


Col. ;\I. O'C. 'l'ancly, \ v ~ o ~ , o  portrait  forms the  frontispiece to  this  
volume, was commissioned in the  lCoyal Engineers in J u l y  1893, and  
after six years military d u t y  he joined the  Survey of India  a t  Dehrn 
Din .  In 1901 he was placeii on clepatation as Survey Officer iv i t l r  t h e  
Adell Boundary Com~riission, 011 the completion of which he served with 
the Foreign Department  iu Simla for 6 months,  a ~ r d  returned t o  the  
Survey of lndia  in 1905, when lie was employed on t,opographical 
surveys in the  Punjab. From April ]!I07 he lleltl charze of t h e  Cal- 
cutta U r a ~ v i u ~  OEEce for 4<4 years, where his work in o r ( ~ a n i z i n ~  t h e  
new system of mapping, and pu t t ing  the  Alap Recol-cl and  Issue Office 
on a satisfactory footing, was of permanent value to the  Department  

0 1 1  the outbreak of war he reverted t~ rni1itar.v dutjr and was 
wounded a t  Loos. After having sotne connection with the  preparation 
of the first tanks he was translevred to Mesopotamia, where he remained 
until the  end of t h e  war, receivitrg the  D.S.O., and 0. B.E. He  was again 
employed on military d u t y  dur ing  t l ~ e  Afghiin W a r  i11 191 9 .  

From 1920 to  1925 he was employed ia  topographical surveys in 
the Southern Circle, interrupted by a period of G m o ~ i t h s  as  Uirector, 
Frontier Surveys, arranging pl.elim~naries for the  creation of t h e  new 
Frontier Circle. 

The  last post which he held in India  was t h a t  of the  Director of 
the Geodetic Branch from November 1922 to  J u n e  1927. Althouqh 
C:ol. Tandy had had 110 previons connection with the  Geotletic l31*anch, he 
\\!as able to  effect many beneficial clranges ill orqanizatto~r,  c-specially in 
tha t  1)art of the  branch connected n.itlr 1winting and  pnblication. His  
wide topographical esl)erience \\)as also of value i l l  connection with 
liaison betweell tlie geodetic and topogl.apl~ical branches, and in render- 
ing da ta  acc~imulateci by one readily access ih l~  to the  other. H e  inan- 
!:~lratetI the  (ieodetic Branch hluseum, i n  \ \~hich iirr l)Iace~I n~a~i!. of tlie 
tl)eodolifes and other ins t r l~ments  used in the  earlj. years of tlre 'l'rigono- 
lr~etrical Survey. 'l'wo photographs of this  Jfuseutn appeared in the  
( i ~ o d e t i c  l ieport  Vol. 111. 

Col. Tandy was an  officer who earned t h e  full confidence and respect 
of those serving under him, and was a t  111s best when faced with dif6cul- 
tie.;, which gave scope to his enerqj. and organlzinq ab i l i t j .  He rendered 
rnalljr valuahlc service.; to the  r)epartniel~t ant1 tlre State ,  in i n l p r o v i ~ r ~  
tllcb ~netlrotls of worlr, and set  R qood example b ~ .  personal tlevotion to 
clrlt?-. 

I le  retired in Decelnher 1928, with t l ~ c  sincc.1.c gootl \\-ishes of' Iris 
I'l.irntls in all ranks of' t Ire l )e l , ; l r tme~~t ,  Iravinq l ~ ~ . t ~ v i o ~ l s l y  beell al)l)ointetl 
Ilcct~ircr in Snr\.ey a t  the University of OsEol.tl. 





SURVEY OF INDIA 

GEODETIC REPORT 

VOL. I V  

From 1st October 1927 
To 30th September 1928 

P U D I ~ I S I I E D  BY ORDER OF 

BRIGADIER R, 11. THOMAS,  D . S . 0 .  
SUl iVEYOll  G E N E R A L  OF I N D I A  

+. 
PRINTED AT THF: (;EODI<TI(' BI<ANCII OFFICE, 

SURVEY OF INI)IA, 1)E:HHA DON, 1928. / w 

Prire TIIPPP R?C~PP.P or J i j ' 7 - c  S h i l l i ~ t g ~  nvn? I'llree Pence 





\ 

C O N T E N T S  

Page 

. . .  ... Introduction and Summary ix 

Computations and Publication of data 
( i  ) General 

Para  

1. Dr. Hunt,er's address  at t,he Indian Science Congress,  1928 1 

( ii ) Computations 

P l n ~ n l ) - l ~ n t !  tleflections referred t o  t h e  I n t e r n a t i o ~ i a l  
. . .  . . .  . . .  Sl)lic~~.oid . . .  

; \dj t~strnent 01 trian:nlation . . .  . . 
. . .  :\stronomica.l . . .  . . . . 
. . .  . . .  'l1lxvCrse . . .  

(1ha,1.t sho\\.ing H:tvfol.d tleflect,ion a n o n ~ a l i e s  in India. :. . 
... 1 ~ ~ r n l ) c l ~ t ~ ' s  O ~ . t h o m o r p l ~ i c  Projection 

Snital) i l i ty of l'rot'essio~inl fo rms  for  machine conlpu- 
. . .  . . .  tation 

. . .  Oltl ~ v c o r d s  , . .  . . 

C11a1.t sl\o\\rinq extfreme crrolns of heigli t  in t l ie Ind ian  
... . . .  t,ri:>npnlrttiot~ ... . . .  

( i i i  ) Publication of data 

i \ t~xi l iary  Tahles  . . .  . . .  
lJieltl T~ .ave~ . se  'I'ahles . . .  

. . .  Forms 
r 1 I hcodoli te r e s ~ c t i o n  . . .  
I l r . v~ l l inq  I ~ a ~ ~ i l ) l i l e t s  . . .  

' I ' r i i~ ,~~: t~l :~ . t ' io~~ I):II I I  1 ) I i  lt>ls . . 

(;cotlctic: 1icl)orts . . .  . . .  
hIiscellaneoris pnblicat,ions . . .  
( 'ornlx~ t i n g  OfTico I)l.a\viliq Sectlion 

... S111)l)ly of d a t a  ... 



ri GEODETIC REPORT [VOL . IV . 
Page 

Observatories 

... . . .  ... Summary ... 
... Time observations ... ... . . 

Reception of wireless time signals ... ... 
. . .  Latitude observations ... ... 
. . .  Standards of length ... ... 

H i ~ n t e r  Short Rase ... . . .  ... 
Seismograph observrstions . . .  ... 
Jleteorological observations . . . . . . .  
Pendulum observations . . .  . . .  . . .  
hlaintenance and examination of delicate scientific 

instruments ... . . .  . . ... 
Course of instruction for the 1Tppe1-rrtitl Lower Subordinate 

. . .  Cornl)t~tere of t'he Cornpating an11 'I'idnl Party 
. . .  3fiscellaneons experiments . . .  ... 

;\;lagnet ic observations . . .  . . .  . . 

Tides 
Tidal observatories . . .  ... 
Inspections . . .  ... 
'I'itlrrl observations in the Rangoon river . . .  

... Rednetion of Rassein tidal observstions ... 
Corrections to predictions . . .  . . . . 

Rasrah . . . . .  . . 
Tide-table9 . . .  . . ... ... 
; l ccn rac~  of preclictiona . . .  ... ... 

Gravity and deviation of the vertical 
Pt~nl\~ilnrn . lpparnttis of the Survey of India ... 
I)ecnriljtion of the Survey of India Cxmhridge (1926) 

ripparat ns . . .  . . . . ... 
Ohservatinn~ . . .  . . .  
SNAV corrrr.tinn . . . . 
Pentl~~lnnis  of the S11rve.v of India . . .  . . .  
1)e~rription of the Frlrvey nf Inclia Cambridge (1926) 

pen~lnlnrn~ . . .  . . .  ... 
..4rtjnq t.inu the lenoth of the p ~ n ~ l n l l ~ r n s  . . .  . . 
Ikterrninatinn nf cnrrert. ion f.4rtol.r . . 

H P ( ~ I ~ c P ( \  t.inie of vihratinn a t  ('alnhrirlge ant1 tl~~rlnrccl 
rnllle of gravity a t  1)ehrrr D i n  . . .  . . 

ObRerv~r . . .  ... 
Witelwe receiving set . . .  . . 



CONTENTS 

Para 
12. Field Season 1927-26 . . .  . . .  
13. Strength of party, transport and health . . . 
I I,. Clocli rates . . . . . 
15. Pendulum results . . . . . . . . . 
16. Astronomical observations . . . ... 
17. Results . . .  . . . . . . 

Page 
. . . 54 
. . .  56 
... 56 

5 7 
... 5 7 
. . .  5 7 

Triangulation 
1. General . . .  . . . . . . . 6 8  
2 .  Personnel ... . . ... ... 68 
3. Triangulation . . . . . .  . . .  6 8 
4. Computatiorls . . . . . . . . . . . . 70 

Apl~endix-Fiel'd performance of Yf-inch VTild Theodolite 70 

Levelling 
1 .  Organization ... .., . . . ... 7 5 
2 .  Summary of out-turn . . . . . . . . 7 6 
3. Work of detachments . . . . . . ... 7 6 
,I.. .Discussion of results . . .  . . .  79 
5. Y1.obable errors . . . . . . ... . . . 82 
6. Progress of the new level net ... . . .  ... 8 3 
7 .  Research work . . . . . . ... ... 8 3 

List of Publications of the Survey of India 119 

Portrait 

Chart 11. 
Ch.irt 111. 
Cilaxt I V .  
Char t  V.  

P11:e YI. 

Plate X I I .  

Charts and plates 
Colonel Maurice O'Connor Tandy, D.s.o., o.B.E., 

R.E. . . , . .  Frontispiece 
Chart showing estimated masitnum discrepancy 

be t ,wee~~ l'rigonometrical and spiritj-lrvelled 
height,s. . . . . . .  . . .  4 

Latitude stations . . .  . . . . .  4 8 
Pendulum stations . . .  . . 48 
Telegraphic Longitude stations . . . . . 4 8 
Observations for gravity and plumb-line 

deflections in Ralnchist,,in and Sincl . . , 5 7 
T l ~ c  S~i rvey  of India, Calnhritlze (l!j.'!i) l'endu- 

Ilim t\lq)at.at,~is(\vi t.11011 t cover) . . -1% Y 
I)cta,il of ('stnhritlge ( 1  ! I ? ( ; )  Dentlnlrim (Frill size)  5 1 
'I ' I Iv  l l r i r e l c ~ ~  l i , e~c iv i~ tg  I\ l~l)a ,r :~, t~is  .i 1, 
,\111,1 volca~ro i l l  tllc 1tat.0 l<at~g(n, T,n. I \ o l : ~  Stilte .-) 4 
Scone! in t,lle I4a1,o 1t.a11gt-, T,AS l $ t ~ l a  5tZafc'  . . . .-I I 
1 1 i i 1 1 i - l 1 1 ,  T,ooIi i~r~ <onI\l l'rc.ln l he -. 

PAPA t.l)nirn t . . .  . . .  . . .  .) a 
The Kalandi oasis, IIrimCin-i-Mishliel . . . 55 



. . . 
~ 1 1 1  G E O D E T I C  K E P O K T  [VOL. IV, 

Page 

Chart XIII. Tr iangula t ion series a n d  Az imuth  s ta t ions  . . . 6 8 
Pla te  XIT7. Wiltl aniversal  3:" 'L'lieoclolite i0 - - 
C h a r t  XI'. Lines  of Precise Levell ing ant1 'L'itlnl s t a t i o ~ l s  . . i 0 

C h a r t  X\'I. I n d e x  t o  'l'ria.n~i1latio11 pamphle ts  j111clia and 
13nrma) . . . a t  t h e  end 

C h a r t  SVII .  I n d e x  t o  ' l ' r i a , ~ ~ g i i l t i o i  p a m l ~ l ~ l e t s  ('Irncl, Persia 
a n d  Afghi in is tnn)  . . . . .. i ~ t  t,he end 



INTRODUCTION AND SUMMARY 

During the  year 1007-08 geodetic and other work was continued 
at Dehra Iltin, ancl t,liree field parties n-ere engaged on grav i ty  work, 
triangulation and levelling respectively. 

111 the Comllnting Section all  deviat,ion of t l ~ e  1)lurnb-line results 
have been expressecl In t e rms  of t h e  Internat ional  Sliheroid ( I ,  2 ). A 
chart has been procluced shonring w h a t  discrepancies le tween heights 
found by spirit-levelline and  t r i a n p l a t i o n  a re  liliely to  be m e t  with  i n  
various l ~ a r t s  of the  I n d ~ a n  Survey ( I, 10 ). 

TTorl~ in the  Observatory Sect,ion has been increased E! periodic 
pendulum observations, talien with a view to  ascertaining w h a t  varia- 
tions in y, real or a lqx~ren t ,  occur a t  this base station ( 11, 9 ). Regula r  
latitilde observations have also been begun ( I ,  1 ) Time observations 
haye been cor~t inued as  nsual, ancl t l ~ e  t ime signals of Bordeans ancl 
R11qby have been received on most d a ~ . s .  T h e  apparent  variations in  
tlle longitntle of Dehra D u n ,  resnl t ine  from these, are  exhibited in 
t'alles. Results for  each mont,ll a re  nieaned and  exhibit consiclerable 
variations, bu t  n o t  such t h a t  cannot  be a t t r ibuted t o  observational error. 

The  normal tidal prediction work ancl inspection of t idal observa- 
tories have beell ca~.l.iecl out  ( I 1 1  ). T h e  Observatory of Basra.11 was 
~ ~ ~ s p r c t e d  b j  the  Survey of lnd ia  for  t h e  first t ime. Basra11 tidal predic- 
lious I~nve ~ i o t  been satisfactory, and a serious a t t e m p t  t o  improve t h e  
~ ~ . e t l i c t ~ o n  table has been made ( 111, C, ). Heccnt tidal observations a t  
Icxssein I I : ~ I  t l  been harmonically analysecl ( 111, 3. ). 

A c lesc~~~i~) t ion  is of t h e  new p e n c l a l ~ ~ m  appa,ratns (I?', 2,6) as  
\vl:II as a 111.;:,f accoul~t,  of it,s preclecessors ( I V ,  1,:i). T h e  11igh degree of 
isc~c*l~~*onisn~ of t,he new j,endnlnms is tlne t o  Major  E. A. Cflennie, and  
113s cnabletl ,;\viilgs of very I o ~ l g  tln~.at,io~l t o  be macle \\.it11 pai~.s  of pen- 
s ( ) T I I ~ s ,  n ~ i t ~ h  wireless recel)t,ion of European t ime signals 
I)!; :I c o n v r l ~ i c ~ ~ t  set  jnst. obtained ( I V ,  11) 11as much reduced t,he labour 
01' cl,servatio~l. 

Major Glennie gives all interesting account of the  regions in which 
Illis seasoil's work has bee11 done, viz. Las  Bela State ,  Sind, Ralnchis t ln  
: L I o I ~ ~  the  N ~ ~ s l ~ k i - D n z t l i ~ - ,  rail\\~aj-, and HLrnun-i-M5shliel neighbourhood 

1 , 1 )  No ontstanding anomalies of g were revealed. 

I11 stltlition to t h e  pendr~lrim work, observations wit,h a large 
1'1,isn1atic astrnlahe were made, which will yield deflections; b u t  t h e  
com])~~ta t ions  had not been completed a t  the  t ime  of going to  press 
(IV,  17).  
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At the  end of t h e  chapter  (1V) there  is a comprel~ensive list oE 
results of all  (166)  modern gravi ty  stations of t h e  Silrvev of India, 
follomed by a similar list of t h e  st,ations of the  de  Filippi Kara-l~orarn 
Expedition of 19 1-El and  of 1)r. \'ening Meinesz's submarine determilla- 
tions ill the! neigl~bourlrood of India.  

TrianSulation of secondary precision was executed on t h e  N.W. 
Frontier by Capt .  G.H. Osmaston using a small  W i l d  tlieoclolite (V). 
He $ves a u  ~ ~ ~ p r e c i a t i v e  account of th i s  ins t rument  (V. Appendix).  In 
view of t h e  unsett.led nature  of t h e  country,  work of this  class woultl 
no t  have been l)ossible with t h e  older t y p e  of theodolite, a s  stations 
could only be occupied for short  periotls by  day. 

Tlie levelling par ty  l ~ a s  now been relieved of t h e  ter t iary levelling 
work (for intlustrial purposes) \vhich i t  undertook in ~)revioas  years, 
ancl can uow devote i ts  a t ten tion t o  precision \vorIi ( V I ,  1). Some in- 
teresting c1ian:es of level have been found a t  Ambala  and  Dehra Ddn 
( V I ,  I).  'l'llrre is also a description of t h e  country in t h e  l t a n l ~  of Cutch 
intlicntinq the  clificnlties of levellin:. there. A g a p  of 30 miles in one 
of tlle levcllinq c r rcu~ts  still rernnlns t o  be done across t h e  LCann on 
:tccou~lt of t l ~ c ~ c  difficulties: nnrl work can only be completed w l ~ e n  con- 
,litions are Inore favourable. h favourable ~ p p o r t ~ r ~ n i t y  is now awaited. 

The  total  n r~mber  of miles of levelling of t h e  new level net  comple- 
ted in Lot11 tlirections now alnorlr~ts t o  5,326 ( T I ,  6). I-ligh ])recision 
levelling oE 1,200 miles in one direction, and 1,()00 miles of d o ~ ~ b l e  
levelling oE secondary 1~1-ccision were accomplisl~ed ( V I ,  2) .  

There :Ire ilnl)ort.nnt ancl interestin: notes d11e to  Captain I3omford 
on three tlilticr~ltics i l l  levellin:, ( n )  Crossing of wide r111l)ridgecl rivers, 
( h )  Levclli l~q 111) l)ersist,cnt slol)r.;, (c)  Pairing of staves ( V I ,  7 ) .  Rilles 
are givt.11 for t l ~ e  g ~ ~ i ~ l a n c t :  O F  ol)servers. 

Tlie Gi~:,.li~ticr 13r:~ncl1 I1:as r ~ o t  y e t  renchecl its f r ~ l l  pre-war s t renqth 
and the L l ~ t r . o ~ ~ o l n i c a l  1';trty (No.  1:1) (lid 11ot talie t,hc field. It is hol,ed 
t , l ~ a t  it, will l ) r  l)r~.ssil>lc al'ter n y t w  or two to s e ~ l d  ou t  t , l ~ e  l,art,y for 
~ l e t e r ~ n i r ~ . ~ t i o ~ i  of' t l ~ t l r ~ r ~ t i o t ~ ~  in  lonqit'r~tle. 'Phe personnel of t,he (feotletic . . 
Hran:.;~ 15 :\\.en on  1l1e ! ' c ~ l l o \ v i ~ ~ ~  ])ages. 
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v. Inst. l'., in vhtrrgc from 27th J u n e  to 
29th Juno 1928. 

Captain (4. I{ornford. R.E., in charge from 
5th Sovnmbcr 1927 to  26th February 
19W. 

Class I I  OJcr1.s. 
Mr. 11. R. Mozun~dt~r. Eron~ 1st October 

I!)':; t o  Sot11 Septolul~er 1928; in charge 
from 1st  Ootol~cv t o  6th November 1!127 
:inti fro111 27th Fel j r~~ary  to 26th June 
1098 nncl t 'rou~ 2!)t.I1 J u n e  to 30th Sep- 
t rn l t~er  11)L'S. 

Jrr. Abtlul Kari~n, n.A , From 28th April to  
30th Septcruher 192s. 

I'l)lw~' S~rhordirintr Srrtiice. 
J l r  I<. K. Das, n . \ . ,  1st October 1917 to  

Slst bInrc11 1928 
Mr. I,. 1). .lnsL~i. 
Mr.  1'. 13. K I ! ~ .  up to  1st hlny 1928. 
M r .  A .  A. P. J l n t l ~ ~ b  Ahmnd u p  to 6th May 

1'33. 

Mr. H. C. B a n e j e ~ ,  LA.. from 8th October 
1927 to 31st March L92P. 

hlr. Lnlbir Singh np to  16th April 1928. 
Blr. Abdul hlnjid from 10th August 1928. 
Mr. J. N. Iiohli. 
Mr. B. P. ltnndev 
Mr. Rlnhammsd Fnizul Hasnn from 1st 

March 1928. 
XI.. 1. 1). Suri. from 21st August 1926. 

Lowrr Subordinate Service. 

21 Compnters etc.  
13 Levellers otc. 

TRAINING SCIIOOIA 

C l n ~ s  11 Oficers. 

Mr. S. F. Norman, Survey Instructor. 
from 8th October to  15th 1)erouibcr 
1927 ant1 from 16th January to 30tb 
September 1928. 

Mr. C. West. Survey Instructor, from 
16th December 1917 to 15Lh January 
1928. 



COMPUTATIONS AND PUBLICATION O F  DATA 

ci) General 

1. Dr. Hunter's address at the Indian Science 
Congress, 1928.-This year Dr .  Hunter  had t l ~ e  honour of being elected 
President of the Mathematics' and Physics' Section of the Indian S c i e ~ ~ c e  
Co~~gress which met in Calcutta in January 1928. The subject discussed 
by him in his presidential address on this occaslon was the " Figure of the 
Earth ". The address comprised a brief rCsam6 of the gradual improve- 
ment in knowledge of this subject from the earliest times to the present 
(lay. I n  ancieut times scientists held the view tha t  the earth was a 
sphere, though the popular and more orthodox idea was tha t  i t  was flat. 
'rhere was but little advance on these conceptions until Newton by 
his laws of qravitation establishecl tha t  the figure of the earth was an 
oblate spheroid. Since then the controversy has mainly centred round 
the numerical exactitude of the elements of the figure or earth cons- 
tants i. e. :-of the length of the semi-major axis a, and of the flattening,!'. 
Laplace in 1799 derived the valnes, a = 6376 - 34 km., I / ' =  312.2. 
Tlllrty years later Sir  George Ererest  obtained his values of the elements, 
i t= f i377 .276  knl., l / f= 300.8  from the reduction of part of the Great 
Arc of the rncridian in  India. Bessel in 1841 and Clarke in 1857 
introduced further improvements in the results. In 1863 Archdeacon 
Pratt of Calcutta made a deter~niilation of the earth constants by apply- 
in:. c~mpenbntion for the effects of Himhlayan attraction. Of  recent 
years the idea of compensntio~1 has beeu more f~ i l l y  developed and 
presented as the theory of isostasy by Mr.  John Iiayford of the U. S .  
Coast and Geodetic Survey. In  1909 he applied his theory of isostasy 
to del-ive a value of the elements of the earth's figure from obser~rations 
in t'he U n i h l  States. Tile values, (r = 6378.  Y 88, 1/f= 297 0, found 

Hayford, were adopted for the Interilational ~ p h e ~ . o i h  in 192.1. b~ the 
International Union of Geodesy and Geopllysics, tho11q11 the wisdonl of 
thclr choice was not admitted by all concerned. The view has been 
emphasized in the atldress, tha{ tile IIavford Spheroid does not fit in nrell 

w1.e of reference i t  is 'vlfh the contlitions in India, and that  for a 1;- 
qllfli~ient to uelect a sl,lleroid correct to  I he nearest 100 metres i n  n ant1 
to one unit in I I f .  A of 296 appears to be about the lwst 
compromise a m o n i  the various values found for 1/f. Such a figure rnol~lcl 
Ferve ~ t r o n o m i c a l  prlrposea well. For qeodetic needs and the stuclj. of 
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crustal anomalies either this or the best local spheroid might be used. 
The full text of the address has been published by the Asiatic Society 
of Bengal, Calcutta. The table, which follows, gives the ele~nents of 
the earth's figure as determined up-to-date by various authorities. 

TABLE 1 .- Values 01 n ct)~cl l/j'j'occnd ,fi.ovn trict)eg~clrctiow. 
I 

Year / Author 1 a in bm 1 I j r  I Data used I 
Lnplace 

Everest  

Airy 

Bessrl 

Yratt 

Clarke I 

Clarke 111 

Hayfortl 

Arcs : European, Peruvian, African, 
Amer~cau .  ' 

fndian and Frcr~ch urcs. 

1 10 meridian arcs. I I Arcs: Anglo-Gallic, R n s s i ~ ~ n ,  Indian. I 
Arcs: Anglo-Gallic, Itnssiun. Indilln. 
Prussin~i,Per~~virrn,Hanoverian.Danish. 

1 Arcs.  Anglo-Gullic, 2nd Indian,Elussian, 
I Peruvran, Cape. 
I I 1 Above reconaideral. I 

U.S.A. only on basis of isostaticcornpen- 
sation. I 

I / Geoitl in India  only. I 
Geoid in Indin wit11 isostatic compeu- 

sation. 

Geoid in U S.A. ouly. 

Ckcoid in U.S A .  with isostat.ic compen- I sation. 
I I 
I Geoicl i n  I u t l i ~ ~  ant1 U.S.A. 
I I 

TAIBLI': 2.- ! ; r l n ~ a  ?t'Z/f/>;.orn pe,r,irtlu~~? res t~l ta  a11d correspowdigtg fac- 

lnrr in /br, , ,rlu,/br g =  G ( 1 + A r i d +  - B ~ i u 2 +  + C e o ~ % # 1 ~ e o n 2 ( h - ~ ~ )  1. 
L J 

1 ho 
110% ! (+ v e  w l ~ e i ~  

E) ----- - 

O I  ... 
1 8 4 4  17" 4 6  11' 

0 i , . a  

Tear  A ~ ~ t h o r  1 ' j  G 

~ - - - - .. -~ I , - 

1 1 1 1  Hel~nr r t  1 1 293.3 978.030 
I 

1 1 .  11 296.7 f O - 4  978,052 
1 

10"A 

5304 

5 2 8 5  

i 27+3 I180 ki X. 
' 1  

I 
I 

10% 

7 

1917 ! Roivie 2 9 i . 4  & I  .0 !)73.0.?9 5294 

I w h  

* Tl~iv ittilllies ~l i f f r renre  o l  345 rnetrrs in sen~i-ecl\lr\torial axee. The major 
yris is iu longitude 1s' E.  

7 

H t , i a k r ~ ~ e n  ,or,; in l a 0 a  !ipg.oj) i ? s e h B  
299.0  ln 72"W.m 
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:a zonx. TABLE 3.- Trall/ev ? I '  l l f ,  frona lunar oCsert t ' 

1924 Spencer Jones 294.8 f - 8  / 294.9 A - 3  

1924 de Sitt,er 

Method 

296-4 

293.7 

294.4 

I 
Precession 1899 

1914 Lunar theory 

1)arwin 

Brown 

Moon's parallax 1914 , Crommelin 
I 

Moon's perigee 
Moon's node 

Precession 

(ii! Computations 

2. Plumb-line deflections referred to the Interna- 
tional Spheroid. - ' l 'he  deflections of t h e  plurrib-line in I n d i a  both in 
meridian and prime vertical have already been computed with  reference 
to the Everest and I-ielniert SpIieroids, and included in Professronal 
Paper No. 16., Table XClr.  Tlreir recalcnlation with reference to  t h e  
International Slllieroid has been p a r t ~ a l l y  completecl. T h e  divergences 
of the 13verrst from the  I n t e l * n a t r o ~ ~ a l  Spheroid, viz, 60 = + 1 . 1 1 2  km.  
and 6/1 = t U.834 k m .  have beeti taken into  account in t h e  calculrttion. 
'llhe geoicl in Inclia lias been fonncl to  coincide most closely with t h e  
Internatio~ial Spheroid \\-it11 the  tleflection at Kaliiinpur 3".02 S. and 
3".17 \l'. To bring Table XCV of Professional Paper  No.  16 up-to- 
date, it has been extentled to  include all tleflections observed 1111 t o  1027. 
'l'hese addenda to Professional Paper N o  1 6  will be prxblished in clue 
CoLlrSe. 

3. Adjustment of t r i a n g u l a t i o n . - 2 8  cllarts fo r  t h e  g ra -  
phical ad jns tme~i t  of minor t r i a n g ~ ~ l a t i o n  on t,he North-West  Front'ier 
were com1)letell and supplied t,o t]le Director Frontier Circle dur ing  t h e  
Sear. For a clescrilltion of t h e  method of acljustnient vide Geodetic 
np?olut Val. 111, Qliap. 11. $ 1. 

l'llc t,~.ia.ngulation carl.ied orlt in 'Irtiq cl~iring t h e  Great  W a r  
(19 14- l ! ) l ~ )  was in man!. (]isconnectc.d l~or-tions. T h e  various series 
]lave now l)c,ln harmonizetl by a lnet,llod of rnal)id atljllstnlellt alltl t h e  
whole of t.I~e t l~iangnlatioll  hl.orlgllt into terms of tile CO-o~dinat,es of 

r y r n  l'.fio, ~ 1 % .  Inlit~ltle 29" 58' eX", lollgitu(le 48' 28 aa . This  l ~ o i n t  was 
select,ed as its position lvas well fixell in co~rnect~ion wit11 t.he 1'11rco- 
Persian Ihnt~t lar \ -  Commission, its ]at,itrlde 1)eing ast.rooomicxlly deter- 
minctl I)!. obscrvaiiorls to  Polaris it,s Iongtt;nde e l e c t r o - t e l e g ~ ~ n p h i ~ a l l ~  
connect'c(1 wit,], Bnsliire, a m a i n  longitutle sta,tioti hetween Englantl  all(1 
India. 

4. Astronomical.--Tlle astronomical Iat,itudes observetl prior 
1865 ant1 pt~blished in (;, T. S. Vols. X I  and X V I I I  were not correc- 

ted for the height of stations above mean sea-level. T h e  height  correc- 
trOng for all the  stations ]lave now been computed by t h e  formula, 
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000052h x sin %A, where h is the height in feet above mean sea-level 
and X the latitude of the  station, and the  corrected values of the  latitudes 
incorporated a s  addenda t o  the above volumes. 

The  times of siinrise and sunset for Calcutta were computed for 
inclusion in the Tide-Tables for 1929. They were also computed for 
Renares in compliance with an extra-departmental request. 

5. T r a v e r s e . - A  large number of traverse co-ordinates and 
azimuths were computed to a s s ~ s t  No. 20 Party (Cantonment and Special 
Survey) which lacked personnel to  complete this work. The  compnta- 
tions of co-ordinates were effected by means of a comptometer. 

6. Chart showing Hayford deflection anomalies in 
India . -An a t tempt  was made to show the Hayford anomalies in meri- 
tlian tleflect,ion, obtained from the observations in India, graphically on 
3 chart.  The  data  mere taken from Professional Paper No. 13 and from 
the observations in Kashmir, 1925-26. The a t tempt  had to  be aband- 
oned, the anomalies being too irregular t,o admit  of reliable curves being 
traced. 

7. Lambert's Orthomorphic Pro jec t ion . -Pend ing  the 
decision of the question of changing the origin of projection to  lati- 
tude 32" 30' and the limiting parallels of the grid t o  Intitndes 28' 30' 
and 36' S O '  ( v i d e  page 2 of Geodetic Report Vol. I I ) ,  a request was 
received from the Director Frontier Circle to  show the corners of sheets 
30 ,00o  b: 40 ,000  yards on an index map of the Frontier Circle on the 
altered projection. Necessary computations were carried out and t,lle 
~ r i d d e d  index slipplied to the Director. 

8. Suitability of Professional forms for machine 
o o m p u t a t i o n . - T r i a l  computations mere made to  see whether any  gain 
in time cnr~ld be effected by machine cornpiitation on the  minor Topo., 
'l'risn. and Trav. forms of the department. It was found tha t  all the 
crrlculations, with the exception of those for traverse co-ordinates (north- 
i n a s  and eaetiogs), were not suitable for machine computation and the 
~led~ict ions could-he carried out  more expeditioiisly with log tables on the 
~ ~ i s t i n p  forms than on the machine. 

9. Old r eco rds . -The  old manuscript. records preserved in the 
Compntinc Office, which are mostly connected with the simultaneolis 
r~tlnction of the Indian triangulation, are being examiner1 with a view 
to t l l ~ i r  re-arrangement. I n  the rourfie of this examination some valu- 
nhle pnpcrP, previonsly unnoticed, on the solution of certain complicatctl 
problcms relatinp to the s imnl taneo~~s  reduction have come t o  l ight  ant1 
arp rlnw beinz recorded for future reference. 

10. Chart showing extreme errors of height in the 
Indian t r i a n g u l a t i o n . - T h i s  chart  which mas mentioned in lafit, 
!.ear's report as under preparation, rirlc page 27, Geodetic Report 
Vol. 111, has been completed, and appears opposite. It exhibits the 
egtimtated extreme errore in trigonometrical height8 t ha t  are likely t o  he 
met with in each clegree ahect. 
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(iii) Publication of data 

11. Auxiliary Tables . -The  stock of P a r t  111, Auxiliary 
Tables 1923 being exhausted, an enlarged edition of this part  has been 
published. Six new tables, including those for  the  computation of gr id 
co-ordinates on the Lambert  projection, ancl two sets of s tar  chart,, c one 
for latitude 15' and the other for 30°, have been added. 

Part IV of the Auxiliary Tables is under compilation. About a 
third oE the tables has been completed. 

12. Field Traverse Tables.-These tables, which formed 
appendices to Topo. Chap. lV., 1924, have been revised and printed 
as a separate pamphlet for the  conver~ience of traverse computers and 
surveyors. 

13. Forms. -The  following new forms were pnblished dur ing  
the year. The Computing Section merely advised on some points in 
connection with the preparation of these forms, which were prepared by 
the parties concerned :- 

1:3,14 Pend., ",, 2 5  Trian., 9 Tid. Yred., 1 5  and 16 Lev. 
14. Theodolite r e s e c t i o n . - A  pamphlet, explaining the vari- 

011s problems iu t,heodolite resection, has been compiled and printed as  
an addend~~m to Tope. Chap. V I I . ,  1925. Semi-graphic methods are 
illustrated by means of tn.0 diagrams and sample computations botth 
in spherical an11 rectangular data. 

15. Levelling pamphlets.-The following have been 11ub- 
lished: -(i) An addendum to  levelling for Sheet 73 revised 
to 1926. 

(ii) The data of the folloaing.lines of high precision levelling for 
insertion as loose pages in appropriate pamphlets :- 

151 (Rin iganj  t o  Dini jpur)  19244-26. Bench-mark~ in sheet 
73 M. only. 

101 (Jacobsbgd t o  Kh inpur ) )  1924-1'6. Rench-marks i n  sheet 
39. 

105 ( K h ~ n p u r  t o  Jhang).  
57A (Ferozepur to Ahmadibiid). 
102 (lihiiupur to  Mi rwar  Pali). 

( i i i )  I'aml,lilets containing following lines of secondary l)l.ecision :- 
Lines 70 E t o  70 J & 70 11 

,, 744 c to  74. H 
,, 77 (2 & 77 R 
,, 87 1 1  to 87 r) 
,, 88 H to  H8 1'' 
,, 89 A to 89 F 
, 90 A to  90 E 

containing lines 52A to 5 2  H have been rel~roduced by 
(Jestetner. Revised editions of Levelling pamphlets for sheets 53 
(1929) ant1 54 (1921) are a t  press. Press copy for revision of pamplllet 

s l l ~ e t  72  has also heen complet,prl. 



16. Triangulation pamphlets. -Triangulation pamphlets 
for BhutAn, the Xndaman Islands, the Nicobar Islands, and Aden,compri. 
sing 41 degree sheets, and two panlphlets for ' I r l q  have been published. 
T r i a n ~ a l a t ~ o n  data for 33 degree sheets for new pamphlets, and 11 degree 
sheets for addenda to old pamphlets have been compiled. 3 1 triangu- 
lation pamphlets, covering 52 degree sheets, have been republishecl by 
photozincography t o  meet shortage of stocl;. 

17. Geodetic Repor ts . -Volumes  I and I1 of the Geodetic 
Reports have been published, and Vo lun~e  111 is at press. 'l'he first 
chapter of this volume \vl~ich contains the  results of the  observations at 
Dehra Dun in connection with the International Longitude Project mas 
printed in advance and submitted t o  the  conference of the Interna- 
tional union a t  Leyden, ~rhicl i  Captain G .  Bomford, n.E.  attended 
in July 1928. 

18. Miscellaneous publications.- (i) Distributio?z list.- 
-1 roml~rehensive distribution list has been compiled and Gestetnered in  
order to facilitate the  distribution of geodetic pablicatioos in fntnre,. 

(ii) Honkl~t  qf' instwtctions wi th  descriptions and  fnb1e.s *for tlrd 
H~ot t v? .  91jort R(rse.--This boolilet was compiled by Major C. M. 'L'honip- 
son from notes by Dr .  H ~ i n t e r  and Major Glennie in a form suitable 
for issue with the Hunter Short  Base Line Sets to  It. A .  Survey sections, 
or Survey units in the field. ( r i d e  also Chap. 11 S\ 6).  The hook WRP 

rel)~.odl~ced by photozincogral)hy from typescript. 

(iii) In1vstignfinn.9 reynrdiny S r n v i t y  an/? Lsostns?/ by W. H ~ i s -  
knnr?~.-The ror~gh translation of part  of this publicat io~~ of the lqnnish 
(ieocletic Institute (Helsinki 1!)24) was made Prom the German by 
I-. Pelts Esq. The translation has been entirely revised and completed b . ~  
JIajor 'l'I~on11)son ant1 rel)rocliiced, mainly by Gestetner, for dePartment;ll 
IIse. 

19. Computing O f f l c e  Drawing S e c t i o n . - A  small draw- 
ing section consisting of six draftsmen under Surveyor k'aiz-TJllal~ \\as 
fornied :~ntl attacliecl to the C!ompnting Office to expedite the preparation of 
t~.iangulation charts for the pamphlets, charts for the C;eodet,ic Report etc., 
i~11(l to carry ont o t h ~ r  plot,ting and drawing work in connection with the 
work 01' t.l~e Cornpliting Office. This eection has very usefnl, 
all(1, H ~ I I C C  it.: I'ortnat.iol~ t.tvo sets of s tarcharts  consisting of 8 pages each 
nllfl  1 7  rllnrts, inclatlil~g t,lrose for the Geodetic Report Vol. 11, have hew 
complrtr(1. :::; ot,hel cases were also dealt with, for ~rliicli m iscellanenus 
l i ~ ! i r ~ s ,  t l i n q ~ . a ~ ~ ~ s  ant1 plans had to t)e prepared. 

20. Supply of data.-. \ho~it 4.50 requisitions for data  ~ v o l ' ~ !  
re.:c.ivrtl frnm tlel)al.t,mental and extra-departmental sollrces d~i r inf f  the 
>.ear. Sonie O F  these were met hj- the supply of l)l.inted l ~ ~ ~ b l i c a t , l o ~ ~ s ,  
\vl~ilc for others tlata hat1 to he extracted from rnannscl-il,t records. ill 
man?- rasea comp~~tnt ions n7ere Ilpressa,y before the dat.a conltl he ~ornpiI(~(1. 



OBSERVATORIES 

1. S u m m a r y . - T h e  principal work of the  observatories cotlsist- 
ed of :- 

( I )  regular time observations and recel>tion of wireless time 
(". signals for determination of longitude variations. 
: 1 
; 4 
, , 

2 )  labitude observations. 
(3) comparison of standards of leugtll. 
(4) seismograph ancl meteorological olservatious. 
(5) pendulum observations. 
(6) maintenance and acl j u s t~nen t  of delicate sciea titic instru- 

ments stored in the Geodetic Branch. 
( 7  professional instruction to Upper and Lower Suborcli- 

nate Compiiters of the Co~npn t~ ing  & Ticlal Party. 
(8) ~niscellaneous experiments. 
(9) magnetic ob~ervat~ions.  

2. Time observa t ions . - 'F i le  large astrolabe, which was used 
in addition to one of the  transits for time observations last season, \ifas 
taken to the tieltl by No. 14 Paart?. Consequentlj- the  regular bi-weekly 
time obse~.va,t,ions were made by one of the transit iustruments only. The 
rates of tlie ltiefler Clock, as derived from these, are given in Table 1, 
which also slioms the changes of pressure and temperature iu the clock 
roo111 for tlie l~criod under revleiv. It will be not.iced fro111 tlie table t ha t  
during the hot months i t  llecomes allnost impossible to maintain the tem- 
perature of t,he cell a t  a standard of 8U0 F., as the temperature during 
even tlie coldest liours of uiglit in the hot season hardly clrops to the 
standard, ant1 so the temperature rises gradually as the hot season 
advances. It i~ proposed now to  work tjlie automatic temperature control 
at B°F. 'J!hiq control ]]as worked ~a t i s fac tor i l~r  except for a break-down 
of' the excavating fan duril1g the wint,er, fortrinat,ely a t  a. l~criocl when i t  
was lea,st reqnired. 'rhe pressnrc of the clock was adjnst,ecl on four 
different occasions daring tJle year. The errors of tho CIOCIC as derived 
ram observations by the transits are given in Table 2. f Correct time, fbr w~lirh t1lel.e is a growin? dernai~ll iri the station, is 

~lel)honctl on cvery working day t,o man!- of t , l~e  local Governlnellt 
ofices, ancl for convenience a teIel>Iloue was iust,alIed in t . l~e Hennessey 
observat.ory in June  1928 for t.Ilis pnrpose. A I,roposal nfas also made 
to broadcast, t ime to DeIlra Dun a l~c l  Mussoorie, throiigh the Electrical 
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Department, which woilld arrange to give the daily time signal by 
lowering the lights for an  instant a t  9 o' clock every night.  The  scheme, 
however, cannot be brought into folsce till t ha t  department is in a posi. 
tion to install the necessary apparatus to effect this. 

3. Reception of wireless time signals. -The 8'1 OIN 
G.3I.T. radio signals from Borcleaus were listened for  daily, and re- 
ceived, except when atmospheric clisturbance and other causes intervened. 
I n  addition to  these the Rugby l oh  00"' G.M.T. time signals were picked 
up  daily since January 1928, the latter service having been inaugurated 
since 19th December 1927. The longitude values and divergences of 
these results since December 1926, from the value derived from the 
Longitude Project of October and November 1926, are given in Tables 
3 and 4, the latter emboclying the values derived from both the wire- 
less signals. Monthly means are given in Table 5. The  published cor- 
rections to the times of emission have been incliiderl as  given in the Ad- 
miralty Notices to Mariners, ancl in the Bulletin horaire (demi-definatif). 

The clry high tension batteries of the wireless set having run down 
after about 2 years' service, accumulators of a more durable type were 
substituted in August 1928 ancl i t  is expected tha t  these will prove 
more useful. It is proposed to purchase a good type of rectifier to keep 
these accumulators chzrged. The prcsent one has often proved trouble- 
some in use. 

4. Latitude o b s e r v a t i o n s . - T h e  old zenith telescope No. 1 
by Messrs Troughton and Simms, London, as  well as the new and larger 
instrument by Messrs T .  Cooke and Sons, London, have been installed in 
the reconstructed Haig  observatory on two pillars built on the meridian 
of the Haig observatory, Dehra D i ~ n ,  mentioned on page 1 5  of triangula- 
tion pamphlet for sheet 53 J. The former telescope, which has been in 
use for about 40 years in the department, was overhauled and repainted 
before installation. The values of t,he two levels attached to this teles- 
cope were redetermined in Ju ly  1928, and a comparison of these values 
with those obtained in 1921 and 1925 is given in Table 6. The instru- 
ment was rewired, and the fixed vertical, aud movable horizontal wire 
intervals mere redetermined in September 1928 after the rains. The new 
values are given below :- 

?Vire inler.l;uls 1928. 
I 27.71 

A-B 
B-c! 

1 4 ' 0  1 Equatorial 1 3 . 6  

iii : !} Movable wire 

Regrilar latitude obhervations mere commenced in October 1928. A 
programme coml~osed of all star  couple^ available in the Nautical 
.llmanac, ilmerican Ephemeris a11t1 Connaissanee des Temps was mxtle 
orit for use thl.oughorlt the 24 llours. The other zenith telescop~, which 
was constracted in 1910 after Col. Co~vie's clesign, lv i l l  be brorlgllt into 
use in the course of nest year. 
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5. Standards of length.--8 steel tapes for use of the field 
detachment,s of No. 1 7  Party were compared before and af ter  the field 
season against standard bar I,, and the  results supplied t o  No. 17 Party. 

12 pairs of newly graduated staves, received by No. 17  Party from 
M.I.O., were tested for regularity of graduation errors against standard 
bar 1/1900. The results are given in  two forms in Tables 7 a ~ ~ d  8 res- 
pectively. 

A 50 feet measuring tape, made by the  Poldi Steel Works of non- 
corrosive steel, was received from the 11.1.0. during the year for esami- 
nation and report as  to  its snitability for survey purposes. This tape 
was tested agair~st  the standard 50 feet plugs laid in the floor of the 
base-line alley for two periods of a for tnight  each. Althouzh necessary 
facilities are not as yet  available to measure the coefficiellt of espansion 
of tapes with the requisite degree of accuracy, fairly accordant, resnlts 
mere obtained, which show tha t  the tape is made of a lnnterial wit11 
a coefficient of expansion some\vllat less t.llan tha t  of steel. It was use(l 
for actual measurement of bases in t,lie componncl, and for~tltl gene- 
rally useful for survey work, standing up well to rough Ilanclling. 

6. Hunter Short Base . -The  idea of using a short. base for 
topographical purposes mas tirst put forward by Dr.  Hunter in uotes, 
circulated to the Directors of Survey Circles under Geodet,ic 13:xncIi 
letter No. 5151/65 dated 1 l t h  Angnst 1925. 'l'he t ~ p e  of s l~ort ,  base 
therein suggested consisted of a single span of t,he measr~ring tnpc pulled 
t,arit by means of a simple straining device between posts, tlie tension 
of the t,ape being tested by a spring balance. Further e s p e r i r n r ~ ~ t , ~  led 
to tlie evolution of the H1111ter Short Base in its present form. 'l'his 
patter11 of short base has been test,ecl on the Frontier and fo111itl s;i.t,isfac- 
tory. It slionlcl prove useful for general esldoratory purposes or for rise 
by Artillery Survey Sections in the field. 'l'ivo such sets have heen eons- 
trurt'erl an(j snpplied to t,he 1CoYal Artillery S ~ ~ r v e y  Sect,ion, linlilil, a 
booklet of instr~ictions being compiled 13)- RIxjor C. RS. 'l'l~oml)sol~ for 
iss~~cl n ~ i t ~ l ~  the apparatns, (1:ide also Chal). 1 4 18). The I-Tuute~. Short, 
Rasc, as iss~~tltl, is made up of .Iq sections of tape, suspended on 2 terminal 
and :1 i~~tcrnretliate posts. 'rhe t,apes were st,nndnrtlized in t l ~ e  Obser- 
vatory Sect,ioli, and correction tahles for the lengths of tal'e s i i~l) l ied 
with each set. The tapes hit.lierto usecl have been made of steel, I\-hich 
have provet1 s~~f ic ien t l \ r  accurate for orclinary pnrposes. 13speriln~?nt,s 
are also bein: made 'witli invar tapes, mliicli shonltl give still 1)ctter 
results for nlcnsnrements of h i ~ h  precision. The high e s t , ~ x  cost of t,lle 
invar tapes h x ~ . t l l ~  justifies t,heir nse for ordinar!. purposes. 

7. Seismograph observations.--Tlle omor i  seismozml)h 
was in operat.ion thro,lghollt the year, except for t l ~ e  11eriod .June to 
Anfi~ist 1928, whet, i t  being removed ant1 reinstalled in bhe newlj- 
built PIaig observatory. The  instrument has been set lip east and 
on itfs new site and not Ilortll and south, as it3 was previoi~sly in the: Bnr~.a.~*tl 
obset-vn t.orI. 

An at tempt was to increase t.11e 1)eriod of about :jO seconds 
per swing from its normal, bllt it was not found possible to do so be)-ontl 
45 seconds, a t  which p i n t  the  smooth working of the needle was 
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interfered with by the change, the needle being deflected considerably from 
the line of the minnte-marker during the  244 hours. The  period is now 
being reduced until no such interference with the  markings on the trace 
occurs. One of the two new steel points made by the  Mathematical 
Instrument  Ottice to  replace t,he old ancl worn out  one, has been used with 
the instrument in its new position. Table 9 gives a list of the earth- 
quakes recorded a t  Dehra Diin during the  year. 

The earthquake data  for 1927 were sent  to  Professor H. H. Turner 
F.R.s., Oxford, early this year. 

8. Meteorological o b s e r v a t i o n s . - T h e s e  observations were 
continued thronghoat the year. Daily valiles of the  recorded tempera- 
t u r e ~  ant1 pressures were sllpplietl to  five different offices, and meekly 
abstracts to the local press ancl the Health Officer, Dehra Diin. Monthly 
abstracts of rainfall were sent to  the BIeteorological Office Poona, and 
those of h~imi(lity to the Royal Indian Military College, Dehra D i n .  

In  .Iu:ast 1928, the meteorological hut  and rain gauge were remo- 
vet1 fro111 the old site to  a more convenient open space east of the Haig 
observatory. 

Since tlie end of the year 1911, owing t o  financial stringency 
Dehra DGII ceased to  record and report complete n~eteorological data 
to the Meteorological Department, ancl has since only sent in rainfall 
returns. Owiiig t o  the crowing i~nport~ance of the town as a scientific 
headquarters, antl the ~nteres t  taken iu weather coi~clitions by the heads 
of the several clepartments locatetl here, the necessity of repor t~ng ancl 
pl~hlishin!: flill records in the Weatller Bulletins has been keenly felt. 

The Jieteorological Department has accordinqly arranged for an 
l~isprr tor  to make a perioclical iusl~ection to  test  the accllracy of the 
~ n s t r ~ ~ l n e n t s .  .Is soon as the instruments have been pronouncecl s~litable 
hy tlie ~nsl)rctor, the tlaily observations a t  8. a. m ,  will be resnmetl. 

9. Pendulum o b s e r v a t i o n s . - T h e  Oficer in charge No. 1-1, 
Partv (Pentlrllurns) IS  en t leavor~r in~  to find an explanation of apparent, 
r l~ances  111 tlie va111e of gravity a t  Debra n u n .  Con t i~~uous  pendnlrin~ 
o b ~ e r v ~ t i o r ~ e  ]lave ne\er hew talien a t  Dehra Dun previously, and in 
order to ohtain clata ~t llas been tlecided to take periodical gravity obser- 
vations at Debra T)i~n nltli the oltl brass Dentlalrims Nos. 137, i 38, 1.79 
ant1 140. This in\t>strqat~on has heen talien up by the Observatory 
Sertiori. .a~>rl ttork cornmencetl a t  the end of August 1928. The vallle 
ot  . ' g  " tl~rit-c>tl from the first set of observations is !)7!) -071,  tlie ado])t- 
el \a111e l)r~~n: 9 7 9 .  CK.3 

10. Maintenance and examination of delicate 
a c i e n t i f l c  instruments.-1 7 levels of clifferent types mere receited 
from No I 7  Party a1111 were r e t~ i rne~ l  cluly examinetl, and rrpaired befo1.e 
the coninl~nccment of the field season 1 928-29. 

10 thentlolites stored in the P~iblicatinn antl Stores qodown werr 
cleaned ancl adjoqted. 

T o  facilitate the overhauling of tlelicate instruments in the Stores 
Section, Director, Geodetic Branch, has approved that  delicate scientific 
i n a t ~ m e n t s  be sepratet l  from the other stores. These are t o  be in charge 
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of the Observatory Section, which will be responsible for their mainten- 
ance and issue in proper worlting order. 

11. Course of instruction for the Upper and Lower 
Subordinate Computers of the Computing and Tidal 
party.-l'lie U. S. S. and L. S. S. compnters of this party, though 
versed in geodetic computations, mere not  a lwajs  able to aplxeciate the 
difficnlties which the triangulator, traverser or leveller hacl to encounter ill 
the field, so that  i t  was consiclered advisable to  give these officers a coilrse 
of training in the  use of instruments and other field work. 

This work was entrusted to  Mr.  It. B. 14athur, the  officer in charge 
of this section. and a class of about 10 to  12 officers has been a t te r rd~ng 
on Saturdays since April 1928. 

r l  I riangulation, traversing and levelling are the subjects, in whicll 

instruction has been given up  to  the present. 

12. Miscellaneous experiments.- f i e  01' L17icol p r i s~r~  
(lnd yellozo sc1.ee7z.~.-At1 experiment was made to  see whetlier a Nicol 
prism fitted to the eye-piece of a theoclolite, or a yello\\l screen fitted to  
!he eye-piece or object end of a telescope, tended to  implove the visibility 
of distant objects 111 misty or hazy \\reather. As regards the yellow 
screen it appears tha t  this screen is more effective when attached to 
the eye-piece instead of to the object glass. Accordingly i t  is ~ntended 
to experiment further with yello\v ancl also green screens of different 
shades, and test the111 on theoclolites and levels under field cooclitions. 

The use of the Nicol prism seems to  afford no pal-ticular advantage 
over the ordinary eye-piece in hazy weather, as  though perhaps it im- 
proves the visibility in some cases, it also uncluly reduces the amount 
of light, which reaches the eye, and so the total improvement in clearness 
is inappreciable. 

Use o f  b v f - c o l o t ~ r e r ?  levelli~tg sl,rt~es.-Exl~erimel~ts were carried 
out to test whether black and buff divided levelling staves, afford 
any ad~an tages  over black and white ones, a:: regards visibilit~ in 
clear and d1111 \veather. The resnlts show that  there is very little to  
choose betmc~n them, and if anything, the black ancl white staveb are 
preferable. 

13. Magnetic o b s e r v a t i o n s . - l ' h e  usual programme of 
magnet'ic ohservat,ions mas: carried out during the year. It consisted of 
a continuous pIlotograpIlic recorcl of declination, horizontal force and 
vertical force, daily obserTation of dip and bi-weelily observatious of 
declination a,nd llorizontal force. Five severe mitgnet,ic storms were 
recorded during the year, nsme]-y:-on April 14th, July 2211d, Auguet 
21st, October 12th and 22nd. 

Snb-soil water percolated int,o t,lle ~ ~ ~ ~ d e r g r o n n d  ~nagnetograph room 
bet\vcen 1111g11rt 2-1.tl1 ant1 Septelnber 15th. 

record of t,hc nlsgnet,ic cl,a,~,actr~. of t.he tla,!.s for ear11 q~larter  of the 
Year \\.as r ~ g n 1 a 1 . J ~  sent, to l,lle 1)c Rill I<oJ.n.l Rletcorological Observatory. 

t o  t l i e  long illterval that, has eln.l)sc(l since t,lle A l a ~ n e t i c  
Sllrvcg o f  111tlix 1vn.s ronll,letctl, al,,l the ronsec l t~c~~t  ~~nce r t a in ty  In t'lle 
st-mla,~ va,~-ia.tions, it i s  11" ]ongZ.cl. ,,ossihle to s\ipply precise va111es 
of magnetic declination for p,ll~]icntioli on maps. Conseclncntly i t  has 
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bean decided to supply values for  1-inch, +-inch and )-inch sheets 
for every fifth year, and to the nearest 10 minutes only. This change 
was brought into eft'ect from March 1928. 

M e a ~ t  values qf' the dec l i~~at ion  a n d  H. F. constants.-Table 10 
gives the mean monthly values of the magnet,ic collimation, the distri- . . - 

P Q -l bution constants P ,., and P ,.,, the accepted valoe of log 1 + 7 + ) ( r- 
and the values of " m " (computed with the new value of the moment of 
inertia of Magnet No. 17, detecmined in December 1927). 

ilfenn basr-lirte values.-Table 11 gives the mean monthly observed 
values of the declination and horizontal force base-lines. 

iMea)~ scale values a n d  temperature ~artge.-The mean scale values 
for 1927 for ar. ordinate of 1/25 inch were :- 

Horizontal force 4-31 gammas 
Vertical ,, 7.66  to 9.69 gammas 
Declination 1 .03 minutes. 

Ttie mean temperature of the year was 26O.6 C. with maximum and 
minimum monthly values oE 2 7 O . R  C. and 25O.9 C . ,  the temperature oE 
reclnction being 2 f 3 - 0  C. 

ilfeatt naoi~tltly values ccncl annual  chattges.-Table I2 shows the 
mean values of the magnetic elements for 1926 and 19%7, and the 
annual changes for the period. 

Clasuijratior~ of the maywetic character of day8 a n d  the mean 
rnotbtltly crrlthes qf elemet~tx tuitlr, their mean hourby deviatione.-Tables 
13 to 1 7  show the classiticetion of the daily trace and the dates of 
~nngnetic disturbances, the mean monthly values of the magnetic elements 
from 5 selected qaiet days i n  each month and the hourly deviation from 
the mean. 

T A B  LE 1.-Tempernt~o.e C L I L ~  pressure of R ie jw  clock No. 450 and  its 
rn t e ,  frn t ~ s i t  inst /.uments, 1927-28. 

Remarks 

Clock 
- ~ - ~  ~-- 

Hate' cluri~lg ' I  prececli~tr i Pressure Teuiyerature 
1111y t 

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

Date 

--. 

(.'ell teulper; l-  
tr11.e 

. - . - - - 

l!E7 

S!?!!t. 2:) 
c ) c . t .  I1  

1 t 

14 
21 
27 

N o r .  1 
r ;  

10 

1 t; 
20 
' 6 

. . * + ' P  I.:I~C = y l n l n g  
-" rate = losing 

I!' 

H O . 5  
7: ) .  .I. 

: ! I ,  4 
7 9 . ;I 
XI.:! 

30. : 
7:).  4 
S l . 8  

7 9 . 9  
i n . ! )  
7 9 . 8  

P n i m /  C 

... ... 
+ O.] ! ,  XI) 27.0 
t 0 . 1 0  658 26.2 

+ 0 . 1 0  558 ' 26.1 
+ 0.1.7 5.57 26.2 
+ 0 . 1 2  559 2 7 . 2  

+ 0.10 .5SH 26 .6  
+ 0 . 1 2  666 2 6 . 3  
+ 0.111 558 2 7 . 6  

+ 0 . 1 0  ,556 2'7.0 
+ 0 .  13 15.ifj 26.8 
+ 0 . 1 5  551i , 28 .6  

) Joner fit" , l ia~uar~lled 
) ,k l.epl;lcad by another. 



CABLE 1. -Temperature and pressure o f  Riejer clock No. 450 and its 
rate, b!y tl-ansit i~~st~.,umer~t.s, 1927-28- (contd.). 

1937 

Dcc. 1 
5 

11 

16 
22 
26 

30 

1928 

Jan, 8 
11 
1 ti 

21 
28 

Pel,. 8 

15 
') 6 

Mar. 2 

8 
1 2  
I6 

19 
26 

Apri l  4 

Date 

10 
1s 
21; 

80 
May 4 

9 

14 
13 
23 

28 
Jnne 2 

9 

16 
21 
27 

J[lly ;j 

(; 

11 

17 
a0 
27 

Cell temper 
ture 

* + * r  rnt,e = gniuiug 
- r a k  = losing (Couti?lued) 

Clock 
-- - 
Ilate' during 

precediug I I period per Pressure Temperature 
Remarks 

Pressilre unsteady from 
25th to 30th reduced 
to 570 mm. on27tb 
Dec. 

Pressure 587 mm, from 
31st Dec. to  5th Jan. 
reduced to 562 mm. 
ou 5th Jan. 

Prcssnre 588 mm. re. 
duced to 555 mm. on 
14th March. 

Pressure 608 mm. from 
16th to 20th rediiretl 
t o  654 mm, on 20th 
J n n c .  

Frorn L'2nrl to  28th 
J n n c  pressnrc nn- 
st cndy tlue to leakage 

a 

- -- 
day 

s 

, + 0.12 
1 + 0.09 

+ 0.10 

+ 0.14 
+ 0.11 1 - 0.09 

- 0.82 

- 0.15 
0.00 
0.00 

- 0.04 
- 0.05 
- 0.13 

- 0 . 1 8  
- 0.26 
- 0 . 2 0  

- 0.33 
- 0.30 
- 0.06 

+ 0.11 
+ 0 . O i  
+ 0.05 

+ 0.01 
+ 0.02 
- U.01 

- 0.06 
- 0.08 
- 0.11  

- 0 - 1 3  
- 0.12 
- 0.19 

- 0.25 

I --- 

m m  

556 
556 
556 

555 
555 

a, .  

. . . 

... 
5ti3 
564 

565 
5'70 
574 

679 
580 
584 

' 584 
587 
566 

557 
559 
56 1 

564 
5GG 
568 

569 
571 
677 

579 
580 
582 

U 

26'9 
26-7 
27'3 

26.4 
26.2 
2 6 . 5  

26 .3  

23 *5  
27-0 
26.7 

26.7 
27.1 
2G.7 

26.8 
24; 6 
26 6 

26 .6  
26 6 
26.6 

26. ti 
46 5 
2ti 4 

36.8 
26 Y 
26.8 

26.9 
27.6 
29.8 

28.6 
28.9 
29.6 

29.9 
30.2 
30.0 

39.  29. (i 

' iO'O 

29.S 
29 - 2 
28 ,0  

28.7 
28.7 
28.6 

- 0.33 693 i 587 - O.:iH 601 

- 0.46 
- 0 . 4 3  
+ 0.13 

- 0 . 0 : ~  
- 0 . 0 4  
- 0.0.' 

- 0.06 
- 0.04 - 0.06 

607 
... 

670 

57.; 
576 
578 

579 
680 
650 
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TABLE 1.-Tempcrafurc and pressure of Ritj/er clock No. 450 ntrd its 
rote, hy f rnnsi l  i~r.u/rur~/en/s, 1.927-28-(concld.). 

- - - 

1!)28 

All:.. 5 
10 
1,; 

IH 
29 
2 

1'8 
Scpt 2 

10 

14 
20 
25 

I 1 

' +""  rnte = ~ R I I I I I I ~  

- " I nte  = losing 

Cell tempera- 
tnre 

- -- - 

F 

R$ 1 
W . 4  
8 d . 8  

n3.9 
8:). 5  
82.7  

8 2 . 3  
81.9 
82.3 

8 3 . 1  
83.6 
83.7 

82 - 6 

Clock 
- 

ltote* tlnrluy Hc~rlnrhs 

ciuy 

C 
" 

28.3 
48.4 
28.6 

"8.7 
2 8 . 5  
48.2 

27.Y 
27.6 
27.9 

28.4 
23 -6  
28.5 

48.0 
I 

Y tu m 

- 0.07 1 581 
- 0.08 1 682 - 0.12 594 

- 0.10 684 
- 0 .11  I 5b5 - 0.17 1 585 

- 0.03 
- 0.06 
- 0.13 

- o . i a  
- 0.16 
- 0 . 1 6  

- 0 . 1 7  

584 
584 
584 

583 
596 
586 

686 
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TAHLE 2 . -Erro~  qf R.iejie~ clock No. 450, at 20 hours, Indian 
Stnl~dwtl Time, by  transit instruments, 1927-28. 

1987 

Oct. I 1  
14 
19 

21 
25 

Nov. 1 

Ci 
10 
16 

20 
26 

ner. 1 

5 
11 
16 

2 2 
26 
:: 0 

1928 
. I R I I .  9 

I1 
1 I ;  

21 
"H 

F'vl1. 3 

13' 
26! 

hrnl. 2 )  

XI 
12 
161 

1 !I 
') . -0 
:I 1 

* p r ~ l  I/ 

Sonth 
Transit 
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T A B L E  3.-Longdt1lde of  Dcllrn D;n in lime, ,from t l l e j m t  wirelevs 
signal o f  Bordtwux at 9Wl1n G.M.T. 

2 4 ,  l I . R . - j :  - 

A c r ~ ~ t e c l  rnll~e rl~rivetl  from the Internntional T,ongitnde Project i s  5h 12'" 1l''iO. 
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TABLE 4.-Lonyikde oJ DeA9.n Du'lt and i t s  va~iatiorc from nccepted 
cn l~ ie ,  as determined.from ~ ~ e c e p t i o n  of wireless time si,qna/,v from 

Bordennx and Ru.qby. 

C;~-cor~~rirh Dnte 

Bortlt):~ux 

Longitn(1e i n  time 

I R a ~ b y  

Longitndc i n  tirue 

A r c r p t r ( ~  vxlnr delivet1 froln the ~ ~ + ~ ~ ~ ~ t , i o n n l  Longitntlc Projcct is 5'' 12" l l" i9  

Observed 
ntinus 

Accrptcd 

Observed 
''Iue lninlls 

Accepted 
value * 

i In s 

6 12 11.76 
11 .80 
11.87 

11.70 
11.75 
11 .87 

11.62 
11.78 
11.82 

ll.7G 
11.69 
11 65 

11.74 
11.77 
11 .81 

11.75 
11-82 
11.69 

11.38 
11.77 
1l.iG 

11.82 
11.73 
11.75 

i i : i ~  
11.72 

11.71 
11.93 
11.83 

11.94 
11.87 
11-83 

11.88 
11 -8fi 
11 .BG 

11 61 
11.75 
11.90 

11.82 
11.48 
11.87 

11.,90 
31.85 
I l . i 3  

s 

- 0.15 
+ 0.03 

1928 

Jnn. 8 
11 

1 value * 

s 

- 0.03 
+ 0.01 
+ 0.08 

- 0.09 - 0.04 
+ 0.08 

- 0.17 
- 0.01 
+ 0.03 

- 0.03 
- 0.10 
- 0.14 

- 0.05 
- 0.02 
+ 0.02 

- 0.04 
+ 0.03 - 0.10 

+ 0.09 
- 0.02 - 0.03 

+ 0.03 
- 0.06 - 0.04 

... 
- 0.08 
- 0.07 

- 0-OR 
+ 0.14 
+ 0.04 

+ 0.16 
+ 0.08 
+ 0.01. 

+ 0.09 
+ 0.07 
+ 0.07 

- 0.18 - 0.04, 
+ 0.11 

+ 0.03 
+ 0.09 
+ 0.08 

+ 0.01 
+ 0.06 
- 0.0c; - 

/ 11 j,, r 

6 12 11.61 
l l .R2 

16 

2 1 
28 

Feb. 8 

15 
26 

Mar. 2 

Y 
12 
I G 

l!) 
2(i 

A l w i l  4 

10 
18 
23 

30 
b l n v  4 

9 

14 
19 
23 

.Inno 15 
2 I 
4 i 

duly 3 
6 

11 

17 
20 
27 

Ant. 5 
i n  
15 

18 
22 
25 

28 
S ~ p t .  2 

10 

11.86 + 0.07 

1168  I - 0.11 
1.1.73 
i l  ,84 

11.63 
11 '76 
11.82 

11.80 
I I 7.5 
11.77 

11.78 
11. 80 
llaS8 

11 .SO 
ll.7G 
11.73 

11-89 
11.95 
11.84 

11.90 
11.80 
1 1 90 

1 1 - i . 7  
11-68 
11 a78 

11.88 
11.96 
11.86 

11.90 
11.87 
11.85 

11.88 
11.8G 
11.89 

11.80 
... 

11.RR 

. . . 
. . . 

11.80 

I 11.83 
11.78 

25 11.75 

- U 06 
+ 0.05 

- 0.16 
- 0.03 
+ 0.03 

+ 0.01 
- 0.04 
- 0.02 

- 0.01 
+ 0.01 
+ 0.09 

+ 0.01 
- 0.03 
- 0.06 

+ 0.10 
+ 0.16 
+ 0.05 

+ 0.11 
+ 0.01 
+ 0.11 

- 0.06 
- 0.11 
- 0.01 

+ 0.09 
+ 0.16 
+ 0.07 

+ 0.11 
+ 0,08 
+ 0.06 

+ 0.09 
+ 0.07 
+ 0.10 

+ 0.01 
... 

+ 0.09 

. . . 

... 
t 0.01 

+ 0.04. 
- 0.01 i 
- 0.04 I 
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TABLE 5.- Longdt~de of Dehrn Dtiu. M011flhIy means. Time dy Transit .  

TABLE 6.-Prtlues of 1 d~iztision qf levels attached to 
Zenith Telescope No. 1. 

Month 

December 1936 . 
J a n n q  1927 ... 
February ... 

March ... 
dprif ... 
N BY ... 

Longitude 

h m  s 

6 12 11.83 
11.82 
11-85 

11-80 
11.61 
1 1 a 9 0  

m .  

5 .; P 
a % 

0 

9 
7 
6 

6 
5 
2 

October . . . I  1 11.89 
November 11.84 
December ... 1 1 11-87 

Longitude 

h m  r 

5 l a l l . 7 7  
11.75 
I 1.76 

11.80 
11.83 
11-13 

Month 

January 1928 ... 
Febrnn~y ... 
March ... 
April .. 
May . . . 
J m e  

11-87 
1 1.84 
11.81 

m 
El 

$ .S 

g 2 
2 

5 
3 
6 

5 
5 
3 

1 July ... 
Angust ... 1 September ... 

6 
7 
5 
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TABLE 7.-Graduation error of new Levellij~g Staves 
( Actual length-Reputed length ) . 

HeputrtL ' Staff 1 Staff 1 Stad s l i d  StnfT 
Length KO. 0l8A NO. 018B No. Ol7A No. Ol'ilj No. 016A 

fret 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 

feet 

+ .0001 
+ .0007 
+ -0001 

+ 0004 
t -0005 
+ ,0006 

+ .0007 
+ -0006 
+ -0008 

+ .0010 

feet 

- ~ 0 0 0 3  
- -0001 
- -0002 

+ .0002 
+ ,0003 
.k .0008 

+ .0005 
+ .0010 

.0006 

+ .000G 

feet 

- .0001 
+ ,0003 
- ,0001 

+ .(roo1 
- .0001 
- -0002 

- .0002 
+ ,0001 
- .0002 

+ '0001 

Jee t 

+ -0005 
+ .0009 
+ ,0007 

t ,0012 
t .0010 
+ -0011 

+ .0009 
+ .0013 
+ -0013 

+ ,0015 
I 

Stxff 
KO. Ol5A 

- -- -. - -- 
feet 

- moo03 
+ .0001 
+ .0001 

+ .0001 
+ .0002 
+ -0002 

+ '0004. 
+ .0003 

~0000 

+ .0003 

staff 
No. 01513 

feet 

+ ,0003 
4- .000J 
+ .0001 

+ .0006 
+ .0004 
+ .oooi 

+ .ooo; 
+ .no07 
t 0006 

t .0007 

Staff ~t .a i f  . '  Statf 
No. O'jA , No OiB No. 0 6 8  

I I 
- - - - . -- 

feet 

+ .0003 
+ *0005 
+ .0001 

+ -U002 
+ .0005 
- ,0001 

' fcct 

- .0001 
.I- .0002 - ouoo 

+ .om2 
+ .0004 
+ .0005 

feet 

+ ~0003 
4- .oooi 
t ,0003 

+ .0!)06 
.0009 

+ 0005 

Staff 
KO. Ol6U 

feet 

- -0001 
+ ,0008 
+ -0004 

Staff 
No. 06H 

feel  

- a0004 
+ .0001 
- ,0003 
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TABLE 8.-Gnduntion ewor of new Levelling Staves 
Actual total length 

Actual length - (Reputed lengt,h) x 
10 feet 
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TABLE 9.-Earthquakes recorded at Behrn Dan duriny 1927-28. 

Tin~eol beginning. 

300 900 consider- 
able 

31 3,600 slight 
,, 19 1 20 27 60 900 1:sbo slight 

* From Daily Weather Xoport. 

Date 

ludian Standard 
Tinle 

.- Duration 

991 

5 
... 

2 

8 
41 
87 

30 
30 
58 

60 
20 
GO 

36 
34 

22 
8 

120 

120 
15 

30 

88 
12 

60 
55 
60 

171 
120 

28 

133 

120 

26 

Inteusity ' Remarks i 

-- I -- 
I 

slight 
consider- 

abie 

slight 

slight 
slight 
slight 

slight 
slight 

moderate 

modcrate 
slight 

considor- 
able 

slight 
slight 

slight 
slight 

great Seistiu loo( 
miles 

moderate 
filight ( B o m b a y s t ~ y ~  

sevore. I t  is 
doubtful if 

these are the 
snllle shock ) 

slight NorthItnly .  
Jngo Slaviu 

moderate 
slight 

slight 
slight 

nloderete 
slight 

moderate 

I ",',":a 1 SimIa* 

I Distance of 
epicentre 

----- 

moderate 
slight 
slight 

91riles 

250 
6,000 

... 
400 

1,500 
3,500 

1,600 
2,600 
3,000 

3,400 
2,500 
2,500 

4,300 
3,300 

1,700 
800 

2,300 

6,800 
2,300 

2,600 

4,000 
400 

3,000 
3,300 
2,300 

/ 6,000 
4,700 
5,700 

2,300 
660 
. . . 

Dutch Indies 

?L 91) 

16 06 
21 42 

15 10 

... 

... 
5 51 

10 37 
2 49 
0 01 

1 10 
I9  33 

5 39 

... ... * 
Bombay 

4 20 
... 

23 41 

10 45 
10 07 

I 

10 46 

15 31 
21 16 

5 04 
18 53 
14 10 

I 
22 11 

4 36 

21 08 

o 55 

0 16 

13 4H 

0 37 

-- 
1927 

od;. Y 
,, 24 

,, 26 

N o v . 1  
,, 8 
,, 14 

,, 14 
,, 17 

Dec. 28 

1928 

Jan. 7 
Peb. 3 
,, 7 

,, 22 
,, 26 

Mar. 8 
,, 8 

,, 9 

,, 16 
,, 22 

,, 29 

May 27 
,, 28 

Junc  1 
, 1 
. 3 

., 21 
30 

,, 10 

3;liy 19 

Aug. 5 

,, 12 

~ n i l e s  

200 
6,000 

... 

... 

... 
3,200 

2,200 
3,300 
4,4.00 

3,700 
5,000 
2,500 

... 

... * 
Bombay 

2,300 
... 

1,900 

5,900 
8,700 

3,700 

4,300 
3,300 

3,300 
4,,300 
3,700 

5,800 
5,200 
6,900 

8,700 
1,200 
3,700 

h 711 

16 06 
21 53 

15 12 

5 04 
8 51 
5 51 

10 46 
2 48 
0 02 

1 11 
19 31 
5 37 

1 39 
7 24 

4 20 
23 53 

23 44 

10 46 
10 58 

10 46 

15 33 
21 34 

5 16 
19 01 
14 16 

22 10 
4 35 

21 06 

0 55 

0 21 

13 66 
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TABLE 10.-Meall val~ccs of the coustanls cf 

Mtiguet .No. 17 at Deb-a Biin ~ Y L  1927. 

TABLE 11 .-Bnse-liue callies 01 ill agnrtoy r a ~ l l s  
nl Dehra Bin i l l  1927. 

Nontl~s  

-- 

January ... 
Pehmary ... 
> l ~ r c h  ... 
April ... 
May ... 
Jnue ... 
.Talp ... 

... August 
September ... 
Oct.ober ... 
November ... 
December ... 

* Up to 10b on IAtli Oct. 
t From l lh nn 

Declination I -I 

II. F. CONSTANTS 

Horizontal 1 Declination I f a c e  

\Inuthe 1 I l n e  hlea;;a111e 

I heae-line I~ase-11ne 
- - -. - - - l o  , 

- -- -- - - - 
C.G.S. 

Jannarp .. 1 0 46 .1  I 0.32611 
February ... 1 0 46.2 
Markh . 1 0 46.1 

April m32620 
Jl ap .a2621 
Jnnr 

" '  1 
0 46 .3  

coustant s 
- 

Neal1 

.Julr ... I 0 46 .2  
.\ rienct ... / 0 46.1 
Septeml,cr ... I 0 4G.4 

I 

,38630 
e32637 
~32625  

L)istribnt,iou factors 

October 
1 0 46.G* . ( + I ,32621 

Novemher ... 1 0 36.2  1 -3261'7 
Decpm her - 1  O I ,32614 

I 

- -- 
Mean vnlnes of n~ 

magnetic Accepted value of 
P Q - 1  

log(i+ ,,+ ;;) 
-- ~- 

I I ,  

- 6 27 - 6 26 
- 6 24 

- 6 21 
- 6 24 
- 6 25 

meall6 

C.G.S .  

806.32 
.40 
.32 

.30 
- 2 4  
'20 

-18  
.17 
2  2 

.33 

.3i, 

.42 

(:.(;.s. 

+ 
0 zo 
1 z 
5 
m 

CD 

a 

cm"m2 

5-80  
5.79 
5 - 7 2  

5 - 7 1  
5.83 
5.85 

6.93 
6 .93  
6 .74 

6 - 6 9  
7.09 
'7.01 

- 6  22 5.90 
- 6  26 1 5-86 

z 
P 
M 

e 
f! 

7.13 
6.96 
7.14 

6.94  
7 - 0 4  
?-U9 

- 6 29 

- 6 24 - G 16 - 6 20 

10 
r, 
m 
~1 

? 
Id  

5.82 

5 .92 
5.95 
5 -89  
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TABLE 12.- Mollthly ?/lean valtles of the Magrretic elements crnd 
a ~ ~ n ~ c a l  changes at  Dehrn Dlln ~ I L  1926-27. 

Horizontal force Declination Dip  Vertical force 
.32000 C . G  S + I(.  lo + N .  45" + -93000 C G 8. + 

Months 

1926 I 1927 (cl\ouge A"nua1 1 9 2 ~  192; An'1ua1 1926 1 927 Annun1 I (ehnllge 1 1 I c h 3 ~ g e  9261 9271 
' 

Y* Y* Y* 
J m o q  . n b  g5 - : 2:2 24: 1 
E'ebroary ... 918 931 + 1 3  28.123.7 
Mnrch . 921 928 + 5 28.123.6 

April ... 927 92!) + 2 127.4.32-6 
May ... 941 934 - 7 26.922.5 
Juue .. 941 949 t 8  '26.3 22.0 

July ... 915 94G - 2 25 '921.6 
Angnst .. 949 931 -18 25 '321.2 
September . 941 932 - 9 .28.031 . I  

October ... 924 914 -10 25.021.4, 3 0 . 5  + 2 . 9  457 502 +45 
Novenlber ... 931 9 x 1  - 1 2 4 . 5 2 0 . 8  

- 

blenns 1!13:3l9311 - 3 (fO 3I22.11 -12bf i . l l ?9 .1  + 3  1 l 4 3 ~ 4 9 4 1  + S H  
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TIDES 

1. Tidal o b s e r v a t o r i e s . - D u r i n g  the year under report, regis- 
tration by automatic tide-gauges was cont~nued at. the following sta- 
tions:-Adcn, Ka,richi, Bombay (Apollo Bandar), hladras, Kidderpore, 
Rangoon, Bassein, Pilaknt or Deserters' Creeli and Basrah. These 
operations were carried out under the supervisio~l of this department, the 
immediate control of each observatory being entrusted to t'he local officers 
of the port concerned. I n  addition, the actual times and heights of high- 
and low-waters mere observed on tide-poles (during daylight only) under 
the s~lpervision of the local ofic~als a t  Bhiivnagar, Chittagong and Akyab. 
The results of these actual observations were com1)ared against the pre- 
dicted values, with a view to testing whether the predictions based on 
tidal observations taken many years ago, still maintained a sufficient 
degree of accuracy. 

Table 1 gives a complete list of stations where ticlal registrations 
have been carr~ed out since the commencement of tidal operations in India 
in 1874.  The stations at which automatic tide-gauges are still working 
are sl~o\\rn in italics. Minor stations were closed after a few years, when 
sufficient data were available from the tidal registrations. 

T A B L E  1.- List of t idal stations. 

.- Station 

1 

2 
3 

5 

fi 

(C07~Ii11 I ICI I )  

---_- 
1807 

1898 
1879 

1893 
1892 

( 1988 
t i 8 8 1  

SIICZ ... 

I'cl i ~ n  ... 
. I I ~c?L  . . . 
hIn\l. XI ... 
B n s l i ~ r c  . . . 
Knt i r , ,h i  . . . 

allto- 
matic 

9 1 

I ,  

1 9  

1903 

1902 
d i l l  

working 
1898 
1901 
1HSO 
st111 

working 

7 

5 
4:) 

h 
8 

1 *Smnll t idc-  
4 7 )  60  gnugs n " ,k ing  
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TABLE 1 .-List of t idal stations- (contd),  

; ; 
2.2 

@ E l *  

a e z , .  0 a 

$ 2  
4 0 

9 

I, 

d 

i 

Remarks 

- m  M - B .- 
0 %  3 - 2  

-- 

7 

8 

2i; 
a E!S 

3: 
O 5  

Hanstal  ... 

Navinar  ... 
9 

10 
10-1 

1874 

1874 

Okha Point ... 

Porbandar ... 
Porbandar 

% " &  3.0 

1874 

26 

27 

'18 

2 .  
30 

ti1 

32 

43 
31 

2 2 & 
I875 

1876 
1873 

1906 

1894 
1902 

1882 

1903 

1894 
still 

working 

1924 

1889 
1883 

1884 
1892 
1893 

1896 
1890 
1890 

1893 
1882 
1888 

personal 
anto- 

metic 

personal 

auto-  
matic 

I 
... 

i 
11 / Port Albert Victor 

/ ( K i t h i i w i r )  
! 

11-1 ( P ~ r t  Albert  Victor 
(Kirthinmir) 

12 1 Bhivnagar . . . 
13 1 Bo,>ahay ( d p o l l o  

. . . 

. . . 

... 

. . . 

zh; 

Tide-tables 
not published 

1893 
1898 

1881 

1900 

1889 

2 

23 
24 

( ~ o n , t i n n e d )  

.Ifadras . . . 
C o c ~ n i d a  . . . 
Vizagapat,am ... 

False Point . . . 
D i ~ l > l a t ,  (Signr 

Island) 

Dinn~ontl Harbonr .. 
li'idderpore ... 
Chi t,tapnng ... 
Akrab . . . 

2 
I 

1 

4 

5 
50 

37 

... 
Colombo . -. 
Triucomnlee . . . 
F'irnbnn I'ass ... 

Year 1904-05 is 
excluded 

Years 1898, 
1699 k 1902 
are excluded 

:: 1878 

25 1 Segapatam . . . 
I 
I 

,, j 1886 1891 
! 

1 
,, 1 1879 1885 6 

I 
1881 1885 4 :: ! 1881 1886 5 

i i 

, 1881 1886 5 

11 

P I  

1 ,  

,. 

1886 

1884 
1878 

1878 

I 
1886 1 1889 

, 1 1891 
1884 I 1884 

,, 1890 
1878 

I t  : 1881 

I 
I 

6 
6 
5 

5 
6 
6 

, 6 
4 
5 

1881 

1886 
1 887 

Years 1883 t o  
1886 are ex- 
cluded 

still 
working 
189 1 
1892 

47 

5 
5 
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TABLE 1 .-List o f  tidal stalioas-- (concld).  

2. In~pections.-R~~~.mn.-The tidal observatories a t  Rassein, 
Ranzoo11 and I'ilakat or JJesertels' Creek in Burma, were inspected by 

I).I-I. Lnxa, the tidal assistant, between February and March 1928. 
Inclin.--In addition, Mr .  Ltixa hacl intencled inspecting the new 

idnl o l ~ w r v a t o r ~  st  the I(id(1erpore Docks, Calctitta, which was to  have 
eplacpd the ol(l titla] observatory. The latter had been badly d a m a ~ e d  
n tile 5th November ] $127, wllen a steamer collided with i t ,  necesslta- 
in$ t l i ~  immediate dismantling arid removal of the tide-gauge and 
u?clliary instruments, The new observatory, however, mas not ready 
1 1  111. Tjnsa's return from Burma to Calcutta, and as he had to proceed 

fins~nll almost imlne(1iatelv, the Deputy Conservator t o  the  Port  
'ommissioners, Calcutta, decided to delegate the duty  of installing the 
d e - r ~ a l l ~ e  in the new observatory to one of the port officials. This 
'as accortlingly clone and tidal registration recommencecl by the 28th 
ligtist 1!)28. 

2 ;; 
. 
a e ~  
0 0 "  

S & $  a 0 

auto- 
matic 

- 
2 3  

- a n  
n p  0 

o w  
0 0 

IS96 

( 1902 
{ re-started 
1 1923 

i - 
.- k 

V1 

35 

36 

Station 

Dinmond Island ... 

Bnssein (9urmn .. 

' bO 
r n  .,. ma 
9 .a 
rob " 
f 
p 0 

1899 

1903 
still 

work~ng 

37 , r!2Yrtec1 
1884 

Elephant Point .. 

w m  o n  
hq 
$ @ a 

$ A m  
g 

5 

21 
) 7 

5J 

l 881 

188s 

Eelnarks 

37A 

38 

39 

SO 

41 
42 

43 

43A 

I 

Pear 1880-81 is 
exclnded 

1918 

still 
working 

1886 

I 

i 
1 

48 

Pilakat or Desir/n.s' I .. 
C ~ e e k  

I 
Rangoon ... 

Amherst 

Observato~~y 
damaged and 
dismantled in 
July 1928 

re-started 
1927 

1880 

1880 I 
1924 16 
1894 
1925 

5 
4.5 I 

1880 
AIoulmein 

AIergui 18S9 

still 
wol-king 

1 S80 

1916 

PortBlair ... 

Bss~nh .. persor~nl 

B , l s ~ n h  . nuto- 1 1952 
matic / 

i 
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The  Harbour Surveyor, Por t  Triist  Kartichi, carried out  an inspec. 
tion of the tidal observatory a t  Manora Point, Karschi, in January 1928. 
The  tidal observatory a t  Apollo Bandar, Bombay, was inspected by the 
Bombay Port  Triist Siirveyar in April 1928. N o  reports have been 
received from the port authorities a t  Aden ancl Madras as  t o  whether the 
observatories a t  those places have been inspected or not. These obser- 
vatories were last inspectecl by officers of the Survey of India in October 
and November 1934. Except  for minor stoppages, all the tide-gauges 
have workecl satisfactorily. 

'Irci,q.-The inspection of the  ticlal observatories in ' I r lq ,  mas 
carried out a s  a result of the correspondence which arose between the 
Home, lntliau and ' I r r~c~  Governments, concerning the  claim made by the 
Indian Government for the  payment oE the costs t ha t  had been incurred 
:~nnaal ly in tlie computation, I)reljaration, piiblication and siipply of 
title-tables for Hasrah, which had been held in abeyance for several years. 
On the ' I rk1 Gdvernment consenting to  meet these charges, as well as 
the cost of ~nspection of the ticlal observatory at Basrah by a Survey 
Oficer, the work was nnclertalren and the  follo\ving tidal observatories in 
' I r l q  were inspectecl by Mr .  Luxa dorinq March and April 1928:-Tanii- 
lnah (Hasrah), Nut twa,  Ahiidirn, Fso  and the Outer Bar  Semaphore Obser- 
vatory on the Shatt-al-'Arab. 

3. Tidal observations in the Rangoon river.-The 
t i t l e - z : ~ n ~ e  installed by blr .  Lnxa in the  Pilakat or Deserters' Creek 
near Elephant Point on the 16th March 1927, co~ltinued to work quite 
qatiufactorily until 3-YO a.m. on the 18th Ju ly  1928, when the tidal 
ob.;ervatory wa.; s e r ions l~  damaeed by a gale, necessitating the immediate 
dismnntl~nq ar~t l  removal of the tide-gauge. The Port Commissioners, 
Raoqoon, bein!:  inw will in^ to inciir fresh expencliture on rebuiltlin,rr this 
ticlnl observnto~*y, in view of the rapid erosion tha t  is taking place both 
in river a11t1 the creek, decided to dismantle ancl return the tide-gauge to 
L)ehr:~ Ui ln .  ' rhe  Port authorities are arranging, I~owever, t o  continue to 
~ ~ c o r l l  the tirnes and heiqhts of high- and low- waters, on a ticle-pole, i n  
order t o  crlnble comparisons of the  results of preclictions a t  Elephant Point 
to hc nla(lr, ant1 to t ~ ~ t  whether the regular errors between predictecl and 
,~rt l inl  vnll~es not~cetl a t  Rnngoon from 1922 to 1925 are being repeated 
: ~ t  E I~phnn t  l'nint. 

4. Reduction of Bassein tidal observations.--The re- 
:i-t~.:~t~ori~: of the year 1921; have been frilly redncetl by t,armonic analysis. 
1'11t3 1-csr11t.: :LIT  !:,riven in Tahle 2, wherc those for 1924 and 1925 arr also 
sllowll. 
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TABLE 2.-Values of the tidal constants f o ~  Basseilz 
1924, 19,35, and 1926. 
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5. Corrections to predic t ions . -Compar ison  of the pre- 
dicted times and heights of high- and low-waters with those actually 
recorded, has indicated t h a t  the  corrections which mere applied to the 
preclictions of Rangoon ancl Chit tagong for 1928, (see Geodetic Report 
Vol. 111) should be repeated for  1929. They have been included in the 
tide-tables for  1929,  ancl a re  instead of (ancl not  additional to) the 
corrections incliided in the 1927 ticle-tables referred t o  in the  Geodetic 
Report Vol. 11. 

6. Bas rah . -F rom comparisons between predicted and actual 
values of times and heights of high- ancl low-waters from year to year, 
it was seen t h a t  t he  results were fa r  from satisfactory. The  predictions 
were hitherto basecl on the  tables of monthly means suppl~ed by the 
National Physical Laboratory, Teclclington. These tables were dependent 
on the results of a few years' observations only, anel this fact might have 
accoantecl for  the  large discrepancies in the pred~ctions. Wi th  a view 
t o  improving the predictions, the  ticle-tables for 1927 and 1928 received 
empirical corrections,. as  regards times only. I n  the  1927 tide-tables, a 
correction of + 4.1. m ~ n u t e s  was applied to  all high- and low-water times, 
while in the 1926 ticle-tables, a variable correction, tabulated for periods 
of .? clays, of from + 10 to  + 63 minutes was applied. I n  the course of 
these at tempts  to  improve the predictions, i t  was considered necessary to 
revise the original tables of monthly means, b a t  as neither funds nor staff 
were available for this purpose, the ' I r l q  Government was approached to 
contribute Rs. 1000/- towarcls the cost, and on their consenting to do so, 
the work was ondertalien in the following manner:- 

(a)  Time and Height corrections.-Before comparing the P-A 
valnes (Predicted rninlls actual differences in times and heights of high- 
and low-waters with respect to sign) of one year with those of other 
years, the following time ancl height corrections were appliecl. - - 

Time correction.-The mean correction of + 44 minntes, derived 
from the results of 1924-1925, and alreacly appliecl to the predicted times 
for 1927, was removed. 

I I ~ i g h t  correction.-A correction of - 1 . 1  feet., due to  difference in 
t ~ r . i ~ h t  between the zeros of the old anrl new tide-gauges in use a t  Basra11 
heforc and after 1st  April 1922, nTas applied to  the P--4 differences in 
height for 1923. 

(1,) 7irbl~s.-The values of P -A  for both time and height of 
high- and low-waters for all the months of each year from 1923 to 1927 
n-ere classificcl sccorrling to mean time of moon's transit, 2nd a tablc of 
mean.: abstracted. Since we deal with differential cluantitics, (excess or 
defect from the mean time of moon's transit) these mean values \yere 
next appli~t l  with oppo~i te  s i ~ n  to the original monthly mean values 
s~ lp~ l i ec l  by the National Plij s ~ c a l  Laboratory. 

(r) T i n l ~  trltrl Hri</l~t rhnrt.p.-For the preparation of Time cliartg, 
the mean vnl~ies of P - A wcre applied wit11 opposite siqn to the differential 
q~an t i t i e s  in the case of high-water, and with the same sign in the case 
of low-water. 

For the preparation oE Height  charts, the mean values of P - A were 
appliecl with opposite sign, both in the case of high- and low-water, to  
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the original values supplied by the Nat,ional Physical Laboratory. These 
corrected monthly mean values (differential quantities in the case of time 
and actual values in the case of height)  were plotted, and 8 charts for  
high-water and 8 charts for lor;-water mere prepared. 

The Basrah predictions for 1929 have been based on t,hese new 
tables and charts. 

7. Tide- tab les . -The  tide-tables for Basra11 and the Indian 
ports for 1929 were lxepared and published. Distribution was comple- 
ted by October 1928. Advance copies of the 1929 tide-tables for the ports 
Suez, Aden, Bushii.e, Karlichi, Bhiivnagar, Bombay, Marmagao, Colom- 
bo, Trincornalee, Rladras, Uublat (Siigar Islancl), Chittagong, Elephant 
Point and,Mergui were prepared and despatched to the Hydrographer to 
the Admiralty by the end of March 1925 for incorporation in the Admi- 
ralty tide-tables for 1929. The amouiit realized by the sale of 
tide-lables during the year ending 30th Sel~t~ernber 1928, amounted to 
Rs. 7,!220/2/-, exclusive of agents' commissiol~ charges and cost of copies 
issued gratis. 

8. Accuracy of p r e d i c t i o n s . - F r o m  comparisons made be- 
tween predicted and actual times and heights of high-and low-water, 
the predictions for 1927 were found to be as  accurate as  those for the 
preceding year, except a t  Icidderpore, where a sliglit deterioration had 
taken place, and a t  Basrah, ~vliere the heights dicl not continue 
to show the very marked improvement tha t  had been o b t a i ~ ~ e d  in 1926. 
On the'other hand, improvements in the preclicted times a t  Chittagong, 
Basrash, Rangoon, and to a lesser extent, at Madras, and Bassein mere 
aPl~arent. The greatest differences between the preclicted and actual 
heights of low-water a t  tlie riverain ports were as  follows:- 

Tables 3 to 24, :ivc t h e  f ~ r t n i ~ l l t l y  mean errors of bl~e predictions 
for all stations a t  \vhich co~nparisoils were made. 

Date Port 
Differcncc 
( ~ ~ r e d i c t e d  

i t ~ l t ~ u s  actual) 

liiddcrporc ?211d Scptcmber 1927 

Rnngoon ... 

Pil:~lixt or Dcsorters' 
C:reck ... 

- 2 . 8  

- , 

13thOctober 1927 
--- - - 

lC,lh Norcmber 1g2, 

27th July 1027 nnsscin ... 
-- - 

- 3 . 4  

Dnsmh ... + 3 - 9  12thApri l  1037 - 
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TABLE 3.- Mean errors E,  alld E, for 1927. 
ADEN 

E, is with rcgnr:I to s ign:  E2 is w i t l ~ o u t  rcgaril to eign. 

I 

-- 

PERIOD 

I927 

.Ian. 1-15 

16-31 

Yeb. 1-15 

16-28 

Mar. 1-15 

16-31 

April 1-16 

16-30 

May 1-15 

16.31 

June 1-15 

16-30 

July 1-15 

18-31 

A I I ~ .  1-15 

16-31 

Sept. 1-15 

16-30 

Oct. 1-15 

16-31 

Sov.  1-15 

16-30 

Dcc. 1-15 

MEAN EltROBS Number cf 
errorsexwtuir~ 

(Predicted- actual) -- 30 0.V 

€1' E>' 
mitlfrtcrr leelof 
of tune beigllt -- - 

I El. W. L. W. H. W. L. W. 
Time H e i ~ h t  Time 

* 

4.3 

4-7 

6.1 

7.1 

3.2 

0.4 

1.1 

4.6 

8.0 

6.9 

5.3 

8.1 

5.6  

3.6 

13.7 

9.3 

13.0 

7.7 

4 - 6  

7.3 

m i  

+ 
0 6 

0.5 

0.5 

2 . 3  

1.0 

2.8 

4.2 

4.0 

7.1 

6,3 

7.2 

4.0 

0.6 

2.6 

8.2 

8-6 

10.2 

12.6 

9 . 3  

5 . 2  

(1 
- 

4.7 

3.4  

2 .2  

- 
0.4 

4-7 

2.6 

0.5 

yest 

0.2 

0.1 

0.0 

0.1 

0-1 

0.0 

0.1 

0.2 

0.1 

0.1 

0-0 

0.0 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.1 

0.1 

0.0 

0.1 

0.0 

+ -  
0.1 

0.1 

0.1 

0.1 

0.0 

0.0 

0.2 

0.1 

0.1 

0.1 

0.0 

0.1 

+ -  

0.1 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0-2 

0.1 

0.1 

0.0 

0.1 

0.2 

0.1 

0.1 

0.2 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

8.8 

10-2 

13.5 

9.8 

13.9 

7.4 

12.9 

11.1 

11.1 

6.5 

14.8 

9.3 

9-9 

8.7 

9.7 

10.1 

7.2 

15.8 

10.0 

13.4 

14.4, 

9.6 

11.2 

11.1 

8.7 

13.3 

10.5 

7.3 

'7-G 

6.8 

9.3 

9.1 

12.0 

9.0 

9.8  

8.0 

6.7  

6.8 

14.6 

12.2 

11-3 

14.4 

11.1 

13.6 

12.1 

12.0 

7.9 

12.0 

0.2 

0.2 

0-1 

0.1 

0.1 

0.2 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.3 

0.2 

-0.2 

0.1 

0.1 

0.1 

0.1 

0 . 1  

0.2 

0 

2 

1 

0 

0 

1 

2 

2 

2 

0 

0 

0 

0 

0 

3 

2 

2 

1 

1 

1 

1 

3 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

1 

1 

2 

2 

0 

0 

4 

0 

0 

0 

1 

0 

1 

2 

0 

1 

3 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

O 

0 



CHAP, 111.1 TIDES 37 
TABLE 4.-Mean errors E ,  and 4 lor 1927'. 

BASRAH 

* E, is with regard t o  sign: E, is without rcgnrd to  sign. 
' \ ' D ~ ~ I - T ~ c  predicted times of high. nut1 lom.wnlcr h s r c  roccivcd n cowcction of + 44 minutes. 
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TABLE 6.-Mean errors El and E, ,for 1927. 

xanAcar 

El in with regard t o  sign : El is without regard to sign. 

PERlOD 

1937 

Jnn. 1-16 

16 31 

Fa!). 1-1 5 

16.28 

>Iar, 1-15 

16-31 

April 1-15 

16-3U 

Uny 1-15 

16-31 

June  1-15 

16-30 

Jniy 1-15 

16-31 

Aag. 1-15 

16-31 

- 
MEAN ERRORS N u ~ ~ ~ l r e r  of 

errors excecdiol 

(Prcclictcd-actunl) 
30 0.9 

El* E 2' 
r n i i ~ a l m ~  fctf 01 
of ti111c 'heigllt 

I 
- -- 

H. W. L. W. H. W. 
Time Heigl~t Time Height Time lit. 

r ) ~ , : ,  1 - 1  5 0.4 8.3 0.2 12.4 0.4 0 2 0 

16-::l 0.3 0.1 9.8 0.3 10.1 0.2 0 1 O ' 

1 

1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

o 

0.4 

0.1 

0.2 

0.3 

0.1 

- - - 
rniltlrtrr 11 feet I mi~t t t t e s  

10.7 

13.1 

7.8 

10.8 

6.5 

8.6 

7.6 

8 9 

8.4 

6.9 

8 1 

6.7 

8.8 

8 . 2  

8.9 

8.0 

8.5 

8.4 

8.6 

8.6 

10-2 

a,4.0.3 

0 

4 

! 

1 

0 

2 

1 

2 

0 

0 

2 

0 

5 

0 

2 

0 

1 

0 

1 

1 

2 

1 

+ 

0-3 

0.0 

0.1 

0 - 1 

0 3 

0.0 

0.3 

0.2 

0.0 

0.4 

- 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 

0 

0 

0 

0 

0 

5 

0 

0 

2 

0 

+ 

4.3 

2 . 7  

2 .4  

6.01 

2.7 

0.3 

1.9 ' 

9.0 

16.4 

7.9 

10.4 

11.2 

11'2 

11-1 

9.1 

9.2 

10.2 

12-6 

12.5 

16.7 

12.0 

14.7 

8.7 

9 .2  

9.1 

11.1 

9.7 

10.7 

11.1 

0.3 

0.2 

0.3 

0.3 

0.2 

0.3 

0.1 

0.3 

0.3 

0.3 

0.5 

0.2 

0.2 

0.3 

0.4 

0.6 

0.3 

0 6 

0-4 

0.4 

0 . 5  

- 
0.1 

0.1 

0.0 

0.4 

0.2 

0.3 

6.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

? 

0 

0 

0 

0 

0 

0 

O 

Il I 1;-nn 0 . 3  3.8 

0.6 

0.4 

0.4 

I 

Oct. 1-15 

1G-51 

SOV. 1-13 

0-2 

0.3 

0.2 

0 2  

0-2 

0.2 

0.3 

0.2 

0.2 

0.4 

0.4 

0.2 

0.1 

0,4* 

0.2 

0.3 

0.1 

0.4 

0.1 

0.2 

0 3 

0.3 

5 . 5  

10.1 

0.G 

3.5 

- 

0.2 

+ 

6.1 1.7 

0.1 6 7  

0.3 6.3 

0.2 1-3 

0.5 0.6 

2 . 1  

4.0 

1 
0.8 1 
o.,;;l 

' 1  

0 . 2  2.5 

I 0 . 2  4.3 

.0.1 6.2 

0.4 11.6 

I 

i 1 0.2 7.5 



* E, is with regard t o  sign: E, is without regard t o  sign. 



R, i s  with regard to sign: E, is without regard to sign. e 
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TABLE 8.-Mean errors .El a ~ ~ d  E, for 1937. 
MADRAS 

~ E I  is with regara to  sign : El is without regard to sign. 
F 

PIEAN ERRORS Number of 
errors exceeding 

(Predicted-actual) 

PEBIOD El* E ?* minutes ,feet of of cime height 

H. W. L. W. H. W. 1,. W. 
Time Height l'imo Height Time Ht. 

Jan. 1-15 

16-31 

Beb. 1-16 

16-28 

NW. 1.15 

16-31 

April-15 

18-30 

MRJ 1.15 

16-31 

Jnne 1-13 

16.30 

J ~ l p  1.15 

16-31 

Ang.1.15 

16-31 

Sept.1-IG 

16.LO 

0ct . I - l t  

16-31 

sov.1-15 

16.30 

Dec. 1.1: 1.0 

16-31 0 . 4  

NOTE :-The actual registrations rccorded betweell t.he 16th Janun1.y and the 
17th Apri l  19L7 \\'ere rejected as the inlet hole of the Hoat cylinder was 
par~iallg blocked, aud the rey;islratious were considelcd t o  be faulty. 

0.2 

0.1 

0.3 

0 .0  

0.0 

' 0 . 1  

j0. l  

0 .1  

1 . 5  

0.8 

0.6 

0.1 

0.9 

0.9 

0.2  

1 . 7  

0.G 

6.1 

2.3 

1.5 

6.1 0.1 

0.5 0 .1  
I 

0.2 
I 

5 8 1 9 . 3  

1.!1 0.3 

1 . 3  3 . 7  

5.G 

9 . 9  

2.1  

6 . 2  

0.5 

6 . 4 0 . 2  

0.2 I 0.3 

0 . 3  

0.2  

0 . 2  

0.3 

0.1 

0 .1  

4-910.2 

3 . 4  0.1 

3 - 4  0-2 

g . 7 0 , 3  

6.0 0 . 3  

0 

3 . 1  

4.8 

4 . 9  

3 . 3  

7 . 7  

6.2 

5 .0  

0 

0.2 

0.3 

0.3 

0.2 

0 .1  

0.2 

0 . 2  

1 

0 

0 

0 

O 

0 

4 

o o 
0 0 

6 ~ 9 ~ 0 2  

0 

0 

0 

O 

0 

4.5 

4 .9  

I 

0 

0 

0 . 3  

0 . n  

1 

0 

3 

3 

2 

4 

2 

0 

3 

0 

0 

0 

2 

6.3 0 . 4  

6 

2 

4 

7 

5 

6 

G 

0 

0 

0 

o 

0 0 
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TABLE 9.-Mean eneorr E, and E, for 2927. 

KIDDERPORIC 

MICAN EBBOBS 

(Predicted - actual) 
-- 

PRBIOD 
1.0  

El E, ' minuter IIII O( 

Ol  time haiqhl 
1A7 H. W. L. W. H. W. 

I Time Heiqht Time Height Time Ht .  

m i m u ~ r  11 fnt mimulrr 
-- II Id& - .- - 

+ - + -  + - + -  
Jon. 1-15 1?.7 0 . 4  6 6 0  0 17 9 0.4, 10 0  0.3 1 0 0 0 

16-31 16.6 0.3 21.9 0.1 10.8 0.4 21.9 0.4 C 6 1 I 

Feb. 1-15 19.7 0 3 7 . 7  0.3 22 3 0 . 4  16.7 0.4, i 6 0 0 

1628 04 0  0.2 22.7 0.1 24.0 0.3 23 6 0 3 8 7 0 9 

f a r .  1 8-3 0 . 5  12.8 0 . 3  11.0 0.6 R 1 0 ! 

16-31 12.6 0.2 l d ' O  3.0 13.4 0.6 14.8 0.2 3 0 3 o 1 
Apri l  1-15 14 9 0 7 7.9 0.1 16.6 0.7 12.8 0.4 2 2 1 I  

16-30 13.7 0 '7 3 . 3  0-0 1S.5 0.8 12 6 0.4 0 0 9 (1 

Slny 1-15 9 .2  0 3 4.6 0 - a  15.2  0.5 19 4 0 . 5  3 3 3 J 

I 13.3 0  . 4, 16.0 0.5 10.1 0 . 3  1 1 0 0 t 

.Inne 1.15 14.3 0.7 l5.G 0.2 15 3 0.7 17.0 0.5 2 2 6 0 

1C; Si? 13 J 0.1 14.4 1.0 14.4 0.8 4 3 11 6 

. l u ' ~  1.15 4 . 7  17.3 13.0 1.3 17.2 1 - 3  1 1 26 13 

I 3 . 2  7 . 5  8 i 1.8 13.5 1.C 0 0 21 1: 
I 

A .  I . .  0.81 12 9 1 Y 0 1 2 14 .8  1.8 U 4 17 2 ;  
.I' 

It; 31 3 .81  1.61 '7 8 1 6  130 2.1 O 3 2 2 3 "  
, , 

5 9 1 . 5 '  I 10 6 1.6 1G 7 2 . 2  

L <,( , l.j 3 1 . 5 ,  15 4 1.6 9 3 2.4 
I 

, 1 .. \ , .  ,.I: i 2 :  
I ' 1  i . 7  1.8 109 0 8  1 8 1  1 8  

O r lolZr 

i t  ::: 1 I I ; .~ ;  (.~,i i  16 G 0 . 7  10 i 1 7 
I '  

. \ , . . ;  ; i ;..; , , . Q ,  5 .  1. 7 . S  0 . 3  10.3 1.4 
I .  -- - - ' _  --: 

11 . .  . 1 . 1  -, i ) )1c7. .v , f  ~r! '13-11" . ~ t l  on t l lc  5th of Novernl,er 192i. Tide-gangc disrnn~ltlol nnd tbc 

'" ' '1 
:? , I  ~tiq,nq ~l~<co~lti~)"etj. 

' ' ; - ' I1  I 

I, is w i t h  regard to sign: E. i without r o e  to r i p  
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TABLE 10.-Mean error8 E, and E, .for 1927. 

CHITTAOONG 

* F;, is with regrrrd to sign: E2 is without r e g ~ r d  to ~ i g n .  

Note:-~redict,prl t,lmee h&ve received R corrr:cl,lt,n of + 10 minotee, and ~red ic ted  ]OW-writer 
hei~lrts a aorrectioo of + 0 . 6  of a foot. 
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TABLE 11 . -Nean  errors d l  and E9 for 19-27. 

AKYAB I 

E l  i g  w ~ t h  rcgard to sign : E, IS without, regard to sign. 
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TABLE 12.-Mean et*rors E, and E" for 1.927. 

RANGOON 

i 

* El ie with regalti to srgn: E, is witLou1 regnrtl t o  ~ i g n .  

P .:&IOD 

lea7 

Jan. 1-16 

16-31 

Feb. 1-15 

16.28 

JInr. 1.16 

16-31 

April 1-16 

16.30 

h l ~ g  1.15 

16.3 1 

June 1-15 

16-30 

July 1-15 

16-3 I 

Aog. 1-15 

16.31 

Sept. 1 - l ~  

16-30 

Oct. 1-15 

16-31 

NOV. 1.15 

1G-30 

Dec. 1-15 

16-21 

' ' ' ' l ~ ~ , ~  

, \ I I C A A S  , ,  - 6 . 4  ; - 0.0 -I , 

NEAN ELiklULUHS N urn uer 01 
error* exceedinr 

(Predicted-actual) 

I tninulra / e e l  or 
E 1' El* 0:  tilt,. ne~ebt  

H. W L. W. ti. W. L. W. 
Time Heizbt Tlme I Height I Time , H+.l T i m e  8 1 .  

tninalss minutes I/ p e r  minutea feet minutea Jeet 
.- 

+ - + - 
7-8 0-2 6.5 0.3 9-9 0.4 0 0 0 0 

1.2 0.1 6.0 0.4 12.8 0.4 0 0 2 2 

9.2 0.4 7.6 0.3 12.7 0.6 0 0 0 5 

0.1 8.8 0.3 9.6 0.4 0 1 0 1 

5.0 0.5 7 . 9  0.4 10.8 0.6 0 0 0 7 

4.3 0.0 7 . 3  0.5 7.9 0.4 1 0 1 0 

3.8 0.8 14.1 0.4 8.0 0.8 a 0 0 lo 

4.6 0.0 9 . 4  0.4 13.9 0.5 1 0 0 1 

3.4 0.5 9.1 0.3 10.1 0.6 3 0 0 5 

2.5 0.4 7.6 0.4 9.0 0.6 0 0 0 3 

1.8 0.4 14.3 0.6 12.0 0.5 a o 3 3 

7.3 0.0 7-1 0.4. 12 .1  0.4 0 0 2 1 

11.9 

p.7 

2 . 7  

20.61 150i . i i  2 . 1  1 2 . 9  
- _ . -- 

10.3 10.1 

Y&;I 

0.3 

0.0 

0.0 

0.3 

0.3 

13.6  

0.8 

1.7 

6 . 2  

1-8 0.1 13.6 0.3 13-9 0.5 2 2 0 1 

6 - 0  0.4 8.3 0.4 12.0 0.6 o o a 4 

2.8 0.0 13.6 0.3 13.1 0.3 2 2 0 0 

8.2 0.2 21.1 0.4 1 3 - 2  0.4 6 0 0 0 

1.3 0.5 10.0 0.6 11.0 0.G 1 1 5 1 

1.6 0.3 14.1 0.4 6.1 0.0 4 0 0 0 

0-3 1.3 14.3 0.5 12.6 1.3 2 0 3 15 

6.7 0.7 8-1 0.4 8.1 0.7 0 0 P 5 

11.9 1 0.3 6.9 0.5 I4 4 0.4 O 1 1 

2.0 0.1 7.3 0.1 9.40.6 0 0 0 J [  

6.G 0.9 7 . 9  0.G 13 9 0.5 1 1 1 3 

6 . 2  / 0 7  6.r: 0.6 13.8 O.S 0 0 6 --- 

I 0.4 

! 0 1  
/@.Q 

10.6 
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TABLE 13.-Mean errors El and E, for 1937. 
P ~ L A K A T  OR DESERTERS' CREEK 

El is with regard to sign : E, is without regard l o  sign. 

PERIOD 

"' 

Jan. 1-15 

Feb. 1-15 

16-28 

Mar. 1-15 

MEAN ERRORS Number of errors exceeding 

(Predicted-actual) 
33 1.0 

El* E2* 
minutes ,feet of 
of time height 

L. W. 
Height  Time 

Time '' wi, fFct 1 rnin~ctes 

NOTE :-The new tide-gaiige was installed in the Pilnkat or Deserters' Creek 
on the 6th Rlarch 1927 and registrations were commenced on the 20th 
March 1927, 

- + -  
20-31 23 .9  

Aprill-15 12.8 

16 30 20.6 0 . 4  16.2 

RIay 1-15 1 0 . 9  0 . 1  8 . 4  

16-31 6 .6  

Jnue 1-15 0 . 4  

16.30 2 . 3  

July 1 - 1 5  1 1 . 9  

I - :  7 . 9  

Ang. ! . I5  7 . 3  

Sept.  1-15 2 . 9  

Oct. 1-15  2 . 3  

Snr. 1-15  n.7 
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TABLE 14.-Mean errors El and E, for 1927. 

888831N 

* El is with regard to sign: E2 is without regard to sign. 



GRAVITY AND DEVIATION OF THE VERTICAL 

1. Pendulum Apparatus of the Survey of India.- 
This season a new pendulum apparatus has been brought into use. 
This is the  third type of apparatus used in India. The  three types 
are : - 

( i ) The Basevi apparatus, in use from 1865 to  1873 (vide 
G.T.S. Vol. V.) 

( i i )  The  Survey of India Potsdam (1902) apparatus, in use 
from 1902 to 1925 ( v ide  Professional Papers Nos. 10 
and 15). 

(iii) The Survey of India Cambridge (1926) apparatus, now 
brought into use. 

The  Basevi apparatus was usecl by Captains Basevi and Heaviside, 
observations being macle a t  t h ~ r t y  s t a ~ i o n s  in India from Cape Comorin 
to  the Mark Plain ; bat ,  in spite of the meticulous care with which these 
observations were made, later experience has led to  the rejection of all 
the  results. 

The reason for this is that  no cor~.ection was made for the Fway of 
the apparatus, clue to the motion of the pendulum. Sway of theappara- 
t a s  increases the time of vibration of the pendulum. If the sway were 
the sarne a t  all stations, no error in the cleduced value of gravity would 
result. Th15 is ,  honeter ,  by no means the case, as is clearly shown in 
4 138 of Grocletic Report Vol 1,. page 178. Hence, no correction having 
been mnrle for sway, all results In India prior to  1!104 are unrel~able. 

T l ~ c  modern wries of Gravity Observations in Inclia mas initiated 
with the E'otcdam (1902) apparatus. As in the  rase of the Basevi 
apparatus, only one pendnlum can be swung a t  a time, bu t  a correction 
i t h e  " flr-,~il.e " rorrection), was applied to  compensate for the SIrisy 
cnnsrd I)y the motion of the pendulum. This correction was determined 
b! a sperial " f ~ x u r e  " obser~at ion,  made several times a t  each station. 

Thonch the " flexure " observation provided a satisfactory colrcc- 
tion for sway dnc to  pendulum motion, i t  did not correct for sn-ay 
efff,cts tllie to actual ground motion, i.e. not caused by the 
I n  f a c t ,  i f  the zroiincl is appreciably in motion, the " flexure " observa- 
tion cannot be macle. At Calcutta in 1904 the obbervations had to be 
abantlonecl owing to ground motion. 
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In 192.3 Dr. F. A. Vening  Meinesz published his able treatise on 
the theory of pendulums (" observations de  pendule dens les Pays Bas "). 
He had been led to  make a detailed investigation owing to  t h e  f a c t  t h a t  
in many places in Holland the  ground is constantly in motion. 

Dr. Vening Meinesz showed theoretically tha t ,  if t w o  nearly iso- 
chronous pendulums were s w u n g  simultaneously on the  same s tand,  a n d  
the changes in their phase-differences and  amplitudes taken into account, 
the times of vibration, unaffected by  ground motion, could be obtained. 
The same method also eliminated sway effects clue to t h e  motion of t h e  
pendulums. 

In tlie following year  he  showed in practice t h e  t ru th  of his theories 
by a remarkable serles of gravi ty  determinations a t  sea, dur ing  a voyage 
in a subma.rine to  Java.  His gravi ty  determinations in t h e  Indian 
Ocean are shown in Table G .  

These results led Colonel S i r  G. P. Lenox Conyngllam, F.R.s. ,  
Formerly Snperintendttllt of the  Great  'I 'rig~nornet~rical Survey of India,  
and now Eeader in Geodesy at. Carnbridce, t o  design a Hem apparatus  
for the gravity base station established by  him a t  the  Cambridge Obser- 
vatory. 'I'lie a p p a r a t ~ ~ s ,  so designed, was constructed by t.he Cambridge 
Instrument Company ancl proved entirely satisfactory. I n  1926 one 
was ordered for tlie Sul-veY of India ,  wllicli is now designated t h e  
Survey of India Cambridge (1926)  apparatus.  

2. Description of the Survey of India Cambridge 
(1926) appara tus . - ' l ' l l e  apparatus consists of a massive gun-metal 
box, in size I f t .  long, !) in,  wide ancl 1 f t .  I~ ig l i ,  ~ v i t l ~ o n t  tlie cover, 
mhicli i.; srrui-ci~.rn]ar in section. WIlen the  cover is in position, the  box 
can be I i r r~ne t ica I I~  se;,.Ietl, ant1 t h e  pressure iusitle reducetl. T h e  b o s  is 
divided I,! nletnl l)nrtitions into three compartments,  one for  each 
pendulun~. 

The tllrre I > e n t l ~ l l ~ ~ m s  are  placed in tlie box, each resting on tivo 
agates, thv top  s ~ l r f a ~ e  of all six agates  being ca~.efully grotincl In 1)osi- 
tion, so as to be all in tlie same plane. 

Tlle tllrce I)pn(l~ll , lms are five incl~es  apar t ,  ancl can al l  swing in 
the same. vt'rtical parallel to t h e  long as is  of the  box. 

D I I I , ~ I I : ~  obscrvat,ions, t.lie ce~it ,re l~entlnlnni is held still by a lever 
])ressing i , l i  it.; l)ol), so as to give it, a ~ l i ~ l i t  t.ilt ; t l ~ e  t'\vo niirrors 011 its 
knife-he:l~l form part, of t,he optical syst ,e~n to  he t1esrril)etl later. 'I'he 
two 011te1 ~ , e n ~ l r l l ~ ~ ~ ~  can g i  vpn the  1.eclniretl init,i:rl t i l t  by t\xro levers, 
which arc! interconnectecl, so t h a t  one cl~licIr 111otio11 of :I single arm A,  
( l l i l /r  Plntt! 1.1) rrlpases tile levers, ant1 sets the  two pcndul~~l l l s  s\ving- 
Ins wit11 :), pl~:ts~b-tlifferenc of 180'. 

Tllp ~ ) c I ~ ( ~ I ~ I I I ~ s  can bc raised off t,I~e agates, wl~en  observntiolls are  
not bein: mntlp. 

A ~ , l a t e - ~ _ r I ~ s ~  willtlom in t]lc co\.er cna,blt)s t'hc ~~end111rims to be 
observetl, a.nd n,notIler, at one side of t,he box, lxrrtiits t lir: reading of a 
thermometer, placed in a dllmmy a.nt1 of a srliall mercllry 
mallometer, both inside the  box near tlie back pendulum. 

G 
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The constrriction of the flash-box and method of observing the 
flashes and reading the amplitudes are exactly the  same in principle as 
those employed with the Yobsdam apparatus in India since 1904, and 
described in Professional Pa l~e r  No.  10. The  flash-box is however lighter 
in design, axid the  observing telescope is on a separate stand, as the 
optical system requires i t  t o  be placed about six inches above the flash- 
box. The  diaphragm of the telescope has two horizontal wires, one of 
which is used for the  front pendulum, and the other for the back pendu- 
lum. 

The  optical system is shown in the diagram below and is as follows:- 

Diagram of optical system 

Front pendulum 
pendulum 

Two adjustable mirrors, one above the other are set at the back of 
the pendulum box ; each pendulum has two mirrors on either side of its 
knife-head which are inclined to  the stem of the pendulnm a t  a slope of 
1 in 12. 

The Hash from the flash-box travels as follows:- 

(i) Front pendu1nm.-Flash-hox to  upper adjustable mirror, 
thence to  back mirror of front  pendulum, thence to 
front mirror of centre fixecl pendulum, thence to observ- 
ing telescope. 

(ii) pendulum.-Flash-box to lower acljustable mirror, 
thence to back mirror of fixed pendulum, thence to front 
mirror of back pendulon~,  thence to  telescope. 

An:- of the three ~)endnl r~nis  can be used as  the fixed pendulum, 
a.nd in practice two cl~fferent pairs of outer pendulums are observed at 
e:clr station. 

3. Observat ions.- ' l 'here is no essential change in the method 
of  obserr:~tion. First a wries of coincitlences of the front  pen~lnlnm is 
rc~clnrde(1, I'ollo~vr~l in1metllate;y by a series of the back pendult~m , then, 
a f l w  a n  i n t ~ r r a l ,  :I second series, is recorded for each. Before and after 
t.ar,h ::rl ills, t11e an)plitnrles, rlornmy thermometer, and manon1ctc.r are 
I - P R ~ .  

,I. f l ~ c  p~ntlnlrlrns are nearly isochronons, they can swing f o ~  l~~rio(ls  
as long as faizl~t hours withont tlleir phasp-difference changing I,>(, n~llcll, 
so that  the ~ ~ ~ n r l n l ~ i m s  can be sn rille plactically continuousl! 11c.tn-een 
time signals, thus almost entirely e l ~ t n i n a t i n ~  errors due to 1.1ez11lar 
flnctnations of clock rate. Ohservations for a p.~ir  of p e n t l ~ l l * ~ m ~  are 
completed in 36 hours, six time signals bein: received in t,his period 
(i. e, three from Rugby and three from Bordeaux), 





PLATE VII 
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4. Sway c o r r e c t i o n . - S i n c e  the  pendulums swing in opposite 
phases, there is normally no sway of the apparatus clue to the  motion 
of the pendulums; but  the observat,ions require scrutiny to  see whether 
ground-motion corrections have to  be applied. These corrections can 
be colnputed from the ordinary observations ; no special sway observations 
are required. 

5. Pendulums of the Survey of India . -The  pendulums 
which have been used in India are :- 

(i) Seconds pendulums used with the Basevi apparatus :- 

(a) Kater's invariable pendulu~ns Nos. 4, and 1821 in use 
from 1565 to 1871. 

(b)  ltussian reversible pei~dulums Nos. I k I1 used in 
1873. 

(ii) The four brass, Potsdam (1902), pendulums, used since 
1902 ~ v i t h  the Potsdam apparatus. These are numbered 
137 to 140. Mean time of vibration 0.50785s. 

(iii) The three brass, Dehra D i n  (19&4), pendulums, numbered 
1 to 3 and used in Kashmir in 1985. The  knife-edges 
of Nos. 2 & 3 have deteriorated. Mean time of vibra- 
tion 0-50731s.  

(iv) The nickel-steel Cambriclge (1  926) pendnlume, now in 
use with the Cambridge apparatus. These are lettered 
A ,  B, (:. Mean time of vibl.ation 0.50795s.  

6. Description of the Survey of India Cambridge 
(1926) p e n d u l u m s . - U a a r t z  pendnlnn~t  having been fount1 too fra- 
glle In 1924, (t3irle Geodetic Report Vol 1 4 1261, the late Lt.-Colonel 
H .  AIcC. Co\vir, IL.E. ,  then in 13nglanc1, ordered three nickel-steel pencln- 
lllnl.; f rom the ('ambridge Instrument Company for use with the Survey 
of 1 1 r d 1 ~  Potstlam apparatus. I n  1936 these were reatly, but the knife- 
heat15 l int1 to be changed, so as to he suitable for tlle Cambridqe apparatus, 
the slr~cf r l i f f r rc l~~e  being the of two mil.rors inclined to  the 
ljenclnlnm sten]. A l~endll]um is shon,n in detail in Fig. 1, Plate VI1. 

The bob, stem and stirrup a t  the top for holdiny the linife-heacl are 
a!] i n  one piece of nic]iel-steel. Nickel-steel was chosen since the coefli- 
clent of expansion of tllis alloy, \\rhen suitably llr~ol)ortio~led, is exceedingly 
1 The corfficient of expansion of t,hcse l ~ e n t l ~ i l n i ~ ~ s  is + 0.0000 0167 
P"' (?c;l,se ( ' e ~ l l i ~ r a d e ,  rnhcl.eas t11at of the brass S111.vey of India Pots- 
dill11 ( 1  !)O?) ~ ) ( ~ ~ l d u l ~ l l n s ,  f 0 r n l r r 1 ~  i l l  I I P ~ ,  is + 0.0000 I S U J  per tleqree 
Celltir~ra(le. Flcnce the llem pent111Iums are ml~cll less affectetl by tein- 
Pe ra t~~r r  c . h a ~ ~ ~ e s .  

'I'lle bnifc-head is of stellite, a inater~al  of g l m t  llardness, which 
call hc ~~o l i s l l~c l  snfieientlv to form a qoocl metal mirror The knife- 

is prrnmanently f i sedSby meails of conical wedges in the stil.rup 
mder 113 (lraulic pressure. 
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7. Adjusting the length of the p e n d u l u m s . - T h e  new 
apparatus  requires t,he pendulums t o  be a s  nearly isochronous as possible. 
O n  receipt of the  pendulums from t h e  makers  t h e  differences in time of 
vibration were found t o  be as  follows :- 

B-c 2 8 3  10-7 
A-C 868" 10-7 

This  con~parecl very favourably n ~ i t h  the  Potsdam pendulums 
previoi~sly in use, t w o  O F  which differecl b y  as  much as 4105$x lo-', 
whilst t h e  smallest difference was 7 1 6 9  lo-'. Closer eqiiality was con- 
sidered necessary fo r  the  Cambriclge pendulums. This  mas athined by 
gr inding t h e  flat base of t h e  bob of t h e  longest pendulun~  on a sheet 
of fine carborundam paper, lubricated with kerosi~le oil and laid on a 
flat plate of glass. Af te r  about three minutes gr inding a series of 
coincidences was observed, and finally, when near t h e  r ight  length, a 
com1)lete observation !asting about  one hour was necessary between each 

I I  1 hus t h e  whole operation of obtaining close isochronism was 
long and tedious, and took about a fo r tn i sh t  of fairly continuous work. 
T h e  greatest  departure from ieochronism IS now 11% lo-'. 

8. Determination of correction fac tors . -The  next 
s t ep  was t o  cletermine t h e  correction factors. 

These are  :- (1  ) t h e  density faclor, k'. 
(2 )  the  temperature factor, k .  

This  was clone a t  the pendi~lum house of the  Cambridge Obser- 
vatory, kindly lent for the  purpose by Colonel S i r  G.P. Lenox Couyn- 
gham,  who, dur ing  the  course of the  work, gave much valiiable assistance 
and advice. 

I n  order to  save time and eliminate clock-rate errors as far as 
possible, a Von Stcrneck penclulum apparatus with a single 
was set u p  along5ide the Cambriclge apparatus,  and all observations of 
the  pendulums untler test  were braclietted between observations to  a 
brass pendulum No. 38), whose density and temperature factors were 
known. 

By ruhtracting the observed t ime of v ib ra t~oo ,  S1* (or S1 etc), of 
B 

the  pendiil~im tinder tes t  from t h a t  of No. 38, rednced for tem- 

perature and density, me g e t  the  relation :- 
S33 - 6' = ( 5 - SA I - P',n - I.,T -- F, where F is the sway correction 

A  39 

for the  Cambridge Penclulums. Th is  is zero, when two l ~ e n c l i ~ l u ~ i ~ s  are 
swtinc s in~ul taneor~sly,  and can be determined, when one pendiilu~n only 
is sntin_n, h~ rnpalis of n special fler111.e observation. ( 5  - S A )  is a 

38 
constant, depenflins~ on the two pendulums 38 and 11. ,+',I) aa(1 tlAT are 

the deu.;ity ant1 temperntnre corrections for pe~~(l i i lnm 11, similar ex- 
pre-~ionc: appl>-ing to pc~ntlnl~inis li and C. 

Tllr erluatinn  involve^ three n~l ;nowns,  so three g r o ~ ~ p s  of ohse~.va- 
tion- were nr.ranz~r1 with the  Cambridge apparatus  nnclcr different 
conrli t ion~. Tliese were:- 
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G group- Atmospheric pressure & low temperature 
H J!  

- do. do. & high temperature 
L ,, - Reduced pressure 8; low temperature. 
The low temperature was the room temperature. The  high tem- 

perature was obtained by placing an electric bulb in the front compart- 
ment of the Cambridge apparatus and observing to one pendulum only, 
at a time, placed in the  back compartment. The  apparatus was covered 
with a blanket, to reduce loss of heat, and observations started about 18 
l~ours after the bulb had been lighted, when the apparatus had reached a 
fairly constant temperature. The  bulb remained lighted durixig the  
observations. 

In  this case sway correction had t o  be determined, and was found 
to be 66 x lo-'. 

Details of the observations are given in Table 1. 13y the method of 
least squares, the values of k &  B' were obtained for the  three pen- 
dulums from these three groups of observations. 

The constants obtained were :- 
Pendulum A 13 C 
Temperature factor (kl 4*"4? + 0 . 2 7  4" .$ + 0 .20  41" 2 3 0.26 
Density factor (k') 669 Z 5 .7  064 2 5 . 0  660 + 4.7 
The unit is the 7th decimal place of a second of time. For compa- 

rison, the constants of the brass Potsdam (1902) penduliims are given 
below, i n  the same units :.- 

Pendulum No. 137 138 139 140 
Temp. factor bYs.Z+O.l  4 8 " 9 + 0 . 2  49"1$_0.2  4 8 " - 9 _ + 0 . 1  
Density factor 594; 2 5 5 7 ; 2 2 6 . 5  6 0 6 + 1 . 0  606+  1 . 7  
9. Reduced time of vibration at Cambridge and 

deduced value of gravity at Dehra Dun.-With a view to  
redetermining the value of g a t  De l~ ra  Diin, the L group of observa- 
tions were obsel-ved between wireloss time signals (Paris rhyt l~n~ica) ,  so 
that the reduced value So of the time of vibration at Cambridge could 
be obtained. 

The value of g at Cambridge is 981.265 cn~lsec" obtained indepen- 
dently by Dr .  F.A.  Veiling Meiuesz from Potsdam, and by Sir  G. P .  
Lenos Conyngham from Kew. On arrival in India the pendulun~s were 
swung a t  Dehra Diin in November 1927. The results are tabulated 
below :- 
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10. Obse rve r . -A l l  the  above observations and the isochroni. 
zation of the pendulums were done by Major E. A. Glennie. 

11. Wireless receiving set.-In orcler to receive wireless 
time signals with c e r t a i n t . ~  in India, a highly efficient wireless receiving 
set was obtaiuecl. 'I'his set was the  R.P.  11, specially designed by the 
hlarconi Wireless Telegraph Compa~iy  for time signal reception a t  wave 
lengths of over 15,000 metres. 

It has -1. valves with a 3-foot square frame aerial, and consists of a 
cletector, a note-filter amplifying stage, a plain note magnifier stage and 
a local oscillator. Wi th  this, no cl~ficul ty is experienced in receiving 
time signals in India from Rugby,  Bordeaux and Nauen, though sig~~als 
from Nauen are rather faint.  The clirectional properties of the frame 
aerial enables atmospherics to  be greatly reduced. 

r l  device, known as the " phazing uni t"  P. B. 1 with a fifth valve, 
can be coupled to tlie receiver, bringing in a small vertical aerial 30 ft. 
high. This gives increased clirectional properties, and was intendecl to 
further eliminate atmospherics. I n  practice its use gives a great increase 
in the volume of souncl, but  atmospherics are not reduced, and, if there 
are thnncler-storrns near by, the time signals are best received without 
the phazing unit. A picture of tlie wireless set  is given in Plate TTIII. 

12. Field Season 1927-28.-The field season was planned 
to ext,end our knowledge of gravity and the  geoid to  the  extreme north- 
west borders of India, and also to cliscover whether any exceptional 
I-layford gravity anomalies woiild be found in the neighbourllood of tlie 
Hhmhn-i-hlashkel in the Chagai district, upper Baluchistin. 

The  party took with it a large prismatic astrolabe, so that astrono- 
rriical 1at.iturles and longitncles coulcl be obtained. 'Che field season's work 
is convenie~~t ly  divicletl into two main portions, w h ~ c h  are described 
below:- 

I. Observations in Ln4 Bcln State and Sind. 

IYtntio~ra.-Observations were made a t  seven stations on a line 
running roughly from west to east through Ka~tichi ,  (the line extending 
from Chandragup, 150 miles west,, to Kakeja, near the Kann of Cutch, 
1 0 0  niiles t,o the east of Kargchi) as well as a t  IIyderabiicl (Sintl). 

Observat~ons were first macle a t  Kargchi, while camels mere being 
collertetl by the IYazir of Las Bela for the journey to Chandragup. 
Thew carnels proving satisfactory, they were retained for the whole 
t ~ r n e  until the part,y entrained a t  Baclin for Hyderlbad.  

Jr~rt~tr.r c?j ' t l~c '  r-flu)~t).!/.-Las Bela, though very swntly and dry, 
prrsel~tctl a ~ h n r r n i n ~ l j -  variable type of scenery, and aho~~ndecl in  
sniall Z n l l I p .  Illex ant1 panther are plentiful in the low J I : I I , ~  Range, 
west of tht3 Relu station. 

Cl,s~rtlragul), which is a trianql~lation station of the Malrr5n Coa9t 
eerie.: of l\!)ti, t ~ ~ r n e d  out to he an active mud volcano, and, i n  the hills 
arol~ntl. are nnniherless nirld cones, some of them active. An excep- 
tionall! I>lr on* ovel I ,OUO fret lligl, is shown in the back :.round of 
Plate I S .  In  the for~grooncl can be seen the valley, filled n-~t l l  mud, 
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which being impregnated with  hygroscopic salts, remains plastic and 
flows exactly like a glacier. 

Oil mas eeen on t h e  surface of a s t ream in this  neighbourhood. T h e  
Sind country, in comparison with L a s  Rela, was most nninteresting, 
mainly a flat clayey plain. 

11. On the Nushki-1)uzdnp railway extension nnd in the neighbourhood of 
the Hamun-i-Mashkel 

,Stations.-Observations were made a t  five stations on the  railway 
more or less equally spaced from Nushki  t o  Warechah. T h e  H ~ m i i n - i -  
Meshkel stations were spaced about  twelve miles apar t  on a line run 
roughly north from Galugah Por t  across t h e  east end 01' t he  depression. 

Special reasons for obsevvations i n  the 1f1Trn~n.-The H i m  iin-i- 
Mislike1 area was specially select,ed by t h e  Surveyor General for gravity 
observat,ions, because t h e  topographical surroundings were similar to 
those of Seattle in America, where exceptio~ially large negat,ive Hayford 
anomalies have been found and Brigadier Taody  was of opinion that ,  if 
similar anomalies were found in this  region, some progress towards 
the solution of t h e  problem raised by them might  be made. T h e  
observa.tjions ho\vever show conclusively t h a t  t,here are  no exceptional 
anomalies in this region. 

The E-Ifinifin-i-Miishliel itself is a vast expanse of saltpetfire. Only 
a narrllw a rm of this  a t  the  eastern end, known as  the  \.\'adi-i-Salliin, 
was c~ossecl by the  party.  For aborit six horirs t,he partly crunched 
t11rougl1 a white efflorescence of salt.petre, gleaming like s ~ ~ o w  in t,he 
nioonli~lit~. 

Sont,l~ of the I-lSmfin the  grouncl rises rapitlly to  the  hills. On t,he 
nortl~, for 1; miles or more, it is flanked by a flat desolate plain of l ight  
salt-i~n~)regnated soil, covered thickly with small blacli pebbles ; then 
the g ~ . v ~ ~ n d  rises ahrul~t , ly  a lirindred feet in an  escarpment to a plain, 
ivhicl~ slopes gently nort.lin.artls. The  hlacli 1)ebbles are a very  leasan ant 
featl~rc,  since, as a r e s ~ ~ l t ,  there is no glare.  

15verj\\rlicre there arc signs of volcanic ectivit.,v, the  act'ive volcano 
Koh-i-'I'ai't;iu, over 13,000 feet high, is t,o t h e  west ;  to  tlle north is 
M' I 111  .' Sliltiin, wl~icli is appare~~t8 l !~  a great  cinder cone. 

serms likely t,hat th is  is an area of snl)sicle~lce resulting 
from f l ~ e  volcanic or~t .~>onrings ror~ntl i t .  In  tl1f1 part t~.nversetl by 
tile pnrr \., eseept, for a, l i n ~  of I~igl,  santl tlr~nes I I I . ~ I .  (;al~ignli Fort ,  
there is 1~1.n,ctic:~.l1~ F W I I ~ I .  1'11~ a.rea. ro~11i1 l { : i I ~ r ~  i s  f'c1.1ile alld c r~ l t i -  
vatell, tllcl 110pt11"~ion 1nig1,nting to  the  f e r t ~ l e  (late y o \ . r s  o f  1~5tlgasht 
for t'lle Iiot weat l l e r .  

H7rrt,,r in fhr. ~ f i m  ;,I nl.rrr.-It was mosi f1,l.i nnate t . l ~ a t  
Px~q't io~~n.l  t.ains occllrret], fillillg tllc n.ntel~-lrol~~s a f'ol.tni,rrl~t I~cforr  the  
!I"."t!. ~11tt.rp11 t,ilis area. TIle matel. n-as g r r rn  311tl vrrj-  lively, 1111t. Iln 

1 1 1  I I P R . I ~  1 1  ~ . p s ~ ~ l f ~ d ,  A t  tllC jya(li-i-Slllf:'\tl s1n.t io~r ,  \r :~.te~. lln11 f o I)(? 
parried 1n  tile cam], from tIlc KR.]a,ntli spr ing,  1 5  n~il~b!: ~ \ \ . : N Y .  

I ' l inlrr  t ic c ~ n , j i t i n n n  ilt the jTrjnl li nl.rrr. -Rcn~n~,knhIr. rh;r.ngcs i t )  

t e m l l ~ a t ~ ~ r e  opcllr at, t,lli8 t ime of t,hc year, t,l111~ 0 1 ,  t .11~ :)l'd of hlat'ch 
'he maxiniam day temperature lvas over 90" in the  shade a n d  the  
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night  mas oppresssively hot, but, two days later, there was an icy 
mind from the west and the  temperature a t  noon was barely above 
freezing point. in the  shade. During the next week there was frost at 
night,  8' of frost being recorcled on two occasions, after which it again 
became hot. 

Visibility.-Owing to  sand haze visibility in the Hiimiin 
was very limited, so that resections from points on the distant mountains 
were not possible. The  astrolabe was used to  give the position of the 
gravity stations astronomically, except a t  Galugah, which mas close to a 
tria~igulatecl point, and 111:ights hacl to be estimated. This was easy 
owing to  the  extreme flatness of the  country, so t ha t  the estimated 
heights are not likely t;o be as  rnoch as 20 feet in error. Local thunder- 
storms made barometric pressure very variable, so barometric or hypso- 
metric height's could not be relied on. 

Escort.-As tliere was danger of raiding from lawless bands from 
across the Persian borcler, an  escort of eighteen tribal levies was provi- 
ded for the party. This escort and the camel men were a very cheery 
lot, in marbeel contrast to those in La. Bela, and the marches were 
enlivened \vit,ti song t h r o u ~ l ~ o u t  the uiglit. 

They mere remarkable athletes; several coulcl clear a height of 
over five auil half feet with a bad take off. 'I'hey were however poor 
marksmen, a two-foot sqrlare t,arget remaining nearly int.act after about 
a hundred rouncls l~atl  been fired at i t  from a distance of a handred 
vards. Tlie party was uudisturbed by raiders. 

13. Strength of party, transport and health.--'rile 
party consisted of two officers, a clerk, two computers and 24 khalisis. 
The gravity and astronomical observations were done by Major E.A. 
Glenu~e  ancl Mr. H.L. C;trlatee, n.11 

Camel transport was employed throughoat the season. Owing to 
the heat ancl aritl n:~tnre of t I ~ e  conntry the ,,arty nearly a 1 n . a ~ ~  marched 
a t  night,  Sreclne~ltly strikin: camp a t  5 1) rn. atid reaching t l ~ e  next camp 
a t  H a.m. or Intcr; and then observations would commence a t  nightfall 
the same (la!. 

Except for kame f e t ~ r  a t  lI?-cler:ibitl, health mas excelleut. 
14. Clock rates.-'I'he clock used for gravity work was the 

S t r a q s ~ r  an(1 K011tle 1 > 1 ) ~ ~ ~ 1 ~ 1 1 1 1 ~ 1  ~ l ~ c l i  NO. 238. This had bee11 overhauled 
a t  tile ,\.Iathenlati(~;~I Instrrirnent OfFice, Calcritta, after tlie ICashmir 
srnLcjn,  nrlrl qa1.e c ~ c ~ l l e r ~ t  results. 

The ].ate< were ohia~ned 1)y qett inc t ime signals twice daily from 
n o r . l e a ~ ~ r ,  and t n  ice (]ailJ- from 1i ughy, file t,ilner of receilit< of s!gnalgl 
in Indian Stancla~*cl Time, being:- 

Rortleaux 1 .:3O p.m. anrl 1 .:3O a.m. 
R11yt)y 3.30 1) m, n11t1 11 .:JO p.m. 

11 relay was tiset1 to break the par-l,\lone pirruit of the wirelegs 
receiver, RO that the s~gna l s  \anishe(l, as  coinci(lrnce with thp clock beats 
approached, tllr first wlreless siqnal after the silent period marking the 
coincidence. 
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TABLE 2.- Diference between individual and mean p e n d u h ,  
season 1927-28. (The unit ia 10-7 sec.). 

TABLE 3.-Times o f  vibration at Dehra Dcn. 

1927-28 
November 3, 4 

, I  4 
9 ,  4 , 5  
8 ,  5 
,, 5,  6 
v ,  G 

Mean 

I April 17 
,. 17 
I, 1s 
,, 18 
,, 19 
1 ,  19 

Mcnn 

Qenoral Mean 

Difference Apr. - Nor. - 
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TABLE 4.-Mean times of vibration and deduced valuer of g, 
season 1927-28. 

Kame of station I I C I  Mean 

Chanclragnp s 
6 - S o  

g 

Relu s 
P - so 

g 

Gndini  h 

s - R ~  
g 

Krrrich~ s 
8 - so 

0.50!'9803 
+ 280 

978.955 

0.5079775 
+ 255 

978.963 

0.5079777 
+ 254 

978.065 

0.5079787 
+ 264  

978 961 

0.5079808 
+ 276 

978.957 

0.5U79i82 
+ 249 

978.967 

0.5079801 
+ 268 

978.960 

0.5079795 
+ 262 

9i8.062 

Sibiji 
s - &,, 

g 

Vlk~a 6  

6 - so 

g 

Kakeja fi 

6 - 6" 

g 

Hyderibicl (Sindl 
6-So  

9 

Dilbandin s  
8 - 8, 

u 

Galugnh 8 

S - e O 1  
g 

H i m i n  s 
s - s o ,  

0.5079806 
+ 273 

978.958 

0.5079820 
+ 287 

978 962 

0' 5Oi9840 
+ 307 

918.945 

0.5079742 
+ 209 

978 982 

0.5079741 
+ 208 

9'78.983 

0.5079i60 
+ 217 

978.979 

0.5079724 
+ I91 

978.989 

0. 5079676 
+ 142 

979 .OUR 

0.6079610 
+ Ofit; 

9i0.030 

0.50i9820 
+ 297 

978.049 

0-5079861 
+ 341 

978.932 

0.5079832 
+ 309 

978.944 

0.5079738 
+216 

978,980 

0 5079741 
+ 218 

978,979 

0.6079746 
+ 223 

978.9i7 

0.5079713 
+ 160 

0.5079822 
t 294 

918.950 

0.5079785 
+ 257 

978.964 

0 -  5019776 
+ 248 

978.968 

0.5079794 
+ 266 

978 960 

0.5079811 
+ 283 

9713.954 

0.5079782 
+ 254 

978,965 

0.5079786 
+ 257 

978.964 

0.5079792 
+ 264 

918 961 

0.5079811 
+ 294 

978,950 

0.3079862 
+ 334 

978 934 

0.5079837 
+ 309 

978.944 

0.5079768 
+ 230 

978,974 

0.5079745 
+ 217 

978.979 

0 5079752 
+ 224 

978.977 

0.5079717 
+ 189 

978.990 

0.5079705 

978.995 + li7 

0.6079617 
+ 089 

979 - 029 

g l  g78.gg0 Rahra s I 0.5079690 

0.5079816 
+ 288 

978.952 

0.5079849 
+ 321 

978.939 

0.50i9836 
+ 308 

978.944 

0.6079746 
+ 218 

978.979 

0.6079742 
+ 214 

976 .980 

0,5079749 
+ 221 

978.978 

0.6079718 
+ 190 

978.900 

0.5079692 
+ l6& 

gi9.000 

oe6Oi96l6 
+ 088 

070.02~ 

(~onttnued) 

k - 60 
9 

\Vndi-i .Snlt;~u 8 

s - s,, 
g 

+ 173 
978.996 

0.50196l1 
+ OCiH 

919.029 
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TABLE 4.-Mean times of vibration and deduced values of g, 
season 1927-28-(contd.). 

i'tIe:rn 

0.5079627 
+ 099 

979 025 

0.60iQ596 
+ 068 

979.037 

0.5079684 
+ l5G 

979.003 

0.5079756 
+ 228 

978.975 

Name of station I A I - 
Nolckondi s 

6 60 

g 

~ a r e c h a h  s 
6 -  b0 

g 

Yalimach s 
s - so 

g 

Nu~hlil s 
s - L o  

p 

0.5079616 
+ 093 

9i0 .027 

0.5079592 
+ 069 

979.036 

0.5079G81 
+ 158 

979.002 

0,5079744 
+ 221 

9i8 .955 

0.5079629 0.5079635 
+ 096 I +I07  

970 026 

0 5079606 
+ 053 

979.035 

0.5079659 
+ 156 

979.003 

0.5079760 
+ 287 

958.975 

979.022 

0.5079500 
t 062 

970.039 

0.5079681 
+ 153 

979.004 

0.5079762 
+ 235 

978.972 
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TABLE 5.-Modern grnvity obse~vntions in India. 

NO. 1: ," 1 Station ~~t~ ~ ~ i ~ ~ , t  Latitude Longitude I I I N. I E. ( [ g - T A I J - y c  

1 
2 
3 

4 

5 
6 

7 
8 
9 

10 
11 
12 

13 

53J 
66C 
478 

535 

,, 
73H 

78D 
78C 
78B 

,, 
i8C 
78B 

78A 

cm/sec3 

979.063 
978.2'79 
978.631 

978.776 

978.793 
978.659 

978.878 
978.956 
978.922 

978.952 
978.968 
978.887 

14 
15 

16 
17 
18 

19 
20 
2 1  

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 

cntlsec3 

-0.074 
-0.013 
t0.063 

+ 0.087 

+0.086 
+Om006 

-0.014 
+0.012 
-0.113 

-0.060 
-0.019 
-0,149 

+0.055 

crn/secg 

+0.006 
-0.053 
+Om063 

... 
t 0.053 
+0-006 

tO.005 
t0.039 
-0.020 

to-003 
+0-021 
-0,039 

to-032 
0.000 

+0.189 

+ 0.091 
-0.034 
-0.042 

+0.007 
+ 0.007 
-0.165 

0.000 
-0.097 
-0.055 

+0.014 
979.119-0.127-0.059 

-0-021 

+0.031 
-08106 

979.129-0.101-0.044 

979-143-0-088-0'029 
-0.054 
-0.024 

-0.020 
-0.070 
-0.060 

Dehra D i n  ... 
Nndras ... 
Coliba ... 
Mussoorie ... 

(Dnnseverick) 
,, (Camel's Back) 

Cnttack ... 
Chitra ... 
Kisnapnr ... 
Jalpaignri ... 
Kesarbiri ... 
Himchindpur ... 
Silignri ... 

t0.010 
+ 0.048 
+ 0.036 
tO.018 
+O.C02 

+Om040 
+0.038 
-0.076 

+ 0.019 
-0.064 
-0.031 

t0.038 

-0.003 

to-007 
- (~'017 

-0'007 
+0'008 

+0'Oo5 
+0.Oo3 
+ o'f304 

(continwed) 

1 2 04 
5 304 
20 3 04 

24 404 

17 5 04 
14 la 04 

1 105 
19 105 
1 2 05 

16 2 05 
26 2 05 
14 3 05 

, , 
78 03 22 
801454 
72 4845 

78 03 33 

78 04 32 
86 62 01 

882327 
88 48 29 
88 44 13 

88 31 26 
88 32 58 
88 24 50 

feet 

2239 
20 
34 

7129 

6024 
92 

64 
113 
2G8 

204 
132 
387 

Dajeel ing ... 

, 
30 19 29 
130408 
18 53 45 

30 27 28 

30 27 35 
20 29 05 

241240 
25 02 26 
26 31 16 

26 07 41 
25 40 57 
2G 41 47 

21 3 05 
29 305 
12 4 05 

16 12 05 
23 12 05 
2 106 

11 106 
10 1 06 
3 206 

18 2 06 
1 3 06 
9 3 06 

17 3 06 
23 306 
30 3 06 

4 406 
8 12 06 
181206 

i8tl/ Knrseong ... 

/ .. 1 iMeernt 734 12900 26 

6966 
4913 
11766 

7043 
2202 
835 

708 
647 
1088 

657 
397 
404 

183 
434 
3522 

6520 
949 
867 

879 
810 

77 42 03 
77 54 37 
77 68 03 

78-4 

59E 
63B 
44N 

44 1 
445 
43P 

28 3302 
30 10 63 
30 14 26 

I I 31. 53H Gesupnr 691 
35 1 5 3 ~  1 Mohrn 1660 

2702 47 
26 62 51 
27 06 06 

31 06 19 
3050 08 
30 55 26 

31 31 37 
30 65 48 
32 1633 

30 33 47 
30 03 49 
:30 11 11 

28 16 84 
293246 
29 62 25 

301215 
29 56 29 
296220 

,296328 
129 3055 

979.125 
979.109 
979.059 

88 16 08 
88 16 45 
88 00 I6 

77 09 50 
76 66 22 
7551 09 

74 22 32 
74 37 04 
75 3903 

i3 06 18 
70 46 38 
71 25 51 

68 27 05 
675231 
67 18 20 

670041 
78 09 19 
776369 

774025 
77 39 06 

Sandakphi ... 
Simla ... 
Kilka ... 
Lndhiina ... 
Miin JIir ... 
Ferozepore ... 
Pathinkot ... 

35 1 , 

978.601 
978.626 
978.190 

978.840 
979.147 
979.274 

979.383 
979.341 
979.237 

979.321 
979.192 
979.243 

,979.186 

978.960 

978.851 
979 122 

970.164 
77 41 40 

Aerror~ 2467 

979.151 

I 
J4F) Nontgomery ... 
39J / Dera GhLi Khin 
393 ~ I n l t i n  ... 
39D Jecobibid ... 
340 Sibi ... 
., / Mach ... 

34N Qnetta ... 
5 3 6  Hardwir ... 
5.301 Roorkee ... 

I 
,, Nojli 
,, hal l ina 
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TABLE 5.-Modern g~av i ty  observations in. India-(contd.). 

Longitude 
Hi. 

Latitude 
Na Height No. @ r Station 

37 
38 
39 

40 
41 
42 

43 
44 
45 

46 
47 
48 

49 
50 
51 

52  
53 
54 

55 
56 
57 

58 
59 
60 

6L 
62 
I3 

69 
6 5  
66 

67 
'8 
69 

Date 

Fatehpur ... 
Ei l s i  ... 
Rijpur ... 
Bangalore ... 
Mysore ... 
Edgnr Shaft ... 

(Surf ace) 

Salem ... 
Yercand ... 
Ootncamund ... 
Kodailtinal ... 
Uijnin ... 
illhow ... 

hiukhtiira ... 
Mortakka ... 
Khond\vi ... 
As~rgnrh ... 
Jilgaon ... 
Amraoti ... 
Ellichpur ,. 
H o s h n n ~ i b i d  ... 
Shihpur . 
Radnilr ... 
Snugor ... 
Damoh ... 
Rntni ... 
IJrnar~i ... 
l'endrr ... 
Hilispnr ... 
Ita~pur ... 
Amgnc)~~  .., 

Sconi ,.. 
J n l r l ~ ~ l ~ , o ~ ~  ,,. 
Ma111nr ... 
Allnhil,;d 
Snltinpnr .,, 
Rangoon ... 

feet 

1434 
1684 
3321 

3118 
2501 
2945 

948 
4493 
7395 

7665 
1612 
1903 

926 
576 
1014 

2077 
760 
1123 

1314 
1002 
1286 

2103 
17.57 
1313 

1254 
1499 
1 9 ' ~ ~  

878 
996 
1032 

2032 
1467 
1 1 ~ 1  

288 
314 
164 

53F 
,, 
535 

67G 
b7D 
57L 

58 I 
,, 
58A 

58F 
46hl 
4GX 

,. 
55H 
55C 

,, 
460 
5SH 

55C7 
5517 
, 
550 
551 
5511 

c 4 A  

6 ; ~  

61.T 
CbG 
GlC 

GLF 
3511 

5 4 07 
10 407 
19 4 07 

2 2 08 
7 2 08 
21 2 05 

1 3 08 
6 308 
15 3 08 

22 3 08 
31 1208 
8 109 

16 109 
22 109 
29 1 09 

8 209 
18 209 
2 309 

13 3 09 
26 3 09 
4 4 09 

11 409 
26 11 09 
6 1209 

12 12 09 
20 1209 
30 12 09 

10 110 
20 110 
31 110 

13 2 10 
p g  2 10 
15 3 10 

25 3 10 
7 4 10 

18 1 1  10 

, , 
30 25 53 
303108 
30 24 2 

13 00 41 
12 18 52 
12 65 47 

11 4005 
114656 
11 2437 

10 13 50 
23 1100 
22 33 10 

22 23 40 
22 13 20 
21 49 30 

2i2810 
210000 
305550 

21 18 20 
22 45 00 
12 11 30 

21 54 10 
23 51 97 
23 49 5-1 

23 50 25 
23 31 37 
22 46 41 

220358 
21 13 hG 
21 21 31 

22 06 29 
28 08 5.1 
24 16 38 

25 25 55 
26 16 00 
3647 65 

, 
77 43 37 
775026 
78 05 4'7 

77 35 01 
76 40 20 
78 15 41 

7809 10 
781229 
76 4203 

77 27 56 
754700 
75 45 40 

75 58  40 
7602 50 
76 21 30 

761750 
i53350 
774540 

77 3040 
,77 43 50 
77 54 10 

7754.10 
78 48 
79 36 

80 26 
80 54 
83 00 

72 

cm/secZ 

-0.074 
-0.073 
-0.040 

t 0.026 
t 0.014 
+ 0.064 

-0.036 
+Om083 
+0.195 

+0.16? 
-0.002 
+ 0.009 
- 0.028 
- 0.011 
+0.044 

+0-057 
+0.011 

978.609'+0.025 

+0-030 
+0.011 
+0.017 

+0.056 
+ 0.021 
-0.001 

+O 001 
t0.027 
+ 0.021 

cm/sec3 

979.147 
979'131 
979.002 

978'025 
978.045 
978.076 

978.116 
977.908 
977.735 

977.643 
978.677 
978.620 

978.664 
978.703 
978.692 

978.584 
978.683 

978,618 
978.719 
978,663 

978.607 
978.731 
978.758 

978.767 
9i8.740 
97'3.638 

I 

61(:  
63-T 
94@ 

cm/secZ 

+ 0-019 
e0.033 
+ 0.026 
-0.025 
-0.023 
+ 0.009 

-0.048 
-0.033 
+0.012 

-0.032 
-0.011 
-0-015 

-0:019 
+ 0.005 
+ 0.047 
+0.030 
+0.020 
+0.026 

+0.031 
t 0.021 
+ 0.023 
+0.038 
+ 0.01 1 
+0.004 

+O"007 
+O @29 
+ 0.008 
+Oa013 
-0.003 
-0.003 

+0.030 
+ 0.040 
-0.003 

+ 0.009 
+0.01G 

(Poi~fija~ird) 

8212 
81 4!1 
80 28 

'77 29 
70 69 
8048 

81 55 
82 0436 
960908 

978,691 
978.612 
978.614 

958.622 
978.719 
9i8.784 

974.912 
978.939 
07H.4Bi 

+0.005 
-0.002 
-0'004 

+ 0.052 
+ 0.028 
-0.00!' 

-0,012, 
-0.053'-~~02'7 
+O-021 
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TABLE 5.-Modem gravity observations in Indict-(contd.). 
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TABLE 5.-Modern gravity observatio~ss in India--(contd.). 

", lj a 1 station 

cm/sec2 

078.551 
978.727 
978.749 

9i8.836 
978-700 
978,930 

978.679 
!J78.740 
9i8.896 

978.950 
9713.998 
979.023 

070.045 
979.010 
979.003 

979.013 
978.977 
976.949 

976,943 
!J78.923 
9$8.89> 

!)i9.394 

Y79.34,G 

Ri9.024 
Si!) 608 
!)iU.OJY 

379.032 

109 
110 
111 

112 
113 
114 

115 
116' 
117 

1 
119 
130 

121 
122 
123 

126 
125 
126 

127 
128 
129 

I30 
131 
132 

133 
l34 
135 

la6 

, , 
72 52 10 
72 48 05 
73 11 06 

72 33 155 
725005 
72 11 30 

72 43 00 
72 69 00 
73 03 35 

73 19 25 
790056 
79 38 00 

794931  
79 65 52 
80 41 08 

110 44 24 
81 33 4 , l  
81 56 23 

82 35 45 
9403 05 
84 54 35 

7406 28 
734,241 
73 01 07 

i 3  23 16 
$3 23 U7 
74 41 00 

74*46 09 I 

feet 

12  
30 

109 

156 
15 

466 

3836 
51 

872 

719 
492 
493 

610 
610 
449 

514 
403 
352 

3Gt 
208 
220 

766 

1754 

6885 
223:) 
5193 

6200 
7 
'38 

I39 

cm/sec2 

-0.005 
+Om027 
-0.015 

+Us031 
+O.O4'd 
+0.043 

+0.114 
+0.009 
+Us016 

+ 0.010 
-0,035 
-0,052 

-0.114 
-0.073 
- 0.090 

-0.142 
- 0.121 
-0.123 

-0.166 
-0.153 
- 0.153 

- 0  052 
079.3!16-0~0Y8-0'022 

-0.103 

+Oe!J32 
- 0,167 
- 0.11(i 

-0.094 
Gus1 (34 13 64 
9050 31 1802 

, ,, 
18 38 30 
21 1006 
22 18 36 

23 01  20 
202445 
24 16 20 

8 &  35 40 
21 42 05 
25 08 56 

25 47 30 
064700 
27 22 06 

28 3905 
27 5 1  21 
27 33 13 

28 27 39 
27 34 02 
27 08 21 

27 31 4,3 
27 08 06 
26 39 10 

32 2648 
7G4.325520 

33 36 41 

33 54 07 
34.31 0 s  
'34 11  14 

34,12 CR 

cn/sec2 

+0:032 
-0.508 

+0.036 
+O.O4(t 
+0.04? 

+0.029 
+0'01G 
+0.023 

+ 0.020 
-0.013 
-0.029 

-0.056 
-0.039 
-0.054 

-0.087 
-0.062 
-0.085 

-0.091 
-0.088 
-0.099 

0'000 

-0.047 

-0.025 
- 0.048 
-0.090 

+O.OlO 

27 12 13 
12 1 14 
28 1 1 4  

4 2 14 
5 2 1 4  

10 2 14  

19 2 14 
21 2 14 
26 2 14  

5 3 14 
26 1123  
6 12 23 

16 1223  
26 12 23 
12 1 2 4  

22 1 2 4  
2 2 24 
7 2 24 

11 2 24  
19 6 2.1 
2G 2 24 

27 2 25 
3 326  

10 3 25 

15 3 25 
22 3 25 
14 4 26 

1 6 26 

47B 
46C 
46F 

461 
46D 
45D 

4'6~ 
45U 

, 
54N 
64M 

53P 
5431 
631\ 

62D 
63E: 
,, 

G3I 
72A 
781J 

43L 
4,311 
43U 

4'4~ 
435 

,, 

Alibig ... 
Surnt ... 
Barodu ... 
Ahmndibcd ... 
Damin ,.. 
Deem ... 
Abu ... 
Broacll ... 
Erinpure ... 
Pili  Mirwir  ... 
Ktiwrth ... 
Fatehgarh ... 
Pilibhit ... 
Shihjahinpur ... 
Sitipur ... 
Sontiripur ... 
Bahraich ... 
Gondii ... 
Gainsari ,.. 
Bagaha GLit ... 
MotThiri ... 
Wt~zirtibiid ... 
Jhelum ,., 
Rnwalpindi ... 
alnrree ... 
]>omel ... 
Shiidipur ,., 

Gnndnrbnl ... 
74 58 29 't).i~.:>!lo 
,76 16 19 l9;S.SIO 

12 5 26 
22 5 21 

14 (; 26 

, 
43N 

-I.S,T 

- 0.1051 + L\.CIli 
-0 .013 '+0 .043  

I 

142 
143 
14-4 

l ~ ~ ~ ~ i n m n r g  141 ,, 1 Deoeai I .., ,.. 

liaynn . . . 
Soninlsrg 

Churawsn ... 
20 29 6 6 25  25 

8151 31,3932 745401  

L 
4381: Deosei I I  ,.. 
43x1 Deosai 111 ,.. 
43.J Lilpur ... 

!)iS.%Sl -0.05G 

4 7 25 
9 7 25 

28 7 25 

13311 936!:{T '34 67 21 76 1441 

12806 35 02 04 7.5 23 47 
12R9l 31  55 4.7 175 25 38 
6633 31  03 37 7433 12 

t 0 . 0 3 2  

978.625 9i~.80r;i +O 146 +0.030 

979.627 t 0.094 
978.674 +0.111 

+ 0,062 
t 0.09fi 

!)79.080 -0.045 + 0.017 
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TABLE 5.-Modem g r a v i t y  obsevuations in India-(concld.), 

Y 

No. 1; 2 I Station Date  ( Height I Lag;de ILon$yel g 1 g - y A  1 g - y c  

- - - - -. - - -- 

Srioagar ... 
Pii~galnn ... 
Y u s  RIaitlSn ... 
b r a g  ... 
Tosli Maidin ... 
Karicbi ... 

Chandragnp ... 
Re111 ... 
Gndini ... 
Sihiji  ... 
Vikin ... 
Kakeja ... 
H~rlerSbiitl (Sind) 
Dilhandin .. 
Galugab ... 

H i m i ~ n  ... 
llrrbro ... 
IVatli-i-Snltnn ... 

Sokkondi , , .  

Warechnh . , ,  
'k'akulach ... 
X~rlaki  . 

145 
1-16 
147 

lf i  
149 
150 

151 
1.52 
153 

154 
1.55 
156 

157 
15s 

- - 

4 8 45 
17 8 25 
22 8 2 5  

27 8 16 
31 8 25 
24 11 2 i  

13 12 25 
33 12 27 
31 12 27 

15 1 28 
23 1 2 8  
30 1 28 

!I 2 28 
64 2 2 8  
6 3 28 

9 3 2 8  
12 3 28 
16 3 28 

21 3 28 
24 3 28 
29 3 28 

1 4 28 

43J 
&31i 
,, 

4:1K 
,, 

35P 

35G 
35K 
,, 

36P 
4OD 
,, 

4 0 C  
XI)  

-- 

o1l/sec2 

979.096 
979.076 
975'918 

978.752 
978 808 
9'78.961 

958.954 
978.963 
978.967 

978.952 
978.939 
978.944 

978.979 
978.980 
978.978 

9 7 8 . 9 9 ~  
9 7 9 . 0 ~ 0  
379.029 

979.026 
979.037 
979.003 

978.975 

1-59, 2\31 

160 / 30P 
1 1 , 
1153 / ~ O L  

I 
3 , 
164 i311H 
16.1 1:iOl' 

1I:R I :Ilk 

c t ) ~ / s e c ~  

-0.070 
- 0  073 
+Os024 

+0.149 
+0.135 
t 0.023 

- 0 025 
-0.031 
+0.010 

t 0.031 
+0.012 
+0-014 

t 0.004 
+0,005 
-0.033 

-0.028 
-0.027 
-0.016 

+0.009 
+ 0-034 
+ 0.004 

+0.002 

, ,, 
7449 27 
74 66 59 
74 39 57 

7433  19 
74 29 58 
67 OY 47 

65 50 34 
66 22 24 
66 43 4.2 

67 36 06 
6803 39 
68 34 26 

68 21 17 
642464  
63 02 66 

630425  
63 14 
ti2 59 52 

62 4442 
ti1 54 26 
63 50 62 

66 03 43 

-feet 

5198 
5627 
7867 

10952 
10316 

29 

43 
33 
67 

211 
47 
33 

41 
2786 
1634 

1600 
1600 
1609 

I 
2281 
2468 
2403 

3339 

- 
crnlsef 

t0.021 
t0-012 
+0.008 

t0.034 
t0.060 
t0.019 

-0,023 
-0.019 
+ 0-007 

to-025 
-0.010 
t0.014 

+0.008 
tO.009 
-0.008 

-0.008 
-0.007 
t 0,006 

to-019 
toe048 
+0-014 

t0.016 

, ,, 
340436  
,33 64 23 
33 49 57 

33 48 32 
33 56 18  
2450 17 

85 26 38 
25 39 58 
25 06 36 

64 51 18 
2441 51 
24 42 55 

25 22 59 
285331  
27 66 39 

2801 15 
2807 I8  
28 61 14 

28 40 31 
2 8  51 57 
26 4439 

1.20 32 27 
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TABLE 6.-Observations in or near India  made by non-departmental 
observers. 

Date &observer Height Latitude 1 I N. I E. 1 / g - y A l g - Y C  6 
iZ 

Station 

535 
435 
52P' 

52R 
43N 
52B 

13M 
62E 

13M 
5114 
51F 

42M 
... 

The de Pilippi Kara-kotam E'zpedition 1914 

Dr. Vening Mei~nesz's Subtna~ine Expedition* 

Debra I ) i n  
Srinagnr ... 
Leh ... 

L a ~ n a y a r ~ ~  ... 
Dris ... 
Uargi! ... 

52ATolti ... 
Wozul Hadur 
Dopsang ... 
SkCrdn ... 
Snget LZaranl 
Yirkand ... 
Icashgar ... 
Tashkent ... 

.,. 

... 
a,, 

49 D 
69E 
59N 

GS C 
, ,  ... 

88 B 
880 
97 B 

97B 
97 L 

, 
30 19.5 
34 04.3 
34 10.1 

34 17.0 
34 25.8 
34 33.7 

35 02.0 
35 11.9 
35 17.4 

35 17.5 
36 20.9 
38 24.4 

39 28.3 
41 19.5 

Alcssio 1914 
I ,, 
,, , 

99 ,, 
9 ,  ,, 
8 I ,, 

,, 
,, ,, 
,, ,, 

1, ,, 
G .  Abctti 1914 

t, ,, 

I )  ,, 
) I  , I  

* r';rlr Vol. 111 In te rnnt ionnl  Geodetic Hcpcrrt 1!)2(;. 

cnt /sec?crn /sec2  

-0.059 
-0.073 
-0.060 

-0 -035  
+ 0.043 
-0.014 

-0.1480 
+ 0.093 
+ 0.056 

-0.145 
+0.01Y 
-0.126 

-0.178 
-0.059 

fee t  

2229 
5217 

11546 

11319 
10108 
8901 

7904 
13021 
17582 

7326 
12002 

3937 

1312 
479 

+0'016 
-0.011 
-0.014 

-0,013 

+0.036 

+0.014 

, 
78 03'2 
74 49.8 
77 35.1 

76 46.4 
75 G . 4  
76 07.5 

76 06.3 
75 32.3 
77 58.4 

75 38.5 
78 01 a6 
77 16.8 

75 59.1 
69 17.7 

+0.002 
-0 .021  
- 0  032 

-0024.  
- 0.020 
+0.012 

+0.080 
-0.069 
-0.020 

-0.068 
+0.097 

cmjsecZ  

979.079 
973.090 
978.629 

978.575 
978. i78 
978.845 

978.853 
978. 53(; 
978.165 

978.924 
978.74,l 
979.530 

979.637 
9SO.Oi8 

0 I 

61 54 
6558 
68 4.6 

7 2 4 8  
77 28 
79 51 

80 12 
no 12.5 
87 07 

92 60 
06 19  
06  53 

DG 50 
98 63 

U I 

7 57 
7 5 3  
7 56 

R 06 
7 20 
6 56.5 

5 6 . * 5  
5 32 
5 44 

6 02 
5 65.5 
6 01 

C 0 1  
4, 26 

Colombo ... 

St11>11ng ... 

Y7R-136 
978.111 
978.102 

9Li8.113 
978.099 
978.118 

978.1(;8 
078.014 
978.065 

976.024 
978.181 

19 11 23 
20 11 23 
21 11 23 

22 11 23 
24 11 23 
28 11 23 

5 12 23 
5 12 23 
8 1223 

10 12 23 
12 12 23 
18 12 23 

1812 23 
19 12 23 



TRIANGULATION 

1. G e n e r a l . - N o  principal triangulation was undertaken, but 
No. 1 5  Par ty  mas engaged throughaut the season, a t  the  special request 
of the Director, Frontier Circle, on seconclary work ' in the North-West 
Frontier Prov~nce, where a reliable framework was required to co ordi- 
nate the elaborate network of minor triangulation executed daring the last 
half century. 

This work consisted of two extensions connecting the main primaley 
series t o  recent minor triangulation on the  frontier, and the commence- 
ment of a secondary series through Waziristln. 

The  headquarters .moved a t  the beginning of November 1997 from 
Murree to  Peshlwar, remaining there till work was completed i n  the 
middle of April 1928, when the party returned to  Dehra Diin. 

2. P e r s o n n e l . - T h e  party took the field under Captain G. H. 
Osmaston, n. E . ,  with two computers and 3 5  kl~al ls is ;  the latter were 
recruited about eq~ially from P i n c h  Sta te  and K o h l t  District with the 
exception of a few old liands who were taken from the United Provinces 
as skillet1 llrlio men. 

3. T r i a n g u l a t i o n . - K u r r n m  Series.--'Taking the different 
series in the order in which they were completed, the first series (Icurram) 
breaks off from the stations of the  Nor th  Baluchist?~n series, a few miles 
N.W. of Hannu, and extends northwards adr ide  the Kurram river for 
70 n~i!es as far as l'ilrachinar and thence by a minor figure to the Safed 
Koh \\ratershed. 

The ~ t a t ~ i o n s  were built on bare hill tops ranging in height from 
8,000 feet In the north to  2,500 feet in the south. 

The ~"eliminary recollnaissance was complicated by the fact that 
the series \\as flanketl by the inaccessible Tirgh on the east 
an11 the Afgbiin frontier on the west. The problem of a\uiding small 
figures a p  t'he Kurram valley proper mas fina.IIy solved by means of a 
long ray passing over the former conntry. All the obser~,ations were 
taken by daylight to signals consisting of he]ios ~ h e n e v r r  
otherwise t80 L ~ a s  daylight signallin!: lamps or X signals o f  black and 
white cloth. The lamps were used with success up  to  a range of 24 
I d e s  and the cloth signals up  to  35 mi]es with the sky as a bfick:round 
The sky was generally ovcrcast but visibility on the whole P O d s  





~ -~ - 

Mer. - Weridinnnl. Lnn. - Loaeitndiasl. 

Itefercncc numbers and Values of " w " and " M " for nll Geodetic Series of ths 
Indian Triangulation: (See Records of the Surrey cT India Vol. IX, 1371, 
For  42 Series entering t,he S i m u l t a n ~ o o s  Grintling (shown in itnlica below) Mean Square M = + I . ~  
For  Seriem up  to  No. 99 ... . . .  ... Mean S q u m  M= I l.;a 
So. 

1 
2 
3 

4 
5 
6 

i 
8 

9 

Nsnic  ol Sariea 

South P i n r s n l t h  Mer. . . . 
Budhon Meridionel . . . 
Amtin Jferidimnl .. . 

Rnngir Meridimcrl ... 
Cnleulln Lmgitudiitnl . . . 
Qrtal  Arc i l l~r id im~nl ,  

Seelimb 24'-30° . . . 
Rnmhny Cnr~gilrtdittnl . . . 
Grmd AYC Al<riclio~tnl, 

Seclior~ 180-24' . . . 
Grent Arc Meridiottnl, 

Rcr tion @ - I @  . . . 

10 

"awn". f m  

-t 
16:jl-39h.308 
1833-*.112'?42 
1834-38'1.647 

t,,, M 

0.39 
~1 
0.37 

S i r ~ g i  ~l1ericfio)rol 18J?-G2,1'1A7 

231 

3.26 
2.16 
1'88 

1634-6.1!1.643 

l'l- 

l ' i 9  
O'S.3 

0'71 

O'i.1 

O':)!) 

0.36 

6 n  1 
I 

Nnmc uf 8eri.s 1 8ensme 
I 

! i 
52' Burma Coast ... h64-820.38 
531 .Jttl~Ot~l~~ms Merididimml . .. !1865-6l(l.S.l: 

l i l :34-~9~0'369 

16:35-GGO'iOS 

1837-6.7 

18J6- $1  

1640-7 

1.9; 
1.81 

I 
I 'OG 
1.21 

1.99 
I.!); 
1'0 i  

1.55 
0'65 
1'!)2 

0.53 
1.21 
0.70 

0'60 
0'68 
1'25 

1.1 I 
1.1.' 
1.34 

1'8.1 
0' 1.7 
O'Yi 

0.71 
1.27 
0.86 

0.50 
0'87 
1.47 

J '51 
I 

1.75 

1.48 

0.30 

6.41) 
0.53 

0.11. 

1.7. 
0 5  

0'45 
1'5 
3.1: 

1 

5 

0'84 1 

0'567 

~~ . ; ; 90  

2.176 
l.,jo; 

1 3  
O'S4 1 
0'973 

1.1 7.3 

ll.Jlndrnr Lnrtgiladir~al .. . j1865-800'38~ 

63 

55 

56 
57 

58 
59 
60 

61  
63 

1164.3-67 
lla4:~-.15 

1 6 4 4 -  
18.14-ti9 
1845-4i 

1845-18 

1 1  Sorfh Konhtt  Pond 
12) ~ , , ~ , i , . ~  ~ , ~ ~ ; , / ; , , , , ~ l  , , , 

Snrrlh Eont Conet 

Assem Valley Triangu- I 
lntion 

Z,rnlrn~np?rtrn Ilier. 
C'oimbetore No. 1 

Rillin~ncr ,3Ievidimlnl . .. 1869-7 
Cuddapnh 
Hyclcribid 

Mnlal~nr Const 
Joclhpor Meridionnl 

6 1  
65 

6G 

67 
68 
ti9 

70 
71 
7.3 

73 
74 
75 

i G  
ii 
i 8  

79 
80 
A l  

82 
A3 
8 1  

85 
66 
R7 

88 
89 
90 

91, 
92; 

I 
14 

Enstcrn Sind Mer. 
S i n ~ n  Branch Triangu- 

Itltic~n 
Malldelay Meridional 

Mong H e a t  
Manipur Longitudinal 
Mnkrinr Longitudinal 

Mnndalay Lon. 
Mnnipur Mer. 
Great  SIIIWPCII 

Kidarkantn 
K a l i t  L o ~ l ~ i t ~ r d i n a l  
Baluchistin Triangu- 

lation 

North Baluchistin 
Gilgit, 
Khis i  Hills 

Markrnai  
Upper lrrawnddy 
Jn in t i i  Hills 

Bhir 
F&incbi 
Villupurnm 

Sambalpur Meridional 
Indn-Ruseian Connect; 
K h a n d w i ~  

A ~ h t a  
H u l d i i ~ e  
Naldrug 

N a g s  Hilla 
Middle G o d i m r i  

snrll~ 1 t 1  I .  . . , 
Ch~ncltcvir 1lleric~imtnl . . . 

17' Soutir Malilnchs Mer. . . . 
181 Khliuylmtrn i I l r d i o ~ m l , . .  

931 Knhimti 

9 l l  C'ichtir 
9 4  h m l l a y  Island 
96l Mndure 

, 
97; Bigr lko t  
08i Sinrl S e a r  Tricmguls 
991 Rlngoon 

1 
1 
1 
I 

i 
1 

15, Gnrn A ~ l ~ d i o ~ t n l  ... 

1 6  Cnlratln ~lI~ric1iortnl . . . 
1815-54'1 'G01i 

19 
?O 
'71 

22 
23 
24 

25 
26 
27 

181.5-69/1.2?i 

18.16-4il1'165 
1816-.?i50'446 
18 16-52 

1818-5:10'621 
18-18-62 
1848-F:3 

1649-.5::0'55F 
1831-,510'617 
1851-520'1393 

1852-56 
1652-6.' 

1R.i:l 

1863-.i 1 
lR5:3-610':3.i9 
lR$:)-G:3 

185 
1855-58 
18T,~-G00~5?.1 

1855-6:: 
lA5G-57 
1856-600.075 

18.iR-59 

1.959-GC 

1859-(i00.!,(i9 

1839-iV~.:111 

1860-6 
lR61-69 

I 8 6  I -68 

186.1-6, I :  

Gar-lcri~,i filrridionnl . . .  
North-Eont I,rnl. . . . 
I1urilcio)tq Meridinnnl . .. 

h'orlk-ll'ert Hinttiln!,a . . .  
G~rrhrignrh Meridio,tnl . . . 
Ennt Cons1 . . . 

KcrrcicAi L o , ~ g i / ~ ~ d i ~ c r l  . . . 
A h  Neridimlnl ... 
h*mth P~irnmtdllr Mer. . . .  

49 
50 
51 

i 

1.50'7 

0'91 l 
0%08 

0.990 
0.851) 
1'481 

1'8,bR 

0.327 

1-600.5i9 
O'98fi 

0.181 
0'806 

0'930 

1'21i 

10.409 
0.346 

O . ~ ? J  

1.151 

I I ,)lnngo/nre ~Wridinnnl ... 1863-731O'JJO 
Kumnrrn nnrl Garhwirl .. !186,1-~5!1.742 
Niaik . . . ,186 1-69?.0:331 

1 I 

2 4  Ditlr i t i i~~ir  ,\let-idimtnl . . 
29 
30 

N~rjmrnil I,n,rgitrrdinnl . . . 
Buthiiw:ir L ~ I I .  . . . 

311 Sibormati . . . 
321 ore-nl 11idtrx . . . 
:33 

34 
:3.; 
:36 

R,il~o)c ~lf~ip,.itlioi~nl . . . 

Arrent I~nirgilitcfirrnl . . , 
CII k11 Cnnnt . . . 
Iiashmir P r i ~ ~ c i p a l  . . . 

.I~~gi-?'rln d lc~~. i~ l i~ t t~nl  . . . 
38 Xemhslpr~r Lon. . . . 
39, (C'rltcl~) Coast Line . . .  

>f~ridional  KO. 1 . . . 
411 Kdthiiiwir 

I 
59 

43 
4.1 

45 

46 
47 

r a  

M~rirliorlnl No. P ... 
K i t h i i w i r  

Merirlio~~nl NO. 3 ... 

Aidnr Ln~tgitadinnl ... 
Enrtprrr f i r n ~ l i ~ r  m 

N,li/lollg ,+f~~;,,;~,~,,~ , , , 

Rtrtlej . . . 

M a ~ l r r  Mtr. n ~ ~ d  R m t .  . . 
K i t h i i w i r  

M~ridinnnl  No. 4 . . . 
C n l ~ u l k  Lm. . . , 
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Unfriendly tribesmen were effectively countered by militia escorts, 
which accompanied the observer as  well as the signallers at every station. 

Several of the new stations were appwently close to  the sites of old 
minor stations, but  the  old mark was found only in one case. The  new 
stations have auxiliary marks c u t  on rocks near by and are therefore 
much less likely t o  be lost. 

PeshGwccr Series.-The second series (Peshlmar) extends westwards 
from the Great Indus series about Campbellpore as far  as  P e s h ~ w a r ,  
where it connects directly with recent minor triangulation in the Khyber 
area. 

The country consists of the  broad Kdbul river valley bounded on 
the north by the main Himdayan  ranges and on tlie sor~th by the 
Cherit hills. Persistent dust  haze in the  valley held u p  both reconnais- 
sance and observations for a time ; but  onling t o  the excellent road com- 
munications it was possible to seize the occasional opportuliities to observe, 
when visibility was a t  its best. Connection was macle at 'llakht-i-Bhai 
and Kararniir (Kaloo Khan) with the work of ' A '  Company's triangu- 
lators, who were commencing a new series nortlinrarcls towards Chitril .  

Jalala Sar was the only station a t  which the mark-stone of the pre- 
vious minor triangulation was not found, but  from the appeal-nnce of the 
site, it is probable t ha t  the new mark differs in position by less than one 
foot from the old. 

Nscorts mere provided a t  J a l j l a  Sar  and Michni. 
All the observations were made by clay to 5-inch helios. 
N. Wccztristun $el.ies.-The third series (Waziristiin) was com- 

mence(l in March, breaking off from the same two pi-imary stations 
as t l ~ e  Kurram selies bu t  progressing south~wrds .  

The intention was to run this new series rougl~ly parallel to the 
frontlcr from the Tochi valley in the north through liazniak and Wiinl  
to the North fialachistln series in the vicinity of ]Fort Sanclenian. 

'l111ree figures mere conipletecl bj- the middle of April, the terminal 
stations being a few miles on either side of the Razmak plateall. Un-  
favc.urable weather then cu t  short further work ancl the party retur~ied 
to rcbcess headquarters. 

L\s far  as  Hazmak tlie hills are bare ancl easy to climb, but a certain 
amonnt of clearing on the hill tops will be necessary in the nes t  section 
s~~~ t l iwa r t l s .  

r 1  1 he nncertain bellaviour of the local tribesmen is the only serious 
dilficr~lt~y. This seas011 Kh(isnduy escorts were taken to all stations ant1 
no trouble was encountered. 

r l  Ll~e n-rarlis of the stations of the old minor triangulation mere piclr- 
e(1 (1))  a t  Sl iuicl~r  and Shakiiwat. 

Observations were taken only in the  day time, to helios ~ v l ~ e n  1)c;ssi- 
ble, 01 l~erwise to  opaqlle signals. 

I t  is considered tha t  the results would I~ave keen considerabl,~ im- 
Provctl if n ight  work hn(1 teen possible. 1)nring tlie Feason work was 
done as a rule  between 11 a.m. & 4 p.m. and sometimes considerable 
shimmering of the helios was unavoidable. 
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Wild Theodolite.-The small Wild Universal Theodolite with a 3f- 
inch horizontal circle was used throughout the season; and as this is tile 
first t ime tha t  this type of instrument has been usecl in the Survev of 
India on any but  minor work a detailed account of the results obt;ined 
is given in the Appendix to  this Chapter. 

The strength of the  detachment i.e. 35 khallsis, was almost eractly 
half the number taken to Hurma in the preceding season, when a 
12-inch theodolite was used, and other things being equal, a saving of 
from 15 to 20 men is effected by using the Mrilcl theodolite, a saving 
which covers the cost of one of these instruments in a single season. 

4. C o m p u t a t i o n s . - A d j u s t m e n t  has been carried out by dis- 
persing the errors in individual triangles and taking the means of 
common sides (i.e. braced quadrilatet.als have not been adjusted as sucl~). 
The data for the triangulation have been abstracted in a form 
suitable for publication. 

The values of m ancl M, triangular error and orcler of merit ~ t c . ,  
have been calculated for the thlee series and these as well as other details 
of the triangulation are given in the table which  follow^ :- 

TABLE 1.-Pcirticulars oj' trinny ulation. 

N a n ~ e  of Series 

Nnmher of new stations bnilt  
Number of statiuns ol)servecl 

a t  ... 
Nu. of Lrinogles ubservell ... / 

N. Waziristin 
Series Knrram Series 

Length of A n  i n  miles 
Aroa c ~ f  A " in scjnare miles ... 

Peshiwar  Series 

Mean length of sides in miles 
Avernne tnangnlar  error i n  

seci~nds  ... 
Vnlne ot IIZ (mean sqnare  

error of nu nr,qlc) . . . 
Vxlne nE h1 (criterion of stren- 

pth of the  series) ,.. 

Order of merit  ... 
l n s t rn~nen t s  nsetl ... 

2.13 
83(A) 

3;-inch Wild  
Theodolite 

No. 1702 

APPENDIX 
Field performance of the 3t-inch Wild ~heodolitea 
During the roltl wcatl~er, from October 1!)27 to  April 1928, the 

small h p e  Wild theotlolite was rmp]oyetl 011 three sllort estensiolls O" 

the North-West Frontier of India,  'rhe desired accaracy was of secon- 
dary order, i.e. the average triangular error was to be within the 
of three seconds of arc. 

1.00 2 .65  
4.7 ( A )  1 86 (A1 

3t-incIl JV~lrl 
Thcotlolite 

No.  1702 

3;-inch wil(1 
Theotlolite 
No. 1702 
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The instrument used was No. 1702 fitted with telescopic centering, 
a diagonal eye-piece, and special electric bulbs, holders etc. for night 
work. This instrument had already seen a year's service in India, and 
had been well reported on. 

Sights for the telescope had been suggested as  a necessary addition, 
alld these were fitted before work commenced: no difficulty was then 
found in up small distant objects. 

The country was hilly, with communications by motor road and 
mountain tracks. The  theodolite and stand could easily be carried 
by two men up any mountain, though often during this seas011 one man 
carried the whole outfit alone. 

,4 leather man-pack equipment, on the principle of a ' rucksack ' 
was constructed which proved very satisfactory and enabled the instru- 
ment and stand to  be carried comfortably on horseback. It was 
found that  the clamps a t  the base of the theodolite, inside the dome 
shaped case, worked loose, and a thin plush cap was therefore provided, 
which slipped over the theodolite, inside the metal cover, a i ~ d  held every 
thing firm. 

Although this theodolite embodies many entirely new features, 
the essential qualities to  be examined in order to  malie a trustworthy 
comparison with other similar instruments, are two only ; viz :-those of 
"portability " and "rapidity of operation ", taken in ~onjnnct~ion  with 
some given standard of accuracy. 

Acmyacy-As the manufacture of instruments has improved, tlieodo- 
lites for work of geodetic accuracy have gradually decreased in size : t,he 
old 36-inell theodolite with hand-divided circle has giveu way to tile 
24s-inch and the latter in its turn has been replaced by smaller models 
clown to the 1%-inch theoclolite of the beginning of this century, wllicll 
has held the field for all the 111ost precise work for thc last t ~ v e n t , ~  years. 
The resnlts obtained with t,hese smaller instruments a.re of the same 
order of acciiracjr as with the larger, or perhaps slight~ly better, and 
greater accuracy is harclly called for. The results obtained wit11 the 
Y$-inch Wild are not as as those taken wit'h a 1~1odern 12-inch 
theodo!ite, and therefore i t  cannot replace this instrument for geodetic 
triangulation. The accuracy was found to  be about equal to  tliat of an 
8-inch theodolite, with which the best secondary triaagulat,ion has gene- 
rally been associated. 

Po~ tnb i l i t~ . -Compar i~~g  t.he p~ r t~ab i l i t y  of the TYilcl with t11a.t 
of an 8-inch tlieodolite of accepted design it lias alreadj. been stated that, 
two men are anlp]y sufficient to carry t,lie Wild theoclolite and staud 
under all conditiolls, also no observatory tent  is recluirctl; whereas it 
takes at, least, men to  carry an S-ii1c11 tllcoclolite n.it11 its st,aiicl in 
diffic~tlt, country, al>cl f o r~ r  more are necess.zry to carrj- tl~c: observatory 
tent, so t,llai t,he is 5 to 1 in fnvonr of the Wiltl, indicating 
an o ~ l s t ~ : r ~ l c l i n ~  advance in  clcsign. 

I~'rrpitlif!, of ol)o , .n t io~~ .-Aga.in compnri~lg the ra1)idi t,y of opcrn- 
tion of t , l~e M'ild tllnt, of a11 8-inch t\vo microscope tlieodolite, t,hc 
~Ccuracy 111:ly be t,alzen as equal, tllat is to nnjr t,hc same average trinngo- 
lar error is from either, if the same number of measures is 
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taken in each case. The  question to  be considered is how long the same 
number of observations takes wit11 each instrument. 

The  set t ing up  and adjusting of the 8-inch, with its microscopes, 
takes the best part  of two hours, perhaps three hours, including the 
time taken to  level a platform and pitch t he  observatory tent :  this time 
is wholly saved with the VTild, which has no field adjustnlents except 
levelling, and for nrhich an observatory t en t  is unnecessary. 

The  intersection as  well as  the  reading and boolting of a pointing 
with the Wild take about the same time as  the intersection of the object 
only, on the larger instrument;  walking rouncl and reading the two 
microscopes takes op  a t  least as  much time again. It is therefore fair 
to say t.hat the  observations of both vertical and horizor~tal angles taken 
with the Wild theodolite are twice as rapid as those talcen with the old 
S-inch theodolite. 

For secondary work, where an average triangular error of two 
or three seconds is not t o  be exceedecl, observations, on one after- 
noon and (luring part of the following night, would be sufficient with 
the Wilcl; whereas the same work worlld undoubtedly take a t  least two 
days with t,he o t l~er  instrumeut. Here again the superiority of the Wild 
is very marked, and i t  11eeds little imagination to see the ecoaomical 
advantages of this instrument over the old type. 

I f  we make a c~mpar ison  with the smaller and less precise theodo- 
lites a t  present i n  use, with 6, 5 ,  or even 3-inch circles, t l ~ e  Wild is more 
accurate, as well as lighter and cluicl;er to operate than any of tliem; 
ancl tllere is litt,le cloubt tliat it thoroughly deserves its title of 'The 
Universal 'I'heodolite '. 

Obs~rvr~tion,s.-It is riot proposed to describe here Ihe details of the 
Wilt1 tfl~eoclolite hu t  merely to  discuss points of interest which aroseduring 
t.lle lielcl season a ~ r ( l  the resnltiug conclusions. 

1 t was fount1 tha t  an observatory tent was unnecessary and dckinitely 
unsuitable for use with the small Wild, which requires a s  mncll light as 
lws'iblt! fo r  the reading of it,s circles; the problenls of dust  and unequal 
expansion clue to the direct rays of the sun are eliminated by the ex- 
cellent protection afforded to  the circles, which are coil-~~~letely enclosed. 
'rh:. iustr~lment  is anaffectecl by any  but  a strong wintl, when some 
vlbrrttiou occurs, but  a screen to  protect the observer's l~ead would l)~obablJ' 
inll)ro\-t? mnt8t,ers in t,his respect. 

'rhc non-coliapsi ble stand was usecl throughont and was quite 
s;tti~t':lc.t~or!- ; sometimes it appeared to twist dnring the first twenty 
rnillut,es or so after brio:. set up, but always settled damn a1'tc.r this and 
re~~la i~re t l  clr~ilr steatly i n  spite of wind ant1 changes of temperntrrrfi 

The cross-mires in the telescope are some\vllat [,hick, csl,ecin,llp for 
observations to ol,aclue si:nals, bu t  in other respects nothing beller can 
be (leaired than the telescope which has plenty of magnification, and 
a bright clear field. 

The  cliagonal eye-piece enables s tars  to  be observed comfortably U P  
to an elevat,ion oE 50m', and the lioht,ing arrangements for nigllt work 
are adeclnate, when a battery of sufficient power is provided to maintain 
the lights for several hours on end. 

I 4  
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Six zeros only were observed a t  each station, and  t h e  results show 
tllat an increase in accuracy will be obtained by  tak ing  more, also t h e  

might have shown considerable improvement had n i g h t  observa- 
tions been possible in  addition t o  day. 

Regarding adjustments,  it has been mentioned in a previous 
pragraph t h a t  the  only field ad jus tment  is fo r  level: nevertheless t h e  
instrument must  be thoroughly tested before use, and from time to  t ime 
afterwards, to  make sure t h a t  the  factory adjustments have not  altered. 

Three defects i n  t h e  permanent  adjustments  came to  l igh t  dur ing  
the season. 

Firstly, a difference of $ inch was found between the  telescopic 
centering and t h a t  of a plumb-bob. Telescopic ~ e n t e r i n g ~ h o w e v e r  has 
decided advantages over centering by t h e  plumb-line; i t  is q u ~ t e  unaffected 
by mind, and i t  IS easy to  centre over a point some considerable distance 
below the ins t rument  with t h e  telescope, whereas for this  purpose t h e  
plumb-bob is s clumsy substitute.  

A more serious clefect than  tlie last was tihat, after the theodolite 
had been levelled, t h e  transit  axis was permanently tiltecl from the  hori- 
zoota.l by an  angle  of about  2 minutes. T h e  direct effect was t h a t  the  
'face r i g h t '  v a l ~ ~ e  of the  horizontal angle  betmeeu t\vo objects differed 
from t l ~ e  ' face l e f t '  value, if the  two  objects were a t  different elevations, 
tlie mean oE the  two  results giving the correct answer. The  readings 
of vertical anYles however were too great  on both faces fortunately by 
qnit,e n negligible quant i ty  for small angles of elevation. l t  is cloublful 
nrhetl~cr n faul t  of this nature can be correctecl by any one h u t  the  makers. 

l 'he  third defect was found in reading vertical angles with tllis 
particular instrument.  T l ~ e  mechanical conneclion between the  verticai 
circle babble and the  vertical circle, instead of being perfectly rigid, 
had somellow become loose, allowing as mucb as twenty secoods play 
between t,he two. 

r 1 1 Ile resnlt was t h a t  a correct reading coulcl only be obtained when 
tlie b111)hl.e was centered. ~ v i t h  a one-n.?y motion of tlie screw control l i l~g 
it. If the bubble overshot the  mark, i t  was useless t'o br ing it back by 
reversing the scretv) as  this mntle no change whatever in tlie l~os i t io~ l  of 
the vcrtical circle, till the  bnbhle had beell moved back a t  least 20 seconds. 
E x c e l l ~ ~ r t  r e s ~ ~ l t s  were obthined after t . l~is defect had been correctly 
~ocatctl, 1,y using only a c l o ~ l i n r i s ~  twis t  of the  screw for  c e ~ ~ t e r i n e  t h e  
bubble on both faces. 'lllle bubble itself appeared t80 1)e very sa t~s fac-  
tory, ant1 sensitive to a single second in the  reading of t , l~e  circle. 

I t  is 11artlly necessary to  point o u t  t,hnt altl~on::.li several more or 
less seriol~s tlefects I l ~ v o  been f o ~ ~ n t l  a r ~ d  are recortletl nhove, t,hese only 
involve tl(1ferts of adjas tnient  n,ntl constrnct,ion in t l ~ c  illstl-r~ment which 
mas bein: nsctl, an(] in 110 rtray tIet,rnct from n sincel~c? admirat.ion for 
the 11esi;y.n n.nd worltmansl~ip oi t l ~ i s  t~l~eoclolit~e. 

Jfcth,otl  qf ~ h s ~ ~ ~ ~ t i c , , ~ , . - ' l ' l ~ ~  general procetl~ire tlurinl,~ obse~ .v~t ion  
of horizol~t.al allgleS I ~ ~ R S  as follows:- a ' swing ,riglit ' was imniecliately 
followetl by a cs\ving l e f t 7  ; t,he face was the11 clinnged and two swin,os 
"gain t,aken ; this completed observations on one zero, unless any of. t h e  

J 
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measures, so obtained, were inconsistent, in which case the zero was 
repeated later. 

Analysis of the results.-The season's  result,^ have been anrlyged 
and the main points of interest are shown in Table 2. The three series 
have been kept separate as they were observed under somewhat different 
conditions. 

1. Kurram Series.-The weather was cloudy, consequently opaque 
signals were sometimes used; but  on the whole conditions were favour- 
able for good observations. 

2. Peshswar Series.-The number of observations taken at each 
station was increased, and fine weather enabled helios to be used 
throughout. 

3. N. Waziristfin Series.-In this work time was an important 
factor; for political reasons the stations could only be visited for 
short periods during the day-time, and in one or two cases auxiliary 
marks close to the stations had to be used instead of helios. 

In the first and third series observations a t  each station were corn- 
pletecl in a single afternoon, but, in the  second observations fl-equently 
extenclecl over two days. No  night  work was possible. 

TABLE 2.-Analysis of the results. 

I Name of Series 

1. No. of triangles ... 
8. No. ol  angles . . . 
3. Mean length of sides in miles 

I 7. Consistently high zero ... F. L. 60 
F. R. 240 

8. Consistently lorn zero ... 1 Nil 

7 
18 

21 -8 

4. No. of zeros ... 
5. No. c~f measures per zero ... 
6. Orentest zero mean minus 

smallest zero mean in seconds 

110. A-~errqe triangolsr error ... I 2.67 

6 
4 

6.9 

In t,he sixth item of the table it is interesting to note t !~at ,  althoud~ 
better observetl, the second series shows bu t  slight improvement on 
other two, indicating that  a difference of 6 . 5  seconds is a fairly true 
measure of the maximum error due to faulty gaduation.  

Regardin: items 7 & 8 of the table, the zeros used mere :- 
oO1 30°> 60°1 DO0, llOOj l a 0 ,  F. L. 

a Out of these, t l lc  t h i d  zero ( 180, ? l o ,  2 10,210, 300, sao, F. n. 
consistently gave high readings, rn J  the last, low readings, tl,ollgll to a 
less degree, lndicatlng en error in graduation a t  these two points# 
The amount seldom exceeded 2 or .3 seconds above or below the other 
zeros, which was of no consequence in this work. 







LEVELLING 

1. O r g a n i z a t i o n . - N o .  17 party was under the charge of 
Captain G. Bornford, R.E , from 7th November 1927 to  26th February 
1928 and of Mr.  N.  R. Mazu~ndar  from the commencement of the 
season to 6th November 1927 and from 27th February 1928 to 30th 
September 1928. 

Field work.-The field work was conducted by six detachments; 
three of them carried out the geodetic levelling of high precisiou, and 
three did the secondary levelling of the Lloyd barrage project of the 
Bombay irrigation department. The torsiou balance detachment which 
was formed to assist the Hurma oil company in their torsion balance 
survey of the oil fields of Upper Assam, was placed under the executive 
charge of this party. 

Transfer of work.-Tertiary levelling of the Haveli irrigation 
project of the Punjab government was transferred to the Frontier 
Circle. The commercial levelling group, which had hitherto done levelling 
work for the local governments, under this party, was amalgamatled 
with the main party. 

Distribution of yersonnel.-The distribution of personnel for the 
field work is given in the table below:- 

Detach. 
ment 

1 

2 

3 

4 

6 

O5cer in charge 

Mr. L. D. Joshi, S. A. S. 

Mr. P. B. Roy, S. A.  S. 

Mr. Matlub Ahmad, S.A.S. 

Mr. J. N. ICohli, S. A .  S. 

Mr. Lalbir Singh, S. A. 8. 

Mr. 13. P. Rundev, 9. A. S. 

Out-turn 

miles 

14 
413 

445 

368 

E 
401 

394 

Locality 

The Punjab 

The U. P. C Bengal 

The U. P., the Pan- 
jab and Bombay 

Sind 

Bind 

Sind 

Class of levelling 

- 

Secondary 
High Precision ) 

High Precision 

High Prec~sion 

High Precision 
Secolldary ] 

Secoudary 

Secondary 
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Mr. K. K. Das was in  charge of the torsion balance detachment 
with Mr. H. C. Banerjea as  llis assistant. 

2. Summary of out-turn.-'l 'otal out-turn was as follows:- 

... High Precision levelling in both directions 302 miles. 

. . .  9 9 >, 3, ,, fore ,, only 361 ,, 
)J 1 )  ) 9 ,,baclc ,I ,, 255 ,, 

... . . .  9 ,  ) )  ,, (revision) 231 ,, 
. . .  Secondary levelling . . . . . .  .. 1089 ,, 

3. Work of detachments.- No. 1 detachment under Mr. 
L. D. Joshi did the following levelling:- 

( a ) Secondary branch l e v e l i i i ~ ~  from J a b b o ~ n a  ( bench-mark 
No. 18  I /44A of the secondary line Garhmahirija- 
Damlmii i )  to  Kot  Maldeo. The Punjab irri~ation 
authorities wanted to  extend the area of operat~on of 
the Haveli project; the brancl~ line was r m  to provide 
control for the tertiary levelling of the extended area. 
As the detachment was a single one, the levelling mas 
done in both directions from Jabbolina to Kot Mhldeo 
and from Kot  Malcleo to Jabboana. 

( b ) Jhang-Maghi5na-T+'azir~biid-~ hakkar and Waziribid- 
Jhang-Maghigna: these are 1,arts of new net line 136. 
The route was mostly along railway and partly along 
canal embankment. I n  orcler to have the fore and 
back levelling done under clifferent conditions, levell- 
inq was done in the followinp. order; first from Jhang- 
Maghifina via P h u l a r w ~ n ,  MTaziriib8d to Gliakkar then 
from Phularwiin to Jl~ang-Maghliina and lastly from 
Wazirabiid to Phnlarwiin. Ghaltkar to Wazii ib~d 
was done in 1926-27. 1 5  primary and 297 secondary 
bench-marlis were conrlected during the n ork. 

NO. 2 detnchment under Mr.  Y B. Roy did the following 
levelling:- 

( a ) Hathras-Miittra - Delhi-Rfeerut and Mut t ra-  Hithras; 
these are parts of net lines 140, 106 and 153. The 
route was along the railway between E-lathras and 
h lu t t ra  and along the C;land Trunk Hoad for the ~.estof 
the way. 2l Ipr~rnaly and 270 secondary bench-marks 
mere connected; of the latter, 9 were connected at 
Delhi a t  the special request of the Chief Engineer, 
Delhi Province. 

( b ) I~alasore-Basta-RIi~11,a~1o~-e- I] olyl.al~ and ~o~ta-Balnsole ;  
these are part3 of new n e t  line 191. rI'l~(, route was 
partly alone tlre Cslclllta,-Cuttnclr tru~il. roatl, ]>alt1y 
a lo t~g  canal embankment and partly alolr:; ~allroa(~- 
1 2 p " . r n a ~  and 1 X 1 seccntlal bench-n~allih ncle con- 
nected. 

( c ) sa.h:i~anpnr-h111.n 1)fin.--Part of this I l in i~ ln!  all l i n e  
from Debra D i n  to hlussoorie was levelled in 1~2( j -Z ' l *  
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Dehra D i n  to  Sahiiranpur was levelled by No. 3 detach- 
ment in October and November 1927 and Sahiiranpur 
to  Debra Diin was levelled by No. 2 detachment in 
April 1928. 

No. 3 detachment under Mr.  Matlub Ahmad did the folloming 
levelling :- 

( a ) Dehra DCn-Sahiranpur.-This line was undertaken to 
complete the revision of the Himilayan line Sahiran- 
pur-Mussoorie. 

( b ) Saharanpur-Amblla-Ludhi%na.-These are parts of lines 
139 and 137. The route was mostly along main 
roads ancl partly along railway. 16  prin~ary and 144 
secondary beuch-marks mere conuected. 

( c ) Anjar-Mamuira.-Levelling of this branch line which 
mas undertaken a t  the suggestion of the Director 
Geological Surveys, was done in 1921-24. As the 
agreement between the fore aud back levelling was not 
satisfactory, further relevelmeut was required as poin- 
ted out in the Geodetic report Vol. I for 1923-24,. 
This was done during the season. 

( d ) Connection of the standard bench-mark a t  Bhiij.-Cons- 
truction of tliis bench-mark was not completed when 
the new net line No. 104 was run through B!iiij in 
1923-24. It was connected this year with a number 
of bench-marks that  were left in the vicinity during 
the last levelling for the purpose of effecting the con- 
nection. 

( e ) Nakhtarina Mot% to Tatta.-Levelling in one direction 
was done from Nakhtarina M o t i  to Lalihpat and from 
Unhia Tar to Tatta. The Indos river was crossed 
between Sujiwal  and Tatta  a t  Saidpur ferry g h t .  
Crossing was made a t  three places by 3 different 
methods: the results are given in page 81 under 
fi discussion of results ". 17  primary and 87 second- 
ary bench-marks were connected. 

Between Lakhpat and Unllia Tar the line runs across the Rann of 
Cutch. As in 1926-27, no levelling could be done as the country was 
flooded. The officer in charge of the detachment, however, got some 
valuable information whicl~ would be useful for the future leveller. 
The following description of the co1111try given by Mr. JiIatlllb Ahmad, 
officer in charge of the detachment, \\.ill be iuterestiug. 

"The  ti^^^ of the Kllori creek to the west of Lnlrlipat is jnst 
like a sea, wllile t o  tile east to  a clistallcc of' t i  ~nlIes i t  is i~~undatccl by 
high-\vatc.r; \vlIcre tllc creel< cuds, thc swamps start;  o11r 5 feet peys 
dlsal)pcaretl in the swamp. It ma> tlirrcfurc i~n~)o>bible to cross this 
Portion of the Rallll. 1 crossed the creek ill boats n11c1 Innclccl a t  C ~ t ~ l l  
Kotri carthen platform nlld lightl~ouso. The old IColri (ll/clt.?~~stil(r, 
"hero there was an elnbeddecl bench-marl<, is 11ow in ruins :tnd is 
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surrounded by water on all  sides; every effort was made to reach it; hut 
no passage could be made through the water. Next  morning we started 
further t o  the west; i t  was ordinary swamp u p  to 4 miles and Said Ali 
T. S. about 2 miles west was seen in the midst of wet salt beds or knrs. 
These /cars contain thick !ayers of sal t  and underneath is water and mud. 
They are so dangerous that  animals sink down and can not be extricated. 
W e  found several animals thus entangled and abandoned. We could 
not get  a t  Said Ali T. S .  but  i t  was looking like a inound a t  a distance. 
N o t  being able to commence levelling from ever1 Said Ali 1'. S. me 
marched further west, crossing many kars with great difficulty, the 
feet of men bleeding from walking over salt  beds. Guni T. S. lies in a 
large kcir; the guide trying. to reach the T. S. had not proceeded a, 

furl on^ when he beyan to sink in the kar. On reaching the ruined 
site of dhnrrrrstila a t  Vehr, the embedded bench-mark could not be traced 
as the dhnrnlaZliz was totally washed away. Under the circumstances, 
the work was commenced from Unhia Ta r  leaving a gap of 36 miles 
between Lakhpat and Unhia Tar". The detachment officer further re- 
~ o r t e d  tha t  in these 36 miles, there was not even a blade of grass nor 
suitable drinking water for man or beast. This year the state of the 
Itann is specially bad on account of the last Sind floods; otherwise, the 
Rann dries up with the exception of the kars during February and 
March ; from early April to  the end of January i t  is never dry. I t  will 
be necessary to build 3 embedded bench-marks at Vehr, Adhi and Cutch 
Kotri. Arrangement mill have to be made for transport of water, fuel 
ancl fodder in addition to usual transport requirements. 

The country is a clifficult one for running a line of levelling as the 
kara offer formidable obstacles. Nevertheless efforts will be made to 
complete the line as soon as c o ~ d i t i o n s  appear fav~urable .  

No. 4 detachment under Mr.  J. N. Kohli did the following 
levelling :- 

( a )  Sakkur-Hyderiibid; the detachment which was n double one, 
worked in the beginning as 2 sirlgle detachments with Mr. 
J. N. Kohli and P. John as levellers, one levelling from Sukkur 
to Dsur and the other from Hyderiibiid to Uaur. The old 
levelling of this did not close well; parts snspected to be 
weal; were relevelled in 1926-27, but as i t  did not disclose 
any error, the  whole line was relevelled. 7 primary and 
234 secondary bench-marks were connected during the 
operation. 

( h )  On completion of ( a )  the 2 single detachments were amalsa- 
nintecl; the cornhinet! detachment did the secontlary levelling 
of blocks H', I', K', L', and M' of the Llovtl barrage 
project. S4 rectangulation pillar bench-marks and 76 other 
bench-marks mere connectecl. 

.i ~ { J J / ~ T I * ? ~  ) n ~ ) , t  under JIr .  Lalbir Singh did the  secon(1ary 
I ~ l ~ l l i n ~  of hlock. T, Z, C', D', par t  of F' and (it of the T,loyd bawaqe 
llr('je~-t. 159 r ~ ~ t a t ~ ~ u l & t i o n  p~ l l a r  bench-marks and 73 other bench- 
marks were connected. 
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No. 6 detachment under M r .  B. P. Rundev did the  secondary 
levelling of blocks V,  T, U, X, Y, B', C' and par t  of F' of the  Lloyd 
berrage project. 68 rectangulation pillar bench-marks a,nd 216 other 
bench-marks were connected. 

4. Discussion of results.-1. Jhang-Maghidnu- Wazirkbd- 
Ghakknr.-Fore and  back levelling of this line was done dur ing  the  same 
season as explained ill $ 3. There was a discrepancy of 1 foot between 
the two levellings in  a distance of 200 miles. Differer~ces o f  fore and 
back values between con~ecu t ive  bench-marks all agreed within permissi- 
ble limits. Fore values agreed with old levelling; b u t  there was a 
nniform accumulation of error in back levelling. 

A statement of discrepancies is given below :- 

I Sargodlln Ry. 
1t.H. ... 

Sar:odlla Ilt. 
It H. .. 

liilln hill  ... 

S h i h  Jcl\,nna ... 
Ch611ll ... 
l 'hettn > I  5h ln  ... 
Jhang C'onrt ... 
Jhnng I{. S. ... 

Totnl ... 

Consecutive H e i g l l t s  

Fore Old o ld-  
Fore  I Rack I - Old I - I - 

I 
feet / feet 

-00 -00 
+ 1.38 + 1-29 
+ 82.0.8 + 81.92, 

Back I 1 Forc I Back 

feet feet feet Jeet 

a00 -00 -00 -00 
+0.09 + 1.24 -0.14 -0.05 
+0.16 + 81-96 -0.12 +0.04 

F I  <)In the  table it is evitlent t h a t  there was slow pI.o~res.;lve e l w r  
11) bacl, levelling. I,eveIIinp in both the  direction.: was done b- the  
"me oiicerver wit11 tile sarne inst rument  ant1 staves. All the  usual 
I)l'ecant~ons against  acr,lmnlation of error were ohscrretl. l'hc accnlna- 
lation n w  uniform ; I,lol-,ahle systematic errol a Ilet~vecn (;11a1\ka1 -Sal- 
:odha ;111tl S i ~ r g o ~ .  J Itere .001(ih feet per n ~ i l c  for Loth t l ~ c  
parts. IJor a 111g11 I,rec~sion levelling the a l l o ~ ~ a l ~ l e  I ~ n l i t  of probnl~it  
systemniic error is .UOlOG. This line will therefore be revised. 

2. Mohanpur-R6nignnj-This line was levelled In fore rli~ection 
In 1924-25 and in bnclr d~rec t ion  in 1925-26. Its s t a r t ~ n g  p o ~ n t  MoI1an- 
Pur is a bench-mark of t h e  line Howrah to  Balasore. The height of 
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this bench-mark was only available this season after completion of the 
levelling of tha t  line. The  line was computed this season. It was adjus. 
ted between the value of the  new bench-mark a t  Mohanpur and the old 
published height of Riiniganj which mas deriver1 from the adjustmant 
of theold ne t ;  the closing error was O.8Hft. EIowrah-Champdirni-Burdwan 
-Riiniganj-hlohanpiir-lio\\rrah forms n small circuit of the new net. 
Closing error of the new levelling of this circuit is 0.16 f t .  in 308 miles 
which proves tha t  there is no serious error in the new leve!lin,o of 
3Iohanpur to  Rin iganj .  

3. Dphrrc Di~n-~9nh~rmnpur.-The following table shows the diffe- 
rences of heights obtained between the levellings of 1861 -62,1905-07 and 
1927-2s :- 

Clranges of heights between Sahfiranpur and Dehra Diin.- 

RI-P* t ) ~ t v f e n  IHRI -62  and 1905-07 were attributed by Sir Sidney 
Rtrr~nrd, K r s I . ,  R E , F . R  s , to  the Ktingra Valley cartl~c~ualie of 
l i  !,rvt.llinc O F  1!).!7-23 points to a flirther rise of tile Siwd~ks 
an11 of Ikh ra  T)Bn over SahAranpur. The rise 1s however not very 
phenolnenzl. . \s ~t 1s not impoeslhle that snch differences may be tlrle to 
iz,,n(13.ancae of  staff Prror an{l other sotlrccs of systematic errors, no definite 
corlrll!slor~ can hc clrawn at present. 

4. Anhlirclny 8rr-Arnhfiln-l,~tdhitinrr.-In tile ann~la l  report on Stan- 
rlarcl henclr-mark.. (iarrisolr I.:nglneer Amhala reported tltat tllett? was 
s l ~ b w l e n ~ e  of g r o ~ ~ n t l  near the Standard bench-mark eittlntetl in the 
r o n ~ l " ~ ~ n ( l  of S t .  Pa111's ( 'hl~rch,  ,4.nb:rla Cant. ant1 that t l~ r r c  aI)peared 
to  a ~ l l h t t . r t a n e : ~ ~ ~  crack ~n thc y l -on~~( l .  The bench-mark ma..: connected 
last ~vlnter  whlle l e v e l l ~ n ~  from Sallirsnpur to Ambiila ; examination 
of this levelling showed that  the ground St. Paul's Church h a  
snnk by about 3 inch below that  about the Roman Catholic Church which 

J2 

6 
% I ' Bench-mnrk a i -- 

Observed height8 

1905-07 1987-28 1927-28 
1861-6P I 1905-07 / 1927-28 1 - 1 - 1 - 

1861-62 1905-07 1861.62 

feet . 

. no0 
+ 35.188 
+ 83.Z06 

+ 587.003 
+ 1631.274 
+ 1566.328 

+ llQ4.l% 
+1066.736 

+ 1326.849 

41;63Q 

49,530 

Jset 

.ow 

... ... 
to 338 

... 

... 
t0 .424  

t0.432 

+Om537 

feet. 

"000 

+ 36.175 
+ 83.162 

+ 587.014 
+ 1631.399 
+ 1660.486 

+ 1194.358 

+ 1066.778 

+ 1826.946 

. feet . 
9.B.M. 

feel , 

.ooo 

... 

... 
+0.327 ... 

.., 
+0.363 

+0.390 

+0.441 

qnr Nojll T.R. (top of 
tower) ... 

feet 

moo0 

-0.013 
-0.043 

+0*011 
+0.125 
+O-158 

t0.061 

+0-042 

+ 0.096 

... 

... 

+' 686.656 
... ' 

... 
+ 1193.834 

+ 1056.346 

Y:33F I Fatehpur D.B. 
1 

I7,'53F Wobno ... 

- I I Iron plds . . .  + 1326-4(W 

150 :SF 
l.5115QF 

37'53F 

Bc'mntlnry. fitone 
A~nrori  D.H. ... 

Mohnllnwilri ... 
13P, 5381 Dehrrr Dilb Ljnse- 

Line E. End.. . 
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has itself sunk by 4 inch below the  g r o u ~ ~ d s  about the  WesIeycln Church. 
This revelation led to  fur ther  comparison of the 'old and  new levelling 
between Sahriranpur and Ambala. The comparison indicated tha t  tllere 
was a slow steady rise of ground up to J ag idh r i  and then a slow fall up 
to 3 miles beyond Ambtila. The new levelling was done last winter in 
onedirection only. The  maximum rise indicated is 2 inches only. I t  may 
be lloted that  i n  1912- 141, bench-mark 7 1/53 B a t  S t .  Paul's Cathedral 
was found to have subsidecl by 7 inches since i ts  original connection in 
1860-68. The levelling of this line will be further scrutinised next year 
whet] the back levelling is completed. 

5. Ntclchta~cnn. Motc-l'clttcc : Crossing of the Indus river.,--The 
Indus was cl*ossed between Srljriwal ant1 'I'atta near Saidpur ferry ghd.  
The crossing was made a t  S sites by different methods. 

1st site.-One Zeiss Model 111 and one American binocular level 
fitted with micrometer eye-piece were on an island ; distances of staves 
from the instr~lments  were 980 ancl 920 feet for back ant1 fore staves 
respectivclj,; height of ray was 5 feet above water in each case. Direct 
readings of staves were taken ~vitlr Zeiss level and micrometer readings 
were tnkcn t o  targets fixecl on staves a t  the height of 4 . 5  feet with 
the American binocular level. 

2nd sits.-(clone to 1 s t .  site). Ins t r l~ments  as above were on the 
right bauk of the river. One staff was across the river; the other staff 
was on the satme Lank ah the instrument Lr i t  acloss a bay so that  both the 
rays were over the Ivater, but  one ray was close to  right bank;  tlistances 
of the stab cs from in s t r~~ lnen t s  were 1,006 and 1,425. fcet for back and 
fore stake, respectively. Ideight of the eye was 5 feet above water i n  
tach case, Reatlings were taken by Zeisfi level on targets sliding on 
staves n n t l  by American binocular level bjr targets fixed a t  1 .5  f t .  on 
hacli st:\fl and 3 .  U St. on fore staff. 

.?l-,l ~ i t r . - ( ?  qnilc! bp/nl,j t l lr  1st. s i te ) .  2 n~ir~.ometer  levels were 
on 0p1)o- ,:(' I,a~llis. 'l'al.gets nfpre fiyptl at, ol)ject ends of levels. Sinilil- 
taneous I a(lillgs Of targets \vere talien 1)y ~nicrometer Icvels and thc 
nearrst - i n R  was tlirert,Iy re%(]. Instrnment.: were on a high b a ~ ~ k  close 
to the \I, PI. ; IleigIlt of I . Z ~ S  \\-as I I feet nborc \\ ater ; distance between 
levels n:i 1 , I00 feet. 

In r \ lSry  site and in all cases the  collimations nrclr ve1.y caref l : I~~ 
rletermillc ~i i ~ ~ ~ n ~ e c l i ~ t ~ l ~  before observations ant1 n ere f l ~ q ~ l c l l t l ~  c I : ~  ( 'kt(; 
(Illring ol~\c,~-vntions. 

For r l ( ~ t ~ r m i n i n ~  tlle length of raj.s, a base 10 chain8 Ion:: nx!: 
measr~rerl 1 ~ 1 t h  (iunter's and l)lane-table triangulation wat t l o ~ ~ e  
from this 11ase on a scale of 200 feet = 1 inch. 
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A summary of the results is given below:- 

6. Probable errors.-Probable errors of high precision lines 

Bite 

1 

2 

3 

., . 
S were comp~lted by the f o r m u l ~  :-r.= FL ; ;?, = 

where CT, = probable systematic error. 
TI,= probable accidental error. . . 
A =discorcla.nce oE the resnlts of the fore and hack levellillg 

between consecutive bench-marks. 
S = total discorclance. 
r = distance between consecutive bench-marks. 

11 =Total distance 
Thzse are given helow in foot and mile units:- 

- 

(a) back stnff (b) fore staff 

Undoubtedly the best method of crossing a river is by equidistant 
rays over water from an island, as this cancels most of the errors. In 
a ehort crossinc like this where the width of the river is below 2,OcO 
feet, any of the other methods may be adopted, if no island is available. 

<, 

Level Distancesof Difference I Tanel 1 cros~~ings 1 of height ( 
Inetrumente on 

island 

Instrumentsonright 
bank, one ray across 
the river another 
across a bay 

Rays across water 

Ray8 partly acrosr 
r I ver prtrcly ncros? 
sand. 

Zelsr Model I11 ... 
American binooular 

Zeiss Model 111 ... 

Americrn binocular 

do. do. 

do. do. 

- 
1.1ne 

-- - -- - - 

1 Muttra-Hithras 
2 Howrah- Ralasore 
3 Sahiranpnr-Dehra DGn 
4 Buhar-Tatta 

Probn1,l e 
uccirlental 

error error 

f set 

- 1.869 I - 1.889 

-1.880 I - 1 .8 i7  

- 1 832 

-1.848 

-1  861 
I 

no target 

target fixed 
to staved 

target8 sli- 
ding on 
staves 

tnrgetq fixed 
t o  staves 

taroet 
tixed to 

instrument 
do. 

feel 

+ -00280 
+ .00290 
+ .00354 
+ '00333 

feet 

980 (a) 
920 (b) 

as above 

16D8 (R )  
1448 (b) 

as above 

1400 

2084 

feet 

.+ - -00025 
-k 00050 + . O O l : l O  
1 - O0037 

I Mean 

I 
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Permissible accidental and systematic errors are - + -00416 f t .  and 
+ .00106 f t  respectively. - - 

Probable error of secondary levelling computed by the formula 

p.e, = + ,JJ?iS :- 

Jabbotina-Kot Mi ld& + -0051 f t .  
6. Progress of the new level net.-The following addi- 

tions were made to the completed mileage of the new level net :- 

Total ... 
Previoosly reported . . . 
Total completed I-- ... 

I 140 

121 

Kemarke. 

Muttra- Rareilly ... 
Calcutta.Bhadrakh ... 

line I 
Portion Buhar-Nakhtarirna not 

yet done 

27 i Muttra-Bareilly line is completed 

153 1 Portion Bala~ore-Bhadrakh not 
yet done. 

7. Research work.-Resul ts  of Capt. Bomford's researches 
on (1) Levelling across unbridged rivers (2) Error due to refraction 
when levelling up a hill (3)  The correction for staff length, are published 
in Prol'essional Paper No. 22 " Three Sources of Error in Precise 
Levelling ". His conclusions and recommendations are given below :- 

(1) Levelling across ,~ ,?~bridged ,rivers.- There are not many wide 
unbridged river crossings in the primary neb, and it mill be proper to go 
tosome expense to cross t hem;  it is snggested tha t  some or all of 
the follo~viug recommendations be acted on :- 

f l  
(a)  I h a t  levels with micronleter eye-~ieces be used. The levels to 

change sides daily. If i t  is not l~ract,icable to ehnnge sides, 
and if an irreversible instrument is used, collimatioll must 
be done by Gauss' method, on account of the risk of cha.nge 
of collimation with change of focus. 

( b )  That  crossings be lnade at a nunlber of sit'es cove;.ir\g sor:ic 
miles of the banks. No elaborate l~rc'l)arat~ions ~ h o ~ l c l  IIQ 
made at each site. One day's work slloulil be clone a t  ~\acl:, 
and not more tllan one clay shoultl br wast,ecl between c'acll. 

( c )  Tf srlitable sit,es can be fonud, anrl iC Ilig,rh 1c;:el cros;.iii:,:, nr.B 

not available, t,Ile level  may be s e l  i i ;  the: niirlrl!ct ( 2 ;  . -:he . 
river on an island. A very firm haw ir; I I O ~  ~ . ~ q \ i ' l ~ . ~ r ! .  . , .  : 1 ,  j ~ 4  

only necess:wy that  the level should bc otcndy i.. !::.J 

94 Portion Bindhi-EyderibBtl not 
yet done. 
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observer is s i t t ing still, and tha t  i t  should not change height 
by more than half a r  inch while he changes from one side 
ot i t  t o  the other. 

By using 3 levels in such a case an increase of' accuracy can be 
obtained, each half of the  river being crossed by reciprocal 
angles. The  centre observer works with each of the other 
two ir: turo. It is not necessary to measure the height of 
his instrument on a back staff, atid if the rays are equal his 
collimation error is imn~aterial .  

If the crossing is more than 14 miles wide every encleavoar 
should be made to  do this, even to the extent. of sinking a 
wooclen frame full of stones in shallow water. Such a cross- 
ing is twice as  goocl as a simple crossing a t  water level. 

( d )  Sites just below river junctions shoi~ld be avoided as a pre- 
caution ag.ainst systematic difierences of water temperature 
on either side. 

( e )  The  whole of the  observations! should not be made when a 
prevalent wind is blowing from one side to the other. The 
observations of any  one day may be so done but not the 
whole of the  work 

(-1') Increased height may perhaps be obtained artificially by sta- 
g i t~g ,  as  is done in triangulation. But  i t  1s I)robable that 
t lie necessarr preparations wouItI lead to an expenditure of 
t ~ n i e ,  which woulcl have been better speut on rnal;ing more 
nr:nrerous crossings. 

( g )  Waber-gauges should also be used in several well separated 
sites if possible ; if the conditions are suitable it is 
t,hat the\.. woultl give more con~istel l t  ~*esults than the levels. 
I 1  l h r  observations might  perhaps be made on t,lre same day6 
as the otlltar crossings, so avoiding waste of time. 

(2 ' )  x)')'b1.8 due  to 1-ej'raction when leve l l i~ tg  I ~ J  ct hill. 
l t l ~ l e  1.-If the rise in any section about 5 miles in length average 

less than I foot per station (i.e. 50 feet in 5 miles), that  section 1s 
conzl~lr~.ecI H::t and no action is necessary. 

Sotr  --1.-When taking out the average rise, any negative rises 
are O F  course urimerically subtracted from the positive rises. 

l - - , t e  B.-With shots averaging 4 chains, and d2T/dh"= 
p , t i  rule allows an error of a002 per mile, which is tolerable for 
con-.;t!~.rable distances. 

Rliie .'.--IF t h ~  count,rv is not flat as defined in rule ( I ) !  it Is 

pnn.i:lc~e,! to Ilnve a t l ~ . n ~ e ~ ~ o ~ ~ r l ~ -  pel.sistellt gradient after i l  112s risen 
I I I O I . ~  tila11 3 0  feet, i f  tlre lerlgtll of t h r  s l~o t s  (statiotl to st:llT) i l l  which 
tllrl r l v  has  clrcr~rre~l I~ae : L V P ~ ~ ~ P I ~  :3 C ~ I A ~ I ~ S  or nlc re, 01. l i k '  f c ~ t  i f  t he  
s~rot.; \lare averaI.e(\ ~ le t~veen  I 4 iltl,l Q e ~ ~ a i t r s .  l f  they I : l \ t b  averaged 
leas tha~r It chains there is 110 limit. 

e . This rule admits a n  error of -01 0 f t .  before :111\. action I s  

taken. 
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Rule 3. Once a gradient has been found to be persistent (i. e. 
after it has risen 50 or 100 feet as  above) the length of shot must be 
reduced to 14 chains, until such time as the gradient is reversed or so 
reduced that  the rise per station does not average more than 1 foot with 
a longer shot. 

N o t e  D. 1 4  chain shots admit  an error of -005 per mile (a t  the 
worst slope). This can Le tolerated for some miles. 

N o t e  E. If tlie gradient be reversed or  seduced as above for one 
or more consecl~tive shots, the leugth of these shot,s shorild not be 
restricted, but tlle dangerously persistent gradient cannot be considered 
to have ceased until the dow11 hill or level has continued for a t  least one 
mile (see also note F), i. e. if the rise be resumed before one mile, the 
le~~qth of shot m r ~ s t  im~necliately be reduced to 14 chains, without 
waiting for a second rise of 50 or 100  f t .  

Y o t e  F. I f  after reversal the clown hill gradient be such as to 
come under rule (%), the 1111 gracle is considered to have ceased and the 
IengtIl of shot must in clue course be reduced on account of the down 
grade. 

'Itule 4,. The above 3 rules are repeated substituting the words 
"fall " for " rise ", "down " for " up " ancl vice we?-sa. 

IF, in fut,ure, temperature nleasrlrements shoulcl again be made and 
a correction al,l>liecl, i t  worlld be better to take the temperature a t  three 
poiot8s verticallj above each other near t>he instrnrnent. For d 2 T / d h 5 s  
tlie chse~~tiill which llas to  be mensnred, ant1 i t  is much better 
tleter~uined by 3 such measures a t  onc place, than by ineasrlres a t  
3 plarcs some cliains apart.  

(:1) T I L ~  co~., .ecfio,l , , fo~. stqf 1ozyth.-It is concludecl that  the pre- 
sent r~lethocl of applying the correction is satisfactory, but t,llat st.a.vrs 
sho~ilcl Ge pairetl to  nrithin -000-1( (i. e. 0.00-1' it,.). If they s tar t  the 
seasol1 ~vithin 0 . 0 0 2  f t .  the above limit is uot likely to be esceedecl. I f  
it s l ~ o t ~ l , l  Le exceeded, the d e ~ i r a b i l i t , ~  of ; ~ ~ ) ~ ) l j i n g  t ' l~e correction lnore 
~*igorc:usl~ s11011ld be considered. 
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TABLE 2 .-Check-lsvellir~g. 
Discrepancies between the old and new heights of bench-marks. 

1, 
m s, 

6 s" 
E A  - 0 

0.9 
Be 
9 ' 

Benoh-mark8 of the original levelling that 
were connected for check-levelling 

., 
Difference 
(check- 
original). 
The sign 
+denotes 
that the 
height 

was 
greater 
aud the 

ign - ,less 1. iu 1927.28 
thanwhen 
originally 
levelled 

No. 

Observed height above (+) or 
below (-) atnrting benchmark, 

as determined by 

1 miles / 1 feet I fe;t 1 fie1 

Zine  55 P (Jabboina  to  Kof Mfildeo) at Jabbofina 

Date of 
original 

levelling 

180 

181 

184 
182 
183 

Dt~,"t" Description original 
lerellhg 

44 A 

,, 

,, 
,, 
,, 

Check. 
levelling 

1927.28 

Line  136 (Jhnng to Lahore)  a t  Jhang-Maghi&t,a 

B.OM. on t r i :  pillar ... 
H.P. B.M. ,, (Type B) a t  
A.D, 192G Jabbokna ... 
B.OM. on tri : pillar ... 
B.OM. on ,, ., , 

B.ON. on plinth of s c h ~ o l  

72 

1G9 

168 
(70) 

71 

167 

0.00 

0.34 

0.6'7 
3.48 
0.54 

44 A 

,, 

,, 

,, 

,, 

1926-27 

,, 

,, 
,, 
,. 

.---- 
( B.M. 1 

0.000 

+ 8.983 

+ 7.650 

+ 1.396 

+ 8,618 

G.T.S. 
CI (Type B) nt Jhang- 

B.M. Mnghiina R S. 
191 1 
B.OM. a t  ~ e ~ n t $  Commi- 

ssioner's office ... 
G.T.8 

0 on bridge ... 
B. bl . 

G.T.S. 
17 (Type B) a t  Session 

B. bl. house ... 
1911 
9 on gate pillar of 

0.000 

-0.004 

-0.004 

-0.002 

-0,003 

1911-13 

1921-22 
& 23-24 

,, 

1911 13 

1921.22 

0.00 

0.78 

0.96 

1.22 

0.000 

+ 0.407, 

- 1.657 
+ 3.850 
+ 2.782 

0.000 

+ 8.087 

+ 7.554 

+ 1.398 

+ 8.623 
& 23-24 

G.T 8. tahsil ... 1 1.36 

Line 1.76 (Jhang t o  Lahore) a t  Sargodhn 
- 

0.000; 

+ 0.391 
- 1.662 
+ 3.845 
+ 2.780 

Q'0O0 

-0'040 

-0'O1' 

-Oaoo5 

O'OoO 

-0'017 

0.000 

-0.016 

-0-005 
-0.003 
-0.002 

0.000 

+ 7-79? 

+ 13.314 
+ 8.711 

+ 9,467 

+ 5.505 

78 

76 

74 

72 

71 

0.000 

+ 7.757 

+ 13.300 
+ 8.736 

+ 9.467 

+ j'G88 

43 D 

,, 

.. 
,, 

. 
,, 

1911-12 
& 12-13 

,, 

,, 

,, 

,, 

,, 

G.T.F. 
a t  Rlg. rest hoosc 

R.bl.  
1911 

G.T.8. 
0 near M.S. 17 ... 

B.RI. 
I , ,, 15 ... 
f on bridge ... 

O.T.S. 
0 near bI.5. 14 ... 
B.M. 

O.T.8. 0 B.M. a t  Bonr mill 

0.00 

2.01 

3.44. 

4.82 

4.84 

4.97 



CHAP. VI.] LEVELLING Dl 

,TABLE 2.-Check-levellz'ng- (conld.) . 
Discrepancies between the old and new heights of bench-marks. 

Bencll-marks of the original levelling that 
were cont~ectcd for check-levelling 

hn 

2 
2 
22 
$ $ 
9 -" 
+ m 
6 No, 

/ miles I 1 feet I feet I feet 

Lim 136 (Jhang to  Lahore) at Wcczircibad 

De~ree 
sheet 

45 

46 

47 

48 

Difference 
(check- 
original) 
The sigd 
+denotes 
that the 
height 

WUE 
greater 
and the 

sign - less 
in 19.25-29 
than when 
originally 

levelled 

Description 

Observed height ('1 Or 
below (-) start in^ bench.mark, 

aa determined by 

Date of 
origillnl 
ievelluig 

" 

,, 

,, 

,, 

Line 140 (Muttrn t o  Bareilly) at Hdthrn.8 

oripinal 
levelling 

1922 

,, 

,, 

,, 

22 

21 

20 

I' 

-- 

Check - 
levelling 

1927-20 

G'T'S' a t  S. end of Palkhu 
bridge B.M. ... 

+ a t  railway officer's 
rest house ... 

G.T.S. 
0 at well ... 

B.M. 
G.T.S., (Typ? B) nt 

6 W a z ~ r i b i d  .. * B.M. " 

0.00 

0.4.1 

0.S7 

2-10  

0,000 

+O-012 

-0.031 

-0.016 

0.000 

-10.121 

-10.142 

-1,14.901 

6.1 1 

, 

, 

%, 

-_ 

LilLo 140 (jf?cttrcr, t o  Bnrcill!/) ~t i iT1hf t t .n  

0.000 

-10.109 

-10.173 

-16.007 

0.000 

+ 2 . 9 2 9  

+3.290 

+3.365 

+0.955 

as 

lG3 

0'000 

-0.003 

+0.012 

--0.010 

-0.012 

0.000 

+ 2.932 

+3.378 

+ 3 . 3 7 5  

+o.sn7  

- 

13.hf. 

1915-16 

I 

, 

, 

, 

- - 

G T.S. 
(Type H )  nt  Hit ,hms 

13.M. 12,s. ... 
A.D. 1905. 
G.T.S. 
0 at, Hithras  11,s. ... 

H . M .  
(+.rl',s. 
0 a t  A1ah%dcols temple 

R.M. 
G.T.S. 
0 a t  Hnthrns I.  B. .". 

B.M. 
storle Rench-mark ( n o  inn- 
cril1ti011) at, H n t l ~ r a ~  1.B. 

0 . 0  1005.06 0.000 0.000 0.000 

0.1  1925.27 -0.097 .-0.028 -'.)'001 

5'1, 13 

9, 

0 . 0  

0 . 0  

0 .5  

1.1 

1 - 2  

-_ - -  
Rt,al,dnrd, kIutt.rn .., 

(:.T.S. 
0 on stonc .., 
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TABLE 2.-Check-let-elling- (contd. ) .  
Discrepancies between the old and new heights of bench-marlis. 

br 
!= .- 

j 
E i 
2 A 
*.I u 
Q 8 :: 
4 .- 

mnch-mnrks of the original levelling that 
were connected for check-levelling 

DiRerence 
(check- 
origiual) 
~h~ sigu 
+denolm 
t h ~ t  the 
height 
ww 

greater 
and the 

sign- ,lea 
in 1927.2: 
than when 
origiually 
levelled 

No. 

Observed height above (+)  or 
( -, rmrting bench.mark, 
as determined by 

I miles I 
- 

I . feet  I f e e t  1 feet 

Line 121 ( Howrnh to  Bhadraklh) at Balaeore 

1)escription 20;; 
levelling 

78 

79 

6 1  

64 

Oridnal 
levelling 

Check- 
levelling 

1927-28 

73 l i  

,, 

,, 

,, 

Line 104 (Viramgtim to Tatta) a t  Bhaj 

Standard, Balnsore ... 
Cf.'l'.S. 

0 at municipal office 
B.M. 
G.T.S. 

0 at Mahideo's temple 
B.M. 
O.T,S. 
o (Type B) at Circuit 

B.M. house ... 
A.D. 1881 

0.000 

-0.006 

t o  047 

-0.026 

0 .0  

0 . 9  

1 - 4  

1.9 

9; 41 E B.0A.f. on rock in sitn ... 
83 I , 

G.T.B. 
(21 9 on step ... 

B.M. 
93 / . B . 0  . on stone ... 
85 .. 
86 .. 
88 , .. 
90 1 . 
91 . 

1881-83 

,, 

,, 

,, 

0.000 

-0.003 

-0'0')l 
-0.003 
-0.006 
-0.037 
- 0  036 
-0.038 
-0.003 

+ a t  memorinl ... 
8 . 3 J I .  on stone flooring 
0 on plinth .. 

H.0J.I. nostone flooring 
B.()N. on s t e p  .. 

Liue 101 ( Vi'ir.atngrim to Tatta) at AnjcZr 

0.00 

0 .31  

0.35 
0.41 
0.57 
0.79 
0.83 
0.88 
0.03 96 : .. , B . 0  \I. on floorillg ... 

! -- - 

0.000 

+ 4.176 

+ 3.817 

+14.458 

0 000 

+ 6.193 

+ 7.969 
+ 2.088 
+ 4.546 
- 0.300 
- 6,456 - 5.961 
+ 3.286 

1921-22 
& 23-24 

.. 

. 
,, 
, .. 
,, 
,, 
, 

O.GOO 

+ 4,171 

+ 3.564 

+ 14.432 

0.000 

+ 6.190 

+ 7.968 
+ 2.085 
A 4.540 
- 0.337 
- 6.492 
- 6.0 9 
+ 2 .283  

1921-22 
& 23-24 

,, 

,, 

,, 

,, 

0.000 

- 4.6131 

+ 3.5-49 

- 60.683 

- 74.293 

e r  1 41 I I ( ~ g p e  B) a t  hnjir . 

I 
1 
G.T S. 

6.5 1 .. 3 on stone ... 

I H. M. 
C t . l ' . H .  

C , ,, etcp ... 
Q.T S. 

~ 3 )  .. i o .. ,, ... 
; R.hl .  

G.T.S. 
60 .. C) , ,, ... 
I I) 1 13. bf 

0.00 

0.03 

2.138 

1.89 

3.26 

o.000 

- 4.662 

+ 6 , f ~ : i  

- G4.671 

0.000 

- 0.001 

I +  O'O°F 

+ 0 . 0 ~ ~  
I 
I 

- 75.2qg7! + o ' (@~ 
- 1  
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TABLE 2.-Check-levelling-(co,Ptd.). 
Discrepancies between the old and new heights of bench-marks. 

were connected for check-levelling 

- Line 150 (Kotri t o  Barvrer) at HyJei.cib6d 

40 (3 S.B.M. at Hyderiibid ... 0 . 0  1924-26 0 .000  0 .000 0 . 0 0 0  

G.T.S. 
217 ,, 0 at tappaddr.'~ school 1- 1  -39.336 -29.230 -0.004 

B.M. 

G.T.S. 
33 9 .  0 OII bridge No. 7 .. 1 . 6  -1.1.133 -14-140 -0 .007  

R.M. 
416 ,, B . O M . o n c n l v e r t N o .  15 ... 1 . 1  , -3O.al i3  -:<O.'L(j:3 +0,0.1!1 

I I 

41i B.OM. on wntercolumn ... 1 . 3  -30.548 .-no.:;!: tn.l!:;'i 
'IR ,, R.9M. ,, ,, pizo  ... 2 - 0  - 3 1 . 9 5 7  1-31.928 I + C . O : ? ?  

410 
,% on bo~undn.rg pillar 3 . O  . + 3 1 . 2 0 0  +31.27C + 0 . 0 6 7  8 
, (Type C)ntGanjoTr~kknr 

hil l  ... 3 . 1  ,, + ? , 2 . 1 6 4 + 3 2 . 2 4 6 + 0 . O S P  
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TABLE 2.-Check-levelling-(cmtd,). 
Discrepancies between the olcl and new heights of bench-marks. 

h~ ' 
Slc 
I &a 

g! e.4, 
$4 
3 
a 

Bench-morks of the orisinn] levetlinq tha t  
were connected for check-levelling 

.- 
L)ifferencc 
(check- 
origiual). 
~h~ 
+de,lotes 
thnt the  
height 

wna 
Rrentcr 
nnd tllc 

sign -,less 
in 1927.20 
than when 
originnlly 

levelled 

No. 

Observed height above (+) or 
below (-) stnrting beuch.mark, 

os determined by 

(miles  I I feet I j e t  I ,feet 

Line lOlA ( S t ~ k k u r  to  Hyderciblid) at Namlibshfih 

Dnte of 
original 
levelling 

Degree 
Bhoet 

231 

232 

233 

236 

335 

234 

Description Original 
levelling 

B.OM. on cnlvel-t ... 

'.?' a t  inapectioo bong.- 

B.M. low ... 

I, ,, 1. ,, ... 
G.T.S. 

,, ,, ... 
B.U.  

A.D. 1924 

B.OM. ,, 1, ,, ... 
G.T.S. 

0 ,, 9 ., ... 
B. $1. 

40 B 

,, 

,, 

,, 

,, 

,, 

Check- 
levelling 
1927-28 

on ash-pit ... 

,, 1 0 at railway station ... 
I / 1904 

2 1 0  1 . B . O  11 on co~rert No. aol 
I 

1 .. 1ron pipe ... 
- 

i 

0.0 

0.3 

0 . 3  

0.4 

0.4 

0.4 

0.6 

0.7 

2 . 2  

25.6 

1924-26 

,, 

,, 

,, 

,, 

,, 

Line 52 C (Sh~ihpur  to Mahr~ibpur) at Khadro 

,, 

,, 

1 ., 

1921-22 

I 

1 Rl.i2 
10.5 LO R \!.Or. on verandah . 

I 9b 1 6  

- 
0.000 

+0.006 

t0.004 

+0.001 

-0.002 

-0.001 

0-000 

- 0.041 

+ 0.930 

- 1.855 

- 0.724 

- 1.540 

0.0 

0 .1  

1 . 2  

2.7 

170 1 ,, 
1 

I07 1 .. 

-0.011 

-0414 

+ 0 8 0 0 9  

-O'lo8 

0.000 

- 0.035 

+ 0.934 

- 1,854 

- 0.726 

- 1.541 

+ 0.244 

+ 3.071 

- 0.055 

- 3.33.5 

1921 -22 

1922-23 

1921-22 

,, - 1.666 1 -  1.'710 -0.073 
I 

B.OM. on bridge ... 
(.?.l'.S. 

o ,, .. ... 
B.31. 

+ 0-233 

+ 3.057 

- 0,046 
- 3 ,443  

I Q Y \  ., R.OM.onmile-gtone ... 
I i 
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TABLE 2.-Check-levelling-(contd.). 

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

Bench-marks of the original levelling that  
were connectnd for cheok-levelling 

so, 

sign - ,les~ 
Date of Check- in 1927-21 
original 1 1 levellin. than  w h e ~  
levelling 1927-28 originallj 

levelled 

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

as determined by 

I I 

miles 1 I f e e  I feet ( feet  

Differeocl 
(check - 

original). 
q-he ,,igll 
+denotes 
that the 
height 

wns 
greater 

and the 

i 

Degree 
sheet 

I Line 101 A ( S u k k u r  to  H y d e r r i b ~ d )  at Kaadir iro Road R.S. ( 

1)escription 

-- - 

42* 

41* 

40 1: 

, 
37* 

' s~1.131 Noq. in 1,ino 52 J, (Danr to Bindhi) 

-- 

0'000 

+ o - 0 0 1  

0.000 

-0-OEO 

+( ' . i )I? 

+cl.c?n 

0'000 

3514 

192626 

,, 

L.R. 
0 at M ~ ~ . ~  .. 

B. t RI. 
R . O M .  at. 1.n. Morn 

+ 1 , 0 8 l l +  1.(01 
+ 1.066 , +  I .OGS 

1 3 6  do I: 

0 - 0  

0 . 0  

- 1.2,-,:{ 

- o.fi01 

- 1.S34,  

- 0.578 

, 1 3 . O M . o n M S . M o l . o 1  ... 

,, 

0 . 6  

("T'S a t  District bnngnlom, 0 
R . M .  ... 

,, 

1 .6  

G.T.S. 
I 0 at Post Ofice,  Bloro 1 .7  
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TABLE 2.- Check-levelling-(coatcZ.). 

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

* 
tf 
a 2 
$2 
a 8  

5 

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

Difference 
 heck- 
Origind). 

T ~ ~ ~ ~ ~ s  
that the 
heigbt 

was 
srenter 
and the 

sign- .IQS 
in IW.& 
than when 
originally 
levelled 

No. Degree i 

Observed height above (+) or 
below (-) startinR bench-mark, 

IN determined by 

I miles 1 1 I j e t  I feet 

Line 52 L (Daur l o  Bssdhi) at Moro-(contd.) 

Description 
Date of 
original 
levelling 

0figinfll 
levelling 

1 . 9  

2 .0  

2 . 1  

2 . 2  

G.'P.S. 
0 a t  hospital, Moro .. 

B.M. 

G.T.B. i n  Police Lines, 
0 More .. , B.M. 

G.T.Y. 
0 a t  Barrtrge Bw., blol-o 

n.nl. 
Q.T.S.0B.M. a t  P.W.D. 

bungalow, Moro 

45* 

137 

4G* 

138 

. --- 

Check- 
levellinq 
1927-26 

35 N 

4 0 B  

.. 
,, 
-- 

Line 101 A (Sukkur to Hyder6bdd)  ul Daur 

1925-26 

1921-22 

1925-26 

216 40 B 

t0.002 

+Oe029 

+ 0 020 

I 

2 1 7 ,  

0.000 B% on bridge No. 203 . .  
O.T.S. 
B.M. st P.W.D., I.B., 

+ 0.006 

- 1.345 

+ 0.361 

+ 0.964 

1921-22 1 - 0.571 

- 1.343 

+ 0.390 

+ 0.984 

- 0 -  565 

0 . 0  

t0'004 ,. , 0 Daur ... 
t0.013 

+0'010 

-0.037 

- -  

1924-26 

0.7 
jA.D. 1924 

2191 .. EOh! .n tP .W.D. I .U . ,Dnor  0 . 8  

0 . 9  

1.1 

O,OOU 

3191 , 

1 

Liue 101 A (Srrkkrrr to  Hydercibdd) at Mahrcbp~cr 

,, 

0.000 

r,:r.s 
0 a t I ' .W.D. I .U . ,Daur  

1% x. 
G.T.S. 

,, 

,. 

,, nt Danr R.S. ... 
1 

-2.117 

0 000 0.000 

+ 6,124 

- - 

? 1 7 j  10h l c + . T s . o B . M .  a t  P.W.D. ( 
I I .  I % . ,  Mahr5bpur ... 0.00 

I / G.T.S. I 
I 4 : ., 0 on bridge No. 60 ... 1 0.24, 

I B.M. 

- 2,113 

+Is399  

- 1 ~ 0 0 9  

t 4 . 7 1 6  

0.000 1921-22 

1924-26 

+ I n 4 1 2  

- 0.C99 

+ 4.G78 

I 
+ 6.131 +oso(fl 

,, +l l .B45  +ll.S65 

1921-22 + 6.091 + 6.369 

U.'L'.S. 
? l ? j  .. 1 0 ,, ,. .. 54 ... 

B.;C1. I i i . ' l ' .R.  I 

B. M. 
G.T.S. 

213 ,, ! (3 ., ,, ., 62 ... 

8 ,, L7 ,, ,, ,, 68 ... 
B. M. 

Serial Nos. in Line 52 L (Danr to Bindhi). 

1 . 8 1  

1 . 6 9  

3 - 7 1  
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TABLE 2.-ChecBlevelling- (contd.) .  
Discrepancies between the old and new heights of bench-marks. . 

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

bo ' 
t.;~ 
0 i e;l - u 

w 

No, 

1 miles I I feet I feet I fie1 

Line 52 C (Sl~ciApur to Mah~~ibpur) at Mahrabpur 

Degree 
sheet 

Difference 
(check - 
original). 
The sign 
+denotes 
that the 

height 
Was 

greater 
and the 

sign-,lee 
in 1927.2; 
than ,.,hen 
originall 
levelled 

Observed height above (+) oa 
below ( - )  starting bench-mark, 

as determined by 

Description 

217 

216 
216 
21.1 
213 
212 

Date of 

levelling 

.10A 

., 
,, 
., 
,. 
,, 

G.'I'.S.O B.M.  at  P.W.D. 
I .B . ,  Blahribpur ... 

B . 0 b f . o n c u l v e 1 ~ t  ... 
B.OM. ,, ,, ... 
B . 0  Mil- .. ,, ... 
Top of iron pipe ... 
U.031. 0 1 1  culvert ... 

Line 101 (Kar-cichi to  Khrinpur) at Mehar ' 

Original 
levelliug 

0.000 
+ 8 . 5 0 9  
t9677 
+6.169 
+ 8.000 
+ 5.830 

Check- 
IeveIIing 

1927.28 

I 0.00 1921.22 

0.000 

+0.003 

-0,004. 

-0.012 

-0.073 

-0.003: 

0.028 

0.000 
+8.502 
+9.693 
+6.230 - 8.05'7 
+ 5.293 

4.48 
6.43 
6 . i 9  
7.26 
10.38 

0.000 

- 7.40; 

- 0.3i7 

+ 8.0i7 

- 1,042 

+ 15.220 

- 0-344 
-- 

0.000 
-0.007 
+O-016 
+0.061 
+0.057 
+0,('63 

,, 
, 
,, 
,, 
,, 

59 

57 

L i u e  101 (Rn.rciclri t o  K ? I ~ ? z ~ . ~ , ~ L I . )  at litiknl. 

G.I"S. 
0 Musto'~  t,ypo at  

I .  klchar ... 
A.D.1921 
(4.T S. 
0 on zinc plntc ... 

B . M .  

C;"''s' at ?~rzlkl,tidrkciv~,~ 

35 31 

, 

23 

0.00 

0.83 

1 

i- 9-427  + 0.440 +0.013 

on c ~ ~ l v e r t  ... 2-4 ,8  

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

0.46 

0.56 

1-83 

5.03 

O office n.nI. ... 
, 1:::. I r i d g o  ... 

B.hl. 

1920-21 

,, 

3 ; ) R  

6.11 1 , - 0.316 

- 

0.000 

- 7.4011 

,, 

,, 

,, 

,, 

62 ,. c n l v c ~ ~ t  ... 
... 

G.T 8. 

(; .'I,, s 
0 a t I . U . I < i l c n ~ -  ... 

B.M.  

- 0.3i3 

+ 8.089 

- 0.969 

- 15.228 

C6 

0.000 

, 1 0 M n ~ t o ' n  tgpc nt 
Eolichi v i l l n ~ c  

0.00 

-- - 

1920-21 0.000 0.000 
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TABLE 2 .-CAeck-2evelli~tg-(codd.). 
Discrepancies between the old and new heights of bench-marks. 

Benob-n~nrks of the original levelling ths t  
were connected for check-levelling 

an 

3 
2 24 

2 
El 0 7 

CEf! 
15 
C 
.d 

0 

I miles I 

I grenter 
and the 

DRte of Original 
levelline thnn whe g ;  l e v e l i g  

Observed heisht above (+: or 
below ( -  ) starting benclr-mark, 

as determined by 

1 -feet I feet . ( feet I 

IJ i i  erenc 
(cheok- 

:%,$:, 
that the 
height 

was 1 
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T A B L E  3.-Revision E e ~ e l l i n , ~ .  
Discrepancies between the old and new heights of bench-marks. 

Bench-marks of the origiual levelling that 
were connected during thc revisionary 

operations 

bn 
n 

%: 
8 8 
2 i "- 0 

8 8 
c1 a 

Description No. 

I miles I I t I t I feet 

Part of Line 140 (Mzcttra fo Hfithras) 

I Diffcrcnce 

:Es 

25 
40 
21 
20 
161 
( 1 ) )  
18 
39 
I :  
16 
16 
14 
l3 
12 
11 
10 

7 

1 
R9 
22 

(revision 
- origi- 

nal). The 
sign + 
denotes 

that the 
height 

was 
greater 

and the 
sign--1ese 
in 1927-28 
than when 
originally 
levelled 

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

the starting bench-mark 

54 
,, 
,, 
,, 
,, 
,, 
,, 
I I  

,, 
,, 
, 
., 
,, 
,, 
1, 

,, 
,, 
, 

54'1 

Date of 
original 

levelling 

Part o f  Line 121 ( E o w ~ a h  to Balasora) 

455 
267 
456 
438 
265 
264 
847 
(464) 
'1.53 
R21 
828 
827 
R25 

From 
publisl~ed 

heights 

0.000 
-0,003 
i0.002 
+OaO02 

-0.011 

- 0.022 
+0.001 
+ 0.012 
+0.014 
+0.009 
+ 0.008 
+ 0.023 
+0.028 
-0.027 
-0.021 
-0.076 
-0.060 
-0.062 
-0.070 
-0.079 
+ 0.025 
-0 089 

F ~ o m  revlslou 
1927-28 

(uuadjust- 
ed) 

0.000 
+ 2.032 
+ 6.682 
+ 13.539 
+ 13.692 
+ 1-835 
+ 1.610 
+ 1.831 
+ 4.019 
+ 9.630 

79 
,, 
, 
, 
t 

1 1  

9, 

7 ,  

I ,  

:: 
, 

0.000 
+ 2.035 
+ 6.680 
+ 13.527 

t 13.i03 

+ 1.867 

St,andard, Muttra ... 
at Kachahri ... 
on culvert ... 
at Muttra R.S. ... 
(Type B) at Muttra ... 
on bridge ... 

on bridge ... 
( q p e  B) at Bays l7.S. ... 
on atone ... 
on bridge ... 

9 I ,  ,.. 
On stone pillar ... 
on bridge ... 
on drain . 
(Type 13) at Mur~lin R.S. 
on well ... 
?'clegraph office ... 
( ' 1 . y ~ ~  fl) at Hit.hras 1l.S. 

8 ,  , ,  ... 
9 1  ,, ... 
on pillar ... 
on culvert ... 

0.0 
0.0 
0.9 
1.4 

1.5 

281 

0.000 
3.820-0-028 

st civil court, Howlah ... 
on plat.form ... 

1906-06 
,, 

, 
,, 

1925-27 

1905-06 

7.5 
9 . 4  
10.1 
11 - 6  
13.4 
14.8 
16.3 
1 
19.0 
24.0 
26.2 
26.7 

2.4 
2.4 
4.1 
6.9 

0, lever ... 
on sluice ... 
on mclnorial vnse ... 
fit Sllpdt's Ilouse, Njlq,ur ... 
:tt Inn~p.post .., 
f i t 1 ' . k , T , O ,  ... 
011 scat ,.. 
on plinth .. 
c,n f i t ~ p  ... 
nl. Snptlt'a qnnrttrs ... 
:I t  waiting hnll ... 

,, 
,, 
,, 
,, 
,, 
,, 
, 
,, 
,, 
,, 
, 
,, 

0.0 
0.4 

,, 
,, 
,, 
,, 

0.000 
- S.79z- 

1913-14 
,, 

I .O 
3.6 
.I , f i  
5.1 

0 2 

0.3 
0.5 
1 - 2  
1 ,.7 
1 .5 
1.5 

+ 30.038 

+ 1.609 
+ 1.619 
+ 4.005 
+ 9,521 

0.000 

+ 30.04G 

., 
,, 

1881.8s 
1913-14 

- 0.719 - o.I:!:!I +OS02,7 

1$113-14. 
1964-35 

, ,  
,, 
,, 

+ 24.853) + 24,876 
+ 22.645 + 22.673 
+ 23.455 
+ 24.382 
+ 21.630 
+ 24.763 
+ 17.874 
+ 12.247 
+ 21.802 
+ 24..920 
+ 24,.33$ 

-r 

- C.R21 
+ 0.~61)' 
- 4.(;4:1- 

+ 23.428 
+ 24,361 
+ 21 -654  
+ 24.703 
+ 1'7.822 
+ 12.177 
+ 21.723 
t 24,'946 
+ 248.538 

- 1 .  f izz - 1 . 5  '!:( + 0-00C; 
- 1 .26:'l - 1 *::?:.!1--(1'0?0 
- ( I .  !f,:q - 0 u9!)i - 0 Ol ii 

- Un$2!1 
+ 0.6(:1 

4.('11 

-0.006 
1 O'00:! 
+0.0:;8 
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TABLE 3.-Hevi~ion kvelling-(contd.). 
Discrepancies between the old and new heights of bench-marks. 

I~ifferencr between orthometrio 
heights, above ( +  1 01. below ( - )  

the starting bench-mark 

Reach-mwkr of the orldnal levelling that 
were connected durinp the revisionary 

operntionr 

-oriyi. 
nal). Iho 
sign + 
denotea 
tbnt the 
height 

won 

2 

E a  - .  

t I miles I I feet ( fcet I jeet 

Part of Line 121 ( H w a h  to  Balarore)--(cant.) 

No. 

on bridge 

- w 
3 
2 :bs 

i'rype9'B) at ~ m t a  
. at Nayipira 

on hridge 
at D.B. HRln~ore 
Standard ,, 

I- I Descriy tion 

at parcel office 
at ch5ndmdri bridge 
on plinth 
on lock 
at I.B. Ulnbiria 
at I.B. J~leewar 
on colvert 

9 ,  7. 

at Y a t n ~  T. 8. 
oncnlrert 

823 
831 
834 
246 
246 

a9 
28 
47 
96 
2 

I 
I I I 

Part nj bronch line 61 A (Sahdranyur to  Dehra Dcn) 

79 B 
, 
, . 

7i.0 .. 
9 .  

,, .. 

grenter 
and the 

in lQ2'.' 

" , ~ ~ i ~ ~ ~ ~  
lrvellad @I From 

rcrislon 
1027.28 

(unndjuet 

Date of 
original 
levelling 

From 
published 
heights 

0.000 

-0.044 

-0.014 

+O.OD1 

-0.032 

41 / 53 O Rtmdard, Oahiraopnr . .  1 0.0 
1Q.T.S. 

7 9 '  ,, o onstepofwell  . . . I  1.2 
*.I. 

49 .. 0 on top of tower of 
Nojli T. 8. . . 1 0.7 

,G.T.S. 
4 2 '  .. I @ OU~trp ... 0.0 

I B.M. 
44 .. ; H.OM. on hridpe . 1 6 8  

at Fatchpnr dtik I n 33 F : .? 
B.31. hnngalnw I 

14.9 

I 'a'. on bridge ~ o .  -- .. , i 19.3 

I 
I 

1 3  ! B.M. . 

I 
1806-07 0.0ml 0.000 

- 1.646 

+ 36.173 

+ 0.176 

+ 2 7 0 4 9  

,, 

,, 

I - 1.601 

i 35.1871 

, + A3.1RA 

+ 102.9791 + 102.274, - 0.005 
i 

,, 

,, 

. . ,. - I  k i  ' "  1 91.1 , 
I 

+ 0-16ij 

+ 27.081 

+ 1 5 0 . 1 7 ~  + I ! i 0 i 6 i - o ' " 2  
I 
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TABLE 3.-Revision levelling - (conid.). 

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

hnch-marb of the ori&nl levelling thnt 
were eonuected during the revisionary 

operations 

4* 
't: 
2 2 
fl 8 
2 a  - 0 

G 
No, 

I I I tnilea I ) feel I f e e  I jet 

Degree 
shcet 

Dlnrfcnce 
(rev181on 
-0llfZi. 

n$kT:e 
~~~~~e 
height 
was 

greatcr 
rind the 

sigu-lless 
in 192728 

$:iir$ 
levcllcd 

D~ecript~loll 

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

the starting bench-mark 

Part of branch l i ~ z e  61 A (Sah~ivanpur to Dehra DCn)-(contd.) 

Prom 
revision 
1027.28 

(unndjust. 
ed) 

Date of 
original 
levelling 

16 

17 

19 

20 

21 

22 

23 

24 

25 

From 
published 

 height^ 

22.5 

27.2 

25.0 

28.2 

28.6 

29.8 

30.3 

30 .8  

32.9 

33.2 

33 .4  

33.9 

34.2 

3-4.6 

35.0 

35.3 

-0.020 

+On039 

+ 0.008 

+O.OJD 

+ 0.094 

+C,.C95 

+0.126 

+ O . l ' ? l  

+0 .115  

+0 .150  

+ 0.154 

+ fi . lG.1 

+ 0.11':! 

+ 0 ' 1 1  1 

i 

+ 206.915 

+ 586,955 

+ 689.01 1 

+ 706.197 

+ 834.400 

+933.976 

+ 1289.9ll 

+ 1318.589 

t i 3 e i . w  

+ 1462.713 

+ l 5 u . o s 6  

+ I ~ J I . : . O ~  

+ ~ s [ ; c . z e ]  

+ Irsl.;io 

+ 1.N8-5;i 

1905-07 

,, 
,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

, 

,, 

,, 

,, 

,, 

,, 

+ 208.805 

+686.991 

+ 669.019 

t 706.24,ti 

+742 .332+742 .402+0-070  

+824.494 

+ 8 7 t i ~ S t i l + 8 7 6 ~ G 5 1 + O ~ 0 9 0  

+ 934.071 

+ 1290.037 

+ 1316.710 

+ 13rn.068 

+ 1462.869 

+ 1512.240 

+ 1631.371 1 

+ ~ r i ; c ; . . r s ! ~ + O . I ! M  

+ ~ w i . n r i  

+ IUl5.C.hl 

53F 

,, 

,, 

,, 

,, 

,, 

, 

, 

,, 
1 

,, 

B . 0 M .  on bridge No. ... 
Y 8 

Stone B.M. at Mohan ... 
On stone 

R.B. 
(3.T.S. a 1.3 on bridge No. - ... 
B.M.  94 

G.T.S. 
0 ,, ,, ,, 10 ... 

B.M. 
G.T.S. 

0 on iron bridge ... 
11.M. 

Q.T.S. 
4, 

@ onbridgeNo .-. . .  
B.M. 96 

G.T.S. 
0 , ,, ,, 60 ... 

B.M. 
G.T.S. 14 

(= ,, , ,, - ... 
B.M. 98 
f on boundary stone ... 

G.T.5 
26 1 ,, 

35 

6 0 on bridge No. - ... 
R.M. 99 

1XM. 
Q.T.S. 

0 Emberlderl 3G.0 
R.M. 

Q.T.S. 
l1 

B.M. 
G.T.S. 

B.M. 
30 

3 .  t on houndnry fitone ... 
B . 3 M . o n n ~ t , r o n o m i c a l  

pillnr . . . 
G.T.S. 
0 on britlge 

,, 
I 

33 , 
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TABLE 3.-Recision levelling-(contd.). 

Discrepancies between t he  old and new heights of bench-marks. 

Dench.mark8 of the original lovell in~ that  
were connected during the revisionary 

operations 

a0 

$ t? 
s "s 
2 i! .- 0 

% 2 
a 

Description No. 

I miles I I fee t  1 feet I feet  

Part of branch line 61A (rSahZrctnpur to Uehra Ihin) -(conctd.)  

Degree 
sheet 

DiiTereoce 
(revisiou 
- origi. 

nd). The 
+ 

denotes 
that the 
height 

wnu 
greater 

nud the 
8ign-11ess 
in 1927.28 

tgt~ 
levelled 

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

the strlrting bench.mark 

+Os104 

tO.107 

t0.080 

+On118 

+O'l14 

tO.130 

+ 0.143 

t0.147 

+ 0'153 

+0'116 

+0'159 

t0.163 

4 O' 14' 

+ 0'16' 

+O'lLD 
1 

1R"1.670"0'147 

Ih te  of 
original 
levelling 

37 

39 

40 

43 

1 

110 

2 

63 F 

,, 

,, 

,, 

53 J 

,, 

,, 

, 

From 
published 
heights 

Stone B.M. at M o h a b i m i l a  

0 on plinth level ... 

Colonel  Everest's upper 
mark of Dehre D i n  Base- 
Line E. end T.S. ... 

Q.T.S. 
0 on well ... 

t3.M 
on culvert ... 
B.Ob1. 011 cl~lvert ... 
O.'I'.S. ~ , ~ a r .  On bridge ... 

on bonntlery pillar ... 

F~~~ 
revision 
1927.28 

(unadjust- 
ed) 

37.1 

39-6 

39.6 

39.4 

40.0 

40.6 

41.0 

41.8 

42.4 

43.1 

43.5 

44.0 

44.0 

,&I,. 1 

I 44.2  

+ 1104.225 

+ 10613.741 

+ 108.012 

t 1100.776 

+ 1134,676 
+ 1140~210 

+ 1103.643 

1905-07 

,, 

,, 

,, 

. 
,, 
,, 

, 

Ioi / '' 1 Wheel g u a r d  rail 

I 

0 in l ohs i / ,  Debra D i n  
I 

.,. 

+ 1232.087 

+ 1280.237 

+ 1387.643 

+ 1329.019 

+ 1326~903 

+ 133F,'130 
+ ];4::1.2.59 

4 

+ 1329.616 

t 1194.121 

+1057.156+1057.263 

+ 1056.661 

+ 1WC.704 

+ 1100 1361 
+ 1134.4~ 
+ ll40.097 

+ 1lga.ase 

,, 

., 

,, 

., 

,, 

,, 

,, 
,, 

,, 

6 , 
i I 
I 

12 ! ,. 
I 

+ 1232.83~ 

+ 1280.122 

+ 1307.484 

+ 1329.758 

+ 13zfj.7,j4 

+ ]33,1.~74 

+ 1334.110 

+ 1:<32.523 

+ 1388.309 

G.T.S. 
Bench-mark a t  Dehra Dun 

~zlo-lr 

Iron Plug in D.G.B3S office, 
h h r a  n i ~ n  . . .  

10 1 (3 , 11.4.2  

Cnle's Patellits Station. 
n e h r n  [) i~n 1869 , ,. 

Ptnnrlnrd B.31. Dchrn  Dlln 

., I Ptnn11nl.d 14. 31. at 1)alnn- 
~ v i l n .  IJehrn Diln ... 44.5 
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TABLE 3.-Revision levelling - (coatd.). 

Discrepancies between the old and new heights of bench-marks. 
Difference 
(revision 
- orlpl- 

llnl). The 
sign + 

that  t,he 
height. 

was 
grenter 
rind 

si"'l-*'esF 
in 'R2G-'B 

ori~in:~Ily 
levelled 

bn 
.g 

m s  
fl 6 e ;l - 0 

u E  
$ 

Bench.marke of the  orlgiual levelling tha t  
were connected during the  rrvisionnry 

operations 

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

the  starting bench-marl; 

I I I m i l e s  / I feet I feet I l eer  

No. 
Date of 
origin111 
levelling 

- 
Part of Line  

4 40 D (Type B) a t  Buhar ... 
G.T.S. 

5 . 0 at bridge .-. 
B.M. 

(3.T.S 
12 ,. 0 on M.S.Moghalbin 6 

B.M. 
G.T.S. 

16 ,, at  Chiill IIitho 
B.M. Will b r i d g e  ... 

A. D. 1890 

O.T.S. 
20 ,, 0 011 M.S. Pnj5wnl 10 

U. RI . 
4 

2' 2 F! 0 ,, ,, ,, 8 
a H.M. 
G.T.S. 

23 , Q on blklgo ... 
B.31. 

G.T.S. 
24 .. 0 ., M.S. Sujilrvsl 6 

U.M. 
GI.'I'.S. 

a , ,  0 ,, ,, ,, 1 
l3.M. 

20 , E.H.nf. at  suj,,val ... 
33 , B . 0 M .  011 h i .  S. Sujin:~l  % 

0 on bridge ... 
U . M .  

2 

Degree 
sheet 

From 
published 
h e i ~ h t s  

84 

64 

G7 

180 

Description 

p r o p  
rcvislon 
1926.20 

(uondjnst- 
ed, 

0.000 

392 

+O.OlIj 

+0.038 

-0,398 

-0.015 

-0.091 

+Oa.'1Y3 

+1.:{02 

-0.026 
-0.078 

+O.C!25 

0.000 

+ 13.704-0 

+ 11.C75 

t 13-40: 

+ 13.!4!)3 

+ 17,486 

+ 22.318 

+ 18.823 

+ LS.9$0 

t :'0.4!13 
t 20.:<!)!) 

28.@G-1+2S~049-0.015 

+ 33.nE.S 

104 

0.0 

7.6 

1G.4 

10.0 

22.3 

24'.4 

26.5 

27.8 

31.0 

32.5 
36.3 

35.4, 

49.7 

53 .7  

33 P 

, 

. 

, 

60.3 

51.1 

G.T.8. 
0 on l,lock of ston0 ... 

H . M .  
O.T.S. 

on )I. 8. T0tt.n. 2 .. 
B. M. 
0 Ct. L. Mark-stone of 

Domini H. S. .. 
O.T.S. 
0 at  ilospitnl, T n t t n  ., 

B.M. 

(Buhar t o  

1889-90 

,, 

,, 

,, 

,, 

,, 

, 

,, 

,, 

. 
,, 

.. 

,, 

,, 

Tattn) 

0.000 

+ l4.09G 

+ 11.668 

+ 13.3GI) 

+ 14.191 

+ li.501 

+ 23.609 

+ 19.439 

+ 17.609 

t 40.619 
+ 20.477 

+ 

+ 23 .033  

+ fi::.lll 

,, 
3821-26 

t 

+ 



101 GEODETIC REPORT [VOL, IV, 

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

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

Dench-mnrks of the original levelling tha t  
were conilected during the  revisionary 

operations 

ha 

2 
1; 
8 a ws 
$2 

- 

Descript,ion 

- 

I 1  I miles I I feet 1 feet  1 jeet .- - .. .. - 

Part of Line 104 (Buhar t o  Tatta)-(contd.)  

. .- - - - - 

No. 

191 33 1' 

(revision 
-ori i 

llal). 
~ l ~ n  + 

that the 
height 

was 
greater 
and the 

Bign-'lees 
in 10'6.28 

trZ,"i; 
levelled 

Degree 
sheet 

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

t h e  starting bench-mark 

From 
revision 
1926.28 

(unndjust- 
ed) 

Date of 
original 
levelling 

G.'l', S .  
on cat t le  trough ,.. 

From 
published 
heights 

+ 24.113 

+ 32.083 

+ 24,836 

+ 29.3483 

+ 5S'815 

+ 67.493+ 

+ 49.340 
+ 48.472 

51.6  

' " 0 a t  hlunicipal office. ' , B.M. 'rnttn ... 
O.T.8. 

1S8 ,. 0 on bridge ... 
5 H . M .  

O.T.S. 
... 

1924-26 

51.3 

51.9 

51.8 

53.0  

63.0 

53.2 
53.2 

I 

i 
181;  ,. 

2 )  .. 
I 

186;  ,, 
(68) .. 
ISB I , 

I 
I 

1 8 5 1  . . , ,, 
9 1  

... 1 : 1 , / +  + 48.430lr  49.221 + N J . P S ~ + O . O ! ~ ~  4.9.317 ~ 0 . 0 9 6  I s2  .. I S . R . N .  at l ' a t tn  
~ --- . - - 

Par t  of Litle 101 A (Sukkur t o  Bdnd l~ i )  

, 

,, 

,, 

,, 

,, 
,, 

+ 24.179 

+ 32.155 

+ 24.908 

t 20.432 

+ G3'901 

+ 49.414 
+. 48.568 

Q'T.S' nt hlnkli Bills  B3f b~myr luw,  Tat tn  ... 

"':S' nt  Mnkli Rills 
T$Tbl, hongalnw, Ta t t a  ... 
Iron I I U I ~  (of S. T(. M.), 

Tnttn ... 

t0.068 

+0.072 

+0.072 

t0.069 

57.585+osog2 

+ o * o i 4  
ton096 IS C l  ,, I S .  s t m e  prism. T a t t e  ... 

- 
0.000 

-0.011 

-0.007 

-0.010 

-0.005 

0.000 

+0,007 

.--- 

0.00" 

- b(i.466 

- 66-726 

- :I4..072 

- 28.073 

- 19447  

- 14.771 

_ 
0.000 

- 56.445 

- ~ f ; . i l a  

- 34.962 

- 28.068 

- 1g..+$7 

- 14.778 

1921-23 

1 

,I 

I .  

I 

- - - - ~ .- 

I 
1 0 ~ ~  4 0  I (Type C) a t  Sobknr  ... 

I / CI.'T.S. 
on vernnclnh . 

. I - "  / U.P.? !, 0 ,, wheel gnnrd ... 
1 ! I ! ) )  1 1 H . X I .  

I (;.,r.s. 
.. / 0 ,, Rg. bridge .. . 

I I R b l .  
1 1 ( 3  T.S. 

0 . 0  

0 .6  

0.5 

1 . 5  

., Lansdowne bridge 1 . 9  

1 ,  2.4 
R.M.  
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TABLE 3 .-Revision levelling-(contd.). 
Discrepancies between the old and new heights of bench-marks. 

Beucll-mnrks of the original levelling tha 

Part of Line 101 A (Sukkur to B 
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TABLE 3.-Revision ZeveZZi?tg-(co~~td.). 

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

Dench-mnrke of the orifitla1 levellilll: tha t  
were connected during the revisionary 

opor~tions 

bo 

m u 

8; 
a$ 
$ 

No. 

I miles I ( feet I feet / jeet 
-- 

Part of Line 101 A (Sukkur to  BdndAi)-(concld.) 

Decree 
sheet 

Ditfereuce 
(reviniou 
-onri. 

"1). The 
~ i g n  + 
denotes 
that tho 
height 

Wa8 
greater 
and the 

in 10Z7'28 

::~!'ic 
lovelled 

~ i t f ~ ~ ~ ~ ~ ~  between orthometric 
heights, &bop! ( + )  or below (-, 

the s t a r t u ~ g  bench-mark 

1)escriytion 
Dnte of 
original 

l e v e l  

-- 

7 

4 

a 

1 

60 

49 

. l j  

G.T.S. 
@ on culvert No. 62 

B.M. 
G.T.S. 
0 ,, ,, ,, 60 
B. M. 
G.T.S. 
0 ,, ,, ,, 17 

B.W. 
G.T.S 
2 ,, ,, , 41 

B.M. 
O T.S. 
3 ,, hl-idge NO. 33 

B.M. 
0 ,, masonry pillar ... 

B.M. 
G.'P.F. 
0 ,, cnlvert KO. 17 

B. iC1. 
G.T.S. 

1904-06 

,, 

,, 

., 

,, 
,, 

,, 

I 
,, 

,, 

-- 

40 A 

8 

,, 

,, 

40 B 

, 

, 

Part ?f Live 62  C(SAn4pur to  &IahrZ6pur) 

From 
publi~hed 
h i h t  

-101.003 

-101.952 

-101.352 

-105.298 

-105.663 

- 110-816 

-110.236 

-115.802 

- 131.158 - 

53.8 

55.7  

59.3 

61-9 

66.9 

68.6 

76.2  

0 ,, brldge No. 7 

34 1 ., , ,. culvert No. 204 
i B.M. I 

---- 

-100.768 

-101.829 

-101-210 

-106.157 

- 105.494 
- 110 -567 

-118,828 

-1lj.71a 

-130.830 

F ~ o p  
revision 

1027.88 
(unadju~t. 

ed) , 

-0,235 

-0.123 

-0,142 

-0,141 

.-0.169 

-0,249 

-0uM7 

-0.180 

-oeaT8 

'79.5 

93.9 

~- 

on T a n g a n  slnicn ... 0.0 

5 . 8  
10.0 

18.1 

c=.l'.s. 
. 1 16 .4  , 

B.M. 
B.G;\f. on mile-st.one ... 
U.QM. rln c r ~ l v e r t  ... 
(3.'I'.S. 

C o n  hrirlgc ... 
R.M. 

7 
6 

4 

1921-22 

,, 
,, 

,, 

.iT! F 
. 

,, 

- + ;.osr 

O'OoO 

t0.030 
t0'Oo5 

+0'016 

+ , 085  

0.000 

- 0.217 
+ 2.411 

+ 3.899 

0.000 

- 0.18; 
+ :3*41(; 

+ 3.909 
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TABLE 3.-Recision levelli~tg-(contd,) , 
Discrepancies between the old and new heights of bench-marks. 

Bench-marks of the originel levelling 
were co~~nrcted during the revisiol~a 

operationa 

No. Degree 
sheet I Description 

Part o f  Line 52 C (Shcihpur t o  Mahr6bpur)-(corttd,) 
- 

2 

I 

116 

113 

40 F 

,, 

$0 B 

,, 

G.T.S. 
0 on bridge ... 18.6 1921-32 +13°1U0 +13.146 t 0-046 

B.b1. 

G'T'S'  on H.F.L. stone 18.8 ,, +12.510 + 12.551 +0.041 
B . O M .  

G.T.S. 
on veraudah 

B.M. 
0 on culvert 

nlzd l O l A  (Sf ikktw to Hy~lercibid) 
Pnrls o f  L i l ~ e s  52C (SllciLpu~ lo M u h r t i b ? ~ ~ ? . ) ,  52B (.Dn?w t o  Lundo) 

0 on culvert , 0 . 0  1921-22 0.000 0.000 0.000 
B . 0  M. on culvert . 10.2 ,, + 3.525 + 3.477 -0.048 
11.Ohf. ,, ,, ... 32 -8  ,, + 18.183 + 18.134 -0,048 
~ . T . s .  
0 ,, ,, No. 180 .,. 47.2 ,, + 17'001  + 16.935 -0.176 

B.M. 
G.T.8. 
9 ,, step ... 73.4 ,, +17.7:6 +17-687 -0.129 

B.M. 
G.T.8. 
0 ,, pillar ... 79.5 ,, +17.598 +17.464 -0 .134 

B h l ,  
'L'op of iron pipc ... 85 , h  ,, + 17.717 + 17.509 -0.203 

G.T.S. 
0 on stonc bloclr ... 89.3 ,, +16,37.'  + IG.712 -0 .260 

U.M.  
Top of iron pipe ... 90 9 ,, + 17.10.7 ' + 1F.ElC -0.2hP7 

G.T.S.  
0 on verandah ... 96.4 ,, +13,:5!) +1"189k -0.365 

11. M ,  
00.54 
0 on stono \,lock ... 96.5 ,, 
t 

K O M .  on I,ritl~o 

113 
110 
lo1 
nat 
( 5 )  

ga 

93 

%I 

9f3 

97 

99 

100 

'8 

40 l3 
,, 
, ,  

'1 

,I 

, 

, 

,, 

,, 

3 ,  

11 
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TABLE 3.-Revision 2evelling-(coatd.). 
Discrepancies between the old and new heights of bench-marks, 

1 
miles I 

Dench-marks of the originnl levelling that 
were connected during the revieionary 

operations 

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

the starting benoh-mwk 

Date of From 
original published 
levelling lleights (un;~~~ust. 

I)escript~on No. 

- - 

Part8 of Line8 101 A (Sukkur to  Hydertibdd), 52 L (Datr~ t o  Bcindhi) and 
52 C (Sh6hpu~ to Mahr6bpur) 

Degree 
sheet 

182 
(49)  

186 

187 

lB6 

67' 
5s. 

66, 

65' 

562 

114 

148 

147 

148 

0 - 0  

8 - 5  

9.9 

10.1 

29.4 

29.6 

29.6 

29.7 

30.1 

35.3 

40.4 

41.9 

41.9 

42.2 

71.3 

(Daur to 

40 B 

,, 

,, 

,, 
,, 

,, 

3 ,  

.. 
,, 

,, 

,, 
, ,  

1927-28 

,, 

,, 

, 

1926-a6 

,, 

,, 

,, 

,, 

1921.82 

,, 

,, 
,, 

,, 
,, 

Bandhi). 

G.T.S. 
0 on masonry pillar ... 

B.RI. 
G.T.S. 

0 at Bhiria R.S. ... 
B. M. 

G.T.S. 
@ at K a q n  minor ... 

B.M. 
G.T.S. 

11511 G I 84 1 at bridge 

B.31. 
B.011. a t  onthonses Phnl 
B.031. a t  8. D. 0's office 

Phnl ... 
G.T.S. 

0 at B. bungalow ... 
B.M. 

L'B' in compound of B. 
O phul B t M  ... 

J'R' on Dr. Snrnmer's 
0 stone 27 I\.r ... 

(:.T.S. 
0 on culvert ... 

KJI. 
G.T.S. 
0 at bridge ... 

B.M. 
a t P . W . D . , I . B  .... 

C.T.S 
n.O>l. a t  P.W.D's office ... 
G'T'S' a t  mukhtiZrkCr's "'1 ' 

152 , 

* 

, ofice ... 
G.T S.OR.;CI. nt Thnruehib 

Berial nnmbers in Line 62L 

0.000 

-0.048 

-0.038 

-0.044 

-0-166 

-0.170 

-0.164 

-0.166 

-0.179 

-O'lo3 

-o.084 

-O'(m 

- 0 ~ 0 7 ~  

-On078 

-Oeo65 

0.000 

+ 0.583 

- 0.765 

+ 6.102 

- 7.509 

- 7 .363  

- 6.954 

- 8.3Q3 

- 8.117 

-13.642 

0.000 

+ 0.535 

- 0.803 

+ 6.058 

- 7.675 

- 7.533 

- 7.118 

- 8.658 

- 8 289 

-13.745 

- 5.390 1 -  5.474 

- 6.382 

- 6.299 

- 6.917 

- 4.684 

- G.435 

-6 .378 

- 6.995 

- 4.649 



CHAP. VI.] LEVELLING 109 

TABLE 3. -Revision 2evelling- (contd.). 

Discrepancies between the old and new heights of bench-maiks. - 
bilTerence 
(revision 
-0np1. 

The 

z","otls 
,that the 

height 
was 

greater 
and the 

sign-91ePs 
in 1027-28 

t2gz$!: 
levelled 

3 
O 

5 
g ? 
a% 

+= ' 

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

the starting bench-mark 

Bench-marks of the  orlginnl levelling that  
were connected during the revisionary 

opemtione 

I I I miles / I feet I Bet 1 feet  

Parts of Lines 52 L ( D a u ~  to Bandhi) and 101 A (Sukkrr to  Hydercibcid) 

Fmm revis~on 
1927-28 

(IInCtdj~Et- 
ed) 

Description 
Date of 
o r i ~ i u a l  
e v e i n g  

No, 

42' 

47* 

208t 

34 

201 

202 

203 

212t 

From 
published 

heights 

Degree 
sheet 

40B 

,, 

,, 

,, 

,, 

. 
,, 

,, 

I I 
Part:: qf Lines 101 A (Surl'kl~r t o  Hydercibcid) a?rd 52 L ( Dnlcr to  R(i9idl~i) 

0'000 

+ 2.206 

- 1.891 

- 4.503 

- 2-297 

- 0.474 

- 4m.718 

t 0.184, 

L.B. 
ntMoro ... 

B, 7 M. 
G.T.S. 
0 on stone pillar ... 

B M. 
G.T. S. 

0 at culvert No. 206.. . 
B.M. 

C.T.S. 
0 ,, ,, ,, 204 ... 

B.M. 
G.T.S. 
0 nt verandah ... 

B.M. 
&OM. on well ... 

G.T.S. 
B.M. a t P . W . D . ,  I .R . ,  

Bindhi ... 
A.D. 1924 
G.T.S. 

0 at  Bindhi R.S. ... 

0.000 

+0.024 

-0.154 

-0.142 

-0.144 

-0.149 

-0.141 

-0,145 

1925-2G 

,, 

1924-25 

1927-28 

,, 

,, 

,, 

1924-25 

0.0 

1.6 

41.4, 

43.3 

43.6 

4.3.8 

43.8 

4,4-0 

0.000 

i 2.182 

- 1.737 

- 4.361 

- 2.153 

- 0.326 

- 4.577 

+ 0.329 

* Rerinl number8 In Lino 52 I, (Da~ lr  to Bindhi). 
t Proisvional numbers in Line 101 A (Snkkur to  Hytleribid). 

0.000 

- 0.930 

tl0,PRG 

+10.741 

a t  bridge No. 20.7 ... 
. ROM. a t  M , S . ~ ~ ~ ~ ~ ~ ~ ~ ~ n  ] 

0.000 

+ 0.099 

t 0-119 

+3.119 

II' 

t 0.399 !ty118 I 

0.000 

- 1,028 

+ IO.7G7 

+l0.622 

0.0 

70.4 

77.7 

77.7 

+ Os?'31 

1924-25 

1925-26 

,, 

,, 

1: 1 1 1; 1~~111111 . I , a 8  

B.M. 

... 
G.T.S. 

,, 

, 

G.T.S. 
0 a t  bridgo .., 

B.M. 
125.14 
B.OM. 
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TABLE 3. -Revision levelling-(contd,), 
Discrepancies between the old and new heights of bench-marks. 

I Part of Line 52 C (Shcihpur to Bfah~dbpur) I 

~ ~ n c l l - m a r k s  of the original levelling that 
were connected during the revisio~rary 

operatious 

I I I miles 1 I feet 

Parts of Lines 101 A (Sukkur t o  Hyderdbdd) and 52 L (Dnur to B6ndhzj 
-(colbtd.) 

P 

G.'''.S. a t  P.W.D., I.U.,  

B.81. 
L.B. 

15* ,, IJ a t  Thnl 0.573 + 0,691 t0.118 
B. t M. 

bl 

3;  
2 a 
84 
$ ?  

ga Description No. 

217 

209 

L)eyree 
sheet 

'' Serial numbere in Liqe 62 L (Daur to  Bindhi).  

UBerence 
(revision 
-0rigi. 

na1)- The 
+ 

that the 
height 
W W  

greater 
and the 

''r",le9~ 
in 1927.28 

tw 
levelled 

I)ifference between orAometfic 
heights, ubove (+)  or below (-) 

the starting bench.mark 

O.OO( 
t0.211 

+O-22f 

t0.161 

t0.23t 
t0.247 

+0146 

+Om136 

+ 0.167 

0 . 0  
21.0 

28.4  

2 7 - 1  

29.3 
29.6 

39.5 

40 A 

,, 

Dmte of 
original 

b e v e l l i n g  

G.T.S.0B.M. a t  I.B. Mah- 
r ibpnr  ... 

B.OJI, on bridge ... 
165.76 

209 .. 
1 

" 5  I ,, 
I 

20t;; ,, 
207 1 ,, 

I 
203 

I " 

'@" 

B.031. ,. .. . 
t 

G.T.S. 
0 9 1 1  ... 
B. M. 

(3  'I'.S.3U.11. a t  school ... 
B . 3  M ,  on culvert ... 
(;.'l',s. 

0 atI .8 .Knncl i i l ro  ... 
B.M. 

Cf'T'S' a t  mzrkhliJrk8r.s 
O office Knodiiro ... 

-- 

0.000 
+ 9.482 

+ lti.198 

+13.245 

+ 3.030 
+ 5.807 

+ 1.719 

1921-22 
,, 

,, 

,, 
,, 
,, 

,, 

Prom 
published 

heights 

- 0.400 

- 1) 178 

+ 7.053 

+ 0.266 

- 0.178 

0.000 
+ 9.271 

+ 16-9'iO 

+13.084 

+ 2.804 
+ 5,560 

+ 1.594 

5 8 )  

58 .8  

68.9 

I + 7 113 - 0 - 1 3 0  

1 E;%bt iron p p e  ... 
(+.'i'.S. 

4" a t  Kandiiro Rd R S 

F~~~ 
revision 
1927.28 

(l~uctdjnst- 
ed) 

- 0.536 

- 9.345 

1924-25 

,, 

,, 

I 

t 0.401 

- 0 . W  

I 

177  ,, 

i 1 ;  
I 

38 7 

45.7 

t0.136 

t0.134 

(3.T.S. 
0 , 1 ,  , ,, ... 

B.M.  
G T.S. 

t ,. .. 
B.M. 

A D. 1924 

,, 
,, 
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TABLE 3.-Revision levelling-(contd.3. 
Discrepancies between the old and new heights of bench-marks. 
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TABLE 3.-Revision Zeuelli~zg - (concld.). 
Discrepancies between the old and new heights of bench-marks. 

Bench-ninrks of tho originnl levelling that  
wcro conncctcd d u r ~ n g  thc revisionary 

opent ious 

nct?reo 
sheet 

LliITercnc~ 
(revision 
-ong~. 

nbl). The 
sign + 
dewtee 
that tho 
height 

W 00 
grwteter 
and the 

B i~n - Je s s  
in 1921.28 ~~~~~ 

levellet 

M 

Ce 
g i 
ci: 
a a : 5 

' 
- 

Description 

( miles ( I f e e  I feet ( leer 
. - 

Part of Line 52 A (Ruk t o  Sehwci9~)-(contd.) 

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

the starting bench-mark 

- 

-0.130 

-0,110 

-0.158 

From 
revision 
1927-28 

(undjul t .  
cd) 

Date of 
original 
levelling 

+ 14.057 

+11.446 

+ 0.965 

119 

118 

58 

From 
published 

heights 

+ 13.927 

+11.336 

+ 0.807 

5 3 . 2  

54.2 

58.7 

1921-22 

,, 

1920-21 

i 
'G.T.S. 

35 1 0 on culrort No. 116 ... 
B.hl, 

10 T.S. 
,, bridge ,, I24 ... 

,, 
Q.T.S. 

0 at I .B. Mehar ... 
B.M. 



CHAP. 84.1 ' LEVELLING ' 

T B L E -  4.-List of triangulation stations cmected by 
epirit-levelling, season 1927-28. 

Nnme of st,aLion 

T.S. 22.280 14 

South Maltineha Meridionab and East Coast Series 

T.S. 115.612 116 Top mark-stone 

East Coast Series 

T.S. 80.212 80 Top mark-stone 

Great Are Meridionnl Series 

T.S. 886.829 879 Ground level m a r k - s t o ~ ~ c  

-- 

Clctch Coast Series 

Lower mark 
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TABLE 5.-Reezclt~ of comparison of staves wi th  standard steel 

tape ATo. 3, Lines 55 P & 136, season 1927-28. 

TABLE 5.-Results of comnpn~iso~t of  .staves wi th standard steel 
tape No. 7, Lines 140, 106 ,  1 5 3 ,  & 121 ,  season 1927-28-(coqttd.). 

, 

Place of comparisot~ 

Hithras ... 
Jlut t rs  ... 
Semrt ... 
Fnlwal . 
Okhln .. 
.Jnrnnx I)r~d$e ... 
Srknknlilo .. 
\Irerot ... 
11.ittrn , 

lT;thrm ... 
R ~ l . w n r ~  

Place of comparison 

Jabboinn ... 
P P  ... ... 

~ b a i t n  Mnhln ... 
Shih Jewine  R.S. ... 
Sillanwili ... 
Hnntiewili ... 
Pargodha ... 
Bholwal ... 
Ch:\li Rnib ... 
Chillihnwila ... 
Li la  Miss ... 
Oojrirt ... 
Phnllarwiin ... 

Date 

23-10-27 
1-11-27 
1-11-27 
9-11-27 

17-11-27 
24-11-27 
1-12-27 

10-12-27 
20-12-27 
30-12-27 

10-1.28 
1s-1-28 
26-1-28 
7-2-28 

Date 

11-10-27 
19-10-27 
26.10-97 
3:11-27 

11-11-27 
20-11-27 
28-11-27 
5-13-27 
9-12-27 

15-12-27 

w 

Remarks 

Clear 
I 

Light scatter& cloud8 and 
high wind 

Clear 
$ P  

P I  

Scattered clouds 
I$ 

Cloudy h drizzling 
Very high wind 

Cloudy 9c drizzling 
Scattered clouds 

I I I 

Length of st&-10 feet 

No. of staff 

20A I 2 0 B  

feet 

- 0.0012 
- 0.0018 
- 0.0011 
- 0.0015 

- 0.0020 
- 0.0035 
- 0.0028 
- 0.0022 
- 0.0013 
- 0.0020 
- 0.0007 
- 0 0317 
- 0.0009 
+ 0.0002 

I 
30-12-27 

.Tsleswnr 10-1-28 
1;nnl li11ri ... 10.1-24 

feet 

- 0.0003 
- 0.0005 
- 0.0004 - 0.0010 

- 0.0012' 
- 0.0026 
- 0.0022 
- 0-0017 
- 0.0005 
- 0.0012 
+ 0.0002 
- 0.0005 
+ 0.0001 
- 0.0002 

Remarks 

Clear 
t *  

9 

Cloudy 
Clear 

9 

Length of staff-IU feet 

No. of staff - 
0 1  1 E l  

D ~ h r i  .. 
T~mnl ta ln  ... 
I * I I I I ~ ~ ~ R  ... 
HXmr~i intala .. 
Rhnrnbpnr ... 
B ~ l m o r e  .. ... 

I I 

Light C ~ O U ~ E  

p e t  

+ 0.0008 
- 0.0012 
- 0.0011 
- 0.0027 
- 0.0025 
- 0.0030 
- 0.0031 
- 0.0028 
- 0'0022 
- 0.0019 
- 0.0019 
- 0.0010 
- 0.0012 
- 0.0014 
- 0 0005 
- 0.0015 
- 0.0000 
- 0.0013 
- 0'00.73 
- n.0026 
- 0.0025 

27-1-18 
5-2-29 

15-2-28 
34-2-23 
3-3-28 

10-3-29 
15-3-29 
L'2-3-28 

*feet 

- 0.0006 
- 0.0028 
- 0.0026 
- 0.0035 
- 0.00:{4 
- 0.0037 
- 0 0039 
- 0.0046 
- 0.0036 
- 0.0030 - 0.0027 

1 -  0.00.?? 
- O.nO2G 
- 0.003k 
- 0.0018 
- 0.0031 
-- 0.0027 - 0.0035 - 0.0036 
- 0.00rr. 
- 0 0043 
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TABLE 5.-Results of comparison of staves with standard steel 
tape No. 7 ,  Line 61 A, season 1927-28-(contd.). 

TABLE 5.-Results of comparison of staves with standard steel 
tape No. 4,' Lines 61A, 139, 137, and 104, season 1927-28-(contd.). 

place of comparison 

Sahiranpur 
, 

Behirignrh 
Mohm 

I 

Asirori 
Dehrn Diin 

Remarks 

Clear 
Hazy and cool breeze 

Clear 
11 

Clear and  cool breeze 
,I 8 1 

Cloar 
9 , 

Date  

31-3-28 
2-4-28 
6 4-28 
10-4-28 
14-4-28 
17-4-20 
24-4-28 
25-4-29 

l iemarks 

Light clouds 
Clear 

P I  

1 9  

I 

9 

Clear and high breeze 
I 9 )  I I 

Cloudy 
Cleor 

Clear and high breeze 
1, I t  t 

Clear 
Clcnr nnd cool l~ reczc  

1 1  

Clear 
, ,  

Clo:~r and high 1)recze 
C l c n ~  

t 

3 ,  

Clcnr rind high 1,r~cze 
,, ,, 9 ,  ~ i l ~ ( ~  
., ,, , , l l l~Cczo  

Place of cornpa~~ison 

Dehra D i n  ... 
(I ,. ... 

Moban Pass ... 
Aminntzarh . ... 
Sahiii.nnpur ... 

... 
Jagidhri ... 
Bmhmnn Slazra ... 
Arnl>nl~ City ... 
Sidhucnrh ... 
Behu Mnzra ... 
Ludhi;lr>a ... 
Rhfi j  (Cutch) . 
Rntn~ l  c ,, ) , .  
M~rn113rn ... 
Nnkhi e.l.iina MotiL 

(Cutch) ... 
Vigori (Catch) ... 

" 7 ,  ... 
Mit.innmndh (Cutch) 
Lnkhl~", ,, ... 
Ali hlilhnrn~nad 

h i  ( i d )  . .  
Jiti  ... 
hhnlifn. .. 
sojiiwnl ... 
h m : ~ n i n  ... 
Tst,tn ... 
S~i(lpur Ferry (3hri.t 
I I 

lnnka-ki-minn, ... 

Length  of staff-20 feet 

No. of staff 

015A 1 0158 

, Dnte  

6-10-9 
'11-10-27 
17-10-27 
'23-10-27 
31-10-27 
5-11.27 
15-11-27 
21-11-27 
30-11-27 ' 
7-11-27 
15-12-27 
23-12-27 
8- 1-28 
15. 1-20 
23- 1-28 

25- 1-28 
31- 1-28 
4- 2-24 

11 -  2-28 
22- 2-28 

1. 3-20 
H- 3-28 
16- 3-28 
24- 3-28 
1-4-28 
5. 4-28 
14.- 4.28 
18- 4-28 I 

feet 

0~0000 
+ 0.0008 
+ 0.0010 
+ 0.0006 
+ 0.0006 
+ 0.0002 
- 0.0001 
- 0.0008 

fee t  

+0.0003 
+ 0.0010 
+ 0.0b14 
+ 0.0009 
+ 0.0009 
+ 0.0006 
+ 0.0003 
+ 0.0003 

Length of staff-10 feet  

No. of staff 

0 2  1 0 5  

feet  

+ 0.0030 
+ 0-OORG 
+ 0.0040 
+ 0.0033 
+ 0.0038 
+ 0.0032 
+ 0-0028 
+ 0.002i 
A 0.0021 
+ 0.0022 
+ 0.0016 
+ 0.0003 
t 0.0028 
+ 0.0022 
+ 0.0016 

+ 0.0013 
- 0.0003 
- 0.0002 
- 0.0005 
- 0.0003 

0.0000 
- 0.0002 
- 0.0009 
+ 0.0005 - 0.0002 
- 0.0006 
+ 0.0003 
+ 0.0004 

feet 

+ 0.0002 
+ 0.0006 
+ 0.0007 
+ 0.0004 
+ 0~0009 
+ 0.0007 
+ 0.0005 
+ 0.0007 
+ 0,0004 
0.0000 

- o.@OO-k 
+ 0.0001 
+ 0.0005 
- 0-0004 
- 0,0010 

- 0.0001 
- 0.0005 
- 0.0013 
- 0.0020 
- 0 0014 

- 0,0022 
- 0,01)20 
- 0.0076 
- 0.0019 
- 0.0020 
- 0.0021 
.- 0.001,9 
- 0.0011 



116, GEODETIC REPORT [VOL. IY, 

TABLE 5.--HesuUs of comparison of stoves with standard 

steel tape Ilros. 2 4 6, Line 101 A and Blocks M', W ,  L', and g', 

season 1927-28-(contd.). 

Place of comparison 

- 

Snkkur ... 
Khnirpur Mirs 
Gnmbnt ... ' < Mahriibpur ... 

g I ! Pnd Idan ... 
[ Dsnr ... 
( Hyderibiid ... 

I 

Date 

4-11-27 
13-11 -27 
26-11-27 
3-12-87 

12-12-27 
18-12-27 

13-11-27 

Remarks 

Clear 
I ,  

Clear and cool 
breeze 

,, ,, V, 

Clear 

11 

Clear and cool 
breeze 

Clear 
Clear and cool 

breeze 
,, ,, 

,, ,. s 3  

Scattered clouds 
Clear 

Clondy 

Length of staff-10 feet  

No. of staff 

OSA 1 UBB 1 096. 1 09B 

... 8-12-27 

feet 

+ 0.0022 
+ 0.0025 
+0.0019 
+0.0011 

+0.0004 
+0.0004 

+0-0003 
+ 0.0007 

-0.0005 

-0.0012 
- 0.0019 
-0.0027 
-0.0033 

a l Ruchcri ... 
& I Daur ... 

r Chotiiri ... 
Reln-ki-hiit ... I 

+d 1 Siinrhnr ... 
{ Tillair Mnhnm- 

1 marl JIngsi ... 
1 n o  ... 
I (:ole-kn-roth 
[ N n w i b  Shih ... 

feet 

+ 0.0021 
+ 0.0025 
c0.0017 
+0.0010 

+ 0.0004 
+0.0009 

+0.0007 
+ 0.0010 

-0.C003 

-0.0002 
- 0.0010 
-0.0014 
-0.0020 

feet 

+0.0024 
+0.0021 
+0.0014 
+0.0014 
+0.0008 
+ 0.0013 

+0'0002 
+0.0007 

-0.0003 

-0.0W7 
-0.001s 
-0.0017 
-0.0027 

17-12-25 
20-12-27 

25-12-27 
7- 1-28 

18- 1-28 

2- 2-28 
12- 2-28 
26- 2-28 
13- 3-28 

feet 

+0.0025 
+0.0014 
+0.0005 
-0.0007 
--0.0013 
0.0000 

-0.0004 
+0.0002 

-0.0009 

-0.0015 
-0.0029 
-0.0034 
- 0.0040 
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TAB.LE 5.-Results of comparison of slaves with standccrd steel 

tape No 10, Blocks Y, 2, C', D', G', H' and P', 

senson 1927-28-(contd.). 

Place of compnrison 

Mahribpur ... 
hlnbarka ... 
Chihu ... 
GurmukhSingh ... 
Rajvk~rio ... 
Nnnshahro ... 
hloro ... 
Knthri ... 
Shcrkhia ... 
Sabkui ... 
Xmnrji ... 

Zardori ... 

Pnz:11 Lnkho Jo.goth 
Jimnu Khin Jo-goth 

I~nimnddin Jo-got,h 

(Dill) D, B. ... 
Lashnri ... 
Sbil1rl5d Zarclan . 
Kt1v.i ..lhmad ... 

Date 

4-11-27 
11-11-27 

18-11-27 
26-11-27 
4-12-27 

13-12-27 
20-12-27 
28-12-27 
ti- 1-28 

12- 1-28 

20- 1-25 

27- 1-35 

4- 2-28 
11- 2-28 

18- 2-28 

2 L -  2-28 
5- 3-2s 

12- 3-28 
16- 3-28 

Length of staff - 10 feet 

No. of staff Remarks 

feet 

-0.0009 
-0.0004 

-0-0017 
-0.0020 
-0.0016 
-0.0025 
-0.0032, 
-0-0031 
-0.0018 
- 0.0025 

-0.0025 

-0.0034 

-0.0036 
-0.0030 

-0.0032 

0.001~G'-0.0032 
-0.0048 

- 0 -0035 
-0.0037 

feet 

+0-0003 
-0.0015 

-0.0016 
-0.0019 
-0.0022 
-0.0036 
-0.0038 
-0.0031 
-0.0031 
-0.0031 

-0.0026 

-0,0035 

- 0.0040 
-0.0039 

- 0.0036 

- 
-0.0058 

:O 0051 
0.0056 

feet 

+0.0013 
-0.0002 

-0.OCOG 
-0.0004 
-0.0011 
-0.0019 
-0.0027 
--0.0028 
-0.001G 
- 0.0020 

-0.0023 

-0.0033 

- 0.0041 
- 0.00492 

-0.0036 

- 0.0048 
-0.0072 

Clear 
Clear and cool 

breeee 
,, 
,, 

11 

,, 
9) 

11  

,, , I  

,, 
,, 

I I  

9,  

~ i ~ g t  scatt:red 
clouds 

Light scattered 
clouds & cool 
breeze 

Clear k strong 
breeze 

Clear h breeee 
Light scattered 

clonds 
Scattered clouds 

& cool broezc 
Clear 

L)ust,y and cool 
breeze 

Clooly k breeze 
Clear and cool 

breeze 

feet 

+0-0017 
+ 0.0002 

-O-OOi)6 
-0.0006 
-0.0015 
-0.0024 
-0.0022 
-0.0024 
-0.0020 
-0.0021 

-0.0027 

-0.0030 

- 0.0034 
-0.0086 

-0.0042 

- 0.0040 
-0.0058 

-0.0065 I o .  0047 
-0.0066 0.005-1. 
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TABLE 5.-Results of comparison of staves with standard steel tape 

NO. 5, Blocks v,u,T,Y,C,'F,'B' and X, season, 1927-28-(concld.), 

Remarka 

Clear 
11 

I *  

$ 3  

~ i ~ h t  scatdered clouds 
Clear 

I I  

I 

Clear ,k do01 breeze 
Light scatteredcloudu 

nnd cool breeze 
Clear and wind 

Clear & cool breeze 
1,ight scattered clou(1s 
and very cool breeze 
~~~htsca t te redc lou( la  

and cool breeze 
Clear 

I 

1 9  

Light scattered clou(Ib 

Place of 
comparison 

Mahrabpnr ... 
Gul S h i h  ... 
Kandiiro ... 
>layo Sial ... 
Bnhlani ... 
Mshribpnr ... 
Radhan ... 
Qholim Mohd ... 
Iih5t1a ... 
Sita Road ... 
nlllu ... 
Didu .. 
Radhan ... 
Dillu ... 
Khera ... 
G ol ... 
Didn ... 
6hudibidK.S .... 
BnLak &.S. . 
Snlnhnr ... 
r o h  ... 

Date 

4-11-27 
14-11-27 
23-11-27 
1-12-27 
9-12-27 
13-12-27 
21-12-27 
29-12-27 
7- 1-28 
15- 1-28 
23- 1-28 
13- 3-28 

28- 3-28 
23- 1-28 
26- 1-28 

31- 1-28 

8- 2-28 
15- 2-28 
23- 2-28 
10- 3-28 
2- 3-28 

Length of staff-10 feet 

No. of staff. 

012A / 012 B I 013A / 013B 

feet 

+Om0020 
+ 0.0007 
+0.0011 
+0.0011 
-0'0015 
+ 0.0006 
+ 0-0007 
+0'0005 
-0.0026 
-0.0002 
-OmOC04 
-0'0020 

-0.0018 
-0.0003 
-0.0008 

-0.0015 

-0.0007 
-0.0012 
-0.0Q03 
-0.0018 
-0-0018 

-- 
feet 

+0.0017 
+ 0'0006 
+0.0010 
+0.0007 
-0.0018 
-0.0003 
- 0'0007 
+ 0.0001 
-0-0093 
-0.0005 
- 0.0008 
-0-0U3i 

-0'0032 
-0.0008 
-0-0011 

-0.0027 

-0.0014 
-0.0026 
-u.0012 
-0.0032 
- 0.0030 

feet 

+0-0018 
+0.0006 
+0.0014 
+0.0007 
-0.0011 - 0.0005 
-0.0006 
+ 0.0002 
-0.0002 
-0.0001 
- 0.0004 
-0.0040 

-0.0032 
-0.0004 
-0.0013 

-0.0028 

-0.0014 
-0.0016 
-0.0020 
-0.0030 
-0.0029 

feet 

+ 0.0019 
+ 0.0006 
+ 0,0009 
+0.0007 
-0.0013 
-0.0004 
-0'0004 
+0.001)2 
-0~0002 
-0.0003 
-0.0002 
-0.0039 

-0.0027 
-0-0002 
-0.0013 

-0.0002 

-0.0012 
-0.0014 
-0-0016 
-0'0024 
-0-0026 
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Sterling Prices of P u b l i c a t i o n s . - T h e  prices to be charged 
for Survey of Indin publicatiorls in sterling equivalents in English 
money have been worl~ecl out under the rules given in letter No. 8.401 
drtted'the 17th January 1934 from the Under Secretary to  the Goverument 
of India, Depart~nent of I~~dus t r i e s  :\nd L d ~ o u r ,  Delhi, to the Secretery 
t o  the High Commissioller for India, General Departmelit, 42 Gros\lenor 
Gilrdens, London, S.W. 1. 'J'liese sterliog prices are sub,ject to fluctuation 
with the exchange rate aiicl will be revised from t,ime to time. The prices 
a t  the curre~lt  rate of exchange are :- 



LIST OP PUBLICATIONS 

PART I.-NUMERICAL DATA 

Triangula,tion P a m p h l e t s - e a c h  covering ooe square degree, giving 
descriptions, positions, (1:~titude and longitude) and heights of triangulated 
poiuts and other data with chart. The chart shows the plan of triangulation 
with the positior~ oE stations and points. Triangulation data f a l l i ~ ~ g  in 
1/M sheet are printed in a series of sixteen palnphlets A to P. I n  the 
li~st pamphlet of everj series, n cnloured map on scale 1 inch = 16 miles 
approximately is given in additlion t o  t l ~ e  chart, to illustrate the topographi- 
cal features of the area covered by the 1/M sheet. Pamphlets having this 
my) are charged Its. 1-8 extra. 

Index c h x t s  of the published triangulation pamphlets are given a t  
the end. 

Price Re. 1 per paqnphlet. Poblished a t  Dehra Dun. 

Levelling Pamphlets- 
li) Levelling of Precisioa-giving heights and deecript,ions of all Bewch- 
marks, fixed by Levelling of Precision. Each pnlnphlet embraces all area of 
4' x 4' and the nulnberiug is the sau~o nu that of the correspolldinq sheets 
of the 1/11 limp of Iudin. Each is illustt*nted by a lnnp of the nrea. 
Published a t  1)ehr:~ Lhin. 

(n) Levellil~g of Prec is io~~ in Indin n~ld Bur~rix- 

- 
Sheet - 
34 
35 
38 
39 

40 
41 
43 

44 

45 
46 
47 

48 
49 
62 
63 

54 

Pamphlet 

( Distinctive name of ahoet 

(HytleriibBd, Sincl) 
(Rijlrot) 
(Srinngn.~ ) 

Adde~ldrlll~ to 4 3  
( hhol 'c)  

(Aj~ner)  
(B:~rod;~)  
(Bombay) 
Ad(ie~ldual to  47: 
Isl,zucl O F  I3o11ih:ly 

(Gnn) 
(C'alicut) 
(I,cl1) 
(1)elhi) 

Latitude 

2;-3; 
24-23 
32-36 
28- 32 
... 

2-4-28 
20-24 
32-36 
... 

28-32 

24-28 
20-2-J, 
16-20 

... 
12-1G 

8-12 
32-36 
23-32 

24-28 

I I Pub- 
Longit~tde lished I I Price 

I 
Rs. 2-0-0 
Hs. 2-0-0 
Be. 2-0-0 
Hs. 2-0-0 
ns. 2-0-0 

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

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

Re, 1-0-0 

He. 2-0-0 
Ho. 1-0-0 
Ite. 1-0-0 
Ks. 3-0-0 

Re. 2-0-0 
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Levelling Pamphlets -(Continzled) .  

Descriptions and heights of hench-marks in  Mesopot,amia in  one 
pnrnphlet ,  pllhlisherl a t  Dehra Dun ,  1923. Pjeice Ils. 3. 

Pamphle t  
Latitude Longitude lishcd 1 Distinctive name ot  sheet  

1 1 1 price 

i i i )  1,fbvplling of Secondary Pr~cia ion - 
Dpscr ip t~ons  ancl heights  of bench-marks by lines gclnerally pro- 

dricecl hj- C;wretn~r  at n e h r a  D i ~ n .  

55 
56 

57 
59 

62 
63 
64 
65 
66 

72 

73 

74 

78 
79 
83 
84 
55 

09 
93 
9 
95 

.- Line numher 

( N k g p ~ ~ r )  ... 
(Hyderabkd, Dc~ecnn) ... 
Addendum to 56 . . . 
(Mysore) ... 
(Ootncs~nund)  . . 

(bllnnssrowxr) .. . 
(All:~h%bLd) ... 
( R ~ i p u r )  . 
(Vizagnpntnrn) ... 
(Mndrne) . . 

( liltnl5n(Iu) ... 
Aclrlend~~in to  78 . . . 
(Cut tack)  ... 
Addendum to  73 ... 
( P u I - i )  .. 

(Derjeeling) ... 
(Cnlcutla) ... 
(Dlbrugnrh) ... 
(Aljyab) ... 
(Prome) ... 

(Bhamo) ... 
(Mnudnlrip) ... 
( B : L I I ~ O O I I )  ) 

(Mergui) 

0 0 

20-24 
16-20 

6 
8-12 

28-32 
24-25 
20-24 
16-20 
12-16 

24-28 
. . . 

20-24 

16-20 

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

24-28 
20-24 
16-20 
12-1G 

1 9 1 2 1 t 3 .  
1912 
1919 
1919 
1914 

1922 
1923 
1912 
1913 
1912 

1912 
1919 
1913 
1920 
1913 

1923 
1924 
2 
1918 
1917 

1918 
1017 

1916 

0 0 

46-PO 
46-80 

76180 
76-80 

80-81 
80-84 
80-84 
80-84 
80-84 

84-88 
... 

84-88 

84188 

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

96-100 
96-100 
96-150 
96-100 

Situated i n  Pol ) ! i~hed 1 price 
rlcqree sheets I 

2-04 
Rs. 2-0-0 
Re. 1-0-0 
Hs. 2-0-0 
Hs. 2-0-0 

lto. 1-0-0 
LCs: 2-0-0 
Its. 2-0-0 
Rs. 2-0-0 
Ra. 2-0-0 

11s. 2-0-0 
Rs. 2-0-0 
its. 2.0-0 
Ks. 2-0-0 
l(.s 2-0-0 

Its. 2-04 
KR. 2-0-0 
Ijs. 2-0-0 
Hs. 2-0-0 
ICE. 2-0-0 

Its. 2-0-0 
l t 3 .  2-0-0 

1ts 2-0-0 

__--- 

h a  

9 9  

n 

19 

35 hl & N and  
40 h 
4.0 T3 & C 

35 N ~nrll.0 
A ,  B,C, F ,k (; 

4 0 C k D  

2928 

9 1 

9 ,  

9 ,  
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Levelling Pamphlets-(Continued ). 

d 

Situated in  lJoblished 
degree slleets 

JJ 

5 
G 
7 

8 

9 

10 

11 
12 

13 

14 

15 

I 

Price Line number 

52E (Rohri to Jam Sahib) ... 
5 2 ~  ( ~ h % h l ) u ~ -  to 14i1.pu1- L ~ I I I . ~ I I Z )  ... 
52G (Ltindl~i canal bu~lgnlow (39th 

mile) to Khipro) .. 
52H (l<hipro to  Ghulcttn B11urg;lr.i) 

52 I (Mirpur  KhLs to  'l'n~ido Ghu- 
tan) Ali  via Umarltot and 
Didkll) ... 

5PJ (Mirpllr Iihiis to l 'ando Ghu-  
lam AIi via Digri)  . . . 

521< (Dig1.i to Dadah) ... 
70J (BnrSltar to  Hazctribagl~ Hond) 

74C (Howrnh to Uttarpara) 7 
74L) (Bnidyabati to  Sheortipl~iili) I 
7 4 1  (B511del L'l~urcll to  Utindel 1 

It!. Stn.)  I 7 4 F ( B . M .  251(118)/79A to , 
Pandun Iiy. Stn. )  J 

i4G (B.M. 126/73h1 t o  Salrtlgarl~ 7 
Ry. Stn. )  I 

7411 (B. A l ,  l l6 /73nI  to Burdw5n 
ljy.  Stn.) 

TOl(B.M. 85/73Rl to hl i t~~hal .  
ljy. S tn . )  

iOF (R. Rf. 76/73Dl to P5nng:lr 
Ry. St11 ) 

I 70Q (B.M. 55/73i\I to  Du~-gi ipu~.  
Ry S tn . )  

70H (B M. 28!73M to ~ a n i ~ a n j  
Ijy. Stll.) 

70 I ( H  M 15/7331 t o  A s a ~ ~ s o l ,  
lictlipcth:rr~ ct C h u r u l ~ : ~ )  

~ O R ~ ( R I I ; E I I ~  Ry. S tn  to Gnlsi I 
Ry. Stii ) I 

77Q (Cnlcuttn t o  n ' :?r i iynl~l)~~r)  1 - w ( l t  ( ~ ~ ~ r ~ t ~ ~ l l ~ ~ ~ l r  to IY ~ ~ 1 ~ ~ y ~ l l l l ) l l r )  ) 

'i7A (Rfonlmcin t o  Faall) 
SSJ1 ( M o u l m e i ~ ~  to Wcl;nl~) 

1 
I 

X i ( :  (I3nbultou t o  l<n\rnly,~tl(yi)  > 
571) (s \ '3 .~11n~l , inzc1l i  t o  I -  1 

chnuug) I 

1 in I 
,4s. 6 

I ?  

1 5  

1 I 

9 1  

,, 

A ~1'12 

AS. 8 

AS. 12 

lie. 1 

&\ S. 12  

40 A ,  R & E 
40 S, C' G 

4 0 C & G  
40 (; 

4 0 C , D , G & H  

40 G 
40 G CG H 

73 I : L I I ~  $2 H 
& L 

79 A B 

79 E 

94 FI & L aud 
95 a!% 1 

1928 
I I 

) I  

9 .  

,, 

I! 

9 t 

, ,  

9 )  

7 )  

I ?  

,, 
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L e v e l l i n g - ( C o n t i n u e d  ). 

P o l ~ ~ h e d  I I,riee 
- 
.; .d Line nnmbor Situated in 

0 4 1  

17 

19 

rC1 

1928 

,, 

dogree sheets 

19 
20 
21 
22 

23 

l l a  2 

1-6 

88B (Kynuktngn t o  hlyitkyo) 
88C (Dalnnun t o  Pnzunmynung) 
881) ( P e p  t o  Zenyaungbill) 
8 8 E  (Myitkyo to Okpo) 
88P (E.  B. M a t  R. 1). 35 of the 

Yellwe E:lnbnnk~nenttoUnw) 1 
30A ( N ynungznye t o  l<nndin) 
90B (Ma-ubin t o  Bnssein) 
90C (Sayamya t o  Pautnnsw) 
90E (Thouze t o  l{ailgoon) I 
89.4 (Kynulcse to  Minzu) 
89B (Yw:rltainggyi t o  Amarapiira) 

7 
89C ( Kyaukse t o  Mnlldalay) 
sn D (T~tig511 t o  Shwebo) 

1 
8DE (Kobo to  Myittnw) i 8 9 F  (Okshitknn t o  Pauklinn) 
SOD (Meiktila t o  Yewe) J 

85 L,N,O & P 
and 94 B,C & D  

93 I3 & C. nud 
841 Rill N, O a t  J? 

Ae. 6 
I )  

I )  

I I  

1 9  

29C (Nira  to  Bntgar t~)  ... 
53A (Mndatl Chiindin to  Weliar) 
31B (Yh~ltiirpur to Rnmbnl.) ... 
54C: (IViirliso t o  ltnto-dero) ... 

( 56 I (Gnrh hlnl~iiriijn t o  Di~rnii~nia) 

As,  10 

Ae.  6 
I I  

I P  

9 1  

P I  

1 1  

9 1  

)I 

) I  

1 9  

11 - 

47 E'& J 1919 
35 M 1 )  

40 A 11 

34 P,35 M, 
39 1)& 40A. 1) 

I j.jK (hherbvla t o  iClultl-tu) ' 561, (H~112pt : r  to  3111z,~tt'a1.g;1rh) 

2L I 1 35AI (JIuz;rBarg:~rl~ to  Basti 
hlaluli) 

I 
2.5 : 530 (Sujiibsd to Salluwili) . . . 
26 , .j5P (.Jr~bboinn to l i o t  Mildro)  ... 
27 56 tl ( [inqur to  Bi~sirpur) . 
29 571) (Lotlhrau to  Bnl~iiwalpur) ... 

57 H (Rnsirpur to Lodhr lo )  .. 
29 1 - -  0 . , r  .T ( Kntabpnr  to  ~dnrnrniihii~i)  .. - - 31 r 1, ( I ) in%;~~.h t o  T i  I I R I I ~ L , ~ )  ... 
32 5711 ( J I ~ t l ~ r n  to  K l ~ a u p u r )  ... 

:33 / 5 i K  ( ~ y l ~ x c l ~ r r , ~  t o  K11anb.l.) ... 

39 N,44 A&B 

3 9 N & O  

89 0 
44 A 

46 F, I ‘k J 
89 0 

39 0 , P Q  B,C 
't F 

39 0 
39 L , o  C% p 

39 H & L  and 
40 E & I .  

30 K.L & 0 
79 B 

79 B 

34 
33 

,, 

,, 

11 

1 9  

11 

9 I 

9 9  

8 9  

1 1  

11 

P 9  

9 9  

a t  

74R (Iiiclderpore to Llublnt) ... 
7 7 V  ( Maqtlrlrq H1.11lge t o  

L)alrl~~uesar) . . 
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Levelling Pamphlets.-(Concltided). 

Tide-Tables- 

'C d Line ~iurnber 
z'k ' 1  degree sheete 

Since 1881 Tidal predictions based on the  observations of the  Survey 
of India have been publisl~ed an~lua l ly  by  the India  OHice, London, up 
till t h e  year 1922. From 1923 onwarcls t,he pretliction and publication 
have been undertaken a t  Dehra D d n  by  the  S ~ i r v e y  of India.  T h e  
tables give the  times and heights of high- and low-nrat,er for every day in 
the year for  37 ports, ancl are  published early in the  previous year. 
They are published a s  f o l l o n ~  :- 

( i )  .A single volurne st,yled "The Mrqjor Serics" compl-ising 
'ride-'llnbles for the following p o ~ ~ t s  :- 

Suez, Aden, Bushire, l<:~~.aclli, Ol[l~a Point & Bet Hnrboul., Bhhv- 
l l~gn~. ,  Bombay, Cochil~, 'I1uticol.ir~, L'%lnb:~n Pass. Colombo, RI:ttlr:rs, V i m -  
g;tpnt;lm, Dubla,t, Dia~nontl Ilnrbour, Iiidderpore, C l ~ i t t , a ~ o ~ ~ g ,  Elel)h:~l~t  
l'oirlt nud Rangoon. Price Rs. S. 

(ii) Coll~binetl Paa~phlets ns below :- 

- 
j 

37 

Oliha P o i l ~ t  ant1 Bet I-Iarbollr. (Molith of tlre Gulf o t  Cutch) 
Porbnndar 
Port Albert Victor f T<;ttl~ilimilrj 
B l ~ i v ~ ~ w g a r  Price Rs. 1-S.  

70K (All5hLbLd to BarLltar) ... 

70L (Mughal Snrai to  
HszLribLglr Road) ... 

68 (:, TC & 0, 
72 C, G, R&L 

and 73 I 

63 O &, P and 
72 D & H 

Uinmond Tslnnd ) Eniseill l<eivt?~. { Bnfifiai~l ) Z'rice Rs. 1 -2  
Elel) l~ai~t ,  Poi111 I ~ ; ~ , I I ~ o ( > I I  K;v(%r 

( l f '  1 Rang0011 ] Prirc Bs. 1-2. 

I )  

,, 

As. 14 

A s .  20 
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Tide-Tables- (Continued). 

(iii) Sepnrnte pnl l~pl~lets  for  each of the  following ports : - 
Suez, Aden, Basriih, Bushire. linrgchi, Bombny, Beypoi.e, Cochin, 

Sogap:itnm, M a d ~ x s ,  CocnnBda, Vizagapnta~ll. Pnlse Point, Chittagong, 
Alqab,  Mergui, alid Port  Blair. Price of eacl~ pamphlet is As. 12. 

PART 11.-GEODETIC WORKS O F  REFERENCE 

Everest's Great - Arc Book, 
1. A n  a c c o ~ ~ n t  of t h e  Mensure~nent  of a n  Arc of the Meridiali be- 

tween the pa~.allcls of 18' 3' an13'24~ 7', by Captain George Everest, 
F.R.S. &c , Enst India Colllpany, Londol~ ,  1830. ( O u t  of print). 

3. r\n nccount of the Measul-ement of two Sections of the  Meridioaal 
Arc of Tndirr, boundeci bv the piirallels of 18' 3' 15", 24" 7' 11" nnd 
29' 30' 48", by Lt.-Colonel G. Everest, R.F.S. a n d  his assistants, East India 
C o ~ n p i ~ l ~ y ,  Idondon, 1847 ( O u t  oE p r i ~ ~ t ) .  

3 Engri~vings to i l lustrsto the  above. London, 1847. (Out  of print). 

arono- G.T.S. Volumes -describing the operatious of the Grent Tri, 

~ !~e t r i ca l  Su~.vey. 
Vol. I-The Stnndnrds of Nensrrre nnd the Bnsc.Lines, also nn Introduc- 

tory A ccoul~ t  of  the  early oper:~tions of the Survey, during the 
11ttl.iod nt' 1800-1830. Delirn Dun, 1870. ( O u t  of print). 
.Ipl)rndir  No. 1. Description of t h e  met.hod of comparing, and the 

appuratns employed. 
. \p!~c~~r i ix  KO. 2. C o n ~ ~ n r i ~ o n s  of t.he Lengthsof t h e  10-feet Standards 

A I I I I ~  B, 11nd cleter~ninationsol t l ~ u  Difference of their 
Exp~ns ions .  

i! ~ ! I ~ I I ~ I X  No. 3. Corl~pnrisons between t h e  10-feet S t a n d ~ ~ r d s  Ig, Isand A. 
i \p! ) rnd~x So.  4. Compnrisons O F  t,he 6-inch Brass Scales of the Colll- 

pensl~ted Microecopes. 
- \ p ~ e ~ ~ d i x  N O  6,  L)et.ermi~~l~tion O E  t h e  Length  of the  Inch [ ! 7 . S ]  on 

CILPJ'R 3-foot B r ~ ~ s e  Scale. 
~ \ ~ l p r n d i x  No. 6. Compnrisons bet,ween the  10:feet Standn1.d Bnrs 8 llnd 

A for determining t l ~ e  Expansion of A. 
A 1 ~ ! ~ ~ 1 ~ i r i x  No. 7. F i l ~ u l  determil~atiorl of t.110 Differences in Lengtll be- 

t m e e ~ ~  tile 10-feet Standurds Ig, IS and A.  
~ \ p p e ~ ~ d i x  KO. 8. On t l ~ e  l 'herrno~neters employed with the  standards 

of Lerrgt,l~. 
.\!l~wndir No. 9. Drt,ermi~lnlion of L]le Lengths  of the  sub-divisions of 

t l ~ e  111t.il [ a . b ] ,  
i i ppc l~ t i~x  f;o. 10. Report on t]le I'rnctical Errore of t l ~ r  &Iensnl.ement 

o f  bl~e C ~ p e  Co1nor111 Base. 
Val. 11--Hidory and Qnnernl 1)e~criytion of tllc Reductio~l of tllc 

Principnl Trinngnlntion. De)ll.a l)fin, 1879. (011t of 1)rint). 
Apl>cn(lix KO. 1. Investigations applying t o  t he  Ind ia !~  Geodesy. 

n i x  1 2. 'I he 31icrorneter I\.licropcope Theodolite::. 
. \ [ ~ ! ~ c I I ~ ~ I x  hlr. 3. On OI,serrat,ion~ of l.errest,rjal H t~ f rac~ ion  nt certain 

stations si tnated on t h e  p111i1is of t he  1'1111j~l). 
Allpenrlix S o .  4. On t he  Periodic Errors of Craduatetl  cil,l,lrs. kc. 
Appcntlis  h o  Cj. On certain &lodifications of Colonel Evc.rcsl.'s systcn' 

of r lhserv~ng iotrodoced t o  meet  t hc  sllecialitie8 of 
particnlar inetrnnlents. 
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G.T.S. Volurnes-(Co~ztin2ced). 

Appendix No. 6. On Tidal Observations a t  Karachi in 1855. 
Appendix No. 7. An alternative Method of obtaining the Formulre 

iu Chapters V I I I  and XV employed in the Rednction 
of Triangulation.-Additional Formula and Demons- 
trations. 

Appendix No. 8. On the Dispersion of Circuit Errors of Tria~gulation 
after the Angles have been corrected for Figural 
Co~~ditious. 

Appendix No, 9. Corrections to  Azimuthal Observations for imperfect, 
Instruniental Adjustments. 

Appendix No. 10. Retlnctjon of t,l~c N.W. Quadrilat.era1-theNon-Circuit 
Triangles ant1 their Final Figural Adjufitments. 

Appendix No. 11. 'l'hc 'J'heoreticnl E i ~ o r s  of the  l'riengulation of the 
Kort,h-West Qundrilnteral. 

Appendix No. 12. Fimnltaueous lteduction of the NW. Quadrilateral 
-the C o n i p n t n t ~  

/' 

Vol. 111-North-West Quadrilateral-Tiie P r i n c i p ~ l  Tt- inngulat ion,  t h e  
B a s e - L i n e  F i g u r e s ,  the  I<nr f fc l~ i  Lol~gi tuc i ina l ,  N.W. H i ~ j i i l a y n ,  
a n d  the (;rent; l n d u s  Series:  I)ellr:~ Dun:' 1873. (Out  of p r i ~ l t ) .  

Val. 1V-XortI1-West ~ l l a t l r i l n t e r a l - T l ~ e  I'rillciptcl Tr iangula t ion ,  the 
G r e a t  Arc-Sect ion 24'-30°, Raliiin, f i u r h i i g a r h  a n d  Jogi-1'ila 
I l e ~ * i d i o n a l  Series ,  a n d  the S u t l y % e r i e s .  Del l ra  l l i in ,  1876. 

Price Rs. 10-8. 
/." 

V O ~ .  I V A - - N O ~ ' ~ ~ ~ - W C ~ ~  ~ ~ ~ ~ a ~ i l ~ ~ t ~ f f 3 / - l l h e  Pr inc ipa l  l l r inngnln t ion ,  the 
J o d l ~ p u r  n ~ ~ d t I ~ e I S : ~ s I e r  , I  h i n d  1Seridior1:rl S e r i e s  w i t h  hhe de ta i l s  
of t h e i r  H e d u c t i o n  a n d  t h e  F i ~ ~ a l  R e s u l t s .  D e h r a  D u n ,  1886. 

Price Rs. 10-8. 
Vol. V-Pendnlnln Opcmtio1ls d e t : ~ i l s  o f ,  by Capt,aills J .  P. Bnsevi n11d 

W. J .  He:lviside, nnd  of t h e i r  I{educ t ion .  Del~rn Dun :rncl 
C a l c u t t a ,  1879. P~ice Rs. 10.8 
Appendix No 1. Accor~nt of the Bcmensul.e~ncnt of the Lengt.11 of Knter'. 

P e n d ~ ~ l n m  at Ihr Ordnnnce Survey Office, Sout,l~m~~plon. 

Appcndir No. 2 011 the Rt-Intion bct~rcen t,he Indian E'endulanl Opera- 
t . io~~s. and those ~ r , l ~ i c l ~  hare been cond~ict.cd clsenl~rrcs 

Appcndix No. 3. o n  the l'hcory, U Y ~  rind Hibtnry of the. Convertible 
Pc~~dttlum. 

-4ppendix No. 4. On t l ~ o  L ~ n g t l ~  of t l ~ e  Seconds I't.nduluni detrrminnble 
from PlInterinls now existing. 

Appendix KO. 5 .  A Rilrliog1~n1)hical List O F  Worl;s rclnting t o  Pcnclulr~m 
Opcrnlio~~s in conucction wit11 the l'roblem of the 
Fignrc ol' the Eart,l~. 

Uol. VI -So~~th-Ens t  ()nndrilntarnI - l 'he  Pr inc ipa l  Tr iangnln t ion  a n d  

S i ~ ~ ~ ~ l l t n u e o ~ ~ s  R c t l r ~ c l i o ~ l  of t h e  f o l l n ~ \ ~ i n g  Series:-(f r e a t  Arc- 
Section 18" t,o 2h0, tI1e ltnsi; Coas t ,  tlie ( = n l c , ~ ~ t t n  a n d  tlie Rirlnr 
l ,o t~g i tu r l inn l ,  t h o  J ~ ~ l ~ l ~ n l p o ~ ~ e  a n d  1118 J3illnpur 3leridio11nls. 
n e l l i n  71ii11, 1880. (Out. of p r i i ~ t . )  

Vol. VI[-Nnrtll-Enst, Qll,n,lri]ntpml- (f enern1 1)escl'ipf i o n  S imnl -  
t n n e o u s  l < c d u c t ~ o i i .  A Iso de ta i l s  of tho  follo\r.ing five ser ies  :- 
N o r t h - E a s t  J , o i i ~ i t r ~ t l i n a l ,  t h e  I3udho1i l l e r i d i o n a l ,  t h e  R:uigir 
Msr id iona l ,  the Alnnn  Meridionid,  nnd  tlie KnrBrrt R'Iel-irlional. 

Debra I)iiu, 1882. Price RE. 10-8. 
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G.T.S. Volumes-(Continued). 
Appendix No. 1. The Details of the Separate Reduction of Lhe Buahon 

Neridional Series, or Series J of tlie Nort,h.East 
Quaclrilaternl. 

Appeodix NO. 9. Rcclnction of the North-Enst Quadrilateral. The Nan. 
circuit Triangles and their Final Fignral Adjustments. 

Appendix Xo. 3. On the Theoretical Errors generated respectively in 
Side, Azimuth, Latitude and Longitude in a Chain 
of 'I'riangles. 

Appendix No. 4. On the Dispersion of the Residual Errors of a Simul. 
tnneons Hednction of several Chains of Triangles. 

VOI. VIII-North-Enst Qundrilnteral-Details of the  following eleven 
~ e r i e s  :- 

GurwLni Meridionnl, Gora Meridionnl, HurilBong Meridionnl, 
Chendwir Meridional, North  ParavnLth Meridional, North 
Malunchn Meridional, C~t lcut ta  Meridionnl, East Cnlcutta 
Longitudinal, Brnh~nnputrn Moridionnl, Enstern Frontier- 
Section 23'-26", and A ssnm L o ~ ~ i t u d i ~ ~ n l .  Dehra D i n ,  1882. 

Price Rs. 10-8. 
Vol. IX-Telegraphic Longitades-during the years 1875-77 a n  1880-81. 

Dehra Dun,  1883. Price Rs. 10.8. 

1 
1. Determination of the  Geodetic Elements of Longitude Stations. 
2. Descriptions of Points used Eor Longitude Stntions. 

Appendire' 3. Comparison of Oeodctic with Elcctro-'Yelegmphic Arcs of Longitnde. 
t o  Part 1. 

4. Circuit Errors of Observed Arcs of Longit.nde. 
5.  Results of Idiometer Ohscrvations made during Season 1880-81. 

1 1. Sitnations of the Longitnde Stations a t  Bombay, Aden and Snez 

~ ~ ~ ~ ~ d i ~ ~ ~  2. Rnrvey Operations a t  Aden. 
to Part 11. 3. Resnlts of the 'I'riangulatiot~. 

4. Right Ascensions of Clock Stars. 

Pol. X-Telogrnphle Longitndrs- during the years 1881-82, 1882-83, 
and 1883-84. Dehra Dun, 1887. Price Rs. 10-8. 

i 
1. Determination of the Geodetic Rlernents of the Longitude Stations. 
2.  Descripbions oE Stations of the Connecting Triananlation and of 

t,hose at  which the Longitude Observations were taken. 
'ppendirrs 3, On the Errors in A L  cnnsed hy Armatare-time and the ~etardation 
t o  Part I. of t.he Electric Cnrrent. 

4. On the Rejection of Home donbt,fal Arcs of Season 1881-82. 
5. On the prohnhle Cnnscs nf the  Errors of Arc-measnremcnts, and on 

the Nnt,ure of the Defects in theTransit Instrnments which 
might prodnce them. 

Vol. XI-Aetronomieal Lntitndes -during the  period 1805-1885. llehrn 
Dun,  1890. Price Rs. 10-8. 

Vol XII-Southern Trigon-General I)escription rind Yirn~~ltn~ieous lie- 
duction. Also details of the  following two series :--Great 
Arc- Section So-18". and BombsLy Longitudinal. Uehrn  I)fin, 
1890. pr,ce RF 10-8. 

Val. XIII-5onthem Trigon- detail^ of the  following five series ,-South 
Konk-nn Coast, 3I '~~ngnlore  Meridional, Mndras fileridiollnl 
and Coast, South-East Coast, and Madras ~,on~i tud ina l .  
Uehrn Dun. 1890. p, i r e  Rs. 10-8. 
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G.T.S. Volumes-(Continued). 

Vol. XIV-Sonth-Wed Qnndrilateral-Details of Principal Triangulation 
and Simultaneous Reduction of its co~nponent series. 
Dehra Diin, 1890. Price Rs. 10-8. 

Vol. XV- Telegray hic Longitudes-from 1885 to 3 892 and the Revised 
Results of Volumes IX and X : also the Simuli;aneous 
fieduction and Final ltesults of the whole Operatione. 
Dehra L)iin, 1893. Price Re. 10-8. 
Appendix No. 1. Determination of t he  Geodetic Elements of t he  

Longitude Stations. 
Appendix No. 2. On RetardaLion. (A numerical mistake was made i n  

t,llis t~ppendix in the conversion of R formula from 
kilometros 60 miles: the  conclusions drawn cannot 
t l~erefore  be npl~elcl). 

Vol. XVI-Tidal Observations- f'l-oru 1873 to 1892, and the Methods of 
Reduction. Delira Diin, 1901. Price Rs. .lo-8. 

Vol. XVII-Telegrnpl~ic Longitudes-during the years 1894-95-96. The 
Indo-European Arcs from Kariichi to Greenwich. 
Dehra Diin, 1901. Price Rs. 10-8. 
Appendix No. 1. Descriptions of Points usedfor Longitude Stations. 
Sppe r~d ix  No. 2. The Longitrude of Madras. 

Vol. XVIII-Astronomical Latitudes-from 1885 to 1905 aud the deduced 
values of Plumb-line Deflections. Delira Diin, 1906. 

Price Rs. 10-8. 
Appendix NO. 1. On Dcflection~ of (.he Plumb-line in India. 
Appendix No. 2. Detcrminatiou of t l ~ u  Geode1.i~ Elements of t l ~ e  

Lnt.it.ude Stutions oi' Bojnmara, Bahak, Ll~mbaLach 
and Gldarkantn. 

Appendix No. 3. On (.he (N-S) Difference exhibited by Zenith Sector 
No. 1. 

Appendix No. 4. 011 (.he Value of the  Micrometer of t h e  Zenith 
Telescope. 

Appendix No, 5 .  On t,l~u Bzin~nt . l~  Obecrvetions of t he  Great Trigono- 
rnet rical Survey of Indi t~ .  

Appendix No. 6. A (:st~~logr~e of 1l1e 1'1tblical.ions of ;he Great Trigono- 
111eLrirl11 Survcy of India. 

Appendix No. 7. On t h e  combination weights eniplojcd.  

Vol. XIX-Levelling of Precision in  Iadin-froul 135s to 1909. Dehra 
D i i u ,  1910. Price Rs. 10-8. 
Appendix S o .  1. Experiment to  tes t  the changes, due  t o  moistlure a u d  

tcmpcrntnre,  in t h e  Lcngtll of a levelling s t aa .  

Appendix No. 2. Ou thc  c r e c l ~ o n  of Stxnilartl Bench-marks in India  
d u r ~ ~ ~ g  t h e  years 10Ot-1! )1U.  

Appcndix No. 3, J lcnio~nni lu~r i  011 t b r  s l rps  txkcu in 1905-1910 t o  
cna1)lc niovcn~ell tr  of i h e  lSl~lh' .r  C ~ u s t  to  be dctccted.  

Appendix No. 4. D y ~ ~ n n ~ i c  ant1 Orihc~nralric c o ~ ~ s c c t . i o n ~  to t.hc IIirnii- 
Inyan lcvclling 1i11cs 2nd circuit, ; m ~ t l  n consitleration 
ol t h c  ortler of ~nngnil , l~tlc of possiblc r c l r ~ c t i o n  
crrors. 

Appendix No. ii. 'rlic pnscnqe of r~\-rr.: l,,y I hc lcrellinq opcrat,ions. 

Appendix No. 6. T l ~ e  crrnrs n i  t l ~ c  I I ~ c o n o n ~ r t r i r n l  v x l u c ~  of  hcigbts 
of s t : ~ t ~ o n s  of the I'r~ncll,nl Tr lnngul~t ion .  
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G.T.S. Volumes-(Concluded). 
Appendix No. 7. The effect on the spheroidal correctior~ of employ. 

ing theoretical iusteed of observed values of 
and a cliscussion of dilterent formulz giving variation 
of p a v i t y  with latitncle and height. 

dppendix No. 8. 011 the  discrepancy betwect~ the Trigonometricsl and 
Spir~t-levcl values of thc ciifference of height between 
Dehra Dun ancl Biussoorie. 

701. xIxA-Bcncll Marks o n  the  Sonthern Lines of Levelling. Del~ra Den, 
1910. Price Rs. 5.  

vol. XIXB-Bench Nsrhs on t he  fiorthern Lines of Levelling. Dehra DGn, 
1910. P ~ i c e  Ks. 5.  

PAKT 111.-HISTORICAL AND G E N E R A L  REPORTS. 

Memoirs. 

1. A Memoir on t he  Indian Surveys, by C. R. Markham, India 
Office, London, 1871. Price Rs. 5. 

2. A Memoir on t he  Inclian Surveys. (Seconcl Edition), hy  C. R, 
Markham, c.B., F . R . ~ . ,  Inclia Office, London, 1878. 

P r i ce  Rs. 5.8. 
3. Abstract of t he  Reports of t he  Surveys ancl of other Geographical 

operations in India, 1869-78, by C. R. l!!srliham and C .  E. D. 
Black, India Office, London. Published annually between 1871 
and 1879. (Ou t  of print). 

4. A Memoir on the  Indian Surveys, 1875-1890, by C. E. I). Black, 
India Office, London, 1.891. Price Rs. 5-8. 

" Notes of the Survey of India " nre issued month ly .  Price As.2. 

lieports of the Reval~oe Bmnch-18.51-1877. (1851-67 and 1869.70, 
ou t  of print).  Price Rs. 3. 

Ditto 'rol~ogrnpllical BI-n11c11-1860-1877. (Out  of' print) ,  
1)ltto Trigol~ou~ctricnl Hr;inch- lH~l-1878.--(18Gl-71, out of 

print). Price Rs. 2. 
I n  1878 the three b r n n c l ~ e ~  wetst? a~nnlgnmnted, and f'ro~n that dnte 

onwards annual reports in single voll~rnes for the whole department, were 
published as followa : - 

from 1977-1900 ( I  877-79, lFi87-98, 1895-96 nlid 1807-99, 

Ueliernl Reports o ~ ~ t  of print). Price Hs. .?per  voluiizc. 
froin 1900-1022 ( I902-Ob nncl 11306-08, nut of pri11t)- 

Price R.F. :? prt- volunle. 

17roln 1900 onnrn~.da the lieport mag iss,led :11111lrnlly i l l  the f o r m  
of a condensed fitatelllent Icnown as (a)  tllo " Cfcnernl Jtclmrt, " sllp]<e- 
merited by fuller reports, ~vhicll rnc1.e cnlletl ( b )  " Ext rnc t~  fro111 Nnrmtlvc! 
Reports" I I ~  t o  1909, and since thcn until 1921 ]lave beell ,styled ( c )  "Rccor'IB 
of the Survey 'of Inidn I.. 
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Annual Reports &c.-( Continued). 

From 1922 the annual reports are published in three separate volumes 
of octavo size, viz., (a) Gellernl Report wliich is confined toreportiag thesurvey 
operatious of the ordiu:iry field parties aud detachmeuts wibh only brief :rbs- 
tracts of geodetic operntior~s, Map Publicatio~i and Ofice work. Published 
nll~lually P ~ i c e  1922-25 3 s .  2, frnaz 1925 Re. 1. ( d )  Xap Publication 
and Office Wol-k report which contail~s all the Indcx Maps showing the 
Progress of Map Publication 011 all scales, with reports on publication aud 
issue. Pnbl i sh~d a ~ ~ u u a l l y  beginning with year 19124. Price Re. 1. ( e )  
Geodetic Report nrltich iucludes foll details of all scientific work of the 
Geodetic Branch, Burveg of India excludilig the work of the Dehra 
Drawing Office nlld Publicatiou Office. Vol. 1 of this series covers a period 
of three years 1922-35. P~ice Rs. 6'. Subsequent volumes will be published 
annually. l'hero will be in addition occasional ltecords volumes. 

These fuller reports are available as follows :- 

( b )  Extracts Volumes. 

1900-01-ltecent I~nprovenlents in Photo-Zincography. G. 'l'. Trian- 
gulation in Upper Burma. Latitude Operations. Experi~ilental B ~ e e  
Measurement with Jaderin Apparatus. Magnetic Survey. Tidal and Level- 
ling. 'l'opograpliy in Upper Bur~iia. Calcutta, 1903 (Out of print). 

'901-02-G.T. Trinngulatio~l in Upper Burma. Latitude Opernt~ons. 
Magnetic Survey. Tidal and Levellin:. Topography ill Upper Burma. 
To,pograpliy in Sind. Topograplly in the Punjab. Calcutta, 1904. (Out of 
print). 

1902-03-Principal 'l'riaugulation in Upper .Burma. Topography in 
Upper Burma. 'llopography in Sliau States. Survey of Salubllsrr Lalre. Lati- 
tude Operations. Tidal and Levelling. Magrtetic Survey. I~~ t roduc t ion  of 
the Contract System of Payment in Traverse Surveys. 'I'raversiug with the 
Subtense 13ar. Compilation and Heproduction of Tl~Bna Maps. Calcutta, 
1905. Price Re. 1-8. 

1903-04-Magnetic Survey. Pendulum. Tidal aud Levelling. Astro- 
nomical ~z imut l l s .  Utilization of olil Traverse Dntn for Modern Surveys 
in tile United Provir~ces. Iderltification of Snow Pei~lrs in Wepil. 'l1opo- 
grnpllicnl Surveys in Siitd. Notes on tow11 aud Bluuicipal  survey^ Notes 
011 Riverain Surveys in the Yu11j:lb. Calcutta, 1906. Price Rs. 1-8. 

1904-05-Magnetic Survey. Pondulurn Operat,io~~s. l'idnl and Level- 
ling. 'l'riaugulation iu Baluchist5,n. Survey Operations wit11 the Soulili- 
and Field Force. Calcutta, 1907. Pricc Rs. 1-6. 

1905-06-Magnetic Survey. Pendulu~n Operations. Tidnl and Level- 
liug. Topography in Shnn Ytstes. Calcutta, 1908. Price Bs. 1-8. 

190G-07-Mng~~otic Survey. Pendulu!n Operations. 'l'idal and Level- 
ling. Trin,ngnlation in 13al11c.11istk1i. Astronon~icnl Latitudes. Topo~':\plly 
in Sltau States. Calcutta, 1009. Price Rs. 1-8. 

1!)07-08-Magnetic Survey. Tidnl and Levelling, Astronomicnl Lati- 
tude~.  l'ol~duluin Opor;~t.ions. I1opograpIiy in S11:111 States. ~'alcutta. 1910. 

Price Ks. 1-3. 

1!)08-00-Magnetic Su1-rey. Tidnl ailcl Levelli~lg. Pendulum Opern- 
tious. Triangulrition. Calcutt,z, 1911. Price As. 1-5. 
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Annual Reports &c.-(Continued). 

(c) Records of the Survey of Indin. 
Vol. I-1909-10-Topographical Survey. Triangulation. Tidal and Level. 

ling Operations. Geodetic Survey (Astronomical latitudes slid 
~endu lu rn  observations). Magnetic Survey. Calculta, 1912. 

Price Rs. 4. 
Vol. 11-1910-11-Topograpl~ical Survey. Triangulation. Tidal and 

Levelling Operations. Geodetic Survey. Magnetic Surrey, 
Calcutta, 1912. Price Rs. 4. 

Vol. 111-1911-12-Topographical Survey. Triangulntion. Tidal and 
Levelling Operations. Geodetic Survey. Magnetic Survey. 
Calcutta, 1913. Price Re. 4. 

Vol. IT-1911-13-Xxplorations ow the North-Enst Frontier-No~th Burma, 
Mishmi, Abor and MZri Surveys. Calcutta, 1914. Price Rs. 4. 

Vol. V--1919-13-Topograpliicnl Survey. Triangulation. Tidal and Level- 
ling Operations. Geodetic Survey. Magnetic Survey. Note on 
the relationship of the Hinliilayas to the Indo-Gangetic Plain. 
Calcutta, 1914. Price Rs. 4. 

Vol. VI-1912-13-Link connecting the T~iangulatiolas of India and Russia. 
L)el~ra Dun, 1914. Price Rs. 4. 

Vol. VII-1913-14-Topographical Survey. Triangulation. Tidal and Level- 
ling Operations. Geodetic Survey. Magnetic Survey (Annual 
report and Government Committee's report). Note on Scales 
and cost rates of Town plans. Calcutta, 1915. Price Rs. 4. 

1 -  1 -  { Eqdorotions in Tibet and neighbourivg regions. 

Dehra Diin, 1915. Price of each part Rs. 4. 
Val. VIII \A)-1914-Explorations in the Easter), Kara-koram and the Upper 

Y ~ r k a n d  Valley, by L t  ..Colonel H. Wood, R.E. 

Dehra Diiu 1922. Price R8. 3. 
Vol. IX-1914-l5-.Topogrnp)1ical Survey. Triangulation. Tidal and 

Levelling Operations. Magnetic Survey. Criterioll of strength 
of Indian Geodetic Tri:~ngulation. A traverse signal for City 
Surveys. " The plains of Northern India and theiri relationship 
to  the Hin~alaya Mountains" an address by Colonel 8.G. 
Burrnrcl, F . R , S .  Report on Turco-Persian Frontier Co~nmission. 

Calcutta, 1916. Price Rs. 4- 
Val X-1915-16-Topographical Survey. Tidal and Levellins Opera- 

tions. Rlagnetic Survey, Mechanical Integrator for calculating 
At t ra~t~ions  (illustl.ated). Traverse Survey of the boundary 
of Imperial Delhi. Dehrn Diin, 1917. Price 3 s .  4.  

Val. XI-191G-li-Topogra1~1~ical survey. Trinng~lat~ion-uso of  hieh 
trestle fo r  stations ant1 100-feet, mast signals. Tidal and 
Levelling Operations. Mn,snetic Survey. Note 011 Basevi's 
Pendulum (Jperntions nt MorG. Photo-Litho Ollice-New 
metllod of prepariue Laper I,lates-Developmentil nrld I m -  
provements i r ~  prepnrlng Tint-plates. 

Del~ra  Dun, 1918. Price 4. 
Val. XII-Nutrs on Sa13cry of Indin llfflpr is,d tlre nokrqt do, ' , '~l~)~elncnf 'f 

I)~tlicr,)~ Cro.tography, by Lt.-Colonel \V. M. Coldstreg,~n, R.E.9 

Superintendent, Map Publication. Calcutta, 1919. Price Rs. 3. 
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Annual Reports &c.-(Continued). 

Vol. XIII-1917-18-To)>ographical Survey. Tidal and Levelling Opera- 
tions. Magnetic Survey. Photo-Litho o5ce-the Powder Proceus. 
Problem of the  HimBlay an and Gnngetic Trough-Review 
by Dr.  A. Morley Davies Dehrn Dun, 1919. P r ~ c e  Rs. 4. 

Vol. XIV-1918-19-Topographical Survey. Tidal and Levelling Operations. 
Levelling in Mesopotamia. Magnetic Survey. 

Dehra Diin, 1920. Pvice Rs. 4. 
Tol. XV-1919-20-Topographical Surrey. Tidal work. Levelling-pro- 

posed new level net.  Magnetic Survey. The Earth's Axes and 
Figure,  by J .  de Graaff Huute r  (a paper read a t  the R. A. S. 
Geophysical Neet ingj ,  l ieport  on the expedition to  Knmet. 
Note on the Topography of the Kun K u n  Massif in  Ladkkh. 

Dehra Diin, 1921. PI ice Rs. 4. 
Vol. XVI-1920-51-Topographical Survey. Tidal morlr . Levelling and 

Mngnetic Survey. High Climbs in the  HirnBlayn prior to the  
Evercst Expedition. M t .  Everest Survey Detnchment Heport, 
1021, 'J'raverse Survey of Allahiibiid city. Settlement of 
Boundal.y between Mysore and South Icnnara. 

Dehra L)iin, 1922. Price Rs. 4. 
701. XVII-1923-Menzoiv on Maps o f  Cl~igzase Turlcisttin and Kansu 

from the Surveys made during Sir A. Stein's Exploratoins, 
1900-01, 1906-08, 1913-15. Dehra Dun,  1923, Price Rs. 12. 

Vol. XTTIII-1921-22-Topographical Surrey. Tidal work. Levelling and 
Mng~letic Survey. Traverse Survey of AllahlbBd city. Settle- 
ment of Boundary between Mysore and  South Knnal-:I. Notes 
on Revision Survey in the  neiqhbourhood of Poona. 

Dehri-i Dun,  1023. Pr ie r  Rs. 4. 
Vol. XIX-1901-SO-The Magnetic Survey, by Lt.-Colonel 11. H. Thomas, 

D . S . O , R . E ,  and I3 C . J .  Bond, V.D. 

Dehra Dull, 1025. Price Rs. 4. 
Val. XX-1914-20-The W a r  ltecord. Delir:~ Diin, 1925 Pvice Rs 3. 

Jro1. XxI-1922-23-24-1. Ail* 8zc1.ce.y i n  the Irra~encZdy Delta 1923-94, by 
Major C. G. Lewis, R E., and 

11. Reconnnissn?~ce Stcrvey in Bhz~fntb ctnd Soufl~ Tibet 
1,922, by Cnptnil~ 11. I{. C Meade, I .A.  

Debra, Dun, 1985. P ~ i c e  Rs 1-6. 
V(11 ~ ~ 1 I - l 9 2 ~ - - l ~ x ~ l o r n  tion of the S l~n  lisgnnl Valley nncl Aghil Ranges, 

1936, by Rlajor I<. Mason, M . C  , R.K. 
Dehra Diin, 1925. Ptice Rs. 3 

( r )  Gcodctic Ilcporta. 
Vnl. I-l922-2T,-Cou1plltntions rind Resea~.cll. T ~ d a l  work. Time and 

Mn,onetic olxwrvations. 1,ntitnde nnd P e n d l ~ l t ~ m  observations 
in Bi11ii1-, Assa~n nrrcl Rnsl~mir .  I.evellin,o. L e c t u ~ e  on " 'l'l~e 
height of Rfoutit Evcrest and other Pehks". 

1)cllra Lhin, 1928. Pt-lee Rs. 6. 
Val. I 1  - 1925-26 - (:ornpntatinn.s and 11esenrcli. 'L1iclal work. lliure ant1 

M : ~ g n ~ t i c  obscrv:~tions. P1~epn17ationzr for the Intelmationnl 
Ilon2itude Project T19iangulation lle\lelling. Invc-stigalion 
of the  behaviour of tree bench-urarlts in India. 

D e h ~  n Dun, 1028. P ~ i c e  2 s .  3. 
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Annual Reports kc.-(Concluded). 

Vol. I1 I-lDS6-27-Tl1o Tnternntionnl Longitude Project. Computatlone 
and Publication of data Observatories. Tides. Gravity end 
deviation of the vertical. Tri:lngulntion. Levelling. He. 
search nucl 'L'cchnicnl Notes repnrding Personal Equation Appara- 
tus and the height of hIount Everest. 

IJehrn Dull, 1929. Price Re 3, 
Vd. IV-192;-2s-Computations and Publication of data. Observatories. 

Titles Gravity and deviation of the vertical. Triangulation. 
Levelling. Dohrn D i ~ n ,  1929. Price Re. 9. 

PART 1V.-CATALOGUES AND INSTRUCTIONS 

Departmental Orders. 

From 1578 to  1885 the Surveyor General's orders were all issued 
as " Circulur Ortbers ". Since then they have been classified as  follows :- 

f I-tiovernn~enb of I~ldla Orders (cnlled "Circular 
0rtlr l .s " up to 1S08). From lHS5 lQo4 as 2-Depnrtl~~cntal Orders (ddministratire). 

~ - D c p a r l ~ ~ ~ e n t n l  Orders (Professional). 

I n  1904 the various orclers issued since 1878 were reclassified as 
follows :- 

Xuniber t o  date. 
1 .-Qovernnlent of Indin Orders. - 834 
2.-Circnlar Order3 (.idministrntive). - 480 
::.-Circular Orders (Frofcssional). - 196 
4.-Departmental Orders. (appointments, promotions, transfera, etc.) 

These are numbered serially and had reached the above numbers 
by September 1928. C l n ~ e r n m ~ n t  of India Orders a n d  Circular  Order8 
(Ailntinr.ct~.atir:r) are bonnd up in volumes from time to time, as shown 
below, while Cir(nrdl,z,. Onle).s ( P r o f r ~ s i o n n l )  are gradually incorporated 
in the Survey IIancl-books. Besides the above, temporary orders have 
been iesned since 1910 in the form of " Circ~rlar Memos ", These either 
lapse or become incorporated in some more permanent form, andare 
therefore only nrlmbererl serially for each pear. Bound volumes of orders 
are available as  follows :- 

1. *Government of India ~~~~~~s (Departmental) 1878-1903.- 
Calcutta, 1904. 

Ditto ditto 1904-1908,-Calcuttn, 1909. 
(Out of print). 

Ditto ditto 1909-1913.-Cnlcutta, 1915. 
Ditto ditto 1914-1918.-Calcutta, 1920. 

2. *Circular Orders (Administrative) 1978-1903. -Calcutta, 1904. 
ni t to ditto 1904-1908.-Calcutta, 1909. 
Ditto ditto lRO9-1913.-Calcutta, 1915. 
Ditto ditto 1914-1918.-Calcutt~~, 1920- 
Dit to ditto 1919-1924.-Dehra Dun, 1926. 
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3. "Regulations on the  subject of Languuge Examinatione for 
Officers of the Survey of India. Calcutta, 1914. 

4. * Map Publicatiorl Orders 1908-1914 (Superintendent, Map 
Pu1)licatiull's Orders.)-Cr~lcutta, 1914. 

5.  Specimens of papers set  a t  Examinations for the  Class I1 
Service.-1)el11-a l)fin, 1927 & 1929. Price Re. 1 per year. 

Catalogues and Lists. 
1. Cntnlogac of Mnps publisllcd by the Survey of India. Corrected. 

to 318t March 192S, C i ~ l c ~ ~ t t n ,  1928. Price RE.  1 .  
Lists of new maps publisl~etl during each rno l~ t l~  appear in the  monthly 

NOTES O F  TH I3 s u l < v E Y  0 Ic 1 N  D I A .  Tlleso ~ l o n t l ~ l y  lists are also 
issued separnl vly. 

2. Cntnlogae of Mnps of t h e  Rombny Presidency, Calcutta, 19i3. 
Price Arr. 4.  

3. Cntnlog~~e of Mnps of Bnra~n.  Ca1cutt:i 1925. 
Price Ae. 8. 

4. C'ntnlogac of Maps of Cantonlnents and Military stations. Dehra 
11fin.1927. Price Ae 8. 

5 .  Catn log~~e  of Boolre in the  liendqunrters Library, Calcattn, 1901. 
(Out  of print) .  

6. Cntnlogrlc of Scientific T3onks allti Su\)jects in  the  Library of the  
Trigonometricnl Survey OlIicc. 1)cllrn l)iin, l!)OS. PVICP Re. 1. 

7 .  Clnsu~fied Catnlog~~c of the  'l'rigonoiuetricnl Survep Library. Dehra 
IIUu, 1921. Gratis. 

8. Green 1,istq-Part I-List of Officerr in the Survey of India 
(n11iiu:111y to  dntc 1st J ; ~ I I I I ~ ~ J ) ,  C ~ I ~ C U ~ ~ R .  1'r;ce RE 3 4 .  

Pnrl 11-T-Iiutnry of Serv~ces  of Offitict>rrc ill the 
S ~ ~ r v e y  of India (n111111:11ly to ante 1st  July ),  Cnlcutta. 

PI.;CP Rs. 1-8. 
9. Bl l~e  Lists-l'liniste~*ial i~nd  Lomer Subord~nnte  Estnbl is l~nre~~ts  

of the 811r\ey of' India.  
Part I-IIencIqnai.ters anti 1)ellrn Dull ofices (pub- 

lis1ie;l a ~ ~ ~ ~ u n l l y  to il:~te 1st  April), C'nlcuttn. 
Pricc Rs. (i- 13. 

P ; ~ r t  11-Circ-lee and  pnrtirs (~)ublrs l~cd : ~ n n ~ ~ a l l p  to 
(Into 1st .Tnn~~n~.y) .  C:ll t-~~tt:~.  Pnrr II'Y. 5. 

10 List of tllc p~~bl icnt io~lo of tltr S I I ~ Y P J  of lntlin (p1rb11~11~~1 n1111unl1y) 
I)rhr:\ 1)iin Gmfts, 

11. Priec List of MfltIl~lllnli~~lI I I IS~~I I I I IPI I~  Office. Cor~.rr.tetl 111) to 
Is1 Scptcmber 3'127, C'nlcuttn, 1928 G m t t s .  

Tables and Star Charts 
1. Anxilinry Tnhlcs-to f:~c.~l~fnte t l ~ c  cnlcrrlnlinns O F  the Snrver of  

India. 1'011rth l t 1 1 t 1 1 1  I I 1 9  ( 0 1 1 t  of 111 ~ n t )  
2 .  Anxilinrj Tnhles-oE tlle S ~ ~ r v y  of 111c11n I'itth Editil,n. 

(revised :1n11 ~ ~ ~ t c ~ ~ c l c ~ d ) ,  hy -1. tlr (+mall' II~rnlcr,  M . A . ,  sca.n , F 1s.r. r. 
In  pnrta- 
-- - - _  -_ . - _ - _ - 

For Departmental use only. 
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Tables and Star Charts.-(Continued). 

Part  I-Graticules of Maps, (reprinted). Dellrn 
D i n ,  1926. Price Ra. 1. 

Par t  11-Matliematical Tables, (reprinted with &d&i. 
tions). Dehra Dun, 1924. Ps3ice Re. 2, 

Par t  111-Topographical Survey Tables, (reprinted 
with additions). Dehra Diin. 1928. Price R ~ ,  3, 

3. Tables for Qraticules of Maps. Extracts for the use of Explorers, 
Dehrn Dun, 1918. Price As. 4. 

4 .  "Metric Weights a r ~ d  Measures and other tables. Photo-Litllo 
Office. Cnlcutta, 1889. (Out of print). 

5. Logarithlllic Sines and Cosines to 5 places of decimals. Dehra DGn, 
1886. (Out of print). 

6 .  Logarithmic Silres, Cosines, 'l'angents and Cotangents to 5 places of 
decimals. e r a  D l ,  1 9 1 .  (Ou t  of print). 

7. Comrnon Logarithms to 5 places of decimals, 1885. (Out of print). 
8. Table for determining Heights in 'I'raversing. Dehra Diiii, 1898. 

P~qice As. 8. 

9.  Tnbles of distances in Chains and Links corresponding to n sub- 
tense of 20 feet. Dehra Dun, 1889. Price As. 4. 

10. * Ditto ditto 10 feet. Calcutta, 1915. 
11. * Ditto ditto 8 feet. Ditto. 

12. Field Traverse Tables. First Edition. Calcutta, 1928. Price As. 8. 
13. St:w Charts [or Iittitude 20' N. ,  by Colonel -1'. It. IIobday, 1.s.c. 

Calcutta, 1004. Price 3 8 .  1-8. 
14. Star Cl~ilrts for latitude 30' N., by Lt.-Colonel 3. Q. Burrnrcl, R.E., 

F.R.S.  llehra Dun, 1906. Price Rs. 1-8. 

15. Star Charts for lat,itnde 15" N. Dehra Dun,  1928. Price Rs. 2. 
16. Star Cllnrt's for latitude 30" N. Dehra Dun, 1928. Price Rs. 2. 
17.  C3atalo,nue of 349 Stars fur epoch 1 s t  Jan .  1892, from observntiolls 

by the Survey, Dehrn Don ,  1508. Price Rs. 2. 
18. * lininEall, rnnsinlum and rninilnrlrn temperatutSeFi, from 1868 to 

1927, recorcled at  the Survey Office Observatory, Dehra Dun, 1928. 

Old Manuals. 

1. X JIanoal of Surveying for  India, detailing the mode of operatiolls 
on the Itevenue  survey^ in Bengal, and the North-We~itern Provinceg. 
Compiler1 hy Cnpt:\ins R. Ymyth, ant1 t i .  L. Thuillier. Cillcutta, 185'. 
(Out of p r i ~ ~ t ) .  

2. Ditto 8econd Rflitior~. Loltdon, 185.5. (Oat of print), 
3. A Mnnual of Surveying for Tndin, det:~iling the mode o f  operfitiona 

on the Trigo~~o~net,rical,  Topograpl~icnl and Revenue Survc:ys of Indin. 
Compiled by Colonel 11. L. 'l'll~~illier, c . R . I . ,  H.R.s. ,  and llt,.-colonel 
It. Srnyth. Third Edition, revi~ed and enlnrged. Cnlcrltt:~, lSi5. (Ollt of 

print). 
4. Ha,nd-Book, Revenue Branch. Calcutta, 1893. P,. ice Rs. 2-5. 

* For Departmenlnl rise only. 
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Survey of India Hand-Books. 
1. * Hnnd-Book of General Instructions, (in 2 vols.) Fifth Edition. 

1927. 
2. Hand-Book, Trigonolnctrical Branch, Second Edition. Calcutta, 

1902. (Out of print). 
3. Hand-Book of Trigonolnetrical Instructions.-Third Edition. Parts 

in pamphlet forms- 

Par t  V-The Tides. Third Edition, revised, Dehra Diin 1926. 
Price Rs. 2. 

Pa r t  VI-Levelling. Third Edition, revised, Ilehra Din,  
1928. Price Re. 1. 

4. Hnnd-Book, Topogmpllicnl Branc11,-Third Edition. Calcutta, 1905. 
(Out of print). 

5. Hand-Book of Toyogmp11y.-Fourth Edition. Cnlcuttit, 1911. 
Chapters, in pamphlet forms- 

Chapter I-Introductory.-reprinted with additions, 1921. 
PI-ice As. 8. 

,, 11-Constitution and Orgnuization of a Survey Party. 
-reprinted with additions, 1923. Price As .  8. 

,, 111-Triangulation and its Cornputatio~l.-revised 1923. 
Price Re. 1. 

,, IV-Theodolite Traversing-Third Edition, 1927. 
Price Re. 1.  

I f  V-Plane-tabling.-Tl~ird Edition, 1926. Price Re. 1. 
,, VI-Pair Mapping.-reprinted wit11 additions and re- 

vised, ( Yist81i Edition ) 1928. Price Re. 1.  
Chapter VII-Forest Surveys and Rect,angulation (old 

Chapter 1S ) revised, 1025. Price .As. 8. 
,, VIII-Surveys i l l  mar and Trans-frontier Heconnnissance 

(old Chapters V1I and VII1). Ur~der yrepni.ation. 
,, IS-Geographical Mnps ( old Chapter X I  ). Second 

Editlion, 1926. Pricc As. 8. 

X-Mnp lieprocluctio~~. Second Etlition, 1919. 
1, 

Price As. 8. 
t; *Plioto-Lit110 OMice, Not,es on Organization, Methods and Processes, 

by Jf:ljor W. C. Hedley, R . E .  'l'11il.d Edition. Cnlcutta, 1924. 
7 .  The Rrprodr~ctio~i (for the g ~ l i d n ~ ~ c e  of other l)cpnrlaie~~ts), of Mnys, 

Plans, f 1iot,ogmpha, Ibingrnlns, ruid I~ine Illnst~rlltiolls. Calcutta, 1914. 
Price RR. 3. 

8 Survey of Iuclia Copy Boolc of Letteriug. Cnlcnttn. 
price Rs. 3-8. 

Notes and Instructions. 

1 *Notes on l'yinling Papers suitable Sor ilTaps, and on Wl ln tma~~  
Drawing paper, by ~ n j o r  \V. fit. C'oldstrcnm, R . E .  Cnlcntta, 1911. 

(Out of print). 
- - - - - - - _  - _  - - -  - -- - - 

* For Dep~~truenta l  nsc only. 
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Notes and Instructions.-(Co~~tinued). 

Printing and Fieltl Litllo processes. 
2. "Beport o ~ r  Rubber OtFset Print i l~g for lfnps, by Major W, M. 

Coldstream, B.E. Calcuttn, 191 1. 
3. "Notes on tlie "Vnndylie" or Direct Zinc Printing Process, with 

details of Bppilratus and Chemicals required for n small section. Co~npiled 
in tlie Plioto and Litlro Office, Survey of Iudia. Calcutta, 1913. 

(Out of print) 
4. "Notes on some of the Methods of Map lteproduction suitable for the 

EieId with appe~itlis-Suggested Eq~lipment 'l'ables for the Light Field 
Litho. Press (experimental), by l.,ieut. A .  A. Chase, R.E. Cnlcuttn, 1911. 

5 .  "Iteport on a trial of the equipmt!nt of the 1st (Prince of Wales' 
Own) S ~ ~ p p e r s  and Miners, for reproducing maps in the field, 
by Lieut,. A .  A .  Chase, R.E. Calcutta, 1912. (Out of priut). 
Base Lines and Xngnetic. 

6. "Notes on use of the Jaderin Base line Apparatus. Debre, Diin 
1904. (Out of print). 

7. *Miscell~neous Pnpers relating to tlie Measurement of Geodetic 
Bases by .Jaderill Invar Apparatus. Del~ra  Dun, 1912. 

8. *111structio11s for tnlting Magnetic Observations, by J. Eccles, M. A. 

l)ehr~i Dun. 1996. (Out of priut). 
9. Rectnng~llar Co-0rdinntes.-On a Si~nplificntioli of tlie Colnputntiorls 

relr~ting to, by J. Eccleg, M .  a. llehra Dun, 1911. Price Re. 1. 
10. *For Explorers.-Notes on t,he use of Thennometers, Barometers 

and Hy psometer.~ with Tables for the Computation of Heights, by 
J. de Grastf I-lunter, 3r.A. Dehra Dun,  1911. (Out of print). 

11. *Ainentlecl Instrt~ct,ions for the Survey and Mapping of Town Guide 
hlalls. Aug~lst 1919 

12 *Pu'otes on bou~ldnry ribands on lilaps of the Survey of India, by 
hIn.jor F. Icraser l i u ~ ~ t e r ,  D . s . ~ , ,  I . A .  Calculta, 1922. 

13. *Notes O I I  t,lle m:tp of Arabia and the Persian Gulf, with a ~enernl 
index of plilce n:tllles ou the map, 1905-08, by Captain F. Praser Hunter, 
I ('alcutta, 1010. 

14. dcco~~n t s  Y~lrl)Illet.-Notes on account for field uait,s. Dehm Dun, 
1928. Price Re. 1. 

PART V.-h1ISCELLANEOUS PAPERS 
Unclassified Papers. 
Qeograpllp. 

1. -\ .C;lretcl~ t r f  the Geography and Geology of the HimLlaya Moun- 
t : ~ i ~ i e  an11 Tibet (in four Ijarts), hy C'olonel 3 .  G. Burrn~d,  R.E., v.rt .g . ,  supdt., 
. ~ ~ . i , v ~ , l i t , ~ ~ ~ e t r i t ~ : ~ i  SI I I 'V~ 'YH ~ I I I C ~  FI. 11. II:lydcn, o..\., F.G.s,, ~ u p t ~ t  , (feologicnl 
Survey o f  In(11a. t ' : ~ l c ~ ~ t t a ,  190i-OY, 

Part i.-'1'11c fIiq11 l.'eali~ of' :\sia. 
,, II.-'l'l~e Pr~rlcipnl h l o ~ ~ ~ l t n i n  IZnnges of A ~ i a .  1 pi::: 
,, 1 I T.-'l'l~e I{ivers o f  t l ~ e  I l i n ~ i l a ~ n  iild Tibet. 
, 1V.-'l'l~e (4~1,logy of t l ~ r  lIi~n,Zlayn. 

2 *I{eport 0 1 1  the 1tlf.nbification n~lrl Nomenclature of the ~ l i l n i l f i ~ ~ ~  
Penli~ as seer1 from Kit,rnl~r~du, I\Jel,nl, by Captilill H. .Wood, R.E. Calcuttn, 
1904. 

* For L)epvtme~~tel use only. 
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Unclassified Papers.-(Continued).  

3, ltout,es ill the Western-Himalaya, Tlaslrlnir, etc., by Lt.-Colonel 
T. G. Montgomerie, R.E., F.R.s., F.R.Q.S .  Dehra Dun, 1909. (Out  of print). 

4. lloutes in the  Western-Himalaya, I<nslimir, etc. with which are 
included Montgomerie's Routes. Volume I. P inch ,  Kashmir and Ladlkh, 
by Major Mason, M.c . ,  R.E., F i r s t  Edition, Dehra D i n ,  1923. Price Rs. 6. 
Exylorrrtion. 

1, "Account; of the  Survey Operations in  connection with the 
Mission to Yarltand and Icashgar in 1873-74, by Captain Henry Trotter, R.E. 
Calcutta, 1875. ( O u t  of print). 

2. Report on the Trans-Himalayan Explorations during 1869. ( O u t  of 
print). 

3. Report on the Trans-Himalayan Esplorations duriug 1870. Dehra 
Dun,  1871. ( O u t  of print). 

4. Report on the  Tr:~ns-Himalayan Bxplorations during 1878. 
Culcutta, 1880. (Out  of print). 
Special Reports. 

1. *lleport on the  Mussoorie and Laudour, Kumaun and Garhwhl, 
Hiuilrhet and Kosi Valley Surveys, extended to F e s l l k ~ ~ a r  and I<LghLn 
Triangulation during 1869-70, by Major '1'. G. Montgomerie, R.E. (Out  of 
print). 

2. Report on the 1Eecent Determination of the  Lolryitiide of BEadras, 
by Captain S. G. Burrard, R.E. Calcutta, 1897. (Out  of print). 

3. #lieport  on the Observntioils of the  'llotnl Solar Eclipse of 6th April, 
1875 nt Cnmorta, Nicob:~r ls la t~ds,  by Captail1 J. Waterliouse. Calcutta, 
1875. ( O u t  of' print). 

4. "The 'l'oti~l Solar 143clipse, 22nd January, 1899. Dehra Dun, 1898. 
(1) lieport on tlie observations a t  Dumraon. 
(2) lieport on tlie observations a t  Pulgaon. 
(3) I{eport on the observat io~~s a t  Snhdol. 

5. "Report on Ilocal Att~.nction iu India, 1893-94, by Captain 
9. G. Burrard, R.E. Calcuttn, 1S95. ( O u t  of print). 

6. "lieport on the Trigonometrical ltesults of the  E n r t l ~ ~ u a l t e  in 
Aasnm, by Captain 8. G. Ijurr;~rcI, H.E. CaIc~ltt :~,  1898. (Out  of print). 

7. *Notes on the Topogra,plric:~l Survey of the 1/50,000 Sheets of 
Algeria by the  Topograph~c.al Section of the " Nerv~ce Oeogt.a.pllique 
de I'ArinGe", by Captain IV.  n.1. G'oldstren~n, R.E.  C:~lcutts, 1906. 

8. "Tlle Sililla Estates I3ound;tt.y Sur\ey "11 t l ~ e  scale ot' 50 t'eet to 
1 illch, by Cnptnin E. A .  TnntIy, n.E. ~':11~11ita, 1906. 

!). "A ilote on tllo s[,:,g:.e rcnc-llcld 1))- tllc (2cotlrtic 0pel.niiolis of 1110 
S ~ r t c : ~  of Indin it1 1920, I)y Li .-Cl~lol~ol l[.AlcC'. Cowic, 1c.1~. 'l'lle hlngtretic 
Survuy of Tndis, by Alajor 16, 11. 'l'Ironl:t?;, ~).s.o., w.11:. ; \nd a 1lo1,cb oil the 
~".csent levellil~g policy, by Pla.jur 1<. Alason, nr.c., R.E. Dellrn I)lul, 1922. 
(011 t  of prit~t,) .  
G ~ o d c s ~ .  

1. Notes on the Theory of Erlmors of Obsrrvntion, by J. l<cclcs, n1.a. 
Dehra, l)iin, I$)U:~. Priccc As .  S. 
_2 _ . . . . . - . - - - - 

* For L)cpartwcut,nl usc ouly. 
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Unclassifled Papers.-(Concluded). 

2. *Noto on n Change of the  Axes of the  Terrestrinl Spheroid in 
relation to  the Triangulation of the  G.'1'. Survey of India, by J. de Grnaff 
Hunter,  M.A.  1)ehra Dun.  (Out  of print),  now incorporated in 
Professional Paper No. 16. 

3. Iteport on the  Treatment, and use of Invar in measuring Geodetic 
Basea. by Captain H. H. Turner, R.E. London, 1907. Price As. 8. 
Projections. 

1. On the projection used for  the General Maps of India. Dehra 
Dun,  1903. (Out  of print). 

2. 'On the deformation resulting from the  method of constructing 
the  Il~terniltional Atlas of the  World on the scale of ono to one million, 
by Ch. Lnllemand. 'l'rnnslated by J. Eccles, M.A., together with tables for 
t he  projection of 1 /M Maps on the International system. Dehra Dun, 
1912. (Out of print). 
Mapping. 

1. *A Note on the different methods by which hills can be represen- 
ted upon maps, by Colonel S. G. Burrard, c.s.I., R.E., F.R.s., Surveyor 
General of Inclia. Simla, 1912. 

2. * b  Note on t he  representation of hills, by Major C. L. llobertson, 
c.ar.a., R.E. Dehrn Dun, 1912. 

3. *A Note on t he  representation of hills on t he  Maps of Indin, by 
Major F. W.  Pirrie, I.A. Dehra Dun, 1912. 

4. *A consideration of the Contour intervals, and Colour Scales, best 
suited t o  Indian 1/M maps, by Captain M.O'C. Tandy, n.~. Calcutta, 
1913. (Out of print). 

Professional Papers. 

No. 1-Projection-ou the Projection for a Map of India, and adja- 
ceut Countries, on the scale of 1:  1,000,000, by Colonel S t .  Cf. C. Gore, 1t.E. 

Second Etlition. Dehra Dun, 190:j. Price Re. 1. 

No. 2 +Base Lines-Method of meaouring Geodetic Bases by means 
of Metnllic Wires, by M. Jaderin. (Translated from Men1oire.s Presentes 
par  diver^. Ynvents 1 1' BcadErnie (lev Sciences de 1' Institute de Fri~llce). 
Dehrn Dun,  1999. (Out of print). 

No. :+Base Lines-Method of measuring Geodetic Bsses by lnenns 
of Colby's Compensated Bars, compiled by Lieut. H. McC. Cowie, R a ~ -  
Dehra l lun ,  1900. (Out  of print). 

No. .4 -Spirit levels-Notes on the  Calibration of I,evels, by 
Lieut. E. A. 'L'nndy, R.R. Dehra UGu, 1900. (Out  of print). 

NO. 5-U~o(lesy--The Attraction of the Him%layn Rlountnin~ upon 
Plumb-Cine in India, conniderationn of recent data, hy R1:l.jor Y-Cf .  
Burrard, R.E. Elecond Edition, Deh1.a Lhin, 1901. P r i c e  Bs. 2. 

No 6-Brine IJinco--Account; of  a I)eterminnt,ion of the Corficientfl of 
ICxpsneion of the Wires of the .JLderin Rase Line Apparatus, 1)y Cnptnln 
(:. P. Lenox-Conyughnm, R.E. Dehra Dun, 1902. (Out  of print,). 
- - - - - - -.. ----- 

* For Departmental use only. 
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Professional Papers.-(Continued). 

No. 7-*3Iiscellnnco11u. Cnlcutta, 1903. 

(1) On the values of Lon$mle employed in mnpe of tile 
Survey of Indir .  

(2)  Levelling across the  Ganges a t  Diimukdia. 

(3) Experiment to  test  the increase in the  l e ~ l g t h  of a 
levelling stnff due to  moisture and temperature. 

(4) Descriptioll of n Sun-dial designed for use wit11 tide-gauges. 
(5) Niclrel-steel :rlloys and their application to Geodesy. 

(T1.allslated fro111 the French).  

(6) Theory of elect,ric projectors. (Translatedfrom the French). 
No 8-Mng11etic-Experi~nents made to determine the temperature 

coefficients of Watson's Rlaglletogrnphs, by Cnptnin H. A .  Denholm 
Fraser, R.E. Calcutta, 1905. Price Re. 1 .  

No. 9-Gcodesy- An Account of the Scientific work of tlle Survey 
of India. nnd a Comparison of i t s  progress with tha t  of Foreign Surveys. 
Prepared for  the  use of tho Survey Committee assenlbled in 1905, 
by Lt.-Colonel S. G .  Burrard, R.E., F .R.S .  Cnlcuttn, 1905. Price Re. 1 

No. ~ O - P ~ I I ~ I I I I I ~ I S - T ~ ~  Pendnluui Opel-ntions in Intiin. 1903-1907, 
by Major G. P. Lenox-Conyngham, R . E .  l)ellrn Dull, 1908 Price Rs. 2-8. 

No 11-Refrnction-Observations O F  Atmospheric ltef~.:rctiol~, 1905-09, 
by H. Cf. Shaw, Survey of I l~d ia .  I)eh~-n Dun,  1911. (Out  of ~ r i n t ) .  

No. 12-Geodesy-011 tile Origin of the Hinlllayn liount:rins, 
by Colonel S, a. Horrnrd, c.s.I., R . E . ,  F . J ~  S. Calcut,t:~, 1912. Price Re. 1 .  

No. 1.3-Isostnsy-Inveswtiou of the Theol-v of 1sost:rsp i n  India,  
bp Major H. L. CrostI~mait, R.E. I)ellrn lliin, 1912. (Out  of' PI-irrt). 

No 1-1-Refrnction-Forlnulre for  Atlnosl)heric lief~.nctioll, :ind their 
npplicntion to llerrest~.inl Refr.zctio11 and Geodesy, by J .  de Grn:tff 
~ ~ ~ ~ n t e ~ ~ ,  M.A. IIelrrn UUII, 191 8. Price Rs. 2.  

No. 15-Pe1id11lo111s-The Pendulr~rn Operntions i n  1 ndi:t alld J3ul.1nn, 
1900-13, by CYaptnin 11. ,T. Cor~chlni~rl, R . E .  Dcllrn Diin, 1915. Price Rs. 2-9. 

No. 16-Gcodesy---Tl1e Eart;Ir7s Axes and 'l'riang~ilation, by .T. de Gmnff 
ITtmtel*, M a. D ~ h r n  Dun,  1918. Price Rs 4. 

No. 17-Iaostnsy-Inrcstignttio~ls of Isostnsy in Hi oltilngnn and neizll- 
b o ~ l l * i n ~  regions hv  Colonel Sir S. G. Burrard, E.c.s.I., II.E., F.R.S. l ) ~ I i ~ x  
Dun, 1918. (Out  of print). 

No. ~ . ~ - I R o R ~ R s ~ - . ~  CI-i  t,icisln of Mr. It. 1). oltil1:1111'~ melnoi r " '('he 
~ t l * l l c t ~ ~ ~ . e  of t l ~ e  IJi~nC~layna n l~d  of the  Gnllgetic P1:ri11", by I,t'.-('olonel 
11. RIcC. Cowie, R.E.  l)elira, 1hi11, 1921. Pt.;c.fi: RP. 1.8. 

No. 19-Am-in1 Pl~ot~ogrnpl~g-Es~,e~~i~nentr~ in !\el-ol)lnlle I'IIOIQ Sur- 
vcging, by RIn,iol. C. (3,  Lentis, N . E . ,  nncl C;~ptnin 11. C T .  S : \ l ~ i ~ ~ l l ~ l .  (Tlnte n . : \ . ~ . ) .  
Dellra Dun, 1920. Price Rs. 1-8. 

Ko. 20-Air Srrvcy- Hc.col~n:~issance S111-rry fl-onl Ail-crnft, by 
I,!-.-Colonrl (4. A .  Renzcley, D.s .o . ,  R.E.  1)ellr:t Dun, 1937. Pricz Rs. 1-8. 

No. 21-K~ctn11g11lnt~i011-Tr1'ifintio1l nl~d  Set,tlernerrt; Snrvrps 1926, hy 
hTn.jor .I. I). Cnrnphell, n.s.o., R.K. De1it.n Dull 1937. Pric:c! Rs. 1-8. 

No. 22-Levelling-'l'hrce Sources of Error  in precise Ilevellinc, by 
Cn.ptnin (3. 13olnford, R.E. L)ellrn Dun, 1929. P ~ i c r  Rs. 1-8. 

* Far Departmental tlse only. 
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Profsssional Papers.-(C~ntinued). 
No. 23-* Air Survey-Air Survey of WnziristBn 1928 to 1928, by 

Captnin G .  F. Heaney, a.E. Dehra lliin, 1928. Price As. 8 .  
E o .  34--Air Snrvey-Notes on A1r Survey in  India, by Major W. J, 

Norman, nr c. ,  n E. Dehra D i n ,  1929. P ~ i c e  RE. 1-8. 
No. 25-Crlaciers --The Hepresentation of Glaciated Regions on mays 

of the  S u r v e ~ -  of Indin, by Major Kenneth Masou, KC., R.E Dehra Dua, 
1929. P~ice  As. 8. 

No. 26-rr~,iection--The Lambert Conical Orthomorphic Projection, 
by L t  -Colonel C. nil. Thompson, I.A. D e h m  Dun,  1029. (Provrsionnl 
Issue). 

Departmental Papers Series.t 
K O  1--Type-A consideration of the  most suitable forms of type 

fo r  use on rnnps, by Captain M O'C. Taildy, R.E. Delira I)iin, 1913. 
No. 2-S~111bol~-rl review of tl,e Boundary Symbols u3ed on the maps 

of various countries, by Captain R1.O'C. Taody, R.E. Dehra Uuu, 1913. 

E o .  3-Maps-Extract from " T h e  Kern Map of Italy,  Scale 1: 
100,000", by Iluigi Crinnnitrnpn~ii. T ~ n ~ i s l n t e d  from the Italian by 
Major W. M. C'oldstren~n, ILE. Dehrn Dun, 1913. 

No. 4-Town SII~YCJS-A report on the  practice of Town Surveys in 
the  United 1\'1ngdo111 and its a p p l ~ c n t i o ~ ~  to  I ~ l d i a ,  by Major C .  L. Robertson, 
c M.Q , R E Dehrn Dun. 1913 

No 5-Stereo-plotter-'l'he Thompson Stereo-plotter and its use, with 
notes on the field work, by Lieut. I< Mason, R.E. Dehra D i n ,  1913. 

No 6-Levelling-T,evelli1ig of I-Iig11 Prec i~ ion ,  by C11. Lallemand. 
Trnnslatetl f~ om the French by J tle Grnnff Hunter,  M.A. L)ehrn Dun, 1914- 

No 7-Stnlltlard Rnrs-Rnr Co~liparisons of 1907-08, by Major H. McC. 
Cowie, R.E. L)ehrn, Diln, 1915. 

No. S-~Iclio-%incoqrn~)I~y-Re~ort on Itubber Off-set Flat  bed Machine 
Printing, bv C'<tptnin S \V. Sncltville IIa~nilton, n E. Calcutta, 1915. 

No. 9-Stereo-.\11to-Plotti11g-,4 translation of P a u l  Corbin's lrrench 
Stbrhn A ntogl.n~nml.tr~e, by Lt.-Colonel H. RlcC. Comie, R.E. Uehl-a 
1)iin. 1922. 

R'o. 10-Rns~  IIincq--A Booltlet of Instructions with full  descriptiolls 
a n d  tables for The  t l u n ~ e r  Sliort Ease, colllpiled by Major C. 11 Thompson, 
I. I .  l ) e h ~ n  D i n ,  1928. 

No. 1 I-(irnvity nnd ~ ~ ~ ~ f . ? ~ ~ - ~ ~ ~ ~ ~ ~ t i ~ ~ t i ~ ~ l ~  reLrnl.dillg Ci~s:~vity and 
Isostnsr lly \V lI~isl,al~c.n ( T r n ~ ~ s l n ~ e d  by \T 1jelt.q l ~ s q  I<evisctl aud corn- 
pleted I)p I\I:~jnr C 31. 'l 'homps~~rr, ra.) Llehra Uiin, 1928 

X n  12-(~eo~1r~y-C~enrlesy, by Dr. J, Gr;~aff  Hunter ,  sr a,, scaD, 
F. INST P.  r)el~i-n I )Gn ,  1929. 

No. 1 :3-Sl)llc.1.icnl Trigoao~nctry nnd Astl.onomy--Noles 0 1 1  ~~1liericfl1 
T r i q o i i o n ~ e t r ~ .  :lnrl Astl,ono~n!-, r tc . ,  by Lt,,CoIonel C, 31, l'llompson, I . l i 8  

I lehrn l )fin, 1929. 

Professional Forms. - 
A larqe nnmher of forms for the  record and reductiotl of Survey 

Operations are  stocker1 at Debra J)fin. 

For Official nqe o n l j .  t For Depnrtrnerltal use only. 
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List of more important contributions by the Oj3cers of 
the Survey of India to various extra-departmental pub- 
lications and related axticles. - 

1. *Illdin's Contribution to  Geodesy, by Gener:ll J. T. IValker, R.E., 

c.B., F.R.s., LL.D. (Philosophical Transactions, Royal Society. Series 8,  
Volume 186, 1895). 

? *OII the  Intensi ty  nnd Direction of the  Force of Gr:~vity in India, 
by Lt.-Colonel S. G. 13urra1-dl R.E, F.R.S. (Philosophic:\l 'I'r~a~lsnctiolls, 
Royal Society, Series A ,  Volume 205, pnges 289-318, 1905). 

3. +A. climb on Eolilhoi, by Lieut. Kenneth Mason, R.E. (Hoy:~l 
Engiueers Journal,  November 1910). 

4. *On t h e  effect; of the  Gnr~getic Alluviu~n on the Plumb-iine in  
Northern India,  by 1C. L). Oldham, F.1I.S (Proceedings of the  Royal Society, 
Series A, Volume 90, pages 32-40, 1914). 

5 .  " 0 1 1  the  origi11 of the  Indo-Gangetic trough, commonlp called t h e  
H i ~ n % l a j n r ~  lco~.edeep, by Colonel Sir S. G. Burrard, K.c.s.I.. R.E., F.R.s.. 
( t'roceedings of the  Hoyal Society, Series A ,  Volurne 91, pages 220-238,1915). 

6. $Three comprel~ensive ~rrticles on '. Colnpnrators for  the Indian 
(iovet.n~nent" from a report by Mnjor H. McC. Cowie, E.E. (ICngineering, 
Aug. 20, Aug. 27, Sept. 3, 1915). 

7 .  1 1  Identification of Pealts in the  Himalaya with notes, by Colonel Sir 
S .  G .  I311rrnrd, K.c.s.I., ILE.,  F.II.S. (Geographical Journnl, September 1918). 

8. 11 Geological interpretations of (i eodetic liesults, by Colonel Sir 
8. G. Burrard, K.c.s.I., R.E. ,  F.R.S. (Geographical Journal, October 1918). 

9. 1 1  War Surveys i n  Mesopotamia, by Colol~el F. W. Pirrie, C.M.Q. 
I.A. (Geographical Jourrlal, December 1019). 

l o .  1 1  / \ i r  lJhotograp1iy in A r~chaeolopy, by Lt.-Colonel G. A .  Beazeley, 
D.S.O., I ~ . E .  ((;eo:;raphical Journal,  May 1919). 

11. 1)Mapping from Air Yhotogl.aph~, by Lb.-Colollel M.  b'. RI:~cLeod, 
R.E. (Geographical JOUI-nal,  June  1919). 

12. llHelniniscences of the  Ma.p of Arabia a l ~ d  Persian (;ulf, by 
14t.-Colonel E'. F. II unter, D s.o., I .A.  (Oeographica,l Jounlal, 1)ecember 
r 919). 

1 IICentrnl Rurdistan, by Major K. Mason, M.c. ,  R.E. (Geog- 
raphical .I ou ~-nal ,  December 1919). 

14. IlSurvejs in Mesopotaillia during the War ,  by 1,t -Colonel 
( 3 .  A. Hemeley , D.H.o. ,  R.E. ( ( 3  eopaphica.1 Journal, Februa,ry 1920).  

16. f A  lecture on the Earth's Axes and Figure, by J. tle Granff 
l iuntcr,  M.A. (The  Ob~ervatory.  May 1920). 

~ ~- 

" Obt;~i~ln.ble fro111 Messrs Dulnn S: Co., 37, Soho Square, Lo~rtlou, W.. or  
Alessrs. H~nr i son  k Son6, St, hlart,inls Lnne, London, or t,he Royal Societ,. r ~ t  I{nrliogtou 
l i n ~ ~ s e ,  Lo~~tlon. 

t O I ) I I I ~ I I I I ~ I C  f rom l l ~ e  Inf i t i ln t io r~  of Roynl I C n p i ~ ~ e e t . ~ ,  Cl~at.lism. 
5 Obtainable from Cl~arles liobert. Johnson a t  t h e  ottices of " Ellgir~ceri~~g", 

35 n n t l  36, Bedford Street St,rand, I.ondon, W.C. 
11 0l)tslnable fro111 the I{c~gel Uoographicni Society. Kensington Qoro, London. 

S.W. 7. . - 
: Obtainable from hlefisr~ Tnylor Jr Brnnci~, Red Lion Conrt. Fleet Street 

T ~ o l ~ d o n ,  I\'.('. 
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List of more important contributions by the Oficers of 
the Survey of India &c. &&-(Continued). 

16. *A brief review of the evidence up011 which the 'l'henry of 
Isostasphas been based, by Colonel Sir S. G. Burrard, K . c . ~  I., a . ~ . ,  F.B.~. 
(Geographical Journal, July 1920). 

17. * A  note 011 the t o p o g ~ ~ ~ p l i y  of the NunKun M~tssif ill LadBkh, 
by Major K. Maso~i, M . c . .  R . E .  (Geographical Journal, Aulrust 1920). 

18. *Sates on the Canal System nud Ancient Sites of Bnbylonia ill the 
time of Xenopho~i, by Major I<. M:\son, M.c., R . E .  (Geographical dou~~nrtl. 
December 1920). 

19. $An Exploration in South-East Tibet, by Major H.  '1'. Morshead, 
D.s.o., R E .  (Royal Enrilieers Journnl, Jniiuary 1921). 

20. fl'opographical Air Survey (with plates and nlaps), by 
Lt.-Colollel G. A .  Beazeley, D.s.o., R.E. (Royal Engineers Journal. 
February 1921). 

21. :Projection of Maps.-.A review of some Investig:~tioits ill the 
Theory of Rlap Projections, by A. E. Young, and Coloilel Sir S. G.  B~irrard, 
X.C.S.I., R .E. ,  F .R .S .  (Royal Engineers Journal, March 1921). 

22. ?Report on I$xpeditio~~ to Icirmet, 1920, by Major H. T. Morshead 
D.s.o.. R.E. (Royal Engineers Jonrnal, April 1921). 

23. "'J'he Circulation of the E:u.th's Crust. by Lt.-Colonel 
E. A. Tnndy, R E. (Oeotrraphical Jourl~nl,  Mny 1921). 

24. §.Johnson's Suppressed Ascent on I3 61., by Major I<. Masoil, 
M.c., U . E  (Alpine Journal, November 1921). 

25. *Stereographic SUI-vey. 'I'he ~utocartograph,  by Lt.-Colonel 
M. N. MacLeod, D.s.o., R.E. (Geographical Journal, April 1922). 

26. $The " Canadia~i" photo-topographical method of Survey, 1 ) ~  
Captaiti and Bt. M ~ ~ j o r  E.  0. Wheeler, M.c., 1r.E. (1toy;ll ~~~~~~~~~~s 
Journal, April 1922). 

37. §The Survey of Mr. W. H. Johns011 .in the Ic'un Lun ill 1865. 
by Major I<. Masou, M.c. ,  R.E. (Alpine Journal, Noveluber 1022). 

28. IICfrnv~ty Slirvev, by J. de Graaff Hunter, M.A., s c . ~ . ,  3'. INST- 1'. 
(A.  D i c t i o n ~ ~ r ~  of Applied P l i y ~ i ~ s ,  Vol. 111). 

29. I)Trigonornet,ricnl Heights and Atmospheric Refraction, by J- de 
Qrnnff llunter,  M A., s c . ~ . ,  F. INBT. p. (A  Dictionary of  lied Physics, 
Vol. 111). 

30. Geodesy, by Colonel Sir G. P. Lenox-C~n~ngh~rm,  I<t.. R . E . .  F.R.8. 
and .J. rle CTr;lnff H ~ ~ ~ l t e t . ,  M . A . ,  s c . ~ . ,  F, 1 ~ 8 ~ .  p. (Enc. Brit. 12th Editinn. 
Vol. XSXI,  1922). 

31. *'llht! proposed l)etel~mi~~ntion of Primary Longitudes 1 ) ~  Illter- 
national Co-operation, by C~loliel Sir G.  P. Lenox-(Jony~igl~:~m, 1Ct.q R.le 

F.B.S. (Qeographical .Journal, February 2923). 

* Obcain~ble from the Royal Geographical Socioty, Kensingtoll Gore1 l,Oudong 
Y.W. 7. 

f Obt,alndble from the Institution oE R o y ~ l  Engineera, Chatbnrn. 
5 0htninel)le from Alpine Club, 23 Savile Row. L o n d o ~ ~ ,  W., 1. 
(1 Ohlltinahle from Messrs !tlacMillan k Co. Limited:, St.  h~lrrtiu'fl Srfreet'a, 

London. W.C.. Bornhey, Cnlcnt,ta, Madras, Melhoarne. 
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List of more important contributions by the Omcers of 
the surveyw of India &c. &c. -(Continued). 

32. +Recent Developments of Air 1'hotography.-(1) l'he adjustment 
of Air Photographs to Survey points, by Lt.-Colouel M. N.  MacLeod, 
D.s.o., E.E. (Geographical Journal, June  1923). 

38. $Mount Everest, by Major H .T .  lIorahead, D.s.o., R.E. (Royal 
Engineers Journnl, September 1923). 

34. tKishen Siugh atid the Indiau Explorers, by Major I<. Mas011 
M.c., E.E. (Geographical Journal, December 1923). 

35. §Electrical registration of height of water a t  any time in Tidal 
Prediction, by J .  de Grnnff Hunter, M.A.,  s c . ~ . ,  F. INST. P. (Jourtlal of 
Scientific Instruments, Vol. I ,  KO. 8, May 1924). 

36. ((Graphical methods of plotting from Air  photograph^, by 
Lt.-Colonel L. N. F. I .  Kiug, o.B.E., R.E. 

37 +The Dernarcat,ion of the Turco-Persian Boundary in 1913-14, 
by Colonel C. H. D. Ryder, R.E. (Geographical Journal. September 1925). 

38. ~ e o d e s ~ ,  by J. de G18aaff Hunter, M.A., s c . ~ . ,  F. INST. P. 
(Enc. Brit .  13th Editiou, New Vol. ii, 1926). 

39. YThe De Filippi Expedition to the Eastern Kara-koram, by B. B. L). 
and Colonel Sir G. P. Leuox-Conynghatn, Kt., R.E., ~ . n . s . ,  M.A. (Nature, 
13th ITebruary 1926). 

40. t'I1lle Problom of the Shaksgam Valley, by Colonel Sir Ftanncis 
Younghuabnnd, K c.B.I., K.C.I.E. (Geographical Journal, September 1926). 

41, +The Shalzsgari1 Valley and Agliil Kange, by M:ljor K. Mason, 
M.C., R.E. ( G e ~ ~ r ; ~ ~ l i i c a I  Jouri~al ,  Aplsil 1927). 

42. A Brenl{-Circuit for Pendnlum Cloclrs, by J .  de Graaff Hunter. 
M.A.. ~c .D . ,  F. INST. P. (Bulletin GQod6siclue No. 14, April, May, Juue 
1927, Paris). 

43. t A  G~*aphicnl Discussion of the Figure of the Eatth, by A. lt. 
Hinks, c.R.E., F . R . ~ .  (Qeogra1)hical Journal, June 1927). 

44. f Survey 011 Active Service, by Captain 0. I?. Heaoey, R.E. (Royal 
Engit~eers Jo~irnal,  Juue 1027). 

45. A Report on the Geodetic worlr of the Survey of India for the 
period 1924-27, by J, de Granff Hunter, M.A. .  SC.D., F. IWST. P. .  preseuted 
a t  the third meeting of the International Uniori of Geodesg aud Geophy- 
sics, Prague, September 1927, 

4,6. +The Stereographic Survey of the Shaksgsm, by Major K. 
Mason, M.c.. R.E. ( G e ~ ~ r n p h i c a l  Journal, October 1927). 

47. tFigul-e of the Ear th :  correspottde~~ce by J. de Grnaff Huuter, 
MA., sc .~ . ,  F. INST. P, (Qeogr:~phical Jout-nnl, December 1927). 

48. +Figure of t,he Earth : correspondence by Cnptain G. B o ~ f o r t i ,  
R . R .  (Geogt-al~hical Journnl, 1)ecember 1927). 

- 

t 0btninnl)le from the  ltoynl Qcographicnl Society, Kensington Gore, L o n d o ~ ~ ,  
S.W. 7. 

$ Obtsinahle from the  Inut,it,ntlon of Royal Engineers, Chutl~nm. 
5 Obtainnhle from t,he Inst,itoto of I'bysice, 90 Great Russol Street,, London 

W.C. I .  
11 Ohtninrtble from H.M. Statinnnry office, Adnstml Honno, Kingsmnp, London 

W.C. 2, 29, Abingdon Street,  London, S.W. 
B Obtninnble from the  office of Xrtture, St. Mnrtin's Street., London, W.C. 2. 



1-46 GEODETIC REPORT 

List of more important contributions by the Offloers of 
the Survey of India &o. kc.-!Conclutded). 

4!). tl{eyly to  C.'rrptnin Q. Bomford '~  letter on Figure of the Ffirth 
(No. 4H of list), 1)y Cnptaiu G. T. McCnw a ~ i d  A. X. Hirilrs, c.B.E., F . R . ~ .  

(Oeogrnl,liic~i~I J o ~ ~ r n n l ,  L)eceml)er 1937). 
50. Piclire of the Enrtll-Presidentid nddress by J .  de Qraaff Hunter, 

u .\ , sc u , B'. INST. P. ,  at tlie Section of Mathemnt~cs nlld Physics of the 
Vit'teeoth l~idiall  Scio~ice ('ougress, Cnlctittn 1928 (Published by the Asiatic 
Yoc~ety of Bengnl, C'alcuttn). 

51. +Note on Sir Lcrnnciw Youn,nhusbnnd's Urdok Glacier, by Mnjor 
Kenneth AIl~son, 1r.c.. R.E.  (G~ogrnphicnl JourllnI, Marc11 1928). 

52. :some .4ppliciitions of the Geoid by J. de Graaff Hunter, Mar., 
a c . D . ,  F. INST. P. ('L'hu Ot)servntory, June 19%). 
- . - - - - - - -- 

) Ohtu~u~rble  from the Royal Geogrnphicnl Soc~ety,  KensingLon Gore, London, 
P.W. 7. 

+, Obtn~nnl~le Erom Alessrs Toylor nnd Franc~s, Red Lion Court, k'leet Street, 
I,ontlon. W.C. 

Geed. Rr. P.0.4-1929. 
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