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

1. I11 the year 1934-35 the Geodetic Branch of the Survey of 
India has undertaken a considerable amount of geodetic work of 
great variety. 

2. T~iangu1ntion.-( Chapter I). A primary series of triangu- 
lation replacing the Assam Valley secondary series was completed, 
a satisfactory connectioil being made with the NLga Hills series ; 
but the connection with the Assam Longitudinal series was unsuc- 
cessful, and remains to be done ; i t  is possible tha t  some of the sta- 
tions of this early series have been displaced by earthquakes. 

The extension of this new series through independent Naga 
territory to join up with the Upper Irrawaddy series in Burma is on 
the 1935-36 programme. 

3. Levelling.-( Chapter I1 ). Progress was made with the high 
precision level net. Two det,achments started work on this, but one 
was withdrawn early in the season owing to an urgent demand for 
tertiary levelling by the Eastern Bengal Railway in the neighbour- 
hood of the Hardinge Bridge. This detachment was required for 
the secondary levelling framework necessary to control the work of 
two clouble aiicl eight single detachments of tertiary levellers. 

A single detachment revised the precise levelling from Chitta- 
gong to Akyab and then forming a double detachment worked in 
Bihar with a view to connecting the main line of levels affected by 
t h ~  Great BihiLr earthquake to Sironj in the stable part of the penin- 
sula. When this line is completed in 1935-36 i t  will be possible to 
t l~t~rmii ie  finally what changes in level have occurred. Levels in 
Bengal have heen cliscussed in previous Geodetic Reports, as there 
was evidence of a rise in level as comparecl with Calcutta. Mr. B. L. 
Gulat~r  conside1.s this question afresh in the light of levels from 
Karachi ( Chapter VIIT ) ; the result appears to be conclusively 
against the sul>posecl rise. 

.E. Dev ia f i on  of f h c  vrrfircc1.-(Chapter 111). The main eastl-to- 
w ~ s t  qpoidal secttion across India and Burma and the north-to-south 
section in India have now been completed, and a short section 
north to south across the Bihar plain was also clone. Revised geoidal 
charts using this new data have heen prepared. 

5.  C*rccnit!y.-( Chapter IV ). The gravit,y survey was extended 
nol,t,h of Bolnbay to Cut,ch and Rajput,;~na. Although the pendulum 
st'ations are strill t,oo sparsely rlistributed in parts of this area, the 
result,s ad(l considt!l.ably to our l<nowledgt? of the tectonic structure 
of this p a ~ t ,  of t'he peninsula. 

A n  inte~sesting feat ,ur~ is the high positive gravit'y anomalies 
at Pokaran east of >aisa]mer alld south-west of tha t  place associated 
with the Malani series of volcailic rocks. 
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6. Geophysical survey.-( Chapter V ). A trial was made of 
two methods of geophysical exploration in BihLr with a view to 
detecting the configuration of the becl rocks underlying the 
alluvium. The result shows tha t  detailed geophysical survey should 
successfully delineate the buriecl features, ancl t,his is essential for 
planning measures for protection against eart,hquakes. 

7. Tide predictions.-( Chapter VI ). The Tide-tables of the 
Indian Ocean for 1936 have been prepared as usual. An investiga- 
tion of monthly and annual mean sea-levels is being made by the 
International Oceanographic Commission, and some work has been 
done in this connection. The results are likely to  be of considerable 
interest'. 

8. Dehrn Du~.z 0B.servntory.-( Chapter VII ). The regular 
longitude, magnetic, meteorological and seismographical observa- 
tions have been carried on as usual. The Shortt  and Riefler clock8 
have been equipped with batteries of Edison Socla cells, which it 
is hoped will finally put a st,op to failures or irregularities clue to 
battery changes. 

9. Non-drpnrtmental I,lcblir-ation.q.-Tht. scientific work of the 
German Expeclition to Nanga Parhat has been set out in several 
puhlications(1) (a ( ' j )  by Dr. R. Finsterwalder. The final valaes are 
not yet available. I t  is eviclcnt however that  a t  Astor East there is 
an ea~ te r ly  deflection of about 50N,  tha t  is away from Nanga Parlmt. 
A large easterly cleflect~ion a t  Astor East is quite consistent with 
the high gravity values ohtainecl on the Deosai Plain. 

Mr. B. L. Gnlatee has employed the isostatic gl-avity anomalies 
to determine the distribut'ion of mass-anomalies in ~nc l i a (~ ) .  An 
interesting chart is published which shows Inclia to be largely an 
area of rlefect of mass. The first part  of Lt.-Colon~l Glennie's 
reply to Dr. W. Bowie's paper ( see Geodetic Repo1.t 19.74, pa8e 4 ) 
has now app~ared(") .  He conclu(1es that  an isostatic con~lit~ion 
does not prevail in India. A further p:tj,~r clealiog with America on 
somewhat similar lines will he puhlisherl shortly. 

' " Forsrh jtnq ntn Nrcngcc Parhat. Vcrlag : Geographischen 
Ges~llschaft  in Hannover, 19i3.5. 

' 2 '  Die bVi.~..p~ns~haftlichcn rlrbeiten rler Nccngrc-Yccrbnt Ezj,eclition 
19.34. Petel.inanns Cieogr. Mitteilungen 1035, Heft  I .  

Die Hrt~ l l , t t r i cn~! l t l ln t i o~~ ,  am N n n p  Parbat. Allgemeinen 
Vermessungs-Nachricht~n. Nos. 3 ant1 6, 1933, Berlin. 

( 4 '  On the Slthfr~rrc~nf~col ICTn.~~-ar~~malie~ iu Tnclin. Proce~dingfl 
of the Acatlrmy of Scienccls U.P., India. Vol. 5 part 1, 
September 19335. 

( "  IROR~CCRY in.  Indict. Gerlancls Beitriige zur Geophysik Vol. 43 
pp. 340-34.5, 1935. 
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TRIANGULATION 

I. Summary.-The season's programme consisted in the 
measurement of the primary series reconnoitred last year to 
replace the existing Assam Valley series. In  all thirty stations 
were occupied and astronomical azimuths observed at, ten of them. 
The average triangular error is 0 . 4 5  seconds, and the values of m. 
and M are k 0 - 341 and k 0 . 3 8  respect'ively. Thus the series is 
up to the average sta,nclard of accuracy of modern geodet'ic triangu- 
lation in India. 

2. General.-A detachment under Captain G. H. Osmaston, 
~ I . c . ,  R.E. took the field a t  Gauhati and started observat'ions on 30t,h 
October 1934. 

Having observed a t  Hathimura H.S. and Maiang H.S. it was 
found that the new readings for angles to Harogaon H.S. did not 
agree by several seconds with t,hose taken in 1867 ; further reamdings 
to Akchalia H.S. and Tepkilabama H. S. showed similar differences, 
see Table 1. These discrepancies may well represent actual relative 
movements of the hills, due perhaps to the earbhquakes which are 
so common in these part,s. The great earthquake of 1897 occurred 
since the original lneasuremeiit,~ were made. 

TABLE 1.-Dife~ewce bet~rleen old nwd new ~~alues  of crl7gles at 
Hdthintu~a H . 8 .  and Maiang H.S. 

Angles observed at Hithimura H.S. 

between 
-- - - 

Akchnlia H.S. and Harognon H.S. 

T~pkilabnma H.S. and Mnim~g 13,s. 

Old value 

I 
- -- 

.?I.? i d  2g.29 

43 53 08.83 

S T  
a 2 

Nonv inlue 1 2 % 
GZ 

- 1 b 2  . - - - 

36 14 2i.50 

4 3  53 12 92 

71  12 24.29 

-- - 

+ i1.59 

-4-09 

-5 .17 Harogaon H.S. and Maiang 1-I.S. I 7.1 42 19.12 
- - - -- - . - - - - 

Angles observed at  Mainng H.S. 

between 
-- - -- - - - - - - - 

Harogaon 1I.S. nnd Hnthirn~~ra H.S. 

Tepkilabama H.S. and Hithimura H.S. 
t 

- -- - 

OM value 

-- 

6n 5 i  O$ OR 

92 22 48.81 

I - -- - -- - 
- 

NWV v a l u ~  

iE 
3 

55 a- 

6; ~i 0; 48 I -/o. 10 

92 22 46.13 + 2.68 



GEODETIC REPOBT 

It was not considered desirable to  pursue this connection 
further a t  this time and the main series was therefore taken up 
witshout further delay. Observations proceeded eastwards as far aa 
Golitghlt using in all cases the old stations of the Assam Valley 
series except for two aclditlional sta,tions in the Mikir Hills. 

A satisfactory connection with three stmations of the Niga 
Hills series of 1913-14 was made about GolLghlt. The old and new 
values for the angles are given below :- 

Stations 1913 1 1935 

Cheniibinshon 46 36 2G.98 4; 39 3:.41 

Golnghkt 

Aitepiung 

Work was continuecl through the aclministerecl Niiga Hills 
during February and March, occupying six new stations and 
completing the c~nnect~ion with the Namtiali Base by 18th March. 

3. Narrative.-The detachment consist,ed of the observer 
Captain Osmaston wit,h Computer S. C. Dhar posting lamp squads 
in advance, Computer Padam Singh recording and 45 U. P. khaldsis. 
Nine lamp squacls of S men each were used throughout the season, 
equipped with 18-inch Argancl oil lamps, 9-inch, and 5-inch helios. 
The observations were made with the large pattern Wild Precision 
theodolite No. 59 ( horizontal circle about 5$-inch ). 

During November, when the observations were started, the 
weather was cloucly wit,h several spells of rain, visibility seldom 
being over 20  miles. 

Mosquitoes were troublesome, and some of the party suffered 
severely from the bites of tiny jungle ticks. As the season 
progressed these annoyances decreasecl, ancl by December the 
weather was dry ancl clear, ancl the enow mountains of North 
Bhutgn, over I00 miles away, were generally visible. From 
Gauh,iti to Nowgong communications were easy as the railway ran 
c l o s ~  to t , h ~  wries and there were plenty of roads as well as 
navigable watpr-mays. Assames~ coolies however were not found 
to he good load carriers, especially when i t  came to taking camps 
up the hills. 

The long rays in the figure surrounding Nowgong were trouble- 
some t ~ b  ohsprvp owing to misty atmosphere encountered in the 
main va l l~y  of the Brahmaputra. On two or three of these rays 
the lamps could not he seen a t  all, ancl the long diagonal from 
Khola to Kamiikeha (60 miles) was only seen by helio for a few 
minutee on one day. 
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During January the series was carried eastwa~ds across the 
Mikir Hills. This area is a tangle of jungle-covered hills inhabited 
by the Mikir people who are a distinctive tribe of Burmo-Tibetan 
type. Although surrouiiclecl by civilizatioil in the ehape of roads 
and railways and fertile plains, these people have stayed largely in 
their patch of hills and hence retained to a great extent their 
distinctive modes and customs. They arc cheerful and hardy and 
proved very loyal and willing porters. A peculiar costume is worn 
by the men consisting of a kind of waistcoat ope11 a t  the front 
with a long fringe of tassels hangilig down to knee level. These 
are made by the women of hnncl-woven cloth and are often tastefully 
embroidered (see Plate 11). A sinall sheet is the or~ly extra covering 
carried even when cainpiilg out a t  the coldest time of year. For 
warmth a t  night they l~ui ld small fires on either side a i d  sleep be- 
tween them. 

Wild elephants are numerous ill the Mikir Hills, and there 
were signs of unusually large 11~unl)c~rs 011 1,oth bal~lts nf the KaIiCini 
rlver. A silzall fly was met within these hills, ~vhose bite was very 
poisollous and caused a good deal of swelling, as well as slight fever. 
Special reference was made to these flies in the report of the 
original triangulation 50 years ago when they seem to have been 

worse, one lamp squacl beiilg completely put out of action by 
them on that  occasion. 

At Gollighiit t h ~  old tower station consistetl of a hollow brick 
pillar about 15 feet high and 2 feet 6 inches square. This was 
built LID to 38 feet in ordihr to sep the l i n ~ s  rast~vartls. As this 
~ i l l a r  was only large enough to hold the thcodolitc~, a separate 
hamboo scaffolding was put up surrou~lcling it to sul3pol4 the 
observer and his tent. A inil~or earthquake shoolr the pillar 
severcly bc1fol.e observations st:trtc~l, hut alt l~ough laterally it was 
very unstable afterwartls, the woi-k wts tl,,lic* wit,hont any serious 
decrease in accuracy. Lstcr t,hc y i l l : ~  was t skc~ l~  down to its old 
height as i t  was unsaft~ to leave i t  higher. 

The last part o f  the worlr, involving six new stations ill the 
administer~tl Niiga Hills, was startecl on t h ~  13tJ1 of Febrriary. 
Movement in thest. hills was casy as thcl-e w c r ~  inally excellent 
paths ancl much of the jungle had 1,cc11 clcarcrl ~s l~ec ia l ly  on the 
ridges ancl hill tops whcrc th(1 NGgns lilw to l>uilcl thcir villages. 
The Nagas of this aclmi~~istcrctl tlistrict are chec~.ful and well 
disciplinecl and have tli~cartlctl much of thc primitive sul~ei~stition 
and ~uesulting mallnacticc>s which still tcantl to l,rt.)vnil among tthc 
unndministerecl ti.ibcs. The villnx:.c>s are still 1)uilt on the hill tops, 
as a p~.ecantion against nnfrien~lly ~ l c iqhbo~u .~ ,  hut t h c l . ~  is rcally 
no Ini~gcbr any ncwl for this, as h(~a(l-l~ulltiilg ai~rl i~ltoi--villag~ war- 
fare arc things of the past. Lar~gnagc is :I gi-cat difficulty in 
(lealing with the N i p s .  Tn the 1,nst eacli tribe remainecl so 
separate from, : L I I C ~  SO hostile to those surrou~idii~g that  they 
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developed distinctive dialects, and often a villager cannot make 
himself understood a t  all a few miles away in a different tribal area. 
Details of their very scanty clothing differ from tribe t o  tribe but 
perhaps the most distinguishing feature of the majority of Nigas 
met. with, was the peculiar way of cutting the hair, shaved up to a 
horizontal line round the head above the ears, and long on the top, 
t%e longer hair being allowed to fall in an  even fringe all round. 
This is in contrast to t,he Mikirs who shave the whole head except 
for a circular patch round the crown. The Nigas  were very willing, 
and made excellent porters. When carrying loads they chant a 
variety of weird cadences as they march along, and this is probably 
the secret of the great pace that  they can maintain, nothing short 
of a t,rot suiting the tunes for level and down hill work. Several 
storms blew up during the last half of February and in March, which 
although delaying observations temporarily, improved visibility and 
cleared away the smoke rising from the new jhums which were 
burning a t  t.hat time. Observations a t  Lirumen H. S., to  complete 
t.he con~lect~ion wit'h t,he Namtiali Base, were finished on 18th 
March. The cletztchment then collected a t  Golaghat and dispersed 
a meek lat'er, leaving the equipment a t  Gauhati for the recess 
season. 

4. Health.-An outbreak of cholera took place in Nowgong 
anrl K i m r i ~ p  clistricts during the hot weather preceding the work. 
The party took a supply of bacteriophage from Shillong, and 110 

cases of cholera or other serious internal trouble occurred. The 
few cases of malaria were successfully treated with quinine and 
~sanofele .  One kltnlrisi developed pneumonia towards the end of the 
season hut recovered after treatment a t  the government hospital in 
C$olrigh%t. 

5.  Method of observation.-The large Wild was used 
in an observatory tent. No~.mally 60 measures of each angle 
IVWP taken, 3 measures on each of 20  different zeros, the 
actual procedure being to  make :i coi~secut~ive swings in the same 
~ l i r ~ c t i o ~ i  on OIIP zero, change face and z ~ r o  and make 3 swings in 
the opposite direction. Each change of zero arnou~~tecl to 9' 0' 6", 
the c h a ~ ~ ~ e  of seconcls tellcling to eliminate emor of run. After 
cnmpl~t ing one-thircl and two-thirds of the total measures the posi- 
tion of t h ~  fwt-screws was changed. This precaution is necessary 
to eliminate as far as possible the effects of axis strain. RY 
chancing t h ~  position of the foot-screws is meant lifting the 
wholr> thenrlolite ancl t,wisting it through 120° so that  each foot- 
screw has a new support. I n  fair w ~ a t ~ h e r  work was carried out as 
Eollows :-O7.00 to 8.30 hours, :3 zeros horizontal angles; 13.00 to 
1 t.00 hours, vertical anqles; 15.00 to 17.00 ho~ l l .~ ,  4 zeros horizontal 
ar lxl~s ; 18.30 to 22.00 hours, 6 zeros horizontal angles. Thus a t  
least two clays ancl a night ancl more often two whole of 24 
hours were neceesary a t  each station. 
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Electric illumination was used throughout by day and night. 
Rough azimuth observatiorls wercb made a t  eight stations by 
measurements of the anglc between a station of the triangulation 
and Polaris, 20 measures being taken on 10 different zeros. The 
probable error a t  these stations is 0"- 45. Precise azimuth observa- 
tions for future Laplace stations were made a t  Tatalia H.S. and 
Nagiliimara H.S. The measurements were made as above but 60 
measures were talten on 20 different zeroe. The average probable 
error at  Tatalia H.S. is 0". 32 and a t  Naginimara H.S. ON - 50. 

6. Observation notes.-An eyeshade over the eye not in use 
was found invaluable while observing, both to relieve strain and to 
prevent light and movement from distracting concentration. A 
special stailcl similar to the old stands used with 12-inch theodolites 
mas used. This stand weighed about 60 11). and owing to i ts rigid 
shape was a most awlrward load in the jungle. I t  was however 
very steady ancl no twist was ever noticed except when the direct 
rays of the s~un fell on the metal cross bracing. Occasionally the 
stand hat1 to be dl-aped with a blanket to avoid the SUII, and this is 
co~~siclerecl an important point to watch. In  previous ]meports slow 
drifting of the apparent position of signals has been put down to 
bacl atmospheric conditions, and this clrift has generally been noticed 
during mol.ning work. The only occasions of such drift during the 
pr~sent  observations were definitely due to twist of the stand, and 
it is therefore suggested that  observers may have been deceived in 
the past as to the cause of apparent lateral drift, and that the real 
cause is twisting due to unequal temperature changes in the stand. 
This is most likely to occu~. in the early morning. 

7. Refract ion notes.-It was noticed that  some helio signals 
I-emained comparatively steacly thronghout the day while others 
' hoilecl' as early as 8 o'clock in the mo~.ni~ig. Notes 011 this point 
were take11 a t  a  umber of stations and the following p o i ~ ~ t s  became 
quit(. evident. First that boiling is mainly due to hot air rising 
from the ground near the observer ; ground more than a mile or so 
away has comparatively little effect. Thus rays which pass over 
qrouncl droppiiig steeply away from the ohserver's station will be 
steac1.y rays, w11~rc.a~ t,hose passing close to the ground or aver a 
gradual slope. w a r  the observer will be \,ad. Froill this fact it is 
easy to choose a steady ray for ze1.0 line before ohaervations are 
started. T t  also follows that a rag which is very bad to observe 
from one end inay be per fc~t ly  good from the other, ancl this was 
found to be t,he case. 

Lamps as a rule are perfectly steacly signals at night, hut it 
&as lloticecl that whei'e a ray passed over water, especially near the 
( )hs~l  V ~ I - ' S  station. the signal started to wohble after 10.30 p.m. and 

case became so distorted vertically that i t  sometimt.~ apprared 
as several distinct points of light one above the other. This phe- 
nomenon is obviously due to a column of warm air rising above water 
during the later part of the night. 

B 



CHAPTER I1 

LEVELLING 

8. Summary.--The original programme consisted of one 
single detachme~lt to revise the precise levelling from Chittagong 2' 
to Akysb and then to  form into a double detachment to  level from 
DiiiZjpur to  Purnea ancl from Bagaha t o  Sironj ; one single detach- 
ment on high precision levelling from Akola to Nigpur and Nigpur 
to Bhopal; and another on high precision levelling from Bombay to 
Surat and Surat to Barocla and from Nakhtrgna Mota in Cutch 
to Buhara in Sind. This programme was modifiecl owing to urgent ' 
work required by the Eastern Bengal Railway in connection with 
protective measures for the Harclinge Bridge. On this account the 
second detachment was withdrawn in December from high precision ' i levelling, after i t  had worked only from Akola to  Thanegaon near 
NZgpur, and sent to Bengal with 2 double allcl 8 single tertiary \ 
detachments. f 

The tot,al out-t,urn of levelling was :- 

High Precision levelling in fore ~lirect~ion 118 miles ( 123 gross)' : 
, 7 9 9 9 , ,, back ,, 234 ,, ( 2 6 9  ,, )' 
7 , 7 9 73 ,, both directions 7 6 t  ,, 

Equivalent total in one direction 428 ,, ( 468 ,, 1' 
pp - -- -- 

Precise levelling . . . 255 ,, ( 2 7 6  ,, I *  ' 
9 )  . ( revision ) 259 ,, ( 292 9, )' 

Secondary ,, . 328 ,, ( 3 6 4  7)  )* 
Double tertiary levelling . . . . .  . 311 ,, ( 311 ,, 1' 
Single ,, 39  . . .  3,056 ,, ( 3,056 ,, 1' ' 

9. Chit tagong-Akyab.-~hcn the compntatiolls of precisp 
line 5 7  W, Chittagong to Magwe, originally executed in 1932-g3 
for the Inclo-Burma connection, were finishecl, it was forlncl that 
the mean water level a t  Akyah was apparently 4 . 7 3  feet below , 
mean water level a t  Chittagong ancl 0 . 8 4  feet above mean wakr 
Ipvel at  Amherst. The discrepancy of 0 . 8 4  feet, being reasonable, 
was arljusted between Minbu anrl Akyab, hut the differwee of 
4 .73  feet was improbabl~ as Chittagong is only about 1 2  rnih.8 from 
the oppn sea. In  the ~xpectation, therefore, of an error of 3 feet 
nr so in the levelling of 1932-33, betwren Chittagong and hl<yab~ ( 

- - -  - - - - - -/ I 

The first of these figures ~~epresents the direct distance I e v ~ l l ~ d  hetween : 
terminal bench marks. The second includes additional check-levelling at ends' ' 
branch-lines to a. T. Stations etc. 

t i.e., mile0 in fore end 38 milee in bmk direction. 









CHAP. 11.1 LEVELLING 11 

this line was relevelled by single levelling by No. 1 Detachment 
under Mr. Z. A .  Qureshi, and as anticipated ail error of 2 - 4  feet 
was found about 60 miles north of Akyab which was verified by 
levelling again in the opposite direction. A t  Chittagong a branch- 
line was also run to  Juldia gauge near t,he sea 11 miles south 
of Chittagoilg, giving a satisfactory check with the height of 
Chittagong determined by levelling based on the tide-gauge a t  
False Point. 

10. Dinajpur-Purnea and  Bagaha-Sironj.-These lines were 
dolie by No. 1 Detachment under Mr. N. M. Bopaiah with Mr. 
Z. A. Qureshi as second leveller, in order t o  determine the disturbance, 
if any, of the bench marks a t  Purllea and Bagaha, which were ter- 
minals of the levelling done in North Bihar in coiinection with the 
earthquake of 1034. The route followed on the line Diniijpur to 
Pwnea was the same as tha t  of old lines 77 B, C and N. 

The line Bagaha-Sironj could only be clone as far as Ghiizipur 
this season. The route followed was the same as tha t  of old lines 71  
and 60 up to Dohrighi,t and theiice along the inet,allecl road via 
Mau to GhCuipur. 

The heights of bench marlts a t  Purnea as now determined from 
Di115jpur agree to within 3 inches with the pre-earthquake heights. 
The heights a t  Bagaha showed a rise of 14 to 14 feet as  cleterinined 
just after the earthquake in 1934 and those as now determined 
from Gorakhpur and Ghltzipur show a rise of about 4 foot, but 
final col~sicleratioii of this point must await coinpletion of t'he 
portion Gha~ipur  to  Sironj next season and will he discussecl in 
thr Geocletic Report for 1D:iG. 

11. Akola-Nagpur and  Nagpur-Bhopal.-No. 2 Detachment 
under Mr. Moha~nmad Faizal Hasan had only worlted from Altola 
to Thiinegaon, ahout 40 lililes short of Nggpur, in the fore direction, 
when i t  was tlra~isferre(l t,o Pengal to (10 thv secondary Icvelliilg for 
thr l>rotectio~~ of Harclinge Bridge. Altola to Thincgaon foriiis part 
of line 1 1 1, I)h~llia to N;igpur, of t,hc iirw It~vel ]let,. The liilo follo\\.h 
unmetall~cl roads through Lilrhp11l.i n11i1 Rhitliuli to Amraoti, a~i t l  
thence metallerl roacl~ to Th,Znegaoii, via Tivsa anrl Talegao~i. 

12. Bombay-Surat and  Surat-Baroda.- No. :i Detachiiient 
ulicler Mr. A. A. S. Mat,lub Ahinad carried oat  lev ell in^ in the back 
rlirect'ion from Boinhay to Snrat, which forms part of 11nc 1 2 2 ,  Surat 
to Ratnagiri, of the new level net. 111 the midrlle of Jaiiua~-p I !I35 
the tletachm~nt left for Cutch to start worlt t,Iiere as t'he Rann call 
hest be crossecl in the mo11tlis of Fcbrnary and March. The line 
h a t  to Baroda which was left to 1)e clone after the ~nml~le t~ ion  of 
t'he work in Cutch, could not, he take11 up owing tc-, lack of timci. 
The route followc~tl was the snmt> as that of the oltl 1,rccisc. linr 51. 

13. Cutch and Sind.-Th(. l i~ i r  fi-om La.lrhpat ill Critch to 
Unhia T%r in Sii~rl was d(,llc ill hoth tlirectioi~s ant1 from Buhkra 
ill Sinrl to Ui~hia T i ~ r  all(l Lalthpat to NakhtriLila IVIota in Ulitch ill 
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the back direction only. These lines form part  of line 104, ; 
Viramgitin to Tatta, of the new level net, and were originally started j 
in 1926-27, but both in t,hat year and in the following season the : 
flooded state of the Rani1 made work impossible. I 

I 
The line followed t'he same route as the old precise line 44. 

Khori Creek was crossed by levelling during low tides over pegs, 3 
to Ci feet long, driven in swampy grouncl and salt beds. The Rail11 
being uninhabited for a length of 38 iniles along the route of 
levelling, special arrangements were made for transport and for ~ 

tlumps of drinking water, fuel and fodder. i 
14. Hardinge Bridge levelling.--In order tmo prepare a corn- 

prehensive scheme to prevent river changes endangering the Hardinge ' 

Bridge, the E. B. Railway inarle an urgent demand for levelling tobe 
done in the area bounded by longitude 88' 80' on the west andthe 
Jamuna river on the east and between latitudes 2 3 O  30' and 24' 30'. 

Mr. P. C. Sen Gupta, was placed in charge of the work which 
consisted of secondary levelling by a detachment under Mr. Moham- 
macl Faizul Hasan and double and single tertiary levelling by two 
clouble and eight single cletachments. The secondary and double 
tertiary cletachnlents were employed to fix bench inarks and yakkn 
points for controlliilg errors in the single tertiary lines runnillg 
north and south two iniles apart over the entire area. Field work 
was started about the middle of December 1934 acd completed at 
the end of April 193.5. Lists, containing heights with descriptions, 
nf 2-56 bench marks, 1,508 pcckkrc points and 15,569 spot heights, 
and Survey of India Maps on the scale of 1 inch = 1 mile showing i 
the lines of levelling were supplied to the E. B. Railway for the 
area west of the railway line from Calcutta to Darjeeling a t  about ' 
the end of February 19:3S, and for the area east of that line at 
about the middle of June 192.5. 

15. Probable errors.- The probal~le errors of the high 
precisioii and precise lines l~vellerl in 198 4-35. calculatecl by the 
usual formulz, are give11 below :- 

I I Probable I Probable 
1 systematic accidental 
j prl.Or , ~ r r o r  
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16. Progress  of t he  new level net.-The following additions 
were made to t,he completed mileage of the new level net :- 

I n  additioil to the above, 118 miles have been completed in 
one directio~i only. The total mileage of the new level net nrheii 
coinplete will be about 15,800 miles. 

17. Protected bench marks.-The following bench marks 
have beell added to the list of Primary Protected bench marks 
published in Geodetic Report Vols. 111, VIII and of 1934. 

2 

Remarks 

The  whole line 
is complete. 

Portion 
Bombay-Ratnngiri 
not completed yet. 

Line No. 

104 

122 

I 

Name of line 

of bench mark sheet 
- -- -- 

Miles 
completed 

0 11 
main-line 

Degree 
sheet 

53 G 

34 H 
56IC 

6.7 0 

6 4 0  

3RH 

-- 

Vira~nginl-Tat tn ... / 102 

i 
Swat -Ratn ig i r i  I 150 ... / 

I 
Total ... 
Preriously conlpleted ... i 8,783 272 

I-- 
Total conlpletcd to date  / 9.055 

i 

No, of bench ~nar l i  

251 ( 1 9 6 )  and not 
351 ( 1 9 6 )  as shown 
in G.R. Vol. VIII. 

25 to  replace 23 not found. 
:32 and not 96 as sho\r,n 

in G.R. Vol. 111. 
100 to  replace 69 not trace- 

able. 
33 t o  replace 58 reported 

41 t t ~  replace 53 reported 
destroyed. 

39 31 11 to replace 8 reported 1 destroyed. 

E: 1 1::- 119, 146 
10 0 77 ancl llot 222 as she,, ll 

111 G.R. Vol. 111. 
1.1 A 27 ( 1 0 )  to replace 14 of 

G.R. Vol. 111, report- 
cd destroyed ; 3 1. 

11E 135, 142. 

1 1 0  ' 38 and not 32 as sho~vn 
in G.R. Vol. 111. 

t B ( '  , 6 to  rcaplnct- 5 rcported 
dcstroyt,tl. 

$ 1  \ 21!) (S.  H.M. ,  . Jh.~ng).  
1 I.1C , 35 to r(~place 11 r v p r t c d  

clcqtroycd. 
I 

1,-I E ' 33 to rcbplacc. 1 rlc~str~)ycvl. 
I ti (? : 96 

161) H2 (S.11.M. N:~vsori)  
1.7 \ I 513 to ~.cll>lacc. 2!4 rt.pol.tpd 

clestroyed. 
I 

destroyed. 

destroyed. 
72-4 
;SF 
;2($ 

74 H 

2-1. 
14 
35 to 11 probably 

dcstroged. 
11 to rcplace 44 not fonnd. 

1 )  not 12 as sllo\vn 
in G.R. Vol. 111. 

ygl\ 

C) I H 1 15 to rcbp~arc+ G not found. 

! ) I  11 110 and not 10 as shown 
in U.K. Vol 111. 
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TABLE 1 .-Tabular etatement of out-twrn of work, 

season 1934-35. 

Detnch~uenta 
and 

linen levelled 

- - -- - 

No. 1 Detachment. 

Revision of Part 
of line 77W 

(Chittagong- 
Mngwe). Portion 

Chittagong- 
hkyab. 

Number of 
stations 
at which 
the ins- 

t,me,s 
were 

net UP 

- 

4,300 

Distnnce levelled 

t blevelled 15 milee. between Lekhpat and Unhila Tir .  

1.208 

1,704 

2,064 

3.160 

2,340 

4 m  

844 

done 

Totol 

a l 
-- 

Rses  TOM 

Precise Line I i I 
657 / 657 

01 
ma& 

107 

~ a l l s  

Number 
bench 

connected 

151 B (Dinajpur- 
Parnea). 

I 

939 

3.785 

1.528 

I 
I 

feat ( fee t  

1 
5,465 5,594 

Protected 
PrimaW - 
, 

... 

.. 

... 

1 

... 

... 

... 

in fore 

Oct. 34 t o  
Jan. 35 

100 

176 

92 

163 

,Jan. to 
March 35 

941 

2,761 

1,480 

2,007 

184 

564 

2 

3 

6 

3 

ti 

6 

2 

( 

98 

146 

159 

211 

48 

33 

@ 

contiad 

123 

8 

13 

Precise 1,ine 
( Ragaha-Siron]). 
Portion 13agahe-' March to 

Ghtiz~pnr. 1 May35 

No. 2 ~etnchment.1 

' Relevelled 59 milee. f Includee XI miles 

i I 
I I 

Pert of Linp 111 
( ~ h i ~ l l a - ~ t i g p n r ) . /  

Bnhirs (Back). 

Secondarv linee. 

( 1) Qoprilpnr- 
Poridaha 

( 2 )  Bh~rrrmnm - 

) 

~ l r .  I ma. 1 M ~ S .  

April 35 

Dec. 34 to  
Jan. 35 

Dec. 34 to 

140 2,388 

direction 

5 

Portion Akola- I 

giri ).* Portion 
SIV.L~-Bombay Oct.34to 

(Back). I Jan. 35 

Part of Llne 104 I 
( Viramgim- 

M ' ? h e r ~ ~ r .  

/ 
28 

292 259 

Part of Line 122 
( Snrat-Ratnr- 

Thinegaon Oct to 
( Fore ) Dec. 34 

No. 3 Dctnchmcnt. 

33 

118 

170 

10 

lti 1% 

I 

I 
Tatta). t Portion I 

7 l / 654 Jan. 36 1 74 

191 
I 

I 

, . 

Xakhtrnna Mota-, .Jan. to 

I '  
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TABLE 1.--Tabular statement of out-turn qf work, 
season 19.34-36-( concbd. ) 

* Pakka points. 

Detachments 
and 

lines levelled 

- 
Hardinge Bridge 

Levelling. 
- (contd). 

( 3 )  Jhenida- 
Sibrimpur. 

( 4 )  Ishilrdi- 
Ishurdi. 

( 5 )  Nator-Tiris. 

Double Tertiary 
Lines. 

Single Tertiary Dec. 34 to 
Line3 1 April 35 3,05a 1 . 3,056 

Jan to 
Feb. 35 
Feb, to 

March 35 
Ma.rc11 t,o 
April 35 

Dec. :j4 to 
April 35 

Total 

Number of 
stations 
at which 

Rises 

Humber of 
bench marke 

connected 

Pretected 
Pnmnry 

Distance levelled 

Falls 
2 
.- 
4 

t$mtl& - 

feet 1 fcvt 

e m  !z 
;A 
Z 2 
ag 

I 

786 

1.610 

448 

2,538 

25.8'7'7 

491 

989 

316 

... 

Totnl 

Mb. 1 dnr. 1 M l s .  
~ - 

I 

498 

989. 

330 

. . .  

46 

14,4 

31 

311 

. . 1 . 

52 

107 

24 

132* 

1,3'76* 

... 

... 

... 

. . .  

. 

--- 

1 

. . .  

. . .  

. . .  

. 

--ppp--p.--. 

26 72 

144 

1 5 , 36 
1 

. . .  ' 311 



1 Ci GEODETIC REPORT [1935. 1 
TABLE 2.--Check-levelling. I 

Discl-epancies between the olcl and new heights of bench marks. 

Observed l~elgl i t  iibove ( + ) or 
Be11cl1 marks of the oriulllrtl levrllllls thdt ' 

,,elow ( - 1  stn*lng bench nlnrk, 
as (letermined hr 

I 
Check. 

No. ( 1 D e m i p t i o l ~  O r i ~ n a '  levellina sheet lPvelling lsxl-:% 

whi les I 
I I . f e e t  1 . f e e t  feet I - .  - 1  

S.B.M. ... 
Culvert . . .  
E.B.M. . . . 
Masonry pillar . . . 
(4racluated pole . 
Britlgr . . .  

, 

. - -- - - -- -- _---- - - 

( ~mtinued ) 

29 1 '4 I1 i S.B.M. ... ' 0 .00 
2 X  .. Prism . . . I  0.00 
27 I ,. Prism . .  0 .00 

1932-33 
,, 
,, 

0.000 
- 0.932 
- 0.904 

2ti ! .. * Iron bnlt ... / 0 . 0 0  , ,, 

2 5 I .. 1 ~ u l v e r t  ... 0.03 .. 
24 ; .. Step . 1 0 0  .. 
2:{ .. ,Cnlvcrt ... 0 . 0 9 ,  ,, 
I:! / .. Rlngnrtic Stat.ion ... 0 .  5 0  1 .. 
21 . Latitude Station ... / 0 .81 .. 

1 
- -. -- - I - -  

0.000 
- 0.933 
- 0.905 

- 0.614 
+ 4..857 
+ 0.760 
.t 2.199 
- 8.196 
- 4.008 

0.000 
-0.001 
-onoo l  

- 0.614 
+ 4.851 
+ 0.759 
+ 2.196 
- n.197 
- 4..01ti 

0,000 
+0,006 
-0'ool 
-0.003 
-0.001 
-0.0m 

--- 

At DintTjp,~r). on. l iwe 161 .B. 
~ - - - - - - . . - _ -...A - 

1 

15s ( 7 7 )  79 C ' S.H.M.. Dinnjpur 1 0.00 ! 1924.25.26 0.000 o .o ( ; ~  0.000 
iH .. Stell 0.25 .. + 2.895 + 2.902 +0.007 

1.51 .. Hrirlgc. . . .  ;O.t iR .. - 0.562 - 0.561 t0 .on1  
! 

- - -  -- -~. ~ - -. ._ - -  

Af Purn,en on / i n ~  15 1 n. 
- - - ~- - . -- - . . -~ 

I 
lii j i 2 O  SB.. .  PUMP. . ; 0.00 i 1914 0.000 1 0.000 I o . ~ o  

-0.003 
tO.005 
-0.029 
-0.036 

:302 .. step .. + 0,888 , +  O.RH5 
13 ; . .  I Stone block - 2.562 - 2.557 
3 M  Bridge . .  I 2 .  

I " 
- 0.385 - 0.414 

... 3.59 ., + 1 .27 ( i (+  1 . 2 ~  
i I 
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TABLE 2.- Check-levell&ng-(cmtd. ) 

Discrepailcies between the old and new heights of bench marks. 

Bench msrks of the original levelling that 
were connected for check-levelling 

1 At Bagaha on line 71. 

I I I mites I I feet I feet I feet 

61 
60 
49 
62 
53 
54 
56 
2 
1 
56 
57 
68 
60 
61 
62 
63 
5 

- - 

Difference 
(check- 
Originn1'. 

T:~,"6g: 
that the 
height 

WaE 
greater 

and the 
aim-.less 
in 1934-35 

than whe 
o-&n 
levelled 

i % 
m GI 

p' * 

Obaerved height above (+) or 
below (- ) starting bench mark, 

as determined by 

Description No. 
Date of " Derrree 

sheet 

7211 
, 
,, 
,, 
., 
,, 
, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
, 
,, 

.. -- 

At Gorakhpur on line 69 A. 
--- 

I 

11 ,, Flooring 
50 , Step . . .  0.53 ,. , -  4.510 4.5.u) i-0.030 
62 , Culvert. ... 0.58 1 .. - 1.582 7 1575 ,+0.007 
86 , Stone ... 1.76: .. 
66 , ' culvert ... 1.68 1 .. 
64 , Culvert ... 1.41 .. 
67 ,, Flooring ... 1.19 / .. 

- -. - - . - 

At Gh.dzipur on line 6.9. 

Original 
levelling 

E.B.M., Bagaha ... 
Culvert ... 
Bridge ... 
Bridge . . .  
Well ... 
Well ... 
Well ... 
ShiwUa ... 
M'ell ... 
Culvert ... 
Culvert ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge 
Bakwa T.S. . 

Check- 
levelling 
I r4 .  

- 

0.000 
+11m243 
+ 8.979 
+12.372 
+ 6.190 

0.000 
+11.230 
+ 8.976 
t-12.373 
+ 6.174 
+ 2.386 
+ 0.375 
+ 2.193 
+ 2,168 
- 2.949 
- 3.033 
- 4.456 
- 4,522 
- 3.863 
- 7.876 
- 6.740 
- 6.220 

0.00 1 1934 
0.46 1 ., 

( Continued 

C 

- - . .- -- -- - 

35 
38 
41 
43 
44 

0.000 
-0.013 
-0.003 
+0.001 
-0.016 
+0.032 
+0.024 
+0.028 
+On033 
+0.073 
+0.081 
+Om074 
+0.081 
+0.0'72 
~0.078 
+0.089 
+0.049 

.- - 

1.69 
1.36 
0.50 

0.000 
+ 2 747 
+ 1,563 
+ 6.578 
+ 7.245 

,, 
,, 
, 

2-20 
2-86 
3.56 
3.15 
5.81 
6.23 

0.000 
-0.055 
+0.061 
+0.113 
+0.116 

63 0 
,, 
,, 
,, 
,, 

,, + 2.354 
,, I +  0.351 
,, i +  2.165 
,, ) +  2.135 
, 1 -  3.028 
, 1 -  3'114 

7.261 ., I -  4.530 
8.00 1 , I -  4.603 
8-09 .. : -  3.935 
9.30 i .. # -  7-954 

1 -  6.829 : :: , I -  6.269 

- 

S.B.M., Ghizipur ... 
Culvert ... 
Step ... 
step ... 
Step ... 

0.00 
0.50 
0.79 
1.91 
2.08 

1934 
, 
,, 
,, 
,, 

0.000 
+ 2.802 
+ 1.503 
+ 6,465 
+ 7.129 
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TABLE 2.-Check-levelling-( contd. ) 

Discrepancies between the old and new heights of bench marks. 

M 

Bench marks of the original levelling that Observed height above ( + ) or 
were connected for check-levelling 5 below (- ) the starting bench ma 

as determined by 

No. 

) 

At Nakhtrdna Mota on line 104. 

I I 

--- 

Degree 
sheet 

! 
37 1 41 E Interred B . I . ,  Nakht. 

r6na Mota ... 
1:{0 , .. I Step ... 
1% .. I Rock in sit11 ... 
36 .. Pl; t t forn~ ... 

Description 

0.00 
0.01 
0.09 
3.11 

1889-90, 
1921-24 

,, 
,, 

1889-90 

-- -- .- 

0.000 
-ouo0? 
-0.004 
-0.014 

I 

0.000 
+ 2.095 
+ 3.655 
- 5.506 

At B,uhcircc on  line 104. 
- --- -- --  -- 

0.000 
+ 2.088 
+ 3.651 
- 5.520 

0.000 
+ 5.741 
+ 13.741 
+15.899 
t10.532 

+ 9.985 

I I 
' 40 D / E.B.M.. Uuhi1.a 10.00 0.m 

t0.031 
0.0a 

t0.048 
tO.038 

+ O ; O ~  

1889-90 
1926-28 

,. 
,, 
., 

,, 

117 .. , Stone pillar ... 
113(.5) ! .. Coping bridge ... 
119 I ., 310ghul Bhin T.S. . . .  
120 .. Officereranda ...I 
121 , . ; Veranda of dispen- 

1 ! 
sary ... 

-- ~ --. -- 

At Akola on dine 114.  

0.000 
+ 5.710 
+ 13.697 
+15.851 
+10-494 

+ 9.941 

6.73 
f .jfi 
9.04 
0.11 

10.23 

o-o00 
+0'2!O 
i(l'013 
+oaW 
+ o * m  
t 
+0'001 

~ - .  - 

( contin4 

-- 

3 l i r H  s . B . P ,  i\*oln . . .  I 0.00 1909-10 0.000 0.000 
+ 1.826 
+ 0.129 
+ 0.813 
- 5.822 
- 2,284 
- 2.414 

1930-31 
., 
, 
, 
., 
,, 

96 .. Culvert . .  0.05 
%(i) ) .. Veranda ' 0 . 0 9  
4.1 1 .. Veranda - .  '1 0.14 
4 .. ' s t e p  . 0.23 

+ 2-036 
+ 0.742 
+ 0.822 
- 5.918 
- 2.282 
- 2.413 

92 
91 

.. j Step . 0.34 .. / Step ... 0.36 
1 
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TABLE 2.-Check-level2ing-( concld. ) 

Discrepancies between the old and new heights of bench marks. 

M 

2f 
g i 
$2 ma 

i$ 
4= 

6 

Bench marks of the original levelling that 
were connected for check-levelling 

Ditference 
(check - 

The sign + 
denotes 
that the 

height was 
greater 
and the 

sign- ,less 
in 1934-35 

than when 
origiualb 
levelled 

Observed height above (+) or 
below ( - )  sbl.tins bencll mark, 

as detennined by 

I I I .tilee I / f e e t  I f e e t  1 f e e t  

At Bombay o n  line 122. 

Description No, ~.~~~~~ 
levelling 

5(88) 
2 (1) 

6(R7) 
(84) 

(129) 
9(130) 

(85) . 
(90) 
(91) 
(92) 

Degree 
sheet 

Original 
levelling 

, 
47 B 

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

Check- 
levelling 
1934.35 

Step 
I I S.B.M. (Type P) . .  0.00 , 1906-07 1 0.000 1 0.000 1 0.900 

... 0.25 ,, - 3.540 - 3.532 +O OOR 
Step ... 0.26 ,, - 3.459 - 3.449 +0.009 
Step ... 0.68 1914-15 + 2.584 + 2.5R7 +0.008 
Newel ... 0.90 ,, .- 2.977 - 2.963 +0.014 
Stone ... 0.95 1906-07 - 6.035 - 6.023 + 0,012 
Stone ... 1.49 1914-15 - 7.171 - 7.168 +0.003 
Plinth ... 2 -65  ., - 3.362 - 3.349 +0.003 
Step ... 3.06 ,, - 0.008 - 0.014 -0.006 
Step ... 3.49 + 5.893 + 6.887 -0.006 

23 (93) ... 
... 

+13.814 
+ 12.217 

-0.002 
+0.012 

NOTE:-Numbers in brackets are those ~ i v e n  in t,he Addendum 
to Levelling Pamphlet for sheet 47, Island of Bombay. 

At S w a t  on  line 122. 

+13.816 
+12.205 

3.74 
8.76 

70 
71 ( 6 9 )  

68 
67 
'72(66) 

73 ( . 4 ( i )  
65 
74(45) 

75 (6.7) 1 76(64) 

19;;-07 
1914-15 

46 C 
,, 

,, 
,, 
, 

,, 
,, 
,, 

,, .. 

0.000 

-0.009 
0.022 

-.0.021 

-.0*024 
-0.018 
-0.019 

+ 0.039 
+0.018 
-0,051 

1909-10 
1921-22, 
1026-2'7 
1875-78 

,, 
1921-22. 
192(i-2'7 

.. 
1875-'78 
1921-22, 
1926-27 

,, 
, 

0.000 

- 8.831 
- 3,666 
- 2.236 

+ 2.504 
- :3.098 
- 1.3:39 

- 1.563 
+ 15.4'71 
+13.977 

S.B.M., Smat . . .  
Step ... 

Flooring ... 
Flooring ... 
Plinth ... 
S t ~ p  . . .  
Veranda . . , 
Step ... 

Coping .. 
Interred 1I.M. ... 

0 . 0  0 

- 8.840 
- :1.687 
- 2.257 

+ 2.4,84 
-- 3.116 
- 1,:15H 

- 1.524 
+ 15.449 
+1:1.926 

0.00 
0.15 

0.23 
0.50 
0.69 

1 .14  
I,l(i 
1.M 

2.01 
2.03 
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TABLE 3.-Revision levelling. 
E 
li 

I Revision qf Line 151 B ( Dinrijpur-Purnea ) . 1 '  

Discrepancies between the old and new heights of bench 

' I 
Bench mnrks of the original levelling thnt 

were connected d~uing the revi~ionnn ' 
operntions 

I i / m i l e s  I I feet / feet 1 jeet 

(reviaion- 
Difference hetween orthometric 

bright& nbore i + 1 or below ( - 
the start,ing bench mnrk 

that ) 

i 
! 

[ ' 
, 

I 

aa, 
a E 
0 0, 

ZP ' 
I 

Date of 
original 
levelling 

Desc~iptiori No. 

- 

1924-26 
.. 
.. 
.. 
, 
,, 
,. 

1909-10 
,, 
., 
,. 
.. 
,, 
, 
.. 
, 
,. 
,, 
, 
, 
, 
, 
.. 
. 
,, 

,. 
,, 
.. 

1899-00 
,. 
.. 
.. 
,, 
,, 
,. 
.. 
.. 
.. 
,, 

0.00 
0.14 
0.26 
0.41 
0.54 
3.58 
4.08 
4.49 
6.03 

10.06 
12.89 
13.26 
15.14 
16.96 
18.34 
20.04 
21.16 
23.10 
23.94 
25.30 
29.53 
31.29 
32.43 
32.94 
33.80 
37.00 
39.54 
41.05 
41.80 
44'19 
46.24 
48.69 
49 74 
51.99 
56.50 
57.78 
60.76 
68.85 
65.85 

--- -. - .-- . ~ -~ - .--.--A- 

hewht 
Bred? 
bud the 

eisn-,lm 
in 193435 

?;Kt'" 

155 (77) 78 C 

! 

From 
published 
heights 

(contidl 

0.000 
+ 5.226 
+ 6.409 
- 1.212 
+ 0.478 
- 6.340 
- 6.296 
- 4.623 
- 0.970 
- 4.560 
- 2.211 
- 1 .a84 
- 3.705 
+ 4.331 
+ 4.201 
+ 6.794, 
+ 4.1'71 
+ 1.970 
+ 2.361 
- 2.113 
- 2.906 
- 6.915 
- 8 . 0 2 9  
- 6.128 
-- 3.102 
- 8.791 
- 6.219 
- 5.938 
- 6.024 
- 2.746 
- 4.586 
- 1.691 
- 7.209 
- 3.688 
- 5,641 
- 7.713 
- 7.238 
- 8.190 1 -  9.761 

S.B.M., Dinitjpur . 

th&n 

:::$ 
From 

revision 
1934-35 

0.000 
+ 5.235 
+ 5.420 
- 1.209 
+ 0.4.98 
- 6.312 
- 6.260 
- 4,547 
- 1 . o i o  
- 4.627 
- 2.193 
- 1 
- 3.509 
+ 4.544 
-1. 4,469 
+ 7.012 
+ 4.430 
+ 2,295 
+ 2.ti9.1 
- 1.778 
- 2.556 
- 6.516 
- 7.6fj4 
- 5.811 
-- 3.580 
- 8.386 
- 6.097 
- 5,513 
- 5,842 
- 1 . 5 6 ~  
- 4.549 
- 0.941 
- 7.615 
- 2.987 
- 5.:346 
- 7.480 
- 5.811 
- 7.913 
- 8.581 

76 I .. I Flooring . 
0.000 

+ O . o @  
tO.011 
+O.OO'J 
+0.020 
+0,028 
+ 0.036 
+0,076 
-0.100 
-0,067 
+Oa018 
+ 0,145 
+0.1g6 
+0,213 
+0.26fl 
+0.21n 
+0.259 
+O.3z5 
+0 .33  
+0.335 
+0.350 
+0 ,4w 
t0.365 
+0,317 
-0,478 
t 0 ' a 6  
+0'1Z2 
4-0 '42~ 
+0 . l f t 1  
+1.178 
t 0.037 
+ 0.650 
- O . a f J  
+O'701 
+ O  296 
+0,233 
+1.427 
+0.277 
+lS18O 

Flouring ... 
Step ... 
Bridge . . .  
Bridge . . .  
Bridge . .  
Bridge 
Bridge . . .  
H.irnchandpur T.S. ... 
E.B.M., Ridhikipur 
Bridge . . 
Bridge ... 
Rridgc. ... 
Bridge ... 
E.B.M., Kirliaganj ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge . .  
Bridge ... 
Bridge ... 
E.B.M.. Reignnj . .  

Bridge .. 

Bridge . . .  
E.B.M., Krtchn;~ ... 
Brirlge . .  
Brirlge 
Brirlp ... 
E.B.81.. Bireoi . 
Bridge ... 
Bridge 
Bridge ... 
Bridge ... 
Bridge . . .  
Bridge ... 
Bridge ... 
Bridge ... 

152 1 ,. 
153 
l56(41) ., 

1 4  I : 15!4 (46) 
47 , . 
48 I . 
51 I ., 
53 j . 
5-t 1 .. 
56 .. 
67 1 .. 
58 .. 
60 ' , 
61 1 .. 
62 .. 
63 .. 
64 1 .. 
66 ,. 
67 I .. 
68 , .. 
69 .. 
SO .. 
i 2  , .. 
73 .. 
i 5  ,, 

124 72 0 
128 1 ., 
127 ' . 
132 
133 
135 
139 
140 
144 

,, .. 
.. .. 
.. 
. 

148 , .. 

I . 



CHAP. 11.1 LEVELLING 2 1 

TABLE 3.-Revision levelling-( contd. ) 

Discrepancies between the old and new heights of bench marks. 

Bench inarks of the originnl levelling that 
were connected during the revislonary 

operations 

Difference between orthometric 
heights, above (+)  or below ( - )  

the starting bench mark 

I I 1 miles / I .feet I feet 1 feet 

- 

DiBerea 
(reviaion 

original 
The eign 

denotes 
that the 
height 

was 
greater 
and the 

sign-.le 
in 1934-3 

than whc 
original1 
levelled 

Revision qf old l i n ~ s  7 1  rrnd (1'9, Portion Bngnhn-(:?itizil~?rr. 

Revision of Line 151B ( Dinijpq1.r-Purnen )-( concld. ) 

192 (160) 
lW(160) 
194(161) 
l(i2 

- 8.550 I + O.40P 
- 9.12t- i1+0~41' i  
- 5.712 ;+0 .4 i 9  
- 5.099 -0.462 
- 0-898 I+0.401 

-. - - . - 

72*  E.B.M. lingaha ... 1 0.00 
, Bridge . 1.31; 
.. \\'ell ... 0.50 
., \Yell 2.20 
. Well 2.86 
.. Shiwcillc 9.56 

We11 3.15 
, Culvert ... 5.81 
.. Culvert . 6.23 

. 7.26 

. . , 8 ,  00 
.. Hridg~ . . .  R.69 
.. Hridge . 9.30 

Bridge ,,. 10.39 
. Bakwn T.S. ... 12.38 

63 N Step ... 6R.34 
., Culvert 68.61 

72 0 
.. 
, 
.. 

+ 
+ 0.368 
+ 5.636 
+ 6.841 
+12.192 
+11.468 
+ 5.624 

- . . - - - 

( continwd 

- 

0.000 
+l2.3'75 
+ 6.175 
+ 2,386 
+ 0.375 
+ 2.193 
+ 2.1f;H 
- 2,950 
-- :3.034 
- 4.4.5'7 
- -1.. 52:j 
- :{.Hti4 
- 7.87H 1 -  6.742 
- 6.222 
-31.442 
-32.957 
-36.341 
-34.432 
-37.352 
-35.777 
-39.148 
-37.229 

2 .265+0.405  
-1.093 
+0.382 
-0.618 
+0.273 
+0.098 
+0.007 

- -. 

-. - - . 

1920-21 

ldk4  
, 
, 

1870-72 
, 

1934 
,, 
,, 
.. 
.. 
.. 
.. 

1870-72 
1869-70 

0.000 
-0.008 
-0.015 
+0.032 
+0.024 
-0.174 
-0.153 
+0.072 
+O.OHO 
+0.0'73 
+ 0,OHO 
+0.071 
+0.076 
+0,087 
-0.133 
-0,361 
-0.435 
-0.421 
-0.501 
-0.414 
-0.421 
-0.399 
-0.327 

195(163), ., 
(64 I . 
165 I , 

- - 

0.000 
+12.383 
+ 6.190 
+ 2.354 
+ 0.351 
+ 2,367 
+ 2,321 
- 3.022 
- :i.114 
- 4.5.70 
- 4..  603 
- 4.935 
- 7.954 
- 6.829 
- 6.089 
-31.081 
-32,522 . Culvert : 

W: , 

.. Stone prium .. Culvert ... 68.95 

.- S.B.M., Qorakhpur ... 69.53 
Veranda . . .  69.84 

3 Step ... 69.96 - 

- - -- - 

1920-21 1 -  8.958 
.. - 9.543 
.. 1 -  6 .191 
,. - 4,637 

I 
E.B.M., Katihir .., ' 70.58 

166 
167 
168 
169 

-35.920 
-33.931 
-36,938 
-35.356 
-38.749 
-36.902 

Bridge . . .  
Bridge . 
Bridge ... 
Bridge ... 
E.RM. ,R~ut , i ra  ... 
Bridge ... 
Bridge . 
Bridge ... 
E.B.M.,Purnen ... 
Bridgc . . .  

, 
.. 
.. 
,, 

71.64 
$4.40 
76.39 
78.58 
79.60 
80.74 
8 3 1  
85.76 
88.31 
88.66 

.. 1 -  1.299 

.. + 1.860 

.. I +  1.461 

177 
-- -- 

. 

.. 

.. 
19i0-31 .. / S.B.kI., P ~ ~ r n e n  

" '  I 91.66 
-- 

+ 5.254 
+ 7.459 
+11,919 
+11.3'70 
+ 7,617 
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TABLE 3.-Revision levelling-( contd. ) 

Discrepancies between the old and new heights of bench marks, 

Bench marks of the original levelling that 
were connected during the revisionary 

operations 

No. Degree 
sheet Description 

Difference 
(revision- 
original). 

Difference between orthometric Thesignt 
heights, above (+) or below (-) denotes 

the starting bench mark thst the 
height 

Rewision of old lines 71 and 69, Portion ~a~aha-Gh&z.l.pur-(conc~d~) 

Step ... 70.05 1869-70 
S.B.M., Ghilzipur ... 160.71 .. 
Culvert ... 161 .21 ,, 
Step ... 161.50 ,, 
Step ... 162.63 ,. 
Step ... 162.79 ,. 

(Continued) 

( Rurcct t o  Bombay  ) olcl line 51, new 122. 
-- 

70 
16 
25 
32 
37 
46 
4R 
45 
55 
5 3 

(12) 
(11) 

46 C 
46 D 
,, 
, 
,, 
,, 

. 

N o ~ ~ : - N n m h e r s  in brackets are those given in the Addendum 
to Levelling Pamphlet for sheet 47, Island of Bombay. 

- 25.603 
- 26.612 
- 24 ,276-  
- 23.542 
- 27.027 
- 25.826 
- 23.288 
- 2:j.254 

,, 
,, 
,, 
, 
.. 
,, 

1906-07 
,, 
,. 

I 
S.B.M., Surat  ... 1 0.00 
E.B.M.. Relimora ... 31.85 
Bridge I 3 8 . 7 4  
Parnern H.S. ... 1 47.75 
E.B.M., Pkrdi . . .  1 52.48 
Coping ... ( 62.10 
E.B.M.. Damkn ... 62.16 
Interred B.M. ... 68.73 

... 168.24 
Bombay ... ll68.29 ... 168.69 

. . .  169.14 

0.000 
- 8.895 
+ 3 . 5 6 7 +  
+ 572.881 
+ 5.032 
+ 443.822 
+ 45.582 
- 16,923 

-- 

1909-10 
1875-78 

,, .. 
., 
,, 
,, 
,, ! E.B.M., Rhilld ... 1 69.08 

4 i ' ~  ( E.B.b[.. Borivli ... 148 .08  
47 B I Plinth .. 167.81 
,, P l i n t h  ... 168 .01  

(6) 
(4) 

3 (3) 
4 (2) 
2 ( 1 )  

+ 60- 895 
+ 7.863 
- 25.605 
- 24.518 

- 26.209 
- 27.221 

- 24.1:34 
- 27.625 
- 26.4.22 
- 23.896 
- 2:3.HSfi 

, 
,, 

1914-16 
, 

.. Step ... /169.47 

.. Plinth ... '169.59 

.. Step ... '169.78 

.. 1 s tep  ... 169.78 

. !S.B.Y..Ronlbay . 1 9  

-0,606 
-0.608 

24.977-0')iol 
-0.592 
- 0 .  598 
-0.596 
-0,608 
-0,602 

- 21.115 1 - 21 .72:j 

0.000 
- 9.225 

+ 572eM9 
+ 4.586 
+ 46.423 
+ 45.159 
- 17.213 

-0.608 

0.000 
-0,330 

4.727+ln160 
-0.472 
- 0 - a  
-0.399 
-0,423 
-0.290 

+ 60.171 
+ 7.292 
- 26.24.7 
- 25.124 

-0,721 
-0.571 
-0.648 
-0.606 



TABLE 3.-Revision levelling- ( concld. ) 

Discrepancies between the old and new heights of bench marks. 

Bench rnarke of the original levelling tha t  
were connected during the revieionm 

operations 

- 

Difference 
(revision - 
~ ~ ~ ~ @ & ) +  

:;"Ee 
height was 

greater 
and the 

aign - , less 
in 19'34-35 
than when 

02Ei% 

M 

2 
a E 

&I 

agi 

' Description No. 

I 

I I 1 ntinilcs 1 / feet 1 feet I feet 

( Nnkhtrancc Mota to Eluhara ) old line 44, new 104. 

Desl'ee 
sheet 

37 

131 
39 
SO 
43 
1 
2 
4 
ti 
8 
9 

10 
11 

-E 

Difference between orthometric 
heights, &bole (+) Or below ( - 

the starting bench mark 

Date of 
original 
leve,ling 

41 

From 
publi~hed 
heights 

Interred B.M., 
Nakhtr ina Mota ... 

Rock ... 

From 
revieion 
1934-35 

0.00 
1.75 

'. I .. 1 Platform ... 
, I.B.M., Mathal . . .  

3.49 
7.48 

17.01. 
29.24 
39.25 
29. (35 

( :3'i.78 
51..1.6 
53.14 
53.48 
54.03 

102.33 

, 
41 A 
, 
,, 
,, 
., 
.. 
,, 
. 

40 D 

1889-90 
1921-22, 

1.B &I., Vigori ... 
I.B.M., Mitiinornadli 
Plinth ... 
Stone pillar ... 
Platforni . . .  
Step ... 
Stcp ... 
I.B.M., Lalihpat ... 
Lakhpat T.S. . . .  
E.R.M., Buhnra ... 

1923-24 
1889-90 

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

0.000 

+ 63.475 
+ 72.384 
-103.546 
-140.130 
-108.797 
-106.528 
- 67.535 
- 102.172 
-266.441 
-358.352 
-360.699 
-276.751 
-400.368 

0.000 0.000 

+ 53.472 
+ 72.420 
-103.516 
-14Q.182 
-108.837 
-106.559 
- 6'7.566 
-102.1'76 
-266.350 
-358.360 
-360.670 
-276.599 
-400.230 

-0.003 
+ 0.036 
+0.030 
-0.052 
-0.040 
-0.031 
-0.031 
-0.004 
+0.091 
-0.008 
+0.029 
+0.153 
+0.138 
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TABLE 4.-List of triangulation stations connected by  spirit-levelling, 
season 1934-35. 

Name of atetion 
Difference 

(Trim.-Lev.) R r m A a K a 

Heigbt above 
mean sea-level 

I ,-661 1 feet I fael 

' Singi  Meridional Series 

Spirit- 
levelling 

Trian- 
gulation 

0 30 Surst Pendulum Ststion 

 st. a< id 5 "  
LOW. 7a 4e 5 

29.662 

I 

1 
Bombay, Coliba s 

Let. 1; 53 4 8 h  
Long. 72 48 48.55 

Bombay Island 8eries 

33.879 

I Cutch 

HSthria, H.S. ! 691.131 

Lst. a36 & 1 4 ~ 8 5  
h u g .  69 2 45.83 

Saiyid Ali T.S. 5.695 

Lat. 2; 5$ 2 5 5 7  

I 6 i  I + l  

20 i - 5 

I 

I 
Coast Reries 

Long. 68 40 15 16 

Guni T S. 

~ e t .  2 a eyao 
h u g .  60 38 3-82 

693 

6 

5.489 

1 

+ 2 

0 

Ground level 
mark. 

Ground level 
mark. 











DEVIATION O F  T H E  VERTICAL 

18. Summary.-Both coinponeilts of the deviation of the 
vertical were measured a t  107 stations, in Baluchisth and between 
Orissa and Rijputiiila. The observations colnplete the main east- 
to-west geoidal section across India and Burma.. 

The ineridional component of the deviation was measured a t  
34 stations along a line from near Hyderiibad ( Deccan ) to Agra, 
completing the nort,h-to-south ~ e o i d a l  sect,ion. This component 
was also measured a t  11 stations in Bihiir. 

All the observatioils described above, are tabulat'ed in Table 2 
( pages 32 to 45 ) which coilstitutes t,he fifth addenduln to the list of 
deflection stations inCluc1ed in t'he Supplement to Geodetic Report 
Vol. VI. 

The programme for 1935-36 includes east-to-west sect'ions from 
Bombay to Waltair, ancl from Mangalore to Madras. 

19. Ba1uchistan.-The instrurrlents and system of work were 
the same as those used in the two previous years (see Geodetic 
Report lDRS,.pages 16 and 17, a i d  1934, pages 68 and GB),  except 
that no transit telescope was carried. Observations were made with 
the astrolabe only, and 1~ersonal equation was determined by 
observations a t  Dehra Dull i~nmediately before a i d  after the field 
worlr. Permanent motor transport was employed. This made i t  
possible to double thr  rate of work of prchvious years, ancl to retlucc 
the strength of the detachment to the officer in charge, A in- 
ferior sc*rvants, two drivers and two cleaners, and generally two inen 
for local escort. The transport used was two 30-cwt. four-wheeled 
lorries. 

The detachment under Captain G. Boinford, left Dehra Diln 
on 15th Oct., and started work a t  Sihi. They worlied westwards 
and observed 2 7  stations up to the 11-Gnian frontier by 13th Nov., 
when they returned to Sihi, ant1 hy 2ncl Dec. completed t'he remaining 
12 stations to Reti wherr thr  section is cont inu~d eastwards by 
Major Glennie's observations of l!I:<O-31. The cletachment tlhen 
r~t'urned to Dehra Di111, wllence Mr. R. B. Mathur took i t  to  Orissa 
( see para 20 ). 

T ~ P  w e a t h ~ r  was fine thronghout and only two nights were 
loat on account of cloud. Wind caused some annoyance, but this 
was minimized by drawing up motor lorries on the windward side 
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of the observatory. The Rugby 09.55 and 17.55 G.M.T. wil.elees 
time signals were heard wit'hout difficulty whenever required. I 

West of Sibi geodetic position was obtained by resection from 
existing data, but  soutlh a i d  east of Sibi resection was seldom 
possible and the observatory had to  be placed in the immediate 
vicinit,y of a trig~noinet~rical station. 

20. Or issa  t o  Rajputana.-Mr. R. B. Mathur, working on the 
system described in para 19, left Dehra Dim in two motor lorrieson 
14th Dec., ancl started work near Rknchi, where he had ceased work 
t,he previous spring. By 18th Jam. he had observed a t  25  stationsto 
near Allahf~bikl, when he visited the olcl longitude station a t  Fyzibi(1 
to check his personal equation. He  tShen observed a t  32 mom 
stations to near Ajmer where he connectecl with his north-ancl-south 
section of 10:-10-31 on 8th March, and finally observed a t  11 more 
stations along latitude 28' connectring this section with the weat 
end of Major Glennie's 1930-31 work near Bikaner. The detach- 
ment ceased work in the field on 5th April. 

The weather was generally goocl and oilly seven nights were lost 
on account of cloud. Geodetic posit,ions were generally obtaine(1 
by resection. The Rugby 09.55 ancl 17.5.5 wireless signals were 
heard without difficulty. 

21. Hyderabad to Agra.--Ob~ervat~ions mere made with the 
small Zenith Telescope on the same system, anel with a similar 
detachment, as in the previous p a r  ( see Geodetic Report 1934, 
pages 72  ancl 7:; ). The detachment, under Computer J. B. Mathur, 
lpft Dehra D i ~ n  on lOt,h Oct., and startetl work near ~ ~ c l e r i b a d ,  
whew the previous field season had been c lns~d.  Sever1 stations 
hacl been completer1 when J. B. Mat,hur fell sicli with typhoid. He 
mas replaced by Mr. B. L. Gulatee, who observed 2 7  stations up 
near Aqra between 9th Dec. nnrl 25th Jail. Com1)uter J. B. Mathur 
had by then recoverecl, and he observed a t  the 11 stations in Biha. 
These Bihkr latitude stations were spaced alollg the west side of the 
Huriljong Mericlional series startiuq from T.S. about 10 
miles WNW.  of Riimnagar near the Neplil frontier, and c~nding at 
Durq5di T.S. near Bikramganj railway station. 

This detachment was not provided with inotor 
transport. It was sometimes possible to use motor lorries for a few 
(lays a t  a time, hut country carts, generally four in number, had 
t n  he employecl. Geoclotic position was obtained by placing the 
Ohe~rvatory in the immorliat~ vicinity nf a trigonometrical station 
or i~~tersectecl point. The weather was generally p o d ,  and only 
two ~i ight~s were lost on account, of cloud. 

22. Personal equation.-Captain Bomford's personal equation 
was obtained by s e 1 . i ~ ~  of observations a t  Debra D m  before and 
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after taking the field, when the following corrections were found 
necessary :- 

Oct. 3 +Pa08 Dec. 5 +On.O9 
5 .03 6 el2 
7 el1 7 .21 
n .09 H ale 

Mean +O"Otl Mcnn +0'-14# 

For the correction of field stations, the correction for personal 
equation was assumed to have changed progressively from OS.08 to 
0% 14. 

Mr. R. B. Mathur's personal equation was obtained by two 
series of observations a t  Dehra Dfin and also by one a t  Fyziibd in 
the middle of his work. Fyziibid is a longitude station of the old 
telegraphic longitude net. During the observations of the arcs of 
this net the observers changed ends, and their work is considered to 
have been reliable. The corrections found necessary were :- 

Dec. 5 + O W 0 2  Jan. 22 + 0'.03 April 15 -0b03 
(i .OB 23 .OB 16 .O6 
7 .15 24 -0 .02 1 7 -03 
8 .06 18 a03 

RIeaii + W.07 Mean +Oh.02 Mean -OS.04 

For the correction of field stations, the correction was aesumed 
to have changed progressively between the three values given 
above. 

Both Captain Boinford and Mr. R. B. Mathur observed a t  
Dehra Dun on Dec. ri, 6, 7 and 8, the one shortly after the other, 
using the same clocks and wireless signals. Their differences on 
the four days were 0'. 07, 05.06, 0"06, 0" 0S, which indicate tha t  
although t,he observers have considerable personal equations, most of 
the random error ( e.g., the very high co~rect~ion on 7th Dec. ) is due 
to instrumental or atmospheric causes. 

23. Probable errors.-In the east-to-west sect,ion t.he mean 
probable error of the deterinination of latitude by the astrolabe a t  
each station was + 0" .  35 ; of local time + 0" 01 9 ; and of the time- 
keeping of the " mean clock " between wireless time a i d  star time 
+ W.019. - 

As in previous years, the probable error of a value of personal 
equation determined by two series of observat,ions a t  Dehra Diin 
(or Fyz iba )  callnot I;e considered to be less than Oq.02 .  The 
probable error r ~ s u l t i n ~  froin personal equation in the Baluchistiin 
part of the sectiol~ ( 500 lniles of casting ) will t11e11 he 3 - 1, f w t  : ill 
thr part bchtween Orissn and Allnh;l,b:td ( 250 miles ) 1 . 7 feet : and 
between Al]ah%l,&d and Bikaller (600  miles) 4 . 0  feet'. These 
figures require slight illcrease to allow for the ot,her sourcps of error 
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to ( say ) 4, 2 and 5 feet respectively. The probable errors in the 
different parts of the section are independent, and if these three 
probable errors are combined with those of the Bengal and Burms 
sections of 1933 and 1934, the total probable error of the relative 
geoidal height of the two ends of the section 2,500 miles long is 
f 9 feet'. 

The average probable error of the Zenith Telescope latitudes 
in the rneridional section was + 0" .  30. I n  this work there is no 
personal equation, and the relative geoidal height is determined 
with much higher accuracy than in the east-to-west line. The 
largest source of error is the scale error of the primary triangula- 
tion. 

24. Laplace stations.-In Baluchist&n two-night programmes 
were observecl a t  Tozghi ( Lat. 28" SO', Long. 62" 17' ), and at 
Vijnot ( Lat. 28' 02', Long. 69" 50' ), t,rigonometrical stations at 
which azimuth had previously been observed, in order to form 
Laplace stations. 

At Tozghi the deflection cleduced from the azimuth observation 
is + 1 6" 3". The deflection deduced from the longitude observa- 
tion is :-1st clay + 13" SO, 2nd day + 1?".0, mean 12".5. The 
discrepancy of 13". 8 suggests an accumulated error in the triangula- 
t'ion of 2".1. These figures are, of course, wit,h reference to 
Everest's spheroid. 

At' Vijnot the cleflectioil deduced from aziinuth is + 7".3.  
From longitude i t  is :-1st clay + 9" - 1, 2nd day + 10". 2, mean 
9" 6. The discrepency of 2" .3  suggests an azimuth error of l N n 2  
in the triangulation. 

Toz,ahi is 350 miles from Quetta, the nearest existing Laplace 
station, anrl Vijnnt is 300 miles from Karachi, so the suggested 
azimuth errors indicate a satisfactory degree of accuracy in bhe 
t riangulation. 

Betmer~l Orissa and RCijputti~la longitude stations were observed 
within 20 or 40 miles of several old azimuth stations. The 
r~sul t ing  Laplace equatiolls arp liable to prror on account of the 
rpal difference of rleflrction at thp azimuth ancl longitude stations, 
hut T a b l ~  1 shows the azimuth errors which are cleduced if this 
p o s ~ i b l ~  difference is ignorerl. Where several longitude stations are 
~ q u a l l y  close to the azimuth station, they have heen lneaned 
t o ~ ~ t h e r .  The rlerluc~d azimuth errors x1.e all satisfactorily small. 
The nm-idpntity of the stations makes them illapplicable as correc- 
tioris t~ t h ~  triangulation, but thpir small magllitucle serves to show 
that the triangulation is of good quality. 

A - - -- 
This f iyi lr~.  12".9 + 1".9 cot 9, is that obtained from Professional Paper KO. 

16 after applyinq to the q~ntletic azimuths corrections dednced from old Laplace 
stations. Similarly at V~jnot. 
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TABLE 1.-Laplace equations. 

25. The geoid.-Between Orissa and Biltaner the form of the 
geoid now obtained agrees fairly well with that  previously published, 
except that the rise u~lder  the line of the Aravalli Hills is now more 
stroilgly marked than before. I11 Baluchistail t on the other hand, 
the rise from east to west is much less than was show11 in Geodetic 
Report Vol. VIII,  and in the ineridiotlal section along the Great 
Arc there is also a considerable change between latitudes 15' and 
34', where the rise from south t,o north is now found to be 25 feet 
less than be for^. 

Charts VI anrl VI1 show the stations observed in the east-to- 
west aectio~i this season, and t,he clet,ailed geoidal coiltours which 
result from them. 

Longitude 
station 

Tl~ecorn~Iet iol~ of the two new gcwitlal sections across Iliclia makes 
it rlcsirable to redraw the gcoidal chnrt,~.  The existing charts are 
basc~cl on tlhat drawl, rplative to Everest's spheroid by Dr. de Graaff 
Hunter in Geodetic Report Vol. I. This was afterwards converted 
to the International spheroid by subtraction of the separation 

Distance 
between 

1 & 2 
Aziinuth station 

t Prelin~innr~ results of the 19:1.t-35 work in Hnliichistin were available before 
Geodetic Report 1934 was printed off, and were included in it. 

1  I 2  1 3  1 4 1 5 1 6 1  7  

P.V. de- 
flection 

(Everest) 
by longi- 
tnde at 1 

-- 

Khaira Bind ( 
Dehri-on-Sone J "' 

Rastogi Til ib 
Chakia ) 
Saukhara j " '  

Bagrehi ? 
Bargarh ) ... 

P.V. 
deflec- 

muth at 
2 

Mean 

- 

mi,les 

20 

25 

15 

Deduced 

t:EiIk. 
tion 

I Lht. 

Mednip,lr 2 5 ~ 0 5 t  i 
i Hirdepur 2 5  14 
I 

I Pabhosa ! 25 21 

-. 

Long. 

8@ 22, 

83 14 

R 1  19 

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

+ 1-4  

-0 .7  

+ 2 . 9  

- 2 . 0  

~ E n i  
+ 2 .4  -2 .7  

Amola 
1 

* Corrected for the known azimuth errors a t  old Laplace stations, see Profes- 
ional Paper No. 16, Table XCIV. 

Mendi ... 

Shokli ... 
Gngla Bhar ... 

- 1 .3  1 
- 2 . 0 1 - 1 . 2  
-0 .4  

I 
- 2 . 1  ? 

-1 .5  

- 1 .3  
- 0 . 7  ) 

t 0 . 1  

0 . 0  - 1 .4  

KRnkra 2 5  38 
! 

Rkjgarh ' 2 6 1 8 ' 7 4 3 6  

76 07 

75 01 Gsrinda 27 56 
I 

25 

15 

14 

+ 2 . 3  

+ 8 . 1  

+ 2 . 1  

... 

. . .  

... 

+3-R 

+2.2 

+ 5 ~ 8  
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between the two spheroids, and later information was provisionallp 
it~cluded in Geodet.io Report 1934. I n  order to  incorporate the new 
information more satisfactorily, the geoid has now been drawn afreeh, 
relative to the Iriterriatio~ial spheroid direct. Chart VIII shows the 
line0 along which deflection stations lie, and along which integrs- 
tion has bee11 carried out to show the form of the geoid. The 
thick red lines are those along which integration error is negligible, 
the broken red lines are those in which data are very scanty (inter- 
MIS of 100 miles or more ), or which depend on azimuth statione: 
and the unbrokt.11 thin red linea show meridional sections of fair 
reliability with stration intervals of about 40 or 80 miles. Chart 
VIII also shows the closing errors, in feet, obtained by clockwise 
integration round the circuits. Apart from the circuit with an 
error of + 36 feet in sheet 72, whose error can confidently be 
attributed to some self-evidently inaccurate azimuth deductions 
along ite northern side, the olosures north of latitude 24' are satis- 
factory, while those south of latitude 84' are generally bad. It is 
thought that the bad closing errors of these circuits result from the 
weak azimuth deduction0 which give the sectiolis between Bornbey 
and Waltair, and between Mangalore and Madras. Accurate 
sections are being observed along these lines in 1935-36, but in the 
mean time geoidal contours south of ( say ) latitude 21' are very 
uncertain, except for the meridional section along longitude 78'. 

Chart IX shows the geoidal contours which result. When di6- 
trihuting circuit closing errors, no correction has been apportioned 
to the two main section lines, and the errors have been distributed 
among the weaker lines as has seemed most reasonable in each case. 

Chart X shows t,he compensated geoid, derived from the geoid 
by suhtract,ing t,he geoidal rise caused by the actual topogrephy 
! assumed to he of normal densit,y ) and its Hayford cornpensetion 
( Ckodetic Report Vol. V, Chapter I V  ). 

The ideal way of drawing the compensated geoid is to obbin 
i t  rlil.ect by integrat,ing the Hayforcl deflection anomalies, but it  ha^ 
[lot heen Found possible to compute the Hayford deflectio~~s at all 
t,he very numeroue stat,ions observed, and the method which hm 
h e n  uwd in~tead gives good results if the points a t  which the 
-ration is ralcnlatml are reasonably chosen. AR a check on the 
method, thp height of the compensated gpoid a t  Quetta and ~ u a h k i  
above that st Sibi was calc~ilatecl by both methods, with the resnlta 
shown below :- , 

Heiqht, of compen~ated 
geoid abnvo Sibi ( feet) 

H~ ight  of poirl ( e ) By integration ( h ) ~ ' c l 1 1 c ~ ~  
A ~ V P  Sibi (feet) of Heyford from the 

anomalies geoid 
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Quetta is about 70 miles from Sibi, and Nushki is 120 miles. 
The topography varies from sea-level to 11,000 feet, and deflections 
are ill  places as much as 28", so the geoidal unclulatioi~s are excep- 
tionally large, and the test of the method is a severe one. The 
discl.epancies ( + 0 .  7 fret arlcl - 0 . 4  f e d  ) are thought to be satis- 
factorily small. 
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TABLE 2 

g 
a 

785 

- 
786 

7 

788 

789 

790 

$91 

Height 
in 

feet 

900* 

1150* 

I 

792 
-- 

g 
u - 
d 

73 E 
-- 

E 

International 
Spheroid 

Deflections 

- -  - 2.0 

Observed nt 

Dimra ... 
Chhotki ... 

7 
-- 

E 

72 H 
-- 

H 

H 

Meridian 

I f  

t 5.8 

+ 9.0 

H 
- 

Jira Ksrrnatoli 

Kunur N. ... 

Surnjpura 

Kamalbir h.s. 

Danua ... 

Calculsted Deflec- 
tions. 

Hnyford System 

P.V. 

11 

+ 1.6 

+ 3.2 

1300' + 4.1 + 2.0 

- 

$93 

794 
-- 
793 
- 

$96 

797 
- 
798 

- 
$99 

Meridian 

I f  

_ _ - - - ,  
--- 

Cal~ul~ted D& 
tions. 

Uncornpen~pted 
Topograpb to 

Meridian p.7, "7 

1850* 

1450* 

1338 

---- 

- -  
Kihudig ... 

P.V. 

,I I1 

- 

D 
- 

D 

(1 I 
I 
I 

I 
- -  

+ 7.2 

+ 9.3 

+ 13.2 

-- 

--- 

--- 
---I 

-- 

- 
500* 

- 

-- 
802 

8O:j 

804 

-- 
A05 

- 
HOti 

'p 
I 
I, 

' I 

--I 

- 
Sherghiti . . 

Sirimpur ... 

- 
t 18.0 

0 

K 
-- 

K 

K 

K 

- 
%1 

- 0.4 

------- - 0.3 

- 1.2 

-I 

600* 

0 

0 

Rnstogi Ti l ib  300' 

- - i Dsgmegp~lr 300' .'. i 
I 

Jnswar ..- I :joo' 
- 

Knthws y:% ... / :NO* 

- 

- 4.4 + 17.5 

450* 

400* 

1) 

-- 
I) 

-- 
63 P 
-- 

0 
-- 

0 
-. 

Chakia ' 300' 

+ 10.6 

- 
+12.2 

-- 
+11..3 

- 
+10.0 

- 
+ 8.8 

Seukhar~ . . . I  ;)(10b+135 

- -- 

Mejs H.9. 

I 

-------- 

- 2 . 8  

+ 2.6 

--___- 
+ 1 .0  

- 2.4 

----- 
+ 2 .1  

+ 3 5  

----- 

498 

+ 14.3 

+ 15.4 

------- 

Khaira Bind s. 

Dehri-on-Sone 

I -  

+ 14.3 

--- 
+ 2.4 

-- - -- 
+ 2.1 

- 

----- 

+ 1 - 8  

A07 

A08 

808 

-- 
+ 2 . 5  

-_ 
+ 2 .6  

- -  
+ 2.8 --- -- 

-I I 

I 
i 

- 1.4 

- 0 . 1  

362 

- 
350' 

Approximate. 

+ 3 . 6  

- - 
+ 2.9 

+ 2.0 

I 

------- 
--- 

+13.4 

-- 
+ 11.2 

Auwin . .  

~ n h i < i % i c r  ... 1 100* 

Shiu ... / 250' 

-- - 

_- 

C1 

-- 
C )  

Q 

3 0 0 * + l B 8  

+14.2 

+12.3 

------- 

-- 

- 

Khorir ... 

Deoria ... 
Sheorajpur ... 

-----I 

\ 

-- 

- 
350* + 7 . 7  

/ 

-- 

300' + 8.9 

400*+11.2 



CHAP. 111.1 DEVIATION OF THE VERTICAL 

DEFLECTIONS 1934-35 

% 

786 
- 
786 

787 

788 

Latitude 

0 I 11 

A 2327 59.1 
G 23 27 55.6 
A 233441.7 
G 23 3435.0 
A-23-4553-1 

2345 51.4 
A 23 57 57.4 
G 2357 52.7 
A 24 10 45.5 
G 241038.8 
A 24 21 52.38 
G 24 21 41.86 
A 242624.4  
G 242609.6  
A 24 29 54.0 
G 242938.8  
A 24 34 16.3 
G 243403-8  
A 24 39 00.0 
G 243847.4  
A 244757.65 
G 244747.13 
A 2455 11.8 
O 2455 03.6 
A 24 67 50.9 
Cf 2457 40.0 -- 
A 26 03 08.0 
Cf 25 02 5 6 ~ 8 ~  
A 25 01 36.5 
Cf 26 01 27.2 -- 
A 25 03 14.0 
(3 25 03 03.5 
A 25 02 42.3 
(3 260231.0  
A 260602 .8  
0 26 06 65.2 
A 25 06 62.3 
Cf 25 06 43.1 
A 26 06 37.9 
Cf 2506 29.7 
-- 
A 25-09 20.6 
Cf 2509 13.6 

Longitude 

0 I ,I 

A 85 47 36.3 
G 85 47 43.4 
A 85 37 5 6 1  
G 85 37 55.3 
A 85 29 22.8 
G 85 29 29.4 
2 85 22 22.8 

G 85 22 31.9 
A 85 23 14.0 
G 86 23 22.9 
A 85 19 16.50 
G 85 19 26.47 
A 85 1 0 3 3 . 2  
G 85 10 46.6 
A 85 01 56.7 
G 8 5 0 2 0 7 . 4  
A 84 47 40.7 
G 84 47 50.6 
A 84 35 68.2 
Q 8 4 3 6  06.6 
A 8 4 2 0 2 4 . 8 2  
G 84 20 36.01 
A 8 4 0 m s  
G 84 09 18.8 
A 83 56 18.9 
G 83 56 25.6 
A 83 47 15.0 
G 83 47 25.3* 
A 83 36 23.4 
G 83 36 28.7 -- 
A 83 23 48.8 
G 83 23 52.3 

2 8 3 1 3  02.0 
G 83 13 07.3 
A 8 3 0 2 0 6 . 0  
G 83 02 10.6 
A 82 47 06.9 
Q A2 47 10.6 ------- 
A R2 35 48.3 
Q A2 35 62.6 
A H2 23 36.3 
G 82 23 40.2 -- - 

EVEREST'S SPHEROID 

Azimutll 

0 I 11 

N m e  of station 
obeeroed for 

Azimuth 

+ 6.7 -5.3 789 

A 2s 07 16.83 
Cf 25 07 10.16 
\ 

A 25 -0R-34.fi 
-a 250830 .0  --- - --- 
A 25 19 01.6 

2"A 66.9 -- - 
A 26 1229.9  

+10.5 

+14.8 

-- 
+15.2 

- 
+11.5 

-- - 
+12.6 

+10.5 

+ 8 .3  

+ 10.9 

+11.2 

+ 5.7 

------ 
+ 4.6 

+ 577 

+ 8 - 0  

A A2 06 49-89 
G 82 06 63.3R 

=I-F 
a RI  6s 46.0 
A H1 47 54.3 
B 81 47 67.6 
A 81 36 42.2 

- 
Deflections 

a 25 1821 .9  

Meridian 

11 

+ 3.5 

-- + 6.7 

+ 1.7 

+ 4.7 

-6.2 

--- 
-9.4 

-6.9 

-- 
-6.1 

- 
-4.8 

--- 
-7.3 

--- 
-1.7 

--- 
-3.2 

--- 
-6.6 

-0.3 

+0 .6  

- 
-0.0 

--- 
-0.7 

a H I  36.Es.1 

P.V. 

11 

-3.6 

-1.9 

---- 
-3.1 

--- 
-5.4 

790 

791 

792 
- 
793 
-- 
794 

796 

796 

797 

'798 

- 

- 

806 

807 
-- 
808 

A09 

- 
N o ~ ~ : - M i n u s  sign denotes N, or E .  defledion nf the  plumb-line. 
* Co-ordinate0 from maps. 

15 

+ 9.3  -1.9 790 

- 

+10.5 

+11.3 

+ 7.6 

+ 9.2 

- 
+ 8 - 2  

-0.4 

--- 
-2.0 

--- 

800 

801 

-1 .3  

--- 
-1.4 

-- 
-0.9 

802 

803 

- 
804 
- 

+ 6.9 

- 

-0.6 

-- 
806 
- 



' GEODBTIC REPORT ' 

TABLE 2 
Calculated D e 0 ~ .  

tions. 
Uncompenmted 
To~~rnphp to 

2564 mllea 

g - 
8 

810 

$ 
u 
% 

Internatio~lal 
Spheroid 

Deflections 

B 

63 G 

Calculnted Deflec- 
tions. 

Hayford System Observed nt 
Height 

in 

Meridian 

11 

+10.9 

811 

812 

813 

B a r p h  .. 

feet 

5OOX 

P.V. I~eridian 

- 

' 

G 
-- 

C 

C 

I 

+ 0.4 

+ 1.9  

------. + 3.4 

+ 0.5 
- -- 
8141 C 

,- --- - 
884 K Karere i I -- - -- - - I  
825, a Amole 1 

1 -- - - -- 
I - - 

826 1 C; Lakni h,s.-/-1600* + 6.2 + 4.8 

- I -- - 
827 a Pali ... 1-1553 + k . 3  + 2 T  

1 - - - - - - - - . -_-- 
(3 Thina Qasba ... 11300' + 1.0 + 0.8 

- -- - 
I 

-__ __---I 
839 1 Q RIamoni 

- - . - - - - -  
R30 C rorie 1 6 "  + 3.8  - 0.8 
- - - - -- 
831 C Bislii 

---- - 
-- _ - - ... 850* + 6 7 + 1.7  

-- - - - - - - - - - - - ... ROO* + 6.5 + 3.5 

Approximate. 

-- 

- 
- 
----- 

-- 

------- 

------ 

Begrehi ... 

Shiurampur ... 
B T ~ E U ~ ~  . 

11 1 I ' I1 

+ 2.0  

-- 
Girwin ... 

11 I1 

- _  

I - - - - -  

__-I-______-- 

400" 

450* 

450" 

=I T 

_ _  + 9.0 

+ 6.6 

+ 9.4 

450*+ 

816 

817 

0 Mahua Itaura 550" + 7.0 + 1 - 6  
-- - _ - 

- 

+ 7.6 I +  1.8  

+ 7-2 ( +  1 . 4  

+ 5.6  + 2 .2  

6 . 1  

Jnkbaum ... 
Kir i  Pah6ri ... -- 

64 0 
-- 

0 

819 

820 

8al 

822 

- 
823 

-- - 

4.50. 

6004 

--I- 
Lidpur ... 600* 

0 Gura ... 760" + 4.7 + 2 - 8  
- -- -- - - - -- __- - 

0 Nirnoni ... 700* + 5.0 + 5.3  

-- 
K 

-- 
K 

-- 
K 

~ w i r ~  ... 
Jhinsi ... 
-- -- 
GenjDiniira ... 9 5 0 W t  5.7 + 5 .1  

BOOY 

800" 
- 

+ 5.2 

+ 5.6 

+ 4.1 

+ 7.1 
-------- 

--- 



CHAP. 111.1 DEVIATION OF THE VERTICAL 

DEFLECTIONS 1934-35-( Cmtd. ) 

G 
3 
d 
- 

810 

811 

812 

813 

814 

815 

816 

817 

81F 

819 

820 

- 
821 

- 
822 

__ 
H2:i 

- 
834 

825 

826 

827 

828 

- -- 
829 

830 

- 
831 

-. 

833 
- 
834 

I 

Lntitude 

0 I 11 

A 25 11 08.0 
G 25 11 00.2 
A 25 1 4 0 4 . 4  
(f 25 13 59.6 
-4 6 5 1 2 5 8 . 6  
Q 25 12 55.2 -- - - 

A 25 14 4914 
Q 25 1 4 4 3 . 2  
A 25 18 59.5 
Q 25 18 56.6 - .- ~- 
A 25 25 30.3 
Q 2 5 2 5 2 5 . 9  
A 25 111 56.3 
G 26 1 9 5 2 . 3  

-- -~ 

A 25 18-47.5 
G 2 5 1 8 4 5 . 1  
A 25 23 27.3 
ct 2 5 2 3 2 3 . 6  
h 25 18 52.7 
G 25 18 51.2 
h 25 17 19.4 
(3 25 17 17.6 - 
d 2 5 2 1  45.5 
Q 25 21 43.5 - -- -. - 
A 25 27 02 .1  
a 25 26 6:b.T -- - -- - 

A 2 5 2 8 2 1 . 5  
(3 25 28 10.0 

- - 
A 25 27 14s.H 
(3 25 27 12.7 -_ . 

A 25 2449 .8  
Q 25 24 4(in4. -- -- . - - - - 
A 25 27 31.50 
(3 25 27 28.48 -- 
A 25 I S  10.5 
0 25 1 9  09.4 --- - . . 
A 25 1:: 15.6 
a 25 13 14.7 

-. 
' A -  25 l o  5519 
Q 25 10 54.3 

-- -- - . ~ . -~ 
A 2 5 1 5 3 5 . 5  

-G 25 15:144.9 
~-"r, 2o -] ,u, , 
Cf 2s 20 18.0 

-- .. _ 
A 25 14 s(i.19 
Q 25 145i3.00 

25 14 a7,.1.9 
Cf 2s 14 rl5.01 -- . 

A 25 1000.-8 
250957 .4  

No~n:-~ inz la  

Deflection0 

EVEREST'S SPHEROID 
- -- - - - -- 

Name of atation 

Meridian 

11 

+- '7.8 

+ 5.8 

+ 3 .4  

+ 6 . 1  

+ 2.9 

+ 4 . 4  

+ 4.0  

+ 2.4 

-- + 3.8 

- 
+ 1.5 

+ 1 .8  

+ 2 . 0  

-- + 2.4 

- 
+ 2.5 

+ 2 1 

- + 3.4 

+ 3 .0  

+ 1.1 

+ 0.9 

+ 1 .6  

~ - 

+ 0 .6  

--- 
+ 0 .7  

-- 
+ 3 . 2  

+ 2.5  

-- 
+ 3.4 

Longit~tde 
P.V. I 

11 

- 0.7 

--- 
- 2 . 1  

--- 
- 0.4 

--- + 1.3  

- 1 . 6  

- - 0 . 0  

- 0.3 

--- + 0.6  

-- + 1.5 

--- + 4.1 

- 
+ 3 . 1  

~- + 6 . 2  

. 

+ 4.3 

+ 4.6 

+ 5.4 

+ 4 . 4  

+ 2.4 

--- 
+ 0.t; 

- 
+ 1.9 

---- 
- 0 . 5  

- + 2 . 7  

-- + 2 3 8 3 2  

- 
+ 2 . 3  

+ 4.2 

Azimuth i I 
0 I 11 

A 81  26 18.8 
G 8 1  26 22.7 
A 81  05 57 .2  
G 81  06 02.6 
A 8 0 4 , 9 5 7 . 2  
G 80 50 00.8 
A 80 38 59.3 
G 80 89 01.0 
A 80 2 3 4 1 . 4  
G 80 23 46.2 
A 8 0 0 8  57.9 
G 8 0 0 9 0 1  1 
A 79 55 28.1 
G 79 55 31 .5  -- - . -- . - .- - 
A 79 43 OY . H  
G 7 9 4 3  12.2 
- - - - - - - .- - 
A 79 31 0'2.7 
G 7 9 3 1  05.7 
A 79 19 0 2 . 0  

r9 19 03.5 
- 

A 79 0 8 2 6 . 6  
G 7 9 0 3  25 .2  
A 7 8 4 9  54.9 
G 78 49 6,iq.R 

-.~ 

A 78 36 05.0 
G 78 36 01.2 
A 7 8 2 0 : i S . M  
G i 8  20 :j$..7 
A 78 OH 11.4 
G 78 08 09.5 

----- - 

A 77 56 4m7.4 
G $7 56 4.4.6 - 
A 77 4.3 57.27 
G 77 43 55.51 

~- .. 

A 77 29 26.43 
G 77 29 26.9 

- . -- - - - - - - 
A 77 20 5.1..2 
B , 57 20 56 .6  

-. - - - - 

A 71 06 16.2 
G 77 06 17,; i  - . ~ ~ 

A 76 5 0 0 4 . 8  
ct 7(; 6 0 0 8 . 7  *- -,-g-jj-l):R- 
B 76 34 50.0 
k--7(? 20 04,.5(1 
G 76 2 0 0 5 . 1 1  
A 7t; on 41.30 
ct 76 08 42 94 

75 50-51.5 
G 76 50 50.0 

eign denote0 

observed for 

0 I I, 

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

- 

. 

_ _ _ _ _ _ _  

- 

Azimuth 

- 

I 
N. or E. deflection of the plumb-line. 



GEODET~C REPORT 

TABLE 2 

International 
Spheroid 

Deflections i 
4 

Calculated Deflec. 
tione. 

Hnyford Syetem 

Meridinn P.V. I 
i 
u 
0 s 

836 

Observed at 

Calculated Detlec 
tiona. 

Uncompenaa~ 
Topomphy 
2564 mllea 

11 

0 

835 

Height 
in 

feet 

Meridian 

11 ,I 

Biindi ... 

Aklor ... 

45 0 
-- 

Jamidpura . . . 

Lv, 

I1 

- 

-- 
862 

- 
8.53 

854 

- 
855 

--- 
866 

857 

858 

kS9 

1300' 

=I7 

,Meridian1 P.V. 

Deoli ... 
Barla ... 

Approximnte. 

-- 
838 

839 

840 

a1 
- 
842 

843 

84.1 

- 
t345 

- 
846 

847 

848 

849 

850 

- 
851 

+ 4.0 

- 
0 

0 
-- 

N 
-- 

J 

44 P 
-- 

L 
-- 

45 1 
- 
44 L 
-- 

L 
-- 

H 
-- 

H 
-- 

H 
-- 

45 A 
-- 
44 D 

11 

+ 5.8 900* 

+ 4-0  

1O5OX 

1100' 

105Of- 

-1 - 
D 

-- 

I t  

+ 2 -  5 

-__ - 
+ 7 - 1  

+ 2.5 

- 0.3 

1.1 

- 
- 
- 
- 

Dorai ... 

- - 0.2 

39 H 
-- 

H 
-- 

H 

M~nkasar H.S. -I 
- - 

+ 6.4 

- 
633 

- 
- 

-- 

+ 7.4 

+ 7 - 5  

1150f 

Randisar ... 
Parsnen ... 

Toliirsar h.s. 

Banisar ... 

Bamlu ... 
Bikaner ... 
Chandni h .  

Ronesar H.S. 

- 
H 

D 
-- 

D 

- Vijnot ... 
Kubba T.S. 

Shokli ... 
Qugla Bhar S. 

Birimsar ... 

------- 

- 1 - 0  

13@ 

~ O O O *  

979 
- 

T.8. , _ ;----I---: 
D Pirbax I 

260' 

242 

- 
+ 9.0 

1300" 

1112 

- 
1300*+ 

/ 

--- 1 I 
-- 

Khii T.S. 

+ 4.1 

-- + 3-2 

---- + 7.9 

I 

-_ 

1 

+ 6.4 

--- + 6.3 

Wirsand ... 
-------I 

Kalhora T.S. 

Sultin-ka-Got 

- 2.9 

+ 4.5 

- 
1.4 

+ 5.1 

+ 3.7 

234 

+ 0.7 

- 0.1 

- 2.9 

- 
900' 

, 210 

201 

-- 
189 

+ 6.7 

------ 
+ 0.9 

- 

- 2.8 + 5.3 

+ 2.7 

--- -- 

------ 

-- 
--- 

+ 5.5 

+ 4.4 

+ 3.6 
- 

- 2 . 7  

-- 

- 
- 

700' 

- 
800' 

892 

-- 
689 

- 
------- 

+ 2.7 - 0.2 

----- 
+ 4.4 

----- 
+ 8 . 1  

--- 

+ 5.9 

- + 2.7 

+ 4-2 

- 
+ 4.8 

1 -  - .  

--- 

-- 

- 1.9 

-- - 2.2 

- 3.2 

- - 2 .1  

-I 
- 



CHAP. 111.1 DEVIATION OF THE VERTICAL 

DEFLECTIONS 1934-35- (Contd.) 

EVEREST'S SPHEROID 
- - - -  -- - 

observed for Aznnnth 

G 275253.7 -- 
A ~n 0'2 16.3 
G 28 OX 17.4 
A 24 07 52.9 
G 28 07 4!4.4 
A ZH 04 09.3 

Lnt~tude 

--- 
I 

- -- 

Lonfltn~le 

0 I 11 

A 25 18 26.5 
G 25 18 27.2 
A 25 26 02.4 
G 252601.6  
A 2533 37.3 
G 25 33 48.1 
- -  - - - -  
A 254507.5  
C; 25 45 11.2 
A 25 52 38.1 
G 25 52 42.6 -- 
A 26 00 03.3 
G 2600 07.8 
A 26 12 47.6 
G 261254.1  
*-7=81 
G 28 07 17 51' -- - 
A 28 02 04 09 
(i 28 02 07-02 
A 27 52 53-6 

I 

G 7 4 3 0 2 9 . 7  . - - -- - -- 
A 74 2230.6 - 1.1 + 
G 74 22 21.9 

0 I 11 

A 75 45 08.7 
G 75 45 04.5 
A 75 39 O2.9 
G 7 5 3 9 0 0 . 5  
A 75 80 53.1 
G 75 30 47.9 
A 75 23 27.8 
G 75 23 21.4 
A 75 16 59.3 

--I - 

G 75 16 52.8 
A 75 Of5 45.5 
G 75 06 37.2 
A 74 50 41.6 
G 7 4 5 0 3 5 . 7  
A 76 01 22.691 
G 75 01 23.42 
A 74 45 23.10 
G 74 45 27.58 - -- 
A 74 30 29.3 

- 4.5 I+ 

A 74 01 06 1 
G 74 0-14 10.3 
A '73 53 42 H 

A.79 

G 2804 OH-3 
A 2H 07 37.H 
G 28 07 36.2 
A %H 00 47.6 
(3 2HOo49.2 

+ :3-5 - 1.01846 

+ 1.6 

- 1.6 

G 73 53  46.8 j - - -- - 
A 78 SO 29.0 
G 73 40 31.8 
A 78 1H 55.8 
G 73 18 58.9 

I--- - -  -- 

-- 

- - -  

- 
- 6 . 5  

- 
+ o. l  

- 2.9 

-- -- 
A 27 53 17-69 
(3 27 53 17-60 - -- 
A 28024R.tiH 
a 24 02 49.20 
2-- -- 
.I 28 00 18.17 
3 28 00 15.40 

I 

- 
X I 8 4 1  

- 
1 7 . 2  843 

- 

+ 1.0 

+ o . ? ' - H X  

+ 0 1 

-- - - O.(j  

-- 
+ 0 7 
-- 
+ 2 7 

- 0.plHi.f 

- -- - 
A 2H 08 09.0 
(f 28 0% 06.9 
%- 

A 28 11--A 
(f - - 24 11 33.93' 
A %HI% 56.34 
(f 28 16 57.93 - -- _ 
A 28 06 05.8 
Cf 28 06 05.7 -- 

449 

-. 

850 
I 
851 

HSZ 

I 
- 
A 72 58 05.10 
G 72 58 08-96 
A 7 2 4 1  05.23 1- 
G 72 41 07-65 
A 72 2H 38.97 1- G 72 28 34-12 

- -  
+ 0.0 

- ~ - f i g x 2 : 1 . 0  
G 69 50 15.2 

6g 11 nF4.0 

--- 

- - - - - - - - - - - - 

N o ~ ~ : - ~ i n u s  sign denotes N. or E. deflection of the plumb-line. 

+ 0.5 

+ 2.8 

- .- - I +  2.0 

- - -  -- -- I -  1.6 

- RH- 

A 28 OH 29.08 
(3 28 08 29-74 I - 
A m 3 ~ T 5  
C4 28 04 09.41 

! @ 2.8 17 36.9 

857 
-- 
854 

- 
859 

G 69 41 29-05 
- -  / 

A ti9 20 13 51 

A RH 47 22.93 
G 68 47 16.73 

768-3-4 
(7 68 36 32.23 

A 68 2.1-05.3 
B 68 23 04.0 

-- 
+ 9 1 
- 
+ i o . n  

G 6') 20 06-91 
A -ti!) 05 56 (i 
G (59 05 49.1 

-- + 8.3 

- 
+ 5 - 1  

-- 

954 

nss 

_ .  - 0.7 

- - 1.4 

-- 

- 

R5H 

- 
+ 0.1 + 9.4 

- 1.6 + 3.0 

- -- -- 
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TABLE 2 

Calculated Deflec. I Tnternationnl Cdc~llated Deflec- bow. 

g 2 Hei~lrt Spheroid tions. Uncom~enmted 
1 

Observed nt  Deflections Hayford System T ~ L $ ? $ " ~ ~ e ~  
I 

2 5 -- 
d 8 

A60 39 n Temple Dera s. I 

86i D Nuttall ... 260*+ 3 . 6  - 4.1 -I 
I 

-- - - 
862 D &ll$i 

863 
- 
864 

865 

- 
866 

867 0 Tobao ... 2330* -11.4 ~ 2 7 . 9  - 9 5 +lea2 1 I 
4200' -11.3 +26.1 - 9.7 +15.2 -1 

-I 

i 
- --- - - 

K - ~ F t z c h a h  5680X - 4 .6  + 1 . 3  - ij.4 - 2 2 
-- -- 

1.3  -0.6 - 2 . 9  

[ _ _  - - K 2  (R piden ... 50@* + 1 6 - 2.3 + 1 .0  - 4.6 

8 7 3 ' ~ ~  GaLtng~~t ... 4R5O' + 1 .3  

- I 
__--- 

a - K  N ~ ~ r h k i  ... 3339 + 1.0  1-13.4 + 0.4  -11 9 

-- -- --ILL I _ _  ---- l- 

- -  

-1 
875 (3 I Ahrnnd \.\ $1 ... 3000* + 7.4  11 9 < 
- --I I - 

2900" +10.2 - 4 . 2  \ 
- I- 

876 ( 4 M ~ t l  
- -  - ---- - -- - 
H i 7  G I Kuchakki 
-- - - -- - -- -- 
878 G Padag ... 2AOO* + l l . 0  - 2.5 

-- I-- ,- - -- - 

H i 9  Zar,lgho ... 2n001 + l f i . G  - 6.3 
-- -- - --- -- - - 

880 D Knrodak ... ( 2ROO' + 9.8 + 0.6 

- /- 

881 D Talon . . . I 2600' + 1% I - 3.3  
-- - - - 

- - _ _  - 
RR2 30 P 1 Sohtag ... 2500* k 1.6 - 6 0  

* Approximate. 

-- 
34 O 
-- 

0 
-- 

0 
- 

0 

- 

- 
Lindsay s. 

-. - 
Pirak ... 1 

- 
bidher ... 

Kirta ... 
--- 

-- 
363 

MO* 

- 
+ - l . 5  

- 
- 3 . 1  

- 
- 2.7 

- 
+ 2.4 

I 
1 1  

1 
I 

I 

- 
500; 

1070* 

- 

.- 

- 3.7 

-- - 0.9  

- 

- 
-- 

+16.1 

_ 
i 28.5 

-- -- 

-- - 

- 

- 5.R 

--I 
- - 

I 

+ 8.5 

-- 
- 2 (i + 15.5 



cHiP, r I r . ~  DEVIATION OF ' THE T@RTICfi 

DEFLECTIONS 1934-35- (Cmtd. ) 

EVEREST'S SPHEROID 

Name of station 
ohsemed for 

-- 

Aiiimuth 

0 I 11 

- 

----- 
I 

Lrtitude Lougitude 

0 I I t  

I i+  2-9 1- 2.71875 
Cf 292238 .1  1 G 65 55 04.4 1 

- - --- - 
A 29 13 33.3 i A 65 45 m.2 I 
G 29 1:1 27 .5  G 65 . k ~  06.1 

. - - 
A 29 oa I:!.~(<: /I (;5 :il 16.2 v -- I a 29 05 11.2 (? 63 31 13.3 

. 

i +-AT77 
' 
z 8  x% 

A 2845 20.3 
G 2845 21.1 

I A 28 59 40.6- 
' G  28 59 42.4 
1 A 29 13 00.51 

G 29 13 03.63 

, -  0.8 

. -  1.8 

- 3 .1  

-- 
;- 7.8 

+ 1.6 

- 
A 68 04 31.8 
G 68 04 33.2 
A 68 00 26.9 
cJ 68 00 39.0 

7 6 7 5 5 5 5 . 2 1  
G 67 55 24.81 

i m 6 T '  I G  2926 55.5 
I F2FL.652- 
I C f  2929 14.3 
! A  2934 10.7 
; G 29 34 16.3 

. 

- . . - - - -. 

- - .- - -- - - 

-- 

--I 

I 

861 

-- 

2-67 50 15.0-1 
G 67 50 08.6 

2--6,-3FiG-.-7- i -- 
(f 67 38 37.6 
A 67 28 37.5 
G 67 28 01.0 

- - 8.4 

- 5.6 

P 

-16.1 

- 
-16.1 

. - 9.6 

- - 0 . 3  
- - 2.6 

C f  2t4 44 T,O.(; j C; A:( :jn 22.1 
; f - iH -4. 

A----! 
h i  1!l 00.9 I - !(' 28 ,I.? .1.5. 7 : u A;{ 1s 57. ; 

N ~ ' ~ ~ : - M ~ T L ~ L s  sign duncltc,s N. or E. deflection of t h e  ~luinb-line. 
* 0bscl.vntions of 1927-28, 
t kevised co-ordinates of 19;j-1 ;{A. 

+12.2 

+ 5;6 

- - 
+ 0.8 

__ 

- 3.1 

-- 

A 28 45 2:i .:i A 6.7 55 21.0 

+ 0.9 863 

+ 3 .1  863 !--I- --- 
+ 8.31864 

I - -- 
+22.01866 

1 - 7 2  6; 22 0.2.0 
I G 29 47 13.5 G 67 21 25.9 ! 

I 
-8--- + 1.11879 

1 - - -  + 8.21880 

' C f  28 45 25.9 - . .- -- 
j A 2f4 4 b :I; .H 

- 
+34.5 

- 
+34.0 

- 
+31.3 

-.-- 

+13.8 

-- + 
- + 5.2 

-- + 4.3 

! A  295429.2  
! G  29 54 45.3 
i-A-29 54 57.8 
( f  29 55 07.4 
I A  29 57 19.3 
/ G  2957 28.6 

A 29 53 5 x  
G 8 5 3  56.0 --- 
A 29 43 18.4 
G 29 43 21.5 

, -- 
A 29360-2-6 
G 2936 07.9 
~-2g-3~- ,~ j :2  
G 29 32 4 9 . 2 t  

- 
+ 4.6 

- 2.8 + 2.2 

---I-:;;-- 
-12.8 + h I 

-- 
866 

- 
867 

868 

- 
869 

7,7870 

-- 
871 
- 
873 

2 67 15 53.4 
G 67 15 20.6 / - 

A --$7-.-@-00.3-. 
G 67 05 47.5 / 

A 66 53 1 5 . 8 ;  
G 66 53 10.0 I - 

2 66 37 56.7 
G 66 37 53.9 / 
A 66 2 1  26.3 1 
G 66 24 24.5 1 
A 66 17 18 .8 ' -  
G 66 17 20.0 I 
3 66 02 51 .?I 
G A6 03 02.3t l  

-- 
881 

-- 
882 

- 

883 
ct A:3 55 21.7 
d---fi:l ;j~-2(; 6 

a- 873 

I ~2f i2-41~.-0-A-~522-~n.  2 I 

. I-- - 3.3 

. - 

+ 1.7 
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TABLE 2 

g 
j 

- 

885 
- - 
886 

887 

888 

888 

890 

g 
C 
a 

$ 4  

30 P 
- 

L 

1 L 
-- 

L 

Calculated De0m 
tiow. 

Uncompennnted 
Topogmphr to 

2504 mllen 

-- 
891 1 G 

Height 
in 

feet 

2000' 

2300" 

2300" 

Observed nt 

Ise Tahir .. . 
AlemReg .. 

Tozghi .. 

Dalil .. 

H 
-- 

H 

Mendian 

11 

892 
-- 

803 

P. V. 

11 

--- 
Kils Safaid 

Dholpur H.S. 
- 
Tohr h.s. 

Pagaro 1I.S. 

Yikreuli h.3. 

-- 
64 F 
- 

F 
I - 
89.1 F 

-- 
8951 G 

I 

International 
Spheroid 

Deflecbons 

Approximate. 

Ware Cheh 2468 + 2.0 + 4.3 

2750'- 

938 

608 

1122 

1454 
-- 
896 G l%rnoni H.S. 

- 

- 
- - -  

- 
-- 

Meridinn 

I1 - 6.2 

2 3 0 0 " - 6 6  

- 1.5 

+ 2.4 

Calculnted Deflec- 
t~ons. 

Hwford System 

Meridlnn P.V I 
I 

1 
Reg-i-Malik .. 

1596 

1578 

1614 

W I T  
I 

8G)81- 
I - 

-1 -I 

1 - 
- 

- 
- - - 

- 
- 

P.V. 

I /  

+ 1 0 

+ 2.5 

+ 3.3 

+ 4.9 

11 

------- 

-------- 
__-------- 

- 

5.8 

--- + 0.1 

+ 5.9 

+ 7.1 

+ 7.2 

Zakni h.8. 

GugubGa-~TS. 

- 1  - 
I 

I I -m 

I1 

I 
-1 

26004 

+ 5.7 

+ 6.4 

899 H NaiSarai 9. 

- I_- 
901 5 5  E Ldpur h.8. 1774 - 0.0 
- 
90% / Ksmkera h.s. 1830 + 0.1 

I 

e 0.2 

MU ( F ' Aralakhar East 
1 pole ... 
Hoshengibid 

-- , Rock h.3. 
B' j Kaveli h.s. 

+ 0.5 

- 

1603 

+ 3.6 

- 

- 

------- 
------- 
------ 

--- 

_ - 

----- 

- -  
+ 3 . 4  

1752- 

1346 

1122 

1685 

I 

-------- 
------- 

--- 
- 

- 

+ 0.1 
-- - 0.5 

-0.5 

------- 1 ~ a &  h.3. 

- 

--- 

- 

- 

-- 

wj 

-- 
- 

-- 

G 1 Atan h.s. 

~ - 1 ~ i l l a r  
I I h.3. 

1 1  

1826 

2009 

I 

F/~<iaclehi -h.3. 
-- - 

+ 8 . 8  I +10.1 

2291 
- -  ----- 

24.46 + 1.0 
I 



cHaP. III.] DEVIATION OF THE VERTICAL 

DEFLECTIONS 1934-35- ( Contd. ) 

i 
3 
$ 

885 

886 

887 
- 

888 
--- 
889 

890 

891 

892 

893 

894 

- 
895 

-- 
896 

897 

888 

899 

- 

Lat~tude 

A 2; 45' 40'm18 
G 284551.1  
A 28 49 55.3 
Q 28 50 06.0 
A 28 50 21.8 
G 28 50 27.4 
A-28 4799.8- 
G 28 47 11.3 -- - 
A 28 51 51.2* 
G 28 51 53.3t 
A 28 57 06.; 
G 28 57 10.0 
A 29 01 12- 8 
G 29 01 22.7 
A 26 39 08.03 
G 26 39 11.75 
A 26 27 26.48 
G 26 27 24.25 
A j6-lti 16%5 
(? 26 16 13.46 
A 25 58 19~fiG 
G 25 58 15.99 -- 
I\ 25 31 30.67 

EVEREST'S SPHEROID 

Azimuth 

0 I I1 

- -- 

- - 

. - -  

-- - -- -- - 

- - -- - -- 

- 

-- 

Longitude 

A 63'06 22v8 
G 63 00 14.2 
A 62 30 34.8 
G 62 30 24.9 

B 2 2 7 3 1 8 -  
G 62 17 20.7 
A 62 05 28.1 
G 62 05 15.0 
A 61 54 37.5* 
G 61 54 25.0t 
A 61 43 56.4 
G 61 43 44.5 

-=12856 .8  
G 61 28 47.7 

G 77 49 32.50 ---- 

G 77 49 00.49 

G 77 51 11.89 

G 77 43 53.25 
- - -  - - 

(3 24 48 00.91 
A 21 28 41.48 
G 2.1. 28 37.:3;3 
A 23 44 07 .R3 
CJ 23 48 10.47 
-- - -- 
d 23 25 00.18 
G 23 25 02.62 
A 2 - 5 5  36.79 

22 62 :iH 
A 22 43 50.61 

22 43 53 a 45 
A 22 30 41.55 

22 30 44.31 
G22-18 11.65 
a 22 18 04.89 -- 
A 22 08 47 .$5 
3 22 09 39.6l ~ 7 ~ r ~ f i - ~ ~ ~ ~ ~  

21 56 52.22 
\ 

A 21- 
21 44 24.02 

t Revised co-ordinates of 1984-36. 
P 

Name of etation 
obeerved lor 

- 

Deflections 

Yer id in  

-101*'3 

-10.7 

- 5.6 

- 1.6 

- 
- 2.1 

- 3 .6  

- 9 . 9  

- 3.7 

+ 2.2 

+ 3 . 5  

- + 3.7 
- + 2.3  

+ 3.1  

+ 0.7 

+ 0 . 4  
C: 77 35 40.26 -- - 

77 44 4'7.00 - 

C: 77 37 28.11 - - 

G 77 41 56-22 
- 

G 77 46 26 
-- 

G 77 43 56.90 

Q 77 50 06-52 
i5 

(t 77 40 21-34 

Q 77 40 18.27 

G 77 40 21.32 

(t 77 44 36.82 

-- 

_. -- - 

- 

N. or E. deflection 

P.V. 

+ 9y8 

--- 
+11.5 

--- 
t 1 2 . 5  

+14.2 

- 
+ 13.7 

+13.2 

--- 
+ 9 . 9  

--- 

--- 
--- 

- 

- 

-- 

NOTE:--Minus sign denotes 
Observ~tions of 1927-28. 

G 25 31 zx.31.1 o 77 41 38.24 

- - 

of the 

+ 4.2 

- 2.6 

- 2.4. 

-- 
- 2 2  

- 2.8 

- 2.7 

- 
+ 6.8 

+ 8.1 

-- 
- 1.7 

- 1.0 

plumb-line. 

-- 
A 25 27 31.51 
G 25 27 ZH.4,O 
11 25 12 00.80 
0 26 12 00.1:1 -- - 

A 24 4H 107i4 

-- 

G 77 43 55.55 -- - -- 

G 77 35 36.40 --- -- ---I- 
900 

--- 

--- 

--- 

-- 
-- 

- 

p-- 

- 
901 

902 

- 
903 

904 

905 

906 

907 
- - -  
908 

909 
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TABLE 2 

I 

Internntlonul 
Spheroid 

Deflectiona i 
ii 

Cnlculnted Deflec- 
tions. 

HnyIord Syetem 

Meridian P.V. I 
.I 1 !I 

I 

Obaerved crt 
; 
u 

j 

Calculated Deb. 
tiona. 

Uneompenmted 

- - 

- _  

-- 
Q B  

- 
884 

Height 
in 

--  
Khdipur T.S. 
- -  
BinChapra T.S. 

Topgnphy to 400 

$ 

910 

911 

-- 
912 

- 
913 

914 

- 
915 

- 
916 

Toposm~lw 
2564 

Meridian 

11 

- -  

- 

-- 

- 

---- 

- 

- 

- 

--- 

- 

- 

- 6 5 ~  
- 

-__-- 

- 30' 
-- 

-- 

--- 

- - -  

- 
C 
- 

C 

-- - ------- 

Bothi h.s. 
-- 
Dabho a h.s. 

Dhsmori Fort s. 

Donad S. 

Kopdi H.S. 
-- - 
Soyjan s. 

hegaon h.s. 
-- -- 

J&nnuotb h c  

~ i d & o n - - T i .  

l'erban H.S. 

Shivaltngaps 
9 . S .  -- - -  

Baktapur H.S. 
- -. 

Burgtbpdi H.S. 

Shilspnlle H S. 

Kandenmnmi 
T.S. 

hlarepalli s. 

~a-jrs T . S  

Bakwm T S. 

Rinherwe T.S. 
-- 
Daunda T.B. 

Gidsha T.S 
---- 

Nauhn T.Y. 

Katwarpur T.S. 

m 

56 (f 

- 
C f  I-f 

-. 

H 

H 
-- 
H 

58 E 

to 
milen 

P.V. 

11 

- 

-- 

- -- 

- 
- - - 

- 
- - -  

-- 

-.- 

-- 

-- 

-- - 

- 
- 
/ 

-/I 

_ - -- 
I 

Z 

207 

20.4 

miles. 

- I  _ 
I 

- - - I  -- 

- 

I 

I - 

lMeridiun 

+ll.8 

+ 12.9 

-- 
917 I E 

- 

-- 

-- 
-7.7 
- 

- 

--- 
-1.8 

_ _  -_ 

P.V. 

918 

919 

nao 
921 

922 

$423 

-- 
9% 

925 

-- 
YJti 

927 

-- 
928 
- 
929 

R30 

- 
931 

932 

-- 

- 

- -  

---- 
- 
- _  -- 

- 
E 

E 

F 
-- 

F 

F 
- - -  

C: 

C f  

G) 

7 2 A  
-- 

A 
- 

B 
-- 

B 
-- 

B 

B 
-- 

B 

leet I 

a 

- 

- 

- -  

- -  - 

-- 

__-- 

- 

-- 

-- 

-- 

-- 

. -__ 

2875 

1043 

1067 

la80 

1408 

1527 
-- 
1500 

1699- 

- 
1529 

1728 

1566 

1558 

- 
1729 

2f86 

- - 
2234 

- 
1758 

330 

-- 
28.1 

258 

271 
-- 
249 

223 

-- 
224 

n - 3.9 
--- - 6.0 

- 3.6 
+ 0.3 

- 3.9 
+ 1.4 
- - 4.5 

- - -  - 0.3 
- 
- 0.8 

- - 2.5 
-- - - 
- 2.9 

-- 
- 1.0 

- 1.2 

-- 2- 2 

-- 
- 3.7 

- 
- 5.3 

--- 
-11.4 

- 
- 5.2 

--- - 1.7 
--- 

+3.9 

- + 6 .5  
- 

+ 7.8 
- + 10.1 



CHAP. 111.1 DEVIATION OF THE VERTICAL 

DEFLECTIONS 1934-35-( Contd. ) 

B 
910 

911 

91 2 

913 

914 

915 

916 

917 

918 

919 
- 

920 

921 

-- 
922 

-- 

923 

-- 
924 

92 5 

Latitude 

A 210 32 27'e188 
G 21 32 33.58 
A 212135.27 
G 21 21 42-96 
A 20 59 13.93 
0 20 59 19.12 
A 20 32 55.25 
G 20 32 56-36 
A 20 20 3 2 . E  
G 20 20 37.19 
A 20 08 24.70 
G 20 08 24.55 --- 
A 19 55 37.39 
0 19 55 42.95 
A 19 42 28.24 
0 19 42 29.58 
A 19 28 45.52 
G 19 28 47.19 
A 19 17 27.19 
G 19 17 30.44 
A 18 44 52 67 
G 18 44 56.23 
A 18 29 36.40 
Q 18 29 38.00 -- 
A 18 16 31.78 

Deflections 

MVEREBT'S SPHEROID 

Azimuth 

0 I ,I 

-- - 

- 

-- 

-- -- 

---- 

- 

-- -- - -- 

Longitude 

0 I 11 

G 77 44 45-32 

G 77 42 54.21 - 
G 77 35 16.57 -- - 

a 77 37 13.85 

G 77 40 23.20 

G 77 36 50.78 

G 77 37 29.06 -- 

G 77 36 46.58 -- 

G 77 39 06.37 

G 77 40 51.36 

G 77 35 66.28 - - 

G 77 34 57.63 - 

Meridinn 

- 617 

- 7.7 

- 5 .2  

- 1.1 

-- 
- 5.2  

+ 0.2 

- 5.6 

- 1 . 3  

- 1 . 7  

- 3 . 3  

- 3.6 

--- 
A 27 12 11.01 
C f  27 12 26.23 -- - 

A 27 02 37.03 
0 27 02 46.00 ___ 
A 26 52 44.71 
a 26 V2 60.12 ----- - 
A 26 42 17-10 
a 26 42 16.85 
A 26-30-17 $0 
(3 263014.10 -- 
A 26 19 12.-32 
Q 26 19 07.98 
I%- 2h701 26733 
3 26 07 18.61 
A=3-7=6 

2"? 10.73 
A 25 4.6 59.00 ' 46 49.39 

Name of station 
observed for 

Azimuth 

.- 

- - 

pp 

-- - -  

-- - - -- 

' 

_ _  

-- 

- 

N. or E, deflection 

P.V. 

11. 

--- 

--- 

--- 

- -  

--- 

--- 
--- 

--- 

G 84 08 56.21 

O 84 11 17-03 
-- - -  

a 84 11 69-68 
- - - - 

Q 84 13 21 a91 

Cf 8 4 1 2 4 3 . 7 6  - a -- - 

(J 84 12 46-29 

G 84 13 03.79 - 

G 84 12 54-09 

84 13 67 -34 

C-I 17 46 13.61 
A 17 31 20.46 
G 17 31 34.45 -- 
A 17 20 00.48 
a 17 20 06-02 

- 

- 

N o ~ p  :-Minus sign denote8 

G 77 40 03.76 -- 

G 77 42 06.29 

G 77 41 46-62 

G 18 16 33.50 
A 17 46 11.01 

- 1 .6  

- -- 
- 1.7 

G 77 42 04.51 

---- 

--- 

--? -- - 

- 2.6 

-16.2 

- 
- 9 .0  

- 6 .4  

. -- 
+ 0 . 3  

- 
+ 2 . 9  

- 
- 4.0 

-- 

93 1 
- 

932 

933 

934 

--- 

-- 

--- 

- 

-- 

+ 4.3 

- 5.5  

of the plumb-line. 

926 

- 
927 

928 

92H 

930 
- 

+ 6.7  

- 
+ 8 . 5  

+ 9.6 

-- 
--- 
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TABLE 2 

g 
j 
d 

935 
-- 
936 

* Topography to 400 miles. 

Corrigenda to  Table I 

For details of stations serial Nos. 

g 
Y 

2 
u3 

72 C! 
- 

C 

... 

... 

-5 .0  

- 1 . 0  

20 

211 

Obsemed at 
Height 

in 
feet 

Calculnkd Deflec. 
tione. 

Uncompensated 
TOPO~IUP~Y to 

2564 milea 

Meridian P.V. I 
Kesath T.S. 

Durgiidi 'I' 

- 8 ' 1  

- 7 '  

+6.9 
-------- 

+ 1 . 4  

International 
Spheroid 

Deflections 

Meridinn 

Calculated Deflec 
tiona. 

Haylord System 

292 + 12':l 

-6.7 

-2.8 

P.V. Meridian 

293 

P.V. 

+ 14.7 

t 0 . 1  

$ 0 . 1  

-34' 

-19' 



CHAP. 111.1 DEVIATION OF THE VERTICAL 

DEFLECTIONS 1934-35-( Concld. ) 

qf Supplement to G. R. Vol .  VI. 

EVEREST'S SPHEROID 

Lntitltde 1,on~iLude Azimutl~ Name observed Azimuth of station for Meridian Deflz' P.V. 1 
18 and 20 substitute the following :- 

NOTE : -Minw  sign denotes N. or E. defliction of the plumb-line. 

For the longitude of at,at,ioil No. 614 Gildha, H.S. w a d  
74" 46' 06".1 instead of 74' 26' 06"- 1. 

U I I1 

A 25' 2; 19:86 
G 25 25 10.92 - -- - -- - 

A 25 14 46.00 
G 25 14 34.43 

+ 8:9 
- + 11.6 

0 I 11 

G 84 14 31.63 

G 8 4  17 35.56 

- 
936 



GRAVITY 

26. Summary.-At the beginning of field season 1934-35 Mr. 
M. N. A. Hashmie, B.A. took over charge of the Gravity Detachment, 
I n  preparation for this Mr. Hashmie had made during the summer 
a prolonged series of practice observations a t  Mussoorie. The de- 
tachment consisting of Mr. Hashmie, one computer and 10 khnloisis 
left Dehra Dfm on 6th October and returned a t  the end of December, 
after observing a t  thirty-three stations of which six were in Bombay 
Presidency, ten in Kiit'hiiiwir, three in Cutch, two in Baroda State 
and twelve in Rijput,iina. This season's programme was not suited 
to the employment of permanent lorries and the detachment travel]- 
ecl mainly by railway. 

There was some malaria a t  the beginning, otherwise health was 
excellent except in the case of the computer who had to return to 
Dehra Dfin in November owing to  appendicitis. 

27. Method of observat ion.-men preliminary base observa- 
tions a t  Dehra Diin were commenced in August, Pendulum A was 
found to give erratic results ; Pendulums B and C were satisfactory. 
It was accordingly decided to  swing only Pendulums B and C ,  
keeping A fixed in the middle position, so as to use its mirrors. 
This method had already been used with success for the original 
standarclixation of the pendulums and in the field season of 1927-28. 

The penclulums were hung throughout, in the same position; 
that is, C on the front pair of agates, A fixed on the middle pair 
and B on the back pair. 

The Marconi wireless receiving set R.P. 11, used in all previous 
seasons, was employed, and gave no trouble. 

The normal programme of observations consisted of 3 sets of 
duration from 6 to 10 hours each between time signals. 

28. Results.- he times of vibration a t  Dehra Dfin are shown 
in Table 1. In Tables 2 and 3 are give11 the mean differences 
between the times of vibration for Pendulums C and B ;  and the 
times of vibration, the cleduced values of y and the probable errors 
a t  each fielcl station respectively. 

Table 4 gives the ~let~ails of t,heoretica] ancl observed gravity 
and the Free Air, Bouguer, and Hayforrl or isostatic anomalies, 
with reference to Helrnert'a formula of 1901, and forms a fourth 
aclclenclum to Table 2 of the Supplement to Geodetic Report 
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Vo]. VI. Table 5  gives values of g -y,, the crustal warp anomaly, 
and Table 6 gives values of g- y,,, the isostatic anomaly with 
reference to the International gravity formula of 19f30. This last 
table is the second addendum to Table 6 in Geodetic Report 
Vol. VIII. 

Probable errors computed by the method given in Geodetic 
Report 1934 are given in Table 3. These probable errors show the 
results to be fully up to the standard of previous field seasons. 

29. Observations at old stations.-Observations were 
repeated a t  two old stations, that is Station No. 112  Ahmadabad 
and Station No. 2 14 Degina. The resu lt,s are as follows :- 

g ( old value ) g ( new value ) 
gals gals 

Ahinadiibiicl . . .  078 .636  9 7 8 . 8 3 5  
DegBna . . .  9 7 6 . 9 6 5  978 .982  

At. Ahmadiibgd the agreement is good ancl the old value is 
therefore retained. 

At Degina t,he original observations made in 1931 were not 
good owing t,o had clock contacts. The large negative gravity 
anomaly a t  this station always appeared iiiconsistei~t both with 
nei~hbouriilg ailoinalies ancl with local geology. It is t,herefore e 
satisfactory t,o fjutl that the repcatccl observatioiis a t  t'his st'ation 
result in a l~otably higher value of gravity. The new value for 
Degant~ is adopted. 

30. Recomputation of H a y  f ord corrections.-When gravity 
oh~ervat~ions were matlt. ill 13ih;ir ill ]!I24 the motlt~rii survey of 
Nepi~l hacl 11ot \,eo~i made. Thrse have now 1)ecil recomputed with 
the llew data, a ~ ~ d  as a~~ticipatecl thew art. some changes. The only 
large corrections are for Pilibhit !) ~ngals  and for Mot'ihiiri 8 mgals. 
The Hayfortl aiioinalics ( Helnlel~t's fol-inula ) for these ~t~at ioi ls  are 
affected as follows :- 

Ainong the Survey of Illdia gravity stations Jaffna now has the 
Peakst Heyfortl anom:tly, - yCH = - 99 ingals and Dcosai I the 
fFeatcst positive anomaly, + 00 mgals. Coi~sitlcrnl~ly higher an- 
olnalies have heen founcl clscwhcrc, cspccislly ill thr  Java Seas. 

31. Consideration of results.-The pu1)lication of the scconcl 
volume of Dr. Veiling Meillesz's iml,ortnnt 1)ook (hct~%it! l  Et:pcditiows 

!I - -YI . IT 

( nctw v:l.ll~c ) 
. . . - . .- - 

t119,l Is 

- 6 %  

-91 

Station 
~ ---- 

Pilibhit. ... 

Motihfiri ... 

n - YI-11 
( olc l  vn1110) 
. ~- 

?,tgcrls 

- 55 

- 99 
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at Sea* has brought a most welcome and valuable confirmation of 
the c n ~ t n t  tcrarying hypothesis, which was developed independently in 
India from a consideration of gravity data  there. His buckling 
hypothesis appears to  be in many respects the same as the crustal 
warping hypothesis and is mainly supported by similar arguments, 
based on a great wealth of data  outside India. 

The warp anomalies ( g - 7, ) , first shown in an approximate 
form ( g - ~ E A  ) in Geodetic Report Vol. V I  ( 1929-30 ) and in their 
final form in the subsequent yearly issues of the Geodetic Report 
are believed to  show plainly the main warpings in India excluding 
the widespread " Hidden Range " warp. These anomalies indicate 
all extension of the -4ri~valli upwarp to the Himdayas. This has 
receri tly been supported by geological evidence t . Geological evi- 
dence also confirms an extension of the Argvalli system to beyond 
Lahore which again is plainly inclicatecl by an  upwarp in thisdirec- 
tion f .  I t  is possible tha t  differential compaction of alluvium over 
t,his upwarp has coritributed towards water logging in the Punjab. 
There is eviderice tha t  the water table was rising in this area even 
before extensive irrigation began 4. 

The above facts are favo~~rable  to  the use of warp anomalies, 
hence i t  is proposed to consider last season's results in the light of 
these anomalies. They are shown in Chart XII ,  ancl Chart XI11 
(crustal structtire lines ). Hayforcl anma l i e s  on Helmert's spheroid 
( y - CYCH ) and 011 the I~~terrlatiorlal spheroid ( - yo) are shown 
in Charts XIV and XV. 

The first few stations of last seasoil's work were illte~lcled to 
&tinp more closely the western boundary of the downwarp concealed 
ulltler the Decci~r~ Trap east of Bombay, a l~ t l  to cliscover whether the 
Virldhynrl tlowlrwnrp crossed the line of the Sitpllras, though this 
schemed unlikely. The result has been to shift the boundary of the 
tl(-vrlwarp westward, thus accentuating the rapid risc to 
allomalhbs along the coast. The Gulf of (Jambay is plaiilly centered 
over this apwarp, ancl is probably a rift  [Iue to tellsion. The Sat- 
pllrn upwarp evitle~~tly continues to t h ~  coast, though there is & 

~ l o t a l ) l ~  narrowing on tmhe west. An atlclitiollal gravity station here 
wtlllltl be useful, hut the area is difficlllt of access. 

Further nort,h large positive anomalies are oht,ainerl (Pokaran 
-t 64 mgals ) no doubt associaterl wibh the volcanic clisturbances 
indicaterl hy the Malani series. The negative a t  Degina 
- - - - - -- -- - --- - - . . 

Gravity Expalitions at Sea 1823-32 Val. 11 by F. A. Vcning Meinegzp 
J .  H.  F Urnhrov~. Ph. H Knrnen 

t Rrrorrlq C+~a)l~,picnl S u r v ~ y  of Indin V01. LXVI  Part 4. 19.73 pag(s kf7 
R~ctwalq. ( t~1111~)g i (~~ l  S I I ~ V C - ~  of Inrlia VOI. LXVII Part 4. 19:34 page 4.49 

f Rprordq. G~tlltjgica1 Slvvey of India ~ o l .  LXVI Part 4. 183.7 pagal I . N .  
6 An inv~qtiyntia,n of t h ~  risc of water tnhle in thp TTppcr ( ' h r l l ~ h  ciann' 

5rl.n Pnnlah. R+x-l~arch Pt~hl icnt i~)n V I , ~  I NO. 1. ~ p ~ i l  1938. punish [rrigstion 
Rr=exrch Institntr. 
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is seer1 to  be associated with an irregular area of relatively small 
anomalies, but it is likely tha t  there are rapid changes in 

the anomalies in this area which requires a denser distribution of 
,gravity stations. Between t,his old volcanic area fringing the 
ancient Arivalli upwarp and the volcanic area in Ira11 and Afghanis- 
t51i the ancient bed of a great bay of the Tet'hys has buckled. 

A narrow downwarp appears to run west of Jaisalmer to t.he 
Rann of Cutch, the Gulf of Cutch being associated with this;  then 
there is an upwarp running up from Karachi to Jacobibid ; while 
to the west and north of this t,he main downwarp occurs. The 
bounda.ry fault and igneous formations further west indicate an 
upwarp. The epicentre of the recent Quett,a earthquake appears t,o 
have been over the deepest part of the downwarp which is evidently 
being still further narrowed and deepened. The warp ano~nalies 
therefore show very clearly the nature of this event,.   he negative 
anoinaly a t  Quett'a ( - 39 mgals 1 indica,t,es a depth of downwarp of 
about 11,000 feet. 

The structure lines in Baluchistan are shown tentatively in 
Chart XI11 in the area for which gravit,y data are ahsent,. This area 
is includecl in the programme for 19:3S-36. 
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TABLE 1.-Titnes of vibration at Delhm DQN, aeason 1934-35. 

1934 s 
September 26 ... 0.507 9526 

26 ... 9513 
0ct';ber 1 ... 9522, 

I 
9512 

2 ' ... ( 9519 
9512 

I 1 Weighted mean . .  ( 0.5079816n 

Adopted mean times of vibration. 

Date 

1934 

December 29 ... 
28 ... 
28 ... 
29 ... 
29 
29 .. 

- - - 

"sighted mean . . 

General mean 

C 

8 

0.507 9516 
9510 
9516 

0.607981'7 
9516 
9514 

Weight I 

8 
6 
8 

8 
6 
8 

-- 

0.507 9515, ' ... 

Weight 

8 
6 
A 

8 
6 
8 

- _- 1- 
0.607 9542, / . . 

B 
----- 

S 

0.507 9549 
9540 
9543 

0,5079542 
9544 
9540 
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TABLE 2.-Mean dixerences of pairs of pendulums, season 19-34-36. 
( The unit is lo-? sec.) 

* Repeat station. 

Station 
No. 

345 
346 
347 

348 
112' 
349 

350 
351 
352 

TABLE 3.-&lean times of vibration, deduced values of g and 
p~obcr ble ersoys, season 1934-35 

PENDULUMS 
Station 

Probable 1 Mean 1 error of 
No. I C B  Mean 

Station 
No. 

----- 
361 
362 
363 

214, 
364 
365 

366 
367 
368 

C-B 

- 5.5 
-23.7 
- 8.7 

-15.3 
-20.7 
-26.3 

-18.3 
-28.0 
-15.7 

C-B 

-28-0  
-31.0 
- 15.5 

-10.3 
-23 .7  
-23 .7  

-23.7 
-19.6 
- 9.7 

+ 2.98 
1.31 
1.39 
0.81 

2.73 
1.23 
1.4'7 
0.87 

1.57 
0.89 
1.92 
0.99 

1.03 
0.77 
2.34 
1.11 

369 
370 
371 

v 

+13.6 
- 4.6 
+10 .4  

+ 3 .8  
- 1.6  
- 7 . 2  

t . 0 . 8  
- 8.9  
+ 3 .4  

353 - 7 .0  
354 1-20.7 
355 1-22.3 

v 

- 8.9  
- 11.9 
+ 3 .6  

+ 8.8 
- 4.6 
- 4.6 

- 4.6 
- 0.5 
+ 9 . 4  

- 10.0 
- 8.3 
-24.7 

-11.0 
-10.0 
-28.7 

-26.0 

* Repeat station. ( Continued) 

345 s 
g 

346 s 
g 

347 s 

g 
348 s 

g 

112* s 
g 

349 s 

g 

350 s 

g 
351 s 

g 

+12.1 
- 1 . 6  
- 3.2 

+ 9 . 1  
+10.8 
- 5.6 

+ 8 . 1  
+ 9.1 
- 9.6 

- 6.9  

0.508 0531 
978. A83 

0,508 0399 
978.733 

0,508 0392 
978.786 

0,508 0405 
978.731 

0.500 0133 
978. 836 

0.5080170 
978.822 

0.508 0145 
978.831 

0.508 0251 
978.790 

--- -- 

0.508 0524 
978.674 

0.508 0374 
978.732 

0.508 0383 
978.729 

0.508 0390 
978,726 

0.508 0111 
9;8.834 

0.5080148 
978~821 

0.508 0126 
978. 828 

0.080 0223 
978.790 

i3 5.3 -27.5 
358 - 7.3 

359 -2'7.0 
360 -27.7 

0.508 0528 
978.679 

0.508 0387 
978.733 

0.508 0388 
978.733 

0.508 0398 
978. i 2 9  

0.508 0122 
978.835 

0,5080157 
978.822 

0,508 0136 
978,830 

0.508 0237 
978.790 

+13.8 , iii - 8 .4  
+11.8 

- 7.9 
- 8.6  
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TABLE 3.-Mean times of vibration, deduced values of g and 

probable errcrre, senson 1934-36-(concld,) 
. 

StRtion 
No. 

P~NDULUMS Probeble 
Mean error of 

C Mean 

978-768 
3 . 3  s 0.60S 0'249 

91 978.780 
I 

354 r I 0.508 0116 
g , "7n932 

3.5 8 , 0.  BOU 0094 
g i 978.U40 

. .  - - - -. . 

I 
352 0.508 0280 

978. i 73  
0.508 0256 

978.789 

0.508 0136 
978.835 

0.508 0114 
978. Nl3 

0.508 0288 0.508 0296 f 1.53 
978.771 

0.508 0253 
978.785 

0-508 0126 
978. 834 

0.508 0104 
978 842 

356 S I  0-5OR.OflO 0.508 0125 
g WR 810 !=t7H. 839 

357 s 0.508 0214 1 0.S08 0241 
g ( ~ 8 .  794 1 978.79.1. 

350 s 0.508 0387 / 0. SM 039:i 
9 / 978.725 978.736 

3 s i  O.jO80316 0 . 5 0 8 0 3 4 2  
q / 9'79.755 , 978.755 

360 s \  0.50U0484 . 0.5080452 
9 ,  %H.71:3 I 978.713 

R t i l  s 1 0. SOH O:i97 ; 0.508 0425 
q ! WYiH.723 i WR.72;3 

:3K2 ; "508 0422 0.508 0453 
!+79.714 978.71:i 

6 :  3 , 0.508 VLK3 0.508 0279 
q I !)78.775 9i9.780 

1 S !  0.5079737 I 0.50797+6 
g MN.978 978.985 

364 9 0.507 9'730 / 0.507 9754 
q ' 979.981 . W8.9H2 

3% s ;  0.5079887 ' 0.5079911 
g ;  978.920 ' 978.922 

3t;t; 9 0,507 971 1 1 0.507 9733 
9 1  WP.CIXH ' 974.9~9 i 

367 s i 0.507 9729 ( 0.507 9749 
IJ ' 97A.981 978. 984 

i 368 s , o.5rYi 966'; 0.507 M76 
! I :  9i8.005 N9.012 

369 s 0 . 5 0 7 W 1  i 0 . 5 ~ 9 6 1 1  

0.88 
3.11 
1.36 

1.H2 
0.96 
2.29 
1.09 

0.508 0123 
978.835 

0.508 or28 
978. 794 

0 508 0390 

9 ,  ~ 9 . ~ 0  
370 9 l 0.507 9481, 

g i  9'79,076 

371 3 0.507 9527 

:I. 10 
1 , 3,s 
2.@2 
1.20 

3.2.. 

974. 037 
0.507 9490 

979.0% 

0.507 9561 

1.14 

3.17 
1.38 

. 2-f% 
1.21 

2.13 
1.05 

979.011 

373 8 0-507953s 0 . 5 o i s s ~  0.5079610 
~ 9 .  o;a 979.083 979.0FlO 

8 4  : 0 . m  92% o.sm 9284 0.507 9270 

B.prtrWIoa 

!)78.732 1 ,;i9 
0.5080329 ! 2.:32 

978.755 ! 1.10 
I 

0.508043H / 2.45 
978.713 I .14 

0 .50R 041 1 I 2.51 
978.723 l.16 I 

0."" 04" 
978.714 1.37 

0.508 0271 ' 1 '3R 
978.77U ! ".X" 

O.SOi97.l.:! 2.15 
978.982 , 1.05 

0.507 97'l.L 1.72 
478 .982 0 .!)3 

0.5079899 1.72 
978.921 0 .U:i 

0.507 9723 1 1.72 
089 I 0.93 

0.507 9739 1 
0 .  H!I 978.983 , 2 ,  s2 0.507 9672 

9 9 . 0 ~  : 1 . 2 f i  

0.5079f3W 2'Ii4 
974.034 1 . zO  

0.507 9486 ' 3.O0 

979.080 

0.507 9539 
479.060 

g 

ma 8 

1.32 

1.88 
0.98 
2.43 

(YIP. 269 
i 

I 

979.163 

0.507!3025 

979.164 

0.5078WC1 

979,164 

0~5079012 
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TABLE 4.-Modern, grmuity ohservntionrr in India. 
( Additions in field seas011 1934-35 ) 

' Y 
go, , 8 6 station !l S - Y g  8-'YB 9 - T C  

~8~~ 1 I I I I 

t New value. The vnllle g i v c ~ ~  in ~feode t ic  Report. Vol. VTT. page 84 is rrjectpcl. 

N ~ T E : - T ~ ~ s  table is the  fourth rtddendiim to the list of gravity stations given in the 
Supplement tn Orodetic. Report Vol. VI. 

9 10 34 
18 10 34 
16 1034 

19 1034, 
21 10 34 
24 1 0  34 

2 1 
29 1034. 
31 10 34 

2 11 34 
5 11 34 
H 11 34 

1 0  11 34 
13 11 34 
6 i 

18 11 :I4 
20 11 34 
22 11 3.1. 

24 11 34 
2 ;  ] 1 1 -  
:10 11 3.1. 

212:i4. 
3 I 
:I 12 34 

7 12 :i4 
9 12 34 

12 12 34. 

14 12 34. 
16 12 34. 
18 12 34, 

21 12 :j-4 
23 12 34 

Umbarpidn ... 
Rijpipln ... 
Chota Udstipur 

Dohnd ... 
Ahlundibid ... 
Hilnrnatnngar 

Virnlngitrn . 
Wadhwin ... 
Winkiinc.r ... 
Jinlnxg:~r ... 

... 

315 
3J(i 
317 

4 6  Q 
46  G 
4 f i  J 

36 40 74 17 33 11;!1.2(;3 t .02H 

. . 

feet 

730 
145 
383 

1031 
156 
476 

92 
225 
:I86 

53 
14. 

106 

313 
33 

340 

16 
!4 

297 

41 
(i(i 

1112 

45'4 
(i!17 
635 

45 
286 
74.3 

'758 
771 

107:3 

348 1Ui I 
112';4,6 A 
349 146 A 

I 

350 (4ti I\ 
351 41 N 
361 41 J 

313 41 J 

... 
I 

Rhilj ... 
Dwirk;~ ... 
Jrta1s;lr . 
Porl~i~ndar  ... 
Vc>ri~v:~l ... 
D~:LP:L ... 

M n l t ~ ~ v ; ~  ... 
1 : ~ ;  . 
Dogin;l, ... 

Pnn1tl;rri ... 
H:rni\rfirn ... 
Rnrnlpr ... 

Dhor,~ N i r ~ ,  ... 
.TairinK,.tl(~r ... 
Jair:rln~c>r ... 
Pok;jra,n ... 
Phnlodi ... 
Oqiin ... 
clliln .., 
Mahijnn .. 

I 

356 I41 E 

O " '  

21 27 39 
21 51 5 6  
22 18 22 

22 50 17 
23 01 20 
23 :i(i 02 

23 07 31 
22 12 20 
22 36 06 

22 28 11 
23 02 10 
23 17 :iO 

23 15 11 
22 14 10 
21 43 35 

21 3H 20 
20 54 20 
21 48 25 

21 05 4.0 
21 46 10 
26 5:3 69 

25 50 15 
24. 45 10 
2.5 44 40 

25 31 25 
26 45 30 
26 54 10 

26 65 44 
27 07 50 
21; 43 60 

3 f 5  !44K1 ITnnllm:lngarh 
1 

' Relwat sta,tion. 

3:1i 

368 
41 R 
41 K 

-- 
O f "  

73 PH 41 
73 30 03 
7-1 01 12 

74 15 17 
72 33 55 
72 57 4,2 

72 OR 1H 
71 40 OH 
70 66 29 

70 04 06 
70 13 O N  
70 20 19 

69 41 05 
68 57 44. 
70 33 10 

69 36 25 
$0 22 18 
71 40 5H 

'71 46 OH 
72 OR 2R 
$4 19 26 

72 :I4 30 
72 12 10 
71 23 46 

69 32 05 
70 21 43 
70 55 00 

71 64 50 
$2 21 2 0  
72 54 03 

;{;I) '41 G 
360 I41 1, 
;IR1 1-41 0 

I 312 141 0 
6 C 

214':45 J 

38.1 :43 CI 
-1% 461) 
366 140 0 

Lie; '40 Q 
36R 1.10~ 
3% 140 J 

'l;O ;40 N 
A 

312 145 R 
1 

373 '45 E 
HI 

cm/sec2 

978.679 
978,733 
978.733 

978.729 
978.835 
978.822 

978.830 
978.790 
97H.771 

!478.'iH5 
R7H.8:14 
978.H42 

978.P3.5 
978.794 
97H.'i32 

978.756 
97R.71:i 
978.723 

HiH.714 
978, $7H 
H'iX.!1HZt 

cm/eecP 

+ .01A 
+ .010 
+ .005 

+ ,011 
+ .035 
+ .012 

+ .017 
+ .009 
+ ,005 

I + .002 
+ .002 
+ ,012 

+ .017 
+ .010 
1 .013 

i ,008 
+ ,012 
+ .002 

+ .015 
+ . 044 

,001t 

cm/sec2 ( cm/sec2 

978.982 
HiH.!421 
!17H,RH$) 

!17H.HH:i 
f)79.009 
979.034 

+ .026 
+ ,001 
- .005 

+ .018 
+ .030 
+ .009 

+ .013 
+ .012 
+ ,014 

+ - 006 
+ ,015 
+ .015 

+ .O29 
+ .02H 
+ ,027 

+ .025 
+ ,027 
+ .009 

+ .019 
+ , 044 
- ,001t. 

+ .002 
- .004 
- ,018 

-.017 
+ .025 
- .007 

+ ,010 
+ .004 
+ ,001 

+ .004 
+ .015 
+ ,011 

+ .019 
+ .027 
+ .Olti 

+ ,025 
+ ,027 
- .001 

+ .0lH 
+ .042 
- .03Ht1+ 

9'7!).080 
979.060 
9iH.011 

+ ,036 
+ .002 
+ .001 

+ .062 
+ .02R 
+ .037 

+ .071 
+ .0:I3 
+ 035 
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TABLE 5.-Values of g - 7,. 

( The unit is 1 mgal ) 

Corrections to g- yea Corrections to g -yCH 

9 -Yr 

t11 
t32 
+55 

- 7 f  
t16 
t38 

t34 
t 1 
t31 

+ l o  
+64 
t26 

t27 
t25 
t24  

t69 

station ' . a $= 9-YF KO. 2 a hD 

v 
- - ."*A_- -- 

Station 
No. 

361 
362 
363 

214t 
364 
365 

366 
367 
368 

369 
370 
371 

372 
373 
374 

375 

* Old value, see Professional Paper No. 27, page 31. 
t Repent station. 
f New value. The value given on page 33, Professional Paper NO. 27 is rejected* 

TABLE 6.-VCXZU~S of g - 7 ~ ~  
( The unit is 1 mgal. ) 

-14 
346 _ i l 8  

$ 
$2 
0: 
U 

- 3 
- 1 
- 1 

-11 
- 5  
- 7  

- 6  
- 1 
- 4 

- 7 
- 8  
- 8  

-10 
-10 
- 7 

- 6  

+ 25 
+ 26 
+26 

+27 

-127 

+27 
+26 
+26 

+26 
+27 
+27 

'2'7 
+36  
+26 

+2fi 
+25 

+22  
+ 14 
+ 1  

+ I 
+ 26' 
+ s 
+19  
+12 
+ 9  

+ 6 
+ a  
+15 

'19 
+25  
+25  

+27 
+36  

3 

-26 

-29 

-24 
-21 
-19 

-17 
-20 
-23 

347 1 

345 1-10  
l l 2 t  
a49 / - s l  

Repeat etation. 
N~~m:-Thie  table ie the eecond addendum to Table 6 of O h e ~ f ~ ~  

IV, Geodetio Report Vol. VIII. 

Station No. 9 -7cr Station N o .  g - y,, 

I 

345 I - 0 

4 ;  

-14 
- 7  
-14 

-27 
-32 
-32 

-32 
-32 
-32 

-31 
-29 
-30 

-2R 
-22 
-11 

- 1 

I I 

356 - 35i 
33s 1 - -10 

0 1 - 7 
:Itio 35g j - l l  

350 
351 

365 
366 
367 

368 
369 
370 

371 
372 
373 

374 
375 

346 
3 17 

348 
112* 
3 49  

350 
35 1 
352 

353 

1 
Station ~ o . 1  q - yr, 

1 -- 
I 

355 I - 6 
386 0 
357 1 8  

2= 
3" 
gC*0 
"'ri 

+26 
+25 
+26 

+30 
+29 
+28 

+29 
+28 
+29 

+30 
t 3 0  
+31 

+30 
+31 
+32 

+32 

- 1 
- 2  

+32 
+ 26 
- 12 

+ 21 
+ 1 
+ 54 

+ 16 
+ 18 
+ 9 

- 7 
+28 

- 9 
- 13 

- 6 
+ 18 
- 5 

- 1 
- 9 
- 12 

- 20 

:I58 
359 
360 

352 1 - 3  

353 I - 1 
3 I 0 
355 1 - 1  

354 - 14 
I 

- 5 
- 10 
- 6 

361 ' -16 
362 - 3 
363 + 26 

214. - 16 

364 1 + 















GEOPHYSICAL S U R V E Y  IN BIHAR 

32. Object of t h e  Survey.-The tectonic earthquakes of 
North India are probably due to a continuation of the process which 
has created the Hiinllayan Mountains. This process is the narrow- 
ing and buckling up and down of an ancient broad downwarp 
marked for long ages by the Tethys Sea. 

Whether this narrowing is due t,o movemeilt from t'he north or 
from t.he south, or bot,h, is a matter of cont,roversy aiid is not 
important from the point of view of the 10cat~ion of earthquakes in 
North India. 

' The narrowing of a crustal downwarp filled with uncompacted 
sediments would probably not result in a catastrophic earthquake 
hut when there are in addition layers of relatively st,rong and 
compact rocks these may be thrust forward, and i t  is these violent 
relative movements which create the shattering vibrations. 

It is, therefore, the local geological condit,ions of bedding, 
etrike, dip and fracturing of the rock formations and their relative 
strength and compactness which mainly determine the locatioil of 
the epicentral tract of an earthquake. I n  the preliminary account 
of the Bihkr Earthquake of 1934 by t,he Geological Survey of India 
it is stated with reference to the thrust plaiie exposed near Udaipur 
Garhi that "whatever movement may have occurred along this 
thrust plane below the surface, nothing reinarkable happened a t  its 
outcrop with the surface. It is more probable tha t  the movements 
responsible for the earthquake originated further south, along 
thrust planes that  are now concealed by the Gangetic alluvium ".* 
It is likely therefore tha t  movement along the line of a fault con- 
cealed l~jtder the  alluvium was the local cause of violeilce in the 
epicentral tract. It is of prime importance that  the course of such 

feature and of other geological features collcealed under the plain 
should be mapped. 

33. Geophysical investigation.-As the features are hidden, 
ordinary geological investigation cail~lot be employed. Gravity 
observations with t,he pelldulum can show the main tectonic dowll- 
warps and upwarps, but the peildululn is not suitable for the more 
detailed investigation required in Bihi.r. Recourse inust be had to 
more sensit,ive metllods of geophysical research. These are :- 

( a ) Gravimetric ( torsion balance ). 
( b )  Magnetic. -- 

* Rm. Qeol .  9 1 ~ ~ .  Ind.  Vol. LXVIII ,  Part 2, 1). 218. 
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( c ) Seismological ( artificial earthquakes made by erplo 
sions ) . 

( d ) Electric. 

The tlat alluvial plains of North Bihir, devoid of marked topo- 
graphical and geological feat'ures, form an ideal field for geophyOicel 
exploration. Penclulum results indicate, a t  the deepest part, s 
depth of over six thousand feet of light sediments, and since the 
underlyit~g rocks have probably a ilotably greater density, the 
torsion hnlance should be very suitable for cHarting the lower 
surface of the alluvium. Again i t  is known that t,he rocks of the 
Pcninst~la borderiltg the south edge of t,he Gangetic plain contain 
minerals capable of causing magnetic effects, so inagnetic investiga- 
tion also is promising if these rocks underlie the alluvium. 

34. Preliminary geophysical survey.-As a result of the 
above corleiderations it  was decided to undertake a short preliminary 
investigation using both gravimetric and magnetic methods 
independently over the same line of country. The line chosen for 
the traverse was from the NepLl boundary due south passing just 
west of Motihari, that is, approximately down the 84' 55' meridian. 
Since gravity data show the depth of alluvium to be rather over 8, 

mile the spacing of the stations should be about the same, so they 
were spaced 1 to 2 miles apart along the greater part of the line, 
hut closer near Motihari where the prolongation of the axis of the 
epicentral tract came; they were placed closer also where the 
observations appeared to indicate hidden features. 

35. The magnetic  detachment.- he magnetic detachment 
consisted of Mr. Shyaln Narain, one  compute^. and eight khalab 
equipped with a Survey of India magnetometer and an earth inductor 
with a mirror galvanometer. The earth inductor took the place of 
the dip circle usually employed in field work in India. Its mirror 
galvanometer is not designed for field work, and gave trouble atthe 
first station of observation, but thereafter worked well, and the me 
of the earth inductor instead of a dip circle resulted in increased 
accuracy and speed. 

Observations were made, with the magnetometer for declination 
and horizontal force, and with the earth illductor for dip. This Pro- 
gramme and equipment were suitable for preliminary work, intended 
to test the utility of magnetic survey in t,his area, but it  would not 
aPrvP for exteneive survejs. Only one station could bp occupied 
rlailv : thr v n l u ~  ft,r vertical intensity ( V.I. ) was derluced from a 
I I f th* t,hrrl-vntio~,s f o l .  hr)l-iac,llta] intensity ( H. ) 
llip. ;rltd $1, has I*lse ,wight than a direct £ 0 1  V. 1. and 
i9 1ll)t i~itleprl~llerlt of the H. o b s ~ r v ~ t i ~ ~ ,  and the disturbing 
r1lc.k~ w c b l . ~  at a x r ~ a t  depth. their effects were small and were 
maskptl hy thp llaily variations of t,he esrt,h'e field 
corr~cterl for these. These corrections were only possible some 
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months later when the data from the standard magnetic station a t  
Dehra Dan became available. For further work of this nature 
duplicate sets of vertical force and horizontal force variometers are 
required. Wi th  this modern equipment six or more closely spaced 
stations can be observed in an hour and diurnal variations applied 
without delay. 

Starting in the north near Raxaul in the beginning of October, 
the det'achment had t,rouble a t  first owing t o  floods. Wide detours 
of many miles had frequently to be made, and some stations had to 
be omit'ted. After crossing the SikrLna river, about eight miles 
north of Motihiri, conclitions improved very :much. Observat'ions 
were made a t  29 stations in all. 

36. T h e  gravimet r ic  detachment.-On the completion of the 
pendulum programme in January ( see Chapter IV  ) Mr. Hashmie 
set out again with the gravimetric detachment consisting of himself 
as observer, one computer and eleven khalcisis. By then the floods 
had subsicled and general conditions were much improved. The 
final results of the magnetic detachment were not yet ready, so the 
gravimetric work was entirely inclependent of the magnetic work. 
The same line was traversed but the observation stations were not 
identical with those of the magnetmic det,achment, and a longer line 
was travers~tl. Observations were made a t  61 stations in all, one 
or two stations being complete(1 daily. The instrumeut used was a 
gracliometer by Messrs. Oertling & Co. This iilstrument was obtained 
in 1930 hut owing to dainage on the journey out to Tndia was 
1.epnil.ed a ~ ~ d  improvccl hy Messrs. Coolre, Troughton ancl Simms in 
193 2 ( see Geodetic R(>poi-t Vol. VII,  paFe 79 and Geodetic Report 
1933, pige ix) .  Four new calibratecl tors1011 wires were obtained for 
the Bihiir work, and prelimiliary test obscl.vations were made at 
Dehra Diin. No brealtage of wire occurred during thc field work, 
and thc instrument rcmained well balanced throughout. 

37. Results.-Dvtails of the magnetic observations are giren 
i l l  Tnl)lc 1 and of t,he gradiometer observations in Table 2. 

The magnetic data are correctecl for c l i~rnal  variation, using for 
this purpose the conti~inous mapeltic observations of the Dehra Dfii1 
mag~ictic ol,scrvatory. The normal horizontal and rc~t ica l  force 
inhnsitics employecl to ohtailt thc anomalies are derivrd from the 
magnetic surveys of 1001 to 1020 and of 1930-31. The ~ x t r c m c  range 
in H. F. anomaly is from + 9 y to + 137  y ;  on t,wo occasio~~s there is 
an nhrupt change in anomaly between successive stations of OVPI. 

SO?', the probable error of observntion being about + 57.  

Thc o h ~ ~ r v e d  gravity gradients are sma,ll ; the northerly 
gradients range from + 1FiE to -8E ancl the easterly gradient8 
from + 15 E to - 1 h E wit,h a probable error of f 2 E. 
B e r ~  1 E =one Eotvos unit* = 1 0 - q C . G . S .  unit's 

= 10-"gal per cm. 
H 
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The corrections t,o be applied are :- 
( n ) Latitude correction * ( to  northerly gradients only ). 

This correction variecl from - 7 E to - 6 E in the south and 
il~troduces no appreciable error. 

( b )  Tel-rain and topographical corrections. These we1.e 
t~valuated following the system given in GeopAysicnl Prospect- 
ing by Brought011 Eclge ancl Laby but, owing to the extreme 
flatness of the country the corrections proved to he negligible 
a t  every stat'ion. 

( c ) Cartographical correction. Owing to the great mass 
of inomltains to  the north this is a most important co~r~ction. 
It Was obtained hy computi~lv the Hayford correction in the 

? 
same way as for a gi-avit,y statmn a t  five places along the line 
of the traverse and similarly along lines t80 the east al~d west. 
After interpolating the correction a t  intermerliate stations 
the graclient correction in both rlirections was computed. 

The cartographical corrections to the northerly gradients 
computeci in this way amount to + 9 E in the north r~ducing to 
+ 2 E ill the south. 

Since the correction is positire, i t  is evidel~tly t,he isostatic 
compensatioll assumed ill the computation which has the greatest 
?ffect. I f ,  therefore, the assul~lption of isostatic coi~~~ensatior~ is 
incorrect. nnrl a c~.ustal upwarp untlellie~s the enter ranges of t'he 
Himalayas, as indeed is indicated by gravity work up to rlate, the 
illtrocluction of the cartomraphical correction will have the effect of 
:.iving the gravit'y gradlel~ts a n0rthel.1~ bias especially ill t h p  
 norther^^ part  of the. traverse. The cnrl.pc.tioli to the easterly 
gradient is small, amounting to + 2 E in the north R I I C ~  zero ill the 
south. 

38. Consideration of t he  results.--1t has hepll shown above 
that the range of magnetic effect in this traverse is much greatel' 
thall that of the gradients, ant1 ful.they that the corl.clctions to thp 
qlsarlients B ~ P  co11sid~rahle, a11~1, ill the CRSP of t h ~  Cartographical 
c.(lrr~ction. havr prnhahly illtrocluced eyr(,r. 

IllterpI'etatio~~ of rc1sults baser1 the magllptic r ~ f f ~ c t  is, there- 
fore, most likely to he satisfactory. This rloes not mean, however, 
that the g ra (1 iom~t~r  results arp without value. If the results indi- 
cate that wherever the  maqnet,ic clatn show suclclcl~l changes therp,ls 
also a sudden change in the gravity parlic.nt either in rlirectio11 orll' 
amount, this may lr. taken R 9  strOllg c~nfir~matioll of the 
magnetic results. 

I t  has alrmdy lheen pointed not that the rc~rtical foi-re anomalies 
d ~ t a i n e d  through a combinatioll of obsPlvatiollr have b ~ 0  weight 

- - - -  

* The 1 ~tltl1116' ~ort.ection in Eotvns unitq is 
A y =  ( A C f l e i n : ! t $ - : ! ~ ~ ' q i n  1 + ) 1 R x  lo-'' 

where (3'. A and B have the values ln the forlllnln elllployed for theoretic P ~ ~ ~ ~ '  
70 = G' (1 + A sin2 9 - B sin2 2 $), and R ig the radius of the in centimetree' 
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than the horizontal force anomalies. Further when the dip is less 
than 4 5 O ,  as is the case in Bihar, the horizontal force alloinalies are 
more useful from the point of view of interpretatioli. In  Plate XVI 
therefore V.F. arlo~nalies have not beell shown; the upper portioii 
shows t'he magnetic results of clip, declination and H.F. ailomaly 
while the corrected gradients are shown below in plan. Where the 
gradiometer stations were too close together to be sho~v11 coilvell- 
iently oil the small scale of this plan the arrows repi.esent the 
average gradients. The illcliviclual gradient observations were, 
however, inutually coiisistent~, and are given ill detail in Table 2. 

Starting i11 the north inarlced changes are seen a t  oiicc in the 
H.F. anomalies, ancl this is reflected by a reversal of the gravity 
gradient. Co~ltilluing south conclitions arc steady as far as 
Motihari, where large changes in the H.F. a11oil1:dy occur in two 
stages followed by a steady increase in H. F. anom:~lp. The change 
at Motihiri is also inclicatecl by a chn~lge in the curve of magnetic 
cleclinations. A t  the same places large changes occul. ill the 
directions of the gravity gradients. Furthei- south magnetic \\.orli 
comes to ail encl, but tlle graclioineter iravei.se coutinues south 1)j 
west to Chiipra and shows further changes in the ~lirect~iolis of thc~ 
gradient arrows. Siilae graclioineter results in the nort8hern part of 
the line confirm the inagaetic results, they can be used with 
confidence in the southern part where inagiletic data are absent. 

39. Interpretation.-A final illterpretatioil is not possiblt. 
from a single traverse line of this nature. The figure below is con- 
sistent with the results. I t  inay be supposed that  there has been a 
southerly inove~nent a t  a concealecl thrust fault just south of the 
Nepal boundary, and that  the feature just south of Mot>ihiiri has 
opposed southerly movelnent in the lower layers of the alluvium, 
so that there is an ellhailceinellt of surface effects in this region. 

If this is correct then t,he s:tlnc featlure shoultl sc1l.ccll t8htb areas 
further south. Reaclillg the prelilainai*g report 011 t,he Nort'li Bihiil* 
earthquake from this point of view tlle following reporbs refer to 
the li~ic of tht: traverse. 

I 4 1. 
2 - 

t a  U i 

85 1 

r" - 1lO.el.t la I 

I--- 6lumr bell -- + -+ I 

" I X 

I : 0 
I 

I j I 
I 

: 3 
- "  n o  I 
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Motihiri .  "Mot'ihiri has suffered severely, faulting, fissuring 
. . . . . .  and emission of sand are very extensive.. .". 

JIasmkh. "Collapse of buildings a t  Masrakh is rare, but 
cracking is severe ". 

Chiiprn. "The town of Chapra has escaped more fortunately 
than other clist'rict headquart,ers in North BihL.. The town is free 
fram any fissures or sand vents, a,nd t,he relat,ive iiltensit,y of t,he 
shock, so far as the collapse of builcliil~s is concernecl, was distinctly 

4 
less.. . . . . . .  The collapse of buildings 111 Chspra is negligible . . . . . . . . .  
. . . . . . . . .  111 genel-a1 Chipra is free from ground cracks and t,he 
damage done t o  hilildir~gs is entirely due t'o ground tremor". 

This evidence t,llen is strongly in favour of screening by the 
feature south of Mot,ihari.* Additional geophysical surveys to chart 
this and other features under the Bihar alluvium are esseiltial for the 
correct planning of nleasures for  earthquake protection in this area. 
.. 

Since writing above DIr. J. B. Auden has pointed ou t  tha t  the narrow O d e ~ -  
sion west from Monghyr of t h e  I X  isoseist is a n  argument  against screening by this 
feature. The 1X isoseist however stops short O F  Chipra and the  V l l I  isosrist carve6 
UP close t o  Chiipra so t h t t  i t  cxn be arqued t h a t  screening is marked near Chip? 
and diminishes towards esst  corresponding t o  a decrease in  the height of main 
feature east of Motihiri .  

Further speculation is  idle: additional geophysiml surveys should soon make 
the  situation clear. 
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TABLE 1 .-Mfr gnetic Xtations. 

Dip 

' 1  I I I 

' W it11 observatory correction. 
t Rejected : Ga1vanomete1- in bad order. 

C.G.S. C.G.S. y 
0.35435 + 51 
0.35435 .t. 23 
0.35444 + %9 
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TABLE 2.Gravim.etric Stations. 





COMPUTING OFFICE A N D  TIDAL SECTION 

40. Summary .  -During the year uncler review the activities 
of the Co~nput~ing OEce apart  from a considerable amount of 
miscellaneous work have been about equally divided between com- 
putatlions for t'he La~nbe r t  grid, computation and adjustment of 
geodet,ic and minor t.riangulatior1 ancl colnputatioiis connected with 
the field ob~ervat~ions for latitude aiicl longitude described in 
Chapter 111. The Tidal Section has followecl its usual routine and in 
addition has computed monthly and yearly mean sea.-levels required 
by the International Association of Physical Oceanography. 

COBXPUTINQ OFFICE: 

41. Geodetic triangulation.-The side Hnthimura H. 8.- 
Maiang H. S. of thr  Assam Longitudinal series is the starting side 
of the new Assarn Valley series. hut  the observations at these 
stations have not confirmed the old clata and i t  is intended to 
reobserve at these stations next fielcl season. The computations of 
the new Assam Valley series have consequently been based on t'he 
sick Golaghiit H. S.-ChPni&binshon H. S. of the N&ga Hills series, 

The Naga Hills series was acljusted on the old Assam Valley 
t r iang~~lat ion,  a weak series, which has now been reobserved. Its co- 
ordinates were colnpiltrd and published to  two clecimals of a second. 
I t  has, therclfcire, been necessary to ignore t,he adjustment of the 
Nsga Hills series nod recompute its co-onlinatgs to three decimals 
of a secorltl in terms of the BiIaiiipur Loligitudinal series. The re- 
computations have been carried out ancl the new Assam Valley series 
has hem based on these values. When the connection with thp 
Assani Longitudinal series is finally establishecl, both the new 
Assam Valley series and the Niga  Hills series will he adjuster1 on 
to the Assam Lonqitudinal series. 

C'omputntinns of Poona and Padag hasp ~ x b n s i o n  trisngulr- 
tions have been completed. 

42. Minor triangulation.-lhe adjustment of topographical 
triangulation ill 1/M s h ~ e t s  29, 80, 31 a11d 33 has b ~ e n  completed 
and that of the Irinian sheets 1/M 9, 10, 16, 17,  18, 23, 24 and 25 
ie well in hand. Some framework data, for No. 1 T ~ ~ o ~ ~ P ~ ~ ~ ~ ~  
Party in s h d s  53 and 54 have also been acljusted. 

43. Lambef t  grid.-satisfactory has been made wjth 
the convereion of t,riangulation data on the North-Went Frontier 
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into terms of the Lambert grid. During the year 4,600 points have 
been converted, and 3,100 classified to indicate the quality of their 
fixing. The total number of point's was estimated to be about 
25,000. It has now been found to  be about 27,500. Out of the 
total of 27,500 points, 21,400 have now been converted, 23,000 
classified and 18,500 compiled in 23 grid triangulation pamphlets. 
Nine of these pamphlets have been printed, eight are a t  press and 
charts are being drawn for six. It is hoped to complete the work by 
the middle of 1936, when conversion t,o grid of data in the training 
areas will be taken up. 

44. Publications.-Three Indian triangulation pamphlets 
and addenda to  one have been printed. 

The data of about 350 miles of precise levelling have been 
printed and issued as addenda. 

In  addition to the above, the following publications have been 
seen through the press :- 

( a ) Geodetic Report 1934. 
( b ) Handbook of Topography, Chapter 11, Constitution and 

Duties of a S u ~ v e y  Pavty. 

45. Miscel laneo~~.-Heightma from hypsometric readings by 
Mr. G. Sheriff in the Himiilayan regions of Assam and Bhutan and 
by Cololiel Schomberg in Karakoram have been computed. Sir Aurel 
Stein's barometric and hypsometric readings in Fars have been 
reduced. A large number of smaller pieces of work have also been 
attended to as usual. 

46. Chart  Section.-The following are the inail1 items of 
work completed by the Chart Sectioi1:- 

( a )  Charts for 14 grid triangulation pamphlets. 
( 1 1  ) 18 chart,s and plates for Geodetic Report 1934. 
( c ) About 60 miscellaileous charts and diagrams. 

TIDAL SECTION 

47. Tida l  observations.-The automatic gauges installed at! 
Aden, Karichi, Bombay, Colombo, Calcutta and Rangooii worked 
satisfactorily uncler the co~itrol of the port authoritics. The only 
break exceedi~ig one (lay occurred a t  Bolnbay where the clock 
stopped for two days. The Kent's pneumatic gauge a t  Duhlat 
worlied with a few breaks. The port officials inspected t'he tidal 
ohs~rvatories a t  Bombay and Railgoon in May 1935. 

Daylight oh~ervat~ions on tlitle-poles have been made a t  Bhiv- 
nagar, Vixagy,atn~n, ChRnclhC~li, Chittagong and Akyab. 

48. Corrections t o  predictions.-Empirical co~.rectio~is have 
been i~~clutled in the tide yretiictic)ns for 1!)3G for Chiindhili, 
.E ( i ( l ( l~~~~ore ,  ('hit,tagoiig aiicl R,a~lgoon. Thew are l>asrd on the 
comparison of tllc. 1,rcvlictc~d ai~tl  actual tides of recent years. 

I 
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49. Tide-tables.-The Tide-t,ables of the Indian Ocem, 
the separate pamphlets for Bombay, the Hooghly River and the 
Rangoon River, have been prepared and issued for the year 1935 
as usual. Preilictions for certain ports for 1936 have been sellt in 
advance, on the usual exchange basis, to  the Admiralty, the U.8, 
Coast and Geodetic Survey and the Japanese Hyclrographic Depart- 
ment for inclusion in their respective tide-tables. 

The amount realized from t,he sale of tide-tables for 1935 
durin,o the year encling 30th September 1935 was Rs. 3,608/8/6 
exclusive of agents' commissioil . 

50. Accuracy of predictions.-The greatest errors in the 
height of low water during 1934 a t  the ports mentioned in para 47 
are given in Table 1. 

Tables 2 to 1 3  give detailed results of the comparison of 
preclicted and actual tides. Except for a slight deterioration at 
Bhavnagar the quality of prediction is practically the same as in 
previous years. The revised correction table for Kiilderpore men- 
tioned in last year's report has been used for the first time in the 
prediction for 1936. 

51. Mi~ce1 laneous . -~ t  the ,mequest of the International 
Association of Physical Oceanography, the Tidal Section hag 
computecl the monthly ancl yearly values of mean sea-level at 
Bombay from 1878 ( t h e  first year of available data) to 1930. The 
data do not show any progressive change of sea-level relative to 
the land a t  Bombay during this period. Plate XVII, Fig. 1 show8 
yearly means of sea-level a t  Bombay. This question of the 
constallcy of sea-level is one of consiclerable interest. The sea-level 
surface, imagined extended uncler the land, is the geoid to which 
all land heights are referred and to the figure of the earth 
aclopteil for map projections should be closely fitted. Such adatum 
sho~lcl  not be subject to change, yet geological records show plainly 
that  there have been ~ v o r l r l - ~ i d ~  changes of sea-IPYPI arnoullting to 
some hundreds of feet. Eustat,ic changes of sea-level cannot 
detected by observations a t  a single port, since it may he masked 
by movrrn~nts of the land, thus an apparent lowci-ing of sea-leveel 
may ill reality be due to a local rise of the land. ~ o ~ ' l d - ~ ~ ~ ~  
observations at  many tidal stations are therefo~p rrquirecl, and the 
investigation can best be undertakPll by an ~I~tenlational Associa- 
tion. 

W-hen recent eustatic changes of sea-level, if any, have 'leen 

determined, mean s~a-lpvel can be Pmp]oyPcl to detect changes of 
level of the land. I n  1867 this mpthorl \vas being ~ ~ * s i ( ~ ~ ~ ~ ~ ~  
the Government of Bolnhav in conllPction ~ ~ i t h  Imd lpvpls in thP 
Rann of Clltch, and it was (he sllhject of a JPllrrthy ~ o m m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Colnnpl w a l l < ~ r ,  ~ u ~ ~ r i ~ t ~ ~ ~ l ~ i t  Glpat ~ ~ i ~ ~ n o i n ~ t r i c a l  Su"VPP 
Colonel Walker r ~ f ~ r l . e r l  to a col-rp]atioll hvtwrvn mean sea- 

levpl all(1 bar0nlet1.i~ ~ I - P S S U ~ I . .  Examinatioll of man thly m~~~ " 
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Bombay shows persistent maxima in June and December and 
lninima in May and September. These are shown in Plate XWI, 
Fig. 2. The sudden change from May to June is remarkable. 

These fluctuations in mean sea-level presumably indicate the 
general changes of barometric pressure over the Arabian Sea, and 
may be of value to meteorologists in connection with monsoon 
predictions, though ally correlation between them and the average 
strength of the monsoon is not obvious. 

Attention has been drawn in the Comptes Rendus de l'Acad6mie 
des Sciences to the connectioll between mean sea-levels and meteoro- 
logical conditions by M. Jean Legrand who has shown that there 
is a relation between mean sea-levels ill the Mediterranean Sea and 
rainfall in Abyssinia. He  is being supplied with mean sea-level 
data relating to Aden ancl other ports so tha t  he can extend his 
important researches. 

TABLE 1 .-Greatest diferences between p9,eclicted and actual heights 
of low water dulsing 1934. 

Port  

Aden . . . 

Karichi . . . 

Bhivnagar 

Bombay (I-lpollo Bandar) 

Colombo ... 

Vizagapatam ... 

Chindbili . . .  

Dublat ... 

Kidderpore (Cxlcatta) ... 

Chittagong ... 

Akyab .. . 

Rangoon . . . 

Date 

P e b . 6 a n d A u g . 2 5 .  

July 17. 

March 16. 

Feb. 13, Joly 3 and ilng. 10. 

Oct. 13. 

Svpt. 15 ancl 16. 

Ang. 26.  
I 

Feb. 18. 

Sept. 20. 

July 13. 

Nov.9. 

April 20. 

01-diuary spring-tidcs a t  this 

Predicted 
minus 

Actual 

feet  

-0.6 

-- 1 . 1  

- 5.1" 

- 1. :11 

+ 0 .7  

+ 1 ,8 

- 6 . 2  

-1 .7  

- 1 . 5  

-1.7 

- 2 . 2  

-2 .8  

REMARKS 

Spring-tide. 

Riverail1 port. 
Flood. 

Riverain port. 

Do. 

Do. 

Bivcrrti~l port. 

port is 31; f ~ o t .  Tllr nle:Ln r.nngp of thc  grcntcst 
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TABLE 2.-Hean errors El* and Ea* for 1934. I 

ADEN I 
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TABLE 3.-Mean errors El* and E,* fw 1934. 



70 GEODETIC REPORT [1935, 

TABLE 4.-Mean errors E, * and E,* for 1934. 
B H ~ V N A G A H  



CHAP. VI.] TIDES 

TABLE 5.-Mean ewor.s El* and E2* ,for 1934. 

BORIBAY (AI'OLLO B A N D A R )  
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TABLE 7.-Mean errors El* and E,* for 1934. 

VIZAGAPATAM 
- 

PlRIOD 

1934 

Jan. 1-15 

16-31 

Feb. 1-15 

16-28 

Mar. 1-15 

16-31 

April 1-15 

16-30 

Nny 1-15 

16-31 

June 1-15 

16-30 

July 1-15 

16-31 

h g .  1-15 

16-31 

Sept. 1-15 

16-30 

O C ~ .  1-15 

16-31 

NOV. 1-15 

16-30 

Dec. 1-16 

16-:< 1 - 
TOTAI.. ...I 
M h a e . .  I - 18.7 1 1  - 0.0 - 18.7 / /  + 0.1 1 20.5 10.3) 21.8 10.3 - 

F:, i~ nrith r~gnrr l  to P ~ ~ I I  : E2 is w i t l i o ~ ~ t  regard to sign. 
t A C ~ I I R ~  P R I ~ I P S  R1.e t : d e - p o ~ ~  rf &dings during dn.ylight only. 
f One-tenth of the mean range of the greatest ordinary spring-tides. 

MEAN ERRORS Number of 
error8 exceeding 

(Predicted- Actual?) 
- 80 0'6f 

El * E2 * minute8 feet in 
in time height 

I 
-- 

H. W. L. w. 
Time Height Time 

+ 

. 

n~inuts.  

- 

8.7 

10.1 

11.6 

27.3 

13.2 

11.6 

9 .0  

24.2 

12.7 

18.5 

13.1 

7 .5  

25.7 

19.2 

22.2 

20.1 

24.4 

17 -4  

29.7 

30.3 

25.5 

29.1 

14.3 

23.1 

/ (  

, 

+ 

0 . 0  

0.2 

0 .3  

0.1 

0 .4  

0.1 

0 .2  

0.4, 

0 .4  

0.6 

0 .3  

0 . 0  

0 . 4  

1448.5( /+  

feet 

- + - + - 

0 . 3  

0.3 

0.7  

0 .6  

0 .6  

0 .2  

0.3 

0.3 

5.5 0.2 

26.5 0 .2  

14.2 0 .4  

9 .5  0 .1  

20.1 0.3 

0.2 

14.6 0 .2  

26.7 0 . 4  

18.5 0 .5  

22.3 0.7 

22.3 0 . 4  

0.1 

26.5 0 . 1  

0 .0  23.1 0 .1  

26.4 0 .5  

1 4 4 8 ~ 2 1 1 4 ~ 2 1 ~ 4 9 2 ( R . 2 1 6 2 2 ~ 3 ) 7 ~ 5 1 ~ 1 ~ 9 1 5 6 / ~ 2  
. .  _ -  - -  - . -  - -- 



GEODETIC REPORT [igal. ) 
TABLE 8.-Mean er rm El* avnd E9* for 1934, I 
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TABLE 9.-Mean errors El* m d  Ez* fw 1934. 

DUBLAT 

'El is with regard to sign: El is without regard to sign. 
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TABLE 10.-Mean emors El* and E,* for 1934. 
KIDDERPORE ( CALCUTTA 
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TABLE 11.-Mean errors El* and E2* for 1934. 

CHITTAQONQ 
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TABLE 12.-Mean mms q* aad E,* fw 1934. , 1 
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TABLE 13.-Mean errors El* and E,* for 1934. 

RANGOON 



CHAPTER VII  

OBSERVATORIES 

52. Longitude.-The usual bi-weekly observations for time 
mere made (luring the year wlth the motor and shutter transits. The 
observers were Messrs. R. B. Mathur, H. C. Banerjea and J.B. 
Mathur a t  different times. The resulting values of the variation 
of longitude are given in Table 1 and the monthly mean values 
of longitude as determined with the use of the Bordeaux and 
Rugby signals with the 'demi-definitive' corrections of the Bulletin 
Horaire and Admiralty Notices are given in the table below. 
The annual mean values by the two instruments differ by only Os.02. 
Longitude ~bservat~ions a t  Dehra Dfin are likely to be affected by 
meteorological conditions just as the latitude variations are, as 
show11 in Geodetic Report 1933, page 45. 

I MOTOR TRANBIT SHUTTER TRANSIT 

- - - - -  ~- - 

h m  s h m  8 

November ,. i 4 11.69 1 11 .19  4 

3 

6 

4 

2 

4 

4 

2 

2 

2 

3 

I 

Drc~rnber .. i 4 1 11 .80  
I 1 

January 1935 i Nil / . . . 
Februnry .. I 2 ... 

11.77 

. . . 
11 .81  

11.79 

11.84 

. . . 

... 

. . . 

11.73 

11-70 

... 

11.52 

11.74 

11.73 

11.80 

11.82 

11-78 

11.76 

11.76 

11.75 

11.74 

11.77 

11.66 

11.69 

11.73 

I-./- - 

Slarch 
1 

11-82  

, \ p i 1  11.77 11.79 

May 11.54 11.78 

d n n ~  ... 1 11.77 

5 12 11.76 1 6  12 1 

July 

.inynqt .. 

S p p t ~ n l h ~ r  ,. 

1 / ... ! 11.74 

... 1 8 11.75 

3 I ... 11.81 
- 1 

alpan ... 1 - 1  12 11.76 
I 
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53. .Clocks.-The Shortt clock has been used throughout, but 
on several occasions its behaviour has not been satisfactory and 
more interruptions occurred than in previous years. These failures 
and irregularities seem always to have been due to weakness of 
the battery or associated in some way with the changing of the 
batteries. I t s  error and rate are given in Table 2. 

The accumulators hitherto in use have now been replaced by a 
battery of Edison Soda Cells of 500 ampere hour capacity. This 
should operate unchanged for many years. 

The Riefler clock worked satisfactorily throughout. 
54. Invar levelling staves.-Eight invar staves used by the 

levelling detachments during field season 1934-35 were standardized 
before and after the field season between the 2-foot and 6-foot 
rnarke against "Bevelled bar No. 1 of 1900" with the following 
results :- 

No. 1 No. 2 No.3 No.4  No. 117 No. 118 No. 121 No. 122 

Before ... 7.9997'7 8.00052 8.00013 8.00051 7.99897 7.99887 7.99935 '7.99894 

After ... 69 46 11 26 88 86 13 67 

One 10-foot steel t,ape was also compared against standard bar I,. 

55. Earthquakes.-The Omori seismograph has been in 
operation throughout the year. Table 3 gives a list of the 
earthquakes recorded. As in t,he case of the Bihar earthquake 
the &uet,ta earthqualre agitated the pen too violently to give a 
clear record, but t,he severe aftershock which occurrecl four hours 
later was very well recorded. Many aft8ershoclrs from t'he Quet,t,a 
region have been recorded; but no trace has been obt.ained of many 
others which were reportred to be severe in t'he daily press. 

The seismograph a t  Dehra Diin, has one arm only placed 
east-~vost. Herlce no indication of the direction of distant earth- 
quakes can be obtained. The new earthquake tables by Dr. 
H. Jeffreys and Mr. K. E. Bullen published by the Intern a t' ~ona l  
Seismological Associatioll this year have heen brougl~t into use for 
calculatiiig the i l is tanc~ of ppicent ibes. 

56. Magnetic observations.-The usual programme of mag- 
netic ohs~rvatiol~s has heen carried on a t  the Deh1.a Dl'ui observatory 
consistii,g of a col~tinuous magnetog~.aphic record of cleclination, 
hol-izontal force, ant1 vertical force, controllccl hy observations of 
(lip daily and of declination and horizoiltal force three times a 
meek. 

The magnetographs have workcd regularly (luring the year 
and no interrul,tions of ally consequence have occurred. The year 
ha8 heel1 free from ally flooding of the underground rooin during 
the reins. 
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The mean values of t,he magnetic elements a t  Dehro h in 
1934 were :- 

De~linat~ion . . .  E. lo 00'-0 
Dip . . . N. 45O 39'.0 
Horizontal force . . . 0.33087 C.G.S. 
Vertical force . . . 0 - 33847 C.G.S. 

The mean scale values of the  magnetographs for an ordinate 
of 1/35 inch were :- 

Declination . . . 1 - 0 3  minutes 
Horizontal force . . .  4.28  gammas 
Vertical force . . .  8 .68 to9 .69gammas  

The mean temperature of the year in the observatory was 
26'. 9C with maxima and minima of 27'. 5 ancl 25'- 8. 

The moment of inertia of magnets Nos. 17 and 5 B was 
determined in March and April 1935 and log T% was found to 
be 3,41439 and 3 - 37738 respectively. The values which have 
been accepted for 1934 are 3.41440 and 3.37738 for the 
two magnets. 

The observed values of the factor log (1 + P/,2 + Q/?)-' for 
magnets Nos. 17 and 5 B have been T.99407 and 1.99308 in 1934 
and the accept,ecl values for this factor are 1.99415 and 'i ,99300. 
The difference in H as cletermined by magnetometers No. 17 and 
NO. 5 for the year 1934 is ahout 23y as against the previous value 
of about 30y. 

Table 4 shows the monthly values of the magnetic collimation, 
distr.ihut,ion factors and magnetic moment of No. 1 7  and Table 5 
gives similar information for No. 5. Table 6 gives the mean monthly 
values of the ~leclinat~ion ancl H. F. base-lines. The values given 
by No. 17 only have been acceptec!. 

Table 7 gives the mean monthly values of the elements for 
1933 and 1934 and the annual for the period. Tables8 
to 11 give the mean hourly cleviations from the monthly means and 
Table 12 the classification of the magnetic character of all day8 
1934. 

During the year H. F. and cleclination reading scales printed 
on glass hare been constructed the lahour of converting 
the scale reaclinps to rorresponc1ing values of the horizontal force 
in gammas and declination in minuter is saved on the forms used 
in the computations. The scales are designecl to read the values 
direct off the magnetograms for given of the base-lines- 
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TABLE 1.-Variation of .Longitude of Dehm Dan from accepted 
value, as determined by reception of wireless signalsl from 

Bordeaux and Rugby, 1934-35. 

Oct. 5 
9 

12 

Motor 
Shutter  
Motor 

R.B.M. 
R.B.M. 
R.B.M. 

Motor R.B.M. 
24 Shntter  R.B.M. 1 :: / Mot,or 1 R.B.M. 

Nov. 2 
7 

10 

19 
24 
31 

1935 
dnn. 3 

7 
16 

Feb. 4 
9 

13 

Shutter 
Motor 
Motor 

Shntter 
Motor 

Shutter  

Motor 
Shutter 
Motor 

Shutter 
Motor 

Shntter 

Motor 
Shutter 
Motor 

Sh11t.tcr 
S h ~ i t t r r  
Shutt,cr 

Motor 
Motor 

Shutter 

Shutker 
Shutter 
Shuttar 

R.B.M. 
R.B.M. 
R.B.M. 

R.B.M. 
R.B.M. 
X,.B.M. 

R.B.M. 
R.R.M. 
R.B.M. 

H.C.B. 
H.C.R. 
H.C.R. 

H.C.H. 
H.C.R. 
H.C.R. 

H.C.1I. 
1 H.C.II. 
1 H.C.R. 

H.C.R. 
H.C.R. 
H.C.H. 

H.C.R. 
H.C.R. 
H.C.B. 

H.C.B. 
H.C.B. 
1T.C.B. 

I I I 
* Accepted va l l~e  of Longitude 

' 
No. of 
time 
stars 

I Observed value minus accepted* 
value 

With demi- With definitive definitive 
corrections corrections 

I ~ o r d e a ~  I Rugby / ~ o r d e a u  ( Rugby 
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TABLE 1.-Variation of Longitude of Dehrn Dan from accepted 
value, ns determined b y  reception of wireless signals from 

Bordeaux and Rugby, 1934-36-( concld. ) 
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TABLE 2.-Error, rate, pressure and temperature of Shortt clock 
No. 34, by Rugby time signals during 1934-35. 

Date 

1934 

Oct. 5 
10 
12 

19 
24 

NOV. 2 

7 
10 
13 

16 
21 
24 

30 
Dec. 3 

7 

12 
1 i 
19 

24 
3 1 

1935 
Jan. 3 

7 
15 

18 
26 
31 

Fch. 9 
13 
19 

22 
26 

Mar. 1 

6 
R 

16 

21 
28 

Apr. 1 

* + r e  

R E ~ ~ A R K ~  

Clock out of order on 
6th November 1934. 

Clock out o f  order. 

Clock ou t  o f  order on 
4th Frb .  1934. 

Clock o u t  o f  order.  

Clock out o f  order.  

( Continued) 

Error 
at 15.30 

hrs.  I.S.T. 

nr s 

-0 0'55 
0'49 
0'39 

0'19 
0'23 
0'20 

3'20 
3'16 
3'12 

3'14 
4'92 
4.87 

4'72 
4'6l 
S'60 

4-52 
4'45 
4'33 

4'24 
4'04 

3'94 
1 
3'56 1 
3'50 
3'25 

-0 1 

+ 0  55.39 
55'29 
55'17 

+O 55'14 
. . . 

+ o 12.15 

12'11 
+O 11.86 
-0 50 34 

50'29 
50'19 

-0 50.21 

rate = gaining, 

During preceding 
period 

.- - 

Rate * Pres- Tem-  
per day  1 s u e  1 g::~e ( g- 

s 

0.00 
+ 0'01 
+ 0'05 

+ 0'03 
-0'01 

0.00 

... 
+ 0'01 
+0'01 

-0.01 

+ 0'02 

+ 0'03 
+ 0'0;j 
+ 0'01 

+ 0.02 
+ 0'01. 
+ 0'02 

+ 0'02 
+ 0'03 

+ 0'03 
+ 0'03 
+0'03 

+ 0'02 
+ 0'08 
+ 0'02 

-0.02 
-0'02 

-0'01 
... 
... 

-0'01 
-0'09 

.. 
+0'01 
+ 0.01 

0.00 

- q c  

mm of 
mercury 

30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

30.0 
30.0 

30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

33 0 
33.0 
33.0 

33.0 
33 0 
33.0 

33.0 
33.0 
29.0 

29.0 
29.0 
29.0 

I 
rate - 

nrm 

47.0 
46.5 
45.9 

45.5 
46.4 
46.5 

46.5 
46.5 
46.2 

46.5 
46.5 
46.5 

46.0 
46.0 
6 . 0  

16.0 
46.0 
46.0 

46.0 
46.0 

46.0 
46.0 
46.0 

46.0 
45.3 
45.0 

443.5 
41.3 
41.9 

42.0 
42.5 
43.0 

43.4 
44.0 
26.5 

26.9 
27.5 
28.1 

losing.  

C 

26'8 
26'3 
26'0 

25'5 
26'6 
26'8 

26'5 
26'6 
26'5 

26'5 
26'8 
26.6 

26'7 
26'8 
26'7 

26'5 
26'6 
26'7 

26'5 
26'6 

26'6 
26'6 
26'6 

26'4 
26'5 
26'5 

26'5 
26.6 
26'7 

26'6 
26'7 
26'7 

26'7 
26'7 
25'9 

269 
26'8 
27'0 
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TABLE 2.-Error, mte,pressure and temperature of Shortt clock 
No. 34, by  Rugby time signals during 1934-35-(concld.) 

Date 

1935 

Apr. 10 
12 
18 

20 
24 
30 

May 2 
8 

17 

20 
23 
28 

June 7 

REMARKS 
Error 

at 15.30 
hrs. I.S.T. 

m s 

-0 50.08 
50'06 
50'02 

49'99 
50'02 
50'06 

50.07 
50'29 
50'20 

50'22 
50'36 
50'56 

51'00 

Clock out of ol'der- 

Clock out of order 

clock ollt of order 

During preceding 

:: I 51'11 
51'33 

51'46 
28 -0 51'70 

July 19 + 1 -18'65 
20 i 

tlug. 3 1 48.20 
5 

24 

27 
Sept. 3 

9 

I ' I  
* + " rate =gaining, -" 

Rate * 
per day 

s 

+0.01 
+0'01 
+ 0.01 

+ 0'0% 
-0'01 
-0'01 

0.00 
-0'04 
+ 0.01 

-0'01 
-0.05 
-0'04 

-0'04 
-0'02 
-0'04 

-0'04 
-0'03 

... 

-0.03 
-0'02 
... 

- 0'02 
-0.02 
-0'0.5 

-0'03 
... 

-0'01 

-0'02 

+ 1 48'17 
+ O  51'86 

51'83 
51'70 
51'33 

Oil 
gauge 

mm 

29.4 
30.0 
30.0 

30.0 
30.0 
30.7 

31.0 
31 .O 
32.0 

32.0 
32.5 
33.6 

35.0 
35.7 
35.4 

35.2 
35.9 
3.9.1 

38.2 
38.1 
38.3 

38.3 
38.3 
38.8 

39.1 
38. 8 
38.8 

38.7 

rate =losing. 

period 

Pres- 
sure 

---- 

mm oj' 
mercury 

29.0 
29.0 
29.0 

29.0 
29.0 
29.0 

29.0 
29.0 
29.0 

29.0 
29.0 
29.0 

29.0 
29.0 
29.0 

29.0 
29.0 
31.0 

31 .O 
31.1 
31.3 

31.3 
31.3 
31.4 

31.6 
1 .  
31.3 

31.2 

16 t 0 q51.12 
2 & l + o  3291 
27 :32'88 

30 , + 0 32'82 

pera- 
ture 

C 

26'7 
26'8 
26'7 

26'3 
26'4 
26'8 

2'7'2 
26'9 
27'4 

27'6 
27'8 
28'4 

29'4 
29'6 
30'1 

30'2 
30'7 
29.0 

26.6 
28'0 
26.8 

26'8 
27'0 
27'4 

27'5 
26.5 
26'4 

26'3 
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TABLE 3.-Earthquakes recorded at Dehra Dtim 
during 1934-35. 

I 

No. 

1 
2 

3 
4 
5 

6 
7 

8 
9 

10 

11 
12 
13 

14 

15 
16 
17 

18 
19 

20 
21 

22 
23 
24 

25 

26 
27 
28 

29 
a0 I 

IC( 

0 
# .2 

$1 
{p 

N. 
... 
... ... ... 
... 
... 
... 
S. ... 
... 
... 
... 
... 

... 
S. 
... 
... 
... 

... 

... 

... 
S. 
N. 

... 

... 
S. 
S. 

S. 
N. 
... 
... 
S. 

S. 
S. 
S. 

hognieed 

Dote 

1934 

Oct. 26 .. 29 

Nov. 6 .. 12 .. 18 

.. 27 .. 30 

Dec. 15 .. 15 .. 18 

.. 21 .. 21 .. 22 

.. 30 

1935 

Jan. 1 
,, 3 .. -i. 

.. 4 

.. 23 

Feb. :I .. 22 

Mar. 5 .. 6 .. 15 

.. 21 

Apr. 12 .. 12 .. 13 

, 9  19 
., 21 .. 21 

.. 23 
v 9  24 

Map 1 .. 12 
) 9  14 

t 

t 

1 n t y i t y  

record 

slight 
slight 

slight 
slight 

slight 
inoderate 

slight 
moderate 
slight 

slight 
slight 
slight 

slight 

inoderate 
slight 
slight 

slight 
great 

slight 
great 

slight 
slight 
slight 

slight 

moclcmte 
slight 
slight 

yrcnt 
grc.:rt, 
slight 

slight 
slight 

sligllt 
slight 
slight 

6 

miles 

2100 
2.400 

1300 
1400 

..a 

7i00 

300 
700 
300 

300 
300 

1600 

3200 

10000 
200 

2900 

3200 
6300 

. . .  
6200 

1600 
... 
... 
'700 

1100 
1500 
1200 

4000 
1600 
3900 

600 
2300 

2100 
300 

1800 

Indian standard time 
- 

1.t P. T. ( 2nd P. T. I I Kz I Finish 

BEMAEK~ 

Clock stopped. Felt nt 
Peshiwar. 

Felt in South Tibet. 

Local. 

FeltntBweiUy(U.P.) 
Local. 

Felt inRirjinal~il hills 
11 e a r  M~~rsl~iclibicl 

Cnuecd conside~xl~le 
'Inmnge in For'11o8a' 

Feltat Cdcuttn. 

( Continzced ) 

h m s  

23 08 20 
22 01 30 

5 21 40 
13 10 30 

... 

8 53' 00 

... 

... 

... 

h m  

23 11 
22 04 

5 23 
13 13 

,.. 
... 

8 59 

2 19 
'i 34 

16 58 

... 
18 16 
21 23 

20 39 

1 30 
7 25 

20 37 

22 16 
46 

7 486 
23 15 

16 11 
34.6 

16 06 

5 40 

4, 59 
18 31 
4 22 

27 
:3 5ti 

13 31 

22 22 
21 41 

16 17 
10 56 
1 39 

=North, 

h m s  

22 59 10 
21 50 50t21 

5 14 10t  
13 02 50 

... 
12 01 10t  
8 28 O O t  

2 18 O O t  
'7 32 00 

16 56 50 

h m  

23 30t 
22 16 

6 O O t  
13 25 

... 
12 30 
9 43 

2 23t 
9 09 

17 09 

13 12 
18 21 
21 40 

20 4.4 

3 21t 
8 14 

21 19t 

22 41 
14 31 

7 52 
0 57 

16 26 
4 1 5  

16 06 

5 55 

... 
18 46 
4 34 

28 21 
4 52 

13 47 

22 46t 
22 14 

16 33 
11 04 
2 16 

S. =South. 

h m s  

23 04 10 
56 20 

5 16 50t 
13 05 30 

.,, 

8 41' 00 

2 18 40t 
7 33 50 

16 57 40 

12 10 lo t12  
18 14 00 
21 13 10 

20 22 20t 

0 42 30t 
'i 23 10 

20 23 00t20 

21 58 40t22 
13 12 40t 

7 43 50 
22 47 00t22 

16 00 50t 
3 4 . 5 4 0  

16 04 20 

5 36 lot 

4 50 50t 
18 23 M 
4 11 00 

21 02 40 
8 45 30 

13 12 

22 19 20t 
21 29 50 

16 05 10 
10 53 30 
1 29 00 

with 

11 10 / ... 
18 14 50t18 15 20 
21 16 40 121 21 40 

... 120 35 40 

0 56 20 
7 23 40 

29 20 

1 22 10 
7 24 40 

20 35 00 

04 50 122 1;I 50 
13 24 00tjl:I 37 -1.Otl3 

7 44 10 
67 10 

... 
23 14 00 

16 04 2Ot16 OR 00 
... 3 4 5 6 0  
. . .  

5 3H 20 

4 53 20 

... 

5 39 30 

.i. 56 10 
... 18 27 30t ... 4 14 20 I 

21 10 10 '21 20 40t2 l  
:3 4') 20 :{ 5:3 20 

l:j 20 00 

... 
21 35 20 

i t ;  OH 10 
10 64 10 1 
1 33 : 

1:j 27 30 

22 22 10 
21 39 30 

16 14 10 ... 
1 37 80 

difRculty. N, 
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TABLE 3.-Earthquakes recorded at Dehra Dtin 
during 1934-35- ( cmcld. ) . 

No. 

CI 

0 d 
a .2 

Indian standard time 
-- 

I S ~  P. T. 1 2nd P. T. I I I Fini~b 

Intenrrity 
of 

slight 
lnoaemte 
slight 

modente 

slight 

slight 

slight 
slight 
slight 

slight 
moderate 
modernte 

~nodernte 

slight 

Dnte 

5 '  ,, 7 
53 ' ,, 16 

54 1 . I 9  
55 ., 26 
56 ., 26 

57 / ,. 28 
58 .. 29 
59 ;  ,, 30 

$\ag. 3 
6 1 ,  .. 17 

. 9 . . .  11 58 00 12 06 40 12 13 sot 12 21 13 35 moderate 4500 

.. 11 9. '19 47 30 19 51 20 ... 20 11 22 02 moderate 3900 

66 i ,. 20 S. 1 '7 27 40 7 36 40 7 45 10 7 38 13 O ' i t  great 4500 
6:; .. 2.7 ... 14 51 40 '14 69 40 1.5 08 20 15 09 16 39 moderate 4000 
" 1  ,. 29 ~ . t / l 2  11 20 1 ... 12 l:3 40 12 14 12 29 slight 5001 

1 I I i 

t Recognized with clifficnlt,~. PJ. = North, S. = South. 

moderate 
moderate 

modemte 
slight 
slight 

slight 
slight 
slight 

great 
moderate 

.n i; 

$ j 

... . 

... 
N. 
N. 
S. 

N. 

N. 
N. 
N. 

... 
S. 
N.4.18 

... 

... 

h m h m  

6 27 
8 18 

23 21 

... 

... 
8 03 

23 00 

... 
15 34 
5 06 

22 18 
7 41 

19 25 

14 04 

0 0 3  

h m s  

5 14 10t 
7 35 30t 

22 58 2Ot22 

11 1 4 4 0  
1 3  05 50 

7 38 00 

22 4.5 10 

10 03 10 
14 48 30 
4 12 50 

5 07 00 
20 40 

13 20 30 

, 2 3 2 6 3 0  

1 1935 

c. 

B 
5 

miles 

4600 
400 
500 

3500 
600 
600 

500 

600 
600 

1200 

1000 
3600 
3200 

3800 

37 
38 
39 

40 
41 
42 

43 

44 
45 
46 

47 

BEMUXB 

FeltatShikirpur 
(Kind 1. 

Deatnictive in Ouetta 
and countlo ronnd. 

Felt at Quettn, 

Feltat Quettn. 

Felt at Quettn. 
Feltat Quetta. 

600FeltinKho3t- 
2600 
1700 

2900 
200 
700 

600 
1600 
200 

2100 
3000 

19 42 
23 02 

7 36 
15 08 
16 57 

11 14 
14 42 
5 11 

9 27 
8 55 

s. I19 07 20 
S. 122 03 00 

. 1 6 38 00 

... 1 4  50 50 
N. 116 10 20 

S. 110 55 50 
N.tjl3 2 i  50 
N.tl 4 51 10 

P7.d 6 46 40 
... ( 7 28 50 

h m s  

... 
7 36 30 

59 40 

1 1 2 1  50 
3 07 20 
7 39 30 

22 46 30 

10 04 50 
14 50 00 
4 15 50 

21 35 10 
5 17 O O t  

18 27 lo t18  

. 

... 

Mny 15 
, 15 
,, 16 

,, 24 
,, 31 
., 31 

,, 31 

June 1 
,, 2 
,, 19 

,, 22 

~xtensive damwe 
cnu3edin 

~ e l t i n ~ u m n ~ ~ .  

44 i .. 25 
49 / ,, 25 

.50 , 29 

5 l J l l l y  5 
19 13 10 

... 

6 45 l o t  
... 
... 

10 57 20 
... 
... 

6 61 40 
7 35 OOt  

h m s  

5 32 50t 
7 37 30 

... 

1 1 2 9 4 0  
... 
... 

... 

14 5;' 20 
4 l g  50 

21 37 40 
5 22 20 

34 20 

13 36 40 

2 3 2 8 2 0  

5 38t  
7 38 

23 01 

1 1 4 2  
3 16 
7 40 

22 50 

10 08 
14 52 

... 
21 58 

5 32 
18 36 

13 40 

2 3 3 1  
19 15 40t19 
22 10 40 

6 50 4" 
14 51 50 
16 13 30 

... 
13 3.5 00 
4 52 20 

6 56 40 
7 42 00 

20 
22 11 

6 52 
14 52 
16 14 

11 00 
13 46 
4 53 

7 03 
7 42 



TABLE 4.-Mean values of the constants of Magnetometer 
No. 17 in 1934. 

TABLE 5.-Mean.  value^ of the cor~stnnts of Magnetometer 
No. 5 in 1934. 

Month 

January ... 
February ... 
March ... 

April .. . 
May ... 
June . . . 

July . . . 
August . . .  
September 

October ... 
November 
December 

Declination 
constants 

Mean 
magnetic 

collimation 

- 6  
- 5 48 
- 6 01 

- 6 02 
- 5 58 
- 6 13 

- 6 00 
- 6 00 
- 6 01 

- 5 58 
- 6 05 
- 6 02 

Month 

J ~ n ~ l a r y  
February ... 
hrarch ... 

April ... 
May ... 
June  

J ~ l l y  ... 
Angust ... 
September 

October ... 
November 
Dccember 

H. F. constants 

H. F. constants 

Mean values 
of m 

C. G. S. 
801 a32 

-4'7 
.68 

-76 
.74 
.62 

.50 

.47 
801.69 
798.68 

.51 

.62 
798.65 

Distribution factors 

P1 P2. log (1 + P/ra + &/r4)-1 I I 

Mean values 
of nt 

C G S. 
9:36. (it7 

. ti2 

.54 

:3 4 
, 36 
.18 

936.20 
935.91 

-65 

.83 
935.88 
936.09 

Distribution factors 
-- pp -- - . - - 

Pl , 2  1 P 2 . 3  1 log (1 + p,l*'+ Q/r41-' 

I? rn 
% s 
UJ UJ 
? ?  
IA 14 

% 2 
L % m m 
$ E 
0 4 

cm2 
6.02 
5.84 
6.42 

5.98 
5.88 
5.99 

5.93 
6.31 
5.84 

6.23 
6.27 
6.29 

- 

53 o 
0 0  m CI) 

e m  G. Q, . . 
I+ I d  

%a, Lz 
rn m m o 

$ 4  

- 

cn12 
7 . 1 9  
7,l : i  
7.50 

7 . 1 6  
7.14 
7.05 

7-13 
7.20 
6.86 

7.26 
7.21 
7.16 

cm2 
6-76 
6.49 
6.15 

6.88 
6.80 
7.79 

6.68 
7.12 
7.58 

7.27 
7 -54 
7.36 

rm" 
H.14 
7.58 
7 98 

8 . 3 2  
8.29 
8.23 

7.97 
8 . 6 3  
6.89 

7.75 
8.52 
7.51 
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TABLE 6.-Base-line values of Magnetographs at Dehra Dzin 
from Magnets No. 17 and No. 5. 

Month 

. . . . .  -. . - 

1933 

H.F. by 
No. 17 

- 
C.G.S. 

Jnnurrry . .  ... 0.32769 
F~brl i rrry ... . 1 774 
RIarch ... 774 

' '  I 

April . . .  _.. 1 ' 772 
May ... . .  8 770 
June  ... ... 770 

July . . .  ... 763 
Al~gns t  ... . . .  769 
September ... ... 770 

1934 

NOTE :-The values given by No. 17 have been occepted. 

H. F. by 
No. 5 

. -- 

C.G.S. 

0.32801 
799 
801 

798 
797 
799 

784 
804 
814 

, I C.Q.S. 

October ... 769 ( 804 
November ... 765 779 
December ... O . ~ Y J ( X /  0.32761 

C.G.S. 

0.32780 
R7 
82 

94 
88 
85 

94 
75 
84 

R4 
72 

0 , 3 2 7 a  

0 31.6 
31.7 
32.1 

32.4 
32.5 
32-5  

33.6 
32.5 
32.5 

32.3 
32.5 

o 3 

0.32748 
61 
52 

58 
69 
63 

64 
56 
64 

61 
69 

032'752 
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CHAPTER VIII 

RESEARCH A N D  TECHNICAL N O T E S  

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

CHANGES O F  LEVEL IN BENGAL 

I11 Geodetic Report Vol. VI of the Survey of India, from 
a cliscussion of some circuits comprising old ancl new lines of 
levelling, the c o ~ ~ c l u s i o ~ ~  was reached, that  the plains of Bengal 
aild Bihar have been rising a t  an average rate of 0.05 feet a year 
for the last 70 years. Colonel Sir Sidney Burrard* while criticizing 
bhe theory gave the alternative explanation that the large circuit 
errors might be due to the inferiority of older work. He also 
poiiitecl out tha t  Calcutta was devoid of a reliable datum of levels, 
t,liere being no rock-cut bench mark in its vicinity. Howl-ah bench 
mark being on alluvial ground may have sunk since tlie time of 
the olcl levelling on account of the slow shrinkage of the silt after 
its deposit~ion. 

The matter was further discussed by Dr. J. cle Graafl' Hunter 
ill the R. E. Jomnal t  and in Geodetic Report 1933, Chapter VII. 
In the latter note, i t  mas emphasized that  on account of the inex- 
plicably large systematic erroi-s, which occur in levelling, one could 
not be dogmatic about changes of level being real. 

I t  is intci.esting to record further evidence as exhibited from 
a comparison of new and old level nets. 

I11 the first place, it can bc said definitely that Howrah bench 
inarlr cannot have sunk by 2 or 3 feet. This was shown in Geodetic 
Report 1933 by citing checli-levelling in 1913-14 along 10 miles 
of a ljrnnch-line 75 B, ancl comparing it with 1882-S;l levelling. 
The clifferential heights of the various bench marks agree. very 
~atisfnctorily. Checlr-levelling mould no doubt agree, if all the 
bench marks had sunlr by equal alnou~lts by 3 feet or so, but this 
would he very improbable. 

Yct another evide~lce in favour of the stability of tllc. Hoi4 rah 
lje~rch mar]; is afforcle(l by the fact that the height cliffc~rence between 
F:clse Point and Howrah has reinainccl constant. Chart XVIII  
shows the. new and old levelling from Howrah to Kcndr%para. 
T ~ P  accidental pl.ol~al)le errors of t h ~  two wconclary lines from 
Balasore to Chirib&tia and Chiiribitia to Ii'enrlr5p5ra are 

- - - --- - - - - - -- 

" .' 3Iovements of the grounil lcvel in Rengnl" hy Colont.1 Sir Sidney 
I ( T l ~ e  Royn l  Bnq?  ,lcrrs .Tovrnol,  Jnnc 1933 ). 

t ' Changing f ir ,~~lnt l  I c v ~ l s  in Hcngnl" hy Dr. .I de C+r;lnff 1Innt~r.  ( Tho 
R1llllll E ? ~ y t n e c r s  .To~tr , to l ,  Ju~tc, 1934). 
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+ 0 .00372  feetlmiles, and + 0 .00377  feet/miles~ respectively. 
These are within the permissible limits. 

New difference of levels ( 1924-32 ) 
between Howrah B.M. 264179 B and 
KendriipZra B.M. 43/73 L ... =+4.569feet 

Old difference of levels ( 1881-83 ) * 

between Howrah B.M. 264179 Band 
KendrapLra B.M. 43/73 L ... = + 5 - 3 2 3  feet 

The positive sign means that Kendrapfira is above Howrah. 
The discrepancy old minus new is + 0 - 754 feet. The lengt,h of the 
circuit is 528 miles. The maximum probable error of levelling 
in this distance, according to the criterion laid down by the 
International Geodetic Association for levelling of high precision 
should not exceed half a foot. Bearing in mind the fact that two 
of the lines involved in the circuit are of secondary precision, the 
discrepancy of 0 754 feet can safely be attributed to the levelling 
errors. This is confirmed by the fact thai; the line Howrah to 
Balasore ( 148 miles ) has been done by precise levellirlg both 
our predecessors and ourselves, and the discrepancy there is only 
- 0 . 0 4 9  feet. 

The following table gives the check-levelling at  Kendrapara. 

Dis,-repccficies between the old and new heights of  bench. marks 

M 

Bench marks of the original levelling that 
were connected for check-levellin8 

Description 

- - - .- p- _ _ _ _  

1 miles I 
-.- 

Line 75 E ( Cuttack to Pir Hat) __--- 
O*OoO 

-0'013 
-0'029 

0.000 

.+ 2.466 
+ 15,957 

41 
41 

41 
+ 12-9111 -0'035 

_. --- --- 
41 

' I  43 73 L E.B.M. at Krndfipkra 
35 ( .. , Stone embedded 

pillar . , , 
30 ' ,, E.B.M. at Diinur Lock 
29 1 ., I Parapet of ,. ,. 

0 . 0  ' 1893-44: 0.000 

L i n e  75 F < Kendripcira to C h ~ r i b ~ t i a )  - 

4 . 9  
10 .0  

,, + 2.479 
,, ( + 15.986 

10 .0  

Oaoo0 

-o'loa 

-0'091 

., ; + 12.8& 

0.000 

- 1.301 
- 1.126 

+ 0.675 

75 
75 

42 
42 

lfMl-@,:! 

,, 
.. 
,, 

0 . 0  

0 . 0  
5.1 

9 . 0  

43 / 73 1, 1 E.B.M. .at Kendrgpiirn. 
42 1 .. ( Subdivisional 

officer's kachahri . . . 
67 1 , Canal Lock. Knlapada 

0.000 

- 1.329 
- 1.022 

+ 0.766 
62 i .. 

1 
Parapet of sluice, 

Mkrsighiii ... 



.;;'. j f a- 
. m , .  

'. '. %;. *-;=J- 4 :' ' 
.: ; 1-32 . ib 

h '..; ,. -.. .: . , . w*,,:. . l l  t r  . > #  
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The KendriipSra bench inarks have thus preserved their 
differential heights, and we can infer that  the area round Howrah 
has remained stable. KendrF~para B.M. 43/73 L is about 30 miles 
distant from False Point and is the nearest bench mark to it, which 
is common to both new and old levelling. 

In Geodetic Report 1933, i t  was pointed out that the hypothesis 
of the rise of Bengal plains has been weakened by evidence from 
the west. If Benares has gone up by 2 feet since 1864, and if 
Agra has remained stationery, then the new height difference of 
Agra-Benares should differ from the old by that amount. Actually, 
the discrepancy is only 0 . 1 6 2  feet in a distance of 380 miles. 
Similarly comparing Bennres and Allahiibd, we see that  discrep- 
ancy between new and old levelling is 0 . 0 3 5  feet in a distance of 
75 miles. If then a rise of 2 feet is postulated for Benares, both 
Allah%b%d and Agra will also have risen a t  t,he same rate. 

It is advisable to take t,he evidence of some other  circuit,^. 
With the completion of the line Bombay-Surat in t'he back 
direction, i t  is possible now t'o compare the new ancl old levelling 
from Agra to  Bombay. 

Old height difference ( 1861-1907 ) 
between Agra B.M. 33/54 I and 
Bombay B.M. 2/47 B ... = + 531 ,022  feet 

New height difference ( 1915-1935 ) 
between Agra B.M. 33/54 I and 
Bombay B.M. 2/47 B ... = + 531 469 feet 

The discrepancy of half a foot is in the sense t,hat Agra has risen. 
The old levelling is via Siron j-Ni,ndgao~l-T(nlya11 and is of length 
8:36 miles. 

The new lc~velliilg is via G walior-Jhiinsi-Bina-Bhopal-Sehore- 
Dhblia-Surat, ancl it,s Iengt,h is 921 miles. A closing el-ror of 
half a foot in 1,760 iniles signifies not,hing. It, inight be remarlred 
that the major port,ioil of the old line was executed in the years 
1861 to 1878. Only t,he last 34 iniles from Kalyin to Bombay 
were levelled in 1906-07. Similarly the major portio~l of new 
levelling was done froin 1929 t80 1935. 

MTe call also compare anot,llt!r circuit from Agra B.M. 33/s4 I to 
Tipas-ka-dhoi ( Navanar R.M. 1/41 F ), although in the new level- 
ling a small l,ortion ( 97 lniles ) froin Srunt t,o Baroda has been 
observed in one direction o111y :- 

Old height difference ( 1861-1007 ) 
via Agra-Sironj-Bombay-Vilm- 
gsLm-Ri,jlrot-Joryn-ShilcBr1~111' . . . = -- 539 .420  feet 

New height clifference ( 101 5-35 ) 
via. Agm-Surat-Vi ramgrim-Rlij- 
ltot-Jorya-ShilrsLrlw . . .  = - 538.888 feet 
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The length of the old line is 1,490, and of t'he new 1,242 miles. The 
discrepancy is only 0.532 feet in  this dietance. A g a  to Bombq 
is also con~lected by another route. 

Old height difference ( 1861-1909 ) 
via Meerut-Ferozepur-Ahmedl- 
bid-Viramgiim-Rljkot-Jorya- 
Shikirpur ... ... = - 540 - 343 feet 

New height difference ( 1922-30 ) 
via Agra-Muttra-Mirwsr Piili- 
Viramgiim-Rajkot-Jorya-Shikiir- 
pur ... . . .  . . .  = - 538 - 900 feet 

The closing error of t.he circuit comprised of old and new 
levelling is 1 . 4 4 3  feet, the length of the circuit being 2,360 miles. 

These figures if anything show Agra to  have sunk. They are 
however not significant enough for definite conclusions to be 
drawn from them, and are clue probably to errors of levelling. 
The circuit Agra to  Karachi via Muttra-MBrwiir Pili-Banner- 
Kotri-Karachi-Tatta-Shikjrpur-Murghai-eroer- Meerut- Agra 
comp1.isecl of new ancl old levelling shows a closing error' of 
1-00::  feet, the length of the circuit being 2,040 miles. The sense 
of t h r  discrepancy agrees with the above figures, that Agra has 
sunk with respect to Karjclli. Th,b ag.1-eement however can only 
bc reyarclecl as fortuitous. 

Height difference between Benares ELM. 96/63 K a,~lcl Bombay 
B.M. 2 /47  B was next compared. 

Old height clifference ( 18(;:3-1909 ) = - 337.197 feet 

New height difference ( 197 7-1935 ) = - 2 % .  889 feet 

Lengtlt of t,he new ancl old lines are 1,127 miles and 980 miles 
rtbspec. t irely. 

TI-e thus see tha t  the rise of Benaree is only indicated the 
lines from Howrah. All other lin6.s of evidence available SO far, 
te11,l t l )  shorn tha t  both Benares alld Agr;~ h a w  remained stable- - 

The circuit H o ~ v ~ n h - ~ i r ~ i n t i - ~ ~ ~ ~ ~ ~ ~ - ~ ~ 1 ~ i ~ : ~ ~ 1 j - H 0 ~  is 
1 . S  i i s  I .  If the old ~ ~ ~ ~ ~ ~ ~ - p i ~ ~ , a . i n t i - H ~ w ~ . a h  is 
illclu~l~~cl in it,, the closing error is 2 .  1'70 feet. Thra clnsirig error 
of t h ~  nearly identical llew circuit l<ulgaria-Pirpninti-Bellares- 
Iiiilliq.an j-gulqaria is 1 324 feet. TIlr nli$rimlnn ]~el.rnissil~le 
pmbal ~ l e  error according to Intornatiollal sta~,(lar(ls is 1 1 feet 
f ~ l '  hiqh precision lev~l l i~ lg .  The probal,]e pryor 1,y the Survey of 
India formnla deduced from a considprat,ic,rl of c i r c ~ ~ j t ~  of lel-elling 
of precision ill Iilrlia is + 0 . 8  feet. No clollbt the chances against a 
clositl:. error of 2 feet a& rather large, Ijut the E ~ ~ s s i l ~ i l i t ~  of error 
in Ievelling cannot well he exclucleCl. 

n ~ f i n i t e  conclusions about secular of level of all ares 
call only be drawn when a lawe number of rock-nlk bench markg 
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(i.e. bench ]narks on firm ground) are available in the area. If 
these bench marks are about two miles apart, and if i t  can h t l  

ensured, that they are rigidly connected with the c~sust, and do not, 
rise or fall irregularly with respect to it, bhen t,he ~novements of 
t,he crust if any can be delineated with certainty. The levelling 
error plays an unimportant role, as the distances between the 
bench marks are small. 

The above procedure however was not feasible for the line 
from Howrah to Benares, as the new and olcl levellings are along 
different routes. 
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11 LIST OF PUBLICATIONS 

Sterling Prices of Publications. The prices to be charged 
for Survey of India publications in  st8erling equivalellts in Ellglish 
inoney have been worked out under the rules given in letter 
No. A-401, dated the 15th January 1924 from the Under Secretq 
to the Government of India, Department of Ind~lst~ries and Labour, 
Delhi, to the Secretary to t'he High Commissionel. for Incli~, 
(+ellera1 Department, 42 Grosvenor Gardens, London, S. W. 1. 
Thtbse sterling prices are subject to fluctuation with t'he exchange 
laate and will be revised from time to time. The prices at the 
cul-rent rate of exchange are :- 

- - 

Trianwlation Pamphlets Each rovpri,lg on, ,  sq11RI.p dY?'PP. 
* i n g  descriptions, positioils, ( latitucle and longitude ) and height'8 

Price in 
I 

English 
Indian money o q ~ ~ i v a l e n t  

- - 

Rupees h n n s  Shillings Pence 

I )  0 .) 
6 > 2 

0 I. 0 .) - 

o s 1 rl ii) 

Price in  English 
Indian money i equivalent 

I 

0 13 

I 0 

1 -I - 
1 8 

1 12 

.I - 1 1  

Rapees Annas 

I. S 

v )  0 

?I E; 

C, O 

t i  S 
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!) (' s 1 1 li 0 

1 (1 ( 1  I Ci 6 

10 8 1 1: (j 
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NUMERICAL DATA 

Triangulation Pamphlets.-( Concluded ). 

of triangulated points and other data with chart. The chart show@ 
the plan of triangulation with the position of stations and points. 
Triangulation data falling in 1/M sheet are printed in a series of 
sixteen pamphlets A to P. I n  the last pamphlet of every series 
publishecl up till 1932, a coloured map is given in addition to the 
chart, to illustrate the topographical features of the area covered 
by the 1/M sheet. Pamph1et.s having this map are charged Rs. 1-8 
ext'ra. 

Charts Nos. XIX and XX a t  the end of the Geodetic Report 
shew what triangulation pamphlet's have been published. 

P~icc! Re. 1 per pamphlet. Published a t  Dehra Dtin. 

Levelling Pamphlets. 
( i ) 1,tvelling of Precision. Giving heights and descriptions of all 
Bench marks fixed by Levelling of Precisioil and of certain selected 
seco~~clary lines. Each pamphlet embraces an area of 4' x 4' and 
t h ~  i~umbering is the same as tha t  of the corl-esponding sheets of 
the 1/M map of India. Each is illustrated by a map of the area. 
Published a t  Dehra Dfin. 

( n  ) Levelling of Precisian in Indin and I31vmn. 

4.7 ( Ajmw ) 
4; ( Baroda,) 
3.7 (Bombay) . . .  

Acldendum to 47, 
Island of Roinhay 

Pamphlet 
- - -  - - 

S h e d  1 Diqtinctive name of Shect 
Price 

Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 

Latitude 
N. 

R,s. 2-0-0 
K.s. 2-0-0 
H,s. 2-0-0 
R,s. 2-0-0 
Rs. 3-0-0 

Re. 1-0-0 

Longitnde 
E. 

P~iblishcd 
i 11 
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NUMERICAL DATA 

Levelling Pamphlets.-( Continued ) . 

( i i  ) Levelling of Secondary Precisio~~. 

Descriptions arid heights of bench marks, printed by Gestetner 
at Dehra Don. 

Published 
in 

1928 
7 v  

7 7  

9 7  

7 9  

9  2 

Situated in 
degree sheets 

I 
35 M & N 
and 40 A 
40 B & C  

35 Nand 40A, 
B,C,F & G  

40 C & D 
40 A, B & E 

40 B, C & G 

+ 
.9 6 Line number 
DB ( 

As. 6 
9 ,  

9 ,  

2 7 

9  9 

7 9  

9 9  

m 

1 

2 
3 

4 

5 
6 

7 9  

7 9  

7 9  

3 7  

As. 12 

AS. 8 

- 

52A (Ruk to Srhwan ) . . 

52B (Daur to Lundo) . .  
52C ( ShLhpul- to Mahrabpur ) 

52D (Tando AlLhyLr to 
HyderSbfd ) 

52E (Rohri to Jam Sahib) 
52F (Shlhpur to Mirpur 

Purfina) 

8 

7 52G [Landhi canal bungalow 
(39th mile) to Khipro] 1 40 C br G 

52H (Khipro to Ghulain I 
Bhurgari ) I 40 G 9 7  

9 7 

9 521 ( Mirpur Khas to Tando 

10 

Ghulam Ali via Umar- 
kot and DLdkh) . .. 1 40 C, D, 

I G & H  
52 J (Mirpur KhLs to Tando , 

11 
12 

13 

GhulLin Ali via Digri) 40 G 3 7  

52K (Digri to Diid5h ) 7 7  

70J ( Barakar to 

74C (Howrah to 
I 

74D (Baiclyabat,i to 
Seoriiphuli ) 

9 9 74E (Bi~i~clel Church to 
Biindel Ry. St'n. ) 

74F [B.M. 251 (1 18)/79A 
to  Paildua Ry. Stil.] J 
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Levelling Pamphlets.-( Continued ). - 
.?) 6 Line nalnber : z  I 
V) 

Price 
Situated in 

degree sheets 

As. 12 

Published 
in 

1928 

- - - - 
I 

7 4 6  (B.M. 126/73M to 

I 
I 
I 
I 

I 
I 

IRe. 1 
" I 

1 
I 
I 

I 

I 

I 

7, 
1 Rs. 1 

I 

I 

1 # 

78 I & M 

I and Churulia) 
I 70M (Khiina Ry. Stn. to 1 

Galsi Ry. Stn. ) J 
I 7 5 6  (Calcutta to 

Nkrayanpur ) 1 1 77R (Nlriiyanpur to 
Nariiyanpur ) 1 

1 87A ( Bloulmein to Paan)  

1 I 87B (Moulmein to Wekali) 
16 87C (Babukon to 

I Kawmyatkyi) 
8 i D  ( Nyaungbinzeik to 

Natchaung ) 

Saktigarh Ry. Stn. ) I 

I 74H (B.M. 116/73M to 

7 9 B  

1 

94 $ 
and 

9 5 E & I  

14 

) S8B (Kyauktaga to 
1 Myitkyo ) 

7 
' 88C (Dalanun to I Pazunmy aung ) 

88D (Pegu to 
I 

I 
Zenyaungbin ) 

88E ( hIyitkyo to Okpo) 
I 88F (E.B.M. a t  R.D. 2 5  of 17 1 the Yenwe Embank- 
I ment to Uaw) 
I 90A (Nyaungzaye to 

Kandin ) 
1 90B (Ma-ubin to Bassein ) 
1 I 90C (Sagamya to 
I Pantanaw ) 
1 90E (Thonze to Rangoon)) 

Burdwiin Ry. Stn.) 
70E (B.M. 85/73M to 

Miinkas Ry. Stn.) 
70F (B.M. 76/73M to 

Piinagar Ry. Stn.) 
70G (B.M. 58173M to  

I Durgiipur Ry. Stn.) 
I 70H (B.M. 28/73M to 

R%niganj Ry. Stn.) 1 701 (B.M. 15/53M to 
Asansol, Kiilipiihari 

I 



NDMERICAL DATA vii 

Levelling Pamphlets.- ( Continued ). 

Liue number I Situated in 
i degree s11eet.s 

89A (Kyaukse to Minzu) 7 
89B ( Y waltainggyi to 

Amarapura ) 
89C (Kyaukse to 

Maildalay ) \ 
89D (Tang811 to Shwebo) [ 
89E (Kabo to Myittaw) 
89F (Okshitkan to 

Paukkan ) 
90D (Meilztila to Yewe) J 

29C ( Nira to Batgarh ) . . . 
53A (Madad Chiindia to 

Mehar ) 
54B (Shikiirpur to Kambar) 
54C ( Wiriiso to Rato-clero) 

55K (Ahar Bela to Mult,aal)] 
55L (Rangpur to 

Muzaff argarh ) 
55M (Muzaffargarh to 

Basti Maluk) i 

9 3 B  & C 
and 84 M7 N, 

O & P  

550 ( S u j i b d  to Sabuwali) 39 0 7 7 

55P (Jahboana to Kot 
Maldeo ) 14 A 7 7  

56H (Kasilr to Basirpur) , 44 It', 1 k, .J 7 7  

57D (Lodhrin bo 
Bahiiwalpur 1 i ;in 1 ,, 

I 

Price 

Rs. 1-8 

As. G 

As. 10 

As. G 
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Levelling Pamphlets,-- (Continued). - 
.9 3 1 Line nurubrr Ba 1 m 

Sitllnted in Published 
degree sheets 1 in 

w 

As. 14 

As. 10 

As. 6 

--- -- - -- 
I 

36 1 70K (Allahi~biicl to Bariknr) 6:; G. K & O ,  

I 7 3  C, G, I< c% L 
ant1 Ti3 I 

I 

3 7  7 U L  (hlughal Sasii to  63 0 ct P and 
1 Haziribslgh Roacl ) . 72 D & H 
I 

:3H I 35N (Basti Maluk to 
1 Kahirwala) :i9 N ck 0 
1 
I 5.iH ( Abdul Hakim to 

I- - 

1929 

,, 

1930 

1 7  /As .  6 
1 Gash Mahisi jai  

:" 
56 5 ( Dnlndrnin to Ahar 

.,9 4-k 

Bela) J 
10 29D (Got i~r  to Kaladgi) . 

I 

47 L (i P I 1931 As. 8 

I 

41 29 B ( Nira to Jhalki j 19i30 
I 

I 6 4  I ((:ha~l;ihad to 
Camnpore ) ] l . j 3 ~ , . 5 4 1 , ~ !  1'1 64 J (Cawnpore to h N a l l d ( i R B , /  1930 

\ I  C X G  Allahabacl ) , I 
I 

7 7  S (Khulna to 

4 3 M&larlpur) 11 7 9  x7 F, 1 i& J 19;3;; 
7 7 T ( 3101 laha t to Rasisal ) - - 

As. 6 

Rs.1-f 

10 

r 4 U (Knehua to Alaipllr) i 
15sC4 f Thanatpin to 

I 

i 4 Tongy i ) ,; A ~j I,;,, AS. 10 
S8H (Ohnr to Thongwa 

and Ohne) I 

I 1 

I I I 
I 

.;i r (Khudiiiu to L~dll l- : i~l)  3'3 N & 0 and \ 
Lr) . i iK ( Bah;iwall~ur to 1 I. B, C, F, 1!)32 ' ASS l 4  

Fazi Ika ) G ct J 1 

46 1; Branch-L~IIPS 11~twpe.n 
Haziri11:i~h ail(1 (:omoh 

l i  6-iQ i Rohilinwgli to Lciall) 
I 

I 

72 H & L ant1 
i : 3  I 1ns;i AS. 6 

:jg J, 1( 6 0 19l:j A8. 
# - 
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Levelling Pamphlets.-(Continued). 

88 I (Bridge No. 74 to 
Myitkyo) 

88 J (Panut  t o  Penwegon) 

70 S (Mlnpur to 
Luckeesarai ) 1 

70T (Pa tna  to  Gaya) f 
131B (Toposi to Ondal ) 
121C ( Toposi to  

Gaurangdih ) 
1 

151A (Piitdareswar to 
Pal2sthili) 

70R f Iltrah to 
Sitiriimpur) I. 

70U ( PradhCInBhunta to 
Pithardih ) 

70V (DhanbCId to 
Jarnuliilttillr ) 

708  Toposi to BP;lbalii J 
561 (Ferozepore to Jag- 

raon) 
61 I (Mahna to Head of 

Bhaclaur clistribu- 
1 

tary ) 
6 l J  (Barlhni Knl5n to 

AIamwLla ) 

570  (Bhati~idrt to 
Dorfi ha )  

SSP (IslliinwC~la to 

11 
llissiir ) 

? 
1,arnhi) J 

.i7& ( H a i ~ n i n i i ~ g i ~ ~ ~ l ~  to 

57R (Hissir  to 
B5 Isamand ) 

75C (Muhainmadn~gar 
Patila to Bhadralrh) 

7.iD (Blladrakh to 
Cuttark) 

75E (Cuttaclr to Pir Hi t ) )  

Situated in 
dcgrer sheets 

-- 



K LIST OF PUBLICATIONS 

Levelling Pamphlets.- ( Contin.~lcd). 

4 

i .  Line number 8; 1 degree sheets 
r/) 

- - - - - - - - 

I 
- 

I I 

745 (Saktigarh to Bally ) 
74K (Seori~phuli to 

Tlrakeswar ) 
74L ( Bfindel to Barharwa ) 

74M (Khlna to Kiul: 7 
port,ion Tinpahiir 

to Pirpainti) 
74N (Nalhati to 

Azimgan j ) 
740 (Tinpahlr to 1 

Riijmahiil) ) 

700 (Jasiclih to 
Baiciyaniith Dhim) 

7 
70P (Maclhupur to 

Giridih ) 
7 2 8  (Bhagalpur to 

Manclir hill)) 

.i8 / 741 (Uttarp5ra to Kllna) 
I 
I 1 I 

.iS I 53M (S.B.M. Snkkur t,o 
Barrage Road B~~idge,  
Sukkur . . .  

I 

i 61K (Chancligarh to 
2 1 Doriha I- 53 I3 ., 

1 57X (Doriha to Patiala) j 1 

I 
As. fi 

As. 10 

As. 10 



NUMERICAL DATA 

Levelling Pamphlets.-(Concluded). 

* 
.f 6 Line number 
8Z 1 degree sheets 
3 

- - - - - - - -- - 
I I I 

75 F ( ChSribStia to  
KendrapLra ) 

75 G (Kiarbank to  .Puri) 
39 B (Pur i  to  Puri  ) 1 
GI L (Chandigarh to  

J a g d h r i  ) 
Cil M (Jagiidhri to 

Karni l  ) 
61 N (But,%na to 

Chaiidiina ) 
(j1 O ( lcarniil to  Jincl ) 
.5 7 Y (  oht talc to  PBoipat ) j 

6 

S i  (Pegu to Ainherst :] 
portion Pegu to 
Myitkyo revised in 
I :1;3:3-34 ) 

S8 (Elephant Point to 
1 Tha,xi: portioll Ea11- 

G(i I qoon to Pyitlbonqyi 
revisccl in 10:3:3-:i4) 

' 88 (: (Tl~allatpin to 

i Tongyi revised in 
1 !)3:3-34 ) 1 SS H ( 0 h 1 1 ~  to  Thongwa 

I 
a ~ ~ d  Ohne revised in 
103:3-:; 4 )  I 

5 7  Z ( J a h a l  t o  Rohti) 
5 i A A  (Bhiirthala to Kotli 

Price 

i MauvZ~i 

As. 10 

As. 1 0  

Rs. 14 

As. 14 



xii LIST OF PUBLICATIONS 

Tide-Tables. 
from 1880 to  1022 tidal predictions based on the observatione 

of the S11rvc.y of India were published annually by the India 05ce, 
London. From 1923 the preclictioil and publication have been 
nlldertaken a t  Dehra Diln by the Survey of India, and until 1930 
mere published as follows :- 

( 1 ) A single volume stylecl '' The Mqior Series" 
priced Rs. 8. 

( 3 ) Conlhined Pnn~ylrlets varying in price from Rs. 1-2 to 
Rs. 1-8 per copy. 

( 3 )  Scl~nrrttc I'~1111ph1ets for inclividual ports priced As. 12 
per cop!/. (For names of these ports see Geodetic 
Report Volume V, pages 31-33). 

Commencing from 1081, a iiew form of publication styled 
bb Tide-Tnhles of the Indinn Ocenn " has been introduced priced Rs. 3 per 
crlp!y. This comprises full tide-tables for the 41 Indian ports predicted 
by the Survey of Inrlia, ancl 22 other stanclarcl ports in the Indian 
Ocean rtncl Far  East, also for 6 English ancl Meditetranean porh. 
111 aclclitinn, it co~ltaitis the lion-harmonic tidal constants and tidal 
rliffrrencrs for ahout 470 ports and a.nchorages, and the harmonic 
titlal constants o f  about 170 important tidal stat'ions, mainly in the 
Indian Ocean and Far  East. 

Separate Pamphlets of ticle-tables have also been ~ublished for 
the following ports :- 

Boinhrty . . . price As. 12 per copy 
Hooghly River . . . ,, Rs. 1-8 ,, 
Rangoon River . . . ,, Rs. 1-2 ,, 

PiiR,T 11. GEODETIC IvORR8 OF ~~EFERENCE 
Everest's Great Arc Book. 

I .  An account of the measureme~~t  an Arc of the Meridian 
l)rtwren the pal.allels of 18" 3' allrl 2k0 7', by Captain George 
E r ~ ~ r r s t .  F.R.S. kc. ,  East India Company, London, 1830 (Out of 
11ri11t ). 

2 .  An account of the Measurement of two Sections of the 
i i o a l  Arc of India, bounrlecl by the para]lt~ls of 18' 3' l+5"3 
2 1' -' 

I 1 I" and 29' :(Of 4X", by Lt.-Ci,lonP] G. EVprpst, F a.8 and his 
a~.i*tatltr. East I~ ld ia  Cornpan?, Lonclon, 1847. ( Out of print! 

3. Engravings to illustrate the above. Londoo, 1847. (but 
of print l. 
G .  T. S. Volumes. De~erihing t,he operations of the Great 
Trigonomotrical Survey. 

V01. 1 TIIP Standard3 of I)I~nnnre ant1 the Bnse.l,inea, also an Intro- 
(luctory Account of the early operations of the Survey9 
during the period of 1800-18;+0. Debra Dan, 1870. (Out 
of print). 



GEODETIC WORKS OF REFERENCE xiii 

G.T.S. V 01umes.-( Continued ). 

Vol. I1 

Vol. 111 

Vol. I V  A 

Vol. VII 

Vnl. VIII 

History and Ueliernl 1)eucriptioa of the Hedl~ction of the Principal 
Trinngalotion. Dehra Dun, 1879. (Out of print). 
EiortL-West Yantlrilnternl. The Prillcipal Trial~gulation, the 
Base-Line Figures, the Karachi Longitudinal, NW. 
Hinialaya, and the Great Indus Series. Dehra Dun, 187S. 
(Out of print). 
North-West Qllndrilnteral. The P~.incipal Triangulation, 
the Great Arc-Section 24'-30°, Rahun, Gurhlgarh and 
Jogi-Tila Meridional Series, and the Sutlej Series. Dehra 
Dan, 1876. Price RY. 10-8. 
N o r t l ~ = f  est ()~li~drill~tcrel. The Principal Triangulation, 
the Jodhpur ailcl the Eastern Sind Meridional Series with 
the details of their Reduction and the final Results. 
Dehra Dun, 1886. Price Rs. 10-8. 
P e ~ ~ d u l n n ~  Operations, details of, b j  Captain J. P. Basevi 
and W. J. Heaviside, and of their Reduction. Dehra 
Dun and Calcutta, 1879. Pricc Rs. 20-8. 
S O I I ~ I I - E U ~  (Il~adriliiterol. T11e Priilcipal Triangulatioli ailtl 
Simultaileous Recluction of the following Series :-Great 
Arc-Section 18O-'21", the East Coast, the Calcutta and 
the Bidar Longitudinal, the Jubbulpore a i d  the Biliispur 
Meridionals. Debra Dim, 1880. (Out of print). 
North-Enst Qnudrilutenil. General Description and Simul- 
taneous Reduction. Also details of the following five 
series :-- North-East Longitudinal, the Budhon Meri- 
dional, the Rangir Meridional, the Ainua Meridional, and 
the Kariira Meridional. Dehra Dim, 1882. Y,~-ice Rs. 10-8. 
North-Ea~t Qaodrilnteral. Details of t h ~  following eleven 
series :- 
Gurwini Meridional, Gora Meridional, Hurilaong 
Meridio~lal. Chendwar M~ridional. North ParasnLth 
Meridio~la 1. North Dlalf~ncha M~ridional, Calcutta 
Mericlional, East Calcutta Longitudinal, Brahinaputra 
Meridional, Eastern Fro~lt~ier-Section 2:1°-2(i", a i d  Assain 
Longitudinal. Dehra Diin. 1882. Price Rs. 10-8. 

Vol. I XC Telcgrnl,l~ic Longiti~dcs. During t l 1 ~  year 18 i5-7 7 and 
1880-81. Dehrn Dfin, 1883. Z'q-ice 11's. 10-8. . Val. X Tclegrnpl~ic Tlongillidrs. During the years 1881-S2, 18 82- 
a:?, anti I88:3-S4. Debra Diin, 1887. Yrir~c: Rs. 10-8. 

Val. X'I i\cltrollo~t~ic.iil l~iilill~tlcs. During the period 180.1,-1885. 
Dehra Dun, 1890. IJr ic.e 1is. 10-8. 

Val. XI1  Ho~~tl~crli  Triqon. (;riicl*;il Desci.il~tion n ~ i c l  Simultnneo~is 
Rccluctio~i. Also d(1trtils of the folluwiiig two series :- 
(+~.(>at Ar~-Se~'fioll 8'-1 So, and Bolnbay L~>ngit~udinal. 
Dehra Dilii, 1890. l 'r ioe Rs. 10-8. 
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Vol. XIII So~ithern Trigon. Details of the fo l lowi~l~ five series :- 
South Konkan Coast, and Mallgalore Meridional, Madras 
Meridional and Coast, South-East Coast, and Madras 
Longitudinal. Dehl-a Dfin, 1890. Price KY. 10-8. 

vol. X I V  Soi~tll-West (Inodrilaterr~l. Details of Principal Triangula- 
tion and Simultaneous Reduction of its colnponent series. 
Dehra Dun, 1890. Price Rs. 10-8. 

V O ~ .  xv Telegraphic Longitndes. From 1885 to 1892 and the 
Revised Results of Volmnes I X  aiid X :  also the Simul- 
ta~leous Reduction and final Results of the whole 
Operations. Dehra Dun, 1893. P~ice  Rs. 10-8. 

~ o l .  XVI Tidal Observntions. From 1873 to 1892, and the Methods 
of Reduction. Dehra Diiin, 1901. Price Rs. 10-8, 

Vol. XVlI Telegraphic Longitudes. During the years 1894-95-96. 
The Inclo-European Arcs from Karachi to Greenwich. 
Dehra DQn, 1901. P~ice  Rs. 10-8. 

V O ~ . X V I I I  Astrono~~licalLatitades. Fro111 1885 to 1905 aiid the 
rleduced values of Plumb-line Deflections. Dehra Dbl, 
1906. Price Rs. 10-8. 

~ o l .  X I X  Levelling of Precision in India. Froin 1158 to 1909. Dehra 
Dun, 1910. Prire Rs. 10-8. 

Vol. X I X B  Bench Nurks on t l ~ ~  Soathern Lines of' Levelling. Dehra D$I, 
1910. Price Rs. 5.  

Vol. XIXB Bench marlis on the Xorthern Linev of Levelling. Dehra Dun, 
1910. Pricc Rs, 5. 

PART 111. HISTORICAL AND GENERAL REPORTS 

1. A Memoir on the Indian Surveys, hy (.I. R. Marltha~ll, liidia 
offic~, London, 1871. Pric,: KS. 5. 

1. A Memoir on t,he Indian Surveys. ( Secontl Edition j,  l?Y 
C. R. Markham, c.B., F.R.s., India Office, London, 1876. 

Price Rs. 5-8. 
3- Abstract of the Reports of the Sllrv*ys and of other 

Ct@oyrapbical operations in Ill(lia, 1869-iH, by C- Re 
Markham and C. E. D. Black, India Ofice, Lontlnn. 
Pltbliuhod an~~ua l ly  between 1871 a~lrl 1Hi9. ( O u t  of 
print ). 

4. A BIemoir 011 t , h ~  h ( l i n n  surveys, 1875-1990, by C. E.D. 
Black, I~ldiit Ofticc, London, 1891. price h's. 5-8. 

66  Note8 of the Survey of India" are issuetl inontllly. 
Price AS. 2. 



HISTORICAL AND GENERAL REPORTS xv 

Annual and Special Reports. 
Annual Reports of the Revenl~e Branch. 1851 to 1877. (1851 to 

1870, out of print). 
Ditto Topographical Branch. 1860 to 1877. ( 1863 

to 1877, out of print). 
Ditto Trigonolnetrical Branch. 1861 to 1878. ( 1861 

to  1863, out of print). Price Rs. 2. 
I n  1878 the three branches were amalgamated, and from that  

date onwards annual reports ill single volumes for the whole depart- 
ment, were published as follows :- r from 1877 to 1900. Price Rs. 3 per volume. 
Uenernl Reports from 1900 to 1922. Price Rs. 2 per volume. 

from 1923 onwards prices as given below. 
From 1900 onwards the Report was issued annually in the form 

of a condensed statement  know^^ as ( a )  the "Gencrnl Report" supple- 
mented by fuller reports, which were called ( b )  "Extrncts from 
Narrntive Reports" up to 1909, and then ( c )  "Records of the S ~ ~ r v c y  of 
Indin" until 1921. 

From 1922 the a~lnual  reports are published in three separate 
volulnes of octavo size, viz., ( a )  (ieaernl Report which is confined to 
reporting the Survey operations of the ordinary field parties and 
detachments with only brief abstracts of Geodetic operations, and 
Map Publication and Office work. Published annually. From 1922 to 
1924 Price Rs. 2, fyom 1925 Re. 1 .  (d)  Mnp Pablicntion and Office Work 
report which contains all the Index Maps showing the Progress of 
Ma11 Publication on all scales, with reports on publication and issue. 
Published annually beginning with year 1924. P ~ i c e  Re. 1.  ( e ) 
(feodetic Report which includrs full details of all scientific work of the 
Geodetic Branch, Survey of India excluding the work of the Dehra 
Drawing Office, Publication Office, and topographical parties. 

From 1933 inclusive, the Gcileral and Map Publication and 
Office work Reports have 11~en combi~led illto one report under the 
title of General Report. Price Rs. 1-8, or 2s. 6d. 

The followii~g fnller reports are available :- 
( b )  Extrncts f r o ~ ~  Nnrrntive Report<. 
1!)00-01. R e c ~ n t  Improvclmrnts in Photo-Zincography. G. T. 

Tria,ngnlation in Upper Rnl.ma. Exprrilnent :I 1 Base Measuremelit 
with J&clerin Apparatus. Topography in Uppor Burma. Calcutta, 
1903. (Out of print). 

1901-02. G.T. Triangulat,ion in Uppcr Burma. Topography in 
U p p ~ r  Burma. Sincl, Punjnh. Cnlcl~tix, 1904. (Out of print). 

1!)02-08. Prillcipal TrianySnl:ltioll ill 1Jppc.r Bnr~na. Topogl a- 
phy in Uppw Burma, Shan Stntcs Survey of Sc~mbhar Lake. 
Introduction of thc Coiltract S g s t ~ m  of Payment in Traverse Sllrrej.s, 
Traversing with the Snbt,e~isc Bar. Colnp~latioll and Reproduction 
of Thina Maps. Calcutta, 1905. Przce Ra. 1-8. 
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Annual Reports &c.-(Continued). 

1903-04. Utilization of old Traverse Data for Modern Surveys 
ill the United Provinces. Iclentificatiorl of Sriow Peaks in NepU. 
Topographical Surveys in Sind. Notes on town and Municipal 
Surveys. Notes on Riverain Surveys in the Punjab. Calcutta, 1906. 

Price Re. 1-8. 
1904-06. Triangulation in Baluchistin. Survey Operations 

with the Somililancl Field Force. Calcutta, 1907. Price Ra. 1-8. 

1Mb-00. Topography in Shan St,atres. Calcutta, 1908. 
Price Rs. 1-8. 

1906-07. Triangnlation in Baluchist,:ln. Topography in Shan 
States. Calcutta, 1909. Price Rs. 1-8. 

l!)O7-08. Topography in Shan States. Calcutta, 1910. 
Price R8. 1-8. 

1908-00. Calcutta, 191 1. Price &. 1-8. 

( c ) Recordn of the Snrvey of Indin. 

Vol. I 190!)-10. C a l ~ u t ~ t a ,  1912. Price Rs. 4. 
Vol. I1 1010-11. Calcutta, 1912. Price Rs. 4. 

Vol. 111 1911-12. Calcutta, 1913. Price Rs. 1. 
Vol. l V  1911-13. Explorations on t,he North-East Frontier. 

North Burma, Mishmi, Abor ancl Miri Silrveys. Calcutta, 
1914. Price a. 4 .  

V I ~ .  V 1912.13. Note on the relationship of the Hi~nilayas to 
the Indo-Ganqetic Plain. Calcutta, 1014. Price HR. 4. 

Val. V I  1!)12-13. Link connecting the Triangulations of In(lia 
and Russia. Dehrn Dun, 191 4. Price Rs. 1. 

Val. V I I  1913-11. Note on Scales and c o ~ t  rates of Town plalls. 
Calcut,ta, 191.5. Price RR. -4. 
( 1%5-79 Part I j V"l. VT'' 1 lSi9.92 Pnr+ 11 , Explorations in Tihrt and npighbouring 
regionp. Dehra Ddn, 191 5 .  Price qf etrrlt, part RJ. 4. 

1 ( -1) I 9 l L  Explorations in thp Eastern I(al-a-koram and 
tfhe Upper Parkand Valley, by Lt,.-Colonel H Wood, R.E. 
Dehra Lfm, 1922. Price R.9. 3. 

vol. Ix 1914-16. Criterion of ~t , rength of Indian Geodetic Tri- 
anpolation. A traverse slgn.l for City Surveya "The 
plains of Northern India and their rcIntinnship to the 
Himalaya 3lountaills " an address by Colonel S* G .  
Burrard, F . R . ~ .  Report on Turco-Persi:,n Frontier chm-  
mission. Calcutta, 1916. price R8. 4. 

VnI, x 1916-IL Mechanical Intrgrntol. for cnlrnlating Attrac- 
tions (illustrated). Traverse Survey of the boundary 
Imperial Delhi. Dehra Dan, 1917. price Zia. 4- 



KISTORfOAL AND GE3KWRA.L REPORTS 

Annual Reports kc.-( Continued). 

VO~.  X I  1916-17. Triangulation; use of high trestle for stations 
and 100-foot mast signals. Note on Basevi's Pendulum 
operations a t  Mark. Photo-Litho Oflice; New method of 
preparing Layer plates; Developments and Iinprovements 
in preparing Tint-plates. Dehra Dan. 1918. Price Ra. 4. 

Vol. XI1 Notes on Survey of India Maps and the Modern develop- 
ment of Indian Cartography, by Lt.-Colonel W. M. 
Coldstream, R.E., Superintendent, Map Publication. 
Calcutta, 19 19. Price Re. 3 .  

V O ~ .  XIII 1917-18. Photo-Litho office; the Powder Process. Pro- 
blem of the Himalayan and Gangetic Trough; Review 
by Dr. A. Morley Davies. Dehra Dun, 1919. Price Rs. 4. 

Vol. XIV 1918-19. Levelling in Mesopotamia. Dehra D m ,  1920. 
Price Re. 4. 

Vol. XV 1919-20. Levelling; proposed new level net.. The Earth's 
Axes and Figure, by J. de Graaff Hunter ( a  paper read a t  
the R. A. S. Geophysical Meeting). Report on the expe- 
dition to Kamet. Note on the Topography of the Null 
Kun Massif in Ladakh. Dehra Dfin, 1921. Price Rs. 4. 

Vol. XVI 1920.21. High Climbs in the Himalaya prior to t,he 
Everest Expedition. Mt. Everest Survey Detachment, 
1921. Traverse Survey of Allahabd city. Settlement 
of Boundary hetween Mysore and South Kanara. Dehra 
D m ,  1922. Price lib. 4. 

Vol. XVII 1923. Memoir on Maps of Chinese Turkistan and Kansu 
from the Surveys made during Sir A. Stein's Explorations, 
1900-01, 1906-08, 1913-15. Dehra Dfin, 1923. 

Price Rs. 12. 
Val. XVIII  1921.22. Traverse Survey of AllahkbCid city. Settlement 

of Boundary between Mysore and South Kanara. Notes 
on Revision Survey in the neighbourhood of Poona. 
Dehra Dan, 1928. Price RR. 4. 

Val. XIX 1901.20. The Magi~et~ic Surrey, by Lt.-Colonel R. H. 
Thomas, ~ . s . o . ,  R .  E., a,nd E. C. J .  Bond, V.D. Dehra Diin , 
1925. Yvice RB. 4. 

Vol. XX 1914.20. The War Record. Dehra Dfin, 1923. Pqaice Rs. 3. 
Vnl. X X I  1922-9:1-24. I. A i r  S1u.rc.y In t l i ~  Irrn~~rncltly D(1ltn 

1 !)L':;-2 l, h y  ATn.ioi. (1. ($. L(lwis, ii.~., a1111 I I. Rclcon- 
nnissnnc-e Sui.\-(by ill I:llilt~~~l .)1111 Soi11l1 'r l l)(~t I!)lL', l,y 
Captain H. R. C. Aftlnrlc~, J . A .  I ) L I I I Y ~  Dfi~i. 1 !I?*;. 

7'ric.r~ TI)<. 1 -,S. 

Val. XXII lnecr. Euplo~.ntiol~ of thc Shnlisqam V;~llop nnrl A g l ~ i l  
R a i ~ g ~ "  1!)3G, hy Major Li. M:~sc~ll. a r . ~ . ,  1 1 . ~ .  D(b111.a 
Dun, 1928. 1 ' r i v t  l : . ~ .  3. 
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Annual Reports - &c.-(Continued). 

vol. XXIII 1326-30. Report on Sind Rectangulation, 1926-30, by 
Lt.-Colonel A. H. Gwyn, I.A. Dehra Dii11, 1932. 

Price Rs. 1-8. 
V O ~ .  XXIV 1901-29. Riverain Surveys in t'he Punjab, 1901 to 1929. 

Dehra Diin, 1934. Price Rs. 18. 
Vol. XXV 1953-31. Surveys in Swat, Chitril & Gilgit and neigh- 

bouring territories, carried out, by 'A' Survey Company 
from 1925 t'o 1931, by Lt.-Colonel C. G. Lewis, o.B.E., R.E. 

Dehra Diin, 1934. Price Rs. 1-8. 
( e )  Geodetic Reports. 

I .  I 1 9  Computations and Research. Tidal work. Time 
and Magnetic observations. Latitude and Pendulum 
observations in Bihsr, Assam and Kashmir. Levelling. 
Lecture on "The height of Mount Everest and other 
Peaks". Debra Dun, 192s. Price Rs. 6. 

Vol. I1 1925-26. Coillputatioils and Research. Tidal work. Time 
ancl Magnetic observations. Preparations for the Inter- 
nat,ional Longitude Project. Triangulation. Levelling. 
Investigation of the behaviour of tree bench marks in 
Inclia. Dehra Dun, 1928. Price Rs. 3. 

1 1  - 2  The lnteri~atiollal Lollgitude Project,. Com- 
plltations ancl Publication of data. Observatories. Tides. 
Gravity and cleviation of the vertical. Triangulation. 
Levelling. Research and Technical Notes regarding 
Personal Equation Apparatus and t,he height of Mount 
Everest. Dehra Diin, 1920. Price Rs. 3. 

Val. IV 19?7-28- Colnputat,iolls ancl Publicatioll of data. Obser- 
vat'ories. Tides. Gravity and deviat,ioil of the vertical. 
Triangulat,ion. Levellillg. Debra DGn, 1929. Price Rs. 3. 

Val. V 1928.29. Computations and Publication of data. Ohser- 
vatories. Tides. Gravity and deviation of the vertical- 
Tr ian~ula t ioo  . Levelling. Research nod ~echllical 
Notes. Dehra Diln, 1930. Price Rs. 3. 

Val. VI lg?!)-RO- Computat io~~s Pub]icat,ion of data. Obser- 
vatoriebs. Tides. Gravity. Tliallgulat,io~l. Le'elling. 
Research ant1 Tech~~ ica l  Notes. Dehra Dim, l93l. 

Price II',~. 3.  

vol. V I l  l!)RO-:Il. Coinpntatio~is and Puhlicatiou of data. Oher- 
vatoritas. Tides. neviatioll of the Vertica 1. Gravity. 
Triangiilation slid Base M ~ ~ ~ ~ ~ ~ ~ ~ l l t .  Levelling. The 
Magnrtic Survey. Deh1.a Dull, 19.32. ]',.ice Rs. 3. 
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Annual Reports & c . - ( C o n c l u d e d ) .  

vol. VIII 1931-3'2. Computations and Publicatioli of data. Obser- 
vatories. Tides. Gravity. Triangulation. Levelling. 
Research and Technical Notes. Dehra Dan, 1933. 

P r i c e  &. 3. 
1933. Triangulation and Base Measurement. Levelling. Devi- 

ation of the Vertical. Cornputmations arid Publication of 
data. Observatories. Tides. Research and Technical 
Notes. Dehra Dun, 1934. Price Rs. 3. 

1934. Triangulation and Base Measurement. Levelling. 
Gravity. Deviation of the Vertical. Computing Office 
and Tidal Section. The Interilatiollal Longitude Project. 
Observatories. Research and Technical Notes. Dehra 
Diin, 1935. P r i c e  Rs. 3. 

193;. Triangulation. Levelliiig. Deviation of t'he Vertical. 
Gravity. Geophysical Survey in Bihiir. Computing 
Office and Tidal Section. Observatories. Research and 
Techiiical Notes. Dehra Dun, 1036. P r i c e  Rs. 3. 

PART IV. CATALOGUES AND INSTRIJCTIONS 

Departmental Orders. 
From 1878 to 1885 the Surveyor General's orders were all 

issued as " C'ircular  O r d e r s  ". Since then they have beell classified 
as follows:- 

( 1. ( ~ o v e r n ~ r e ~ ~ t  of India Order* (callecl " C i ) . c ~ ~ l a r  
Orders"  up to 1898). 

From lno4 as j 2. De~art~ulontnl Orders (Adnlinist.rat,ire). 
3. l)ei,ertmentrl Orders (Professional). 

In 1004 the various orders issuecl since 1878 were reclassified 
as f o l 1 0 ~ ~ : -  

Nzimber t o  date.  
1. (~overnn~ent of Indin Orders. 869 
2. Circ~~lnr Orders (ddininistrntivc). 432 
3. Circ~~lnr Orders (Professional ). 196 
4. neyrrtnlentrl Orders (appoiiit,ments, promot'ions, t,ransfers 

et,c.) 
These a1.P 1iuin1,erecI serially and had reached the ahove ~luinbrrs 

by S ~ ~ t e m h ~ l .  1935. Govcrjil)ir)t  t ?f I q ~ d i n  0rtlcq.s n ud C i w t  l o r  
O r t J ~ r s  ( Adnt i l l  istl .ntj  vc ) are hound up in volumes from time to time, 
as shown hPlotv, whilp ('iq-c-lr In?. Order.\. ( P t . ~ ! f ~ s s i o ~ ~ n l )  are q~.aclually 
incor),orrtIpd in the Snrvey H:~~~dl,oolrs. I3csirl~s t h ~  al3ovc. teinporary 
orders have 13ecll issued since 1:) 10 in thc form of "Circr~lnr Mcnlos ". 
Thew either lapsr 01. become iilcorpoi~ntecl in some more 1)ermaliellt 



LIST OF PUBLICATIONS 

Departmental Orders.-(Concluded). 

form, and are therefore only numbered serially for each year. 
Bound volumes of orders are available as follows:- 

1. "Government of India Orders (Departmental) 1878-1903. 
Calcutta, 1904. 

7 - ,, 1904-1908. Calcutta, 1909. 
(Out of print). 

,, ,, 1909-1913. Calcutta, 1915. 
,, 9) 1914-1918. Calcutta, 1920. 
, 3 ,, 1919-1924. Dehra Dfin, 1929. 

2. *Circular Orders ( Administrative) 1878-1903. Calcutta, 
1904. 

9 ,  9) 1904-1 908. Calcutta, 
1909. 

9 9  ,, 1909-1913. Calcutta, 
1915. 

7, > , 19 14- 19 18. Calcutta, 
1920. 

7 7  7 7  1919-1924. Dehra Dh, 
1926. 

:3. *Regulations or] the subject of Language Examillations for 
Officers of the Survey of India. Calcutta, 1914. 

4. *Map Publication Orders 1908-1914 (Superintendent, Map 
Publication's Orders). Calcutta, 19 14. 

Catalogues and Lists. 

1. Catalogne of Maps published by t8he Survey of India. 
Calcutta, 1931. Price &. 1. 

List of new maps published during each month appear in the 
monthly NOTES O F  T H E  SURVEY OF INDIA. These monthly 
lists are also issued separately. 

'1. catalogl~e of Books in the headquarters Library, Calcutta* 
1901. (Out of print).  

3. catalognr of Scientific Books and Subjects in the Library 
of the Trigoilometr~cal Surrey Office. D ~ h r a .  W n ,  1908. Price Re. 1. 

4. ('atnlngllr of books ill the Lihl.ary of the Great Trigonom 
metrical S u n  ry.  D~h1.a Dun, 191 1 .  

6. classifier1 ('ntnlogn~ of the Tripollollll~trical S~lrvey Lihmry, 
Dehra Dun, 1931. Gra t i~ .  

6. (:reen Liatq. Part  I List of Officers In the Survey of India 
( n ~ ~ n n n l l ~  to (late 1 si January Specia1 

Sul,plrmrntnry Edition datrd 1st Jlllj' 1932)' 
Calcutta. 1),,ice ]is. 1-12, or 3 8 .  

-- . - _- - - - - 
* For Depa~ tmental use only. 
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Catalogues and Lists.-( Concluded ) . 
6. Green Lists. P a r t  I1 History of Services of Officers in the 

-- (Contd.1 Survey of Ind  a (annually up to  1s t  July  1931. 
1932 Edition not  published. Biennially up 
to  1s t  July,  from 11133 inclusive), Calcutta. 

Price Rs. 1-2, or 2 s. 
7. Rhle Lints. Ministerial and Lower Subordinate Establish- 

ments of the  Survey of India. 
P a r t  1 Headquarters ancl Dehra Dfin ofices 

(annually t o  date 1st April. Special 1932 
Eclition published on 1s t  Ju ly ) .  Calcutta. 

Price Rs. 3-1 0. 
P a r t  I1 Circles a i ~ d  parties (annually t o  date 

I s t  January. Spccial 1 032 Edition published 
on 1s t  Ju ly ) .  Calcutta. I'qeice Rs. 9-10. 

From 1935 inclusive onwards Par ts  I and I1 have been pub- 
lished on 1s t  April in a single volume. P ~ i c e  Rs. 9 -2, or 15 s. 

8. List of the P~~bl icat ions  of the Stlrvey of Indin (published 
annually) Dehra Dfin. Gratis. 

9. I'ricc Tist of M~thenlntical Inqtrllrllcllt Office. Corrected up to  
1st September 1937. Calcutta, 1928. Gratis. 

Tables and Star Charts. 
I .  A ~ ~ s i l i i ~ r y  l'rbleu. To facilitate the computations of a Tri- 

gonometrical S~wvc~y, ancl the 1,rojection of maps for India, by 
Raclhanath Siclrdhar. Calcutta, 1851. 

8. A~lailinry 'l'rblrs. To facilitate thc ca lcu la t io~~s  of the Survey 
Dthpartment of India, by J.R.N. Hen~~c~ssey ,  F.R.A.S .  Dehm Ddn. 
1868. (Out  of prrnt) .  

3 .  Aaxiliary Tnl~les. To facilitate the calculations of the  Survey 
of India. T l ~ i r d  Edition. by Colon01 C. T. Haig, R . E .  Dehra Dan, 
1887. P ~ i c e  Rs. 2. 

4 .  Aaxilinry I'nblcs. To facilitate the cnlculatious of the Survey 
of India. Fo111.th Etlition, by Lt.-C'olonc~l S. G .  Rurrard, n.E., F.R.A. 

De11ra Diiii, 1 !JOG. P9.ic-r RP. 2. 
5. Aaxiliary T~~hlcu.  Of t h~ Snrvey ot' Iii(li:~. Fifth Eclition, 

( rcvis~t l  and , ~ x ~ P I I c ~ P ~ ) ,  1)y J. (le Graaff Hunter, ar.A., sc.n., F. INST.P. 

In  parts- 
Par t  1 Cira ticules of Maps, (~'('print~ed ). Dehra Dfill, 

19:3(;. ( a t  Press ). 
Pal-t 11 Mathclnaticnl Tnl,lcs, ( rcpl.ii1 tell with atlcli- 

tions ). De111.a Dull, 19;il. Z ' ) . ICP 11s. ,!2. 
Par t  111 TopoRrnphicnl Survey Tables, (~~cpl,intccl with 

additions). Dehra n d n ,  1928. P ~ i c c  Rs. 3. 
P a r t  IV Geodetic Tables, ( A )  Triangulation Tables. 

Dehsa Dm, 1931. Price Re. 1. 



xxii LIST OF PUBLICATIONS 

Tables and Star Charts.-( Concluded ). 

6. Tables for Graticules of Maps. Extracts for the use of 
Explorers. Dehra Diln, 1918. Price An. 4, 

7 .  *Metric Weights snd  Measures and other tables. photo- 
Litho Ofice. Calcutta, 1889. 

1 
8. Logarithmic Sines and Cosines to 5 places of deoimele. 

Dehrs Dfm, 1886. Price Be. 4. 
9. Logarithmic Sines, Cosines, Tangents and Cotangents to 

5 places of decimals. Dehra Diin, 1915. (Out  of print). 
10. Cnmmoii Logarithms to 5 places of decimals, 1885. (Out 

of print). 
11. Table for determining Heights in Traversing. Dehre 

b i n ,  1898. Price Ae. 8. 
It?. Tables of distances in Chains ancl Links corresponding to 

a suhtense of 20 feet. Dehra Dan, 1889. Price Ae. 4. 
13. * y 7  9 9 10 feet. Calcutta, 1915. 
14. * ,. 9 9  8 feet. 9, 

1 Field Traverse Tables. First Edition. Calcutta, 1928. 
Price Be. 8. 

16. Star Charts for latitJude 30' N., by Colonel J. R. Hobday, 
1.s.c. Calcutta, 1904. Price Rs. 1-8. 

1 7. Star Charts for latiturle 30' N., by Lt.-Colonel S. G. Burrard, 
R . E . ,  F.R.8.  Debra DI111, 1906. Price fi. 1-8. 

18. Star C'hnrts for latitude 15' N. Dehra Diln, 1928- 
Price Re. 2. 

1 Star Charts for jatitncle 30' N. Dehra Dii11, 1928. 
Price R8.2. 

0 C'at~logue of 249 Stars for epoch 1st Jan. 1892, from 
nbeervntiorls by the Survey, Dehra Diin, 1893. Price R8. 2. 

3 1. * Rainfall, maximum and minimum temperatures, from 
lgti8 to l!lJi, recorrled a t  the Survey Office Observatory, Debra 
Win, 1928. 

3.'. *B~,oklets of conventional signs for use on plane-table 
Sections. Second Edition, 1928. 
Old Manuals. 

1. A Manual of Surveying for India, rletailing the mode of 
operations on the Revenue Surveys in Bengal, and the North- 
1Yrrt~t-n Proviiicer. Compiled by Captains R. Smjth, and 
Thuil l i~r .  Calcutta, 18.51. 

.? -. Ditto. Seconcl Edition. London, 1855. 
3 .  A Manual of Surveying for India, detailing the mode of 

lqw=ratione on t he Trigonometricel, Topographical and Revenue 
Burrrye I ,f Intlia. C'ompilerl hy Colonel H. L. Thuillier, C.S.I., F.R.s., 

rrwl Lt.-C'ol. R. Srnrth. Third Edition, reviarcl and enlarged* 
Calcutta l$i.i. 

4- Hand-Book. Revenue Branch. Calcutta 189% 
price Rs. 2-8. 

For Departmental nee only. 



CATALOGUES AND INSTRUCTIONS xxiii 

Survey of India Handbooks. 
1. *Hand-Book of General In~tr~lctions. (in 2 vols.) Fifth Edition. 

1927. 
2. Hand-Book, Trlgonometrlcal Branch. Second Edition. Calcutta, 

1902. (Out of print). 
3. Hand-Book of Trigonometrical In~tructlonn. Third Edition. 

Parts in pamphlet forms. 
Pa r t  I Geodetic Triangulation. First Edition. Dehra 

Diin, 1931. I'rice Rs. 2-8. 
P a r t  V The Tides. First Edition, revised, Dehra Diin, 

1926. Price h. 2. 

P a r t  VI Levelling. Second Edition, revised, Dehra Diin, 
1928. Price Re. 1. 

4. Hand-Book, Topogrnphicnl Brnncl~. Third Edition. Calcutta, 
1905. (Out of print). 

5. Hand-Book of Topogrnl)hy. Fourth Edition. Ca'lou tta., 19 1 1. 
Chapters, in pamphlet form- 

Chapt,er 1 Introductory. Fift,h Edition, 1932. 
Price As. 8. 

9 9 I1 Constitutioil and Duties of a Survey Party, 
Third Edition, 1936. ( a t  Press). 

9 ,  Z I T  Triangulation and its Computation, revised 
1930. Price Rc.  1. 

9 ,  IV  Theorlolite Traversing. Third Edition, 1927. 
Price Kc.  1. 

9 9 V Plane-tabling. Fourth Edition, 1935. 
I'yice Kc.  1 .  

> 9 VI Fair Mapping. Sevent,h Edition, 193.5. 
P~ire  Re.  1 .  

,, VII Trans-Frontier Reconnaissance. Fourth Edi- 
tion, 1934. l'ricc Kc.  1. 

,, VlII  Surveys ill war. Secon(1 Edition, 1930. 
l J r i r n  Rc. 1 .  

7 7 
IX Foreat Surveys and Xlaps. 1925. l'ric,. '4s. 8. 

7 ,  
X Ma,p R~product~ion. Third Etli t i o ~ ~ ,  1 !)?ti .  

J ' r i t , , ,  L4s. (9. 

7 7  XI Geogrnld~ical RIal~s. Second E(litin11. 1026.  
I 'rim ,Is. 8. 

7: 
=I Air Survcjs (Provisional Eclitior,. l!~;;;;. 

l ' r i rc  h'r.  1 .  

6. *I'hoto-l,ifllo Office. N0tc.s 011 (>l-ganizntion. Jlt~thorls an(] 
P ~ . n c e o ~ ~ ~ ,  by Major W. ('. Hwlley, R .  E. Thirtl F3tliiion. (';I lcuttn, 
1924. - _____I_ - 

For Departmental use only. 



xxiv LIST OF PUBLICATIONS 

Survey of India Handbooks.-(Concluded). 
7. The Reprodaction (for the guidance of other departnrents) of MapR, 

Plans, Photographs, l)iagrn111~, rind Line I l l~~stmtio~~s.  Calcutta, 1914, 
Price Rs. 3. 

8. S~lrvcy oi' Indin Copy Book of Lettering. Calcutta. Pm'ce Rs. 3-8. 
9. Servey of India Copy Book of Hand Print,ing. Calcutta. 

Notes and Instructions. - 
llrawing and Paper. 

1.  *Notes 011 Printing Papers suitable for Maps, and on 
Whatman Drawing Paper by Major W. M. Coldstream, R.E. Calcutta, 
1911. (Out  of r int) .  
Printing and Fielc P 1,itLo processes. 

2. *Report on Rubber Offset Printing for Maps, by Major 
W. RI. Colclstream, R. E. Calcutta, 1911. 

3. *Notes or1 the "Vandyke " or Direct Zinc Printing Process, 
with details of Apparatus and Chemicals required for a small section, 
Compil~cl in the Photo and Litho Office, Survey of India. Calcutta, 
1913. (Out  of print) .  

4. *Notes of some of the Methocls of Map Reprocluctioll suitable 
for  the Field with appendix-Suggested Equipmerit Tables for the 
Light Field Litho Press (experimental), by Lieut. A. A. Chase, R.E. 
Calcutta, 191 1 .  

5 .  "Report on a trial of the equipment of the 1st (Prince 
of Wales' Own) Sappers and Miners, for reproclucing maps in the 
fielcl, by Lieut. A. A. Chase, R . E .  Calcutta, 1912. (Out of print) 
Base Lines and Xagnetic. 

6. *Notes on use of the Jdderin Base lille Apparatus. Debra 
Diln, 1904. (Out  of print). 

7.  *Miscellaneous Papers relating to  the Measurement of 
C+eodetic Bases hy Jiclerin Illvar Apparatus. Dehra Diin, 1912. 

8. *~nstrudtions for taking Magnetic Observations, 
J. Eccles, M. a. Dehra Dun, 1 S96. (Out  of print). 

9. Rcctnnaalnr (lo-ordirlntep. 011 a Simll]ification of the Computa- 
tions l.elating to. by .J. Ecrles, Dehrn Di111, 1911 Price Re. 1. 

1 0 .  'For Explorcru. Notes on the use of Thermometers, 
mettlrs and Hypsomet~rs  with tables for the Computation of Heights, 
1))- J. ~ l r  Graaff Hunter, 31. a. Debra Dull, 191 1. (Out of print). 

1 1 .  Instrue tions for Topographical Surveying, by ~t.-Cololl~l 
Sir A. Scott Wangh. F.R.R., F.R.G.S. kc.  Roorkee, 1861. 

1 .  Notebx o n  thtb Alleroid hsrometcl. for tht! us(> of travellers 
irr iltxtrrrnil~inS heights of peaks in Soothern I~lclia 1 1 ~  Major 
Bl.antill, R.E. IS;]. 

I .  C:urriru~um of the course of irlstructioll for probationers 
1 ) f  th+l Provi~~r ia l  S ~ ~ . v i ~ p  of thr survey of Illrlia. Dphra Din], 1913. 

. Notrs O I I  thti of TIII.ki, Tibpta~l illld ChillrgC 
p l n c ~  Ilamea. 1,)- C O ~ O I I P ~  R. A. WauhopP, C.Il. ,  C.M.~;., O.I.F. .  R . E .  f i L l S a  

D ~ I I I .  191 9. J ~ ~ ~ C P  As. 8. 
1.;. * A r n e ~ ~ t l ~ d  Tnstructinlls foi. thp Sllrrny nlld Mal~l'illg 

Town (:uirle Maps. A L I ~ U ~ ~  1 91 9. 
- - -  - -  - -- -- 

For D~partmentnl u s ~  only. 



CATALOGUES AND INSTRUCTIONS xxv 

Notes and Instructions.-(Concluded). 

16. *Notes on the map of Arabia and the Persian Gulf, with 
a general index of place names on the map, 190.5-08, by Captain 
F. Fraser Hunter, I.A. Calcutta, 1910. 

17. Acco~~nts  Pnlnphlet. Notes on accounts for field units. 
Dehra Diin, 1928. Price Re. 1. 

18. Specimens of papers set a t  Examinations for the Class I1 
Service. Dehra Df~n,  1927, 1929 & 1933. Price Re. 1 per year. 

29. Specimens of drawing on blue prints etc. 
20. Specimens of hand printing. 
2 l .  How to correct proofs. 

PART V. MISCELLANEOUS PAPERS 
Unclass i f ied  P a p e r s .  

(ieogrnyhy. 
1. A Sketch of the Geography and Geology of the Himilaya 

Mountains and Tibet ( i n  four parts),  by Colonel S.G. Burrard, 
R.E., F.R.s., Supdt., Trlgonometrical Surveys, and H. H. Hayden, 
B.A., F.G.s., ( later Sir Henry Hayden, Kt., c.s.I., c.I.E.,) Supdt., 
Geological Survey of Inclia. Revised by Colonel Sir Sidney Burrard, 
K.C.S.I., F.R.S., and A. M. Heron, D.SC., F.G.S., F.R.G.S., F.R.S.E., Supdt., 
Geological Survey of India. ( Second Edition). Delhi, 1933. 

Par t  I The High Peaks of Asia. Price Rs. 3-6, or 6s. 9d. 
,, I1 The Principal Mountain Ranges of Asia. 

Price Rs. 3, or 5s.  .3d. 
,, 111 The Glaciers and Rivers of the Himiilaya ancl 

Tibet. Price Rs. 9-2, or 15s. 
,, I V  The Geology of the Himstlaya. 

Plaice Rs. 12-8, or 20s. 3d. 
All four parts bouncl in one volume. Price Ks. 28, or £2.35. (id. 
2. *Report on t,hhc Itlent,ification anci Nomenclature of the 

Himstlayan Pealts as sccll from Kitmlindu, NepiI, by Cal~tain 
H. Wood, R . E . ,  Calcutta, I 904. 

3. Rontes in t,he Wcstern-Hirn5lap R a  slimir ctr., 13.1' 

Lt.-Colonel T. G. Montqo~nc~r i~ ,  i < . ~ . ,  F.R.s . ,  I".X.(:.S. De111-a Dilri. 190!). 
(Out of print ). 

.1. Routes in the WTcstern-Himiilaya, Kashmir ctc., with which 
arc. i~lcludecl Montgoliicrie's R,ontes. Voln~l~e  I. I'iiiich, B n s h ~ ~ i ~ .  
and Laclikh, by Major Mason, M.c., R.E., Second Edition, Calcutta, 
1929. Y ~ i c c  R:. 6. 
Explorntion. 

1 .  *Account of Sruvry opc~rations i l l  coni~c~clionc, ~r:th tl:cl 
Missinn to Yiirliantl a,nrl Kashgnl. ill 1872-74, 1,y Icla1,taiu Beiiry 
Trotter, R.E.  Calclitta, 1875. (Out of print). 
-- - -  - 

For Departmental use only. 



xxvi LIST O F  PUBLICATIONS 

Unclassified Papers.-(Continued). 

2. Report on t'he Trans-Himalayan E ~ p l o r a t i ~ ~ ~  during 1869, 
(Ou t  of print). 

3. Report 011 the Trans-Himalayan Explorations during 1870, 
Dehra D m ,  1871. (Out  of print). 

4. Report on the Trans-Himalayan Explorations during 1878. 
Calcutta, 1880. (Out  of print). 

5. Report on the Trans-Himalayan Explorations in Eastern 
Tibet during 1878, ancl in  South-Eastern Tibet during 1875-76, by 
Major-General J. T. Walker, c.B., R.E., F.R.S. Dehra Dan, 1879. 

Price Re. 1,  
6. Report on Explorations in Nepiil and Tibet, by Explorer 

M-H. season 1885-86, prepared by Mr. C. Wood, Dehra Dfin, 1887. 
Price Re. 1. 

7. Report on the Explorations in Sikkim, Bhutan and Tibet, 
18056-86, by Lt.-Colonel G. Strahan, R.E. Dehra D~n, 1889. 

Price Rs. 1-8. 
8. Report on the Explorations in Great Tibet and Mongolia 

made by A-K in 1879-82: prepared by J. B. N. Hennessey, ~ I . A . ,  F.R.B. 

Dehra Dun, 1891. Price Rs. 3. 
9. Reports on an  Exploration on the North-East Frontier, 

1913 by Captain I?. M. Bailey, I. A., Political Department and 
Captain H. T. Morshead, R.E., Survey of India. Simla, 1914. 

10. Alphabetical index showing the Geographical positions 
of all names appearing on Sheet No. 72. Dehra Dan, 1914. 

Price AS. 6. 
11. The "Where I s  It ". Reference index showing ,yeog?.aphical 

position of all important localities in INDIA and acljacent ~0~11tries, 
in four parts. Calcutta, 1928. 

P a r t  I Place names. Cities, towns, and other sites] .. I1 Railway stations. Complete list, 1928. I p,7ce 
,, 111 Localities. Districts, States, Tribes etc. 1 As. 12. 
,, IV  Physical. Ranges, passes, peaks, glaciers, 

rivers, canals, lalres, bays, capes, islands ~ t c . J  

13. Glossary of Vernacular Terms used in Survey of IncliaMapg- 
Calcutta, 1931. ~ ' ~ i c c  As. 6. 

Sperial Reports. 

1. *Report mn the Mussoori. and Landour, Kuma,un alld Garb- 
will, Ri~nikhet and Kosi Valley Surveys, extended to Peahg~ar  alld 
Kiighiin Triangulation during 1869-70, by Major T.  G. lY1ilo1~t,Pmflie, 
R.E .  (Out  of print,). 

2. Report 011 t h ~  Recent D~terminat ion of the ~ongitude of 
Madras. by Captain S. G. Bnrrard, R.E. Calcutta, 1 897. ( o u t  of print)* 

-_ _.A_-- - 
* For Departmental use only. 



MISCELLANEOUS PAPERS xxvii 

Unclassified Papers.-( Continued ). 

3. *Report on the Observations of the Total Solar Eclipse of 
6th April, 1875 a t  Camorta, Nicobar Islands, by Captain J. Water- 
house. Calcut tg  1875. (Out of print). 

4. *The ~ o t a l  Solar Eclipse, 2211d January, 1896. Dehra 
Dan, 1898. 

(1 ) Report on the observations a t  Dumraon. 
( 2 )  Report on the observations a t  Pulgaon. 
( 3 )  Report on the observations a t  Sahdol. 

5. *Report on Local Attraction in India, 1893-94, by Captain 
S. G. Burrard, R.E. Calcutta, 1895. 

6. *Report on the Trigonometrical Results of the Earthquake 
in Assam, by Captain S.G. Burrard, R.E. Calcutta, 1898. (Out 
of print ) . 

7. *Notes on the Topographical Survey of the 1/50,000 Sheets 
of Algeria by the Topographical Section of the "Service Geographique 
de 1'Armee" by Captain W. M. Coldstream, R.E. Calcutta, 1906. 

S. *The Silnla Estates Boundary Su~.vey on the scale of 50 
f e d  to 1 inch by Captain E. A. Tandy, R.E. Calcutta, 1906. 

9. ++A note on the stage reached by the Geodetic Operations 
of the Survey of India in 1920, by Lt.-Colonel H. McC. Cowie, R. E. 

The Magnetic Survey of India, hy Major R. H. Thomas, D.s.o., R.E., 

and a note on the present levelling policy, by Major K. Mason, 
ni-c.,R.E. DehraDiin, 1922. (Ou to f  print) .  

10. Report on the Lrvelliiig operations in connection with 
the selection of the site of the new Capital a t  Delhi, 1911-12. 
Simla, 191 2. 

11. The International Longitude Project, 0ct.-Nov., 1926 
Dehra Dun, 1928. 
Qcodeqy. 

1. Notes 011 the Thpory of Errol.s of  Oh~rrvation, by 
J. Eccles, M.A. Dehrn Dun, 1903. Price As. 8. 

2. *Note on C h a l l ~ c  of t h ~  ASPS of  the Terreslrial 
Spheroicl in relation to  t h ~  T1-iangnlaiion c.f tilt. (: T. Siirvey of 
~nrlia, by J. de Granff I-InnI(~r, M . A .  'Dehra I-)ill~. (Out of print), 
now incorporated in Prof~.ssioi~al Paper No. 16. 

3. R c \ p r t  on the. TI c.ntinent, ant1 us(. of Tnvar in measuring 
G~odetic Bases, by Cal,tai~i 11.H. Turnor, K . n .  L o n d o ~ ~ ,  1907. 

Pw're As. 8. 
Prqjcction~. 

1 .  On the 131-ojcction usccl for t h ~  Gc>ncbral Maps of India. 
Dehra Dun, 1903. 
-- . - - _ _ _  _ - - -  -- -- 

' For Departmental use only. 
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Unclassifled Papers .-( Concluded ) . 
2. *On the deformation resulting from the method of construe- 

t ing the International Atlas of the World on the scale of one to one 
million, by Ch. Lallemand. Translated by J. Eccles, M.A.,  together 
with tables for the projection of 1/M Maps on the International 
system. Dehra Dfin, 1912. 

1. Memorandum on the compilatioil of map of a portion of 
Tibet explored by Captain H. H. P. Deasy in 1896. Dehra Dfin, 1897. 

2. The reproduction of Maps and drawings by Mr. T. A. Pope. 
Calcutta, 1905. 

3. *A Note on the different methods by which hills can be 
represented upon mays, by Colonel S. G. Burrard, c. s. I., R.E. ,  F.R. s., 
Surveyor General of India, Simla, 1912. 

4. *A note on the representation of hills, by Major C.L. 
Robertson, C. M. G . ,  R. E. Dehra Diin, 191 2. 

5. *A note on the representation of hills on the Maps of 
India, by Major F. W. Pirrie, I. a. Dehra Diin, 1913. (Out of print). 

6. *A consicleration of the Contour intervals, and Colour 
Scales, best suited to  Indian 1/M maps, by Captain M. O'C. Tandy, 
R.E .  Calcutta, 1913. (Out  of print).  

Professional Papers. 
No. 1. Pro,iection. On the Projection for a Map of India, 

and acljacerlt Countries, on the scale of 1: 1,000,000, by Colonel 
St. G .  C. Gore, R. E. Second Edition. Dehra Dnn, 1903. Price Re. 1. 

No. 2. *Base Lines. Method of measwing Geodetic Bases by 
means of Metallic Wires, hy M. Jgderin. (Translated from 
Memoires Present& par Divers. Savants a 1' Acaclemie cles Sciences 
de 1' Institute rle France). Dehra Diin, 1899. (Out of print). 

No. 8. Base Lines. Method of measuring Geodetic Bases by 
means of Co1by.s Compensated Bars, compiled by Litbut'. H. McC. 
Cowie, R. E. Dehra Dun, 1900. (Out  of print).  

No. 4. Spirit levels. Notes on the Calibration o f  Levels, by 
Lieat. E. A. Tanrly, R. E. Dehra Diin, 1900. (Out of print. ) 

No. 5.  (4eodesy. The  traction of the Hiln;i]n?a Mou~ltains 
npon the Plnmh-Line in India, consirlerations of rrcc~nt data, by 
Major 9. G. Rul.rarc1, R . E .  Seconcl Edition, Dehrn U1i11, 1001. 

Price Ra. 2. 

NO. 6. Rase Line*. Account of a Determillntio~l of the 
C'n~fficients of Expa~~nion of the Wires of the JLdrll.i~~ Base Line 
Apparatus, by Captain G.  P. Lenox-Conyngham, R. E.  1)ehln Diln, 
1902. Price Re. 1. - 

For Departmentel uee only. 



MISCELLANEOUS PAPERS xxix 

Professional Papers.-(Continued). 

No. 7. YMiscellnneous. Calcutta, 1903. Price Re. 1. 

( 1 ) 011 the values of Longitude employed in maps of the 
Survey of India. 

( 2 )  Levelling across the Ganges a t  DLmukdia. 
( 3 )  Experiment to test the increase in the length of a 

levelling staff due to moisture and temperature. 

( 4 )  Description of a Sun-dial designed for use with tide- 
gauges. 

( 5 )  Nickel-steel alloys and their application to Geodesy. 
(Translated f roin the FYench ). 

( 6 )  Theory of electric projectors. (Translated from the 
French ). 

No. 8. Mngnetic. Experiments made to determine the tem- 
perature coedicients of Watso~l's Magnetographs, by Captain H. A. 
Deliholm Fraser, R. E. Calcutta, 1905. Price Re. 1 .  

No. 9. (:eodcsy. An Account of the Scientific work of the 
Survey of India;  and a Comparison of its progress with that of 
Foreign Surveys. Prepared for the use of the Survey Committee 
assembled in 1905, by Lt.-Colonel S. G. Burrard, R.E., F.R.S. Calcutta, 
1905. Price Re. 1. 

No. 10. P ~ I ~ ~ I I ~ I I I I I S .  The Peiidulum Operations in India, 
1903-1907, by Major G. P. Lenox-Conyngham, R. E. Dehra Dfi11, 
1908. Price Rs. 2-8. 

No. 11. Rcfmctior. Observations of Atmospheric Refraction, 
1905-09, by H. G. Shaw, Survey of India. Dehra Dan, 1911. 

Price Re. 1. 
No. 12. (:codes).. On the Origin of the Himalaya Mountains, 

by Colonel S. G. Burrard, c.s.I., R.E., P.R.S. Calcutta, 1912. 
Price Re. 1. 

No.  13. I a o ~ l n s ~ .  Investigation of the Theory of Isostasy in 
India, h y  Major H. L. Crosthwait, R . E .  Dehra Dun, 1912. (Out 
of print,). 

No. 1.1. Rcf~.ncIion. Formuln. for Atmospheric R4efraction, 
ancl their application to Ten-estrial Refraction and Geodesy, hy 
J. de Graaff Hunter, PI. A. Dehra Dun, 1913. l'ricc Rs 2. 

No. 15. l'cnd~~lan~w. The Penclulum Operatioi!~ in India and 
Burma, 1908-13, by Captai~i H. J. Couchlnan R.E. ,  Dehra Dftn, 1915. 

Yrire 1Js. 2-8. 
No. 1 G .  (frodcsy. The Earth's Axes ancl Triangulation, by 

J .  cle (iraaff H U I I ~ P ~ ,  nr. A .  Debra Diin, 10 18. P~sicr  Ra. 4. 
No. 17. lqoqtn~y. Tllvestiga,tions of Isostasy i n  Hin1:'llayan 

and Neighbouring rcgions hy Coloncll Sir S. G. Burrarrl, K. c .  s.I., 
I?.E. ,  P.R.R. Dp1lra Df1i1, 1918. P1.ic.c Rc. 1. 

No. 18. Iqostar~. A crit~cism of Mr. R. D. Oldliam's m ~ m o i r  
"The strnctnre of tlic Himiilayas and of the G s n g ~ t i c  Plaiil ", by 
Lt.-Coloi~el H. McC. Cowie, ILE.  Dehra Dun, 1921. I'vice Rs. 1-8. 

---. - . -- 
' For Departlnental uae only. 



xxx LIST OF PUBLICATIONS 

Professional Papers.-(Concluded). 

No. 19. Aerial Photography. Experiments in Aeroplane Photo 
Surveying by Major C. G. Lewis, R.E., and Captain H. G. Salmond, 
(Late  R.A.F.). Dehra Dun, 1920. Price Rs. 1-8. 

No. 20. Air Survey. Reconnaissance Survey from Aircraft, 
by Lt.-Colonel G. A. Beazeley, D.s.o., R.E. Dehra Dijn 1927. 

Price Rs. 1-8. 
No. 2 1. Rectnngnlation. Irrigation and Settlement Surveys 

1926, by Major J. D. Campbell, D.s.o., R.E. Dehra Dun. 1927. 
Price Rs. 1-8. 

No. 22.  Levelling. Three Sources of error in Precise Level- 
ling, Captain G. Bomford, R.E. Dehra Diin. 2929. Price Rs. 1-8. 

No. 23. * Air Snrvey. Air Survey of Waziristin 1923 to 1928, 
by Captain G. F. Heaney, R.E. Dehra Dun, 1928. Price As. 8. 

No. 24. Air Si~rvey. Notes on Air Survey in India, by Major 
W. J. Norman, M.c., R.E. Dehra Dun, 1929. Price Rs. 1-8. 

No. 25. Glaciers. The representation of Glaciated Regions on 
maps of the Survey of India, by Major Kenneth Mason, M.c.,R.E. 

Dehra Diln, 1929. Price As. 8. 
No. 26. (Aeography. Mount Everest and its Tibetan Names, 

by Colonel Sir S. Q. Burrard, K.c.s.I., F.R.S. Dehra Dun, 1'331. 
Price As. 8. 

No. 27. Gravity. Gravity Anomalies and the Structure of the 
Earth's Crust, by Major E. A. Glennie, D.s.o., R.E. Dehra Diin 1932. 

Price Rs. 1-8. 

D e p a r t m e n t a l  Papers t. 

NO. 1. Type. A consideration of the most suitable forms of 
type for use on maps, by Captain M. O'C. Tandy, R.E. Dehra Dun, 
1913. 

No. 2. Symbols. A review of the Boundary Symbols used 
on the maps of various countries, by Captain M. O'C. Tandy, R.E. 
Dehra Dun, 191 3. 

No. 3. Mays. Extract from "The New map of Italy, Scale 1: 
100,000", by Luigi Giannitrapani. Translated from the It.alian by 
Major W. M. Coldstream, R.E. Dehra D m ,  1913. 

NO. 4. Town Snrvey~. A report on the pract,ice of Town 
Surveys in the Unitecl Kingdom and its application to Intlia, by 
Major C. L. Robertson, c . M . ~ . ,  R.E. Dehra Diin, 1913. 

No. 5 .  Stereo-Plotter. Tholnpson Stereo-plotter and its use, 
with notes on the field work, by Lieut. Ii. M:~son, R.E. Debra Dun, 
1913. 

No. 6. 1vrl l i11.  Levellillg of High precision, IIY Ch. 
Lallemarld. Translated from the French by J. de Graaff Hunter, 
M.A. Dehra D1i11, 1914,. 

For Official use only. 
t For Departmental use only. 



MISCELLANEOUS PAPERS xxxi 

Departmental Papers *.-( Concluded ) . 
No. 7. Standard Bars. Bar Comparisons of 1907-08, by Major 

H. McC. Cowie, R.E. Dehra Dan, 1915. 
No. 8. Helio-Zincogral)l~y. Report on Rubber Off-set Flat bed 

Machine Printing, by Captain S. W. Sackville Hamilton, R. E. 

Calcutta, 1915. 
No. 9. Stereo-Auto-Plotting. A translation of Paul Corbin's 

French Stereo Autogrammktrie, by LG.-Colonel H. McC. Cowie, R.E. 

Dehra Dun, 1922. 
No. 10. Base Lines. A Booklet of Instructions with full des- 

criptions and tables for the Hunter Short Base, First Edition 
compiled by Major C. M. Thompson, I.A. Dehra Diin, 1928. 
Second Edition compiled by H.  C. Banerji, B.A. Dehra Dan, 1931. 

No. 11. Gravity and Isostasy. Investigations regarding Gravity 
and Isostasy by W. Heiskanen (Translated by V. Pelt.s, Esq. Revi- 
sed and completed by Major C. M. Thompson, I.A.) Dehra Dun, 
1928. 

No. 12. Geodesy. Geodesy, by J. de Graaff Hunter, M.A. sc.~., 
F. INST. P. Dehra Dun, 1929. 

No. 13. Splierical Trigonometry and Astronomy. Notes on Sphe- 
rical Trigonometry, and Astronomy etc., by Lt.-Colonel C. M. 
Thompson, I.A. Dehra Dun, 1929. 

No. 14. Wild Theodolite. Instructioils for the use of the Wild 
Universal Theodolite by Captain D. R. Crone, R.E., and the Wild 
Photo-Theodolite, by Lt.-Colonel C. G. Lewis, o.B.E., R.E. Dehra 
Dun, 1932. 

No. 15. Air Survey. Notes on Air Survey and Map Publica- 
tion in England, 1931, by Major H. R. C. Meade, I.A., with a 
foreword by Captain D. R. Crone, R.E. Calcutta, 1932. 

Professional Forms. 
A large number of forms for the record and reduction of Survey 

operations are stocked a t  Dehra Dun. 

Lirst of more important contributions by the OjTlcers 
of the Survey of India to various extra-departmental 
publications and related articles. 

1. +India's Contribution to Geodesy, by General J. T. Walker, 
R.E c.B., F.R.s., LL.D. (Philosopl~ical Transactions, Royal 3ociety, 
~eryes A, Volume 186, 1895 ). 

" For Department,al use only. 
t Obtainable from Messrs. Dulall & Co., 37, Soho Sqnnrc, London W., or KIessrs. 

Harrison & Sons, St. Martin's Lane, London, or the Royal Society at Burlington 
House, London. 



xxxii LIST OF PUBLICATIONS 

List of more important contributions by the Oficers of 
the Survey of India k c .  kc..-- ( Continued ). 

2.  *On the Intensity and Direction of the Force of Gravity 
in India, by Lt.-Colonel S. G. Burrard, R.E., P.R.S. (Philosophical 
Transactions, Royal Society, Series A, Volume 205, pages 289-318, 
1905). 

8. *On the effect of the Gangetic Alluvium on the Plumb- 
line in Xorthern India, by R. D. Oldham, F.R.S. (Proceedings of 
the Royal Society, Series A, Volume 90, pages 32-40, 1914). 

4. *On the origin of the Indo-Gangetic trough, commonly 
called the Himilayan Foredeep, by Colonel Sir S. G. Burrard, K.c.s.I., 

R.E., Y.R.S. (Proceedings of the Royal Society, Series A, Volume 91, 
pages 220-288, 1915). 

5. f Three comprehe~lsive articles on "Comparators for the 
Indian Government" from a report by Major H. McC. Cowie, R.E. 

(Engineering, Aug. 20, Aug. 27, Sept. 3, 1915). 
6. f Identification of Pealrs in the Himalaya with notes by 

Colonel Sis S. G. Burrard, K.c.s.I., R.E., P.R.S. ( U  eographical Jour- 
nal, September 1918). 

7.  f Geological interpretations of Geodetic Results, by Colonel 
Sir S. G. Burrard, K.c.M.I., R.E., P.II.S. (Geographical Journal, Octo- 
her 1018). 

8. f War Surveys in Mesopotamia, by Colonel F. W. Pirrie, 
I .  I . .  (Geographical Journal, December 1918 ). 

0. $Mapping from Air Photographs, by Lt.-Coloiiel M. N. 
Mac Leod K . E .  (Geographical Journal, June 1919). 

10. f Reminiscences of the Map of Arabia and Persian Gulf, 
by Lt.-Colonel F. F. Hunter, D.H.o., I.*. (Geographical Journal, 
December 1919). 

11. f surveys in Mesopotamia during the War, by ~t.-Colonel 
G. A. Beazeley, D.R.o., H.E. (Geographical Journal, February 1920). 

12. $ A lecture 011 the Earth's Axes and figure, by J. de Graaff 
Hunter, ma. (The Observatory, May 1920). 

13. f A brief review of the evidence upon which the Theory 
nf Isosta8y has been based, by Colonel Sir S. C;. Burrard, K.c.S.I., R.E.7 

P.R.Y. (Geographical Journal, July 1920). 
1.1. t A  note on the topography of the Nun Kun Massif in 

Ladikh, by Major K. Mason, nw., R.E. (Geographical Jourllal, 
August 1920). 

-- 

* Ohta~nahle from ~ e s z &  Go., 37, S o h ~  s q n ~ r e ,  London, W-t Or Me8er8. 
~Inrr lq~~n  k 8 o n ~ .  St. hlartln's Lane, London, or the Royal Soclefy Hnrllngton 
Honq~,  1,ondon 

t Ohtninahle from C'harl~s Robrrt .Tohnpon a t thp  offices of " ~ n ~ l n e e r i n g " ?  35 
46 Rprlforrl Street Strand. London, W C. 

f Oht.~lnable from the Royal (fec,graphicrtl Society, Kensington Gore, London' 
S.  W. 7. 

5 Obtainable fro41 Jde88rs. Taylor Jc Francis, Red Lion Court, Fleet Street* Londonp 
W.C. 
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List of more important contributions by the Offlcers of 
the Survey of India &c. &c.-(Continued). 

15. *An Exploration in South-East Tibet, by Major H. T. 
Morshead, D.s.o., R.E. (Royal Engineers Journal, January 192 1 ). 

16. *Projection of Maps. A review of some Investigations 
in the Theory of Map Projections, by A. E. Young, and Colonel 
Sir S. G. Burrard, K.c.s.I., R.E., F.R.S. (Royal Engineers Journal, 
March 1921). 

17. *Report on Expedition to Kamet, 1920, by Major H. T. 
Morshead, D.s.o., R.E. (Royal Engineers Journsl, April 192 1 ). 

18. *The Circulation of the Earth's Crust, by Lt.-Colonel 
E. A. Tandy, R.E. (Geographical Journal, May 192 1 ). 

19. 1 Johnson's Suppressed Ascent on E 61., by Major K. 
Mason, w.c., R.E. (Alpine Journal, November 192 1 ) . 

20. t Stereographic Survey. The Autocartograph, by 
Lt.-Colonel M. N. MacLeod, D.s.o., ILE. (Geographical Journal, 
April 1922). 

21. *The "Canadian" photo-topogsaphical method of Survey, 
by Captain and Bt.-Major E. 0. Wheeler, M.c., R.E. (Royal Engi- 
neers Journal, April 1922 ). 

22. t The Survev of Mr. W.  H. Johnson in the K'un Lull in 
1865, by k a j o r  K. ~ a ~ s o n ,  Mac., R.E. (Alpine Journal, November 
1922). 

23. tj Gravity Survey, by J. de Graaff Hunter, M.A., s c . ~ . ,  
F. INST. P. ( A  Dictionary of Applied Physics, Vol. 111). 

24. 4 Trigonometrical Heights and Atmospheric Refraction, 
by J. de Graaff Hunter, M.A., s c . ~ ,  F. INST. P. ( A Dictionary of 
Applied Physics, Vol. 111). 

25. Geodesy, by Colonel Sir G. P. Lenox-Conyngham, n.e., 
F.R.S. and J. de Graaff Hunter, M.A., s c .~ . ,  F. IPST. P. (Enc. Brit. 
12th Edition, Vol. YXXI, 1922). 

26. t The proposed Determination of Primary Longitudes by 
International Co-operation, by Colonel Sir G. P. Lenox-Conynghnm, 
I . ,  F . R . .  (Geographical Journal, Fehrnary 19233). 

2 7. t Recent Developme~lts of Air Photography. ( 1) The 
ad jus tm~n t  of Air Photographs to Survcy points, by Lt.-Colni~el 
M. N. MacLeod, D.S.O., 1r.1:. (Geographical .Journal, June 1 923). 

28. *Mount Ever&, by Major H. T. Morshead, D.s.o., R.E. 

(Royal Engineers Journal, Septeml~er 1023). 
29. tKishen Siugh and the Indian E x p l o r ~ r ~ ,  hy Major K. 

Mason, n r . ~ . ,  JI .F.  ( Geograpl~ical Journal, Decembc~. 1923). 

* Obtsinsblo from the Institution of Royal Enpneeva, C1111tllnm. 
Obtc~~na l~ le  Iron) tlrc lZoy111 Geo~rnphical Society ICensington Gore., 1~011clc,n, S .W. 7 .  

$ Obtainrrl~le from Alpine Clnb, 23 Snvile Ilow, Lnntlnn, \Y. 1. 
3 Obtnin~hle from Mesare. h'lrrcMil111n & CO. L~mited, St .  J lar t~n 'e  Street, London, 

W.C., Bombay, C~ lcut ta ,  Madras, Melbourne. 



xxxiv LIST O F  PUBLICATIONS 

List of more important contributions by the Oi3cers of 
the Survey of India kc. kc.-(Continued). 

30. *Electrical registration of height of water a t  any time 
in Tidal Prediction, by J. de Graaff Hunt8er, M.A, s c . ~ ,  F. INST. p. 
(Journal of Scientific Instruments, Vol. I. No. 8, May 1924). 

31. t The Demarcation of the Turco-Persian Boundary in 
1913-14, by Colonel C. H. D. Ryder, R.E. (Geographical Journal, 
September 1925). 

32. Geodesy, by J. de Graaff Hunter, N.A., ~c.D., F. INBT. P. 
(Enc. Brit. 13th Edition, New Vol. ii. 1926). 

38. The De Filippi Expedition to  the Eastern Kara-koram, 
by B. B. D. and Colonel Sir G. P. Lennx-Conyngham, R.E., F.R.s., 

M.A. (Nature,  13th February 1926). 
:34. t The Problem of the Shnksgam Valley, by Colonel Sir 

Francis Younghusband, K.c.s.I., K.C.I.E. (Geographical Journal, 
September 1926). 

35. t T h e  Shaksga~n Valley and Aghil Range, by Major K. 
Nason, m.c., R.E. (Geographical Journal, April 1927 ). 

36. A Break-Circuit for Pendulum Clocks, by J. Cle Graaff 
Hunter, M.A., RC.D., F. INBT. P. (Bulletin G6odksique No. 14, April, 
May, June 1927, Paris).  

3 7. t A Graphical Discussion of the Figure of the Earth, by 
A. R. Hinks, c.B.E., F.R.R. (Geographical Journal, June 1937). 

38. A Report on the Geodetic work of the Survey of Indin 
for the period 1924-27, by J. de Graaff Hunter, M.A., SC.D., F. INBT. P. 

presented a t  the third meeting of the Internatioiial Union of Geodchsy 
ancl Geophysics, Prague, September 192 7. Dehra Diin, 1927. 

Price Re. 1. 
39. t The Stereographic Survey of the Shaksgam, hy Major 

K. Mason, sr.c., R.K.  (Geographical Journal, October 1927). 
40. t Figure of the Earth : corresponclence by J. cle Graaff 

Hunter, MA.,  w.D. ,  F. INRT. P. (Geographical Journal, December 
1927). 

41. t Figure of the Ear th :  correspondence by Chptain (:. 

Romford, R.E. (Geographical Journal, D~cember  1!)37 ). 
42. t Reply to Captain G. Bomforcl's letter on Figure of th'' 

Earth ( Nn. t 1 of l ist) ,  by Captain G. T. McCam and A. R. Hillkg3 
c .B.E. ,  F.R.R. (Geographical Journal, Dec~mber  1927). 

4:;. Figure of the Earth. Pr~sitlential  adtlreas hv J. cle Grn;iff 
Hunter, M.A., n c . ~ . .  F. INBT. P. a t  the S ~ c t i o l ~  of Mathcrnntic~ alld 
Physics of the Fifteenth Inrliai~ S c i ~ u c ~  Co~~grcss ,  C'alc~ltt~ 1!'28 
I Published by the Asiatic Society o f  B ~ n g a l ,  Calcutta). 

Ohtnin~hle from the  Institate of Phynics, 90 Great Rnsael Street, London W.C. 1. 
t Obtainable from the Royal Geographical Society, Kensington Gore, London, 8.W. 7. 
1 Obtainable from the otEce of Nature. 6t. Martin's Street, London, W.C. 2- 
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List of more im~ortant contributions bv the OlZlcers of 
the Survey of India &c. 8%-( Continued). 

44. *Note on Sir Francis Younghusband's Urdok Glacier, by 
Major Kenneth Mason, KC., R.E. (Geographical Journal, March 1928). 

45. t Some Applications of the Geoid by J. de Graaff Hunter, 
ar.a., sc .~ . ,  F. INST. P. (The Observatory, June 1928). 

46. *The Cambridge Pendulum Apparatus, by Colonel Sir 
Gerard Lenox-Conyngham, F.R.S. (Geographical Journal, April 1929). 

47. f The Attraction of the Himilaya, by J. de Graaff Hunter, 
Jr.a., s c .~ . ,  F. INST. P. ( HimLlayall Journal, Vol. I, No. 1, April 1929, 
pages 59-66.). 

48. *The Kara-koram : Correspondence regarding the proper 
nomenclature of the Kara-koram Himalaya, by Colonel Sir S. G. 
Burrard, K.c.s.I., R.E., F.R.s., Dr. T. G. Longstaff and Major Kenneth 
Mason, M.c., R.E. (Geographical Journal, September 1929 and 
January 19 30). 

49. $ The Geographical Representation of the Mouiitains of 
Tibet by Colonel Sir S. G. Burrard, K.c.a.I., R.E., F.R.S. ( Proceedings 
of the Royal Society, Series A, Volume 127, 1930, pages 704-712 ). 

50. ( 1  The Glaciers of the Kara-koram and Neighbourhood, by 
Major Kenneth Mason, M.c., R.E. (Records of the Geological Survey 
of Inclia, Volume LXIII ,  part 2, 1930, pages 214-278). 

51. A Report on the Geodetic work of the Survey of India 
for the period 1927-30, by J. de Graaff Hunter, M.A., s c . ~ . ,  F. INST. P. 

presented a t  the fourth meeting of the Inter~lat~ional Union of 
Cicodesy and Geophysics, Stockholm, August 1930. Dehra Dull, 
1930. Pq-ice Rs. 1-1 2. 

52. The Indian Geoicl and Gravity Anolnalies hy J. de Graaff 
Hunter, M.A., se.n., F. INST. P. and Captain G. Bon~forcl, R.E. (Bulletin 
G&od&ique, No. 29 Jan.-Mar. 1931, pages 20, 21, Paris). 

53. Construction of the Qeoicl, by J. cle Graaff Hunter, n r . A . ,  

s c . ~ . ,  F. INBT. P. and Captain G. Bomford, 1z.x. (Blilletill G40d4siqup, 
No. 29 Jan.-Mar. 1931, pages 22-26, Paris). 

54. TTwo Notes on Short Tert,iary Bases, by J. c10 G r a ~ f f  
Hunter, nr.A.,  s c . ~ . ,  F. INRT. P. (Einpire SI I I .V~Y Revi(1w No. I ,  Vo1. 'I, 
July 1931, pages 12-15). 

55.  *Co~~t r iba t io~ i  to discussion on paper 1)y Mr. A. R. Hi~lks,  
($ .R.E. ,  F.H.S. " S o m ~  PI-ol)l~ins of t,11(1 F::lt-th'~ ( ' ~ - r i ~ t  ". Rrit~sh 
Associatio~~, 1 !)31, by J. tlc Graaff Huntc~r, nr.A. ,  sc.~).  1 1 .  INST. 1,. 

( (2eogrnl,llical Jonl.na1, N o v ~ m b ~ r  193 1 ). 
.< - - 

* Obtnin~blc from the ltoynl Geograpliicsl Society, Kensingl,on Gore. London, S.\V. 7. 
t Obt.ainal,lc from Messrs. Taylor rind Fr~ncis, Red Lion Court,, Bleri. Street, 

I~ondon. W.C. 
f Ohtainabl(b from Mes~rs.  W.  Thacker h Co.. 2, Crecd Lane. Ludga.tr Iiill, Lo~idon. 

E. C. 4, or M~ssrs.  Thnck~r. Spink Rr Co.. Cnlcnt.tn. 
$ Obt~inable from RIws1.n. Dalnu & Co., 37, Soho Square,   on don, iv.. or niasur.;. 

Harrison & Sonq., St. Martin's Lane, London, or the Roya! Society :tt 
Burlington Honqc. London. 

I I  Government of Indin, Central Publication B r ~ n c h .  Cnlcntta.. 
7 Obtainable from the Crown Agents for the Colonies, 4 Millbank, London, S.W. 1. 



xxxvi LIST O F  PUBLICATIONS 

List of more important contributions by the Offhers 
of the Survey of India kc. &c.-( Continued). 

56. *, t The Hypothesis of Isostasy, by J. de Graaff Hunter, 
~I.A., s c . ~ . ,  F. INST. P. (The Observatory, Dec. 1931 and Geophysical 
Supplement to Monthly Notices of the Royal Astronomical Society, 
January 1932 ). 

57. f Review of Captain Hotine's "Survey from the Air 
Photographs ", by J. de Graaff Hunter, M.A.,sc.D.,F. WST.P. (Empire 
Survey Review No. 3, Vol. I, January 1932, pages 134-137 ). 

58. Stokes's Formula in Geodesy, by B. L. Gulatee, M.A., 

( Cantab. ) ( Nature, 20th February 1932 ). 
59. $ A New Principle of Time Observation, especially for 

determination of Longitude, by J. de Graaff Hunter, M.A., s c . ~ . ,  
P. INST. P. ( Nature, 29th October 1932 ). 

60. 1 Isostasy in  India, by J. de Graaff Hunter, M.A., sc.~.,  
F. INST. P. ( Empire Survey Review, Vol. 11, January 1933). 

61 .  * " Crustal Warpings ", discussing the gravity work of the 
Survey of India, by Major E. A. Glennie, D.s.o., R.E. ( The Observa- 
tory, January and April 1933 ). 

62. 4 Time Determination, by J. de Graaff Hunter, M.A., sc.~., 
F. INST. P. ( Nature, 8th April 1933 ). 

63. 1 Figures of reference for the Earth, by J .de  Graaff 
Hunter, ma., s c . ~ . ,  F. INST. P. ( Empire Survey Review No. 8, Val. 11, 
April 1933 ). 

64. 1 1  Figure of the Earth, by B. L. Gulatee, M.A. ( Cantab. ), 
f Gerl. Beitrage, Bd. 38, H .  314, S. 426, 1933 ). 

6.5. A Report on the Geodetic work of the Survey of India for 
the periocl 19:39-33, presented a t  the fifth meeting of the Interna- 
tional Union of Geodesy and Geophysics, Lisbon, September 1933. 
Dehra Dan, 1933. Price As. 6. 

66. f Some factors in determining heights from Air Photo- 
qraphs, by Captain D. R. Crone, R.E. ( Empire Survey Review, Val- 
11, October 19:3?,, pages 221-225). 

B i .  7 Deflection of the Plumb-Line, by B. L. Golatee, n.* 
i Cantab.) ( Hyclrographic Review, Vol. X, No. 2, November 19% 
1)ayes 182-189). 

64. $ A  note on the Nepd  H i m i l a ~ a ,  by ~t . -Colo~lc~l  ~ennc'th 
Mason, ar.c., R.E. ( Himalayan Journal Vol. VI,  1934 ). 

- - 
* Obtainable from Messrs. Taylor and Francis, Red Lion Court, Fleet Street, 

London, W.C. 
t Obtainable from the Royel Astronomical Society, Burlington Aouse, London 

W. 1. 
: Obtlzinnbl~ from tlip Crown Agents for the Colonies, 4 Millhank. TJonrlnn. S.W. 

Obtainable From the Office of Nature, St. Martin's Street. London X.C. 2 

I Ohtnlnabl~ from Bkarlerniqche Verlagsgesellschnft M B.H.,  T , ( ~ ~ P ~ ~ F  
Ci Ohtnlnnhlc frorn the Intprnationnl Hydro);rral)]lic R I I I ~ ~ . I , I I .  A 1 0 1 1 t ( ' - (  11!11 R l t l n n c o .  

oht:linlzt)le from Mr. Humphrey Milford, Oxford Univer9ity Plc.sc. Alllen Houscl 
Warwick Square, London, E.C. 4. 
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List of more important contributions by the Oficers of 
the Survey of India &c. kc.-(Concluded). 

69. * Inequalities of Loading of the Earth's Crust,, by J. de 
Graaff Hunter, M.A., s c .~ . ,  F. INST. P. ( The Observatory, Oct. 1934 ). 

70. t The study of Threatening Glaciers, by Professor Kenneth 
Mason, ( Geographical Journal, January 1935 ). 

71. f Isostasy in India, by Lt.-Colonel E. A. Glennie, D.s.o., 
R.E. ( Gerl. Beit. Zur Geophysik, Vol. 43, No. 4, 1935 ). 

72. $ On the map of the Zemu Glacier, by Prof. R. Finster- 
walder ( Trailslated from the German by Lt.-Colonel C. M. Thompsoii, 
I.A. ) ( Himdayan Journal Vol. VII, 1935 ). 

78. 1 1  The Figure of the Earth from Gravit'y Observatiolls and 
the Precision obtainable, by J. de Graaff Hunter, c .I .E. ,  s c . ~ .  (Phi -  
losophical Transactions, Royal Societ,y, Series A, Vol. 2334, 1035 ). 

74. On the Subterranean Mass-Anomalies in India by B. L. 
Gulatee, ~ I . A .  ( Cantab. ) ( Proceediiigs of t,he Academy of Scielices, 
U. P., India,, Vol. 5, Sept. 1935 ). 

- 

* Obtainable froin Messrs. Taylor and Francis, Red Lion Court, Flect Street, 
London, W.C. 

t Obtainable From the  Royal Geographical Society, Kensington Gore, London, 
S.W. 7. 

1 Obtainable from Akaderuische Verlagsgesellschaft M.B.H., Leipzig. 
5 Obtainable from Mr. Humphrey Milford, Oxford University Press, Amen Houst., 

Warwick Sqnare. London, E.C. 4. 
( 1  Obtainable from Messrs. Dulau R- Co., 37. Solio Square, London. \V., or Messla. 
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