


Dr. de Graaff Runter, whose portrait faces this page, joined 
the Siirvey of India in 1907, as Mathematical expert, his designation 
being changed to  Mathematical adviser in 1913. He was brought 
on to the padre of the Class I Service in 1915, and was eventually 
promoted to be Director of the Geodetic Branch in 1928. Owing 
to drastic retrenchment in the expenditure of the Department, 
Dr. Hunter's service was brought to a premature close in November 
1932, when he proceeded on long leave pending ret,irement. 

Except for a period during the Great War ,  Dr. Hunter spent the 
whole of these 25 years in the Trigonon~etrical Survey, or Geodetic 
Branch, with headquarters a t  Dehra Dan. 

During 1908-09 he was employed on principal triangulation in 
Kashmir, and in 1916-17 on the Madura and Bagalkot Series in south 
India. From September 1917 to July 1919 he was on military 
service with the Mesopotamian Survey Party with the rank of 
Captain. H e  did much valuable triangulation, both in Triq and 
in Persian Kurclistin, ancl was in charge of surveys in southern 
Kurtlistiu when the rebellion of May 1919 broke out. 

Dr. Huilter's chief interests were connected with the obser- 
vatory sectioii and computing oftice a t  Dehra Ddn. Besides his 
outsta~iding mathematical genius he had a very sound and wide 
knnwletlge of physics, and a distinct mechanical skill, and he 
int~.oduced many improvenients into methods and inst~~uments.  He  
designed the original Hunter Short Base described ill Departmental 
Paper No. 10. His researches into suhjects affecting the figure 
of the eal,th have roused world-wide interest, and he has reco~.rled 
and pnhlislied his rleductions in a raluahle ~rtries of publicatio~~s, 
lectures, and contributions to  technical papers. 

He is responsible for the production of the fifth edition of 
the Auxiliary Tables of the Survey of India, and of the Geodetic 
Reports of the Survey of India from 1922 to 1932. 

Amongst his publications may be noted : 

cavity Survey In Dictionary of Applied Physios Vol. I1 

Tripnnometricnl Heights and Atmospheric 
Refraction Do. Do. 

C f ~ o  lesp In 13th Edition of Encyclopredia Britta- 
nica 

Atmclsphrric Refrnction Professional Paper No. 14, Survey of India 

The Earth I Axes and Tr~angulntion Professional Paper NO. 16 

Geodesy Departmental Paper No. 12 ,, 



I n  1920 he mas awardecl the  degree of Doctor of Scienceat 
Cambridge. 

H e  represented the  Survey of India a t  the International Union 
of C:eodesy and Geophysics in 1922, ancl he presided a t  Section of 
Mathelllatics and Physics of the fifteenth Indiall Science Congress 
a t  C a l c ~ ~ t t a  in 1088. 

Dr. Hunter's tlwp knowledge and souncl judgment in all 
geodcltic and geophysical branches of science will be seriously 
missed in the department. 
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I N T R O D U C T I O N  

1. The year 1931-32 has been heavily overshadowed by 
retrenchment and changes in organization. The Geodetic Branch, 
which latterly had coilsisted of 48 per cent geodetic units ( Com- 
puting & Tidal Party and Nos. 14, 15 & 17 Parties ) and 62 per cent 
non-geodetic units [No. 2 Drawing Office, Forest Map Office, NO. 16 
Party (Publication and Stores ) and Training School],-the per- 
centage being on the basis of expei~diture-was reduced all round. 
It  011 the other hancl, absorbed a topographical circle ( Central Circle) 
less onc party ( No. 5 ) which was transferred to the Eastern Circle. 
The Geodetic Branch non7 consists of 36 per cent  geodetic units 
(cletailecl in next paragraph) and G4 per cent non-geodetic units 
(No. t! Drawing Office and Forest Map Office, No. 1 Party, No. 20 
Detachment, Printing Office, Photo-Zinco Office and Workshops ). 
Thrse reductions and amalgamations started gi.adually from about 
December 1931, but did not very seriously affect the field units until 
their field programmes, curtailed in some instances, had been com- 
pleted. 

2. The new organization provides the following geodet'ic 
units : 

( n ) No. 14 Part,y (Geophysical) witli 3 potential  detachment,^: 

( i ) Pendulum. 

( ii ) Latitude and L~ngit~ucle ( deflection ). 

( iii ) Gravity gradiomet'er. 

( h )  No. 15 Party (Triangulation and Levelling) with t,l~ree 
sect,ions : 

( i ) Triangulation and base-line. 

( ii ) Levelling. 

( iii ) Protection and Maintenance of stations and bench 
marks ; Workshops and Stores. 

( c )  Comput,ing and Tidal Parby witli the following sections : 

( i ) Comput,ing Sectmion. 
( ii ) Tidal Section ( predict,ion and occasiona.l analysis ). 

( iii ) Observatory Section ( Lst,itude, Longibude, Time, 
Magnetism, Meteorology, Seismology. and Standards 
of meas~lremeirt ). 

( iv ) Printing Office. 
( v ) Photo-Zinco Ofice. 
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The Geodetic units have been seriously cut  down. It is fortu- 
nate tha t  improvements in  instrument,^ and methods of observation 
have advanced rapidly in recent years, and admit of field results 
being obtained more rapidly than was formerly possible. 

3. Pendulum work. ( Chapter I V  ). An apt  illustration of the 
last remark is provided by the  gravity work, and great  credit is due 
to Major E. A. Glennie, D.s.o., R.x., who has been in charge of these 
operations for a number of years. For the season 1931-32 the  ori- 
ginal programme was to determine gravity a t  stations in a belt exten- 
ding nearly across India roughly on a line from Bombay to  Calcutta. 
Access to much of the  region by rail was impracticable and two 
14-ton motor trucks were employed with great  success. Reductions 
in personnel were necessary. The conditions of roads in India made 
thi3 form of transport quite a speculation, which was happily fully 
justified. I n  fact expectation was surpassed and Major Glennie 
mas able to propose additional stations for observation. I n  all, 
46 stations were occupiecl, bringing up the  total number of depart- 
mental gravity stations in India and Burma to  273, (of  which 
only 11 are in Burma).  The field season extended from November 
20th, 1981 to  May 3rd, 1932 ; the unusually late date of termination 
being made possible by keeping the  final month for observations 
in the hills, and was particularly desirable owing to Major Glennie'e 
anticipated absence from India during the next field season. 

I n  addition to improv~ments in the routine of observation which 
allomeci so many stations to be occupiecl, methods of reduction of 
observations now enable this to be in an advanced stage when 
the party returns from the field. Major Glennie has also been 
able to develop further his ideas for the interpretation of gravity 
results in relation to the  known geology, and to apply them to  eluci- 
dation of crustal formations. Some of this work is set forth in 
Chapter IV, para 6 ; bu t  in this connection his Professional Paper 
No. 27 ( Gravity Anomalies and the Structure of the Earth's Crust) ,  
published in 1932, should be read. It is to be remarlred that 
the conclusions are not in accord with the Hayford concept of 
isostasy. 

A t  the encl of para 12, Chapter IV, Major Glennie denies the 
" common but erroneous impressions " t ha t  the geoid tends to follow 
the surface configuration. I think he is correct. Any additiov~nl 
matter anywhere, of course, raises the potential everywhere and more 
particularly in t h ~  vicinity of extra matter:  so tha t  as a result the 
q~o i r l  would be higher there than if the extra matter were remov~d. 
But this does not show that  the geoid is elevated a t  that  point above 
thp reference spheroid. It is possible to have a d~pr r s sed  ptoid 
associat~tl with either excess or defect of local gravity. Stoltes' 
formula indicates the rise of geoid due to gravity anomalies, flom 
which i t  is clear t ha t  anomalies all over the world affect the 
geoidal level. 
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4. Triangulation. ( Chapter V ). The Dalbandin Meridional 
Series along meridian 6.5' E. in Baluchistiin, linking the  Kals t  and 
Makr%.n series, was observed by Captain G. Bomford, R.E., wit,h very 
satisfactory closure. The large Wild instrument, was used and 
contributed to tlie rapid co~npletion of the work in 9 weeks of 
observation. No night observations were ~nacle. 

The series comprised some very long rays, one of which from 
Malik Surinda H.S. to Choto-i-jik H.S. is 80 miles long, and actually 
the longest ray of the Indian geodetic tmriangulation. The average 
triangular error was OU.7l, n~ = O"'47 M = O"'32. 

Astronomical observatiol~s were made a t  7 statioiis for latitude 
and 5 stations for azimuth to extend our knowledge of the form of 
the geoid into Baluchisti~i. It is pleasant to be able to record tha t  
the Wild theodolite proved very c o ~ l v e i i i e ~ ~ t  and expeclitious for this 
work. 

The geoidal coiltours resulting froiri these and other available 
deflections are discussed ill para 9 a i d  illustratecl with' reference to 
the International spheroid in Chart XV. The rise of the geoid 
above this spheroid is notably large and shows that  the Survey of 
India spheroid, (derived from data availahle in 1923  ) fits this part 
of the geoid better than tlie I i~ternational  spheroid and Chat even the 
Survey of India spheroid has too large a value of the inverse of 
the ellipticity. I n  Kashmir the superiority of the Survey of India 
spheroid was demonstrated previously. 

Every effort is being made to  extend the region in which the 
geoidal form is clrt,erini~~able: and in the coming field season 
( 1932-33 ) a line of deflection observat,ions ( hot,h compo~lents ) is 
being carried from the eastern boundary of India across Burma to t,he 
Burmo-Siam borders. It is much to be hoped that  t,his ?ill be 
further extended by neighbouring surveys through S i a ~ n  and Malaya, 
and subsequeiltly through the Islailds of the Dutmvh East, Indies 
where thorough triangulation has hern effected. 

5. Levelling. ( Chapter VI  ). Owing t'o need for economy no 
geodetic levelling was effected this season. It is regrett,able tha t  
progress with the  level net  of high precision is thus arrested, and 
will remain so for the coiniiig season too. I t  is however far bet,ter 
to close down work on t,his net  until funds are available t,o ma.l<e 
substantial progress, sufficient to close definite circuits in reasonable 
tiine, and thus avoid all chance of confusion hy c l in~ i j i~s  of Irvcl. 
I n  1!)82-35 only oiip precision lcvellinq dctnchttlc~ut is tnlting the, 
field: mid this will c ~ l i ~ i f ~ ~ t  the Icvc~lli~lg systcbitls o f  T~ltli:~ a11(1 
Burma. Juiictioil with Siain is postpoi~cvl till 1933-34.  

0. Georl~tic. ( ! l~nrts.  ( Clial,ter I aittl Chaptc.1. VTT, See. I1 ). 

The intrrcst in geotletic tlata inc~r~ases  greatly n.11c.n the :II.P:~ cove1 cti 
is &ended. It is accordi~lgly of great importa~icc, to 1~ :t\rrnrr of 
the possibilities of extensions. O I ~ P  should be acquainted with the 
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work of ndjoiuing countries. Wi th  this object i n  view two charts 
have ~ P C I I  proditced. One is the I d e x  Cl~art qf Geodetic: Surveys in 
1,111ic1 ctntl nei!qhhorering corrt~tt-ies OII the scale of 116 M. On this are 
shown all t h r  operations of geodet,ic interest performed not only in 
Indin rind Burma ba t  also in the adjacent coilntries S i a ~ n ,  French 
Indo-China, Ni~lnpn, and Ceylon. 

Thtl s c ~ o l ~ d  cmhart (:eoi~clic. Surveys bet~veer~ India and Auetralin 
is 011 thtb scale of 1/10 M ( appx. ) n11r1 primarily purports to  illus- 
trate the. situation ns regards g~ot le t ic  tria~lgulation. Enquiries 
wertb made from t.he following authorities : 

( 1 ) The Direct,or of Commonwealt.li Lmlds illlrl Surveys, 
RI~.lbour~le, Australia. 

( 2 ) H r t  Hoofd vat1 den Topografischrn Ditwst, Batavia, 
Java. 

( :i ) The Director, U. S. Coast al~cl Geodetic Survey, 
Washington. 

( 4 ) The Surveyor General, Federated Malay States. 

( .; ) The Commissioner of Lands, Saudaken, N. Borneo 

and from their replies the chart has been compiled. A brief account 
of the situation is also give11 in Chapter VII ,  Sec. I1 by Mr. Gulatee. 
From these it will be seen that the Indian triangulation system is 
joined with Burma and Siam and French Indo-China, while the 
conl~ectiot~ of Siarn and Malaya (-an be macle by a small amount 
of ohserviug. B r t w r e ~ ~  ;\IInl~lya and Sumatra triangulations there is 
;I gap o f  some 1SD 1nilr.i. When these two gaps are tilled triangule- 
tion will br  conti~luoiis from the trljunction of Persia, Afghanistan 
atid Baluchistan ( X 30' N., L. 61' E. ) up to the Soenda Archipelago 
(A8"S..  L. 11i 'E . ) .  

In this chart are also shown the submarine pendulum observa- 
tiona nt' Dr. Vening Xeinesz. These give an additional force to 
the necewitp of completing the triangulation connections suggested 
above. which should be followed up by deflection observations, 
continuous from Burma. 

7 .  Tidal operatiom. These are descr~bed by Mr. R. B. Mathur 
111 Chapter In. They consist m o ~ t l y  of predictions, but analysis of 
observations ( para 4 ) of the Orissa ports Chandbali and Shortt 
Islancl have hcen practically completed. Basrah predicitiol~s (para  5 ) 
have tlq,t r+.spnntlrrl to ortlitlary treatment used for riverain ports, 
an11 it is thought that  the rrlatively larger amplitude of the diurnal 
compt,ue~lta contributes to t,his lack of s<iccess.- 

3. 3Ir. Mathur also reports (Chapter 11 ) on t,he work of the 
Ijl~serraturirq. Ll)ngitucl+x ol~servations have beer1 made regularly 
I)!- trnuait titter1 with moving wire micrometer. The result suggests 
somr r~aillual personality between the two observers of such an 
ortlrr aa O".OL. 
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Cloclrs. The Riefler clock has worked well. The recently 
installed Shortt  clock gave trouble owing to leakage in the vacuum 
chamber. This was finally corrected about August, but  there is not 
sufhcient experience of the running of the  clock to jufitify any 
statement concerning it. 

1,ntifude var ia t ion.  Observations have also been continued with 
satisfactory accuracy. The amplitude of variation of latitude a t  
Dcl~ra appears to be considerably greater than tha t  observed else- 
where. The idea occurred tha t  this might be due to a seasonal 
c h a ~ ~ g e  in tilt of the atmosphere's isopgc~lic surfaces. Enquiry from 
thr Meteorological Department has resulted in intimation tha t  the 
surfacrs (lo t i l t  by a variable alnount which qualitatively fit the 
sl~spected abnormalities, but  qual~titsrtively is only about 1/5th of 
what is required. It, is possible however that  these tilts are accen- 
tnatetl by the special topographic situation of De111.a Dan. 

!). Reseavcl~ i tems.  

1,ongifude observnlron. Experiments have been madc with a new 
plan of observation of time for longitude tletermination. The posi- 
tion of a star is read against a scale a t  definite instants, regulated 
1)p n shutter which is a ~ t ~ u a t e d  by the cloclr. I t  is hoped that  hy 
this means personality will be avoided or much reduced. The 
expctriments are not yet completed, but  give col~siderable promise. of 
P I I ( ~ ( ~ ( > S S  (see "Observatories " Chapter 11, para 6 ). 

Rnolcr p w k s .  (Chapter V11, Sec. I ). It has been a matter of 
interctst to determine whether the Himiilayas are still rising. About 
2.5 yrars ago several series of observations of vertical angles to sno~v  
ptbaks in the ICu~naun HimHlaya were made and thc hrigllt of the 
p~alrs were determined (aicle Professional P a p r  No. 14 ). Dur i~ lg  
March 1932 further observations wcw talien and thew will be cnn- 
tinuerl in 1933. The results so far  obtained indicate tha t  no cnll- 
sidernhle change in altitude has occurretl in the last quarter of a 
century: the small changes in the hcight values deducecl being 
withill the likely errors to  which the  observations anrl their reduction 
arc, s:ll~ject. 

lsr~slnsy.  A paper nn the "Hypothes i~  of Isofitasy " I>y Dl.. Hrmter 
W R ~  1.(1:1(1 a t  the Geophysical Meeting, Royal Ast~.oncunical Socirbtj ill 
Octl)h~.r 1931. It has been reprinted in the Gec~physical Snpplernent 
to the Monthly Notices of the Royal Astro~lomical Society. 

,:rrrvify n , , d  flre (:enid. I n  1849 an important paper by Sir 
(;A:. Stolies mas publiqlled. A t  tha t  time the  gravity data  mas 
sc>nntj. hut now although much 1.rmai11s to he done, the data avail- 
al~lc.  is ~nnch  illcreased anrl there is prospect of 11seful alipl~cation of 
St*ll,t,<' t'o1.mul~. The papcar concernetl is d i f i c ~ ~ l t  of access, being 
ol~t  o f  1" int and for variolls reasons full use of i t  has nc~t brhen ~nacle. 
I have. arrordingly thought i t  des i r ab l~  to reproduce portions of 
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the pnper. so as to renrler i t  accessible to our geodetic workers. 
The extracts allcl comnlellts have been ~na;Iv hy MI.. B. L. Golatee. 

10. Pevsotr tiel .  The j~evsovinel of t h r  Geodetic portion of the 
Geodetic Branch is given on pages xvi and xvii. 

J. nE GKAAE'F H U N T E R ,  

Diveetor  of the  G e o d e t i c  Brcii~ch. 
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Mr. A. K. Maitrn. B.A. 

Mr. L.D. Joshi, to  10th July 1932. 
Mr. R K.  Bhnttncharya, B.A. t o  l l t h  Oct. 

1931. Mr. A. A. S. Matlnb Ahmad from l l t h  
July 1932. Mr. Snyrd Irqhad Ahmad, B. A. t o  23rd 

Nov. 1931. Lower Subordinate Service 
Mr. C. B. Madan, B, A. 6 Draftamen. 

14 PARTY (GEOPHYSICAL) 

Class I Oficers Lower Buhordinate Service 
Major E. A. Qlennie, D.E.o., R. E., in 2 Computers. 

charge to  24th June 1932. 1 Clerk. 
Captain G. Bomford. B.E., in charge from 

26th June 1932. 
-- --- .- - 

Excluding No. 2 Drawing and Forest Map Offloes, Print ing and Photo-Zinc0 
Oflcee, No. 1 Party and U) Detechmente. 



15 PARTY (TRIANGULATION AND LEVELLING)  

Class I Oficers 

Captain Cf. Bornford. R.E., in charge, 
to 22nd Feb. 1932. 

* Lieut. I. H. H.. Wilson, R. E.. in charge 
17 Party from 26th Oct. 1931 and 15 
Party from 23rd Feb. 1932. 

Class 11 Oficers 

* Mr. D. H. Luxa in charge 17 Party to  
25th Oct. 1931. 
Mr. N. N. Chukerbutty from 8 th  July 
1932. 
Mr. M. N. A. Hashmie, B.A.. from 22nd 
Apr. 1932. 

Upper Bubordznate Service-( contd ). 

Mr. A. A. S. Matlub Allrnad to  10th 
Ju ly  1932. 

* Mr. J .N.  Kohli from 21st Sep. 1932. 
Mr. P. K. Cbowdhnry. 

* Mr. I. D. Sori.  
Mr. L. R. Howard. 

* Mr. Moltd. Faienl Hasan. 
* Mr. A. P. Dut ta  (Probationer ). 
* Mr. K. R. Gopzlaicngar ( Probationer ) 

to  17th hlay 1932. 

Lower Subordinate Service 
Upper Subordinate Seruice 15 Computers. 

* Mr. P.  B. Roy to  15th Mar. 1932. 2 Clerks. 
- ---- ~p - ~p 

* Officers of t h e  late No. li Par ty  ahich was in existence up to  29th Feb. 1932. 





COMPUTATIONS AND PUBLICATION OF DATA 

1. Dalbandin Meridional Series. This series was observed 
by No. 15 Party in 1931-32, and links up the KalSLt Lnngitudinal 
and Makriin Lo~lgituclinal sel.ies which were lying pendant siuce a 
long time. The series starts froin Kisanen Chappar-Pulchotau 
Hill Stations of the Ka l i t  Longitudinal wries and closes on Kapar- 
Buzgalahand Hill Stations of the Makr in  Longiturlinal series. The 
series has I~clen adjusted between i ts  terminal sicles and the closing 
errors have been dispersed. Details of closing errors are given in  
the chapter on Triallgulation. 

2. Mong Hsat Series. The revised Mong Hsat  series has 
been adjusted between its trrlninal sides ill Mandalay Meridional 
and Great Salmeen series. The closing errors are given on page 5, 
Table 2 of Geodetic Report Volume VII. 

3. Mawkmai and old Mong Hsat Series. It has been 
realized that  Mawlnnai series ( series No. 79 of the list of Geodetic 
series) and certain portions of the olcl Mong Hsat series which have 
not been effaced by the revised Mong Hsat series are not of geodetic 
character. They have consequently heen adjusted graphically and 
will in future be treatecl as G.T. minor work. 

4. Adjustment of minor triangulation. Satisfactory 
prbgrrss has been made with tllc adjas t~nent  of topographical 
triangulation in N. W. Frontier ( see Geodetic Report Volume Vl I ,  
page 7 ). The graphical adjustment of sl~rclt l/AI 39 and of 
Synoptical Volume I/A is now c o m p l ~ t e  and that  of I/ll 34 is well 
in hanrl. 

The minor triangulation in 92. I ,  J, K and Nepal triangulation 
of 1924-26 have also been adjusted 

5. Lambert Grid. The collversioll of the co-ordinates of 
exiutinz trigol1otnetric:~l u ta t i~ i is  and points in N.W. F r a ~ ~ t i r r  has 
bt.csn vonti l~r~td s tp :~ , l j l~ .  Al>out S,OUO points l1:~rc~ so far 11ec1l 
convrrtchd ant1 10,000 poi~lta classitietl in : L C C - O ~ ~ R I I C ( >  with l)ar:l S'i(c), 
Chnl~tcr VIII ,  Hn~rtlhooli of  'I'opc~~l.al,lly. The tilst ~4rirl trinngala- 
tioil ~ ~ a m p h l t k  has b c c ~  coml,ilecl for ,cllc~.t i i S . 0 .  

6. Publications. Tllcl wtoclc of :L 1 .OOO c.ol)ic.s e , C  "A bbc~tch 
of ~ ; c ~ e , g ~ . a ~ ) ~ ~ y  ; L I I ( ~  ~ ~ y , l o g y  of t ~ l c ~  IIilllill:~~;111 N0llllt;lillh and 
?bet ", 1)s Colullt~l S. G. Ijurrartl :~utl Mr. 11. H. Ha!tlt.n. \rl~ich \\:IS 

Issued in 1908 as a celltellnry review of the grog,ral)hic:~I ki~owledge 
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t.hat had been gained from 1807 to 1907, has been exhausted. The 
book proved invaluable as a work of reference for surveyors, atid 
explorers, and there has been a steady public demand for it both in 
India and Europe and i t  has consequently been decided to bring out 
a revised edition. Sir Sidney Burrard has revised the geographical 
portions Parts I, 11, 111, in collaboration with the Geodetic Branch 
Office. Par t  IV, which forms the geological portion has been 
revised by Dr. A.M. Heron, of the Geological Survey of India. 
Parts I and I1 are now a t  press. 

The triangulation data for 19 Indian and 1 Persian clegree 
sheets have bee11 compiled. 16  Persian pamphlets ( 19 clegree 
sheets ) have been print~cl. 3 Indian pamphlets have IIPetl re- 
printed. 

Reprint of levelling pamphlet for gheet 40 has been made 
complete for the press. 260 miles of High Precisioi~ levelli~ig 
and 300 iniles of Precise levelling have heell printed as addenda; 
I Secondary levelling pamphlet has been reproduced by Gestetner. 

A d a r t  has been made wit,h the compilation of Auxiliary 
Tables, Part, VI, which will explain the various forms and formulae 
in use in the Survey of India. 

In acldit.ion to the above the following pul~lications have heen 
seen through t.he press : 

( (1 ) Geodetic Report Volume VI1. 

( b ) Auxiliary Tables, Part  V ( Lambert Grid ). 

( c ) Profe~sio1i:~l Paper NO. 27 L' Gravity A~~r)~na l ies  and 
the Structure of the Earth's Crust ". 

( d )  Departmental Paper No. 1.1. " Instructions for use 
of the Wild Universal theodolite and the Wild 
Photo-theodolite ". 

( c ) Grwcletic Handhook, Part I, (Geodetic Triangulatio~~ : 
Section 11, Computations ). 

( , f )  Pa,rt A ( Triangulation Tables ) of Auxiliary Tabled, 
Par t  IV.  

( g ) Record Voliune XXIII. " Report of Sind Rectwn- 
gulation ". 

7. Miscellaneous Computations. The qrirldiilg of vnri- 
nus sl)~ci:tl maps has n~c%c.ssitat~(l thc computntion of Inally set‘ of 
grid c ~ ~ t t i n ~ - l ~ o i t r t s  on tnc.ritlimls and paral l~ls  which hacl not hr>cn 
i~~clurlrcl in the rcgalar ta1,les. 

Sir Aurc.1 Stc.i~r'q I)at.oin(~tc~r. t i l k  anrl latitude o b s r ~ , ~ : ~ t ~ ~ , n s  
marl(, (1111.i11fi his ~ O L I ~ I I ( > ~  tllro~lgh E. T11rki~ti11 ill 1931 were 1.c- 
clurrrl. ThP ~nc+hod of ~rltl~lc*tio~t 11sc~d is d(1scril)c~d in appelltlix to 
" Rcc.or(l Vol. XVrI of S~lrvc~y of Inrlia, Memoirs on Maps of Chi~lrse 
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T111.kistii11 and Kansu ". Leh was used a s  the base station and it was 
discoverecl tha t  height 4,043 feet of I i i shgar  adopted for the reduc- 
tion of his previous observations of 1915 was in error, and accounted 
for the marked disagreement hetween the  heights of stations which 
were colnmon to his 1915 and 1931 journeys. An attempt was 
made to arrive a t  a more reliable figure for the height of K b h g a r  
and the following illformation was collected : 

From the ;tl~ovt> no definite conclusiol~ call be drawn, ancl for 
redartio~l :L provisio~~nl vali~e of 4.200 feet was accepted as t.he 
height of British Consulate, Chini-bigh. This r a r e  a much br>tt(er 
accord Letween tlie stations common to 1915 nnd 1!):31 o b ~ e r ~ a t i o l ~ s .  

D~~flections have heen computed on Hayford system for 93 sta- 
tions. 

No. 

1 

2 

:3 

4 

5 

li 

On requisition from Manager, Raipur Tea Estate for a sundial, 
table.: were made for i ts  construction. 

8. Index Chart to Geodetic Surveys in India and 
neighbouring countries. The i ~ ~ d e x  chart  (111 the I / ( iM scale. 
( Chc11 t XXI in pock1.t a t  rncl ), s l iowi~~g  Indim1 Geodtatic t l . i :~ng~~la- 
tioll a l ~ d  its co~inectious with foi,clign triangulation, the Ilidinn l r ~ e l  
nf,t, latitude, longitude, azimuth. pcltdulr~m ant1 ticlal st:ttions and 
all (~thc~l information of gt'odrtic intert~st, which mas last issuccl in 
1!)2.: has 1)et>11 brought up to clate with collsiderablc acltlitions. 

9. Triangulation connection to Australia. A chart  
( ellart XXTI in pocltet nt end ) has been drawn showing trinngn- 
I a t i~n  from Intlia and Hrirn~a through Il3nl:ly P f~~ i insu la  to thl. 
I ~ ~ ' ~ X ~ ~ ~ ) ~ I I I ~ I I ~  I s l :~~~cls  e. g. J:Lv:~, S ~ ~ l n a t r a ,  Ve1ol)es slid Phillilbi~~e 
Islands ( see Chapter VII, Section 11 ). 

SOURCE 

- 

Capt. Trotter ... 

Sven Hedin . . 

3 Russian Maps 
(C. Clementi) 

Ahlwti ... 

S~irvey of India 
1931 ( Lch as 
huse ) ... 

Dirrctor Gene- 
ral of 0119er- 

HEIGHT 

-- . - 

4,043 

4.278 

SYSTEM 

Hypsolnetric 

Barometric 

Not known 

Bn~.oii~etric 

Earometric 

1 vntories ... 

POINT OF REFERENCE 

- - 

Not defined in the 
records. 

Rrit.ish Consulat(,. 
Chini-bigh. 

Not known 4,200 DO. 

4..213 

4.406 N11t defined. i Do. 

4.453 British Consulate. 
Chiui-high. 
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10. Geodetic triangulation and levelling in Malaya. 
A chart ou the scale of 1 inch = 32 rniles ( Chart X V l I I  in Chap- 
ter V l I ,  Sectioil I1 ) has also been prepared to show thc geodetic 
triangulation n ~ ~ t l  levelli~lg in Malaya. The base-lines, astronomical 
latitocle and azilnuth statious and the coutemplatecl juilction between 
the Sialnrse and Malay triallgu1:ltions have becw clearly depicted. 

11. Exploration Krab file. Progress has beer1 made with 
thtb coinpilation of i ~ l f o r n ~ n t i o ~ ~  for a Krab file on 1IM sheets, which 
mill sllon7 a11 c~xplorntion and other su1.1cy worlr not published in 
the ortlini~ry pa1nph1t.t~. 

12. Supply of data. On the ainnljian~atio~i of the  Central 
C'ircl~ with C+c.odetic Br;111cli, the Central C'irclc. r~cc)rtls have bee11 
luclged ul tllc Colnpnti~lq Office. 

Thr  11u1nhc.r of rc~quisitioi~s for ti~innjiiilation, tr:~versc~ and 
levc~llin:: data hare co~lsequei~tly grrntlg iilcl~rnsed. 

13. Chart Section. The chart section has complrtetl the 
follomirlg work : 

( n ) Charts for 2.3 triangulation pamphlets. 

( b ) Chart for I 1evt.l l i ~ q  ppn~nplilct. 

( c ) 1 7  charts a11t1 p1:ltc.s for C+t~otl~btic Report, Volume VIT. 

( 1 1 )  :: charts for (:eotletic R(>port, V o l t ~ ~ n e  VIII .  

( t 1 0  charts f o ~ .  Pi.of~ssio11:~l P;~l)c>r NO. 2 7  



OBSERVATORIES 

1. Standards of length. Tlle six 24-metre invar wires to 
be used i r ~  the measurement of bases in Burma during the field season 
of l!IY?-33, were measured 011 two different clays in Septrinber against 
tlie 24-metre base, the  base itself being standardized against the 
$-metre inrar bar before and after the  comparison on each day. The 
wires will be remeasured i~f ter  the close of tlie field season and there 
will then be available the records of their changes in length over a 
period of two gears. 

The fundamental niclrel 1-metre and Silica 1-mcbtre standards 
which were sent to the  Natiollal Physical Laboratory, Tecldington, 
for standardization wc.re received haclr during the year. Their 
respective certificates shorn a decrease of 0'0044 111111. in the former 
since 1914, ancl practically no change in the latter since 192.5. 

2. Longitude. The record of the longitarle of Dehra Diln 
W:LS maint:~inecl as ill previous years, by bi-weeltly observations, 
( wvathel- perinittilig ) for local time with the bent transit, combined 
wit11 tlir receptiou of wireless time signals from Bordeaux and 
Rllgl)y, or fl.o~n both, as s rulr during the clay, bu t  during the night, 
wlr(>nc~vel., owing to atlnosphcrics or wealr reception, the day recep- 
tiln15 wc~cl not succrssfnl. Thr  time observer was Mr. H. C. R a n ~ r j e a  
froin 1-10-31 to 3l-l-:i2 and Mr. R. B. Mathm for the rest of the 
year. The Riefler c.loclc was used as the standard for observations 
and receptions c~xcept for the. period 15-1-32 to 29-4-52, when the  
Shortt clock was so used. 

The rcsulti~ig values of longitadcs are qivc.11 i11 Tahle 1 and the 
monthly mean values arc1 as follows : 

Scpt~mbrr 1931 . 
October ,, 
Novc~lnbrr ,. 

Drcrll~b~r .. . .  
.TRI~IIR.I.~ . 1932 . . 
Frhrilnry .. 
Mnrch ., ,.. 
April .. ... 
h[ny ., . . 

June ,, ... 
July ,, ... 
Angust , .. 
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3. Clocks. The Riefler clock etopped once in October 1931 
and again in Jannary 1932. On the latter occasion i t  was opened 
ancl clea.ned and has since worked sntisfact~orily. The cause of these 
stoppages is considered to be some particle of d i r t  on the  clriving 
mechanism. 

The vacuum of the Shortt  cloclr has been the  source of much 
trouble, iuntil the end of Jiune and necessitated the  frequent use of 
the air-pump; then on the dome and the base glass plate being 
opened, a leak was discovered in the valve and remedied. Prior to 
this. the vacnoln helil satisfactorily for a period of about 39 months 
and the clock was used as the standard, bu t  as soon as the  pressure 
was increased for t,he purpose of taking rate observations with 
cliailqed pressure, the leakage stal.tec1 again and could not be located 
nncl remedied until 28-6-3.  

Wit,h a view t80 regulat.ing t,he rate, t,he dome was once opened 
on 8-1-32 to change t,he weight on the pendulum hay .  

There mas a short stoppage of the slave penclulum on 1-8-32, 
clue evidcntly to a fall in the current of the  batteries which actuate 
the. clocks. The weights on the  tray of t,he slave pendulum were 
acljo~tecl several times to control the hits and misses of the synchro- 
nizing tongue. 

The c,rror, rate, pressure and temperature of the  two clocks 
for their respcbctive periods of observations are given in Table 2. In 
t h ~  case of the Shortt clock readings ill columi~ G of this table are of 
tlicb 011 garlgcA, the cloclr btbing krpt  nearly ill vacuum with a pressure 
of about 30 mm. 

The unusually hot weather dur i i~g the moilths of June a l ~ d  July 
~~rc+b>si t :~ t+d artificial cooli~lg tor the C-lock rooms. 

4. Latitude variation. Anotllcr cycle in the programme 
c b f  t l ~ l s  nark was colnpletecl in January 1932 ; Tables S and 4 give 
the, rrault of the ohsrrr:~tions. The final closing error of the 
qrorll,fi is +OU'0'i and has been distributecl amongst the groups as 
irl till. prrviorls yclar to give the mean monthly values of latitutle; 
t t l~,  ~ x ~ i a t i o n  is l a r g ~ r  this year although the same stallrlard of 

r 111 acy has bren maintained. 
It i4 col~sirlerecl that  Dehra Dim owiny to its topographical 

iitu:~tlorl may IIP expose.rl to abnormal variations of refraction on 
acr>r,r~~it of a possible non-l~nrizontality of the surfaces of equal :~ir  
I t .  Shoulll this view p i n  strength from meteorological recol(ls, 
it i k  111.~pos~(I to tra~rst'l.r tlir work tn some place in Southern Intl~:t, 
nllich noultl 1 ) ~  outsitlv tht) Himalaya11 influerice and where the 1ayt.l.s 
11f erlllal sir  d+,~lsity may be, ~xpect t~t l  to be more nearly horizontal. 

5. Seismograph and meteorological observatio~~s. 
The Ornori s+.isinograph mas in operation throughout the year, alml a 
list of the earthquakes rrcortlrd is given in Table 5 .  The three \ , . I . ! -  
#r+bst earthquakes were those in Japan, the Eastern Archipelago and 
Mexico, which occurrecl on 2-11-31, 14-5-82 and 3-6-:I2 respectively. 
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Comparative observations with the  astrolabe using the  eye-and- 
ear method, ancl the transit with the impersonal micrometer, were 
taken simultaneously by Messrs. Mathur and Banerjea on four 
different nights, to ascertain whether any systematic difference exists 
between them, and whether the eye-and-ear inet,hod yields better 
results than the t,appet methud of recording t,he passages. The 
results which are given in Table 8, whilst not sufficient to explain 
the difference between the observers, as obtained with the  impersonal 
micrometer alone as given in Table 6, are a sufficient indication that 
the  eye-and-ear inethocl may be superior to the tappet method ; but 
more observations in this respect are needed. 

In  connection with the vertical observations to  snow peaks from 
the Camel's Back h.s. in March 1932 by Mr. Hashinie ( see chapter 
VII, section I ) , a series of vertical ohservatious extellding over about 
a month were talcen a t  Shaw's refraction station by Computer Preln 
Narain using the Wild theoclolite, whilst Mr. Mathor carried out a 
two nights' programme for latitude and longitude deflections a t  the 
Camel's Back 1i.s. in April 1082, using t,he big ast,rolabe a~icl the port- 
able wireless set. The cloclr used for reception and time ohserva- 
tions was the 8. & R. clock 238 of No. 14 Par ty  (Geophysical ). 

The levels of No. 15  Party were tested and t,heir standard tapes 
standardized before and after the field season. 

Consequent on the amalgamation of the Central Circle with the 
Geodetic Branch, the duty of the storage, up l re~p  anrl re-issue of 
instruments for all the field units has devolv~cl on this Section. 
29 theodolites and 40 levels, besides srveral other minor instruments 
were received during the year under report. These were examined, 
repairecl and adjusted before re-iesue. 

Four Hunter Short Bases (new model ) were stanclardized and 
suppliecl to the Frontier Circle units. 

A Fortin's mercurial barometer belonging to the Forest Research 
Iilstitute was overhauled and refilled, and some barometers and 
thermometers were staudardized for departmental use. 

The motor attachment for the driving of the impersonal micro- 
meter of the north transit was received a t  t'he end of July 1932 and 
will be affixed during the winter months, when t,he experimental 
work 011 the transit eye-piece illumination and shutter is completed. 

7.  Magnetic observations. Except for a slight chnlige 
ill the absolutc? ol~servation of Decliilation autl 13orizolltal force, the 
usual prograinme of mngncttic observations combinc~tl with a ( 4 0 ~ i -  

ti~iuous p11otogr:tphic rc,corcl o f  d r c l i ~ l a t i o ~ ~ ,  horizontal fo~.ce I I I I ~  

vertical force was carrie(1 out. The clecli l lat~o~~ ant1 H. F. obspi va- 
tions were take11 twice cvery wc~c.1~ up to 22-7-:11 ancl collsl\tecl 
of 11 w t  011 each occasion, but from that  t l a t ~  O I I M ' : I ~ ~ S ,  0 1 1 1 ~  sillgle 
sets of oi)servatio~~s were talrm t11rc.e times a wcrlr. The only severe 
magnetic storm recorded during the year occurred on 29-10-31. 
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The three magnetographs have worked ~at~isfactorily, except for a 

few stoppages for ehort periods, of tbe driving clock of the H. F. 
and Declination instruments. 

The mean scale value for 1931 for an ordinate of 1125-inch 
were : 

Ho~.izontal force . . . { 4.26 gammas up t,o August 
4.22 gammas from September 

Vertical force . . . 9 .78  &I 10.43 gammas 
Declination . . . 1 . 0 3  minutes. 

The mean temperature for the year mas ?7.0°C. with maximum 
and minimum values of 2 7.2' ancl 26. 6' C., the temperature of reduc- 
tion being 27.0' C. A considerable fall in thc inomelit of magnet 
No. 17 has occurred since the temperature experiments of May ancl 
June 1931, when the values of log +rrVR for magnets Nos. 17 and 5B, 
were also cleterminerl. In  computiiig the values of the magnetic 
elements, use has been made of new correction tal~les derived from 
the values of a ancl p determined in the temperature experiments 
mentioned above. 

The mean values of the magnetic elements a t  Dehra Dfin cluring 
1931 were: 

Declination ... E. lo 8"6 
Dip . . N. 45' 35"9 
H. F. . 0.33001 C. G. S. 
V. F. . . 0.33698 C. G. S. 

Table 9 shows the mean monthly viilues of the magnetic colli- 
mation, the clistributio~~ constants P ,.? and P :., the accepted values 
of log ( 1  + P/rS + ($Irk)-' and values of 711 for Magnet No. 17. 

Tahle 10 gives the mean monthly observed values of the declina- 
tion and horizontal force base-lilies. 

Tahle 11 shows the mean nlonthly values of the elcllne~its for 
1930 and 1931 and the annual changes for the period. Tables 12-15 
give t h ~  mean monthly values of the ~nagnc.tic clcments am1 the 
I~orwly d~viat,ions deduccd from t h r ~ n  for the minter and sunilnc31. 
months; whilst thc classification of the mag~letic chmxcter for a11 
days of the year is given in Tablc 16. 
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TABLE 1. Variation o f  Longitude qf Delim D.lin,from accepted 
value, as determined jkom receptio~r. of ~rr:iveless t h e  

signalsfiom Bordeaux nnd Rugby, 1931-32. 

Date 
(Greenwich) 

- 

1931 

Sept. 14 
16 
18 

22 
25 
30 

Oct. 1 
5 
8 

12 
19 

Nov. 10 

13 
17 
20 

24 
27 

Dec. 1 

4 
7 

11 

16 

Observed value n1i711~r 
accepted value* 

Bordeaax 1 Rugby 

17 
22 

24 
27 
31 

1932 

Jan. 3 
7 

12 

15 
16 
18 

21 
2 i  
2H 

Feb. 
i 

12 

16 
20 
24 

" AcoeptGd 

S 

+ 0'09 
+ 0'10 
+ 0'05 

+ 0.07 
- 0'02 
- 0'09 , 
- 0'06 
- 0'10 
- 0'13 

- 0'03 
- 0'01 

... 
- 0'01 

... 
- 0'04, 

... 

... 
- 0'05 

. . 
- 0'05 

Dnte 
(Greenwich) 

. . 

1932 

Feb. 27 
Mar.  2 

5 

10 
13 
16 

20 
23 
26 

31 
April 5 

6 

11 
14 
21 

27 
Mny 2 

:i 

6 
10 
13 

l i  

S 

+ 0'16 
+ 0'08 
+ 0'03 

+ 0'06 
- 0'02 
- 0'06 

- 0'05 
- 0'0.5 
- 0'12 

+ 0'01 
- 0'04 

. . 

... 
0'00 

- 0'07 

... 
- O'OH 

- 0'12 
- 0'09 

... 

Obs~rved valun n ~ i n a *  1 
accepted value* 

- 0'08 

Bordeaux I 
S 

- 0'17 
- 0'03 
- 0.05 

... 
- 0'10 

... 
- 0'03 
- 0'01 
- 0'05 

- 0'14. 
- 0'05 
- O'Oi 

... 
- 0'03 
- 0'0'4 

0'00 
- 0'0'2 

0'00 

- 0'08 
+ 0'02 
- 0'06 

- 0'10 

Rugby 
-- 

S 

- 0'13 
- 0'02 
- 0'01 

: j 
- 0'04 

0'00 
0'00 1 

- 0'04 

- 0'12 1 
- 0'03 ' 

- 0'03 

- 0'06 
+ 0'02 
- 0'01 

+ 0'01 
0'00 

+ 0'01 

- 0'06 
0'00 

- 0'04, 

- 0'03 
+ 0'02 
- 0'09 

- 0'06 
... 

- 0'04 

- 0'05 
- 0'05 
- 0.08 

- 0'WL 
- 0'0'2 

+ 0'01 
+ 0'03 
+ 0'04 

... 
+ 0'02 

0.00 

21 1 1 - 0.0,; 

. . , 
- 0'06 
- 0'07 

- 0'06 
- 0'Oi 
- 0'08 

+ 0'07 
+ 0'06 

+ 0.03 

0'00 
+ 0'12 

value of 

26 

30 
June 4 

H 

11 

17 I 

+ 0'01 

- 0'01 

+ 0'02 

.:: 1 - 0.0.5 ? 
- 0'05 ) 

. . .  

- 0'02 

- 0'01 
- 0'04 
- 0'03 

t 0'09 
+ 0'08 

1 ::$ 
+ 0'05 
+ 0'12 
+ 0'09 

Longitude is 5h 

22 

28 
J l ~ l y  2 

6 

12 

- 0'09 - 0,119 

. . - 0.07 
... 
... 
... 

;; , : :  
h u g .  4. . , , 

... I ; j ... 
Srpt. 4 ... 

... 

19 - 0'09 I ..,  

+ 002 
- 0'01 

- 005 
- 0.01 
- 0'10 

- 0.13 
- 0.16 
- oY)a 
- 0~10 
- 0 16 
- 0'11 

- 0'12 

12" 11-79 ( ae determined in 1026 ). 
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TABLE 2. h'rror, rate, temperrrture and pressure of Riejler clock 
No. 4.50 and Shortt clock No .  34 by the bent transit instrument, 

at 20 hrs. Indian standard time, 1931-32. 
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TABLE 2. f i ror ,  rate, temperature and pressure of RiefEer clock 
No. 450 and Shortt clock No. 34 by the l e d  transit instmument, 

nt 20 hrs. Indian standard time, 1931-32-(contd.). 

. 

J 

2 

6 1 1 2 5 7 

Date 

1932 

Frb. 16 
20 
24 

27 
Mar. 2 

5 

10 
13 
16 

20 
23 
20 

3 1 
hpr. 5 

6 

11 
14 
2 1 

27 
>lag 

3 

6 
I n 
13 

17 
21 
26 

30 
June 4 

9 

11 
17 
22 

.Tnly 2H 2 

+" rate = gaining. -" rate = losing. (Contin~~ed) 

8 

Error 

m s 

+ 0 07'79 
07'57 
07'51 

07'38 
07.29 
07.23 

06.9n 
06'89 
06'75 

06'52 
06'33 
06'13 

0.5'65 
03 .~2 
05.29 

04.n.i 
04'65 
03'94 

+O 03'36 
3 - 0 1 9 ' 8 2  

19.12 

19'72 
1~)'fig 
19.73 

19'66 
19'65 
19'72 

19'91 
20'02 
30'03 

20'01 
1996 
1996 

' 19'*6 
19.92 

R ! - o  l O 8 l  

--- 
No. of Time 

stars 

North 

4 
4 
4 

3 
5 
5 

5 
5 
4 

5 
5 
5 

5 
5 
6 

5 
4 
5 

3 
4 
5 

4 
2 
4 

4 
4 
4 

3 
5 
4 

3 
4 
4 

4 
5 

REMARK~ 

Observationson 
single wire ~s 
w e 1 l as be- 
tween double 
wires. 

Intersection on 
single wire. 

Observations on 
Rieflsr clock 
from this date. 

So'1th 

4 
.i. 
4 

6 
6 
5 

5 
5 
4 

5 
5 
5 

5 
5 
5 

3 
4 
5 

5 
4 
5 

4 
2 
4 

4 
4 
4 

4 
5 
4 

4 
4 
4 

1 3 4 
6 1 3 +0&3 

During preceding 

. 

Ratef 
per dny 

s 

-0.03 
-0'06 
-0'02 

- 0 '  
-0.02 
-0.02 

-0'05 
-0'03 
-0'05 

-0.06 
-.-@07 
-0.07 

-0.10 
-0.07 
-0.03 

-0.09 
-0.10 
-0'09 

-0'09 
... 
0.00 

+0'03 
+ 0.01 
-0'01 

+ 0'02 
0'00 

-0'01 

-0'06 
-0'02 

0'00 

t 0'01 
+@01 
0'00 

+ 0.02 
-0'02 

602 28.7 

period 
. 

Pres- 
sure 

mm. 

32'5 
33'4 
34'0 

34'5 
35'0 
35.8 

36'5 
36'8 
37'0 

hi'5 
37'3 
37'8 

38'0 
38'2 
38.5 

38'4 
38'6 
38'5 

38 7 
598 
598 

698 
598 
598 

698 
598 
601 

602 
603 
603 

601 
600 
600 

600 
601 

Tem- 
pera- 
tllre 

C. 

26.70 
46'7 
26'6 

26'6 
26'6 
26'6 

26.7 
26'6 
26'5 

26'7 
26'4 
26'5 

26'6 
26.4 
26.6 

26.4 
26'6 
26'3 

26'3 
26'5 
26.9 

26'8 
26.1 
26'7 

26'8 
27'2 
28'3 

28'2 
28'9 
2R.4 

27'6 
2W0 
27'9 

27.7 
28.3 
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TABLE 2. &wor, rate, temperature and pressure of Riefler clock 
No. 450 and SI~ortt clock No. 34 by the bent transit instrument, 

at 20 ILTS. Indian standard time, 1931-32-(concld.). 

8 

REMARKS 

t + " rate - gaining. -lC rate =losing. 

1 

Date 

1932 

July 12 
1H 
25 

Arlg. 4 
$1 

26 

27 
Sept. 4 

2 

Error 

m s 

-0  19.74 
19'66 
19'43 

19'08 
18'86 
17'66 

li .62 
16'91 
16'28 

t: i 1 0 
1 

3 1 4  
No. of Time 

stars 

6 1 6 1 7  

During preceding 
period 

North 

4 
5 
4 

4 
6 
2 

I 5 
5 
4 

R a b  t 
per day 

s 

+0.01 
+0'01 
+ 0'03 

+ 0'04 
+ 0'04 
+O'Oi 

+0'04 
+ 0'09 
+0'10 

%A 

: 1 1 1 598 

South 

----P--- 

4. 
3 
3 

3 
4 
3 

5 
5 
4 

26'5 
26'4 

Pres- 
sure 

mm. 

602 
600 
601 

600 
ti00 
600 

599 
699 
599 

're'n- 
pew- 
ture 

C. 

28.; 
27.3 
27'(i 

27'3 
27.2 
27'0 

2(i'5 
26.7 
27'1 
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TABLE 4. Latitude variation 
Y r e l i m i ~ ~ a r y  Results 

TABLE 3. Lntitude vavintion 

Dec1i)mtion. errovs of yvoups 

Latituae hy 
evemug 

group qnzaicn 
niornlng 

-0:'30+ -03 

-0.02 t .(Lt 

+ 0.12+ -04 

+ 0.05f ~ 0 3  

+ 0.llik .05 

+ O.06f -04 

-- 
+ 0.07 

Groups 

- 

1-11 

11-111 

111-IV 

IV-V 

V-FI 

VI- I 

Residuals 
Xlonthly minus Annual 

0 2 0  

-0.14 

-0.28 

-0.50 

-0.36 

-0.32 

-0.38 

+ 0.02 

+ 0.66 

~ 0 . 4 9  

+ 0.49 

+ 0.45 

Month 

February 1931. 

March 

April 

M a y  

June 

July 

August 

September ,, 

October 

November ,, 

December ,, 

January 1932. 

Closing error ... 

Monthly mean Latitude 

30" 16 51:'57 

51.43 

51.29 

51 -07 

61.22 

51-25 

51.19 

61.69 

62.13 

62.06 

52.06 

30 18 52.02 

Dates 

- -- - - 

20th Feb. 'dl to 15th April '31 

21st April '31 to 23rd May '31 

28th May '31 to 17th Bug. '31 

17th Aug '31 to  12th Oct '31 

23rd Oct. '31 to  4th Dec. '31 

9th Dec. '31 to  30th Jan. '32 

I 
Right Ascension 

Annual mean 61.67 

Evening 
- - -. - - 

h m  11?n 
8 18 to 10 09 

18 22 to 14 50 

16 00 to  18 04 

18 56 to 20 58 

22 11 to 1 04 

3 04 to 5 14 

Morning 

h n ~  h m  
18 22 to  14 50 

16 00 to  18 04 

18 56 to 20 58 

22 11 to 1 04 

3 04 to 5 14 

8 18 to 10 09 
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TABLE 5. Ea~tlqucckes recorded at Dehra D.linz 

during 1931-32. 
I , . 

Indiun standard time 
Intensity 

NO. Unte REMARKS 
d 2 

6 

7 Nov. 2 15 41 40 15 49 00 15 57 20 15 59 I 1  I I I 
10 Dec. 18 15 27 10 15 33 60 16 44. 40 15 50 

1932 

11 Jan. 4 17 25 00 .. 17 25 30 17 26 
12 ,, 9 16 03 30 16 13 10 16 24 50 11; 26 

slight 
n~odemte 
slight 

slight 
slight 
slight 

Solomon Islnnd 
101S..161.40E 
(ace. to KOWJ 

Kyushu nnd 
Shikoku. 

400 Qoettn. Bnlu I slight I I 
c111stiiJ1. 

/ slight I 
slight 5200 

I slight, 
slight 

very went  

Wcrico lGoN. 
104' W. 

slight 

I slight 

34, 8 ,  27 0 59 10 1 05 60 1 12 10 1 1 25 2 24 slight 3100 Destructive in 
Mocidoniu, 
B&nn 
Peninsnls. 

t Recognized with diaculty. 
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TABLE 6 .  Personal d(fertmce between observers with the impersonal 
micrometer. 

Error Error 

I b  R.B.M.) (by H.C.B.' 

Personal Personal 
i c e  1 Dale I ~ r r o r  1 ~ m o r  l_.nca I 
(R.B.M.- (by R.B.M.) (by H.C.B.) (R.B.M.- 
H.C.B.) H.C.B.) 

22 
24 
26 

Dec 1 

3 
4 
6 .24 / 

I 
7 
10 
11 

13 

Jan. 3 
7 
12 

16 
17 

21 
22 
24 

Observation on Shortt clock 

.35t' 

.36 1 

.41 ~ 

.45t 
54 

Feb. 4 
7 
12 

.17 --0.02 1 Jan. 15 1 ::: 1 +Y g:20 

.l7t --0.03 1 16 9. 16 

.17 -0.04 ( 18 + O  9.02 9.10 

..: ... 
-0.08 

I I1 I 

From 27th and 28th danu.rry 1932 observations m . d c  hct~veen two wires. 
t Interpolat~d values 

TAHLE 5. Discrepnnc!y between observers using the Slntttev system of 
obscuring ci ) tc l  opening the view of the star iirhile trnnsiting. 

.2lt -0.09 7.79 
2 4  -0.11 I E 7.57 

7.91 
7.73 
7.64 

+O 7.49 

.29 

-39t 

-0.12 
-0.16 
-0.13 

-.0.11 
.4l 
.47 

-0.0-i.1 
-0.07 

-0.07 7.51 

Data 

1932 

July 13 
25 

AUK. 18 

2i 
Sept. 1 

-0.02 

Observere 

M-B 
a1 -.B 
11 -B 

M-B 
bl-H 

Number of 
stars and 

faces 

2rl 
16 K 1 
10 1 

64 x 2 
4x2 

27 '+O 7.38 

ti4 1 0 . 0 6  
-0 o.ni -0.05 

Di~crepancy 
in seconds 

of time 

-0.03 
-0.07 
-0.08 

+0.12 
+0.06 

Mean from 16-11-31 to  21-1-32 -0.05 

I ,, , 27-1-32 to 27-2-32 -0.12 
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TABLE 8. Discrepancies in, time error, as obtained by the 
eye-and-ear method of recording passages with the Astrolabe 

and the impwsonnl micrometer with the transit. 

1 7 8 9 

Error by Ast,rolabe Error by transit 

Date 

TABLE 9. Mean values of the constants of Magnet No. 17 
in 1931. 

&font11 

- 
Jnnnary . .  
February ... 
Alarch ,.. 

April . ,  , 

nlny . . .  

June , . . 

J l l l ~  . . . 
A11jiu3t ,., 
Scptrn11)cr 

October . . .  
N~velnhrr 

Declination 
constants 

Mean 
magnetic 

collimation 

- 6 12' 
- 6 14 
- 6 14 

- 6 17 

- 6 17 

- 6 10 

- 6 13 - 6 18 
- 6 14 

- 6  56 
- 6 0.; 

H. F. constants 

hcrlnbrr I - 6 05 1 6.36 

a up to 20th r up to 9th 
b from 21st d from 10th 

n 9 1  801.40 

Distribution factors 
~p -. - - 

Acc~pted v:~luc. of 
log (1  + f i r 2  + Q,r4)-1 

801.40 

clllY 
6 12 
6 32 
5 91 

6.78 

6.80 

5.R4 

6 - 0 8  
6.17 
6.17 

6.16 
6 3.7 

Mean v;tlurs of n~ 

-- -- 

Monthly 
l n ~ n n  

cm' 
6.58 
6 49 / 
6 - 8 4  

6'27 Y 

8.16 2 , A M 

6.65 ' E 
I 3 

6.48 1 LC 

7-17 f 7.53 1 
1 -  

7 . 5 5 1  
7.28 

' C.1J.S. 
807. 03 

6.96 
7.14. 

* ' 1 . 2 9  
a t  7.27 
b l  5.23 
c ( 4 . 0 ; i  
d t 2 . 1 ;  

2.15 
2.09 
1.56 

1.63 
1.61 

C C: S. 
807.03 

6.9 l i  
7.14 

7.29 
\ 7 . 2 i  
/ 5.23 
r 4 . 0 3  
i2.l.; 

2.15 
2.09 
1.N 

1.63 
1 .61  
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TABLE 10. Base-line values of Magnetog~aphs at 
Del~ra Dan in .I931 from Magnet No. 17. 

Month 

. . - - -- - -- 

January ... 
Febrnary . . . 
March . . . 

April . . . 
May . . . 

Jiine ,.. 

July ... 
A ~ ~ g n s t .  . . . 
September 

October 
Novr-111ht-r . . . 
Decr~r~bpr ... 

Declination 

Mean value 
of 

base-line 

0 I 

0 27 .0  

2 7 . 2  
2 i . 5  

27.9  

2 i . 2  

27 .6  

Hori~ont~al 
force 

Mean value 
of 

base-line 

C. G. 8. 

0.32661 \ a 
$64 ) h 
761 
759 

774 
7821 e 
781)  d 
7H2 ( e 
i i 6  ) .f 

787 : I 7i2 i i 9  
28.5  

I 
2 3 . 1  783 
a,.:, ! i 7 4  

n 2H,:3 ! 0.:3277(; 
I 
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TABLE 11. Monthly mean values qf the Magnetic elew~ents a d  
their annual changes, I)el~ra Dan, 1930 and 1931. 

0'32000 C. G. S. + 

1930 

January 

February 

March 

April 

May 

June 

July 

August 

September 

Octob~r 

November 

December 
-- 

Nean - 

Y 

+ 22 

+ 20 

+ 18 

+ 49 

+46 

+ 52 

+65 

+ 36 

+ 49 

+ 51 

+ 20 

+ 39 

Y 

952 

958 

963 

954 

963 

964 

962 

952 

957 

956 

976 

973 

Y 

974 

95R 

981 

1003 

1009 

1016 

1027 

1008 

1006 

1007 

991; 

1012 

963 

-- 

, 
-3'6 

-3'1 

-2'8 

-2'R 

-3% 

-3.2 

-3'8 

-3.7 

-3.2 

-4.0 

-3.1 

-2.9 

13'6 

12'9 

12'5 

12'5 

11'9 

11.6 

12'1 

11.6 

11'5 

11.5 

10'9 

10.3 

-- 

1001 + 39 11.9 8.6 -3.3 34,.5 33'9 

, ,  
10'0 

9'8 

9'7 

9'7 

8'3 

8.4, 

8 3  

7.9 

8.3 

7.5 

5.8 

7.4 

+ 2'7 

+ 1'7 

+ 2'0 

-0'2 

0.0 

+O'6 

+1'2 

+ 1.7 

+ 2.3 

+O'8 

+ 1'9 

32'8 

33'7 

33'3 

34.'9 

34.3 

34'4. 

Y 

+ 76 

+ 54 

+ 57 

+ 46 

+47 

+ 64 

+89 

+ 70 

+97 

+ t i R  

+ 59 

, 

35'5 

35'4 

35'3 

34'7 

34'3 

35'0 

Y Y  

586 

610 

608 

630 

627 

630 ' 

626 

644 

625 

G59 

li(i4 

662 

664 

665 

6%; 

654 

694 

715 

714 

722 

527 

723 

34.'3 5 

3 4 7  

34.5 

i36.3 

35.5 

36.4 

36.8 

37'1 

37.4 

35.5 37.4 
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T I D E S  

BY R.B. MATHUR, B.A. 

1. Tidal observations. During the year uncler report, regis- 
trat,ion by the a ~ t o m a t ~ i c  ticle-gauges was coiitinued a t  the following 
seven st;lt.ions : 

Aden, Karkchi ! Manora ), Bombay ( Apollo Bandar ), Maclra.~, 
Calcutta ( Kiclderpore ), Rangoon al?d Basrah. 

These observations were carried out under the supervision of 
the Survey of India, immediate control of each observatory being 
entrusted to the local port officials. Automatic regi~trat~ions were 
also cont,illurrl a t  Colonlbo and Trincomalee under the supervision 
of the Superilltendellt Trigo~loinetrical Surveys, Ceylon, who supplied 
new values for meail sea-level a t  thrse places, showing no appre- 
ciable change. 

111 addition, the actual times and heights of high and low water 
mere observed on tide-poles ( during daylight only), under the 
supe~~vision of the local port officials a t  BhBvnagar, Chittagong, and 
Alryab. 

A complete list of stations a t  which tidal registrations have 
been carried out, since t h ~  coinmnence~nc~~t of tidal operations in 
India in 1874, is given in Geodetic Report Vol. V, pp. 31-33. 

2. Inspections. The ticlal o11servato1-y a t  Kitlderpore was 
inspected in August, that  a t  I<ar5chi in Decembtt~ 1931. and that  a t  
Bo11111ay in April 1032. The Kidderpore clhservatorg was inoved by 
the Port  authorities from its previous site on the 16t March and 
reopcned at  Garden Reach, about a mile down stream, on the 17th 
March 1932. 

All the i~lspections were carried out by the local port officials. 
No inspection reports have been received during the year from 
Aden, Madras ancl Rangoon. 

Flxcrpt a t  Basrah, the auto~nat ic  gauges a t  all the ports have 
m'ol lztvl satisfactorily with few minor stoppages. The title-gang(. at 
R a ~ ~ a h ,  which i~ of a smaller type went out of ordel 011 sevcllal 
O C ( > ~ P I O I I S  b~ tween  the (late of i ts  removal to Margil 011 thtb 27th 
Alx il 1!1:11 ant1 tile pnrl of the year ( see Tablc G ,  page ). I t  
was dismantl~d for cleaning from the 1st January to bhc 1st F~br11a1.y 
19::?. ancl was then found to wo~lc better. \\ 

' \  

25 t 
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3. Harmonic analysis. ~ o h ~ u t a t i o n s  are in progress for 
the determination of the necessary constants for the prediction of the 
tides a t  Chtindbili and Shortt  Island, Orissa Coast: and will 
completed shortly. The predictions for these ports will be included 
for the first time in Tide-tables of the lndian Ocean for the year 
1934. 

The data for the analysis include hourly day and night 
readings, suppliecl by the Por t  Oficer, Orissa ports, for the period 
1st May 1931 to 4th May 1932. 

4. Corrections to predictions. Empirical corrections 
have been appliecl to the preclictecl tides for 19:3S, in the case of 
Basrah, Kitlder-pore, Chittagong anel Rangoon. The corrections for 
Chittagong and Rangoon are given in Tablcls 2 and 3, rcvpectively: 
they differ very slightly from those for 1932, ancl are similarly 
derived. The corrections for Kidclerpore are the same as those for 
1939, given in the Geodetic Report Vol. VI, pp. 3G-37. 

5. Basrah predictions. These commel~ced with the pre- 
dictions for 1917. From comparisons with the actual times and 
heights from year to year i t  has been obvious tha t  the predictions 
are not quite satisfactory. The port is nluch affected hy the peculiar 
behavioilr of th r  floods of the Tigris and Euphrates, and is about 70 
miles from the sea. 

I n  order to improve thrm, all empirical correc+iorl of + 44 
minutes mas applied to all pretlictcbtl times of h i q l ~  autl low water 
for 1927, and rorrec t io~~s  varying fro111 + 10  to + (j:l 111inutc's (Geo- 
detic Report Vo1. 1IT, p. 6 1 ) ,  were apl)lirtl to tht. times of the 
1928 predictions. Brfore th r  1929 pl.rtlictions wrrc3 talrrll up, 
corrections wpre applic~tl to the origilii~l charts supp l i~d  by the 
National Physical Laboratory, Teddington, anel a nc3w set of time 
ancl height chnrts was prepared. Thrsc. cor~.cbctions were tlrrivetl 
from thv tliffc.~c.~lors of the prerlicterl ant1 actual values of tilnes 
and heights for the period 1923-27 ( Cfeotlt.tic Report Vol. IV, 
pp. 34-35). Thr preclictions from 1929 to 1932 were basrtl 011 

these new charts. 

I n  March ancl April 1928, the Tidal Assistant inspectetl the 
observatory with a view to making the rocorcling of actual values 
more reliable, and as a rc.sult an rmpirical tablt. of corrrctiotls to 
times has bwn 1)repared ( Table 1 ). But i t  has been found from 
a comparisnlr o f  thv actual tic1c.s of 1932, that there would b(, 110 

improvemt.~~t if thc~scb correctio~ls were :tl)plit~tl to thr  19:12 pri clic- 
tions. C'nnscbquc.~rtly thrre is l i t t l ~  prnspc~t  that  t h ~  1'):3Y 
tide-tables, the pr('r1i~tin11~ for which lr~altc use of these corrc~ctions, 
will prove accurate. 

Thcr method of prediction for rivr~rain ports is based on the 
assumption that  the diurnal i~~cqua l i ty  is small, hut  in the rRsr of 
Basrah i t  is at  times quite large. It seema lilrclly tha t  the  method of 



predictions which has proved fairly satisfactory for Indian riverain 
ports, cannot he adapted to Basrah, and that  good predictions 

not be obtained without s~r io i i s  research, which the  Survey of 
India is not a t  present in a position to undertake. The problem is 
olle that could probably best be dealt  with by the Liverpool Ticlal 
Institute. For their immediate needs the port authorities have 
devised a system of empirical corrections to the Admiralty predic- 
tions for Shatt-al-Arab bar a t  the mouth of the river, which has 
been giving better results than the Survey of India predictions, and 
the latter will be discontinuecl from 1934. 

6. Tide-tables. The Ticle-tables for 1938, have been prepared 
and issued. They contain information similar to those for 1931 
(Geodetic Report Vol. VI,  p. 31 ) i.e. daily predictions for 68 
standard ports, non-harmonic constants and tidal differences for 
about 470 ports and anchorages, in the Indian Ocean and the Far 
East, and harmonic constants for ahout 170 ports. Separate tide- 
tables in pamphlet form have also been published for Bombay, the  
Hooglily River and the  Rangoon River. Advancc predictions for 
1933 for the following 11 ports were sent to thc Hydrographer of 
the Navy in December 1931, in exchange for i~lformatioo received 
from him, for inclusio~l in the  Admiralty Tide-tables : Suez, Aden, 
Bushire, Karachi, BhBvnagar, Bombay, Mormugso, Colombo, Trin- 
comalee, Madras, Dublat Hooghly River ), Chittagong, Elephant 
Point (Rangoon River)  and Mergui. 

Similarly advance predictions for Karachi, Bombay, Colomho, 
Madras and Dublat were also sent to the United States, and those 
for Bombay, Colombo ancl Dublat to the Japanese, Hydrographic 
departments. The amount realized from the sale of tid(b-tables 
dwing the year ending 30th September 1932 was Re. Ci,O(i4/11/- 
exclusive of agents' commission. 

7. Accuracy of predictions. Tables 5 to 1 7  have been 
prepared from colnparisons made between t l ~ c  predicted anrl actual 
times and heights of high and low water for 1931. a t  thv 1.' stations 
mentioned in paragraph 1 and a t  Pilnlrit or Dewrtel s' Creek, 
Rangoon river. The 1931 predictions for the ports mentioned in these 
tables are practically of the same standard as those for the previous 
Year except in the case of Bhilvllagar and Triucomalee, the former 
being slightly worse ilnd the latter somewhat better, chiefly as regards 
thp ~~( l rnber  of errors exceccli~lg 30 ~ n i n u t ~ s  and 1 foot. T l ~ e  grc~xtc~st 
diffelrllces h11tween the predicted and ;~ctual  heights of low water. 
as lcxistered by the autolnatic tide-gaugcs, a t  the rive1 nin ports a1 e 
given in Table 4. 
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T O L E  1. E r n e  c o ~ . ~ e c t i o n s  a p p l i e d  t o  Bdsrah for 1933. 

Dates 

+ 14 

-- 

March . . . I ~ & l  1 1 11'; 1 : ' ;  1 i :  0 1  + 5 1  t u + L J I  + Y I  1 t h  1 1 + 1 + 16 r 18 + 27 + 36 
-- -- 

~ * r  ... 1 2:; 1 :: 1 : kt 1 + 1 1 1 1 ;; 1 1 ;; 
-- 

- 25 - 14 June ... 1 24: 1 1 ;i 1 1 ii 1 1 i: 1 1 ;: 1 - 1 + 

fjeptelnber 1 High 1 + I + 1 + / + 1 + / + 
L o e  + 20 + 21 + 22 + 22 + 25 + 28 

. -- 

October , , I  ? $ I  1 I I~ I I + I I 12: 
- - - - - .- .- i 

Novenlbrr High I + 7 + 7 + 5 1 L O W  + 3 0  + 3 l  1 :3 :  / + 3 3 :  T 2 ;  1 ;2! 

1 High I - 10 1 - 16 1 - 20 I - 26 - 17 - X I LO\%' + 15 + 13 + 11 + 8 + 14 + 20 

The above col.rpctions are based on the mean fo~.tnightly  result,^ 
of the comparisons between the predicted and actual tiines from 
Augllst 1929 t(-l the middle of Noveinher 1931, colnputecl for 5 - d a ~  
periods. 
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TABLE 2. Corrections applied to Gl~ittagong for 1933. 

Dates 

Month 1 Tide I 1std5th 
16th-31st 

I 
- 

I I 

I I Time I Height / 'lime I Height 

niinutes 
January . . . 1 High + 11 

Low 1 + 13 

February . . I High + 6 + 0.3  + 7 
Low I + R  

feet 
+ 0 . 2  
+ 0 . 7  

+ 0 , 2  
+0 .7  

I March + 8 + - -0.1 
LOIF 

April High + + 0 . 1  + 10 0 . 0  / L m  1 + :  I +O.R I + 1 1  1 + 0 . 4  

31 a.y High -0.2 / I + 0 . 4  

I lune 

High + 10 + 0.3  + 8  + 0 . 3  

' + 9  0.0 + 10 + 0 . 1  
Low 1 + I 1 + 0 . 5  1 + 7  1 +O.? 

Bugus t  High 
... ( L o r  

September High + 13 1 + 0 . 1  ' + 15 0 . 0  1 L o r  1 + 1 1  : +O.R 1 + I 7  

I 
I 

October . . . I High + 20 
L 0 I!, I + 2 1  + 20 

I 
I 

November I High / + 22 i + I 9  ' + 0.3  1 LON + 23 + 21 

I December High + 18 + 0 . 2  + 12 + 0 . 1  1 LON 1 + I 6  I r O . 6  + l 2  I 0 7  I 
The above corrections are based on tlie lnean fortnightly results 

of the comparisons between the predicted and actual t'ilnes and 
heights from 1023 to 1930. (These corrections are sliqhtlg different 
from those for 1932 given in Geodetic Report Vol. VII, p. 34, the  
latttbr being based 011 similar data, from 1923 to the first 8 months, 
and not the end, of 1930). 
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TABLE 3. Time corrections applied to Rangoon for 1933. 
- 

I Dates -1 
1st-5th 6th-10th 11th-15th 16th-20th 2lst-25th 26th-31st Month 1 i b e  I 1 1 1 1 1 I 
ppp--- 

n~inutes minutes minutes minutes minutes n~inutes 

January ... Hivh - 11 - 14 I - 17 - 20 - 22 - 1 LO: I - t i  1 - 8 1 - 1 1  1 - 1 6  1 - l 9 ( - ; : 1  

March 

- ~ ~ .- 

April ... High - 13 i 
' 8 -  H ! - , j  

L O - 1 5 - 3 ; - 3  
- - -- -- - - - 

Y ey I i & h : : I I : I r :  
-- 

June 

I I ; 1 I ; i - 5 ' - 8  
- 8 1 - 8  

July . i&h 1 1 - 15 - 17 - 19 
- 1.1 - 15 1 - 15 

- - - . - - - - 

High - 20 I - 19 1 - 19 ( - 19 
LOW 1 - 16 - 15 - 14 - 12 

- -- 

September High - 14 i - 12 - .5 I ~ L o w ~ - 8 ~ - 7 ~ - ~ ~ ~ 3  

October 

0 

The above corrections are based on the mean fol-tniglitly 
results of the comparisons between the predicted and actual t,irnee 
£lorn 1987 to 19:31, computed for %day periods. 



TABLE 4 .  Greatest di$erences between predicted and actual 
Weights of low water for I931 at riveraw. ports with automatic tide- 
gauges. 

J Port 
Predicted 

33 minus Date 
t 2 ul a Actual 

I 
2 

: 

Bssrnh . . . 
Kiddrrporc (C:~lcutta) . .  

Rangoon . . . 

feet 1 
+ 2 . 8  ' 18th W1.y-afternoon. 
- 1 . 7  14th and 27th October nnrl 

/ 10th Novc.11ab1.r- rl~orning. 
+ 2 . 2  Z<)t,h a.nd :Wtli October-~t~or- 

I , l l l l l$  
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TABLE 5. Mean errors El* and E,* f o ~  1931. 

ADEN 
I. 

PERIOD 

1031 

m A N  EBRORS 

(Predicted - aotual) 

E,. El* 
-- 

I%. w. I L. W. L. W. 
Time Height Time 

a i a ~ t t e a  [ I  fett 

I + j -  + - I 
+ - 

Jnn. 1-15 7.6 * / -  0.2 0.7 0 .2  18.5 0.2 9 . 5  0.2 
I 

1 6 1  I 2.6 1 10.9 0 .2  11.0 0.2 

Feb. 1-15 I 0.0 15.1 0.2 13.1 0.1 

I 
1G-28 1.1 1 o.o!  8 .5  I 0.0 7 . 8  0 .2  11.5 0 .1  
t 

0 .1  3.2 / /O-0 13.3 W l  10.5 0 . 2  

; 0.0 R.4 0 .1  11.1 1 0 1  
t 

p i l l - 1  3'4 7 .7  0.1 9.4 0.2 

16-30 8 . 5  0.0 7 .5  / 0.0  11.2 0.1 12.5 0 .1  
' 

t 
May 1-1.7 ti.2 1 3  1 , 

I 
16-31 4.3 10.1 0.21 0 .2  5.8 0 .1  6 . 5  0.2 

J u n ~  1-1-5 ( 0 . 1  0.5 0.2 9.0 0.2 1 8 6  0 .2  

16-30 2.1; '0.4 0.7 ~ ' 0 .3  5 .3  0.4 3.8 0 .3  

( 0 . 3  2 1 1  0 2  9 7  0.3 

16-31 I 1.2  1 0.1 9 . 6  0.2  H . 7  0.2 
I 

Aug. 1-15 5.8 10 .1  1 2.2 / ; 0 . 0  9.8 0 .2  7.7 0 . 2  

17.7 j 0 .1 '  

16-20 ; 11.7 : 0 .1  1 
Oct. 1.1:) 

16-31 10.2 0.4 10.0 10,2 
! 

N , I V .  1-15 5.9 0 .1  n . 7  0 .3  6 .8  0.2 

16-30 8.7 t 0.0  9.1 0.2  11.9 0.1 

Drc. 1-15 6.7 0.1 6 .2  0-1  8 .8  0 - 2  

16-31 ' 3.0 0 .1  8.4. 0 . 2  5.4 0 .2  
i I 
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TABLE 6. Mean er ro rs  E,* and E,* for 1931. 
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TABLE 7. Mean errors El* and E,* for 1931. 

KARACHI I 

E, is with regard to eign: El ia without regard to sign. 
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* 
i~ with rcgnrd to sign : E2 is withont rrgnrd to sign. 

t Actual values aro tide-pole readings during daylight only. 
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TABLE 9. Mean e n m  El* and E,* for 1931. 
BOMBAY ( APOLLO BANDAR) I 

El i-  n . ~ ( h  regard to sign : El is without regard to sign. I 



EI is wit,h rcgnrd to sign : El is wit,hout regard to sign. 



E, is  with ri,g.xr(l to qign: E, is w i t h o o t  regard to  ~ i g n  
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TABLE 11. Mean errors .El* and E,* for 1931. 

PERIOD 

111::1 

Jan. 1-15 

16-31 

Feb. 1-15 

16-28 

Mar. 1-15 

16-31 

April 1-15 

16-30 

May 1-15 

16-31 

June 1-15 

11;-30 

July 1-15 

16-31 

Bug. 1-15 

16-31 

Sept. 1-15 

16-30 

Oct. 1-15 

I t;-31 

Nov. 1-15 

lli-30 

Dec. 1-1; 

16-31 

' L ' r ) ~ : k ~ s  - 
-- -~ -~ 

M E A ~ ~  . I + l 5 . i  1 '  - 0 . 3  1 + 10.0 1 - 0 . 1  1 :<(j.2 10.4 37.4 l o . 3  I I I 11 

TRINCOHALEE 

MEAN ERRORS 
Number ol  

errorsex* 

(Predicted - actual) 

E ,  

H .  W. L. W 
Time Height 

E p  

Ti"" Ht 

( m i n u i t a  

30.6 

40.0 

17.1 

22.1 

30.1 

26.1 

20.6 

28.6 

58.2 

26.2 

29.8 

22.5 

4CI.9 

49.5 

47.1 

62.4 

65.9 

4 5 . 4  

37.0 

32.6 

38.8 

39.9 

2H.O 

23.5 

p( j3.9 
.- 

i t  I( feet minutes 

~ - - ~  -- -- -. 

- 

12.9 

14.3 

17 .2  

39.3 

2.8 

26.6 

35.3 

19.7 

11fil.li 
. . - 

fee+ 1 .  

0 . 4  22.7 0 . 1  11 8 23 3 

0 . 3  40.7 0 .2  12 15 23 9 

0 . 4  17 .1  0 .3  5 5 24 11 

0 . 3  29.7 0.  5 11 18 19 

I F  
+ 

I /  

- I + -  
0 .4  

0 . 3  

0.4 

0 .3  

0 . 4  

0 . 4  

0 . 4  

0 . 4  

0 . 3  

0 . 7  

0 . 5  

0 . 6  

+ 
26.8 

38.3 

3.9 

7 . 6  

16.4 

11.3 

0 . 4  

0 . 4  

0 . 4  

0 . 4  

0 . 3  

0 . 7  

0.5 

0.6 

0 . 2  

0 . 3  

0 . 1  

0 . 1  

0 . 3  

0 . 1  

0 . 1  

0 . 5  

0.4 

0 .3  

0 . 8  

0 . 5  

- 

0 . 1  

0 . 1  

0 . 3  

0 . 3  

0 . 5  

0 .3  

0 .4  

0 . 4  

0 .3  

0 . 4  

0 . 2  

0 . 2  

0 . 1  

0 .2  

0 . 5  

0 . 4  

0 .2  

0 . 2  

0.1 

0 . 1  

0 . 2  

0 . 2  

0 . 4  

0 .4  

1 (i.5 

+ 
19.3 

38.4 

7 . 9  

15.1 

4.5 

15.2 

20.0 

66.7 

23.0 

29.6 

1 
1 
i 

1 
1 

3 .4  1 

I 

22.0 

36.1 

46.6 

36.6 

2L.1 

2 .9  

1 ~ ) O . o  

28.2 

53.2 

15.7 

17.8 

35.4 

62.4 

61.7 

36.4 

11.5 

3Y.0 

0.2 

7 . 0  

( 4 i ! l 1  1 3 . 8  b . 5  1 7.1; ~ L i : l ~ ! ! ~ ~ l ; ~ x  

36.1 

28.6 

40.2 

21.8 

66.7 

27.0 

30.2 

32.4 

47.9 

43.3 

36.5 

38 .3  

54.9 

45.8 

35.4 

37.8 

43.3 

49.8 

32.7 

89.6 

, 

4 . 7  ' 

I 

0 .5  

0 .3  

0 . 4  

0.4. 

0 .3  

0 . 4  

0 .2  

0 . 2  

0.2 

0 . 3  

0 .5  

0 . 5  

0 .4  

0 .2  

0 . 2  

0 . 3  

0 . 3  

0 .3  

0 . 4  

0 .4  

22.6 , 

42.9 ' 

6.9 

9 

7 

6 

14 

19 

10 

11 

5 

16 

21 

I2 

15 

16 

17 

12 

11 

10 

11 

11 

7 

0 . 0  

0, : i  

0 . 0  

0 .1  

0 - 2  

0 . 1  

O.,; 

0 . 3  

14 

13 

14 

7 

25 

11 

12 

13 

14 

16 

7 

10 

1.5 

21 

13 

11 

lli 

H 

7 

I0 

0 . 3  

0 . 3  

0 . 5  

21.-1.1 

1 0 1  9 1; 0 0  * : 1  

I 
I 

24 

28 

24 

28 

20 

31 

29 

28 

11 

16 

3 

11 

1 

3 

24 

14 

11 

28 

2 s  

18 

19 

16 

24 

1.1 

2; 

11) 

9 

9 

I1 

0 1 6  

l1 

l3  

lo 

%' 
r' 
d 
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T B L E  12. Mean errors E,* and E,* for 1931. 
I A D R A P  

* EI is with regard to  sign : E, is withont regard t o  sign. 

PERIOD 

1931 

Jan. 1-15 

16-31 

Feb. 1-07 

16-26 

Mar. 4-15 

16-31 

iprill-15 

16-30 

Nny 1-15 

16-31 

Juor 1-15 

16-30 

July 1-15 

16-31 

Aog. 1-15 

16-31 

Srpt. 1-15 

16-30 

O C ~ .  1-15 

16-31 

Nov.1-15 

16.30 

Dee. 1-15 

16-31 - 
' T * ~ , ~  - 

M ' * ~ s  

MEAN ERRORS 
Number of 

errors exceeding 

( Predicted-actual) 
30 0.4 

El* Ep* 
minutes loot of 
of time height -- 

H. w. I L. W. 
Time H e i ~ b t  Time 

minutes 11 fed minutes 11 fret  tninutex 

- 

0.3 

0 .0  

0 .2  

15.0 

5.6 

7.8 

+ 

Readings faulty. 

0.2 

0 . 1  

0 .1  

+ 
17.0 

7.8 

7.6 

+ 

6 . 3  

7.7 

9.7 

10.5 

6 . 2  

0.3 

0.1 

0 .3  

- 

14.6 

5.0 

7.6 

- 

16.1 

7 . 3  

6 .9  

1 

0 

0 

0 

0 

1 

0 

0 

9 

3 

3 

0 

0.1 6.9 0 . 1  

0 . 1  6 . 4  0.0 

! 0 . 1  12.6 

0.1 10.1 

0 .1  

0 

0 

0 

2 

0 

0 

+ 

0 

0 

0 

0 

1 

15 

7 

12 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 . 1  1 . 0  
I 

0 . 2  5 .7  ' 0 .2  

0 .2  2,R , 0.3  

0 .1  4.5 
I 

0.3 4,.R 

0.1 6 .6  ' 0 . 2  7 . 5  0.2 0 0 

0 .6  2 .3  

' '" I" I 
0 . 1  5 9  0 5  5 1  0.21 1 0 18 1s 

0.2 

0..i (j.1 0.1 4..7 0.4 0 O 22 18 

0.6 0 . 1  0 .6  ( i .0 (I.(; 6 . 0  0 . 5  0 0 2:! 16 
I 

10.5 9 . 0  0 .3  10.3 0 . 5  9 . 8  0 .3  0 0 1(; 3 
I 

3.0 

4 .6 .  

8.3 

3.7 

3.7 

1 .1  

5.5 

3 , 1  

,1,.5 

9..1, 

3 

0 

1 

- 

0 . 2  

0 .0  

0.1 

13.0 

8 . 8  

11.0 

10.6 

7.9 

0 

0 

1 

2 

0 

0 

0 

0 

0 

109 .5  30 . i  ~~0 . ( ; 14 . s l l~ ,7 . : j  1 3 4 . 3  ]0.sI3.311s3.: j  1 5 . ~ l i ~ ~ . ? ~ ( ; l S . 4 ~ l  21 5 12,~1*7 
. . _ .  

+ l 4  11 _ i2 1 - +  3.2  11 - 0.1 1 9 0  10.31 P I  1 ' 0 .21  I I 1 

9 7  

6 . 7  

3.8 

7 .9  

g..$ 

5 .  .& 

1 . 5  

5.9 

3.2 

1 
l0 .6  

0 . 3  

0 . 3  

0 . 1  

I 

0.1 

0.1 

0 .2  

0 .2  

0.3 

0 . 1  

0.1 

0.1 

0 .2  

10.3 

0 .3  

11.6 

7.3 

13.6 

15.1 

8.4 

0 .5  8 . 1  

7 . 4  

6 . 3  

9.1 

0.3 

0.3 

0 .2  

( 
. I  

1 . 1  

8 , 3 / 0 . 2  

4.0 10.2 
I 

8 . 0 1 0 . 1  

0.3 

0 .2  

0 .2  

0 .1  
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TABLE 13. Mean errors El* and E2* for 1931. 
KIDDERPORE ( CALCUTTA ) 

E, is with regard to sign : El is without regard to sign. 
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TABLE 14. Mecm errors El* and E,* for 1931. 
CHITTAGONO 

' 
is withregard to sign: E is without regard to s i p .  

t Actual v~ lues  are tide-pole readings during bylight only. 

MEAN ERRORS Number of 
errors exceeding 

(Predicted -nctualt) 

PEEIOD E,. E?. 
nairrulpa ,foot o l  
of time height 

1931 
-- 

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

+ - + -  + - I + -  
Jan. 1-15 

16-31 

Feb. 1-15 

16-28 

Yar. 1-15 

16-31 

April 1-15 

16-30 

JIay 1-15 

16-31 

5.6 

2.6 

0.9 

1.5 

5.7 

0.1 

I ; .  i 

3 .4  

0.8 

0 .9  

16-30 

July 1-15 

16-31 

Aug. 1-15 

16-31 

Sept. 1-15 

16-30 

0 . 4  ~ 
1 

0.21 
I 

0 . 4  

0 . 2  i 
0 .0 :  

0 . 1  

2.5 j 

3 . 6  

3.8 , 

6.9 

2.8 

0.1 

12.1 

0.1 

0.1 

0.2 

0.5 

0.1 

9 .2  

10.8 

9.4 

R.8 

14.1 

9 .5  

Oct. 1-15 

0 .2  

0.0 

0 .1  

( 0 . 5  

0 . 1 ,  
! 

6 .4  1 

0 . 2  

/ 0.3 
, 
10.1 

0 . 3  

0 . 5  
I 
10.4 

2 .9  

0 .6  

3 .5  

0 .0  

5.9 

5 .5  

I 

lfi-31 

NOP. 1-15 

16-30 

Dec. 1-15 

16-:I1 

>'''...I + 1.7 1 - 0  1 + 4.0  / /  + 0 , 1  1 6 .5  10.6) 7 . 1  10,4( 1 1 

3 .5  

6 .9  

) 
I 

4 . 7 / 0 . 5  
I 

5 . 1 1 0 . 3  
I 

5 .2 0 . 5  
I 

6.1  0 . 4  

7 . 2 0 . 5  

6.4 10.3 

15.1 

0.7 

1 .8  

0 .4  5.4 1 .0  6 . 3  

0 .4  

0.3 

0 .0  

T O T A L S . .  4 1 2 2 . 4  4 8 1 0 6  - 

1 

I 
i O . 1  5 . 1  0 .4  

i 

.  3 . n 2 . 1 5 1 .  , , l l i l ~ . l O .  0  0)'41123 

0.1 

9 .2  

12.1 

9 . 9  

8.4 

14.1 

10.4 

0 .5  

3 . "  

3 7  

3 .2  

3 .1  

0 .8  1 1 0  

5.1 i 

0 . 1  
I 

0 . 1  

3.7 ~ 
1 5.1 

. j , . ~  

10.4 

I 0 .2  

9 .1  0 .7  

5.8 0 . 5  

0.7 

0 .3  

0 .5  

0 .6  

0 .5  

0 .7  

7 .6  

5 . 1 ' 0 . 7  

10.7 

0 .4 .  

0 . 6  

' 0 . 7  
I 

0 .1  

0 . 3  

7 , 2  

9.1 

5 . 1  

0.5 

12.1 

6 . 1  0 . 2  

8.3 0 .5  
I 

8.0 0 . 7  

9 , 8 ! 0 . 3  
I 

bli 

7.2 

0  

0 

0  

0  

0  

0  

0.4 

6 .8  0 . 1  

4 . 4 l 0 . 3  

4.8 iO.6 
I 

4.9  0 .3  

0 .5  

0 .4  

0.4 

4.3 

7.8 

6 .4  

9 . 3  

0 .5  

0 .4  

0  

0  

0  

0  

0  

0  

4 .3  

3.8 

3 .4  

4.8 

0  

0  

0  

0 .6  

0 .5  

0 .4  

0 .4  

0  

0  

0  

2  

1  

0  

0 

0.3 

0 .2  

0 . 3  

0.2 

0  

o 

0  

5  

0  

0  

1 

0  

3  

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  

1  

3 

1 

0 

0  

0  

0  

3  

0  

1  

1  

3  

0  

0  

0  

0 

0 

0  

0  

0  

4  

0  

1  

0  

1 

0  

0  

1  

1  

0  

0  

1 

1  

0  



E, i e  wit11 ~.~*;.irtl to sign : E, is without regard to sign. 
L t Actual value3 :we tide-p,lo rearlinga during daylight only. I 
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TABLE 16. Mean errors E,* and E,* for 1931. 
EI~EPHANT POINT (PILAEAT CREEK) 

Obq~.rv.~tions di$conlinned frclin 1st April 1931, 
117hr1, t h r  t,id:rl ob.;rrv;rtt)ry ara= di~m;~nt , l rd .  

Set! C;~so~~ctic  Rt.pm.t, Vol. 1'11. p:~gt! 38. 

I 

MEAN ERRORS Number of 
errors exceeding 

(Predicted - actual t ) - - . - - -. . . . . 

30 1.0 
PBRIOD nllrruler foot of 

El* E z* of time height 
1x31 -- 

L. W. 
Time 

rninutra )I ,feet 

I 

Jan. 1-15 29.3 0.2 11 .0  29.3 0 . 4  12.6 0.4. 1:1 1 0 0 

16-31 40.9 0 . 7  36.0 0 . 4  4 i I  0 7 36.0 0 . 4  29 22 6 4 

Feb. 1-15 23.1 0 . 3  2 5 . 4  0 . 5  15.7 0.5 13 1 :i 6 

16-28 34.7 0 .7  26.6 

hlnr. 1-15 29.2 0 .3  1 4 . ~ 7  

16-31 :i0. 5 

April 1-15 

16-30 

hlny 1-15 

11;-31 

Junc 1-1 5 

16-30 

July 1-15 

16-31 

Aug. 1-15 

16-31 

SVpt. 1-16 

16.30 

Oat. 1-15 

16-31 

NOT. 1-1s 

I fi-30 

DI-c. 1-15 

1 li-:i 

-- A 

-- 
' I !  1 12.911n.ll  1 11 I.:! 10.4 \ I $ I ~ . ]  1 / ; < . 3 1 2 5 , 4  / 2 ~ 1 ' 1 0 i ~ : ~ ! ~ ~  \ l(;l  1.i 

-- --- - - - - -- 
'~*,a I + w e  1 -0 .5  j + 2 0 . 3  1 + o . a  1 :r:j.s lo . l ; l  2 0 ~ 9  lor( 1 I ! 

is with r e ~ a r d  to  nign: E2 in without r n p ~ r d  t,n sign. 
? qctllal value3 fire tido.pole readings taken 151 , k i t  Creek. about 800 feet np the site of 

Pred'ct10n8 for Elephant P , int of In84-fj8, which latter is again abuut 2 miles Up tha t  of Me- 
p b n t  Point of 1880-81, 



E, is with regard to sign : E, is without regard to sign. 
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TABLE 17. Mean er rors  El* and E,* for 1931. 

PERIOD 

1931 

Jan. 1-15 

lfi-31 

Feh. 1-15 

16-28 

r 1 1 5  

16-31 

April 1-15 

16-30 

\lay. 1-15 

16-31 

June 1-15 

16-30 

J d y .  1-15 

16-31 

Aug.1-16 

16-31 

Sept. 1-15 

16-30 

Oct. 1-15 

16-31 

v 1-15 

16-30 

Dec. 1-15 

16-31 

l s o ~ ~ ~ ~  .. 

M B A N ~  1 + 4.5 + 0 . 2  + 3 . 6  l j  + 0 1  I 9 . 7  12.9 8/0.6( I ( / 

RANGOON 
2 

MEAN ERRORS Number of 
errors exwdh, 

(Predicted - actual) 

E,* 

L. W. 
Time Height Time Heis l~ t  

munuIra  I \  fer l  
H'w'  I n i n u l r a  11 feel 

311 1.0 
la inul r r  fml0 l  

El* of t ime height -- 
H. W. 

Time Ht. Time Ht. 

m i n u t e s  I.frct 

4 . 3  

8 . 3  

13.5 

13.6 

2 .6  

8.9 

2.7 

7.2 

4 . 3  

4..2 

1111.3 1 

+ 
2 . 6  

fi.8 

1.0 

6 . 4  

1 . 8  

5 .3  

5 . 0  

9 .0  

8 . 1  

10.4 

1 1 1  

9 . 4  

13 .1  

5 . 9  

9 . 2  

5 . 0  

8 . 9  

7 . 3  

1 .2  

5 . 3  

3 . 0  

8 . 3  

- 

0 . 2  

1 . 4  

0 . 3  

+ 
0 . 3  

0 .2  

0 .4  

0.2 

0 . 4  

0.1 

0 .1  

0 .4  15.7 0.  fi 0  0  1 ,  4 

0 . 3  14.7 0 .  5  1  2 0 1  5 

0 . 5  l-l...? 0.l;  

- 

5 .3  

2  8 

' 

0 . 3  

0 . 6  

0 . 3  

0.5 

n.:i 

0.4. 

0 . 5  

0 . 2  

0.4. 

1 

, O . O  
I 

0 .6  2 . 1  0 . 8  

I 

3 2  I i 1 / 0 , 5  1 0 5 5  1 2 0 2  / l i 3 l ~ 0 ( 2 : ( 1 . i l l n  rC<lo.r, ll4.3:22l21 35 11' 

0 .3  

- 

0 . 1  

0 . 1  

1 - 3  

+ 

7 . 3  

8 . 0  

7.5 

8 . 8  

2.0 

0 . 3  

0 . 5  

11.0 

12 .1  

11.H 

11.2 

11.9 

11.5 

12 .9  

J3.H 

11.2 

0 . 2  

' 0 . 4  

0 . 3  

0 . 2  

0 . 3  

0 , 6 

0 . 7  

3 . 8  

, 2 . 9  

+ -  

0 . 2  

8.7 

3 . 2  

7 . 3  

3.4 

6 . 2  

6 . 8  

1 . 4  

( j 0 . 1  

/ /  0.2 

0 . 1  

1 

0. :i 

0 .  1 

0.1; 

0 .  5 

0 .  5  

0 . 8  

0 .  6 

0 . 5  

0. 3 

2 . 6  0 . 4  

0 . 2  

0 . 3  

0 . 9  

0 . 3  

1 . 0  

~9 W G  1 3 1  

0 . 2  

1 

8 . 6  

0.0 

0 1  

1  

3  

0  

2 

n 

2 

0  

1  

0  

7 . 6  I 

14.4 

1  

1  

2 

1  

1  

2  

0  

O 

0 

0 . 3  

0 . 3  

01 1 

51 ? 
I 

01 1 
I 

n..; 

0 . 2  

4 

o 

0 

0 . 1  

5 

3 

10 

1 ;  2 

0  ? 

0 .? 













G R A V I T Y  

1. Programme. T h i s  field season, t h e  par ty  was equipped 
with two 14-ton Ford Mot1 r Trucks, hired f o r  t h e  whole eeason. 
As a result of having fast  t ranspor t  always a t  hand, t~ very full 
programme was possible. 

Starting from Bombay, t h e  p r t y  zigzagged r i g h t  across Ind ia  
through Calcutta to J r e s o ~ , e ,  pu t t ing  i n  97 gravi ty s tat ions on  route, 
and then. t ~ ~ r n i n g  11nl.th-west. observations were ~ n a d e  a t  1 9  more 
statiolls in the plains a n d  hillu. C h a r t  III sllows t h e  location of 
these stations. The> total  mileage amountctl  to  5.S00 miles. N o  
mechal~ical troubles of a n y  sort occorrc~d. A consideral>le distance 
was ovrr t eml~orarg  roads 01. r o ~ ~ g h  c a r t  traclrs i n  areas ; t h e  
lorries \\,erfh f r ~ q u ~ ~ l t l y  s t l l ~ k  in soft sanrly patches in  t h e  rivers and  
a good deal of rough l)ionrerinq I ~ a d  t o  be done. On one occasion 
it took eight hours t o  trart31.se three miles. 

0l)s~rvat iona wercl made  in rooms whcrever possible, b u t  t h e  
~endnlu~n  tcut was fl.cqucmtIy used. 

2. Strength of the party. I n  order t o  carry t h e  whole 
party ivith i t s  eqai lnnc~nt  i l l  t\vt, l ight  lol.ric.s, g rea t  reduction had 
to be made in t h e  cstal , I ishn~rnt  ; one rIvrI<, two cc,mpr~te~.s  and  
three IihaIisis were lef t  I>e]~illcl ill a headquarter's camp a t  Dehra  
Dhl, allil t h ~  par ty  which tool< t h e  field co~isisteil  of one officer, 
five khaI;lsis, two tll.ivrrs, two  c1c.anc.r~ and  two private servants. 
This party tittcbil in t11'. lorries cluite comfortahIy \vitIlo~lt overloading. 
The inconveniences cl11p t o  t h e  w r y  small eet:~l)lishlnent were 
Inore than rompc.llsatc,(l fo r  by t h e  grea t  a ~ l v : ~ ~ l t a ~ e ~  of motor  
transpnrt. Practic.a]ly t h e  \ \hole  party contl.nctc~d malar ia  while i n  
the Orissn Hil l  States ,  othrrwise heal th was gooil. 

3. Method of observation. T h e  method of obsel.vation 
Was the sanw RS i l l  tho P ~ . p ~ i o ~ l s  ~ W O  fi11Id st~asons. Exccbpt in  t h e  
Calcutta neigllbollrlloc,d, :tllrl in  Al)l.il, ~virelr~ss  ti~nc. signals were loud 

cl~bar. Wi th in  a radirls of  100 nliles o f  C i ~ i r u t t a  w i r e l e s ~  
colltlitions wcrcb pxcrc>dingly had, ant1 at,  Rilrra~lil)Ol.(', 0111~ fh(\  n i g h t  
sifillals coultl 1,e heard those only with diHic111ty Jcssorc. was 
marly as bad. T o  g e t  over this  difliculty the  N:~IIPII signal rtxcc~ived 
at 5.30 a.m. lnclian Standard Ti lnr  was t:tl<cbn. This  siglial proved 
8() convenient t h a t  i t  was us~c l  throughout  the latter end of t h e  
fir'ld season, Icbnrling t o  a spr,cbding u p  of t h e  programme. 
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The normal programme with this signal was : 

IST DAY 3.30 p.m. . . . Rugby signal : s tar t  pendulums. 

11.30 p.m. . . . C and A. Complete 1st  measure 
and commence second measure. 

~ N D  DAY 5.30 a.m. . . . Nauen signal : complete 2nd 
measure and commence 1st 
measure of pendulums A and B. 

3.30 p.m. . . . Rugby signal : complete 1st 
measure and commence 2nd 
measure. 

11.30 p.m. . . . Rugby signal : observations 
completed. 

It was frequ.ntly possihle to finish work a t  one place a t  11.30 
p.m., and cornmerice work a hundred miles a a a y  a t  3.30 p.m. on 
the next day. 

A further change in procec1ul.e is in contemplation whereby 
all observatio~ls a t  a place can be fully completed in 2-1. hours. 

An objection to the use of the Nauerl 5.30 a.m. signal is 
tha t  t,he corrections for this signal a le  not publishecl in Admiralty 
Notices nor in the Bulletil~ Horaire. The Gwman pilblication has 
to be obtained. 

The automatic wnrning now sent out before the Rugby time 
signal is a great 1)oori ant1 is all that  is required. It consists of the 
code GBR GBR GRR T I J J E  rrpratrcl four times, begin, ing 45 
seconds l~efore the time s i g ~ ~ a l  aurl c~llcling 2 0  scconrls before it. 

Bntl wireless reception iu April near the hills appears to be due 
to  thunder cloucls sitnatcd close to the hill tops. A thunder 
cloud away from hills does not have an  adverse effect on wirelese 
reception, except for the harsh crack when an a c t u ~ l  lightning 
discharge occurs. 

Two Mercer chroiiometers were used throughout the field 
season for all ol)servations, but the rate of one chronometer ( Mercer 
No. 1::SGO ) provc.(l so erratic that  the ol)servations lnadr mith it 
have no t  b1~e.n inclu(1ed in the final r ~ s u l t s ,  excc.pt a t  places where 
wirehless recc.ption mas had. Nevc~rtheless in spite of the erratic rate, 
aml,untin~ at  tirn1.s to a change in the 24-hourly rate of eight 
secontls in a p ~ r i o d  of I(bss than piglit hours, the results ol~tained 
with thr  bar1 c l ~ ~ n ~ i ~ ~ ~ n c ~ t t ~ r  arc1 pyactically irlerltical with those 
obtainwl with thv good O I I ~ I .  This is becarlse the programme is SO 

arranytbtl that  thcl prn~l~tlurn swings nearly continuonsly I,c,tween 
timt. siqnals. Erratic ratc variations do liom~ver have some rffcct 
during the t l i rc .~  clr~arters of an hour occupied in changing pendulums. 
H(3nce ohserrations n i th  the bad cloclr have not the same weight 
n.q those made mith thr> good one. 
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At Barrackpore, before observations were commenced, the 
pendulums were left hanging still on the  agates for an hour, to see 
if there was any sign of ground motion, but none was detected. 
I t  is a feature of the Cambridge apparatus t,hat even if there ie 
ground motioil the mean time of vibration of the two pendulums 
when observed si~nultaneously is practically unaffected by the 
mot,ion. If however the ground is fou~ld  to be in motion, the two 
pendulums should'not be swung in opt.ica1 coll~bi~~atioii .  It. will 
t , he~~  be pc,ssible to a,pply a correction for t,he slnall residual effect. 
of the ground motion on the mean t,ime of vibration of the pair of 
pendulums. 

4. Results. The results are shown in Tables 1 to 4. Table 2 
shows good agreement between pairs of pel~dulu~ns  except where 
marred by bad wireless reception. 

5. Standard Gravity Formula. A standard gravity 
formula suited to the Interilational spheroid has been adopted a t  the 
Stockholm meeting of the International Geodetic Union in 1930. 
The formula is : 

yOI = 978.049 ( 1 + 0.005288 sin2 4 - 0.000006 sin"$ ) 

where $ is the latitude. The Helmert 1901 forinula has hitherto 
been recognized as t,he standard. This is : 

yoH = 978.030 ( 1 + 0.005302 sin2 4 - 0.000007 s i n 2 4  ) 
Any value of yo, can be readily changed so as to obtain the 

valiie correfiponding to another spheroid X with equatorial gravity 
G', by the following relation : 

yox = yOH + A s x  + (GIx - 978 .030) .  
Similarly any anoinaly AH obtained with the Helmert formula 

can be converted by the expression : 

Ax = A H  - A8x - (G'= - 978.030) .  
Values of A, are given in Charts V and VI for the  Inter-  

national spheroid and for the S. of I. No. I1 spheroid. I n  the case 
of the Stanclard l ~ l t e r ~ ~ a t i o n a l  formula the valrlc of the c o ~ i s t a i ~ t  
term ( (+', - !)78 a 030 ) is + 9 . 0  19 c ~ n / s e c ~ .  

H ~ y t n r d  anomalies ( (, - y,., ) nl~tainecl wlth tlir new standard 
forinltla arc> givc.n ill c h a r t  VTI. It will 1~ o l )v i~~us  fro111 what fo l l~ms  
that the. new fnrmnla yicltls anouinlics mhicah xre Irss sl~ital)je for 
Illtlia tlliin thnecb ohr;li1l;~tl with th(1 H t ~ l r n ~ ~ r t  1901 formnln. This is 
'naillly dllc to thp high value of (+', x(lol>ted. A IntwC suitable 
value for India for us+. with the I~ltctrnatlonnl sl~hrroid iu 978.017 
cm/sec' ( see Genclrtic. Iteport Vol. V, page 56 ).  
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8. Crustal warpings and geology. Last field season's 
work has provided large nddit,iolls t o  t,he gravity data in India, and 
has also resulted in fome ilnportar~t alterations in the anomaly 
contours drawn previously in arcJas where the  data  was scanty 

I n  addition to  this, the new edition of the Geological Map of 
Illdia hns just beell goblishetl. It is therefore proposed to examine 
thtl conr lus io~~s  rene-lied i ~ t  the end of last recess ( Sept. 1931 ) in 
detail, so ax to stle 11om far they are justified i i  the  light of the 
more recent g~e)lugicnl alld gravity data. 

I n  Professioi~nl Paper No. 27 ( 1932 ) i t  has been claimed that 
gravity anomalies are mainly due to deep-seated crustal warpings. 
If the wrrrp is gentle ailcl widespread i t  may not be inclicated on the 
surface of the lnnd by any obvious geological or topographical 
features. Other more abrupt and less widespreading warps may be 
indicated on the surface by special features. The g - 7, anomaly 
developed in Professional Paper No. 27 is intended to  portray these 
small wrrrpings. Briefly the g  - y, anomaly has been derived from 
the Hayford arlomaly by removing the effect of the widespread and 
gentle warpings ( Hiclden Range ) and by a correction necessitated 
by the actual lack of isost,atic compensatiol~. Since the S. of I. 
Spheroid I1 is th r  spheroid best suited to India, the g-yF anomalies 
will be referred to it. Compnrison will be made with the Hayford 
anomalies ( g - y C H )  i~silig the Helmert for~nula  ( see Charts VIII  and 
IX) since i t  would be unfair to the isostatic hypothesis to use 
the unsuitable new standard formula for the purposes of this 
comparison. 

A crustal up-warp will not necessarily be visible on the surface 
as an elevation. The rnov~rrlent may be so gradual tha t  denudation 
keeps pace with it. First the most recent geological formations 
will vanish through denndat!on, and then the older, until finally in 
the older or greater up-warps the fundamental igneous rocks will 
be exposed. 

Eqosures  of certain typical igneous rocks may therefore be 
accepted as definite indications of crustal up-warps. Small local 
exposures of volcanic or effusive rocks may also be taken as evidence 
of crustal up-warps close b ~ ,  but not necessarily a t  the  actual site 
of the outcrop, since the rocks may hthve come through fiseures or 
f a i ln r~o  of thp lower slopes nf the up-warp, or may have spread over 
adjacpnt dnwn-warp1 arras. 

The Deccnll trap is a ~ a s t  sheet of rock covering both up-and- 
down-warps of the. crust. anrl only detillitely associatecl with an 
up-warp at  t h l ~  maill f o c u ~  ( or foci ) of effusion. 

A crr~stal 110wr1-warp naturally provides a basin for the 
accuml~lntion of a ~ ~ l i m ~ n t ,  all(\ if the r l o w ~ ~ - w a r ~  is slow, sedimentation 
will lip+.lj I';LC+~ with it-that is, in land arras whew there will be an 
up-warp nrh:lrty to prlwitlp thp ecdimrnts. Y ~ d i m ~ n t ~ a r ~  deposits will 
thpr~fnre  Iw found in the down-warped areas, but the sedimentary 
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origin of the rocks may be concealed by metamorphic action, 
A1ltl they are then grouped in the geological map under the head 
'Lunclassified crystallines, gneiss etc." which includes rocks of either 
sedimentary or igneous origin. 

As already indicated above, sediment,ary rocks may be found on 
up-warped areas where the  elevation has been &her too small or 
too recent for t.heir complete removal by denudat.ion. Generally 
speaking one would expect down-warps underlying the broader 
sedimentary forma,tions, such as the main exposures of t,he Vindhyane 
and Cuddapahs. 

The broad alluvial plains of Northern India are in a separate 
category, they overly and flank a crustal area still in active move- 
ment,, and like the Deccan trap, conceal both up-warps and down- 
wnrps of t,he crust. 

born the above considerations, the following conclusions are 
reached : 

( i ) The fundamental igneous rocks ( grsnite, syenite, 
~harnoclri t~e and k h ~ n d a l i t ~ e )  definitely indicate 
crustal up-warps. 

( ii ) Sedime~itary formations and unclassified crystallines 
are indefinite. Their situation with reference to 
group ( i ) will provide a clue. 

( i i i )  Volca~lic rocks and small patches of effusive rocks 
indicate a crustal up-warp nearby, but not necchss- 
arily a t  the site of the exposuie. 

( iu ) Deccan t rap  and alliivir~rn conceal the nature of the 
crustal warps underlying them. 

Chart X is a geological sketch map nt1:iptcd from the new 
Geological Map of India. T11~ above four groups are shown in it 
as follows : 

Group I Red. 
I1 Sediments Blue, unclassifi~d crystal- 

lines pink. 

111 Red and greell. 

I V  Drccan trap g r ~ ~ n ,  Alluvi~in~ mid 
nnclassified areas white. 

7. g-y,  and the igneous rocks of Group I. Tt the 
1gnPous rocks of Groll11 1 dcfinit~lp indicatr a c ru~ tn l  I111-\\alp, 
[7 - rF must 1~ positiv(> ovrr tliesr ~ I , P R S ,  and stand9 or falls at-cn~.(l- 
Ing to its success in s h o w i ~ ~ f i  them. 

1. Enst consf nnd S o ~ c t h ~ ~ ~ t  I d i n .  

v m n r n ~ n c i n ~  nrnr Cnttnrli nnrl ~ s t c ~ n t l i n ~  down the  East cllns1 
of I r l r l i ~  to Sn~l th  of Mad1.3~ and thvn turning ncst ncrclss 1ndi:l 
roughly along Lat. 12' is a very striking I,elt vf igneou~ rocks. 

Q 



50 GEODETIC REPORT [VOL. vm. 

This is very well demarcated by the g - y, anomalies. There are 
sixt,een gravity stations in this area and of these fifteen yield posi- 
tive anomalies averaging + 0.020 cm/sec? One only is negative 
(No.l7lP&rvatipuram,g-y,=-0.007,g-yo=--0.009). The 
Hayford anomalies ( g - ycH ) fail to show the feature. Only five 
of the sixteen anomalies are positive. 

The negative g - y, anomaly a t  P&rvat,ipuram appears to be 
associated with a very small positive anomaly a t  Dusi (No. 170, 
g - y, = + 0.001, g - ~ C H  = - 0.005 ). If SO, the peculiarity 
disclosed a t  Parvatipuram is not purely local. 

II. A large exposure of syenites rozcgltly along Long. 77'from 
Lat. 12O to 16' with other smaller outcrops to the ruest. 

All g - y, anomalies in this area are positive, all Hayford 
anomalies are negat,ive ( 5  stations average g - y, = + 0.011, 
g - y m  = - 0.027) .  

III. A la?-ge outcrop of granite about Lat. 20' Long. 80' 

There is no gravity station on this exposure, but on the unclassi- 
tiecl crystalline rocks to the south observations a t  Bhopalpatnam 
gave a remarkably high positive anomaly ( g - y, = + 0.044, 
g - y,, = + 0.033 ). Evidently high positive ano~nalies ale to he 
expected over t,hese granites. 

I .  Granite and volcnnic rocks W N  W. of Calcutta near 
Purd in  and Scri  and 8 W. of Daltongnnj. 

All this area is strongly positive ( Sari y - y, = + 0.061, 
g - yCH = + 0.0.53, Daltonganj g - y, = + 0.024, g - yen = 
+ 0.018) .  

The general run of the anomaly contours indicates an extension 
of this positive area to the similar igneous area south of Shillong. 

V.  Bundelkhnnd Grtcnite. 

Stations on this area are : 

Lalitpur is near the southern boundary of the exposure. 

S-YcH 
- 
+ 0  014 

+ 0.013 

-0 002 

No. Station 
.- - - - 

100 Jh ins i  

261 Rrinrla 

95 Lalitpur 

~ - Y F  
- 

+ O  014 

+ O  016 

-0 014 



PI. Igneous rocks of the Ar~valli  Hills and to the NE. in 
the same line towards Delhi. 

All g - y~ anomalies in  this region are strongly positive except 
Degina which is somewhat west of the line. 

The stations are : 

VII. Igneous rocks of Baluchistoin,. 

No. 

114 

115 

117 

118 

215 

224 

225 

214 

There are no gravity stations in the igneous area. A positive 
9 - y~ anomaly ( + 0 . 0 2 3  ) is found a t  Warechah which is near the 
Koh-i-Taftan volcano and where there are roclry outcrops. 

The g - y,, anomaly is positive a t  Warechah also, but t,he 
Hayford anomalies are also posit,ive over most of the light deep 
alluvium of the Ham~in-i-Mashkel depression. This is certainly a 
depressed area and so poeitive anomalies are unsatisfactory. The 
9 - yF anoinalies over this depression are all negative. 

Station 

Deesa ... 

Abu ... 
Erinpura ... 
Pili  Mirwir ... 
Ajmer ... 

Ringas ... 
Remiri ... 
Degina ... 

VIII. Igneous rocks of the outer Himdlayn. 

I - 7 ~  8-YCH 

+0.040 +0,047 

+0.012 +0.020 

+0.011 +0.020 

+0.013 +0.021 

+0.050 +0,062 

+0.044 +0.044 

+0.031 +0.012 

-0.021 -0.016 

All a,long the outer Himilaya small patches of granite, and in 
Kashlnir Tertiary volcallic rocks as well as granite a,re sliown ill t,he 
Geological Map. Positive anomalies ( g - 7, and - y c ~  ) are 
found. 

Summing up the foregoiiig, eight igneous nrcas have been 
cikd. In  all of these the g - y, anomaly is pretlominantly 
Positive. The Hayforcl anomaly is equally positive ill Inally of the 
areas, but i t  is ilegative ill the two largest and most strongly defined 
areas. 
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Out of a total of 41 stations in these areas, the anomalies give 
the following numbers : 

Positive Negative 

9 - y F  . . .  38 3 
9 - y ~ ~  . . .  23 18 

8. g -7, and the Cuddapah system. The great  basin of 
Cuddapah sediments north-west of Madras is exactly defined by 
the g - y, anomalies. These are all negative. The Hayford 
anomalies are negative too, but they are also negative over all the 
surrounding igneous rocks, so tha t  no clear distinction between the 
two types of area is obtained, as is the case with the g - 7~ 
anomaly. 

The g - y, anomalies show that  in  this area the crustal 
layere are depressed. D. N. Wadia ( Geology of India, p. 72 ) says, 
" To account for the enormous thickness of the Cuddapah sediments 
c L . .. . .. . .. . . . . . i t  is necessary to  suppose tha t  a slow and quiet sub- 
Cb mergence of the surface was in progress all through their deposition, 
" which lowered the basins of sedimentation as fast as they were 
" filled." 

Another large area of the same system is to be found about 
Lat. 22' Long. 82' around Jagclalpur. The crystalline rocks in 
Bastar state are very strongly banded and may be assumed to be sedi- 
mentary in origin. All the a r~omal~es  in these large areas are 
negative indicating a crustal depression. The Hayford anomalies 
fail to demarcate the area, being positive in the northern part near 
Bilgspur over the sediments, and negative in the  south over the 
adjacent igneous areas. 

9. g - y ~  and the Dharwar sytem. The outcrop of 
Dharwar rocks near Samai Midhopur, aucl to the south-west of this 
place, evidently occupies part  of the same great basin as the 
Vindhyans, hut  o t h e ~  outcrops of this sys te~n have been caught up by 
the re juv~nat ion of the Aravalli Hills and its more recent extension 
northmartl~, ( set. Professional Paper No. 27, Chart IV, transverse 
crest lines h n c l  :5 ). 

I n  t h ~ s  connection two errors in Professional Paper NO. 27 
require correction. Firstly Sawai M&clhopur is wrongly stated to 
bp a typic:&] Vinrlllyau Station (Profess io~~al  Paper No. 27, p. 15) 
and sc-lc(jntlly the rr . juvc~latio~~ of the Arivalli Hills is ascribctl to  
a recc~l~t p~~riotl ,  ( Professional Paper No. 27, 11. 21  ). Act~lally 
the. r c jnvc . r~ :~ t i c~~~  was conte~npor:~ry with the rlepression of the 
Vi~lclllyar~ 1>aui11. Thclse correctiol~s xffcct minor tletails only and 
arp not ill any IV:LS ~ ( I V V ~ S P  to the conclusions reached in 
Professio~~al Paper No. 27. 

Station No. 252 Chaibisa is on an outcrop of the Dhirwgr 
system ; here q - = -0.005, g - ycH = + 0.007. 
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Other exposures of the Dhgrwir system are usually associated 
igneous outcrops and evidently overly crustal up-warps, so 

that the y - yF anomalies are positive. Denudation following the 
uprise has left only the narrow bottoms of the synclinal folds ( see 
Wadia : Geology o f  India, p. 6 1 ). 

10. g - y, and the Vindhyan system. Quoting Wadia 
(Geology of India, p. 77 ), the Vindhyan system " occupies a large 
"extent of the country -a stretch of over 40,000 square miles- 
"from SasarLn and Rohtas in western Bihar to Chitorgarh on the 
" Arivallis, with the except,ion of a central tract ill Bundelkhand. 
"The outcrop has its maximum breadth in the country between Agra 
'(and Neemuch." Except a t  Sipri, near the outcrop of Bundelkhand 
granite, and in the extreme north-east, all this area shows negative 
anomalies. 

The stations are : 

The stations which show positive g - y, ano~nalies are those 
which have been involved in the uprise of t,he second crest of the 
Hidden Range ( see Professional Paper No. 27,  p. 21 and Chart 1V ). 

The Vindhyan system evidently overlies a deep crustal down- , 

Warp, a large part of which is concealed by the Deccan trap. 
11. g - y F  and the Gondwana system. Again quoting 

Wadia ((:eology of I n d i n  pp. 113-14). " Three large tracts in 
;Lna areas : '(the Pflni~isala can be mar1rc.d out as promillent Gol~clw- 

" ( 1 ) a hrgc linear tract in B ~ n g a l  along the valloy of t l ~ c  Dimodar 
" rivrr with a cc,llsidcrablt. area in the R%j~nah:LI hills ; ( 3 ) all 
"expansirc outcrop in tllc Ct~l~traI  Provilicc+ 1)101011g~d to the south- 
"east i l l  a be~ltapproxilnwtcly following t h ~  b I : ~ l ~ i ~ ~ i a ~ l i  Vallcy ; ( 3 ) a 
"series of Inore or less conllectc~cI troughs for~nilig ;i l l  cblo~~gatt~l b a d  
''along thc~ Godgvari rivel. froln near Niiglx~r to the head of its 
"delta." There is also ( 4 ) an area around Pachlnarhi and ( 5 ) areas 
in gathiswar, Cutch and Jaisalmer. 

No 

216 

222 

102 

223 

60 

69 

260 

89 

Station 

Nimach ... 

Kohh ... 

Sipri . . .  

Sawai Midhopur ... 

Damoh ... 

Maihar ... 

Mangawin ... 
Sagarim ... 

9-YF 
-- 

-0.024 

-0.007 

+0,020 

-0,025 

-0.009 

-0.013 

+0,008 

+0,026 

S-Yca 

-0.001 

+0.003 

+0.029 

-0,021 

+0.004 

-0.OO:i 

+0.015 

+0,009 
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Stations in these areas are listed below: 

Area No Stfition 
-- -- 

( 1 ) 267 Dhinbid ... +O-021  +0.019 

84 Daltonpnj ... +0.028 +0.025 

( 2) 259 Ambikip~u ... -0,023 +0.002 

83 Pendra ... -0.015 +0.008 

( 3  ) 205 Chinda ... +0.001 -0.002 

175 Yellendlapid ... +0.009 -0.013 

... -0.044 -0.044 

Areas ( 2 ) and ( 4 ) present no difficulties. Chart IX shows 
that they form part of an extensive down-warp. 

An explanation will now be sought for the positive g - yp 
anomalies in area ( 1 ). The same explanation will perhaps 
serve for area ( 3  1, though more stations are required for the 
p r o p r  elucidation of t,his area. D. N. Wadia ( Geology of India, 
pp. 110-11 ) says : "The Gondwina system is in many respect8 
66 a unique formation . . . . . . . . . . .the peculiar mode of its deposition 
"in slowly sinking faulted troughs.. . . . . . . . . . . stamp these rocks with 
" a striking individuality among the geological systems of India 
" . . .  . . .  . . .  . .. The formation of thousauds of feet of river and stream - 

" deposits cannot be explained in any other supposition . . . . I t  
" is suggested that the mountain-building and other crustal move- 
" ments of an earlier date had their reaction now in the subsidence 
"of large blocks of the country to the equilibrium-plane, between 
"vertical or sli-ohtlv inclined fissures in the crust." If this exvla- 

D d 

nation is correct, the crustal warp theory requires that t,he g - 
anomalies should he negative; but quite another explanation 1s 
possible, which appears to fit the facts better. The GondwLna 
deposits of Bengal are associated with dykes of ultra-basic igneous 
rocks ( Wadia : Geology ?f India, p. 119 ) and outcrops of igneou8 
rocks occur nearby. The area is in fact one of crustal up-warp, 
not siibsirlence ( ew pqra 7 ).  There has heen vertical pressure 
from helow upwartl~. Rifta due to tension have developed in 
thp Archsan crrstalline rocks, and in these the Gondwans 
edimrnts have arci~mulated. Widening of the rifts due to continued 
pre9surp from below anrl increasing t~ns ion  led to down-faulting of 
thew ee(\iments. This solution of the problem explains the 
anomali~e. The pxplanation is the Ramp as that given in Profee- 
eional Paper No. 2 i ,  p. 25, for positive anomalies over deeps in the 
J a n  Sees. 
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12. g-yF and the sedimentary areas of the HimZla,ya. 
The Purina ~ed imen t~s  and Siwiliks overlie the  up-warp of the crost 
referred to in pRra 7. g - y~ anomalies are therefore positive. 

North of this outer up-warp negative gravity anomalies indicate 
thr deep down-warp under t.he folded sedimentary mountains of the 
Inner Himalaya. 

The abrupt fall is shown well by the anoinalies: 

S-Y,, 
--- - 

+0.053 

+0,006 

+0.003 

No. 

5 

1 

36 

Deflection data  available confirm these conclusions. The geoid 
rlsPa over the outer up-vta1.p anrl thrn  falls stcadily until the axis of 
the down-warp is reached. The rlcfloctio~i a t  Dvpsang is small (nhout 
?"to thv NE.) indicati i~g tha t  this station is just on the northern 
side of tlrp (]own-\~arp. Capt. G. T. McCaw voic-c.~ a common but 
erroneous inllressic~n ill the South African S n r r ~ y  Journal ( April 
1932, p. 9 7  ) when he says, the groid moul,l still tend to fnllnw 
('the surface configuration, just as it persistq in rising under the 
"Hirn%Iaya." Data ill India show that  the geuid has no tendency 
to follow the surface configur~tion. 

13. g-yF and the Deccan trap. The Deccan trap is a 
!reat sheet concealing the uilrlerlyinq crustal ~ t rnc tnre .  Gravity 
Ulve~tigations forin the only econonlically frbasil)le method of 
d i~~()vf~r i i lg  tllis structnre. After making a d ~ t a i l ~ d  examination of 
the D~ccan trap al.ra with pendulums, it shonlrl he pos~ible  to  ~ l c c t  
areas mherc deep borings mould hc a proftal>le ~ p ~ c u l a t i o n .  

No. 
-- 

1 

The first part of field season 1931-:;? was (lcrotrd to the r u-gh 
rlplin~ation of the crustal down-warp underlying t,he trap, which 
had been disclosed hv the negative gravity anomalies a t  Dhond and 
Kurduvadi. The d&wn-warp has been found to  be much more 

Station 

Jlusaoorie ... 
Dehra Din ... 

hlohan ... 

S-Ys 
- 
+O.O'iZ 

+0.034 

+0.040 

- 

i 
Woz111 l ladur ... 

I Skirdu ... 

I 1)rpsang ... 
.. 

S-Y,, Sthtion S-YF 

+O.(X)2 

-0.015 

-0.Oi5 

Dcosni III  ... 

+O.OBH 

+0.015 

-0.064 

- 1- 
+0.054 +0.045 
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extensive than was previously expected, and has led to  considerable 
changes in the  n i i~maly  contours east and north-east of Bombay. 
Thtb following stntione overly this down-warp : 

The large negative g - yF anomlcly a t  Sa t ina  probably does 
not imply an i~lcreased depth in the  clown-warp there, but  rather a 
drcwaee iu thickness of the trap. The gravity effect of 450 feet of 
t1.a~ ( deiisity 2 .  H J  ) is + 0.001 cmlsec' ; if, t,herefore, there is 9,000 
ft1t.t of t r ~ p  a t  Taleqxon, the efft.ct due to the down-warp there must 
b. - 0 . O l 3  cm/sc.c'. whereas a t  SatBna, if the t rap  is only 1,800 feet 
thick. the effect of the rlomrl-warp mill be -0.039 cm/sec2. 

In the north it is unlikely that  this down-warp extends into 
t h ~  Vin~lhyan down-warp north of the Narbada river; i t  is more 
p rohah l~  that i t  is closed by an up-warp along the line of the 
Xitpurn Range. All gravity ohservations so far  made on this range 
harp yielded pnsitivc. anomalies. Geological evidence is also in 
Fnvotir 0 E  an up-warp here ( see Wadilc : Geology of India, p. 12 ). 

Mnrp gravity stations are required to define the western boundary 
of ~l~wn-wmrp. Thr  very shrupt change from negative to large 
p a l ~ i t ~ r ~  annmalips h r t w ~ e n  Talegaorl and Bombay strengthens the 
f>pininii already fnrmcbrl that there has been a fracture of the crust 
nrnr &,mhnp a1111 that there is to be found the main focus of 
~fF11~iori nf  Ikc(>arl traps ( ree Professional Paper No. 27, p. 16 
and Fig. 4 ).  

14. g - yF and the Indo-Oangetic alluvium. Like the 
DPccan trap. the allnvirim conceals the nature of the underlying 
cri~stal structure. T I  there is an upwarp  of the crust, u n d ~ r  the 
allurinm. so gradual that the de~ludation a t  t h ~  surface keepe pace 
with it. there will b little or no indication of the u p w a r p  until the 
rocks underlying the ellnvium are reieed to the eurfece. The g - YF 

No. 

186 

185 

228 

230 

233 

9.73 

234 

235 

236 

Stetion 
.- -- 

Kurduvidi ... 
Dbond ... 
Tnlegaon ... 
Jirmkhed ... 

Sangamner ... 
Satinn ... 
Deulntibid ... 
Chikli ... 
Pused ... 

S-YF 
-- 
-0.012 

-0.015 

-0.023 

-0,003 

-0.018 

-0.034 

-0.008 

-0,014 

-0.003 

Q-Yo, 

-0.041 

-0.039 

-0.048 

-0.021 

-0.020 

-0.035 

-0.014 

-0.016 

-0.009 
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snomaIiee show an up-warp under the Punjah alluvium. A very 
up-warp, probably still proceeding extends south-west from 

~nidway between Sahiranpur ancl Ambila to  the Arivalli Hills. 
&ufacr indications of this up-warp may be found in recent chanpcw 
in  the direction of the  rivers in the  Pnnjab. The axis of this up- 
warp is the watershed, on the northern plain, between the river 
systems of the Arabian Sea and the Bay of Bengal. 

A similar up-warp under the alluvium is shown by the anoma- 
lies south of Darjeeling; this up-warp is still progressing and is 
shown by a gradual rise in Iovcl in t,liis area relative to Howrah 
where tidal observations show 110 change of level (see Geodetic 
Report Vol. VI, p. 104 ~t seq.) 

Last season's work has straightened out the southern boundary 
of the "Gangetic Trough ". The southerly extension of the trough 
south of Lucknow in the Chart of Hayford anomalies in Geodetic 
Report Vol. V1I is reinovcd. The second crest of the Hidrlen 
Rang? (see Professional P;tl)[~r No. 2 7  Chart I V  ) is now very 
clearlpdefined by the g - y, anomalies. The " Gangetic trough " is 
probahly merely a shallow relic of the Tethys basin whirl1 has 
escaped the recent orogenic movements. 

15. The crustal structure lines of India. !J - YF 
ilnomalirs rlisclose two systems of crnstal structul-(A lines in Inrlia: 

( 1 ) An ancient and so~newhat i~itr icate mesh of up-and- 
down-warps in the peninsular area. 

( 2 ) Imposed on this and to tlle north are the broad 
sweeping lines of the later Hidden Range--T~thj-s 
movc.ment. The simple character of the ~ n r s h  of 
this last system is a sign of its juvenil(~ and rlnstahlc 
nature. 

These structural systems are shown in Chart XI. 
Dr. F. A. Vening Meinesz has shown the structural lines in 

the India11 Archipelago. His gravity values connote an  up-warp 
of the crust underlying Java and Sumatra, flanked by a dolvn-warp 
to the south and west, and he sags, " i t  seems likely that  the 
"Ganges valley anomalies are the continuation of the negative etrip 
"of the Indian Archipelago ". Chart X I  is opposed to this conclu- 
sion, it is rnorc. proba1,lr that  the 8umat1.a down-warp mill fo l l ln~  
the cur\r  of thc Nicobar ant1 Anrlama~i Islands ant1 conti~inr 11ndrr 
the folder1 serlimcnts of t h ~  A, alian Yoma R8angc, perh:~ps ultimably 
connecting with the northeru~nost trouqh lint. shown on Chart XI.  

continuation of the aeoirl eastwartls across Burma f~.ctrn India 
would go far to settle this pro1,lem. 

16. Conclusion. Theortatically, j i rn~i tg  can g i ~ e  no clues to 
the distribution of mass in the earth's c~ nst ( src hlr C ' ~ K .  Slllltll 

African Rurwy Jou,rnrt/, April 1932 p. 9 i  ), but  this is o n l j  the 
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case if other geological and geophysical da ta  are ignored. If data 
from deflections, geology and earthquakes are used together with a 
considerable mass of gravity data, the field of possible solutions of 
t,he crustal distribution of mass is narrowed down enormously,- 
possibly to  a unique solution. 

Gravity work is being carried on with increasing enthusiasm 
by practically all civi1izc.d nations in every part of the world, and 
is rapidly leacling to a good understanding of the crustal processes 
of the:earth. While being interliational in ootlook, Indian gravity 
worB is of great local importance. The preliminary programme 
of gravity work is restricted to  the more or less uniform spacing of 
gravity stations about seventy miles apart all over the Indian area. 
The. uncolourecl spaces on Chart I X  show work yet to be done. 
Ass:tm is ~uitouchecl and Burma nearly so, and in Burma too 
deflection clnta al-e required before the gravity work there can be used 
with contid~ncr.  Some gravity work in Ceylon wlll be necessary 
for the proper undel-standing of the rather baffling conditions in 
the  extreme south of Intlia. The crustal ~ t ~ r u c t u r e  disclosed by the 
prt\liminary gravity programme will be a goide to  geologists, not 
only in areas coverer1 hy alluvium ant1 Deccan trap, but  also in 
other areas where the superficial geological da ta  are puzzling. 
After this, cletail~tl gravity survey of selected areas, aided by geolo- 
gical experts, will he o~ i ly  a short preliminary to the commercial 
exploration of promising localities. 
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TABLE 1. Times of vibration at Dehra Den. season 1931-32. 

Mercer Chronometer No. 12831. 

r 

Date 

Atlopled mecw tirncs of vibration 

Cb 

hl een 

S 

win; woo 

Date AB 

--- I (:*!- 

1931 1 s 
October 19 I 0'507 9514 

20 94H4 
... I 9501 

2 1 . . .  
,: ! 9511 

. . . 
22 .._ I 

I 

Mean 5 7  9 3  

S 

0'507 9506 
9.198 
951 5 

1933 

Mny H . . . 
9 

10 . . . . , . 
11 . . .  

... 

0'507 9509 
9511 

0'507 9510 

filean , , 1 n o  9 nso7 nioa 

9 

0,507 9490 
!)'l'l2 
s)-l!ll; 

q 

0'507 9507 
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TABLE 5. Diferences between individual and mean pendulums, 
season 1931-32. (The unit  is sec.). 

I ... 

1 _ - 

Mean 

Name of station ( C b  I v 1 I B  I v 
-. 

Dehra Dun (Octoher 1931) ... + 2 
l'alegaon + 9 - 9 - 5 
Ahmednagar ... + 5  - 1 

Jimkhed ... + 2  - 2 + 2 
Bhir ... . . .  + 5 + 1 3 
Sangamner + 5 - 1  

Satina - 2 
... Danlatiibid 0 

Chikhli + ? 

Pusnd + 8 
Nngpiir . . .  - 1 
Kinker  + ti + 2  

Jagdalpur 
Bijipuu (Bastar) 
Bhopilpatnam . . .  

Bhadrichalam . . t 9  
Sukma 
Jeypore ... 

Pottnngi 1 + :i 
Singpur I + I  1 - : 3  1 - 1  I + : I  
' h k l a  + 2  - 2  , - . I  , + : i  

Jonk ... 1 + 3  1 - . ?  - 2 1 4 2  
Sambalpur .. - 5  , ( I  I + 4  
Angiil - :3 

Phulhini  ... ... I + l  
- 1 - 5  

... Chnihisa ... - . I  ; - ti 
Rtidnapore ... .... + 3 1 - I + 1  

Rarrackpore ... ... -16 ! - 2  1 + I ;  
Jessore ... ... + S  
Suri ... - I 

Dhinb id  ... . . .  + 'j ' + :3 - 3 
Eolebira ... ... I + 1 + 

... Alnbikipur ... + ;  + 3  - 3 

Mnngswin ... ... + t i  1 + "  - -  1 
Hinda ... .... + 2 3 

... Shnhpur (Cawnpore) , + 3 - 1 - : I  
Rnrlaiin ... - 2 

+ 2  - 2  Hnlrlwani ... ... 1 + 1  
- 1 - 1 

Bhownli ... + . 5  I + I  - 4 

Rinikhrt ... 
Darshani ... 1 1 3  ! + ! I  
Kumarin ... ... / - 1 ! - 5 

Rimnxgar ... . . .  + I 0  + ti 
I 

+ 1 

t 1  
+ 3 
0 

- 1 
-- H 
-1 I ; 

- ti 
Moriduhnd ... ... - I; - 10 i I 
Bijnor ... I 1 . 7  - -  I - 2  j t 2  

Kotdwira ... . . .  + l o  1 6  1 I 0  
Lansdowne ... .. + I i  + 2 
Dehra D i n  (May 1932) ... , r ; + . 7  , - 6  I - - 2  
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TABLE 3. Mean times ?f vibrccfion and deduced values o fg ,  
season 193 1-33. 

1 I I ~ n m e  of station 1 CA / AB 1 Mem 

Talegson 

Ahmednegar 

Jimkhed 

Bhir 

Snngamner 

Satins 

Danlatibid 

Chikl~l i  
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TABLE 3. Mean times o j  vibration and deduced values of g, 

season 1931-32-(ccmtd. ). 

Name of Stnt.ion 
-- 

Chnibisa s 

' g 
Midnapore s 

g 

0'508 0386 
978'721 

0'508 0258 
978'770 

-- 

Barrackpore s I O a y O 1 i 6  
g 78'802 

Jessore s I 0'578 011 1 
978'827 

Siri  : / 0'507 9935 
978'895 

Dhinbid 0'508 0140 

0.508 0406 
978'717 

0'508 0263 
978.772 

0'508 0143 
978'818 

0'508 0128 
978'824 

0'507 9938 
978'897 

0'508 0154 
978'814 

0'508 0570 
978'654 

0'608 0564 
978'656 

0'508 0086 
s;n.n4o 

0'507 9815 
908'9~Y% 

0'507 9740 
97H'RiJ 

0'505 9512 
9it)'Otil 

0'507 9659 
97!l.005 

0.508 02.13 
978.7t40 

O.50H 0275 
978'767 

0'507 9990 
978'877 

Kolebira s 

g 
Arnbikipur s 

g 

1 0.5080396 
978'519 

0'508 0261 
958 771 

0.508 0160 
978'810 

0'508 0119 
978'826 

0.5079937 
908.A!lfi 

0'508 0147 
978'815 

0'508 0564 
9i8'654 

0'508 0557 
978'657 

O'508 0041 
978'841 

0'607 9813 
978'943 

0'507 9737 
!)78'9i3 

0'507 9510 
979'0tiO 

0.507 9658 
979'003 

0.508 0239 
978'579 

0.508 0270 
978.767 

0'507 9978 
978'880 

0'508 0558 
978'655 

0'308 0550 
978.657 

K~imrrrin 

Kimnngar 
979'028 979.030 

hloridihid 

Bijnnr 
g , ui0.130 ~79.1:i:! 

Kotdwira s 0.507 9.!56 ~ 0,507 <) L77 
g : 9i!).079 !)79'0;.5 

L:~nsrlorvne 0.50'4 0 100 
s 1 978,836 !li9'H:i5 

Mangawin 0'508 0075 

Binda 

Shihpur (Cawnpore) 
g I 9i8.072 

~ i ! ) . i n i  

0'507 !1,%7 
9;~1.1177 

0.503 "09*k 
g;n.3:15 

Bi~dann s 

g 

Haldwini s 

9 
Bho\r.ili a 

9 

Rinikhet s 

<I 
Dnrshani s 

0'507 9508 
979,059 

0.507 91%; 
979'002 

0'508 0234. 
978'779 

0.508 0266 
9i8.767 

0'507 9965 
978'833 
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TABLE 4. Modern grai!ity observations in India. 
( Aclditiolis in field season 1 9 3 1 - 3 2 ) .  

I 

I 

1 cmleecz 
978~356 

Colr.illc,~,t/rc. Supplemrnt to V O ~ .  VI. 
Page Ixii. Station No. 26,  under Sheet No. lecctl :Itl.O,for 3 5 . 0  

,, Ixiii. Statioll NO. 6 7 ,  under Sheet No. and Long. read 55.N and 79' 
29',for- 55.F and 77' 29' 1.espectively. 

-- -- ,, ]*via Station NO. 200, under latitude vend 14' 27' 52" for 14' 17' 52". --~ - - -- - -  ~ .- ~. -- - -  . 

NOT~. This table is the spconrl n(idnndum to the list of grevity stations given in the Supple- 
ment to Geodetic Report Vol. VI. 

ct~~/.vrr~ 
- ,014 
+ ,013 
- ,004 

-.001 
.000 

- ,011 

+ ,004 
+ ,010 
-.008 

+ .004 
-.001 
+ ,009 

- ,001 
+ .@A7 
- ,018 

- ,037 
+ .005 
+ ,107 

+ ,018 
-.009 
-.022 

- ,001 
+ ,032 
+ 0 1 8  

+ ,002 
+ .002 
+ .009 

-.001 
+ .043 
+ -015 

+ 0 3  
+ ,014 
+ .010 

-.003 

- .043 
-.058 

I 

I 

cmlsrr2  
- .OR3 
- ,060 
- ,068 

-.060 
- .061 
-.073 

- ,059 
- ,060 
-.045 

- ,030 
-.046 

978.391 

-- 
en,/aecl 
- .048 
- ,011 
- ,021 

-.01:3 
- ,020 - ,035 

- ,014 - ,015 
-.009 

+ ,005 
-.OOA 

01 i l i  A' 
?32 41 I 
?.:3,Ui L 
?~37)I 
? 3 i i i D  
?.jG,j(i E 
? J i %  0 
U i % H  
23!(6i I 
2 1 0 ; ; ~  
24lf iaB 
?IJ O C 

241 (is F 
2U 63 J 
245 li J 

246 li5ll 
247 64 L 
2U;bd L 
~9.640 

9i8.380 

- .052 1 - ,017 

Bhir ... 
S:~llganlner ... 
S ~ ~ t i n a  ... 
D:u~l~tilb?d ... 
Cl~jkhli ... 
Pu.;;t<l . .  
Kiql111r ... 
Kinkcr ... 
Jilgdalpur ... 
Bijnglu. (Bastar) 
t i l i ~ ~ ~ i l p a t n i ~ n ~  
kiIi:~ilr~chalam 

S I I ~ I I I ~ I ,  ... 

- .039 
+ ,012 
- .024 

- -060 
- ,060 
+ ,008 

-.020 
-.032 
-a056 

- ,020 
+ .ON 
- 0 3 3  

- .024 
- ,002 
+ ,006 

- .002 
+ .034 
- ,011 

- - 032 
- so52 
- a 025 

-.017 

- .057 - .077 

-.01R 
+ .033 - ,025 

-.040 
- .02:# 
+ ,038 

+ ,016 
-,002 
-,024 

+ .004 
+ ,032 
- .O07 

+ ,006 
+ ,006 
+ .OIfi 

+ .008 
+ ,055 
+ 020 

+ -014 
+ .002 
+ -015 

+.013 

- .023 
- -026 

2a RI1/ Angrll ... 
$ 1  3 i l b i  . .. 
t j ~ ( i 3 ~ 1  Ch:ribisa ... 
2 ~ 3 I i 3 ~ i  illi,l~iapore ... 
251/i9~1 H;lrr;~ckpore ... 
'255?0 E JI-.;.;O~O ... 
2%;,3\II silpi . .. 

301131  
4 12 31 
8 12 31 

11 12 :31 
14 12 3 1  
li 1231  

21 12 31 
271231  
30 12 31 

:3 1 32 
(i 1 3 2  

14 1 32 

0fi 11 
8 13 4 

85 4H 35 
19 35 
20 50 

31 36 
25 40 

84 41 52 
83 11 50 
81 33 53 

80 15 29 
07 41 

978,675 
978533  

978.719 
978.771 
978.810 

1233978.826 
978,896 
918.815 

978.654 
978.657 
978.841 

1954978.943 

978.973 
979.060 

16 2 3 2  
19 2 32 

24 2 32 
28. 2 32 
2 3 32 

1753 
1803 
1854 

18H7 
2076 
1109 

1019 
1.725 
1821 

1150 
460 
173 

J r y p w  18 51 
1.1,ttzngi . 18 33 

Si11qt11r 19 29 
' l ' ~ ~ l < l i ~  20 14 
J C I I I ~  20 55 

18 1 3 2  1 (i:i0 
50H2 34 30 
5682 58 OR 

54H3 18 40 
5782 51 08 
2482 30 41 

83 59 00 S6~1nbalpu~ . 

23 48 0886 

22 42 04 
23 06 4-9 
24 38 43 

25 8 8 4 5 8 0  

26 27 50 
28 01 3479 

425 
1540 

7fi9 
129 
21 

zs7%3'1 Dll;tnbld . 1 I 4  :3 32 I 761 

1 o r  ... 17 3 32 1880 

18 59 
19,33 
20 35 

19 55 06 
20 20 24 
19 54 

21 09 
2 0 1 4 4 3 8 1  
19 05 32 

1H 47 
18 51 -1'2 
17 40 14 

978.391 
978,373 

978.515 
978.575 
978.571 

978.667 
20 49 5786 
20 26 1 

22 32 41 
22 25 1687 
22 45 5988 

i 3321 22 
11 3 32 i 264 

25918'ikL Blobikipur . 

280863~1 blangewin ... 
261 '63 ( 3  Rill& ... 

18 Z4 

12 2 32 

2 3 0 9 4 1 8 9  
2:i 64 4287 

3875 41 56 
3674 12 29 
5374 12 13 

75 12 46 
76 15 55 

4677 33 45 

1879 03 42 

82 0 1  44 

3580 48 57 
80 22 50 
80 5 8  23 

21 3 32 
26 3 32 

29 3 3 2  

978.412 
978.440 
978,484 

978.456 
978.470 
978.517 

978.611 
3030978 .523  

978.#20 

978..157 
9 i8 ,553 
978. 472 

1281 39 47 

564 

1953 
1038 

480 

978.444 

21 27 42 

412 
551 

282b3 B' Shihpur  

263 
(C!itwnpore) ... ' 1 4 32 

M P ~  Eir1daun ... 4 4 32 
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TABLE 5 .  Vnlues of g - y~ . 

El m S. of 1-11 8 z S. of I-II 
0 .l 

, .-4 .- 4 I 
I 

9-7, 1 g-7, 

I 
-- - -. 

228 
229 
230 

231 
3 2  
233 

234 
2:ij 
236 

237 
238 
23') 

I 
cn~/se$ 1 cm/sec2 c n ~  1 see? 

+.@LO 
+ -021 
+ .01R 

+ , O l i  
+.02R 
+ ,018 

.I.OlR 
-I ,018 
4 ,012 

+ ,010 
+ .013  
+ ,004 

+,005 
+ .020 
+ -020 

+-030 
+ ,023  
+ -0'70 

+a035 
+ ,029 
+ ,017 

+ .031 
+.029 
- -006 

- .ooi  
-.025 
+ .021 

+a041 
+.050 

+.no;  
+,On6 
- ,005 

+ . 0 0 5  
+.014 
+.012 

-,025 
-a006 
+ ,001 

+015  
t.011 
t ,063 

+a022 
-so01 
-.023 

+,OOA 
+.016 
-.013 

-.oo2 
-,024 
+ .013 

t.031 

+ ,021 

cnr sec" 

- . I l l9  
-- ,011 
-..013 

-- ,010 
-.OO6 
+ .005 

-b.001 
+ ,006 
+ . O O i  

+ ,023 
+ . 0 2 2  
+ -017 

+ ,028 
+ . 0 1 0  
-.Oil 

+.017 
+.O45 

+.012 +.013 

2471 + , 0 1 0  
248 + ,011 

249 1 + . W 5  
2501 + . o m  

-.ow2 
t . 0 4 4  
-. ,015 

-.024 
- .011 
+.O49 

+ . 0 2 4  
+ ,028 

+ .031  
+.03O 

cm/see' 

-.034 
+ ,001 
-.010 

- .001 
- , O O H  
- ,023 

- ,001  
- ,002 
+ ,004 

+ ,018 
+ . 0 0 4  
- .004 

- ,001 
- .012 
- ,038 

d . 0 0 7  
r . 0 2 1  

-.om 
+.044  
- .001 

-.1)25 
- ,035 
+ .025  

c a  , sec2 

-.023 
+ ,003 
- .003 

+.On4 
- .018 
- ,034 

- ,014 
- .OO:j 

-- .00:i 
- .019 
- ,023 

269 
270 
271 

272 
273 

+ -018 - ,016 - ,032 -'022 
+ .006  -moo4 -.026 -.Ole 
+ .008 -.007 + .004 t 

+so20 
r . 0 3 3  

263 
264 
265 

266 
267 
26R 

251 
252 
259 

254 
255 
251; 

25i 
258 
259 

260 
261 
262 

+ . o o j  
+ .022  
+ .038 

+ .042  
+ .052  
+ .028  

+ .ooz  
- .011 
- .018 

-.020 
-.024 
-.017 

cn/rec? 

+.014  
+ ,008 
-1 .001 

,000 
,000 

+ ,003 

+.007 
+ ,016 
+ .@SO 

+ ,010 
+.004 
7 ,004 

cm/sec2 

+.028 
+ .030 
+ .030 

-+ ,027  
+ .024  
+ .Ol6 

+.018 
+ ,026 
+ ,032 

+ .025 
+ .021  
+ .015 
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TABLE 6. Values of g - y,, 



TRIANGULATION 

1. Summary. The season's programme consistecl of primary 
triangulation in Baluchistiin with one detachment, ancl comprised 
the  reconnaissance and observation of the  Dilbandin Meridional 
series, which rims roughly along the  meridian 65' East, and connects 
the Kalilt and Maln.Ln Longitudinal series. 

Ast.ronomical observations were made for lat,itucle a t  7 stations, 
and for azimuth a t  5. These provided additional data regarding t,he 
form of the geoid in Baluchistin, of which the outline has now been 
determined. 

2. Strength of the party. The field detachment was 
organized as follows : 

Observing . . . Captain G. Bornford, R.E. 

1 Recorder. 
16 Khalisis. 

9 Escort. 
Station-building . . . Mr. Khushal Khan, snt,-asstt. Snpdt. 

1 5  Khalisis. 

9 Escort. 

13 Heliot,rope squads . . . 3 Khalisis each. 

3. Transport and supplies. 55 camels were engaged as 
permanent transport, and a variable number of donlreys in addition 
( up to 15 ), for moving light camps over difficult ground. On the 
average i t  was found possible to get  donkeys up to about 1,000 
fee t  below the stations, although a t  some stations the building 
material, camp and water had to be carried up 2,000 fect or more. 
It was sometimes possible to engage 5 to 10 local men to help in 
this work. 

Although the country has a bad rrputation for shortage of 
water, sufficient good water mas nearly always found a t  the heads 
of nalns in the hills on which stations were built. When marching 
from station to station it was founcl convpniellt to cart) cnough 
water for one night, but  it was never necessary to camp for two 
successive nights out of reach of water. I n  winter the local camels 
only require water every second day, and can go without it for a 
third, if necessary. 
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No supplies, other than water, fiewood and grazing, can be 
obtained in the area visited, except a t  Dalbandin, K h i r i n  Kal i t ,  
palljgi~r and Jau,  and about one month's supplies were generally 
carried. 

I n  the matter of supplies and transport, the party was 
fortunate in receiving the  most willing assistance from the Nawib of 
Khiran. 

4. Narrative of season's work. The station-building 
detachment left DBlbancIin on 1st  November to build a station on 
the Ris Koh. The observing cletachment left 011 3rd November to 
assist the reconnaissance by building Malilr Surinda H.S., where 
they were surprised to find a station already built, probably by the 
party engaged on the  Kalat  Longitudinal series in 1908. It was 
consequently only necessary to post the helio squad. The highest 
point on the Ras Koh ( 9,673 ), on the other hand, proved to be too 
narrow for the building of a station, and no other near point could 
be found from which all necessary stations were visible. The 
di5culty was eventually ovel.coine by t,lle observing psrty building 
a new station, Shehin, on a hill 5 miles west of the Rits Koh, and 
revisiting Kisanen Chappar H.S. from which observations to an  
unsuitable point on t,he Ras Koh had already been made. The 
work then proceeded according to plan without unforeseen difficulties 
occurring. 

Trouble had been expected from the great lengt,h of some of 
the rays employecl, especially from that  between Malik Surinda H.S. 
and Choto-i-jilr H.S., which is 80 miles long, across the Kharan 
desert,, but in the clear air of Baluchistan they caused no difficulty, 
8 12-inch heliotrope often appearing uncomfortably bright in the 
telescope. This ray is not,n.ble as the longest side in the figures of 
the Indian geodetic triangulat,ion. 

Examinatio~l of existing maps had sr~qgested that  the stations 
at Razak and Choto-i-jik might not be intervisible, and this proved 

be the case. Ally other siting of thcsr stations would have 
greatly reduced the strength of the triangles crossing the Kharan 
desert, and the difficulty was overcome by the expedient described 
in para 5 .  

Mr. Khushal Khan had completed the building of his 10 
static1118 by 28th D e c ~ m b r r ,  and hr  posttd the last heliotrr)pe on 
BnzgnInl~antl H.S. on 5th J x ~ ~ n a r p ,  withill a few hours of the time 
a ~ l ) o i  tcbd in the pvogl.mnmcb tlrrtwu np l)~\fort. worlc startetl. Ol)scbr- 
vations wPrc colnl~lctc~tl at, Cl~urclluri H.S. on 1 kt11 .Jminary. 

T l l ~  party was favourctrl with very g(1ot1 rnc~:ttltr~r, o111y fo~rr 
days ~ > P I I I ~  \vastp,l ~ P : L S O I I  of l):~cl visil)rl~ty. :1,1t~~o11~~1 t11i11 la,vrsr? 
of high cloucl frequently c.:lr~setl 1nr1cl1 n~iuicty :lull nl)llo):lllcch lly 
dimming the 1leliotropc.s. Tllc~t:  were occns~o,lal :.l~o~verb cif rain, 
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but o ~ l l y  two really wet days. Some discomfort wae caused by a 
very cold north wind duriug parts of December. The health of the 
party was exoellent. 

5. Ray Razak-Choto-i-jik. As r n e i ~ t i o ~ ~ e d  above, these 
two s t a t i o ~ ~ s  were not  intervisible, while i t  was most u~ldesirable to 
adopt a shorter side as a base for the  large triangles to the north. 
The folloiving expedient was therefore adopted. A third station, 
Puchinnk H.S., almost in a straight line with the other two, was 
built on the  intervening ridge, and observatiol~s were made betmeeu 
i t  and Choto-i-jik and Razak ( see Chart XIV ). The ratio of the 
sides Choto-i-jik-Pachina and Puchinak-Razalr was also determined 
by observations between Puchinak and Zangilnk H.S. The small 
angles Puchinak-Choto-i-jilt-Raznk and Puchi~lnlr-Razak-Choto- 
i-jik can be determined from the  above data,  with the resnlt that 
the angles of the  triangle Salimbek-Choto-i-jik-Razak and of the 
quaclrilateral Choto-i-jik-Gandin can be calculated, and these 
figures can be computed as if the stations a t  Choto-i-jik and Razak 
had been intervisible. The indirect determination of the angles 
involves a little loss of strength bu t  much less than would have 
resulted from any possible re-arrangement of the  lay-out. 

6. Wild theodolite. The instrument e ~ n p l o ~ e d  was Wild 
Precision Theodolite No. 59. This instrument hacl just been to the 
makers for reconditioning, and was in perfect order. It worked 
excellently, and caused no anxiety or trouble. Details of the out- 
turn of rrork, and accuracy, are given in Table 1. The average 
triangular error of 0". 71 is well up to the usual primary standard, 
while the out-turn, of 9,650 square miles in 9 weeks of observation, 
~ x c ~ e d s  mhat could be hoped for from a 12-inch theoclolite even under 
the favourahlp conditions ~ n j o y e d  ill Baluchistiu. 

Thp programme of observatioil was 3 measures face-right or 
:i faw-leEt 011 each of 2 0  zeros, intersections of each station heink! 
made in pairs and repeated if the t l iffer~nce exceed~d 2 seconds. 
With  this programme a station \pith 5 or 6 rays can he complete~l 
in a single full day if the heliotropes are showing steadily, but at 
all e ~ c e p t  one station observations were epread over parts nf a t  least 
two clays in order to lessen the risk of serious lateral refraction. 
T ~ I G  was the more important since no observations were made at 
n ~ q h t ,  thc Arpanrl lamps being dispensecl with on account. of trans- 
pnrt ~ l i f i cu l t i~e .  

7. Connections with other triangulation. 'l':lllle ? 
~ 1 1 1 1 ~ 4  thc C J I I P ~ I I ~  ~'rrtbr [nf  tJlp ciycllit formed by th~s  JinlRt. (heat 
1111111'. X\~ak~;ilr nu11 Dfilhn~~din s~ r i ea .  Tile first three of th~>.f' hare 
a1rpnll.v rclcei~-t~~l somp provisional arljll~tmellt, so that tlrls figures 
yirrtll a1.P nnt t h w r  which wnll],l llavp aris,-n if the. circuit h:l(l hpf'll 
l * i , rnp~~t~r l  1, i twlf .  T ~ I .  z ~ r o  cloRilla P I . ~ T ) ~  ill ] ~ q  e i11~  i.s. of 1'1111rFe. 
at tr iI>r~tnl)l~ 11nl.v tn chance : if thp prpvious adjustmc\uts Ilntl heel1 
ivnllrc.ll, it wnulrl have hepn 0.0000057. a reaso~~al,le valuch. The 
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error in position, about 13 feet, represents 1 : 250,000 of 
the length of t,he circuit, which is satisfactory. 

111 accordailce with the usual custom, in order to provide self- 
consistent values for immediate topographical use, the  c l o s i ~ ~ g  errors 
have been distributed through the Dlilbandin series, wit8hout 
disturbing tlle series which have already been adjusted. The small 
size of the closing errors has made i t  possible to dist,ribuk them by 
a less elaborate method than tha t  usually employed, without doing 
undue violence to the  observed angles. 

Several stations of the s e ~ i e s  are identical with stations and 
intersected points of old topographical or exploratory tria~lgulation. 
The errors of the  latter are shown in Table 3. The points collcerned 
are all sharp and no considerable par t  of the discrepancies can be 
attributed to lack of identitmy. Although the errors a r r  large, as 
judged l)y lnorlern stanclards, the majority are barely plottable at  
the scale of inch = 1 mile, and they show that  the old triangula- 
tors maintained a standard well suited to the work which t h ~ y  had 
in hand. 

8. Astronomical observations. With a view to adding 
to our knowledge of the form of geoid in Balnchistiin, astronomical 
latitudes were observed a t  the 7 stations forming the east,ern flank of 
the series, and azimuth was also observed a t  5 of them. The results 
are given in Table 4. 

The latitude programme consisted of observatio~ls to Polaris 
and three circum-meridian stars, two south and one north. Three 
face-right and three face-left measures were made of each. The 
computations show a surprising fact, namely that  the latitude 
derived from the south member of a north and south pair was 
invariably greater than tha t  derived from the north member, the 
average being 4". 2. See Table 5,  columns 2 and 3. Such discre- 
pancies are generally attributed to e n o r  in the assumed refraction, 
hut such a large difference is hardly possil>lc on this account. More- 
over, if this was the cause, the difference should be greater in low 
altitucl~ pairs than ill high, which is not t h t ~  case. I t  is thought 
the discrepancy may be due to the fact that  no diagonal eye-piece 
or reHecting prism was userl, and that  under these circumstances 
the ohserver t e ~ ~ d s  to loolr into the eye-piece sonlewhat from one side. 
If parallax is present this discrepancy will then result, hut it is 
hard t o  we why i t  shoulcl 1~ of t h ~  salncl sign a t  7 clifferent stations. 
Th(> ac~cortlancc, of thv mcbans of high low :~ltitude pairs S U K ~ ( > S ~ S  

that failly accuratr ca~lcc~llation has tnlrcn l,l:~c(' when north n i~d 
~ o ~ t h  1)airs arc1 mc~aiic~l, ant1 from thv last c c ~ l u ~ ~ l i ~  of the table 0". 6 
is (lcducrd as tho probable error of the menil a t  each station. This 
is stlffivic~nt for the object in view. 

The azimuth programmcb c-onsistcd of obscrvntions to Polaris, 
on(' fncc. right and one face Ivft on cacli of 10 yrll.r)s. Thtl accnrd- 
ante of zero meails gives an  average probable crror of 0". 45 for 
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the astrono~nical azimuth, which after  multiplying by cot is 
equivalent to 0". 65 i11 the  deduced deviation of the vertical. 

The Wild theodolite has solnetimes been criticized on the 
grounds that  i t  is not  well adapted to  astronomical work. This 
criticis~n is thought to be entirely unfounded. A programme of 
4 latitude stars, G t i ~ u e  stars, and azimuth on 10 zeros was corn- 
pleted on the average in  3 hours, in very cold weather. 

9. The Geoid in Baluchistan. Chart XV shows all the 
stations in Baluchistin a t  which the deviation of the vertical has yet 
been observed, and the anomalies found. The data are hardly 
sufficient for an  accurate determination of the form of the geoid, but 
they fall rouglily into two lines along which fairly accurate integra- 
tion is possible. Start ing a t  Vijnot T. 5. with the compensated geoid 
25 feet above the  International spheroid ( see Geocletic Report 
Vol. VII,  Chart XI fig. 11), integration via J a c o b i b i ,  Quetta, 
D%lhandin, Jau,  and Kartichi, t o  Khori T. S. gives the height of the 
compensated gtwicl there as 44 feet. This does not compare very 
well with t11~ value of 30 feet shown in Geodetic Report Vol. V, 
Chart XII, but the western edge of the geoid as shown in the chart 
cannot be consiclered to  be well determined. Geod~t i c  Report Vol. VII, 
Chart X has shown that  the 20 and 25-foot contours required 
to be bent coiisiderably to the north between longitudes 68Oand 70' 
so that  it is probable tha t  the YO and 35-foot contours require some 
similar moclitication. I n  this case Khori T. S. would about fall on 
the  3.5-foot contour, leaving a n  error of 9 feet to be distributed 
roond the circuit. This has been done. A second line of deflec- 
tions extends westwarcls from Didbandin, and with the height at 
Dilbanclin determined, integration along i t  presents no difficulty. 

East of longitude 65' the prime vertical deflections depend 
either on longitudr stations, or on azimuth stations which are in- 
clurlerl in a well-closed circuit of triangulation. See Table 2 : the 
clopin:: error in azimuth is only 1".  3. The small diffc~.ence of o"'9 
hrt\been the prime vertical anomaly a t  Dilbandili longiturle station 
anel thv nearby azimuth station a t  Kisanen Cliappar ( NO. 8 ) also 
~ u g g r s t s  that  there has been no serious accumulatioli of azimuth 
error, and that  these prime vertical deflections are accurate. west 
of Dalbandin, on the other hand, the prime vertical deflection8 
dcpn1l on t h ~  azimuth of an unclosed series, and the 5". 7 difference 
l)pt~~c,e~n \Valt~chali longiturle station ( No. 3 ) and Tu7gi azilnllth 
~ ? . I ~ I U I I  ( XI). (. ) SII;:PS~S that  thtb azimuths may 1 ) ~  ill c3rlor by 
1 - rse~~l~~l ls  (11 so, alt11011ph t h ~  trco statiorlv arc. too far i~pnrt  few this 
t,? 1 1 1 ~  I I I O ~ I ~  thnil ;L snir;,e.ution, a1111 t l l ~  of thc, 111nnqulation 
1 4  ~ I I ( . I I  tha t  mi t.rroi o f  2" 111 azilnutll is not to bc eupi~c't(~11. 

Tt may. t l~rle~fnrc~, 1 ) ~  conclutle~l that  past of lo~ i~ i tu l l e~  65" t h p  

In~lnrl e~u t l i~ l r .~  o f  t l l ~  C O I I I ~ P I I S ~ ~ P ~  gpoid a1.v c o ~ r r c t l j  s1101\ 11 along 
tl11. c i r cu~ t  of ~~lt+bglation, 1 ~ t  that t l l ~  furt1lc.r geoitlal rlsc ti) the 
west althougll probably correct, is not so cel tainly established. 
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The great separation between the compensated geoid and the 
International spheroid is notable. Even in the well-established 
rrt it is 50 per cent greater than has been fo~uld anywhere else 
in India, and the gravity anomalies ( see Chart VII  ), do not 
rnggest that this geoidal rise is due to local excess of mass. 
Presumably the rise is simply evidence of the general bad fit 
between the International spheroicl and the geoid in this part of 
Asia. If the Survey of India No. 11" spheroicl is adopted as a 
%g~~re of reference, the geoidal anolnalies are considerably reduced, 
altlroagh they remain large : the rise frorn east to west between 
lr~~gitudes 70' and 61' is retluced by 20 feet, and that from north 
~rsoutll between Quetta and the coast is redaced by 15 feet,. A 
h)nsideration of the geoidal f o r ~ r ~  and of the inteirsity of gravity in 
Lshrnir ( see Geodetic Report Vol. VII, Chapter IV, Section I ) 
has suggested that the Intei~national spheroid does not fit the com- 
wnsated ceoid well. ant1 the nresent extension into Balilchistan 
tonfirms this opinioli : i t  even seems to go furthclr and to call for a 
tpheroid with a larger major axis and cousequentlp greater flatten- 
iog than the Survey of Inclia No. I1 spheroid. 

TABLE 1. Pvi?nnr?y Triangulation 1931-32 

Dalbandin Mericlional Series 

I Srason .. , . .  .., ... 1 1931~3131 
N n n ~ b r r  of new stntinns built  1 2 t  I h'n~l~b(.r of stations ohsrrvi-d a t  I 1 4, 

T , ~ n g t h  of triangulation in 1ni11.s " I 1!10 
Arr :~  in sqnxrr  n~ i l c s  . . I 9,l;50~ 
M ~ a n  l c n y t l ~  of sidcs in ~ n i l c s . .  . 

... I -1-k 

* , I  =G,3iS35,kI I I I C S ~ ~ ~ S ,  l , = l i , 3 ~ G J l i ; i  I I I ~ ~ ~ C . . , ,  l / e  = :!!I?. I 
t In,.l~~dr.s t \ r i ~  st:lt,ions , ~ f  ~ sx ( ,~n : io ,~  i n [ , >  AI.t!;l.in, 1~11ilt :11irl o t~se r r rd  to. 

hilt n o t  visitpd 
1 Incl1111(~s :i/5 of arra, 01, ,,:1rti:111y , , l , . , ~ ~ ~ ~ \ ~ ~ t l  iig111.1> o f  r , s t : * n ~ i r ~ ~ i  into nlakrir.  
5 See Professionnl Pnprlr No l l i ,  p x ~ r  $11 
11 See Grodet i r  Report Val TIT. pngr 27. 
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TABLE 2. Closing errors qf Ddlbnndin Meridional Series, 

Lntitude of Bnzgalnband H.S. ... 
Longitude of I3uzgalnhnndH.S. ... 
Height of Buzhmlaband H S. (feet) 

Log side 13l1./.gnli~band-Knpar . . 
.i7,inl11th of Knp:w nt Buzgn1;lbnnd 

TABLE 3. Cor~neetions with olcl Topographical trinngulntion. 
Latitudes and Lol~gitucles in seconds, heights in feet. 

I I 
Discrepancy. New minus Old 

I 

(a) In terms of 
Kalilt Long. and 
Dfi]bandin ;Me,.. 

26" 30' 04"-23 
65 37 28 ~ 0 1  

3369 

5.0826793 
68" 28' 0S1'.7 

(b' In of 
Makrin Long 

26' 30' WI.33 
65 37 27 -93 

33ti l  

5.0826793 
68' 28' 03".4 

Station 

3lalik Snrindn ... 

- - - .- . - 

a 

Raznk ... 

- - -- 

Choto-i-jik ... 

-- 

Ciandin ... 

-- - - 

Zangilak ... 

-~ - 

('hurchuri ... 
-- - 

K a n d ~ h a r i  .. 

Intersected 

(&)-(b) 

-0u.10 
+ O  .og 
+ 8 

0.0000000 
+ 1".3 

Kh6.n An. 1 Tnte 1 1.Ibot 1 Kitchen 
18H8-84 1889-90 1889-90 1889-92 

1~ 
Lat. 
Long. 
Height 

1,nt 
Long. 
Height 

--- 

T,at. 
L o n ~ .  
Height 

Lat .  
Long. 
Height 

Lat,. 
1,ong. 
IT~igh t  

-- 

La t 
Long. 
Height 

-~ - -  .. 

1,nt. 
Long 
Height 

pnint of 

.- - - -. 

-O.iO* 
+ 1.02 

--- - 

. - 

..- 

old triangulation. 

+ 1.17 
i 0.09 
- 3 

+ 1.90 
+ 0.08 
- 9 

+ 0.96 
- 0.3R 
+ 1 

+ 1.70 
- 0 , 4 0  
+ 19 

--- 

+ 1,0* 
- 1.4 
- (i 

-- 

1.lim 
- 1.2 
+ ZR - 

+ 2.44' 
- 1.86 
- 62 

-- 

pp 

- 1.98 
+ 7.42 

- . - . - 

+ 3.35 
+ 4.79 
+ 7 

+ 2.49 
+ 6.94 
+ 11 

+ 3 . ~ 6  
+ 7 . 1 6  
+ 26 

- 

+ 5.3* 
+ (i.1 
+ 2:i 

~ -- 



DEFLECTION STATIONS 

- 
Second Addendum to Table 1 of " Supplement" to G .  R. Vol. VI. 
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TABLE 4 

* These figures may be in error by two or three seconds on account of the 
sb~ence of ndequrtte maps. 

Obeemed a t  

Pulchotau R.S. 

Shehin H.S. 

f f  

624 
-- 
ti25 

- 

Calculnted Deflec- 
tions 

HnHord System 

Meridian P V. 

Height 
in 

Ieet 

Calculnted ~ellec.' 
tione 

Uncoliiwnsated 
T ~ ~ O P ~ D ~  to 

2.W miles 

34Q 
- 
3 4 H  

626 
- 
627 
- -  

628 

629 
- 

ti30 

International 
Splieroid 

Deflections 

-. - 
meridian P. V. I Meridian 

4253 

8699 

2178 
- 
6775 

7522 

6815 

P.V. 

BSH 
- 
35 E 
- 

3361 - 8 .0  + 18.8 -8 * + 2 * 

+1.6  

+ 2  ' 
------- 

-0.7 

+ 3  * 
------- 

-7 * 

-8 * 

Salimbek H S 
.- - - -- 

Razak H.S. 

+ 2.1 

+ 6 .7  

- 1 - 5  

It 

- 5 . 1  

-- - 7 . 5  

35 E Qsndin H.S. 

35 F Churchuri H S. 
-- -I-- 

35 F I Buzgslsband 
1 H.S. 
I 

- 0 . 4  
----- + 3 . 9  

+ 2 . 4  
-- 

+13.2  

-1.3 

- 

-- 

-3  

-2.0 

- 

---- 
+ 5  * 

- 
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DEFLECTIONS 1931-32. 

Corrigend,u.m. Supplelnent to Vol. VI, page xv. 

EVEREST'S SPHEEOIJI 
-- 

Name of Deflections 
t i d e  1 Lon~i tude  1 Azimuth 1 o ~ ~ ~ ~ f o r  1 

I Aziwuth Meridian P.V. 

statidn No. 2, under Longitude,-for GO0 5' 10".90 read 
GO0 55' 101'.90. 

& - 
.i! 
d 

NOTR: Minus sign denotes N. or E. deflection of the plumb-line. 

- 2.3 

+ 2.5 - 
, -  6 - 5  

+ 4 - 3  - 

- 8.R 

- 10 .9  

-11.3 

1 + 7.4 

+11.3 - 1 + 9 . 7  

D , ,I 

h 29 11 04.6 
G 29 11 0fi.9 
.i 28 49 52.1 
G 28 49 49.6 - - 
A 28 17 35.9 
G 28 17 41.4 
B Z i  '1.2 17.5 
G 27 42 13.2 
B 27 Ifi 34.1 

- 

--- 

+20.3 

0 , ,I 

A 79 27 35 .3  
-G 79 27 

A 110 16 55.3 
G 110 16 49.1 
A 175 28 14.4 
Ci 175 28 11 .7  

-~ -. . 

0 , I, 

G 65 05 47.8 

G 65 06 08.9 -- - 

G 65 09 02 .4  

G 65 23 58.5 
fi25 
-- 

6'28 

ti24 

Kisanen 
3 1 A C h a p p a r H . S  

Kisanen 
ChapparHS.  

Shehin H.S. 

- - 

+25.9 I tiso 
I 

Zangilak 
H.S. 

Churchuri 
H.S. 

G 27 16 42.9 
A 26 53 32.7 
O 26 53 43.6 
A 26 29 53.0 
(f 2 6 8 0 0 4 . 3  

G 65 35 07.3 
~ - -- - - - - 
A 106 17 37.4 

G 65 39 04.7 

Q 65 37 28.0 

G l O f i  17 23.3 
A 183 29 54.8 
G 183 29 41.9 
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TABLE 5 .  Astronomical Latitude. 

Probable error of mean a t  one station = 4 x 0.67 x R.M.S. 
= 0" 63. 

Latitude by 
mean of 

low altitt~de 
pair minus 

Latitude 
by high 
altitude 

pair 
-- 

Col. 4 

-1.3 

+0 .3  

-1 .3  

+ 1 ' 0  

+2.7 

+ 0.9 

-3 .0  

R-1M9z. 

Station 

- .- - 

Col. 1 

- - 
Pnlchotan ... 

Sht,hin ... ... 
Salalilbek ... 

Latitude by south star 
minus 

Latitnde by north star 
. -. ... - 

Lnw 
altitude 

pair 

Col. 2 

- - 

+ i.5 
+ 2 .8  

+2 .7  

Razak ... ... + 4.0 

Gsndin .. ... 1 l:::, +4 .2  

- ..--.....- 

High 
altitude 

pair 

Col. 3 

-. - -- 

+:.6 

+ 8.2 

+ 4 . 4  

Chtwch~wi ... 

B nzgalaband ... 
-- - . 

+ 6.7 + 9 . 0  

+ 3 . 3  

blean + 3.9 

+ 1 . 3  

Mean 4.5 









LEVELLING 

1. Organization. Three cletachme~lts were formed and 
employed throughout the season as follows: two 011 seconclary 
levelling, and one on tertiary levelling. 

No. 17  Pa r ty  (Levell ing) was amalgamated with No. 15 
Party (Triangulation) from 1st March 1932 uncler the designation 
of No. 15 Par ty  ( Triangulat,io~l and Levelling ). 

Secondary levelling mas carried out for the Bhakra Dam 
Project (Punjal> Irr igat , io~i) ,  for the Bihi r  and Orissa P. W. D. 
(11,rigation Departmeilt ), ancl for the Lloyd Barrage Project,. 
Tertiary revision levelling was carried out in Bahi,~valpur St,ate, 
where discrepallcies bet,ween the Survey and the P. W. D. had come 
to light. This amounted to t,he revision of some 445 east-and-west 
lines and pavtalli~zg ill 67 sheet,s. 

2. Summary of out-turn. The total out-turn of levelling 
was as follows : 

Secondary levelling 778 miles ( 8 7 0  gross )*. 
' Tertiary levelling 4,560 miles. 

3. Work of detachments. iVn. I tdebnchtn.ent under Mr. 
P. B. Roy, with Co~nput~er I. M. Salilani as second leveller, and 
Mr. A. P. Datta (U. S. S. P r~ba t~ ione r  undnr t,miiiing), was employed 
on the following secondary levelling in connection with the Bihi r  
and Orissa flood area drainage scheme : 

( a ) Chiribztia to Kendrip%rn, partly along Kendrspira 
canal, but the major part was across country via Ran<ini, 
Rajnagar, and Kinrbanli, crossing en r o l ~ t e  the Dh:imra rlver 
which is ahout 1 .t miles wide, by bot,h Target and Vertical 
Angle methods. Tot'aI mileage 89 miles ( 102 gross ). 

( b ) Kiarhanlt t,o Pnri, pal-tly along uumetallcd roads, and 
partly across couutry via A ~ ~ a ~ i t p r n ,  Michgaon alld Ko~i l r ak .  
Total mileage S!) miles ( 95 gross ). 

( c ) Puri  back to Puri, across country as far  J inkia  and 
then along ~nctalled rontln via Khurcla and Pipli. Total mileage 
89 mi:es ( 94 gross ). 

* Tho first of thopr figtwos rcprc~scent thr dil.ect dist:mc~~ lovollell brt\voen 
hrrnin~l  bonch marks. Tho 6r03S tot:d incluclor ~~ lcI i t~ io11~1  chcck-levelling a t  e ~ l d s  
and branch-linee t o  (3. T. Statlous etc. 
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No. 2 detachment under Mr. I. D. Suri, with Computer Halnid 
lJllah Khan as second leveller, and Mr. Gopalaiengar ( U .  S. S, 
Probationer under training ), was elnployed on the  following secon(1- 
ary levelling for the Bhalrra Dam Project ( Punjab Irrigation ) : 

( a ) BhiwLli to Bahdurga rh  partly aloilg t,he railway line 
and partly along unlnetalled and metalled roads via D d r i  and 
Jhajjar. Total mileage 78 miles ( 80 gross ). 

( b ) Hiinsi t o  Bhatincla, partly along Hissir  distributary 
of the western Julnna canal and partly along the railway line 
via J ind and Jakhal. Total mileage 136 miles ( 140 gross). 

( c ) Minsa to Sohawala, partly along Musha Branch canal 
and partly along the camel track via Phaggu. Total mileage 
41 miles ( 51 gross ). 

( d ) Badopril to Narwgna, partly along the metalled road 
and partly along Sirsa Branch canal via Sanyina. Total 
mileage 47 miles ( 67 gross ). 

( e ) Narwana to Riijpura, partly along the roacl and partlg 
along Sirsa Branch canal via Kaithal and Patisla. Total 
mileage 91 miles ( 112 gross ). 

( f ) Dorjha to Patisla, along Pat i i la  Branch canal (Feeder) 
and the Pat i i la  navigation channel via Bhorthala and Rohti. 
Total mileage 42 miles ( 43 gross ). 

( g  ) Chandigarh to  Doriha, partly along metalled road 
and partly along the Sirhind canal via Ropar. Total mileage 
72 miles ( 82 gross ). 

No. 3 detachment imcler Mr. A. A. S. Matlub Ahmarl, with 11 
levellers and 1 camp assistant, were employed in revising some of 
the  levelling carriecl out in Bahawalpur State for  the Sutlej Valley 
Project in seasons 1924-25-26, as discrepancies hat1 been found 
between the  17 Party and the P. W. D. values. This involved the 
revision of 3,957 miles of single tertiary levelling along east-and-west 
lines and 603 miles ofpartal levelling on north-and-south lines. In 
order to complete the work before the end of financial year this 
detachment was reinforced by Mr. Mohd. Faizul Hasan and Computer 
Sibte Ali who joined on 23rcl December 1931. 

On the completion of this work, a t  the  recluest of the Chief 
Engineer Lloyd Barrage, Mr. Mohd. Faixul Hasan, mith Computer 
Sibte Ali as second leveller, was also employecl on connecting the 
bench marks fixed a t  the cnds of the barrage road bridge. : ~ t  Sukkur 
mith line 101 (portion Jacobibld-Khjnpur), the total length levelled 
being only 4 miles. 

4. Probable errors. Probable errors of seconcle1.y Ic~llink' / y ,  wllere A ir were computed from the formula: p.e .  = f \ - 
3 

the discordance between two levellers and L the total distance. 
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These are given below in foot and mile units : 

5. Progress of the new level net. No high precision 
levelliilg was carried out cluriilg this field season, so the total figure 
give11 ill Geodetic Report Vol. VII  remains unchanged. 

Detachment 

No. 1 Detachment 

No. 2 Detachment 

,, . 

Sakkor Barrage nett. 

6. Bench marks. The followilig bench marks have been 
d d ~ d  to the list of Primary Protected bench inarks published in 
Geodetic Report Vol. III, 1926-27. 

Line Probable I LlMl 

I 

t Old numbers of B. hls, which have reoeived revised heighta, the old numbera 
being shown in brnakets. 

... 75 F Chiribitia-Kendripiim ... 
... 75 G Kiarbank-Puri , . . 

... ... 39 B Pari-Puri 

... 57s Bhiwini-Bahidurgarh ... 

... ... 57T H insi-Bhatinda 

... ... 57 U Minsa-Sohil~vila 

... ... 57V Badopil-Narwina 

... ... 57 W Narwina-Rijpura 
... ... 61 K Chandigarh-Doriha 

... ... 57X Dornha-Patiila 
52 JI S. B. hi.  at Sukkur-Barrage road bridge, 

Snkkur ... ... 

+0.00377 
_+0.00313 
- +0~00314 

+0.00408 
0.00:383 

+0.00330 

k0.00325 
+0.003;19 
f 0.00272 

f 0.00311 

k0.00386 

D Q ~ r e e  
qheet 

40C 

43B 

45D 

45Q 

45 B 

45J 

460 

46P 

53Q 

63H 

63K 

53L 

54D 

64K 

73K 

73 hl 

73N 

730 

79B 

93Q 

93 I I  

03K 

930 

No, of bench mark 

505 

90 

159,166 

17A(77)t 

53.67 

125,134 

21,73 76,93, 116,124,137 

19 

351(196)t 

124,666 

143, 2.76 

No. of bench mark 
-- 

326 

47,70 

184 

129 

269,302, 328, 330,326,342 

lR,65,83,88,122 

81, 97 ( 2 6 ) ,  t 100 

909,918,951 

4 

66 

66 

21,54 
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7. Invar Staves. Inva r  staves fitted with steadying pole8 
have now been introduced for Precise Levelling. Their consistency 
in ler~gth  has obviated the  conti~luance of the  policy of weekly 
cornprisons against a field stai~dnrd tape, which is necessary 
when using moodell stares. The use of eteadying poles, in stead 
of guying the stares, malres for increased out-'turn. They have 
bee11 fittotl with l>ubbles on the sidt. of the staff, of which one is 
a1wa~'svisihle to the observer at  the  ~ n o m e l ~ t  of reading. This 
ensnres n rcrticnlity within 30 minutes of the trn? perpendicular 

I c*orrespontlii~g to a disl)lacement of 1 inch a t  the top of the staff I. 
Espcl.i~nents with n staff fitted with a more sensitive graduated 
1)ubble show that  tllc. average displacement is well under 0 . 5  
inches-a figuie which even the extreme displacements recorded 
selrlorn exceeded. 



Plate XVI I 
LENGTH OF LEVELLING STAVES, 193132 

Vertical Scale 1 Small Square-0.0006 foot 

REO N o .  I0 D. D.D.1932 Hello. S.1 0. Oehra Dun 
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TABLE 1.-Tabrclw statement qf out-turn of work, 
season 1991-32. 

* Includes 3 miles and 34 chains of relevelment. K 

Detoeliments 
anrl 

lines levelled 

No. I D~tachmefrt.  

Bmnch-line 75 F 
Chnribiticl- 
ICendripira 

Rranch-line 7 5 0  
Kinrbanlc-Pnri 

Rr:~nch-line 39H 
Pnri-Puri 

No. 2 1)etacklaent. 

Rr;unch-line 57 S 
Uhiwiini- 

Bnhidnrgarh 

Br:~nch-line 57T 
HRnsi-Bhatinrla 

Rr:\nch-linr h7U 
Minsa-Sohilwila 

Bmnch-linc 57 V 
Hadopil- 
Nn~~vilna 

Branch-line 57 W 
Nnrwin~.Rkj~~urn 

Brnnch-line 61 I i  
Clli~ndigclrh- 

Dornha 

Rrs~nch-line 57 X 
I)onil~a-Patiiila 

S ~ ~ k k ~ ~ r - B n r r a ~ e  
Dclnclt+,aent. 

Nov. 31 to 
Deo. 31 

Dec. 31 to 
Jan. 32 

Jim. 32 to 
Feb. 32 

Oct. 31 t o  
Nov.31 

Nov. 31 to 
Dec. 31 

Dec. 31 to  
Jan. 32 

Jan. 32 

Jm. 32 to 
Feb. 32 

Frb. 32 to 
Mnr. :32 

M:LY. 32 to 
April:i2 

Distance levelled numE,"tk 

Branch-lino 62 If 
Standard R.  M. 
nt Srtkkur to 
Rnrragc ron~l 
britlge, Sulck~~r 

Mean 
nun~ber of 

stntions 
at  wlliel~ 
the ins. 

tru~nents 
were 

se tup  

g 

a 
Rises 

n7ar1:h :12 

Falls 

--- 

4 

a m  

2.j 
24 
ti! 

Ieet I feet 

Number of 

. . .  

Total 

bencli 
2 " " e c t e r l . -  
Pfimnry 

7 
?$ i $ = &  

~ip,  

$175 

986 

1016 

760 

1,270 

456 

648 

1,010 

872 

432 

459 

710 

1,007 

459 

711; 

257 

337 

679 

3 2  

312 

ularks 

2 
a 
8 " 
; 

55 

50 

76 

50 

150 

41 

54 

122 

114 

59 

455 

i04 

1,024 

4,09 

715 

316 

352 

561 

0:34 

327 

. . .  

. . . 

. 

.. 

... 

... 

... 

... 

. 

.. 

1 I .  

102 

95 

94 

A0 

14,O 

51 

65 

112 

I 

A2 

43 

M s .  1 

89 

89 

69 

78 

13fi 

41 

47 

!)I 

72 

4.2 

I 
... 

... 

... 

1 

... 

... 

1 1 

... 

... 

. . .  

M s .  

13 

li 

5 

2 

4. 

10 

20 

21% 

10 

1 



CIIAPTER V I I  

RESEARCH AND TECHNICAL NOTES 

I. Secular change of Himalayan Heights 

1. During the period 1905-09, obscrvatio~ls were made by 
Mr. H. G. Shaw to  determine the heights of certain snow peaks, 
with a view to watch any possi1)le ribc of the  Himalaya mounta~ns. 
These observations are now being repeated after a lapse of about 
25 yea1.s. 

At the same time, the opportunity was talien to obtain further 
material for the analysis of the  discrepnncj which exists between 
the  values obtained fox the  height of Mussoorie above Dehra D ~ ~ I I ,  
a s  determined by spirit-levelling and direct vertical angles. 

I n  March 1932,  Mr. &I. N. A. Hashmir obsel.vec1 vertical angles 
from Camels' Back h. s. ( i~ lussoor i r )  to D ~ h r a  rrfrac,tion station. 
Nig Tibba H. S., and also to the  snow l-~eal<s B a n ~ l a r ~ ~ i n ~ c h .  Srilriinta, 
Jaonli arirl Keilirnat1.1. The i ~ ~ s t r u m e i ~ t  usc>cl was 12-inch Throdolite 
No. 11, in whirh the zero of the vrrtical c~ rc lc  call I)(> i~ltered. The 
eye-piece micrometer was arranged for readillg vrrticanl a~~gles,  and 
three micrometer i l~ te r sec t io~~s  were talcon a t  each ol)sCrvatio1~. 

It was intended to make two sets of ohservatiol~s to each pe:k 
every day, each set on five zeros ; this was not, however, possible 
the case of the snow peaks, for visibility was 1,ntl ant1 thcl pcalts \qera 
coverer1 in cloud most afternoons. 

Vertical angles were observrcl with t h r  Wilt1 p r e c i s ~ o ~ ~  theodolitt' 
from Dehra r e f rac t io~~  station to Camel's Baclr h. s., a11nnltaneo~1~l~ 
with those taken from Mussoorie. 

2. Data. The followillg table gives tllr tlata f11r the. stations 
arid pealis mnder observation : 

Name of stntion 

0 f ,, * ,r 

Dehrn Relnction Stntion 

Nia  Tihhn H.S. XI 35 11.0 i s  n !~  (~1.57 -21 .5  
Bnndxrpirnch . 
Srikinta  ?I 

00 "'1 79 :I , ;  I 7 , l  
57 2.5.2 78 ,YI 22.0 

I 

Jnonli . .  30 51 17.4 78 51 25.4 
Hedirnith . . .  30 47 53.0 71) C w .  07'0 
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3. Changes in heights of snow peaks. As observations 
st the time of rniui~num refraction ( 2 to 3 p.m. ) were not possible 
on account of weather, i t  mas clecided to  use those observations 
which fell within half :In hour of noon ; these were reduced t,o 
standard temperatnre ( 60' ) and standard pressure ( 23.30 inches ). 

To avoicl refraction uucel.tainties, these observations were com- 
pared with those taken by Shaw a t  the same hour during the 
months of March ancl April 1907 and 1908 ; sufficient observations 
conforming to t,hese limits had not been taken ill 1905, 1906 and 
1909. 

The results are as follows : 

D<fe~ences qf Height in Feet. 

The results show no evidence of a systematic change in the 
height of the pealrs within the last 25 p a r s .  The differences 
giveu are probably due to refraction peculiarit,ies or observation and 
gratluation errors. 

It is hoped t,hat forther observations mill be undertaken in the 
early months of 1933. 

4. Discrepancy in height of Mussoorie. Simultaneous 
reciprocal obse~,vnt,iol~s b e t w r r ~ ~  Dellra Ddn alirl Mussoorie were 
taken on nine (lays. T ; ~ k i l ~ g  illto R C C O L ~ I I ~  the plumb-liile cleflect,io~~s 
and adopting the salnc! nictllotl of rrdnctiotl as that  used previously 
( u i d c  Professional IJaper No. 14,  Chapter I1 ), we fiud : 

feet 
Differcince of height hetween Dehra refract,ion 

station and Camel's Back h. s. . . .  4708.21 
Rise of Geoirl . . .  . . . . . .  10.97 -- 
Differeilcc. by trin~~g,.ulat,ion ... . . .  4,787.24 
Diffcrcll~ct. 1)y S1~ir i t - l t !~c~l l i~~g ( I !)2!)-;10 ) . . . 47S8 ' 39 
Tri:~~lgnla.totI I l r~i~l l t  tlitl'cb~.e~rctl / , I  ~ I I  rcs spirit- 

I ( ~ c ~ l l ( ~ t l  height ~ l iK(~rc~ l~rc~  . . .  ... - 1 . 1 5  

Bandnrpiinch Sriksnh 

'['llis is rntllcbr Ial.g(' :l,s cy,nrl~ar(v1 witll t.hc ))rc~\rious (liscrc!pnltcy 
of -b (1. ,j 4 fpI,t, dcsri\.csll f l . o , l l  kI 1.. ~ I I :L\v ' s  ol)sc~rv:rtic)~~s of I !)0,-)-00, 
011 t.11,. :Lssllnll)t,ioll of  the: K:.cv~itl;~l rise: I,rbi~~g lO..i(i J'cv't (We 
ueotletic Rcpo1.t Val. VI, p. i ;; ). lLigo~.ous comp~~t :~t , io l~ ,  llomever, 

Kednrnit.11 

+ 0 5  

- 3 . 7  

Jnonli Nig  'I'ibba 

+ + 4 . 4  ' - 1 

1932 minus 1908 I - 
+ 3 . 9  - 1 . 9  
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gives t,he rise of the geoid between Dehra refractio~l station and 
Mussoorie refraction station t,o be 10 .94  feet, which reduces the 
cliscrepancy still further to + 0 . 1 6  feet. 

The figures from Mr. Shaw's work are deduced fro111 a larger 
~iulnber of observations spread over 5 years, whereas t,he 
observations are comparatively few, and so do not carry the salne 
weight'. 

11. The Triangulation of Malaya, Indo-China, 
Dutch East Indies, Borneo and the 

Phillipine Islands. 

1. This note is an  outcome of inquiries addressed to the various 
governinents in pursuance of the resolution passed a t  the triennial 
coliference of the  International Unioll of Geodesy ancl Geophysics a t  
Stoclrhohn in 1930, tha t  Sialn and neighbouriyg countries should 
collaborate with each other ill effecting junct io~~s  between their 
systems of triangulation with the object of continuing, if possible, 
the chain of triangulation to the  Australian Continent and the 
Phillipines. 

Chart XXII ( i n  pocket a t  ellcl) givtbs t r ia~~gula t ion of Malap, 
the Dutch East  Inclies and the Phillipines. 

2. Details of triangulation. A short account of triangula- 
tion of each country and the  source from which i t  is derived 1s 

given below. 

( a )  17/fnlccyn. Triangulation is based 011 Ererest's spherol(1. 
Geodetic datum is a t  Kertau, Lat. N. ;jO 27 '  .i;f"'96, Long. E. 102' 
3 7 '  2 k V . 6 5 ,  w h e r ~  p l u m l ~ - l i ~ ~ e  deflectloll is taken to be nil. Thew 
are i latitude and Y azimuth s t a t ~ o l ~ s .  No longitudes have l l ~ e l ~  

observed. Accuracy of the triangulation is rn hc~ng equal to 
about 0 .  6 seconds, and figures are quite co~irlitione~l ( I'I(''' 

Chart XVIII ) .  Closure between bases on lnalll c1ia111 W:IS 1/50,00n, 
The junction between Siamese ancl Malay triangulatioll has heen 
p l ann~d ,  and will he completecl by the end of 1932. 

The above  formation is extracteel froln "A11 acco~lllt ofthe 
Primary Triangulation of Malayan by Victor A. Lowinger (2gtI1 
April 1981 ). 

( 1, ) I,a,7o-C!hinrc. Primary Gcodctic Triangulntio~l of 
consists of two mt~l.idio~ial ohail~s ant1 six chains uf l,nrall('l. 

Clarke's 1880 ellipsoid has ber~n ch~st>l l  as t h ~  i i ~ l l l ' ~  
refer~lice. 

8f)vc.n bases have l ~ ~ r ~ ~ l  ]n,>nsurtyl sillcp 189!3. Tht. closnre of 
c l l ~ ~ l i  Ilaqe.: a ~ ~ d  c-olnlnoll sitlps is of o r l l ~ ~ l  i ~ f  l / i .o ( )O 
tlltt'tslc~lrcc~9 o f  azimuths ;1rIS as lnllc]l as YOft .  Tilr. 1:~rq.p discr~'l)allcS 
ill n~illlutll c a ~ ~ l ~ o t  be exl,lalncd. 
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There are 4 astrouoinical stations. 

Above illformation is extracted from " Etat, d'bvaucement des 
fiawux Geodesiques en Indochine" by Oenel.al Mailles. 

( c )  Dutcl~ East IT&%. The triangulations of Sumatra and 
Java have been adjusted and form a co~ltinilous chain, t'he geodetic 
datum being a t  G. Oenock. 

The primary triangulation of Java was executed from 1861-80. 
Its m equals 1 8 seconrls. There are 3 base-lines measured with 
Repsold apparatus, t.he meail probable error of each base being 
0 . 2 6  x 

No geodetic astro~lomical work has been carried out. Bosscha 
Observatory a t  Le~nhang  toolz par t  ill the 1926 Loilgit,ucle operations. 

The triangulation of Sumatra (1683-1916)  was adjusted in 1931, 
aiicl is cont,rolled by 2 base-lines measurecl 1,y J ider in  apparatus. 
Its 1n equals 0 . 8  seconds. 

There arc1 4 statioiis a t  which astronomical latitudes and azimuth 
llave been observecl very accurately. No longitildes hay(> been 
observed. Bessel's ellipsoid has been used. 

Small Soe~lda Avchipelngo ( 19 12- IN). I t s  prilnary triangulation 
system forms :t coiltinuatioii of the Java systcm, the accuracy of it,s 
angles being about thc. same as in the principal chain of Sumatra. 

The above in fo rmat io~~  has been takeu fro111 "Geod~t i c  Survey 
in the Netherlands East  Indies" by Prof. J. H. G. Schepers and 
Captain F. C. A. Schult. 

Celobes 7'rin)rgulrr tiot) ( 19 1 1 ) . The t~~iangi~la t ic>~i  is being 
adjusted; its accuracy is about the s:tlne as that  of the principal 
chain of Sumatra. There are :3 base-linrs ant1 4. latitude and 
azimuth stations. 

Dutch Uo).,zco. No primary triangulation c.xists, as the country 
is mostly swampy and covered w ~ t h  pri~nrval  forests. The necessary 
fixed points for surveyii~g are cietel.inined astrono~nically. 

British iVovt11, BO).ILPO. Pr i~nary  triangnlatio~i was started i n  
l9:',0. Two hasps alwut 1 miles in le11gt.h were ~nrasurrcl at  Ta.na,n 
alld Jesselton respcwti~rt.ly n.ntl t,he allfiles of the extension ~l r t , s  nfc3rc 
measured. Thr  \~wrlr hat1 t,o be stopped 011 account of fina11ci:~l 
stringency. 

( ( 1 )  Fhil!ipirrc Is/rfrrr!s. T ~ P I - P  is no primary t.ria.ngulatio~~. Maill 
tl.iallgulat,ioi~ which has I)L!(>II atlj~~sttltl is S C C O I I ~ ; L I . ~ ,  co~rt.rolled 1)y 
98 mc~asr~red bases, 52 obscbrvc:cl azinlr~th :tilt1 .6!) latitl~dt. n ~ ~ t l  loi~gi- 
tllrlr st :L t' 1011s. 

Avcrage t ~ . i a ~ ~ g u l n r  rarror tlocbs 110t c\xccc~cl :i S ~ ~ C O I I ~ R .  ('larlic>'~ 
8l)heroitl of 1HGci ir ascltl, gcwtl~atic. tlnt11111 1)u~iilg a t  1,11xor1, L:rt. 13" 
83'  41" .00 N . ,  Long. 121' 52' 03" .00 E. Thc llrojcct fur coii~lc~ctillg 
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Phillipine and N. Borneo is approved by the  governments concerned, 
and the  ji~nct~ion will be complet,ed in 1932. Fill1 cletails regarding 
t,he triangulation of Phillipine l s l a~ lds  are given in two volulnes 
issued by the D ~ p a r t ~ m e n t  of Commerce and Colnm~lnications Bureau 
of Coast and Geoclet,ic Surveys. 

( (. ) C'ommon~uenlth of Atcstralin. No active progress is being 
made a t  the  i n o i n e ~ ~ t  towards consum~nation of this work. 

There is primary geodetic triangulation in New South Wales 
effected by 18-inch ancl 10-inch theodolites co~npr is i l~g about 300 
triangles. I t s  rn equals 0 .5  seconds. 

The other five states have their own individual surveys, but 
contain no triangulation of geodetic quality. 

When the  geodetic triangulation of Australia is started, it is 
propos~cl tha t  basic work should be a, chain of well-conditioned 

4 

trianglrs traversing the commonwealth as a grid. 

3. Conclusion. Chart  XXII ( i n  pocket a t  end) shows the 
progress of t r i ang~ la t ion  ill the various countries. A connection 
between Malay States and Sumatra or Java  seems to  be very desir- 
able. 

It appears also that  there is room for extending the Java and the 
Small Soenda Archipelago triangulation eastwarcls along Sumbawa, 
Flores and Timor. When this is done, we shall have a continuous 
c h a i ~ ~  of triangulation, start ing from Lat. 30°, Long. 90' in India to 
Lat. So S., Long. 11 7' E. in Soenda Archipelago. 

No connection exists between the Celebes triangulation and 
t,hat of Java. The o111y possibility is through the islands ill the 
Flores Sea, hut i t  looks as if this jmlction will present some 
diEcul ties. 

111. Extracts from Stokes' Gravity and Oeoidal Paper. 

This is a synopsis of Stokes' paper "On the variation of 
gravity a t  the surface of the earth " published in the ~at l lemat ica l  
and Physlcal Papers. Vol. 11, only thosr parts lleilig abstracted as 
are necessary for a colnplrte und~rs tar~t l ing  of his fo rml~ l i~  for the 
risk, of t h ~  ~ ~ o i d  :I,I)OVP it9 r e f ~ > r ( > n c ~  spheroitl. Stolres' coln~nc~llts 
on thra npl~lic;~l~il i ty of his forln~rla to actual t.arth, anrl r1.1nnr1cs as 
to h ~ \ v  to clctal with ~na,rc~r eutel.~lal to th r  q~~o i r l  arc also g*1\~('11. 

Stolcebs ~~stablishetl  :L ~ c ~ ~ r p r a l  coliric~ctiou I)et\vc~c.n till- I'orin of 
th+, qt.oitl all11 va~~i.zlior~ of gravity o ~ i  i t  without 111alri11: ally 
:~squmption nl~out thv (list1 il,util,n of mattor in the ~ I I ~ ( ' I . ~ I ) I .  of tht' 
cbwth. HI ,  s:rys " i t  :1p1)isars that i f  fol.ln I , F  ~ I I I .  s ~ ~ ~ f a c ~ ~ ~  be 
~ivcbl~. yravity is tltbtc.1.1nincvl thl.onghout thr. w h o l ~  surfacc~ ch\(,f'pt 
80 far  as regards ollc arbitrary constarlt which 1s con ta i~~ed  ill it0 
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complete expression and wlzich inay be determined by the value of 
gravity a t  one place." 

"Le t  r = c t  (1  + u) be the equation to the earth's surface where u 
is a small quantity of the first order, a fur~ction of 6' and +. Let 
u be expa~lded in a series of Laplace functions u,, + u ,  + .... The 
term u,, will vanish 111.ovided we take for n,  the mean ~.ndius or  the 
radius of a sphere of equal volulne ". W e  inay therefore take for 
the equation to the  surface 

r = n ( 1  + u, + u2 + ... . . .  ) . . .  . . .  . . .  ( 8 )  
The attractional potential a t  all points external to the surface 

is given by 
V = Y,,/r + Yl/r2 + .. .  ... . . .  . . .  . . .  (7) 

At the points of the earth' surface, we have 
V + 4 o? r? sin? 6' = c ... . . .  . . .  , .  ( 4 )  

We thus get  from ( 4 ), ( 7 ), ( 8 ), o m i t t i ~ ~ g  t,he squares of 
smnl l qua~itit,ies 

1 n (o'?(Zg 
J7 = Y,) ( +,u, + . . .  ) - j,)"-(+ - c0s36') ( 1 0 )  

Let  !/ he gravity a t  any point of the surface of th? earth,  tl~t, an 
~l(b111ent of the normal dr ;~wn outwarcls a t  t ha t  point. rt11t1 rlr an 
el(b~nent of radius vect,or, the11 

" We thus get 
P Y 

g = --"~(1-2r( ,  - . . . )  + ; $ ( 3 ? c ,  + nu, + . . . )  
(12 

- $ m.?cr. ( I, - cosa 6 1 - o " ~  ( 1 - c o s '  6' ). 

mhich gives O I I  putting 

3, - ; ru?a = (; 
( l ?  1 . . .  . . .  . , .  . ( 1 1 )  

02 t r / ( :  - - na I 

I n  this c q ~ ~ n t i o ~ ~ ,  (: is thc. Incan vrtluc of y Isl<e~l thro~igl~out  
the. whole s a r f : ~ o ~  si~lce wc Icllow that, 

i" I?" w,, sin B tlB rl+ = 0, if n 1 ~ .  diffcrtwt from zrrc-, ". 
' 1 1  n 

" Equation ( 1 2  ) innl<cls Ir11ow11 tli(, v:~l.intion o f  ~ r n v i t y  ~vhen 
tlrr, form of the srivfacc. i, givcln, th,, sal fncc 11r~i11q ~nl) l~osu, l  to be 
O ~ I P  of ~ q n i l i h r i l ~ m  ; il11(1 co~~v(~rsvly ,  C ~ ~ I I : I ~ ~ O I I  ( 8 \ giw's the fo r~n  of 
thc surface if the variatiol~ of gravity he Imonn. 
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If me suppose tha t  the  surface of t,he eart,h may be represented 
with su5cieut  accuracy by an oblate spheroid of small ellipticity 
having its axis of figure coilicident with the axis of rotation, 
equat,ion ( S ) becomes 

where E is a constant which may be coneiclered equal to the 
ellipticity ; me have, therefore in this case u, =0, ,)I, = r (+-co$ e ) ,  
14. = 0, nvlien f i  is greater than 2, so that  ( 1 2 )  becomes 

which eqiiation contains Clairaut's Theorem ". 
E q u a t i o ~ ~  ( 7 ) mill not  qive the value of the potential throughout 

the surface of a sphere which lies partly within the earth, because 
this sat,isfies the e q u a t i o ~ ~  VS V =  0 while in mass-filled space, V 
should satisfy v2 V = - 4 r p .  

" Neverthcbless we may employ equation ( 7 ) for values of r ,  
corresponding to spht~rrs  which lie partly within the earth, provided 
that  ill speaking of :tu internal particle, me slightly change the 
signitication of V, and interpret i t  to mean not  the actual potential, 
bu t  what woultl be the potential if the protuberant matter were 
dist~.il)ute(l within the Irlast s ~ h e r r  which cnts tthe surface in such a 
man1lc.r :LS to 1~:tve t h r  potential unchanged throughout the actual 
surface. The ~)ossil~ility of such a clistribotioii will 1)e justified 
11.y the rt.sult, provitl-tl the series to which we are led prove 
co11vergrlit ". 

" Siip1~ose the v a r i a t i o ~ ~  of gravity ~ I I O W I I  by means of Pen- 
clnlmn e s p ~ r i m r ~ ~ t s  ptlrformed a t  a great  Inany stations scattered 
over tli+a snrfacr of t h ~  earth and let i t  be required f ~ w n  the result 
of the observatio~~s to tle(1uce the form of the surf:~ce. A series of 
Laplncc's functions woulrl most likely br practically uspl(,ss for this 
prirpvw, u ~ i l ~ s s  we1 are contc>ut with mert.Iy the leacling terms ill the 
~ x l ~ a n s i o ~ ~  for the radius vector ; ant1 the leading cha rac t~~r  of these 
tprms t l ~ 3 p c ~ ~ i ~ l ~ .  not nr~cessarilg upon their magnitode 1,rrt only on 
the rnitlc. e x t e ~ ~ t  of thr' inequalities which they reprpsc,llt. We lnust 
rndcavoar t h ~ ~ r c ~ f o r c ~  to reduce the determination of the radius 
vector to rluarlraturcs ". 

Rv Clairaut's formula, we know tha t  cnrrespondinq to 

P u t  g = g~ + Ag, r = r, + a Au, 
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then by ( 8 ) and ( 12 ), if 

weshallhave A u = C  v,/(n-1) ... . . .  ... . . .  
*=z 

( 4 3 )  

Multiplying both sides of ( 42 ) by P, we get 
77 27l 

v,, = { ( ~ n  + l ) / 4 n  }I I F (61, $ 1 1  P. sin 6' 
0 0 

substituting for v, in ( 43 ), we get 

we want now to find an expression for the sum of the infinite series 

Consider the series y = 2 { ( 211 + 1 ) / (  n - 1 ) I f '-I P .  

Let + be the angle between the directions determined by the 
angular co-ordinates ( 8, + ) and ( 8', 9' ), then 

. . . . . .  1/(J1 - 2 c c o s + +  f 2 )  = P o +  PI f +  P2 c" 
c - = Jc [ I / (  J 1 -25cos++ C2)-Po-PlfI therefore, 4 I: ' 
fl = J f Z ( s a y )  

Differentiating we get 4 f d "' - ( Z  J f ) .  
. C 

a- 
4 

therefore, y = 2 4 1  + 31 ( Z / P  ) d f ,  

8 = r =  l/sin;+ - 2  ( l + c o s + )  + 3f ( Z I P )  df.  
5=1 

= cosec +Jr + 1 -6 sin ++ - 5 COB + 
- S c o s +  1og{isin t + ( 1 +  sin 1+) ). 

In the expression for Au, we may suppose the line from which B' 
is measured to be the radius vector of the station considered. Let 
the angles +, x be with reference to t h ~  station considered what 
8, $I were with reference to the North Pole, then 

where f ( + )  = cosec + I  -6 sin I +  -5 cos+ 

- 3  cos+Iog{ain 4+ ( 1 +  sin t+)) .  
L 
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Knowing A g  over whole globe, we can get  A u b y  a simple 
process of summation. 

It has been shown by Mr. G. P. Rao, tha t  if A u  is known, 
then determination of A g  can also be reduced to  quadratures. 

Thus correspondi~~g to  A u  = u,,, 
we have Ag = G Z ( 1 1 .  - 1 ) N,,. 

T 27r 
, = { ( 2  + 1  } 1 AU P,, sin 6' dB1 dQ1, 

0 0 

T 2T  
therefore, Ag = G 1 4 r  ( I A u  [Z ( 2 h  + 1) (n- 1) P.] sin 8' d8' d('. 

- 0  I1 

Wr want to sum the  series 
S = Z ( 21L + 1 ) (1L - 1 ) P,,. 

Start ing from the identity 

Z ' P ,  t" = l / ( J l - 2  Coos+ + t2) - & - P I  t, 
and multiplying both sides by r" and differentiating we get 

Multiply both sides of the above equation by t-4 and differentiate, 
and then put  t = 1. 

W e  get  8 = ( 1  - t cosecJ J+). 

T 2lT 
Hence Ag = 6 ' / 4 ~ (  A u  ( 1  - 4 cosec' ++) sin * d+ d~ ( 47 1 

- n  - 1 1  

It might be noticed that  a t  the  origin + = 0, the integrand 
becomes - a. 

As regards the applicability of his formulz to earth, Stokes 
says "Hitherto the surface of the earth has been regarded as a 
surface of equilibrium. This we know is not  strictly true. The 
question now arlses, by what imaginary alteration shall we reduce 
the surface to one of equilibrium?" The surface of the sea, 
supposed to be prolonged under the continents by means of canals 
L L fo1.m~ indeed a surface of equilibrium but  the preceding investiga- 
tion tloes not apply directly to this surface, ill as much as a 
portion of the attracting matter lies outside it. Conceive however 
the land which lies above the level of the sea to be depressecl till 
i t  gets below it*, or which is the same, conceive the land cut off at 
the level of the sea producecl, ancl suppose the cle~lsity of thr twth 
or rock which lies i m r n ~ d i a t e l ~  below the sea-level to be increased 
till the increase of mass immediately below each superficial element 
is equal to the mass which has been removed from above it,. The 
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whole of the  attracting matter will thus be brought inside the  
original sea-level and i t  is easy to see that  the att,ract,ion a t  a 
point of space external to the earth, even t,hough i t  be close to 
the surface, will not  be sensibly affected. Neither will the sea-level 
be sensibly changed, even in t,he middle of a continent ". 

"The surface of equilibrium which by the imaginary displace- 
ment of matter just considered has also become the boutiding surface 
is that surface which a t  the same time coincides with the surtnce of 
the actual sea, where the earth is covered by water and belongs to 
the system of surfaces of equilibrium which lie wholly outside 
the earth. To reduce observed gravity to what would have been 
observed just above this imaginary surface we most evidei~tly 
increase i t  in the inverse ratio of the square of tlle distance from 
the centre of the earth, without taking accouilt of the attraction 
of the table-land which lies between the level of the station and 
the level of the sea ". 

" Gravity reduced in this manner would, however be liable to 
vary irregularly from one place to another, in consequence of the a t -  
traction of the land between the station and the surface of the sea". 
"To render our observations coinparable with one anothe~,,  i t  seems 
best to correct for the attraction of tlle lalid which lies underneath 
the Pendulum ". Stokes proves however that  t h r  omission of this 
mrrection produces no sensible increase in the value of ellipticity E ,  

"unless the land be on the whole higher, or the sea shallower in 
high latitudes than in low ". 

It would be of interest to give Stolres' definition of ellipticity 
of the earth, "for, when the irregularit,ies of the surface are taken 
into account, the t,erln must be to a certain extent conventional ". 

Let  the earth be r = n ( 1 + u2 + U? + . ) ( T h e  term 11, 

can be made to disappear by taking origin a t  the centre of gravity 
of volume ). 

The surface r = n. ( 1 + ?I., ) represents an ellipsoid, and if itrs 
principal axes are taken as co-ordinate axes, t,hen u, must be of the 
form cos 24  sin2 6 + E ( + - cos2 8 ). 

The earth being nearly an oblate spheroid, el will be small 
anrl " E  is the constant, which determines the effect of earth's 
oblateness on the motion of the nloon ". This constant is called the 
ellipticity uf t h r  ~ a r t h .  





PUBLICATIONS 

OF THE 

S U R V E Y  O F  I N D I A  
( Corrected up to 81st December 1932 ) 





PUBLICATIONS 

OF THE 

STJRVEY I N D I A  
Obtainable from the Director, Geodetic Branch, Survey of India, 

Dehra Dtin, U. P. 

S Y N O P S I S  

Part I Numerical Data 
Page 

Triangulation Pamphlets ... . . . . . . 94 
Levelling Pamphlets . . . ... . . . . .. 95-99 
Tide-Tables . . . . . . . . .  . . . 99 

Part I1 Geodetic Works of Reference 
Everest's Great Arc Books 
G.T.S. Volumes . . .  

* Part 111 Historical and General Reports 
Memoirs . . .  . . . . . . . . . . . .  101, 102 

[General Reports . . .  . . . 102 
Map Publication and Office Work . . . 102 

Annual an" 'pecia1 Extracts from Narrative Reports . . . 102, 103 Reports Records of the Survey of India . . . 103, 104 
Geodetic Reports . . .  104~, 105 

* Part IV Catalogues and Instructions 
Departmental Orders . . . . . . . . . . . . 105, 106 
Catalogues and Lists . . . . . .  . . . . . . 106 
Tables and Star  Charts . . .  . . .  . . . 107 
Old Manl~als . . . . . . 107, ,108 
Survey of India Handbook.< . . . 1 08 
Notes and 1nstl.nctions . . . . ,  109 

"art V Miscellaneous Papers 
;eoumphy, Exploration, Special H.eport,s, Ihrlassified Pa11e1.s 1 ", (~eotlesy, Projections, Mapping . . .  109-111 

Professional l'apers . . . . . . ... . . .  111-113 
I)el)art,niental l'apcrs . . . . . .  113, 114 
Professional Forms . . . . . . . . .  114  
h t  of more important ~ont~rihlltions by the officers of the 

Survey of India to various extra-depa.rtmet~td publica- 
tions and related articles . . .  . . . ... 114-118 

* Publication8 detnllrd in Parb I l l ,  I V  and V ur r l w  obtninabls from l a  Olllwf 
in cbugr Map Rmrd,  and lrur Offlcr, 13, Wood M, Orlwth. 



94 GEODETIC REPORT 

Sterling Prices of Publications. The prices to be charged 
for  Survey of Indill public~titllls in stelding equivalents in English 
money have been worlred out under the rules given in letter No. 8-401 
dnted the 17th Jnnunry 1924 from the Under Secretary to the Government 
of India, De1)nrtment of Il~dustries ilnd Labour, L)rlhi, to the Secretary 
to  the High Commissioner for India. Clel~eral I)epartmellt, 42 Qrosvenor 
Qnrdens, London, S.W. 1. l'hese uterling prices are subject to fluctuation 
with the e x c l ~ a n ~ e  rate arid will be revised from time to time. The prices 
a t  the current rate ot exchange are: 

PART I. NUMERICAL DATA 

Triangulation Pamphlets. Each coverinr: one squnre dc?,oree. giving 
descriptions, positions. (1:ltitutle and l ~ n ~ i t u r l e )  nud heichts of trinnculnted 

P l ~ c r  111 I Englieh 
Indian money ( iqu~v;~lent 

points and otller data with chart. 'I'hp chart shows t l ~ e  olnn ttf triauzulation 

Price in I English 
Indian money I equivalent 

- 

Rupee8 Annns 

0 2 
0 4 

8 I : 12 

1 0 
1 2 

1 8 
1 12 

2 0 
2 8 

8 0 
3 Y 

4 0 
4 4 

wit11 the p o . i t ~ o ~ ~  ot s l a t ~ c ~ n ~  nnd p o l n t ~  ~ r l i 1 n ~ u l i t l o n  da t :~  fallillg in 
1/hl slleet :Ire ~ ) r ~ r ~ t r d  In a wries of sixteen pa~npl~lers A lo P 111 the 
I:Wt (1.lrnphlrt of evcrj sellrs, n, colollrerl lnap 1s glvrn in adtlltiorl to tile 
chart, to ~l lustratr  the topo:rs,~h~cnl features ot the area covered by the 1/M 
sheet. k'nu~ol~lrts 11:iving this rn;\l, are charged l i e .  1-8 extra. 

I 

Eupees Annas 

4 8 
5 0 

5 8 
6 0 

6 8 
7 0 

7 8 
8 0 

8 8 
9 0 

9 8 
10 0 

Shillings Pence 

0 3 
0 5 

0 10 
1 3 

1 9 
1 11 

2 6 
3 0 

3 6 
4 (; 

6 3 
6 0 

6 9 
7 3 

Clnrt,a Nos XI9 RL. X X  a t  the end of t,l~e Geodetic Report ahem what, 
t r iau~ulal  ion panip hletu have been published 

Shillings Pence 

7 6 
8 3 

9 0 
9 9 

10 6 
11 6 

12 0 
13 6 

14 6 
15 0 

16 0 
16 6 

Price Re. 1 per  pamphlet. Publitlhed a t  1)ehrs Dun. 

I 0  6 
12 6 
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Levelling Pamphlets. 

(i) Lovelli~~d of Precision. Giving heights and description8 of all Bench 
marlrs fixed by Levelling of Precision and of certain selected secondary 
liues. Each ~)atnpblet e~nbrr~ces at1 at-en of 4' x 4' and the numberirlg ie 
the sarne as t l ~ n t  of the corre~pot~ding sheets of the 1/1\1 lnnp of India. 
Each is illustrnted by a lnnp of the area. l'ublished a t  L)ehra Lliin. 

I 

(8) Levelling of Precision in Indin and Burma. 

price 

Rs,2-0-0  
Its. 2-0-0 
Es. 2-0-0 
Rs.2-0-0 
Rs, 2-0-0 

Rs. 2.0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Hs. 2-0-0 
Rs .3 -0-0  

Rs. 2-0-0 
l{s. 2-0-0 
Hs.2-0-0 

He. 1-0-0 

Bs. 2-0-0 
l i e .1 -0-0  
lie. 1-0-0 
Its. 3-0-0 

Its. 3-0-0 
RS. 2-0-0 
Rs' 2-U-0 I 

Pamphlet Latitude Longitode Pablished 

Sheet / Distinctive name of sheet 1 Y E 1 in 

1916 
1911 
1912 
1913 
191(i 

1911 
191:3 
1913 
1915 
1926 

1911 
1912 
1912 

1915 

1912 
1911 
1912 
1929 

In the press. 

1930 
in12 
1931 

0 0 

6GGS 
64-68 
CiP-72 
68-72 
... 

68-72 
6 
72-76 

72-76 

72-76 
72-76 
72-76 

34 
35 
38 
39 

40 
41 
43 

44 

45 
4,6 
84; 

48 
4,9 
52 
53 

5 -  
55 
56 - 

(Quetta) ... .. 
(Karachi) ... .. 
(KLbul) ,.. .. 
(Multin) ... ... 
Addendum to 39 ... 

(Hyderabid, Sind) ... 
(Rajlcot) ... ... 
(Sriuagar) ... ... 
Addendum to 43 ... 
(Lahore) ... ... 

(Ajmer) ... ... 
(Bnrodn) ... ... 

... (Bombay) ... 
Addendull to 47, 

2;-3; 
24-28 
32-36 
28-32 
... 

24-28 
20-24 
32-36 
... 

28-32 

24-28 
20-24 
16-20 

... I s l a n d o t ' B o ~ u b a y  

... (Gon) ... 

... (Valicut) ... 
(Leh) ... . .  

... (Delhi) 
~ d d e n d u m  to 53 

... (Agra) ... 

... (Nagpur) ... 

... ( I-Iyderiibiid, Deccnn) 

. I ,., 12-16 
8-12 

32-36 
28-32? 

. . . . . .  

24-28 
20-21 
16-20 

72-76 
72-76 
76-80 
7G-YO 

. . .  

76-80 
76-80 
76-80 
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Levelling Pamphlets-(Continzced). 

(b) Levelling of I'reciaion in Meaol,otnlliin. 
Descriptions and heights of bench marks in Mesopotamia i n  

pamphlet, published a t  Dehra Dun,  1923. Pvice Rs. 3 
(ii) Levelling of Secondary Precision. 

Descriptions and heights of bench marks, printed by Gestetnel 
a t  Dehra Dun. 

Pamphlet 

Sheet 1 Distinctive name of sheet 

57 
58 

62 
63 
64 
65  
66 

72 
73 

74 

78 
79 
83  
84 
85 

92 
93  

Lat i tude Longitude Published 
N. 1 I. 1 i n  1 price 

(Mysore) ... ... 
(Ootncamund) ... 

(Miinasarowar) ... 
(Allnhibad) ... 
(Raipur) ... ... 
(Vizagapatam) ... 
(Madras) ... . 

( Ritmindu) ... 
(Cuttack) ... ... 
Addendum to 73 ... 
(Puri) ... ... 

(Darjeeling) ... 
(Calcutta) . . . 
( D ~ b r u ~ n r h )  ... 
(Akyab) ... ... 
(Prome) ... ... 
(Bhamo) ... ... 
(Mandalny) ... 

. . . 95 (Mergul) 

1;-1s" 
8-12 

28-32 
24-28 
20-21 
16-20 
12-16 

26-28 
20-24 

. . . 
16-20 

24-28 
20-24 
24-28 
20-24 
16-20 

24-28 
20-24 
16-20 
12-16 

1919 
1914 

1922 
1923 
1912 
1913 
1912 

1930 
1913 
1927 
1913 

1923 
1924 
1912 
1918 
1917 

1918 
1917 

1916 

7;-86 
76-80 

80-88 
80-84 
80-84 
80-84 
80-84 

84-88 
84-88 

84188 

88-92 
89-92 
92-96 
92-96 
92-96 

96-100 
9G-100 
96-100 
96-100 

Rs. 2-0-0 
Rs. 2-0.0 

Re. 1-0-0 
Hs. 2-0-0 
lts. 2-0-0 
Rs. 2-0-0 
Its. 2-0-0 

RE. 2-0-0 
HB. 2-0-0 
Rs. 2-0-0 
Hs.2-0-0 

Hs.2.0.0 
Ha. 2-0-0 
lls. 2-04 
Hs. 2-0.0 
lts. 2-0-0 

Its. 2-0.0 
HH. 2.0-0 

Its ,  2-0.0 
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Levelling Pamphlets-(Obnti9tued). 

.- 
5 6 
k z 

5 
G 
7 

8 

9 

10 

11 
12 

13 

14 

15 

IG 

Line number 

52E (Rohri to J i m  Sahib) ... 
52F (Shahpur to  Mirpul* Pur ina)  ... 
5 2 6  [Lindhi canal bungalow (39th 

mile) to Khipro] 
52H ([<hipro to Ghularn ~ h u r ~ n i i ' j  

52 I (Mirpur K h i s  to  l'ando Qhu- 
lam Ali via Umarkot and 
DBdLh) ... 

525 (Mirpur K h i s  to  Tsndo Ghu- 
lam Ali via Digri) . . . 

52K(Digri to Dadih) 
70J (Barikar to HazLribigh ~ o a i j  

74C (Howrnh to Uttsrpara) . 1 
74D (Baidyabiti to Sheoraphuli) 1 
74E (Bindel Church to 135ndel 

Ry. Stn.) i 74F [B.M. 251(118)/79A to 
Pandua Hy. Stn.] 

74C+(B.M. 126/73M to Saktigarl~ 
Ry. Stn.) 

74B (B.M 116/73M to Burdwan 
7 

Hy. Stn ) 
70E ( B  M 85/73Rl to Rliukar 

By. Stn ) 
70F (B.M. 76/73M to Pjnagnr 

As. 6 
I )  

I, 
I) 

,) 

j, 

,, 

AS. 12 

As. 8 

40 A,  B & E 
40 B, C & Q 

4 0 C & Q  
40 Q . 

4OC,D,G& H 

40 G 
4 0 G & H  

73 I and 72 B 
& L  

79 A & 

AM. 12 

He. 1 

AH. 12 

1928 
,, 

9, 

# I  

,, 

, , 
I *  

w, 

,, 

,, 

,, 

,, 

Ny. Stn.) 
70G (B.M. 58/7311 to Dnrgipur 

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

Ry. Sttl.) 
70 I (B M. 15/73M to Asansol, 

Ri l ipahar~  Ji C l ~ u r u l ~ a )  
70M(IClr%11a Ry. Stu. to Gds i  

RY. s t n  ) J 
77Q (Cnlclltta to Niiriyanpur) 
77K. (Niriy,znpilr to  Ntiriyanpur) 

8 7 8  (Monlmein to Paau) 
B7B (Moalmeili to Wekali) 1 
87(' (Rnb~~lron to Ran,myst,l<yi) } 
87D (Nyn~unjibinee~h- to Nnt- I 

chnuug) J 

94 H fZ L and 
95 E Ji I 
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Levelling Pamphlets-(Continzced). 

I d ,  E 
n 

Line number 

89A (Kyaukse to Winzu) 
89B (Y~alta~inggyi  to Amarapura) 

7 

89C (Kyaukse to Mnudnlay) 
89D (Taug611 to Yhwebo) 
89E (Kabo to Myittnw) 
89F (Okshit kau to Panlilrnn) 
90D (Meilitila to Yewe) 

I 
/J 

17 

561 (Gar11 MaliirBjn to Dnmimia) 
55R (Aherbela, to M u l t ~ l l )  
55L (l{nngl)cr to Muzsffnrgnrli) 
55hI (Muzaffargnrh to  Bnsti 

Maluk) i 

88B (Kynulatngn to blyitkyo) 
88C (Da1nn.u~ t o  Paruumyaung) 
88D (Pegu t o  Zenyaungbin) 
88E (Myitb:yo to Okpo) 
88F (E. 13. A1. a t  R. L). 85 of the 

Yenwe Bmbnnlrment to URIV) 
9 0 8  (Nyaur~gzaye t o  Knndiu) 
90B (Ma-utlin to Bnssein) 
90C (Saganlye to Pantnnaw) 
90E (Thouze t o  Rangoon) 

5 5 0  (Suj ibid t o  Sabuwili) ... 
55P (Jnb1)oina t o  lCot Mildeo) ... 
56 tl ( I\ranur to Bnsirpur) ... 
57D (Lodl~r in  to  Bahi~valpur) ... 

57N (Chncliran t o  Rllinbelx) ,., 
74B (liidderpore to Dublnt) ... 
7 i V  (Hasti~~gm Bridge to 

Dalthineswnr) . . . 

Situated in Pnblished 
degreo sheets ) in I P"ce ~ 

93 B & C. nnd 
84 M , N ,  0 d P 

47 1085 J 
35 M 
40 A 

34 P,35 R'l, 
39 L) and 40 A 

1929 1 Aa. 6 
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Levelling Pamphlets-(Concluded). 

Line number 

NOTE. See also pa~nphlcts of "Levelling of Precision in India and Burma'' 
psgcs 95 :xnd 96, for certain selected lines of Secondary Precision. 

Tide-Tables. 

From 1881 to 1922 tidal predictions based on the obse~,vatio~ls of 
t,hr Survey of India were published an nu all^. by tlie India Oflicr, 
London. p rom 1923 the pvediction and publication haye been under- 
talien a t  D e l ~ r a  Dun by the Survey of India, and ant11 1930 were 
publisl~ed as follon~s : 

(1) A single volume styled "Tile nInjor Srripfiv p ~ i c e d  I?$. 8. 
(2 )  Clol~~bil~ctl Pntal~l~lcts varying in pr.zcc7 .f?.ovt Rs. 1 - 2  l o  

1 2 s .  1-S per co21,y. 
(3)  srpnmte r n ~ n l ~ l ~ l e t s  for inclividual ports liriceil As. 1 2 p c r  

ro/)!/.  (For names of these port,s see Geodetic Report 
Volume V, pages 31-33]. 

Commrncing from 1931, a new form of publicat,ion slylcd "Title. 
Tnblrs "f t,ltr T~lt l in~~ Ocenlt" has bcen i u t r o t l ~ ~ c t ~ l  p~.,'c/,d l i s .  3 p1.r cop!/. 
This comprises fnll t,idc-tables for tho 4.0 Intlinn 1,orts p~wlictccl 1))- the 
Snrrey of India, ant1 22 ot,ller s tanda~,d ports in t , l~e India,n Ocexn 2nd 
Far 15ast, also for (i English nntl Jfct l i term~~enn ports. In nd(lition, i t  
coutains the n o n - l ~ a r m o ~ ~ i c  tidal conslants and tJidal diffcrcnces for 4.70 
ports and anchorngta, and the harmonic t.idal constants of about 170 
irnljortant titlal st,ations, mainly in t.ho Intlinn Ocean and 1l"r ]<nutJ. 

Separate Panll>l~lets of t.ide-tables Ilaye also bccn ~)nl~lial~ecl for 
the follo\ving ports : 

Bombay . . . price A s .  1 2  qm copy 
Hooghly River ... ,, R.9. 1-8 ?, 

Rangoon River ... ,, Rs. 1-2 ,, 

36 

37 

38 

39 

40 

41 

Sitnnted in  Pul~lished Price 
degree sheets / in  I 

70K (AllahSLbad to BarSltal-) ... 

7OL (Mughal Sat-ai to  
Haziivjbiigl~ Rond) ... 

55N (Basti Mnluk to Kabirwnla) 

55K (Abdul Hakiln to Oarh 
lleharaja) I 55J (Damaniia to d har Bela,) 

29D (GotCir to Knladgi) ... 
29B (Kim to JhBllti) ... 

G3 G,  R &  0, 
72 C, G,I<&L 

and 73 I 

63  O&I '  and 
72 D&I3 

39 3 6; 0 

39 N b 44 B 

47 L 6; P 

47 J. K 6; 0 

1929 

,, 

1930 

. 

1931 

1930 

As. 14 

A s .  10 

-1s.  6 

AR. 6 

As. 8 

As. 6 
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PART 11. GEODETIC WORKS OF REFERENCE 

Everest's Great Aro Book. 
1.  A n  account of the Measurement of a n  Arc of the Meridiat~ be. 

tween the parallels of 18' 3' and 24' 7', by Captain George Everest, 
F . R . ~ ,  kc., East India Con~pany, London, 1830. (Out  of print). 

2 ,  An account of the Measurement of two Sections of the Meridional 
Arc of Indir,  bounded by the parallels of 18' 3' 15", 24" 7' 11" nnd 
29" 30' 48", by Lt.-Colonel G. Ererest, F.R.~. and his assistants, East India 
Cotupnny, I,ondon, 1847. (Out  of print). 

3. Engrnvings to illustrate the above. London, 1847. (Out of print). 

G.T.S. Volumes. Describing the operations of the Great Trigono- 

~netricnl Survey. 

Vol. I The Stnndnrds of Nens~lre and the Bnse-Lines, also an Introduc- 
tory Account of the ewly operations of the Survey, during the 
period of 1800-1830. Dehrr  Dun,  1870. (Out of' print). 

Vol. I 1  History and General Description of the Reduction of the 
Principnl Triangulntion. Dehra Dun, 1879. (Out of print). 

Vol. 111 North-West (li~ndrilaternl. The Pritlcipnl Triangulation, the 
Rase-Line Figures, the l<ar%chi Longitudinal. N W. Hitnilrga, 
and the (ireat Indus Series. Dehra Diin, 1873. (Out, of print). 

Vol. lV Korth-West Qundrilnternl. The T'rincipnl 'I'rinngulation, the 
Great Arc Section 24'-30°, Rnhiin, Gurliigarh and Jogi-Ti18 
Meridional Series, and the Sutlej Series. Dehrn l%n, 1876. 

Price Rs. 10-8. 
Vol. IVA North-West Qendrilaternl. The Principal Trinngulntion, the 

dodhpur and theEastern Sind Meridion:ll Series with the details 
of their Xeduction and the Final R e ~ u l t s .  Dehra Dun, 1886. 

Price Re. 10.8. 
Vol. V Pendulnm  operation^, detnils of, by Cnptains J. P. Bn~eri nnd 

W.  J. EIeaviside, and of their Xeduction. Drlrrn Dun and 
Calcutta, 1879. Price Rs. 10.8. 

Vol. V I  Sonth-Enst Qendrilaternl. The Principal Trinngulntion 
Si~nultaneous Reduction of the following S e r i e ~  : Grent Arc 
Section 18' to 24O, the East  Coast, the Calcutta nnd the Rihr 
I.ongit.udinal, the J u b b u l ~ o r e  and the Bilispur Meridio~lnls. 
Dehrn Dull, 1880. (Out  of p1.int.) 

vol .  V I I  North-Enst Qeadrilnternl. (3eneral Description and Simul- 
taneous lleduction. A l ~ o  details of the followin:. fivc series: 
North-East I,otrgit~~dinnl, tlie Eudhon Meridional, tlio Rnnglr 
bIeridionnI, tlre Anrun bleridional, nnd the Knrira ~el,idiollal, 
Uehra Dun, 1882. price li~. 10.8. 

Vd. VIIT North-Enst Qiindrilnternl. Details of the following eleven 
eerie8 : 
Gurmini I\leridionnl, Gora Meridionall -fTurilioilg hlcr~irlionnl* 
('hendw5r Meridional, Nortlt P a r a ~ n i t h  bleridionnl, iVorth 
Maluncha Meridional, Cthlcutta Meridionnl, J';RH~ ( ' : t I c~ t t~  
Longitudinal, 13rahrnnputrn Meridion&], Eastcirti l''l.olltler 
Section 28'-26", and Assam Longitudinal. Dehrn Dull. 

Price Re. 10.8. 
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G.T.S. Volumes-(Concluded). 

Vol. I X  Telegrnpllic Longitades. During the years 1875-77 nnd 1880-81. 
Delrra Dun. 1883. Price Rs. 10.8. 

Vol. X Telegraphic Longitedcs. During the years 1881-82, 1882-83, 
and 1883-84. Uehra Dun, 1887. Price Rs. 10-8. 

Vol. X I  Astronornicnl Latitudes. During the period 1805-1885. Dehra 
Dun, 1890. Price Rs. 10-8. 

Vol. XI1 Southern Trigon. General Description r111d Simultaneous Re- 
duction. Also details of the following two sories : Oreat 
Arc Section 8O-18", and Bombay Longitndinal. Dehra Dun, 
1890. Price Rs. 10-8. 

Vol. X l I I  Soutllerr~ Trigon. Details of the following five series : South 
Konkau Coast, Maugulore Meridional, Madras Meridional 
and Coast, South-East Coast, and Madras Longitudinal. 
Dellra Dull, 1R90. Price Rs. 10-8. 

Vol. X I V  Soutll-West Q~~adrilntcrnl. Details of Principal Triangulation 
and Si~~lultaneous l<eductiorr of its component series. 
Del~rn Dun, 1890. Price Rs. 10-8. 

Vol. XV Telcgrnl)l~ic Lungit~ldes. Prom 1885 to 1892 arrd the Revised 
Results of Volumes IX and X :  also the Simultaneous 
l i educ t io~~ aud Fiual Hesults of the whole Operations. 
1)ehra Dun, 1893. Price 12s. 10-8. 

Vol. XVI Tidal Observations. From 1873 to 1892, aud the Methods of 
lteduction. Dehra Dun, 1901. Price Rs. 10-8. 

Vol. XVII Te1egrnl)llic Lotlgit~ldes. l)u~.ing the years 1804-95-96. Tlre 
Indo-IS~rropenn Arcs fro111 Karachi to  Greenwich. Ueh1.a 
Dun, 1901. Price Rs. 10-8. 

Vol. XVIIl A n t r a ~ ~ o ~ ~ ~ i r n l  I~n t i t~~dcs .  From 1885 to 1905 R I I ~  the deduced 
values ot Plumb-line I)eflectio~~s. 1)elli-a Dun, 1906. 

Price Rs. 10-8. 
Val. XIX Levelling ol' I'rccisiol~ it1 It~clin. F r o ~ n  1855 to 1909. D&ra 

l)ii11,1910. Price Rs. 10-8. 

Vol. XlXA ne11c11 lllnrks on the Sor~ t l~er t~  Lirleli of Levelli~lg. Del~ra 
L)lin, 1910. Price Rs. 5. 

Vol. XIXB Bc~~cl l  Mnrks or1 tile Xortllcrn Lines of Levelling. ~ e h r x  
Duu. 1910. Price Rs. 5. 

P A R T  111. H I S T O R I C A L  A N D  G E N E R A L  R E P O R T S  

Memoirs. 

1. A Memoir or1 the Indian Survcys, by C. R. Markhsm, India 
Office, London, 187 1. Prrce Rs. 5 .  

2. A Memoir on the 111tlian Surveys. (Second Edition), by C. R. 
Marltham, L.B. ,  F . ~ L . s . ,  India Office, Londou, 1878. 

Price Ra. 5-8. 
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Memoirs-(Concluded). 

3. Abstract of the Reports of the  Surveys and of other Geographical 
~ ~ ~ e r a t i o n s  in India, 1869-78, by  C. R. Markham and C. E. D. 
Black, India Office, London. Publislled annually between 1871 
and 1879. (Out  of print). 

4. A Memoir on the Indian Surveys, 1875-1890, by C. E. D. Black, 
India  Office, London, 1891. Price As. 5-8. 

" Notes of the Survey of India " are issued monthly. P ~ i c e  A.9.2. 

Annual and Special Reports. 
Annual Reports of the Revenue Branch. 1851 to 1877. (Out  of prinl). 

Ditto Topogrnphiccl Branch. 1860 to 1877. (Out of print). 
Ditto Trigonoluetrical Umnclt. 1861 to 1878. (1861 to 71, 

out of print). Price Rs. 2. 
I n  1878 the three branches were atnnlgamated, and from that dnte 

onwards nnnunl reports in single volumes for the whole department, mere 
published as follows : 

Qenernl Reports from 1877 to 1900. 
from 1900 to 1922. 

Price Rs. 3 per volume. 
Price Rs. 2 pel. vollaa~e. 

P r o ~ n  1900 onwards the Heport was issued nnnt~ally in the form 
of a condensetl statetnent Itno~vn as  (a) the "Uenernl Report" supple- 
mented by fuller reports, which were called ( b )  " Extracts fro111 Nnrmtive 
Reports " up to 1909, and then (c) " Recorcls of the Survey of India" uutil1921. 

From 1922 the at1 nual reports are published in three separate volumee of 
octavo size. viz., (a) Ge~iernl Report which is coufined to reportingthe Survey 
operations of the ordiu:iry field parties and detachments with only brielnbs- 
tracts of Geodetic opernt io~~s,  Map Publication and Office work. Publishell 
ant~unlly Price 1922-25 Bs. 2, j r o m  1925 Re. 1.  (d) Nap ~~tblicntioll 
and Office Work report which contains all  the Index Maps showin:: the 
Progress of Map lJublication on all scales, with reports on l~ublicatiou and 
issue. Published a ~ ~ t ~ u a l l y  beginninR with year 1924. Pvice RP. 1.  (e) 
Ueotletic Ileport which inclucles full details of all scientific worlc of tile 
Geodetic Branch, Survey of Iudin excluding the worlc of the Uellra 
D r n w i n ~  Oflice and Publication Office. 

These fuller reports are available as  follows : 
( b )  Extracts from Narrative Reports. 

1mo-01. Recent Improvements in Photo-Zincography. G. 'l'. Trian- 
gulation in Upper Burma. Es\~erimental Base Messurement 
Jaderin Apparatus. 'I'opogrnpliy in Upper Burma. Calcutta, 1903, 
(Out of print). 

1901-02. Q.T. Triangulation in Upper Burma. ~ o ~ o ~ r a ~ ~ ~ y  in 
Upper Burma. Bind, Punjnb. Calcuttn,l9O-h. (Out  of print). 

lnO.'-Oz. Principal Triaugulation in Upper  Burma. ~opograp l l~  in  
Upper Burma, Shan Stntos. Survey of Siimbllar Lnlre. Introduction of  the 
Contract S y ~ t e m  of Payment in Traverse Surveys. Traverning wit11 
Subteuse Bar. Compilation and Reproduction of Thina Maps. Cnlcutta9 
1 0 ~ 5 .  Rs. 18. 
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Annual Reports &c.-(Continued). 

1903.04. Utilizatioli of old Traverse Data for Modern Surveys in 
tile United Provinces. Ide~~tification of Sllow Penks in Nepil. Topo- 
graphical Surveys in Sind. Notes on tomu and Muuicipal Surveys. Notes 
on ltiverain Surveys in the Purljnb. Calcutta, 1906. Price Rs. 1-8. 

1906.05. Triangulation iu BaluchistLn. Survey Operations with the 
Somiililand Field Force. Calcutta, 1907. , Price Rs. 1-8. 

1905-06. Topog~aapliy in  Shnn States Calcuttn, 1908. Price Rs. 1-8. 
1906-07. Trinugulation in Baluchistin. Topography in Shan States. 

Calcutta, 1909. Price Rs. 1-8. 
1907-08. Topography in Shim States. Calcutta, 1910. Price Rs. 1-8. 
1908-09. Calcutta, 1911. Price Rs. 1-8. 

( c )  Records of tho Sr~rvep of hidin. 
Vol. I 1909-10. Calculta, 1912. Price RE. 4. 

Vol. 11 1910-11. Calcutta, 1912. Price Rs. 4. 
Vol.111 1911-12. Calcutta, 1913. Price Re. 4 .  
Vol . IV  1911-13. lSsl)lo~~ations on the North-East Frontier. North 

IJurma, lfishmi, Abor and l l i r i  Surveys. Calcutta, 1914. 
Przce Rs. 4. 

VOI v 1912-13. Note 011 the relationsl~ip of the Himiilayas to the Indo- 
Gaugetic Plain. Calcutta, 1914. P~ice  Rs. 4. 

~ o l .  V I  1912.13. Link counect i~~g the Triangul:~tons of Iudia and Russia. 
llellra Uii~i ,  19 14 Price Rs. 4 

Val. V I I  1013.14. Note on Scales aud cost rates of Town plans. 
Calcutta, 1915. P~ice  Rs. 4.  

rsl. V I l I  { 1Y6"~79 Pnrt' I Erylorat,ions in Tibet and na ig l~bour in~  
1870-!)2 l'nrt I1 

r e g i o ~ ~ s .  Del~ra L)<III, 1915. Price of ench part Rs. 4. 
VOI. V I I I  (A) 1!)14. 1Srplor:1tions ill tlie E ~ n t e r n  Kara-koram and the 

Upper T%.l.lta~id Valley, by Lt.-Colouel H. Wood, n.E. Delira- 
Dull, 1922. Price Rs. 3. 

Val. I X  1914-13. Criterion of streligtl~ of Tndinn Geodetic Tri:tngu- 
Intion. A t~,:tvcrxe x i g ~ ~ a l  l'or City Surveys. "The plains of 
Northern Intlia :\nd their relationsl~il) to tlie Hir115la~a 
Mountains " a11 address by Culo~lel S. G. B ~ ~ r r a r d ,  F . R  s. 
Report 011 l'urco-Persian Frontier Colnmission. C;~lcnttn, 1916. 

Price Rs. 4. 
~ o l  x l9lii.16. Mechn~iic;~l Integrator for calcrilating Attract,ions 

( i l l~ i s t~~a tcd) .  Traverse Survey of the boundary of Iml)erial 
Dell~i. Dehrn Duu, 1917. P~ice  Rs. 4 .  

Vol. X I  101(;-17. Triangul:rt,ion ; use of Iii,oh trestle for stntions and 
100-foot in:~st ~ ig~ln l s .  Note O I I  Basevi's Pendulum Opera- 
tioiis nt RIor6. Pliot,o-Litl~o Office ; N e v   letho hod oE pre- 
I)nrin:: Lnper plntes ; Dcvelol>~~~rnts  nnd Improvements i n  
r i g  i t - a t e  Dellra Dun, 1918. Price Rs. 4. 

Vol. XI1  N o t ~ ~ s  011 S111,vey of India Mnps nlid the modern development of 
India11 C ~ r t o ~ r : ~ l ~ h y ,  by Lt.-Colollel W .  M.  Coldstream, R.E., 

Superintendcut, hlap Publicatiori Calcuttn, 1919. Price Re. 3. 
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Annual Reports kc.-(Continued). 

~ i l .  XI11 1917-18. Photo-Litho office ; the Powder Procese. Problem of 
the Himklayau and Gangetic Trough; Review by Dr. A. 
Morley Davies. Dehrn Dun, 1919. Price Rs. 4, 

Vol. XIV 1918-19. Levelling in  Mesopotamia. Dehra Dun, 1920. 
Price Rs. 4. 

TOT. XV 1919-20. Levelling ; proposed new level net.  The Earth's Axes 
nnd Figure, by J, de Graaff Hunter (a paper read a t  the R. A. S. 
Geophysical Neeting). Heport on the expedition to K:~met. 
Note on the Topography of the Nun Kull Massif in Ladikh. 
Dehra Dun, 1921. Price Rs. 4. 

VO]. XVI 1020-91. High Climbs in the Himiilayn prior to the Evercst 
Expedition. Mt. Everest Survey Detnchrnent, 1921. Traverse 
Survey of Allahlbld city. Settlement of Bour1dnl.y between 
Mysore nnd South Knnara. Dehra L)iill, 1922. Prire Rs. 4. 

Vol. XVII 1993. Memoir on Maps of Chinese Turkistiiu and Icnnsu 
from the Surveys made during Sir A. Stein's Exl,lorations, 
1900-01, 1906-08, 1913-15. Dehra Diir~, 1923, Pvice Rs. 12. 

Val. XVIII 1'321-22. Traverse Survey of Allnhibiid city. Settlement of 
Boundary between Mysore and South Kanara. Notes on 
Revision S ~ ~ r v e y  in the neighbourhood of Poona. Dehrn Din, 
1923. Price Re. 4. 

Vol. XIX 1901-20. The Magnetic Survey, by Lt.-Colonel R .  H. 'l'homas, 
D.s.o., R . E . ,  and E. C. J. Bond, v . ~ ,  Dehra D u n ,  1926. 

Price RE. 4 .  
Vol. XY 1914-90. The War Record. Dehra Dun, 1925 Price Rs 3.  

Vd.  XXI , 1929-23-94. I. Air Survey in the Irramnddy Delta 1923-24, by 
Mnjor C .  (3. Lewis, R.E., and 11. I{econnaissnnce Snrvey in 
Bhutan and Sollth'Tibet 1922, by Captain 1%. It. C. Rlende, 1 . A .  

Dehrn, lliin, 1925. Price Rs. 1.8. 
Vol. XXII 19%-Exploration of t,he Shaltsgam Valley and Agliil Ranges, 

1926, by Major K. Mason, M.c. ,  R.E. Dellra L)ULI, 1928. 
PI ice Re. 3 

Vol.XXII1 1926.50. Report on Sind Rectsngulation, 1926-30, by Lt.- 
Colonel A. H. Gmyn, I. A. Dehra Dun, 1932. Price R8. 1-8. 

(e)  Geodetic Reports. 

Val. 1 1934-25. Computations and Reaenrch. Tidal work, l'ime end 
Mngnetic observations. Lntitude and Pendulum ol)sc.rvat,ions 
in Rihiir, Assam and Kashmir. Levelling. L P C ~ I I ~ R  011 . 'The 
height of Mount Evcrest nild othel- Pealrs". Uehra I)inl, 1928. 

P,.lce Iia. 6. 

Vol. 11 1925-26. Computations and IZesesrch. 'l'idnl morlc. 'I'illle and 
Mngnetic obsersntions. Prepnrn,tion.q for the ~ntcs~*nntionnl 
Longitude Project. Triangulation I,evelling. 1nvr:;ti:ation 
of the behaviour of tree bench marlrs in Indin. Dtxlll.n I ) f in l  

1928. Pr i ce  Rs. 3. 
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Annual Reports kc.-(Concluded). 

Val. 111 1920-27. The International Longitude Project. Computations 
and Publication of data. Observatories. Tides. Gravity aud 
deviatiou of the vertical. Triangulatiou. Levelling. Hesearch 
and 'l'echnical Notes recarding Personal Equation Apparatus and 
the height of Mouut Everest. Dehrn Diiu, 1929 Price Re 3. 

Val. IV 1927-28. Colnputations and Publication of data. Observatories. 
Tides Gravity and deviation of the vertical. Triangulation. 
Levelling. Dehra Dun, 1929. Price Re. 3. 

Vole V 1928.29. Computatiousand Publication of data. Observatories. 
Tides. Gravity nnd deviation of the vsrtical. Triangulation. 
Levelling. lteseilrch and Technical Notes. Dehra Dfm, 1930 

Price Re. 3. 
Val. VI 1929-30. Computations and Publication of data. Observatories. 

Tides. Gravity. Triangulation. Levelling. Research and 
Tecl~nicnl Notes. Dehrn Uiin, 1931. Price Rs. 3. 

Val. VII 1980.31. Computations and Publication of data. Observatories. 
T~des. Deviat~on of the verticnl. Gravity. Triangulation aud 
Base Measurement. Levelling. The Magnetic Survey. Dehra 
Dun, 1932. Price RE. 3. 

Val. VIII 1031-34. Computations and Publication of dntn. Observatories. 
Tides. Gravity Triangulation. Levelling. Heseilrch and 
Technical Notes. Dehra Dun. 1933 Price RE. 3. 

P A R T  I V .  C A T A L O G U E S  A N D  I N S T R U C T I O N S  

Departmental Orders. 
From 1878 to 1885 the Surveyor General's orders mere all issued 

os " Circular Orders 'I. Since then they have been classified as  folloms : 
f 1. Uovernu~ent of India Orders lcnlled "Circular .- - 

Ordere " up to 1898). From to as Orders (Adu~inistmtive) 
3. Deynrtu~entnl.Orders (Professionnl) 

I n  1904 the various orders issued since 1878 were reclavsi 6ed as follows: 
Nt tn~bcr  t o  date. 

1. Govcrnn~cnt of Indin Orders. 856 
2. Circulnr Orders (Adu~inistrntive). 429 
3. Circr~lnr Ortlers (Profes~ionnl). 196 
4. Depnrtlnentnl Orders (appoi~~tnlente, promotions, transfers etc.) 

These are numbered serially and had reached the above numbers 
by September 1932. Governnze~~t of India Orders a d  Circular Orders 
(Administralive) are bound up in volumes from time to time, as  shown 
below, while C i ~ c u l a ,  Orders (Pr(!feeaional) are gradually incorporated 
in the Survey Handbooks. Besides the above, temporary orders have 
been issued since 1!)10 in the form of "Ci rc~~lnr  RIenlos". These either 
l a l ~ s e o r  become incorporated in some more permanent form, and are 
therefore only numbered serially for each year. Bound volumes of orders 
rre available-as follows : 

1. *Governme~lt of India Orders (Depnrtmentnl) 1878-1903. 
Cnlcuttn. 1904,. 

1004-1908. Cnlcuttn, 1909. 
, I  

(Out of print). 
1909-1913. Cnlcuttn, 1916. , 
1914.1918, Calcatt,n, 1920. 

9 )  ,1 

1919.1924, Dehra Dun 1929. 9, ,, ~- 
For Departmental nse only. 



at36 GEODETIC REPORT 

I l e p a r t m e n t a l  Orders.-(Concluded). 

2. *Circular Orders (Administrative) 1878-1903. . Calcutta, 1904. 

, )  1904-1908. Calcutta, 1909. 
,, I ,  1909-1913. Calcutta, 1915. 
,) I t  1914-1918. Calcutta, 1920. 
9 ,  9 r 1919-1924. Dehra Dun, 1926. 

3. * Regutations on the subject of Language Examinatious for 
O5cers  of the Survey of India. Calcutta, 1914. 

4. + Map Publication Orders 1908-1914 (Superinteudent, Map 
Publication's Orders.) Calcutta, 1914. 

5. Specimens of papers set a t  Examinations for the Class 11 
Service. Debra DGn, 1927 & 1929. Price Re. 1 per year. 

Catalogues and Lists. 

1. Catnlogne of Maps publislled by the Survey of Jndia. Calcutta, 
1931. Price Re. 1. 

Lists of new maps published during each month appear in the monthly 
NOTES O F  THE SURVEY O F  INLIIA. These montl~ly lists are also 
issued separat,ely. 

2. Cntnloglle of Maps of Borma. Calcutta, 1925. 
P~ice As. 8. 

3. Cntnloglle of Maps of Cnntolnnents and Military stations. Dehra 
Dun, 1927. Price As. 8. 

4 .  Catnlogno of Boolts in the headquarters Library, Calcutta, 1901. 
(Out of print). 

5.  Catalogue of Scientific Books aud Sul~jects in  the Library of the 
Trigonometrical Survey Office. Dehrn Dun, 1909. P ~ i c s  Re. 1. 

6 .  Classified Cnlaloguc of the Trigonoluetric&l Survey Library. Debra 
Dun, 1921. Qrdis 

7. Green Lists. Part I List of Officers in the Survey of India 
(annually to date 1st  January. Supplelllentary Edition 
dated 1st July 1932), Cn ,I l cuttn. Price Re. 1.2. 

 par^ I1 History of Services of Officers ill the 
Surrey of India (aonu:~lly to date 1st July. 1932 
Editio11 uot published), Calcutta. Plice 8s. 1-2, 

8. Bllle Lists. Ministerial and Lower Subordinate ~stablisl1mellt~ 
of the Survey of India. 

Part I IIe~dquarters  and Dehra Dun olfice~ ( 1 ) ~ ~ -  
lished arlnunlly to dr~te  1st  A1,ril. 1932 Editlou 
published on 1st July ), Calcutta. Pricc Rs. 6-6. 

Part 11 Circles and I)nrties (I~ublislled :rnn~lnlly to 
(late 1st .January. 1932 Editior~ pul)lisl~cd on 1st 
July ), CnIc~~t ta .  PTICO 12.9. 8-10. 

9 List of tllc P~~bllcntions of the S ~ ~ r v c y  of lr~ilia ( l)nblisll~d s~~llllally) 
Dehr:~ Uiun. (:rnlir 

10. Price List of Nntl~rolntic.rl I I I S ~ ~ I I I I I P I I ~  O ~ C C .  Corrected lip 10 

1st September 1927. Calcuttn, 1028. (:rat'c 

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

* For Drpsrtmentnl use only. 
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Tables and Star Charts. 

1. Auxilinry Tnbles. To f:lcilitate the calculations of the Survey of 
India. Fourth Edition, Delira Dull, 1906. (Out of print). 

2 .  A~~xilinry Tnbles. Of the Survey of India. Fifth Edition, 
(revised and extended), by J .  de Oraaff Hunter, ~ I . A . ,  s c . ~ . ,  F. INST. P. 
lu parts- 

Part I Graticules of Maps, (reprinted). Dehrx Dun, 1926. 
Price Re. 1. 

Part  I1 Mathematical Tables, (reprinted with additions). 
Delira Dun, 1931. P ~ i c e  Rs. 2. 

Par t  I11 Topographical Sui-vey Tables, (reprinted with addi- 
tions). Dehra Dun, 1928. Price Re. 3. 

Par t  I V  Geodetic Tables, (A) Triangulation Ta,bles. Dehra Dun, 
1931. Price Re. 1. 
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4 .  Metric Weights and Measures and other tables. Photo-Litho 
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deciulals. l)ehra Dull, 1915. (Out  of print). 

7. Common Logarithms to 5 places of deci~nals, 1885. (Out of print). 
8. Table for determilling Heights in Traversing. Del~ra  Dun, 1898. 

Price As. 8. 
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tense of 20 feet. Dehra Diin, 1889. Price As. 4. 
10. a P 9 ,  10 feet. Calcutta, 1915. 
11. " I )  1 9  8 feet. 1 9  

12. Field Traverse Tables. First Edition. Calcutta, 1928. Price As. 8. 
13. Star Charts for latitude 20' N., by Colonel d .  11. Hobda,y, 1.s.c. 

Calcutta, 1904. Price Re. 1-8. 
14. Star Charts for lntitude 30' N., by Lt.-Colouel S. G. Burrnrd, R.E., 

r.1t.s. Dehra Diin, 1906. Price Rs. 1-8. 
1 5 .  Star Charts for latitude 15" N. Dehra Dun, 1928. Price Re. 2. 
16. Star Charts for latitude 30" N. Dehra Dull, 1928. Price Rs. 2. 
17. Catalogue of 249 Stars for  epoch 1st  Jan.  1893, from observations 

by the Survey, Dehrn Duo, 1893. Price Rs. 2 .  
18, * Itainfall, mnsim~u~u and minimum temperatures, from 1865 to 

1027, recorded at  the Survey O5ce  Ob~ervatory, Dehra Dun, 1028. 
19. *Roolrlct of conve~~tional sigus for use on Plaue-t.nble Sections. 

Second Edition, 1928. 

Old Manuals. 
1. A MRllual of Snrveyiug for India, (letnilin:: themode of operations 

on the I{e\rellue surreys ill Reu~nl ,  :ln,l tho North-\Vesteril l ' r~\~inces. 
C'oltipiled by Cnpt:iins It. Sulyth, nuri 11. L. Tliuillier. Calcultn, 1851. 
(Out of print). 

2. Ditto Second Edition. London, 1855. (Out  of print). 
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Old Manuals.-(Concluded). 
3. A Manual of Surveying for India, detailing the mode of operations 

on the Trigo~lo~netrical, Topographicnl nnd Hevenue Surveye of Indifi. 
Compiled by Colonel H. L. Thuillier, c.s.1, F.R.S . ,  and Lt.-Col. It.  Bmyth. 
Third Edition, revised and enlnrged. Calcutta, 1875. (Out  of print'). . , 

4. Hand-Boot, Revenue ~ i . anch .  Calcutta, 1893. Price Rs. 2-8. 
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1. * Hnnd-Book of aeuernl Iustruct,iotls (iu 2 vols.) Fifth Edition. 

1927. 
2. Hand-Book, Trigonolnetrical Brancll, Second Edition. Calcutta, 
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3. Hand-Book of Trigonometricnl Instructions. Tlrird Edition. Parts 
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Part  I Geodetic Trinngulation. Firs t  Edition. Dehra D b  
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Pnrt  V The Tides. First Edition, revised, Dehra Dun, 1926. 
Price Rs. 2. 

P a r t  V I  Levelling. Second Edit,iou, revised, Dehra Dun, 1928. 
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4. Hand-Book, Topographicnl Branch. Third Edition. Calcutta, 1905. 
(Out  of print). 

5 .  Hand-Book of Topography. F o u r t l ~  1Sdition. Cnlcuttn, 1911. 
Chapters, in pamphlet forlns 

Chapter. I Ititroductory. Fifth Edition 1932. PriceAs.8. 
,, 11 Constitution nnd Org;lnixation of a Survey Party. 

reprinted with additions, 1923. Price As .  8. 
,, I11 Triangulation and its Computatio~l.. revised 1930. 

Prioe Re. I .  
,, I V  Theodolite Traversing. Third Edition, 1927. 

Price Re. 1. 
,, V Plane-tabling. T11il.d Edition, 1926. Price Re. 1. 
,, V 1  Pair Mapping. reprinted with additions and re- 

vised, ( Sixth Edition ) 1928. Price Re. 1. 

,, V I I  Trans-Frontier Reconnaissance. Third Edition, 
1924 Price As. 8. 

,, V I I I  Survey8 i n  Wir.  Second E d i t i o ~ ~ ,  1930. PrzceRo.1. 
,, IX Forest Surveys and Maps. 1925. Price An. 8. 
,, X 31np Reproduction. Third Edition, 1928. 

Price As. 8. 
,, XI Geographical Maps. S e c o ~ ~ d  Edition, 1926. 

Price A8.8. 
,, XI1 Air Surreys ( P r o ~ i ~ i o n n l  lStli1,iorl). At Pre~8. 

6 'Phot~-Lltl~o Omcr, Notes on ()rg:lllizR[;io,l, ~ ' [ c ~ I I o ~ ~ R  : L J I I ~  I'loceflfleb 
by Major TV. C. II~clley, R . E .  'I'l~ird Edition. ('nlcntta, 192.1 

7.  The Rcprod~ictlon (for tllc guidnnce of o t l ~ r r  Depnrttt~ants) of MnPs? 
Plnns, Photogrnpl~s, Dingrnn~e, :1nt1 Line Ill~~strrt~iotls.  ~ ~ l c u t , t : ~ ,  1914. 

pri(-c 128. 3. 
8 Zlnrveg of Indin Copy Book of 1,cttorlng. ('nlcutta. Price Ra. 3.8. 

L 
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Notes and Instructions. 
Drawlng nnd paper. 

1. *Notes on Printing Papers suitnble for Maps,, and on Whatman 
Dmwing Pnper, by Major W. BI. Coldstream, n.E. Calcutta, 191 1. 

(Out of print). 
Printirlg and Field Lit110 processes. 

2. *ltt?port 011 Ifubber ORset Printing for Maps, by Ma.jor W. M. 
Coldstrearn, R.E. Calcuttn, 191 1. 

3. *Notes on the "Vnndyke" or Direct Zinc Printing Process, with 
details of Apparatus and Chemicals required for n stnall section. Cotnpiled 
in the Photo and Lit110 Office, Survey of India. Cnlcuttn, 1913. 

(Out of priut). 
4. *Notes on sotne of the i\lethods of Map lteprocluction suitable for the 

Field with appendix-Suggested Equip~neut Tables for the Light Field 
Lit110 press (experimetttal), by Lieut. A .  A. Chase, n.E. Cnlcuttn, 1911. 

5 .  "Report on n trial of the equ ipu ic~~t  of the 1st (Prince of Wales' 
O w r i )  Snppers and Afiuers, for reproducing maps in the Beld, 
by Lieut. A .  A .  Cl~nse, n .s .  Calcutta, 1912. (Out of print). 
Bnsc Lines nrrd Jlng~rctie. 

6. "Notes on use of the Jaderin Base liue Appnratus. Dehra Dun, 
1904. (Out of print). 

7. *BIiscellaueous l'npers relating to the nfeasure~nent of Geodetic 
Bnses by .Jiideriu Invar Apparatus. Dehra Diiu, 1912. 

8 .  *Instructions for talting RIagl~etic Observations, by J. Eccles, m A. 

Dellr:~ Dun. 1896. (Out of print). 
9. Rectnng~rlar Co-ordirlntcs. On n Si~nplificntiott of the Comp~~tntiorta 

rel:~ting to, by J. Kccles, N.A. Uehra Diin, 1911. Price Re. 1 .  
10. *For Esplurrrs. Notes on the use of Thermometers, Barotl~eters 

inti Hypso~netet .~ with Tables for the Coniputntion of Heights, by 
J. tie Grx~ll' I l ~ ~ n t e r ,  sr.a.  Delirn Dii11, 1911. (Out of print). 

11. "Amendetl Instrc~ctious for t.he Survey and Mapping of T o m  Guide 
bfnps. August 1919 

12. "Notes on t . 1 1 ~  mnp of Arnbin and tlro I'ersinrl Gulf, wit11 n gener~~l  
index of plilce natnes 0 1 1  the ~ n ~ l p ,  1905-08, by Captain F. Prnser Hutitel., 
I . , \ .  Calcutta, 1010. 

13. Accort~~ts Pnu~plrlet. Notes on nccounts for field units. DehraDun, 
1928. Price Re. I .  

P A R T  V. 3 l I S C E L L A N E O U S  P A P E R S  

Unclassified Papers. 
aeogrnphy. 

1. A Sltetcl~ of t l ~ c  Geography and Geology of the ~ i r n ~ l a y a  Mouu- 
tait~s nnd Tibet (in four ,~arts),  by ('oloncl S. G .  Dnrrn~,d, R.E., F.R.s., Supclt., 
Tri,gonol~~rtric:~I Snrvryr, nnd H. EI. 1I:~yrlrn. n. , i . .  ~ . c t . s  , Supdt., Geologicnl 
Yurvey of India. C:\lcnttn, 1907-011. (cVrco~tl  Etdition at p r e s s ) .  

Pnrt I 'I'l~e High I'enlts of Asin. 
,, TI  'Yhe Pri~~cip:ll  h l o s ~ l t r i ~ ~  Ranges sf Aria ) P ' 

,, 1 I T  'I'he Rivers of (, I I (?  IIitnrilnya and Tihct. 
,, I V  The (feology of t.he 1~litn;ilnyn. 
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Unclassified Papers.-(Continued) 
2. *Report ori tlie Identification nnd Nomenclature of the Hiln&lnyan 

Pealcs as seen from KBtmindu, Nepal, by C'aptnin H. Wood, R.E. C'aIcuttn, 
1904. 

3. Routes in tlie Western-HimBlnyn, K a ~ h m i r  etc., by Lt..Colonel 
T. G. Montgomerie, R.E., F.R.s., F.R.Q.S. Dehra Dun, 1909. (Out of print). 

4. Routes in the Western-Himilaya, I<ashiiiir etc., with which are 
included Montgomerie's lioutes. Volunie I. Punch, Kaeh~nir and Lad&ll, 
by Major M:rson, n ~ c . ,  R.E., Second Edition, Calcutta, 1929. Price Rs. 6. 
Esplurntion. 

1. *Accouut of the Survey Operations in connectiou with the 
Mission to YBrltand r~nd Icashgar in 1873-74, by Captain Henry Trotter, R.B. 
Calcutta, 1875. (Out  of print). 

2. Report on the Trans-Himalayan Explorations during 1869. (Out of 
print). 

3. Report on the Trans-Himilnyan Explorations during 1870. Dehra 
D ~ ~ I I ,  1871. (Out  of print). 

4. Report on the Trnns-Himilayan Bxplorations during 1878. 
Culcuttn, 1880. (Out  of print). 

5 ,  Where is it. Reference index showing geographical position 
of all important localities in I N D I A  aud adjacent countries, in four parte. 
Calcutta, 1928. 

Part I Place names. Cities, towns, mid other sites. 7 
,, I 1  Iiailway ~trltions. Complete list, 1928. 
,, 111 Localities. Districts, States, Tribes etc. 

I Pviee 

,, I V  1'hysic:rl. llanges, passes, peaku, gltlciers, t As. 12. I 
rivers, cnuiils, lakes, bays, c:iprs, islands etc. J 

6. Glossary of Vernacular Terms used iu Survey of Iiidin Maps. 
Calcutta, 1931. Price As. 5. 
Special Reportu. 

1. Xlteport on the Mussoorie and Landour, TCumaun and Garliwil, 
118nilrhet and ICosi Valley S u r \ 1 e ~ ~ ,  extended to PesllBwar slid Icighin 
Triangulation d u ~ i n g  1869-70, by Major T. G. Montgomerie, R.E. (Out  of 
print). 

2. Report on tlie Recent Deterlaination of the Longitude of Madras, 
by Captain S. G. Burrnrd, R.E. Calcutta, 1807. (Out of print). 

8. *Report on the Observations of tlie Total Solnr Eclipse of (;th April, 
1875 at  Cnmorta, Nicobrtr Jslands, by Captain J. Wnterl~ouse. Calcuttn, 
1875. (Out  of  print). 

4. *The 'rota1 Solnr Eclipse, 22nd January, 1898. Dehra Dun. 1898. 
(1) Iteport 011 the observations at  Dumraon. 
(2) Ijeport on tlie observations a t  Pulg:~on. 
(3) Report on the observationa at  Snhdol. 

5. *Report on 1,ocal Att,raction in India, 1893-94, by Captain 
S. G .  Burrard, n.E. Calcutta, 1895. (Out  of print). 

6. *lieport on the Trigono~netrical lies~llta of the Enrthqllalte in 
Assnm, by Captain 8. G. I311rr:1rd, n.E. Cnlcatta, 1808. (011t  of  ~)l'illt)- 

7. *Noten on tlie 'l'opographicnl Survey of t,he 1/50,000 Sllt'et~ of 
Algeria by the Tol,ograpIiical Section of the " Hervice (fcograplllque 
de 1'ArmGeV, by Captain W. M. Coldstream, R.E. Calcutta, 1906. 

/ 
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Unclassifled Papers. -( Concluded). 

8. *The Simla Estates Ijou~ldnry Survey on tlte scale of 50 feet to 
1 inch, by Captain E. A .  Tandy, R.E. Cnlcutta, 1906. 

9. *A note on the stage reached by the Geodetic Operations of the 
flurvey of India in 1920, by Lt.-Colonel H.McC. Cowie, R.E. Tlte Magnetic 
Survey of India, by Major 1<. H. 'rhomas, D.s.o., R.E. and a note on the 
present levelling policy, by Major K.  Mason, N.C , R.E. Dehra Dun, 1922. 
(Out of print). 
geodesy. 

1. Notes on the Theory of Errors of Observation, by J. Eccles, N.A. 
Dehra Dun, 1903 Price As. 8. 

2 .  'Note on n C11a11ge of the Axes of the Terrestrial Spheroid in  
relation to tile Triangulation of the G.'I'. Survey of India, by J, de Grnaff 
Hunter, M.A. Dehra Dun. (Out of print), now incorporated in 
Professional Paper No. 16. 

3. lieport on the Treatmeut, and use of Invar in measuring Geodetic 
Bases. by Captniu H. 1-1. Turner, R.E. Lotidon, 1907. Price As. 8. 

Projections. 
1 On the projection used for the General Maps of India. Dehrn 

Dun, 1903. 
2. *On the deforlnation resulting from the method of constt-ucting 

the International Atlas of the World on the scale of ono to one million, 
by Ch. Lallemand. Tt*nnslated by J. Eccles, N.A., together with tables for 
the projection of 1/M Maps or1 the International system. Deh1.a Dun, 
1912. 

Mnpping. 
1 .  *A Note or1 the different metl~ods by wl~ich l~ills can be represent- 

ed upon maps, by Colonel S . G .  Burmrd, c .31 ,  R.E. ,  F.R.s., Surveyor 
Qeueral of India. Simln, 1912 

2. *A Note on the representation of l~ills, by Major C. L. ltobertson, 
c.ar.o., R.E. Dehrn Dun, 1912. 

3. *A Note on the repreaentatio~l of hills on the Maps of Indin, by 
Mnjor P. W. Pirrie, I . A .  Debra Dull, 1913. 

4, *A considerntion of the Contour intel*vnla, and Colour Scales, best 
suited to Indian 1/hf maps, by Captain M.OIC.  Tnndy, R.E. Calcutta, 
1913. (Out of print). 

Professional Papers. 
NO. 1. Projection. 011 tlle Projection for n &lap of India, nnd adjn- 

cent C o u i ~ t r i ~ ~ ,  on the scale of 1 : 1,000,000, by Colol~el s t .  C f .  C. (fore, 11.E. 
Becond Edition. Dellrn Dun, 1903. Price Be. 1. 

No. 2, "Dnsn Linas. Method of men~urir~g Geodetic Bases by menns 
of Metnl]ic Wires, by ill. Jiiderin. (Trnnslat,rd from Memoires PrGsentes 
pnr Divers. Sn\rnnts 1' Acntleluie d e ~  Sciences de 1' Institute do Prclnce). 
Dolira Dun, 1899. (Out  of prinl). 

No. 8.  Bnsc Lil~cs. Metbod O F  rnoa~r~~, iug  Geodetic 1 3 a ~ t . ~  by lnenne 
of C'olby's Compensated 13ars, com!)iletl I)y L i ~ u t ,  1 1 .  McC. Coi\,ie, ILE, , 
Dehra Ilun, 1900. (Out  of print). _ _ -_ _ - -  --  
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Professional Papers . - (Cont i~n~ed) .  

No. 4. Spirit levels. Notes on the Calibration of Levels, by 
Lieut. E. A. 'l'nndy, n.E. Dehrn Dun, 1900. (Out of print). 

No. 5 .  Geodesy. The Attraction of the Himctlay;~ Mountains upon the 
Plumb-Line in India, co~lsiderntions of recent data, by Major S.G, 
Burrard, R.E. Second Edition, Dehra Dun, 1901. Price Rs. 2. 

No. 6. Bnse Lines. Account of n Determination of the Coefficients of 
Expnnsion of the Wires of the Jiderin Base Line Apparatus, by Captoin 
G .  P. Lenos-Conyngl~am, R.I.:. Dehra Dun, 1002. Price Re. 1. 

No. 7,  *Iisccllnncons. Calcutta, 1903. Price Re. 1. 
(1) On the values of Longitude employed in maps of the 

Survey of India. 

(2) Levelling across the Ganges nt DBmukdin. 

(3) Experiment to  test the increase in the length of a 
levelling str~ff due to moisture and temperature. 

(4) Description of n Sun-dial designed for use with tide-gauges. 
(5) Nickel-steel nlloys nnd their npplicntion to Geodesy. 

(Translated from the French). 

(6) Theory of electric projectors. (Translated from the French). 

No. 8. Mngllet,ic. Experiments made to determine the tempernture 
coeficients of Watson's hlag~ietograplis, by Captain II. A .  Denholm 
Fraser, E . E .  Calcutta, 1905. Price Re. 1. 

No. 9. Geodesy. An Account of the Scientifc rno1.1~ of the Survey 
of India, nnd a Compnrison of its progress with that of Foreign Sur\,eys. 
Prepared for the use of the Survey Cornn1itt)ee assembled iu 1905, 
by Lt.-Colonel S. G. Burrard, n.E., F .R.S .  Calcutta, 1905. Price Re. 1. 

No. 10. Pendalanls. The Pendulunl Operations in Tndin. 1903-1907, 
by Major Gt. P. Lenos-Conynglinm, R . E .  1)ellra Dun,  1908. Price Rs. 2-8. 

No. 11. Refrnction. Observations of Atmospheric liefraction, 1905-09, 
by H. (3. Sham, Survey of India. Delirn Dun, 1911. Price Re, 1 .  

No. 12. Geodesy. On the Origin of the I-Jimctlaya Mou~ltni~~s, 
by Colonel S. G.  Burrard, c s.I., n . ~ . ,  F.R.S. Calcutta, 1012. Price Re. 1. 

No. 13. Iuostnsy. Investigation of the Theory of Isostasy in India, 
by Mnjor EI. L. Crosthrnait, n.E. Uehra Dun, 1912. Price RE. 1 .  

No. 14. Refrnct,ion. Formula fdr Atmospheric Refraction, and their 
application to Terrestrial liefraction and Geodesy, by J. de Granff 
Hunter, M.A. Dehrn Dun, 1918. Price Re. 2. 

No. 15. Pend~~liuns. The Pendulum Operntions in India a n d  Rurmn, 
1908-13, by Captain 11. ,T. Couchmnn, U.E. Dchrn Dun, 1915. Price Ks. 2-8. 

No. 16. Qrodeny. Tho Earth's Axes and Triangulation, by J. de Gruff 
Hunter, M . A .  Dehra Dun, 1918. Price Rs. 4. 

No. 17. I~ostnny.  investigation^ of I ~ o s t n , q ~  in Hi~niilngnn :~nd neigh- 
bouring regions by Colonel Sir S. G. Burrard, K.c.s.I., n . ~ . ,  F . R . ~ .  L)ehlfi 
Dun, 1918. Price Re, 1. 

No. 18. Iaostnsy. A criticism of Mr. R. D. Olrlhnin's memoir "The 
.structure of the Hi~nctlayas and of the Gaugetic Plnin", by ~ t . - ~ o l o n e l  
H. McC. Cowie, R.E. Dehra Dun, 1921. price Re. 1.8. 
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Norman, N.c. ,  R.E. Dehra Diiu, 1929. P~ice  Rs. 1-8. 
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No. 9. Stereo-Allto-Plotti~~g. ,4 translation of Paul Corbin's lcrench 
BtSrllro Autogrolnm&trie, by Lt.-C'olont.1 lI. AlcC. Cowie, 1L.E. ]>elIra 
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No. 10. Rnsc I~illes. A Booltlet of Il~structiol~s wit11 full dcscriptio~ls 
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C.  R f .  Thompsoll, I.*. Debra ])fi l l ,  192\3. S O C O I ~ C ~  I';ilition (:oml~il~d by 
8. C. Banerje:~, I3.A. Dellrn I)un, l ! ) Y L .  

No. 11. (frnvit,y nnd Isoslnsy. I~~vcstigations ~.e~:~~.rliil:: Grnrity and 
Isostasy by W. 1Ieisltauen (Trnt~sl : t~cd by \'. L'elt:: I1:sq lkvisell a~rcl cow- 
pleted by Blajor C.M. 'l 'l~om~soll, [.,\.) 1)elu.:~ I) ; I I .  1!)28. 

_ _ -  - -  -- -- 

For OtEc~nl I I ~ C  only. f For I)el ,nt . t ,~ne~~tnl 11Sc 1,tllp. 
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Departmental Papers.*-(Concluded). . 
No 15. Qeodcsy. Geodesy, by J, de Grnaff Hunter, M.A. ,  s c . ~ ,  

P. INST.P. Dehrn DGn, 1920. 
No. 13. Sl)l~cricnl Trigo~~onlotry alld Astrononly. Noies 011 Sl,hericnl 

Trigonometry, nud Astronomy etc., by Lt.-Colonel C. M. Thompson, I.*, 
Dehrn Dun, 1029. 

NO. 14. Wild Thcodolit,~. Instn~ct ions for the use of the Wild Universal 
Theodolite by Captain 1). R. Crone, n E . ,  and the Wild Photo-Theodolite 
by Lt.-Colonel C. G. Lewis, o.B.K., n.E Debra Dun, 1932. 

No. 15. Air Stlrvey. Notes on Air Survey and Map Publication in 
England, 1931, by Major H. It. U. Meade, I . A . ,  with a foreword by Captain 
1). 11. Crone, n.E. Calcutta, 1932. 

Professional Forms. 
A large number of forms for tile record and reduction of Slirvey 

Operatior~s are stocked a t  Dehra Dun. 

List of more important contributions by the Oficers 
of the Survey of India to various extra-departmental 
publications and related articles. 

1. tIndin's Contribution to Geodesy, by General J . T .  Walker, R.E., 
c.B., F.R.s., LL.D.  (Philosophical Transact,ions, Royal Society, Series A ,  
Vol~lme 186, 1895). 

2. t o n  t l ~ e  Intensity nnd Direction of the Force of Grnvity in Indin, 
bp Lt.-Colonel S. G. Currnrd, n.E., F . R . ~ .  (Philosophic:~l Transactione, 
Royal Socit:ty, Series A ,  Volume 205, pnges 289-318, 1905). 

3. ,+A climb on  IColnhoi, by Lieut. Kenneth Mason, n.E. (Hoynl 
Engineers Journal, Noven~ber 1910). 

4. t O n  the etiect of tho Oaugctic Allovium on the Plutnb-line in 
Northern India, by K. U. Olcll~nm, F.n.s. (Proceedings of the Royal Society, 
Series A, Volume 90, pages 32-40, 1914). 

5. ton the origin of the Illdo-(fnngetic trough, comnionly called tho 
~Iiuiiilnynn lCoretleep, by Colonel Sir 8. (f. nurrard, K.C s.I., R.E., F.R.8. 

( Proceeclinfs of the Royal Society, SeriesA , \ 'olun~e 91,pages 220-233,1915). 
6. §Three colnprehensive articles 011 " Compnrators for tile Indian 

Governu~ent" from n report by M:\jor H. McC. Cowie, n . ~ .  (L':n:ineeriug, 
Bug 20, Aug. 27, Sept. 3, 1015). 

7.  11 ~dentificntion of l'enlts in the Ilim%laya wit,h notes, by Coloucl Sir 
S .  G .  I $ ~ ~ r r a r d ,  s.c.s.r., l t . ~ . ,  F.II  s. (Geographical Journal, Bepten~her 1918). 

3. I(Geologica1 interpretations of (Jeodetic Results, hy Colonel Sir 
8 .  G. Burrnrd, K.C.fl.I., n.~.:., F.R.S. (Qeoglxp1~ical Jourllal, October 1918). 

9. 11 Wnr  Surveys in hlesopotamia, by Colonel I". \V. Pi r r~c ,  c.M.o., 
I . A .  (Gengmpl~irnl Journal, Decemher 1919). 

10. 11  Air Pllotography in Arcl~wology, by Lt.-Colonel 0. A Ihnzele~r 
D.s.o., R.E. (Creo,nraplii~al JOU~IIRI,  May 1919))). 
- - -- - - - ~ - 

For Dt.pnrt111entnI usr only.  
t Obtnillnble from hleurs D n l ~ n  & Cn., 37, Soho Sqnare, London, W., lle@re, 

Harrijon k 90139. St. hlartin's Lane, Lcncloll, or t,he Itoyal S o c i c l ~  n t  Iinl.llnBMn 
t l o n ~ e ,  I.onrlnn. 

f Ohtnlnl~hle from the Instilnlinn of noynl  engineer^, Chathnn~. 
5 Ol~tninnhlr Erhm Clrerles 1:ohert Johnson at the offices of " Engineerirlg "I 

36. Bellford Street Strand, I,onilon, W.C. 
1 1  Obtninallle fro111 the R n g ~ l  0engrnpll:cai Society, Kensington Gore, London. 8.Wn7' 
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List of more important contributions by the OlTicers 
of the Survey of India &c. kc.-(Continued). 

11. *Mapping from Air Photographs, by Lt.-Colonel M.  N. MacLeod 
B.E. (Geographical .Journal, June 1919). 

12. *Reminiscences of the Map of Arabia and Persian Gulf, by 
Lt.-Colonel F. F. Hunter,  D s.o., I.A. (Geographical Journal, December 
1919). 

13. *Ccntrnl Icurdistan, by Mnjor K. Mason, M.c., B.E.  (Qeo- 
graphical Journal, December 1019). 

14. *Surreys in Mesopotamia during the War, by Lt,.-Colonel 
Q. A. Beszeley, D.s.o., R.E.  ((3eograpllica.l Jonl-nal, February 1920). , 

15. +A lecture on the Earth's Ares and IGgure, by J. de Qraaff 
Hunter, M.A. (The Observatory, May 1920). 

16. "A brief review of the evidcnce up011 which the Theory of 
Isostasy has been based, by Colonel Sir 8. G. 13urrard, K.c.s.I., n . ~ . ,  F.B.~.  
(Geographical Journal, July 1920). 

17. "A note on tlle topog~.apl~y of the Nuu Tiun Rlllssif in Ladalth, 
by Mn,jor K .  Mason, N.c.. n.u. ((3eogr;~.l)l~ic'al donrnal, August 1920). 

18. *Xotcs nu t,lle Cnaal Sgstenl n~ ld  Ancient Sites of J3abylonis in t , l~e 
time of Xenopllon, by Alnjor I<. Rfnson, nr . c . ,  R.E. ((feographical do~l~~l la l ,  
Decenlbcr 1920). 

19. $An Ex~)loration i l l  South-Enst Tibet, by Major H. 1'. Morshead, 
D.S.O., R E .  (Royxl Engineers JOUI-nal, January 1921). 

20 JTopographical Air Survey (with pla,tes and ma,ps), by 
Lt.-Colonel Q. A .  Benzeley, D.s.o., a . ~ .  (Hoysl engineers Journal, 
February 1921). 

21. $l'rojectiou of Maps. A review of some Investigntions i l l  the 
Theory of Map Projections, by A. E. Young, nnd Colonel Sir S. Q. Rurrnrd, 
K.c.s.I., R . R . ,  F.I~..s. (ltoyal Engiucers Jonrnal, Marc11 1921). 

22. JReport, 011 Il:rl)rditiol~ to linuIet, 1920, by Major $1. T .  Morshcad, 
D KO., R.E.  (Itoynl El1gi11eel.s .Jot~rna,l, April 1021). 

23. "Tile Circulnt,ion of t.l~e lS:u,th'~ (!r~lsl-, by Lt.-Colonel 
E. A. Tnndy, n E .  (Cfe~~rnphicnl  , T ~ I ~ I ~ I I : I ~ ,  Rlny 1921 ). 

24. §,Johusc>n's Sl~ljpressc~l Ascct~t on  11: 61 , by RInjor Ii. M a ~ o n ,  
K C . ,  R.E. ( Alpiue Jollrnal, Novttnlbcr 1921). 

25. *Ste~-eogrriphic Sn~,vcty. 'l'he A~~tocar to~rap l i ,  by Lt -Colonel 
M. N. MacT.eoc1, u s.o., R . E .  ((;c?ogruphicnl .Jourlial, April 1922). 

26. fTlle " Ca11:~dinn" I)hoto-tapogral~l~icnI ~uet , l~od of Survey, by 
Cxptaill nnd Bt,. hI:tjor E. 0. Wheeler, nr.c., N.E. (Royal Ellgilleers 
Jollrnal, April 1!)22). 

27. Sllrvry 11f Rfr. W. 11. Johnso~l in the IC'nn Luu in 1865, 
by Major R. Al:~soll, n r . c . ,  n E. (,IIpiue J o u r u ~ I ,  Nove~uber 1022). 

28. Ilarnvity Survey. 1)y .I. de Grnaff Hunter, nr .n . ,  sc.D., F.IN6T.r. 
( A  Dictionnry of Al)l,lied PI\)-sics, Vol. 1 1 1 ) .  

_ _ _  - -. .~ _ . - - - -. * ~ ~ , t , ~ i ~ ~ ~ ) l ~  troru the ~ ~ ~ a \  (+c,,zr,~,,IjicnI Society. licnsil~:.to~l (lore. Loltdon. 8 . W .  7. 
t Obtninal l le  frolu AIPssls. T115.1c,r & ~ ~ ~ . ; I I I c ~ c ,  J < I , L I  I , I I , I I  i.,l~lr.t, F l e c ~  P l t c c t ,  L I I I I C ! ~ ) ~ ,  

w.c:. 
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List of more important contributions by the Oficers 
of the Survey of India &c. &c.-(Continued). 

29. *Trigonometrical Heights and Atmospheric liefraction, by J. de 
Qrnnff Hun te r ,  N.A., s c . ~ . ,  F. INST. P. (A Uictionary of Applied Physics, 
Vol. 111).  

30. Ueodesy, by Colonel Sir  G .  P. Lenox-Conpngham, n.E., F.R.~ .  

and J. d e  Grnatf Hullter ,  N.a , s c . ~ . ,  F.INBT.~>. (Enc. Br i t .  12th Edition, 
v o l .  XYXI, 1922). 

31. t'l'he proposed D e t e r ~ u i ~ ~ : i t i o ~ i  of Pr imary L o ~ ~ g i t u d e s  by 111ter- 
national Co-operr~tion,  by Colo~iel  Sir  G.  P. Lenox-Conyngh:lm, R.E., 

F.n.s. (Geographical Journal ,  February 1023). 
32. t l t e cen t  Developmeuts of Air Photojiraphy. (1) The adjustment 

of Air  Photographs t o  Survey points, by Lt.-Colonel M. N .  MacLeod, 
D.s.o., R.E. (Geographical Journal ,  J u u e  1923). 

38. $Mount Everes t ,  by Major  13. T. blorshead, D s.o., R.E. (Royal 
Engiueers Journal ,  September 1923).  

34. t K i s h e ~ ~  Singh and  the  Indian  Explorers, by Major K. Mnson, 
M.c., R.E. ( G e o g r a p l ~ i c ~ I  Journal, Decenlber 1923). 

35. §Electrical registration of height of water a t  any time in Tidal 
Prediction, by J. d e  (4r;1a£t' Huu te r ,  ma., s c . ~ . ,  F.INST.P. ( J O U T I I ~ ~  of 
Scientific Ins t ruments ,  Vol. I, No. 8, Illay 1024).  

36. I)Graphical ~netl~ocls of  plott iug from Air Photograplls, by 
Lt.-Colonel L. N .  F. I .  l i i ~ ~ g ,  o.B.E., R.E. 

37. +The Dernarcalion of tliu Turco-Persian Boul~dary  in 1913-14, 
by Colonel C. lI. D .  l tyder,  R.E. (Geographici~l J o u r ~ ~ n l ,  September 1025). 

36. Geodesy, by J. de  Graaff I-Iunter, M.A. ,  SC.D., F. 1NST.P. 
(Enc. Br i t .  13th Editiori, New 1'01. ii, 19%). 

39. "*The Do Fil i l~pi Expetlition to  t he  ITnstern 1Zarn-Itoram, by l3.fi.l). 
and Colonel Si r  G.  P. Lenox-Conyugh:r~n, n.B. ,  F.R.s. ,  N.A. (Nature, 
13th  l'ebruary 19%). 

40. t'L'he L'robloru of the  Shaltlrgnm Valley, by Colonel Sir lh.ancis 
Youughuabnnd, K c.s.I., K . C . I . E .  ( G c ~ ~ r a p l l i c a l  Journnl, Septe~iiber 1926)s 

41, t'l'ho S l ~ a l r s ~ a n r  Valley and Aghil li:1lrge, by  n l ~ ~ j o r  IC. Masoll, 
N.c., 1r.E. (Geogr;rpl~ical Journal,  April 1927). 

42. h Breal<-Circuit for  Pend l~ lmu  Cloclts, by ,J. de Branff IIuuter, 
MA., s c . ~ . ,  F. INST.P. (Uul le t i~ i  G6odi:sitlue No. 14, April, ntay, June 
1927, Paris). 

43. Graphical Discussion of t , l~e Figure  of t he  lCa~,tli, by A.R.  
H i n k ~ ,  c.n.e., F.R.S. (C4eo,orapllical Journal ,  J u n e  1927). 

44. $survey on Active Service, by Captain Cf. F. Healley, R.E. ( R o Y ~ I  
Engineers Journal, J u n e  1027). 

45. A Ileport  on thc  (fcodetic work o t  tlie Survey of India  Tor tile 
period 1924.27, by J ,  de ($r.znff l-Iunter, nr..\ . ,  sc.o., F. 1NBT.P.. pre#ented 
a t  tlie third iueetiug of tho luternntionnl IJ~i ion  of (feotlesy anll ( f ~ o l l l ' ~ -  
sics, P r n g ~ ~ e .  S e p t u ~ n l ~ e r  19Zi.  Dr.lir.z I)iln, 1927. pri,:~ l l c .  1s 

-. -- - 
* Obtninsbl~ from n1ew1.s. M:~cMill;xn & Co. Liniitcd, SL. Blertin'~ S t r~e t ,  London' 

W.C.. Bombay, Cidcntta. R.Iadra~, firelbo~~rne. 
t Obtainnble from the I l o y ; ~ l  Clr:ogl.ophicnl Socict,y, l<cn.iinqt,on Ooro, Lolldon, S.'V.7' 
$ Obtainablo From tllc Institntinri of Hoynl Eu<inccl.s, Cl~ut,l~nul. 
5 Obtainnl,lc from ~ I I C  Io~tl tnlo I'hysics, 90 U P O I L ~ ,  ;tll~801 Rtl.cotr, Tlon(1nu, W.C.1. 
1) Obtainablo from t l . A I .  St,atinne~.g ~,Uice, Adnqtral House, I<ingswny, Lonrlun. \V.c.zl 

28, Abingdon Stmet, L~nilon, S.W. 
** Obtainable from the othce of Nature. St. Martin's Street, London, W.C. 2. 
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List of more important contributions by the Oflicera 
of the Survey of India &c. &c.-!Continu.cd). 

46. *The Stereographic Survey of the Sl~akugam, by Major K. 
Mason, N.c., ILE. (Qeograpl~ical Journal, October 1027). 

47, *Figure of the Earth : correspo~~dence by J. de Graaff Hunter,  
LA., SC.D., F.IKST. P. (Geogr:rphical Soulmnl, December 1927). 

48. *Figure of tlie Ear th :  correspondence by Captain G, Bo~nford, 
n.E. (Geograpliicnl Journal, December 1927). 

49. " Beply to Captain G .  Bomfo~.d's letter on Pigure of the Enrth 
(No. 48 of list), by Captain G.  1'. &lcC:l\v and A.l i . .  Hinlrs, c . n . E . ,  F . R . ~ .  

(Geographici~l Journal, Ijecember 1927). 
50. Figure of the Eart l~.  Presidentiill address by J .  de Graaff Hunter, 

sr .A . ,  s c . ~ . ,  F. IN ST.^., a t  the Section of Rlabl~e~nntics and Physics of the 
FiEteenth J11cIia.n Science Congress, Cnlcuttn 192s (Publisl~ed by the Asiatic 
Society of Bengnl, Calcutta). 

51. " Note on Sir lirancis To~~~ighusbnud ' s  1J1,dolr Glacier, by Mnjor 
Kenneth Ml~son, nl.c., n.1:. (Geogrnpl~icnl .Toarnal, illarch 1929). 

52. *Some Applications of t l ~ e  Geoid by J .  de Graaff I-Iuuter, M.A., 
BC.D., F. INST.P. ( l ' l~e Observntoly, June 1928). 

63. 1 The tltt,raction of the Hinlilnya, by J. cle Graa.ff Hunter, 
M.A. ,  s c . ~ . ,  F.INST. P. (I-limilayan Jour~ial,  Vol. I: No. 1, April 1929. 
pges  59 - 66). 

54. *The Karn-liornm : Correspo~idence regt!ding the proper nomen- 
clature of the Kara-lioram I-lirnilaya, by Colonel b ~ r  S .  G. Uurmrd. K . C  s.r., 
R.F:., F.IL.~.,  Dr. '1'.G. Longstaff and Major I<ennet,h Mason, N.C , 1l.s. (Geo- 
graphical Journal, Sel~tembtr 1929 and January 1030). 

55.  $ The Beogmpliicnl Representation of the Mountains of Tibet by 
Colonel Sir S. G. Rl~rrnrd, 1i.C s.I., ~ I . E . ,  P.R.S. (l'roceedi~igs of t,he lioyal 
Society, Series A ,  Bolunie 127, 1980, pnfics 704-712). 

56. 11 The Glaciers of t,he Tiara-lioram and Neighbourhood, by Major 
Kenneth Masol), M.c. ,  11.1s. (liecortls of the Gcologicnl Survey of Indin, 
Volume L X I I I ,  part 2, 19:30, pages 214-57?0. 

67. A lteport 011 the Geodetic worlr of the Sl~rvey of India for the 
period 1027-30, by J. de Grnnff l l u ~ ~ t e r ,  N.A. .  s c . ~ . ,  F . I X S T P . ,  

presented a t  tlie fo111.tI1 n~ecting of the luter~~at ionnl  Union of Geodesy 
nl~d Geopl~~sics ,  Stoclrl~ol~n, August, 1930. Del~rn ])fin, 1930. Price Rs. 1-12. 

58. The lncliau Geoicl and Gravity Anomnlics 1))- J. de Granff Hunter, 
M.A.,  SC.U., F INRT. P.  and Cn.ptnin G. liolllford, R.E. (Bulletin G i.odCsique, 
No. 29 Jan.-Rlnr. 1931, papes 20, 21. 1':11*is). 

59. Collstruct,ion of t . 1 ~  Gcoid, by J. de Graaff Hunter, N.A. ,  B C . ~ . ,  
F INST. P. and Capt.aiii (+. Do~llford, ILE. ( Bullet.in GCi.odi.siqne, No. 29 
Jan.-Mar. 1981, p;tges 22-26, Paris). 

* Obtnilllrble f r o m  t . 1 1 ~  Iioynl Gro:.rnpl~icnl S o c l r ~ y ,  Kensiuglon Gorc, L U I I ~ O I I ,  S.!!'. 7. 
t Ol)tninnl,lc €I.OIII hlcssrs. 1'11jlor nnt l  Prnucis, Iicd Lion Cun~.r., lF1c~.t S11,rct. 

I ~ o n d o u .  1V.G. 
$ Obtninnhl~s from ] \ . T I ~ ~ ~ I . s .  W. T11:1r1<(~1. A Cln.. 2. C I T P ~  T,:I~IP. T,udgate IIill. Lmldou, 

E. C .  .I.. or n[,-s.rs. 'l'll;~clc,~~., Spiillc h ( ' ( I . .  c';llrntt;l. 
5 ohtninnlrlf. f r l ) ln  M ~ . ~ ~ ~ . < .  r,nl;ll~ s ( ' I ) . .  47. So11o SI~II:II.I,. 1~011dtl11. TV.. OL. MPSIPS. 

Hnrrisnn S. Sons., St. 1l;lrtin's Law* 1~1nrlon.  t ~ r  ( I I C  lZoysl Societ,y st 
I311rlington Jlonsr. LonJon. 

II Government of India. Central Publicfition Brauch. Calcultn. 
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List of more important contributions by the OElcers 
of the Survey of India kc. &c.-(Concluded). 

60. *Two Notes on Short Tert,iary Bases, by J .  de araaff Hunkr, 
M.A., s c . ~ . ,  F. INST. P. (Empire Survey Review No. 1, Vol. I, July 1931, 
pages 12-15). 

61. tConbribntion to cliscussion on paper by Mr. A .  R. Hinks, c.B.E., 
F.R.E.  "Some Problems of the Eart,hls Crust". British Association, 1931, 
by J. cle Graoff Hunter, n f . ~ .  , s l : . ~ . ,  F. INST. P. (Geographical Journall, 
November 1931). 

62. 1, $The ETypobhesis of Isostasy, by J. de Graaff Hunter, n r . ~ , ,  
s c . ~ . ,  F. INST. P.  (The Observatory, Dec. 1931 and Geophysical Supple- 
ment to JIoutbly Notices of the Royal Astronomical Society, Jan. 1932). 

63. "Iteviem of Captain Hot'ine's "Survey from the Air Photographs", 
by J .  de Graaff Hunter,  M . A . ,  s c . ~ . ,  F. INST. P. (Empire Survey Review No. 3, 
Vol. I ,  Jnn. 1932, poges 134-137). 

64 IIStokes's Formula in  Geodesy, by B. L. Gulatee, M.A. (Cantab) 
(Nature, ZOth Febnmry 1932). 
-- -- 

* Obtainable from the Crown Agents for the Colonies, 4 Millbank, London, 
S.W. 1. 

t 0bt:~inable from the Royal Geographical Society, Kensington Gore, London, 
S.W. 7. 

f Obt,:~inahle from ilfessrs. Taylor and Francis, Red Lion Court, Fleet Street, 
London, W.C. 

5 Obtainable from thc Royal Astronomical Society, Burlington House, London, 
U'. 1. 

/ I  Obtainahlc from the Office of Nature. St. Nartiu's Street, London, W. C. 2. 
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