


Lieutenant Cadell, whose photograph appears as the froiltispiece 
of this volume, joined the Survey of India in February 1926, having 
beell cominissioiled in the Royal Engineers 011 August 31st 1922. 
He died a t  Loi Hkiao in the Southern Shall States on December 
27th 1930, while engaged in principal triangulation. 

I n  1927 and 1928 he \!-as employed on topographical work, 
principally on the survey of Chitral, a difficult country well-suited 
to his energetic character. From August 1929 until his death he 
was in charge 3f the primary t,riangulation party, and undertook 
t,he ~onnect~ion of the Indo-Burmese triangulatioi~ with that  of Siam. 
After overcoming inally difficulties during his first seasoil in the 
S ~ L I  States, the work was progressing very well during the seconcl 
season, and was nearly coinpletecl when he was attacked by pneu- 
monia, of which he died a few clays later. 

Lieutenant Cadell was an officer of great energy and enthusiasm, 
who a1,peai~erl to enjoy cliscon~fort~. It was characteristic of hi111 
that he should have ignol-ed his attack of pnemnonia until i t  was 
too late for assistai~ce to  he sent. By his uiltiinely death the Survey 
of India, a i d  his ma i~y  friends, have suffered a great loss. 





SURVEY OF INDIA 

GEODETIC REPORT 

VOL. VII. 

From 1st October 1930 
To 30th September 1931 

PURLTSHEI) RY ORDER OF 

BRIGADIElt R. FT. TI-TOM+S, D. S.O., 
SURVEPOII (1 ENERA L OF INDIA 

PItINTRT) AT THR (:KOT)ETIC IiRANCH OFFI('E:. 
SURVEY O F  1NI)IA. IIKHRA 1)UN. 1!132. 

]'vice Tlrv~r! Rupees or l ' i , ~  Slrilli,/gs n nci 'I'll 1-PP 1 ' r 7 j r  cat 

( ICopyright reserved) 





C O N T E N T S  
Page 

... LILUTENANT IAN MACFARLANE CADELL. R.E. i 
. . .  ... Introduction . . .  ix 

Computations and Publication of data 
Para 

Junction with Siamese Tr ia~~gula t ion  ... 
Mong Hsat-Great Salween Series ju~iction 

. . .  ... Chitt.agong Series 

. . .  Inclo-Russian Triangulation junct. io11 

. . .  Acljustine~lt of ininor t r iang~la t~ ion  

... . . .  Comput.at. ion forms 

. . .  . . . Publicatiolls . . .  

. . .  Miscellaneous c~mput~at~ ions  ... 

... . . .  Drawing Section 

Observatories 

... . . .  1 . St.n~itlards of length . . .  10 

. . .  . . .  . . .  2 . Longit. ude ... 20 

... ... 3 . Lntitucle variatio11 . . .  21 
4 . Svismograph ancl Met. eorological obsei.vat.ions ... 21 

. . .  .5 . Miscellal~eous work . . .  . . 21 

CHAPTICR IIT 

Tides 
. . .  ... 1 . Tidal ~bservat~ions ... 33 
... ... . . .  2 . I~~spcc t .  ions ... ::2 
... . . .  3 . Harmonic analysis ... 82 
... . . .  4 . Corr~ct~ions to precli~t~ions . . .  33 
. . .  ... 5 . Tide-t. ahles . . .  . . .  ;j :< 
. . .  6 . Accuracy of predictio~~s ... . . .  33 



GEODETIC REPORT 

Deviation of the vertical 

... ... Summary 

... Programme ... 

... Astronomical observations 

... Geodetic fixing ... 

. . .  Narrative of season's work 
. . .  Computations ... 
...  The geoidal section 

D~fiection observations in Burma 

THE TRAVERSE ACR.OS8 THE GREAT INDIAN DESERT 

Programme . . .  

Personnel and transport 
Equipment. . . .  
Nat. ure of the country 
Wat'er ... 

... Illhabitants 

. . .  Temperat. ure 

. . .  The traverse 
Met.hod of travers~ 
Deflections . . .  
Results . . .  

Drduct. ions . . .  

Gravity 

1 . Y~.ograin~ne . . .  . . .  . . .  
2 . Str~ngt.h of the party . . ... 
3 . Apparatus ... ... ... 
. , . ,  4 Dc:tails of the observat. ions ... 



CONTEN'I'S] CONTENTS vii 

Para 
( ii ) RESULTS OF THR FIELD WORK 

5 . General description of t'he area . . .  . . .  

6 . Result. s . . .  . . .  . . .  . . .  

7 . g - y .  and geology . . .  . . .  . . .  
8 . The depth of t, he Iildus alluvium . . .  . . .  

. . .  9 . Gravimetric observations . . .  ... 

10 . Gravity resu1t.s and deflections ... . . .  

Triangulation and Base Measurement 

1 . Summary . . .  ... . . .  . . .  
2 . No . 1 Det. achment ... . . .  ... 
3 . No . 2 Detachment ... ... . . .  
4 . Wild theodolite . . .  . . .  . . .  
5 . Astronolnical obst~rva.tions ... . . .  ... 
6 . Kengtung Base . . .  . . .  . . .  ... 

Levelling 
... 1 . Organizat. ioii ... . . .  ... 

2 . Sum~nary of out.. tur11 ... . . .  ... 
3 . Work of detachment. s . . .  . . .  . . .  
. Probal) le errors ... . . .  ... . . .  

5 . Progress of t. he new level 11et' . . .  ... 

CHAPTE II V I I  1 

The Magnetic Survey 

. . .  1 . Suln~nary . . .  . . .  . . .  
3 . D ~ h r a  Diln Ol,so~.v.~tory. l9:10 . . .  . . .  
3 . Fi~ l t l  Repeat St.~t.ioiis. 19:30-:3 1 . . .  . . .  
4 . Dehra Di1i1 Ol)errva.toq-. 1!)20-30 . . .  ... 

The Lay-out of Geodetic Triangulation. and 
the Intervals between Base-Lines and 

... ... Laplace Points ... 
List of Publications of the Survey of India 

Page 



... 
vlu GEODETIC REPORT [VOL. VII. 

Charts and Plates 
Page i 

i 

Portrait, ~ i ~ ~ t ~ n a l l t  Ian Macfarlane Cadell, R. E. FrolltispieceJ 

Chart I Inclo-Siamese Connections . . . . . .  11 
11 Triailgulation in Turltistan . . . ... 6 

7) 

plate 111 ",-metre Comparator : Lengt'h a t  different 
temperatures in 1930-31 . . . . . . 18 

Chart IV Latitude Stations . . . . . . . . .  49 

93  V Telegraphic Longitude Statmioils . . .  49 
Plate VI Geoidal Section, Meridian 7s0E. ... 54 

79 VI I  ( c c )  Special target in use with Huiit'er 
Short Base ] . 64 

9 )  ( b  ) Scene in the Great Indian Desert 

7 )  VIIJ Two photographs of Hunter Short Base 
( new model ) . . . . . .  . . . 64 

Chart' I X  The Geoid . . . . . .  . . .  66 

77 X The Compensatecl Geoicl ... ... 66 
9 -  XI Pei~cluluin Stations . . .  . . . 75 
1 7  XI1 Gravit'y Anomalies (Hayford ). Contours 

showing g - yc . . . ... . . . 78 

77 XI11 Gravity Anomalies. Contours of g - y,, 
S. of I. Spheroid I1 . . .  . .. 78 

7 9 XIV Triangulat'ion Series and Azimuth Stations 85 
9 1 XV Mong Hsat a i d  Great, Salcveen Series . . . 6 5 
, l XVI Burma Coast Extc~nsion Series . .. 87 
. XVII Lines of Precise Levelling and Tidal Stations 94 
,, XVI I I  Length of Levelling Staves 1930-31 ... 116 
7, X I 9  Magnetic Repent Sttatiolls a,nd Observatories 1 19 

Plate XX Magi~etic Elrmcwt,s a t  Alibng 1925-30 . . . 119 
9 * X S I  Magncltic Elements a t  Dehra Dun 1915-30 . . . 1 1 !) 
,, XXlI  Log .rr% of Magnet No. 1 7  . . . . . .  121 
,, XIXITI Maynet,ic moment of Magilet No. 1 7  ... 131 
,, XXIV Lines of equal Magnetic Declinatioll ... 122 
,, XXV Lines of equal IIo1.izontal Force ... 122 
,, XXVI Lines of cqnal Magnet,ic Dip ... 1 2 2  
,, XXVIl Lines of equal Tot,al Force a t  epoch 193 1 0 122 

ChartXXVIIT Index to Triangulation Pamphlets (India 
& Burma) . . . . . . a t  the vnd 

9 7  X X X  Indpx tjo Triangulation Pan~l>I~lr\ts ( I r i r ] ,  
Persia nnrl Aden ) ... a t  the rnd 



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

During the year 1930-HI the Geodet'ic Branch suffered the 
loss of one of its most clevoted meinhers. LIEUT. I.M. CADELL, R. E., 

was engaged on the triangulation ill Burma which makes the first 
high-class connection of the great Indo-Burmese framework with 
the extensive geodetic triangulatioil of Siam and French Jiiclo- 
China. After overcomii~g inany difficulties he was within sight of 
the complet~ion of the ~01.1~.  His zeal for this madp him pay scant 
attention to his owl1 well-being, and by the most cruel fortune he 
colltractecl pneumonia on one of the hill stations of the triangu- 
lation. His over-clela~c~d appc>:~ l for medical help Mas too late 
and he died on 2 7th Decembel. l!l:iO a t  Loi Hliiao, k30ut~hel.n ShLn 
States, before incdical assistance could reach hiiii. A photograph 
of Lieut. Cadell, who was held ill high esteem by all his col- 
leagues, who greatly de1,lorr his loss, forms the fi-olitispiece of this 
volume. 

The usnal ac t i~ i t~ i r s  of  thc. Gcodetic Branch were continued 
during 2 930-31 lmth a t  Hc~aclquai~tc~rs and in the field where gi.avit,y, 
latitutle and longitucle, triangulation alld spirit-levelli~lg observa- 
tions were ~nade.  

(!rccvt ty or/(/  tl(:tlrc.f ion ?oar k.-- ( Cilral)tcr 1V Sec. 11 and Chapter V )  
Major E.A. Glo~~ii ic~.  ~).x.o., I<.$<., \ \ ; IS  i l l  cllarge of the gravity work 
ant1 operated ~nninly ill thc~ tracklt~ss alttl ~ ~ a t e r l c s s  Biltailer Desert. 
111 this region thc~rc a i ~ '  ~ ( - L \ v  ~ia t~~ i . ; t l  ftbatures and the geographic 
~)oeitions of the s t ; ~ t i o ~ ~ s  \ Y ( > I Y ~  fixed 197 a11 :tccurate subtpnse traverse. 
A tlistnnce of nho~tt  150 mil(~s was covertd in this w ny hy ohserva- 
tiolis to a Hunter 81101.t IJnsc. tllp su1)tellstl tlistalice averaging 
14 miles. The ~ I o s i ~ l g  :.ql'~'or I M & ~ \ V C ~ ~ T I  t\vo sericls o f  gt.odetic tl.iangu- 
latioil was 1 /6,000 ai~tl  gclo(lc~t ic 1)osi t iol~s III;LY he collsideretl good 
to one second of arc. Nii~c> stntio~ls \rclre observer1 a t  with the 
Iwge prismatic astrolal~b \~h(~ro1)y tl(~fl(1ctiolrs in hoth meridian and 
pri~ne vertical wercb ol)tnil~cvl :111(1 at sis of thcsc the value of g also 
was deterlnil~ed. 

0bsc.i.vations wcbl*c also 111:1(1(> 011 this ~ ( b c t i o ~ ~  of t,he work wit'li a 
" (:ravitSy C+l.adiometc>r ". ' r l~is  is tliv firht seasoil that t'his instru- 
rnc111t has hc.eii c~m],loyc(l 1,y t h o  S11rvt.y of Jl~tlia aiitl i t  is regrettable 
illat instrurncllta] falllts rvchrch t 'o~ii~d to exist which renderclcl the 
results u~lrcliable- part,i~uI;~rIy ullfortunate as t,he great natural 
difficulties of the countl-y had beell successfully overcome. 
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The pendulum work was not confined to  this area where about 
half the season was spent., and values of g were also determined at 
16 other stations-in all 22. Major Glennie briefly reviews the 
results obtained. 

A latitude detachment (Chapter I V  Sec. I) under Mr. R.B. Mathur 
worked in another region along meridian 7S0E. Forty-four stations 
ttt intervals of about 10 miles were distributed between Ajmer, 
(1st. 26') and Baniha1 Pass (1st'. 33' 30'). Observations were made 
by the Talcott method using the small Zenith Telescope. The 
special object of t'his work was to  strengthen the connection of the 
geoid in Kashmir with the rest of Inclia. Captain G. Bornford, R.E. 

discusses the results in Chapter I V  Sec. I. Reference to G. R. Vol. 111 
may be made, where certain co~ljectures as to  the geoidal form in 
the region now explored were made. These have been justified by 
the results of the past season and we now have reliable geoidal 
results for the first serious penetration of the Himllaya. The 
superiority of Survey of Inclia spheroid I1 over the International 
sphel-oicl in fitting the genic1 in Indin, is also conspicuous. The 
notable ditference of this spheroicl is in the flattening : the elements 
of the two spheroids being- 

Semi-axis major Flattening 

Survey of India, I1 . . . 6,378,541 metres 11292'4 
Tnternational . . . 6,578,588 metres 11297 

The latitude obse~.ver Mr. R.B. Mathur is to he congratulated on the 
successful completion of this programme. The 44 stations were in 
32  cases at  or near old stations of triangulation but the positions of the 
reai(lae had to h~ fix~rl by resection. This is the Erst occasion on 
which th t~  1.ece11tly neloptrtl principle ( tliclr Chapter I V  Sec. I paras 2 
nrld 4 ) I ) f  m ~ a s n r i ~ ~ g  (lc~flclctions with somewhat reduced precision, 
1>i1t at  ( ' l o ~ r  int~rvalc: I 1 0  miles) than was done formerly, has been 
xrlnpt~.tl. Thp cl~flcbctic)~~ stations cannot in all cases be located at, 
01. nc1jnc~~l1t to the tria11pllated stations a11rl recourse has to be made 
to ro.;~ction to tix t h ~ ~ i r  gclnd~tic l~ositions. The I-esult is a much 
rnwr ~le'tailr.11 n11,l acc~tratt. Iinnl~IcrIge of t I ~ c  geoidal form, which 
i. t h w  71tinl for thr c.onti11111vl r l ~ v ~ l o p m e ~ l t  of the study of the 
c&: l l t l~ '~  (*~,u,st hy the. l~o~vc~rflll qeoidal method8 introcluced in India 
~ I I I ~ . ~ I I L :  the3 last t r ~ l  ,VV:II.S. Tt is hoped to apply the same method 
to I l ~ r r ~ i t u ~ l ~  as wcll as Iatitncle rleflections, ancl observations of 
tll~fl~ctione on a l i n ~  across Jnrlia via Calcutta, Benares and Jhlnsi 
a1 e in t h ~  p r n ~ r a m m ~  for ficlhl season 1932-33. 

rs.so.qtn~!l I I P ~ I ' P ~ .  I have I ) ~ I P I I  a t  some p i n s ,  esp~cially during 
the l n ~ t  yesl., to pclint out that the Hayfnl-cl hypoth~sis of isostasp 
dtren not fit the facts o f  continental 111,lia ( v i r l ~  Nature April 18thl 
19:3 1 PI'. 593-59 1 ; Empire Surveyors Conference 193 1 ; British Asso- 
ciation 1931, discuseion of Mr. Hinks paper "Probleme of the 
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Eerth'e Crust" reprinted in the Geographical Journal Nov. 193 1 ; 
Geophysical Supplemeilt to  R.A.S. M.N., Jan. 1932). Such extra- 
vagant claims have beell made for the uiliversality of isostasy, tha t  
it has been deemed imperative to reiterate t,hat the evidence of the 
extensive lndiail resu1t.s is in  strong contradictioil. I have dealt 
with the negation of isostasy as show11 by the deflectioii and g-ano- 
malies. Major Glenuie (Chapter V Q Ci ) has coilsidered the physico- 
geological case and coiicludes tha t  t,opographical and abnormal 
crustal densities are not compensated: and that deep-seated depar- 
tures from liornml density arise fro111 depressions or elevations of 
the denser layers of the crust. His argument, oilly briefly summarized 
in Chapter V ,  is set forth fully in Professional Paper No. 27 "Gravity 
Anomalies and the Structure of the Earth's crust", just published. 

l'1.iangulations and Bases.-(Chapter VI) .  I n  the seasoil 1930-31 
two conilections were iilade between the Burmese geodetic triailgula- 
tion and that of Siam, one a t  latitude 20' a i d  other a t  latitude l l O .  
These connectiolls are of prinlary importance to geodesy. The 
field for possible study of the geoid is illcreased by the whole of 
the Siamese and Freilcli Indo-China areas: and i t  is to be also 
remembered that the coll~lectioli of the Siaiii triangulation wlth that 
of Malay is already begun. It is to be hoped that the necessary 
deflection observatio~ls 111 these various regions will soon be taken 
up. To coiltrol the 20" coiliiectioil a precise base-line was ineasured 
at Kengtwlg, i11 the i~eigl~bourhoocl o f  the iormer junctioii, as well 
as necessary deflectiolls of the plumb-li~le: and ill the season 1932-33 
a Laplace point will be formed there. The triai~gulation proper 
mas nearly h i s h e d  by Lieut. Cadel I. Af tei- his tloatli the remaining 
tigures of the triallgulatio~l, the base allcl the tleflectioi~s were 
observed by Capt. Bolnforci. 111 i,egioils \vlieie the cleflections of 
the plumb-line exist a correotioll is required to tlir horizolltal angles 
measured with a theodolite but, this correctiou is negligible when 
the observed rays are very nearly horizolltal or 1\-1iei.e t'he deflectioii 
is trifling. When, ]lowever, rays of coi~siderable elevat,ioii, such 
a0 5', are associated with deflectiolls alnoulltiilg to 30" the c~rrectioii  
may be as much as 3'' ( see CIlaptel V 1  9 5). I drew attelltion to 
this in 1918 (Professional Papel- NO. 16 p. i 7  ). Now i t  is likely to 
happen that the ra j s  ~ o ~ ~ ~ ~ e c t i l l g  a base-line with trialigulation are 
considerably elevated: for in hilly country, convenient for triangula- 
tion, thp base is natmally located 111 a valley or sillall plain. Collslde1.- 
able defi~ctlolis are ill this case liliely, the lllolne so if t'ht: l~cal i ty  is 
'emote froln the origill of sm.vey. Ill such c:lsths it is t.~sential 
that the tlcfiectiolls be lneasul-tbcl, so that the  corrections to ang+ 
of triangulatloll be ayy]iPd: fai]illg which all thr preci~ioll of 
the base is liable to thrown away in tllr coirlit~ctil~g triallglcls 
and never i,raches tile lllaln tliallgulatioll. Accordii~gly a t  Kell&ullg 
the deflectlolls in both co ln l )o l l l~ l l t~  of all the s t a t i~ ) l~s  of the base- 
l1ne figure have beell observetl- prol,ably the 613t time 011 which this 

procedure has beell followed. 
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As regards the azimuth ohserrations a departure from the old 
practice ill the S u ~ e g  of India was r~iade. Iiistead of observing 
to cluSe cil-cllln-polar s t ;~~ .s  lieas elnilgation i t  is intended in future 
to observe Polaris at  crny h o u r  r r ~ r y l e .  This was done a t  the Kengtung 
stations. 

In  view of the fact that the liearest Laplace point is 300 miles 
Jistal~t.  co~isitlrrable nccumulatioii of triailgulated azimuth (pq-obabb 
valw about 3") is stwe to have occuri~ecl. Full use of the deflections 
call o111y be lnatlr after this accum~~lated chrror has been assessed 
by thth f o r ~ n u t i o ~ ~  of a Laplace 1)nillt a t  Kengtung. This is in t.he 
programme for 1 93L'-:!;i. 

The t r i a ~ r g ~ ~ l a t i o ~ i  ucar latitude 20' coii~pleted this season, apart 
from its impol.ta~~ct~ ah a j i~ i l c t i o~~  nit11 the triangulation system 
of Sial11 artd Fre1ic.11 Ilrclo-Chi11a ( r a i t l e .  Chart I ) ,  also co~lnected the 
31011g Hsat ; L I I ( ~  Grthat Salwer~l series, tht-i-thl)y greatly strengthening 
the B u ~ m a  (Jnatlrilate~.al. Wit11 the ~neasurernrnt of bases a t  Akyab 
a ~ i d  i\Iuulrnt~ili ill yrogralllmr for 1!);-12-33) this Quadrilateral will 
havv ~lt~arl! npyroacl~td complrtioil ;tilcl its partial re-adjustment 
(ilot ~ltlctlssa~.il,v in full detail) coi~ltl properly be taken up. The 
closnrcb o f  all this wol.li is tlilito satisfactory. 

Thv othel tl.inilgilln tioll at  la titucle 1 1" will gxa t ly  strengthen 
t hr Brlrn~a C'oast st~~-ir~s- a pelldaij t wries. A larger discrepancy in 
log *i(ltb tour111 011 ju~lctioii with the Sialuese work caullot as yet be 
sntiefuctc~ril~ nc~coiilltrtl for, hut perhaps thtb ~~t~-iiit~asurement of the 
?hol-t Mt>rg~~ i  Rase ( ill proparnlrle for 1932-33 ) will localize the 
error. Thr questiol~ of t l ~ ~ s e  clcwinC errors is consitlered ill Chapter I, 
3 1- 

It l \ i ~ *  :I I \ \  ;I) * h r r ~ ~  ; I  111;~ttt'l c ,t. yat~;lt illtpl-t~st to tllp survey of 
India that it - tria11gt11~ tic I I I  ,11c 1111,l I N '  liiilce1.1 with that  of Europe. 
111 1!)1:; R j~l~~(, t iol l  wa* 1i1a~1+~ \\it11 t l ~ ~  Russiarr tria~ig-ulation in the 
Plmirq allll it W R ~  hol,t~(l that i l l  clue coul.se thcl Russia11 triangula- 
t io~i \\011111 Iw* c ~ ~ i l ~ t ~ * t c ~ ~ l  11it11 Eul~Ull(l. sillCe that time, however, 
lt has ~ + ~ ~ ~ I I  ~lithcult to ~ - c o r t a i ~ l  to what extent, if any, this hope 
had 1wc.l llur I l~nli/+vl. Rtbccl~t IS a Russiall publication has beell 
rrtvcit frc 1111 thl3 111s t itutci of Geocles~ ancl Cartography, Moscow, 
in which is a sllmlnar!- of the triangulation effected in Turkistafl. 
This 11nfI rt1111a t r l ~  shows cc ,nclusively that no geod~tic  connectioll 
call hr h~l>t'rl ~ O I  ill tlint direction for Inally years. The position ie  
c.uplniil+~rl il l  (.'hnptr~. 4 1. 

The tneka~~u ~1nr11t o f  a hase at  1 i 0 1 1 ~ t u l 1 ~  requiretl a co~isiderahle 
:I lnot111 t of p r * ~ l i ~ n i t ~ a r ~  nnrk. Tho last occasion 011 which a geocletic 
I c i i . 6 ,  \ \a< ~nc~asurevl in Illdia \\as ill l H X 2  a t  Mel.q~li t)y tnea118 of the 
0111 ( 'lbll,y Bar a~q>a~.atus. Thr I I P P I I  for furthrr hast~s, as the triailgu- 
laticbn of I~lllia and Burma clxpa~rtlr~l was felt ill thr. early part of this 
c ~ ~ ~ t l t r . ~ . ,  nl~tl R c+.ry t i r l t l  equipment with llew stanclarcls of length, 
cornparators for hara ancl tapes was acquired in 1913. 
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Progress with base-lines was, however, entirely impeded by the  
Great War and the staff of t h e  Geodetic Branch were able t o  do 
no more in this work than erect  the  apparatus ancl bring i t  approxi- 
mately into a state fit for use. 111 ailticipatioii of t h e  l<engtung 
Base, co~nparisolls of the  va~.ious field wires and  the  stanclards were 
carried out by Capt. Bornfol-d. These are dealt with in Chapter 11 4 1. 
An unexpected change in the  relative lengths of the  silica and 
nickel metre bars, since 1914, a m o u ~ i t i ~ ~ g  t o  5 p  has he t~n  bl.ought t o  
light, which re-stnnclarclizat,io~i a t  the National Pllysicnl Laho~.atory 
in 1931 has show11 to  be clue t o  it change in the 11ic1<c>l standal-d. 

( f p ~ r ~ m t i o i ~  c!f r r ~ o r  ~ ; n  trin7igirlntio)1.-A paper on The Lay-out of 
G~odet'ic Triangulntion rea,d a t  the  C o n f e ~ . ~ n c e  of Empire Surveyors 
in London, 19:31 is reprintecl by permission in Chapter IX. T t  is 
hoped that this will he a useful guicle. 

Lorrgiiurl~~.-- (Chapter 11 $ 2 ) .  A Shor t t  clock has been erected 
and started. Regular obs~rva t ions  of longitude a t  Deh1.a Dfiii have 
been continueil throughout t h r  year. 

Lntiflrdr~ 17tr rintion,.-Has also bee11 regularly observed with 
satisfactory results. (Chapter TI $ S j .  

The Titlrcl ir~orlr is dealt wit,h in  Chapter 111. 
Mngnriic. ~norlt..- (Chapter VIII) .  A magnetic survey of Inclia 

and Burma was coml~l t~tr t l  J m . i ~ ~ q  the. periotl 1901-1 920 based oil 
magnetic o b ~ t ~ v a t o r i t ~ s  a t  D(1hl.a Dii11 ( 11102 ), Rarrack1101.r ( 1903 ) 
near Calcutta, Alil)Sg (Boml)ay), I<otlailr~nal (1902), Tou~~o.oo ( 1  !)04), 

? 
alld 1425 iicllcl statiolis 1~11ic-h i11c.lndec1 FO repe:tt s t a t ~ o ~ i s .  The 
original p1a11 w1;1s tha t  the sr l r~t~,v  should hc lit111t up to  date by the  
lnaint~nrt~lcr of so~no  of tlltlscl ol~sc~i-vato~*it~s :~ncl re-ol~servation a t  
~~~~~~~vals of 5 yt1alas a t  t]111 SO rpl~eat  statiolls. F:cv,llo~tlic conditions 
]lave p~~ev~nt tv l  t h ~  f~~l t i l ln t~ l l t  of this intcl~~tioll.  Tlir ol~st~rvatories 
a t  Dehra Diln an(1 Alibag hare  I)rcl11 ~n;~intainecl  ill t .o~~iinueil  opera- 
tion : otrllei-s WPI'P closed down as followrs :-- 

Barrackpore . . . .  (April 19151 
Kodail~ala.1 . . . .  (Oct,. 1 9 8 s )  
Toungoo . . .  . .  (Oct. 1923) 

As regartls the reppa,t st:ttic>lls, sincp 1 !)20 ollly ri were I * P - ~ ~ w P I . I ~ ( ~ ~ ~  
in 2 1 - 2 2  I 7 ill : As a result t11c a i n o ~ u ~ t  of secular 
c h a n g ~ ~ .  c.scc.pt ill t,lle of D r l ~ r a  Diin anll Alibi:., had 
l,ecomf1 1 1 1 1 l < t i t i ~ 1 1  a l ld  i t  was inll)oapillltb tto ipd~lc t~  I ' P S U ~ ~ , S  of tht' 
Magnc.tir Snl~vc'y to a11 P ~ ) O ~ I I  as late as 1!):10. 

I t  Was (lth(.i~ltb(l t,hell t o  l-pViSit, :tll th( \  r ep~n . t  *tations : I I I ( ~  to  
' I  I ~l~~~~~~~~ i i  I I ' I I I  AS :i sta1.t 
:j7 rt')>F%t sfat,iolls i l l  t h t ~  ;lrpn wl)icull ~ ; I Y  cl~se~~~tatl bo :ttl6~(l11:ltt'l~ 
8upl")rted hy the o J ~ S t ~ l ~ V a t ~ , l ~ i ~ S  at, Dp11l-a and Alihng \vc1l.c rc~-nccu]lied 
in lg30-31. The o b s e ~ * r ~ t i o ~ ~ s  have beell reduced to  epoch 1931.0. 
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It is regrettable that  t,he present financial situabiori has nega. 
tived the considerable cost of reopening the  KoilaikLnal and  Touilgoo 
observatories as plannecl: without which field observations a t  thp 
remaining repeat stations of SE. Illilia ai~cl Burma could not h 
reduced. Accordingly no more field magnetsic work will he carried 
out for the present. 

Prec.isio?l l e ~ v ~ l l i ) r y  .- (Chapter VII ). Levelling of High  Precision 
has bcvn carried out hy three detachments whereby a total  equiva- 
lent length of .is-l miles in hoth clirectiolis has been aclded to the 
level net. Thcl total of t'his net so far  accomplished now amount6 
to  8 i 8 3  miles. The I ( ~ v e 1 l i n ~  ill Burma is of the  old class of 
" Levelling of  P~.ec.ision ". I t  has heen clxtended by the  line 
Taii1nggyi-Kenqt1111g with a. view to tixing the height of the  Kengtung 
Base meaeul.rd this .tsar as well as to  C O ~ I ' P C ~  h ~ i g h t s  of the  Mong 
Hsat trianqulation srlrie~. A further e x t e ~ ~ s i o n  of this line is 
projectetl for- 19:;1-:;:; to effec4 a junction with the  precise levelling 
system of Siam. 

The ~ ~ r r s o n ? r e l  of the Geocletic Branch during the year is given 
OII the following pages. 

J .  D E  GRAAFF HUNTER,  
U i r e c t o r  o f  t h ~  Geode t ic  Rrwnch. 
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PERSONNEL* OF THE GEODETIC BRANCH, 1930-31. 

Director, Geodetic Branch 

DR. J. DE GRAAFF HUNTER. M.A.. SC. D., F. INBT. P.. t o  18th April 1931 

LT.-COLON~L F. J.36. KING. R. E., from 19th April 1931 

COMPUTING AND TIDAL PARTY 

(RECORDS A N D  REBEARCH) 

Class I Oflcers OBSERVATORY SECTION 1 
Captain U. Bomford. R.E. in charge. t o  

3rd JBn. 1931 and from 24th Mar. 1931. 

Dr. J. de Grrulff Huntc.1. M. A.. sc. D.. 

F. INST. P.. in ch;~rge from 4th Jnn. 
1931 to 3 r d  Mnr. 1RR1. 

Mr. B, L. Qulrrtee. M. A. (Cuntah.). Asstt. 
Mathematical Adviser, from 21st Apr. 
1931. 

Class  II  O j k e r s  

M r .  M N A. Hashmie, B A.. f r o n ~  13th 
Apr. 1931. 

Upper Subordinate  Service 1 
Mr. H C Ranerjea. B.A. 

Mr G. P Ran, M .  A. (on  probation). 
I 

Lower Subordinate  Seluiee \ 

'7 Computers. 

MAGNETIC OBBERVATORY 

Mr. K. N. hlukerji. M A.. to 11th Aug. 
1931. 

Mr. Shyam Narain. B.SC.. from 8th Apr. 
1931. 

1 Computer. 

Upper ficbordinate Service 
Upper Subordinate Se~zlice 

Mr. R .  B. Lal. 
Mr. R. C. Ray. 
Mr. M. Chatterii. Lower Rtlbordinate Service 

Mr. S. Mitra. 1 Librarian. 
Mr. H. C. DPVH.. e. A.. fronl 1 st Jnn. 1931. 2 Clerks. 

Mr. T. N. Shz~rrnn. B. A. DRAW IN^ SECTION 

Mr. A. K. Maitrn, B. A. ( ADMINIBTRRFD BY O.C. 2 D.O.) 
Mr. R. K. Rhst t~rharya ,  tr. A .  

Mr. Saypd Irshad Ahmad. n. A. 
Upper S t i b o ~ d i n a t e  Service 

Mr. C. R. Madfin. B.A. Mr. L.D. Joshi. t o  6th Oct. 1930 and 

Mr. B1. D ~ P  (311pta. B. BC.. (on probation ) from 20th Jan. 1931. 

from 17th Nov. 1930. Lower Subordinate  Service 
8 Draftsmen. 

Loicer Sirbnrdinnte Seriliee 
9 Cornpatere. 

LATITUDE DMTACHMENT 

Clans ZI O&ern 
Mr. R. B. Mathur, B. A.. in charge. to 

16th Mar. 1931. 
Class  II Oflrers Lnu-er S u b o ~ d i n n t e  h'ervica 

Mr. D. EI Lnaa. Tirlnl A~sista.nt, to 16th c , , ~ ~ ~ ~ ~  
War 1931 

~ \ ~ A Q N E T I C  DETACHMENT 
Mr R. B. Mathi~r, a. A.. ?'ids1 Assistent 

Mr. Shyem Namin. B. RC.. in charge from 17th Mar 1931 
7th Apr. 1931. 

Lnuysr 8ubmdimte Service 
12 Computers. 

- .. - -. . . .  - __  - - -- 
Excluding No. 2 Drawing Offlce, Publication & Storee and Forest Map 0fflm 
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14 PARTY ( PENDULUM ) 

Class I Oficers Lower Subordinate Servue.  

Major E. A. Glennie, u. s. 0.. R. E., ill 3 Colnpute~ .~  ~k C. 

charge. 
Upper rYubordi?mte Service 

Mr. L.D.  Joshi, from 7th Oct. 1930 to 
19th Jan. 1931. 

15 PARTY ( TRIANCiULdTION ) 

Class I Oficers Upper Subordinate Service 

Lieut. I. M. Cadell, R. E., in charge, t o  Mr. P .  K. Chowdhury. 

27th Dec. 1931. Mr. L. R. Howard. 

Captain G. Boillford, R. e., in charge, Mr. Khnshal Khan, from 27th Aug. 1931. 

froin 4th Jan. 1931. Lower Subordinate Serauc 
Class II  Oflcers 4 Computers L c. 

Mr. &I. N. A. H;~shmie. B . A . .  tn 12th Apr. 
1031. 

17 PARTY ( LEVEL1,ING ) 

Class 1 Oflcers Upper S ~ ~ b o r d z ~ ~ n l e  Service-( Cottld ). 

Mr. H. P. D. Morton, in charge. t o  7th Mr. J .  N. Kohli. 
Mar. 1931. Mr. B. P. Kundev. 

Clnss I 1  Oflcers Mr. Mohd. Faizul Hasan. 

Mr. D. H. Luxn, in charge froin 9th Mar. Mr. I. D. Suri. 

1931. Lolc~er Srcbordinate Service 

Upper S ~ ~ b o r t l i n a l c  Seruicc ;31 Clerks, Coiuputers. and Recorders, kc. 
Mr. P. H. Roy. 
Mr. A. A. S. B-Iatl1111 Ahmad. 

TRSINING SCHOOL 

Mr. L. Williams. M. B. E., survey Instruc- Mr. M. M. Muddier ,  M . A . ,  Survey Ins- 

tor, t o  25th Dec. 1930. t.ructor, from 26th Dec. 1930. 





C O M P U T A T I O N S  AND PUBLICATION O F  DATA 

1. Junction with Siamese Tr iangula t ion . -The  only 
connection between the Siamese and Itldiail triangulation systems 
has hitherto been through the Ba~lgkok Secoildary Series in latitude 
14ON., almost the least accurate of the series contained in the Indian 
geodetic triangulation. During the last year two other connectio~ls 
have been completed : one with t , h ~  Mong Hsat  and Great Salween 
Series in latitude 20°, and one with the southern encl of the Burm:i 
Coast Series in latitude 10° ( see Chart I ) .  Table 1 (page 5 ) 
shows the cliscrepancies of latitude, lo~igitude, log side, azimuth and 
height a t  these junctions. Tlie last season's field work is described 
in Chapter VI of this repo~.t. 

As regards latitucle and longitude, the basis of tlic. Sin~nese tri- 
angulation is the latitude and longituclc of thc Si11.vt.y of India 
htation Khao Luang, which were accepted by the Sirt~nese Survey. 
I n  1Sl ( i  the Survey of India ~nitde a pre1inlina1.y adjustment of theil. 
Burma triangulat,ion, which changed the co-ordinates of all Burmese 
stat'io~ls, so that the Siamese and Indian positions fop Khao Luang 
H.S. art1 110 longer identical. As regards log side and azimuth the 
Siamese Survey is i nc l ep (~~~d(~n t  of the Indian Survey. The Siamese 
have ln~i~sured sevelna1 b:iscbs of their own which have of course been 
utilizt.cl in their colnputatio~~s, and for funrlamental azi~nnth they 
have accthptecl an astronoinical azimuth ohservcrl near thcir Riijbul-i 
Bas? (Iat,itude I 3  bON.). Their computations are h:tsecl on Everest's 
sphcroi(1, as regarcls the axc.s of their spheroid, but, having acloptecl 
all in(l~~)enclent, f~il~dnmental azimuth, thcy cannot b~ said to be 011 

t l ~  Snrvey of India Everest, sl>hel*oid, ancl the two surveys are really 
ill c~mpletcly inclependent tPrms. 

Thc Survey of Illclia figwcs given in Table 1 are those now 
acc~l'tc~l and l)ul,lished in the trini~gnlntion 1,amphlets. They are the 
result, o f  t,he pr(aliminary adjnstlnclnt madc in I!)l (i, \vhich i~norer l  all 
Lap1actb stations (Chitt,ngollg, Aliyab, Prom(. ancl IYIor~l~nt~i~l ) and 
:I,~SO tho MprgIli B:Ls~. TIl(> tiglll.cls givc.11 for thc IYlol~g H ~ t t  Scries 
igllorcl t h ~  colnl,]rt~yl roll~~cction wit11 i l ~ e  (+reat Snlween 
sf\l.itts a l ~ d  the 11cw ~eng t , l l ng  Bas(> ( scc Tal,lc 2, p:~g:.e 5 ). 

The discrepancies of azimuth and log sidc, shown in Tnl,le 1, 
are very considerable. The forlner are easily explainable, but the 
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IattPr arp not, and field work will be required in order to  locate and! 
remedy the error. 

Ae regalds azimuth, the Laplace stat'ions a t  Prome and Moul. 
mein itidicate that the azimuths in t'he southern part  of the Burma 
Coast Series require a carrect,ion of about - 1 I", and the Laplace 
etati011 which i t  is proposed to form a t  Kengtung will probably show 
that the Mong Hsut Series requires a similar correction. To thih 
extent the India11 azimuths are in error, and when the Burmese tri- 
a~~gulation is completed arid re-adjusted the error will be remedied, 
A further source of discrepancy lies in the Siamese Survey having 
sssumed their geodetic azimuth to be equal to the astroiiomical whe112 
deciding OII thew futidamental azimuth*. The Siamese triangulation 

be placed on the I ~ l d i a ~ i  Everest spheroid until a Siamese 1 
Laplace stntiori is available to indicate the deflection of the plumb- ' 
lint. a t  their origin, but i t  is possible to estiinate the magnitude 
of thc discreyaoop arising from this cause. I f  i t  can be assumed 
that, the Interlintional spheroid accurately represents bhe geoid (which 
it certainly does much better than Everest's spheroid), the deflectioll 
trnjwhrse ill the Siamese tria~igulatiori will be about 14" east, and 
t h ~ i r  astronomical and geodetic azimuths, instead of being in good 
agrpt\ment as at present, should cliffer by about 14" tan $. The 'In- 
ternational sphtlroid is not. of course, sufficiently perfect for this 
prediction to be a t  all accurate, but we may expect to find that in 
ordcbr to t.xpress the present Siamese azimuths in India11 t,erms, cor- 
rections of nbout 11" tar1 4 are li~crssary. Combi~iing this correction 
with the know11 azimuth ~ s r o r s  of the Indian geodetic azimuths, the 
~xprctell cliscrepal~cies in latituclrs 20'. 1 I." and lo3 are 1 (i", 1 44" and 

f" ~ ' t ~ s p ~ t i v ~ ~ l ~ ,  leaving o u t s t a ~ ~ d i ~ l g  discrepancies (Survey of Illdill 
minil* diamese ) of + 1 i", + 11" and + 1". Of these, the first and 
last srf very satisfactory, even fortunate. The second is large, but 
to a great extent it can hr fairly attribrited to the low quality of the 
Bangkok Secoii,larv Series. 

Thp tliacr+~pnncir~s i l l  log side 011 the other hand, cannot be 
r ~ p l a i ~ l ~ ~ l  amav. At tho >long Hsnt junction (]at. SO0) the agreement 
is satiafnctnr~ : at the> B;zngkok Sullction it is very bad, although if 
it stand itself thr clunlitv of the Bangkok Series could be held 
r ~ a p ~ \ n * i ) ) l ~  : hut the rl lP(~rr~pn,~~~!- of ~b011t 1: 10,000 st the south end 
of t h +  Burma C'naqt S r > r i ~ ~  (]at. 10") can o~l ly  he attributed to serious 
acc~lrnulation of C>rror in ~ , n c  of the prillcipal series of either the 
Indian nr Yia~n~scx ~j-stems. 

Tho tizarw ~ivc-rr i l l  T a h l ~  I require S0mP slnall modificrttion 
b t ' t ) ~ . p  furt h ~ r  c()n$i(l~rn tion. Thp Siamese h a s ~ s  have been reduced 
to s+.n-l~v~1 hy means of  their g~oitlal  hcighta. while the Inclia~l Eve- 
pat rrphproi~l litas nhout 200 fppt ~ I C I O W  the geoirl ill thia area ( 
('haptcr TI, p r n  61. In o r ( l ~ r  to rxprrss the Siamese triangulation 
in terma nf thie spheroid, it would therefore he nrcessary to reduce 
thpir uiks  hg 200 f ~ e t  in 4000 miles or 0.0000041 in the jog. Illdim 

-- - - __ - 
[t not qll~gpatpd that thp Siamese 8 1 1 r v ~ y  wprr unwise  t o  m a k ~  this 

r r r q m ~ + i n n .  i t  thi4 d ~ q t ~ n c *  from the origin the Indian Everes t  spheroid ic not 
at all mnvmient r ~ f e r ~ n w  Rgllrp. 
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are expressed in terms of Indian feet or tenths of standard Bar 
A (we Supplement to  Geodetic Report Vol. VI, paage vi). To bring 
the Siamese bases to the same terms rc~quires an addition of 0'0000019 
to the log. T11~ total chttiige in the Siamese log sides is thus 
-0'0000028, and the discrepancies in the last column of Table 1 
require all atlditioll of + 0'0000022, and become + 0'0000099, 
- 0'00001.i5, ancl - 0'0000454 a t  t,he three junct'iolls. 

111 tcr~ns of t , h ~  Great Sal\vec~n Series the cliscrepalloy a t  the 
lat. 20" juuct.ion is - 0'000004..1, while ill tcrlns of the newly mea- 
surc~cl Ke~~g tu l lg  Bnsc i t  is + 0'0000027. This is satisfactory. 

At t l i ~  other t,wo junctiolis the log sicle has beell brought all the 
way from the Calcutt:~ :ind Sol15khoda bases in Beagal, a distance of 
over 1000 miles. 111 triangulation of the best quality such an error 
:is 0*0000150 is not to be expected, even after 1000 miles, but between 
latitr~(lcs 144' and 1 CiO thercl is a VWJ' weak part  of the Bulnma Coast 
Series in which thc sicle closurrs of f o ~ w  successive figures are 139, 
5.5, 2,; i. alld 11 I in the 7th rlecimnl of the log. 111 this section there is 
clearly a possibilit,y of somt. consii1er:zblc proportion of the 480 dis- 
crepancy hnving accrunulatecl. Tl l t>r~ is, horveve~., the Mergui Base, 
which wac: iguorecl in the Burma :idjustnlc~~lt,. This base was measur- 
rld iu 1882 011 the same sjstc~i11 a11d \vith the salnc care as the other 
Inilitr~l bnscs, except thrtt i t  was ~nclasurc~d in olie clircwtioii only and 
that it is shorter than is usual ( :; milcs ). Thc cliscrepanry between 
thet measured and t,lle tl-iallg:.ul:itt~d values of the hascb was 0'000008-1., 
ill such :I sense tha t  its acceptancc. would reducr the Intlo-Siamese 
tliscrc~pai~cirs to 0'0000:371 ancl 0'0000:370. 

I F  this Mcrgui Base can be rclietl 011, it is almost impossible 
that the Sui~vcy of Indin log side in Iatitudc 10" could he in cbrror by 
O'OOOO:3;O : a11 error of one t]lil.cl as 1~11ic11 \ ~ ~ r ~ l i l  br u~l l ikel~ ' .  South 
of Mcl-g~li thc s ~ r i c s  consists of T, s i inpI~  triangles with averagf. triall- 
guiar c3n.~,rs of ~""i:! (worst P".Oi ), and four other f i g ~ ~ r e s  n7itl1 average 
side clo.;111.~s of 0'000003:l ( w~l-st ,  T,!) ). Ti1 ]at. 14". as statccl above, 
f h ~  R:~ll~lic)l< Serios is cal);ll,l(h c,f xcciiinulating the ~ 1 1 0 1 ~  180 t1l.ror 
itself : tho siclc. cIosrll.c~s of t1.1~ four figurcs west of Khao Luang :tvcB- 
1 . n ~ ~  1s:) ill tlltl 7th decimal (woi.st 471 ). 

A.: rc~garcls tllp possihllity of el.ror in thr  S i a ~ n ~ s e  t~.iai~gulatiol~, 
it lllnst rcmplnl,pl.p(l that this sontllc~1.1y scbctioi~ is prnlxil~ly the 
~ f ' ~ l i ( ' 4 t  1)al.t of tllC Sialll(bSt\ friallqulatio~l, since‘ th(' 11atul.e of the 
C O ~ I I I ~  1.y 1i;1s ~ l l f ~ l ~ ~ ( ~ ~ l  tllC llstb (,f laatl~(~l. 01o11~a tcvl figu~.c's. T ~ P  origi- 
1 1 ~ 1  cIo<ilig (>~*rol- of log s i ( j t~  l)pt\y(~t111 1 1 1 ~  SI i ( l l ~ ; i ~ ~ n i ~ i j  ( Ifit. S ; O N . )  ~111~1 
1i:ijhlll.i ~) ; ISI )S  (]at. I:{ 1''N.) only 0.0000 I 11 , hnt rclc(311t yo-iliea- 
nllI'f'1llcs~lt of  tli(> ~ l ~ j t l ~ l n n l l l ~ i j j  Bast> illC1.(.as(~d illih fiqr~r(l 0'0000248. 
111 th(\ I I ~ I I ~  f i q ~ l r p ~  ])CLtW(~CIl tll,, Rij j1,lll.i Bas(> ant1 111(1 lat. 1 Or' junc- 
tioll, th(1 avr)l,nge log sitlr c . l ~ , s l l l ~ r ~  11:ls lycvbn !)!) ill f l r ~ l  7th (l(~cil~l:ll 
( wold 2SO ). Thclac tlllls sc)p1lls t o  he a l ~ ~ ) ~ s i b i l i t y  tlint n consichbr- 
n1)lp part of this lxt. 1 0" cliscl.pp~llcy ]nay lir ill t h ~  Siamese scll.ies, 
alth~ll:rll thip r~i l l lot  C ~ ) I , ~ I ~ ( I I Y V ~  to 1,e at all c f ~ r t a i ~ ~ .  
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The discrepancies of latitude and longitude call for little corn 
merit. The relative discrepancies a t  the lat. 20' and ]at. 10°junctionl 
are such as would naturally arise from the differences of azimuth and 
log side already discussed. k 

The discrepancies in height are not serious. The figures given; 
are those brought up by the triangulation. I n  the case of the lati.' 
tude 20' junction, a spirit-levellecl connection a t  the Kengtung ~ a s r i  
has shown that Survey of India heights require no correction. At the? 
latitude 10' juilction Survey of India heights are rather far removedF 
from spirit-levelling, the nearest connection being a t  Moulmein 
where a reduction of 5 feet is inclicated, which reduces the discre. 
pancy to 6 feet. At  this point the Siamese triangulation is closelg- 
connected to sea-level and its height is probably correct. t 

For some time i t  has been the intention of the Survey of India 
to measure bases a t  Akyab and Moulmein, and the re-measurement 
of the Mergui Base has uow been aclclerl to the programme. The 
Siamese SUI-vey also inteild to make some additional observations i n  
the weaker parts of their series, ancl to include a new base between 
Sridharmrhj and Riijburi. These projects should serve to locate the 
weakness ancl probably to remecly it. 

2. Mong Hsat-Great Salween Series junction.-The 
last two seasons' work of No. 15 Party, referred to ill para 1, corn 
plrtes a circuit of triangulation in Burma. Details of the closing 
error are given i11 Table 2. The length of t,he circuit is 900 miles, 
sn that tho closing error of position ( ahout SO feet ) represent8 
all wror of 1 : 160,000, which is satisfactory. Det,ails of the closure 
of t,llt: other Indian circuits are given in Professional Paper No. 16, 
Table LIII .  

Th? part of the Mandalxy Meritlional Series which enters into 
thia circuit has already recc~iv,~~l some adjnstment in the provisional 
acljnstme~lt of the Burma tl-inngulntinn made in 1916. The closing 
el.rors given in T:~hlc> 2 are c ~ o ~ ~ ~ c ~ q ~ l c r l t l y  11ot cxactly those which will 
e~l ter  into t h ~   fin:^! ,z(Ijlistment. 

3. Chittagong Serios.-The Ch i t t a~ong  Series, observcrl in 
19%-::0 has I I P P I ~  ' ~ ( l~ l l s t~ r l  Iwt\\-cle11 its tchrminal sides. This acljust- 
merit i+ nf conrsc p;c.viqin,~ill p ~ n c l i n ~  t h ~  final re-acljustment o f  all 
t h ~  Bl~rln+l.>p tl~ixi1:;1~1a~tinl1. 'rhc~ closinq errors atljustc~cl are fillown 
T I  1 )  , a . Tlsis SF,-iva ruts in half one of the circ-nit8 
alrrlnclv prl )viqion-l lly a d  jlist~cl ( I 91 6 ). The length of each 0 1 '  the 
emall~r  vlrcl~itq rlom formel11 I? nlmut 570 i l l  which the common 
c1o*iuc PI ror r~t' :;2 f . > b l l  rfl[)l ( ~ ~ I S I I ~ T  a11 ~ ~ , r o r  of 1 : !)5,000. 



CHAP. I.] COMPUTATIONS & PUBLICATION OF DATA 5 

TABLE 1.-Discrepancies between Indian and Skrnese Triangulation. 

Survey of 
India 
minus 

Siamese 

- 2"-21 
+ 0"-30 
- 3 

+ 0.0000077 
+ 17".8 

- 11'.65 
- 1".42 
+ 10 

- 0 0000477 
-t 28".8 

- 0".60 
- 1"-62 
+ 11 

- 0.0000476 

14".3 

TABLIC 2.-Discreprcn,cics b ~ t w e e l ~  iIfo)bg Hsot c f i  G r c n t  Snllueelz S e ~ i e s .  

* 

Latitude 

Survey of India 3 .- 
m 
m 

( a - b )  

-- - - 

- 0"-2R 
- 01'.20 
- 10 ' 

-0.0000143 

In '"ins of 
Grmt  Sa,lwccn 
l~IO0-1911 

- .. - 

I 
T,n,til11(1~. of T,oi Wan Wa. H.S. . . .  21" 4,2' 2$"'96 
r,oa::i l t~, l~> ~f I,oi Wl~l l  Wa H.S. , $19 18 17 .(;I 
)fc'i::ljt of Lei Wan Wa ( feet)  . . .  (;.5O-l. 
T l o ~  si111, I t o i  Wan Wn-Loi Ang- i 

I;twna . . .  
,'~ilnllf 1, of Loi Anglawng at Loi 

Siamese Station 

Loi Pakulin 

(h) I11 trrms of 
Mong Hsnt and 

at S;Ll,vet,n 
1929-31 

. . - -. - - 

21' 4.2' .10"-2.18 
! 8 1 1 

(is14 

5 .  IC788857 

a 
2 6z 

W W g  
hn; cu !2zz zlwU 

-- 

Wan TVa. 

H S. I Longitude 
I Height jft.) 
Log side to  

Loi Turn 
Azimuth of 

T a t  P 

- 

20" 20' 37".13 1 20' 20' 39".34 

188' 20' 02"-0 oU.T 

99 00 26 -12 
5170 

5.1859903 

263" 06' 33".2 

13" 43' 28"-69 
99 32 21 *52 

1393 

5.0051230 

311" 33' 52"-2 

lo0 40' 16".50 
99 01 10 -50 

1828 

5.0000805 

lo0 08' 52".'7 

In tc19rns of t h o  Kengtmng R:lsc., 10g sido Tmi Wa.n \lT:~~--T1c~i !In[~ln\\~nE' is 
5 .  1 l<:lh;H.Z 

99 00 25 -82 
5173 

5.1859826 

263" 06' 15".4 

13" 43' 30".34 
99 32 22 -94 

1383 

5-0051707 

311" 33' 23"-4 

10" 40' lY"'10 
99 01 12 .1!2 

1817 

5-0001281 

10" 08' 3S1'.4 

Latitude 
Longitude 
Height (ft.) 
Log side to 

Khao Ang 
Hin 

Azilnlith of 
L a t  A 

-- 

Latitude 
Longitude 
Height (ft ) 
Log side to 

Khao 
Natathern 

Azimuth of 
N a t  J 

X '  

a 
~l -2 
i2z m.,2 1- 

t3 J) 

~ Z Z  
bn 

9 
F9 

a 
t3 -- 
Gb;;;' 

r l l  o 
a + m  ~3 n 
L - r l  
5 -- 

F9 

Khao Luang 
H.S. 

-- 

IChao Jamnya 
H S. 
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TABLE 3.-Closing ewors  of Chittngong Series. 
3 

i 2 

4. Indo-Russian Triangulation junction.-In 1913 a 
jullctiorl was nlade betwtben the triangulation of India and Russia. 
a t  S:irbloc~lr ill thc P;~mirs*. At the time wllelx this worli. wa. 
unc1rrt:lkeu it was hoped that its result would be the connect'ion 01 
thtl Inclinr~ ixllil European triangi.ulatioi~ systems, but  i t  was sooll 
discovered that this was not the case, aucl tha t  the Russia11 work in 
Turkistan was still uncolinrcteil with Europe. No precise informa. 
ti011 was tllt311 nvailahle regarding the extent or quality of tht  

Turliistnn tl-ianq:.ulatioil, nncl t ~ o  further informati011 was obtainabl~ 
duri~ig nrltl after the war, although in r ~ c e n t  years rumours had 
rrnchthrl India that triangulation of some sort was in progress 
Rt~ct~~ltly. l~owc~vt~~., tliorc* has c.otnth illto b ~ i n g  an  "Institute of Ge0.i 
ilpav and C'nrtogrnphy " at Moscow, which publishes a periodical (in; 
Ruqsinll) cttllcbcl the " C$roclc~sist ". In  the April 19:30 number of 
this pt~riodical is a d~script iont  rrf all the triangulation hitherto! 
cnrrivtl out ill Turkistall. 

This art'icle colitnins lnuch of the information which has 90 

1ot1z 1~tv.11 sot~cht, 1mt it sho\vs that hopes of a geocletic conn~ction 
ht.trnrt\li In(li:t :cn11 Kuropc: ill thi3 (lirection are quite unfound~d- 
Thtl work Ilnq 110t ytbt I , I ~ I I  hpq111~. 

C1h:trt [ I ,  which is l ) a ~ ~ 1 1  OII  an illi.ustrntion in the "Geode~is t"~  
shows a l l  tli;~~~:*~ll;~tic,n ill T~lrkistnll ol~s~rvecl or projected upt@ 
1 .  'I'h11 1vor.k is cl~vi(l(\tl illto t11rr.e grotlps. I 

I 1 - 1 ! ;. 'rhiq i q  rnpirl explorahry wol-k of which 
t h a b  :il ti(-lt> qn!-4 : - - "  D~ll-ill: t l l i ~  first prriod triangulation was of 
:I l1:11'11:1/i11.(1 I I : ~  tl11.6\. :I* i t  \vnq cnrriptI out (usually a t  a rush) to 
ltic-tbt tI1+1 L I I . I ) ~ ) I I ~ I I I S  o f  t l l ~  IocanI tfiomrnantlcr. Owing to this it wP..P 
clifitvrlt tl, ha\+. R 1'61:11 ,)l'OgrRmTllt' an(\ a 111-oper sequcllce of 
ivl,l'li. 0 1 '  1~0 l . k  011 :L .'tl.ictly s ~ i p l l t i f i ~  b:l.~is. 'J'hereforcl the 
~1 ,~illw'til)~l l)*lt\\ l b r . 1 1  sry,:~ rn t11 artSns mas illcnmple~te or rloubtful 
R I I ~ ~  *h;tk~-. or at  titncbs notl-cxistchnt, atlcl el.ror.cl increased owing 
to tlw P I I ( J ~ ~  lifv of t h ~ ~  I V ~ ~ C I ~ ~ I I  c r n t r ~ ~  or the. complete al~sence 
of t h r s r .  It, must also 1 ) ~  n,lclc~tl that at  tinlcs the limitation8 

- - -  - - /- 
See S [ I ~ V I > ~  of In11i:t R~rords  Vl,lllmcb VI 

t 'chip 1 1 . ~ ~  hr'q'n t I ' . l l l s l : t t ~ ~ I  i n t ~ )  Englinh hy ('npt;lill F . H .  (flprson, I<.X 
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of the problem, or special urgency, dictated the most speedy and 
simplified methods of triangulation, quite impermissible under 
normal circumstances ". 

( b )  1895-1929 [excluding ( c ) ] .  This is probably ordinary 
topographical triangulation. bi o information is ~ i v e n  regard- 
ing its quality, except tha t  i t  is considered subsidiary to ( c ) ,  
below. Much of i t  has receiltly been recomputed and brought 
into common terms with (c ) .  

( c )  The " Main Turkistan Line ", running from north of 
Kazalinsk near the Sea of Aral, through Tashkent to the Indo- 
Russian junction in the Painirs. This is clearly considered to 
be t,he most reliable series, but no information is given by 
which its quality call be judged. It is, however, known * that. 
the accuinulation of scale error between the bases a t  Osh and 
Kizil Rabate amouilts to 1: 2700, a figure 30 or 40 tiines grea- 
ter than is typical of geoclet'ic tl.iangulation. It is of coui-se 
possible t,hat the rest of the line is of better qualitmy, having 
presumably been carried out under easier conditions, but the 
section Osh-Psinir is referred to as part of the main chain. and 
no inention is made of its inferior quality. 
It is thus practically certaiu that  no Russiail geodetic t triangu- 

lation exists in Turkistan. Nor can i t  even be said that geodetic 
triang~ilation has been carried up to  the Indian frontier. The 
clifficulties of the country arc such that both the lay-out of the 
figures ailcl the precision of angular measurement necessai~ily fall 
far short of geodetic stanclnrds. North of Hunza the side closures 
of successive figures average 0*00008G4 (worst 982), and the closiilg 
error on the Russian base a t  Kizil Rahate is 1 : 4700 (930 in the 
7th dccilnal of the log).  

The prol~ability of the Russian surveyors reohserving t,hei~. 
"Main Tiirkistan Line" or of the Silrvey of Iildia heing able to 
improve on their connecting scrics, must 1~ considerecl extremely 
rc~motc., and the most hopeful direction for ail Intlo-European geoclet,ic 
coil~lection is probably t,hroagh Persia and Asia Millor. Political 
a i d  financial conditions are s11ch as to offer no hope of the work 
1)~~ing. begon a t  present,, hut false hopcs of an easy connection 
through Russia should not he allowed to distract att'eiltioil from 
the nc:cessit,y for it, if coililitioils should chvt3r become more favour- 
able. 

5. A d j u s t m e n t  of minor t r iangula t ion . -The  rough ad- 
.illstlnei~t of topograpllical triallRrllatcioil on the Nortth-West Fronttier, 
which was begun ill 1926 (see (icorletic Report, Vol 111, page 31 ) 
-- 

" R,rcordq Volume VI, pnp,  1 l 6 H .  
t I3.y thr ndjective "gcodratir" is here i lupl i~~d trinnylllntion of such quality 

could contrlbl~to t o  the, ( j~ t~ . l .~ l innt ion  of thc Eat-th's figuro The c x i ~ t i n g  work 
is no doubt tlioroughly adequate f01.  the control of tho topographical sarveys which 
are based on it. 
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Instruction has been given to three Class I officers on first 
joining the department. 

9. Drawing Section.-The drawing sectmioil has completed 
t,he following work. 

( n ) Charts for 2 1 triailg~lat~ioil  pamphlets. 
( b )  Chart for 1 levelling pamphlet. 

( c  ) 23 charts and diagrams for Geodetic Report', Volume V I  
( d )  10 charts for Geodet'ic Report Volume VII. 
( e  ) 5 figures for the Geodetic Handbook, Par t  I. 
( , f )  3 figures for Departineiltal Paper No. 10. 

( g )  About 40 miscellaileous charts and figures. 
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OBSERVATORIES 

1. Standards of length.-The measurement of the Keng 
tung Base line ( see Chapter VI ) has necessitated the standardiza. 

previously been put to serious use and a considerable amount of timr 

I tion of the invar wires of the Jiclerin equipment. The 24-metre, 
and 4-metre comparators, which were obtained in  1914, have noit 

has had to be spent on their adjustment before satisfactory result? 
have been obtained. 

The modern standards of the Survey of Irtdia consist of :-(I) a 
nickel metre by the Societi: Genevoise d' Instruments de Physique. 
which was standardized by the Nat'ional Physical Laboratory in 1911, 
arid ( 8 )  a fused silica bar constructed by the N.P.L. and standardized 
by them in 1925. A comparison between the two standards in 
1930, revealed a discrepancy of 6 p. This necessitated the return 01 
the bars to the N.P.L., who have found tha t  the nickel bar ha! 
shortened by 44 p since 1914, presumably by reason of some 
unrecorded ill-treatment between 1914 and 1930. 

The sub-standard used in the 24-metre comparator is a 4-rnetrp 
invar bar, which was stanclardized by the N.P.L. in 1914.. I t  ha* 
been compared with the nickel ancl silica metlres and has been found 
to have increased in length by 7 ' 3  in 1,000,000 in 16 years. It* 
coefficient of expansion has been roughly checked ancl has been 
found to agree with the certificate within 1 in 10,000,000 per 
and the original v a l u ~  of the coefficient has been accepted. 

Thp six 24-metm i n ~ n r  mires used were stanclardized a t  Sbvres 
in 1909, since w h ~ n  they have increaser1 in length by about 0'22 mm. 
in the casc of one batch and O.SSmm. in another. Such an  increasei.' 
to 1-w ~ x p e c t ~ d ,  but i t  has also been fourlcl that the coefficients 01 

expa~lsinn cluoted in the original certificate are now quite inapplic. 
a b l ~ .  The discrepancy is so great as to have been obvious as soon 
as thcl m i r ~ s  were use(1 in the field (see Chapter VI, para 6 ) ,  and it 
has h ~ e n  cnnfirm~d by clir~ct dr:t~l.rninat,ion made in the field, and 
also on thp %-metre comparator at Dehra. Details are given 
in sub-para c. 

The 2 l-metre comparator was originally clesigned with auxillarj 
microscnpes for the rletetmination of coefficients of expansion, but 
the necessary tank (with equipment for circulating and heating the 
water in i t )  had never been constructed. This has now been done, 
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The thermostat for controlling the temperature in the 4-metre 
comparator was broken in transit from England many years ago. 
A new thermostat, which was designed and constructed by Mr. G .  F. 
Wood of the Royal Indian Military College, Dehra Dan, has now 
been completed and installed. 

A full description of the Survey of India comparators is given 
in "Engineering " Vol. C 19 15. 

The following paragraphs give details of the observtttions and of 
the deduction of the length of the wires and intermediate ~t~andards. 
The observers were Captain G. Boinford and Mr. R. B. Mathur. 

( a )  Cert,ificntcs.-The certificates of the bars and wires are as 
follows :- 

Nickel 1-metre, N. P.L., 1931 :- 

Lt =Lo ( 1 + 0 ' 0 0 0  012 396t+Om000 000 008 36t2) 
L,,= 1 metre 4- 0'2663inm. 

Silica 1-metre, N.P.L., 1931 :- 

Lt =Lo ( 1 + 0 ' 0 0 0  000 383t+0'000 000 000 9(it2) 
L,,= 1 metre - 0'0253mm. 

Invar 4-metre, N.P. L., 1914 :- - 

Lt =Lo ( 1 + 0 . 0 0 0  001 450t-0'000 000 000 5t9)  
L,,= 4 metres + 0.160 inln on centre line (Baros plugs) 

+ 0'157mm on edge A 
+ 0 ' 160mm on edge B 

24-metre iltvar wires Nos. 243 & 244, Skvres 1908 :- 

Lt =Lo (1+0.000 000 302t+O'000 000 002 86f" 
NO. 243 L,, = 24 in - 0' 74 111111 
No. 244 L,, = 24 in - 2.05 inn1 

24-~l2.e wires Nos. 247, 248, 249 t!k 253, Scvres 1908 :- 

Lt = L o ( l - 0 . ~ 0 0  000 228t-0'000 000 000 40t9) 
No.247 L1,=24m+0'741nl l l  
No. 248 L,, = 24111 + O'S(6inin 
No. 240 L,, = 24 m + 0 6:; m111 
NO. 258 L,, = 24 1n + 2 '034 111111 

111 t t h ~  C,llorvinE para,oral,hs thr " rrpnbecl Imqth" Of a l'ar 
meal18 t h ~  according to the allove ccrtificatcs at the tcmllera- 
ture of 01,~rq-vati~~~. 
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0) Coefficient of Expansion of Invnr 4-m.-The invar bar was corn. 
pared against the nickel-steel 4-m sub-standard a t  temperature: 
of about 24OC ancl 33'C, the nickel-steel* being kept at a11 almos~ 
collstant temperature. The programme of observation was not a 

very ful l  one, since the first few observations confirmed the N.P.L 
certificates within sufliciently close limits. 

Invnr 4-111 minus Nickel-steel 4-m. 

Reputed increase in N.S = 0'0042mm 
. . .Observed increase in Invar = 0.0475 G.B. 

or 0.0467 R.B.M. 
Temperature range (Invar) = 80s85C 

:. Increase per 4m per OC = 0'0053mm 
N.P.L. at 28OC gives 0'0057 

The discrepancy is 1 in 107 per 'C. Since the expansion ii 

only required through a range of P°C, this has been considered to 
be sufEcient check, and the N.P.L. value has been accepted. 

(c) Coefficient of rxpnn~ion of invar wires.-The coefficients Were 

rletermined three times in the comparator a t  temperatures ranging 
from ahout 24'C to MCC. The coefficients of four of the wire! 
were also cl~termined i:l the field by measurement of a 240- met^ 
length at about 13OC and at  33OC. The results are given below:- 

Inweuse in mm. per 24m per OC. 

Tensior, 10 Kilogmmmes. October 1931 

( 241 1 244 1 247 

-0-0012mm -0.0020mm 

-0.0001 -0.0002 

-0.0007 -0.0011 
---- 
+ 0- 0432 + 0.0422 
+Om0419 +0*0405 
---- 
+O-0426 +0.0414 

15-10-31 . . . 

1 s t  c onlpnrivm 
'Lnrl , . 

. 
bI4 .In 
F'II~III nlrtun1.r 

I 1.ptl.11 JItbnn for 26-C 
hvvr11\ 1'111q 
l )~s i*rr~enr  JI 

TI 23" -9 

T,, 23°.80 

Mean , TI 32"- 75 

T,, 23'-94 

1 Meen 

- 
I -0081 
- -0007 
+ -0071; 
+ -00:0 
+ -00.70 
+ .00.70 
+ .0111 

+ -00t i i  / - ,001 1 
+ -0041 1 - -0026 
+ -0051 + -0021 
t -005.3 - .000:, 
+ . 0O.iA - .000G 
+ ~00.56 - ,0005 
+ -0111 - .00tiO 

I - *00t(l - -0055 1 + ,0055 
Froln N.P.L. C~rtificate 1914, the coefficient of expansion of the nickel. 

steel bar at 2 4°C is deduced as + .O:jomm per 4m per "c, 
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The present resu1t.s are not very consistent., but  they clearly 
contradict the 1908 values, and also they go far to reconcile 
the cliscrepancy bet,ween paairs of wires used siin~lt~aneously in the 
field. It inay be remarked tha t  a figure of 0'024.0 in the above t,able 
corresponds to 1 : 10")er C, and tha t  the mean temperature of the 
field work was within 2 or 3 degrees of tha t  a t  which the wires 
were standardized. The results are thus amply accurate. 

The cause of the change is not known. The 1908 determina- 
tions were not lnacle on the field wires thelnselves, but on pieces 
cut from leligths of the wires from which they were made (243 and 
244 were made froin one wire : 247, 248, 249 and probably 252 
from anot,hel.). It is not lcnown whether the discrepancy is more 
likely t,o be due to this cause or to  a subsequent change in the 
coefficient. 

( d )  Silica 1-111 mil~us Nickel 1-m.- 

Morning Afternoon 

Dnte Temperature * 1 C.B R.B.M. 
I 

3-10-30 
i - 

Morning -34'79 
-3460 

Reputcrl length of nickel = l m  + 0'3267mm l m  + 0'3284mm 

3-10-30 .. 

Afternoon 

Reputed length of silica = l m  - 0'0233 l m  - 0'0232 
Reputed silica minus nickel = - 0'3500 - '3516 
Obscirvcrl silica minus nickel = - 0.3482 - -3502 
Discrcpanc-y - - - -0018 - '0014 

Tho tliscrepa~lcy is 1.6 ill 10" Ivhich shows that t'hc bars were 
not seriously tlalnaiptl ill t,rallsit, between Dehrn Dfill 3~lld Englalld, 

o order. and that t'llo co~nparator was in fair worlcilig 
~- ~ . - - - . - - - - ~ . .  .~- ~ - 

" 111 n.11 th,. I I I ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  in t,ll(~ .h-lnc,t,rc. colill,ar;~.t,ol., tllc. t.cmycr:rt~~rr of 
t ho  invn.r ~ : L S  1 1 ( ~ 1 ~ 1 1  giVP1l by t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ~ t ( ~  N(,.  I ~ s j y ,  t,ll:~.l of t11(! silica 1)n.r by 
No. lRsj l ,  :l11,1 tll:~t.  Of fllC? nickc~l by tllp r11p.zl1 of 1N571 :1,11(1 18570 during 
its clllnp:Lris~~~ ~vit], tlIr illvnr m,d hs Nl, ,  18,j'jz nrllilp c ( I ~ I I ~ ) : ~ I . ~ ~ I ~  wit11 th(' s i l i ~ n  hm. 
The ~ ~ I ~ ~ ~ I I I o I ~ ~ ~ , ~ ~ ~  I.(3iLdillgH J ~ ~ ~ ( !  h(,(>ll COI.I.C(.tlld . ~ ~ r ~ ~ . ~ l i l l g  10 N.l.'.L. c ~ . r t i f i c ; ~ f ~ s  
datcd 1!M1 

Mean 

Ts = 24".82 
T, = 24O.86 

-3499 -3487 

-0.3486 -0.3476 

-0.3491mm 
-3543 

-0-34571nm 
-3506 

3494 -3535 
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( e)  l n r u  I - m  mtnus Nlckel 1-m.- 
Firnt incfm (0 to 1 )  of invnr bar. 

Reputed length of nickel = lm +OS3107mm 
Observed invar nainus nickel = - 0'2524 

.'.Length of inver at So' 4 = lm f0.0583 
and .. $ *  *, v y  24" :3 = lm +Oa0596 

8ecm.d metre ( 1  to 2)  of imvnr bar. 

R.B.M. h b t v  'I'ornpc~ratl~rr~ 

Dnte / Temperature 1 O B .  

(1.B. 

I-- 
I Mean (-0.2618 

R.B.M. 

- 0.2562mm 
-2616 
~ 2 5 9 4  
-2637 
2597 
2603 
2597 

- - -- - - . -. -. 
KlW10 . 

Reputal length of nickel = lm + 0'31 06mm 
Obervad lnvsr rninue nickel - 0'2609 

- - - 
T, = 29"-4 
T, = 33 -48 

Moan 

- 
-0.23:)Omm I -0*232:31um 

.'.Lei~gth of invar at 2 3 O . 4  = lm $0'0497 
SLnd ,, , , ,, 2 4 O -  3 = lm +0'0510 

-249S 
25:t-h 

-2347 
- 2  347 
2331 

-2519 
-2351 
---- 
- 0 . 2 3 2  

Third mtre (2 to  3) of invar b&r. 

2509 
~ 2 4 9 6  
08522 
-2510 
-2520 
2488 

-2553 

-0.2515 

I h t a  j Temperature 1 Cf.B. j R.B.M. 
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Reputed length of nickel = l m  + 0'3170mm 
Observed invar minus nickel = -0'2638 

:.Leagth of ilivar a t  23" 9 = l m  + 0'0532 
end ,, ,J ,, ,, 24''s = l m  + 0'0538 

Fourth metre (3  to 4 )  of invar bar. 

R.R.M. 

2,590 
.2;55 

~ 2 5 7 5  2565 
.2:,7n -254.6 
-2690 2675 
- -- 

Mean -0.2691 -0.25HO 

Reputted leiigth of nickel = l m  + 0'31 62mm 
Obsc~rvcd i11v:tr min ILS lliclrel = -0'2586 

.'. Leligth of invar at 23" • 9 = l m  + 0'0576 
and ,, ,, ,, ,, 24' :1 = l m  + 0-0582 

C o m h i n i ~ ~ ~  the four sections of the iilvar ha r  gives the total 
l e r ~ ~ t h  of t h ~  1,ar as 41n +0*42261nm at, 24"'3C according to conl- 
pal-lson with t,he nickel. 

F'irst m ~ t r e  (0 to I )  of in~nr bnr. 

I n  thrb first four spts of ol>servatio~~s thew artx usunlly large 
d i f f~~cn( . f , s  J)pt\Yppll t,hC two Ol>SPrVpl ,~ .  During t111~~1' s ~ t s  the 
llphtinq of the bar sermrcl c l l  s I I , P S I ~ I I S ~ I I I P  
for thr ~ I i . r r ~ ~ ~ ) ~ ~ ~ ~ i p ~ .  ~t is ppPf l~ rypr l  to nrrt.pt tllr mr8nn of the 
last four spts O1llV, ViZ  :- G.B. + (1 0815 and R.H.M. + 0 ' 9809. 
Thp S ~ n c r ~ 1  meall 'of thPRe sets ia only 0 ' 0 0 0 6 m m  ~ P S S  than the 
meall of all. 

Dntc 
- -- - 

.1-11 ! - : I 0  . . .  

T r m p ~ ~ m t  urv 

--A - 

l', = 2.4- - 3  
T, = 21'.31 

U H .  1 R.D.M. 

+ O.OhT,lmn~ 
-084'i 
OH:] 1 
08-1.2 
.OR;{:( 
.ClHl:l 

+ O.OHj21llm 
.lIi!42 . 
.07::! 
-0794, . OHZ(i 

.OH01 . o;! 1 4  

.0S1:! 1 .I IS":.! 
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Reputed length of silica = l m  - 0'0235mm 
Obaerved irlvar minus silica = + 0'0812 

. ' .hngth of invar st 24' ' 3 = l m  +Oa0577 

Secolicl metre ( 1 to 2 )  of invnr bar. 

Turnptwature I Q.B. R.B.M. 

Reputed length of silica = I m - 0'0285mm 
Observtd invar rrlintts silicn = +OS0728 

:. Length of invar at '2 4' ' 3 = lrn f0'0403 
Third mtpfre ( 2 lo  3)  o f  ivlonr bar. 

D R ~ P  
- - 

4- 10-:10 . 

'I'emprature 
- -  

TI = 24'-4 
TS = Z-L'.W 

1 :;;;; 
1 I 0i:36 

I b l ~ n n  1 - 0.0iR:i 

0709 
00733 
-0741 -- - - - - - 

4 O.O'i38 

C1.B. 
- 

+ 0.0769mm 
,0733 . 
,0721 
no734 
-0731 

R.B.M. 

+ 0-0754mm 
.o'i;a 
.O?SR 
0730 

-0729 

Reuutedl Irw~th of silica = l m  - O*OSSlmm 
I_); ~ P ~ ~ I . v ~ ~ I  it~var n: i j i  tcs silica = + 0'0736 

:. J ~ n c t h  r \ f  irivar a t  2 4" 4 = l m  + 0.0~502- 
nnll .. ., .. ., 24^" 8 = I m + 0'0501 

8 ' ~ ~  ) - / / I  b t t ,  t , . t ,  ( ,? to  4 ) ~ ! f  car bar. 

rplt. T.~~l lprratnr~  i (3.B. R.B M, 
- - .. 1 - 1  _-  .- 

- I I , J O  TI =2 .7 .9  
Tq = % : j . N , 9  

M P ~  

+O-O.iRHmm;+@-OR04mm 
.O';RO ,0771 
-0.iSl. -0,913 
-0,940 -0875 

(Rejected) 
Chq02 0s:i 1 

.0772 . 0907 
I .n;t;.i . o i ~ 3  

-07% .opm 
0 ~ 0 1  . ~ e r  

-- -- - - - - 
+0.07R7 1 t0 .0803  
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Repubd length of silica = l in  - 0'0236mm 
Observeci invar minus silica = + 0.0795 

.*.Lengttli of iilvar a t  28' ' 9 = l m  + 0'0559 
arid ,, ,, ,, ,, 24' ' 3 = l in f0 ' 0565  

Combiliiiig the four sections of the iilvar bar gives the total 
length of the bar as 4m + 0 ' 2136mm a t  24O.X accordiiig to  com- 
parisoil with t'he silica 1-in. 

The discrepancy of 0 ' 0090inm between the above figure and 
that given by the nickel bar ainouilts to  2'2 parts in 1,000,000 which 
is rat'her large. The discrepai~cy is of the same sign in all four 
eectiolls of the invar bar, and the direct comparison between the 
nickel and silica bar ( sub-para d ) showed a similar discrepancy of 
1'6 in 1,000,000. The error is clearly systematic, not casual. Such 
an error is likely to be caused either by error in the temperature 
or by damage to a bar in transit. I11 both cases the iiicltel bar is 
the one more likely to error since the silica bar callnot be damaged 
without visible breakage. The detel.minatioi1 froin the silica is 
therefore givcil treble weight and the coinbinat~ion of the two deter- 
minations gives 

4111 + 0.215H111111 nt 24'sQC in 1980. 

for the l c~~g t l l  of the &in invar bar ( Baros plugs). The 1914 
N.P.L. certiticnte gives 4-111 t O  185inin. rvhence tllc rate of growth 
has been 0 ' .i per 1,000,000 per annuin. 

(g) 4.111 invrr. Edge B v l i , l ~ t s  Bnros plugs.- 

I 
I 

Dntr U.B. 1 R.B M. 
! 

6-10-30 

- -0012 + -0026 

+ -0035 - -0025 

- *0018 1 -  -0026 

Mean ... + 0.0012 +0.0003 
i 

(:CIIFLV~I i i i~an  = + O  '0008mm 
cf.  0 '000 in N.P.L. certificate. 

a'. k g t h  of pdgc> B at 24" :1 = 4,n + 0 ' 21 (ifiiinn 
alld at dH (1. (required llelow) it is 41n + ' ?:?i'(;]nm 
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( h  ) 4-m inver. Edge R minus Edge A.- 

General mean R - = .+ 0. w3811,11,. 
cf. + 0 ' 003 in N.P.L. certificate. 

( i ) 24-lr1etl.~ Compnrntor.-The six invar wires were hung 
in the co~npariartor on two clifferent days in  August 1930, and 
again in April 19:jl after the field work, the 4-111 iilvar bar 
being stepped along the coinparator before and after the corn- 
pxrison of the wires. The collstallcy of the  length of the 
comparator depencls on an invar tape t o  which the terminal 
and intermecliattl marks are clamped. I t s  coefficieilt of expan- 
sion has not been directly rletc~ininecl, but it is given with 
sufficient accuracy by the observations themselves, as shown 
in Plate 111, froin which i t  is see11 tha t  the length increases 
with temperature a t  the rate of E L ~ ( , u ~  0.0231nin per 24m 
per "C. 

( j  ) Lengths of f 4.111 Wireu.- 

R B.M. 

+0-000Ymm 

0035 

0034 

no045 

.0040 

0065 

0074 

-0045 
---- 

+O-0045 

- 
Date 

-. - - 
23-8-30 ... 

Mean 

G.U. 

+ 0-0011mrn 

.OOl(i 

-00 1.8 

0023 

.OW20 

0067 

-0007 

-0038 

+0.0081 

" 

' I  
Observed 

19-8-30 ... 1 243 
: 2 4 4  
: 2 4 7  
I 

28C.2 
28.1 
28.8 

29.0 +Om182 + 1.161 
219 24.4 -O.O&:j + 0.923 
252 28.5 +1.400 + 2.366 

- 

22-8-30 ... 213 2'3.3 -1.311 -0.382 

-1.341mrn 
-2.665 
+Om095 

241 1 29.0 
( 2 4 7  28.3 
I 

' 2 1 9 l  29.1 
21.9 ' 24.6 1 252 ) 28.6 

\ 

24m-0-383mm 
-1.709 
+ 1-067 

- 

-2-675 
+0.079 

+Om156 
-0.085 
+ I.RXH 

-1.721 
+ 1.040 

+1.118 
+ 0.936 
+ 2.354 
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CHAP. 11.1 

~ 
The results ]nay 

figures are mil limet,res 

OBSERVATORIES 

then be sulnlllarized 

of excess (11. defect on 

as follows, 

54in a t  28 

Datc ' Tire 
I 

where 

C. 

Tem- 
peratare 

3&6 
30.9 
30.2 

30.2 
30.1 
30.2 

30.3 
30.4 
30.2 

30.2 
30.1 
80.0 

21-4-31 ... 

the 

243 
244 
247 

248 
249 
253 

- 
23-4-31 ' 2 4 3  

"' 1 24.44 
247 

24.8 
219 

1 2 5 2  

Wire winus 1 I Length of 
e d  , wire  a t  2R°C. 

-1.322inm I 24m-0-321mm 

The talrlr shows tha t  the growth betlwcc.~l 1908 slid 1990 has 
' ) ~ l l  silnilar in havilll colnlllnn o~*ipins, vis :- about 0.1. ill 
19000,000 prr J in the crisp of 2 i:i & 2  2 . 1 ,  a,ntl 0.7 in t h ~  others. 
Its c o i ~ s t a ~ ~ v ~  tile nccumry of t11~ mlnpariso~~a. Tlie 
('llanps dulpiux tllp field spns(,n ( the first ) have l~rci l  less rclSnlnr, as 
lnigllt 1~ ~ r l ~ l ~ + ~ , ( l ,  hut it is slllprisinr that  rvirrs 2 i!) i111~1 2 5 2 ,  
'~hicll w ( > l . ~  l~sc~(l  as fielcl stalldnrtls, should have chnngetl so inucll 
nl~r"hn t h ~  other four. Alllonq the Iattcr the ~nc~xll chailce 

only r 1 : 2,500,000, wllich is vrry sntisfactnl.g, the 
fnily CoJ~parisol~s with the fir](l stnlltlarrls have rollsrq~(~lltl,y heen 
~ W O ~ ' P C ~ ,  r711(1 f),(, nlpall of tl1,, Arlqust nlltl A1)i*il stni~tlart~ixatiol~s 
''8 been aect.l)t(.rl, as follows :-- 

-2.745 
+Om035 

+Om101 
-0.002 
+ 1.395 

-1.348 
- 2 a 74.8 

0.016 

+Om114 
-0.006 
t l . 4 2 0  

rl A d  
T ';" 
-? 
3) 

0 :: 
rl LU nl 

4 
$2 - _ 

243 -0.61 -O.:jS -0.35 +0.04 
2 - 1 )  -1.71 -1.75 -0.03 
247 t O . ( i c i  +la07 +1.02 -0.02 

- 1.743 
+ 1.040 

+ 1.110 
+ 1.013 
-+ 2.403 

-0.354 
-1.753 
+ 1.021 

+ 1.123 
+ 1.009 
t 2.423 

248 
249 
252 

NOTE: A t l i s ~ l ~ c p a n ~ ~ ~  of 0.024n1ln per 24111 is 1 part in 1.000,000 

t0 .58  
5 5  
+ l.!~,; 

+la16 
+Om92 
+2.:37 

+ 1-12 
1 0.$l-)S 
+2.3:, 

+O.:i(i 1 +1.11 
+O.:3H t 1-01 
10.10 1 +am40 

+la12 
+1.01 
t2 .42  

-0.03 
10.OH 
t0 .05  
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(k) Accnracy. -The least accurate part of the work is believed 
to have been the standarclization of the 4-111 invar bar in terms of 
the nickel and silica metres, the difference being 2 : 1,000,000. It 
is thought that the silica determination is consiclerably the more 
reliable, and that  the weighted inean is very ulllikely to be wrong 
by more than 1 : 1,000,000. The errors in the other comparisoiis 
are much less consiclerahle. Thus the N.Y.L. certificates are said 
to be correct to 0'0003m1n ( 1 in :3,000,000 ) : the comparisons bet- 
ween t,he centre marks anil edges A c% B of the 4-m inrar bar 
agree with the olcl N.P.L. certificates within 1 : 4,000,000 and the 
close agreement, between the August and April standardizations of 
the four fielcl wires inclicates that the error of the mean wire on 
account of this comparison awl of ill-treatment in the field is very 
unlikely to exceed 1 : 2,000,000. 

Taking all sources of error into account it is thought that the 
error of the meal1 wire is less t,han I : 1,000,000, arid t,hat it, i.s very 
unlikely to taxceed 14 : 1.000,000. 

2. Longitude.-The record of the longitude of Dehra Diin 
was maintained, as ill previous years, by hi-weekly observations of 
local time with the bent trailsit, cornhii~c~cl with thv recept,ion of the 
8" 01"' G.M.T. Bor(lexux aild the $1" .i.in' or l i "  55"' G.M.T. Rugby 
wireless time sign:tls. The time ohservc~ was Mr. 13. C. Banerjea. 
The resulting v a l a ~ s  of the longitncle are giveu ill T n h l ~  I .  monthly 
means being as follows :- 

The value of the longi t~l t l~ o f  D ~ h m  Dfin obtained in 1926 was 
3h 12"' 113'79, ant1 this value has 0 1 1  tlie whole I,el-111 ro~lfi~alned by work 
carrier1 out siucr, nltliough consi~lrr:rI)Icb a p p a ~ . ~ n t ,  f l~ct~uat ions have 
occnrred, as show11 ill Clc*oclchtic R11pol.t V O ~ .  VT, Plat(& 11. The figrr~.t>g 

9 

1l.HO 
11 .72  
1 1 - 7 5  

1 1 . 7 5  
1 1 - 7 6  
11 .75  

1 1 - 7 4  
1 1 - 7 5  
1 1 - 7 4  

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

June . . . . .  ... 11-72  
July . . . . .  . . .  I I .ti:{ 
Auguqt. 1  11.71 

S ~ b p t ~ m h ~ r  19:W .. ... 
October . . . . .  . . .  
Novc~rnher . . . . .  ... 

h rlL S 

.i 11 11-80  
1 1 7  
11-74, 

. . . . .  Deccbinhrr ... i 11-81  
.Tnnl~nry 1931 ... . I 

I 
11-76  

February . . . .  . .  : 11-71  

March . . . . .  ... I 11.7:j 
April . . . . .  ... 11-76  

. . . . .  May ... 11.77  
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aivell above serve to extend this diagram anot,her year, and i t  is 
Eoticpable that the low values obtain~cl  in 1930 seem to be continu- 
ing. 

The value of t.he bubble correct.ion was kept very small t>hrough- 
out the year, and any douht as to  the value of one division of t,he 
bubble has no significance. 

The Riefler clock ran regularly during the year, wit,h no leakage 
of the cloclr case, except t h a t  the pressure sudclenly rose to atmos- 
pheric on Dec. 7th. The error, rate, pressure ancl temperature are 
given in Table 2. 

The Shortt clock has been erected and started, but  has not been 
put into regular use. Stoppages have occurr~d  on accoulit of adhesion 
between the arm of the synchronising switch a i d  the core of the 
magnet which pulls i t  clown. Similar trouhlc. has also occurred with 
the resettiilg lever in the master cloclr. The troiible is a trivial one, 
hut pressure of other work has prevented much attention being given 
to the matter. 

3. Latitude var ia t ion . -As  stated in last year's report a 
variation of' latitude prograinme was hegull in February 1930. The 
observations have heen colltillued by Colnputer Jagdish Behari 
Mathur, ancl t h ~  results of the first year's worli have beell computed. 
The results, which are give11 on page 28, are thought to indicate that  
a snfficient clcgrtbrl of accuracy is being maintai~led, although several 
years' ~ o r l i  mill he necessary before final results call be given. 

Table 3 shows the groups which have been used to form the 
cllain*, and thtb mra11 diff'erellcrs of latitude as determined 1)y suc- 
cessive pairs of groups. The filial closing error of O"'22 is thought 
llot to be escc.ssivp. I t  has llc.~ll tlist,rihntecl in accordal~ce with the 
lw0l)ahle ern ,ins qiven. 

Tabl~  I. sllows t,he lnonth]y lnenll values of latitrude, and their 
(lepi~rtures f,.oln the annual meall. The variation inclicated is I I O ~  

(lissimilnr to t1lnt, givrlll l,y tlIp tllnbct i l~ternatio~ial stations, although 
the nmplit ,~(l~ -ir(lll 11y Dphra is considerably larger. 

Thtl \ ~ ( ) Y I <  is being contilluecl. 

4- Seislllograph and ~e teoro log ica l  o b s e r v a t i o n s . -  
Th* Omori ~ ( ~ i ~ ~ ~ ~ , ~ ~ ~ ~ \ ~  was ill ol,rmtinn throogliout the gear, ml 
Pxc~~)tio~lnllv Inrge numhc,r of ealathqualrt.s 1,einK 1 O C O ~ C ~ P ~ ,  of which 

frill list is ill TRI)lP 5 .  ~ ~ o d  r e ~ o r ( I ~  W C ~ ( *  ohtaineci of the 
Bllrlnn ~a r t l~ r~ l l a  lie of 28-1-31, th r  r(.ry g r w t  enrtbqnalie of 11-8-31 
"I Mnllgoli:~ of whiCJl Ilo local rqc,lts ]lave get heen received, and 

ser i~s  of S ~ O ~ ] ~ ~  Quptta in August 19Y1. 

Mp~'oroloxical ol)sc,rvat,ions ]lave heen made a t  8.00 and 17.00 
houlns thn)ngIio,lt, tllp g(lalB. 

5. Miscellaneous work,-A llew model of the Hunter Short 
Base (See Plilte VT11) has llpell e~ l l s tyuc t~d ,  and six Sets have been 
\ -- 

* This programme was ~ ~ ~ ~ ~ + t c d  by thc Astronomer Royal. Itllfbs considerable 
dvantage9 over the International chain of 12 groups. 
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obt;\i~le(l fi-oln the Mat,hematicnl Inst,r~unent Office, Calcutta. The 
rlt~si.~-iptivt* book1t.t. Departmental Paper No. 10, has heel1 brought 
up-to-(l:ttr n11d re-writtell by BIr H. C. Banerjea. 

Thc levels of the levt.llinq party were tested, nilcl the staudard 
tap's stn~~~lnrdizctl. brlfol-tb alld af t r r  the field sthason. Four new 
t,yp(hs of l t~r t~ l  ant1 olie rustless stec.1 tape were tested and reported on, 



OBSERVATORIES 

TABLE 1.-Variation o f  Longi tude o f  D e l ~ r a  D u n  f r o m  accepted 
value, as  determined j i-om reception o f  u;ir,,less t i m e  

signals f r o m  Bordeaux  a n d  Rugby ,  1930-31. 

Date 
(Greenwich) 

1930 

Sopt. 2 
5 
8 

15 
19 
22 

26 
29 

Oct. 3 

7 
10 
13 

I i  
20 
24 

28 
NOV, 4 

b 

I 

11 
14 
17 

22 
25 

Dec. 1 

5 
9 

11 

I6 
19 
28 

26 
31 

1931 

Jan. 6 
8 

* Acm~tecl 

Date 
(Green~vich) 

1931 

Jan. 12 
15 
17 

20 
26 
29 

Feb. 4 
11 
14 

19 
24 

Mar. 4 

I 
C 

11 
14 

17 
22 
25 

29 
April 2 

8 

12 
15 
18 

22 
25 
28 

May 1 
5 
9 

11 
14 
18 

2 1 
30 

J i~no 2 

l lR .79  (as 

Observed 
accepted 

Bordeaux 

P 

+ 0.07 
+ 0.08 
+ 0'04 

- 0'03 
- 0'01 
- 0'02 

- 0'04 
0'00 

- 0'06 
- 0'01 
- 0'03 

+ 0'01 
- 0'02 
- 0.11 

- 0'08 
... 
. . . 

+ 0'02 
- 0'06 
- 0'07 

- 0'08 
- 0'05 
- 0'06 

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

+ 0'07 
+ 0'03 
+ 0'02 

+ 0'01 
0'00 

+ 0.06 
+ 0'02 

vnllle of 

Observed 
accepted 

Bordeaux 

S 

- 0'01 
- 0.01 
- 0'02 

- 0'04 
-- 0'1 3 
- 0.11 

- 0'03 
- 0.11 
- 0'09 

- 0'03 
- 0'14 
+ 0'01 

- 0'08 
- 0.08 
- 0'04 

- 0'09 
- 0'09 
- 0.08 

- 0'05 
- 0'01 
- 0'05 

- 0'01 
- 0'09 

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

- 0'01 
. . . 

- 0'04 

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

+ 0'01 
- 0.07 
- 0'04 1 

value ~ n i i ~ r t s  
value* 

Rugby 

-- 

S 

+ 0'03 
+ 0.08 
+ 0'01 

0'00 
- 0'01 
- 0'01 

0'00 
+ 0'02 
- 0'01 

- 0'06 
- 0'05 
- 0'09 

- 0'07 
- 0'0-1. 
- 0'13 

- 0'08 
0'00 

- 0'01 

+ 0.05 
- 0 0 5  
- 0'08 

- 0'09 
- 0'07 
- 0'09 

- 0'06 

- 0'03 

0'00 
- 0'01 
- 0'02 

- 0'04 
- 0'04 

+ 0'05 
+ 0'02 

Long i tu~e  is 511 12" 

value ~ t a i i ~ z r s  
value* 

Rugby 

v 

- 0'01 
- 0.02 
- 0'02 

- 0'01 
- 0'13 
- 0'08 

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

+ 0'01 
- 0'13 

0'00 

- 0'07 
- 0'07 
- 0'01 

- 0'05 
- 0'06 
- 0'08 

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

+ 0'01 
- 0'08 
- 0'04 

- 0'12 
+ 0'01 
- 0'01 

- 0'08 
- 0.13 
- 0'04 

- 0'02 
- 0'09 
- 0'01 

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

determined ill 192t;). 
(Continued) 
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TABLE 1.-Variation q f  Longitude q f  Dehm DtZnfrom accepted 
value, ns defermined from reception of wireless time signals 

fronr Bordeaux and Rugby, 1930-31-(concld.) . 

+ Accepted value of Longitude is 5'' 12"' 11-79 (as determined i n  1926). 
NOTE .-In thc  above table one value of the  lonqitude is given by the  association 

of each observat~on of local t i ~ i i r  with the  wireless signal received a t  the  least interval 
from i t  i . ~ . .  generally either during the  salne night  or preceding afternoon. Results 
are give up t o  August inclusive after which the corrections to  the  tinics of cnl~ssion 
are not yet available. Inrliviclnal night's observations have not  been smootlicd to  
give a more uniform clock error. The reputed times of emission of t h e  wireless 
signals have been corrected by the amounts given in the  Aclniiralty Notices t o  Mariner3 
in the  case of Rugby algnals, and by t h e  clemi-clefinatlf corrections of the Bulletin 
Horaire in the case of Borcleanx signals. When declncing the  longitude from the 
latter,  a correction of 0-02 has been aclded t o  t h e  reputed Greenwich time of emission. 
on ~cco l ln t  of this havinq been computed (by the Bulletin Horaire) on the  asslilnption 
t h a t  thp longitude of Paris is Oh Srn 20'. 93, whereas t h e  more recent vdiie is Oh 9"' 20B'91 
(80' La Particiratilln Francaiv R la Reviqion des Longitudes &Iondiales, Lambert, 
p.103) The speed of plopagntlon has been taken to be 300,000 km. per second. 

Date 
(Greenwich) 

1931 

Jnne 5 
9 
12 

16 
19 
26 

29 

Date 
(Greenwich) 

1931 

July 15 
3 1 

A u ~ .  14 

17 
22 
26 

July 7 
10 

Observed value n~inus 
accepted valueX 

2 

Observed vc~lue minue 
accepted vizlne* 

Bordeaux 

F 

. . . 

. . . 

... 

... 
- 0'02 
- 0'09 

- 0'09 

Bordeaux 

S 

- 0'08 
- 0.09 
- 0'10 

- 0'09 
- 0'09 
- 0'12 

Rugby 

I 
1 

S 

- 0'05 
- 0'04 
- 0'04 

- 0'03 
- 0'08 
- 0.11 
- 0'15 

- 0'13 

Rugby 

S 

- 0'15 
- 0.14 
- 0'08 
- 0'09 
- 0.07 
- 0'10 

- 0'14 - 0'18 
I I 

- 0'19 1 
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T ~ L E  2.-Error, rate, temperatwe and pressure of Riejer clock 
No. 450, by the bent transit instrument, at 20 hrs. 

Indian standard time, 1930-31. 

1 

Date 

1930 

O C ~ .  3 
'7 

10 

13 
17 
20 

24 
28 

Nov. 4 

7 
11 
14 

17 
22 
25 

Dec. 1 
5 
9 

11 
16 
19 

22 

2 

Error 

nb s 

+O 31'96 
32'45 
32'75 

33'14 
33'60 
33'96 

34'54 
35'08 
36'05 

36'48 
36'93 
37'27 

37.53 
38'03 
38'29 

38'54 
38'50 
36'58 

36'59 
36'68 
36'77 

36'92 

I 
No. of time 

stars 

37'39 5 

1931 1 
Jan. 5 37.51 5 

8 t i  5 
12 37'83 4, 

15 38'04 6 
38'17 5 

Feb. + 0'03 
38'88 

5 + O W  

5 + 0.02 

599 

,598 

5 1 6 1 7  
During preceding 

period 

26.6 

26'5 

a 

REMARKS 

Pressure rose to 
710mm due to 
leakage on 7th. 
It was adjusted 
and reduced to 
6001nm on 8th 
Dec. 

Rate * Tem- 

5 
5 
5 

5 
4 
5 

5 
5 
5 

4 
5 
5 

5 
5 
5 

5 
5 
5 

5 
5 
5 

5 

s 

+Oell  
+0.12 
+0*10 

+0'13 
+ 0'12 
+Oe12 

+0'15 
+ 0'13 
+ 0'14 

+Oa14 
+ 0'11 
+0'11 

+0'09 
+Oe10 
+ 0'09 

+OaO4 
-0'01 

+ 0.01 
+ 0.02 
+0.03 

+o.oj  
4 0'05 

5 
5 
5 

4 
4 
5 

5 
5 
5 

6 
5 
5 

5 
5 
5 

5 
5 
5 

5 
5 
5 

5 
5 

mm 

596 
596 
596 

596 
596 
596 

596 
596 
595 

596 
596 
598 

598 
598 
598 

698 
598 
600 

600 
600 
600 

600 
600 

t u e  

C 

26.6 
26'6 
26'7 

26'7 
26'7 
26'6 

26'7 
26'6 
26'5 

26'9 
26'9 
26'6 

26.6 
26.6 
26.6 

26'6 
26'7 
26'6 

26'7 
26'7 
26 ti 

26'6 
26'5 
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TABLE 2.-Error, rate, ternperatwre and pressure of Riefler clock 
No. 450, by the bent transit instrument, at 20 hrs. 

Indian standard time, 1930-31-(contd.) . 

5 

No. of time 
stars 

1 2 - 
During preceding 

period 
R s n a ~ ~ s  

m 

( ~ o n t i n ~ d )  

8 6 

Date 

1931 

Feb. 11 
14 
19 

24 
Mar. 4 

7 

11 
14 
I f  

22 
2 .i 
28 

Apr. 2 
8 

12 

15 
18 
22 

25 
2R 

7 

Error 

tn s 

+ O  39'21 
39'11 
39'31 

39'61 
39'91 
40'14 

40'33 
50'41 
40'55 

-kO'H2 
.10'93 
40'99 

41'93 
41'L5 
41'51 

41'64 
41'58 
41'79 

$1'69 
41'81 

hlag 1 

9 
11 ' 
14 
1 R 
2 1 

30 
.Tnnc 2 

5 

9 
12 
16 

19 
26 
2!+ 

+" 

North 

6 
6 
4 

5 
5 
5 

5 
4 
5 

5 
5 
4 

-5 
5 
5 

5 
5 
5 

5 
5 

South 

5 
4 
6 

5 
5 
5 

5 
7 
5 

5 
5 
4 

5 
5 
5 

5 
5 
5 

5 
6 

RateY 
per day 

----- 
5- 

+0.05 
-0'03 
+0'04 

+0'06 
+ 0'04 
+0'08 

+0'05 
+ 0'03 
+ 0'05 

c 0.05 
+ 0'04 
+ 0.02 

+ 0.05 
+ 0.04 

, +Oao2 

+ 0'04 
-0.02 
+0'05 

-0'03 
+0'04 

Pres- 
sure 

mm 

598 
598 
598 

598 
598 
598 

598 
598 
598 

598 
598 
598 

598 
598 
598 

598 
598 
598 

598 
598 

4 

3 
5 
5 

4 
5 
4 

5 
5 
5 

5 
6 
5 

5 
5 
6 

-- rate 

t0.04 

+ 0'05 
+ 0'01 
+ 0'07 

+ 0.07 

Tem- 
pera- 
t w e  

C 

i7.0 
27'1 
26'5 

26'8 
26'8 
26'4 

26'8 
26'9 
26'7 

26'2 
26'7 
26'8 

26'7 
26'8 
26'9 

26'8 
26'9 
26'6 

26'8 
26'6 

41'92 1 4 

1 1  .; 
42.13 5 
2 5 

43'49 
- 7  
42'66 

43'15 
43'34 
4.7'51 

43'63 
4.7'73 
43'88 

4409 
44'51 
M 7 5  

599 

598 
598 
598 

598 4 
5 
4 

5 
5 
4 

5 
5 
6 

5 
5 
5 

26.8 

26'7 
26'8 
26'6 

26'6 

rate = gaining, 

26.7 
26'9 

26'7 
26.3 
26'6 

26'8 
27.0 
26'7 

27'0 
26'0 
26.8 

+ 0.02 / 598 
+ 0.03 1 598 

+0'05 
+ 0'06 
+ 0.06 

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

+0'07 
+ 0'06 

598 
697 
598 

598 
598 
598 

69A 
698 

+ 0.08 ( 698 

= losing 
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TABLE 2.-Error, rate, temperature and pressure o f  Riejler clock 
,Yo. 450, by the bent transit instrument, at 20 hrs. 

Indian standurd time, 1930-31-(concld.). 

1 

Date 

1931 

July 7 

2 

Error 

111 .Y 

+ 0 46'00 

5 7 8 

No. of time 
stars 

5 :" 47-47 

* + " l.ntc> - qaining, - ve mto 

REMARKS 

26'7 
26'8 

26'9 
26.7 I 
26'7 

36'8 
26'7 
26.5 

26'8 
26'7 
26.6 

26'7 
26'7 

During preceding 

5 
5 
5 

5 
5 
3 

6 
5 
4 

5 
6 
5 

3 
(j 

+ 0'19 
+ 0'18 

+ 0'21 
tO.20 
+ 0'21 

+0'20 
+ 0'22 
+0'26 

+ 0'18 
+0'24 
+0'25 

+ 0'25 
+ 0'26 

3 1 
Bug. 14 

1'7 

22 
26 

Septa 14 

16 
18 
22 

25 
30 

South 

5 
5 
4 

5 
5 
3 

3 
5 
3 

5 
5 
5 

3 
6 

598 
598 

598 
598 
598 

598 
598 
598 

598 
598 
598 

598 
598 

50'82 
33'55 
54'17 

55.18 
0 56.05 
1 01.00 

01'35 
01'8.3 
0284 

03',;H 
+ 1 01.8!) 

I 

Tem- 
pere- 
twe 

C 

I 
27'0 

=losing. 

period 

Rate * 
per day 

----- 

s 

+ 0'16 

Pres- 
sore 

m ni 

598 
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TABLE 3.-Latitude variation 

Declination errors of group8 

Right Asotmsion 

Gra"pa ( Evening I Morning 

12 22 to 14 30 16 00 t o  18 04 

16 W t o  180.4 j l X M t o 2 0 5 R  

IV-  V / LH58 to 2 0 5 s  22 11 to 1 0 4  
I 

Dates 

-- 

2nd Feb. 30 to  6th April 30 

13th April 30 to  30th May 30 

5th J~mc 30 to  8th Aug. 30 

13th hug 30 to  10th Oct 30 

1st Oct. 90.to 24th Nov. 30 

2nd Dec. 30 to  4th Frb,  1931 

Closing error . . . 

TABLE 4.-Latitude tinriation 

Prel iminnry Results 

Latitude by 
'evening 

group mino 
morning 

-0-13k 43 

-0-22+_.03 

+0.26+.06 

+0,14k.04 

+O-11k.03 

+ O.Oti+ -03 

Rcsidllale 
Month mintis Year 

I ,  

t 0.15 

- 0.07 

I 
I 

Month R1l)nthly mean 

- -- - 

F + l l ~ r ~ ~ % r y  l$l:lO. 

Li~titndo 

3; l i  51y68 

. I l ~ n n  51-28 

Jnl y 51-34 

411211 lt .51.32 

+p t+mbr  .. 51-43 

' I - t .  ~h r .51-79 

Sr)vornbr .. . i l - A 2  
I 

Dr~ccrnhor .. 1 51-73 

Y1arc.h 31-48 
I 

.lpril 51-47 

- 0.25 

- 0.19 

- 0.21 

- 0.10 

+ 0.26 

7 0.29 

I I -r 0.25 

.Tsn~~ary 1931. I 

.5l.M 
I I + 0.13 

- 

Annual mean 51.53 
I 
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TABLE 5.-Earthquakes recorded at Dehra D.iin 
during 1930-31. 

1n iles 

No. 

1 

2200 
4000 
4900 

300 
"00 
1100 Rl~rnin. 

3!IOO 
,7400 Ncw X ~ n l n n d .  
1100 

800 
3400 
1300 

~i300 
:i;oo 
:I 1 on 

1 !,no 
3500 
3900 D~strurt iv~  ir 

the Dnlknus. 

( C o n t i d  ) 

Dnte 

1930 

Oct. 1 

. . . 

1800 

2 ; ,, 2 
:I 1 ,, 10 

1 
:: i: 
,, 25 

7 [;I ,. 2!J 
H lifov. 4 
! 4 i  ., 10 

I 

:7 I 
., 10 
., 2(i 

12 D r c .  2 

1:ll ,. 4 

14Pl .. 8 

1931 

1.5, Jan. 2 

1,ower Bnrmn 
Not recorded 
clock stopped 

9 9  2 15 41 :{Of 15 4.5 OOt 15 49 30t . 
,D 7 7 36 OOt 7 44 40t 7 63 20t . . .. . slight 

ReWInised with difficultg. 

Intensity 
of 

record 

slight 

Indian standnrd time 

l ab  P. T. ( 2nd P. T. / tz:E 1 z:,' 1 Finis11 

slight 
slight 

slight 
slight 

nloclerlrte 

slight 
slight 
slight 

slight 
grc.at 
slight 

great. 

slight, 

s l i~l i t  

h +>I 8 

3 01 20t 
21 09 10t 
3 OR 3Ot 

16 3 i  10 
1 sf; 20 

21 11 4.0t 
0 49 rot 

... 

. 
12 34 50 

,., 

13 44 50t 

5 30 :3ot 

1' fll 

3 12 
21 19 
3 13 

6 17 
16 4,s 
2 21 

3 17 
21 18 
1 18 

I " '  
1 02 
12 42 

. . . 

13 31; 

6 50 

h m 

. . .  
21 42 

. .  

. . . 
16 69 

. . .  

. . .  

122 05 
2 2Gt 

. . . 
2 16 
13 22 

. .. 

I 
14 20 

(; 24 

/b r s I h 71, 8 

21 12 OOt 
3 10 4Ot 

16 i k  10 
2 04 GO 

21 16' 4,0 
0 57 20 

19 33 30 
0 4~9 20 
12 :i8 30 

. . .  

13 49 lot 

;, :in+ 

3 06 OOt 
21 14 30 
3 11 60 

6 17 10t 
1,; 37 20+ 
2 15 20 

3 15 OOt 
21 18 00 
1 04 20 

. . .  
0 56 4.0 
12 4.1 10 

. . . 

13 52 Sot 

5 4.8 20t 

3 10 30 
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TABLE 5. -Earthquakes recorded at Dehra D m  
during 1930-31-(cmtd.). 

Intensity 
of 

great 
slight 
slight 

slight 
slight 
slight 

slight 
slight 
slight 

slight 
slight 
slight 

slight 

No. 

39 
-MI 
41 

Date 

1931 

Mar. 9 
,, 11 
,, 18 

Indian etandard time 

1st P. T. I 2nd S. T. 1 4::: 1 1 i 
' 
8 

miles 

4100 
4700 

... 

1600 
... 

2800 

2200 
2300 
5700 

400 
2900 
2800 

3200 

i 46,  .. 19 

53 I .. l l  / 2 52 40 
I 

RBMARE~ 

2 56 30 

h 111 s 

9 33 00 
18 OH 30 
13 49 10 

1 52 10 
st< .. 1:) 1 3 42 30t 
4.4 .. 19/12 02 a0 

18 19 00 
22 26 20 
8 04 10 

48 JunelR 118 30 lo t  
-kg ,. 25 1 5 21 O O t  
50 July  12 122 23 40t 

51 1 I .. 15 I 22 13 lo t  
52,Aug. 7 7 52 5Ot 

. 

46 O O t  
17 50t 

20 01 40 

3 10 30 

6 05 20 

6 06 20t 

8 4.3 30+ 
... 
... 

16 28 20 

1 07 00 

21 03 00 

23 37 00t 

0 20 50 

1 40 OOt , 6 20 10t 
13 24 20t 

15 48 40t 
23 50 lo t  
1 17 20 

h 118 s 

9 40 30 
i n  1.1 30 

... 

1 65 50 

12 db' 30 

18 2.1 00 
22 31 20 
8 13 .N) 

18 31 20 
5 25 30 

22 30 20 

22 20 20t22 
8 02 10 

h n~ 8 

9 51 30 
18 29 10 
14 53 20 

1 59 50 
... 

12 14 50 

18 29 30 
22 37 30 
8 29 50 

18 32 00 
5 37 SO? 

22 34 30t 

25 50t 
8 10 10t 

0 04 

12 47 - - 
I :,-L: .. 11 112 37 10t812 41 20t12 

,,., ., 11 '23 03 GO? 23 OH Sot23 
,it;, .. 18 19 64 50 19 58 4.0 

I _- 8 

I 
,, 25 3 07 40 3 09 10 

-58 / ., 25 5 02 50t 5 04 O O t  

5 . 25 . 6 04 SO+ 

60 . 25 Il 40 OO+ 8 41 ROT 
61 I .. 2.3 l21 16 O0t , . ,  

! ., 26 113 28 .tOt . . 
1 1 

f;3 .. 26 116 20 50tilf; 2.1 501 
t i  .. 2ti2n84f)2ot  . . .  
f .. 27 1 0 4  10 1 05 30 

(;I;, .. 2; 21 00 10 21 01 :3O 
I 1 .. 3 i  32 20t123 95 00 

h m 

9 57 
18 33 
15 11 

2 16 

12.21 

18 30 
22 40 
8 36 

18 32 
6 39 

22 36 

22 27 
8 03 

23 23 
20 0: 

3 13 

5 06 

6 06 

8 12  
21 24 
1B 35 

18 29 
20 58 
1 07 

21 05 

23 37 

0 21 

1 42 
6 23 

13 26 

15 50 
23 51 
1 18 

6s . 29 0 16 201 

.. 2 9 '  1 35 t o t  
711 1 .. 24 : 6 14 30t 
71 i .. 23'1.1 19 2Ot 

I 
7 .. 29 1 3  45 OM 
73 .. 28 '23 .M 2ztl 
74 .. 891 1 12 40 

! I 
I I 

h nr 

10 55 
18 53 
16 48 

2 49 
4 071 

12 58 

19 17 
23 20 
9 24 

18 46 
5 54 

23 27 

22 57 

0 19 mt 

1 38 20t 
6 l i  50 

13 21 30t 

15 4.6 20 

1 1; 20 

( ~ o n t i n d  ) 

21 35 

4 33 

5 25 

6 24 

9 06 
21 36 
13 59 

16 49 
21 11 

1 12 

23 17 

23 53 

0 38 

1 62 
6 32 

13 38 

16 02 
0 03 
1 49 

t R~cogni~er l  with difficulty. 

great 

v. great 

slight 

slight 

slight 
slight 
slight 

slight 
slight 
slight 

v.  great 

slight 

slight 

slight 
slight 
slight 

slight 
, slight 

slight 

1500 

500 

500 

800 

600 
... 
... 

1600 
... 
600 

600 

1000 

1000 

900 
1200 
1000 

600 
800 

1000 

Mongolia. 

nestnlctive 
Quettn, B d ~  
chistin. 

1 

,, 

, Prohahly new 
Quettn. 

~ e ~ t r n c t i v e i "  
Quettn. Bnlll. 

, 

I. 

prollni~lyne~r 
' B u c t h .  
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TABLE 5.-Earthquakes recorded at Dehra Dan 
during 1930-31-(concld.). 

REMARKS No. 

-- 

Indian standard time 
, 

1st P. T I 2nd P.  'J!. / iztt 1 2:- 1 Finish 

Date 

slight 
, slight 

slight 

slight 
slight 
slight 

slight 

slight. 
slight 

slight 
slight 

v. great 

Intensity 
of 

record 

h  n ~  

3 21 
11 50 
19 20 

1 35 
2 25 

11 38 

20 23 

22 O(i 
2 59 

9 03 
16 58 
13 58t 

m 

8 

h ~ n  

2 59 
11 40 
19 05 

1 29 
2 11 

11 21 

20 12 

21 50 
2 27 

8 18 
16 18 
11 58 

400 

n~iles 

... 
1100 
1100 

1100 
.. 

. . .  

' I  k n ~ s  

i Probablynea: 
(Juetta. 

1 , 

17 03 slight 
l a  MI slight 

h m s  

. . . 
11 36 20 
19 00 50t 

... 

. . . 

. . .  

20 07 50 

21 47 l o t  
... 

H 11 20t 
16 OR 50 
11 4.4 30 

75 
76 
77 

78 
79 
80 

81 

82 
83 

n4 
85 
86 

t Recoyniscd with difficulty. 

l(i 57 
18 3.1. 

h m s  

. .. 
11 38 50 
19 02 50t 

1 27 60t 

11 16 30t 

. 

... 

8 17 00 
16 1Ci  10 
11 51 20 

I t v  30 

Aug.29 
,, 29 
,, 29 

., 30 
,, 30 

Sept. ti 

,. 6 

,, H 
,. 10 

,, 21 
,, 21 
,, 25 

Probably nea 

600 
Quettn. 

I 
16 62 00 16 50 50 

2 57 20t 
11 33 30t 
18 75 5Ot 

1 23 O O t  
2 10 30t 

. .. 

20 06 00 

21 45 40 
2 17 50t 

8 06 20t 
16 04. 00t 
11 38 4Ot 

... 

2300 
2700 
2800 

16 53 00 *a 

J n ~ n n .  

.. 30 18 31 30tl . 118 33 10 



T I D E S  

1. Tidal observations.-During the year under report' 
registrat,ion by automatic tide-gauges was co~lt~inued a t  the following 
stations :-Aclen, Basrah, Kariichi (Manora), Bombay (Apollo Bandar), 
Madras, Calcutta ( Kidderpore ) ancl Rangoon. These observations 
were carried out uncler the supervision of the Survey of India, 
immediate control of each observatory being entrusted to the local 
officers of the port concerned. Automatic registrations were also 
continued a t  Colombo ancl Trincomalee uncler the supervision of the 
Superintendent Trigonometrical Snrveys, Ceylon, who supplied a 
new value of t'he mean sea-level a t  these places. 

I n  addition, the actual times and heights of high and low 
waters were observecl on tide-poles (during daylight only)  under 
the supervisio~l of the local port officials a t  Bhgvnagar, Chittagong, 
and Akyab. The clay and night observations a t  Pilakat or 
Deserters' Creek ( Rangoon River ) were discontinued from 1st April 
1931. 

A complete list of stations a t  which tidal registrations have 
been carried out since the commencement of tidal operations in 
India in 1874, was given in Geodetic Report Vol. V, pages 31 to 33. 

2. Inspect ions.--No inspections were made by the Survey 
of India. The tidal observatory a t  Aden was inspected by the 
Port Engineer during March and May 1931, i.e. before and after 
the dismantling of the gauge for reconstruction of the observatory, 
The Bombay gauge was inspected by the Port Trust Surveyor. No 
inspection reports were received from the port authorities a t  Basrrth, 
Kargchi, Madras, Kidclerpore or Rangoon. 

All the automatic recorcls have been continuous and satisfac- 
tory except for a long break from 4th March to  18th May a t  Aden 
Observat.ury, necessitated by t,he renewal of its structure, a 1)reak 
from 9th Jan. to 27th April a t  Basrah due to the removal of the 
gauge from Tanurnah to Wharf A Margil, and a few minor stoppages. 

3. Harmonic analysis.-Arrangeme~~ts were made for the 
Port Officer, Orissa Ports, to supply the hourly day and night 



TIDES 

readings at Chkndbali and Shortt's Island with a view to  the 
determinat8ion of t,he necessary constants for future predictions 
of t,he tides at these places. It is hoped to  include these predic- 
tions in the tide-tables of the Indian Ocean for 1935. The data 
for both these ports begin from 1st May 1981. 

4. Cor rec t ions  to predictions.-Tables 1 & 2 give the 
corrections that have beeii applied to the predicted values of the 
tides for 1932, in the case of Chittagong and Ra~ lgoo~ l  respectively. 
The corrections for Rangoon differ very slightly from those used 
in the previous year aiid are simi1;~rly derived. I n  the case of 
Chittagong a ineall correction derived from several years actual 
and predicted values had hitherto beell used for the whole year, 
but for the I!):{ 2 prerlictions fortnightly corrections have been 
appli~d, hased on the comparisons of predicted and actual values 
for the period 1993-30. The corrections used for Kidderpore 
for 1932 tide-trtldes are the same as those during the previous 
year. 

5. Tide-tables.-The t'icle-tables for the year 1932 have been 
prepared a11c1 issued. They co~ltain iiiforlnatioii similar to that  in 
the previous voliune, as reported in Geocletic Report Vol. VI. Se- 
parate s~nclll tide-tables in pamphlet form have also been published 
for Bombay, tho Hooghly River ant1 the R,a~igooll River. Advance 
prrdictio~~s for Suez, Adell, Bushire, Kariichi, Bhiivnagar, Bombay, 
Mormugao, Colo~nho, T~*incomalee, Madlaas, Dnblat, Chit'tagong, 
El~phant Poiiit :111cl M P ~ K L I ~ ,  were sent, to the Hycirographe~. to the 
Admiralty in D(~.t)lul)c>r l ! ) : ~ ,  for i i ~ c l u s i o ~ ~  in the 1'332 Aclmiralty 
tick-tables. Adr:~i~c.c~ preclictions for Duhlat, Madras, Colornbo, 
Bomllay a11r1 I<:~i.ic.hi wc3re also sent to the Director of tl1ch U. S. 
Coast and Geotltltic. Survey ill excllnng~ for inforinatiol~ received 
from him. 

The amoni~t rtlnIize(1 by t,]ze sale of tide-tal~les cluring the yrar 
~ll(li11~~ :loth S ~ b l , t c l ~ b ~ ~  ] 931 was Rs. 6,842-12-0, exclusive of a g ~ n t s '  k 
['ommissio~~ :r11(1 the cost of copies issued gratis. 

6. Accuracy of predictions.-Tables 4 to I (i have 1)eell 
l)r~'pa'e(l froin c*omparisolls bet,weeii pi~c~rlict~cl and actual tilnes 
and heights of high low wat,cls a t  t h ~  $1 stafioi~s where ant@- 
lnatic t~dv-g:lrl~~.s mprp ill Op~ra t , i~ l l ,  alltl the 1. stntiolis at, which 
tido-pol(1s wcL~.c. ill us(,. T ~ ( J  19:(0 l,re(lictions for Atl(.~l. Basrnh, 
Madras anrl I\ i~l~lG~rllOrP art. praCticiL]]y of +hi. same. s t ands~d  as those 
of ~)r(.vio,~s -p:brs. Rallgooll a,pl>cAars somowhat l~ettc~r,  whilst 
Bornhay :111tl l(:ll.r;l(~lli a 9]igllt, detel.ioratioi1 chitbfly as 1.~1:~ards 

11111111~r 0 1 '  (b~.l-()l.s p x C ~ P ~ ~ i l l g  :!(I lni l l~l t ( '~  a1111 1 f ~ t ' .  The g~.tlatest 
d i f f ( l r ~ l l ~ ~ ~ ~  I ) ( . I  thp p.Cclic~tlyl all(l act,ll:il 11~ights of 1 0 ~  water, " r~ '~ i~ to i~c~ t l  th(h sutolnatic t id t , -g~ug(~s  at t h , ~  ri~eraill  ])Ol'ts were " sho~11 ill Tal)],, :(. 

E 
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TABLE 1.-Corrections applied to Chittngong for 1932. 

Month 16th-31st 

Height 

- 
January High I- 11 + 0'2 + 9 + 0'2 1 Low / + l o  1 + 0 7  I + B 1 +0'1 

February + 7 + 0'1 
+ 6 1 f O . 7  1 + 5 1 + 0 6  

March + 7 0.0 + 7 0.0 / + 5 1 t O . 6  I + 7 I t 0 . 5  

April + 7 0'0 + 10 - 0'1 

May - 0.2 1 + 10 t 0'1 
+ 0.4 , + 12 

June + 9 + 0'3 10 + 0'1 
+ 12 1 + 1.0 I + 10 1 + 0.8 

-- Hi" "- 
July ... High + 10 0'0 + 9 + 0'1 I Low I + 8 1 + 0.6 ( + 9 1 + 07 

August High + 9 + 0'2 + 12 + 0'1 

September High 13 + 0.1 + 0'2 
Low + 16 I !  I + lH 

+0 '9  + 0.8 1 + 19 
-- 

October I 1 Hiqh i i 22 + 0.2 1 + 22 I Low I c 22 + 0.9 I c 2:i I + 0'1 
+ 0'7 

-- 1 - - - - -- - 
Nuve~nher I High + 22 + 0'1 + 19 + 0.2 

LOW / + 23 / 1 0 . 6  1 + IH 1 + 0 7  
- -- -- - 
Decnmbor High + 16 + 0'3 + 13 + 0'2 / Low I + 14 I + 0'7 + 12 + "7 

The a h o v ~  C O ~ ~ . P C ~ ~ O I I S  are based on the mean fortnightly ~.t*sultfl 
nf co~nl~arisons brtwwn predicted anrl actrxal timtls ancl hvights 
from l!I2:3 to 1930. 



TIDES 

TABLE 2.-Time corrections applied to  Rangoon  for  1932. 

Dates 

Month Tide 1st-5th 6th-10th 11th-15th 16th-20th 21st-25th 26th-31st 

minutes minutes minutes minutes minutes minutes 

January ... High - 11 - 13 - 16 - 18 - 20 - 21 I low 1 - 8 1 - 1 0  1 - 1 3  1 - 1 5  1 - 1 7  I - 1 7  

The above correctiolls are based ou the meail fortnightly 
of the cornpal-isons betweell predicted and actual times from 

1926 to 1930. 

TABLE 1.-The greatest differences between the predicted nlld 
actual height's of low water for 1930 at riverain port,a were as 
follows:- - 

Prodictcrl 
Port vzinzcs nctllal Date 

-- - - 
I 
2 
3 

+ 

T<idtlc~.~)or~ Morning 19th Sept. 1930. 
Rnnzoon Afternoon 12th May 1930. 
nnsl.nh Morning 10th JIIIIO 1930. 
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TABLE 4.-Mean evrors El and E, f o r  1930. 

ADEN 1 
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TABLE 5.-Menr~ errors E, and E2 f o , ~  1530. 

(Predicted - actual) 

0'3 21'2 0'6 21'7 0.5 5 4 8 6 

a 4-15 5.0 

35.3 0.2 28.2 0.8 11 H 2 13 
! 

40'3 0'4. 33'4 , 0'7 14 13 5 21 

62.3 0.4 50.8 1 0 1 5 (25  

hIay 1-15 50.2 

18-31 0'9 35.7 0'3 64'7 1'1 12 20 2 22 

35.1 0'5 51'7 0'7 14 20 11 16 

48.(< 0.7 (i 1,'4, 0'9 21 33 16 22 

3.4.0 o..& 57.2 0'7 1 3  22 4 17 



88 GEODETIC REPORT [VOL ~i 
TABLE 6.-Mean error8 El and E, fw 1930. i 
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TABLE 7.-Menn errors E, and B2 for 1930. 
BHAVNAGAR 
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F:, i r  w i t h  rrgard t , ,  qign: Ep ia without regard to sign 
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TABLE 9.-Mean errors El and E, for 1930. 
COLOMBO 

L 

MEAN ERRORS errors Number exceeding of 

(Predicted -actual) 
30 0 .9  

PERIOD 
minrrlss  feet of 

El8  El* of time height 
1130 - -  -- 

H. W. L. W. H. W. L. W. 
Time Height Time I - I I I ~ I ~ N ~ P S  1 .feet I I I  ~ ) Z I L / C Y  

-- 

16-28 6.5 

16-30 23'9 

blny 1-15 13.8 

16-31 4.4 

J I I I ~  1-15 5.2 
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TABLE 10.-Hean errors  El and E2 for 1930. 
TRINCOMALEE 

i s  with regard to sign : E, ie without regard to sign- 
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TABLE 11.-Mean errors E, and E, for 1930. 
MADRAS 

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

PERIOD 

1930 

Jan. 1-15 

16-31 

Feb. 1-15 

16-28 

Mar. 1-15 

16-31 

Aprill-15 

16-30 

May 1-15 

16-31 

June 1-15 

16-30 

Jnly 1-13 

16-31 

1 1 - 1 5  

16-31 

Sept. 1-15 

16-30 

Ocb. 1-15 

16-31 

Nnv. 1-15 

16-;j0 

Dvr. 1-15 

16-31 

hrrrL8 

Number of 
errors exceedinp 

.70 0.4 
minntes t e t  of 
of time (eight 

1 ; 1 $ 

J[mxa.., 
I 

MEAN ERRORS 

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

0 

3 1 
+ + 3.2 11 - 0.0 

( I'redictecl -actual) 
- 

El' 

H. W. 1,. W. 
Time Eleipht Time Height, 

miiutten 1) feet I in i i lutc*  11 feet 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

4 

0 

0 

0 

12 

10 

4 

3 

0 

0 

0 

0 

0 

0 

1 

0 

3 

0 

4 

3 

5 

11 

19 

2 

0 

77 

I .;. r;; 17.: I . I , n . s l  T-.-- I 1 / 

El' 

2 

0 

1 

0 

6 

7 

3 

4 

0 

1 

0 

0 

1 

1 

2 

0 

3 

0 

4 

8 

0 

8 

16 

3 

0 

6 8  

H.  
Time 

rnt~~rr tee 

8'8 

6'9 

11'3 

7'5 

12'9 

7'1 

10'5 

5'8 

5'9 

5.4 

5.9 

R.3 

6'3 

4'4 

6'9 

4'1 

6'3 

6.1 

6'5 

6'7 

7.4 

12.4 

9 ;  

14.2 

187-2 

+ 

7'4 

5'4 

10'9 

4'7 

12'5 

3'4 

10.5 

2'8 

4.6 

0'1 

4 3  

7.7 

3.9 

;j,:j 

5.5 

0.3 

5.2 

1.5 

4.2 

6.2 

104.4 I 
------_._- 

W .  L. W.  
Ht. I Time , Eft, 

- 

0'1 

0'5 

0'4 

0'3 

0'2 

0.1 

0.1 

0'1 

- + 
0'1 

0'3 

0'1 

0'1 

0'2 

0'2 

0'2 

I 

+ 
0'0 

0'2 

1 
! 

0.0 

1 
0'1 

I 

1 0'1 

1 0.1 

' 0'0 

! 0'2 

- 

0'1 

0'4 

0'3 

0'3 

0'2 

0'1 

0'1 

,fee/ 

0'1 

0'3 

0'2 

0.4 

0'3 

0'3 

0'2 

0'1 

0'2 

0'1 

0'2 

0'2 

0'2 

0'2 

0'2 

0.3 

0'2 

0'3 

0'3 

0'2 

0'3 

0'5 

0'2 

0'2 

f e e t  
-- 

0'1 

0'2 

0'2 

0.5 

0'4 

0'3 

0'2 

0'1 

0'2 

0'1 

0'2 

0.1 

0'2 

0'2 

0'2 

0.3 

0'1 

0'2 

0'2 

0'2 

0'3 

0.6 

0 

0.2 

0'1 

0.3 

0.1 

10.3 

I 5.61 1711'2 I 5.7 1 

0'2 

0'3 

0 2  

0'3 

! 

~ ~ l i ~ l u t r a  

6'8 

6'5 

9'6 

7'4 

10'7 

6'6 

10'4 

9'1 

6'6 

5'3 

4'8 

8'0 

5'1 

3'7 

6'6 

4.6 

5'9 

6'0 

6'8 

8.1 

7'8 

9'3 

11'2 

12'3 
I 

+ 
5'2 

5'9 

8'8 

6'4 

10'7 

3'3 

9'7 

7 '3 

4.5 

2.0 

3'0 

7'8 

4'8 

2'1 

2'8 

6'4 

I 

- 

' 

1 
1 

0'0 

0'0 

0'6 

2i.0 0.9 

1 
I 

0'1 

0'3 

0'3 

6.5 

0'0 

3.9 

0' 1 

5'4 

4'3 

1'3 

8'5 

12'3 

2'2 

0'0 

0.6 

0.0 
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TABLE 12.-Mean errm El and E, for 1930. 
KIDDERPORE 
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TABLE 13.-Mean errors E, and E, ,for 1930. 
CHITTAGONG 

' '1 is with mpard t o  sign : E2 is without  regard t o  
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TABLE 14.-Mean errors El and E, for 1930. L 

El ia  w i t h  rryard to aim. E, i s  without regerd to  sign. 



AP. 111.1 TIDES 

I TABLE 1.5.-Mean, errors El ccnd E, for 19.30. 

I ELEPHANT POINT (PILAHAT CREEK) 



f 
E, i a  with regard to pign : El is without regard to sign. 











DEVIATION OF THE VERTICAL 

Latitude Detachment 

1. Summary . -A  detachlnent uiiclel~ Mr. R. B. Mathill., B.A., 
undertook the observation of astronomical lntitudes a t  44 stations 
Ijing at  intervals of about 10 miles along the ineridian 7 5 O  E., 
between Ajmer ( latitude 26' N.) ancl the Ballihiil Pass (lat i tude 35' 
3 ' ) .  Combining these obsc.rvations with those of Major Glennie's 
1925 season in Kashmir, and with two stations of the De Filippi 
expedition, we now have all accurate geoiclal section horn the crest 
of Sir S. G .  Burrarcl's "Hidden Range" in the south, through the 
area of deficiency a t  the foot of the Punjab hills, thl.ough the P i r  
P:llljil, Srinagar Valley a~lrl  Gi-t~at HinGilnyn, almost to the ~ o u t h  
~ ( l g ~  of the Kara-Itoram. 

2. P r ~ g r a m m e . - - H e t w r c . ~ ~  lat,ituclos 28' a ~ ~ d  33' 30' ol)stll.va- 
tions werc ~natlo :~ t ,  all tile st:ltions 011 tho c~:tsterii flnllk of the 
Ciurl15gal.h Mc~icliona] Sel-ics, exc*el,t a t  (i ht:~tioils \vh(~i.t~ Iatitlldtl 
]lad I)(Vli ohstlrvcyl l)rpviouslJ. Tllis p:lrt of tho hc3Yic's c O 1 l ~ i ~ t ~  Of 
short sicl(1s ( :~ l )o t , t  1 (J Illi]cs), nll(1 thtl sl,aciiig of thch stations is JJ t.11 
sllit~d to tilt> ol , j~ct ,  ill view. At thc. south cild of the. ~ror l r ,  11 llt>re 
tho series v~ltprs 111~rp hilly coulltry, it was necessary to 0bst1l.v~ a t  
c)IlP or two clstrn stations h&t\\rclpll racll pair of G . T. stations. Thesc. 
st:1tiolls \vcll*e fixed by resectioll from s t ~ f i o ~ i s  allrl 1)oillts of 1llod~1.11 
tlll)~gral~hic:tl triangulnt,iol1. Bet,w(l(>ll Intitn(1c. 3.'" :I()' ~ l d  thtl 
IIallihC~l Pass, it was also r n l l v e l l i ~ ~ ~ l t ,  t o  placc. tlu. nstrc,noinicaal 
~tztiolls 1lc;tl. thra Brtllil1il Inot,>l Iy,zrl, :111(1 to fix t l ~ t>~ i l  13-y 1 .~s~c t~ io11  
fl'Om s l l~ou~id i~ i : ,  topogrql)liral data.  
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When deciding on the programme of observations i t  was con. 
siderecl that a large number of ~omparat~ively low class ohservationr 
were much preferable to a lesser number of the highest accuracy. 
To be undoubtedly correct within 1 secolid was considered to 
represent perfection, since when statiolis are only 10 miles apart 
this represents an error of only 3 inches in their relative geoidal 
height, and occasio~ial (casual) errors of 9 s~concls were not considered 
serious. So far as the astroiiomical ol)servatic~~~s go, the one-second 
qtandard has probably been achieved, since only two stations show a 
probable error of as much as O"'4, but* the fixing of the geodetir 
position hy resection proved troublesome in some places, and it is 
possible that a few errors of 2 seconds in t.he d~flection ]nay havc 
resultecl from this cause. 

3. Astronomical observations.- The i~istrument used 
was the small Z~ i l i t h  Telescope, 011 a portable iron s t a ~ ~ d .  Thir 
instl-ument was inacle hy Troughtoil cYr. Siinins in about 1890. Its 
focal length is :30 iilchrs, the diameter of its o b j c ~ t  glass is 23  inches, 
and i t  is provided with two huhbles of senbitivity 2'"O to one-tenth 
of an inch It is illustrated ill G.T.S. Volumc~ XVIII,  Plates 1, 2 3. 

The observations were made by Mr. R. B. Math~u. th~.oughout. 
The prugramme was to obse~*vc~ about 8 pairs of latitucle stars and 
1 or 2 cleviation stars on earh of two nights a t  each station, wldcll 
in fine weather leepresents ahnut 7 hours work in all. 

The use of the portable stand saved the necessity for all 

advance ya1.ty for builcling brick pillars. For setting in azimot~~. 
instead of using the meritlinn marl< usually Iaicl out by the arlvancr 
party. the inst,rument was sc~t hp all observat,ion to Polaris befol.~ 
observations hegan. A stlttil~g from Polaris was macle corrccst to i' 
( ~ninntc~s or less without c l i f i i c~~l t~ ,  ancl was checker1 by colnpnrin:! 
t h f ~  tinlrs of tranuit of t h ~  first ],air of zenith stal-s. For c)l)tninill~ 
till. ~erjiiil.rd ilcrtu.acJ all : ~ z i l n ~ ~ t h  tBrror of 5' is n t~gI i~ ib lc ,  l,~-ovidc(l 
the stops art> h o  set tlii~t the tlc.viation is thc s:Lmp in 110th positiolls 
of the itist~~iiment. 

The valucl c ~f the micrc ,mtltcl- screw was cletc.rmined b~fore  alld 
after thr season. : ~ n f l  oc-casionnl rhpck values havc. hc\en 011t:lincd h! 
P( ,lutil , I  L from t h , ~  clisci.t.panri~s I)c~twec~n values of IatiCucle as c~l)tailp(l 
fl.om c1iffert.11 t l,:li~,s at  , ) I r e h  st:~tioll. Thp va1uc.s obtainod havp 
bee11 bntisfactorily c.onstant, a l~ ( l  O I I , ~  value has bee11 ac.cept('d 
thvon~hout. T ~ P  north a~lcl south stars in the programme have 
bpen kept suttici~ntly \ t - \ - ( b 1 1  " 1)aIanccd" to P I I S I I ~ ~  tha t  110 srl.i~llP 
doubt call a r i s ~  from possible prror ill tho micromctcr valuc. 

The disc~.epa~lcy 1,etween t h ~  tirst a11(1 seco11d night's olmerva- 
tions a t  each station, ant1 t h ~  prohahlp error as clecluc~d f~.orn  the 
accc~rtlanc~ of tliffprent star pairs, arc1 give11 ilr Table 1, page 51. 

4. Geodetic fixing.-In the c1entrsl part of thc worlc (3* 
stations) the nsti.orlomical s t n t i o ~ ~  was in the iinmc~diatc vic111it~ of 
a G.T. Station* ant1 tho j i~or l~ t ic  latitwlc was tlptermi~~etl without 

-- - - - - - . - - - -- ---.- - 
k:x('a'l't at 3lakhtl  1'11ran:~ w11,-1,# t 1 1 ~  C)'r rt,lti,)n h;,.: h 0 ~ 3 ~ ~  ~ l r . ~ t r ~ , ) c d  'lI1l' 

positloll o t  t h r -  I ~ . L ~ I ~ I I ~ c  'tittion wits l l t b l ~ b  ( l t a t ~ r r l ~ i n ~ r l  by pl;~ncl-t;thl,. fixln# On ' 
1llod~1.11 1 - I I I C ~  nl.ip 
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TABLE 1.-Latitude Observnt im.  Zenith 'Telescope, 1930-31. 

I 
Station 

BaUillilPa~9 ... 
Nnchilani ... 
Rimbnu .. 

Cl~ioeni . .  
Dnmthal 
Udhampur ... 

Sun~in Snr .. 
Gurhigurh H.S. 
Bhiuu.Chnk T.S. .. 

Ahlgul.h T.S. .. 
Nailu-Sniln T.S. ... 
Ski T.S. . 

Chowinda T.S. . 
Dhiri.kot T.J. 
K ~ I U  T.S. 

Mehhu Purlua 
DaIhffila T.S. . .  
Daraoli T.S. .. 

Konandwlln T.S. . .  
Lskarwiln T.S. 
Peil~na S. 

Knila.Vindar T.S. 
Gar-Wili T.S. . .  
Tilokn T.8. 

Sin 9 
Binkn S. . . 
bmearh 8. 

Siai S. 
Ron~nrri 8. . .  
Nikar Thal 9. 

hndillia 8. 
Qirsl~.Blur S. 

- . 

Bhuruba Y, 

>lair& Daa 8. 
"bnrni ViIjugr 
Pinchmu B.S. . 

Jbri Villn#e , 

uinsirra H.S. . / 
hrkar i  Village 

26 36 11.33 0.m 0.16 26 36 10'6* 26 36 08.1 26 36 09.9 
. 0.33 26 28 09.92 

19 49.67 26 19 49.90 0.23 0.16 28 19 S5.3t 26 19 55: 26 19 55.3 

Shokli \.illRan 
Bllpki H.8. 26 12 48.86 0.39 0.16 26 12 55'Rt 26 12 56r 26 12 55'8 

. .  f 0.44 26 03 55'43 - I 

.- 

feet 

9900 
5000 
2400 

1000 
3800 
2500 

2100 
2031 
1053 

243 
856 
8 4  

833 
789 
784 

687 
728 
759 

745 
736 
730 

727 
717 
710 

738 
710 
69. 

760 
777 
H:i0 

1038 
1112 
12Cil 

1317 
1600 
20.W 

1300 
2423 

0 ' 

75 13 
11 
15 

17 
15 
08 

OJ 
0.2 
07 

OG 
04 
05 

03 
03 
02 

00 
03 
OJ 

02 
02 
00 

75 00 
7.1 59 
75 0'2 

75 01 
74 58 
74 59 

75 0.2 
74 59 
75 02 

@2 
75 01 
74 56 

74 54 
i5  01 
74 56 

46 
42 
42 

Geodetic Latitude8 

Re~ect ion 1 I. T. / Accepted8 1.t night 

A s t r o n o ~ ~ ~ i c s l  Latitudes 

2nd night 1 Diff I P. e 

0 ' I1 

33 30 17'93 
21 22.32 
13 39.73 

01 57.38 
33 00 47.80 
325516.81 

45 38.73 
37 41.37 
26 41.67 

18 38'14 
3% 10 36'86 
b1 32 37.56 

43 16.48 
34 56.73 
26 1 0 . ~ 4  

31 06 46.11 
30 59 05.62 

. . . 

30 39 39.26 
3035.62 
13 10.01 

30 03.45.35 
29 55 52.38 

49 01.83 

31 34-34 
22 41.73 

290108'82 
28 53 26.37 

41 16.52 

18 04.72 
28 07 16.45 

. . . 

.27 35 58.24 

27 13 30.4.5 

, , , 

28 54 30.45 
4440.08 

0 ' ,, 

33 90 16.11 
21 21.95 
13 39.41 

01 57.74 
33 00 47.90 
325516.22 

45 38.39 
37 41.91 
26 43.14 

18 37.33 
32 10 37.07 
31 52 37.84 

43 16.56 
34 56.44 
26 1u.63 

31 06 46.37 
SO 59 05.25 

4835.61 

39 37.68 
3034.83 
13 10.01 

30 03 45.17 
29 55 52.19 

49 m.62 

31 33.60 
22 43.14 
13 03.73 

290102.69 
28 53 28.68 

41 16.71 

18 05.12 
261 07 16.24 
27 46 3i.33 

:35 57.7; 
26 07.37 
... 

, ~ ; n 4 : j 6 . 1 5  

pfik:fl~1.27 

" 

1'81 
0.37 
0.32 

0.36 
0.10 
0.59 

0.34 
0.54 
1.47 

0.81 
0.21 
0.28 

0.08 
0.26 
0.21 

0.26 
b.37 
... 

1.58 
0.79 
0.00 

0.18 
0.14 
1.23 

0.74 
0.41 

... 

0.13 
2.31 
0.19 

0.40 
0.21 

. 

0.47 

. 

0;81 

f 0'33 , 33 30 27'5' 
0.17 21 54.3' 
0.25 1 14 12.7t 

0.19 / 02 33.4' 
0.28 ' 33 01 23.7' 
0.16 325551.6' 

0.23 1 32 46 02.6' 
0.18 1 
0.31 1 

I 
0.30 i 
0.15 , 

0.14 ~ 
0.14 
0.15 / 
0.23 , 
0.17 , -.. 
0.20 
0.14 

0.40 
0.20 
0.15 

0.18 
0.14 
0.29 1 

33 30 29 
21 52 
14 13 

02 31 
33 01 20 
325552  

32 46 04 

310649  

. 

8 6 4 2 9 2  

264437.2 

0.17 
0.15 
0.33 

0.19 
0.35 
0.16 

0.17 
0.16 
0.27 

0.23 
0.28 
0.24 

0.24 
0.15 
0 . a  

.79 30 28'2 
33 21 53.2 
33 14 12.7 

33 02 32.2 
33 01 21.8 
325551.8 

32 46 03.3 
32 37 59.94 
32 26 55-69 

32 18 44'84 
3'2 10 40'06 
31 52 36'14 

31 43 13-72 
31 34 53.52 
31 26 08.72 

310649  
30 59 06'89 
30 48 36.17 

30 39 37'85 
30 30 33.92 
30 13 11.64 

30 03 48-27 
29 55 53-39 
29 49 03'00 

29 31 35.39 
29 22 43.51 
29 13 04-50 

28 01 02.80 
28 53 26-45 
28 41 17.23 

28 18 05'45 
28 07 17-51 
27 46 41.78 

27 35 5 9 . k  
27 26 06.U) 
27 13 29-66 

270432'30 
26 54 2.5.39 
264437.40 

I 

270422.3t 

264437.6. 
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difficulty. At the r4maining stat,ioiis the geodetic fixing was made 
b~ theodolite resrctit)ll from topo. triailgulatio~l data and also by 
plni~c~-tablt. revectioil froin the 1-inch map. 

The accuracy of the theoclolite resection proved disappointing. 
The necessary accuracy of angular measurement call of course be 
obtaiued without nlly ciifliculty when using the most primitive 
theodolite, but thtl idt~litificadioii of old, unvisited, trig. points is not 
easy. This is especially so ill the case of hills viewecl from a deep 
velley. Half a doze11 or Inortt points were generally observed, as 
well as iL Polaris or Su11 aziniuth, aiirl it is apparent from the dis- 
corclnnce of the rays (wheil computed semi-graphically) that in 
niallj vases the acceytrtl positioli is liable to ail error of 3" of latitude. 
On the othtlr hand, when the plane-table resection is based on 
aeveral il~clepenclent pic~ces of conspicuous detail shown 011 a moderll 
1-inch map. it is thought that bile error of fixing is unlilrely to 
exctwl 2". ant1 \\-ht~i.r~ the theodolite fixing is clearly liable to 2" 
error, the rneail of the two values has heen accepted, as shown in 
'Fable I .  

Thc question o f  g r n t l ~ t i ~  fixing hy resection is (we of great 
importm~ce from the poiilt of view of furthering the rapid and 
inexpensive ohsprvation of sections of the geoicl. Except in flat 
country, stations of t h ~  primary triangulation are the 
least accessible points of the dist,rict. in which they lie, and they are 
generally placrd ton far apart for the cleflection a t  their sites to be 
conaiclered typical of the intervening country. Recourse tc, minor 
triangulation is thrrefore imperative: nor is i t  objectionable, since 
nn error of less than 1 seconcl (100 fee t )  represents perfection, and 
(lccasionaI (casual) errors of 200 or even 300 feet do not real17 
matter. It is, ~ O W ~ V P I - ,  often inconvenient to carry t,he camp and 
~cli~ipnient evpn to the nearest minor triangulation station or point- 
'rhr irlenl a t  which to aini is that tlw detachment should move along 
3 mail1 roar1 ipref~1-ahlj- 17y motor car) ,  halting for a day and two 
niqhtq. or wen Ips*. a t  11-hatever intervals may prove most suitable 
flbr tllr ~ ~ w k  ill hanrl. I f  conlies have to be engaged and camp 
innvet1 to n hill top s o m ~  miles froin the roacl, a day or two will 1~ 
w a s t ~ ~ l  a t  ~ a c h  statinn. and progress mill h~ halved. 

The r l i f ic~~lty of r~section from trig. point,s was foreseen, and 
thig s~ason's  work has shown that it is not easily overcome, although 
t h ~  agr~l>lllf>llt wit11 tllp plane-tal>le fixings is sufficiently g(~ 'a to 
ahow that ~.t~qultp l,a*tvl on ~itliclr W O ~ I ( I  llot haVe beelI very ~t~1.iousl.Y 
wrc)ll#. It ~ Y I R  hol~cld that 133- tal<illg spC*ciaI (#are with the' trig. 
1-(>swti011. it 1vot1111 have 1,~t.n pos~ihle to prove the accuracy of the 
1)lanp-tahlp rr*sr3ctic)ns for f u t u r ~  years, hut this has not been fully 
~ ( ' h i ~ \ - ~ ~ ( l .  I n  thr four c a s ~ s  where tlltl fornlpr is rvally reliahlr, 
~ l i ~ c r ~ l ) a l l c ~  ha8 l j ~ ( h 1 1  trivial in tllrtbp cases, alld :j".:i in the fourth ' 1 ). 111 t h i ~  last case, thch p]al1t~-ta~]p reacctioll was basrd 011 

all 0 1 l 1  mal). whit h is no t  a fail t ~ s t .  UnfortunateIy two of th'' 
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favourable cases are also based on old maps, and so inust perhaps be 
attributed to chance. Tllere is only one case in which a good trig. 
resection is associated with a new map, and the error is there O'"3, 
which is good. But there is no case, except Jusri and perhaps 
Dramthal, where the trig. resectio~l is not liable to as much error 
as the discrepancy between the two methods, and some confidence is 
felt in the probability of good geoidal sections being o1,tained from 
plane-table resections only. 

5. Nar ra t ive  of season's work.-The detacli~nent~, consist- 
ing of Mr. R. B. Matllur, olle recorder and ten lthaliisis, left Dehra 
Dun on 27th Oct., and started work a t  t'lle Banihiil Pass on 211d 
Nov., whence t,lley worked coiltiiluously from llorth to south complet,- 
ing work at Buplri H.S. on 9th March, and reaching Dehl-a on 11th 
March. Inconvenience, ailcl a certain anlount of delay, was causecl by 
clouds, but it was rei-y seldoln that  the full programme could not be 
completed in three nigllt,s. On these occasioils a reduced programme 
was accepted. Sno117 and cold caused much disco~nfort in th(i 
Banihi1 Pass, and tvater was poor and scanty in the part of the work 
which lay in Ri,jputiina. Various fornls of transport were einplo,veil: 
lnotor lorries, inules and coolies on the Bailihiil roacl: country carts 
in the Punjah and Ajiner : and perlnaneilt camel t,ransport in Rajpu- 
tins and parts of the Pulljab. 

The normal routine was to march in the early morning, reach- 
illg the next stat,ion sc,ou after midday. The instrument was then 

up and the geodetic fixillg cal-ried out, when necessary, i n c l u d i l ~ ~  
the Polaris azimuth at clusli. Observatiolls were made that nigllt. 
wllich were computed the llext clay, when the progranlme fol tile 
llext station was prepared. The secollcl nigilf's obseruatioll 
followed, and camp was brolien 011 the morning of the third da!-. 
with inexhaustible pP~aonllel ,  perfect meatller and no trall~p0l.t 
rlifi~ultiex, it aoulrl possil>le to ol.serve 15 stations a lllolltll 011 

hhis system. Artually Mr. Mat,hur ohserlred 1 2  stations in J anum-~  
maintained a n  average of 10 st,ations a month. 

, The total cost of tile detacl~lnent (excluding provision fn'. 
ln$truments and acl~nillistrat,iPe supervision ) lvas R,s. 9,000 d u r i l l ~  
the field season, t o  wllicll ma,- be added about Rs. 2,000 for ' ~ 0 1 1 ~ ~ ~ -  
tation in rec~ss. a total cost' of ~ , s .  %,TO per stat,inn, a reprllt wlllch 
Is  v",Y crcdital)lr. to Mr. Mathul.. 
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lesselled by n simple device which Mr. Matlhur improvised. All suit. 
able stars of the Greenwich catalogue are  plotter1 by R. A. ~ n d  
declinatioli on a long st,rip of squared transparent cloth ( 1 cm. = 1 
of 6 or 10"' of R. A. ). I11 order to prepare the prograinme at anr 
station, the chnrt is folded along the declirlation line correspondin; 
to stars which pass through the zenith a t  the latitude concerned. 
The chnrt is t'hen held up to the light, and pairs with suitably similar 
zenith distances and R. A's. can be iininediately selected. This de. 
vice was particularly useful when clouds caused interruption in thu 
programme previously prepared : changes in t'he programlne could It 
made a t  a moment's notice. 

A statement of results, in the form of an  addeildum to tllv 

Suppleme~lt, to Geodetic Report Vol. VI  ( list of all Indian deflecticlr; 
stations) is given in Table 4 ( pages 68 to 73 ), a t  the end of thir 
chapter. 

7. The geoidal section.-Table 2 ( pages 58 to 59 ) show 
the values of the deflect,ion found a t  this season's stat,ions, and 81 

older stmations aloiig the same line. The table also shows tllf 

defle~t~ions referred to the Int,ernational Spheroid *. 
In  Plate VI, these deflections are integrated up to form a see 

tion of the geoid. The line of section is the meridian 75' E. from 
latitude 26' to latitude 34' 335' (near Churawan. See Geodetit 
Report Vol. 111, Plate VIII), whence the section line turns north 
past to Skardu. In the flat country south of latitude 33'' stationi 
which do not lie exactly on the sedion line have been assumed to 
lie on i t  a t  their true latitudes, but in the hills statiolls off the lint 
have been projecterl on to i t  in a direction parallel to the 
trend of the Himdayas. In  the small part  of the sect,ion north ol 
latitucle :34' 3.5'. where i t  does not run north and south, the total 
clptlection has h r ~ n  assumed to lie at right angles to the hills, and 
t h ~  nbserv~cl meridional cleflections have consequently been (ratha 
dnuhtfully) multiplied by 1.3 to give their components along thp 
~ ~ r t i n n .  

The Hapford anomalies have similarly been integrated uPk  
$ I ~ P  the qection of the compensated geoid, see Plate VI. The platp 
a ls l l  s h o ~ ~  the sectinn of t,he survey of India No. IT spheroidt* 
pI~l,b*ll in  ~~osi t i l~l l  r r l a t i r ~  to the 111ternational spheroicl, SI, that tbp 
rl.l;ttil,ll-: l b f  tlli. ,awlicl aii(1 cnrnp~~~sa ter l  geoirl to this sI~h~~rnid ar' 
nl~lb rh1nv11. Fl)r. frirthc.1. co~npnripou the plate illc1udc.r a sectill" 
*hO~rillc t l l ~  nv(tl.nqll h r i ~ l l t  nf the country, anrl a curve nY - 7 ~ 9  tI11 

0 1  i t  I m a .  This curve. is proclucecl f r o n ~  the contoup 
?Ir.lll o n  ( ' h ~ t  XII. ~ x w p t  north of the Yrillnyar Valley, th' 

l11c.d Y ~ V P I I  ~ 1 . p  thosrt at  stations on the line. Rrkfer~nce " 
( 'hart XI1 q h o ~ q  that nlitside Kashmir the gmvity data are rathpr 
*rant!. and thi9 curw only shows t,he variation of p.avity in a 
&.~neraliwrl manner. 

- - . - . - - - - -  - - - - 
K i t h  ~ 1 1 ~ ~ h  r l~ f l cv t ion~  at the  origin 114 prodnrp the h s t  fit b t m e c n  it andtbt 

Indian C'on~pona~t~gl O , v ~ i r I  
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The datum heights of t,he geoidal sect.ions above the Interna- 
tio~lal spheroid a t  the south end have bee11 so clioseri as to make the 
southerly 200 or 300 iniles agree as closely as possihlr with the 
geoiclal contours published in Geodetic Report Vol. V, Charts X 
alicl XII. 

The form of the cornpensatecl geoid calls for cominerlt ill some 
respects. It is noticeable that th r  fall between lats. 2 6 O  and 31' 
agrees closely with tlist shown in Geodetic Report Vol. V, Chart 
XI1 ( 8 2  feet compared with 33* 1. It had beell expectecl tha t  the 
 revi ions pancity of observations ill the Pulljab inight have led t'o 
so~llc i~lnccuracy there, since the steady fall to  tlie north appeared 
rather incompatible with the predominantly positive gravity anoma- 
lies ohtaiiiecl over most of the nor t l i~rn  part of tlie area, but i t  
appears that this is not the case. 

As \vas anticipateel in Geoclet'ic Report Vol. IIT, page 81, the 
c.onl~el~sntc.d geoid in Kashmir 1ic.s ill  considerably closc.1. agreement 
with the Survey of Tnclia No. 11 spheroid t1ia11 i t  does wit'li tlie 11ite1.- 
iiatiollal spheroid. That this should be the case insiclt. India was to 
he expected, si~lcp the Survey of Iliclia No. I1 spliei-oid was o l ) ta i~~c~d 
by solving for tlie sl~hc>roid whicli would b ~ s t  fit t l ~ r  coinp~nsa tvd 
geoid ill Il~clia, but, i t  was not 11ecees:~rily to be exl~ectrtl tliat f u t u i ~ >  
clxtensions of the gcloicl woultl point the same nrny. The* s ~ p ~ r i o r i t j  
of thr tit bct~veei~ t l ~ c  coinl~ensatecl geoicl ancl thc SIII.VP,V of India 
NO. 11 splioroid is csl>ecin llp. iiot,iceahlr whe~i thc rel:! t i o~~eh ip  bet- 
\ W ( ~ I I  the gri~vity nnnmalirs :11ld the geoidal undulatio~is a1.o coi~sitler- 

It is not, to 1~ clxl~ectecl that I/ - y(- sllorlld he cli~-c.c.tl~- 1,ropor- 
tionnl to thc hcigllt of the compensated gcoid al)ortj tllr sl)l~croid, 
I lc ) l .  ( . V ( ~ I I  that a11 stations of 11ositi~e gravity anolnalj hllould lir 011 

ntotl 1)(11'1 .: of tl1p poitl ,  but 1v11vi-t. s c ~ c ~ a l  :rnvit~ stations 
intlicbatc. :I cl(ltil1itc~ :ll-(>a of exce ss or d(bf'c.ct, the> compe~i~:ltod gcoitl 
n1:I~ 1 1 t h  t ~ \ l ~ ~ c t r ~ d  to shorn sol~lo c o r r c s p c i  untlulntio~i. T f  i11(1 
Illt~r~intior~itl spllproirl is acc*c~l~tp(I as a standn~.tl, thv co~nl)c~~~e:tt ( ~ 1  
woirl s h f ~ ~ v s  vpry ]ittl(l col.l-(~sp~,llclcncc with t l ~ o  vnrixtio~r of KI  avitj. 
Wit11 thfb c~.ucc~l1tioll of :t narrow arcla of tlefect nclal P:I tl~;i~~lcclt and a 
l)l'"l)al)l~~ c l ~ ~ f ( ~ ~ t  llortll (,f Sk:irilu, g:.l.ilvity is cont i~ l r~ous l~  ill rxc.css 
( :llrfsr:k;i~~K, :I 1~ )lit j -  Oa()?O ) t l l r~ l lg l l~ t i t  th(1 l i~ic  of t11tl stlvtioll, \\rIl tbluOil~ 

t h ~  ('0111pe~11s:tt~tl gec)irl fa l ls  colltilluon~ly fro111 110rtll to sorlth lY?Wh- 
n ( l ~ ~ l ~ ~ ~ s s i o ~  of 35 feet ill tllcl Ilc~avily pcwi tivr arc:1 of Deoe:ti, 
thvlr falling even moy(a s t~el , ly  to the end of thql sc~ctioll. W ~ P I I  

011 the) cltl1c11- llXII(] tllC SIII'VfhY of 111clia No. I1 s])Ii~roi(l is tn1ccl11 as a 
st:llrt~nrtl, qrnvity Rntl tllc. qchoic\al sectioll show a rensonahly clostk 
O I I S ~ .  TIle cc,llsistt*llt]y positive. gl.nvitg i~nomal i~s  ill the 
sollth n1.c :lssocintccl a high geoid, the Pathinkot tlcficicncb!. 
wit11 a s~nall d ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ,  and the excess in I<nshil~ir is rclfleci- 

i l l  a l.isc,. st,crlj fall of thr  groitl f ron~  Dcosai 
to Slc;ir(ln is not ill ol,vious :lc~c.ortl wit11 t h ~  1)ositivc. a~io~nill i t~s fonnd 
tll('l '( 'l I )u t  i t  is in nccorilnncc, with an i~~tc l i sc  ~iegittivc~ al-on to the 
llortll, W ~ O B P  C X ~ S ~ ~ ~ ~ ~ ; ( ~  is ;lls~) illdicateil ljy De Filippi's station a t  

- -- -- ----- 
' Thfn :agrc3~mcnt is not wl,l] Inninfained hrtnrcrn 31' and 32". wherc t h ~  new 

qc'ction ~ i v ~ q  x flll.thcr fall 17, f,.l.t compnred with 5 This is, howrv~r,  theextreme 
pdas the olrl geoidal chart, and it is nn area of heavy anomaly, a here good results 
cAn'lot hr. c-xlwrted from observntions. 
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Depeang. This Depsang station is 100 miles SE. of the line of tht 

present section, but i t  has been shown on the gravity anomaly chart 
a t  the point where the section cuts the range on which it etanda 
There is no doubt that, as measured by Hayford's standard, there ia 
R heavy defect of gravity uncler some parts of t,he Kara-koram. 

If the Survey of India No. I1 spheroid is accepted as a standard 
the good fit of the compensated geoid, compared wit,h that of the 
natural geoid, shows t'hat in Kashmir Hayford's hypothesis has been 
many times more successful than the free air hypothesis in smooth- 
ing out geoidal anomalies, although both are equally unsuccessful 
in removing t,he widespread rise of the "Hitlclen Range" in lati- 
tudes 26" and 27". It seems evident tha t  this "Hiclden Range" Is 
definitely an anomaly which no generally applicable system csu hop 
to eliminate. 

If all the anorrialies of dt.nsit3y in the earth w c ~ e  continet1 to a 
thin superficial layer, i t  would be possible to locate and measurr 
them hy means of' gravity observations only. The anonialiths having 
1)erli measured, the geoidal undulations arising from then1 (.auld hr 
c.nlculated, and if these undulations were subtractthd from the 
observed form of the natural geoicl, a perftlct spheroid slloultl rrsult 
For this to he possible, the superficial layer containing the altomalies 
must be thin compared with the wave-lengths ( crest to crrst ) tjf  thp 
highest order harmonics necessary for a reasonnbly accuratcl rep1.e- 
sentatio~l of the anomalies. This condition is not fulfilled with all! 

acciil-acy, hut the depth ( 70 miles or less) within which allornalirc 
prohrtbly occiu. is fairly sinall compared with t h ~  size of tlic major 
variations O F  ltnomaly in India, anrl a geoidal form ca1cul:ttrtl from 
gravity ot)sc~rvations shoul(1 beay 1,roacl resemhla~ice to t l l f~  tnlth. 
This pr~c(>se has not heen carried out*, hut the relation 1)pt~pPII 
gravity nn(l the geoicl in Kashmir and tho Pulljal, is such as to makp 
it fair!. t~vident that in 111(lia tllr rc~sultillg spheroid 1~v)ultl 111seml)lr 
the Sorvry of Intlia No. I1 spheroid rather tllall the Inter~latioll~I 
~l~hp1,oid : w11il~' in other parts of the worlcl ( e. g. thtb U. S. ) t h p  

I n  tt~r~lntio:~nl spheroicl might be more li]cely to result. If cliff(.rrllt 
c-ount~~ir~s ~ i v v  ~ C ~ Y I I ~ ~ S  which are (]efinit,ely contradictory, it c.:t~l ()llI! 

I]? c o l l ~ l ~ ~ l f ~ ~ l  that thcre (lo tbsist \vidt~spr~~acl arlolna,lies of t1,'ilsit.Y at 

S()lIle c-ollsi~lr~r'nl~ly greater clopth than 70 miles. This R ~ ( ~ I I I S  RJ1 1111- 

lilrely liyl)oth~sis, alitl it is I I O ~  to 1)e accepted without m11(,11 ~t l*~~nP'r  
cbvi(lllncr~ than is a t  present nvailahle. 

8. Deflection observations in Burma. -During I !)30-31 
No. 1.5 Party (Triangulation) ol,served fivr latiturle ant1 iizimllth 
stations Ileal. Kengtung ( seth Chapter VI, p;ll,a Fi), thca l~.sults of wllicll 
are conveilie~ltly reported ill this Chaptel., htaing inclutlecl ill 'rnl)lf' iq 

Pages 72 to 7::. The deflections ill rnc~ritlial~ c:tll for no cbolnlnllnt+ 
hut those in the prime vertical arc l i a h l ~  to serious error on :~ccoun~  
of doubt in the accuracy of thtb geodetic azimuth. Tllc ne8rpcrt 
Laplace stations are a t  Chittagong and Akyab, where the accUlno- 

- -- 
For the reverse process see Geodetic Report Vol. V, page 74, and Chart4 

XIV and XV. 
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leted azimuth error of the t8riangulstion ir + 7", and these deflec- 
tions have beell computed on t.he ~seurnpt~ion that no further error 
has accumulated between Akysh and Kengt wig. It ie, however, 
p~.ohable thet the error in geodetic azimuth a t  Keilgtung ie more 
like t lo", in which caee the eawterly deflectione require to be 
rlecreeeed by about 7", and urltil the Kengtung Laplace station 
is ohaerved, these prime vertical cleflecfione muet be coneidered 
Provisional. 
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. . TABLg 2.-Devhition of the vertical. in mevidhzn 

Poshkar H. S. 
Gogipatri H. S. 
Hanihiil Pius . . 

Nnchilani . . . 
Rin~ban ... 
Chineni ... 
Drnlllthal . . . 
Udhnmpnr ... 08 -33.4 -29.2 - 9 . 1 ,  
Srrruin Snr ... 

(411rhigarh H. S.  . .. 2O;jl 
Hhi~ru-Chak T. S. .. . lO>:% 
.-it:lIgarll '1'. s. . . . 9-1;j 

31nilu-Sailn T. S. ... H j t i  
ShC~hpi~r '1'. S. 
Siri T. S. 

C'howinda 1'. S. . . . Rj:{ 
Dhiri-kot T. 6. . . 789 
Knlla T. 8. . . . 

Si~ngatpnr 'I'. S. ... 779 
>\lah-hu P I I I . : ~ ~ ~ .  .. t i H j  31 O j  
r):~li~\vila T. S. . . 72% 30 59 

L);~r~t\li 'Y. S. , , . 
Kr~uandwal~~ '1'. S. 
1,;tk;trwiln '1'. 8. 

l ihi~ni~ina. T. 8. 
Jlaihna S. , . 
Ihiln- Viinclar '1'. S. 

f.kr~.-I';;>li '1'. S. 
Tilok;~ 'T. S. .,. 
Si\vaiplur T. S. 

Sirs8 ki. . . 
P,nnk;t 6. ... 
E5mgwh 6. . ,  . 

. .  . 830 

Bin1 'I ha1 S. ... 
Ranrlilia 8. , 

Ciigla-Rhar 9. 

Cinrinrla H. S. 
Hhlimha S. .,, 
Jlaira Dig  S. ... 

N n l . ~ :  ~ ~ i t ~ ~ l s  sign rlenutaa S .  ,,1. E. deflpction of the plumb-line, 
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TABLE 2.-Deviation qf the verticcrl ili, meridinn. - ( concld. ) 

Station 

-~ .. - 

Heighk L a t i t ~ ~ d e  

I/ 

+ 4 .4  
+ 4.:3 
+ '7.2 

+x.k 
+ 5 . ~  
+ 5.H 

A - ~  
I ~ o ~ ~ g i t u d e  I E&:t llk.rz I Sp'lemia Sphemil 

Shnmi Village .. 
Piinchwu, H. S. . . . 
Jusri Village ... 

Hayforc 

Sphemi, 

feet  

1600 
2048 
1300 

Kinsirra H. P. 
( : 2 , + 5 . 0  

Kharkari Villago .. 1450 + 2.:{ 
NR~IVRI' Villitgc! + 1 . 9  

+ H . 9  
+ ti. 1 
+ 5 .7  

I '  0 ,  

I 

2 5 2 6  ' i 5 0 1  '+ 1 . 1  
1 '74 56 + 0.H 

2 0 44; + 3.H 

41; / - I 

47 : - 
30  / - 6 , s  

i 
'74, 4C) 1 - *>, 4, 
7.500 + R . O  
'74 56 1 -16.2 

7 %  $ 1  1 1 
7.4 5.1. 1 - 2 5 . 6  

G i d h a  H. S. ... ... 
Asapora Vil lagr . .  

Shokli Villi~gt! . . . 

Rupki H. S. .. . . . 
Echnn .. 
Pingalan ... : 

Srinagar . ... 
Zebanwnn a . . .  .. 

+ 2 . 2  + 2 . 0  
- 2 . 0  1 - l . : j  

I, 

u 5 . 2  
+ 4 . 9  
+ 5.H 

- : j .% 

- 1 .C) 
- 1 . 2  
- 9 . S  

- 2  
-1H.(i , 

Hnyan 60x4 , 1.1 74 58 -20.8 
, 

1 

+ 2 .2  

S o n i l ~ l m . ~  
Chnra\v;~n , , . 
J l i n l ~ l n r ~  

1)cos;~i [ 
Ucoe;~i I1 ... ... 1 2 ~ 0 3  :{,i 02 75 24 ! - s . 0  + 15. 1, : - 21 .0  
Dcusit i III  ... .. 12;391 1 :jJ. >,i , 2; 1 + + . , ; , . ( i . ~  + y s . : ;  

241H 
1500 
1:300 

1878 
,5447 ' . -  - ., ,, - 
51C)H 
Hi99 

- 2 .5  

- 1 . 5  
+ 2 . 1  
- 1 . 4  

- 0.:{ 
- 1 . 5  

WOZIII H:ttlny 
Skirdu ... . . .  

28 
, 20 

18 

Zti 04 
5 
: :  54 

:3.& 05 
04 

* r\l)lwoxi~l~:ttc,. 
Nc)'PE: J T ~ I I ~ I S  s i p 1  ( l~notos  N. o r  E. d(~floc.tion of t h o  p111111h-li11tb. 

! - -  9 ' : j i  12 7: 32 +L'5.7 
I 

+ :{:b2 - 
t i  i 5 1s  ; : + L'S . : I  + :<: .s i + ?!I+ 

I I I I 



SECTION 11 

The traverse across the Great Indian Desert 1 
9. Programme.-As a part of the gravity and gradioinetn 

programme of No. 14 Party the desert was crossed roughly about 
Lat. 28' N. from Reti NE. of Sukkur to Kolait SW. of Bikaner,a 
total distance of 212 miles. The opportunity was taken to makr 
observations for deflectio~l in the meridian and prime vertical al  
nine stations on the line of this traverse ; the geode tic positions nf 
these deflection statiorls were obtained by means of a special 
theoclolite traverse. 

10. Personnel and t r anspor t . -A  small camp consistin: 
of the head clerk ancl 7 khal&sis was left  a t  Reti. The reinai~~drl 
of the party left Reti on 3rd November, 1930, a~lcl spent two rnontll. 
011 the journey across the desert. 

Exclucli~ig the camp at Reti. the party was organix~tl for tll l t  

111arch as  follow^ :- 

I. Traverse sect,ion. 

( rr ) Theodolit'c squad. 
. . .  Obsc~rvf~r Major Gle~iiiie. 

Rrcordr*~, . . .  Computer K. M. ~~~~~~~~~. 
Khn.l<~~,i s . , .  . . .  . . .  .) 

( h )  H u i i t ~ i  Short. Base squad. 
(lomputc.r M~~khta i .  Ahmrd ( i l l  chnl-gc' ) 
Khn!isi:.; . . .  . . , ~i 

1 I .  (?1.a,rlio1nc~tt~1. s:lc t.ic)l I .  

O ~ S P ~ V I ~ I *  . . .  Mr. L. D. Joshi, U.S.S.  
Khnlasis ... . . .  . . .  I:! 

[ I T .  H~~adqua,rte~,s.  
Khalisis.. . . . .  . . .  I. 
Privatcb servants . . .  , . , 2 
Camp1 men . . . , 2 7 
Load camels . . .  . . .  7 1 
Riding camels . . .  . . .  :! 
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11. Equipment.-Besides tents, pe~idulum, astrolabe, gra- 
diometel. and t.raverse equipment, eighteen cainel t a i ~ k s  of I:+ galloll 
capacity and rat,ions were carried. 

Rat,ions for t,he khaliieis comprised :- 
. . .  Rice . . .  ;+Oinaunrls 
. . .  At'a . . .  30 ,, 
. . .  DtLl . . .  8 ,, 
. . .  ... Potat,oes . . .  1 

Onions . . ,  

Salt . . .  

The clsl rc.maii~rtl over a t  the  encl of thtb tr ip as the  well-water 
wits found to be u~isuitable for cooking it. Diil should not he 
talten illto t,he desert, unless i t  is antici1)ated tha t  rain water will 
hr available. The cainel men carried their  ow11 supplies a i d  hacl 
to replenish en route 11y sencliiig t o  Kishangarh and Vij~iot .  The 
stock of food-stuff available for sale a t  these places is meagre and 
very rxpeneive. Poultry, goats and sheep coultl be obt aiiied from 
tho nomads in the desert, hut  no other supplies. 

12.  N a t u r e  of the count ry . -The  first i ~ i n e  miles E. by 8. 
of Reti was through flat irrigated country. L011gw';Lli H. S. 
I Lat. 26 0.", Long. i O o  O O ' ) ,  the  site of tht1 first calilp, \ras oil the 
flsingcl of the> 1.clal ( l t b ~ ~ ~ t .  

Fro111 heye 011, t h r  routch Iiept n milt, 01. two I I O I ' ~ ~ I  of Lat. ?I0 
as f : ~  as LonR. 70' :IS' allcl tlltlll gi-aduaIIy sagget1 to S 111iles south 
of Lat. 48' fillally swillgillg NE. a t  Lolig. 72' 1:;' so a s  to  calose OII  

Ul~(~rth:tl H. 8. %he rontc, kv:l,s st l~aight across c~oi11iti.y as 110 t~':lcli~ 
Icbrl to t,htb ~ x s t .  

The rlrsc~i~t i-cyion falls into tI11nrt~ nla i~i  types :- 

( i )  From Lo11gwSli to Kalldel.:~ E'o1.t (La t .  28" 0 1  , L o n g . ' i ~ @  I ? '  I 

alS(' high snl~( l  tllllles ill parall(al I i ~ ~ e s  1 A iuilrs apart, with :L W. 
I)!; 3. stl*ilio, : ~ ~ , t l  tho stprp f a u c b  o f  tllch t lu~ie 011 tilt. I I O I . ~ ~ ~  ( ; IS  

\ ~ s  t h ~  ca;isc' all tlly~,ugh thp ([(aat,rt ). 111 l>c>t\\.t~l~l thc~ tlull(1~ W P ~ ' ( '  

flat :ll.eas of " l~ : t t  ". It woLll~l possil)lc for  ordinary inot01. Ci1l.S 

to  rf'ach I<:li~tlei-~. Fort  I\-it,hout nlnch tliiliculty but  thcb) C O L I ~ ~ ~  

]lot Fo f h a ~ l  wards 1)ryontl this. 

P l ' O ~ ~ c t l i l l ~  (tast fl.om Kall  (lera tl,ailsvclrsc r i t l ~ ( ~ s  1)Ogill t 0  fol'lll 
the dunes. ljrcolnillg mo1-e alltl inore l~roi~l i l ie l~t .  AS the  main 

"l(lges Inove 1 1 ~ ~ t h ~ ~ ~ d ~  tllrse trallsvclrse ridges tail out bellii~d in 
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long spurs and are over-ridcleii by the! next clune, so t'hat the valha 
between the main dunes are crossed by sand ridges and the haill ; 
(6  pat"  areas grow smaller, vanishing altogether a t  the east edge. 

' 

/ 
The sancl is coarse ancl firm, thorlis are absent and the dunp. 

are thickly dotted with bushes four or  five feet high, so that tha~ 
is no glare and marching is pleasant. Camel foocl is plentiful but 
t,here are some poisonous plants unknown to the Sind camels 
Three of these diecl in consequelice. 

Measurements in the centre of this area showed a general 
i~ortherlp ~novement of the dunes amounting to about 14 furlon? 
sillce the survrAy ill 18'73, that is an  annual movement of ah0111 
1.5 feet. 

The highest dune in this area was about 200 feet high abo1~ 
the " pat "; the steep nort,h face of the dune was about 150 feet high 

( i i i )  011 the east edge of the main cluno area, the dunes crorrll 
ill ulitil they are + mile or less apart. This appears to be the resull 
of stagnation, a11c1 the liext type of desert begins abruptly. Thk 
is a low lying area of soft salld, t,hickly covered with hurnmorb 
of spiny grass, very wtbarisome to illarch through. There are lor 
salltl ridqcls about :30 feet above thcl general level which appealst 
he the last relics of the tra~~svt~i..co ridges of the inai i~ dune area. 

After some 50 lniles of this, cultivated areas appear, gradllall[ 
incrt~asing ill size al~rl f~.~hqu~licy. Uperthal H. S. (Lat. 28Cfl'1 
Loll#. '72' I .i ) ant1 Mallliasa~ H. S. (Lat.  Ps3 OO', Lolig. 72' 2) 
marl< a s ~ l ~ a l l  1)rlt of hiqh, widely soparated sallcl dunes. 
milfls bclyontl Mu~I~~ ; IP : I I '  :L hay(1 krc,lkrrr plain is wacherl ~ ( 1  thp 
san(1.v clrvtbrt I I ; I ~  1)6'611t lt 'ft  hthhillrl. 

13. Water. --'l'llc~ I i ~ i ~ i s  11:ttl failc~d 111 thcb summer ant1 all 11 
" tol)as " we1.c. dry. The1 1 X cnlnt~l ta11li8 taken with the party \Vul' 

13f1a11y insatticic~i~t :ulrl n : t t~~ i -  sul)l)lv ~vas  dccli(le(llv at tin]''' 
117at(bl. a :I.; ol,tai~uvl f r o n ~  \r,lllq nlicl oSua]]y ),at1 to btl drawn ill lh 
rlal'ly h011l.3 of tli0 1110111i11;~; s i l lC '~ ill the clay tinle the water n"' 
ttxhalist+~(l i i ~  ~ r l l ) p l g i l ~ ~  b \ : ~ t ~ ~ -  for cattle. The wells were usual;' 
p i ~ l l t  01. 111111~(~  111il~1s t'1.011l tl~rl cnlllp, autl a t  olle place water ha(]' 
1)f'  fet(.llr311 f ~ o l n  :I cli.t;~i~co of llilleteerl mi]es. 

w:lt('l' n:ls ~ , f  ~ W O  l<ill(l~-----l~ra~]~i~h ( k],cTi j all(l 11ad (kn~'l'"l 

T11~ foi.lnw- (-(u~t :~i~~tnt l  (v)lnii1o11 Salt RIIC[ much relished ill Corn 

1l"l.siOn with i i r , , .?~~~ rratpr tvhirh ptbrhnps rolltainecl mmnCllosi~m 3f11' 

alld from 0 1 1 6 ~  plncc was almost ~~oisollous, raUsi~ig boil.r, tooth-ac h p  

par-achr~, n~lrl 

0 1 1  th t~  c~ilst fbrl~cb of tl~rb cl(lsel-t the vj]]ng:.crs start* rain-wdP1 " 

covc'l.p(l pits linevl with X.lr , , k r r ,  ]ilnc mortal.. This stored \vaIt' 
is vPrp S W ~ W ~  and chlean, East of Long. 7j0 :lo' we]]v were nP" 
]norfb than two 01. thrclr miles froln thcl l.oute alld usllallg one "lr 
taillillg brackish water coulcl select,pd. 



CHAP. IV.] DEVIATION OF THE! VERTICAL 

Stored rain-water was obt.ainable a t  times. 
14. Inhabi tan ts . - In  the 1st and 211~1 scctioils of the route 

there are oiily ilolllacl shelters of the most temporary character. 
Ther~  are plenty of catt lc, largc~ flocks of sheep and  loina ad encamp- 
ments with poultry in the sttnrl dune area. Except for the cattle 
they seem to be allilost i n i l ~ p r n d o ~ ~ t  of water in the cold weather. 
The cattle go daily i~na t te i~ded  eight or more ~ ~ l i l e s  to the w ~ l l s  
where men are oil tluty to  water tl~(-'i~l. T11~ inhabitants \vercb very 
friendly, hut the fact that a local guide was eliqaged a t  Kandera 
almost eel-tainly preve~~tet l  troirblt> a t  the wells. 

WTolves are colnlnoil in the ccllltrnl part  of  the tlesert, s11c1 
gazelle and great l~ust,ard are aoluinoil every\vllerc~. There were 
some partridge, l l i~t salid grouse \vrrt. ~~ot iceahly  ahse~lt. 

15. Tempera ture . - -Tht*  ~naxi lnun~ clay teinprra,ti~re varietl 
hetween 70°F. silt1 SO°F. ; a t  u i g l ~ t  it uswxlly droppet1 to ahout 
:3jCF. a l~d  oil inany occasio~rs t,l~erc. \\.as hard frost. There was very 
little wiilrl, ant1 visil)ilit~ was t~xc~rllent tlzl~oughout, with no dust haze. 
aucl reinarkahly little r ad i a t i o~~ .  

16. The t raverse . -S t ,a r t in  a t  L o ~ ~ g ~ r i i l i  H. S. with a ray 
to Vijnot T.S.. :L travtli-st. \vas 1.1111 across the. tl~lsrrt closillg a t  
Uperthal H. S. 

A smrtll Wil(1 tlieotlolitc~ wa-: c~~n l~ lo~ . t~ t l  tr11t1 ;L H u l ~ t ~ r  Sh01.t 
Base serrc~cl :IS n sn~~tcbnsth ( I c1l:lins I O I I ~  ). A sliurt accoiu~t of thcl 
Hunter Short B:I,~(' (see P1:1t(b V l I I  of this v o l u ~ ~ w  for the 11 tw 

model ) :tl~l~c';".sii" ( 4  cvulctic, lit1poi.t Vol. ZV nlicl D~] )a r t~nen ta l  
Paper No. I O, 1 !):;I . ~11bt('118(~ : L I I ~ I ( I S  \\.(wl ~ : ~ I < C I I ~  on I 2 zeros a t  
15' intervals, ri x c l . 0 ~  O I I  cac.11 ~ ~ L c ' P .  Ti.;lvt>rs(1 a~~.glels were t n l i ~ n  O I I  

6 zeros, :i O I I  r;tcll factk. \T(>l.tic:l] ;~ik.glos \voixl  ta1<tli1 ill the for\tra13(l 
direction o111y. 

Loi~gt l~ of  travt>rscl 
Xvrraq?.cl sr11,t~nsc rlistnilc~ 
Av~~~~ng- : . e ,  sr~l)ttb~~se R I I ~ I ( ~  
Max. snhtense clisti~ 11cc. 

Nr~~nht\r  of bas? st R t '  ions 
Tot'al 11runber of st R t '  1011s 

closing error in Iat,itude 
Closing error in lnngituclc 

Accn~.nc~ 

. l.Eim.i.i miles 

. . 1 ,, 
. . . lot:; '  

. . .  3.4 miles 

. . . $2 

. . . 8 ti 
. , ,  1.''-47 
. . .  1".42 

. , .  li11612.5 



GEODETIC REPORT [POL. vn, 

Trccve~se results-( contd. ) 

Average probable error of ineail 
subteiise observation . . .  + O " . i Y  

Traverse height of Uperthal H. S. (iSi3 + 6 f t .  above M.S.L 
G.T. height of Uperthal H. S. . . 622 f t .  above M.S.L. 

The closiiig errors were distributed ui~iformly along the line of 
traverse. The uncertainty of 6 feet ill the height is clue to  an 
unfortunt~te error in readiiig ( or recorcliilg ) the vertical angles at 
one station. The rracling oil the two  faces are incompatjhle, olle 
showillg elevation ancl the other clepressioil. It. is fair to assulne 
that oilc of these reaclings is correct, but i t  is not iiow possible to 
decicle which is the correct one. 

The traverse heights a loi~g the route sllow that, the grounrl 
level of the " ]bat " ~aises a t  a fairly steady rate of ahout 1 ;t feet per 
illile hetweeii Longwi~li and Uperthal. 

" Pat  " level at, Longwiili . . 243 ft,. above M.S.L. 
" Pat'" level at. Uperthal . . .  460 ft.. above M.S.L. 

The suhteiise a~igles 011 I:! zeros have been exainiiied to see it' 
there is any i~lclication of systematic errors ill the diviclilig of the  
horizontal circle of the Sinall Wild Theodolite (No.  1 7 0 2  ). No 
systematic error can he clrtecterl. 

17. Method of  t raverse.-The Hul~ter  Short Base was set 
up at  alterllate statioiw as 11rar1y as possible at  right angles to the 
traverse line. ( A t  tilnrs o w i ~ ~ g  t,o terrain diffic~lt~ies the base 
arlgle was only slightly ovei. Er"). A special target was l)lumbe[l 
over each elid, ( see Plate VIT ), nud similar targets were srt up 
mark the tlieoclolite statioi~s froin which subte~nsr angles were take11 
in 111 ~ t h  f (  brwarcl a11r1 1)ack~ar11 clirc~ctiolis to cbach base. Travel.sll 
a~iqles wcbre t a k r ~ ~  at 1)oth theodolite slid base stations, and ill 

adrlitiol~ at  l~ascb s t a t i o ~ ~ s  the Imse a11g.l~ was measured at one end 
c )f thr  1)ascl. 

Tho sp~cia l  targets were excellent up to :3;t inilss so long 
the slul was slightly ohliclne to them, either in fi .oi~t or hehind, hut 
if i t  ~ 1 - a ~  in the samc plane (i. e. at  al,out midclay) the targets tellden 
to vanish complrtc>ly for nlx)nt $ hoi~r.  011l.y four tal.gc\ts were 
carried in  thrl lirld, which11 wercb i~~sufiicirnt ant1 lod to loll< delays 
while tarzrts w r w  ]wing carric>tl forwarcl. A fifth target was 
estemporis~(1 out of a camel9a tripod hut was not very satisfactor!, 
The traverse pal+!- shoulrl have hat1 six or seven targets a i d  threeor 
four mnrc. k1ia~l;isis. On account of  this shortage, three legs of the 
traverse was a good day's out-turn ant1 was never cxceed(vl, hence 
in olu(l(~l to t~.avei~sr. 7 or 8 miles a (lay the subtense dista11ct.g had 
to m:trle w1.y inorb 1o11ger than had originally bee11 i ~ l t ~ ~ ~ d e d  



PLATE VII. 





HUNTER SHORT R A S ~  (NEW MODEL). SHOWING PO$@ A A D  ONE 

INTERMEDIATE SUPPORT. 





' the accuracy of the traverse suffered in  consequence. Wi th  shorter 
subtense distances and a stricter alignment of the base i t  seems 
certain that really precise results could be obtained, and this 
method is probably the best way of traversing a desert of this 
nature. 

The responsible task of selecting sites for all stations, setting 
up the base and centring the targets was carried out by B. Mukhtar 
Ahined. 

The base line was standardized a t  Dehra Ddn a t  the beginning 
and end of the field seasoil ancl was found to have increased 0'006 
feet dariilg the field season. The meail value of the length of the 
base at the hcginning and eilcl of the field season was usecl through- 
o ~ t  the traverse. 

18. Deflections.-Deflections were obt'ained by astroiiomical 
observat,iolls with the Iarpe ~ r i s m a t i c  astrolabe. Claude and Drien- 
court pattern (Geodet,io nlzcld) by S. 0. M., vide' Plat,e IV, Geodet'ic 
Report,, Vol. 111. 

Auxiliary apparatus elnployed weye the Marconi R. P. 11 Wire- 
less receiver and one of the 'two break-circuit chronometers by 
Thonlas Mercer used for pendulum observations, a drum chronograph 

Thomas Mercer, and the personal equation apparatus designed by 
Capt. Bomfo~d, R.E., which is described in Geocletic Report Val. 111, 
Chap. VIII. A very short programme of observations was employ- 
ed of three or four hours only, romprising as a rule six groups of 
stars, Olle ill each qua(lrallt. The wir~]ees time signal transmitted 

Rugby at eig1:tpen hours G.M.T. was used, except a t  Aqilwela 
the Nauen signal a t  lloon G.M.T. was mployed. 

19- Results.- he deflections obtained are shown in Table 4 : 
the persolla1 eqnntion nlld probable errors are s l ~ o s n  in Table 3. 

TABLE 8--Ast~o~t,omicctl Rfntio?ss 

VI Probablc error of 
No. 1 Place I{ 2 A stronomical Detern~i- 

equation 3 
O Fo nation. - 

I-- 
-- I ? . - I  

Merldian Prime Vertical 
9 

601 I,onqnvili . -0.04 6 - + o s1b4 * o ."35 
602 
603 

604 
605 
606 

607 
608 
609 

. 
* A t  qfntwiri the personal rrluation : tpp~rr~t l l~  W R S  of 

nction owing to a temporary failure in the electrical circuit. 

+O.l6 
- +Om32 

- +0.60 
+Om24 
Z O - 2 4  

&0.24 
+0.29 
- T0.24 --- 
+O-30 - 

Kimtlcrn, 
D~njin 

Cfr)rh(~l:~wila ,.. 
Bn~.q~wsla ... 
Alntwiri ... 
Aqil~v?ila . 
Charanwila ... 
Uprrt~~n,~  . 

Mcnn 

+Om02 
-0.01 

+ 0.01 
-0.01 

X*  

+0.04 
-0.02 
+0.04 

- 
0.00 .. k0.35 

6 
6 

6 
6 
6 

6 
6 

- +0.19 
+O.OR 
k0.42 
- +0-56 
- + 0.30 

+0.29 
+0.34 
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It is evident that  the deflections may be considered correct t,, , 

within two seconds of arc. This accuracy is sufficient, since I 
geoicl is better obtained from data of inoclerate accuracy at clotel, 
spaced stations t,han from precise data  sparsely distributed. 

' 

D 20. Deductions.-Sections and contours of the gwid 
I 

shown on Charts I X  and X. Gravity ai~omalies are also shorn, i 
The uniform southerly deflections may be due t,o ( i )  excess ma!: ! 
to the south ( ii ) deficient mass t o  the north, ( iii ) a combinat,ion 
of the two. The latter is the more probable. I 

The marked uniformity of the southerly deflections indicntes 
a great uniformity of the disturbing feature wit>h a probability that , 
i t  is fairly distant and deep-seated. 

It is likely that the southerly cleflections are almost entirelr 
due to the Hidden Range, ancl tha t  associatecl with the low grad\ 
anomalies a t  Dera Ghiizi Kh%n there is a bay in the range pushine 
its crest south of the assumed crest line on Chart VI of Geodet~c 
Report Vol VI. If the crest of the Hidden Range remains in thv 
position assumed ill Geodetic Report. Vol. V I  the southerly deflec. 
tion due to i t  is rather less t(hai1 2 seconds of arc. A slight shill 
of the crest south is insufficient fully to account for the southell! 
deflections, and i t  is therefore likely tha t  we have here in additiolla 
rise in the Hidden Range associatecl with a deepening of the trough 
near Dera Ghazi Khan. Rocky outcrops near Jaisalmer are citell 
in confirmatioll of this assumption. 

The high gravity value a t  Matwilri \vit,hout a correspon(1ill:' 
rise in the groid probably indicates a nal.row ridge of rock of ]lor- 

1na1 density ri8ino. fairly close to t.he surface of the alluvium. Thie k .  
woulcl he a promising place for a boriilg to  prove the bed-rock. 
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First Addendum to Table 1 of " Supplementv to G. R. VO]. VI. 
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TABLE 4 

i 
4 

566 

567 

i 
u 
s 
i 

3 9 L  

-- 
L 

~-,- 

Observed at 

Longwili ... 

Dinga ... 

L Kandera ... 

Barsiwila ... 569 

550 

- -- 
571 

572 
. -- 
573 

57x 

Height 
in 

feet 

243 

395 

-- 
40 I 

-- 
I 

-- 
4.0 A1 

-- 
M 

-- 
IM 

43 O 

575 
- 

305 

3#2 

Gorheln\v%la ... 319 + 9.3 + 4.0 0.0 - 0.1 -31t -1lt 

,\latw$ri . 356 -1.10.3 - 3.6 + 0.1 - 0.2 -31t -13t 

0 Nachilani - 1: 

International 
Spheroid 

Deflections 

Aqilwila ... 
- 
Charenwila ... 
Banihil Pass ... 

Meridian 

It 

+ 5.6 
+ 7.0 

+ 6 . R  

+ 10.6 

5000 

... 

P.V. 

I ,  

+ 6.6 

+ 8 . 4  

t 6 . 5  

+ 1.0 

Calculated Deflec- 
tions. 

Hayford System 

414 

4.13 

9200 

2400 

4000 

3800 

2500 

3100 

, 2031 

377 
- 
578 

L79 

580 

5'81 

Meridian 

It 

- 0.5 
-------- - 0.2 
------- 

-0.3 

------- 
+ 0.1 

Calculnted DeEec. 
tions. 

Uncompeosnted 
Topography to 

2564 miles 

P. V. 

+ 0.2 

- 0.0 

0.0 

- 0.1 

Meridian 

I1 

-34t 

-32t 

-33t 

-31t 

+ 9 . 3  

+10.8 

- 5.1 

- 24.9 

- 1  

-- 
0 

7 
-- 

P 

P 

P 

P. V. 

,, 
- 8 t  

-10t 

- 9 t  

-l$t 

- 

- 

-- 
-19.6 

- 

-26.8 

-28.5 

-27.9 

-29.2 

- 18.8 

-12.4 

_ _  _ _ ,  

Chineni ... 

Drmnthnl ... 

Udhampnr ... 

Surnin Sar . . . 

Gurhigerh H.s  

-3.2 

- 0.4 

-20.7 

_ -  

----- - 62' 

- 57* 

----- 

. 

--/ 

P Hh~irn-Chnk l .S. '  1053 - 7 . 6  - 7 . 6  - 42' 
- - ----..---- --- 
383 k' Atalgsrh 943 - 1.3 - 6.0 - 39* 

-39* 

--- -- - 0.7 - l(i* 
- - - --- 

- 0.6 - 15' 

+ 0 . 2  

- - - - -  
+ 0.2 

- -  - 1.8 - 

. - 

~. 

-21.4 

------- 
-21.6 

'597 
- 
3% 

-- 
: J R ~  

-. 

ri90 

-0.3 

- 0.3 

- 60' 
-6p 

- 

'l'opography to 400 miles. 
t 'ropography to 417 miles. 

K 
- 

K 
P 

L 
- 

-30t 

-291. 

- 3R* 

-20.1 

----- 
-11.7 

------- 
-10.9 

- -  

-15t 

-15t 

- 

-60' 

- 49' 

- 4QX 

Binka s. 
-- 

Ramgnrh S. 

Rangarri . 
-Yi rip---.- 

T S  

710 
- -  
694 

- 
777 

- 
ssti 

- 
+ 3 , 2  

- 
+ 3 . 9  

- 0.2 
- 

- O'l 1 - - -- 

- l0*I 

+ 5.1 
- 
+ 7.2 

-lo*( 

- 

- - 
+ 0.6 
- 3.0 

- r + 

- 
- 33* 

- - 
* 
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TABLE 4 

*Topography to 417 milee. 
t Topography to  400 miles. 

;4" 
3 a 

g 
u 
% s 

Observed I L ~  

I I 591 

592 

593 

594 

595 

596 

597 

598 

599 

600 

601 
-- 
602 

603 

6 

605 

6% 

607 

608 

609 

Hejght 
ln 

feet 

833 

789 

784 

687 

728 

759 

745 

736 

727 

710 

738 

760 

830 

1038 

1112 

460 

1261 

1317 

2048 

1300 

2423 

1450 

1500 

2418 

1500 

- 

44 M 
-- 

X 

M 
-- 

N 
-- 

N 
--- 

N 

N 
-- 

N 
-- 

N 
- -  

0 

7 
- 

0 
-- 

P 

-- 
P 

-- 
p 

-- 
45 A 

- -  
I 

-- 
I 

-- 
I 

-- 

International 
Spheroid 

Deflections 

I1 - 2.2 

------- - 2 . 1  

-------- - 1.9 

- 1 . 5  
------- - 1.3  

------ - 1.1 
------ - 1 . 0  

------- 
- 0.9 

------ 
-0.7 

- 
-0.5 

-----a- 

-0.4 

------ 
+Ow3 

----- + 0.7 

-------- 
+1.1 

----- + 1.0 

+ 0 - 3  

+ 1.0- 

+ 0-7  
-- + 0.6 

+ 0.6 

+0.5 

--------- + 0.3 

-0.1 - -  
+Om2 ------ 
-0.7 

I + 8('5 

+ 8.6  

+ 7.5 

+ 2.5 

+ 3.9  

t 4.7 

+ 5.8 

+ 6.5  

+ 2.0 

+ 3.1 

+ 3.4 

+ 4.5 

--- 
4 3.9 

+ 3.8 

+ 3.1 

+10.2 

----- - 0.2 

+ 2 - 7  
--- + 4-9  

+ 7.8 

+ 8 - 9  

+ 6.1 
-- 

+ 6.7 

+ 2.2 

- 2.0 

Chowinda T.S. 

Dhiri-kot T.S. 

Kalla T S. 

Makhu Purina 

Daliwila T.S. 

Daraoli T.S. 

Kunandwi1aT.S. 

Lakarwila T.S. 

Kaila-Vnndar 
T.S. 

Tiloka T.S. 

Sirsa S 

Siai S. 

Mikar Thal S. 

Randilia S. 

Giigla-Bhar S. 

Uperthal 

Bhtimba S. 

Maira Dig S. 

Pinchwa H.S. 

IMeridianl P . I .  

If - 29' 
- 28' 

-27' 

-- - 24' 

- 23' 

-21' 

- 20" 

- 19* 

- 15' 

- - 14* 

- 12' 

- 8' 
- 6* 

- 4* 

- 3* 

-29t --- - 2' --- - 2* 

-- - l *  

o* 

0" 

+ 1' 

+ 1' 

+ 1' 

N 

- 

-0.5 

-_ - - -  

- 

-3.7 

---- 

----- 

----- 
.Josri village 
- 

Kinsirra H S .  

Kharkari Village 
- 
Narwar Village 

Gudha H.S. 

Asepure Village 

810 j I 

Calculated Deflec 
tions, 

Hayford System 

N 

- 

- 
- 
- 

- 
- 
- 
/ 

/ 

/ 

-- 

I O* 

611 
-- 
612 

613 
- --- 

Calcuted Dellec. 
tions. 

Uncompemted 
T o ~ o m p h ~  to 

2564 m~les 

Meridian P.V. I 

, 
-- 

J 
-- 

J 
-- 

5 

XeridiauI P.V. 

J 1:; I- J 
+ 
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DEFLECTIONS 1930-31 .- ((lontd.) 

i 
2 

0) 'S 
- 

- 
EVEREST'S SPHEROID 

- - 

Azimuth Latitude 

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

Name of 
Statioti 

observed for 
Azimuth 

-- - - 

0 I I /  0 I I 1  

Deflections 

Meridian 

.~ 

A 31 43 16.5 
G 31 43 13.7 
A 31 34 5 b 6  
G 31 35 53.5 
A 31 26 10.7 
G 31 26 08.7 
A 31 06 46.2 
(+ 31 06 49 
.A 305905.4  
G 30 5906.9 
b 30 49 35.6 
G 30 4R 36.2 . 
A 30 39 38.5 
G 303837.9  
A 30 30 35.2 
G 303033.9  - 
A 30035% 

3003 48.3 -- 
A 29 49 01.2 

294903.0 
--.- 

A 29 31 34-0 
29 31 35.4 ___ 

A 29 01 02.7 
G 2901 02.8 - 
A 28 41 16.6 

28 41 17.2 - -  _ - -- -~ 

A 2R 18 04.9 
G 2.4 18 05.5 
- ~- . 

A 2~ 07-16.3 
28 07 17.5 

A 280003.8 
(3 27 59 57.9 
A 27- 
(i ~. - 274641.8 

2-87 
a 27 35 59.5 .- ---- 
A 27 13 30.4 .'+ E1:jza.f-i 

C' 27 04- 32.3 
,\ 2fi ~;q4- $5.7 
(; 26 54 26.4. .-. 

A 2fi=,;-7- 
Q 26 4.1. 37.4 -A-~6x-ic2. 
a 26 36 09.3 
A - 2 ~ - ~ o ~ 5  

28 09.9 
A 2 6 x 9 7  

z 2 " 9  56.3 

,I 

+ 2 .8  

+ 3 . 0  

- + 2.0 

-- 
- 3 

G 75 03 24.3 
1/91 

--- 
592 

- - -- - - 
593 

j 

I- 1 594 
I 

G '75 03 01.8 

G '75 0 1  41.0 

G '75 00 11 

G '75 03 23.5 

f2 '75 02 4.5.9 

G '73 0 1  53.8 

Q 75 02 15.0 

G '75 00 09.6 

(: '75 0 1  30.4 - 
- 1.8 

G '75 01 l4.H I -- - 1 .4  

G '75 01 30.0 - -- --- - 0.1 -- - 

O 75 0 1  59.9 ~ 
~ 

- -  ~ - 0.6 

G 75 0 1  40.0 
- - -- 

605 

-- - -- -- 

G 75 0 1  23.4 . - . -- 

-4 72 14 38.3 
G '72 14 42.2 

Q '74 56 25.0 

Q $4, $3 ja.9 
-- . -- 

(: '745551 .7  - -- 

(: 74 45 :j0.0 
. 

(: 54. 42 OO.;~ 
- - - - - - - - 

a 74 42 05.2 -- -- 

(: 74 41 32.4 
- 

C: 74 26 06.1 
. ~ -. 

Q 74 47 06.7 

- 1 . 5  

- 0 . 6  

+ 0 . 6  

- 
+ 1 . 3  

- 3.0 

:--Minw sign denotes N. or E. deflection of the plumb-line, 

- - - - 

600 

' 595 

- - 
5 9 6  

----- 

-- 

--- 

- 

- 

+ 5.9 -- 

- 4.5 -.  

597 

598 

599 

- 

- 
- 0.7 - 

__ - -- 

. 

_s ____ 

--- 
606 

- 
607 

- 1.5 
~ I- - 

+ 0.s -- - 

-. -- 
614 

1 -  6.6 

- 

- - 

+ 3.H 

608 

- - ~ -  - -  
609 

-- 

- -- ~ ~ 

+ 6.0 ( 
P 

~~ - - 

+ 2.3 - - - - 

- 
611 

- 
612 
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TABLE 4 

11 I ,  I t  I t  I, 0 

616 45 J I Shokli Village 1300 - 3.2 -0.7 0* 
-- 
ti17 J Bapki H.S. 1878 - 1 . 9  -0 .4  

Shnmi Village 1600 + 5 .2  +O.H 

Kengtnng North 2552 + 1 -19 -3.6 t 2.8 
Base ------ 

Loi Hpnlnn H.S. $613 t 8 - 1 -0 .8  + T a b :  

I -- ----- 

'i21 I 0 Kengtnng Centre 2541 t 3 -19 -1.7 + 1.3 
-- Base 1 - -- - -- P 

2 0 Loi31nkhoH.SiRSlB +11 -22 t 3 . 0  -7.5 

-1- I -  - - -- 
fi2B1 0 KenytungSouth1Y5Hl + H  - 9  + 1 - 0  + 1 . 9  

I 
Rnsc ~ - 

Heiaht 
in 

feet 
Observed at 

.. 
i i2 

Calculated DeBec 
tions 

Uncompeosnted 
Topomop~~ 

2564 miles 

Meridifin 

International 
Spheroid 

Deflections 

V. 

c 

Calculnted Deflec- 
tions 

Hayford System 

m 
Meridian 

m 
P. V. 



CEAP. n.] DI3TfIATION OF THE VERTICAL 

DEFLECTIONS 1930-3 1.-(Concld.) - 
- - - - 2 

Name of Deflections 3 
Azimutlt Station 

Latitude I observed for k ul 
Azimuth Meridian P. V. 

I I 

G 200 26 03 Loi Mi 
A 110 19 54 ' 621 

A 145 32 02 1 I 622 
G 143 32 23 Loi Mi / + 11 -:{ti *, - -  1 -  _ ___ - - 
A 1:10 2 i  21 I ti23 
G 130 2 i  I Loi Hpi.lil~l + S -23 * /  

I I I I I I - 
N o ~ ~ : - M i i ~ t ( s  sign denotes N. or E. deflection of the p l u ~ u b - l i ~ ~ ~ - .  
'These Prime Trc,rtic:~l deflrcticnls ;~r,> pr~)risif)~lnl only. T111.y probably requirt 

correction of a b o ~ t  + 5". SCC Ch;zl). ITT. p i~ra  8. 
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TABLE 5.-Tsostcctic and Topogrnphicnl Dejections 

The following statiol~s appear in Table 1 of t,he Supplement t o  
Geodetic Report Vol. VI, without ei1tl.ic.s relative to deflections cal. 
culated on the Hayford and u~lcolnpellsated topography systeins 

The reductions have now beell carried out. 

j l  . I 1 Observed a t  
4 

d .- 
IR 

Calculated 
Deflections 

Hsyforcl Systenl 
-. . - -- . . pp - 

I Meridian 1 I?. V. 
1 

Ci~lculatcd Dcfl(.ctiona 
Uncon~pensated 

Topography to 417 luilrs 
-A 

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

Meridian 

76 
+- 

I I 

8:) 

90 
!47 

10.5 

149 
,525 

P . V  
---- 

' Topography to !OO n l i l + ~ , ~ .  

1 
49 J 

.J , 
K 

&:I P 
41 31 

45 31 
52 E 

Poshkar 
Zebsnwan 
Gogipatri 

Rchnn . . . - :j . :< - 38 
811:lhpilr - 3 . 7  - 35 
Snngat,pt.n - 1 . R  - 36 

Gnrin(li~ + 0.9 
Drpsnng'l'l-ansit S. - 2 (i - 2.2  + i' - 1:i. 









GRAVITY 

BY MAJOR E. A. GLENNIE, D.B.O., R.E.  

1. Programme.-Observatioils during t'he field season were 
plailnecl to fill in a large blank in the north-west of Peiiiiisular India. 
Work coininencecl with a line of seven stat,iolls spaced across the 
Great Iiidian Desert a t  about ]at,. 28' N. from Longwiili 60 miles NE. 
of Sul;kar to Kolait 23 miles SW. of Bikaner. Gravity worlc on this 
line was carried on ~ w . i  ycc.ssu with a theodolite travelSse and astro- 
labe and gravimrtrica] observat,ions. These. are describecl in ot>ht.r 
parts of this report. ( See pp. 61 to 6 7 ) .  

After leavil~g- Kolait was made of the n~~inerous i.ailwa,y 
systtllns to cover rapidly the area celltred about Long. 76' E. fl'olll 
Alllbiln in thc 11ort,11 to Rat]$ln in the sout,h. Twelvc~ gravity 
stations in all wc>iBr cstablishctl ill this area. 

0bserv:~tions were also made a,t Pachinarl1i i~iid a t  Pip:~i.i:~ alltl 
N"'~i11,vhl)~lr ill thc Narhacla vzllry. 

2. S t r e n g t h  of the party.-The gravity 11:~rty con"ste(l Of  

ontb officer, oltcl cleric, two alld t,hirty-fo~ir khaliisis. This: 
~ s t~ l~ l i sh~n t l~ l t  bigger tllal1 llsllnl owing to the chstra mrnl.k to 
(lone during t ht. desert traverse. 

Health was exce]lellt tllrollghout the field sc;~sou until the ret'urii 
ti) b h r a  Diun whell two kha]asis hecalllc seriously ill with piieunlm1ia. 

3. Appara tus  ,-The 1 ', .'(i pattern appnratus rind tlhp nickel- 
strO1 ~"l(llll1111ls tlescribctl ill (+coclrtio Report Val. IV were used 
""'ou~hout t h ~  spason. 
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t\ Inore serious matter  was thtb partial failure of the 
~*rctbivcbr half -way through the  dtbsert. T h e  source of the trouble wu 
trivial, alltl was dutb to  n faillty rtbsistance ancl a tlefective joint, but 
this wna 11ot ilisc.ovt~rt~~1 until the  r e t u r i ~  of the  purtty to recess. RP. 
c.tq)tio~l WRS t*xi*tht~Iir~gly poor, U I I ~  f r rque i~ t ly  the  usiiul method of 
uail~g t h r  c h r o t s  t o  cut  out' the  rhythmic: signal had tnb 
nhprndtmed in favour of the  less accurate method of listening to t h p  

signale, and watching the  seibolltl-haid of tllc chrollolneter. Whell 
this mrthod is t~lnploytvl bhertl is usunlly a n  ul~cc~rtaint~y of about 1~ 
a t ~ c c ~ ~ ~ t l s  ill cast irnating the  t imr  of H coincbidence. Error did not 
~*tbault, howtbvt~, except at Ratliiin. At th is  p1ac.c. the gravity result 
V H I I  o111.v h + b  ~ o n s i d t ~ r t ~ d  c.orreac.t t o  0'01 cm/sec'!. 

Thv wirrlrhss rtbc*~ivtbl.. Mnrc.oni R. P. I I ,  has now been ill u ~ e  for 
t i k t b  tit'l~l stb:~soils with thoi l~nnds of miles of rough travelli~lg each 
wibrcbll : so. i l l  *pita) of its p;~rtittl failure last field spasoil,  it^ prfor- 
rnni1c8tb cBan hth c.ousitlt~rr~t1 highly satisfactory. The foiw vnlvps nri- 
zina1l.v il~st;illt~tl in t h r  i.t~ceiver ill 11136 a r e  still in  us^. 

4. Details of the observations.-- Rcbsults are shown ill 

Tnhlt~e 1 to I. Tnhltb 3 shows that .  except nt Ra t l im,  the) two pail. 
O F  ~ M ~ I I ( I I I I ~ I ~ P  :ivc* rr\aults which nl-e satisfactorily ill ngret~lnc~rt. 

.At Rt.wiri thtwb is nu uuct~rtainty in the  height o f  the graritr 
st;rtic,l~. ~ v t ~ i c h  111i1,v IN.  i l l  thrror by npsrly t en  feet. This is not sel-ioue, 
the\ I . + * ~ I I I  t ills tbrn i l l  !I amounting to  only 0'001 c m / s t ~ ~ .  

' i i  ) RERUI~TH OF THE FIELD WORK 

5. General description of the area.--'rhe Great Indlall 
11~el.r t i l l  thc 1~1r.t t r i ivr~l~~c*~l  appt>ars to  bh a flat p1ni11 of allurillm 
I - I ~ ~ I I L '  VI-1,111 ikv*t to ,  ~ ; w t  a t  8 qtpady R1opp ( ,f  :ll)Ollt 1 ; feet pPr nit10 

':11111 h ~ l l + .  i l l  ~ , I ; u ~ I ~ ~  2 . 3 )  frtht 01. mnrp nl),,vp the yc~llt~ral ltbv~l, riv 
j \ t >  thl- I ~ ~ ~ I I I I .  1v11tt.h t - o l t ~ i s t ~  of a sai~d.y loaln i t~te~-s~) t~rsrvl  i l l  mall! 

l b l . ~ ( ~  with -111il l l  hitrtl I I O I I I I I P ~  of  ~ e m e ~ l t p r l  9:11111. Patcl~r's ~f had 
1"lk\ l * \ l ~ .  1 1 1  \ , I , I (  all11 I ~ r r r  rromadic. inhahitallts tlig shellor 
{ I t  ! \ I  ,-.sj4,l1q ' ~ ~ J I , ~ ~  ) to catch rail1 water. 

r)lb. t i 1  s t  \ gravity stations from west t o  east w6'l.p in thr ' t : 1i~)lnit i* c,rlcsirlp thp depprt area, aI1a fJ l111 ' t~  a1.p Ollt- 

t 1 ~ j b s  1 1 '  1'1~'k 1 1 1  thtl ~ l t ~ i ~ ~ ~ h l ~ ~ l ~ h ~ ~ n ~ ~ ~  



GRAVITY 

1 aln i ~ i d ~ b t ~ t ~ t l  to the Director of the Geological Survey of India 
for t h ~  f o l l o w i ~ i g  geological classification of the gravity stabions :-- 

Geolo!lic:nl eituat~iorb qf gravity statim. 

Ytntion 
I 
\ 

NAME ~ E O L O O Y  N1111iber 

I 

I. INDO-GANQETIC ALLUVIUM 

2Oci 
2Oi 
,on 

9 
210 
1 I 

1  

214 
22.4 

225 

2% 
:'"; 

Longwili 
Gorhelawtih. 
Mnt\r:i ri I 
A ( l i l ~ i i l ~  
Chnranwilln 
Upci-thal J 
kxtangnrh . . .  

Dcg;ina ... 
h'ing3.s . . . 

R,c)\r;iri ... 

Hissir 
Anlhil;~ 1 

No rock exposuises. 

Igneolls rhyolite and  tuff 10 miles to  SSW. and ESE. 
respectively. 

Granite (with wolfra~n bearing vein.) 21 rni1c.s to  SW. 
Granite 8 miles t o  NE. 

Sedimrntary quartzites and al~t~trs  15 inilcs and more 
away. 

NO rork expos1lrr.. 

11. AR.AVAI,I,I AND DELHI SYRTEMR 

2l . i  ' .{jlll,ly ... : On sctlilnc.nt;uy ( l ~ r t ~ i t ~ ~ ~  ~ ) f  Delhi aystclil. C+mnit~s 
I i ad j<~in ing  to N f f .  

216 
221  

Nin1nc.11 . . .  ( On nc~(*,-~n t rap and 1rttc.rite over Arivalli gedilllc?nt,a. 
Sawt~i \ I  ; , l~lopnl~ On srvlilllpntary s x n d ~ t o n r  (clua,rtxitc>s) of Arivalli 

1 (O\valii~r) s y s t ~ i ~ i  Yindhyans 6 iiiilos t o  SE.  
! 
I 

111. MIRCELLANEOUH 

212 Kolait. . , On Eoccnr grdim~nt,?. 
21; 
"IH 

R.atlii11 . . . I On Drccn.n trap. 
1 p 1  ,., 1 On Deccan trap. 

I 

''?O i fnchnlnrhi . (1" (fondwinn sediinrnta. 
219 1 Pir#ilriR ... 1 On Narhadn a l l i~v inn~.  

I N a r ~ i n ~ h ~ ~ ~ r  , . .  I On Nnrhadrr, nlluviiini. 

, . . i On Vindhynn swlimentr. 
I 

I - 
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6. Results.--It has been poiiited out in the last two Geodetir 
Reports that  the Hayforcl gravity anomaly does not show a sati8. 
factory correlation with geological features. A large part of the 
aiiomaly is due to  the cleep-seated Hidden Range. After relnovillg 
the effect of the Hidden Renge the remaining anomaly, y -YE, showS 
some cori.elation with topographical features, which can be removed 
hy applying a negative correction proportional to the average height 
of the topography near the stations. This indicates under compen. 
satioil of the topography. Pi.oceeding on these lines a new aiiomal~, 
y - y,, has 1,ren derived. (See chart XIII). This ailoinaly takes the 
place of the y - yx,, anomaly figured in Geocletic. Repoi-t Vol. VI and 
onl,v diRers very slight,ly from it. 

The method by which the anomalies have been derivecl and the 
c.oi~clusions from i t  are being discussed i11 detail in Professional 
Paper Ko 2 i .  The niain conclusions, only, will he briefly summarized 
here. 

These are l- 
( i )  Topographical and abnormal crustal densities are not 

compensatecl. 
( i i  r After removing topographical effects without compensa. 

tion, tht. remaii i i~~g anomalies are almost entil.elj due to deep 
seatetl dt>part~ures from normal density due to depressioas 
slid t*It~v:~tio~~s of the cleilser layers of the crust. 

( i i i )  Exc.luding certain major warpii~gs of the crust, a (1e. 
pl*rssioii is I):~Iailc*ed an olevation near by, so that there is 
110 wirlt. tl(.parttu.e from hytlrostatic equilihriuni, hut the (1~. 
~ )~* t~ss io~ i s  hnveb a pr~ponderatillg effect oil gravit,y a t  the surface 
-0 t ha t  ill c.oi~tin~ntal areas the illusioil of comprns;ttionof 
tnrx)grar)hic:bl c1lrvatioi1s is obtaillrd. 

7. g - yF, and geology.-Tho !I - 7, r t~ ionia l~  is assume(1 to 
1 ) ~  i l l  I I I I I * ~  c.aFels n 11irtlc.t mrbasurp of tile alnoullt, of t~levat8i011 or 
1 l~~1~1.1~~' io1t  o f  t l l ~  d ~ t ~ p r r  1ny~l.s of the crust under thfl gravity station 
\ \  itlliil :L i ,nll i~~s of' a l~out  2:; t l~ilrs a f t ~ r  rrm~)Viilg thc effect of tllp 

F I I ~ I ~ ! ~  : I  I : :L I I~>  :111(1 its flaillci~~g tro~lghs. 
c-'ll:l19t XI1 I th~roforo SIIOWS how the crust uudcrl~ing Penill: 

:.rllnr a1 111 I . ~ . ~ . ; I  Pril insular Inilia has heen raised into "positin' ' 
c>n. I 1 . ( ,11)  or ( ~ ( ~ ~ I ' P s R P ~  illto " llogRtiV~ " art'as (blue). 

)'l.t'+~llt (la)' tollography is not necoasnrily ~1~r:lt t t tI  a 

'' 1 ~ 1 - i  t i 1  1 . '  :I ~ I ~ : I  01- vlcr versa, hot usun l lv  part ( l~i i t i ( l i~t i (~~1 of thp 

" ~ ) l ~ " t i \ l ~ ' '  nlncb:t 11:1.1 lair1 1,art. tIlcb ] ~ ~ p r  igllc>orrs l.oC]c~, :111(1 srdiln~II- 
t:l~,p flli,mnti~,ns mill ljo fo,lll(l ~ ~ ( l r  t h , ~  ( (  lICg;LtiVI> '' :ll.c:) : SO Illat 
( ' 1  1 i s t i i ~ ~ i s  8occt~safoIIS l u ~ t w c ~ ~ ~ l l  iZ , l l (~ ( )u f l 1 "  

q t ' r l im~i~tnr~  RVPRS. 

Whtlre, how~ver,  a rocmt positivcb movpmpllt of tllc crust ha' 
miall(l up with it s o r l i m ~ n t a ~ ~ ~  fomlntions not yet compIotr~ly aenl$" 
away, the distinction het,wppn igllt~oos s&imentary rooks fallr 











CHAP. 7.1 GRAVITY, ,' , 

Some sedimentary fol.mations overlying "positive" po~tione of 
the crust, are :- 

( n )  Arivalli a i ~ d  Delhi syst,ems. 
a a m p s .  ( b )  Siwililrs and Pu r i a~as  of Outer Hiin* 1- 

( c )  Punjal) alluvium. 
( d )  Te~t~iary ancl r e c e ~ ~ t  sedii~ieilts a t  Kariiclii, Sukkul. &c. 

Similarly unciellt, igilcous rocks inajr be associated wit11 n Inore 
recent, l~egat~ive i~lovemeiit of the crust. This may l~ t,he case in t'llc 
rxt,reme sout,li of India. 

The l)ec.ci~ll trap has, of course, flowed orcr bot,l~ "positive " 
: I I I ~  " l~egat~ivo " auAas. 

8. The depth of the Indus alluvium.-Except a t  olicl 
ststion all gravity allo~nalies ( g - yc aiid g - y, ), across tlie India11 
d~sert are l)osit,ive. The exceptioii is Gorhelawiila (Stat,ioll No. 207), 
\ V I I P ~ P  !I - yp = - 0.0 1 s c.m/sec" Deflect.ions indicate that  positivc~ 
ennmalitbs ~r~i l l  he fouud not far  to  the south, so that t,he "positivch" 
:u.ea arountl Jncol,%l,atl and Longwkli joins 011 to  t8ht. mow r~astrrly 
ill'cia and t l l ~ r ~  is 110 deep trough under the Inclus a l l u v i u ~ ~ ~ .  

A s i ~ ~ g l r  proving of the bed-rock, under thc. alluviall~ at ally 
gravity station OII this line would c~nnl>lt~ c.nleiilatio~i~ of t l ~ ( ~  t i rpt l~ 
of t h ~  alluriu111 to 1,r llladp at  tlltl otht>r si:\tions i f  t110 I ~ I ' P ~ )  C I . \ I S ~ : I ~  

('~~liditions arc. 

A8 an illust~~i~ti011 assillllr 1500 feet of light a l l r i v i ~ i ~ ~ ~  (ttvrlSagr 
dcllsity 1.8) at St.at,ioli No. 209. 

The nt~g;rtivc allomaly duel to  this is 0.01 7 cm/sec2; - YF 
= +0'011 c-n~/aer" so the positive. allomaly d ~ i ~  to crustal rise under 
this arpa is 0.028 c.m/secz. 

Hence at Qorh~lawila  all itnornal,~ equal to -0.046 must 
due to the a l l ~ ~ r i u ~ ~ l ,  that is a drptl1 of about 4400 feet of a lhr ium. 

This may 1 , ~  t;ikrl~ as a maximuln ]illlit of the probahl~  depth of tdlle 
alluviuln a1 tllis place. At GorhelawBla the negative anon1al.1- is 
t'videlltly aasnciated with the lleptirre crustal area around Sibi and 
Dvra G h i z i  Khan : so t,hat t]lr positive element shoulcl be wr1uct.d. 
If the 1111del.lyin~ Cl*ulta] layel-a a t  Gorhelaw&la hare come ~ l o ~ 1 1  to 
'Orma1 I P ~ P I  the sallle assuiptions will give a d ~ p t h  of alluvium 
thew of on 1 - j  1 ROO feet. 

At 8tatio1, No. 208 130riug of rl few hundred feet only should 
' ' P A C ~  th,. Iv~ttoin of tShhp all~~viurn. 
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Ohgelvations were made by Mr. L. D. Joshi a t  t<went,y-six shtioos, 
1,ut t,he results are quite inconsistent, silcl are cviclent.ly 1nayl.d 
throughout by iilstriuneiltal ~lefect~s. 

This failure is very disappuintillg ; a gradioinrtrr traverse 1111 
llliles lollg associated with pendulum a i d  astrolal)t~ ob~rrvatioa~ 
would have l )e r l~  ]nost ii~teresting. 

10. Gravity results and deflections.-There is go(~(l 
gt111rr;tl agrthe~nellt bet,weei~ g.ravit,y a11tl deflectiolis OII t,hc liiie ol 
t l lr  traverse. This is considered in further detail iri Chapter IT 
Sectioil 11. 



CHAP. 7.1 GRAVITY 

T D L E  1.-Times of vibration at Dehra Den, season 1930-31. 

Adopted mean, times of v ih~n t io~?  

- 
... Cirncral Mean 

Date 

-- .. -~ 

1930 

. . .  October 7 ... 

I 

C A 

- 

S 

0'507 9507 

AB 

S 

0'507 9522 
9507 

9512 

... 9506 

... 9501 

. . .  ... 
... ...  8 
1 9499 

. . .  ... 
... . . , 
... . . .  - 

... Mean 0'507 9503 

Mean 

S 

9510 I 
0'507 9513 0 '60 i  H5OH 

nIean AB Date C A 

--- 

1831 

>larch 29 . . .  . . .  
. . .  . . .  

30 ... . . .  

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

... 

3 1 . . .  . . , 
. . .  . . .  - 

F 

0'50i 9513 
9.511 
... 

9483 i s  
0'507 9499 I 

J l n n  .,. ( 0.107 9502 - 

951-1. 

4499 
9513 

0.507 9506 O ' 5 n i  9501, 
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TABLE 2.-Dgerence be tween  i n d i v i d u a l  and mean pendulums, 

season. 19.30-31. (The uni t  is lo-' sec.). 

* Omittcrl from mean. 

Name of station 

- 

I 
C + -4 - I 1, 

2  I 
-- 

A + B  I .  2 1 
i 

... Dehrn Diln ... 
Longw5li . . .  
('rc,rhela\vila .. ... 

Jlatwir i  . . .  . . .  
Aqilwila . . .  
Charan\viila . . . .  

Uperthal ... 
Kolait . . 
Rat angarh 

D e g i n : ~  ... . . .  
Ajlner ... . . .  
Nin~ach . . .  

Ratl im * . . 
S h ~ ~ j i u l p n r  . . .  
Piparia . . .  

Pachmarhi 
. .  Warsinghplu. 

Kntsh ... . . .  

- 5 
- 10 
- 4 

- C 

- 6 
- 8 

- f 
- 5 
- 6 

- 3 
- 
- (i 

+ 19 
- 2 
- 3 

-.i. 
- 4 
- 4 

0 
- a 
+ 1 

- 2 
- 1 
- 3 

- 3 
0 

- 1 

t ?  
0 

- I 

t 24 
t 3 
t 1 

, 4 1  
t 1 
+ 1 

+ 5 
+ 11 
+ 5 

0 
: t  
- 2 
t 2 
+ 8 - 

, 

0 
+ (i 

0 

Snwai RIidhopur . . , + 2 
Ringaa . . - 1 
Re~rti  1.i + 5 

I I i s c3r  . . + 8 
Alnh:ll;t ... . . .  + 

- I 

- 3  I - 1  - (i + :! - (' -; + :3 
- 1  1 - 3  

1 j ~ h r ; i  D~LII  + 2 I - : j  ~ - 2  _ _ _ _ ,  - 

R l ~ a n  + d 1 1 - 5  
I 

+ i  1 + 2  
+ t i  I + l  
+ 8  I + : 3  

I 

+ *  I . t 3  
+ 6  I + 1  
+ ( i  I - e l  

+ 3 - 2  
+ 6  + l  
+ 6 

- 19 
+ 2 
+ 4 

+ 5 
+ 5 
+ 4  

+ 1 

- 24 
- 3 
- 1 

0 
( )  

- 1 
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TABLE 3.-Mean times of vibmtion and deduced orclues of g,  
season 1930-31. 

, 

Name of Station C A AB Mean 

Longwili s 

g 
Qorhelawih s 

g 

Blatwiri s 

g 
Aqil\~~illa s 

g 

Charanrila s 

g 
Uperthal s 

g 

Kolait s 

g 
Ratangarh s 

g 

Drgina s 

g Ajtnrr s 
g 

Nimnch s 

g %Llin~ s 

g 

Yht~jiluIpnr s 

g Piparin s 

9 

Pachrnarhi s 

g Narsinghpl,r 

g 
KOtilh 

s 

g sasni Midhoplll. 

g 
Ringns 

s 
g R0riri 

g 
Hissir 

9 AmbilR 

g 

I 0.507 9273 
979'152 

0'507 9389 
979.107 

0'507 9286 
979.147 

0.507 9351 
979.122 

0'507 93-10 
979.126 

0.507 9334 
979'12H 

0'505 9429 
979.092 

0'507 9415 
979.097 

0'507 9757 
978.965 

0'507 9720 
958'97!) 

0'508 0258 
978'772 

0'508 042fi 
!)7H'707 

0.50fl O;it;l 
9iH.j:iri 

0'508 0523 
978'f;iO 

0.508 O!)(i$) 
UiH'498 

0.508 0-1:17 
s;x,;o:i 

0'507 9972 
5478.882 

0.50; $)8!,(; 
978'911 

j )  ( 1  
97$4~021 

( ( 7  : ,  
C)79'105 

0.507 ~l!); 
979.182 

0.507 914(; 
979'201 ' 

-- 

0.507 9294 
979'146 

0'507 9398 
979.106 

0'507 9300 
979'144 

0'507 9363 
979'119 

0'507 !Xi56 
979'122 

0'507 9349 
979.125 

0'507 9440 
979'090 

0'507 9S25 
979'095 

0'507 976.7 
978'9(i5 

O',-)O'j !)T:il 
978?)77 

0'508 0270 
97H.770 

0'508 OBNH 
9'7r(~7>1. 

0'508 (1:{55 
978,7:i7 

0'508 OX30 
!)i~'(ifi$j 

O'T,O8 OC178 
!l78'497 

0'508 ~'k-lt; 
!17fiS7( I2 

()..;(IT !.I!)No 
9 7 n . ~ ~ l  

0'507 989!) 
978.9l:l 

0'507 9(iOH 
979,025 

0.507 9404 1 
97!1.10:3 

o..;crT !)?lo 
7 J , 

0.507 C)15;C 
979'200 

. 

I 0.507 9284 
979'149 

0'5079394 
979'106 

0'507 9293 
979.14; 

0'507 9355 
979.120 

0'507 9.348 
979'124 

0'507 9342 
979.126 

0'507 9435 
979'091 

0'507 9421 
979.096 

0'507 M;(;i) 
978'965 

0..;07 !)726 
! );~.l);n 

0'508 02(i-18 
978.771 

O'T,OH 0407 
C I ; H . ~ ~ ( ;  

0'508 o;r,7:t 
!I;H'i:CC; 

0'5118 0227 
97,'i'tiIi!l 

()'5(lH ()$17-lm 
978.497 

0'.;08 0 l .j.2 
!)7S~70. 

0.;07 :1!171; 
97ti'HH% 

0'507 9H9H 
978.912 

(''ZIIT !lIil() 
!JT!)'O2:i 

t f  i07 :):{9!) 
!l7!1'10,8 

0.5117 !)?on 
97!)'180 

0'507 9150 
979.200 
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TABLE 4.-Modern grmvi ty  observntions in India, 
(Additions in field season 1930-31). ~ 

anomalies :&re givc.11 with rrfkll-rllce to Hrlmrrtsl  forlnula of 19fllJ 
yo= 078.030 ( 1 + 0.005 BOP sill' +I -0.OOO O O i  sill2 44 ) cm/sfl 

No. 1 3; 1 station 1 h t e  1 Height 1 Lats:'e 

Corri!lc7)rcln. S u p p l ~ ~ n e ~ l t  to Vol. VI, ptrgcl l x i ~ .  

Sti~tioll NO. 1 I!), unrler g - yl. , f b y  -'()I 3 rcrrd -'019. 

.. .. 
Station No. 125, 

-. - 
9 7 ,, j'o?. - -062 ~ ~ c i n !  - '072. .. - - - -  - -  . ~ - 

x(lfl'h. ' l ' lti.  t:~l,11. i.: the firet. adrl,an,lnrll to thl,  list of ,,ravit,y ststi,lll.i given in lI1l'Snp' 
1 1 1 I I 1 ,  . \ , l t l1q~,1;~ t l ,  th,, l iqt ,,f t,rflrrtir,n :Lrp givc~n on PI' " 

feet 

243 
319 
356 

4-13 
460 

709 
1030 
1112 

1587 
1602 
1614 

1.180 
110% 
:I498 

' " 

28 02 05 
27 59 23 

5 11 30 
24 11 30 

8 12 30 

151230  
21 12 30 
29 12 30 

6 1 8 1  
10 1 :11 
I3 1 3 1  

20 1 3 1  
2H 1 3 1  
31 1 3 1  

3 2 31 
10 2 31 
13 2 31 

Longwili . . . 
Cforhe1aw;lln . . . 
RIntwiri ... 

2094Ohl.kc~i1w5la . . .  
Chi~rnnw;lla ... 
Uperthal ... 
Kolxit . 
Fht:mgi~rh . . . 
Dcgina 

Ajmcr . .  
Nimach . .  
Ratlnnl . .  

Shnj; lnlp~u ... 
Pipxria . 
Pachmnrhi . . 

Nnrsinghpllr 

206 
207 
208 

210 
P I  1 

21 2 
213 
214 

215 
216 
217 

218 
219 
220 

231 

O ' " 

70 00 28 
70 4.1. 26 

222 1-13 o 
22:i 13-1 H 

39 L 
40 I 
40M 

4Ohl 
-45 A 

45 A 
4-4 L 
45 J 

1 5  J 
45 IJ 
46 hl 

55 A 
55 J 
5.S d 

.55 N 

32 k 
22.5 

c . ~ t r / s e c ~  

979.149 
$)S9,IOK 

27 37 12,71 25 24 

4 1 4 2 i 5 : 3 4 0 ~ 7 1 - 1 1 1 2 9 7 ! 1 ~ 1 2 0  
27 53 37171 57 17 
27 59 57172 14 42 

27 5005172 57 

45 31 
33 D 

979.145 

1979,124 
979.126 

20979.091 
979.096 
978.965 

978.R78 
978.771 
97H.716 

!178. ~ X W  

- .OO'i 
- ,030 

+ ,045) 
- ,004 
- ,011 

28 04 20 
26 53 

,26 28 
24 27 
23 20 0275 

2.7 22 46 

978,882 
978.912 

979.02:3 
!-)7$). 104 
! j ig.  180 226 44 0 

~ < ~ > t a h  5 3  15 
Snwni Midhopur 21 :3fi 

Ring:~s :j:; 47 
Rvwiri :]ti :i0 

-.O:jS " 

-.(I:!I1 - 

-'OM ' 
A 

-'084 . 

- ,O6qi 

ow/se$ 

+ .001 
- .031 

74 37 05 
5974 19 25 

1874 3H zV2 
5074 30 48 

0:i 0:i 

76 48 32 

$)7$).290 

Hiss;lr 

227 53 E .41nbila I i ... -"'!Ii - 
# 

crn!rd ;l,r 

- . O O ~  t . ~  
- .@? -4 

+ .014 

- 0 0 1  
-- ,002 
+ ,001 

+ , O O l  
+ .019 
-.Old 

+ ,071 
+ .OOfi 
+ ,027 

+ ,032 
22 45 OX 
22 28 2:( 

+ . O O l i  t f  
! 

i 
- I  

-,016) + 1  
- , 0 L -  

+,01H 
-,OUi - '  
-.I)!; - 

- 4 R  
- ,031 
+ ,040 

- ,001 

1 i 3 

i 
17 :1 111 , HR8 j:(O 20 

I 

-'I 

- 4ili 

- . O N  - 

7H 21 2: 9jHli69 

I:j,76 50 00 

78 25 $2 

12 40 

tic)-& 2 9  O M  

:)iH. 497 

978,702 

1.1.75 43 18 









TRIANGULATION AND BASE MEASIJREMENT 

1. Summary.-The season's programiiith coi~sisted of primary 
tl.inngulat8ion ill Burma wit11 two detachmel~ts, and of the measure- 
~ncllit of a base-line a t  Kengtung. The programme was satisfactorily 
co~nplctcd with the result that  the Siamese primary triangulation 
is liow connected to the Mong Hsat and Grtlnl Sal\veeil Selsies in 
latittitle 20' 30', and with the B ~ ~ r i n a  Coast Se~.ics ill latitude 10' 30'. 
Tlie party suffered a great loss in the death of Lieut. 1. M. Cadell, 
R.K. ,  f1-0111 ~nel i ino~i ia  a t  Lo1 Hkiao H. S. in the Southern Shnn 
States 011 27th Dec., 1930. 

Lieat. Cadell was in charge of the party uutil his dcat'h, w h t ~ i  
ht> was replaced hy C:apiain G. Bumforcl. 1~1s.  

Ta1,le 1 givc.s a summary of Ihc ~rol-k tloll[> 011 thc'se series, 
ant1 also (letails of thv Chittagon2 Series \vliic.l1 li:1vo llot ~>reviously 
h~en pul~lish~d. 

2. No. 1 Detachment.-No. I Dc~tac.l~~ntb~it 1111(1tlr t l l ~  of tic^^^- 
ill-c.hargt. of thv party ullclclrtoolr the coml~lctiou 01' t I I P  M( ~ l g  Hsnt 
;111tl Gl.c~nt. S;~,l~\rthpll Sprics alltl tIw bnsc~ rno;asui.c~~nel~~t a t  Kcwgtung. 
Tl~o dc~tilc.ll~il(~l~t Ipft Ikl l ra  Dill, 011 Ctll S(bl)t., a1111 sl:trtrcl worlc a t  
LOi Tvkkn O I I  Ctll Tllp wol'li nr:is t ~ o ~ ~ t i n u t ~ l  toivarcls ill(> o:~st, 
an f : ~  :LS Loi TIIIT~ arl(l Lei P:il<uli~l, a t  \\.11ic.l1 thr  Si:illlr>c~ hilt1 
obscrveil in 1988-29. Ji'rc,m tlltlse two  st:^ tiolls th(1 sc.ritls tlu.llt~tl 
north connect with last, P e a ~ e ) ~ ~ ' s  trinl~gulittio~l II( ' :II .  K('llgtt111g. 

L i ~ u t .  Cn(lc]] fell sic]c aftpr colnplotil~g 1,oi T:IIIK H<chllx H. s. 
Hf' I I ~ ~ L I I : I ~ ~ ~ ~ ~  to l-eac]l Lei Hlii:l() 011 18t11 D(\cn.. 1111t t l i , v l  0 1 1  27th 
Dee. H(1 is l,lll.iptl i l l  (la]< hnnc:tlow c o l n l ~ ~ u ~ e l  :it MI I I I ~  ping 
:ll)()llt '1.0 m i l ~ s  to t,llca ~ lor th .  
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TABLE 1 .-Prim.ary Tvicc.ngulatioa. 2928-31. 

-- 

Chittngong 
Series 

1930-31 
4 

R 

50 
1006 

22 

14 
0" 32 
0". 6.1 

0.205 
0.19 
1.29 

1.17 
1A 

12" NO 11 

Part of 
Great 

Salween 
Series 

hfong Hsat 
Series 

- 

* E.uc.ll~(li~~q h,~*r~-nc~t  

Thc tht~odolite usetl was Wild .iI-inch No. 130. Details of its 
h(.h:i~ ionr n l x b  givr>n in para 1. the whole it worked very well, 
awl the I,roq1:lnllrlrl cvould ce~-tain]y ]lot have been co~npleted if a 
I .'-inch tllc~lb~lolitr~ hat1 had t o  be used. After correction for the 
eRe1c.t.; of l ) i i ~ l i - I i ~ ~ h  in the  I~orizontal circle ( see para 4), which gave 
t ~ , l ) i ~ h l r ~  lu t hr  ~n it lcllt' of the  stlap, ) l l ,  t]jp average t r ia~lgnlar  error of 

t~ i;~l1;11>< i y  O1' .SJ .  

Dtrril~g tth~b ti1 b t  11;~If , f  the  spa~011, o b s e r v a t i ~ ~ ~ ~ s  wclre made 
about t.ilwll~ to helins itnil to  I;llllps, but, rlurillg the  sccond half 
Il(*liOs \tt.r.cb allnost t~xcIrlsiv~ly usecl. A curious cbffect was observed 
a t  tilt. tllrc~c~ h ' c ~ 1 1 ~ t w l ~  Base statiolls. The  rays along this base 
~ r . : c a S  ~vi t l l i l~  I 0  or 20 f t ~ r t  of the groulltl throughout their kngth, 
:111(1 a 11lbli1) \V,I-. ( a t  )~~w(lr l t~l l t ly  ;I ~ I I I . Y  ullatt,mctive mark, large, in 
car,1l*t:lnt I I I O J ~ ~ I I ~ ~ ~ ~ I ~  nnil somrtinlen duplicatrd. At night 
thll ~ I ) I I + ~ ~ I . . I I H ~ P  of a slnall laml, w t l ~  both sharp ant1 steady- 
~ ~ s v r l - t h r ~ l ~ * s c :  it ivaq follllrl that  ()bRPrvations made a t  night were 
(*~~ltll)ltlt~bl,v u~lre*li;ihlc~, the 1;llnps clriftillg from t o  sidt> up to as 
nlur.11 :tc: .j 01' r1vc1ll I()  seCollrls from thp mean, in th r  ;~ft~rnooll 
(~ilrpfnl l)istbcation of the h ~ l i o ' ~  vibmtions gave results which wpre 
(luitt r.:l~onnbly arenrilnnt, although repPtitic,lla wpre ll:ltllrsll! 

m ~ ) r t n  f r e r ~ n r ~ ~ t t  than in foulld necessary under more fa,*(jursble 
circumstancc*s. TIIP ~ a r l y  morning gave similar to  the nighti 
while brtween about I1 a.m. and 3 p.m. the distortin11 and movP- 
mpnt of t h ~  helio we1.p too great  for work t o  be possible. 

Part of 
Burma, Cm 

series st 

Scason .. . 
N~unber of new stations built 
Nunibrr of stations observed 

at  ... 
1,engfh t ) f  triangulation in 

~ n i l v r  ... 

1928-29-30 
1 

18 

140 

1929-30-31 1929-30-31 
7 1 8  , 

 re.^ in qc1n:lrc. ulilrs , 1930 
3It>nn length of sidvq in nlil6.s 2 1 

Nu~nber  of tri:rngles t~hsrrved 20 
hvrr,~gc, tri,xngr~l;~r error . , 0" - 64  
\ I  a u i n l ~ r n ~  tri.xnynla1. tbrror . 2".O'i 

V.~luc o f  ~n 0.453 
Vnlnc, of  11 0 . 4 5  
Vnlnc of p 2 1H 

Va111p of P . . . I  2.05) 
Ordcr of mcrit . I 22b 
Inqtrnn~c~nts  11scd Wilrl No. 59 

I 

16 

184 
4220 

11 

i5 
2300 

~ C J  k 

27 I - 
24 21 

2". 0s) 

0.441 
0 . 3 8  
1 .67  

1 . 3 5  
17A 

12" No. I1 ; 
Wild No. 1.70 

2". 80 

0.682 
0 .58  
3 .04  

2.41 
27A 

Wild No. 130 





BURMA COAST SERIES 

Geodetlc trlaneulatlon of prevlous years - 
,, 1930-31 - 

Chart XVI 
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Astroilomical latitudes and azimuths were observed a t  five 
stations near Kei~gtung (see para 5) .  I t  is intended to observe 
lollgitude at Kengtung Base South S a t  some future date, a ~ i d  so to 

a ion. form a Laplace st t' 
The health of the detachinellt was poor in the early part of the 

seasoll, but i t  was good during January, February a i d  Mni.cli, which 
were dry aiid healthy. One khalasi and one private scrvant died. 
From the point of view of t r ia~~gulat ioi l  the cletachn~ent was 
favoured with much better weather tllail during the pl.evious jear. 
Work was very seldom interrupted by clouds, and except that  lainps 
were barely visible in February no interruption nras caused by haze. 
Permanent mule transport (Chinese) was employed and was veq- 
satisfactory, the inules reachiiig the tops of all tlle hills except Loi 
Hpa-Ian. Coolies and essential supplies mere generall ,~ obtaiiiable 
without difficulty. 

3. No. 2 Detachment . -No.  2 Detachment under Mr. M.N.A. 
Hashmie, u.~. ,  uilclertook tlle recollliaissaiice and observation of a 
junction between the tt.rmina1 stations of the Burma Coast Series 
in latitude 10° 50' ailcl the ueighbouring stations of the Sinlnese 
primary triangulation. The detachinei~t left Dehra Diln 011 4th 
Sept., 1930 and started observations a t  Kliao Namnoi H.S. 011 33rd 
Nor. After completillg Khao Nalniloi H. S. atid Lanlpi H. S., it 
was found that the site of a new stntioi~ Khao Klohng Kuin \r.;ts 
~lnsatisfactory, with the result that i t  hacl to be rebuilt OII a11 adjacent 
hill, and the two stations already ohservecl liacl to be revisited. 
After this c le la~ observations proceeded \!-ell, and the work was 
completed on 10th Mal.c]i. Eight stations were observecl at, inclucling 
a satellite station south-east of Kalryc H. S., where it was feared 
that a grazillg ray lnigllt suffer from horizontal rcf'rnctioii. The 
theoclolite used was l~- i i lc] i  NO. 11. Good results weye ol)taiiied, tlle 
average triangular error of 1 4  triangles being + O"'S2. Ol~se~vatioiis 
were matle to lielios alld lalllps in about equal proportiolls. It was 
lloticealsle tllatdistallt l1e]ios see11 over the sea appeared inuch more 
steady than when viewed a t  a similar distance over lancl. 

The health of t.he cletacllille~~t was poor, there being 1 1 1 ~ ~ 1 1  

fever aiid sollle cases of beri-beri. One dnffadsr and five Irlial~sis 
died. During October, Novellibel. and Dec~eml~er 1!);30 rail1 anrl 
cloucl causer1 continual interl,nption, but tlic ~ t . ~ t h c r  improver1 
(1urillg Jaiiuar,y ancl Fr.ljYnary. The v c l . ~  thick jn11g11~ ~nnkes for 
R ~ ~ J V  ] ) Y O ~ Y C S S ,  was tile C ; ~ I I ~ O  of tllv oyigill:xl i i~ihplnvi~~g of I<hno 
KlollllK lirlln H.S .  Trallsllort is by coolics, nrlio arc o1)tninnble 
]ocallv 1)lit ollly a t  a heavy (lost. Epsci~tial suly,lic.x, c8svctpt 

fir(lwoo,l, have to he. iin],c,i~tcd. 
0111% of thp statiolIs llui]t tllll.i~~g tho sc.aSoll, :llltl ~ \ v O  of tllc 0tl1t1l. 

stations vjsite(l, werct ill Sinlll,~sc~ tel.l-i{c~~ny. ~1~1';111g:.(~lll('11t~ hat1 
l~l'"vio1lsly 1 ) ~ ~ ~ ~  mn(lc \vith tllp Sinlncsc authol.iticls, W ~ L O  gave all 
Possil)l~ assistailc*e~ to t l ~ e  t lc~tachlnr~~~t.  
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4. Wild theodolite.-The Wild theodolite used by No, 1 
Detechmeilt started the season well. The triangles of the first two 
quadrilaterals showecl no traces of the tendency to measure too 
small, which had caused such trouble during 1929-30, the triangular 
errors being positive and satisfactory. The trouble then started 
again, arid triangular errors of over two seconds resulted. Later 
in the season this t,ellclency was remedied by a change in the 
observing programme, while the application of corrections deduced 
from the obsel*vations thelaselves (as  explained below) has made it 
possible to go a long way towards rectifying the observations made 
between the onset of the trouble and the change of programme. 

There is little doubt that  the cause of this persistent under mea- 
surement during the last season was due to a taking up of back-lash 
in the fixing OI the graduated circle cluring the first angle measured 
after any change of face, swing, or zero. After any such change it 
was always the practice to turn the telescope a t  least 180' in the 
direction of swing* before intersecting the first station, but it is 
evident that this is not sufficient. The condition of the theodolite i~ 
clearly illustratecl by the abstract of angles observed a t  Loi Hsamhsao, 
shown on the opposite page. On the evening of 4th Feb., the 
angle was measured once on each face on each zero, as shown in 
the tirst line of the abstract. These measures may be called L, &Rl. 
On the following morning the angle was measured twice on face 
left and twice on face right on each zero, the two measures on each 
face being consecutive, without any break in the swing of the 
theodolite. These measures (L,, L,, R, and R,) are shown in the 
second aiicl third lines of the abstract. The means in the iast 
column show that L, and R, are in good agreement with L1 and R1, 

but that L, ancl R, average about 1".8 larger. The increase takes 
place ill each separate zero. Further examination of the angle- 
book show.r-~ that in every single case the L, circle reading of the 
first  tati ion observed is greater than the L, reading, while the R, 
circle r~acling is lcee than the R,, indicating that  during the first 
::ROD the gracluatc3,l circle has slipped in the direction of swing 
t~vpntv times out of twenty. The average slip is 2"'l. 

I t  is clear that the measures L2 and R, can be considerably 
improv~tl hy applying a correction for this dip,  the 0111~ doubt 
11r111~. what proportioil ~houlcl be applied to the angle of the t:i- 
a l l ~ l c  ( I.()'), all(l how much to the complementary anglr (:120 1. 
Exarni~latioii of t h ~  a~~glc-lloolr rc.ar1illgs of the second station 
ol)scll.~p(l ill ~ a c h  round shows that the s l i ,  in the 360' i m i n c d i a ~ l ~  F, fr~ll~b\\;in:: its interscvAion avel-aged oll]y 0 .6, and that  the change 
was ill thc~ ~lir*~etinn of swillp 13 tilnrbs out of 20: which in- 
(licatlbs that coinpnratively little slip took place after the int~rsectioll 
of the statlion. I t  t h r r e f o r ~  ecelns h ~ s t  to  apply thp whole 
of thch  lip tn the first angle measured, and to assume that 110 slip 
ncrn~.i.~d q~h8pq11~11tly. Neither assumptioil is likely to be ])erfect, 
hut t h t~  firnt clrrs ill the direction of making the acceptetl me&" 
valrl~ of thr* anglc too large, while the secoild tends to lnakc it 
- -- 

Thl' l l l r ~ r t ~ o n  of swing has been regulated by the rule-Face right, gwing 
right, and *ice versa. 
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small. A cerbain amount of cancellattion of the resulting errors 
may tfhprefore be expected. 

At the stratious preceding Loi Hsalnhsao the programme of 
observation on each zero was L, R1 R, L, L, R,. Following the rule 
that  all slip is to be applied to  the first angle of any swing, it is 
seen that  the first angles measurecl on L, and R, have to be totally 
rejected, since no ~neasure of the slip is available: R, and L, duly 
receive t'he correction: and R, and L, require no correction, having 
been iinincdiately preceded by another round on the same face. 
Angles other t h i n  those bettween the first and second stationsof 
each swing r e q ~ ~ i r ~  110 correctioli a t  all. Abstracts have been 
p~.epartltl 011 thc.sc. lii~es* ancl Table 2 shows the resulting improve- 
intbllt in the triangi~lar errors in the part of the series observed 
whilc slip was occurring. The great reduction in the mean error, 
talien with regal-cl to sign, is very noticeable. The mean taken 
with regarc1 to  sign has, of course, no signi6cance as a measure of 
thr  of the work, but i t  shows up the systematic slipin 
tht. ~uicorrectecl angles. 

TABLE 2.-Result o f  correcting for s l i p  of  lower plate. 

Before 

1 Putp;tkk;~, h I ~ ~ - t n ; ~ w m .  Paknlin - d ' . n ~ I  ti17 
2 ~ I I ~ - ~ I H \ ~ I I ~ .  Pnknlin, 'l'nng Hsr)ng -2 .21 -1.22 
3 '1':~nq Il*c:ng. P ; ~ k ~ ~ l i n ,  '111m .. - 1  ."t i  / -0.08 

-0.69 
t 1.03 
-0.66 

+ 1.23 
-0.32 
t 1 . 2 1  

-0.35 
-0 .R  
-1.8; - 

4 Pr~tlnkl i :~ .  P;~knlin. Pnhorrtpolr . . - 1 . 5 2  
.> ' I ' I I I I I .  I'it.!i111in. E';~llo~~lpok . + O . Z O  
li T;ln:: H,d~luy. &I~--t~ln\vm. IIkiao , 1 -1 , : 3 ' j  

i - r 
I I':rng H~sc.n:. I1lri;lo. H s a ~ n h ~ a o  / +0 .46  
n T : ~ n g  IIic.n:, Iikiao. Hpa-min - 1.1.k 

hIl-:ln with rr>gnrtl t o  sign - I  . 0 1  -0.20 
hl*s:~n ~v i th~ ,nt .  rchgard tc; sign 1 . 8.1 

A t  tllt1 stations v is i t~d  a,ftt>r Loi Hsamhsao t h ~  ortl(~l. of oher- 
r n  tit,,, an\ rll;itlg,rl to L, L.: L:; R, R, R,, in conseqoeilro of which 
1111 a~lgllb has to 1)o l.ejrct+*(l, eve11 if occurs. Grcnt cal.emaJ 
tn!-il1l1 to c*lls~l~'t~ collt i t~uit~- l ) f  Y W ~ I I ~  clurillg tile t.ll~.ce ~~~c'asul~eg ('" 

rbnc-11 f :~c . l . ,  ;11111 afttar all!' ~~ l l a l l gC~  of faC'cl 01' zero t.he th(~orlolite wa.4 
FWUII: I , O I I ~ I ~ ~  stavc'raI timc~n ill thp rlirpctioll swing, ill the h o p  
f t i  1 1  a a -  TIIP of prrlimi~lary rrvolution8 
w e  +~ut~~rtual lg  i~~( . r raa*r l  to as Inany 10 or 15, aid the g d  
- - -.- - - --.. . . . 

~ - - .. .-- 
At the carlp statinns at which ~ l i p  wa.s not, occurring. and w h e w  ~m~l 'pn4"  

tive triangular errors were obtained, there has been no need to  do thi?. Nor 
r e v i ~ d  abstracts bcpn prepred for the lest three etatione, a t  which slip was 
eliminated BY very rtgoroua preliminary rotation of the telescope. 

! I  7:rng l l r ~ . n ~ ,  H l ~ : ~ - m i n ,  Hsnrnhs:~o ... . . .  

1 0  l I . ~ ; ~ i r i h s a ~ ~ .  f1l<i;111, HI)%-~iiin 
11 H~,r~nhc:to. Hp:a-Ian. nkl~f ,  
13 ~l:rI<lro, l lp;~-1:~11.  hIi . . . . . . 

~ 

+ 0.74 
- 0 . ~ 6  
- 2.4.0 
- 2 . 6 3  
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central closure a t  Kengtung Base Centre S. (0" - 08) indicates tha t  
this was effective. 

At the last seveil st,atlioils zero was changed 9' when face was 
changed. Observatioils were thus made 011 20 zeros, t,hree face left 
measures on 10 zeros, and three face right on 10 others. The 
change of zero takes very little time aild i t  was thought desirable 
in order to obtain fuller cailcellatioil of g r a d ~ a t ~ i o n  error. 

5. Astronomical observations.- Astronomical latitudes 
&lid azimuths were observed at the  three Kengtu~ig Base stations 
and at the two stations on the  hills immediately overlooking the 
base. The large deviatioils of the  vertical which occur in this part 
of India, combined with the steep elevations of the 1-ags coni-~ectiilg 
the base to the su r ro~u~d ing  hills, result in an appreciable correctio~l 
to horizontal angles due to the  dislevelmeilt of the theodolite. I11 

the case of the angle Base North-Hpa-Ian-Makho this correctioil 
a~noullts to 0". 95. 

The latitucle programme coilsisted of two north ancl two south 
circum-meridian stars, Polaris out  of mericlian being used as one of 
the north stars. The probable error of the mean a t  any one station 
is about 0"-S. Azimuth was obtained by observation to Polaris, 
and the programme consisted of one face left and one face right on 
each of tell zeros. Observatioils were 11c)t confined to the hours 
near elongation. The average p r o l ~ a b l ~  error of the nican a t  each 
statioil was + 0". 5. These latitucle and azinzuth pl.ogl.an~~nes \I crc 
illtellded to measure the deflectioll correct to 5", for nhicll they were 
certaiilly adequate, although in the abstwce of ally near Laplace 
station, doubt ill the geodetic azimuth adlnits of rather greater 
uncertainty in the prime vertical defection. Thc results a1.r give11 
in Chapter IV  of this report, para 8 and Taljlc 4. 

The azimnth a t  I<ellgtullg Rase South S. was rno1.c carefully 
ohserved with a \rie\v to the 1;ltt.r formi~tion of a Lnl)lnc't. st:ltion. 
Polaris was obsprvpd three times 011 earl1 fact. oil e:lc11 of 1 0  ~ l ~ 1 . o ~ .  
On 5 zeros Loi Makho H.S. tvas used as the rcferrillg n~ni-li, %11(1 011 

5 Zeros Loi Hpa-la11 H.S., with the following results :- 
Azimuth of Loi Malcho H.S. ~ ~ g O  14' 55". 1 + 0". 5 
Azimuth of Loi  Hpa-Ian H.S. 130 7 1 z 0 . 5  

Differellce . . 1 17 3 3 .  S 
Direct measure of angle * . 1 P i  3 2  . S  

- 

Discrepancy . . . I . C )  
-- 

The l~l.ol~r~l,l(\ errors givcbn :Il)ort~ l17(.r(. tl(.~.i\.c>d froill tllcb ~ c c o ~ . -  
dallce of t l a  d i f f (~r (~n t ,   pro ill(hnljs. T11t. l)rol):~ 1 , ] I >  (ll.l,Or 111 the 
gelleral mcl:lil IIIR,Y 1~ ti11~~11 to 1 ) ~  f Of' - 4. 

Aziml~tll ~ l , ~ ~ ~ ~ ~ t , i ~ ~ ~ ~  ill tlltb Sllrvcly 01' 1111li:l ~ I : L T ( ~  hitlltlrto 
been  mad^ ~ v i t ] ~  a 1 0  1 I I I I -  I :  i t a l ' ~  
"WIY at ~ ~ ~ o ~ ~ ~ n t i o ~ .  ~ h ( b  us0 of Po1al.i~ at all ~ ~ o u l . s  l . ( l h l l ~ i ~  ill a. 

lightc>~. l,r(1g1-amlTlc>, wllic~ll is of coul-sc. fni.tllc~ liclltcln(,(l 1 ) ~  
the use of thr) Wili1 t]l~botl(j]itc. TIlp o l j ~ ~ r y n t i o ~ l  O F  tho cnrtbJ'lll 
a"lnllth at g i b l l g t u l l g  Base Sontll S. inrladilig tlltl n(b(ltbspnl.j t illlcl 

0h8ervatiolla (two night,s), i l luolvt~~l  o111g firo holll.~ of ~ \ . o l ' ] i .  -- - - 

* After grinding figure, 
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6. Kengtung Base.-The base-line is 74  miles long and lies 
roughly north and south through the cent're of Kengtung plain. ~t 
is divided into two halves by Keng-tung Base Centre Station, alld 

each half is divided illto four sections of approximately 1 mile each, 
The  bas^ is sensibly straight throughout, and there is no correction 
for alignment. The nort'h terminal is on the slopes of the hill8 
hounding the plain, about 24 feet abovc the adjacent padcly fields, 
The centre station ancl south terminal are in the paclcly fields, and 
are brick towers 4 and 9 feet high respectively. The line of the 
base is almost continuous padcly field interrupted only by afem 
streams with bamboo jungle on eit'her side. 

The cletailecl alignment of the base, a ~ i d  all the preparatioils for 
its meas~wem~nt ,  were cal-ried out by Mr. L.R. Howard. 311.. Howard 
prepared t!le statiolis and intermediate marks, cleared a line about 
20  yards wide along the base, and put out carefully aligaed pegs at 
24-metre ~ntervals over which the tripocle were afterwards set up. 
When the pegs fell in small streams or badly brolten ground, 
platforms were built up to a convenieilt level. Earth ramps were 
also constructed sloping gently up to the centre and terminal 
stations. 

The ineastirernellt of the bast1 was carriecl out by Captain 
Bomfo~-cl ant1 Mr. P.K. Chowdhury, reading the two ends of the 
wires, nssistecl l)-j n recorder and ahout 2 0  khalisis. The tripods 
were srt  up in a~lvanct. Ly Mr. Howard with nlmut 15 khalssis. If 
personilel had I ) c ~ r ~ i  available al~ot11t.r officer woulcl have been 
c~mployecl on spirit-levelling along the pegs over which thr tripods 
were plu~nhecl. As this was not possible the pegs were levelled 011 
off -days hef orc ant1 after measurement, ally which appeared disturbed* 
being cht~clrerl by Mr. Ho~vard whiltl setting up the tripods. 

Sis  wires mcrr rmplopetl ill the ~neasul . rme~~t  ; Nos. 249 and 
2 5 2  as stanr1al.d~ against which thr  fielcl wires were compared ill 

c a m p  P Y P ~ ~  111o1~11111g; NOS. 21:; ;11)~1 247 for the south to no~tll 
n l e a s u i r m ~ ~ ~ t ;  and Nos. 24.1 ancl 2 1.8 for 110rtll to south. At each 
l ~ y  foul scale ~rndings  werc. made on each wire, with aclditiollal 
rrarlings if thp lsange of variation exceeded 0 . 3  mi11. When corn- 
paining the fielrl n-ires wit11 the two stalldarcl wires ten readillgs 
n.ei.e ~natlt.. tht3 ohservers changing ends after the f i ~ s t  five. Air 
t @ ~ n p ~ r a t m r . ;  wcrcb recorder1 a t  each bay l,y means of a cl~cl~wol'k 
a411i1 at11 ) I I  tll~i.nlo~nc~ter, ancl the telnpe~.ature of the wires mag 
a e ~ u m l ~ ~ l  c~cj~ial  to that of tllc~ air+. H~ ig ] l t s  of tril)ods \\'ere 
c ~ l ) t a i ~ ~ c ~ ( l  1)y ~ntlnsurir~q up fro111 the) spi~.it-lc~vc~llctl l , e R ~ v i t l ~  a tap'', 
t ~ ~ ~ n l ~ l ~ t  that ahwo thr  sloprs we1.p str.,ll), ~l)irit-]pl~t.]]illg was C R Y Y ~ ~ ~  

~ l l t  t~ stnvl~s pl:~c.rlcl 011 the tops of thp tripc,tls t l ~ r m s c ~ l ~ , ' ~ .  The 
- - . -- 

* 7.hc~l.v \\lbrcs ;,I t l ~ n l l y  two prsgq a t  rbvcsry ~ ~ - l l l ( ~ t ~ ( s . ,  with a \\oocl( 11 '1:~t llailed 
wrr1q-: t h i r  t(11)9 Any r o n ~ l r l ~ r a h l ~  n l o v o n ~ , ~ n t  I I ~  :I p~bg \\a9 b c t r ~ ~ ~ t l  I)y Ihc diglcvpl. 
nwnt : ~ n l l  q ) l i t t ~ n g  of the. slat 

t Tllnt f h l c  : L ~ < I I I I I ~ ~ I O I ~  ic  not g 1 . o q c 1 ~  in 13r1.01. \ \ a s  provi~rl hy  thv fact tllnt 
~ r + , ~  P Y I ) ~ ~ I < I I  t o  thv clln f f - l t  1 - 0 1 1 1  t o  t11v r l 1 1 ~ k  15 llcn th+. air t ~ ~ ~ ~ ~ c ~ r n t  1 1 1  1 -  wn4 92" 

'1hl.l pllqltlrl.lr I ~ I I ~ I ~ . :  th18 qbrl.or to in0  F., fl)r \511iill t lrl .  lllfan l ~ l ~ l l ~ ~ - r n t l ~ r ( -  c'orrprtion 
is about 1 ' 2.000 01 0 
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wires were "exercised" for an  hour before work every day, being 
suspended urider their usual teilsioil and under light tensioil for 
&]ternate periods of about 10 minutes each. 

The rate of work started a t  60 bays a day (nearly 1 mile) and 
illcreased to 125 bays a day as t'he squad gathered experience. The 
t,otal time required for nleas~~reinent,, includiiig levelliiig and the 
repetmitioil of two sectioils was 16 da$ys. This of course excludes t,he 
cleal-ing and aligning previously carriecl out hy Mr. Howard, which 
occupied about 2 months. 

The lengths of the wires were clet,ermined i11 t8he Observatory 
Sect,ion before and after the field season (see Chapter 11, para I), 
during which interval the wires inaiiit.ained a satisfactory constailcy 
of leiigt'h, the fom. wires used for the actual work holding their 
lengths bet,ter than the two field st,aildards (see Chapter 11, para 1 j ) .  
In bhese four wires the average cllailge was 1 : 2,500,000, and the mean 
of the two observatory det,erminations ha,s coiisequently been accept- 
eel for them, igiioring the daily comparisons. The wires were 
p130vided with cert,ificates of coefficient of expailsioii as determined 
1)s hhe Bureau Iii t8~rnat~ional des Poids e t  Mesures i11 1908, but the 
s~stemat~ic changes in the differences between t,he pairs of field 
mires between t'he cold of the morning (13OC) and the heat of 
Inidday ( 3 3 O C )  soon showed t,hat t,hese values were no longer appli- 
cable. Provisional values were obt,ained ill t>he field hy t,he careful 
1nPasul.ement of 10 bays in the em-ly morning anil again a t  midday, 
which have heel1 confirmed by observat,ions iiiade on t,he 24-metre? 
colnparator ill Ol~serwtory ~ i c t ~ i o n  (see Chapt.er 11, para 1 c ) .  

The Ie?ngtlis ( ill met,res ) fin all^ obtained for the different 
.sections of t.he hasr are :- 

R l ~ a n  

1487.939 
1488.281 
1440.324 
1670.960 

5987.504 

1813.513 
1612,352 
1512.181 
11W226 

6736,271 

Wire Wire UTiw I Wire 1 243 244 1 3 4  2411 - - -  - _- 

M ~ ~ I I  tllt:ll 1n~~:1,slll~(,d frol,l S, to N. (24.:3 K: 2.1.; ) - ~ I . s P : < . ~ ? z  111c~trc.s 
Urn11 total ~ n c : l . q l ~ ~ ~ . ~ l  fro,,, N. to S. ( 34.4, S: z,~,s ) - I  I .'i2:<. ~ S X  ntc~trcs 

I 
--~. 

G&N&RAT, M R A N  = I  1.72:1.775 ~l~c'tres 
- - - - - - . - . - -  - - -. 

* R'cvis~d V R , I I I ~ ~ .  ly,,, first, nleil,sllrc.s l; i12. ,I.!IH :LIILI l;ilZ..iO-l,. This \\,As 
t"a first day's \\'(,rk. and some bluntl(,r c,vidr~ntly occrul.cntl. 

t Thr I1lc.n.n of . :j.j.c) .355 .7.11d .:is:{. . : 1 ~ : {  ;~nt l  . :i51. ,365 nlltl . :{52 re's- 

'"'ctivf"~- Thr. first, nlmsllre nl)l,eared disc()rd;~nt ~ l l i l  \\.as r(ip~!ated. TI10 111('anS Of 

both m('mnrrs have been Recpptrd. 

i: .. 
Sectiou . . t :  . 

. . 

'rotal South Half , . . - -_ 

148i .938 
1488.27: 
1440.322 

-- 
1570.959 

6987.496 
- 

1487.940 
14.88.284 
1440.335 
1sT0.960 

5987.5011 

1487.940 1487.939 
1488,280 1488.282 
1440.324 1440.325 I 

1512.51:< 
1612.3>4,+ 
1 ~ 1 2 . 1 ~ 2  
11!)9.22:j 

ST;;(;. 372 

1570.9(il 

5987. 505 

1512.515' 
1"2.:152+ 
1512.151 
I19922Ij 

;i;:j(;. 274 

. .  1 3512.51;3* \ ... lSl2.:350+ Section . 

1570.960 

598; ' 506 

I 
l 5 l S ~ h l P  
1512~: i .w  
1,i12.1Hl 
1199,221 

5$:i6.270 

( z . 

Total Nol.t,I~ Tl;Llf ... 

1 5 1 ~ . 1 7 8  
1 1 $ ) ~ . y 2 ~  

5736. 2(;(j - 
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The discrepancy of 0'006 met,res between the two measurea 
amounts to 1 : 8,000,000 of the total length of the base. The ratioof 
the le11gt.h~ of the ~iort 'h and south halves of the base is also given 
by the angles observed a t  Loi Hpa-Ian and Loi Makho. The ratio 
derived from trimlgii1:~tion differs by 1 : 360,000. from that given by 
direct measuremt.nt. This discrepancy can readily be attiaibuted to 
errors in the ( rather s ~ n a l l )  angles on which the triangulated ratio 
depelids, a1111 the direct linear measures have been accepted as correct. 

The value give11 above for the length of the base is in metresas 
give11 by the silica and nickel 1-metre staiidards ( 1931 N.P.L.Cer- 
tificates ). Conversioii to Inclia~l f e ~ t *  (tenths of old slaildard Bar 
A ) ,  in terms of wliicli the lengths of all other Indian bases are ex- 
pressed, is effected by the relatiolis :- 

1 standard yard=0'91-4 399 20 metres. 
1 Inclian foot =0'333 321 886 standard yards. t 

The resultiiig length of the base a t  ground level is 38,464'03 
Indian feet. 

For the retinction to sea-level i t  is iircessary to consider the 
height of the base ahove the Everest spheroid. The mean height 
ahove the g~oit l ,  as given 11y spirit-levelling, is 3550 feet, but in 
Burma the geoitl is considerably elevated ahove Everest's spheroid, 
on accoi~nt of t l i ~  axes of the latter being smaller than those of the 
meal1 figure of tlir Earth. The numhei- of deflectioli observatiolls 
available is not srificient for an accurate cleterrnination of the form 
of the geoicl in Burma, hut a sufficiently accurate figure for the 
geoidal rise a t  Kengtmng will he ohtnined by assuming that the form 
of thtx gthoi(1 is well representecl by the International spheroid, so 
o r i~~ i t e l l  a s  r ~ g a r d s  tl~flectiolis a t  the origin as to make the best 
possihl~ fit with thc geoid in India. The separation between this 
sphr~roirl and Evprpst 's spheroid a t  any place is easily calculated. At 
K~ngtu i ig  it is 2:d.l feet, so that  the spheroiclal height of Kengtullg 
may he taken as 2800 feet. 

The length of the base reduced to sea-level (spheroiclal) is there- 
f o r ~  

38,438'85 Indian feet 
or 4'584 9964 log feet. 

This ticlire i3 h~lievcrl to hr  uurlonbteclly correct to 3 : l,OOO,OoO 
0 1  r? in t h ~  7th tlecirnal of the log. The p~ollal>]e error i q  of ~o111.8~ 
1n1lc.h I ~ > R R .  ( see C'hnpt~r 11, para 1 k). T l ~ c  triangulatrrl value in 
terms of thr' Monq Hsat Serirs is 4-58; 0C)36 alld in t ~ r l n s  of the 
C+r~at  Hnlwr~n 4'5s 4 !)89;3. 

_-_ - -- 
* s * % ! -  I+- I ' .s .  Val. 1, p:lzf, lo] .  
t S I V -  " S I ~ ~ ~ ~ I - I I I I , ~ ~ "  ( 1 1  (?~orlr.tic R~np~jrt lrol. VI.  









CHAPTER VII 

LEVELLING 

1. Organiza t ion . -Ei~ht  detachments were formed and 
employed as follows :-3 on high precision levelling, 4 on secondary 
levelling, aiicl 1 on tertiary levelling. Except for one high precision 
detachment ancl the tertiary detachment all the others were employ- 
ed throughout the season. 

Secondary levelling mas carried out for the Bhakra Dam 
PI-oject (Punjab Irrigat,ion), Bihiir and Orissa Flood Area, East Indian 
Railway ancl Bi~rma Railway. The lilies Tinpahiir-Pii.pai11ti-Purnea 
and Taunggyi-Ke1~~t~111~ were run for departinelltal purposes. 

2. Summary of o u t - t u r n . -  The botal out-turn of levelling 
mas as follows :- 

High precision levelling in fore direction 1161. ~niles (289 gross).* 
5 .  11 9 l  ,, back .? 4.68 ,, (537 ,, ). 

7 11 9 7  ,, both directiolis 232t 71 ( 2 7 0  ,1 1. 
Equivalent total in nnr di~vction 964 ,, (1096 ,, 1. 
Secondary l e v e l l i ~ l ~  1 4: j l  .. ( 1  5 7 1  ,, ). 

l l  ,, (r(lvisio11 ) :IS ,, ( 3 9  ., ). 

Tertiary ,, l l  c;OCI . ( G O O  ,, ). 

3. Work of detacl lments . -h 'o .  1 ~ / r t n c l ~ r n r l r f  ~uider Mr. 
J. N. Kohli (lid the foIIowillg llig-11 l)r+>ci~io~l I P V P I I ~ I I ~ ,  his t ~ t ' a l  out- 
turn hc.illR 465 mj]tlR (;)():, g l . o ~ s )  \tit11 51 nlilcs of ~-eli~relmt~nts 
(:jl;d I). 

( ( 1  ) Baroila-Surnt-L3o111l,n~ 2 6  1 inilcs (289 gross) ill fore 
(lirection along the R. B. nncl C:. I .  Enilwaj lint). This line forms 
l)art of thr new 11c.t li~rcbs 112 nnil 122 .  

* 'h first of these figllrrs ~.c.pr(,scsnts tho direct ,listanc$cb Itlrc.llt~l betwrrn  t r r -  
h c n r . h - ~ ~ ~ : ~ . ~ k ~ .  'l'Il1. gross t , , t ; ~ l  i n r l r~dcs  :tclclitionnl cllc-ck-lcvcslling a t  end9 a.nd 

hmnch-lines to  ( 3 .  T, st a t. lonrr ctc.  
t i .  c . ,  2 x 116, 

1 \\'h(m r.cbIc~vrlmc~nts m.e cxl>rcsscql n.: a p ~ r c c n t n g r ,  thiq ~ ~ c ~ r c f a n t n ~ c  refers to the  
'mollnt of 1,;lck or  fort. ( sc.c,,lld dircactl,)n ) levelling o ~ ~ l y ,  since lt 1s only 011 sllch 
levelling that  ~ . c l ~ ~ ~ l ~ ~ ~ ~ t ~  ,,ccllr. TII t h p  cascx of revision lcvcblling relevelments 
Occur In either or  both directions. 
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( b ) Portion Khiimgaon to  Akola in fore direction 38 milee 
( 42 gross) and Akola-Mhasvid-Dhulia in the hack direction 
163 miles ( I 74 gross ) partly along roads and partly along the 

line via BLlhpur, Nandiira Buzruk, Wadner, Malkipur, 
Bodvnd R. S. and Mhasvicl. This line forms part of the net 
net line 114. 

I 

No. 2 detachment wider Mr. P. B. Roy did high precision level. 
ling from Sehore to Dhfilia 256 miles in t'he back direction, folIowillg 

the old route of main-line 34 (Nandgaon-Siron j 1 t,hroughout. 
Total mileage was 256 miles (278 gross) with 116 miles of ~ e l e v ~ l -  
ln t l~~ts  (-1576 ). This line forms new net line 111. 

L V ~ ~ .  3 detcrclrnirnt under Computer P. John clid t8he followiq 
high pwcision l~velling, his total out-tun1 being 78 miles (10; 
gross) with 4 miles of 1-~levelinents (18% ). 

( [ I )  Branch-lines Mhasvjcl-Pichora and Mhasvd-Shirsoli 
ill back ilirection, a lo i~g  tthe G. I. P. Railway lines, 22 milee. 
This forms part of ilew 11et line 114. 

( b ) Mhaevfid-Khimgao in fore direction, partly along 
thta rc)ad and partly along the railway line via Malkipl~r iE 
milrs ( S:; vross). This forms part of new net line 11.1. e 
On completion of the above lines, Computer P. John fell ill ald 
was replaced by Mr. J. N. Kohli. 

So. -1 d~tctchmertt uncler Mr.Mohc1. Faizul Hasan with Computer 
Sami Ullnh I(ha11 as seconcl leveller was first employecl on secondarr 
I P V P I I ~ ~ I ~  as follows :- 

( a ) Along detached sections of the railway falling in t h p  

AP:IIIPOI Division for thp Enst Illilian Railwa?. Total milpap 
I li:! milrs ( 1 7 1  gross ). 

( h ) Tinl>all;i~--Plr.~:~i~lti-P~r~~ei~ was rim for r1epartmellta~ 
prlrposes in orrlt11. to tlc>tect the 2-foot error i.t~vrakd last field 
st~lr~on. ~vhilv carryin? out Ic.v~llillg from I<11%1lrt to Kiul for 
thcb Fnqt T~~clinn Railway. Total mileage 78 miles ( 83 ~ ~ ~ j s f i ~ ~  

I t  l.:lll nlo~~z tllch ~ a i l w a ~  line up to Pirpainti and thence al( ' l l~  ' 
tllp 1.o:lrl n 1111 ar n)ss r o u n t r ~  to Purnra, crossil~q the ~ a i i ~ p s  
thlh hrcwi 0, r r , , r t r >  target Intthocl, as motlificbtl hy ('aptaln 
. T I  1 .  Tllrl rc>an]ts of this lrvel]ing nr(. rliscu~s~l i n  

( : t , ( ) ( l ( 4 i ,  R(>port Vo1. VI, pages 104 to 106. 

( 1 ) JI~;illri-Rirl:i in thp I,nl.lc tlil.rrtiol~. lylrtlj- al(w?tll(' 
1'1lal :lnd l ~ r t l r  : l lo l lLT thp rail\vRI via  [ , a ( i t l )~~r  101 nli"" 
( 1 . This forms part of new net 1i11e 109. 
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( 2 ) Gwalior-Jhknsi in t h e  hack direction along the  main 
roacl via Datin, 64 miles ( 79 gross ). This forms new net  line 
109A. In  adclitioil t o  the  above, 20" m i l ~ s  of check- 
levelling was done in Bikailer in both directions in connection 
wit,h the proposed new Standard Bench Mark. 

No. :5 detnchmant under Mr. I. D. Suri with Computer Hamid 
U]lah Khan as s~conrl  levellels. was employed on the following secon- 
dary levelling in co~lnect~ion with the  Bhakra Dnln Project Area 
(Punjab Irrigat,ion ) :- 

( 0 )  Ferozepore-Jagri1011, partlj- a1o11g the ~.:lilway line 
(Fel.ozeporc1-Jullundur sect io i~)  and part,lg along the unmetalled 
road via Jogw;tla R. S. and Dharmkot. Total mileage S( i  
milcs ( S9 gross ). 

( b ) Maluln-head o f  t,lle Bhadaur distr i l~ut~ary,  along the 
Harikc-8;Lhna roacl via Farlhni Icaliin. Total mi1en.g~ 29 1nilt.s 
( 31 CI"'"" ). 

( c ) Bn,lhni Kaltin-Ala~nw;l,la, a.long Abohar Branch 
( Sirl~incl Chllxl ) via Salnii.lsar :l,~id ,4sa But'tar. Total mileage 
63  miles ( 82 gross ). 

( t l  ) Blintindn-Doriha. along t l ~ c  Rl~at,indn Branch (Sirhind 
Cln~li~l) via t.11~ hcntl of t l ~ c  Bhnclaii~ distributary. Total mile- 
ngt. S4 milos ( !)!) gross ). 

( I '  ) Tsl~~rnn.ala-J~nnll)i, 1x11-tly aIo11g thtl Bikal1c~1 maill canal 
a 1 ~ 1  1,:t 1111)i d is t , r i l )~~t :~~. ,y  a11c1 p:i~-tlg across c o i ~ ~ i t r y  via Dii~iewila. 
De\v:t~i l<llor:t it,11(1 ~ V ~ I I - ~ ~ I I I  lC11c)ra. 'I'ot:~l 111iIoage 7 5  111iI~s 
( n:! gross ). 

/ : I  Hissir-Biilsnrnn~~d, partly along the road and ritil~ray 
~ ~ I I P  i111,l partly across cuorl~lt~.~ via HC~IIPI, F ~ I I I Y : ~ I ~ ~ ,   rid:^ : I I I ~  

silf7illi. 'I'ot,:~l ~ ~ ~ i ] ~ > : ~ g ( >  100  111i1vs ( I1  4 gross \ .  

3 0 .  (i t l , , l~ , f*h) /~r  ) j f  Illl(]pl' Ill.. 11. A .  S. Mntllll) A h~natl  with Cv<)111 

pllter Y:ISII~, Hasall tls spcol l ( l  1(~1(~11t~r, uns c ~ n p l o ~  011 t'he folio\\ i11g 
8econ(lnry 1(.1*r1l]i~g ill c . o l l l l c l c ~ t i c , l l  n it11 thc  Ilihiir and 01.i~':r P'l( l ~ t l  
Area 1 ~ 1 , i ~ : t i  ioll  ). 

( n  I Muh:llnlnx(lllagal. Pntl~:~-Rhnclrakl~, 13a1tly along tllc 
Ol,i+n. ( ' ~ a s t ' c ~ ~ ~ ~ ; ~ ~  thp ( ' l ~ : ~ n t l \ , a  li-Rh:1dl1a1il~ roa I : I I ~ I I  pal t J,Y 

~ ~ I . O S S  via ~ ~ t l I a g ; l l l ,  ~ : l ] : l s o y ~ ~ ,  l3idpip111~ : I I I ( ~  T'ir ~ICII. 
T(,tal mileage 1.52 ~nilths ( 156 gross ). 
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( b ) Bhadrakh-Cuttack, partly along the Orissa Runk 
road and railway line and partly along the high level canr\ 
via Jelrapur and Choudwstr. Total mileage 91 miles (101 
gross ). 

( c ) Cuttack-Pir Hat, along the Orissa Trunk road for a 
short distance and mainly across country via Achyutpur, 
Kendriipara and Chandhiili. Total mileage 149 miles (119 
gross ) . 
ATo. 7 detach?n,ent uncler Mr. B. P. Rundev with Computer 

I. M. Saklani as second leveller, was employecl 011 the following 
levelling :- 

( a ) Manclalay-Sagaing, secondary, along the railway line 
via Amarapura Shore, crossing. the Irrawacldj en route by target 
~nethod, as modifiecl by Captain G. Bornford, making use of an 

1 
island, the width being about 6 6  chains. Total mileage 17 miles 
( 19 gross ). This work mas carrircl out for the Burma Railsaj 
in connection with t,he Irrawacldp bricly hetmecn Sagaing and 
Amarapura. 

( h ) Taungcyi-Kengtunu precise, partly along the motor 7" 
road ancl partly along the hriclle-path via Loi Le~n and Takaa. 
crossing the Nairipang and the Salween r i v ~ r s  route by direct 
levelling. This line was carried out to correct t8rigouometrical 
heights of tlie M o n ~  Hsat series, and eventually to effect a 
connection with thc h i g l  l~l-c~cision l~vel l ing of Siam. 'htal 
mileage 26 1 miles ( 276 gross ). 

T+,rfirrr!l le t~l l in~.--C)wil~~ to ]arg:.(-~ c l i ~ c r e ~ ~ ; ~ ~ i c i ( ~ s  having heen 
noticc~cl b ( l t w ~ ~ n  the Survc1y Y. W. D. ~ ( ~ v c I I ~ I I ~ ,  tllis  part^ 
hml to u~~cler tx l i~  the r~visicln of the E. to W. liiles of single tertiary 
Il~vt~lli~iy in 6 i S ~ ~ P P ~ S ,  amoulltirig to 6,100 Iinc~ar ~niIc.s ill tlir Bahiva!. 
1 ) 1 ~  Stntr, of  which aljout (iOO miles wclre l ,nr.fnllrd nlld revised tills 
t ipld season, uu r l~~r  (lo,nl"lt~r Sprrl Nagal. Hasan, t l ~ e  remainink 
portion mill b~ carrietl out dr~ring 1 !I:{ 1 -:',:!. 

. . 
4. Probable E r r o r s . - P r o h d ~ l ~  errors of tliv high plseclelnn ' 

1illc.s have 11et:n coinputed by t , h ~  fol.muI,le :- 

whpre c r  = probable systematic error. 
71, = l>rc>hahl~ acciclcntal error. 
1 = tliscortlance of the results of the fore an(1 back leve'llns 

bet(w~c3n consccutiv~ hc~nch-marks. 
S = total cliscorrlance. 
.r = clistance l~etween consecutive bench-marks. 
L = total distance. 
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These are given below in foot and mile units :- 

Perinissible probable accidental and systematic errors are 
0'00416 and 0'00106 feet respectively. 

Probable errors of secondary levelling were colnputed by the 

Probable 
systematic 

error 

? 0.00040 

+ 0~00016 
+ 0~00004 

o.00036 

Line 

Sehore-Dhfilia ... 

Jhsnsi-Bina ... 

10911 Qmalior-JhiLnsi ... 

114 Dhiilia-Akola ... - 

formula :- p. e. = *32 1 /= 7 , where A is the discordance between 

Probable 
accidental 

error 

k 0.00370 

+ 0.00320 
+ 0.00285 
+ 0.002137 

two levellers, and L the total distance. 

These are given below in foot and mile units:- 

No. 4 nett. 

Line 

74 M Tinpahtir-Pirpainti . . . . , . 
74 P Pirpainti-Pi~rnea . . . 
70 U ~radhinkhunta-pgthardih' . . .  

70 V Dhinbid-Jamuniitinr ... 
70 S Minpur-Luckeesarai ... 
70 T Patna-Qaya . . .  . . . 

56 1 Ferozepore-Jagraon . . . . . . 
61 I IvIahna-head of Bhadaur distributary 
81 J Badhni Keltin-Alsmwila . . .  

67 0 Bhatinda-Doriha , . .  ... 
57 P Isltimmila-Lsmbi . . .  
57 Q Hanumingarh-HissilS . . .  

57 R I-Iisq6r-B6lqnmn1Id 
75 H M ~ i h , z ~ n ~ n n d ~ n :  1. Patnn-Rhndrnkli 
75 C Hhadrakh-Cut t:~c,k ... 

error I 

75 D Cuttack-Pir H i t  ... ... 
89 hl.zndalny-Si~g:hing . . . . 
88 I< Tnunggyi- RI e-Sai Rridge ( Sinmcscs l{order), 

portion Tnungqyi-Kcngtul~g . . .  

20.00372 
+0.00312 

+0.00500 
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5. Progress of the new level net.-The following 
tioils were made to the completed mileage of the new level net:- 

Line No Name of Line 

- 

Sellore-Dhulia . . . 
Jhinsi-Bina . . . 

Gwalior-Jhinsi . . . 

Dhi~lia-Nigpur . . . 

Miles comp- 
leted on 

main-line 

I 1 'Total . .. 1 584 

The whole line is complete. I 

Previously completed 

Total completed to  da te  

Do. I 

8,199" 
-- 
8.783 

Do. I 
Portion Akola-Nigpur not 

111 acldition to the above, 364 miles have been completed in one 
direction only whi~l l  is equivalellt to  132 miles in both directions 
making a11 equivalent totrtl of 8,915 miles. The total mileage of the 
Iww level net is now about 15,600 miles. 

-- 
~ - .- -- 

* L)isngrr~:~s with prchvions year's report on account of exclusion of line No. 1011 
( Yofikur-H!.~ll rnlr:ltl ) \r-hic.h h : l u  since been trcated ns secondary. 



TABLE 1.-Tabular statement of out-turn of work, 
season 1930-31. 

('1 Relovelled 51 miles. (2) Relevelled Il(i miles. (3) Relevelled 
t4) 11 16 ,, (6) I 10 ,, a 
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TABLE 1.-Tabular statement of out-turn of work, 
season -1930-31-(contd.). 
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TABLE 1.-ll'abular statement of out-turn of work, 
season 1930-31-(concld. ). 

Total Distance levelled number of feet bench.mnrks 

Detnch~iieuts 
I L I I ~  

at which 
Total Rises Falls the ins. 

i3 
lines levelled truments : g  $ ; were 

f %  50 
0 

set up 02 a 
Mls. ~ l s . 1  Mls. feet 1 feet 2 2 

- .. . -- - - . - 

I 

No. 5 Detachment. 

(Concld.). - I 

Branch-line 570 Dec. :30 
Bhatindn-Doriha t o  Jnn. :I1 84, 1 5  99 677 501 

Branch-line 57P 
Iolim~\.iln-Larnbi, Jill,. :{l i 7 5  17 92 467 4:iX 

Rr~nch-line 5iR : 

I  LVO. 6 Det 7 c - h n 1 ~ , i t .  

I 
Branch-lint: 7 ; ~  ~ 

MII~I ; I I I~~II :L~-  
1  

2 h l  
, ' 

I 

2 80 

I 1  

j 

tung 

I 
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TABLE 2.-Check-levelling. 

Discrepancies between the old and new heights of bench-marks, 

At  Bnrodn on line 112. I 
Standard (Type P )  . 1 0.00 1909-10 0.000 0.000 
Plinth of kothi ... 0'03 1928-30 + 1'049 + 1'04; 
Plinth of office .. 0'09 1909 + 1'302 + 1'293 
Flooring of office 0'19 1928-30 + 1'340 + 1'337 
State  library 0.30 1909 + 1.847 + 1'837 
Step of office . 0'36 , + 2':IHO + 2'381 
Flooring of office 0'43 1968-30 + 3'884 + 3'383 
Plinth of portico ... 0 86 1909 - 1H 958 - 1R 961 
'I'tvnple 0'96 ,, - 21'517 - 21'543 
Stone sill 1'31 ,, - 14'906 - 14'915 
S t ~ p  of museum 1'73 ,, - l'j.(;T.? - 15'679 
S t ~ p  of church 2'33 ,, - ~ H ' H : I ~  - 18020 
E m h ~ d d ~ d  R.M. .. 2'70 ,, - 1 ~ . 1 2 2  I - 18'136 

At Burcit on lines 112 and 122. 

Bench-marks of the 0riei.d levelling that 
were connected for check-levelling 

I0 

2 
g 
&$ 
a~ a 

$$ 
Y 
m 

5 No. 

- - 

70 

Sc 26-27 

& 26-27 
Stvp a t  clock t0wc.r ... 1'10 ,. - 3.098 - 3091 + 0007 
1':rving ; b t  cli.pvnaary 1.13 1876-78 - 1,.7:i9 - 1.337 + 0'002 
St1.p a t  ddltnra~rhiilo 1.81 l(D1-22 - 15l i3  - 1'498 t Om 

Sc 26-27 
+ 164.71 + 15-512 + 0"' 

1.99 ,, + 13,977 + 13.948 - 0'08 
-- - -. -- 

A1 Bombrcyt on line 122. 

Desree 
sheet 

---- - -  -- 

I 

Differen 
kheck-a 
oriuindinrll. 
~b~~ 
+ denoh 
thnt tbr 
heighl 

R P  
.venter 
and the 

sign-.la 
in lgXJ' 
thnnwhtn 
originah 
levelled 

Description 

Observed height above (+ )  or 
belor (- ) bencl,.mark, 

us determined by 

. 

I 

Date of 
original 
levelling 

- 

Original 
levelling 

Check- 
levelline 

""" 
t n.01:' 
t (yl'l' 
+ ')"'" 
t @n19 
+ 0'01' 

+ 0'010 
+ O'mi 

1 ('?) I 47 B 1 Sl;,nil:~rd Type P ) .  1 0.00 1$,06-07 0.000 WOO0 

I 
1930.31 

(continued), 

ToPo. Nee. of these hanch-marks arp not nvajlrtble. ae portion viremgim' 
Barodrt has not yet been adjusted. 

t Bracketed T q o .  Nos. in  the  check-levelling st B o m b ~  nre 'lop 
Nor. and t h e  othere refer t o  Bombsy Ielend levelling, 

XH (.i) 
%T ( 6 )  
X 3  

129 
1:{0 (9) 

85 
R 9  

, Stvp nt n n i c ~ ~ s i t ~  , .  

, ' Sic,]) ;st  ~rniv, .~,qit ,y . .  
,, ' S t * ,p  of f o ~ ~ n t : ~ i ~ l  
.. N f ~ 1 7 l  at A 1,ollo pier 

0.26 
f).z(j 
0.1;s 
0.90 
0.95 

1-51 
2.25 

.. 
,, 
,, 

Flooring a t  Apollo 
ha.ndar 

Stone at hand-ntand 
Step a t  Colnba R.S. 

,, 
,, 

191 
,, 

190(;-07 

1914-15 
,, 

- 3.5.40 1 - : ] . ~ 2 5  
- :!.,4,5~ 1 . . :;',$,j.$ 

+ 2.58 I. ~ + 2'.iHH - 2.977 
- 6.0.35 

- 7.171 
- 5.624 

- 2.958 
(i.020 

- 7.161 
- 5.618 
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TABLE 2.- Check-levelling-(colztd.) . 

Discrepancies between the old and new heights of bench-marke. 

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

bo 
.: 

j8 
0 a 

/ miles ( / feet I feet 

Observed l~eiuht  above (+)  or 
below ( - )  st&. bench-muk. 

as determined by 

2 A 
c 0 

g 2 
9 
f 

At Bombay* on line .l22.- (con.cld.). 

90 47 B Plinth a t  church 2'70 1914-15 - 3'352 - 3'339 
Step a t  ch11rc11 31% ,, - 0 008 + 0'001 

92 
91 1 : : ;  

S t ~ p  a t  barlxck No. 5 3'53 ,, + 5'R93 + 6'89R 
93 (23) ,, Bed-rock .. 3'80 1906-07 + 13'816 + 13'827 
94 ,, Embedded B.M. . 3.82 1914-15 + 12.205 t 12'214 
95 (8) ,, Colnba G.T. Station 3.86 1906-07 + 14.138 + 14.176 

2 (4) ,, Step a t  G.T.O. . .. 0.05 - 2'139 - 2'138 
3 ( 3 )  ,, Step a t  (3 T.O. . . . 0.05 ,, - 2'173 - 2'172 
4 ,, Plint,h of offices . .  . 0'23 1914-15 - 4711 - 4,'RRH 
6 S t ~ p  of house . .  . 0 41 ,, - 5.912 - 5.902 
7 ,, Plint,h of bungalow O,(i7 ,, - 2 427 - 2'41 1 
8 ,, Plinth o f  bungalow 1.12 ,, - 3,161 - :1 2:,5 

10 ,. Embecltll.ci 13. M, . . .  1.50 - 6 4.97 - 5.499 ,, 
9 , Stcap of c(!lllc.~try . . . 1.54 - 4'.JP8 - 4.488 ,, 

11 ,, Plinth of institute ... 1'78 ,- - 3'40:1 - 3'506 
12 !, Plinth of bnilding . . .  1.98 ,, - 4'4:IO - 4.529 

Different 
(check- 

The sign 

that the 
height 

was 
greater 

- and the 

Date of 
oriuiual 
levelling 

149 Step a t  clock towrr 
109 
110 Veranda of tahsil ... 
77 Flooring of school . .  

Bridge . . , 

I I Check- 
levelling , levelling 

I 
1930-31 

Milestone 
Rmk in sit11 
Rock in situ :jl i 

-- .- ---.-- 

* Bracketed Topo. Nos. in  t h e  check-levelling a t  Bombay m e  usual 
No'- and the others refer t o  Bombay Island levelling. 

N 
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TABLE 2.-Check -levelling- (contd.). 

Discrepancies between the old and new heights of bench-marks, 

I At Sehore o n  l ine 11 1 .  1 

Bench-rnnrks of the origilmllerelli~g 
were connected for check-levelling 

I I 1 miles 1 I feet / feet I feet 

M 

%$ 
f 
&% 
$ t 
a a 
4 

151 (2) 
152 
153 
150 
149 
148 
147 
154 
155 
156 
157 

Description No. D e m e  
sheet 

55 E 
,, 
,, 
,, 
,, .. 
, 
,, 
, 
,, 
,, 

- 
Di 
( C h z  

2% 
lna 

that tbc 
heUt 
IS 

Brertn 
sod the 

s Q -  l 
in I&? 
than sb 
origii$ 

levend 

Observed height nbove ( + ) or 
below l -  ) 8 t h . .  benchno&, 

ns determined by 

At Dhalin o n  l ine 111. 

2:;; 
levelling 

Embedded B.M. ... 
S t e p o f P . & T . O .  , 

Step t o  well ... 
Curb of well ... 
Plinth of kacl~ahri ... 
Flooring of hospital 
Curb of well ... 
Tomb ... ... 
Road culvert ... 
Crvb of well ... 
Flooring of veranda 

107 
1-47 ( I o 6 )  

148 ("") 
109 
110 
c r  
1 1  
76 
111 
149 (75) 
112 

- 

ongj,1 
levelling 

0 00 
0.08 
0.18 
0.49 
0.53 
0.60 
0.84 
0.36 
1 .OO 
1.18 
1.25 

- 
check- 

levelling 
1930-31 

- 

0000 
- 0'0'6 
- 0032 
- 0'022 
- 0'018 
- 0'001 
- 0'01° 
+ om2 
- 0'012 
+ om 
- 

- 

At Jhcinsi o n  line 109. 

! 
1928-30 ) 0.000 

. + 0.047+ 
,, 1 - 1.458 
,, , +  15,728 
, + 12.777 
., + 11 924 
,. 13.90% 
,, 8. 783 
,, + 15 296 
,, + a1 ,417 
,, + 23.043 

46 L 
,, 
, 
,, 
,, 
,, 
. 
,, 
., 
,, 

0.000 
- 5,489 
- 2 971 
+ 2.2.1.f; 
+ 11'279 
+ 8.628 
+ 12.946 
+ 37 563 
+ 4.2.079 
+ 63.566 

0'000 
- o'wa 
- O'Ol0 

O''" 
- Om' 
- @025 
- r0l5 
+ 0'002 
+ O 05' - O"' 
+ O'm 

4 

0.000 
0.005-0012 

- 1.473 
+ 15 721 
+ 12.767 
+ 11.911 
+ 13.895 
- 8-784 
+ 15.292 
+ 21.4,50 
+ 23.073 

0'000 
- 5.515 
- 3'003 
+ 2'224 
+ 11.261 
-t 8'621 
+ 12'936 
+ 37.665 
+ 42.067 
+ 63.569 

51 
60 
49 
111 
110 
109 
1 08 
47 
13 
44 
48 

0.000 

-0,s 
-0,001 
-0.010 
-0.013 
-0.M; 
- 0.001 
-0,OM 
t0.033 
.t 00030 

1909-10 
1926-27 

,, 
, 

Standard (Type P )  ... 
Flooring of school . .  . 
s t e p  of clock tower ... 
Paving of veranda 

54 K 
.. 
, 
, 
.. 
,, 
. 
. 

,, 
,, 

0.00 
0.26 
0.56 
0.69 

Plinth of school ... 
Briclge .. . . 
Rlilestone , . . 
Itock in s i tn  ... 

Bridge ... . 

0.000 
- 0.798 
- 0.7~~7 
- 12.000 
- 42.993 
- 39.409 
- 31.754 
+ 23 358 
+ 2.405 
+ 2.369 
+ 8.548 

1906-07 . . .. 
1917-18 

,, 
,, 

19&,-07 
, 
,, 
,, 

Standi~rd (Type P) . . . 
stone step . . . 
Stone step . . 
Rock . . . . . .  
Stone flooring , ,  

Rock ... 
Stone flooring ... 
Stclne flooring ,, , 

Ry. platform .. . 
Ry. pl;tt,form ... 
Stone flooring . 

0.000 
- 0.800 
- 0,757 
- 12'000 
- ,$8.996 
- 39.434 
- 31'769 
+ 23.355 
+ 2'464 
+ 2.361 
+ 8.567 

0.00 
0'03 
0.07 
0.86 
1.36 
1'69 
1-75 
1.00 
1.58 
1.69 
2.16 

Rock in s i tn  , . , I 2.60, ,. 

0.88 ,, 
1.04 
1.24 
2'09 
2.11 

,, 
,, 
,, 
.. 



TABLE 2.-Check-levelling-(concld.) . 

Discrepancies between the old and qew heights of bench-marks. 

Bench~mub the "girnl leVeUing 
were connected for check-levelling 

Lo 

Zd 
g $ 
a4 
al n 
2 2 
S ' No, 

I I I miles I I feet I feet I feet 

At B i m  on line 109. 

Desree 
sheet 

18 
16 
15 
14 

Difference 
(check- 

originall. 
The sign + denotes 
that the 
height 

was 
greater 
and the 

sign - ,less 
in 1930-31 

than when 
originally 

levelled 

De~criptiou 

Observed height above ( + I  or 
below ( -  starting be~lch-mark, 

as determined by 

Date of 
original 

levelling 

54L 
,, 
,, 
,, 

At Gwnlio~ on line 109A. 

Ongiual 
levelling 

Check- 
levelling 
1930-31 

0.000 
+ 0.006 
- 0.017 
- 0.035 

31 
59 
58 
28 
ST 

Embedded B.M. ... 
Bridge ... ... 
Bridge ... ... 
Bridge ... . . . 

54 J 
,, 
,, 
,, 
9 ,  

0.00 
2.18 
2-76 
3.71 

Standard (Type P) .. . 
Stone step ... 
wel! ... ... 
Culvert .., . .. 
Stone floorillg . . . 

At Jhansi on line 109A. 

0.000 
+ 53.509 
+ 40.156 
+ 29.182 

1898-99 
,, 
,, 
,, 

51 
111 

lo9 
loA 
1°7 
lo6 

0.000 
+ 53.503 
+ 40.173 
+ 29.217 

p- 

0.000 
- 0'005 
- 0'009 
- 0'011 
- 0'006 

0.00 
0'55 
l'R9 
2'25 
2'93 

0.000 
- 7'4.69 
- 17'505 
- 31'04,; 
- 37'003 

1905-06 
1915-16 

,, 
.. 
,, 

0.000 
- 7'474 
- 17'514 

' - 31'058 
- 37'009 

54 K 
9 .  

9 .  

,, 
9 ,  

9 ,  

--- - 

Standard (Type p) ... 
Bed-rock . .  , 

Stone flooring 
R,ock . . . . . . 
Stone flooring . . .  
Rock ... 
Rock . . . 

0.000 
- 12.000 
- 4.2'993 
- gg.4r)H 
- 31'754 
- 4.0.840 
- 37'127 

- At Bikane~ on line 57A.  

0.00 
0.75 
1 
1'57 
1'63 
1'87 
2'46 

2 
52 
4g 
411 

0'000 
-- 11'993 
- 42'991 
- 39'429 
- 31'751 
- 40'844 
- 37'120 

1906-07 
1917-18 

,, 
,, 
,, 
,, .. 

--- 

0'000 
+ 0'007 
+ 0'002 
- 0'020 
+ 0'003 
- 0'004 
t 0'00'7 

-_ _ 

45 E 

4 ; ' ~  

" 
-_ 

0.000 
+ 0.001 
-0 ,023 
-0,003 
-0.014 
-0.016 

- 

At Taunggyi on line 88K. 
_.  ---- 

1901-08 0 - 000 / 0 '000 
1907-09 I -  6.967 - 6.966 

,, , -  3.4,94 - 3.517 
1 ,, 1 -  10,077 1 -  10-OH0 

,, - 5.950 5'9ti4, 
,, j -  Q.057 /I 4,:3-073 

standard (Type p) . 1 13.00 
~ ' I R S O I W ~  block ,.. 0.21 

Masonry block , ,  

104 
2 

Plinth . .  . ... 
,'nsonry block 
~ \ l ; ~ s o n r ~  block , ,  

g.56 

0.68 
4.62 
6.69 

0'000 
- 0'036 
+ 0'010 

0.000 
-1,121i 7% 
t 123'615 

0.000 
-1,126. 731 
+ 12.1.505 

%I H 
93 D 
93 1i 

191.1-14, 
,, 
,, 

Stn.ntlsrd ('Typo I>) ... 
~~~k . .  . 
Rock ... .. . 

0.00 
2'84 
0'82 
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TABLE 3.-Revision levelling. 

Discrepancies hetween the old and new heights of bench-rnllrks, 

107 
147 (106) 

I miles I I e e  1 lee, I L 

(Dhulia to Akola) old lines 34 and 35, new 114. 

M 

J$ 
!a 
a4 
$ !2 
9 

z 

Bench-mnrks of the originnl levelling that 
were connected diiriup the revisionary 

operations 

Differe 
(n~iaia: 
0riBiorll. 
Theaim+ 

d n o *  
tl~nt the 

heiahtm 
greater 
and lhe 

siw-,lOac 
in 192831 
thnrh~l 
o*t 
,eye,,d 

J)ifferellce between ortllometric 
heights, nbove ( + I  or below ( -  J 

the ~tnrting bench-mrk 

No. 

0'000 
- 0'012 

L 
,, 

of 
original 
Ierelliug 

Degree 
sheet 

148 ( 298) :: 
109 
110 1 ,, 

- 0'020 
- 0.008 
- 0,C@ 
+ 0,009 

on@I'l 
t 08013 
+ 0'012 
-OM1 

+ 0012 

- 0 241 
- OZJi 

- 0,290 

Description published 
heights 

0'000 
- 6'501 

77 

76 
111 
112 
45 

49 
40 

3'4 
3.k 

- 

- OO0 
+ 
t l'# 
t 
1 17% 

- ton' 
+ Ooi' 

Frolu 
revision 

1929-31 ,un 
ndjurted, 

- 2'991 
+ 2.238 
+ 11'271 
+ 8'637 

+ 12'946 
+ 37 576 
t 63.578 
-174'480 

-164.288 

- 61.832 
- 68220 

S.B.M. a t  Dhitlia . .. 
School ... .. . 

., 

,, 

4; I' 

,, 
.. 

.. 

I 

- 0.921 
+ 103,545 

t 103.247 
+ 16.032 
- 22 751 
- 36.521 
- 25.017 

- 38 936 
+ 11,104 

0 00 
0.25 

step of clnok 
tower . . 

Vernnrln of tnhsil ... 
Flooring of school . 
Bridge .. ... 

Top of milestone .. 
Rock ... . . . 
Rock . . .  . 
Rrirlge . . . .. 

Well . . . ... 
Emb~dt lcd  at, Mtiheji 

R.S.  
H r i ~ l p  . . . .  

i Emheclded at Pichorx 

1909-10 
1921-22 
& 26-27 

t 10772 + O'IM 119.17 
162 5 0  
162.59 
1 6 3 . ~  

163.72 

0.53 
0-65 
0.82 
0.97 

1.17 
2'01 
2.52 

50'01 

53.29 

54'48 
G8'15 

0.000 
- 5.489 

,, 
I$)()x-()~ 
1 ~ ; 7 - 7 ~  
ck 90-92 

., 

,, 
1909-10 

,, 
l s i i - i s  
& 83-84 
1909-10 

,, 
, 

1Ri7-7H 
c t  99-98 

,, 

.. 
*,  

+ 96.506 
+ !)5717 
+ tiR.355 

t see@ 

N i n d i r a  R.9. 
5 ... 

4 1 . Flcoring , .  

63.5'7 
88'21 

88'22 
93.37 
44'iH 
97.57 
98'85 

100'49 
11F).l(i 

r 10.672 
+ 96.498 
+ 95 756 
+ 69.332 

+ 62 926 

- 2.971 
+ 2 216 
+ 11.279 
+ 8.628 

+ 12'946 
+ 35 568 
+ 63'5(i(i 
- 174'439 

- 164'300 

- 61 591 
- 57 973 

.. 
, 

,. 
,, 
., 
.. 
,, 

., 

, 

;{ 

+ O m  
+ @ @ I  

0°14 

H 

2 

- 0.631 
+ 103.549 

+ 103 267 
+ 15.980 
- 24-l;fi 
- 36.(;49 
- 2c-;.~l;j 

- 38 93.3 
+ 1l.OdH 

I R Y ,  
*;i D Ctl)plng of plxtform . . 

(C&inucd)- 

Emb~t l t l~r I  at Akr,ln 
K..s. 

4 . I hcd,lr,l ill Hu.lvaCl 
R.S. 

, 

. . 
... 

I .-> . . .  

prlr R.S. 
3R ('oping of plnt,form . 

E~~lh~t l r Ie t l  a t  
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TABLE 3.-Revision levelling-(co~ztd.). 

Discrepancies between the old and new heights of bench-marks. 

Difference 
Irevision - 
Ori~inal). 
 he s im + 

giyttehge 
height was 

neater 
and the 

sign -, less 
in 1939.31 
than when 
originally 
levelled 

Bench.marks of the original levelling that 
were connected during the rensionary 

operations 

s a" 
2 i  
C u - 

Difference between orthometric 
heigIlts, &bore I + , or below I - ) 

the starting benchmark 

No. 

I miles 1 I feet I feat I feet 

( Seko~e t o  DhGlia ) old line 34, new 111. 

Date 
oliginul 
levellillg 

+ 

Degree Description aheet 
I 

Froln Fro111 
published , revision heights j1929-51 (un. 

1 adjusted) 

151 (2)  1 55 E 

156 (6) 
157 (5) 
166 (2) 
35 (26) 
39 ( 25 )  
24 

41 (2.3) 
43 (22) 
45 (21) 
48 (20) 

Embedded r t  Sellore 

Enibedded at  A~iilai 
Sati  bo~iib 
Embedded a t  Ashta 
Shrine 
Mile . . . 
~ m b e d d i d  at DRU- 

latpur 
Culvert . .  . . . . 
Mile . . .  
Bridge . .  . 
Milr , . , . . . 

55 A 
,, 

5;'~ 
,, 
,, 

,, 
,, 
,, 
,, 

0.00 

12.95 
, , . 1 2 . 9 8  

26.16 
45'55 
47'65 

48'56 
49'33 
50'70 
51'26 
52'75 

0.000 

- 0 250 
+ 0,191 
- 0'390 
- 1'351 
- 0.432 

- 0.036 
- 0'008 
- 2'6ri:J 
- 0'236 
- 2'271 

53.79 
55'35 
5(5'9!4 
6l'PH 
62'43 
(i4.75 
65%; 
$6.79 1 

(j7.84 
68'6R 
$1'53 
71.81 
73.01 
5 
$5'39 
78'40 
79 25 
80 4.5 
81'26 
HH',1.5 
85-45 
86 45 
8 7 . ~ 5  
SH'4.5 
90'44 
93 23 
94.,40 
94'84 
96.11 

. 
Colvc.rt , . .. . 

17 . . 
. 

C ~ i l v ~ r t .  , , . 
, 

- 0'016 
+ 0'004 
- 0'049 
+ 0.586 
+ 0'034 
+ 0.027 
+ 0'036 
+ 0'044 
+ 0034  
- 0'466 
- 0.057 
+ 0,050 
+ 0 032 
- 1 ':3S9 
- 0.231 
- 0.41.3 
- 0 ' 1  09 
- 0,274 
- 0'N:i3 
- o'fi0 
+ 0'019 
- 0 122 
- 0'123 
- 0'819 
- 0'118 
- 0'349 
- 0'259 
- 0'137 
- 0'143 

(Continued), 

0'000 

- 4'910 
- 6'960 
- 10'722 
+ 39'701 
- 1'415 

- 2'875 
- 18'284 
- 35.158 
- 62'565 
' 6l't586 

1877-78 
& 83-84 

,, 
,. 
,. 
., 
,, 

,, 
., 
.. 

, .. 
,, 

64(11) 
fifi (10) 
67 ( 9 )  
RH ( 8 )  

( 6 )  

- 67.315 
- 25'084 
- 46'537 
- 13'144, 
- 0'695 
+ 57'926 
+ 66'464 
+ 110'552 
+ 120'48(i 
+ 153'695 
+ 168.003 
+ 171'771 
+ 140'01:4 
+ 10'4'011 
+ 125,290 
+ H4,'104 
+ e1.H tci2 
+ i ( i 29 t i  
t R.l.'(i85 
+ lOt)'527 
+ 157'5O!4 
+ 130'!IOi 
t 14,5'(i12 
+ 155'318 
+ lH5'3.LO 
+ 1!)0 507 
+ 1HH'iSH . 
+ lH8.!4l 1 
+ 196.563 

0.000 
I 
- 4'660 
- 7'151 
- 10'332 
+ 4.1'052 
- 0'983 

- 2'841 
- 1H.276 
- 32'515 
- (i8.529 
- 59'415 

,, 

,, 
,, 
,, 
,, 

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

,, 

., 

., 

., 
,, 
,, 

, I (lnlvert , .  .. . 
,. i (h~lvprt . , , , , 

. 1 ~!r~lvc.l,t , . , . , 

. / ~nlvt .r t  . ,  

.. Bridge 

- 6$'299 
- 85'088 
- 46'488 
- 13'730 
- 0'729 
+ 57'899 
+ (i(i'-l,28 
+ 110'508 
+ 120'4,52 
+ 154,'l(;l 
+ 16n.0(;0 
t l i l 7 2 1  
+ l:{$1'$)$41 
+ 110'400 
+ 125.521 
+ 84.517 
+ .iH.(iil 
+ 'j(i.370 
+ 85.518 
+ 109.gHS 
+ 16'i.4.90 
+ 131.029 
+ 145.7;15 
+ IT,(; l : {7  
-I lfi,;.$).iH 
+ I!)O.HT,H 
+ 1~!).()17 
+ ]8!).051 
+ l~l;.(j$jtj 

i J  ( 5 )  1 ):lnhr(Idpd at r),qt~fis 
. .  

. . , 
. . . 

. . .  

. . 

, , . 
.. . 
. . . 

Bridge . .  . .,. 
, , , 

... 

... 
at Indore 

... 

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

Discl-epancies between the old and iiew heights of bench-mal.k8, 

Bench-mnrks of the o r i g i ~ ~ s l  levelling tha t  
were con~rc ted  ciuring the res7isionar)- 

opernt io~~s 

e~ a 

ie d 

g a 
a3 
0 E: gz 

Descriptio~: No. 

I I 1 miles / I feet / feet 1 p 
- - 

(Sehore to Dhdlia) old line 34, new 111.-(contd.). 

Difference between ~ r t h o l n e t r i ~  
11eights. above (+)  below ( -1  

the starting bencll-mark 

Fro!u 

. 

Decree 
sheet 

bikwna 
(retiaion- 

~ h ~ ~ ~ +  orieidl. 
deno,eg 
that the 
heleht 
WM 

glenlor 
nnd the 

~irn-,l 

115 (63); 46 N 
I 

117 (62)'  ,. 
119 (6111 ,, 

f Date 01 I no. 

120 (GO)\ .. Plntlorni 
+ 280.872 + 280.696 - 0.11 
+ 240.409 + 240'564 + @la 

56 + 240.715 + 240.520 - 0'1% 

+ ~ - E ; . o H ~  + 245.368 + 0-273 
+ 270.58~ + 270332 - U2@ 
+ 272.857 + 272'616 - 0.241 
+ 270.5221 + 250.274 - 0,248 
+ 317-3401 + :315.149 - 0'211 
+ 291-.156 + 291.214 - 0'242 
+ 313.t;03 + 313.387 - 0.216 
+ 298.080 + 297.252 - @gfi 

1 ,, , ,  

:3 2 

:39 

26 

1 1 .. 31ilo , , . l-L.-)65 ,. 
... 

Bridge . . . . . 

B r i d g ~  .. . . . 
Gate-lodge ... 

thnhn;; "erelling orisinn1 ~ ~ b l i e h e d  heights revislo,, 
Ig29.31 ,ull. 

+ 227.275 

+ 252.596 
+ 288,295 

+ 227 150 

+ 252'490 
+ 288'153 

-. 

9'7.85 ! 1~77-78  

in 11: 

I 

- @lei 

- 0'1N 
- @11i 

99.69 
101.33 

adjusted) , 

c t  83-84 
, 
,, 



LEVELLING 

TABLE 3.-Revision levelling-(contd.) . 
Discrepailcies betweell the old and new heights of bench-mal-ks. 

Bench-murks of the oriai~~al levelling that 
sere conuected during the revisionnry 

oyeratiolls 

- 
miles 

Difference 
irevieion - 

Difference between ortllo~uetric 
heights, above ( + J or below (-1 The sign 

the starting bench-mark \h","tiE 
height was 

greater 
- 1 and the 

( S e h o ~ e  to D h ~ l i n  ) old l ine 34, new 111.-( contd. ). I 

(Continued). 

1877-78 
S: 83-84 

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

,, 
,, 
,, 
,, 
., 
,, 
9 ,  

., 
,, 
.. 
,, 
,. 
,, 
,, 
,, 
,, 
,, 
,, 
3 ,  

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

-- 

150'50 

153'58 
1".r- -13-13 

156'49 
159.50 
160'50 
161'19 
l(i(i'4H 

161'43 
1 

2 
l(;,j (3'5 
l i t 3  30 
1i'I.lrc 
176.91 
176'89 
157'89 
159'89 
181'93 
182.93 
18390 
184'90 
185 90 
186'90 
187 90 
I 85>'8!1 
1!)1 14 
102 :1U 
1 !)-&'Of 
194'60 
19tiOR 
1!17.0:3 
200 48 
203'48 
201'94 
206'54 
206.68 
208'14 
209.18 
209'59 

- 
i 

183 (15) lli N I Bridge , , , . . . 
l f4i(13) 
189(11) 
191 ( 9 )  

(i 

196 ( 5 )  
'4 

1 %  (10) ' (3) 

199 ( I )  
64(38) 
i'4('11) 
30 

- 0'274 

+ 0'921 
+ 0'186 
- 0'294 
- 0.321 
- 0'172 
- 0.325 
- 3 760 

- 0'220 
- 0'331 
- 0'353 
- 0'248 
- 1'037 
- 0'354 
- 0'348 
- 0'349 
- 0'305 
- 0 123 
- 0'0% 
- 0'352 
- 0'055 
- 0 318 
- 0'295 
+ 0,036 
- 0'306 
+ 0'174 
- 0'379 
- 0.275 
- 0'272 
- O't'.k5 
- 0235 
- 0 293 
- 0'350 
- 0'702 
- 0 313 
- U 350 
- 0'344 
- 0'387 
- 0 396 
- 0'395 

- 1098'343 

- 1048'008 
- 1048'958 
- 1049'876 
-1031'713 
- 1008'311 
- SAH'cl68 - - r (,L -.. . 002 

- 940 004 
- 9U4.200 
- 936.828 
- HH(i'2.52 
- 835-020 
- 814'ROM 
- 7:38';45H 
- 572.773 
- 733.977 
- (i l7. i34 
- 582 ti98 
- 5!12'i!Il 
- 5:lS 155 
- 500.028 
- 452':jOR 
- 405'010 
- 366 662 
- 326 149 
- 289.264 
- 241,726 
- 1:3.$.4$Kl 
- 83 109 
- 4 i I i 9  
+ 53'(;4:1 
- 1.49'842 
- (..:37'(iOl 
- 671 7tiL 
- ;-1,:j.19(; 
- 786 I(;H 
- 831 483 
- 876 587 
- 879.497 

,, 
., 
.. 

1 
., 
- 3  

,, 

t 

4 1 ; ' ~  

- 1098 617 

- 1047'087 
- 104!3'772 
- 1060'170 
-1022'034 
- 100H'4.R8 
- 989'293 
- 'i65.562 

- 940'224 
- 984.631 
- 957'181 
- 896'500 
- 836.057 
- 814.titi3 
- 738.506 
- 7733.122 
- 735.284 
- ti17.857 
- 582.927 
- 593'143 - b:34, 230 
- 500':3-1.1 
- 452,604 
- 404.974 
- 356.868 
- 326 975 
- 289 543 
- 242 001 
- 134,762 
- 83'354 
- 6'004 
+ 53'350 
- 150 182 
- 638 :30:3 
- (;72.05U 
- 743546 
- 586 517 
- 831 870 
- Hi t i  982 
- 879 802 

Mile , . ,  ... 
Mile , , .  

i\l ile , , , . . . 
31ile . , .  

I Jlile , , ,  .. 
Ke11 , , , . .  
lp],ikri H.S. 
E ~ ~ ~ b p d d c d  a t  K h u -  

I'ih1111)llr ... 
Mil(. . . . 
C111rort . 
~ i , ( .  . , , , .  

.. 
Jl~lwcunn . . .  

. . . 

. .  

. . .  

... 

... 
N i  (22) . 21 

. . . 

. . . 

. . .  
. .  

~el l , l~~n.:r  ' ' 

9 .  I ~ r i , ~ ~ ,  , , . . 

loo (I4) 
In' (13)1 
In' (12)  
lo'' (l1) 

(g) ''4 ((;I 

, 
8 ,  

, 

, 

... 
Milo . , . 
c u l v e r t  . . . 
cl1lvert ... 
Milp , . , 

'16 (1)' ,. 
( ? ) I  ., ( l ) i  

sR(:j.;) G'K 
&'"I! ,, 

, Mile . ,  . , , 

.  ridge ... . . I Lllllndcd c,+, p.~... .  
Hl.idg,. . . . 
Rridgp . ,  ... 
Rridgc , , , . . .  
plintl1 , . , .., 
Bridge . . . . . . 
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TABLE 3.-Revision levelling-(contd,). 

Discrepancies between the old and new heights of bench-markR, 

I I 1 miles ( I f ee t  I fee t  ( jet1 I 
( S e h m e  to  D h a l i a )  old l ine  34, n e w  111.-(concld.). 1 

the starting bench-mark 

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

operatione 

No. 

68 (2Y)/ ,, 

Degree 
sheet 

Bridge ... 

Bridge ... .. 
Embedded a t  Sulia- 

handhara . . . 
Bridge ... . .. 
Bridge . . .  . . . 
Mile .. 
~rnbedded a t  Shirpur 
Bridge ... . . . 
Embedded a t  Dabasi 
Culvert . . . . 
Briclgt! . . . . . . 
Bridge . . .  . . . 
Bridge . . .  . . . 
Step .. . ... 
Embedded a t  Sa.ngir 
Bridge ... 
Bridge . . . ... 
Bridge . . . . . 
Mile . . .  . . . 
Culvert .. . 
Milo . . . . . . 
Embedded a t  Dhi~lia 
Bridge . .. ... 
S. I3 &I. at DhGlia . . .  

69 (27) 
75 (22) 
79 ( " 0 )  
83 (19) 
96 (18)  
96 (16)  

Description 

,, 
,, 
,, 
,, 
,, 
,, 

- O'W 

- 0'405 

210'95 

214'35 

214'46 
216'21 
216'93 
221.64 
224.75 
226'98 
228'70 
233'66 
235'64 
239'80 
241'80 
243'04 
243'06 
244'05 
24.4'95 
246.00 
247'00 
248'53 
254'06 
254'53 
254 80 
255'66 

- 795'665 

- 944'575 

1o:c ('I) 

(J1~i i .n . s i  to B i n a )  old l ine 63B, n e w  1 0 9 .  
/ 

1877-78 
& 83-84 

,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

1909-10 

- 796'099 

- 944'980 

51 1 5,41< 
112 
113 
114 
116 
117 
120 
123 

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

1906-07 
1921-22 

,, 
,, 
,, 
,, 
,, 
,, 

- 

- 4 5  - 24.6~11 ' om0 

~ 

S B M a t  Jhinri . . , I 0.00 
Stone flooring 0.42 
well  ... : : : I  0.50 
Rock in situ . 1 1 2  
C l ~ l v ~ r t  .. . 3'76 
Rork in situ ... 3.94 

(continu4 

,, 
,, 
,, 

- 29.004 
+ 22.343 
- 1 . ~ 7 6  
+ 12.964 
+ 44.450 
+ 71.592 

Rock in ~ i t u  . .  . 
Int~rrerl  a t  Sirnrabiri 

124 . 
126 Rock in situ .. 
127 ... 

I 

5.07 
9.99 

12'04 
12.67 
13.36 

- 29,007 
+ 22.3.57 - 1.885 
+ 12.9G 
+ 44:4T6 
+ 71 626 

- OOo3 
Ool' - O"U)O - Q'" 

1 
d 



LEVELLING 

TABLE 3.-Revision leveliing-(contd.). 

Discrepancies between the old and new heights of bench-marks. 

BeoCh-mmhs of the original levelling that 
were connected during the revisionary 

operations 

LO 

; i 
44 

Description No. 

I I I miles / I feet I j e t  I feet 

(Jhdnsi to Binn) old line 63B, new 109-(concld.). 

Desree 
8heet 

Difference 
(revision- 
original). 

The s i m  + 
denotes 
that tile 
height 

was 
greater 
and the 

sign - , less 
in 1929.31 

tlmn when 
originnlls 
levelled 

Difference between orthometric 
heiehts, above I + J or below I - ) 

the starting bench-mark 

128 
129 
141 
142 
143 
36 
37 
38 
39 
40 
41 
42 
43 
@ 

45 

47 
48 
49 
50 
51 
52 
53 

54K 
,, 
,, 
,, 

5 4 ~  
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
9 ,  

,, 
, t  

3 ,  

, 

r n  
1929-31 (un- 

Date of 
original 
levelling 

+ 0'026 
t 0012 
+ 0'075 
+ 0.100 
+ 0'121 
+ 0.130 
+ 0.171 
+ 0 14.1 
+ 0'146 
+ 0'137 
+ 0.135 
+ 0.129 
+ 0.122 
+ 0.1 19 
+ 0'111 
+ O'lO(i  
+ 0'099 
+ 0'098 

(G?oalio,r to  JI~nnsi) old line M A ,  l j r tu  10.93. 

h o r n  
published 
heights 

+ 61'130 
+ 61'462 
+ 135'60Y 
+ 187'445 
+ 232 656 
+ 23li'(i04, 
+ 240'008 
+ SlY'555 
+ 24.:3.1i08 
+ 2:37 ti50 
+ 253 123 
+ 259.957 
+ 267.719 
+ 251; 87:) 
+264.854 
1 277'05:3 
+ 27-1,'4,05 
+ 824.':364. 

Rock in situ . . . 
Stone pillar . . 
Bridge . . .  
Rock in s i tn  ... 
Boulder 
Interred a t  M:S. Jh ins i  36 
Rock in s i tu  . ... 
Rock in situ ... ... 
Rock in situ ... , , 

Bridge 
Interred a t  M:S. Jhgnsi 
Rock in situ .. , 

Rock in situ .. 
Bridge . . . 
Rock in s i tu  .. ... 
Rock in situ . . 
Rock in s i tu  ... 
Rock in situ .. . . 
Interred a t  M.S. Jh ins i  56 
Police hospital 
Municipal office 
Police station . . . 59-06 ,, ' + 324.572 + 32 1'(;6!, + 0.097 

1 54J 
34' 
43 
9 5 k  

l o '  l 1  

20 

22 3 -  

26 '  1 3  

13'95 
14'50 
32 92 
34.53 
35'80 
37'93 
42'11 
44.82 
46'47 
47'17 
48'02 
49'44 
50'61 
50'90 
51'97 
53'39 
54-42 
55'53 

Temple . . , 
Embedded a t '  Bina . . . 

(Cotbtinued). 

0 

- 
S.B.M. a t  Qwalior ... 
Embedded at Sithauli R.S. 
Embedded a t  Antri R.S. 
~ y .  platform 
Embedded a t  Dabra R S. 
R.Y. platform . .  . 
Enlbedded a t  ~ o n i ~ i r ~ . ~ .  
RY. 1.~1rttform . . . 
Rsy. platform . . .  
Stone flooring . , . 
Ry. platform . . . 
Rly. platform . .. 
stone flooring , , 

~ t o n c  step ... , ,, 

stone step .,. ,.. 
S.B.M. a t  Jllinsi . . . 

47 ' 
' 
60 
61 - 9 

1921-22 + 61'104 
,, ! + 61'450 
, i + 135'534 
,, + 187.345 
,, + 232.535 
,, + 236.474 

- ~- -- - 

59'11 
101'17 

,, 
,, 

+239.837 
+ 219'414 

O'WO 
+ 4'404 
+ 99'018 
- 6.1'908 
- 57'656 
- a 2 9 3  
- 51'019 
- 46'328 
+ 12B'R:iY 
+ 138'432 
+ 117'484 
+ I li',i,4.8 
+ 123'627 
+ 114,'332 
t 114 281 
+ 115'079 

0.00 
4.47 

15.16 
25-56 
25.61 
38'62 
38.66 
38'69 
a . 1 9  
62'36 
62'95 
63'06 
63.49 
64.08 
64.12 
64.16 

- 

0.000 
+ 4.102 
+ 99'1.13 
- 54,'034. 
- 57'716 

4,6':351; 
- 51'040 
- 4(i'3H5 
+ 128'615 
+ 138'334, 
+ 117'44,9 
t 117':i44 
t 1?:3 5.$:1 
4- 11.4.'232 
+ llJ'18ti 
t 114'C)RS 

,, 
1898-99 

1905-06 
1906-07 

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

0.000 
- 0.009 
+ 0.114 
- 0'116 
- (1,060 
- 0'01;:i 
- 0'061 
- 0.067 

0'084 
1 -- O.O!lH 
- U'O:CT, 
- 0'104 
- 0'04.1. 
- 0'1f10 
- 0'095 
- 0'08-1. 

.. + 243'462 
, + 237'513 
,, + 252.988 
, + 259828 
.. + 267.597 
,, 1 + 256'160 

+ :325'(;7:3 
+ 503.741 

+ 325,578 
+ 503.741 

, 
,, 
,, 
,, 

i 0'095 
0.000 

+ 264.14i 
+ 276.947 
+ 274'306 
+ 324'236 
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TABLE 3.-Revision levelling-(contd.). 

Discrepancies between the old and new heights of bench-marks, 

M 

% a 

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

operations 

- 
Me~m 
irevu~on- 
0Iigiorll 
~ b ~ ~ /  

denoh 
thstthe 
height 
W U  

meatel 
bud the 

'i%$? 

thhk 
,el*U 

No. 

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

the starting bench-mark 

I I I miles I 
-- - 

(T-inpnhcir to  P i q x x i n t i )  old l ine 7 4 M .  
~ 

124 (53) 
125 ( 6 5 )  

(54) 
208 
209 
210 
21 1 
212 
213 
2l.k 
215 

- 

Fro!n 
lgOTp&nu. Degree 

slreet 
Date of 
original 
levelling 

Description 
From 

published 
height8 

0~000 
- 0,039 

+ 0430 
+ 0.061 
t 0.102 
+ 0.195 
+ 0.21 
t 0,313 
t 0.315 
+ 0.3i6 
t 0.380 
t 0,402 
.t 06 iJ  
+ 0-680 
+ 0,785 
+ 0.789 
t0.590 
+ 0.917 
t 1.13.1 
t 
+ 

+ 

/ 

72 P 
,. 

72 0 
. 
.. 
.. 
.. 
. 
.. 
.. 

1929-30 
.. 
.. 
.. 
, 
.. 
,, 
,, 
.. 
.. 

Wall ... ... 
Masonry pillar ... 

Bridge . . .  . . .  
Bridge . .  . . 
Bridge . .  . . . . 
Bridge . . . . . 
Rlasonry pillar ... 1 
Bridge . .  ... 
Rrldge . ... 
Bridge . . . .. 

,, 
.. 
.. 
.. 

1 .. 

(Pi).pcbi,tti to  Pwrr~ea) old Line 7431, a n d  73, .,l,eLu 74f'. 

0.00 
0.01 

0.67 
1.19 
1.89 
4.24 
5.98 
7.98 

10.41 
12.47 

RIasonry 1, i l l~~r . .  . 
Bridge . . . ... 
Masonry pillar 
Bridge . . .  

0.000 
+ 5.382 

- 9.604 
- 3.622 
+ 7.951 
+ 7.541 
- 2.927 
- 16.182 
- 1.068 
- 8.520 

" 1 7  
218 
219 

- - - - -. - - - - - 

14.66 
15-17 
18.42 
21.27 

0-000 + 5.343 

- 9.574 
- 3.561 
+ 8.053 
+ 7.736 
- 2.699 
- 154369 
- 0.753 
- 8.144 

- 10.809 
- 16.467 
+ 16.634 
- 9.531 

.. 

.. 

.. 
230 
281 
322 

- 

Ry. platforln ... 
M~~sonry pillair . . . 
ny. platforin ... 
Bridge ... ... 
Bridge 
alnqonry pillar . .  
Ry. p l s t fo r i~~  . . 
Flooring . , 

Masnnry pillar ... 

- 10.429 
- 16.065 
+ 17.208 
- 9.851 

.. 

.. 

.. 
223 .. 
224 .. 
22.5 .. 
2% .. 
227 .. 
228 1 .. 
-- 

/ 

23.38 1 .. 

O'" 
- O"la 
t O,mq 
- ~.a:ra 

I ' 0.00 1929-30 1 ::: 1 2-30 .. 
... 2.54 ,, 

20.90 1871-72 

+ 2.541 
+ 3.013 
+ 2.4ti0 
- 6.069 
- 5.011 
+ 1.207 
+ 39.862 
.I 41.143 
t 45.867 

23.43 ' 

23.48 
25.32 
30.60 
32.83 
38.03 
38.11 
38.16 

t 3.326 
+ :1.802 
+ :3.250 
- 5.152 
- 3.877 
+ 2.440 
t 41.265 
+ 42.545 
+ 47.270 

.. 

.. 

.. 

., 
,. 
, 
,, 
, 

0.000 o.mO 
- 48.949 
- 59.831 
- 49.391 

: : : 2 2 - 9 1 1  .. 
. . 23.91 ,, 

- 48.962 
- 59.823 
- 50.723 - "" - 47.4.95 

:r 7 ,, 
3 . .. 
3 4  1 .. 
2 .. 
27 1 .. 

.. 

.. 

- 49.183 

, , . 
bl il13plate . . , 
hlil~~'la,tc. . . ,  

hlilrplat~ .. 
%lilr~plnte- . 
hli l~~ln.tr .  ... 

E m h ~ d d ~ d  a t  Purnen 
S.B.M. at !?urne% .. 

2 9  ,, 
- 4$).73H 
- 49.227 
- 41.151 
- 42.541) 
- 4.0.91t; 
- 42.128 
- :38.834, 
- 41.602 
- 39.012 

30.00 
31.02 
32.08 
33.03 
:lH.,i.ti 
39.29 
39.69 

.. 

., 

.. 

., 
.. 

19&-10 

- 51.107 1 - l"liA 
- 48.719 1 + 0'5'q 
- 4.2.598 - I ' ' ~ '  
- .1.2.%16 
- 40.411 
- 12,077 
- :38.9Ol; 
- 41.153 

- 0,U5 
*O"';' 
+ - O'oiB 
+ O"b 

- 38.567 0'455 
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TABLE 3.-Revision levelling-(concld.) . 
Discrepancies between the old and new heights of bench-marks. 

Bench.rnarks of the original levelling th&t  
rere connected during the revi8ionary 

operations 

No. 'Degree 1 I I 
Description 

b 

a 
i25 
Y z 
5 

Differenc 

!(revision: I original). 
Difference betweeu orthometric The sian + 
heights. above I + ) or  below I - ) I d e ~ ~ o t e s  

t h e  starting bench-mark I t h a t  t he  

j greater 
and the  

I 

I i I 1 feet I feet  I feet 
- -- 

(Mnndalccy to Sngning) old line 8.9. 

Fr?m 'sign - .less 
rerlslon , in 1930-31 

1930-31 (lln- , than when 
I originnlly 

levelled 

Date of 
original 
levelling 

From 
published 
heights 

0.000 
- 0.004 
+ 0.026 
+ 0.080 
+ 0.040 
- 0.032 
+ 0.030 
+ 0.066 
+ 0,257 
+ O.? l l i  
+ 0,229 

+ 0.220 

i 
93 fl 

1 .. 
38 .. 

5 ., 
4 ' 93 C 
( 3  1 , 

1.18 (66) 
liH 
1 
2 
9 

-. -. - - 

S.B. h I .  a t  Mandal;\y 
Rock . 
C111vert . . . 
Culvert . . .  
Stone .. . . 

Brick platform . . . 
Embedded a t  Amnraparn 
River crossing pillar 
River crossinp pillar 
E l l ~ h r d d e d  a t  Sagaing 
Bridgc . .  
En~becldcd at Yura- 

,. 
., 

84 0 
,, 
.. 

h u n g  .. 

0.000 
- 3.207 
- 10.343 
- 10,847 
- 6.469 
- 10.Fj02 
- 21.148 
+ 24.414 
+ lfi.974 
- 21.101 
- 8 

' . 

0.000 
- 3.211 
- 10.317 
- 10.767 
- 6.4.29 
- 10.6:34 
- 21.118 
+ 24.469 
+ 17.231 
- 20.844 
- 1.15.7 

+ 7.967 

- - - 

0.00 1 1809-10 
0.0' ., 
0.88 1923-24 
1.07 1909-10 

t 8.177 

3.10 
9.50 

12.18 
13-42 
13.83 
14.08 
lfi.24 

15.32 

.. 
1;)2:3-2-$ 

.. 

. 
1909-10 

,, 
.. 
, 
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TABLE 4.-fist o f  trianguktion stations connected by spirit-levelling 
season 1929-31. 

Height above 
meen sea-level Difference 

Name of station 
Spirit- Trian- 

(Trian. - Lev.) R E M A R K a 

levelling gulation 

feet feet feet 

Kh &npisura Meridional Series 

Dhenvilr (Dhanvad) H.S. 1,162.72'7 1.177 + 14 Lower mark (on stone 
o I I I  boulder). 

Lat. 20 53 03-31 
Long. 75 36 0'2.43 

Singirchori H.S. 2,889.758 2,889 - 1 Upper mark-stone. 
0 I ,I 

Lat. 22 24 39.91 
Long. 75 40 28.44 

Thikri ('l'hikri) H.S. 850.920 849 - 2 Upper mark-stone 
0 I I ,  

Lat. 22 01 02.77 
Long. 75 24 49.98 

Bulddnn Series 

Keti (1Ciiti) S. 959.943 966 + 6 Upper mark-stone. 
: I ,, 

Lat. 20 50 10.02 
Long. 76 16 52.35 

Khandoba 8. 1,033.112 1,037 + 4 Upper mark-stone. 
0 I ,I 

Lat. 20 45 45.76 
Long. 76 34 46.42 

Ashta Series 

Bnroli H.S. 1,878.389 1,876 - 2 Upper rnark-stone. 
0 8 3, 

Lat. 22 57 53.59 
Long. 76 17 38.05 

Budhon Meridional Serie~ 

Mahxrijpur H.S. 1,022.330 1,016 - 7 Ground m ~ r k  (on rook lo 
0 I ,, situ.) 

Lat. 26 63 64.44 
Long. 78 14 la.oe 

(~ontinzud). 



LENGTH OF LEVELLING STAVES 103031 Chart XVIII 
Scale 2 Small Squares=0.001 Feet 

1 2 0  

t lo'rn 

' I .  
I 

~0.13 Dett, in Bbmbay: and C, P 
I , , . . ?  

i lo'rn 

NO 4bett. @d. hwuer) m B & 0. 

-' 014 8 
I 

1 No. 4 Dett In C. L md U. P. 
015A --,-_ 
0 1 5 8  '\ 

- -- 
\ 
. - - - - -  , t lorn 

--- 015A 

'/ - 
No. 5 Dett,. (1st. Leveller) m Pueb and R s J ~ u t m l a  '. n 015 R 
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TABLE &-List o f  triangulcction stations connected by  spirit-levelling, 
season 1930-31 .-(concld.) . 

Height above 
mean sea-level 

Name of stabion (Trian. -Lev.) R E M A R H E  
Spirit- Trian- 

levelling gulation 

feet feet  feet 

Great Salween Series 

Kengtung South End Base 2,586,479 2,586 0 Upper mark (Top of brass 
Station cylinder). 

Lat. 2 i  18' 15?52 
Long. 99 36 33.18 

East Coast Series 

Cuttack (Rirabi t i )  H.S. 133.323 132 - I Top mark-stone 

Lst. 2; 29' 0 0 % ~  
Long. 85 52 01.43 



CHAPTER V I I I  

THE MAGNETIC SURVEY 

1. Summary . - In  addition to t,he usual programme of obser- 
v~ t ions  a t  the Dehra Dfin observatory (and  a t  Alibig under the 
Director-General of Observatories ), a field detachment occupied 37 
repea.t stat,ions, covering about half the area of the magnetic survey. 

The observations of horizontal force made a t  Dehra Dan during 
1920-30 have been reconsiderecl and final values are now published. 

2. Dehra Dun O b s e r v a t o r y ,  1930.-The usual programme 
was car~.ied out consisting of a continuous magnetographic record of 
clecli~~ntioll, horizontal force ancl vertical force, daily observations of 
dip, and bi-weeltly observations of declination and horizontal force. 
Five severe magnetic storms were recorclecl during the yeala, 011 
March 12th, June 16th, Sept. 18th, Oct. 17th ancl Dec. 3rd and 
4t'h. 

Sahsoil water percolated into the passage rouncl the under- 
grouncl magnetograph room between July 29th and Aug. 16th. In 
the months of October and November 1930, the H. F. and declina- 
tion clock frecluently stopped, causing consiclerable loss in both 
traces. The clock was taken out and thoroughly cleaned. 

The mean scale values for 1930 for an orcliilate of 1/25-incb 
were :- 

Horizontal force . . . 4'26 gammas 
Vertical force . . . 9'34 to 10'58 gammas 
Declination . . . 1.03 minutes. 

The mpxn temperature for the year was 27O.0 C with maximum 
allcl lninimum values of 27O.5 C and 26'-1 C, bhe temperature of 
cluction being 2 i"'0 C .  

Tahlp 1 shows the Inpan monthly values of the ln%netic 
rollinla tion, the distribution constants P,., and PI.,, the accepten 
vallle of log ( 1 + P/I.? + Q/r* ) -1, a1l.1 the values of ?rr for 
No. 1 7 .  ~ . ;hb  2 yivrs the mean monthly observed vallles of the 
rlf=rlinntinn nnrl horizontal forcp hase-]inps. Table 3 shows tjhe  

mean monthly w l u ~ s  of t,hp elempnts for 1929 and l9BO9 and thp 

annual change for the period. The mean hourly devin.tions fromthQ 
mo~lthly m&ns are given in Tables 4 to 7. Table 8 givesthe 
classification of the magnetic character of all days in 1930. The 
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C, S, M, G and VG there used are those which have been 
employed in all the Survey of India records. They correspond with 
the I~lterilational (De Bilt)  classification somewhat as follows :- 

0 De Bilt = C and part  of S. 
1 De Bilt = P a r t  of S, and M. 
2 De Bilt = G and VG. 

3. Field repeat stations, 1 9 3 0 - 3 1  .-A field detachment 
was formed under MI.. Shyain Narain, s.sc., who observed declina- 
tion, force aiid dip a t  all the repeat statioi~s which are dependelit 
olily oil the Dehra Dull and Alibag observatories. It had been 
hoped to reopen the Kodaikiinal and Toullgoo ( Burina) observatories 
during 1931-32 and to observe the reinainiilg repeat stations that  
year, but financial strillgelicy has postponed the programme, a i d  its 
early coinplet,ioli appears to be so doubtful that  results for the 
north of Iiidia are now pu1)lished witshout waiting for the comple- 
tion of the rest of the survey. 

111 adclitio~i to Mr. Shyam Nt~rain the clet,ttchinent consisted of 
1 recorder aucl 8 lihalisis. Worli stal-tecl a t  Lahore on Oct. 25th 
1930, and was co~nplet~ed a t  Kathgodiim 011 hfarch 24th, 193 1. 
The i~~s t rurnent ,~  used were inag~letometer No. 4 and dip circle 
No. 136. 

The i~~struint~i l ts  ~vorlied satisfactorily and the i~sual degree of 
accuracy was inaiiitained, except that the (lip needles showed 
very wide variations, presumably on account of imperfection in their 
~~ivots, although 110 tlefect has heell tlefiiritrlp cletectecl. The dip 
observatio~ls call 011ly I,e reliecl on as correct to 10'. Table 9 gives 
the inontl~ly mebail values of n, n1ic1 log ( 1 + P/r2+ Q/r' I- '  for 
magiirtonlete~ No. 1. T1lca- we]-e s~~tisfactoi-ily coiista~it. Log r 2 K  
was determined before the field season. 

Tht. ~,esults of compariso1ls with the standard inst.ruinents a t  
Dehra Dill1 alld AlibcLg are g-iveli in Table 10.  The accepted cor- 
13ections to the field yalues of declination are -Or '4 ,  to H.F. + 9 y ,  
and to clip nil. The reasoil for applyiiig no correction to dip ia the 
\vide variation ill tile diffel*ellces bet\veen needles a t  the different 
field stat,ions : t,lle i i~st~ulllental error was clearly not constant. 

Tht> field obsei.vatioi~s have been coinputt~d and reduced to epoch 
19;jI '0 t l a r ~ i l ~ ~  lycpss, ulltler supervision of Mr. B. L. Gulatec, n1.A. 

The Mthttv)~.olo~i~t,, ~ c ) ~ l l l l : l y ,  wll(, is ill charge of t,he Alib;lg obsein- 
vatol-y, 11:~s sl11)~~1i~d (lt l ta fl'()ln IVII~CII, ill coi i j i~i ic t i~~l  wit11 the 
Dehrn L)li11 data, tll(3 dilll.lla] val.i:rtiol~ i111t1 l ) c ~ r t i ~ r b ; ~ t i ~ ~ ~  have been 
calculatocl at  tllc, rc~qnil.ptl llonls. Th,> n1111ua1 c.ha11gt~~ ; L I I ~ ~  11~)1'111al 

valll(>s of tho t~]clncl l ts  at Alil);Ig Ilavc. b e c ~ ~  t:1kc111 froni curves (Ylato 
XX) plotttlcl lnolrtllly meall values st~l,pIitltl h y  the Mcbteoro- 
logist, 13on11,:~~. s i lni  lal.  curves for Dclhra L)1111 n r ~ '  givt\~r in Plate 
XXI. Thcl rtlsu]ts at  I-cl)pat ptat,iol~s art1 givc*l~ ill Tal~lcs 11 
to 1.1. 'l'hp of o]elllellts a t  the fitlld statio~is of the 
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original survey have been brought up to date by meana of tbeM 
of the annual change and are shown by contour lines on 

Plates XXIV to XXVTI. 

4. Dehra Dun Observatory, 1920-30.-The reduction of 
observations of horizontal force irlvolves the adoption of accepM 
values of the moment and distribution factors of the magnet, which 
cannot always be decided until a considerable number of further 
observations have been made. It is consequently necessary 
reconsider past work from time to  time, and to publish final values, 
The period from the beginning of the survey until 1920 is covered 
by Records Volume No. XIX. The present report deals with the 
Dehra Dfi11 observatory between 1920 and 1930. Its preparation 
has bee11 supervised by Mr. B.L. Gulatee, M.A. 

At  Dehra f i n ,  the observations of H.F. have been complicated 
by an appearance of irregular increase in tthe moment of the magnet, 
and by ari apparent annual change of moment from summer 
to winter (see Geodetic Report Vol. VI, page 10). The latter hae 
been shown to he due to  a change (o r  error) in the accepted 
temperature coefficient, but no satisfactory explanation has beell 

found for t.he apparent increases of m. 

The mag~irtic moment of the magnet (m!) a t  ally temperature 
t°C is relatecl to its moment a t  O°C by the formula- 

The values of a ancl P obtained a t  Kew Observatory in Dec. 
1901 were a = + 36.6 x 10-5, P = + 9.5 x 10-7. 

The following table shows the values which Mr. Gulatee has 
now obt,ained :- 

. x 8 x lo-; 
= 2 3 t 0 ~  

- - -- 

1 s t  measure .. + 31.3 + 23.3 42.3 
. +20 ,h  
. + 16.9 +36 .0  

% I 4th . . .  + 3 7 . 5  + 17 .4  4 5 . 7  
5th .. +34.2  , + 16.6 42.0 
6th ,, . . .  + 38.0 + 14.7 44.9 

Each of t h ~  ahow measures d ~ ~ p ~ l d s  on 5 sets of ,-hflectiona 
mm~lll , td r t  t h r ~ r *  trm ptll.aturPs lo0, 84' and 47'C The 
la@t ( 1  is n~bl t r l  to show the tempra ture  co~ffieient at 234 
th+' llurmal a n ~ n ~ n l  mean Cmperature. The vain,. given by thP 
lgO1 values of n ant1 /3 is 41.1, so that  the reality of the change la 
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quite apparent. The acceptance of the  above mean values of 
a andB results in the disappearance of the decrease of moment 
from winter to summer, bu t  on the  average produces a small 
variation of opposite sense. It is possible tha t  the values now 
obtained are a little too high. 

The moment of inertia of magnet No. 1 7  has been twice 
re-determined during the present year. Plate XXII shows the 
variation of log .rrzK since 1902 (making assumptions regarding the 
moment of the standard gil t  bar as clescrihed in Geodetic Report 
Vol. VI, page lo) ,  ancl the sinooth curve shows the values tha t  are 
tlom accepted for 1920-30.  In  the earlier years the curve hardly 
differs appreciably from the values accclpted in Records Vol. XTX. 
'I'hc 1927 value of log T ~ K  is considerecl unreliable. 

The values o b t a i n ~ d  for the factor ( 1 t P/r2 t Qjr i )  -I have 
varied widely from year to year (see  Table 15). The factor is 
nearly unity, and so long as wj remains more or less unchangecl, i t  is 
(dear that such wide ~a r i a t~ ions  callnot be real. A mean value of 
1.!)941.i has therefore heen acceptcd for its log throughout. Table 
1;) shows t,he ohserved values of log ( 1  t P/r" +/rq)-l, the accepted 
valucs of log T'K, and the values of m which 1-esult, using the new 
tetnperature constants. Similar i~~forrnat~ion is give11 for magneto- 
meter No. 5 ,  which is user1 as a check. I t s  m shows a steacly fall, 
log (1  t I'/r2 + +/rf )-I is reasonably constant, and the results ehould 
he reliable. But only comparatively few observations have hitherto 
h~en madc) with it. 

The a11nual meal1 values of m of No. 1 7  are also shown in 
Plate XXIII, whctrcl i t  is not iceabl~ that  the irregular increases of 
m are not correctrtl. The observers' initials are entered on the 
cIla1.t. Two values are given i l l  191 9, sincc there was a suclden fall 
in the month of Octobel.. The obsrrvcr S.D. was experiencrcl, and 
llis r~sn l t s  before alld a f t r r  the fall nTel.e coneistent i n t e ~  sf,. There 
is thns reason to suppost. the fall to  bo real, especially as it is 
confii~inctl by the o l ~ s ~ r ~ ~ ~ l ~  A.M. ill 1920. TWO valiies are also given 
in 1922, there being a chalige of obse~.vcr, hiit t,he observations of 
J.L.8. wPre so irregular as t,o he of littlt. v;~]uP. 

Foib calculat,i~ig H three courses are possiblr- 
( 1 ) To accept thc monthly mean valucs of m as ol>sc~l~vcd. 
( 2  ) To accclpt the ai111liaI meail vali~es of WI. 
( 3 )  To accept thc values of rn as g i v ~ n  by son~e  smooth 

curve such as t,hat shown 011 Plate XXIII. 

Course ( 1 ) has the atlvantage that  ignorance of the t r l ~ e  t m -  
Per~tuw coefficient \vill not, i i i t l~~rlnce a fallacinl~s annnnl variation 
of H.  Tt has tllc clisatlvalltagt. that  a singlc rno~itll's o l~ sc r~a i i on  
may not givr v~1.y good va lup  of 911, hut it 1s 1 ) t ~ l i t ~ v t d  that  SJ ste- 
matic errok are far  ]nore serious than such casual er1.01.8 a8 ]nay be 
PreSel~t in a monthly mean. 
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Course ( 3 )  has the advantage tha t  the values of m used (or at 
;tnv rate their variatiolls from year to  year) may he expected to hr 
Inore correct than those given by other courses, but this does not 
necessarily result in better values of H. If  all the error was kllown 
to lie in the vibration experiment, ( 3 )  would be the right cooyse, 
hut the great variations in the observed values of the distribution 
factor indicate tha t  some observers have made systelnatic el.rorp in 
the deflectioil observation also, and it is quite possible that tile 
best cancellation is to be got from t'he acceptance of each obeclyvpy's 
deflect,iou ancl vibration experiments as t'hey stancl. Further, w h ~ n  
two rbhsrrvers covering 18 months in 1919-20 have consisttl~~tl~ 
obtninctl results 0' 40 smaller thall two obsel.vers in 1926-:I0 
( contil.mt>cl hg a third in 193 l ) ,  i t  is right to admit the possibility 
O F  the mirgnet having unintentionally rrceived such treatm~nt ils 
woultl cause all increase of m. 

If observations hacl bee11 made with the check inag~~c~tomr~ttl~~ 
No. .i ill t,he very irregular years 1919-23, comparison of tllr 

an11ua1 mean values of H as given by it and by No. 1 7  u-onld lraw 
her11 a good guide to the best coiu~st~. Unfortunately check ohsrl- 
vations have o111y been macle during the less irregular yt3ars 1!)'!1.-:10. 
Tahlc 1 6 shows annual inearl values of H - .32,000y as given 137 No. l i 
OII the th1.t.e difit~rent hypotheses, the annual means accoldillg to 
tilid t h t~  t l i s c r t~pa~~~ies  between the tcvo inagnetometc~rs. Tht~ last 
lirlr 3110~s that t,he acceptai~ce of a steaclily f;~lling :.c.urrtb h;ls 

resnltetl i 11 distii~ctly worse agrce l~~ent  betwee11 the instl~unlc\lltx 
than is given by either of t h ~  other two courses. 

Tal>lr 1 7  shows the final values of m of No. 1 7  fi-om nlolltll t o  
m o ~ ~ t h  f o l .  1920 to 19:30, nncl Table 18 sl~ows the values of 

c~nlculatrvl in  three wilys above. Thtb first vall~e, HI. wlli('ll 

rc>sults f ~ o m  the acceptanctl of the ohs~rvecl i~lo~l thly inwll m $ l q  

c,o~lsirlt>~.td thv most ~ . t ~ l i ~ h ] c ,  ;llj(l this conrsp is 11c>ing f()llo\v('(l 
ht~~~cefo~.warcl. 
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TABLE 1.-Mean values of the constants cf Magnetometer No. 17 
in 1930. 

Month 

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

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

July . . . 
August ... 
September 

October . . .  
November 

Declination 
constants 

Mean 
magnetic 

collimation 

, . 
- 6 19 
- 6 21 
- 6 14 

- 6 1'7 
- 6 17 
- 6 6 

- 6 18 
- ti 15 
- 6 19 

- 6 12 
- 6 13 

Decenlber I - 6 14 1 li O l i  6.67 

H. F. constants 

808.99 

Distribution factors 
- ~ -  pp-p--..p-.- 

I I Accepted value of 
'1.2 '2.3 log (1 + Plr" +a4)-' 

806.99 

010: 

5 . 9 1  
5 88 
6 02 

5 . H O  
6 . 0 1  

Mean values of m 

~ o n t h l ~ !  Accepted 
ineans i n~ 

I - 
C. 0. S. 1 C. CS.  S .  

I 
RO6,Hi / 806.87 

6.97 
7.17 

7.09 
7.16 

5 -77  

cm' I 
6.97 ' 

7.17 

7.09 
7.16 

7 - 9 2  

5-75 
7 .73  
fi 52 

X.04 
7 . i 6  

+ 
S 

P 

7.28 

6.97 
7.05 
i . 0 5  

7.07 
'7.10 

2 1 7.28 
5 
10 6.97 
rl * 
3 
Q, 

I - 
5.84 , 7 '86 
5.80 N.09 7.05 

7.05 

7.07 
7.10 

5.37 

6.06 

8 -10  

6-42 
6 . 0 3  6 - 5 4  



124 GEODETIC REPORT [VUL. VII, 

TABLE 2.-Base-line values of Magnetographs at Dehra Dzin in, 1930 
from Magnet No. 17 .  

N. B.- I he R ~ ~ V P  values have been accepted. 
n Up to 10h on 10th. d Up to loh 011 27th 
h .  Up to 10" on 24ch. e Frc~in l lh on 27th 
c E'ro~rl l l h  (on 24th. 

I 

,f. Up to loh on 21st 

g. Froni l lh on 219t. 

Horizontal 
force 

Observed 
mean value of 

base-line 

C. G. S. 

0.32673 
672 

679 

676 
677 

681 

672 

677 
675 

672 
670 

0.32669 

hi onth 

January ... 
February 

March 

April 
hl ay ... 
June 

July 

August 
September 

October 
November 
December 

Declination 

Observed 
mean value of 

base-line 

o I 

0 26.1 
25.9 r 2 6 . 4 ~  
25.6 b 
2 6 . 6 ~  

26 .1  
26 .1  

\ 26.1 d 
\ 27 .2  e 

( 27.0 f 
) 26 .5g  

26.9 
25.1 

27.7 
27.3 

0 27.0 
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TABLE 8.-Monthly mean values of the Magnetic elements and 
their- annual changes, Deh9.a Dun, 1929-30. 

* Magnetometer No. 17 was sent to M. I. 0. for repairs 
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TABLE 9.-Mean values of t h e  constants of Magnetometer 
No. 4 in 1930-31. 

TABLE 10.-Cornpw.iso17, be twee~z  o b s e ~ * v n t o ~ . y  and ,field constauts. 

Month 

October ... 
November 
December 

Jenuery ... 
February ... 
March . .. 

April .. 

Declination 
constants 

Mean 
magnetic 

collimat'ion 

I I f  

- 2 14 
- 2 14 
- 2 15 

- 2  10 
- 2 11 
- 1  42 

... 

Declinatio~i 

IIorizontal forct> 

Dip 

I 
Debra Dim Dehra Dill1 Alibig 

~ i a i t o ~ c s  ~ i l i i s u s  u l i i ~ t c s  

field field fi 1.1 d 
Oct. 1830 March 1931 Jan.  1931 

I 
I I I 

- 0.3 - 0.4  + 1 . 9  

+ R y  + , 9 7  1 + 4 1  7  

- 3 . 0  - 4 . 7  - 2.0 

H. F. constants 

Distribution factors Mean values of nt 

'lm2 1 '~'3 Accepted value of 
log ( 1  + + Qlr4)-1 

cm2 

7.55 
7.51 
7.57 

7 .46  
7 . 4 1  
7.58 

7.37 

42 

o P 

G 
a 
2 
5 
m ++ 
-8 
Q, 

? 
h- 

--- 
cm2 

8.18 
8.48 
8.57 

R.55 
8.70 
8.75 

8.85 

C. G. S. 

865.76 
.94 

PC 
1 1  

.70 

.65 

.70 

865.72 

C. G. S. 

865.76 
.94 

CC 
1 1  

.70 

.65 

.70 

863.72 
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TABLE 15.- l'nstrumental constants. 

TABLE 1 ( ; . -A r~nuctl ,,ten,l cnlues 01' H - 32,000~ u ~ ) d  discordn~~c(~ 
A ~ ~ I I I P P ) I  I\-,). 17 A? ih. 5 n / I a g t ~ e f ~ n ~ e t e ) ' s .  

MAGNETOMETER NO. 17 

Year Observed Accepted 
log ?r2K ( log * 111 

(1 + P/$ k6J/r4) -' 
- ~ .. . 

- 
~ ~ A ~ N E T O M E T E R  NO. 5 

Yenr Observed 

-. ~- . ~..~ 

I 

'TI 

ycxr >-,,, .j 

19% 
1921 
1922 

1923 
1924 
192.i 

19% 
1927 
192H 

1929 
1 1  

H I  Hz H3 
---- 

I I h-0. l'i ( Ao. 5 - No. 17 1 No. 17 No. 5 -No, 17 
- .  

I 
- .- . . _ . - -  --- 

I 

I !I:-! Wj9 951 9.51 
1!1:.-, , !I:,:{ 1 $).):I 1 9-14 + 1 1  
I !  ' I 3 1 + I 1 I 92H + 11 ! 1:i 1 

3.411 ti4 
(i 2 
59 

ti0 
,iH -" 
.) 1 

56 - - 
3;) 

5 1  

53 

1924 
1925 

1926 
1927 
1928 

192!I 
1930 

9:jti + 1:i , 9x3 
:I41 , + 7  ' 9 . 1 . 1  t 7 
946 ' + : 4  1 !I45 i 10 

I !  ! I :  1 + 5 )  

1 ::l 1 T.99 393 i S07.06 
! I 

... 

1.9R.436 

I ! I ~ ! I  1 >~ii 

C. G. S. 

806.69 
807.02 
fio6.77 

3.3'77 60 
60 

58 
5 ti 
54 

52 
3.377 60 

$1 
r 9 

I I ! I:3Il , 
~ - ..- -~ ~ 

R : ~ , I I ~ P  I I ~  

~ : ~ ~ , i : ~ t i o n .  

I 
393 e- 

' 1 1  

420 1 .94 
455 1 . 82  

I 

101 / 806.95 
416 807.10 

.02 

415 1 a04 

I 
cIl i:l 1 + Ui2 + I ?  1 960 + I9 

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

i I H 10 ~ 
I I 

I 

' 

1.99 288 
287 

290 
303 
295 

290 
7.99 301 

C . 0 .  S. 

942.4.6 
941.99 

.70 
.36 

1 941.15 

940.70 
( 9009f .  

I i 938.10 
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TABLE lS.-ll!Iont/~l;y .mean ,values of H - 32,000-y. n/lagnetometer XD, 17, 

Hi 1.esults from acceptance of ~noilthly meail values of m. 

H,  result,s from acceptailce of aililual ineaii values of m. 
H,  result,s from accept,ance of sinoothed values of m. See Plate ~1111 

I 1920 1921 1922 1924 

Month 
- 

H I  H2 H3 H I  I H.1 H:{ H2 

1923 

HI H:I H? H 

951 
944 
943 

943 
949 
956 

948 
945 
940 

94.2 
948 
948 

H:l HI 
---- 

January 
February 
March 

April 
May 
June 

July 
August 
September 

Oct,ober 
November 
December 

Hz 

936 
933 
930 

h l n n s  I 970 971 ( $188 I 960 960 $162 I 938 934 1 946 9-12 1 940 1 951 

944 
$144 
935 

951 9 3  ! $  

955 
955 
946 

939 
94H 
942 

930 
$180 
969 

963 
957 
987 

982 
973 
955 

956 
958 

935 928 I 9.12 937 
941 933 

1925 1926 1927 1928 1929 1930 

Month 

- - -- -. . -- - -- - pp - - - -- 

3Iarrl1 

. tpri l  t i  I 9 4 2 9 ,  9 . 4  i 9 :  928 $14 b $14 L !nl !l4H ' 9k i  9:,h'!1'2 

b1.7.v :j,j,j $I.-,, 8 $)ti" !):{ti 9:{1 934 $38 9:],j 9 : ] ~  !);$) $152 1 932 9::3 947 ! 94; $'":' :9'' 

.Tun&. $1 LO $1 I.;{ !4:2 940 92% 9:il 95; ! 4.t.. 4 9;<$, !,;j9 I :{:{$, :I 45, $159 95s g6.I ~ 9:; 
I I 

.Tnly I I . : ' 9  950 g.b,$ 92; !,2ajax, !!/:I !4a295l w!i'i 972 g;? 
..\uqlst !I11 9 1 3 9 i l  9 L I  9 I . l  $344 9:j1 9:{1 982 929 ll%, . .  . .  1 , , ,  

q-,y I !l.;i s ~ l p t ~ ~ ~ l h ~ r  9 1 : I  , ! : 9 : :  : 9 :  1 9 :  9 9 2 . . . . .  1 .. I i I I 

CI1.i $):jR 9:iR !)I(> Q-tO 9;j9 
929 9:<:j 9:<:3 !):{i I ' g ~ t t  "Ii "' 
9137 C,VJ 9 t 2  !,:;-8c~44i94:3 

gi'i !"" 
" / '  

939 
9S'L 
964 

958 
959 
960 

982 
981 
970 

965 
$176 
988 

987 
979 
961 

941 9.1.2 953 
952 945 956 
953 $ 4 6 '  

9gJ !, 
944 i s  
9519 

93 9 
9>:119 
94t'9# 

951; 
957 
943 

951 
944. 
947 962 j 956 9;;~ 

-. .. 

! 
941 1 932 
947 1 945 
H i  945 i 

!15H1YI 
%!I19 
g i - *  

953 :!I 

9 5 3 i 9  

" I  y 

999 
998 
9 8 i  

982 
993 

1003 

1004 
996 
9 7 l  

943 
956 
956 949 

-- - 

963 
967 
974 

973 
956 
963 

968 
958 
950 

952 
949 

9-1$) 
95:i 

951 

-. 

l $,ti9 
961.; 

968 
971 
972 

970 
947 
956 

966 
955 
953 

952 
954 

953 929 $136 

pp~p 

970 
973 
974 

972 
949 
958 

988 
957 
9.55 

954 
056 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y '  
938 
938 
943 

952 
963 

939 
932 
931 

931 
937 

918 
981 

9:jO 
6 

949 1 9-1.4 
I 

937 936 
929 g:<: j  
927 928 



THE LAY-OUT OF GEODETIC TRIANGULATION," 
AND THE INTERVALS BETWEEN BASE-LINES 

AND LAPLACE POINTS 

The Lay-out of Geodetic Triangulation 

I .  Generally a series of geodetic triangulatioii is conlposed of 
cl~ains of figures of the  same type-(a) single t,riangles, ( b )  braced 
quadrilaterals, ( c )  hexagons,-with occasional odd figures where the 
land coilfiguration dictates their necessity. Thus ( n )  may contain 
occasional ( 1 ) )  and rice versa; and on occasion when the diagonals of 
( b )  offer difficulties another type (d)-centred quaclrilaterals-may 
be introcluced. 

Thc type (c) inay he very good and has t'he advantage of cover- 
illg a ~ v i d ( ~ ~ .  region ailtl fixing ~ n o r e  precise positioils than either (a) 
or ( h ) ;  h11t this is offset, hv the additional labour 211d s l o w n e , ~ ~  of 
prflzr~ss. Ordiliarily the function of il geocletic s c ~ r i ~ s  is to carry 
nccuracoy of relative positin11 in on? direction with small accumula- 
ti011 of cli.~.or, xncl addit,ional local positions may more economically 
bcl P ~ O I  i t l d  1)p tllv subsrquei~t n~iilor triai~gi~lat 'ion, rvhicli in any 
case is c.:~llcd for ~ r h e n  inappii~g is uilclertalc~n. 

AccorclingIy we may ~ o l l h i ~ l ~ r  ty11es ( ( I )  alicl ( h )  as of para~noiillt 
importai~ce; while ( ( J )  is of occasional importance and ( c )  will 0 1 1 1 . ~  

rarely warrant colisitlerat,ion. 

2 .  The lay-ont of wl intc~v~r  type lnar  he decitl(lt1 011 is of funrla- 
lnentnl iinportancp. The yc~(~011naissance offlcer lins a ve1.y rt~sponsibltl 
task ill choosing fig:.ul.cls which shoaltl balaii(~b t i l ~  qiiaIitit>~ of 
Peat "strength " lIritll tlcollonly of 1al)our I or their o b s ~ r v a t i o ~ ~ .  
A c c ~ r t l i n ~ : . ~ ~  hp havp th r  clrnrcst l,ossil,le 11c~rcrl~tion of ~11:it 
shape of figure is bpst a l~t l  11on~ Inr this o1,tim11111 for111 ~h011Id 1~ 
~lepartt~cl from to  Inept cl(,onomic coi~ditions. Rcl shoultl I ~ I O \ \ T  to  
"hat, clcyrcac the sul ,scq~lc~l l t  (bl.~.ors of n1,eervntinn map l ~ c  col.rc~trltl 
'19 i11tl'oduction of adtlitiol~:ll hasp-lii~ps and TIR])~:IC(J l ~ ~ i l l t ~ ;  alltl 
n ~ ~ i l l  I I I I I S ~  l,a]ancp up t l l ( ~  pronomics of thoso, so that  fol. ally 110~fll- 
latcd c l ~ ~ ~ ~ ~ ~  of accllra(BJ tht> 1~11olp 1,1-ocess- trin11g11 In tioil, has(1- 
lines a114 Lal,lnrp p(,illts nlng cost, as little as 1)nssil)lc nut1 1 ) ~  cal)- 
able of coinl,lpti~)ll wllr, l l  tluc. No sul)scyuel~t c~ffol.ts of the obsc~i.rc~i. 
Occu]~jiilg the. stations can cornpensat(. for ill-lairl-~ilt fignrcs. 

* I ' ; t l~xr rend bt,for.c t)l,t C' ,~nfcr+~ncp of E:ml>lrc Sm.vey01.4. Lontlon 1931 
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3. It is proper then to  investigate the conditionswhich governthe 
strengt,h and performance of figures of various shapes. Ordinarily 
there is no reason to a~lticipate that  the precision of the 
subsequent ineasurements of the several angles will vary except 
by chance-though in special cases the observer may properly be 
told to colicentrate more than normal observation effort; and so in 
the first placc~ i t  is sufficient to consicler all angles as of unit weight. 

Our first desicleratum the11 is to ascertaii~ the strellgth of all 
likely figures as regarcls log relative scale and relative azimutll of 
sides of exit and r~itrbnce, taking all angles or all direotiolis as of 
the same weight. In the present paper this has not breli carried 
further than for tlie cases o f  single triangles anrl hraced ( ~ l ~ a d ~ . i -  
laterals. 

4. We are co~~ceri i rd with two forins of s t r e ~ ~ a t l l  of figures, (a) 
as regards scaltb, ( 1 , )  as rrga1.d~ azimuth. A peculiarity of triangu- 
lation is that any tlrrol- of scitle or azimuth is passed on to all the 
followii~g tigi~res. 

Denote by tol,. = Z / u  the strthngth of log [(side of exit) / (slde 
of ~ n t r y ) ] ,  ant1 by . t c ~  = 1 /,,,I,. thr~ s t i - en~ th  of 1-elativr aziinutll of side 
of exit to side of c l~try.  

5. I use the words " weight" and L L  strength" as equivalent, 
ant1 in ~ n y  own mind I always thiltk of the1 s t iwgth  of a figure. 
Thy weight o f  n fnnctio~i F' of the :~11glrs is 
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better) practice is to  measure a, round of angles as a whole. The 
former method leads to an independent weight for each single angle, 
and a reduced weight for a compound angle. The latter inethocl of 
measuring direction is more economic but leads to the weights of 
the angles being not independent; however compound angles and 
single ai~gles are of much the same weight-unless indeed one or 
more of the directions is shaky, maybe as a result of lateral refrac- 
tion. 

From the point of view of computiilg the strength of the figure, 
it is much simpler to have independent weights'for each angle. If 
these are all unity the resulting strength is roughly three-quarters* 
of that arising when all the directioils are measured with weight 2 t ,  
if the figure is not too irregular-the improvement due to the direc- 
tion method resulting from the improved weight of the compound 
angles. 

To be strictly precise in the case of the direction method if all 
the angles a t  a station are measured in a round, they are all inter- 
dependent; and so one figure ought to be considered simult.aneously 
mith the next and so on-meaning that  all figures should be treat'ed 
si~nulta~ieously, which is obviously practically impossible. We must 
ignore this and collsider only those angles a t  a station which relate 
to one figwe as measured in a round. 

8. I have derived some general f o r m u l ~ ,  but will refer only to 
some of the simpler ones. Consider a quadrilateral ABCD of which 
ABand CD are flank sides and whose diagonals meet in 0. Denote 
the cotangellts of the angles a t  A by c,, r , ;  a t  B by c3, c, etc. The 
eight single angles of the figure, begi~liring mith CAB may be 
represented by 

nbehg the angle DOA between the diago~lals. 
Let A  =C,+C, ,  B  =c,+c,, C = c , + c , , I )  = c , + c l ;  

At = cs - c3, Bt = ca-c6, C' = cs-cs, 1)' = c, - cl. 

Also let e = 4 (c2-c3 +cg-cg) ,  El = e  + e ' ;  

e ' = +  ( C , - C ~ + C ~ - C . , ) ,  Et=e -e l .  

+- - 
pp - _---_ - 

': This is true rts scale strength; I have not act~~nlly conaidered the 
of a~ imuth etrength. 
t The weight of any angle between two directions of weight 2 is unity. 
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On the assumptio~l tha t  the angles 1 to 8 are measured independent. 
]y with equal weights, let u, be the inverse weight of log (CB/AD), 
and o u ~  of azimuth of BC relative to  AD. Let UF, arid .up, be simi. 
lar quant,ities for the case when directions have been observed bJ 
rounds of angles a t  A, B: C, D. For a rectangular figure X =  Y=Z= 
P =  0. Let us call a figure for which none of these quantities exceed 
Is0, a 'cquasi-rectangular figure "; and if they do not exceed 5' a 
(6 good quasi-rectangular figure ". 

For a good quasi-rectangular figure $up = ulpl (nearly). ... (1) 
9. When the figure is cyclic, A = C, B = D, A' = - C', B' = - D', 

e =  - e' and the formulae are much simplified. There is no other 
essential merit in the cyclic property; in fact for azimuth 

which is greatest, i.e., worst, when the quadrilateral is cyclic. The 
variation from this maximum value of unity is clearly small unless 
the quadrilateral is very irregular. 

For any cyclic quadrilateral, ,,ul,. = 1 ; 
so clearly in the interests of azimuth alone elongated figures are to 
be preferred. 

19. For any quaclrilateral, 

where 2L =A"+: t c g + e 2 ,  
2L' =CZ+c: + c i  +el2, 
2 K = c4cs + clce + ee', 

and 2 ( L + L ' + 2 K ) = A 2 + B 2 + C m + D 2 + E 2 .  
This is not difficult to compute, hut would be a nuisance to an officer 
in the field; though on occasion i t  should be faced. 

If however the quadrilateral be cyclic, 

Now it will never happen tha t  the quadrilateral ia exactly cyclic; but 
this equation gives a good idea of what departure from regularit1 
amounts to. From i t  we can say that  for a good quas i - rechng~l~~ 
figure the value of r c ~  will not be more tll:r.ll 10); grcater than for 
a perfect rectangle. So lollg as the X, Y,  a, 11 call be kept don11 to 
5" there is no need to worry; eve,, 10" woulcl not be serious. 

11. For a good quasi-rectnl~~ular  figure we may write 
........................ uF = in,. . . . ( 5 )  

with accuracy to 10% or less if R is not less than 60'. Thin ,how' 
that for scale error a squat figure is desirable. 
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12. I n  the case of a triangle i t  is easy to show that with unit 
weight of all angles 

= g (c: + c.cp + c &  

snd o~~ = g. 
Consider a pair of such t,ria.ngles which form a parallelogram. This 
may be compared with t,he braced parallelogram for which 

UF = +A2[1 + (A1 /A) ' ] .  

On investigation we find t,hat the pair of triangles has a greater 6 

strength as regards scale than the similar braced figure when BN 
is greater than BA. This is because an important allgle, when 
measured as two compoilellt allgles, has less weight than when mea- 
sured singly. 

I am not conviucecl of the wisclo111 1111cler all conditions of the 
genel.al principle which sollze have laid down, t,hat geodetic series 
~lloulcl a1 ways have a t  least two alteri~a t,ive chains of simple triangles. 
If one call trust the good faith of the observer, a i d  avoid rays badly 
affected by lateral refractioll, there is much to be said for series of 
simple triailglrs, which illvolve less obser~;ation and demand less of 
the reconnaissance oficpr. 

13. Revert,ing to the hrxced qiiaclrilate~.al, lr t  11s now consider 
('he quctstion of I,l'o!l,.rss 1 , ~  the figure. Grouncl must he covered, 
and it is useless tl.:lnsf~rl.ing grclat accuracy of scale by a 
micl.oscoI,ic distance. So long as good quasi-rectangular figures are 
Consiclcrecl, these may treated as perfect r~ctanglrs .  [oide ( 5 )  1. 
Let h b~ the brPadtll' and I the length of the figul.~, in the direction 
of the series. Then 

T L ~  = (1/6)'. 

The progress is I, so may call ur / l=l/b2 the "absolute inverse 
efficiencyn of the figure. Tile ratio of this to the same qualltity 
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for a square of side b, viz., 2/b, is the 
"relative inverse efficiency " of scale = l / b  = H. 

Similarly, relative inverse efficiency of azimuth is b / l =  ,H. 
14. The inverse weight of scale after n figures is 

UP =X(l /b) ' ,  
and a distance Xi= n. 2 ,  has been traversecl. 
Were the series replaced by one of r equal squares of side b, where 
I L . ~ , ~ ,  = C b  and ~ . b ,  = n.l,,,, the inverse weight would be 

a r 
so Us= 2 1 = r =n.l,,,/b,,,. 

1 

UF/US= (bnl/n.2,1,)s ( l / b )2 .  
If I =  ( 1 + , f) I ,  and l l b  = ( 1 + F)/b, ,  and the distribution of f and F 
is random, ancl these quantities rarely attain the value 0'5, then 

1 
UP/UkV = 1 1 + ;(f+ F ) l {  H,,, approximately = H ,  nearly, 

where HI,, = ( 2 H )  In. 
For azimuth 0778 = n / r =  bm/lnl exactly 

= a  H,n, 

Intervals between Base-Llnes and Laplace Points 

15. A good many years ago I introduced a function " M "* to 
characterize the performance of geodetic triangulation. It comprised 
the factor ,vn/b+ in which " m" was Ferrero's qua~ltit~y [(CA2)/Sn]' 
am1 b mas the length of a side of the figures, supposed regular and 
equal-an assumption not f a r  from the trut,h in the case of some 
good geodetic series. 

Under this assu~nptioll the errors of the triangulation after 8 

course of IS miles can he expressed 

11. e. in 7th place of log side = 3  32 M S 1  , 
11. e .  in azimut,h = 0.158  MAY^ seconds, 

i n  which the numerical factors depend on an averagp side length 
( 18 miles) which was taken as a basis for M. The I , .  e.'s of displace- 
ment were also expressed, involving M as a factor. 

16. We can now extend the above equations t,o include the 
cases of qoocl quasi-re~t~angular quadrilaterals. It is only necessary 

multiply them by the quant,ities (e.g., UF/ Us)  fount1 in 14. Thus 
p. e. in 7th place of log side = 3 . 3 2  H,,, M,Sf 
p. e .  in azimuth = 0 - 158 b,/l,. M,S4 . 

17. TO ascertain the distance which should be allow~d before 
1)aae-linr or L a p l a r ~  point is introduced, these exp~.rsaions may lx 
eml)1()).t1d. 1 dirl this a few years ago in the caw of regular figures- 

- - -  -- --- -- / 

* Survey of Indie, Profeseionel Peper 16, p. 91. 
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I The f o rmul~  deduced, modified to take a good quasi-rectangular 
figure into account, are now given. 

Denote by S the proper distance between bases. Then 
S.H:= 1 3 . 5  (B/M)%2*68c (1 +b, , /~)~ ,*  

in which B. lo6 is the probable scale of error of base-line, 
c is the length of either base, 
M= m (1 8/b,)+. 

This is based on the criterion that  i t  is worth while introducing a 
base when the probable error developed in the triangulation is twice 
that of the control. 

The quantities in the formula for S are as below:- 

TABLE I.-Values of 13 - 5  (B/M)2 in miles. 

TABLE 11.-Values of 2 . 6 8 ~  ( 1  + b,,/c) in miles. 

Denote by 8' tilt. proper distance het~veen Laplace  point^. Then 

in which 2 ta.~~'$,, = tan" + tan'$', 

\ 

c \ \ * a  

3 . 
- - 

4 

- 
5 

-- 

'I 
- - _  
10 . 

$I, 4' are ]at,it,uclps of the tt.r~ninal points, 

cc sec 4 is probable error in sc~contls of arc of the 
ol)servc.rl aziinut.hs, 

p tall + / I  5 is p~.ol,al,l~a e i ~ o r  in seconds of t i ~ n r  
of fhp obfie\rved tilnc. ditf(~rr~iicc. 

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

Vide Drpsrtnlrntnl paper No 12, Geodesy, p. 131 A ,  (6). 
t Vide  Dep~rtmental Paper No. 12, Oeodeey, p. 131D, (12). 

- 
I5 

2509 

8 

108 

- - - 

$17 

91 

- 

8(; 
-- 

10 

151 

- 
1 2  

121 

111 

12 I 5 ( 2 0 ( 1 2 ' ?  

I 

40 30 

1652 
- 

1019 

035 
- - -  

171 1298 1 1954 

--I-- 1086 l i i P l  
I - - 

RIR I 1244 

1290 

- 
201 

2 4 ,  ( 2 8  

-- - 

-- - - 
2.11 1 386 

I 

lLl ill4 335 I82 
I -- - . 

I 
1 1 8  1 2 9  1 I 

- 

2H9 

-- 

429 1 543 1 671 

472 ! 700 1 9'73 

563 

ti5i I 858 
-- 

965 

775 

524 

- 

676 
- -- 
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The relevant quantities are now tabulated with a=0.2, 
a= 0 . 3 ,  for various values of M and the 1atitude:- 

TABLE 111.-Values of 325 (a'sece 4, + /32tten2+,)/~g. 

16. Nowadays since wireless longitudes have become so simple 
both in execution and as regards apparatus, there are few places 
where a Laplace point cannot be formed. On the other hand, basee, 
though far more rapidly measured even on more difficult terrain 
that1 was possible thirty years ago, cannot always be introduced on 
account of unsuitable terrain. I n  such cases where bases can be 
int~.orluced but sparingly, the lay-out should he such as to favour 
scrtlr-that is, squat figures should be employed. 

Again in high Iatitucles the Laplace control becnmea ineffective. 
[n that case accuracy of azimuth should he favoui-ed by figures with 
t h ~  longest possible flank sides, unless indeed base-lines are impracti- 
cable where required. 

Apart from these considerations there is another of great 
~mpnrtance which I haves not been able to touch-the economics of 
thf* work. Lay-out of figures and labour devoted to ohservationfi 
c h o ~ ~ l ( l  1~3th hr considered so as to get the desired accuracy at 
rt~asonable cost in reasonable time. 
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inc lu t l~~  6 t H ( CfRrhmllktnsar t o  Alignrh ) ; ( 5  ) includes 70 N ( hillgh;l.l s.zrii t o  
Najibibnd) ; ( 6 )  includes t;.&H (C)srlllnttktes.zr to Ali~:rrl i  I ;uld tj3 H (.Tliinsi t o  
h u g o r  ) . 

Distinctive naule of sheet 

34 
35 
38 
39 

40 
41 
48 

44 

45 
46 
47 

48 
49 
62 
53 

G 0 

64-68 
64-68 
ti?-72 
68-72 

... 

(5s-72 
G Y - - 7 2  
72-76 

72-76 

72-76 
72-76 
72-76 

72-76 
s-1-2-76 

7(;-80 
7 -  

(Quetta) ... 
(Karichi) ... . 

(KSbul) .. 
(Rlultin) ... ... 
Addendum to 39 ... 

(Hyderkbid, Sind) . .  
(l35jkot) . . .  ... 
(Srinagar) (1) ... 
Addendum to 43 ... 
(Lahore) . . . ... 
(Ajmer) ... ... 
(Bnroda) ( 2 )  . 
(Bombay) ( 3 )  . 

Addendum to 47, 
Island of Bombay . .  

(Cfon) . . . ... 
(('alicut) . . . 
( [.oh) . . 
(Dellii) (4) , .  

5 4  

0 0 

28-32 
24-25 
32-36 
28-32 

. . . 
94-28 
20-24 
32-36 
... 

28-32 

24-28 
20-24 
16-20 

. . . 
12-1(i 

6 
"-32 

2916 
1911 
1912 
1913 
191(i 

1911 
1918 
1913 
1915 
1926 

1911 
1912 
1912 

1915 

1913 
I!)11 
I 
1!120 

(reprinted 
1!129) 

Addendnin to 5 :3 ( 5) . . . 
( A  gra.) 76-so 

RY. 2-0-0 
Ks. 2-0-0 
Hs. 2-0-0 
RF. 2-0-0 
R,s. "0-0 

Rs. 2.0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Hs. 2-0-0 
H8.3-0-0 

Rs. 2-0-0 
Hs. 2-0-0 
Ks. 2-0-0 

Re. 1-0-0 

R.S 2-0-0 
l{c. 1-0-0 
Ite. 1.0-0 
I(s.3-0-0 

in the ~ T C A B .  

1921 
(revrilltrrl 

1A;iOl 

I t g .  3-0-0 
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Levelling Pamphlets-(Continued). 

(h)  Levelling of Precision in Mesoyotamia- 
Descriptions and heights of bench-marks in Mesopotamia in one 

pamphlet, published a t  Dehra DGn, 1923. Price Rs. 3. 

Pamphlet 

Sheet I Distinctive name of ahest 

(ii) Levelling of Yecondery Predsion- 

Descriptions and heights of bench-marks by lines generally P ~ W  
duced by Gestetner a t  Dehra Diin. 

Pnb- Latitude Loneitude ,ished 
N. I E. 1 in 1 

55 
56 

57 
55 

62 
63 
61 
65 
66 

(Nigpar)  (7) ... 
(Hyderiibid, Deccan) ... 

(Mysore) (8) ... 
(Ootacamund) ... 
(Minasarowar) ... 
(Allahibad) ... 
(Raipur) ... ... 
(Vizagapatam) ... 
(Madras) (a) .. 

28-2; 
16-20 

12-16 
8-12 

28-32 
24-28 
20-24 
1G-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 
12-16 

7;-88 
76-80 

76-80 
76-80 

80-84 
80-84 
80-84 
80-84 
80-84 

84-88 

64-88 

84188 

88-92 
88-92 
92-90 
92-96 
92-96 

96-100 
96-100 
96-100 
96-100 

1912 
1912 

(reprinted 
1931) 
1919 
1914 

1922 
1923 
1912 
1913 
1912 

1912 
(reprinted 

1930) 
1913 
1920 
1913 

1923 
1924 
1912 
1918 
1917 

1918 
1917 

1916 

72 1 (RLtmLndu) ... 

d .  
Line nomher 

cn 

Xs. 2-0-0 
Rs. 2.0.0 

Hs. 2.0.0 
Bs. 2-0-0 

Be. 1-0-0 
Hs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Ba. 2-0.0 

ks. 2-0-0 

Ha. 2-0-0 
HE. 2-0-0 
Ne 2-0-0 

Us. 2-0-0 
Rs. 2-0-6 
RE. 2-0-0 
Ha. 2-0-0 
ICE. 2-0-0 

Ra. 2-0.0 
Ba. 2-04 

Ha, 2-0-0 

78 

74 

78 
79 
83 
84 
85 

92 
98 
91 
95 

( 7 ) inclndes 63 R ( Ih inr i  to sangor ) ; ( 8 ) incl1ldes 14 A ( Rooty to On 'Ie ) 
I* B ( Nandyal to Atmakur ) ; ( 9 ) iooludel 40 ( Jhrrsugra to Purllia ) i (lo"inO1ude~ 
77 0 ( Calcutta to Chuadanga ) and 77 P ( Jeseore to Biriaat ). 

Situated i n  Pnhlishe(1 Price 
dearee  sheet^ I in I 

1 

2 
3 

4 

(Cuttack) (9) . 
Addmdum to 73 . . . 
(Puri)  .. . ... 

(Darjeeling) ... 
(Calcutta) (10) . 
(Dibrugnrh) ... 
(Akyab) ... ... 
(Prorne) ... . .. 
(Bhamo) ... ... 
(Mandnlrry) ... 
(Rallg00~) 
(Mergui) ' 

- 

52A (Ruk to  Sehwin) .. 

328  (Daur to 1,undo) .. 
52C (Shibpur to  Mahrabpllr) .. 

52D ('l'ando Alihgir  to H y d e e b i d )  

A B - ~  

I )  

11 

91 

3 5 M & N a n d  
40 A 

40 R & C  
85 N and 40 

A,B,C, F & G 
40 C & D 

1928 

91 

1 9  

1 ,  
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Levelling Pamphlets-(Oontinued). 

# 

a 

- 
5 
6 
7 

8 

9 

10 

11 
12 

13 

14 

15 

16 

b 

Line number 

G2E (Rohri to J i m  Sahib) ... 
52F (Shihpur to Mirpur l'urina) ... 
52G [Lindbi canal bungalow (39th 

mile) to Khipro] 
52H ( lihiyro to Ghukm ~ h u r ~ a ; ; )  

62 1 (Mirpur Khie  to Tando Ghu- 
Iim Ali via Umarkot and 
Didih)  ... 

525 (Mirpur Kh i s  to Tando Ghu- 
lam Ali via Digri) ... 

52R (Digri to Didiih) 
70J (Barikar to Haziiribigb Boad) 

74C (Howrah to Uttarpara) 1 
74D (Baidyabiti to Sheoriphiili) I 
74E (Bandel Church to Bandel i By. Stn.) 
74F [B.M. 251(118)/79A to 

Pandua Ky. Stn.] I 

74G (B.M. 126/73M to  Saktigarh 
Ry. Stn.) 

74 H (B. M .  116/73M to  Burdwin 
7 

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

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

Ry. Stn.) 

I 70G ( B.M. 58/73M to  Durgipur 
Ry. Ytn.) 

70H (B.M. 28/73M to  Riniganj 
Ry. S ~ I I . )  

70 1 ( B  M. 15/73M to Asanuol, 
Kilipahari & Churulla) 

70M(KhLua Ry. Stn 
Ry. Stn.)  to J 

77Q (Calcutta t o  Niriyanpur) ] 
771i (Nirkyanpur to  Nir5yanpur) 

878 ( Moiilrnein to Pann) 
87R (Monlmein to Wokall 1 
87(:(Hnbukonto I\'nwnlpat,kyi) ) 
871) (Nyaungbinzelk to Sa t -  1 

chaung) I 

Situated in Published 
degree sheets Price I I n  I 

As. 6 
I , 

9 9 

# 9  

PI 

9 9  

I I 

AS. 12 

As. 8 

As. 12 

Re. 1 

As. 12 

40 A ,  B & E 
40 B, C &; (3 

4 O C k G  
40 Q 

4 0 C , D , Q & H  

40 G 
4 0 G &  H 

73 I and 72 H 
& L 

7 : 3 1 & M  

79 ,  

! l k H & L a n t j  
95 8 1 

1928 
I ,  

9 9 

9. 

9 ,  

,, 
I I 

1 9  

, ,  

9 9 

9 p  

,, 
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Levelling Pamphleta+Continued ). 

88B (Kynulitnga t o  Myitkyo) 
88C ( D a l ~ n u n  t o  Pazunniyaung) 
88D (Pegu to  Zenyaungbin) 
88E (Myitkyo to Okpo) 
88F  (E. B. M. a t  R. 1). 2.5 of t he  

Yenwe Embankment t o  Uaw) 
908 ( Nyaungzaye to  Randin) 
90B (Ma-ubin to  Bassein) 
90C (Sagamya to Pantanaw) 
90E (Thonze t o  Hangoon) I 

Line number 

89A ( K y ~ u k s e  to Minzu) 
89B (Ywakainggyi t o  Amarapura) 

7 

89C (Kyaukse t o  Mandalay) 
S9 D (Tang611 t o  Yhwebo) 
89E (liabo to Myittaw) 

84 M,N, 0 A I' 

89F (Okshitkan t o  Paukkan) 
90 C) (Meiktila t o  Yewe) 

Situated in Published 
degree lheets / in 1 Price 1 

29C (Nira  to Batgarb) . . . 
53 h (Madad CbLndia t o  Mehat.) 
548 (YhikBrpur t o  Kambar) ... 
54C ( Wiri i so  t o  Kato-dero) ... 

551 (Garh Mahi r i ja  t o  Demimia) 
5 j K  (Aherbela t o  Mult in)  
53 L ( Rangpur to  Muzaffargarh) 
5-531 (Muzaffargnrh to Basti 

Malnk) 

550 (Yujibid to Sabuwiili) ... 
55P (.JabboLna to g o t  MBldeo) ... 
56 H ( Kamir to  Basirpur) ... 
57D (Lodhran to Bahkwalpur) ... 

29 57H (Basirpur to LodhrBn) .. . 
57-J ( Kutabpur to  Adamwihin) . . 
571, (Dirrgarh to KI~ lnpu r )  ... 
.57X1 (Mithrn to Khanpur) ... 

57s (C'hachran t o  Khlnbels) ... 
74R ( Kirlrlerpore to Dublat) ... -- 
I I V ( T l a n t ~ ~ ~ g ~  Bridge to 

1)ak hineswar) ... 

35 M 
40 A 

34 P,35 M, 
39 D and POA. 

39 0,444 B,C 
(9.F 

39 0 
39 L,O <% P 

89 I I & L  and 
4 0 E & I  
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Levelling Pamphlets-( Concluded ). 

 NOTE.-^^^? also " Levelling of Precision in Tndia and Burma " panlphlets for 
certain selected lines of Secondary Precision. 

Line number I Situated in PnI>lifihed Price 
z 'i61 degree sheets I I 

Tide-Tables- 
From 1881 to  1922 tidal predi~t~ions based on the observations of 

the Snrvey of India were published annually by the India Ofice, 
London. From 1923 the predict,ion and publication have been under- 
taken a t  l l e l ~ r a  Dun by the Snrvep of India, and u n t ~ l  1930 were 
published as follows :- 

36 

37 

3H 

39 

40 

41 

(1) A single volrime styled &&The Mnjor Series" ~ ~ ~ i c e d  Rs. 8. . . - 
(2)  Combined fnmphlets varying ill pl.~l*e , front  Rs. 1-2 t o  

Rs. 1-8 per copy. 
(3) SapnmtC Pnmplllcts for individual  port,^ priced ~ f 8 .  12 per 

copy .  (For contents of these publications see Geodetic 
Report Volume V). 

Commencing from 1031, a new form of ~ ~ ~ b l i c a t ~ i o n  styled 6"I'ide- 
Tnblen for tile Indinn Ocenll has been introduced pricrd RR. 3 P C ~ .  C O I Z ) ~ .  

This comprises fllll t,ide-tables for the 40 Intlian ports, hithertofore 
predictetl by the Survey of Jndia, 2nd 28 other standal.tl ports cover,lnp 
the 'of the Indian  Ocean and far East. 111 atldition, it also 
contaills tile non-]larnlonio t , i ( l~ l  ~ o n s t a n t ~ s  ant1 tidal differences for 
465 perfs, the I l a rmon ic  t,idal constants of I( ;>)  iml~ortant tidal 
stations 

Separate ~ ~ ~ ~ ~ l ~ l ~ t ~  of tide-tables h a ~ r  also been 1~1il)lished fol. 
the follonring only :- 

As. 14 

A s . 1 0  

As. 6 

As. 6 

As. 8 

As. 6 

Bombay I ~ i c e  -11 21- per copy. 
Hooghly River ,, Rs. 1181- ,, ,, 
R.engoon River ,, RE. I/%/- 3, 9, 

1929 

, 

1930 

.. 
1931 

1930 

70K (AllahBbBd to Barzkar) ... 

70L (Mughal Sarii  to  
HazBribiigh Road) ... 

55N (Rnsti Mnluk to  Kabirwaln) 

29B (Nirla to Jhnlki) ... 

29D (Gotiir to  Kalkdgi) . . .  

29B (Pu'ira to Jhklki) ... 

63 G,  R 8: 0, 
72 C, (3, K&L 

and 73 I 

6.3 ORL P and 
72 I) & H 

39 N & 0 

47 J ,  K & 0 

47 L & P  

47 J, K & 0 
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PART 11.-GEODETIC WORKS OF REFERENCE 

Evereat's GCreat Arc Book. 
1. An account of the Measurement of an  Arc of the Meridian be. 

tween the parallels of 18' 3' and 29' 7', by Captain George Everest, 
F.R.~. kc., East India Company, London, 1830. (Out of print) 

2. An account of the Measurement of two Sections of the Meridional 
Arc of In&@, bounded by the parallels of 18" 3' 15", 24' 7' 11" and 
29" 30' 48", by Lt.-Colonel G. Everest, F.R.S.  and his assistants, East India 
Company, London, 1847. (Out of print). 

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

G.T.8. Volumes-descr ib ing  the operations of the Great Trigono. 
metrical Survey 

Vol. I-The Standards of Measnre and the Base-Lines, also an Introduc- 
tory Account of the early operations of the Survey, during the 
period of 1800-1830. Dehra Din,  1870. (Out of print). 

Appendix No. 1. Description of t h e  method of comparing, and the 
apparatus employed. 

Appendix No. 2. Coniparieone of the  Lengths of t h e  l0.feet Stmdsrde 
A and B, and determinations of the Difference of their 
Expansions. 

Appendix No. 3. Comparisons between the  10-feet. Standtirds IB, Isend A. 
Appendix No. 4. Compnrisone of  the  6-inch Brasa Bcales of the Cos- 

p e n s ~ ~ t e d  Microscopee. 

Appendix No 6. Determinntion of t b e  Length of the Inch [7.8] on 
Cary's 3-foot Brase Scale. 

Appendix No. 6. Comparisons between the 10-feet Standard Barn IS and 
A for determining the  Expansion of A. 

Appendix No. 7. Final det.ermination of the Differences in Lenptl~ be. 
tween the  10-feet St,andurds Ig, IS and A. 

Appendix No. 8. On the  Thermometers employed with the 8tandsrds 
of L0ngt.h. 

Appendix No. 9. Determination of the  Lengths of the Sub-divi~ionn of 
the  Inch  [a .b ] .  

Apperldlx No. 10. Report, on the Prnctical Errnrs of Ole Meanurement 
of t>l~e  Cape Comor~n Base. 

Val. 11-History md (ionera1 nescription of the Red~~ction of the 
prillcipnl Triangulation. Dehrs I)Gn, 1879. (Out of print). 

Appendix No. 1. Investigations applying to  the  Indinn Geodesy. 

Appendix No. 2. The Micrometer Microscope Theorlolitefi. 

Appendix No. 8 On Ohservat,ions of Terrestrial Rcfrfiction a t  certain 
 station^ ~ i t u a t e d  on t h e  plnine of the  I'nnjab. 

Appendix No. 4. On t h e  Periodic Errors of Qradnatcd Circleskc. 

Appendix NO. 6. On certnin Modificntions of Colont~l ~verest 'e ??stern 
of  observtog introduced to  meet the flpecialltles of 
par t~cu la r  i ne t rnmen t~ .  



LIEIT OF PUBLICATIONS 

Q.T.S. Volumea-(Continued). 

Appendix No. 6. On Tidal Observations a t  Karachi in 1856. 
Appendix No. 7. An alternat,ive Method of ohtaininC. the ~~~~~l~~ 

in  Chapters V I l I  and XV enlploprd in t.he Reduction 
of 'J'riangu1ation.-~dditional liormnlae and bemons- 
trations. 

Appendix NO. 8. OD the Dispersion of Circuit Errors of ,l'rianguIation 
after the Angles hare been corrected for Figural 
Co~~ditious. 

Appendix No. 9. Corrections to Azimut.hal Observatione for imperfect 
Instrumental Adjustments. 

Appendix No. 10. Reduction of the li W. Quadrilateral-the Non-Circoit 
T1,iangles and their Final Figural Adjustments. 

Appendix No. 11. The 'l'heoretical Errors of the  Triaugulation of the  
Pu'orth- West Quadrilateral. 

Appendix No. 12. Simnltaneous I(eduction of the NW. Quadrilateral 
-the Computations. 

Vol. 111-North-West (Inndrilrteral-The Principal Triangulation, the 
Ba.se-Line Figures, the Karachi Longitudinal, r\c W. Hilt~iila~a, 
and the Great lndua Series. Debra Uiin, 1873. (Out, of pr i~ ; t ) .  

Vol. IV-Korth-West Quadrilateral-The I ' ~ - i ~ l c i ~ a l  Triangulation, the 
Qreat A rc-Section 24'-30°, Rahiin, ( 3  urhagarh and Jopi-'I'ila 
Meridional Series, and the Sutlej series. Dehr:~ Ijiin, 1876. 

Price Rs. 10-8. 
Vol. IVA-NorthmWest Qundrilaternl-The Principal Triangulation, the 

Jodhpur and the Easter11 Sind 34eridion:11 Series with the detnils 
of their Heduction and the Final Results. D e h r a  Diin, 1886. 

Przce Rs. 10-6. 
Pol. V--Pendulun~ Operntion~, dgtnils of, by Captains J. P. Basevi and 

W, J. Henviside, and of their lteduction. De11ra Diin ~lnd 
Calcutta, 1879. Price Rs. 10.8. 
Appendix No. 1. Account of the Remensurement of the 1,engt.h of Kater's 

Pendulum a t  the Ordnance Survey Office, S o l ~ t l ~ a ~ l ~ p r o n .  

Appendix No, 2. On the Relation between the lndian Pendulum Opera- 
t,iolls, and those which have been conducted elselrl~ere. 

Appendix No. 8, On the Theory, Use and History of the Convertiblr 
Pendulum. 

Appendix No. 4, On the Length of the Seconds Pendulllm cleterminablc 
from Materials now existing. 

. . 
, ,Appendix N6..5. A Biblioglophical Liat of Woi'h-8 relating to  Pendululn 

Operatjol,e i n  connection with t,he Problem of the 
Figure of the Eart t~.  

Vol. VI-Sonthdast Quadrilnternl-The Principal Tri~ngulntion. and 
Silnultaneous Reduction of the following Series :-Great Arc- 
Yectioll l B O  t o  24O, t,lle East Coast, the Cnlclltta i~lld the Hirlnr 
LongitudinRl, the Jubbulpore arid t,he Bilasl)ur Merjdiol~nl.~. 
Dehrn Diu,  1880. (Out of priut.) 

Val. VII-Nurtll-Enst ~andrilntcrnl- (3ellern.l Description and Simul- 
taneous Reduction. A l ~ o  details of t,he f'ollowin:: five series :- 
North-East Lol lg i t l~din~l ,  the Budhon Mel<idionnl, the Ra l l~ i r  
~ ~ ~ i d i ~ ~ ~ l ,  tile AlnuR Meridional, tund t,he J<n~.al.:t R4al.itliollal. 
Debra Diin, 1882. Y r i c s  Its. 10-8. 
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(3.T.S. Volumes-( Conlinu~d). 
Appendix No. 1. The Detaila of the Separate Reduction of the ~,,dh,,,, 

Mrridi~rlal  Series, or Series J of the ~ ~ ~ t h . ~ ~ ~  
Quad]-ilal.era1. 

Appendix NO. 2. Reduction of the North-Bast Quadrilateral. The N ~ ~ .  
circuit l'riangles and their Final Figural Adjustments, 

Appendix No. 3. On the  l'hroretical Errors generated respectively in 
Side, Azimuth, Latitude and Longitude in a Chain 
of 'l'riangles. 

Appendix No. 4. On thc Dispersion of the Residual Errors of a Simnl. 
tatleone I{eductiou of several Uhaintl of Triangles. 

Vol. VIII-North-East Quadrilateral-Detaila of the following eleven 
series :- 
Gurw511i Meridiona.1, Gora Meridional, Huriliiong Meridional, 
Cher~dwiir Met-idior~al, North Paranr~iith Meridional, North 
Maliincha Meridior~al, Clilcutta Meridional, Hast Cnlcutts 
Lo~ l~ i tud inn l ,  Br;lhrnaputra Meridional, Eastern Frorjt,ier- 
Section 23'-26', aud Assam Longitudiual. Dehra I )fin, 1882. 

Price Rs. 10.8. 
Vol. IX-Telegraphic Longitudes-during the years 1875-77 and 1880.81, 

Debra Uiirl, 1883. Price Re. 10.8, 

I 1. Determination of the Geodetic Elements of Longitnde Stations. 
2- 1)escriptions of P o i ~ ~ t s  used for Longitude Stations. 

Appendices 
to  Part I. 3. Comparison of Geodetic with Electro-l'elegraphic Arcs of Longitnde. 

4. Circuit Errora of Observed Arcs of Longitude. 
6. Hesults of Idiometer Observations made during Season 1880-81. 

1. Situations of the Longitude Stations a t  Bombay, Aden and Suez 
2 Survey Operations a t  Aden. 
3. Results of the 'l'riangulation. 
, 4. Right Ascensions oi Clock Stars. 

vol. X-Telegraphic Longitudes- during the years 1881-82, 1882-83, 
and 1883-84. Behra Dun, 1887. Price  Rs. 10-8. 

I 1. Determination of the Geodetic Elements of the Longitude Stations. 
2. Descriptious of Stations of the Connecting Triangulation and of 

those a t  which the Longitude Ob~ervations were taken. 
Appendices 
to  Part I. 3. On the Errors in AL caused by Armature-time and the netardation 

of the  Electric Current. 
4. On the Iiejection of some doubtful Arcs of Season 1881-82. 
5 .  On the probable Causes of the  Errors of Arc- measurement^, and on 

the Nature of the Defects in the Transit Instruments which might 
produce them. 

Vol. XI-Astronomicnl Latitudes-during the period 1805-1885. Dehre 
DUII, 1890. Price! Rs. 10-8. 

Val, XII-P011thcrn Trigon-(feneral I)escription :tnd Sirnnltnlleou~ Re- 
duc t io t~ .  A l s o  details of the fo l lowing  two sol3leS :--oreat 
A rc-Yectio~l 8'-!8', nnd Bombay LonKitudit~al.  1)ellrn I ) f ~ n ,  
1890. Price Rs. 10-8. 

Vole XlII-Soothern T1. ig0n-T)~t~i l~ of the f,,llowing five s e r i e~  :-~o~1th 
K o ~ I ~ ~ ; L I ~  C O ~ A ~ ,  Mnngnlore Meridiollal, R1:idrns nler,idiollnl 
nnd Con&, South-Buet Coast, and Madrag ~ ~ o t l c i t u d i ~ l a ~ ~  
L)ehra Dun,  1 ~ 9 0 .  p?,icr:  Rs. 10-8. 
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Vol. XIV-Yonth-West Q n ~ d r i l a t e r n l - D e t a i l 8  of Principal Triangulation 
and S i l ~ l u l t a n e o u s  H e d u c t i o n  of its c o l u p o n e l l t  series. 
Dehra L)iiu, 1890. Price Rs, 10-8. 

Val. X V - T e ' e g r W h i c  Longi tudes-f rom 1885 to 1892 a n d  the Revised 
R e s u l t s  of V o l u ~ r l e s  I X  a n d  X :  also the Simultaneous 
X r d u c t i o n  a n d  Fil~al l i e s u l t s  o f  the w h o l e  O p e r a t i o n s .  
Dehra I h i n ,  1893. Price Re 10-8. 

Appendix No. 1. Determination of the  Geodetic Elements of the  Longitnde 
St,nttor~e. 

Appendix No. 2. On Ret.ardaLion. (A numerical mistake w110 made in  
t , l~ is  appel~dix  In the co~~vrre io t t  of n fo r~nu la  from 
kilc,tt~etres t<o milee: t l~eco r~c lus io l~s  drawn cannot 
therefore be upl~eld).  

Vol. XVI-Tidnl Obse rva t ions -  f r o m  1873 to  1892, and the M e t h o d e  o f  
l i e d u c t i o n .  Del~ra Dun, 1 9 0 1 .  Price Rs. 10-8. 

Vol. X V I I - T e l e g t * n p h i ~  L o n g i t n d e s - d u r i n g  the years 1894-95-96. The 
I11cio-E11ropean A r c s  f r o m  Karachi to  G r e e ~ \ w i c h .  Dehra 
D i n ,  1 9 0 1 .  Price Rs. 10-8. 

Appel~dix  No 1. Despript,ions of Points used for Longitude Stations. 
A p r ~ e t ~ d i x  No. 2. T l ~ e  Lot~git.ude of Mndras. 

Vol. XVI I I -As t ronon~ icn l  I~n t~ i to t l r s - f rom 1885 to  1905 a n d  the deduced 
v a l u e s  o t  P l u m b - l i n e  U e f l e c t i o ~ ~ s .  Debra N u n ,  1906. 

Price Rs. 10-8. 
Appendix No. 1. On Deflections of the  Plumb-line in Indin. 
Appendix No. 2 De te rmi t~a t~on  of the  Geodr1.i~ k l e ~ ~ ~ e n t . s  of t he  

Ln1.itntie Stationa of Bajnmara, Bal~tlk,  Lnmba~ach  
artd Krdal4iunta. 

Appendix No. 3. On (.he (N-S) Difference exhibited by Zenith Sectol- 
No. 1. 

Appendix No. 4. 011 [.he Value of the Micrometer of t h e  Z e ~ ~ i t h  
Taleai:ope. 

Appendix No. 6 .  On t,l~e Azimulh Ohservntions of the Great Trigorlo- 
n ~ r t  ~sical Survvy of I ~ldin.  

Appetldix No. 6. A Cat~loglre of t l ~ e  P~hl tcnt~ions  of t h e  Great Trigono- 
111~lt.1.ii.11l h~trvey of Illdin 

Appendix No. 7. On the  combination weights employed. 

Vol. YIX-Levelling 01 P r e c i s i o n  in Int l in- f rom 1858 t o  1909, nehra 
Uiitl, 1910. Price RB. 10-8. 

Appendix No. 1. Experiment to  tes t  t he  changes, dne  to  moist.nre and 
ten~pernt.nre,  in t h e  l ,enqtl~ of n levelling staff. 

Appendix No. 2. On the  ercctlcu of Stantlard ~ e n c h - m a r k s  i n  Indin 
d n r ~ n g  bbe yeard 1904-1910. 

, lppendix No. 3, Alcrno~~nndum on the  steps tahen in 190.5-1910 t o  
ellable nlovement,~ of the  Karth's Crnst to  be detect.ed. 

Appendix N ~ ,  4. ~ g n a n l i c  and Ort,hometric correct,ions t,o t he  Himti- 
1aynn lcxvelling I i ~ ~ e s  and circuit ;  and a consideration 
of t,he order of magnitude of possible lefl'activn 
errors. 

Appendix so, T,, 'I1),e I,XRSRge of river8 t)y t he  levellin: operations. 
Appendix N ~ ,  6, ',.he erl.orr; of t he  ' I 'r ipoliot~~c.r~ric.r~l v n l l ~ e ~  of height8 

of statlous of t he  Principal Triangulation. 
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G.T.S. Volumes-(Concluded). . 
Appendix No. 7. The effect on the  spheroidal correction of employ. 

ing theoretical instead of observed valnes of g~.aviiy 
and a discussion of different formnla: giving variation 
of gravity with latitude and height. 

Appendix No. 8. On the  discrepancy between the Trigonometricel and 
Spirit-levcl valnes of the difference of height between 
Dehra I)iin and Mussoorie. 

vol.  ~IxA-Bench Marks on the S~iitllern Lines of Levelling. Debra L)Gu, 
1910. Price Rs. 5.  

vole X I X B - B ~ ~ C ~  Narks on the Northern Lines of Levelling. DehraDGn, 
1910. Price k's. 5. 

P A R T  111.-HISTORICAL AND G E N E R A L  REPORTS 

Memoirs. 

1. A Memoir on the Indian Surveys, by C. R. Markham, India 
Office, London, 1871. Price Rs. 5. 

2. A Memoir on the Indian Surveys. (Second Edition), by C. R, 
Markham, c.B., F.R.s. ,  India Office, London, 1878. 

Price R8. 5-8. 
3. Abstract of the Repol-ts of the Surveys and of other Geographical 

operations in India, 1869-78, by C. R .  Markham and C. E. D. 
Black, India Office, London. Published annually between 1871 
and 1879. (Out  of print). 

4. A Memoir on the Indian Surveys, 1875-1890, by C. E. D. Black, 
India Office, London, 1891. Price Rs. 5-8. 

" Notes of the Survey of India" are issued mont,hly. Price As 2. 

Annnal and Special Reports. 
Heporta of the Revenue Brnnch-1851.1877. (Out of print). 

Ditto l'o~ogrnyhicnl Brnnch-18tj0-1877. ( O u t  of print), 
J)itto Trigonort~etrical Branch- 1861 -1878. -(1861-71, ou t  of 

print). Price Rs. 2. 

I n  1878 the three brnncl~es were alnalgamnted, and from that dnte 
onwards n n n ~ ~ : ~ l  rthports in sir~gle volumes for the wl~ole depnrtlnent, were 
published a.s t'ollows : - 

flmonl 18'77-1900 (1877-79, 1887-88, 189s-96 and 1807-98, 

General Reports P7ice R.s. 3 per volume* 
from 1300-1922 (1902-04 and 1906.08, o u t  of print), 

Price Rs 2 per volume. 

From 1900 o~lrvarrl~ the Report was iss~led ann~~a l ly  in  the forrn 
of a condenset1 statement Irnown as ( n )  the " (Jenerrl Report" allpple- 
m ~ n t e d  by fuller rrporta, wllich were ( b )  " Extract8 from Narratjve 
R a ~ o r t ~ "  11p to 1909. 2nd eince then until 1921 heve bee11 styled (c) "Records 
of the Survey of India ". 
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gnnual Reports &c.-( Continued). 

From 1922 the annual reports are published in three sepnrate volumes of 
octavo size, viz., ( a )  General Report which is confined to repol.tillg the Survey 
operatio~~s of the ordinary field parties and detacl~inents with only brief ribs- 
tracts of Qeodetic operittior~s, Map Publication and OBice work. ' Published 
nl~llunlly Price 1922-25 Rs. 2, frnm 1925 Re. 1. ( d )  l a p  P~iblicatlon 
end0ffice Work report which c o n t a i ~ ~ s  all the Index Maps sho\ving the 
Progress of Map Publication on all scales, with reports on publication and 
issue. Pul)lished ari~lually beginning with pear 1924. P~sice Re. 1. ( e )  
Geodetic Report which includes full details of all scientific wo1.l~ of the 
Geodetic B~,anch,, 9urvey of India excluding the work of the lle111.n 
Drawing Office and Publication Office. Vol. I of this series covers a period 
of three years 1922-95. Pvice Rs. 6. Subsequent volunles will be published 
annually. 'I'here will be in  addition occasional Records volumes. 

These fuller reports are available as follows :- 

( b )  Extracts Volumes. 

1900-01-Recent In~pro\rements in Photo-Zincography. G. T. Trian- 
gulation in Upper Burma. Latitude Operations. Expel-imental Base 
Mensure~nent with Jadet-in Appal.atus. Mi~gnetic Survey. llidal :ind Level- 
ling. 'l'opography in Upper Bur~rra. Cillcutta. 1903. (Out of print). 

1901-02-G.T. TI-iangulation in Upper Butma. Latitude O p e r a t ~ o ~ ~ s .  
Mngnet,ic Survey. llidi\l and Levelling. Topogl..zpl~y iu Uppel- Burma. 
Topograpl~y in  Sind. Topography in the Punjab. Citlcuttn, 1904 (Out  of 
print). 

l90"03-Princir)al 'I1l.innnulation in Upper Hur~nn. Topogmpl~ y in 
Upper Hut-ma. ' ~ ' o ~ ~ o ~ r a p l i ~  in shnn States. Survey of Sit~~rbl~nl- L~rlte. Lati- 
tude 0l)erirtions. Titlal r~ntl Levelling, Nagtletic Hut-rey. I~~ t roduc t ion  of 
the C o ~ ~ t r a c t  System of Payment in 'I1ravel.se SUI-veps. 'I'rave~.s~np with the 
Subtense Bar. Cornpilat,ion and Reproduction of 'l'l~iina Maps. Calcwttn, 
1905. Price Rs. 1-8. 

1903-04-Magnetic Survey. Pendulum. Tidal a ~ ~ d  Levelling. Astro- 
nomical Azimutlls. Utilizntion of old 'L1raverse Data for Rloder.11 Surveys 
in the United Provi~lces. Ide~ltificatio~l of Snow l 'e :~l<~ in Kepal. 'Yopo- 
g~apl~ici~l sut*veys in S i~ ld .  Notes on town and Mu~~ii*ipal Sul.vcys. Notes 
on Kivernin Surveys in the Put~jitb. Calcutta, 1006. Price Rs. 1-8. 

1904-06-Magnetic S ~ ~ r v e y ,  Paud t~ lu~u  Ope~~i~l ions.  l'idal and Level- 
ling. 'l'riallgulation in 13alucl1istkn. Survey Operations \r,it,ll the Sor~litli- 
laud liield Yorce. Calcutts, 1907. Price Rs. 1-8. 

1905-06-Magnetic Survey. Pendulu~n Operations Tidnl and Level- 
liug. T o p o g r n p I ~ ~  in Sh:\n Statrs C:~lc~rttil, 1908. Price Rs 1-8. 

1008-07-Magnetic Survey. Pendulu~~r Operations. Tidal and Level- 
ling. T ~ . i n n ~ ~ r l a t i o ~  in B;tluc.l~istit~~. Astrouomical Ilat.itudes. '~'opography 
in Shnn States.  Calcut,tn, 1909. P,r-ice 8 s .  1-8. 

1907-013-Maglletic Sl11-sey. Tidnl and lev ell in^. A strnnonlical 
tude~. Pelldululn Opel-atiou,s. 'L1opogl~apIiy in Shi~n Stntrs. ('nlcutt.~, 1910. 

Price Rs. 1-8. 

1908-09-Magnetic Survey Tidnl nnd Levelling Pendnlum Opera- 
tions. l'riauguletion. Calcutta, l o l l .  Price Rs. 1-8. 
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Annual Reports kc.-(Continued). 

( c )  Records of the Survey of India. 
Val. I-1!)09-10 -Topographical Survey. Trinnpolntio~l. Tidnl and Level. 

l i l ~ g  Operrrtions. Geodetic 8 u r ~ y  (Astronomical lal.itudes 
perldulu~n obuervntions). Magnetic Survey. Calcll1ta. 1912, 

P ~ . i c e  Rs. 4, 
v o l .  11-1910-11-Topogrnphical Survey. Trienpulalion. Tidal rind 

Levelling Operiitiuns. Geodetic Survey. Magnetic Survey, 
Calcuttn, 1912. Price Rs. 4. 

Vol. 111-1911-12-Topor(rnphicn1 Sulsvey. Triangulntion. Tidnl and 
LeveIlinp Operations. Geodetic Survey. Magnetic S I I ~ Y ~ ~ .  
Calc~rttn, 1913. Pvice Re 4. 

Vol. IV-1911-13-Explorations on the  Nor th-Eas t  Frontier-North Burma, 
Mishmi ,  Abor a n d  M i r i  S z ~ r v e y s .  Calcutta, 1914. Price Rs. 4. 

V O ~ .  V--1913-13-Topographicnl Survey. Tt.ianeulation. Tidal nnd Level- 
ling Opera t io~~a .  Geodetic Survey. Mi~gl~e t ic  Survey. Note on 
tlle rel;~tionel~ip of the Hini&l;ryas to the Indo-Gaugetic PIhin. 
Calcutta, 1914. Price Rr. 4. 

Vol. VI-1912-13-Link connecting the Triangulations o f  Ind ia  and Hussia. 
1)ellra D i n ,  1914 Prics Re. 4 .  

V O ~ .  VII-1913.14-Topogral)hical Survey. Trian~ulat ion.  Tidal nnd Lrvd- 
11n: Operationu. Geodetic S111.vey. M;~gnetic Survey (Aununl 
report i111t1 Govert~ir~ent Committee's report). Pu'ote on Scnlea 
and cost rntrs of Town plans. Citlcutta, 1915. Price RE. 4. 

Val. V I I I -  { ~ ~ ~ ~ : ~ :  F:2 I: ( Ezploro t ions  in T i b e t  and ,tcigllourirrg regions. 

heh ra  L ) ~ I I I ,  1915: P r i c e  o f  each pnvt Rs. 4 .  
Val. V I I l  (A) - lg l4 -E:rp lora t ions  in the Eas tern  K a r a - k o v a m  and the Upper 

Y d r k a n d  V a l l e y ,  by Lt.-Col,~nf31 H .  Wood, a . E .  1)ehra ])fin, 
1922. Pvica RE. 3. 

Val. I X - l ~ 1 4 - l ~ ~ - ~ T o p o ~ r n p l ~ i c a l  Survey. Triangulation. Tidal and 
I Levelling Operations. Mrrg~~et ic  Survey. Criterion of etl.el~gtI~ 

of I nditrn Geldetic Tri ;~n~ulir t ion.  A traverse sigl~al for City 
Slrt.veys. "The  pli~ins of Northern lndlrr and their relationship 
t o  tile Hit~~rtl;i!.a Mcuntains" an i ~ d d r e ~ s  by Colo~~el S.Cf. 
R~rt.l.:ird, F . R  s. Report 011 l 'urco-Persinu Frontier Co~nmia~ion. 
C;11(.1rttn, 1916. Price Rs. 4. 

Voi ~-1gl~-16-Topopra1)hic.nl S t~r rey .  Tidal and Lerellil~g Opera- 
til,lls. Rla'gnetic S ~ ~ r v r y .  Mechanicall Interrratol. for ca.lculating 
Attl ':~ctiol~s ( i l l l l~tl .ated),  T~.avel.se Survey of the bllundnry 
o f  1lnl)erial Dell~i. Deh r ;~  Dii11, 1917. Price Bs. 4. 

V Q ~ .  xI - l9 l6 .1 i -Tt1~o~ra~hirx l  S I ~ I . ~ ~ ~ .  TrinnZulnt,ion-u~e of  high 
tl'entle for nt;~tions nlld 100-feet m ;~s t  R ~ ~ I I ~ I H .  Tidnl rind 
1 ~ e v e l l 1 1 ~ ~  Operatit,ns. Magnetic Survey. Note 011 Rasevi's 
Pelldlrll~rn Operations a t  Mot-&. Pl~otn-Lit110 office-New 
~llethotl O F  prq,arinr Lnpel. l , l ~ t e s -Deve lo~ ,~w~l t~  tlnd 1111- 

pruvetnellts i n  preparing Tint-l,lates. Dellrn Dun, 1918. 
Pr1c.e Rs. 4. 
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~ n n u ~ l  Reports &c.-(Continuid), 

TOI. XIII-1'317-18-Topographical Survey. Tidal and Levelling Opera- 
tions. Mtignetic Survey. Plloto-Litlro office-the Powder Proce~s .  
Probletn of the Hi111&1ayat1 and Qangetic Trough-Review 
by Dl.. A. Morley Davies. Dehre Dun, 1919. Prlce Rs. 4 .  

1'01. XIV-1918-19-Topnpl.aphical Survey. Tidal 2nd Levelling Opel-ntions. 
Level l i~~g in Mesopotamia. Maglletic Survey. Delira Diin, 1920. 

Yrtce Re 4. 
VoI. XV-19l9-20-Tn~~opra~,hical Survey. Tidal work. Lerelling-pro- 

posed new level net. Magnetic Survey. The Earth's Axes and 
F~gl l re ,  by J, de Graaff' Hunter (a paper read at  the R. A. S. 
Geophysical Meeti~rpj. Heport or1 tlre expedition to K~~rrlet,  
Note on the T~po~r i ip I iy  of the S u n  Kuu Messif' in Ladakh. 
Dehra Dun, 1921. P~.ice Re. 4. 

Vol. XVI-1920-21-'l'opographic:rl Survey. Tidal worlz. Levelling and 
Magnetic Surbvey. High Cl i~ i~bs  in the HimBlay:~ prior to the 
Everest Expedition. Mt. Everest Survey Detachment Heport, 
1921. 'I'raverse Survey of Allahtibad city. Settlelnent of 
B o u ~ ~ d a r y  between Rlytrore and South Kanara. Dehra I )ill ,  
1922. Price Re. 4. 

Val. XVII-1923-Menzoir on Maps o f  Chinese Turkistcin and Kaneu 
from the Surveys 111ade during Sir A. Stein's Exl)loration~, 
1900-02, 1906-08, 1913-15. Drhra Dull, 1923, Price lik. 12. 

To]. XVIII-1921-22-Topog~-a1~hica~ SUI-vey. l ' i d n l  wolsk. Levelling and 
M~rglret,ic Survey. 'l'raverse Survey of Allahabad cit,y. Settle- 
ment, of Boundary between Mysore and >out11 linnarn. Note6 
on R e r i ~ i o n  Snrvey in the neighbourhood of Poona. Dehl-n 
Diin, 1923. Price Re. 4. 

'fol. XIX-1001-20-?'he Maglietic Survey, by Lt.-Colonel I{. H .  Thomas, 
D.s.o. ,  R.E., and B. C. J. Bond, V.D. Debra Dun, 1925. 

Price Re. 4 .  
Val- XX-1914-20-The War Record. Dehrn Lliin, 1925 Prrce Rs 3. 

Val. XXI-1922-23-24-1. Air Suvvey i n  the Irg.awaddy Delta 1923-34, by 
Major C'. (3. Le\vis, R.E., a ~ i d  

11, Reco~~naiseance SILTZJ~Y in Bhutan and South Tibet 
1922, by Captain H. 1C. C. Meade, I.A. Dehra Dun, 1925. 

Price Rs. 1-8. 
Val- XXII-1926-1~.x~lorntion of the Shalcs~am Valley and Aghil Ranges, 

1926, by Major K. Mason, N.c., R.E. Delrra L)iin, 1928. 
Price RE. 3 

V01~XX1~~-1926-30-~port on No. 24 Party (Sind Rectangulation). ( I n  
the press) 

( 8 )  Geodetic Reports. 
Val. I-l922-2S-C0~~~~j~t,:1 t,iotl~ and l?rpenrch. Tidal n7orlr. 'J'ime R . I ) ~  

i\l:lgriel ic obsc~rvnt,ions, J,;rtitucle rind Perrtl ul lim ohsc,rvnt,iol~s 
in Hillj~., Assnm :111d I<asl i~ui~~.  Levelling. Lvct111.e on " ' l ' h ~  
height of Rfoollt. Evcrest and other Pehks". 1)ellra I )fin, 1928. 

PI  ZCP R8. 6.  
Val. TI-1926-2S-('ompl~t~tions a,nd l<esea,rcli. l'ida.1 work. 'Yiu~e and 

A1 rrgrlntic oI,serv:r tions. PI-el~arntions for the Intcrnntionnl 
L ~ n ~ i t u t l e  Project. Tl.iangnlatioi1 Levellinc. I t ~ v c s t i ~ ~ ~ t i o n  
of the bellaviour of tree bench-uiarlts in India. De111.a. I)un, 
1028. Price Re. .i'. 
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Annual Reports &c.-(Concluded), 

Vol. III-192(i-27-The Internntional Longitude Project. C ~ m ~ u t ~ t ~ ~ ~ ~  
and Publication of data. Observatories. 'rides. Gravity alld 
deviatiou of the vertical. Triangulation. Levelling. Be. 
search a ~ ~ d  'l'echnicel Notes regarding Personal Equat,ion Appare. 
bus arid the height of Mount Everest. Uellra l)iiu, 1929. 

Pvice Re 3, 
Val. IV-1927-28-Computations and Publication of data. Observatories, 

Tides Gravity and deviation of the vertical. Triangulation, 
Levelling. Dehra Dun, 1929. Price RE. 3. 

Vole V-19~B-29-~orn~utatious and Publication of data. Observatories. 
Tides. Grnv~ty and deviation of the vartical. T~- i : tn~ul~t io~.  
Levelling. Research and Technical Notes. Dehra Dun, 1930 

Price Re, 3. 
Val. V1-192~-30-Computation and Publication of data. Observatories. 

Tides G r av~ ty .  Trial~gulation Levelling. Reseatch and 
Technical notes. Dehra b u n ,  1981. Price Rs 3. 

Val- VII-1980-31-Computations and Publication of data. Observatories. 
Tides. Deviat~on of the vertical G1*avlty Triangulation and 
Base Measurement. Levelling. The Magnetic Survey. Dehra 
Dun, 1932. Price Re. 3. 

PART IV.-CATALOGUES AND INSTRUCTIONS 
Departmentall Orders. 

From 1878 to 1885 the  Surveyor General's orders were all issued 
as " Circular Orders ". Since then they have been classified as follows :- 

1-Government of India Orders (called "Circular 
Orde~s " up to 1898 ). From to lgo4 8-Departmental Orders (Administrative) 

3-Departmental Orders (Professional) 
In 1904 the various orders issued since 1878 were reclass~fied as follow8:- 

N~tmber to  date. 
1.-Government of India Orders. - 853 
2.-Circulnr 01-ders (Administrative).- 42 7 
3.-Circular Ortlers (Professional).- 1 96 
4.-Departmental Orders (appointmeuts, promotions, transfer0 etc.1 

These are numbered serially and had reached the above numbers 
by September 1531. Govelntnent of India  Orders and Circzclar Or(jers 
(ddminzs t ra t i ve )  are bound up in volumes from time to time, as shown 
below, while Ctreulo,. Orde,-a ( P~~feraionaZ)  are gradually incorporated 
in the Survey Handbooks. Besides the above, temporary orders have 
heen issued since 1910 in the form of Circlrlar Memos". These either 
lapse or become incorporated in some more permanent form, andare 
lherefore only numbered serially for each year. Bound volumes of orders 
are available as follows :- 

1. *Government of India Orders (Departmental) 1878-1903.- 
Calcutta, 1904. 

* 1  9 1 1904-1908,-C'alcuttn, lgo9- 
( o u t  of print), 

9 , I* 1~09.1913.-~alcutta, 1915. 
9 9  I F  1914-19l&.-~a1cuttfl, lgz0. 

- ~t 9 1 1919.1924. - llehrs Dull 1929' -_-- 
For Departmental use only. 
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Departmental Orders . - (Concluded) .  

2. *Circular Orders (Administrative) 18'78-1903. -Calcutta, 1904. 
, ,  , I 1904-1908.-Calcutta, 1909. 

p ,. 1909-1913.-Calcutta, 1915. 
$ 9  ,, 1914-1918.-Calcutta, 1920. 
, , 9 1  1919-1924.-Dehra Dun, 1926. 

3. "Regulntions on the subject of Language Examinations for  
Officers of the Survey of India. Calcutta, 1914, 

4.  " M a p  Publication Orders 1908-1914 (Superintendent, Map 
Publication's Orders.)-Calcutta, 1914. 

5. Specimens of pnpars set a t  Examinatioii~ for the Class I1 
Service.-llehra Diin, 1927 & 1929. Price Re. 1 per year. 

C a t a l o g u e s  and Lists. 

1. Cntalogrle of Maps publisl~ed by the Survey of India. Calcutta, 
1931. Price Re, 1 .  

Lists of new maps publishetl dnring each month appear in tho monthly 
NOTES OF THE SURVEY 01' J N DIA. These moiltllly lists are also 
isstled separately. 

2. Cntnloguc of Mn.ps of Bnrlna,, Calcutta, 1925. 
Price As. 8. 

3. Cntalog~~e of Maps of Cantonments and Military stations. Dehrs 
L)iiii, 1927. Price d s. 8. 

41. Cntnlog~re of Boolis ill the headquarters Library, Calcutta, 1901. 
(Out  of print). 

5 .  Cntnloglle of Scientific Boolcs and Snl)jects in the Library of the 
Trigonometrical Survey Offlce. 1)elir:~ Dun, 1905. Price Re. 1 .  

6 .  Classified Cntn1og.11~ of the 'l'rigouomet~ricd Survey Library. Dehra 
Dun, 1931. Qratie. 

7. (Ircen J~ist~s-Part I-List of 0fflcel.s in the Survey of India 
(n.11nunlly to date 1st J:~nuary), Calcutta, Price Rs. 1.2. 

Part, IT-History of Services of Officers in the 
Survey of India (aonu:~lly to date 1st July),  Calcutta. 

Pvica Rs. 1-2. 

R Rl~ ic  I,ist~-Mini~terinl nnd Lower Subordinate E ~ t a b l i s h m e ~ ~ b ~  
of tllr! Survey of India.  

I'nl,t I --1 le :~t lq~~nrtera  ant1 1)el1r:1 Dfin offices (pnb- 
lislletl a ~ ~ l ~ u a l l y  to tli~te 1st April), C'nlc~~tt~a. 

Price Rs. 6-6. 

I];II.L IT-Circles and  partic>s (published annually to 
tl:~tc? 1 ~ t  .T~ll~~nl 'y) ,  Calcut;tn. Price Rs. 8-10. 

9. Ilist of 6he PlIl,lic~nl~ioe or t,llc! S ~ ~ r v c y  of Indis ( publiaherl an~~un l ly )  
L)elir:\ Dun. Qra,tis. 

10. Price Jlist of ~Inbllr~nnl.irnl J n s t , r n ~ ~ ~ c l ~ t  Offlr~. Corrected up to 
l s t  Septeiilber 1927. Calcutt:~, 1928. Gratis. 

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

tior Depurtme~l tu~  use only. 
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Tables and Star Charts. 

1 .  d ~ ~ r i l i n r y  Tnbles-to facilitate the calculntions of the Yurvey of 
India. Fourth Edition, Dehra Dun, 1906. (Out of print). 

2 ,  d ~ ~ x i l i n r y  Tables-of the Survey of India. Fifth Edition, 
(revised and exteuded), by J. de  Graaff Hunter, M.A., s c . ~ . ,  F. IN ST.^. 
I n  parts- 

Part I--Gmticules of Maps, (reprinted). Del~ra Dun, 1926. 
Price Re. 1. 

Part  11-Mathematical Tables, (reprinted with additions). 
Dehra Dun, 1931. Price Rs. 2 

Par t  111-Topographical Survey Tables, (reprinted with addi. 
tions). Dehra Dun, 1928. Price RE. 3. 

Par t  IV-Geodetic Tables, ( A )  l'riangulation Tables. Dehra Dun, 
1931. Price Re. 1. 

3 .  Tables for Graticules of Maps. Extracts for tlre use of Explorers, 
Del~rn Dun, 1918. Price As. 4.  

4 .  * Metric Weights and Measures and other tables Photo-Litho 
Office. Calcutta, 1889. (Out of print).  

5 .  Lognrithrnic Sl~iea and Cosrnes to 5 places of decimals. l)ehra Dun ,  
1886. (Out of print). 

6 .  Logarithmic Sirres, Cosines, Tangeilts and Cotangents to 5 places of 
clecimals. Delrra Dun, 191 5. (Out  of print) 

7.  Common Logarithms to 5 places of deci~nnls, 1885. (Out of print). 
8. 'l1able for determining Heights in Traversing. Dehra Dun, 1898 

Price As. 8. 
9.  Tables oi' distances in Chains and Linlrs corresponding to a sllb- 

tense of 20 feet. Tlehra Dun, 1889. P~ice As. 4.  
10. " 9 , , 10 feet. Calcutta, 1915. 
11. * I, ,? 8 feet. ,P 

12. F ~ e l d  Traverse 'l'ables. First Edrtion. Calcutta, 1928. Price As. 8, 
13. Stnr Charts for latitude 20' N . ,  by Colonel ;I. I t .  Hobday, I 5 c .  

Calcutta, 1904. Pyice Re. 1-8. 
1 4 .  Stnr Ch:~rts for latitude 30" N., by J,t.-Color~el 9. C* Burrnrd, E.E., 

F.R.S. 1)ehra Dim, 1906. Price Rs. 1-8 
15. Stnr Charts for latitude 15" N, Debra Dun, 1928. Price 2. 
16. Star Charts for latitucle 80" N. Debra Dun, 1928. Price Re. 2- 
17. Catalogue of 246 Stars f o r  epoch 1st Jan. 1892, from observations 

by the Survey, Delrrn Dun, 1893. Price Rs. 2. 
18,  * Ilninfnll, rn:Lxrmum 2nd tninirnurn  temperature^, from 1868 to 

1927, recorded at  the Survey Office Obsel-vstory, Dehl-n Dun, 1928 
19 " Roolrlet of co~iventional signs for.  llse on Plane-t;~l)le Sectiolls 

Second Edilion, 1928. 

Old Manuals. 
1.  A iCln~rnal of Surveying for India, detailing the mode of o])f'rntionP 

ou the Reveuue Survey8 itr BengaI, nncl the Worth-Western Provlncea 
(:nrlrl)ile,l bv Cnpt:lius K SlllYtll, an(l 11. 1, Tliiiill~er. C'nl(sutth l8'j1' 
(Out of p r i~ l t )  . 

2 Ditto Second Editiou. London, 1866. (Out of print)' 
- - -  

a 

- 

* For Departmental use only. 



LIST OF PUBLICATIONS 

Old Manuals.-(Concluded) . 
3. A Manual of Surveying for India, detailing the mode of operations 

on the Trigonometrical, Topographical aud Revenue Surveys of India. 
Compiled by Colonel H. 1;. Thuillier, c.s.I., F.R.s., and Lt..Col. I < .  Smyth. 
Third Edition, revised and enlarged. Calcuttn, 1875. (Out of print). 

4. Hand-Book, Revenue Branch. Calcutta, 1893. Price Rs. 2-8. 

Survey of India Hand-Books. 
1. * Hand-Book of General Instructions (in 2 vols.) Fifth Edition. 

1927. 
2. Hand-Book, Trigonomekical Branch, Second Edition. Calcutta, 

1902. (Out of print). 
3. Hand-Book of Trigonometrical I~n~tr~ct ion~.-Third Edition. Parts 

in pamphlet forms- 
Part  I-Geodetic Triangulation. First Edition. Debra DGn, 

1931. Price Rs. 2-8. 
Par t  V-The Tides. First Editiou, revised, Dehra Dun, 1926. 

Price Rs. 2. 
Par t  VI-Levelling. Second Editiou, revised, Dehra Dun, 1928. 

Price Re. 1. 
4. Hand-Book, Toyogral)hical Brancl1.-Third Edition. Calcutta, 1905. 

(Out of print). 
5. Hand-Book of Topogml)liy.-Fourth I3di tion. Calcutts, 1911. 

Chapters, in pamphlet forms- 
Chapter I-Introductory.-reprinted with additions, 1921. 

Price As. 8. 
,, 11-Constitution and Organization of a Survey Party. 

-reprinted with additions, 1923. Price As .  8. 

,, 111-Triangulation and its Computation.-revised 1930. 
Price Re. 1. 

,, IV-'l'heodolite Trnversing.-Third Edition, 1927. 
Price Re. 1 .  

I I V-Plane-tabling.-T11i1.d Ed i t io~~ ,  1926. Price Re. 1. 
,, VI-Fair Mapping.-re printed with additions and re- 

vised, ( Sixth Edition ) 1928. Price Re. 1. 
,, VII-Trans-Front,ier Reconnaissa~~ce.-Third Edition, 

1924. Price As. 8. 

,, V I I I - S ~ ~ ~ ~ ~ ~  in Wnl..-Second Edition, 1930. Price Re. 1. 
,, IX-Forest Surveys aud Maps. 1925. Price As. 8. 

X-Map ~~~roduc t io i l . -Th i rd  Edition, 1928. 
I I 

Price As. 8. 

XI-(3eograpliicnl Maps.-Second Edition, 1926. I ,  
Pvice As. 8. 

*I'lloto.T,itllo Ofiicp, fi otes on  ()rg:\~~iznti01l, n'l(~111od~ aud ~ ' ~ o c ~ s s ~ s ,  
by Rlnjor W. C. FIedley, n . ~ .  'llhird Edition. Calcrittn, 1924 

7. T]lc Rpl,rotlllrtioll (for l , l r ( x  g ~ ~ i d n ~ ~ r c  of O ~ ~ I P I .  J)clbr~rtltl(~trth) of nrnl)~, 
Plarrr, PIlotogmplls, ])ingr:llrs, ar~tl Lint 1llastr:~tiolls. Cnlcul t :~,  1914. 

Price Rs. 3. 

8 Snrvcy of Indin Copy Book of Letterlllg* Calcutta. Price Ra. 3-8. - - 
- - - - - - 

* For Dcl'artulental I(&('  o ~ l l ~  
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Notes and Instructions. 
Drawing and paper. 

1. "Notes on Printing Papers suitable for Maps, and on Whatman 
Drawing Paper, by Major W. M. Coldstream, a.E. Calcutta, 1911. 

(Out of print). 
Printing and Field Litho processes. 

2. +Report on Rubber Offset Printiug for Maps, by Major W. M. 
Coldstream, R.E. Calcuttn, 1911. 

3. *Notes on the "Vandyke" or Direct Zinc Printing Process, with 
details of Apparatus and Chemicals required for a small section. Compiled 
in the Photo and Lit110 Office, Survey of India. Calcutta, 1913. 

(Out of print) 
4. "Notes on some of the Methods of Map lteproduction suitable for the 

Field with appendix-Suggested Equipment 'l'ables for the Light Field 
Litho Press (experimental), by Lieut. b. A. Chase, R.E. Calcuttn, 1911. 

5. *Report on a trial of the equipment of the 1st  (Prince of Wales' 
Own) Snppers and Miners, for reproducing maps in the field, 
by Lieut. A. A. Chase, R.E.  Calcutta, 1912. (Out of print). 
Base Lines and Mngnetic. 

6. "Notes on use of the Jaderin Base line Appnratus. Dehra Dun, 
1904. (Out of print). 

7. XMiscellaneous Papers relating to the Measurement of aeodetic 
Bnses by Jaderin Invar Apparatus. Dehra Dun, 1912. 

8. *Instructions for taking Magnetic Observations, by J .  Eccles, M A. 

llehrn Dun, 1896. (Out of print). 
9. Rectangular Co-ordinates-On n Simplificatiou of the C~rn~utntioi~n 

relnting to, by J. Kccles, M.A. Dehra Dun, 1911. Price Re. 1.  
10. "For Explorers-Notes on the use of Thermometers, Barolneters 

and Hypsometers with Tables for the Conlputation of Heights, by 
J .  de Graaff Hunter, M . A .  Dehra Dun, 1011. (Out of print). 

11. "Amended Instructions for the Survey and Mapping of Town Guide 
Maps. August 1919 

12. *fiotes on boundary ribands on maps of the Survey of India, by 
Major F. Yraser Hullter, D.s.o., I.,\. Calcutta, 1922. 

13. +Notes on the map of Arabia and the Persian Gulf, with n general 
index of place names on the map, 1905-08, by Captain F, l'rnser Hunter, 
I . A .  Calcuttrt, 1010. 

14. Bcco~lnts Pampll1et.-Notes on accounts for field units. DehraDin, 
1928. Price Re. I .  

PART V.-MISCELLANEOUS PAPERS 
Unclassified Papers. 
Glcogrnphy. 

1. A Slretch of the Geography and Cleolopy of the TTirn5l;iyn Mofln- 
t ~ i n s  and TI bet ( ~ n  four p r t f i ) ,  1,y CoIolleI s (3. I{u~*rar.d, R.E.,  11'.11.9., Slll)(lt,, 
Trigonometricrtl Y~~rvrvr ,  ~ i l d  11. H. IInyden, 11. \ , a.ct.s., Snl~tll. , (:eolnglcal 
Yurvey of India .  C:~lcutta, 1907-08. 

Part 1.-'l'he IIiqh t'ealrs of A sia. 
,, 11.-'l'he Pr~ncipal Mountain Ranges of A ~ i a .  i Pr~cc Rs. 2 
,, 111.-'l'he 1jiver.s of the ITi~niila~a and Tibet. per part. 
, 1V.-The Geology of the I l im~laya .  - - - - 

* For I~epartruer~trtl use only. 
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Unclassified Papers.-(Continued). 

2. "Report or1 the  Identification and Nomenclature of the  HimLlayan 
Peaks as seen from Kltmaudu,  Nepal, by Captnin H. Wood, R.E. Calcutta, 
1904. 

3. Routes in  the Western-hi ma lay;^, Kashmir etc., by Lt.-Colonel 
T. G. Montgomerie, R.E., F.R.s., F.R.U.S. De11l-a l)iin, 1909. (Out  of print). 

4.. Routes in  the  Western-Himllaya, I<asllnIir etc. with which are 
included Montgomerie's Routes. Volume I. Piincll, K rtsliui~ir and Ladlkh ,  
by Major Milson, M.c . ,  R.E., Second Edition, Calcutta. 1029. Price Rs. 6. 
Explorntion. 

1. "Account of the  Survey Operations in connection with the  
Mission to  YLrliand and Kashgar in 1873-74, by Cnptain Henry Trotter, R.E. 

Calcutta, 1875. (Out  of print). 
2. Heport on the TIY~S-Hirn l layan  E ~ p l o r a t i o n s  during 1869. ( O u t  of 

print). 
3. Report on t h e  T~sans-Himalayan Exploratio~is during 1870. Dehra 

n ,  1 7 1  ( O u t  of print) .  
4. Report on t h e  Trans -Hi~ni i l a~an  Explorations during 1878. 

Calcutta, 1880. (Out  of print) .  
5. The where is it-Reference index showing geographical position 

of all important localities i u  INDIA nud adjacent countries, in four parts. 
Calcutta, 1928. 

Part I-Plnce names.-Cities, towns, i ~ n d  other sites. ] 
,, TI-Railway s tat'ions.-Com1)lete list, 1938. 
,, 111-Localities.-l)istricts, Sbates, Tribes etc price 

,, IV-Physical.-ltange~, passes, peaks, glilciers, As. 12. 

rivers, canals, lakes, bays, capes, isla.nds etc. _I 
6. Glossary of Vernacular Terms used in Survey of India Maps. 

Calcutta, 1931. Price As. 5. 
Special Reports. 

1. *lieport on t , l ~ e  Mussoorie and Landour. 1Cumaun a'nd Garhwal, 
Hinilrhet and Kosi Valley Surreys, extended to Pesll51var and Kaghan 
Triangulation during 1869-70, by Bfnjor T. G. Jtontgomerie, R.E. (Out  of 
priut). 

2. Report on the Recent Deterl:lilktion of the  Longitude of Blndras, 
bg Captain 8. 0. Burr-ard, R.E. Calcutta, 1597. (Out  of print). 

8. "Report on the Observations of the Total Solar Eclipse of 6th April, 
1875 a t  Carnorta, Nicobnr Islands, by Ca.ptain J. Waterhouse. Calcutta, 
18'75. ( O u t  of print) .  

4. +The Total Solar Eclipse, 22nd January, 1898. Dehra Dun, 1898. 
(1) Report on the observations a t  Dumraon. 
(2) I<el)ort on the observations al; Pulgi~on. 
(3) lieport on the observations a t  Yfihdol. 

5. *Report on Local At,lr.nct,ion in India, 1893-g4, by Capt,ain 
8.Q. Bnrrard, R.E. Calcut,ta, 1805. (( .) t i t  of print). 

6, *lieport on the J1rigonolnetrical Itesr~Its of the Earthqualie ill 

Assam, by Captain  8, (3. J j l t r ~ ~ q ~ d ,  I,,.E. CnIc~~ttn ,  1YDS. ((~)11t of print). 
7. *Note8 on t]lc '~opojiral , l~ical Survey of the l/sO,o00 SlleetS of 

Algeria by the Topogry,hica1 Section of the " service (feojirapllique 
de 19Armee", by Captain W. M. Coldstream, R.E. Calcutta, 1g06. 
\ - -___ _ _ -  _ - - - - - 

. - . 
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professional Papers.-(Continued). 

No. 4-Spirit levels-Notes on the Calibration of Levels, by 
Lieut. E.A. 'l'andy, R.E. Dehra D i n ,  1900. (Out  of print). 

No. 5 - ~ e o d e ~ ~ - l ' h e  Attraction of the HimLlayn RIountrtins upon the 
Plumb-Line in India,  considerations of recent data, by Rlajol- S. G. 
Burrard, R.E. Second Edition, Debra Dun, 1901. Price Rs. 2. 

No 6-Base Lines-Account of a Detrl-1nin:rtion of the Coefficients of 
Expnnsion of the  Wires  of the Jaderin Base Line Apparnt,us, by Cnptnin 
G.P. Lenox-Conyngham, R.E. Dehra Dun, 1902. ( O u t  of print). 

No. 7-#I1Iiscellnneous. Calcutta, 1903. Price Re. 1. 
(1) On t h e  values of Longitude employed in maps of t h e  

Survey of India. 

(2) Levelling across the  Gauges a t  Diimui-dia. 

(3) Experitnent to  test  the increase in the  length of a 
levelling staff due to moisture and temperature. 

(4) Description of a Sun-din1 designed for use with tide-gauges. 

( 5 )  Nickel-steel alloys and their application to Geodesy. 
(Translated fro111 the French).  

(6)  Theory of electt-ic projectors. (Tmnslated from the French). 

No. 8-~a~netic-Esl)eri1llents made to deternline the temperature 
coefficients of Watson's Rlagnetogl-aphs, hy Captain H. A .  Denholm 
Frrser,  it.^. Calcutta, 1905. Price Re. 1. 

No. 9-Geodesy-An Account of the Scientific morli of the Survey 
of India, and a Colnpal-ison of i ts  p ropess  with tha t  of Foreign Surveys. 
Prepared for  the  use of the  Survey Coninlittee assembled in 1905, 
by Lt.-Colonel S.  G. B 111*rard, R.E., F.R.S. C:~lc~l t ta ,  1005. Price Re. 1. 

No. 10-Pe1ld11111111s-Tlre Pendulu~u Opel-at,ions in India, 1908-1907, 
by Major G .  P. Lenos-Cony llghanl, R . E .  1)eltra Dun,  1908. Price Rs. 2-6. 

No 1l-Refmc,tio11-Observatioiis of Atmospheric l{ef~*nction, 1905-00, 
by H. (3. Shaw, Sul-yeS of India. De1it.a Dun ,  1911. (Out  of print). 

No. 12-Geodesy-011 the Origin of t,lle Hi~nnlaya Mountains. 
by Colonel S. G .  [{nrrard, c.s.I., R . E . ,  F.R.S. C ~ l c u t t ; ~ ,  1!)12. P T ~ C E  Re. 1 .  

No. 1 3  -Isost,nsy-Il~veslijintion of the '1'11eo1.y of Isostasy i l l  India,  
by Major 1-1. L. crostIlwnit, R.E.  L)ehra Dun,  1012. (Out  of p r in t ) .  

No. 14-Refrnct,ion-For~n~il;e for Atmosplleric I{efr:rction, and their 
kpplication to 'l'errestrinl Refractiol~ and (Seodesy, by J. de Grar~ff 
Hunter, M.A.  Dehrn Dun, 1913. Price Rs. 2. 

No. 15-Pcnd111111ns-1'he P e n d ~ i l ~ ~ l u  Operations i n  Illdin and Rulamn, 
1908-13, by Captnill 1-1. J. ("oriclimnn, ILIC. Dcllra Dun, 1915. Pvice Rs. 2-8. 

No. 16-Geodesy-Tile E : ~ r t l ~ ' s  Axes aud 'l 'rinng~~lntion, by J. de Qrnaff 
Iiunter, M . A .  Dehra Dull, 1918. Price Rs. 4. 

No. 17-Isostnsy-In\~estigattio~is of Isostasy in IIil~l%lnjan rlnd neigh- 
Louring t.rgions by Colollcl Sir S. G. Burrnrd, K . C  s . ~ . ,  R . E . ,  F.R.S. l)ehl-& 
I)un, 1918. (01;t of p r in t ) .  

No. 18-Isostnsy-A criticist~i of Mr. It. D. Olrilln~n's memoir "'L'l~e 
@trllct ,~~~.e of t ,I~e T I i l l l g l ~ ~ ~ ~  of the G n n ~ e t i c  Pl:lit~", by Lt.-Colonel 
H. McC. Comie, n.s.  Debra Dun, 1921. PI-ice 3s .  1-8. 
__2- .- - ~ . .  
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Professional Pa.pers.-(Concluded). 
No. 19-Aerial Pl~otogra~~l~y-Experiments iu Aeroplane photo sur. 

veying, by Major C. (4. Lewis, l t . ~ . ,  and Captain II. G. Sulmond, (Latea,A,F,), 
Dehra Dun,  1920. Price Re. 1.8. 

No. 20-Air Sllrvey-Heco~inaissance Survey from Aircraft, by 
Lt.-Colonel (3.  A .  Henzeley, D.s.o., R.E. Dehrn Dun, 1927. Price R ~ .  1-8, 

No. ~1-lteatnng1rl1~tion-Irrigntiou atid Settlement Jurveys 1926, bJ 
Major .J. D. Campbell, D.s.o., R.E. Dehra D i l l  1927. Price Re. 1-8. 

No. 22-Levelling-Three Sources of Er ror  in  Precise LevelIinP, bJ 
Captain G. Romford, R.E:. Dehm Dun,  1929. Price Re. 1-8. 

No. 43-* Air S~l~.ve~-- l l i r  Survey of Waziristan 1923 to 1928, by 
Captrrin C;. 1'. Henney, R.E.  Debra Dun,  1928. Price As. 8. 

No. 44-Air Srrrvey-Notes on Air  Survey in India,  by Major W.J, 
Eormnn, a1.c.. R.E.  Dehra Dun ,  1929. Price Re. 1.8. 

No. 25-(tlneiers-'l'he liepresentation of Glaciated Regions on map8 
of the  S111,yey of' India ,  by Mnjol- Kenneth Masou, M,c. ,  R , E .  Debra Din ,  
1929. P ~ ~ i c e  As. 8. 

No. 26-(:eogmi)lly-Mouut Everest a n d  its Tibetan Names, by Colonel 
Sir S. G. Burrard, K.c.s.I., F . R  S. Dehra Diln, 1931. Prtce As. 8. 

No.  27-(imvit,y-Gravity Anomalies and the  Structure of the Earth's 
Crlist, 1)y Major E. A Glennie, o .s .0  , R.E. Dehra IJun, 1932. Price Rs. 1-8. 

Departmental Papers Series. t 
No. 1--Type-A consideration of the  most suitable forms of type 

for  use O I I  mnps, by Captai i~ M. O'C. Tandy. R.E. Dellra Dun, 1913. 
No. 8-Sy11lbolr~-h review of tlie Boundary Syinbols used on the maps 

of varions c o u n t ~ ~ i e s ,  by Captaitl M.O'C. Tandy, R.E. Dehra Dun, 1913. 
No. :3-Xnl)s-Estrnct from " The Mew Map of Italy, Scale 1: 

100,000", by Luigi Criannitl.npani. T~ .a~ ls la ted  from the ltnlinn by 
Major IV. 31. Coldslrea~n, ILR.  Dehrn Dun,  1913. 

No. -1,-Town Sarveps-A report 011 t h e  practice of Town Survey8 in 
the  Unite11 T<ingdol~l ant1 its al)l)licntion t o  Intlia, by Major C. L. Robertson, 
c . M . o . ,  R . E  L)eh~-:i Dun. 1918. 

No  5-Ster~o.1~Iottrr-'l'h~ 'llhompson Stereo-plotter a,nd its use, wit11 
notes 011 tho field worlc, by Lieut. 1.C. Mason, R.E.  Dehra Din,  1913. 

No.  C , - J ~ ~ ~ ~ l l i ~ ~ g - l , e \ . e l l i n ~  of High Precision, by Ch. Lallema.11d. 
llranslnteil froln the  Iqrench \,y J. de Granff Hunter,  M . A .  1)ehra l)in,1914. 

N o ,  7-Stn~~tlnrd Rnrs-l:nr Con~parisons of 1907-08, by Major Ha 
(lowie, R.E.  L)ehrn l)iirr, 191.5, 

No. S- IIplio-Zincogrnpl~ y-Report on ltubbel. Off-set Flat  bed M~clline 
P r i ~ ~ t i n g ,  by Cinptn,irl S. \\r. SacItville IImnilt,on, N.E. Calcutta, 1915. 

No. 9-StPrPo-.tlrto-P1otting-~ translation of Pa111 Corbin's I"re1lch 
S t h r l : ~  Antog1*n,mln6tl.ie, by JJt.-Colonel H.  RlcC. Cowie, 1 t .E .  l)ellra 
Win, 1922. 

JSo. 10-Rnw Iliner-A P,orjlrlet of Instructions with flill d ~ c l . i p t , i o ~ ~  
a n d  tn.l,lvs for the  IIlmlel. Short. 1<ase, Firs t  Edition colnpiled by hla,jor 
( ' .  hT Tlrnmpson, , . A .  Dellrn ])fin, 1028. Second Edition ~ ( ~ l l l p i l ~ ( 1  by 
11. (I. ISnilr~rjcn, R . A  I)c\hrn, I ) i ~ n ,  1931. 

No. l l - ( i n ~ v i t ~  nnd Irorti~~y-Investig.tiolla re~al.rling Gravity a"(1 
Isostasy hp W. I-I~.isltn.nen ( Trnrlsl,zted by V. Pelts Ihiq 13nvised and corn' 
pleted by Major C.  M. Thompsou, I.A.) Dehra Dun, 1928. 
- -- -~~ - . - - ~ - .  -~ ~. -- 
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D e p a r t m e n t a l  Papers Series.*-(Concluded). 
No 12-Qeodesy-Geodesy, by J, de Graaff Hunter, M.A., s c . ~ . ,  

p, INST.P. Dehra D i n ,  1929. 
No. 13-Syllerical Trigonon~etry and Astronomy-Notes on Spherical 

Trigonometry, and Astronomy etc., by Lt.-Colonel C. M. Thompson, I . A .  

Dehra Din ,  1929. 
No. 14-Wild Theodolite-Instructions for the use of the Wild Universal 

Theodolite by Captain D. R. Crone, R.E., and the Wild Photo-Theodolite 
by Lt.-Colonel C. G. Lewis, o.B,R., R.E. Dehra Din ,  1932. 

Professiona.1 Forms. 
A large number of forms for the record and reduction of Survey 

Operations are stocked at Dehra Diin. 

List of more important contributions Fv the Omcers 
of the Survey of India to various extra-departmental 
publications and related articles. 

1. tIndia's Cor~tribution to Geodesy, by General J. T. Walker. R.E., 
c .B . ,  P.R.s., LL.D. (Phil~sophical Transactions, Royal Society, Series 8 ,  
Volume 186, 1895). 

2. t o n  the Intensity and Direction of the Force of Gravity in India, 
by Lt.-Colonel S. G. Burrard, R.E. ,  F.R.S. (Philosophical Transactions, 
Royal Society, Series A, Volume 205, pages 289-318, 1905). 

3. $ A  climb on Kolnhoi, by Lieut, Kenneth Mason, R.E. (Royal 
Engineers Journal, November 1910). 

4. +On the effect of the Gangetic Alluvium on the Plun~b-line in 
Northern India, by It. D. Oldham, F.n.s. (Proceedings of the Royal Society, 
Series A ,  Volume 90, pages 32-40, 1914). 

5. t o n  t,he origin of the Indo-Gangetic trou,vli. commonly ca.lled the 
H i r n i l ~ ~ a n  Foredeep, by Colonel Sir S. G .  Burrard, K.c.s.I., R.E., F.R.S. 
(Proceedings of theRoyal Society, Series A ,  Volume 91, pages 220-238,1915). 

6. $Three comprehensive articles on " Compn~~a.toru for t,he Indian 
Government" frooi a report by Mnjor H. McC. Cowie, R.E. (Hngineering, 
Bug 20, Aug. 27, Sept. 3, 1915). 

7 .  Jlldent,ification of Pea.ks in the Himalaya with notes, by Colonel Sir 
9. CX. Rurrard, K.c.s.I., R.E., F,II.S. (Oeographica,l Journ:~l, Sept,ember 1918). 

8. I)Geologica,l interpretations of Geodetic Hesults, by Colonel Sir 
9. CT. Bur ra~~d ,  K . c . B . I . ,  R.E., F.H.S. (Geogra.phica1 Joul-nal, October 3 918). 

9. IJWar Surveys in Mesopotamia, b~ Colonel F. W. Pirrie, c.nf.G.. 
I .A.  ((fe~graphica~l Journnl, December 1918). 

10. 11 Air Photograpliy in A rchamlopy, by I,t.-Colonel G. A. Beazeley, 
D.e.o., n.E. (Oeographica,] .Tonrnal, May 1919). 

- 

* For Depart,mcntnl nso only. 
t 01,tninctble from Messrs Dnlnu k Co., 37, Soho Sqnme, London, W.. or Messru. 

1iarl.ircon & Sone, St,. hlart,in'n L ~ n e ,  London, or t,he Royal Society nt B~ulington 
Ilonse, London. 

1 Ol>t.nin~~ble from the 1nfitiIut.ion of Iioyal E n p i n ~ e ~ . ~ .  Ch~thnm. 
Obtninnblo from Chmrles Robert Johnuon at the o 5 c e s  of "Engineering", 35 and 

36, Bedford Stmet Strand, I,or~don, W.C. 
)I Obttlinnble Iron1 the Ihys l  Ueographicai Society, Kensington Gore, London 6.W. 7. 
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List of more important contributions by the Oacgrs 
of the Survey of India &c. &c.-(Continued). 

11. 'Mapping from Air Photographs, by Lt.-Colonel M. N. MacLeod 
R.E. (Geographical Journal, June 1919). 

12. "Reminiscences of the Map of Arabia and Persian Gulf, by 
Lt.-Colonel F. F. Hunter, D.s.o., I.A. (Geographica.1 J o u r ~ ~ a l ,  December 
1919). 

13. *Cen t r~ l  Rurdistan, by Major K. Mason, M.c., R.E. ((reo- 
graphical Journal, December 1919). 

14. *Surveys in Mesopotamia during the War, by Lt.-Colonel 
G .  A. Bea,zeley, D.s.o., U.E.  (Geographical Journal, February 1920). 

15. t A  lecture on the Earth's Axes and Figure, by J .  de Qra;lff 
Hunter. M.A. I The Observatory, May 1920). 

16. "A brief review of the evidence upon which t,he Theory of 
lsostasy has b w n  based, by Colonel Sir S. G. Barrarrl, 1c.c.s I., R . E . ,  F.R.S. 
(Geographical Journad, July 1920). 

17. "A n:)te 011 the topography of the Nun Run Massif in La,dikh, 
by Ma,jor B. Mason, M.c.. R E. (Geographical .Journal, August 1920). 

18. "Note's on the Canal System and Ancient Sites of Babylonia in the 
time of Xenophon, by Major K.  Mason, nr.c., R.E. (Geographical Jourtlal, 
December 1920). 

19. $An Exploration in South-East Tibet, by Major H. T. Morsl~ead, 
D.s.o., R E. (Royal Engineers Joutnnal, January 1921). 

20 $Topographical Air Sut-veg (with plates and ma,ps), by 
Lt.-Colonel (3. A .  Beazeley, n.s.o., R.E.  (Royal  engineer^ ,Journal, 
February 1921). 

21. $Projection of Maps.-A review of some Illvestigntions in the 
Theory of Map  projection^, by A. E. Young, and Colol~el Sir S. G. Burrard, 
K . c . B . I . ,  R .E . ,  F.R.S. (Royal Engineers Journal, March 1921). 

22. :Report on Expedition to Kamet, 1920, by Major H. T. Morshe~d, 
D s.o., R.E. ( ICoyal Engineers Jor~rnal ,  April 1921). 

23. *The Circulation of the Earth'# Crust, by ~ t , - ~ o l o n ~ l  
E. A. Tantly, R E .  (Geo~raphic i~ l  Journal, May 1921). 

94. §Juhil~~on's Suppressed Ascent on I3 61., by Myot- K. Mason, 
M.c., H.E (Alpine .Journal, Novenlber 1921). 

25. 'Stereograpllic Survey. 'I'he .Antocartograph, by Lt -Colonel 
M. N. MncJ,eocl, D s.o., R . E  (Geographical .Toul*nal, April 1022 ) .  

2 .  :The "Canadian" photo-t~po~rapll ical  method of Survey, 
Cnptain anrl Bt.. M:tjor E. 0. Wheeler, M.c . ,  I ~ . E .  (ICoyal Engineerg 
Journal, .4 pril 1922). 

37. §The Survey of Mr. W .  I-I. Johnson in the K'un L I I ~  in 1865, 
by M:ljor I( Mmon, nr.c., R E. (Alpine Journal, Novem1)er 1022). 

28. IIOravity Survey, l ~ y  ,J. de Graaff Hunter. M.A., S C . ~ . .  F . INS~.~.  
( .4  Divtionnry of Applied Physirs, Vol. T J T ) .  
- . - - . - - - - . -- . 

* Ol~tainahle from the tLoyal Geographical ~ o c i e t . ~ ,  Ken~ington Gore, London, KW. '' 
t Obtninxhle From M e n ~ r ~ .  Taylor k Francis. Red Lion Conrt. Fleet. st'reet, London$ 

W.C. 
% 0btninnl)le f ~ . t j r r ~  the Jn9tit11tion of Royal Engineers, Chatham. 

Ohtaillahle From Alpine Clnh, 23 Hnvile Row, I,nntln~~, W. 1 .  
1)  Obtainable froor blesors. blac3~illan Jr Go. Limited, at. Martih's Street, London, 

W.C.. Bombay, Calcot,ta. Mndras, Melbourne. 
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List of more important contributions by the Oficers 
of the Survey of India &c. &c.-(Continued). 

29. "Trigonometrical Heights and Atmospl~eric Refraction, by J. de 
~ n a f f  Hunter, M.A., s c . ~ . ,  F.INST. P. (A Dictionary of Applied Physics, 
Vol. 111). 

30. Geodesy, by Colonel Sir G .  P. Lenox-Conpnghnm, R.E., F.R.S. 

and J. de Graaff Hunter, M.A., s c . ~ . ,  F.INST.P. (Enc. Brit. 12th Edition, 
Vol. XYXI, 2922). 

31. tThe proposed Dete~~luil~ation of Primary Lollgitudes by Inter- 
national Co-operation,. by Colol~el Sir Q. P. Lenox-Conyngham, R.E., 
F.R.S. (Qeographical Journal, February 1923). 

32. +liecent 1)evelopments of Air Photography.- (1)  The adjustment 
of Air Photographs to Survey points, by Lt.-Colouel hl .  N .  MacLeod, 
u.s.o., R.E. (Geographical Journal, June 1923). 

33. fMou11t Everest, by Major H. T. Morshead, u.s.o., R.E. (Koyal 
Engineers Journal, September 1923). 

34. tl i isheu Singh aud tlle India11 Explorers, by Major K. Mnsor~, 
KC., R.E. (Geographical Journal, Decelnber 1923). 

35 $Electrical registration of height of water a t  an! time i l l  Tidal 
Prediction, by J. de Qraaft' Huuter, M.A. ,  s c . ~ . ,  F.INST.P. (Journal of 
Ycieut~fic Instruments, Vol. 1, No. 8, May 1924). 

36, IIGraphicnl metllods of plottiug from Air Photographs, by 
Lt.-Colonel L. N .  I?. I. Kiug, o .B .E . ,  a . ~ .  

37. +The Uen~arcation of' the Turco-Persian Boundary in 1913-14, 
by Colonel C. H. I). Ryder, R.E. (Geographical Jourual, September 1925). 

36. Geodetry, by J. de Graaff Hunter, nr.A. ,  s c . ~ . ,  F. INBT. P. 
(Enc. Brit. 13th Editiou, New Vol. ii, 1926). 

39. ""The De Filippi Expeditiou to tlre Eastern Kara-koram, by I3.B.L). 
and Colonel Sir G. P. Lenox-Couyugh~m, IL .E . ,  F.I~.s., N.A. (Nature, 
13th February 1926). 

40. t'l1he Probleul of the Shnksgam Valley, by C:olouel Sir Francis 
Y ~ ~ ~ g h u s b l t u d ,  I( c.s.I., ~ ~ c . 1 . ~ .  ((feograpllic~l Journal, September 1926). 

41, tThe Shakugam Valley and Aghil ICiuljic, by Dlnjor K. Masou, 
kc., B.E. (Geographical Journal, April 1927). 

42. A Break-Circuit for Pendulum Clocks, by J .  de Graaff Hunter, 
MA,, s c . ~ ,  , F. INST. P. (Bulletin GkodPsique No. 14, April, May, June 
1927, Paris). 

43. t A  Graphical 1)isauueiou OF the Figure of the Earth, by A .  R. 
Hinks, c.B.E., F.B.S. (Geographical Journal, June 1927). 

44. f9urve-j on Active Service, by Captaiu (3. F. Henhey, R . E .  (Royal 
Engineere Journal, Juue 1927). 

45. A I.bport 011 the (:eodetic work of t'he Survey of India for the 
period 1924-27, by .J, tie U-r,z;~ff Hunter, M . A . ,  scB.D.$ F. INST. P..  pre~ellted 
a t  the third lueetillW of t,l~e International Uniort of (feotlesy :rnd (feol)l~y- 
sics, Prague, Septelnber 1!)2$, Del~rit Din ,  1927. Prico Re. 1. 
--___- A -. ~ - 

* Ohtn.innblc f r o ~ ~ ~  Mt,ssl.s. MnoMillan S Co. Limited, St. hli~rtill's Street, London, 
W.C., Bombay, Calcnttn. Rfndras, Melbourne. 

t Obtainable fro111 the Lioy;~I (+cographionl S o ~ i ~ t y ,  licusingtl)ll cfore, London$ s.W. 7. 
1 Obtainable from the Institutio~~ of Royal Engiueers, UIlutlllllll. 
§ obtainable from tllo Institute of L'hysics, YO Gren t  ~ ~ 8 8 0 1  st ,~eet * ,  London W.C. 1. 
11 Obtainable from H.M.  Ststiollery office, Adastral House, Kiugsway, London, W.C. 2, 

28, Abingdon YLreet, London, S.W. 
Obtainable the "fiir.e of Xature. SL. A1;~rtiu's St,lnerl,, Loll~loll, W.C. 2. 
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46. "'l'he Stereographic Survey of the Shaksgam, by Major K, 
Mnson, M.c., E.E. (Geographical Journal, October 1927). 

4;. "Figure of the Ear th  : correspo~idence by J. de Graaff Hunter, 
m.a. ,  sc .~ . ,  F INST. P. (Geogr:rphical Jou~mal, December 1927). 

48. "Figure of the Ea r th :  correspoudence by Captain G. Bornford, 
ILK.  (Geographical Journal, December 1927). 

49. * Reply to Captain G. Bomford's letter on Figure of the Earth 
(So .  48 of list), by Captain G. T. McCaw and A.X. Hinhs, c.B.E., F.R.S. 

((feographicirl Journal, Llecember 1927). 
50. lqigure of the Earth-Presidentiitl address by J. de Graaff Huuter, 

sr.a., s c . ~ . ,  F. IN ST.^., at the Section of Mathematics and Physics of the 
Fifteenth Indian Science Congress, Calcutta 1928 (Published by the Auiatic 
Society of Bengal, Calcutta). 

51. " Note on Sir Francis Younghusband's Urdok Glacier, by Major 
Kenneth Mason, M.c., R.E. (Geographical Journal, March 1928). 

52. t Some Applications of the Qeoid by J. de Graaff Hunter, M.A., 
s c . ~ . ,  F. INST.P. (The Observatory, June  1928). 

53. The Attraction of the Himalaya, by J. de Grasff Hunter, 
M.A., ~c.D. ,  F. IKST.P. (Him2l:~yan Journal, Vol. I ,  No. 1, April 1929, 
peges 59 - 66). 

54. * The Earn-koram : Correspondence regarding the proper nomen- 
clature of the Kara-koram HimBlaya, by Colonel Sir Y.  (3. Burrard, K.C.S.I., 
R.E.,  P .R .S . ,  Dr. 'I1.@. Longstaff and Major Kenneth Mason, M . C  , R.E. (Geo- 
graphical Journal, September 1929 and January 1930). 

55. 5 'l'he Geographical Representation of the Mountains of Tibet by 
Colonel Sir Y.  C3. Burrard, K.c.s.I., u . ~ . ,  F.R.S. (Proceedings of the Royal 
Societv, Series A,  Volume 127, 1980, pages 704-712). 

56. ( 1  The Glaciers of the Kara-korem and Neighbourhood, by Major 
Eeuneth Masou, M.c., r c . ~ .  (Records of the (Jeological Survey of  Illdla, 

Volume L X I I I ,  part 2, 1930, pages 219-2781. 
57. A tleport on the Geodetic work of the Survey of 1 1 1 d i ~  for the 

period 1927-30, by J, de Graaff Hunter, M . a . .  s c . ~ . ,  F . I N B T . P , ,  
presented s t  the fourth ~neeting of the lnternationrrl Union of Geodesy 
and Geophysics, Stockholm, August 1980. Llehra Dun, 1930. Price Rs. 1-12' 

58. The Indian Geoid and Gravity Anomalies by J,  de Graaff Hunter, 
M.A. .  ~ C . D . ,  F. INST. P. and Captain 0. Bornford, R . E .  (Bulletin 060d6siquet 
No. 29 Jan -Mar. 1931, pages 20, 21, Paris ). 

59. Coustruction of the Geoid, by J. de Qraaff Hunter, M.A.9 5c,D,1 
P. INST P. aud Captain Q. Bornford, R.E. ( Bulletin Gkoddsique, No. 29 
Jan.-Mar. 1951, pages 22-26, Paris ) .  - 
* C)l,t~rnlthle €roll1 tlre Royal Geogl.splrical Society, KensingLon Gorr, Lon(lon, SnW.'' 
t Ol)tnlnald? from Messrs. Taylor ant1 Francis, Hetl Lion Conrl., Fleet 

Idondon, W . C .  
f O h h ~ i n x h l ~  from MPSRPB. kv .  Thac,ker & Cn.. 2. Creed Lane, L u d g ~ t ~  IIill, London' 

E. (1. 1.. or Messrs. 'I'llnckcr. Spink & c:o.. Calcutta. 
5 Ohtainahlc from Messrs. l)l11n11 &. CO., 37, Soh0 Sqn:~rc\. London. W.! Magrg' 

Harriwn ,% Sonq.. St. Martin's Lane London, or the Royal Society 
Burlington Horise, London. 

II ( f ~ ~ r ~ r n r n l w t  O F  I~i(li;l. C~:ntral Put)licntion Branch. Ca lc~ l t t :~ .  
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60. "Two Notes on Short Tertiary Bases, by J .  de Graaff Hunter, 
X.A. ,  ~ c . D . ,  F. INST. P. (Empire Survey Review No. 1, Vol. 1, July 1931, 
pages 12-15). 

61. +Contribution to discussion on paper by Mr. A .  R. Hinks, c.B.E., 
P.R.S "Some Problems of the Earth's Crust ". British Association, 1931, 
by J. de Graaff Hunter, M A . ,  s c . ~ . ,  F. INST. P. (Geographical Journal, 
November 193 1). 

62. f ,  §The Hypotllesis of Isostasy, by J. de Gra,aff Hunter, M . A . ,  
sC.D., F. INST. P. ('l'he Observatory, 1)ec. 1931 and Geophysical Supple- 
ment to Monthly Not'ices of the Royal Astronomical Society, Jan. 1932). 

63. *lieview of Captain Hot,ine's "Survey from the Air Photographs ", 
by J. de Granff Hunter. M . A . ,  8c.D.. F. INST.P. (Empire Survey lieview No. 3, 
Yol. 1, Jan. 1932, pages 134-137). 

* Obtainzble from t h e  Crown Agents for the Colonies, 4 Millbank, London, 
S.W. 1. 

t Obtainnble from the  Royal Geographical Society, Kensington Gore, London, 
S.W. 7. 

f Obtainable from Messrs. Taylor and Francis, Red Lion Court, Fleet Street, 
London, W.C. 

5 0btnin:~ble from thc  Royal Astronomici~l Society, Burlington House, London. 
W. 1. 
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