa early as possible. 
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TSBLE 2.-Correctiom applied to the predicted limes and heighk, 
at Vizagapalam for 1952 

Theoorreationn have been based on ( P - A ) di5erenaen of the yean 1046-40. 

, 

Month 

January 

February 

March 

April 

May 

June .. 

J ~ Y  

August . . 

September . . 

Ootober . . 

November 

December 

Time 

min. 

0 

01 , 

H.W. 

Height 

ft. 

-- 
0.2 

0.4 

0.2 

0.2 

0.0 

0.0 

0.0 

0 . 0  

0 . 0  

0.2 

Time 

min. 

7 

L.W. 

Height 

ft. 

0.0  

0 .2  

0.0 

0.0 

0 .0  

- 0.2 

- 0.2 

- 0.2 

- 0.2 

0.0 
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TABLE 3.-Cmecliona applied to the predicted limes and heighk 
at Rangoon for 1952 
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TABLE 4.-Mean errors El* and E2* for 1919 

PERIOD r 
Jno. 1-16 

18-31 

Feb. 1-16 

16-2e 

f i r .  1-16 

16-31 

April 1-15 

18-30 

May 1-16 

16-31 

June 1-16 

16-30 

J W  1-16 

16-31 

Aug. 1-16 

16-31 

Sapt. 1-12 

1&3( 

Oct. 1-15 

16-31 

Nov. 1-1: 

18-3( 

Dee. 1-13 

16-31 - 
TOTAU. .  - 
b u r n . .  - 

'I 

Obsematloos not rellsble. 

ADEN 

MEAN ERRORS Number of 
errom exceeding 

( Predicted - Actual ) 

E, 

minulsa 

1 I - 110.4 11 - I 1 0  I 2 1 5  / - 11 - 10.8 I 63.0 1 1 1  I 64.4 10.8 I 8 I 2 I 0 I ( 

-- I - 4 8  11 - 0.2 1 + 5 1  1 - 0 2  1 132 / 0.3 1 13.6 10.2 1 1 1 I 
, in with regard b n i p  : E. is without regnrd b sign. 
ns.tenth of the m a n  range of  the ordinary spring tides. 

-- + - + +  
0.2 

0.4 

0.1 

0.3 

- 

3.1 

9.0 

0.1 

12.3 

3.5  

7.2 

5.4 

6.4 

13.6 

0.8 

12.2 

17.6 
~p 

+ -  
0.2 

0.2 

0.1 

0.1 

0.2 

0.1 

0.2 

0.8 

2 

1 

1 

4 

0 

0 

0 

0 

-- 

1 

0 

0 

1 

16.8 

12.0 

12.1 

19.8 

I 

I 

I 

( 

0.2 

0.3 

0.1 

0.2 
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TABLE 5.-Mean errors El* and E,* for 1949 

BHAVNAOAR 
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TABLE 6.-iMean errors El* and E2* for 1949 

BOMBAY ( apOLI.0 BANDAR ) 

NEAN ERRORS Number of 
errom axceedlng 

( Pmdlcted - A e t d  ) --- 
-- -~ ---- ~ -- -. 

I 
30 

PERIOD 

1040 

Jan. 1-15 

18-91 

Feb. 1-15 

18-28 

Xu. 1-15 

10-31 

April 1-15 

16-30 

May 1-16 

10-31 

June 1-16 

10-30 

Ju ly  1-16 

10-31 

Aug. 1-16 

10-31 

Sept.1-15 

10-30 

Oct. 1-16 

10-31 

Nov. 1-15 

10-30 

Dm. 1-16 

l b 3 1  

 TAU,. 
I U R B . . I  + 0 , 9 ( 1  - 0 . 2 1  I- + 3 . 0  (1 - 0 . 1  1 9 . 5  1 0 . 3 )  11.7 1 0 . 3  1 1 I [ 

El in with regard to aign : E. in ~ t b o n t  regard to sign. 

El 
.- ----  

H.W. 

- 

L.W. 
Time 
p- 

minv lu  
-- - 

8 . 7  

8 . 0  

0 . 6  

10.3 

10.7 

7 .2  

0 .4  

10.0 

11.7 

11.6 

7 . 1  

10.8 

11 .0  

15.3 

10 .0  

1 0 8  

20.6 

14 .6  

16 .0  

12.7 

8 . 1  

10 .8  

0 . 7  

12.e 

-- - - -- - - -  

I..W. 
TLme Helgh t  

- - 

I 8 2  

E, 
.-  

H.W. 
Tlme Et. 
- - 

m i n u  
- _  

+ 

0 . 7  

1 . 5  

2 . 3  

2 . 1  

3 . 6  

0 . 0  

1 . 0  

7 . 2  

8 . 0  

2 . 1  

6 . 6  

6 . 2  

1 . 0  

I 43 .1  

Ht. 

/ul 
--- 

/& 

0 . 4  

0 . 0  

0 . 2  

1 ::: 
i 

Tlme 

rninulsr I m i n u  

- 

0 . 0  

2 . 3  

2 . 0  

5 . 0  

2 . 7  

1 . 3  

1 - 0  

3 . 5  

0 . 2  

1 . 4  

P . o  

I 90" 0 4  1 6 . 3  y 0 7 . 7  20.7 0 7  3 4  I 2 2 7 0  

0 . 2  

0 . 3  

0 . 2  

0 . 3  

0 . 3  

0 . 4  

0 . 4  

0 . 3  

0 . 3  

0 . 4  

0 . 4  

0 . 2  

0 . 3  

0 . 0  

0 . 3  

0 . 2  

0 . 3  

0 . 3  

0 . 3  

0 . 3  

0 .3  

0 . 4  

0 . 3  

0 . 3  

I - 1 . 4  7 . 6  

+ -  
0 . 1  

0 . 4  

0 . 1  

0 . 3  

0 . 6  

0 . 0  

0 . 1  

0 . 3  

0 . 3  

0 . 0  

0 . 1  

0 . 4  

0 - 6  

0 . 5  

0 . 1  

0 . 0  

0 . 1  

0 . 2  

-----I 
+ 

1 ' 5  

0 . 0  

2 ' 1  

1 . 7  

7 . 1  

3 . 7  

0 . 0  

10-5  

1 0 . 5  

5 8  

10.0  

0 . 0  

12-4  

4 . 8  

6 . 1  

1 . 0  

lul 

Hclght 
-- - 

3 . 0  - 
3 . 5  1 

I 
1 . 0  

0 . 1  

0 . 4  

4 . 2  

1 

1 ' 

2 . 5  

4 . 6  

I& 

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0  

0  

0  

1  

0  

0  

0  

0  

1 

0 

0  

0  

0  

0  

2  

1 

1  

1  

2  

0 

1 

0  

I 

1 1 3  "I4 120 

I 
l - T o ~ ~ . o  

0 . 0  

0 . 1  

0 . 3  

0 . 3  

1 
0 . 3  

0 . 4  

0 - 2  

0 - 2  

0 . 0  

0 - 3  

0 1  

0 . 1  

0 . 1  

0 . 2  

0 . 1  

o .o  

fl 

5 . 1  

11 .7  

7 . 2  

8 . 0  

8 . 6  

0 . 0  

0 . 4  

11 .3  

0 . 8  

0 . 0  

1 0 . 8  

0 . 0  

12.6 

0 , 6  

1 2 5  

10 0  

11 .0  

7 . 0  

11 .1  

7 . 3  

7 . 0  

0 . 4  

7 . 8  

0  

2  

1  

1  

0  

0  

1  

3 

3  

0  

1  

0  

1  

2  

6  

0  

4  

3  

3  

0  

1  

1  

I 

0 . 3  

0 . 2  

0 . 2  

0 . 2  

0 . 4  

0 . 6  

0 . 0  

0 . 1  

0 . 4  

0 . 4  

0 . 7  

0 . 3  

0 . 4  

0 . 5  

0 . 6  

0 3  

0 . 2  

0 . 3  

0 . 2  

0 . 8  

0 . 2  

0 . 3  

0 . 4  

0 . 3  

0  

0  

0  

0  

1  

0  

0  

0  

6  

6  

0  

0  

2  

0  

0  

0  

0  

0  

0  

0  

0  

1  

o 

0  

0  

0  

0  

1  

1  

0  

0  

1  

4  

0  

0  

4  

0  

0  

0  

0  

0  

0  

0  

0  

0  

O 
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TABLE 7.-Mean errors El* and E2* for 1949 

PERIOD I- 

-- 
+ 

Jan. 1-16 

1&31 0 . 6  

Peb. 1-16 1 . 2  

18-28 2 . 2  

bhr. 1-15 6 . 7  

18-31 0 . 2  

AprU 1-16 

18-90 

%g 1-15 2.7 

1&31 3 . 6  

June 1-16 0 .7  

1&30 0 . 8  

July 1-16 3 . 0  

18-91 1 . 0  

Aug. 1-15 1 . 2  

18-81 0 .1  

BepL 1-16 2 . 3  

1 5 3 0  1 . 0  

Oat. 1-16 3 . 1  

1 5 3 1  0 . 6  

NOV. 1-16 

18-30 

h a .  1-16 1 .0  

18-31 2 . 0  

TOTME . .  ( 33.8 

M l u s 8  .. I + 1.9  11 - 0 . 1  

El in with r e p d  to sign : E 
t One-tsnth of the mean reng 

VIZACIAPATA 

MEAN ERROR2 

( FTedlcted-Actual ) 

L.W. 
Time Helght 

minuw I (  J& 

+ - + I -  
0 . 1  0 . 2  

2 . 3  0 . 1  

1 . 8  0 . 4  

0 .7  0 . 3  

1 . 8  0 . 3  

0 . 3  0 . 2  

2 . 8  0 .0  

0 .9  0 . 1  

1 . 5  0 . 1  

2 .1  0 . 2  

3 .0  0 .1  

1 . 6  0 .1  

3 .1  0 . 0  

1 . 8  0 . 0  

0 .0  0 . 2  

0 . 2  0 .1  

1 .4  0 . 6  

1 . 7  0 . 2  

2 . 4  0 . 4  

0 .8  0 . 2  

0 . 6  0 . 1  

0 . 8  0 . 1  

1 . 3  0 . 0  

1 .0  0 . 1  

31.6 I 1 . 4  11 1 . 8  I 2 . 2  

, in without regsrd t o  si 
of the ordinary spring- 

' H.W. 1 Tlme Ht. 
L 

minuwl Iced 

Tlme Ht. 

0 . 1  

1 . 4  

1 . 2  

2.4 

8 . 3  

0 . 2  

3 . 4  

3.4 

6 .0  

8 . 8  

, 3 . 8  

4 . 0  

8 . 0  

2 .6  

1 '2  

0 . 1  

3 .4  

1 . 1  

3 . 1  

0 .6  

1 .6  

0 . 0  

1 . 8  

2 .2  

- 
Number of 

errom exceedlog 

0 . 1  

3.1 

1 . 0  

1 . 3  

3 . 1  

1 . 2  

2 . 8  

3 . 8  

3 . 0  

2.7 

6 . 0  

3 . 4  

3 .3  

2 . 9  

0 .0  

0 . 2  

3 . 2  

1 .7  

2.4 

2 .7  

0 .6  

0 .0  

1 .9  

1 .6  

0 . 2  

0 . 2  

0 . 3  

0 . 2  

0 . 2  

0 . 2  

0 . 2  

0 . 2  

0 .9  

0 . 9  

0 . 9  

0 . 2  

0 . 3  

0 . 1  

0 .1  

0 .1  

0 . 3  

0 . 6  

0 . 4  

0 . 4  

0 . 2  

0 . 2  

0 ' 1  

0 . 2  

0 . 3  

0 . 2  

0 . 4  

0 . 3  

0 . 3  

0 . 2  

0 .1  

0 . 3  

0 . 2  

0 .8  

0 . 3  

0 . 2  

0 . 2  

0 . 1  

0 . 2  

0 . 1  

0 . 6  

0 . 6  

0 .4  

0 . 6  

0 . 1  

0 . 2  

0 . 2  

0 .3  

84.7 I 5.7  

I 2.7  1 0 . 2  

n. 
ides. 

62.7 I 6 . 4  

2 . 2  1 0 . 3  

0  

0  

0  

0  

7 1  2 1 4 5 1 6 4  

0 0 1 1  

0 1 0 0  

0 0 2 4  

0 0 0 1  

2 0 0 0  

0 0 0 1  

0 0 1 0  

1 1 0 0  

0 0 1 1  

1 0 2 0  

0 0 6 3  

0 0 0 0  

2 0 6 0  

1 0 0 0  

0  

0 0 0 0  

0 0 1 0  

11 

0 0 7 0  

0  

0 0 1 0  

0 . 0 0 0  

0 0 0 1  

0  

0  

0 0  

0  

1  

11 

8 1 0  

1  
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TABLE 8.-Mean errors El* and E,* for 1949 
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TABLE 9.-Mean errore El* and E,* for 1949 

DIAMOND HARBOUB 
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TABLE 10.-Mean errors El* and E,* for 1949 
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TABLE 11.-Mean errors El* and E,* for 1949 

RANGOON 
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TABLE 12.-Ureatest differences between the predicted and actual 
heights of Low Water during 1949 

Port  

Aden . . 
Bbavnagar . . 

Bomba . . 
( Apogo Bander ) 

Vizagapatam . . 

Calcutta . . 
( Kidderpore ) 

Diamond Harbour.. 

Predicted 
mlnm 
actual 

- 0 .8  

- 2 . 0  

- 1 . 2  

- 1.7 

- 2.1 

- 2 .2  Do. 

Do. 

Do. 
Tidal registrationo 

are a t  Monkey 
Point about 1) 
miles down the 
river. 

Date 

September 20 and 21 

July 27 and Ootober 24 

July 20 

October 27 

November 1 

October 28 

Y Dublet ( Saugor ) . . - 2 . 0  Ootober 28 

RBI ARES 

A bar haa fonned 
in the ohannel 
which obstructs 
the flow of water 
to  the Tide-pole, 
thereby aEeoting 
all tides below 
9 ft. The moan 
range of the ordi- 
nary spring tides 
a t  t h u  port ia 
31.6 ft. 

Riverain port. 

Rangoon . . 
( M o d e y  Point ) 

- 2.1 April 23 



OBSERVATORIES 

47. Standards of Length.-The length of the 4-mebre invar 
bar has been determined in terms of the 1-metre nickel bar, and 8 
inver wires have been standardized in the 24-metre comparator in 
preparation for geodetic base measurement in Kutch. The bars and 
wires have maintained their previous lengths very satisfactorily. 
Details of the observations are given below. The observers were 
Messrs. V. P. Sharma and A. K. Bhattacharjee. 

The 4-metre invar bar has been measured in 4 sections which 
ere reduced to e common temperature of 24". 3 C. This bar has 
three sets of graduations on it--one on its edge A, the other on 
edge B and the third on Baros plugs in the centre. The details of 
comparison with the 1-metre nickel bar are given below. 

( a ) Invar 4-171 ( Baros plugs ) minua Nickel I-m.- 
First metre ( 0 to 1 ) of invar bar. 

Reputed length of nickel a t  23'.00 C= 1 m. + 0.3120 mm. ( derived 
from N.P.L. certilicate 1947 ) 

Observed inver minzw nickel - - - 0.2637 mm. 
:.Length of invar a t  23".06 C = 1 m.+ 0.0689 mm. 

Data 

17-10-40 

The expansion equation of invar ie 
LT = Lo ( 1 + 0.000 001 460t-0.000 000 000 6ts ) 
which gives the length of this eeotion of the inver bar a t  24O.3 to 
be = 1 m. + 0.0598 mm. 

Temperature 

TI = 23°.08 C 
Tn - 23".86 C 

Mean 

A. K. B. 

-0.2660 mm. 
,2541 
,2648 
.2672 
,2543 
.2602 
,2607 

V. P. 9. 

-0.2654 mm. 
,2662 
,2643 
.2668 
,2552 
,2495 
,2618 

,2516 ,2628 

-0,2636 mm. i -0.2530mm. 
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-0.2023 mm. 

Second metre ( 1 to 2 ) of i?zvar bar. 

-0.2623 mm. 
,2621 
,2862 
,2638 
,2660 
,2840 

Dato 1 Temperature A.  K .  B. 

I 
Reputed length of nickel = 1 m. + 0.3144 mm. 
Observed invar minvs nickel = - 0.2641 mm. 
Length of the invar at 23O.82 C = 1 m. + 0.0503 mm. 

:.Length of the inver at 24O.3 C = 1 m. + 0.0510 mm. 

V. P. S. 

Third metre ( 2 to 3 ) of invar bar. 

-I I I 

Reputed length of nickel = 1 m. + 0.3123 mm. 
Observed invar minw nickel = - 0.2617 mm. 
Length of the inver at 23O.66 C = 1 m. + 0.0506 mm. 

:.Lengthofinvaret24".3C = lm.+O.O515rnm.  

15-10-48 

Fourth metre ( 3 lo 4 ) of invar bar. 

Data I T o p e r a t m  I A . I . B .  

TI = 23O.66 C 
Ta = 23O.64 C 

I I .2560 .2563 

Mean -0.2628 mm. -0.2630 mm. 

Reputed length of nickel = 1 m. + 0.3079 mm. 
Observed invsr minw nickel = - 0.2629 mm. 
Length of the invar at 23O.30 C = 1 m. + 0.0660 mm. 

:.Length of the invm at 24O.3 C = 1 m. + 0.0664 mm. 

-0,2693 mm. 
,2614 
.2641 
,2837 
,2828 
,2604 
,2601 
,2616 

14-10-48 

-0.2697 mm. 
.2614 
,2633 
,2622 
.2638 
.2801 
.2607 
.2631 

T, = 23'.30 C 
Ts = 23'.28 C 

-0.2623 mm. 
.2631 
.2603 
.2624 ' 

-0.2521 mm. 
,2622 
.2623 
.2607 
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Combining the four sections of the invar bar we get the total 
length of the bar ( Baros plugs ) as 4 m. + 0.2187 mm. a t  24'. 3 
C. 1939 standardizations gave this length to be 4000.2243 milli- 
metres. The bar has accordingly shortened by 0.006  mm. or 1.5/M 
in 10 years. This shows that it  has more or less reached a stable 
condition, as in its early days, it exhibited an increase of S/M in 
10 years. 

( b ) 4-m Invar. Edge B minw Baros plugs.- 

Length of 4-m invar ( Baros plugs ) a t  
24O.3 C = 4 m. + 0.2187 mm. 

Length of 4-m invar Edge B at  24O.3 C = 4 m. + 0.2201 mm. 
end length of 4-metre invar Edge B a t  2S°C = 4 m. + 0.241.1 mm. 

Data 

19-10-49 

Mean 

( c ) 4-m Invar. Edge B minz*, Edge A.- 

A. K. B. V. P. S. 

+O.0036 mm. +0.0033 mm. + ,0026 + .0016 
- ,0016 + ,0010 + ,0008 - .0006 

+0.0014 mm. +0.0014 mm. 

General mean = +0.0014 mm. 

A. K. B. V. P. S. 

19-1040 +0,0014 mm. +0.0021 mm. + ,0004 - .0018 - .0011 - .0005 

Mean. +0.0013 mm. +0.0002 mm. 
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( d ) 4-m Nickel-steel minus 4-m Invar Baros plugs.- 

Accepted length of 4-m invar bar a t  
24O.3 C = 4 m. + 0.2187 mm. 

Length of 4-metre invar bar a t  17O.58 C = 4 m. + 0.1802 mm. 
Observed nickel-steel minus invar a t  

17O.68 C - - + 0,3402 mm. 
Length of 4-m nickel-steel a t  17O.58 C = 4 m. + 0.5204 mm. 
Coe5cient of expansion of nickel-steel = + a000 007, 62 

per "C. 
:.Length of this bar a t  24O.3 C = 4 m. + 0.7226 mm. 

I ts  length during 1934 standardization was found to be 
4 m. + 0.7325 mm. and its Reputed Length in 1914 (N.P.L. 
Certficate ) was 4 m. + 0.7423 mm. 

These figures show that the 4-m nickel-steel has been 
shortening by 0.01 mm. in 20 years or a t  the rate of 118 M per year. 

48. Coefficients of Expansion of 24-metre Invar Wires.-The 
invar wires for geodetic base measurement were obtained a long 
time ago and the coefficients of expansion for some of them were 
determined from short samples of the wires. Previous work with 
them had made it abundantly clear that the coe5cients aa supplied 
by the makem were not applicable and it was essential to determine 
them either in the 24-m. comparator or in the field. During the 
Kandla base measurement, a length of 240 metres was laid on in 
the field on 8 flat bit of ground. I ts  ends were marked by b r w  
plugs embedded in cement. It was measured with ell the wires 
in use a t  two Meren t  temperatures. 

Data 1 Temperatun 

The following table gives the values for the coe5cients 8s 
derived in this way. For comparison the previously accepted 
values of 1934 have also been given. It will be seen that during 
these 15 years when no work has been done with them, a con- 
sidewble change has occurred in their temperature ooefficienb. 
For some of the wires, even the sign has changed. 

A. K. B. 

+0.3411 mm. 
,3427 
,3452 
,3413 
,3402 
.3404 
.3385 
,3307 
,3377 
,3388 

+0.3403 

+0.3402 mm. 

9-1 1 4 9  

I 

V. P. S. 

+0.3452 mm. 
,3392 
,3478 
,3415 
,3383 
,341 1 
,3378 
,3377 
.336G 
,3371 

+0.3402 

T, = 17O.68 C 
THS = 17O.58 C 

Mean 

Accepted mean 



106 TECHNICAL REPORT [ PART m, 194SSO 

Increase in  m m .  per 24 metres per 1°C. 

1 . 1  244 1 247 I 248 1 252 1 1037 1 1038 1 
Seaaon 

-- 

49. Lengths of Wires.-In the year 1931-32, although no 
base was actually measured, all the wires for some unaccountable 
remon showed abnormal chan~es of lenath amountine in anextreme 
case to as much as 1/10,000: ~ u r i n g  the measurlment of some 
bases in 1932-33 also some of the wires changed by 1/60,000 or so. 
To avoid the uncertainties caused by such large changes, the 
lengths of all the wires which were taken to the field were determined 
against the 24-metre comparator a t  Dehra Din before and after 
the measurement of the Kandla base. In the field, daily com- 
parisom were done with the substandard and a close watch was 
kept to ensure that the two wires of each pair maintained their 
relative length. 

The length of the 24-metre comparator was determined in 
October with the help of the 4-metre Invar bar and is d o w n  in 
Plate XXV. 

The resulting lengths of the seven wires pre and post field 
season are tabulated below :- 

Millimetres in ezcess o f  24 metres at 28' C. 

245 1 244 / 2-47 I 248 1 252 1 1037 1 1038 1 
Date --- -- - - -- - 

I October .. I +0.99 1 -2.42 1 +1.66 1 +1.76 1 +3.19 1 +0.78 1 +0.17 1 

1 Mean .. ( +1,02 1 -2.43 1 +1.47 1 +1.71 1 +3.15 1 +0.78 1 +0.79 1 
I I I I I I I I I 

I t  will be seen that the wires have held their lengths very 
mtiefactorily in the field. Their mean value has been accepted 
for the h a 1  reduction of the base. 

The largest change 0.19  mm. has been exhibited by wire 
No. 247. This wire wm slightly kinked a t  one end in 1933 due 
bo the wireman slipping while crossing a naSla, resulting in a 
ehortmning of its length by 0.08  mm. After that it showed rather 
l q e  ohanges of length. I t  was deliberately included thie field 
w o n  to see whether ill-treatment causes only temporary imtebility 
in these wires. Actual results have shown that although the wire 
received a maltreatment 16 years ago, it  still shows not only large 
changes in its length but also in ita temperature coefficient ( vide table 
in para 48 ). It is now being rejected for future use. 

Another point, to which it  is worthwhile drewing attention ie 
that in the past, the field standards have eometimee changed muoh 
more than working wires. The stendard wire aeleoted wee No. 246. 



Plate XXV 



CHAP. PI] OBSERVATORIES lm 

It was used for the comparison of substandard 1037 only four 
times during the field season. Neither this nor the substandard 
1037 shows a markedly greater change than the working wires. 

50. Magnetic Observations.-It has been known for some 
time that the diurnal variations of the horizontal force of the 
earth's magnetism are enhanced in the arem between the magnetio 
and geographic equators. Thus, a t  Kodaikanal Observatory, range 
is about double that a t  Alibag. This augmentation is of so great an 
intereat as to warrant observations being carried out in different 
regions of the world near the magnetic equator. With this end in 
view, a Committee waa convened by the International Association of 
Terrestrial Magnetism and Electricity at  the Oslo Assembly in 1948 
to promote observations of daily variation of the horizontal magnetio 
force between and near the geographic and magnetic equatore. 
I t  put forth the scheme that observations of the range of the daily 
variation of H should be carried out a t  a series of stations about 
150 km. apart lying in a north-eoath line outside and between 

the geographic and geomagnetic equators with a station of reference 
on the geomagnetic or on the geographic equator. 

The Committee's proposal for these observations in India was 
conaidered a t  the meeting of the Central Board of Geophysics and 
i t  was agreed that the Geodetic Branch of the Survey of India 
should be entrusted with this work. 

Chart XXVI shows the stations which were selected for these 
special observations. They are Guntakal, Bangalore, Tinnevelly and 
Gelle ( in Ceylon ) with Kodaikanal as the reference station. Galle 
is off the meridian of Kodaikanal, but it was considered advisable 
to include it as it  is situated in a latitude on which the observations 
should be of much value. 

Three Quartz Horizontal Magnetometers Nos. 17, 18 and 32 
belonging to the International Association of Terrestrial Magnetism 
were received in India for the purpose. A detachment consisting of 
Mr. S. Vaikuntanethan and 2 khahieie started from Dehra Diin for 
field work on the 9th May and returned on the 20th August, 1960. 
Although the observations were made subsequent to the period 
covered by this report, the results have been included aa they 
are of immediate interest. Details of observations ere as followe :- 

At Kodaikanal observatory which wea ohosen as the reference 
station, simultaneous observations were made for three daya both 
at  the beginning and the olose of the field work. 

To get the maximum range, observations in the field were 
omied out during the periods in whioh H attaim ita maximum end 
minimum values. In  India, the maximum usually ocoura between 
11-30 and 12-30 hrs., Indian shndard time ( hours ahead of 
Greenwich ) end the minimum occurs either in the morning 
between 5-45 and 7-00 hrs. or in the evening between 17-00 and 
18-30 houre. 

The Q.H.Ms. accordingly were observed a t  3 epeoified times 
( 0, 12 snd 18 hourv ) in e day and eimulteneously, nlqeq wm 
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observed a t  Kodaikanal reference station. A single observetion 
lasted 10 to  14 minutes. The routine of observation was to read 
two of the three Q.H.Ms. a t  a time. This involved six observations 
each day-three with one instrument and three with another 
almost immediately after it  ( one in the morning, one in the noon and 
one in the evening ). A minimum of three days observations were 
made a t  each station, No. 32 being used for all the three days, 
No. 17 for two days and No. 18 for only one day. 

The Q.H.Ms. 32 and 17 were found to agree between themselves 
very well while the values obtained with Q.H.M. No. 18 was always 
on the higher side by about 10 gammas. 

The constants for the three instruments for a tonion of 27, 
are as follows :- 
No. 17. H = 9.14718 - log sin4 + 0.000172, t - 0.0002 H oos4 
NO. 18. H = 9.15017 - log sin4 + 0.000172 t - 0.0002 H cos4 
No. 32. H = 9.14947 - log sin4 + 0.000160 t - 0.0002 Hcoq4, 
where t is the temperature in degrees centigrade, is the observed 
deviation angle and H is the horizontal magnetic force. 

The results obtained a t  the 5 stations are shown in Tables 1 and 2. 
A scrutiny of the results reveals that as expected the ranges 

are maximum a t  Kodaikanal and Tinnevelly which are nearer 
to the magnetio equator than the other stations observed at. Galle 
and Guntakal have about the same mean range. 

It is also interesting to note that the mean range a t  Kodahnal  
deoreased by as much as 33y in a period of a fortnight commenoing 
from 6th June 1950. 

A comparison of columna 13 and 14 of Table 1 reveals that for 
Kodaikanal, the range as derived from Q.H.M. observations agrees 
almost perfeotly with that obtained from self-recording magnetio 
variometere, which is very satisfactory. 

The observed ranges tabulated in this table have to be further 
corrected for suoh effects as the declination of the sun, sun spot 
numbers and the age of the moon to get the final value for the 
variation of the range with the geographioal latitude. This has 
been done a t  the Geographical Section of the Danish Meteorological 
Institute, Copenhagen under the supervision of Dr. J. Egedal. 

The following t,able gives the final results :- 
Reference station : Kodaikanal ( Lat. 10"- 2 N., Long. 77O.6 E.  ) 
Magnetic equator = 8O.7 N. ; Geomagnetic equator = 9O.7 N. 

Year 

Date 
Station 
Latitude 
Longitude 
Ratio 

1950 

June 18-20 
Gelle 

BO.ON. 
80°.2E. 

0 .88  

June 5-8 
Tinnevelly 

e 0 . 7 N .  
7T0. 6 E. 

1.12 

July 31-Aug. 2 
Guntakal 
15" .2N .  
77O.4 E. 

0 .74  

July 9-12 
Bangalore 
13" .0N .  
77O. 6 E. 

0 .82  



Chart XXVl 
STATIONS OBSERVED WITH Q.H.M s. 
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The observations revealed that the mean maximum range in 
India was 106 y as against 116 y at  Huancayo and 124 y at  Togoland. 

One more station Mandapam ( Latitude 9". 3 N., Longitude 
79O.1 E. ) was also observed, as it happened to be a repeat 
station. Although it is not located on the meridian of the stations 
chosen for specizl study, the observations on it are of interest, 
it is quite close to the Magnetic Equator. Table 3 shows the 
results. I t  would be seen that the observed range of variation of 
H is very large and comparable to that a t  Tinnevelly. 

51. Observations at  Repeat Stations.-The three Q.H.Ms. 
employed for measurements in the equatorial belt were also com- 
pared with the Kew Pattern instruments in use a t  Dehra Diin as 
well as a t  Alibag magnetic observatory. The results will be 
discussed in the next Technical Report. 

I n  addition to the above comparisons, declination and horizon- 
tal force were observed a t  9 other repeat stations, viz., Mandapam 
( see para 50 above ), Tanjore, Perambur, Arkonam, Cannanore, 
Birur, Dharwar, Cumbun and Bezwada ( See Chart XXVI ). The 
revised isogonic lines south of latitude 16" drbwn as a result of 
these observations mill bo given in the next Teohnical Report. 

52. Meteorological and Seismological Observations.-The 
usual meteorological observations a t  84 hrs. and 174 hrs. in place 
of 8 hrs. and 17 hrs. have been taken throughout the year. The 
meteorological data, for Dehra, Diin have been supplied to various 
local civil and military offices. The original Meteorological monthly 
records have been sent to the Director, Regional Meteorological 
Cenge, New Delhi. 

The Ornori Seismograph was in operation throughout the year 
and worked satisfactorily. Tb earthquakes recorded a t  this 
observatory are published in the monthly Seismological Bulletin 
under the direction of the Director General of Observatories. 

53. The Riefler Clock.-The Riefler electric clock has been 
functioning throughout the year. Adjustment of Shortt clook 
haa been taken up. Renewals of Caustio Soda cells have been 
received. The rating of the clocks and chronometers has been 
done by hearing the B.B.C. time pips on an ordinary wireless 
receiver. 

54. Test, Calibration and Repairs of Instruments.-During 
the period under report 356 instruments of various kinds were 
tested and calibrated. The calibration of Hunter Short Base tapes 
was cerried in catenary against bays 1-6 of 24-metre comparator. 
The other instmments calibrated were invar staves, standard steel 
10-foot tape, barometers aneroids and Paulins, theodolites, leveb, 
chronometers, watches and many other precision instruments. 

Repairs to 336 surveying instruments were carried out. The 
imtmments for repairs were, theodolites ( glass arcs, verniers 1, 
levele, calculating machines, barometers, tapes, crinoline ohaim, 
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ataves, clocks, watches, chronometers, binoculars, prismatic com- 
passes, magnetic box compasses, clinometers, etereoscopes, mag- 
netometers, etc. 

55. Miscellaneous.- 
( i ) Various field detechrnente of Geodetic and Training 

Circle were supplied with instruments, and equip- 
ments for the field sellson 1949-50. 

( ii ) All delicate instruments installed in observatories and 
store were maintained in good condition and adjuet- 
ment. 

( iii ) Star Almanac 1951 was compiled and published. 

( iv ) Preliminary computations of Manabe base-line, 
geodetic triangulation and astrolabe work in Kutch 
were carried out. 

( v ) Practice observations were carried out in Geodetic 
Base measurement by young officers in Dehm Dtin 
and a part of City Traverse of Dehre Dfin waa 
carried out with Invar Base measuring equipment. 

( vi ) Annual examination of all surveying inetrumenta of 
units and detachments a t  the close of field work 
was carried out. 
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CHAPTER VII 

COMPUTATIONS AND PUBLICATIONS 

56. Adjustment of Topographical Triangulation in India.- 
A reference was made in the previous report to the immensity of the 
task involved in the systematic examination, compilation and 
adjustment of the huge mass of topographical triangulation in India 
( about 3) lakhs of points ) and it was pointed out that the work 
would take 30 computers nearly 30 years to complete. Although 
a start has been made, the progress is likely to be seriously hampered 
by the lack of trained staff. 

During the period under report, one pamphlet No. 54 A, 
covering one degee square, was completed in Block No. 1 and one 
pamphlet No. 47 F was prepared in Block No. 2. See Technical 
Report, 1 9 4 8 4 9 ,  Part 111, para 84 and charts XXIX and XXX. 
Further work is in progress in these blocks. 

Some preliminary compilation in 1/M sheets 48 and 58 has been 
carried out in the Southsrn Circle, but the data hag not yet been 
examined and adjusted. 

57. Triangulation data in Iraq and 1rHn.-The triangulation 
data in IrBq and IrBn comprises the following :- 

( i ) Data of the triangulation carried out by the Sumey 
Party of the Mesopotamia Expeditionary Force of 
World War I in south and west IrBn. 

( ii ) Data of primary, secondary and tertiary triangulation 
of the Iraq Survey Department. 

( iii ) Data of Paiforce triangulation, 1941-43, mostly by 
Indian Field Survey Companies. 

( iv ) Data of triangulation linking IrSq to India executed 
in 1944. 

( v ) Data of triangulation carried out by the Anglo-IrLnien 
Oil Company. 

AB already mentioned in the previous report, the d a k  described 
above, some of which is on Meren t  spheroids, have all been brought 
into one terms by adjustment and made mutually consistent. 
Details of the various triangulations are given in Technical Report 
1947, Part 111, Chapter V. 

The reotangular co-ordinates on Lambert Orthomorphic Conha1 
Projeotioh of all points are being compiled in pamphlets, each 
pemphlet containing date falling in en area of one degree of latitude 
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by one degree of longitude. In cases where data is sparse a larger 
area has been included in one pamphlet. The details of the adjust- 
ment carried out are given in the preface to each pamphlet. Out of 
an estimated total of about 80 pamphlets, 22 have so far been 
published. 

58. Computations of results of field work.-Observations of 
geodetic triangulation and base measurement in Kutch (see 
Chapter I ) have been computed in the Computing Office. 

Results of the following levelling lines executed during the 
period under report were also worked out :- 

( a ) Levelling of High Precision 
( i ) Balmore to Howrah 
( ii ) KIrwBr to Hubli 
(iii ) Raipur to Vizianagram and Viianagram to 

Vizagapatam. 

( b ) Precise levelling 
( i ) Howrah to Purbasthali 
( ii ) Calcutta Mint to Cossipore 
( iii ) ,, ,, ,, King George's Dock. 

( c ) Seconda y Levelling 
( i ) Kosi area 
( ii ) Gandak area 
( iii ) Narbada area 
( iv ) Kutch area 
( v ) Connections to Tidal stations st Navi Wat and 

Navlakhi. 

A narrative account of these level lines and the discussion of 
results is given in Chapter 11. 

Besides the above, deflections and gravity anomalies have been 
computed a t  new stations and the charts of the Geoids ( Chapter IV ) 
and Gravity Anomalies ( Chapter I11 ) have been revised. 

59. Technical Papers.-An account of the geodetic work of the 
Survey of India has been published from 1921 to 1940 in the annual 
Geodetic Reporb, and since 1947 in the annual Technical Reports, 
the publication having been in abeyance from 1940 to 1947 due to 
the di5culties created by World War 11. In  addition to this annual 
account, research work carried out on specXc problems or accounts 
of methods and processes relating to particular eubjeots have been 
dealt within two series of papers, viz., the Professional Papen and 
Departmental Papers. The former were intended for wide distri- 
bution to foreign eurvey institutions libraries, universities and 
distinguished scientists interested in the subject matter of the paper, 
and the latter were meant primarily for the use of the departmental 
officere and other Government of India Departments interested in 
the pro- of the Survey of Indie. 
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I t  has unfortunately not been possible to publish any Pro- 
fesssional Paper ever since World War I1 broke out and only one 
Departmental Paper has been issued recently since that date. 

With a view to stimulating thought and encouraging research 
on departmental methods and problems and to making the results 
of such research widely available in the department a third series of 
Papers known as "Technical Papers" have been initiated. The 
first paper of this series is entitled "Towards a National Survey" 
and emphasizes the need of a close liasion between the Survey of 
India and the State (Provincial ) Survey Departments, which 
carry out local and cadastral surveys for revenue and settlement 
purposes, to avoid duplication of effort. It is recommended that all 
officers employed in the State Survey Departments should be 
Survey of India trained, that the Survey programmes of the State 
Survey Departments should be executed in consultation with and in 
accordance with the methods and technique and with the same class 
of instruments as are in use in the Survey of India. 

The second paper "Value of Gravity a t  Dehra Dhn" gives 
the history of the various determinations of the value of gravity 
a t  Dehra Diin which is the National Base Station for India and 
stresses the need for a highly precise value, since all the previous 
values are widely discrepant. 

The third paper bears the title "Levelling in India, Past and 
Future". This paper brings home the fact that Indi~ is very 
backward as regards levelling compared with European and American 
countries. A chart is included which shows in striking contrast 
the levelling oarried out in the U.S.A. and in India. The U.S.A. 
level net ( 1936-38 ) consists of more than 150,000 bench-marh 
distributed along about 107,000 miles of first order and 156,000 
miles of second order levelling whereas the total mileage of levelling 
in India is less than 15,000 miles with a total of 16,000 bench-marks 
about 14,000 of which are of non-permanent nature. It is pointed 
out that it  is beyond the capacity of the Survey of India to bring up 
the progress of levelling in India to the standard of other advanced 
countries and consequently the active co-operation of State Govern- 
ments and the Engineering Departments in filling up the large gaps 
which exist is sought. To ensure uniformity it is suggested that 
all agencies carrying out levelLng for local purposes should work in 
terms of the National Datum and their levelling should be tied on to 
the National framework of High Precision Levelling, and should be 
c a i e d  out to the standards of aocuracy and with the class of instru- 
ments employed in the Survey of India. This appeal has since met 
with some response and a number of State Governments have 
deputed their officers for training in the Survey of India. 

The fourth paper "Mount Everest-Its name and height", 
whioh has been issued after the period covered by this report 
throw0 light on e subjeot, whioh has been a matter of great wntro- 
vemy in the paat end about which eeveral misconceptione ere 
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current to-day. The accepted height of 29,002 feet for this peak was 
derived from older observations which were incomplete in many 
respects. The Survey of India proposes to extend the triangulation 
to within about 40 miles of the peak so that reliable observations can 
be made for a ~recise determination of its height. Until these are 
carried out, the traditional value will have to be adhered to. 

60. Other Publications.-The following are the other publice- 
tions which were seen through the press :- 

1. Technical Report 1948-49, Part 111-Geodetic Work. 
2. Levelling Pamphlets for 1/M Sheets 65 and 74. 
3. Grid data triangulation pamphlets in IrBq and IrBn, 

six in number. 
4. Spherical and grid triangulation pamphlet for sheet 73 M 

( a t  press ). 
6. Secondary levelling pamphlet No. 55. 



LIST OF IMPORTANT GEODETIC PUBLICATIONS AND 
CONTRIBUTIONS BY OFFICERS OF THE 

SURVEY OF INDIA 

( A ) Publications. 

No. Name of Book Detuila 

1. G.T.S. Vol. 11 History and General Description of the 
Reduction of the Principal Triangulation. 
Dehra Diin, 1879. Price Rs. 10-8. 

2. G.T.S. Vol. I X  Telegraphic Longitudes. During the 
years 1875-77 end 1880-81. Dehre Diin, 
1883. Price Rs. 10-8. 

3. G.T.S. Vol. X Telegraphic Longitudes. During the 
years 1881-82, 1882-83 and 1883-84. 
Dehre Diin, 1887. Price Rs. 10-8. 

4. Q.T.S. Vol. X I  Astronomical Latitudes. During the 
period 1805-188.5. Dehre Diin, 1890. 

Price Ra. 10-8. 
6. G.T.S. Vol. XV Telegraphic Longitudes. From 1886 to 

1892 end the Revised Results of Vols. I X  
and X: ale0 the Simultaneous Reduction 
and h a 1  Results of the whole Operations. 
Dehra Diin, 1893. Price Rs. 10-8. 

6. G.T.S. Vol. XVI Tidal Observations. From 1873 to 1892 
and the Methods of Reduction. Dehre 
Diin, 1901. Price Rs. 10-8. 

7. G.T.S. Vol, XVII Telegraphic Longitudes. During the years 
1894-95-96. The Indo-European Arcs 
from Kerrichi to Greenwich. Dehre Diin, 
1901. Price Re. 10-8. 

8. G.T.S. Vol. XVIII Astronomical Latitudes. From 1886 to 
1906 and the deduced values of Plumb- 
line Deflections. Dehre D a ,  1906. 

Price Ra. 10-8. 
9. G.T.S. Vol. XIX Levelling of Precision in India. From 

1868 to 1909. Dehre Diin, 1910. 
Price Rs. 10-8. 

10. Records of the 1901-20. The Magnetic Survey, by Lt.- 
Survey of Indie, Colonel R. H. Thomas, D.s.o., B.E. end 

Vol. XIX E.  C. J. Bond, V.D. Dehre Diin, 1826. 
Price Re. 4. 

121 
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No. 

11. 

Name of Book 

Geodetic Report 
Vol. I 

Geodetic Report 
Vol. I1 

Geodetic Report 
Vol. I11 

Geodetio Report 
Vol. N 

Geodetio Report 
Vol. v 

Geodetio Report 
Vol. VI 

Geodetio Report 
Vol. VII 

Details 

1922-2s. Computations and Research. 
Tidal work. Time and Magnetio observa- 
tions. Latitude and Pendulum observa- 
tions in Bihiir, Assam and Kashmh. 
Levelling. Lecture on "The height of 
Mount Everest and other Peaks". Dehra 
Dan, 1928. Price Rs. 6. 
1925-26. Computations and Researoh. 
Tidal work. Time and Magnetic observa- 
tions. Preparations for the International 
Longitude Projeot. Triangulation. Level- 
ling. Investigation of the behaviour of 
tree benoh-marks in India. Dehra Dh, 
1928. Price Re. 3. 
1926-27. The International Longitude 
Project. Computations 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 Dan, 1929. Price Re. 3. 

1927-28. Computations and Publioation 
of data. Observatories. Tides. Gravity 
and Deviation of the Vertioal. Triangula- 
tion. Levelling. Dehre Diin, 1929. 

Price Re. 3. 
1928-29. Computations and Publication 
of data. Observatories. Tides. Gravity 
and Deviation of the Vertical. Triangula- 
tion. Levelling. Research and Technical 
Notes. Dehra Diin, 1930. Price Re. 3. 
1929-30. Computations and Publication 
of data. Observatories. Tides. Gravity. 
Triangulation. Levelling. Research and 
Technical Notes. Dehra Dijn, 1931. 

Price Re. 3. 
Supplement. Indian Deflection and Gravi- 
ty stations. Dehra Diin, 1931. 

Price Re. 1-8. 
I 930-31. Computations and Publication 
of data. Observatories. Tides. Devia- 
tion of the Vertical. Gravity. ~ r i a n f l a -  
tion and Base Measurement. Levelling. 
The Magnetio Survey. Dehra D a ,  1932. 

Price Re. 3. 
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No. 

18. 

Name of Book 

Geodetic Report 
Vol. VIII 

Geodetic Report 
1933 

Geodetic Report 
1934 

Geodetic Report 
1935 

Geodetic Report 
1936 

Geodetic Report 
1937 

Supplement to 
Geodetic Report 

1937 
Geodetic Report 

1938 

Geodetic Report 
1939 

Geodetic Report 
1940 

Details 

1931-32. Computations and Publication 
of data. Observatorioa. Tides. Gravity. 
Triangulation. Levelling. Research and 
Technical Notes. Dehra Diin, 1933. 

Price Rs. 3. 
Triangulation and Base Measurement. 
Levelling. Deviation of the Vertical. 
Computations and Publication of date. 
Observatories. Tides. Research and 
Technical Notes. Dehra Diin, 1934. 

Price Rs. 3. 
Triangulation and Base Memurement. 
Levelling. Gravity. Deviation of the 
Vertical. Computing Office and Tidal Sec- 
tion. The Lnternational Longitude Project. 
Observatories. Research and Technical 
Notes. Dehra Diin, 1935. Price Rs. 3. 
Triangulation. Levelling. Deviation of 
the Vertical. Gravity. Geophysical Sur- 
vey in BihZr. Computing Office and Tidal 
Section. Observatories. Research and 
Technical Notes. Dehra Diin, 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 BihBr. 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 Grevity 
Stations. Dehra Diin, 1939. 

Price Rs. 2-8. 
Triangulation and Levelling. Deviation 
of the Vertical. Gravity. Computing 
O5ce and Tidal Section. Observatories. 
Dehra Dan, 1939. Price Ra. 3. 
Levelling. Gravity. Computing Office 
and Tidal Section. Obserpatoriea. Re- 
search and Technical Notes. Dehra Diin, 
1940. Price Rs. 3. 
Levelling. Deviation of the Vertical 
Gravity. Computing Office and Observe- 
tories. D e h .  Diin, 1945. Price &. 2? 
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NO. Name of Book Dehils 

28. Technical Report, Triangulation in the Neighbouring Coun- 
Part  111, Geodetic tries of India. Levelling. Gravity. Devia- 

Worlr 1947 tion of the Vertical. Computations and 
Publications. Tides. Observatories. 
Dehra Diin, 1948. Price Rs. 4. 

29. Technicnl Report, Triangulation. Levelling. Gravity. Devia- 
Part 111, Geodetic tion of the Vertical. Tides. Observatories. 

Work 1948-49. Computations and Publications. Research 
and Technical Notes. Dehra Diin, 1960. 

Price Rs. 4. 
30. Technical Report, Triangulation. Levelling. Gravity. Devia- 

Part 111, Geodetic tion of the Vertical Tides. Obsema- 
Work 1949-50 tories. Compubations and Publications. 

Dehra Don, 1951. Price Rs. 4.  
31. Professional Pendulums. The Pendulum Operations in 

Paper No. 10 India, 1903-07, by Maj. G. P. Lenox- 
Conyngham, R.E. Dehra Diin, 1908. 

Price Rs. 2-8. 
32. Professional Pendulums. The Pendulum Operations in 

Paper No. 15 India and Burma, 1908-13, by Capt. H. J. 
Couchman, R.E. Dehra Diin, 1915. 

Price Rs. 2-8. 
33. Professional Geodesy. The Earth's Axes and Tri- 

Paper No. 16 angulation, by J. de Graaff Hunter, M.A. 
Dehra Db, 1918. Price Rs. 4. 

.34. 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. 
35. Professional Gravity. Gravity Anomalies and the 

Paper No. 27 Structure of the Earth's Crust, by Maj. 
E.  A. Glennie, D.s.o., R.E. Dehra Diin, 
1932. Price Re. 1-8. 

36. Professional Triangulation. The Readjustment of the 
Paper No. 28 Indian Triangulation, by Maj. O. Bomford, 

R.E. Dehra Diin, 1938. Price Re. 4-8. 
37. Professional Magnetic. Magnetic Anomalies, by B. L. 

Paper No. 29 Gulatee, M.A. ( Centab. ). Dehre Diin, 
1938. Price Rs. 1-8. 

38. Professional Gravity. Gravity Anomalies and the 
Paper No. 30 Figure of the Earth, by B. L. Gulatee, M.A. 

( Centeb. ). Dehre Diin, 1940. 
Price Re. 3. 

39. Wer Research The Trans-Persia Triangulation 1941-44. 
Series Pamphlet ( linking IrBq and India ), by J. de G r a d  

No. 9 Hunter, o.I.E., e c . ~ . ,  B . R . ~ ,  end B, IJ, 
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No. Name of Book Dehile 
Gulatee, M.A. ( Cantab. ), with an Appendix 
" The Persia-India Connection ", by Maj. 
P. A. Thomas, I.E. Price Rs. 2. 

40. Femoirs of The Geophysical Prospecting for Manganese 
Survey Research near RBmtek, C.P., by B. L. Gulatee, M.A. 

Institute Vol. 1, ( Cantab. ). Price Rs. 3. 
- No. 1 

41. Teohnical Paper Value of Gravity a t  Dehra Diin, by Mr. 
No. 2 B. L. Gulatee, M.A. ( Cantab. ). Dehra D h ,  

1948. 
42. Technical Paper Levelhg in India, Past and Future, by, 

No. 3 Mr. B. L. Gulatee, M.A. ( Cantab. ). Dehra 
nth, 1949. 

43. Technical Paper Mount Everest, its Name and Height, by Mr. 
No. 4 B. L. Gulatee, M.A. ( Cantab. ). Dehra Diin, 

1960. 
44. Technical Paper Geodetic and Geophysical aspects of the 

No. 6 earthquakes in Assam, by Mr. B. L. Gulatee, 
M.A. (Cantab.),  F.R.I.c.s., M.I.S. (IND.). 
Dehra Diin, 1951. 

46. . . . . Question Papers set a t  the Intermediate 
Examination of the Institution of Sur- 
veyors ( India ) in 1950. DehraDDn, 1950. 

Price As. -181 - 

( B ) Articles on Geodetic Subjects. 

1. . . . . The Indian Geoid and Gravity Anomalies, 
by J. de Graaff Hunter, M.A., s c . ~ . ,  
F. MST. P. and Capt. G. Bomford, R.E. 
( Bulletin GBoddsique, No. 29, Jan.-March 
1931, pages 20, 21, Paris ). 

2. . . . . Construction of the Geoid, by J, de Graaff 
Hunter, M.A., s c . ~ . ,  F. MST. P. and Capt. 
G. Bomford, R.E. ( Bulletin Modbsique, 
No. 29, Jan.-March 1931, pages 22-26, 
&ria ). 

3. . . . . *+The Hypothesis of Isostasy, by J. de 
Graeff Hunter, M.A.,  so.^., F. MST. P. 
(The Observatory, Deo. 1931 end Gem- 
physioal Supplement to Monthly Noticee 
of the Royal Astronomical Society, Jan- 
uerv 1032 ). 

Obtrinabls h r n  Maurn. Taylor and Franois, Red Lion Court. Fleet Stre& 
London W.C. 

{ Obtainable from the Royel Astronomicel Society, Burlington H o w ,  bndon. 
W. 1. 
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. . . . *Stokes's Formula in Geodesy, by B. L. 
Gulatee, M.A. ( Cantab. ). ( Nature, 20th 
Feb., 1932 ). 

. . . . t' ' (=rustal Warpings " discussing the gra- 
vity work of the Survey of India. by Maj. 
E. A. Glennie, D.s.o., R.E. ( The Obser- 
vatory January and April 1933 ). 

. . . . $Figure of the Earth, by B. L. Gulatee, 
M.A. ( Cantab. ), ( Gerlands Beitriige, Bd. 
38, H. 314, S.426, 1933). 

. . . . $Deflection of the Plumb-Line, by B. L. 
Gulatee, M.A. ( Cantab. ), ( Hydrographic 
Roview, Vol. X, No. 2, Nov. 1933, pages 
182-189). 

. . . . $Isostasy in India, by Lt.-Colonel E. A. 
Glennie, D.s.o., R.E. ( Gerlands Beitrage 
Zur Geophysik, Vol. 43, No. 4, 1936 ). 

. . . . IlThe Figure of the Earth from Gravity 
Observations and the Precision Obtainable, 
by J. de Graaff Hunter, c.I.E., s c . ~ .  
( Philosophical Transactions, Royal 
Society, Series A, Vol. 234, 1936 ). 

. . . . **On the Subterranean Mass-Anomalies in 
India, by B. L. Gulatee, M.A. ( Cantab. ), 
( Proceedings of the Academy of Sciences, 
U. P. India, Vol. 6, Sept. 1935 ). 

. . . . ttCrusta1 Warping in the United States, by 
Lt.-Col. E. A. Glennie, D.s.o., R.E. ( Ger- 
lands Beitrage Zur Geophysik, Vol. 46, pp. 
193-197, 1936 ). 

. . . . ??The Boundary Problems of Potential 
Theory & Geodesy, by B. L. Gulatee, M.A. 
( Cantab. ), ( Gerlands Beitriige Zur Geo- 
physik, Vol. 46, pp. 91-98, 1938). 

. . . . Geophysical Prospecting for Manganese, 
by B. L. Gulatee, M.A. ( Cantab, ), ( Journal 

Obtainable from the office of Nature. St. Martin's Street, London. W.C. 2. 
t Obtainable from the Measrs. Taylor and Franois. Red Lion Court. Fleot Street, 

London. W.C. 
t Obtainable 6om Akademisohe Verlagn esellschah M.B.H.. Leipzig. 
4 Obtainable from the International  fro raphio Bureau, Monte-Carlo, Monaos. 
11 Obtainable from Mwm. Dulau L Co.. 37 {oho Sqaure, London, W. or Measre. 

Heninon 4 Sons. St .  Martb's Lane, London. or The Royal Society a t  Burlington 
H o w .  London. 

** Obtainable from the Anndemy of Soiences. U.P., AUahabad. 
ft Obtdnsble from Akademische Verlapgeaelleohelt M.B.H., Leiprig. 
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Vol. VIII 

Geodetic Report 
1934 

Geodetic Report 
1935 

Geodetic Report 
1936 

Geodetic Report 
1937 

Supplement to 
Geodetic Report 

1937 

Geodetic Report 
1938 

Geodetic Report 
1939 

Geodetic Report 
1940 

Drtnils 

1931-32. (,'omp~~tntions and Publication 
ot data. Observatorio~. Tides. Gravity. 
Triangulation. Levelling. Research and 
Technical Notes. Dehra Dim, 1933. 

Price Rs. 9. 
Triangulation ant1 Bane BIcacruremerlt. 
Levelling. Deviation of the Vertical. 
Co~nputations and Publication of data 
Obscrvatories. Titles. Research and 
Technical Notes. Dehra Diin, 1034. 

Price Rs. 3. 
Triangulation and Base Measurement. 
Levelling. Gravity. Deviation of the 
Vertical. Computing Office and Tidal Sec- 
tion. The International Longitude Project. 
Observatories. Research and Technical 
Notes. Dehra Diin, 1935. Price Rs. 3.  
Triangulation. Levelling. Deviation of 
the Vertical. Gravity. Geophysical Sur- 
vey in Bihiir. Computing Office and Tidal 
Section. Observatories. Research and 
Technical Notes. Dehra Dan, 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 Bihir. Dehra Dan, 1937. 

Price Ra. 3. 
Triangulation. Levelling. Gravity. Mag- 
netic Survey in Bihiir. Computing Office 
and Tidal Section. Observatories. Dehra 
Diin, 1938. Price Rs. 3. 
Isostatic reduations of Indian Gravity 
Stations. Dehra Diin, 1939. 

Price Re. 2-8. 
Triangulation and Levelling. Deviation 
of the Vertical. Gravity. Computing 
Office and Tidal Section. Observatories. 
Dehra Diin, 1939. Price Re. 3. 
Levelling. Gr~vi ty .  Computing Office 
and Tidal Section. Observetories. Re- 
searoh and Teohnical Notes. Dehra Diin, 
1940. Priw Re. 3. 
Levelling. Deviation of the Vertical. 
Gravity. Computing Office end Observa- 
tories. Dehra DBn, 1946. P7dce Ra. 2. 
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Nrtme of Book Details 

Technicnl Report,, l'riallgrllation in the N e i g l ~ h o ~ ~ ~ i , , ~  ~01111- 

Pn r t  111, Geodet,ic triesofIndia. T.evelling. (!ynvity. u ~ ~ ~ ; , .  
o 1 tion of the Vertical. Coml~~tilt,ions nlll 

Publica.tions. Tides. Ohservatories, 
Dehrn Dfin, 104H. Price R,~ .  J ,  

Professional Pendulums. The Pendulunl Operationsin 
Pt~per  No. 10 India, 1903-07, by Maj. C. p.  L ~ ~ ~ ~ -  

C'onyneham, R.E.  Dehra Diin, 1908, 
Price Rs. 2.8, 

Prefessional Pendulums. The Pendulum OperatiotlS i,l 
Paper No. 15 India a'nd Burma, 1908-13, by Capt. H,  -1, 

Couchman, R.E. Dehrn Dfn,  1915. 
Price RB. 2.8, 

Professional Geodesy. The Earth's Axes and ,rri. 
Pnper No. 16 nngulation, by J. de Graaff Hunter, r l ,n ,  

1)ehra DOn. 1918. Price Rs. 4. 

Professional Levelling. Three Sources of error in Pro. 
Paper KO. 22 cise Levelling, by Capt. G. Bomfortl, R.E. 

Dehra Dfir, 1929. Price Rs. 1-8. 

Professional Gravity. Gravity Anomalies and tllcr 
Paper No. 25 Structure of the Earth's C~us t ,  by Maj. 

E. A. Glennie, D.s.o., R.E. Dehra Ditn. 
1932. Price Rs. 1-8. 

Professionnl Triangulation. The Readjustment of the 
Paper No. 28 Indian Triangulation, by hlaj. G. Botnforll, 

R.E. Dehra Diin, 1938. Plice fi. 4-8. 

Professional Magnetic. Magnetic Anomalies, by B. L. 
Paper No. 29 Gulatee, 3r.a. ( Cantab. ). Debra Den- 

1938. Price Ra. 1-8. 

Professional Gravity. Gravity Anomalies and ''lo 

Paper No. 30 Figure of the Earth,  by B. L. Gulateel 
( Cantab. ). Dehra Diin, 1940. 

Price RR. 3. 

War Research The Trans-Persia Triangulation 1941-44 
Series Pamphlet ( linking Ir&q and India ), by J ,  de Ckl~~~lf 

No 9 Hunter, c.I.E., ~ c . D . ,  F.R.S. and B. 
Gnlatee, r . ~ .  ( Cantab. ), with an Appen'ltY 
" The Persia-India Connection ' I ,  by M1&j 
P. A. Thomas, I E. price Rx 2 

Memoirs of The Geophy~ical Prospecting for ManganeGe 
Survey Res-arch near FGmtek, C. P., by B. L. Gulatee. M'" 
Institute Vol. 1, ( Cantab. ). 

, price RR $3. 

No. 1 
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( B ) Articles on Geodetic Subjects. 

No. Nome oJ Bool; 

I. . . . . 
Dclailu 

Tho Intlinn Ceoid ant1 Cirav~ty Anonlnlics, 
I)y J. do Graaff Hunter, al.n., sc.u., 
Y. r h w .  r. and Cilpt. C. Bomforrl, R.E .  

( Bulletin UBodBsiclne, No. 29, Jnn.,lLInrch 
1931, lugen 20, 21, Paris ). 
Conntruction of the Ceoitl, by J .  tlc (> l . t~;rA'  

Hunter, a l . A . ,  sc.u., a. INST. Y. ilnd capt 
C. Bon~fortl, R.E. ( Bulletin G6otlBsiquct, 
No. 29, Jan.-Marcli 193 1,  pagcn 22-26, 
Purin ). 
*Il'l'l~e Hypotl~esi~ of Isosti~y, by J .  (lo 
(irncbff Huntor, hI .A. ,  SC.D., B. INST. P. 
('J'hc Observatory, Dec. 1931 and Geo- 
physical Supplement to Monthly Notices 
of the Royal Astronomicel Society, Jen- 
uary 1932 ). 
tStokesls Formula in Geodesy, by B. 1,. 
Gulateo, M.A.  ( Cantab. ). ( Nature, 20th 
Feb., 1932).  
*' ' Crustal Warpings " discussing tlie gre- 
vity work of the Survey of India. by Maj. 
E. A. Glennie, D.s.o., R.E. ( The Obser- 
vatory January and April 1933 ). 
$Figure of the Earth, by B. L. Gulatee, 
M.A. ( Cantab. ), ( Gerlands Beitrage, Bd. 
38, H.  314, S.426, 1933).  
§Deflection of the Plumb-Line, by B. L. 
Gulatee, M.A. ( Cantab. ), ( Hydrographic 
Review, Vol. X, No. 2, Nov. 1933, pages 
182-189 ). 
SIsostesy in India, by 1.t.-Colonel E. A. 
Glennie, D.s.o., R.E. ( Gerlends Beitriige 
Zur Geophysik, Vol. 43, No. 4, 1935 ). 
TThe Figure of the Earth born Gravity 
Observations and the Precieion Obtainable, 
by J. de Graeff Hunter, c.I.E.,  so.^. 

* Obtainable from hfessrs. Tnylor nnd Prnncia. Red Lion Court, Fleet Streat, 
London, W.C. 

Obtainable Cmm the office of Nature. St. Martin's Street, London. W.C. 2. 
Obtainable from Akademiache Verlage ssellschuft N.B.H.. Leipzig. 

I Obtainable from the International ~ y f r o ~ r a ~ h i c  Rarenu. Monte-Carlo, Nonnca. 
II Obtainnble from the Roynl htronomicnl Society, R ~ ~ r l i n g h n  Honse. Tandon, 

W. 1. 
7 Obtninable from >Iessrs. Dulau & Co., 37 Soho Sqaure, Londun. W. or  bteasrs. 

Hnrrison & Sons, St. Martin's Lnnr, London, or The Roynl Society nt Burlington 
Houae. London. 
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( Philosophical Tra~lsactiotls, R~~~~ 
Society, Series 8 ,  Val. 234, 19:)6 ). 

. . . . *On the Subterranenn Mass-Anolnalies in 
I~ltlin, by 13. L. Gulntce, nr.,\. ( ~ ~ ~ ~ t ~ ~ ,  ), 
( l'rocootling~ of the Academy of ~cicll,,os, 
U. 1'. Indill, Vol. 5, Sopt. 1935 ). 

. . . . ?Crustal Warping in tho Unitetl States, by 
IAt.-Col. E .  A. Cleltnie, D.s.o., R.E. ( G ~ ~ -  li~ncls Boitriigc Zur Geo~)hysilc, Val. 46, 
193-197, 1'338 ). PP. 

. . . . tThe  Boulltlary I'roblcnls oP potential 
Tlloory Xd GCO~OSY,  by B. L. Gnlateu, 
( (lnntab. ), ( Gerlands Beitriige Zur ceo. 
~)hysilr, Val. 46, pp. 91-08, 1936). 

. . . . Cieopllysical Prospecting for ManganoSo. 
by B. 1,. Gulatee, M.A. ( Cantab. ), ( Journal 
of Scientific and Itldustrial Research, 
Vol. 111, No. 12, June  1945, pp. 543-554 1. 

. . . . Standards of Length, by B. L. G u l a t e ~ , ~ . ~ .  
(Cantab. ), (Journal of Scientific and 
l ~ l t l ~ ~ s t r i t ~ l  Rescarcll, Vol. IV, No. 8, Wb. 
1946, pp. 453-59 ). 

. . . . Standards of Measurement, by B. ,I,. 
Gulatee, M.A. (Cantab . ) ,  (Journal of 
Scientific and Industrial Research, Vol. V, 
No. 3, Sept. 1946, pp. 104-05 ). 

. . . . Angular Corrections for the Lambert 
Orthomorphic Conical Projection, by B. L. 
Gulstee, M.A. ( Cantab. ), ( Empire Survey 
Review, Vol. VIII ,  No. 62, Oct. 1940, 
'pp. 31 1-14 ). 

. . . . Secular Variation of Magnetic Declination 
in India, by B. L. Gulatee, M.A. ( Cantab. ), 
( Science and Culture, Vol. XII, No. 
Nov. 1946, pp. 215-17 ). 

. . . . Future of Geophysics in Indie, by 
Gulatee, M.A. ( Cantsb. ), ( Journel of 
Scientific and Industrial Research, Vol- V1l 

No. 2, Feb. 1947, pp. 53-59 & 71 1. 
. . . . The Hunter Shutter Eye-Piece for 

tude and Azimuth, by J. de ~ r a a f f ~ ~ ~ ~ ~ ~ '  
c.I.E., ~c .D . ,  F.R.S. ( Empire survey Re"ew' 
Vol. IX, No. 63, J an .  47, p p  1. 

Obtainable from the Academy of Sciences, U.P., Allnlllbhwl. 
t Obtainable fmm Akade~niffihe VerlegagcawllsohnIt D1.R.H. Loipzil( 
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