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

report gives a detailed account of the activities of the 
Geodetic and Training Circle during the period 1st April 1950 to 
31st March 1951. The following is a brief review of the contents. 

2. Triangulation and Base Measurement.-( Chapter I ). Two 
important primary triangulation series were executed during the 
period. One waa a portion of the older Calcutta Meridional Series, 
observed to serve as a basis for the demarcation of the East-West 
Bengal boundary. It lay through flat and featureless country 
necessitating the use of Bilby towers to ensure intervisibility of 
the etations. 

The second series was run in the Andamans to provide frame- 
work control for the large scale mapping. Before the war, Port 
Blair in the Andaman Islands used to be a Penal settlement, but 
now the government is planning to develop it  for resettling the 
refugees fiom P&kist&n. Large scale maps have consequently 
become an urgent necessity. These islands were surveyed topo- 
graphically by the S w e y  of India in 1883-86, but the methods 
used were rather crude and the lay-out of the triangulation waa 
poor. A precise astronomical fixing of datum has been made and 
has revealed that the Andaman Islands were out of position on the 
existing maps by about two-thirds of a miIe. 

The reconnaissance and triangulation of the Andaman group 
including the outlying islands presented a formidable problem. 
The inland hills are extremely dij3icult of approach being covered 
with dense tropical forests, the trees being over-laden with climbem. 
Labour for jungle clearing is sparse, transport scarce and ocean 
going vessels which am needed for approaching some outlying 
islands are hardly available. Part of the triangulation liea through 
the territory of the Jarawas--an entirely hostile tribe, adept a t  
ambushing and apt to kill every atranger a t  eight. 

Precision traverses and levelling were carried out in Car Nicobar 
Islands to  provide framework data for the air a m e y  of t h w  
blends. 

3. Observatories.-( Chapbr II ). Observations for horizontel 
force and declination were made at  13 stations in South Zndia. A 
revised isogonal chart for this area has been prepared. 

The 24-metre invar w i w  used for geodetio base meuurement 
were standardized before and after the field season a t  Dehra %. 

4. LeveZZing.-( Chapter HI ). During the period under report, 
141 milea of levelling of high precieion wes oarried out in one direo- 
tion end 436 miles in both directione. A oircuit of about 140 milee 
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of tertiary levelling was run in Car Nicobar Islands and 822 miles 
of secondary levelling was carried out in RBjasthZn and for the 
Bhakra Dam Project. 

The heights above mean sea-level of the zeroes of four water 
gauges erected a t  the river Padma ( Ganges ) were also determined 
for the Indian and P~kis t in i  Hydrographical survey parties. 

6. Tidu.-( Chapter IV ). A standard automatic tide-gauge 
of U.S.A. pattern wm installed a t  Kandla port in 1950 and has 
since been in operation. A site h~ been selected for the proposed 
new tidal observatory a t  Port Blair. 

Half-hourly observetiom for a period of 31 days were carried 
out on tide-poles a t  three porte-Port Albert Victor, Navabandar 
and Bhevnagar. The results have been analysed and tidal con- 
stants derived. 

0. Gravity.-( Cbpter  VI ). Gravity was obeerved a t  47 
stations in P.E.P.S.U. and the Punjab. In addition, a gravimeter 
traverse wes run between Lucknow and Delhi. 

Obsemations with the Worden gravimeter were made a t  
Caloutta, Dehra IXn, Mussoorie, ChakrBta and Srinyar. 

D m  D ~ N  : 

March 1952. 

B. L. GULATEE, M.A. ( OANTAB. ), 
E.R.I.C.S., M.I.S. ( INDIA ), 

D i r w ,  Cfeodetic and Training Circle, 
Survey of India, Dehm fin. 
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TRIANGULATION AND BASE MEASUREMENT 

I. General.--Chart I shows in blue the Primary and in green 
the Secondary Triangulation of India. I t  is intended ultimately, 
as finances permit, to strengthen the secondary triangulation and 
raise its accuracy to that of the primary standard by reobservation 
and by the insertion of new geodetic bases and Laplace control 
where necessary. A start was made lest year in thie direction on 
the secondary series in the Kutch area. 

This programme could not be continuetl during the year under 
report, but two new series of Primary triangulation have been 
observed. One series ( about 70 linear miles ) was run in connection 
with the demarcation of East-West Bengal boundary and the 
other series to provide control for the air survey of Andaman 
Islands. Owing to the di5culty of terrain and transport, the 
observations of the geodetic series in the Andaman Islanda com- 
prising of 27 stations could not be completed during this field 
season, about 10 stations still remaining. 

A geodetic base, 2.41 miles long wm measured in Port Blair. 
A crinoline chain traverse has also been run and levelling 

carried out to provide planimetric and height control for the air 
survey of the Car Nicobar Iylands. 

The tidal observatory a t  Port Blair was closed in 1925. To 
improve the tidal predictions and to obtain --level data for 
various geodetio and geophysical investigations, it  is proposed to 
re-establish a permanent tidal observatory there. 

As the reaidential portion of Ross Island was completely 
destroyed by bombing by the Allies during the Japanese ocoupation 
in the last war, a site for the tidal observatory hw now been 
selected on the main land on the south side of the Aberdeen jetty. 

z. East-West Bengal Boundary.-In mcordanoe with an 
agreement between the Governments of lndia and Piikiattin eigned 
a t  Delhi on December 14, 1048 an Indo-Plkiettin Boundary Disputes 
Tribunal was set up to settle certain boundary disputes between 
Eaat and West Bengd and between Asaam and Eest Bengal arieing 
out of the interpretation of the Ibdcliffe Award of August 1947. 

One of the four disputea referred to the Tribunal related to the 
boundary between the distriota of Murshidtibiid ( Weat Bengd ) 
and Riijshtihi inoluding the ihZ7~19 of Nawiibganj and Shibgenj of 
pre-partition Mdda diatriot ( Eaat Bengal ). 

The Caloutte Meridional eeriea of 1846-48 whioh ie the only 
eveilable triangulation in thie area ie of eeaondery quality. On 
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account of the flatness of the area, the stations consisted of mmonry 
towers about 32 feet high and the sides were about 10 miles long. 
These towers have all collapsed due to ageing and the inroads of 
the river on whose banks they are situated. They were, therefore, 
not available for extension of triangulation or as starting points for 
traverses to provide control points near the boundary. 

Fortunately, some Bilby steel towers had been procured from 
the American Uisposals Stores after the last World War and it was 
decided a t  a conference of the survey officers representing both 
India and Pikistiin on July 14, 1950 that a new geodetic series be 
observed for providing the necessary control for the traverses which 
were to fix tho positions of the boundary pillars. The layout of the 
new series is shown in Chart 11. 

3. Reconnaissance and station building for the new boundary 
series.-The boundary survey was undertaken by No. 18 Party of 
the Survey of India jointly with No. 4 Party of the Survey Depart- 
ment of P%kustin. Mr. L. R. Howard ( Surveyor ) of No. 18 Party 
was deputed to inspect and report on the condition of the old 
stations Jitpur T.S. and Sisa T.S. which were to form the opening 
side for the new geodetic series. He found the lower mark-stones 
undsturbed but reported that the towers were completely unusable 
for observations. Instructions were, therefore, issued that the 
towers a t  these stations be dismantled down to ground level, care 
being taken that the lowest mark was not disturbed in any way. 

While Mr. Howard was thus engaged in clearing the sites of 
these stat~ons, Major S. K. S. Mudaliar, Officer-in-Charge No. 18 
Party and Mr. S. Q. Hasssn, Officer-in-Charge No. 4 Party ( Pikis- 
t i n  ) jointly reconnoitred the area for the selection of sites for the 
new stations. Transport being difficult, an important consideration 
in the selection of sites was their accessibility by motor transport. 

The design of construction of the new stations is shown in 
Plate 111. They consisted of concrete pillars cast in situ with B 

centrally embedded iron pipe. The pillar consists of a concrete 
monolith 30 inches square a t  the base and 6 feet high, the upper 
12 inches being a frustum of a pyramid terminating in a square of 
8-inch side. The lover four feet of the pillar is embedded in the 
ground. The total length of the centrally fixed galvanized iron 
pipe, of 1-inch darneter, is 44 feet, 6 inches of whioh projects above 
the top surface of the monolith. 

4. Erection and dismantling of Bilby towers.-Observetiom 
on Bilby steel towers were taken for the first time in India on thia 
series. These towers can be readily erected and dismantled and 
transported in a %ton truck. 

The tower comprises an inner and an outer structure whioh 
are mutually independent. The former is meant to eupport the 
instrument, the observers with a protecting tent being on the 
outer structure. 

The tower ia essentially a combination of the framework of 
galvanized eteel eections and rods of a high degree of rigidity. Ite 
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weight is 6640 pounds for a height of 103 feet of the inner structure 
and 113 feet of the outer structure. 

For the East-West Bengal Boundary series, the Bilhy towers 
were erected to the following heights :- 

I I Station Height of the tower I 
Sisa T.S. . . 
Jitpur T.S. 105.48 
Jalnngi T.S. 102.88 

Phillipnagnr T.S. 101.88 
Hnbaspur T.S. 100~97 
Rijshihi T.S. 102.11 I 
Fulpur T.S.' 88.01 
Sursuni T.S. 101.98 

108.98 I 
100.43 

Lillgola T.S. 102.77 
103.37 I 

Naohliangn T.S. 102.18 I :: 1 Lncbhoanpur T . 9  :: I 101.94 I 
A picture of the tower erected a t  LBlgola is given in Plate W. 
For the rapid erection and dismantling of Bilby towers, six 

teams each consisting of one Class I11 officer and three khaldsis 
were specially trained. At each station the team hgd to employ 
two local labourers for assistance. Half of the towers were manned 
by Indian personnel and half by PEkistBnis. 

Both the countries agreed that the geodetic triangulation 
should be executed under the technical guidance of the Director, 
Geodetic and Training Circle, Dehra Dim. 

5. Narrative.-The observation of triangulation was carried 
out by Messrs. R. S. Chugh, M.A., Deputy Superintending Surveyor 
( India ) and M. Z. Mehdi, B.A., Extra-Assistant Superintendent 
( PBlcistBn ) each observing half of the number of zeroes a t  each 
etation. When Mr. Chugh observed Mr. Mehdi acted as the 
recorder and vice versa. Each of the observers had a squad of seven 
khalhis  from his own country. 

The Bilby towers reached the sites of the stations by 16th 
November 1950. In India, a Bilby tower with the camp equipment 
of its team could easily be transported in a 3-ton lorry and a 15-cwt. 
truck but movement in PBkistHn territory was mostly by means of 
oarts and consequently very slow. On an average 8 carts were 
employed for the transport of each tower. Some use was also 
made of the Ganges water-way in the area and e large &zed boat 

engaged a t  timee. 
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Observations were commenced a t  Habaspur on 1 l t h  December 
1950, the work being closed a t  Lklgola on 28th February 1951. 

During this period, the services of Rlr. L. R. Howard ( India ) 
were put a t  the disposal of the detachment to assist in administrative 
arrangements with regard to movement of the towers, obtaining of 
supplies and rations and centering of the towers on station marks. 

Escorts were provided to the observers and Bilby towers 
erection team in each country. Nothing untoward happened until 
the close of the field programme when a convoy of bullock carts 
carrying tower parts under the charge of MI. T. P. Sinha ( India ) 
was attacked by dacoits in Piikistkn. There was, however, no 
loss of life or property and the team crossed safely over the border. 

Inter-communication between observers and leaders of Bilby 
towers erection teams was mostly through couriers. 

Supplies were purchmed locally in each country. When 
crossing over from one country to the other not more than one 
week's rations per head were allowed to be carried. All survey 
instruments and equipment were passed by the Customs officers 
without any delay. 

All personnel were provided with identity cards or discs which 
were found to be very useful in travelling in either country. Indian 
couriers in Piikistiin territory travelled with PBkistEn Survey 
employees and vice versa. 

The hmlth of the detachment remained good throughout the 
period. 

The towers were found to be quite unsteady in continuous 
wind or gusts of wind which made the signals appear to jump in 
all directions rendering their accurate intersection impossible. The 
observations were also subject to error arising from twist of the 
tower under lateral heating which wm very appreciable from 9 : 00 
hours to 16: 00 hours, the diurnal range of temperature being 
about 26°F. Observations were mostly contined to the intervale 
from 16: 00 hours to sunset and an hour or two a t  sunriee, during 
which periods the variation of temperature was only 1o0F. 

During the month of February there was thick haze in the 
morning and dust in the evening and the observations were made 
whenever clear visibility was obtainable. Nipht observations were 
not possible except diring the month of h n u a r y  due to poor 
visibility. 

6. Method of Observation.-Normelly 48 measures of each 
angle were taken, six mewurea ( 3 on Face Left and 3 on Face 
Right ) on each of the 8 different zeroes, the zeroes being 0" 01' Ob', 
90° 08' 65', 46' 02' lo', 136' 07' 60', 22' 33' 20', 112' 36' 40', 
87' 34' 30' end 167' 36' 30'. Only two pointiige of the miorometer 
on each reading of a station were made. 

Vertical nngles were observed between 12 and 16 hours, 2 nets 
being taken on each face. The heighte of stetionn above ground 
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level were measured by a calibrated crinoline tape to the nearest 
tenth of a foot. 

7. Details of the Triangulation.-The opening side of the 
series is Sisa T.S.-Jitpur T.S. The accepted values of the log side, 
bearing and co-ordinates of these stations are given below :- 

Log side Sisa T.S.-Jitpur T.S. ( in 
log feet ) . . . . . . = 4 -8272973 

Latitude of Sisa T.S. . . . . = 23O 69' 06" -901 
Longitude of Sisa T.S. . . . . = 88 36 31 -078 
Latitude of Jitpur T.S. . . . . = 24 10 06 a742 
Longitude of Jitpur T.S. . . . . = 88 34 48 ,029 
Azimuth a t  Sisa T.S. of Jitpur T.S. . . = 171 46 46 -82 . 
Azimuth a t  Jitpur T.S. of Sisa T.S. . . = 351 46 04 -29 

The series was connected to stations Madhabpur T.S. and 
Khetia T.S. of the old Calcutta Meridional series. The new and 
the old values showed the following discrepancies :- 

The discrepancies being small, the triangulation waa adjueted 
by semi-rigorous methods. The ground level heights of the open- 
ing stations were accepted aa follows :- 

Height of Siea T.S. = 66 feet. 
Height of Jitpur T.S. = 62 feet. 

Latitude of Khetie T.S. . . 
Longitude of Khetie T.S. . . 
Azimuth s t  Khetie T.S. of 

Madhebpur T.S. . . 
Log side Khetie T.S.-Medheb- 

pw T.S. . . .. 

The heights of the remaining statione were computed &om all 
possible cays. The maximum triangular closure error in height 
amounted to 4 -0  feet. 

The average triangular error of the aeries is 0" 47,  and the 
maximum 1".47. Average length of the sides of the series ia 
12 433 miles and the values of m and p are f 0" -466 and f 0 -90 feet 
respectively. 

8. Narrative account of Geodetic work in the Andamam.- 
( a ) general.-The geodetic triangulation ~ n d  base measurement 
in the Andemam were undertaken to provide a new geodetio frame- 
work to serve basis for the new maps of the islande, which the 
government have recently ordered to be prepared by air survey. 
A new astronomical datum a t  Chathem wee eleo eatabliehed by 
observetiom with a Lrge astrolabe, 

Disorepsnoy 
( Old-New ) 

+ 0.008 

+ 0.041 

+ 7.30 

+ 25x10-? 

Old value 
( 1872 ) 

0 1 .  

24 30 61.264 

88 23 03.104 

24 02 36.60 

4~0710790 

New vslue 
( 1960 ) 

0 1 .  

24 30 61 a248 

88 23 03.163 

24 02 29.20 

4.0710706 
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The Geodetic Triangulation Detachment consisting of Mr. 
U. D. Mamgain, Deputy Superintending Surveyor, in charge, Mr. 
A. K. Bhattacharjee ( Officer Surveyor ), one Surveyor, two Trig. 
Computers and 31 k h a W  reached Port Blair via Calcutta on 13th 
September, 1950. Camp was established on the open ground behind 
the Central ( Cellular ) Jail. An empty godown was mede available 
to the Survey Party to accommodate the equipment and stores. 

Astronomical observations for latitude and longitude with the 
large astrolabe were carried out by Mr. J. B. Mathur a t  the site of 
the old observatory on Chatham Island towards the end of October. 
He also observed twin Laplace stations a t  Mt. Harriett H.S. and 
Mt. Haughton H.S. and left for India on 1st December 1950. These 
obse~a t ions  are described in detail in Chapter V. 

The officers of the Indian Naval Ship "Kukri" carried out tidal 
observation a t  Aberdeen Jetty in Port Blair. The zero of their 
tide pole was connected to the levelling network which had been 
carried out by the Levelling Detachment in Port Blair. The navy 
also cerried out simultaneous tidal observations for 16 days in 
Sisters East and Port Blair. 

( b ) Reconnahsance and Slation Building.-The reconnaissance 
for a comprehensive scheme of triangulation covering the entire 
Andamana and off-lying islands was a very difficult undertaking 
as there were no roads or patha to the thickly covered hill-tope 
which in some cases had to be approached by sea. No bullock 
carts are available and kit had to be transported by labourers, 
truclca or boate. Some stations in North Andamana required an 
ocean going boat to get to them which was not available. The 
detachment had to depend on the transport of the Engineer and 
Harbour Master and the Forest Department and thin sometimes 
entailed considerable delays as the launches could only be mede 
available when not required by the authorities for their own normal 
use. The forests contain valuable timber and the transport of the 
Forest Department ia generally f d y  employed in their exploitation. 

Part of the triangulation passes through the territory occupied 
by the hostile Jarwa tribe. During work in thin area, a police 
guard of one naik and 4 conatables was provided by the Superin- 
tendent of Police for the protection of the survey personnel. A 
police wirelea8 detachment also accompanied the survey party to 
maintain contact with Port Blair. 

Many sites had to be reconnoitred before a suitable place could 
be located for the base-line. The country round Port Blair is 
characterized by a m w  of h i h  enclosing narrow valleys. These 
am entirely covered by an evergreen dense tropical jungle and 
there are no etretches of plain ground. A valley west of TumnOb&l 
offered the possibility of a 2) miles long base and had to be selected 
although about one mile of the line ran through thick jungle and 
the rest lay along water-logged rice fields. The aotud bnae meaaure- 
ment had to be deferred till March to allow the ewampy amw to 
dry up and become fit for work. 
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Persistent rains increased considerably the diffioulty of field 
work. The Andaman jungles andvalley landsare almost a continuous 
tropical forest and abound in leeches, swamps and soft mud and the 
hill-tops are full of dense forests with trees about 150 feet high. 
Even the snlaller trees are inextricably tangled with prolific creepers. 
Local masdoors are seldom available. Labour can only be obtained 
from the Labour Officer from his labour force which is imported 
from India ( RBnchi and Telugu Districts ). These labourers are 
generally employed on the docks and are not accustomed to the 
hardships of the forests. Gangs had, therefore, to be changed pretty 
often for clearing the jungles for reconnaissance. The Survey of 
India kha& proved to be of great help in this arduous task of 
olewing dificult jungles in pouring rains but they were not enough 
in numbers. 

Mr. S. K. Bose ( Surveyor ) arrived with levelling and speoial 
river orossing equipment on 26th November 1960. Mr. A. K. 
Bhattacharjw and Mr. Bose started levelling work on 1st December, 
1960. Level lines from the old Ross Bench-mark, carrying the level 
across the sea from Ross Island to Aberdeen Jetty, were carried out. 
Another river crossing was effected to Chatham to complete a levelling 
circuit. Precision levelling methods were adopted and eight 
'C' Type benchmarks and one 'B '  Type bench-mark were laid and 
handed over to the P.W.D. foi. preservation and maintenance. 
Three G.T. stations-Row Air Raid shelter station, Haughton and 
Chatham Astro. station were also connected by levelling. Shortage 
of trained khahia  wee a great handicap throughout the field. 
Details of this levelling are given in Chapter 111. 

( c ) Narrative of the Obaervation Party.-Triangulation observa- 
tions were started on 2nd January, 1951, the base comeotions being 
observed h t .  The weather became adverse towards the end of 
January and early February. A transport crisis in boate, and 
launohes developed in January. ML 'Elsa' was under repairs 
and ML "Molly" ran aground while carrying heliotropes to Tarmugli. 
Di5oulty of posting of heliotropes to island stations comiderably 
slowed down observations, which in many cases had to be taken 
in broken rounds to slut the posting of heliotropes. 

Fortunately the Indian Naval Ship 'Kukri' of the Marine 
Survey of India arrived in Port Blair on 26th January, 1961 for the 
survey of the Duncan Peasege. The Commander kindly agreed to 
transport heliotropes to stations in the southern islande during hie 
week-end rum between Port Blair and Duncan Passage. This 
relieved the transport situation to some extent and observation 
for stations lying south of Port Blair were planned so &B to avail 
of the faoilitiecl offered by 'Kukri'. These obsematione were 
completed on 21st March, 1961. A subsidiary station on Sishm 
Weet which wea the origin of the Dunoan Passage eurvey by I. N. S. 
Kukri wea also observed and connected. 

The field seeson wea oloeed on 20th April, 1061 after observing 
the Barewell-Twina ray. The Tarmugli-Twins ray could not 
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be cleared as after the 28th April i t  started raining practically 
every day and further observations were not possible. The detach- 
ment assembled in Port Blair in the f i s t  week of May and left for 
India by the 8.8. Maharaja on the 13th May 1951. 

Most of the personnel suffered from malaria and malnutrition 
and from sores due to leech bites and ticks. Night blindness 
seemed to be a common malady with many muzdoors after some 
time. Green vegetables are seldom available. The hospital a t  
Port Blair is well equipped and was a great boon to the Survey Party. 

9. Ferrar Ganj Base-line.-The choice of a site for the base- 
line presented considerable difIiculty on account of unsuitable 
terrain. The entire area is heavily forested and consists of hills 
separated by narrow valleys. After a lot of reconnoitring, a flat 
stretch was selected near Ferrar Ganj where a base about 23 miles 
long was laid out. 

Its southern end is situated in the swampy paddy fields about 
one mile north-west of the TusonEbBd village and its northern end 
ia in the compound of the Horticulturist's garden in Ferrar Ganj. 

For the first half mile from the south station the base line runs 
through swampy paddy fields. The next mile is through portions 
of thick jungle and involves crossing of some d E 9 .  The clearance 
of the jungle to make the route clear for the movement of the 
squad involved much time and labour. The rest of the base-line 
wm again through swampy paddy fields and paased over some 
high mounds covered with jungle. A certain amount of digging 
and raising had to be done in this elevated portion to decrease the 
relative height of the two pegs of individual 24-metre bays. The 
demarcation of the base was carried out from 21st February to 
20th March 1951. 

The descriptions of the terminal stations of the base-line is given 
in the next para. A p a k b  station mark was laid a t  the central 
base station and intermediate points, lying on the two halves of 
the base a t  about half-mile or shorter intervisible distances were 
surveyed and demarcated by flags. Alignment of the flags was 
carried out with the help of a Wild t h e o d o l i b t h e  flags being 
shifted to fall on the exact base-line. 

10. Description of terminal stations.-( a ) Ferrar Ganj Bme 
South Station.-The station mark consists of a braas plug set in 
cement concrete about an inch above the upper surface of a stone 
embedded in a circular masonry pillar 32 inches in diameter and 
3 feet 6 inches high. A ring of masonry one foot thick and of the 
same height as the pillar, surrounds it, but is separated from it by 
an annular space 3 inches wide. Vertically below the upper mark- 
stone there is mother brass plug with cross mark on LLe upper 
surfaae of the stone embedded in the centre with cement md 
conorete. There is a tubular cavity between the two marks. The 
disbnoe between the two marks is 3 feet If inohes. Around the 
maaonry ring there ia a platform of earth and stones 12 feet aquare 
and of the same height as the pillar. 
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The station is situated on the elevated space of hard ground in 
the ope11 paddy field about one mile north-west of Tusonfibfid 
village. 

( b ) Ferrar Gaid Base North Station.-The mark consists of a 
brass plug set on the upper surface of a stone embedded by cement 
concrete and about an inch above the top of a circular masonry 
pillar 32 inches in diameter and 3 feet 6 inches high. A ring of 
masonry one foot thick and of the same height as the pillar sur- 
rounds it but is separated from it by an annular space 3 inches wide. 
Vertically below the upper mark-stone there is another brass plug 
with the cross mark embedded in the centre of the rock. There is 
a tubular cavity between the two marks. The distance of the 
lower mark from the upper one is 3 feet. Around the masonry 
ring is a platform of earth and stones 12 feet square. 

The station is situated in the garden of P.W.D. Horticulturist's 
bungalow in Ferrar Ganj approachable by a motor road from Port 
Blair which is a t  a distance of 26 miles. 

11. System of base measurement.-The system of measurement 
was by invar wires in catenary as in the previous years. 

Wire Nos. 244 and 262 were used for south-to-north measure 
and Nos. 248 and 1037 for the reverse direction. Wire No. 1038 
was used as sub-standard for daily comparisons of the working 
wires and No. 245 as the standard for the comparison of the field 
sub-standards. Comparisons with the field sub-standard were made 
daily some time before and after the work in such proportion as 
to make the mean temperature of comparison the same aa the 
mean temperature a t  which the base had been meaaured. Wire 
No. 246 was taken as a spare for use in case of a casualty. 

The wires were standardized against the Dehre, Diin 24-metre 
comparator before and after the field season and full details regard- 
ing their length as well as tneir coefficients of expansion are given 
in Chapter I1 ( Observatories ). I t  will be seen from the results 
that the wires have held their lengths satisfactorily. 

These wires were used with 10 tripods under a tension of 
10 kgms. Before the measurement ww started, the positions for 
the tripods were laid out by marks on pegs, accurately aligned end 
a t  approximately the correct intervals. The heights of these pegs 
were determined by spirit-levelling. During measurement the 
heighta of the tripods above the pegs were taken by the observer 
and an assistant and were compared then and there. When the 
rise or fall exceeded about 4 feet, this waa checked by direct levelling 
between the register heads of the tripods. 

The measurement of the bme was carried out by Mr. U. D. 
h m g a i n  and Mr. A. K. Bhattacharjee essisted by two computere 
and 24 kha&ia horn 31st March to 16th April, 1961. The everage 
out-turn was 34 bays per day. Temperature ranged horn 22°C to 
37°C. Mr. A. K. Bhattacharjee left for Indie with the wiree for 
recalibretion on the 18th April, 1961. 
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12. Results of base measurement.-The final resulte are 
tabulated below :- 
, I 

h u t h  to ~ o r t h  ( Fore ) North to South ( Baok 
Mean value 

I 

VI 

VII 

Sum of 

The discrepancy between the south-to-north and north-to- 
south measures is 1 : 3,625,000. 

The measured length of the bwe is 3878.2189 metres. This 
length is reduced to Indian feet by the following conversion factors : 

1 standard yard = 0.914 399 20 metres 
1 Indian foot = 0 a333 331 886 standard yards. 

The reduced length is 12723 4817 Indian feet. 
In  reducing the length of the base to spheroidal level, the 

height of the geoid above the Everest spheroid is required. This is 
not known as the triangulation of Andamam has not been connected 
to that of India. But a value of 90 feet has been aasumed on the 
assumption that the geoid coincides with the International spheroid 
in this area. 

Reduced to spheroid level, the length of the base is 12723 4046 
Indian feet. 

13. Datum of Co-ordinates and Azimuth.-A brief account of 
the older triangulation in the Andamans and Nicobara carried out 
in 1883-86 ie given in Technical Report 1948-49, Part 111, Chapter I, 
para 6. The datum station for latitudes end longitudes Is the 
astronomical observatory a t  Chatham Island. The values of 
ax-ordinetea of this Observatory aa determined by Mr. Nicholson of 
the Survey of India in 1861 were 

Latitude 11' 41' 13' N. 
Longitude 02" 42' 44' E. 
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The latitude was determined from 162 meridional zenith 
distances and was of a high degree of accuracy. 

The longitude was obtained directly with respect to Greenwich 
from 41 lunar culminations. It was later realized that this was an 
inaccurate method. Accordingly in 1899, another determination of 
the longitude was made with respect to a G.T. point in Burma ( Dia- 
mond Island, Flagstaff) by transport of chronometers. The value 
was found to be greater than the earlier value given above by 
1' 16" and mas considered to be an improvement on the older value 
and some of the triangulation data and charts were corrected to 
accord with it. This value was, however, by no means very 
reliable and could not be regarded as final. The redetermination of 
the astronomical longitude of Chatham Observatory by the modern 
method was, therefore, considered to be very desirable. 

The observations were carried out by M i .  J. B. Mathur with an 
astrolabe on three nights of 31st October, 1950, 1st November, 1950 
and 2nd November, 1950. Details of the observations are given in 
Chapter V. The values of the latitude and longitude obtained are 
as follows :- 

Latitude 11" 41' 13" -04 f 0" -5 N. 
Longitude 92" 43' 30" -32 f 0" a3 E. 

The new value of longitude lies midway between the 1861 and 
1899 values. 

The initial azimuth for the new series of geodetio triangulation 
was obtained from 18 observations of Polaris on 23rd November 
1960 and 20 obsemations on 26th November 1960. 

The results were as follows :- 

The above values of the astronomical datum place the triangu- 
lation of the Andamans on a satisfactory independent basis. When 
opportunity occum, it  would be desirable to connect this triangula- 
tion to the Primary Triangulation of India. 

Place 

Chatham Obssmatary 

14 . '~e ta i l s  of the Andaman Triangulation.-Chart V shows 
the complete layout of the proposed new geodetio triangulation of 
the Andamans. This consiata of 27 stations of which only 17 
statiom could be occupied this year. Due to the configuration of 
the islands coupled with transport difficulties and inaccessibility of 
oertain peaks, some elongated figures had inevitably to be intro- 
duced. 

Reference mark I h b  I Azimufi 

Haughton H.S. 
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The observations were carried out both during day and night 
with a Geodetic Tavistock theodolite No. V0528 from 2nd January, 
1951 to 28th April, 1961. Horizontal angles were measured on 8 
zeroes mostly with thrce sets on each zero. 

Vertical angles ( two sets ) were observed at  the time of mini- 
mum refraction. 

15. Crinoline chain traverses of the Car Nicobar Islands.- 
( a ) Narrative.-A detachment under Major C. M. Sahni, consist- 
ing, besides the Officer-in-Charge, of one Surveyor ( Mr. P. N. Sanyal ) 
and 8 kha&G-was detailed to carry out the prepointing for the 
air survey of the Car Nicobar Island. For planimetry, control 
points were required a t  a spacing of 34 miles and for heights a demity 
of one point per every # mile or so was aimed at. 

I t  was planned to carry out a traverse comprising of two main 
circuits ( Periphery and centre of the Island ) using two crinoline 
chains ( 100 yds. and 110 yds. ) and a glass arc theodolite ( Wild ). 
Astronomical azimuths from stars were to be observed every 8 to 
10 miles. 

The detachment left Dehra D i n  on 15th October, 1960 and sailed 
from Madras on 22nd October, disembarking a t  Car Nicobar on 
26th October. It then sailed for Nancowry group of Islands on 
1st November, and returned to Car Nicobar on 8th November. 

The detachment was well provided with prophylactic and 
curative medicines, for malaria and snake-bites. Major Sahni flew 
back to India after completion of work on 1 l t h  April, 1951 and the 
rest of the detachment returned by sea on 12th May, 1951. 

( b ) Nature of Me Island.-The island of Car Nicobar is 64 
square miles in area and is about 140 miles from the Andamam. 
It has low hills in the centre, eloping gently in all directione. The 
eaatern side is much more fertile than the western, where there 
are a number of low depressions and swamps. There is a 
coral reef all round the island extending from about 100 to 
300 feet. 

The island has a typically tropical appearance abounding in 
coconut trees. Unlike the Andamens, there are no commercially 
valuable trees. The forests consist of trees 20 to 30 feet high 
inter-mingled with thick tall trees 60 to 80 feet high. On the 
eastern coast bananas and papilas grow in abundance. On little 
oleared patches, the locals grow yam, sugar-cane and chillies. 
There are a few mango and jack fruit trees. 

A number of roads were made by the Japanese during their 
occupation. Only the periphery road is maintained now. Jspaneee 
concrete bunkers and equipment can be seen all over the island. 

The Nicobarese number about 9,000. They are an intelligent, 
well-built and care-free people. Most of them are Christias and 
have a church in every village. Government hes etasted schools in 
the villages also ; and many can speak Hindustiini. Some of them 
have been succenafully trained IW nursing orderlies, school teachera, 
drivers, tsilon snd carpenters. 
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Each village haa a headman whose orders are implicitly obeyed 
by all. For engaging labourers they should always be contacted. 
Nicobarese are very suspicious of all visitors ; a sympathetic and 
t,olerant attitude makes them very friendly. 

The island is full of snakes, but few are poisonous. There are 
lots of pythons in all the Nicobarese group of islands. Local people 
rear pigs and chickens and keep dogs and cats as pets. There are 
no animals which yield milk. 

( c ) Weather.-It rains throughout the year in these islands 
and except when raining the climate is very hot. The months 
with the minimum rainfall of 2 .5  to 4 inches are February, March and 
April. Till the middle of January, rain is frequent and the monsoon 
breaks in early May. The sky is always cloudy. The wind is north- 
easterly from January to May and south-westerly in the remaining 
months. 

( d ) Tramport and camping 8itea.-The periphery road 
affords easy access to the whole island. As a protection against 
snakes, it was necessary to stay in local huts which are con- 
structed 3 to 6 feet above the ground. 

( e ) Marking aita of wnlrol poinls.Sites for control points 
and routes of traverse and level lines had to be selected so that 
the least jungle clearing was involved. The Nicobarese were 
reluctant to out their coconut trees and demanded heavy com- 
pensation for each tree. 

At control points, clearings of 80 to 100 feet diameter were 
made. To distinguish them from the clearings in gardens a whib 
cross ( whitewash or sand ) with arms 60 feet by 10 feet, was 
made. If a hut in a little clearing was available, the cross waa 
painted on its thatched roof with the arms extending to the ground. 
This extension of the arms had to be protected from the children 
and the pigs by putting a fence round it. Painting of the croeses 
was left to be done a few days before the photography was to 
commence. 

Planimetric control points around the coast which had to be 
sited on send had the arms of the cross marked with branches of 
trees, es for example, a t  Chuckchuki, Lapati and Mus. These came 
out very well on the photographs. 

Since heavy jungle clearing waa required, for triangulation and 
olinometric heights, recourse waa taken to traverae and levelling. 
Periphery traverae if run along the road required a lot of cutting of 
coconut trees, to get longer rays : it wee therefore run along the 
coeet-line. Here many stations had to be made on the coral reef 
which was under 4 to 6 feet of water a t  high tide. Traverse could 
only be run during low tide. 

The etation of origin as well as that for tidal observation 
was eelected a t  Malacca Jetty. 29 days' tidal observations were 
toLen by the Indian Navy. 
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( f  ) Health.-Health of the detachment remained good till 
December. After that malaria attacks became frequent. One 
contingent EhalZ9i waa bitten by a snake, which fortunately was 
non-poisonous. 

( g ) Traverse 06servatiom.-Horizontal angles were observed 
on two zeroes with two sets on each zero. Vertical angles were 
observed a t  the time of minimum refraction on both faces-one 
set only. 

Two crinoline chains of length 100 and 110 yards respectively 
were used. The progress in the beginning waa about 14 miles per 
day, as many distances had to be re-chained. As the squad gathured 
experience, however, distances up to 33 milea per-day could be easily 
chained. 

Stations were made in the sand by driving in thick wooden 
pickets 6 to 7 feet long, rammed with coral and a nail marking its 
centre. On coral reef, iron rods 2 to 3 feet long and 4 inch thick were 
hammered in and a cross filed to mark its centre. Flags on 10 to 
12 feet long bamboos were erected a t  all stations. 

The details of the traverse are as follows :- 

It was not possible to do a precise astronomic fixation of the 
datum. The co-ordinates have accordingly been computed in 
terms of Malaoca Jetty. 

Levelling.-Total outturn of tertiary levelling was 76 miles. 
A tertiary level line was run along the periphery coestal road. 
From this framework, branch lines were run to find heights of control 
points. Traverse stations were also connected .to the level lines 
frequently. Details are given in Chapter LII. 

Length of traverse . . 
Total number of stations . 

Closing error in Eeeting . . 
,, ,. ,, Northing . . 

Nnmber of Antro. bzimutb ate- 
tiona .. 

Peripberg 
Traverne 

28.40 milea 

60 

1.6 yda. 

0 .D ydn. 

5 

Central Traverse 

10.82 milea 

186 (exoluding ntartiig end 
olosing stations ). 

2.8 yds. 

0.7  yds. 

8 ( esoloding atarting and oloa- 
ing etationa ). 



OBSERVATORIES 

BY B. L. GULATEE, N.A. (OANTAB. ), F.R.I.O.S., M.I.S. ( I N D I A  ) 

16. Standards of Length.-Eight invar wires were standardized 
in the 24-metre comparator at  Dehra D i n  for the measurement of 
the geodetic base in the Andaman Islands. The 4-metre invar bar 
was also calibrated against the 1-metre nickel bar. Details of the 
observations are given below. I t  will be seen that the bars and 
wires have maintained their previous lengths very satisfactorily. 
The observers were Messrs. V. P. Sharma and A. K. Bhattacha jee. 

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

( a ) Invar 4-rn ( Baros plugs ) m i n u  Nickel I-m.- 
First metre ( 0 lo 1 ) of invar bar. 

Reputedlength of nickel a t  26".07C = 1 m. + 0.3435 mm. ( derived 
from N.P.L. certificate 1947 ) 

Obsemed invar minua nickel = - 0.2823 mm. 
:.Length of the invar a t  26".09C = 1 m. + 0.0612 mm. 

A. K. B. 1- -0.2818 mm. 

The expansion equation of invar is 
In =Lo ( 1 + 0.000 001 450t-0.000 000 000 6ta ) 
which gives the length of thie section of the inver bar a t  24'. 3C 
to be - 1 m. + 0.0687 mm. 

V. P. 9. 

-0.2803 mm. 
.2826 
,2814 
.2800 
.2826 
.2M3 
4836 
.2828 

-0.2824 mm. 1 -0.2821 m r  
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Second metre ( 1 to 2 ) of invar bar. 

, Third metre ( 2 to 3 ) of invar bar. 

I D a k  1 Temperetun I A. R. B. 

14-8-60 I TI = 26".20C 
1 Tn - 26'.27C 

Mean 

D e k  

13-8-60 

V. P. 8. I 

Tempereture 

Reputed length of nickel = 1 m. + 0.3460 mm. 
Observed invar minw nickel = - 0.2924 mm. 
Length of the invar at 26O.29C = I m. + 0.0536 mm. 

:.Length of the invar at 24".3C = 1 m. + 0.0608 mm. 

-0.2032 mm. 
.2961 
.2037 
,2046 
.2013 
,2004 
.2018 
.2020 

-0.2020 mm. 

-0.2030 mm. -0.2002 mm. 
.2016 
.2026 ,2024 
.2886 
-2800 

-0.2008 mm. 
.2W8 
.2034 
2023 

.2014 

.2880 
,2003 
.2040 

-0.2020 mm. 

-0.2800 mm. I -0.2001 mm. 

Reputed length of nickel = 1 m. + 0.3463 mm. 
Observed invor minus nickel -= - 0.2900 mm. 
Length of the invar at 26'.30C = 1 m. + 0.0663 mm. 

:.Length of the invar at 24"-3C = 1 m. + 0.0634 mm. 

Fourth metre 1 3 to 4 of  invar bar. 

I Data ( T e m p . l u n  1 A. 11.8. 1 V. P. 8. 

-0.2821 mm. -0.2824 mm. 
.2830 
.2843 

1 .2878 1 4% 
.2860 

Meen 4 . 2 8 6 0  mm. -4.2853 mm. 

Reputed length of niokel = 1 m. + 0.3481 mm. 
Obsemed inver tninw niokel = - 0.2851 mm. 
Length of the invar s t  2a0.43C = 1 m. + 0.0630 mm. 

.'.Length of the inver at 24'.3C = 1 m. + 0.0600 mm. 
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Combining the four sections of the invar bar we get the total 
length of the bar ( Baros plugs ) as 4 m. + 0.2228 mrn. at  24'. 3C. 

The lengths as determined on previous occasions are :- 

Year Length 

1931 4000.2226 mm. 
1934 4000.2235 mm. 
1937 1000.2192 mm. 
1946 4000.2474 mm. 
1949 4000.2187 mm. 

In  the 1945 length determination the bars were not immersed 
under water and it  is presumed that the observed temperatures do 
not shorn the correct temperatures of the bars. 

The 1949 length was determined by the same set of observers 
and the change in length is of the order of one in a million. The bar 
can thus be regarded as having maintained its length well. 

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

Length of the 4-m invar ( Baros plugs ) at  
24'. 3C = 4 m. + 0.2228 mm. 

Length of the 4-m invar Edge B a t  24". 3C = 4 m. + 0.2183 mm. 
and length of 4-metre invar Edge B a t  28°C = 4 m. + 0.2394 mm. 

Date 
-- 

The previous determinations of Edge B are.- 

Year Length 

A. K. B. 

1914 4 m. + 0.2060 mm. 
1930 0.2376 mm. 
1934 0.2396 mm. 
1937 0.2417 mm. 
1949 0-2411 mm. 

V. P. S. 

1-50 0.0064 mm. 

,003 1 * .ooar 

Mean 

Qenerd menu 

-0.0066 mm. 
.0038 
,0041 
.003o 

-0.0046 mm. 

-0.0046 lorn. 

. 
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( c ) 4-m Invar. Edge B minw Edge A.- 

This value differs a bit widely from the previous determinations 
which are listed below :- 

Year Edge B-Edge A 

V. P. S. 

-0.0088 mm. 
.0077 
.0085 
.0107 

-0.0080 mm. 

-0.0077 mm. 

Date 

18-8-60 

Mean 

1914 N.P.L. + 0.003 mm. 
1930 + 0.0038 
1934 + 0.0032 
1937 + 0.0042 
1949 + 0.0008 

A. K. B. 

-0.0088 mm. 
.0068 
.OM0 
.0070 

-0.0000 mm. 

General meen 

Accordingly the comparisons of ( b ) end ( c ) were repeated on 
three dserent days after the field sewon. The results am 
aa below :- 

4-m Invar. Edge B minw, Baros plugs.- 

4-m Invar. Edge B minw, Edge A.- 

Date 

8 4 4 1  

?dm 

Date V. P. 8. & K. B. 

+0.0122 mm. +0.0106 mm. 
.0038 
.0103 
-0061 

.w74 .0088 

+ o . m 0  mm. 

Oananl m a  +0.0070 mm. 

V. P. 8. 

+0.0028 mm. 
-0002 
a0002 
-0037 
-0087 

+0.0021 mm. 

Qmeralmbsn 

# 
+0.0032 mm. 
-0.0013 
+0.0003 

.00m 

.0066 

+O.WR mm. 

+0.00Umm. 
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4-rn Invar. Edge B minus Baros plugs.- 

4-m Invar. Edge B minwr E,dge A.- 

4-m Invar. Edge B m i n u  Edge A.- 

A. K. B. 

+0.0100 mm. 
.0118 
.0115 
.0074 
.0125 

+0.0108 mm. 

+0.0108 mm. 

Dste 

M 1  

Meam 

4-m Invar. Edge B minw, Baros plugs.- 

V. P. 9. 

+04098 mm. 
.0102 
.O12B 
.0070 
.0113 

+0.0104 mm. 

aeneral mean 

A. K. B. 

+0.0000 mm. 
em74 
.0111 
.0077 

+0.0000 mm. 

+0.0002 mm. 

Data 

10-6-61 

Masn 

- 
V. P. 8. 

+0.0107 mm. 
. m 7  
.0114 - 0083 

+0.0003 mm. 

*ad mean 

A. K. B. 

+O.OWO mm. 
.0027 
.0037 
.0018 -- 

$0.0031 mm. 

+0.0020 mm. 

Date 

104-51 

M w  

V. P. 8. 

+ 0 . m  mm. 
.0008 
-0032 
moo27 

+0.0028mm. 

send mean 
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The mean value of Edge B-Baros plugs is + 0.0031 mm. and 
of Edge B-Edge A is + 0.0092 mm. 

Past experience has shorn that comparisons of Edges A and 
B exhibit rather large changes from year to year. These are pro- 
bably not real but are due mainly to the fact that edge marks A 
and B are of coarser grain than the Baros marks and direction of 
illumination can introduce large errors. 

( d ) 4-m Nickel-steel ninzra q-m Invar Baros plugs.- 

Accepted length of 4-rn invar bar a t  
24"- 3C = 4 m. + 0.2228 mm. 

Length of 4-m invar bar a t  25".91C = 4 m. + 0.2320 mm. 

Date 

17-8-60 

Observed nickel-steel minm invar = + 0.6463 mm. 
Length of 4-m nickel-steel a t  25'. 87C = 4 m. + 0.7773 mm. 
Coefficient of expansion of nickel-steel = 0.000 007,62 per "C 

.'.Length of this bar a t  24".3C = 4 m. + 0.7301 mm. 

Temperature A. K. B. V. P. 9. 

TI = 2b0.91C +0.6408 mm. +0.6470 mm. 
Tns= 25'.87C 

+0.6453 mm. +0.6453 mm. 

17. Coefficients of Expansion of 24-metre Invar wires.-The 
coefficients of expansion of 24-m wires were determined in the field 
as follows :- 

8 bays covering a length of 192 metres were laid on a flat bit of 
ground. Pukka brass plugs set in cement marked the ends of this 
line. In  addition one pukka mark was also laid a t  a distance of 
3  bay^ from one end. 

The distance between tho three brass pluge, both in fore and 
back direction, was meesured during the highest end lowest tem- 
perature periods on one day and repeated on another day. The daily 
range of temperature in the Andaman Islands waa, however, not 
enough, being only of the order of about 8°C. The results could only 
be used as gross check on the previoucl values obtained. The 
temperature ooefficient found for different wires is given in the 
following table. 
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Increase i n  mm. per 24 metres per 1°C. 

The 1949 values have been used in the final computation of the 
length of the base. 

Wire Nos. 
isew>,.l 1038 248 1037 262 244 

Coefficients of expnnsion of 24-m wire Nos. 245 and 246 and the 
4-m wire No. 28 are not known. 

15-4-61 

1940 

1034 

18. Lengths of Wires.-All the eight 24-m Invar wires, the 
8-metre wire and the 4-metre tape were talrcn to the field and their 
lengths were determined, both before and after the field work against 
the 24-metre comparator a t  Dehra Dfin. In the field, daily corn- 
parisom were made with the sub-standard and twice a week wit11 
the standard and a close watch was kept on the working wires. 
The wires behaved well in the field. 

-- -- 
-0,0024 -0.0062 -0.0011 -0.0063 f0.0035 

- ,0078 - ,0132 - .0001 - ,0138 - ,0002 

+ .0012 - .0028 - ,0000 - ,0050 4- ,0058 

The pairs of working wires were :- 

Invar wire Nos. 
Fore Direction 244 and 252 
Back Direction 248 and 1037 
Sub-standard 1038 
Standard 246 
Spare 246 

The lengths of the 24-metre comparator were determined in 
August 1950, nnd May 1961 with tho 4-metre Invar and are ehown 
in Plate VII. 

The resulting lengths of the wires, pro and post-field, as deter- 
mined from the length of the 24-metre compnrator under tension of 
10 kg. and freely suspended, are as follows :- 

MiUimtreu in ezceaa or &fed on 24 metres at 28°C. 

Coemoiant of erpsadoD not knoaa 
\ 

.,>ire Nos. 

Dste --', - 
August 1060 
(pm-Eeld) .. 

May 1061 ( poat- 
6eld ) . . 

Mmn .. 

1037 
- 

+0.77 

+0.70 

+0.74 

1038 
- 

+0.76 

+0.01 

+0.83 

a246 
- 
-0.13 

-0.12 

-0.12 

244 

-2.48 

-2.62 

-2.40 
I 

248 
- 

+1.84 

+1.74 

+1.80 

247 
- 

+1.61 

+1.87 

+1.60 

246 

+0.88 

+0.08 

+0.02 

262 
-- 

+3.08 

+3.16 

+3.12 
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Lengths determined in previous yearB ;ere :- 

Millimetres in ezcesa or defect on 24 metres at 28°C. 

The length of the 4-m inuar tape and 8-m inuar wirea are :- 

P,"" Year 

1949 

1937 

1934 

1930-31 

The previous determinations gave.- 

244 

-2.43 

-2.39 

-2.30 

-1.74 

A u p d  1960 . . 
Pre-field . . 

May 1961 . . 
Post-field . . 
Mem . . 

) Y r r  I 4-m tap. No. 28 I &" .kN0'083 st 2B°C I 
1-31 mm. at 28'C 0.884 mm. 
1.38 mm. at 28OC 0.81)2 mm. 

N 3 L  0.246 mm. 

Cosaalmt of expanmion not h o r n .  

Remarh 

bff ia isnt  of eIponaion of 
4 m. tape is not !mown. 

Coeffiaient of expunon of 
8 m. wire is +0.00007 mm. 
per 1'C. 

4m. 1 %  

247 

+ I . W  

+1.01 

+1.03 

246 

+1.02 

. . 

. . 

. . 

4 In.+ 
1.471 mm. 

at 27'. 8C 

+1.4399 mm. 
at 28'.0C 

+1.46Wmm. 
at 27°.9C 

1038 
- 
+0.79 

*240 

-0.129+1.47 

.. 

. . 

. . 

8 m.+ 
0.042 mm. 

at 28'.OC 

+0.7060 mm. 
at 2B0.OC 

+0.8738mm. 
at 28O.OC 

" I . '  

1037 

+0.78 

.. 

.. 

248 1 262 

+1.71 

+1.72 

+1.73 

+1.12 

+3.16 

+3.08 

+3.07 

+2.41 



OBSERVATORIES 

Meens of the pre and post-field values have been used for the 
I duc t ion  of the base. The final lengths accepted of the wires 
q, follows :- 

The 72-metre invar wire whiah is for use over wide stretches of 
ground to avoid slopes and creeks, was taken to the field, but ocoasion 
did not arise for its use. 

19. Magnetic Observations.-Three Quartz HorizontalMagneto- 
meters Nos. 17, 18 and 32, belonging to the International Association 
of Terrestrial Magnetism, were received in India for observations of 
the diurnal range of variation of the horizontal force near the Mag- 
netic Equator. Detailed results of the meenurements, aa required 
by the Committee to promote such observations convened by the 
International Association of Terrestrial Magnetism and Electricity, 
have alrmdy been published in Technical Report Part ITI, 1949-50, 
Chapter VI. 

The three Q.H.Ms. were also compared with the Kew Pattern 
instruments in use a t  D e b  Diin and Alibag observatories. At 
Dehra Dtin, magnetometer No. 5 ( with magnet 6 B  ) displayed an 
index error of about -16y with respect to the Q.H.Ms. ; a t  &bag 
magnetometer No. 7 had an index error of -34y. 

20. Observations a t  Repeat Stations.-In addition to the above 
comparisons, the Q.H.Ms. were used to measure horizontal force a t  
13 etations in South India. The provisional results are tabulated 
in Table 1. They are uncorrected for diurnal variation and per- 
turbation. The h a 1  resulta will be published in the next Technical 
Rsport. 

Chart VTLI givea a revised up-to-date isogonal chart in the area 
eouth of latitude 16", drawn aa a reault of these obsemations. 
Thia wi l l  elso be modified puitably when the date is WJ 
d* 

Standard oorreotion 
at temperature OC 

mm. 
+0.92 at 2B°C 

-0.12 ,. 

-2.49 ,, 

+3.12 ,, 

+l.BB ,, 

-I-0.74 ,, 

+0.83 ,, 
+04738 ,, 

+ 1.4584 at 27'BC 

C 

,, 

,, 

.. 
,. 

.. 

.. 
Bm 

4m 

Temperature 1 Bomub Wire 
No. -- 
246 

246 

244 

252 

248 

1037 

1038 

983 

28 

emfficient 

mm. 
Not known 

+0.0036 

-0.0063 

-0.0082 

-0.0011 

-0.0024 

+ 'W7 

Not known 

Standard 

Spare 

Fore menduring wire 

Fore measuring wire 

Back measuring aire 

Baok meeswing wire 

Sobstandard  re re and baok m e w -  
ing -' 
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21. Meteorological and Seismological Observations.-The usual 
meteorological observations a t  081 and 174 hours have been taken 
throughout the year. The meteorological data for Dehra Diin have 
been supplied to various local civil and military offices. The original 
meteorological monthly records were sent to the Director, Regional 
Meteorological Centre, New Delhi. 

The Olnori Seismograph was in operation throughout the year. 
It was cleaned and reset in June 1951. Data of earthquake records 
was supplied to the Director-General of Observatories for publication 
in the monthly Seismological Bulletin. 

22. Test, Calibration and Repairs of Instruments.-Thie 
Directorate now controls the issue, procurement and allotment of all 
precision instruments of the Department. rls far as possible, the 
precision instruments are repaired in the observatory workshop. 

During the year under report instruments of a total stock value 
of Rs. 1,83,000 were repaired. These consisted of 17 glass arc 
theodolites, 22 vernier theodolites, 24 levels, 22 barometers, 24 cal- 
culating machines, 46 binoculars, 17 watches, 53 magnetic compasses, 
12 prismatic compasses, stereo comparators, projectoscopes and 
various other survey instruments. The tide predicting machine, 
the seismograph and other geodetic instruments were attended to 
and kept in working order. 

20-meter tapes, levelling staves, 10 feet standard trtpes, baro- 
meters and levels were calibrated. Tests on performance of many 
instruments sent by S.O.S. were carried out. 

Four Radio receiving sets ( model NC 100 ASD ) were procured 
from American Disposals for the reception of time signals. These 
sets have frequency range of 200 to 400 kilocycles and 1,300 to 
30,000 kilocycles and can be worked on a power supply of 116 volts, 
5&60 cycles or 115 volts-25 cycles. These ere being converted 
inb battery run sets, so thst  they may be worked in the field in 
place of the antiquated R.P. 11 Marconi set. 

A precision lathe has been set up in the workshop which oan 
turn out footscrews for the theodolites and micrometer screws of 
accurate pitch. 

23. Miscellaneous.- 
( i ) Various field detachments of Geodetic and Training 

Circle were supplied with instruments for field 
season 195&61. 

( ii ) Delicate instruments installed in obsewatoriea were 
maintained in good condition and adjustment. 

( iii ) Annual examination of all surveying instruments of 
units and detachment.9 a t  the close of field work was 
carried out. 

( iv ) Practice observations were carried out in Geodetic Base 
measurement and Triangulation observation for the 
benefit of the trainee officers in Dehra Dkn. 

( v ) Computation of Laplace observations end origin Bxation 
in the Andeman Ialmda were eorutinized. 
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24. General.-During the period under report nine detachments 
were employed, two on levelling of high precision, one on precision 
levelling in the Andamans and seven on secondary levelling. A 
circuit of about 140 miles of tertiary levelling was also carried out 
in the Car Nicobar Island. 

The two high precision levelling detachments carried out the 
back levelling of the line from Hubli to KolhBpur, the fore levelling 
of which was done in 194749.  This completes the re-observation 
of the older lines of levelling from Bombay to KiirwBr. 

The line from KolhBpur to Raichfir via WBdi was observed in 
both fore and back directions. This line also forms part of the high 
precision level net of India. Part of the line from KolhBpur to 
Rdchfir serves the purpose of providing height datum for the 
levelling for the Koyna Irrigation Project. Two branch-lines one 
fmm MirBj to Karld and the other from Mamd5pur to Muddebihiil 
were also run for the eame purpose. 

The cost of running these branch-lines and a part of the cost 
of the main line were paid for by the Bombay Government. 

The precision levelling in the Andamas and the tertiary 
levelling in the Car Nicobar Islands were carried out to provide 
height control for the large scale maps of these islands, which are 
being prepared by air photography. 

Four secondary levelling detachments were employed in 
G j m t h l n .  Their cost was met by the Central Water Power, 
Irrigation and Navigation Commission. Two detachmente carried 
out secondary levelling in the Jullundur area in connection with 
the B h a h  Dam Project and were paid for by 'the Punjab 
Government. 

One secondary levelling detaohment under No. 18 Party 
( Emtern Circle ) was employed to determine the mean sea-level 
heights of the zeroes of four water-gauges erected a t  the banks of 
the river Padme ( Ganges ), which were required by the Indian and 
Plkistlni Hydrographical Survey Parties working there. 

Secondary levelling, carried out in the Gendak area lest year, 
is desoribed in the previous Teohnical Report. In addition to that,  
No. 4 Party (Northern Cirole ) exeouted three double tertiary 
levelling linea in this area for additional height control. 
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25. Summary of out-turn.-The total out-turn of work carried 
out during the period under report is as follows :- 

( a ) High Precision levelling in one 
direction . . . . 141 miles ( 150 gross ) 

( b ) High Precision levelling in both 
directions . . . . 436 miles ( 463 gross ) 

( c ) Precision levelling . . 49 miles ( 65 gross ) 
( d ) Secondary levelling . . 822 miles 
( e ) Tertiary levelling . . 140 miles 

The details are given in Table I. 
26. Kolhipur to  Hub1i.-The fore levelling of the portion 

Kolhipur to Hubli had bee11 completed in the season 194849 by 
Mr. I. M. Saklani, the route followed being along the old line No. 29, 
viz., Nii to Hubli. The back levelling was completed this year in 
two sections. The section Hubli to Belgaum was carried out by 
Mr. B. P. Rundev ( Surveyor ) and the section Belgaum to Kolhipur 
by Mr. S. Muthukrishnan ( Surveyor ). 

The high precision levelling detachment under Mr. B. P. Rundev 
with a recorder and 14 k h a k i s  left Dehra D h  for the field on 8th 
October 1950. Work wm commenced from B.M. No. 1/48 a t  Hubli 
on the 16th October 1950 after the necessary check-levelling. The 
detachment completed the back levelling up to Belgaum, closing 
work on B.M. No. 37/48 J on the 17th November 1950, and then 
proceeded to KolhQpur to commence work on the Kolhipur-Raichfir 
line. , 

Mr. S. Muthukrishnan assisted by a recorder and 14 khaki& 
commenced work from Belgaum on 21st May 1951 and completed 
the back levelling from Belgaum to Kolh6pur closing work a t  
KolhQpur on 30th June 1961. 

This completed the fore and back levelling between Bombay 
and U m Q r  via Ratniigiri, Kolhiipur and Hubli. A comparison 
of the old and new heights of bench-marb from KohQpur to Hubli 
is given in Table 2. The difference between the old and new heights 
a t  Hubli is well within the range of levelling error, and consequently 
Hubli wms to  have remained stable with respect to KolhQpur. 
There, however, appears to be a, slight subaidence a t  Belgaum. A 
dieouaeion of the IB~& of levelling of the portion Hubli to  U m B r  
ia given in the h a t  year's report. 

The difference of mean sea-level between Bombay and KirwQr 
obtained by the new levelling is +0.435 feet in a distance of 646 
miles. The corresponding difference by the old precieion levelling 
( 1878-1000 ) net is +0 -124 feet. These differences are most pro- 
bebly due to  errors of levelling. 

27. KolhZpur to Raich6r.-The portion KolhQpur to Raiohiir 
vie W d i  forms part of the line Ratnigiri to Hydergbid of the new 
level net of India. As pert of this line together with the two branch- 
lines, viz., Mkij  to G r i d  and iVbmdiipur to Muddebihhl served 
the purpose of providing height control for the Koyna Irrigation 
Projeot, e portion of the cost was paid for by the Bombay 
Qovernment. 
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In the past it  has been usual to carry out levelling of high 
precision in the fore direction in one year and in the back direction 
in the year following. This practice unnecessarily delays the 
reduction of results for a long time and it was consequently decided 
to carry out levelling in both the fore and back direction during 
the same season, taking due precautions to cut out systematic 
errors. The whole line was divided into sections of about 25 miles 
each and alternate aections were levelled in the fore direction by 
different obsemers, the back levelling of each section being done 
by the observer other than the one who carried out the fore levelling. 
Besides the work was so arranged that a period of a t  least two months 
elapsed between the fore and back levelling of each section. Two 
detaohments were detailed for the work. The detachment under 
Mr. B. P. Rundev after completing the back levelling of the Hubli- 
Belgaum section proceeded to Iiolhipur and commenced work from 
B.M. No. 23/47 L on 24th November 1950 after the necessary check- 
levelling. The detachment completed the levelling on the Kolhipur- 
RaichDr line and the two branch-lines, IIirij  to KarBd and MamdR- 
pur to Muddebihil, closing work on B.M. No. 1/56 H a t  Raichiir 
on 31st May 1961. 

Zeias Level No. 38870, Model No. I11 with parallel plate attach- 
ment and invar stave8 Nos. 117 and 118 were used. 

The route followed was along metalled roads between Kolhipur 
and Athni, between Mirij and Karid and between Mamdi ur and 
Jewargi, and along cart-tracks between Athni and Ma&dipur, 
between Jewargi and WBdi and between Mamdipur and Muddebihil. 
Between WBdi and RaichRr levelling was carried along the railway 
line. 

The levelling of these sections in the opposite direction was 
carried out by Mr. S. Muthukrishnan (Surveyor ) assisted by a 
recorder and 14 khalcisis. He left Dehra DBn for the field on 8th 
October 1950 and started work from B.M. No. 14/17 P a t  Bijipur 
on the 16th October 1950 after the necessary check-levelling. The 
detachment fimt completed the observations between Muddebihil 
and Raichfir via MamdBpur, Bijipur, Sindgi, Jewargi, Widi and 
Yidgir, closing work a t  Yidgir on 2lst January 1961. It then 
proceeded to MirBj and completed the observations between Kolhi- 
pur and Mamdipur and on the branch-line Mirij to K a r d  com- 
mehcing work a t  Mirij on 27th January 1951 and closing work a t  
Athni on 16th May 1951. The detachment then proceeded to 
Belgaurn to take up back-levelling from Belgaum to KolhBpw. 

Zeisa level No. 6733, Model NO. 111 with parallel plate attach- 
ment and invar staves Nos. 3 and 4 were used. 

New type 'M' bench-marks were established a t  bIirij, Kavathe 
Ekand, Shenoli, Karid, Shedbil, Athni, Sivalgi, Muddebihil and 
Sindgi. . 

Five triangulation stations, viz., Navalur H.S., Chikk ~ a n d i -  
halligudd H.S., Majala H.S., Kundal H.S. and Athni H.S. of the 
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Mangalore nleridional Series and two minor stations, viz., Tavadi 
h.s. and Hulilrati h.s. mere connected by spirit-levelling. 

The country was undulating except for the portion WBdi to 
Raichcr where the route followed the railway line. I t  was possible 
to cross the river Bhima about 10 miles west of W8di by direct 
levelling as the water stretch then was only about 150 yards. 

Bullock carts were used for transport. The health of the 
detachment was normal. 

Starting with the published height of the S.B.M. a t  Bombay 
( B.M. No. 2/47 B ), the discrepencies between the new unadjusted 
heights by high precision levelling and old published heights along 
the line Bombay-IColhBpur-Mirij-BijBpur-PVZdi-Rdr are as 
follows :- 

( i ) At Bijspur . . . . . . 1 a362 R. 
in a distance of 466 miles ; 

( ii ) At WBdi . . . . . . 1.370 ft. 
in a distance of 660 miles ; 

( iii ) At Raichfir . . . . . . 1 -376 ft. 
in a distance of 628 miles. 

These discrepancies are much greater than the errors of level- 
ling and are possibly due to a gross error of 1 foot somewhere. A 
revision of the main line from Bombay to KolhBpur will be under- 
taken a t  a suitable opportunity to locate the error. 

A number of old bench-marks were connected between BijBpur 
and Mamdiipur and between WBdi and Raichcr. Tables 3 and 
3( a ) give the discrepancies between the old and new heights. No 
change of level is indicated except a t  YBdgir, where the old bench- 
mark was found tilted and apparently disturbed. 

28. Circuit Bhadrakh-Vizianagram-Raipur-Bhadrakh.-It was 
mentioned in the last year's report that this circuit has a large 
closing error of -2  .484 feet and that this needed investigating. 
( See Technical Report 1950, Part 111, page 24).  Chart X shows 
this circuit and the adjoining circuits, some of which have been 
formed partly by lines of high precision levelling and partly by 
precision levelling of the old level net. No definite conclusions can 
be d r a m  but it  is possible that the high procision line from Raipur 
to Sambalpur may be seriously in error. This portion will be 
revised when a suitable opportunity occurs. 

29. Levelling of Precision in the Andarnans.-Levelling in the 
Andamans has been carried out for the first time this year. A 
combined river crossing and levelling detachment consisting of 
Messrs. A. K. Bhattacharjee ( Officer Surveyor ) and S. K. Bose 
( Surveyor ) with 13 khul%ia was formed to carry out the levelling. 
The programme wrts chalked out according to departmental, and 
the Marine Survey, as well as local P.W.D. requirements. 

af ter  necessary arrangements and reconnaissance the work 
wee commenced from the tidal bench-mark* No. C 1898 ( Type B ) 
in Rosa Island on 3rd December 1950 and closed on 27th April 1961. 

Old Ross benah-mark C mentioned in the preface to Burvey of Indla triangn- 
ktion pamphlet far the Andamsns ia repwtsd d ~ t r o y e d .  The new Ross benoh- 
W k  C L in the Bnttlemmt Club a n i  its aoo3pLe.d height sb3ve M.S.L. Is 8.61 feet. 
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Crossings over the sea were carried out a t  the following places :- 
( i ) Between Ross Island and Aberdeen 

Jetty, connecting Ross tidal bench- Width 
mark C 1898 (Type B )  and B.M. 0.76  miles. 
No. 1 of 1950 ( Rock cut, Type C ) 
near Cellular Jail. 

( ii ) Between Coal Jetty and Chatham Island 

at  Chatham. 

I 
connecting B.M. 65 ( rock-cut ) a t  Width 
Coal Jetty and k.M. 73 ( rock-cut ) 0 -55 miles. I 

The instruments used were T2 Wild Theodolites Nos. 21903 
and 17929, rigid stands, special river crossing staves Nos. 0 1  and 02, 
Short Base outfit No. 7, H.P. Level No. 50671, invar staves Nos. 
119 and 120 and special targets. 

The crossings were done by two independent methoda-Vertical 
angle method and double target method, a t  two sites a t  each of the 
two places. 

Results are given in Table 6 and are mtisfactory. 
The crossing a t  Ross Island-Aberdeen Jet ty  was a di5cult one 

due to the fact that the obsemations had to be done in dismal 
weather end occasional showers, which a t  times blurred the target 
on opposite banks. 

As mentioned above the datum for the levelling in the Andamens 
is the type 'B '  bench-mark No. C in Ross Island. An independent 
check on the value above M.S.L. of this bench-mark was made 
available from tidal observations carried out by the Marine S-ey 
a t  Aberdeen Jetty in February-March 1951, which established 
M.S.L. a t  Aberdeen Jetty. This M.S.L. and the old existing 
M.S.L. a t  Ross Island, transferred by river crossing observations 
differed by -012 feet. 

The levelling of precision s ta ted  from type 'C', G.T.S. B.M. 
No. 1 of 1950 ( rook-out ). This bench-mark is tied to the old tidal 

G.T.S. G.T.S. 
bench-marks C and IJ D, which were found intact on 

B.M. B.M. 
1898 1902 

Ross Island. The line followed the main road up to B.M. No. 26 
near Port Mouat then via Mitha Khari village, Mathure village, 
Wimberleyganj to Wrightmyo Jetty. A branch-line was run from 
B.M. No. 20 via Ferrar Ganj, conneoting north station of the 
Andamane geodetio bese-line olosing on B.M. No. 38 of the main- 
line. 

From B.M. No. 63 a branoh-line was carried on to Coal Jet ty  
and connected B.M. 73 in Chatham Island by river-crossing. The 
levelling from B.M. 73 to B.M. 3 ww next carried out whioh wm- 
pletod the main cirouit, see Chart XI. 

The closing error of the cirouit is +Om046 feet. and hm been 
dietributecl, eaoh benoh-mark receiving a cormtion proportional to 
ite distence from the starting bench-mmk. 
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The connection of the datum bench-mark to the zero of the 
tide-pole a t  Aberdeen Jetty was also carried out. 

All other connections were made by branch-lines including 
seven triangulation stations and fourteen bench-marks required by 
the P.W.D. and Marine Survey. 

The country was very undulating and hilly, and the roads passed 
through jungles a t  places. Suitable camping grounds were scarce 
and drinking water was not available near the site of work. 

For transport only government motor vehicles ( land and 
marine ) are available. Rates for motor vehicles inclusive of halting 
charges are As. -1121- per mile or Rs. 31-1- per hour, whichever 
is higher. 

Not more than 10 klml&isis could be obtained for work. 
No local labour is available and imported labourers from India 
provided by the local government are not suitable for survey 
work. The d8iculty of labour and transport slowed down the 
work considerably. 

Many of the khahi.9 remained sick, the place being malarious. 
Some of them suffered from general weakness and night blindness 
due to  lack of proper diet. Things were so costly that they could 
hardly afford to take the normal vegetable diet. Medical help, 
however, was available from Port Blair Hospital. 

Weather remained good except for the first few days of 
December 1950, when rains and storms were frequent. Towards 
the end of January 1951 there was slight rain m d  then the weather 
was clear up to May 1951. As the summer approached, we& and 
mi.?& dried up and drinking water was available only a t  a few spots. 

The P.W.D. could nnt complete the construction of bench-marks 
in time and, therefore, their connections had to be done after the 
main lines were completed. Auxiliary marks were left on the main 
line for this purpose. 

30. Secondary Levelling for Bhakra Dam Project.-To provide 
height control for the Bhakra Dam Project two detachments carried 
out eecondary levelling in the Punjab. 

( a ) JuUundur area.-A detachment consisting of Mr. R. K. 
G u p h  ( Surveyor ), Mr. A. K. Sen ( Trig. Computer ) and 13 k h a h i a  
left D e b  Dfm on the 9th October 1950 and commenced work 
h m  B.M. No. 66/44 M a t  J d u n d u r  City on 16th Ootober 1960 after 
the necessary check-levelling. 

The instruments used were Wild Level No. 21021, Model No. 2 
and a pair of Committee pattern wooden staves Nos. 038 A and 
038 B. 

The system of levelling followed was the =me as in previous 
years, viz., the levelling waa carried out both in the fore and beck 
directione by eeotione of 8 miles, each section being sub-divided 
into 4 sub-sections of 2 miles each. Them sub-seotions were 
levelled first by the fore leveller in the morning and in the afternoon 
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till the 8-mile section was completed. The back leveller then 
followed the same procedure of observations for the 8-mile section 
from the opposite direction levelling in the afternoon the sections 
done in the morning by the fore leveller and vice versa. This was 
done to ensure that the same sections were observed under 
different atmospheric conditions. 

The maximum length of shot permissible was 6 chains and the 
~naximum permissible discordance between the middle wire reading 
and the mean of the three wires readings was 0.003 ft. Two sets 
were taken a t  each station by altering the height of the exis of 
collimation of the instrument, 'he maximum discrepancy admissible 
between them being 0.004 ft. 

The route followed was along the unmetalled road from 
Jullundur to KartBrpur along the old line ( No. 56 F ) and thence 
towards the south along the metalled road to Silltiinpur. From this 
place the route was along the railway line up to near Malsisn S b h k o t  
railway station and then along the unmetalled road to Nekodar, 
where work was closed on 1st December 1950, effecting junction 
with the second detachment. 

The detachment was inspected a t  Nakodar by Mr. C. B. Maden, 
Officer Surveyor, from 20th November to 1st December 1950. 

A second detachment consisting of Mr. S. N. Nandi ( Surveyor ), 
Mr. I<. L. Swani ( Trig. Computer ) and 13 k h a h i s  left Dehra Dfin 
on the 9th October 1950 and commenced work from B.M. No. 65/44 M 
a t  Jullundur City on 16th October I960 after the necessary check- 
levelling. 

The instruments used were Wild Level No. 21194, Model No. 2 
and Committee pattern wooden staves Nos. 016 A and 016 B. 

The levelling was carried out to form a closed circuit from 
Jullundur City along the metalled road via Nakodar, Phillaur, Nawii- 
shahr and PhagwBra to Jullundur City. After closing work a t  
Jullundur City on 27th December 1950 the detachment proceeded to 
SiwBni to take up levelling from Siwini to Delhi. 

A new type ' M ' bench-mark was established a t  Kapfirthala, 
and new type 'B '  bench-marks a t  Sultsnpur, Sindhar, Mahiin, 
Nakodar, Niirmahal, NawLhahr, Banga end Jullundur Cantonment. 
Old embedded bench-marks a t  Phillaur and PhagwEra were also 
connectad. 

Bullock cart& were employed for transport in the area. The 
health of the detachments remained good. 

The J d u n d u r  work forms three closed circuits with the old 
line No. 56 F, see Chart XII. These yield an error of -0.098 
feet in 75.3 miles, -0 .I56 feet in 64 a8 miles and +0-131 feet 
in 49 -4 miles respectively. 

Starting with the published height of B.M. No. 66/44M a t  
Jdundur  City, the 195&51 height of B.M. No. 89/44 M a t  Philleur 
diffen from its published value by -0.226 feet over a diitanoe of 
36 -6 miles, which is excessive. Check-levelling a t  Jullundur end 
Philleur establishes the stability of benoh-marks a t  theae places. 
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The closed circuit of new levelling-Jullundur, Nakodar, Phillaur, 
NawLshahr, Phagwiira, Jullundur has a closing error of only 
-0.025 feet in 100 miles which is quite satisfactory. It appears 
then that there has been a regional subsidence of the area around 
Phillaur since 1920. This is quite likely as this area wm badly 
flooded in 1949-50 and the bench-mnrks a t  and near Philleur are 
close to  the bank of the river Sutlej. 

Aocepting the published values of the type ' B  ' bench-marh a t  
Jullundur and PhagwBra, the adjustment has been carried out w 
follows :- 

( i ) An error of -0.098 feet in 75 a 3  miles has been adjusted 
in the closed circuit Jullundur-KartBrpu~Kapfir- 
thala-Sultinpur-Nakodardullundur each benoh 
mark receiving a correotion proportional to its dis- 
tance from the starting bench-mark. 

( ii ) Accepting the height of the new type ' B ' a t  Nakodar 
deduced from ( i ), an error of - 0 .I 17 feet in 70 -6 
miles has been adjusted between Nakodar and 
PhagwBra. 

( i i i  ) An error of +0-072 feet in a dietance of 14.4 miles 
has been adjusted between Phagwira and Jullundur. 

A number of old bench-marka on the line 68 F were oonneoted. 
Table 4 gives the discrepancios between the old and new heights. 

( b ) Line Siu6ni to DZdri.-After closing work a t  Jullundur City 
on the 27th December 1950 Mr. S. N. Nandi proceeded to Siwini to 
take up the levelling from Siwiini to D f i .  Work was commenced 
h m  B.M. No. 26/44 P a t  Siwini on the 6th January 1961 after 
the necessaq check-levelling. The levelling wee closed a t  Bidham 
near Lohiru on 2nd March 1951, the levelling of the portion Bidhara 
to Didri being left over to the next year, when it  is also proposed 
to extend the levelling to Delhi. 

The route followed was the railway line up to Lohiru via 
FGjgarh, thence along cemel tracks to Bidhare. The only perma- 
nent bench-marks comecbd were the type 'M' bench-marks a t  
Gjgarh  and Lohiru. Type ' B' bench-marh had been planned a t  
intervals of about 5 miles all along the route from SiwBni to DBdri, 
but their construction was delayed. At least three insoribed benoh- 
marks were left close to the proposed s i t a  of the type 'B' benoh- 
marks. In the coming field season all these type 'B '  bench-marka 
will be connected by levelling to the main line from the inscribed 
bench-marks left in their vicinity. 

The area liea on the fringe of the R&jputEna deaert. Camels 
were employed for transport in the &re&. Water is di50ult to 
procure. 

The health of the detaohment wes norml.  

31. Ri jas thb  Levelling.-Levelling of secondary preokion was 
oenied out h m  Siree to Dew via Sfimtgerh, RBmeinghpur end 
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Sri Nohangarh. The work was divided into four portions as 
followa :- 

( i ) From Siiratgarh to Ramsinghpur. 
( ii ) From SBratgarh to Sirsa. 
( iii ) From Ramsinghpur to  Sri Mohangarh. 
( iv ) From Sri Mohangarh to Dew. 

The levelling was carried out on the same system as described 
in para 30. 

Stones were embedded a t  intervals of about 8 mile along the 
routes of levelling between Ghaniana and Daw which not only 
served the purpose of providing sufficient number of inscribed 
bench-marks but also provided suitable points for the detachments 
to atart and close their day's work. 

Four detachments were employed as follows :- 
C). .. 

bbaoh- 
ment 
No. 

6 

6 

I ,and 

. 8 

7 

. 

Levellera 

ah. T. K. Vemanathan. 
Surveyor 

MI. M. M. Sobti, Trig. Com- 
putcr 

Do. 

Mr. A a w h  Chandra. 
Surveyor 

Mr. K. D. Whta. Topa 
Computer 

Ma. J. N a w i ~ n h m .  
Surv~ror  

MI. R. C. Glover. Topo. 
arnputer 

Mr. M. L. Snhdev. Surveyor 
Mr. V. N. Oberoi, Topo. 

hmpuber 

Bect~on 

( i) Ibom B.M. 16/44 G 
nt Silratgarh to B.M. 
lZZ/P4 G a t  Remeingh- 
P U  

( i i )  Brom B.M. 16/44 Q 
a t  S a r e t g ~ b  ta B.M. 
92/44 0 a t  S i  
(6) 

(iii) From B.M. 122114 Q 
a t  Rameinghpur to 
B.M. 108/40 M a t  Sri 
Mohnngarh 

(iv) From B.M. 100/40 M 
ab Sri Mohangerh to 
B.M. 18/40 5 st Dam 

Dates 

Oct 
10th Nea 

1060 to 
13th Nor. 

1060 

b7bh NDV. 
1060 ta 

20th Jam 
1861 

17th Oob. 
1060 to 

28th Feb. 
1951 

let Deo. 
1060to 

8th Msrob 
1w 

Length 
of 

line 

milea 

38 

: 84 
, 

, 262 

161 
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Details regarding the instniments used, the route followed and 
the mode of transport employed are given below :- 

Detaoh- Sea. I y:t 1 tion 

0 ( iii ) 
MI! 1 

* I  

Wild Level Committee 
No. 17783, patten1 
Hodel 11 woodcn 

staves NMI. 

\Vatte Commlttce 
Levela Noa. pattern 

0'20 B and 
I U1" A nnd 
I OI2Bms- 

pectivuly 
I 

Watts Level Commitbe 
No. 6 6 2 8 ,  prttern 
J lnlel  I1 i wooden 

atavos Nos. 
I 022 A and 
, 022 B 

Along the railway 
Line up  to Rang. 
rnabnl Ry. Stn., 
thenco a t - w a r d s  
along camel traoks 
via Biro 91. Jakh. 
rawili, J u n d n  snd 
Sholaln villagee t o  
Tulwara Jhi l  Ry. 

I Stn., thenco dong  
I the railtvny line to 
I Ellonnbid Ry. Std., 
I and thence along 

t l ~ e  n n m e t n l l e d  I rond to Sinwr. 

.4lo11y cnmcl tnrcks 
via Hiaomki, Anand. 
garh. Dattohnr, Bir- 
silpur rind Srrtinys. 

Along cnmel t m k n  
v i a  R i m g a r h ,  
B a n d a h  s n d  
B l ~ ~ ~ n n n .  

Bullock cu rb  were 
were emplnyed. 

Camela, buUock 
carte and rail- 
ways were used. 

*-Ton G.M.C. 
tmok woa used 
I I ~  to Bimilpnr 
through the kind- 
nese of Superin- 
tanding Engi- 
neer, Beroze. 
pore nnd tho11 
clrmela. 

'l'ruck up to Him-  
gnrh and thon 
cnmek. 

Starting with the published height of the type 'B'  bench-mark 
a t  Sfiratgarh, the 1950-51 height of type 'A '  bench-mark a t  Sirscl 
di5ew &om its published value by +O.033 feet over a distance of 
84 1llile.9. This error hrre been adjusted between Stiratgarh and 
Yim emh benoh-mark receiving a correction proportionate to its 
distance from the starting bench-mark. 

Again, starting with the published height of the type 'B' 
bench-mark a t  Sfiratgarh the 195&5l height of the type 'B' benoh- 
tuark a t  Dlinwtlr shows 8 diffeivnce of - 1 .a77 feet from its pub- 
lished value. This ia about twice tho limit uaunlly acce ted for 
w n d a r y  levelling in this distance. The 1950-51 secondary evelling 
Line from Saratgerh to Dinwar oombined with older levelling forms 
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circuits are - 1.084 and f0.753 feet respectively, indicating that 
the new levelling is suspect. I t  is, however, unlikely that the new 
1950-51 levelling can be in error by such a large amou~lt and the 
cause of the discrepa~lcy presu~nably lies in a local sinkage of the 
bench-marks round DLnwnr. I t  has, therefore, been decided to 
adjust the error of - 1.577 feet between Stiratgarh and Dinwar. 

The line from DBnwar to Daw closes on a new type 'B' bench- 
mark a t  Daw and there are IIO old bench-marks in between. The 
line is, therefore, pendent. 

Health of the detachments wag normal. Scarcity of water war 
the main hardship in the area. 

32. Secondary Levelling for East-West Bengal Boundary.- 
The objectof the levelling was to determine the heights above 
M.S.L. of the zeroes of four water-gauges erected a t  the banks of 
the river Padma, which were required by the Indian and PBkistBni 
Hydrographical survey parties working there. 

A detachment consistu~g of Messrs. R. K. Gupta and S. Dm 
Surveyon with 8 k h a h i s  left Dehrs Diin on the 5th December 1960. 

Mr. Mohd. Sadiq RLjptt, S.A. Supdt., Survey of PBkistBn 
reached LBlgola on 29th December 1950 with 7 PBkistLni kld&+. 
The same day Mr. S. Das with 7 Indian khalZsisl~ left LHlgola 
for RSjshBhi. 

The work ui India wm wvigded to a team consisting of Mr. 
Mohd. Sadiq RLjpiit and Mr. R. K. Gupta a4 fore and back levellers 
respectively and 14 khd%L, 7 from each country. Similarly work 
in PBkistLn was entrusted to Mr. S. Das and Mr. Daud ShLh Sayed, 
S.A. Supdt., Survey of PBkistLn ss  fore and back levellers with 
14 khaki&, 7 from each country. 

The levelling team working in India started work on 30th 
December 1950. Mr. S. DRS who had gone to PBkiatBn, had to 
return to India on 9th January 1951 without being able to do 
any useful work due to P5kiatLn not being in a position to  supply 
the proper personnel, instruments and equipment necessary for the 
work. Mr. S. Dm, howover, on his return to India, started working 
with Mr. Mohd. Sadiq RBjpiit on 10th January 1951, substituting 
Mr. R. K. Guptn who was asked to stay with the team as a standby. 
Work in India was completed on 24th January 1951. 

The same team left Ldgola for RSjshLhi on 27th January 
1961, starting work in PBkistBn on the 31st January 1961 and com- 
pleting it on 15th February 1961. Mr. S. Das returned to India 
on 20th February 1961. 

Three bench-marks were established within a distance of a 
quarter of a mile from the water-gauge a t  LBlgolaghBt, the zero of 
which waa connected by a branch-line emanating from one of them. 
These three bench-marks, in their turn were connected by a olosed 
cirouit of 9 -76 miles having a closing error of -0.012 feet, running 
from and to the S.B.M. No. l 9 8 ~ ~ / 7 8  D a t  Liilgola. 
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Similerly three benoh-marks were established within a distance 
of about 500 yards of the water-gauge a t  Chakghiit. One of these 
mas connected to the water-gauge by a branch-line. All the three 
mere again connected by a level line 13 4 5  miles long with a closing 
error of + O  .Ol2 feet. The line emanated from B.M. No. 78/78 D 
at  SajanipBra near Ntrpur and closed on B.M. No. 77/78 D (Type B ) 
at  RaghunBthganj. 

Two bench-marks were established near eaoh of the two water- 
oauges ~t RBjshBhi and MirganjghQt in PBkistBn. They were all 
Eonnected by one single level line 17 a 6  miles long with a olosing 
error of +0-011 feet. The line emanated from B.M. No. 100/78 D 
type 'B' a t  Baneshwar and closed on B.M. No. 111178 D a t  
RBjshBhi. 

The oountry was fairly flat and except two cases of river 
orossing-one in India and another in PBkistBn-which were done 
by direct levelling, there was no di€Eculty in carrying out the work 
as it lay mainly along roads. 

Motors, motor launohes and bullook-oarts were used for trans- 
port. 

The health of the detachment wm good. 
33. Tertiary Levelling in Car Nicobars.-In order to  provide 

height control for mapping the Car Nicobar Islands on scale of 
1/26,000, points were required a t  a density of about Q mile. As the 
oountry is thickly wooded, olinometric heights were not feasible 
and recourse was taken to tertiary levelling. 

The framework was provided by running a double tertiary line 
dong the periphery coestal road. Four subsidiary oircuits were 
run to check the periphery oircuit and provide pegs from which 
heights were carried to interior points by unconnected levelling lines. 

Major C. M. Sahni commenced his levelling on 13th November 
1960 from the bench-mark a t  old Malacca Jet ty  and connected 11 
other benoh-marks. 

The datum bench-mark a t  old Malacca Jetty is constructed in 
the centre of the jetty within about 30 feet from the shore. It is 
about 280 feet from the see end of the demolished jetty and about 
170 feet from the south end of Akhoojee Boat Shed. It consists of 
two feet deep squam pit Wed with cement concrete. In  the centre 
of the merk there is en iron rod 4 inoh thick. The top of the 
bench-mark is flush with the ground. 

When the levelling was completed the datum bench-mark had 
not been connected to M.S.L. Preliminary observations were made 
on a tide-pole which was connected by Captain S. Rajendra of 
I.N.S. Kukri to the datum bench-mark. When Major Sahni vieited 
the datum bench-mark on 11th April 1961, he found that some 
naval rating had dug it  up, thinking that the Japanese had buried 
mme treeeure there. This benoh-mark had consequently to be 
rebuilt and connectad to one old bench-mark, viz., New Maleoca 
Jetty before oonnecting it  to  the tide-pole. The reeult of this 
aonwotion rhowed that the heighta of ell the bench-merkn required 
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a correction of +O .016 feet to reduce them to terms of the rebuilt 
datum. 

There is, however, an element of doubt in the height of the 
datum bench-mark. The results of the connection of this bench- 
mark to the zero of the tide-pole by Captain Rajendra and Major 
Sahni differ by 1.683 feet and it  is not possible to eay where the 
error lies. The tide-pole was set in an exposed position and had 
possibly shifted between the two sets of measurement. For the 
present the value obtained by Major Sahni has been aocepted but 
it is desirable that the datum bench-mark be reconnected to the 
zero of the tide-pole, and that observations on the tide-pole be 
taken again for 29 days or a fortnight. 

The tidal observations combined with the connection of the 
datum bench-marl< to the zero of the tide-pole by Major Sahni give 
the height of the rebuilt datum bench-mark above M.S.L. to be 
8 a913 feet. In  terms of this, the heights of the other benoh-marh 
are as follow8 :- 

New Malacca Jetty B.M. . . 8 a167 feet 
Zulekha house B.M.. . . . 11.400 ,, 
Malacca Henang . . . . 11 -674 ,, 

The instruments used were C.T.S. Level No. 41936, and 14-foot 
telescopic staves. 

34. Progress of the New Level Net.-The levelling under report 
has added 436 miles of complete levelling ( both directions ) to the 
total mileage of the new high precision level net. 

Out of an estimated total of 16,800 miles the total mileage of 
this level net completed to date is 12,217 miles. 

35. Connections to M.S.L.-The completion of the high preoi- 
@ion lines from Bombay to Kirwir  this field season and from Raipur 
to Vizagapatam during 194S60 enables a comparison of the meen 
sea-levels a t  these places. The differences of mean sea-levels are 
tabulated below :- 

Distance DXerenoe between 
mean see-leveb 

Bombay-Vizagapatem . . 1,190 miles 1 -066 feet 
Bombay-KLrwir . . 546 ,, 0 -436 ,, 

36. Bench-marks.-During the course of the high preoision, 
precision and secondary levelling the following new benoh-marka 
were built and connected :- 

9 Type 'M' bench-marks in Bombay State ; 
12 Type 'M' and 51 type 'B '  bench-marks in the R&jeethin ; 
1 Type 'M' and 8 type 'B '  benoh-marka in Punjtib 

( India ) ; and 
2 Type 'M' and 1 type 'B' bench-marks in P.E.P.S.U. 
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TABLE 

B.JI. 
Nos. 

23/47 L 

31/47 L 
32/N L 

41/47 L 
44/47 L 
45/47 L 

60147 L 
64/47 L 
68/47 L 

80/47 L 
83/47 L 
84/47 L 

86/47 L 
06/47 L 
88/47 L 

89/47 L 
71/47 L 
31/48 I 

40148 I 
37/48 I 
32/48 I 

34/48 I 
U / 4 8 I  
46/48 I 

48/48 I 

62/48 I 
54/48 I 

69/48 I 

63/48 I 

1\48 M 

I/& M 
a~rcl M 

2:--Old and netu ( 1950-51 ) levelli,tg from KolhEpur io Hubli 

Observed height above 
I 

( +)or  below ( -) B.M. Die- 
30. 23/47 L OTePnoy 

(New- 
original 
levelling 

1 

Brief deaoription 

23/47 L Old ) 

E.B.L a t  Kolhi- 
Pur 

E.B.M. nt 
Step 

Diablloa 
from 

BJf. No. 

Bridge . . 
Step . . 
E.B.M. a t  Nipini.. 

Bridge 
Bridge . . 
Bridge . . 

E.B.M. at Gotfir . . 

20.88 
'24.90 
26.24 

3 2 . z  
35.65 
30.70 

41.35 

.. 
, 
,, 

.. 
,, 
, 

,, 
Bridge . . 41.76 
Bridge . . ( 44.09 

,, .. 
, .. 
, 

, 
,, 
,. 

, 
, 
,, 
, 
,, 
,, 

,. .. .. 
.. 
, 
,. 

, 
" 

E.B.X. at Huttsrgi 
Bridgo . . 
Bridge . . 
E.B.X s t  Sutkstte 
Culvert . . 
E.B.M. s t  Kikti . . 
E.B.K at Belgeum 
S.B& at  Belgaum 
Flooring . . 
Parapet . . 
B r i d ~  . 
E.B . a t  llngevedi 

E.B.Y. s t  Mugut- 
Khlin Hubli . . 

Culvert . . 
E.B.X at a t t i l r . .  

E.B.M. st Mom- 
miptti  

E.B.M. s t  ~ b i r :  
a i r  . . 

E.B.M. at Hubli . . 
P m p e t  .. 
R W M ~  . . 

- 66.819 + 128.131 
+ 128.370 

+ 381.007 + 371.582 + 230.628 

+ 270.308 

48.30 
48.36 
62.68 

63.10 
55.40 
04.18 

00.78 
70.22 
70.08 

72.24 
84.89 
04.04 

88.61 
07.01 

100.61 

114.60 

110.81 
133.26 

1a5.46 
iaa.82 

I 

+ 218.831 + 206.320 

+ 366.001 + 35G.651 + 311.368 

+ 353.689 + 688.685 + 683.144 

+ t123.418 + 873.313 + 599.064 

+ 603.380 
+ 380.006 
+361.360 

+ 311.300 + 488.646 
+ 681.828 

+ 461.812 

+ 835.091 
+ 210.378 

+ 226.818 

I + 228.641 

- 67,084 + 126.933 + 128.166 

+ 380.044 + 372.686 + 230.100 

+ 270.089 

-0.245 
-0.108 
-0.204 

-0.082 
+1.004 
-0.210 

-0.210 
+ 218.615 + 206.036 

+ 356.740 + 356.337 + 311.826 

+ 373.303 + 688.481 + 682.702 

+ 823.172 + 873.018 + 609.878 

+ 603.807 
+ a60.802 + 361.328 

+ 314.186 + 488.608 + 681.836 

+ 461.889 

+ S3536.110 + 210.112 

+ 226.618 + 228.272 

-0.260 
-0.264 

-0.262 
-0.214 
+0.267 

-0.288 
-0.204 
-0.442 

-0.244 
-0.285 
-0.308 

+0.418 
-0.113 
-0.032 

-0.136 
-0.037 
+0.007 

-0.123 

+0.018 
-0.284 

-0.300 
-0.280 
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TABLE 3.-old and new ( 1950-51 ) levelling from Wddi lo 
Raichcr 

I I I I 
Obaemed height above D~I.  

Di8tma Data (+) or below (-) B.I.  cnpnnay 
from original No. 83/66 C 

B.M. No. levelling ( New- 
83/68 C I 

Old ( New 

I M i l o  

Type B at  Widi . . 0.W 
Br~dge . . 4.40 
Culvert . . 8.93 

E.B.Y. a t  Nilwir 
Bridge 
Stone coping . . 
Culvert 
Culvert 
Culvert 

Culvert . .  1 10.70 
Culvert . . '  21.06 
Culvert 

. .  i 23.24 
Bridge 23.30 
E.B.M. nt yaai.' 24.00 
Stone coping . . 1 24.60 

Stone flooring . . 
Stone ooping . . 
Bridge 

Bridga . .  1 28.71 
Culvert 28.14 
Culvert : :  20.69 

Bridge 
Culvert 
Culvert 

Culvert 
Bridge 
Type B a t  Niriyan- 

46/68 H Stone coping . . 
48/68 H Culvert 
48/60 H Bridge I I 
67/68 H.  Stone aoping . . 
M/KBH atone at4p . . 
60/68 H Bridge I I 
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TABLE 3.-Old and view ( 1950-51 ) levellingjrom W&!i to 
RaichCr-( concld. ) 

I I I I I I 
i Observed hoight nbove ~ i ~ .  

B.Y. ! ( + ) orbelow ( - ) B.M. crepono! 
0 i f  l i i o n  

. (New- 

i Old ) 

80150 H Bridge 
01/60 H Bridgo 
03/60 H Stane coping . . I I 

@r R.S. 87.44 

07/50 H Culvert 170.074 - 170.012 +0.082 
68/68 H Culvert :: I 8:; I (1 170.048 1- 170+0l  /+o.a7 
69/56 H Culvert 1' 1 . . 02.16 - 188.877 - 108~801  -0.014 

70/50 H Bridge 64.68 1 -  133.102 - 133.110 +0.062 
1-  113.277 - 113.258 +0.010 I 73/68 """ H 1 Flooring 1 :::: I - 08.183 1- 08.167 ~ + 0 ~ 0 1 0  

74/58 H ' S.D.M. s t  Ruiohar 00.70 
7 2 / I H  Stone flooring . / 08-80  
106/60 H Culrert I I . .  I 

TABLE 3( a ).--Old and new ( 195061 ) levelling from Bijipur 
to Mulviid 

Old 

feel fee1 fed 

7 .16  
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Discrepancies betncen the old and new heights of bench-lliarks. 

I 

Bench-mark 01. the OtiClnnl lavrlll~~ll Obnemed helght sboro(+)or below 
that worn connected fi~r 

j, 
(-) 8mnlng benoh-mark nq 

rheok-lnrt.lUnn determined by 

-- - 

At Rnich.&r on line ~ o . ' 2 2  I 
S.B.M. s t  Raichilr.. 0.00 ' 1U06-08' 
Stone flooring ..I 0.10 / ., I+ 18.699 + 
Stone flooring . .( 0.10 I , (+ 16.684 + 
Bridge . .  0.68 ~ I 

28.410 - 
Culvert. . ., 0.93 1 :: 1: 24.628 ' -  

Type 'B'ot Rnichar 1.88 ,, I -  5.019 ,- 
Stone coping . . 2.00 0.871 - 1 Bridgo . . I  2.10 1 :: 1- 48.2915 1- 

1 

At W a i  on liiie No. 22 

I At Bijtipur on line No. 26 B I 

83 
84 
86 
88 

68C E.B.M. a t  midi  . . .. / S h n e  ooping . . 
, Stone coping .. 
., / S h n e  coping . . 

'B '  s t  ~ ~ 1 8 t . l  
.. 0.00 

naonry blook . . 1.00 
Mesonry bloot . . 3.00 
Mnaonry blook . . 6.00 
Abutment of bridge 0.W) 
Maaonry bloak . . 1.20 
Meson Pbak . . 6.20 
Type fH s t  Rsng- 
maha1 .. 6.10 

1 4 ~ ~  
12 
13 
10 

126 
124 

-- 

At S2ralgarh on line No. 57 A 
- - -. . - - -. . 

I 1 I I 7-7 

47 P 
,. 
1: 
1: 

T pe 'P' a t  ~ijirpurl 0.00 
d o r i n g  . . 0.31 

1921-22 .. .. .. .. .. 
. . 

%ring . . 
. . 

:z:e flooring . . 

0.71 
0.04 
0.96 
0.96 

0.000 
+ 12.703 + 16.016 + 17.281 + 4.763 + 0.813 

0.000 
f 12.888 + 16,808 + 17.248 + 4.768 + 0.810 

0.000 
-0.017 
- 0 . W  
-0.012 
+0.006 
+0.003 
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TABLE 4 .4kck- leveUing . - (  contd. ) 
Discrepancies between the old and new heights of bench-marks. 

Bsnob-mart. or tbe orlninnl IeveUllis 
that were connezted for 

check-levelllug rlrtermlnrd hy 

I I I milea I I feet I feet ( fd 
At Ddntuar on li.ne No.  102 

~ .. 

at D ~ I I W U  0.00 Il92l-26 0.000 0 . W  0 . W  + 7G.283 f 76.101 -0.072 1 : 1: /+ 7 0 . M  I+ 70.317 I-o.083 
.- - -  

At Julls.ndur City on line No.  56 P 

I At 8irua on line No. 57 Q I 

44M Type 'B' ut dt~lluu- I dnr city . .  

At PhiUaur on line N o .  56 B 

0.00 
0.98 
2.39 
2.60 
3.80 
8.83 
9.98 

12.60 
13.78 

14.23 

15.17 
7.63 
0.82 

.. 1 

,. 
,. 

:: .. 
:: 
, 

.. .. 
, 
,. 

Flooring . . 
Blwk of 8to11c . . 
Parapet . . 
"B&e 

. . 

. . 
Bridge . . 

. . 
::LC . . 
Type 'B' a t  Phog. 

war8 . . 
Wall of water-tankl4.W 
Railway oulvert . . 
Cnttle trough . . 
Briok Boaring . . 

02/(6) 4 4 0  ' A ' s t  &nur . . 

1910-20 
, 
, 
, 
, 
, .. 
, .. 
,. 
, 
, .. .. 

0.00 
0.43 
0.80 
1.40 
0.04 
0.65 
1.84 
3.88 
8.78 
0.33 
0.43 

4 
a 

81 
90 
87 

168 
la 

0.000 + 0.272 
- 1.848 
- 0.261 + 3.148 
- 12.837 - 1.201 + 12.286 
f 14.828 

+ 13.743 + 10.744 + 17.403 - 2.371 
- 7.480 

1830-31 
9, .. 
, .. .. .. 
,, .. .. 
,, 

,. 
,, .. .. 
.. 

+ + + + + + + + + + 
0.741 ,, 

. . 
Stone . . 
parapet . . 
V Q B D ~ ~  . . 
PLtfom . . 
Pvspet . .  

4 i k u a t a n e  . . 
M k t a n e  . . 

160 , em 

149 . .. 
1 7  , - 

P k  . .  
Pls . . 
T y p ' B ' a t O t u . .  
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TABLE 4.-Check-levelling.-( concld. ) 

Discrepancies between the old and new heights of bench-~nmks. 

I I ( m i b  I I /& I feu I fat 
At Mlgola OIL line No. 151 

78 D S.B.M. at Glgoln . .I 0.0 
,, Kyenite-granulite ( 

P+ 0.0 
., Kyanlto.gmnulito 

prism ::I 0.0 
,. Well . .  0.1 
, Impeotion I~ulgnlow 

compound . . 0.1 
,, Versndn . . 0.2 
0, step . . 0.2 

I At Nlirpur on line No. 77 Y I 
78 D 
, 
., 
,, 
, 

Block of stone . . 0.0 1920-21 0,000 
Blook of sbno . . 1.3 + 1.632 
Block of 8 b c  . . 3.0 ( :: 1 - 0.811 
Blook of nbne . . 6.0 
NGrpur indigo fno- 
tory 

I I I I I I 

At Jangipur on line No. 77 ill 

. . I  0.0 
76 
76 
73 

183 
72 

0 . m  
+0.033 
+0.062 
-0.012 
+0.185 
-0,003 

0.000 + 4.288 + 4.403 
+ 0.381 + 13.168 
- 2.608 

:: .. .. 
,, 

1.20-111 0.000 
, '+ 4.233 
, I+ 4.341 
,, 
,, .. 

%!ert 
. . 
.. 

Blookof ebno . . 
Stone . . 
Block ofstone . . 

+ 0.373 + 12.083 
- 2.603 

0.0 
0.3 
1.0 
2.4 
2.0 
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,CABLE ti.-Li.91 of trifla~lfclntioif stations connected by spirit-2eve!ling, 
s e a o n  19.50-51 

Height nbove 

Degoe I 1 menn ncn-lovel 
Sheet I xo, ! S~.lne of atnticm 

I - i 

I 
* (i 1 SBntgnrl~ 8 .  On turret of fort. 

I ~ t .  280 16 3i.e~ 
Long. 73 &1 3.77 

U D  Knnmale H.S. mark- 

~ t .  2i 46 i.60 
Long. 72 46 30.40 

47 P Athni H.S. +- 1 Y.L. heightrefem 
to the bsse of 

ht .  id 46 6i.w the referring 
Long. 75 08 20.27 pillar proteot- 

ing the top- 

I most mark on 
the upper sur- 

i face OP aircuhr 

I 

I I 

I 
the upper sur- 
face of ciraolnr 
pillar. 

47 K Kundal H.S. , Lat. 1; 0 i  34.24 
h g .  74 24 3.10 

+ I3 SLheightrefen, 
to the top of 
the protecting 
pillar whioh in 
0.26 feet above 
the top surfaae 
of airoular 

the top aurfaae 
of oiroular 
p h r .  

S.L. height refen, 
to  the upper 
surfnoe of oir- 
aular pillar. 
Trig. height 
alao refern to  
thesame point. 

A 

' I  I I I 

I I I 

47 L 1 Mnjah MS. , 2014 

 at. IB 48 G.02 
Long. 74 20 56.5; 

! 
I 

i ~ 
C 

2813 

I 

+ 1 
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TABLE 6.-List of t~~ia~u~ulnt io~a slatio118 co~rnected hy spirit-levelling. 
season 1950-51-( concld. ) 

I Height above 
mean sen-level 

j 
Spirit- Trian- 

levelling gulation I 1  
I 

40 I CLikk NnndLdigudd 

i to the lower 
L B ~ .  id 3 i  ~ i . 3 ~  mark. Trig 
Long. 74 41) 1.48 hei h t  origi 

1 ndfy refere tc 

i 
I 

I 
I 
! 

I I the uppor nor. 
face of the cir. 
oular illw hut 
ia r J u c e d  tc 
refer the lower. 

, mark. 

JY 11 Nuvnli~r H.S. 

Lt. 1; ii f b 1 7  
Long. 75 03 13.42 

+ ti 

! 

S.L. height refer 
to the uppel 
surfsee o l  the 
oircuhr pillel 
und not the 
u per surface 
oP  proteoting 
pillar whioh is 
built to protect 
the upper mark 
on the top 01 
ciroular pillar. 
Trig. height 

I 

! 
refers to the 
o per surlaw I Jcircu.r piunr 

2486. 2466 48 1 Ho~lodip h . r  . 
Lt.  l d  38 26 
Long. 74 45 02 

47 L 

W A 

W A 

Tsondi ha. . 
~t.. id 2i i 
h g .  74 24 24 

Heughtan Ha. - I U p p m s r k .  

Ibt. 1; d 66.03 
Long. 02 44 68.30 

T w  H.S. 

~ t .  I; 4i oi .a ,  
k g .  02 30 00.08 1 

I 

Cu-ordinntas and helgbk b k e n  from map hanw approrimste. 
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T I D E S  

BY B. L. GULATEE, 3I.A. ( CANTAB. ), F.R.I.C.S., 3I.T.S. ( INDIA ) 

37. Tidal Observations.-( u ) By port authorities.-Automatic 
tidal registrations were continued a t  Aden, Karichi*, Bombay 
( Apollo Bander ) and Calcutta ( Garden Reach ) with the Survey 
of India gauges, and a t  Vizagapatum, Snugor, Cangra, Balari and 
Diamond Harbour with the port's own instrun~ents. Also, 
systematic half-hourly tide-pole readings were continued a t  ICandla 
port,, while daylight observations of high and low waters were 
continued at  Bhivnagar, Chittagong* and Rangoon, as before. 

A standard automatic tide-gauge of the U.S.A. pattern ( pur- 
chaaed recently by the Survey of India ) was installed a t  Kandla 
on 16th October 1950, and has since been in operation. A brief 
description of the tidal observatory is given a t  the end of t h i ~  
Chepter ( page 56 ). 

There have been no serious breaks in the automatic registra- 
tions at  any of these above ports. A few telnporary stoppages that 
occurred a t  some places are detailed below :- 

I Port I Data of break~ I Remwka I 
Apollo 2nd3rd  Jnne 1060 I Due to inspeotion of the gauge. 

I I 
I I 20th June-1st July 1060 1 Due to stioking of penoil. I 

I lCandle . . I 11th-12th November 1060 ( Due to wim going omthe pulley. I 

Viregapntarn . . 20th September-12th October 1 1050 

I 
I I I I 

The records have on the whole been satisfactory, except a t  
hndla ,  where owing to the limitations of the piwsent pencil screw 
( of one-inch pitoh ) in the instrument, the registrations of certain 
extreme tides have been missed. Action is in hand to obtain a 
new penoil sorew ( of half-inch pitoh ) to overcome this diffioulty. 

Due to overhauling and repain 
of gauge ( Dayl@ht obsarve 
tiom of H.W. and L.W. on 
tide-pole oarried out for thin 
break period ). 

The Bombay observatory was inspected by the Surveyor of the 
Port Trust in June 1950 ; and that a t  Calcutta ( Garden Reaoh ) 
by the Officer-in-charge, Encroaohment and Port Survey Party in 

Reporta of obaervatious a t  Kariobi and Chittogung in Pilristin have not been 
reoeived #in= Maroh 1948. but it is presumed that obaervationa hsve beon in pw(lrers. 



December 1960. No inspection reports were received from Aden, 
except that intimation mas receivccl that the float-well was 
thoroughly cleaned daring August 1950. 

( b ) B y  touring tidal detnckn~ent of the Survey of India.-A 
series of 31 days' systematic ~Lservations on tide-pole mas carried 
out by a tidal detachment, under Ah. A. I<. Banerji ( Surveyor ) a t  
each of the ports, I'ort Albert Victor, Navabandar and Bhtivnagar 
concrete jetty in the Gulf of Cnmbay ( see Chart XIV ). The object 
of the observations was to check the existing tidal constants in the 
case of Port Albert Victor (Standnrd Port),  and to obtain necessary 
information, for navigational purposes, in the other two cases 
( Secondary Ports ). The observations consisted, as usual, of readings 
a t  intervals of every half-hour during both day and night, and also 
a t  the times of high and low waters. 

I t  had originally been proposed to carry out similar 31 days' 
observations a t  Gopinath Point ( Secondary Port a t  the mouth of 
the Gulf ) as well, but the site was found unsuitable for the installa- 
tion of the ordinary tide-pole and the proposal had to be dropped. 

The detachment consisting of BIr. Banerji ( Officer-in-Charge ), 
two computers, two recorders and G k h a h i s  left Dehra D h  
for the field on 2nd November 1950, and returned to headquarters. 
after completion of the programme, on 19thMarch 1951. h he health 
of tho detachment remained satisfactory throughout the season. 

( c ) By the Marine Survey of India.-In the course of their 
hydrographic survey operations in the Andaman-Nicobar waters, 
a party of the Marine Survey Department carried out short period 
observations on tide-poles at  the following places on the Andaman 
and Nicobar coasts :- 

( i ) Duncan Passage . . Period 15 days ( 23-2-51 to 
( Sisters Islands ) 9-3-61 ) 

( ii ) Aberdeen Jetty . . ,, 16 ,, ( 23-2-61 to 
( Opposite Ross 10-3-61 ) 
Island ) 

( iii ) Malacca Jetty . . ,, 32 ,, ( 15-3-51 to 
( Car Nicobar 16-4-61 ) 
Island ). 

The observations consisted of continuous readings a t  intervah of 
every half an hour covering both day and night. The data have 
been forwarded to this Department for necessary reduction and 
analysis. 

38. Analysis of observations.-Work on harmonio analysis and 
reduction of tidal observstions wee never so heavy during any of 
the previoua yeam ee during the year under report. Mention had 
been made in the laat year's report about Mr. A. N. Ramanathan 
( Deputy Superintending Surveyor ) having been deputed abroad 
for a course of advanced studies a t  the Liverpool Observatory and 
Tidal Inetitute, with a view to adopting the latest methods in the 
d y a i e  and prediction processee in India and improving the quality 
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of the Indian tide-tables. Soon after his return to India in May 1950, 
the of introducing these new methods and processes in the 
Department was actively taken in hand, involving considerable 
labour. Results of the analysis had been, in certain cases (e.g., 
~ ~ ~ ~ h l y  River ports, Kandla and neighbouring ports ), required 
specially urgently in connection with the ports' development projects. 

The following are details of the various analyses that were 
carried out :- 

( a ) 24-hour analysis.-Special short-period observations, 
covering about 24 hours during both springs and neaps, 
had been taken by the Calcutta Port Commissioners a t  
the Saugor Sandheads ( about 40 miles southward of 
the Hooghly delta ) and forwarded to this ofice for 
analysis. The results were to be used for certain 
special predictions for Lower Saugor, required in 
connection with the construction of a tidal model 
of the Hooghly a t  the Poona Central Waterways, 
Imigation and Navigation Research Station. In 
the analysis, use was made of the simultaneons 
observations that were in progress a t  the Standard 
Port of Saugor tlt the delta. The resulting constant3 
have been tabulated in Table 1. 

( b ) 29-day analysis.-The field observntions of 1949-50 
that had been carried out a t  Navlakhi and Navi Wat 
in the Gulf of Kutch were analysed by the latest 
method, yielding 28 components, as against 9 
components obtainable by the Admiralty method 
followed hitherto. The results of, the analyses are 
given in Table 2( a ). 

In the case of Navlakhi ( Standard Port ), the constants 
which have hitherto been in use for standard predic- 
tions in the tide-tables, ore also shown in the table 
for comparison. This station has a high tidal range 
of 23 feet and the change that appears to have taken 
place in certain constnnts can be regarded os 
insignificant. 

The field observations of scason 1948-49 which had 
been carried out a t  Mandvi, Port Okha, Porbandar 
and BhQvnagor and which had been analysed by the 
Admiralty method last year, were re-analysed this 
year by the more elaborate method mentioned above, 
for a comparative study. The revised valuecl of the 
harmonic constants, which can now be accepted in 
preference to those published last year, are given in 
Table 2( b ). Similar re-analysis wtls done also in the 
case of the observations for Kandla, where predic- 
tions that were required in connection with the port's 
development project, were to be based on a 29-day 
analysie only. The revised oonstanta for this port 
are ale0 inoluded in the above table. 
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Analysis of 29 days' observations was also carried out 
in respect of the secondary port Cuddalore, some old 
observational data for which becameavailable recently. 
The values of the constants are given in Table 2( c ). 
These values can now be accepted in place of the 
"inferred" constants published in the Admiralty Tide- 
Tables, Part I1 ( 1938 edition ). 

( c ) One-year analysis.-The regular analysis of one full 
year's data, by the Liverpool Institute's method of 
intensive analysis*, was carried out in the case of 
Port Saugor ( Hooghly River ) &om the observa- 
tions of 1948. This was the initial or primary analysis, 
on which the harmonic shallow water analyses ( see 
sub-para below ) for this, as well as the other ports 
situated higher up the river, were to be based. The 
results of this primary analysis are given in Table 3. 

Similar intensive analysis is now in hand for the port 
of Kandla as well. I n  view of this port being in the 
process of development as a major port in India, i t  is 
proposed to include annual standard predictions for it 
in the " Tide-Tables of the Indian Oman" commencing 
with the 1953 publication. The analyeie is now in an 
advanced stage of completion. 

( d ) Harmonic ehallow zoater analyaia.-Mention harr already 
been made in the last two Technical Reports about 
the application of harmonio ahallow water analysis 
for riverain predictions. The data for the analysis 
comprise the ( Actual-Predicted ) residuals for a 
minimum period of one year, for each port. 

The preliminary analysis of Rangoon ( 1941-observa- 
tions ) which had been taken up last year, as an 
csperir.uent, was completed by Mr. Remanethan a t  
Liverpool in the course of his studies there. The 
primary constants that were used for the basic predic- 
tions and the harmonic shallow water constants that 
were obtained &om the analysis have been separetely 
t a b h t e d  in Tables 4( a ) and 4( b ). 

The shallow water analysis for Saugor, Diamond Harbour 
and Kidderpore were a h  taken up and completed 
during the year, on the lines indicated in the laat 
year's Technical Report. Part of the analysis, in the 
caee of Saugor and Kidderpore, was carried out a t  
Liverpool. The observational data used in each case 
for the analysis were those of the year 1048. Time 
did not permit more than the first approximation 
analysis to be completed in the m e  of Saugor and 
Diamond Herbour, while in the owe of Kidderpore 

- 
Thia method in -bed in detail in the Phil. Trans. of Royal Boaiety 01 

h d m .  Beria A, VoL 227. pp. 223-2178. 
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it was possible to carry out a second approximation 
analysis as well and use the results for the 1952- 
standard predictiolls. Results of the above analyses 
( all baaed on Saugor primary predictions obtained 
from constants of Table 3 ) are shown in Tables 6 to 8. 
The time and height corrections that were applied to 
the Saugor primary predictions to get the primary 
predictions in the case of Diamond Harbour and 
Kidderpore, are shown in Table 5. 

The second approximation analysis in the case of Saugor 
and Diamond Harbour is now in progress and is 
expected to be completed in time for the 1953-standard 
predictions. Results of the analysis will be published 
in the next Technical Report. 

39. Tidal Predictions-During the period under report, the 
pparation of the annual tide-tables for the Indian Ocean ports 
for 1951 was completed, and that for the years 1952 and 1953 was 
continued. Preliminary computations for the machine settings for 
1964 were also taken in hand. 

The "Tide-Tables of the Indian Ocean, 1951 " and the separate 
pamphlets for Bombay port and the Rangoon River for 1951 were 
published in the month of April 1950. The tidal pamphlet for the 
Hooghly River ( 3 ports ) was published in the month of August. 

The Tide-Tables relating to the year 1952 are now a t  the press, 
in various stages of printing. Proofs of predictions for 53 ports 
( out of a total of 67 required for the Tide-Tables ) have already 
been examined and passed for printing. 

Advanced tidal prediotions for 16 ports for the year 1952 were 
despatched, in accordance with the standing International arrange- 
ments for exchange of official predictions, to the Hydrographic 
Department of Britain, the United States and Portugal in the month 
of Auguet. Predictions for one more port, viz., Saugor, for 1952 
(prepared aocording to the Liverpool Institute's method of har- 
monio shallow water corrections ) were despatched to the former two 
institutions in November 1950. Advance predictions for 3 ports 
for 1962 were also supplied, as usual, to the Royal Indian Navy 
during the above period. 

Special tidal predictions for the Saugor Sandheads ( Lower 
Saugor ) were prepared for certain specilied lunatiom of the year 
1939 and supplied to the Central Waterways, Irrigation and Naviga- 
tion Research Station, Poona in connection with the construction 
of e tidal model of the Hooghly. The request for these predictions 
had been received from the Calcutta. Port Commissioners. 

Also, tidal predictions for Kandla port for the year 1961 were 
prepared and supplied, in manuscript form, to the port authorities 
at  their request. The prediotiona were mked for in connection with 
the port's development projeot. 
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The total realization from the sale of Tide-Tables, exclusive of 
Agents' commission, during the year under report amounted to 
Rs. 4,785/14/-. The sum received up-to-date on account of paid-for 
work done during the year, and on account of Royalties, amounted 
to Rs. 3,4001-. 

40. Harmonic Shallow Water Predictions.-In the method of 
Harmonic Shallow Water Corrections ( H.S.W.C. ), adopted in place 
of the old riverain method for the predictions of the Hooghly River 
ports ( Seugor, Diamond Harbour and Calcutta ) commencing from 
1952, each shallow water constituent is set up on the tide-predicting 
machine by using one of the constituents already represented, or by 
using any of the diurnal or semi-diurnal constituents contributing 
to the compound constituent. For example, the shallow water 
constituent C ( 27 ) is set up on K, or MX, or 2MK,, etc. The 
readings of the machine are taken a t  intervals of 12 lunar hours, and 
these readings (corrections) are attributed to the corresponding high 
weter or low water of the primary predictions. The machine is run 
separately four times to give corrections to the high weter heights, 
high water times, low water heights and low water times. 

The present Indian tide-predicting machine haa only a few 
components that  are directly adoptable for shallow weter settings. 
Consequently certain improvieations have had to be resorted to for 
obtaining the machine predictions. The "Kelvin machine method" 
of Hermonio Shallow Water Correotions predictione hrts been 
adopted, with the C and C'groups of Harmonio Shallow Water 
constituents set and run separately for each of the eeries of 
the high and low water times and heights, thus necessitating 
8 separate runnings. Further, due to lack of proper setting com- 
ponents, corrections to the phase angles are required to be made a t  
intervals of every "machine day" ( 27) lunar days ) instead of a t  
four times that interval, thus involving considerable additional 
labour. The machine, as it  stands, does not also have the necessary 
parts and fittings for this kind of predictions, and certain attachments 
like ecales, pen-indicators, etc., have had to be improvised for 
immediate use, pending more permanent arrangements. 

41. Corrections to Predictions.-Empirical corrections, based 
on the observations of recent years, were, m usual, applied to the 
~rediotions for Karkhi ,  Navlakhi, Bhiivnaaar, Bombay ( Apollo 
~ e n d a r  ), Vizagapatam, ~ h a n d b a l i  and ~ a n ~ o o n ,  for the ye& 1963. 
E x c e ~ t  for Bhiivnaear and Raneoon. the corrections were the same 
BB dose  applied & the 1952 \redictions ( see Technical Report 
1949-60, Part In ). The revised corrections in the case of 
Bhivnagclr and Rangoon are given in Tables 9 to 11. 

In the case of Seugor, Diamond Harbour and Calcutta, ea the 
method of Harmonic Shallow Water Corrections wes adopted for 
the predictione commencing from 1952, no empirioal corrections 
were required. 

qa. Accuracy of Predictions.-Tables 12-19 give details of the 
diaarepanoiee between the predicted and obeerved tidee, during 
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1850, at  the phces where "actuals" were observed, and Table 20 
gives the greatest errors in the predicted heights of low waters a t  
these places during the seme year. The general quality of the 
predictions can be seen to heve practically remained the seme as 
before. 

The new method of Harmonic Shallow Water Corrections that 
is now being introduced in the department for riverain predictions, 
is going to be a distinct improvement over the method that was 
being followed hitherto. Table 21 shows the comparative accuracy 
in the predictions ( 1948 ) by the new and old methods in the cases 
of a few ports where the new method haa been tried out as an 
experiment. The results are very encouraging. 

43. Miscellaneous.-A new tide-predicting machine, equipped 
with 42 com~onents. is now on order from the United Kinedom. 
to replace t6e existing tide machine which is not only prac~cally 
worn-out (having served for over 73 years ) but ia also not ade- 
quately equipped to meet the needs in the case of complicated ports 
like Calcutta, Kandla, Cochin, etc., where the effects of shallow 
water, meteorological conditions and so on, are very considerable. 
The machine is being constructed by Messrs. LBg6 & Co., under the 
supervision of Dr. Doodson of the Liverpool Tidal Institute, and is 
expeoted to be ready for shipment to India by the end of 1951. 

Six new tide-gauges, of the Ug6-vertical type, are also on 
order from the United Kingdom. These heve been mked for in 
order to meet the pressing demands for modern observational data 
at ports where development projects are under way. 

44. Tidal Observatories.-A new tidal observatory has been 
established a t  IZandla and it  is proposed to open one a t  Port Blair 
in the near future. These observatories ace described below :- 

( a ) The Kandla Tidal Observatory.-The Tidal Observatory 
a t  Kandla is situated a t  a deep-water site, on the north 
side of the reinforced concrete jetty and a t  about a 
hundred feet from the west bank of the Kandla 
Creek, in the position shown on the photograph No. 1 
in Plate X V. The tide-house is a wooden cabin, 
of size about 8 feet x 8 feet x 10 feet, and rests on 
two iron-rail upstarts from the piles of the jetty, 
suitably cross-joined for stability. The float cylinder 
is made up of four uniform reinforced concrete pipes, 
one resting plumb over the other, the pipes being 
kept in position by means of an outside oage formed 
by four long angle-iron flanges oroes-joined a t  intervals. 
The oage is over 40 feet long, with one end firmly 
driven down into the ground, and the other end 
seoured firlnly to the floor of the observatory. The 
cylinder rests on an iron platform within the cage, 
situated about 4feet below the lowest possible low 
water level. The top of the oylinder juet reeohes the 



(2 )  a (3) 
Views 

of the 

Tide-gauge 

lunctioning 

insida the 

obsarvatory 



TIDES 57 

floor of the observatory and is over 4 feet above the 
highest possible high water. The communication to 
the cylinder is through a number of holes ( each about 
an inch in diameter ) provided a few inchen above 
its bottom. 

Photograph Nos. 2 and 3 in Plate XV show two views of 
the U.S.A. tide-gauge functioning inside the observa- 
tory. Unlike the Newlnan's pattern, this U.S.A. tide- 
gauge works on two clocks, one of the clocks being 
used for recording the time and the other for driving 
the drum. Further, instead of a gradnsted paper 
being wound round the drum, this gauge provides for 
two small rollers, a sripply roller and a receiving roller, 
by which about 66 feet of blank paper ( sufficient for 
one month's continuous record ), wound round the 
supply roller, is arranged to pass over the main drum 
and eventually wind round the receiving roller by 
means of suitable counterpoise. A recording pencil 
actuated by the rising and falling float inside the 
cylinder, registers the tidal movements on the moving 
paper, while another pencil, fixed to the kame of the 
instrument, records the fixed datum. A filll descrip- 
tion of the tide-gauge is contained in the U.S. Coast 
and Geodetio Survey Special Publication No. 196. 

The zero of the gauge hm been set to coincide with the 
level of the chart datum, which is 20 -99 feet below 

the Marine Survey bench-mark,  marked^^ 7 +26 -99 

and situated on the south parapet of the jetty. The 
height of the bed-plate above the zero of the gauge 
is 30 481 feet. A reference tide-staff has also been 
installed ( fixed to one of the jetty-piles ) olose to the 
observatory, with its zero set to agree with the chart 
datum, i.e., with the zero of the tide-gauge. 

The mean establishn~ent of the port has been oalculated 
to be 02h. 20m. The mean range of largest ordinary 
spring tides is 22 a1 feet, while the mean rise.during 
such springs is 22.6 feet. The local mean sea-level 
has been found from an year's observations ( 1960 ) 
to be 12 -46 feet above the chart datum or 14 -64 feet 

below the bench-mark of reference ( ~ ~ = + 2 6  -99 ). 
t 

( b ) Port Blair Tidal 0baerualmy.-A Tidal Observatory 
equipped with a eelf-registering tide-gauge waa 
established in Ross Island in 1880. Mean sea-level 
was determined from 1880-86 obsemations. I t  waa 
3 -632 feet above the Indian spring low water mark 
end 4.708 feet above the zero of the gauge. The 
reference bench-mmk waa 7 a768 feet above meen 
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sea-level. This bench-mark had worn out by 1884 
and another mark known as bench-mark 'C' was 
constructed in 1898, its height being 13.267 feet above 
the zero of the tide-gauge and 8.507 feet above mean 
sea-level ( as determined from 41 years' observations ). 

The tidal observations were discontinued in 1925 when 
the tide-gauge mas dismantled and brought to Dehra 
Dh. To improve the tidal predictions and to 
obtain sea-level data for various geodetic and geophy- 
sical investigations, it  is proposed to re-establish a 
permanent tidal observatory a t  Port Blair. The 
observations would be of considerable interest as 
these islands are suspected to be rising. 

Ross Island has an area of only f square mile and used 
to be the administrative headquarters of the Penal 
Settlement of Port Blair. The residential portion 
was completely destroyed by allied bombing during 
the Japanese occupation in the last war nnd it has 
now been abandoned. 

A site for the tidal observatory has now been selected 
on the main land on the south side of the Aberdecn 
jetty. Great care had to be exercised in its selection 
as cyclones are a common feature in the Bay of Bengal, 
and the Andamans come within their ambit. 

The old bench-mark of reference on Ross Island hl~s 
been found intact and has been connected to the 
levelling on the main land. The construction of the 
observatory is in hand and it  is hoped to make a 
start with the observations during the coming cold 
weather. 

Exact details of the tide-house, gauge zero, and ik 
relation with the datum and benoh-mark of reference 
for the new observatory will be given in the next 
Technical Report. 
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TABLE 1.-Harmonic Tidal Cwlanta derived from 24-how um1ysi.v 
( Liverpool I~lstitute's method of analysis ) 

p h u :  SAUGOR SANDHEADY ( I.o\ven S4noo11) 

I'eriod of observatiuna 

24 hours 1 ( 3nliBh Parch I949 ) 

b d  port for 8iuul tnncou n d u c t i o n 4 A U ( i O R  I 
6 .  n. 1 go 1 I-I. L. 

t bugor value8 ncoepted. 

Z,' 

Sat 

kt 
Hm 

8 1  

go I H. ft. gm H. ft. 
-- 

MO, 0.007 

1 3 i  

go 

330 

OBR 

342 

I 

368 

142 

001 

012 

10.08 

0.006 

0.207 

OQI 

&INS, 

2Nl 

p, 

N. .. 
OP, 

MI 

MKS, 

A s  

L, 

T, 

SI 

R. 

lC1 

MSNl 

KJI 

29111, 

----- 

147 

124 

MI 1 

2% 

01 

Q, 

PI 

0, 

-- I 

I 

1 

0,010 

0.130 

MP, 

XI  

PI 

S, 

IC, 

$1 

41 

81 

Jl 

801 

001 

0.114 

0.081 

0.026 

0.163 

3.1i9 

0.149 

0.126 

1.600 

0.432 

0.037 

SO, 

. i 
* 1.S.L. dmve  

I 

0.118 

0.062 

0.397 

, 

0.010 

248 

360 

242 

230 

266 

288 

336 

296 

203 

108 

I 
ah& datum. 

079 

002 

113 

160 

000 

MK, 1 0.011 

S K , ~  

1 
&IN, 

hiI 

SNI 

MS4 

MJG 

SI 

SKa 

2MN. 

& 

MN, 

2MS. 

2 m  

2SM. 

MK. 

0.016 

0.032 

0 033 

0.023 
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TABLE 2( a ).-Harmonic Tidal Constants derived from 29 daya' 
analysis ( Liverpool Institute's method of analysis ) 

2 

NAYI WAT 
Plnce lrud l'usltlon 
wlth Deacrljrtlon 

Zst. 22" 68' ii. Lnt. 23' 06' N. 
of Tlde-pole 

Loop. 70' 27' E. Long. 70' 20' E. 

and MoiwaU creeb 

I Time Ycrldlsn I Indian Standard Tim8 ( Odh 3On1 fad on Q.M.T.) 

I I 
I 

Below char( 
datum 

Perlod or obser- 
VDUON and 

one year 20 day8 

27.00 n. I 31.06 n. 

Old ( 1032 ) 1 New ( 1860 ) 

20 day8 

(I.T.B. I (1.T.B. 
0 ( TYW D ) i k~"D.OFM) ( TYPE B ) B.M. 

embeided 1 Coot below sltuatad about 40 Y C .  B. 
mound level n e u  BW. of the Uds-vole #Its and 
mmar of thb y e n p a r  la mumounded by a mud 
shed opposlle svhkhl wall 2.6 foot hbh. 
u w a y  st.Uoa ~t r 0 1 
ractw.orw d o f t h e  
ehed. 60 r ~ i  ttom tbs I 
p t a  of tb Jetty and 87 ; 
mt E. of 1. w.U or 

anottm? h u l l d l ~ .  1 

C e n h l  day - 1-8-32 . ( 20-1-60 21-3-60 
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TABLE ?( b ).-Harmonic T i h l  Cmstanh derived from 29  day.^' 
analysis ( Liverpool Institute's method of analysis ) 

1 1 2 1 3 i * i S  
-- I 

BKAV- 1 U X D L . %  

CeDtnldn~ of 10-12-4.9 I 12-11-48 / 30-1-48 ( 44-40 i 4-9-40 .odysls 
--- ----A 

Tlme Meddlan Indinn Slondad Tinw ( 05h 3Om fad on Q.M.T. ) 

level Bck:2* 1.3ot n. 8.00 n. 2.05 n. 1 0.07 n. 
gf,. -- -- 

p O b  B K O f  28.87 ft. I r l l 4  IX 24.15 IT. 1 40.60 ft. 1 28.08 n. 
reference 

dbtum - 2. 

Sea T d o l a l  FIeport 1060. Prut 111 

Etandud porh 
f C O W  Tor n k n d  vad~tlool.  

hVb10lml VdUs. 
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TABLE 3( c )-Hrxnnrmic Tidal Constunts derived jrom 29 days' 
nnnly.~is  ( I,ive~.pool Institute's method of analysis ) 

I'lfree : CUDDALORE 

Position of tide-pole: Emoted j u t  inside bar. 
Dcacription of B.M. of reference :- 

A aqua" stone-marked G.T.S. which is embedded on a flat concreta platform 
and which ia 14 feet and 100' from the oentre of Cuddalore Lighthoune. The 
stone marks the ponition in which Cuddalore Beacon oaisted. 

i I.ntit~rde Longitude Standard time 
I 

- 

I Level of zero of Chart dntum ( or zero of prediction ) 4.00 R. 
Tide-pole below { B.M. of referenoe 47.14 ft 

Ohservationnl datn 

Centr~bl day 
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TABLE 3.-Hartnonic 5'%lt~l C'mianls derived from I-?year analysis 
( Liverpool Institute's method ) 

Plocc : SAUC4OH ( H o o a m y  ) 

Poition of Tide.go~ige : Snug~n  Sernapl~oro 
Desoription of B.M. of rufernnco :- 

On top of rail projectirig &l)out 0 ir~oliea nlroru gl .o~r~r~l  level, onibedtld 
hi a block nf masonry and 8 i t~n t8d  77 feet N. of the S n ~ ~ g o r  Sernnphore 
nr~d about 314 mile StV. of the Snagor Lighthoorr~. 

bt i tude 

I Lorel of zuro of Chart Dntu111 Il.0111) ft. 
Tide-gnugo below { B.M. of reforcricu IO.550 ft. 

Y l  0,024 000 blP, 0.017 181 vat Os222 

MI 0.020 337 OP. 0.042 

XI 0.018 236 M.t 4.U01 

n, 0.013 338 MKSn 0.020 

P1t 0.147 343 A. 0.080 

a1t 0.006 I28 b t  0.216 

K,t 0.483 346 T,t 0.181 

4, 0,024 114 Sat 2.170 

4, 0.020 026 Rm 0.160 

81 0.014 318 Kmt 0.825 

Jlt 0.024 368 MSNn 0.048 

SO1 0,017 187 JfJ. 0.026 

001 0.028 348 39M.t 0.063 

- 
Y.8.L. above ohart datum. 

t Components of the Indian Tlde-msohioe. 

l a n g t u d r  
Ohscrvntionnl data  

S t a n c h 3  time I 
Length I Central day 

-- 

21° 38' N. 88" 09' E. 
1 - --_ - 

Most  

MI 

SO, 

M K s t  

SK. 

MN.t 

nqt 

SN. 

N9.t 

m. 
9, 

SK. 

zm. 
Met 

MSN. 

2MS. 

2 M X a  

28M. 

MSK. 

H. ft. 

0.042 

' 0.083 

0.009 

0,038 

0.080 

0.077 

0.166 

0.028 

0.168 

0.060 

0.039 

0.021 

0.012 

0.037 

0.018 

0.080 

0.023 

0.016 

0.010 
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TABLE 4( a )-Harmonic Tidal Constunts derived from 10 years' 
c~nntcnl aildysis ( B.A. method of analysis ) 

PkCC : RANGOON ( BBOOKINO STREET ) 

I 1 Observational data 
Lntitnde 1 Longitude 

Dsscription of B.M. of referenoe. :- 
Soott's Benoh-Mark, a wncrnte blook one foot square, surrounded by a dwarf 
briak wall 4+ feet s q u m .  2 feet in height snd covered by a mat imn trsp door. 
I t  in situated within a walled enoloaure, a t  63 feet. 211' from the Port Cam- 
mianioner's flagstaff a t  the bottom of Lewis Street. 

Level of zero of Cbnrt Datum . . 0.OO ft. 1 l'ide.gaugo below { B.U. of referencu . . 26.08ft. 

H. ft. go H. R. g" 

Z,* 10.25 MO, 0.120 040 

M, 

blm PI pa 0.648 277 JIK. 0.141 076 

0. 0.298 1 017 N 1.032 108 SK. 
I 

1 v, 0.320 106 

I OPI &IN1 0.108 147 

PI 0.176 067 A. MS. 0.474 208 

91 0.134 136 L. 0.448 147 M~CI 

j Kl 
038 *, 1m SI 

8, 2,184 171 8x1 

Ma 0.248 078 

I 

I 
U . L  above ahub dntmm. 

I / 

I 1 8 0 1  EJI =I% 

2SM. 0.184 ! 
i 

068 2M81 

2- 

2SMa 
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TABLE 4( b ).-Harmonic Shallow Water Correction 
Constants ( 1st approximation ) 

pb: RANGOON Baaed on : Rangoon btuio moohine* predictions 
cnbdday ofonalysia : 1s t  July 1941 Derived from : ( A-P )s of 1941 
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TABLE 6.-Corrections to be applied to Sauqor basic predictions to 
obtain primary predictias for Diamond Harbo?rr and Kidderpore 

Diamond Harbour Kidderpore 

H.W. L.W. H.W. L.W. 

1 
I Jan. 1st to 10th 

!- -. 
I Feh. 1st to 10th + 0.2 - 1.0 

11th Lo 20th + 0.3 - 1.0 1 - 1 - 1  - 1.0 1 2 l s t t o 2 8 t h ,  f O . 3  i - l . o  - 1 . 3  -"" A" - 1 . 0  

l l t h t o 2 0 t h  f 0 . 4  1.0 

April 1st to 10th 1.1 
11th to 2OLh + 0.5 I - 1.1 ( - 0.7 I - 1.0 
21st to 30th + 0.0 - 1.1 --0.0, - 1.0 

1.1 

/ 

B .- 
I 
O 
2 
m .- 
d 

June lat to 10th 
11th to 20th 
218t to30th 

J~i ly  1st to 5th 
0th to 10th 

11th to 15th 
10th to 20th 
21st to 25th 
20th to 31st 

- ~ u g .  1st to 6th 
0th to 10th 

11th to 16th 
18th to 20th 
2lst to 26th 
20th to 31st 

Sept. 1st to 5th 
I 
1 

0th to 10th 
11th to 16th 

! 10th to20th 
Plat to25th 
20th to30th 

I Oet. lat  to 6th 
0th to 10th 

l l t h  to 16th 
10th to20th 
21et to 25th 
20th b 31at 

Nor.  1st to 5th 
I 0th to 10th 

11th to 15th 
10th to 20th 
21atta25th 
28th to 30th 

+ 0.8 - 1.2 - 0.8 - 1.0 + 0.9 1.2 - 0.9 / - 1.1 
+ 1 - 0  I 1 1.2 1 - 0.8  - 1.0 

I 

! 20th to s la t  

Add Add Add Add 
+ 2 h o m  + 3 h o m  +4houn + O h o m  

+ 1.2 + 1.2 + 1.3 + 1.3 + 1.4 + 1.4 
+ 1.6 + 1.6 + 1.0 + 1.0 + 1.5 + 1.5 
+ 1.5 + 1.5 + 1.4 + 1.4 + 1.3 + 1.3 
+ 1.1 + 1.1 + 1.0 + 1.0 
+ 0.0 + 0.0 
+ 0.7 

- 1.3 , + 2.1 
- 1.4 I + 2.1 
- 1 + 2.0 
- 1.6 1 + 1.8 - 1.6 1 + 1.6 

- 0.0 
- 0.7 
- 0.6 
- 0.3 

0.0 + 0.3 - 
+ 0.0  + 0.0 + 1.1 + 1.3  
+ 1.6 + 1.7 
+ 1.8 - 
+ 1.8 + 1-0  
+ 1.0 + 1.8 + 1.7 

- 1.3  
- 1.2 - 1.2 
- 1.2  
- 1.2 - 1 . 2  
- 1.2 
- 1.2 
- 1.2 - 1.2 
- 1.3 
- 1.3 

+ 0.7 1 - 1.4 0.0 + 0.8 ; - 1.3 1 0.8 + 0.0 
+ 0 . 5  ) - 1 . 2  - 1 . 1  + 0.6 I - 1.2 - 1.2 

- 

1 - l ' O  

- 0.7 
- 0.6 
- 0.3 

0.0 + 0.3 + 0.7 
+ 1.1 + 1.6 + 1.8 + 2.1 + 2.1 + 2.2 

- 0.3 
- 0.6 

- 0 . 8  
- 1.0 

- 0.7 

1 - 1.3 + 2.2 

- 1.6  + 1.3 + 1.0 
- 1.6 i + 1.0 + 1.3 
- 1.0 + 0.7 / + 1.1 
- 1.0 1 + 0.4 . f 0.9 
- 1.5 + 0.2 I + 0.6 
- 1.5 I - 0.1 1 + 0.3 

' - 1.4 ' - 0.4 0.0 



ID. 1 TIDES 67 

TABLE 6.-Harmonic Shallow Water Correction C m t a n b  
( 1st approximation ) 

n: SAUGOR Baed on : Saugor brrsio machine* prcdlctlnna 
&day of analyaiu : 7th July 1948 Derived jrom : ( A-P )s of 1948 
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TABLE 7.-Harmonic SIaaUow Water Correction Conatants 
( 1st approximation ) 

P l a a  : DIAMOND HARBOUR Baaed on : Saugor banio prediotiuns 
Cmlral  &y of andyaia : 1st July 1048 Derived from ( A-P )s of 1048 

$ 
C .- 
3 
8 

C(O0)  

( 0 1 )  

( 0 2 )  

( 11 ) 

( 13 ) 

( 2 6 )  

( 2 7 )  

( 3 0 )  

(38) 

(60) 

( 6 2 )  

C'(O0) 

(11  ) 

( 1 2 )  

( 13 

(n) 

( 3 8 )  

(38) 

((0) 

H.W. heighta H.W. trmes 

R X  

P. 
-0.022 

0.068 

0.146 

0.000 

0.097 

0.217 

0.160 

0.040 

0.000 

0.111 

0.008 

-0.001 

0.026 

0.M7 

0 . m  

0.018 

0.028 

0.001 

0.030 

--- 
min. 

-21.073 

12.621 

6.269 

4.307 

3.086 

0.617 

1.382 

4.276 

1.G7E 

0.208 

4.M8 

- 1.167 

0.228 

1.434 

a.380 

0 . w  

a.4138 

1.466 

1.246 

O 

.. 
350 

004 

100 

004 

067 

023 

184 

031 

009 

040 

. 

104 

086 

082 

138 

282 

064 

090 

L.W. heighta 

H x R  

, 

306 

241 

172 

178 

160 

176 

011 

132 

238 

246 --------- 
, 

113 

010 

293 

327 

180 

208 

063 

/ I .  

t 0 . 0 0 7  

0.072 

0.038 

0.074 

0.100 

0.200 

0.136 

0.010 

0.116 

0.018 

0.038 

-0.001 

0.030 

0.016 

O.OM 

0.030 

0.020 

0.020 

0.033 

L.W. times 

- 
. . 
130 

010 

318 

001 

000 

366 

231 

007 

032 

368 

. 
239 

293 

203 

212 

002 

177 

003 

X R X  

min. 

-14,213 

13.249 

0.301 

2.871 

6.083 

21~100 

10.064 

6.081 

3.779 

7.780 

0.6381 

- 1.290 

1.043 

0.830 

3.424 

2.086 

1.267 

0.880 

1.001 

- 
" 

, 

308 

200 

180 

360 

020 

030 

008 

003 

218 

237 

.. 

010 

102 

232 

174 

088 

264 

197 
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T a L E  8.-Hf1rmonic &hailow water Correction C - ~ ~ L T  
( Combined 1st ~ n d  211~1 ~pproximations ) 

pb: KIDDERPORE B a d  on : Saugor bsaic prodictiona 
r,bal&y olandy8ig : Ia t  July IO4S llerived jrom : ( A-P )s of 1948 

C 

C ( W )  

(01) 

(02) 

(11) 

(13) 

( ? 5 )  

(27) 

( 3 6 )  

( 3 8 )  

( 8 )  

P. 
+0~000 

0~087 

0.143 

0.022 

0.136 

0.288 

0,108 

0,099 

0.082 

0,167 

086 -- 
.. 
336 

209 

930 

230 

130 

251 

177 

" 

. .  

207 

016 

270 

086 

086 

044 

200 

060 

104 

1.14 

+1.23 

1.03 

3.10 

4.08 

1.04 

4.23 

2.08 

0.44 

min. 

-3.59 

21.80 

10.31 

2.07 

1.69 

0.00 

1.01 

5.38 

1.08 

2.30 

21s 

. .  
305 

178 

117 

I64 

380 

100 

lil 

" 

. .  

317 

211 

103 

160 

291 

324 

050 

130 

'242 

0.006 

+0.021 

0.022 

0.019 

0.133 

0.042 

0.081 

0,021 

0.082 

f1. 

-0.010 

0.037 

0.084 

0.123 

0.358 

1.138 

0,466 

0.030 

0.204 

0.118 

323 

.. 
O W  

166 

033 

062 

281 

107 

228 

. .  

326 

003 

280 

011 

038 

036 

130 

064 

284 

7.26 --- 
+].I2 

1.80 

0.80 

6.60 

0.42 

3.32 

1.06 

3.93 

288 

.. 
178 

042 

069 

287 

282 

179 

30d 

m i .  

-8.47 

14.08 

0.18 

3.18 

8.48 

30.30 

11.70 

3-46 

4.80 

8.30 

a 

.. 
300 

302 

189 

009 

036 

044 

033 

077 

242 
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TABLE 9.-Coweelh upplied to the pedicted timca and heighL~ 
at Bh5mqar for 1953 

1 H.W. I>.\'i. 
I 

Montln 

-- 

I Jsnusry 

I !--, 
I 

Febmnry 

I I 

Hnrcll . .  , +n . j  i 

I 

April fO.6 

Msy 
I 

Junu 

Jnly d 

Augunt 

0otoh.r 

Novemher 

Deoem ber 
I 
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TABLE 10.--Correctiar applied lo the predicted he.$& of L. U 
at Bluiwugar for 1953 

Pmdictml 
height 
ill feet 

7 - 
I 

2 

3 

4 

6 

B 

1 

8 

9 

10 

I 0.0 01 1 0.2 1 0.3 1 0.4 ( 0.5 1 0.8 I 0.7.1 0-8 I 0.9 
i ---- - .. -. -. 

Correotions in feet 

-- 
I1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

-0.1 -0.1 -0.1 -0.1 

-0.2 -0.2 -0.2 -0.2 

-0.2 -0.2 -0.2 -0.2 

0.0 

-0.1 

-0.2 

-0.2 

5 8  

6.2 

4 

3.7 

3.0 -- 

I 6 8  6 7  6 8  

5.2 -- 
f i  --- 
3.8 

2.9 

1.7 

1.1 

0.7 

0.4 

0.1- 

0.0 

6.1 

3.5 

2.8 

6.3 

4.8 

3.8 

3.1 

2.3 

2.3 

1.0 

1.1 

0.7 

0.4 

0.1 0.1 0.1 0.0 

6.0 

1.8 

1.3 

0.8 

0.6 

0.2 

6.0 1 6.6 

1.9 

1.7 

1.2 

0.8 

0.6 

0.2 

6 4  1 6.3 

4.8 

4.1 

3.3 

2 2  1.9 -- 1.8 

"7 4.1 

3.4 

2.7' 2.8 

4.7 

3.9 

3.2 1 -- 
2.4 

4 .8  

4.0 

3.2 

4.7 

3.8 

3.1 

2.4 2.51 2.6 

1.3 

0.8 

0.5 

0.2 

1.8 

1.1 -- 
0.7 

1.6 1.5 1.4 1.4 
7 

0.9 

0.8 

--- 

0.81 0.8 

0.~0.303 

0.8 

00.32 
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TABLE 11.-Correctha applied lo the pzedided time8 rind height, 
at Rungoo~l, for 1953 

' 

Month 
I 

January - 19 I + 0.1 
February . 
March . 

April . 
May . 
Jane . 

July . 
dugIl8t . 
September . . 
Ootober 

November 

Dsamber 

-15 ( f O . 1  

- I 4  ' + 0.2 
- 13 / + 0.2 
- I 5  : +.0.2 

- 19 1 + 0.3 
- 2 ' 2  1 +0.3 

- 2 1 + 2 
- 2 5 ,  +0.1 

- I 

- 0 

- 12 

- 1 8  

' - 2 1  

- 2 6  

- ? I  

- 1 6 '  

- 8 

0.0 

.,., - 

-0.1 

- 0.2 

- 0.2 

-0.1 

to.1 

-0.1 

- 0.3 

-0.5 

-0.2 +O.I 
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1 TABLE 12.--Mean errors R,* and  F:?* for 19.50 
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TAB J4E 13.-Hean errors E,* tsnd Ep* /or 1950 

BHAVNAOAR 



TAR1.E: 14.-ilIec~n errma E,* aiid E,* for 1951) 

I I MEAN ERROBS 1 Number of 1 
ermm araedlnm 
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TARI,E 15.-Jfenn errors El* and E,+ for 1950 



CUP. IV I TIDES 77 I TABLE 16.-Menn ewws El* nn.d E,* for 1950 

SAUOOR ( nneLaT ) 

I, IlE.4N EREOnSt 
Xumber of 

prrors enwedlng 

! ( Predleted - Act~~nl  ) 

i E, ; PBBIOD 
I I050 

H.W. 

-- -. - . 

+ - + I -  + - + i -  
lu 1-16 4 . 7  0 . 1  13.3 0 3  0 0  0 3  

0 1 0  / 0  
I631 0 . 8  0 . 2  0 . 0  I  0 3  I 3  0 3  1  o 0  0  1 1 , hb. 1-16 0 . 0  4 - 5  I 3  0 2  7 7  0 . 5  0  0  

0  1 I  

3'4 

1 ;:; 8 . 8  1 1628 8.0 0 . 3 1  10 .5  0 . 2  14.2 0 . 6  4  4  0  1  
I Yu. 1-16 13.0 0 - 1  14.0 0 . 3  12 .1  0 . 4  2  1  0  2  

It-31 7 . 0  1 0 . 1  1 13.3 0  'I 11.4 0 . 4  2  0 1  0  1 0 . 3  1 ; @ i l l 4 6  1 7 2  1 0 . 3  ; 10.8 1 0 . 6  17 .2  ii 13.0 0 . 6  1 0  4  1 3 

: 16% 0.6 1 0 . 7  0  1  ! 0 2  I 4  0 : )  1 1 4  0 1  0  I 2 4  0  

MIS 1-15 8 .8  0 . 1  11.4 1 ( 1 0 - 2  10.9 0 . 3  10.0 0 . 3  0  4  0  0  

I 1631 0.6 0 . 3  0 . 1  0 . 4  0 . 4  0 . 1  0 . 8  0  1 1  1 

I8m 1-16 4.7 0 .4  8 . 2  0 . 4  10 .2  0 . 0  1  0  1  1  

16-30 a .7  1 . 1  0 . 0  0 . 4  0.9 7 . 3  0 .4  o  o o o 
IQ 1-16 1.9 0 . 2  4 . 2  0 . 3  , 8 . 1  0 . 4  0 . 6  0 . 4  , 1 1 4  

I lb31 7 .8  0 . 1  0 .0  0 . 0  i 0 . 2  0 4  10.8 0 . 4  

LPI. 1-18 0 . 2  0 .6  6 . 4  0 . 0  .11 .2  0 . 6  0 . 7  0 . 0  

16-31 10.7 0 .1  0 . 7  0 . 0  12.6 0 . 3  11.6 0 . 3  o  a 1  o 
h l - I S  6.3 0 . 6  1 1 . 1  I 0 . 6  14 .0  0 . 6  16.3 0 . 0  6  0  1  7  

lbso 4 .4  0 . 1  0 . 2  7 . 2  0 . 3  0 . 2  0 .4  0  0  0  0  

k I - 1 6  1 . 0  0 4  3.3 0 2  14.0 0 .4  m . 6  0 . 0  3  6 I  3 

3 ' 3 1  
lbS1 6 .0  0 . 2  4 . 1  0 . 3  0 . 8  0 . 3  7 .0  0 . 3  1 0  9 0  

I -  4 .7  0 . 9  7 . 2 1  0 . 4  11 .0  0 . 4  13.7 0 . 4  0  0  2  0  

lbJ0 2.4 0 . 4  1.0  0 . 1  0 . 0  0 . 6  10.0  0 . 0  1  0  4 3 

&I-16 4 . 1  0 . 6  4 . 9  0 .7  0 . 2  0 . 8  10.1 0 . 7  0  1  6 5 

, lLSl 2.8 0 . 3  3 . 0  0 . 1  0 . 1  0 . 4  7 . 0  0 . 6  0  0  1 0  j 
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TABLE 17.-Mean ewors E,* and E,* for 1950 

DIAMOND HARBOUR 
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TABLE 18.-iTIean errors El* nnd E2* for 1950 

CALCUTTA ( KIDDFJLPOHE ) 

MEAN ERRORSt Nunlber of 
errnrs exceedlog 

( Predicted - Aetunl ) 

- - - - - -. -. - 

NOD P.1 

I f f l  

lb9l 2-5 : 

lbB 8 . 0  0 . 3  18 .4  

lbJO 5.2 

10.2  0 . 0  15.1 0 . 4  0  8  3 0  

1 1 . 3  0 . 4  13 .0  0 . 3  0  0  1  0  

11.3 0 .7  12 .8  0 . 0  0  0  0  6 

,I-15 7.0 

lCIl ' 3 . 8  0 .5  

17 .0  0 . 4  21 .6  0 . 4  3 0  Z 1 

I ~ S I  ! 

11.0 0 . 4  21.3 0 . 7  1  7 9 8 

lbw 1 2 . 4  10 .0  0 . 0  9 . 0  0 . 6  0  1  6  1  

l C l 6  0.0 0 . 7  
I I 

; 2 . 0  1 1  13.4  0 . 0  14 .0  0 . 6  0  2  0 2 

2 . I  0  7  ;I 12.1 0 . 6  11 .8  0 . 5  
1  1  8  0 

" I u , ~  177.4 11 2 . 3  1 0 . 1  b I 7 , 6  1 6 5 . 9  1 6 . 3  1 2 . 4  130- 115.1 ,348,O 113.6 21 I 0 1  
1 8 6  

07 
\ 1 - 1 4  11 - 0 . 3  1 + 2 . 0  11 + 0 2  1 11.7  / 0 . 0  1 14.6 1 0 . 8  

'B ' . 
1' "th m p r d  to sign : En is without regard b n i p .  

g m l e d  for tho erects of  fitulty t ido-gn~~go settings, onuaed by B.11. aubsidenoe aucl dotuul 

Ib, tenth of the msnn range of the nrdiuarp spring-tides ia 1.2 feet. 
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TABLE 19 -Nen~i errors E,* a d  E,* for 1850 
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TABLE 20.--Ch.eatest differences between the predicted and actual 
h~ighls of Low Water during 1950 

Port 

Aden . . 

Bhivnegar . . 

Bombs 
( Dander ) 

V h p p t a m  . . 

Celoutta 

Data 

3lst Ootobr 

14th July 

Pylicted 
msnu 
aotunl 

JW + 1.4 

- 4.6 

+ 1.2  

- 0.9 

R P V ~ B K ~  

A bar has formed 

Do. 

Do. 

Do. 

( Kidderporn ) 

Saogor September end 
8th Deoernber 

I in the ohannel 
which ohstruob / the flow of water 

/ to the tide-pole. 
thereby aEeoting 

Diamond Harbour.. 

Ran,pon . . 

16th February 
30th May 

27th to 30th May, 1 l th  June, 
10th to 12th September 

; all tides below 
9 ft. The mesn 
range of the ordi- 
nary spring tides 
a t  thle port ia 
31.6 ft. 

Riverain port. 

- 4.1  

- 3.4 

12th June 

6th Deoember 
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DEVIATION OF THE VERTICAL 

By B. L. GULATEE, B1.A. ( CANTAD. ), F.R.I.C.S., M.I.S. ( INDIA ) 

45. General.-The season's field work comisted ofestablishingan 
utronomical datum for the geodetic triangulation of the Andamans, 
and the observation of a meridional section of the geoid along 
longitude 73" 43' from Tiki near Udaipur to PBvBgad near Baroda 
the existing section being weolr. Laplace observations were made 
rt e pair of stations of this meridional geoidal section. In  the 
hdamans, observations for both components of the deviation of the 
vertical and azimuth by Polaris were taken at  two other stations 
ah. 

Observations in UU cases were made with a large 60-degree 
pfimatic astrolabe. 

46. Narrative of the work in Andamam.-The detaohment 
couaisting of Mr. J. B. Mathur, observer, one computer and 12 
kh&iu left Dehrn Dfin on 15th October 1950 for Madraa en route 
to Port Blair, where they reached on 27th October 1950 by 
8.8. Yaharaja. The detachluent imruediately proceeded to the site 
of the old Chatham Observatory, the position of which had been 
Gxed in 1801 by Mr. Nicholson of the Survey of India. The exact 
point where observations in 1861, were made could not be identified 
but 8 marble slab cemented to the wall of the old observatory 
lndicnted the probable position of the old station. A new station 

established a t  this site, which is believed to be within 2 feet 
of the old one. 

Observatiol~s with the mtrolabe were taken a t  Chetham on 
t h e  fights, the work being completed on 3rd November 1960. 
Re detachment then moved to Mount Haughton and observed 
with the astrolabe on 8th Novomber 1950. 

Polaris was also observed for azimuth on the nights of 11th 
and 12th November with the Geodetic Wild theodolite No. 130. 
Obaemtiom were next taken a t  Mount Harriet on the nights of 
I8th and 19th November 1960. 

! The detachment then returned to Chatham and observed for 
/ & U u t h  by Polarie on the nighta of 23rd and 26th November 
1 lB50. 

Work was closed at Port Blair on 2nd Deoember 1950 end 
'be,wty returned to Dehre Diin on 9th December 1960. The 
89upment of the detachment except the instruments was left I Port Blair for the use of the levelling detmhment which 

83 
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synchronized its arrival in Port Blair with the departure of the deflec- 
tion detachment. 

During the course of the observations, Greenwich time was 
obtained £rom Rugby rhythmic timc signals emitted a t  10.01 and 
18 -01 G.M.T. 

The weather throughout was bad and this considerably ham- 
pered the progress of the work. The health of the detschment was 
satisfactory. 

47. Narrative of observations in RHjasthSn and Bombay.- 
Aftar making observations for personal equation and training of 
Mr. P. P. Chatterji, a research scholar posted by the Government 
of India for training in Practical Geodesy, the detschment under 
Mr. J. B. Mathur accompanied by the research scholar, one 
computer and 12 k W l  left Dehra Diin for Nsthdwira railway 
station in Rijasthiin on 21st January 1961. Work was colnrnenced 
a t  Tiki on 28th January, where in addition to the astrolabe obsema- 
tions, azimuth by Polaria was also observed on two nights. The 
detachment then moved to Tana H.S. where one night's observations 
with the llatrolabe and two night's observations for azimuth were 
carried out, thus making Tiki H.S. and Tana H.S. a pair of Laplace 
stations. The observations a t  T m a  H.S. were delayed by 3 days 
due to haze and clouds. Azimuth observations a t  both of these 
stations were made with the Geodetic Wild Theodolite No. 69. 

Thereafter, the computer was returned to Dehra D a ,  becauso 
Mr. Chatterji had become trained in the routine of observation and 
recording, and the services of the computer were no longer necessary. 
The detachment proceeded to the south and took one night's observa- 
tions a t  each of the stations Anjini H.S., Tukwha H.S., Sagwira 
H.S., Kue H.S., Tembb H.S., Jathrabhcr H.S., KQarol H.S., 
Richhia H.S. and Piviigad H.S. These stations belong to the Singi 
Meridional series and except in three cases it  was always possible to 
occupy the exaot aite of the station for observation so that no separate 
observations for fixing the geodetic position of the observation statioll 
were neceseery. At Anjini H.S., Tukwiaa H.S. and PBviigad H.S. 
i t  was found uneconomical to carry the kit of the detachment for 
enoamping olose to the site of the G.T. etations. The obsema- 
tione with the eetrolabe were made a t  a temporary station which 
wee connected to the G.T. station by measuring a short bme with 
a eteel tap combined with an observed astronomical azimuth. 

The detachment closed work a t  Piivigarh in Piinch Mahila 
dietriot of Bombay state and returned to Dehra Dfin on 8th March 
1851. 

48. Personal Equation.-Observations for determining the 
pereonel equation were made a t  Dehra Diin before proceeding to 
the Andamarm and on return from Port Blair, and again before 
undmkkbg the work in RBjasthh and Bombay and on return to 
Dehra DIin on the oonolueion of the work there. The results 
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corrected for " demidefinitives " abatined from Bulletin Hoiaire are 
&g follows :- 

Andamans Work 

Before Field After Field 

Dstc Peraonal Peraonal 
equation I equation 

5th October 1950 

7th October 1050 . . 

10th Ootober 1960 . . 
Mean . . 

-, I 
0.21 

RCjastMn and Bombay Work 

oquatlon eqnation 

11th Januarp 1961 14th Meroh 1961 

' 10th Mamh 1061 0.32 

L 

49. Astronomical datum for the geodetic triangulation of the 
Andarnam-As already mentioned in Chapter I, para 13 the object 
of the astronomical observations a t  Chatham Observatory was to 
atsblish a datum for the new geodetio triangulation of the Andamane 
chnied out by Mr. U. D. Mamgain during the period under report. 
The values adopted for the earlier datum point of 1861 fixed by Mr. 
Nicholson were, latitude 11" 41' 13" N.. and longitude 92" 42' 48' E. 
The value of latitude, which wes fixed from 1ff2 meridional zenith 
distances, was of a high deaee of accuracv and has remainedunaltered 

the recent reobseivati&s with a 60-iegree astrolabe by Mr. J. B. 
Mathur. The value of longitude was determined from 41 lunar 
culminations. In 1899, a connection to an intersected point on the 
CO@t of Burma, revealed that it wna in error by 1' 16". Thie connec- 
lion was, however, weak ( see Technical Report 1948-49, Part 111, 

1, para 5 and also Chapter I of this report, para 13 ). The 
longitude has, therefore, remained a lwap  in doubt end the reoent 
Metermination is of great significanw, The value now derived lien 
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midway between the 1861 and 1899 values. The details of the new 
values of latitude and longitude are as follows :- 

Number of Prime Vertical atam 
observed 

Number of other stars observed 

Latitude 

Probable error of latitude . . 
Longitude 

Probable error of longitude . . 
I I 
The mean value, i.e., h = 1 lo 41' 13" 4 1  and L = 92" 43' 30" .I6 
haa been accepted. 

The azimuth a t  Chatham Observatory S. of Haughton H.S. iw 
the initial azimuth for the new geodetic series of triangulation. 

The details of this azimuth are given below :- 

I Data 1 23-11-50 1 26-11-60 1 
Name of atnr nnd number of obsewa- 

tiom . , ..TI P o l n r b ( l 8 )  1 Pda.(lO) I 
Azimuth a t  Chatham Obsewatory S. I 1 of H a u ~ h l a n  R.S. . . 

I Probable ermr 

The mean value of the azimuth, i.e., 328" 47' 19" .8 haa been accepted. 
The details of the reverse azimuth that is the azimuth at  

Haughton H.S. of Chatham Observatory S. are aa follows :- 

I I 

Mean azimuth a t  Haughton H.S. of Harriet H.S. = 170" 00' 67" .$ 

Dato 

Name of star and number of obsewa- 
tiom . .  . . 

Azimuth a t  Haqhtan  H.S. of Harriet 
H.S. 

Probable error 

Angle a t  Haughton getween Harriet H.S. and 
Chatham Observatory S. . . . . = 21 13 20 . 3  

Azimuth a t  Heughton H.S. of Chethem Observa- 
torg 8. . . . . . . 148 47 a7 14 

11-11-60 

Polnrin ( 1 8 )  

17; 06 6'8.2 

+ 6.41 
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The value 148" 47' 37" .4 given above is in satisfactory agree- 
ment with the corresponding value derived by triangulation which 
is 148" 47' 37" .3. 

50. Deviation of the Vertical in the Andarnam.-Both corn- 
ponents of the deviation of the vertical have been obtained by one 
night's observations with a large astrolabe a t  two stations in the 
Andamans, viz., Haughton H.S. and Mount Harriet H.S. These 
two stations have been made into Laplace stations ns well. The 
results are tabulated below :- 

Details of Laplace Obseruatbw 

Name of stotiun / H a u g h  H.s. I Mount Ham* H.S. 

A 

0 , .! 
H.S. 

Correction = - ( La-L, ) sin A,. 

D a b  

Number of P.V. s t n ~  . . 
Number of others stnn . . 

htronomical latitude = A. 

Probable error of A. . . 
htronomical longitude = L. . . 
Probable errur of L. . . 
Geodetic latitude =A, . . 
Geodetic longitude = LI . . . . 
1 = Detleotion in the meridinn = A.-A, 

f = Deflection in P.V. = (L.-L, ) cosA 

b u r n i n g  deflections a t  the origin, vix., Chatham Observatory S. 
to be zero, the deflections on the Everest Spheroid a t  Haughton H.S. 
and Mount Htmrriet H.S. are + I "  -8, -0" 4 in meridian and +2" .O 
and - 0" .7 in the prime v e r t i d  respectively. 

These deflections am in general agreement with the local 
h~ography.  

10-11-60 

10 b11-50 i- 14 

"0 

1h36 6i.05 

16 

1"1; l&ll 
4.06 1 & i.46 

9i 4-i 4.29 93 d 06.43 
0.63 

l"16 6i.03 

93 4 i  G.21 . 
+ i . 0 2  

+ i.04 

* 6.18 

li 4i li.47 

9i 4k 4 . 1 5  

- 6.36 

- i.70 
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51. Geoidal Section from Tiki to P5vPgad.-This season's 
observations of 11 new stations from Tiki to Piiviigad between 
latitudes 25" to 22F arid along the meridian of approxinlately 
73f" E. have provided much useful information about the deflections 
in this area. The results havc been incorporated in the charts of 
the Geoid and Compensated Geoicl in India. On Chart XVIII, the 
+4O-foot contour below Jodhpur has a peak elevation of +46feet 
a t  its centre. 

The picture of the Geoid is now well defined in this area but 
more work in the north of Kutch is indicated to define more clearly 
the northern rim of the +40-foot contour. 

52. Laplace observations in R5jasthZn.-A twin Laplace obser- 
vation8 was made a t  two of the stations of the above geoidal section 
( see para 51 ), viz., a t  Tiki H.S. and Tana H.S. The former is a 
station of the KarLahi Longitudinal series. The results are given in 
the  following table :- 

Ray 

Aatronomionl Correotion* I 
ezimuth at  to reduce 1 

Tiki H.B. of oatronomi-. Geodetiu 1 1 azimuth 

bable error geodetio 
-, . / 0 , .  

Azimuth 
by 

triangulation 
( publishad ) 

Correction to 
publiahed 
azimuth 

The deduced error in the published azimuth is satisfactorily 
small and confirms the eccuraoy of the KarBchi Longitudinal series. 

The correction to the published geodetic azimuth e t  Birona 
H.S., which in the nearest Laplace station to Tiki H.S. and about 
100 milea weet of it, is -1".1. 
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TABLE 1 

"121 L 1 Tsno H.S. 1 2080 1- 2 .2  I+ 0 . 8  I I 1 I 
12131 L I Anjini 88. 1 1876 1-7-1 I 1-1- 

12101 E I Kua H.S. 1 772 1- 5.8 I- 0 . 1  1 I 1 I 

H.S. 1 685 1 7 0  1- 4.2 1 I 1 1 
iml F 1 Riohhia 8.8. 1 642 1- 2.1 1- 3.4 I I 1 I-- 
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DEFLECTIONS 1960-51 

I EVXREST'S SPHEROID 
I 

I I 1 
I.onnltudc I l.tllude 

I I I ~Mer ldhn  P.V. 
Azlmutl~ 



GRAVITY 

53. General.-During the period under report a gravimeter 
traverse was run with the Frost gravimeter from Lucknow to 
Delhi via Cawnpore and Agra to compare against the observations 
taken by Dr. G. P. Woollard in 1949 with his Worden gravimeter 
( see Technical Report 1949-49, Part 111, page 48 ). 

Observations with the Worden gravimeter were also made in 
collaboration with MT. Charles Muckenfuss of the University of 
Wisconsin a t  several stations in India during his global tour of 
gravity observations in 1950. 

Gravity observations were also carried out a t  47 stations in 
sheets 44 N and 53 B in the Punjab ( India ) and P.E.P.S.U. Two 
old pendulum stations were occupied in this area. 

54. Narrative.-A gravity detachment under Mr. S. Vaikunta- 
nathan, M.A. ( Officer Sllrveyor ) with two k h a h i s  left Dehra Diin 
on the forenoon of 31st March 1950 by Jeep for Lucknow. After 
completing the Line Lucknow-Cawnpore-Agra-Delhi, the detach- 
ment returned to Dehra Dfin on 20th April 1950. Observations 
were made a t  26 stations. 

Mr. Charles Muckenfuss of the University of Wisconsin arrived 
in India on 20th August 1950 in connection with the programme of 
global network of gravity stations being established under the 
auspices of N ~ v a l  Research Office, Washington. He had with 
him a long range Worden gravimeter. A suitable itinerary covering 
a large part of India was evolved by the Director, Geodetic and 
Training Circle, who met Mr. Muckenfuss a t  Calcutta and accom- 
panied him during his tour in India to show him the sites of observa- 
tion stations, and to make a few test observations. Forty stations 
were observed in all. Mr. Muckenfilss left India on 9th September 
1960. 

For gravity observations in the Punjab ( India ) and P.E.P.S.U., 
Mr. S. Vaikunhnathan left Dehra Diin on 16th December 1950 
by Jeep, with a driver and three khuhiaia and after making observa- 
tions a t  47 stations, covering a linear diatance of about 1,600 miles, 
returned to Dehrlr Diin on 2nd January 1961. The work was 
eterted from the Standard Bench-mark a t  Ambiila, which had 
already been connected in 1948 in the course of gravity observations 
from Dehra Den t~ Simla. 
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55. Results.-( a ) Campore lo De1hi.-In the summer of 1949 
Dr. Woollard had observed a t  Cawnpore ( Chakeri Air port ) and 
it was considered of interest to connect this station with Delhi by 
the Frost gravimeter. Work was started from Lucknow and the 
distance of 400 miles was covered by stages in the course of a week, 
resetting being involved a t  some intermediate stations due to the 
limited range of the Frost gravimeter. The route followed is shown 
in Chart XXII, stations being established 25 to 30 miles apart. 
Spirit-levelled heights were available for only a few of the stations. 
For the remaining, the heights have been read from 1-inch maps 
and are approximate. The results of these observations are given 
in Table 1. 

Five older pendulum stations lying on the route were also 
connected. The old and new values of gravity a t  these stations 
are shown in Table 6. 

The Frost gravimeter behaved very well, the drift being 0.04 
milligals per hour on an average. 

The gravity difFerence between Delhi Imperial Hotel pavement 
and Cawnpore Chakeri Air port as found by Dr. Woollard in 1948 
is 160.3 mgals, which agrees very satisfactorily with the Frost 
gravimeter value of 159 a9 mgals. Dr. Woollard, however, reported 
later that he had to change his value to 161.9 mgals as he had 
discovered that the pitch of the screw 011 the primary dial of his 
gravimeter was not quite uniform. This adjusted value differs 
from the Frost value by 2 mgah in a range of 160 mgals. This 
difference is mainly due to the uncertainty in the calibration constant 
of the Worden gravimeter. Later work in other areas has revealed 
that Dr. Woollard's adjusted values are burdened with systematic 
errors up to a maximum of 2 mgals. 

TABLE 1.-4ravimeter slaliona between Lucknow and Delhi via 
Campore, 1950. 

Note :-Meter factor used is 0.0817 mgals per dial division. 

difference 

I 03 B Lucknow R b  SLo. 

; I I ,, S.8.M. . 

• Bpiritlevelled heighb. Other height. am spprorimsta. ( C o d .  ) 

4 
6 
6 
7 

f e d l o '  - f  

80 66.1 
68.0 

66.0 

47.8 
29.7 
21.3 
20.6 

80 26.0 

386 
390. 

300 

386 
410 
406 
404. 

406. 
, Chakeri 

sir held.. 

Royal 
l fots ikoom NO. 34) 

I** 1 
' + 0-1 [ 

+ 1.4 

+ 1.0 + 1.4 - 3.6 1 
- 1.9 

- 1.8 
Dr. WoolLrd's 
atstion (lea). 

16 49.9 
49.0 

61.0 

39.0 
32.8 
27.2 
28.6 

2824.1 

.. 
, .. 
,. 

BeniP.W.D. I.H. 
Unao P.W.D. I.H. 
CswnporeRly.Stn. .. S.B.Y. .. 
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TABLE 1.-Ovavimeter slations Betweetr Luck?lo.w and Drll~i via 
Cawnpore, 1950.-( concld. ) 

Xote:-Meter factor used is 0.0817 ~ n g ~ l s  per dial division. 
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( b ) Obseruation~ with the Wwden G~avimekr.-In the summer 
of 1950, Dr. Woollard wrote that he was sending out Mr. Charles 
Muckenfuss for observations in the South Pacific to improve his 
world girdling measurements of the previous year. He suggested 
that it would be possible for him to make a side trip to India for 
the purpose of direct occupation of Dehra Diin and checking of 
some stations. To make the most of the opportunity an itinerary 
was evolved to solve the following four problems :- 

( i ) To finalize the value, of gravity at  our base station 
Dehra Diin. and confirm its connection to PBlam 
air field. 

( ii ) To have reliable gravity values a t  the extreme ends 
of India to serve as sub-standards for work with the 
Frost gravimeter which has a limited range. 

( iii ) To check the Frost gravimeter values a t  some of the 
mollntainous stations such as Mussoorie, ChakrBte, 
etc., this being necessary on account of some doubt 
in the pressure compensation of this instrument, and 

( iv ) To check the pendulum values in Kashmir area. The 
Frost gravimeter cnnnot be carried in an aeroplane 
and the road communications were too difficult a t  
that time due to the political situation. 

The Director, Geodetic and Training Circle accompanied Mr. 
Muokenfuss to ensure the establishment of stations where they 
would be most useful. 

( i ) Value o j  gmuity at Dehra &n.-An account of the various 
attempts a t  determination of the absolute value of gravity from 
co~nparison with European stations is given in Chapter HI,  Technical 
Report 194849, Part 111. The last named value of 979 -063 gals 
by Woollard and Gulatee ( 1948 ) was derived from a combination 
of observations with the l\'orden and Frost gravimeters. Worden 
gravimeter was used for a carry over from Washington to Delhi 
and Frost w a ~  used from Delhi to Dehra D k .  At Delhi there 
was a good agreement between the two instruments a t  all stations 
except a t  PElan~ air port where there wes a large discrepancy of 
10 mgals. ( Technical Report 1950, Part 111, page 63 ). In  1950, 
a direot occupation of Delhi and Dehra D t n  was effected with the 
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Worden gravimeter, two st,ntions being established en route. The 
results are tabulated below.- 

TABLE 2.-Urnvity stations between Dehm Dan and Delhi 

Datum. t Heights approximate. 
f Meter factor uaed is 0.OR17 mgsls per dial division. 

870.0833 

Woollard's 1948 values ere given in column 7. These values 
are slightly different from the previous ones tabulated on page 03, 
Technicel Report 1950, Part 111, as they heve been revised by 
him to allow for the systematic variation in the relation between 
the primary and secondary dials of his instrument which were 
brought to light by later experiments. I t  is apparent that he 
made a booking error of one scale division a t  Pdam air port. 

The table alao esbblkhes beyond doubt that the accepted 
value of 970 -063 m/ueca a t  Dehra Diin nee& no ohenge. With the 

3 

4 

6 

8 

7 

8 

0 

10 

11 

Observatory 
S.B.M. ( No. 
9 /631)  . 

Dehro Don, Nr. 
Gulatee's m i -  
dence .. 

DehroDGn, Hithi- 
bsrkaln survey 
R.H. . . 

Fatehpur DiL- 
Bangalow . . 

Meemt, S.B.M. 
NO. 27/63 H . . 

New Delhi. Wil- 
lingdonairport 

New Delhi, Im- 
perial Hotel 
porch .. 

New Delhi. Pilam 
road junotion.. 

New Delhi, Pilam 
nir port . . 

Delhi. Swveyor 1 Qenernl'8 06.e 

2 2 3 3  19-61  03.4 ' 
1 

( not 
observed ) 970,0832 

( not 

879.0831 

77 13.6 701 (not 
obserssd 

979.14C-4 28 41.1 

03.6 

78 0 3 4  

77 46.8 

42.0 

12.7 

13.1 

00.2 

07.0 

ohaorved) ,0847 

070-1488 

219671 19.0 

24Wtl 2 1 0  

085 30 02.8 

737 

893 

896 

798 

720 

.0636 

1361 

,1603 

,1374 

.I378 

,1336 

979.1338 

,, 

970.1348 

,1603 

.I368 

.I370 

,1324 

,1328 

29 00.0 

28 36.0 

37.6 

36.6 

35.0 

,, 

.. 
070.1367 

.I371 

,1327 

,1431 



CFIAP. VI ] , GRAVITY 97 

evidence available 80 far, however, this value can be reckoned as 
correct only to 1 mgal or so, although the gravimeter determinations 
are quoted to 0 . 1  mgal. The reason is, that the gravimeters are 
primarily geophysical instruments, meant for being used in limited 
areas. Their performances in giving results correct to 0 . 1  mgal 
when transported over long distance4 arc yet to be proved. 

The Worden as an instrument ir far more compact and handy 
than the Frost gravimeter bnt its drift during these global flights 
over long distances apparently presents great difficulties. I t  does 
not appear to have reached the stage when its calibration constant 
as determined in the laboratory can be regarded as 6nal during the 
entire course of the work. Even the pendulum stations which are 
connected in the circuit of observations have to be utilized for the 
derivation of the calibration constant though they are of much 
lesser precision. The only remedy is to return to each base after 
short intervals which becomes quite cumbrous when the programme 
occupies a major portion of the globe. As it is, the repeat observa- 
tions of 1950 a t  Woollard's stations in India have revealed syste- 
matic differences amounting to a maximum of 2 mgals. The 
Naval Research Office, Washington is contemplating yet another 
repetition of these world girdling loops to improve their precision 
and much valuable data in this respect should then be available. 

( ii ) Gravity observations at Calc~dfa.-Table 3 gives the results 
a t  stations observed in the vicinity of Calcutta. These would 
serve for future use to tie on the chain of stations from Dehra D b  
eastwards to Calcutta as the regional gravity programme of the 
Survey of India progresses. Already they are serving a useful 
purpose as the Geological Survey of India which is located a t  
Calcutta is using them to check the calibration of their grevimeters. 

TABLE 3.-4mvity stations mar Calcu4la 

Serial 
No. 

1 

2 

' 3 

4 

6 

6 

7 

Latitude I-P ' 

22 34.0 

32.8 

31.6 

33.0 

38.8 

4 4 . 1  

22 38.4 

Description Height Longitude 

o , 

88 21.2 

21.6 

10.0 

20.0 

22.8 

22.4 

88 20.3 

Value of 

Calcuttn. Oreat Emtarn 
Hotel . . 

.. S.B.M. . .  

.. Kidderpore 
New Dock.. 

.. World War I 
Memorial . . 

.. Bsse Line 
Tower . . 

.. W p m  Rly. 
8tn. . . .. Durn Durn 

Ahport .. 

Worden 
1848 

cm/scc' 

878.0023 

(not  
obrened ) 

,, 

JUr 

30 

18 

10 

21 

14 

21 

11 

Worden 
1860 

c m / ~ c '  

878.8068 

.a046 

,8019 

.. I .w 

.. 1 8087  

.. 
078.8080 

.8131 

878.8081 
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The gravity difference bctmeen Great Eastern Hotel and Dum 
Uum Air port was 2 . 7  mgals in 1948. while thc repeat observations 
of 1950 give it as :I. 2 mgals. 

( iii ) Ohservutions a/, Hill Stu/io>~s.-The Frost gravimeter is 
claimed by the mnkers to be baromctrically compensated for 
differences of pressure up to 0 . 7  inch of mercuv. I t  has been 
noticed to display rather large drifts amonnting to as much as 1 mgal 
per hour when talren through a vertical height of about 1,500 feet 
in a short time. Opportunity was taken to check the values 
obtained with it a t  some hill stations against the Worden gravi- 
meter. Results are given below :- 

- 
Ssrial 
No. 

- 

1 

2 

3 

1 

5 

8 

7 

8 

9 

hletor factor used is 0,0817 mgah per din1 dirinion. 

TABLE 4.-Qravit?l obsrsvations at Hill Stations 

hor ipt ion  kht/ " t i t u b  1 1 Of 
~ ~ ~ ~ t *  / Wordcn 

1 1050 

The gravity difference between Rijpur B.M. No. 169163 J 
and Chekrgta 3I.E.S. I.B. is 179.7 mgals by Frost and 178 a9 mgals 
by Worden, which is very satisfactory. Rut the Musaoorie stations 
show some erratic differences which exceed the observational 
errors. The difference between Dunseverick pendulum station 
and B.M. No. 45/63 J is 43 .8 mgals by Frost and 46.3 mgals by 
Worden. Similarly the difference between Dunseverick pendulum 
station andB.M. No. 48/53 J which is only a few yarde away from it is 
0 . 8  mgal by Frost and 1.3 mgah by Worden. These discrepancie~ 
can only be ascribed to errors in the Worden gravimeter as the 
Froet cannot develop such a large error in so short a distance. 
A possible explanation may be found in the fact that observetione 

I feet 

Riijpur B.M. NO. 
160/63 J . . . 

Bbntta B.M. No. PO1 . . 
Yuasoorie U.M. No. 

45/53 J . . 
Muasoorie Dunsoverick 

pendulum station . . 
hlumoorie B.M. Nu. 

48/63 J . .  

Fntebpur 1.B. . .  

H i h i  pendulum station 

Snhiya bridge B.M. No. 
351163 F . .  

----- 
* ' I  O ' .  

I cm/aecY / cm/mc? 

3334 

6122 

6678 

7129 

7123 

1431 

1684 

3438 

30 2 4 . 0  

27.2 

27.0 

27 .6  

27.5 

26.0 

31.1.  

30.8 

30 4 2 . 0  Chakrits J1.E.S. I.B. , 6933 

78 06.1 

04.8 

03 .0  

02.8 

74 0 3 . 6  

7 7 4 3 . 8  

50.4 

52.6 

77 6 2 . 2  

i 
070.0020 1 970.0036 

0 7 8 ~ 0 0 ~ M  

,8201 

.7 i03  

078~7571 

070.1461 

,1297 

070.0316 

078.8233 

078.0085 

,8222 

.7700 

078.7782 

079.1488 

,1300 

070.0328 

079.8247 
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with the Worden were taken on a very stormy and wet day. Yore 
observations a t  high stations are needed, but it eppears that ex- 
cessive drift exhibited by the Frost gravimeter under these co~~tl i -  
tions does not necessarily produce results of lower precision. 

56. Observations in Kashmir.-In ICashmir, the pendulu~n 
observations were taken in 1925 with brass pendr~lu~ns ruanu- 
factured locally a t  Calcutta. The usual Von Sterneek appnratu.9 
of the Survey of India was tlren away in England for restandardiza- 
tion. These pe~ldulunis had rather unsatisfactory knife-edges 
ulade of steel. Earlier, Blessrs. Aessio and Abetti of De Filippi's 
Expedition ( 1911 ) amongst other things had carried out gravity 
observations with 8 penclulu~~rs between Dehra DGn and S~inagar. 
Their results differed seriously from those of the Survey of India, as 
would be apparent from the table below : 

L)e Fihppi'a Survey 
Expedition of India 

crn/secz cm/secg 
1)ehra Dim . . 979.079 979 -063 
Srinagar . . . . 970 a090 970.095 . 

Not only does the L)e Jqilrppi's Expeditio~i valr~e disagree mth 
the Survey of India in absolute vltlrie a t  Dehra DRn, but there it, 
eko a seriotts discrepancy as regards differences of gravity between 
Srinagar and Dehra L)i~u. Ilr hns heen seen already, the present, 
work has shown that there is notliing wrong with the accepted value 
of gravity a t  llehm Ufiun. k'rori~ Tablr NO. S which gives the results 
derived with the Worclen gra\,imeter or1 a flight from Delhi to 
Srinagar, it would be seen that the value a t  Srinilgar pendulum 
station is 979 .Of319 gals. Tlie Survey of India valtrc was thus in 
error by 13 nrgals here. De Pilippi's value was higher by 8 mgalh 
a t  Srinagar and .M mgals a t  Dehra Diin. The observers of De 
Filippi's Expedition BIessru. Alessio and Abetti were very experi- 
enced but their pndnlunts were fount1 on return a t  Genoa to have 
r~rrdergone conuidrrablo changes of length. The results of this 
c.speditioo can thus hc in considerable error. 

That De Pilippi's vttlues are on tlie whole too high i contiruled 
by the observations of Nils Ambolt who wns attached to the 1927 
expedition of Sven Heciin in Middle Asin. He observed a t  two 
stations Ycrkand and Leh coninlon to Alessio and found the latter's 
value higher by 11 and 7 ~ngals respectively. I t  nppcalv Aleasio 
had cmsumed a figure for Lhu lengths of his pendr~lu~ri which wna 
hurdened with a syste~nat~ic crror. 

At Gandarba.1 which is also a stntiorl of the Survey of Inda 
the observations with the Worden gravimeter have revealed that, 
tthe error in the older value is only 4 rngals. 

The corresponding gravity anomaly co~itou~v in Chart XXIII 
for this arm have been correoted. But the contourn in the north- 
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east corner of Sheet 43 are very problenlatical as they are based 
on 1925 observation of the Survey of India and De Filippils results 
of 1914 both of which are sl~spect. At station ShZdipur ( ~ ~ t ,  
34" 11' 14", Long. 74" 41'0OW),  the Isostatic gravity anomaly (g-ycH) 
L -0.030 cm/sec2. I t  is not a t  all in keeping with the sumounbg 
stations and there is obviously a large observational emor here. 
The whole of this area which is of great scientific interest needs 
re-observation and a denser net of gravity stations. 

57. Old Pendulum stations.-The observation of old pendulum 
stetions with the Frost gravinieter now totals 26, including seven 
stations observed this year. Results are given in Table 6. Barring 
the large error of 13 mgals a t  Srinagar, the rewon for which has 
been explained in the previous paragraph, the discrepancies at  the 
other stations are on the whole withui the limit of the observational 
error of the pendulums. 

58. Observations in the Punjab and P.E.P.S.U.-Chart XXV 
shows the gravimeter stations established in Sheets 44 N and 53 B. 
There are 47 stations in all. The values of observed gravity and 
tha, gravity anomalies on various hypotheses are given in Tables 
7 and 8. 

I t  would be seen that both the free-air and Bouguer anomalies 
are negative and show a progressive increme in the north-easterly 
direction. The Bouguer anomalies are much greater than the free- 
air ones in magnitude and are indicative of the area being in isostatic 
equilibrium. Of the various hypotheses of compensation on the 
Helmert spheroid, Hayford's local compensation and Airy's com- 
pensation for the thickness of the earth's crust of 40 km. give the 
lemt anomalies. Station No. 48 ( Kiilka ) is a t  a much higher 
elevation than the others and marks the beginning of the high 
positive isostatic anomaly area which lies to its north-east. 

Charts XXVI and XXVII show the Hayford isostatic and 
Bouguer anomaly contours on Helmert splleroid with contour 
intervals of 6 mgals. The dotted line on the former chart represents 
the older generalized zero anomaly contour based on pendulum 
data. The Hayford anomalies are satisfactorily small. A negative 
anomaly belt extends from Ambela to Chamkor in a north-westerly 
direction, flanked on both sides by positive anomalies. This 
deficient area marks the tail end of the conspicuous negative 
anomrrly zone in the aUuvia1 phins a t  the foot of the HimBlayaa. 
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TABLE 5.--Gravity stutions in Kashmir area 
-- 

serial lo, I Yesoription of station 
I 
I 

Delhi, Pilam air port . . 720' 

Amritsar air port. . . . 766. 

Jammu air port . . . . 1020' 

Srinngar air port . . . . 6200' 

.. pendulum etation 
( Nedou's hotel ) . . 6198 

, D.M. No. 04 . . 5210 

.. oluh . . . . 6210' 

.. H.B. Flore . I . .  

., Mile-poat 103 . . 6220' 

,. Pandah B.T.L. 60 . . 6283' 

,, B.M. NO. 107 . . 6223 

Gandarbd pendulum etution.. 6200 
I 

' Approximste. Others are spirit-levellel 

Longitude 
Value of a 



CI 
0 

TABLE No. 6.--Gravity ual.llea-Pendulum and Frost (fravimeter E3 

, g a 
Bsrkl 0 -  0 . 3 3 8hmt Name of Station Heigh Latitude Loogitnde Years of Pendulam I No. i;i$ No. 1 / 1 obnamation value 

31 Nojli . . . . 1 ns I n 63 28 1 rr 40 26 
. .  1434t 30 26 53 77 43 37 
. . 1884 30 31 08 77 60 28 

\ ,  

Meter factor used w 0.0817 mg& per dial division. 
t Approximate. Others are mpirit-levelled heighte. 

I Pendnlum 
, ~ ~ ~ v i m e t e ~  m n w  R m ~ ~ x a  

value* I gravimeter 

-- I g a b  I! 

1 970:&30 . - b 0  Probable position. i BuaYtion. 

I 

,7918 + 1 ..' I Pendululn station does 
I not exist. Approxi. 

mate position. 
978.8234 - 4.4 Approximate position. 
979.1209 + 0.1 B u r t  p i t i o n .  

979.1482 1 ; 1:; 1 Emat position. 
078.&110 - 1.0 ,, .. 
079.1517 we 0, 
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Punjab and P.E.P.S.U. ( Sheet 53 B ) 

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

Hayford's\ HEISKANEN'S REOIONAL I M E R T ' S  

:g~g~f: 
I::t:"&, 

m g d  
- 2.1 + 1.8 
+ 1 . 5  

+ 0.6 
- 0.1 - 4.8 

- 4.3 - 8.7 - 8.9 

- 8.4 - 8.1 + 5.3 

+ 15.2 + 6.6 + 7.6 

+ 8.0 + 8.0 + 6.0 

+ 3.7 + 8.1 + 1.1 

- 8.1 
- 2.2 
+ 3.2 

+ 8.7 
+10.3 + 8.0 

+ 4.0 + 8.8 
+ 4.5 

+ 1.8 + 6.9 

+ 6.1 

+ 4.6 
+21.8 

+ 2.8 

5.8 

30.6 

compen. C O ~ I P E N ~ A T I O N  
sation 40 km. 1 60 km. 1 80 km. 1 100 km. 

F O R M U L A  

HEISKANEN'S REOIONAC COLIPENS&TION 

100 km. 

mguls 
+28.? 
+30.0 
+30,1 

f31.8 
f34.1 
+29.9 

+31,6 
+26.7 
+25.8 

+26.0 
+24.3 
+32.4 

+32.2 
+20.1 
+36.4 

+36.8 
+37.0 
+36.4 

+29.2 
+35,3 
+33.8 

+29.1 
+30,6 
+36.2 

+37.4 
+38.1 
+34.7 

+31.0 
+36.8 
+32.7 

+25.2 
+29.7 

+30.0 

+20.8 
+42.3 

+32.0 

32.0 

18.0 

80 km. I 
mgub 

+19.6 
f22 .3  
f21 .4  

+24.5 
+25.9 
f21.7 

+23.0 
+17.3 
+17.1 

+17.9 
+10.3 
+23.8 

+23.7 
+21,2 
+27.2 

+27,6 
+27,6 
+27.7 

+20.7 
+26.0 
+W.5 

+20.4 
f21 .4  
+26.3 

+28.4 
+29.2 
+26.2 

+22.6 
+27.2 
+24.1 

+17.1 
f21.8 

+22.4 

+21.6 
+36.7 

+23.6 

23.6 

20.4 

40 krn. I 

- 4.7 
- 6 . 0  

+ 0.9 
- 0.9  
- 6.9 

- 5.5 
-11.0 
- 9.0  

- 7.4 
- 9.0 
- 1.0 

- 1.1  
- 1.0 
+ 0.9 

+ 1.1 + 1.3 + 0.1 

- 3.0 
- 0.6  
- 3 6  

- 8.2 
- 8.9 
- 1.8 

+ 2.1 + 4.0 + 1.7 

- 1.8 
+ 2.0  
- 2.0  

-, 4.7 
- 0.7 

- 0.9 

- 1.4  
+17.7 

- 2.0 

3.9 

27.7 

60 krn. [ 
mgah + 8.1 

+10.8 
+10.2 

+14,7 
+14,8 
+19.9 

+11.2 + 4.9  
+ 8.2  

+ 7.6 
+ 8 . 0  
+12.0 

t 1 2 . 8  
+11.1 
+16.6 

+15.8 
+10,0 
+15.7 

+10.6 
+14.4 
+12.7 

+ 8.8 + 9.6 
+14.4 

+18.8 
+18.1 
+16.Q 

+ l l . 8  
+18.3 
+12.6 

+ 7.4 
+ l l . 8  

+12.6 

+ l l . 6  
+28.5 

----- 
+12.8 

12.8 

23.8 
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TABLE 8.-Gavity Anomuliea in Emt 

I 
'0 H E L  

! ( metre 
No.' Station* Longitude factor - 0-7. Modified ; 

I 0.0817) 1 1 I-~st i 
I 

~ 

I 

31 Ludhiina 9.B.Y. 979.2783 -38.7 / -86.8 -63.4 , 
32 Ludhiina Pend. Stn. ,2788 -30.1 -87.2 -83.8 
33 Pnndori P.W.D.R.H. 788 4958 31312 ,2783 -34.8 -61.1 -58.81 

34 Jagrnon P.W.D.R.H. 769 4E 30 27 61 ,2018 -22.2 -47.7 -45.0 1 
36 Raikot P.S. 175. 38 61 36 40 ,2738 -25.8 -61.0 -49.0 
38 Dablon 

30 Dhiiri Railwny Crow 
in.4 22 26 51 40 .W13 -36.8 -82.1 -60.7 

40 Sangrir Railway Crow- 

42 PatiHla-Suniirn ~ o e d  

43 

Juuotion . .  

Qharnohnn .. 

I I 

i I 

I 

786' 

778. 

I 

i 

0 8 2 i  

30 13 00 I 
i 
1 

I 

I ,  I 
~ 

I 

Mean with regard to  sign . . .. 

Mean without regard t o  sign .. 
I 

huge . . 

Approximete heights. 

5 4 0 6  

76 67 36 

t ModlRed 0-ys E. p-+-attraotioo of bpoenphy up to none 0. 

-32.0 

32.0 

17.8 

,2368 

079.2330 

--- 
-68.5 

60.6 

19-6 

-61.1 

67.1 

18.0 
I 

-49.81 

-68.2 

-28.4 

-32.3 

-62.1 

-68.5 
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Punjab and P.E.P.S.U. ( Sheet 44 N ) 

M E R T ' S  F O R M U L A  I N T E R N A T I O N A L  F O R M U L A  
-- . ~-~ ---. 

:Hayford's H ~ ~ ~ ~ ~ ~ ~ . ~  aEnIoNat CoVIPENsaTloN Hayford'rl HRISKANBN'Y R E O I O X ~  
cornpen- cornpen- I COLIPEXSATION 
nation 

/113.7 Lm. 40 km. I RO km. I 8Okm. I 100 km. l ~ ~ ~ ~ m , l  40 km. I 80 km. / 80 km. j 100 kru. 

- 

I 

- 1.0 - 7.0 + 5.7 4-16.8 1 +?-1,0 -17.4 -23.4 -10.7 - 0.0  + 1.6 ' + 6.1 - 0.0 +12.4 +23.2 1 +31.7 -11.3 -17.2 - 4.0 + 6.0 +16.3 + 0.2 - 8.0 + 6.4 +14.9 +23.0 -18.2 , -22.4 -11.0 - 1.6 + 8.0 

- 



CHAPTER VII  

COMPUTATIONS, PUBLICATIONS AND TRAINING 

59. Adjustment of Topographical Triangulation in India.- 
The personnel of the Computing Office remained busy with the 
reduction of the field work and much progress could not be made 
with the adjustment and compilation for the press of data of topo- 
graphical triangulation in India, a start on which was made in 
1949-49 (see Technical Report 1948-49, Part 111, para 84 ). 
Although the work has been very slow, all data falling in sheets 
54 B and 47 E has been assembled and is now being scrutinized. 

60. Triangulation Data in Ir iq  and 1rin.-The compilation 
and publication of data of triangulation in Ir iq  and IrZn carried 
out by the Indian Military survey units during World Wars I and 11, 
the IrLq Survey Department and Anglo-Iranian Oil Company was 
continued during the period under report. Out of an estimated 
total of about 80 pamphlets, 28 have so far been published. Each 
pamphlet generally contains data covering an area of one. degree 
of latitude by one degree of longitude, but where data is sparse a 
larger area has been included in one pamphlet. An account of the 
triangulation is given in Technical Report 1947, Part 111, p e w  46 
to 49 and in the Preface to each pamphlet, which also gives details 
of the adjustment of the various series of triangulation. 

61. Computations.-The results of the following field observa- 
tions were computed :- 

( i ) Observatiom of geodetic triangulation for the Bengal 
Boundary Survey. 

( ii ) Observations of the geodetio triangulation and baae 
measurement in the Andamam. 

( iii ) Traverse of the Car Nicobar blend. 

( iv ) Levelling of high precision fiom Bombay to Kirwir  
and from Kolhipur to Raichiir vie Wadi. 

( v ) Levelling of precision in the Andamam. 
( vi ) Secondary levelling for the Bhakra Dam Projeot 

(Jullundur area ) and in Rijasthin. 
( vii ) Tertiary levelling in Car Nicobm Island. 
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B narrative account together with a discussion of results of 
the geodetic triangulation is given ill Chapter I and that of levelling 
in Chapter 111. 

Deflections at  I I stations and gravity anonlalies a t  47 new stu-  
tions have been conlputed and the charts of the Geoicl ( Chapter V ) 
ant1 Gravity Anomalies ( Chapter 1'1 ) have been revised. 

62. Inspection of G.T. Stations.-The stations of geodetic 
triangulation in India ( excluding Bnrma and I'llzistiin ) which 
nuniber about 3,OUU are placed in the custudy of district officials 
for preservation and ~naintenance. These stations are generally 
marked by a circle and dot cut on rock or a loose stone. In  hilly 
country the mark is sur~nounted by a low pillar of stones or bricks, 
surrounded by a large platform of loose stones ant1 covered by a 
cairn. In  the past, in flat country, towers were built over the ~nnrks 
to ensure intervisibility. These comprisecl of an inner circular 
masonry pillar built over the mark, aritll a number of other ]nark- 
stones inserted in it a t  different heights. This pillar was simounded 
by a huge hollow to~r-er built to the same height as thc pillar but 
separated from it by an annular space which was tilled with rubble 
or earth. A staircnse enabled one to get to the top of the tower 
for observations. 

Most of t,he gcorletic triangulation stations are now nearly a 
ce~~tl l ry old. The hill stations have remained in good conditior~ 
but the tower stations, which were built a t  a, very high cost have 
either totally crumbled down and aro just a mound of earth or are 
in a condition unfit for use. 

Annual reports on the col~dition of these stations are made to 
the Director, Geodetic and Training Circle by the clistrict officers 
together with an estimate of cost of any repairs considered necessary. 
It hau of late been found that these reports by local authorities and 
the repairs carried out have generally not been satisfactory. I t  
has thus become necessary that these stations be reported upon by 
Survey officers whenever it  is possible to do so. The original 
intention was to organize a field detachment to visit all old stations 
according to a systematic programme and to replace the structures 
of those that had become unidentifiable by monuments of a modern 
design and retix their positions with geodetic accuracy. Due to 
financial stringency it  has not been possible to give effect, to this 
scheme but action has been initiated to obtain accurate and detailed 
reports on the condition of all G.T. stationa visited by Survey 
units during the course of their work. Hitherto the reports made 
were generally vogue and did not serve the object in view. A new 
form 0.139 ( Tech. ) has been designed and issued to all Regional 
Dkctora for this purpose. A specimen of the form is given 
oppoeite. 

In pureuence of this scheme detailed reports heve been receiv- 
ed on the oondition of e number of G.T. stations. Them stations 

given in Table 1 at  end. 
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B( x ) above. I I 
N d c  :--( a )  I t  in more important to protoot tho mark.stone, then to mhuild the 

undertaken. Under no oircumstanoas should a new mark he out a t  
( b ) I t  in essential thnt  the sotual rita of the station be prwervcd even if'no 

original mite and plestering it over by ~ n n d  nnd Lime a t e  amall oost. 

0. 130 ( l ech .  ) 
lleporl on cotdilio,r urul repair of U.?'. a~ul prolulwl 

I. Date of Inspoct io~~ . . 
2. Name and desiguatiou of the inapccting officer . . 
3. Naule of Station and I-inch Sheet No. . . 
4. Latitude n ~ ~ d  Longitude of tho station . . 
.i. Local nume of the station . . 
6. Names of the nearest Village, Tehsil and Uintr~ct . . 
i. Name of the nearest Post Office, R.S. and l'olico 

Station 
d. Details of tho atructura on tho day of impeu t io~~  :- 
( i ) I s  i t  a solill pilLrr nr a hollow tuwor t .. 

( ii ) 1s i t  circulur or rectangular and of what 
dimo~~sions 7 

( iii ) I s  i t  of pakkn marolrry or k h c h a  bricks or mod t 
( iv ) What is the height of the tower or pillnr t Stato 

if i t  is intnat or pertially fallen down or reduced 
t o  a mound . . 

( v ) I a i t  surrounded by a mosonry ring, ifso. l~ow thick 1 
( vi ) I s  there a platform nround i t  t If so, give ita 

ntruoture and dimensions 
( v i i )  What  is the structure and dime~~aions of the 

rectongulnr protecting pillnr if there in ono 9 
( viii ) How marly mark-stones hud the original towor or 

pillar 1 . . 
Which of thwe ~uark-stoueu ure now identitiable t 

( ix ) Which of tho mark-stones can be used for obsewa- 
tiom t I s  tlle lowermost mark-stone accwible I 
I f  not, how can i t  be made accessible t 

( r ) Giro any other remarks that  wil l  help in givu~g a 
clear p i c t ~ ~ r o  of the struetore of the station exist- 
ing on tho dnte of inepeotiun, and whether tho 
aite of tho original atation is recognhable without 
any doubt or not . . 

9. Bearing and distnnce of lruxiliury mark# if rrny . . 
LO. Station treo ( i ) I t s  height . . 

( ii ) I ta  bearing and dist~mce a t  jtr~tion 
11. Amount of jungle clunring if nuccssary . . 
12. Typea of conveyance nvailahle an11 ram. . 
13. Availability of low1 labour and rtrtes . . 
14. Name and uddrarr, of the local officilrl under wl~uee 

charge the station in . . 
15. Hua tho sh t ion  bccn kopt in g w d  ropsir by the ~ ~ r i d  

oflicial ? . . 
16. Hos tho a t h n t i o ~ ~  of this local official 11ec11 drawn to 

any dofecta in the systom of ropnim t I f  no, to what 
dofuctq 1 . . . .  

li. Record diaorepancioa in tho original dwcriptiolr . . 
18. What protuctive meoaureo have you h k a n  before lczrv- 

ing tho etati011 ? ( Give dotnila of rophirs cnrricd 
out, if any ). 
Tho usual protective mewurus urn :- 

( i ) To removo vegetation from towers and pillurn and 
from their immediate noigl~bourboud, especially 
trees growing within 30 feat of the atatio~l, if 
they have deep or  spreading roots, likely to 
damage the structure. 

( il ) To stop all cracka in moeonry, blook all paasngw. 
windom, etc., which might h i t  rnin or animals. 

( iii ) I f  the mesonry hlre broken, ta heap it np into a pile 
b proteot the pillar or  mark-stono. 

( iv ) To drain awny any water collected noar the boee 
and 611 in hollow ground : the fsot thnt  water hnd 
beon found e t  tho buae shonld be mentioned in 

SURVEY 
(O.T. ntinur und paEka T o p . )  

-- 

- 
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63. Institution of Surveyors ( India).-In April 1949, the 
Surveyor General of India proposed to the Government of India, 
the setting up of an Institutior~ of Land Surveyors ( India ), on the 
lines of the Royal Institution of Chartered Surveyors ( Land Survey 
Division ) in U.K. Thc proposal was placed before the Advisory 
Committee, for co-ordinnting Scientific work a t  a meeting held on 
17th July 1949, a t  which a sub-committee consisting of the follow- 
ing was formed to examine the proposal :- 

I .  Brigader G. F. Heaney, c.B.E.. Surveyor General of India, 
Convenor. 

2. Major General H. W'ill~alus, c.B.E., Engineer-in-Chief. 
3. Dr. D. S. ICothari, Scientific Adviser to the Ministry of 

Defence. 
4. Mr. B. L. Gnlatee, a[.*. ( Cantab. ), President, Geodetic 

and Research Branch, Survey of India. 
5. Mr. N. G. Dewan, I.s.E., Superintending Engineer, Delhi 

Province. 
6. Mr. T. Gonsalves, Under Secretary to the Governiuent of 

India, Department of Scientific Research. 

This sub-committee unanimously agreed on the desirability of 
the formation of an Institution of Surveyors ( India ) and to include 
in it two divisions, viz., Division I ( Land Surveying ) and Division I1 
( Building and Quantity Surveying ). I t  was also decided to 
prepare a draft of the Memorandum of Associcttion and Rules of 
the Institution and also draw up Rules and Syllabus for the various 
Professional examinations and to submit these with recommenda- 
tion to the Government of India to accord their approval to the 
scheme. 

In  India, there is no iustitution except the Survey of India 
Department which has the knowledge, experience and the necessary 
equipment to give a comprehensive trclinig in all branohes of land 
survey work ( Division I ). Prior to the formation of the Institution 
of Surveyors iL was concerned only with the imparting of practi- 
cal training to its officers, the theoretical aspects of the survey 
work being generally neglected due to the lack of proper instruc- 
tors and want of a well planned syllabus. The whole programme 
of training hes been redesigned and a suitable syllabus devised to 
enable the trainee officers to pass the profaqional examinations of 
the Institution of Surveyors ( India ). 

The first departmental examination equivalent to the Inter- 
mediate Examination of the Institution of Surveyors was held a t  
Dehra Diin from 25th to 30th September 1950. Seven Class I 
Officers sat for the examination. 

Future examinations will be held under the auapices of the 
Institution of Surveyors simultaneously a t  Dehra Diin. Bombay 
end Calcutta. 
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A few officers from Burma, AfghBnistiin, Sikkini and Nepiil 
have also been deputed by their governments from time to time for 
training and have been attached to the Training Party. In  addi- 
tion, the various state governments have sent officers of the Land 
Records and Settlement Surveys for general training with a view 
to getting a good background to appreciate the problems which 
arise in their day to day work and to ensure a proper liaison between 
these state departments and the Survey of India. 

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

1. Technical Report 1960, Part 111-Geodetic Work. 
2. Grid data triangulation pamphlets for IrBq and Iriin, 

five in number. 
3. Survey Star Almanac, 1951. 
4. Departmental Paper No. 10, "Hunter Short Bltse". 
5. Technical Paper No. 4 "Mount Everest-Its name and 

height ". 
6. Accounts Pamphlet, Chapters I and 11. 
7.  Memorandum of Association and Rules for the Institution 

of Surveyors ( India ). 
8. Rules and Syllabus for the Professional Examinations of 

the Institution of Surveyors ( India ). 
9. Question Papers set a t  the Intermediate Examination of 

the Institution of Surveyors ( India ), 1960. 
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TABLE 1.-Report on the condition of G.T. Statiom-( contd. ) 

1 Name of ststion I ':yt / Name of Inupeating OEoar ( Date of Inspeotion ( Brief report 

H.S. 63 J V. P. Shnrma 
H.S. 54 K Raja Ram 
HS. I 65 B / S. D. P. Jakhmola 

Goulan Khodn H.S. 55 C I S. D. P. JaLhmola 
Snhejk H.S. 55 C S. D. P. Jnkhmola 
Jijmau T.S. 63 B / U h m a n  D r .  

H.S. i 63 G T. C. Jyoti 
T.S. 03 G T. C. Jyoti 
8.8. 1 64 B S. D. Bhatt 

Bhalu~ H.S. / 6.4 E I S. D. Bhstt 

R i m n s p r  TS. 1 72 A K. L. Chshrvarty 
Biaraa TB. 72 B K. L. Chakarvarty 
Naorunprhi 8. / 72 8 K. L. C h a L U ~  

Patjirwa 
Rapdi 
GathwariR 

T.S. 12 B Sdthwant Rai 
TS. 12 B Bdthwant Rai 
T.S. 1 72. / I 

K. L. Chakawarty 

BsndarjUlp T.S. 12 N K. L. Puri 
Eanghon T.S. 12 N B. S. Rattan 
Dip- T.S. / 12 N P. s. Ojha 

1950-51 
12th Feb. 1951 
28th Jan. 1950 

19th Nor. 1960 
21st Dec. 1960 
10th Oot. 1950 

22nd Nor. 1950 
21st Xov. I960 
4th May 1951 

9th Dec. 1950 
1 l th Deo. 1950 
16th Oct. 1050 

28th Oct. 1950 

29th Dec. 1950 
3rd Jan. 1951 
1st Jan. 1951 

26th h. 1060 
15th April 1951 
1st Jan. 1951 

194960 
1949-50 
1049-50 

G o d .  
G o d .  
Good. 

Good. 
Good. 
Good. 

Good. 
Good. 
Lower mark-stone usable. 

Good, mark.etone expected under the pillar. 
Lower mark-atone oruble. 
Good. 

Lower mark-stone unable. 
Lower mark-stona n ~ b l e .  
D e o y e d .  

Lower mark-atone intaot. 
Good. 
Lower mark-stone unable. 

Pillar not bcssble.  
Only a monnd of enrth found 
Good. 



T D L E  1.-Report on the condition of B.T. &ti-( contd. ) C - 
0) 

I Name ofatation 1 1 Name o f h p e d i u g  O f i m  I Data of Innpotion / Brief report I 
EarrrPsn cIuoLJ&(condd.) 

Leahmipur 
B. S. Rattan 

B. 8. Rattan 
K. L Puri 

1 Kbrkhri TB. I 78 B I B. 8. Rattan 

Jitpur 1 FEba 

SonakhoQ T.S. 
Thahrrganj T.8. 

Chatra T.S. 
Debipur T.S. 
Imimnagar T.5. 

L. R. Howard 
L. R. Howard 

Somarslr  CTROLE 
blamvidi H.S. 46 G C. Sivanunan 
K-a H.S. 46 G C. Sivaraman 
Sigb ir~  H.S. 4Ci G , C. Sivarsman 

78 B 
78 B 

78 D 
78 D 
78 D 

Pilva 40 H I K. G. Remanna 
HS.  47 A Y. D. Hegde 

Bombay Iangitnde 8talionH's~ 1 47 B / Y. D. Begde 

K. L. P w i  
IC L. Puri 

L. R. Howard 
L. R. Howard 
L. R. Howard 

24th Nov. 1950 
1st Deo. 1050 
0th Nov. 10150 

30th Oct. 1050 
28th Nor. 1050 
2nd Nor. 1850 

8th Jan. 1051 
9th Yay 1951 

15th April 1961 1 1950 
1949-50 - 

Station fully wvered by a gigantio tree. 
Destroyed. 
Dastroyed. 

Destroyed. 
Destroyed. 
Upper mark-stone miaeiug, pillar not well 

identi6ed. 
A mound of earth with no pillar or mark- 

I I Upper stone. mark-stone misaing, pillnr crnckecl. 

I Pihr buried in earth. 
I 

/ Dastroved. 
~ea t ro ied .  
Tower fallen. ground level mark-stono 

erpectsd intact. 

Tower tilted, ground level mark-stone usable. 
Destroyed. 
Tower f d e n ,  pound level mark-rtone 

expected intact. 

No mark-stone found. 
I Lower mark-stone -ble I Good. 

! No mark-stone found. ' Mark-etone intact, pillur orncked. I Good. 



TABLE 1.-Report on the condition o f  0.T. S h t i m - (  contd. ) 

I Name of ststion I I Name of hpeoting O6cer I Date of Innpeetion I Brief report I 
Cokbe Oheewatory, Bombay.. 
Dighi H.S. 
Ehekvidi H.S. 

Adhar H.S. 
Kumbhirli H.S. 
Mahibdmhvar H.S. 

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

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

Hyda r iW Nanbe tpak  H.S. 
Lachhmanpw H.S. 
Emandmibid H.S. 

Bangalom Base-line EW. End S. 
Helssiirbetta H.S. 
MandGr H.S. 

Bannargatta H.E. I HhGr H.S. 
T u ~ k n n p t t a  H.S. 

47 B Y. D. Hegde 
4 7 F  Gokdnland 
4 7 F  Qoknl Chand ! 194950 

1849-50 
6th J ~ .  1950 

6th A p d  1051 
26th Feh. 1951 
8th h y  1961 

13th Maroh 1961 
6th Feb. 1051 
21st April 1951 

104060 
1949-50 
1940-60 

13th March 1951 
17th March 1951 
12th March 1951 

28th Nov. 1950 
194940 
104850 

47 G 
47 G 
47 Q 

47 G 
47 H 
47 H 

47 L 
48 I 
48 I 

56 K 
66 K 
56 K 

67 G 
67 G 
67 Q 

57 H 
57 H 
67 H 

Good. 
Gwd. 
Good. 

Lower mark-stone uenble. 
Bad. Only a + mark identified. 
Lower mark-stone probably aesble. 

Original ( lower ) mark-stone usable. 
Good. 
Qood. 

Good. 
Good. 
Good. 

Destroyed. 
Lower mark.stone inteot. 
Good. 

Good. 
Good. 
Lower mark-stone usable. 

S. Xi+hnamurtby 
S. IGishnamurthy 
J. E. David 

S. griehnamurthy 
P. RRmsmoorthy 
P. Remamoorthy 

Y. D. Hegde 
P. G. Belachandran 
P. G. Balnchendran 

R. S. Ramamwrthi 
R. S. Ramamwrthi 
R. S. Ramamwrthi 

ImMd Chand 
C. M. Azimuddin 
C. M. Azimuddin 

C. M. dzimuddin 
C. Y Azimuddin 
S. Kriahnamurthy 

184940 Gwd. 
194940 1 Good. 
15th July 1050 1 G o d  

Coimbatore S. 8. Rsmaluinhnan 
Ettimald No. 1 8. RsmaIuiohnan 
ChCnjari S. Ramahidman 

( Continued ) 

17th Nov. 1050 
27th Nor. 1950 
23rd March 1961 

Destroyed. 
Good. 
Destmyed. 
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LIST OF IMPORTANT GEODETIC PUBLICATIONS AND 
CONTRIBUTIONS BY OFFICERS OF THE 

SURVEY OF INDIA 

( A ) Publications. 

No. Name of Book Details 

1. G.T.S. Vol. I1 History and General Description of the 
Reduction of the Principal Triangulation. 
Dehra DBn, 1879. Price Rs. 10-8. 

2. G.T.S. Vol. TX Telegraphic Longitudes. During the 
years 187.577 and 1880-81. Dehra Dfin, 
1883. Price Rs. 10-8. 

3. G.T.S. Vol. X Telegraphic Longitudes. During the 
years 1881-82, 1882-83 and 1883-84. 
Dehra Dfin, 1887. Price Rs. 10-8. 

4 .  G.T.S. Vol. XI Astronomical Latitudes. During the 
period 1805-1886. Dehra Dan, 1890. 

Price Rs. 10-8. 
5.  G.T.S. Vol. XV Telegraphic Longitudes. From 1886 to 

1892 and the Revised Results of Vols. IX 
and X :  also the Simult~neous Reduction 
and final Results of the whole Operations. 
Dehra D h ,  1893. Price Rs. 10-8. 

6.  Q.T.S. Vol. XVT Tidal Observations. From 1873 to 1892 
and the Methods of Reduction. Dehra 
Dfin, 1901. Pn'ce Rs. 10-8. 

7. G.T.S. Vol. XVII Telegraphic Longitudes. During the years 
1894-96-96. The Indo-Emopean Arcs 
from Kariichi to Greennich. Dehra Diin, 
1901. Price Rs. 10-8. 

8.  G.T.S. Vol. XVIIT Astronomical Latitudes. From 1885 to 
1906 and the deduced values of Plumb- 
line Deflections. Dehra Diin, 1906. 

Price Rs. 10-8. 
9. G.T.S. Vol. XIX Levelling of Precision in India. From 

1868 to 1909. Dehra Diin, 1910. 
Price Rs. 10-8. 

10. Records of the 1901-20. The Magnetic Survey, by Lt.- 
Survey of India, Colonel R. H. Thomas, D.s.o., R.E. and 

Vol. XIX E. C. J. Bond, V.D. Dehra Dfin, 1926. 
Price Re. 4. 



TECHNICAL REPORT [ PART IJI, 196 1 

ivo. 

11. Geotletic Report 
Vol. I 

Geodetic Report 
Vol. IT 

Geodetic Report 
Vol. I11 

Geodetic Report 
Vol. IV 

Geodetic Report 
Vol. V 

Goodotic Report 
Vol. VI 

Geodetic Report 
Vol. VII 

Detnils 

1922-25. Computations and Resoarch. 
Tidal work. Time and Magnetic observa- 
tions. Latitude and Pondulum observa- 
tioils in BihSr, Assnm and Kashmir. 
Levelling. Lecture on " Tho height of 
Mount Everest and other Peaks". Dehra 
Dfin, 1028. Ptice Rs. 6. 
1925-26. Computations and Research. 
Tidal work. Time and Magnetic observa- 
tions. Preparations for the International 
Longitude Project. Trinngulation. Level- 
ling. Investigation of the behaviour of 
tree bench-marks in India. Dehra Diin, 
1928. Price Rs. 3. 

1926-27. The International Longitude 
Project. Computations and Publication 
of data. Observatories. Tides. Gravity 
and Doviation 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 
ofdata. Observatories. Tides. Gravity 
and Deviation of the Vertical. Triangula- 
tion. Levelling. Dehra Diin, 1929. 

Price Rs. 3. 
1928-29. Computatiom m d  Publication 
of data. Observatories. Tides. Gravity 
and Deviation of the Vertical. Triangula- 
tion. Levelling. Research and Technical 
Notes. Dehra Diin, 1930. Price Rs. 3. 

1929-30. Compntations and Publication 
of data. Observatories. Tides. Gravity. 
Triangulation. Levelfing. Research and 
Technical Notes. Dehra Diin, 1931. 

Price Rs. 3. 
Supploment. Indian Deflection and Gravi- 
ty stations. Dehra Dfin, 1931. 

Price Rs. 1-8. 
1930-3 I.  Computatiom and Publication 
of data. Observatories. Tides. Devia- 
tion of the Vertical. Gravity. Triangula- 
tion and Base Measurement. Levelling. 
The Magnetio Survey. Dehra Dfin, 1932. 

Price Re. 3, 



No. 

18. 

LIST OF IMPOR 

Name of Book 

Geodetic Report 
Vol. VIII 

Geodetic Report 
1933 

Geodetic Report 
1934 

Geodetic Report 
1035 

Geodetio Repori 
1936 

Geodetic Report 
1937 

Supplement to 
Geodetic Report 

1937 
Geodetic Report 

1038 

Geodetic Report 
1939 

Geodetic Report 
1040 

,TANT GEODETIC PUBLICATIONS 121 

Details 

1931-32. Cornl)utations and Publicatior~ 
of data. Observatories. Tides. Gravity. 
Triangulation. Levelling. Rosenrch and 
Technical Notos. Dohra Diin, 1933. 

Price Rs. 3. 
Triangulatio~l ant1 Base hIoasuroment. 
Lovelling. Deviation of tho Vertical. 
Computations and Publication of data. 
Observatories. Tides. Research and 
Teclnlical Notes. Delun Diin, 1934. 

Price Rs. 3. 
Triangulation u ~ ~ t l  Base &leasurement. 
Levelling. Gravity. Duviation of the 
Vertical. Co~nputing Office and Tidal Sec- 
tion. The International Longitude Project. 
Observatorios. Research and Tecl~nical 
Notes. Dehra Diin, 1935. Price Rs. 3. 
Trionylation. Levelling. Deviation of 
tho Vertical. Gravity. Geopllysical Sur- 
vey in Bihiir. Cornputhlg Oftice and Tidal 
Soction. Observatories. Research and 
Technical Notos. Dehra Den, 1936. 

Price Rs. 3. 
Triangulation. Levelling. Deviation of 
the Vertical. Gravity. Computing Office 
and Tidal Section. Observatories. Sub- 
soil Water Levels. Levelling in Bengal 
and BihLr. Dehra Diin, 1937. 

Price Rs. 3.  
Triangulation. Levelling. Gravity. Mag- 
netic Survey in Billiir. Computing Office 
and Tidal Section. Observatories. Dehra 
Dih, 1938. Price Re. 3. 
Isostatic reductio~~s of Indian Gravity 
Stations. Dehra DBn, 1939. 

Price Rs. 2-8. 
Triangulation and Levelling. Deviation 
of the Vertical. Gravity. Comp~~ting 
Office and Tidal Section. Observatories. 
Debra Diin, 1939. Price Ra. 3. 
Levelling. Gravity. Computing Office 
and Tidal Section. Observatories. Re- 
search and Technical Notes. Dehra Diin, 
1940. Price Rs. 3. 
Levelling. Doviation of the Vertioal 
Gravity. Computing Office and Observe- 
tmriee. Dehra Diin. 1046. Price R8.2. 



No. 

28. 

TECHNICAL REPORT [ PART m, 195 1 

~Vatne of Book Dehils 

Technical Report Triangulat~on in the Neighbouring Coun- 
1947, Part 111, tries of India. Levelling. Gravity. Devia- 
(:codetic Worl.; tion of the Vertical. Computations and 

Publications. Tides. Observatories. 
Dehra Dfin, 1948. Price Ra. 4. 

Technical Report Triangulation. Levelling. Gravity. Devia- 
194049, Part ITT, tion of the Vertical. Tides. Obsematories. 

Geodetic Work Computations and Publications. Research 
und Technical Notes. Dehra Dtin, 1960. 

Price Rs. 4 .  
Technicul Heport, Triungulation oud Base bfeasurement. 

1950, Part 111, Levelling. Gravity. Deviation of the 
Geodetic Work Vertical. Tides. Observatories. Com- 

putations and Publications. Dehra Diin, 
1951. Price Rs. 4. 

Technical Report Triangulation on11 Basu Measurement. 
1951, Part 111, Observatories. Levelling. Tides. Deviation 
Geodetic Work of the Vertical. Gravity. Computations, 

Public~tions and Traninig. Dehra Diin. 
1953. Price Rs. 4. 

Report on the Report on the Geodetic Work of the Survey 
Geodetic Work for of India for the period 192P27-Presented 

3 924-27 a t  the third general meeting of the Section 
of Geodesy, Prague, Dehra D h ,  1927. 

Price Re. 1. 

Report on the Report on the Geodetic Work of the Survey 
Geodetic Work for of India for the period 1027-30-Presented 

1927-30 a t  the fourth general meeting of the Section 
of Geodesy, Stockholm, Dehra Diin, 1830. 

Price Rs. 1-12. 

Report on the Report on the Geodetic Work of the Survey 
Geodetic Work for of India for the period 193G33-Presented 

1830-33 a t  the fifth general meeting of the Geodetic 
Association, Lisbon, 1933. Price As. -/GI-. 

Report on the Beport on the Geodetic Work of the Survey 
Geodetic Work for of India for tlie period 1933-39-Presented 

1933-39 a t  the seventh general meeting of the 
Geodetic Association, Wnshington, 1939. 

Price Re. 1. 

Report on the Report on the Geodetic Work of the Survey 
Geodetic Work for of India for the period 193948-Presented 

1939-48 at  the eighth general meeting of the 
Geodetio Assooiation, Oslo, 1948. 

Pricc Re. 1. 
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Mo. 
37. 

.Vnme of Booli 
Yrofussioilal 

Paper No. 10 

Professional 
Paper No.  1 .i 

Professional 
Paper No. 16 

Professional 
Paper No. 22 

Professional 
Paper No. 27 

Professional 
Paper No. 28 

Professional 
Paper No. 29 

Professional 
Paper No. 30 

War Research 
Series Pamphlet 

No. 6 
Wer Research 

Series Pamphlet 
No. 9 

Memoirs of The 
Survey Research 
Institute Vol. 1, 

No. 1 

Teohnicd Paper 
No. 2 

Details 
Pendulums. The Pendulum Oporetions ill 
Indin, 1903-07, by Maj. G. P. Lenor- 
Congngham, R.lr. Dohra Dfin, 1908. 

Pricc Rs. 2-8. 
Pendulums. The Pendulum Oporations in 
Indin and Burma, 1908-13, by Capt. H. J. 
Couchman, R.E. Dohrn Dfin, 1015. 

Price Rs. 2-8. 
Geodesy. The Earth's Axes and Tri- 
nngulation, by J. de Graaff Hunter, M.A. 

Dehra Diin, 1918. Price Rs. 4. 
Levelling. Three Sources of error in Pre- 
cise Levelling, by Capt. G. Bomford, B.B. 
Dehra Diin, 1929. Price Rs. 1-8. 
Gravity. Gravity Anomalies and the 
Structure of the Earth's Crust, by Maj. 
E. A. Glennie, D.s.o., R.E. Dehra Diin, 
1932. Price Rs. 1-8. 
Triangulation. The Readjustmeilt of the 
Indian Triangulation, by Maj. G. Bomford, 
R.E. Delua Dfin, 1938. Price Rs. 4-8. 
Magnetic. Magnetic Anomalies, by B. L. 
Gulatee, M.A. ( Cantab. ). Dehra Dan, 
1938. Price Rs. 1-8. 
Gravity. Gravity Anomalies and the 
Figure of the Earth, by B. L. Gulntee, M.A. 
( Cantab. ). Dehra Diin, 1940. 

Price Rs. 3. 

Magnetic Anornalies ( India and Burma ), 
1944. Price Re. 1.  

The Trans-Persia Triangulation 1941-44. 
( linking IrBq and India ), by J. de Graaff 
Hunter, o.I.E., s c . ~ . ,  B.R.S. and B. L. 
Gulatee, M.A. ( Cantab. ), with an Appendix 
" The Persin-Indie Connection ", by Maj. 
P. A. Thomas, I.E., Dehra Diin. 

Price Rs. 2.  

Geophysical Prospecting for Manganese 
near Grntek, C.P., by B. L. Gulatee, M.A. 
( Cantab. ). Dehra Diin, 1947. 

P f i ~  R8. 3. 

Value of Gravity a t  Dehra Diin, by 
B.L. Gulatee, M.A. (Cantab.). Dehra Diin, 
1948. 
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No ,?7a?ne of Book Details 

49. Technical Paper Levelling in India, Past and Future, by 
No. 3 B. L. Gulatee, 1 1 . a .  ( Cantab. ). Dehra Dh, 

1949. 

50 Technical Paper Mount Everest, its Name and Height, by 
No. 4 B. L. Gulatee, M . A .  ( Cantab. ). Dehra lXn, 

1950. 

5 1 .  Technicnl Paper Geodetic ant1 Geophysical aspect3 of the 
No. 5 earthquakes in Assam, by B. L. Gulatee, 

M.A. ( Cantah. ), F.R.I.c.s., H . T . ~ .  ( IND. ). 
Dehra Diin, 1951. 

52  . Question Papers set a t  the Intermediate 
Examination of tho In~titution of Sur- 
veyors ( Indin ) in 1950. DehraDiin, 1950. 

Price As. -/a/-. 
53 . Questioii Papers set a t  the Intermediate 

Examination, Sub-Division I ( Land 
Sumeying ) of the Institution of Surveyors 
( India ) in 1051. Price As. -/12/-. 

. . . . Question Papers set a t  the Final Exa- 
mination, Sub-Division I ( Land Survey- 
ing ) of thc Institution of Surveyors 
( India ) in 1951. Price As. -161-. 

( B ) Articles on Geodetic Subjects. 

1.  The Indian Geoid and Gravity Anomalies, by J. de Gruff 
Hunter, M.A., s c . ~ . ,  F. INST. P. and Capt. G. Bomford, R.E. 
( Bulletin GodBsique, No. 20, Jnn.-March 1931, pp. 20, 21, 
Parie ). 

2. Construction of the Geoid, by J. de Graaff Hunter, M.A.,  so.^., 

F. INST. P. and Capt. G. Bomford, R.E. ( Bulletin Gkodksique, 
No. 29, Jan.-March 1931, pp. 22-26, Paris ). 

3. *tThe Hypothesis of Isostasy, by J. de Gruff Hunter, M.A., 
s c . ~ . ,  F. INST. P. ( The Observatory, Dec. 1931 and Geophysical 
Supplement to Monthly Notices of the Royal Astronomical 
Sooiety, January 1932 ). 

4. $Stokes's Formula in Geodesy, by B. L. Gulatee, M.A. 
( Cantab. ), ( Nature, 20th Feb. 1932 ). 

6. *" a u s t a l  Werpings " discussing the gravity work of the 
Survey of India, by Maj. E. A. Glennie, D.B.o., R.E. ( The 
Observatory January and April 1933 ). 

Obtamnblo horn Mecan. Tnylor end Fmnoia, Red L o n  Cowt, Fleet S t m t .  
London, W.C. 

t Obtainable b r a  the Royal btronomioal Sooiety. Burlington House. London, 
W. 1. 

t Obtninablo from the oRlee of Nntum. St .  .Mnrtiu'a Strort. Lonclon. W.C. 2. 
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No. 

6. 

Details 
*Figure of tho Earth, by B. L. Gnlatee, M.A. ( Cantnb. ), 
( Gorlancls Boitrago, Bd. 38, H. 31.1, 8.426, 1033 ). 

j.Uolloctio~~ of tho Ylumb-Lino, by B. L. Uulatoc, x.1. 

( Cantab. ), ( Hydrographic ltoview, Vol. X, No. 2, Nov. 1933, 
1'1). 182-189 ). 

*Isostnsy in Itlclia, by Lt.-Colonel E. A. (:lennic, D.s.o., R.E. 
( Qerlimds BeitrS.ge Zur Goophysilr, Vol. 43, No. 4, 1935 ). 

j:'l'llo 1Pig11ro of tho 1S;~rtll from GrsviLy Obsorvst~io~~s ;mtl 
tllo J'rocisil)~~ Ol)hinablo, by ,J. do Ornaff Huntor, c . t . ~ . ,  s c . ~ .  
( l'hilosopl~ic:~l 'L'r;~ns:~ctio~~s, Royal Socioty, Seriou A, Vol. 234, 
1035 ). 

the Subterranoan Mi~ss-Anomalies in Indin, by B. L. 
Gul~too, 1r.n. ( Cantab. ), (Proceedings of the Acndotny of 
Sciences, U.P. India, Vol. 6, Sept. 1935 ). 

*Oustal Warping in the United Statos, by Lt.-Col. E. A. 
Glennio, D.s.o., R.E. (Gerlands Beitriige Zur Geophysilr, 
Vol. 46, PI'. 193-!)7, 1936 ). 
*Tho Boullc1:~ry I'roblen~s of l.'ote~ll;inl Tl~cory S: Goodosy, 
by B. L. Gr~lat,co, >[.a. ( Carltclb. ), ( Gorlnnds Boitriigo Znr Geo- 
physik, Vol. 46, pp. 91-9S, 1936). 

Goopl~ysici~l Prospecting for Nanganoso, by 13. T,. Gulatau, M . A .  
( Cal~ti~l).  ), ( Journnl of Scientific ant1 Inrlustrii~l Research, 
Vol. 111, No. 12, Jtlllo 1946, 11p. 543-64 ). 
St;n~tl;~rds of Lengtl~, by B. L. Ciulatoo, M.A. (Cantab.), 
(Journ~tl of Scientific and Industrial ltesottrcl~, Vol. IV, No. 8, 
Fob. 194G, pp. 453-59 ). 

Standards of btoasuremont, by 13. L. Uulutco, M.A. ( Cuntab. ), 
( Jollrnal of Scio~ltific and Industrinl Itosearch, Vol. V, No. 3, 
Sopt. 1946, DP. 104-05 ). 

A~lgular Corroctiol~s for the Lalnhert Ortllon~orpl~ic Co~lical 
Projection, by B. L. Guleteo, M.A. ( Ci~litab. ), ( IElnpiro Survoy 
ltoviuw, Vol. VIII, No. 62, Oct. 1946, pp. 311-14 ). 
Scc111:rr Vlui;~tiol~ of Magnotic Docli~u~tion in India, by .U. L. 
( : ~ ~ l : ~ t o o ,  M.A. ( C;n~t:~b. ), ( Scieuco ILI~II  C ~ ~ l t i ~ r o ,  Vol. XII ,  NO. 6, 
Nov. 1946, pp. 215-17 ). 
E'r~ture of Geopl~y~ics inIndia, by B.L. G l l l a t o e , ~ . ~ .  ( Cnntab. ), 
( Journal of Scientific and Industrial Research, Vol. VI, Xo. 2, 
Feb. 1947, pp. 63-59 & 71 ). 

Obtainable from Ahadmiache Verlaga esollschalt M.B.H., Lcipzig. + Obtainnblc from the Inten~otionnl 11yfro~rs~hio  Bureau. Monte.Cnrlo, 3Ionncs. 
$ Obtainnblc from Memra. Dulnu & Co., 37 Yoho Sqj~ure. Londou W. or hIossrs. 

H m i w n  & Sone. St. Martin's Lane. London or The Royal Society nt Burlingtan 
Horn. London. 

8 Obtainable Imm the Aodemy of Sciences, U.P., AUahabnd. 
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No. 
10. 

Dctailv 
The Hunter Shutter Eye-Piece for Longitude and Azimuth, by 
J. de Graaff Hunter, o.I.E., s c . ~ . ,  F.R.S. ( EmpireSurvoy Revietv, 
Vol. IX,  No. 63, Jan. 1947, pp. 20-24 ). 

Practical application of the Laplace Longitude-Azimuth 
relation to control of Geodetic Anomalies, by J. do G r a d  
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