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Colonel R. H. Phillimore, whose portrait forms the fibonti- 
spiece to this volume, was commissio~led in the Royal Enginee1.s ill 
June 1898, joined the Survey of India in June 1903, and retired ill 
June 1934 after serving continuously in the Department except for 
an interval of five years during the War. 

Between 1903 and 1926 he served in topographical parties in 
Burma and the Eastern Circle, mostly in charge of No. 9 or No. 11 
Party. During the W a r  he was on actfive service in Frailce and 
Salonica fro111 1915 to 1919, being four times mentioned in 
despatches and awal-ded the D. S. O., French Medaille cl' honneur, 
and a brevet of Lieutenant-Colonel. After 1926 he was a t  different 
times Director of all the circles except the Southerii, including 
periods as Director of the Geocletic Branch and as Director, Map 
Publication. Colonel Philliinore was the author of Chapters I, I V  
alld XI of the Topographical Handboolr ( Introductory, Theoclolite 
tl.aversing, and Geographical inays ). 

HP officiated as Surveyor Gt.11ers1 for :3 mortths in 1931. This 
period coiucided with the fiiiallcixl crisis which led to clrastic 
lartrenchment in the Department,, and colonel Philliinore had to 
~ln(lertalte the u~lpleasant duty of iarrugiu.ating it. 

After his retireme~lt Colonel PhiIIimorc is maiiltaining his 
(aonntlction with the Survey of India 11g prc.pal.ing a series of Record 
Volu~nrs dealing with its early history. HI> deserves the gratitiidr 
of the Departmellt for nllrlertalring this vn1tlal)le worlr, for which he 
1s eminently fitter1 by his illtinlate ]rno\vl~~clge of t h ~  Departlnellt 
;lncl its traditions. 
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I N T R O D U C T I O N  

1. The year 1933-34 has heel1 a satisfactory one for the 
Geodetic Branch of the Survey of India, and i t  has 1)een found 
possible to uuclert'ake a large a~nouilt  of geocletic work. 

2. Base-li~zes.-( Chapter I ). Three new base-lines have been 
measurecl and extendetl, o i ~ e  i l l  B a l u c h i ~ t ~ i ~ i ,  one a t  Poolla a i d  one 
in Assam. This completes t'he 1,reseilt 111-oxramme of inotlerii base- 
lines. 

The iilvai- wires were re-st,anclardizerl a t  Dehra Dfin between 
the measurement of t3ach bascb-line. 111 co~it~.ast  to the previous 
year, thcy have ~naintai~ietl  their l e n ~ t h s  well. The 4-metre i~ivar  
bar by which t h ~  wires are sta~irlardixed has heell recompared with 
the nickel micl silica 1 -meti-c sta~idai.ds, a ~ i d  has been fouild to have 
qrown by O - 5 ill 1,000,000 si11ct1 1930, a satisfactorily slnall aniouilt 
(Chapter VTI, para (i6 ). 

3. T~.in~z~ulatio~z.-( C11aptc.r I ,  para 8 ). No t r ian~ula t ion  has 
h. 

been car1-ie(l oa t  except the cxtc~iisions of the base-li~les, but a 
primary sei-ies to rc~place the Assam Valley seconclary series has been 
rrcon~ioitred. I t  is hope(\ to ohserve i t  ill 1934-3.5, and to extend 
it through ii~depeiidelit Naqa tei-isitory to longitude 96' in 19:l.i-36, 
ancl thP~lco sout'h to join up with t,llt> U1)l)er Irrawadtly nncl 
Mandalay Meridioilal serit-'~ in Burma. 

Chapter T, para $1 coiitsins some tliscussioil on the best time of 
(lay for tlic obsei.vation of 11oi.ixolital niigles. Tt is concluded tlint 
there is little to choose l,et,weeli the tlifft~reiit times of day, excopt 
that the afternoon is to 1x1 avoided a t  statioiis in absolutely flat 
plaiiis 01- whcre l,atl q1.azc.s occilr f o ~ .  othci. reasons. I t  is of course 
hrlst to observe at the grcnte~st 1,ossible vm.icty of times. 

4 .  1 1 1 1 i . - ( l a t e  1 .  'l'hc~ Burma Ievelli~ig has 1)tbtw 
c a ~ r i ~ d  111) to thtl Sia~ncso f~.oi~tier ill Ia t i t i~( l (~ 0 lo, lo~igitutle 1 00°, 
aiicl n llcbw line has bocii run from Mantlalay to Lasliio anrl h~yoiltl, 
to check the trix~~giilatotl heights of the Great S a l w e ~ ~ i  st.1-ips. No 
pl'ogr~ss has brrhn mnclt~ with tht. high precision level iitlt ill Iiitlia, 
but the 1 9:!4-:',.i 1)i-ogi.alninP co i~ ta i~ is  1)1'ovisiol1 for t,wo c l~ tac l i~ne i~  ts 
011 this \~Orli. 

Scco11tlal.g Icvclliiig :.mas cai,iictl c )ut ill the. area disturbed by 
the In.;() Pcgu ( Bnrlna ) c>ni-thqualrc~, 1)ut iio iiot.al~le chai~ges of 
l r ~ v c ~ l  nrll.eb fountl. A coitsitlr~.nl)l~ ainotili t of sc~coiirlary anrl terbiary 
Irlvclllii~g \v\.ns rai-l.icvl or~ t  ill Bihiir to i.ocol.;l l,ossil>lt. cliangtbs after 
thv groat c~ni~thqunkc~ of I .it11 .Jail. A1 l I)oi~cli marlts \vcBl.r fouiltl t,o 
have s1111l<, some by as 111ach as 4 feet. This levclliiig, the 
po9sil)lt~ coi~nection 1~etwc~11 the cai-thqnalte ancl thc apparent 
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chnllLp of level foru~d in this area in previous years, is discussed in 
Chapter 11, para 14. Further levelling in this area will he carried 
out in 1084-35. 

j. Gnt*ity.-( Chapter 111 ). The Pendulum detachment, after 
a lorlg tour down the west coast of Inclia, completecl an exte~isive 
programmtl ill Ceylon a i d  then, trhanlcs i o  facilities Iciudly afforded 
bv Lt.-Colonel R. B. Seymoul. Sewell, c .I .E. ,  F.R.s. ,  leader of the 
 hi^ Murray Expedition, clicl a stbries of observations i11 the Maldive 
a11r1 Laccadive Islal~ds. 

Gravity resillts ill Ceylon show a satisfactory agl-eement with 
the geology. They suggest however t,hat the tilt'ecl syncline, which 
is the maill fc1at~u.e of the geological st,ructul.e of the island is not 
symmetrical, I)ut has been clistortecl by a clisturbailce in the Adam's 
Peak region. I t  is hoped that geologists will investigate this. 

I n  the Maldives gravity data cannot Ieacl to a clefinite value 
for the thickness of the coral. The results are exaininecl ill the 
light of varioiis assumptions, and lead to conclusions in agreemel~t 
with the subsidence theory of coral islaild formation whether isos- 
tasy is accepted or not. If ,  however, the subsidence is clue to iso- 
static mljnstment then the subsicl~nce has been nearly three times 
greater than that required if isostasy is not accepted. 

Work a t  Minicoy Ieatls to thcb i i~tercst i l~g co~~clusion tha t  the 
Laccmlive Islands are tecto~iically clistii~ct froin the Maldivc. Islancls. 
I t  must be atlmitted that  this is basetl on very scant,y dat:t, but it 
appears to be supportecl by dn,ta on the west coast of Indin a ~ l d  by 
the topography of the islands. 

111 the field season of 193 k-:;.i the programme of p ~ ~ i d n l ~ l , n  (11)- 
st>rvntions ii~clucles Ciitch ancl p:trt, of R;:ltjput:iila. 

6. L),~r.ircfiott, nf fhe 1.e1.t icnrr1.-( Chapter IV ). Two detach- 
meirts werr emplo~erl on tracing s~c t ion r  of the g~oicl 1,y means of 
stations at  clnse int~rvals .  O ~ I P  dcbtachment, o1)sorving 11ot~h com- 
ponents of t h ~  d~viat ion,  wnrlr~(1 from the Assam-Burma, frontier 
through Eengal to Bih51.. 111 19;34-:i.i it is hoped to extent1 this 
srction to near A ~ r n ,  and also to O ~ S P ~ V P  ill Sillfl and Baluchistin. 
The whole section from Persia to Indo-Clhiila shoultl bc c o ~ n ~ l e t e d  
i11 19:3.>-;36. 

Thp secnncl rlcltachme~~t, ohserviilg latitilde only, worked be- 
tween C n p ~  Comorin an(1 Hyrlel.:i,hCd (Dr~cca~ l  ). Tt is hn11ed to ex- 
tc.11~1 this section up to Aqra in 193 i-:l5. 'I'~C.RP o1)st~rvations con- 
ai~lcrably mn11if.v the fnrm of the q~oicl in southcrn I i~d ia  as hithorto 
show11 4111 our charts. 

TIIP nl~e~rra,tinns o f  ~.crcb~~t ypars in Tntlia and Burma, and 
al~c 1 s o m ~  cotnmunicatrd hy the. Siamrls~ Survpy Dclpwtmcl~~t, 
haw he~r l  ~ i s ~ ~ l  to draw an r~xt t~ i~~le t l  cha1.t o f  t h ~  gcoi(l (C11:~l)tc~ 
TV. paras 47 and 48 ). Thcb ~.esulting fizul-e shows I ~ ~ ~ I I I ~ I ~ ~ ~ ~ I I P  
( I ~ p a r t i ~ r ~ q  ft.ntlr the cn~ .va t l~~ . r  of thc III  t~r l~a t io t la l  sphel.oid, 
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which call~lot be reinediecl l ~ y  ally change in the arbitrary constants 
a t  the origin. Thus the radius of curvature of a11 east-to-west Rec- 
tioil 2,500 miles long is 700 feet greater thau tha t  of the sphel.oid, 
while the curvatiu.e of a 2,000-mile ineridioilal section is 1,500 feet 
leas than tha t  of the spheroid. Also, the geoid i11 the south of 
Siain appears likely to be elevated 100 feet above ally spheroid 
which a t  all closely fit's t'hese two arcs. It appears t'hat these irregu- 
larities call only be causeil by wiclespread departures froin isosta- 
tic equilibrium. More latitude observations in Siain a lo~ig  ineridiaii 
99' or 100' would be of great value. 

7. Uel~ra DtZn 0bservcctory.-The Observatory took part  in the 
interl~atioilal longitude project of October and November 1033, 
with three trailsits of different lciilds operated in turn by four differ- 
ent observers (Chapter VI) .  The result, 5" 12"' ll"78, agrees well 
with previous values, and the clifferel~t ohservers agreed well ainoilg 
themselves when using the same instrument, but  the three instru- 
inents show ~ysteinat~ic discrel)ancies ( a  range of 0'. 13 ) ,  and the 
lxobable error of the mean must be reclconed to l)e as much as 
f_ 0'.0:3. This is lnucl~ largrr thail the figure usually quoted for 
observations of this e s t e i~ t ,  but i t  inust he reinarlcecl tha t  a very 
much smaller figure would probably have 1,een give11 if oilly a 
single instrument hail heen in use. 

Dr. de Graatf Huilter's new t'ype of "shutter" t8ransit has given 
pro~nisiilg results. 

The regular loi~gitucle obserrations were carried on clariilg 
the rest of the year, as also the usual mag~ic~tic, meteorological 
aiid srisinogra~~hical ol)servatio~is. No progress has yet beell inadr 
towards starting a Iatitntle varintioi~ prograinme a t  Agra (Chaptcr 
VII, paras 66 to 70).  

8. Title ~ ,~ . c t l i c f i o ,~ s . - (C l i i ~ l~ t (~r  V, l~aras  55 to 59).  The Ticle- 
Tables of t,lie Indian O c ~ a n  lor 1935 havp bPcn 1)reparetl as usual. 

9. S' fnk~s '  ti)r~~r,rln.-(Chaptc>l. VI I I ) .  Stolws' fol.innla relat- 
ing thc iliteilsity of gravity nncl the shape of the geoitl provides a 
means wherehy the rpforei~ce datiuns of i l i~~onnectrcl geodetic 
surveys coulcl he brought into teims with eac.11 other if sufficie~lt 
gravity tlata mere available. In Chn1,ter VII I  Mr. Golatc~e discusses 
the precisio~t with which this call lw t1o1.10. Hc conclu(l(~s that tl~c> 
vertical se1,aratioll bc~t1wc~cn g(1oitl ailcl sl)l~ei.oitl at  t,llc~ origin calli~ot 
be usefully deterinincd, but that t,hp t l (~vi : t t io~~ of th(1 vt~l.tical c.oalcl 
1 ) ~  tltltermi~letl withill a sc~coi~tl if it clonltl 1,o assninc.tl that  thorc 
('xist 110 aiiolnali(~s reprcsel~tal)l(> 1,y low o~,clcr hai-inoliics (such as 
the 211t1, :irtl ailtl 4th) .  The possi1,ility o f  tjhe c~xistt~ncc~ of a 
secontl hari~lonic, howclvc*r, with a11 rtl~~l,lituil(> o f  :IS inuch as 0 0 2 0  gal 
illtrotluc(~s rlou1,t \vl~ic.ll 111i1y a1no111it to h ( * \ ( ~ i ' ; ~ l  st~coii(1s ill a11 
cxtrcme case. 
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1 0 .  . \ ' o~r - r l t~~~c i r~ t t re /~ t t i l  ~)uhlic.crtio~~s.-Several papers relating to 
gt.r.mIruy ill I~itliu, htivr beell piiblishecl ill Europea~i ancl other 
\wriodic~ls. 'L'he Hihiir tb~rthquake, and the lnovelne~~ts of ground 
Ievtbl ill Bellgal rrcortletl ill Geodetic Report. Vol. VZ have ltd to  some 

<ion( 1 )  ( 2 )  ( . : I ,  (tisciw, A prtptbr 011 tlie computation of gravity ano- 
mslic*s 1 ) ~  the ltitc Mr. C;. P. Rao, Formerly a Geodetic Computer of 
thr SIII-VC~J of lll(liih had i~pptharetl ill the Jou~wal  of the llldiall 
Ynthem~tical S o c i t 4 ~ ( ~ ' .  Dr. I-. Bowie has writtell a paper coin- 
~ ' ~ r i ~ i g  isostatic coll~litiolls ill 111tlia wit11 America ant1 Canada(5). 
,\ 1.c~pl.v to this 1y 3Iajol. Glclrnie will appear shol.tly in the saine 
pt*ricb,llcal. MI-. B. L. Gi~latee has written an  article on the deflec- 
tic111 O F  tiit* ~)ltilnl)-li~~cl ill thil Hjtlrographic 

I TI/(* I~rtlitttr &(i~t / / , l t /~i l i~~ ( 1!/3.t ) 111.ct1, 1,y Dl.. J. de Uraaff 
l I u ~ ~ t e r ,  c. I. E. ( ~ V t t t u ) * t ~  Vol. 133, Feb. 17/$4 ). 

( 2 ) (Jrot~)trl l~i .1 '1~ 1 ) ~  1;ihtir in r ~ l a t i o ) ~  t o  the En~tl~q~znlzc 
.Ic()L. t.5. 1.934, J)Y CIol~~lel Sir Sirl~iey Burrard, r. a. tl. 
( X(itccre Vol. 133, April 14/34.). 

[ 1 ('lrtrtrgi)r!y !lr.or~rrtl I I ' I ~ ~ ~ . Y  i)r N(:)L~cc~, by Dr. J. deCtraaff 
1 1 i t  ( A'. K.  Joicr-tlcil Vol. XLVIII, Julle/S4 ). 

( I 0)) 1 1  trrr,lh~rl of C'ottil~c~lir~!g C:rt-c~jit!l ilnomnlies, by G. P. 
Rao, ar. a. ( Jor~r,rccl r ! f  the Cr~tlian 31(~th. Roc. Vol. 20). 

( . 1 .1 ( * ( J I ~ I ~ I C ~ I , ~ . ~ I I I I  rv' Isost(tn!l in I)rr/ia ctr~d i r ~  the United 
Stntrx trrtrl Snvtlra/.rt C1cr)rrttla, 1)y Dr. W .  Bowie. 
( (:~~rlutrrJs llc.itrii!ye XI/,. C:col)lr ysik, 1 1 ,  Heft  2, 193 4 ). 

( 6 ) l t l t t  ot' t l r~  Pltrrr~h- lli)~r, by B. L. G u l a t ~ e ,  sr. A. 

( ti!yrlr~)!lrrryhi~. 1:r.cierrl Vol. X, No. 2. ,  Nov. 1033 ). 

1 1. P~r.qf~tt t t~l.-Th~~ l)tbrs( )111it11 of t,he Geodetic Branch during 
the  yenis is ~ ~ V P I I  011 thr  followil~g pages. 



INTRODUCTION 

PERSONNEL* O F  THE GEODETIC BRANCH, 193 3-3-1.. 

Director, Geodetic Branch 

COLONEL R.H. PHILLIMORE, u.s.o.. to 18th Fob. 1984 

h.-COLONEL C.G. LEWIN, o.B.E.. IL. E., fro111 19th E'ob. to 2 l s t  Jiirie 1934 
Lr.-COLONEL C. M. THOMPSON, I. A.,  fro111 2211~1 J IIIIC 193-1. 

OFFICE OE' T1-IE DIRECTOR, GEODETIC 13IC.4NCH 

Mr. Diwan Chand Mr. Krishua La1 S h a r ~ u a  

20 Clerks. 

COMPUTING AND TIDAL PARTY 

Class I Service C O D I P U ~ ~ I N G  SUCTIOX 

Cl~pbain G. Bomford, n. E., in charge, t o  
7th Nov. 1933 and fl-om 19th Mar. 1934. Upper Subord i t~a te  Service 

L.r.-Colonel C. G. Lewis, o. n. E.. I<. E., in ~l,. .  M. Cl,;Ltterji (llead Co,nputer), 
charge, from 8 th  to  25th Nov. 193:j. 

Rlr. H. C. Deva. B. A. 
(Charge \\,as held by tho Director. 

Geocletic Branch from 26th Nov 1933 Mr. A. K. filaitra, B. A. 

to 18th March 1934). Mr. C. B. Madan. B.A. 
Mr. B. L. Gulatee, N. A. (Ci~ntibb.), 

Mathematical Adviser. Loruer S ~ ~ b o r d i i a o t e  Scrttice 

OBSERVATORY SECTION 
12 Computers. 

Class I 1  Service 
1 Librarian. 

Mr. R. B, nfathur. B. A. (Tidal Assistant 
to 30th Nov. 1933). CHANT SECTION 

Magt~e t ic  Obserrlcr 
RIr. Shyam Narain. n.sc. (ADBIINISTERED BY O.C. 2 D.O.) 

Ln~ucr Sr~bord ina le  Service Upper Sitbordi?tn tc Service 
Conipaters. 

TIDAL SECTION 
Mr. A. A. S. Rlatlub Ahmad fro111 7th 

Upper Srcbord i~~ate  Seraice J u n e  1934. 

JIr H C Benerjea. B. A. ('L'idal Assisti~nt Lowcia S ~ ~ b o r d i t t a t e  Scrvicc 
from 1st Dec. 1933). 

Lotr9cr S ~ ~ b o r d z n a t e  Service ti Draftsmen. 

9 Computers. 

No. 14 PARTY ( GEOPHTSICAI,) 

Class I Ser~ , ice  Loiver S ~ ~ h o r d i n a t e  S e v ~ l i c e  

Clnss I 1  Serr,icc 

Mr. R'. 13. &Iat,hnr, B, A,, from Is1 1)ec. 1!):!:3. 

- - - -- . - - - 
* Exrlrlding No. 1 Party, 20 Dntachmont, No. Y 1)r;~wing and Forest Hap Officee, 

rrintlng. Photo-Zinco, Stores end Workshop Sections, rtud Training School. 
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No. 16 P A R T Y  (TRIANGULATION AND L E V E L L I N G )  

Class I Service Uf)2)w S~'rcl~o)~linute Seruirc-(conttl.) 

Captain G .  Bon~ford. R. E , in charge. Mr. R.  P. Rundev, from 3rd Mar. to 6th 
J u n e  1934. 

Class 11 Service Mr. Mohcl. Faizlil Hasan.  
Mr. P. K. Chowclhnry, t o  15th Brig. 1934. 

Mr. N. N. Chnckerbutty, L.C.E. Mr. I. D. Snri, from 27th Feb, to  6th 
Mr. M. N. A. Hashnlie, B.A. June  1934. 

Rlr. L. B. Howitrd. 
Upper Subordinate Ser~licc RIr. Mohd. Zafi~r  Ali Qureshi. 

Mr. A.A.S. RIatlub Ahmad. Irom 15th Lower S t ~ b o ~ d i ? ~ u t e  Service 
Feb. to  6th June  1934. 6 Computers and 2 Clerlrs. 'l'his excllides 

Mr. J. N. Kohli, t o  15th Bug. 1934. 13 Lower Subordinatcbs tei~lporarily 
e~nployed on Bihir  levelling. 





Refemnce numbers md Values of "m" and "M" for all Geodetic Series-,of the 
Indisll Triangulation. (See  Records of the Survey of India Val. 1x9 p- 137) .  
For a s r i e a  mtering the Simultaneous Grinding (shown in italics below) Mean Square 

Square 

Seaaons 

1864-82 
1865-67 
1865-80 

1867-78 
1868-74 
1869- i l  

1869-73 
18'71-72 
1871-52 

1871,74.80 
l 8 i 3 - i 6  
18'75-79 

1876-81 

18'78-81 
1889-95 

1891-93 
1894-99 
1895-97 

1898-1000 

i:K:R] 
1900-11 

1902-03 
1904-08 

1908-09 

1908-10 
1909-11 
1909-11 

1909-11 
1910-11 
1911-12 

1911-12 
1911-12 
1911-14 

1~12-13 
1912-13 
1913-15 

1913-14 
1913-14 
1913-15 

1914-15 
1914-1.i 
1914-15 

1911-14 
1916-17 
1916-17 

1925-27 
1R27-28 
1927-28 

1927-2R 
192n-30 
1928-31 

1929-31 
1930-31 
1931-32 

... Mcnn 

Name o f  Series 

Burma Coast ( s e e  1 ~ )  ... 
Jubhulpore M e ~ d i o n a l  ... 
Madras  Longitudinal ... 
Assam Valley Triangu- 

lation .. . 
B r a h m a p t r a  Mer.  ... 
Coimbatore No. 1 ... 

Bili lspur Meridional .. . 
Cnddapah ... 
Hyderiibid ... 
Malabar Coast ... 
Jodhpur Meridional ... 
South East Coast ... 

Eastern Sind Mer. ,.. 
S i a ~ n  Branch l'riangu- 

lation ... 
Mandalay Meridional ... 
Mong Hsat ... 
hlanipur Longitndinal ... 
Makrin Longitudinal ... 
M~~~~~~~ Lon ... 
Manipur Mer. 1:: 
Great Sdween (See 105) 

Kidarkanta ... 
 lit ~ ~ ~ ~ i t ~ d i ~ ~ l  ... 
~ ~ l ~ ~ h i ~ t i ~  ~ ~ i ~ ~ ~ -  

lation ... 
~ ~ ~ t h  Ba]uchistsn ... 
ailgit  ... 
Khnsi   ill^ ... 
upper lrrawaddy ... 
~ ~ i ~ ~ i ~  "ills ... 
l hi^ ... 

... 
 ill^^^^^^^^ ... 

M - 
M =  f 

f m  

0.380 
0.340 
0.384 

1.690 
0.5640.70 
1.547 

0.302 
0.8260.96 
1.405 

1.532 
0,291 
0.522 

0.244 

3.711 
0.418 

3.054 
0.453 
0.285 

1.696 
0.750 

0.404 

1.323 
0.365 

1.348 

0.221 
0.443 
2.038 

0.596 
0.986 
0.594 

1.840 
1.184 
0.250 

2.590 
0.9% 
1.048 

0.304 
1.465 
0.913 

0.913 
1.094 
l.Oi7 

. . . 
1.1M 
0.701 

1.246 
2.09fl2.2t; 
1.267 

1.896 
0.453 
0.441 

0.682 
0.2050.19 
0.472 

For Series a p  to No. 107 ... 
1-04 
1.52 

f M 

0.39 
0.31 
0.37 

2.65 

2.07 

0.33 

1.56 

I.&? 
0.32 
0.65 

0.30 

4.34 
0.35 

3.01 
0.36 
0.26 

1.96 
0.81 

0.32 

1-62 
0.25 

1.08 

0.17 
0.37 
3.01 

0.49 
1.R6 
0.94 

2.34 
1-78 
0.21 

3.92 
1.27 
1.93 

0.43 
1.R5 
0.96 

1-08 
1.39 
1-65 

. . .  
1-52 
0.82 

1.2.7 

0.91; 

2 . 4 i  
0.45 
0.38 

0.58 

0 .32 

+m 

3,308 
2.242 
1 

1.647 
0.369 

0.708 

0.844 

0,567 

0.390 

1.187 
2.176 
1.507 

1 . 2 M  
0.841 
0 .0 i 3  

1,173 
1.606 
1.235 

1,165 
O'44.6 
1.602 

0.641 
0.914 
0.608 

0.56R 
0,617 
0.895 

0,990 
0.859 
1.4R1 

1 . 3 M  
0.339 

Seaaons 

1831-39 
1833-W 
183438 

1W4-64 
1834-69 

1835-66 

b .  

No. I Name of Serlel 

r 
1 \%~~th Pirrnsnith Mer. ... 
2 Bll,lhl,n hftbridiOnd ... I 3 ,  Ainln  Mcridional ... 

0'327 

0 5 7 9  
O.9Hti 
0.834 

0. 
O.HO~, 
0.R75 

0.930 

1,247 

0.969 

0.31110.30 

... 

f bf 

3.26 
2.46 
1.88 

1.79 
0.32 

0.71 

0 -  74 

0.59 

0.36 

1.14 
1.93 
1.81 

1.42 
1.06 
1.21 

1.99 
1.97 
1.07 

1.55 
0'65 
1.92 

0.55 
1.21 
0.70 

0.60 
0.68 
1.25 

1.11 
1.12 
1.34 

2.R4 
0.43 

4 
5 
H . 

1Hj3-ti3 

l l l 4 - M  
IH.i5-5H 
1835-60 

185.5-fi3 
IHX-55 
1856-60 

1838-59 

1AT,9-6O 

1A39-60 

1H59-72 

1Rt;O-64 
1361-63 

1861-f lAI11.4~ 

I . . .  

1 5 /  .4@wni L*.ngilu,final . 
:I.-,! C'v!rh l~'ctn$t ... 
:]ti l i ; l~l~rnlr Principal ... 

7 T i  f i n 1 1  ... 
33 R H I I I I ) A I ~ I I ~  I.qtn. 

No. 

52 
53 
54 

56 

56 
57 

58 
59 
60 

61 
62 
63 

64 
65 

66 

67 
68 
69 

70 

71 

72 

53 
74 
7: 

76 
77 
yR 

8O 
81 
"2 

85 

Rengir  Meritlioaal ... 
('alrutta Longitudinal ... 
(Jrrat Arc Meridional. 

Bert ion 24'-30" . . . 
7 

39 

40 

0'37 

0.71 
1.27 
0.86 

0.59 
0 ,  87 
1.47 

1.51 

1.75 

1 ,SR 

' 

Bornhny Longi l l~dinnl  1837-63 

> l * , r ~ , l ~ , ~ n , t l  N a b .  & 
w E ~ T . ~  1 ' , 7 1 . . ~ , 1 1 , 1  I , , ) ~ .  . . .  

I I , 

71 K~lni.rlin :\nrl f+arhnil  
; I  Siaik 

I 

Mer. 
Krpler-l hy lw. 

. . . 
( t ' u t t 7 1 ~ )  (?i>a~t 1,ine ... 

Katliiiwir 

0-4@0. .$9  
0 . : ~  10. 53 

I 
0.40 I 

l(n 

105 
106 
107 

S(~rid~lbrlal NI). 1 ... 
41 1 K i t l i ~ : ~ w : ~ r  

I Zl+-rillic?nol No. 2 . . .  
42 i Rfithi iwir 1 Mvr~,li,nnd No, 3 .. 

&3 ' Elidol- Lonlnlrrdinal . 
$4 Ear1~r.n Fronlvrr n r  ' n ]  i n  , 

Ci I ,91111rj ... 

W MM.IOII. ,~* Mrr. n n d  (I,,,rst . . .  
b i  Kathiirtr 

Chittnqonq ... 
Ml~ng Hant ... 

nrpRt s ~ \ ~ ~ ~ ~ ~  ... 
H~~~~ coast ... 
Dilhandin ... 

Lon. = Longitudinal. 

$I; 

86 
"7 
W8 

9l 

92 
93 
94 

95 

9'7 

HI) 

1 ~ 3 . f i l  
~nt;:] t;!~ 

IW~~R-;R 
1,%.1-45 
I %-$-ti5 

1838-41 

1840-74 

1842-62 
l8-U-67 
1843-45 

1R.44-46 
1 M - 6 9  
1845-47 

1845-48 
1843-53 
1845-62 

1846-47 
l R ~ - 5 5  
1848-52 

184-53 
1848-62 
184~-AB 

1849-53 
1851-52 
1851-52 

1852-56 
1H52-62 

1853 

1853-54 
1H.-13-61 

$ ; (Jnnt  Arr Mrridinnal. 
1 Srrtiwn J8'-2.t' ... 

Ssmbalpur Meridion~l ... 
b d , , - ~ ~ ~ ~ i ~ ~  ~~~~~~,i~~ 
~ h ~ ~ d ~ ~  
~~h~~ 

... 

... 
~~~d~~~ ... 
Nnldrog ... 
Nnga Hills ... 

Middle Oodivnri 
K,,,,~,,,~ 

... 

... 
Cichir ... 

Bornhay Island 
) c ; M . , , ~ , ~ ~ ~  

... 

... 
Rngnlknt ... 

Rangoon ,, 
loP 

1. l.i4 .i:< 
o - : j ; ~  0.57 

I 
0 .  S.LO~O.J;, 
1.742 1 . r -  
2.033 3 - 12 

1 

9 

10 
11 
I 2  

13 
1 r 
1.; 

I 6  
17 
13 

In 
20 
21 

22 
23 
2 4  

KllrrRm 
... 

reshiwRr 
... 
... 

North Waziristin ... 

= Meridi8,nal 

I O r m t  .4rr Meridional, 
Serf ion ,?-IN' ... 

Singi Jferidional ... 
8oufh Ponknn L'onst ... 
Karrirn Yer id ional  ... 

North Mal inchn Mcr. ... 
('hendrirr Mtridional ... 
Gnra Mendional . . .  

Ca~lrwtta Meridinma1 ... 
South bf~liinrha Mer. ... 
h-hrinpimra Merid iond . .. 

G~rrwiini ~Meridional ... 
Xorth-East Lon. ... 
H~irilriong Meridionnl ... 

North- West Himrllaya ... 
Oltrhdqarh Meridinnal ... 
Eaat Coast ... 

I 
2.i I h r l i r h i  Longitudinal ... 
56 1 Ab~r Meridionnl . . 
27 j North Plirarnilth Mer. . .  

2s / K,ithiimrir Meridional .. . 
'XI1 Gujnrilt Longitwlinal ... 
20 

21 

Ki~thiiwir Lon. ... 

Sih: \rnJ~t i  . . 

2 2  I Qrr.nt Irtdus 
3:l ' Rtihrpn Yericlinnr~l 







TRIANGULATION AND B A S E  M E A S U R E M E N T  

BY CAPTAIN G.  BOI)IFOR.D, R.E .  

I. Summary.-The season's programme consisted of three 
base-lines with their extensions, ailcl reconuaissance for a primary 
series to be observeel next year in place of the existing Assam 
Valley secollclary series. The base-lines are a t  Paclag near D1-tlhandin 
in Baluchist:in, a t  Yooiza, ancl a t  Naintiali near Sibsagar in Assam. 
The i~ l r a r  wires were hrought back to Dehra Dfin and re-standardizetl 
between each base-line. They hehl their lengths satisfactorily. 
(See Chapter VII ) .  

Consideration has been given to the question of what is the 
h ~ s t  time of day for ohservillg llorizo~ltal a~lglcbs. The subject is 
cliscussecl in para 9. 

2. P a d a g  base-line.--The base-line is 10 iniles long lying 
across the side Pulchotau H.S.-ICopahclar H.S. of the Kalnt 
Longitudinal series (see Chart 11). The eastel.ninost 7 nziles 
are on haril hare clay, and the remaining three iniles are on gently 
sloping gravel. It is divided into two (unequal) halves by the 
c~n t r e  station. The centre ancl two terminal stations are allnost 
exactly in lilie, ancl are built up ahout 4 feet above t'he plain. At 
t h ~  west terminal the grouncl is 60 feet above the other two stations, 
so that the triangulation ray along the base is reasonably clear of 
t h ~  yround except during the inidclay n~inimuin refraction. 

I n  this base ant1 the other two, the sysbin of measurement was 
1 ) ~  invar wires i l l  catenary, as in other recent 1-ase-lines. TVires 
Nos. 247 and 248 were used for the east-to-west Ineasure, and 244 
a l ~ l  2 19 for the* othc~r. No. 252 was used as a tlaily standard of 
c~mparison, a ~ ~ d  24.3 was user1 ill addition every tliircl or fourth 
(lay only. 

Beforc measaremcnt is st,arted, the ~msitions for the tripods 
:Ire lait1 out hy rnnrlcs ~ I I  pcqs, or on slats iiailecl to pens accnrately -.' ali~iiecl a11(1 at ap1)roxinlatPly t h ~  right i~ltervals. The spirit-levelling 
is cal.rirltl along thcsc p ~ q s  heforc and after the measurement. 
nul-ing in~nsureme~it an assistant lneasur(>s the heights of the tripods 
above thc pexs, l ~ l t  w h e ~ ~  the rise or fall ill n bay exceeds two feet 
this is ch~clrotl hy tlircct I~vt.lIiug I~c~tweeli the tops of thc tripods. 
(~~~ l l~pa r i sons  with thc tieltl stanclartl h a w  becln lnacle daily, soine 
1)fhf()rc a11t1 some aftrr  work, in such proportiol~ as to make the mean 
tenlpe~.aturc\ of  coinparisoi~ the same as th(1 I ~ I C R I I  tc.mperatnre a t  
which thr hanw h ~ v e  bee11 measured. 
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The Pntlag hase-line was recon~loitred ancl laid out by Messrs. 
L. R. Howartl an11 P.K. Chowtlhury wit,h about 2O lil~c~lri.~is between 
4Sth Nov. ant1 2211d Dec. The extension was obsel-vecl by Captain 
Bomfol~l between 12th and 22nrl Dec. The ~neasuremellt was 
rloue by Captltil~ Bomford ancl Lieut. C. A. Biddle, R. E. assisted by 
311.. cho\v~ll~r~l~g, one recorrler, and about PO kl~alasis, between "3rd 
Drc. n ~ ~ d  4th Jan., the average out-turn being 110 bays a day. 
Tr~nprrnturr  co~ltlitions ww-e rather extreme, wol.king ternperaturea 
v a r j i ~ l ~  fl.0111 .'i3(: OII 26th Drc. to - Ci°C on 4th Jan., hut conditions 
~vcl r~  otherwisch g-ootl. W a t r ~ .  was lwonyht h y  trail1 from All~nedwal. 
Thc. ~.csults arca g i \ - t h ~ l  in 'l'a,hlr 1.  

TABLE 1 .-Pcirlcig Base-line. 

Enst to Ves t  West t o  East 
Section No. 

Mean value 
I 

No. 2 bH No. 34.7 1 No. 24-I. No. 24F) 

. --. 

of 
each section 

1911.016 metres 

1441. H24 *, 

1441.070 ,. 

,4.'793.910 ,. 

1442.625 ., 

1442.780 .. 

! 
1 

1 I IRl l~Ul ' j  1911.O?H ( 1911~013 1911~015 

2 

:i 

Total E. Half 

I zC.C1 . H3.I. 14.41. Hz.; ' 1-1-I.1. 821 14-41. A25 

1 l-Cl.071 1.f-I1 O i l  ! ll.ll.Oti9 1441 .O69 ~ 
, 479:i. 912 4iM:<.C)15 4i93.903 4i03.909 

I ;  ' IIIL'.CiL 1 2 l 1 4 ~ l 2 C 5 1  l b U . 4 5 5  1442.453 ., 
I - 

I 1 \ 1.2. It; C 1t4.2.466 : 1.1,,1.B.,iti,k 1,142..1,64 ' 1442.464 ., 

i 
i 

I . ;  I I I 3 1.C42.626 I l-t;F?. ti23 1.1..1.2.(i26 

I I 9 144.2.iRl 1,t42.579 1 1.42.7HO 

1466.654 ,, 

144.2 4.4.6 ,. 

1105.871 ., 

1181.60, .. 

10.9lti.999 ,. 

I 

9 I I 1 I t  1 1 t i t  6 5  1466. 654. 

I 

i 1 
I.+.nrtl~ of ~ a ~ ~ ~ l l i . i l O . * o 6  li.ilO.323 lli10,79:1 16,710.*11 1 5 . ~ 1 0 ~ 8 0 8  mctrer 1 

H I C I.2. 1.-I..-) I4 CY . 46 

1 I) 110.i.H;O 1106~A72 

1 LC2 '1 1.5 1~1,,I2. 446 

I LOT,.870 I IO5.'472 

11 I I t i 0  I 3 1 6 0  1131606 
I 

Totrl W. Half 110,911;. W-4 10.91(1llOX 110.918%10 10.916.902 
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The discrel~ancy between the east-to-west and west-to-east 
measures is 1 in 1,200.000. By direct measurement the log of the 
ratio of the t,wo halves is 9 64?590!) ailcl hy triangulation 9.6425912, 
which by chance is nearly iclentical. 

The measurecl length of the base is recluced to Indian feet by 
t,he relations 

1 staiidard yard = 0.914 399 20 metres 
1 Indian foot =Om 333 331 886 standard yards*, 

and is 51544 918 Illclian feet'. 
The average sl~heroirlal height of the Parlag hase is 2,817 feet. 

vix., 2,680 feet ahove sea-level plus 13 7 feet,, the est,iinated height of 
the geoicl above Everest's spheroid. Reclucecl to spheroid level, the 
length of the hase is then 51537.980 Inrlian feet or 4.7121274 log 
feet. 

The triangulated log length of the lmse-line in terms of the ICalkt 
Longitudinal series is 4.7121302, so that  the c1isc1-epancy measured 
1ni~zz6.s tria~lgulaterl is - 0 0000028. 

In  view of the early morning ttcmperatures being so much lower 
than those a t  which the coefficients of expallsioll of the iilvar wires 
had been clet~rminecl, a deterini11a.tiou was made 011 30th Dec. by 
the careful inrasureine~lt of ~liiie bays with a11 six wires cluring 
the colcl of the inorili~lg and again in the after~loon. The 1.esults 
mere as follows :- 

Tncrensrs i n  m m. pr).  24 m r t r e s  1 ~ 1 .  O C  u12(701 .  10 kfl. tensiow . 

The [lay selected for the wol.li hat1 a11 u ~ i f ~ ~ t ~ u n a t e l y  low range 
of t c l ~ n l ~ r a t t ~ ~ . c ,  ant1 t l ~ p  incall tliffcril~icc~ 11ctwec.11 the morlii~ig ant1 
mitlday rnc~:tsnl*os was only !)V, w ~ I P I . ( ~ ; ~ s  l . jn~' or 20°C hat1 I ) ~ C > I I  
hoped for. Thcb results, howt~vc~~~.  :izl.c1(> wcll with thc old values, 
a1 1(1 t h ~  ]at ter have. hr>c)li ~ccc~l,tecl 1111c*11angotl. The wol-st clisc.1.el)ancy 
(in No. 248 )  is 0 1 1 1 ~  1 ill 1,000,000 p ~ r  So(:, and tlic 1noa11 of the 
follr 1vo1-1ii11~ :.viil.cs cliffers l,y 1 i l l  1,000,000 per I 'i°C. The 
(1itt'rhi.o~~co l,t*twc~c.n the Incall tc.rnpc.~.atu~.c> of  lmse ~neasurc inc~~t  a t  
T'n(lng %lit1 o f  thc two 1 - 0 1 ~ t r ~ l  st:l~~clartlizatio~~s a t  D(1hi.a Dii11 :.Iras 
-p 4 

( , SO the tornpc~~~nt,ul-c~ ( ~ o o f f i ( ~ i o ~  I t s  :I rrl C ~ I I S ~ ( I ( A I ' C ~  to 11(' ~ t b l l  ~11011j~h 
cl~tcwni~~otl. At 1 ,  t hela I):lu~l-liucls 111(1 tc11npc1.at~n1.e (1 iffi~1-~~11ces havcl 
1,c.cn 1n1lc-11 1 , ~ .  

-- - 

* See Snp17le11lc~t to Grotlvtic. I:c%])ot.t VoI. \'I. pngch ri. 

B 

249 
I 

252 
- 

- - 00 11 - .0060 

W i l r  Nos. 9.13 -1- - 

P~.rvinasly i t c c~ l , t~d  + .00i  * 
I 

214 24'7 2 1 8  

1 1 -  
I 0058 ' - .0009 - .002R 

- - - -- 

T ) P C P I ~ I ~ P I '  1O:l:j + ,0040 
I 

- - 

- , OORH .t .00$7 , - .00,7ti - .0060 - .00:30 
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The base ertt.nsion was carried out with 54-inch Wild theodolite 
. 9 .  Three face left or three face right measures were made on 
2S ztbros, the srnall increase on the usual programme being to allow 
of observations at four clifferent times of day, as described in para 9. 
Thp average triangular error was 1" - 11. 

3. Poona base-line.-The base-line is 66 miles long and 
is connected to the sicle Dighi H. S.-MLndvi H. S. of the Bombay 
Lonritudinal series, through two new hill stations (see Chart 11). 
The line is across tindulating country, coverecl with p a s s  and clry 
t*ultivntio~i. Tt is clivitled into two halves by a centre station at 
which the two terminals subtend all angle of 175'. The ground 
falls quite steeply ill front of the west and centre stations, which 
have heell built up to x height of 4 feet, but a low crest in front of 
the east. terminal necessitatetl the builcling of a tower 14 feet high, 
of the type describecl ill the Geodetic Report for 1933. 

111 1840 Lieut. W.S. Jacob of the Bombay Engineers prepared 
a base-line a t  Pooria ancl connected its terminals by preliminary 
sc~corirlary tria~~gulatioii, but i t  was never measurclcl. The east 
terminal of the present base is iclentical with Jacob's station, hut 
thrb west terminal is about 200 yards west of his, in what apl~ears to 
he a rather better site. 

The line ancl the new stations were pi-eparecl by Mr. Howard 
lwtwet~ii 33rcl Dec. aiitl 18th Jan. The measurement was carried 
out by Chptaiu Bomford ancl Mr. Chowclhury assisted by Mr. Howalm(l 
hetween 19th a~icl 27th Jan. anrl the extension mas observed hg 
Captain Bomford between 28th Jan. ancl 11th Feh. The system of 
1v01-k was t,he same as a t  the Padaq base, but t h ~  rougher ground 
re~lurpd the average claily out.-t1ii.u to 100 1)ays a day. The 1-esalts 
are giveln in Table 2. 

Thp cliscrepancy bptween the east-to-west ancl west-to-east 
m ~ a s u r ~ s  is 1 ill 10,000.000. By direct measurement the log of 
thp ratio of the two ha lv~s  is 0.2647:366, anrl by triang~llation 
().2617:320. a discrepancy of I in 100,000. The measured ratio is 
nf cours~  acceptecl. 

Thp measured I ~ n g t h s  of the two halves of t,he hasp ill Ii~tlinil 
feet are 22572 $36 anel 12270 058. The mean spheroidal 
heights of the two halves are 1,826 and 1,932 feet, viz., 1,871 and 
1.977 f + ~ t  a h o v ~  sea-level rnir~trs 45 feet, the e~t~imaterl height of the 
zc'ui'l )'"low Everest's sph~roicl. Reduced to sphemicl level t,hp 
1~11gth~ of the two halves of the base are 22570.565 and 12268 904 
TllrIinll fpet, or 4.3535424 alitl 4.0888058 log feet. 

The ti.isngulater1 104 l ~ n g t h s  of the two halves, in terms of thp 
Rl)mbay Longitudinal series are 4 .:35:;.iJ21 and 4 a0888055, so that 
thrb discrepancy measured ~ r r  it, 1l.9 tria~lgulated is + 0 - 0000003. Thp 
~mal l r l~ss  of this f igur~  speaks well for t h ~  accuracy of our 
~ ~ . ~ l ~ p , q g o l . s '  work ( 1862-6:;). ant1 also for their juclgment in 
~ l ~ ~ r i ~ l i l l g  that n J)as~-lille at P n o ~ ~ a  was not essential. 
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TABLE 2.-Poo?za Rase-line. 

Section No. 

1 

4 

Total E. Half 

5 

6 

Sum of two halves fro111 East  to  \Vest ( W i r e s  247 a i d  248) = 10.619.962 metres. 
Sum of two halves froin West  t o  East (Wires  24-1, : ~ n d  249) = 10,619.961 nicbtres. 

East to  West  ' West t o  Eas t  

No. 247 No. 248 , No. 244 No. 249 

i 1634.103 1634,101 163.4.103 1634.101 

Totnl \V. Half 

Smn of t w o  
halves 

The base extension was carriecl out with .;h-inch Wild theodo- 
lite No. 39, on the same system as tha t  a t  Paclag. The average 
tl-ia~~gular error was 0". 72. A t  this base extel~sion the s~ilall size 
of the hills and the freeclom from ally astronomical observatioi~s 
made it possible to adopt t,he follo~vilig routine without interruption 
througho~lt the scveu st,atious:-Leave first station in the morning: 
arrive next statioli that aftenloo~i:  observe four xei.os (three 
measares FR or three FL on each) that evel~illg mld four tha t  
night: observe six zelsos 11t.xt ~ n o r ~ ~ i n g ,  six in the afternoon, fo~l r  
that evel~ilig and four that  night: march to the second station n11d 
start ol>sei~vations there 11ext (lay. The weather was, of course, fine. 

4. Namtiali  base-line.-The base-lintb is 7 miles long, and 
is con~lt~ctecl to foul- stations on the adjacent hills, of which 
two will  foi.~u part of the 11t~w Assaln Valley scrics which is to be 
ohs~rvc~l  in 19:3L1.-33 (see Chart 11). The lint. lies in flat l>adcly 
fivlds. I t  is di~ridc~tl illto two halves hy a rent1.t~ station a t  which 
the two tel.ini~~als subtend a11 angle of 170". Thr three st>ations 

towtlrs 1 0  or 12  f e d  high, of the typc clrscrihed in Geodet,ic 
Report 19:33, Chaptei- I. Some tlifficulty was experieacetl in tincli~ig 
a lille cleai- of vil1ag.t. sites mlcl bamboo jungle., and Rs. GOO was 
P)wllt 011 col~lpensatiol~. The lii~c. is ci.osscvl by a few small streams, 
hilt it was not foulld nectwary to use thtb 72-metre wire. 

Mean value 
of 

each sectioii 
- 

16l34.102 metres 

2025.977 2025 -979 

6880.075 6880.075 

1921.039 1921.038 

1818.H49 lSlS.S4R 

3739.SSS 8739.8S7 

10.619.963 10.619.962 

2025.974, 2025.977 

6880.067 6880.077 

1921.035 192l.040 

1818.849 1818.451 

2025.977 ,, 

6880.073 ,, 

1921.039 ., 

1H18.849 ,, 

3739.SR7 3739.891 

10,619.954 10,619.968 

3'i39.888 .. 

10.619.961 metres 
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The lilie wvas cleared and the new stations built by Mr. M.N.A. 
Hashmie Iwtween 18th Oct. and 2 i th  Nov., and Mr. Hashmie 
oberved the esteiision between 28th Nov. a i d  25th Dec. Mr. Howard 
laid out the pegs between Gth and 24th Feb. The base wae 
measurtul by Captain Bomford and Mr. Chowdhury assisted by Mr. 
Howanl, between 25th Feb. and 4th March. The system of work 
\ a s  the same as st Padag and Poona, but tlie flat, ground a i d  an 
eclilable temperature raised the average out-turn to 120 bays a day. 
The ~.esulta are give11 ill Table 3. 

The discrepal~cy b t n - e r ~ ~  t h ~  east-to-west ant1 n-est-to-east 
rnwasurps is 1 in 1.:~00.000. By direct mpasnremp~lt the log of 
thp ratio nf thp two halves is !4.!)6816Pfi, and I,y triangulation 
9 . 9 6 9  1 in::. a r l i sc r~par~c~  t , f  1 in 350,OOO. 

* 

Ynm nf tu-I) h n l v ~ .  frt1111 W ~ s t  tab Enst ( Wirpq 24-l. nnd 249) = 11.574.902 metreg. 

TABLE 3 .-ilTn9n fictl,i Base-line. 

East to  \Vest 
Section No. 

j No. 24s No. 247 

. . . - - . - - 
I 

1 ! 1m..ia4 1607-586 

2 / 1606.390 1606.891 
I 

3 1 1606.6S-I 1606.685 

4 1 l l i S l 9 5  l l i8.296 

I 

Totnl E. Half ' 5W.d.;:1 5999,458 

I 1 1604.735 

ti 1.;65.135 l i t  

- 
I IR3Zlili 1638.li9 

West to East Mean value 

1 of No. 244 Ko. 249 each section 
I .  

16o;.%1 1607.586 i 1607.584 metres 

lfiO(i8.PL 1606.889 

lBa(683 1606.6S7 

l l i S l 9 2  1178296 

5CIWU. ,441 5999.458 

16O.+.i*l 1604. iL 

1.56i.184 1;iR'i.lYR 

ci i71.?0S i i l P 0 9 I  i i l : IO i  i i l . 3 0 9  771.30$ ,. 

1606.889 .. 

1606~685 .. 

1178295 ,. 

5999.453 .. 

1604.764 .. 

1567.196 .. 

I 

Totnl \V. R d f  :.;i.i. L.i:t 5 4 7 . 4 -  5575. ,459 

S n n ~  e>f twn 
hrlrra l l . . j i t , W  ll . . i i4.9l i  111.>~4.8*7 11.5i4.917 

I 

1ti12 174 1632.177 , 1632- 176 .. 

5575.454 .. 

11,574~907 111~tre9 

Snm l l f  tn.11 h:tlres frnm East tll West. (Wire9 2 1 ~  :\nil 247 ) = 11.574~911 metres 



Padag Base -Line 

Poona Base -Line 

Nagnlmnra H. S. 

b l e  ho0 or 1.014 Inches to 16 Miles 

Miles 10 6 0 10 80 M11,- 
I . . . . : .  . . .  : 

Geodetlc trlangulatlon of arevlous years 

,, 1933-34 

, for 1934-35 - -  

-0 I . - r l n D , , , , q . 5  -- H h l  l O  S I ( I  1)FI IHA 191 





CHAP. I.] TRIANGULATION k BASE MEASUREMENT 13 

The measured lengths of the two halves in Incliall feet are 
1968S. 347 (east ) and 18292.267 ( west ). The mean spheroidal 
heights of the two halves are 499 and 500 feet, viz., 324 and 325 
feet above sea-level plus 175 feet, the estimated height* of the 
geoid above Everest's spheroid. Recluced to spheroid level the 
lengths of the two halves of the base are 19682.878 and 18291.830 
Indian feet or 4.2940886 and 4.2622572 log feet. No comparison 
with triailgulatioil is a t  present available. 

The base extension was caniecl out with 54-inch Wild t'heodn- 
lite No. 130, on 20 zeros ( 3 FL or 3 FR on each 1. The average 
triangular error was ON 46, ail exceptioilally small figure. 

5. Accuracy.-From the measures given by the four indepen- 
dent wires in Tables 1, 2 and 3, the probable errors of the base-lines 
might be deduced as :- 

Padag 1 : 3,700,000 
Poona 1 : 5,200,000 
Nalnt'iali 1 : 2,300,000. 

Figures cleiluced in this way are, however, ilotoriously unreli- 
a b l ~  for they make no allowance for the error in the standard by 
which the lengths of the wires are determined, or for error in the 
ti.ia~~gulat,ioii which exteilds the hase to a side of norinal length. 
In Geocletic Report Vol. VII (page 20)  it was coilclucled that' the 
meal1 of the errors of stnntlardization of the wii-es in 19:30 n-a~s 
probably less than 1 : 1,000,000, but t,hat it inight be 1 4  : 1,000,000. 
Thr staliclarclizations described in Chaptei. VII of this ibepoibt are 
rather more satisfactory, but the possi1)ility of an error of 
1 : 1,000,000 c a ~ ~ n o t  he de~~iecl, a11tl this possible error ( or even some- 
thing a little larger ) is a hetter guide to the acculaacy of the act'ual 
meastu.~me~~t than the pro1)able errors given above). This figure of 
I : 1,090,000 is 11ot \vt.ll rl~termiiiecl, 1,ut it is of little consequence, 
for the pro1)able error of the exte~lsion is certainly largei., and is the 
ruli11y factor ill t h ~  accuracy of the 1)ast. as a n~hole. 

Thc1 avel-age col.1-ections al)l,lircl to  the ohservetl ailgles when . . 
g:.1'111(1111~ t h ~  three 1)asv ~ x t e ~ ~ s i o l l s  have been 0"- 46, 0". 34 and 
O1'. . iO at Patlag, Poolla, a ~ ~ d  Namti:di ~.espectiveIy, which being 
1nultil)li~tl 1)y 0 .  $45 give 0" ;:!I, 0". 29 alltl 0" 42, for the probahle 
e1.l.01.s of u~~atljustetl a ,~~gles  at the t l~rep bases. Give11 the probable 
plal.()l. of all ni~acljust~tl a~lgle, the 1)rohabl~ errol. of t ' h ~  ratio of 

'? l)nt,n. i1.r~ m t , l ~ ~ r  scnnt.y. :~.ncl this Iicight. tnn.y possil)ly hc ill error hg 50 feet 
( 1 in 400.000 of thib ~ : ~ r t  11's ~ ~ ( I ~ I I R  ). ' J ' l l ~  r(~d11ctioll to am-lrrcl 1n11at be reconsitlered 
\\fllcbn tho : ~ z i ~ n ~ ~ t l >  oh~c~~-v:t.t,ion.q of t,I~o nc,n. ~\ssn.~t l  1 - ;1 l l~y  st~ric~s 11:~rr provided fuller 
jnfort~ i :~t i~ , l~  : I , I > o I I ~  t lu, sl1a11(, of t 1 1 ~  g,,i~i,l  i t ,  !\ SS:IIII .  
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any two sides is ~let~erminate, but in complicated fig~ii-es the compu- 
tation is very long*. The following discussion is not rigorous but 
is thought to l ~ e  reasonably accurate. 

For the probable errors of the adjusted angles a rough rule is 

Adjusted y.e. = anadjusted p.e. x 2/? 
where f is the number of ang.les observed ancl n is the 
number of equations of condition t. 

At the t'hree bases, t.he fractions mlcler the square root are 
5: 16, 9/30 and 9/27 respectively, so tha t  the average probable errors 
of adjusted angles are ON'22, 0"'16 and ON'24. These probable errors 
apply to the rather small, partial, angles whose errors are determined 
by the grinding. The larger angles on which the extensioll pri- 
marily depends average about twice the size of the partial angles, 
a~icl their probable error may reasonably be taken as  JT times as 
much. 

Given the probable error of all adjusted angle, an approximate 
value for t'he probable error of the final side is easily obtained, 
( assuming t,he base-line it,self to  be errorless ). A t  Paclag, for 
instance, where t,he ext'ension is very symmetrical, the error of the 
sicle Pulchotau-Kopahdar evidently depends oilly on the errors in 
the two angles West-Pulchotau-East ancl West-.Kopahclar-East, ant1 
is easily expressecl in terms of them. The other two figures are 
rat'her more coniplicatecl, but call he treated on similal- lines a ~ i d  the 
resu1t.s are :- 

Prnhal~le error of final side a t  Padag = 1 : 650,000. 
.) 1, 9 , ,, Poona = 1: 550,000. 
. . 7 1 7 7 ,, Namtiali = 1 : 580,000. 

As rrmarked above, these figures are large compared with the 
probable errors of base measurement ( heing about twice the "possi- 
ble errors " ) , and so approximately represent the total probable 
errors of measurement ancl extensin11 combineel. 

6. 1930-33 Base-lines.-The lengths of the three base-lines 
in Burma clescribed in last year's report require recluction by one 
pal* ill a million on account of the 4-metre invar stanclarcl har 
having since heen shown to have grown by a less amount since 1930 
than hail heen expected. (See Chapter VII of this report, para 
61i cl ). The lengths of these bases, anrl of the 19:30-:31 Ke~igt i~l lg  
hase, as r~r luc~c l  to spheroid level, require further modification now 
that the form of the geoid in Burma is better determi~ierl ( see 
C'haptei IV  ). The height of the geoid above Everest's spheroid at  
h'engtling, Mergui, Amherst and Kalemgo is now estimated to he 

- - - 
' Scr Dr. de Graaff Hunter in (feodetic Report Vol. VII, p. 144. A t  P o o ~ ~  a 

determinant of 22 rows wonld he involved. 
t (;.I". V I ) ~ .  11. p. 195. 
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265, 305, 265 ancl 120 feet  respectively in  place of the  previous 
estiinates of 250, 300, 251 and 150 feet. Revised figures for bhese 
base-lines are given helow :- 

7. Astronomical observations.--Astronomical observatio~ls 
for azimuth and latitnrle were inacle a t  t,he statioiis of the Paclag 
and N:~mtiali 1)ase-l i~~es and their ex tens io~~s ,  in order to calculate 
corrcctiolls to hol*izontnl ang1t.s on accolmt of the dislevelment of 
the theodolitt~. Tht. l a ~ p s t  correction was l f"21.  The res~llt~ilig 
values of the  tlcviatio~l of thth vertical are civeil ill Chapter IV,  
Taljlc 5.  These observations were not inarlc a t  Poolla, as the small 
snglcs of c ~ l ~ v a t i o i ~  hctweeii thc s t a t i o ~ ~ s  tllcre ~vould have caused 
t h ~  resulting corr~ct ions  to have been much smaller. 

Latituclcs obs~r re t l  with Wild theodolite No. 59 again sllo\\~etl 
the ~'c~.sistent differc~ncc~ I~ct,wec~n 11oi.th ant1 sout11 stars noticed in 
C:eo(lotic Report Vol. VILI, page 60, in spite of the rrflecting pi-ism 
1)eillg iisod a t  t l l ~  eyt11)i~c~, so the explailatio~ I thcre suq:.gestccl 
( tlllat the t l i s ~ r t ~ p ; ~ i ~ c ~  is t l i~e  to p:iraIl~x ) is 110t lilccly to 1)o c.or~-c>ct. 
The cff(3ct was 11ot so 11oticon1)lc ill t h ~  ol>se~~vat io~is  m a r l ~  wit11 
No. 1 :;0. 

Mensurcd Icngth 
(Indian fec.t) ... 

hlcan hcight above 
~pheroid (feet) 

Reducrd lcagth 
(Intlinn fcr t )  ... 

Rrtl~~cc~cl Iriigth 
(lo< foc~t) ... 

Diccrc*l~nncy 
incaq~~red minqt r 
tri:xngnlated. 
(Hnrina yrindiii ji 
iulr;) 

8. Assam Val ley series.-Thc cbxistiilg Assssn V:~llcy series 
\VRS ~voa1clY o1)servetl as :i s t~~oi~( l : i i~y  s t~i- i (~s  ill 18G7 -78 ( 111 = 1 a ( ; ! I ) ,  
am1 it1 its eastp1.11 half whero it Iravcs t81~(a hills, t l l ~  t ~ r i ; ~ ~ ~ g I t ~ s  Iiavt~ 
v~~1.y short sitlt>s. Ti1 3934-:35 it is p1.opost~tl to ~-c~ol)sc~~.v(~ t11cl 
w~8tcb1.11 half, wlit~i-c tllr t1.iang1t.s are of ~*c~aso~lal)le sive, ant1 to 
~.(~plncc t h ~  c~:tstci,~~ h;ilf ljy a primary scbi.ic-s t111.onc11 t11c N:ig:i Hi 11s 
\vhicll will c.o~inoct with tllv Nmntiz~li b;iscb, aiitl which i l l  1 !):;5--:3G 
it is 1 1 0 1 ~ ~ 1  to extcli1tl througll i l i t l o p c ~ ~ t l t ~ ~ ~ t  Niiga territory to  longi- 
t u ( l r  !)(in, wllc~rc~ it, will ti11.11 south ailtl evcutually joil~ tht. Upl,ei. 
Tl*rawatltl,y a~l t l  Mailtlala,y Melaitliol~al sei-ies ill latitude 25'. 

- 

* In tcrlns of the >long l lsnt  and Grent Sxlwcen series respectively. 

Kcnqtiing 

-- 

38.463- 99 

2815 

38.4.iH.79 

1-581993; 

- 0.0000080 * 
+ 0.00000(i:l 

bl~rgui 

16,290-28 

32.7 

16.289.97 

4.21 19202 

+0.0000047 

ICaleniyo 
(S. half) 

14.148-36 

512 

14.71.7.98 

1'1kV37~32,i 

Ainherst 

4 1..561.23 

279 

14 51;0.(i3 

1 ,64S9.;1:1 

Kalemyo 
(N. half) 
-- 

19.802.33 

593 

19.801.77 

1 e29670 I0 

L ---- 

+0.0000075 + 0.000012R 
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111 1938-34 Mr. Hashmie, after completing the extension of 
the Namtiali base-line, built G new stat~ions rtncl visited, repaired 
n~itl c.lt*arrtl 25 olcl ones in preparation for next year's observations 
(see ('hart ITT). Work begail in the NLga Hills on 29th Decem- 
lwr, and was completed near Gauhiiti on 1st March. Transport in 
the Niiga and Mikir Hills was by coolie, hut mobor transport was 
g~~lerrr l ly  obtaina1)le ill the plains. Move~neiit in the NLga Hills 
wns t'ouiicl to  be easy, hut the Mikir jungles are difficult and 
1111healthy. 

&ill an(\ clout1 causer1 clelay ancl anlioyance clnring most 
m o i ~ t l ~ s  o f  the st~asoi~, and R-nil1 Frbruai-y there is ap t  t,o be 
thic~k haw. 

9. Best hour for  horizontal angles.-This subject was clis- 
( ~ ~ s s e ~ l  ill C:eoIl~tic Report Vol. V, Chapter I, where morning, 
ta\ c~r~ing * ant1 ~ ~ i g h t  obs~rvations of four old triangulation series 
wr1.r st.l)nl-ated out, and separate triangular errors were forin~tl 
fi.oln (tach, from which was deduceil the pi.ohahle error of a s i l ~ g l ~  
rn~as~ i r e  at  diffrrent times of clay. The results suggestetl that 
tht.1.t. was littlr to choose he tw~en  niaht  and evening observations, ? 
with a slight pr~ftbr~11ctk for the eveiilng except in low rays over 
1):rrc  lain ins. Mnrninq obsel~vatic>rls appeal-ed to be goocl in juugle- 
rc ) \  1-rt~11 hills, 1 ~ 1 t  hat1 ill barrel1 hills. No inor i~ i i~g  ~bservat~ions 
hat1 b ~ e ~ i  maclt* ill thv low-lying series, a~irl  none ill the heat of the 
aftri*iioon in any o f  the series. 

l 1 7 h r ~ ~  the Patlag ancl Poolla base extensions were being olwerv- 
P, I ,  I ~l)servations at each statiol~ w ~ r e  groupecl illto four separate 
tilncls of clay, with a view to further iilvestigation of the subject. 
T I I  a hasp-net a larcr nu~nbel. nf r~cluiirlant angles are observerl, so 
that thp tinal grintlii~g of the figure gives a very strong measure 
f~ 11' c3ac.h ail:lel. I I I  bt t11i tiretly tlependent on its clirect measurement. 
T h i ~  ill the. Parla2 lbaet. t~xt~l is ion there are 11 conclitions among 
t h ~  11; :~II:~CQ ol)~orvt~11, ant1 at  Poo11a there are 21 conclitio~is 
nrlloil:  angle^^. The selecteil timps of day were :- 

r I /  ) ~ I o ~ I I ~ I ~ ~ . - S L I ~ I ~ ~ S P  to about 10.00, before helios start 
to "jiimp'*. 

( I ,  ) A f t ~ ~ ~ i i o o ~ ~ . - l  ::.:%I to 16.00, a t  the worst time of day. 
( I .  ) Evpniny.-1 7.00 to s u ~ ~ s e t  with helios fail-ly still. 
( 1 1  I Ni:ht.-Oiie to four hours after s u ~ i s ~ t .  

A t  wc.h titlie I)€ clay t h l ~  ~neasures of each angle werp made 011 

fi 111. 8 zrl.Ib.1 wvll rlistrihute.11 1.orirlc1 the circle. Table C, gives, for 
cbach a11:lt.. the- c ) l ~ q ~ ~ v ~ c \  mnrninp, nft~rlloon, ~ven inq  ancl 1iiy1it 
Intlallq 1 ) )  1 1 )  11s t h ~  ~ 1 ' 1 i ~ r a 1  rnPall (sphrrical anqle) rlerivrd from t h ( ~  . . 
Z I I I ~ ~ ~ I I I Z .  T I I  vic\w o f  t h ~  stre~igth of the grnunclfigur~ and the 

H..tw+lrbn Iti hol~rq .lnrl ~1rnsc.t This periocl was referred to as "afternoon" 
In V111 V h i t  nola 1 % I 1 ~ ( 1  c v ~ n i n q '  to distinguish it from the periorl 1 3 . 3 0 - l ~ . ~  
1 1  I I 1 1  ' I I I  In the later part of tlliq pnl.ngrapI1. 
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number of zeros usecl a t  each time of clay, the entries in Table G 
are helievecl to cyive the error of each angle on accouilt of horizon- P 
tal refraction, with a probable ~ i ' r o r  of aI)out 0". 2 ( see para 5 ). 
They coi~sequei~tly provide a basis for cliscussing the i ~ ~ e r i t s  of 
different times of clay in the type of country concerned. 

At Padag, the East ancl Ceiitre hase stations are on absolutely 
flat bare grouncl. The West station is on bare ground slightly 
sloping from north to south. Pulchotau aiHFKopahdar are preci- 
pitous hills. A t  the three base stations the afternoon was obviouslg 
not a tit tillie of day for ohservntioi~s 011 account of the size ant1 
wide inovein~nt of the helio images. At  Pulchotau ancl Ko])ah(lal- 
movement of the 11elio caused some allnoyallcp in the afte~.iiooi~. 
but was not bad. 

At Poona, the West and Centre base stations are on quitp 
sharp, grass-covered, rises. The East 1 ) ~ s ~  station is 011 flat grass. 
Dighi H.S. is on a flat riclge with bacl grazes in the direction of t l i ~  
o t h ~ r  statioiis. Shelarvadi H.S. is on a ~.ouilcletl hill. Sr~lki ai~cl 
Manrlvi are steep hills. 

The last coluiiin of Table Ci shoc\rs the average * Pl.inors of the 
tlifferent aligles a t  the four (1ifY~~rc~iit tiines of day. Table 4 givcls 
the inem1 of these average errors of all the angles a t  each of the twelvfb 
different stations, from which i t  is seen that the threc Parlag 11,asc. 
statio~is and Dighi H.S. are ~iotahly worse than the others, as was 
expected except that Poolla East encl was expecterl to be Ijad too. 
This division illto "good" a i~ t l  "bacl" stations is necessary, for, as 
will be al,pai.ent 1:) ter, at  " bad " statio~is after110011 angles are very 
had ailtl must be. nvoiclr)tl, while at  "good" statioiis they are I I O  

worse than others. 

TABLE 4.-A 1~1:111!1(, qf '  ~ 1 ' ) * 0 1 * , 9  nt ( I { f c ~ r ' ) /  t sfnt  ious.  

Station 

Poonn Rnse 

-- - 

Stnt.ioii 
- - - - - . - -- - I - 

c 'c.nt1.c- 1{:1.s1, . 1 
1l::~st. Dnso . .  I 8 

W(1st I ~ L s ~ '  ... I 
T)igl~i I 

. I 

Sllc~l i~~vit l i  , . . I 

Snlki 

Miiitlr i ... 

' 'l'l~tr wov~l ' ~ ; ~ v o l . ; ~ g ( ~ "  is llrc~(l for tllc rnonn wit,hollt t9c.gnrd to qign. 'rli~, \vo1.11 
"Inenn" is 1 1 ~ < 1  for thC\ lnoan ~vitll  rcgitrd to  sign. or for the mc.nil uf ui~tlirectc~tl 
numbers. 
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For the good and bad statioils of each base Table 5 shows the 
average error a t  each of the four tiines of day, and the average 
en.ors of the 11 different coinbinations in which the different tiines 
lnay be meaned together. The last two lines show the  meall of the 
t-wo bases. 

From the first four coluinils of Table 5, which give the time of 
day separately, i t  is scen tha t  afteriiooll is very batl a t  the "bad " 
stations, but tha t  otherwise there is not much to choose betweell 
the times of clay. Rather surprisingly, night appears to be the 
l~ext worst (coilfirming Geodetic Report Vol. V ), but this does i ~ o t  
llleall that night observations are to be avoitled, because the 11i5ht 
el-rors tend to be of opposite sign to the clay ones, and l~rovide 
valuable caiicellation. 

Considering coinl)inattiolis of iliffereiit times of day, i t  is seen 
that a t  " good " stations the ineat1 of ally two tiines, except perhaps 
afteri~oo~i and evenil~g, gives practically as good a rcsult as the iliean 
of all four. A t  " bad " stations combinations of a f t e r i ~ o o ~ ~  wit11 
any one other time are spoiled by the bacl afterllool~ cJrrors, which 
also have a similar effect on all other c o m b i ~ ~ a t i o ~ ~ s ,  so tha t  thp meall 
of inonling, evening a i ~ d  night, ignoril~g the afternoon angles, is 
the best combination. 

There remains the qut~stion of how an ol~schrver is to tlistinguish 
betweell " good " and " bad " stations 1,efol.e completing his obser- 
vations. Precipitous hills like Pulchotau aiid Kopahdar are obvi- 
ously " good ", and rays along a flat base-line are ol~viously "bad ". 
At other stations a convenient rule will he that  a ray is " batl " if 
at ally time of day four consecutive careful intersections*- of the 
mark will not generally come within a range of' .i seconcls ( i.e. 
apparently 2.1 seconcls on the 5i-inch Wild) .  At such s t a t i o ~ ~ s  
observatiolis should not be made a t  the worst time of day, hut a t  
other stations a more inoclerate unsteadiness of the inark has no ill 
effects, and observations may he made a t  any time of the day or night. 
A t  all stations, of course, the more variety the lwtter, and for 
primary triangulation i t  is recomin~ndecl that observations a t  ally 
station should generally cover parts of at  least two days and one 
night, or two nights and one day. 

"l'he telescope being moved off t h ~  Illark by the slow-rnotio~i screw only. 
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T h  ULE ti. -- Er-rnrx in IJoriarmttcl A trgles. 

Thv groi~l,s of three stntiol~s form triallgles. The figures 
opp~sitc each station relate to the angle a t  that statinii. 

M = nlorning, A =after~loon, E =evelri~lg, N = ~ ~ i g h t ,  in = final value 
from gr i~~(l i i~g.  

I I 
Average of 

Startion 1 &I-III ( A-rn , E-m I N - n ~  1 preceding 
columns 

I - - - - - - 

0.51 
0.79 

Knpnhdirr .. + 0.19 
PI&-hotau + 1.:18 

-0.08 -0.04 
+0.77 1 +0.92 

I'ndn:: Eimt +2.23 + 0 . 9 )  + l - 1 9  +P.92 1.91 
- - - - - -- - - - -- 

Kolurhclar 
F111choti\11 +0.0-1 +0.94 1 -0.53 0.41 
I',r(l;r:: C'rmtrc- -0.64 -0.67 I +O. ' iB  0.77 

1 

+1.75 
-0.10 

-- - 

0.93 
0.71 
0 44 

- .- -- 

0.49 
1 .9!) 
0.76 

-. - 

+0.9'3 
- 0 1 9  
-0.16 

- . - - - 

+ 0  87 
+O.:i6 
+0.23 

- - 

1'11lchot~11 .. - 0 7  
K~pirh~lnr . / +O.N 
k'acl;y: \Test .. -0.92 

I 
- 

Koprhtlnr .. +0,2ti 
t',rrlny C'entrrs . + 1.13 
I'.r~try Eirqt +0.79 

fBq\tl>rg C'tnnt rv 1 . 1.4 
1'11I~-hotrr11 
hd.br: Enst 

- -  - 
I 

P1i1t hotdrr 0.52 
r,,~ I.L< ,.( ' ~ n t  1.1. 0.22 
P ~ r l l ~ p  IVtust -noti -:i. 17 -1.j:j 1 1 .,11 

I I 

I 
-0.49 -1.32 

KnpnhtLrr + O  1.' 
P-rtiag C ' P I I ~  r~ I 2 
Pa11n.r R w ~ t  . - 1  titi 

+ 1.  10 
+0..52 

--- 

-0 "0 
t 3.56 
+0.63 

- - 
I 

+ l . . i 2 '  +l.:39 + O 3 9 '  0.93 
-1.2b -0.54 + 0 , 6 i  0.H3 
+ 3 8 9  1 + 1 89 -0 83 1 . ~ 2  

+O-'i!l 
+0.1R 

-- 

-0.64 
+2.89 
+ 1-37 

- - ---- 
I 

Pa~l.rl: 'Xp-t 1.71 
P i i l ~ - h o t ~ ~ n  
Fndnz Enst +0.69 1 +O.l l  +0.82 0 -  21 

- - 
I I 

P.r~l.\y Wvst 
F.r~l,r: E t u t  0.90 
P.b~l.r< ( ' ~ n  t rr3 1. $0 

- -- I 
- - - -- -- - -- 

P.bll<l: \'iWt 
I 

- 0 . 5 2  I +;.a9 +o-91 ( -0.M 2 0.5 
['ni111< E.tet . +1. : )2 ' -0 .00  + I . O H ,  + I . R ~ ,  1.20 
K ~ l p h ~ l a r  +la32 + 0 . 7 5 ,  +1.2ti I -CH)  

( Conlinrlcd) 
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TABLE 6.-Errors i r ~  Horizontal Anrgles-(contd. ) 

Aver~ge  of 
S t ~ t i o n  

columns 

Dighi . +0.68 i Mirndvi 3 
Shelirvidi +1 .45  

- 

-2.32 
-0.22 
+0.1:3 

+ O . f i l  
+0 .25  
-0.26 

- 

Mindvi 
Dighi ... 
Siilki .. 

-0.67 
-1.04 
+ 1 .38  

+0.23 
-0.15 
+0.57 

-- 

+0.62 
-1.15 
+0.48 

0.57 
0.58 

 sulk^ 
I 

+0.51 ( -0 76 
Shelnrvsdi / 0 0 0 ' + O - 6 8  

Dighi ' -0. :36 
Si~lki "' 1 + 0  18 
S I ~ C ~  Arvndl .. 1 +O.'i7 

+O 91 , +O OH 
+1.29  +0 .33  

-0.53 
-0.51 
+1.11 

--- - 

-0-49 
+0.51 
+0.67 

-2-07 
+O.fil 
+0.20 

- - 

-0.87 
+0.;39 

Sulki 
hlindvi 
Shulirrvidi ... 

Shelirvicli 
Dighi 
Poona E ; L S ~  . 

- 

0.94 
0 35 
0 . m  

- -- - - 

0.60 
0.74 
0.70 

-0.02 
+0.50 
+1.08  

- - 

+0.17 
-1.00 

-0.92 
t 1 . 5 7  
+1.1; 

-- 

- l n 0 $ )  
+ 0 . 1 i  

+o.rlo 
-1.20 
+0.68  

- 

+ 0  77 
+ O  66 
+0.10 

- 

Poona East 
. I + l 0 4 / - - 1 . 0 2  

-- - -- -- 

Sulki . + 0  04 1 -1.36 
Dighi + 1.01 1 -0.16 
Poonn Enst .. +la19 - 0 9 2  

I 

0.84 
0.7!) 
0.80 

- -- - - - 

0.76 
0.77 

-0.07 

- 

-0.kH 
- 2 . a  
+0.10 

-- - - 
t 1 67 
+ 0  60 
+ 0 58 

I 

Shc1,trvidi -0.12 
Pol~nt~ E:~st i 0.61 
P o o n ~  Wcst 

I 
+ 1 1 

ShclC~rv,~di +OHv; 
D ~ g h i  +O 59 
Poona Wcst + 0  27 

( Continued ) 

- 

0.62 
0.58 
0.75 

-- 

-0.65 
+0.92 
-0.47 

+1.51  
+ l . I R  
-0.03 

- l . ( i2  
-0.18 
-0 21 

t l :tn 
+0.71 
+ 0 . l ~  

Dighi 
Sulki 
Poona W r s t  

l'oona, 1S~s t  
Snlki 
P ~ o n a  West  
- - 

Dighi 
Poona 1Sast .. 
Foona West ... 

-0.58 0.34. 

-0-41 
-0.22 
-0.40 

- - 

-0 .95  
t o  54 
-0.42 

+ 0  48 
+(I  5S 
-1.ti1 

tO.06 
+0.72  
+1.22 

-0.14 
+0.01 
-0.72 

.- - 

+ l  51 
+ 0  24 
+ O  12 

-1.78 
+1.74  
+0.22 

+0.01 
+ I  OH 
f 0 . 1 2  

-0.86 
-0.47 
+0.10 

+l . l !-I  
-3.61 
+ 0  60 

-- - -- 

-- . 

+I .E1  
+0.:17 
-0.41 

- 

+la10 
+O.Hti 
+0.;32 

- 

-0.39 
+0.09 
-0.19 

- 

+0.15 
-0.;3% 
- l . l ! l  

-0.61 
-0.154 
+ l . 0 0  

+0.75  
-0 23 
-0.08 

- - 

- 

1.  E l  
1.36 
0.40 

- 

1.17 
0.89 
0.2!3 

0.57 
0 51 
0 H i  

- 

0.73 
0.61 
O.6:j 

+ 

0.54 
0.78 
0.25 

+ I  ti6 I 1.23 
-0.47 0.18 
+ 0.59 , 0.82 

I 
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TABLE 6.-Errors in Horizontal Angles-(cotlcld.) 

I 1 ' Average of 
Station I M-m A m  E m  N-rn 1 preceding 

/ columns 

+0.3H 
-0.60 
+Oe6H 

-0.32 
-0.70 
+1.82 

--- ~ 

Poona West  ... 
Dighi ... 
Poona Centre ... 
-- - --. - - - 

+O.75 
+0.44 
+0.51 

+1.83 
+0.81 
+0-10 

Sulki ... 
Poona Wcst ... 
Poona Centre ... 

0.82 
0.64 
0.78 

+la15 
- 1  
-0.22 

~ 

+0.71 
+0 .29  
-2.92 

Dighi ... 
Snlki ... 
Poona Centre ... 
- - - . - . 

Dighi ... 
Poona East ... 
Poona Centre ... 
---- -. -- - ~ 

+2.08 
-0.16 
-1.59 

-1.39 
-0.60 
+0.34 

-- . -- 

-0.38 
+0.79 
+O.32 

-0.75 
-2.32 
+0.46 

- 

1.17 
0.99 
1 .30 

~ - -- 

+as24 
+0.48 
+1.47 

- -- - 

+2.08 
+0.32 
-0.65 

Poona Eas t  ... 
Poona Wes t  ... 
Poona Centre ... 

-0.49 
-0.83 
-0.85 

-1.18 
-0.33 
+1.01 

-0.26 
-0.58 
-0.35 

0.26 
0.52 
0.52 

-0.08 
t 0 . 4 7  
-0.20 

0.67 
0.30 
0.54 

0.87 
0.64 
1.09 

Shelirvndi . .  1 -0.12 1 +0.98 
Sulki + O . O t i :  i 0 . 5 7  
Poona West ':: ) -0.15 t 0 . 5 1  

- -- 

Shelirvidi  
Poona Eas t  
Poona Centre 

-. - 
Poona Centre 
Poona West  
Shelirviidi 1.38 

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

I Shelirvidi  . +0.9, ' -0.25 -0-15 t 0 . M  / 0.46 
Dighi . +la03 I -4.31 1 +0.26 I +1.18 1.70 
P o o m  Centre . t 0 .13  / r1.M / +O.23 1 r 1 .15  0.73 i 

~p~ -~ -- 

Sulki ... -0.56 -0.88 -0.98 
Poona Centre ... +0.02 + 2 . 1 2  +1.36 
Poona Eas t  ... +Om40 -1.24 i + O . l 1  0.62 

b 

-1.20 
+0.85 
-0.40 

-1.48 
-0.06 
+0.91 

tO.25 / + l - 3 3  
tO.17 -0.41 
tO.54, -0.90 

1 
+O.3H 
+0.50 
-0.80 

1.50 
0.57 
0.81 

.- 

1.04 
0-44. 
0.56 

-- 

+0.10 
-0.28 
-0.23 

Sulki ... 
Shelarvadi ... 
Poona Centre ... 

- -- ~ 

+ 1.08 
-0.20 
+0-17 

i 
+0.13 , + 1.90 
+0.45 : + l - : j O  
-2.49 1 -1.13 

-0.35 
+0.62 
-0.58 









LEVELLING 

nv ~ A P T A T N  G. B O ~ T P O R . ~ .  R.E. 

10. Summary.-The ol.igi~ial popramme of the party consisterl 
of  two detachments woi-liing 111 Burma, namely a single detachment 
carrying the Burma l~vel l ing  up to the Siamese frontier south of 
Kengtfing, ancl a tlouble tletacliment relevelliiig the area of the 
P P ~ L ~  ( 19::O ) eai*thquake and running a anew line from Mandalay 
to Lashio in thc Northern Shall States. This programme was 
completed, hut tIil.ee double d ~ t a c h ~ n e n t s  and eight single (tertiary) 
tletachments welv formed late in tlic scason for Irvc~lling iin the 
Rihir ( 1034 ) earthquake ai-ea. 

The total out-t,ilrn of levelling was :- 
High Precision 2 2 0  miles *- ( 220  gl-oss )t. 
PI -ec i s~  levelling 284 miles ( 35.5 gl-oss )-I- .  
Seconda1.y levelling 58.5 ~ni les  ( 675 g ~ ~ o s s  ) -1. 
DouhlP tei-tiary levelling 271 miles. 
Siligle tertiary levelling 1,472 miles. 
7 ' n ~ t n l  l~vcl l ing ( for check ) 196 miles. 

11. Kengtung-Siam.-No. I Detachment untler Mr. J.N. Kohli 
carried out high p~.ecision levelling in 130th directions R.om Keligtiung 
in the Southern Shan States to the Me-hsai b~eitlge on t h ~  Siamese 
frontier, and left f i re  bench marks in Siam. Details are given in 
T a b l ~  1 .  The Siamese sul-v~y tle11al-tm~nt h a v ~  not je t  earl-iecl their 
I~vel l i l~g 111) to the froliti(lr, lmt, hope t,o clo so shortly. The line 
follows thcb fair-weatliel- motel* road thl.oug.11 Mol~g Hpayak aild 
Nong L r n ,  hut the ~.oad was not o11e11 for motole tral~s]~c,i*t until 
.Jmiuary. Pe~ .ma~~e i i t  tral~sport was necessary as there are few 
villages on thc I-oute, and carts were e11o.ao.ed until tlic i.oad was ". 
x:.c)od e~iougli for a motor lorry to be s~~bs t i tu ted  for them. 

12. Pegu  ear thquake area.-After the eal.tIiquake of 5th May 
1!)30, soma local changes of 1~vc.I w~1-c. r~pol.ted, ant1 the hench 
ma)-lrs in this al-ea 11av~ I ~ O W  1 ~ ~ 1 1  checked. Local sul)sicle~lces may 
hxvfb occni.rcd npar t,a~iks mltl calla1 l~a~llzs, hut f4.w of thc, 1,c.iich 
ma1.1~~ show ally sig~iificant change. 

The work was carrip(] out by No. 2 Detachment nlicle~. Mr. 
Fnizlil Hasan with Mr. Z. A. Q u r ~ s h i  as secontl I r~ r r l l (~~- .  The 

1 . v  . 1 1 0  miles in k~otli dil.c,c-tie)nq. 
t' l 'hc first of these, fignrcbq rcq,rrsc.ntq the tli~.cvt tlistm~cc. Ic~rc~llcd bctwc~chn 

tpI'minr~1 hcnvh marks. Tllo K P ~ , S S  t, ,fnl in(*111clpq r2tIditionr21 chcdi-levcallin# xt ends. 
and br~ucli-1ine.q t o  G.T. stations ptc-. 
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main lines from Rangoon to  Pyinbongyi ancl from Pegu to Myitkyo 
were observed on t,he precise system, and the rest on the very similay 
s~co~iclsry system. Details are given in Table 1. Table 3 shows 
the changes of height found. The only suggestion of a general 
change of ground level is tha t  Pegu may have sunk three or foul., 
inches relative to the country 10 miles to the north, but this may 
)lot be real. There is a gap of 1 0  miles just nort,h of Pegu, where 
110 ol~l  bench marks were found, and where changes may possibly 
have occurrecl. The revisetl figures in Table 3 are based on Rangoon 
~ t a l l d ~ ~ l  bench mark, ancl adjusted on to the embeclded bench marlrs 
at  Pjinbongyi ancl Myitkyo, 011 which the closing errors were 
+ 0.  I $7 ant1 + 0 1 2 3  feet respectively. 

13. Mandalay-Lashio.-On colnpletion of work near Pegu, 
No. 2 Detachmrnt unclertook precise levelling of the line from 
Jln~ttlnlay to  Lashio. See Table 1.  The main object of this worlr 
was to pi.ovide a spirit-levelled control for the heights of the trigo- 
11ornet1.ical stations of the Great Salween series, which wese thought 
liable to appreciable error. ( See Geodetic Report Vol. IV, Chart I). 
The l i~ ie  mas therefore continued beyond Lashio to Loi Hsam-Hsip 
H.S.. ti1 16 feet high. I n  point of fact, the triangulate11 heights 
wclr P fou1111 to be good, being only 2 feet too low. 

Up to the foot of the hill Loi Hsam-Hsip there is a good 
~notorahle road, hut the last l,.iOO feet are steep ancl levelling was 
clifficult. 

While passing through Calcutta oil its return the detachment 
lii~clel-took .> miles of secondary levellinq to fix the new standard 
1)ehtlch mark a t  St. George's Dock. 

14. Bi har  ear thquake area.-The earthquake of 15th January 
l9:;-I. cause11 visible c h a n g ~ s  of ground level in parts of Bihir, and 
it mas fearell that such general challges might have occurred as 
would Iearl to serious floocling ancl changes of river beds in the 
Inc wsoon. A line of the olcl level net ( 1870-72 ) runs from Bagaha 
c bn the Galiclak river, through Mot ihari, Muzaffarpur ancl Darbhanga 
to Puntea, ant1 a seconclary line ( 1!)20-21 ) also r~11is from Bagaha 
tIirnu<h Raxaul nnrl Sitimarhi to  Darhhanga. The relevelling of 
thew two li~les was suff ic i~i~t  to reveal any large general chaiiges ill 
thp central area, hut since the degree of clisturhance was a t  first 
r.~rnl~leteIy rulkno~t-11 i t  was also deciclecl to run new lilies of tertiary 
le~vellill!: 10 miles, .-) miles, and in places 1 mile. apart, across two 
al,rlaq of a1w)ut 2,.>OO a 1 ~ 1  2,100  square miles each, whew distnrbanc~ 
\\as chqp~cially f ~ a r e d .  Such lines corilcl not of course show chai~ges 
of ;I foot 01. two, but they woul(1 have r~vealed the ~xistence of ally 
Int-g~ (leeply rlclpre,sspd arpa which niight have come into being. 

C'nlon~l R*. H. Phillimore visiterl Patna in February, and 
n t - r a ~ ~ ~ r l  t h ~  prncrarnlne with the local gover~~ment, .  Mr. N. N. 
( ' hnc . l r r~ i . l~~ t t~  was ~,lacebcl in charye nf the work, tvhich was carri~cl 
f b l l t  I)y thrpcb s ~ c o i ~ ( l a r ~  1 1 ~ t a c h i n ~ 1 1 t ~  u~ltlpr Messrs. A. A. fl. Matllll) 
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Ahmael, B. P. Rulidev and J. N. Kohli, ancl eight tertiary levellers. 
The three secondary detachments were employecl on relevellirlg the 
old Iil~es, a l ~ d  the tertiary levellers on t'he new lines. Each area of 
llew levellil~g was first surrounded hy a circuit of clouble tertiary 
Ievelliiig, ~onnect~ecl with the olcl lines, and then hrolren dowil 11y 
east ancl west lines of single levelling. The single tertiary lines 
were afterwards checlrecl by north to southpartnl lines. These detach- 
ments arrived in Bihgr on different dates between 23rd February 
ancl l.ith March 19334. Field work was completed by 23rd May 
1 934, and the results ( the gi.ouiid heights of 23,000 points ) wei-e 
givm to the Bih2r governmei~t on 3 ls t  May. Details of this work 
are given in Tal~le  I . 

The changes in the old lines are shown in Table 4. The revised 
figures thwe given are hasecl on Bagaha, 11ut no other old 1)ench 
marlis arc accepted as unchal~ged. The circuit Bagaha-MotihLri- 
Dar1)hallga-Sitc~~narhi-Bagsha hacl a closing error of + 0. G96 feet, 
which has beell adjusteel. The table shows a sinlrage of 3 f e d  a t  
Pu~-liea, which so far as the accuracy of the levelling goes shoultl 
not 110 error, 1)ut which may be due to the earthqualie or to a 
slow rise at Bagaha (luring the G O  years since the olcl line was 
l v e l l l .  E l s e w l ~ ~ r e  bench l~iarlts shorn si~lltages of up t'o 4; feet, 
awl it is i~oteworthy that  there are only four cases of c~levatioil, of 
which the largest is 0 .029 feet. The largest sinkages occuri.ed on 
structures which had presumably sunk into the grouncl, slid the em- 
1)e(l(lecl lwnch inarlrs g e ~ l ~ r a l l y  show smaller changes, although one 
case of 2 . '7 feet occ~irs. Although they are never actually ill contact 
~vith heavy strnctu~.c~s, nubeclderl bench marks are generally in towns. 
which art. arras of accumulation and so liable to local sinkage if 
~uitle~i~laicl by rui111i11g sand. Consequently even the embedcled bench 
mal-lrs do not pl-ovide positive evicle~ice tha t  the counti.g as n whole 
has su~~lc,  although it seems very possihle tha t  i t  has. 

Ti1 view of the small chaliges which have occui-1.ct1, the new 
tpi-tinry levelling lintbs provide littlch or no information. Contours 
1)ased 011 them show the ICosi ancl BLghmati rivers r u l ~ n i i ~ g  on the 
( a ~ ' ~ 3 ~ t ~  of aI111vial fails, aiid SC) liable to migrate, but this is a common 
8t:tte of affail-s. As a r~~s l l l t  of t,he wo1'Ir, however, it was l~ossil)l(~ 
to i*eassluch the local g o v ~ ~ l ~ i ~ ~ n ~ i i t  that w h a t ~ z r ~ ~ .  flootling might 
rchqlllt froin cholting of i.ivci. 1)cvls 01. wealielii~ig of ~ m b a i ~ l i l ~ ~ e i ~ t s ,  
~+'ll"~.nl cha~~gc>s of ql-oni~tl l(1vc.l wcve ~mlilrely to aggravate the 
po4tioil. 

15. Secular  changes  in Bengal and  Bihar.-Tt is ] ) ~ O I I ~ I -  to 
collsi(l(~~. what c.onnc\ctioi~, i f  ally, the earthqualre has with the 
nlll)a~.~llt c.ll:rng:.c>s of q~oliiltl lel-(11 tluriug the. last $0 years which have 
11(>( '11  ( I ~ s ( ~ I I s s c ~ ~  in tllv G ~ ~ o ( 1 ~ ~ t i c  RP~MN ts Vols. VT and 1935. Past 
lfb\l~*lliny has sl~qgostotl a stcantly rise. while the eal.thcluakc al~pears 

h a v e  causetl :I slltltle~l~ fall. Tliost~ who atlvocate th(1 acceptance 
of th(* l ~ v c * l l i i ~ ~  i~c1snlts, ni~tl who woultl like to believe in the rise of 
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11orther11 Bengal, would certainly prefer to have seen a rise as 8 

res~llt of t,he eart,hquake also, hut the two opposite movements are 
not inc~rnpat~ible. Dr. de Graaff Hunter * has suggestecl the 
restoration of isostatic equilibrium as the cause of the st'eacly rise, 
as is reaso~iahle, but i t  is eviclent that t,his is unlikely to have caused 
the eart,hquake and the resultant depression. 

I t  must, however, be admitted that until recently some force 
has been at work, which causes depression in this area, for it is filled 
with recent alluvium to a great clepth. The force is presumably 
the north to south pressure which has createcl the Himilayas 
ant1 the associated overthrust faults, ancl it may still he acting. Jf 
so, it is not u~~reasnl~able that this horizontal force shoulcl manifest 
itself in occasiol~al earthquakes which suclclenly deel~en the clepl-es- 
i o n .  while the vertical forces of isostatic 1-eacljustmeiit shoultl act, 
slowly awl contini~ously to elevate it. Alternatively, and perhaps 
Inore probably, the clepression during the earthquake  nay have no 
~lirect connectiori with tectonic forces, ancl may simply he t l u ~  to 
consoliclation of viqorously shaken alluvium. The great o~it~poi~rillg 
of water arlcl sanclsupports this view. 

Next season Purnea will he connected to less clistnl.bec1 hel~ch 
marks to t'he east to verify the sinkage t,hei.~. and :L line will 1)e 
b g u n  from Bagaha, t,h;-ough Renares ant1 Alla,h;Lbad to oltl 1880 
levellillg near Jhiil~si. which shoulcl throw further light 011 this 
questior~. 

16. Probable errors.-The probable errors of the high precision 
aild precise lines levelled in 19:;:j-:i4, calc~ilat~ctl 1)y the usunl 
formulae, are give11 below :- 

Det~chment Lint, Prohnhlc 
s y s t ~ n ~ a t i c  error 

-- - - -- -. , I 

,ti., , , , , I P S  
Nu. 1 Detachm~nt Hn I( Portion Krngti~ng- 

>It.-h~ni Rrirlg~ .. + 0.00073 
I 

NII. 2 Detachment R 9  Q B[:%ndaley-Laqhio 1 . . . 
do. HH Rangoon-Pyinhon- I 

g i  revision 

Probahle 
nrcitlentnl rh~*ror 

I 

/ ' P p t j  ,)I ; ~ P F  

- + 0 002:{i 

t 0.  0~1:1 1.:) 

I + 0.002(;.j - 

I 
(In. H i  Pegn-BIyitkyo re- 

vision ... - t 0 0030% 

1 1 1  b e  1 WR G Thanntpin-'lSonqyi 
1 revioion ... 
I 

do. 1 R R Z I  nhnr-Thongwn-  
Ohne r~vision 

. . . + 0.00'29:) - 

" I 
t0.00.742 - 

I 
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17. Progress  of t he  new level net.-No levelling for the new 
1evc.l net ( which excludes Rurina ) was carried out this year, so the 
Jigilres give11 ill Geodetic Report Vol. VII  reinail1 unchanged. 
Out of 15,800 miles the equivalent of 8,015 rniles has been com- 
pleted. 

18. Protected bench marks.-The following bench inarlts have 
adcled to the list's of Primary Protect.ec1 bench inarlts published 

i11 Geocletic Report Vols. 111 anrl VIII.  

Urgrco 
shect 

35P 

i 3 H  

No, of bench mark 

3,29 

5 

No. of be~ich inark 
--- -- 

115 

188 

43,8!l 

sheet 

8 4 D  

85 I 

45.J ( 127 and not 125 as given 
in G.X. Vol. VIII .  

93 U 

93 E , 38 

98E' 1, 5:{ 
I 

9;j I' 22, 29 
! 

l02U , 1; 

I 

5813 1 63 :bod not :lli no given 
in G.R. Vol. 111. 

in G.R. 1'01. 111. 

sic' 21 
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TABLE 1.-ITorMar statement of o 1 d - t ~ ~ ~ ~  of ,tuork, 
89aSO?I 1933-34. 

.L 

Totul Ni~nlber ot 
rl'sttbuce levelled 

,,f feet beach 11 ark8 

Hean connched 

Illno brellal 

. . - 

No. 1 Detuchmant. 

thrt of lino W K  
( Teanggyi- 

Me-hsai Hridge ). 

ioa 

&Yo. 2 lktachmm6., ' i  

Hevision of Pnrt 
of Lint. RI, 

! ( Ele hant Point 
-hmi 1. i 

Portion Rnng- Oct. to I 
twn-Pyinbongyi o 68 1 5 

Kevision of Pnrt 
.)f Line 87 (Pega- 
.imhrrst). Por- 

i 
1 
I tion Pegn- ' 

Myitkyo 

I 

I 
I 

73 365 
I 

i 
9L.k 

37 

31 

74 

209 

Nor.:L1 :I? 1 15 52 ;j06 / 313 1 7 ... I ... 
' I  

... 

... 

Revision of ' I 
I 

I ! Secondary line 
.sR U 'l'hanatpin- i 

Tongyi I 

I 

i 
1 93 

a00 

Revision of 
Secondary line 
888 Ohne- I 

Bij ib ig in  Ferry 

... 

ThonprOhnr Doc. 33 86 9 9 457 476 1.122 I . . .  
I I 

I 

Line 890 
Yandnlsp- , Jen. to ( I 

. 

I 
. . . I  8 Station / April 34 - 

5 40 j 45 98 

i 

I 

I 
I 

Lnhio 5,610 
I 

Seamdary line I I 

1 

Bi.h%r h , s l l C g  
8 e h  - 

Rerinicm of 
<%admy line 
71 A ~ s g . h l c  Frh. tn 1 I '  1 i 
h b e  r i  1 r ~ i g :  3 1.498 . .  i e L  IB. 

la / 1 

All old. ? Includee one old. ( ~ o n t i n d )  

... 

74L Hastings 1 
B w F + -  1 

I 

I 

6t  

I I  
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TABLE 1.--Tabula.r statement of out-tuna qf .~oork,  
season 1933-34-( eoncld. ) 

" All old. t Pnklin points. 

Nu~uber of 
Dista~lce levelled 

1 1 , 1 1 1 1 ~ , " ~ ~  
beuch nl;rrks 

- - - - - - .. - c ~ ! ~ e c t e r l  . Meall - -  

Dctirchrnc~~te 
Illltl zz Tot:tl Rises Fi~lls li11u8 levclleil 

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

Bihdr lev ell in^ ~ I 

Section-(conclcl,) i 
I 

Revision of Part 
of Linc 71 

(Cforakhpnr- 
Purnea). 

Portion Sagaha- 
1)icrbhanga 

Revision of Part 
of Line 71 

( Cforakhpur- 
Purnea). 

Portion Purncn- 
U;wbhnlga 

Doublo 'l'ertiary 
Lines 

Single Tertiary 
Lines 

Pnrlnl Lines 

I 
i 

M;~rch to 
April 34 

I i 
I 
I 

197 

I 

I!,, 

271 

1,272 

196 

I 
i 

166 

I 

M;~rch to 
May 3.1 117 1 37 

31 

I 
i* 200 

. 

. L. l lO+ 
I 

I -I,%+ 
'.' I 

~ I 
I I 

i 

March to 
April 34 271 I 
April to 
May 34 1.272 

May 34, 196 

1 

1,610 

. . . 

'iS1. 

. .  

, . . 

. 

1 2  I 1.136 
I 

1.352 1 2.680 

. .  10.ti11 

0 ' 1 0  

. 

. 

, 

... 
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TABLE 2.--Check-levelli?r!y. 

L)iscrepancies b e t w e e l l  the olcl and new heights of bellch marlts. 

.- 
1Iencl1 rur~rks of tlie orisiliul levelliug tha t  

were cul~uected tor clieck-levelling r 

I 
Descriptiuil 

Ditference 
(check- 
01~gi11al~. 

qyle sign+ 

that  the 
heiglit 

was 
greater 
and the 

sip11 - , less 
in 1933-:54 

.a11 wllen 
oripiiially 
levelled 

5 s  
$5 
m a 
2; 

6 

Observed h e i g l ~ t  a l~uve  ( + ) or 
below ( - )  startillg bench mark, 

a s  determiued by 

i I i 1 tnilcs 1 
.- . . -. . -. . . - 

At Kt?r~gttin!/ orb line 88 K. 

Date of Check- 
levelling 
193344 

. . . - .- - -. - -. - 
I 

0'0 1930-31 
47 ' , Prism . .. 0'0 
46 , Prism . .. 0.0 

. .. 0 0  
.. , Plinth ... 0.1 ,, 

12 .. ! F l o o r i n g  ... 0.2 ,, 
49 1 .. F l o o r i n g  ... 0.4 
50 .. i Step ... 0.5 

-. 

0'000 
- 0.736 
- 0'753 
- 0'460 
+ 19'316 
+ 27'648 
- 80'265 
- 80'998 
- 79'147 

- -. . . -- 

0'000 
- 0'738 
- 0'753 
- 0'480 
+ 19'322 
+ 27'653 
- 80'278 
- 81'010 
- 79'156 

0'000 
+ 0-002 

0.000 
0.000 

- 0.006 
- 0.005 
+ 0.01:3 
+ 0.012 
+ 0.009 

At fil(tndnkty on line 89 G.  
- 

0'000 
+ 0'001 
+ 0'002 
+ 0'010 
- 0'015 

- 

2(PP) 
39 ( I )  
40 (98) 
41 (5) 

168 (54) 

0'0 
0'0 
0'9 
1'1 
2'6 

169 

9.7 B 
,, 
,, 
,, 
,, 

S.B.M., Mandt~lay ... 
R o c k  . .. ... 
C n l v e r t  . . . 
C u l v e r t  ... 
Plinth ... 

--p--.-p.-p------- 

+ 0'011 3'2 .. 

! 
1909-10 0'000 
1930-31 8 - 3,211 

- 10':319 
. - 10'768 
.. I - 6'427 

I 
P l a t f o r m  c o p i n g  ... 

0'000 
- 3'810 
- 10'317 
- 10'7.58 
- 6'452 

, - 6'468 - 6'457 
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TABLE 3.-Revision levelling. 

Discrepancies het.ween the old and new heighbs of bench marks. 

1 1 I Difference 

Revision ?f Pwrt ?f Jlim 88. ( Rnligoon-P!lilrbnngyi). ~ 

Bench rnnrks of tlie original levellinr t l~nt  ( f 
WPIY sonnccted during the rcvisionnry 

operntioi~s 

1 a i  

S.R.M., R a n q o o n  
Cantoninent ... 0 . 0  1909-10 

St;lirs S h w c d a g o n  
Payoda . . 0.2 .. 

Pnrnpct of drain . . 0 . 4  
Para1,c.t of drain . . . 1  . 1  .. 
I'linth of railway office 1  . 2  .. 
E.H.M. nt railway officc 1 . 2  .. 
Stcp of Sule Pagoda 1  . t i  1 ,. 
S.R.M., It a n g o o  11 I 

Cilstoin Housr . 1 2 . 1  ' .. 
Stonc block . .  I 2 . 7  ,. 
Stoncb hloclc .. 2 .  i ., 
CTr,~llnm Smith'? R.M. 2 . 4  .. 
Pnsccnqcrs' waiting 

rooin ... 
Passcngcrs' waiting 2 . 5  I 

r . . .  2 . 5 1  .. 
Red-platr of 'l'idal 

Observatory ... 2 . 5  
Ry. bridge No. 7  ... :3- 5 I: 
E.R.M. a t  T o g y a ~ ~ n g -  

galcR,.S. ... 8 .41 .. 
Rritlgca No. I6 . . 10.1 1 . 
BridgcNo.17 ... 1 1 . 3  .. 
E.R.M. a t  Lcclanng- 

p.11 R.S. .. 17.2 ., 
Rrirlge No. 25 
E.R.M.atI lnb~inR.S.  23 .7  ., 
Pillar a t  Dnbein I.B. 23.7 1924-25 
Culvert No. 30 . 25.7 1 1909-10 
Rridgc No. 34 ... 28.8 .. 
R r i d g ~  No. 36 ... 31 .2  .. 
E.R.M. at Tongyi ... 1 :11e4 .. 
Bridge No. 37 . 3 1 . 6  .. 
Rridgc No. 48 ... 38 .4  , ,, 

(revision - 
 iff^^^^^^ betrem orthomet,+ ofiginal). 

I~eirhts. above (+)  or below ( - ) sign+ 
the starting b ~ n s l i  mnrk denote8 1 that the 

i height wns 

(Continued) 

j arenter 
I nnd the 
!sign -. less 

Dnte of Froin Fro,l, , ill 19:Xj.:i4 

No, Dearec i 
s l~ept  : D~scril>tinn ' original p ~ ~ l v l i ~ h c ~ l  1 revision ; F~:;;fi1 ' , levellil~p I~cirllts 19%?-34 lcvelle,l 

! 
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TABLE 3.-Revision levelling-( contd. ) 

Discrepancies between t'he olci and new heights of bench marks. 

llrnrl~ ninrks of the originnllevellina that. 
wrrr r~)~~nt,cted during t l ~ c  r~visiollnry 

opentions 

I I 
' Denee ' So.  I Illlcrt 1 T)rscription 

I i ~. - - -- - - 

2 
2 
2 2 
g i 
5 a 
a 2  
$2 
i: 

Difference between ortl~ometric 
Ibcipl~ts, :~bove (+) or below ( - )  

t l ~ e  s tnrt i~~g  bencl~ mnrk 

Date of i l o m  1 original pnblishcd r%%n 
levelling heiphts 193334 

Difference 
(revision- 
O'i~inal). 

denotes 
that the 

I~eipl~t  was 
grenter 
end the 

sign- ,less 
in 1937-.% 

ti'an when 

levelled 

I 1 nriles ( I fee t  I f e e t  I feet  
- 

R ~ v i s i o n  of P a ~ t  qf Line 88. ( Rrtnyoon-PyinBongyi)-( concld. ) 
- -- - . -- -- -- - -- -- 

:fi7(,?.q) I 9& r Platform c o p  i n p, 1 
-7.1qe 933 1 -0.2-i0 

3 . )  .. , Platform c o p i n g, 
I P R ~ U R . S .  ... 47.71 .. -7,4.6;37 i -74.939 ( -0.302 

9 ( )  .. I a t  Pcyn R.S. ... 47.7 .. 
l ( )  : .. I S.H.M.. Peg11 ... 4U.6 ,. 
: t i ( - )  , I Bridge No. 1 ... , 50.1 .. 
:Itis(-11) I .. 1 Rridgo No. ... ' 52.0 ,, -67.639 -67.949 1-0.310 
i t i ( 2 0 )  ,, j Zinc plate . 6 2 . 1  
7 . 9 1 )  .. Interred B. M. nt 1 

I I ~ a y e g i l l e ~ . ~ . ~ t i ~ t i  
Britlge No. 7ti ... 1 62.7 
Rridgc No. 79 ... , 6;.1 
Rridge No. 81 . . . i titi. 1 
Bridge No. 82 ... / 66. 6 
Rriclge No. 84 . , 67.4 
E.R.M. nt Pyinbong- 

yi R.S. .. 67.5 
. . .. . - ~ - .  

1928-29 

.. 
,. .. 
.. 
,, 

.. 

R e v i s i n n  of Pnrf of I,in,e 87. ( Peyu-Myitkyo ). 

-71.4O:j 

-76.893 
-73.20:: 
-73.142 
-75.214 
- 2 1 1  
7 . 5 7  

- 69- 656 

. - 

... 48.6 1909-10 ' 76.549 
1 )  .. 1Ironholt  ... ' ,49.8 1 ,, I-52.548 , -  

-71.425 1-0.022 

* The add height ad the E.B.31. at Pyinbongyi was accepted for adjustmrnt. See 
page 24. 

(~cntinzud) 

-7ti.800 
-. ' ,2.0~2 

I 
-87.262 
-85.M4, 

-90.126 

-84.919 
-86.12:j 
-8:3.429 
- 83.09.1. 
-8:j.521 
- nz.oi.;, 
- 87.5:js 
-76.066 

-8:3.128 

-76.881 
-75.210 
-7:I.ltiO 
-75.214 
-72.174 
-7z.fj70 

-69 - 656 

-0.251 
+0.506 

-0.178 
-0.3.!6 

-0.155 

-0.:182 
-0.276 
+0,51.2 
+ 0. ,461 
-0.068 
- 0.00:3 
+ 0 ,  022 
-O.(H;l 

+0.034 

7 . 7 )  1 .. , 

:1RH(3fi) / .. 
:I%9(101), , 

0 .. 
I 

I 7 .. 
1 L (  1 I .. 

1 )  .. 
:I,Hi(l,V) ., 
( 2 ) '  .. 
1 )  .. 

-1-0-012 
-0.007 
-.0.01H 

0.000 
-0.055 
-0.013 

0*000* 

E.R.M. nt P. \V. D. 
office, 'Thnnnt,pin ... 

C n l v ~ r t  ... 
E.R.M. nt, Thnnntpin 

T.R. ... 
E.H.lkI. a t  Pagan- 

Xyonng-bin ... 
Ahatment of sluire 
Ta-wn lock ... 
E.R.M. a t  Tx-wa lock 
E.R.M.ntTnw:1R.S. 
E.R.M.nt Minyw~ I . H .  
Zinc plate on wall.. . 

-87.084 
-85.118 

-89.971 

-n4. ,787 
-85.3.47 
-83.9'71 
- H Z .  555 
-83.462 
- 82.072 
-87.557 

I 
55.2 1 ., 
55.3 1 ,, 

I 

5 5 . 4  

57.3 
5i.:j 
63.8 
63 8 
65.3 
61 .6 
ti1 .K 

MJl.(lr)8) . Brirlg~ No. 21 , ,  9 i ,, 
Wing-\vnll of Abya 

e.Cap . .  ( '75.1 1 , 

1912-13 

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

7 1 )  
-76.oo;i 

-83.162 
. 
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TABLE 3.-Revision levelling-( contd. ) 

Discrepancies between the old and new heights of bench marks. 

" T h c  old height of the  E.B.M. a t  Myitkyo loclc w ; ~ s  accepted for adjustment. 
See page 24. (Continued) 

Uench marks of t,he original levellins that 
were coni~ected during the revisionary 

operations 

M 
.5 

Z 
8 5 
$5 
g ?3 
f 
3 No. 

I '  1 minila 1 1 feet 1 feet I feet 

&evision qf' l'art of' Line 87. ( Yeyu-Myitkyo )-( concld. ) 

Degree 
sheet 

-- - - 

110 
409(ll?) 
4lO(l l*) 
-611(11.5) 
415(163) 
.kl6(309)flld 
117 (310) 
111 

Difference 
(revision - 
original). 

The eigll+ 
denotes 
thut the 
height 

was 
greater 

and the 
sign- ,lees 
in 1933-34 

t l~an w11e11 
originally 
levelled 

Ditference between orthometric 
heisllts, above ( + ) or below ( - 

the starting be~ich miirk 

Descriptio~~ 
Date of 
original 
levelling 

- 

-- 

9.1 C 
, 
,, 
,, 
, 
., 
,, 
. 

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

Aeuision of S e c o ~ ~ d a r y  l i ne  88 G ( T l ~ a n a t p i 1 ~ - T o n y y i  ). 

Fro111 
pnhlished 
heights 

- - -- - 

E.H &I. a t  Abya I.B. 
Ry. bridge ... 
Home signal .. . 
E.B.M. a t  Abya R.S. 
E.B.M. a t  Myitkyo 
Myit,kyo lock gate  ... 
Myitkyo lock gate  ... 
E.B.M. a t  Myitkyo 

lock ... 

Froln revlslon 
1933-34 

0.000 
tO.087 
+0.045 
+O.ORH 
+ 0.022 
+0+028 
+ 0.020 

0.000' 

75.2 
79.1 
79.8 
80.1 
84.3 
85.1 
85.1 

85.1 

38~(101) 

l,lH(g'j I )  

tl9(2:$.i) 
I.ZO(Y:~/;) 
,481 (2.37) 
422(2.38) 
$23 ( 2 3 . 9 )  
.t24(210) 
425 (241) 
1.27 (2 $3) 
l2H(21 f )  
.I.'2!)(21.i) 
l:lO(~$(;) 

,$:I I (:? 17) 
,1:12(% 1,s) 
l,:l:1 ( 2  I!)) 
1.3 1,(2:iO) 
.1:35(251) 

-89.971 

--77.364 
-75.867 
-79.510 
-87.964 
-82.970 
-81.101 
-80.890 

-79.423 

1912-13 -77.369 
,, - 7  

1412-13 

1926-27 
,, 
, 
, 
,, 
,, 
., 
,, 
,, 
,, 
,, 
., 
,, 
,, .. 
.. 

-0.152 
-0.183 
-0.178 
-0.135 
-0.097 

I 
-88.657 ! -HB.ROU 
-82.427 -82.610 
-79.412 -79.590 

.--P-----P 
I 

9.1. C E.B.M. a t  Thannt- i 
pin I.B. ... 55.4 

,, ! E.B.M. a t  Thanatpin '  
I township office ... 55.8 

,. Ry. bridge No. 17 ... 56.0 
, , Hy. bridge No. 18 ... 56.2 
, ; Ry. uulvertNo. 20 ... 58.2 
, Ry. hridge No. 22 . .  59- 0 
, I Ry. bridge No. 23 ... , 59. .1. 

,, 
,. 

1923-24 
,, 

1928-29 

1-87.312 
-85.156 

, I 
,, 
,, 
, 
, 
,, 
, 
,, 
. .. 
.. 

-74.555 
-8R.O,52 
-82.992 
-81.12.1. 
-80.910 

-87.447 
-85,253 

-87.303 
-FIO..412 
- 85, -LA7 
-86.776 
-8l.6RH 
-86.651 

1912-13 -79.423 

H,y. bridge No. 24 . .. 1 59. R 
Ry. hridge No. 25 ... I 60.4 

-87.,$13 
-80.570 
- 85.'lR3 
-86.863 
-81.79!4 
-H6.749 

Ry. hridge No. 37 ... 
Ry, hridgc No. 28 . . .  
li,y.hridgc!No.Z9 ... 
H.y. hridge No. 30 ... 
Hy. hl.idg+? No. 32 . .. 
Ry. hritlge No. ... 
l{,y. bridge No. :35 ... 
1i.y. bridgcb NIB. :{ti ... 

-0.110 
-0.158 
- 0.056 
-0.087 
-0.111 
-O.OHH 

61. 6 
62.0 
62.8 
6:i. 6 
6:i. 9 
6 
65.0 
65 .9  

-0.100 
-0. lo:< 
-0.116 
-0.172 
- - O . l i ( i  
- 0.197 Ry. bridgt, No. 37 ... I 

-H6.6OO / -nR.ToO 
- 79. 3342 - 79. 
-86.866 
-H1..I,.l..Jt 
-89.311 
- 86. :(.],ti 

-Ufi.!)RZ 
-81.616 
-99.=kHi 
-86.543 
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TABLE 3.-tleubiu1, belldrry-( corrtd. ) 

Diso~rp~~cies  IW~WWII the oM a l b d  n r w  height0 of bei~ch marks. 

Difference 
(reviniun- 

. $ ~ P ~ ~ $ ~  , lIuIIUhn 

tllnt uIu 
lleiubt 

w u  
artwhbr 

~hnd tllv 
s i s a -  .I- 
in lUT1.JL 

the11 when 
orlai~~ally 
levelled 

l b r b  ulr d h k  &rpl krsllia, bhet I)iHuru~~cu betweer urtl~onletric 
rn mmmshd d&ns Uw mdmiounc~ , I ~ u i ~ l ~ t a ,  ubove ( + ) ur b l o w  ( -  ) 

ommUonr thu sturtius bullch mark 
a 1 

: i* 

. hrnw 
sh*wl I)eserivtiun 

. - - -. -- -- .- - - -. . . - - I mils. ( I feet feet 1 feet 
i - -- - . . -. . . - 1 I.-.- 

l i u t g M i o r b  ~Yacmrhry l i n e  88 (J ( Thnmtp,in-Tongyi )-( c m l d .  ) 
. . . . - . .. - - . . . . - -- ---- -. - - - - - . - -- 

-75.187 
-8:i.'ji2 
-8i.HHl 
-82. M Y  
-ua.sn; 
-uo.$r-l 
-86.HO;j 

bk;(:!;cil), .. Zinc plntw on tree ... -W.OI)l 
2 )  .. i Zinc plate on tree ... -90.805 
W )  .. I Zinc. plnte on tree ... -H4.0;35 
3 7  1 )  .. / E.B.X. nt Tongyi R.S. -85.156 
. . .- 

I 
. .  . -  - 

Froln 
reviniol~ 
1W-34 

l hrtu or 
oriaii~nl 
luvellina 

- - - 

F r u ~ n  
unhlislleil 
huiahts 

Rcci*icm ~!t' ~i'rc.orutary Iiw 88H ( !)h,ae-ITh otr g~cun-Ohne ) . 
- .  - -. . -. ... - -_ 

btI(2.i:)  Y I  C E . H . I .  m t  Ohne . ( 70.8 l$.ti-zi -9:3.587 -M.WA3 j -0.336 
Kfi( -4;s) . Zinc plate on trtv 73.0 .. -$M).Ai9 -91.1'75; -0.2% 
9 I . .  E.B.M. irt Thnndin ::: 75.4 .. - f ~ ) . i $ j ~  -H1.046! -0.153 
t 1 .. E.B.M. i~ t .  Kannyi- 1 

I $ 2  .. E.B.M. at Sinlin~ing : 

(~onlinrud) 

-76.#4:3 
-83.W6 
-88.129 
-82-;10 
-ua.w':j 
-90.781 
-Mi.lOA 
-90.400 
-90.550 
-H5.;12:3 
-85.1H3 

~ 

-0.296 
-0.WL 
-0.24H 
-0.2tiH 
-o.:jas 
-0.:i57 
-0-kW 
-O.BO!-I 
+O.255 
- 1.2HR 
-0.127 

~ 



:HAP. 11.1 LEVELLING 36 

TABLE 3.-Revbio?z levelli.ng-( concld. ) 

Discreprtnoies between the oltl arid new heights of bench marks. 

wne 

V OI arid the 

Difference between ortllomctric 
lreiahts. above ( + or blow ( - ) 

the etartin~ bench mnrk 

Differen 
(revision - 

original) 
Tile sim; 

denotes 
tllot the 
height 1 

I I I 1 I I levelled I 
NO. 

i E.13.M. n t  Zwednw .. 13.4.9 1926-2'7 -9:3.466 -94.:IHi ! -0.901 
E.H.M.ntKayan ... 142.8 ,, -94.91fi -95.122 -0.206 
Stone pillnr ... 14:3.0 .. -89.820 -90.12i -0.307 
E.R.M. n t  Knynn R.S. 14:i.O .. -92.645 -I)2.HHU -0.2rh3 
R,y. bridge No. 63 ... 144.1 .. -85.585 -H5. HUT -0.BOO 

-90.849 - 9 1 . 5 6 ~  / -0.719 

-95.842 -96.345 -0..iU.7 
-89.6ti4. -H9.929 -0.265 
-86.44Iti -86.715 -O.:lOR 
-87.674 -Ui.947 -0.273 

Ry. hri(lge No. 52 . .. 150.4 .. -82.598 -N:i.41:3 -0.815 
Ky. brirlge No. 51 ... 151.6 .. -77.549 -7R.850 -1.301 / E. R.M. nt. Mi11.n 

I -94.964 -95.276 -0,312 village / 152.4 ,. , 

Hy. hritlgcNo. 50 ... 1 5 2 . 2  1 -81.906 -82.444 -0.542 
" I 

Ry. hridgc No. -49 ... 152.9 , .. -Hi~RlO --HH.410 -0.500 
-87.912 --HH.424. -0.j12 H,y. hritlgc No. 48 ... 15:1.1. ' .. 

Ry. h r i d p  No. ,47 ... 1j:i.W I .. -84.718 -AJ.147 -0..1,19 
Ry. Dridgp No. Ui . ! 151,.4 1 .. I -37. jjti - -w. : I~s  -0.552 
Ry. hritlgp No. .I.; . . .  155.1 1 ,. I -89.600 -90.012 -0..1.12 
E.13.M. nt O l ~ n c  . 1 ; :  1 .. , -$):I, .;Hi - 9:{. $)?:I -0. :{:{ti 

I I 

I 
I 

sign- .les 
Drurec I 

1 Z P  1 +t! or 1 no111 j im?l I in IPLY;Yl 
shrrt 1 nrsrription oriainal pul~lislie(I ravis~on th~rn when 1 ' lercllinr 11ei~hU 19%3-34 originally 
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. TABLE 4.-Revision levelling. 

Discrepancies between tjhe old and new heights of bench marks. 

Bench marks of the orisinnl levellins that  
cotrtlected dnrins the revisionnrr 

opemtions 

. . . ~-. - - 

M - 
: f 
!g 
k5 
g: 
3 

1)wrriptinn 

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

Difference 
(revision - 
origitrnll. 

Tile sigllt 
cletrobes 
tlrnt the 
lreigllt 

wns 
venter 

2nd tlre 
sign-, lcss 

in 18:N 

Differetrce between ortlro~netric 
heiglrts, nbove (+  ) or lbelow ( - )  

the starting Lrlrclr mdrk 

-- - 

t l~nn whet1 
origillnllg 

levelled 

D:!tc of R o m  
ortgilrnl plrl~lisl~etl 
I~rel l ing lleigl~ts ! 

- -. .. - - - -- 

I I I n~i les  , 
- 

Re7risicrlc of Part qf Line 71.  ( Gorrckhp~w- Purr~ect ). 

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

I 

1920-21 1 0.000 0.000 0,000 
2 , , Step of 1870-72 + 2.367 + 2.165 - 0.202 
I .. ' Step of well 
J , ! Bakwa T.S. - 6.089- 6.26!)-0.1HO 

-I. 72 H I Pat,jirwa T.S. 
9 , I Step of 

.. , -130.317 - I:l-l. titi1 - 1..:34'1. 
I 

R.S. ... 166.3 .. 8 - 1:j.:. j0R - 1:l'i. 436 - 1 .92A 
3.5 / ., Bridge ... 163.7 .. I - ~ ~ - I . ~ H I - I ~ ~ . O $ L - I . O H ~  

Fry?  rrvlslon 
19:lj 

, i t  .. iBridge ... 168.9)  .. 
Mi I . Veranda . . .  171.2 1 1370-72 -129.631 

.;:I .. Bridge ... 1171.9 1 920-21 - 127. MI 1 

, - 1 2 5 ~ 4 3 0 - I 2 6 ~ t ; 7 4 - 1 ~ 2 ~ ~ ~  
-1:lO-597 
- l2cI.071 

-1:35.9i8-]3i.l98-1.22O 
-]24..24$ 

B I ., Chotnipati T.S. 170.5 
:I ' 72 .l , Vermndn ... '177.5 

-0.966 
- 1 .270 

-O.!ltiB 

-4.515 
-1.9:li 
- 1 ,257 
- I  
- 1,677 
-2.10fi 
-1.627 

11 .. Harpur 'l'.S. . . .  'lHO.2 
.i I 72 K : St,ep of shizarilo . .  '232.1 
6 / $2 N we11 ... 1290.8 
7 .. Step of shirr~riln ... 1299.3 
7 1 72 0 Well 3 0  

1870-72 
.. 

( continued ) 

!-12:{.z;t, 
, : - 1 2 8 ~ t i : q - l : l O ~ . i l 4 - 2 . 0 i ~  
., -1:jfi.912 -1.1.1 ..1.26 

, .. 
.. 
.. 

9 i .. Veranda 
11 i .. Step of w ~ l l  

302 1 , Step 

-112.  171/ -11~.  108 
- 136.076' 137.33:3 I - -l49.04,1. -.1tj0.558 
-154.96ii-156.ti:j~ 
-161 ,7533, - lti:1.85~ 
-16n.2~2 -169.919 

I 
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TABLE 4.-Revision bevebliny- ( contd,  ) 

Disc~.epancies between the olcl and new heights of bench rnal.1~~. 

Bench lnnrks of the original levelling t l~n t  
were connected during the revisionwy 

operntions 

No. 

Difference between orthomctric ori8ina1)n 
Ileights, above (+) or below ( -  ) The si'll' 

the Lut ing Lrlleh mark 1 
Date of 
origi~lnl 
levelling 

heigllt 
wns 

greater 
and the 

sign- ,les 
in 1934 

t l~nn w l ~ e ~  

I oliginallj 
levelled 

Reainion qf Part of L i n e  71. ( G o r a k h p ? ~ r - P ? ~ ~ ? w r c  )-( concbd. ) I 
Stone I3.M.. P u r n e n  ... 322.6 
Rritlgc ... 319.:1 
E.R.M. at Pt1rnc.n R.S. 319.6 
Pur1ic.a D.B. .., :321e9 
S.R.M.. P i i m e a  . . . :12:1.0 

Rni!isio?~, of' X r c o ? ~ d a ~ y  line 71 A ( Da,rblrrrlzgn-Rngnl~n. ). 

0.0  
0.9 
Oa.5 
1.7 
:{.ti 
.-).:I 
5.  -5 
6.2 
7 .5  
9a:I 

10.7 
10.8 

- -  -~ 

E.13.M. a t  Ragalin. H..S. 
Hritlgc o v c ~  Gnndak 
Clrilvc~rt. No. 65 ... 
Rridpa No. 62 ... 
Rri(lgc1 No. 59 ... 
Rritlqc* No. 55 ... 
E.R.M. at TClinrpolrhr:~ 
R r i d ~ n  No. 5.1. ... 
Rritlgv No 32 ... 
Hridgn No. 4H . .  

- - ~  -- 

51 

.iO 
B 
,IS 
,I.; 
41 i 
.16 

. 

72 A 
.. 
.. 
.. 
.. .. 
.. 
.. 

-0.071 
-0.131 
-0.157 
-0.19'7 

21.262-0.197 
-0.193 
-0.19:3 

. I 4  .. 
d:I .. 
2 , Bridge No. 46 ... 
.1,1 ; .. E.R.M. a t  Rliairoganj 

0.000 
-0.011 
+0.007 
-0.009 
-0.015 
-0.015 
-0.019 
-0.0:10 

2tj.148-o.oli(i 
-0.071 
-0.085 
-0.089 

I I 
1920-21 0.000 0.000 

.. + 12.B4:ii+ 12.372 

:I2 1 .. 

ii , .. 
.. 
, 

2H , 

-O.O8:3 
25Xi-O.Of;9 

-0.015 
+ 0.029 

23-4~:15+0.01,1- 
-0.012 
-0.058 

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

11 - 9  1 .. 
l : l . ; I l  .. 
14.3 , .. 
16.1 I .. 
1 6 . 7  .. 
17.5 ' .. ... 

Rrirlgr. No. 34 . 
R r i d g ~ >  No. :33 

27 

$1; 
2.i 

+ 11.236 + 11.243 
+ 8.%8I+ 8.979 
+ 10.992: + 10.977 
+ l.b.OHS; + 14~~05:l 
+ 5.72S,+ 5.709 
+ 16.!4,8 + 16.H98 
+ 21i.214.+ " i 
+ 2:1.2231+ 2:1.152 
+ 2H.O18l+ 27.933 
+ 18.517 -t 1H.q28 
+ 2H,(i78~ + 2R.595 
+ 22,5Hli+ 
+ 26.721 + 2ti.706 
+ 13.2271 + l:{.25ti 
+ 23..1.211+ 

+ 21.092 + 21 .OH0 

20.5 .. + 4.4:128 + 4..:1til 

.. 

.. 

.. 
23 
22 

9 4  1 ,. / + 11 .yti5 + 11.707 

(Continued) 

.. 
,, 

Rridgc No. 67A .. 
Rridgc No, 67 ... 

Rrirlgc No. R2l3 ... 2.:3lri - 2.44.7 
TSridgv No. :(I 11.:319,- 11.476 
Hridgn No. 29A 15.9-$4. 
E.R.M. a t  Narkntin- 

g a n j  . . . 2 i . 6 1  .. 1 -  21.0651- 
C l d v ~ r t  No. 69 , ,  

Rr idg r  No. 68 . .. 
29.0 
29.4 

2 :  1 .. 1 -  12.:12~- 12.517 

.. 
,, 

27. 6 
- 26.1:11 - 25.298 -0.167 
- 15-98:1 - 16.139 -0.156 i 1 

,, - 1H.82S8- 19.021 
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TABLE S.-RmyiRion leaell~in.y-( cot~trt. ) 

Diec~vpanciea b t w e e ~ ~  t,he old and new height's of bench marks. 

Bbnrh ~n~rrks or the nripinnl lcvellinw that 
w-n. I * * ) I I I I # V ~ H ~  d\~rinu tllv n'visioni~rj 

~~yr.nrtions 

- - -.-.--.--pp.- ~ ~ -- - 

(Continued) 

.- 

I 
21 i.' A llrialgc NO. 65d . . ' :30.9 I 

-. - ... - 

1920-21 
.. 
.. 
.. 
,, 
,. 
.. .. 
,, 
.. 
,. 

20 .. E.H.M. at ( tokhi l ln  ... 
19 .. ' Br idge  No. t\ 1. . .. 
1H .. Bridge  No. ti:jA . 

10 .. Sik tn  T .Y .  . . . 

- 
1 

-2j.:jRti 
3 . H r i d g ~  No. 51 -:~: I .HHH 

.. ' Bridge  No. SRA -- 33. :W!) 
li .. kiridgv No. 49 - 33. 57 j 

kt i:! I? k i r i ~ l q ,  X ~ I .  -31 .760 
ti! 1 . 1 .  t k i l l  -:l9-)!)87 
1 .. llrialg+~ Na,. 1; - :3O . ~ H H  

- :{O. 576 
- .1.5 021 
- :I5 . :i:j4 
-315.11.1. 

:: c Hr i (1g~  No. 39 -:J1.729 
: :: I k ir i~lgv XO. : j i  -:j.&. 328 

31 .:j 
81.7 
1 2 2  

- m i 7 9  
-:{ti. 146 
-25.367 
-32.15-1. 
-25.95:3 
-:JO.HtiS 
-81.220 
-3:!.:jH2 
-:30.6:34 
- X3.206 
-.tl.l69 

I ti .. Hridge  No. ti:! ... i 34.5 
1 .i .. Br idge  No. ti0A . 35.3 
1 1  .. Kriclge No. 59 ... ' i16.2 
1:I .. Hriclptl No. 54C! iIH.6 
I .. Bridge  No. 53 . 1 : 3 9 . 6  
1 1 . .  Hrit lgr  No. 54 .. 1.0.2 
9 .. E.H.M. nt Sik tn  , . ,  ' 40.4 

-27.764 -O.:liH 

-27.890 
-36.274 
-25.469 
-:32.314 
-28.102 
-:31.029 
-:l1.438 
-32.603 
- :i0.928 
- :j3 560 
-41.498 

-0~111 
-0.1% 
-0.102 
-0.160 
-0.149 
-0.162 
-0.218 
-0.221 
-0.294 
- 0.354 
-0.:l49 

-0.543 
-0 . : {5S 
-0,611 
-0. E:32 
- 0.4t;T 
-0,:ItiH 
- 1  .:I17 
-0,9:l6 
-0.1.19 
- 1 .OX( 
- 0.4:lH 
-2.  t:12 
-().:I42 
-0,:tOZ 
-0.4.46 

.#.I  
)- f{ri~lyta Nap. :I5 -:l-).Rl2 -:15.:355 

- : i4 .16~ ! - 0 . 2 ~ 0  
- 8.7 - H52 - 0.453 
- 38 - 908 
-31 .957 
-,E0.701 
- :jO. 88:1 
--:jO. 855 
--$5.405 
-:is ,782 
-:35.451 
-:j2.120 
-35.275 

-r1.7.H44 
-335. 228 
-:IW.R20 
- :37 . :I94 
-.tt;. I:{!, 
-45.:1:3:3 
-33.004 
-42.449 
- 49. 192 
- 4:j. tiO:j 
-~,0.56ti 
-51.612 
-.$.$.2HH 
-2i.670 

-.$7.mti 
-:j.I,. ti17 

?!-I F!ri(lg+l NO. :I:! 
2% Hr i~ lgv  XO. :I2 . 61.5 - :Il;. 927 

, -  l,;.iil 
I -  tL.016 

I 1'1 r i g  I .  29 ... Hti. $ ' .. -42.030 
It1 . . Hrirlye?311.ZS . . .  6 7 . N !  .. - 43. 159 

- 0. :19:3 
-0.197 
-0.714 
- 0.395 
-0.2'79 
-0. :I84 
-0 * 44.8 
-0.:{:17 
-0.:191 
-0.447 

1 U j  Hrillyr No. 27 
I:I9 Hrillgp No. 23 . 
I : l W  tkialgtl N ~ B ,  21 . 

I .I7 Hritlg~s Y8 I .  20 
1 :{ti Rri~lzq. . . 

HH.:i / ,. - 4:{. 165 
li9.3 .. 1-.~.1.74 
70.:) , .. '-51.270 
7 1 . 7  .. I-43.9HR 
72.6 , .. '-37.224 
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TABLE 4.-Revicrioro leuellir~~g-( contd. ) 

Discl-epancies betweell the old n l ~ c l  uew heights of bench marks. 

Ucnc11 111arke of t l ~ v  urinil~al l evc l l i~~g  thnt 
w u e  c u ~ ~ ~ ~ c c t c d  clorinn tllc revieiunury 

uperiltiu~~s 

L)itference Gctwecl~ ortl~oinctric 
I~e i e l~ t s ,  above (+) or below ( -  

tllc s t a r t i ~ ~ s  bc11c11 murk 

1)itferellc~ 
(revie io~~ - 
orini11:11). 

T l ~ e  sic11 i- 
l~ l ! l l l l t l~~ 
thut the 
11eipl1t 

wns 
greuter 
and tl113 

siun - . less 
ill 1934 

~ I I I L I I  W ~ I ~ I I  
oriRi11111ly 
levellcd 

I I I xciloa 1 1 fee t  I feet  1 feet 1 
1Cevisiolc qf' S1ec*o~~tEmt~y line 71 A ( Da~hl~ccr~ycc-l~(c~ccI~n )-( ronftl ). I 

- -- 

1920-21 / - I,l..Hl6 
,. , - -4.3 . 632 
. - 51,126 
,, I -  51.23H 

,. - 53.505 
.. - 54.252 

I 
.. / -  54,.773 
,, - 5:3.:319 
.. - 61.180 

- 3ii.554 ,, , 
,, 1 -  48.995 

- 45.476 
- 4..1,. 658 
- 51.806 
- .52.317 

- i 9 ~ 0 1 3 - 5 9 . 2 ~ 3 9 - 0 ~ 2 2 6  
- 53 70!9 
- 54.801 

- 55,631 
- .i.1..893 
- 61.898 
- 55.158 
- 50.575 
- :i5.8N1 
- 35.862 
- 54.510 
- 64.259 
- 58.761 
- 58.729 

63.004 
66,372,-1 - 

- 75.058 
- 78.970 
- 90.576 
- 82.341 
- 86.773 

91.528 
- 9.1.. 99.5 
- 95.797 
- 97.H5,l. 
- 102. .i8:3! 
-100.58(i 
-101.93.1 
-105.632 

-112.769 

-107.*146 

- . . . . -. - . .- 

1 / 72 I' E.B.M. st ( i l ~ o r i a ~ l ~ a n i  72.9 
1 . I BridgeNo. 17 ... 74..ti 
1 2  .. Bridge No. 15 . 1 3 
l:{l .. Bridge No. 12 . . . ,  77.9 
1 .. E.B.N. a t  l<undwa 

Chainpur . . . i 7 7 . 9  
129 .. , Bridge No. 10 ... I 79.1 

- 

-0.660 
- 1 026 
-0.680 
-1-079 

- 0.204. 
-0.549 

-0,856 
- 1.57'1. 
-0.213 
-1.604 
-1.580 
-0.155 
+ 0.008 
-1.388 
-O.:326 
-2,216 
-0.571 
-1.973 

857 
69.6i9,-1.20!, 

-2.024 
-0.514, 
-1.901 
-1.656 
-3.185 
-3,582 
- 540 
- 4 . 0 ~ 3  
- 1 .fi30 
- 1.262 
-1.621 
-0.H:jCl 
-1.21.3 

-1.581 

-2.693 

(Coi~t inucd)  

128 .. 
1 , 

I 

i 120 I .. Bridge I -  :3;,.72ti 
119 i .. Bridge / - 35.8iO 
118 , ,. Bridge No. 88 5B. 122 
I l i  i .. E.B.M. at D11;tng ... 63.Y13 
116 .. Bridge No. 5ti.54,5 
115 .. : Bridge No. S5 ,, I -  5'4.158 
1 1  .. Bridge No. A:< iy:: , ; -  t i l O : < l -  
112 .. B r i d g e N o . H l  . . . i  98.5 / ., I -  64,515- 
110 1 .. i 15rid.e N o  78A ... 95.0 .. - 68..4.70 
109 .. Rridge No. 75 ... I 96.4 I ,. 73.034 
10s .. ' E .B .M.a tR igaR .S .  ' 9 6 . 6  .. 1: 78.456 

Bridge. No. 8 ... I 80.8 

102 ' .. E.B.M. at Sitilmarhi '102.2 
101 .. Platform copinx ... 102.5 

Stone pillar a t  Goi-  
hir i  ... 

1 1  1 .. , Bridge No. 1 . 
1 , .. , E.B.M. a,t Bairagni~t 
1 1 , ; Platform coping .. 
121 .. Bridge No. 91 

, 1 -  88.675 
.. I -  80.685 

8:j.O 
N3.(i 
8-1,. .I. 
41..'i 
titi .:iI 

100 . .  Bridge No. 62 . 2 . 8  .. : -  S2.687 
98 .. (I:i,lvrrt No. 56 . . 1 0  1 .. , - 87.446- 
$46 .. 1 Hriclgc. No, 51 ... )108.1 
9;) .. i Hriclg~: ~ n .  .I.H . . . I I 
'1.1, I .. 1 Bridge: No. . . . 11 10. 1 
4 :  .. / E.B.M. ; ~ t  H i . j l ~ ; ~ t t i  . . .  '110.(i 
93 .. 1 Hritlgc! No. -46 . .  . '111 .7 
91 .. i Bridgc No. 44 . . .  '112.5 
XH , , Rridgc No, 5.1 ... 114.6 
8.5 , ,, j E.H.M. nt Jnn:ckpllr 

.. i - 91 .4.55 

.. j -  n i  .7s,l, 

., ' - 96.224. 

.. - 101 .221 
,, - 9'4.965 
. .  :-101.10tZ 
.. i-10.1..387 

I R80nd R.S. 
8 I. ' .. 1 V~randa .  Janak1)llr 

I Road R.S. 

117.9 I .. I - 1 1 1 . 1 ~ ~  

118.0 
1 

-lol..751 
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TABLE 4.-Hewision levelling-( corbcld. ) 

D i s c l . e l > a i l c i e s  bet,wee~i the  old aid ilew heights of bench marks. 

Ucllch nlirrks of the or ini~l~r l  lt~vellins thut 
were cu1111ected d11ri11g tlu! rcvisiouury 

optlrutiolls 

~vscr iyt iul :  

- - 

M 

a 

F 
2z 
g g  
2 
6 

1 i / miles I feet  1 f ee t  1 feet 

Re rtisio?#, of' rSeconcln~y l ine 71 A ( Darb l~nr~ga-Bagahn  ) -( conclcl. ) 

Difference 
(revision- 
origilml). 

~ l ~ ~ ~ i ~ ~ +  
lleuotes 
that tile 
height 

waa 
greater 

and the 
sign - .less 

ill19:M 
tlum witen 

Difference between ortllornetric 
l l e i~ l l t s ,  above (+) o r  below - )  

t he  s tar t ing bcllch ~ n u r k  

- 

origillally 
levelled 

1920-21 
,. 
.. 
., 
,, 
, 
.. 
.. 

-1Ofi.82j 
-109.677 
- 109.612 
-111.515 
- 118.jfil  
-11:!.H,jfj 
-1lfi . jyfi  

-117.025 
-118.268 
-123.098 
-131.943 
-120.860 

8:s ' 72 J? Bridge No. ;jfi ... '119.1 
i 

8 1  .. Bridge No. 34 . 1120.2 

From 
revisioil 

In34 

Date of 
orisilisl 

I levelling 

81 
7 
78 
c- 

From 
publishecl 
heights 

,. Bridge No. 32 . 2 1  
.. , Bridge No. :jo . . . 1122.8 
,, I E.B.M. a t  Jagiira...  122.9 

-108.924 -2.099 
-113.522 -3.845 i 
-112.166'-2.5;'1 
-114.4.54, -2.93!) 
- 121 .:j151-2.75.1, 
- 1 1 4 . 0 - l 5 : - 1 ~ l 8 ~  
-1ln.219-1.693 

-ll6.;34-11;.720-0.9titi 
-119.363 -2.338 
-119.34..E -1.076 
-125.111 -2.01:3 
-132.866-0.923 

.. Rriclge~No.84 . . l 2 . i . i  

.. 
.. Briclfie No. 11 . .  131  .ti 

1 1  , ' Bridge N n  I 9  . 121. fi " - , , Britlge No. 2ti . . .  12-1.7 1 .. Bri~lgr  Nn. 25 .. , 2 

-122.004 
-121.1621-122~272-1~110 
- 120. fist-i - 121.877 - 1.2,il 
-124.7551- 126.~95/-2.140 
-121.228- 122.3071-1.07:) 

- 1:32.280i-13:3..$31,-1.15l 
- 123.4651- I P ~ o . B - I ~ ~ R - ~  
- l ~ c ; . 7 # ~ i -  127.998! - 1.256 
- 129.205 - 131.944!-2.73!) 

-1.14,t 
,, 
.. 
,. 
, 

., 
, 
.. 
,, 

lsio-iz - 1 21. 554 

6.5 ! .. Bridge No. f i  . . . 1:jZ.R 
fib , , 1 Culvert . . .  . . .  1134.0 
3 .. Bridge No. 5 . . .  !136.1 
fil I .. E.B.M. a t  F1uh;~m- i 

i madpur 13'7.3 
60 ! . ,  PlatFore~ cnping . 1:17. i  
5 .. B r i d g e  . .  . 1 :  

- 125 -889 - 1.335 

-58 
11 

., I Bridge . . 1 i 2 . ' 7  

.. ' Step of )t~,rs,jirl. Dar- 
hhanga , , , j14S .9  
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TABLE 5.-Iiist of t~ inngu ln t io? i ,  stcltin~zs con?, ~ c t ~ d  h y  ~ ~ i ~ i f - / ~ ~ ~ / l i ~ ~ ,  
sensoy1 1933-34. 

Ditfc~rencc I 

(Wan.-Lev.) I R E ar A R K R 

I 

Nnnre of station 

-- -- - - - -- - 

Height above 
mean sea-level 

I _ .  I , . / . c ~ t  I / # , r t  t'cet , I 
I 

(:)-rcit ~ ~ U / I I ~ I ~ ~ I  ,$'rr3irs 

Spirit- 
l~ve l l ing  

Lol Irsrnlr-JTeil? 1T.S. '611H.25:3 1 f i l l t i  
1 

- 2 

T,.L~.  2:< 23' :3$:'216 1 1 
I,ong. 97 ,;H 41.1HR 1 I 

i I 

l'rian- 
gulation 

Up1x.r ~~~nrk-stone .  



GRAVITY 

19. Programme.-Fielcl season 1933-34 was a remarlcable one 
ill many respects. Commencing in the last week of August the 
party did not return to Dehra Ddii until the following May having 
c.onlpleter1 observations a t  seventy-one stations, of whlch 41 were in 
Tntlia, 2 1 ill Ceylon, 8 in the Malclive Islarlds and one a t  Miiiicoy in 
the Laccadi\re Islands. The total mileage by road amountetl to 
almut 5,800 miles of which 1,700 ~niles  were in Ceylon. 

Two lorries were engaged for the whole seasoil to carry the 
equipment and personnel. These were the same two lorries used in 
the fieltl season 1931-22 ancl they were again uncler the able manage- 
nient of the owner, Mr. R. V. Knowles. Thanks to his efficient 
maintenance, there was 110 mechanical tl-ouhle of any sort through- 
out the long season. 

The rafting across Cochin Harl~our was nearly rlisastrous. 011 

the Erniki~lam side an accumulation of rain water in the ljoats 
surged to one enrl when the weight of the first lorry came oli the 
raf t  ancl i t  was oiily prevented from sinlzing hy the shallow~iese of 
the water. At the Cochiil side the two 1)aclc wherls of the s~coiitl 
Iol-ry slippe(1 betweel1 the quay and the raft, ant1 at one time thew 
was clangel. of the whole lorry falling back into the harbour. 

The field work commencetl before the encl of the monsoon and 
it was sheer l~iclr that 110 delay occurrecl owing to floocls. Starting 
at Nlsik, the party after ol,servatio~~s a t  Peiilt proceedetl north to t h ( ~  
Tipt i  river. While camprtl close to thc edge of the left bank, the 
river rose seve~ity fret duriug the night, slid ill the moriiing was 
still rising rapitlly. A hurried departure followrd, 1)ut the ohserva- 
tions had been complrtetl. I t  was a t  this time that t h ~  city of 
Surat and all its neighbourhootl was flooded. 

Turning hack south from t,he Tapti river, the plsogramme 
~xteildecl clown the whole west coast of Tntlia to Cape Cornorin, then 
r o u ~ ~ t l  to Dhanushkodi, ant1 so acrnsy to Ceylolr. 

Ceylon was reacher1 (luring Christmas wc1~k. I t  hacl 1)een 
anticipatetl that there wonld only be three weelts available for work 
i l l  C'eylon. Actually thp party was the1.r two fi l l1  inoitths, alld a 
much mo1.e rxtensive pl.ogi-amme was possible. 

Whilth ill ('pylon the. party i~rc.c~ive~l mnch :~.ssietal~c.c~ alltl 
hospitality from t h ~  L'eyloii S u r v ~ y  Del,ai-tincblrt. 1 1 1  1)ai-ticulai- I am 
i~lclebted to Mr. J. E. Jackson, Supel~i~ltei~tlc~iit of the ~ r i~onomet r i ca l  
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Ofictb, for his co-operatio11 ai~t l  advice in a]-rai~ging the programme, 
alltl to Dr. H. Jamesoii, Superi i~tr i~dent  of Colomho Observatory, for 
Itintlly allowing the pal-t.y t o  cam13 ill the observatory grouilds. 
Througli the courtesy of thch Suleveyor Gei~eral of Ceylon, a 
C;ovPrnment surveyor, Mr. V. T. Muttuiiayaga~npillai, was attached 
to the party. He  assisted very greatly, ar~-ai lgi i~g calnpiilg 
placcs, levellii~g fronl the Ceylon Survey bellch marks, co~nput i~ ig  
coiiloicle~~ces a i d  carrying out other routine work. 

0 1 1  17th March the equil3ment was loaded oil H. J!. M. S. 
iMtr11nlriss for the cruise to the Maldives. During the ensuing four 
weelts the party was privileged to  colllt1)orate with thc Jo1111 Murray 
Oceal~ographic Expedition. The Expeclitioll made all arrangements 
for the gravity p rog ra~n in~ ,  oftell, i t  is fcarecl, a t  considt.rable iilco11- 
venieilce, ailtl with soine disorganizatioii of their own scie~itific work. 
A11 1neml)el.s of No. 1.1, Party aboard were treatecl as guests, ailcl are 
greatly indebted to Lt.-Coloi~el R. B. Seylnour Sewell, c .  1. rs.,  v.  I<. s., 
the leader, ai~rl  all t'he members of the Expedition for a most 
elljoyable a d  successful voyage. 

Sailing south-west fl-om Colombo the first gravity station was 
in Addu atoll south of the equator. The next s t a t i o ~ ~  was 2;t0 
~loi-th of the equator in Koluirqarlulu at'oll. Theli came a visit to 
Ma16 where Lt.-Coloi~el Sewell lnacle arrangemeiits for the maill 
gravity proq.raiiulne with t'he BIaltliviali autllorities. This consisted 9 
of a l i ~ ~ e  of six s t a t i o ~ ~ s  ru111ii11g across the arc1lil)el;tgo east and west 
about lat. 5" 15'. Two stations were in FacliRolu atoll, allel four 
s ta t io~~s  ill South Milos~nadulu atoll. This occupiecl el eve^^ clays, 
and clurii~g this time the pa~. ty  cruised in a sinall sail i l~g craft 
e~~gagecl locally, while H. E. M. 8. Jlnbalriss stealnet1 awap to the 
l l o~~s l~u rgh  atoll ~ O I -  intelisive research work there. During this 
l~~ r io t l  Lt.-Coin~nai~dc~r Fal-cluharso~~, 1i.x. accompaniecl the party ant1 
C R ~ I . ~ P ( I  out a11 ar(1uous progl~;~lnine of mag~letic observations while 
thc grav i t ,~  ~vorlt prc~ceeclctl. Thc Expet l i t io~~ liest proceedecl to 
R I i ~ ~ i c o ~ ,  where gravity ol~sc~i.vntioiis w e i ~  made, alitl the11 I-eturned 
to Colombo w1ltl1.e No. 14 P a ~ t y  rlisenil~a~~lrecl oil 13th Api-il 1934. 
The party thril t lav~lletl  l)&li through India 1nakin.r gravity b 
ohs~rvatiol~s at three stations , , ) I  ro t r te ,  and entrailled for De11i.a 
Dill1 on 3rd May. The last part of the jouimey was re1.y hot. 

Obsrrvatlons ill 111tlia a ~ i d  Cry1011 were usually made ill Iaooinfi, 
all(l O I I  l y  ot~casior~ally i l l  t,hc Iai-ge peilduluin tent. 111 the Maldives 
all(I :tt Minicoy, a slnall t loul~l(~ fly t c ~ i ~ t  a i ~ d  a slrovlr/tiri were placcatl 
1 1  to I .  The. use of tlicb large. ~)ent lnlu~n twit woultl liavc callsetl 
(l(.l:~y a11d clxtra tror~l)lc~, as tho ju~lglc. OI I  inost. of thc islallds was 
v(*r,y tlonsc~, ailtl a gl-cnt tl(1nl of elclari~~g wonltl havc 11~011 1.equirct1. 

A slnal I pl.isinatic ast~~olal)c~, ~natlcl by Jobin, was take11 in to t'he 
litbl(l, a11t1 obsclrvatio~~s foi. astro~~oiilicnl Iatitrltlc a ~ ~ t l  loi~gitr~tle wc.rct 
matlc at three stations ill lilrli:~ ili1(1 a t  t iw statioi~s ill C'eyle)~~. 
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This is the first time that this small pattern astrolabe has bee11 
used for tield work ill 111dia. Only a short programme was possible, 
ailct ill Ceyloll the weather c.o~ltlitiolis were very bad, 1)ut results 
show that  ullder better collclitions itilcl with a slightly longer pro- 
gralnme this illstrument call be 1.eliec1 o11 to  give goocl results. The 
results of these observlttiolls are given in Table 5 of Chapter IV. 
No correct io~~ for personality has been ;ippliecl to the sstro~iolnical 
Io~~gitut l t .~ ,  ailtl this ]nay be collsiderable. 

20. S t r eng th  of t he  party.-The party which tooli: the lielcl 
collsisted of Major E.A. G l e ~ l ~ ~ i e ,  K . I ~ . ,  six kh(tlcsis, two motor drivers, 
two c.l(~a~lel.s ant1 two private servant,s, thil.tee11 in all. I n  
aclclitiv~l, ill Cryloll the party was joilied by one Ceyloll Governlnent 
surveyor with his serval~t,. Thv surveyor, however, had his owl1 
t o u s i ~ ~ g  car, so the load 011 the lorries was not increased. 

Otvi11g tc.) t,he very limited acoommoclat,ioii on H.E.M.S. Mnbnhivv 
the 1~art.v was rerlucecl to Ma,jor Gleilllie, one khalasi al~cl olle private 
servant for work ill the Malilives. The relnaillcler st,ayecl ill Colombo 
in camp a t  the observatorj-. 

The hpalth of the party was e x c e l l ~ ~ ~ t  throughuut except for a 
fclw cases of malaria col~tracterl at  Ad~lalaichchenai ill Ceylon. A 
coursr of plasmoquin a11tl atel)ri l~ cured these pro~nptly aud there 
was 110 recurrtlnce. 

21. Method of observation.-111 the three pr~vious seasws 
the mitlrlle penrlulum was olnittc~cl alltl the f ro~l t  and back pe~lduliims 
wtbre swung ill optical combinatioll. Thc* results were satisfactury, 
I)ut thtb ~nc~thotl had the> disatlvantag~ that the values of the times 
O F  vil)rntion for th r  difl'el-tx~lce h~ twe t~ l i  a pail of pe~iclulu~ns for any 
~t1t of ol)sv~.vatioi~s wt'ro 11ot I C I I O ~ V I I .  This clifferencc is a valuable 
i~~clication of the acc.ul.acy of thv ol~srl~vatioils, alld also shows the 
effect o f  :roru~d motictll. Thtt use of a free mitldlt~ l)elldaliim also 
lxwnits of  I-orrection f o l -  rrroii1111 1notio11 \v111$11 this occiirs. This 

? 
slBason. thel.efore, ohservatlo~~s were lnarle with thc mitltlle pe~~clulum 
i l l  pusitioll a ~ l d  hallgin:: free. 

111 or(1t.v to save time, onlp o ~ l c  pair o f  ~ ) ~ ~ ~ i ~ l u l u ~ i ~ s  was swun~: 
at each station, allrl risk of clr1.c-)rs due to a chan-r ill le~igtli of 

a. 
a pc~ndiilr~~n was nhviatevl 11y c h a l ~ ~ i l l g  thch l)ail*s 111 r o t a t i o ~ ~  at 
succesr~ivr statio~ls thus :- 

~ T ~ \ T I O N  P l ~ N l ) U l . l r ~ l ~  

f l - o ~ l t .  IYHC'I<. 
27 I X ( '  
'7" - I .B ( '  I: 
2 i(i 1.: 1\ 

2 7 T I\ ( '  a11d 8 0  011 .  

'I'ht~ hlarcolli wirc~l,~ss s t s t  1t.P. I I w i t h  ,romp of t h ~  ctrigitla,l 
r) E b valves in rlsc si11c.r 1!)2fi was olnl)loyetl. Thtlse valvc~s art1 
IIOW ul~aulete an11 are htxumil~;. Iesu seilvitive through agw. 'l'he set 
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is specially tlesignecl for the valves arld requircs extel~sive alterations 
to adapt i t  to  mocier~~ valves throughout; thc. use, however, of a 
Phillips A 235 valve as a tletcbctor with the H.T. voltage of all 
valves reduced from 100 to 60 volts gives greatly improvecl receptioi~. 
This improveine~lt was introduced ill Ja i~uary.  

Wireless recel)tio~i was good everywhere unt'il thtl return to 
Dehra Di~il, where r ecep t io~~  is always bat1 ill Al)ril, May nilcl Juile. 
Soine trouble was experiencecl owing to the ])art,ial bl~eakclowi~ of 
i~rsulatioil ill a transformer. This was re-wonnrl a t  Coloinl)~. 

Wireless rhythmic sigi~als from Rugl~y,  Borclesus and Nauer~ 
were used. 'l'hese are trallsinittecl a t  the following hours:- 

N, Nanen 
1$, 13orde;tux 
11, Rugby 

f 1 111th 11orn1a1 111.c )g~-ainine of o l ) s r rva t io~~ cc )lrsistt>~l of t11i.e~ sets 
of ol)servc-ttioi~s last,iirg 2 2  01. 2 1 hou~*s I ) e t \ \ ~ i ~ t ~ ~ ~  SIXII ;LIS  its t'olIi)\~s:- 

Sclt 1 1E2 - N l  or B, -It, 
Sr t  2 N ,  -13, I&-Nl 
S r t  :i HI -12, N, -HI or lt, 

T I ~ P  N i ~ t l ~ i i  ~ i g 1 1 i ~ 1  itftr~.  J :LIIIIR~-y \\'iLS t ~ . a l~s~ l~ i t t c l~ l  0 1 1  a \ V B V ~ &  

1~11g th  of 1:i,00O nlctlx~s :ti~d coultl not 1 ~ 1  rclaei\lecl, a1111 thc 11orina1 
~~rograininc l~pcaine :- 

Se.t 1 li, -R2 or ill tlit~ Maltlives Set 1 It2-H2 

Set 2 ( ( 1 ) )  1i2-U1 Set 2 B2-E1 
Set 2 (0) Set B, -l<, 
Set :3 BI -R2 Set 1 R l - l t 2  

If thew sots i11.c \\rr.igl~tetl accor~li nc t o  th(1 time ill tci.\r:ils l)c4w~cln 
signals, 0 1 1 1 ~  th11 1-:+tc t~ l .n l -  dutl to th18 ~ t > c ~ l ) t i o ~ ~  of th r  fil.sl a l~t l  last 
sigrlals a t  ih11 st:~tioll tdFects th(1 i i ~ o : ~ ~ i  resi~l ts ; thc1.a t I I C ~ I ~ ~ O ~ C  
itl)l)cars l o  1 ~ :  1 1 0  vcbin,y scl1.iorts ohj(1ctioll t,o u l ~ i ~ l g  t,ilnc s ig~~i t l s  o111y 
t w o  hours apart, so 1oi1g as t h t ~  ~vhole stbricls of ol)schrvatio~~s at, i t  

st'at,ion al3c\ colrsccritivc~ ant1 arc1 sl)l.t.atl ovclr :lbont 2 1. l~ours,  t l ~ o n ~ h  
it is of  course 1,est to  avoid o l~sc~r \~a t io i~s  with 1111oclual wc.ights. 

Ipor the salno reason, ~ ~ n i l - i l ~ g  sig~inls f ~ . o l r l  t l i f f ( ~ ~ . o ~ ~ t  t i ~ a l ~ s ~ n i t ~ t i ~ i g  
stat,io11~ is ~iot,  o l ~ j e ~ ~ t i o ~ ~ a l ~ l ~ ~  so Io11q :is tliv aol. l-(~ctio~~s :~l)l)lic(l 
to th(3 f rst R I  1(1 last f , ra~~siniss io~ IS arcb ta1<011 fi.oln thtk snino soui.ccl, 
i. c., I)oth f  win tOic* Uulleti~ I 1Iorairc or I)ot11 1'1-0111 tllit ~ltlmii,al ty list 
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of wireless correctio~~s. Sil~ce corrections for the Nl signal tlo llot 
appear i ~ i  eithtar of these lists, the N,  sigma1 should not be usctl as 
the first or the last sig~lal a t  s t a t i o ~ ~ .  

22. Hayford computations.-To facilitate t,he Hayfortl corn- 
l )~~tn t ior~s ,  it revisetl average hei(rht map of Ceylon was preparctl in 

b 
the fitbltl. As the area of Ccylon is comparatively si~iall, the average 
heights of 10-lnillute squares were got out, instead of 30-lnil~utc. 
squares as ill the case of Average Height Map of Iilclia pu1)lished 
ill Geotletic Report Vol. V. The excellent 1 inch to 1 mile 
topngraphlcal shtbets of the C e y l o ~ ~  Swvky Department wcJre user1 
fur the c o m ~ ~ u t a t i o ~ ~  of the average heights. 

The average height map was used for the outer zones of the 
Ceylo~l computations. Without the aid of these average height ilzaps 
alld the charts ill Professional Paper No. 15, i t  would not have bee11 
pyssible to complete the isostatic reductions of seventy-one statiol~s 
w ~ t h i ~ ~  the year. 

Thta height estimatiol~s and Hayford computatioi~s for Dr. 
Vening Meil~esz's sea s tat io~i  clostb to Minicoy were entirely redone; 
the final Hayford correctiol~ amo~ultetl to + 0.0266 gal as compare(1 
with +Om 0260 gal obtained by the United States Coast ancl Geodetic 
Survey, a close agreement which may be consiclerecl very stisfactory. 

23. Results.-The times of vibrnt,ion a t  Dehra Dfin are show11 
ill Table 1. 111 T a l ) l ~ s  2 a l ~ d  :; are given t,he meall cliffel-c~~ces 
between the times of vibratiol~ for each pail- of pel~clulums, the 
times of vibration, the decluced values of 9 ancl the probable errors 
a t  each field station. 

Table E gives the details of theoretical ailtl observed gravity 
a~lcl the Free Ail., Bougl~el-. slid Hayford or isostatic: ano~nalies, with 
r~fer rnce  to Helmert's folmula of 1901, ancl forms a thircl aclclenduln 
tn Table 2 o f  the Supp l rme~~t  to Geodetic Report Vol. V1. Tablt. 
gives values of -y, the crustal WiLrP allomaly, alld Table 6 givc~s 
valnt*s c,f ~ - 7 , ~  : the isostatic al~olnaly wit11 refere~lce to the 
Tnterllational gravity formula of 1930. This last table is a first 
acldendum to Table ti in Geodetic Report Vol. VIII. 

24. Probable errors.-The probable error of the tlerluced 
value of !I is a combination of the probable errors a t  a tielrl station 
and at Dehra D ~ I I I  of i n )  the actual penrlulum ohscrvat,ions a11t1 ( h )  
the clock rate correctioli. These are consiclered below :- 

( n ) Probrrbl~l error r!f pcrcclulfsm obsrrrtcctio?ts.--Assumi~~g 
IIO ground motio~l ~ n t l  1 1 0  change of length of pentlulums, thtl 
cliffere~~ce, AN, lwtwtvw t h ~  times of v i lxa t io~~  of a pair of pe~ltlulums 
shoal~l be a co~lstallt cluantity. 

if Ax' he the cliffc~~.r~ice for a single .set fnl. ally 01)sc~rvatioli 
thf311 A*' - Ax is a mPasuren of thrl accuracy of ol,sc~.vation, which is 
i r~( leprl~le~nt  o f  clock 1-att1 errora, a~icl i ~ l d e l ~ c l ~ d e ~ ~ t  of tho tiinc 



interval l~etweei~ first ancl last, series of coincidences, so long as this 
is reasonably long, sag more than one and a half hours. 

From all obsei.vations in field season 1!)3:-',-34 we ohtail1 in 
units of 1W7 see. 

Pendulums A - C C - B  B - A  

11.e. - + 0 . 4  - + O . B  - f 0 . 6  

There is an apparent iiiconsist~ency here, if we accept the coiiclitio~i 
( A -  C) + ( C  - B)  + ( B  - A )  = 0; the failure of the conclitio~i must 
be clue to sillall differences in tqhe tiines of t8he individual pelldululns 
ilepencling 011 whether they are swung 011 the back or on the f r o ~ ~ t  
pail. of agates. 

If v=As' - As, and 92 is the number of sets of observations at a 
stat,ion, t , h ~ n  t,he pro1,able en-or of t,he time of vil~rat~ion of t,he meail 
pentlulum (exclurling errors clue to cloclc ratme) is:- 

Here As is accopted as the true value of the constant difference 
l~rtwren a pair of pentlulums, ancl E, is the l~rol~able error resulting 
f1.0111 en-ors in ohservatio11 of pencluluin coinciclences and arc. 

Temperature nncl pressure readings are take11 to an accuracy 
1~11ich is tc.n times that actually I-equirecl, so e1.rol.s 011 that account 
]nay bcb considerecl to l~ negligiblcb. 

Errors c lu~  to faulty correct,ion factors for temperature ant1 
(1~11sity also will t t ~ l ~ d  to cancel out,, a t  least rlui. i~~g the fielcl season 
u~icler consicleration, as the contlitio~is ill the field and a t  Dehra Diill 
W ~ I F  vt>i'y similar. 

( 1 , )  l'~.ohrrl~lc r ) .yojx  of rlncli ~.lrt/~ col.~.rciin~ts.-C'loclc isate el-ro1.s 
nl.cb clue to two causes:- 

( i )  Erro~-s  ill t,he wireless cor1.ections to tiiiie signals issiietl 
from the ol,sei.vatory. 

( i i )  Ei.1-o1.s of recel~t~ion ill t,he field and a t  Dehra Diiil. 

Thc Aclinil.alty No t i c~s  wil*cless cor~.~ctions, ancl the Bulletin 
1To1.nil.e dcini-tlc~finitive coi-l.~ctioiis givc. corrcct,ions to the same 
sigi~a,l i~cferrecl to the (:rec.nwicli and Paris observatory ~ l o c l i ~  
r(>sl)t~ctivtbly. The diffei.ence \let wecn t,he t,wo cor~-ect~ioiis issued for 
th(1 same sig11a1 is thtbrt~fore a rnc.asn1.e of the tliff~rtvlce betweeii the 
()l~sr\l.vatory cloclrs. Plot,ti~ig tliesc. tliffereiices for the Rugby 10 a.m., 
tho N ~ I I C ~ I I  ]loon alltl Rortlea~~x 8 p.m. sig~lals tlnily fo13 the last half 
of Aug~ist~, wc) g t~ t  l i~~ t l s  which ci.oss ai~cl re-clnoss a t  random ill a 
Ilarrow 1)and. 
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Judged hy this method the mean clifference between the 
observatory cloclrs ( Greenwich - Paris) is very closely - 0.025 sec. 
for the whole period, and so one can assume with suficient accuracy 
that ill any periocl of 94 hours a t  this time the difference between 
thcl two clocks remained constant, ancl tha t  any departure from this 
value is clue to error of 1-eception. 

W e  have therefol-e a number of independent observations for 
the difference betmeell the two cloclrs, ailcl the probable error of a 
single ohsr~*~ntioi i  is t'ouilcl to be + O 0O.i sec., a ~ l d ,  as this is a 
colrlhi~latiol~ of two sig~lals. the fioha1,le thri-or of the rate for a 
eivel~ iiltc~1.val is thr  same. 

Rrc.c~ptio11 i l l  t h r  fieltl cannot he so gootl as in observatories. 
Xt~vr~1.tlir~lt1ss s ic~ials  arcb c l ~ a r ,  a11cl thch method of  ol~serving coinci- 
clt~i~crs 1y itsillg the clock to iiitc~rrul~t thc earphone circuit is a very 
ncc*ul*ate olle. All estimate of the probable &ror in the 6eId as 
nlrlnuiltiiig 11ot moi-c tliali foul timcs tha t  ill the observatory is 
cc11.tai11ly on the safe siflcl. This amounts to a prol,al,le e1-1-ol. of 
o11r a 1 ~ 1  a half cni11cit1e1lc.r~. which is l.eallj unlikely uncler gootl 
c.olrclit ioris. 

I Trhilcr. 1vrJ have for 1.ate corl.cctioi~s :-- 

f i ) Prc)bnl)l~ pi-ror due to ol)sel-vatory = + 0.005 sec. 

( i i )  l'roha1)lp elsi.ol- cluca to field 1-eceptinn = + 0.020 sec. 
Combined probable error = +0*02 l  - sec. 

Tf a numher of sets of observations are talcell co~lsecutively and 
n1.r : ~ i  v f b l l  wrichts accor(1i1ig tto the intervals between time signals, 
tl1r11 errors (111~ to thrb il~tei~rnecliate time sig~lals cancel out antl 
cuily thr  i.ntc1 t>ri.or clnr~ to the i11iti:ll al~cl tinal signals need 1)e 
coiisicl~rf~(1. 

T I I  thr past lielcl sensoll tli1.e~ or four consecutive sets were 
n lwajs c )l)<rrvtvl, th18 illtrrval b ~ t ~ v e ~ i i  and encling signals 
~lsunlly 131~in:: 16, 22,  01- 2 E hours 

Hebilc.rb the p r o l ~ n l ) l ~  e1.rol.s i l l  ratcb antl ill  rat^ cnri~ections i n  
tIies(1 (litFt11.~llt cases n1.e :- 

Tlie~st~ plmlml)l~ elrrc)l.s apply ~ c ~ l ~ a l l y  to the Inen11 of a sillgl~ 
111~11i1111t1111 (11. to the1 inpall of thct pai~. of pe~~dulums nt a stat,ioll. 
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( d )  Probable errors at D ~ h m  J)?i,n=~, .-These are derivecl 
in the same way and are shown below for each pair of 
pendulums :- 

Pair A C C 13 B A 
Sec. x lop7 

- 
Sec. x lo-: Sec. x 10-7 

- -  . -  

€ 1  +0 .G9 + 2.0:; k S . 2 8  
€2 - - - $ 1 . 2 3  T 1 . 2 3  . - + I s 2 3  
El , ,  - + 1. -11 T 2 . 3 7  - + 2 - 5 9  
E l  + 1 .(it3 + - 0 .  $3 +O.Ob:  

2 - + 1 . 2 3  k1.23 - + 1 - 2 3  
En, + - 2 0 4  k1.48 k 1 . 2 3  
€ 1 ,  - +la75 + l a 9 6  + 2 . 0 3  

E,, is the P.C. of the mean of observatio~ls in August 193.3 a ~ l d  May 

( e ) P~ohcchle c1.7,09. c!f (/.-The p~-obal,le error of the differ- 
ence in time of vi1,ratioii a t  a station and a t  Dehra Dull is 
JE.1,+L2, 

The probable error in the deduced value of g in milligals is 
- - 

E,,=O. .38Z/~:, + E?,, , where E, and E ,  are in units of sec. 
The probable error in 9 is shown in Table 3 for each station. 

The mean probable en-ol- in g is + 1 1 milligals and only two 
stations have a p~~)ba l , le  PI-ror as high as + 2 milligals. 

This l,rol,al,lc er1-or in g is inclel~encle~~t of ally error in the 
a(1opted valut. of 9 a t  Dehra Diin, viz. 078.06:3 gal. 

This point is tliscusstd ill the 11ext pal-agraph. 

25. Observations a t  Colombo.-Withill recc~it gra1.s three 
(l(~t~~.inillatioiis of qravitp h:~vc~ 1 )~en  ~ n n t l ~  a t  Co1oml)o. Tl1e.y al-e:- 

I ) r r  t~ 0 1 1 . s ~ ~ i ~ 1 ~ ~ ~ ~  Vrt 111 P TTP ifylr t 
pet 

I !)2!) i i ~ s  978 ' 1 47 O 
I !):;2 LP jay - 155 20 
1 ($1r1111ic~ 978.132 2 0 

Tllrb 1 !)::I. valrlc is hasor1 rill 979 -063 qal for Drbhra Diul. This 
is l)~.ol)al,lj too low.  A ~ol- l ' ,~ct io~l  of + .OO!) gal is ~-oquii*ed to bri11g 
it i l l  tcbrln~ o f  tlip valura, !)i!).O72 gal, ol,tai~lrrl in 1927 with t,he 
('nlril)~.itlg:.c~ :~pl,nl.:i ~ I I S .  A flu,th(.i. col.~.cc.tion of - . 0 0 3  gal is I-equired 

V ~ * I I ~ I I ~  RT(~i~~(~sz 's  ~ l ( ~ t ( ~ , * ~ ~ i i ~ ~ : t t i ( > ~ , .  a 1 ~ 1  of - . 001 gal to lo jay'^, 
c.~l'l.(~at Ili(11n fol. ( . I I : L I I ~ O  OF lit.ig-ht :lilt1 Iatitntltb whc.11 i.(~ft~i'l'iiig them 
to Cloloin1)o Ol~sc~~.va to~~g,  tho site of t,hv 1!):<4 ol)se~-vatio~~s. 

C )  
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Applying these corrections, and adding t'he difference from 
Colombo to Dehra Dan, +Om931 gal, obtained from the 1934 
determination the following values a t  Dehra Dan can be added to 
the list of Dehra Diin values given in the Supplement to Geodetic 
Report Vol. VI, page xii; 

Decl~~catl  value cf' 9 
Obser11~~ at D e k m  Din 

979 - 08.5 
Vening Meinesz 979.075 

Father Lejay user1 elastic 1~nclulums for his iietermination. 
Evidence is therefore accumulating that  the atlopt~il  value of I, at, 

Drhra Diiir, !)i!).O(id gal, is too small. Tt is lilcely tha t  979.07! gal 
is near the truth, so tha t  there is a iliscrepancg of o~ l lg  3 milligals 
between the 1934 cletermination anil that made by Ve~iing Meinesx 
ill 1929. 111 the discussions of results it1 India, Ceylon and the 
Maldive and Laccadive Islancls which follom-, the gravity anomalies 
are hasetl on the old valae of q a t  Dehl-a Dill1 ; this is immaterial so 
long as data from external sources are not consiclered. These 
require a correction of min?r.u 9 milligals to 1.eftv them to  the Survey 
of T~~clia valoe a t  Dehra Diin. This correction has therefoi-P bee11 
applied to  Dr. Vening Meinesx's cletei-~ninations a t  sea, wherevel- LISP 

is made of them in this chapter. 
26. considerat ion of results.-In Chart V1 of Geocletic 

Report Vol. V, a comparison of the geoid with gravity data was 
made. The ag-reement was very striking except in t,he extreme south 
of India. Here the geoicl rose while gravity anomalies hecamr 
increasingly negative. This season a revised geoiclal section has 
b ~ e n  ma& for southern Iiidia (see Chapter TV), and in consecluellce 
the cliscrepancy between the gi-avit,y data nnrl gmid has heel1 very 
largely rrmoved. The geni(1 is now founcl to 1je rlcr1)ly tlepl.ess~(l 
in southern lntlia. 

This strikii~g depression of the geoitl and the large al'ea of 
11~gative gravity anomalirs in south India requires cxplai~at~ion. It 
raiii~ot hr  attrihntrtl to any apparent tleticienc,y in the d ~ i i s i t ~  
of  surface rocks. Foi this reason gravity work in (:r*ylol~ was 
cnnsirler~d especially importai~t, as it might throw light 011 the 
co~~rlitioiis in the atljacent parts of T~~clia,-a hope which nl>l)~al-s 
to have heen justified. 

Ceylon is a small and neai-ly tletachecl continental I,lock appar- 
ently fairly simple ill its tectonic st,ructure, x11t1 the c~xplanat1ioll 
civen for this structure appears to  apply rqually to soutl~ern Ti~tlia, 
ant1 perhaps, intleecl, to pei~i~lsular Tnclia as a whole. Similarly 
crbnditioiis on the west coast of Iiltlia appear to t h ~ o w  light 
those in the Mslclives ant1 Laccaclives. 

Hence in the discu~sinn which follows, ('eylon will first 1 ) ~  
cnnsidered, then the 111dian results ai~tl  tinal ly thnsr in t he Maltlive@ 
and at Minicoy. 
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27. The structure of Ceylon.-The oilly account and map of 
the geological structure of Ceyloii is tha t  given by Dr. F. D. Ada~ns 
ill 1939 i11 the Caliadiai~ Journal of Research. He  writes "The 
Islalid is thus a great sy~lclilie whose axis runs throughout its 
length ill a general north to  south directiol~, passing a short 
clistailce to the east of Kaudy ai~cl of Nuwara Eliya. This syiicline 
is closed oil the south by the great sweep of t#he strata around the 
southern part of the Island here dipping everywhere inwartl, that  
is to the north, hut i t  is open to the north where the strike of the 
giieiss 1)efore sii~kiiig beiieath the low land cove~.ecl by Tertiary 
delmsits colnmeilces to ope11 out, as has 11een mentioned, into a 
truinpet-like form. This great syllcliile of archean rocks which 
col~stitutc.~ the Is lai~d of Ceylon thus plul~ges to the north and 
disal~pears beiieath the Mioce~ie strata which occupy the l~orthern 
end of the Island ". 

The syliclille is largely coillposed of gl~eiss, quartzites and 
lilnestone, ancl is evideiit1,y for the most ],art sedi~nei~tary in origiii, 
I)ut there are great iiitrusions of igiieous roclis, l~articularly ill 
the oeiitral highlantls. 

Turliiiig ilow to the evitlence &om gravity tlata, Charts X and X1 
show gravity anomalies ill Ceyloi~, aiicl their relation to anomalies 
ill 111clia are show11 ill Charts XI1 and XIII.  The isostatic ai~omalies 
!I - y, aud tht. c.rustnl I I X ~ ) - ~  al~omalies, g -- y p  110th show illcreasing 
negative a~ioinalies as one proceeds inlaild from the coast, except in 
the north. Iuterl~reting the results according to the hypothesis of 
crustal warpiiig, the g - y p  allomalies show that the islalid overlies 
a clownwarp of the crust, which is deepest in the north, according 
well with the geological description quoted above. 

A g r w l n e ~ ~ t  with the superiicial geological evidei~ce, as pictured 
113. Adains, is howevtli* i ~ o t  exact. Prom the north of the island 
tlowll to ahout lat. th,. r l~epest part of the dow111vai.p runs 
ce~ltl.allv, hut thtareaftc.1- the gravity a~~oina l i r s  show that  the centre 
of the t r o r i ~ h  curves eastwards 1)assiilg inear Hilde, ant1 then swings 
back towards the centre a t  t h ~  south of the island. 

South-west of Ratnapura too is a deep downwarp which a t  first 
fiigllt appears to conflict with the geological evideiice of an nllticli~le 
i I I this neighhom.hootl. Agl.eeineiit with geology is obtained, if a 
local 1)ositivca or upwarping (listurbai~ce is assmi~etl ill the ~it~ighhour- 
hoot1 of Atlaln's Ppalr, p u s h i i ~ ~  :.~ast,wards the tl(1oper layers of t , h ~  
t r o ~ g h  1-csnlt,iilg ill all asylnmc~t,i.ic~l syilrliilc with an axial plaile 
h i l d i ~ l ~  to t,hp east. To t,he south-west the strata has bc~tln cl*ushetl 
both 11p a i ~ 1  down betweell tliis local upwarp alld the more gellei-a1 
11l)warp off the south-west coast. 

Evidence ill favoul- of local ~ l i s tn l~ l~a~icc  i l l  t l ~ e  Pcnlr rc\gion of 
Ceylon is affolyletl by Mr. E. R. liartlaln, 1'1.illc.il)al of the Ceyloil 
Tt~chl~ical College, who from the available data coiisiclers 
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that Atlam's Peali repres~llts the remaills of a volca~~ic core. 
(iravity a~~omitlies plai~tly show a 1)ositive tel~tlel~cy ill that 
anw. More gravity work is rvquiret1 t,o (aive a bet'ter picture of the 

'7 
strircturc a t  the extreme south of the islancl. The trough may 
exttlntl seawnrds near Hambai~tota  or may curve rouncl encling in 
the crushed tlepression below the a ~ ~ t i c l i n e  cliscussecl above. 

0 1 1  the whole the geological eviile~lce favours a cornbi~lation of 
tlir two: the seawtlrcl extel~sioil bei~rg shallow ancl sooil terminating, 
and in the charts the anomaly C O I I ~ O U ~ P  are shown accordillgly. 

More gravity work is also required ill the Aclam's Peak area. 
I t  was il~tentletl to do this, but i t  was preventecl by the arrival of 
the Joh11 Murray Expeclition at Colombo bringing the Ceylon tour 
to an e ~ ~ d .  

The positive y -YE. al~omalies oil t'he east coast ancl bhe very 
small ~ ~ r g a t i v e  anomalies 011 the west coast i~lclicate upwarps 
t la l~ki~ig these coasts. From a co~~siileratiol~ bot,h of the geological 
striicture and the gravity anvinalies, the conclusion is reacheel that 
origil~ally there was a more or  less symmetrical downwarp ancl 
that subsequently this was sqileexecl by the flul~king upwarps and 
ilistortetl hy failure of tho crust ill bhe Peak region. An upwarp 
sout'h of the islallil has closed t'he syiicline there. 

The evitleilce in fact is strol~gly i11 favour of lateral coingressio~~. 
28. India.-Thcl first statiol~s in the field season wrre devoted 

to  ~ I I I  attempt to clelimit the north and west boundaries of the area 
o f  ~legativtl a~~nmalies  east of Bombay. There was a possibility, 
though all u11likel.y one, that this i1owllwal.p joined into the 
Vintlhyau tle~yreesion north of the Sit11~u.a Rangt*. From the small 
IN bsitivt. 11 - y~ a~~o ina ly  ( + 3 ) a ~ l d  the 9 -yo anomaly ( + 15) 
c)htaillrvl 011 thr left 1,nnlr of the TiLpti, i t  appears that  these two 
clowllwarps are tlivitlrtl 1y an tipwa~-11 1111(ler the Si~t~piiriis. 

The ~ . r ~ n a i l ~ i ~ ~ g  worlr in this at-ea resulted in a shiftil~fi west- 
WRII I  o f  the zel-o al~ornaly c o ~ ~ t ~ u u r s  of hoth !-- yUH a1111 !,-yp (see 
C'harts XI1 and S I I I ) .  l u  consequellcr the rise to the large 
positivr a~~onlaliee a t  Bombay is very abrupt. 

B r t w e r ~ ~  Panvrl a1111 Coliiba, I/ - yCH chal~ges from - 18 
~nilligals to + (i:i ~ l ~ i l l i ~ a l s ,  that is a gracl ie~~t  of about 4 inilligals per 
mile. Tht~rtb 111 ~ r s  nc )t appear to hr any othrr locality ill India w h ~ ~  
thr praclie~~t marlrrclly r.uceer1.s :3 mlllixals per mile. This result 
s*hr*lns to cc3ntirm the statrmrnt alrracly madc in Professio~~nl Paper 
Xi). 27 that nc3ar Boinhap is t,o be foulltl the mail1 sourcc of 
r ~ l ) \ v ~ s l  li~lrr 1 ) f  thrb Deccan trap. T h ( > r ~ ,  nlust be n gl.eat tlylrcl ri11tler 
thp 8(':k i )f i  tht* coast o x t ~ ~ l ~ d i ~ ~ q  11orth fl.om Bombay, ant1 vw.y high 
pc~sitivc zravity a~lornalies arp to 11r expectetl a t  sea over this. 

Sollth of  Roml)ay t h ~  positive upwarp show11 I)y the !I-?'F 
all~)malipq 1 ~ 1  C'hart 9111 skirts t , h ~  coast passing out to sea near 
;)Zangaln~.e* : inla1111. arlcl ~)aralleling this upmarpi is a downwarp 
which ill it* turn extellclu sea~~arcls  south of Mallgalore. 
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I)c~flrctio~~s of t,he plnin1)-1i11e supl~ort this. Seaward deflec- 
tioils are foul~d IIear the coast, especially large Iwar Bolnl~ay a11tl 
I)ecoini~~g s1nalle1- southwards. The ext'reine south of Intlia, in t<he 
same way as Ceylon, a1)ptta~'s to have 1)eell squeezed down between 
upwarps. These are the ul)~varps r u ~ i i ~ i ~ i g  from the Nilgiris to the 
past coast south of Madras, a i d  two u~war1)s to t'he south, V I I O  ullder 
the gulf of Manaar and another which ap1)roaches the west coast 
Ileal. Trivandrum. 

Over these clcep tlownwar])ings in south Iuclia the gcoid will be 
clelwessetl. Supe~.imposii~g oil these the tlepressio~~ of the geoitl 
over the trough south of the " Hiddeli Range ", an explailatiol~ is 
fouiltl for the cleel~ depression of t'he gcoicl a ~ ~ d  the negative gravity 
a~~oinalies in southel-11 Inclia. 

29. Maldive and  Laccadive Islands.--The sciei~tific equip- 
i n e ~ ~ t  of the John Murray Exl~editioi~ iiiclutled all apparatus for 
co~~t~iuuous c~clio S O I I I I C ~ ~ I I ~ .  The tlrpths ohtai~ied by this lnethod 
ill addition to those a\railable ill thc latest Arlmiralty charts have 
1)een employed for the Hayfort1 reductions. Special runs were 
made to obtain the proiile of the halilt ~ I I  the east ant1 west sides 
of the archipelago. These are shoivl~ ill Plate XV. A sinouth curve . . 
giving the average profile was  drawl^ from these ancl employed 
wh~re  othe!. tlel)th data were not availahl~. The sites of the gravit,y 
s ta t io~~s  wr\.cre always 011 the lagoon side of the island, so topo- 
graphical c h a ~ ~ g r s  in the nearer zolles were sinall. I11 view of the 
very co~isiderable a ~ n o r u ~ i  o f  clepth data available, the Hayfortl 
rrduction work ]nay be co~~siderecl f ~ v e  from apl~reciahle error. 

Results o ~ i  the Maltlivc Islailcls are show11 in Plate XVI. The 
I s r ~ t ~  ~~ega t ive  anoina1it)s a~l t l  t,lleir il~crrase towarcls the celitral me- ? 
rit11a11 of the archil~elago are   lot ice able. 

At Minicoy ill the Laccaclivr Islands ill acldition to the gravity 
station on land there is thcb srtbinariue gravity statio~l ohserver1 133' 
Dr. Ve~iing Meinesx ou t  to scla on t ' h ~  west. Thcl results a t  t'hese 
t w o  s t a t i o ~ ~ s  show a t e c t o ~ ~ i c  co~irlitiou apparently opposite to that  
1111der the Malrlives, since the crnstal warp anomaly is 110sitivc. over 
the lantl al~tl  ~iegative out to sea. 

E'rc ) u l  thc~ gravity a11tl rleflectioli observatio~is 011 the west coast, 
of 111clia it is I , r lo\v~l  that a positi\.c~ all.e;t flanks t'hr coast as far 
south as M;~l~g:.nlorc); if this is cbstr~~tl(.tl to Mi~licoy it is significa~it 
illat a 1i11o tl~.awll fl-0111 Mii~icoy to hla~~galoro \ \ r i l l  s1~il.t t h ~  s o u t h ( ~ r ~ ~  
I I I : L I ~ ~ I I  of KR]I)(XII~ n~itl hl1c11.oth Isla~lds, K]lical])t~~~i Ranlc, ant1 
(jthcl. shallow sol l~i( l i~~gs.  I t  S ( \ C ~ S  t l ~ ~ r ~ ~ f o r ~ ~  a plalisil~le cletluctioi~ 
that th(& qrrnt positive U])\V;LI.~) off the Bombay coast runs south 
ulttl(>l. the La,cc:~tlivcs to Mi~~ic'oy, while the f la l iki~~g (lel~ression of 
tho cb~.nst, 0 1 1  its (last si(Io co~ltinues o l ~ t  to sea south of Mangalorc 
to the li11(1 of t h ~  Maltlivtbs, whel-c a cont,il~ent,al fragment of the 
c l ~ s t  has 11ee11 cl-ushc~l ill thc. tlowliwar]~ or subinergetl by it. 
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This c o ~ ~ c l \ ~ s i o l ~  is supported by Vellil~g Mein~sx's work in the 
JRva sea. Sumatl-a ltlltl Java are flalikerl on the south alitl west 
by a greet bs~ld  of ~legativth a~~omalies .  This 1)antl persists whethell 
its lille is market1 by isla~lils or by tlcep sea. Over Sumatra and 
Java large positive gravity a~~olnal ies  are found, but f~lrthel. east 
the high positivtb area u~~tlerlies the deep Banda sea, while the 
negative ballcl cor~t i l~r~es  along the curve of the islai~ds to Ceram. 

Evidently the superticial co~lclitions are il~cirlel~tal otlly. It is 
to thc deeper wai.l)i~~gs of the crust that  the greater part of the 
al~otnalies must be referred. 

The Admiralty charts also show :t markecl tlifferelice 1)etween 
the Laccadive Islalltls a i ~ d  the Maltlive Islal~ds. Illstead of the 
strikil~g linear arrangement of thc Malelives with great atolls ten 
to twe~lty miles across, the Laccaclives show a col~fused medley of 
small islallcls, reefs a l ~ d  banks. 

Though the Laccailive Islallils are believer1 to ovel-lie an 
npwarpt*tl area o f  the crust, a slnall amoullt of rece~it  sahmerger~ce 
is lint exclud~tl. The origlnal upwarp, if associatecl with the 
Arrivalli upheaval, may have occurretl in geologically remote times, 
but ally subsequent contrary movemerlt has been much less than 
the origi~ial upwarp. 

30. The formation of the Maldive Islands.-The for~natiol~ 
c,C t h ~  Msldivtl [slantls will 11e co~isitlered first with reference to the 
isostatic ai~omalit~s allcl secoliclly in the light of the crustal warp 
hypothesis. 

( e )  ISOSTATIC ANOMALIES 

111 Faciiffolu atoll t h ~  t,wo stations Difilri anrl Kiil~ifuri are 
a t  the tlxtreme east ar~tl west margins of the atoll and there are 110 

stations in the milltllt. o f  the lagoo~l. III South M~losmaclulu atoll, 
Fonimagi~clu is 011 thr raster11 etlge alitl Turicld on the wester11 
edge ; while M i ~ n i l l i ~  and Manclu are ill the lagoon. All the 
anc)lnalies are rlegative al~(l  the largest ailolnalies are a t  the two 
stations in the lagoon. 

In the Haj*-forrl corrections 110 allo\vance has been inarle for 
the low tleneity of the coral rock, since its thickness is u~~knowll, 
at111 it is a t  the stations in the lagoo11 tha t  the error on this account 
woultl h~ greatest. 

Consirl~ri~lg or11.v t h ~  four stat.ions in South M~loslnarlulll 
atoll, rresulne :3,000 fret thiclc11css of coral rocli, dthllsity 1 .8 ,  tht' 
~lrtic.ir1lc.y 111 lnils.: ( 1 ~ 1 t h  to t h i ~  ]OW (IL'IISity l)(bi~lq : ' ~ ~ l c o m ~ ) ~ ~ ~ s a t e t l ~  
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Changing the topographical con-ect'ions accordingly t,he following 
results are obtained :- 

The c~rrect~ion has therefoi-e largely remoretl t,ho cliscl.epancy 
het,ween the lagoon stations and t,he ~nargitlal stations. 

Station 
-- 

Fonimagudu . . 
Miimidu ... 

The same assumptions applied to the Difiiri aiicl I(i11ifuri 
con.ect,ions give the followii~g result,s:- 

9-Ycn 
(uncorrected ) 

mgal 

- 73 

- 81 

Ki,nifni-i t,hei.eforc. falls into l i~ie fairly well, 1,ut Difuri is 
exceptional. 

Y -YCH 
(corrected for coral 

3,000 feet thiclc ) 
ntgnl 

- 4,7 

- 49 

Mnndu - 77 

Tnridu . . . 

Station 

n i f ~ l r i  ... 

K:inifi~ri 

(>oi~si(l(~ri~ig the five accortlant stations, the mean "correctecl" 
a~io~nalp is - 1.6 mgals, n~icl nssumillg that  this anomaly is due to 
ail atl(litionx1 thicl<n~lss of coral, tlensity 1 .8, again wit,h the tlefect 
u~icompeils:~tccl, foul- thousai~tl fcrt atlditioiial thiclaless of coral is 
q i i l  Accorclil~g to thc us~ i t l  oxplaiiatioii of  t11~ format,ion 
of the coi-a1 isla11(1s over t sii1)si~liiig la11(1 mass, howev~r, isostatic 
a(ljnstmc11t is xiveil as t , h ~  cause o f  snl>sitlcnce. D ~ f ~ c t  of mass is 
theveforr i i~a( l~ni~sible ,  so r o ~ n l , t ) ~ ~ s a t i o ~ ~  must l)c allowcd for. With 
(a~)ml>e~isa t io~~ of light co~.nl ~.c)cli xi1 ntltlitionnl five thousa~icl feet 
thicliiiess is rcqllirfvl. 

The isostatic anomali~s thcrefo1.c. i f  solcly tlue to thc light 
cnral roclz, imply a t,lliclziiess o f  7,000 f c ~ t  o f  coi~al 1r71row1)1rv~snt~rJ 
or 12,000 feet comlrrnsnte~l .  12,OOO f ( ~ t  thicla~rlss 1)l~illgs t h ~  coral 
(lt1rbper thail thc i~n~netliatc>lg sllrri)liildi~~g o~(~a11 ,  a result which is 
ol11.y consistent with isostatic ~ ( l j u s t r n ~ n t  if the oi.iqi~ial land Illass 
0 1 .  \ ) ~ 1 1 1 <  011 which thp col-a] was foi.med was all upwa1.1, of the oceali 
f lo~l .  ;t11(1 ~ i o t  n coiitinei~t:~l 1.c1lic o f  iio1.1nrt1 sinl. 

-45 

- 45 

' 1  - YCII I n-rc. 
(11nro1-rcc,tctl) (rorrect(~i1) 

-- - - - - . - 

91c:gal ) ~ q n l .  

- ti6 

- 71 

- : I f  

- 4  1. 
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The density ( 1 - 6 )  which has been assumed for the coral is 
probably the lokest perrniesible, computations with higher densities 
woultl yield greater t'hicknesses of coral. 

These calculatiolls are basecl 011 the Helmert gravity formula 
o f  1901 ; if the Bowie formula of the Tnternattional ~yravity formula 

? 
of 19:W were used, thtb computations woulcl requlre very ~nuch 
ciaeater thiclili~ss of coral. The formula basecl on t,he Survey of 
Tlitlia spheroid which is used for the g-YF anomalies, would give 
lwtter results since it 1-educes the Hel~ner t  neyative anomalies over 
th r  Maldives by IS  mgals. The total ~-esulting thickness of coral 
( clcrisity 1 . S ) is thtln about .i,000 feet uncompensated or 9,000 feet 
co~npe~nsaterl. 

The eml,loyment of this same gravit<y formula ill India without 
atl(litiona1 corrections woulcl be unsatisfactory. The negative 
ailomalichs in south Inclia woulcl inileed b~ I-eclucecl, but the apparent 
nclvantagc would he offset by a greatly increased area of very high 
positive iulomalies in the northern part of the Peninsnla. The use of 
this formula for the adjace~it  Malclive region without aclditional 
rol.rections is theref01.e haidly justified. 

The conclusion therefore from this investigation of the isostatic 
anomalies is that, if the isostatic anomalies are clue to  local, super- 
ticial anomalies of density, the Malclive Islands mark the original 
site of an oceanic riclwe ?rot (1 c.o,ltin~nfnl hlol-lr, which has sincp '=. ' sunk down under isostatic acljustmei~t. Unclei. Minicoy is part of 
the same ridqe not yet isostatically arljustecl. 

(b) CRUSTAL WARPING 

Accni.(ling to the hypothesis of crustal warping, gravity ano- 
~nnlies are ~nailily due to the up ant1 clown warpiilgs of the lower 
Injclrs of t h ~  ci-ust. These tencl to l ,a la~~ce out, and over a very wide 
nrc1a erluilihri~~m is reached very closely. This is a necessa1.y result 
of the working of the ordi~iary laws of mechaiiics and of strength of 
materials ". Helice the Hayfoul method of coiiiputatic)n providps 
a11 easy means of allowing for this general ~r~uili1)rium. When 
vo~nputing the. anomaly Hayfol-rl compensation is nssurnp(1 
to 1 ~ 1  l a c k i n ~  ovtbr ail area of ahoilt sixteen hunclretl squn1.o miles 
i m i n e ~ l i a t ~ l , ~  surrnunrlinq t h ~  stat,ion. This aliomaly is the11 assarnr'(l 
to z iv th  a mrasul.e o f  the underlying crustal warping, corn1,iiletl with 
tlip ~ t f e ~ t  rlrle to local departures of the. s~ll,c~rficial strata f l * ~ m  
11ol.rna1 ~lrbrisit~. Tn Iiirlia there appcAars to a gene~.:~l 111.oarl 
Iv:lr-lliii< l p f  the lower ci.uetal layers suprq.impctsclrl 011 the Inow local 
i n .  T I I  orcler to give pro~nil~eurcl to the local war l~ i i i~~s  a11(1 
*O to hrinz n11t inore clenl.Iy the local t~c.toiiic stiwctni.c1, a " t I i t l ( l ~ 1 1  

Ralilr~" chcbrrrction is appIierl to the crustal war], anomaIic~s, which 
i* itlt~lirlr~l t4, i.enlovc the effect of the geileral warpiiig. 111 tho 

-- - -- - 
---- 

see ' Thr H y p o t h ~ ~ i q  of Tpnstnsy '' hy Dl.. .T. d ' ~  (4. Hunter ( ~ r o ~ l l y q i c ~ l  
supplemrnt to  31outhly Xoticrs of the Hoyel Astronomical Society. Jan. 1932 ). 
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Maldive Islancls there is no reason t,o assume any general warping 
of t,his nature, nor is i t  likely. The crustal warp al~omalies there- 
fore coiltail1 110 "Hidclen Range" correction. 

If the underlying rock has a smoot$h level surface, which is 
not improbable, t'he argument usecl for the extra large isostatic 
alioinalies a t  the two lagoon stations hold good also for t,he g -  y, 
aliomalies. I11 t'he table below, is given ( i )  t,he isostatic anomaly, 
y - yes,  sing t,he gravity formula on which the anomalies are based, 
( ii) t.he crustal warp anomaly, 9 - yF and ( r i i i  ) 9 - yF cor1-ect8ecl for 
t8he effect. of 3,000 feet of coral deiisit,y 1. .8 .  

Intel-preted according to the previous explai~at-ion the 9 - y, 
anomalirs ilidicate a tlowi~warp. Tt can be assumerl that the coral 
has forinc~l over t,hr top of a bloclc of sial of 11oi.ma1 deiisity which 
has foundei.et1 ill this downwarp. The sinall outer anomalies show 
the effect of flanltiiig upwarp. The greatest anomaly may 1 ) ~  
taken as i~itlicating the amou~it of  tlownwai-p. Tahlc JTT ill 
P~.ofessio~~al Faper No. 2 7 gives a mrails of coinpntillg t l i ~  al~plSo- 
xi lnatc tlopt,l~ of t,he clowl~warp. 

Th(> followi~ig assu~~lpt. io~is ]nay 1je made :- 

9-YF 
corrected for 

3.000 feet of cor:~l --- 
wgrr In 

+ 2 

- 15 

- 23 

- 26 

- 21 

- 10 

Stntion 
-- 

Difuri ... 
TC5nif1lri . . . 

F o n i r 1 1 1 1 1  . . 

M.i1115(111 

( i ) No t h i c l r ~ ~ ~ s s  of coral.-An ~unreal ausumptiol~ siiicc 
tli~rc> is 1 1 0  rocli to 1,~ srwl on the isla~itls othel t11a11 coral 
:I 1 ~ 1  thc l ) l i ~ ~ l y  slil~erficial 1 ) t~a~l i  or isln~id salltlstone. 

( i i  ) Three thousn,ntl feet of coral. 

( i i i )  Dowilwa~.ping rqunl to the t,hick11rss of co~-al.-A~~ 
illtcl.c,stii~~ assuml,tinn, which im1,lies that col-a1 formati011 
11:~s li(>l)t pace with sul,sitlc~~c<~ if thrl original lal~tl was nearly 
at scv~-lvv~l. 

g - ycsq 

-- - 

nrgals 

-48 

- 53 

- 55 

Of c*orll-sc slil)sitl(~nc~cl )nay 11ot 1~ quite t,hr same as the tlown- 
11~ar.pi11:; i l i o ~ ~ ~  l n i ~ l i t  l ~ b  :I silgqi11: of' t h ~  l ~ l o ~ l i  i l l  the ~ni t l t l l~.  01- 

9 - y~ 
-- - 

v ~ g n l s  

- 28 

- 13 

- 18 

. . . I  
M.zn(111 . .  -59 

T111.ildu ... 1 - 5f; 
I 

- 5H 

- 53 

- 39 
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on the ot,her hand a crushing upwards of the block. The table 
below gives results according t,o the above three assumptions:- 

Comput,ed depth of downwarping in feet 

Plainly the crustal warp a~iomalies alone cannot yielcl a definite 
result for the thickness of the coral, hut the conclusion clrawn froin 
them is that the Maldive Islands ovei-lie an area where a block of sial 
has subsided as a result of the downwarping of the lower crustal 
layers. Whether this conclusio~~ or that clerivetl froin the isostatic 
a~lomalies is to he preferred is a matter for argument in the light 
of the various theories of coral island formation, coiitinental clrift 
ancl so 011. 

31. T h e  tectonic structure lines.-On the whole, the effect 
of this seasoil has been to pl-oduce a simplified picture of the 
trctonic structurr. This is shown in Chart XVII. Two great 
upwarps flank the coasts of the peninsula, another crosses i t  from 
thr  east a t  about Iat. 2.5'. Between these the crust unrlerlyi~~g 
the Indian peninsula has been wrinkled ancl squeezed up and down. 
Suprimposed on all is the very gentle warp of the "Hidclen 
Range" which is no clouht a Inore recent movement ~,rohably 
associatr(1 with thr  Himilayan uplift. 

1 I Assumed - Downwarping 
-. 

thickness 

2 . 2  

Nil 17.000 

3.000 7.500 

17.000 

Not computed 

4.200 4.200 1 Not e n ~ ~ ~ p ~ i t e d  

6,500 Not computed 6,500 

















- a m -  $. - -- r 
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TABLE 1.-Times of vibration at Dehra Dun, eeaso,~ 1933-34. 

Date 1 * 1 W e i g i t  H I w e i d l t J  c IWeight 

Adopted mean times of vibration. 

Date ( A /Weight1 B 1 ~ e i s l l t 1  C 1weisl.t 

1933 I s  August 12th ... 0.507 9506 
,, 12 ... 
,, 13 ... 
, 13 . . . 
,, 14 ... 
,, 14 ... 
,, 15 ... 
,, 15 ... 
,, 15 . . . 

,, 16 ... 

Weighted lnean ... 

6 

1934 

May 7th 
.. 7 ... 

A 
ti 

l a  

6 
10 
6 

8 

9494 
9517 

9492 

9512 
9510 

9475 

0 -  507 9502 

I 

! 

10 
ti 

A 
H 
6 

8 
6 

l a  

6 

8 
6 

0.507 9504 
S 

0-507 9497 1 6 

S 

0.5079509 
9497 
9513 

9489 
9491 
9497 

9513 

0.5079512 
9504 

9516 
9531 
9523 

8 

7: 
71 

6 
9 
5 

> 

,, 8 ... 
., 8 ... 
., 8 ... 
,, 9 

, 9 ... 
. 4 . . . 
,, 10 ... 

.. 10 ... 

Weighted mean . . . 

9508 71 

9492 I 8 1 
0.507 9513 

9503 
9516 

9495 
9489 
9488 

0 . 507 9502 

9505 

9508 
9514 
9492 

7: 

6 
9; 
'1 

95% 

0.507 9508 

0.507 9508 
9509 
9604 

9516 
9521 
9499 

ti 
9 
;i 

6 
9; 

4 

5 1 9511 

0.507 9511 

5 1  

0.507 9500 
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TABLE 3 .-iklent~ t l ~ ~ c r o ~ c . o s  c!f  l)cci).s of' pe?ec / t c / r~n~s ,  semolc, 1933-34, 

( The u ~ i i t  is lW7 sec.) 

Sttrtion .c , LQ station / C-H ,! 
No. 

Station 
No. 

276 
279 
282 

28.5 
2HH 
291 

291, 
297 
300 

303 
306 
309 

1 
1 . 5  
: J ~ H  

280 - 2.0 i +  1 .2 
I 

2 ~ : {  - 2.:; , +  0 .9  
t i  - 1 + 1 .9  
28!1 - 0 .3  + 2 .9  

2 + k . 3  + 7..5 
2% - 4.3 + O.!) 
29% - 1 - 1.5 

:{01 - $ 3  - 0 . 1  
;i0L - 0.7 + 2 .5  
:I07 I -  1.7 . +  1.5 

i 
:{in 1 -  :i.n I +  0 .2 
.11:i - 6 .0  I -  2.6 
:~IH - 6.0 - 2.8 

;{ICI I -  1,,7 ! -  1 . 5  - "  :{22 - a . r  , -  3.5 
$ 2  - 7.0 - 3.H 

:i# - L.8 - 1.6 
I - 0.7 + 2 . 5  
j - -  t i .  ,-, - :< , :j 

i + I . . - )  7 b.7 
I - 7 . 0 - a .  8 
: - H . 2  - .>.I 

j + 0.7 - 6.0 
I 

B-A 

j -  
+15.1 I +  8.4 
+ 8.7 + 2.0 
- 1.5 1 -  8.2 281 1-17.; : -  3.-1. 

+ 6.7 
+ 7 - 7  
+15.3 

+ 7.7 
- 2.0 
- 4.3 

' +  14.3 
+ l l . O  
+ 8.0 

+ l 0 . 3  

2H-1 0.0 
+ 1.0 
+ 8.6 

+ 1.0 
- 8.7 
-11.0 

+ '7.6 
+ .1,.3 
+ 1 . 8  

+ 3.6: 

- 8.7 + 5 .6  

+ 9.7 i +  ; j S O  
+ 2 . 7  

287 , -16.7 
290 ' - 1 3 . 3  

2 9  - 1 3 . 0  

- 2 . 1  
+ 1.0 

+ 1.B 
296 - 1-JJ.3 ; 0 .0  
299 - 10.3 ! +  h.0 

I 
302 - l(i.i 1 -  2. 1, 
;IO-5 ; + -1.3 + 18.6 
308 1-17.0 I -  3 -7  

I 1 
; i l l  ! - 15 .0  - 0.7 
81.1. ! -20.8 1 -  6 . 0  
317 - n.7 It 5.6 

:;YO 1-13.0 j +  1.a 
-19.7 I -  5.1.  

a26 1-17.3 i -  3 .0 
I 

819 - 1 8 . 5  i -  1.2 
332 -12.3 + 2 .1  
33.1 - 3 i . 0  - - 1 9 . 7  

I 

3 3  -23.5 - 4.8 
3-40 - 17.8 - 3.5 
3 :  - 11 .0  + 3 .3  
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TABLE 8.-Mea1z tivnev of vibration, deduced values of g and 

Probable 
error of 
-- Mean 

f 1.62 
0.9 
4.88 
2.0 

2-87 
1.2 
2-60 
1.2 

1.79 
1.0 
1.30 
0.9 

1.73 
0.9 
3.10 
1-4 

2.17 
1.1 
1.89 
1.0 

2.50 
1.2 
1.36 
0.9 

1.72 
0.9 
2.08 
1.1 

1.39 
0.9 
1.50 
0.9 

1.39 
0.9 
2.04 
1.1 

2.32 
1.1 
1.53 
0-9 

1.47 
1.0 
1 .44 
0.9 

1.30 
0.4 
2.  '45 
1.4 

(Conlinucd) 

probable errors, seasorb 1933-34. 

PENDULUMS 
Station - Nkan 

0.508 1071 
978 . 459 

0.508 1036 
978.474 

0.508 0493 
978.684 

0.508 OH98 
978.526 

0.508 0851 
9'78.545 

0.508 Ill6 
978. 444 

0.508 1534 
978.280 

0.5081566 
9'78.269 

0.508 llM 
978.433 

0.508 1690 
978.220 

0.5081295 
958.374 

0.50~ 1792 
978,183 

0.5081564 
978.192 

0.508 1440 
978.318 

0.508 1953 
978.121 

0,508 2254 
978.003 

0.508 2254 
978.004 

0.508 1651 
978.237 

0.509 2309 
e77.981 

0.5081822 
978 171 

0.508 1782 
978.187 

0.508 1982 
978. 108 

0.50~190~ 
978. 139 

0.50~ 1848 
978 * 162 

274 Y 

275 s 
9 

276 s 

9 
277 s 

9 

278 s 
9 

279 s 
9 

280 s 
9 

281 s 
9 

242 s 

9 
2x3 s 

244 s 
'I 

283 s 

9 

286 s 
n 

28'7 s 

9 

288 s 
!? 

299 s 

9 

290 s 

9 
291 s 

!? 

292 s 

293 s 

9 

s 
s 

295 s 

s 

296 s 

7 
297 s 

g 

0.508 1070 
978.459 

0.508 018s 
978.685 

0.508 0891 
978.528 

0.50h 1112 
978.zk44 

0.508 1533 
9'78.281 

0.508 ilk1 
978. t31 

0.508 1689 
978.221 

0.50~ l7HH 
978.183 

0.306 l'j6;3 
978.19:3 

0.508 1949 
978.121 

0.508 2254 
978.003 

0.508 1644 
978.438 

0,5082311 
977.981 

0.508 1778 
978.187 

0.508 1980 
s~i~.lon 

n..ins 1~i:j 
')78.162 

A I B I C  
0.508 1033 
978.477 

0.508 0501 
978.(i82 

0.508 0860 
978. 543 

0.508 1120 
978.443 

0-5081579 
978.266 

0.508 1113 
978. 1.3 1 

0,5061299 
9i8.351 

o..;on 179; 
978.183 

0.508 1448 
978.317 

0.508 1957 
!I?& 120 

0-508 2261 
978.003 

0.508 1658 , 
978.236 

O.F~OHl828 
978.170 

0.508 17H5 
978.187 

O.508l9ll 
978. 1:38 

0.50~ l ~ r , ~  
9'78.161 

0.508 1071 
978.458 

0.508 1038 
978.470 

0.508 0902 
978 523 

0-508 0841 
978.546 

0.508 1535 
978.279 

0.5081552 
978.272 

0.508 1691 
9'78.219 

0.3081291 
978 . ;ii:j 

0-3081764 
9i8. 191 

0.508 1432 
978.319 

0.508 225.1 
97s. ooa 

0.608 2247 
978.004 

0- 508 2307 
977.9~1 

0~15081815 
978.171 

0.508 1983 
978. loti 

0.5081896 
958.110 
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TABLE 3 .-1Venn tiales o j 'v ibrnt iov~,  deduced values oj' g and 

Probable 
error of 

Mean 

+ 1.32 
0.8 
1-82 
1.0 

3-07 
1-4 
1.41 
0.9 

1.39 
0.9 
2.17 
1 -1  

1.36 
0.8 
4.64 
1.9 

1.67 
1.0 
1-51 
0.9 

8.29 
1.1 
2.19 
1.1 

1.44 
0.9 
1.46 
0.9 

1.57 
1-0 
1-53 
0.9 

Mean 

0.508 1903 
978.138 

0.508 2555 
977.888 

0.508 2485 
977 - 916 

0.508 1869 
978.151 

0.508 198'7 
978.107 

0.508 2089 
978.069 

0.508 2083 
978 069 

0.508 1982 
978,109 

0.508 1987 
978.108 

0.508 1999 
978.101 

0,508 1870 
978.152 

0.508 19'78 
978- 111 

0.508 1936 
978.126 

0.508 1855 
978.158 

0.508 1913 
978.137 

0.508 1940 
978.124 

p-obable elrors, season 1933-34-(col~td.) 

PENDULUMS 
Station - _  . -- _- 

No. I I B ( C  

9 8  s 
g 

I s 
9 

800 s 

I 
0.508 1902 I 0.508 1YW 

sm.iaa 

i 
978.137 

0.508 2560 1 0.508 4549 
9'77.8H8 , 977.888 

I 
0. 508 2482 ( 0.508 2.187 1 

air s 1 1 0.508 1825 0508  1806 
9 ,  ' 978.171 ( 978.171 

31.5 s 05081WO 0.5082000 i 

0,508 1816 1 1.97 
978.173 1.1 

0.508 1995 1 1.50 
978.105 1.0 

, 
0.508 1912 1 

978.135 0.9 

9 1 977.915 1 977.916 

0.508 1915 
978.133 

0.508 2033 
978.087 

0.598 2032 
OiR.087 

0.5OR 1RR4 
9'78. 1 Ki  

0.508 2037 
978. 088 

0.508 1957 
978 . 120 

9 97n.105 I 978.104 
I 

! 
316 O.50R I M M  I ; i 978.136 I 

1.87 
1.0 

2 .  1.1 
1.1 

317 s , 
!I  , 

31% 0.50% l u i i  
!I  95%.11!4 

I s O.jOH2Wi 
97%.W1 

e'339 .Y 

9 ( 
321 n 0.30% I ! l i b l  

, I /  97R.lW 
I 

O.50H 1867 , 'jol 1 9'78.152 

0.1508 2030 1.66 
978.0R9 

0,508 1841. 
I 0.9 

1.41 
978,143 0.4 

0.508 1978 2.87 
978.111 1.3 

(continued) 

0.508 2041 
978,088 

o. 508 isss 
978,120 

O..iOfi 1900 
978. 1.13 

0.508 1977 
478.113 

302 s 
9 

303 s 
9 

301. s 

9 
305 s 

9 

306 s 
9 

307 s 

30n s 
9 

309 s 
0 

310 s 
9 

311 s 

9 

312 s 
9 

313 S ,  

0.508 1871 
978. 150 

0.508 1995 0.508 1979 
978,108 

0.508 2096 
978.067 , 

I 0.508 2083 

0.508 2OHZ 
9iH.070 

0.508 2082 
978.070 

0.508 198% 
97H.108 

0.508 199H 
97R.102 

0.30H 1971 
978.112 

0.508 1934 
978.127 

0.508 I908 
978.137 

0.5081937 
97S.125 

' 
0.508 1981 

978,111 

0.508 1992 
978. 107 

0.508 1878 
978.151 

0.508 1985 
978.110 

, 
0.508 1863 

978.157 

0.508 1918 
978.136 

i 

978.068 
0.508 1982 

978.107 

0,508 ZOO0 
978 . 100 

0.508 1862 
978.153 

0.508 1937 
978,124 

0.508 1847 
978. 159 

0.508 19-13 
978.122 

I 
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TABLE 13.-Mean times of vibration, deduced vabues qf I/ and 
probable errow, season 1933-34-(concld.) 

PENDULUX~ 
Stebion Probable 

error of No. * i n  I c Mean 

322 s 
9 

323 s 

9 

384 s 
(1 

325 s 
!I 

326 s 
{I 

327 s 

9 

328 s 

g 
:lea 

!I 

330 s 

n 
331 s 

{I 

332 s 

!I 
333 

0.508 2687 
977.836 

0.508 2187 
978.029 

0.508 1870 
978.151 

0.508 2032 
HiH.OH9 

0.5081791 
978. IH:! 

0.508 2259 
978.001 

0.50826,;l 
977.HSO 

0.508 l9HH 

0.508 2394 
977.952 

0.508 2188 
97H. 031 

0.608 1813 
>)'is. 1% 

0.508 2032 
978.092 

0.508 204fi 
$178. O~fi 

00.508 2260 
978. 004. 

(),;OH 1928 
97H. l:l2 

- 
+ 1.50 

0 .9  
1 .).):i 
1.1 

1.00 
0.9 
3 . 24, 
1 .4. 

1.24, 
0.9 
l . H O  
1 .0  

1.:10 
0 .8  
I . n:3 
1.0 

2 . 8li 
1 , :i 
1.10 
0 .3  

0 ,!I:{ 
0 ,  H 
I ..&$I 

0.SOH 2045 
9jH , 087 

0.508 1956 
978. I21 

-- 

0 . 5 0 ~  2694 
977 832 

0 -  BOB 2374 
977 - 956 

0.508 1874 
958.148 

0.608 1796 
a7n.17~ 

0.508 1797 
97t4.17~ 

0.50s 2028 
97'4. OHCI 

0.508 2652 
957.848 

0.508 1915 
97H. 132 

0-50% 199B 
978.106 0 . 9  

,> . 2:i 
2.1 
2 . 
1 . . I .  

2.72 
1 . 2  
2 .  :Hi 
1.2  

2. ::(H 
1 . 2  
2.12 
1 .0  

1 .58 
I .I) 

I . H O  
1 . O  

2. T,H 
I . d  
1.55 
1 .0  

l,H9 
1.1 

0 . 5 0 ~  2691 
977. R:+I 

0.508 2:184 
977,954, 

0.508 2188 
978.0:30 

0.50H 1872 
97H.150 

0,508 1805 
9 j ~ . l i j  

0.5011 20:i2 
97s. 091 

0.508 1794 
978.1 H O  

0.50H 20:37 
978.088 

0.50s 2260 
978. OUB 

0.jOH 2l(;52 
977 . H.l.!l 

0.508 1922 
978 1:{2 

0 .  r508 1991 
978.102 

0.50s 201.3 
978, 09,; 

0 .  SO8 1 984 
978. I 01; 

0.50H I985 
978.105 

0 5 0  2001 
97%. 099 

O.50H 1972 
~ i ~ . l l o  

0.503 1941 
978.122 

0 . 5 0 ~  1~5:)  
978.156 

33.1 s 

!I 
335 , 

1.1 

9jN. 10.1, 

0.50H 2029 
C)j8.0!)1 

0 . ,508 I 9-kg 
HiH.l%:( 

0.  -50% 19H:j 
973. 107 

0.50H l9C)li 
$173. 1 o:l 

0 ,508 2oro 
97H. 095 

0 , SOH 1 998 
97H. 101 

0.603 1980 
: I ~ H  . 109 

0 .  ,;OH l(i6)" 
C ) j H .  22 1 

O.5OH 19::($) 
95H. 12-1, 

0.503 1n:)~i 
RSH ,157 

0.50R 1522 
978.2H7 

0. :,OH 1942 
97H.125 

316 1 0,508 l9H2 1 
9 !)'iH.lOH ' 

337 n , 0. SOH 2007 
!I 

:348 s 

1 
:1:IH s 

1 

:I40 s 

n 
341 s 

1 

97H. 101 

0.508 201 8 ; 0.508 2027 
9'78. 096 97H. OCI.1, 

0.508 1995 , 

97%. 1O:l 

0.508 198% 
9 7 ~ .  ion 

0.5OH 16HH 0.50H 1691; 
978.221 97H. 221 

34.2 I 
O.5OH 19:W 1 97%. 126 

343 0 . 5 0 ~  1861 

I M T H .  15'7 

34.t s 0.50R 1522 ' 0.508 1522 
!I 1 978.2~5 1 ~ 7 8 . 2 8 ~  
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TABLE 4.-Modern gravity ob.~srvntions in India. 
(Additions in field season 1953-34). 

I 5 6 gtntion 1 I.htyi '.ongitl.de 
No. 42 E. 

I 
!I 

- -- - 
I 

I fept ' " O ' " onlser' 
274 k i  E Nisik I 9 9 38 l!):li 19 59 4273 46 28 978.459 
275 Mi H Peint 11 9 33 2033 20 15 15 73 30 05 978.474 
Ziti H; K Tip t i  14 9 33 :37$ 21 31 1474 12 53 978.684 

277 k'i E! Shirhipl~r I19 9 : 8  192 19 27 1473 1948978.526 
27s k7 F Panvcl 21 !) 93 40 18 58 3873 07 06 978.545 
279 k i  Fl Mnhiid 23 9 33 33 1R 04 32 73 25 29 978.444 

2no l i  K '  Urubrnj 2.i 9 a3 1938 17 24 2674 Ofi 07 978.280 
231 C i  L' Kolhipor 27 933 1842 16 42 3374 14 43 978,269 
2s2 b7 (+ Rntnigiri 30 9 33 10 17 01 1473 16 43 978.433 

2S3 k.~ 1 Tsrnbulv~(1i 1 6 10 33 2294 15 55 05 74 17 21 978.320 
23 1 4H E Vengnrln 7 10 33 58 15 51 4078 39 12 978.374 
283 LN MI DhRrwiir 1 10 10 33 2390 13 87 39 75 00 09 958.183 

2Nti 4.q J ,  Yrllipur 12 10 3:3 1777 14 57 56 74 42 56 978.192 
OS7 48 J K n r w ~ ~ r  1 14 10 33 23 14 47 P i  74 06 41 978.318 
2SH 13 N Anantnprlr 

I 
17 10 33 2081 14 03 51.75 12 47 978.121 

289 37 CI Hrrssnn ' 19 10 33 3093 13 00 0976 OH 06 978.003 
El0 k8 O 3Iudgerr ... 21 10 33 3211 13 OH 13 75 :18 :34 978.004 
291 48 1, Mangrtlorp 23 1033 1:15 12 52 41 74 51 28 978.23; 

?Y! IN P' ~ c r c i r a  , 29 10 33 3723 18 25 4475 48 50 977.981 
29:1 b!lN Cxnnnnorct 1 0 33 40 11 51 42 75 21 24 978.171 
29 1 k!l 311 Calicnt 1:31133 23 11 1501'75464097H.187 

29,  58 R1 Pilghiit 304 10 46 1376 39 09 978.108 
2Oti 58 R Tric-hbr 
297 38 C C'ochin 1 3 1  3 :  11 9 37 59 76 14 41 978.162 

%H 5~ C Kottnyxni 16 11 3:j H:3 9 3.1 52 2tj 31 27 978.1:38 
299 38 C P~rrnrd 18 11 M3 3322 9 34 34 rh .is 20 977.HHH 
:JOO .iY G 'I'h~kkntli 20 11 :j:j 2397 9 3.3 35 57 10 82 977.916 

301 .-)A D Clnilon 24 11 33 36 A .53 03 76 35 30 978.131 
:jO2 .iq ( '  P ~ ~ n x l u r  26 1 3 111 9 01 01 76 55 48 9'78.107 
30:3 53 H 'L'r.nmzlni 2 1 3 527 8 57 lilii 04 19 978069 

-30 I. 5R H Shencottnh :10 11 33 56% R ,58 26 77 15 00 978- 069 
:I03 ,;H D 'l'rivandrt~ni 21233 24 82905765703978 .101)  
30ri :)'i H ('npr Comor~n 6 12 33 108 8 04 $ 4  77 32 47 978. 108 

:3Oi FI Pi lalr~cnttnh H 12 33 141 8 43 00 77 44 04 978.101 
:{ON .-)H L,  I'nticor~n 11123.1 5 R 4 7 3 1 ' 7 8 0 9 3 2 9 i H ~ l 5 2  
.If19 744; S11tt11r 1 1 2 3 3  209 9 21 3177 55 29 97H.111 

310 .;q K Rimnnrl , 21 1 :  20 9 21 3078 50 29 9'78.126 
31 I 0 Dhanuahkodi 25 12 :3:3 4 9 10 29 79 25 16 978.158 
312 P >Ianaar ZH 12 3.3 7 R 38 33 79 54 57 978 l:{i 

31.7 67 C" KGnk~sant~~rni  ' 31 12 33 11 9 48 5880 02 52 978.121. 
314 67 ( '  M~lllxittivn , 1 1 3 1 13 9 16 02 80 48 50 97s 173 
31.5 67 D .\nnmrlhapnra 1 7 1 3.1. 28'4 A 20 5580 23 24 978.105 

I 

: { I f ;  P Puttnlam 9 1 5 H 0 1 3 9 7 9 ~ t 9 5 2 9 ~ 8 1 3 5  
317 t;s R Rntnayurx , 19 1 34 177 6 41 0180 24 13 97R OAR 1 
31q .ig N Hentotrr 21 134 1 26 6 25 25179 59 60 978.120 
319 K q  R Hwl~rrelivn 1 22 1 34 51 6 30 55 80 1.1 42 978.089 
320 tiy ( '  3Iiitnr;t , 2 4  1 :34 10 5 56 36180 32 52 97H 1 1.3 
121 69 P Hnrnb~ntl)tit 1 2.5 1 3 $ 1  61 1 6 07 l318l 07 38 978 111 



TABLE 4.-Modevn. g ~ n v i t y  ohservationn in Tnrlirc. 
( Adclitions ill field season 1933-34 )-(cont.lrl. ) 

No ra .  'I'l~iq t i~h le  is tlle thirll ;tdtlpntllun to t h r  list of zmvi ty  stations given in t h e  Snpplr- 
nlrwt to (;cullvtir Hcy,o~'t V01. VT. 

322 68 R I Diyatnliiwa , , , 

Badulla . . .  
Bibile . . .  

Pottuvil . . .  
Hntticaloa . . . 
Polonnarnwn . . : 
Trincomnler~ . . . 
Dnmbnlln . .  
Pc>rslvniyn . 

'l!:~ln~cnliclc . .  . 
Colo~nho . . . 
ilIi(l11 . . . 

3"j 
32.1. 

3325 
:I26 
:I27 

:1YH 
:la9 
:I30 

:I31 
333 
:l:l:l 

3 
3135 
3136 

337 
:l:iH 
,339 

340 
341 
:3 M 

3 
:{.I4 

68,F 
68 E 
138 F 
ti8 E 
ti8 A 

li7 H 
(in A 
ti8 A 

(iS H 
59 N 

, . . 
. 

50 G 
50 G 

50 G 
30 G 
-50 C 

50 C 
.I,H I1 
57 (' 

4 
,1.i K 

28 1 I 
:i1 1 :34 
2 234. 

4 2 3.1, 
9 2 :14, 

feet 
4103 
2193 
'796 

17 
6 

O ' " 

6 49 01 
6 59 2381 
709:3581 

(i 51 27 
7 45 17 
7 57 

A 3:j 17 
7 51 35 
7 16 

(i 56 20 
l i  5.1 18 
0 :{:, 

T i  ... 24, 3 35 
D i f ~ u i  
I<inif'nri 

F o n i n ~ n g ~ ~ t h ~  

2 I31 12 

5 22 

5 15 54 

I 
-1. 

4. 
Mhm:ldl~ ... 4. ,t :!.I. 1. 5 1:l 30 53 03 :]ti' 978.095 I + .022 
Mandu ... 5 4. :3,1. ,I. 5 11 :30 52 6S 00i 978.101 + 
T~witlll  
klinicoy 
 sir;^ ... 22 I ,  I 1  217s l I  44, 97H.124, ' + .007 

1:i 2 3-1. 1 212 

' " 

HO 57 37 
03 :10 

H l  49 56 
81 '1.1 02 

11x0 59 55 

16 2 ii-1 
17 2 :I4 
20 2 34 

22 2 :14< 
25 2 34, 
22 :3 :14. 

cm/sec2 
977.834 
9'77.954 

1:3:jfi9'78.030 

978.150 
978,177 
978.091 

cm/sccy 
+ .116 
+ .053 
-.005 

+ .048 
+ .054 
- .018 

+ .03R 
+ .011 
+ .039 

+ .024 
+ .0:{1 

+ .O4R 
+ . I 1 5  
- .OW 

17 
53-1. 

15x7 

BMR; 
20 
j 

73 09 18' 97H.09L 
5 2 ~ : ~ ; 3 : ~ 0 0 1 ~ 7 8 . 1 2 3  

12533 19 12 978.10'7 I 

81 13 17 97% 180 
HO 39 10' 97R.OHH 

0480 35 521 97R.003, 
I 80 39 46 977.849 + . l l 6  

79 62  1 8  978.132 1 + ,029 
54,'73 10 451 978.104 1 + .073 

- . O R 1  
- ,077 

- --. 074, 
-.O29 
- 0 1 8  

v 978. 157 ' - ,013 i - . O i R  

+ .OR5 
+.057 
+ .038 

+ .0:i31 

+ ,054 
+ 0 4 7  
+ 

- .O:36 

- ,076 
- . ~ f i  
- ,071 

- .O'i:I 

cnt/sec2 
- a019 
-a057 
-a031 

+ .O5l 
+ .057 
- .025 1 
+ .040 
- .OO6 
- .014 

74 10 2-i: 978. 10:3 ' + .029 

Slu.111 9i8.287 + 0 0 4  1 - .OH1 ( - .O:lH 

cm/sec2 
- .032 
-.057 
-a084 

- .06l 
- .040 
- .Oi9 

- .041 
- ,053 
- ,044 

- .014 
+ 0 3 0  
+ .OR5 

- ,023 
- -042 
- ,087 
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TABLE 5.-Values of g - 7, 

( The unit is 10-7 sec. ) 

I Corrections to g-yCH 
I --- H 

Station 2~ 
No. & .  s b  

U 
- -- 

'I-YF 

Correct~ons to g -yCB 

No. n.4: a 9-Yb 

i )  "ui -- 

274 -19 - 11 +Mi -21 
275 -13 - 6 + 2 4  1 -20 
276 - 7 -20  + 2 5  + 3 

I 
277 - 5  0 + 2 4 1  -30 
27s - 3 1 +11 + 2 4  + 1 4  
2 i9  - 8 1  + 2 2 1  4 2 3 1  -26 

280 -20 + 2 6  + 2 3  ' -27 
281 1 ' 1 2 1 - 9 
282 - 2 1 + 2 2  1 + 1 2  

283 -19 +36 + 2 2  1 I 9 
284 - 2  + 3 6 ,  + 2 2  + 1 3  
285 -20 1 + 3 6  , + 2 l  , I + 3  

2M-i -15 + 3 4  1 + 2 1  I -11 
287 - 2 + 3 4  1 + 2 1 ,  + :I 
288 -19 + 33 + 21 I -22 
289 -28 + 3 0  - 29 
2W - 2 7 '  + 3 0  -35 
291 - 1 1  + 2 9 1  + 2 0 1  + 2 

I I 
292 -27 +2R 1 +20 - I 
293 - 1 + 2 R 1  4 2 0 1  -39 
2% - 2 + 2 5  + 1 9  I - :1 

I 

295 
296 
2!47 0 + 2 2 l  + 1 9  

I I - : j  
LWR - 1 + 2 1  + 1 9  -12 
2W 1 t 2 1  + I 9  - 51  
noo  -26 1 +21 , + 19 - 5 ,  

I 

301 U + 1 9  + 1 9  + : I  
302 - -5 +LY + 1 9 '  -31 
.70:{ - 9  + 1 9 '  + I 9  --:]A 

I 

:I04 - 1 1 1 + 1 9  + 1 9  -38 
:I05 - 1 1 +l ' i  + 1 b : l : j  
306 0 1  + l i l  + I 3  -2.9 

:iOi - 2 I + I 9 1  +1A -32 
30R o + 2 0 1 + l u  + 1 2  
309 - + 2 1  1 + 9 -21 

A 
I 

310 1 0 
311 
312 

+ 2 2  
+ 2 2  
+22  

+25  
+ 2 4  
+ 2 1  

+ l 9  
1 
t l 2  

+ I 5  

313 
314 
:I 1.5 

316 

0 
+ 2  
- : i  

+ 1 

- 1 +l5 + lH - 10 

+19 
+19 
+19  

t 1 9  
+ I 9  
+1H 

+ 1 H  
+1H 
+lH 

+lR 

0 

319 - 4  

325 + .i 

-27 
+ I  
-20 

-56 
-19 
-25 

-10 
-29 
-27 

-15 

+ IR 
:I26 1 + 5 1 + 2 
327 , - 2 +20 

328 +.I 122 
:i29 ' - t; + 19 
:I30 - 1  +1H 

3.71 I -34 + 17 
312 l + 1 t l t i  
3 + 24 0 

:I34 + IH 1 1  
:I35 I 20 0 
:336 + l o  I) 

+ 1H -20 
+ 1H 
+ 18 

+ 1 H  
+ I H  
+lH 

+1H 
+ I 3  
+ 15 

+ 4 
- Cj 

+ : I  
-23 
-27 

-22 
- 7  
- It; 

337 + 7 

I 
1 1 7 '  - I I 
+ l q  1 -3 
+ l q  - 1 . 1  

3.73 +. - )  I 
:I:N + I ;  r ) l + l Y  

I 
:J40 + ?  O / + I C  
:ICI + 31 O I + I 4  
:I I.2 -21 +x i  1 +21 

I 
:i C:l -1% I +:I4 +21 
311. , + I 

-58  
- 5 3  

-39 
+ I 9  
+ 1 "  

+ 1 
- 1 %  
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TABLE - 6.-Values qf' g - ycI. 

( The unit is lop7 sec. ) 

Station No. 

- - - 

27.1 
275 
276 

27; 
278 
279 

280 
28 1 
2H2 

283 
2R4 
285 

ZR6 
287 
288 

2HU 
290 
29 1 

Station No. 

-- - - - - - 

292 
293 
294 

295 
296 
297 

298 
299 
300 

:301 
302 
803 

:i0 I 
305 
306 

30'7 
308 
3 09 

-yo 

-- -- 

-10 
- 42 
- 13 

- 67 
- 36 
-H1 

-74 
- 61 
- 57 

- 48 
-61 
- 45 

-69 
- 68 
-71  

- 69 
- 76 
- 65 

9 - ycl 

-- - 

- l i  
- lW2 
- 61 

- 91 
- 91 
- 62 

- 70 
- ! j l  

- 87 

- 5-1 
- 83 
- 86 

- H I  
- 86 
- 82 

- A6 
- 46 
- 77 

Station No. 

-- .. 

328 
329 
330 

a3 1 
332 
333 

334 
335 
336 

33'7 
3:iR 
339 

310 
341 
342 

343 
344 

g - ycr 

- 60 
- 72 
- 68 

- 42 
- 61 
- 106 

- 95 
- 85 
- 90 

- 92 
- 100 
- 96 

- 93 
- 48 
- 36 

- 54 
- 56 

Station No. 7 - ycl 

I 
-- - - 

310 
311 
312 

- 

-87 
- 60 
- 80 

313 - 118 
:ilI 1 - 8 3  
:i15 

316 
317 
318 

319 
320 
:321 

322 
323 
324 

:325 
326 
327 

- 80 

- 67 
- 72 
- 76 

- 93 
- 67 
- 9:3 

- 51 
- 76 
- 103 

- HO 
- 59 
- 98 



DEVIATION OF T H E  VERTICAL 

UY CAPTAIN C;. Bonik-o~t~), IC.P:. 

32. Summary.-A clctachint~~it u~ider  Mr. 1C. B. Mat,hur, B. A. 
ineasuretl both compone~its of the tleviatioii of the vertical at  35 
statio~is i r lol i~ u li~it! from the Burma froiltier thl-ough Berigtll to 
near Rillchi 111 Orissa. This work extellcls the sectiou across Burma 
rth~n~rted ill Geodetic Report ll);i:J, Chapter 111, and colliiects it 
to that part of the Intlian p i t 1  whose form is fairly well 1inow11. 
Duririg thv next two years ~t is hoped to exteiltl this section across 
111tlia to the Persian frontier. 

9 tletachmel~t iulder Computer J. B. Mathur meaxi~recl the 
inericlional compoliei~t of the deviation of the vel.tical a t  36 statiolis 
along a north-and-south line from Cape Cornorill to near Hyilerabad, 
Deccari. It is hoped to cbxtend this sectioll to  liear Agra ill 1934-35, 
where a short length of the east-alid-west line will col~uect it to the 
Ajmer-Laclakh geoidal sectioli clescribecl in Geccletic Report Vol. 
VII., Chapter IV. 

As a result of the last two seasons' work i t  is ~iow possible to 
draw provisional geoidal contours in Burma, to which Siamese 
vbservatior~s also contribute. The result shows a very I-elnarkable 
~ o i d a l  rise to the south. Data ill Lower Burma and Siam are ah h 

preseiit regrrttably scalit, but the rise appears to be real, and agrees 
with results obtainecl from Stokes' fol.mula by R. A. Hirvonen* 
( see para 48). 

While making pendulum ohservat(ions, Major E. A. Glennie 
observed 7 latitude and loiigitucle stations in south India and Ceyloll 
(see Chapter 111). A few astro~lomical latit,udes and azimuths 
were also observer1 in connect,ion wit,h the Padag (Baluchi~t in)  and 
Namtiali (Assam) hase-lilies. These, together with all the obser- 
vations clescribecl above, are tal~ulated in Table 5 ( pages SO to 87)  
which const i tut~s the fourth aclclenclum to the list of deflection 
station3 i~lclurlecl in t'he Supplement to Geocletic Report Vol. VI. 

LATITUDE AND LONGITUDE OBSERVATIONS I N  BENGAL 

33. Astronomical observations.-The iustl.nmellts a~ltl sys- 
trln of work were the same as those user1 the ,Ytt&r 
(Chocletic Report 1933, pages I6  alld 17 ) .  At  all statioils of)ser- 
vatinrls wrre macb for olie night with the. prismatic astrolahr (large 
mwlel), which was checker1 by c(,lnparatiue observations with th: 
bent transit a t  about every fourth statioli. A series of four nights 

-- - _ _ - -  -- 
'''I'hr Cuntinental Unduletlons of thn Geoicl" by R.A. Hirvonen. Helsinki 1934. 
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observations to determine personal equatioli was made with both 
instrumellts a t  Dehra Dun 110th before and after the field season. 

1)uring the first part  of the seasoil the lollgitudes were based 
OII the Rugby 1 0 . 0 0  and 1 8 . 0 0  G.M.T. signals, 1)ut later i t  became 
impossible to receive the former, alwl usc was inatle of t,he Bordeaux 
2 0 . 0 1  G.M.T. and 1 8 . 0 0  Rugby signals. 011 many l~ ights  o i~ ly  ~ I I P  

s ig~~al  was received a~icl the rate of the clock was the11 determilied 
I)y two distillct sel-ies of astro~iomical ol~servst io~~s.  This procedure 
i~lvolves 110 loss of accuracy, hut is t i r i l~g  for the ohst.rver. 111 

I!):il-:l2 Major Gleri~lie foulicl wireless receptioi~ ( 1 5 0 0 0 - 1 8 0 0 0  
ineti-es) ~lifficult ill the 11eigh1,oul.hootl of Calcutta, a d  this appears 
to be a perinane~lt characteristic of the place. 

34. Personal equation.-The l~ersollal ecluation of trailsit aucl 
astrolabe was rlet,erinillecl a t  Dehra Di~li  as follows :- 

The accepted lollgitucle of Dehra Ddn is 5" 12"' 11" 7 7 ,  so the 
correctiolis to the transit and astrolabe are + 0" - 10 and + 0" 1 4  
befo1.p the fielcl season, and + 0'. 04 ancl- 0% 0 1  after the season. 

Tabl(\ 1 shows the clilferclnces h e t w ~ ~ n  the transit ancl astro- 
labe at t,111> field stations where t h c ~  were both usecl. Accordilig to 
the tral~sit ,  correotecl ill accol-cla~~ce wit,h the Dehra Dim ol~ser- 
vations, the proper c.orrc~ctioi1 to thcb nstrolabv is + 0" 005 dnriiig the 
first half all(] + 0'. o!) cluri~ig t l ~ e  secoiitl. The Dehra Dill1 obser- 
vations of the :lstl.olal)cl itself suggest + 0' .09 for thc fimt half 
ill111 + 0'. 02 f 0 1 ~  t l ~ t l  s ( A ( ~ o I ~ ( [ .  'rhe values which have l,eei~ accepted 

+ Oq.O(i for thr  tirsi half of the seasoil silt1 + 0'- 05 for the 
secoi ~ t l .  

U'~t1. 1 L o n g ~ t ~ ~ c I e  by 1 Ll~npitude by 
I 'l'ri~iisit Astrolabe 

-- - I 
Nov. 27 

28 
29 
30 

1)ec. ti 
11 - 7 1  - 

Wcighttd Mcan 11 ,ti7 11 ti3 

11 61; 11 -77  
11 .73 11 .RR 

2 11 a71 
26 

Meall 11 -73  

- -- 

q5''12"11 1 ' . i  1 
11 a75" 
11 a 5 5  
11 .ti5 
11 a(;.!,* 

-- - - -. . 

S I ~ ~ ~ V I ~  1 1 " . i l ^  
I 1  .tiHU 
11 -59 
11 .63" 
11 .63 
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TABLE ~ . - Y C ~ S O ' I L C L ~  equation qf the Astrolabe. 

35. Geodetic positions.-All except four of the observatiolis 
were made at 1)reviously lixed trigoiioinetrical stations. The re- 
~ n a i l ~ i ~ ~ b p  four were fixed by resectioi~ from point,s recently fixed 11~' 

topographical triangulat,ion. 

1 I ) Astrolabe ~ I 
C)bscrvecl correcton 1 Directly i ' '"t"'""~t"' ' TRInsit I (2) + (3) = 

1)utc. I c-orrect.i~.)n I interpolated: 
n~imis  1 corrected Means correction , Means 

36. Probable errors.-The inean probable error of the deter- 
inination of latitude a t  each station was +Or ' .  43 : of local time 1)p 
the astrolabe + 0'. 022  : and of local time by the transit + O"023.  
The average prohal~le error of the time-keepiug of the "mean clock" 
between stars am1 wireless was + O"O1.5. These figures are all 
satisfactorily low but they are of little importance in determining 
thtl probable er1.01- of geoidal height between the ends of the aec- 
tion. This depends almost entirely on systelnatic error in the 
l~ersuiial equation, ancl as the latter is based on two short groups 
of ohuervations at Dehra, i t  canriot be taken as less than O " 0 2  (as 
ilk (3eocletic Rep1 brt 1933 ). The resulting probable error of geoidal 
height in a section 4:;O miles long is then - + 3 .  ;I feet, or say + 4 feet 
to allow for other sources of error. 

If t l l i ~  + 4 f e d  is combined with the + 4 - 6 feet found for the 
])~.ol)al)le error of the Burma srctioll (I!):{%), the p r ~ b a l ~ l e  error ill 
geoi~lal height ill th(1 !I00 irliles betweell Orissa alld Indo-China is 
6 .  I fret ,  SO the srcul.acy attailled is certaillly suficient to recorcl 
the main features of t,he geoicl. 

1 to  Trimsit I Astmlabe 1 l.l.mrit minus 
' Astroli~be 

(1) - 

I I 
S S 

37. Narrat ive of  season's work.-The (letachment, consist- 
ing of Mr. R.B. Mat,hur, one computer, allcl 35 khnl&ig, left Debra 

1 to Astrolabe i 
5 ! ( 6 )  (7)- 

L)cl~rcr,  Nov. 
& bec. 

Uec. 2.1 
Jan. -I 

19 
27 

Feb. 6 
16 

M r .  1 
12 
20 
27 

April 5 
1 I 

Dcltrcr, :\~wil 
A 

S 

+0.05 

-t 0.09 

+ O .  10 
+0.10 
+ 0.09 
+0.09 

S 

+0.14, 
+0.12 
+0.10 
t.O*09 
+O.OR 
+ 0.07 
+ 0.06 
+ 0.05 
+ 0.04 
+0.0'3 
+ 0.02 
+ 0.01 
+ 0.00 
-0.01 

I 

-n.o3 ! + 0.05 
-0.18 - 0.09 
+0.01 ; +0.10 

S 

+0.09 

t 0.0% 

+ 0.08 +0.15 ! +0.23 
t 0 . M  / -0.01 + 0.07 
4.0.07 I -0.09 ' -0.02 

. +0.07 , 0.00 + 0.07 1 
tO.06 / t0.02 tO.08 
+O.Ofi 1 +0.01 + 0.07 
+ 0.05 + 0.09 
f0.05 1 +o.ll - 0.03 
+ 0.04 
+ 0.04 

+0.1-1, 
+ 0.02 
+ 0.15 
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))fin on 9th Dec. Leaving Chittagong on 1Gt.h Dec ancl observing 
olle station erb route they reached the Burma fro~ltier 011 30th Dec, 
altd then worked ba.ck through Feiii~y, Jt.ssore and Bi~lliura to Jhalitla 
(40 niiles east of Ri8nchi ) ,  where \~o r l i  closed 011 1 :jth April. 

Trailsport in the Chittagong Hill Tracts and the Lushai Hills 
was by coolies, of whom 70 were semi-permanently engaged. 
Transport across the Bengal delta, by carts, coolies and boats, was 
dificult on accoiult of the frequent cha~lges necessary. I n  oiw 
march of 15 miles i t  was necessary to make 5 chaiiges of t'ransport. 
From Jessore onwarcls transport was generally 1,y cart or rail. Thp 
health of the detachment was good until tho entl of Fel~ruai-y, hut 
there was a good (leal of fevc~r as the weather got lint. 

38. Computations.-Field computat io~~s were carried out as 
ill the previous year. The times of einissioi~ of the wireless sigiials 
]lave bee11 corrected ill a c c o ~ t l a i ~ c ~  with the "d~f in i t i~r t~  " lists of the 
Bulleti~ I Horaire. C+eorletic positioiis are i ~ i  tcalnrns of currei lt G.T. 
values, i.e., those publishecl in the triaii~i1lntioii 1,ainl)hlets. 

39. T h e  geoidal section.-('hart XX s h o \ ~ s  the statioi~s 
o1)servetl ant1 thv tl~tailetl geoiclnl contours which result from t h ~ m  
i l l  combinatio~i with a few olcler statiol~s. Plate SXT ~ I I O \ I ~ S  ~ e c t ~ i o i ~ s  
of the qeoicl and coinpensated geoitl with reference to the Tiiter- 
 rational spheroitl. It also shows a sectin11 of the qeoid as hitherto 
yivpli ill Silrvey of Tnclia charts. The oltl st~ction (1iff~i.s co~~si( ler-  
ably from the new ill s l iowi~~g a risc~ from th(1 C;;a~ifi(ib clelta to\v:1r(ls 
the west. The i~ew sectioi~ is nt' co~irse corr(-'ct, as the old O I I ~ ~  nT:~s 
I)aspd 0111y on a few azimuth ol,servntioiis ( s c ~  ~ i ~ x t  para). The 
old aild the now lie fnil.1-y pa ra l l~ l  l,t>tween loi~gitutles s G O  alitl SS'. 
and the tlatum of the iiew section has heP11 chosen to ~ n ~ l i ~  t1lcbl11 
agree there. 

40. Laplace stations.-Scvcral lol1gitiltlc siations arcb at or 
ileal- 01t1 azimuth statioi~s, n11t1 1nol.e or loss nc.c*iirate Lnl)lacc equa- 
tions call C O I I S P ( I ~ I P I I ~ ~ ~  1~ forlne(1. Taljl(\ 2 sl~ows the tl~flectioi~s 

I ~ C S C ~  ])laces tletlucccl froln lollgitutlo ; r l i t l  ;ixiinlith ol)servntioi~s 
l~c.sl)r~ctively, ailtl the azimuth error of thc t r i :~ i~qu la t io~~  which is 
colis~q~iently iiiferi-etl. The (lcflc~ctioi~s are with rt.$1)ect to E v ~ ~ ~ P s ~ ' s  
s)~h~roi( l .  W1lcl1-e the azilnuth ant1 loiigitutle statioils are 110t ideii- 
tical, two or thinre of the latter havcb 1,ot)11 1ntba1ietl togtlther. 

The cornparisolis with Chittngoi~g and Calclitta lo~igiturle 
stations show tha t  thcrtl is ilothing seriously wiSo11g with the 11t.w 
work : ditfcrciices of tlcflpctioll of 1 " . 7 xi~tl 0'' . 0 may wcbll occnr 
I ~ ~ ~ ~ w w I I  s tatio~ls 44) milts a1,ai.t i l l  cvclii thc flatc~st C O U I I ~ I * ~ .  Tllc 
astl*o~iornical azilnrlth ol,sei.vatio~ls :tl)pr:Lr to hnvo 1 ) ( ~ ~ 1 1  c.aiS(~fully 
lna(lc1 ( i l l  18G::-G!)), alicl it can 0 1 1 1 ~  1)t. conclutlc~l that the East 
(hlcr~t ta  trin11gllIatiol1 srl-ies, to \vIiic.ll most of tllo : ~ x i ~ n ~ ~ t h  statiolls 
belong, is of ~ ~ c e ~ ~ t i o ~ ~ a l l ~  low quality. 
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TABLE 2.-T,nplrrce eq~crtions. 

The errn1.s in this triangulation, and in t,he rleflections declucecl 
from its aximiith stations, accourit for the erro1.s in the old groicl 
rrfr1.1-etl to in palan 39. I t  can he said with some confidelice that' 
most of the Incliaii triangulation is f r ~ ~  from errors of this size 
I nftw ar l j~st~ment  011 Laplace stat,ions), but the present case em- 
phasizes the fact tha t  little reliance can he placecl on geoidal 
features whose existence has been deduced solely from azimuth 
stations. This fact has of course been realized since Dr. cle Graaff 
1Zi111ter f i l ~ t  s t a r t r~ l  to draw t h ~  Tnclian geoirl, but until recently 
few lol lgi t t i~l~ stations h a v ~  been available as an alkrnative 
azimuths, an1 somP years must still elapse before sufficient will 
Iw nvaila1,lt. to verify all the main features of the geoid. Tt is a 
fortunattl fact that the most striking geoiclrtl features in Tndin run 
mo1.r or less ~ a s t  and w e ~ t ,  ant1 their fo1.m is consequently h a s ~ d  on 
meri~lio~ial tl~flections, whose accuracy cannot he doubted. 

LATITUDE OBSERVATIONB I N  SOUTH INDIA 

' P'v' def- 

41. Programme.-The inst,l-ument used was the small %with 
T r l w r n p ~  011 a ~orta1,le iron st,anrl (see Geoclet,ic Report, Val. VIT, 
lmgp 4). Al~ollt 1 0  pairs of latit,ucIe stare, 2 deviation dars, and 
a11 occasional collimation stmar, were ol~servecl a t  each at.ntion, on one 
i t  I Apart from the reduction from two nighbs to one, the 
s.vstem of work was the same as that described in Vol. VIT. T ~ P  
avprage ,,robable error of the astronomical lat,it,utles was & 0". 25.  

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

Corrected for the known szimnth errors at old 1,aylace stations. apanminK 
error at intermediate stations to have accurnnleted evenly. See ~ r o f e ~ s i o n a l  PnPCr 
Xu. 16. Tablo XCIV. 

P.V. def- 
lection* by Distance 

T~ongitude Azimuth station between station 
I 1 t 2 

Deduced 
error in lection 

(Everest) 
by longi- 
tade a t  1 

1 2 

at 
nzimuth I triangula- I tion 

- -- -- - - - - - 

I 
Pokimnm 
31:tii 'I'11n I C'hittngonq 
I ~ P + . ~ ~ < I P  ) 1 r.zplzo. 

Pol;irnnr;c 
>In ji TGn I SPII~II  T i n  H.S. 

I ,  

- 8 . 0  

- 4 . 0  

- 0 . 2  

+ 1 2 . 0  

+ 4 .7  

- 7 . 5  

+ 8.4- 

+ 0 . 9  

I ,  

Forcom- 
parison 

- 2 . 2  

- 4 .2  

- 8 . 7  

- 6.9 

Forcom- 
l~ariqon 
- 3.6 

- 2 . 5  

i t ~ ~ l e s  

10 

I ,  

- 9 - 7  

P,.t.zgrhc. j I 
' :angaplll. T.S. ;\l.~lqaon r 1 li / - 10 .2  

l 2  I 
- 9 . 7  

s l ' a k "  ' ; T,akhinagnr T.S. klnripur ) 

Dnnlntpnr 
I 
t n,tnlatpl~r T.S. 

Sim'L1lnt ~ . ~ l c n t t n  ~,npl:~ccl Sntt~bn 1 

>In(lhpur ' ,\.la(lIip~lr 7' S 

Tilnhnni I Tilabani 1i.S. 
I 

12 , - 8 . 5  

0  

35 

-11.8 

- 7 . 5  

O I 
- 0 . 1  

0 1 - 5 . 0  
I 
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To avoid doubt in the geodetic value of the latitude, the obser- 
vations were always made a t  or in the immediat.e neighbourhood of 
all existing triangulatioi~ statmioil or intersected point. Since olily 
t,he meridional compollel~t of t l ~ e  deflection was observed, the 
statiol~s were placed as nearly as possible oil a north-and-south 
aligilment. 

42. Narrat ive of season 's  work.-The detach~nent, consist- 
ing of Computer J. B. Mathur, one co~nputer ancl 10 khnlbis ,  left 
Dehra Dun on 4th Dec and startecl worlr a t  the south end of t,he 
section. Transport was l>y country carts, but coolies frequently 
had to be engaged to carry the camp up to the trigollometrically 
fixed hill-tops. Work closed on 26th March. 

Cloud caused some delay and aiilloyailce il-I Deceinl~er and 
Jai~uary. The health of the detachment was good. 

This seasou Coinl>uter J. B. Mathur was doi~ig work which 
has hitherto been done by officers some grades se~lior to himself, 
and he deserves credit for his satisfactory o u t - t u r ~  of t'horoughly 
reliable work. 

43. T h e  geoidal  section.-Plate XXI shows sections of the 
geoitl ant1 coinyellsated geoid with referellce to the international 
spheroicl, and also the geoidal section as 131-eviously determined. 
Between latitudes 17°ailcl 13' the olcl and new sections agree well *, 
hut between latitucles 13' and 11' paucity of data ill the ole1 section 
has resultecl in a sharp d1.01) of 2 0  feet being co~nl>letely missed. 
The coinparatively high geoicl which has bee11 supposed to exist in 
the ext.reinc south of Iiidia has caused some surprise when contrasted 
with the low values of gravity found there, ant1 it is sat'isfactory to 
find that no rliscrepancy really occurs. The rise ill the compensatecl 
creoid ullder the Mysore plateau (latitude 13') fiilds its counterpart P 
l n  the relatively positive Hayforrl gravit,y aanomalies there (see 
Chart XI1  in Chapter 111), although the most positive gravity anoma- 
lies seem to occur (near latitude 1 2 O )  rather south of the crest of 
the geoidal rise. The explanation probably is that a ilarrow belt 
of inteiise gravity anomaly call result from masses which are too 
local to have much 1,ffect on the geoid. 

THE GEOID I N  INDIA, BURMA AND BIAM 

44. Siamese  data.-The geoitlal s e c t i o ~ ~  given ill Plate XXI 
givcls t,ho fol-nk of thtb qloid along. tlhe 11orther11 tl~-ol~t.ie~- of Siam, -. 

I lain SO that values of thc iner~tlioilal c o r n p o ~ ~ c ~ ~ ~ t  of t'he tleflc~ctioi~ ill q' 
:111(1 Lowel Burma will snfticc. to  t letcwni~~e its form ;~1,])rox11nat~ely 
i l l  that cou~ltry. 1~llfort,ullat4>Iy, 11ot inally statiolls arc availal)le, . . 
llllt they agree alnc,llg thrlnst~lvc~s so clos~1,y in g.lvlng :.L fairly 
tllliforrn so~thcl.1,~ tl(lflectioll, that a very Iargc geoitlal 1.1se to the 
south call 1)e fairly conticlei~tly prc~lictecl f r o ~ n  them. 

- 

* 'rile old v . t l ~ ~ v  in latitude 17'  h i t u  been used ns datlrm. 
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The Director of the Royal Siamese Survey has lril~dly coinlnu- 
nicated the illforinatiol~ give11 ill the first four c o l u m ~ ~ s  of Table 3. 
The geodetic latitucles require careful consideratio~i. They are 
computed on a spheroid with Everest's axes, but with a celltre 
which is not coilicident with that of tlle Illdial1 Everest spheroid. 
They can, however, be readily brought into Illdial1 terms by apply- 
ing the discrepaiiciea a t  the three Illdo-Siamese juilctiol~ poiats au 
given ill Geodet>ic Report Vol. VII, page 5". Geodetic latitudes 
relative to Everest's spheroicl are next converted to the Indian 
ii~terr~ational spheroid ill t'he usual way hy means of Chart XI S of 
the Supplement. to Geocletic Report Vol. VI, alic\ the results are 
give11 ill column 6. A further point which must be considered is 
that t'he 111clia1i triangulat'ioil has never bee11 adjusted on to its 
Laplace stations t. The resulting error generally has little effect 
~ I I  geudetic latitudes and longitucles, but ill Bur~na  the azimuth 
errors are large, the coulltry is far  east of the origin, and all 
geotlet>ic latitucles are wrong by all appreciable ainoul~t. They 
have to be increaseel by ahout 0". 9 ill long 92O, 1". 5 in 96', and 
3". 1 in 99'. The corrections are important because of the large 
meridio~~al  extent of the country which is 1)eing co~isiclerecl. They 
are applied ill the 7th column of Table :5, aiid the last col~unn gives 
the filial values for the cleflection. 

45. The geoid in Burma and Siam.-The clat,a available 
south of the main cross-section are the 9 latitude stations ill Sialn 
~ i v r t ~  ill Table '3 ,  a11r1 15 iu Burma. Sevei.al of tho latter are $roi~ped 
close toget,he~-, ancl for practical purposes the deflection 1s ollly 
know11 a t  places. These are show11 ill Table -1 and Chart XVIII. 

r 1 lhere are also three lollgitucle stations where the deflectio~~ ill 
thy 1)rirne vertical is kuowl~, allcl 12 azimuth atatio~ls. Aziinuth 
s t a t i o ~ ~ s  ill low latitudes are useless, however, and a t  present liothing 
call he t l o ~ ~ e  l,eyo~~cl a rough cletel.mi,iation of the rise of t'he geuitl 
froill nurth to south. 

Lllthough 1.5 stativl~s ant1 groups ill Burma nl~tl Siain are 110t 
much, they are evenly rlisti-il)utecl, ail(\ the co~istal~cy of their 
rleflectiv~~s is remarltable. Olily one statioli or group, that near 
Akyah, has a 11ortherly clefiectiv~~, and that is fully accoullte(1 for 
1 ) ~ .  the local topography. I t  is also fala \vest of thr geileral lilie of 
statioiis which is 1,eing col~sitlered. The meail southerly tleflection 
~ t '  the 1.; g1.oups is + :{" J., alnl 1:; of them lie bctwt~en + 2''. 9 awl 
+ .;" 5 .  It iuay also 1,e ~ ~ o t c d  t,hat of the il. 1. ]atitntle statio~ts ill t h ~  
]nail1 section line from east to west, '$2 have southei.l,y dcflcctioils. 

* 'This rongh atljnstni~nt will ~ v t ~ n t ~ ~ ; l l l ~  h ~ v ~  to  h,. rpp];xc~tl hy :I rr;lll;~r 
' sinllrltnneol19 ;tllirr~t n~r>nt " of all thv trinnq~ll.ttion in Si;\ln ant1 r , t ~ \ \ ~ ? l .  l ~ l ~ r ~ t l ; ~ *  

'I%iq is not l ~ r a c t i c : ~ h l ~ ~  nt prrscnt, but tho rt.slllts ,Lre not likely 10 tlift'er hy Illorrb tll:~n 
1" in Inl itrltle fro111 those now :al.rived : ~ t .  

t Exrept thp q+?odr4ic :tzirnl~th~ when rcbq~~irrbtl for clcd~~cing A-G at asl,ronn- 
mica1 ~ a i n ~ t ~ t h  stations. 
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TABLE 4 . - T d i t u d ~  stations and groups in T,o~var Bu~mn. 
-- - -  - -  

Tf the rleflections a t  the 15 groups are integmtecl up as if t,hey 
all stoncl in the same longitude, there results a fairly uiliform rise 
ot' ahout i O  feet b~ tween  latitudes 20' anrl 8ON. As t8he geoitl in 
latitacle 20' is alreacly 66 feet above t,he Indian Jnternatioilal 
sphernirl, the abnormality in the sout,h of Siam amou~lts to thp 
large figure of 13.5 feet. This ia cliscussed in para 48. 

- 
% a4 A -G (Internn- 

Strrtittn or g o n p  Tdntitnde  longitude 
A-G tionnl, correctc+i 

- - - -  
I 

I ,  

I 
A k p b  . - 0.7 

Prt>i~~r IS 49 95 13 i 4 . 2  2 9  

1 I 

Rnr~goon ( Syrinn~ ) Iti 4.1. 9ti 15 1 I + 5 . 1  1 + 3 . 6  

It must he emphasizecl that t h ~  form of the geoid in Burma 
is not yet a t  all well determined (except along the one section 
line ). Apart from the broad fact that  there is a g - ~ n t  i.isc1 towal.tls 
the south, 110  leta ails are known. 

J l o n l ~ n ~ i n  1 6  :10 

I 

Amher4  I 16 O t  

The geoid cnntours are shown in Chart XXlT, and those of the 
compnsated geoicl in Chart XXIII. 

46. Dr. Vening Meinesz's trough of negative anomaly.- 
Dr.. Vening M~inesz has discoverer1 a trough of i n t e n ~ r  negative 
nnomali~s along the south side of the East TncliesK-. Tt is of 
interest to speculatr whether. this connects with the Indian Gangetic 
trough. Major Cilennie consiclered this point in Geodetic Report 
Val. VIII  (page 57)  and conclurled that the line of 
pxtrnsioil was through the Andaman Jslands, Arakan Yolna 
' h i  1 .  Plate XXI  shows clearly tha t  no  ne5ati.r t l 'o~yh 
I X W W ~  up through the Ganges clelta, hut shows a wlrle tlep~.ession 
of t h ~  rompensate~l geoid ~ C I - O S ~  the Chill Hills, with its dpppf'st 
~ ~ ' i l ~ t  urirlw the small Ponrlauilg Range. This suy>ports Major 
(:1ennie's conclusion, although strong snutllel-ly clefl~ctioi~s rathpr 
~ U R K P S ~  that the basil1 is closer1 towarrls the south as show11 in 
('halt3 XXIT ancl xSTI1 in latitude 22'. The 1,rnln-w contour9 

I I 
9'7 38 3 1 t 6 . 2  ' + 4.4 

- -- -- --- - - 
~~~~~~e G r o l . ~ m e t r z p ~ c ~  Marttame de l ' A r c h ~ ~ e l  I n d ~ e n  ". Delft 1931 , and in 

the Journel of the Royal Geographical Society. April 1831. 

1 I 

97 42 5 1 + 5 . 4  
I 
I 

M r r g l i  ...I 12 22 1 9 8  45 1 44 + 5 . 9  
I I - 

+ 3 .5  

+ 3 . 9  
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drawn in t'hese charts between Iatitucles 1 6 O  and 22' ~ n u s t  not he 
tslteii as an expression of opinion whether this trough or ot,hers 
extend to t'he south or not, ancl the point can only be settler1 hy 
fni-t,her gravit'y or rleflection observations there. 

47. T h e  Indian geoid.-Charts XXII  and XXITT show revised 
contours of the geoicl and compensated geoid* in Ti~rlia relat,ive to 
the Tllternat,ional spheroid t. 

The new data which have been incorporated are:- 
( i t )  The section froin Oi.issa to Tndo-China. See Geodetic 

Report 19M, Chapter TIT,  and para 3:) of this report. 
( 1) ) The section froin Ladklch to Ajiner. See Geodetic 

Rel'ort Vol. VII, Chapter IV. 
( c ) The section fluom Cape Comorin to HyderBhLd. See 

para 43. 
( 0 ) The section across the Bilcaner Desert. See Geotletic 

R,eport Vol. VIT, Chaptw IV. 
( r ) The loilgitude observations ill south Tnclia. See 

Chapter IIT, para 19. 
( * f )  Data in Baluchistiin. See Georletic Report Vol. VITT, 

Chapter V. 
( ( 1 )  Atlvance results of the 1934-35 111.ogramme ill 

Balnchistili and Sind, comprisiiig a line of 3 7  npw statio~is 
fi*om near Sukkur to the Persian fi-oiltier. This sec.tioii 
co~lsid~rnhly inotlifics item ( , f ) .  

Of thr  above, itmns ( n. ) ( 1) ) ( c ) ( (1 ) and ! r/ ), are part of the 
two inaiii sectin11 lines which it is hoped to complete in  1935-:;(i. 
Ttem ( r )  is of interest in that  i t  r~vises  some oltl values of the tleflec- 
ti011 (1,asetl 011 axilnuth obs~rvnt io l~s)  which made all apl~ai~ent risth 
of t h ~  ~eo i t l  towai.tls i~o r th  Ceyloi~. This is now abolishecl and thr  
geoicl follows cxl)ectatioiis ill falling towards the area of i i i t t ~ ~ i s ~  
11eqativc gravity anomalies situated there. 

48. Conclusions.-The sphel-nit1 011 which Charts XXIT ant1 
XXITT are basetl has an arl3itrarily placed centre, and wol~ltl have 
t o  1 3 ~  tilted anti raised or Iowerecl by nillrnown amounts to lnalie it 
ide~~tical with the sphei.oicl usetl 1,y any other s111.vc-y. Nev~i*-  
thcl~ss,  thl-ec thi~igs :tl.tb quite clcn~., iiamc1y:- 

( n )  The avr-'ragc i-~tli1is of ~ i i ~ ~ v a t , ~ i r ~ ~  of t . h ~  gcoid alo~ig R 

l i~w 2,500 miles 1n11g roughly east and m ~ s t  in aljout Iwtitiitlth 2S0 

* It niny hc- r (~ l ) i~ :~ t (~c l  tllat. t 1 1 ~  rompc.~isntrd paid is n fig111.c. \rliicll lie3 h ~ l o \ \ .  
tllc' ~:.cn((l hy :m n,mollnt cqllnl to t l i ~  fi~oitl:l,l list. c:~.l ls ,d hy thc  nc111nl ~ I I ] ) I I ~ ~ : L ] I ~ I ~  
:"d I l~lnyfol-11 romppns:ltion. Tt in nn ~ q ~ l i l ~ ~ t ~ ~ i t . i n l  snrfncr of t l~c.  noli~l 11nif11r11l 
1 1  1 1 1 f 0  i .  It  i n  ~.clln,tcvl to !,-y(, in tlllh SiIIlIP way ns 
t1113 :c,llid it,scblf is 1.~1:ltc.11 I I I  ! , -y,,  

t ' l ' l l i ~  fiK1ll.p 11:1n Itlt~r11Ilnt.ionnl .ZXPR. n.ntl thr  niinol* axis is  pnrnl l~ l  t,o tllnt 
"f thf. earth. Tts ppnt1.c. iq q l l  c.ll(~st~n :LR to make it fit the Indian c o i ~ ~ p ~ n ~ a t c c l  
g~~vir l  ( 1927 ). 
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is 1,000 feet greater than tha t  of the international sphe- 
roid. Plate XXIV shows a section along this line, and the 
hlue curve (which fits the section well) has a radius of 
curvature 1,000 feet greater than the spheroid. Part of this 
1,000 feet may be clue to  the mountains which te~.minate the 
e~rcl of the section. If these mountaiils are compensated 011 

Hayfold's system, their effect is avoicled by considering the 
compensatetl geoid. I t s  raclius of curvature is 700 feet 
greater than tha t  of the spheroid. 

( 1 ) )  The average raclius of curvature of the meridian, on 
the other halid, along a line 2,000 miles long is less than that 
of the sphei-aid. as shown in Plate XXV. No I)lue curve has 
heell tlra~v11 to fit the geoid itself as i t  is abnormally distort- 
etl by the great mass of the Hiinc~laya, whose effect, must be 
removetl 1)efore a useful result can he obtainerl. The com- 
pensated geoid is fitted by a radius of curvature 1,780* feet 
less t,han that of the international spheroid t. 

( r )  The geoid ( ancl compensatetl geoid) in the south of 
Siam will be elevated about 100 feet above any spheroid 
which a t  all closely fits the geoitl ( or compensated geoirl ) iu 
India and ~lorthern Burma. 

I t  is important to colisicler whether these points can he att'ri- 
tjuted to  errors of observation, but i t  can 1,e saicl with confidelice 
that they caliiiot, except possibly in the case of ( I .  ). Thus:- 

( i ) AII error in the fundamp~ital stanclard of length can- 
not explaiii 110th ( a )  and ( 1) ) : 11o1- can i t  explain (/.). 

( i i )  700 feet, the smallest figure quoted in items ( ( 1 )  and 
( Ir  ) amounts to I in 30,000 of the earth's raclius, while 
1,780 f r e t  amounts to 1 in 12,000. T t  is not possible t'hat 
arcs of the Inclia~i triangulation should he in prror by such 
fractions as these. The simultaneous adjustment was basd 
O I I  1 0  base-lilies on which the average closing el-rorj (hefo1.p 
adjustmpnt) was 1 : 190,000 $. 

( i i i )  Items ( a )  ancl ( h )  are not affectecl by possil,l~ azimuth 
I Ttem ( v )  is sensitive to azimuth error ill the long 
past-and-west l i n ~  from t,he olsigin to northern Sia~n,  but it 

* Fic.111-work in proyresq while this report is a t  press shows t h a t  t h r  rlifference 
, I F  yeoidnl h ~ i g h t  nlong this sr~ction betwwn latitnrles 17'anrl 24' is ahout 20 feet less 
than that  shown on Charts XXII. XXJJT ant1 XXV.  'I'hc difference ariscls f r O l n C ~ ~ ~ l -  
parative paucity of as t r~~nomirn l  stations in t h e  olrl nrr. The figure of 1.7Ho f ~ p t  
given above will hp red~lcpd to .xhout 1.500 fert on this acconnt. 

t Two arcs nt right-anglrs suffice t o  r l r t ~ r m i n r  a sphc~roirl. T'hc fignrc which 
r p ~ l t q  from thrqc. two arcs ( 2  500 anrl 2 000 miles long)  has a rrrni-lnnioi. a ~ i q  Of 

6 :IiH.Ei(iR metres ( 1HO rnptres grcater than thp Tntprn.zti~~nal sphrroid ) 2nd flat- 
tening of 11290.5. l 'hese figures arp not of rollrqr pllt forward as t h r  probnhlc 
dirna.nsions of t h ~  parth's fignrr, hut gimply t 1 1  i l lustrntr thc  cxtrnt  to which its 
sllapp in Tndin rliffrrs from that  splirroirl whic.11 hmt fit4 thv vartli aq n wllc~l(~. 

f Withoilt rryar(1 to sign. 
$ Pra)fq-qil~n:rl P.xp~v No. 16. Tahle LII. 
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1-oquires an accumulatecl error of 300 feet ill latitucle to 
accouilt for it. It may 1)e remarlred that  t-hc allowance that 
has 11cw11 inacle for Laplace closures has retlucecl the geoidal 
rise by ahout 40 feet,. To accouilt for the rise between 
lat,itudes 20° and 6' it would 1)e iiecessary to supl~use that  
atlditiollal errors of 10" or 20'' 111 azimuth hacl occurred ailcl 
hat1 ilot bee11 detected by the fairly numerous Laplace stations 
which are available. This is impossible. 

( i v )  The provision of further astronoinical statioils will 
illodify the figures ill items ( a )  a i d  (b) ,  ( see footnote to 
page 76 ), biit i t  can safely 1)e said that  error or paucity of 
astrono~nical observatio~ls caiii~ot account for these two items. 
At the ends of the sectiol~s the angles betweell the 111ter- 
l~a t io l~a l  sphoroid and the blue curves ill Plate XXI  are 
aljout 3", which callnot l)ossil~ly be the mean error of t'he 
very Ial-ge iiuinl>cr of astronomical s t a t i o ~ ~ s  availal~le a t  the 
r~rds  of each arc. Itcin ( 1 . )  is of course more wealcly 
tletermiiled in this respect, hut the two arcs of items ( a )  
ant1 ( b )  are pro1)ably better supplied with astronomical 
stations t h a i ~  any arcs which have ever 11eci1 measured. 

ltein ( G ) ,  the great rise of the geoid towards southern Siain, 
receives confirmation from the work which R. A. H i rvone~~*  has 
basetl oil Stnltes' formula. Hirvoilen has collectred together all 
availal~le valuc~s of [I, aild has calculatcrl the untlnlatioiis of thtl 
g~oif l  which 1-esult from them. He f i ~ ~ d s  a tlepression of (;St inetres 
i l l  lat, 10' N 1o11g SO' E, nlitl of I I ~nr t res  ill lat 10' long 100'. 
The tliff(lrt~nce 1)t~twer~n - (iS ancl - I 1 metres is 57 metres or 187 fret, 
which compares vary w ~ l l  with the 160 feet show11 o n  Chart XXII. 
Hirvoiie~r's woi.1~ goes some way towartls providing- the confirmatio~~ 
which this geoitlal feature is ill lleetl o f .  

The preseilt geoid charts, beii~g :.draw11 with an arl>iti.al-y datum, 
do 11ot coilforln with I-Iirvo~~rn in sho~ving the whole of liltlia ant1 
Bnrma as a tlepresscd a1.t.a. This omission is 110t significailt, a~ltl  
v t ~ y  great extensio~ls of thr  Rc~oidal survey will he necessary br4'orc. 
it i~icludes a sufficie~lt area of mor-e elevated geoirl to show up the 
fact that It~tlia as a whole is clepressecl. Gravity ol~servatio11~, 
however, are nll-catly s u f i c i t ~ ~ ~ t  to i~~t l icatc  that t'llis is the case. as is 
show11 ill C:hai-t XTV (Chapter 111 ) whortb gi-avit:y anomalies rc.lativp 

t l ~ c  Ilttc~rnatioiial formilla are VPI-y preclomii~a~~tl,y ~ r e g a t ~ i v ~ .  

T ~ P  thi-eo gcloitlal al,~loi-inalitics listptl as ( n ) ,  ( 1 1 )  alltl ( 1 . )  ahovcb 
~ * ( ~ l ~ ~ ( ~ s c i ~  t 11~1 )al~ti~l-es 1'1~,111 thv sl,hcroi(lnl statc aftri. ~ n a l i i ~  ~g a1 low- 
allc.ch for tlio c~ffoctj of topog~.;~l'hy a11(1 Hayfo~.tl c o i n l ) c ~ ~ ~ s ~ t i o ~ .  111 
wi(lo-sl)r~\;~(l f(latul-(bs of this ~l;ttu~.c thc exact tyl)c~ of compe~isai io~~ 
( flayfort1 01- local (11. l -cgio~~al  ) is a 1natt111- of littl(1 
R(B(] l I (b~~~( l ,  R I I ~ I  tli(ls(* ;~l)~~orinal i t ics  inlist 1,1.ol)ably 1)e at,ti~il)ntctl to 
cl(*l)artures l'l~)in hy(1rost:~tic: ~ q t i i l i l ) r i u ~ ~ ~ ,  



GEODETIC REPORT 

TABLE 5 

Calculated Uetlec. 
Culculatetl Uetlec. 1 tions. I 1 

5 1  l Illterllntiollal 
Z 1 IIcigllt Spheroicl tions. 

Ob~crveil a t  in Deflections Haylord System 

Ieet 

P.V. 

Ull~omw~~sated 
Tu~omnphy to 

2564 miles 

Meridian 

11 

. . 

686 

ti88 

- 
ti89 
- 
ti40 

. 

691 

p . ~ .  

,I 

2OBl 

--- 

56 14 

H 
-- 

H 

-- 

Dorilpalli 11.s. 

i -_ -- 

- 

11 

- 6.0 

H- Imyngpt H.S. 

J~ganyalli rock 1201 - 5.3  

I t  

-- 

11 

- 

Indnvisi 11.s. 
--- -- 

- -  

,I 

- 

--- - -- 
2329 

I 
-__ i 

55 E: KGre BFlaga.1 
H.S. 

- 7 .1  

1512 

1415 

__ 
1379 

- 
E 

692 ( E 
I -- - - -  

I--- 
1 .  -- 

Palakurti rock 

- 5.0 

- - 4.0 

- 
- 0 . 2  

- 
PulikGncla H.8. 

~- -- - 

. . . 

- 

- 

I 
-- 

1797 
- 

6% 1 E 
--.- 

694 1 F 

. 

+ 0 . 9  

- 
1943 

1510 

Koilkinda h.s. 

Kanampalli 
rock peak 

I 

1 - . - 

6Si 17 

- 

1836 

_---- 

- 2.6 

bevarnkinda 
H.S. 

~ 1 F Gollapalle h.s. 1516 + 4.3 

-- - ~- -- -- - - 
6971 F Urakindn H.8. 2189 + 5.9 I - 

- - -- 
698 ( F PCnukGnda, h.s. 3058 + 5.7 

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

ti99 j (3 ~ o n d u r l l  white 2347 + 6.9 . - 

+ 3 .8  

- - 

7 - 
701 i--G 
-_ I___  
702, G 
-- - 
70'3 , H 
- -- 
704 1 H 

Z~T 

I 
-- - - - 

- - 

+ 4.2 

- 

ridge 
a u d e ~ ~ l  hill staff 

Kilkote h.s. 
____ 
Halasurbetta 

H.S. 
Bannerpatta 

H.S. 
Devarabrtta 

H.S. 

- ~ ~~. - - - I  -- 

i - . . . .. . 

H PFnni~g;~l.;~tn 11-17~0 
! hag. I 

707 1 58 E ~ e l l a k a r a d n  h.s. 1 892 

. - 

. -  

50s 
! - 

709 

7 1 0  

-- 

~~~ .. 

I-- - 7.0 1 

.I 

..- 

- 6.2  

2136 

- 
3370 

- 

. - 

i - - - -  

- ~ 

- 
1115 
-. - -- 
1023 

624 

E 
, 

E 

E 

! - - 

-- - -- 

~ 

. .-- 

i 

.-. -- 
- 9 .0  

- - - -- - 3.7 
- 0 - 3  

~- - 
Pakkanaclu h.s. 

Palnkapal;~yam 
hill temple 

Molsi white 
temple 

3335 - 3.0 

3269 - 7.2 
I 

1-1 -- -- 
- -  - - I  , 

3365 1 -  5 .2  / 

+ 5.6  

- 
+ 3.3 

-; - 

Mariydrm B.S. -341.6 - 7.9 1 
I 

- -  - -  

1 

- 
I 

_ I -- 

I 
1 - -I -- 
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DEFLECTIONS 1933-34 

% 
2 
d 

R A 6 

- 
m i  

688 

- 
M Y  

- 
tiw 

ti91 

692 
-- 
ti93 

694 

- 
ti95 

696 

hi7 

698 

699 

-- 
'i00 

F o ~  
- 

7oa 

703 

- 
704 
- 
SO5 
_ 
706 

707 

708 

7 w  

715 

L 

Lutiturle 

0 I I1 

A 16 53 56.2 
(J 16 54 02.2 
A-lfi 4.2 25.32 
C: 16 42 32.29 
A-16 27-14.7 
G 162721 .9  - -. - 
A 16 Oi! 23.1 
G 16 02 27.8 -- 
A 15 48 39.37 
(3 15 48 42.94 

I A- 15 37 40.3 
1 C; 15 37 40.0 

- -- 
I A 15 28 10.01 
I G 15 28 08-62 

- - -  
I A 15 19 11.5 
I G 15 19 18.t; 

A 14 52 23.9 
G 14 52 19.0 
A 14 40 34.00 
a 14 41) 29-41 

pp 

A 14 31 21.1 
G 14 31 16.0 

I - - - - - -  
~ 1 4  15 50.73 

! G  14 16 43.94 
A 14 01. 09.1 
G 1 4 0 4 0 2 . 4  
A 1B 50 43 - :j 
(4 13 5035 .4  
A 13 :jH 38.7 
fl 18 38 32.0 

- -  
A 1:j 25 15.0 

13 25 10.5 
A 13 09 36.47 
(i 130938 .27  
A 12 48 32.61 

12 48 :i8.37 
- - 

A 12 :17-23.51 
(i 12 37 27 24 
A 12 22 :3:j * 99 
(4 12 22 40.32 
A 1 2 0 ' 7 . ~ 5 ~ 1 ~  
(i  12 07 50.5 

-- - - 
A 1 1  55 09.7 
( 1 5 I 

11 to 2:i.g 
( 4 1 
h 11 27 10.2 
't 1 1  27 12.0 
I\ 1 1 15 :jT. (; 
(f 11 15 ~ 3 . 0  

N o ~ ~ : - M i n i r s  

Longitude 

0 I I t  

G 77 40 08.0 
-- 

G 77 39 12.99 -- - 

G 7 7 3 8 3 0 . 2  -- 

G 77 30 43.5 

G 77 40 59.20 

G 77 34 15.7 
- 

G 77 35 56.47 

G 77 36 36.2 

C 77 37 45.9 

G 77 38 57.31 
- - - 

G 77 38 1H.9 

G 77 36 29.63 

C 7 5 3 5 0 1 . 5  
- 

C 77 3'7 O9.H 

Cf '7735 50.0 
-- 

C f  77 3 6 0 5  1 - 

a 7737  13.35 

a 77 :I4 :i3.65 
-- 

G 77 37 37.37 

a 77 42 21.09 - 

(1 77 52 4H.6 - - 

G' 77 50 49.4 --- -- 

G' '77 47 33.2 - 

B 77 46 15.9 

77 61 05.2 

sign denotes 

EVEREST'S SPHEROID 

Aalmutll 

- 

0 / I1 

-. - - - -- - 

- - 

- 

- 

- 

- - -  -- 

- - 

-- 

-- -- 

- -  - 

. - 

- - - 

- 
I 

I 

Name of station 
observed for 

Azimutl 
- 

- - 

-- 

- 
Deflection8 

- -  

Meridianl 

11 

- 6.0 

- 6 . 4  

- 4 - 5  

P.V. 

I1 

I-P 

- 

- 

- 

- 

- - -  

- -- 

- -  - 

-. -- 

- 

-- - -- I : I  
-- I -  1 . 7  

iI-R.n 
-- 

- 

+ 0 .3  

-- - 
+ 1 . 4  

- 7.3  
-- - -- - 1 

- 1.H 

+ 1 - 7  

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

- 
1 -  2.0 

--IT 4.9  

- 

- --- 

- - -- - - 

- 

- + 4.6 

+ 5 . 1  

+ t i b  

- + ti.7 

- + 7.9  

-- - -- - I +  6.7 

-- , +  4.5 

I_-- 

- 

- 1.8 

- 5.H 

- 3.7 

- i l -3  

- 
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TABLE 5 
~p 

Approximate. 

i 
3 s 

International 
Splleroid 

Deflections 
Height 

in 
feet 

i - a 
B 

Calculated Deflec. 
tions. 

Hayford System 

558 

1793 

1237 

7% 

626 

Observed nt 

Calculated Deflec. 
tions. 

Uncompenmted 
Topomphy to 

2564 miles 

-. - 

-- 

- 

Nallichinam- 

.- -- - patti temple 
712 F 1 Veriyapur h.s. 

-- I 
conical hill 

716 / Cf 

ml K 

718 ' G 
-- 

G 
1 

M e r i d h  P.V. Meridian P.V. I 

- - 

- 

- 

I - - 
715, 

-1- 

720 

2 1  

Meridian P.V. 

red mound 
pernmalrri h.3. 

- - 

-- 

-- 

~ a i s t t a n ~ e t t i  416 - 0.8 / 
road s. 

_I- 

H 

H 

2 

723 
- 

I t  

- 

+ 0 . 3  

, - 5.0 

11 

- 1.6 

- 

-- 
K 

_-A- 

0 

11 

-. 

11 

- 

I t  

-A- 

- 

K~ltipirrai H.S. 354 - 0 .5  

Minr~ksh~ H.S. "-1- 
- 

I t  

--- 
+ 6.5 

----. 

- 

- 

- - 

- 

Melpirai Patt i  
h.s. 

3Ie lp~tnam hill 
temple 

Kanimiirpcittai 
H.S. 

Riimniid ... 
p_p___- 

Dhanushkodi ... 
- --- 

I 

- 2.6 I 
I 

- 

- - - - 

- -- - 

- -  - 

- 

401 

519 

- 
685 

- -  
20 

4 

- 

527 

728 
-- 
729 

724 

725 

-- - 

-- 

- 0 .3  1 

I 
+ 1.2  

- 
+ 0 . 5  

726 

+ j 

-- 

-- 

-- 

- -- 

- 6  
- 

+ 4.2 

-- - 

-- 

P 
--- 

P 

-- 

_ _ _  

-- + 2.4 

+ H.9 
-- - 

67 C 
--- 

C 
-- 

6s E 
- 
55 N 

-- - 

- 

Mannnr ... 

Puttalam ... 

- 
- 

.- 

- - -  

7 

- 
5 

Kinkesantnrai 

Mullaittivu ... 

Batticaloa ... 

1 -- 
733 8* F 

$311B 
- -- 
732 B I- 

-- 
- -- 

- 

- 

11 

tower 
Sangao h.s. 

Sairep ... 

Lungsin 1.B. ... 

733 

735 

13 

- 
6 

B 

731- 
--  

79 N 

- 
N~ololobo clock 1 20 

Baro Harina ... 
_ _ - -  

Thothingmnra 
h.3. I 

Pokimuin + 0 

4530 

- -- 
5000' 

1987 

- 
_- 

- 

-- 

-- 

- 
+ 2 

+ 6.2 
-- . - 
+ 1.4  

--- + 0 . 8  

-- 

- 7 

+ 4.0 
- - 3 .4  

- 3.2  

- 

- 

-- - 

-- 

- 

-- 

- 



CHAP, IV.] DEVIATION OF THE VERTICAL 

DEFLECTIONS 1933-34-( Contd. ) 

NOTE:-Minus sign denotes N. or E. deflection of tho pltunb-line. 
* Redncod to Indian terms vide Uoodctic Report 1933, page 33. Observations 

are not of 1933-34. 
t Not yet available. 

Latitude 

0 I 11 

A 10 47 08.8 
G 10 47 08.3 
A 103103 .6  
(3 10 30 54.9 - 
A 10 15 48.5 
G 10 15 45.9 - . - 

g 
1 
" 
d 

711 
-- 
'712 

713 

Longitude 

0 I I1 

G 77 52 27.6 

G 77 47 53.0 - 

(2 77 53 06.6 

EVEREST'S SPHEROID I 

A 10 05 01.3 
G 10 05 03.9 
A 9 5 3  22.7 
G 9 5 3 2 3 . 9  
A 9 39 57.6 
G 9 39 55.9 
A 9 2846.92 
G 9 28 44.87 - - -. -- - - 
A 912i33.69 
G 9 12 31.34 
-. - - 
A 9 02 17.6 
G 9 02 15.2 
A 8 4 5 2 7 . 5  
G 8 4 5 2 3 . 6  
A a 3 o a a . 7 2  
(3 8 30 19.37 
A 9 2 1 3 7 . 1  
G 9 2 1 3 0 . 3  

- - - 

G 9 10 28.5 
%--- 

A 8 58 35.4 
G 8 58 27 * 
A 8 01 49 
G 8 0 2 t  
A 9 48 58 

9 4 9 t  --- 
A 9 16 16 
a 9 1 6 t  
A 7 45 20 
a 7 4 5 t  - - 

A 6 5603.llb 
G 6 55 59 * -- .---___ 

A 22 44 34t.0 
22 a.1. 29 - 3 -- -__- -_ 

A 22 49 o,~,. o 
(f 22 4,s 04.2 -- - 

A 2 2 5 2 4 6 . 1  
22524f5 .9  

-\ 

A 22 55 27 
(3 22 55 21 
A 22 53 22.8 
(-+ 22 53 21 .6  
x- 22 :,ti zd--- 
(4 22 56 

Name of s t n t i o ~ ~  
Arii~lutll observed for i Azilnuth 

I 

G 77 55 30.4, 

G 7 7 5 8 2 1 . 8  - 

G 77 5b 02.5 

G 78 00 37-76 -- - -- . - - 

G 77 58 48.91 - . - - - -- - 

G 77 51 13.4 

G 7 7 4 6 2 0 . 9  
- ~ -  ~ -- 

G 77 37 25.16 
d 78502 '7 .2  
G 7 8 5 0 2 8 . 9  

.- - . - - - - 
A 79 25 20.9 
G '79 25 16.4 

~ ---- 
d 79 54 56.4 
G 79 55 07 " 
A 79 49 53 
G 7 9 5 0 t  
A 80 02 56 
G A O 0 3 t  
A 80 48 55 
C 8 0 4 9 t  
A 81 41 OR 
G 8 1 4 1 t  
2 79 50 26. -1.8 
C 79 60 i18 * - - 
A 93 03 35.3 
C: 93 03 4~4~. 6 

. . . - -- 
A a~ 4,9 10.4 
C 92 4,9 27.6 

. -- - -_ 
A 9 2 3 5 0 8 . 1  
(: 9 2 3 5 2 5 . 0  
A- 92 23 00 
C: 42 23 1 1  
i 9 2 % ~  27.0 
C: 92 08 -1.3.. 
A - -  4 L 58 27 
C 91 58 40 

-- 

- 

Deflections 
-------- 

Meridian 

-- . -- 

- 

P.V. 

11 

- 

--- 

0 I I1 I +  0:s 

- + 8.7 

+ 2 .6  

-- 

'714 

- 
'715 
-- 
716 

717 

718 

+ 2.4 

- 2.6 

-- - 0.1  I 

- 

-- 
+ 8 
-.~. 

--- -.--- 

719 

+ 1.7 

- 
+ 2 .1  

-- + 2.6 

-- 

- 

- - -- 

-- 

-- 
-k 7 . 6  
-- 
- 8  

- . .- 

- 

-- -. 

. 

- 

723 

-- 
72.1, 

-. 

725 

726 

- . - . .. -. -- 

~- .. -- 

- 
+ 5 

--- 
+ .1,.7 

- 

- 

+ 3.9 

-- 
+ 3 . 4  
. 

+ 6.8 

--- 

- 
- 9 

- 

720 

72 i 

+ 

727 

728 

789 

5.8?30 

7:j i  

742 

- 0 . 2  

- 0.8 

-1:j.o 

-I?,.(; 



GEODETIC REPORT 

TABLE 5 

He.imht 
In 

feet 

International 
Spherold 

Deflection8 

Cnlculated Deflec- 
t ion~ .  

Hayford Syatem 

Calculated Doflec. 
tione. 

Uncompensated 
To~osrnqhy to 

2-564 m~les 

MnjiTitn H.S. 736 

IYeridianI P.V. Meridian P.V. Yeridinn1 P.V. 
- 

291 

TJ7 1 N Boteges ... 
7 9 N  

- 
ZOO* 

-- 
4. 1 

-0.8 

+0.3 

7381 ~1BijR.sin-T.S. 49 

23 

-, 

739 
-- 

- 

- 
-0 

- 

- 

+ 1.0 
--- 

+1.4 

- - 

- 

- 
7.m 
- - 

M 
- 

24 

.___I 

K d m  T.S. 

- 

M 
- 

- 
- 

-- 

- - 

7 1  

7 B  

743 
- 

Mntebi T.S. 
. - - . . . . - - - - -. 

t 2.1 

- 

13 

- 
16 

- 
It 

- - 

+O.H 

. -- 
I -  

- --- ,- 

7 

7 

7% 

I 

I 
- 

I 
-- 

_ 

I 

- 

1 B Piprigichhi 
T.S. 

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

16'1 I3 * Berghorn l ' .  24 + 2.6 +0.1 
. -- 
763 B Simellit T.S. 30 + 1.3'- 
..-~ - -- 
754 B satten T.S. 36 + 4.7 -1.7 
-- - -- -_ 

755 A Dastanpm T.S. 60 + 3.3 -1.8 

- 

757 I - M Madhpur T.S. 131 + 0.5 
I . ... . 

I 

-~~ .. - ~ - 

760 - 1,3%inia H.S. - l . b ~ . ~ / +  2 .6  -1.11 1 
I ! I 

15 

17- 
_ 
16 
---. 

17 

16 

21- 

-p - 
20 

Bishekpur T.S. 

Huipur T.S. 

%ilyaon T.S. 

+ 3.3 
- 
+ 1.3 
- + 3 .8  

-. . . - -. .- 

I 
-- 

I 

E 

+ 1.0 I 
- - -- - 
-1.4 ( 
- 

-2 .7  
- 

Jhaudi T.S. 

Kendie T.S. 

Hetiiira T.S. 
- 

-- 

-- 

-- 

~.~~ - 

Deulotp~u T.S. 

Balieknndi T.S. 

Basanti* T.S. 
- 

Bhtitiuia S .  

t 3.6 

- 
+ 4.9 

t 4.7 
- 
+ 5.0 
-- - -. 
+ 3.1 
- - 
+ 2 . 7  
-- -- 

f47 
.- - 
758 
- 
749 

E 

E 

E 
-- . 

750 E I--- 

-- -. - . - 

-- 

- - - 

-3.3 

-0.9 

- 
-2.8 

+ 2.5 + 1.3 

-- 

- 

-0.3 

-- - - 

-- 

--- 

-4.1 

- -. . 

t0.4 

- 

- - -. -- 

- 

-- - 

-- 

- - 



CHAP. IV.] DEVIATION OF TKE VERTICAL 

DEFLECTIONS 1933-34- (Contd. ) 

NOTE:-M~~LILS sign t1,~~lotc.s N,  or 15. dvfloction of the  plu~nh-linc. 

; - 
.$ 
m 

EVEREST'S SPHEROID 
-- 

U i i t u d ~  1 Lonpitudu 

- 

Deflections 
- 

I Meridinn P.V. 
Azimuth 

Na111e of 
Station 

observed lor 
Azimuth 



GEODETIC REPORT 

TABLE 5 

; g Calclhted Deflec- 
tions. 

Hayford System 

d i m  P . .  

' I  I1 I t  It I1 It 11 

761 1 73 1 Gorangdih h.s. '740 + 1.7 - 0.0  
I 

- -~ ---- -- - - - - -. 
H.S. 1327 + 3.7 + 0 . 8  

-- --- 
h.8. 1048 + 6.3  - 0.7  

-- ; -_ ~- -- -- ------ 
764 / 1 Trijunction 1112 + 4.6 + 2 .1  

i 
-8 

' 

No. 3 
~ ~ 

765 I 3-1.b1 Padag Base 
West S. 1 - i____ - -- - - 

Olmerved at 

Calculated Deflec. 
tions. 

Uncompensated 
To~oglnphy to 

2564 miles 

7661 
G I P a d s g B a s e  2 6 7 8  

Centre S. 

Heigl~t 
111 

feet 

Internationul 
Spheroid 

Deflections 

Mefidinn Merid- P.V. 

+18.7 

P.Y. 

- 8 . 1  
--- 

7h7 1 Padeg Base 
I 

-- -- -- 

2676 +13.0  - 4.2 
. 1 I& s. 
i 6 8 i ~ f ( K G i m < r m  6790 +23.7 - 6-19 

769 / 83 J Namtiali Base 322 
I 

. 

+ 15.0 
E m t  --I S. -__- - .- 

I- 

7701 J 

771 I 

+ 22.8 

i 1 4 . 7  

+ 13.6 

Naginimam 1 1881 
I1.S. 8 

Namtiali Base ; - h 8  
I Centre S. 

772 I 1 Namtiali h e  322 
' West S. 1-1 

_ - - -- -- - 

I i 
- - -- . - 

Ron-Departmental Obervations - 
rr . 
t th 95 M , Khao K m g -  + 2.6  
-- - 1 - brig* - - - -. i i , 

777 I 0 I Base S. ~ i j b m i * ' -  + 6.3  

-.------- 

- ~- -- 
i i R  P Khao Uuang* 

779 96 K Khao pikgl6hn; --I -, BiingphaIcbie - ~ -  * ' 1 

------ 

-- 

i~ ' P i ~ a s e  N. ~ a ~ o r n  1 -  t - - 
-- -- 

+ 6.8  

- --- - - 

I 
- -. .-.. - .  -- 

i 
'in b I," Khao Srabiip' I 1 + 6 . 2  

* &.tlnced to Indian terms ( vide C)eodetic Report 193.1., Chapter IV)? bllt without 
correction fur Laplace adjl~stment. Observations are not of 1933-34. 

+ 6.7  

+ 5.3 

-- 

-------- 

-. -- 



CHAP. IV.] DEVIATION OF THE VERTICAL 

DEFLECTIONS 1933-34-( Concld. ) 

i 
EVEREST'S SPHEROID 

Name of station Deflections 2 
Meridinll 

Ilnti tude 

0 I I t  

I.4 23 24 16.5 
G 232417 .1  
A-8322 01- 22 

I G 23 24 59.87 , - 
A 23G4. i .2  
G 23 26 41.2 - 
A 23 2601.8 

Longi tride 

0 I I1  

A 86 46 36.3 
G 8 6 4 6 4 6 . 0  
3 86 38 06.06 
G 86 33 14.64 - 
A 86 1 6 0 8 . 2  
G 86 16 18.4 - - - - - . 

A 85 59 59.8 

Azimutlr 

CT 23 25 59.5 ( G Hli 00 06.7 -- 
A 29 04 52.5 ( 
(4 2 9 0 4 4 H . 7  G 6 3 0 1 4 6  - - -- - -- 

observed for 
Azimuth 

0 I It 

-- 

A 209 17 22.7 
G 2091717 .4  

A 29 04 57.4 I 

G 290443 .1  G 65OH80 Cr 1594149 .6  

A 28 54 05.7- 
(+ 28 63 46.42 G 65 06 36.28 G I77 :(9 26.7 

770 
G 2648 57.3 C 94 50 0 .9  G 44 16 " 

- 

774 

1 
CT 26 :i9 68.0 G 94 36 18.3 G 248 23 * 

_- - 
A 26 :(R 2B.4 A 2.59 :32 26. 2 Molnngyinl-! t 1'7.1 
C+ 2H8906 : j  1 G 94.31 05.9 I G  259 :32 - sen H.S.I-_ - - I - -  

- 

S i am 

'761 

- 

I 1 -  0.6 

---I -- 

I 
Pnlcho ta l~  + 3.8 

H.S. 1 

I t  

- 5.9 

--_I- + 9.5 765 
1 

73; 

Ti7 
- 
77H 
- -- 
779 
-- 
780 
- 
78 1 

- 
782 

783 
-- 

7 ~ 4  

I +  1.4  

N o ~ ~ : - M i n w s  s ign d l ~ n o t I ~ ~  N. or  5;. ,lt~flc.ction of tlrr l)lulr~b-line. 
* Not yet  available. 

~ - ~ ~ ~ ~ ~ f i . - ~ - - - - - -  
I (3 15 2H 21.9 
I A 38 93 18.5 

(3 1 3 0 9 9  
I - _ _ _  

A 12 27 38.2 
' ( 3  122'7 2R.8 1 - - 

A 9 0 0 1 6 ~ 0  
' a  9 0 0 0 i . 0  
1 TTT4- 
I G  82H; i i .O  

A 7 68 
( 7 5 H 2 1 . 1 ,  

-- - 
A 15 2:3 10.9 
(+ 15 23 04.2 - ~~m 
(3 14 53 56.4 
A -12 3.3 -Gj 1- 

-- 

G 99 04 

G 99 50 _ _  - 

G 9956  

B 9 8 1 6  -- - 

B 9 9 5 8  

G 9H36 - --- - - 

C: 100 11 

CJ 101 3.7 

. - - -  - -  - 
I + 14.2 

-- - - + H.(i 
-- I 
-- - 
+ 9 4< 

-- -- 
+ 9.0 

- 1  + 10.6 

___-- - -- 

+ 4.0 - 6.4 763 

' +  2.3 - 3.4 764 

- 5.0  

(* 1 2 3 2 L 6 . 9 I  G 10213 

-- 

- - - --- 

-- 

762 
I -I--- 

-- 

- 

+ 6.7  

- + 9.5  

- + 9.2 

--- 

- 



COMPUTING O F F I C E  AND TIDAL SECTION 

49. Summary.-The Computing Office has largely been em- 
~)loyecl on work which is described in other sections of this report, 
csp~cially tha t  in Chapters I and IV. It has also, as usual, dealt 
with a large number of small cases of which no mention can be 
made ill a n  a r ~ r ~ r ~ a l  report,. The Tidal S e c t i o ~ ~  has followed its 
u ~ u a l  routine. 

COMPUTING OFFICE 

50. Geodetic triangulation.-The gr indi~lg of the Poona ant1 
Nanltiali base extension nets (see Chapter I, paras 3 and 4) ,  with 21 
a l ~ d  18 contlition equations 1-espectively, has proviclecl experience ill a 
type of work which has not been caller1 for in India for the last 
20 years, and marly unforeseen clifficnlties resulted. Clearer rules 
have heen drafted for i~~clus ion  in the Hanclbook. 

51. Minor triangulation.-The adjustment of minor triangu- 
lation in 1/M sheet :35 has been completed, ant1 sheets 29 aild 30 
arcA ill hantl. Acljustment and cornputatio~l ill part,s of sheets 45 
nntl 54, where No. 1 Topographical Party is now worlti~~g, have 
also 1)een unilertaken. 

52. Lamber t  grid.-During the year coml~aratively litt'le pro- 
~ I ' P S S  has I)FTII made with the co~~version of tl-iangulation data 011 

thc N. FV. Frontier into terms of the Lambert grid, as the office 
has 1 ) ~ e n  busy with the computation of field work. Only 1,000 
points have been converted and 1,500 classified according to quality. 
Five grid triangulation pamphlets have 1)cjen printed, ancl four more 
a ~ w t  tn press. 

53. Publications.-The data for four Persian rlegree sheets 
have I)ec~11 compil~d. Two Persian triangulation pamphlets, one 
India11 pamphlet, ancl aclclentlum p a p s  for seven Inclian degl-pe 
ahpets have heen printed. Five Inrliall pamphlets have been 
rrl)rin t ~ l .  

An arlclendum to levelling pamphlet No. 5.3 (Delhi) has bee11 
ln-iriterl, and No. 40 (Hyclerih%d, Sind) has heen r ~ ~ ~ r i n t e d .  The 
clata of ahnut 200 miles of precise levellillg have been pri~~ter l  allrl 
issuecl as addenda to  existing pamphlpts, and three seconda1.y 
l~vrllirrg pamphlets with about GOO mile8 of data haw1 ~ I P P I I  

r q ~ r o ~ l u c ~ t l  1)y ~ C P ~ ~ ~ I I P I ' .  
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111 adtlitioll to the above, the fol lowi~~g pul~lications have been 
see11 through the press:- 

I n )  Geodetic Report 1033. 
( 6 )  Record Voluine No. XXIV. Riverain Survc!la in 

thc l'ur~jnb. 
( c )  Record Voluine No. XXV. Su~veys i l l  Nwnt ,  Chitral 

t E  Ciilgit by Lt.-Colonel C. G. Lewis, o.B.E., R.E. 

( d )  Handbook of Topography, Chapter XII, Air Nu~ve!/s. 

( I :  ) Halldbook of Topography, Chapter VII, Trc~ns~fiontier 
llcconnnissance. 

54. Chart  Section.-The Chart Sectioii has completed the 
following work :- 

( a )  Charts for 4 grid triallgulatioli pamphlets. 

( b )  1 7  charts aucl plates for Geodetic Report 1933. 
( c )  10 charts a l ~ d  plates for Geodetic Report 1934. 
( t i )  8 forms and diagrams for Handbook of Topography, 

Chapter VII. 
( e )  About 170 other miscellaneous charts and diagrams. 

TIDAL SECTION 

55. Tidal  observations.-Registrations wit'h automatic gauges 
\\ere continued by the port authorit'ies a t  Aclei~, Karachi, Bombay, 
Calcutta and Rangoon, and daylight observations 011 tide-poles were 
inade a t  RhLvnagar, Chithagong, Akyab and Chandbili. The 
Calcutta Port Collllllissioilers also started a Kent's pneumatic gauge 
at Duhlat OI I  1st April 1933. The Ceylon Survey Depart8ment 
completecl their 5-year series of observations a t  Colombo and 
T~~incromalee on 15th January 1934. The gauge at Colonlbo is still 
worltil~g under the colltrol of the port authorities, I)ut that at  
Tri~lcoinalee has been dismantled. 

A list of Indian tidal stat,ions is give11 in Geodet'ic Report, 
Volume V, pages 31 to  3;i. 

56. Inspections.-The port oficials inspected the tidal obser- 
i'ato1.y a t  I<arichi ill F~lwuary,  a t  Rangoo11 in May and a t  Bombay 
i l l  May a~kd ,July. Thp gauges have all worked e~cept~ionally well, 
thf: o u l y  brealc beillg ollr2 of a single clay a t  Boinbay. 

57. Corrections t o  predictions.-Empirical cor~.ectiolls linrv(t  
I ) ( ' ( ' I I  apldicltl to th(b pl.etlictc~tl t,ides a t  Kidtlerl~ore, Rat~goott, 
( I h i f t n ~ o l i ~  alld Ch~~nclb;ili 011 thcl same lines as those tabulatrtl 
ill ~)r(~vions rcbl)ol-ts. 

58. Tide-tables. -Thll Ticlc3-ta1)les of t,he Illtlial~ Oc.eall for 
19;; I., a11(1 th(! sel)al.a,te I )a~npl~le t s  for Bo~nbay, the H~ogl l ly  River 

R I I ~ I  th(* ~ C A I I ~ : . ~ O I ~  l i iV(*I. ,  l j e c ~ l ~  l~ rc l~ t t~*i~t l  : t ~ ~ t l  issttc~tl ;ts usual. 
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Atlv~llce ))rrclictio~~a for 1935 htsvc. been .sent oil the usual exchallgc 
I~nsis to the Hyclrographic clepclrtmelrts in Englalltl, the Ullited 
States w1(1 Japa~ i .  

The smou~i t  realizetl by the sale of tide-tables during the year 
t l t ~ t l i ~ ~ g  30th Septtmber 195-1 was Rs. 8,1.45110/-, exclusive of agents' 
culnmisuion. 

59. Accuracy of predictions.-The greatest errors recordeil 
i l l  the height of low watt.1. during 19:i:i a t  the ports mel~tionetl ill 
para .;.i arth givt111 ill Table. 1. Tables 2 to 1.1 give detailed results 
o f  c .o~~~pa~. i . ;o~  1s I)tlt wt~eli the l>retlictions alicl t,he tilncs and heights 
i~c.tually rcbcol-tlccl a t  thcsc. ports. The quality of the pi-edi~t~ions is 
thrl ,rtrlncB as i l l  ~ ~ r t v i o u s  years except for some tleteriol.ation at 
Iiitl(lc~rpo~.c~, to 11iec.t which a rcvisccl correctiol~ table has brchi~ 
i l l  t ~,o,luct~l. l'rc~tlictio~ls a t  thc 11ew pol-t of Chiillclbili are satisfac- 
t l )~ . ,~ .  : r l tho~~gh its 1.ivttrai11 charactell' prevellts its l~redictions 
i i t t i ~ i ~ ~ i r ~ g  ally high tlegi-ce! ot' accuracy. 

r 1 1 ABLE L . - C / r . ~ ~ ~ t c s t  ~I( f t : . rc ) i ( :c~  hettrleen I,r~~r2ic-tc,tl rt./1,11 ctt:t l s r r l  hei!qltts 
qj'loru r t )ntw d u r i w ~  1!135'. 

I'ort 
l'rnclictctl ! 

11ti11 11s , Date &EBIAKKS 

.\ctual I 
. - -. . . - . . -- - - . - 

i - ~ - .. - 

,l'eet , 
.\t1~11 -0..i ! Mttrc.11 12. 27. 29, 11pl. 86. 27, ' 

1 0. -5 ) I May 10. I I, dune 28. Oct. 
21 and Nov. 17. 

Kar~chi  -0 .9  Dec. 11. I 

Rhrr vnitgar - :$ .a  E'eb. 83 ant1 hag. 5 .  I 

I;omhay (,\p~>llo Eanrlar) - 1 .  i May 17. 18. 

(:olt>rnbn , . .  - 0 . 5  Way 18. June 16. .\11g. 2.5 
and Nov. 23. 

TrincomAlr~ - 1 . R  ;Oct .31  
I 

3Iadrns ... -0 .9  March 25. 

1 ' l i , ~ n , l l ~ : ~ l i  -ti.% , \ I I ~ .  ! I .  l{,ivt~r;~i~i lb~rl 

I.)111tIat - 3.4; t\11g. L. I )I P. 

l i i ~ l ~ l ~ ~ r p ~ ~ t ~ ~ ~  ( t ' : t l c ~ ~ t t ; ~  ) .,.. - : : , f ~  , .Jt~l,v 16. I I ) I ) .  

4 * I t i t  t;1;.,111g !- I 7 ; ,\priI 5 i t1141 . T I I ~ , v  2;{. : I ) I ) .  

. \ k y > ~ h  - I . l i  ,111111,  ti. 

I : ~ I I < ~ V ~ I ~  . . . + ? . : I  ,\ I I ~ .  21;. 1 I : , ~ v I - ~ ; L ~ I I  ]10~t 
i 



i~ \ritli rcgnrll to s i g n :  E, is wit ,ho, i t  regard  to sign. 
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TABLE 3.-Mean errors El* rtsld En* th~.  19.3.3. . . I 
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TABLE 4.-1Mfma errors E, * rtntl E2 * ti,?. 2.93.'1. 
B H ~ V N A G A R  

is with rcgnrtl to qign. EL i q  w i t l ~ o ~ ~ t  regard to sign. 
f Actllnl vrtlaes are tide-pole readings during daylight only. 
-'I1h@ lnrnn range of the greatest orclinnry spl,irlg-tidcs for this port is ~ n o r o  thnn 31 feet. 

MEAN ERRORS Number of 
errors exceccliur 

(Predicted - Actunl t )  
.?I, 1 . ( I  

PRRIOD 
€1: E,* 

l l ~ i l l l ~ f ~ ~  ,fWt of 

-- of time height, 
]!iKi 

H .  \V. L. W. 
Time 
-. 

-. 

I 1-15 

I t i  

I .  I 

I + 
,>..I, 

lli-2H 1 .I. 2 ; 
1 

I I 7.S 1 i 0 . 6  
I 

I - I  9. ; 10.1 

I . - \p i1  1-15 ( i -5  0 .2  

16-:lo 8.7 0 . 3  

I :  1 1;. 1 I 
1 

I \ 

0 . 2  

lli-:ll 11.2 

1 1  I s . 2  I 0,:i 

- 

:i0. I 

16.6 

1 1  0 5 8  ' 1 . 0  01 0 2 7 

11;-:j1 

s t  1 

1 - 

H.:{ I 
7.7 1 I 

0 . 9  

"".$I  1 1  1.1  
1 

+ 

0 .3  

01,t. 1-1 5 I .  0.1 

10.:1 

I.:] 

2 . 9 

Nor. 1-15 5. 1 ! 8 . 3  

0 . 0  

0.91 

1 .:I 

- 

29.9 

1 .:I 

' I . . : l  

7.1 1 0 . 2  I , . "  l.:I 0 0 0 tl 

I 

0 , o  

1 . 9  

: / I - I  

1 1 . 1  

( 1 .:I 

1.1 

0 .  I 

0 .  t i  

I 

+ 

.I , I  'i 

l 1  

I 

22.7 

0 .  0 1 
I t i  I !). 1. 2 2 6  1 

1:i.fi ~ o . $ I  15.1 1.9 

! 
I 
' 0 . 2  

- 

17.0 

O T  I"ii7.x I 2.01 0 .0  1 ,j,ly.l lll:I.21 :~.,51277.~)ll.j,.2,555~0 Izy.li1 1 I I Z Z ~ , ~ I  il-ql 
I 

- - - 

J, + 0 . j  I 11.5 ?:{.I 

0 . b )  

1.l; 

0.6 

1 / : I  

0 

( i  12  

/ +  
I 
0 . 1  

1:I.y 0.'; zz. ' i  ; 1 . O  

1 

1 . 0  

1:IX 0 5  

8.H O.$I 

- 

- 

38.9 

24.9 

.I, 7 

1 ; '  I:! 

7 51 

0 

0 

0 

I 

X.7 0 . 6  

,-I 

0 

S 

1.4. 

Oti 

20 .3  

0 

0 

0 .5  

I0 

7 

0 

21 10 

5 J :3 

1 

I 

j 
1 2 
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TABLE 5.-lMenn ewers El* and E,* ,for 1933. 
BOMBAY ( APOLLO B A N D A R )  
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TABLE 6.-flIetct~ efrroru ,!dl* und E2* jot. 1933. 
COLOMBO 
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[1934. 

TABLE 7.-Jletcrr arrors El* nt~11 E,* fi)r 1953. 
d .  

'CUINCOMALlCK 

El i u  w i t h  r p g ~ r r l  to q i q n .  F:, i 9  \ v i t h n u t  r~gard to s i g n .  
Stsrs -'I I I + ~  tnl*~Ln r.~n:r> of thr. greirtcst 1 j r d i n a r y  ~ ~ t r i n g - t i d e ,  for  this port is 2 feet. 

L'EI;IULb 

l!l.;; 

. .. 

,liLll. I -I,-) 

164; 1 

k' ( -h .  1-15 

t i - .  

31;~r .  1-15 

l f - : j l  

I -  

Iti-10 

> I . L ~  1-15 

{ti-:{( 

.I unv 1-15 

16.:;~ 

I 

16-31 

.~IIK. 1-15 

lfi-;;~ 

3ept.l-1.7 

1 ti-:(O 

! k t .  1 -1 . i  

i 

Y o v .  1-1.-1 

[ti-L!" 11.,-, 0 . 6  17.: 
' 0 .9 52.1 0.6 56.9 0.1. 16 li 
I I 

[ )+st , .  1 . 1 :I ;i I. 7 0 .6  22.y 1 / 0 .3   ti 0 . 6  3.1.6 0.5 15 11 
i 

I -  I 16. 5 1 0 . 0  t t i .0 !0 . : j  4: j .o 0 .1  171 16 ' I 

I IN~ :~~ . . ;  j li."(0.06.91k9:<ti / 1 l . ~ b t i . 6  
. - ~ - -  

MEAN ERRORS 

(Predicted - Actual) 
- -  . - - - .  

€1 E2 
- -- _ _  

H. W. L. W. 11. W. L. W. 
' ~ I I I I I .  I l e i r h t   till^^: i t  'i11.e H i .  

- - . - . . - - I I T i 1 ~  , H I .  -- - -- 

0 1 1  ;IIV, , .*  J! ,f;,e/ ~l l ; l f l~lr'r  I (  f i 1 . I  l l ~ i ~ t t l l r r  j i c r  il~iun,er /pl.t 

Nulnber or 
errors exceediug 

- 

30 0.2 
rdirrnlea fcp:  01 
of t i w e  beigllt 1 2 I $ 7 ! 7  

- - - - - 

+ - i I 
; + I -  I + 

26. ti I 
i 0 .5  3,j.Y 0 . 1  38.5 
i : 

3.k. Y I I 0.6 :JZ.ti 0 . 4  3.1.3 1 0 . 5  35.7 

37.6 0 .2  39.0 10.6 33.7 

t i . [ I  0 .3 2,5.0 , 0 .7 33.8 
! 

o.;c 

0.-k 

0 .2  

0 . 3  

23.9 ( ' 0 . 1  11.k 0 .9  32.S ( 0 . 1  28.8 

x O j 14 

12 

15 

1.1 

5 

1; 

13 

15 

3 7 . 7  ! 0.; I?.:', 
I I I 0 .5 3R.O ' 0 . 5  32 .8  10.5 

I 
11.0 1 1 0 . 5  20.6 

1 I 
37.3 ; I o..; 19.6 

I 
L - 1 ,  I ; 

I 
23 . ;{ ; 

1.1 ! , 0 . 1  19.2 

? i , , %  I 

27 

23 

29 

25 

28 

31 

IR 

l a  

12 

10 

16 

13 

1.1, 

10 

I 
1s- t i  0 . 6  26. j 0.1. 31.3 0 .6  32.1 

I 
k6.n 0 4  10.0 0.3 /X.R i 0 . 4  40.0 

i 
/ 
I 

1 

I 
1 
I 

16.1 1 
I 

4 .  I 

1 
i 

/ !  I 

; 1 3 6  1 1  0 . 5  

;I ~ 
11.,q i '  , 0 . 4  

I ,  

I i 0 . 5  

13 

25 

9 

1.1 

21 

29 

19 

0.1. 

0.3 

9 . i  

I 

0..] 

0 .  1 

0 . 1  

0 .2  

0 . 1  

0 .2  

0.4 

o.;, 

0 . 3  

O . O  

'{:.ti . iO..; 
' I  
I 

0 .3  25.3 

I 

21.9 0 . 5  

3 i . i  0 . 3  

28.4 0.8 

2g.:j ' 0 . 3  

2:j.O 0 . 2  

;y.2 

29.0 10.5 

21.0 ' 0  7 I .  
1 1 . 2  : 0 . 4  

I 
.0  1 0.5 

6 . 1  0 . 3  

IS,? o . r i  

ti2. 1 1 . 0  1.9. 1 
I 

0 .  4 

36.9 

25.2 10.1, I!> 10 25 21 

35 .8  

25.7 

2.i 7 1 )  

k2.3 i 0 . 1 .  

I 1 1  
35.1 0 . 6  

;34., l o . Y  1, 

27 

10 

7 

21 

14 

15 

48.7 

;jj.$) 

25.7 

0.9 

0 . g  

o.:j 

lr 

21 

15 

11 

18 

R 

15 

: )6  1 :0.:1 

:).$. O.:i 

41.9 s 0.5 

12 

15 

25 

29 

18 
I 

22' 

20 

1:i 

!I 

7 

18 

17 

15 

19 

17 

'-'I 
I 

I:' 



Ohscrvntnry closcrl froni 1st Srl,tclnhrr 19:R 
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TABLE 8 .-Mean ewers E,* nn,d .E2* a for .I .9.33. 
BIADR.AS 

is w i t h  regard t o  s i g n  : E2 is without rcgard to s ign .  -- 

PERIOD 

19x3 

.- 

Jnn. 1-15 

1 :  

Fcb. 1-15 

16-2H 

Mar, 1-15 

16-31 

p i -  

16-30 

JIny1-15 

MEAN ERRORS Numher of 
errors exceedi~~v 

( Predicted- Ac,tiial) 
- 30 0-4 

El E2* 
minutes ert of 
of time leight 

H. W. I.. W. 
Time Height Time I .- --- 

n t i n w t r i  11 fert 

+ l -  
-I..2 

.Tnnc 1-1 5 1,. 5, 0.3  8 .2  

16-40 4, .  9 0.4. 6.1 

1 - 1 5  7.1 1 0 . 3  7.2 

+ -  

! 
I 

j 
I ' 
I 

,; . 0  

9.2 

3 .0  

9.7 

.;. 4 

3.0 

I 

i 
I 

16-31 11.0 1 I 
I 

16-31 1.1 j 

~ - . - 

1 .:I 

Ili-30 

act. 1.1; 

16-31 

Nov, 1-15 

1r;-:30 

nw. 1.1:) 

16.3 1 

Tfn.4r.r 
-- 

0 . 0  

0.4q 

0 .3  

0 .6  

@ 5  

0 .6  

0 .4  

0 .3  

0 .4  

0.4, 

0 .3  

0.2 

0 .2  

0.1 

0.3 

0,:I 

S ~ p t .  1-16 

0.5 

0 . 5  

0 . 2 l 0 . 0  

5 .7  

1.3 

+ 4 .  5 

;$;I l . , ; ,  i ( i .2 
- -  . ~_ . 

- - - 

+ 
0.7 

1 .5  

0 . 0  

4 . 4  1 
I 

7.2 

3 . 3  

7 .8  

5.1 

3 .3  

7.5 0 . 6  
I 

ti.4. 0 . : 1  

t i .5 0 . 4  

8 .0  O.:i 

1 1 , 5 / 0 , 2  

6 . 3  l 0 . i  
I 

4 , . 5 0 . 5  

71.H 1 I I d , . r ,  111.6 6 . 3  
- 

. - -- . -- 

- 

7.0  

5 . 6  

5.5  

i . . t .  

10.9 

7.0 

l 7  
-p---------- 

I + ' -  
. 0 . 0  
I 

10.3 

i0.B 

0.4, 

0.3 

0.2 

0 .2  

0.1 

0 . I  

0.3 

5.0 

6.4, 

7.0  

0.--) 

0 .3  

0 .2  

0 . 1  

0 

0 

2 i  

10 

5 

5 

1 

17 

21 

0 

O 

4 , , H  

10.3 

1.1- 

H 

6 

1 

0 

9 

5 

-- - 

0.1  

0 .3  

0 . 3  

0.1 

0.-1. 

0 .3  

0 1  0 

0 1 0 
I 

2 2 

6.1 

5.G 

5.44 

- . 

0 

0 

0 

O , ( i  

0.4. 

0 

0 

- 

0 

12 

9 

O 

0 

0 

6 .9  0 . 3  

4 . 7  10.3 
I 

0 

0 

0 

6 

5 

3.1 

9 .1  

8 . 2  

5 . 5  

0.5  

0.:) 

0 .2  

0 .2  

0 

o 

25 

f i  

0 

o 

0 

0 

21 

4 

1 

2 

0 

0 

0 

0 
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' E, is with royarll trr sign. E .  is nithoiit  r ~ g n r d  to  ~ i z n .  
+ Ar.trr:~l P R I I I W  t i ~ l ~ - p r ~ I + ~  ~ . r m l i n ~ s  (Illring llnvlieht r~nlv. 

~ m m : - ~ ' r d i r t i n n ~  rrrr nut publighpd in the 1 ~ 3  Ti,le-Tab!es. They hare  hepn inclllnen 
ln law. 

TABLE 9.-Men?& a.rr0r.v B,* n??.r7 E*,* for 19,3,3, . , 

( c ~ A ~ n s d r , r  ) 

MEAN ERRORS Nlunber of 
errom exceedinn 

(Predicted -Actne l t )  - ~ 

- 30 1-0 
PERIOD 

El' 
mfllults feet ,,I 

E,* of time Irdal~t 
Im - 

H. W. I,. W. H. W. 

- - . -- 

.J;ln. 1-1: 

I ti-:< I 

F1.h. 1-15 

16-2s 

l iar .  1-15 

16-31 

.\pril  1-1: 

16-:lo 

1 1 3 ~  1-15 

16-31 

.Tnnr 1-15 

1 - 3  

.rills 1-15 

16-31 

.\ny. 1-13 

16-21 

s , . ~ t .  1-1:) 

16-313 

C ,  1 - 1 :  

1 ti-:?I 

SVIV.  1 .I:, 

1 t;-:lo 

 TIC^^. 1-15 

I&:? I 

I ) . r t r , r  9 %  :I ; . 2 . 7  ;,,.I '1 I , n i 9 , h  J l l ; n  ;n,..o 1 > q l i 2  l.ilk2 ti" 

A I - 1 9  , - 0 . 3  1 -29.7 1 ) 2 ) .  ( I 9 1  1 
1 I 

+ 
I I 

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

.\ctllnl v n h ~ ~ ~  arP only nvn i lnh l~  fronl tho 1st  April 1R:l:j. 

e 

-- 
1 

28.1 0 . 2  

26.1 0 .  1 

19.0 0 . 5  

1H.2 0 . 6  

3 .  E 1 . 1  

- - 
. , ' . I  0 . 3  

12' 1 0.7 

26,:l 0 .  H 

2 2 . 9  1 . 2  

.;..i 0 . i  

1 2 . 5  o . n 

10 .0  0 . 0  

:I..-) 0 .7  

2 ,  I 0 . 2  

I l . .-I 0 . :I 

23.2 n . 2  

17- 1 0 . 2  

Iti .8 0 . .i 

1 1 

0 0 

2 .  0 

'I- 0 

9 2 

2 2 

0 0 

fi 15 

10:1: 

2 ,  :I 

0 

0 7 

:I 5 

5 

0 ; 0 2  

( 1  

o n  

' ' 

- 

I' I 
nu.; 0.; 

3.k. .I. , a.  5 

'rti.3 o . , ~ .  

&i.T, 0 . 1  

1 0 . 0  0 .1  

20.7 (j. 1 

2ti.9 0 .  1 

20.9 11.1 

2.; . & . I  

.;3.ti , 0.t; 

3 t . 2  0 . 2  

33.7 1 .1  

1.0 . :I 0 .  ?I. 

4.2. 5 0. 6 

:IO.R 0.t;  

26.G 0 . 3  

27.7 0.:3 

2 5 . 4  0 . 1  

_ -  

n 1 . s  

26.1 0 . 3  

19.0 0 .1 ;  

1H.2 0. t ;  

1 . 5  ' 1 1 

$1.9 0.H 

90.7 0 . j  

; I O . ~  0 . 0  

" i .2  1.2 

21..$, o; 

I!.#..; 0.: 

12.2 0 . 2  

~ , ; , j  i 0.'; 

1 .; . :{ (1 . :I 

11 . A  , 0 .  1. 

la.:, , o , ;  

1 5 1 . 1 ,  ().:I 

z ( ) , j  0 . ;  

- _ 

5 1 . 0  0 . 5  

: j . l . . l .  o.,; 

:lo.? . o . r  
I 

2li.l O . : j  
I 

I 3 

21.2 10 .4  

"7.0 ( ) . t i  

.?H.$) :{.I 
I 

z : ~ . ~ ) ( . l . l  
I 

s,-~.% 0.7  

::u.H (1 .5  

, l o . j  ! 1 . 1  
i 

1.1 , j l 0 . s  

42. ,; ! 0 .  9 

:10.!1 0 . 7  

26.1; , ) : I  

28.1 0-1- 

28.f;  0 .1  

I , !  h 12 

.; 10 

1 i 

(1 8 

1 1 

0 '  1. 

:I 5 

8 9 

5 :  :j 

6 1:) 

:I '  9 

2 ~ 1 0  

:I ' !I 

0 1 :I 

: I  1 

I ;  

3 1 ;  
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TABLE lO.-iI!!cc~~1 errors E,* and &*,for 1933. 
1)UULAT 

* I':, is w i t h  rc.g;trd to  sigll: K2  is without regard to  sign. 
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TABLE 11.-il'leau er-rurs El* ctut l  B2* ,/'ur 1955. 
KIDDlCKlWKb: ( CALCUTTA ) 

' E, i~ with r c g d  to sign: E, is \ v i t l l o t ~ t  1.cgi~1.d t u  sign. 
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TABLE 12.-iMcco~ ewers El* ar~d E,* .f ir  1953. 
CHITTAOOKG 

is with regard to sign : is wilhont regard to sign. 
t Actual values are tide-pole rcitdings c l ~ ~ r i n g  claylight only. 



El  i q  with rr.<,r;rrrl to sign : E, i q  without regs~*cl to sign. 
t . i c t ~ ~ . r l  vnlues .rle tide-polo reading9 during dtryligl~t only. 
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TABLE 14.-Men?z errom El* ngrd I??* for  19.33, 
RANGOON 

i s  wit11 l.egnl.d t ~  qig11 : 1':> i q . w i t l l o ~ ~ t  ~.cgnl.d to sign. 



THE INTERNATIONAL LONGITUDE PROJECT 

nr- ('APTAIN Ci.  BOMFORD, R.E. 

60. Summary.-The Debra Diin observatory took part in the 
111tel.na tional Lo~igitude Project of October and November 1033, 
with ~ O L I I -  011se~vers tak i~ ig  tiir11s 011 three different types of transit, 
tcblescol)e. The results from all observatories taking part are 
1 bei~ig- collcbcte(1 a1 ~d recluced by the Bilreau Interl~at,ional de I'heurc 
at  Pal-is, 1)ilt a l~rovisional value for the longitucle of Dehra Dfin has 
1 1 ~ ~ 1 1  obtained usillg the Bulletin Horaire "temps definitive" for the 
times of emission of the wireless signals. The result, which is 
unlikely to differ 1)y more than 0'.01 01- Oq.08 from the final 
value, is 5" 12"' 11'. 78 + - OU.0.3. 

The high prol>ahle error results from the use of three rlifferel~t, 
instruments. 011 each i~istrilment the four observers agreed 
with each other well, hut t h ~  three. instruments show systematic 
cliffe1-ences. 

This v a l u ~  of 11'. 78 agrees fail-ly well with 11% 75* obtained 
ill 1 !)8f;, and very well with 11'.  77,  the electro-telegraphic valuc 
of 189.1-96. Tt is prohably Iie.arel. the truth than it,s probsbl~ 
tbl.rr)r st~qgests. 

61. Equipment.-Thp threcl ti-ailsit tel~scopes are:- 

( ( ( )  The motor tlaansit. A reve~.sihle instl-ument of 
:&-i~~ch apc31-tui-P a11t1 ::Ci-i~~ch focal le~lgth, matle by TI-ought011 
k Silnms ill 1894. It has prcviousIy 1)~eil k~lown as the North 
T ~ s a ~ ~ s i t .  Tt has a self-registeri~ig ~ n o v i ~ ~ g  wire mic~-ornetel., 
~vhic.l~ has ~ * e c e n t l ~  bee11 6ttrtl with all electric cl~.iv(~ (sf'(' 
(:eotletic Report 11-1.3.3, page 43 slid Plate XVT). 

( 1 1 )  The shutter t~.ansit. Tdentical with the rnotol. 
t~xlisit ,  r>xcel>t that, instead of the moving wire micrometel. 
a114 r I f~c t~*ic  ( 1 l . i ~ ~  it is fitted with Dl'. de Cii-aaff H l l ~ l t ~ l " ~  1 1 ~  

1novi11~ shutter, which is l,riefly ( l c s ~ ~ ~ i I ~ e ( l  ill G(\orletic Rel~)l't 
Vo1. VTIT, page 7. 

( f . 1  Thc beirt transit. A r~ve~.sil)le i n s t r ~ r m e ~ ~ t  of s i-illch 
nl,t~14i11.e n11c1 SO-inch focal lellgth. ~natle by T~.oughtoll 8~ 
Simmv in 1907. Tt has pl-evic,uslg 1we11 Itnow11 as thc Soutll 
T~.ar~si t .  Tt has a hanrl-rl1.ive11 moviny wire mic~.olnd(~l.. 

Given : l q  11' 79 in CSrorlptir Report Vo1. TI[. hut rc-rlllcf'll 1 1 '  
(+c.oiletic Relwl~,t Iq:j:l : ~ f t t b r  ~,rh-rr.;trlin~ thit c-llr~,nc,yr.:~l,l~ shr~bts .  
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Of the above, ( ( 1 )  and ( b )  were used (with fixed wires) for 
the electro-telegral~liic longitude of 3894-9(i, and ( c )  al1~1 ( 0 )  

(without electric drive) \\.ere used ill the i l~teri~ational project of 
1926. On all three occasions these transits were set up 011 the 
same ineridiail withill 150 feet of each other. 

The wireless receiver used was a Marconi IC. I?. 11 with all 
80-foot vertical aerial, but without the p h a s i ~ ~ g  unit. Autoi~latic 
registration was 11ot eml~loyecl. 

The observatory clock is Shortt No. 34, with Riefler No. 450 
as secoiltl clock. Both work a t  a coi~trolled teinperature of 80' F. 

62. Programme.-The four observers were Mr. B. L. Cfulatee, 
~ I . A . ,  Mr. R. B. Mathula, D.A., Mr. H. C. Bal~erjea, LA., and Coinputer 
J. B. Mathur. Except for Sulldays and four wet nights, two of 
the three i~lstruinel~ts were ill use each liight froin 211d Octol~er to 
25th Noveinber *. 

The ilightly 1>rogr;Linmc3 of each instrument col~sisted of ten 
time stars within 10" of  thc zenith and two aximut,h stars, and 
observations gene1.allr este~lded froill i to  10 p.m. All stars were 
observed in both l)ositioi~s of the i i ~ s t ~ - u i n ~ n t ,  a l ~ d  the. bubble was 
1-eac1 1)efoi-e and after each s tac  Ohservatio~~s for the lost inotioi~ 
of the screw were made, but were i l ~ c o l ~ s i s t e ~ ~ t  ant1 have bee11 
igl~orecl. It was in any case ton sinall to e x p l a i ~ ~  the cliflerei~ce 
between the bent t ramit  anrl the other two. No special observa- 
tioils were inadc for irrcag~llarit~y of the ci~.cular pivots (transit axis 
bearings), but ill aclditioll to computiag the lol~gitutle with all the 
stars ohs~rved, it has been coinputed using ti111e stars within 3" of 
the zenith 0 1 1 1 ~ .  Such stars are comparatively free from pivot 
error, ant1 the agreement lxtween the two solutio~is (see pat-a 6 3 )  
shows that 110 serious pivot error was preselit. 

No special observations for persolla1 equation \vel.e made. I t  
was hoped that t8he twelvcl different coinbi~latiol~s of observer ailcl 
instrument woultl thoroughly eliiniilate it,. 

0 1 1  the average, eight of' the tell time stars were taliell fro111 
the list circulated in the U u l l r t i ~ ~  C$eodesique No. 38, of which one 
was geiterally from the equatorial list. I n  the case of the equatorial 
stars the 10" limit of zenith distance was inti-easecl to 15'. 

The followiug (ivr wireless signals were received daily, except 
011 Suildays : 

( a )  Bordeaux 8 : 0 1 G .M.T. 
( A )  Rugl~y 0:55 ,, 
( c )  Saigoi~ 1 1  :00  ,, (from 9th Oct.) 
( ( 1 )  Rug11y 17:55 ,, 
( (1 )  Saigon 19 :00 ,, 

The i t \~thotl  of 1.cwel)tiolt was tlic "c?xt,it~atio~t ~nrthocl", which 
i~ cot~sidor(~d to I ) ( &  ~ t l o r ~  f ' r ~ ~ l  fl.oln systematic crroi- thalt at~toinatic 
rrgistratiott. Four or tivc coiucid(~~~ces wchl.cJ ge~lcrally observed. 

-- - -- - 

* O l ~ ~ o r v n t i c ~ n ~  wc.l-cJ cont11111c~t1 11nti1 :jot11 Nov~~nbrir, but 1111 the ] :~s t  f r t r  t1r1.v~ 
he \c ~relnss sign;b]s wercb ~.r.ccivcd Ity cc~n~p:~rison 1viL11 n. po~.tt~l)lr ~lhroi~nn~eter in 

?rPl'nr;ttion for worl, ill tlro fic~lcl. 1 11,) res111Ls weru not s;~tisf;totory ant1 have been 
Ignored. 

0 
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63. Computation of the longitude.-Ilnlneiliately 011 corn- 
pletioll of the observatioils, trhe clock eiS1.or accortli~~g to each star 
observed, and the clock t.ime of reception of each wireless sigllal, 
was setit to t'he Bureau de I'heure a t  Paris, 1 ) ~ -  who~rl the results of 
all observatories are being co-orclii~ated. Table i- sulnlnarixes these 
figures. The lo~lgitude of Dehra D i ~ n  has, however, been obtained 
with allnost complete finality by accep t i~~g  the Bulletill Horaire, 
" temps cletiiritive " for the Rugby a l i~ l  Bortleaux sigilals, and 
iliscussio~r of the performance of the i i~stru~neilt~s ilecd iiot be 
postpoiietl until the publicatioii of the finally co-ortliiiatecl results. 
The Saigoil signals have not beell emplojetl, as their einissio~~ is 
co~lsidernt)ly less regular thau the other two, atid all cor~ections 
are not yet available. 

Plate XXVI shows the cbrror of the Shortt  clocli ;~vcor~li~ig t u  
the observatioiis of the three traiisits. The smoot,l~t~tl curves give 
the values which have beell accept'ed. 

Table 1 gives meall values of the longitucle acoorcling to clifl'erer~t 
observers and iiistruments, as cleducecl from the t11rc.c 1Zugl)y and 
Borcleaux signals. Each entry is the ineail of 4 to Ci clays' work 
except those with ail asterisk which a re  10 to  12 clays'. Thr velocity 
of propagatiol~ has been takeii as 186,000 miles pel' seconcl. The 
correction to the time of einissiol~ has been the ineall of the 
definitive corrections to the first and last signals, siirce the 4 or 5 
cni~lcidellce sigiials with which comparisol~ was actually made are 
evenly spaced throughout the 306 dots of each wireless signal. Star 
places have mostly been taken from the Nautical Alinalrac ail11 
American Ephemeris. Short periocl terms have bee11 included. 

Tables 2 anel 3 give mean result,s by each wireless sigl~al and 
each instrument. In  these tables t,he results are give11 ( (I ) using all 
the stars observed ancl ( b )  using only those time stains which are 
within So of the zenith. 

The most striking table is tthat which shows t,he mean 1)~' 
different instruments, which ehows up the weakness of the result. 
The other tables wrongly suggest a high stanclard of accuracy. 
The accepta~lce of only close zenith stars slightly illcreases the 
discrepancies, ancl the mean of all stars gives the l~esult which is 
accepted, viz :-5" 12" 11'. $8. 

oh serve^. Yntor I Shutter 1 Bent 1 Mean 

- ~- 
I 11 vn Y 

I . .  5 12 . *  
R.H.M.  11.86 
1I.C.B. ~ 11.86 
.I.B.JI. 11.30 

I 
I 

NOT~:-E'O~ this table all t11r.e R,llghy ;Lntl Hr,rrle;tl~x w i r e l , ~ s ~  si,nn;~ls have bre'l 
l l 8 ~ d  and all time !tars. E;;cch observer did weeli ~ ~ ~ l l  instl.ulrlr.n~, except 
that an asterisk ( + )  denotes l ~ v o  weokg. 

- . _ _~ ~. 

llssa 
4 

11.76 
ll.'i!4 
11.82* 
11.X" 

11.72% 
t i  
11.72 

11.79 
11.78 
11.76 - 





The performance of Dr. Hunter's llew shutter transit has been 
very srttisfactoi-y. Plate XXVI shows that it was the most steacly of 
the t h r c ~  ill giving slnall departures from a smooth clock rate, and 
thr  mean value of the longitntlcl derived fro111 i t  is probably nearer 
the truth than that obtained &om t'hcl other two. Four different, 
observers have agreecl within a range of W.05 which is quite 
satisfactory. althougl~ it lnust be noted tha t  tht. ot8her instruments 
havt. tlouth no w o r s ~ ,  so that  this is no proof of the absellce of 
a~steinatic ri-mi-. I t  appears that a final proof of the excellence of 
the new type of i~ ls t rumel~t  mill not be nvailablr until two or three, 
set up toqt'ther, ~ivth nccc,r(lmlt ~.esults. Dr. Hunter who is now in 
F:~~~lalit l .  is ~ n a k i i i ~  a11 imp~*ovtvl moclel, ~ L I I C ~  ~vho i~  this is rpceivptl 
: ~ t  Dt~ht.a i t  will 1)r possil>le to compare it with the existing one. 

65. T h e  longitude of Dehra  Dun.-The figures l l C 7 7  in 
lS!)-C, 11 '. 7.i ill 1926 a i d  11% 78 in 1 !):;:I suggest no pl.ogressive 
chanqe. Xol- woultl it he suggclstecl if the bent transit in 19:N was 
~*ej~c te t l ,  alltl the 1 !I33 value increas~cl to 1 1 .82. It is accorrlinglj 
co~lrlurletl that the clifferrnc~s a1.e rlue solely to instrum~ntal talBl.(ll.. 

an11 that the 1 S ! ) 1  value of  l lb -  i i  is still \vrIl nl)l)lical)l~. 
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OBSERVATORIES 

66. Standards of length.-The ineasure~iieilt of thv t,hree 
I~ases described in Chapter I completes the programme of new 1)ases 
started ill 1930. Durilig the year the ilivar wires were compared 
with the 4-metre invar bar 011 fom. occasions, and the 4-metre bar 
has bee11 re-compared with the l-metre nickel and silica sta~idards. 
The wires have show11 a satisfactory degree of stability, having 
al~])are~lt~ly settlecl (low11 after the large changes of 1931-33. The 
sta~~darclixatiou of the 4-nietro bal- also agrees well wit11 that of 
19:30. Details of the observatiol~s are given below. The observers 
wc.1.e Captain G. Bolnforcl and Mr. B. L. Gulatee. The N. P. L. 
ccrtifiaates of the standard bars are give11 in Geodetic Report 
Vol. VII, page 11, a i d  the coefficients of exl~a~lsion of the invar 
wires, as determined in Inclia, are in Geodetic Report 1083, 
page ;i9. 

Reputed length of nickel = lin + 0 - 3056mm 
Reputecl length of silica = l in-0.0240 

.'. Reputed silica mintu,s nickel = -0.3296 
Observed silica minus llicltel = -0.3294 
Discrepancy - - 0.0002 

1 1  lhtb tliscrepancy of 0 . 2  ill 10" is satiufact,ol.y, but must hu 

l'(hxarded as fol-tu~ late. By the " repnbed Iengt h " is inealit the? 
I('l1gth a t  t h ~  t,ein~~erat,ul~c of obsc?rvatioi~, accortling to the 1031 
N .  1'. L. cel.t,iticates. 



112 GEODETIC REPORT 

lteputed Icll~gth of ilicliel = l m  + 0 .  SO871nm 
Obsel.vet1 i ~ ~ v a ~ .  rtr i r r  11s ~~ic l t e l  = - 0 2.5O;i 

.'. length of iiivar a t  5:;" 3.5 =lm+O.O.i8l. 
alltl length of i l~var  a t  24,'. :; = l m + 0 . 0 5 9 8  

2 l". 3 C is t,he comlnoll temperat1u.e to which the four sepalsate 
sectiol~s are 1.etlucecl. 

S ~ ~ c . o ) r ~ l  m.atr.6, ( I to 2 )  of inijnr. bar. 

1 I I 

Repdecl length of nickel = l m  + 0 a 30621niii 
Observer1 invar n ~ i n u x  nicliel = - 0.2565 

.'. length of invar a t  28'. 17 = lln+O.0407 
a~lcl Ieligth of i~lvar at, 2 4 O . 3  = l m  + 0.0512 
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Third metre ( 2  to 3 )  of invnr bar. 

Date / Temperature I G.B. I B.L.G. 

Reputed length of nickel = l m  + 0 - 269lmin 
Observed invar minus nickel = -0.2399 .'. length of iilvar a t  21'. 86 = l m  +0.0492 

and length of illvar a t  24:. 3 = l m  + 0.0526 

Reputed length of nickel = lin + 0 -  2843111111 
Observed iilvar milbus ilickel = -0.3881 

.'. length of invar a t  21'. 43 = 1111 + 0.0559 
and length of invar a t  24O.3 = lin tU .0599  

Combining the four sectioils of the invar bar gives the total .) L) .> r Ien,nt,h of the bar ( 11nros plugs ) as 4i11+0.~-aornrn a t  34O.S C 
aocortliilg to comparisoi~ with the ~iickel. 

B.L.G. Date / Temperature G.B. 

5-4-34 ... 1 TI =21°.4'd 
TN =41°.4,1 

Mean 

-0.22ti31nni -0~22SOm1n 
2397 .2300 

.2299 a296 

.a277 

.229R - 2282 

.2281 

.2275 --- 
-0.2284 

.2259 

.2292 

.a274 
-2286 
.2281 

-0.2283 
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Repiltecl lt111gt.h of silica = 1111 -0-0241mm 
011sel.vecl i ~ ~ v a i -  ~ L ~ ) L U S  silica = + 0 . 0 7 7 9  

.'. length of i11va1- at 92'. 88 = 1111 +Om0531 
aucl lei~gth of i i~var a t  '3 3 = l m  +O.05.56 

Reputed length of silica = 1111 - 0  028.im1n 
Observed i~lvar rr~,inrcs silica = t 0 0 7 5 8  

.'. length of inval. a t  24". 1 7  = lln + C) 052:i 
allti l e ~ ~ f i t h  o f  invar a t  24" . :3 = l m  + 0 . 0 3 2 4  

1)att- / Trli~peri~t~lrta 1 G.H. I H.L.B. 

13-4434 TI =24'. 17 t O.Oi;Jtitnu~ t O.Oi4811llll 1 'I's = 2 4 I t i  0'773 1 0786 
-0745 

1 .O763 
I I ,0748 

I .07cil 
I I ,0746 

,0752 
,0749 
0760 

.0752 

.07Sl 
I , ,0775 1 .077:3 

-- 
Mean I + O 0735 '-I-O.O'iROP 
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Reputed length of silica = I111 -0.0285mm 
Observecl invar minws silica = + 0.0738 

:. length of invar a t  24'. 10 = 11n + 0.050:; 
a l ~ d  lengt,h of invar a t  24'.:1 -- l m  + 0 - 0.504 

1~'ouvfh metre ( 3 to 4 ) ?f iv~aar h n ~ .  

Reputed l ~ n g t h  of silica = I m -0.02:3Pnl1n 
Observed i~lval. n ~ i n u s  silica = + 0.084(i 

.'. Ielig-th of invar a t  23'.(i7 = 1111 + 0.0608 
alld l(-~iigt,h of invar a t  24'. 3 = Im + O . O 6 l T  

Coml)irling t'hc four sections of the i n r a ~ .  bar gives the total 
Ir11gth of the bar as 4m t 0 .  .320:3in1n a t  24'. 3 C according to compa- 
rison wit,h t h ~  silica. This ]nay be comparc~l with 4m + 0 2235mm 
ohtainecl fl-o~n the 11ic.1~11 ( sull-para 11). The d i sc r~pa l~cy  is 0 .  8 i ~ r  
10" which is satisfactory. The meall is accepkd, ancl gives 

4111 +0.2!?191l1111 nt 24".%(: in 1934 

for t'ht) length of' the 4-in invar bar (baros plugs). The 1!):30 
valu~ was 4in + 0.2158mm (Geoc1et)ic Report Vol. VIZ, page I f  ), 
so the growth has I~een 0 . 4  ill 1 0 " ~  year, about the same 1-atc2 
as b~tweeii 191 4 and 1930. Rut see snh-pam d.  

( tl ) 4.111 Invnr. Edge. TB ) t ~ i i ~ ~ c s  llnros p111gs.- 

(:e~~clral meal1 13 nr l ' t lu~ Bares = - 0.00:351n1n 
.'. 1e11gt~h of E d g ~  El a t  24O.:5 = 4m +0.2184inin 

ant1 :tt 28".OC (1-equired below) i t  i~ 4111 +0.239fiinn1 



llci GEODETIC REPORT [1934. 

This figure of - 0 - 0035mm must be compared with + 0 .  0008mm 
found in 1930. The discrepancy is 1 - 1 in lo", which is not vel-y 
~erious,  but is surprisingly large, as  the observatioil is an easy one. 
Assuming the observations t)o be correct, Edge R has grow11 by 
only 0.001 6n1m since 1930, compared wit'h 0 0061mm which is 
the growth show11 by bhe barns plugs. The tliEerence between 
Edges A and B in 1934 is nearly the same as i t  was in 1930 
(see sub-para e )  so i t  appears that  t.he centre of t'he bar has grown 
by 0 - 4  ill 10G per year, while the eclges have only grown by 0 .1  in 
1 0 6  per year. This may not really be t,he case, but the observations 
itre accepted, ant1 the length of Edge B is take11 as 

4111 + 0.2H!).itt1111 nt SHo.O(! iit 1!)30. 

Whet1 cleclucing the lengths of the 24-inctre wires from 
ol~eervatioiis inacle in 1932 and 1933, allowance was made for the 
probable g,rowth of the 4-meti-e i r~var  bar a t  the rate of 0 . 5  i11 10" 
per year touncl bet ween 1914 ancl 19:30. As, ill fact, the edges of 
the har (which have bee11 usetl on the 24-metre comparator) have 
prowl1 less t-hail this, the figures given for the Iengt'h of the wires 
in Geodebtic Report 1!);33, pages 48 arid 49, require to be redwed 
by 0. .i in 10" or 0.01 2mm. S~na l l  changes ~.esult  in the lengths 
of tho hase-lii~es measuretl i 1 ! -  These are give11 in  
Chapter I of this report, para 6. 

General mean B rnin?~.~ A = + 0 . O032mm 

n i ~ t ~  I G.R.  I R L.G. 
- - - - - I _  - 

19-,I.-:( 1 + 0 00H7111nl + 0 0092111111 
- 0021 - .0005 

"0-  I.-:! I .0002 + .00v2 

(lo~npare 1930 value of + 0 - 0038 

( I) 4-111 nickel-~teel s r i ~ t l l a  4-111 invnl-.-Th~ Survey nf  Intlia 1)0SflegS 
n  licke el-steel 4-metre bar of r~putetlly stable compnsitioll, aild coin- 

paris011 of the 4-metre invar bar wit,h i t  is much less Iahorious t h ~ l l  
a comparison with the I -metre bars. To eiial,]e 1.r-stni~tlal~tl ixatior' 
of thp invar har to be easilg carrietl out if requirch(l i l l  the ileal' 

flltolsr. c~inpa~.isons have heell mmle i,r>tw~rll it aii(1 t h ~  i l ivk*l -~ t~~I  
I)nt. au l ~ l o w  :- 

+ .002!i 
+ OO9H 
- .OOOti 
---- 
+ 0.003'7 

23-4-34 / +  .002Y 
1 + .0097 

Mean 

+ ,0025 
- 
+ 0.0028 
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Reputed lengt'h of iiivm-* = 4in+0.2273mm 
Observed 11 icke1-s t~ l  m i m s  invar = +0.5326  

.'. lengt,h of nickel-steel a t  25'- 21 = 41n + 0.7599min 
Reputed Ieiigt,h of 11icke1-steel ( I  91 4 )  = 4m $- 0 . 7 7 0  mm. 

Temperature I U.B. 1 R.L.R. 

It t,hei.efo~.c. npl~eai-s t,hat t,he niclcel-steel bar has decreased 1,y 

0.01 mill, o r  2 . 5  ill 10". s i~lce  1!)14<. 

.. . - -. - 

24-1 -31 .. 

The N.P.L. c~~.titic.atcb of  t h ~  nic.1~~1-steel ha13 (I)aros l~l i igs)  in 
1914 was :- 

( q ) ~,pllgtll, 0(. 24.111 \\ il-p$.- T)llrilig t h ~  W ~ I I ~ P I '  1 !):1:3-34 t,he 
six i ~ ~ v a r  wires w ~ r c  hulig 011 the coinpnl.atoi- 011 t\vo different days 
~ I I  four occasions, : L I I ~  the 4-metre invar bar was stepl~ed along the 
comparator before aiicl afttbr each co~nparison. Plate XXVII ehows 
the i ~ s u l t i ~ ~ g  I e ~ i g t l ~ s  of the  coinpamtor. The values given depentl 011 

t'he fillally determin~t l  length of the  4-metre 1,ai.. The invar tape 
which constitutes the  coinparator base shows a. l.at,l~ei. considera1,le 
i~~cr rase  of length hetween Noveinbei. 1983 ai~cl J a ~ ~ u a r y  1!)34, 1)ut 
has otherwise 1-emrtiliet1 stearlj. 

I I I 

- .- 
I 

T a h l ~  1 ( page 1 2 2  ) gives details of t,he cnmpariso~is of t . h ~  wiivs, 
which arta summariz~cl below:- 

?', =25".25 ' +  0.5314mrn 
'l',a = 25'. 21 1 .5299 

i M i 1 l i ~ 1 ~ c h . e ~  i 9 1 .  PXCPSS ?f :?# rnrlr*es cit % H O P .  

+ 0.53141n1n 
5272 

I 5362  1 :.5:5 
.5336 I - -- - - -- I - 

Mean 1 + 0.5328 ( + 0.5325 

A  bas^ i~ i TSn,lncl~ist;iii was ~ n o a s n n d  I)etwe~11 t,ht. first ancl 
4f1~(11 ld of the R ~ O V P  sta I I  tlal.dizat,ions, one ileal. Poonn lwtwern thch 
~ e ~ o n t l  aild t,hii-(1, alitl o ~ ~ c  ill Assa~n h ~ t w e e n  the thin1 ant1 fnni.tlr. 
W i r ~ s  24;1 ailrl 253 wcq.(l nsebtl as f i ~ l t l  sta~ltl:t~.ds. The wirrs have 

- -. - - - - 

" A3 determined in 1934 f~ on1 nickel and silica inetres. 

2 * 
,2 2 
an 

k 8 .S 
g. 
21°C 
14°C 
19°C 
20°C 

I Wire No. 1 . - . . - - -- -- . . -- - . - . -- - -. n n t ~  I 243 I 244 24'7 21,R 1 PI9 1 252 
I 

. - ~ . -  

+3.07  
+ 3 . 0 7  
+:i.Ofi 
+3 .08  

+l . t i , l .  
+l.ti.7 
+l . t iO 
+ I .5X 

+ 1 . 7 2  
+ 1.74 
+1.'72 
+ I . $ . &  

-- -- 

'7&8-11-:+3 ... 
k 1 0 1 -  . . .  

t i - - 4  . . .  
1 0 . . .  

+4.0( i  
+I,.Oli 
+:{.99 
+ b.02 

-- - -. 

-0 .17  
-0 .11  
- 0 . 1 6  
-0. 15 

-2.:30 
-2 .35  
-2 .$1  
-2,:IS 
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111ailltailled their lengths fairly lvell, although significant challges 
have occurred. At' each base a t  least wires have heen free from 
sigi~ificant change, and the claily comparisons in the fielcl have 
satisfactorily located t'he times of the changes ill the others. 

(11) Rcn 24.111 wil*cs.-Two new mires were received in 
Marc11 1934, with certificates from the Bureau Iilternatiollal at  
r e .  They were received too late for use ill the field, but were 
ii~clucletl with the other wires in the March stanclarclization. See 
Table 1. The lengths founcl for them (re(1uced to 15OC) weye 
2 Em + O.8Omm and 2 41n + 0 - i7mm, which compare well with 
2 km 0 i l m m  ai~rl 24.m + 0 i6mm give11 by their certificates. 

mcla11 clisci-rpancy is 0 G i11 1 0 "  which provicles a satisfactory 
c.lircl< oil t h ~  Irngths of oul. stnntlards, ancl on the stepping-up from 
olte metre to  24 ~net~res.  

( i h.11, ,,ire 111141 4-11, tnl,c.-The S-metre invar wire was stand- 
nrtlized hefore ancl after the fielcl season. Its length was found to he 
Sm + 0 .  Ci31nm a t  2S°C in November ancl 8m + 0 66mm ill March. 
The lt~llqth of the 4- netr re iilvar tape was foun;l to he 41n + 1.381nrn 
i l l  Nov~ml,e)~. niicl bm + 1 . :i.iinm in March. 

67. Longitude.-Observatiol~s inarlr during October and 
November 19:::; ill connection with thch international programlne 
ill'r tle.scribec1 ill Chap t~ i -  VT. The usual bi-wclekly observations 

- 

No, of 
(1a.y~ 

1 ,i 

I % 

1 

2 

I 

: 1 

I. 

'I 

:: 1 

I 

' I  
Nil 



. . -  
I . ! . .  i u c  , I ; . . . . , , : ; .  ' . . ,  
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were lnacle (luring t,he re~nai i~ ing  lnollths of the year, \vit,h the ~notor  
alld shutter t,rausits. The o1)sel.vel.s \vtbre Messrs. B.L. Gu]atSee, 
R.B. Mathur, H.C. Banerjea alitl J.B. Mathur a t  diflel-el~t times. 

The resulting values of the lol~git~urle arc give11 ill Taljle 2 ,  a11c1 
the 111o11tlzly meail values arc give11 olq)osite, as determined f r o n ~  the 
Bordraax a i d  Rugby signals with the "demi-defi~ritive" correct io~~s 
of the B u l l e t i ~ ~  Horaire ant1 Admiralty Noticc~s. The a i ~ i ~ u a l  ineall 
values by the two i ~ ~ s t r u i n e i ~ t s  arc) very ~iearly equal. 

The Shortt clock has bee11 ill usp throughont the year, but five 
i~itewul~tions occ~u.i.ecl. One was o n  accoul~t of the Bihiir earth- 
quake, allcl the ot'hers were probably due to battery weakness. Its 
error a ~ l d  rate are given in Table :;. The Riefler clock has ru11 
without i ~ ~ t e r r u p t i o ~ ~ .  

68. La t i tude  observations.-Attelltion has heen giveu to the 
currectiol~s for dev i a t i o~~  ailtl colli inatio~~ applicable to x e ~ ~ i t ~ h  
telescol~e obst~rvatious. Tllc corrcations to a11 ol~servecl zenith 
tlistance are generally give11 as: - 

tc" sill y sill 5 
For deviat,ion - sill 1". 2 sin A 

sout,h 
For collililatio~~ f 1 5  ( c  + k)%ot A sin 1" for l l o r ~ ~  sttars, 

where tr = deviation (of th r  line of colli~ilat~ioi~) in secollds 
of arc 

c = ~'ollin1atioi1 error ill seco~lcls of time 
li = wire interval ill tbquatorial secoilds of tilile 
y = cu-latitude 

= zenith dista~lce 
A = north polar clistal~c~. 

Thesc formula al-e coribect for e i t h e ~  d(1riatio11 or colli~nation 
take11 separately, hut whtbll both are present thei-r is also a term 
15ct ( c +  X.) sill y cosec A sin I". When all outer wire is being 
used, k is 57' (of t,ime) so the product tr ( ( .+ I r )  is likrly to 1)c ve1.y 
lnuch g ~ v a t e l  thall n?, allcl the ~lsual fo1.1nula is 110 guicle t'o the 
drviatio11 ei.ror which call be pennittecl. 

With ol-rliilal.y ca1.e this tcl.iil is ilc~gligil~le in lield-work. but it 
has 1)~cu Ilecessary to apply it to the 19:30-33 vai-iatio~i of l;ttlitucie 
"bservatio~ls a t  ~(1'hl.a Dci11, wh(~i-c~ i t  llas a slnall rffect. T11~ reslllt 
of this corr~ction, alltl Of a11 error of s i g ~  which \\.as founcl in t'hc 
~l)p]icatiol~ of t,hv collimatiolt con.ectioi1, is to increase the latitucies 
~ i v ~ l l  in Gc>odet,ic Rpl,ol.t, 1 !):$3, Chapter V 11). 0 .  1 (i secouds of 

to leave t,lw variatioi~ ~,ract,ically mnchangetl. 

69. Invar teve Iling staves.-~:x;tmii~at,ion o f  thc ititermecliatv 
~l'a(1uatiolls of six illVal- ]pvc.l]illg strtvc~s (carried out ill Octohct' 
11332 ) has showll a ~ ~ a t ( ~ l . i a l  tlifl'rl.e~ 1cc1 oi' scale lret\veen the but toll1 
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foot and the rtwlail~i~lg  line. Results are give11 in Table 4. I t  hae 
also been f o ~ ~ i i d  tha t  greatel. changes of length occur as the result of 

ill the field if thc staff is standardized l)ct,wee~l its 0 and 10-foot 
marks, than wheu sta~lclardization is bet'weei~ the 2 alirl 10-foot 
marks. 

Observatiolis are  seldom made 011 the bottoni fbot of the staff 
oil accou~lt of risk of re&act.io~~, so t,he scale there is of little interest, 
arltl i t  has accorcliiigly 1)eeli clecided to standardize between the P and 
10-foot marks ill future, ancl t o  accept 1018 of this distallee as the 
tot,al length of the 10-foot staff. 

The sta~~clardizatioiis of intei-~netliat~e lnarks have bee11 made hy 
colnparison with t'he " Bevellecl bar" No. 1-1!)00. The latter has 
1,een standarclized against bar 1, for it,s overall leiigth, a ~ ~ d  its 
intermediate ?-foot i~ltervals have lleeli inter-compared in the 
comparator. 

70. Miscellaneous.--The Olnori seisniog!aldl was ill operatio~l 
thlvughout the year, ant1 Table 5 gives a list of the earthquakes 
recorclecl. The BihsLr earthquake caused too violent ~noveinellt of 
t'he pen to give ally informatio~i other thaii the time of arrival of 
the first phase. 

The usual meteorological observatio~is were made a t  8 a.m. 
daily. 

71. Magnet ic  observations.-The usual programme of mag- 
netic observatio~is has been carried on a t  the L)ehra Dun observatory, 
consisting of a continuous magnetographic record of declination, 
horizontal force, and vertical force, controllecl by observations of 
dip daily, and of cleclination and horizontal force three times a 
week. 

The magnet,ographs have worked regularly during the year and 
there was no interruption of any consequence. 

The mean values of the magnetic elements a t  Dehra Dull in 
1938 were:- 

Declination . . .  E. lo 2 j . 8  
Dip . . .  . . . N. 4 5 O  38'. 2 
Horizontal force . . . 0 - 33056 C.G.S. 
Vertical force . . . 0 .33798  C.G.S. 

The! mean scale values of t,ht! magnetograpl~s fc)r all ortlinah 
o f  l/?.jth inch were :- 

Declination . . . 1 - 03 millutc:s 
Horizolltal force . . . 4 2 i gammas 
Vert'ical force . . . X .  28 to 13 ~ 8 0  gammas. 

Thr  mran telnpel.aturr of the year ill the ohsorvatol~,~ wag 
2 f i  . 7 C' with maxima and m i ~ ~ i m a  of 2 i O . i ;  ant1 2 5 O . 6 .  
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The i n o m e ~ ~ t  of inertia of inagl~ets Nos. 17 and 5 B was deter- 
initled ill May a i d  June 1934, and log r21ir was found to be 3.41436 
and 3,37737 respectively. The values which have bee11 acceptetl 
fur 1933 are 3 -41441 and 3 .37741  for the two magnets. 

The observed values of the factor log ( 1  + P/r' + Q/rl)-1 
for magnets' Nos. 17 and 5 B have been T -99393 and I 99335 ill 
1933, ancl the accept,ed values for this factor are 1-99415  and 
1,99340. 

For the last two or three years the ol~servecl factor of 
No. 5 B has been larger than the value T 99292 which has bee11 
accepted since 1924, vix:-I ~ 9 9 3 1 3  in 1931, I .9!)34(i ill 1932 and 
T 99335 ill 1933. It appears that  a real cha~ige has occurred, and 
that 7.99340 shoulcl probably have bee11 accepted in 1932. The 
systematic differeilce ill H as deteriniiietl by inag~~ctoineters No. 17 
aild No. 5, which was about 157 betweell 1924 a11c1 1930 *, has 
also i~~creasecl to aljout 30 y sii~ce 1931. 

Table (5 shows the lnonthly values of the 111ag11etic collimatiol~, 
tlistribution facttors ant1 inag~letic i~loinetlt of No. I 7 ,  ailtl Tal~lc~ i 
gives similar information for No. 5. Tal)l(~ S gives the lnclall 
inonthly values of the decli~latioll and H.F. base-lil~es. The values 
give11 by No. 17 only havc l~een accepted. 

Table 9 gives the meall mol~thly valucs of t,hc elcine~tt's for 
19;;s a11d 1933, an(\ the alluual cha~lges for t,he l)el.io,l. Tablcs 10 
to 1:; give thc meall hourly deviations from the inol~thly means, a11t1 
Table 14 gives the classificatioll of the inagnetic character of all 
(lags of 1983. 
-- -. -- ~ ~- ~- - - . -  

*Geodetic ILeport Vol. VII, page 140, Tnblc 16. 
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TABLE l . - -Lc )~! / t l~  qf' 24-metye roires. 

I Tcm- D1'tc 

j - 
7-11-33 1 2 4 3  ' 2 

i 247 
248 
249 

1 252 

8- 11-33 2 
I 21l. 

Wire ) ) ~ i ) ~ u s  B2~se. Length of wire 
Observed 1 ut 28'C peratwe 

_- 

21P0C 
21.0 
21.0 
80.9 
20.8 
20.5 

I-- 
21.0 
21.0 

247 
2 

_ _ 

- 1.036mm 
-3.166 
+ 0.807 

24ni -0.158 mm 
-2.285 
+ 1.641 

21.0 I + 0.801 
20.9 / +0.909 

+ 1.635 
+ 1.725 

+ 2.283 

9-1-81 11.0 -0.873 
1 2 1 1 ,  14.1 / -3.135 

217 1 14.0 t 0.956 
2 1  13.8 + 1.090 1 2 1 1 + 3 . M  
2.2 13.4 1 + 2. 174 -- 

I 

+ 0.896 + 1.712 
+ 3.266 1 r4.066 
+2.286 +3.067 

- l .oj8 i -o. lg 

+ 4.053 
+ 3.065 

-0s 105 
-2.358 
+ 1.635 
+ 1.735 
+ 4.051 
+ 3.072 

-3.19-1 -2.313 

' 2 1  11.1 -3.131 
2 l . 7  14.1 

Yl.8 , 14.0 
2 11.0 + :i. $26 + E.056 
ria 1 11.0 

'- - + 2 . 4 i 3  1 +3.otii 
I 

lqi-2-3 k 213 18.6 - 1 .02:3 1 -0*1111 
2l.4 lS.9 -:i.ZAti - 2. I 

k09 
247 11.8 / +0.797 , +1.610 
248 18.8 1 +0.929 + 1.724 
9 1I .S  + :j. 205 I + 3.986 

1 8 5 1  + I - 2 8 7  1 t3 .048 
i 

16-2-31 -1.035 -0.158 
244 19.0 -3.293 -2.113 
845 19.0 t 0 .775  I + 1 59.5 
248 18.S + 0.928 t 1 .72:3 
4 9  18.9 ~ 3 . 2 1 0  +3.991 
252 19.0 + 2.294 + 3.077 

I - I I 
l9-.j-3 l. 2l3 , 19.9 - 1 . 1  I -0.152 

2 4  20.0 , -3.367 1 -2.100 
217 
2l.R 

19.9 1 + 0 . 6 j 1  , +la580 
20.0 +0.8 l . t  + 1 . T  13 

2 I9 20 0 ' + 3.1  $0 + k.026 
2 19.7 + 2.205 + i-1 073 

1037 20.0 -0,124 +O.'i97 
1039 I 20.0 -0.ll.9 + 0.7H2 

1 1 - 1  - 
20-:j-:1 1. 21.31 20.1 I -1.119 -0.152 

2 20.6 - :i . 35.5 -2.4tiR 
2 7  1 20 1 I 0.6,; I + I . 5 ~ ; i  
21.H 20.5 1 +n I + I  7x7 
219 , 20.6 +:j.loci + 1.015 
2.52 1 20.0 + 2.20:i + 3.0H.t 

1037 I 20.3 , -0.139 ' + 0.793 
1 10:H I 20.2 1 -0.159 I + 0.77; 
I 
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TABLE 2.-Vnrintion qf Longitude ?f Dehrn Dtin from accepted 
vnke, a.9 datermin,sd hy reception qf wireless .~ignal.9 .fi.om 

Ro~~deciux ~ l q l r l  Rugby, 1933-34. 

Date 

) 

1933 

Dec. 5 

18 
1 

26 

19.34. 

Jan. 16 
23 
27 

F P ~ .  1 ! 

ln~tl 'u- 
lllent usecl 

Mc~t,or 

~ b ~ ~ ~ ~ ~ , ,  

H.C:.H. 

I Observed value minus accepted* 
value 

-- 
stars 

With definitive 
corrections corrections 

Rngby Bordertux 1 Rugby 

' I  
-- 

3 
4. 

4, 
4 
44 

4 
3 
1 

:3 
4, 
3 

3 
1, 
5 

4 
2 
3 

H.C.13, 
I3.TA.G. 

1I.C.R. 
H.C.H.  
H.L.G. 

H . C . R .  
R.L.G. 
H.C.R. 

H.C.B. 
R.L.G. 
H.C.R. 

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

H.C.R. 
B.L.G. 
H.C.R. 

1-T.C.R. 

2 ! Shut,trr 
fi j Motor 

Motor 
S1inttc.r I R.IJ.O. 

9 
1'i 
19 

2'7 
Mar. 4. 

9 

10 
1 :  
16 

13.L.G. 

5 
4, 

4 3  

4 
4 

4 
8 

3 
4, 
5 

3 
5 
4 

3 
2 
1 

4 

Shuttc:r 
Shutter 
Motor 

Sl~litter 
Motor 

Shntter 

Motor 
Motor 

Shntter 

4. 

2 
48 

3 
4 
:) 

3 
3 

R.L.ii. I 
H.C.H. I 

I . .  4 
1T.C.H. 4 
H . C . H .  j I 

H.C.H. / 4 
H.C.H. '1. ' 

17 
1 

27 
2H 

~ a y  :I 

Motor 
Motor 

Motor 
Shiit,tcr 
M O ~ O I .  

2 3  1 Motor 
27 1 S h u t t ~ v  

April Motor 

Shut,ter 
Motor 

:i 

+ 0.17 

t 0 . 0 5  
+0.05 
40.08 

tanzced) 

. . .  

. . . 

... 

... 

... 

... 

. . .  

... 

... 

... 

. . . 

... ... ... 

... 

... 

... 

... 

Motor I R.L.G. 

i 7 1 Sliiltt,rr 
1 0  S l r  

14 

1.5 

1 I 1 M~)tor H I . .  4, 
:i 1 1 

15 Sh~i t tc r  11.('.11. 4, ... t 0 . 0 4  
, , .  1 t 0 . 0 4  

I 1 

:3 

:i 
:I 
4 

3 

... +Om14 

... 

... 

... 

... 

... 

... ... 

. . .  

... 

. .. 

. . .  

... ... 

... 

. . .  

... 

.. .  

... 

+0.01 
( +0.0:3 

+ 0-05 
+O.O:j 
+ O . l l  

+ 0.04 
-0.14. 
+ 0.07 

+O-06 
-0.01 

0.00 

+ 0.1'7 
+ 0.05 
+ 0.82 

+0.12 
+0.15 
+0.12 

+ 0.15 
... 
. 

" I 

Shnttci- 
Motor 
Sliiitter 

hIot,or 

Shutter 

Mot,or 

... 

... 

. . .  ... 

, +0.01 
+ 0.03 

t 0.06 
+0#0:3 
+ 0.10 

+0.0:1 
-0.16 
+0.05 

+ 0.07 
0.00 

+O-01 

+0.15 
+ 0.04, 
+0.23 

tO.11 
+ 0.16 
t0 .12  

+ 0.  16 
... ... 
... 
... 

+ 0.09 
-10 .09  

+O.1° 

R.L.G. 
R.L.G. 
H.C.H. 

R.T,.G. 

" Accepted va.lur! of Longitude is 6" 12" 11".77. ( Cmi 

4. 

4. 
:3 
5 

4. 

+ 0.09 
+ 0.10 

+ o.on 
+ 0.06 , ,  +0.07 
t 0 . 1 2  

+ O . O R  
+ 0.06 

. 1 + 0 . 1 2  ... 
+O.OR 

... / +O-18 

+0.06 ... 

... 

... 

... 

. . .  

... 

... 

... ... 

... 

... 

+ o . w  
+O. l l  

+ 0.05 
-0.02 
+o.o:j 

+ O . O G  

+ 0.06 
-0.04. 
i 0 . 0 2  

+0.05 
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TABLE 2.-Variation qf Longitude of Del~~cc DGqi ,from accepted 
rynlue, CGS determined by  reception of toireless szynnls from 

Bordeaux and Rugby, 1933-34-(concld.) 

Date 

( Greenwich ) 

I n s t r u -  
ment used 

No. of 
time 
s tars  

Observed value mint69 accepted 
value 
- 

W i t h  demi- 
definitive 

corrections 
.- 

With definitive 
corrections 

Bordenax Rugby Bordenllx Rugby I l l /  

Sept. 2 
) 

9 

I1 
1 C 
2 1 

Motor 
Shnttvr  
ivIotor 

Motor 
Shntter  
Motor 

Motor 
Motor 
Motor 

Notor  
Mot,or 
Motor 

Motor 
Motor 
Motor 

S I  S 

J.R.M. I 4 1  4 1  . I +Of101 ... 1 t o . o ~  
.J.ILB 
.J.R.I 

I . 1 5  4< . . .  0.00 

J.B.M. 9 3 . . .  + 0 - 0 2  1 .J.B.M. 1 4 3 ... + 0 11 
... J.R.M. / 2 .C -0.01 

I 
I 

J.B.M. ~ 2 
.J.R.M. 4 
J.H.M. 1 :I 

Shnttei. / R.R.M. 3 
M ~ ) t o r  R.R.M. 4. 

S ~ I I ~ ~ C - Y  j R.R.M. 1. 

25 31otor I R.R.M. I 4 . . .  I +0.071 ... I . . .  
... 28 / Shutter  I1.R.M. 1 3 ( 1 . 1 -O.(y' i . .  , 

i 
1 I 

NOTE:- In  the ahove table one vnlnc of tho longitude is givcn hy the 
x ~ ~ o c i a t i o n  of each ohq~rvat ion of lopal tinlr with t h e  wirrleqs signal rc>cctlvr(l at 
thv lrnst intt.rv,~l from i t  i e . generally either during the  snmc. night or prrcrtling 
.zftrrnoon. Jndivitlunl night's obscrvntions have not been sn~oothed to 6ivc ;b 
inorc. ~ ln i form clock error. The rep i~ ted  timt-9 of emission of thc  wirclrqq qlffn%ls 
Ilnvr hptw corrccte~l by t h e  nnlonnts qiven in the  Admiralty Notiws to Mnrlnerq 
in t h ~  case of R ~ l g h y  signals. and by t h e  d(&nli-rlefinitivc cor~.cbrtions of the Rullrtin 
Homirc. in tho cnqe of Borcleanx signalq. I n  addition, vnlnrs 11p 10 51111(' 1J):14 
:Irp yivrn with rlefinitiv~ corrections of t h e  B~il lc t in  Homirr. 

\Vhen (Ieducing the  l o n g i t u d ~  from R O ~ ~ P ~ I I X  ( with (lelni-tlrfinifive 
c o r r ~ r t i o n s  ). a correction of + 0'.O2 has been ridded t o  thn rclp~itctl CfrePnwich f lmr 

of +vnis3ion, on ncconnt of this having been compntc~rl ( by the  H1111vtin frol'nl") 
On the  nqsuniption t h a t  the C,,ngitll(le of Pnris is 01' 9" 2w.98, wh('rcnnq the' Ino1sc 
WCent vdlle is Oh Rm 20n.91 ( gee Ln Participati,,n Fra.nca.iqp h In 1i'f)viqil)n dca 
Longitlirles Mr~nrliales, Lambert, p. 103). This 0c.02 h ~ s  not h o n ~  :lppli~(l to 
vnlnps llerivrd with definitive corrections. 

TJlr qll~w1 11f prlbpaqntion has hern taken to hp 300,000 km. per qeeon(1. 
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TABLE 3.-Error, rate, pressure arul temperntuve qf Rhortt clock 
No. 34, by Rugby time signals during 193.3-.34. 

Error 

During preceding 
period 
- -- 

Date at 15.30 REMARKS 
Tem- 

ture 
- . 

1933 

Oct,. 2 
:% 
4, 

5 
ti - 
I 

- - - 

nz s 

+O 20'92 
20'99 
20'96 

21 '02 

21'08 
20.98 

- 

s 

+0'021 
+0'07 
- 0'03 

+ 0'06 

+ 0'05 
-0.04 

mntof 
mevculy 

29.1 
29.1 
29.1 

29.1 

29.1 
29.1 

15 2 2 2  + O'Cb1, 1 21). 1 
I 

I 1; 
1 i 

* + "' rnt,e - gfiinillg. -"' rat" - lo~ing .  ( Conti ,~~tiet l )  

+0'03 
+0'04 
+0'02 

0'00 
+0'04 
+0'03 

+ 0'0.1. 
+0'04~ 
+ 0'03 

+0.05 

+ 0'0:{ 
+ 0.02 

+ 0.02 
+ 0'02 
+U'OP 

+0'03 
+ 0.04 
+0'0l 

+ 0'04 
10.04 
+ 0'02 

+ 0.06 
+ 0'02 
+ 0.04. 

4 0'02 
+ 0'03 
+0.(),1, 

29.1 
29.1 
29.1 

29.1 
29.1 , 

21'10 
10 I 81'14 

- .- 

mnz 

3 5 . 9  
3.5.8 
35.7 

B5.7 

35.4 
35.6 

11 

12 
13 
14. 

16 
17 
22 

-. -. 

I 

S i 
26.1 

25'9 

25'8 
25.8 j 
25'7 

35.4. 
35.3 
:16.8 

3 3 . 3  
35.3 

21'16 

21'16 
21'20 
21'23 

1 
21.35 
21 '60 

25'7 1 
25'8 
25'8 

25'7 
25'6 , 

23 ' 2 1  

2 ,-I 21 'ti0 
2.1. / 21-57 

2 , 21 $2 
28 ( 21.67 
19 1 21.69 

I 
21-72 
21m'jfj 
21.77 

2 1 11'Hl 
:i ~ 91-85 
4. 21-85 

I; 1 2 i . a ~  
*. 22.00 
S 2%.()4. 

$1 ' 22'06 
10 EZ'O!) 
11 1 1 :  

25-44 j 
, 
1 

25'2 1 
25.0 ' 
24,'8 i 

26.4 , 

26.4 ( 
2(i'9 1 
26% 

I 

26'8 ( 
26.8 1 
26'7 ; 

I 
26.3 ' 
27.7 
26'.+ 

I 
27'4 i 
26'7 
26.9 

29.1 1 36.2 

29.1 1 84.7 
29.1 1 34.2 
29.0 ' B3.9 

29.1. 

29.1 
29.1 

33-9 

3 4 . 4  
94.2 

I 

29.1 

I 
29.1 ' 34.. 7 
29.1 35.9 
29.1 S5.Q 

29.1 4 
29.1 ' :i:j.4. 

89.1 
29.1 
29.1 

26'2 
25'eE 

35.3 
35.2 
35.3 

29- 1 34c.B 
29.2 1 37.0 
29.1 31..4, 

! 
29.1 : 36.7 
29.1 :lR.O 
29. 1 



126 GEODETIC REPORT [ 19:34. 

TABLE 3.-Error, rnle,presszcTe awl ten~pe~rnture of Shwtt clock 
No. 34, b y  Rugby t ime sign.nls during 1933-34-(co~~td.) 

Dnte 
Error 

During preceding 
period 

Disturbed by ni 

i 
1933 I nc s 

I 
Nov. 20 +O Z2.3H 

2 1 2 2  
'> .> -- 22'1.4 

2:j 2?'11. 
2 I. 2 0  
2; .>.,.- -. ,I.' 

DPC. 5 22'80 
13 1 23'06 

nt 15.30 

per day / sure gauge ture 

REMARKS 

-- _I - -_ _ -- 

C 

27 : 
F'eh. 1 ' 233.35 + 0'07 :11..4 26.7 

2 

1 6 
19 18'18 . 29.1 :3:3 5 26'5 Oat of order on 1 

27 ls.:jR + 0.02 29.1 33.6 26.5 
Febr"'r~ 1934' 

+ 0'0.5 
+ 0'01 

0'00 
+ 0'06 
+ OmW2 

+ 0'03 

1 H 
21; 

Mar. I. 1H.51 1 +0'03 
9 18.61 / + 0  02 

10 

1934 ' 

Jnn. 1H 22'28 

+ O'O:? 29.1 35.:3 26.7 

29. 1 
29.1 

9 1  
29- 1 
29.1 I 

29.1 

29.1 33.5 
29.1 33.5 

I 

2:i 
... , 29.1 

26'6 / 26'4 

35.4 
35.49 

35.4 
35.4. 

26'8 
26.6 
26'7 

26.8 
26'9 
26.5 

26'8 
26.H 

lY.65 I t0.04 29.1 1 33.7 
13 ln.78 + o . o : ~ ,  29.1 I :33-6 

2t;-7 
26'7 

26'7 
26.7 

34.7 

15 18'HB 

23 19'10 
2 i lCI.:(O 

Apt.. ) 1 4 I 0  

ti 19'82 
11 1 : O  

5 I 26.6 

35.4 1 26'7 

26'7 

1 I. ( 111.30 

29.1 33.6 

+ + 0'03 0'04 1 29.1 33.6 
+ 0'05 l 29.1 ' 83.6 

1 .; 19.33 + 0.03 ' 29.1 32.5 1 25.9 1 
I 'i Xis2 26.H / 
1 C) 19.8.5 33.2 I 26.H ' 

2 7 29'8 1 
2s , 

M,\y 

29'91 t 0.01 29.1 32.9 1 26'8 
2 9 ' 8 0 - 0 . 0 3  29.1 :11.9 1 . 7  

2:i +O 29 '92+0 .0 :1  29.2 :14.O 27.5 
I 
I 

* + " rote --gaining. - " rate = losing. 

0'00 / 29 - 1 

+ 0'02 29. 1 
0.00 1 29.1 
0.00 I 29.1 

33.2 

:3:1.4 
:3:3.4 
33.4 26'7 
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TABLE 4.-Lel~gths qf iltvnr levelling stnvcs. 

TABLE 8.--fi.ror, rate, presuwrc ar~d tempemture oj' Shortt clock 
NO. 34, by  liugby soireless time siynclls ~bur.in,!~ 11139-34.-( conCld. ) 

- -p 

'\ 

\ 1 Actual distance froin zero inark in feet 

Error  

- 

h* . 1 I No. 2 1 No. 3 1 No. 4 1 No. 121 1 No. 122 
- .- - - -- - - -- -- - 

During preceding 
period 

a t  15.30 -- 
R E M A ~ ~ K S  

Tem- 

1934 nt s s i n  of  w ~ i l i  

nberclcry 
June 6 -0  15.92 ... 29.2 , 34..H 28'3 I Out of order on 46th 

18 
XH 

July 3 
4 

11 

19 
26 

L ~ L I ~ .  3 

6 
1 
15 

Scpt. 2 
5 
9 

11 
1.k 
21 

25 
2H 

* + "' rate  = geining, - "' rate = losil~g. 
N o T E : - T ~ ~  erlaor is th;it derived froln ~virt~lcss time sign;~ls. 'The ~0I ' re~ t ions  

f the Admiralty Notices hove been applied t o  t h e  times of emission of tho signals. 

16-21 I -  0.02 
16.30 j -  0.01 

16-26 I +  0.01 
16.2H 
16.30 

OO.Y:3 

29.5 I 37.5 
29.5 1 34.2 

- 0.02 
0.00 

1 ... 

27.2 1 
2 i .5 I 
2 7 . 5  1 

30.4, 
27.8 

27.0 
27.2 
27.7 

29.2 
28.5 
27.3 

27..L 
27.2 
27.2 

26.8 
26.H 
26.8 

26.8 
27.0 

29.4 
29.4 

00.54. 

00.55  
-000.52 

May 1934. 

U u t o f o r d e r o n l t i l h  
July 1!434. 

33.0 
33.0 

- 0.01 30.0 1 46.8 

0-00 1 :10-0 4i.; i  
+ 0.01 30.0 / -l,'i.li 

00.90 
00.88 

00.85 
00.8.1 
00.81 

00.60 
00.55 

00.4-i 
00.45 

0.00 
0.00 

0.00 
+ 0.01 
+ 0.02 

0 0 . 6 3 + 0 . 0 1  
+ 0 -01  
+ 0.01 

+ 0.06 
0.00 

29.4 I 33.2 

29.5 1 CI.0 
29.5 -14.5 
30.0 1 -44..5 

30.0 45.2 
30.0 1 45.5 
30.0 

30.0 
30.0 
30.0 

30.0 
80.0 

45.6 

.I6.O 
46.1 
.1.6.2 

46.3 
4,ti.ij 
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TABLE 5.-&arthqucckes ~eco , rded  at Dehrrc D. l i .~  
during 1033-34. 

I 
! I~ id iun  standard time 

Yo. 
-~ 111teneity 

l )uk -- of REWAI~KY 1 1.L P. T. 1 2nd P. T. 1 :::: 1 
- .  

I 
: I 9 3 3  

1 Oct. 2 
2 ,, 6 

3 NOV. 21 
4 .. 28 

5 Dec. 15 

1934 

I 

fi Jan. ;l 2 29 50 2 33 10 2 33 10 2 3ti 3 01 slight 1200 
7 .. 1; 1-1 15 10 ... ... 1.h 19 O,i very ~ r c i ~ t  ... Nortli III 

,, 20 o 2-1 20) . . .  ... 0 26 0 50 slight 1 ... Nurtll l:i 
I 

$l * I .. 2o 23 38 ID ... 13 43 lo t23 .&.& O 13 slight 1100 . 21 1 % ... ... 2 0 1 slight ... ... 22 1 22 5Ot 1 25 1 30 slight .. .. ... 

, 2 3  ... ... 2 .>ti 20 2 57 3 09 slight ... ::I . 25 18 09 30+ . 1H 09 50 1s lo 18 10 sligllt 100 LuutI. 
1-41 , , 2 0  O 5 9 1 0 t  ... 1 0 2 4 0  1 0 3  1 1 0  slight 800 

15 1 ., 29 1 59 30 2 00 50 2 02 10 2 0.1 2 4 slight 500 

lti Beh.  4 19 01 20 I9 Oti 20 19 10 60 19 1:; 19 55 slight 1 li00 
t : ~ t  ~ i t i l , ~ ~ ~ t l . I ~  i d  17 .. 12 17 10 20t ... 117 1.t 10 17 16 If 29 slight / ROO J ) ~ I ~ I B I I I L I ~ ~ ~ .  Iiil a: FLI 

18 , .. I-& ... ... . . .  ... 11 31 1 great ... pIis31~ll ,vllilc cl,it 'wfi j 
I 

,. 19 16 02 30 lti OH 40 16 18 50t 16 24 Iti 57 slight 3300 .. 22 13 48 10 . .  13 52 50t 1.1 01 14 11 glight 1000 
2 -  12 03 0 2 1 0 ... .. . , , moderate 4500 Clock stoppod. ... 

.. 28 20 04 10 20 13 40 20 24 40t120 49 21 3% slight I 5100 
I 

w I .. j 17 42 20) ... 18 13 10 18 22 19 58 moderate 
2.51 .. 12 o 47 00 ... ... o 50 1 02 slight ... 

2fi1 . 24 17 58 10 IR 11 PO 18 34 sot 18 50 10 41 .light 
I 

27 i.ipr. 10 Ifi 02 00 16 O i  -10 16 18 mt 16 26 17 12 slight, 
9~ ( .. 12 14 4~ 30 . . .  14 i.1 20 1.1 .52 15 11 slight 
29: .. 1.1 '702:::t ... ... 7 03 7 11 slight 

I 

30 1 .. I6 3 5.1 10 4 01 '40 4 01) 20 '1 18 fi 35 moflcrntc 

I 
3 k . 4 4 0 ... 14 53 @ 14 5 1  

I 

t Recognized with difficulty. 

h m s  

21 19 10 
19 0-1 00 

5 03 10 
16 .k7 20 

0 26 20 

h n ~ s  

21 33 30t 
19 67 00 

5 12 50 
lti 48 50 

0 30 00 

- -  

h m s  h m  h m  

. . .  
19 11 30 

5 26 10 
16 50 00 

0 33 10 

5 3H 
16 51 

0 35 

H 20 
17 4& 

1 03 

6500 
ti00 

1#.l0 

1no4lerutc 
great 

slight 

',, 
\ 

\ 
\ 
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TABLE 5.-Earthquakes recorded at Dehrcc D T ~ ~ L  
d,urilay 1933-34- ( co~~cld.  ) 

I 
a O 

Indiuu staudurd time 
- -- I~rteusity 

b,l 
Dnlc of 2 R E M A I ~ K S  

1 11t.P. T. I 31d p. T. I 1 1 i 
i 

B - - I . I I 
-. 

! 1~ A I N  a 1 m s lr nl s 1 h n L  * 9th  w ~ i l o s  

... 11 31  11 53 slight ... Lnral. 
1:) 51 20 14 slight ... 
11 30 11 34 slight ... Local. Pelt at N u m b  

;I 

j3 

" 1  
ij  
il 

51 1 7 39 10 7 -1.1 10 7 $2 .* 7 .j,3 8 00 1 sligllt 700 

I 

with difficulty. 

, ,  

$1 .) 5'17 00 30 
4 141 3 43 30 
".31Rl15294,0t 

I 

" ! . . 2 2 j p 0 9 ~ ~ t  
Izi 231 7 2'7 30t '' 2.h 11 49 10t  I 
h!  .. 25 j21 35 20 " /. .J" '1-1. 01, oot 

... 
:3 4,s 50 

... 

.,, 

.., 

. 

, . , 
1.1. 11 lo.+ 

11 31 
55 
,,, 

.., 
,,,  

1 li.1. LO 

7 16 00 
.,, 

12 IR 10 

1 2< 30 

I 
"'"y 
C i  . 7 " .'X 

i ' , ' l9 

1'1 24 00 
4 l o t  
7 23 00 

L q . 9 j - 1 ~ 2 2 l a 2 i o  
j 0 ! . , 1 R 2 2 5 2 0 0  

1 23 10 
I 

j2i ,. 1 9  7 07 30 
,1!)1133110 

21 . 
' :: 21 116 sL 20 

231 1 28 30 
1 

, , , I l i  01 
1,s 00 1 :< j,g 
, ,  15 33 

,,. 2 5 
. / 7 -1.9 

12 o;{ l ~ t i l ~  59 
I 

, 1Y 1 36 
,,, 1 .  01, 

, ,  l l . l  2.4 
:, oo , 26 , , ,, 1 x 19 

. . . I 22 16 

17 02 
5 0 9 t  

15 '10 

j 01 
... 

18 57 

21 
1 ,  5;  

14 26 
6 nH 

11 

22 2s 
1 07 
... 

8 57 
15 25 
15 " 

. . . 
1 45 10 

7 22 
... 

1) 19 20.t 

23 50 
2 06 

, i 23 
14, 18 
12 27 

slight 
great 
slight 

slight, 
slight 
slight 

slight 
slight 

slight 
slight 

111odente 

slight 
slight 
great 

slight 
slight 
slight 

. 117 33 
SO 1 1 30 

18 14. slight, 
1 10 1 slight 

... 
900 
... 

... 

... 
S200 

... 
3500 

. 
6 8 0  

11600 

. . .  

... 
6000 

,1000 
... 
. .  

shah, Punjab. 

L O C ~ ,  Felt S i l~~ ln .  
Felt nt Dem isulafl 

KIiHa. Epicentre ill 
South Afghinimtin. 

LOCII~. 

Lnrrl. Felt at Dahm 
Dill1 nlld Kedlmitll .  

Near Puntaal*. 

Vnuiku1.u ( l'acific ). 

. - .  
-100 '' Rim'' 

F l ~ ~ d ~  S I I I I ~ ~  & Dolhl. 
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TABLE ti.-~Wcnrb values c ! t '  l l ~ e  constat) l s  of Arl~gt~eforr~cter 
No. 17 iu 1933. 

TABLE i , - l t l ~ ( t ~ ~  1 ~ 1 1 1 1 e s  vf' tlrrn c.o)istccnts oj' Il/ltryrrfi:tonr~,tfi*r* 
LVO. 5 l'?l l!)?Y,?, 

hIOll1 t1 

Declini~t.ion 
conehnts  

---- 

i tIo~lth 

. .. 

H. E'. uonutants 
.... .- - - ~ .. 

H. F. constants 

I 
bistribution factors 

- - -  

I 
. Meall values 

of nt 
~ 1 , 2 ~ 2 , : 1  l n g ( l + P r " + & , r l ) - 1  

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

C. Ct. 8. 
~ 0 1  .$3 

.55 

1 I ,I . 
J i n ~  , . - i 0 I ti.:j-l. 
F c b r ~ ~ ; i r y  . : - ti Oti 5 .87 
I . . .  ! - ti 0-l 5.98 

cm' I 
6.89 I 
7 - 3 4  , 
7 .  48 , 

MRRII values 

. - -. . -- 

fiI(*i~ll 1 
L)ist~.ibi~tion fitctors 

- 

llrttgnetic / 1 

i 
.\yril . . . - 6 0; .ti.$ 
JI ity I - t i 0 4  , t i . 3 5  
J I I ~ C ~  . . I  - 6 0 1  i t i . 0 4  

. J I I ~ ~ -  . . .  - ti cn 0 7  

.\ugr~st . .  ' - H CKi ' 6 .23  
Septeluher - ti 0s 3 . i 5  

October . . . I  - t iO2  7 
November I - 6 07 I 6 . 0 4  
Decon~bcr 1 - a 54 5 . 9 1  

I 

C G . S .  
938.27 

. 1.5 
938.05 

937.9:i 
. R 9  - - . 1 , )  

I 
~ 1 1 1 2  I cm" I 

I .Jitnu;~ry 7 .66  8 . 2 1  1 

Pebraitry ... 7 .10  : 5 .47  1 
J1arc.h ... 7.09 7 . 6 @  i c 3 

?a* 

p i  ... 7 ,  19 1 7 . 4 7  1 g $  

c o l l i ~ u t i o n  1 , 

.51 

7 .  :{" 93 cr ' .XI '$5 5 I 
7 . 3 0  3: 8 .52 . . 
7.3-1. I+ I& I . -1,H 

7 . 8 2  i ..17 5 % a. a 
C - ti.!);J A a i .52 

6 . 7 6  Q) Q) 

2 % '$5 

0 4 
6 . 7 9  I .;<5 
7.76 1 . .l"i 
7 . 1 1  1 '01 ' 

btay ... 7 . 1 5  
.Jr~nr . .  . 6 . 9 7  

1 (1 + 1 + - I  

1 

1 . -. . .. . .- - - .- 

e< 
1) a, 

7 . 8 3  , . . 

LZ -tti 

2 g as1 
5-7 . d 9  

I 

7.4.4 
1- 1 3  
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TABLE 8.- Rase-line ,unlues of' Mngr~etoy  rnphs n f D ~ h r a  D I ~ T I  
from Mngn,~fs No.  17 nnm? N o .  6. 

H. F. by H. F. by 
No. 17 No. 5 

-- 

C.G.S. C.G.S. 

Declina- 
tion 

H. F, by H. F. by 
No. 15 No, 5 

C.G.S. I C.G.S. 

N ~ T S E  :-'rhr VRIIIPS give11 by No. 17 have been ncceptetl. 
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2 . 0 - n m d e ?  m  + a m $ ! - $ +  + 
+ + + + +  -+ ---- + - + + +  I - +  + 

81 + O d ~ r ) w d x  O? N + ~ + M W  rn 

+ + + + + . . ~ L + + + + I +  + 1 - - . . - . . -- - - 

I + a - m  d m  01 - - s m + + m  M 

I + + + +  _ + + + + + I +  + -  

. I + + + I +  + I + + + + +  + 
+ - a - d 0 2 1 0 1  el 0 1 0 1 W C r T : "  O  

I  + + + +  + I d . +  . . - - . . .- - - - - 1 +- .- -- 

+ - - 4 a m m m 1  3 m l : t l r ) - m t o  - 
+ + . .  + + - -  1 + + + 1 - - 

01 m c? " 
+ ++-.3.-+-+-..+ + + + + 1 + -+ - w  m 3 3 01 S + + + + + +  - + + + + + I P +  + .  

+ + +  + l f l  I  I  -I . 
i + - 3 ~ 3 * 0 -  s I . T v ) ~ ? I +  ,r: 

+ i 
- I i I +  + -  I  I L ! I  1 - 1 .  I  

CI: > f l * h O 3 3  3 - 3  3 " 5 51 I. m - 5 
I l l  I  1 _!!_ 1 -- 
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CHAPTER VIII 

RESEARCH AND TECHNICAL NOTES 

I. GRAVITY AND DEVIATION O F  THE VERTICAL 

Summary.--Formul~r and tables based on Stokes' Theorem 
are given for colnputing the separation between the geoid and its 
reference syheroicl as well as thr  deflectioi~s, from gravity anomalies. 
It is showi~ that proviclecl there arc. no widespread systeinatic 
gravity ano~nalies over the whole globe, the deflections can be 
obtai~~ecl with a fair clegrre of accuracy from the available gravity 
clata. 

The reference sphel-uid, apart from its linear climensions, in 
usually defined by t.he plumb-line deflections ( T,, En ) at the geodetic 
datum and the height 'V,, of the geoid above the spheroid there. 
It is also so placed that its minor axis is parallel to the axis of 
rotation of the earth. 

I t  is of interest to fiud out the orielitt~tio~l of the refeleeuce 
aplieroicl with respect to the geoid a t  
the clatum from the gravity anomalies. 
Let 0 be the datum a l ~ d  P a point VII 

the earth having a gravity ailo~naly A!/. 
The separation between the two surfaces 
at 0 in terms of the &'s is given by 
Stokes' Theorem 

If d is t,he azimuth of P from 0 reckoned positive from south 
by vest, and if nu, & are the meridional and prime vertical deflec- 
tions at 0. reckoned positive towards south and west respectively, 
then tliffere~lt'iatin~ (1) and simplifying by spherical trigo~lolnetr~q 
we get 

do being all ele~nc~ttary area 011 a illlit sphere. 
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For ~iriinerical computations, the space round the origin is 
divided by a series of co~ice~ltric circles of widt,h A+,, and t.hp 
formula: are put into the followillg forms:- 

+ ccbspr -- + I - o sill JI - s cos + I f . ($,={ - .) 2 

- 3 cos + log, sin ... 

9 COB' - 
6 p  - 3  in 9 - - - -- + 
&+ - 3 sin $ cos %- + 5 sin? + . *  4d sln 

+ 3 sin" lop,. (sin 'k + sin" 
2 

The suffix 1M denotes the mean value of the expression in a 
zone of width A+n. 

Tables 1 and 2 give the effect of an anomaly of one milligal 
in tliffe~.ent zones on N,,, qn and f,,. 

Tt has heen show11 elsewhere(" that the sensitivity of 4, wit11 
1-rspcct to A y cle t rscts C( ~lisiderar1)1y f roin t,he value of Stokes' 
Theonbm. The chff~ct of the outer zones is very large, as can he 
WPII  fi'oin Table 1 ,  a~ltl a fail. Irnowledge of Ag over thc whole 
globe is r~quil-ed hefo~.ci A',, call be rl~tel.mined with any degree of 
accuracy. 

Table 2 clan 1~ usc~l to f i ~ ~ t l  the rleflections a t  ally point due to 
a ,vivc.11 s ~ t  of grav i t ,~  a11orn:111~s ill  R ICI IOIVI~  area. Thus, supposinc 
the Tilletan l'lateau to 1w all :il.cba of gl'avitIay a1101na1y -0'020(?) 
gals, a ~ i d  to be bouncled 1,y Intitutles 30' to :3G0 and lonoitades 9 
80' to looC, it was found that it \voulcl procluce a meridionnl 
deflection of + Of'.3, and a prime vert,ical deflection of + ON'4, a t  
Kaliiinpnr. These are sul-prisingly small considering the 1a1.p 
anomaly assumed and its large exhnt .  

- --- - - - - -- 

( 1 )  Stokes' Fornluln i t ~  Geodesy  by  H. 1,. Onlatrc. N n t ~ ~ r e ,  Vol. 129, page 279. 

(2) There is no lsen,9on to ~ l i p p o s ~  that, this i~ actnally t,he n l ~ o n ~ n l g  in this 
area. I t  i e  @imply given an example of what might reasonably be found. 
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A11 attempt hae heen made to t i ~ l c l  out the orientation of the 
I~ltwllationrrl allcl Helmtvt syhemi(1s a t  Kaliiinyar from bhe vavitX 
anomalies ill Iudia. Five zones of radii 0' - I ', 1' - ", 2' - !jO, 5'- 8 
n1c1 X" - 10' wei-e t'aken and the average vaIues of ~g cos A and 

sin .-I were computecl. The defl ections with I-espect to Helmert's 
spheroid come out to he 7, = + IN%, [, = + 4"'9, and wit-h respect 
to the Illternational spheroid as 7 ,  = + IN';3, 5, = + 1."'0. These lattel- 
cliffer by about I" from tlhe deflections adopted a t  Kaliinpur H.S. 
( Serinl No. 2 40 of S i lpp le~ l~e~ l t  to Geocletic Report Vol. VI ). It 
mas not possible to go heyo~~r l  n I-aclius of 10' fi-om the station, as 
gravity tlata are 11ot nv:cilablo b ~ y o n d  this distance. A much mow 
~.thliablt* value of the deflrlctions would he obtained if A!/'s were 
kllow11 ill t,he Arabia11 sen ( hetween Iatitucles 11' a i ~ d  20°), ill the 
Hay of Rengal, ant1 in Buiama, Siain ancl Tibet. 

If we could put faith ill isostasy being nearly perfect over the 
whole globe. so that no systelnatic g l - a ~ i t , ~  al~o~nal ies  can rlxist over 
large areas, then the effect of the outer zones on the cleflectiorls will 
be small, ant1 a consideration of the npar ZOIIPS  only sho~lld g i ~ e  the 
clefl~ct~ions with some accuracy. 

The effect of systemattic ~ r n v i t y  a~iomalies is easily investigateil. 
As an example, let the geoirl he the tri-axial ellipsoicl 

and let it,s reference sphei-nicl he 

The gravity annrnaly is now represerlte(1 l y  thc syst~1natic 
longitude term A!, = GC cos 2 (X -A,,) cos2d ... ( 1 1 )  

From (9) and ( 3  0). we get. 
N= li( ' cos 2 (A - A,,) cos2 d 

Heiskanen gets C= 19 x 1 ~ " .  = O. Ugilig thosv ~ ~ ~ 1 1 1 ~ 8 ,  ~ V C  

zet for Kalirilipui. ( Iat,itucle 24'. Iongitntl~ 78'), 

Ueinp Table. 2 .  we tincl the ~ t f v c t  of t l l t ~ s ~  p-avity r~iolnal i~s  
eo~nprisecl within a ~.a(lios of 15" 1.01111(1 Kaliil.111)ur to 0 1 1 1 ~  

r )  - -Off  * 43, t= + 0" . 45 n o  that  the ouhls X(,IIPR l,c~vo~ld this a1.e 
~.esyoneihle fol. ovel. 2" i~ I c~ach componellt. 
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This residual error may be much greater in a11 ~xtremcl case. 
Thus, a t  latitutlr 2 4 O ,  longiturle l.sO, the deflectiou woliltl bc 
q =  0, f = + 2 C eos 24'= + 7". The assumerl gravity anomalies 
wit$hi~i a radius of 1.;" oilly produce a prime vertical deflection of 
about + I",  showiiig that, the o l~ ter  zones are inost impel-tal~t. 

However, as in the case of the vei~tical separntioil, the r~ l a t ive  
cl~flectioiis of two poiilts. not. too far from one another can be 
ohtaii~ed froin a co~isiclei*ntion of t h ~  near zones alone, the efiecht of 
the re~note arioinalies heing nearly the saincl for both. To verifj 
this, deflections wclrr c.omputed for another statioil Kesi-i H.S. 
(Serial No. 9 3  C of (4. R. VT, Supplement ). As before, zo~ies np  to 10' 
r ~ x t ~ ~ . l ~ a l  ra(1ins w t l l - ~  talcell and the mc~l*iclio~lal deflection came out 
to  be + 7". S. Thcl 1-c~lntive inericlional tilt \\.it11 respect to Kaliiiiipur 
is tl~ereforc + 7". S - 1". :; = + (if'. 5.  The value obtained by thc 
I I S U : L ~  ~nclthod autl pi-intcd ill G. R. Vl ,  S n p p l ~ m ~ ~ l t  i q  + 9". 9 - 9"-  1 
= + 6". 8. Thc ; ~ q r c ~ c i n e ~ ~ t  is very sn,tisfactC)ry. 

The prime vert,ic.al c.o~nponc~nt corll(1 11ot hchecl<ed, as thc P. V. 
cl~flectio~~ a t  Kesri H.S. is 1)ased o11 azimut,h ohse~.vations, a11t1 we 
1<11orn that 110 rr.Iia nce can 1 ~ 1  placard up011 t,hese dcflectione. 

Idinl i t in~ 
ratlii of 

x 1 1 1 1 1 ~ ~  

, 
I -  I ,;I 

Lilniting 
radii of 1 N,,  

X I I I I ~ S  

I- 
I /'IV, 1 

r l -  :! i + ( I .  x l  

A',,, 

,/i.c2/ 
+ :!.of; 

r , ir~~it ing 
~,n.tlii of IV,, 
x~rnc~.: 

/'00/ 

20 - :lo + 2.1;; 

I +O.L;S 

I I I - ~ I )  -1,1:1 

I -  - 2  

(ill 70 - :1.71 

~ o - ~ o  -.I..oH 

2 -  I 1 5 0 - 1 l i O '  -!-l,$)*18 

i I I i O -  170 , t l , : l T  

l j l l - I S 0  4 0 .  19 i 
+ ( I . H ;  

I 

! 
I -  I ;  / t 0 . 9 1  

I;- H ( + ( I . $ ) %  

I 

8-10 1 +( ) -91  

+ 1 . . 1 1 1  

I 
I , i ~ ~ ~ i t i n g  ' I 

~.;rtlii I I ~  A',  
ZOIIC~S 

I 

c , i ,/;21!t 
so- I i - 3  7 

I 
I - I  

1011-110 

1 - 2  

1?0-1:10 

: o - I  

- 2 . N $ l  

- 1 i ( i  

- 0  t i  

t O Y L  

+ i . c i n  
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TABLE 2.-RI~tvidimcil dejections tltte to  ~9 cos A = 1 ,mi/lignl ,ilL 
~ V I I . / I  zn)Lu, or P .  v. ".dt?fle('tiol)s 1 / 1 1 1 ~  to A g S;?I A = I mz'l/i!yfl/ i t ,  
ZOtIt'. 

11. THE SEPARATION BETWEEN DIFFERENT SPHEROIDS 

Limiting A!/ ros A 
rndii of I 

zone* Ag ?in :I 
~-~ - 

- 1 1 

I - 2 + U .  1ti 

2 -  I +0.2-I.  

- S + 0 . 1 9  

S - 1 0  + O . O ( i  

I n  the Si~rvey of Inclia, there are t.hree spheroicls in g e ~ l ~ r ~ l  
IWP, name1.y Everest, 1nternat.ional and Silrvey of Inclia 11. 

The Everest a11d International spheroicls have bee11 clefinrd in 
the Supplement to Geodetic Report Vol. VI. Survey of India 
sphe1.oic1 T1 is that which best fits t , h ~  compensatecl geoid i l l  lndin. 
so far  as tht3 latter was known i l l  1927. 

rt is often ~ l~cessa i -y  to find out the separations hetween t'hesc 
aphp1.oic1.s at cliffel-elit, points. To ohviatc the necessity of having to 
computcl nf~.esh Pvery t,ime, t,wo Charts XXVTII and XXTX haw 
IWPII prepared showing the d i s t a ~ ~ c ~ s  het,ween t ,h~se  sph~roitls for 
thr w-hole of India. 

T~i~~l i t , ing  'A!, c d  
rndii of or 
z o n c  Ag sin A 

~ 1 -  -. .. - 

7 0 

10-15  , +0'.'12 

1 - 2 0  +0.10 
I 

31-25 1 +().OH 

25-30 + O . O ?  

90-40 / + U . 1 2  
I 

The s~para t inn  is give11 hy t h ~  followinq fo~-muln :- 
[f A nnfl B a1.p two sphpl.oids, the hpiqht of B a h ~ , v ~  A i ~ t  t'he point 

( + . X ) i s  
.\.= I ' (  Usill +,,' + Vcos$+,') - ()65,, + I { (  Vsin #,,' - liros + h'Sn - '1'66, 

\~ l l f ' l 'P  P = COR +' COR 

(1) = (1 C 0 8  4' B ~ I I  X 
K = sin d' 
IY = 1 
T = a sin2 +' 
U = a h,, - use ein d+,,' 
V = ( No - 6a ) + ein",,' 

Aq coa A 
o r  

Aq sin A 

+0:09 

+o.oti 

+O.O:! 

-0.01 

-0.04 

T,inliting 
radii of 
z o n ~ s  

- 0 

40-50 

50-ti0 

0 0  

70-90  

HO-90  

Limiting 
l-adii of 
zoncs 

.. . 

~g cos A 
or 

Ag sin A 

1 -0.06 I 
loo-I20 ! -0.1'1. 

10-110 -0.11 

140-160 -0.06 

160-180 
i 
I -0-01 
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$' is the reduced latitude [ vix., tail +' = ( 1 - e ) tan + ] of the 
point a t  which the separation is required, a i d  h is the diffcrei~ce of 
longitude bet'wee~i the station and Kaliinpur. 

h is reckoiled positive wheli the statiou is to the east of 
Kaliinpur and negative when i t  is to the west. 

+,' is the recluced latitude of Kaliknpur. 
This foriilula has beell used by Dr. J. de Graaff Hul~ter from 

t.iine to time*, and is now put on record for future reference. 
Table 3 shows the dift'erences between the coilsta~lts of the 

various spheroids. 

TABLE :3.-D@'f:rer1,ces betrueel, the constants qf' the spl~e~oid.  
I 

A = Everc-st I A  = Everest i A = Iilter~~ational 

H = Intel-natiollal of India 11 B = Survey of Iudia 11 
- 

6a = an - a,, + 3647 feet 

611 = h,, - b ,  

6r = r,, - c, + 0.4255 x 10-4 + 0.9552 x 10-4 + 0,5297 x 10-4 
I 

~ V O ~ T ~ A - V ~ D  - 2 " . 7 1  i 1".04 

6 f o  = Ell, - tOH - 01'*28 + O"a36 

No - 31 font - 29 feet . 
No is the srparatioll bet,wre~i the two spheroids at the origin. Po~i t ive  whou 

U is above A. 

. ~ .~ - .... . 

* See Depart~uental Paper No. 12. page 139, formnln ( 7 ) .  
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P~.ofessional Forms ... . . . . . . xsri  
Tist of more impol.tant cont~.ibut,ions by the Officers of 

the Survey of Tlltlia to various t.xt1.a-tlepartine11tnl 
~,ublicatiolis anrl relatccl articles . . ... xxvi-sxs 

* Publications detailed in Parts 111, IV and V are aleo obtninable from t,lle 
Omcer in c h a r ~ e ,  Map Record and I s e ~ l e  OfBce. 13, Wood Btreet. Calcut,t,n, 



LIST OF PUBLICATIONS 

Sterling Prioer of Publioatione. The prices to be a b r d  
for Surrey of Indin ublicntione in sterling equivalents in Englilh 
money have been worke 9 out under the rules given in letter No. A.401 
dated the 17th Janunrp 1994 from the Under Secretary to the Government 
of India. Department of Induetriea nnd Labour, Delhi, to the Secretary 
to the High Commissioner for India, Qeneral Department, 42 Grosvenor 
Gadenr ,  London, S.W. 1. Theue sterling prices are subject to fluctuation 
wit11 the exchange rnte and will be revised from time to time. The prices 
at  the current rate of exchange are :- 

Price in 
Indian monoy 

English 
equivelent 

Shillings Pence 

0 3 

0 5 

0 10 

1 3 

1 9 

1 11 

a 6 

3 0 

3 6 

4 6 

G 3 

G 0 

6 9 

7 3 

Price in 
Indian money 

Englieh 
equivalent 

-. . - - - 

Shilling0 Pence 

7 6 

8 3 

9 0 

9 9 

10 G 

11 6 

12 0 

13 6 

14 G 

PART I. NITMERICAL DATA 

Triangulation Pamphlets. Each coverinq one square degree, giving 
desriptionr. p~eitiona. (latitude anrl longitude) and heiphte of trisnglllnted 
pointa and other data Kith chart. The chart crhowa the plnn of triangnlation 
w i t h  t he  porition of otationa and pointa. Trimaulation data falling in 
1/31 sheet are printed In a scriea of criateen pamphlets A to P In the 



NUMERICAL DATA 111 ... 

laat pnn~phlet of every series publielled up till 1032, n coloured map is 
Eiren in addit,ioti to  tile chart, to illustrate tho topogrnphicnl fenturee of 
the area covered by the 1/M sheet. Pamphlets 1111viiig this mnp are charged 
R9. 1-8 extra. 

Charts Nos. XXX & X X X I  a t  the end of tho flr?oc\ct,ic &port shew 
what triangulnt.ion p~lnphlete llavc beell publi~hed. 

Price Re. 1 per pamphlet. Published at  Dehra Lliin. 

Levelling Pamphlets. 
( I )  Levelling of Precidon. Giving heights nnd dercriptionn of nll Bench 
marks tixed by Levelling of Precision and of certain selectetl ~ccondary 
lines. Each pamphlet ernbrncee all nren of' 4' x 4' and the numbering i s  
the enme ne thnt of the corre~potiding elieets of the l / h l  mnp of Indin. 
Each is illustrnted by a map of the nren. Published a t  Uelira Diin. 

(a) Levelling of Procision In Indin nnd Bermn. 

Pnmphlet I 1 I~ntit~~tlc l L o n ~ i t n d c  Pnl,l~hl~ctl 1 - 1  N. L. 1 111 Price Sheet I Distinctive rmne of sheet I 
-- -- 

34 
35 
38 
39 

40 
41 
43 

44 

45 
4G 
47 

48 
49 
52 
53 

'5E 
5.5 
56 I (Hydel~biid, necc.nn) ... , 16-20 7 1!).:1 

I I 
P I 1 I 

a - -- - 

Rs. 2-04) 
11~. 2-0-0 
Rg. 2-0-0 
Its. 2.0-0 
RS 1-0-0 

RR. 2 0 - 0  
RR. 2-0-0 
RP. 2-0-0 
R R .  2-0-0 
RR. 3-0-0 

Rs. 2 0-0 
1 1 ~ .  2-0-0 
Rs. 2-0-0 

Re. 1-0.0 

Rs. 2-0-0 
I<P 1-0-0 
Re. 1-0-0 
l < q  3-0.0 
R Y .  2.0-o 

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

0 0 

(Quettn) ... 1!)1G 
(Kaficlli) ... 191 1 
(KLbul) ... 1!II? 

(Agra) .. . I 24 25 sc;-so 1 11s. 3 0-0 
/ ( N i i g p ~ ~ r )  ... I 2 - 2 4  7 ; -  1 13.: 2-0-0 

(Mult in)  ... ... 
Addendum to 39 . . . 

(HpderSbid, Sind) ... 
(Riijliot) ... ... 

2s-32 
,.. 

34-28 

(Srinngar) ... 
Addendum to 43 . . . . . . 
(Ln11ol.e) ... 

I 

1913 
9 
192G 

8 - 7 2  
.. .  

G8-72 

1019 
1 

1!M4 
20-24 1 GY--72 1913 

(Ajmer) ... ... 
(Rnrodn) ... ... 

24-28 72-7G 1911 

(Bombay) ... . I 1G-20 7 2 -  1912 
Addendum to  47, 1 
I s l ~ ~ d  of Bolllhay . . . 1 . 1  I 1915 

I 
I 

((Xon) . . . ... I 12-1G 2 -  1 1012 
(Calicut) ... ... 8-12 72-76 / 1911 

20-24 72-76 1 1912 

(1.eh) ... .. 
(Delhi) ... . 

32-36 i(i-SO I 
2s-33 i'G-qO 1929 

/ Addendull1 to 53 ... . . . I !  



iv LIST OF PUBLICATIONS 

Levelling Pamphlets--(Contifzq~ed). 

(h) 1,evelling of Prclci~ion in Meclo1)otamin. 
Descriptions and heights of bench marks in ;\lesopotnmia in one 

pamphlet, published a t  Dehra DGn, 1923. Price Rs.  3. 
(ii) Levelling of Sceontlnry Precision. 

Descriptions and heichts of henrh marks, printetl h? Gestetn~l. 
a t  Dehra DBn. 

Pnmphlet I 
-- 1 T,atittuln I L ~ n ~ i t ~ ~ d e  

I 

N. , 1. Sheet niatirlctive nRme of shert I 
-- 1 

0 0 

a7 ( M e )  ... I 1;-18 I 76-RU 1910 Rs.  3.0.0 
58 ' (Ootncamnnd) 76-80 1914 Rs. 2-0-0 

G2 (MBn.zsarownr) 80-84 1922 Re. I-n-0 
C R  Allnhiihiid) 24-28 1 80-81 1923 H s .  2-04 
64 / [Kaipur) ... 1:: 90-24 1 80-84 1912 Its. 3-0 0 
65 (Yizagnpntanl) ... 
66 1 ( h l n d r n ~ )  .., ... 

I 
72 I (Ritminrlii) ... 

4 

4 j ' Sitonted in ( Pnl,lisll~d I price 
2 z Toire n a m h ~ r  rlrpree sheets in 
m I 

1 52A ( R n k  t o  Sehwin) .. 35 M $ N ant1 
40 A 

2 1.52R (Dnur t o  Lundo) ... 4 0 R c t C  
3 S2C: (Sh ihpnr  t o  Malii%bpnr) .. 35 N and 40 

A,R,C, F' t  G 
4 52D (Tnndo AliihpSr to Ifyder%blrl)i 40 C Sc n 

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

Rs. 2-0-0 

1924 1 6 

I ,  
7 

9 .  

), 

I Rs. 3.0-0 
Hs. 2-0-0 
Ha.  2-04 

1913 
1912 

1930 

16-20 1 90-84 
12-16 1 80-84 

1913 
1927 
1918 

24-28 84-88 
84-88 

78 
79 
83 
4 
$5 

9 
9.3 
94 
9.; 

73 ( C n t t ~ k )  ... ... 20-24 

7 4  

(Darjeeling) 
(Calcutta) 
(Dibruqarh) ... 24-28 92-96 1912 1 Tta. 9-0-0 

Addendum to 7.3 . . . ... I (Puri)  ... ... 16-20 ~ 4 1 8 ~  

(Akynb) ... ... 
(Prome) ... . .. 

(Bhamo) ... ... 
(Mandnlny) 20-24 96-100 191 7 Rs. 2-0-0 
(Rangoon) 7 
(Mergui) 5 " '  19-16 96-100 

I 

1 

20-24 1 92-96 ' 1918 lls. 2-0.0 
1 G-20 1 92-96 191 7 Its. '3-0-0 

2 i 2 8  9 xi- loo 1 1 ~ .  2-0 0 



Levelling Pamphlets-(Contir~zced). 

- 
.% d 
k li: 
cfi 
-. . 

5 
ti 
7 

8 

9 

10 

11 
12 

18 

i 1 170 1 (S .M.  15/73N t o  As:cuuol, 
l<C~lip%l~:~ri ( J ~ I I ~ u ~ I ~ I )  1 i O M ( l < l l l ~ a  EJ. S t u  to (I i l l~ i  
Ey.  Stn.) I 

I 
i 7SQ (Calcutta to R'irityaul)ur) ) 

l5  1 i71C (JSanty;~up~ir to Kitr;L\:~up~r) ) 
79 13 P I  He. 1 

~ 
i 8SA ibIulor~lluui~l to J';I;Lu) ) :  i 

87B (Mo~llmeiu to Weliali) I I 
87(: (l<;ibulton to Li;rwn~~atlr!.i) 
87U (hy:~un~biusr;eih- to N:lt- ,, As. I:! 

chnung) 
I ~ i 

I 
I 

Liuc uuwber ! degree sllvets 
- -. - 

52E (Rohri to Jam Sahib) ... 
52F (Shabpur to Mirpur l'ul-iua) ... 
5 2 6  [Lindhi canal bu~~yalow (39th 

inile) to Khipro] ... 
52H (liliipro to Ghuliiu~ .Uh~rg i~ r i )  

52 I (M'irpur Kliis to 'l'ando Glru- 
Iiim Ali vin Uunrkot a i d  
Dadah) ... 

5.25 (Mirpur lilyis to 'l'ando Uhu- 
lam Ali via Digri) ... 

52 I( (Digri to Dadill) ... 

--. 

40 A ,  B cE; E 1 1'325 AY .  6 
40 B, C: 8; G i j I 9 9 

40 C & G ' ,, ? ,  

40 C; I I >  t 9 

4 0 C , D , G S ; l i l  9 ,  

1 I " 

40 (; j , 1 I ,  

40 G S; 13 1 ,, , , 
70J (Bariibar to 14azrtribiglr Hoad) 

j As. 12 
74C (Howrail to Uttarp5.1-LL) I 
74 1) (Bitidyabiiti to Slieoriiplrtili) I / I 1 

74.E (Uandel C11ul.cl1 to Biutlel ,, As. 8 ICv. Stn.) 
74Y [ ~ . h .  251(118)/79A to 

I'auclua I C Y .  Stli,] , I 
i 

74G (U.11. 126/731\1 to Salitigarlr '( ! 1 
i 

I-ty. Stll.) I 

7411 (13.R1, 116/73&1 to UurclwC~n 
l iy.  Stll.) 

70li(U.M. 85/73Rl lo Rliiuhar 
1Cy. Stll.) 

70F ( U . R l .  76/73Al to l'it~r:~gar 

I 

I 

tty. Blu.) I 

70(; (U.M. 58/731l tu U u ~ g i i l ~ t r  9 ,  , As. 12 
I 1C). Stu . )  

7011 (B.M. 2817311 to l{inigauj ~ 
I i 



vi LIST OF PUBLICATIONS 

Levelling Pamphlets-(Continued ). 

1,ilrc n ~ ~ t u b c r  Situated iu Publishecl 
Price 

rn degrcc shects j in  

I 
) 88B (I<ynuttngn t o  illgit%yo) 
1 88C (Dalnnun t o  Pnzuninynung) 
/ 881) ( P e g u  t o  Zenyauugbin) 
I I 88E (Mpitkyo t o  Olipo) 
5810 (E. B. M. n t  X. 1). 25 of t h e  

9 0 8  (Nynuugzaje  t o  Kandin)  
' 90B (Ma-ubin t o  Bassein) 

' PeirweE~nbanl tmeut  toUaiv) 1928 Bs. 2 

190C (Sngalliya t o  Pnntnunw) 
) 90E (Thouze t o  Hnngoon) 
I 

J 

8 9 A  (Ryaulrse t o  BIinau) 
1 89B (Ywnlrainggy i t o  8111arapura) 

7 
1 89C (Kynukse t o  Mandalay) 

18 S9D (Taug6n to  Shwebo) 
, X9E ( I< ;~bo  t o  Myittaw) 

84 M,N, 0 't 1' 

' 8!)k1 (Olruhitlran t o  Paul ikan)  ' 301) (Meilitiln t o  Yewe) 

,, Rs. 1-8 

Aa. 6 
7 ,  

A e  10 

Aa. 6 
, I  

I 9 

9 I 

9 I 

I ,  

91 

1 9  

1 9  

1 9  

t~ 

I I 
19 
20 
21 
2 

23 

24 

25 
26 
27 
28 

20 

30 
31 
32 

33 
34 
35 

20C (Nirn  t o  Bntgarh)  47 P& J 1 1029 
5311 (Mxdad Ch511clia t o  i\Iehnr) 
34B (Shiltiirpur t o  I<ambar) ... 
54C (WirizLso t o  1Cnto-dero) ... 

551 (Gar11 M~11nraj;l lo Ilernilnia) 

35 M , ,  

i " 

34 P ,35  M, 
39 1) end  40A.  9 I 

59 N,44 A&B ,, 

,, 

,, 
I I 

1 9  

$ 9  

9 ,  

1, 

9 , 

9 8 

9 9  

I ,  

9 9 

5.5K (Allerbela t o  M u l t a ~ ~ )  
55L ( H a u g p t : ~  t o  Muzaifargnrh) 
LjM (Muzxtfargnrll lo  Basti  

Mnlulr) 

5 5 0  (S11jabi.d i o  Yabuwili) . . . 
55P (.Jabbo%ua t o  I<ot Miildro) ... 
56 tl ( R a s u r  t o  Bnuirpur) ... 
371) (Lodhritn t o  Bahiiwalpur) ... 
5711 (Bauirpur to Lodhriin) .. , 
57.T ( K u t a b p u r  t o  Ad:tmw,ihan) ... 
57Td (Dingarh t o  T<lianpur) ... 
57hl (&litbra to  Klinupur) ... 

5 7 5  (Chnc111.xn t o  Khiinbeln) ... 
74B (I<idderpore to  Dublat )  ... 
7 i V  ( I I a s t i ~ ~ g ~  Bridge to 

L)alrhineswar) ... 

39 0 
44 A 

4 4 F , I k J  
39 0 

39 O,44 B,C 
((LF 

39 0 
30 L,O 9L P 

39 H & L  and 
4 0 E . I  

39 K,L & 0 
79 B 

79 B 



NUMERICAL DATA 

Levellin g Pamphlets-( Continued). 

Situated I U  Published 
degree sheets I I 

I 

6:3G,r<& 0, 
I 

72 C, G, I\&L 
and 7 3  I 1029 As. 14 

63 0 ,Pr. P and 
72 L) $ 11 I A s .  1 0  

39 N & O 

39 N ck44 B i AP. Ci 

47 L & P  1931 1 As. 8 

4 i  J . K  & 0 1930 

59 H, 54 I. J lg30 ,Ks, 
'k N and 6YB, 

C 't c: 

i 9 E . F . I c Y r J  1983 : A s  10 

I 

9 4 c ~ : n  1933 ' AS.  10 

I 

39 N 'k 0 and I 

44 B. C, F, 1932 ( A S .  14 

G k J  I 
1 72 H & L and 

Line number 

86 

37 

38 

39 

40 

41 

42 

43 

70R(Al lah ibLdto  Barilta~.) ... 

70L ( M u ~ h a l  Siirii to 
Hi~z%t-ibigl~ Road) ... 

55N (Basti Rlnluk to Rabirwnla) 

55tI (Abdul Hskim to Qarh 
IT:~hir%ja) 1 55J (I):imlmia to Ahar Bela) 

29D (Gotfir to Ksliclgi) ... 

29E (Pu'i1.s to Jllalki) ... 

GJ I (Ghlz i lNd to Caw~ipore) ) 
64 J (Cawnpore to AlIahahkd) ) 

77 S (Khulna to Mid&ripur) 
77 T (Molllhiit to Barisll) 
i i  U (Kaehua to Alaipur) j 

8 88 Ct (Thanatpin to Tongyi) 

1933 As. !i 

193S As. 11 

I 

193:i ( A S . ( ;  

I i 
I 

1933 k s . 6  

li 

48 

I I ! I 
I 

" 1 $ 3  1 

5 5  Q (Rohillnwili to Leiah) . .  1 39 J, I< & O 

88 I (Bridge No. 74 to Myit- 
kyo) I 91R,C-(! 

98 J (Panut  to ~ e n w e ~ o n )  
I 

4 4  88 H (Ohne to Thongma and 
Ohne) 

I 

I 57 I (Khudiin to Lodhran) 
"') S i  K (Bahiwalpur to Fkzilka) ) 

70 S (Minpur to ~uckecserai)  72 (2. D, Ct, 
'IY ' 70 T (Patna to Gay*) 

I 
] J3.K 

4; 3 Branch-Lines between Hazlri- 
biigh and Gtomoh 
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vlll  LIST OF PUBLICATIONS 

Levelling Pamphlets-(Continued). 

Line number Situated b Publi~hed I Pria 
degree sheets l in l 

50 7 3 1  R M 

-- -. - -- - 

121 B (Toposi to Ondal) I 
121 C (Toposi to Gaurlngdih) 
151 A (Plndaveswar to Pal ls-  

thi l i )  
70 R (Ikrah to Sitlriimpur) 
70 U (Pradhiinkhunta to I Plthardih)  
70 V (DhiinbFid to Jamuniii- 

tiinr) I 

I 

1933 !As. 10 

5 1 

52 

i 

53 

54 

5 5 

56  

1933 

1933 

70 Q (Toposi to Riirlbani) J 

56 I (Ferozepore to Jagraon) ) 
61 I (Mahna to Head of Bha- 

daur distributary) 44 I, J ,  31 A N 
61 J (Badhni Kal ln  to Alam- 

wala) 

As. 14 

AS. 10 
57 0 (Rhatinda to Dorlha) 1 
57 P (Isl~mwiila to Lambi) I 

44 J, I( & N 
and 53 B 

As. 10 

As. 14 

As. 10 

57 Q (Hanumiingarh to Hisslr) 
57 R (Hisnlr to Balsamand) 1933 

I 
75 C! (Muhammadnagar Patna 

to Bhadrakh) 
75 D (Bhadrakh to Cuttack) 1933 

75 E (Cuttack to Pir  Hlt) 

74 J (Saktigarh to Bally) 
74 K (Seorlphuli to Taralies- 72 P ,  73 M, , 

war) 78 and 'i9 A l  1933 

74 L (Bandel to Barharwa) 

As. l 4  

A8.l; 

As.'; 

74 M (Khlna  to Kiul) I 
(Portion Tinpahiir to I / Pirpainti) 

74 N (Nalhati to Aximganj) 
74 O (Tinpahiir to Riijmahll) ) 

70 0 (Jasidih to Baidyaniith 1 
Dh5m ) 1 " 70 P (Madhupur to Giridih) 

72 A (Bhi%alpur to  Mandlr  i 
hill) 

) I  
58 74 I (Uttarplra to Ki lne)  ... 

I 

72 K, 0 & P, 
73 M and 78 D I  1933 

I 

7'2 I<, L 6c P 19% 

79 A & B 1933 I 



NUMERICAL DATA ix 

Levelling Pamphlets-(Conclfbded). 

Line number Situated in ( Published 
degree sheets 1 in I Price 

59 

60 

61 

62 

63 

64 

-- 

I I ! 
1 

52 M (S.B.M. Su.kkur to Barrage ! i 
Road Bridge, Suklrur) ... JO A i 1933 1 ~ a . 6  

I 
I I 57 S (Bhiwini to Bahidur- 

aarh j ) I ~ ~ J , K , N & ~  1 
57 T (Hinsi  to Bhatiada) 0 and 53 C. 1 1933 l As. 14 1 1  D & H  I 57 U ( M ~ n s a  to Sohiiwila) ! 

I 

I I 

i 61 L (Chaudigarh to Jagidhri)) i 
! 

I 61  M (Jagidhri to Kara i l )  

As. 10 

As. 10 

57 V (Badopkl to Narwkna) 
57 W (Narwina to Rijpura)  1933 

65 

6 1  K (Chandigarh to Doriha) 
57 x ( ~ o r i h a  to Patiila) ] 

61  N (Rutina t80 Chand~na)  

5 3 B  

i 5  F (Chkibi t ia  to Kendra- 
pire)  

75 G (Kiarbank to Puri) 
39 B (Puri  t,o Puri) 

i 
i 1934 , Rs. 1-2 

61  0 (Karnal to Jind) 
57 Y (Rohtali to Pihipat.) 

I 
! 
i 

1 87 (Pegu to Amherst,: port,io~l I 
Pegu tJo MyitJkjro re- 

i 
vised in 1933-34) 

88 (Elephant Poiilt t,o Thazi: , 
I 
1 

1933 

I 
i 

57 Z (Jikhal to Rohti) ) 

1933 

57AA (Bhiirthala to Kotli and 1 1934 
Mauvin) 

4 4 N & O  

(i(i 

As. 10 

As. 10 

porttion Ra~igooil to 
Pyi11l)ongyi l.cvised in 
1933-34 ) 

88 G (Thanat,pin to Toiigyi re- 
vised in 1933-34) 

88 H ( 0 h n e  t'n Thongwn, and 
Ohne mviscd ~ J I  

1 I I 

" 

, 94 ct, i 1934 
i 

i 
1 ' 

1933-34) 

14 

~ o ~ m : - ~ e e  also pamplllets of " Levelling of Precision in India ~ n d  Burma" 
pgea iii rind i v ,  for co.t ,~in ficl~ct,rd 1inc.s of S~00ndn.r~ Freoi8ion, 



X LIST oP P~JBLICATXONS 

Tide-Tables. 
From 1880 to  1022 tidal predictions based on the observation0 of 

the  Survey of India were published annilally by the India Office, 
London. Prom 1923 the prediction and publication have been under- 
taken at Dehra Dun  by the Survey of India, and until 1930 were 
published as follows :- 

(1) A single volume styled "The Major Series" priced 12s.  8. 
(2 )  Combinod Palnphlets varying in ?rice ,from Rs. 1-2 t o  

Rs. 1-8per copy. 
(3) separate Pamphlets for individual ports priced As. 12pe1. 

copy .  (For names of these ports see Geodetic Report 
Volume V, pages 31-33). 

Commencing from 1931, a new form of publication styled "Tide- 
'l'nbles of the Indian Oeen~i" has been introduced yriccd Ks. 3 per  copy. 
'l'li~s conlprises full tide-tables for the  4 1  Indian ports predicted by the 
Survey of India, and 22 other s tandard  ports in the Indian Ocean and 
Fur East,  also lor  6 English and Mediterranean ports. I n  addition, it 
c ) I I  tains the noa-harmonic tidal constants and tidal differences for about 
170 ports and anchorages, and the harmonic tidal constants of about 170 
important tidal stations, mainly in the Indian Ocean and Far East. 

Separate Pamphlets of tide-tables have also been published for 
the fol lon~ing ports :- 

Bombay . . . price AR. 12 per copy 
Hooghly River  . . . ,, Rs. 1-8 ,, 
Rangoon  River  . .. ,, Rs. 1-2 ,, 

PART 11. GE0L)E'I'IC WORKS O F  R E F E R E N C E  

Everest's Great Arc Book. 
1 .  AU account of tile Measurement of an Arc of tile Meridian be- 

tweeu the parallels ot 18' 3' and 24" 7', by Captain George Everest, 
F.R.S. kc., East India C'or~lpany, Londo~t,  1830. (Out of print). 

2. An accouut of tile Measurement of two Sections of the Meridional 
Arc of 111din, bourided by the pnrallels of 18" 3' 15", 24" 7' 11" and 
29' 30' 48", by Lt.-Colonel G. Everest, F.n.s. and his assistants, East India 
Cu~npnny, London, 1847. (Out of priut). 

3. Engrnviugs to illustrate tlre above. L o n d o ~ ~ ,  1847. (Out of print). 

G.T.S. Volumes. Describing the operations of the Great 'J'rigono- - 
lnetrical Survey. 

Val. I The Standards of Mensllro and the Base-Lines, also an Introd~lc- 
tory Account oE the early operations of the Survey, during the 
period of 1800-1830. Dehrn Dun, 1870. (Out of' print). 

Val. 11 History and General Description of the Reduction of tho 
Principal Triangolntion. Dehl,n D i n ,  1870. (Out of print). 

Val. 111 North-West Qundriluteral. The Prillcipnl Trinngulntion, the 
Bncre-Line Figures, the Karictli Longitudinal, N W. Himalaya, 
n~rd the (;rent Indue Series. .Detrnl b u n ,  1873. (Out, of print). 



GEODETIC WORKS OF REFERENCE 

G.T.S. Volumes-(Continued). 

Val. lV fiorth-West Quadrilateral. The Prillcipal yj.iangulation, tile 
Great Arc-Section 24'-30°, Rahiin, (furhLgarh and Jogi-llila 
Meridional Series, and the Sutlej series, uelIre l)Gn, 1876. 

Price Rs. 10-8. 
Voi. I V A  North-West Quadrilnternl. The Principal Trinngulation, tile 

J odl~pur and the Eastern Sind Meridionnl Series with the detail8 
of their H-eduction and the Final Results. Dehrn Diin, 1886. 

Price RE. 10-8. 

Vol. V Pendululn Operations, detnils of, by Cnptaina J. P. Ba~evi arid 
W. J. Heaviside, and of their Xeduction. Del~rn Dun and 
Calcutta, 1879. Price Rs. 10.8. 

Vol. V I  Sonth-Enst Quadrilaternl. The Principal Trinngulntion and 
Simultaneous Reduction of the following Series :-Great Arc- 
Section 18' to 24O, the East Coast, the Calcutta and the Ridar 
Longitudinal, the Jubbulpore and the Bilavpur Meridionals. 
Dehra Dun, 1880. (Out of print). 

Vol. V l I  Nurth-East Qaadrilnteral. General Descripiion aud Simul- 
taneous Beduction. Also details of the fbllon.ing five series :- 
North-East Longitudinal, the Budhon Meridional, tlie Rangir 
Merid~onal, the Amua Meridional, nnd the Knrara Meridional. 
Dehra Dun, 1882. Price &. 10-8. 

Vol .  V l I I  North-Enst Qundrilateral. Detaila of the following eleven 
series :- 

Gurwani Meridionat, Gora Rleridionnl, Huriliong Meridionnl, 
ChendmLr Meridional, Nortli Parasnith Meridional, Nortli 
Maluncha Meridional, Cnlcutta Meridional, East Calcutta 
Longitudinal, Br~hmnputra Meridional, Eastern Frontier- 
Section 23"-26O, and Assnm Longitudinal. Dehrn bun,  1882. 

Price Rs. 10-8. 

Vol. IX Telegraphic Jlongitndes. During the years 1875-77 and 1880-81. 
Dehra Dun, 1883. Price Re. 10.8. 

Vol. S Telegrapliic Longitndes. During the years 1881-82, 1882-83, 
and 1883-84. Dehra Dun, 1887. Price Rs. 10-8. 

Vol. X I  Astrouo~nicnl L~titndes. During tlie ~ e r i o d  1805-1885. Dehrn 
Dun, 1890. Price Rs. 10-8. 

Val. XI1  souther^^ Trigon. Genernl Description and Simultaneous Re- 
duction. Also details of the follom~ng two serles :-Great 
Arc-Section S0-38", and Bombay Longitudinal. Debra Dun, 
1890. Price Rs. 10-6. 

Val. XI11 Soutllcrn Trigon. Details of the following five series :--South 
Koukan Coact, Mangalore Meridioual, Mndres Meridiounl 
rind Const, South-East Coast, and Madras Longitudinal. 
Dchra Dun, 1890 Price Rs. 10-8. 

Val. X I V  South-West Quadrilateral. Details of Yrinci~nl '~'rinngulation 
and Simultnneoutl lteductiou of its colnponellt series. 
Llel~rn Dun, 1890. Price Iicu. 10-5'. 



sii LIST OF PUBLICATIONS 

V O ~ .  XV Telegraphic Longitudes. From 1885 to 1892 and the Revised 
Results of \'oluu~es IX and X :  also the Simultaneous 
X r d u c t i o ~ ~  nnd Filial liesul ts of the whole Operations. 
Dehra I)iin, 1893. Price Re 10-8. 

VOI. XVI Tidal Observations. F~norn 1873 to 1892, and the Methods of 
lteduction. L)ell~.a Diin, 1901. Price Rs. 10-8. 

Vol. Y V I I  Telegraphic Longitudes. During the years 1894-95-96. The 
Illdo-European Arcs from Karichi to Greenwich. L)ehra 
Diin, 1901. Price 22s. 10-8. 

VOI.  x V I I I  Astrol~o~uical Latitades. From 1885 to 1905 and the deduced 
values ot Plumb-hue Deflectioua. Dehra Diin, 1906. 

Price Rs. 10-8. 
P O I .  Y IX Le~cll ing of Precision in India. From 1858 to 1909, Dehra 

Dii11, 1910. Price Re. 10-8. 
vol. X I X A  Bench Marks on the Southern Lines of Levelling. Del~ra 

l)iin, 1910. Price Hs. 5.  
~ o l .  X I X B  Bench Marks on the Northern Lines of Levelling. Dehrn 

Diin, 1910. Price Rs. 5. 

P A R T  111. HISTORICAL A N D  GENERAL REPORTS 

Memoirs. 

1. B Memoir on the Indian Surveys, by C. R. Markham, India 
Office, London, 1871. Price Rs. 5. 

'2. A Memoir on the Indian Surveys. (Second Edition), by C. R. 
Markhani, c .B. ,  F .R.s . ,  India Office, London, 1878. 

Price Rs. 6-8. 
3. Abstract of the Reports of the Surveys and of other Geographical 

ol'erations in Inclia, 1869-78, by C. R. Markham and C. E. D. 
Hlack, India Office, Londou. Published annually between 1871 
and 1879. (Out of print). 

4. A Memoir on the Indian Surveys, 1875-1890, by C. E. I>. Black, 
India OtEce, London, 1891. Price Rs. 5-8. 

" Notes of the Survey of India " are issued monthly. Pr ice  AR. 2.  

Annual and Special Reports. 

Annual Reports of the 1lc~c1111e Urnnch. 1851 to 1877. (1851 to 1870, out 
of print ). 

1)itto 'I'opngrnphicnl Bmnch. 1860 to 1877. ( 1863 to 1877, 
out of print ). 

I l i t to  Trignnomctricnl Branch. 1861 to  1878. (1861 to 
1863, out of print ). Price Rs. 2 .  



HISTORICAL AND GENERAL REPORTS . . . 
X l l l  

Annual Reports &c.-(Oontinued), 

I n  1878 the three branchee were amalgamated, and from that  date 
onwards annunl reports in sitlgle volumes for the whole department, were 
published as  follows :- 

! from 1877 to 1900. Price Rs. 3 per volu~ne. 
Ueneral Reports from 1900 to  1922. P~ice  Rs 2 per volume. 

( frolu 1923 onwards prices as given below. 
From 1900 onwards t l ~ e  Report was issued annually iu the form 

of a conden~ed statement ltnown as (a) the " Benernl Report" supple- 
mented by fuller reports, which were called ( b )  " Extracts fro111 Narrfltirc 
Roports " up t o  1909, and then (c) "Records of the Sllrvey of Indin " until 1921. 

From 1922 the annual reports are published in three separate volumes of 
octavo size, viz., (a)  Genernl Report which is confitled to reporting the Survey 
operations of the ordinary field parties and detachments with only brief ribs. 
tracts of Geodetic operatio~is, and Mnp Publication and Office work. Pub- 
lished annually. Frog~c 1922 to 24 Price Rs. 2, fiSona 1925 Re. 1. (d) Xnl) 
Publication nnd Off'ice Work report whicli contailis all the Iuclex Maps s h o ~ -  
inu the Progress of Map Publication on a11 scales, with reports on public a t '  1011 

and issue. Publislied annually beginr~ing with year 1924. Price h'r. 1. ( e )  
Geodetic Report which includes full details ot all scientific wol~lc of the 
Qeodetic Branch, Survey of India exclurling the worl: of the Del~t-n 
Drawing Office, Publication Oflice, and topogr~pl~ical  parties. 

From 1933 inclusive, the General and Map Publicatioi~ and Office wol.1; 
Reports have been combined into one report under the title of General 
Report. Price Rs 1.8, or 2s. 6 d .  

The following fuller reports are available :- 
(b) Extracts from Nnrrative Reports. 

1900.01. Hecent Improvements in Photo-Zincography. G. T .  Trian- 
gulation in Upper Bl~rmn.  Expel.imentn1 Hnce Menwurelnent with 
Jadet-in Apparatus. Topogrnphy in Upper Burma. Cl~lcutta. 1903. 
(Out of print).  

1901-02. O.'l1. Trinngulntion in Upper Burma. Topogrnphy in 
Upper B~lr lna Sind, Punjab. Clllcuttn, 1904 (Out  of' pr.ll~t). 

1902-03. Principnl 'I'rianeulntion ill Upper Burtna. Topogmpllp in 
Upper Bul-mn, Shnn St:ttew. Survev of SLrnbhnl- Lnlte. Introduction of' the 
Col~trnct Spatem of Pnyment rn 'I1t*nverse Sur\eps, "ravel-.sln,u with the 
S~lbtense Bar. Compili~tion and Rept-oduction of T11Ln;l Maps. Gal(-uttn, 
1905. Price Rs 1-8. 

1908.04. Utilixntinn of 0111 T rave r~e  Datn for Modern Surveys in 
the United Provi~lcea. Idelltificatio~l of Snow I'enlts in Nepil. 'I'opo- 
grrrl~l~icnl * I I I - V ~ ~ R  in Sitld. h o t e ~  or1  torn^^ nlid M~ltlicipnl Sllrvrvs. Notes 
on 1Civet-nin S11rvey.s in the Putlj~ll). Cnlcuttn, 1906. Price Rs 1-8. 

1904-06. ' I ' l - in~lg~~la t io~~ in Ral~icl~ist in.  Survey Operntionr tvitll the 
Sot~~Llilat~d I'ield Fo~*ce. C~~ lcu t t a ,  1907. Pricp Rs. 1-8, 

1903-06. Topograplly in Sh:~n State3 Cnlcuttrl, 1908. P~vice Rs 1-S. 

10G-07 Triangulation in l3i1luchistiin. Topoqraphy in Shnn States. 
Calcuttn. 1909. Price Re. 1-8 

1907.08. Topography in Shnn States. Cnlcuttn, 1910. Price Re. 1-8. 

1908.09. Calcu t t~ ,  191 1. Price Rs. 1-8. 



xiv LIST OF PUBLICATIONS 

Annual Reports &c.-(Continued), 

(c) Record8 of the Surrey of India. 
VOI. I 1909-10. Calcutta, 1912. Price RI. 4. 

VOI. 11 1910-11. Calcutta, 1912. Price Rs. 4. 
VOI. 111 1911-19. Calcuttn, 1913. 2% ice Rs. 4. 
Vol. I V  1911-13. Explorations on the North-East Frontier. NortIl 

Burma, Mishmi, Abor and Miri Surveys. Calcutta, 1914, 
Price Rs. 4, 

VOI. v 1919-13. Note on the relntionship of the Himiilnyas to the Indo-  
Gangetic Plain. Calcutta, 1914. Price Rs. 4. 

V O ~ .  YI 1912.13. Link connecting the Triangulntions of India and Runsi.z. 
1)ellrn Dun, 1914. Price Rs. 4 

VOI. VII 1!)13-11. Note on Scales nnd cost rates of Town plans. 
Calcutta, 1915. Price as. 4. 

VOI. VIII { 18G5-79 Pa* I Explorations in Tibet and neighboaring 
1879.92 Pnrt I1 I 

regions. Dehrn Dfin, 1915. Price of each patst Rs. 4. 
Pol. V I I I  ( A )  -1914. Explorittions in the Eastern ~ a r a - k o r a m  and the 

Upper Yiirkand Valley, by Lt.-Colonel H. Wood, E.E. Dehrs 
Den. 1922. Price Rs. 3. 

Vol. IX 1914-15. Criterion of strength of Indian Geodetic Trinngu. 
lation. A traverse signal for City Surveys. "The plains of 
Northern India nnd their relationship to the Hinlilaya 
Mountains" an address by Colonel S.G.  Burrnrd, F.R s. 
Report on l'urco-Persian Frontier Commission. Calcutta, 1916 

Price Rs. 4. 
Vol. X 1915-16. Mechanical Integrator for calculating Attractione 

( i l lu~t ra ted) .  Traverse Survey of the boundnry of Imperial 
Dell~i. Dehrn Dfin, 1917. Price Rs. 4. 

Vol. Xt 1916-17. Trinngulation ; use of high trestle for stntions and 
100-foot mast signals. Note on Basevi'a Pendulum Opera- 
t iol~s a t  Mor&. Photo-Litho Office ; New method of pre- 
paring Lnper plates ; Developments 2nd Improvements i l l  

preparing Tint-plates. Dehra D i n ,  1918. Price Rs. 4. 
Vol. XI1 Notes on Survey of India Blnps and the nlodern development of 

Indian Cartography, by Lt'.-Colonel w. M. Coldstream, R.E., 
Superintendent, Map Publication. Cnlcuttn, 1919. Price Rs. 3. 

vul. XI11 1917-19. Photo-Lit110 office ; the Powder Proceae. Problem of 
the  Hi~nilnyau and Gangetic Trough; Review by Dl.. A.  
Morley Davies. Dehrn D i n ,  1919. Price Rs. 4 .  

Yo!. XIV 1981.91. Levelling in Mesopotamin. Dehra Dun, 19%). 
Price Rs. 4.  

Val. XV 1919-20. Levelling ; proposed new lerel net. The Eal.th's Axes 
nr~d Figure, by J. de G r a ~ f f  Hunter (n paper read a t  the R. A.  S. 
Geophysical Meeting). Report on the expedition to Kntnrt. 
Note on the of the Nun Kun Mns~if in LadLkll. 
Dellra Dun, 1921. Price Rs. 4 .  

Val. XVI 1950-21. High Climbs in the Himilnya prior to the Everest 
Expedition. Mt. Everest Survey Detncbment, 1921. 'I'raverae 
Survey of A llnhlbid city. Settlement of Boundary between 
Myeore and South Kanara. Debra Dill, 1922. PI-ice RE. 4. 
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Annual Reports &c.- (Cot).f?:,)vr e d ) .  

V ~ I .  STIT 1998. Nemoir on Maps of Chinese Turkistln and Kansu 
from tlie Surveys made dnring 8i1. A. Stein's  exploration^, 
1900-01, 1906-08, 1913-15. Dehrn Din, 1923, Price R.P. I,?. 

vol. S \ ' I  rT 1!)91-39. Traverse Survey of Allahiibld city. Settlement of 
Boundary bet,ween Mysore and South Kannra. Notes on 
Revision Snrrey in the neigh\)n~lrhood nf Poona. Dehra DGn, 
1928. Price Rn. 4. 

VoI. sr X 1901-90. The bIagncrtic Smvcy, by Lt.-Colonel 11. H. Thomns, 
n . s . o . , n . ~ . ,  and E.C..J. Rnncl, v.n. Delirs Diin,l925. 

Price RR. 4 .  
~ o l .  SS 1914.40. The \Vnr Xccord. Dchrn Diin, 1925. Price RR -7. 

Val. S Y t I!)?!?-93-94. I .  Air Sl~rvcy in t'hc Trramaddy Delta 1923-340, by 
3lajor C.  Cf. Lewis, RE., mil 11.. Reconnais~ance Siirvey in 
l31iutiin and South Tibet 1921,  by Captain H. R. C. kleade, I . A .  

nehrn DGn, 1955. Price R.P. 1-8. 
VOI. S S 1 I 1926. Nsploratioll of tlie Shaksgnm Vn.lley and Agllil Ranges. 

199Ci. 1,y i\Tn.jor K. Mason, sr.c., R.E. Dclira Dfin, 1928. 
Price RR. i7 

VnI. SSTTI l!)?(i-:lO. Report on Sind Recta.ngulatioi1, 1996-30, by Lt. - 
Colonel A. H .  Gwyn,  I. A. Dehra Dun, 1932. Price Ila. .I-8. 

\',,I. X X  I\' 1901-!?!). Rivernin Sl~~*ve;ys in the Piuljnb, 1901 to 1929. 
Dehrn, D i ~ n ,  1934. P~ice  Ra. 1-8. 

\',,I. XS\' 1!)2.i-:{l. S~lrreys in Sn-St,, C h i t r ~ l  c i t  and neighbourinr 
tcri.itories, carried out by 'A '  Sul*vt>y Company from 192.5 to 
19:31. 1)y M.-Clolon~l C.G. IJcwis, o.n.e., R.E.  Dehrn, Dlln, 1934. 

Priw Rs. 1-8. 
( p )  G C O ~ C ~  i c  R~ports .  

I 19!?!?-2.;. ('onipllt,ntions and Rcsaarcll. Tidal wnrlr. l'illla nad 
> I : ~ ~ n c t i c  ohservntions. 1,ntitiide and Pcndnll~m obscrvntiona 
in l ) i l ~ i ~ . ,  Assn~n n~lcl r\ ':~~lllnir. Lcrvelling. I lec t~ i~*e  on '1'11(~ 
IleiC1~t of 3,foltllt Kv~i.est n~id othc~r- Peaks". l)rli~.a Diin, 1!)28. 

Price Ila. 6. 

1\11. I I i!t!?G-%;. ('nlnp~~tn tions ;111cl I<esenrcll. i l l  I .  Timc nut1 
_ \ I :~~ne t i c  observn.tinna. P~*epnrat,ionc;r for the Illtrrnationnl 
I,c,ngit~lde l'rojectJ. TI-inuguln,tion. I,cv~lling. Investigation 
of tlrc I,ellnvio~~r of trcc brncll 111a1.li~ i l l  lntlin, Del11-n. I)i~n, 
1028. Price Rs. 5'. 

l'111. 1 I 1 199G-37. '1'11t~ Jut~rnntionnl Longit,llclc 1'i.ojcrt. (?oll~p~ltn.t~ons 
:I l l t l  Puhlicn tion of (la t : ~  . Ohsc~-v:~ torics. 'l'itles. Glnvit,y nlltl 
cl(lvintic,n c,C thc vt~l.tic~nl. Trinngill:~tioii. I,eveIli~lg. I<eseni.c.l~ 
; I  11,1 'I1c~c.linic~nl Notc~s rr.cznl.,lin~ Pcli~sc~n:~l lCrll~ation flppnrntlis n11(1 
tllp I l p i g l \ t ,  of nfollnt 1<vo1~lst. i > c > l ~ i * : ~  1)611, 1!129. Prire RN. i!;, 

\ ' # , I .  1 \. 1997-2s. (lolill,i~tn tions n , i ~ c l  T'~~l,licl:l t ion of dnt:i. ( )lwcrvstorics. 
, \.ity nlltl dcvint,ion o f  t l i ~  vc1rtic.n 1 .  'I'rinng~~ln.t.ion. 

I , rvclI i~~g,  l ) r . c l i~* :~  1)61i, 1!'2!). I-'ricc 1tn.  .7. 

1 .  1!)3#-!2!). ('nInl,~ltntinllsnnd 1'1ll)lic~atinn of cln.tn. Obscrvntoriefi. 
I i s  (: l.nvitg nnrl clevint,ion nf t,llo val-1 irnl. ' I ' r inng~~lnt io~~.  
I , e v p l l i n c ,  T{cyc:rrcl~ 2nd Tcc~linirnl Notes. Dc111.n nfij~. 19%). 

Prircl Rr. 3. 
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Annual Reports kc.-(Co~rclude(1).  

Val. V1 1929-30. Compntn.t,ions a.nd Publicn.t,ion of data.. Obsei*vn,tories. 
Tides. Oravity. llriangnlation. Levelling. Research and 
Technicnl Notes. Dehrn l)iln, 1931. Price Rs. :I. 

Val. V I I 1!).YO-31. Computations and Publicn tiou of rlntn. Observntories. 
'I'ides. Deviation of the Vertical. Gravity. Trinngulntion and 
Rase Measurement. lev ell in^.. The 3Cngnctic Snrvey . Delim 
Dun, 1932. Prire RR. 9. 

\'t,1. VTTT 1!):31-:P2.' Conlpntatiolls and Publicntion of data. Observatories. 
Tides. Gravity. Triangulation. Levelling. Resenrch and 
'I'cc.l~nicni Notes. Delirn Diin, 1933 Price Rs. 2. 

1!):!3. Triangulation and Rase BI~asureinent. ' Lcvellincr. Ilcvintion 
of the Vertical. Computations mid Publication of dntii. 
Ohscrvatories. Tidtas. Research and Technical Notes. Dch1.a 
Du11, 1934. Price Rs. 3. 

1!):M. Triangulation and Base M~asurement.  Levellinq. Cxl.nvity. 
1)t.viation of the Vertical. Computinq Offic~ and Tidal S(~ctior1. 
The International I,ongitrud~ Project. 0 t ) s ~ r v ~ t o r i ~ s .  Rrscnrch 
aud T~chnica l  Notes. Dehra Dun, 193.5. Pt - i , .~  l l s .  .1. 

PART IV. CAT:\TJOGIJTSS .\ND TNSTRI~C'PTONS 
Departmental Orders. 

lqrom 1878 to  IS85 the Surveyor General's orr1el.s were all i s s n ~ ~ l  
as " C'ij.c~i?nr Orders". Since then they have been classified n!: follo\vs : 

( 1. Gorerna~ent o f  I~ltlin Orders (cnlled "Ci).culn). 

) Order# " up to 1808). 
"'In lS8'' 1004 2. Depnrt~lirntnl Olrlrrr ( , id~r i~~is t rn l i rc ) .  ( 8. I )~pnr t r~entn l  .Ortler~ ( Pmftlssio~~nl ). 

111 1904 t11v vario~iq or(1tbrs iq\iie(l s i~ i (v  I Ri'S N V Y ( ~  r-,~,~l:~wifiwl as  folio\\ s - 
~ ' l ~ l l l 1 ~ ~ l  t o  ~ 1 ~ 1 1 ~ ~ .  

1. ( i o v c r n ~ ~ ~ e n t  of Indin Ortlrrc;. HIiH 
2. ( ' irc~rlnr Ortlcrs (Atln~iniutrntivc) k:<l 
. (:irc~~lnr Ortlers (Profe.;sionnl). 19r; 
4. l )epnr t~~~cntn l  Ortlcrs (nppointu~erlts, ~ , ro~,~ot ions ,  transfers etc'.) 

Tliese are numbered serially and had rencl~ed Ihe ithove 1111mhers 
hv September 19:'14 Gocer-j~rncnl of India Ol.derr N ~ I I E  f i l .cti/(/~' O T ~ ~ ) . S  
(ildmini.st~.ative) are borin~l tip ill volumes f19om time to t i m ~ ,  as shown 
h~ lom,  while f i ~ * c t r / ( z r .  Ortler.9 ( Pr"jZssioncrl) arc i~~corporate(l 
in the Survey Handbook.;. Besides the above, temporary orders have 
t l e ~ n  i sq~ed  ~ i n p p  1910 i 11 form of " ('irrwlnlm MPIIIW ". These eitIiels 
Inlwe or become incorporatetl in some lnorcB permanent form, ant1 s1.e 
tilerefore ouly nnrnbererl .ierially for par11 year. Ro~~n t l  vol111neq of ortler~ 
R ~ P  ava i l ah l~  as follows :- 

1 *Go\.ernment of Indin Orcler~ (Departmental) 1878-ln03 
Cnlcrrttn, 1904. 

1906-l!lOS. ( 'nlcuttn, 1909 
(Out of yrinl ). 

.. . Calcrrt tn, 1915. 
, . 1914-1918. Cnlclrttn. 1920. 
t t  9 t l[,19-192,1 1)ehl.a - 1) i rn  19'39 

-- - -- - - - - 

For 1)epnrtmentnl me ouly. 



CATALOGUES AND INSTRUCTIONS xvii 

Departmental Orders.-(Concluded). 
2. 'Circular Orders (Aduliuistrative) 1878-1003. Calcutta, 1004. 

, , , ,  1904-1908. Calcutta, 1909. 
, , , , 1900-1913. Calcutta, 1015. 
,, I 1014-1918. Calcutla, 1020. 
I t  ? I  1919-2924. Dehra. Dull, 1926. 

3. Regulatious on tho subject of Language Exalninatious for 
Officers of the Slurvey of India. Calcutta, 1914. 

4. "Map Publication Ordcrs 1908-1914 (Superinteuduut, Map 
Publici~tion's Orders). Calcutti~, 1014. 

Cataloaues and Lists. 
1. Catalog~rc of Maps published by the Survey of Judia. Calcutta, 

1931. l'ricc l i e .  I .  
Lists of new nlaps published during eacl: montl~ appear in tho monthly 

N UTES OF THE SUlCVEY 01' I N  D l  A.  'l'hese montlr1)- lists aro also 
issued separately. 

2. Cat,ulognc of Books iu .the llendquarlers Librarj,  Calcutti~, 1901. 
(Out of print). 

8. Catulugl~e of Scientitic Boolis aud SuLjecls in tlre Library of the 
'l 'rigouo~~etrical Survey Ofice. Dehra Dun, 2908. Price Re. 1. 

4. Clltulogue of books in the Libra.ry of the Grent Trigono~uetrical 
Siu~vey. Dehra Dun, 1911. 

5. Classified Cutnlogue of the Trigouometricid Surve: Libra%. Uehra 
D ~ U ,  1921. Gritt i u .  

j Ctrce~t Lists. Part I Liat of Oficers in the Suriey of lnditt 
(annually to date 1st January. Special Supple- 
mentary Editioll dated 1st July 1932). Calcutta. 

Price Rs. 1.12. 
Pltrl I1 History of Services of Oflicer~ in the 

Survoy of India (annually up  to 1st July 1931. 
1932 Edition not published. Biounially up to 
1st July, from 1033 inclueive ), Calcutta. 

P.rice a. 1-2. 
7. Blue Lists. Ministel-ial aud Lower Subordinate Establiehmentb: 

of the Survey of India. 
Part 1 Iicadquarters and Delira Dun ofices 

( a~~uua l ly  to date 1st April. Special 1982 Editiol~ 
published on 1st July ) .  Calcutta. Pricc Rs. 3-10. 

P:rrL IT Circles and partiev (nnaually to date let  
January. Spccial 1932 Eclitiotr p\lblislred 011 l u l  
July ) .  Calcutta. Price R.s. 8-10, 

Frc,lll 1935 imlusive on\\.nl.tls Parts I n ~ ~ d  I I will be 1)ublislred iu 
si~rgle volu~iic. ' 

8. llist or l , l ~ c  l'l~blicntiot~s of lltc Hl~rvcy or India ( pltblislred n.nnually) 
Dehrn Dun. Grcrf~r 

! l'ricc List of' Dlntl~rrint,ier~l 1asCr11111ct1l Olllcr. Corrected up to 
1st Septeiilber 1927. Calcutta, 1928. Gmtin. 

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

* For Dep~rt~rnentel use only. 



xvii i  LIST OF PUBLIC ATIONS 

Tables aud Star Charts. 
1. Aaslliar) Talblcx. To facilitate tlie coinputatious of a Trigollo. 

metrical Survey, and the projection of maps for India, by Radhaliath 
Sickclhar. Calcutta, 1851. 

2. Aasi lLrj  T~lblcs. To facilitatr the ci~lculatiolls of the Survey Depart- 
nic.lit of India, lby J. B. N. Hennessey, P. IC. A. s. Dehra L)un, 1868. (Out 
of print). 

3. Atrsilir~r~- Titbleu. To Iacilitirte the calculatiolls of the Survey of 
India. Third editiou, by Colollel C. T. Haig, n . ~ .  Dehra Diiu 1887. 

Price ILx. I!. 
3. A~~silillrp Trbles. To fhcilitite thc calculi~tions of the Yurvep of 

111d11~. Fourth Edition, by Lt.-Colonel S. G. Burrard, R.E.,  P.U.S. Dehrit 
l)Uu, 100Ci. Price Rs. 2, 

5 .  Aaxiliury Tuhlcs. OE the Survey of India. Fifth Edition, (revised 
irl~d extended), by J. de (fraatl' IIunler, nr.a., sc.u., PI. INST. P. 111 parttj- 

i t  1 Graticules of M ~ L ~ Y ,  (reprinted). l)elira Dun, 1926. 
Price Be. 1. 

i t  11 Matlirmnticiil 'I'ables, (reprinted with additions). 
L)ehra Diill, 1931. Price l is .  Y 

P i  1 1  Topograplical Survey Ti~bles, (reprintecl with addi- 
lions). Dehra, Dun, 1928. Price Ra. 5. 

1 1 Geodetic 'I'ables, (A) l'riauguli~tioll 'l'al~les. Dehra D i n .  
1931. l'rice 1Cc 1 .  

ti. Table8 for Graticules of Rlaps. Extracts for the ube of Explorers. 
L)el~ri~ Dun, 1918. Price As. 4 .  

7. " Metric Weights a11d Measures i ~ u d  oilier tables. Plioto-Lit110 
Ofice. Calcutta, 1889. 

8. Logsrith~uic S I I I ~ Y  aurl Cotliueti to  3 place8 of'decimals. Debra Dun, 
1886. Pricc As, 4 

1 .  Logaritlim~c Siues, Couiues, 'l'angentu aud C'otaugeuts to 5 place8 of 
dt'ciualb. e r a  u 1 1  (Out  of print) 

10. C'omuron Logarithuis to 5 places of' decimalti, 1885. (Out of' priut), 
1 .  Table for determiuiug Eleighty in Traversing. Dehra Dun, 18'JB. 

Price As. 8. 
1 .  'I'iLLleb oi' divtauceb 111 CLains aud Links corresponding to n sub- 

teube of 2 V  feet. Uelira Dun, 1889. Prlcc As. 4. 
13.  * , , ,  10 feet. Calcutta, 101;. 
14. * ,* , ,  Y feet. , I 

1 Field Traversc Tablotr. V~ra t  Edltlou. Calcutta, 1988. Yrlcc d e .  8- 
16. Mar Charth tor Ii~titude 'LOC N. ,  by Colonel J .  kt. Bobday, 1.Y .G-  

Calcutta, 190-1. Price Rs. 1-8. 
17. Ytur Cl~ilrta for latitude 30'' X., by Lt.-Colouel Y. G. Burrard, E.E.9 

F.1t.Y. Uehrn Dun, 1006. Prica fis. 1-8 
18. Htar Chnrtv for 1;btitude 15" N, l)ellra Dull, 1928, Price lir. '2- 
10. Ytur C'liarts for ] i ~ t i t ~ ~ l ~  30" N. Dellra Duu, 1988. Prirf 2. 
2 ) .  Catalogue of 849 Star* fo r  epocl l  1s t  Jan. 1892, fro111 obaervatioll* 

by the 8urvey, Dehra D i n ,  1893. P r i c e  Rs. 2. 

21. * ltrrinfall, mnxirnu~ii and Inlnluiuul Lemperatures, from 1868 to 
1927. recorded a t  the Survey Office Observatory, Dehra Dun, 1928 

2 .  A Booltlel ol' c u ~ ~ r e ~ i t i u n a l  for use on Plane-table ~lectious. 
Secoud Edition, 1928. - - -  - -  

For Deparlmentd rrae ouly. 



CATALOGUES AND INSTRUCTIONS xix 

Old Manuals. 
1. A Ma~lual  ot' Surveying for India, detailing tlie niuiie of o1)eraLionb 

ULI the Hevenue Surveys ill Bengal, auil thc Nortll- Wcuteru Provincee. 
C'ompilecl by Cnpt:~iiis It. Sin! tli, ;\ud 11. L. l1huillier. Calcutta, 185 1. 

2. l l i t to  SecollJ Edition. London, 1855. 
3. A &Imsuual of Surveying for India, detailing the wode of' ol~eraliollt 

on the Trigolionietrical, Topogra,phical aud Kevenuc Survcys of Jndia. 
Cou~piled by Colouel 13. L. Tl~uillier, c.3.1., v.u.s., and Lt.-Col. 1{. Smytli. 
Third Edition, revised and enla]-ged. Calcutln, 1875. 

4. Hand-Boolr , Hevenue Branclr . Calculla, 189;:. Y r i c c  Bs. (2-8. 

Survey of India Handbooks. 
1. * 1Ii11ld-Uook or Uclicral 111stn1cl.io11s (in 9 vuls.) yi l th b;diliun. 

1927. 
2. Hat~tl.Uooli, Trigol~o~rctricul I!r;~ecll, Scco~lrl Eclitiou. Calcutta, 

1902. (Out ok prinl). 
3, H;III(~-Uouk or Tr igo~~o~acl r ic i~ l  I~lstractiotis. 'l'l1il.d Ediliull. lParls  

in paml~hlet i'orn~s 
Part  1 Gcodelic 'l'~.i;~uguln t~u l l .  F ' i r ~ t  Eclitio~~. Dehrit bull 

1931. IJrice BE. 2-8. 
l ' i~rt  V T l ~ c  Ticlcs. Firs1 E i l i t i u~~ ,  reviscrl, bt ' l l r ;~ DUii, 1926. 

P~ice  Bs. 8 .  
1';~rt \/I Levelling. Secolld Ldition, revised, L)clira Dun, 1928. 

IJrice l l c .  1 .  
'4. Ha11t1-Uook, Tol)ograpl~ical Urrlllcl~. 'l'liird Eclition. Calcutta, 1905. 

(Out of prinl;). 
5 ,  Hand-UouIi of Tol~ugrapllp. o t l  Uditiou l c u t L i ,  191 1. 

C'l~apters, in  pamphlet, f'urm 
Chapter I l i~ l roc luc lu~.~ .  Fifth Eilitiull 1932. 1'1.icc Ac;. 8. 

,, 11 Cunr~titutiun and Org;iuisalion of n Survey Ya,rtj., 
Tbird Edition 1'335. (at Presb). 

,, 111 Trinugulation aud it,s Coupulatiuu, revised 1930. 
Price Xa. 1. 

,, 1 \' l'heudolite 'l1raversing. 'l'hird Edition, 1937. 
Price Rs. 1 .  

,, V Plautl-tnbliug. Third Editiou, 1926. Price h'c. 1 .  
,, V1 Fair M:~pping, reprinted with additions ancl re- 

vised, ( Sixth Editiou ) 1928. Price Rc. 1 .  
,, V1 I Trans-Front,ier Kecounaissance, Fourth Edition, 

1934. Price Rc. 1. 
,, \ 1 .  I Surveys in \Val*. Secoud Edilion, l9;iO. I'ric-e Rc. 1. 

I t  1Y liorest S~~rvc?ys and Maps. 1025. P1,icc: 118. 8. 
S Map l ieproduclio~~.  T11il.d Edit8ion, 1!)38. I ,  

Yricc As. 8. 

,, S I I . \ i r  Surveys (l'rovisiounl Edition). 1933. 
P ~ z c c  K c  1 .  

ci. *L'l~olo-l,itl~o OMcc, Notes on Orgn~~izntion, Rlelliocls aucl l'roceuseb, 
by Major W .  (J. Medley, R . I ~ .  'l'hird Edition. Calculta, 1924, 
- - -- --- 

* Por l)cpel.t~ueutal nsc only. 



Survey of India Handbooks,-(Concltcded). 
7. Tlle Ilcprod~~ction (Ibr the gllitlull~c or other l ) e l J ~ r t ~ l ~ l ~ l s )  of MapY, 

l'laas, Photogrol~l~s, l)iagrcilas, und Liue 11111strntiol1~. CalcuLt:~, 1914. 
Price Its. 3. 

3. Slrrvcy of Illdie Copy Book of Lctleri~lg. C'illcutta. Price Itr, 3.8, 
$1. S ~ ~ r v c y  ot' Ilidis Col~y Book of Hsud Printirg. Calcutta. 

Notes and Instructions. 
Drrrwing oud yupcr. 

1. "Notes 011 Yrintiug 1'al~el.b: ~ u i t i ~ b l e  for Maps, nud ou WIlatluau 
L ) I . ~ L w ~ u ~  Pal'er, by Mitior JV. M. Coldstream, IL.~I;, Calcutta, 1311. 

(Out of print). 
IJr i l~l iag r111tl Picltl Litlio 1,roccascs. 

2. *Report on Rubber Offset Printing for kIaps, by Major W. M. 
Coldtitrea~ll, R.E. Calcutta, 1011. 

3. "Notes on t l ~ o  "Vandylte" o ru i r ec t  Zinc Priuting Process, wit11 
cletnils of Apparatus aud Chelnicals required for a small sectiou. Compiled 
in the Photo and Lit110 Office, Survey of Indi i~ .  Citlcutta, 1018. 

(Out of print). 
4. "Kales oil sonle of t l ~ e  hlethods of Map Keproduction suitable lor the 

Field with appendix-Suggested Equipment Tables for the Light Yield 
Litho Press [experiulental), by Lieut. A.  A. Cl~ase, U . E .  Calcutta, 1911. 

6. *'Report on a trial of the equipmeut of the 1st (Priuce of Wales' 
Own) Sappers slid Miners, for reproduciug maps in the field, 
by Lieut. A .  A.  Chase, E.E. Calcutta, 1912. (Out of print). 
Buve Lines md JIuguctic. 

6. "Note8 on usa of the Jaderill Base liue Apparatus. nobra Dun, 
1001. (Out of print). 

7. *Miscellaneous Pnpera relating to the B;leasurement ot' Geodetic 
Baees by Jaderiu Invar Apparatus. Debra Duu, 1912. 

8, *Inetructioue for taking Maguetic Observations, by J .  Ecclau, M . A .  

Debra Dun,  1896. (Out of print).  
9. Rectangular Co~ordiuetcs. On a Simplification of the Computations 

relating to, by J .  Eccles, ~ I . A .  Dehra Dun, 1911. Price Re. 1 .  
10. *For Explorers. Notes on the use of Thennometers, Barometers 

aud Hypsometers with Tableti for the Colnputatioil of Heights, by 
J .  de Grasff Hunter, M . A .  Dehra Diin, 1911. (Out of print). 

11. Instructions for Topographical Surveying, by Lt-Colonel Sir 
.4. Scott Waugh, F . R . Y . ,  P.R.G.S.  &c. Roorkee, 1861. 

12. Notes on the Ai~eroid haro~neter for the use of travellers ill 

rletermining heights of peaks in Sout,herl~ India, hy Major Branfill, R.E. 
1871. 

13. Cul.riculuin of the course of illstructio~~ for Prol)at,io~~ers of trhe 
E'rovincia,l Service of the Survey of India. Dehra D ~ i n ,  1913. 

11. Notes on tho ~ p e l l i ~ l ~  of Turlci, Tihetall and Chinese place aames, 
11.v Colonel R. 9. Wauhope, c. R., c .  M .  o., c .  I. E., R .  F:. Dehra DGn. 1919. 

J'rirne AS. 8. 

15. *8111ru(led I~lstr~rctiolln fo r  t,lte Yurvey nutl RiI ;~~~)ing of Tow11 Guide 
J l i i p s  .\ugust 1919. 

- - . . - - - - 

* For Uepartmeutal uee only. 



CATALOGUES AND INSTRUCTIONS xxi 

Notes and Instructions.-(C~a~lttded). 
16. "Notes on the ~ n n p  of Arabia and the Persian Gulf, with n general 

index of place names on the map, 1905-08, by Captain P. Fraser Hnnter, 
T . A .  Calcutta, 1910. 

17. d c c o ~ ~ n t s  Pnmpl~let. Notes on nccoilnts for field units. Dehra DGn, 
1928. Price Re. 1 .  

18. Specimens of papers set a t  Examinations for the Class I1 Service. 
Debra Dfin, 1927, 1929 tv 1988. Prire Re. 1 per gmr. 

19. Specimens of drawing on blue prints etc. 
0 .  Specimens of hand print,ing. 
21. How to correct proofs. 

PART V. MISCELLANEOTTS PAPERS 
Unclassified Papers. 
Geograpl~y. 

1. A Slretch of t l ~ e  Geography and Geology of the IIim5laga Moun. 
tnins and Tibet (in foiir parts), by Colonel Y G. Ua~.rnl-d, R.E., F.R.~. ,  Snpclt., 
'1'1-igonometricnl Surveys, nnd 11. IT. I l a y d ~ n ,  n .  \., p.n.s., (later Sir ITcrlry 
Hagden, Kt., c s I. ,  c I E.,) Supclt , (:eolo~ical Bnrvey of India. llevised by 
Colonel Sir Sidney B ~ ~ r r ~ r d ,  K.c.s.T., F R . R . ,  nn(1 A .  fir. Heron, o.sc , F.a s , 
Ip.n.a.s., F.R.s.R., S ~ l p d t  , Geolo,nic:~l S I I I * F C ~  nf Tndin. (Second Edition). 
lielhi 1938. - - 

Part J The High Pealrs of Asia. Price Rr. .?-li, or 5s. 911. 
,, T 1 'l'he Principal Mountain Ranges of Asia. Price Rs. 3, or 

58. ;?d. 
, 1 I T  'I'he Glaciers a,nd ltivers of the. HimLlnya and Tibet. 

Pr~ce Rs. 9-2, OT 15s. 
,, 1V l'lle Geology of the Hi~niiln.yn. Pricc Rs. 12-8, or ,?h. :Id. 

8 1 1  four Parts bound in one volunie. Price Rs. 28 or S 2, ;?8. 6rl. 
3. *Report or1 lde~itification nnd Nomenclatnre of t,lle Iiirnilnyan 

Penlts as seen from Riit,miintlu, Nepiil, by C'nptni~~ H. Wood, n.E. ('alcuttn, 
1!1014. 

3. ltoiltew in t,llr! Western-Himilayn, Raahmir et,c., hy Lt..Colonel 
T. G. Montgomerie, n.E., p.n.s., p.n.a.s. Dellrn Diin, 1009. (Out of print). 

4,. Routes in the Wcstcrn-I-limiilayn, Knshmir etc., with wllicll are 
inclilcled Mont.gomerie's Roiites. V o l ~ ~ m e  1. P h c h ,  IZn,shmir and LndSlil~, 
by Major M:raon, sr.c. ,  R.E., Seconcl Edition, Cn.lciit'tn,, 1929. Tripe Its. 6 ,  
Esplt~mtion. 

1. XAccoutlt of the Survey Operations in connectiorl wit.11 tile 
Mimion to Yiirlrnnd and Rashgar in 1873-74, by captain 1-Tcnry llrott;er, R . E .  
Calcutta, 1875. (Out of print). 

2. Rcport on tho TI-~IIS-T-Timiilnynn Explorations cl~~rinq lH(i9. (On t  of 
print). 

3. Report on thc Trnns-I-IimSlnyn~~ Esplorationw durirlg 1870. Uehrn 
1 ,  8 7 1  (Out of print,). 

4. Report on the Trans- I - I i~ni i lay  Kxplorations during 1878. 
Ciilcnttn, 1880. (Out of print). 

5. Itcport 011 tllc rF~.i~.~l~-Hilnilayanll Fspl~rnt~ions in Rnstrrli Til~et) 
c111rillg I 878, and in South-F:astcrn 'I'ilwt tltlrillg 1875-7(i, I r y  lLIit,i~~.-Gc~lrri~l 
J .  '1'. Wi~,llcc!r, c . R . ,  R . K . ,  ~.r:,.s. Ihhrn  Iji111, 187!). Pric.6. Rr. I .  

(i. Report on Esplorat,ions i l l  Nepd and 'I 'iht. l).v E:xplol.er M-H, 
season 1885-UG, prepared I)y Mr. C. Wood. Dehra lji111, 1887. P~ice 113,. I .  

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

* For 1)epartrn~ntnl nee only. 



Unclassified Papers.-(Colztintted). 

7. Report on the explora,t'ions in Sikkim, Bhutfill and Tibet,, 1856.86, 
hy Tit,-Colonel G. S t , r ahn~~ ,  R.E. Dehm Dun, 1889. Price Rs. 1.8. 

8. Report on the Explorations ill Great Tibet ancl Mongolia madt? by 
A-K in 1879-82: prepared I)y .J. B. N. IIcnnesscy nr.A. .  P.R.S.  Debra nill1, 
1891. Price R8. 9. 

9. Reports 011 nil Exploration on t.hc Nort,h.East Fronttier, 1913 by 
Captain F.31. Bailey, I.,\., Polit,icnl Department nlld Captain H.T, Morahcnd, 
I:. E., Si i rv~y  of Tndia. Simln, 19  14. 

10. .\lphnlwtical index showing thc G~ograpliical positiolls of 
~litme..: appenrinc on S l i ~ r t  No. 72. Drhma Dun, 1914. Price 6. 

1 I .  Tl~r!  .,lVhnre Ts Tt". Reference index showing ~eogrnpl1ical poRi. 
tion of all i ~ n p o r t n ~ ~ t  localities in INDTII nncl ntljacent co~~nt r ics ,  in follr 
pnrta. Calrlrt tn, 19%. 

Pnl-t I I'lnco names. Cities, t ~ \ \ ~ n s ,  and other sites, 
,, I1  linilway stations. Complete list, 1928. 
., 111 I~ocnlities. l)istrict's, States, 'rribcs etc price 

, 1 Y Pl~y  sicnl. Ranges, passes, peaks, glaciers, 
 river^, cnnnls, lakes, bnys, cappa, islands etc. 

As. I?- 
_ I 

1 Glossary of Vernac.nl;lr 'Perms lisrd in S I I ~ V P Y  of Intlin Maps, 
Calcutta, 1931. Pr ice  An. :in 

Special Reports. 
1. "Iteport on the Mussoorie ant1 Lnndour, Kumaun n ~ l d  Gnrhwil, ljsini- 

I~het, and ICosi Vnlley Yurvep~, extender1 to FeslrZmar anJ  Rig11S.n Trianga- 
Intion (luring 2869-70, by Major '1'. G. Montgomerie, R . E .  ( O i ~ t  of print). 

2. Report on the Recent I)etrrr:lin:~tinn of the L o ~ ~ g i t u d e  of JIadms, 
hy ('aptnin S. G .  R~irrnrd, R.E .  ('alclitta, 1897. (Out  of print,). 

:;. *Report on the Ob~ervntions of the Total Solar Eclipse of (;th April, 
1R75 nt  Cnmnrtn, Nicobnr Islnn~ls, by ('n,ptnir~ .J. IVa t r rho~ i s~ .  Cnlriit,t~a, 
1 (Out, nt' print). 

.I. *'I111p 'I'otnl Solar Eclipse, 22ntl Jannary, 1898. Dehrn Diin, 3898. 
(1 ) lteport on the observations a t  l )~lmmnn.  
( 2 )  Report nn  observations a t  P~~lj inon.  
(3) lteport on the observations nt Snhrlnl. 

:,. "Report on Locnl Attrnction in Indin, 1893-96, hy Captain 
H. C r .  P,urrn,rd, R . E .  Cnlcnttn, 1895. 

t;. +lieport on t,he Trigonornet,rical R e s l ~ l t ~  of the Enrthqunl{e in  
As~nm,  by Captain S. G .  R ~ ~ r r n r d ,  ILE. Calcuttn, 1898. (Out  of print). 

7, "Xotrp oil the Topogrnphicnl Survey of t,he 1/50,000 311eet~ of 
41nt-rin hy the Topographical Seetion of the " Service ~ e o ~ r a p h i q l l e  

(IF! I 'Ar~nee", hy ('aptain W. M .  Col~lst~ream, R . I L  Cnlc~~tta , ,  1906. 
3. "TIIF! S i~nla  Est.ntes IJounrlnry Sr~rvey on ~,IIF! scale of 50 f ~ t  to 

1 inch, bp ("nptain E. A .  Tandy, R.E. Cnlcut,ta. 1906. 
9. "A note 011 the stnge rencllerl l y  the Geocletic 0pel.ationr~ of t,llc 

Survey oE Tntlin i l l  1929, hy J,t.-Colonel I1.BIcC. Cowie, R.E. 'l'lle 1~1agnetic 
Sllrvey of Indi;,, b ,  SIajor It. 11. 'rhomas, D.s.o., R.F.  ant1 n note on t h ~  
present levelling policy, by Majot* l i .  Mason, M . c . ,  R . E .  Delirn niin, 1922, 
(Out of print). 

.- - . - . - . - . . - .- - -. - .- - - .-- 
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MISCELLANEOUS PAPERS xxiii 

Unclassified Papers. -( Co~zcluded). 

10. Report on the Levelling operations in coni~ectioll with the aelectio~l 
of the site of t,he new Capitel a t  Delhi, 1911-12. Simla, 1912. 

11. The Interiiatioi~al Longitude Project, Oct,.-Nov., 1926. Dehra 
DCn, 1928. 
aeolesy. 

1. Notes on the Ti~eory of E r r o ~ ~ s  of Obser\lntion, by J. Eccles, M.A. 
Dellra D i n ,  1903. Price As. 8. 

3. "Note on n Cl~auge of the Axes of tlle Terrestrial Spheroid in 
relation to t11e Triangulation of the G.'!'. Surrey of Jndia, by J .  de Grnaff 
I-Iunter, n1.A. Dehra Diin. (Ont  of print), now incorporated in 
Professionnl Paper No. 1G. 

8. lieport on the 'L'reatment, and use of Invar in tneasuring Qeodetir, 
Bases, by Cn,l)tain 11. El. 'l'urner, R.E.  London, 1907. Price As. 8 .  
Pro.iections. 

1. 011 the projection used for the General Maps of India. Dehra 
D i n ,  1903. 

2. "011 the cleforo~ation resulting froin the method of constructing 
the International Atlas of the Worltl OII the scale of 0110 to one million, 
by Ch. Lallemanrl. 'l'r:~nslsted by J .  Eccles, M.A. ,  together with tables for 
the pro,jection of ] / h i  Maps on the International system. Dehrn Diin, 
1912. 
Ilappiag. 

1. Memora~idum on the colnpilatioil of map of a portion of Tihpt 
explored by Captain H. H. P. Drasy in 1896. Drhra Diin, 1897. 

2. The reproduction of Maps and drawings hy Mr. T. A. Pope. 
Calcutta, 190.5. 

:3. *A Note or) the different  neth hods by which hills can be represent- 
ell upon maps, by Colonel S .  (f. Ri~rrard, C.S  I , R.E., F.R.s. ,  Surveyor 
flenernl of Iudin. Simla, 1912. 

4. *A Note on the represelltation of hills, by Major C. L. Robertson, 
C.M CI., R.E.  Dehrn Dun, 1912. 

5. % Note on t l ~ e  representation of hille on the Maps of Indin, by 
Major I?. TV. Pirrie, I . A .  Uehrn D i ~ n ,  1912. (Out of print). 

6. *A consideration of the Contour intervals, n l~d  Colour Scales, beet 
suited to Indian l / h l  maps, hy (':~ptain R4.O'C. Tnndy, n.e. Calcutta, 
1913. (Out  of print). 

Professional Papers. 
N o .  1 .  1'ro.icction. 0 1 1  the l'rojcctio~l for a Map of India, and adja- 

cent Conntr~ieg, on the scale of 1 : 1,000,000, by Coloucl St. G.  C .  Gore, ILE. 

Second Edition. Delira Diln, 1903. Price Re. 1. 
No. 2. "Rnsc! 1,inrs. Method of measuring Geodetic Bases by meRne 

of Metallic Wires, by RZ. JAderin. (Translated from Memoires Presentes 
par Divercl. Ynvltnts 5 1' AcadGmie drs Sciences do 1' Institute cle Prance). 
nehra  Dun, 1999. (Out of print). 

No. 3. Rnsr 1,ines. Methorl of measuring Geodetic Bases by meane 
of Colbg's Coml)ellantctl Rars, co~npilecl by Lieut. H. McC. Cowie, n.E.  
Dehra Dun, 1900. (Out of print). 

- - --- - - ----A 

* For L)epartmcntnl use only. 



axiv LIST OF PURIAICATIONS 

Professional Papers.- (Cont imed) .  

NO. 4. Spirit levels. Notes OII the Cnlibrotion of I.evels, by 
Lieut. E. A. 'l'nndy, R.E. Delira Duu, 1900. (Out of print). 

NO. .j. Qeodes~. The Attraction of the Himfilayn Mountnins upon the 
Plumb-Line in Indin, cousiclerations of recent data, by Rlajor S. G. 
Burrrrrd, R.E. Second Edition, Dehra Dun, 1901. Price Ra. 2. 

N o  6. rinse Lines. Account of a Deter~ninntion of tlle Coefficients of 
Expansion of the Wires of the J lderin Base Line Apparatus, by CRptnin 
(:. P. Lenox-Conyngham, R.E. Dehra Dun, 1902. Price Re. 1. 

N o .  7. *Misccllnncons. Cnlcutta, 1903. Price Re. 1. 
(1) On the vnlues of Lon~itr t t le  ernployrd i n  Innpa of the 

Survey of Jndin. 

(2)  Levelling across the Ganges n t  Dfimuitdin. 
(3) Experiment to test the increase in the length of s 

levelling stnff due to lnoisture anrl temperature. 

(4) Description of n Sun-dial designed for use wit11 tide-qa~t~es. 
(5) Nickel-steel alloys and their application to Geodesy. 

(TI-nnslatecl from the French). 

(6) Theory of electric projectors. (Tmnslnted f1-on1 the French). 
No. 8. Mngnet,ic. Experiments made to tleter~nine the temperature 

coefficients of Watson's Mn,aneto,nrnphs, by Cap tni n 11. t\ . Z)enholm 
Frnser, R.E. Cnlcuttx, 1905. Price Re. 1. 

No. 9. Ueodesy, An Account of the Scientific nf t l ~ e  Survey 
of India, nncl n Comparison of its progress wit11 that of Porcigri Surveys. 
Prepared for the use of thc Survey Conlillittee assen~hlt~cl In 1905, 
by Lt.-Colonel 8 .  0. Burrard, n.E., F n s.  Calcutta, 1905. Price I t e .  1 .  

No. 10. Pendl~lrln~s. The Pel l t lu l~ i~~t  Operations in Jntlin, 1903-1907, 
by Major G. P. Lenox-('ony nghan~,  R,  E, Del~rn Uiin, 1908 Price Ra. 2-9. 

NO 11. Relj'nctio~l. Observations of A tmoapheric Ref~.nction, 1905-09, 
by H. Q. !311aw, Survey of 111dia. Dehm Dun, l !) i l .  P ~ I C F  Re, 1. 

No. 12. (li~otlesy. 0 1 1  the Origin of the ITitniilnyn, IkIonnt:lins, 
by Colonel 8. a. Burrard, c s.I., R.E., F . R  s. Calcutta, 1912. Prirr h'r. 1 .  

No. 1 3  Isostnsy. Tllvestigation of the 'l'l~eory of Isostnsy i l l  Intlin, 
by Mnjor II. L. Crostllwait, R.E. Dehra Dun, 1912. (Out of print). 

No. 14. Refmct,ion. Forlnulz for Atmnspheric I<ef~-:~ction, mltl their 
application to Terrestrial Hefmction and (feodesy, by #I.  d~ Crrnnf 
Hunter, M . A .  Dehra Dun, 1933 Price Rs. 2. 

No. 15. Pendlllan~s. The Penrlulum Opcrntiolls in India ant1 R ~ I I * I ~ ~ ,  
1908-18, by Captain TI .T. Couchman, n.E. Dchrn Diln, 1915. Prire Ra. 2-9. 

No. 16;. (Aeodesy. The E a r t l l ' ~  Axes ant1 'l'rinuglllatiol~, by d. tle flranff 
I I~ in te~ . ,  DI A. Dehrs Dun, 1918. Price Rs 4. 

No. 17. I~ostnrr~.   investigation^ of Isostasy in IIi1u5lxyan nntL ~lei,oh- 
bouring regions by Colonel Sir 3. G. Burrartl, K.(* s.r., R.E. ,  F.n.9. 1)eIll.n 
Dim, 1918. Price Re. 1 .  

No. 18. I~ootnoy. A criticism of Mr. R. D. Old l ina~ '~~  lncmoir " ' l ' h ~  
~ t r u c t u r e  of the H i r n d n y r ~  and of the Cfangetic Plnin", by ~t.-~ololl('l 
H. McC. Cowie, E.E. Dehra, D i n ,  1921. Price Re. 1-8. 

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

For Depertmentel use only. 
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Pro fess iona l  Papers.-(Concluded). 

No. 19. Acrirl L'l~otogral~l~y. Experiments in Aeroplane Photo Sur- 
veying, by Major C. G. Lewis, u.E., and Captain 11. Cf.  Salmond, (Late11.~ .~ . ) .  
Dehra Dull, 1020. Price Rs. 1-8. 

No. 20. Air Surtcy. l ~ e c o ~ ~ ~ ~ n i s s n n c e  Survey from Aircraft, by 
Lt.-Colonel G. A .  Beazeley, D.s.o., R.E. Dehrn D i n ,  1027. Price Rs. 1-8. 

No. 21. llcch1lgl1lntioa. Irrigation and Settlement Surveys 1026, by 
Major J. D. Campbell, u.s.o., N.E. Dehra Diin 1927. Price Hrr. 1-8. 

No. 22. Lcvclliltg. Three Sources of Error in Precise Levelling, bj- 
Captain G. Romford, X.E. llehra Dun, 1929. Price Its 1.8. 

No. 28. "Air 811r\ey. Air Survey of Waziristiin 1923 to 1928, by 
Captain (;I. l'. Heaney, u . ~ .  Dehra l ) i n ,  1928. Price Ae. 8. 

No. 24. Air Sarvcy. Notes on Air Survey in Indin, by Major W. J. 
Norman, nz.c., ~ L . E .  Del~rn, Dun, 1929. Pr ice  Be. 1.8. 

No. 25. Gilacicrs. The Representat io~~ of Glaciated Regions on map8 
of the Survey of India, by Major Kenneth Masou, N.c., R,E.  Dehra Dun, 
1929. Price Be. 8. 

No. 26. (:cogny~l~y. nlotulit Everest i ~ n d  its Tibeti~n Kames, by Colonel 
Sir S. G. Burrsrd, ~c.c.s.i., 14,.a s. Delira Dun, 1931. Przce As. 8. 

No. 27. Grilvity. Gravity Aiiolllalies and tlie Structure of the Earth's 
Crust, by Mi~jor  E. A Glennie, u ,  s.o , 1t.s. Dehm Dun, 1982. Pricc Iis. 1-8. 

D e p a r t m e n t a l  P a p e r s t .  

No. 1. Type. A conclideration of the nios1 suitable furlus of type 
for use on maps, by Captain M. O'C. Tandy, R.E. llehra Dun, 1913. 

No. 2. Sy~rbols. A review of tlie Boundary Sylnbols used on the maps 
of v:~~bious countrieti, by Captain M.O'C. Titndy, R.E. Delira Dun, 1913. 

Pu'o. 3. 3Inps. Extract from " The IXew Rlap of Italy, Scale 1 : 
100,000", by Luigi Cfi;~iinitrapani. Translated fro111 the Italian by 
b1:rjor W. M. C'oldst,ream, a.v. Dehra Diuu, 1!)1Z. 

IVo. 4. 'I'OWII Sarveys. A reporl on the praclice o f  Town Surveys iu 
tbc United Kingdom and its application to India, by Major C. L. Robertson, 
e.nl.u., X.E. Delira Dun, 1913. 

KO. 5. Stcrco-1)lof tcr. 'l'lle l l~oinpsoli  Stereo-plotter i~,iid its use, wit11 
notes oil tlie field jvorlr, by Lieul. K. Mason, R.E. Dehra Dun, 1913. 

No. 6. Lcvclli~~g. Levelling of High Precision, by Cli. Lallema'nd. 
Trauulated from the French by J,  de Ori~aff Hunter, n1.b. Llehra Dun, 1914. 

No. 7. Sl.urdard Uors. Bar Comparisous oE 1907-08, by Major H. McC. 
Cowie, a . E .  Dehra Dun, 1915. 

No. 8. Hclio-Zincography. Report on ltubber Off-set Plat bed Machine 
lBriuting, by Capt:~iii Y.W. Sacltville Hamilton, 1i.x. Calcutta, 1915. 

No. 9. Stereo-Allto-l'lot,tiag. A tr;L~sl;~tioil of l'i~111 C(orbi11's Freilc11 
Stdrdo Autogr;~lnm6trie, by Lt.-Colonel 11. RlcC. Cowie, n .E .  Dehra 
L)iln, 1!)22. 

No. 10. Il:lsc: Tlinrs, A Booltlct of Inst,ri~c.tions wit,l~ full descriptio~is 
; l ' ~ d  t;~,l)les for t,lre IIlrnter Short Base, First Fclitioll colllpiled by A1 sjor 
(1. M .  Thompson, 1. A .  I)ollr;l, I>iin, 1928. Set-ond Hditio~i compiled by 
11. C. .l:;~~lc~-jci~, 1 1 . ~  .I )c111.a Dil l ,  193 1. 

No. 11. (:ri~vil,y I I I I ~ I  Is~s~,IIw~. Ir~~est . igi~t ion.~:  r q ~ r d i i ~ g  (:rnvit,y nucl 
~ H O S ~ ; I S ~  by W. J I c : i ~ l < ~ ~ c n  (Tr;~llaln,ied by V. Pelts Bsq, l<evised :rud com- 
pleted b~ Major U. M. Tl~ornpson, I .A . )  1)ehra D ~ u ,  1928. 

-. . ~ 

- ~ . - -  - 

* For Oflioial usc oulp. ) For L)cpnrtmcnLnl use only. 



xxvi LIST OF PUBLICATIONS 

Departmental Papers*.-(Conchded) . 
S o .  12. Gleodosy. Geodesy, by J. de Grnnft' Hunter, al.,l., a c .~ . ,  

F. IN8T.P. D e h r ~  I ) ~ u ,  1020. 
ISo. 13. Sphericnl Trigollon~otry rillti As t rono~~~y.  Noles on Sllhorical 

Trigonometry, and Astronomy etc., by Lt.-Colonel C. 11. 'l'hompson, I.A. 
l)ehrn Duo, 19'29. 

No. 14. Wild TLcotlolitc. Iiistructions for the use of tlle Wild Uiiiversal 
Theodolite by Cnptaii~ I). It. Crone, I{ E., and the Wild Plloto-Tl~eodolite 
by Lt.-Colonel C. G. Lewis, o.B.E., JLE. Dehra Diln, 1932. 

No.  1.5. Air Sarvey. Notes on Air Survey mid May Publication in 
Engli~ud, l!l;il, 1)y Major 14. K. C. Mende, I.A., wit11 ;I foreword by Captail1 
I). K. Crone, nab:. Calcutta, 1982. 

Professional Forms. 
A large number of forms f o r  t,lle recorcl atirl reduction of Survey 

operat,ions 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. tIndia's Cor~tribution to Geodesy, b j  Geueral J. T. IValker, ~ c . l i . ,  
c .B. ,  Y.B.s., L L . ~ .  (Pl~ilosophicnl 'l'r;tnsactious, Koya,l Society, Series A ,  
1-olume 186, 189G). 

2. ?On the Iutensity and 1)irection of tlie Force of Gravity in India, 
by Lt.-Colonel S. G. Burrard, RE., F.R.S. (Philosophical l'ransactions, 
K o ~ a l  Society, Series A, Volume 205, pages 289-318, 1005). 

3. toil the efiect of the Gtrugetic Alluvium on the Plumb-line in 
Korthern India, by K. I). Oldham, ~ . lc . s .  (Proceedings of the Royal Society, 
Serie* A ,  Vol~uue 90, pages :32-$0, 191.1). 

4. t O u  tlle o r ig~u  of the 1udo.Gnugetic trough, C O I I I L U O I I I ~  ca.lled the 
IiiuicLlnyan Foredeep, by C'olonel Sir 8, G .  Bnrrurd, IC .C .S . I . ,  R.N., F.R.6. 

( Proceedings ut' the Koyll Yociety, Series A ,  Volulne 91,pitges 220-238,1015). 

.;. :Three comprelrensive articles on "Comparators for the Indian 
Government" t'rou~ a report by hlajor H.  McC. Comie, n . ~ .  (Engineering, 
dug.  20, Bug. 27, Sept. 8, 101.5). 

. $ldeutifica.tiou of Pealt s in the Himilaya wit11 notes, bv C(o1011e1 Sil. 
s. (3 .  Burrard, K . c . s . I . .  n . ~ . .  r..n.s. !Geogra,phical Journi~l,  Yeptenlber 1918). 

7 .  $Geological interpretatio~ls of Geodetic. Resill ts, bp Colonel Sir 
3. G .  Burrard, K.c.s.I., R.E., ~ . l r . s .  ((2eogrnphicnl ,Journal, October 1918). 

X. SWnr Surveys in Mesopotami;l, by Colo~iel I?. I\'. Pirrie, c.ar.o., 
I . A .  (Cleograp1iicn.l J o ~ ~ r n a l ,  December 1913). 

! $&lapping fro111 Air P l ~ ~ t o ~ r a , p l i ~ ,  by Lt  .-CIOIOIIEI n l .  E, hlntLeotl 
R.  I.:. (Geogmphicnl .Journa,l, .June 1919). 

~ - ~ ~. . . 

* For Drpartm~nt;tl  i i s r  only. 
t Obtaiaahle frolu nlersrs. Dnl:ir~ ,k C o . .  ::;. Soho H ~ l ~ ~ a y e .  I,outlon. \V. .  or Meenrr. 

Harrison h Hnns. Ht. Mart.inqs Latlc, I , I J L I ~ ~ O I I ,  or t h c  I loynl  8ociclp nt  I;llrliniZt,ou 
Uonse, Lonrlon. 

: Obtainable from C'berle.; I:ol,crt Johnvoll el, {.he offires of " Enginecrirl~", 35 
36, Bedford 8treet Ytrand. London, W.L'. 

5 C ~ I ~ t ~ ~ i u a l ~ ~ c  II.CIIII  lbc I { v ~ L L I  G~lugl.;ll,Lli~~I Society, Kcuei11yl.011 Ciol.0, L~ll(lo1l. S .W.  7 .  



MISCELLANEOUS PAPERS xxvii 

List of more important contributions by the Omcers 
of the Survey of India &o. &c.-(Co~~ti~~7bed). 

10. *Ken~iuiscences of t,he Map of Arabia and Persia11 Gulf, b j  
JJ1~.-Colonel I?. F. Hunter, u.s.o., I.A. (Geographical Journal, December 
1019). 

11. "Surveys in Mesopotnnlia~, during t l ~ e  ~Y;LI',  by L1.-Colonel 
(3. A. Ueaxeley, D.s.o., R.P.  ( U e ~ g r ; ~ p l l i ~ i ~ l  J o u ~ I ~ ~ I ,  ITebruary 1920). 

12. +A lecture 011 tlie Earth's Axes :bud Figure, by J. de GraaiE 
lIunter, nf.n. (The Observatory, Ma.y 1920). 

18. *A brief review of t,he evidence upou which t,he Theor! of 
lsostasy has been based, by Cololiel Sir S. G. Burrard, K.c.s.I., x.E., P.R.B. 
(Geographical Journal, July 1920). 

14. "A note on the topograpl~y of tlie Null l<uu Massif in Laclikli, 
by Mqjor B. Mason, nr.c., R.E. (Qeogrsphical Journal, August 1020). 

3.5. 5Au Esplorutiun in Sou tli- East Tibet, by Major 1-1. 1'. ITorshead, 
l).s.o., E.E. (Rojal Engiueers Journal, January 1921). 

16.  projection of Mi~ps. A review of some T~iveuti~atiorJs ill tlle 
'I'heory of Map Projections, by A. E. Young, and Colonel Sir S. (3. Burrnrd, 
K.c.s.I., x.E., ~ ~ t 1 . a .  (KO yal Engineers Journal, March 1921). 

17. $Report on Expeditioil to  Knmet, 1920, by Blujor 1-1. T. Morshead, 
u.s.o., B.E. (koyul Engineers Journal, April 1921). 

18. *The Circulrttiou of tlie Earth's Crusl, by Lt.-Colonel 
J3. A. 'randy, ~ z . E .  (Geographical Journal, nfay 1921). 

19. §Johnsou's Suppressed Asceut on E (il., by Mcjor K. Maboll, 
nr.c., U.E. (Alpine Journa,l, November 1921). 

20. *Stereographic Survey. l'he Autocartograph, by Lt.-Coloucl 
11. N.  MacLeocl, D.s.o., R . E .  (Geogrsphicnl Journal, April 1'!23). 

21. :The " Ci~nadiau" photo- topographical method of Sul-vej., bv 
Captain nud Bt.-Msjor E. O. IVI~eeler, nr.c., I L K .  (Royal Engineers 
Journa.1, April 1922). 

32. $Tile Survey of Mr. W. H. Johnsou in the K'un Luu in 1865, 
by &Iajor I<. RIa,son, nr.c., n.13. (Alpine Journa.1, Kovember 1022). 

23. JIGravity Surve , by J .  de Graaff Huuter, nr.A., s c . ~ . ,  F.INST.Y. 

(A. Dictioilary of Applie 1 Physics, Vol. 111). 
24. J(Trigoiiometricnl Heights and Atmospheric Hefra'ction, by J. de 

Graaff Huater, nr.A.,  Y C , ~ . ,  F. INST. r. (A Dictionary of Applied Physics, 
Vol. 111). 

95.  Geodesy, by Colollel Sir (1. P. J~euon-Conpnghnm1, 1t.u.. F.R.S.  
and J. de CJraaif Hunter, N.A., s c . ~ . ,  J ? . I N ~ T . ~ .  (Enc. 'Brit,. 12th Edition, 
Vol. XYXI, 1922). 

26. *TIle pl~oposetl l)et,crmii~ation of 1'rim;lry Longit.utles by Iuter- 
national Co-oper:~,tion, by Colo~lel Sir (S. P. JJe~~ox-C'o~~yl~gl~rnn, R.I:., 
F.R.S.  (Cfeogrn.phicn,l .foni.u;~~l, Febr~lary 2923). 
- . . . ~ . . .  - - .- ~ - -  . ~ 

- ~ ~ ~ . ~. 

* Ol~tn iua l~ lc  horn t:l~c J1,oynl f:cogmphicnl Society, Kcllsinyton Gorc, Lontlou. S.W. 5 ,  
t Obtninal,lc from Mcssrs. Tu.ylor ,k Frnncis, Retl Lion Coi~rl . ,  Flccl StrceL, lout lo^^, 

\v.(.:. 
1 Ol,l,nil~nl,lc f ~ . o ~ u  1 . b ~  J l ~ s ( i l , ~ ~ L i o l ~  of Royal E ~ ~ g i ~ l c o r r ,  C l ~ n l . h ~ ~ n .  
# 0btainal)lc lrom Alpil~c Club, 23 Snvilc llo\s-, Loiltlon, W. 1. 
( 1  Obt,ainal)lc Erom Mcssra. MacMillnu k CI,. I,imitcd, St,. ~I:I.I.~.~II's Sl.rccl, L o ~ ~ t l u ~ i .  

Wac., kioUlb.ly, CHICIIL~,:~. Rlatlrnu, blclb~ul'll~. 



xxviii LIST OF PUBLICATIONS 

List of more important contributions by the Omcers 
of the Survey of India kc .  &c.-(Confinzled). 

27. "Recent l)evelopulen ts of Air l ' l~utu~raplly. (1) Tlle siljustlueut 
ol' Air l'liotograplis to Survey points, by Lt.-Colonel &I. N .  MacLeod, 
u.s.o., R.E. (Geograpliicnl Journal, June  1023). 

28. fBlouut Everest, by Major H . T .  Morshead, u.s.o., 1t.9. (1{0~;~1 
Engineers Journal, Yepteniber 1923). 

29. "Kishen Singh ancl the Indian l3xplorers, by Major I<. Masoll, 
N .  1 .  (Geographical Journal, Deceii~ber 1023). 

30. :Electrical registration of lieiglit of ~ v ~ ~ t e r  ; ~ t  ally tililt: i l l  Tidal 
Preclictioii, by J .  de Oranff I-Iuntel., ~ I . A . ,  sc.u., a.. INST. 11. (Journal of 
Scientific lnstrulllents, Vol. 1, S o .  8, May 1024). 

31. *Tl~e  Delnarcntion of' tlle 'l'urco-Persinu Uouuclary in 1013-14, 
by Colouol C. 11. D. Rycler, R.E. (Geograpliici~l Journal, September 1025). 

2 .  Geodesy, by J. de Graaff Hunter, M.A. ,  s c . ~ . ,  Y. INST. 11. 

(Enc. Brit .  13th Edition, New Vol. ii, 1926). 
3 .  STlle 1)e liilippi Expeditiou to the Enstern Kara-lcori~in, by B. B.1) 

and Colonel Sir G. 1'. Lollox-Couy~igha~n, r t . ~ . ,  Y.E.s., M.A. (Nature, 
13t11 I!ebr~~ary 1926). 

3 .  "Tlie Probleln of tlie S l ~ i ~ k ~ g l ~ m  Valley, by Coloucl Sir lc'~*ancis 
Younghusbaud, Ir.c.s.I., K.C. I .E .  (Geogritl>liic;~l J o ~ ~ m n l ,  September 1026), 

35. "The Shalisgaui Valley and Aghil &:luge, by DInjor* K, Mason, 
BI.C., B . E .  (Goographical Journal, April 1327). 

3 .  -1 Brenlc-Circuit for Penduliuu Clocks, by .J. deGraaff Huuler, n1.A.) 

s c . ~ . ,  r, ISST. P. (Bulletin G6oddsirlue No, 14, April, May, Juue 1927, Paris). 
37. "A Graphical Diuc~~stiiou ut' tho Figure of the Earth, by A.E. 

IIiuks, c . B . E . ,  F.R.S. (Geographical Journal, June  1327). 
8 ,  A Report on tlie Geodetic work ol tlie Survey of India for the 

period 1024-27, 1,y .T, cle Graaff Hunter, firma., s c . ~ . .  F.INST.I*.! presented 
a t  the third iueet~iig of the Illternational Union of Geodesy aud Geophy- 
sics, Prague, September 1027, Dehrrt Dii.11, 1927. P r i ce  Rc. 1 .  

3 .  +Thc Stereogritphic Survey of tlle Qhaksgi~ni, by BIajor 
fiI;lson, M.c. ,  R . E .  (Geographical Journnl, October 1027). 

40. +Figure of the E n r t l ~  : correspo~rclence by J. de Graaff Huuter, 
nI,a., s c . ~ . ,  F.IKST. I>. (Geopruphical Journal, 1)ecember 1027). 

41. *Figure of the Earth : correspondence by Captain G ,  Bornford, 
11. E .  (Geographical J o ~ r l t a l ,  December 1027). 

2 '*Reply to Captain G.  Bomforrl'y letter on 1:i~ul.c of tho Earth 
( S O .  41 of list), by Capta.in a, T. Ri'cCaw and A .  x. H111k8, C.B.E., y,H..S. 
(Geographical Jourual, Dece~nber 1927), 

43. Figure of the Earth. Presidenti:~l nclclress I)y .J. cle Br;~a.ff H U ~ J  t,er, 
>I . . \ . ,  SC.D., F. INST.P., a t  t l ~ e  Sectioii of Blethematics and Physics of tl!e 
Fifteenth Indisn Science Congress, Calcutta 1!)28 (Published by tllc Asjatlc 
Hociet,y of Rengal, Calcutta). 

14. Note  on Sir Francin Youughusbnntl's Urdolc Glacier, 1 ) ~  Miljor 
Iiennet~li M:~so~l, >r.c.. R . E .  (Cteogl-aphical .Journal, March 1928). 

+ Ol~t:~ innl , le  fronl the Iioy;~l ( - ic~ ,r~ .apl~ icnl  Socict,y, l i c t~ . i i  t~ytorl Gore, Loudon, 9 .W.  7. 
t Ohtninal~lo from t l ~ c  Illstitutlon oE Royal Euginecrs, C l ~ n l ~ l t a n ~ .  
I 0lrl; l inddc Er~~tn I.hc Inst,itutc of  ~ ' l ~ y a i c ~ , 3 0  t;rc;ht I " lns~cl  sl.rccl,,  Iroll(l0ll W.C. 
9 Ol~tnit~nlrlu f r u ~ u  the offic:e oE Xature. St. h l a r t i n ' ~  Street,, lout lor^, W.U. 2- 
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List of more important contributions by the Oficers 
of the Survey of India &c. &c.-!Co~o,b/iu?~ed). 

45. *Some Applications of the Geoid by J .  de Chaff  Hunter, nr.,\., 
s c . ~ . ,  F. INST.P. (The Observatory, June 1928). 

46, +The Cambridge Peildulum Apparatus, by Colonel Sir Gerard 
Lenox-Conyng11a.111, P.R.S.  (Geograpliical Jounlal, April 1929). 

47. S The Attract.ion of the Hial5layn, by J. de Crl.aaff Hunter, 
N.A. ,  SC.D., F.INST.P. (Miin5lnyan Journal, Vol. 1, No. 1, April 1929. 
p q e s  59 - (36). 

-18. +The Icara-lroram : Correspolldence regarding the proper nomeu- 
clsture of the I<ara-ltormn Hin~%laya, by Colonel Sir S. G. Rurmrd, Ic.c.s.r., 
n.E., F.n.s., Dr. 'll,G. Lollgstsff and Major KenneM~ Mason, nr.c., R.E. (Geo- 
gr:~pliical Journnl, September 1929 and .January 1030). 

49. $ Tl1e Geograpl~ical Representation of the Mountains of Tibet by 
Colonel Sir S. G. Rnrrard, ii.C.s.T., II.TC., F . R . S .  (Proceedings of tllc Roya.1 
Society, Series A, TToliime 127, 1930, pages 704-7 12). 

0 .  11 The Glaciers of t,lle T<a.m-1;ornm a.nd Neigl~l~ourliood, by Major 
Tcennetll Masnl~, nr.c., n.12. (13,ecnrcls of the C7enl0,nical Snrvey of' Tntlin, 
Voll~me LXITI, part 2, l9:30, pages 214-278.). 

1 A lieport 011 the Geodetic morlc of the Survey of India for the 
periotl 1927-30, by .J. de Crr.nnff lIiinter, nr..i.. sc .~ ) . ,  F.IXST.P. ,  
~~~cse r i t e t l  nt the foillth rnecting of the lnter~iation:~l Union of Geodesy 
nl~(l Genl)l~~sics, Stocltllolln, Augubt 19.30. Dehrn DGn, 1930. Price Rs. 1-12. 
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