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

1. Up till 1943 the geodetic work of the Survey of India was the 
responsibility of the Director, Geodetic Branch, who looked after 
this work in addition to his other duties such as the administration 
and direction of Topographical Surveys, Cantonment Surveys, 
Drawing and Forevt Map Offices, Printing and Photo-Zinco Sections 
and the Survey Storev Orgnnizetion. The geodetic activities had 
been greatly curtailed since 1931 due to financial stringency and 
remained almost in abeyance during the World War 11. 

With the entry of Japan into the War, geodetic problems con- 
nected with the promotion of the War effort greatly increased end 
in 1943 the Government of India sanctioned the creation of a War 
Survey Research Institute to deal with these problems. The 
continuance of this Survey Research Institute on a permanent 
basis was sanctioned with effect from 2nd December 1946. 

2. An account of the geodetic work of the Survey of India has 
been published in the ennual Geodetic Reports, issued from 1926 to 
1940. The 1940 report waa brought out during the war conditions 
when considerations of paper economy restricted its size and no 
time was available to interpret the results due to preoccupation 
with more urgent war work. I t  waa therefore necessarily a very 
brief one and was only designed to place on record the more important 
items of geodetic work to safeguard against the risk of their being 
forgotten altogether. The present report includes all information of 
geodetic interest which accumulated during the period 1st October 
1839 to 30th September 1947 and which is not reported in the 1940 
Report. The- following is a very brief review of the contents of 
this Report. 

3. Triangdalion in the nejghbouring colmtrie.9-of India.- 
( Chapter I ). Important gaps between t h e  triangulation of India end 
ite neighbouring countries have b&n filled during World Wer I1 and 
a continuous chain-of triangulation now exists fiom Syria to Malaya. 
Its extension to Australia in the East and to European triangulation 
in the West is a problem of considerable interest to the geodesists 
and the work executed during the late war has brought it appreci- 
ably nearer fulfilment. 

Apart h m  errore of observations, the actual discrepancies a t  
the junctions of the various countries ere due to differences of 
spheroids end datums. They will be 8 source of confusion to the 
topographers and the military operating in these areas as the maps 
of the neighbouring countries and the grids on them will be out of 
btme. The adoption of e universal spheroid and the reduction to 
one common datum with a view to getting all surveys in the same 

vii 
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t e ~ m s  13 the obvlous solutlon but the amount of effort and 
iesoulces ~ e q r ~ ~ r c d  make ~t prohibitwe. 

4 Levellzny -( Chapter 11 ) Work on the levelling of Hlgh 
Pleclsion rema~ned In abeyance from 1941 to 1946. In  1946-47, 
one detachment worked from Bombay to Ratn~gir i  and added 
:I38 mllen of single levelling to the new High Precision level net 
commenced in 1013-14 T h ~ s  net when completed is expected to 
comprise of 15800 d e s  of kvelling of which about 5,000 miles 
( 10,000 miles of single levelling ) still remain to he done 

An important achievemerit hm been the connection of the 
lndo-Bormtr levelhng to that of Siamese levelling by No 2 Indian 
Field Survey Company A direct connection of Amherst Tidal 
observatory, the datum of l e v e h g  in Burma, to Koh Hlak, the 
Blamese datum, appears desirable. 

5 Gauity -( Chapter ILT ). The old method of observetiom 
with the pendulums involving a cumbersome procedure has now 
given place b differential mstmments called the gravimeters, 
which yield much more precise results A Frost gravimeter has 
been acqwed and the Intention is to establish a 10-mile grid of 
gravlty stations as against the existing 70-mile grid. This might 
enable us to distinguish curiosities within the h t  ten niiles of the 
earth's crust for intensive study and might guide us to the selection 
of regions for intensive detailed work. These gravimeter statiom 
will also serve as reference bench-marks for detailed local geo- 
physicel@ospecting. The instrument is being used on e systematic 
pro@amme of grevity observations in Raniganj CoaEelds area of 
Bengal and in an area north of Nagpur. These areas heve 
been recommended by the Mineral Adviser to the Government of 
India as suitable for exploratory work connected with prospecting 
f6r -minerals by geophysical methods. The observations ere being 
combined with work with Magnetio variometers, which is expected 
to yield much valuable confirmatory evidence of the existence of 
buried deposits. Details of observations and results will be pub- 
lished in the next Teohical Report. 

'A gravity survey of the neighbouring sem of India is most 
desirable to elucidae the complex nature of the geoid tn India 
and it will incidentally help in several other important problems. - 

6. Deviation of the Vertical.-( Chapter IV ). The reeults.of the 
observetions made in 1940-41 in north-western perts of India 
( already reported in Geodetic Report 1940 ) ere disoussed end the 
charts of the Geoid end Compenseted Geoid in Indie heve been 
redrawn. A chart showing the cirouit errors of the geoidel seotions 
hrm been included. I t  is intended to strengthen some of the wesker 
sections in the near future. 

In Chapter I are discussed the trianguletiou sys tem between 
India and Australia and the gaps there in. It is also most desirable 
that there should be a geoidel section eveilable for this stretch. 
The Indien section of the geoid e t  present extends from the Pereim 
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fiontier through Bengal to Victoria Point ( the  extreme sout,h of 
Burma ) and its extension some day to Australia is indicated. 
Our observations from Mandalay to Victoria Point in 1937-38 point 
to an extraordinarily large rise of the geoid towards the south. 
The islands between Javn and Australia are regions where presum- 
ably active phenomena are going on in the earth's silbcrust and 
geoidal rise is likely to be considerable there too. With the junction 
of Siamese triangulation with Malaya, it is of great interest that 
the Siamese should do a geoidal section from Victoria Point to the 
northern edge of Malaya and the Malayans should extend it  in the 
north-west to south-easterly direction in their country. 

7. Computing Ofice.-( Chapter V ). The main activities of the 
Computing Office have been the preparation of tables for and the 
conversion of data on different spheroids and projections to military 
grid systems and its publication to meet the needs of British and 
Indian forces in Peiforce and South East Asia Commands. The 
adjustment and publication of triangulation and traverse data all 
over India in a new series of complete data pamphlets is being 
contemplated but is held up for want of adequate personnel. 

A.  Head-quurters Rmtine.--( Chapters VI & VII ). The tidal 
predictions, and the magnetic, seismographical and meteorologicnl 
observations a t  Dehra Diin have been carried on as usual. 

The magnetic observatory has been out of commission since 
August 1943 when serious flooding of the underground chambers 
necessitated the removal of the instruments. The present site 
has now become unsuitable due to the construction of new buildings 
all around it  and the construction of a new observatory a t  a site 
about 15 miles away from Dehra Dfin has been approved by the 
Government. 

9. Future programme.-The emphasis on geodetio work ho..~ 
now shifted to a certain extent from the fundamental to the economic 
objective. There is a t  present an acute shortage of trained per- 
sonnel and some of the instruments need modernization. Despite 
these handicaps a beginning has already been made with the pro- 
gramme, which has been in abeyance since some years now. The 
execution of intensive work on the determination of values of 
gravity a t  e network of ~ b t i o n s  all over India at  spacing of about 10 
miles, the restarting of the magnetic observatory a t  Dehra Diin 
nnd the continuance of magnetic observations at  Repeat Stations. 
the redetermination of the tidal  constant^ to improve predictions at 
ports, the completion of the programme of High Precision 
Levelling for the new level net, end the provisio~l of mom lines of 
secondary levellings to meet the reqiiimments of Central and 
Provincial Governments for engineering and irrigation projects 
are some of the iteme on which a ~ t n r t  has heen made. 

B. L. GULATEE, M.A.  ( CANTAB. ), 
Pzeeident, Survey Reaearch Imtitule. 



TRIANGULATION IN THE NEIGHBOURING COUNTRIES 
OF INDIA 

SECTION 1.-TRIANGULATION FROM INDIA TO AUSTRALIA AND 

PHILIPPINES ( Refer to Chart 1 ) 

I.  General.-At the triennial Conference of the International 
Union of Geodesy and Geophysics a t  Stocltholm in 1030, a resolution 
was passecl that Siam and neighbouring countries should collaborate 
with each other in effecting junctions betweon their systems of 
triangulation with the object of continuing, if possible the chain 
~f triangulation to the Australian continent and tho Philippines. 
Enquiries were addrossed in 1931 to the various Governments in 
pursuance of this resolution and the meoge information then 
collected was ~ublished by the author in Survey of India Goodetic 
Report, Vol. VIII, Chapter VII, Section 11, pages 84 to 80, and 
Chart XXII. More information has since become available and 
some new triangulation connections, notably that between the 
triangulations of Malaya ant1 Siam, havo beon effected during World 
War 11. As a result the earlier discussion and chart havo become 
obsolete. A revised chart has now been incorporated in this Report 
as Chart I. The trinngulations and their junctions with each other are 
described below in somo detail and it is hopocl that it  will be possible 
to assess from this information how much morlc remaim to bo done 
to continue the triangulation chain from India to Australin and 
Philippines, and to complete the geodotic block IrBq, Persia, Indin, 
Burma, Sinm, F.I.C., and Malaya. 

2. Siamese Triangulation.-The Siamese compute theh triangu- 
letion on Evorost spheroid, but tho orientation of this spheroid is 
not identical with that adopted by the Survey of India for the 
computation of the Primary triangulation of India and Burma. 
The datum for co-ordinates of the Siamese triangulation is the 
station Khao Luang of the Survey of India Banglrolr secondary 
series, 1878-81, its co-ordinates acceptod being latitude 13" 43' 
30". 34, longitude 99' 32' 22".94. These are unadjusted values 
and a correction of - 1".65 in latitude and - 1".42 in longitude 
was applied to them when the triangulation in Burma was adjusted 
in 1916, but tho Siamese hnve retained the older unadjusted values 
given above. 

As regards scnle and azimuth tho Siamese Survey rightly 
adophd their own fundamentel values independent of the Smey 
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of India since the latter could not be expected to be free from 
serious error not only on accor~nt of its great distance from tlle 
origin but also because it was based on a sphoroid which does not 
fit the geoid very well. Scale is derived from eight measured 
bases, details of which are given in Table I. Of theso, the bases 
a t  Sen-Seb, Pukct and Nagorn Sridharmriij wcre moasured prior 
to 1911. Their lengths depencletl on 2-motrc standard bars and 
were considered to be of a low degree of accuracy. The Sen-Seb 
and Puket bases were not used for the control of the primary 
triangulation and although Nagorn Sridharmrij base was included, 
its length was regarded as doubtful and it was eventually remeasured 
in 1929, and was found to be 1/40,000 shorter in longth than 
the earlier value. Its new value, however, has not yet been usecl 
by the Siamese to recompute the co-ordinates of the triangulation 
stations situated between Rijburi base and Nagorn Sridharmrkj 
base. The other bases used for the control of primary triangulation 
are Rijburi, Nagorn Sawarn, ChBndhkburi and Lampang. They 
are measured with 25-metre invar wires which were standardized 
by the International Bureau of Weights and Measures a t  S h e s .  
The btlse at  Khulu, Changwat Ubonrathani, was measured in 1937 
with the object of adopting it  as starting side for the Geodetic 
triangulation chain of Ubon-Udon. The measurement was made 
with two of the 25-motre invar wires, which had been used 
previously for the measurement of all basos from 1927 onwards. 
These wires were suspected to have changed their reputed lengths 
due to frequent use and aging with time and consequently the 
length of the base was regarded as provisional only till these wires 
were restandardized. Enquiries are being made from the Siamese 
Survey Departmeilt whether a restandardization has since been 
made and the length of the base finalized. 

The fundamental azimuth adopted by the Siamese Survey is 
an astronomical value observed in 1910 a t  Khao Ngem of Iihao Ngu, 
viz., 179" 44' 34".308 + 0". 168. This value is tho mean of 24 
observations to Polaris and circum-polar stars observed a t  elonga- 
tions and appears to be well determined. The Siamese were right 
in preferring an astronomical azimuth to an Indian geodetic 
azimuth a t  a atation of Bangkok secondary series, which was the 
only junction available a t  the time, as this series was of a very 
low quality and its azimuths were not reliable and were not 
controlled by any Laplace station. The introduction of two 
Laplace stations a t  Rijburi Base South-End ( a t  a distance of 22 
miles from the origin of Siamese Survey in latitude 134" ) and 
the other at  Doi Khun Kong in latitude 1st" in 1933 and 1838 
respectively has enabled the Siamese datum to be definitely related 
to the Indian datum. The corrections required to the Siamese 
values of geodetic azimuth8 a t  the two places to satisfy the Laplace 
equation are + 0" .6 and + 3".7 and these amounts can well be 
generated in the Siamese triangulation. The prime vertical deflec- 
tion derived from longitudes a t  Rkjburi is - 12".4 and that at 
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Doi Khun Icong is -14". 1. Boaring in mind the fact that the 
Evorest spheroid on account of its axes being too small would 
produce a deflection of 14" E. with respect to a more reasonable 
spheroid like the International or Clarke 1880, we see that roughly 
the Siamese oriontation on the Everest spheroid as regards azimuth 
is practically the same as the Indian one. The details of the two 
Laplace stations are given in Table 4. 

3. Discrepancies at  Indo-Siamese Junctions.-Table I of 
Survey of India Geodetic Report, Vol. VII, Chapter I gives discre- 
pancies in co-ordinates, height, log side and azimuth a t  three 
conl~ections, one each in latitude 20" IT., 14" N. and 10" N., between 
the Indian and Siamose triangulations. The information about 
the Siamoso data was collected from their annual reports available 
with the Survey of India a t  the time of the publication of 
Geodetic Report, Vol. VII in 1931 and was incomplete in several 
respects. Complete lists of final co-ordinatou of the Primary tri- 
angulation of Siam and records of anglos of some portions have now 
become available. The new lists of co-ordinates show that the 
Siamese co-ordinates published prior to 1931 have undergone slight 
changes and that there are a number of other stations common to 
the Siamose and Indian triangulations in latitude 20" N., 14" N., 
and 10" N. in addition to tho throe published in Geodetic Report, 
Vol. VII. The Indian values also a t  lat. 10" N. and 20" N. have 
recoived corrections duo to introduction of rememured value of 
Mergui base and the readjustment of Mong Hsat series ( 1929-31 ) 
brought about by a measured base a t  Keng Tung. The discrepancies 
at  all the common stations are now given in Tables 2 and 3. 

The discrepancies in la.titude and longitude a t  14" N. junc- 
tion, i.e., a t  the origin of the Siamese Survey are solely due to the 
adjustment of the Burma triangulation ; those a t  20" N. and 10" N. 
are due both to the adjustment of Burma triangulation and the 
difference of scale and azimuths between the Siamese and h d i a n  
triangulations ( see para 2 above ) and are not unreasonable. These 
discrepancies in position are plottable on the 1 inch = 1 mile scale 
and it  has to be borne in mind that a discrepancy of about 200 feet 
mill occur at  the junction betwoen Siamese and Indian mapping. 

The discrepancies in height in Lat. 20' N. junction are not 
serious. The discrepancies at  the other two junctions are due to 
the Survey of India heights being far removed from spirit-levelling. 

Since Siamose triangulation is based on consistent Laplace 
equations, the Siamese and tho Indian a,zimnths should agree with 
each other a t  the junctions. Actually wo find a discrepancy of 
about 19", 29" and 18" in latitudes 2B0, 14" and 10" respectively. This 
is mainly due to the fact that the published Indian geodetic azimuths 
are not corrected for Laplace. The Laplace stations a t  Keng Tung, 
Taungpila and Toungoo a t  about latitude 20" N. and Mergui at 
12" N. show that the Indian values of azimuth a t  these stations re- 
quire a correction of about - 12" ~ n d  - 0" respeotively (seo Table 6 ). 
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In  Ic~ti t~~cle 18i0 N. tho Slamose Lnplc~ce station Doi I ihun Iiong 
shows tha t  Sinmose azirnutl~ thcro requircs n corroction of +3".7. 
If thoso co~roctionv aro npplied, the large discrepancics of 19" and 
18" are reduced to srnall amounts, which is sntisfactory. 

In  IaLitude 14" N., however, tho discropnncy in naitnuth is 29". 
The Siamese Laplace station a t  RZjbur~ Buse S. intlicatos tha t  tho 
Sininese value of tho azimuth does not rcquire any appreciable 
co~~ec t ion ,  while the Indian Laplace Station a t  Moulmoin shows that 
Indian value of the azimuth js liltely to require a co~rection of about 
- 1 0  ( see Table 5 ). Thus there is an unexplained residual of 10", 
which can only be attributed to  the weriltness of the Bangkok 
secondnry sories of tho Survey of India obsorvod in 1879-81, which 
has an nvornge triangular error of 5" ( worst 13" ) and mean 
closing error in log sides of five quadrilaterals 0.0000145 ( worst 
0.0000451 ). This portion of the work executed by Mr. McCarthy 
was never tnennt to be used for geodetic purposes. 

As has already been mentioned the scale of the Siamese tri- 
angulation is in terms of thoir own measurecl bases. The lengths 
of these bases have been reducecl to sea-level by means of their 
geoidal heights while the Indian bases have been reduced to sea- 
level by  means of thcir heights on Everest spheroid, which is 
about 300 foet below the geoid in this aroa. The Siamese values 
thus require a correction of about -0.0000061 to bring the values 
of the log sides of the two countries into the same terms. 

Again the Indian sides are oxpressed in terms of Indian feet 
whereas tho Siamese sides are in terms of British feet and con- 
sequently the Siamese v ~ l u o s  reqriiro a furthor correction of 
+ 0.000001 9 to  reduce them to Indian torms. 

The above two corrections reduco the discrepancies a t  the 
three junctions ( s ee  Table 3 )  to -0,0000072, -0.0000482 and 
-0~0000110. These appear to bo systematic, but the  discrepancy 
a t  the latitude 20" N. junction, viz., -0.0000072 is reasonably 
small and needs no further consideration. 

The large discrepancy of -0.0000482 in latitude 14" N. can 
be attributed t o  the  weakness of the Indian triangulation. The 
portion of the Burma Coast serios between latitudes 14h0 and 16" 
is very weak, the side closuros of four siicccssive figures being 130, 
5.5, 254 and 114 in the 7th decimal of the log. This is followed by 
the Bangkok secondnry sories, which is known to  be weak, with a 
probable error in log side of about 0.0000200. 

The discrepancy of -0~0000110 a t  10" N. is satisfactory. The 
major portion of this discrepancy, howover, appears to  arise from 
tho Sinmose triangulation. The Indinn value of tho junction side 
is in terms of tho Mergui Bnso which is only 140 miles away and is 
derived from good quality triangulation ( average triangular error 
0". 4, mean side closure from five figures 0.0000025, worst 0.0000059). 
The Siamese value of the junction side Khao Jamaya-Khao Nsta- 
then1 is in terms of the 1920 value of the Nagorn SddharmrBj Base 
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and is a definite improvement on the discrepancy with this side in 
krms of the 1909 value of this base. The Siamese, howover, report 
that the acceptance of the 1929 value of Nagorn SridharmrBj baso 
worsens the misclosures in log side of the triangulation on tho 
R~jburi  base from 141 to 248 in 7th decimal of tho log. An effort 
was made to locate whcre the woaltness lies by obtaining the values 
of obsorved angles of thc triangulation south of latitude 10" N. 
from tho Siamese Survey Dopartment during the lato war. A 
closed loop of triangulation from 10' N. junction via Puket and 
Nagorn SridharmrBj Base and back to this junction waa computed in 
tlie Dehra DGn Computing Office using only a simple chain of well 
conditioncd triangles. The average triangular error of the triangu- 
lation forming this circuit is about 1" and the closing error of this 
400-milo circuit is 113 in 7th decimal of the log and 0".8 in azimuth. 
This portion of the Siamese triangulation appears to be good and 
the sourco of the bad misclosure on RBjburi base probably lies in 
the weakness of the Siamese triangulation between 10" N. junction 
and RBjburi base. This is confirmed by the fact that the average 
triangular error of this portion is about 3" and average closing 
error in log side from nine figures is 99 in the 7th decimal of the log 
( woret 280 ). There ie a clear necessity for inserting a new base 
between the RBjburi and SridharmrBj bases and the Siamese are 
contemplating to put in one. 
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TABLE 1 .-Siamese Bases 

Apparatus / Standard I Date 1 Length 1 . e .  
employed ( metres ) 

No. 

1 

2 

- 

3 

4 

6 

8 

7 

8 

mm. 
100.metre. 2-metre 

Invar tapes Invar b a n  1 fin 7741.11008 -4.: 
Nos. 1 & 2 Nos. 4. 5 & 8 

Name of bnse 

Sen-Seb . . 

Puket . . 

Nagorn Srl- 
dharmri j  

Rijburi . .  

Naplorn 
Sawam . . 

Chindhiburi 

Lampang . . 

Ampbm 
Khulu . . 

LOO-metre 2-metre 
Invar tapes I Invar bars / hlh 1 1183.1119 1 -0.83 
Nos. l & 2 Nos. 4, 5 & 8 

(1) 100-metre 
Invar tap& 
Nos. 1 & 2 

(2) 26-metre 
Invar wirea 

753, 768. 
767 & 768 

26-metre 26.metre 
Invar wires 1 Invar wires 1 :;;: I 6860.1360051 *2.16# 

Nos. 763. 768. Nos. 763. 758, 
767 & 768 767 6 758 

LOO-metre 
Invar tapes 
Nos. 1 & 2 

100-metre 
Invar tapes 
No& l & 2 

25metre 26.metre blyr 
Invar wires Invar wires 11046~68097 f 0.01 

Nos. 763. 760, Nos. 763, 768, 
757 & 768 767 & 768 

(1) 2-metre 
Invar bars 

Nos. 4. G & 8 
(2) 25-metre 
Invar wires 

753.760. 
767 & 768 

25.metre 
Invar wires 

Nos. 300 & 310 

25-metre 
Invar wires 

Nos. 309 & 310 

Value no t  final. 

( I )  Aug. 
1909 

(2) Aug. 
1929 

26-metre 26-metre 
Invar wires Invar wire April 12188,3115~ 

Nos. 7G3 & 761 No. 768 1 1037 , 
8-metre 

Invar wire 
No. 707 and 

4-metre 
Invar tape 
No. 910.CI 

(1) 9401.41577 

(2) 0401,18619 

Feb.. I 

' '  

Haroh 
1911 

March 
1914 

7919~180121 f4.836 

0601.880487 f2.37C r 
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TABLE 2.-Discrepancies in co-ordinales and heights between 
Indian and Siamese triangulation 

REMARKS 

Siamese 
1928 

Indian 
1930-31 

Siamese 
1928 

Indian 
1030-31 

Siamese 
1928 

Indian 
1908-1 1 

Siamene 
1928 

Indian 
1928-29 

Siameae 
1010 

Indian 
1879 

Siamese 
1910 

Indian 
1879 

Siameae 
1010 

Indian 
1880-81 

Siamese 
1011 

Indian 
1870-80 

Siamese 
1911 

Indian 
1880 

Sinmase 
1911 

Indian 
I880 

Siarneae 
1014 

Indim 
1031 

sisqese 
1016 

Indim 
1031 

station 

- - 

At 20" N. 
Doi Pakulin 
( pRkulin H.S. ) 

~~i  hum ( Loi Tum 
H.S. ) 

~~i  hi Hlek ( Loi 
Kyi.Lek h.8.) 

~~i phaHempog(Loi 
pahompok H.S.) 

At 14" N. 
Khio Ang Hin H.S. 

Khio Pakhong H.S. 

Khio Hip Nam H.S. 

Khio Luang H.S. 

KhPo Khio H.S. 

Khio Ngu H.S. 

At LO" N. 

Khio Jamaya 
(Chamaya) H.S. 

Khio Nshthem H.S. 

Siamese 
triangulation 

values 

0 , .  

20 20 30.342 
90 00 25.808 
6176 feet 

20 23 39.928 
00 27 07.474 
8266 feet 

20 02 28.030 
08 40 20.022 
0405 k t  

20 04 12.214 
90 08 42,448 
7539 feet 

0 , .  

13 64 38,610 
00 10 34.808 
887 feet 

13 64 18.074 
09 30 00.654 
876 feet 

13 52 08,836 
90 40 37.480 
822 feet 

13 43 30.340 
09 32 22.940 
1382 feet 

13 43 27.388 
00 42 48,668 
1057 feet 

13 34 32.023 
004818~802 
784 feet 

. I .  

10 40 17.200 
00 01 12.102 
1817 feet 

10 24 00.4~1 
08 68 16.868 
2087 feet 

Indinn triangulation 
values 

-- 
o r -  

Lat. 20 20 37.079 
Long. 00 00 25,939 
Ht. 6173 feet 

Lnt. 20 23 37.516 
Long. 09 27 07.588 
Ht. 8248 feat 

Lat. 20 02 24.83 
Long. 08 40 20.08 
Ht. 8404 feet 

Lat. 20 04 08.928 
Long. 00 08 42.486 
Ht. 7533 feet 

0 , .  

Lat. 13 64 34.88 
Long. 90 10 33.37 
HP. 881 feet 

Lat. 13 64 18.38 
Long. 09 30 05.23 
Ht. 800 feet 

Lat. 13 62 04.80 
Long. 90 40 38.07 
Ht. 837 feet 

Lat. 13 43 28.89 
Long. 09 32 21.62 
Ht. 1303 feet 

Lat. 13 43 26.06 
Long. 00 42 47.04 
Ht. I070 feet 

Lat. 13 34 31.22 
Long.904817.00 
Ht. 706 feet 

0 , .  

Lat. 10 40 18.502 
Long. 00 01 10.400 
Ht. 1828 feet 

Lat. 10 23 60.738 
Long. 08 68 13.800 
Ht. 2100 feet 

Diacrepancy 
Indian minus 

Siamene 

- 2,283 
+ 0.131 
- 2 feet 

- 2.413 + 0.094 
- 7 feet 

- 2.100 
f 0.038 
- I feet 

- 2.288 
+ 0.020 
- 8 feet 

- 1.83 
- 1.24 + I4 feet 

- 1.71 
- 1.32 + 16 feet 

- 1.84 
- 1.40 + 16 feet 

- 1.86 
- 1.42 
+ Il feet 

- 1.74 
- 1.62 + 13 feet 

- 1.70 
-1.00 + 11 feet 

- 0.788 
- 1.803 + 11 feet 

- 0.708 - 1.788 
+ 13 feet 
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T A B L E  3.-Discrepancies in azimuths and log sides between 
Indian o.nd Siamese triangulgtion 

Difference 
1ndia11 triang~~lntir,n Sinrncse trinngelntion Inrlinn 

S t n t i o ~ ~  A vnlues vnlues ~ ~ r i n w  
to Siamese 

-- 
0 # .  

Loi Tum H.S. 

Loi Pakulin H.S. 

Loi Pakulin H.S. 
t o  

Loi Pahompok H.S. 

Loi Tum H.S. 
to 

Loi Pahompok H.S. -- 
Menn . . f10.2 -114 

D~fference 

msnud 
Sinmcae 

-- 
0 , .  0 , .  

Khio Lunng H.S. 

Khio Ang Rin H.S. 
to 

Khio Pak'hong H.S. 

Khio Pakhong H.S. 
to 

Khio Khio H.S. 

Khlio Pakhong H.S. 
to 

Khio Luang H.S. 

Khio Luang H.S. 
to 

Khio Kbio H.S. 

K h b  Luang H.S. 
to 

Khio Ngu H.S. 

Khio Khio H.3. 
to 

Khlb Ngu H.S. 

311 07 52 

318 22 36 

270 15 50 

303 18 41 

338 58 41 

4.0088310 

1.8238075 

4.7809528 

4.0038502 

4.7813201 

311 07 

348 22 07.7 

270 16 

303 I8 

338 58 

23.51.0088889 

4.8230825 

21~44~7000106 

13~04.0030118 

+20 

+28 

+20 

+29 

-670 

-550 

-577 

-524 
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TABLE 3.-Discreynncies in azimuths and log sides between 
Indian and Siamese triangulation.-(Concld.) 

1 Indian trinngulntion Siunlese triangulation 1 vnlues v n ~ u e ~  
Station A 

to 
Station U 

1 a t  A ---- 
I I - I  

Khio  Jalnnyn 

to 
Khio  Natnthern 

I 

* Indian vnluc in term of blwrgui Bese. 
t Sinmesc vnluc in terms of 19'29 value of Srldharmrij Base. 

DiRercnre 
Inrlian 
minu8 

Siamesc 

TABLE 4.-Siamese Laplace Stations 

Azi- 
muth -- - 

+18.2 

Log 
eide 

lo-' 

X 

-162 

Laplaco etationa 

Siamese geodetio longitude . .  
Correction for Indian terma 

.'. Gcodctic long. in Indian terms ( Q ) . . 

I Corrootion to geodetic azimuth 

Astronomical longitude ( A ) . .  

.'. 6 = ( A-Q+3'.18) coe + 
Siamose goodetio azimuth ( G ) . . 
Aetronomicnl nzimuth ( A ) . .  

Bc = -4-G-( A-0+3 .18)  S i n + =  1 

- 
0 , .  

00 50 22.17 

- 1.42 

00 60 20.75 

00 50 04.83 

- 12.4 

177 00 13.00 

I77 00 11.55 

0 1 .  

90 30 18.48 

- 0.42 

89 30 16.04 

90 20 67.00 

. 14.1 

334 17 08.70 

334 17 06.72 
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TABLE 5.-Indian Laplace Stations 

4. French Indo-China Triangulation.-The primary triangu- 
lation of French Indo-China is computed on the Clarke's 1880 
apheroid and consists of two main meridional and several chaine of 
parallel ( see Chart I ). The origin of this triangulation is Hanoi 
Belvedere where latitude and azimuth were observed astronomicelly 
in 1902. The longitude was obtained roughly by connecting thia 
origin by a series of rapid triangulation in 1886-87 to Haiphong, 
the longitude of which was ascertained in 1874 by time obtained by 
telegraph horn Cape St. Jacques whose longitude in turn had been 
obtained telegraphically from that of Singapore. 

The following values have been adopted :- 

r i  Taungaun 

+ = I T  22' )=28" 18' 

Hanoi Belvedere, Latitude 23".369881 = 21' 01' 68".414 
Longitude 114.997608 = 106 60 06 120 

Azimuth a t  Hanoi Belvedere of Nuikhe = 26ga .739920 

= 242' 45' 67".341 

In 1930 the longitude of Phu-lien observatory ( near Haiphong ) 
was observed using wireless time signals. An astronomioal deter- 
mination of latitude was also made. The observations were repeated 
in 1933 in connection with the International longitude programme. 
The obaervatory pillar was connected to the origin ( Hanoi Belve- 
dere ) by proper triangulation in Hanoi-Haiphong chain, and it 
wee discovered that the longitude adopted for Hanoi Belvedere in 
1902 wes in error by 3472 eeconds ( centesimal ) = 11". 25. AH 
triangulation in Indo-China is, however, baaed on the 1902-value 

Keng Tung 
S. End 

Bose 
d=2 lo  1s' 

0 , .  

09 30 10 

09 38 33 

- LO' 

130 27 21 

130 27 37 

- 12' 

0 1 .  

97 37 23.4 

07 37 40.0 

- 12..0 

31 18 10 

31 18 33 

Toungoo ! Tnungpila 

$=18" 58' / =?OC 41' 
- 

Astronomical longi- 
tude ( A )  .. 

Geodotio longitude(0) 

( = (A-Q+3' .18)x 
00s ) . 

Astronomical 
azimuth ( A )  . . 

Geodetic azimuth (G) 

SG=A-G-( A-Q 
+3'.18)Sin)= 

correotlon to 9. - 0 
published eod- 
etio azimutf 

0 1 .  

08 25 30.8 

08 25 65.2 

- 14..4 

30 46 37 

30 46 53 

- 11- 

o r .  

08 43 44.5 

08 43 50.7 

- 11'.8 

262 20 14 

252 20 28 

0 1 .  

05 53 18.0 

05 53 28.1 

- 7..4 

240 23 15 

240 23 28 

- 8- 
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of the longitude of the datum ; consequently all map meridians 
have to be shifted to the west by 11".25. Similarly the old 
1902 astronomical latitude determination a t  Thanh Hoa base was 
found to be in error by 41 seconds ( centesimal ) when astro. latitude 
was again determined in 1924. 

For scale, the French Indo-China triangulation system rests on 
the length of the Thanh Hoa base measured in 1902 with 24-metre 
tape. In addition to this, six other bases have been measured 
which are tabulated below along with misclosures of triangulated 
sides on to these bmes. 

The discrepancies in the 1-t column show that some of the 
work is of a very low quality. 

Apparatus 
employed 

Information 
not available 

Information 
not available 

24-metre 
InvarTape 
Nos. 339-340 

24-metre 
Lnvar Tape 

Nos. 339.340 

No. 

1 

2 

3 

- 

4 

Data of 
mensure 

ment 

year 

I899 
1925 

1902 

1913 

1913 

Name of the 
Base 

Sootay Base 

Haiphong 
Bnae 

Savannakhet 
Base 

Tourane Base 

Measured 
Length 

mclrea 

4383,798 
4381,0498 

--- 

8308.449 

--- 

7613.847 

--- 

51303.131 

--- 

Triangula- 
ted Length 

metres 

4383.740 
4383.740 

8308.417 

7616.010 

51310~788 

via Tamane 
7981.498 Nz5!i8 1906 

24-metre 
Invar Tapes 

Nos. 238.237. 1028 
330 & 340 

Discrepanc 
( measureB 
minua tri- 

angulated ) 

+ 1/78.000 
+ 1/14,100 

+ l/197,000 

+1/8,600 

.+1/8,700 

+ 1/64,000 
7981.843 [:.- 

7982.320 

North Path 
49344.61 

49344.77 South Path 
49346.30 

6 

8 

-1/12,000 

+1/190,000 

- 1/03,000 

Baria Base 

Sisophone Baae 
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There are three Laplace stations, details of which are given in 
the table below :- 

The triangulation network has not been adjusted on to these 
bases and Laplace stations on the plea that some parts of it are of 
too low a quality and do not justify adjustment. The primary 
triangulation of Indo-China is thus good enough for mapping on 
1/100,000 scale but not for scientific study of deflections or of the 
geoid. Discrepancies of as much as 1/6,000 in scale and 30" in 
azimuth exist a t  the junctions of various chains. 

Nn'ne or  
station 

1. Bnrio S. End 
Base A 

Q 
A - Q 

2. Konwa A 
FromN.ChainQ 

A - Q  

From S.ChainQ 
A - Q  

3.Tourane A 
Q 

A - Q  

Diacrepaneies at juctiom with Indian and Siamese triangda- 
lions.-As shown in Chart I,  the trianguletion of French Indo-Chine 
is connected directly to the geodetic trianguletion of India end 
Burma in latitude 20" N. and to the Siamese trisngulation in lati- 
tudes 18" N., 144" N. and 12)" N. 

The first junction is with very weak series of exploratory 
trianguletion carried out by McCarthy in about 1880. McCarthy's 
work wea based on Pahompok, H.S., a station of the Survey of 
India primary triangulation series ( Mong Hsat ). The discre- 
penoies a t  common stationa between French Indo-China end the 
values of McCerthy'e trianguletion (reduced to terms of 1016- 

Co.orilinntes 
a tos 

~- 0 5; 
g5.6 
- s c :  

1,:ttitude Longituclc 

-- 
0 r .  

10 27 34.320 
10 27 30.749107 + 3.671 

13 37 64.031 
13 17 60,463 + 4.178 

13 37 60.827 + 3.804 

10 00 21,820108 
18 00 15.900108 + 6.920 

--- 

+10.08 

2.00 

+ 2.70 

6 ~ 9 2 + 1 0 . 0 5  

+ 3.57 

+ 4 .18+  

+ 3.80 

0 , .  

107 15 10.520 
16 08,273,170 
+10.247 

102 58 55.845 
102 60 63.187 + 2.078 

102 58 63.070 + 2,775 

I6 37.166 
16 20.700 
+10.456 

f l 4 . 2  

+ 9.0 

- 1.1 

+12.1 

0 , .  

170 38 58,002 
40 10.330 

-12.328 

74 I8 13.035 
74 18 22,800 

- 8.931 

74 18 12,214 + 1,721 

11 33 10.331 
11 33 19.549 - 9.218+ 
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adjllstment of Burmn triangulation ) are given holow :-- 

Seriul Common stntion 
French Indo- 

' 
l)ircrpp'lncies 

Clunn V : ~ I U C ~  ~ ~ ~ ~ ~ $ ! ~ ~ c ~  

Sotn Sunn . . I Lat. I!) 07 44 
Long. 103 46 31 / Ht. S i l o  ft. 

l'o!~ Sunn 

Pou Ke 

Lat. 18 5R 53 
Long. 103 09 I8 

~ n t .  In .lo :ja 
Long. I03 SI 41 
Ht. 73.15 ft. 

I Lat. 19 I S  RI 
Long. 103 10 M 
Ht .  7072 ft. 

Po11 Snu . . Lnt. 19 00 21 
Long. 103 28 13 
Ht. 8014 It. 

I9  40 34 
103 21 I1 
7200 It. 

19 18 50 
103 I0 24 
6071 ft. 

19 00 20 
103 27 44 
a497 rt.. 

10 38 40 
102 40 10 
6143 ft. 

Hcan Lat .  
Long. 
Ht. 

Hawchawi 

+ 1 second 
-I- 20 secnnda 
+I15  rcet 

Pou Nougpi . . 

+ 2 scconda + 20 ,, 
+I07  reet 

[.at. 10 38 41 
Long. 102 49 51 
IIt. 8208 ft. 

- 1 sceond + 30 s c c o ~ ~ d s  
+ 8 5  reet 

+ 1 second + 30 ncconds 
+ lo1  feet 

+ 1 second + 29 seconds 
+I17 feet 

+ 1 second + 32 seconds + 05 feet 

+ 1 aewnd + 30 seconds + 08 feet . 7 I I 

I n  the same latitude a series of minor triangulation of F.I.C. 
is also connected to McCarthy's triangulation, t h s  disorepancies a t  
the common stations being 8s follows :- 

Is::? 1 common station I McCorthy's French Indo- Diecrepnncies 
a ( Chion valuea I ~ ~ $ ' ~ c ,  I 

Phu Sioe Chimosi . . Lat. 19 63 24 10 53 25 - 1 seoond 
Long. I02 08 33 102 07 G6 + 37 aeoonds 
Ht. 1288 ft. 1 ,180 fL 1 +I08 h t  I 

Sang Nhoyou Changemo Cnt. 19 46 10 18 40 14 + 2 seconds 
Long. 102 05 20 102 04 51 1 Ht. 6223 R. 1 5120 ft. 1 f& 1 

+ 1 seoond 
+ 39 second  
+I10 feet 

. 
0 I .  

P ~ I I  Sangnnm . . Lnt. 20 01 40 
Long. LO1 43 15 
Ht. 5020 1t. 

0 1 .  

20 04 48 
101 42 36 
5810 ft. 

Lnt. 20 08 50 
Long. 101 56 36 
Ht. 4033 R. 

20 08 50 0 seconds 
101 65 68 1 + 3n ,, 1 
3037 It. + 90 feet 

Meen Let. + I second 
Long. + 38 sewn& 
Ht. + I03  feet 
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I t  appears from the above tables that there is a relative dis. 
cropancy of 8" in longitudes of the sta.tions common to M ~ C a r t h ~ ' ~  
triangulations in lat. 19" and lat. 20". This can be attribubd 
partly to the weakness of McCarthy's triangulation and partly to 
the lack of adjustment of F.I.C. minor triangulation to the primary 
triangulation. 

At latitude 16" the discropancies between Siamose and French 
Indo-China systems are as follows :- 

The French Indo-China chain concerned is the second meri. 
dional chain executed between 1906 and 1909 while the Siamese 
triangulation is a recent one ( 1932-35 ), connected to the mein 
trianguletion by means of a primary traverse run in 1929-32. Th@ 
co-ordinates of this triangulation, which connects the Sitme@ 
treverse to the F.I.C. triangulation as given in the Siamese lists em 
in terms of an independent astronomical origin a t  West monument 
of Don Thapa Chang Base. The Siamese valuos of co-ordineb 
given in the above table for the common stations have been brought 
into terme of the traverse by applying the difference between 
treverae end aatronomicel co-ordinates of the West monument of 
Don Thape Cheng Base. 

0 , .  n , .  

2 

3 

4 

6 

Phu Charnosi 

Phu Paln 

Phu Nang 
Manu 

( Menang ) 

Phu Phnau 

Ht.  116lf t .  

Lat. 16 26 41.636 
Long. 104 45 14.321 
Ht. 1423 ft. 

Lat. 16 04 68.606 
Long. 105 01 26.008 
Ht. 743 ft. 

Lnt. 16 30 10.166 
Long. 104 22 53.818 
Ht. 2026 ft. 

Lat. 16 53 12.512 
Long. 104 24 47.922 
Ht. 1076 ft. 

1008-08 

1006-08 

1006-08 

100648 

eeo. 
,, 

feet 

1104 ft. 

16 26 42.308 1 -  0.762 seo. 
104 44 44.424 1+20.807 .. 

1453 ft. 

16 04 60.442 
105 00 56.478 

782 ft. 

16 30 10.022 
104 22 24.718 

2062 ft. 

16 63 13.057 
104 24 18.763 

2022 ft. 

Mean . . 

-30 feet 

- 0,037 sec. 
+30.430 ,, 

, -30 feet 

- 0.766sec. 
+2@.100 .. 

-36 feet 

- 0.545 =a. 
+20.160 .. 

-46 feet 

Lab. -0.70 
Long.+20.86 
Ht. -37 ft. 
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The junction a t  latitude 1 4 r  N. is based on two stations of 
F.1.C. Cambodia chain, viz., Anlong Swai and Mae Kai. 

Of these the position of Anlong Swai is definitely identical, but 
the position of Mae Kai ( P. Serouy ) was not recovered in 1926, and 
the Siamese and the F.I.C. stations may not be quite identical. The 
discrepancies a t  these two stations are given below :- 

The junction a t  latitude 124" initially involved poor quality 
triangulation ( McCarthy and Montguere ) in this area but i t  has 
now been superseded by Siamese modern primary triangulation. 
On the F'rench side, the connection is with 1911 North Cambodia 
sories and the 1932 Cardamomes chain. Due to the fact that the 
various chains of the F.I.C. triangulation have not been adjusted on 
to one another, the values of co-ordinates of the stations common to 
these series are slightly different. According to the F.I.C. reports 
the stations Khao Phra Bat and Khao Sra Bap are badly connected 
to the F.I.C. triangulation, and the relative discrepancy a t  these 
two stations and Koh-i-Chang may weU be due to this fact. The 
discrepancies are tabulated below :- 

Disc rePanc i~  
Siamese 

m i n w  F.I.C. 
-- 

- 3,Oeeconda 
+30.8 ., 
- 16 feet 

- 3 . 4  seconda 
+30.7 ,, 
-14 feet 

P.1.C. vn'ues 
( l o l l  ) 

0 , .  

14 12 37.913 
103 44 07.327 

1500 It. 

14 17 57.350 
103 06 52.383 

1783 ft. 

Common 
stotion 

1. Khao Phrn 
Bot 

2. Khao Sra 
Bee 

3. Koh-i-Chang 

sinmese vnlues ( 1025) 

0 , .  

Lat. 11 22 34.011 
Long. 103 44 38.171 
t l t .  1186 ft. 

Lat. 14 17 63.992 
Lung. 103 06 23.050 
Ht. 1749 ft. 

Serial 
No. 

- 
1 

2 

Colnmon stntion 

Khao Phnom 
Anlong Swni 

KhaoPl~nomMaelCni 
( P. Serouy ) 

Siamese voluas 

-- 
0 1 .  

Lot. 12 60 14.808' 
Long. 102 10 21.07f~ 
L t .  
Long. . . 

Lat. 12 3268.180 
Long.1021233.80fi  
Lat. 
Long. . . 

Lnt. 12 06 38.00 
Long. 102 10 48.00 
Ht. 2001 It. 

F.I.C. values 

1 1 1 .  

12 60 18.340 
102 08 51.590 

12 60 11.374 
102 00 62.076 

12 33 01.877 
1021203 .331  
12 33 01.803 

102 12 03.911 

12 06 42,034 
102 I9 17.270 

2070 fi. 

Diacrepancics 

minua F.I.C. 

- 3 . 5  
+30 ,4  
- 2 . 8  
+20.0 

- 3.6 
+30.G 
- 3.7 
+20.0 

- 4.0 
+30.7 
+ I 2  ft. 

REMARKS 

-- 

N.Cambodin 
1011 

 cardamom^ 
chain 1932 

N. Cambodia 
1011 

Cardamomes 
chain 1032 
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The discrepancies a t  the three junctions in latitudes 12?, 141" 
and 16" can be reduced to terms of the Indian primary triangulation 
by applying the discrepancies between India and Siam in Table 2 
The discrepnncies in latitudes a t  all the junctions aro small rind 
neecl no special consideration. The discrepancies in height may ba 
attributed allnost ent.irely to the lack of uniformity in the adopt4 
datums for hoights for tho vnrioiis F.I.C. cllailis and the poor 
quality of their work. The cliscrepnncies in longitude a t  var.rlous 
junctions are syste~natic and unduly largo. Thc major contributory 
causes for this are :- 

( a ) The Indian and Sinmese triangulation, are computed on 
Everest spheroid with ICaliBnpur ( Lat. 24" 07' 11".26, 
Long. 77" 39' 17".57 ) as origin. The F.I.C. triangulation 
on tho other hand is based on an independent originHanol 
Belvedere (La t .  21" 01' 58".414, Long. 10.5" 50'06.120') 
and is computod on Clnrke's 1880 spheroid. Ah 
such a large distance from the origin, the Sinmesa 
longitudes on Everest spheroid are peat,er by about 14' 
than the values that would have been obtained had the 
Indian and Siamese triangulations been computed on 
Clarice's 1880 spheroid. 

( b ) As mentioned before, the F.I.C. values are in terms of s 
rough value of longitude nt Hanoi Belvedere which 
needs increasing by 11". 

The residual discrepn~~cy after nllowing for the above two 
fact>ors is satisfnctorily small and is due to indepcnclent datum of 
the two countries and the errors of observation. The fact, howover, 
remnins that the primnry trinngulation of French Indo-Chino, net& 
toning up  in any case and inter sc edjustmont of its various serrcs 
is desirable to nchievo consistency in what exists. A firm connec 
tion of the geodetic net of French Inclo-China with the primary 
triangulation of Burma in tho north and with the primary triangu 
lation of Siam in tho south has yet t o  be achieved. The north 
junction would need a short chain of about 30 to 40 miles closing 
in Burma near the Keng Tung Baso. The connection in the south 
can be offocted by oither of the two chains Sisophone-Chindhi 
buri-RRj buri-Meryi or SisophoneNagorn Sawarn-Amherst. 

5. Primary Triangulation in Malaya.--There are three differen1 
systems of primnry triangulation in Malaya executed a t  differell1 
times alld based on different datums. The earliest one known 8s 

the " Peralc System " waa commenced in 1886 with the object of 
providing points in Perak for the control or traverses ron for rcvenus 
surveys. The fundamentals of this system are a base mcasurd 
with a 50-foot steel chain a t  Lamt ,  an  astronomical latitude end 
azimuth observed a t  Scott's Hill, Teiping and the longitudo of Fo* 
Cornwallis Flagstaff, Penang. The longitude was determined by 
Commander (later Admiral ) Mostyn Field in H.M.S. Egeria in lag5 
by the exchange of telegraphic signals with Mr. Angus ~utherl~nd 
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Singapore, Old Transit Circle. The longitude, 103" 51' 15". 75 E. ,  
accepted for Singapore in order to arrive at  this determination of 
~~~t CornwaUis Flagstaff was based upon that of an observation 
spot, 103" 51' 15".00 E., fixed in 1881 by Lieutenant Commander 
Green, United States Navy, with reference to the transit circle of 
Madras Observatory, the corresponding longitude of the latter 
being taken as 80" 14' 51". 51 E. 

In 1899 it was decided to extend the triangulation over the 
whole area of the Federated Malaya States and a new triangulation 

the "Bukit Asa System" was started. This system is based 
on the astronomical latitude and azimuth observed a t  Bukit Ase. 
The fundamental longitude of both the Perak and Bukit Asa systems 
is the same, viz., longitude of Fort Cornwallis Flagstaff, Penang, the 
value adopted being 100' 20' 44".4 E. 

The Perak and Bukit Asa systems have 36 points in common. 
The mean discrepancies in latitude and longitude between the 
two systems ( Bukit Asa-Perak ) derived from these points are 
-on.22 and -0".12 respectively. The unadjusted data of both 
these systems of triangulation are published in F.M.S. publication 
"Trigonometrical data for Primary and Secondary points in the 
Federated Malaya States and adjacent territories", 1917. 

These triangulations were not considered good enough as they 
revealed considerable discrepancies from the results of primary 
traverses which had to be run in some areas of dense tropical growth, 
and as there were possibilities of connecting the triangulation of 
Malaya with that of its neighbouring countries to t,he north and south, 
it was decided to observe a new geodetic chain of first order by 
reobserving at  selected stations of the old triangulation. The new 
chain is known aa the "Repsold System". The datum for this trian- 
gulation is Kertau where astronomical latitude and azimuth were 
determined. The longitude is taken to be the same as the geodetio 
longitude of Kertau in the Bukit Asa system. The scale is provided 
by a measured base a t  Serting, controlled by two other bases 
measured a t  Kedah and Kelantan. The triangulation extends 
from Singapore 1" 20' N. to the Siamese frontier 6" 30' N., a distance 
of about 400 miles. In addition, a spur runs out north-eastwards 
to Kelantan Base near Kota Bharu about 6" N. The discrepancy 
between the triangulated values in terms of Serting base and the 
measured bases a t  Kedah and Kelantan is 1/62,000 in a distance 
of 280 miles, and 1/66,000 in e distance of about 400 miles respec- 
tively. The measured values of the bases have been accepted and 
the triangulated sides adjusted. The longest side of the t r i m d a -  
tion is 72 miles, angles being observed with two Repsold 22-cm. 
broken transit theodolites. The average triangular error is under 
half a second of arc. 

The Repsold system was completed in about 1918, and it8 
dotah and date are published in the F.M.S. publication "An 
Acoount of the Primary Triangulation of Malaye, 1031". There 
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are about 40 points colnmon to the Repsold nnd Bukit Asn systems. 
The mean discrepancies in latitude between the two systems is 
about 3" and in longitude less than 0 . 3 .  Tho triangulation is 
computed on Everest spheroid. 

6. Malaya-Siamese Connection.-A connection of the primery 
triangulation of Malaya to that of the Siameso Survoy has long 
been a desideratum. There was one station Goh Beng in Sibm 
which can be computed in terms of F.M.S. triangulation ( 1931 ) 
through a trinngulntion by H.M.S. Stork. The discrepancies betwmn 
Siamese and F.M.S. values a t  Goh Beng are :- 

Sinmeso values Mnlnynn values 

7 04 22.81 99 23 50.88 7 01 8 4 . 1  99 23 42.47 -11.3 +8.41 

On the advice of the Survey Research Institute, ~ u r v e y f  
India, Dehra Dfin, a 6rm connection between the triangulations of 
the two countries was effected a t  the end of the war by Captain 
F. N. Fort, R.E. of the Survey Directorate, Rear Head Quarters 
Allied Land Forces, S.E. Asia by observing a small triangulation 
series starting from three Malayan stations and closing on three 
Siamese stations. Tho work was commenced on 16th February 1946 
and completed on 23rd March 1946. All the six stations were found in 
perfect condition, the new measurerncnts of the angles between them 
agree with those previously observed within a few seconds ( see table 
below ) and there is no possible doubt about thoir identity. The 
previous observations a t  the Malayan stations were on Repsold 
system ( see para 6 above ). 

Siamese S la l i a s  

Malayan Btationa 

( 3 !  
Cnpl Fort s value 1 i n  I 

1 2 ) - ( 3 )  

o r .  0 I .  

Dt. Persngio 17 46 67.10 17 46 67.08 I Cl. Ketiang : 1 22 20 33.38 ( 22 20 34.04 
Bt. Tunjang 138 63 30.22 130 63 28.87 
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I t  will be seen that discrepancies in latitude and longitude aDe 
very satisfactorily with that determined earlier a t  Goh Beng. The 
longitude discrepancy however, deserves a special mention as the 
longitude determination of F.M.S. datum is in doubt. It is obtained 
by telegraphic signals from Singapore the longitude of which in turn 
was fixed in 1881 by Green of the United States Navy from Madras 
Observatory. The longitude of Madras Observatory has been 
undergoing several changes. The 1881 value on which F.M.S. datum 
is based was found to be too great by about 4 seconds when another 
determination was made in 189P96 via Potsdam-TehrHn-Bushire. 
This is the value accepted by the Survey of India now but according 
to Albrecht this needs tl further change of 1 .635 seconds due to 
revised value of the component Greenwich-Potsdam in 1903. 

The Admiralty charts of Malaya Coast are inconsistent with 
F.M.S. geographic positions, as they use a value of longitude for this 
datum which is less than that adopted by F.M.S. by about 5 seconds. 
Their datum appears to agree with the 1894-96 determination of 
Madras Observatory. The evidence of the difference between astro- 
nomical and geodetic values available a t  five stations does give a 
slight indication that the Admiralty value is nearer the truth than 
the F.M.S. The mean difference is d A  -do = -2" a6 and LA -LO 
= - 16" .5. If Admiralty values of " La" are taken, LA -La becomes 
- l l n ,  which is much more satisfactory and can be taken as indi. 
cative of the fact that even the Admiralty value is on the high side. 
A further evidence of this is afforded by the junction of Malaya with 
Riouw triangulation which will be discussed in the next paragraph. It 
is possible that Green's determination of the difference of longitude 
between Madras and Singapore is not quite correct. A fresh deter 
mination of the longitude of F.M.S. datum is very desirable. 

In the above table of discrepancies, ( Table A ) it might be ~ointed 
out that the Siamese values are not quite in Indian terms end 
need the following corrections :- 

I [ Latitude I Longitude I I 
I For reduction to termsofpubliehed 

Indian triangulation ( 1880-Ad- 
justment ) 

For 1937 re-djuatment of  Indian 
triangulation 

For error in all published longi- 
tudes of Indian triangulation . . 

Total . . 

The difference between the Siamese values corrected as abow 
and Malayan valuee ( Siam-Malaya ) are, - 11" a 4  in latitude end 
+5" -5 in longitude. These can be reckoned 'aa being due to the 

+ 2 , 2  ( Survey of India 
Pmfensional Pap1 

No. 29 ) 
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relativ~ deflections of the datums of the two countries as well as 
errors of observations. If the Malayan longitudes aro decreased as 
the above evidence seems to show, the discrepancy in longitude 
between Siam and Malaya will be increased correspondingly but not 
to that extent as to make it improbable. In fact, the Siamese 
geodetic longitudes are in terms of Kaliknpur and in the neighbour- 
hood of Kertau, the longitudes computed on Everest spheroid a11 the 
way from Kaliknpur are greater than that on a better figure of the 
earth by about 16", so that the expected discrepancy between Malaya 
and Siam longitudes can well be of this order. 

7. Bangka and Riouw Triangulations and the connection to 
primary Triangulation of Federal Malaya States.- ( i ) Bangka 
Triangulatia.-The Bangka primary triangulation executed by the 
N.E.I. Triangulation Brigade is based on an independent base-line 
measured a t  Bakem. This base-line was measured in 1926 with 
Jaderine apparatus, consisting of three 24-metre Invar wires Nos. 285, 
286 and 287. The measured length was 5221.763 metres with 
relative mean error of 0.25 x 104 in measurement. The co- 
ordinates are in t e r m  of the astronomical values of latitude, longi- 
tude and azimuth, observed in 1926 a t  B. Rimpah. The latitude 
was derived from circum-meridian observations with a mean error of 
0" .lo, azimuth from Transits with a mean error of 0" .19 and longi- 
tude by radio time-signals from Batavia, with a mean error of 0" .18. 
The triangulation is computed on Bessel spheroid. 

( ii ) The Rimw Triangulation.-This triangulation is a continu- 
ation of the Bangka, and was observed by the N.E.I. triangulation 
Brigade from 1935-1938. I t  consists of 15 primary triangles. 

This triangulation connects the Bangka triangulation to the 
primary triangulation of Malaya a t  5 stations. The discrepancies 
(Malaya-N.E.I. ) a t  the common points of the two systems are 
tabulated below :- 

F.M.S. values Dutch onlucs D i 8 c " ~ a n c ~  No. Common 
( Bukit h o  terms ) (Bangka temls) BMS - NE1 

0 . .  

1 Belungkor .. Lat. 1 27 29.90 1 27 32.21 -2.31 +13.22 
Long. 104 04 31.67 104 04 18.35 

2 Maadei . . Lot. 1 24 14.70 1 24 10.94 -2.24 +13.08 
Long. 103 40 17.14 103 4 8  04.08 

. . Lat. 1 38 05.83 1 30 08.03 -2.20 +13.18 
Long. 103 32 60.98 103 32 37.80 

4 BatuPuteh(T.688) Lot. 1 19 48.40 1 19 50.88 -2.40 +13.27 
Long. 104 24 28.78 104 24 13.49 

6 Pulau Pisang . . Lat. 1 28 09.27 1 28 11.30 -2.12 + 13.08 
( T. 576 ) Long. 103 16 27.06 103 16 13.97 

Mean .. -2.26 +13.16 
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The discrepancies are due to difference of terms of the two 
systems, and the sign and magnitude of thc longitude difference 
confirms the suspicion mentioned in the prcceding paragraph that thc 
assumed longitude of the F.M.S. datum a t  Penang is too large. 

8. Triangulation in Sumatra, Java and Lesser Soenda 
Islands.-A history of the geodetic survey in the Netherlands East 
Indies, and details about triangulation, base measurement and astro- 
nomical observations are given in the reports published in Tome 7 
( 1930),  Tome 11 ( 1934 ), Tome 13 (1938) and Tome 15 (1939) 
of "Travaux de L' Association Intcrnationale de Geodesie ". 

The triangulations of Sumatra, Java  and Lesser Soenda Islands 
although originally based on independent datums have been adjusted 
in 1930-33 and now form a continuous chain. The geodetic datum of 
the whole system is the astronomical values of latitude, longitude 
and azimuth a t  G. Gcnock in North Central Java. The longitude is 
determined by radio time-signals relative to the meridian of the 
former time-signal station a t  Batavia, the longitude of which in turn 
was derived from the 1926 World Longitude Observations. The 
entire triangulation of N.E.I. is computed on Bessel spheroid. 

The Sumatra Triangulation System.-It contains 155 primary, 225 
secondary and 3303 tertiary stations. The main chain of primary 
triangulation was carried out between 1883 and 1016 and consists of 
well-conditioned triangles. It is controlled by two base-lines 
(Sampeon and Pedang ) measured in 1910 and 1927 respectively 
with Jaderine apparatus. The triangulation in the most northerly 
part  of Sumatra in the residency of Acheen, which is based for scale 
on a base-line measured noar Lam Iceubene, was started in 1931 and 
was in progress till 1939. 

The Primary Trianplation in Java.-This triangulation ww 
started in 1866 and completad in 1880. Three Lases ( Simplak in 
W. Java, Logantoeng in N. Central Java  and Tangsil in E. Java ) 
were measured in 1872, 1876 and 1877 respectively, all with the 
Repsold apparatus. 

The whole system has 114 points situated on highest mountctins. 
The primary angles were measured with 10-inch micrometer theodo- 
lites from Pistu ~ n d  Martins and a 12-inch theodolite from Repsold, 
the targets being heliotropes. All observations have been made on 
stone pillars. 

The primary triangulation net in Lesser Soenda Islands consists 
of 11 points only, and was executed in 1912-18. It covers Bali and 
Lombok Islands and terminates on Sumbawa Island. The accuracy 
of its angles is about the same as in the principal chain of Sumatra. 

9. Possibility of Connection with Australia.-As can be seen 
from Chart I ,  the first gap to be filled in is that  between the Federated 
Malaya States triangulation and the N.E.I. systom on the main land 
of Sumatra or Java. The gap is too wide to be dealt with by ordinary 
triangulation methoda, as the whole of Eastern Sumatra is swampy. 
It should be possible, Irowever, to get over this either by a suitable 
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rarlar technique or by the parachute flare method used for connecting 
the triatlgulations of 1)cnmarlc and Norway. This link if completed 
n r i U  taltc the chain corrtinuously upto Beli and Lombok Islands. 

The second gap is tha.t hetween longitude 115" E. and 
Australia. Therc is no triangulation in the islands hctween Aus- 
tralia and the Soentla Archipelago, and in Australia itself, there is no 
geodetic triangulation in these parts. Australia, however, is 
planning to map great expanses of its territory by adaptation of 
radar to survey and it may then be possible to effect the above 
connection across t.he intervening islands partly by triangulation and 
partly by radar, either by the Commonwealth itself or through 
international scientific agencies. 

In addition to tho above gaps there are the following weak links 
in the connecting triangulations :- 

( i ) The triangulation connection of India and Burma 
series needs strengthening. 

( ii ) The Siamese triangulation between junction with 
India a t  10" N. and Rijburi base needs im- 
proving. 

10. Possibility of Connection to Triangulation of Philippines.- 
There is a remote possibility of continuing the triangulation chain 
IndiaSiam-Malaya-N.E.I. to Philippines through Celebes, when 
the Sumatra-JavaSoenda Archipelago triangulation is extended to 
Flores Islands. The triangulation in Sarawak, Brunei, and Borneo 
may also get linked up to the triangulations of Celebes and Philip- 
pines at  some distant future date. A brief account of triangulations 
in these countries is therefore placed on record below. 

11. Triangulation in Celebes.-The Celebes primary triangu- 
lation system consists of 72 stations. Tho observations were com- 
menced in 191 1. The angles were measured with 27-cm. micrometer 
theodolites from Pistu and Martins, Wegner and Wanschaff. Three 
bmes ( Djeneponto 191 1, Tondano 1915, Korodolo 1920 ) mere 
measured with .Jaderine apparatus. 

The triangulation is based on an astronomical latitude and 
azimuth determination a t  M. Lowe P.I. and a telegraphic longitude 
determination a t  Malrmsar in 1891. The triangulation chain haa 
been adjusted on 3 bwes and 5 mtro. azimuths. The differences 
between geodetic and mtro. azimuths found were of the order + 27" 
and -.21n, which are seid to be due to the plumb-line deaeotions 
caused by the big mountain mosses and the sea. The Celebes 
triangulation system is not connected either with the Borneo or with 
the Philippines triangulation systems. 

12. Triangulation in the Philippine Islands.-An account of the 
triangulntion in the Philippines is given in the publication of the 
Bureau of Coast and Geodetic Survey, Manila " The Triangulation 
of the Philippine Islands, Vols. I and I1 ". The main triangulation 
work in the Philippines waa done by the U.S. Conat and Geodetio 
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Survey from 1901 to 1928. I t  was done in bits of second and third 
order triangulation scattered throughout the Islantls, each bit being 
based on its own geodetic datum. Eventually these separate pieces 
were connected by second order triangulation, which was conn,ected 
with the Luzon datum. 

The principal triangulation of the Philippine Islands is there- 
fore of the second order, i.e. accuracy + 1/10,000, and average 
triangular error about 3". I t  forms the frame-work on which aU 
other triangulation in the archipelago is bayed. I t  is well controlled 
by 98 measured bases, 52 observed azimuth nnd 49 latitude and 
telegraphic longitude stations. 

All the positions and azimuths have been computed on Clarke's 
spheroid of 1866. 

The fundamentals of the geodetic datum a t  Luzon are as 
follows :- 

Lat. 13" 13' 41" .000 N. 
Long. 121 52 03 .000 E. 

Azimuth to Baltassar 9 12 37 -00 

13.  Triangulation in Brunei -The details of the triangulation 
in Brunei are published in a book "The triangulation of Brunei by 
W.F.N. Bridges, D.S.O., Surveyor General F.M.S. and S.S." from 
which the following brief information has been abstracted :- 

The triangulation of Brunei was carried out in 1935. The 
observations were made with a 10-inch Repsold theodolite a t  the 
primary stations and with a 3-inch Zeiss theodolite a t  the secondary 
stations. The p.e. of an observed angle, is + 0" .05'b'for primary 
work and + 0" .77 for secondary work. The average triangular error 
for primary work is 1" a12-and for secondary work, 1" .51. - 

The scale of the trianguletion is derived from Marudi Base-line, 
measured in August 1935, with Invar tapes, the final length accepted 
being 19703.2536 feet with a p.e. of + 0.0197 feet. 

The initial azimuth of the trianguletion is the azimuth at  Tim- 
balai of Pisang. The value adopted is 206" 31' 42" .04 & 0".21. 
This is derived from 33 sets of time observations to Polaris made in 
1936 with a 10-inch Repsold theodolite. Observations to Polaris 
were also mede by the Sarawak Survey department in 1936 at  Miri. 
The resulting azimuth Miri-Lambir was 180" 16' 02" .20 + 0" .23 and 
this agreed almost exactly with the azimuth of this line derived from 
trianguletion. 

The fundamental latitude and longitude accepted are those of 
Timbalai. The values adopted are 6" 17'02" .56N. and 115" 10' 67" 
E. The latitude is derived from 48 observations of 19 pairs of stam 
by Talcott method, and has p.e. of & O".ll. The values agree 
closely with the Admiralty value, viz. 6" 17' 02".89 derived from 
obeemationa a t  the nearby Flagstaff, Labuan to which e connection 
wee mede. The longitude ie also similarly derived. 
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~h~ datum for heights is the mean sea-level at Muara deter- 
mined by tide-polc observations for n lunar month. 

~h~ spheroid used in computations is Everevt with a = 209, 
22'3, 31 .8 fect, I / €  = 300 .a. 

14. Sarawak East and West Triangulation .-Sarawak East 
triangulation is a continuation of Brunei triangulation based on 
Timbalai as datum. Sarawalr West triangulation is baaed on 
ast,ronomi~al co-ordinates of Golf Links Lat. 1" 32' 49" .94 N., Long. 
110° 20' 27".00 E. 

The following information has been abstracted from Empire 
Survey Review No. 42, pages 206 to 214. 

The primary triangulation in Sarawak has been computed in 
two sections :- 

( a )  the portion falling within the Western Meridional 
District of the State, and 

( b ) the portion falling within the Ewtern Meridional 
District of the State. 

Each portion is regarded as a separate entity and no adjustment for 
closure has been made to either of them. 

The western system is in terms of the Matang Base ( p.e. + 
1/1300,000 ), the latitude and longitude observed a t  Kuching (Golf 
Links Trig ), and the azimuth observed a t  Serapi. 

The eastern system is in terms of the Marudi Base ( p.e. + 
1/1,000,000 ), the latitude and longitude observed a t  Labuen, an> 
the azimuth observed a t  Timbalai (Labuan ). An azimuth observed 
at  Miri agrees with that derived from triangulation within 0" #04. 

There are 10 stations which are common to both series, The 
mean discrepancy ( West series - Eaat series ) a t  these stetiom is 
+ 2" -10 in latitude and -2" -27 in longitude. The discrepancy in 
the values of the side PantakSpali in terms of the two is 1 in 207,000. 
The closure in azimuth between Serapi end Timbalai or Serapi and 
Miri is Y.1. 

Heights of the eostern series are closely in terms of M.S.L., those 
of the western series are based on a mean tide level a t  Kuching and 
are likely to be higher than the M.S.L. a t  the mouth of the Sarawak 
river. 

15. Triangulation in Borneo.-( a ) North Borneo. Complete 
details about the triangulation and its datum in North Borneo am 
not available. There is said to be a primary chain from Marudu Bay 
at  the extreme north of the island, along the north-west comt to 
Lebuan and the Sarawak border where it  joine the triangulation 
of Sarawak. The portion between Jesselton and the Sarawak border 
*as not finished until 1940. 
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Thc scale of this triangulation is derived from a base measured 
near Jesselton ant1 the datum for the co-ordinates is the astrono~nicnl 
values of t!le latitude and longitutle of Jesselton determined in 1938 
by H.M.S. Herald. 

The triangulation when completed will be connected to  the 
trinngnlation of Brunei and the co-ordinates will then possibly be put 
in terms of its datum. 

( b )  Triangulation in South Eastern Residencg of Borneo. The 
triangulation of this residency may be talten to have started in 
1933, and was still in progress in 1939. Till April 1939, seventeen 
primary, 8 secondary and 15 tertiary stations had been observed. 
The computed co-ordinates were till 1939 bnsed on the small pri- 
mitive base-line near Balik Pepen and Samarinda of the Royal Dutch 
Oil Company Survey. An accurate base-line was however observed 
in 1937 with three Inver wires Nos. 285, 286 and 1096 and Jaderine 
apparatus, near Djoewari ( about GO km. N.E. of Amoentai ). Its 
length was 61 100.95080 metres ( reduced to M.S.L. ) with probable 
mean total error of 115 BI. ; details of measurement, etc., are given in 
N.E.I. report to the International Union of Geodesy and Geophysics, 
1939. It is not known if any use of this base-line has been made 
es yet or not. 

The datum for co-ordinates is the astronomical latitude and 
longitude and azimuth observed a t  G .  Segara ( P 5  ) accepted values 
being latitude 0" 32' 12" .83 S + 0" .163, longitude 117" 08' 48" .47 E. 
of Greenwich 0" .12 and azimuth a t  P5 to P 2  is 180" 52' 07".437 
-1 0" .216. The longitude is determined by observing fundamental 
811-9 east and west for time and rythmic time signals from Malabar 
and Saigon for time comparison with Bosscha Astronomical Obser- 
vatory a t  Lembang. 
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SECTION 11.-TRIANGULATION LINKING INDIA, PERSIA, IRAQ AND 

SYRIA, EXECUTED DURING WORLDWAR 11. ( Refer to 
Chart I1 ) 

16. The Primary Triangulation of 1rHq.-The primary 
triangulation of Iraq is only of secondary precision and was executed 
between 1930-35. I t  is dividcd into two series : the North Series 
arid the South Series. Both the series start with the measured base 
at  Nahrwan ( E. of Baghdid ). The North Series closes on a 
measured base a t  ICirkuk and the South Series on that a t  Batha. 
The measured values of the bmes have been accepted and dis- 
crepancies between the triangulated and measured values have 
been adjusted. The details are given below :- 

1 

Name of 
base 

- 

NahnvCn 

Kirkuk 

Apparntlls 
c~nploycd 

30-Metre 
Invar  Tnpcs 

Nos. 78. 77, 78 
( Tape No. 78 
was used as 
a standard ) 

do. 

Datc of 
Measure- 

ment 

Probable 
Error 

Length 

1930 

mm. 

*3.00 

*3.34 

metres 

4441.01448 

Discrepancy 
( hleasured - 

triangula- 
ted value ) 

Starting 
Base 

1/20,000 

1 3 1 Batha I do. 1 1930 1 2012.17079 1 *2.40 1 1/15,000 I 
-- 

The initial latitude and longitude are the astronomical values 
of NahrwBn S. End Base : 

Latitude 33" 19' 10" .87 f 0" .20 ( for N & S. stars ) 
Longitude 44" 43' 25" .64 & 0" .69 ( from wireless time- 

signals ), 
and the initial azimuth is that a t  1 M of 2 M based on Polaris obser- 
vations. The value adopted is 10" 65' 51".8 f 1".6. 

Astronomical observations were also made for latitude, longi- 
tude and azimuth a t  ICirlruk and Baths, the differences A-a a t  
these two stations being as follows :- 

I Doodctio 

0 , .  

1. At Kirkuk S. end . . Lat. 36 24 10.90 
Long. 44 20 23.30 

Az. 9. end of N. end 1876056 .11  

2 .AtBa thaN.W.endofbase  Lat. 3 1 0 4 3 0 . 7 1  
Long. 45 50 30.11 

Azimuth 

All observations have been made with an 8-inch theodolite on six 
zeroes on both faces, two meeeuree on each face. The avemge 

Astronomical 

0 , .  

36 24 08.18 
44 20 18.70 

I87 60 53.00 

31 04  44.40 
46 60 37.96 

unreliable 

A - 0 

-2.83 
-4.54 

-2.11 

+4.69 
+1.84 
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triangular error of the North Series is 1" .48 ( max. 5" .31 ) and that 
of the South series 1" .61 ( max. 5" .39 ). 

The reference spheroid is the Clarke's spheroid of 1880. 
17. The Paiforce Triangulation in Persia.-Chart XIX shows 

the general lay-out of the net work of triangulation in Persia. 
This triangulation was wholly executed during the years 1941-43 by 
Indian Field Survey Companies forming part of the British and 
Indian forces in the area in World War I1 and supersedes the low 
quality work executed during World War I by the Mesopotami~n 
Expeditionary Force. 

The present work comprises 35 series forming 13 closed circuits, 
and 12 pendant series. The average triangular error of the whole 
triangulation which was executed with the universal Wild and 
Tavistock theodolites is about 7". The lay-out consists generally of 
elongated quadrilaterals, due to necessity of speed, and nature of 
the country. The ratio of length to breadth of these quadrilaterals is 
mostly 2 to  1. 

The starting data of tho triangulation ( base, azimuth and co- 
ordinates ) am derived from stations Khanaqin ( sheet NI-381 ) and 
Qara Tapeh ( sheet NI-381 ) of IrBq Primary Triangulation. The 
triangulation is computed on Clarke's 1880 spheroid. To check the 
scale of the triangulation short bases were measured a t  frequent inter- 
vals. A number of azimuths from Sun or Polaris were also observed, 
but  have not been used. The average discrepancy between triangu- 
lated and measured value of a base was 1/6,000. The discrepancies 
between triangulated ~ n d  aatro. bearings were irregular and varied 
from - 49" to + 42". I n  addition to these, three geodetic bases 
and Laplece stations were observed a t  Hamadin, Tehran and 
IsfahBn, results of which are as follows :- 

Details of Bases 

Apparntua 
used 

100-foot 
Invnr Tapes 
Nos. 1, 3 & 8 

100-fwt 
Invar Tapes 
Noa. 3 8 8 

20-foot 
Tape No. 2 
and 100-foot 
Invar tapes 
N a s . 3 & 0  

I ~ n g t h  of 
bnse 

reduced to 
sea level 

metres 

5142.7870 

0376.4013 

6000~0046 

Intornnl 
accurnoy 

IpLP6.000 

1/200.000 

1/3.OU0.000 

Discrepancy 
with trian- 

gulated 
value 

1/8,G00 

1/60,000 

1/2.400 

REMARKS 

No. 1 Stand. 
a d  tape 
uaed lor 
cornpan. 
son 

No. 7 do. 

No. 4 do. 
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Results of Astronomical Observations at Laplace Stations 

AccumuleQd error of geodetio azimuth = - 6G= - ( AA-Aa) + ( h - L a  )Sin #. 

The Laplace equation a t  TehrBn was not used to correct the 
geodetic azimuth as the value of astronomical longitude a t  this 
station is rather weak due to the rate of the chronometer not being 
properly determined. 

The measured short bases, and the three geodetic bases 
referred to above have been made use of in the adjustment of the 
triangulation. Circuits closing on the IrBq plimary or secondary 
points have been adjusted, so as to bring the whole network of 
Paiforce triangulation in IrBq terms. 

This triengulation should not, however, be considered as any- 
thing of geodetic accuracy. I t  is a war time rapid work in which 
accuracy of the order 1/15,000 can be said to have been attained. 
The portion Isfahiin to Nain, in particular, is very weak. 

18. The Trans-Persian Triangulation connecting the Indian 
Primary and Ir lq  Primary systems.-The IrBq-Indian triangula- 
tion gap between Nain and ZahidBn has been linked in 1944 by an 
Indian Army Survey Detachment under Capt. P. A. Thomas, R.I.E. 
A narrative of this work with a detailed account of the whole opera- 
tion is published in the "Survey of India, War Research Series, 
Pamphlet No. D ". The work is mainly of good quality triangula- 
tion, one unavoidable gap, a quadrilateral in which all the angles 
could not be observed being made good by a 4-chain subtense 
traverse. The triangulation has an overall accuracy of 1/20,000, 
which can be stepped upto say 1/50,000 by a small amount of 
additional work to tone up the scale and to reinforce the Laplace 
control. Glass arc theodolites were used and average triangular error 
of the whole series was 2". Computation of co-ordinates hes been 
oarried out working from the Indian end in terms of the Indian 
origin a t  KaliPnpur. The published values of the oo-ordinetea 

( 4 )  

-6G* 

+ 6 . 1  

+51.5 

+53 

L!8. 
( 1 ) - ( 2 )  -- 
- 8 . 1  
- 6 . 3  

- 9 . 1  

+ 2 . 0  
+12 .2  

-44 .0  

- 4 . 3  
+13.6 

-45 

( 2 )  
Geodetic 

vnlue 

0 ,  " 
3 4 5 5 4 7 . 1  
48 33 30.3 

1 7 6 3 8 0 0 . 2  

32 53 34 .4  
61 25 52.3 

298 20 51 .1  

35 42 20.0 
51 20 07 .4  

114 40 37 

Nnme of 
L~place 
station 

Hamodin 

Isfahin 

Tehrin 

( 1 )  
Astrono~nicnl p.e. 

volue 1- 
0 , " .  

Latitude 3 4 5 6 3 0 . 0  
Longit~lde 48 33 24.0 
Azimuth from 

Polaris 1 7 6 3 7 5 0 . 5  

Latitude 32 53 36.4 
Longitude 51 26 04 .5  
Azimuth from 

Polarie 298 20 12.2 

Latitude 35 42 15.1 
Longitude 51 20 21.0 
Azimuth frurn 

Polaris 114 39 52 

4 1 . 3  
4 1 . 5  

4 1 . 4  

*0 .3  
* 3 . 0  

4 0 . 4 2  

*0.3 
4 1 . 5  

4 0 . 3  
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were in terms of Everest spheroid, but have been converted to 
those of the International spheroid, and co~nputations thence 
have been carried westward in terms of the International spheroid. 

The derivcd values of co-ordinates a t  Nain in International 
terms relative to KaliBnpur are : 

Latitude 32" 54' 30" .6 
Longitude 53" 05' 41" .4 

The co-ordinates of the same point relative to NahrwBn, the Iriq 
origin in International terms are : 

Latitude 32" 54' 23" .5 
Longitude 53" 05' 36" .8 

The discrepancies between these ( Indian-Iriq ) are : 
+ 7" - 1  in latitude, and + 4" .6 in longitude, 

which are attributable to ( 1 ) relative deviations of the vertical 
a t  the datums of Indian and IrBq triangulations and ( 2 ) errors 
generated in the triangulation between the two origins, probable 
errors for which have been roughly estimated to be 

+ 2" .5 in latitude, and 
f 3" .0 in longitude. 

If the results of the Persian work are expressed in terms of Clarke 
1880 spheroid in keeping with the Mid-East triangulation end ere 
based on triangulation in IrBq origin terms, the co-ordinates of 
stations close to the 60" E. meridian differ from their values in terms 
of the published Indian triangulation pamphlets by + 12".1 in 
latitude and - 4" .4 in longitude. This represents the discrepency 
that would exist between the maps of India and Persia at their 
junctions. 

19. Primary Triangulation in Syria.-Chart I1 shows the 
primary triangulation in Syria and the Levant. I t  consists of 8 
series of varying but good accuracy. The main series ( Alleppo 
Meridian & Coastal series ) forms the back-bone of the triangu- 
lation. The mean square error of a direction ( Ferrero's formule ) 
is, for the meridian chain + 0".78 and for the coastal series f 0".87. 
The origin of the triangulation for azimuth and latitude is the 
southern terminal of the Bekaa Base. 

The fundamental longitude was measured a t  the geodeti0 
pillar a t  Ksara and is 36" 63' 25" .26 E. of Greenwich. The scale 
of the triangulation is governed by 3 bases a t  Bekaa, Beb, and 
Hessetche. The triangulation is stated to have been edjmted on 
to these bases, but the closing errors of one base on another cannot 
be ascertained from the information available. . 

Check latitudes, longitudes and azimuths were also meesumd 
a t  Bab end Hassetche. Details ere not available but we heve the 
results which disclose the following differences from the geodeti0 
values carried through the chein from Bekaa. 
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The two sets of observations show a satisfactory agreement 
between them. The Laplece equation a t  them, however, indicates 
an error of 15" in the geodetic azimuth. The triangulation is 
unlikely to have developed this error and consequently there 
appears to be some error in the initial azimuth a t  the origin at  Bekaa. 

The co-ordinates of all the primary points published in Trig. 
lists issued by G.H.Q. M.E.F., are on Bekaa system. The bases a t  
Bab and Hassetche have been used for adjustment but astronomical 
observations were ignored. Clarke's 1880 spheroid has been used 
for computation. 

Geodetic values A - G 

- 0.318 
Not nvaihble t10.789 

+21. 125 

30 30 27.050 - 3.956 
40 40 10,012 +lO.508 
105 30 50,243 +20.940 

r 
Station 

Bab . . 

H-etche S. end of bnse . . 
Az. nt S. end to N.  end . . 

20. The Irlq-Syria Triangulation Connection.- The Ir lq-  
Syria triangulation connection was carried out by Lt.-Col. G. H. 
Osmaston and Major R. H. Sams, R.E., of the Survey Directorate, 
Paiforce in December 1941, and was confirmed by further triangu- 
lation done by Cspt. P. G. Mott, R.E., of the same Directorate in 
March 1942. 

Astronomicnl vnluea 

0 # .  

Lnt. 
Long.) Not nvnilnble 
Az. 

Lnt. 30 30 23.100 
Long. 40 40 20.550 

105 37 11.183 

Col. Osmaston'a series made e, connection between the I r iq  
secondary stations Tel Kharnuf, Qabr Hajr and Tel Huwaish in the 
Iriq-Syrian frontier in sheet NJ-37X, and the Syrian primary stations 
Tel Hanta ( Tel Abu Jernde ) and Tel Safra in the same sheet. 

Closures on Syrian values were as follows :- 

Station 

Tel Safra 

Tel Hanta 

Side ( Tel Safre 
to Tel Hents)  

Azimuth nt 
Tel Safre of Tel 

Hanta 

Irlq values 
( Grid metres ) 

E. 1828 072.6 
N. 307 591.0 
H. 1147.2 feet 

E. 1809 207.3 
N. 362 843.0 
H. 1290.7 feet 

23845.8 metree 

231' 69' 00' 

Syrian value8 
( Grid metres ) 

1829 009.0 
307 807.1 
1147.3 feet 

1809 140.8 
363 118.8 
1292.7 feet 

23948.3 metrw 

231' 69' 14' 

Diffemness 
1rlq.Syria 

+03,5 metres 
-270.1 .. 
-0.1 feet 

+88,6 metres 
-276.8 ,. 
-2.0 feet 

-2.6 metres 
or- 1/10,000 

-14' 

R ~ B K S  

P 

Valuein Grid C 
(Origin 39'30' 

?V 00') 
Clarke s 1880 
spheroid 
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The connection was made firmer when Capt. Mott carried 
forward the triangulation from Tel Hanta-Tel Safra starting with 
the I r i q  values and closing on Syrian primary stations Kapes Darh 
and Mabsbat near the Turko-Syrian border. The differences here 
( IrLq-Syria ) were as follows :- 

Thus the IrLq and Syrian primary systems have an average 
discrepancy of about + 65 metres in E., - 280 metres in N. (or 
- 9" .1  in latitude & + 2" a 6  in longitude ), - 1/10,000 in scale, 
16" in azimuth and negligible in heights. 

21. Indo-European Connection.-The connection of Indian 
and European triangulations has long been considered as of great 
scientific interest. It is, however, obviously beset with consider- 
able political, topographical and financial difficulties. In  1913, a 
connection was made after arduous field work between the triengu- 
letions of India and Russia in the Pamirs, details of which are given 
in the Records of the Survey of India, Vol. VI, 1913. The work 
was done under the impression that it  would lead to the connection 
between Indian end European systems of triangulation. However, 
from the scanty information gleaned from various sources later, it 
appeared that Russian geodetic triangulation did not extend upto 
the Indian border and that it was not connected to European tri- 
angulation. I t  is possible that in their vigorous pre-war programme 
the Russiam have managed to throw in a chain of geodetic triangu- 
lation in TurkistEn and have aho effected a connection with Europe 
but nothing ia known of these details. In  any case, the lay-out of 
connecting Indian triangulation and the precision with which 
angular measurements were made could not be effected upto geodetic 
standards on account of the di5culties of the terrain and thin 
work can not be revised without considerable efforts. 

The work of the Indian Survey Military units is, therefore, of 
great interest as a contribution to the echievement of the Indo- 
European connection. The Indien trianguletion has been extended 

Station 

Knpes Darh 

Mnbsbat 

Side Kapes Darh 
to Mabsbnt 

Azimuth a t  
Kapes Darh of 
Mabebat 

4 

Syrian valucs 
( Grid metres ) 

1788 750.0 
407.032.3 

1720.4 feet 

1778 781.3 
390 736.3 

1404.2 feet 

22,SO4.6 metres 

297' 13' 48" 

Value in 
IrLq terms 

( Grid metres ) 

E. 1758 818.8 
N. 400 749.1 
H. 1722.7 feet 

E. 1778 828.1 
N. 398 454.4 
H. 1406.9 feet 

22502.3 metres 

297" 13' 31' 

DiRemnccs 
Iriq-Syrio 

+08.2 metres 
-283.2 ,, 
- 3 . 7  feet 

+00.8 metres 
-280.9 ,, 
+ 1.7 feet 

- 2 . 3  metres 
or- 1/10,000 

-16' 

REMARKS I 
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to Pcrsia and IrSq (some portions nre of course very weak, see 
p,zras 17 and 18 ),  and a junction has been effected between the IrBq 

triangulation and the French Syrian triangulation. A 
connectioll of the Syrian primary triallgulation to the European 
triangulation via Palestine or via Turkey is n definite possibility. 

22. Discrepancies at  Junctions of Various Countries.-The 
triangulation series of the countries discussed in this chapter, 
having all been connected, it should be possible to reduce all these 
triangulations to the Indian datum a t  ICaliBnpur. The question of 
the spheroid to be chosen however demands further consideration. 
The triangulation of India and Burma is computed on Everest 
spheroid which does not fit the geoid at  all well and its axes are about 
3,000 feet smaller than those of the more modern spheroids adopted 
to represent the figure of the earth. If this spheroid is used con- 
sistently in all neighbouring countries such as Persia, Burma, Siam, 
Indo-China, etc., ( which is by no means the case a t  present ), the map 
sheets a t  the junctions will no doubt fit and the topographera will 
not be worried, but still certain complications will be introduced. I n  
the first place, all these countries will occupy on the map more than 
their proper share of the earth's surface and secondly in the out-lying 
areas there will be a large systematic difference between triangulated 
and astronomical positions. Thus in Siam the use of Everest 
spheroid extended so far east from Kaliiinpur datum produces a 
systematic tendency for astronomical longitudes to be about 17" 
too small. There is also a systematic tendency for astronomical 
latitudes to be about 8" too large in Siam south of latitude 16" N. 
These large deflections of the plumb-line will not in any way be due 
to anomalous mwses in the earth's crust but only to an unsuitable 
spheroid. On a good spheroid, the astronomical values are only 
liable to random departures from the triangulatad values. The 
availability of accurate triangulation in the countries bordering 
India has brought to the fore the question of adoption of a suitable 
spheroid like the International in India and the determination of its 
orientation at  the datum. But this will, involve besides repub- 
lishing of all our trig. data, a shift of the details of all meps with 
respect to their graticule-a colossal undertaking. In  the long inter- 
vening period, the country will be saddled with two sets of meps 
and the scheme requires such ample resources and finance that 
inspite of its indubitable advantages, there is no hope of embarking 
upon it  a t  an early stage and it can only be regarded as a long range 
objective. There is thus no alternative but to put up with the 
present state of affairs in which each country's meps are gridded 
with respect to its own sphericals on its own independent origin 
and a t  the boundaries when one crosses from one datum to another, 
the spherical graticules of a series may be out of sympathy with 
that on any adjacent map series of another country and the 
graticules may be out of sympathy with the grid. As an 
example, a t  the meridian of 60" E. which is the junction line 
of the Indian and Persian grids, the discrepancy ( Indis-Persian 
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terms ) is + 14" .6 in latitude and - 2" .6 in longitude. The two 
sets of maps on either side of 60" E. will obviously differ by 
the above amounts and there may appear a no man's land in between, 
not covered by any map, which will be a source of worry to the topo- 
graphers, especially when working on larger scales. The remedy is, 
to have a certain area of overlap ( say amounting to one sheet depth ) 
on either side of the junction line and have maps on both these 
systems in this area. The two sets of maps should also indicsta the 
discrepanoies by suitable marginal notes. 
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23. General.-No levelling of high precision was carried out 
during the war years 1941 to 1945 due to the non-availability of 
trained personnel. One detachment under Mr. B. P.  Rundev ( U S  S. ) 
was, however, formed in 1946 to run a new levelling line from 
Bombay to Ratnigiri, which is not covered by the old precision 
level net. The Bombay Government had been pressing for it  for a 
long time and the bench-marks along this line had already been 
built by Bombay Public Works Department in 1938. 

Before leaving for Bombay, the detachment also connected 
West End of the Dehra DBn base-line. This bwe is seven miles 
long and was memured in 1835. Its east end was connected to 
spirit-levelling in 1862, but the west end had not so far been connect- 
ed. Of late, some need has been felt for a reliable geodetic base, 
with the height of both of its ends fixed by spirit-levelling, in order 
to test new methods of precision traverses and also to provide 
control data for training purposes. The height of the west end of 
the base determined by vertical angles from three stations was 1770 
feet ; the spirit-levelled height as now determined is 1774 feet. 

The ending of the war and the presence of an Indian Field 
Suwey Company composed of mobilized Suwey of India penomel 
in Siam afforded the long sought for opportunity for closing the 
small gap existing between the levelling systems of Burma and Siam. 

A line of secondary precision, 62 miles in length, for providing 
control for the Kosi Dam Project was also carried out by a small 
detachment under Mr. M. N. Kutty. 

24. Summary of out-turn.-The total out-turn of work carried 
out by detachments of the Survey Research Institute during the 
period under report is as follows :- 

( a ) H.P. Levelling in both directions . . 6 miles. 
H.P. Levelling in one direction . . 338 miles (344 gross) 

( b ) Secondary levelling . . . . 62 miles. 

The details are given in Table 1. 
25. Narpatganj to Barahakshetra.-The levelling wee done with 

the object of providing height control for the Kosi Dam Project. 
The detachment under Mr. M. N. Kutty ( Clms II Probationer ) m 
1st leveller, end Mr. A. C. Chawla ( Class I1 Probationer ) ae 2nd 
leveller started work on 19th February 1946, on the system of 



3 6 TECHNICAL REPORT [ PART rn, 1947 

simultaneous double levelling using Zeiss levels Models I11 and 11 
respectively and Invar staves. The work started from an inscribed 
bench-marli No. 82/72 N. about 80 yards S. of the junction of roads 
to Forbesganj and Kamilpur and closed on a new roclr-cut bench- 
mark No. 132172 N. a t  Barahakshetra ( Nepal ). The maximum 
shot used was 2 to 3 chains and the maximum discrepancy allowed 
between the two levellers was 0.007 feet. The route followed was 
partly along unmetalled road and partly along cart-track via Phullta, 
Ghurna, Basmatia, Baltro, Hardia and Chatra. From Balrro the 
slope of the ground began to increase and after Chatra the line had to 
follow a footpath scoped out on the steep slopes of hills and the 
levelling was carried upto Barahakshetra with much difficulty. 
The work forms secondary levelling line 151 BB and is pendant. 
The bench-marks connected enroute were inscribed and rock-cut. 

The total length of the line excluding check levelling is 52 miles 
and contains 38 bench-marks generally spaced about a mile apart 
except for a distance of 17 miles from Bakro to Hardia, where there 
is no bench-mark. 

The detachment completed field work on the 14th April, 1946. 
26. Connection to West End G.T. Base Dehra Din.-The 

observations in the fore and back directions from bench-mark 
278153 F on Dehra Dfin-ChaltrBta road of branch line 61 D ( Dehra 
Diin to Mussoorie via KBlsi and BhadrBj ) were undertaken by Mr. 
B. P. Rundev ( U.S.S. ) to connect West End G. T. Base Dehra Diin 
in September 1946. Later the line was done in the fore direction 
only by Mr. Jagan Nath ( U.S.S. ) from 27th February to 3rd March 
1947. The discrepancy between the two levellers was 0.004 feet 
in a distance of 4.4 miles, which is satisfactory. 

The spirit-levelled height of the West End of Dehra D i n  base- 
line determined by the above levelling is 1774.052 feet. 

27. Bombay to Kolhspur via RatnZgiri.-A detachment con- 
sisting of Mr. B. P. Rundev ( U.S.S. ) in charge, one Topo Assistant 
( under training ) and 14 khaldsis commenced work on 8th December 
1948 from Standard Bench-Mark, in the compound of the P.W.D. 
Secretariat building, Bombay. For transport the detachment was 
provided with one 15-cwt. Weapon Carrier, with one driver and 8 

cleaner. The truck remained in good working order throughout 
the field season and greatly contributed towards the success of the 
field programme since the detachment remained free from difficul- 
ties of procuring local labour and cartage which would have been 
considerable. 

After some check levelling near Bombey the work was continued 
to Kolhiipur via RatnEgiri in the fore direction. The Line forms 
part of main linen Nos. 122 and 123 of the new level net. Old bench- 
marks on the main line No. 29 ( Nira-Hubli ) a t  and near about 
Kolhipur were found destroyed and the work had to be closed on 
a new rock-cut bench-mark a t  Kolhipur. 

The route followed was Bombey to Thiina along Agre road, 
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Thine to Panvel along Poona road, Panvel to RatnBgiri via Pen, 
Nagothana, Mahad, Kashedi GhLt, Khed, Chipliin and Sangameshvar 
along the main motor road and thence to KolhBpur via Pali, Sakrpa, 
Amba GhLt and MalkBpur. The first 50 miles of the line lay on 
fairly flat ground, but the remaining part was along hilly country 
which was very steep a t  places particularly a t  the Western GhPts 
which had to be crossed a t  two places. The out-turn in the hilly 
country fell considerably low ea about 30 stations on an average 
had to be occupied in a mile ( as against 8 to 10 in the plains ). The 
whole line covered nearly 30,000 feet in rise and fall. 

Inspite of all possible help rendered to the detachment by the 
local officials, the times were abnormal and the procurement of 
suitable food presented some di5culty. Consequently the health of 
the detachment remained unsatisfactory. On an average three men 
suffered from malaria throughout the season and almost the entire 
personnel from minor ailments from time to time. Towarda the end 
of the season Mr. B. P. Rundev fell sick for three weeks due to sore 
eyes. He was temporarily relieved on 2nd April by Mr. Jagan Nath 
(U.S.S.) who carried forward the observations from Wandri, P.W.D. 
Stores toRatnBgiri, and also observed the branch-line to Mirya H.S. 
He also did part of the section RatnBgiri-KolhBpur. The total 
distance observed by him was &bout 364 miles. Mr. Rundev was 
fit enough to resume obsemations on 20th April and completed the 
remaining portion of the RatnEgiri-Kolh5pur section, finally closing 
work on 29th May 1947. 

28. Indo-Siamese connection.-levelling in Burma has been 
carried to an inscribed bench-mark a t  Mehsai Bridge about two 
miles inside Siamese territory in sheet 93 P,  and the Siamese in turn 
had brought their levels to a point Phayao north of Lampang as 
shown in Chart 111. The termination of hostilities and the presence 
of No. 2 Indian Field Survey Company in the area afforded a unique 
opportunity for filling this gap. A detachment under Capt. I. K. 
Ponappa as first leveller and Subedar Z. A. Qureshi as second leveller 
started work on 8th December 1945 on the system of simultaneous 
double levelling of secondary precision using Zeiss pattern Model 
No. 3 levels Nos. 6741 and 38870 respectively and Invar staves. 
The work started from the Siamese bench-mark CCXCIX a t  Phayw 
Police Station and closed on the Standard Bench-Mark 29/93 P a t  
Hawang-Luk. The difference between the first and second leveller 
was 0 a046 feet in a distance of 100.9 miles. The height of B.M. 
29/93 P as published in the levelling pamphlets for Burma wm 
found to be 1.567 feet higher than that now obtained in terms of 
the Siamese levelling. 

The levelling in Burma is with respect to the Amheret datum, 
which was connected to Indian levelling in 1932-33 a t  Chittagong. 
This levelling showed that the mean water level a t  Amhemt was 
1.364 feet lower than the Indian M.S.L., which is baaed on nine 
selected tidal observatories. If this is taken into account and the 
Burma heights are reduced to Indian M.S.L. datum, the disorepanoy 
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between India-Burma and Siamese levelling is reduced to - 0.2 
feet. 

The Siamese datum for levelling is the tidal observatory a t  
Koh-Hlak where continuous observations were taken for the period 
1910-15. While it is of interest to know that mean water levels at 
Amherst and Koh-Hlak are nearly the same, it may be pointed out 
that  over long distances, it is an inherent weakness of levelling that 
it  cannot give any conclusive results in this respect. The levelling 
errors assume the same proportions ( i f  not greater) as the dis- 
crepancies between the mean water levels a t  different open sea tidal 
stations. All that one can say about this figure of 0 . 2  feet is that 
i t  is not unexpected. A direct connection between the Amherst 
tidal observatory and the Siamese datum, viz., Koh-Hlak tidal 
station should yield valuable check and it is desirable thatJhis 
should be carried out a t  an early date. 

29. The New Level Net.-The first precision levelling net of 
India was completed and simultaneously adjusted by the method of 
least squares in 1909. At the International Geodetic Conference in 
1912 i t  was decided that to satisfy modern scientific requirements 
there should in future be a new category of levelling to be called 
"Levelling of high precision", which should satisfy certain stand- 
ards of accuracy. Work on a new level net, observed on the system 
of H.P. levelling, was, therefore, commenced in 1913-14 in keeping 
with the decision of the International Geodetic Conference. 

The old precision net was observed on the system of simulta- 
neous double levelling, in which each line was observed by two 
levellers working independently, one following the other under 
practically identical conditions. In the system of high precision- 
levelling each line of levels is levelled independently in both tho 
forward and backward directions on dates separated by about a 
year. 

When the new level net was planned, it  was estimated that it 
would be completed in 1938, but financial stringency which prevailed 
after 1931 entailed a curtailment of the detachments. Urgent 
demands for secondary and precision levelling to test the change of 
levele after the earthquakes and to meet the needs of priority rail- 
way and irrigation projects also impeded the progress of H.P. level- 
ling. Work on this class of levelling was almost entirely supended 
during the two world wars, with the results that even today about 
5,000 miles of H.P. levelling still remain to be executed to complete 
the new level net. 

The levelling under report has added 338 miles to the total 
mileage of the new level net in one direction only. The net when 
completed will comprise of about 16,800 miles. 

30. Primary Protected Bench-Marks.-A complete list of 
Primary protected bench-marks including standard bench-mark8 
and G.T. stations connected by levelling is being prepared in the 
Computing Offlce. These bench-marks ere indioeted by suitable 
symbols on Chart V. 

/'- 
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TABLE 1.-Tabular slalement of out-turn of work, season 1946-47. 
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TABLE 2.4heck-level l ing 

Discrepancies between the old and new heights of bench-marb. 
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TABLE 2.-Check-levelling.-( concld. ) 

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

.--2 

lhat wem cannccttd lor ( - )  atartlng hcnch-mark M 
check-lcvelllnu d e t e d o c d  by 

6 E g 4 
H f Date 

levelling n 

I I 1 m i b  1 I /eel I feel 1 feet 

I At Bombay on line 32 I 
Q.T. Mark ( Obeen- ..I 3.01 I 

-- 

1 ,, I S.B.M. Bombay . . 0.00 n 
,, Seat 

:: %th 
, Pillar .. Sill 
, Step 

I At Ko~?@~LT on line No. 29 I 

B.M's. from "Supplement to the levelling pamphlet 47, Inland of Bombay 
correoted to 1037". 

t Dietwbed. 
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TABLE 3.-List of triangulation stations connected by sp ir i t - le~e l l in~ ,  
season 194647.  

The S.L. height refera to a 0 out on brick a t  top centre of the referring pillar 
which was 2 feet 5 inches above the platform level. The height of the platform above 
the mark on rook could not be ascerteined. 

DiEemnce 
(Lev.-Triao.) 

feel 

- 2 

Name of station 

feet feet 

Mirye H.S. 

Height above 
mean sea-level 

Spirit. 
levelling 

Trian- 
gulation 



GRAVITY 

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

31.  General.-The year 193940 marked the close of an epoch 
of pendulum observations for gravity in India which were started 
in the beginning of this century. 564 stations distributed more or 
less uniformly over India and Burma ( an arcs of over one and a 
half million square miles ) had been completed. This period hap- 
~ e n e d  to coincide with the outbreak of war, when the normal geo- 
detic activities of the department had to make way for work which 
had only a direct bearing on war effort. As it  happened, it had been 
felt for some time that the pendulums had served their purpose by 
providing a broad frame-work and that the next stage was to 
put in further stations for detailed studies for which the pendulum 
apparatus was unsuited on account of the laborious observations 
and computations that it involved. It had been known since long 
that the various premier oil companies in the world especially in 
America had in their possession precise and quick instruments 
called gravimeters for differential measurement of grevity, but the 
secrets of these were jealously guarded. At the end of the war, 
enquiries revealed that the Frost Gravimeter Co., of Tulsa, Okla- 
homa were putting on the market a precise gravimeter. This was 
immediately indented for and one instrument was received early 
in 1947. 

32. Description of the instrument.-The Frost Gravimeter is 
an astatised spring balance for the static measurement of small 
variations in gravity and has a natural period of 16.5 seconds. The 
mechanical system consists of a horizontal beam, suspended a t  one 
end and loaded with a gold mass a t  the other end. This end is 
supported by a main spring making an anglc of approximately 46" 
with the beam. This spring is of the zero length variety and has 
actually a negative length. Pictorially this sensitive seiemograph 
may be represented as in Chart VII, Fig. 1. A is the pivot and B 
the end which goes up or down as gravity changes, producing 
corresponding changes in tension of the main spring M. This deflec- 
tion of the beam up and down is, however, not read directly but the 
beam is restored to its undeflected position by another spring W, 
called the weighing spring which is attached to a micrometer. The 
tension of the main spring is kept constant a t  all stations and the 
difference in weight of the suspended system due to changing gravity 
is balanced by the weighing spring and read on a micrometer dial. 
The beam is thus read a t  the same equilibrium position which ia 
carefully determined as one of minimum level senaitivity. The 
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capacity of the dial ( i.e., the amount of gravity anomaly it can 
measure ) depends on the stiffness of the spring W. With the 
present spring, one dial division = 0 .0809 mgals. The micrometer 
has 50 scale divisions and is capable of 30 revolutions, so that the 
instrument has a total capacity of 120 mgals. This range can be 
increased by insertion of a stiffer weighing spring. The beam is 
enclosed in a damping box and damping is adjusted to critical 
value. I t  carries a hollow cylinder on one end to compensate for 
variations in the barometric pressure. 

The instrument consists of two cylinders which are packed with 
kapok for insulation and contains two heating coils having a capacity 
of 25 watts operated by a 6-volt battery. Two thermostats controlled 
by two sensitive relays maintain the two chambers a t  a constant 
temperature. The thermostat which operates the inside heat cast- 
ing is set 10" above the outside temperature and about 2" higher than 
thet which operates the outside heater, The instrument has to be 
maintained in thermal equilibrium by keeping it always hooked to 
a well charged battery and if a t  any time the battery fails, the 
instrument must be heated up again for about 12 hours before it 
can be used otherwise the readings will be most erratic. 

During the course of field operations, the gravimeter has to be 
brought to the base station every few houm to ascertain the drift 
which is then linearly applied to the intervening stations. 

The instrument has a working range of 120 mgals. in one setting 
and has a sensitivity of 0 e l  mgals. per dial division, reading being 
possible to 0.01 mgals. Its weight is 37 lb. 

33. Tests and trial circuits.-Soon after the instrument's 
arrival and assemblage in Dehra Dfh towards the end of March 1947, 
certain trial observations were taken to test its working. I t  wm 
received with a very incomplete set of instructions and was found 
to be very much out of adjustment, particularly as regards the damp- 
ing box, cross hairs, thermostats and the bubbles. This neceesitated 
its dismantling several times before it could be set right satisfactorily. 
Frequent testa for drift, backlash, bubble and nul-point were carried 
out and several preliminary trial runs were made in the Survey of 
India ( G.B.O. ) Compound before the instrument could be certified 
as fit for regular work. 

I t  was often noticed thet the bubbles and consequently the 
cross-hair of the instrument had a tendency for abnormal ( and some- 
times erratic ) drifts, when working out-doon under a survey 
umbrella or even under shade, this being due to the high sensitivity 
of the bubbles in relation to small changes of temperature. This 
difficulty was to a great extent overcome by providing a cloth pad 
to keep the bubbles covered. 

It was not possible to calibrate the instrument between two 
known gravity stations as is usually done, since all the known 
stations in India are pendulum stations which are of a far lese preci- 
sion than that attainable with the gravimeter. The makem' cali- 
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bration value, viz., 0 .0800 mgals. per dial division (which is said 
to be correct to 1% ) has accordingly been accepted pending an 
independent determination. 

To test the instrument's working under field conditions, a trial 
closed circuit of about 100 linear miles was first run near about 
Dehra Dlin during the third week of April by Mr. A. N. Rama- 
nathan, M.A.  The traverse started from Dehra Dfin and proceeded 
along the motorable road to Roorltee via Fatehpur I, thence to 
Hardwar and thence back to Dehra Dim via Raiwala, Kansrao and 
Lachiwala. A 16-cwt. truck was used for transport, the instrument 
being kept fastened in its cushion box to stand all jolts and jerlts 
during transport. The last 20 miles of the circuit was along a very 
bad road and the instrument was subject to very severe jolts. The 
circuit took 3 days to complete and included five old pendulum 
stations. The maximum discrepancy between the old values of 
gravity and those now obtained was 1 . 3  mgals, a very satisfactory 
result considering that the old values are correct only to 1 or 
2 mgals. The closure error of the 100 miles circuit was only 0 -6  
mgals. 

Taking off from station Fatehpur I of the above circuit another 
old pendulum station a t  Nojli was connected, the discrepancy there 
being 1 .2 mgals. 

To test the behaviour of the instrument in hilly country, where 
"re-setting" of the instrument is often required, a line was also run 
in May from Dehra Diin to Chakrata ( a hill station ) along the 
motorable road via Fatehpur I1 and Kglsi. The traverse was 
about 60 miles long and included three pendulum stations. 

Chart VII, Fig. 2 shows the various traverses run, with the 
stations obsemed a t  and Table 1 shows the results of the obsewa- 
tions ( adjusted for closure errors of circuit ), including the discre- 
pancies with the old values a t  the known stations connected. The 
results are on the whole very satisfactory. The procedure that was 
adopted in establishing the stations say A B C D, etc., in the above 
traverse wm to run A B A, B CB, etc., or A B C B A, C D E D C, etc. 
depending on the distance between stations, the only condition 
being that each bit of the traverse so run had to close back on the 
base stations within 3-4 hours to control the instrument's drift within 
a reasonable limit. The average drift under normal field conditions 
was found to be only of the order of 2 dial divisions (i.e., about 
0.16 mgals. ) per hour. This is more than what is usually claimed 
for the instrument when it  is housed in a vehicle with a specially 
constructed body. Much larger drifts were encountered on certain 
occasions when the instrument was taken through a large range of 
height in a short time. 
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TABLE I .-Results of trial observations with Frost Cfravimeter in 
the vicinity of Dehra Dzin. 

( Continued ) 
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TABLE 1 .-Results of trial observations with Frost Gravimeter in 
thz vicinity of Dehm Dzin.-( contd. ) 
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TABLE 1 .-Results o j  trial obseroalions with Frost Gravimeter in 
the vicinily of Dehra Den.-( concld. ) 
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34. Future Policy.-The observations with pendulums are of 
a cumbersome nnture c~nd a density of one station per degree sheet 
ns was nchievcd by the end of 103!) was about the limit of economy 
to which they could be put. When they were initiated the mainidea 
fbr their execution was the determination of the general figure of 
the carth. As ideas maturcd, it was realized that a much closer 
mesh was needed for the solution of several important problems. 
One of these is the determination of local humps of geoid over a 
refeience spheroid. This is a matter for international co-operation 
and requires a lrnowledge of gravity all over thc globe and the desider- 
atum for this is gravity observations over oceans and in southern 
hemisphere rather than in peninsular India. Denser net in India 
of course contributes towards this end. 

A second geodetic purpose for making dense gravity net 
specially round the origin of a survey is to find ebsolute deflections 
a t  the datum. Present deflections are determined by what is called 
astronomic levelling ( which is triangulation combined with astro- 
nomical determinations of latitude, longitude and azimuth ) and 
as triangulation connections between various countries are beset 
with several difficulties the deflections determined in various 
countries are generally not directly comparable with each other. 
Gravity anomalies provide ebsolute measure of deflection and a 
great advance will be mede when a sufficient number of them are 
available uniformly distributed all over the globe. 

The broad net of pendulum observations in India has also been 
put to considerable use by geodesists for testing the various theories 
of compensation of the earth's major features. In  1938, it was 
made use of by Burma Oil Company who put more than 6000 gravi- 
meter stations in E. Bengal and Burma, in between the Survey of 
India pendulum stations. 

I t  is now on the programme of the Survey of India as a long term 
policy to establish roughly a 10-mile network of gravimeter stations 
throughout the extent of India and it  is hoped that this would pro- 
vide a much better basis for discussions of the gravity distribution 
of India than we have a t  present. These would also serve as 
reference bench-marks for detailed exploration of limited areas. 
The Mineral Adviser to the Government of India in consultation 
with the Geological Survey of India has suggested some priority 
areas (shown in Chart VII I ) ,  which are believed to be 
economically productive and on which work has already been 
started. Details of this will be recorded in the next Technicel 
Report. 

35. Base station a t  Dehra Diin.-The initial pendulum obser- 
vations in India were started by Basevi in 1870-71 and he mede as 
his base station the transit room in the Walker Observatory, Dehre 
Diin. Ita co-ordinates are Let. 30" 19' 29", Long. 78" 3' 16" end 
its height above mean see-level is 2238 ft. Hie observetiom were 
ultimately rejected and in 1904, when a start wee mede with V O ~  
Starneck's pendulums in Indie, the value of g a t  this base station 
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was determined with respect to Kew and was adopted as 079.063 
cm ./secz. 

Since 1913, the base station has been changed to Burrard 
Observatory in the Geodetic Branch compound and pendulum obser- 
vations were taken in this room before and after the field season. No 
comparative observations for gravity were however made between 
these two stations and the value 979.063 cm./sec2 was adopted for 
the new station as well. Its co-ordinates and height above mean 
sea-level are Let. 30" 19' 26", Long. 78" 3' 21", Ht .  2229 ft. 

The difference of gravity between the two stations has now been 
measured with the Frost Gravimeter and is 0 .4 mgals. which is beyond 
the limit of precision of the pendulums. Strictly speaking then, the 
value of gravity a t  the present Base stations for pendulums in India 
should be 979.0634 mgals. but in view of the fact that there is a 
doubt of several milligals in the value of adopted gravity a t  Dehra 
Diin, there is no point in taking count of this small difference a t  
this stage. 

36. Interpretation of results.-The observed gravity values at  
all the pendulum stations have been reduced in previous years 
according to Hayford's hypothesis of compensation and the Hayford 
anomalies have been used to test the extent of compensation in 
India. These anomalies are computed on the assumption that the 
crustal roclts have a density of 2 47, and can only be regarded as 
preliminary due to the fact that vast areas in India are covered by 
light alluvium and by dense traps where the above density value 
does not hold. Just before World War 11, the Burma Oil Company 
established 6000 gravity stations with gravimeters in Eastern 
Bengal, Shan Plateau and Burma and considerable attention was 
given to the method to be adopted for their reduction. I t  was 
considered desirable to make adequate allowance for the geological 
structure round each station, and to avoid laborious computations 
s~ec ia l  templates were devised by the Survey of India. under whose 
direction tde reductions were carried out fo; some stations. It was 
found that a t  some ~laces.  the anomalies were modified considerablv 
by the application of geological correction. The finalizing of a i  tG 
Indian anomelies in this light will take some time, as reliable data 
of rock densities down to considerable depths has yet to be collected 
for many areas. 

In  the past Geodetic Reports, besides charts of Hayford gravity 
anomalies, charts of the so called normal warp anomalies used to be 
published which were utilized to derive the crustal structure lines 
in India. Such anomelies were based on empirical considerations. 
Amongst other things their derivation involved Hayford compen- 
sation being taken as usual in outer zones and being neglected in 
inner zones upto 120,000 feet. Such mixed anomalies are useful 
when small areas are involved, and when it  is desired to  obtain 
correlation by trial and error between the anomalies and the geology, 
bat ere less defensible for the study of compensation of India as 
e whole. Attention is now being focussed to get the anomalies in 
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India on the regional hypothesis of compensation, for the derivation 
of which useful tables have been produced by various authorities 
lately. Good progress has been made with the computations of 
these anomalies and it is proposed to publish them in a separate 
pamphlet. 

37. Gravity Observations in neighbouring oceans.-While the 
Frost Gravimeter will play a significant part in the intensive study 
of gravity inside India, i t  is worth pointing out that observations 
in the oceans round India are in a way more important. Apart from 
contributing towards the solution of several fundamental problems 
such as the ellipticity of the equator, the stmoture of the ocean 
floor and the mapping of submarine features, they are sorely needed 
for the confirmation of the important feature of the geoid as 
evidenced from a study of the plumb-line deflections. 

As an example, deflection date point to a considerable differ- 
ential rise of the geoid between India and Burma. A preliminary 
attempt was made to test if the available gravity anomalies confirm 
it. A point A with let. 17' 60', long. 78" 50' was selected in Qntral 
India so that gravity data was available upto a radius of 10" round it. 
Another suitable point B with lat. 20" lo', long. 96" 10' was selected 
in Burma, but here the data was available only upta an extent of 4" 
round the station. Stoke's formula gave geoidal rise a t  A to be- 18.3 
metres and a t  B - 0 -7 metres. The differential geoidal rise is 
accordingly - 17 .6 metres which happens to agree almost exactly 
with that deduced from deflections, but this can only be regarded 
as fortuitous aa the unknown effect of the distant zones has yet to 
be taken count of. Definite quantitative confirmation will only be 
possible when more data becomes available in the Bay of Bengal 
and to the north and east of Burma. 

Similarly, deflection results have also indicated a rise of geoid 
of about 100 ft. in a distance of about 750 miles between Mandalay 
and Victoria point, but this cannot be corroborated by the gravity 
method as further observations are needed in the Bay of Bengal, 
South China Sea, Malaya, Indo-China and Siam. I t  can be surmised 
that the values of gravity anomalies in these regions will be pre- 
dominantly positive. 
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38. Summary.-Observations for the deviation of the vertical 
had been in abeyance since 1940 due to the war. In 1946 Laplace 
control was required by the Kulu Survey Detachment for its tri- 
angulation in that area which had been bened on astronomical 
azimuths ; deflections ( both components ) a t  4 stations were 
observed for the purpose. 

In 1947 observations with a large aatrolabe were made a t  2 
different sites in Lahore. 

, In  addition, the preliminary results of Mr. P. S. Shinghal's 
astrolabe observations in the years 1939-40 in the PunjBb,BaluchistBn 
and N.W.F.P. have been revised and republished after applying the 
B. H. corrections which have since become available. 

Geoidal Charts VII and VIII of Geodetic Report 1936 showing 
the Geoid and the Compensated Geoid with respect to the Interna- 
tional spheroid have also been broight up-to-date. 

Some foreign deflection stations of countries adjacent to India 
have also been recorded in this chapter for future use in determina- 
tion of the shape of the geoid in these countrics. 

39. Deflections in Ku1u.-( i ) Qenera1.-Both components of 
the deviation of the vertical were measured by Mr. J. B. Mathur a t  
4 stations in the Kulu Valley, District ICanga, PunjBb Province. 
The object of this programme was to provide Laplace stations for 
the control of triangulation carried out by the Kulu Survey Detach- 
ment in 1944 in sheets 62 and 53. 

( ii ) Defuils of observations.-One night's work with the astro- 
labe and one night's work with Polaris observations for azimuth with 
Geodetic Wild No. 130 was normally done a t  each station. Green- 
wich time was obtained from the Rugby 09.55 and 17.66 G.M.T. 
signals Wireless receptions at  night were good but the day ones 
were feeble specially on a cloudy day. 

(iii  ) Narrative of season's work.-The detachment consisting 
of Mr. J. B. Mathur ( U. S. S. ), Mr. S. D. Bhatt ( Topographical 
Assistant ) and 3 khalSis after completing observations for 2 nights 
a t  Dehra Diin for the determination of personal equation left for 
Kulu on 25th May by train. With the help of ten more k h a h i s  pro- 
vided by 0. C. Kulu Survey Detachment, this astro-detachment 
started work on 31st May and completed it by the first week of 
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july 1946 and the detachment returned to Dehra DBn in the 
second week of July. 

Health was good throughout but weather was inclement. The 
and rain made the progress slow. Instruments throughout 

the work remained in good condition. 
( iv ) Personal equation.-The figures obtained for personal 

equation determined a t  Dehra Diin before and after field work were 
as ~ O U O W S  :- 

Date Personal equation 
8. 

21-6-46 -0 a13 
22-5-46 - 0 . 1 1  
24-9-46 - 0 . 1 4  
27-9-46 - 0 . 1 9  

8. 

Mean - 0 . 1 4  
This mean value of personal equation was accepted and it  has 

been applied to the longitude computations of this astro-detachment. 
( v ) Probable errors.-The average p.e. of a determination of 

latitude was f 0" 4 4  and of local time + O8 .033. 
( vi ) Laplace Shtions.-Astronomical observations for latitude, 

longitude and azimuth were made a t  four stations, viz., Kulu h.s., 
Bijli ha., Banjar h.s. and Soja R.H. s. 

The initial azimuth ( at  Bijli h.s. of Kokhan h.s. ) used for 
computation of the triangulation of the Kulu Survey Detachment 
was derived from the mtronomically observed azimuth by applying 
the Laplace correction, details of which are given below. The 
astronomical azimuths obsewed a t  the other three stations, similarly 
corrected for Laplace, provided a satisfactory check on the azimuths 
derived by triangulation. 

Details of the Laplace correction a t  Bijli h.s. 
Geodetic latitude A, =31° 56' 27" 
Geodetic longitude Lg=77 09 06 
Astronomical longitude L,=77 08 20 
Laplace correction to 

astro. azimuth [( L.-Lg )+3" .2] x Sin& = +23" 
Astronomical azimuth a t  
Bijli h.s. of Kokhan h.s. =26" 21' 10" 
Geodetic azimuth a t  
Bijli h.s. of Kokhan h.8. =26" 21' 33" 

40. Observations at   aho ore.-~bservatibns with the large aatro- 
labe were made by Mr. J. B. Mathur in January 1947 at  Lahore at  
two different sites. 

( a ) The first determination was made a t  the Punjab Univer- 
sity observatory to obtain it8 eatronomical co-ordinates. 
Geodetic co-ordinates of thia location are not known 
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and the University authorities were only interested in 
the astronomical values. 

( b ) The second site was at  the triangulationstationon the south- 
eastern tower of Lahore railway station. The objective 
here was to determine the deflections of the plumb-line. 

I t  was not possible to obsenre for personal equation before this 
programme because of bad weather, and after the programme due to 
sudden break-down of the wireless set on return to Dehra Iliin. 
The personal equation of this observer h u ,  however, been well 
determined on other occasions and a value of - 08.14 has been 
accepted for correcting the astronomical longitude of the observation 
stations a t  Lahore. 

Thus derived the astronomical co-ordinates of University 
observatory transit pillar are A, 31" 33' 46" .O 

La 74 18 28 .8 
and the astronomical and geodetic co-ordinates of the triangulation 
station on the south-eastern tower of Lahore railway station are 
as follows : 

A, 31" 34' 43" .5 L, 74' 20' 22.8 
A, 31 34 37 -5 L, 74 20 15.5 

The resultant deflectiom on the International spheroid am 
+ 11" a 9  in meridian and + 7" .2 in P.V. 

41. Revision of results of 1939-40 observations.-Geodetic 
Report 1940, Chapter 11, Table 1 gives the results of Mr. P.  S. 
Shinghal's observations with the astrolabe in 1 9 3 9 4 0  in the Punjib, 
Baluchistin and N.W.F.P. These published results were provisional 
since B. H. corrections were not then available and Admiralty 
corrections for wireless time signals were applied. The B. H. cor- 
rections have since been received and the values of tlstronomical 
longitudes and P.V. deflections have therefore been revised. The 
revised values are printed in Table 1 of this chapter. 

42. Geoidal Charts.--Charts XI11 and XIV show the Geoid 
and the Compensated Geoid with respect to the International spher- 
oid. These charts have been drawn by utilizing 1163 deflection 
stations, the majority of which are sited at  an average distance of 
about 15 miles on the main lines, one running east to west from 
Burma to Persian frontier and the ot.her from north to south through 
Cape Comorin. With the help of these two main Linee and some old 
azimuth and latitude stations it is possible to form circuits and derive 
their closure errors. These are shown on Chart XV. Closures in 
NW. only India are based on modern work and are satisfactory. 
Some of the large circuit errors are due to scanty data and the use of 
older unreliable azimuths for deriving P.V. deflections. For 
arriving a t  the geoidal contours, the closing errors have been pro- 
visionally dispersed by giving less weight to the weaker lines. 
Further work is required to strengthen the weak lines 8s also to 
brace up the main framework. Some further stations in Burma, 
eay a line h m  Mandalay to Dibrugarh or Manipur road would 
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close 8 useful circuit and would carry the geoid into unexplored 
regions. 

43. Conclusions.-( i ) The Geoid in N kV. India.-In the NW. 
of the 1939-40 observations have changed the picture of the 
geoid considerably-compare Chart VII, of Geodetic Report 1936. 
The zero contour which ran from north-east of Amritsar midway 
between the Beas and the Sutlej rivers now runs north of Amritsar 
a h o ~ t  along latitude 32" to longitude 724" and then turns south and 
follows the course of the river Jhelum to its confluence with the 
Sutlej and then turns northwards and goes along the main stream of 
the river Indus. The 20-foot contour maintains its trend upto a 
point, latitude about 29)" and longitude 68", and then bends towards 
the east to longitude 70°, whence it seems to turn northwards. 
The 40-foot contour also turns eastwards from let. 30°, long. 68". 
~t is of considerable interest to watch the further course of the 
20-foot and the 40-foot contours, but observations in the tribal 
territory and AfghLnistLn would be necessary, prospects of which at  
the moment are not very bright. 

( i i  ) The Ueoid in  Burma and Siam.-Deflection data for the 
Siamese stations is given in para 44. These are not enough for a 
reliable section of the geoid. I t  will be seen however that the 
meridional deflections are systematically southwards, in the seme 
way as in Burma. The result is that while the geoid in peninsular 
India displays humps of the order of 30 feet or so above the Inter- 
national spheroid, its rise in south Burma is 110 feet in a distance of 
1000 miles which is phenomenal and without parallel anywhere else 
in the world. Observations of plumb-line deflections in Siam, 
Malaya and Dutch East Indies are very desirable to see if the high 
rise continues in these areas. A reference to the table in para 44 
giving meridional deflections in Malaya shows that when they are 
corrected by + 11" .4 to bring them to Siamese terms ( vide Chapter 
I, para 6, page 20 ) the deflections here too are systematicalIy 
southwards indicating that the geoid persists in its rise southwards. 

( iii ) Plumb-line dejlections and Uwid in Ku1u.-Observation 
on mountains and in valleys are always an important addition to 
knowledge, even though the application of topographio and com- 
pensation corrections to them are unreliable on account of rugged 
topography. Such stations are unrepresentative and aa a rule 
values of deflections a t  them cannot be interpolated from the 
surrounding stations. Again, the degree of compensation of the 
Him61ayas cannot be aaeessed with any degree of accuracy on account 
of dearth of data and such observations give valuable information 
in this respect. 

It is well known that in India, one of the most salient character- 
istics of the obsenred deflections of the plumb-line is their independ- 
ence of the major visible features, indicating that there are equally 
important hidden features a t  work. For instance in the Gangetic 
plains, the deflections are by no means dominated by the mighty 
h8laye-s .  Again, Finsterwalder carried out e triangulation in 
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Nnnga Parbat area and found the curious result that some of the 
deflections were directed away from the Nanga Parbat mmsif, 
indicating a zone of large mass defect. 

The Iiulu valley is roughly at  an elevation of 4,000 feet, the 
neighbouring hills being 16,000 feet high. No gravity or deflection 
data was available in this region before. To get an idea of the 
variation of deflection, two stations were selected in the valley and 
two on high hills ( height about 8,600 feet ). 

The results are tabulated below :- 

I t  will be seen that the deflections are large but not in any way 
exceptional. They are comparable with what has been obtained 
previously a t  other stations at  the outer foot-h& of the Himiilayaa. 
The deflections at  all the four stations are towards north eest, which 
is in conformity with the topography, there being hills rising to 
20,000 feet or more in this direction. 

The number of stations in this area is by no means sufficient 
for drawing a reliable section of the geoid, the nearest old station 
being about 70 miles away. They have been utilized, however, to 
extend the geoidal contours to the north-west of Dehra Dfin ( Chart 
XI11 ). These display a tendency to join up with similar contours 
in Srinagar ( Keshmir ) area. The geoid appears to rise from south 
to north. Although the available Himilayan geoidal sections are 
few, evidence is accumulating that geoid in the main goes with 
topography and that the opinion expressed in Geodetic Report VIII, 
page 66, that geoid would be found to be depressed under the Himi- 
Iayas, since these are folded sedimentary ranges, is incorrect. 

Name of Station 

1. Kulu h.s. 

2. Bijli h.8. 

3. Banjar h.0. 

4. Soja R.H. s. 

44. Foreign Deflection Stations.-During the war, deflection 
data for certain foreign stations hw become available. This is put 
down below for permanent record. 

( i ) &am.-Table 3 on page 76 of Geodetic Report 1934 is re- 
produced here ( see page opposite ) with a few alterations and 
additions since the publication of that report. 

Height 
in feet 

3963 

8066 

4906 

8697 

ht i tude  

0 ,  

31 67 

31 66 

31 39 

31 34 

~ ~ ~ ~ i t ~ d ~  

0 ,  

17 07 

I1 09 

17 21 

77 JP 

International 
sphemid deflection 
-7- Mendinn I P . V 7  

-28.0 '--26.8 
-30.0 

-13.4 

-13.0 

-36.6 

-41.3 

-35.2 
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At RBjburi Base S. End and Doi Khun Kong observations 
have also been made for astronomical longitude and azimuth. 
Details of these are given in chapter I, Table 4. The following are 
the P.V. deflections a t  these two stations. 

Deflection8 in P.V. 
Name of Station 

-14.1 

( i i  ) Malaya.-The following table gives the results of tlstro- 
nomical observetions in Malaya. The geodetic values are in terms 
of Repsold system and on Everest spheroid. Deteils ere given in 
"An account of Primary Trienguletion of Malaya, 1931 ". 

Comparison of Latitudes 

Comparison of Azimtuha 

Neme of Station 

Kertau . . . . 
Serting Beee N. End . . 
Ana . . .. 
Bedong . . . . 
Kledmg .. . . 
Kedah Base S. End . . 
Faber . . . . 

Antmnomica' 
latitude 

= A  

0 , .  

3 27 63.08 

2 64 00.78 

3 40 40.27 

4 36 17.70 

4 35 38.10 

6 08 26.02 

1 16 24.81 

Obsemed Antmnomieal azimuth 
= A  

At KedahBwe 5. End 3;2 d3 82.18 
to Kerimg .. 1- 

AtAsetoLiangEnat. .  3468 33.34 

Geodetio Latitude DikTerenee 
= G I * - 0  

Geodetio azimuth 
= a  

3i2 63 i0.47 

3468 34.83 

Starting point ( Obad. 
Let. adopted ) 

0 , .  

2 E4 02.28 

3 40 62.M) 

4 36 17.06 

4 36 41.48 

8 08 27.88 

1 18 28.16 

Difference 

+i .80  i -1.40 

-1.60 

-3.23 

+0.73 

-3.38 

-0.78 

-3.64 
- 
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( iii ) Zndo-C1~ina.-Geodetic data in Indo-China is based on the 
fixed values of Hanoi and computed on Clarlte1s 

1880 spheroid. 

Astronomical latitudes check with the geodetic ones as follow :- 

In addition the following astronomical stations have been observod 
including tho Laplace stations. 

Stntion 
--- -- 

Tong . . 
Thnnh Hoen . . 
Toumne . . 
Bonn . . 

Snn Sun . . 
Pon Chom . . 

~ i ~ ~ ~ ~ , ~ ~ ~  (Konwn) 

( iv ) Netherland Eaat 1ndiea.-The geodetio, triangulation in 
Java and Sumatra is based on the astronomical latitude and azimuth 
determinations a t  Genock in north central Java, and zero meridian 
is that passing through Batavia. Computations are based on 
Bessel's spheroid. 

Aetronomicnl 
- values 

G 

23.4870 04 

22.0013 87 

17.7845 13 

11.8217 04 

21.2637 08 

18.2137 34 

16.1484 81 

Geodetic voluea 

G 

23,4886 41 

22,0003 41 

17.7828 86 

11.0206 02 

21,2637 60 

18.2728 08 

N. Path 15.1452 01 
9. Path 16.1453 17 

The following table gives observed plumb-line deflections in 
Java and Sumatra with values based on Java eyetern. 

( A  - G ) 
--- 

Seconds 
(Centnlmnl)  

- 6.47 
+10.26 

+18.27 

+11.02 

+ 0.37 
+11.28 

+ 12.90 
+11,74 

Station 

Hniphong 
( Phu-Lien 
PiUar ) 

E. end 01 
Sisophone 
Beae 

Tournne Beae 

Baris Bese 

- 
Deflectionn 

=(A-Q) 

* 

-2.1 

+3.3 

+6.0 

+3.6 

+0.1 

+3.7 

+4'2 
+3.8 

Meridian 

-0.36 

+6,00 

+6.02 

+3.67 

Geodetic 

P.V. 

+ll.80 

+ 1.06 

+10.06 

+10.08 

Astronomical 

Lat. 

o r .  

13 66 00.81 

18 00 15.80 

27 30.76107 

Lat. 

0 , .  

13 66 14.81 

18 00 21.82 

10 27 34.32 

Long. 

0 , .  

102 61 06.70 

108 16 28.70 

15 08.27 

Long. 

o r .  

204821~701063744~37204822~061083731~86 

102 61 01.71 

108 16 37.18 

107 16 10.6210 
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- - -  

No. 

S 5 
P 16 
P 21 
P 28 

P 30 
P 38 
S 38 
P 83 

P 88 
S 99 
S 118 
S 120 

S 122 
P 128 
S 166 
P 244 

S 308 
S 312 
S 328 
P 334 

S 361 
S 370 
S 372 
S 391 

S 403 
S 409 
S 413 
S 426 

S 428 
S 433 
S 446 
P 447 

S 462 
S 468 
P 481 
S 482 

S 486 
P 474 
P 476 
P 498 

P 606 
P 610 
P 620 
S 806 

P 807 
P 818 
P 891 
P 807 

Deflection in P.V. 

h:;:de 1 L::h 

Name of Station 

Telokbetoeng . . . 
Batoehideung . . . 
Tindjil . 
Tjiloemloem . . . 
Anjer . . , 
Gedi . . , 
Biloel . . . 
Dago . . . . . . 
Soerangga . . . 
Tjilentab . 
Simplak . . 
Tjikema . . 
Buitenzorg . . 
Betavie . 
Pakin . . . 
Pogor I1 . . 
Madjelengke . . .. 
Indramajoe . . . . 
Koeningan . . .. 
Cheribon . . 
Petjarloewong . . . .  
Bliken . 
Selok . . . 
Endrokilo . . , 

Boetek ( Bnglen ) . . . 
Tjirnngnja . . . . 
Midangan . . . 
Djetiikoelon . . . 
Djatimalang . . . 
SOLO . . . . .. 
Tidar . . . . 
Tembok .. 
Qoeling . 
Ngerandjo . . . . 
Semarang . . 
Trangkil .. 
Penawangan . . .. 
Momdemak . . . 
Nglanggmng . . .. 
Penoenggalan . . .. 
Kritjian . . 
Qambiranom . . . . 
aenoek .. 
Madioen . . 
Boebk ( Rembnnj ) .. 
Sengoengloeng . . . . 
Nongko . . 
Q e b q  . . . . 

- 8.4  

- 2.8 

+ 3.9 

! 

Deflection 
in 

Meridian 

- b.88 
- 7.94 
- 38.83 - 7 . 4  

- 3.61 
- 2.17 
- 3.11 + 4.21 

- 6.08 
- 8 . 1 8  + 9.42 + 9.81 

- 0.78 - 2.60 
- 28.62 

+ 11.03 
- 1.81 + 3.20 + 2.42 

+ 8.77 
- 1 7 . 5 2  
- 3.80 - 0.61 

- 7.69 + 20.01 - 7.47 - 11.67 

- 13.a8 + 8.78 + 0.48 + 4.60 

- 1.04 + 7.82 + 0.87 + 6.28 

+ 2 . 1 8  
- 3.44 - 4.43 + 0.28 

+ 11.23 - 1 8 . 4  - 0.20 + 12.01 

- a.04 
- 8.08 - 8.79 - 0.48 

+ 42 

+ 63 

f 83 

- 21 

+ 35 + 46 

- 8 

+ 8.5 

I 

- 29 

+ 3.0 / - 12 

I 
1 - 6  + 18 

- 7 - 19 
+ 11 '. - 9 

- 38 

( Continued ) 
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Wntoetjeleng . . 
Djnbong 
Bnnjoelcgi . . 
Selnmnt 

Ronggo 
Sidoardjo 
Soerabnjn 
BeaOh . . . . 
P~soeroenn . . 
Rikn . . 
Besoeki 
Sapikoel 

. . .  Kemirisongo 
Roemen 
Djoerangsnpi . . 
Roeroenn 

ailian . . 
Banjoewnngi . . 
Ikan . . 
Taloek 

Kepnoenn . . 
Tndjong Medang . . 
Tebing Tinggi . . 
Merloeng 

R ~ s ~ m h  
Perannp 
Ajermolek 
P. Djoemahnt . . 
Pengalinn Kwantan 
Kota Rnroe . . 
Pengalian Gangsal 
Pajamembai . . 
Pengkalnn Knsai . . 
Mandinngin . . 
Renjat 
0. Snhilan 

Pnntei Tjermin . . 
D. Rmgkoeweng . . 

I S. Roean 
P d s n g  . . 
Tor Bntm na Goelang 
Sernti . . . . 
Soemelangoen ( Rnwna ) 
Moeara Enim . . 
Boenga Mae . . 
Lahat . . 
Batoeradjn upon Ogan 
Bntaeradja upon Komering 

Negeri Batin . . 
Kote Boemi . . 
Soekdann . .  
Dempo . . 

I I Dellcction in P.V. 

in 

From 

I 
( Conclude 
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( v ) Persia.-The following table gives deflections in Persia, 
derived from astronomical obsewations to control Paiforce tri- 
angulation in World War 11. The geodetio date is in terms of I e q  
Primary triangulation with it8 origin at  Nahrwan ( Baghdld ) S. 
end of Base, and are computed on Clarke's 1880 spheroid. The 
determination of astronomical values at  TehrBn is very week. 

aeodetic values for thie station nre in terms of Indian triangt~lation transferred 
on International eplremid. 

Station 

Hamadin SW. Bwe . . 
Tehrln SW. Base . . 
Isfnbin SW. Baae . . 

Date 

----- 

1943 

1843 

1843 

aeodetic 1 Cleodetio 
Lntitude I Longitude 

i 
34 66 47 

35 41 20 

32 63 34 , 

+ 0.6 I Dnhrnmabbid* . . 1 1944 1 30 23 60 1 66 60 10 +17.0 

- 5.2 

+11.0 

+10.2 

48 33 30 

51 29 07 

51 25 62 

- 0.1 

- 4.3 

+ 2.0 



DEFLNCTION STATIONS 
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TABLE 1 

~ntcrnn~onnl CaIct~IotrrI Dcf1ce.l 'n1cUI ;~~~~8Dcncc .  
Spherold 

Obaervcd H;lfl't Dcllmtlons Hnyl%?yalcnb UncnlllFC"Rnlr'~ 
ly 

Topogrn~~l~y 
s ; I  rect -- -. 

I hlcrldlnnl I8.V. \~crldlunj P.Y. Slcrl~llan/ P.V. 

10721 D I Dhoktalia . . I I875 11-11.4 rx5 1 1 I 1 
10731 H I Ghogiat . 1 0 5  4 3 -  0 6  1- 4 8  + 0 1 I- - - - - -. . - - - . - -- 7 GPnin T.S. 1 700 I +  9:1 1- 1.6 1- p.8 1- 0.0 1 I 

T.S. 1 677 ( + l l . 0  3 ; 6 T - 1 . 8  1- 0 .0  ( I 
1018 I 44 E 1 Hujan - T.S. 1 848 lf12.1 (+ 3.8 1- 1.4 1- 0.7 1 I 
10771 E I Singls Hill 

10781 E I KhurnawalaT.S. 823 + 1.0  + 0.8 - 0.9 - 0.4 

10701 E 1 Ririnn 
I I I I I I I  

T.S. ( 807 1- 2.4 1 -  0.2 1 -  0.0 1- 0 .4 1 I 
Blri la T.S. 1 688 1- 4.1 1- 0.7 I -  0.7 1- O~.I-\- 

S. 1 841 I +  0.2 1- 8.2 1- 0.0 1- 0.4 1 1 
lO8ll F I KadianwabT.S. 681 - 0.5  - 4.2 - 0 7 - 0.3 

10821 F P~rghsni 
I I  T - I ' I  I I 

1 ' 

T.S. 1 557 1- 2.8 1- 4.0 1- 0.6 1- 0 .4 1 I 
1083, F 1 Akbar-da-Bunga 638 + 1.0 - 3.3 - 0.4  - 0 . 4  

T.S.1 I 1 1  I I 
10841 FI Khli Moeque . . 
10861 C 1 Chisti Tomb . . 470 + 2.2 - 3.0 - 0 . 4  - 0.4 I I I I I I I  
lO88l CIUnnisChak . .  400 + 1.71- 4.0 - 0 . 3  I I  I I -  O'l I I 
10871 C I Tamiwali-Bhindi 

1088 30 0 Bskhiders T.S. 431 + 3.0 - 0.5 - 0.4 + 0.0 I I I I I I I I I  
T.S. ( 370 I +  2.0 1- 8.2 1 -  0.4 1- 0.1 1 1- 

1000) 0 I Date Khan 8. 1 397 I +  3.6 1- 4.1 1- 0.4 (+ 0.4 1 I - 
lO01( 0 I Pirhnr T.S. 1 348 I+ 3.4 1- 2.8 1- 0 .8 I +  0.4 1 I 

I Paphre 
T.S. 1 318 I +  6.4 (+ 2.2 1- 0.8 I +  0.0 ( 1- 

10821 K I Dhngeu-Suneri- 300 + 3.6 + 8.0  - 1.0 + 1.8 
w a s  I I I I I I I - 

K aangah T.S. I 321 i+ 0.0 l + w o  1- 1.8 I+ 2.3 1 I 1°03 1 
Co~nhrn 4: Exoept s t  0.T. and other trinngulstion ~ t a t i o m  all heights am 

npprorimeta sod oomct ta within 10 to 20 feet. 
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DEFLECTIONS 1939-40 

EVEREST'S SPHEROID 
- 

btltudo 

'A 3 2 4 i  43.8 A 7 2 6 8  38.1 If 8.1 I +  0 .2 11072 
~ 3 2 4 7 3 6 . 5 I o 7 2 5 8 3 8 1 ~ 1 1  1 
A 3232 53.5 A 73 0 f i 6 . 2  
0 32 3% 48.3 I o 73 0.1 04.7 I I If 6.3 (+ 3.1 (1073 -- 
A 32 10 17.61 A 73 11 10.94 
Q 3?-11145~1 Q 73 11 12,031 I )+ 3.0 1- 
-- 
A 32 08 67.03 A 73 27 48.18 
0 32 08 62.161 o 73 27 44.611 I I +  4.9 I +  5.8 11076 

A 31 62 28.17 A 73 18 08.44 1-k 6.2 I +  8.0 /I078 
Q 31 62 22.001 0 73 18 02,561 -- 
A 31 42 44.4 A 73 23 00.9 
Q 31 42 41.9 1 0 73 23 00.0 1 1 I +  2 .6 )+ 3.4 11077 

A 31 29 48.66 A 73 18 24.41 I 1- 4 .7  j +  3.2 11078 c 31 20 63.31) 0 73 18 23.871 
A 31 21 16.00 A 73 13 10.02 I I- 8.1 / -  3.7 11079 
G 31 21 23.081 0 73 13 26.601 
A 31 06 44.04 A 73 12 67.67 1- 0.7 1- 4.2 )I080 
G 31 0s 63,731 0 73 I3  o6,7al 
A 30 63 38.10 A 73 17 05.67 I 1- 6.2 ,- 3.8 ( 102 
Q 30 63 41.281 0 73 17 13.281 
A 30 37 60.71 A 73 28 40.10 
G 30 38 0 6 . ~ 1  o 73 28 s . 4 2 1  
A 30 22 62.78 A 73 35 08.52 
G 30 23 00.~71 a 73 3s 11,721 

1- 6.8 1- 1.0 llO8l 

1- 7 .8  1- 1.8  11082 

A 30 12 28.28 A 73 28 47.24 I - 4.2 i- 1.0  1083 
G 30 12 32.431 G 73 28 61.80( 
A 30 01 46.6 A 73 08 20.3 I 

I 1- 4.0 i -  0.2 ,1084 
C 30 01 60.4 1 0 73 08 20.7 I 
A 29 47 40.3 A 72 60 36.6 I 1- 2.8 1- 0.9 11086 
G 20 47 62.1 I 0 72 60 40.7 I 
A 29 41 32.7 A 72 30 26.6 - 3.2  1-  2.0 1088 
Q 29 41 35.0 1 0 72 30 31.0 1 
A 20 34 15.0 A 72 12 24.6 

I I 
I 1- 0.3 1 -  1.4  11087 

G 29 34 10.2 1 0 72 12 20.2 1 
A 29 26 31.84 A 71 51 43.07 I 1- 1.2 1- 3.2 (1088 
G 20 20 32.001 D 71 61 40.031 1-  2.8 1- 2 .8 11089 

I 1- 1.2 1- 0.6 )lo90 

A 20 LO 33.68 A 71 07 30.42 I 1- 1 .3 I+ 1.0 llOOl 
G 20 10 34,871 o 71 07 41.481 
A 20 05 50.20 A 70 40 40-72 
G 29 06 49.371 o 70 49 45.821 ----- 
A 20 01 41.1 A 70 21 14.1 

I I +  0'8 I +  1 44 

I l- +13.1 loo 1 
- 3.0 +18.2 1003 

G 29 01 42.2 1 0 70 21 02.3 

NOR I-Minw dgn d e n o h  N, or E. dsfleotlon of the plumb.Une. 
I I 

( Conl(nud 

A 20 17 
0 20 17 05.80 

OI.9V- 
0 70 27 30.08 
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TABLE 1 

8 ,  

421 
J i DernDinPanih 441 + 3.9  ,+ 0.0 1 1 + 2 2 4 I I i - . i  . I  i - - -~~ - - -- 

LOBBj J T ~ b b ~ P n w h a  . .  470 + 1.8 + 8.8 - 0.8 + 3.0 I "  I I I I I I I  
T.S. 1 604 I+ 0.6 )+ 4.2 1- 0 .7 I+ 2.9 1 

j 
T.S. I 631 1- 1.4 I +  1.7 I- 1 .1 (+ 2.6 1 
T.S. 1 580 1- 4.1 1- 3.9 1- 1.1 I+ 1.0 

LlOll M 1 Ahmad Siodi . . 
I I 

1102 38 P Katurkot I I .. / 826 (+ 6.7 1- 3.2 1- 2.7 I +  2.3 1 I 
11031 P I AUuwali . . 1 860 l+l2.7 I+ 0.5 I I , I 1 

Mianwali .. ( 880 l+l8.3 I +  2.7 1 I I 1 
llOGl P I K a l w a n D L k . .  

h.8. 1 1660 )+10.0 1- 0.4 1 I I I 
1107 43 D Jatla H.S. 2074 + 17 8 I I I I . I - o . ~ I  I I I 

1109( L 1 Nagmta . . 1 1126 1-16.2 1-13:8 1-12.1 1-  I I 
8 ,  

011 L I Rsnjitguh T.S. i 870 i+ 1.3 i- 2.4 i i / 
11 101 L I Chhanni Oondsl 1 780 + 1 3 , 1 . 1 - " I  1 I 1- 
l l l l l  Ll Daulat Nagar.. 926 + 1.8 - 2.6 I I I I I I I  
11121 H I Taura Masurn- 860 + 0.7 - 7.1 

pur l  I I I I I I 
.. 1 000 I +  2.0 1- 4 .0 1 

8. 1660 I +  3.8 I- 8.1 / - I 1 I , 

1116 O Riwlt h.8. 1062 1- 3.8  1-10.4 1 
C O L ~  4: Eroept a t  O.T. and other triangulation etatlom s U  helghtr am 

spproxlmate and oonmot to within 10 to 20 feat. 
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DEFLECTIONS 1939-40-( c o n t d .  ) 

EVEREST'S SPHEROID 

Longltudc u l l l u d e  

A 20 40 34.35' A 70 43 37.04 1-  5.3 /+13.0 11005 
G 29 40 30.881 Q 70 43 25.821 
A 30 00 42.03 A 70 58 61.51 I , 1- 3.7 (+ 7.2 (100 
Q 30 00 46.761 70 60 40.321 
A 3027 11.4 A 70 58 30.3 I a 30 27 13.4 I 0 70 58 34.7 I 
A 30 34 00.00 A 70 50 18.87 I 1-  1.3 l+lO.8 ( 48 
G 30 -- 34 01.871 0 70 68 01.291 
A 304044.5  A 7 0 5 6 0 5 . 1  I 1- 3.6 \ + 1 0 . y  G 30 49 48.1 1 Q 70 55 65.8 1 

-- - 
A '31 05 32.80 A 70 58 44-18 I 1 -  5.0 I+ 8.1 (1000 
G jl 05 37.871 Q 70 58 37.831 
A 31 21 O6.00 A 70 59 48.08 l o 31 21 13,eal a i o  59 44.eol 
A 31 37 30.0 A 71 03 24.0 

I- I+ 5 ' 5  I 40 

I 1- 9.8 1- 0.1 11166 
G 31 37 48.7 1 Q 71 03 27.3 1 
A 31 52 22.0 A 71 07 54.3 / -  0.7 1- 2.9 11101 
G 31 52 31.7 I Q 71 08 00.8 I I 
A 32 09 10.3 1 A 71 16 01.0 1 a 32 00 10.6 I Q 71 16 04.2 I 
A 32 22 21.7 A 71 25 46.1 I G 32 22 15.1 1 Q 71 25 43.5 1 
A 32 34 52.8 A 71 31 08.1 i C 32 34 42.5 1 D 71 31 03.8 1 
A 32 40 07.1 A 71 40 39.9 I I+ 

5.8 1- 3.0 V?I 
G 32 40 01.3 1 Q 71 48 4 8 8  1 
A 3243 55.4 A 71 50 58.2 1+12.8 (+ 2:8y 
G 32 43 42.0 1 0 71 69 58.0 I 
A 32 4-3 34.78 A 72 --- I 0 32 48 23.301 0 72 22 30.7d 
A 32 48 13.3 A 72 3 0 3 7 . 8  I+ 0.2 I+ 1.2 11108 
a 32 48 04.1 1 Q 72 39 39.7 ( 
A 3 2 4 0 6 0 . 1  A 7 4 5 3 4 7 . 2  I 1 z . 6  -12.3 11109 
0 32 47 20.8 I Q 74 54 06.1 ( 
A 32 35 01.00 A 74 37 08.50 
0 32 35 12.101 Q 74 37 12.481 
A 32 34 08.8 A 74 2 m  

I 
I 1- 4.0 1- 0.1 J1110 

Q 32 34 13.7 ( Q 74 21 18.3 1 - 
A 324440.U A 7 4 0 4 4 6 . 1  I 1- 4.7 1- 0.6 11111 
G 32 44 54.0 ( 0  74 04 49.0 I 
A 32 66 21.0 A 73 49 55.1 I 32 58 20.7 1 Q 73 60 04.1 1 
A 33 01 28.0 A 7 3 m . 0  

I 1- 4.4 1- 2.7 11113 
3 3 0 1  30.41 Q 7 3 3 8 2 1 . 3 1  

A 33 08 40.2 A 73 23 50.5 I 1- 2.7 1-  3.8 llG 
a 330842.8 1 Q 73 23 58.21 -- 
A 33 2=.1 ( A 73 11 27.7 1-10.4 I- 7.0 11116 
Q a3 20 55.6 Q 73 11 40.3 

NOTE :-Minw nign denotes N. or E. detleotion of the plumb-line. 
( C d n u d )  
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TABLE 1 

i d 6 z .& - Ohscrvcd n t  

11241 P Knthgarh 
I I .. 1 800 1- 2.8 1- 2.4 1 1 1 1 

. . 1 930 )+ 2.1 1- 1.7 1 I I I 
11271 L ( Tajori s. 1 817 1- 0 .7 1+14.0 1 I - I - I 
1 1 2 8 /  1 Manzai . . 1 1660 1- 6.1 1+21.8 ( 1 I 1 

L Khaim Khel 1177 + 5.8 +14 0 112U( 1 bungalow s. 1 1 I ' 1 1 1 1 
11301 L 1 aambiln 

S. 1 035 I +  8.6 I +  9.0 I 
j 1 I 

11311 L 1 Bnnnu Fort 8. 

- -- - -- - - - I I 
K Kurrnm Oarhi 1418 - 2 7 +20 1 ''''1 IFortNW.cornerI I ' 1  ' 1  1 I I 
K Shawn (Pos t ) .  . l 2000 8.1 +22.R 11331 I 1 1 - 1  1 I 1  I 

I I I I 
. . ( 4360 (--3.0 1+14.3 ( 1 I 1 

1137 K PIreohinir 5738 -10.7 +13.1 I (milestone 1 h.a.1 I I I I I I - 
1138 38 J Churattn .. 1 400 I+ 0.2 )+17.6 1 1 
113{ K '  Tombi 

I 
. 1 670 4.0 i + U . O  1 1 1 

Co~umn 4: Esoept s t  G.T. and other triangulation atstionn s U  heighb em 
sppmximate and correct to within 10 to 20 feet. 
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DEFLECTIONS 1939-40-( cons. ) 
I 

EVEUEST'S SPBEUOID 
L_ 

Longltude lntlbuda 

, 

I- I 
Nm~-dlinw mgn denotu N, or E. delleation of the plumb-line. 

I CMWmf) 

A 33 16 46.02 A 73 10 19.02 
a 33 10 4n.851 Q 73 10 28.501 
A 33 08 08.0 A 73 00 46.7 

I 
0 3 3 0 8 0 7 . 2  1 Q 73 0 0 G l . 7 !  

1- 3'8 1- 2 '8  1 74 

I I +  0 . 8  1 -  2 . 4  11117 

A 30 40 02.16 A 74 46 21.17 I 1-  1.7 I +  2 . 4  Ill10 a 30 40 03,871 Q 74 46 21.661 
A 30 28 16.68 A 74 33 02.41 
0 30 28 16,861 0 74 33 02.331 1 1- 1 . 3  I +  2 . 8  J1110 

A 30 22 42.17 A 74 10 11.11 
a 30 22 43.281 0 74 10 12.021 

I -  1 . 1  I+ 1 . 4  11120 

A 30 21 27.0 A 73 68 22.7 I I- 1 . 0  1 -  4 . 6  11121 
a 30 21 2 8 . 0  1 Q 73 68 31 .2  1 
A 32 40 65.8 A 71 18 30.3 I +  6 . 0  I +  9 . 1  11122 
Q 32 40 49 .2  1 Q 71 18 31.0 1 
A 32 36 17.2 A 
Q 32 36 11.2 1 Q 71 02 12.1 1 - 1 I +  6 . 0  )+ 7 . 0  11123 

A 32 08 21.7 A 71 00 06 .8  
0 32 08 30.8 1 Q 71 00 07 .1  1 I 1- 8 . 0  I +  1 . 4  11124 

A 32 08 10.2 A 70 47 3 6 . 4  I 1 -  7 . 6  J+ 3 . 3  )11% a 32 06 17.8 1 0 70 47 34.7 1 
A 32 19 18.5 A 70 44 08 .7  
(i 32 19 22 .4  10 70 44 09.1 I I- ) -  3 . 0  l l -  2 . 3  11126 

A 32 18 32.7 A 70 eo n . 6  
a 32 1 8 3 0 . 4  10 70 2 9 3 9 . 2 1  

1 1- 6 . 7  )+18 .2  (1127 

A 32 14 67 .3  A 70 15 02.7 I I-11.1 (+28 . I  1: 
0 32 16 08 .4  1 Q 70 14 36.0 I 
A 32 31 30.4 A 70 36 33.6 I 1- 0 . 3  / t 1 8 . 0  11120 
C 32 31 30.7 1 Q 70 36 16 .6  1 . -- 
A 32 41 23.60 A 70 47 o r - - - - -  
0 32 41 23.161 0 70 40 61.241 \ I +  0 . 3  ( + 1 3 . 0 T K 0  

A 3 2 6 9 3 4 . 2  A 70 3 8 4 1 . 8  
0 3 2 6 9 4 1 . 1  1 Q 70 3 8 2 0 . 7 (  -- 
A 33 01 43 .8  A 70 32 19.7 

I 1- 0 . 0  +24.2 1132 
a 33 01 62 .8  1 0 70 31 5 4 . 0  1 
A 33 13 32.4 A 1 4 9 6  

I _ I 
I ( -12.6 (+27 .0  11133 

0 33 13 44 .0  1 Q 70 28 46 .4  1 
A 33 27 36.0 A 70 26 66.7 1-12.1 1+20.2 (1134 
a 3 3 2 7 4 8 . 1  1 Q 70 2 5 3 5 . 0 1  

I -- 
A 33 37 62.2 A 70 19 30.8 

33 38 0 2 - 4  1 Q 70 10 21.11 
1-10.2 (+13 .1  (1136 - -- . - - .. -. . - 

A 33 46 53.6 A 70 12 46 .4  
- 

1-10.6 l+ l8 .0  1136 9 33 47 04.1 I Q 70 12 20 .2  1 
A 33 63 60.3 A 70 0 0 0 4 . 3  
a 3 3 5 4 0 7 . 7  l a  7 0 0 5 4 6 . 4 (  I -17.4 +17 6 1137 

A 30 04 04.7 A 70 39 6 1 . 4  
I I I 

0 30 61 09 .6  1 Q 70 38 4 2 . 0  I 
A 2 0 6 8  24 .4  A 70 24 29 .3  
0 20 68 34 .3  Q 70 23 5 6 . 2  
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TABLE 1 

Oberved 

cnlcuf~fBDeErr- 

Uneompemted TOPOPP~Y 

~crldlenl P.V. 

39 K /  Rakhi Mithwan / 1326 1- P 8  1+3d.o / 1 . 

Intcrnntlonnl 
Spl~crold 

Deaectloos 

Yerldlnn P.V. I 
. / 

Cnlculated DeEec- 

Bayf,":"d"&stern 

Yerldlonl P.V. 

. . 1 6000 1- 4.4 lf26.0 I I I 1- 

.. 1 3600 1- 3.8 1+15.4 1 I I I 
11431 F I Rarkhan vil age 4234 0 . 2  f10.9 desk I 1- I I I I I 
1144 F Saredhaka I 

.. 1 4120 1- 4 . 1  I+ 4 .1  1 1 I 1 
-. -- 

11471 I .. 1 4700 1- 1 .8 I+ 3 .1 1 1 1 I 
11481 B I Knoh Ahmaqzai 5700 8.2 + 6.0 

1149 34 N Chmjan 
1 1 - 1 1  I I I 

I I '  .. 1 7260 1- 6 .0  I +  7 .1 1 1 1 I 

11611 N 1 YusufKnch .. 7000 - 3.0 - 7.3 I I I I I I I  .. 16760 1- 2.8 1- 7.8 1 1 I 
'lS31 I BOstnn .. 1 6160 + 3.1 - 0.7 I I I I  .. 1 6230 I+ 0.8 1- 2 .8 1 I I I .. I 6800 (+ 2.0 1- 1.3 1 I I I - 
11601 38 LI Lalgoshi T.9. ) 316 1- 1.3 1+12.3 1 1 I I 
1161 H M8ndadalariT.S. 273 - 1.1 +12.4 I I I I I I I I  

COLUMN 4: Except at Q.T. and other triangulation ststions all heights are 
'approximate and correct to within 10 to 20 feet. 



CHAP. IV]  DEVIATION OF THE VERTICAL 7 1 

DEFLE(=TIONS 1939-40--( contd .  ) 
C 

EVEREST'S SPHEROID 

I 1- 8 . 8  I+10.9 11142 

A 30 15 47.7 A 69 64 20.1 I 1- 5 . 3  (+21 .4  (1143 
0 30 15 63.0 ( Q 80 63 68 .4  1 
A 3 0 2 8 3 2 . 1  A 8 9 3 1  61 .8  
a 3 0 2 8  38 .5  10 89 31 3 8 . 2  1 
A 30 27 39 .4  A 00 00 20 .0  I I -  0 . 3  (+ 9 .1  (1145 
0 30 27 48.1 ( Q 00 09 21 .8  1 
A 30 24 25.6 A 88 66 29.0 I 1-10.7 I +  8 . 8  11146 
(4 3 0 2 4 3 6 . 2  I a 88 6 5 4 3 . 1  1 
A 30 22 10.3 A 88 36 61.1 
a 30 22 32 .3  I a ea 3 6 4 4 . 5 1  I ( -13.0 I+ 8 . 4  11147 

A 30 20 66.8 A 88 17 35.8 I 1-11.4 )+11.1 11148 
13 30 30 07.2 1 Q 88 17 25 .8  1 
A 30 34 05.0 A 67- I 1-10.2 1+12.8 11149 0 30 34 15.2 1 0 87 60 3 4 . 0  1 
A 30 32 22.7 A 87 30 19.6 
a 3 0 3 2  34.0 1 a 07 30 21 .1  I I 1-12.2 I +  1 . 4  (1160 

A 30 37 00.3 A 67 28 16.8 
a 30 37 09 .0  1 87 20 20.1 I I 1- 8 . 7  1 -  1 . 2  11161 

A 30 31 28 .8  A 87 12 13.4 
0 30 31 30 .3  1 Q 87 12 18.1 1 
A 30 2 5 6 9 . 3  A 87 00 3 0 . 9  

I I -  7 '7  l -  
CI 30 20 01 .2  1 0 87 00 3 4 . 6  1 I I -  1 . 0  I- 0 . 4  11163 

A 30 18 08 .0  A 88 68 07 .2  
O 30 18 10.4 1 0 88 68 05 .0  I 
A 30 (W 10 .0  A 88 68 55.6 
0 30 08 12.3 1 0 88 68 6 2 . 0  1 

I -  4'4 I +  3'8 I l lM 1 -  2 . 3  I +  6 . 1  11166 

A 28 62 63.60 A 70 03  10.28 I 1- 6 . 8  1+18.7 (1168 0 28 62 60.361 0 70 02 54.331 
A 28 4 2 0 8 . 1  A 80 62 10.27 1 -  6 . 6  l + l 8 . 0  y 6 7  
Q 28 42 l l . 8 4  Q 60 62 03.201 

- 3 . 0  +12 .8  1168 

No~a:-Minw sign denotes N. or E. defleotion of the plumb-line. 
( C o n l i d  ) 
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TABLE 1 



CHAP IV ] DEVIATION OF THE VERTICAL 7 3 

DEFLECTIONS 1946-( Concld. ) 

EVEREST'S SPHEBOID 

A $1 & 35.71' A ii ob oi.051 
" 1 G 31 57 11.031 Q 77 06 40.051 

A 31 54 50.72 A 77 08 19.06 1-38.7 1-30.5 11100 
G 31 56 27,301 0 77 09 05,831 
A 31 38 28.49' A 77 20 20.55 I 1-10.3 1-41.3 (1101 
G 31 38 48.781 0 77 21 12.18l 
A 31 33 41.271 A 77 21 43.05 I-18.9 1-35.2 J1162 
G 31 a 00.16, 0 77 22 27.871 
A 31 34 43.5 
Q 31 34 37.6 

A 74 20 22.8 
(7 'I4 20 15.6 

/ I t 0 . 0  /+ 8.0 I163 



COMPUTATIONS AND PUBLICATIONS 

45. General.-The normal activities of the Computing Office 
( S.R.I. ), Dehra DGn, consist of the following :- 

( i ) Compilation, scrutiny, adjustment and publication of 
geodetic and topographical triangulation, traverse and 
levelling data all over India. 

( i i  ) Preparation and publication of tables for the com- 
putation and reduction of the results of geodetic 
operations and of the field survey parties. 

( iii ) The provision of map projection tables. 
( iv ) Drafting of professional forms to facilitate computa- 

tion and reduction of results. 
( v ) Editing and proof reading of departmental technical 

publications such as Professional papers, Depart- 
mental papers, Geodetic Handbook and some chapters 
of the Topo. Handbook. 

( vi ) Preparation and publication of the annual Geodetic 
Report. 

On the outbreak of War in 1939, these activities were seriously 
interrupted and the entire strength of the Computing O5ce was 
employed on the production of data, tables and charts required by 
the army. Efforts are in progress to resume the pre-war activities 
although there are difficulties due to shortage of suitably trained 
personnel and to general unsettlement. The systematic adjustment 
of topographical triangulation all over India and its publication in 
pamphlets has now become an urgent necessity on account of fre- 
quent demands for data for the various irrigation and other projects 
and it  is hoped to make a serious start with it  in the very near 
future. 

The following paras give a brief account of the work carried out 
during the war years. 

46. Adjustment of tertiary triangulation of 1rHq.-It beceme 
evident from the very start of the war-World Wer 11, that the 
Allied military forces would have to enter Iriiq sometime or the 
other for the defence not only of that country but also of Persia, 
Arabia, Afghknistkn end India and that the survey service would be 
mostly provided by military survey units raised from the p e r s o ~ e l  
of the Survey of India. 



Reference numbers and Values of "m" and " M" for all Geodetic br iee 1 
Indian !Triangulation. (See Records of the Survey of India Vol. IX, p. 187).  
For 42 S e r i e ~  enterlug t h e  Blmultaneoua Qrlnding ( s h o r n  In I b l l w  below) Meen Square a 
For Series up to No. 106 ... 
No. 

1 
2 
3 

4 
5 
8 

7 
8 

9 

10 

11 

f, 

3,308 
2,242 
1.847 

1.843 
0,388 

0.708 

0.844 

0.687 

0.380 

1.187 
2.118 

l a  

la  
14 
16 

18 
17 
18 

18 
m 
a1 

22 

Name 01 %rim 

South Pi reani th  Mer. ... 
Budhon Meridlonsl ... 
AntPo Mar id ion4  ... 
Ronpir Msr i d iond  ... 
C o l d t o  L a g i t u d i d  ... 
&rat Avc M d i - I .  

S ~ t i a  24°-300 ... 
Bornbay Long i tud ind  ... 
h t  A m  Mar id iond .  

&tia 1@'.24 ... 
arwt Arc Maid iono l .  

8 ~ t M l  @'-I@ .,. 
Singi Maridionat ... 
South H d o n  Cooat ... 

-on* 

183838 
18334.3 
183438 

1834-41 
188&88 

1835-88 

z::) 
1837.41 

188674 

:gz] 

f y 

3.28 
2.49 
1.88 

1.78 
0.32 

0.71 

0.74 

0.68 

0,30 

1.14 

1.83 

No. 

65 

68 
67 

6E 
58 
80 

81 
82 

l f a raro  M d i d  ... I M J S  1.601 1.81 

l,4a 
l . W  
1.a i  

1.89 
1-81 
1.W 

1.65 
0.85 
1.92 

0.65 

N m l h  M d i n c h a  M r .  ,,, 

C h m d w l r  M d i m I  ... 
aw. ~ ~ r i d i o n d  ... 
colcultm M a i d i m d  .. 
South MdSnobs Mer. ... 
5,anpi .uro M a i d i d  ... 
h m n i  M i d i m a 1  ... 
Nmlh-Bod  L a .  ... 
a u d h   aidi id ... 
NmlhWaa t  H i m a h y o  ... 

Name 01 %riel 

Assam Valley Trisngn- 
Intion? ... 

Brohmnpulra M r .  ... 
Calmbatore No. 1 ... 
B i l d n p  M a r i d i a d  ... 
Cuddopnh ... 
Hyderibid ... 
Mobbar C0-t ... 
Jodhpur Meridionel ... 

1808-11 
1810.11 
1811-1% 

i e l i - l a  
iell . ia 
1811.14 

1812-13 
1813-11 
1818-14 

1813-14 
1813-14 
IBIZ-I~ 

1914-16 
1813-16 
1814-16 

1811-14 
181617 
181617 

1816-a1 
1827.28 
182749 

1027-10 
183830 
1 m a 1  

I ~ I  
1830-91 
1831-9~ 

l'J34-38 
183687 

24 

26 
28 
27 

ao 

31 
aa 
38 

81 
a6 
as 

m 
gs 

U)  

41 

42 

Q~rhdparh M a i d i m r d  ... 

1-49 
1846-41 

1846-10 
1844-Sa 
I W 4  

1 8 ~ 7  
1~48-51 
1 w - 6 a  

1848.53 

184E-tE3 

1848-66 
186i-sa 
1861-52 

i:!:::: 
lES3 

186.9.~ 
1858.81 
law ea 
186440 
1866.68 
1 8 5 . ~ ~ 1  

1866.82 
186657 
1868- t~  

1868.68 

1869-60 

1 8 5 W  

Bad C r m t  ." 
gav&hi L @ u d i d  ... 
~ b u  ~ d i m d  .. 
Nmlh  P d m d h  Mar. ... = ::: 
K i t h l i r i r  Lon. "' 

S i b t i  ... 
@mat I ~ W  ... 
E+.& ~ n i d ~  ... 
A u o n h g i h d M  ... 
Currh C m ~ t  ... 
K d m i r  Prino1p.l ... 
J o p C W  M d b d  ... 
9.mb.I w Lon ... 
(Cotoh! -t b lue  ... 
K i t h l i w  

M e r l d i o d  No. 1 ... 
K i t h l i r i r  

M e r l d l o d  No. a ... 
K i t h l i r i r  

Merldlonel No. B ... 

1808-13 

1881.78 
1888.74 
1868.71 

1888.73 
1871-72 
1871-72 

1 ~ . 7 & 0 0  
1873.18 

2 
88 

:i 
l a  

73 
74 
76 

78 
77 

84 
88 

I33 

0.014 1.21 KhLi ... 

0,841 
0 . ~ 1  

1.113 
1.808 
11.227 

1.185 
0,448 
1 . m  

0.941 

M- f O'08. 

0.688 
0.888 
0.794 

I.EU 
1.184 
0.Z50 

a.780 
0,880 
1 . W  

0,304 
1.486 
o.0la 

0.813 
1 . W  
1.071 

... 
1,148 
0.701 

1.248 
a.088 
1.287 

1,886 
0.469 
0.441 

o a a  
0.2M 
o . n a  

0 . a  

a 
U 

4.6 

u 
47 

UI 

4@ 
KI 
61 

64 
63 
M 

3.01 

188C88 
1886-87 

I B R I ~  

:E:%l 
1000-11 

1802-09 
190448 

180&08 

1808-10 
1808-11 

181e80 

1878.81 

1818-81 
1889-86 

1881-83 z&z~~gitUdinsl ,., 
MaLrin Lougitudlnd ... 

%$fyM% ... ... 
Qreot 9.lween ( E M  1%) 

Kldsrllenta ... 
Ksl i t  L o n g i t u d h l  ... 
Baluohhtin Trisngu- 

latlon ... 
North Bduohlatin ... ... 

"' 

Eeatern Slnd Mer. ... 
Sism Branoh Triangu- 

LPtlon ... 
b n d a l s p  Meridlonsl ... 

... 

0,(0 
1.88 
0.M 

a-sl 
1.78 
0,2l 

342 
1.21 
1.21 

0.43 
1 1 s  
0.83 

1.w 
1.39 
1.M 

... 
1.u 
0.81 

1.86 
2 4  
0.88 

a'41 
0'46 
0.98 

0.68 
0'18 
0 , s  

0'808 80 Upper I r n d d g  ... 
0 . 6 U  0.80 Jsina ... 
0.811 0 . w  Bbi ... 
0.886 1.25 83 ginahl ... .. ::= :::: : ~ ~ ! ! % ~ ? X ~ ~ l d l ~ ~ d  ... 

I33 Indo-Bluaian Conneotlon 

1.848 8.84 
... 

0.958 0.43 ... 
o.aai 0.31 Bddius ... 
0.618 0.71 80 N s 1 9  ... 
0.888 1.n Niss *la ... 
O.BB4 0.m ~ i d d l e  a d i - 1  ... 

- 
1 . 8 ~  
0 . 5 ~  ::: 1 . 5 ~ ~  2,4 
0.302 
0.828 
1.405 

1.532 

O'' 

I 

Portlon berrsan  Longltdem wo and Bl+' reoherred In 1887-88. n- f 0.486. 
t Boplu-4 by 108. t Beplrsd by IM. 

0.481 
0,808 
0.015 

0,830 

1.241 

Bbisr Lmf l i lud ind  ... lwla 0,311 0,30 
101 North Wsl i r i l t in  ... 

Baalam ROntin ol 
... ... 

E U I ~  ... 1BB18a O . & L B  0.63 10s or-t Sslweeu ... 

0 . 2 ~ ~  

0, 453 
0.285 

1,888 
0.1M 
0.1 

i.323 
0.386 

1.348 

0.221 
0 . W  

0.623 

0 . w  

3.711 
0.418 

a.054 

M d m a  M w .  ard Coad ... 

0,32 

0,38 
0.28 

1 . ~  
0,8l 
0,11 

l.Ba 
0.25 

1.m 

0.11 
0.n 

0.85 

0.30 

:{: 
3.01 

0.- 1.48 lo' Peahi- ... 

0.68 
0.81 
1.47 

1.61 

1.76 

'J3 Kobims ... 
" Cichir ... 
86 Llsnd ... 
M M d n n  ... ... 

p:rd ... ... 

lBBOBB Burma-t ... 
K i t h l i r i r  

M e r l d l o ~ J  No.4 ... 
Bad C d d t a  h. ... 
M a f i g d m  M W  ... 
K u m a o n ~ d  O u h r i l  ... 
N i d k  ... 
h m s c o U t  ( n u  lOB) ... 
Jdbrlpom M d i 4  ... 
Yadro, h f i i l r d i r d  ... 

0,128 0.40 

Ye..-Yerldlod ha  - Longltudlnal. 

iz 
1 W - 1 3  
1- 
1-1 

l8eCBP 
186e87 
1806-78 

A::;: 
0.440 
1.742 
a m  

0.Z90 
0,840 
0 . W  

0-4.6 
1.60 
3.1a 

0.30 
0.91 
0 . n  

101 

10g 
108 

Dilbandln ... 
Aasm Lowltndlns l  ... 
k d s l a y  M e t i d l o d  ... 
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Early in 1940, therefore, the Survey Department of IrQq mas 
mntacted to examine the then existing position as regards maps of 

Iriq. ~t was found that there were several series of maps, some 
btlsed on post-1930 primary, secondary and tertiary triangulation of 
lrkq, which have Nahrwan (near BaghdQd) as their datum and 
which are computed on Clarke's 1880 spheroid, and others based on 
the triangulation carried out during World War I, which has F io  
( near Basra ) as its datum and which is computed on the Everest 
,pheroid. The various sets of maps were naturally discrepant and 
to bring them into mutual agreement it  was necessary to bring all 
the fiameworlc control data into the same terms. I t  was consequently 
decided to send a small Computing party consisting of three com- 
putem to Baghdad in June 1940 to compile and adjust ell triangu- 
lation and traverse data of IrQq then available. The party com- 
menced work on 16th July 1940 and completed its job in March 1941 
end returned to India. I t  compiled about 20,000 points and after 
scrutiny and recomputation the various systems of triangulation 
were brought into sympathy with each other by graphical adjust- 
ment. For this purpose the primary and secondary triangulation 
of Irkq carried out between 1930 and 1036, es computed and adjusted 
by the Ir iq  Survey Department was assumed to be errorless. The 
co-ordinates of stations and points common to the primary and 
secondary triangulation and tertiary trangulation were converted 
from sphericals to rectangulars on the Lambert Orthomorphic 
Conical projection, Grids B and C and the discrepancies were plotted 
and graphically disbursed. The Lriq Survey Department had con;- 
puted the spherical co-ordinates of the primary and secondary tri- 
angulation and some tertiary triangulation on Clarke's 1880 spheroid, 
end the bit of tertiary triangulation based on Fao as origin on the 
Everest spheroid. For conversion to grid terms appropriate tables 
pertaining to the spheroid used for the computation of spherical 
co-ordinates were specially constructed. The entire triangulation 
was later converted to grid terms and published in gestetnered 
pemphlets. The adjustment of some of this data especially that in 
western IrBq is based on very scanty information and will be revised 
in the light of Paiforce H.S.B. traverses, which were run between 
1941 and 1943. ( See Chart XIX ). 

47. Adjustment of M.E.F. triangulation in Persia.-Prior to 
1941, whereas Iriiq was covered ( except in the west ) by e network 
of triangulation, the only triangulation existing in Penia was that 
wried out by the units of the Survey Party of the Mesopotamia 
Expeditionary Force of World War I in south and west Persia. This 
was of a piecemeal character and waa to some extent connected with 
the Iriiq tertiary triangulation of the same period based on FBo, 
the position of which was astronomically determined. No attempt 
had been made before 1940 to put this old war-time triangulation 
in Persia into terms of the post-1930 primary trianguletion of Irtiq. 
On the outbreak of World War 11, however, this had to be done as 
thie was t l ~ e  only trianguletion in the eree. The comctiom were 
derived from e comparison of common points, including Fb, whioh 



7 6 TECHNICAL REPORT [ PART m, 194, 

had since been connected by Ir5q secondary triangulation. ~h~~ 
common points were very small in number and detailed inforlnstio,, 
for a proper adjustment of the data wm generally lacking. ~h~ 
co-ordinates were converted from spherical to terms of Lambert 
Grid and published in provisional pamphlets. The adjustment 
corrections applied are now being revised in the light of the data ,,[ 
Paiforce triangulation in the area executed from 1941 to 1943 des- 
cribcd below. 

48. Paiforce triangulation, 1941-43, and its adjustment.-1" 
1941, when British and Indian Forces ( British Troops IrLq, loter 
known as 10th Army, and finally Paiforce ) moved into IrBq and 
Persia, a Survey Directorate was formed at  BaghdLd which contain. 
ed a strong contingent of survey troops including three Indian Field 
Survey Companies. At first it was intended to revise the existing 
maps along motorable roads but later it was considered desirable to 
carry out extensive triangulation in NW. Persia. This triangulation 
carried out from 1941 to 1943 starts from Khanaqin and Qara Tapch 
stations of the IrLq primary triangulation and is connected to the 
IrLq secondary triangulation at  A.D.S. 8 and A.D.S. 6. I t  coven 
an area of 70,000 square 111iles and comprises 13 closed loops of 
triangulation involving 35 series, and 12 pendant series (see Chart 
XIX ). The details of the various series are given in Table I. 

The h a 1  adjustment of the work ww carried out by a semi- 
rigorous method as follows :- 

The junction points of the various series were allotted numben 
in order to facilitate the definition of the route by which triangula- 
tion proceeds. Each circuit is composed of triangulation by two 
routes, one of which is shorter than the other. The closing erron in 
5th figure of the log side ( metres ), bearings and co-ordinates of the 
various circuits are given in Table 2 in the sense shorter minus 
longer route. In the case of circuits, 1, 3, 6 ( seo Chart XIX) 
the IrBq primary and secondary triangulation has been regarded as 
the shorter route. The closing errors in bearings of each circuit are 
disbursed by apportioning to each route a share based on distance 
taking count also of the quality of the triangulation of the route. 
Next the co-ordinates are computed using the adjusted sides and 
bearings of one flank of the triangulation in each route. 

The two routes give slightly different values of the e ~ t i n g s  and 
northings of the junction. The discrepancies are shown in Table 4. 
The final co-ordinates of the junction points were then fixed in such 
a way that the adoption of the values improved the closing crron 
of the adjoining circuits. The corrections to the co-ordinates of the 
intervening stations of the flanks were obtained by graphical adjust- 
ment and the co-ordinates of all other stations were recomputed in 
terns of the final values of the flank stations from the best con- 
ditioned triangles. The intersected points were given the same 
corrections as the stations from which they were fixed. 

In general the triangulation followed motorable communicl- 
tion routes, the stations of observations lying on either side of the 
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i , mute within reasonable walking distance. The figures were moatly 
' elongated quadr~laterals ( average length being double than that of 

breadth )-a type well-suited for good maintenance of bearing but 
less favourable for maintenance of scale. To safeguard the scale 
fnquent short bases were incorporated, and bases of geodetic 
accuracy were measured at  HamadBn, TehrBn and IsfahLn. Each 
,,,tion of the triangulation is adjusted between its terminal base- 
lines. The discrepancies between the triangulated and measured 
values of the bases are shown in Table 3. Three Laplace stations 
( i.e. stations a t  which astronomical observations for latitude, longi- 
tude and azimuth are made ) were established one each a t  HamadQn, 
TehrBn and IsfahLn for the control of bearings. Brief details of 
these Laplace stations are given in Chapter I, para 17. 

The adjustment has been completed, but it  has not been possi- 
ble to publish the data due to shortage of personnel. I t  is hoped to 
t&e up this work shortly. 

49. Triangulation linking Irlq to India.-This link which had 
been a desideratum for a long time past was effected by a triangu- 
lation by Captain P. A. Thomas, R.I.E. in 1944 starting from Nain, 
the easternmost point of Paiforce triangulation and closing on 
stations Kiih-i-Malik SiQh H.S. and KQcha Kiih H.S. of the Kalit  
Longitudinal Series of the Indian triangulation. Brief details of 
this triangulation are given in Chapter I, para 18, and a fuller account 
is published in War Research Series, Pamphlet No. 9. The compu- 
tations of this triangulation were carried out in the Dehra Diin Com- 
puting Office. With the present link-up of IrBq, Persian and Indian 
triangulations, it will be possible to print all the data on the appro- 
priate grids in the triangulation pamphlets which will supersede the 
older ones based on scanty data and scrappy adjustments. 

50. Topographical triangulation in Burma.-In common with 
the rest of India, no attempt had been made before World War I1 a t  
any systematic compilation, scrutiny, and adjustment of the topo- 
graphical triangulation in Burma. In 1941 when Japan entered the 
War, this became an urgent necessity and the work waa commenced 
in the Burma Survey Party in Maymyo. The list of co-ordinates 
with descriptions of stations and points were compiled by degree 
sheets and data for a rough adjustment were collected and des- 
patched from Maymyo to Dehra Diin, where adjustment corrections 
were applied and the co-ordinates converted to Lambert Grid terms 
in the Computing Office and published in pamphlets. The work waa 
still in progress when the Japanese occupied Burma and the Burma 
Survey Party left for India. I t  is regrettable that the original 
records of all triangulation and traverse were left behind in Burme 
and are now lost. I t  has not been possible to save most of the data 
and whatever was saved is only roughly adjusted and there will now 
be no opportunity to revise the adjustment until the country haa 
been re-triangulated. The data saved and published in pamphlets 
is shown on Chart XX. I t  involved the conversion of about 20,600 
points from spheric& to grid terms. 
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51 .  Adjustment of top0 triangulation in Assam.--All available 
data of topo. triangulation and traverse in Assam was graphically 
adjusted and converted to grid terms. I t  involved a conversion of 
about 10,500 points. The data is published in 14 pamphlets. 

52. Triangulation in the Nicobars.-Triangulation pamphlet 
for sheet 88 E published in 1928 gives data of triangulation Carried 
out in 1886-87 in the Nicobars. The co-ordinates of stations and 
points are given in ~pherical terms. This triangulation is based on 
the astronomical co-ordinates and animuth observed at  Camorta 
observatory, and a base measured near it. The latitude was observ- 
ed by observations to circum-meridian stars and the longitude by the 
transport of chronometers from Port Blair, the longitude of which 
in turn had been determined in terms of the longitude of Madras 
observatory. 

The Admiralty Charts of Nicobar Islands are based on Ray 
Point flag-staff, which was fixed by Marine Survey in 1921-22. This 
point was connected to the Survey of India station, Signalling Staff, 
and the difference in co-ordinates, Admiralty minus Survey of Indie 
values, was found to be -1" .50 in latitude and -21" a72 in longi- 
tude. This difference has been applied as corrections to the Survey 
of India latitudes and longitudes and the data has been converted to 
grid terms and published for the use of military units. 

A further source of confusion was the fact thet the trig. data in 
terms of Ray Point flag-staff was not in conformity with the graticule 
on the Admiralty charts, the graticule requiring a shift to the west 
by 5" .64. I t  is recommended thet this defect may be remedied 
when the charts are redrawn. 

53. Triangulation data in South East Asian countries.-The 
trig. records of Malaya and Ceylon were sent to the Computing Office 
for security reasons and data of the triangulation in French-Indo- 
China and Siam and some scanty data in China and Japan became 
available through military channels. Some records of N.E.I. were 
rescued by an officer of the Indian Military S u ~ e y  Unit in Betavia. 

To meet the requirements of the allied forces trig. data of all 
these countries was converted to terms of military grid for theareaand 
published in pamphlets. The triangulation of the various countries 
is computed on different spheroids and appropriate tables had to be 
improvised for the conversion of data. 

54. 'Triangulation in AfghZnistHn.-Prior to 1940 the only 
triangulation in AfghBnistBn was that carried out by observers of the 
Survey of India in 1878-80 between Kurram and KBbul and in 
1884-86 in the west of AfghBnistBn. The results of this work are 
~ublished in the Survey of India Synoptical Volumes Nos. 1/A & 1/B. 
A certain number of points were, of coune, also fixed by intersection 
from stations of various series falling in India. 

The positions of all these points were originally computed in 
spherical w-ordinetee on Everest spheroid. In  1936, in order to 
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publish the data in terms of the military grid in rectangular co- 
ordinates in yards the spherical co-ordinates were given extensive 
djwtment  corrections baaed on the assumed identity of certain 
mmmon stations and the altered values were converted to grid 
terms and published in the S u ~ e y  of India grid data triangulation 
pmphlets. 

In 1940-42, a detachment of the Survey of India was attached 
to the Coal Survey Party of the Geological Survey of India which 
,,,fied out exploratory work in Tala, Kahmard, Dolb-i-Rui and 
~ ~ ~ a - i - S B f  districts of Afghlnistin. The Survey of India detach- 
ment memured a base a t  Ishpushta, established origin for the 
triangulation by astronomical fixing a t  this place and rapidly 
,=tended the triangulation to cover an area of 2,500 square miles in 
these districts. The 1940-42 trianguletion effected connections 
with the old triangulations of 1878-80 and 1884-86 and i t  was dis- 
rnvered that the adjustment corrections applied to the co-ordinates 
of the 1884-86 work in 1936 were erroneous, and that the data 
published in the Grid Date triangulation pamphlets for the area 
and the maps based on i t  would require revision. I t  has not been 
possible to revise this data and maps as yet. 

The co-ordinates of the 194042 triangulation are in terms of 
its own astronon~ical origin a t  Ishpushta and the co-ordinates of the 
old connected triangulations of 1878-80 and 188446 have been 
brought into the same terms. The co-ordinates ere in terms of a 
military Lambed grid in metres. The entire date is published in a 
volume entitled "Triangulation in AfghBnistLn, (Grid Data, Metres ), 
1047 ". 

55. Trig. Dossiers.-On the urgent demande of the military 
Survey authorities Trig. Dossiers giving a brief history of the trian- 
gulation, details regarding its datum and fundamentals and the 
spheroid used and the degree of the reliability of the triangulation 
connections with other countries and also the details of projection 
end the military grid system used for maps were prepared for 
Burma, Siam, Malaya, French-Indo-China, China, Dutch Eest Indies 
end Japan. 

The information given in  these Trig. Dossiers was collected from 
various sources including the reports submitted by the various 
countries to the International Union of Geodesy and Geophysics 
frum time to time. 

56. Azimuthal Maps.-To meet military requirements calcu- 
letions were made for the projection and preparation of bearing 
so~les for maps showing the true bearing from a given centre of any 
point falling in the area of the mep concerned. A list of maps 
produced from time to time is given in Table 5. The projection 
employed for these maps is a Gnomonic one. 

57 Mercator Projection Tables.-A number of tables on 
Mercetor projection on Clarke'a 1880 spheroid in metrea were com- 
puted for co-ordinetograph eettinge on the aode of 1/50,000 end 
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1/1,000,000 for the projection of sheets of Standard Plotting 
required by the army authorities for navigational purposes. 

58. New Geodetic framework.-Experimental work to teat 
methods for the fixing of positions of survey marks in easily accessi. 
ble places distributed all over the country at a spacing of about 
10 miles, to an accuracy of 1/50,000, was carried out first in the 
vicinity of Dehra Dfin in 1945 and then during two field seasons 
1946 and 1947 in Erinpura area of Jodhpur state. The cornput,,. 
tions involving laborious reductions were carried out in the Cornput. 
ing Office. The results indicated that the apparatus and the met]lod, 
had not attained finality and were not aa yet ready for employment 
on productive work. The work haa been suspended for the present 
to give priority to more urgent work and a detailed report will 
published when the experiments are resumed and some successfll~ 
method is evolved. 

59. Publications.-In addition to the Grid Tables and data 
printed for the use of the army the following publications sere also 
seen through the press :- 

1. Professional Paper No. 30, "Gravity Anomalies ". 
2. Geodetic Report 1040. 
3. Handbook of Topography, Chapters I11 & IV (re- 

printed ), V & VII. 
4. Levelling Pamphlets for 1/M sheets 39, 46, 47, 63 and 

84 and addendume to 64 & 72 and that for 1/M 40 
reproduced by photozincography. 

5. List of PubLications of the Survey of India. 
6. Memoirs of the Survey Research Institute, Vol. I, 

No. 1. 
7. Survey Service Pocket Book. 
8. Supplement to Topo. Chapters VIII & XI1 of the 

Survey of Indie Handbook of Topography, 1st Edition, 
1944. 

9. Auxiliary Tables, reprinted. 
Part I .  Graticules of Maps, Seventh Edition, 1943. 
Part 11. Mathematical Tables, Sixth Edition, 1944. 
Part 111. Topographical Survey Tables, Seventh 

Edition 1944. 
Part V. Lambert Grid Tables, Sixth Edition, 1!)41. 

( reprinted with some additions 1942, 
1944 ). 

60. Miscellaneous.-All the triangulation and traverse records 
of the Eastern Circle and most of the records of the Frontier and 
Southern Circles and some of the foreign countries in S.E.A. Command 
were trmsferred to the Computing Office, Dehra Diin for safe 
custody during the war and consequently this office had to act a.3 the 
one central agency for the eupply of trig. end travem d a b  to 
civil end military eurvey unita. C a b  were eometimes made et nn 
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BxtRmely short notice and demands were varied in nature and 
,xtRmely heavy. Tile members of the Computing Office had to 
work under considerable pressure to meet such requisitions. The 

always required in grid terms involving conversion from 
~ ~ h ~ " ~ a l  and C ~ s i n i  rectangular CO-ordinates, and sometimes 

on different spheroids and different projections. Apart 
from the data published in various grid data triangulation pam- 
phlets, the co-ordinates of about 100,000 points were supplied to the 

units in manuscript after conveding the data to grid terms. 
A large number of cornputen were trained both for employment 

in civil and military units and Headquarters Offices. In some cases 
their training WM combined with productive work. 

Numerous professional forms were devised and printed in 
lerge quantities. 
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TABEL 

Series 

S. V. 7 
S. V. R 
S. V. 21; 
S. V. 33 
S. V. I4 
S. V. 210 
S. V. 25 
S .  V. 151 
S. V. I71 
S. V. I09 
S. V. 154 
S. V. 24 
S. V. I0 
S. V. 23 
S. V. 102 
8.  V. Iflh 
S. V. 100 
S. V. I8 
S. V. 101 

S. V. 169 

S. V. 171; 
Y. V. 104 

S'k :::) 
S. V. 100 
S. V. 101 
S.  V. 176 

8. V. 158 

8. V. 103 
S. V. 172 
8. V. 106 
8. V. 102 
9. V. 160 

S. V. 166 

C. V. 200 

C. V. 201 

8. V. 17 
9. V. 212 
9. V. 214 
9. V. 16 
8. V. 170 
S. V. 174 
9. V. 173 
8. V. 107 
9.  V. 180 
9. V. 178 
8. V. 177 
s. V. 104 

1.-List of Series of Paiforce Triangulation in Persia 

Obscrver 

hI. N. A. Hnshmic 
&I. A. Fnmuquie 
R. A. Gnnliner 
hI. A. Fnrouquio 
&I. A. Pnrouquie 
10th Fd. Survey Coy. 
H. M. Rimrner 
U. D. Mlrmgnin 
I.. R. Howard 
L. R. Hownrd 
L. R. Hownnl 
U. D. Mmmgnin 
U. D. Mnmgnin 
U. D. Mnmgnin 
U. D. Malngn? 
U. D. Mnmgn~n 
N. N. Dhnwnn 
R. A. Onrdincr 
A. D. Vermn and  

104142 
1941 
1042 
1942 
1942 

10q243 
1942 
1 0 ~  
1942 
1042 
I042 
1042 
1042 
1912 
1042 
1042 
1942 
1942 
1942 

-- 

Wild 
Tnv.. 

\Vilrl&Tnv. 
TRY. 

,, 

wiid 

Tnv. 
Wild 

~ i l d d l ~ n v .  
\Vild 

Tnv. 

M. A. Fnrouquie 
H. M. Rimnier nnc 
N. N. Dhnwnn 

Wikl 

Tnv. 
Wild 
Tnv. 
Wild 
Tnv. 

Wild 

Tnv.&Zeiss 

Tev.&Zeise 

Wild 
Tnv. 

 rid 
Tav. 
Wild 

Tav. 
Wild 

I). Dunn 
bl. A. F n m u q ~ ~ i o  

L. R. Hownnl 

M. A. Fnrouqoio 
L. R. Hownrd 
J. Cowlny 
L. R.  Hownrd 
N. C. Son 
8. D. Ouptu 
A. D. Verme 
U. D. Mamgnin 
M. A. Farouquie 
U. D. Mamgain 
J. C. Rose and 
A. D. V e m n  ) 
S. D. Qupts  

0" 

. . I: 
0 
7 
4 
8 
3 
9 

10 
I 1  
7 
4 
0 
8 
2 

ln 
4 
0 

1912 
1942 

1042 

1042 
I042 
1942 

1942 

1042 
1942 

1042-43 
1042 
I042 

, 
1042 

7 

4 
R 

7 

4 
11 
18 

7 

0 
8 
5 
5 
7 

10 

0 

I 

8 
12 
6 
7 
g 
p 
4 
0 
7 
8 
6 
g 

_ 

6.0 
(1.9 
3.8 
3.0 
4.8 
3.6 
5 . 5  

' 2.5 
0.4 
0.n 
7.1 
0.0 
2.0 
5.2 
5.0 
1.1 
0.0 
2.0 
4.R 

No. 1 Seotion, 
Mobilo Echalon 612 1042 
Survey Coy. R.U. 
No. 1 Seotion. 
Mobile Echelon 612 1042 
Fd. S n n e y  Coy. R.E. 

7.1 
13.3 
4 , 7  
4.4 
6 . 1  
4.1 
7.1 
5.7 
0.n 
7.2 

I0.u 
8.1 
6 .5  
0.3 
7.4 
1.3 
8 . c  
3.7 
6 . 7  

4.5 

2.8 
3.1 

6.4 

3.1 
7 . 1  

16.8 

4.7 

0 .3  
4.6 
3.0 
3.1 
5 . 3  

7.0 

5.0 

4.2 

6.3 
9.0 
3.6 
4.5 
5.6 
2.8 
3.1 
3.0 
4.8 
0.1 
3.0 
0.5 

P. 8. Shinghal 
18th Fd. Survey Coy. 
19th Fd. Survey COY. 
N. N. Dhawan 
I. M. Saklani 
H. M. Rimmer 
8. D. Oupte 
U. D. Mamg~in  
N. 0. Sen 
H. H. Phillipa 
H. H. Phillip 
S. D. o u p t s  

0.5 

4.0 
3.3 

7.1 

3.2  
9.0 

17.3 

5.1 

0.1 
5 .4  
6.1 
3.7 
6.R 

9.0 

0'3 

6.O 

15.1 
10.6 
0.3 
0.8 

10.3 
3.O 
3.3 
4'7 
g'8 
0.O 
3.O 
6.0 

d 

1942 
1043 
1943 
1942 
I042 
1942 
1942 
1042 
104.1 
1942 
1042 
1842 
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TABLE 2.-Closing errors of circuils before adjustment of aides 
und bearings 

I 
I Discrepancies 

lmuit 
dNo, 

1 

2 

3 

4 

6 

0 

7 

8 

0 

10 

11 

12 

13 

Series entering into I Shorter L o n e r  Shorter - Longer 
the circu~t  AS in 

-24.4 

+13.0 

-29.8 

+ 1.4 

-21.8 

- 7.1 

+15.2 

+ 1.9 

- 0.9 

+ 7.8 

- 3 .3  

+17.0 

+31.9 

0-3-2-1 

3-2.1.F.14 

0-34-6-7 
-8 

4-5-14 

69-8-7 

14-23-24 

69-10-14 

U-8-23-26 

14-lG-18 
-17 

19-20 

14-17-10 
-22-21 

18-28-27 
-22 

28-27-28 

l r iq  Primnry, 
S. V. 7. S. V. 8, S. V. I ~ r i m a r y  & 
20, S. V. 33, S. V. 14 ,Secondary 
and S. V. 210. 

S. V. 7, S. V. 20 rind i 24-14 
S. V. 26. 

! 
I r iq  Primary. 8. V. 7, 
S. V. 8, S. V. 171. 
S. V. 109, S. V. 164, 
S. V. 24 and S. V. 10. 

S.V.7.S.V.171.S.V.100, 

-40.5 

+10.1 

+15.1 

+10.9 

- 3 . 4  

+71.0 

-20.2 

- 2 .3  

+ 2 .2  

+ 3 . 1  

-38.2 

+ 8 . 8  

-24.4 

I r l q  
Primary & 
Socondnry 

4-14 

- 1 

+ 4 

-10 

+ 1 

+ I 2  

-89 

+ I 0  

-17 

- 3 

+ I 0  

+11  

- 0  

- 0 

8. V. 164 and S. V. 23. ; 

S . V . 2 4 , S . V . 1 0 2 a n d 1  &7 

+20  

+ 6 

+14 

+ 2 

+ 1 

-18 

+16 

+10 

+ 8 

+32 

- 2 

+13  

+ I 2  

S. V. 105. 

IriqSecondnry,S.V. 
S. V. 100 and S. V. 10. 

10SIr iq  
Socondnry 

S. V. 23. S. V. 102. I 5-14 
S. V. 170, S. V. 101 and1 
S. V. 159. I 

S. V. 176, S. V. 159. 1 0-10-25 
S. V. 102, S. V. I80 & 
170 and S. V. 104. 

S. V. 101, S. V. 25. 
S. V. 153, S. V. 108, 
S. V. 101 nnd 
S. v. 100. 

S. V. 158, S. V. 103. 
S. V. 162 and S. V. 106. 

8. V. 168. S. V. 181. 
S. V. 168 and S. V. 165. 

S.V.168nndC.V.200.  

C. V. 200. C. V. 201 and 
S. V. 160. 

14-17 

I 19-18-21 
-20 

14-10-18 
-21 

18-22 

28-28 
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TABLE 3.-Discrepancies between triangulated 
and measured values of the bases 

Measmd value of the bane minw ita value by trianguletion, 
lo 6th decimal of the log. 

( codin&) 

Distance from 
Bnse 

KHANAQIN 

preceding H.S.B. Discrepnncy* I I 
Qnar-i-Shirin 
Pnyitnq 
Riaitan 
Khi~vnr 
Zumntnl 
Puln-i-Tanp 
As 2--An 1 
AS ~-AS e ) 
BISITON 
Khnngver 

BISITON 
Sinneh ( Sufiin ) 
Garnn 

SINNEH 
Gulseer 
Khanibid 
Hnmndiu ( Geodetic) 

SINNEH 
Znfarnbad 
Kailtuur 
Karawsl Khine 
Nnlwa 

SINNEH 
Chubi-Knmeshlu 
Aq-Buliq 
Auwarghon 

K AILASUR 
Samja-Khatunibd 
Syedibid 

H A M m K N  
S0-912 
S1-T27 
%Hueaainihid ) 
HUSSAINABAD 
915-410 

HAMADAN 
Nsqqnsb 
9 1 4 2  
Seveh Bsse 

N A Q W E  
Sbabanak 
Aq-Kent 
Or an 
Tehrtln ( Geodetic) 

Y i l e a  
22 
36 
80 
37 
76 
48 
28 

40 

110 
30 

70 
6 

30 

46 
47 
30 
46 

85 
85 
28 

14 
100 

60 
84 

00 

62 
44 
32 

36 
15 
70 
00 

+ 4 - 7 
0 

f 14 
- 3 
- 2 + 10 

+ 0 

+ 7 + 4 

+ 6 
0 - 10 

+ 4 
+ I 1  - 7 
- 32 

+ 18 
- 10 + 9 

- 7 + 5 

+ 4 
- 4 

- 4 

+ 2 + 3 - 6 

+ 6 - 2 + 8 + 2 
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TABLE 3.-Discrepancies between triangulated 
and measured valuea o j  t l~e bases.-( concld. ) 

: TABLE 4.-Closing errors of circuils after adjwtment of 
sides and bearings 

Bnse 

HUSSAINARAD 
Ribnt 
hliynneh 
S S S 4  
Iaf i~hin ( Geodetic ) 

3IIYANEH 
Nnjnltilrid 

hlen.qurc~l vnlue of the bssc minun its volue by trinngulntion, 
in 5th decimnl of the log. 

Distnnce from 
preceding H.S.B. 

00 
50 
Rll 
81 

A5 

Discrepnncy* 

- 3 + 8 
+ 12 - 

- I 

; , 

. T.on~rr 
R o u k  

0-3-2-1 

3-2-1.5-14 

0-34-5-7-0 

4 

6-0-,%7 

74-23-21 

4 

04-23-25 

14-16-18-17 

10-20 

14-17-10-22 
-2 1 

18-28-21-22 

28-27-28 

fircuit 
No. 

1 

2 

3 

4 

6 

8 

7 

8 

0 

10 

II  

12 

13 

i 
Discrepanciee I 

Serirn enterine into 
tlie circuit 

I r i q  Primnrr, S. V. 7. 
S. V. 8, S. \ .  20, S. V. 3.1. 
S. V. 14 nnd S.V. 210. 

S. V. 7. S. \I. 20 and 
S. V. 25. 

I r i q  Primnry, S. \'. 7. 
S. \'. 8 , s .  V. 171,s .  V. 160, 
S. V. 164, 9. V. 24 nnd 
S. V. 10. 

S .V .7 .S .V .171 .8 .V .  
169, S. V. 154 and S. V. 21. 

S. V. 21, S. V. 102 and 
S. 1'. 106. 

I r iq  Secondnrg. P. V. 105, 
S. V. I00 and S. V. 18. 

S . V . 2 3 , S . V . 1 0 2 , S . V .  
170, S. V. 101 nnd S. V. 169. 

S. V. 170. S. V. 160. S. V. 
102. S. V. 160, & 170 and 
S. v. 104. 

S . V . l O l , S . V . 2 6 , S . V .  
153, S. V. 108. 8. V. 187 
nnd S. V. 100. 

S. V. 168,s. V. 18.3,s. V. 
102 nnd 8. V. 106. 

S. V. 158, S. V. 101. S. V. 
150 nnd S. V. 165. 

S. \'. 150 nnd C. V. 200. 

C. V. ZOO. C. V. 201 and 
S. V. 168. 

Shorter 

hIetma 
- 

+13.0 

+ 1.9 

- 1 . 8  

-12.8 

- 6 . 2  

-37.0 

- 1.0 

- 0.6 

-11.0 

+2R.4 

+ 7 .8  

f l 8 . 0  

- 4.7 

Shorter 
Roetc 

-- 
I r i q  
Primnry k 
Seconrlnry 

.W-14 

I r i q  
Primnry & 
Secondary 

4-14 

&7 

I r i q  
Secondary 

r-14 

0-10-25 

14-17 

10-18-21-20 

14-10-1B-91 

18-22 

20-20 

- Inngcr 

T-- AN 
aletws 

+l7.(i 

-10.9 

+21.0 

+13.2 

+ s . l  

+40.1 

+ 0 . 8  

+ 4 . 3  

-14.0 

- 3 . 7  

-17.2 

- 1 . 3 .  

+ 3.0 
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Lnt. 20" N. to  ROO N. Abbottl~had 
Long. 40' E. to 100" E. 

TABLE 5.-Li~t of Azirnulhal Maps 

Lat. 25' N. to  45' N. 
Long. 66" E. to 90" E.  

World map. 

World rnnp. 

World map. 

Nature of map 

Lat. 0" la BOON. 
Long. 30' E. to 120' E. 

1 

Area of the map Name of centre or cclltrcs 

Lat. no to e o . ~ .  
Long. 30' E.  to 120' E. 

I 

Lnt. no to BODN. 
Long. 30' R. to 120' E. 

Lat. 8" N. to 33" N. 
Long. 50' E. to Iono E. 

Lat. So N. to 38" N. 
Long. 60" E. ta 100°E. 

Lnt. OD to OOON. 
Lonq. 30' E. to 120" E. 

Lat. 8ON. to 38-N. 
Long. 60" E. to 100' E. 

World map. 

Lat. 0" t o  00' N. 
Long. 0" to  90' E. 

Lat. 0' to 30' N. 
Long. 70' E. to 112" E. 

World map. 

Lnt. 15' P. to fiOo N. 
Long. 00" E .  to 150" E. 

Abbottnhnd 

Abhottnhnd 

Bolg~urn 

Kharagpur 

Ahbottnbnd 

Belgaurn 

I<hnrngpur 

Abhnttabad 

nelgnom 

Kharngpur 

Abhottabrul. Belgaum nnd Khnrngpor. 

Abbottnbad, Belgnom nnd Khnrngpor. 

RaghdAd 

Bangnlore, Hyderahad ( Deo. ) Dclhi. 
Calcutta. Coooh Rehar. ninjnn and 
Jobhulpom. ( 1st Edn. ). 

Rnngalore, Hydembad ( Dee. ) Delhi, 
Calcutta, Cooch Rahar, Dinjtrn nnd 
dubbulpore with addition of Trim 
cornalee. ( 2nd Edn. ). 

Delhi. 

Abbottabad, Delhi, Calcnttn, Rungs. 
lore and Hydemhad ( Dec. ). ( Ink 
Edn. ). 

Abbottahad. Delhi. CnIc~~tta .  BnngR- 
lore and H derabad ( Dec. ). with 
addition of 6nrjeelinp. ( 2nd Ecln. ). 
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TABLE 5.-List of Azimuthal Mapa.-( concld. ) 

Name of centre or centre8 

Jlombasn. Colombo, Cocoa Is.. Maurri- 
tius, Abbottabad, Karichi, Ahmnda- 
hnd, h l h i ,  Hydsrabad (Dee . )  and 
Bangalore. . 

Cairn, Baghdld, Sarafand, Tobruk, 
Ahbottsbad, Elangalore. Delhi, 
Ahmedabad Et Karlchi. (1st Edn.). 

Cairo. Bnghdid. Sarafand. Tobruk, 
Abbottabad, Bangalore, Delhi. 
Ahmedabsd & Karichi with addition 
of Tlincomolee, Rarraokpore and 
Tezpur. ( 2nd Edn. ). 

Abbottabad. Bnghdid, Karichi, Delhi, 
and Ahmedabad. 

Rarreokpore, Tezpur, Irnphal. Chitta- 
gong, and Puri. 

Delhi,Ba alore Bamckpore,Colomho, 
and ~ 3 o u r n ; .  

Cedar (Canada ) and Craodo Prarie 
( Canad!.). 

Imphal. Tezpur. Chitworlg. CorniUa, 
Barrnokpbre, Puri, Tsmu, Con's 
Badr ,  Bimlipatam. Colobmo and 
Bangalore. 

Imphal, Tezpur. Chittagong. ComiUa. 
Banuckpore. Puri. Tamu, Cox's 
Bazir, l?imlipatam. Colombo and 
Bangalore. 

Abbottabad, .Delhi, Bangdore. Hong- 
Long. Rangoon, ShiUor~g, and hleik- 
tila. 

Abbottabad. Delhi, Bangalore. Cocoa 
Ia. Hongkong. Rangoon, Singapore. 
Shillong and Meiktils. 

DeLi, Caloutts. Hongkong. Madras, 
Colombo nnd Singapore. 

- I 

map , Area of the map 

10.centre~l . . Lnt. 30' S. to 40' N. 
I Long. 30" E. to 130" E. 

. , 

6.cenlred . . 

;.centred . . 

6.centred . . 

2-centred . . 

11-centred . . 

Il.centred . . 

'/-centred . . 

0-centred . . 

&centred . . 

i 
Lnt. 5" N. to 00' N. 
Long. 15' E. to LOOo E. 

Lat. 6' N. to 45" N. 
Long. 46' E. to 80' E. 

Lat. 0' to 30' N. 
Long. 85" E. to 110' E. 

Lat. 40" S. to GO0 N. 
Long. 75' E. to 105' E. 

Lat. 10" S. to 50" N. 
Long. 90" E. to LBOo E. 

Lat. 6' S. to 30' N. 
Long. 75' E. to 130' E. 

Lot. 30' S. to 60' N. 
Long. 75' E. to 15.5' L. 

Lat. 10' N. to 70' N. 
Long. 30' E. to 150" E. 

Lot. 15" S. to 36' N. 
Long. 30' E. to 150" E. 

Lat. 15' S. to 60' N. 
Lo~lg. 80' E. to 150' E. 
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61.  Tidal Observations.-During the period under report, 
tidal registrations by automatic tide-gauges were continued by the 
port authorities ( under the supervision of the Survey of India ) at 
Aden, KarHchi, Bombay ( Apollo Bander ), Vixagapatam and Calcutta 
(Kidderpore) ; and a t  Dublat ( Saugor ) up to 16th September 1943 
and at  Rangoon up to 15th February 1942. The tide-gauge at 
Dublat had to be shut down in September 1943 owing to severe 
erosion of the foreshore at  the observatory site and has not so far 
been re-installed. The tidal observatory at  Rangoon, including the 
tide-gauge, got destroyed in the Japanese bombing in February 1942 
during the last war, and no provision has yet, been made for its 
replacement. 

Daylight observations on tide-poles were continued at  Bhiv- 
nagar and Chittagong, and up to 28th February 1942 a t  Akyab. 
The observations a t  Akyab had to be discontinued from 1st March 
1942 owing to the war and have not yet be'en resumed. The war was 
also responsible for a temporary suspension of the observations at 
Chittagong from 1st March 1942 to 31st January 1943 and no com- 
parisons between the tidal predictions and the "actuals" have been 
possible for this port during this short period. 

Pending construction of a new tidal observatory and installation 
of a new tide-gauge a t  Rangoon, only daylight observations on tide- 
poles are being executed since 1st January 1947 a t  a site known rrs 
"Monkey Point" situated about 14 miles below the old site, Brook- 
ing Street, on the Rangoon River. Data about the tidal differences 
.between these two sites are being ascertained, to enable a comparison 
between the predietions- ( referring to Brooking Street ) and the 
actuals ( referring to Monkey Point ) to be made. 

Table 1 gives a complete list of stations where tidal registration0 
have been carried out since the commencement of tidal operations in 
India in 1874. The stations a t  which automatic tide-gauges are 
still working are shown in italics. Minor stations were closed down 
after a few years when sufficient data was obteined from the regis- 
tratiom. A separate pamphlet is under compilation giving descrip- 
tions and details ( such as R.M. of reference, M.W.L., relationship of 
datum with the zero of gauge, etc. ) of the various tidal observa- 
tories tbat have been in operation up to date. 

62. Inspections of Tidal Observatories.-The tidal observetory 
a t  Aden was inspected by the Port Engineer-during January 1gC0~ 
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M~,,  1945 and January ]!Mi ; that a t  Karachi by the Harbour 
Suneyor of the Port Trust in June 1946; that a t  Bombay ( Apollo 
*and&r) by the Port Trust Surveyor in April 1940, May 1941, 
March 1942, April 1943, June 1944, June 1945, May 1946 and April 
1947 ; and that a t  Rangoon by the River Surveyor of the Port 
 missioners in May 1941. No inspection reports were received 
from the Port authorities a t  Calcutta (Icidderpore). 

All the ailtomatic records have been fairly continuous, with only 
a few serious stoppages as detailed in the following teble :- 

.There were only a few minor stoppages otherwise, the break in no 
case exceeding 3 deys. 

The records have, also been satisfactory, except that a t  Aden 
during the period 1st January to 15th April 1944, due to some unknown 
cause, the gauge was recording incorrectly. The gauge waa repaired 
on 15th April, since when it has been worlcing very satisfactorily. The 
tidal diagrams at  this port for the above short period were rejected. 

REMARKS 

Gauge dismantled for re-conwtruction of 
the pier. 

Due to defective pen-holder. 
Due to faulty float. 
Due to faulty clock. 
Band having slipped over the stud 

wheel. 

Duo to silt in the well. 
Due to wilt in the well. 
Due to some obstruction in the well. 
Due to somo unknown obstruction. 
Due to wilt in the well. 

Gauge under repairs. 

Due to Doak.workera' strike. 

port 1 D a t a  of brcaks 

63. Harmonic Analysis.-No rigorous harmonic analysis (by the 
.usual method, with 370 days' observetions) waa carried out during 
'the period under report. 
1 I t  is proposed to introduce for future work the simple end more 
!effective method that is now being employed a t  the Tidal Institute 
,Liverpool. I t  is also proposed to form a touring tidal detachment 
j which will take a short seriee of observetions ( 29 days ) st some ports 
,where analysis haa been based on very old observations, end a t  some 
secondary ports. These will be anelysed by the Admiralty method 

' which yields 9 hermonio constants. 
! 
; Some date of 16 and 29 deys' observations have been supplied 
!by the R.I.N. for three ports. The hermonio constants derived from 
them observations are tabulated in Teble 2. 

Adcn . . 

Bombay . . 

Vizagapntanl . . 

Calcutta 
( Kidderpore ) 

12 Dec. 39-2 Jan.  40 

3-11 bIarch 42 
8-28 Dec. 42 

1 7-28 Jan.  43 
2-15 Jan.  47 

.--I June 44 
0-0 July 44 
3 4 A u  44 
14-20 &!arch 45 
12-20 Juno 45 

1 May-3 July 40 

5 Feb.-2 May 47 
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64. Tide-Tables.-The Tide-Tables of the Indian Ocean and the 
separate tidal pamphlets for Bombay and the Hooghly River were 
prepared and published for each of the years under report, as 
Publication of the separate tidal pamphlet for the Rangoon R ~ ~ ~ ;  
was disconti~iued from 1943 to 1945 inclusive, due to the way, but 
has since been resumed. 

Predictions for an average of 39 ports, between Suez and Singn. 
pore, were carried out by this Department and predictions for 
an average of 28 foreign ports ( 22 of which are situated ill the 
Indian Ocean and the Far East, and 6 in the English and Mediterranean 
waters ) were obtained on the usual exchangelpayment basis from 
the Hydrographic Departments of Britain, France, the U.S.A. and 
Japan, and the Tidal Institute a t  Liverpool, for inclusion in our Tide 
Tables. The war, however, caused dislocations in the arrangements 
with Wance and Japan, and predictions for the Indo-China alld 
Japanese ports had therefore to be taken up either by this DeparLment 
or by the Hydrographic Departments of Britain or the U.S.A. 
Table 3 gives details of the dates of publication of the Tide-Tables of 
the Indian Ocean each year, and the number of ports included 
therein. 

The separate tidal pamphlets for Bombay, the Hooghly River 
and the Rangoon River included respectively the predictions for 1, 3 
and 2 ports, as usual. A8 already stated, the pamphlet for the 
Rangoon River was not published for the years 1043-45 inclusive. 

Advance predictions for a number of ports were sent each yeor 
in time to the British, U.S.A. and the Japanese ~ ~ d r o ~ r a ~ h i c  
Departments for inclusion in their Tide-Tables and also to the Royol 
Indian Navy, as usual. Despatch of advance   re dictions to Jnpell 
was stopped in 1942 on the outbreak of war with that country. 
Details are given in table below :- 

Date of despatch 

Oat.-Dea. 30 

Nov.-Deo. 40 

Nov. 41 

Aug.-Sept. 42 

Deo. 43 

Aug. 44 

Aug. b Deo. 48 

Oat. 48 

Year of 
Prediction 

1841 

1042 

1043 

1044 

1045 

1048 

1047 

1048 

No. of porta deapetohed to 

I U.S.A. I Jupnn R.I.N. 

. . 
3 

3 

3 

3 

3 

3 

3 

17 

17 

17 

17 

17 

23 

23 

23 

8 

8 

8 

8 

8 

8 

7 

8 - 

3 

3 

3 

. . 

. .  



Dllring the war, for security reasons, the issue of the 
pri"ted tide-tables W~LY controlled by the Director of Survey, 

Command, in consultation with the Naval H.Q. This 
control remained in force between October 1943 and September 
1945. 

Part I1 of the Tide-Tables of the Indian Ocean containing 
Harmonic and NO"-Harmonic Tidal Constants and Tidal Differences 
for a number of eastern ports and anchorages was discontinued in 
the Tide-Tables for 1945 and onwards, since this information in 
part 11 is of a permanent nature and can easily be had from any 
previous tide-tables of the Department or from the much more 
comprehensive quinquennial publication "The Admiralty Tide- 
Tables, Part  11 ". 

During the end of 1944, i t  was decided, in consultation with the 
British Admiralty, to publish the predictions from the year 1946 for 
aU the ports in G.M.T. instead of in their respective local or standard 
times as wna the previous practice. The G.M.T. was accordingly 
introdllced in the Tide-Tables of the Indian Ocean, while the usual 
L.M.T. and standard times were adhered to in the separate tidal 

for Rombay and the Hooghly and Rangoon Rivers. This 
w i  a war time measure, though the Admiralty themselves, were not 
able to effect this change in their tide-tables. Early this year i t  was 
again decidod to revert t o  the local/standard times used during 
pre-war years and consequently, beginning with the tide-tables for 
the year 1949, the C.M.T. will be discontinued and the pre-war 
times again brought, into usc. 

Table 4 gives details of the number of copies of tide-tables 
published each year and the amounts realized from their sales. The 
amounts refer to the period from 1st October of the previous year to 
t.he 30th September of the year stated. 

Royalties received from the Burma, Ceylon and. the Portu- 
guese Governments and also the British Colonial Office during each 
of the years under report, in return for predictions for their ports 
amounted to Rs. 6,710/0/0. Sums paid to the Controller of H.M. Sta- 
tionery Ofice for extraction of certain information from Admiralty 
Tide-Tables and to the Liverpool Tidal Institute annually for the 
supply of predictions for certain English ports for inclusion in our 
Tide-Tables, amounted to f 11-11-0. 
. . 

65. Special Tidal Charts.-During the war, tidal predictions 
were carried out, a t  the request of the Naval H. Q., for quite a number 
of ports in the fa.r-eastern waters for operational purposes. The 
predictions were "Secret" and were supplied exclusively to the 
Eastern Fleet Naval H. Q. through the Director of Survey, India 
Comm~nd. 
! 

These predictions were supplied, not in the normal form as 
published in the Tide-Tables of the Indian Ocean, but in the form of 
b h b d  tidal charts, from whioh the height of water e t  eny time 
could be read. 
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Each chart was of size 214 inches x 15 inches and gave the 
predictions for 4 months a t  a port. I t  was fully figured, titled and 
annotated, the printing being carried out in the Photo-Zincb Ofice 
of the Geodetic Branch, Dehra Dfin. 

The demand for these charts first came in August 1943 and 
continued till March 1946. Demands were being received through 
the Director of Survey, who apart from communicating the 
priorities and the print order, also gave the harmonic constants fol. 
tidal predictions a t  these ports, either by reference to the Admiralty 
Tide-Tables, Par t  I1 ( if the ports were already listed in there ) or by 
special lists forwarded by the Naval Headquarters. 

For a majority of the ports, including those listed in the Ad. 
miralty Tide-Tables, Pa r t  11, harmonic data of only the four main 
tidal components M2, S,, K, and 0, were available. From these 
four known constituents eleven more were derived on the principles 
enunciated in the Admiralty Tide-Tables, Part  111, viz., that tides 
of like ty-pe bear the same relation to the principal tide of that type 
which is derived from the equilibrium tide. The phase lag K wm 
wsumed to be the same for all components in one group ( and so, the 
same as the known value K of the leading component of that group ) 
and the amplitude was assumed to bear to the known amplitodo of 
the l e~d ing  component t,he same ratio as the equilibrium ratio of tl~eir 
mean coefficients. 

The seasonal effects a t  intervening ports were obtained by 
interpolation from the known values of S, and S,, a t  the ports 
given in Admiralty Tide-Tables and the Tide-Tables of the 
Indian Ocean. 

The mechanical application of shallow water corrections pre- 
sented difficulties and the problem remained unsolved. 

Production of thefle charts was discontinued in March 1946 under 
advice from the Naval H.Q., the war exigency having been over. 
From August 1943, when the production was first undertaken, to 
March 1946, a total of 455 originals were prepared in the Tidalsection 
for va r iou~  ports numbering about 80, and about 26,000 prints were 
altogether supplied to the Navy. The cost of production ( excluding 
printing ) amounted to about Rs. 36,6001- and was charged to the 
defence expenditure 

Table 5 gives a list of these special ports for which tidal charts 
were produced, together with the respective periods for which 
predictions were carried out. 

66. Corrections to  Predictions.-Tebles 6 to 15 give the empirical 
corrections, based on the " actuals" of recent years, that have been 
applied to the predictions for 6 of the open sea ports and 4 riverain 
ports during the years under report. These have been derived from 
the mean fortnightly results of comparisons between the predicted 
and actual times and heights for a period of about 5 Years. 
The latest available years of comparisons have been taken in 
eeoh ceee. 
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67. Accuracy of Predictions.-The greatest errors in the heights 
of low wnter, during the years under report, a t  the ports mentioned 
in para 61 are given in Table 1G.  

The detailed results of the comparisons of the predicted and 
available actual values show that the quality of the predictions, in 

is practically the same as in the previous yean, except for 
Chittagong where a considerable deterioration seems to have taken 
place since 1943. I t  is considered that "actuals" of Chittagong from 
1943 onwards, are suspect. Ever since the re-installation of the tide- 
pole in September 1943 ( after the temporary break of observations 
between March 1942 and September 1943 due to the war ), the ( P - A )  
differences in time a t  this port have been very irregular and unusually 
erratic. The causes of this sudden departure from normal are not 
known, queries addressed to the port authorities on the matter not 
having produced any satisfactory answers. The differences are 
however being watched, and if these do not improve soon, i t  is 
proposed to send out a small tidal detachment to that port to get 
more reliable "actuals" with a view to further investigations and 
improvement of predictions if necessary. 

The predicted times of tides a t  KarBchi also have not conformed 
well to the " actuals " during the latter part of 1946. This appears to 
have resulted again from faulty " actuals ", due probably to excessive 
siltation in and near the site of the tidal observatory, consequent 
on the comtmction of a new government pier in that area for the 
loading and unloading of sand and ot,her building materials. Dredg- 
ing in the area has since been carried out and the recordings have 
returned to normal from March this year. 

Considerable ( P-A ) differences in the heights of low water a t  
BhBvnagar, especially when the tide was below 9 feet, were noticed 
during the latter part of 1944 and onwards. Reference to the port 
authorities revealed that this was due to the formation of a bar in the 
channel, between the tidal observatory and the Ruvapuri Lighthouse 
of the port, which restricted the passage of ebbing water. Such 
differences were found to be generally occurring when the low water 
ww below 4 feet. The effects were, however, fully investigated end 
analysed, and necessary empirical corrections determined to improve 
the predictions. These corrections have been applied to predictions, 
beginning with the year 1947. 

Actuals not being available for Rangoon and Akyab from March 
1942 onwards end for Dublat from September 1943 onwards, no 
comperisons of predictions with actuals have been possible for these 
ports after the ebove dates. 

68. Miscellaneous.-The overheuling of the present methods of 
tidal predictions in the Department is under active consideration. 
As in the cwe of harmonic enelysis, our present methods of pre- 
dictions, particularly those for the riverain ports, are very much 
out-of-date and need revision in the light of experience end recent 
developments in this branch of science. 
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The riverain method is described on page 93 of the Survey of 

India handbook on Tides. The method appears more to follow some 
time-honoured faith than any scientific reasoning. Some of the tables 
on which the predictions are based were prepared over a century ago, 
from tidal observations a t  London Docks. The ( P-A ) residuals 
have to be properly analysed for periodicities and detection of 
shallow water constituents, and have to be scientifically dealt with 
instead of being haphazardly grouped monthly and fortnightly and 
allowed for in the way of empirical corrections as a t  present. 

The harmonic method of predictions used for open sea ports 
also requires some improvement. The harmonic analysis used to 
derive the necessary harmonic constants has itself not been so 
complete and intensive as it  should have been and consequently 
certain effects have been ignored. Provision has to be made, botll 
in the analysis and prediction for more shallow water components 
than a t  present dealt with, to suit the peculiarities of the Indian 
ports. Certain improvements to the machine with a view to 
speeding up the predictions are also considered necessary. 

Again, most of our predictions rest on observations made in the 
last century. It is possible that local changes in the configuration of 
the land and the level of the sea bed, apart from any artificial 
improvements in the harbour by dredging, bunds, etc., have since 
taken place and that our predictions are in need of improvement. 
" Actuals " are not being observed or recorded a t  a majority of ports, 
to enable comparisons to be made with predictions, and even in the 
case of the few ports for which "actuals" are being maintained, 
occasional negligence on the part of the tide-watchers has been noticed 
and they are by no means fi~lly reliable. I t  is proposed to make an 
intensive study of the discrepancies between actual and predicted 
tides wherever available and to start permanent tidal observatories 
a t  some ports. I n  addition, a tidal touring Detachment has been 
formed to take 29-day series of observations a t  some secondary ports 
where no modern observations are available and for which only 
inferred constants are given in the Admiralty Tide-Tables. 
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TABLE 1 .-List of Tidal Stations - 
Automntic cnmmcnce- closing of years of 

tions 

Suez 

4 Masknt . . 1803 
6 Bnsrn . . Visunl 1916 

Bnsrn . . Autnmntic 1922 
8 Bushire . . 1892 

8 I Navanar . . I .. 1 1874 

9 1 Honstal .'. I ., I 1874 

13 Bhivnngnr 1880 
14 Bomba!~ A p l l o  ,. 1818 

Bandar 
,, (Prince's 

Dock) . . I888 
11 Mormugno . . ,, 1 1884 

1 Minico : : I ,. 
Tuticorin 

21 Pambon Paea ,. 

22 Colombo 
23 I (I&Ile : : 1 :: 
24 Trincomaleo 

26 Nogapatam.. ,, 

28 Mndrea . . 
21 Cocsnnda . . ,, 

28 Viqnpakrn 

20 Falae Point . .  ,, 
30 ( Dublab I .. 

(Ssuger I.) 

1880 
Still 

working 
1875 

1876 

1816 
1000 
1804 
1002 

1892 
1003 

1804 
Still 

working 

1922 
I880 

1883 
1884 
1892 

1808 
1893 
1802 

I800 
1800 
1808 

1888 

1800 
1033 
1801 

I885 
Still 

working 
I886 
I880 
1943 
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TABLE 1 .-List of Tidal Stations.-( concld. ) 

Serinl 
No. 

31 

32 

33 

34 
35 

36 

37 

38 
38 

40 
41 
42 

- 
Dnte of 

Automntic commencc- Dntc Nn' 

or "isna1 "f 
cl0sing of years of 

tinns tions / 
i 

Diamond 
Hnrbnur . . 

Kidderpor~ . . 

Chittngong . . 

Akynb . . 
Dismond 

Islnnrl . . 
Bassein . . 

Elephant 
Point  . . 

RRn oon 
Moufrnein : : 
Amberat .. 
Mergui . . 
Por t  Blnir . . 

A~itornotic 
,, 

,, 

1881 
1881 

1880 

I887 

1895 
I803 2 

1880 1881 (excluded) *Observations 
I884 I888 wero resl~m. 

188G 
Still 

working 
1891 

1892 

I888 

:: 

,, 

6 
00 

5 

5 

5 

I880 1042 

1880 
1889 
I880 

02 

PilLkat or 
Dese r t e r s '  
creek. about 

mile v e s t  
fof the sito 
used inl8.94- 
1888. 

I880 
1884 
1025 

6 
5 

45 



T
A
B
L
E
 2

.-
H

ar
m

on
ic

 
Ti
da
l 

C
m

ta
n

ta
 d

er
iv

ed
 f

ro
m

 1
5 
or
 2

9 
da

ya
' 

ob
ae

rv
at

io
ne

 b
y 

th
e 

A
dm

ir
al

ty
 M

et
ho

d 
of

 
0
 

H
ar

m
on

ic
 A
na

ly
si

s 
9 

3
 6

 
2 Z

 

1
 

2
 3
 

A
no

th
er

 2
8-

da
v 

pe
ri

od
 f

or
 P

o
rt

 b
z

i
 w

ith
 1

-1
1-

42
 m

 t
h

e 
ce

nt
ra

l 
d

ay
 w
as
 n

ls
o 

an
al

ys
ed

 f
or

 t
h

e 
ab

o
v

e 
co

ne
ta

nt
a,

 b
u

t 
th

e 
va

lu
es

 w
he

n 
us

ed
 f

or
 p

re
di

c-
 

ti
on
s 

an
d

 c
or

np
ar

im
&

 
of

 t
h

e 
ac

tu
el

a 
fo

r 
th

is
 p

er
io

d.
 w

er
e 

fo
un

d 
to

 b
e 

m
uc

h 
le

as
 r

vr
tin

fa
ct

or
y 

th
an

 t
h

e 
on

ea
 p

ub
li

sh
ed

 a
b

o
v

e 
an

d
 

w
er

e 
th

er
el

or
e 

re
je

ct
ed

. 
5 

p
le

ee
 &

 p
oe

iti
on

 
( 

w
it

h 
da

ae
ri

p-
 

ti
on

 o
f 

ti
de

- 
po

le
 s

it
e 

) 

I 
K

ar
um

bh
ar

 li
g

h
t 

h
o

w
 

W
:
 

~
~

N
:

 
~
p
w
:
 

08
- 
s
s
 E:

 

gr
<f
?i
i 

U
g

b
th

w
 ).

 

y;
: 22

. 
N,
. 

1
p
o
p
:
7
w
w
 d

 
e

l
=

)
~

d
 N
.
 

L
on

g:
 

41
' 

E:
 

(A
p

p
m

x.
50

 
a& 

lro
m

 
me
 

H.
w.

 
%

,";
 '",

;E
'Z 

ab
au

t i
m

ll
e 

w
e&

 
a

d
 M

N
E

. p
oi

D
t 

O
f
 
&

. 
Or
mu
. 

h
.d

la
n

d
 ).
 

O
ba

e"
a-

 

tf
i~

f 
da

y 

15
 ~

Y
B

 

29
-5

-4
2 

29
 d

ay
s*

 

27
-8

-4
2 

28
 d

ay
s 

11
-3

47
 

C
o

m
- 

ta
n

k
 

ve
 

o 
ze

ro
 o

 
$e

d,-
ko

; 
be

lo
w

f 

7
 

C
on

st
it

ue
nt

 
-
-
 

D
es

cr
ip

ti
on

 
5 

of
 H

.I
\I

. o
f 

re
fe

re
nc

e 

ch
ar

t 
d

at
u

m
 

(o
r 

ze
ro

 o
f 

pr
e-

 
d

ic
ti

o
m

) 

B
.M

. o
f 

re
fe

re
ne

e 

In
di

an
 S

la
n

d
u

rd
 T

im
e 

( 
05

' 
30

m
 ja

al
 o
n
 0

.M
.T

. )
 

9
.8

 

2
.0

 

4
.6

 

ft
. 

I 
ft
. 

12
.1

 

11
.6

6 

9
.0

8
 

5
.1

 

04
0 

7
.0

2
 

04
7 

2
.2

8
 

31
6 

E
ft

. 

Q' H
 f

t.
 

go
 

H
F

t.
 

go
 

sr
nn

ll 
b

ay
 

at
 

th
e 

si
te

 
of

 t
he

 
tl

dr
-]

al
e.

 

C
ut

 I
n 

th
e 

N
E

. 
co

nl
er

 o
f 

st
or

e 
b

u
il

d
in

g
in

 
e~

o
se

ri
c~

t~
~

ty
o

r 
L

ig
h

th
o

u
se

. 

C
cn

tr
e 

of
 
n
 V
-
 

c
u

t 
0

1
, 

th
o

 
ur

rp
er

 
su

m
ee

 
o
f 

n
 

ec
m

en
t 

b
lo

c
k

 
1.

8'
 

sq
u

ar
e 

t~
n

d
 2-

 
I~

ie
h,

 m
or

kc
d 

B.
u 

1
0
4
2
 

a 
si

tu
at

ed
 0

; 
th

e 
er

lr
el

ne
 
K
W
.
 

co
rn

er
 

of
 

th
e 

1c
tty

. 

N
sr

k
x

cu
ti

n
an

 
Ir

o
n

 
b

a
r

. 
ce

m
en

te
d 

in
to

 
lll

e 
gm

ll
n

d
 I

n 
th

e
 

w
es

te
rl

y 
co

rn
er

 
of

 
th

e 

1 

Wl 

1
.3

 

08
1 

2
-1

9
 

08
8 

1
.4

4
 

08
3 

0
.3

 

08
8 

0
.6

2
 

09
3 

0
.2

2
 

35
2 

I 

I 

I 

I 

1
.1

 

08
8 

1
.9

2
 

09
3 

0
.8

2
 

35
2 

I 
0

.8
 

07
7 

0
.8

7
 

07
6 

0
.8

0
 

05
9 

I 

1
-1

 

02
8 

1
.2

2
 

03
0 

0
.5

8
 

28
7 

0
.1

 

2
7

0
 

0
.1

9
 

0'
24

 

0
.0

3
 

08
7 

0
.4

 

09
1 

0
.7

2
 

08
8 

0
.4

8
 

08
3 

0
.1

 

34
9 

0
.0

3
 

35
2 

0
.0

2
 

29
4 



TECHNICAL REPORT [PART ITI, 1047 

- - - 



T
A

B
L

E
 4

.-
P

u
bl

ic
at

io
n

 
an

d 
sa

le
 o
f 

T
id

e-
T

ab
le

s 

Ye
ar
 

of
 

T
id

e-
T

ab
le

s 

19
40

 

19
41

 

19
42

 

19
43

 

19
44

 

18
45

 

19
48

 

19
47

 

A
m

ou
nt

s 
re

al
iz

ed
 f

ro
m

 s
al

es
 (

 e
xc

lu
si

ve
 o

f 
A

ge
nt

's
 C

om
m

is
si

on
 

an
d

 c
op

ie
s 

ia
su

ed
 g

ra
ti

s 
) 

S
o

. 
of

 
co

pi
es

 p
ri

nt
ed

 
~

 
~

 
-
 

T
o

ta
l 

R
s.

 
H

. 
p.

 

3,
74

3 
10

 
0 

4.
08

'2
 

8 
0
 

5.
10

8 
0 

0
 

5.
53

6 
2 

0 

5,
75

7 
3 

0 

7.
33

1 
2 

0 

5.2
61

 
8 

0
 

4.
49

4 
1 

0 

S
al

es
 t

o
 p

ub
li

c 

R
s.

 
a.

 
p.

 

3.
71

3 
10

 
0 

4,
97

8 
8 

0 

5.
16

2 
6 

0 

4,
43

7 
2 

0 

2.
99

1 
3 

0 

5,
79

0 
10

 
0 

5.
17

1 
8 

0 

4.
41

9 
1 

0 

R
a;
zp

"h
L
y 

80
0 

75
0 

80
0 

80
0 

80
0 

D
eb

it
ab

le
 t

o
 D

ef
en

ce
 

-
-
 
-
 

-
 

R
s.

 
a.

 
p.

 

N
il 

8
0

0
 

36
 

0 
0
 

1.
09

9 
0 

0 

3,
76

6 
0 

0 

1.
53

4 
8 

0 

90
 

0 
0 

75
 

0 
.O

 

T
.T

.I
.O

. 

12
00

 

12
00

 

12
00

 

1 1
00

 

20
00

 

35
00

 

35
00

 

20
00

 

F
~

~
~

k
z

~
 

87
5 

85
0 

85
0 

85
0 

90
0 

12
00

 

12
00

 

12
00

 

H
y,"

,"p
'hp

ei~
 

10
25

 

90
0 

80
0 

90
0 

90
0 

90
0 

00
0 

90
0 



TECHNICAL REPORT [PART 111, 19.17 

Tidal Charts were supplied 

Poriod for which predicted, 
No. of originals in brackcta 

Jan.-Deo. 1044 
0ct.-Dee. 1043 

( 3 )  
( 1 )  

Oct. 1943-Deo. 1045 ( 7 ) 
Do. 
DO. 

( 7 )  
( 7 )  

Oct. 1043-Aug. 1046 ( 6 ) 
Oot. 1043-Dec. 1045 ( 7 ) 

Do. 
Do. 

( 7 )  

Do. 
( 7 )  

Do. 
( 7 )  

Do. 
( 7 )  

Do. 
( 7 )  
( 7 )  

Oct. 1043-Aug. 1945 ( 6 ) 
Oat. 1943-Dee. 1043 ( 1 ) 
Oct. 1943-Dec. 1045 ( 7 ) 

Do. 
Do. 

( 7 )  

Do. 
( 7 )  
( 7 )  

Oct. 1943-Aug. 1048 ( 0 ) 
Do. ( 0 )  

Oct. 1843-Dec. 1843 ( 1 ) 
Oat. 1943-Dec. 1048 (10) 
Oct. 1043-April 1948 ( 8 ) 
Oat. 1043-Aug. 1048 ( 0 ) 
Oct. 1043-April 1948 ( 8 ) 
Oct. 1943-Aug. 1948 ( 0 ) 

Do. ( 0 )  
Nor. 104PAug. 1948 ( 8 ) 
Jan. 104GDeo. 1848 ( 3 )  
Jsn. l94&Aug. 1048 ( 2 ) 
Jan.  1044-April 1046 ( 7 ) 
NOV. 1943-April 1948 ( 8 ) 

Do. ( 8 )  
Do. ( 8 )  
Do. ( 8 )  
Do. ( 8 )  

Nov. 1043-Aug. 1040 ( 0 ) 
Jan. 1044-April 1048 ( 7 ) 

Do. ( 7 )  
Jan. 1044-Aug. 1848 ( 8 ) 
Jan. 1044-April 10.18 ( 7 ) 

Do. ( 7 )  
Do. ( 7  

Jan. 1044-Aug. 1048 ( 8 ) 
Do. ( 8 )  

Jan. 1044-April 1948 ( ) 
Do. ( 7 )  
Do. ( 7  

Jan. 1044-Aug. 1948 ( ) 
Do. ( 8 )  
Do. ( 8  
Do. ( 8  

Jsn. 1846Aug. 1848 ( ) 
Sept. 1846-Aug. 10.10 ( ) 
May 194E-Deo. 1045 ( ) 
Sept. 1SqbAug. 1040 ( ) 
May 1046Aug. 1948 ( ' ) 
Jan. 1QMAug. 1848 ( ) 
Nor. 104PDeo. 1848 ( ) 
May 1946Aug 1948 ( 4L 

TABLE 5.-List of  stations for which 

Ref. No. in 
Xnme of Port 

Ratnngiri Bay . . 
Chittagong . . 
Kutubdia ~ s l n n d  . . 
Cox's Baznr 
st. Martins ~ s l a i d  
Akyab . . 
Kyaukpyu . . . . 
Senrle Point . . 
Sagu Island . . 
Andrew Bay . . 
Gwn Bay . . 
Kyaungths . . 
Koronja Island 
Diamond Inland . . 
Bnsein . . . . 
Pymbong Beacon . . 
China Bakir . . 
Elephant Point 
Rangoon . . 
Amherst . . . . 
Feronia Crossing 
Moulmein . . . . 
Double Island . . . . 
Bentinck Sound . . 
Stag Inland . . . . 
Sitlaw Point . . . . 
Yk Town . . . . 
Owen Island . . 
Hastin 's Harbour . . 
Pulau ieain . . . . 
South Bay . . . . 
Spike Island . . 
Maramaka BOG Bay . . 
Cleugh Passage 
Port C o r n w a b  
Stewart Sound 
Long Island . . 
Port Blair . . . . 
Nancomy Harbour . . 
Galathea Bay . . 

. . 
%,"%ays 1 :  . . 
Mohboh . . 
Sinahang Bay . . 
Singkel . . . . 
Sibolga . . 
Gunun Sitoli . . . 
Telok 8alarn .: 
Ulee Lhoe . . 
Sigh . . 
Lho Samawe . . 
Langse Bay . . 
Deli River . . 
Puket Harbour : : 
Kedab . . 
Penang ( 0eorg:~own ) . . 
Lumut Pier . . . , 
Port Swettanham . . 
P i n b  Oedsng . . . . 
Port D i h n  . . . . 
Malaom . . . . 

1 
2 
3 
4 
6 
8 
7 
8 
9 

10 
11 
12 
13 
11 
15 
18 
17 
18 
19 
20 
21 
21 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
36 
38 
37 
38 
39 
40 
41 
42 
43 
44 
46 
48 
47 
48 
49 
60 
61 
62 
63 
M 
65 
68 
67 
68 
ti8 
BO 
81 

4123 
4216 
4216 
4217 
4221 
4222 
4223 
4224 
4225 
4228 
4227 
4231 
4232 
4233 
4234 
4235 
4238 
4237 
4238 
4241 
4242 
4243 
4244 
4246 
4248 
4247 
4248 
4285 
4287 
4288 
4280 
4416 
4418 
4417 
4421 
4422 
4423 
4426 
4433 
4434 
4441 
3 
4445 
4447 
4461 
4453 
4455 
4158 
4481 
4482 
4483 
4486 
4487 
4616 
4633 
4534 
4537 
4548 
4W7 
4561 
4862 
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TABLE &-List of stationsfor which Tidal Charta were ;yuppliul.- 
( concld. ) 

Period for which pretlictcd, with 
No. of originnlq in hrnckets 

Sept. 1945-AII~. I948 ( 3 ) 
Sept. 1945-Aag. 1040 ( 3 ) 
Sept. 1945-Aug. I948 ( 3 ) 
Sept. 1945-Aug. 1948 ( 3 ) 
Mny 1945-Dec. 1948 ( 5 ) 
Nov. 1844-April 1945 ( 2 ) 
Jnn. 1946-Aug. 1948 ( 2 ) 

Do. 
Do. 

( 2 )  

Do. 
( 2  

Do. 
( 2 )  

Do. 
( 2 )  

Do. 
( 2 )  

Do. 
( 2  

Do. 
( 2 )  

Do. 
( 2 )  

Do. 
( 2 )  

Do. 
( 2 )  
( 2 )  

Jan. 184PAug. 1948 ( 8 ) 
Jan. 1944-April 1848 ( 7 ) 
Jsn.  1946Deo. 1048 ( 8 ) 
Sept. 1045-Dec. 1045 ( 1 ) 

Ref. No. in 
Name of Port 

hlonr . . 
Kwnln Bntu pilint . . 
Pulnr~ Pisang . . . . 
Tanjong Piai . . . . 
Singapore ( Inner Harbour ) 
St. Mnthew'n Island . . 
Scntt off Knmae River . . 
Tnnjong Sedil Kecliil . . 
Sungei Rumpin 
Kunntan . . 
Trengganu . . 
Sungei Beaut . . 
Tumpat . . 
Koh Lnk . . 
Bnngkok bar . . 
Cnp. St. Jneques 
Kin Hon . . 
Tourane . . 
Rozi . . 
Port F . . 
D.W.R. ( I )  . . . . 
Pinto Gedang . . . . 

82 
83 
@ 

85 
88 
87 
88 
80 
70 
71 
72 
73 
14 
75 
78 
77 
18 
19 
80 
81 
82 
83 

4564 
4653 
4568 
4501 
4563 
6100(o) 
6270 
6312 
5313 
5314 
6318 
5322 
6323 
5338 
6343 
5371 
5380 
6394 



102 TECHNICAL REPORT [PART 111, 194; 

TABLE 6.-Corrections applied to the predictetl limes and 1ceighrs 
at Knrdchi for 1941-48. 

Corrections baaed on ( P  - A)  differences during 1036-30. 
t P. ,, ,, 9 ,  

,, 193040. 
,, ,, ,. ,. 193043. 
,, P o  8 ,  ,, 104146. 

Yenr 104142* ( 1 0 4 3 4 G t  ( I 9 4 i f  I - 
194Sg 

~- - - ~- -- . . .-- 

H.\v. only I H.W. I L.W. 
.- ~p - - . - - - 

Jnn~~nry  . . 
---- 

February . . 0 --I 
March . . 

April . . 

May . . 

Juno .. 

July . . 

August . . 

September.. 

October . . 

November. . 

December . . 

4 
0 

+ 

. 

No corrections to 

0 

-- 

0 

- 

0 

- 

+ 7  

- 

+lo  

- 

+ 6  

- 
+ 0 

" 0 

+ 

+ 1 

+ 4 

-- 

0 +0.4 - 0 0.0 

-- -- 

+ 2 t0.2 

---- 
+ 2 + 0 . l  - 1 - 0 . 2  + ---- 

L. W. 1 

0 

0 

0.0 

0.0 

---- 
+0,3 

---- 
+0.4 

0 

+ 2 

f0.2 

t O . 2  

---- 
+0,6  

---- 
+0.4 

- 2 

- 2 
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TABLE 7 .-Corrections applied to the predicted times and heights 
at Navlakhi for 1941-48. 

' Corrections based on ( P - A ) diffemncea during Dec. 1031-Nov. 1032. 
t Corrections bnscd on ( P - A ) diBeronca~ during May 1940-April 1041. 

C 

Yenr 

filonth 

Janunry . . 

February . . 

March . .  

April . .  

May . .  

Juno . .  

. .  July 

August . .  

September . . 

October . .  

November . . 

Dewmber . , 

1941. 1942-1948t 

I 

I 
I 

H.W. L.\V. H.W. ~ L.W. 
- - -- -- - - - 

- 16 0 0.0 0 

- 10 

0 

+ I 0  

-- 

+ I 0  

0 

-- 

0 

-- 
0 

-. 

0 

0 

o 

g 

- 10 +0.5 0 0 
o n -  

-1.0 

+ 15 

+ 20 

+ 20 

+ 15 

+ 16 

+ 16 

+ 10 

+ 20 

+ 10 

0 

+ LO 

0 

----- 

0 

0 

0 

0 

0 

0 

0 .0  

-0.5 

-- 

-0.6 

-0.6 

-1.0 

-- 

-1.0 

-0.5 

0.0 

-0.5 

- 
E 

0.0 

0.0 

- 
+0.5 

+0.5 

0.0 

0.0 

--- 

0.0 

-- 

0.0 

-- 
+0.6 

0 

0 

+ 10 

+ 15 

-- 

+ 15 

+ LO 

+ 10 

+ 15 

+ 10 
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TABLE 8.-Corrections applied lo the predicted limes anrl heiglLts 
at BhBvnayar for 1941-48. 

Correction8 based on .( P - A ) differences during 1034-38. [~orrections 
derived subsequently from ( P - A ) diaerencea during 1035-30 and 193e-40 were not 
appreciably different 1. 

t Correotions b u d  on ( P - A ) diEerenom during 1840-44. 
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TABLE 8 ( a )-Corrections applied to the predicted heights of L. W .  
at Bhdvnaqar for 1947-48. 

Theae correotions have been derived from a mean greph repnred from 4 separate 
curves, eaoh wpreaenting ( P - A ) height direrenew correspon$ing to predioted heighb 
during the yearn 1940. 42.43 and 44. I 

The correotions are consequent on the formstion of a bsr in the channel at  the 
Port aa mentioned in para 87. 

predicted 
-***tin 1 o,o 0 1  

feet 
0.2 0 3  0 4  1 0.5 0.8 0.7 1 0.8 0.9 

0 

1 

2 

3 

4 

6 

8 

7 

8 

0 

10-16 

Corrections in feet 

3.7 

2.9 

2.1 

1.4 

0.8 

0.5 

- 
0.3 

0.2 

0.1 

0.0 

4.2 

3.4 

------- 

2.8 

1.8 

--- 
1.1 

0.7 

0.4 

---- 
0.3 

------ 
0.2 

------ 

0.0 

0.0 

4.3 

3.5 

2.7 

------ 
1.0 

1.2 

------- 

0.7 

------ 
0.4 

0.3 

0.2 

0.0 

0.0 

4.1 

--------- 
3.3 

2.5 

1.7 

1.0 

0.6 

0.4 

0.3 

0.2 

0.0 

0.0 

4.1 

3.3 

2.5 

1.7 

1.0 

0.8 

0.4 

4,".4 ! 4.4 

3.6 

2.8 

2.0 

1.3 

0.8 

0.5 

0.3 

0.2 

0.0 

0.0 

4.0 

3.2 

2.4 

1.6 

- 

1.0 

0.8 

0.4 

3.8 

2.8 

2.0 

1.2 

0.7 

0.5 

0.3 

0.2 

0.0 

0.0 

0.2 0.2 0.2 0.2 

,0.1 

3.0 I 3.8 

0.0 

0.0 

3.1 

~ 

2.3 

1.5 

0.9 

0.6 

-- 
0.3 

3.0 

2.2 

1.5 

0.9 

0.5 

4 

0.0 

-- 

0.0 

0.0 

0.0 

0.0 

0.0 
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TABLE 9.-Corrections applied to the predicted times and heights 
at Bombay for 1941-48. - 

-- 

H.W. 

------ 

werc applierl 

Corrections based on ( P - A ) differences during 103043. 

TABLE 10.--Corrections applied to the predicted limes and heighk 
at Vizagapatam for 1941-48. 

Corrections based on ( P - A )  differences during Jan. 1937 ta Deo. 1939. 
[Correctionaderived subseqaently from ( P - A ) differences during Jan. 1937-Dee. 1940 
were not appreciably different 1. 

t Corrections btwed on ( P - A ) diRcrences during 183943. [Corrections 
derived subsequently from ( P - A ) differcncen during 104043 and 104146 were not 
sppreeiably different 1. 

Year 

Month 

Jbn, lo Deo. . . 

ID4146* I 1947'-48+ 

H.W. I L.W. ( H.W. I L.W. 
- 

Time 

m i n  

- 20 

Time Height T i e  Height 

m i  1 I 1 _in D. 
Height. 

jt. 

-. 

0 

- 

- 20 

Time Height 

_ i n  1 .  

- - 
- 20 / 0 

-- - 

+0.2 1 - 20 1 -0.1 
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TABLE 11.-Corrections applied to the predicted times and heights 
at Chindbili for 1941-48. 

Correotions bnaed on ( P  - ,A ) diWrences during May 1031 to May 1032 
and April 1033 to April 1036. 

Yrnr 104148' 

HI". I I,.\". 

January . . 

Februnry . . 
0 ~ 

Mnrch . . 

April . .  

May . .  

I-I 

+ 10 

I I-I 
I 

+ l 5  I , + 20 I 

i I 
+ 1 0  

Juno . .  + I 0  
C 
R 

July 

August 

September . . - 25 
I 

I- 

October . . 

November . . 

December . . 

I I !  

i 
- 15 i ; + 2 0  

I I 
: I 

0 I + L O ,  
I I 
i 

0 , i t l o  i 
I 
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Correotione based on ( P - A ) differenoes during 1034-38. 
t r. 7. 0. D, ,, 103630. 
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TABLE.-12 Corrections applied to the predicfed limes and heighh 
at Dublat (Saugar)  for 1943-48.-(concld. ) 

* Corrections beaed on ( P - A ) diEerencaa during 1936-40. 
t ,, ,, ., I) ,. 193&42. 

year 1 

h n t h  

JnnuarY . .  

February . . 

March . .  

April . .  

May . .  

June . .  

July . .  

Auguet .. 

September . . 

October .. 

November . . 

D ~ m b e r  . . 

H.\V. 

Time 

min. 

0  

0 

I 194748f 104340* 

-- 
Height 

p. 

Time 

min. 

% o % l - e I  

Time 

inin. 

0  

- 
0 

- 

+ 0 

- 

+ 8 

- 

o 
- 

+ -  
0  

- 

0  

- 

0  

- 
0  

- 
0  

- 
+ 5 

Time 

min. --- 

1 

0  

+ 7  

o 

0  

- 

0  

+ 8  

+ 6 

0  

0  

0  

H.W. 

Height 

f f .  

+ + $ + $  

L.W. 

Heigl~t 

jt. 

L.W. 

Height 

jt. 

I 
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TABLE 13.-Corrections applied lo (he predicted times and 1 ~ ~ i ~ / , ~ ~  
at Calcultu ( Kidderpore) for 1941-48. 

Corrections b ~ s e d  on ( P - A ) 11iEerences during 103&38. 
t .. 9. ,. 9 3  

,, 1035-30. 

1 ., ., 11 ,1 

,. 1 0 3 8 4 .  

;VoTB.--Correction to H.W. and L.W. time in 1941 rind I942 is nil. 
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TABLE 13.-corrections applied to the predicted times and heights 
at Calcutta ( Kidderpore) for 1941-48.-( concld. ) 

Cotmotions bwcd on ( P - A ) differeneaa during 1030-43. 
t ,O ., .. ,, , 1 9 4 1 4 5 .  

C 

Year I 104i' I 1948t 

_.----- 

HI". I LIY. 

JIontll 

JnnunrY 

-- 

-- 

bInrch 

April 

-- 

bIey . .  - 1  

June . .  - 1  +0.2 + 2 -0.1 - 1 

July .. 

August . .  

September . .  

Ootober .. 

November . .  

December . . 

+ O 

+ 6  

- 

+ 8 

+ 4 

+ 3 

+ 4 

-0.5 

+0.3 

-0.2 

+0.3 

+0.4 

+0.6 

-- 

-- 
+ 4 

+ 6  

+ 7 

-- 

+ i3 
1- 

+ 3 
-- 

+ 7 

-0.8 

-0.4 

-0.8 

-0.4 

-0.3 

+0.1 

+ 4 

+10 

+ 7 

+ 3 

+ 3 

+ 3 

-0.4 

-0.1 

-- 

+ 4 
--- 

+10 

-0.8 

-0.9 

+0.I 

+O.6 

+0.4 

+0.B 

+ 6 

+ 4 

+ 4 
--- 

+ 0 

-0.8 

-0.4 

-0.4 

0.0 
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TABLE 14.-Correcliom applied to the predicted limes and heiOlIls 
at Chitlagong for 1941-48. 

C o m t i o n s  bmed on ( P - A ) differences during 1034-38. 
t B B  0 ,  - 0  ,. ,, 1036-30. 
t 0, ,, 0 9  ,, ,, 1030-40. 

Year 1041' 1043-483 

H.W. 1 LW. 

Month 

J n  0 + 0 4  ,+ 5 i.0.0 0 + 0 4  0 I+... 0 E,,;, 

0.0  0 +0.0 

-- 

--,- -- 

-- 

i -  

Time 

min. 

Heigh: TirneHeight 

ft. *in. ' Jl. 

, I ------ 

l i m e  

m i n  

Height 

Jl. 

Tirne/H=ight 

fl. 

' ~ imebe ight   id^^^^^, 
min. 

, I 
ff. : m i , , .  1 p, 
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TABLE 15.-Correclions applied to the pretliclecl limes and heights 
(11 R[~?E</OOIL for 194/--1Y. 

Corrections bsaed on ( P - A ) differences during 1034-38. 

1 :: ,, 8 ,  3 9  ,, 1035-30. 
,, ,, p B  .. 103840. 

f e v  ,* 9 0  * v  ,, 103741. 

r 
Yeor 1941' 194.t l!)4340$ In4548s I I 

8,". I I,.\". 

NOTE.-Correotion to H.W. and L.W. heights in 1941, 1 W  and 1843-40 ia nil. 

'I'irne ' ~ e i ~ l l t  
I 

i n  I 

Timc 

I 

- 

- 0 

---- 

- 0 

Jnmlilry . . 

Fcbrunry . . 

- 

HciWht 

jl. 

- 

-0.4 

-0.4 

hlnrcll . . 

April . . 

hlny . . 

June . .  
- 

July . . 

Augnrit . . 

September 

October . . 

Novembor . . 

Deoembor . . 
L 

- 

- , 

. 

- - -- -. 

-12 :+0.1 

-I:! + 0 , 2  ! 

I 

. 

n j l - w c o ~ t -  - , I I , 

i 
-12 1+0.8 - 8 -0 .3  

-13 l t 0 . 3  

-17i+O.6 

-21 1+0.3 

I 
-18 1+0.1 

I 

- 7 

---- 

- H 
_ _ I _ _ _ _ _ _  

- W 

-- 

f 0 . 1  

- 1 0 - 1 0 . 3  

+O.? 

-0.5 
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TABLE 16.-Greatest differences between the l~rediclefl U T I , ~  ( , c ~ I 1 f l l  

heights of Low Water during 1939-46. 

Predicte 
Dntc Port 111.:,1,,,,, i n i n u ~  

nct~lnl 

Dublst . . 

+ 1.2 27L28Aug.1944. 
+ 0.9 19 Aug. 1046. + 1.1 27 July 1948. 

- 2.6 17 Aug. 1939. Rivcrain port 
- 1.7 30 May 1940. pneumatio EaUg0 - 2.3 8 Aug. 1841. shut doW fronl 
- 2.7 I6 Nor. 1042. Dee. 1943. 
+ 1.8 7 Aug. 1943. 

c o n s ]  

Id- / ee l  
:4 Aug. 1839. 
20Se t 1940 
27 ~ ~ ~ ~ ' 1 0 4 1 . '  
4 April & 30 Mny 1942. 
20 >Iny & 22 Sept. 1943. 
4 Mny 1044. 
27 Feb. 1945. 
6 July 
12 Aog.)1g40' 

20 Nov. 1930. 
13 Nov. 1040. 
Jan., Mny &June  1941. 
2 Deo. 1942. 
28 Dec. 1943. 
1 & 2 Aug. 1044. 
22 June 1945. 
6 & 8 June 1948. 

-- 
8 Feb. 1939. 
28 J n n  1040. 
13 May 1941. 
30 June 1942. 
7 March 1943. 
2 Nor. 1944. 
24 0ot. 1946. 
18 Jan. 1048. 

14 July & 28 Aug. 1930. 
6Nov.1840. 

17 Jan.)l04I. 31Jan. 
7 July 1842. 
30 April 1043. 
15 ,June 1944. 
13 June 1946. 
3.4 & 7 June 1948. 

18July, 13,1b& 18Sepb. 1930 
3 Oct. 1840. 
12 July 1041. 

Aden . . 

Kariohi . . 

Bl~ivnagar . . 

Bombay ( Apollo 
Bandar ) 

Vizsgapatarn . . 

\ 

- - _  

A bar hrra iormnl 
in the cl~nnnrl 
which obntruch 
the flow ofwnbr 
to tho tide-polo. 
thereby nWcting 
d l  tidoe below 
0 it. 

'Phe mean rango of 
the ordinary 
spring tidos n t  
this port l31.6 
rt. 

---- 

- 0.5 
- 0.7 - 0.7 
- 0.7 
- 0.6 
- 1.1 
- 1.3 - 0.8 
+ 0.8 

+ 0.0  
- 0.9 + 0.8 - 1.0 
- 0.9 
- 7 + 1.6 
- 1.8 

- 5.6 
- 5.9 
- 5.3 
- 3.8 
- 4.0 
- 7.0  
-- 4.0  
- 4.4 

-- 
- 1.0  
- 1.4 
- 1.3 
+ 1 . 3  
- 1.9 
- 1.2  
- 1 - 1.3 
- 1.4 

+ 1.0 
+ 1.2 
+ 1.5 
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' TABLE 16.-Greatest differences between the predicted and aclual 
heigh,ts of Low Water during 1939-46.-( concld. ) 

Date RPIIARKS 

7 Ang. losn. 
I 
IRivernin port. 

3. 5. 0 & 7 0ct .  1810. 
5 &lay 1811. 
1.i & 16 Nov. 1042 
6 July 1943. 
2 Nov. 1944. 
12 Aug. 1055. 
14 Aog. 1040. 

31 Ju ly  1938. Rivernin port. 
22 Oct. 1940. 
2 July 1941. 
17 Jan.  1942. Obaewationa din. 
10 Feb. 1943. continued, due to 
25 Sept. 1944. shortage of staff, 
19 April 1945, 1 from March 1942 
22 Nor. to Jan. 1943. 
17 & 18 uly 1946. 

17 Aug. 1939. Observations stop- 
31 Aug. 1840. ped from March 
15 June  1942 due to  war 
22 & 23 Oct. ) 'Q~" a n d  n o t  y e t  
12 Feb. 1942. reaumed. 

17 & 19 Aug. 1939. Riverain port. 
20 Oct. 1940 Ohnewationa dis- 

continued h r n  

Predicted 
rniaiu 

Feb. ID42 due t o  
war. 

- 
c ~ l c u t t n  

( Kidderpore ) 

Chittngong . . 

Akynb . . 

Rangoon . . 

actanl 

- 3.3 
- 2.6 
- 2.5 
- 1 . 1  
- 2 . 4  
+ 2.4 + 2.4 + 2 . 0  

- 1.0 
- 2.4 
- 3.2 
- 1.4 
- 1.6 + 2.0 + 1.9 
- 1.9 
- 2.1 

- 2.5 
- 1.5 
- 2.2 
- 9 . 2  
- 1.2 

- 3.7 
+ 2.1 



CHAPTER VII  

OBSERVATORIES 

69. Routine Work.-( (G ) Daily seismograph observations hnvo 
been carried out. Results up to 30th Septornber 1947 have beoll 
supplied to the Meteorological Department for inclusion in tllc 
Seismological Bulletin. 

( b ) The usual meteorological observations, which are halten 
8 hours and a t  17 hours daily, have been continued. Tho l,hono. 
gram system of communicating these to the local telegraph office! 
was introduced in 1944 for quick transmission in war time anti lli1,9 
been in use since. A whole-time observer was attached to tllis 
Observatory, by the Meteorological Department in ,July 1!)4(j lln,l 
is still continuing. Observations during day and night at hOllrH 
other than 8 and 17 are taken by him and not by our observer. 

( c ) The two electric clocks, Shortt and Riefler, have on tllo 
whole functioned satisfactorily, and there have been very few 
stoppages, which were promptly rectified. The caustic soda tolls 
required to run the Shortt Clock, which were introduced in 1935, 
were renewed in 1940 and again in 1945. 

( d ) The wireless rythrnic signala which wero taken on the oltl 
Seimens Set or on the portable wireless set R.P. 11 were not honrtl 
satisfactorily after 28th August 1941. Since then the rating of thc 
Shortt Clock has been done by hearing the B.B.C. time pips on a11 
ordinary wireless receiver by Phillips. This rating is correct to 
within 1/10 to 14/10 seconds. 

( e ) All computational work connected with astrolabe, Inng- 
netic, mtrofix, secondary levelling and standards of length observa- 
tions carried out during the period of the report by the detachments 
of the Institute either in the field or a t  headquarters, was clono ill 

the Observatory Section. 

( f  ) The upkeep and maintenance of the scientific instr~lmentn 
and stores of the Institute has been steadily carried out during nil 
these years with the small technical staff available. A thororlgl1 
checking of these stores was undertnlren in 1047 after the 
season 1946-47. 

( g ) The routine observational and computational work of the 
Magnetic Observatory came to a close in August 1943, when 
obeervatory was flooded due to heavy rains and the magnetographs 
diemantled. 
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( h ) Data for magnet~c declination, weather and rainfall was 
supplied to the various survey units. military authorities and other 
private institutions asking for it. 

70. Research and Experiments.-The following items were 
dealt with .- 

( i ) A good deal of experimental work was carried out in 
devising methods for rapid astrofix observations 
and their computations, useful for survey military 
units working under war conditions. The results of 
these are embodied in the War Survey Research 
Series Pamphlets Nos. 2, 7 and 8. 

( ii ) One newly designed perambulator for measuring dis- 
tances under war conditions was prepared a t  the 
Observatory Workshop, and supplied to the Director 
of Survey, India Command. 

( iii ) Some experiments were conducted to evolve a rapid 
subtense method of executing precise traverses. 
This requirod the manufactnre of elevated platforms, 
bipods, tripods and targets for observing and hanging 
the tapes which were in 2 portions of 80 metres each 
to form a 160-metre observing base. A bicycle 
wheel drum for winding these tapes and to avoid 
their being damaged and kinked was specially 
designed. 

71. Tests and Calibration.-During the period under report 
about 1,000 instruments have been handled by the Observatory 
Section for purposes of calibration and tests. The main calibra- 
tion work has been of the H.S.B. tapes for field units and the 80-metre 
invar tapes and this has been carried out with the 24-metre base 
tape of the base-line alley in catenary which was itsslf c~l ibra ted 
a t  different times and under different temperature conditions against 
the 4-metre Invar Standard Bar. The other instruments calibrated 
were theodolites and levels of all sorts, Wild compasses and invar 
levelling staves for precision work, aneroid barometers and chrono- 
meten. A 10-ft. invar tape was specially prepared by calibrating 
i t  against standard 10-ft. bar I s  and the Bevelled edge bar for the 
purpose of calibrating invar staves which were hitherto calibrated 
in the $-metre comparator by a laborious and inconvenient process. 

Amongst the instruments which required special tests were 
( 1 ) Paulin barometers ( 2 ) Astro-clinometer and ( 3 ) the CO- 
ordinatograph. Two 20-metre invar tapes with special end attach- 
ments for fixing on to  the pins of the 160-metre base pillars we10 
prepared and calibrated on different occasions for use while standard- 
izing the 80-metre invar tapes and their lengths determined a t  
different sags against the Invar tape base. 

For the calibration of  altimeter^, experiments wore madu wit11 
a mercury U-tube vacuum Indicator received from the Survey 
Stores Ofice for this purposc. A nulnber of talescopic staves, 
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which are usually marked for tacheomotric purposes a t  alterl,;lte 
feet to 0.1 of a foot, wore remodelled for control traverses. ~h~~~ 
marltings were continuetl throughout the length of the staves ilnd 
cletachable metal foot marlts were manufactured and provided for 
every foot. 

72. Instruction and Training.-A class was organized for tile 
training of levellers, traversers and rectangulators. 50 candidates 
were recruited and trained a t  different intervals and passed to 
the various departmental units and circles. 9 Topo. Assistants, 
6 Class I1 Officers and 1 Surveyor were given refresher courses 
in astronomicnl observations and computations. 2 Chineso nlld 
2 AfghLn officers were also attached to this Section for instructioll. 

Three instrument mechanics sent by the S.O.S. were givell 
workshop training for short periods and tested with a view to 
their suitability for employment in the Department. 

73. Dehra D t n  Magnetic Observatory.-During the period 
1939 to 1943 the usual programme of magnetic observt~tions way 
ca l~ icd  out a t  the Dehra Dfin Observatory. It consisted of a 
continuous magnetographic record of declination, horizontal force 
and vertical force, controlled by observations of dip daily, and of 
declination and horizontal force thrice a week. During this period 
the magnetographs worlted ~egular ly  and no interruptions of any 
consequence occurred till the 15th of August 1943, when tho cloclc 
attached to V.F. Magnotographs stopped due to excessive rains and 
overflooding of the room of the underground observatory. On the 
16th August water increased still further and stopped the declinu- 
tion clock as well. Inspite of the day and night bailing and pump- 
ing of water from tho magnetograph room, the water level continued 
increasing, necessitating the removal of the instruments on the 
evening of the 19th August, when the water reaohed the tops of the 
pillars supporting the magnetographs. 

Tho soil in Dehrs, D~ is full of bajri and the water finds an 
oasy access to an  underground room through the porous gravel soil. 
No means have been of avail to check the flooding of underground 
chambers during heavy rains, which are frequent in Dehra Din. 
I t  is, therefore, inadvisable to have an underground observatory 
and the idea of restarting the old underground observatory hy 
been abandonod, especially 8s the present site in the Geodetic 
Branch compound is now cluttered up with buildings all around 
i t  and is no longer suitable. A new site is being selected and the 
sanction of the Government of India has been obtained to Start a 
new observatory, 
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The mean values of the magnetic elements a t  Dehra Diin were 
as follows :- 

1 1939 I 1940 ' I941 I 1942 
I I 

h c l n a l i o n  . . ;O3 1 bO3 1.03 

Horizontnl 4.23 
Force. 

Vertical Force 11.77 to 11.84 to  10.87 to ~2.~39 to 1 14.70 to 1 18',0 I 3 0  I 24',7 I 38.78 1 41:O 

1 I939 1 1940 I lBll IN2 / 1943 

Declinntion . . 

Dip .. 

The temperetures of the observatory dluing the years 1939-43 
were :- 

The mean scale values of tho magnetographs for an  ordinate 
of 1/25 inch were :- 

0 ,  

E. 0 48.8 

N.4538.4 

0 ,  

0 41.i 

4.ili.i 

-- f2.G;;. - 
O.333Ri 

0.3413i 

-- p- 1 .  C.GS. 
Horizon tnl 0.33351 

Force. 

Verticnl Force 0.34117 

Minimum Yenr Mean I M~ximum 
tampernture 

0 5 

C.C.S. 
0.33505* 
0.33BlOt 

0.34172' 
0.34231t 

0 1 1  0 ,  

o n  I io I r'.3 I 2;7 

1040 I 28.0 I 28.0 I 28.2 

I041 ( 28.0 I 27.4 I 28.2 

-- 
I942 I 28.7 ' I  272 I I.1 

0 42.1 

4339.0 

--- 

C.C.S. 
0.33435 

0,34224 

1043 

0 38.8 

4534.2 

-. . 

C.G.S. 
0.33525 

0.3S.200 

28.2 1 21.1 I 21.4 

Mean of Brst seven months. 
t Mean of I& Bve months. 
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'1'118 momcllt of inertia of magnet No. 17 was deternlincd i,, 
A p i l  1040 ancl in October 1943 ancl log IIZ I< was founcl to be :j . 4lJOy 
and 3.41440.  The values accepted hnve been 3.41438 for tile 
1939 and 3.41437 for the following years. The moment of illurtia 
of the magnet No. 5 B was determined in M&y 1940 and Log 112 
was found to be 3.37736. Tho value accepted has been 3.3;i3tl 
throughout. The accepted values of the factor log ( lS;p/rz+Q/, .~)  1 

for magnets No. 17 and No. 5 B have been 1.99415 and T.0g:34~ 
as in previous years. Mean monthly values of the elelnents and 
their annual changes are given in Table 1. 

74. Magnetic Field Work ( 1942-47 ).-With the disbantling 
of the magnetic party in 1923, the activities of the Survey of ~ ~ ~ l i ~  
as regards magnetic observations were confined to the Dehm nilll 
Observatory only and the scheme of' visiting the repeat stations at 
intervals of five years to determino the secular change of magnetic 
elements was not implemented on account of lack of finance. 

In  1930 i t  was hoped that the Kodaikanal and Toungoo 
observatories, which were closed down in October 19231 fol. 
reasons of economy, would be reopened and all the repeat 
stations in India and Burma would be reobserved in s feu, years, 
time, but  this hope was not fulfilled and the repeat stations 
dependent on Dehra Dfin and Alibag observatories only worc 
observed in 1930-31. Since 1031 the values of magnetic declina- 
tion have continued to be supplied by the Department from a chart 
drawn with the help of extra-departmental data by applying ro11gl1 
annual changes derived from older data .  

On the  outbreak of World War I1 demand for data of grentor 
accuracy especially for magnetic declinations for maps for military 
purposes greatly increased and to meet this demand reobservation 
of Magnetic Repeat Stations became inevitable. 

I n  1943, therefore, a hurried programme was challted out to 
visit repeat stations spread all over India and this programme was 
continued till all the stations had been reobserved in 1945. The 
sites of several stations were found to  have been rendered unsuit- 
able due to the growth of new buildings around them and other 
reasons. Alternative sites were prepared and observations mnde at  
them during 194647 and 1047-48. The field observations were 
carried out under Mr. Shyam Narain, B.SC. the instruments used 
being a magnetometer and a dip circle. At each station the pro- 
gramme comprised of one set of vibration and one set of deflection 
observations for H.F., the dip observations made with two needlea 
both ends dipping, and observations for declination consistFg of 
one eet of two readings, for 'mark above' and two readings for m8rk 
below'. The observed values a t  stations which were dependent On 

Dehra Dfin and Alibag obsorvetories were corrector1 for dillrna' 
variations end perturbations, while in other cases the observed 

had to be accepted as they woro. The results of observatiolls 
a t  the repeat atations except Indore which falls in the dieturbed 
area, ere given in Table 2. 
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The field work was executed under very arduous conditions, 
railway journeys being very difficult on account of overcrowding 
and complete black out. Famine in Bengal, non-availability of 
adequate and proper rations, lack of accommodation in Dak 
Bungalows all made work very difficult and put a considerable 
strain on the personnel of the detachment. 

75. Magnetic Variation Chart for Epoch 1946.-During the 
war, a lot of extra-departmental information as regards magnetic 
declinations was collected and compiled for preparing tho latest 
isogonic charts for the use of the military. I n  India itself, the 
uncertainties in secular variation produced by the stoppage of the 
three permanent observatories and the lack of recent observations 
at  the repeat stations were a great handicap and doubts of over 1" 
existed in some parts. It was not even possible to moet the military 
needs which required declinations on maps only to  a precision of 
4" or so. The observations were carried out a t  all repeat stations 
in the year 1943-4.5 to supplement the existing information. For 
lack of observatory cover, these observations could not be corrected 
for diurnal variations and perturbations but still they were good 
enough for the purpose in hand. In  1946, a chart showing isogonals 
for epoch 1016 was compiled for the area bounded by latitudes 60" N. 
and GO0 S. and longitudes 40" E. and 168" E. This is labelled as Hind 
Misc/7553. Tho following material was used in its compilation :- 

( i ) British Admiralty Chart of Curves of Equal Magnetic 
Variation, 1942, Sheet 2, Indian and Western 
Pacific Ococ~ns. 

( ii ) Observations for Magnotic Declinations by tho 
Survey of India. 

( iii ) Australian Aeronautical Series, Magnetic Sheets 
Nos. 1, 2 and 3, Nov. 1944. 

and ( iv  ) Observations a t  Cocos Island in 1946 by Messrs. 
Chamberlain & McCarthy of the Department of 
Mineral Resourccs, Survey of Anstralie. 
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LIST OF IMPORTANT GEODETIC PUBLICATIONS AND 
CONTRIBUTIONS BY OFFICERS OF T H E  

SURVEY OF INDIA 

( A ) Publications. 

LVO. ,Vame of Book 

I. G.T.S. Vol. I1 

2. G.T.S. Vol. I X  

3. G.T.S. Vol. X 

4. G.T.S. Vol. X I  

5. G.T.S. Vol. XV 

8.  G.T.S. Vol. XVI  

G.T.S. Vol. XVI I  

8. G.T.S. Vol. XVI I I  

9. G.T.S. Vol. X I X  

10. Records of the 
Survey of Indie, 

Vol. X I X  

Details 

History and General Description of the  
Reduction of t he  Principal Triangulation. 
Dehrtl L)inl, 11179. Price Rs. 10-8. 
Telegraphic Longitudes. During the  
years 187.5-77 and 1880-81. Dehra Diin, 
1883. Price Rs. 10-8. 
Telegraphic Longitudes. During the 
years 1881-82, 1882-83 and 188.3-84. 
Dehra Dtin, 1887. Price Rs. 10-8. 
Astronomical Latitudes. During the 
period 1805-1885. Dehrh Diin, 1890. 

Price Rs. 10-8. 
Telegraphic Longitudes. From 188.5 to  
1892 and the Revised Results of Vols. I X  
and X :  also the Simultaneous Reduction 
and final Results of the whole Operations. 
Dehra Dtin, 1893. Price Rs. 10-8. 
Tidal Observations. From 1873 to  1892 
and the Methods of Reduction. Dehra 
Diin, 1901. Price Rs. 10-8. 
Telegraphic Longitudes. During the years 
189495-96.  The Indo-European Arcs 
from Karachi to Greenwich. Dehra DBn, 
1901. Price Rs. 10-8. 
Astronomical Latitudes. From 1885 to  
1905 and the deduced values of Plumb- 
line Deflections. Dehra Diin, 1906. 

Price Rs. 10-8. 
Levelling of Precision in India. From 
1858 to  1909. Dehra DGn, 1910. 

Price Rs. 10-8. 
1901-20. The Magnetic Survey, by Lt.- 
Colonel R .  H. Thomas, . D.s.o.. R.E., and 
E. C. J. Bond, V.D. Dehra DBn, 1925. 

Price Rs. 4.  



TECHNICAL REl'ORT PANT nr, lo4, 

No. 

11. 

ATun,e of Book 

Geodetic Report 
Vol. I 

Geodetic Report 
Vol. I1 

Geodetic Report 
Vol. I11 

Geodetic Report 
Vol. IV 

Geodetic Report 
Vol. v 

Geodetic Report 
Vol. VI 

Details 

1922-25. Computation8 ant1 kesearcl,. 
Tidal worlr. Time and Magnetic ohuerva- 
tions. Latitude and Pendnll~m ohserva- 
tions in Bihkr, Assam ant1 Kashmir, 
Levelling. Lecture on "The height of 
Mount Everost ant1 other Pealis". llehra 
Diin, 1928. Prier R d .  6. 

1925-26. Computations and Research 
Titlal work. Time and Magnetic observa- 
tions. Preparations for the International 
Longitude Project. Triangulation. ' Level- 
ling. Investigation of the bel~tlviou~ of 
tree bench-marlcs in India. Dehra Dan, 
1928. Price Rs. 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 Diin, 1929. Price Rs. 3. 

1927-28. Computations and Publication 
of data. Observatories. Tides. Gravity 
and Deviation of the Vertical. Trinngula- 
tion. Levelling. Dehra Bin ,  1920. 

Price Rs. 3. 
1928-29. Computations and I'nblicfition 
of data. Observatories. 'ritlej. Gravity 
and Deviation of the Vertical. Triangllla- 
tion. Levelling. Research and Technical 
Notes. Dehra Diin, 1930. Price Rs. 3. 
1929-30. Computations and Publication 
of data. Observatories. Tides, Gravity. 
Triangulation. Levelling. Research and 
Technical Notes. Dehra Dfin, lg31. 

Price Rs. 3. 

Supplement. Indian Deflection and Gravi- 
ty stations. Dehra Diin, 1931. 

price Rs, 1-8. 

Geodetic Report 1930-31. Computations and ~ublication 
Vol. VII of data. Observatories. Tides, Devie- 

tion of the Vertical. Gravity. !kiangula- 
tion and Base Measurement. Levelling. 
The Magnetic Survey. Dehra Dfint 1932. Pvicc Re. 3. 




	De 1 296_2R.tif
	De 1 297_1L.tif
	De 1 297_2R.tif
	De 1 298_1L.tif
	De 1 298_2R.tif
	De 1 299_1L.tif
	De 1 299_2R.tif
	De 1 300_1L.tif
	De 1 300_2R.tif
	De 1 301_1L.tif
	De 1 301_2R.tif
	De 1 302_1L.tif
	De 1 302_2R.tif
	De 1 303_1L.tif
	De 1 303_2R.tif
	De 1 304_1L.tif
	De 1 304_2R.tif
	De 1 305_1L.tif
	De 1 305_2R.tif
	De 1 306_1L.tif
	De 1 306_2R.tif
	De 1 307_1L.tif
	De 1 307_2R.tif
	De 1 308_1L.tif
	De 1 308_2R.tif
	De 1 309_1L.tif
	De 1 309_2R.tif
	De 1 310_1L.tif
	De 1 310_2R.tif
	De 1 311_1L.tif
	De 1 311_2R.tif
	De 1 312_1L.tif
	De 1 312_2R.tif
	De 1 313_1L.tif
	De 1 313_2R.tif
	De 1 314_1L.tif
	De 1 314_2R.tif
	De 1 315_1L.tif
	De 1 315_2R.tif
	De 1 316_1L.tif
	De 1 316_2R.tif
	De 1 317_1L.tif
	De 1 317_2R.tif
	De 1 318_1L.tif
	De 1 318_2R.tif
	De 1 319_1L.tif
	De 1 319_2R.tif
	De 1 320_1L.tif
	De 1 320_2R.tif
	De 1 321_1L.tif
	De 1 321_2R.tif
	De 1 322_1L.tif
	De 1 322_2R.tif
	De 1 323_1L.tif
	De 1 323_2R.tif
	De 1 324_1L.tif
	De 1 324_2R.tif
	De 1 325.tif
	De 1 326_1L.tif
	De 1 326_2R.tif
	De 1 327_1L.tif
	De 1 327_2R.tif
	De 1 328_1L.tif
	De 1 328_2R.tif
	De 1 329_1L.tif
	De 1 329_2R.tif
	De 1 330_1L.tif
	De 1 330_2R.tif
	De 1 331_1L.tif
	De 1 331_2R.tif
	De 1 332_1L.tif
	De 1 332_2R.tif
	De 1 333_1L.tif
	De 1 333_2R.tif
	De 1 334_1L.tif
	De 1 334_2R.tif
	De 1 335_1L.tif
	De 1 335_2R.tif
	De 1 336_1L.tif
	De 1 336_2R.tif
	De 1 337_1L.tif
	De 1 337_2R.tif
	De 1 338_1L.tif
	De 1 338_2R.tif
	De 1 339_1L.tif
	De 1 339_2R.tif
	De 1 340_1L.tif
	De 1 340_2R.tif
	De 1 341_1L.tif
	De 1 341_2R.tif
	De 1 342.tif
	De 1 343.tif
	De 1 344.tif
	De 1 345.tif
	De 1 346.tif
	De 1 347.tif
	De 1 348_1L.tif
	De 1 348_2R.tif
	De 1 349_1L.tif
	De 1 349_2R.tif
	De 1 350_1L.tif
	De 1 350_2R.tif
	De 1 351_1L.tif
	De 1 351_2R.tif
	De 1 352_1L.tif
	De 1 352_2R.tif
	De 1 353_1L.tif
	De 1 353_2R.tif
	De 1 354_1L.tif
	De 1 354_2R.tif
	De 1 355_1L.tif
	De 1 355_2R.tif
	De 1 356_1L.tif
	De 1 356_2R.tif
	De 1 357_1L.tif
	De 1 357_2R.tif
	De 1 358_1L.tif
	De 1 358_2R.tif
	De 1 359_1L.tif
	De 1 359_2R.tif
	De 1 360_1L.tif
	De 1 360_2R.tif
	De 1 361_1L.tif
	De 1 361_2R.tif
	De 1 362_1L.tif
	De 1 362_2R.tif
	De 1 363_1L.tif
	De 1 363_2R.tif
	De 1 364_1L.tif
	De 1 364_2R.tif
	De 1 365_1L.tif
	De 1 365_2R.tif
	De 1 366_1L.tif
	De 1 366_2R.tif
	De 1 367_1L.tif
	De 1 367_2R.tif
	De 1 368_1L.tif
	De 1 368_2R.tif
	De 1 369_1L.tif
	De 1 369_2R.tif
	De 1 370_1L.tif
	De 1 370_2R.tif
	De 1 371_1L.tif
	De 1 371_2R.tif
	De 1 372_1L.tif
	De 1 372_2R.tif
	De 1 373_1L.tif
	De 1 373_2R.tif
	De 1 374_1L.tif
	De 1 374_2R.tif
	De 1 375_1L.tif
	De 1 375_2R.tif
	De 1 376_1L.tif
	De 1 376_2R.tif
	De 1 377_1L.tif
	De 1 377_2R.tif

