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Lt.-Colonel Cowie, whose portrait faces this page, was commissioned 
in the Royal Engineers in 1893, and  after serving in the Military Works 
and Railway Departments, joined the Survey of India in 1898. 

Most of his service mas passed in the Geodetic Branch, and  for  
Inany years he held charge first of the latitride party and later of the 
pendulum party. While on furlough in 1911-12 he was deputed to test  
and report on the base-line apparatus-comparators and standards of 
length-which had been designed for India by Sir  David Gill. This 
work was carried out  a t  Lambeth ;  his report which mas printed in 
"Engineering" will be a valuable guide, when funds permit of further 
development. Colonel Cowie was a particularly careful and accurate 
observer, eminently suited to  morB of this nature. 

I n  1904 he was one of the survey officers attached to Sir  F. Young- 
husband's Tibet Mission for which he received the medal and clasp : 
and later in 191 3-14 he mas a member of the Turco-Persian Boundary 
Commission, for which he executed the necessary triangulation from 
Fa0 to Ararat with untiring energy and sltill, in face of very considerable 
rlifficulties. Recallecl therefrom a t  the outbreak of the great. mar, he 
was a t  the outset, with other senior officers of the Department, not 
permitted to proceed on active service, being posted to the charge of the 
Photo. Litho. OEce at Calcutta, where he threw himself with characteristic 
energy and zeal into the heavy task of meeting the unprecedented demands 
for maps arising from the war. 

His opportunity came later when early in 1917 he proceeded to 
Ragl~d%l to form the West Persia Survey Party;  rinfortunately a break- 
down in health i~ecessitatecl his return to India about a 1nont11 later. I11 

1919 I~owever he had recovered and was in charge of the Survey opera- 
tions in the AfghLn mar, being twice mentioned in despatches and 
receiving the medal :~nd clasp. 

Soon afterwards he became Sriperintendent of the Trigollonletrical 
Survey-the post now known as Director of the Geodetic Branch. H i s  
work in this cal~aci t~y was curtailed by ill health, for he was suffering 
from very high blood-pressure. This forced him to  take leave in 1924. 
On his return journey, apparently much improved in health, he died 
stiddeuly on tlie 25th September 1925 on board the P.&O.S.S. Rawalpindi 
a t  Ril~~.seilles. His death was a great loss to the service and to his many 
friends in all ranks of the Department,. 

Col. Cowie was author of the following publications :- 
llfrthod o f  nicwsi~,~-iny gcodefic bascs b y  Colby's corn~~c~~scrtcd bars. 

Survey of Intlia, Professional Paper No. 3, 1900. 
B a y  c.omg,n~isons of 1907-08. Survey of Inclia, Departmental 

Paper No. 7,  1015, 



Comparators for the Indian Government. Three articles i n  
"Engineering" 19 15. 

A criticism& oj*3It.. R. D. Oldham's nlemoit. "The St~ucture of the 
Himfilnyns and oj* the Gar~getic Plain ". Survey of India, Prol'essional 
Paper No. 18, 1921. 

A note on the stcrge reached b y  the Geodetic Operations of the 
Stove!/ o f  India in 1920. Survey of Inclia, Unclassified Paper, 192%. 

Besides the above were some useful translations of foreign publica- 
tions and numerous rewords of work published in the  Annual Reports 
and Records of the Survey of India. 
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INTRODUCTION AND SUMMARY 

1. The important International Longitude Scheme referred to  in 
last report, ~vliich had been arranged for by the joint commission of t he  
International Unions of Astronomy ancl of Geodesy and Geophysics 
mas duly carried orit during October and November 1926. Fif ty obser- 
vatories t l~roughout  the world including tha t  at Dehra Dun participated 
in the observations. For purposes of the scheme wireless signals were 
emitted from Bordeaux, Annapolis, IIonoluln and Saigon. A t  Dehra 
Uiin time observations were nlacle by six observers using two small 
transit instruments and a geodetic astrolabe. The  clock was by Riefler. 

Dr. Hunter  was in charge of the operations and six observers mere 
em~loyed.  The  Bordeaux 8'1 O l n l  alld 20" O l r l '  ancl Saigon 11" 30"' and 
1911 00"l Greenwicli mean time signals were regrilarly received but  those 
of Annapolis and HonoluIu were llever heard. Four different values of 
longitude for Dehra Diin mere derived ; two from Bordeaux signa.1~ and 
two from Saigon. The  mean is 5'1 12"l 1 l S 7 9 ,  which agrees well nritll 
5V12'" 1 l 5 . 7 7  the old value from Indo-European arcs of 1894-96 
(vide Chap. 1). 

2 .  The Computing Section have been investiga<in= the reliability 
of triangula,tecl as compared with spirit-levellecl h e ~ g h t s  and have pre- 
pared a table giving the mean sqllare error and measare of accuracy of 
I~eights for each series of triangulation (cl'de table I, Chap. I1 $ I ) .  

3.  As a result of an enqriiry from Professor JTTegener the  variation 
of astronomicnl latitudes a t  stations ~vhere repeat obser~lat~ions had been 
talien were investigated to see if they affordetl any evidence of conti- 
nental drift .  T l ~ e  conclusion was tha t  there is no evidence of such drif t  
(f:8'de Chal). I1 $ 2). 

4 .  Two qeodelic series, %isalkot and ;\Indurn ohservecl in 19 1G-17 
were adjnsted and correctecl values are being p~~blisllecl. Graphic 
adjustment of a large nmonnt of minor triangulation nras carried o u t  
( ? ~ Z ( I C  CI1a13. 11 $4  3) +). 

5 .  A comptoineter has been found nsefnl for  solution of nornml 
erlua.tions in connection wit.11 t,he investigat,ion into the Figure of t,he 
Earth (vide Chal,. I1 $ 5 ) .  

6 .  Resides the International Longitnclc Project, t he  O b s e r v a t o r ~  
Section has carried out  (a) regular tinip an(; la t i t~ide observations, (b)  
coin~arisons of length, (c)  magnctip observat,ions, and ((1) seismograph 
and meteorological observations (c ic le  Chap. 111). 

7 .  The Tidal Sectio~i continued its work as usual. A new tidal 



observatory was opened a t  Yilakat or Deserter's creek near Elephant 
I'oitlt in order to  ellable coniparisons to  be made with t he  results at 
Hanpoon. Correction t,ables, based on differences between predicted 
autl actual values, were prepareel atid appliecl t o  3 riverail1 ports Chitta- 
gong, Hangoon and Uasrah ( I - i t l e  Chap. I V  $ 5). 

8.  The  work on ancl deviation of the  vertical was confined 
to the cnniyr~tation of topographical and Hayforcl anomalies for Capt. 
(ilennie's Punjab a:id Basl\niir observatiorls of 1925. (eiile Chap. V 
3 1). By means of an average lleiglit m a p  for t he  larger zones, prepared 
by J la jor  Glenl~ic, and an adaptat,ion of t he  formulse, so as to use 
conlmon zclrles for estimating detlections from maps for joint gravity 
and latitude stations, thwe laboriol~s computations will be somewhat 
silnplified in future ( u i t l e  Chap. V $$ 2-5 and 8). 

'I'l~e results of the computations were usecl t o  draw a sectlon of the 
conlpneattul geoid in Kaslimir with a view to  de t e rn~ in ing  which spheroid 
tits ~t b s t .  Captain Bornford's conclusio~i is t h a t  t h e  Survey of India 
spheroiil No. 11, deduced from the  rest of Inclia fits t h e  recent exten- 
sion into Knshniir better than the International spheroid coi~lcl (ride 
Chap. V). 

r 1 $1. Ihe  geodetic triang1ll;ttion of t he  Rangoon series was conti- 
nued aritl completed. The use of Dr. H ~ ~ n t e r ' s  portable observation 
tower in combination with 100-foot lattice-masts and special mast 
signals provetl very effective in this  enclosecl country (vide Chap. T I ) .  

10. F o r ~ r  detachments were eml)loyec1 on levelling of high preci- 
s io l~  ant1 two on secondary levelling in addition t o  the  Commercial 
levelling group which carrietl out secondary and tertiary levelling for 
the IIaveli Irrigation Project (r:ide Chap. V I I  $4 1-3). 

The Ievellinc cornprisecl 1282 miles of high preci~ion, 974 of 
secondary, :tn~l 11, 72 7 of tertiary levelling. 

19 miles of special levelling between Debra DGn ancl Miissoorie 
(n-it 11 temperatures ohservecl a t  staff and instrument) were carriecl out 
to n-ist in investigating refraction effects when levelling up  continnous 
cra(lients (r.;tir Chap. VII  4 4). This year's work completed a big 
rllain of new levelling conr~ect ing Kidderpore ant1 Kariichi tidal obser- 
vatrwies r n ~ t l ~  a cliscrepanc? of - 1.805 feet in 1,663 miles (cide Chap. 
V I I  g 12.). 

h t ;~hlc ~ l ~ o w i n g  the progrew of the new level net is given in Chap. 
V I I  $ 13. 

Thc polity of t h ~  S u r v ~ y  of Inclia, with regard to  the  maintenance 
of 1'rimsr)- Protected Renctl-Jlal.li~ o n l ~ -  in fotnrc, is outlined in Chap. 
V i l a  1 L ,  

11. Description oE the newly designer1 personal eqr~rrtion apparatrls 
is given in a note by Capt. Romfortl ( ~ * i t l r  Chap. VIIZ $ I).  

I .  Capt. nomford cliscnsses the height of Mor~n t  Everest, 
arrivine a t  tlw valne ?9,C).',C) a9 the nearest approxi~nat~ion to  the  true 
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c/co;dal lleigllt dedu cible f ram existing data. Reasons for using geoidal 
ileigllts :we given. (vide Chap. V I I I  Q 11). Even yet  the value cannot 
Lc regartled as final. 

13. Two photogl.ap11s of the C;eodetic RIuseuni, inaugurated by 
('olonel 121. O'C. l'a~itljr i l l  1'326, will be found in the volnme, facing 
])iIY(' IX. 

'I'l~e personnel of the Geodetic Branch is given on the nest  page. 

J .  1)); Glt.l>iYl~ I<UKTElI, 

ni rec /o ) .  o/' t/le Geodetic Hra~zc/l. 
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THE INTERNATIONAL LONGITUDE PROJECT 

1. Object of the observations.--At thc meeting of the In- 
ternational ilstronomical Union in 1925 a t  CnniL~.itlce it was decided to 
unclertalte a combined determination of the lon,~ituclcs of a number of 
observatories in all parts of the  ~vorltl. For  t l i~s pol-pore specizl wire- 
less signals were emitted from four stations, (I3ordeans, Annapolis, 
Honolnln and Saiqon), which \\rere received a t  about 50 observatol.ies 
co-o~e~aating i n  t,he ~ r o j e c t ,  one of n.Iiic11 was a t  1)ehra Dun. It was 
decidrtl to carry ont o l ~ e ~ a t i o u s  in October and November 1926, and all 
the obs~rvatories atteml~tecl to  take uiglitly ol~servations for time, and 
to receive all possiI~Ie n~ireless signals (luring this l~eriod. 

It \\.as arranged tha t  the obwrvntorieq a t  Algiel-s, Zi-ka-~vei 
(Shanghai), ant1 Sail Diego (Califoruia), s l ~ o ~ ~ l d  constitnte the princrpal 
s t~t ions,  and tliat they would mnl;e indcl)cntlent tletcrminatione of their 
difference of longitude 1,jr pairs, the snm being finall! adjlisted to 960'. 
There n.ns also some intcrrtion of other stations forming subsitliary 
circuits in the same manner. I f  tlie closrire of circuits is to give an 
indication of the I,~-obable error of their component arcs, i t  is necessary 
that each station in the circuit slioulcl ntilise different wireless signals 
and tliffe~.rlnt scrics of s tar  observations for tlie determination of each of 
the scpnrate arcs, with ~vhieh  it is concerned. A t  Ilehra Dun the stars 
\rere yl,onl)e(l into two series, so as  to  cnal)le this to he (lone, but the 
a i lvant :~~e  of forming suhsi(1ia1.y circi~i ts  is donhtful, and the results of 
the otl~er observatories, that have been receivecl, are not a1 ranged i l l  srlch 
a rnantIr1 as t o  admit  of their formation. The  cluestion is further 
discussed in 4 16. 

atltlition to  the precise determination of longitude, i t  was hoped 
to  a c q ~ ~ i t r  sonle I;nowlc(lge of tI1e ~.nte  of I)rol~aeatinn of  \I ireless signals 
and 0 1 '  the rrgalarit? of the sl)ccy] of t l t ~  ~ ~ a ~ . t I ~ ' s  t.otatiot~. The former 
will arise from m~lsitlct~atioll  of t h r  eloql~rr of t l~( l  main ~)ol,~pcln. 
Thr In1 tcr is hping iil\-cstic,.ntctl hj- 11. l j icnr~t.tln~~, 1)it.ertnr of the 
R11re:ill Trlterliatiol\~I de I 'Hc I I~c ,  \y1\0 Ilas nsI;ttl :rlI ~ ' : \ i t  i q i l ~ a r ~ t s  tto sei~tl 
him 1 ~ll~rorrcrtcrl  clock 1 imc< of t l ~ c  t.cccl,t ion of the 1101 tlr~al~x signal " '.?n'' (; 1 "' hetn.cpn 15th 0ctol)er ant1 1 (it11 Xo\-eml)er, I ! )? t i .  Less 
!ntenpivc 01,~rrv;ttions %I.() I)cillB rolitiii~lcd a t  mati! ohset.vn torics, inclurl- 
'"4 1)~Ill.a ])fin, ~ ~ i l l l  a virnr to tliscol-erinc 13nssihl~ ]ohg period or 
~eclllar changes of longitutlc.* 

2. Summary of work at D0hl-a DU~.-O~M". \  a (  iolis n ere 
-- - - - -. -- - --- 

I l l ~  r ~ n l t s  of the 1921'-27 obscrratlctns will be l o u ~ ~ d  ~n Chapter 111, ~ b s e r v a -  
hries, of this Geodetic Iteport. 
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made nightly except on Sundays and on three nights which were cloudy. 
Three instruments were used, two transit  instruments ancl one astrolabe, 
and the programme lasted four or five hours nightly. S ix  observers were 
employed. The  following four signals were regularly received :- 

(a) Bordeaux OS1' 01111 G.M.T. 
( h )  ,, ", 01 JJ 

(c) Saigon 11 30 ,, 
(4 ~9 19 00  ,, 

The value of longitude obtained from the observations a t  Dehra 
Diitr is Sh 12111 1 IB.79r +O. 020. The  old value, derived from the Indo. 
European telegraphic arcs of 189-1-96, was 5" 12"' 119- 770.- 

3. The transit i n s t r u m e n t s . - B o t h  transit  instraments were 
n~or~ntet l  in the Hunter Observatory, 9 feet apart,  on the  same meridian 
as thc old longitiide station in tlie Haig Observatory. Tha t  known as 
the North Transit (or T,) is Transi t  No. :! made by hlessrs Troughton 
and Slnlms in 1891, a reversible instrument of 3-& inches aperture and 
36 inches focal length. It has been fitted with a self-registering moving 
mire rnicl-ometer. The field is electrically illr~minatecl Nadir observa- 
ttons for level and collima.tion can be made with a Bohnenberger eye-piece, 
bat  stich observations were not taken into account when reducing the 
results. O r ~ e  division of tlie level is 1/20 of an inch long and is 
eqiiivelent to 0" 147. 

The  second instrument, known as the South Transit  (or T,), is of 
the bent transit type, revers~ble, of 24 inches aperture ancl 20 inches 
focal length. I t  was made by Messrs Troughton ant1 Simms in 1907. 
I t  also has an impersonal e\-e-piece ant1 electric illumination, ancl nadir 
observations can be ma~le.  One division of the level is 1/10 of an inch 
long and is equivalent to Us. 155. ''he magnification, however, is less 
than that of T,, and the latter is probablv rather the better ~nstrament. 

The Hunter Observatory has been symmetrically designed to avoid 
lateral refrxctlon, ancl stands well clear of all other builclings. - 

Two collimators mere emplojetl as a check on the constancy of the 
deviation. Only one collimator was visible from each transit  instru- 
men t. 

4. The a s t r o l a b e . - T h e  astrolabe is of the Claude ancl Tlrien- 
rnl:l,t ~ ) . ~ t t ~ r . n  iceo,lrtic model) by S.O.M., of :J inches aperture and 151 
inchrs focal  l e n q t h .  I t  \rap usecl in the open on its usual tripod, ancl WU 
protec t~d  by a crtnvaa screen. It was a t  first placed on the same meri- 
dian a- thr. trnt;sit, inet.rnnients, but was afterwards moved to another 
~ i t p  711 Fprt e l , ~ t .  .\I1 i t s  r ~ s l ~ l t s  \lave been yeducecl to t,he meridian of 
t l ; ~  F ~ ~ r r n ~ i *  sln.tion. Tltc ~~er-ot lal  eclltations mere det,erminecl di~,ectlj' 
hr- :In i n~ t~ . : t rn t~n t ,  r n ; ~ l l ~  loc;llly for tllc I,lll.l,ose, \\-IlicIi is c1cscril)cd in  
t I .  . I ~ ~ l l ~ e r l  h!- rotnl,:~~.ison nrith tile mean of t , l~e  1 !.ansit 
in*tl.~~mcnt.;' rrsul t,., i t  w o r k ~ ~ l  .r;a,tipfaCtOril!- with o l l ~  observer and 
nnratiefactorily wit11 another. 

5. Chronographs . - ' l ' h r  chrono~l.;il~Iis ~ ~ r c d  were :- 
(a) i\ tn-0-IIPII clr~tni rhrono:ral,l~, h!- Warner QE S\\RS%J'I 

spee11 . 7 l nf  an 1 I I C ~  per -econtl. This was i~scd for 
the tn-o t r ans~ t  t~ t s t r~~rnen t s .  T, mas connectul with 
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the pen on which seconds were recorded, and T, with 
the o t l~er .  

(1) A single-pen drum chronograph, by Warner  & Swasay, 
speed - 3 6  of an inch per second, used for the  
astrolabe. 

( c )  A tape-cl~ronograph, by Adam Hilger, speed -42 of an inch 
per second, used for t he  personal equation al,pa~.atus. 

r 1 llle wireless time sienals were received by ear and recorded by 
tapllets 011 ( ( I )  and ( h )  (r.idr 5 7 ) .  

6. Clocks.- 'L'l~c observa tor -  clock usetl \vas Riefler clock No. 
420. 'rile ~ ) r e s u r e  a ~ ~ c l  l e l ~ ~ ] ~ e ~ ' a t n r e ,  under \\rltich the  clocli \T'o~'~<s, are  
both contr~olletl. I n  alldition t l ~ e r e  a re  two c l ~ c l i s  1b.y I~rocls l i~m, about 
50 !.ears old, I;no\vn as clocl; A anel clor.li B. Neither of the latter are 
provitled \v~th any I)rrssnle cont~*ol .  Clocb A was p'acecl in the teni- 
p~ratore controlled clocl;-cell wit11 t he  Riefier clock, and clock B was 
placed in a room I\-llcrc tho cliurnal temper'rturc range clitl not exceed lo C. 

Tl~e IiicIicr is an  e\cellent clocli, and tile oltl cioclis A and 13 cannot 
coml'we in accuracy with i t .  However, clocli :I was useful i n  con~iec- 
tlo11 mitli tile rt>ception of wireless s ig l~a ls  ( r i l l e  + 7 ) .  Clock 13 was 
rated to mean t i ~ ~ l e .  

7. Wireless receiving set.-'lllle \v~~.eless  receiving set was 
manufactul.et1 1)\ Slemcns I t  11;ts tlll-ee \,;I Ive. (11iqI1 Frcque~ cy. tletector 
and low freclric'ncJ ) \\.it11 tune(] anotIe. The closed ci~.cait  is loosely 
coul)led to the : L ~ ~ I , L I  circllit. A Ileterodyne \\rave-meter is emplo! etl as 
a local o~cIII :L~oI. .  'I1llrCC aeri:ils \vpl.e av:iilal~le-a vertical aerial of 
100 feet al~tl  t \ \ o  ill\r~lrtecl L's-encIl of total Icngtli about 600 feet ,  
all(] OF I ~ e i ~ l ~ l  I Ol! feet .  

The 13o1.tlcn11s :llld SaiSoll signn,ls \\-ere gcne1~a.1I.v elear and s t ro~ ig ,  
but tllose of .\1111:1,l,olis alltl tIollolr1111 1ve1.e I I C V P ~  Ilr:i1.11. 

1 1  
llle mctl~otl of ~ . ecp~) t , i~ l l  t l l :~t t , l~c clock, worlting tl11*or1:11 a 

rela!., rut o~r t  t l ~ r  Ireierot]j.lle cvertr spcnlltl fur x I)eriotl sligl~t,ly 1o11zclr 
thall I c ~ r ~ i l r s  of tllc? bcbn,ts of tile siq_.n:r.ls, t l ~ n s  I ) r o c r ~ l . i ~ ~ g  ttlle rstinc- 
tlon of a f13\v I,on,t.s aljorlt  e\-cry ~nilirl tr .  'l'\\ro or three ot)serve~.s 
list,elle(l for the: l i t  st, I)pa1-, to  emerge, allrl ~,erortletl i t  on ~ I I C  c l ~ r o l ~ o ~ ~ ~ n l ~ l ~ s .  

s;ltist';~eto~.!- r r rrpl iol l  I ) y  tllir. Inrtllo(l it, is essc.~ltinl t b : ~ t  t,lit: clork 
sllall beat \.(*I.\. re=lIIal. spro;lds, all(l tllnf-, j t ~ 1 1 ~ t 1 1  of its brrnli s l ~ ~ l l  
be a ~ ~ j ~ l s t , ; r l ~ l ~ ~  1'1, tllst, of  t,II,! iixlla,l.;. TIII: b~.(b:i,lr o f  t , l~r :  Kiefler clacli did 
not, satisF\- o i t l l c r  t,llc.sc c,,lltlit,il)lls, 31111 2. n, s r~ l , s t i t ,~~tc~  i l  slwcixl 
e ' I ~ I  , t l l r  1 1 ( ~ 1 1 1 ~ 1 1 ~ 1 1 1 1 1 ,  , i l l  I I ) , .  H I I ~ ~ C I ,  ( t . i d t  
Bll l l f l t i~l  (;(:otli:si(lllC \iO. I 1, or 1 j )  ~t \\';IS 11ot i n , ~ ~ i ~ ( l i i ~ t ~ I y  j~li-siI)I? 

fit ~ ( I I C  1 ; 1 i t t ~ 1 ~  1 0  tile l{,i(>Ilpl. c.]Oplc, :1,11(1 SO (:lo(>li ,A \V:IS 1iti]is(~11 ~ O I -  ( 1 1 ~  

recel)t'io~~ 0 1 '  slKllals, a,ntl ;,, cOln l ) : l , l . i s , , l l  I , ( > [  \ycc>l~ i t  an11 t.hr Iiiellcr ~ I o c l i  
inl~~lcvli;ltol~ a f t t ' l~ \vn l~c ls  o n  t,]lc 1 \ V O - I I C I I  ~ I i ~ ~ o ~ ~ o ~ r a ~ ~ l ~ .  

8. Personnel.- I,,-. 1 1 1 ~ ~ ~ t p 1 ~  \\-as i l l  c l l n ~ . ~ : . ~  of' t 1 1 ~  o11~1,~fiol lh .  
I \\.,.,,. CII1l,lO,,.I.ll, (liVillllll i l l b t )  Iivo ~ I . I ) I I I I S  as l'oll(ms-, r : l r l~  

gr"'ll) ~ o ~ . I i i t l ~  ~ , ] t r r l l a t ( ~  \\.(~p)<s :- 

( n )  crlpt. G .  IS. 0+1~1nsto11, 1,iclit. I [ .  Tv. Jj7rigllt; and 
Lieut.  1 .  A 1 .  C';l.clcII. 
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(I,) Capt.  G.  Bomford, M r .  B. L. Gulatee  ancl M r .  R. B. 
Mathur .  , 

Capt.  Osmaston and Mr. M a t h u r  used t h e  South Transi t  instru- 
ment,  Lielit. Cadell and M r .  Gulatee the  Nor th  Trans i t  instrument,  and 
Capt .  Bomford ant1 I i e n t .  n ' r i g l ~ t  the  astrolabe. 1)uring the  last  week 
of November Lieut. W r i g h t  was unable to observe and  Capt .  Osmaston 
iised the astrolabe. 

Two recorders, working alternate weeks, were employecl booking 
level readings, etc., for  t h e  t w o  t ransi t  ins t ruments .  'l'he reacltng of 
cltronograph sheets, and computation of clock errors were as far as 
possible nudertalten by t h e  three off-duty observers assisted by 
M r  Banerjea and 1 0  computers. 

Arrears acc~irnulated, however, and  t h e  work was afterw:rrds 
brougltt u p  to date  by t h e  Observatory Section, under 111.. b l a t l ~ n r .  

9. Nightly p r o g r a m m e . - ' r l i e  s t a r  observations \rere made 
in two series. T h e  first f rom 211' SOu1 to  mitlniglit, and the  second 
frorn 011' 30"' t o  04" 00:". 'llhe Borcleaos 20)' Ol1I1 C+.Rl.'L'. and tlle 
Saigon 19" 00"' G.M.T. signals were received between t'lie two series. 

1 1 l l ie  observers on t h e  two  t ransi l  ins t ruments  generallj. nhcd tlie 
same stars.  Each series consistecl of 1 0  t o  1 2  time-stars within l b O  of 
the  zenith ancl fairly eclually divided between north and south, ancl of 3 
or -1, azitnntli-stars a t  least 30' from the  zenith. Ger~eral ly  there were 
rather more ot' t h e  la t ter  above tlie pole t h a n  below it. South  stars of 
larze  zenith distance mere also sometimes elnployed, and gave accor- 
d a n t  results. 

'l'lie levels were read before and af ter  each time-star.  T l ~ e  colli- 
mators were intersectetl before each azimuth-star,  generally on one fare 
onlv. Natlir mercliry observations were made a t  t h e  beg inn in^ and 
entl of each srrles, b ~ ~ t  mere not utilised in  t h e  computations.  All time- 
stat*s were oh-erved in both posittons of t h e  iustrulnent,  a s  were also 
all azimuth-stars after 19 th  October. 

.-ll)ollt 30 s tars  in each series were observed with the  ast,rolahr! of 
rvl~ich S to  I:! were P.V. s tars  ( i . c .  mit~liin 23" of the  prime vertica.l), 
and tlte renlaintler were fairly etll~ally tlivitletl between the  four 
qn:~drants  No stars were observed within 2:3' of the  meridian. Efforts 
were rt~ittle to  have a t  least four s tars  in each rloadrant, b u t  unexl)ectsd 
failnras occ:csiouallv retlucetl this nnmber to three. :30 to  85 menstires 
of I-~et~so~lnl eclnation were also matle. 

10. Pen-equation and relay lags.-'l'he pen-ec4uatJion of 
t,he I wo-pe~l c th~~ono~ra l ) l i  was obtainwl by rann ing  tbotlt l)ells o t ~  t l ~ e  
Iticfler clonlc for a few m i n l i t ~ s  on eacli slteet. Tlic t,wo pcns \vtlte 
act,~i:~tetl 1 ) ~ .  two t-el;t-s of i(lentica1 pattern,  \vhose " lags " were sI~o\vn 
to l,c itl(+ntical (!vit.Iiin less t , l~an 0'. 003) by  vernier coml)arisons \\.it11 the 
mean ttrne clock, heart1 in a micropltone. 

' 1  1 hc lag of the  single-pen c l ~ r o n o g r ~ p l ~  was compared ivitlt 1l1:tt of 
the  standard pen of the  two-pen cltronogral~h by m a l < i n ~  t h e  sitlg1(! pen 
itself break the circuit) of one of the  pens of t,Iie latter.  T l te  wirclcss 
receptiotl relay was similarly teetad. These two comparisons \rcre 
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carried out only from 17 th  t o  30th  November. For this period the 
mean correction to  the  single-pen chronograph was 0'-002, which is 
not greater than the probable error of i ts  determination, and so i t  has 
been neglected. The  correction for the  lag of thc wireless ~ P I B J -  WaB 
found to average 09.013,  and did not vary greatly so loog as  the ins- 
trument mas in good adjustment. The  correction has been applied 
when available, and on all other days its mean value has been accepted. 

11. Computation of transit observations.-S tar  places 
were taken from the American II:phemeris, the corrections given on 
pages 7.iO-7644 of the 1926 ed~ t ion  \Yere inclndetl, a n d  also the short 
period nutation corrections. For level, the spirit-level values were 
accepted in preference to those of tlie nadir olse~. \~at ions,  as tlie lattcr 
were less frequel:t. A t  the beginning of the operations the d~fference 
between the ~iatlir mercury antl spirit-level was consicleral,le ancl showed 
some persistence of sign, averaginz 0'. 10  in each instrument (luring 
tl~p tirht fortnight.  1)nring the retnaininq G \\.eelis the mean difference 
was ollly + U"00.3 in tllc Nor th  Transit  ancl -03.004. in tlie South 
I I lransit instruments res1,ec~ively. 011 1st and 2nd October the results of 
tlie observations bj. both transit  instruments, as coml~uted \vith t l ~ e  
bubt~lr reading, \vere clearly greatly in error, antl t l ~ e  obser\~ations have 
been rejected. EIad the nadir reac1in:s been emplojed, these two days 
woul(1 have been iu fair agreement \\.it11 the otlicrs. 

* 1 .  I 1  11. r .  1 ' .  4 1 1  1 

* Latitude reeultv will be found in Chapter V of this Geodetic Iteport. 
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east and west stars be taken out  separately, t he  mean of the  two groups 
oives a result wliich is unaeected by errors ot' latitude or altitude. 
b 

'llhe an thmetical difference between the  times given by  the  quadrant 
~ n d  P. V. stars averagetl about 0".05, and the  simple mean of the two 
mas generally acccptecl. 

'llhe results are given in Tables 1 2nd 2. 

13. Reduction of wireless s igna ls . -The  time of coinci- 
tlence betwern clock ar~t l  s i x ~ ~ a l  was recorcletl ou tlie chronoqrapli ( r i ~ l r  4 7 ) .  
To obtniu the trnie of ttie first signal ~t is necessary to  know t h e  
number of the siqnal s t  whicli coir~citlence took place, arid t he  interval 
bet\vetan si<n:~ls.  'l'he latter is imrneclixtely obtainable if more than 
one coinridenctl has beeti observecl, but,  if it is otlierwise linowr,, its 
value rnny he 11 t~ ll>eil to  nialie a com1)arison of snbsec~uent coincidel~ces 
with tlie tirst, :tn I tlia.; obtaiu iricrewse~l accuracy. 'l'his has been done, 
Ilslng for Rortlrarru tlie rept~tetl Interval ot' :i of a mean secontl, and 
for Saigon the ~ i ~ l u e  U.!)H>:l sitlet-en1 hecoricls publrsheil bv t l ~ e  San Diego 
observatory. 'l'he t l ~ ~ m b e r  of the stqlial a t  ~ l ~ i c l i  coinciclence tonk 
place is ; X I S )  imrnetllately f o a ~ ~ i l ,  rk' t he  approximate t ime of the first 
srgnal is known. 1)urrriq November thrs was always recortlerl, but 
dur~n: 0ctol)el. re!i Lnce WAS ~)lace(l on the reputed time of tlie emission 
of the  frs t  siqnal. 111 the  case of I3ortleaus this t ime was strictly 
atlhert*tl to ant1 uo i l l t t icul t~ arose; in tlie case O F  Saiqon i t  was not. 
For the Sn~:olr si:nals tlie neccqsary rnformat~on has since been obta~ncd 
from the puhllslietl re311lth of the  other observatories. 

14. Local sidereal time of reception of signals.-Tile 
clctluced ti111cs of rrbccll)t~on, cl)rrcct.erl for cloclc error, are given in 'Fables 
J to 5 .  'l'l~t.y art: I)~.;e,l on  thc st:w ol)servat,io~is of t l ~ e  niglits imrnetliiltely 
precetlir~: : L I I I ~  Foilo\vinr tlit: rect.ption of each siqnal, as ziveu in 'l'ahles I 
ant1 2 .  I r~ l l i v i~ l~ r :~ l  liights' r e s ~ ~ l t s  have not been smoothed t o  give a 
Inorr r 1 1 1 i F o l . 1 1 i  (.luck rate. 'l'trey n.re trrre si11ere:~l times, the short 
t2rtn.5 of 1111t:tt i011  11:xvirlg I)cetl taken into account,. 

1 l l l r  :~:.tl~;ll t i ~ n r  of reception is given, no allowance having been 
rnntle For the r . ; ~ t e  of ~ ) rop : tq :~ t i u !~  of t,lle si:n;tls. The  estimated t,irne 
of tra11s111iss1011 from Uur~le:~ris to Dehra D i ~ n  is 0 . 0 2 3  seconds, and 
fro111 Sai:o11 t , )  I ~ ~ I I I . : ~  1)1ir i  is 0 e 0 1 : ;  secor1ds. 

'I ' l~t .  t i ~ l i t \ . s  O F  t'lic first :tntl last signals are  aiven for convenience, 
hut they 11n\-c r~ot  hcen i n ~ l t ~ l ~ t ~ r ~ ~ l e n t l y  rerlucecl. 'llhe interval between 
c ~ , : ~ < e c ~ ~ f ~ \ t >  silr~lnl..; 1133 been a.;sl~lncil t o  be O.9Ht i :3  sitlereal secontls in 
h e  I I I I i :  I 9 for S : L ~  'rhe Saigon 
siz11al; \\-err. il.~.er/lll:~.r i l l  t l ~ i q  I * P . ; ~ P c ~ , ,  a1111 to ellable t l ~ e  tirnes of lirst 
and 1 : ~ t  s i y 1 . d ~  to  he I ~ ~ P I ) I I ~ ~ ~ ! I ~ ~ ~ I ~  \v i t l~ a reviseti vaI11e i f  (lesirc~il, a 
rn!:llnn i.; 1.~1~11~.1 q iv~ l i z  ~ J I P  I I :E I .~~CI I I : I I '  1i1lll1her O F  t.11~ signals, a t  u\.l~ich 
the 1nrn.n c-llinri~ler~ce:: o r c ~ ~ ~ ~ ~ , t : , l  : P. .T. i f  coinci~lences mere record~~( l  a t  
the H C ) t h ,  I 1.71 11 an11 2 I :lth si<n:tls, tlie InPat1 coinci(1ence was a.t t,he 
1 4 7 t h .  at111 I F  tht* intcrv,xl I),.t\vc~en si<nals is tho l lg l~ t  t,o be 0 .  !)H>P 
instea~l of O . ! ~ * > S  the rorrection to tile time of first signal will be 
+O".nool x I it;. 

Owing to the great irre:lilnritv in the times of emission of the 
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Saigon signals, there have, on some days, been doubts regarding the 
times of the  first signal. The  Dehra I3iin results have 

been compared with those published by other observatories, and have 
been accel~ted only when an agreement exists with a t  least two others. 
In 'l'ables 5 to 8, A signifies agreement, D disagreement, and a 1)lank 
indicates that the signal was not received. 

15. Performance of the i n s t r u m e n t s . - T h e  value of the 
DeIlraDiin clocl; error, which will make the daily value of any arc, as  given 
in Tables 10 to 13, equal to  its mean value, is the clocl; error according 
to the star observations of the  observatory a t  the  other end of the arc, 
affected only by the comparatively small errors of wireless reception, 
and of t , l~e value of longit~icle as detrrmined by the whole two months' 
work. By this means the error of the Dehra Iliin clock has been 
obtained in terms of the observations a t  Greenwich, I'aris, JVashington, 
Sall Diego, Alyiers ancl 'l'ok~.o, in addition to  those a t  Llel~ra Dun itself. 
T11e mean valr~e derived from theseseven observatories is given in the last 
column of Tahles 1 and 2 ancl this is presumably very nearly the true 
clock error. It is thus possible to iincl the actual error of each instrument 
on each clay. Table 9 gives the  for tu ig l~ t ly  mean error of observers on 
eacli instrument. 

The table reveals very considerable differences between the ob- 
servers. Although the e ~ t r i e s  in 'l'able 9 are described as errors, they 
are really only differences from tlie mean instrument, ancl it is not 
possible to say which is correct. The wide range of variation is most, 
nnfortnoate, and io consequence of it the probable error of the longitt~cle 
determination cannot be con side^-ed to be less than & O s . 0 2 0 .  It was 
exl~ectetl tliat the transit  instruments with their impe~.sonal nlicrometers 
would have given better resl~lls than this. I t  ma?- be remarked tha t  the 
Dehra Dun observers had very little previous experience of their 
in~t~rumeuts. 

16. Deduction of l o n g i t u d e . - A s  soon as the results of all 
stations are publishecl i l l  some snch form as in Tables.3 to 8 it will be a t  
oncc 1)nsible to  declr~ce t l ~ e  value of any a,rc of longitude. The forma- 
t.iori of a net rvorlz for sin~ultaneous red~ct~iol i  is at, first s i g l ~ t  an 
att,rnci;\-c pro1'0sitio11. bu t  closer inspection casts doubt npon its 
utilit~., ns will appear fro111 tlie Sollo\ring :- 

i)rnot,e the observatories by A, B, C, etc. 
,, ,, wireless stations by a, /3, y, etc. 
,, ,, clifferent signals by a , ,  a,, a:,, ctc. 
, ,, 1d.S.T. of reception of a, a t  .4 b,y T A4a,, etc. 

,, ,, longitntlc of 11 1))- TJ!\, ctr .  

1)cnote t l ~ e  correction for the rate of l)rol~azation of \\-il.cleas by 
K l ,  a ,{ ) f . >  

- An. - l?n 
' A G n  - v wl~ r re  A a  ant1 133 represent distanrcc', and 

v is the velority of l)ropngation. 



Then (LA-LB)al = Menn\~aloeof(TAal - TBa,) - K, a ,  t ' e A  a I I 

where eAal  is an error, which is made up  of :- 

(1) error in s tar  observations. 

(2j error on acconnt of clock's irrenularity between time of ? 
star observations ant1 time of signals. - 

(3) error on account of any  irregularity in the earth's rota. 
tion. This is inclistingulshable from ( 2 ) .  

(4) error in wireless reception. . - 

( 6 )  error in assiimecl rate of propagation. 
That  is to say, 

c = t h e  sum of 4 terms (a), (b), (c) nnd (d), 
AaI B 

of which (a) depends on date only, 
(b) 9 ,  ,, sigual and (late, 
( c )  ,) 1, 1 11  11 9 

( 4  )J  
,, positioti of A, a, and B, also possibly 

on date, if v is not constant. 

Or) e ~ a l ~  
=(a) [error in s tar  observations a t  A minus t h a t  a t  131 
-t (b) [error clue to  clock and earth's rotation a t  A a t  the 

time of a, nais~ia t ha t  a t  B] 
+ (cl [error in reception of a, a t  A n a i ~ ~ l i s  t h a t  a t  B] 

1 ................ + (d) [distance Aa - nu] x (error in - 1 
v (1) 

. . . . .  Let e = e  + e + .etc, comprising all the signals utilised 
A D  Aa,B Aa2B 

for the arc AB 
'then if n,, nJ etc., be the closing errors of different circuits, 

eAB+CBC + ..- ..... + e N d =  11, 
............... 

= 1 5 .  etc., 
(2) ................................ ... 

The equations ( 9 )  are to  be exactly satisfied, subject to  the condi- 
tion that  (rAB)g + + . . . . .  .etc., is a minimum. 

Now, iE a t  any station the same s ta r  observations be ~lsecl in 
r )nnection with any two arc.; emanating from it ,  eqriations (2)) in so far 
xs they are ronc~erne(1 \ v ~ t h  tha t  station, m ~ l l  be identically satisfied with 
re lard to  thc f i r 4  term of eqriations (1). A ~ a i n ,  if the same signals 
are utilispd for more than one arc a t  a station, eqrlation ( 21  m ~ l l  be 
irlentically satisfied a9 r e ln r~ l s  the second anrl third terms of equations (1). 
An11 acaln. ~f even srcnaI< from the same wireless station are used, 
~tlentity mill  result a3 rr',ral.~ls t l 1 ~  fonl.tli term of equation ( 1 ) .  In 
ecinwqticnre, only one linlf or one tliirtl of the stars and signals 
av~ilahle ran he 11fer1 for tllp (letelminntion of egch arc, and if errors be 
m n s ~ d e r ~ t l  aq trnly arci~lental,  tlre weight of the cletermination of each 
arc i s  proportional1.v retlriretl : the sm;~ l l  increase of weight rcsrllting 
fmm a t l j l l~ t rn~n t  i q  i n ~ 1 1 6 c r ~ n t ;  romperreatinn for this. Systematic 
ermra are no rlol~ht prevnt ,  b r ~ t  it i f  nbvi011s that as r e ~ a r d s  thr  first 
three terms of eqr~atlon ( I ) ,  no allinstment w ~ l l  e l~lninate  them. 
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As regards the term involving the rate of propaga6;on, the situ- 
' &tion is a little different. There is reason to  suppose tha t  this rate does 

not differ from the velocity of light, bu t  if i t  should do so, or if the 
length of the path followed should differ materially from tha t  of the  

arc, two cases arise. Firstly, i t  may be variable with the 
assumed rate as a mean value : in this case, as  above, i t  is best to use 
all possible signals in each arc, and to forego adjustment. Secondly, 
it may tend to some ot,l~er velocity as  i ts  mean value : in this case ad- 
jristnient is called for. The  closure of the circuit Algiers-Zi-ka-wei- 
'San Diego-Algiers (preferably freed from error of s tar  observations 
by tlie use of the same determination of local time in connection with 
the arcs on each side of each station) will show whether this compli- 
cation is going. t o  arise. I f  i t  cloes, i t  will become desirable t o  form 
furt,lier circuits in order t ha t  values of the velocity may be found which 
may be appropriate to each arc. 

The condition mentioned above, namely, tha t  no adjacent arcs may 
be based on signals emitted from the same wireless station, places severe 
linlitatioiis on the nature of the network selected. 

17. Utilisation of all s i g n a l s . - - I n  one respect, however, the  
results of outside observatories can usefully be en~ployed in tlie cletermi- 
nat,ion of an arc. It n1a.y happen tha t  the difference in longitude of 
two stations is required, which have received no signals, or few signals, 
in common. The arc Dehra D6n-Greenwich is such a case. A t  D e l ~ r a  
D i n  four different signals have been received, only one of which 
(Bordeaux 20" 01111) has bcen received a t  Greenwich. I f  now the arcs 
Dehra Dun-Paris and Paris-Greenwich be separately determined by 
independent signals, a seconcl measure of the arc Dellra Din-Greenwich 
is obtaincd. I f  the r c p l a r i t y  of perfornlance of t l ~ e  Paris clocks and 
tlie accuracy of the Paris reception be considered perfect, i t  may be 
assnmecl tha t  the Paris resrllts were errorless in comparison with those 
obtaincd a t  1)elira D i n .  Hence a value of the Dehra Dun-Greenwich 
arc, obtained indirectly through Paris, may be considered of equal 
weight to one obtained from a direct determination. 

18. Longitude of Dehra Dun.-Daily values of the arcs 
Dehrn D6n-Cfreen\vicll (by  Bordeaux 20" Oln'), Dehra Diin-Paris (by Bor- 
deaux 08)' Olnl), Dehra ~ " ~ n - p x r i s  (by Saigon 19" 00") and Dehra D i n -  
San 1)ie;o (by Saigon 1 11130"') are given in Tables 10  to 13, and summarized 
in Table 14. The times of reception at Paris have been taken from the 
“(l~mi-ddfinit.if v values given in  the Bulletin Horaire NO. 3% of 20th 
Fehraary 1927, and those of Greenwich, San Diego and Washington, 
from their published resalts. Using dat,a from the same sources, (and 
i t  is i~nmat~erial  rnIlet,I,er the times of tlie intermediate strations Paris 
and San Diego be baser1 on the best possible st'ar observations or not),  
the arc Paris-Oreen~vipll, by two Annapolis and two Eiffel Tower 
~.hytlirnic signals, is forlncl to be 011 grll 20" 9 12*; and the arc San Diego- 
(;reenn.ich, by two Annapolis rl~vtlimic signals, is found to be 7" 448L11 
4SS.375*. Combining these arcs wit,li the figures given in  Table 14,, we 
hare the following values for the arc Dehra Dun-Greenwich :- 

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

* These fignres ore not, likely to  agree mit,h the tinnl values of the Iongiturles of 
Paris ~ n d  Srrn Diego: this is immat,erinl. A n y  change will bc due  to n more complete 
c0mpntat.ion of their clock error#, rind the  two  coniponent nrcs will be nffccted by 
changes of opposite sign, lcaviug the  deduced longitnde of Dehrn D i n  unchanged. 



10  G E O D E T I C  REPORT [VOL. III. 

(1) Direct by Bordeaux 2011 01"' 5h 12" 11g.793 
( 2 )  Through Paris by Bordeaux O.Sh 01" 5 12 11 ,801 
( 5 )  Through Paris by Saigon l g h  00" 5 12 11 -791 
(4) Through San Diego by Saigon 1 lh 30" 5 12 11  ,790 

The mean of these gives the final value of t he  arc Dehra Diin- 
Greenwich to be 5'' 12" 11" 79,. The good agreement of the four 
different arcs is 110 measure of the accuracy of the result. All may be 
equally affected by any errors in the s tar  observations, and, as  stated in 
3 15, the differences between different observers have been so great 
that  the probable error of the  above result is as  much as + O3-020 
This is a d i sap l~o in t ing l~  large probable error of the result of such an 
estendecl series of observations, but  in the  past the repetition of the 
measurement of various arcs has shown discrepancies greater than were 
to be expected from their apparent probable errors, and i t  is t o  be hoped 
tha t  the large nnrnber of observers and the  variety of instruments 
employed in this arc, will have resulted not only in a fair determination 
of the longittide, but  in one which is as good as i t s  probable error 
indicates. 

The above figure may be compared with the old value of 5'' 12"' 
l19.7i'0, derive11 from the Indo-European telegraphic arc of 1894-96. 
I t  is note~vorthy that  the incliision of the more recent (1903) value of 
the component arc Greenwich-Potsdam, increasing Indian longitucles 
by U"098, would apparently have impaired the  accuracy of the 1894- 
$16 results. 

Fuller details of these operations will eventually be published in a 
separate volume. 
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TABLE 3.-Local siclel.eal tim.e qf reception u t  B e l ~ r a  D i n  India,  of BORDZA UX 
quiveless time s i g ~ ~ a l s  nt 8Wlm and 20Wl'" G.H.2'. in  Oclober 1926 
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TABLE 4.-Local sidereal time of reception at Dehra DGn India, of BORDEAuj 

tui,rele,vs time siynala at 8h 01" and 20h 01" G.M.T. in November 1926 

f 1 ' .  8 b  Olm O.M.T. 2 0 h  Olm G.M.T. 
a I 

By Series I1 
I+II By Series -- 

2 
By Series I1 lly Series = 

2 

d : ... ... ... ... 3 5831.25 4 0 3  32.07 3 5831.24 40332. 
3 ... 40227 .83  0728.65 40227.82 0728- 
4 1 1 , ;  0-k'i6.07 16 0926.89 16 0426.08 16 09 26.90 06 24.33 11 25.15 06 24.34 11 25. 
5 1 08 22-64 13 23.46 08 32.65 13 23.4.7 1020.95 15 21.77 10 20.96 1621.7s 

6 1 ,  12 19.15 17 19.97 12 19.16 17 19.98 1417.37 1918.19 1417.39 1918.21 
7 1 ... ... ... ... . . a  ... 
,q 1 20 12-20 25 13-10 20 12.28 25 13.11 22 10.50 27 11-33 2 imio .50  2i'ii-32 
9 ,; 2405.80 29 09.62 24 08-79 29 09.61 

10 1 28 O S . S ~  33 06.11 18 05.25 33 06.07 3003.63 3 i 6 4 . 4 5  3003.59 3504.41 
; I  

111 3?r)l.90 3702.73 3201.85 3702.67 3400.20 3901.02 3400.13 3900.95 
I.' 3559.46 4059 .28  35fi9.40 4 0 5 9 2 3  3 7 6 6 7 4  4257.56 3756.69 4257.5 
I3 1 39 55 .02  44 55.84 39 54.99 4456.81 41 13.27 45 54-09 11 53.26 4654.0 
I +  43 51.55 4359.3'71 4.3 51.53 4 8 5 2 - 1  ... ... 
I S 1  4748.11 5248.93 4748.08 5148.90 4946.41 5 4 7 . 2 3  4946.40 5447-2 

I I 
1 - 51 41.65 165645.4d 51 44.641165645.46 53 42.95 4 5 8  43-77 53 42.95 45843.7 

5 3 - i l ~ 2 0 1 7 0 0 4 8 ~ 0 2 ~  5541 .23 i l70042~05  4 5 7  39-46 50240 .28  $67 39.51 50250. 
~ : ' l l i 5 l l 7 7 4  0 4 3 8 5 6 ~ 1 6 5 9 3 7 6  0-138-58 i O l 3 6 * 0 8  0636.9C~ 5 0 1 3 6 0 7  0636, 
19 ;I ... ... ... ... 05 32.66 10  33.48 05 32-71 1033' 
.'!, 1 7  07 30.98 12 31.80 170731.00 1831.82 0929.20 1430.08 0929.20 1430.0 

I 
31 I .. ... ... ... ... ... ... 
2 ! 15 24.21 20 25.02 16 2-b.20 2025.02 17 22.46 22 23.28 17.i2.4~4 22 23.2 
?:I1 ,., . . ... ... 21 19.01 26 19.83 21 16.98 26 19.8 
2 1  j Z R  1 7 . ~ 1  28 18.13 23 17.29 28 18.10 25 15.53 30 16.35 25 15.51 30 16. 
' 27 13.78  32 14.60: 27 13.75 32 1-E.57 29 12.09 34 12.91 29 12.06 34 12' 

i 
, 31 10.39 3(; 11.21 31 10.36 36 11.18 33 08.6i  38 09 .49  33 08-64 3fl09.4 

7 '  ... ... ... ... 37 05.14 42 05 96 37 05-14, 42 05.9 
2" 3 3 4 11 04.2d 39 01.41 44 04 23 ... ... . . ,  
2 .  4 5 43 48 00.80 4 4 ; ~ .  27 49 59.09 44 58.26 49 59.0 
39 '17 46 G6.tGl7 ~1 51 57.38 5 48 64.84 5 53 55.66 R 48 54.84 5 53 55.6  
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LBLE 5.-Local sidereal time of 1.eception at Dekrcr. DtZn Ind i~ t ,  of iti"3lGON 
wireless time signals at 1190"' G.M.T. in October 1926 

* Alinnto not given. 
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TABLE 6. -Aocal sidererd tince o f  receptiolz at D e h n  DGn Iiltlin, of S A ~ ~  
wireless t i m e  signals a1 l g h  000" G.M.T.  ir~ Oclober 1926 
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4 ... 
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I I 
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2 9  
2 
4 1 ) :  
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2836.9; 
32 14.91 
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... 

1 .i9 34.25 
2 0 3  10.61 

070s 91 

31 08.?3 
36 28.67 
4032.25 

24236.13 

... 

0936.00 
1413.26 
17 54.2s 

2 i ' k a 2 t  
i 

3.1 59 471 
35 56.83 
41 23 288 
45 2 6 . ~ 3 ,  

I 

. ,  

23 19.86 ... 
3 3 3 1 5 1  
37 09.51 
39 11.58 
432G.'iH 
47 56-36 

15113.61 

2 0 i 2 8 . 8 5  
0805.25 
1200.51 

195 
... 
138 
117 
190 
152 
156 

132 
,.. 
193 
158 
189 

1430.6n 
1907.87 
2248.88 

. . a  

30 30.87 

! '  

2!)04.89 
31 02.25 
3628.6!: 
40  33.25 

2 3 7 4 9 . 8 6 : 2 4 2 5 5 . 2 0  

... , 

150 
151 
171 
... 
148 

33 59.49 
35 56.84 
4123.29 
4.i 26.86 

24743.80 

... 

126 
166 
153 
176 
165 

... 
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I D L E  7.-Local sidem-tl time of reception at Deha  Dlin India, of 8AlQON 
quireless fime sig~tuls at 11" 30"l Q.M.T. i n  November 1926 

11" 30B1' G.M.'L'. - o m  

- $ 2 ;  
'W .E, :? 

I+11 By Series I Ily Scrics -- 
2 
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TABLE 8.-Local s i d e ~ e a l  tittie o f  ~ecept ion a t  Dehra D21a Ifrdia, of 

zoi~.eless li111e signals (it 1 g h  00" G.N.1'. Z ~ L  AToaember 1926 

-- Tokyo Zi-ka.wei pl 

I I 
1 /L I I I  s I h 118 s 
I I 1 / 351  31.70. 256  26.301 

I h I I I  s 

2 51 31.68 
5400.83 23S55.421 

01 37.31( 
JO-18.56 

1417.56 
... 

20 56.02 

2 ,5400.81 
3 i S 5 Y 2 ! ) ~ 1 4 3 0 3 2 3 ~ ' 7 6  
I I03 42.73 

h 111 s 

2 56 26.28 
25865.43 

5 

6 
r 

162  
171 

05 53.95 

0922.93 
... 

I) 1 7 1  

146 
135 

25839 .15  
3 02 42-72 

\ 16 01-42 
2621.77) 21 E 7 . l ! l  
30 19 .~4 i j  25 25.25) 

I1 
ln 

! 
1 

A 
A A 

135 
156 
l i 3  

1 6 2  

194 

30623.56 
0737.31 

P U  l l . 8 J  
30 19.89 

A 
A 35 2 5 . 2 ~ ~  

11 
I 

. . .  ... ... ... ... 
:2 3402.11 3402.16 385'1-76 142 
13 ... ... ... 
I4 ... 

2 0 ,  ... 

... i ... . . .  

A I 

A i 
... 
A 

A 

A 
A 
A 
21 

... 

... 
A 
A 
A 
A 

A 
... 
... 
... 
... 

05 54.01 

0922.94 
I , ... 

lli 01.12 

I 
1 1 
... , 1 
11 . 

... 
A :  
A ; 
A 
... 

I) 
.4 
A ,  
1 1  ; 

I\ ; 
I 

... '. ' I 

... 

... 

A 

119 
135 

141 
... ... 
... 

I 2 I 2 I 22 l9.2(; 2; 13.S7 

1048.62 

14 17.54 

10 56.02 

A 
. . .  
A 

1 I 

., - .  - ' , 2s 03.06 

1 

D 1 
... i 

:i2 :,7.67:! % U:~.II!I~ 32 57.70 

4 2 9 0 s . 9 1  . t ? - l . ~ ~ j . . i l  . r 
- 1  ... ... ... i . . .  

' ... . . .  
... . . .  

... , . .  ... 



CHAP. I.] INTERNATIONAL LONG LTUDE PROJEC'I' 21 

h l L D r n % * ~ C .  

? $ ? ? ? - ?  
4 + + I I + + I  
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C ? m 
* - P. 
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4= B al 

? P 2 ; c $ c z "  2 4 4  
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FI 0 F1 
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TABLE 10.-Daily zvzlwes o f '  the arc n e h r a  llln-Greenwich, 
de/et-t~litreid by BORDEAUX wireless Zitlte siy?tals at 20" 01'" G.JI.T. 

h m  s 
Octol~er  mean - 5 12 11.812 
Novrmbcr ,. = 6 12 11.813 

. 

-- 
General mean = 6 12 11.813 

Corr, ction for t ime  
of propagation = - a 020 

--- -- 
Final Arc - 5 12 1 l .793 

Green- Daily value 
Arc 

Dntc bleao rn lne  

s 
... 
... 
... 

+ -022 
... 

+ lo62 
+ .053 
+.033 

... 

+.019 
- .0?0 
- a 0 2 1  

... 
- .029 

+ ,016 
. . , 
... 

-r ,023 
- .030 

Oct. 
1 
2 
3 
4 
3 

R 
7 
S 
9 

10  

11 
15 
I 3 
14 
1 S 

16 
17 
1 ?( 
I9 
2 1) 

Mean value 

Y 

-.020 
-a052 
+ ,005 
-.043 
+-O5G 

- .043 
... 
-000 
... 

- a043 

-a060 
- so34 
- .021 

... 
+.0?6 

+ .015 
- a027 
- .0117 
+ .030 
- -065 

... 
+ .028 
+ .004 

.OOO 
+ *038 

+ ,070 
+ -024 

... 
+ .060 
+ -065 

Nov. 
1 
2 
3 
4 
6 

6 
7 
6 
9 

10 

11 
12 
13 
1 4, 
1 ii 

1 6 
1 7 
18 
19 
2 0 

21 
2 2 
23 
24 
25 

26 
2 7 
28 
29 
30 

h I I I  s 

5 12"'11-834 
... 

... 
,874 
.865 
.BAS 

... 

a 8 3 1  
. i R 2  
.751 

... 
783 

.82R 

.S3.i 

h m s 
6 12 11.793 

,761 
-818 
-770 
.869 

.770 
... 

,813 
... 

-770 

.753 
-779 
,792 

... 
,839 

.838 

.if36 

.8oti 

.843 

.74S 

.RPl 

.817 

.a13 
,851 

,883 
.837 

... 
.R63 
a878 

2 i 
., ., _ _  1 

8 . . .  ... 
23 1 
'74 i 
2.j 1 . Y 0 0  ! t ,017 

i 1 
21; 1 . s o ?  - . f ) lo  
.,- I 
- 1  ... 1 .>< . 71 ;4  - . O J H  
.,, _ ,829 / + . 0 1 $  
:;'I .7qY, i - ,021; 

3 L ... 1 ... ---- 
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TABLE 1 1 .-Bnily v a l i ~ e s  of the ccl.c D e h a  D leu-Paris, 
,lete~-miwed 6y B 0 RDE A UX wil-eless time siiY l ~ a l s  at 8h Olm G. LM. T. 

h nr s 

Octol~er illen11 = 5 2 50.921 
November ,, - 5 9 50.901 

---- 
a e ~ i e r n l  meeu = 5 2 50.911 

Correct,ion for t,ime 
of propagation = - 022 -- 

Final h c  - 5 2 50.889 

Daily value 
- 

Meail value 

s 
+ a011 

... 

... 
-.065 
- ,014 

-.043 
... 

-so07 
-.046 
- a075 

- ,034 
-*(I17 
+ .019 
+ .OOY 
+ -001 

-'OSO 
- .025 
-.076 

+ lo07 

... 
+ ,064 

(ireen- 

Date 

Oct. 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

1 6 
17 
18 
1 I) 
20 

21 
22 
2 3 
24 
2 5 

? ti 
'2 7 
8 

29 
80 

:< 1 

W trr s 
... 
... 
... 
... 
... 

5 2 50,921 
... 

,948 
... 
... 

-913 
~ 8 9 1  
a905 
.R97 
.879 

'925 
a802 
.916 
'9.52 
-907 

-897 
. . , 

,887 
.928 
.921 

a939 
.955 
.972 
.9fi5 
.!I35 

-025 

h 911 .F 

5 2 50.914 
... 
. . a  

-836 
-887 

.S58 
... 

a894 
-855 
-826 

.867 
-884 
.920 
.go!) 
.go:! 

,881 
.87(i 
,825  

... 
a908 

... 

hiean value 

s 
... 
... 
... 
... 
... 
,000 ... 

+ .027 
,.. ... 

- .008 
- .030 
- .Olfi 
- .(I24 
- .042 

+ ,004 
- .029 
-.006 
+ .021 
-.014 

- .024 

... 

... 

Nov. 
I 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14  
15 

16 
17 
18 
10 
20 

2 1 
22 

- .034 
+.007 

. 000 

+ .014 
+.03h 
+ .05 l  
+ .044 
+ .014 

+ ,004 

23 
24 
25 

26 
27 
28 
:!n 
30 
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TABLE 12.-Bni!y valrrrs of the  arc Behra B ~ Y I - P a r i s ,  
dete~nained t3y SAIG O,V ,~oi~.e lrss  fime signctls nt 19" OOnl G. M.T. 

6 rrt s 

Oct,ober meau 5 2 50.868 
S o v c ~ ~ ~ l > e r  ,, = 5 2 50,448 

--- 
(:enern\ mean = 5 2 50.858 

Correct,inn for t ime 
of propagation = + a021 

- -  - 
Final Aro = 5 2 60.879 
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TABLE 18.-Daily oal~bes o f  the arc Belira Dun-Sun Diego, 
determilzed by  SAIGON wireless time signals at l lh 30" G.M.T.  

A m  w 
October mean - 13 1 0.150 
Novcmbor ,, - 13 1 0.118 -- 
General menu = 13 1 0,134 

Green- Daily value 

Correction for t ime 
of propagetion = + -031 - -  

Fiual Arc = 13 1 0.165 -- 

Date 

Oct. 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

2 1 
22 
2 3 
24 
25 

26 
27 
28 
29 
30 

31 

Mean value 

h m s 
... 
... ... ... 
. . 

13 1 0.136 
.204 
a236 
-198 

... 

... 

... 
-147 

... 

... 
-162 

s 
... 
. . , ... 
... ... 

-a014 
+.054 
+ .08G 
+ -048 ... 

. . a  

... 
-no03 

... 

... 
+ -012 

Nov. 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

... 

.., 
el58 

... 
-146 
~144 . I18 
a104 
-069 

~156 
... 

-087 
.I61 
a178 

... 

... 

... 
+.009 

... 
-.004 
- .006 
-a033 
-.048ti 
-a081 

+ ,006 
... 

- ,063 
+a011 
+ .028 

... 

+a007 
--023 
+ -017 
+moo9 

+ -032 
+ -021 
+ a042 ... 
+ .006 
+ ,023 

... 

... 

... 

... 

d 

h ~n s 
13 1 0.130 

... 
-092 
-079 
.I41 

-0Gl 
... 

-07G 
-120 
.076 

... 
-128 

... 
-111 
-143 

17 
18 
19 
20 

2 1 
22 
23 
24 
25 

26 
27 
28 
29 
30 

s 
+-012 

... 
-.026 
- a039 
+a023 

- a057 
... 

- -01.2 
+a011 
-.042 

... 
+ .010 

... 
-no07 
+-025 

16 1 el23 
-126 
.090 
-135 
-127 

-150 
-1.79 
-160 

... 
,124 

~141 
... 
... 
... 

+.(05 
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TABLE 14.-Abstract qf lo~z!gitwcle dzyere~zces, 
correcfed,/br speed uf p~.opngat ion.  

Brc 

-- 

Dehr:r Din-Greenwicl~, ~ ~ i n  Br'rcle- 
ans signals at 30'' Oltn U.>l.T. ... 

Llcl~rs Di~u-Paris, r9tn t:ordeans 
signals at Sh 0 l m  G.bI.'r. . 

J)ehr:r Di~rl-Paris, via  Saipon 
hignnlu at lgh 00"' O.Jl.1'. ... 

L)chri~ Dun- Snn Dlrgo, rsin Snigon 
signtrls s t  I l h  30m Ci, A1.T. ... 

Wean 

h n~ s 
6 12 11.793 

5 2 50.889 

5 2 50,879 

13 1 0.165 

October 

IL W I  .T 

5 13 11.592 

5 2 50.899 

5 '3 50.8S9 

13 1 0.181 

Novcmber 

It. v t  s 
5 12 11,793 

5 2 50.879 

5 2 50.869 

13 1 0.149 



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

BY C-~PTAIN G .  BOMFORD, R.E. 

( i  Computations 

1. Accuracy of triangulated heights . -An illvestigation 
mas made by Dr.  J. de Graaff Hunter  into the reliability of triangu- 
lated heights. As mentioned in the  Geocletic Report Vol. 11.) Chap. 
I §  7, an athempt t o  construct a chart,  showing the  errors of the 
triangulated heights in each part  of the country, as revealed bj- spirit- 
levelled connections, had failed on account of the comparatively small 
number of connections ancl of the irl-egularity of the errors found. It 
consequent,ly became necessaqr t,o be satisfied with a linowleclpe of t he  
probable error of the  triangi~latecl heights a t  any place. This mas 
determinecl as follows :- 

If  Ill, h,, and h3 be the  observecl differences of height in the  thl*ee 
sides of any triangle, reckoiled in one direction, i t  is clear t ha t  the sum 
(h, + 11, t 11,) should be zero : let i t  actually be equal to  V. The 

quantityp = 2/z has been computed for each geodetic series, 

being the number of triangles in each series. 
0.6745 p is then the probable error of the observed height differ- 

ence of each side, ancl the probable error af ter  triangular adjustment . - 

p is snalogoiis to  the ~ n ,  used to express the quality of the 
horizontal angles of each series. A second cluantity P ,  analogous - to  M, 

has also been computed, defined by the relation P = p 2/: where 1 

is the ;tvera.ge IengtI~ (in miles) of the sides of triangles forming the 
series, 18 iniles being the average for the whole of India. 

r 1 lhen t'he probable error of height in a pendent series, a t  a point 
distant 100 S miles from the nearest spirit-lerellecl connection, is, 

J S  feet, and 4. P J S  may be considern1 excrl~t iooal .  Wbeil 
a series, or part of n series, has been close(1 on spirit-levelled Iieights a t  

both ends, the probable error ~ 1 1 1  be 1 . 3  P JS 2/ where 100 S 
K + 1' 
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and 100 KS ere the distances in miles from the connections. If K be 
greater than unity, (i. e. if 100 S always be the distance to  the nearest 

connection), the value of the fraction varies between 011 

and 1 .0 ,  and allowance for i t  is easily made. A chart is being pre. 
pared showing the greatest error in height likely to occur in any part 
of the Indian triangulation. 

The values of p and P are given in Table 1. 

TABLE 1.-Values of " p  " and " P " for all Geodetic Series 
of the Indian Triangu1ntio.1~. 

( continued) 

No. 

1 

Name of Series 

8 - 6 4  
7 -23 
4.59 

7.03 
1-89 

3.84 

1.77 

1. 16 

1.56 

1.0' 

1.26 
3'G2 

3.65 
1.65 

9.98 
7-47 
4.71 

7 -52  
2.23 

4.26 

2.19 

.26 

1.80 

1 26 

1 .62  
3'4Ci 

3 . 6 9  

Sonth Pirnsnith 
: lleridional ... 

2 ' BndhonMeridionnl 
3 / Arniia Meridional 

I 

RnnlirMeridional 
5 i Cnlcnttn Lon. ... 
6 Grent Arc Mer. 

; Section 81"-30' 

1 1 Bombay Lon. ... 
8 1 Orcat Arc bI er. 

1 Section 18'-24" 
1 Oreat Arc 

Section 8°-180... 

Sin$ Meridional 

i Const . . . 
I:! I Knrira ,llcl.idiounl 

13 ) North JInliincha 
1 c r i l i o n l  ... 

14 Chenrlwir hIer. 

1831-39 
1833-43 
1834-38 

1834.64 
1834-69 

1835-66 

1831-63 

1838.41 

1840-71 

1842-62 

1842-67 
1843-46 

1844-4G 
18.bJ.69 

28 
29 
30 

31 
32 
33 

34 
35 
36 

37 
38 
39 

40 

41 

42 

43 
11; Cnlcntta Sler. 1845-48 44 
15 . Sor~th BInlLinchn 

1 \loridinnrl . 1845-53 1 5  
1s I Khi r~p i sn ra  Mer. 8 415-62 

46 

47 

48 
22 1 North-West Himti- 

lnya ... 1849-53 2.16 1-81 
3 ! h i  Mer. 1848-62 1-44  1-66 19 
2-4 i Ewt  Coast . .  1848-63 

1 
25 Knrichi r,on. ... ' 1849-53 
16 / Ahu hleridionnl . . I  1851-5.' 
27 Snrth t'irasnilh ~ 

Bidnr Lon. ... 
Eastern l?ront.ier 

or Shillong Mer. 
Jnt le j  Jlcridionul 

Nedrns hler. and 
Coast ... 

Kithi iwir  Me". 
NO. 4 ... 

Enst Calcutta 
Longitudinal ... 

Mangnlore Mer. 
K n r n a n n & ( l a r b ~ l  
Nisik ... 

Rurmn Cooat ... 
Jnbbnlpore bler. 
Madras Lon. ... 

1.21 

1.24 

1.29 

... 
0.96 

1.11 
1.81 
0.78 

1 - 2 7  
1.04 
1.23 

1859-72 

1860.64 
1861-63 

1861-68 

1863.64 

1863-69 

1808-73 
1864-65 
1864.65 

1864.82 
1865-67 
1886.80 

K i t h i i w i r  Mer .... 
Gnjariit Lon. ... 
Kithiiiwir Lon. 

Sibnrmnti ... 
Oreat Indua ... 
Rihon Mar. ... 
Assam Lon. ... 
Cutch Coast ... 
IZashmir Principal 

Jogi-Tiln hIer. ... 
Sa~nbalpur  Lon. 
(Cutcl~) Coast 

Line ... 
Kithiirwir Mer. 

NO. 1 .. 
Kiithiiwir Mer. 

No. 2 . 
K i t h i i a i r  hIer. 

NO. 3 ... 

1.68 

1.88 
1 .63  

1-09 

1. 
1.742.; 

1-17 

1'26 

1.0 
1.4: 
1.01 

1.21 
0.93 
1-19 

2.01 
1-37 
1-66 

0.91 
1.742*0~ 
1.24 

1.52 
1.802.16 
2-48 

1.67 
1.48 

1.44 

0.871.22 

1.39 

3.364'51 

185a-66 
1852-62 

1853 

1853-54 
1M3-61 
1853-63 

1864-60 
1856-58 
1655.60 

1855-63 
:856-57 

1856 60 

1858-59 

1859.60 

1859-60 

3-04 
1.65 
1.47 

1.6 

1.40 

1-82 

2'4C 

3-02 
1.43 

1-86 

Ls70 

1.63 

2-01 
1.63 

j Meridional ... 1851.52 2.10 

60 
51 

52 
53 

2.61 
I 

54 
j 
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TABLE 1.-Values of " p " and " P "for  all Geodetic Series 
of the Indian Triangu1ntion.-(contd.) 

2. Latitude variation.-As a result of an  enquiry from 
Professor Wegener,  t l ~ c  vwlrles of a,tronomical latitndcs, foulltl a t  s ta-  
tions in Indin. a t  which observations hat1 bee11 t ; i l i e ~ ~  a t  more than one 
time, selnratetl by consitlerable periotls, \rere scrrltinisetl to  see whetller 
tlley affor(let1 a n y  evitlence of enrtll movemelit. 'l'l~e results are  s iven  
in 'l'ablc 2. 'L1hey lmve no t  bee11 clcal.ed of ,,ol:~r variation. 

NO. I Name of Series I Season I LP I& P I  KO. Name of Series ( Seasun I + p  l&P 
-- 

2.21 
1.25 

2.502.87 

1.06 
1-34 

0.780.71 

1.19 
1.19 
1.65 

1.45 

2.50 
1.15, 

2.35 
1.15 
One0 

1 .03  
2.07 

3.18 

2 . 3 t  

2.18 

55 

56 
57 

68 
59 
60 

61 
62 
63 

64 

65 

66 

67 
68 
(8 

70 
7 

72 

73 
74 

North Baluchistin 
Gilgit ... 
Khis i  Hills ... 
hlewkmsi ... 
Upper  I r r n ~ v a d d y  
J a i n t i i  Hill6 .. 

Bhir .. 
R i n c l ~ i  . 
Villupurnnl .. 

Sambnlpur Mer. 
Indo-Russian 

Col~nection 
Khs1 td~5 .  ... 
A s l ~ t a  ... 
Ruldina  ... 
Nald~.ug ... 

Niga  l.ills ... 
Middle Oodivari 
liohimn ... 
C i c h i r  ... 
HomLny Island ... 
3lndul.n ... 

Diicnlkot ... 
Sintl S i p ~ r r  'I'tinn- 

g u l n t i o ~ ~  . .  

1867-78 
1868-74 
1869-71 

1869-73 
1871-72 
1871-72 

1871,74.80 
1873-76 
1875-79 

1876-81 

1b78-81 
1889-95 

1891-93 
1894-99,1.45 
1895-97 

1899.1909 

: ~ ~ ~ : ~ ~ ~ ~  1 
1900-11 

1909-03 

76 
77 
78 

70 
80 
81 

82 
83 
S4 

85 
86 

87 

$8 
8:) 
90 

91 
92 
93 

94 
95 
96 

07 
98 

1 ~ 8 2  
2.62 
0 - 7 6 0 . 9 9  

3.14 

0.61 

1.28 

2.15 
1.71 

1.33 
0.98 
1.91 

2.17 
0.720.74 
1-48  

1.1; 
... 

1.49 

1.15 

1.05I.G-l 

Assem Valley 
l'rinngulation ... 

Brabmaputra Rler. 
Coimbatore No. 1 

Bilispur Mer. ... 
Cuddapah ... 
Hyderibid ... 
Jlalabar Coast ... 
Jodltpur bler. ... 
South lFnst Coast 

Eastern Sindh 
bleridion:al ... 

Sinn~ Brauch 
I .  ' l r~nngula t ion ... 

hl;rndnlny filer. 

Mong lTsnt ... 
hlsnipar 1,on. ... 
h l n l i r i ~ ~  Lou. . 

Rl~nilalny Lon. . 
I I e .  

Grcnt Falween ... 
Kidnrlinntn ... 
I(nlit1,on. ... 

1908-10 
1909-11 
1909.11 

1909-11 
1909-11 
1910-11 

1911-12 
1911-12 
1911-12 

191 1-14 

191?-13 
1012-13 

1913-16 
1913-14 
1913-14 

1913-14 
1!114 15 
1014-15 

1914-15 
1911-14 
1916-17 

1916.17 

1917-18 

1 - 6 0  
1.02 

0.98 
1.32 

1.17 
1.11 
1.33 

1 -25  

2.55 
1-46 

2 . 7 1  

10 92 

1 a00 
2.22 

4 - 2 8  

2-17 
1904-083 .152 .12  

1.35 
l . 9 &  

1.562.00 
2.41 

0.490.79 

2.492.53 
0.68 

0.460.59 

1.07 

2.79 
1-86 

1-44 
1.18 
2.08 

2.00 

1.62 

1.63 

1:7l 

1.18 
75 I !  Ualnchifitin 

r 1 1rinngulnt.ion .. 1908-09 2-97  
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TABLE 2.-.Lnlitude Variation 

= 

T. 5. 14 = ' I ' rongl~t~~tl nlid Silnrns' I.k-inch t.lleodolitc. Z.T. =Zenith telescope. 
(1) star cntnll-qne. ~ ~ I I I I ~ P I I  to 1st .rnnllnry 1850, w : , R  coml , i l c~  ~ > y  Mr. Ilcnnc~fi~.V 

of the snrrey of lntlin I'rnrn v~i~. io~,q cntnIcg,rnc..s inclntling 6 ntloptrd ones, namelJ'l 
GreClll~idl 12-gear 1840 and 1845. Mndler ]450, C:l-cctlmicl~ 7-year 1Ht0, G I ' ~ ~ D ~ ~ ~ ~ ~  

7-Yeor 1864 and ( + ~ e : , t ~ w ~ c . h  !)--jrnr 1872, ant( frttm 1 5  others of varying 
183.; to  187R. l'hia was nsetl for ol,.ervntic~rls prior  to 1346. 

( 2 1  fil'8t 3 valnr3s of lnt,itntlr a t  I(nliiljpnr q-el.e tlednced in 1880 the 
~ l a c e g  being taken from a modern star catnlognc, nuthor unknown. 

St or cntalogoe 
used in reduc. 

tion 

FIennessey (1) 
*I  

, 

I I 

1, 

I 8 

9 

t 2) 
(2) 
(2) 

Hennessey (1) 

Greenwich 1880 

Newcomb 

Henncssey (1) 

I )  

tlennrssey (1) 
)I 

I 

~ r e r i w i c h  
1880,1872, I t 64  

He~lnessry (1) 

Cir. 1872,18801 
1364 1880 

I .  

Greenwich 
188o&Newcomb 

Americn? 
Ephcmerls 

Sector. C. 
Xetrnnnmic~~l Circle. 

Metbod 
of 

observa- 
tion 

Z. D. 
,, 

Sector 

2. D. 
Sector 

Z. D. 
Sector 

2. D. 
,, 
s 

,, 
,, 
,, 
,, 

'I'alcott 

j1  

Z. D. 
,. 
,, 

Z. D. 
,. 

,, 
,, 

~ a l z o t t  

Sector 
,, 

Taicott 

, * 

Zcnith 

Lalitude 

3 1 ,I 

12 69 50.51 
51.71 
52.05 

105940.68 
40.S9 

8 9 30.18 
29 66 

18 3 l4.5G 
15.16 

8924 7 10.69 
10.85 

LI 

0 f -  
gd+! $ 
2 % ~ ~  ., I s.22 t- >s'= 
- 1':;6 
- 0.:36 

-0.21 

+0.52 

-0 .60  

+ 0 . 2 2  
t 0.35 
+0.64  
+ n.90 
+ 0.;:6 

-0.34 

+ 0.60 

c 0.18 
-i!.92 

+ 0 .09  

-0.27 

+ 0.1: 

- 0 . 2 3  

-0.1: 

- 9 2 3  

Z. 

al 
a 
2 
.& 
g 
14 

:3i3 

i: 37 

77 381 

40 

77 

Station 

DGddnganttr 

Pachapill~i- 
y eur 

Puons  ... 

DimnrFidn 

!<nliinpnr 

I n s t r ~ ~ m e n t  
"sed 

. S 1 .  
Z. S. NO. 2 

11 ,, 
Z. S. PI. 

Z. S. No. 2 

Z. S. R. 
Z .  S. No. 2 

Z. 8. R. 
A. C. NO. I 

Z. P. R .  
A .  C. So. 1 
,, So.  2 
,. 0 .  1 
., NO. 1 
Z. S. No. 1 

1'. S .  1.LXo. 5 
Z. 'T. 

'r. S. 1 4  No. 5 
Z. ' I 1 .  

.A. C. No. 1 
,, No. 1 
,, 1\; 0. 2 

11. C. So.- 1 
,, K0.2  

,, No. 2 
1, No. 2 

,, No. 2 
Z. I .  

2. 8. KO. 1 
,, NO. 1 

,, N o ,  1 

Z. T. 

A ntrolabe 

S. = St, range '~ 

Epoch of 
observa- 

tion 

1805.502i; 
1806.477 
1870,034 

1806.305 
1870.183 

1809.316 
18il.103 

1816.12Cl77 
1640.967 

1826.02? 
1839.98S 

Gogipatri ... 

I'osl~hnr ... 

llossooric 

Snngnl pnr 

I larnba .. 

Rhinpisnra 

1810.91G 
lSG6.148 
1963.901 
18!)9.034 

1860~411 
1922.387 

1860.393 
1922.409 

lbGfi.823 
18t;7.'i:r9 
lS67. 809 

l8tii 098 
186s . U S 1  

1869.251 
1869.862 

1870.269'74 
1893.04(1 

11.11 

K11ntl;ol .. 

Ayla (Long 
5t11.) 

74 4 1  

71 

:S 0 1  

76 02 

7 5  33 

-17 

11 . : 3 i  
10.83 
10.4; 

33 5146.5fi 
46.9( 

30:34 2 3.36 
2.78 

30 27 4 - 13 
3 03 
3 . !-J 5 

31 17 35.42 
35.33 

22 47 26.50 
26.57 

18 4.5 22 G?, 
92.48 

52.03 

Z. s .  R = Rnmsde~~'s  Zenith Sector. 

;1871.987 li, 15 14.28 
1872.lUZ 14.r12 

I 
1493~831~78 01 

I 
1898.1891 

03 

27 9 34 4: 

84.G; 

3 0  l B  51 SO 
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Five sets of observations, a t  Mussoorie, Sangatpur, Harniisa 
and Kundgol, cover intervals of less tlian a year each, In spite of which 
they show changes not miicli smaller tlian those of the  others. Of the 
remaining stations, four out  of five sliom increases in latitude between 
1800 and 1870, and three out  of six sliom increases between 1870 and 
1927. The changes a t  Gogipatri and Poshk-ar, which are situated 15 
miles apart, are directly contradictory. It can only be concluded tha t  
all the changes may be attributed to errors of observation or of s tar  
place, ancl that there is no evidence of continental drift .  Nor, on the 
other hand, is there any disproof of the existence of a drif t  of the order 
of fifty feet per century. 

3. A d j u s t m e n t  of Geodetic t r i a n g u l a t i o n . - T l i e  adjust- 
ment of tlie Bagalltot and Madura primary series was carried out. 
These two series were observed in 1'316-17. Table 3 gives details of 
the series, values of M,  and the closing errors which had to be distributed. 

TABLE 3.-Val1~es of LM, closing et-rovs 4.c. of Bigalkot 
and Madnra Series. 

4. Adjustment of minor t r i a n g u l a t i o n . - A  large amount 
of work has been done towards the acljustment of minor triangulation 
i n  the Xortli-West Frontier area, where tlie work of Inany different 
observers has for a long time bee11 allowed to remain in different terms, 
and with unadjusted discrepancies a t  ~ o i n t s  of contact. NO rigorous 
method of adjustment is either ~rac t icable  or necessary, ancl all that  has 
been attempted is to bring n e ~ ~ h b o u r i n q  pieces of work into mutusl 
agreement. The procedure followecl was to coinpile a list of the dis- 
crepancies a t  points conlmon to adjoining pieces of work, and then, by 
considering first the larger pieces, and tliose inost closely connected to 
primary tr~anqulation, to decide on the correction applicable to common 
stations. The cornmoll stations were tlien plotted on blank charts and 
the corrections entered against them. " Lines of equal correctioll " for 
both lat i tude and longltride were rotighly dm\\-n on the charts, inter- 
mediate lincs being interpolaterl. 'rhc cor1.ection ap1)licable to n station 
or intcrse~ted p i n t  in any part of the chart can tlien a t  oncc be read 
o f f a  The azin~titlls and lengtIrs of sides have not been adjwted,  nor 
w.111 their valries be p,lblisl~ecl. TVlicn reqnired, they will be computed 
directly from the adjrlsted co-ordinates of tlic stations concerned. 

The compilation of the list of discrel,aucies, involving reference to  

Length (miles) . . . 
nr . . . 
KO. of fioures ... 
Closing error i n  latil.urle ... 
Closing error i n  l o n g i t ~ ~ d e  ... 
Closing error in aziuiuth ... 
Closinl: error in log sitle ... 
Closiug error in height ... 

SignllioL series 

102 
h0.83 

10 tr iangles and 1 qundrilateral  
-OV.06 
-OU.09 
- 1". 14 
-0.0000068 
-0.6 feet 

Madnra series 

68 
&I .53 

10 triangles 
-0".01 
- 0". 09 
+ 3 " . 1 i  
-0.0000205 

Not a v n i l ~ ~ b l e  
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old records, was extremely tedious. Da ta  for 1/M sheets 38 and 43 
were compiled in t.wo months by a computer, sent  t o  t l ~ e  Frontier Cimle 
Office a t  Simla for  this purpose, and the adjustment  in these sheets ha 
proceeded satisfactorily. The  compilation for  sheets 34 and 39 has not 
yet  been commenced. 

5. Figure of the Earth.-Computat ions have been carried 
out in connection with the investigation into the  Figure of the Earth. 
These mostly involve the fo rma t~on  and solution of normal equations, 
in which a comptometer manufactured by Fe l t  and Tarrant  has proved 
very useful. 

(ii) Publication of data 
6. Levelling h a n d b o o k . - A  new edition of the levelli~~g 

handbook has been printed. The  principal changes are :- 

(1) The  inclusion of a description of the  Zeiss level. 

( 2 )  A fuller description of standard types of bench-marks. 

(3) A new method of crossing wide rivers. 
(4) A fuller description of the  connection of triangulation 

stations situated on steep hills. 
(5) The omission of Appendix A. (Comparison of standard 

tapes). 
(6) A new appendix dealing with the procedure to be follomed 

when a new line of levelling closes badly, and a general 
change of ground level is suspected. 

7. Geodetic R e p o r t . - - T h e  Geodetic Report Volume I (1922- 
25) and Volume I1 (1925-26), the first two volumes of a new series, 
have been edited. The various geodetic parties and offices prepare their 
own reports, but  the editing of these first two volumes for press bas 
thrown a great deal of work on to the Computing Office. 

8. Triangulation pamphle ts . -Tr iangula t ion  data of 32 
Indian, 18  '12%q and 9 Aden degree sheets' have been compiled. 10 
~'amphlets, comprising 20 degree sheets, have been printed off. 66 exist- 
ing pamphlets have been photozincographed, to replace shortage of stock. 

9. Professional forms and tables.-Traverse forms 1,11, 
15 ,16 ,24 ,25  and 26, and levelling form 9 have been reduced to foolscap 
size. 

The following new forms have been devised and printed :- 
(a) 9 and 10 Ast.  Two forms constituting an alternative to the 

graphical method of computing t ime and latitude from a 
series of observations with the astrolabe. The 
formula used is less rigorous than reduction by l e d  
squares, but  gives sensibly the same results. 

(b) 28 Topo. Computation of the rectangular co-ordiontes ( I  
cutting points for theodolite resection by the semi-graphs 
method. 
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(c) 29 Topo. Approximate determination of position by obser- 
vation of horizontal and vertical angles to  two known 
points. 

Tables.-A table (42 Sur.) has been compiled, giving tlie astronomi- 
cal refraction for various zenith distances a t  a pressure of 29 inches and 
temperature of 75OF. It is intended for  use with rough sun azimuths 
in traverse work, for which a precise computation of refraction is not 
necessary. 

10. Levelling p a m p h l e t s . - T h e  editing of levelling pam- 
phlets has also been transferred to  t,he Preservation and Maintenance 
section, tlie levelling party being, as  before, responsible for t,heir pre- 
paration. A new series of pamphlets, gi\ring the  results of levelling 
of secondary precision, carried out  for commercial purposes, has been 
introduced. The first two pamphlets of this series have been published. 

11. Misce l l aneous . -T r i angu la t i on  data  have been compiled 
for the War  Office, London, in connect~on with the production of a map 
of part of the Aden Protectorat,e, also for the Turco-'IrAq boundary com- 
mission, ancl for the Anglo Persian oil company. 

400 miscellaneous requisitions for data  and publications were com- 
plied with. 



OBSERVATORIES 

1. S u m m a r y . - T h e  principal work of t he  observatories has 
been :- 

(1) Regular time and latitude observations. 
(2) Comparison of standards of length. 
(3) Magnetic observations. 
(4) Seismograph and meteorological observations. 

2. Time o b s e r v a t i o n s . - D u r i n g  October and November 1926 
the intensive programme of the International Longitude Project was 
carried out. I n  common with many other observatories, Dehra Diin 
has undertaken to carry out a regular but  less intensive programme for 
an indefinite subsequent period, and for this purpose observations were 
made twice a week with one transit instrument and one astrolabe. 
The Bordeaux wireless signal a t  3'' ()Im G. M. T. was also received daily. 
I n  June, July, August and early September clouds make regular star 
observations impossible at Dehra Diin ancl atmospherics make the 
reception of wireless signals difficult. Consequently there will always 
be unavoidable gaps in the continuity of observations during these 
months. 'Phis year the wireless set  was dismantled for alterations and 
adjustments, ancl the break was complete. 

The inslrurnents used are described in Chapter I .  Table 2 gives the  
values of the clock error according to each instrument. On a few 
(lays discrepancies are rather greater than wotlld normally be expectd- 
As so011 as the times of recept,lon of signals a t  some other observatories 
are publishecl, it will be possible to discriminate between the two 
instruments, and to decide whether any results are to be rejected- 
Pending this decision, the results of the two instruments have been kept 
separate inrI!able 5 which shows the corrected times of reception of each 
wireless signal. The deduced values of t,he longitude will be 
in a subsequent (feocletic Report. 

3. L a t i t u d e  o b s e r v a t i o n s . - T h e  useof the  astrolabe fortime 
has resulted in n regular series of latitude observations being obtained, 
Table 3 gives the daily results for October and November 1926, and 
Table 4 gives a summary for this period, and the bi-weekly reflulta 
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up to the end of May, when astrolabe observations had to  be 
discontinued. The following are the monthly mean values of Ah the 
observed value lnini~v the previously accepted valoe, which is based on 
the old value of 30' 18' 51N.80 for the Ha ig  Observatory. 

October 1926 + G 2 2  
November ,, + 0 . 2 4  
December ,, ' + 0 . 2 6  
January 1927 + 0 . 1 %  
February ,, + U s 5 7  
March ,, -0.53 
April ,, + 0 . 0 6  
May y ,  - 0 . 2 6  

If the present programme can be continued for an extended period, 
it may possibly contribute something to the problem of latitude varia- 
tion, although the astrolabe may prove to  be an insufficiently precise 
instrument for this purpose. Combined with a similar series of obser- 
vations in the distant future, i t  should at any rate serve to test Wegener's 
theory of continental drift ,  for which purpose a long series of observa- 
tions of lower precision are likely to be more useful than a single 
observation of the highest apparent accuracy. 

4. Standards of length . -The  equipment of the observatory 
includes a comparator and a set of standard bars for the standardisation 
of base-line apparatus and other work requiring the highest possible 
accuracy. I t  was received in 1914, but  has never yet  been employed on 
the work for which i t  was designed. The apparatus has been overhauled 
and made use of for comparing the field tapes used by the levelling party 
for measuring the lengths of staves. I t  is intended tha t  this should in 
future form part of the routine work of the Observatory Section. 

A 100-foot sub-base which is correct t o  1 : 20,000 has been laid down 
on the floor of the base-line alley to facilitate the rough standardisation 
of tapes required for bases in exploration or other topographical work. 
There are intermediate marks every 1 0  feet, and also a t  66 feet. 

5.  Graduation of levelling s taves . -A batch of 1 4  staves 
recently graduated by the Mathematical Instrument Office was tested 
for reqnlarity of graduation a t  every foot. Table 7 gives the  values of 
iwtual length minlls repllt~(1 length, and Table 8 shows t'he errors in the 
regularity of the graduations, viz. :- 

actual total length 
(actual length) ntinus reputed length x 

10  feet 
latter expression is of cburse the t rue  criterion of the sttaff's worth. 

A similar test was made of four staves, which had been in use for 
some vears, ba t  rnhic]] were still considered fit for high precision 
geod~t~ic work. Tables 9 ancl 10  cive. the results. As regards their 
actllal I~n:.t,l~s the olcl staves arc bether than the new ones, which are all 
about 0-0055 too long. As uniformity, the oltl and the new 
ones are of similar qnality. 

It is noteworthy that, especially in the old staves, these departures 
from uniformity show of sign in any one staff, 
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s a d  tha t  the signs of the  errors in Table 10 are opposite to thoseio 
Table 9, indicating tha t  the top end of a staff undergoes greater ex. 

and contraction than does the  bottom end, a s  can be immediate]! 
seen in Table 9, where the errors a t  5 feet are very much less than half of 
those a t  1 0  feet. This persistence of sign might, under certain circum. 
stances, prodnce considerable error. When levelling up a steady gradient, 
the back readings on the staff are always a t  8 or 9 feet, and the fore 
readings a t  1  or 2 feet. I f  t.wo staves such as No. 20 A mere being 
used, the back readings would have an  average error of about OU0003, 
while the fore readings would be correct. I n  such a line as that from 
Ri jpur  to Mussoorie, rising 5,200 feet in 13 miles and involving 600 
stations the error introdlicecl would be about 0 .15 .  This is a ver! 
extreme case as the line is an exceptional one, ancl staff No. 2 0  A is not 
typical. I n  the other three staves the error a t  two feet is about equal 
to that  a t  8 feet, ancl the error nlould be much less. But  i t  might not 
be quite negligible. 

6. Magnetic oba , rva t ions . -The  usual programme of 
magnetic observations was carried out, comprising a continuous mag. 
netographic record of declination, horizontal and vertical force, deilj 
observations of dip, and bi-weekly observations of declination and 
horizontal force. Three exceptionally severe magnetic storms occurred 
on January 26th to 28th, February 23rd to  25th and October 13th to 
16th. The liorizontal force magnetograms of these clays are reproduced 
in Plate V: 

Sub-soil water percolatecl into the observatory between Ailgust 4th 
and 9th. 

l l ec l i t~a t io~r  ntsd horizontal  , fbrce constauts.-Table 11 gives the 
mean monthly values of the magnetic collimation, the distribution 

constants P 1.2 and Po,?, - .  and the accepter1 value of log (1 + 5 + :)-I 

for Magnet No. 17.  
Biiar-lim t~n?nea.-Table 12 gives the mean monthly observed values 

of the declination ancl horizontal force base-lines which have been 
u ~ e d  to compute the values of these' elements for 1926 .  The inomellt 

tif inertia oE t8he magnet was assumecl to be the same as determined 
i n  1919. 

.9ril/j1 r.,~lrte.o c r n l b  l e~) tperat , t re  range.-The meall scale values for 
1:;'26 for an ordinate of 1/25 inch were :- 

Horizontal force 4 - 32 gammas 
Declination 1 . 0 3  minutes 
Yertical force 9.86 to 11 - 5 9  gammas 

The mean tenlpel.at~lre of the year mas 26O.5 C with maximum and 
minimum nionthl!- va l~ le so f  L27°-3and 26O.8C. The temperai~lire of 
rednction mns 25' 0 C. 

M n n t k l ! ~  c q o l t ~ ~ s  nn8d n n n r ~ a l  chnngrs-Table 13 shon.s the n.nnthl? 
mean vallles of the magnetic elements for 192.5 and 1926, ail(l the 
annual changes for that  period. The mean values of the marnetlc 
elpmentn a t  the Dehra D t ~ n  observatory in 1926 are given below:-- 
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OBSERVATORIES 

Hourly vn l~ le s  of the e1emenls.-'l'he monthly mean values of the 
magnetic elements and the hourly deviations from these means are given 
in Tables 15 to 18. These have been declucecl from five selected quiet, 
days. A classification of the magnetic character of all days during t,he 
year 1926 is given in Table 14.  

7. Seismograph and meteorological observations.-- 
The Omori seismograph was in operation t l~roughoot  the year except 
during October, November and December 1926, nrllen repeated stoppages 
of the clock necessitated a general overhaul. Table G gives a list of 
the earthqualtes recorded a t  D e l ~ r a  Dfin during 1926-27. The usual 
daily meteorologica! observations mere ma > throughout the  year ancl 
reinfall telegrams sent to tlre Director General of Observatories a t  
Simla. The stanclard barometer, \\~hich had hitherto been kept in the 
verandah of the main bloclr of the office buildings adjoining the clock 
tower, was removed in January 1927 to  the eastern verandah of t h e  
Hennessey observatory. The height of the cistern containing the 
rnercnry is G feet higher in its new place than in the old, the new height 
being 2,239 feet. 

Vertical force 

C. G .  8. 
.33436 

TABLE I .- Tenll,ern t u ~ e  ctuci! yresatrlv of RiqjIer clock No. 450 nw rl i t 8  

m f ~ ,  by fvcc?,sit ? ' ~ l s f r u ~ n c . ~ t f s ,  1926-27 

Horizontal force Dip Declinntion 

NOTE- + vc rate = g ~ i u i n g  - v e  r ~ t c  - Insing 

o 1 

N 45 26.1 

l:ernn14is 

--- 

C'loclc 
-- - - 

$ 1 111 nl I ( '  

+ O  0; , 641 1 ro l r  
t 0 .  17 640 , 26 HI; 

I 

+ 0 . 2 1  , 610 2( i , l  
I I 

+ O  05 039 '3; .1 
+ 0 . 1 6  610 26.4  
+ 0 .17  G4 1 26 .  f i  

t o  l H  641 , 2 7 . 0  
+ 0 . 1 1  ' G4l 2 7 . 1  
+ n  13 642 i 2 7 . 0  

+ n  20 G41 2 ( ; .  i 
+O 16 (;39 25,s 
+ 0 . 1 2  G 10 '26.9 

+ 11 I!) 639 26.1 
I 

+ 0 . 1 8  6 40 2 G . 7  
+ 0 .20  6 40 20 .8  

Dntc 

o / 

E 1 2 6 . 3  

('ell t,=mpel-a- 
t nrc 

C. G .  S. 
-32933 

l92G 
DCC 2: 

2:) 
192; 

Jan. I 

4 
R 

1 ? 

I a; 

I S 
2 I 

21; 
FPIP .1 

, 

~n 
1'7 
24 

-- 
F 

8 0 : ~  
7 9 . 7  

i 8 . 0  

79 .8  
79.t; 
7 8 . 9  

79 .9  
5 9 . 9  
80.1 

7 9 . 3  
78 5 
SO. 1 

79. I 
'79 fi 
40 O 
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TABLE 1.-Temperature ccnd presswe of Riejer clock No. 450 and ifs 
mte, by 

Date 

1927 

Feb. 28 
Mar. 4 

11 

15 
19  
26 

31 
April 5 

11 

18 
22 
29 

Nay. 4 
10 
15  

17 

20 

26 

31 

J u n e  10 

1 8 

SO 
'22 

24 

J n l j  1 
11 
15 

as 
A\lg. 6 

8 

13 
18 

36 

Sept. 13 
16 
2 1 

23 
29 

t~nnsit instlrcments, 1926-27-(contd.) 

Cloo k 

Rate d u r i n ~  
precedmg ) I tempern- 

t a re  

F 

80 PO 
80 .0  
79.9 

80.0 
80.0 
79.8 

80.0 
80.0 
80.2 

80.3 
80.0 
79 .9  

59.9 
80.0 
80.1 

83.0 

8 1 - 4  

83.2 

8 5 . 0  

84.8 

87.0 

87.9 
86.8 

86.6 

8 6 . 7  
86.7 
8 5 . 1  

84.2 
53.1 
81.0 

80.8 
80 .4  

8 1 . 1  

A1 . O  
80 .5  
80.8 

81 2 
81.5 

period per 
day 

s 

+ 0 . 1 9  
+0.21 
+0.20 

+ 0 . 2 4  
+0.2G 
+0.17 

+O-OE 
+ 0.12 
+0 .09  

+ 0 . 1 3  
t 0 . ~ 1 9  
+ 0.13 

+ O m 1 5  
+ 0 . 0 8  

... 
-1.61 

-1.32 

- 1.18 

-1.9: 

-1.40 

-0 .18  
-0.16 

-0.40 

-0 .28  
- 0.22 
- 0 - 2 4  

-0.29 
-0 .24  
-0.25 

-0 .28  
- 0  03 

+O 10 

+ 0.17 
+O.21 
t 0.12 

+ 0.  I9 
+ 0 . 1 7  

On 16th clock stopped, 
k was restartedon 17th 
Pressore was nnst~edg 

from 17th to 22nd, 
On 23rd pressure WM 

adjunted to 642rnm. 

On 2nd June preasnre 
rose to 695 mm. 

pressure was unsteady 
from 11th to 17th. ' 

On 18th pressure 

Presenre Temperatnre 

adjueted to 602 mm. 

Pressore wns unsteady 
on 23rd and 24th. 

On 26th pressure was 
adjnsted to 598 mm 

rn m 

6 40 
6 40 
640 

6 40 
640 
6 40 

640 
640 
640 

641 
64 1 
640 

64.0 
G40 
640 

... 
643 

645 

, 
f 

C 

26: 8 
26.9 
26.7 

26.8 
2U.7 
26.8 

26.8 
26 .7  
26.7 

26.8 
26.5 
26.6 

26.6 
26.6 
26.6 

. . . 
27.3 

28.3 

29.3 

29. ? 

On 19th pressure sRB ; 
reduced to RGlmm. 

... 30.4 

602 
602 

... 
596 
696 
594 

593 
592 
588 

588 
587 

30.7 
30.4 

30.2 

30.2 
30 2 
29 3 

28.8 
28.3 
27.1 

27.0 
26 . A  

660 1 27.2 

,560 I 2 7 . 1  
560 1 26 P 

26.9 

560 27'4 
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TABLE B.-B.ro~~ of RiejZer clock No. 450, at 20 hours, Indian 
Standard ' r ime,  by transit instvuments and astrolabe, 1926-27 

N O T E - I .  The transit observer was JIr. AIathur, except for items marked* for which 
the observer was Mr. B. H. Lall, items marked t for which the observer 
was Mr. H. C. Hanerjea, and items marked5 for which the observer was 
Mr. P. K.  Ul~oah. 'The astrolabe observer was Mr. H. C. Banerjea. 

2. The clock stoppet1 on 15t,h May, a11c1 was restart.ed on 17th Mcty 1927. 

3. For October and November 1926, v ide  Chapter I ,  Tables 1 nnd 2. 

South 
Transit 

1026 m s ~n s 111. s m s 
Oec. 3 

7 
10 

15 
18 
22 

25 
29 

1927 
Jan. 1 

4 
8 

12 

15 
I8 
21 

26 
Fcb. 3 

5 

10 
18 
24 

28 
unr. 4 

11 

15 
19 
26 

3 1 
April 5 

- 2 62.00 
61.23 
50.77 

... 
49.93 
... 

49-05 
48.39 

, . . 
... 
46-95 
46-28 

... 
4540 
... 

44.00 
42.73 
42.49 

41.63 
40.07 
38.88 

38.13 
37.28 
35 85 

34.80 
33.87 
32.67 

32.48 
31.88 

... 

... 

... 

- 2  60.22 

2 - 2 7  

... 

47-75* 

47.60 
46*8gr 
... 
J5.74* 
... 
45.02' 

... 

.,. 

... 

... 

... 

... 
... 
... 
... 

... 

... 

... 

... 

... 
-2  51-24 

60.83 

50.26 
49.85 
49.39 

49 - 05 
48.43 

47-07 

47.68 
46.82 
43.25 

45.89 
45-52 
44.96 

48-10 
42 89 
42 . 4.4 

41 .SO 
40.11 
... 
38.26 
37.47 
35.91 

35.13 
34.07 
... 

32.58 
31.91 

22' 

29 
Mtrg 4 

10 

17 
20 

26 

31 
June 10 

18 

20 
22 
z4 

July 1 
11 
16 

23 
Aug. 6 

8 

13 
I S  
26 

Sept. 13 

... -231.40 

30.08 

2Y.19 
28.43 
27.97 

+O 19-57 
14.73 

6.81 

0.90 
-018.21 

... 
29.76 
30.06 
.,. 

.., 

... 
35.991 

... ... 

... 

43:08*t 
43.OO*t 

.. 

... 

... 

... 

... 

.., 

... 

... 

... 

... 

-029.39t 

34.05t 
30.86t 

... 
30.11 

29.37 
28.39 
27.83 

... 
+ 0 14.715 

6.64 

0.67 
... 
... 
... 
... 
... 

23 
29 

... 32.Mtl ... 35.04t 

... 35'99t 

... 38.34t 
41-60? ... 
4 2 . W  ... 

... 43.61t 
... ... 
... ... 

... 39.87t 

... 39.23t 

... ,.. 

... ,.. 

... ... 
38.26s 
37.23t 
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TABLE 3.-Lat,it,ude by  nst,voIcrbe. O c t o b e ~  awd Novernbe~ 1926 
( A h = Observed latitude-accepted latitude, i n  seconds of arcj 

* Cloudy. Incomplete programme. 
NOTE-1. The accepted latitude i j  bnsed on the  old vnlue of 30' 18' 5lU.80 for the 

Haig observatory. 
2. Series I was from about 31b 30" to 24h OOm, Series I1 from l b  30' 

4h 00% . Each series consisted o f  about 5 stars in  each qnarlrl~nt. The 
averaze probable error of cach ser~es is about 0O.3. 

A A 
- 

A A 

Date Obser- u 

." 
" 5  

(R m 

1936 1926 1 
,, 25-26 G.H. 

Sept.28-29 
, 29.30 
, ,3)-0ct.I 

O C ~ .  1- 2 
,, 2- 3 
, 4- 5 

Oct. 5- 6 
,, 6- 7 
,, 7- 8 

Oct. 8- 9 
,, 9-10 
., 11-12 

Oct,. 12-:3 
,. 13-14 
., 14-15 

act. 15.16 
,. 16-17 
,. 18-19 

Oct 19-20 
,, 2o-'21 
., 21-22 

Oct. 23-23 
., 23-21 
., 25-26 

O.B.  
H.lV.lV 

G.B. 

H.W.W. 
H.W.W. 

G.B. 

U . B  
G.B. 
Q.B. 

Ci.EI. 
G.B. 

H.W.lV. 

H.W.lV. 
H.W.W. 
H.W.W. 

E.W.W. 
H.W.\.V, 

G.B. 

G.B. 
G.H. 
G.B. 

3 . B .  
G.H. 

H.W.W. 

+ o . * I  ... / t 0 . 4 1  
+1.06,  . k 1.06 
- 0  4 1  ... -0.41 

Ort. 29-30 
,. 30-31 

Nor. 1- 2 

Nor. 2- 3 
, 3. 4 
, 4,- 5 

No". 5 .  6 
, 6. 7 
,, 8. 9 

Nov. 9-10 
,, 13-14 
, 15-16 

P;ov. 16-17 
, 17-18 
!, 18-19 

xov. 19-20 
,, 20.21 
,, 22-23 

,, 24-25 
., 25-26 

Nov.27-28 
,, 29.30 
,,3O.Dec.l 

0 .14 '+0'27 
-0.05 
+O.Gb: 

-0.26 
+0 .88 ,+0 .61  

+ 0 . 6 8  

+ 0 . 2 I 1 + 0 ~ 3 P  
+0 .41  

+0.00-0.15 

+0 .13  
-0.01 
+0.15 

+O.OI  
+ 0.3; 
+0 .15  

+ 0 . 0 7 + 1 . 5 1 1 + 0 . 7 9 ~ ~ ~ . 2 3 . 2 4  

t 0 . 4 0 +  
tU.08/-0 '18 

Q.B. 
O.B. 
G.B. 

G.B, 
G.B. 
Q .  

H.W.W. 
E . \ V . W .  
H.W.W. 

H.W.W. 
H.W.W. 
O.B. 

G.B. 
G.B. 
B 

G.B. 
G.B. 

G.H.O. 

G.H.O. 
(;.H.O, 
Q.H.0. 

G.H.O.  
G.B. 
G.B. 

t o - 3 2  

-0.31 
+ 0 . 3 3  
+0 .19  

+OS4,3 
t 0 . 1 2  
-0 ' 30  

+Oe34 
-0.86 
+0.40 

+0 .02  
+ 0.72 
-0.89 

+0.09 

-0.20 

+0.96 

+0.70 

-0.09 
+Om83 
-0.11 

+ O . O O  
+On01 
+1 .19  

-0.83 
+0,3ri  

+ O . R J  
+O.55 
+0.50 

+ 0.62 
r 0 . 4 8  
+()a25 

-0.32 
+Om80 
+Oa12 

+ 2.81' 
t 1.43 
+ 0 - 9 5  

+1.17 
+1 .20  
-1.01 

+0.33 
-0.49 
t 0 . 4 0  

+0.45 
+ 0.40 
t 0 . 3 5  

t 0 . 6 1  
+0.40 
t 0.6G 

+0.50 
-0.05 
+0.09 

- 0.771-0.8C 
-0.221 c0 .07  

I 

t 0 . 1 5 ; + 0 . 4 0  

-0.68 
-0.23 
t0 .02  

-0.32 
-0.32 
-0.36-0-12 

... 
+0.23 
-0.47 

-0.57 
... 

-0.54 

+0*48 
+0.64 
+ ~ . 7 8  

t o s a 6  
t 0 . 51  
+Oe43 

,.. 
t 0 . 04  
-0.13 

t 0.14 
t 0 . 4 8  
+ 0.96 

-0.112 
-0.14 

+ 0 . 2 7  
+0.23  

-0.03 
10.13 
t0.11 

-0.32 
to-21 

+2'81' 
+Gal 
t o - 2 4  

+Om30 
t1.20 
-0.78 

+0*41 
+On08 
+0.60 

+oa36 
t0.46 
4 0.39 

+0.61 
+Oa22 
+0*27 

+On32 
r0.22 
t0.63 

J 



TABLE 4.-Latitude by  astrolabe 1926-27 
(AX=Observed latitude-accepted latitude, in seconds of arc) 

NOTE-1. The accepted latitude is based on the old valuc of 30' 18' 51 ~ 8 0  for the 
Halg observatory. 

2. The resl~lts of Octol~er and November 1926, arc suumarised fromTable 3. 
The remgin~ng entries are e11c11 bused on one se r~es  containing about 4 
stnrs in euch quadrant. Observer was Mr. H. C. Banerjea. 

Date 

1926 
bept. 21 

25 
28 

Oct. 1 
b 
8 

1 2  
15 
19 

22 
26 
29 

Nov. 2 
5 
9 

AA 

Y 

+1.13 
+0.12 
+0.41 

+0.35 
+0.17 
+0.43  

+0.18 
+0.03 
+0.18 

+0.11  
r0.4,7 - o.01 

..O.Otl 
+0.46 
+0.66 

Date / .A ( Date I Date j 
1926 

Nov. 13 
16 
19 

23 
26 
30 

Dec. 3 
7 

10 

15 
18 
22 

25 
29 

1927 
March15 

19 
31 

April 5 
11 
22 

29 
May 4 

10 

20 
:fj 
SI 

1927 
Jan. 1 

4 
8 

12 
15 
18 

21 
26 

Feb. 3 

5 
10 
18 

28 
March4 

11 

I, 

+0 .33  
-0.41 
+O.U8 

+O-43 
+0.37 
+0.17 

+1.14 
-0.61 
-0.55 

+Oaf30 
+ 1-09 
-0.27 

-0.16 
+O.88 

I ,  

-0.23 
-1.15 
+Om83 

-1.21 
-0.75 
+0.68 

+Is58 
-1.28 
+0.67 

-0.20 
-1.03 
+u.52 

,I 

+0.26 
t 0 . 9 2  
-1.75 

+0.36 
-0.79 
+ 1.88 

-0.19 
+Om24 
+0.46 

-0.04 
+ la40  
+0.39 

+O.65 
-0.57 
-1.14 
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TABLE 5.-Local s i d e ~ e a l  tinre oj' ~eceptiolz. of 1st zoil.eless sigml q f  
Bordeaux at 8h 01" G.M.T. 

L. S. T. L. S. T. L. S T. 
according to according t o  according t o  

translt instru- nstrolnl)e transit  instrn- 
ment inent 

L. 5. T. 
according to 

astrolabe 

!I ?I& a 

19 63 06.301 
19 57 02.026 
20 bO 59-52] 

4 56.135 
8 62.657 

12 49.110 

16 45.618 
20 42.159 
24 38.724 

2s 35,371 
32 31,882 
3628.437 

40 25.031 
4421.619 

1 

1926 1 h f f l  ' 
1)ec. 1 17 50 53.124 

2 1 54 49*641 
3 17 58 46.217 

i 4 18 02 44.715 
. i]  ... 
6 1 10 35.583 

I 
I 

8 
3 

l i 1 4fi 04.849 

16 1 5001 .403  
53 57.81s f: ' 1s B i  54.577 

h m  s 

19 53 06.187 
19 57 02.840 
20 00 69.480 

04  56.139 
08 52.694 
12 49.174 

16 45.709 
20 42.277 
24 38.838 

,1.6 04.880 

3101 .4o6  
53 57.796 

18 57 5 4 5 1 0  

19 01 51.133 
05 47.730 
O!) 44.264 

1:{ 40.847 
17 37.374 
21 33,957 

36 30.634 
29 27.049 
33 23.606 

37 20.246 

h na s 

17 50 63.059 
54 49.532 

17 58 46.062 

18 02 42.345 
,.. 

10 35.603 

1 4  33.254 
1823 .008  
22 25.668 

14 32.439 
1 8 2 6 * 9 8 7  
22 25.531 

I!) 
20 
2 1 

I927 
Jan. 1 

2 
3 

4 - 
0 

6 

7 
8 
9 

l o  I 26 22.152 
I 3OlS. ' j46 

. . .  

13 I 1 
4 1 42 08.306 

1!l 01 51.172 
03 47.719 
09 4.4. 203 

26 2'2.205 
30 18.801 

3011.830 
42 08.343 

16 1 (8 18.103 48 18,239 

5214 .681  5214.825 

22 I: l  -l.O.j36 
23 17 37.281 

1'1 33.906 1 25 30.625 3 .j 

26 ( 29 27.041 
27 ! 33 2 3 . 3 8 7  

1 
2s ~ 37 20.219 
2 41 16.746 1 4 1  16.784 

... 

10 1 as 35.454 
11 1 32 31.940 
12 ( 3 6 2 8 . 4 7 0  

13 I 41) 25.015 
4421.643 

31 19 49 09.704 

20 56 11.410 
21 0007,992 

04 01.552 
08 01.100 
1157.680 

... 

... 
23 47.041 

27 43.787 
31 40.330 
3 b  36.903 

39 33.563 
4330.115 
4 i  26.645 

21 51 23.203 
A 

20 56 11.278 
21 0007 .872  

29 
30 

31 19 49 09.792 

10 
20 
21 

22 
23 
24 

25 
26 
27 

28 
4329 .993  
47 26.516 

2 51 23.067 

04 04.478 
08 01.087 
1157 .628  

... 

23'47.015 

27 43.727 
31 40.236 
35 36.796 

39 33.447 



TABLE 5.-Local sidereal time of reception of 1st zciroless signal of 
Bordeaux at 8/' 01" G.M.T.-(contd) . 

L. S. T. 
according to 

astrolabe 

IL na s 

23 45 43.368 
49 39.871 
53 36.421 

23 67 32.973 

0 0 5 ' 2 6 - 0 8 4  

09 t2.606 
... 
... 

26'08- 681 
29 06.271 

33 01.823 
36 58.459 
40 56.054 

4451.621 
48 48.175 
52 44.74G 

0 5 6 4 1 * 2 8 8  
1 0 0 3 7 . 9 2 5  

04 34.687 

08 31.211 
1227 .748  
16 24-34;> 

20 20.960 
... 

25 14.021 

1927 
Feb. 1 

2 
3 

4 
5 
6 

'7 
8 
9 

10 
11 
1 2  

13 
14 
15 

16 
17 
18 

19 
20 
2 1 

22 
23 
2 -1. 

35 

L. S. T. 
according to 

transit inst1.u- 
ment 

h m  s 

21 55 19.593 
21 59 16.192 

... 

22 l l ' i 6 . 0 0 2  
15 02.602 

18 59.118 

26'52.256 

30 48.763 
34 45.316 
38 41.839 

42 38.400 
46 34.992 
50 31.481 

54 28.013 
22 58 24.590 
2 3 0 2 2 1 . 0 P 6  

06 17.G77 
10 I4,.2S2 

... 

22 03.880 
26 00.455 

29 57,004 

L. S. T. 
according t.o 

astrolabe 

h ~n s 

21 55 19.736 
21 59 16,342 

... 

... 
12 11 03.983 

15 02.458 

1 8  59.078 

26'52.224 

30 48.735 
34 46.295 
38 41.827 

42 38.395 
46 34.998 
50 31.496 

64 28.037 
22 59 24.623 
2 3 0 2 2 1 . 1 2 7  

06 17.729 
10 14.345 

... 

... 
22 03.990 
26 00.572 

29 57.129 
33 53.611 

... I 

... 23 41 46.850 28 ; . . 
39 / 36 O(i.736 36 07.038 

4003 .303  4003 .519  

I 43 59.895 1 444 00.027 

28 

Ihte 

1927 
Mar. 1 

2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
l 5  

16 
17 
18 

19 
20 
21 

22 
2 .i 
24 

2 5 
26 

2 i  1 
23 41 4O.'il6 

20 1 33 53.626 

L. S. T. 
according t o  

transit  iustru- 
ment 

h )ti s 

23 45 43.226 
49 39.716 
53 36.251 

13 57 32.788 
... 

0 0 5 2 5 . 9 4 6  

09 22.465 

... 

... 
23 OR-613  
29 05. I76 

33 01.683 
36 68.2i4 

1 
40 51.826 

4451.390 
4Y 47.955 
52 44.535 

0 5 6 4 1 . 0 9 0  
1 0 0 3 7 . 6 9 5  

0.1' 34.309 

08 30.685 
1227.374 
16 23.921 

20 20.400 
.. 

2R 13.540 I 2 i ... 



44 GEODETIC REPORT [VOL, III, 

TABLE 5.-Local sidereal time of reception of 1st wireless signal of 
Bo~deaux at 8"01m G.M.T.- (concld.) 

Date 

1927 
May 1 

2 
3 

4 
5 
G 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
2 1 

22 
23 
24 

2 5 
26 
27 

28 
29 
30 

L. S. T. 
according t a  

astrolabe 

----- 
h m  s 

1 47 56.544 
51 53.061 

... 
16946.102 
20342.697 
0739.119 

11 35.720 
15 32.274 

... 

... 

... 
31 18.483 

35 15.026 
39 11.585 

, . . 

47 04.730 
51 01.248 

... 

2 59 5t.308 
3 02 60.839 
06 47.367 

1043.936 
14 40.616 

... 

23 33.720 
26 30.311 

... 

Date 

1927 
April 1 

2 
3 

4 
5 
6 

7 
8 
9 

10 
11 

. 12 

13 
14 
lii 

16 
17 
18 

19 
20 
21 

22 
23 
24 

26 
36 
37 

L. S. T. 
according to 

transit instrn- 
ment 

h m  s 

1 47 56.451 
51 52.983 

... 
15946.054 
30342,564 
0730.087 

11 35.692 
15 32.234 

... 

... 
31"i8.419 

35 14.949 
39 11.495 

47 01.614 
51 01.119 ... 

2 68 54.1P2 
3 02 50.743 
06 47.291 

1043.900 
14  40.472 

. . .  

22 33.635 
2C 30.205 

... 

L. S. T. 
according to 

transit instru. 
merit 

NOTE-1.  

28 
20 
30 

cedino and following the reception of each slgnal. Individunl nights' 
rest~lts have not been emootbed to give a more uniform clock rate. 

2. These times are lrue ridel-eal times, thc short period terms of nlltation 
having been taken acconnt of. 

3. K o  acconnt has heen t,aken of the rate of propagation of radio signnls. 
4. For October and November 1926, vide Chnpter I, Tables 3 and 4. 
G. From PRth May 1927, reception of wireless signals wss discontinue(1. 
6. Wireless reception by klesers R. B. Matliur and H. C. Banerjea. 
7. 'Thronghout this period Phe Astrolabe Observer was Mr. H. C. Bancjen. 

L. 8. T. 
according to 

astrolabe 

I I 31 

' lhesr times are hased on t.he star observetione 

3 34 23.283 3 34 23.431 
.. 1 ... 

... ... 
... 

of the nights 

... 

closest Pre' 

I L m  

... 

... ... 

... 
4 05'56.861 

09 52.452 
13 49.033 
1'745.606 

21 42.134 
25 38.706 

... 
33 31. a00 
37 28.346 

... 

4 49"i7.953 
... 

6 01'07.721 
... 

... 
12 67,004 

... 
20 50.191 
2k46.810 

6 28 43.374 

. . .  

... 
, , a  

h m 8 -  

... ... 

.a .  

... 

4 05'55.791 

09 52.368 
13 4S.932 
1746.488 

21 41.999 
25 38.557 ... 
33 31.617 

4 37 28,146 
... 
... 
... ... 
...  
... 
... 

G 12'67.073 

20 50.324 
2446.975 

6 28 43.630 

... 

... 
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TABLE 6.-Earthquakes recorded at Dehrn Dzin during 1926-27 

* From Daily Weather Report. 

NB.-The neisolograph wns not in worki~ig order from 1st October 1926 to 9th 
January 1927. 

Date Duration 

91) 

148 
30 
90 

9 
10 

uncertain 

uncertain 
26 
19 

5 
147 
18 

6s 
9 
17 

29 

Time of beginning. 
lndian standard 

time 

"ehrn 
Din  

Remarke 

I 

Kmsu,  China 

Paleetilie 

Distance of 
epicentrc 

Simlel 

h q n  

7 16 ... 
15 07 

3 23 
22 31 
20 34 

23 08 
... 

16 06 

13 38 
4 08 
22 10 

12 53 
I 40 
18 4.7 

4 - 2 7  
24-7-27 

29-7-27 
6-8-27 
10-8-27 

12-8-27 
12-8-27 
19.8-27 

24-8-27 
12-9-27 

16-2-27 
28-2-27 
7-3-27 

16-3-27 
16-3-27 
16-4-27 

19.4-27 
28-4-27 
9-5-27 

21-5-27 
23-5-27 
2-6-27 

3-6-27 
6-7-27 
11-7-27 

22-7-27 

Tokyo 
Black sen. 

Intensity 

1 52 
4 1 8  

5 39 
3 52 
17 16 

1 5  58 
21 55 
1 16 

23 46 
3 63 

I h m  

7 16 
20 59 
I5 07 

3 23 
22 31 
20 35 

23 08 
1 05 
16 07 

13 39 
4 08 

22 11 

12 63 
1 42 

I8 46 

g 29 1 22 4 15 12 
slight 
slight 

slight 
moderate 

slight 

slight 
slight 
slight 

slight 
slight 

1,500 
1,600 

900 
4,000 
2,000 

300 
... 
2,500 

3.000 
3,000 

6 38 
z 52 
17 16 

16 56 
... 

1 07 

23 4i 
3 53 

";:a I Simla* / 

1,500 
1.500 

1,300 
3,700 
%a00 

600 
... 
3,700 

2,800 
2,600 

20 
42 
4 1 

5 
2 
43 

25 
57 

slight 
slight 
great 

slight 
&light 
slight 

slight 
slight 
slight 

slight 
severe 

moderate 

moderate 
slight 
slight 

moderate 

stiles 

4,400 
2,000 
3,400 

1,300 
700 
300 

2,100 
4,000 
2,000 

500 
2,000 
400 

3,500 
700 

2,000 

1,500 

miles 

4,800 
... 

3,600 

1,300 
700 
300 

2,900 
... 
1,300 

600 
1,800 
600 

4,400 
800 

1,900 

1,400 
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TABLE 9.-Gmduatiolz of old levelling staves 
(Actual length-Reputed length) 

TABLE 10.-G~ucluatior~ of old levelling stuves 
Actual total length 

( ~ c h s l  length-Reputed length x 10 feet 

2 

No. 208 

feet 

+ 0-0001 
+ 0.0002 
+ 0.0003 

+ 0*0003 
- 0-0001 
- 0.0001 
+ 0.0001 
+ 0.0003 
+ 0.0006 

+ 0 -0007 

No. 16A 

feet 

+ 0 0000 
+0.0002 
-0.0002 

-0.0036 
- 0-0007 
-0.0006 

-0.0010 
-0.0014 - 0.0018 

Reputed length 

feet 

1 
2 
3 

4 
5 
6 

7 
8 
9 

Hepnted length 

10 

-. 

No. El 

feet 

-0~0001 
+ 0.0002 
+ 0 - 0002 
-0.0002 
+ 0.0002 
+ 0.0004 

+ 0 0008 
+ 0.0008 
+0.0012 

No, 20.4 No. 0, 

.feet 

-0~0000 
-0.0003 
+ 0.0001 
+ 0.0003 
+ 0.0001 
+0.0001 

- 0.0003 
+ 0.0002 
+ 0.0002 

+ 0.0014 

feet 

+ o.ooo1 
0 . m  
0.0000 

0.0000 
- o.ooo4 
-0.0006 

- 0 .0004 
- 0 0003 
0 - 0060 
0 .OOOO 

0 

No. 16A 

+0.0006 1 -0.0024 

Jeet 

1 I - 0.0002 leet 
2 
3 

4 
5 
6 

7 
8 
9 

feet I feet 

- 0.0001 + o.ono3 
- 0.0004 + 0.0007 -0.0001 

-0.OG02 

- 0.0007 
-0~0005 
-0'0004 

- 0.0001 
- 0.0003 
-0~0001 

0~0000 

0.0000 

+ 0.0001 
-0.0002 
- 0.0003 
-0-0007 
-0.0009 
-0.0003 

. 0~0000 

+ 0-0006 
+ 0.0005 
+ 0.0005 
+ 0 .boo9 

+ 0.0006 
+ 0.0006 
+ 0.0004 

0 * 0000 



TABLE 11.-Mean values of the constants o j  
Magnet No. 17 at Dehrn Den i n  1926 

Months 

January . . . 
Febrna1.y . . . 
March . . . 

April . . . 
. . . 

June . . . 
July ... 
August , . , 
Septen~ber 

October . ,  . 
November ... 
December . 

Months 

.January ... 
b ' e l ~ r u a r ~  ... 
Alnrch ... 

April ... 
31 ny . . .  
June ... 
.Tulg ... 
.4 llgllsf, ... 
h ( , l ~ t ~ c ~ l ~ l  ~ c r  . .  

( k t  ol,cl. ... 
N o \ . c r ~ ~ I ~ p r  

Declination 
coustan t s  

Nenn 
magnetic 

collimation 

I I t  

- 6  23 
- 6 SG 
- 6 18 

- 6 20 
- 6 21 
- 6 20 

- 6 20 
- 6  23 
- 6 25 

- 6 32 
- 6  24 
- 6  26 

11. F. Constants 

1 H o ~ i z c ~ n  t:ll 
Ileclinnt,ion , force 

Distribntiou factors 

P , 9 )  - 1 P,, I Py3 (lob. ( I  + 22 r+ 

h l  ean 
value of 
basc-line 

0 I 

0 45.4 
0 45.6 
0 4 5 . 9  

0 4 5 . 3  
0 43 .9  
0 4 5 . 9  

0 4rb.9 
0 'I:,.!) 
0 4 6 . 8  

0 ,II;.o 
0 dl;.() 

r)c'crrnl~cr .'.': 1 o -1,li. I 

-- - 

Mean values of m 

,Mon thlg A cccptetl 
means  I n1 

cm2 

5.80 
5.93 
5.96 

5.83 
5.77 
5.88 

5.68 
5 . 6 0  
5.76 

5.66 
5 . 6 2  
5.64 

. ~ .- 

hl can 
value of 
base-line 

C.G.S. 

.3'761'8 

.32628 
,321i30 

, 3 2 6 2  1- 
.326:36 
,32641 

.3?6 I ,i 

. : 3 3 i  17 

. 3 2 l j  10 

.3sc,:<7 

. :12ti?H 

. :Jz(;zs 

C. G.  S. 
806.66 
806 - 64 
806.60 

806-62 
806.64 
806.53 

806.39 
806.49 
e06.5e 

806.61 
806 .G7  
806.81 

C. G .  8. 

G 

2 
!! 
? 
9 
2 

cula 

6.71 
6.78 
6.73 

6.90 
6.!)6 
6 . 8 i  

6 8 5  
6.8s 
7 .01  

6.88 
6.86 
6 . 9 3  

C, 

o 

bo 
a 

2 
5 - 
4 
L. o 

E 
o 
a 
-+ 
a 
o 
H 
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TABLE: 13.- M o f l t l , l y  mean v a l ~ ~ e s  o f  the ? n a p e t i c  elements and 

a1191 ~ i n l  chtrnges o t  lJeA1-o Dun I'n 1925-26 I 
Horizontal force Declination Dip Vertical force 
.32000 C.G.S. + E. lo + N .  45" + .33000 C.G.S. + 

Months 

1925 ( Ig2(; I E U u Y g e  Bnnuul 1925 1926 Annuti1 -1 I I925II916I ~&~~~ 191SI192b($ -- 
I 

Y* Y* r̂ 1 
4 + 5 . 6  308 397 +a4 
7 + 5 . 5  315 395 + M  
6 + 6 . 3  322 414 +92 

3 + 5 . 2  346 415 t69 
7 + 6 . 2  357 137 t80 
2 + 5 . 5  351 446 t9i 

0 + 4.7 361 450 t R 9  
2 + 4 . 4  370 466 t& 
0 + 4 . 3  377 462 t8i 

ti + 5 . 7  364 457 t 9 3  
0 + 4.1 382 463 +71 
0 t s . 0  384 45.3 t6t 

Alean? 
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CHAPTER I V  

TIDES 

BY CAPTAIN G .  BO~IIFO~LD, R.E. 

1. Tidal o b s e r v a t o r i e s . - D u r i n g  the year under report, re- 
gistration by automatic tide-gauges was continuccl at the following 
stations :-Aden, Karschi, Bombay (Apollo Baudar), Madras, Kidder- 
pore, Rangoon, Bassein ancl Basrah. These operations were conducted 
iincler the direction of this department, the immediate control of each 
observatory being entrusted to the local officers of the port concerned. 
I n  aclclition to the above, the actual times ancl heights of high- and 
lorn-water were observed on tide-poles during claylight only, under the 
supervision of the local port officials, a t  Bhlvangar.  Chittagong and 
Akyah. These observations were compared against the predicted values, 
with a view to testing whether the predictions, which mere based on 
tidal observations taken many years ago, still maintained a suficiellf 
degree of accuracy. Table 1 is a complete list of stations a t  which 
tidal registrations have been carrier1 out since 1874, the year in which 
tidal operations were commenced in India. The stations a t  which 
automatic tide-gauges are still working are shown in italics. Minor 
stations mere closecl after a few years on the completion of the requisite 
registrations. 

T A B L E  1.-Lid of tidal stations 

- 1 Station . - Kemnrke 
8 1 
m l  0 I 

I 

1 1 ~ u e z  . . .  ~ l i t o -  
mxtic 

" 

3 
3 

4 
5 

6 

rerim ... 
d d e ~  ... 

h l n c k ~ t  , . .  

Bushire ... 
Kanichi . . .  

1897 

1898 
I ST!) 

1493 
1392 

( 1869 
\IS81 

* SIIIRII t . id~-  
gnngc  \rorliioK 

O-- 

1803 1 7 

1902 
*t,ill 

working 

1898 
1901 
1880 
?it,ill 

working 

5 
48 

5 
8 

* I n \  u; ) "1 
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TABLE 1.- List of ticla1 stations-(contd.) 

"a 
i= 342 
d o ?  

g $ 5  
2 ag 
4 0 

au to -  
ma t i c  

I I 

,, 

personal 
auto-  

mat ic  

m 

5 g 
"Z."$3 

G $: 
a,: 
L C  

1874 

1874 , 

1874 
k - s t a r t e d  

1004. 

1893 
1898 

0 
Z 
+ 
Id . - 
C 
0 

m 

7 

8 

9 

10 
10A 

Stntion 

Hanstal ... 
Navkuar ... 
Okha Point. . . . 

Porbundnr . . .  
Porbandar ... 

bD 
rn .- c 

2 -" 
" - a  

0 2 
% O O  

2 %  

11 personal 188 1 
I 

Port Albert Victor 
(KCthii\vir) 

1882 

; ;  
:%$ 

a h m  E $ &  

2 2  

Remarks 

1875 

1875 
1875 2 , ) 

1IA 

12 
13 

16 

1.5 
16 

17 

Tide-tables 
no t  

published 

Year 1904-05 is 
excluded 

Years  1898, 
1899 & 1902 ere 

excluded 

L)ismantled in  
Rlay 1924 

1903 

1891 
st111 

working 

1924 

1889 
I883 

1884 

Port Albert 
(K i th i iw i r )  

Years 1883 to 
1885 are ex- 
cluded 

v 

4 

5 
49 

3'7 

5 
6 

6 

1989 
1878 

1888 

1854 
1878 

1879 

Bhivnagar ... 
Bo~,~huy (.ipollo 

Bnndnl.) 

Bon~bny (I'riuce's 
Dock) 

Mnrmazao ((3011) ... 
Kirwi r  . . . 

Boyl)orc , . . 
18 
19 

20 
21 
22 

23 
24. 
25 

26 

27 

28 

29 
30 

31 

32 

33 
34 

9 .  

81 

I 

9 ,  

v 

6 
5 

5 
6 
6 

(i 
4 
5 

Cochin . . . 
Tnticorin . . . 
Minicog ... 
Qallc ,.. 
Colo~llbo . . . 
T~.i~lcornnlce ... 
Pimbnu Pass 
Negnp:ltnln 

9 ,  

9 I 

9 

t 

1886 
1883 

1891 
1884 
1884 

1890 
1878 
1881 

' ,990 
N n d r n , ~  . . . 

1892 
1893 

1896 
1890 
1890 

1896 
1882 
1888 

C'ocn ~ ~ i d a  

Vizi~,oa~>atam . . . 
Fa1.c Point . . . 
Dnhlat (Silgnr 

Island) 

Diamond H a r l ~ o n r  ... 
h'iddcryore ... 
Chit t agong . . . 
Akymb ... 

,, 1 

1 )  

9 ,  

5 

G 

4 
.i 

5 

46 

5 
5 

1886 

1870 

1881 
1881 

188 l 

1881 

18AG 
188'7 

1891 

1885 

1885 
1886 

1886 

s6ill 
working 

180 l 
1892 
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TABLE 1 .-List of t ictal sfcctions- ( c o ~ ~ c l d . )  

I 
5 
z - 
.- - 
8 

LR 

35 

36 

37 

35h 

::8 

39 

40 

41 
42 

43 

MA 

Stat,ion 

Dinmond Island ... 

Basse in  (Burma  ... 

Elephant Point ... 

f'iltckat o r  Deserter's 
Creek 

Rangoon ... 
Amherst . . . 

Moulrnein . . . 

Wergui 
Port Blair ... 

B a s r ~ h  . . .  

Bnsr~rlr . 

i 
which date an 
automatic tide 
rccorder 

installed 

2. I n s p e c t i o n s . - - T h e  tidal observatories at Bassein and Ran- 
:llorl were inspected by Mr .  D. H. Lnxa, the tidal assistaat, between 
Pebrlmry iund March 1927. Tile Port  trllst. surveyor, Bombay, carried 
out nu i11sl)ection of tho tidal observatory at Apollo Bandar batmeen the 
: 1 t, :~ a,nd 15 th  .\la!- 19.16, and again hetween the 40th and ~ 2 n d  Aprll 
2 .  The Kiilderpore tidal observatory mas inspected by the Assistant 
Char t  Superintendent Port Commissioners9, Calcutta, in October 1'326 
ancl spin in .January 1927. 

N O  reports have hwn received from the  port, authorit,ies ~ , t  Aden! 
knr ich i ,  Aladras, o r  I3asra.h as to  w]lct,her t,he observatories a t  those 
places have hecn inspected 01. ,lot. These observntories were last inspect- 
ed by officers of t,he Survey  nF Itplia as fo]loms :- 

Aden :-.In October 1924 hJ- 1,t.-Colonel S .  IV .  S. Hamilton, D-s~O0l 
R.E. 

:~u to -  
~ n n t i c  

I' 

IS95 
r 
( 1902 
{ re-started 

1 1923 
I 

IS99 

1 9n3 
sti l l  

working 

1880 1881 

1888 

sti l l  
working 

still 
working 

1886 

18S6 
., 

p e r s o ~ ~ a l  

anto-  
rrlatic 

5 

2 1 
)G 

4 1 

J 

ro-s tar ted  
1927 

I880 

1880 

( 1880 

[ reif t d  
1889 
1880 

1916 

1932 

-- 

Registratious 
re-started at 
new observe 
tory in Nor 
ember 1923 

5 

... 

47 

6 

Year 1880.81 
is excluded 

Observations 
resumed at 
new observa- 
tory in hlnrcb 
1!127 

'I'ide-gange 
22 dismnntled in 

1894 
I926 

1922 

still 
working 

5 
45 

12 
6 I 

Tide-gauge 
dismantled in 

April 1926 

Observation6 
taken on a tide 

pole until 
31 -3-22 : after 
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Karichi :-I11 December I 924, by Mr.  D. H. Luxa, tidal assistant. 
Madras :- In November 1'324 by Mr .  D. H. Luxa, tida,l assistant. 
Except for minor stoppages, all the tide-gauges nrorlced satisfactorily 

that at  Madras, where there was a break of 10  days in Ju ly  1926, 
while the cylinder was being renenlecl. Bet,rneen January and April 
192i the registrations a t  Madras were also extremely faulty, on account 
of an undetected stoppage of the  inlet. hole. 

3. Resumption of tidal observations at the mouth 
of the Rangoon river.-A tidal observatory has been opened in 
the Pilakat or Deserter's Creel; near Elepllant Point a t  the mouth of 
the Rangoon river. During 1922 to 1925 comparison of the predicted 
times of high- and lorn-water a t  Rangoon with tllose actually recorded 
had revealed regular errors \vliich were repeated fro111 year to year. The 
port engineer made some rough tidal observations a t  Elephant Point in 
?984 and 1925, which showed the   re dictions there to be similarly in 
error. I t  was consequently decided to make fresh t,idal observations at 
the latter place with an  automatic gauge for a few years. Mr.  D.  H. 
Laxa installed the gauge ill March 19%7, ancl registrations \Irere begun 
on March 1Gth. Observatiolls were made a t  Elephant Point in 1880-81, 
bu t  owing to rapid erosion the gauge had to be removed to Pi lakat  
Creek about two miles up the river, where observations were made from 
18841 to 1888. Since tha t  date the river bank is said to have been 
eroded about 2,000 feet, and the site of the old observatory has dis- 
al)peare(l. The new site is a short distance up  the creel; about 800 feet 
from the former site. 

4- . Reduction of the Bassein tidal observations.-- 
Tile reglstrationr of the year 1925 have been partially reduced by 
harmonle analysis, The results are given in Table 2 where those for 
1924 are also given. 

TABLE 2.-Vc~lues of t l ~ c  t idnl C O ~ I , S ~ ~ ~ I  ts ,f01* B~(s.~ein 

* 1924 mas worked as  an oprn coast. ~ t n t ~ i o n .  
t 1925 was worked as a riverain station. 
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TABLE 2.-Values of the tidal constants for Bassein 
1924 and 1925.-(contd.) 

* 19% mas worked ns an open coast station. 
t 1926 was worked as n rirerain s tn t~on .  

Tide 
rymbol 

Short 
period 

M, 
M, 
0, 

I(, 
K2 
P I  

,Il 

N, 
v2 , 
T, 

(MS), 
(2SM), 

2N7 
(X,N), 
(M,K,), 

5. Corrections to  p r e d i c t i o n s . - C o m p a r i s o n  of the pedic- 
tecl times ancl heights with those a c t ~ ~ a l l y  recorcled has indicated that 
the following corrections shoulcl be applied t o  the preclictions a t  Chitta- 
g o n l ,  Hasrall a n d  Rangnon.  They  Imve bee11 i n c l ~ ~ d e d  in the  tide-table6 
for 1925, and  are  in stead of (no t  acltIitiol?al to) t h e  correct,ions included 
in t,he 1927 tables referred to  in  the (;eodetic Report Vol. 11. 

Chittngong,-Basecl on comparisons in 1922 t o  1926. 

19N* 

I 
1925t 

d o - 8  330 Tide 
s j m l ~ o l  Ao=8.162 

H I  I H l  

TABLE 3.  - C'orreclious to:Chitlngong p ~ e t l i c l i o n s  

(2M,K,), 

Mm 

244:65 
162.87 
45.52 

46.81 
107.64 
62-43 

03.42 
81.15 
38.57 

51.46 
359.96 
172.39 

48.03 
16.47 

30845  

318.59 
322.95 
276.74 

jeet 

0.099 
0.022 
0,142 

0.335 
0.147 
0,120 

0.022 
0.0'21 
0.212 

0.384 
C1.143 
0.254 

0.065 
0.183 
U.086 

0.138 
0,093 
0.052 

33.77 Mm 10.191 

K,  
K?  
PI 

J, 
Q1 
L, 

N, 
v2 
m 

T, 

S h o r t  
/eel 

198~15 
340.H7 
90.81 

222.95 
279.05 
252.03 

292.24 
106.83 
109.99 

256.35 
10i.36 
261.40 

46-01 
240.!li 

EI3.75 

143.87 
39.36 

317.39 

I---- 

:,J 0.148 

274.52 0.057 

,feet 

0.084 
0.0.20 
0.167 

0.369 
0.185 
0.1ZU 

0.025 
0.024 
0.18; 

0,372 
0.139 
0.239 

0.065 
0.178 
(r.08I 

0.134 
OaORR 
0.056 

63.39 
37.49 
60.51 

159.10 
2'3i.3L 

a M, I , ) . o , I  '5 MSf I0.!2?(i 
a 

s 2.3nL 
o Sm (0.116 
4 

0.172 

1-55 

20.57 

0.344 

0.135 

0.009 
O.O:P 

.? 3, k xsf 

2 Sn 
D S a r  
9 

(2MSKl), 187.38 

! 

0.3G6 

0.135 

0.010 
0.013 

260.00 

222.70 

243.55 

267.43 
89-50 

I 
! 

0.061 

( Y S ) ,  
,2bM), I 

0,059 

351.41 
196.00 

23:l.48 
I . 1 9  

45.22 

53.19 

1G8.10 
40.10 

0.164 

2N, 
(M2N), 
(>I,K,), 

10.130 
0.219 

2.301 
0 4 2 6  

34-33 

0,093 

I 
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Busrnh.-Based on comparisons in 1923 to 26. No correction to  
heights. 

T.ABLE 4,. - Correctiogls t o  Basrah predictions. 

Date8 

nlonl h 16th-20th 21st-25th 26th-31st 
-- 

millutes minrttes n~inutcs 

January High + 20 + 18 + 15 + 1.7 4. 11  + 10  1 Low + 30 1 + 7 1 + 24 1 I 22 1 + 21 1 + 20 

+ 18 

March ... Hil,.11 + 11 + 12 + 1 + 15  + 16 + 18 1 Low 1 + I 9  2 0  1 + 2 2  1 + 2 3  1 + 2 4  I + 2 5  

April ...I High + ? O  1 + 2 2  - 2 1  1 + I  

1 + 2 7  - 2 8  
L,om + 26 + 28 t 29 + 31 + 32 + 33 

+ 29 1 + 29 + 27 
3 :" + 32 

e . H h  1 + 2 1 + 25 1 + I4 I + 24 + 24 1 A 25 
LOIV + 3 2  + 3 1  + 3 0  + 2 9  + 3  + + a  

.I nly 

- 

~cptem11c.r Hiz\)  + 49 + 50 t 5 2  + 53 + 64  + 55  1 1011 1 + I ?  I + 44 I + '6 + 48 + SO 1 5 2  

- 

Octobcr 
+ 62 

--- .- 

c .  I High I + 5" + 56  " 54 "' :: + 50 " 48 
Lo\\- t 63 + 63 + R : l  + 6 1  + 5 9  

-- 

"ce*"o. High + 4 I ; t i  I + 3 I + 32  I + 2" 24. 
Lon7 + 66 + 48 + 4 + 4,O + 36 
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Ha~~goo~.-Based on comparisons in 1923 t o  26. No  correction 
t o  heights. 

T A B L E  5.-Co1.1.ect.ions to  Ratrgooa yreciicl io~ts.  

Mont,h 

'nnnnry . Hig" 1 ; 1 I 1 I ;; 1 I ;; 1 - " Low - 18 

. 

Low - 18 

"WCL.. Hi'" 

- 1 1 I ;: I I ;: 1 1 ;; 1 1 1; I - 

p i  . Hi'" - 1; I - 1; 
- 1 1 1; 1 - 1 

- 10 
Low - - - - .  - 2 

~ -- 

)lay ... i I ~ ; I I ~ I I ~ ( I : - g  Low - (i 

-- - 

Jnnc High 

Ju ly  High 

dupnst 

Low 

_- 

+ H 
I 

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

~ e c e m b e r . .  i 1 + 1 - 2 1  , - 5 
Idow + 

+ 2 1  

Dates 

11 th-l5t.h 

ntil~trtes 
- 

ltith-20th 

it~inules 

21 st-26th 
-- 

minutes 

26tl1-3lst 
P 

tllir~ules 
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6 Tide-tables.-The tide-tables for  1928 for Basrah and 
the Indian ports were prepared and published. Distribution was 
completed by October 1927. Advance copies for  the 1928 tide-tables, 
for Suez, Aclen, Busl~i~.e,  Karachi, Blilvnagar, Bombay, Marmagao, 
Colombo, Trincomalee, Madras, Dublat  (Siigar Island), Chittagong, 
Elephant Point ancl Mergui, were prepared and despatched by the end 
of March 1987 to the Hydrographer to the Admiralty for incorporation 
in tlie Aclmiralty tide-tables for  1928. The  amount realized by the 
sale of tide-tables d i ~ r i n g  the year ending. 30th September 1927 
amounted to 11s. 5097/7/-, exclucling comrnisslon charged for by agents 
and tlie cost of copies issued gratis. 

7. Comparisons between actual & predicted values.- 
Prom comparisons made between the actual and predicted times and 
heights of high- and low-water, tlie predictions for 1926 were found 
to be as accurat,e as those for the preceding year, except a t  R l i l ~ n a ~ a r ,  
nrl~ere a great deterioration had taken place. A t  Bhavnagar observa- 
tions were made with a tide-pole, with which it is not easy to judge the 
times of high- anel low-water. I n  spite of this, previous years' compari- 
sons had indicated extremely small average errors, much smaller than 
at stations where automatic gauges are installed. It is believed tha t  
the change is due to stricter supervision by the port authorities and tha t  
the previous excellent agreement was f i~t i t~ious.  The port is sit.uated u p  
a creek and the range of height is large : althongh the preclictions are 
bad, they are not n ~ u c h  worse than might  reasonably be expected. At  
Hasrah, ou the other h;~ncl, there has been a considerable improvement, 
especially iu the heights. 

The greatest differences between the predicted and the actual 
heights of low-water a t  the riverain ports were as  follows:- 

K~,'rEllo;llo~.e.-Yredicted ~ ~ t i ~ l z c s  actual + 2 - 2 feet on 18th Ju ly  ancl 
22nd & 23rd October 1'326. 

finr~,yoow.- ) )  9 1 9 )  - 3 . 4  feet on 25th & 26th 
August 1926. 

Hassein.- 9 )  9 )  9 )  -.l- 1 feet on 25th August 
1926. 

Busrmh.-- 9 9 j 1  , , - 3 0 feet on 28t.h December 
1926. 

Tablrss (I to 16 give t,he fort,l,irIit,ly mean errors of the predictions 
for all stations a,t whlclr comparisons were made. 



E, is ~ t h  regard to sign* E, is without regard to &i@. 
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TABLE 6.-Alean errors 3, and l3, for 1926 
ADEN - 

MEAN ERRORS Nurntttti errorsn* 

(Predicted-sctnal) 
30 (.; 

PEHIOD E, ' E:' 
minrrra /",I 
01 t i 1 1 1 ~  t , ~  -- - 

H. W. L. W. H .  W .  
Height Time Heipht ' I I I I I ~  Ht,. I minufrr 11 fvct n,iv~tttrr 11 ,feet t n i p t t t / m l  jee,  

Jno. 1-15 

16-31 

Feb. 1-15 

16-28 

Ner. 1-15 

16-31 

Aprill-15 

16-30 

)lay 1-15 

16-31 

June 1-16 

16-30 

Jnly 1-15 

16-31 

Aug. 1-16 

16-31 

'el". 1-15 

16-30 

1 .  1-15 

16-31 

v .  1-15 

16-30 

Urc.  1-16 

16-31 

' ~ ~ T A L S . . .  

+ 
4.0 

5.9 

0.4 

7.3 

2.3  

5.1 

1.0 

3.5 

2.4 

0 .5  

4 '4  

4.2  

7.0 

7.6 

6.6 

7 .8  

+ 
6.1  

3.0 

4 .8  

7 . 3  

8 . 1  

10.3 

4 .9  

0 . 1  

4 . 3  

4 .3  

6 .8  

2.2 

8 . 2  

11.0 

6.5 

16.4 

-- 

6 - 5  

8 . 8  

5.9 

13.1 

8 . 8  

13.2 

11.6 

M BANS ... + 3.2 1 - 0.0 . 

+ 

0 . 0  

0.1 

0 .1  

0.0 

0 . 1  

0 . 0  

0 .1  

0 - 1  

0 . 0  

- 

0.7 

9 . 2  

3-6 

3.1 

2.3 

6 . 0  

1 9 2 . ~ 1  

-. 

- 
0.0  

0 .1  

0.2 

0 .0  

0.1 

0.3 

0 .1  

0.1 

0.1 6 . 0  0.1 11.3 0 2 15 G 0.1 

0 .1  12.2 0.1 13.6 0.1 

i 0 . 1  2.2 

8.9 0.1  

0.0 0 .1  

0 .3  2 .1  0 . 2  

8 - 8  0 .3  4 . 8  0 . 2  

14.811 1.1 11.~. 133.31 0 .8 / \  1 .0 

' 

1 

11 

I, 

I 

1 8  

I '  

1 '  

I 

1; 

1 

1 

8 

1 

0 .1  

0 - 1  

0.7 

0 1 

0 .1  

0 . 1  

0.2 

- 

0 

0 

0 

:{ 

2 

2 

2 

1 

0 

1 

0 

I 

2 

0 

0 

0 

0 

1 

? 

S 

1 

i 

1 

0 

0 

0 

0 

2 

0 . 1  

0 .1  

0.0 

!l.C; 

(;.; 

S.1 

l I , ( l  

1 2 . 0  

14 .5  

1 5 1  

I 

3 

0 

0.0 

0 . 1  

4.2  

6 . 1 j 0 . 1  

0.1 

0.1 

0.1 

0-1 

0.1 

0.2 

0.1 

2 

2 i  

1 

i . ? ,O . I  

7 . 3  

7 . 2  

7.6 

5 . 6  

10.1 

7 .9  

10 .1  

18.9 

8 . 9  

0.0 

0 . 1  

10.1 

9.3 

7 7  

8 - 7  

( i . 6  

10.7 

13.0 

1l.c; 

18.0 

0 . 2  

0 . 1  

0.2 

0 . 3  

0.S 

0 . 1  

0 .2  

0 . 1  

0.1 

0 .2  

0.1 

0 .2  

0 .3  

0.3 

0.1 

0.0 

0.2 

0.1 

0.1 

0.3 

O.? 

0 . 1  

0 2 

0.1 

0 .1  
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TABLE 7 . -Mean  errorr El and for 1926 

RASiIAH 

' E, is with r c g ~ d .  t o  aign: G2 is \vi(hout rcgartl t u  sign. 

- 
MEAN GRROKS errors exccedi~~g 

(Pr~licted - nciual) 

PERIOD 
€1 

, 
miitritea t rot  of 
Of time heighl -- 

lPL6 H. W. L. W. 11. W. L. W. 
Tinte Height Time Height l'itnc Ilt .  Titne Ht. 6 

minutar 11 I" winuter I feet ntimwteel reet ,ni j iut~a feet 

9 

6 

6 

1.5 

13 

11 

12 

11 

19 

33 

0 . 4  

0 . 4  

0 . 4  

0 . 7  

0 .6  

0 . 6  

0 :  

I *  - + 
Jau. 1-15 17.1 0.4 

16-31 42.2 0.1  37.5 

i 
16 241 

1 + ~  

53.0 

76.5 

45.9 

57.1 

40.1 

59.8 

25.1 

16-30 25.7 0.6 

Mag 1-15 19.4 0 .6  35.9 

0 . 6  

0.8 

0.b 

1 .2  

1 . 2  

1.3  
I 
1.5  

13 

12 

10 

10 

14 

li 

16 

- 29.6 - 5 0 6 1  5 1 . 7  o s I  I , ,  1 

I 
16-31 3 1 . 6  0.5  

June 1.15 24.2 0.4 

16.30 6 .4  0.2 

July 1-15 45.6 0.1 

16.31 15.2 0.3 

AUg. 1-15 33.7 0.0 

16.31 15.3 0.3 

Sept. 1-15 41.6 0.3 

16.30 4,O.g 0 . 6  

Oct. 1-15 55.2 0.8 

16.31 55.4 0.4 

~ O V .  1-15 72 3 0.4 

I(;-30 41.0 0.6 

Dec. 1-15 9.c; 0.3  

16-21 41.5 0.3 
-.- 

37.5 

1.0 51.3 0 . 6  

0 . 6  62.0 0 6  

21 

20 

1 7  

19 

18 

20 

10 

- 
12.7 

26.5 

29.0 

3 - 8  

53 .8  

15.0 

31.6 

12.3 

32.9 

63.0 

49.0 

63.1 

64.6 

48.9 

ao.0 

61.8 

7 4 6 . 7  
-- 

0 .1  

0.1 

0.6 

0 . 6  

0.3  

0.1 

- + 
0.3 

0 . 3  

Feb. 1-15 2.4 0.3  I 9 . 8  

16-?b 19.0 0 . 5  ! 28.7 

30.2 

G Z  5 

0 . 5  

1 . 0  

1.1 

1 , 3  

1 . 5  

Ilur. 1-15 10-8 0 .2  

16-31 5.5 0 . 5  

April 1-15 1 . o  0.7 

~ . ~ ~ l ~ ) . ~ ~ ~ , ; r . ~ ~ ~ > 2 ~ ~ 2 4 ~ O ~ ~ 1 ~ ~ ~ ~ ~ ~ . ~ : ~ ' i t ~ c i 4 ! : ~ : ~ :  I - -- . . . . I - . - . . 

0 .6  

0 .5  

0 .1  

0.0 

0.8 

0.0 

0 . 1  

2 8 . 3  

3! ) .9  

97 .5  

51.5 

41.3 

13.2 

38.6 

11.3 

47 ,9  

57.6 

32.2 

36.0 

33.3 

51.8 

60.8 

58.6 

61.8 

74.9 

4 7 . 9  

4 ~ . 1  

49.9 

0 . 3  

0.4 

0.3 

0 .4  

0.4. 

0 . 4  

0.6 

0.5  

0.4 

o.(; 

0 . 7  

o.(; 

0 . 5  

44.5  

73.5 

42.9  

52 0 

4G.3 

61.8 

62.8 

49 .3  

54 6 

68.6 

63.5 

6 1 . 3  

0 .6  

0 .7  

0 . 4  

0.5 

0 . 5  

0 6 

0 . 8  

0 . 6  

0.5 

0 . 5  

1 . 1  

0.6 

I 

2 1  

15 

14 

I G  

13 

23 

20 

18 

20 

20 

1:) 

16 

li 

21 

19 

16 

IS 

21 

21 

16 

21 

1:' 

1:i 

I:) 

:. I :: 
3 

8 

8 

9 

10 

16 

10 

1ti 

1:; 

10 

! I  

7 

13 

11  

16 

20 

17 

10 

8 

21 

n 

11. 

- 
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TABLE 8.-Mean errors ~3~ and E, JOT 1.926 

K A R ~ C H I  . 
AIEAN ERRORS Num~rrs 

emn am,- 
(Predicted-actnnl) 

-- 30 1 1  
PERIOD 

E I' I E,* minulrr fat 
or M ~ P  at11 

1926 H .  W L. W. 
Time Heipht Time 

nl i~r t r ter  /I ~ e e r  I minutes I! .feet 

10.4 0 . 3  11-8 0  2 0 1 0 

5.3 0.3 17.5  O.?  0 4 (1 

3  12.0 0 .4  Ci.5 0 2 I 0 b 

1 11.8 0 . 5  13.3 0 . 2  0 4 I, 

10.9 0  2  7 . 9  0 . 1  2 1 l i 

0 .1  15 .2  0.4 9 2  0.2 2 1 E .  

9.4 0 . 2  11.2 0 .3  1 ? I ', 

0 . 1  6.6, 0 . 2  10 .2  0 . 2  10.1 0 .3  1 1 0 
I 

0 . 0 '  9.1 0 . 2  10.5 0 .2  1 I 6 { 
0 . 9  0 . 2  0 . 6  0.1 10.3  0 .3  0 0 ( I .  

0 . 9  7 . 4  0 . 4  10 .1  0 . 3  I 2 ( 1 :  

I ! 

1 0 . 3  9 . 5  0 . 6  5 .1  0 . 3  

0 . 2  5.9 1 i :  
0 . 1  4.5 0 . 3  9 Z 1 0 2  ( I ( @  " I  

0.1 4.4 

EL i m  with regard to  sign I B, is witlrouL regard to aign. 
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TABLE 9.-Mean errors El and E, for 1926 

B H ~ V N A G A R  

El is with ~.egard to sign : E, is witheut regard t o  sign. 

PYRlOD 

lsee 

,lsn. 1-15 

16-31 

Yeb. 1-15 

16-28 

Nar. 1-15 

16-31 

Aprill-15 

16.30 15.6 4.1 0 . 4  5.6 0.8 13.5 0.5 0 0 4 0 

l a y  1-15 11.3 18.8 0.0 13.5 0.7 20-5 0.8 0 6 5 5 

2.9 0.3 17.2  0.7 12.8 0.5 2  0 2 2 

June 1.15 17.0 6.6 0.3 17 5 0.8 12.0 0.4 2 1 4 0 

16.30 18.4 0.1 7.2 0.3 20.7 0.3 15.6 0.6 3 3 0 3 

J u l y  1-15 20.3 0.5 0.9 ,0.1 20.3 0.6 9.5 0.6 2 0 3 3 

16.9 0.3 26.6 0.6 2G.1 0.9 6 6 3 G 

7 . 1  0,s 18.1 0.5 1 1 . 2  0.8 2 0 1 3 

0.4 10.5 0.6 2 1 . 9  1 . 4  I 7 n s 

5.9 0.4 11.5 0.8 9 . 9  0.8 0 0 G I 

0.8 18.2 1.4 12.7 0.9 3 . 0  1.6 1 8 5 9 

Oct. 1-15 16.1; 1 4 .3  0.9 17.1 0.4 13.7 1.0 2 0 0 6 

1G.31 I:! n 22.1 0.6 14.4 0.3 2 9 . 9  1.2 2 G 1 7 

0.3 5.G 0.: 14.8 0.4 10.8 0 . 5  0 1 1 2 

bet, 1-15 0.1 

13.1 

. 

Number ot 
errors exceeding I MEAN EltROBS 

Il'redicted -actual) 

11. w. 
Time Aeipht Time L.w;e iRht 1 H . W .  

L . W .  
Time Rt .  Time Ht. 

I I  I m i n u t ~ r  minutar 11 ,feet f ee t  minuter  feet minute* f t e t  

$ 
" , :$  ' 

0 

2 

7 

3 

4 

1 

3 

+ -  
0.3 

0.8 

1-6 

0.9 

0.0 

6 

10 

,I4 

9 

O 

0 

0 

3 

4 

2 

2 

3 

5 

+ 

0.7 

13.0 

20.6 

19.5 

20.9 

0.8 

1 . 6  

1.8 

1 . 2  

- 

2 

7 

11 

7 

G 

4 

2 6  

- 1 .  

0.3 

0.4 

- 

0.1 

16.8 

20.3 0.4 

6.0 

18.6 

23-4 

21.9 

20.9 

16.8 

20.6 

110-2 

I / 
7.4 

6.0  

+ - 
2.7 

11.4 

5.4 

5.3 

4.4 

0.8 

1.5 

1 - 8  

1.2 

0.3 

0.5 

0.5 

4.9 

12.7 

21.4 

17.6 

17.6 

14.3 

22.1 

0.7 

0.9 

1.9 

1.1 

1.0 

0.8 

1.1 



El is with regard to 6ign : ES is without regnrd to sign. 
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TABLE 11.-Mean errors E, and Ep for 1926 

MADRAS - 
MEAN ERRORS Bumber of errors exceeding 

(Predicted-nctual) 
30 0.4 

PERIOV 
El8 E 2* 

mintctrs fret  of 
of iime 'height 

-- 
1Yl6 Il .  w. I L. W. 

Time Height 'I'i~ne 

i s  I/ f ~ r t  n r i m ~ t e s  
- 

Jan. 1-15 11.3 11.4 0.1 12.4 0 .2  0  0  0  0  

16-31 11.0 11.1 0.1 12.7 0.1 0  1 0  0  

! ) , G  0.1 4.(i 0.2 0 0  0 0  

Ilnr. 1.15 -1. 6 ,  5 . 5  0.1 7 .0  0 . 3  0  0 0 0 

G.0 0.1  7 .4  0 .2  0 0  O 0  

G . 3  0.1 5 . 8  0 . 2  11 0  I 0  

G.1 0.3, S.3 0.c; 0  0  16 26 

5 . 4  0 .2  6 . 3  0 . 4  0 ,  0 4 11 

16-31 9.1 6 I  0 . 2  7.1 0.2 0 0  1 0  

'[llne 1-15 I;. 1 7  9 0 .2  6 . 9  0.1 0  0 1  0  

16.30 6.5 6 . 5  0.2 9 .3  0.2 0  0  0  1  

7 .4  0 .2  ti.!) o .4  0 0  2 s 

4 , . 1 0 . 2  4 r . 0 0 . 3  0 0  0 4 

.' E, is with regard to sign : Et is without regard to sign. 



E, is with regard to sign: Ep i8 without regard to  eign. 
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TABLE 13.-Meal2 error8 El and E, for 1926 

' El is with regard to sign: El is without regsrd to sign. 
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TABLE 14.-Mean errord and h? /or 1.926 

AKYAB 

MEAN EHRUItS 

(Predicted -actual) 

PERIOL. 
El' E,* 

- - . . .- - - 1 0 6  

I H. W L. W. W. L. W. 
'I'i m e Heiuht Time 

m i i r t ~ / c r  11 f p r r  

+ + - 
J .  1-15 5.0 0 .2  6.4 ,  

- + - I- 0.3 5.9 
0.3 6 .4  0.3 

16-31 7 . 1  0 . 0  6.01 0 . 0  7 .1  0 . 1  G.9 0 2 

Yeb. 1-15 5.9  0 .2  5 .9  0.3 ti 9 0.3 0 0 I ? 

16-28 0.2  6.3 7 . 0  0.3 G 3 0 . 2  0 0 I i 

Mar. 1-15 : :: 0 . 2  6 .7  I 0 .2  7.2 0 .3  6 .7  0 .4  0 0 0 3 ; 
16-31 6.31 0.2 7 . 0  0.2 6 . 3  0 .3  7 .0  0.4, 0 0 0 X 

Apr i l  1-15 0 1 0 . 2  6 . 6 ,  0 . 1  7 . 0  0.3 6 6 0.3 

I 16-30 5 . 9 1  0 - 3 5 . 9  0.3 6 .8  0 . 3  

i )lay 1-15 6 . 5 ;  0.6 6 . 5  0 . 5  6,:  0.7 0 

0 .0  7 . 1  0.2 6 .6  0 .4  0 

6.4. 0 . 4  (i 3 0 .4  0 

0.2 6 . 2  0.2 7 1 0.3 0 0 o 0 

July 1-15 6.91 ! 0 .1 6 . 9  0.3 (5 5 0 1 0 ,  0 0 0 

16-31 r;.8 I 0.0 6 8 0 .2  6 . 3  0 . 1  0 0 0 fi 
I 
I i 

5 . 9  0 . 2  7.1 0 . 1  0 ;  0 I 

16.31 6 . 5  0 .1  6 j 0 - 3  6 .9  0.2 0 0 1 0 

S t  1-15 6 . 5  

11;-30 6 .8  

. 1 1  6.7 0.2 

11;-no I;!) 5 . 9  0 . 2  0 '  o 0 I' 

. 1 -  c;.n 6.3 0.1  7.0 0 . 2  o 0 0 '' 

8 . 9  0 . 3  6 0  0.1 
0 ,  

0 ' 
I 

. - 

\ lea. \s , . ,  +( ; .8  1 - 0 . 2  + 6.fi 

El is wiLh regard t o  sign : El is without rogartl to sign. 
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TABLE 15.-Mean errors E, and X9 for 1926 

RANGOON 

PERIOD 

1826 

Jan. 1-15 

16.81 

Feb. 1-15 

16-28 

Mar.1-15 

16-31 

April 1-15 

16-30 

uay 1-15 

16-31 

Jnne 1-15 

16-30 

Jnly 1-15 

16-31 

Au:. 1-15 

16-31 

Scp1,1-15 

16-30 

OC(.. 1-15 

16-31 

NOV. A.16 

16-30 

Dee. 1-15 1 . 2  0 . 0  8.C; 0 . 6  .1..1 0.;: 10.8 U . t i  0 0 0 1 

16-21 1 0 . 5  0 .  2 7 .1  0 .2  11.; ( ) . . I .  1s .n  0 .5  :; z o .i 
b 

MEAN ERRORS Nun~ber of 
errors exceeding 

(Predicted-actual) 
30 1.0 

El9 E ~ *  
tninrctes feet of 
of time height 

H. W. L. W. 
Time Height Time 
- .- I minutee 

+ 
14.9 

1'7.3 

23.7 

20.8 

25.1 

14.7 

12.1 

6 . 9  

5.0 

7 . 9  

4.1 

13.9 

12.8 

19.1 

17.7 

35.6 

10.8 

.r, 

, 8 . 9  0 . 3  S . 2  U.0 

+ -  

0 .1  

0.0 

0 .2  

1 .5  

0 - 3  

( 

14.9 

1 7 3  

23 ,7  

21.8 

25.1 

16.8 

13.3 

10.1 

6 . 8  

8 . 8  

5 . 9  

1 4 . 4 0 . 4  

13.2 

19.1 

17.7 

35.G 

11.6 

11.9 

9 . 1  

9.1. 

11.0 

0 . 8  

0 .2  

0.4 

0.2 

0 .3  

0.1 

0 .2  

0.4 

0.2 

0.6 

0.2 

0 . 1  

0 .3  

1 . 0  

0 . 3  

11 
- 

! 

R . 1  

1 .7  

10.6 

0 . 3  

0 .3  

0 .5  

0.4 

0.3 

0 .3  

0 . 4  

0 .4  

0 . 3  

0 .3  

0.4 

0 . 5  

0 .7  

0.4, 

0 .6  

0 . 3  

0 7  

0 8 1  

0 . ~ 1  

0 . 2  

fce t  

+ 
0 '1  

0.2 

0 . 4  

0.1 

0 . 0  

0.2 

0 .2  

0 .3  

0 . 1  

0 . 1  

0.3 

0 . 3  

0 .5  

0 .6  

0.2 

0 - 2  

0 .1  

16.7 

17.0 

16.8 

16.9 

14.1 

13.6 

9 .1  

10.4 

10.0 

14m.G 

11.7 

16.7 

15 7 

1G.2 

17'8 

12 ' 1  

9 ' i  

I1.G 

7 '9  

14c.1 

12.3 

- 

0.G 

4 . 7  

0 . 5  

1 .0  

9 . i  

("3 

- 

0.3 

0.4, 

0 . 0  

0 . 2  

0 . 5  

0.5  

0 . 7  

0 4 

0'6 

0 . 4  

0 . 6  

0 . 5  

0 .5  

0.6 

0 . 4  

0 . 5  

0.7 

0 G 

0 .4  

1 .5  

0 .5  

0 .4  

1.0 

0 . 7  

0 4 ,  

m i ~ r ~ f t e a  

+ 
14.3 

14.0 

1 7 - 0  

16 .9  

1 3 . 2  

1 3 . 3  

6.7 

11.5 

4.3 

148. G 

10.9 

13 .0  

17 .7  

7 . 0  

6 .0  

1 

0 

7 

2 

6 

1 

0 

2 

0 

0 

0 

1 

0 

4 

1 

24 

0 

3 

! 

U 

:I 

5  

G 

7  

5 

1 

3 

0 

2 

0 

4, 

2  

5 

G 

7  

5 

2 

0 

1 

1 

1 

1 

0  

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

2 

1 

4 

2 

6 

0 

7 

1 

I 

0 

2 

7 

4 

2 

3 

0 

1 

3 

1 

6 

2 

2 

8 

1 

1 

22 

0 

0 

18 

5 

1 



E, i p  with regard to eign : E, is without regard to  sign. 









GRAVITY AND DEVIATION OF THE VERTICAL 

( i  Computation of Hayford anomalies 

1. Observations for latitude and gravity at identical 
stations.-The only gravity work undertaken during 1926-27 was the 
computation of the topographical and Hayford anomalies for the obser- 
vations made by Captain E. A. Glennie, D.s.o., R.E., in Kashmir in  1925. 

At the majority of these stations gravity and latitude were obser- 
ved a t  practically identical places, a fact  which involves some change in 
the existing system of reduction, if one estimate of height is to serve 
for both. In  the past the zones for latitude stations were so chosen t h a t  
the ratio of each r ing to the  next mas 1 .426 ,  while for gravity stations 
the zones were bounded by conveniently sized rings measured in round 
numbers of feet and miles. So  long as  gravi ty and latitude stations do not 
coincide, this system is the  most convenient, bu t  when they are coincident, 
its advantages do not outweigh the  disadvantage of having to repeat the 
height estimates. I n  view of the complexity of the gravity tables, i t  
was clecitled to retain the gravi ty zones and t o  use them for both reductions. 

2. Zone fac tor . -The  northerly deflection in seconds caused 
by a mass lL feet high, bounded by arcs of radii r, and r,, the radii being 
i~~clinecl a t  angles a, and  a, to  the meridian, is given by :- 

S 'I- * 6 .  D = 12'' ~ 4 4  - h ( sin a,-sin a1 ) log, , where - IS t,he ratio 
A rl A 

r.3 of the surface deilsity to the  mean density of t,he earth. 7 has been chosen 
1 1  

equal to 1 ~426, and sin a, - sin a, equal to 0 . 2 5 ,  resuiting in the con- 

venient relation D = ' so t ha t  0".01 is recorded for every 100 iTqm ; 
feet in the average height, of the compartment. I n  the gravity zones 
1 2  . 
- 1s not equal to 1 -4,26, so that,  aEter computing the effect of all t l ~ e  
rl 

compnrtmcnts in each gravity zone by the above role, i t  is necessary to 

mnltiply the reslllts by a zoae factor " cqnal to log I 10: ls4,!26. 
I. ,  l 

Thin factor is riven i n  Table 1. No reforonce is made to zones heyon(1 
"one 1 1, ns the 1Ea,yfortl corrcctiolls for thew zollcs can br: ol~taincd snffi- 
-- - - - -. -- - - - -- 

* ~ f .  C l a r k e ' ~  Georlesg p:~gcs 295-2YC;. 
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ciently accurately by iilterpolation from stations which have already 
been reduced. 

3. Height c o r r e c t i o n . - T h e  formula quoted in $ 2 involves 
three ap1)roximations. Firstly the  curvature of the earth is neglected- 
as  f a r  as zone 12  no correction on this account is necessary. Secondly, 
the compartment is assumed to  be everywhere of equal height: any 
depzrtures from this approximati011 have been neglected in the past, and 
may continue to be neglected in future. Thirdly, a minor correction has 
to be applied, when the height of the zone above the station is not 
negligtble in comparison with the radius of the  earth. The formation 
of the new zones necessitates a recomputation of this correction. The 
formula is * :- 

6 C =  12".44 - h (sin a,-sin a l )  r log. v2+ Jr227 - loge *s- 1, This 
A L r , + , / v  r 1 

approximates with sufficient accuracy to  C =  .37 

compartment. C is in seconds and R, v2 and r, are  in feet. 
The  correction for tlie new zones has been calculated by this for- 

mula. It should be noted tha t  this correct,ion must  be applied after the 
total for each zone has been multiplied by the zone factor. 

4. Hayford factor .-As Hayford has shown, coml)ensation is 
allometl for by multiplying the effect of each zone by a factor dependent 
on the racli~ of the houndin: arcs of the zone, and on the assumed depth 
of compensation. This Hayford factor, which must  not be confused 
with the zone factor, defined above, is given by the formula t :- 

r2 + Jj.," +,2 
log 

Hayford factor = 1 - " + Jv1' + 'lP, where A,  is the assumed - r,  

1 

depth of compensation. Taking hl as 70 miles, this ha! been computed 
for tlie gravity zones, and is given i11 Tsble 1. 

TABLE 1 .-Zone fcbctor n)zd Hccyford ,fccctor 

Zone 1 I..: 1 1.1 1 Z n n s  factor 

FInyfurrl. F i l r l ~ l . t s  oi' the Knrth ant1 Inontasy p:lXe 34. 
t HnyEord. Figure of the Elrrth ant1 lso~tasy [):p 70. 

Hagfold factor 

0.018 
0.036 
0.058 

0 082 
0 .0 ! )6  
0.125 

0.159 
0.254 
O.4GR 

0 .658  
0.7S2 
0. HG.7 -- 

0,816 
0 .  9 i 9  
0.490 

0,433 
0.389 
0.351. 

0.3.72 
1.538 
1.771 

1 . 3 2 4  
1.410 
1 . 1 4 2  

1 2 
13 
14 

13 
11; 
17 

1 R 
I' 
( )  

N 

~~. ~-~ -- 

--- 
~ ~ t i l e ~  
89:). 0 1 $:!; 
293 .j ' 210.5 
210.8 177 .1  

177.1  151.9 
1 5 1 9  1 132 2 

l l t i . 5  

I l G . 5  
10.7.6 60.G 
tin 0 1 22.0  

33.0 
hI 1 20  0 

1, 1 1 3 . 0  

20.0 
12 .0  
8 . O  

L 
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TABLE 1 .-Zone factor and Hnyford factor-(contd.) 

5. Procedure when longitude is also o b s e r v e d . - I n  
fut'ure years, gravity, latitude, and 1ong.itude may all be observed a t  one 
station, and the simultaneous con~ l ,u t a t~on  of tlie meridian and prime 
vertical deflections nrill involve a further modification of the system. 
The simplification sin a, -sin a] = 0.25  will have to be abandoned and the 
spacing of the bounding radii altered to 15" apart. Then in addition to  
the zone factor, there will be a "compartment factor" of 4 (sin a, -sin al), 
by which the effect of each coml7artment \\7ill have to be multiplied before 
the summation into zones. This factor will not be the same for both 
meridian and prime vertical cleflections. I n  the former a] and a, will 
be measured from the meridian, and in the latter, from the prime vertical. 

The present "height correction" (nr'de $ 3) \\rill also be different for 
each compartment, bu t  i t  is very small and the following approximation 
"ill suffice. Use the fo rn~u la  as  given above, ancl for the 12 compart- 
ments lying nearest the meridian (or nearest the prime vertical, for prime 
vertical deflections) take the correction as i t  s tands;  for the remaining 
compartments divide i t  by 3. 

E 

B 

6, Gravity reduction.-For gyavity st.ations the horizontal 
direction of an attractillg Inass is i~lmlaterlal, and ~ io th ing  more would 
be required than the me:tn height of each zone above the station, but  
for the fact tha t  in the inner zolles the effect of a zone or compartment 
does not vary linearly as this height, but more nearly as its square. 
ConsequsntlJr i t  is on]y  allowable to meall together the heights cjf 

COmPartrneut,~ which lie' at, silllilar heights above the station. Inspection 
the retlucliou tables iln~ncdiately shows what range of heights may be 

meaned t,osether in ally part,ic~llar case. The lieights of various compart- 
ments l l a v ~ n ~  beell meaneil in zronps in this way, the recluction tables are 
entered ~cpara,t,ely e a c I ~  1118&11. T l ~ e  rcsalts a,re m~~l t i p l i ed  by the frac- 
tlon of fthe whole zone they represent, a,ntl :>,re then srlmlnetl to give 

total t~ffect; of zoup. The vn,riation of t,hc Compensation tables is 
more llcarly linear witll IleigIlt t,harl tha t  of tlie Topogrnl~hy t'ables, and 
more general means call conseqnently be talien before entering the tables. 

?a 

miles 

8.0 
5.0 
3.0 

2.0 
1.5 
1.0 

0.5 
1400 feet 
600 .. 
200 ,, 

r~ 

m ~ l r s  

5.0 
3.0 
2.0 

1.5 
1.0 
0.5 

1400 fee t  
600 ,, 
200 ,, 

10 ,, 

Zone factor 

1.394 
1.440 
l.lk! 

0.810 
1.1$3 
1 .Y54  

1.788 
2.388 
3.097 

8.143 

Hnyford factor 

0.908 
0.945 
0.963 

0 - 956 
0.983 
O.!IOO 

0.996 
0.996 
0 999 

1 .OOO 
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7. Systematic error .-The fact noted above, namely that 
the effect of an  inner zone depends not on its mean height above the 
station but more nearly on the root mean-square height, introduces 8 

systematic error. Any  process of tincling the mean height whetsower 
whether by estimating the mean height of a compartment or by the 
meaning of compartments into larger fractions of a zone, reduce8 the 
computed effect of the elements so meaned. An estimate has been made 
of the error likely to be caused by the system outlined above, and it is 
found that  for the most uneven type of country ( e.g., Murree ) the 
systematic error is likely to be between -001 & 003  cm/seca. Such an 
amount of error does not serioiisly affect the usefulness of the corn- 
putation, b a t  any  increase over this amount requires t o  be guarded 
agminst. 

8. Average height map.-For zones outside No. 12 ( about 
400 miles), the effect can be obtained by interpolation from stations 
already computed. '1'0 facilitate the computations for the larger zones 
inside this limit, Major E. .A. Glennie is preparing a n  "average height 
map of India" stlowing the average height of each 30-minute square, 
carefully estimated once and for all from the best available maps. In 
the zones beyond zone P ( 103.6 miles)  the root mean-square effect 
( v i d e  3 7 )  is of no conseqnznce, ancl the simple mean height of the zone 
is all tha t  is required. With  the help of the map, this is very easily 
obtained. 

0. The results for Kashmir and Punjab, 1925.--Tablesi 
& 3 show the resi~lts for the Kashmir ant1 Punjab latitude and gravity 
stations respectively. The heights have been estimated by Mr. Abdul 
Karim, B. A. The average height map has been used for zones 18 to 18- 

TABLE 2.-Lcct ittcde d e j e c t i o n s  in Kashmir, 1925 
(referred to Everest's spheroid) 

Stat :on 

E 
1 

I I 

i I 

.4 pwltir~ FRIIIA 11f . \ -0  ~ l e n ~ ~ r c u  n -nnthcrlv tl~Aection of the p lnml~- l inc ,  
t Due to bpry r~phy  within HM) n11le~ of the statloo only. 

(,.a,atr**rdl 



CHAP, v.] GRAVlTY 8~ DEVIATION OF T H E  VERTICAL 79 

TABLE 2, -Latitude deflections in Kaslirnir, 1925- (conid.) 
(referred to Everest's spheroid) 

A positive value of A - Q dcnotes a southerly deflection of t h e  plnmb.line. 
t Due to topography within 400 miles of t h e  s t n l ~ o n  only.  

TABLE 3.-Results of gravity observations in the Punjab 
and ICasl~rni~. 1925 

Gtation 

Deosai 111 ... 
Ldpur ... 
Srineg.~r ... 
Pingalnu ... 
Tis b l ~ i d i u  
liorng ... 
Tosh hlaidiu 

waziribicl ... 32 26 48 7406 28 756 $179-61i 979,446 9 i  
Jhelnm ... :12 55 20 73 42 41 764 979.656 979.484 97 
RiwaIpindi :33 36 41 73 01 07 1754 979 - GI3 979.419 97 

~ o T B R . - ~ ~  =9;8.olo ( 1  + o.onGRoZ sin2 6 - 0 . 0 0 0 0 ~ 7  sinz 241) crn,'~pc'. 

? Ai R yo correrterl lor l~cight  (Free air)  
yC i~ y g  corr,=ctctl for tol>opr.nplly k cnl~~pcnsn(ion 01) 

9 is t,he observed vnlnc of gl .n~ily.  

0 
a 
o t  

a 

3 3 
a w  

.EZ 
Z Q  
W 

-23 
-32 
-43 

-42 
-32 
-33 

- 27 

5 x .z @, 
3 8 1 
s y 4  n, 
pI 

N 

+ 18.22 
+03 .26  
- 17.19 

-16.17 
+02 .63  
+ 01-99 

+ 01 a68 

a 

.- 
x 

/eel 
12391 
5633 
6198 

5 2 ~ 7  
7867 

10952 

10315 

Am 
g.0 a v 
ZQ" 
..c 
.5- 
f$ W 

11 

- 2.72 
+ 1.06 
- 9.92 

- 7.91 
+ 2.81 
+ 2.25 

+ 3 - 9 3  

% a  
$< 

g 2 

I' 

+ 20.94 
+ 2.20 
- 7.27 

- 8 - 2 6  
- 0'31 
- 0.2G 

- 1 - 7 8  

Longitude 

I3 

O ' " 
76 26 38.30 
74 32 11.69 
74 49 27 -27 

74 56 69.18 
74 39 57.28 
74 33 20.90 

74 29 E8.13 

Geodetic 
la t i tude  

N 

- 
4 Z . ! Z  8 

sz  
2 2 -  a - u  

"23 
O ' 

14 65 47.20 
34 05 36.93 
34 0 4  3Ci.Gl 

33 64 22.49 
33 49 56.55 
33 48 31.37 

53 56 1 7 - 3 3  

I /  

63.42 
40.19 
19.42 

06-32 
59'09 
33.86 

19.U1 
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( i i )  Gravity in Kashmir 

10. Discussion of resul t s . -The  following disclission i~ 
principally concerned with the gravity and latitude observations made by 
Major Glennie in 1925. Two of De Filippi's stations and two older 
stations of the Survey of India are also consiclered. 

The  stations are shown on Plate V11I.* The  Hayford anomalies 
are given in Tables 4 & 5. The deflections are given with reference to 
three different spheroids, (a) the Everest spheroid, (b)  the International 
spheroid, so oriented as regards the qssumed deflections a t  Kaliiinpur, 
as  to make the best possible fit with the " compensated geoid "t in India 
and (c) the Survey of India spheroid No. 11, namely that  which best, fits 
the Indian "compensated geoicl". It will be noticed that, except in the 
north, the deflections relative to the International spheroid are generally 
of opposite sign to the Everest cleflections. The  Everest spheroid is 
not a satisfactory one, and there can be no cloubt t ha t  either of the two 
latter spheroids should be accepted in preference to it .  

The  I-Iayford gravity anomalies are given with reference to Helmert's 
gravity formula of 1001. This also may be imperfect, but a better can- 
not be sug,oestecl$. It is not possible to affirm tha t  all the gravity 
results shollld not be changed, more or less eclually, by as much as (say) 
0.010 cm./eec2 in either direction, but  any  much larger change n70uld 
probably be inadmissible. 

Then, taking the deflections with reference to the International 
spheroid, and the gravity anomalies with reference to Helmert's formula, 
we see that  practically every deflection anomaly is to the south, and 
that  practically every gravity anomaly (exclading the Punjab) is posi- 
tive. Here is a fundamental contracliction. The north Prinjab is an 
area of ~lefect, (as is apparent from gravity observations there, and also 
from chart9 I1 8z I11 of Dr. Hunter's aclclress to the Indian Science 
Congresq, 1928)) and the s o u t l ~ e r l ~  cleflectio~ls in Kashmir indicate that 
the " conipensatecl qeoid " falls lower and lower as  we proceed into Kash- 
mir. The obvious deduction is that  Kashmir is an area of defect of 
gravity. But  the positive penclulum anomalies deny this. 

Plate IX Fiqnre I shows the deflection anomalies generalised along 
the line of the secttion AB in Plate VIII.  Stations far  off the line ]lave 
heen omitted. To allow for tlie fact tha t  total deflections probably lie at 
right ancles to the line OF the hills, the observed latitude deflections have 
been nliiltiplietl by a factor of 1 .:3 to  convert them to deflections in tllc 
plane of the section. 

Fizlire 11 (soli(1 l i n ~ )  <horns these tleflection anomalies, integrate(1 
u p  to $1be a section nf the compensated cenid. The clatrlm of -20 feetat 
Ilnnjitnarh is taken from an ~inpnblisllpd &art ,  showiny the c.olnl)ensated 
g ~ o l ~ l  in lntlia, 1vrt11 rrfcreuce to thc International sPlleroid. 

F i ~ n r e  111 ~hnn-9  tlie q r a v ~ t y  anomsliep. 
There i q  a poss~hle explanatinn of the above contratlirtorg reslllts 

which i~ f 0 1 1 o ~ ~  :-nctmeen Ranjitgarll  Korng thcrc is a large 
~ a p  tvhirh has h ~ e n  fillr(1 by assunling the deflection anon in lie^ in  thr 
lnt.rval to he the .amp a. the almost crlna] anomalies at the ends. 
This in an improhahle aw~lmption.  Analoqy with the rest of the oilter 

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

Frnm Qrndptir Report Vnl I .  A\-. n. Tho xnomnliee there s h o v n  arc ' Free 
air" aurl '10 not rnmo ~ n t n  the p r r ~ r n t  (lirrnnqion. 

f For " C n m p ~ n e n t r ~ l  p ~ n l r l  ' r . r r { r  5 12. 
t Inlrnrlncine n cn~lFic-tfint o ,  qin? +,-onfornl.lhlc a l t l l  3 fln(ten,ngoT 1i2!15. chRnPq 

all Rtnt~ono nhont ~ q n l  llp hy . o() 1 
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fringe of the Himdaya  would suggest large northward anomalies in such 
a place. A small northward anomxly does occur a t  Murree, near by, 
and on the line of the section the outer range is more fully developed 
than at  RSurree. It is not unreasonable to assume a maximum anomaly 
of 15 seconds north* . 

This assumption is shown in  figure I with a broken line. The 
resulting corrected geoid is shown by a broken line in figure 11. 
Kashmir remains a depressed region, but  this conformation could be 
produced by some excess density under the Pi r  Yanjal and the Srinagar 
valley, in combination with an overwhelming defect to the north. 

If me reject the International spheroid and use the Survey of India 
spheroid I1 of 1927 instead, the observed southerly deflections are 
lessened ( vide'l'able 4 ) and the initial geoidal depression a t  Ranjit- 
garh is also lesst, namely 5 feet instead of 20 feet. This spheroid is 
shown by the second datum line in figure 11. With  reference to this 
datum, the broken line section is reasonable. W e  have defect in  the 
Punjab and excess in Kashmir in agreement with figure 111. A large 
defect to the north is still indicated, of which me have no direct evidence, 
though i t  is not unreasonable. The Nepal Himalaya has a great defect 
beyond its outer margin, and there nlay quite well be a similar1 tendency 
on the PW. side of the Kara-koram. 

A flaw in the argument is t ha t  the very large positive 5ravity ano- 
malies observed on the Deosai find 110 counterpart in the geoldal section. 
We cau only conclitde tha t  they are very local, a couclusion which is 
supported by the rapid changes in the deflection anomalies in these parts. 

11. Concl~~ions.-Contradictions can be avoided if the follow- 
ing propositions can be admitted, but  the propositions cannot be accepted 
as well established. 

(1) Considerable ~iorthwarcl deflection anomalies are likely to be 
found betnreen Vraziriibld and the Pi r  Panjal pass. This 
is a point which could be fairly easily verified. 

( 2 )  The Kashmir ~Sesults agree well with those in the rest of India 
111 heing better fitted by the Survey of India spheroid I1 
than by tlie International spheroid. 

(3) The large allonlalies uncler the Deosai are of very local extent 
and have little effect on the geoid. 

(4) There is a large defect of density NE. of Sltardu. 
12. A note on the "compensated geoidV.-Just as the 

geoid is an equipotential surfaceot the whole earth (referellcespheroid, hills, 
compensati~nalldall~malies), so is the compensated geoid the corresponding 
equipotential surface of the reference spheroid and anonlalies only. 
Just as a geoiclal sectioll is obtained by ~ntegrnt ing  observed deflections. 
SO is the coml,ensate(1 geoid obtained by i l l  tegrat ~ n g  I-Iagford (or other) 
anomalies. lllterllativelp tile Ileig-11 t of the conipcnsatetl geoid a t  a point 
may be obtaillecl by the potential, a t  that  poiut, of all the sar- 
rounding toPofiral)lly nllcl compensation, calcr~latilig the geoidal rise 
corresponding to sucll l,otentinl, a~lcl subtracting that  rise from tlie height 
of the geoid. The latter is an eaqy colupntatiou. 'Fables have been 
Prepared for it, and a ellart showing the compensated geoid in Inclia has 
been drawn. 
\ 

* cf. DCJIra 1 2 ~ ~  N., I(4111~n ( U e p i l )  18" N ,  Knr.ooog 28" N These are with reference 
to E ~ e r e ~ t ' s  enheroid and require ret lnct~on by nbout 4" t o  change them t o  the Intar- 
nat~onrrl. 

t E'rom nnpnblisllod compntatione. It  is the residual at point B in tho solution 
for spheroitl 11. 

f but far less c.xteusive. 
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1'A B L E  4.-Hayjord ~ e s i d u a l s f o r  lufi lwde observutions 
ita Kauhrnir 9;. su~.roundin,y country 

* Wit11 deflections at, Kaliinpur of 3O.08 8. and 3".17 W. (i. e., as best fitted tothe 
compensated geoirl i u  India,. 

t R =  6,178,641. 1 / ~ = 2 9 2 . 4 .  DuHectiona 1".98 S, and Z1'.t!1 W. ( i .  e., the spheroid 
wh~ch  best fits Lhe compensated guoid i n  India).  

f Prclimiuary valuc of the Hayford residual computed by the Survey of Indie* 

Station 

- -- - .- - - - - 

Ranjitgsrl~ ... 

Murrec . . . 
Iiorng ... 

Tosh Maidiu ... 
Yils Jlaidin ... 
Pingalan ... 
Lilpur . . . 
Hursmula ... 
Srinagar ... 

Shidipur ... 
Gandarbnl ... 
Hay nu ... 
Sonimarg ... 
C l r u r a w e ~ ~  ... 
Minmarg ... 

Deosai I ... 
Deosa i I I I  ... 
Deosni I I  ... 

Hayford 
residual. * 

loternat~onnl 
spheroid 

Hayford 
res,du*l. 
S"'ve~ of 

111dia 
spheroid IIt  

Authority for 
results 

- - -- - 

Survey of India 
published 

,, 
Glennie 1925 

I I 

I 

9 1  

I S  

T, 

j 

p 

1, 

I 

Hnrford 
residual. 
Everest's 
spheroid 

W 

- 0 . 9  

- 10.4 
- 0 . 3  

- 1 .8  
- 0 . 3  
- 8 . 3  

+ 2 . 2  
+ 2-C  
- 7.3 
- 6 . 7  
- 1 . S  
- 4.8 

- 4.0  - 3 . 2  
+ 0 - 5  

+ 6 . 6  
+ 10.9 
+ 13.6 

N o z n l  Madas ... Ut! Filipyif 
SLHTCIII . .  1 . $  

+ 6 . 0  
+ 2 1 . 0  

+ 6 .3  " 

- 3 . 6  
t 6 . 6  

+ 5 - 0  
+ (3.5 
- 1.5 

+ 9. I 
+ 9.0 
- 0 .4  

+ 1.2 
+ 6 . 2  
+ 2 . 2  

+ 3.0  
+ 4.0 
+ 7.7 

+ 12.8 
+ 28.2  
+ 2 1 . 0  

+13.L 
+ 28.5 

+ 2:6 

- 6.3 
+ 3 - 8  

+ 2.3 
+ 3.8 - 4.1 

+ 6.6 
+ 6.4 - 3.0 

- 1.4 
+ 2 .6  
- 0.4 

+ 0.4 
+ 1.4 
+ 5.2 

+ 10-3 
+25 .7  
+ 18.6 

+ 11.0 
+ 26.0 
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TABLE 5 , - H n y f o d  resid~~nla ,for grnui ly  o b s ~ ~ - z ~ a / i o ~ z . u  i l l  

Knshmlr & sur~.oundi fy  country 

Standard grnvity =978.030 (1 + 0.005302 si l l%- 0.000007 sill?@) 
* Prelillliunry vnine of Hnpiord res~tl~lnl cornpnted by t h c  S l ~ r ~ e p  of lutlin. 

Htntion 

Waziriibiid ... 
Jhelnrn ... 
Riwnlpindi . . . 
Mnrree . . . 
Korng , . . 
Tosli Maidin ... 
Yus Maidin ... 
Domel ... 
Pingnlnu . . . 

Lilpur . . . 
Sriuagar ... 
bhiidipnr . . . 
Qslndsrbsl ... 
Bnyrln 
Sol1,5 marg . . . 
Chnr nwan ... 
I\linm:rg . . . 
Ileosal I . . . 

L)eosni 111 
1)cosni I1 . . . 
Woznl Iladur ... 
Skartla ... 

Authori1.y for 
results 

Glennie 1925 
, 

(1  

I I 

I t  

I t  

, t  

,, 

, 1 

9 1 

I I 

P 

De Filippi * 
* 

H ayford 
1.euidua1 

- 

0.000 
-0 .022 
- 0.047 

- 0.025 
+ 0,034 
+ 0 . 0 5 0  

+ 0 .008  
- 0 .048  
+ 0.012 

+ 0.017 
+0 .021  - 0.030 

+ 0  010 
+ 0.017 
+ 0.045 

4- 0.032 
+0.0:45 
+ 0.090 

+0.095 
+ 0.0tiJ 
+ 0.036 

+ 0 . 0 1 4  



TRIANGULATION 

1. G e n e r a l . - - T h e  triangulation commenced last year in  Lower 
Burma on the Rangoon Series, was continued ancl completed by No, 15 
Party.  The  series breaks off from the Burma Coast Series, mhereit 
crosses the Pegu Yoma hills, ancl extends southwarcls for a total length 
of 100 miles. Connectio~is were made wit11 No. 10 ancl 11 parties 
(topo), working t o  the east and west respectively, as a control for their 
minor triangulation; and a number of points were accurately fixed in 
Rangoon itself a t  the request of the  Local Government, 

The  heaclqnarters of the party was establishecl a t  Fegu early 
in 1)ecember ancl move(l to Insein a t  t l ~ e  end of January, where it 
remained until work was completed in the rniclclle of March when the 
party returned to  Dchra DGn. 

2. P e r s o n n e l . - T h e  party took the  field rlncler Captain G. H. 
Osmaston, M.c., R.E., with 1 compnters and 7 5  lihaliisis. TO avoid tile 
hexvy c~sna l t i e s  experienced anlong the l l e h ~ a  Dfin men in the previo~~fl 
season from malaria, all the  menials, excepting a few skilled lampmen, 
were recruited from Haz , i r i b~gh .  

Mr .  B. L. Gulqtee was attachecl to  the party for three months for 
instruction, ancl took charge of the  reconnais*ance. 

3. T r i a n g u l a t i o n . - T h e  new series consists of nine simple 
triangles ranninq from the  Burma ( h a s t  Series, s tar t ing in the north 
astride the forest clad Pegu Yomas and rlescending further sooth to the 
flat padcly fields of the delta, the  terminal station being 20 miles south- 
west of Rangoon. 

The  (lifficolties of triangulating in this type of country, and the 
fact t ha t  the series was short, and incapable of great extension, made a 
simple chain of trianqles preferable to  more complicated figures* 
Definite connection with the minor tria,ljiulatioll of 157s was made at 
one point only (Chanakpho I I . ~ . ) ,  where the new value differs from the 
old by 3 feet in lonqitntle and 28 feet in latit~rde. Several of the new 
stations were apparently close t o  the old sites of minor stations, but 
mark could be found. 

12-inch theodolite No. V by Tro.ollton Simms \Ised 

throughout the season. The  graclaation error of this  instrument, '!' 
determined by comparison of readings of the same anglrs on different 





__.1 

ltefcrenco numbers nnd Vnlucs of " 1tb " nncl " M " for nll Geodetic Series of ,ha 
Indian Trinngulntion: (Sec. Rccortls of the S u r r e y  of India Vol. IX, p. 1371, 
For 42 Stvitba entcr in ,~  the Simultnnecruu Grinding ( R ~ O \ V I I  ill itnlirs below) Mean Square MsS1.06 
For Series up ttr No. !I9 . . .  . . .  . . . Mean S ~ I I U M  M= ,1.53 

Name ot Serieo 

1, S c ~ ~ i h  Pirrasnilth Mer. ... 
3! Budhall Mcridional . . . 
:<; Anltia Blwidimnl . . . 
41 R ~ a g i r  ~llet-idinr~nl . . , 
5 Cnleultn Lmlgitudittnl . . . 
6 

Fer-ona 
- 

l ldl-393'308 
1833-432.242 
18:11-:38 

Ormt Arc iNYridinr101, 
Rertiorr 24'-30° ... 

+ m - 

1'617 

7 :  Romhny Lm~giludii~nl . . . 
81 Orpol APC Meridio~tnl, , S ~ r l i o ~  18924' . . . 1838-1 1 
9 Iirpnt Arc ,Ilrri~iin,rnl, 

Sertimr 8'-18' , , , ) 1 ~ j 0 - ; ~ ~ . : : ~ ~  
/ 1 

1 I r i i o ~ n l  ... '1842-62 
11' ao~llh Kn~rkn~r f'011xt . . . 18-12-67 

65 Binm Brallch Triangu- 
I :i .\i,rlh ~Wlnli11~11n ,Ifen.. . . , '1 6 1.1- 16 1.266 1.-12 l~btio~l 
1 1 t i  1 r i d 1 1 n  . . . IlS 11-69 VS I1 1-06 66 Mn~~dalny Meridionnl 
15, (Arm dl~rit l im~nl " '  I 11815-47 0.973 1.21 

67 Mong Hsat  
I C ~  ( ' t ~ k ~ ~ l b t  3Ieritli11t1nl , . 11848-18 1.1 7:i 1-99 68 hlnnipur Lapi tudina  
l i l  & w t i ~  hIalil~~clla Mer. ... lRi;i-.iB l'fiO(i 1'97 ($9 Makliil~ Ln~~gituilinal 
1 ~ 1  Khri~~pi*~tra M~~rit l t 'o~~nl. .  . 118 b5-62 1.227 1'07 

I 70 Mandalny Lon. 
191 !:lo-r~.tini ,Ileridicnrnl . . .  118-16-47 1'165 1.55 71 M R I I ~ ~ I I ~  MPI.. 
201 ~VrrtA-Fhnt h t ~ .  ... /184(i-65,0' 146 0'ti.i 72 Great Sa lwen  
21' H~~ril t ior~g Jferidioltnl , .. !IS 18-52 1.502 1-92 

7:; Kidallnntu . . , 1902-03 1':1:'8 I'G? 
22 Xnrth-llbrl Hi~~rtiln!yn . . .  llX1S-.j:?0'6fl O..;:, 74 Kal i t  Longitudinal 
03 !:vrhignrh Jl~rirtin~rnl . . . I R 18-62 0'9 I4 1'21 75 Baluchistil~ Triango- 
2.q E I I ~  CIIOOI . .. IF 18-6:10'608 0'7 1ntio11 

26, l l h u  SI~~.idim~nl . . . ! l ~ . i l - 3 2 0 ~ 6 1 7  0'66 77 Gilgit 
?i Kn~nirhi i,mt~gilnl*ul . . . 11 6 l9-53 0.55P O'ti; 76 North Rnluchisti~r 

27' xortl~ F'tirnnrtilA i1Tt.1.. , , .  jlR51-5.L0'89:, 1'25 7% Kllirsi Hills 

281 h.,ithi(il.+r .Nr~.idCnnl , . . I1 Xi l - i6  0.990 1.1 I 79 M a r k m ~ i  
11 G~tjartit i,ni~gilvdit~nl . , .  116ii-t;20.$ig 1.12 80 l l p p r  Irra~rnddy 
301 Knthiiiwir Loll. . . .  I 1853 1'481 1'34 81 Jointin Hills 

I 

:11 SRl>nrmuti . . . 11853-54 1';I-lF 2.X I 82 Rhir 
:<2# (;rtsnl ~ I I ~ I I S  . , . 11 S53-61 ().:I59 0' t 3  8ij Riinrhi 
:!?I K,ihr)~r iIlvrirIin11n1 . . . 1S:t:j-ti:i0.:J.'; 0.37 84 Villopul,i\m 

i 

.:.-, ( 'rltcl, (lnn,qt ... 
I I 1 1 r i l 1 7 1 r n l  . . . l f?.i I-(;( 0.579 0.7 1 8:) Snmbalpur 31cridional 

1 #.i.i-;:0.9N; 1.27 a(; Indo-Raaaimn Connerti 
::G' Ka~hmir  Yri~lcipal . . . lP55-6OO.AF( I 0%; R i  Kha~ltlwi~ 

117, J,sy;-7'rk ,Ifvrivli.nrnl . .. 1$55-G:i~.tSl 0.59 SH Aahta 
:li: .%~rnlmlprlr Lc,ll. . . . 18.56-570'806 0'67 8.C) B u l r l ~ ~ ~ a  

~ ( ' I I ~ c I I )  1;~a.t Line . ISili-6oO.!)iJ l'cli 9 4  Naldrug 

tf)'  Kilthiilwir 
M~rialinnal So .  1 

(1; KithiSwir 
i i 1 1  . 2 . , 

I2 I i i th i iwir  9 I ('tichfir 
I Sl~rirlinnnI Nn. :I 

96  Matlurn 
1x1 RiJnr lmngilrrdinnl 
$ 1 1  l h # I ~ r ~ r  #'r,n~tier w 97; &gallcot 

1 s r s , , ,  , , , Isl;o-6 n . ~ ~ ~ 9  0.19 981 Rind %gar Trirngulat 
1:; S'ttfl~j . . . ( I  PGI-R:j O.::J6 0.58 991 R ~ ~ B O O I I  

tl;' .lrfl,/rtr# J l ~ r .  n~rdf'nn#f ,. 
(7 K i l t h i B ~ r  I 

, t ~ ,  ~ r ~ 1 1 ~ ~ n l n r *  . ~ w i , ~ i m n l  . , . '1 ~ ~ : 1 ~ : ~ , ~ ~ ~ ~ , ~ ~ o . 4 :  I 
~ I C J '  k.urnarln snrl C;srhail , 1 I s  I 
.i I i Ntinik . . .  ,196 1.R.i"O:l:I 3.12 

1 
1 I 1 

M=r - \leTidinnal.' Lnn. - Lnngitndinsl. 

f J1 

3'2ci 
2',1G 
L'NH 

1.79 
0'32 

0'71 

0.74 

O'56i 

1'187 
2.1 76 

Xu. 

52 
;:I 
54 

55 

56 
t i  

58 
59 

0'5!) 

0.:3(i 

1'14 
1% 
1.81 

Nnme uf Series 

1 2  h r  r i 1 1 1 n 1  . . . Ilal:;- 1; 1.;"; 

I 1614-6~1,1'GI3 
18:l4-6!)~O'!I(;9 

60 

61 
65 
63 

64 

18:35-660'706 

1837-6:i 

sc"~rln 

0.64-1 

Hyderibid ... 
Malubnr Coast . . . 
Joclhpul* Meridional .. . 
Sortlh Enet Const ... 

Eastern Sind Yrr.  ... h66-611214 0 ~ 3  

Iiurmn Coast 
.kthball,ore ~We~idiolurl 

.~lfnd,ns 

Assan 
lation 

I 
... 18Gi-i61'690 26; 

Drrrlr,~rnyulrn Jfer. ... 1668-7.10'564 KO 

1'405 

lavi:l? 

1871-72 

18?1.7r.so 
1873-560'293 
187;-790'5?? 

+,I 

156 

1'61 
0.32 
0'65 

+ M  - 

Coimbatorc No. 1 ... 11669-71 

Bilrin,,~rr Jleiidioanl . . . 11669-730'30.2 

1,;l; 

Cu(l(i:q11111 ... 

2.0: 

O'YI 
0.96 16il-i?0'6?ti 
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zeros, was unduly large. The  mean value on one zero sometimes differed 
by as much as 8 seconds from t h a t  on another, and the graduation error 

for 90 "1, of the 'probable error ', in spite of observations 
always being taken on a t  least 12  different zeros. 

This limitmation, as well as the  great  weight of such an  instrument, 
make i t  most desirable t ha t  new modern theodolites of much lighter 
design be tested with a view to  their adoption for even the most precise 
triangulation. It remains to  be seen whether small modern instruments 
with 3- or 4-inch circles are divided with sufficient accuracy t o  replace 
the older type. 

The reconnaissance having been pushecl well ahead during the last 
season, the work of observing progressed without interruption from the  
north; however on reaching the  low-lying coiinti-y round Rangoon in 
February the visibility became bad : owing to this, and the necessity for 
erecting towers and maets for o b s e ~ v a t ~ o n  purposes, the work then 
became rather slow. 

The portable observation tower, designed by Dr. Hunter  was em- 
ployed. I n  this tower, the theodolite and observer are both supported 
by the sacme st.ructiire, b a t  a system of indepenclent stays and gimbals 
ensures that  movements of the  observer ancl t,ower are not imparted to 
the theodolite to any great extent. 

This system has provecl very effective, ancl, \vllen tested a t  Dehra 
Din before starting for Burnla, no difficulty was founcl in Iteeping the 
theodolite sufficiently level to take accnrate vertlcal angles. On reacling 
horizontal angles however, i t  was seen that  the tower was inclineel to 
twist, especially ~vhen  sudden changes of temperature occurred, suc11 as 
happen on a cloudy day n ~ i t h  intervals oE b r ~ g l l t  sunlight. This twist 
was never entirely eliminated, sncl tlie results show tha t  the weight of 
an angle measiirecl on the ground was four times t ha t  of olle measurecl 
from the tower, but, it is hoped that,  by espe~iinents ,  the results obtain- 
able from such a toiver will 1,e inlprovet~. Thc convenience anel economy 
effected show at once the tremen(lous advantage of a tower of this des- 
cription over the oltl fised trestle or masonry tower. It can be erected 
to a height of G O  feet in eight  lloilrs ancl the total n.eight is less than a 
ton. 

L~tt.ice-work  mast,^ 1 on feet in height were nsed in ten-foot sections 
to sn l )~o r t  signals. A ( <  Storm-I(ing " pressure fed petrol lamp of about 
500 c . 1 ~  was hoistctl to the t,op a t  night  ant1 co~~lcl  be seen \yell u p  to 20 
miles. It however failed on longer rars ,  onring to t'lle mist. a 
new systcm WRS ,ise(l, \\lllorcby tho iigllt of tlie srin was reflcctcrl bj- a 
helio s i t ,~~at ,ed on tllc groulrtl, [I:, to a secontl mirror fixed a t  top of 
the mast, and thence to tllc observer. This method mas very snccessfiil 
and sho~iltl be of  great, llse in close co~iiitrj,, or mlien, on account of the 
hazy atrno~~111el.o or tile lellgtli of tlie side, a n  opaque signal c;tunot be 
"~ed .  For details of the method ol'rle 4 7 .  



86 GEODETIC REPORT [VOL. 111, 

TABLE 1.-Pa~ticular,~ qf' t~ia~~g.uIc~tion-Rangoon, Seriee 

... Serial NO. ... 
... Name . . , ... 
... Seasons ... ... 

Number of new stations built ... 
Sumber of stations observed a t  ... 
Nnnlber of trinug!es observed ... 

... Other fignres ohserved ... 
Lengt.h of triaognlation in miles ... 
Area of triangnlation in sq. miles .. 

Mean length of side in  miles ... 
Average t r i a n g n l ~ r  error in secontls 
m ... ... 

k l  ... 
Order of merit ... ... 
lnstrnment used ... ... 

Nnmber of intersected points fixed 

95 
Rangoon Series 

1925-27 

4. Latitude o b s e r v a t i o n s . - A n  astronomical latitude was 
observed a t  Syriam station using the  Talcot t  method with the 12-inch 
theotlolite. The result showecl a deflection of 6''.0!1 to the south, with 
a probable error of _$I 0 - 67 of a second. The  observatious extended 
over 6 nights  and includecl 56 clist.inct results, taken from 1 7  different 
pairs of stars. Stars  from the Naritical Almanac alone were used. 

5. M i ~ ~ e 1 l a n e o u s . - I n  spite of the  locality being somewhat 
notorions for rlacoities and other crimes, only two thefts, and theseof 
minor import'ance, occurred, the inhabitants being everywhere most 
hospitable. I t  was impossible to avoicl using old pagodas as stations to 
observe fronr, as every eminence was sormonnted by a pa,noda or shrine 
of some kind or other, some of which mere in ideal pos~tions. Objec- 
trions were sometimes rnisecl by the local to  permanent marks being 
l e f t  on a pagoda or shrine. I n  such cases a subsidiary station was bllilt 
near by, a l t h o u ~ h  observat.ions were actually taken from the top- 

Tile district is malarions and a number of the personnel were a,ffec- 
ted during the season, hit to  nothing like the  same clegree as in the 
previous year, when adecliiate supplies of quinine were not taken. 

Four elephants were lent to the party, while in the jungle, by 
Messrs Folicar & Co. and mere invaluable for transport,. Coolies were 
difficult tjo obtain in l a y e  numbers locally. 

The climate of Lower Burma, is suitable for tria~l~lllation 
fr0n-r November till the enll of h4arch. In order to maintain figures of 
any size in the delta land, a tower alltl elevatetl signals are essential. 

8. Heights . -Comlmison  of heights obtained by triangulation 
other sonrces is given i l l  Table 2, the  heights of the former heingfairl~ 

consistently a few feet lower t.han previous determinations, although at 
KJ'anathl)~ (Chanakpho) the results are identical ; a t  this station con- 
nection was made with a G. T .  S .  Bench-Mark a few feet away. 



PLATE XI. 
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TABLE 3.--Co?npnriso1~ qf' heights 

( 1 )  
1 

(2 )  
1 Helgb t  

Station , b y  1'326 A n n .  

- 

Tanngn yo H.S. 

Mal~azedi Pagoda S. 

Kyanathpo S. 

S. 

Syriarn S. 

Talokkon S. 
(Aur~liary Mark) 

'3) 
H e i g l ~ t  

from other  hot~rces 

fre t  

8 Y S . 3  

2 3 2 .  6 

154-7 

154.7 

136 1 

4.0 

(4) 

( 3 ) - ( 2 )  

f ~ e t  feet 

893 1 + 8.7 
( hliuor A "  1878 ) 

237. -1. 
( ( { . A 1  1 mile 

distant ) 

168 
( Allnor A "  1878 ) 

1 5 4 . 7  
( G.'r.s. 13 M .  1 

131.2 
( MI nor A '' ) 

103~5 
( f rom k'.\\'. L). 

l;.bIs.) 

+ 4.5 

+ 13.3 

0.0 

t 15.1 

+ GAS 
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7. Note l.-~Wu.st sigr~als.-To ensure accurate centering, a 
rocking arm was arranged a t  the top  of the  mast, which tilted up, when 
the larilp reached i t ,  and allowed the lamp to  be lowered on to a small 
bracket, a tapered spike on the  bottom of the lamp exactly fitting into 
a hole in the bracket. 

A 12-inch circular mirror mas fixed directly below, tilted fornard 
a t  some angle rather less then 45' with the vertical, and having ~ t s  
centre directly below the  lamp hole. 

when erecting the mast, the bracket and mirror were arranged so 
as  to be on the side towards the  observer. 

To use the mirror as  a heliograph, all  t ha t  is necessary is to direct 
the sun's rays on to the upper mlrror by means of a second large mirror 
on the ground, from a point where the observer's station is visiblein the 
upper mirror. 

Fig. 1 

I n  figure 1 the mast is shown in plan a t  '0' a,nd (m m' represents 
the mirror a t  the mast-head. The  problem is to find a point on the 
qround, from which the observer's station can be seen in the mirror m m- 
First, the position 'A) on the ground, where one's own reflection can be 
seen in tlie upper mirror, is found and marked with a peg. IJsing a 
plane-table or conlpass, the line '0 B', towards the observer, is then laid 
o ~ t .  Now, in  order to send l ight  to the  observer, using the mirror m mf 
clearly the soume of light must be situated somewhere on the line OCj 
where the angle C OA = the angle AOB This line 0 C can eaeily be 
marked on the ground, and also a point found on it, from abieh the 
horizon is vislble. From this position, or very near to it, the observer's 
station mill be visible in m m. 

The pmeedure adopted was for the observer to shine a 
helio in the direction of the mast, a t  a prearranged time. The lamp- 
man a t  the mast, havinq already found or been shown the approximate 
position from which he should see the ob.erverls station, soon 
the observer's light (by the method jrlrt described). Having once seen 
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it, there was no further difficulty. H e  adjusted his ground helio at the 
same place and kept the l ight  of the  sun focussed on the top mirror, as 
long as required. 

8, Note 11.-G.T. Pillar a6 Kyanathpo (Chanakpho).-Observa- 
tions at  Kjanathpo (old Chanakpho) were taken from the Hunter tower, 
the instrument being 57 feet above the ground. This elevation was 
necessary to observe the  rays to Taungnyo and Syriam, but, in any case, 
the station is surrounded by rubber plantations, and to see anything of 
the country for minor triangulation or plane-table work, the surveyor 
must be a t  least 20 feet above the  ground. 

A pillar of original design, of which a detailed description is 
appended, was therefore built over the old minor station. The dimensions 
of the pillar are shown in Fig.  3. The foundation was formed of Portland 
cement concrete, and the main core of first class brick, with concrete 
blocks a t  the four corners, reinforced with iron rods running up 
through them for the whole height of the pillar. These 4 rods pass 
through the flanges of two 'H' girders near the top and are secured to 
them with nuts. The 2 girders form projections, to which a platform 
can be tied very rapidly, and from which a triangulator or plane-tabler 
could work easily and comfortably, the  plane-table or theodolite being 
entirely supported by the pillar. The centre of the pillar is 11ollow to 
allow for the accurate centering of a t,heodolite over the G. T. mark 
below, but the opening at the top  is normally cemented over, as a pro- 
tection from the An arched opening a t  the base of the pillar 
gives access to the mark-stone, and metal rungs form a ladder to the 
top. The pillar was built entirely by  Hazar~biigll kllal5sis, the total 
cost of materials being fls. 400, Fig. 2 is a photograph of the completed 
pillar. 



CHAPTER VII 

LEVELLING 

1. O r g a n i z a t i o n . - N o .  17  party was under the charge of 
Lt.-Colonel V.R. Cotter, I. a., until 1st  lMay 1927 and then under the 
charge of Mr.  N. R. Mazumdar up  to  the  end of the  survey year. 

The  field work of the  party was divided between one main group 
for  the Haveli irrigation project, and  six detachments, as  given in detail 
below. Field work on the  Sutlej  Valley project had been completed 
during the previous season, so the  greater par t  of the personnel was 
diverted to the Haveli project, and t h ~ s  main group was a t  the same time 
re-entitled the Commercial Levelling Group. Work in this new area 
could not be commenced until January,  when the rectangulation was 
suficiently advanced, and field work continued until April. The other 
detachments of the party left Mussoorie for  the field in October 1926; 
some returned t o  recess in April, but  one stayed in the field until June, 
which is really too late for economical work. 

( a )  The Commercial Levelling Group under Mr. N. R. 
Mazrimdar (Class IZ), with field headquarters 
Multiin, did the  following levelling :- 
Secondary levelling . . . ... 313 miles 
Tertiary double levelling . . . ... 1,140 ,r 

Tertiary single levelling . . . ... 10,587 , r  

(4) No. 1 (single) detachment under Mr.  I .  K. Ponnappa 
(U.S.S.) ciid 38 miles of high precision levelling in the 
United Provinces and was then transferred to the 
Commercial Levelling Group. 

(c) NO. 2 (single) detachment under Mr. L.D. Joshi (U.S.S.) 
did 365 miles of high precision levelling in Sind and 
the Punjab. 

(a) No. 3 (single) detachment under Mr .  P. B. Roy (U.S.S.) 
did 422 miles of high precision levelling in Bombay, 

(e) No. 4 (single) tlet,achrnenh under Mr.  B.h .3 .  Matlob 
Ahmad (U.S.S.) did 457 miles of high precision level- 
ling in the United Provinces. 

f )  No. 5 (double) detachment under Mr .  S. C. Mukerji 
(U.9.S.) did 550 miles of secondary levelling in the 
United Provinces and Bengal. 
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(g) No. 6 (double) detachment under Mr. D. H. Luxa (Class 
11) did 1 11 miles of secondary levelling in Burma. 

Mr. K. K. Das (U.S.S.) was in charge of the computations 
a t  headquarters. 

2. S u m m a r y . - T h e  levelling completed consisted of:- 
427 miles of high precision levelling in the 
fore direction. 
854a miles of high precision levelling in the 
back direction. 

974 miles of secondary levelling. 
1 1,727 miles of tertiary levelling, covering an  
area of 1905 square miles. 

3. Commercial Levelling Group. -This  group was em- 
ployed in levelling for the Haveli canal project of the Punjab 
Irrigation Department. Mr.  I. K. Ponnappa was in charge of the 
secondary levelling detachment and completed 313 miles of levelling 
with Mr. B. P. Rundev as second leveller. On completion of this work, 
the detachment was employed a t  headquarters for  computations and 
preparation of charts. 

The organization for tertiary levelling was as follows :- 

The tertiary levelling was carried out 011 the same lines as  in the 
Sutlej Valley project. Levelled heights were given to ground level 
at the corner stones of ~ j - a c r e  and 100-acre rectangles, and also a t  
intermediate points. Main rectangles were 26 miles by 15 miles. 
These were subdivided into $ blocl;~, and double tertiary levelling was 
run round the sides of these bloclts, connection being made to the tops 
of stones. 

Bection 

1 

2 

3 

In previoris seasons'the staff hacl been placed directly on the top 
surface of the stones, but, as these snrfaces are seldom horizontal, error 
was introduced turning tile staves fro111 fore to  back. TO meet 
this source of error, co~lical brads were used this season. P!ummets 
Were also provided for the staves. 

The rectangulation and levelling of this ~ r o j e c t  mere clone in the 
same season. As the rectangulation was not sufficiently advanced when 

In charge 

Md. Faiznl Hasan . . .  

Saiyid Nayar Hasan . . .  

Md. Ishak Khan . . . 

No. of 
Levellers 

14 

1 2  

13  

I 

Area in  

Total ... 

100-ticre 
rectangles 

sq. miles 

42 

324 

705 

1071 

25-acre 
rectanglev 

sq. milee 

437 

317 

80 

834 
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the  levellers took the field, their progress was checked: i t  ie most desir. 
able t ha t  the rectangulation should be done a season ahead of the 
levelling. 

The  coet rate  of this ter t iary levelling, including the double 
tertiary control for %-acre rectangles, was a s  follows. The cost rste 
for 100-acre rectangles would be half as much. 

4. NO. 1 Detachment .-This detachment under Mr. 1, K, 
Ponnappa was employed on high precision levelling between Dehra Din 
and hIuasoorie, taking temperatures a t  both staff and instrument. This 
special levelling was undertaken to assist Dr.  Hunter  in his investiga- 
tion into refraction errors when levelling u p  continuous gradients. 

'I'he probable systematic error of this levelling worked out at 
,00135 feet per mile; the  permissible error is -00106. The length 
of the line was 19 miles, in which there is a rise of 4,500 feet. TO 
keep within permissible limits, the discrepancy between the fore and 
back levelling a t  the end of the line should not exceed 0-060 feet 
whereas the actual difference was 0 .076  feet. I f  there is an undeter- 
mined difference of 0001 feet between the  length of the staves of the fore 
and back levellers, there would be a discrepanoy of ,045 between the 
two levellers in the measurement of a height of 4,500 feet. Moreover, in a 
short line like this, i t  is doubtful whether accidental error will cancel 
o u t ;  the effect of these two causes might amount t o  -060. TO attain a 
I~igb standard of precision in a short line with a large rise like this, it 
appears necessary to use staves made of a r-naterial such as invar, whose 
length can be very accurately determined and will remain constant. 

Nature of work 

On completion of the line, the detachment wan transferred to the 
Commercial Levelling Group. . , 

5. NO. 2 D e t a c h m e n t . - T h i s  detachment under Mr. L. 
Joshi did the  f o l l o w i ~ ~ ~  levelling :- 

Cost per I Cost per 
sq, mile I mile 

I 

- - 

( n )  Tatto-Sakhfori trn Moto (part of new net-line 104. Virem- 
g lm-Tat ta ) .  1,erelling in the fore direction was dono 
from Tatta  to  Bnhsr, 66 miles; on arriving at  Buher 
i t  was found that, on account of the season's heavy rain, 

the Rann of Cutch, through which the line passed, Was 
flooded and impassable. The rest of the levelling of 
the line was therefore postponed until the next season- 
Heights of 6 primary and 57 secondary bench-ma& 
were determined. 

Remarks 

Inoludes 14"/, for eupervision 
and inetrument chargeo. 

Rs. 6 .3  

,a 1.1 

RE. 7 .4  

Fieltl ... ' RB. 4 9 . 7  

Recess ... 

Total ... 

,, 8.6 
- 

R s . 5 7 . 3  
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( 8 )  P a r t s  of line 101 A. Previous levelling over the new net- 
line 101 A (Hyderibiid-SukLur) had closed with an 
error of over a foot. Several parts suspected to be 
weak were now revised by Mr.  Joshi but  the revision 
has not disclosed any error. Tlle whole line (168 miles) 
will be relevelled during the ensuing field season. 2 
Primary protected and 99 secondary bench-marks were 
connected during the operation. 

( c )  Anzritsnr-Lahore (part of line 137 Ambila to Lahore), 
and Lahore to Wnzl~Zb2d  (part of line 136 Jhang  to 
Lahore). This  involved 11 6 miles of levelling connec- 
t ing  16 primary and 152 secondary bench-marks ; 
levelling was done in the fore direction only, back 
levelling will be done next season. 

6 NO. 3 D e t a c h m e n t . - T h i s  detachment 1111der Mr.  P. B. Iloy 
did the following levelling :- 

( a )  Rfiikot-PorBnndcr in both directions (264 miles). This 
is the new net-line 152. The route nras along the 
K l t h i ~ w i i r  Trunk road, the S11,iper-Saradiya branch 
of the Junagad State railway and the Kutiyina-Por- 
bandar road. 16 primary and 161 secondary bench- 
marks were connected. The fore levellillg was done in 
the  beginning and the back Ic\relling towards the end of 
the season. The percentage of releveln~e~lt was jO/,. 

( b )  81~rat-BhClia (140 ~ ~ ~ i l e s ) .  This is the new net-line 113 ; 
the route was along the road via Hirdoli, Kundaibari 
Pans and the T l p t i  Valley railway. 18 primary and 
141 secondary bench-marks were connected. T l ~ e  fore 
levelling of the liue was done ilk 1921-22, and the back 
levelling was done (luring the 1,reseui season. The 
percentage of relevelment was 4q:-1°/,, and in most cases 
the new work was founcl correct. The discrepancies are 
believed to be due to n~ovcments of bench-niarks during 
the five years ml1ic11 elapsed between t l ~ e  fore and back 
levellings I n  future such a long interval shoold be 
avoided. 

( c )  Claerk-leve//ing rrt ~ V i ~ r d g a o , ,  (4 ~ ~ r i l c s ) .  To give a heiqht 
to the standard bencll-mnrli a t  A I ~ r n a d n a ~ n ~ .  a branch-line 
was run from Poona to I\limatlnnga~. in 1!)10-11. TO 
strengthen the value of A l i m a t l ~ ~ a ~ a r  S.B.M. ,  a line 
wee run i n  1921-22 from N;intlynnrr via Manmiid to 
A h m a d n a p r  i t  closed wit11 an rl.I.or of 0 . 7  oi a foot. 
I n  1922-23, the line was contint~etl 111) to I)liond. The 
circuit P o o n a - A I ~ m a t l n a ~ ~ - l ) l ~ o ~ ~ t l  llad l ) ~ ~ ~ ~ ~ i o ~ l s l y  closecl 
with an error of 0.0;) of a foot I~ich confirmed the ~ a l u e  
given to Ahmatlna,rrar S.B.11 .  in ]!) lo-1 I .  The line 
Nfindgaon-;\Za~lrn:itl-Ahmndnn~nr nns  ndj~istcd ~ ~ ~ . o v i -  
eionally, as no c l l eck - l e~e l l i n~  naq done a t  Ncintlgaon in 
1921-22. Llnring this field season, check-levclliug wae 
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carried out  at  t ha t  place; i t  was found that the bench. 
mark had not altered. It is proposed to accept the 
provisional adjustment and treat the line as a secon- 
dary one. 

7. No. 4 D e t a c h m e n t . - T h i s  detachment under Mr. A. A,  S, 
Matlub Ahmad did the  following levelling :- 

(a) Mutbra-Cawnpore.-This is the  new net-line 108. The 
route was by  the Mainpuri-Agra-Mnttra road, and then 
along the Ganges Canal. 18 primary a ~ ~ d  272 second. 
ary bench-marks were connected. The fore levelling 
had been done in 1925-26, and back levelling only was 
done dur ing  this season. The  percentage of relevel- 
ment  was 7'/,. 

Check-levelling a t  Agra  showed tha t  the S.B.M. at Agra 
has sunk by 0 1 of a foot. 

( b )  Cnwgzpore-He~tares.-This is a par t  of the new net-line 
119  (Cawnpore-Aurangiibiid). The route was along 
the Grand Trunk road, crossing the Ganges over the 
B.N.W. railway line a t  Allahibid.  1 8  primary and 229 
secondary bench-marks were connected. Fore levelling 
had been done in 1925-26 and back levelling cnly was 
done during the present season. The percentage of 
relevelment was 6O/,. 

Levelling a t  Allahiibiid showed tha t  the S.B.M has sunk 
by 0 .15 of a foot. 

8. No. 5 D e t a c h m e n t . - T h i s  simultaneous cloilble levelling 
detachment under Mr .  S. C. Mukerj i  levelled the following lines :- 

( a )  GliciziZbZd-Cawqiore (283 miles) via Aligarh and 'l ' i~ndla 
along the E. I. railway line. This work was done for 
the E. I. railway. 6 primary and 307 secondary bench- 
marks mere connected. 

(6) Khulni-Mcidiripur (77 miles) via Alaipur to Mollihit 
along the canal banks. 13 primary and SO secondary 
bench-marks were connected. 

( c )  Moll ih i t  to l?arisal (97 miles) via Kachui  dong river 
banks and roads. 10 primary and 62 secoudary bench- 
marks were connected. 

( (2 )  Knchuci lo B l n i p r  (62 miles) via Morelganj alongtlle 
river banks. 6 primary and 3 5  secondary bench-marks 
were connected. 

T h s  lines (b). (c) and (d) were done for the Governmellt of  eng gala 
(e) Hostings-Dakhineswar 11 miles 
( f )  Hnatings-Yujcili 18 9. 

(9 )  Levelling in Bully ( l i l t a rp i ru-  UttnlpGrn) H , J  

The above 3 lines were done for the Calcutta Port  Trust. 
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0. No. '6 D e t a c h m e n t . - T h i s  detachment under Mr .  D. H. 
Luxa who was temporarily lent  by  the Officer in charge, Computing 
and Tidal Party, did the levelling of the following lines for  the Burma 
Government :- 

(a) Thanatpin-Toftgyi (26 miles) via Ohne partly along rail- 
way line and partly along roads. 1 primary and 37 
secondary bench-marks were connected. 

Discrepancy with the old levelling 
at 12th  mile ... ... ... - -007 f t .  

Discrepancy with the  old levelling 
... a t  25th mile ... + ,014 f t .  

(6) Ohne-Thon,qwa-0hw (85 miles) via Kannyinaung-Simmi- 
naing and Kayan partly across country and partly along 
the railway line. 67 secondary bench-marks were con- 
nected. 

10. Probable errors.-Probable errors of high precision linen 
S 

were computed by the formula? :-rr, = ; 7, = 2/ [z: 
where u, = Probable systematic error. 

T r  = Probable accidental error. 

A = Discordance of the results of the fore and back levelling 
between consecutive bench-marks. 

S = Total discordance. 
r = Distance between consecutive bench-marks . 
L = Total distance. 

These are given below in foot and mile units :- 

Permissible probable accidental and sy~ternat ic  errors are + ' 0 1416 
and .0010,i feet For remarks regarding the large 
SJshmatic error ill the &Ilra Dhn-Mnssoorie line vide $ 4. 

Probable errors of secondary levelliug were computed by the  for- 

These are given below in foot and inile units :- 
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11. Pamphlets.--No levelling pamphlets were published during 
the year but Nos. 39 anrl 4.1 and addendum slips for Nos. 35 and 40 are 
under publication. Secondary line 90 13 situated in degree sheets 85L 
and P was published. 

12. Closure of c i r cu i t s . -The  new net  circuit Agra-Hithrw- 
Bareilly-Sitipur-I~u~kn~~-W4gra was completed during the year; it clofid 
with an error of 0 .125 of a foot in 527 miles. 

h chain of new levelling from the referring bench-mark of Kidder- 
pore Tidal Observatory to t ha t  of Kar ichi  Tidal Observatory Jno 
completed by the shortest route via ~ u r a n ~ ~ b ~ d - B e n e r e s - C ~ ~ P ~ f ~ ~  
Mtittra-hjmer-Mbrwir Piili, Barmer m d  Kotri.  This line cloaed nth 
an error of - 1 * 803 feet in 1663 miles betmeen the old accepted heights 
above N. Y. L. of the two referring bench-marks. I n  page 113 o*T* 
Val. X[Y it ~vvs erp l :~ ined  tha t  differences like these are no proof of 
differences of level of Bay of Bengal and Arabian See, but M due 
mlinly to  l evc l l i n~  errors. The difference is a large one, bat, 96 the  ~ m s e n t  levelling is oE a higller degree of precision than the 
Levellin:, i t  is premlture yet  to form any conclunion from it. ~ c c i h ? '  
Lol error in a lonq line like thin will have little effect and the fiygteaa 
error per mile is tllerefore + -0010!) feet, which is rather large. 

13. Progress of the new level net.-A list of new level 
lines mieh the mileages completed is given in Table 1. 

14. B e n c h - m a r k s . - I t  has recently been decided thattheSurve9 
of Indm can o n l l  he  responiihle For the maintenance of a limited 
her of hsneh-rnarhr. . \ bo~~ t ,  1,000 reliable exkting bench-marka haw 
h e n  lelecte~l m,l terinn 1 Prim%rv Protected Bench-Marks. They 
at intervals of ahollt, 51, mile; along all lines. Their numbers will be 
arilleri to  every year. The Stirvey of Inllis t ~ i l l  maintain there bq""b 
marks, but will leave all others for the local authorities to mainta'' Or 
not, as they wish. 

Table 2 gives a livt oE these so far  selected . 

7 

Detaahment 

No. 5 Debt. 
8 )  

I, 

3 

t) 

II 

No. d'Dett. 
,, 

C.L. Group. 
~1 

p1 

# P  

I, 
9 

~7 

Line 

Ghbziibid-Camnpore ... ... ... 
Ba11y ( Uttarpira-Uttarpira) ... ... ... Hastings-Dakhinesrvar ,. . ... 
Hnstings-Pnj i l i  ... ... .,. ... Khu111i-hlidiripur ... ... 
Alollihit-Barisil . . , . ., ... 
Kacbni- Alaipur ... ... ,.. 
Thanatpin-'rongyi ... ... ... ... Ohne Thongwa-Ohne ... ... 
Oarhmahiirclja.Dimimii ... ... 
Ditmirrniu-Aharbel ... ... ... Rangpur-bhzaffargarh ... ... 
Muzaffargarh-Rasti Alalik ... .., 

... ShnjibHd Snbuwiili ... ... 
Basti Maluk-Kabirwnla ... ... ... 
Aharbeli-Multin ... ... ... 

Probable error 

& .OOm 
tt -0027 
f ,0016 

f -0042 
i .0018 
f -0041 

i ,0031 
f 4081 
f .0034 

& .OW! 
f 0036 
& ,0041 

f -0069 
f ,0088 
f GO88 

*.OM6 
m 
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TABLE 1.-Lines forming new level net of India as completed up to 
1927 

Line 
,Yo. 

101 
102 
104 

105 
106 

107 
108 
109 

113 
118 

119 
120 
lSlA 
137 

138 
1.10 

141 

14: 

150 
131 
152 

153 

Miles 

Name of l i ne  completed Ifemarks 1 ; I 
Karichi-Khinpur (1920-23 91 2446) 
Ghinpur -Ni rwi~ .  P i l i  (1921-22 & 23-25) 
Virarngim-Tatta (1911-22 91 23-24) 

Khiupur-Jhang (1914-15, 21-22 & 23-24) 
Jhang-Mnttra (1916-16) 

Lluttrn-Blirwir Pi l i  (1920-21) 
Jlnttra-Cnwnpore (1926-27) 
Cawnpore-Bhopil (1917.18) 

Surnt-Dhilia (1021-22 & 26-27) 
Rnipur.Aarangibit l  (1916-17) 

Cawnpore-Aurangibid (1914-15 & 25-25) 
Aurangibid-Calcnttlr (1813-15 k 16-18) 
Midnapore-Rauiganj (10Z4.26) 
Lahore-BmbCla (1919-20) 

Aml~ila-Delhi (1915-16) 
hluttra-Bareilly (191 b 1 5 )  

Bareilly-Himnagar (1919-20) 

Cnwnpore-Kimnagar (1915-1G) 

Kotri-Bnrmer (102 4-26! 
Hinignnj-Diuijpu~. (1921-26) 
Rijkot-Porbnndor (1026.27) 

Dcll~i .Bare i l l~  (1914-16) 

T o t ; ~ l  .. . 

.- 

634 
363 
347 

255 
592 

323 
210 
143 

140 
60 

308 
334 
105 
88 

122 
107 

102 

51 

210 
239 
132 

13-1. 

- 
4999 

l'ortiou Nakh ta r i r~a -  
l ' a ~ t a  no t  yeL doue. 

Port.ion Delhi- bluttra 
not. yc t  done. 

Portion Jh ins i -B l~op i l  
~ ~ c t ,  ye t  done. 

l ' o r t ~ o : ~  Iinipor-Dnl- 
tongnrlj not ycl  done. 

Port.ious L~~hore -La  1n1,it. 
sar & Ludlriilla-Am- 
baln not ye t  done 

Portion RIuttra-Hsth- 
ras not  yet doue. 

I'ortiou Sitipur-IlCru- 
u:lcar not  pet  dono. 

Por~. ic~n L u c k u o ~ \ ~ -  
H s ~ i ~ u a ~ m .  uot ycl 
done. 

Portion Dclbi- .\leernt 
not  yet  doric. 
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TABLE 2.-List of P ~ i m a r y  Protected Bench-~Mnrks 

Degree I No of bencl~ 111ark Degree 
sheet I abret 1 Nth. of bent-h-mark 

34J 
34N 
3 4 0  
36L 
35M 

35N 
35p 

38L 
38N 
38P 
391) 
39H 

391 
395 

3911 
39L 

39bI 
39N 

390  

39p 
4OA 

40C 

i0D 

&OH 
401 
4O.T 
4Oli 
I 
400 
41A 

4.3'2 
431) 
43F 
43G 
4831i 
435 
43K 
43L 
4 3 0  
43P 
44A 
P4B 
44C 
44E 
44F 
44G 
44H 
441 
445 
441C 
44M 
4 4 s  
4 4 0  
45C' 
45D 
5 
45F 
45G 
4SH 
45J 
46N 
468 

46H 
4fiC 
46D 
46F 
46G 
46L, 
46N 

4 6 0  

21 
8 
21, !I6 
1 
3, 4, 5, 6, 22, 23 (2) ,  28 59, 11 1 

1, 2, 59, 84 
3, 12, 67, 102, 109, 111,114, 119, 

1G0, 182 
16 
43 
1 , 9 . 1 2 , 1 5  
6, 23, 56 
1. 4, 53, 69. 71, 98 (27), 1 0 3 ( ~ ~ )  

1, 2, IS 
2, 4, 5, 6, 16 

(3) 
5 7  
3, 5, 6, 7, 8, 9, 11, 15, 23, 58, 68, 

87. 93  
1. 2, 3, 4, 6 ,  6, 12 
2, 3, 34, 51, 147 161 

(1) ' 

2, 3, 4, 5 ,  7, 61, 86. 116, 178 
179 (21) '  

11 
i@, 83. 84, 85, 86, 100, 101, 227, 

228 
113,152, 162, 187, 297i10), 

366(7R) , 473 

1. 3, 6. 18, 29, 3G, 59 
9.5, 117 148, 202, 203, 210 
9 
2 
:j 
12, 41, 49 
24 
23, 86 222 
1 1 , 1 4 , 1 3 , 1 6  

1, 2, 6, 8, 52, 91 
1, 42, 44, 49, 51, 78, 101 
121 
57, 96, 128 
16, 35 
120 
10 
48, i 2 , 8 7  
58, 117 
15, 21 
6 ,36 ,71 ,72  
19, 60 
3, 6, 12, 41 
12 ,  26, 46, 52, 57, 95 
2, 3, 17, 32, 36, 45, 80, 96, 148 
40 
16 
66,139, 151, 175 
5, 42, 57, 98, 115, 165, 170, 218 
5, 44, 61, 66 
5. 34, 65 
15, 20 
19, 62 
15, 33 
84 
I,  4G 
58 
1, 17 
14 
28, 90 
17, 55 
1, 12, 26, 52, 95, 103 

(7) 

1 , 4 ,  12 
21.70 
32,45 
53, 111, 118 
16 
44, 66, 107, 113 
10, 40, 83 
16 
26, 34, 43 
29 
a, 9, 23 
87 
45, 53, 55, 64, 74. 92 
14, 40 
47, 157, 162, 237(1 9 271 

36. 7.5, 94 1'71 
23, 108, 153 
36 
10, 50, 163 
14.  
4, 7, 21, 23 
23, 37, 96, 137 
45, 57, 59 
26 

A 

r i  e 

4IF 

4 l G  
I 

il-J 

i l K  
11\1 

k10 
111' 

37, r ,a ldg)  , 66, sz, 107, 114, 120, , ~ H P  
125 S7A 

29, 60,  51. 52, 59 ( 1 1 ) ,  6 1 ( 1 )  ' 478  
47E 

32 
25,27.33,42 , 44(1,j) 52 , ' 4'7F 471 

47.J 
h7(q,, 64 I 

(3) I 1 471< 
7 6 ,  94(7,q) , 136 (12) 

JI;, 7.7 97 
0 
I 5 , ( 8 . 8 3  103 

7. 47 
5 ,  6 

47r, 
4 i N  
470 
s 7 r  
4SE 
ti81 
4P.I 
4RIJ 
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TABLE 2.-List of P ~ i i n a r g  Protected BetlcA-Marks-(contd.) 

1)egree 
sheet - 
48M 
48P 
49M 
62D 
538 

53C 
53D 
53& 
53F 
536 
j3H 

535 
63K 
63L 
630 
53P 
5 4 A  
54H 
51E 
54F 
54,G 
61H 
541 
54J 
64K 
54L 
54M 

54N 
510 
65A 
55D 
593 
55H 
551 
56L 
6jM 
55N 

So.  of bench-mark Uegree I s h e t  1 No. of bencli-mark 

1 ,41 ,42 ,43  
47,102 
17, 19, 20 
53 
67, 73(22) 9 113(15) , 135 

37, 68 
32 
29 
17, 40 
19, 27, 4,1, 49, 63, 102, 156 
83, 84, 214, 216, ~ 7 5 ( ~ , ,  409 

6, 9, 11, 57, 83 
47, 100 
50, 93. 179 
26 
31, 57, 126, 129, 14.2, 186, 305 
5 
31, 43 
25, 137, 164 
4 
4 
6, 8, 11, 13, 23 
7 ,42 ,61 ,121 ,162 ,18 l ,183  
10, 31 
5 1  
34, 49, 104 
11 ,  107, 13G(,35) 

9. 19, 192 
2, 5 
2 
4, 
9. 23, 27, 34 
3, 63. 70 
32, 34 
19, 44, es 
9, ,lo, 104 ( 1, 46 

I, 1,7, 33, 68, 92 
58, 84 
54, 55, 98, 16.3 
17. 38 
I;, 7. 17, 26, 27 
:3.? 
40, 4.4 
2:4, 2.1,. 35 
.i, 51, 131 
'?I . ,  28,  29, 30, G I ,  71 
(i48.65 

("0) 

26. 28. 30. 61 
5 ,  I Q ,  : 3 ( ; ,  b l  
4 , 1 ~ , a a  39 
3 .  7 
31 100, 132 
'-4, 16, 45 49. 52,(;S, 76, ,911. 12;. 14.3 
I-,', YO,  97 

( 9 )  

9:; :a, 148 
s6n 1 ;32 
56G ),1,1.54 
56H !), 30, 32, t5, 74, 

575 
67L 
57M 
57N 
570  
57P 
58B 
58C 
581C 
5811' 
58(; 
5811 
561 
585 
5bK 
581, 
58M 
58N 

5 8 0  
621) 
63A 
6SB 
63C 
631) 
63F 
63G 

63H 
636 
63rc 
63M 
63N 
630  
G.&A 
6-1c 
6411: 
64F 
64G 
64H 
G4.J 
640 
I 
(;5H 

14 ,63  
3, 45, 100, 115 
77 
39,88, 1 18, 126 
1, 5. 38, 109 
9. 23.66 
38,106, 107 
4 , s  
12,  30, 50, 69, 101 
23 
12. 31 
22. 79, 80 
39 
82, 225 
2 , 3 , 8 ,  , 5 , 1 8 , 2 2 , 4 0 . 5 3  
9 
ti, 15. 60 
1, 7, 10, 16. 19, 81, 39, S2,83,91, 

95, 98, 107 
G, 10, 24, 27. 29, 30, 34, 46,4.7,48 
3. 16, 244. 63, 77 
13, 14, 19, 26, 151, 208, 233, 247 
64, 96, 168, 216 
19 
41, 56 
15, 19, 31, 43, 81, 95. 102, 107 
55, 71, 81, 2J7(51j 

49, 70, 86 
18. 21, 26. 35, 48, 64, 65, 82 
14, 58, 96, 174, 209 
2, 10, 12 
9, 19, 21, 32, 39, 57, 61, 71 
8, 18, 36. 51, 68, 59, GF, 91, 122 
96, 137, 16; 
12, 31, 72 
13, 79 
45 
75 
IS 

I 66, I 4,. 4; 
I 
65.1 

5 G l  j, 21; (;5 l i  
(;61, 
65N 
(:SO 
66.4 

(if(: 
 PA 
7211 
72C 
721) 

56K 7, ! IG.  1 os, 106 
$0 ' 1>, 62, 79 

5711 2 1  7.?F 
"1 ,1n,s:3 I 72(: -- 

56P 
57A 

1 
6, 72 

57B 24, 25, 26 
57C I :<, $1 
571) I la .aR 
5 7 ~  11 .73  
57T" 1 J L  
f l ( :  I ,  j, 76 77, 5 s  
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TABLE 2.-List of P?-irnary Prolecfed HencR-Murks-(concia,) 

Degree 
sheet 

7JH 
72J 
72K 
7 a ~  
7 2 0  
72P 
736 
73R 
73D 
73E 
73F 
73I-I 
531 
$3I< 
7HL 
73hI 
730  
74A 
74R 

- 

No. of hrnch-mark Degree 1 sheet I NO. of bench-mark 

16 
36,70,77 
33  
6, 17, 33 
1 ,12 ,33 ,69  
1 4 , 6 5  
2 ,21 ,72 ,84 ,107 ,111  
40 
69 
52,68 
8 
19, 61 
8 - 4 0  
15, 31, 170, I72 
1, 15 
12,40,  G7 
10 
16 
1, 20, 41. 104 
34. 176, 311, 339 
4 ,  135 
ti 
28 
I 8  
2 
18. 68 
31, 90 
1 
4, 64 
5, 32. 85, 90 
32, 159 
15, 17, 18, 32 
9 
21, 22, 24, 3 i ,  105 10 

37, 45 
11. 40. 4,6, 51 
9 
1 , s  
16, 26, 156, 177 
37 
41.53 

16 
16. 82 
17, 124 
19,72 
43, 177.194 
22, 12% 
78 
-15, 47. 48. 84 
35, 115, 125, 236 

20,35 8 5 0  1 7. 16. 29. 33. 42, El7 85? 

79E 4. 52. 67. 75. 84, 102, 120, 130. 1 170, l i p ,  8 1  i 951 I 

7 9 F  
791 
795 
79M 
70N 
83B 
83D 
n3P 
831 
835 
83P 
84L 
84U 
84N 
840  
R P P  

4, 2G, 35, 46, 54 85L 
53 85hl 
18, 44 H 6 x  

92C 
9 2 b  
92G 
93B 
93C 
93U 
93H 
94A 
ggB 
94c  
94D 
9 4 0  
g4H 

i8C ' 51, 86, 99, 118, 135, 155 
i (77) 

7SD 39,94,147,154.160,181.198, 12. 1 220, 229. 242, 251 
i S F  40. 46 
78G i 
78K 1 k 
7RL 14, 72 
7YN , LC 
780  
7SP 
'79.1 

62, lor, 
8, 13, 36, 43, 46, 85 
40, 335, 147, 167, 178, 197, 204, 

212. 328, 263 
59B 7, 268. 468. 536, 647 
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TABLE 40.-Check-levelling 

Discrepsocies between the old and new heights of bench-marks 

B ~ ~ - m ~ k s  of the oridml levellillr that 
were connected for cheok-levelling 

b .' 

; 8 e;, - v 

S NO. 

I miles ( ( fmt I feet I feet 

Line 104 ( Viramgim-Tattu) at Tatta 

Degree 
sheet 

Dilieren~ 
(check- 

O ~ M I ) .  
~h~ iEn 
+dmote, 
t,ht the 
height 

wM 
greater 
and the 

dgn-,leM 
8 1026.8 
thmwhen 
originally 
lorelled 

Observed height above (+) or 
below (-, startipg bench-mars, 

ae determined by 

Description 

iaa 
185 

183 

186 
(68) 

181 

Date of 

l;:g;; 

-- 

s; P 
,, 
,, 
,, 

,. 

,, 

B.R.M. ... 
Stone prism ... 

... 
1ron dilt ... 

Q.T.S. 
0 a? Makli hills ... 

B.M. 

G.T.S. 
o ,, ,, ... 

B.M. 
Bridge ... 

.. 

levelling 

0.0 
0.0 
0.0 
0.0 

0.2 

o.a 

0.4 

1.3 

(7211 
187 1 ,. 
(fig), 

Check. 
levelhnd 

1020-%7 

0~000 
-0.001 
0.000 

-0.022 

t0.001 

-0.004 

t0'001 

-0.011 
2.0 

2.1 

183 
189 
(70) 

-0.013 

-0.018 

o~ooo 
- 0.792 
- 0.749 
+ 0.097 

+ 8.273 

+ 6.690 

-19.877 

-a*. 396 

1924-26 
1925-26 

,, 
,, 
,, 

,, 

,, 

,, 

,, ,. 
,, i st& ... 

Line 137 (Lahore-Ambdla) at Amritoar - 

-17.151 

-18.874 

0.000 - 0.791 
- 0.749 
+ 0.119 

+ 8.272 

+ 6.594 

- 19,878 
-2.6.385 

,, 
,, 1 , ! Hospital ... 

-17.138 

-18,858 

0'000 
-o.@J6 
-0.008 

139, 44 I j Interred ... / 0.0 
141 ,. , Gate 
151. ,, 1 Mark stone . . . 
139 ., 1 Hridge ... I 1.5 
137 ' ., ! Pedestal ... a . 1  
136 ,, , Pavement ... a * )  
- 1 i 

0.000 
+ 4.693 
+ 1.0% 

1909.10 

:: 
0.000 

+ 4.699 
+ 2.063 

-1.243 +o'm ,, 

Line 137 (Lahore-Ambdla) at Lahore 

- 1 . 2 9 2  
,, 
,, 

O'Oo0 
-0.047 
-0.038 
-o'OsO 
-0.Os3 
-o'043 
-0'03~ 

- 0.962 - 1.004 1-0-w 
- 1.117 1 - I .m 1-0,059 

66 i 44 I 
, 

63 , 
741 . -- 
1.)  

72 
60 

Btnodard ... 
stcp ... 
noorway ,.. 
Ioterred ... 

1 9  ... 
.. ... 

., 
,, .. 

0.0 
0.1 
0.2 
7.6 
8.1 
8.7 
9.2 

0.000 - 1.483 
- 0 , 2 3 5  
- 5.765 
- 5.326 
- 4.916 
- 3.173 

1013-14 
,, 
,, 
,, 
,, 
,, 
,, 

0.010 
- 1.436 
- 0.197 
- 6.735 
- 5.293 
- 4.074 
- 3.137 
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TABLE 4.-Check-levelling-(contd.) 
Discrepancies between the old and new heights of bench-marks 

0 

Observed height above (+) or knob-muko of oririnol levelling thfit below ( were conuccted for cl~eck-levelling 

No, Degree 
sheet 1)escriptiou 

L i n e  136 ( J h a n g - L a h o r e )  a t  Wazirdb6d 

Irlterred ... 0.0 1928 0.003 0.000 0.000 
Curb ... 1.2 . + 4.840 + 4.836 -0.014 
Ueel ... 1.7 ,, + 4.870 t 4'885 +Oa015 
Abutment ... 2-1 ,, +1be991 + 14.992 +O-001 

48 
47 
46 
45 

43 L 
,, 
,, 
,, 

Line 152 ( B d j k o t - P o r b a n d a r )  at  Rcijkot 
1921-22 

Standerd a t  Rijkot ... 0-00 1923-24 0.000 0.000 0.000 
Bonnllary pill~ir ... 0.32 ,, -17.556 -17.662 -0.006 
(Type C) at  Riijkot ... 0.64 ,, -23.625 -23.618 +O-007 

Clock tower Riijkot ... 0.17 ,, - 7.682 - 7,686 -0.004 
(Type B) at  Riijkot ... 0.46 ,, -19.089 -19 087 tO.002 

0.T.S.  
0 at  Carnegie folintain 0.62 ,, -15.955 - 16.063 t0.002 
B.M. 

U T.B. 
0 at  museum ... 0.81 ,, - 9.266 - 9-26? -0'001 

ILM. 
G.T.S. 

0 at telegraph office ... 0.87 ,, -10.341 -10.341 0.000 
l3.M. 

0.'lq.8. 
0 athighfichool ... 1-00 , -10.348 -10'348 0.003 

B.M. 
0 nt R i jk~ imir  college 1.49 ,, + 0.564 + 0,670 +0.006 

0.1'3. 
0 (I , I  1.51 ,, t 1.585 t 1.688 +0.003 
B M. 

76 
77 
94 
(78) 
93 
(42) 
9a 

(75) 

86 

87 
(73) 

88 
(72) 

89 
(40) 

("1 
91 

(U) 

41 J 
,, 
,, 

,, 

,, 

,, 

,, 

,, 

,, 

, 

11 

--_ 

Line 152 (Rdjko t - l 'orbandar)  at Pot-Qnn:ln). 
-_ 

41 41 (1 

, 

,, 
I 

1898- 
011q.8.nB.M. nt sen nnll 0 00 lOU2 O'OOo 0.000 0.000 
(;.T.S. 
H . ~ . B a t s e a w a l l  ... O 4 G  ,, +11'230 +11'213 -0.018 
El 

G.T 6 B.M.C. nt 'I'ldal obs- 
@ ervatory ... 0.65 -, + 1.341 + 1.338 -0'003 
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TABLE 4.-Check-Zez:eZli?~g-(colt td.) 

Discrepancies between the old and new heights of bench-marks 

b 
.- 
Y h 

m CI 

a i? e a 
U 0 

Y 

Rench.msrks of the origi~~nl  levelling that 
were connected for check-levelling 

DiUerence 
(check- 
original). 
~h~ sign 
+denotes 
that the 
height 

won 
grenter 
nud the 

sip-,le 
in 1920.; 
thnn ffheu 
ori~iuall~ 

levelled 

Observed heig.l~t above (+) or 
below ( - )  stnrting beoch-mnrk, 

as determined by 

No. 

. .. - 

(milea  I I f I t I feet 

Line 33A (N~ndgaon-dhaadnngar) at Ncndgaon 

Dnte of 
originnl 

-. . 

4-4 1 46 1 

1 ,, 

1501 ,, 

151 1 ,, 

Degree 
shcet 

. . . . -- - 

origiIlal 
l eve l l i~~g  Description 

Claeck. 
levelling 
1926-27 

I Type B nt Nindgaon 1t.S. 
Q.T.S. 

(3 ,, ,, 
B.M. 

,! 1.B. 
G.'~':s. " 

0 on bridge, T.P. 2 
B. b1. 

1921-22 

,, 

,, 
1926-27 

0.00 

0.16 

0 . 1 6  

1.36 

2 .26  

3 .21  

3 . 7 1  

i 10 '1'.6, 

86 : ,, ' 0 - ' .U.H " 13 

0.000 

c 0 . 8 i 4  

+ 0.437 

... 

1921-22 

1926-27 

0.000 I 0 000 

I 
153:  , 

Line 11.3 (Sz~~at-Dhfi l ia)  a t  Dhtilin 

- 

- 2.369 

... 

+ 0.875 

+ 0.438 

- 2.389 

-22.925 B.031. ,, '80 
l a  

-0.001 

to-001 

-0.020 

s.. 

1921.22 -40.510 '.-40,506 
I ,G.T.S. 

87 1 ,, ' 0 I , - 181 

i B.bI 2 
I 
I 1 

0-000 

-0 '00~  

-0.014 

107 16 L Standard at. Dhi l ia  ... 1 0 .08  1 8 1 7 . i ~  0.000 0.000 

t0.004 

1 G.T.Y. 
1 ! . 0 nt school . 

. .  . -  i 

1883-84 
0 .26  

I?I:I , ,. : ~ t  :i:2 ~ n s p e e t o r . ~  1 
. . !  0.66 ,, + 2 . 2 4 6  t 2 . 2 4 0  -o'oo6 

110; - - ,, a t  Mnrathi echool ... 0.8; t 11.279 +11 ,272 -O'oo7 
4 ,  ,, I on bridge near 8l.S.  I " 

211 
I 

. i ., on b I . 9 .  53 
on rock near 1)ridge 

No. 68 . .  2 . 0 6  ' , +37.561 /+ai.ieR -0.m' 

, 1 - 5.482 - 5.491 

149 
(75)  
112 

- 2.976 
(us)' B.RI. 
I48 / ,, 1 ,. at clock t o n e r  

... '.j3 i . 9  I l o p ) ,  

2.08 

2.67 

,, 

,, 

- 2.963 

+42.149 I +  .l2.0;4 
I 

+G3.666 / + l i 1 . ~ 5 0  

., 

,, 

,, nn bridge 68 ... 

,, on rock near level 
crossing ... 

-0.073 

-0"'16 
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TABLE 4.-Check-levelling- (contd.)  
Discrepancies between the old and new heights of bench-marks 

Difference 
(check- 
original) 
The sign 
+denotes 
t.hat the  
height 

WRS 
grenter 
and the  

sipu - ,less 
in 1426.27 
t.han when 
originally 
levelled 

br 
P ." 

$3 
,g fi 
c", 
z 2 
2 
.I 

~oaeh.rnarks of the original levelling t h a t  
were connected for check.Ie\'elling 

Observed height nbove ( + )  or 
below (-)  starting bencll.rnnrk, 

as determined by 

I miles / 1 f I feet ( feet 

Line 113 (Surat-Dhlil ia)  a t  Sz~rat  

70 46 C Stnndard at Sura t  I I 

go, 
Dnte of 
original- 
levelling 

i 6  
(69) 

6S 
67 
7i 
(66) 
78 

(46) 
65 
79 

( 4 5 )  
80 

Degree IJescripliou eheet levelling 

,, 

,, 
,, 

,, 

,, 
,, 

,, 

Checli- 
levelling 
1426-27 

(63) ,, ,, a tp l a t fo rm of SnralR.S.1 2.03 ,, + 15.174. + 15.472 t 0.298 
8 1 

- -__-.ppp --. 

Line 108 (Mictfi,a- Catanl)o~~c) at M u l l ~ . ~  

G.T.S. 
0 a t  high school ... 

B.M. 
,, at Jhaver i  instibut,e 
,, a t  fumale hospital 

., a t  reservoir ... 

,, a l  clock towr r  ... 
,, a t  IJal.clih dispensary 

,, at dharntsdln ... 

-- 

0.000 
-0.002 
t 0 . 0 0 1  

+0.003 
-0.041 
-0.008 
-0.018 

0.16 

0.24 
0 .62  

0.70 

1.15 
1.18 

1.85 

0.000 
+ 2.033 
+ 5.G91 

+13.580 
+13,6!94 
+ 13.612 
+ 21.565 - - 

---- .. 

,, 

., 
,, 

, 

., 
,, 

,, 

1012-13 
,, 
, 

- _  

0.000 
+ 2.035 
+ 5.680 

2 5  
40 
a 
20 

19 
42 
*4 

- 8.840 

-. 3.665 
- 2.236 

+ 2.524 

- 3.077 
- 1 ' 3 3 9 -  

- 1,457 

I 
_---p_._- - 

- - - - . . -. 

f4.B.M. at, Mutt,ra . . .  
Rcssions jndge's c ~ n r t  ... 
C11lvr1.t ,.. 
I'lnt,forn~ of Aluttra Cn11t.t. 

1i.S. 
B. 13. h l .  at ,, , , ,  

\\'nter t r o n ~ h  , , ,  

J'lntform of A1nt.tra J n . R  S. 

,, + 13,527 
, + 1 3 . ' ; 3 5  
,, t l 3 . 6 2 0  
,, lc21.683 

64 E 
,, 
., 
t ,  

,, 
,, 
,, 

Li~te 108 (M~cf/t .n-Cnzot~pot~s) n t  Cn~ulrporc 

0.00 
0.04 
0.8; 

1 . 4 5  
1 . 1  
2.15 
2.91 

- 8.831 

- 3.667 
- 

2.508 

- 

- 1.562 

0.00,) 

+ S.loF, 
+ 'i.Gs8 
- I 
- 1 *431  +0 .004 ,  
- 0 672 1 + 0.0118 
- 0.015 +0 '008 

t 0 . 0 0 9  

-0 '002  
2 .238-0 '002  

-0.016 

3.097-0.020 
1 . 3 4 1 - 0 0 0 2  

-0.105 

0.000 

+;.in8 
+ 7 . 6 5 5  
- 1  
- 1 .,i..?r, 
- ~ . G P Q  

"3 

165 
le7 
16' 

J ~ . B ~ I . ~ t , C a m n p n r e  ... 

Rdn-ard rnemo~.i~ll  hnll ... 
Q ~ l c e n  Yie(o~,ia 's  skni , l~p . 
C n r ~ e n c y  officc ... 
Chl,ial cllnrch ... 
EX tingineer'r otticr . .  

9 ,  

, 
,, 

:: 

I I f.(f?-';!' 
0.00 1c,15-lC, 

0.27 ' 
0.30 , :: 
0 . S I  , 
1.03  
1 6 6  , :: 

S.11.M. at. Cnwnpora ... 1.63 1 , i - 6  (123 
I 
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TABLE 4.-Check-levelling-(co11 td.) 
Discrepancies between the old and new heights of bench-merke 

Brnoh.orprkr 01 the origlnsl levelling t h t  
were connected f o ~  chrrl..levelliny 

- - - - .- - -- 

I 

xu. ''eve I hscriytion 
I sheet 

-- . - - - - - - 

'' m 
M L r e n ~  
(cheat- 

/ miles I I f e e  1 f e e  1 

Line 119 (Cawnpore-Alirangcib6d) at Benares 

0.000 
+0*108 

,0.082 

t0.115 
+0.104 
+o.lle 
t0.092 

- 

+deuotH 
thet the 
hrlgbt 

W M  
Peptar 
and the 

~ign- 1 
In led.: 
tbsn wb 
oriPiant 
levelled 

Obrrved beifit above (+ or 

m h 
b l o w  ( - )  atartiug beuclr.nurk, 

RB determined by 

1 

85 63 K 
89 ,, 

levelling 

- - - - - - - 

Line 64 I (Ghdaa'tibdd. Ca~urtpore) at Ghdzicibdd 

-- 

I3 nt mile Delhi 10  ... ' 0 .  0 1911-111 

Hoed brldge No. 11382 ... 0 .  6 
9 1  1 9  . 0 .  7 

18.9 .. ,, 4 ... 1. 8 
1.3; ,. 1 c t ~ l % & t  .. 1. 6 

- -  

at hr~rlge 0 - 0 0  
I lZ.L 675 61  , 
0 . T  S. I 

191 .. 0 nu atone floering 0.64 
EI V .  '.. I 

1 , Type B a t  toll bar ... 0.67 

--- - 

original 
levell'ug 

At  monument . 
A t  well . 

Cheek- 
levellinp 
1926.27 

1863-65 
,, 

0.00 
0.56 

73 1 63 0 , A t  jl~nrtion of roads ... 
74 I I .B.M. a t  Benarcs ... 
% 1 6 3  6 A t  bridge .. 
2 :: / dt well ... 

S.B M. a t  Benares ... 

,, 
, 

(::;:::!) 
1883.65 

,, 
, 

0.82 

1.69 
0.38 
0.77 
0.80 

0.000 
- 1-204 

+O'OO3 

-O'Oo3 

-0'03' 

0.000 
- 1.936 

- 11.431 

-16.726 
- 1.983 
+ 1.990 
+ 1.828 

+ 1'983 
t 1 . W  

+ I 1  897 

t 4 262 

+ 8.729 

+ 4.631 
+ 16.625 

I 
( ; . I  .s 

139 .. O at hridee . . 1 0.12 +11*894 
B.bf. 

I " I 
198 ,. .. 0.68 , 1 + 4 266 

-11.349 

-16.610 
- 1.881 
+ a.099 
+ 1.920 

* l'M1 
t1.876 

0'000 

-0'003 

- l 'we* 

+ 6,614 
+ 18.508 

197 ,. 

+ 10.877 
+16 384 

@.w@ 

- 0 919 

- 6.613 

, ; + 8 896 
+13.358 

" I 
1912-13 

,, 

,, 

H . M  

0 000 

- 0.916 
- 4.691 

CITS 
0 on culvert ... / 1.03 

B.M.  
,, + 8.727 
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TABLE 4.-Check-levelling- (conld.) 

Discrepancies between the old and new heights of bench-marks 
- p~ 

Benoh.marks of the original levelling that 
wore connected for check-levelling 

b '' 
23 
g 8 
2.4 

n H ' 
Description Nos 

I mile8 I ( Pet I feet I jeet 

Line 64 I (Ghdzidbdd-Cawnpore) at Aligarh 

2%; 

7 

4 

6 

1 

Difference 
(check - 

ori@al). 
l-he ,iEn 
+denote,, 
that the 
height 

waa 
greater 
and the 

eign -,less 
in 1926.27 
than when 
originally 

levelled 

Obaerved heipht above (+) or 

nu determined by 
below (-) atartinp bench-mark, 

Check. 
levelling 
1928.27 

Date of 
original 
levelling 

64 I 

,, 

,, 

,, 

,, 

Line 64 I ( Qhlizicibdd- Cawnpore) at Hd thro~  

~fipina,  
levelling 

1861-62 

,, 

,, 

1915-16 

1861-62 

S.B.M. at Aligarh ... 
Q.T.Y. 

0 atdistantsignal ... 
B.M. 

G,'C.S. 
0 on brick flooring ... 

B.M. 
0.T.H. 

0 on flooring .. 
B.M. 
Stonebench-mark ... 

00.000 

-0.026 

+ 0,003 

t 0.006 

314 

a 

27 

0.000 

+0.242 

-5,858 

--6.e90 

-7.018 

0.00 

0.54 

0.80 

0.76 

1.03 

Line 77 S (Khu,End-Mtidaripur) at Khuhtci 

+On223 -0.019 

O.OOO i O O m  
- 5.878 

-5.897 

-7.018 

1914-15 

1905-06 

1914-15 

1905-06 

~. 

54 1 

,, 

8 ,  

3 .  

0.000 

+26.129 

+ 12.418 

+ 7.578 

-0.020 

-0.007 

0.000 

0.000 

+?6.103 

+ 12.421 

+ 7.584 

39 ' 79 

Type A a t  Hithras Road 

G.T.S. 
0 on platform ... 
B. M. 

,, aL distant signal ... 
G.T.S. ",M.O on stone prism ... 

0 . m  

-0.015 

-o'@?s 
-11.001 
-0'006 

- 

0.0~0 

+ 5.224 

+ 3.505 
+ 6.605 
+ 4.250 

Type A st Khnlni ... 
O.T.8. 

0 on step ,,, 
B.M. 

,.. 9 1  

... d' on stgne 
(f.T 8. 

40 

41 

0.00 

0.50 

1.1H 

1.80 

-0.01!' 

0.000 

+ 5.209 

+ 3.440 
+. 6.601 
+ 4.244 

71 

,, 

+ 6,803 1 
I 

0.00 

0.04 

0.08 
0.23 
0.28 

4 2 1  ,, 
1 I, 

1921-29 

,, 

,, 
,. 
,, 

0 on atep ... 
B. S1. 

0.32 + 6.821 
" 1 
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TABLE 4.- Check-levelling-(co~ztd,) 
Discrepancies between the old and new heights of bench-marks 

Line 88 G ( Thanatpin-Tongyi) at Thanatpin 

I 3 

'li i I 
, on culvert 

101 . I E.B b1. at Thanatpin ... 
I 

Line 88 Q ( Thanatpin-Tongyi) at Tongyi 
. - . . - - --- - - - - - - - - - . - - - _ 

I miles 1 
-- . -- -. -. - - - 

Line 77 S (Khuln~-NGtlti1.~1:pu~) at M6dsriPur 
- -. - .. . . . - - . - - -- 

10 94 C , E.B )I at Tonpyi R.S. 
, C3.T.S. 

11 , .. 0 no 
, l3 j l .  

CI - 9  i 7. 

a ! " ,  " 
L I 

DiEerenca 
(check- 

original) ~ h ~ ~ ~ &  
+aePotea 
that the 
height 

WOB 
venter 

nlgn-,leal sod lhe 
inIW-87 
than whel 
origlnrllg 
le~elled 

." - * 
$a 
g! $ 
ad 
$$ 

Rencb-marks of the origins1 levellil~g that 
were conuected for cheok-levelling 

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

an determined by 

Type B st Midlriynr ... 
G.T.S. 

0 nt vernndnh ... 
B. Sf. 

B.OM. on zinc plntc . 
Type B tat Konii ... 
. -. - -- -- 

i 5  1 70 1 

1,ate of 
original 
levelling 

0.00 

0 06 

4.98 
8.48 

'74 

72 
70 

Liue 77 I' (Mollah~it- Ba~iscil)  at Raristil 

- 

Description 

. - .~ - . . - 

- - . 

-- 

0.000 

+ tsOIG 
+ 0.261 
- '1.993 

1912-13 

,, 

. 
,, 

, 

,, 
,, 

33 1 79 J 1 S . B . M .  rL Bnri.-ii ... 
27 1 , ,. ; Type ti ,. ... 

G. I .S. 
as 1 ., I o ons tep  ... 

I 
0.  H. 

?9! ,, , ,, ,, ., ... 
30 1 ,, ! .. ,, ,, ... 
3 8 !  , I ,, ,. ,, ... 
31 ) .. ,, nt verandah .., 

I - -- 

Origind 
lovellilly go. 

- -. - 

Check- 
levelling 
1928.27 

neqree 
sheet 

0.000 

+ 5.009 
+ 0.272 
- 2.993 

0.00 
0.13 

0.23 

0.38 
0.31 
0.40 
0.43 

0.W 

-0.007 

t0.011 
0.000 

26 1 ,, , ., on step ... 0.64 
as I , , ., ,, ,. ...I 0.77 

I 

1912.13 
,, 

,, 

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

OsOOO 
0-000 

-0.050 

-0-111 
-0,728 
-0~014 
-0.055 

0.000 
- 5.798 

- 2.911 
- 1.OGO 
- 1.644 
- 1.757 
- 2.600 

-0.083 
-0.a14 

0.000 
- 5.798 

- a.969 
- 1,lil 
- a-370 
- 1.771 
- 2.655 

- 0.686 
- 0 . ~ 3  

- 0.749 
- 0.897 



CHAP, VII.) LEVELLING 118 

TABLE 4.-~heck-lsvel l in~-(co, t td . )  

Discrepancies between the old and new heights of bench-marks 
- 

Bench.marks of the original levelling that  
were connected lor cliecl~.levolling 

Line 55 I ((fn~,hnlnlttirtja-Dti?~t~n~tii) at Slrorkot 

bo 
.I 
3~ 
" 1 a a 
d - 0 

~2 
,,, 

96 

93 

98 

97 
- 

Line 55 J (Dtim,Tn1i~-A?1arI)f:/(7) at  Ah.arbclti 

I ~niles  1 I j e t  I fnet ( feet 

Line 55 I ( Qn.t.lzrnak~irijn-DLi~~~Cii~~i(C) at  Garhntnl~Ci~fijn 

'117 
215 

2 1 8  

Ziti 

Degree 
sheet 

160 
a39 
140 
241 
242 
2t3 
244 
245 
146 

- 

DifPerenoe 
(check- 
original). 
The sign 
+denotes 
that  the 
hcight 

was 
greuter 
and the 

sign - ,less 
iu 1926-27 
thau alien 
origil~ally 
levelled 

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

as determined by 

Dcscriptiou 

-. 

Date of 
original 
lcvoiling 

-- - 

39 N 
,, 
,, 
, 
,, 
,, 
,, 
,, 
,, 

0.000 

- 0.836 

- 1.356 

- 1.701 

---~ p-.-ppp---..- 

Line 55 L ( Ranqp1c~-llluzafc11~9nrI~) nf B ~ I I ~ ~ I C T  

44 B 

,, 

0.000 

-0.057 

+ 0 , 0 0 9  

+0.001 

39 N 
,, 

,, 

, 
--. 

~ 

0.000 
+ 4.862 

+ 1 . 0 8 5  

+ 5,895 

original 
levelling 

1 9 - 2 0  

,. 

R B.M. a t  Dirnimiit . 0 0 0  
a.y.s. 

on parapet . 3.13 
B M. 

G.'l'.S. 

Check 
levelling 

1920-27 

E.B.M. a t  Garhmahirija 
,, Raveli Qureshi 

B . ~ R I .  at plinth of school 
&OM. a t  veraudah , 
E.1i.M. a t  ICot Bahadur Shah 
B . 0  51. on rectangnlar pillnr 
H.O.>I, on stone pil,ar .. 
1C.U.M. at Doalwann ... 
B . 0  M.  or1 rectangular pillar 

0.000 

- 0.779 

E.H.M. a t  Ahnrbcli~ ... 
B . 0  M. tDn masonry pillnr 
G.'I'.S. 

0 ontraversepi l lar  
R.M. 

B .0h l .  on c n l v ~ r t  ... 
-- 

0.000 
+ 4.k65 

+ 1 . 1 4 0  

+ 6.913 

- 

- -. 

0.00 
4.65 
4.72 
4.75 

l 1 .23  
14 -  25 
16.91 
16.99 
33.19 

- 1.365 

- 1,702 

,, 

,, 

0.000 
+ 0.003 

+0,055 

+0.018 

-- 

22.1 

223 

zal 

'20 

0.001) 

+ 2.3211 

+ 1.919 

+ 6.010 

1925-26 
,, 
:, 
. 
,, 
, 
, 
,, 
,, 

0 at1t .H.  
B. M. 

011 stonc 

0 .00  
4.03 

2.i,4 

O.d!)  

~ 

39 N 

, -  

, 

,, 

0.000 

+ 2.218 

+ 1.915 

+ 6.026 

0.000 

+O.OUZ 

+O.OOJ 

-0 -O . r i  

0.000 
t 8.784 
+ 5.381 
+ 5.366 
+ 9.893 
+ 6 . i 8 9  
+ 7.875 
+ 6.142 
+ 0.772 

0.000 
+ 2 ,728  
+ 5.354 
+ 6.349 
+ 9.829 
+ 6.628 
+ 7.61iY 
+ 5,924 
+ 0.589 

103;-26 
,, 

,. 

,, 

-- 

l92S.2G 

,, 

, 

,, 

-- .-.- .- 

R.B.M.  nt Rangpm ... 
G,'l'.S. 

0 on bridge ... 
H . M .  

R.CJ h ~ .  nt ~ c l ~ o o l  ... 
G.1' 8. 
0 on 1,ritlgc. ... 

D.M.  

0.000 
-0.006 
-0 .007 
-0.007 
- 0  Or;$ 
- 0.161 
-0.206 
-0 .218 
-0 .181 

0 .00 

0 .01 

0 .18 

0.53 
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TABLE 4.-Check-levelli~zg-(contd.) 
Discrepancies between the old and new heights of bench-marks 

Bench-mrks of the original levelling that 
were connected for check-lerelling 

- 

Description 

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

2 
% 

; 5 
2 
.CI o 

8 .$ 
P 

+- 

1 miles I I feet I j e t  I jut 
-- 

Line 55 L (Banypz~r-n/I~tzafargnrh) at Mtrzaf(crgnr1~ 

Observed height above (+  ) or 
below ( - ) stnrtiug bench.mnrk, 

ns deterniii~ed by 

Check. 

Difference 
(check - 
0rIginal). 
.lhe 
+denotes 
that the 
height 

WLLB 
greater 
nnd the 

sign-,less in 1926 !27 

oflice 

l  as . 
B. &I. 
G.T.S. 
0 at church ... 

! B. 31. 

than 
ofianolly 
levelled 

ly7 I , 

131 1 ,, 

levellin$ 
1926.87 

Date Of 
6 1 originnl 

, levelling 

0.00 

1.19 

1.77 

2 .23  

2.82 

127 / on pillar ... 
393.7 

ti.B.31. at mil~vny station 

Line 55 M (Mz~~a$ar~ga~~1~-Bas l i  Malirk) ot  Bash M a l ~ k  

- 

Original 
levelling 

1912-13 

,. 

,, 

, 

,, 

-- 

0.000 

-0,012 

-0.048 

-08049 

-O*OOy 

0.000 

+ 9.057 

+ 5.205 

+11.519 

+ 2.616 

O'UOO 

t0'056' 

-0'007 

+0'086' 

+0'O2l 

0.000 

+ 9.045 

+ 5-15? 

+ll.470 

+ 2.608 

- 

0.000 

+4'-796 

+ 3.864 

+ 0.951 

+ 3.105 

u t  Eaati Y n l i l X  ... 

_ 

Line  .Ti; N (Bnsti M n ~ l , i l c - K a , b ~ r ~ o ~ ~ l n )  n t  Kabil.ir~ciln, 
--- . _ --- - 

1 
I 34 , ,. 

I 

51 i 39 N 
1 

51 , 

I 

0.00" 

+4.740 

+3.87i 

0.00 

2-62 

3.22 

,.. 
H.D.1. 

G.'l'.S. 
0 on cnlvert ... 
R.11. 

+0.8G5 

+3081 

1914-18 

,, 

,, 

I 

s B . n  ah Khbim!vih . 000 1911-12 I O.OO0 
G.'Is.S. 

0 at S ~ e r m t l a h  II,/I. 0.07 1 , 1 + 5,361 
B. i f .  i 

, 

,, 

33 I ., 

32 I ,, 

G. I'.S. ! 
53 1 ., 

1. on bridge ... 

* Disturbed. 

0 , 0.16 1 5 . 3  1 0 9  
' I  1 

0.20 I , + 4.367 1 t o 5 0  

4-52 

B hf. 

.. 0 F I ~  Tuh. i lc l ir 'r  oftire 

-PO1z 

'-0'017 

R . h l . 0  o n  rrdrert . 1 5 . 2  

I i I 
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TABLE 4.-Check-levellin,q-(cottcId,) 
Discl.epancies between the old and new heights of bel~ch-marks 

ba 

Dlflerence 
(check - 

originall- 
,e,wh.~unrku of the original levelling t l d  

were connected for check-levelling ~ ~ ~ ~ ~ { ~ ~ ~ ~ I ~ b { ~ ~ & ~ ~ a ~ ~ ,  :$ 1 as determined by 

* C; - 2 

Tb;etg8 
that the 
height 

WPB 
greater 

and the 
sign-,lee0 
in 1838.27 
than when 
originnlly 
levelled. 

Degree 
sheet Descr.ptio11 

.- -- - -  .. 

I miles I I f e e t  1 f e e t  I fee t  

Line 55 N (Bast i  Malfik-KabirzuCla) at Kabirwd1a.-(contd.) 

-- -. -. - 

Date of 
original 
levelling 

I 

- 

origillal 
levellillg 

O.F.S. at  N i i b  Tah~i1dir.s 
0 office ... 

B.11. 

G.T.S. 
0 at hospital ... 

55 

56 

Check- 
levelling 
1828-27 

39 N 

,, 

0.22 

57 -0.035 

I 

1 B.hr. 

-0.027 

+S,971 

- ---- 
I I 

I 

! 

0.50 / ,, ,, 

-0.015 

+9*0G6 

I 

(3.T S. 
0 on bridge ... 

B. M. 

+4.270 

+4,360 

I 

1811-18 

0.38 , ,, 

Line 55 K (Aha?*bel6-Multtil~) at Mz~Zt6n 

+ 

+4.299 

+4.375 

I 
34 ! 39 N Standard U.M. r L  UulLiir~ 

G.T.S. 
0 under churcll tower 

E.hI. 

G.T.S. 

41 

at  ohsplniu's ofice 

9 ,  

0-00 

0.10 

1912.13 1 0.000 1 0.000 1 0,000 

,, / +3.474  
I 
I ~ 

0.15 ! ,. + 1.795 
i ~ 
i 

+ 1.788 / -0.005 
'0.T.S. at block 28 of Lor- 

44 +1.055 ( 0.003 

+l-rjS 

+ 5.06s 

+O.UOS 

+ 0.012 

I i i L 

+la855 9, 

1 B M .  
+l.T63 

0 pita1 , 
B.M. 

,, 
B.M. 

G.T.S. 
t 9 on l,ritlgc ,,, 

0-.4,(; ,, 

1.7.1. 1907-01 + ,5,O.lJ3 
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TABLE 5 .-Revision levellinmy 
Discrepancies between the old and new heights of bench-marks 

nench-mark8 of the original levelling that  
were couneoted during the revisionary 

operations 

ta 

3, 
; 3 
$2 
a a 
2 3 
4 so. 

I miles I I feet I fret I jet 
. -- - - - . .- -- 

Part of Line 61d (Dehra Dkn-Mussoorie) 

Degree 
sheet 

Uifferenea 
(revision - origi. 
n&1)- The 

N I P  + 
denotes 

that the 
heinht 

was 
greater 
and the 

8ign-Jen3 
in 1026.a7 
thanwhen 
originally 
levelled 

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

tho starting bench-mark 

Description 

10 

9 

8 

12 

ante  of 
originnl 
levelling 

63 J 

,, 
,, 
,, 

F~~~ 
From 1 revi~ion 

published 1920.27 
heights (unadjust- 

ed, 

Shaw's Refraction station 

S.B.M. at Dehra Dun ... 
Cole's Satellite station 

-- 

2.760tO.OO7 

t 0.011 

t0.068 

t0.019 

tO.057 

+ 0.068 

t0.070 

t0n059 

+OsM0 

+0.018 

t O O z 9  

+0'013 

+0'00$ 

OnOO 

0 .02  

0 . 1 1  

0~000 

-0'004 

-0.008 

18131-62 
1903-02 
Revised 
1905-07 

,, 
, 

6 

17 

19 

20 

5.775-0'006 Iron plug ... ... 

?,I / ,- ! ,, ,, ,- ... 
... 

37 ' . , ,, I .  , I  ... 

0,000 

+ 1,587 

+ 3.451 

0.301 ,, ,, 1B.B.N .. D.O.B'sofies . 
0 .21  

0.000 

+ 1.583 

+ 2.443 

- 2.767-  

+ 687.824 

+ 1448.073 

+ 1630.778 

+ 3582.gjg 

+ 3638.741 

5.46 

7.49 

8.00 

8.67 

16.35 

,, 

,, 

,, 

! 

" i  ,+ 

40 ,, 

4 1  , . ,  

I 

42 i ,, 

+ (;87.836 

+1166.124+1166.194+0a070 

+ 1448.141 

+ 1630.827 

+ 3583.016 

+ 3636 809 

+3666.762 

t3911.073 

+ 4  

+4047.101 

+ 4053.231 
I 

+ 4225291  

+ 4.342603 

+ 4411.583 

+4506.958 

,, 

,, 

,, 
,, 
9 ,  

at Brewery godown 
G.T.S. - 

/r\ o n r o c k i n s i t u  ... 
B.31. 

v, 9 .  ,. ... 

,, 

+ 3666.832 

t3912.132 

0 3 ~ 9 3 3 , + 4 0 0 3 ~ 9 8 6 , + 0 ~ ~ ~ ~  

+4047.161 

rCi53.291 

+4224309 

+4142611 

+ 4,411.69E 

+ 4605.966 

1 6 - 4 8  1 ,, 
G.T.S. 
& ,, ., , 
U.bl. 
B.OU. ,. ,, , 

G.T.S. 
-. 

I 
A I, ,, ... 1 17-19 ( -, 

- 5.769- 

B. xr. 
G.T.8 
0 ,. , .  .., 
B b1. 

13 / ., ( I  , ,  1 ,, 
I I R . M .  

17.62 

, 

,, 

,, 

44 1 ,, : R 0 xr. .. ,. 18.10 
G.T. Snrvey 

4 i .. ' 0 at. Lil~rsry  1 8 . ~ 7  
! Brnch Mark 

, 

i 0 . T . S .  
, 0 : ~ t  Cllrisr Church 1 13.v. 

5 1  

13 .63  

~ ,, ( H.031. nn rock i n  sit" ... 18.77,  ,, 
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TABLE 5.-Recision levelling-(contd.) 

Discrepancies between the old and new heights of bench-marks 

Bencb.mark~ of the ol.igiual levelling that 
were connected duriug the revisionary 

operations 

M 

5 m * 

8 ? h A 
C 0 

-i 

Deso~.iptiou No, 

/ miles I / feet 1 feet 1 feet 
- 

Line 198 (Muttra-Cawnpore) 
Revision of pads of lines 65, 658, 66, 62 and 6'3B 

Degree 
sheet 

23 

20 

161 
(19) 

42 
24 

33 

'28 
'27 
'26 
la5 
24 

' )  
. Iz3  
225 

119 

Uiflerence 
(revi~ion 
- origl- 

nal)- The 
gig" + 

that the 
height 

was 
greater 

and the 
s i ~ l - ~ l e s s  
iu 1fJ26.27 

~~~~$~ 
levelled 

Ditference between orthouetric 
heights, nbove ( +) or below ( -  ) 

the sturtiug beuch.mark 

1)ate of 
original 
levelling 

64 E 
,, 
,, 
,, 

,, 

,, 
,, 

54 I 

,, 
,, 
,, 
,, 

,, 

9, 

9 ,  

1 9  

42 
I,8 

t t  

$ 9  

66 , 67 

1 54 hI 
110 1 

( I 6 )  ,, 
18 ,) 

(26) 
28 

" 

30 [: - 

From 
published 
heights 

pro, 
revision 
1926-27 

(unadjust 
ed) 

1912-13 
,, 
,, 

,, 

,, 
,, 

-0.112 
-0.101 
-0.223 

-0.407 
-0.264 
-0.272 
-0.300 

-0.304 

-0.374 
-0.29s 

4,$),4,4S'-0,298 

S.B.M. at  Muttra ... 
Sessions Judge's kachnhri 
Culvertatjuoctionof roads 
Platform of Muttra Csntt.  

11 S. 

Embedded B.31. a t  Muttra 
Cantt. R.S. 

Water trough ... 
Platform of Mnttra J n .  R.S. 

0.000 
-0.002 
+0-001 

+0.003 

-0.04,l 
-0.008 
-0.018 

- 486.337 
- 44.739 
- 3.541 

- 33.012 
- 35.512 
- 35.@04 
- 40.564 

- 113.369 

- 50.185 
- 44'.176 

0.000 
+ 2.035 
+ 5.680 

+ 13.527 

t 13.736 
+ 13,620 
+ 21.533 

0 .0  
0 .1  
0.9 

1-48 

1 .5  
2.2 
2.9 

R.S. 
Goods shed ,, ,, 
Fimzibid T.S. ,.. 

Stone B.N. a t  Ghiror ... 
Canal M.S. No. 26 ... 

,. ,, ,, 28 ... 
t 3 ,  31 .., 

Stonc B.M. a t  Singbpur ... 

,, ,, ,, Mainpuri .,. 
Cnnnl M . 8 .  No. 3.1 ... 

0.000 
+ 2-033 
+ 5.681 

+ 13.630 

+ 13.694 
t 13.512 
+ a1.565 

Stone B.M. a t  Agra ... 

9 ,  . ,, 9 ,  4.3 ... 
, r  , ,, 4,s ... 
9 9 9  1 1  49 ... 
9 9  ,, ,, 53  ... 

33.6 

7 ,  ,, 4.0 ... 

-0.109 

- 44.225 
- 94.638 
- 3.316 

- 33.503 
- 35.248 
- 38.532 

. -  40.255 

- 42.975 

- 40.811 
- 

36.6 
37.0 
62.8 

90.4, 
96.8 
98.8 

101.8 

103.4' 

108-7 
104.8 

7.647-0-109 
-0.107 
-0.109 
-0.094 

-0.193 
-0.092 

-0.062 
-0.096 

- 9.804, 1915-16 

,, 

1862-65 

,, 
,, 
,, 
, 

,. 
,, 
,, 

112.8 

l l P . 8  
119.8 
123.9 

- 8"7tiO 
- 15.176 
- 41.298 

- a4.861 
- 31.856 

- 4G.4,01 
- 46.553 

Chmch of England, Agra 
Old post office ,, ... 
Drain on Ajmer road ... 
Culvert NO. 3 ... 
S.B.M. st Agra ... 
Agra Port B.S. ... 

7th picr Jumna  bridgc ... 
14th ,, ,, ,, ... 
Culvert E. of Jumna bridge 

9.69 - 

,, 

,, 
,, 
,, 

110.8 
- 53.72.1 

- fifj.001 
- 59.107 - l;4.001 

,, - 4,9.150 - - ;,:<.O:;GI - 0 . 3 ~ 3  

- 7,538- 
- 8.653 
- 15.067 
- 4,1.204 

- 34.668 
- 31.764, 

- 46.339 
- 486.457 

33.7 ,, 

.- (;0.?,74 
- 6!l.4,09 
- GIeSGS 

34.3 
34'.6 
35.1 

- 0.'75:3 
- 0.302 
-0.267 

,. 
., 
., 

35.7 
35.8 

36.3 

,, 
., 

,, 
,, 
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TABLE 5.-Revision levelling-(contd.) 
Discrepancies between the old and new heights of benoh-marks 

Duneh-mark8 of the origiual levelling that  
were connected d u r h g  the revisionar~ 

operat~ona 

- 

M 
a 

E il 
ek 
c '3 
a a 
23 

' N,,. 

1 
~ e s m e  1 sheet 1 Descrlp tion 

I miles I I feet 1 feet 1 jeet 

L ~ I L O  108 (Muttra-Catuwpore) 
Reuiuion of parts of liues 65, 654 ,  66,62 and 63B-(contd.) 

I 'lEer00ca 
(rerialon 
-on#+ 

n01). The 
m u  + 
denote-! 
thnt the 
height 

wan 
water 
and the 

s i ~ n - ~ l e ~  
''6'n 

origin~llg 
levelled 

Nfference between orthometric 
heights, above ( + or below I -) 

the  starting bench-mark 

133 54 M Cnnal M.S. No. 55 ... 126.9 1864-65 - 66.079 
c 32) 
134 ,, i Stone B.M. at Tariii . 1 1 6 - 0  I ,, 1-  66.619 
(34) 

... 

... 

... 

(19) bridge 

- 66.414 -0.335 

- 66.867 -0.340 I 

F~~~ 
revidon 
1026-27 

( umad'ust- , 
Date of 
original 
levelling 

- 42.317 

- 59.016 - 87.153 

- 102.900 

-111*166 

-126.164 

-136.8301-0.0~ 

- 111.807 

From 
published 
height8 

- 0 s a 6 1  

-0.287 
-0.388 

-oala4 

-0.082 

-0,118 

-0.066 

- 41.956 

- 59.629 - 66.764 

- 102.776 

146 ,, j .. .. .. Hakwin ... 171  4 ,, 
(3) 

150.0 

131.7 

147.8 

- 111.073 

,, 

,, 

,, 

I I - 144.9431-0.028 

-139-l59l-0 ozr, 
I -145.044 -0.oaa 

-144280  -0.017 

- 153.170) -OSO@ 

I 
- 146.06j1 -o'@la 

-14j.Sl2 -0 .00~ I ' 

161e31 

-154.601 

- 153.842 

-153.185 

41) 63 I .. ., ,, Jagntpnr ... 186.6 1-126.046 

51 I ,. j .. ,, ,, B- Sirohi lS15-16 -136.;96 

-0 m9 
-0'005 

-o'ml 
-0'Oo1 

-141.741 

-144.915 

-139.135 

- 145.022 

- 1 4 . 2 6 3  

I 
Canal iU.5. No. 129 ... ,, 
Canal bridge near M . 8 .  6 I from Cawnpore ... 

160 ' ,, 1 E.1.R bridge KO, 267 ... 
15s , I ., 334 ... 

202.1 ' 1917-18 

202.4 ! : ~ ~ ~ : ~ ~  
2 0 7 . 0 ,  , 

2 8 ,  .. / (Type B) at Cnrvopore ... lO8.7 1868-6g - 163 .I61 

169 .. : Canal bridge, Gencralgsnj 207.6 1917-18 

162 ,, ' King Edward ~uemorial 1 1 bail ... i209-0  
16.3 ., I 'heen  Yiatnria..g statnc ... / 209.1 

113 ,, I Currency office , g 

16; , I C h r i ~ t  rIlnrrh, Cawupore 209.7 

1916-16 I 

1 ;  I .. ! kr Eoplnecr.9 o R c r  ., ... 
16ai .. 8 B.X. st paanpore ... 

,, 
,, 

210.2 

2lC.3 

- 146,053 

-146.506 

,, 1-154.304,-154~313 

,, 
,, 
,, 

- 154.596 

-154.851 

- 153.194 
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TABLE 6.-Revision levelling - (cogttd.) 

Discrepancies between the old and new heights of bench-marks 

Beneh.marks of the orlgillnl levelling that 
were connected during the revisionnry 

operations 

 revision 
- orlgi- 

"a]). The 
silru + 

denotes 
that the 
height WBB 

qreater 
and the 

' i ~ l l - ~ l e s ~  
in 1926-‘27 

%GG 
levellea 

D l n t . r e n c e  

bo ' 
4% 
B 6 
$ $  
o, g - .- - 

Description No, 

I I I nliles 1 
I 

Part of Line 119 (Calunyore-Au~ang~ibrZd) 
Recision of parto of lines 65, 66, 67,  G7A, 59, 7'0 and 70d 

-- 

---- 

Degree 
sheet 

Difference between orthometric 
heights, above (+) nr below ( -1 

the etarting bench-mark 

-. . .  . -  

Dote of 
original bevelling 

- - -  - -  

0.000 

0.658 

- 1 . i 2 8  
+ 7 . 6 i l  
+ 7.118 
+ 0.015 

+ ,.,,, 
+ 6.286 
+ 9 . 0 ~ ;  - 4.404. 
- 7.289 
- 15.244 
- 22.055 
- 43.422 

- 55-36] 

- 60.94,; 
- 12.06f. 
- 62.24.1 - 24 809 
- 7!).:iOti 
- 91.817 

- 97-47; 

- 94.145 

- R2.53? 
-117.983 

-127.';45 

-122,896 

_ 

0.900 

-0.001 
;-418-0.006 

-0.01)8 
-0.007 
-9.012 
-0*008 

-,.,,; 
-0.004 
+0.005 
+ 0.053 
+0.032 
+O.OX 

0.000 
+0.047 

+ 0.129 

+0.092 
+O.OS6 
+0.050 
+O.O63 
+0.02S 
-0.030 

89.918-0.260 

-0.160 

-0.199 

-0.202 
-0.189 

-0'1!111 

- ~ ' ] - ~ ~  

- 

1868-69 
1915-16 

,, 
,! 
,, 
., 
,, 

1 8 l - 6 5  
191 5-16 

0 . 0  

0 . 1  
0 . 5  
0 . 8  
1 . 2  
1 . 3  
1 . 6  

1 . 7  

3 . 6  
3.2 

12.1 
13 .8  
27.2 
41.6 
51- 1 

66.1 

7 6  I 
76.7 
87.3 
91 .2  

100.5 
113.5 
123.6 

iLP6.7 

127.2 

12 i .  3 
126.0 

126.6 

127.8 

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

S.U.M.  n t  Cawnpore .,, 

Ex. Engineer's ofice ... 

Prom 
published 
h e i d  ts 

-. . . . .- 

0 000 

- 0 . 6 5 i -  
- 1.412- 
- 1.:20 
+ 7.678 
+ i .131 
+ 0.023 

5.29, + 

165 
164 
163 
162 
28 

('9 
151 

15'1 
167 
70 
a:{ 
9:i 

3 

pro,,, 
reviaion 
1928.27 

(anadjust- 
ed' 

., 

.. 
,. 

, 1 + 6.26n 

Christ church ... 
Currencg office ... 
Queen Victoria's statue .. 

,, 
,. 
,, 

1964-66 
,, 
,, 

18f4.65 
1915-16 . 

,, 
,, 
,. 
,, 

1920-21 

., 

,, 

,, 
., 

-, 

, 1 

62 63 0 Stone B.RI. Arrahpnr .., 1 ; 1 , ~<atoghnn . 
Majilgaon T.S. ... 

' +  9.04.1 
- 4.4,57 
- '7.321 - 16.2!48 
- 22.05: 
- 42.1.6'3 

- 05.490 

- 61.037 
- 12.154 - 62.311 
- 24..872 
- TCj.2.71 
- 9 1 . ; ~ ~  
- R9ti5R-  

I 

- 97.318 

- 93.9fjti 

- 92.2'J(l 
- 117.;91 

- 127.b5j 

- 122.224 

80 
81 
92 

102 

,, I<. Ndu-ard menlorial hall 
,, I R . B . N .  a t  Caanpore ... 
'' ( Nnronlla's exchange ... 

1 

,, I Stone B.M. Saini 

I, , .., 
K n r r ~  T.B. .,, 

" I 
htoue B.M. Koh K b i r i j  ... 

., , Pu~,rr Mufti ... 

, 

,, 
,, 
,, 
,, 

6 ; ~  

Well near M . S .  Allnh;ibid 
119 .., 

Culvert No. 21618 ... 
,, ,, 21610 ... 

Slone B.M. Mahitl.tijpur ... 
,, Aung .., 
,, Malwa R.S. ... 
,, Fatellpar ... 

'47 S . B . l i : n t A l l a h ~ b ~ d  ... 
rn l ) I  

l fuir  C e o t r ~ l  College ... 
Snitors' nhed ... 
Collector's 7cachnh1.i ... 
l ) . ,T.  water trough ... 

Bridge No. M.  i 9  ... 
Manobar D ~ '  w e l l  ,.. 

251 
( I 

(53)  

1 , 
L 5 4 )  1 

1 162 - .! 

14i) 

(46) 
46 - 

- I  

, 
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TABLE 5 .-Revision levelling - (conld.) 

Discrepancies between the old and new heights of bench-marks 
- - 

Bench.marka of the original levelling t h ~ t  
were conneoted d u l i u ~  the revisionary 

operations 4% 
a El 43 
9 
2 ' I 

So. I Decree , nheet 

I 

Description 

I I I ~ni lcs  I I feet I feet I j ~ r  
. . - -. - - - -- - 

P a r t  v' Line 119 (Cazonpore-Atcra7tgcib~d) 
Revinion of parts of lines 6Z, 66, 67, G7A, 5.9, 70, and 70A-(contd.) 

Dlnerenca 
(rev~sion 
-0riIIi. 

n.). 
dun + 

denoh 
that the 
height 
ww 

BrPater 
and the 

'im-lle 
in lo*'.; 

levelled 

DiEerence betwee. ortl~ometrlo 
heights, above ( +) o r  below (-) 

the stnrting bench-mark 

I 253 ti3 G I Allahitbid Fort ... 
l.i,q)[ / 254 ( , Sentry box ... 
(,j 7) 
SH ., 

124 1 ., 
5 7  1 63 li 

i:i' 1 
7 3  , G ~ ' O  

7 4  I ., 
9L ' 6.3 li I 
6 l ,, 

(951, 
 ti , 

revieion 
1020.27 

(unndjlut. 
ed) 

Date of 
original 
levelling 

-0.197 

-0.lZ2 

-0.159 
-0.121 
-0'911 

-0.203 

-11.196 
-0'209 

-0'19e 
-0,219 

1. ~1 

stone H.U. c~t. Jhicsi ... 
.Ilexaodar's ~ r l o ~ ~ a m e n t  ... 
Gobnrdhnn's well ... 
Well nenr b1.S. Cslcuttn 

481 
(Type H) nt i l e n ~ r e i  ... 
Iirirlge on Unmi river ... 
Well at Comm~ssioner's 

kachahri 
S.U.Zl. nt. Bennres . .  

Lime 74 C ( H0wra.h- I / t t a r p i r a )  at Bully 

From 
poblisl~d 

heights 

-- 

137.9 

128.0 

128.0 
1311.9 
203.6 

904.1 

204.4 
205.3 
.LO*.O 

-108.942 

-109,289 

-118.631 
- 1117.OHql 
- 162.16tj 

-153.370 

-168.891 
-1jJ.149 

1920.21 

189s-99 

., 
1863-66 

,, 

191'4-15 
191ti-17 

,. 
1863-65 

O.Om 

-0.005 

-0'Ot2 

-o'oa" 

-0'03s 

-0'0j4 

-O'Ol4 

-109.139 

-109.411 

-118.790 
- 107.201 
-152.47; 

-163.373 

-16.1.597-163.826-0'229 
- 109 087 
-154,368 

"4.3 - l:',Om 186 
2 0 4 . 4  :: 1 - 150.338 

0.000 

- 1.822 

+ 3.062 

+ 1,932 

- 1.079 

+ 2 . 3 7 6  

+ 1.687 

+ 1.497 

! 
9.t9 1 73 FJ 

- 160.378 - 160.687 

G.T.S. 
0 on s tep  ... 1924-25 0.00 

( i r ; ) ,  , R . b I .  
7 ., I 'l'ype A at Uttnrpirn ... 

0.000 

,, 

,, 

,, 

,, 

,, 

,, 

0 .17  - 1.817 

+ 3.049 

+ I .954 

- 1.069 

+ 2 . 4 0 9  

+ 1.7a1 

14 4 .. ~ " ~ "  on atone . 1 1 . (4  1 ,, 
I / B . M .  

I 

!G.'I'.S. 
3 1.9 

" i .3 at bridge ... / 0 .61  
( H.31 .  I 

I .. on qtone ... 1 1.45 

I 
... 1 1 .62 

1 A ~ N ) V C  h1.S.L. I 
l(:.T S. ! 

843 ,, ' @ on stnnc ... 1 . 9 1  

I 

gi; 1 ., I 'I on ?tone 
1 m 
: Ahow 3 1 . 8 . L .  

+ I 1 1 1  
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TABLE 5.-Hevi~ion levellifly-(concld). 

Discrepancies between the old and new heights of bench-marks 

% 

5 ,  
2 
0 

2fi 
:: : 2 
% 
6 

Bench.marh8 of the original levellillg that 
wen, connected during the revi~ionary 

operations 

LjiWrence 
(revieion 
- orlgr- 

~'1). The 

~ ~ o ~ B  
that the 
height 

was 
greater 
and the 

slg"-*lea~ 
'026-27 

trfi::i~ 

Dimerellce between ortholuetric 
heights, clbove ( + ) or below (-) 

the starting beuch-mark 

- -- 

levelled 
~ ..-, 

I I I milea I 
Line 77 (HozuraA-Ruwzga?zj) frorn Eastings t o  DakAi~leslunv 

Descriptiou lo, 

367 

362 

29 

Degree 
sheet 

From 
rcvlsiol~ 
1928.27 

(unadjust- 

Date of 
original 
levelling 

Prom 
published 
heights 

79 

,, 
, 

O.T.S. 
0 at Hast ings  bridge . 

B.M. 

Q.T.S.OB.hI. ,, ... 
Top of masonry pillat. ... 

0.00 

0.0.4, 

0.64, 
0 O , ~ . s . o n  s tone  . . .  

kOM. on marble step .. 
,, 011sto11c ... 
I I  . 

,, . . .  
G.T.'s. 

at lui l~l  ... 
B. Ll. 
B.OIV. o ~ l b a s e o t t l t . : ~ i ~ l  ... 

319) .. 
356 ,, 

32 -, 

0.000 

+ 2.722 

-11.531 

1882-83 

,, 

., 
0.70 

1 . 1 1  
1.47 
1 
2-59 

t..1,3 

ti 27 

353 

J6i 

L i ? ~ e  7'4 B (Kidderpore-Dub]nf),/ii~,~~~l l icrsti~rgs to  Yujtili 

- 5.617 

- 8.592 
-10.902 

-21.788 
-11 -91s 

- 12.880 

+ 1.436 

,, 
,, 
,, 
,, 
,, 

,, 

1941.22 

,, 

, 

0.000 

+ 2.766 

- 11.535 

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

I 

0.000 / U O ( ' O  

-1Y.tiS7 +OS0S6 
-13 .64 l  1 +0,052 

1 

0.000 

+Oa034 

+0.006 

- Y-679 

- Y-593 
-10.681 
-11.796 
- la  072 

-12.8S2 

+ 1.553 

- - - 

0,000 

-13 .5~:3  
-la.;23 

- - -  _- _ . - - 
I I O.T.8. 

at Hastingr lllidpe ... 0.0" IJSL-83 

+OaO38 

-0.001 
+0.021 
-0.008 
-0.154 

-0'002 

+0.117 

1o.i.s. 
lo2, 8 ,  C; a t s t , e p  ... 

1 l I 1 . M .  
'Q.T.S. 

lo3 0 n t A k r n  , 

1 ,, U.T.S. B.M. 
0 on stel)  , 

! B.M. 
I 

3% ,, 
3j9 l ,, B on copiug ... 

I .' 
7.51 I IHR~.SI  1 -15 .521 

i 1 - - -  
. I  I , 1 - 13.100 

i 1 

0.58 I ,* 
I " A ,, ... 

8.511 , / - l ~ . l ( i 3  -14.420 

0.62 1 

- ~ P i i  

I 
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TABLE 7.-Reeu.lts qf comparison of stavee with sfan,dcrvd ~ t a e l  

tape No. 2, Line GlA, seasolb 1926-27 

Remarks 

-- 

1 Length of staff-lo feet 

Date of comparison 

- 

I 

No, of staff 

A23 1 I323 

20-9-28 ... 

23-9-26 ... 
26-9-26 ... 
28-9-26 .. 
1-10-26 ... 
2-10-26 . . . 
4-10.26 ... 
6-10-26 ... 
8-10-26 ... 
11-10-26 ... 
13-1 0-26 ... 
15-10-26 . 
17-10-26 ... 
3-5-27 ... 
4-5-27 ... 
5-5-27 

7-6-27 ... - 0.0048 
11-5-27 
13-6-27 
16-5-27 .., i -0.0053 -0.0059 Clontly and light l~rceze 
18-5-27 . , - 0 . 7  - 0.0056 Clear nnd light I~reeze 
21-6-27 ... 1 -O.OOTiR , -0-005(i do. 
24-5-27 -0.0058 -0.01164, do. 
26-5-27 Hnxp aud brerzc 
28-5-27 
1-6-27 
3-6-27 

I 

Clear 
Sky clottdy but bright Eun 

9c light wind after a heavy 

jeet 

-0.0005 

feet 

-0'0004 

-0.0003 1 --0.0004, 
' hail storm 

-0.0004 / -0.0005 1 Clear %ud lipht cool breeze 
-0'0003 -0.0004 
-O*OL03 / -Oe00U3 

-0.0005 / -0,0006 

-0*0002 -0-OCO2 
-0.0003 -0.OCM 
-0.0003 / -0.06Oi 
-0.0006 1 -0-OLOi 

Clear and cool breeze 
Clear 

Scattered clonds and cool 
breeze 

Scattered clolids 
do. 

Clear and cool breeze 
Clear and light breeze 

-0*0010 , -0'0015 , Scattered cool breeze clouds and light 

-0.(006 , -0.OCO8 ; do. 
-0-OU15 i -0-0016 Clear 
-0.0(63 -0,0060 Very cloudy 
-0.0051 ' -oecoGo i I Scattered cool breeze C ~ O ~ I ~ S  r high 
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TABLE 7.-Reslslts of conzpa;rison o f  staves ~oitlr,  stalLdard steel 

fnpe Xo. 3, Lhtes 104, 101A, 137 &. 136, sensot& 192/j-2r-(contd), 

Date  of co rnpe r i so~~  

~ 

Leng th  of staff--10 fect  I 
No. of staff I Kcmarlis 

20A , 20B 1 
feet 1 

+ 0.0014 1 Light scattered cloadfi 
+O.OOOO 1 Cleer 
-0~0001 1 do. 
-0.0019 1 do. 
-0.0025 ~ do. 

1 Pet 
18-10-26 ... - 0.0005 
26-10-26 ... 
5-11-26 ... 
22-11-26 ... 
2-12-26 ... 

-0.0015 
a-0'0013 
-0.0028 
-0.0015 

3-12-26 do. 
12-12-26 -0.0023 -0'0030 ~ do. 
21-12-26 - 0.0024 - 0.0036 Clear k cool breeze 

3-1-27 

11-1-27 Clear 
17-1-27 ... -0.0039 Clear and breeze 
26-1-27 Clear 
6-2-27 do. 
16-2-27 do. 
25-2-27 do. 
9-3-27 Cloudy und windy 
20-3-27 Clear 
28-3-27 -0.OOS8 -0.004,7 ' do. 
8.4-27 -0.0033 -0.0037 Clondg 
8-4-27 . . -0.0032 -0.0037 , do. 
17-4-27 -0.0021 -0-0039 ) 

Clear 
27-4-37 ::: -0.1040 -0.0056 do. 
11-5-27 ... -0'0018 -0.0027 (lo. 

TABLE 7.-Results qf cornpayison of staves zuitlr, ~inqltltt~d 

fccpe No. 3, Line 152, season 1926-27-(co?lt(2.) 

Remarks 

.- . _ _ --.-- 

Date of compnrison 

- -~ -- . - 

Length  of staff-10 feet  
- .- - - . - - 

So. of fitaff 
-- 

16A I 16R 
- .-- - 

Clear 
do. 

c lear  k cool breeze 
Clenr 

do. 
do. 
(10. 

c l rnr  cool b r c m  
Clear 

Clear h lligh ~ i n d  
Clcar 

Clenl & high win'' 
Clear 

feel 

-0.OG09 
-0'002C 
-0.0030 
- 0'0028 
-0.0028 
-0'0021 
-0.0032 
-0'0032 
-Om0019 
-om0n13 
-0'0011 
-0*000G 
-0.0007 

feet 

30-lo-% ... -0.0066 
8-11:2G ... . -0.0096 
15-11-21; ... -0.0097 
32-11-2G ... 1 -0.0035 
:IO-11-26 . . .  -0.0091 
i-12-26 ... 
14-12-26 ... 
42-12-26 ... 
30-4.27 ... 
26-4-27 ... 
6-6-37 ... 
14-5-27 ... 
19-5.27 ... 

-0.0089 
-0.009!) 
-0.0100 
-0.0083 
-0.0079 
-0.0072 
-0.0073 
-0.0071 
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TABLE ?.-Results of coazparz~so?t, of ~ tnves  with standard steel 
tape No. 4,  Lirtes 119 anrl 109, season 1926-27-(contd.) 

I 

Length of staff-10 feet, 
! 

Date of cornparisoil KO. of staff Ke~unrlis 

I I O 5  i 
. - 

19-10-26 ... 
29-10-26 ... 
4-1 1-26 ... 
10-11-26 ... 
20-1 1-26 ... 
25-11-26 . 
1-12-26 ... 
9-12-26 ... 
19-12-2G ... 

~ . -- 

fed I I r e /  I 
+0.0032 +O.OOOG 1 Clear 
+0'0029 j -0-0006 1 (10. 

+0*0021 0.0004 110. 

r0.0026 ;0.0000 (10. 
+0.0018 
+O.OOll 
+0.0012 
+0.0009 
+0.0009 

26-12-26 ... / +0.0008 
3-1-27 .. 1 +0.0011 
10-1-27 . . I  - 0~0004 
10-1-27 ... -0.0004 
17-1.27 . . +0.0002 
26-1-2; . +0.0004 

1 -2-27 ... 1 +OnOOO1 
8-2-25 ... ; +O-0005 
15-2-27 ... ( +O.OOO$ 
22-2-27 I -0.0000 
2-3.27 ::: 1 -0.0003 
10-3-27 I -0.0008 
16.3-27 :::I -.00007 
26-3-27 .. i -0.0002 
1-4-27 -0.0014 
9-4-27 : : :  -0.0027 
16-4-27 . . . I  -0.0023 

-0.0014 (10. 
-0.W15 , Cle:tr Sc cool brcezc. 
-0*0010 Clen 1% 

-0.0015 (10. 
-0.0017 do. 

C l ~ e c k - l e l ! e l l i ) ~ g  ctt GhtizicilZtl 
-. -- - - _ _  . -  

31-4-27 ... / -0,0019 1 -0-0030 1 Clear 
L 

-0~0016 
-0.0015 
-.O-0026 

(lo. 
(lo. 
(10. 

-0.0926 1 do. 
-0.0021 I 110. 

-0 0023 (10. 
-0.0020 do. 
-0-u021 (lo. 
+ 0.0021 i do. 
-0.0025 : C'lrnr S- high bl.eeze 
-0-0020 Clenr 
-0~0024 1 Cloutiy 
-0.0021 I C'lenl- 
-0.0021 / do. 
-0.0031 / (lo. 
.-0.0043 (10. 
-0.0045 do. 

pppp..p---.--.-- -- 
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TABLE 7.-Results of  com.pn~ison o f  staves wi th  ~tandard steel 

tape No. 10, Lines  641, 775,  77T, 77U, 74C, 77C & 74B, 
senson 1926-27- (contd.) 

Date of 
co~operison 

I I 
- 

Length of staff-10 feot 

feet 

-0.0004 

No. of staff 

01 1 0 3  1 23A / E l  

feet 

+O-0013 

Bemarkn 

feet 

-0.004~0 

'IABLE 7.-Hesultr qf comparison qf staves tojlh standard steel 
tape Xo. 5, Lines  88G 4- 8YH, aea.volt, 1926-27--(contd.) 

feet 

- 0.0021 

-0.003G 
-0.0041 
- 0 - 0041 
-0.0066 
-0.0044 
-0.0050 
- 0 a0050 
- 0.0042 
-0.0056 
- 0.0047 

-0.0032 
- 0 0019 
-0.0033 
-0.0022 
-0.0014 
- 0 ~ 0 0 0 1  

Length of fit~~ff-10 f e e t  
1 I 

Dnte of compnr i son  S o .  of utnff ! l i e ~ n a r k s  

Liglit sc~ttered 
clonda 

Clear 
do. 

Clear &coolbrec~ 
do. 

Clear 
do. 

Clear&coolbree~ 
Clenr 

do. 
Light acatterec 
clouds 

Clear 
Clear Lcoolbrecl 

Clenr 
do. 
do. 
do. 
do. 

/ /err 1 f e e  jcrt 1 feet 1 
1 I 

do. 

7-2-27 ... 1 + 0.0005~ +0.00201 + 0.0010 + 0.0030/ Clcnr ant1 cool bree7e 
(1 o 

+".00131 do 
+ 0.0011 L l c b t  pcntteretl cloll(ls1 

1 I 

'25-2-27 ... l - O . O ~ ~ ~  

151 -27  ... 
22.1-27 ... 
30-1 27 ... 

+ 0.00l? 

I gusts cool breeze, Jrheavr 

i I rxln on night of  11th Feb' 
+0.00013 -0.0015, - o.ooo;l c l e a r  : ~ n d  cool h e e e  

+O.OOO!j 
+ 0.0003 

nusts of cool brerre 
1,igllt r rn t l r red  elond3 

+ o ~ 0 0 0 1 + 0 . 0 0 ~ ~ ~ - 0 . o o o ~ + O . o O o 6  
+0.00191 + 0.0002 

8-2-% .. / + 0.0003 
1G-,'.y7 ... -0-0002 + 0.0012 Scnttelcr l  ~ 1 0 ~ 2 8 ,  

+ 0.0016 

+ 0.0016 
+ 0.0014 

+ 0.0003 

+ 0.0002 
- 0.0001 



TABLE 7.-Results  of  cornpa?.ison oj' s taves with s t n n d w d  steel 

tape AJo. 2, Lines 55 I to 5:; 0, season 1926-27-(concld.)  

Date of comparison 

Leugth  of staff-10 feet  I 

No. of staff 

A23  1 I323 I l i U  1 0 1  
I 

1 feet 
I 

8-11.26 ... i - 0.0023 
12 11-26 ... 1-0.0023 
22-11-26 ... 0.0031 
28-11-26 ...I- 
4.12.26 ... 1-0.0032 

12-12 26 ... - 0.003(i 
21 12-26 ... -0.0030 
38-12-26 ... I - 0.0039 

3-1-27 ... -O.00#1 
9.1 -27 . . . 0.0042 

11-1-27 . '10.004U 

24-1-27 ... 

feet 

- 0.0028 
- 0.0025 
-0.0039 

- 0.0044 
- 0.0046 
- 0.00:39 
-0.0046 
-0.0052 
- 0 0048 
-0.bO54 

- 0.0054 - 0.0041 

I 

feet 

- 0.004.3 
-0.0042 
-0.0050 

0 0 0 2 4 - 0 ~ 0 0 3 8 - u ~ ~ 0 5 ~ - 0 ~ 0 0 3 4  
-0.0046 
- 0.0051 
- 0.0045 
- 0 . 0 ~ 5 2  
- 0 OOGO 
- 0.0057 
-0.0061 

-0.OOG'J 

I I 

Jee t  

-0.0024 
- 0.0031 

Cloudy and cool breeze 
Clear d: cool breeze 

-0.0036 do  
Clear 

-0.0043 do 
-0.0032 Clcar and cool brecze 
-0.(033 d o 
-0.00; 61 Light clonds 
- 0.0038 
- 0. (1058 
-00011  

-0.0096 

Clear 81 l ight I~reexc 
Ligl~t  clouds k cool br-eze 

Light clouds sod  atroo* 
cool breeze 
Clcar R: cool breeze 



RESEARCH and TECHNICAL NOTES 

BY CAPTAIN G. BOMFORD, R.E. 

I. Personal Equation Apparatus 

1. Necessity for personal equation apparatus -For 
the International Longitude Observations in 1926 the Survey of India at 
Dehra D i n  used 2 transit  telescopes and one prismatic astrolabe. The 
transits were fitted mith impersonal micrometer eye-pieces, but for the 
astrolabe no such device is a t  present available. It was not possible to 
interchange observers mith the  other observatories, nor could the obser- 
vers meet and con~pare their personal equations. I t  was therefore 
essential to employ some means of determining their absolute personal 
equations. The  apparatus here described was made in the workshops at 
Dehra Dlin with such material as  was available. Comparison with the 
results of tlie transits gives a mean3 of judging the reliability of the 
results obtained. They are satisfactory on tlie whole, although the 
instrument contains many obvious imperfections, optical and mechanical, 
An improved pattern is now being made, and i t  is llopecl and expected 
that  i t  mill give uniformly satisfactory results. 

A similar instrnment for use with transit telescopes was designed 
by Lt.-Colonel W.M. Campbell, R.E., in 1880. It is described under the 
llanle of an  "Idiometer" in Vol. I X  of the  Operations of the GI T- 
Survey, chapter \-. I t  was used in the field in 1880-81. It mas not 
satisfactory ancl its use mas discontinued. 

The present instrument works on the same general principle 
artificial s tar  is seen in tlie telescope : a t  the  moment of passage, the 
circuit of one pen of a chronograph is automatically broken, while the 
observer breaks the circuit of the  other pen by a tappet held in the hand* 
The difference between the time of the two breaks is a measure of his 
personal equation. 

The  two chief desiderata for the accurate determination of perg~n8t 
equation are :- 

(1) Tha t  the circum~tances of a real s tar  observation should 
be reproduced with all  the  exactitude which can l3o9sib11 
be achieved. The obaerver should determine his persons' 
equation by looking through the eye-piec~ of his Own 

instrrlrnent and break the circllit &it11 hlk 11snal tappet' 





Fig. 1 Plate XIV 





Fig. 2 

An improved pattern. 

Plate xv. 

Personal Equation Apparatus. 





Fig. 3 
Plate XVI. 

Ebonile shown thur:- ;;:: 

Perronel Equation Apparatus. 





Pho@o.~apra*ed Printed at the Omces of the Rurvey of Indin, O n l c n l ~ ~ ,  Inn'. 
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I f  possible, the imitation star  should eo resemble a real 
one tha t  he is hardly conscious of the difference. 

( 9 )  The various nleasures of personal equation should be freely 
interspersed with the s tar  observations. It is thought 
almost useless to determine i t  at the beginning and end 
of a field season, and undesirable to do so only a t  the 
beginning and end of a night's work. It seeme likely 
tha t  when running off a rapid series of measures one 
after the other, the personal equation may differ widely 
from its value during the series of real stars. 

2. Description of the a p p a r a t u s . - T h e  following is a des- 
cription of the instrument a t  present in use (vide Figs. 1, 3, 4, 5 & 6 ). 
The "star" is a very small hole in a piece of smooth strong paper, ren- 
dered opaque with Indian inB. It is illuminated by a 100 C. Y .  lamp 
with a diffusing bulb, the light of which is directed on to the star by a 
snlall mirror (2)) (v ide  Figs. 3 & 4)) imn~eclintel~ over the latter. The 
lalnp and mirror do not move with the star. The star is mounted on 
the diaphragm of a micrometer in place of the usual cross wires, in the 
focal plane of a collimator. The collimator is mounted on a brick pillar, 
and is inclined at an angle of W0 over the prism and mercury of an 
astrolabe. The  elaborate mounting seen in Pigs. 5 & 6 is not essential. 
Two images of the star are seen in the astrolabe, as usual. The micro- 
meter screw is generally placed in the vertical plane containing the 
~olliniator and the astrolabe. AlIovenlent is imparted to the star by tlie 
rotation of the nlicroineter screw by a small electric motor. A worm 
mheel (3)) driven by the motor, is mounted with t,he bearings of its shaft  
on a frame which makes no contact with the collimator. I t  drives a 
wheel on the collilllator head, whose spindle (-I,), is co-asial with the 
collimator. The  clrive is then transmitted to the lnicron~et~er screw 
tbrough 2 gear wheels, (5)  & ( G ) ,  and a bevel gear, ( 7 )  & (8). 

r i  l h e  drive through tlie worm is founcl to be very smooth and free 
from vibration. The object in having t,he first spindle co-axial wit11 the 
~olliinator, is tha t  the whole collimator head may be t'urned a t  mill 
through any angle, so that  tlie lnotion of the star is no longer contained 
in the vertical plane, and i t  reproduces in the astrolabe the more horizontal 
motion of stars seen away from the prilne vertical. 

The and direction of the star's motion arc controlled by a 
switchboard a t  the observer's left hand. Slow lnotion can also be im- 
parted by haad, by ineans of a string passing round a pulley near tlie 
switcllboard and ro~lnd another pulley on the same shaft as  the worm 
(vidc Fig, 5). 

brass wlleel (9)) the "contact wheel", with a Hat rill1 rotates with 
t,he rnicrollleter screw. A brush ( 4- in the Fig.) bcars 011 its ~ ~ i r n ,  ancl 
anotIler ( - )  bears 011 one side nearer the centre. A piece of cbonite is 
Ict into t,llc rim, so that  tho current between the brrlslles is hrokcll every 
r e ~ o l , ~ t , i ~ ~ .  'litlese brnslies are connected with one pen of the chro- 
nogra,l'l~ and lllalie tllc aut,omatic break. 

TIle ( + ) brllsll i s  fixed to, 11rit ins~llat.ed from, a 1)1at,e ( 1 3 ) ~  n'llich is 
car1-ied on tile boss of the bevel wheel (8)) but does not rotate wit11 it. The 
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relative position of t,he brosh and ebonitc co l~tac t  breaker can be ellallged 
by means of a slow motion screw ( I  -4)) which llolils ant1 rotates the plate 
(13), or for large movements the milled beaded screw (15) is slackecl off, 
and the contact wheel (9) can then be turnecl freely, and the ebonitecan 
be brought under the brush without moving the star. 

To  give stability t o  the micronleter screw, which is held against its 
spherical seating (16) by the llsoal l ight  spriop, a thmst  bearing is pro. 
vided a t  (17).  The  pressure on this  1s applied by slight springing in the 
plate (18), carefully acljiisted by the screw ( I  9). Wi th  this sllpport tlie 
micrometer screw rotates freely and works accurately. 

One wheel (6), in t he  clrive, holds i ts  spiudle by a friction grip 
r e ~ u l a t e d  by a spring and screw. This  is provided to avoid risk of 
stripping the micrometer threacl if i t  comes to the end of its run. 

The  circuit of the 2nd chronograph pen contains the clock relay, 
beating seconds, and the observer's t,appet. The pen equation of the 
chronograph must be accurately cletermined. This has been done by 
p u t t i l ~ g  both circuits in series. Both pens then beat, seconds together. 

3. Procedure when observing. - Tlie l~rocedure when ob- 
servina a. is as follows. -The pen eclllation is first measured. The observer 
then vlews the s tar  through the  astrolabe and brings the two images 
side by side by mealis of the motor and finally with the hand movement. 
H e  then goes to the back of the collimator and sets the brush in l ine with 
the ebonite contact breaker a s  shown in Pig. 3, by slacking off tlie milled 
headed screw if necessary, and finally wit11 the slow motlon screw. To 
facilitate the setting, a small galvanometer is incladecl in the circuit, and 
the brush is so set tha t  tlie circuit is ins t  brolren. The 
must be shorted wllen the chronograph is reqllired to work, as it will not 
carry sutficient current. The coincidence of the two images is then verified 
ant1 improved if possible. Set t ing the  brush sometimes moves the star, 
JVhell the brush is correctly set,, the  circuit be brolren every time 
the s tar  returns t o  the position in which i t  gives level images in the 
astrolabe. 

The images are then run apart  with the motor for about 10 seconds) 
and then reversed so as to Come together a t  the apparent speed of area' 
star's passage. The  speed may be varied. observer records 
passage on his tappet and this constitutes one measore. Five Or 

sllch measures malie a group. A t  the encl of a group the images are 
again brought side by side alld the  of the brush is correctedfor 
such error an may be f o ~ m d .  The of the error is Wted,anda 
small correction is applied to the final result,, deduced from the 
vallle of tmhc closing error of tile grotlps, and tile rate at  ~hlc l l  
?ontart whcel nrorer, on the azsnmlJ~ioo tha t  llle error has aeetl[n~llatea 
at a collctnnt rate t l~ro , l~ l lo l l ( ,  eacll groul,. lError; of l I ' O 5  seconds 
nccllrre(1 frel l~~ent ,Iy,  dtlc I a rg~ l J  110 l lonbt  to inacctlrs,c~ i l l  *ettillg the 
Inla?es level. 111lt a,lso in ,)art to  i n  tho  mecllrllisnl t o  t e ~ l ~ c ~ ~ ~ . ' ~ ' ~  
c l l anks  in the po l l~n~a to r ,  as evidencell by tile oecasio~~al constant 'Ig" 

of the errors t l l r o ~ ~ h o o t  tile evening. ilbollt 12 grotlps have 
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measured each n i g l ~ t .  Pen equation has been n~easured four t imes a 
night. 

In order to  comply ntith t h e  two  desiderata previously mentioned, 
it* is clearly advisable t o  have t h e  ins t rument  set  up actually a t  t h e  s ta-  
tion of observation, immecliately t o  t h e  north or soutlr of the  astrolabe, 
so that the latt,er may  be tilrnecl on to  it,, whell desired, and t h e  personal 
equation measured without interruption. T'l'ith the  instrument in i ts  pre- 
selltform, rnounted on a heavy brick pillar, i t  was feared t h a t  trouble nfould 
arise with refraction, so this  \\?as no t  done. Por  the  iirst month the  instru- 
ment was se t  111) iucloors, ancl t h e  astrolabe was taken into it, three 
times a night,  and  measores mere nlacle. Por the  second month i t  was 
set u p  in a t en t ,  a s  close t o  t h e  st,ation as  was t~honght  safe (about 20 
feet soutl~),  and another  astrolabe was placecl beneatlr i t .  Only a small  
pattern astrolabe was a.vailalle for tllis. Ai'tcr observing everjr t,wo real 
stars, the observer wellt t o  t-he t e n t  ancl ~nacle two' mea,sares of his 
personal eqoation. Tlre same tappet  was used t l~ ronghont~ .  

It is t l ~ o u g l i t  t h a t  t l ~ e  la t ter  nrmngernent is t,he better. 

4. Proposed i m p r o v e m e n t s . - l ' l r e  inst,roment, whicll is 
~ O \ V  being macle, will be mountred horizontally on an  wooden s tand ( v i d e  
Fig. 2). It is Iloped tl lat  t,his will causc no irregular refraction when 
mount,ed in f r o n t  of t h e  ast,rolabe on the stat-,ion a t  w h i c l ~  s t a r  observa- 
tions are macle. By nieans of the  two reflecting prisms the  3-inch 
collimator, which is availal~le,  \\rill frllljr cover the  lielcl of the  astrolabe, 
instead of ~ l t i l i s i n ~  mere11 t,lle etlges of t,he collimator objective, a s  a t  
present. T h e  laml>, ~vl~icl r  ill~imillat,es the  star,  nfill be placed close t,o the  
aperture and a srnnll (;-volt laml),  such as  can be 11sec1 in t h e  field, will 
safice. T h e  present nicalls for ntljusting the briislr and  contact wheel is 
not satisfnctory ant1 \.clill be impro\red. T h e  possibility of rot.ating t h e  
tollinintor head ancl so c l ~ a n g i n ~  t h e  direction in \\.llicli tlie s tar  moves, 
mi l l  be eliminated, a,s i t  is t,hoiiqIrt t h a t  the ol~server  concelrtratcs entirely 
on the relative vertical ~not,iorl of t.lre two ir~lages,  a.utl is pra,ct,ically nn- 
aware of a n y  Ilorizont,aI )notion nrllich tllcy In:i,j. possess in common. It 
is int'entletl t,hat tlrc i r~s t rumeut  should be port,able ant1 t h a t  i t  shoald 
accom;)any tlie astrolabe in to  t,he ficlcl. 

5. Two types of personal equation.--In Val. XVII of 
the Ol>crations of the  G.T. S a r v e ~ . ,  chapter I V ,  i t  is suggested t h a t  
I'ersollnl eclnat,ion consists of t w o  iel*n1s, the first  beiiig the  t ime t,akcn 
for an ej-c irnl,ressioll t o  a ,c t~latc  tIre Ira,11(1, n.n(l t'lle secolrtl being due to  
the 1i11rar tlist,nucc by wllicll tllc c \ .e  fails t,o nial;c a correct bisection. AS 
a~q)licll t80 the  nstrolaI,e, t llc ccll~ivn.lent. of t l ~ c  Int'ter term n-oalcl be a 
ronst;trlt. tentlcncy t,o collsitler. tile t#\vo ir~~:l.ges lc\.el, when they are act,o- 
ally sc'l~a,rnt,etl b.y 3, constant tlifferc:rlce. I t  is clear t h a t  tlli; instr~rnlent.  
mensnr.cs the  lirst tct-m o r l l ~ ,  nlrcl :~ l so  tlln,t i t  is the ollljr one n-l~ich is 
re(lltiret1, I)rovitlctl tile 1.eHrctrtl irnngc is al\vnj-s 1iel)t on t l ~ c  same side 
of tllc clirect. image.  l'ol-, i f  flris is tlonc, t,llcl er-r-nr in tIimc1 cnitscd by 
recortling !he  age of 3 ";lr \\llcll ( sa ,~ . )  t,lrr l.iqllt llantl image is nln.:lys 
~ l i f f h t ~ ~  lower than  t,llc lert  hnntl, \rill hc o f  ~ ~ , ~ , o s i t c  sign for east a,nd 
Rest sta,rs, being in fact, erlnivnler~t i o  .z sniall change in the  prism angle. 
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8. Resul t s . -The  results of observations made in October to 
November 1926 are surnlnarised below. The line " Deduced" lias been 
obtained as follows. Assuming the longitude of Dehra Diin to be tllat 
obtained for the whole series of operations, and applying the usual correc- 
tion for the rate of propagation of wireless signals, the times of recelltion 
a t  Dehrs l l i n  of each day's signals have been dedaced from the pub. 
lished results of 7 other observatories. Compal-ison with the times of 
reception a y o r d i n ~  to the Delira Diin astrolabe observations, uncorrect~l 
for personal equatlou, gives the  dedaced valiles of the personal equation 
entered below. 

Observer G.B.-Late Personal Equation in seconds of time. 

Observer H. W. W. * 

hleun 

105 

.I11 

-- 

- OOL 

* With this observer the instrument is a fa,ilnl.e. 

Observer G. H. 0. 

For four dav*.  SOF. 22-27,  Mener~red .01G earl!-. Ilednrell 07.3 cnr iy.  Error + '05" 

Fi :ty 
8 r111ys 

-- 

.I11 

,081 

- -  

+ on0 

I 
Nor. 1-15 
4 days 1 5 t1sg.i. 

-- - 
I 

Slet~snrod ... ' .117 103 ' -091) 

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

Mes.;~rre~l . . , 

Deduceli . . . 

Detl~iced . 1 -131 

- -- - -- .- - - i  - 
Error  - ~014 

. I16  ) ,132 

- -  

- . " I 2  1 - .042  

/ 
Oct. 1-17 1 Ort 17-31 
(i ~ H P R  I 4 days 

- - - - - -- I 
. 0 2 i  ,092 

I- 

,145 ,198 

NOT 1 - 1 5  I 
hlesn 

6 c~:~yii I 
--- - 

. OCd i .055 

-180 1 . l i t  
p-p8-- 

i 
-.122 1 -.117 

I * 
E I T I - I ~  . -.I18 

I 

-.I08 
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I The Height of Mount Everest 

1. Previous values.- Although the Survey of India  has 
elwaya retained the  original va,lue of 29,002 feet for the height of 
Mount  Everest, other figures have bee11 saggestecl. They are  here 
summarised, and 29,050 feet is given as the most probable value. 

( ( 1 )  The height 29,002 feet  assigned to Moillit Everest is reckoned 
as being measl~red above a spheroid with axes equal in length to those 
of Everest's spheroid, placed so as  t o  be tangent  to  the  geoid in t he  
plains sonth of N e p ~ l .  I n  deriving t,his height, t he  refraction was 
computed on a somewhat irrational basis. 

(1)  The height  29,151 l'eet, derived by Colonel Burrard in his 
"Geogral) l~~ of t he  Hirnlilaya & Tibet  ", is reckoned above the same 
spheroid as regards t he  observations froin the plains, b a t  the  computa- 
tion of the refraction has been more reasonably trcated. I-Iis valnes, 
obtai~ied from liill stations, are l ~ e i g l ~ t s  above Evel.est spheroids, tangent 
to the geoid at  those statioue ; i.e. they are  all above tliffel.et~t sl)hel*olds. 

( r )  The height 89,149 + 4 - 6  feet given by 1)r. Huntcr in I !I22 in 
Iiislecture in Madras, is reckoned as being measured above a,n Everest 
spl~eroitl parallel to  the  1l:vei-est spheroid, but  shifted verticallp so as  to  
coincide \\.it11 the gcoitl in the l)lains soi i t l~ of Nepril. It cannot be said to be 
above 1l:verest's sl,lleroid (zinc Note 11).  A ~*eduction of about 30 feet 
is recl~iil.ctl to  bring it into terms of 15verest's spl le~oid,  as therein 
tlefinetl. 

(11) 'I'lle IleiqIlt 28,080 feet with a possible error of 30 feet, given b! 
Dr. IInnter i n  the salne lectrlre is a geoiclal I .  1'01. the  reasons 
given in Note I i t  beems to bc s little too Ilig11. In round numbers 
29,050 is s r ~ ~ g e s t e c l  as  the inost I~robablc v a l n ~ .  

2. Conclusion.- 
(1)  29,O.jO feet is a fair valrie for the height of Monnt  

Everest above the geoitl. 

(2) W e  must  nse geoidal heights and not spheroidal. 
(1-ide Note I1 1) . 

(3) TYe o u g l ~ t  not yet to  malce any c h a ~ ~ y e s  in our 
accepted lieigl~t.  

3, Noto I,-7Y,e .gr~oidn/ rtse / ~ , ~ / . r ~ . r r w  Ilre p/niv.v and nf(l?!nl 
E~)c).,'.P~.-DI., I lul l ter  estimatetl tile geoitlal rise t~etween tllc l ~ l a i i ~ s  : ~ n t l  
Mo111lt Everest as 7 0  feet. 0 1 1  tl~ca nhs~i rn~t ion  t,liat pcrfect I l a ~ f o r t l  
coml~ensat i~n exists, we call cnlclilnte 1111s i ise. Tlle rcs~ilt  is HO feet, 
agreeinz \ ~ ~ l l  1)r. IInnter.  131it \ \ e  Imve evi t lenc~ tllat t l l e ~ r  llills 
are not perfectly coml>el~satetl. At I i  ~ ~ r s e t ~ n ~  the )la! foltl tlcilectiol~ i c  

2J", tile tleflpction is 5 1 ". At l i a n l l a .  (in Xep:il) these f ip111 '~~  
are 15'' nncl 3:it'. rrllal is to say tha t  a t  stationc h~1wre11 the  ] ) 1 % i n ~  
and t,hc peaks tile tlpHpctions are  tlonl,le the ealcrilntetl tlrfccf ions. 
If \ye were to  g e l ~ ~ r a l i s e  froin tliic, we \vonltl sa? tha t  the tt.11~ ,rreoiclal 
rise under Moun t  Everest was donble the ralc~ilatetl rise, i e. 160 feet, . . 
glvlng 88,990 feet for the  height of the  peak. Such a general i~a t ion 
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moolcl probably be wrong;  the actual cluflections a t  points close to the 
llill are very enlikely to be twice the  calculated values. Also it m y  
happen tha t  the excess matter which causes the anomalies a t  Kurgeont 
and Raulia, lies soath of the peaks, and so will cause deflections further 
north to be less than those calcolatecl! giving a partial cancellation. 
Nevertheless, such eviclence as  we have, ind~cates  tha t  the geoidal rise 
is greater than Dr .  13unter7s estimate of 70 feet, ancl that  the geoidal 
Iieight of the peak is less than 29,080 feet.  

4. Note 11.-The df$')ritio?~ of Everest's spAeroid. -The full 
specitication of a sl)heroid of reference involves five cluantities (apart 
from any cluestion of its density):- 

(a) St (t) The length of i ts  two axes, or of one axis and 
the  flattening. 

(c: cP: (d) The  angle (two components) between tl~e 
spheroid and the geoid a t  some specified 
place (the origin). 

(e, The  vertical separation between the spheroid 
and the geoid at some specified place. This 
last is essential for heights, but not so ver! 
essential for latitudes ancl longitiides. 

Of the above, (a) & (b)  were defined by Colonel Everest, who also 
implicitly cletined (c),  the meridional component of the deflection at 
Kali,;lnl)ur, wl~en Ile deci(let1 on the fantlamental latitude of that place. 
Similarly General I\-nlker i m l ) l i c ~ t l ~  defined (cl), the o t l~er  component, 
when he declclcd 011 a fnntlarnental nzilnllth. (1,2111. 111.. Hunter's Profes- 
sional Paper lei,!. 

Tlir f i f th c l n a ~ \ t i t ~  (e) has never been clearly specified. If 
survey hat1 Leen ba.;ed on a single base-line, this cluantity also \vould 
1i:~ve been specilie(1 hy the reduction of t ha t  base to "sea level ". 
\yliatever h e i ~ l i t  had been rised in the retlr~ction of the base, mould 
have  been ,z I~rizlrt  a,l->eve the spheyoi(1 ant1 thereby the l)osition of a 
l'oint on the spl~eroid wo~il(l  have beell defined, namely, so many feet 
below tllc mark of such and such station, and hence so many feet above 
c)r belu\v the qeoitl r~ntlcrneatll tha t  station, which is what is reqllired. 
ITl~furtlinatelv ollr Tlltlian Sorvey has several bases; all have been 
retlnrecl hy t'lleir =eoldal I~e ig l~ t s ,  and all Rive inconsistent values of 
cluantit!- (e) .  

T h ~ s  \I ns i n r~ i t~nh le  in tllc absence of any  ]inowledge of the separa- 
tion bet\~ec!n gt!oi(I ao(I sl)Ilcr~li~I (\vllieI1 is orditia,.ily nva,ilable before 
tilt. trin~~rgnlatiull is rorn l )~~te t l ) ,  hepause Everest's st,lreroitl ns (lefine(1 h!: 
( ; l ' l .  \ I ) ) ,  ( r )  C ((I) nhovc. (lore not l i p  i,arallcl t,o the qcoicl. Nor. 
collrse, roultl all!- slrl~eroi(l tlo so tlxRCt,ly. TIle discrel)ancics at  base- 
lilies arno~lnt to I00 fpet in hpiX:.llt, 

111 his rl~al.t  of tlle geoicl, p,ll)lislle(l as ellart I 01' the r,eo(1etic 
Report Vol. I . ,  1)r. I-lt111 ter Ilns a cIlosen to make paid 
and spharoid coinci(lf1 a t  i\ladras. Tllis was llot intendetl to c0nstltute 
a definition of the q a a n t i t j  (e). 



CHAP, VIII.] RESEARCH A N D  T E C H N I C A L  N O T E S  

In our recent work on the geoid in India me have found i t  necessary 
to define this quantity, 2nd have done so by taking the mean height of 
the geoid above the spheroid under the Indian bases to be zero. Inci- 
dentally this results In almost esac t  colriciclence between geoicl and 
spheroid a t  Kaliiinpur. This definition appears the best possible. In  
the plains sou t l~  of Nepil,  the geoid is about 30 feet below this spheroid. 

5. Note 111.-Geoidal heiiqhls 1:erslrs spheroiilal.-The argu- 
ments in favour of using geoiclal he ig l~ts  are as fo1lo~vs:- 

(1) Everest's spheroid has never yet been used for heights, 
havillg only very recently been sufficiently c o r n ~ l e t e ! ~  
defined. All spirit-levelled heights are geoidal. 
Ordinary triangulation with fairly short rajs,  also 
gives a close apl~rosimation to geoidal heights. 

(2) The height of mean sea level a t  Madras is 60 feet 
below Everest's spheroicl; at Kariclii i t  is 50 feet 
above. Such heights could not be shown on maps. 
No  change in the recently defined datum can remove 
these ii~consistencies. No possible spheroicl can keep 
within 80 feet of mean sea level in India. 

(3) Spl~eroiclal lieigl~ts can never be obtained with the 
same high accuracy as spirit-levelled geoidal heights. 
It is only in the case of distant peaks lying in 
count1.j full of large anolnalous cleilections, tha t  the 
spheroidal height can be obtained wit11 greater 
accuracy. 

(4) I n  hills the geoiclal l ~ e i g l ~ t  is a measure of the amount 
of work you must do to  ge t  to the top, in tlle plains 
i t  gives tile fall available for canals. There is very 
little in it, but  the po ida l  heiglit is the logical one 
to use. 
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Sterling Prices of Publications.--The prices to be charged 
for Survey of Indin publicntions in sterlin,p equivalents in English 
money have been morlted out under the rules given in letter No. 8.401 
dnted t,he 17th January 1994 from the Under Secretary to the Governmellt 
of India, Department of Industries 11nd Labour, Delhi, to the Secretary 
to the High Commissionel* for Indi;~, Genernl l~epartme~rt ,  42 Groevenor 
Gardei~s, London, S.W. 1. 'l'hese sterling prices are subject to fluctuation 
with the e v c l ~ a ~ ~ g e  rate and mill be t*e\vised froin time to time. The prices 
a t  the current rnte o l  exchange are:- 

Price in 
Indian money 

Rupees Annns 
0 2 
0 4 
0 8 
0 12 

1 0 
1 2 
1 8 

English 
equivalent 

Shilling Pence 
0 3 
0 5 
0 10 
I I 3 

.- 

1 9 
1 I I 
2 6 

1 12 3 
- 1 - 

0 

2 0 3 (i 
2 8 4 G 
:3 0 
3 H 

1 0 

.) :3 - 
(i 0 

(i 9 
4 4 7 :3 
4. 8 i ci 
5 0 

- 

5 8 
6 0 
(i 8 
7 0 

- - - 
I Y 

8 :3 
- - - - 

9 0 
9 9 

l o  6 
1 I 6 

- - -  

12 0 
8 ( )  13 (i 
h 5 1 1 1 s  (i 
!) ( 1  

- -- 

9 S 
10 0 

15 0 
- 

16 ( 1  

16 (i 
I0 8 1 7  6 
12 (i 



LIST OP PUBLICATIONS 

PART I.-NUMERICAL DATA 

Triangulation P a m p h l e t s - e a c h  covering oue square degree, giving 
descriptions, positions, (latitude and longitude) and heights of triangulated 
points and other datii with chart. The chart shows the plan of triangulation 
with the position oE stations and points. Triangulation datn fallilrg in 
1/hl sheet are printed in a series of sixteen !)a~nphlets A to P. 111 the 
last pnmplrlet of every series, n coloured map on scale 1 inch = I6 rniles 
approximately is given in additiorr to t l ~ o  chart, to illustrate the topographi- 
cal features of the area coverer1 by the 1/M sheet. Panlplllets having this 
map are charged Rs. 1-8 extra. 

An Index chart of the published triangulatiou pamphlets is given 
at  page 161. 

Price Re. 1 perpamphlet. Published a t  Dehra Dun. 

Levelling Pamphlets- 
( i ~  Levelling of Precision-giving heights and deecl.il)iions of all Bench- 
marks, tixed by Levelling of Precision. Each palnphlet elnbrnces all area of 
4' x 4' and tho numberieg is the sanle as t l ~ a t  of the correspol~ding sheets 
of the 1/M Inap of Illdin. Each is illustri~ted by a lnnp of the nres. 
Published a t  1)ehra Dun. 
(a) Levelling of Preciaior~ ia Indin n~ld Bnnlln- 

Pamphlet - i t  i t  1 i s  Pob- ~ r i c c  - 
Sheet / DistineLire nnmc of rbcct -- - - - pp - - - - - 

I 

34 I (Quettaj 
35 1 (l<ar%clii) 
38 I (Itabulj 

I ... 1 ... 
39 I (Mult in)  

Addeildulil to 39 

40 I (Hyderglizd, Sind) . .  I 24-2@ 63-72 1911 11s.  2.0-0 
. ,  20-24 6 - 7 2  , 1913 Rs. 9-0-0 

(Srinagar ) 332-36 72-76 1 1918 R,s. 2 - 0 4  
I liddellduln to 43 . . . . 1 . . .  1915 [ i s .  2-0-0 

I r 
44 1 (Lahore) 2S-:3? 42-76 1926 H S  3 - 0 4  

45 (Ajmer) 24-2s 72- i f3  ! 1911 R s  2.0-0 
46 1 (Bnroda) , 1 20-.24 . - 7 ;  9 I{s. 2-0-0 
4 i (Bombay) 16-20 72-:ti ' 191% Its. 2-0-0 

Addendun1 to 47, 
Islaud of Hon l l~ t~g  ... . . . I 1915 Itc. i - . O - 0  

in!? Irs.2-0-0 
(('allicut) I ,911 l i e .  1-0-0 

52 
53 
5.4 

(r,eh) 1912 Rc. 1.0-0 
(Dellii) ... 1 , zq-32 I i ( i - \ , l  I IO?IJ , i s ,  :I;-,,-O 
(Agra) , 1 24-23 7 . 0  1 1921 Ijs. 2-0-0 

1 I 
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Levelling Pamphlets-(Continz~ed). 

. -. 

Sliect 
Loogitude 

Parnpl~let 
. -  

. . .  . - . - I  I I~ l~ i t l l ( i o  
I)iat i~lotive onnle of ellect 

Pol,- 
lished 

i l l  
Price 

- .. . 

1012 
1912 
1919 
1919 
1914 

1922 
1023 
1912 
1913 
1912 

1012 

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

I 
55 I ( N i i g p ~ ~ r )  . . , 

--- 

It3. 2.0-0 
Rs. 24.0 
Re. 1.0.0 
Bs. 2.0.0 
Hs. 2-0-0 

Re, 1.0-0 
HE. 2-0-0 
Its. 2.0.0 
Rs. 2-0-0 
Bs. 2-0.0 

Bs. 2-r)-0 

56 

57 
58 

62 
6:1 

- ~- ~ 

20u-2i 76-SU ! O 0  16-20 76-80 
... I . 

Rs. 2-0-0 
RE. 2.0-0 
Hs. 2-0-0 
l i e  2-0-0 

KE. 2-0.0 
Rs. 2-0-0 
Its. 3-0-0 
Its. 2-0.0 
lls. '3-0-0 

l t s .  2-0.0 
h. 2-0.0 

2-04 

Addendum to 56 . . . 
(Hyderhbiid, Drccan) . . .  

(Mysore) . .  . 
(Ootnca~nund) 

(Minasarowar) .. . 
(All~~hiibiid) .. . 

12-16 
8-12 

28-32 
24-28 
20-24 
16-20 
12-.L6 

24-28 

73 

74 

i R  
79 
83 
84 
8.5 

93 
93 
4 

Descriptions and heights of bencll-marks in 31esopotamie in One 

pamphlet, pttblished a t  Dehra D i n ,  1923. P,.icc Hs. 3. 
l i i i  Levelling of Secondary Precis io~~ - 

Descriptions and heights of bench-rnarks by line:: !generally pro- 
duced h!- Ciestetner at Dehra Dun. 

76-80 
76-80 

80-84 
80-84 
80-84 
80-84 
80-84 

8.4-88 
Addendum to 72 . . . ... . .  1019 
(Cuttack) . . .  20-24 84-88 1913 , Addendum t o  73 . . . 1920 
(Puri)  1913 

(Darjeeling) 1923 
(Calcutta) 1024 
( D i b ~ w ~ n r h )  . . . 24-28 92-96 1 1912 
(Alrynb) , , , 20-24 1 92-96 1918 
(Prome! . . . i 16-20 I 92-96 i 1917 

1 ! 
(Bhamo) . . . / 24-28 96-100 ' 1918 
(31andnlny) . . .  , 20-24 i 96-100 1917 

I ( l la~lgool~)  )i 1916 9.5 (Mergui) J 

I 
(hi Levclllna of Precieion in lerropotomin- 

64 1 (ltaipur) ... 
ti5 (Vizagnpntam) . . . 
ti6 (h1adrna) .. 

72 (Kl tmindu)  . . . 
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Levelling Pamphlets-( Continued ). 

Line number 
.. - -- -- 

52E (Rohri to J i n l  Sahib) ... 
52F (Shihpur to Mirpur Purina)  ... 
520 (Lindhi cnnal buugalow (39th 

mile) to K hipro) ... 
52H ( [(hipro to Ghulim Bhurgnt-i) 

52 1 (Mirpur KhLs to Tnildo Qhu- 
I i m  AIi via Umarltot nnd 
Didjh)  .. . 

525 (Mirpur KhLs to l'ando Qhu- 
lim AIi via Digri) . . . 

52K (Digri to D i d i h )  ... 
70J (BarBlral. to Haziribigh Road) 

74C (Howrah to Uttnrplra) 7 
74D( H:~idyabiti to Sheoriphiili) I 
74N (Bindel Church to UBndel t l iv.  Stn.) 
74F (B.M. 251(118)/79A to 

Pandurr 1t-y. Stn.) I 
740 (B.M. 126/73hl to Saktigarll 

Hy. Stn.) 
7411 (B. R1. 116/73M to Burdwln 

7 
1t.y. Stn.) 

70E (I3.M. 85/73M to hla~lkar- 
lip. Stn.) 

7OF (B. AT. 76/73M to Pinngnr 
H Y .  Stn.) i 

i 700 (B.M. 58/73M to Dul.gipul- 
Ry Stn.)  

7OH (R.M. 28/73M to Rinigauj 
l iy.  Stll.) 

Situated in degree 
s l ~ r e t ~  

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

40 (7  & G 
40 (f 

40 C, D, (3 fir H 

40 G 
40 (3 & H  

73 1 n ~ ~ d  i:! H R: L 

79 .4& R 

7.7 I .% M 

Poblished Price 

in 1 

70 I (R.M. 15/73M to Asansol, 
r<Llipihari & Churulin) 

70M(l<hiina Ry. S t u  to ( f a l ~ i  
1 l Ry. Stn . )  

1928 
!I 

1 9 

,! 

91 

q 1  

9, 

9, 

,, 

19 , 
1 1  
I 1 ! 

A n .  6 
19 

I S  

I .  

I P 

, I 

A ~1 '12  

As. 8 

A6 12 

77Q (Cnlcntta to Niir,?.yanpilr) ? 
77K. ( Xiirii~anpur t o  ~i i r i iyn~l j>~i r )  j 

97A (;\Tolllmein to P a a n )  
8713 (AIo~~lmcin t o  Welc:~li) 

1 
I 

Ri(' (I3abrlI{0~ t o  I i n ~ ~ n ~ ~ a t I c y i )  - 
87D (K\'y;inngbinzejb t o  &n.t ,-  I 

chnnug) I 

70 l3 

9.2 I1 L a n d  
95 E & 1 

,, Re. 1 

,, ! A d 2  
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Levelling Pamphlets-( Concluded ). 

Since 1881 Tidal preclictions based on the observations of the Survey 
of Inclia have been published a n n ~ i a l l ~  by the India Office, London, up 
till the year 1922. From 1928 onwards the prediction and publication 
have beell nndertalien a t  Uehra Dun by the Swvey  of India. The 
tables give the times and heights of high- and low-water for every day ln  

the year for 37 ports, ancl are published early in the previous year. 
They are published as follows :- 

( i )  A s~ngle  volnme styled "The Najor Series" comprising 
'ride-Tables for the followiug ports :- 

1,ino nnruber 

- .  
Y I I ~ Z .  Arlen, Bushirr, Kn~$ichj, OIOln Point & Bet Harbour, B h h  

naqar, Bornbnv, Cochin, 'l'uticorin, Pimban Pass, Colombo, Mitdrns, lTizh- 
gapatam, Dublat, Diamond linrbour, Kidderpore, Chi t t sgo~~g,  Elephant 
point and  Rangoon. Price Re. 8. 

Situated in degree Published 

(ii: Combined Pempl~lets as below :- 

(Olthn Pilint and Bet Hnrhollr (Mouth of tlle Gulf of Cutch) 
, 1 ~ o r b m ~ l a ~ -  

ort Albert Tictor (T<KthiLwRrj 
(ElCirrl,zgnr Pr ice  Ra. 1-8. 

hla~.mngno 
Riirn,Z~* I'rire Ra. 1-2 

sheets I in I P r i c e  

L)~ll)lnt (Siiqnr 1sl:rnrl) 
I)inmor~rl TInrl)or~r Hooqllly Ri vcr 
Kidderpore (Calct~ttn) Price  Rs. 1-9 

88B (Ry:~uhtng.z to Myitliyo) 
88C (Ual:\l~un t o  Pnzun~nyaung) 
881) (Pegu to Zenyaungbin) 
88E (Myitkpo to Olipo) 

1928 

, 

89F (E. B. ;GI. a t  K. 1). 35 of the ( 
Ye~~weHmbnnlrinenttoUn\~~) ( 

90,l ( N y a ~ n ~ z n y e  to Knndin) 
90B (Ma-ubin to Rnssein) 
90C (Sagnmya to Pantnoaw) 
90E (Thouze to Hal~goon) J 

S9A (Kynubse to Minzu) 7 
89 B (Ywnlrainggy i toAmarnpura) 1 
Y9C (Kyaukse to Mnndalay) 
89 D (Tangan to  Shwebo) 

I '  
89E (Kabo to Dlyittnw) 
H9F (Okshitkan to Paulilcnn) 1 
901) (Meilitila to Yewe) I 

H s  2 

Re. 1.E 

85 L,N,O & I' 
and 94 B, C & D 

9 3 B & C . n n d  
8 L M , N , O d P  
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Tide-Tables- (Continued). 

( Amherst Moulmei~l River 
i d  o i  } Price ~s 1-2. 
, . C Tuticorin 
Ie) 1 Pgmban P n ~ s  (Island of Slmeswnram) Pvicr Rs. 1-2. 

Colombo 
Ceylon 

Trineomalee Price Rs. 1-8. 
Diamond Island ) Bassein ICiver 
Basseiil 5 Price Rs. 1-2. 
Elephant Point Earlgoon River 

( h )  ) RSO, voon P r i c e  RS. 1-2. 
(iii) Sepnrntc pn~llpl~lets for each of the following ports : - 

Suez  Aden, Basrali, Bushire. Rargclli, Bolnbay, Beypore, Cochio, 
Nogapatam, Madras, Cocnu5da, Vizagapati~ln. ll'also Point, Chittagong, 
Akynb, Mergui, and Port Blair. Price of each yanzphlet is As 12. 

PART 11.-GEC)DETIC: WORKS OF REFERENCE 

Everest's Great Arc Book, - 
1. 8 1 1  accollnt of the  Meas111-ernent of a n  Arc of the Meridin11 be- 

tween the parallels of 18" 3' and 24" 7', by Captn.in George Everest,, 
F.E.8. k c ,  Enst India.Conlpany, Londoll, 1830. (Out  of print). 

2. An account of the RIeasu~.emc~zlt of two Sections of the  Met-idio~lal 
Arc oE Indiri, bounded by the ~ ) ~ r n l l e l ~  O F  18" 3' 15", 24' 7' 11" nnd 
29'30' 48", by Lt.-Colonel G. Everest. F . ~ L . s .  m d  his assistants, East India 
Co~apnn~,  Ilondon, 1847. (Out  of p r i ~ ~ t ) .  

3. Engr:~vings to iIlustrato the abovr. London, 1547. (Out  of pr int) .  

(3,T.S. Volumes -describing t h ~  operations of the  Great 'Prigorlo- 
metl-irnl Survey 

Vol. I-The Stnndnrds of Mcnsllre n l~d  tlle Jinsc.Lines, n l ~ o  an Introdllc- 
tory Account of the  early ol)e~.ntion.s of the S~i r rey ,  during the 
period of 1800-1SHO. Dehra Dull, 18i0. (Out  of print). 
Appendix  No. 1. Dc~cl.ipt,ion of t h e  n~et,liod of conipn~.itig, und Ll~e np- 

pe~,aLus r~iiploycd.  
Appendix No. 3. Co~n}>n~*iao~ls of t h e  Lenpthsof  t l ie  10-feel Sl~rntlnrds 

A I I I I ~  B, nlid d ~ l . ~ r ~ ~ i i ~ l n l i o ~ ~ o f  t l ~ n  D~ffercnce of Ll~rir  
Ex!>~~ns ions .  

Appendix No. 3. Cornpnrisol~s 11ctwcc11 t l ~ o  10-feet  8lnnd11rds IB, I , y ~ ~ n d  A. 
Appendix  S o .  4. (?o~nl>n~,isons of IIlr G - i l ~ c l ~  Brass Scnles of (.he C O I I I -  

~ Q I I ~ I I ~  cad J l ic~ro~cr>prs .  

Appendix No. 5. I ) e t e ~ m i ~ ~ ~ ~ l i o n  of t l ~ c  T,e~lgtll of t . l~e  I n c l ~  [7.S] O I I  

Cn~,y ' r  :)-foot BI.IIPP SCII~( . .  
Appendix No. 6. Coni),r~risons I , c l .wrc~~~ t.lle 10-feel, Stn11dnl.d Dnrs IS I I I ~ ( ~  

A ['or d e l ( ~ ~ . ~ i ~ i l i ~ ~ ~ g  I11e E S ] ) R I I S ~ O ~  of A. 
Appplldir No. 7. F111nl d c ~ c ~ . n ~ i ~ ~ ~ t i o t ~  of l l ~ e  ~ ~ I ~ ~ c I ~ c I ~ ( ~ ~ s  i l l  I A e n g t l ~  h e .  

t n r r t l  t.lte 10-l'rct. ~ t r ~ n c l t ~ ~ . t l s  I D ,  I S  n l ~ d  A. 
Appendix so. $3, 0 1 1  tllp ' l ' l~crnionlelcrs cm]>loycd wit11 I h c  St,nndnrrls 

or t ~ 1 1 g t 1 1 .  
Appendix No,  9. D e l r ~ m i l l n I i o ~ ~  of t h e  Lengtbs  of 1110 S u b - d i ~ i 8 i o n ~  of  

t l ~ e  I n r l i  [ n . h ] .  
Appendlx No, 10, Report  on (,lie I'racticnl Errors of Lho Nensul~ement~ 

o f  t h e  Cape Comorin Base. 
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G .  T.S. Volumes-(Continued). 

Val. 11-History and General Description of the Rednctjon of the 
Principal T1'ianglllation. Deh 1.n l)iin, 2879. (Out of print), 
Appendix KO. 1. Investigations applying to  the  Indian Geodesy. 
Appendix NO. 2. The itlicrometer Microscope Theodolites. 
Appendix No. 3. On Observations of Terrestrial Refraction at certain 

stations s i tuated on t h e  plains of the Punjab. 
Appendix No. 4. On t h e  Periodic E n o r s  of Graduated Circles, kc. 
Appendix No. 6. On certain Modifications of Colonel Everesl's sgsten] 

of observing introduced t o  meet the specialities of 
particular instruments.  

Appendix No. 6. On Tidal Observations a t  Karichi in 1856. 
rtppendix NO. 7. A n  a l ternat ive  Method of obtaining the Formule 

in Chapters V l l l  and XV employed ill t,he Reduction 
of Triangulation.-Additional Fo~.rnul;e and Demons. 
trations. 

Appelldix No. 8. On t h e  Dispersion of Circuit Errors of Tria~guletiol~ 
af ter  t he  Angles have been corrected for Figural 
(:or~ditious. 

Appendix No. 9. Corrections to  A zim lrthal Observations for imperfect 
Instrnment,al  Adjustments.  

Appendix KO. 10. Reduction nf t.he N.\Y Quadrilateral-theNon.Circnit 
T1,iangles and thei r  Final Figural t\djustments. 

Appendix No. 11. 'l'he '1 heoretical Errors of t he  'I'riaugulation of the 
Xo1.t.h-\Yest Quadrilateral. 

A p p e n d ~ x  No. 13. Simnltaneous Heduction of the  N. W Qundrilsterel 
-the Compnl.ations. 

Vol. 111-North-West Qondrilnternl-The Principal Triangulation, the 
Base-Line Figures, t l ~ e  I<arBchi Longitudinal, N .W.  Himilayfi ,  
nnd the (;reat lndus Series. Debra D i n ,  1873. (Ol~t. of PI-illt). 

Vol. lV-North-West Qnadrilnternl-The IJrincipnl 'I'ria~~gulation, the 
Great Arc-Section 29'-30°, Rnhiin, aurhiiRarh and Jogi-Tila 
nl eridional Series, and the Sutlej Series. 1)ehr:l D i n ,  1876. 

Price Rs. 10-8. 

Voi. I VA-North-West Quadrilrlternl-The Principal Trinngulati011, tile 
Jodhpur and the Eastern Siud Meridionnl Ser i e~  with the detillls 
of their Reduction aud the Fil~al Results. Ijehrn Dun, 1886. 

Price 8 6 .  10.8. 

Vol. V-Pendulum Operations, details of, by Cnptnine J. P. Bmevi nlld 

W. J. Hesviside, nud of their l{eduction. I?('llrn Dull :Ind  

Calcutta, 1879. 1 > ~ i c e  Rs. 10-8, 

Apperitlir No 1. Acror~nt  of t h e  Rcmensllrement, of t l ~ e  I.c:llgt,ll of 
Pend a t  (he  Ordnance S I I I . V I . ~  ONicc, S0llt~)l~'"pr 'I" 

Apper~dix NO. 2 On the  Relation between the  lntlinll l't~ndlllnnl OI'"''' 
t.iot~e. and  tllose wllicll ha re  heell co~;,lli~l('(l ~~~~~l~~~~ 

Apl~endix NO. 3. On t l ~ e  Theory, Usa atld History of !.he  on^^^^^"'^ 
Ye~~dl i lum.  

-4pprudin NO. 4. On tlie I,engtll of  tile Seconds I'rudul~ltll dett'rminl'blr 
from Material8 now existing. 

Appendix No. 6. A Bibl iogr~phical  List of Work8 rclntinr 10 
Operat.ions i n  corlnect,ion wit11 fL11.  Problem of the 
F igure  of t he  Earth.  



LIST OF PUBLICATIONS 

0.T.S. Volumes-(Continued). 

Pol. VI-Soutli-East Qnadr i la te ra l -  The Princil~nl T~. innguln t ion  and 
S~IIIIII  tanel lus  Rt!duct ion of t h e  fbllowing Serie8:-(;reat Arc- 
S e c t i o ~ ~  18O to 24', t h e  E:~st Coawt, t h e  C u l c l ~ t t o  a n d  the Hidar  
L o l ~ g i t u d i l l a l ,  t h e  J u b b u l p o l - e  a n d  the Biliiapur N e r i d i o ~ ~ a l ~ .  
Dehra B u n ,  1880. ( O u t  of pr in t . )  

Vol. V I I - N O I ~ ~ I I - E ~ ~ ~  Qandri lnteral-  G e n e r a l  D e s c r i p t i o n  a n d  Simul-  
trlneoua Reduc t ion .  A Iso de ta i l s  of t h e  fbl lowinc five series :- 
North-East I , o ~ ~ p i t ~ ~ d i ~ ~ a l ,  t h e  Budhorl  M e r i d i o n d ,  t h e  1<:1ngir 
Mer id iona l ,  the A l l ~ u a  Meridionnl ,  :tnd t h e  IZnliira M e r i d i o ~ ~ a l .  

D e h r a  Dun, 1882. Price Rs. 10-8. 

Appendix No. 1. The Details of [.he Separate Reduction of the B ~ ~ d h o n  
Mrridicnal Series, or Series J OF tllc North-East 
Quadrilu~eral. 

Appendix No. 2, Reduction of the North-Rast Qnadrilat,eral. '3'he Non- 
circuit Triangles and their Final Figural Adjustments. 

Appendix So.  3. On the l'heoretical Krrors generated respectively in 
Side, Azimuth, Latitude and Longitude in a Chain 
of Triangles. 

Appendix KO. 4. On the Dispersion of the Residual Errors of a Simul- 
taueous lteduction of several Chains of Triangles. 

Val. VIII-North-Enst Qundrilnternl-Details of t h e  fol lowing eleven 
se r ies  :- 
G u r w k l ~ i  n le r id ion :~ l ,  G o r a  Rleridionnl, Hul- i l i iong Mer id ionnl ,  
C h e n d w k r  Me~- id io l la l ,  N o r t h  P a r a u r ~ % t h  M e r i d i o ~ l a l ,  N o r t h  
M a l i i n c h a  Mel-idional,  C ~ ~ l c u t t a  Mer id lona l ,  E a s t  C n l c u t t a  
Longi tud iux l ,  I3r:lhlnnputrn nler idionsl ,  E a s t e r n  F r o ~ ~ t i e r -  
Sec t ion  23'-2C0, a u d  A N ~ R I I I  L o l ~ g i t u d i ~ l a I .  I l e h r n  D u n ,  1882 .  

P r i c e  Rs. 10-8. 

Vol. IX-Telegrnl)hic L ~ l ~ g i t ~ ~ d ~ ~ - d u r i n , n  the y e a r s  1875-77 a n d  ISSO-81. 
D e h r a  L)iiu, 1883. Price Rs. 10.8. 

1. Dctcrn~iuation of the  Geodctic Elcmects of Longitude Stations. 
2. 1)escriptiolis of Poitlts used for Longitude Stations. 
3. Comparisou of Geodetic: with Elcctro-l'clcgraphic Arcs of Lougitude. to Part I. 
4. Circuit Errors of Observed Arcs of Longitude. 
5. Iles~llts of Jdiometer Obscrvnt~ious made dtlring Season 1880-S1. 

1. Sil;na(,iong of the Louyit.r~tlc Rtaliol~s nt, 13omLay, Atlcn and SLICZ 
2 .  Snrvcy O~)c~.ntious :tt Aileu. 
3. Results c,f 1.11~ 'J'rinngt~lntio~l. 
4. Right Ascensions of Clock Stars. 

Vol. X-Tolcgrnpl~ic Lot~giti~tles-rl~lrinp t,he yen.1-n 1381-82. lS8L'-8;3, 
a r ~ d  1883-84, 1)elirn L ) i ~ n ,  1887. 2'1.icc Hs. 10-8. 
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G.T.S. Volumes.-(Colitinuea) . 

i 
1. Determination of the Geodetic Itlcments of the I,ongitude Stations, 
2 ,  Descriptions of Stations of the ('onnecting l'risnguletion and of 

those a t  which the  J.oncitude Observations were taken. 
3. On the Errors in  A L  caused. by Armature-time and the Retardation to Part I. of the  Electric Cmrent. 
4. On the ltejection of some doilbt,ful A1.c~ of Season 1881-82. 

\ 5.  On the probable Causes of the  Errors of Arc-measurements, and on 
the N a t ~ ~ r e  of the Defects in the'l'ransit Instruments which 
might proriuce them. 

V O ~ .  XI-Astronomical L a t i t r d e s  - -dur ing  the  period 1805-1885. Debra 
lh i t l ,  1890. Price Rs. 10.8, 

V O ~  XII-Soatllern T r i g o n - G e n e r a l  Z)escriptiolr i ~ n d  S imul ta~~eous  lie- 
duc t io i i .  Also  d e t a i l s  of t h e  fo l lowing  t\vo series :-Great 
A I-c-sect ion 8'-18>, a n d  Bombay Lon;;itudiilal. 1)ehra Ihin, 
1890. Price Rs. 10-8. 

Vol. XI1I-Sont11el.n Tr igon-Deta i l s  of the fol lowing five series :-South 
K o r ~ l r r ~ n  Coast ,  M a n g i ~ l o r e  Mer id iona l ,  M a d r a s  Mel-idioilel 
n n d  Corist, S o u t h - E n s t ,  Coas t ,  a n d  M a d r a s  Longitudiaal. 
1)eht.a D u n ,  1890.  Plice Rs. 10-8. 

Vol Y I V-Sont11-West Q ~ ~ a d r i l a t e r n l - D e t a i l s  of' Pr inc ipa l  TI-iangulntion 
and S i ~ ~ ~ u l t a l l e o u s  JCeductioll of i t s  c o ~ t ~ p o n e l i t  series. 
Dehrr t  1890. Price Rs. 10-8. 

Vol. SV-Telegraphic  Longitndes-from 1885 to 1892 and the Revised 
R e s u l t s  of V o l u ~ i r e s  I X  a n d  X : a l so  the Simultuneous 
lCeductio11 a n d  Pitla1 lCesults of' t h e  whole Operationr. 
I l e h r a  I h i n ,  1593. P,rice Rs. 10.8. 
i l l~pendis No. 1. Detevlnini~t~on of t l ~ e  Geodetic Elenlents of the 

Longitude St,ations. 
Appendix No. 9 .  On Retartl:lt.ion. ( A  ni~rnevic~l nristnke w~la nude i n  

t,l~iu :~ppendix in (.he conversion of' ;L fol.~nul~ from 
k i l o ~ ~ ~ e t r e s  t,o ~nilcs: t l ~ e  conclusiorls drawn cannot, 
tl~erefore be u!)i~eld). 

VoI. SVI-Tidal  O b s e r v a t i o ~ ~ s -  f1-0111 1873 to  1892. and the Nethods 01 
H e d u c t i o n .  Deh1.n D u n ,  1901. perice Rs. 10-8. 

V O ~ .  YV11-T~legmphic  Longitudes-dut-ing the  y e a r s  1894-95-96. The 
I n d o - E ~ r r o p e n n  Arcs f r o m  I<ar%chi  t o  Greenwich .  
Del l rn  D u n ,  1901. price Rs. 10-6. 
Al)pu~~clir No. 1. Drs~.ript.ions 01 Points used for Longitude Stations 
-lp!~endix No. 9. T l ~ e  Lor~gir.ude of Mndre~.  

Val- YVIII-Astro~iouiicnj L ~ t i t ~ d c s - f ~ ~ ~ ~  1885 to  1005 a n d  the deduced 
d u e s  of' P l u m b - l i n e  Deflect ions.  D e h r a  Duu, 1906. 

Price Rs. 10.8, 
Appelldix NO. 1. On Deflections of t.he Plumb-line i n  India. 
Apprndir Nu. 9 .  I ) c t c ~ . r n i r ~ a ~ ~ o n  of tile Gc.ntlrIic Ele~ncnts of "Ie 

I ~ ; I ~ . I I  n ~ i r  St,rttions oi' D:ljt~msr;l, Dalrak, ~ a n l ~ ~ ' ~ ~ ~  
; ~ r ~ d  I i ~ d a ~ ~ l < n n ~ n .  

Apnendix No. 3. On Ihn (N-3 )  L)ifleyrncc exllihitcd 11y ZeniLll Sector 
No. 1 .  

Appendix No. 4. 011 t 1 1 ~  Valuc O F  t,llc Micvo~~~et,rl- 0 6  the Z e n i ' l l  

r l , t , l f -81~0~~.  
Appendix No. 6 .  On 1 . 1 1 ~  Azim11111 Ohsevv~~tione of' the Oreat Trigom0' 

111etv1ca1 8urv1.y 01' 111d1n. 



LIST OF PUBLICATIONS 

Appendix NO. 6. A Cat,fllogne O F  the  P~ tb l i cn t ion~  of t h e  Great Trigo. 
n o ~ l ~ e ~ , ~ . i c n l  Survey of 111diu. 

Appendix No. 7. On the  combination weights employed. 

BOI. XIX-Lcvellit~g of Precision in Indin- from 185s to 1909. Debra D i n ,  
1910. Price Rs. 10-8. 
Appendix No. 1. Experiment to  tes t  t he  chauges, due  to  moistmre and  

temperature,  in the  Length of a levelling staff. 

Appendis Xo. 2. Oo the  erection of Standard Bench-marks i n  India  
d n r ~ n g  t8he yea1.3 1904-1910. 

. i ~ p e n d i s  No.  3. I i le~norat~dam on t,he steps t ~ l i c n  in 1905-1910 t o  
enable r l~ovemcnt .~  of the ICarth's Cr~is t  to be detected. 

, \ppentlis  &o.  4. Dynamic ant1 Orthometric correct.ions t.o the  Himi-  
layan levelling lilies ant1 c i rcoi t ;  anti a con~idera t ion 
of t h e  order of magnitude of possible refraction 
errors. 

Apvcntlix K O .  3. The  passage of rivers by the  levelling operations. 

Appenclix No. 6. l'he errors of thc  Trigonoructricnl va111es of heights 
of s t n t ~ o n s  of the  Principnl Triaugalt~tion. 

Appentlis Xo. 7 .  The effect on t,he spheroidal correction of emplop- 
ing thcoreticnl instearl of observed values of gravity 
2nd a discnssiou of difl'erent formtila: giving variation 
of f i r av ic~  with lntitnde and hcight. , 

.Appendis No. S. C)rl  the  r1iscrej)nncy 11rt.tveer1 the  'I'~~i,vonometrical and 
Spir~t,-lercl  vnloes of t,lic difference of height between 
Dehrx Ijiin autl Iilossoorie. 

VOI. Xr~tl-Bencli DInrlis ou the S o ~ ~ t , l ~ e r n  Lines of Le\,elling. Dehra ])fin, 
l910. Price Rs. 5 .  

Val. ,Y IXB-B~II~II  DInrks 011 t l ~ e  TVart.11cl'a Li r~es  o f  Levelling. De11t.n Dun, 
1910. Price Hs. 5. 

Memoirs. 

1. A Riemoir on t h e  Intlinu Snrvclys, b ~ .  C. R. J4arlthan-1, India 
Office, London, 1871. 1'7.1c.e Ks. 5 ,  

2. 11 Menloir oo the  Indian Sur\ .c~.s .  (Seconcl Eclition), by C, R 
M a r l ~ h a n ~ ,  c . ~ . ,  I?. 1t.s.) Iudin. OHico, Lonclon, 18178. 

Z'rice R.\ . 6-5'. 

3. 111-~stract of the  Hcporls ol' t , l~e  S ~ i r v c j ~ s  ant1 of of Iler Grogral,hical 
ol)eralions il l  Intlin, I S ( ~ O - ~ S ,  b ~ .  C'. II 14:11*lih~~m and C. E. 11. 
Black, India Oilice, Lontlon l'nbl~slictl annually between 1871 
and 187!). (Olit of print). 

44. A M c ~ n o i r  on I l ~ c .  Tntlinn Surveys, I S i  .i-lSnO, b ~ .  C. E. D. Blacli, 
11lclia Ofiice, J~o~l t lon ,  1 S!) 1. f'ricc. 119. 6-8. 

"Notes of the Survey of India " sro issliecl mont Illy. Price As. 2. 
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Annual and Special Reports. 

Reports of the Revenue BrsncL-1851-1877. (1851-67 nnd 1869.70, 
out  of print). Price Rs. 3. 

Ditto Topograpllicnl Brrncll-1860-1877. (Out of print) 
Ditto Trigonolllctricrl Brnnch- 1861 -1878.-(1861.71, out of 

print). Price Rs. 2. 
Ilr 1878 the three branches were ainrtlgamated, and from thnt dnte 

onwards annun1 reports in single volumes for the whole department, were 
ns falloffs : - 

from 1877-1900 (18'77-79, 1687-88, 1895-96 and 1897-98, \ out of print).  Prics Rs. 3 per uolu,~m. 
Reports frorn 1900-1922 ( 1902-04 nnd 1906.08, out of ~riot) .  

t A .  

Price Rs. 2 per uoltrme. 

From 1900 onwards the Report was issued nnnually i n  the fonn 
of r\ conden~etl statement Itnolvn ' as (a) the " Benernl Report" sul)ple. 
rnented by fuller reports, which were called (b)  "Extrnets from Nnrrntive 
Reports" r ~ p  to  1909, nnd since then until 1921 have been styled ( c )  "Records 
of the Sl~rve J of India ". 

From 1982 the annual reports nre publishecl in t,liree sepnrate volumes 
of octavo size. cia., (a) Qenernl Report which is confined toreportill:: theSurv~g 
operations of the ordinary field parties and  detachments with only brief ribs. 
tracts of reodetic nperntions, Map Publication and Office work. Published 
n1111nnl1y P r i c e  1922-25 Rs. 2, from 1,925 Re. 1 .  ( d )  Mnp P~~blicntitn 
and Office Work report which conta,it~s all the Index Maps showin!: the 
Procl-ess of Map Pul,lication on all  scale^, with reports on I)ublication and 
issue. Pulllished a ~ ~ r ~ u a l l p  b e ~ i n n i n ~  wit,h year 1924. Price Re. 1. ( 8 )  

Geodetic Rcport which includes Vull dr t :~i ls  of' all scientific wo~,lt of tile 
Geodetic Branch, qii~.vey of Indin excluciing the work of t,he 1)eIll.a 
Dr:~win?r Office : ~ n d  Pub1ic:ltion Office. Vol 1 of this series covers n period 
of three years 192.1-25. Pvice R8. 6. Sul,sequent volumes will be l~ublisl~~d 
;~rlnunlly. 'I'liere will be in addition occasio~inl Hecords vohimes. 

These f~i l ler  reports are available a,s follows :- 

( b )  Extracts Volames. 

1900-01-Recent Improvements in Photo-Zincography. G. 'I' 'llrian. 
~u l a t i on  in Upper Rt~rnla. Latitude  operation^. Expel-imental Hnee Men. 
nureir~eut wit11 .Jatlerin A pparn to~.  MttZnrtic SIll .rey. l'itlal and Levell- 
ing.  '1'ol)o~rnphy in Upper  Bur~na .  C ; ~ l c ~ ~ t t n ,  1903 (Out o f  I,rint). 

!D01.02-G.'ll. T~.i;rng~~lntion i n  Upper  Burlna. Lnti t ~ ~ d e  Operntlollg. 
Magnet,ic S ~ ~ r \ . e p .  l'idnl and Levelling. l1opoKl.npI~y i l l  IJ1)pers B I I ~ I " ~  
Tltpo~ral,lly in Yind. Topography in the Punjab. C;~lc~lt,t:r, 1904 ( O u t o f  
pr111t). 

1902-03-Princillal 'I'riannulat inn iri Upper Rl~rlnn. ~ ~ ~ o g r a ~ ~ ~  i n  
Upoer H11rlnn 'I 'olm~raphy in Sh;~n  States, Sllrvrg of Siitlrbl~n~. Lalie. Lati- 
tude )pe~"tionr. Tidal and [,euelIinu. &f;hZlletic slll-rpy, I I I ~ I - O ~ U ~ ~ ~ O ~ " ~  

, I  thr Co~rtrnct, System of Ptlyment in fllraoel..e SurtrepR. I rnreralny the 
81lhteose Bar. Compilation and Heproduction of Tllina Mn.1,~. Cnlruttnf 
1903. price RE. 1-8, 
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Annual Reports kc.-(Continued). 

1903.04-Magnetic Survey. Pendulum. Tidal and Levelling. Astro- 
nomical Azimuths. Utilization of old Traverse Data for Modern Surveys 
in t,lle United Provinces. Identification of Snow Pealts in Nepil. Topo- 
graphical SUI-veys in Sind. Notes on town and Muuicipal Surveya. Notes 
on Bivernin Surveys in the P u ~ ~ j n b .  Calcutta, 1906. Price Rs. 1-8. 

1004-05-Magnetic Survey. Pendululn Operations. l'idal and Levell- 
ing. llriaogulation in Baluchistiin. Survey Operations with the Sornili- 
land Field Force. Calcutta, 1907. Price Rs. 1-8. 

190;-06-Maguetic Survey. Pendulum Operations. Tidal and Levell- 
ing. Topog~aaphy in Shnn States. Calcutt:~, 1908. Price Re. 1-8. 

1906-07 -Maguetic Survey. Pendulum Operations. 'I'idal and Levell- 
jng. Trinngulation iu BaluchiatBn. Aetrollomical Latitudes. Topography 
~n Shan States. Calcuttn, 1909. Price Re. 1-8. 

1907-OR-Magnetic Survey. Tidill and Levelling. Astl*onomical Lati- 
tudes. Pendulum Operations. Topography in Shim States. Cnlcuttn, 1910. 

Price Rs. 1-8. 

1908-09-Magnetic Surrey. Tidal and Levelliug. Pendulum Opera- 
tions. Triarlgulation. Calcutta, 1911. Price Rs. 1-8. 

( c )  Records of the Survey of India. 
Vol. 1-190!)-10 -Tppographical SUI-rey. Triangnlation. Tidill and Levell- 

ing Operi~t~.oiie. Geodetic Survey (Astronomical lat,itudes and 
~)er~dulum ob8erv:~tions). M a ~ n e t i c  Survey. Calc~ll.ta. 1912. 

P~ . ice  Rs 4. 

Val. 11-1910.11-Topographical Survey. Triangulation. Tidal nild 
Levelling 0per:rtions. Geodetic Survey. Maguetic Survey. 
Calcutta, 1918. Price Rs. 4. 

vol. ICI-19l 1-12-T0~o~ral)l~ic:11 Survey. TI-iangulntiou. Tidal and 
Levellinp Operations. Geodetic Survey. Magnetic S ~ ~ r v e y .  
Ci l lc~~t ta ,  1913. Price Rs. 4. 

Val. I V - l ! ) l l - 1 3 - ~ ~ p ~ C 1 1 ' a , t j o ~ ~ s  ojl the North-Enst Frontier-Nortl~ BZCTII~U,, 
Mishn~i, Abor a d  Miri Sltrap?ys. Calcutta, 1914. Price Rs. 4. 

v~bl. V--19~2-13-Tol~~gPnl~hicnl  Survey. Tl,in~~gulntion. Tidal and Le- 
velling Oprrn t io~~s .  Geodetic Survey. M t ~ ~ l ~ e t i c  S ~ ~ r v e p .  Note on 
the ~.el:~tionsllip of the Hinlfili~yns to the Indo-Ga~lgrtic Plaiu. 
Calcutta, 1914. Price Rs. 4. 

Val. ~'I-1918-13-Li~rX: coj~nect i~~y the Triangztlafioj~s of Ip~dia n11iJ Russia. 
~ I I I - a  11i111, 1914 Prire RR.  4. 

Val. ~II-1913.14-Topogrnl~11iCnl SuI-\rey. rl ' r in~~~ulntioii .  Tirlnl and Lrvrll-  
ing Operationn. Gt.c~tlet,ic. S111.vry M;~~tlcbtic S ~ c l ~ v c ~  (Au~lunl 
report nlltl G o i ~ e r ~ ~ l ~ l o ~ ~ t  colnlni l  tec's rel)ol*t) 011 SC:IICR 
n~ltl cost rn1c.s of Ton.n ~ ~ R I I S .  Ciilc~~tta,  1915. Price A'S. 4. 

1-1 1 - { ' ? E.l?,/or.n(;(,sr Tlbcf nil,/  arifgh biri.i,i!g vcqioas. 
1Hi9.92 Pnrt I[ ) 

1 I ,  1 1  5 Prrc-a of' rnrh pnt.f Rs 4 

V r l I  (A)-1914-E,rl~/orntI011,p 111 the  Easterr, .Tinro-Xo~.cl~l~ U ) / ( ?  f ? , ~  T T ~ ~ ~ I P ? '  
Ydrknwd I'alley, by Lt,.Colonrl H \\'ootl R . F .  

Debra 11fi11 1922. PI-ice Rs. 3. 



150 GEODETIC REPORT 

Annual Reports &o.-(Continued). 

Val. I.Y-l916-l-j-.Topop1.npl1ical Survey. Trinngulntion. Tidnl and 
Levellin:: O~enrtionw. Mngl~etic Survey. C ~ . i t e ~ - i ~ ~  of atrellgtll 
of Intiis11 G r ~ d e t i c  T ~ - i r ~ n ~ u l n t i o n .  A traverse sigl lal  for City 
Surveys. " Tlie plni~ls of No~~ t l i e rn  India nild their l,eliltionxhip 
to  the H i r ~ ~ i i I ~ i j n  Mountains" nl1 l~dtlress by Colollel S.G. 
Burr~ircl, F R . 8 .  Report 011 l 'arco-Pel-s in~~ Frontier C ~ ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ ,  

C~~ lcu t tn ,  1916. Price Rs. 4. 
Vol S-191ri-l(i-Topo~~~nl~11ic:~l S111.vey. Tidnl nnd Leuellil1g Opera. 

t iol~s. lLl ngnetic 3urvr-y. Mechn~iici~l 111te~rato1-  for cslclllnting 
Attl .r~c:io~~s ( i l l~~a t l~n t ed ) .  T~.nvel.so S I I I - F H ~  of t,he b , ~ ~ ~ d ~ ~ ~  
of 1111 j)e~-i:tl Dell~i.  Dah r :~  Diin, 1917. Price Rs. 4. 

VO~. ~ ~ - l ~ 1 8 . 1 i - T ~ ~ l ) o y * n p l ~ i r a l  Snrvt1v. T~~innl;uI~it~ioil-uw of hiRh 
trestle for nt~ltions a1111 100-feet i n ~ ~ a t  ~ignnls.  Tidnl ant1 
T~evel1111: 0pel.ntit)ns. Magnetic Sul.vey. Note 011 Ba~evi's 
Pe~itlulurn O p e r n t i o ~ ~ s  nt Mori.. Pl~oto-Lit110 Office-New 
111ethotl of preparing L :~ve r  1)lntes-Dovelop~nent~ nnd 1111. 

proven1ei1tu i l l  preparing Tint-pln~es.  
Del~rn  Diin, 1918. Price Rs. 4. 

YoI. x [ [ - N o I ~ s  O ) I  S'~bl*rql/ of I l ldin itraps nntl the nrodsrli dea~lopment o j  
1tit/inti, Cnrlograp?~y,  by L t . -Co lo~~e l  \V. R4. Coldstl.ertln, R.E., 
~r~per in te l i , l en t ,  I L I : L ~  P ~ ~ b l i c . a t i o ~ ~ .  Cnlcutt:~, 1919. Priccs Rs. 3. 

VtbI. KIT[-l!)li-lS-To\)ogrnpI~icnl Survev. Tidal llnd Levelli~~g Opera. 
tic111s. h l i~g r~ t~ t i c  Surve.~.  Pl~oto-Lit110 office-the Powder Proce~fl. 
P r o h l e ~ ~ ~  o f  the H i l ~ C i l n ~ s r ~  nlld G ~ ~ n g e t i c  'I"~ougl~-Reviaw 
by Di.. A. MOI-lry Diivies Dehrn DGn, 1919. Prrce fi. 4, 

Vol. S I V - I ! ) ~ ~ - I ~ - T O , ) O ~ I , : I ~ ~ ~ ~ ~ ~ ;  f3ul.uey. Tidnl n l~d  Level l i~~g Operntionn 
Levellil~g i l r  Mt~sopotnniin. M:ipllet,ic Sul-vry. 

De l~ ra  Dun,  1920. Price RE. 48 

Vnl. S~-1919-30-'~,,l,ogra1~hicnl Survey. Tidal work. Levelling-p1.o. 
17,med n e w  level net.  Magnetic Su~,vey. Tl~eEartll 's  Ases rind 
F I S I I ~ ~ .  I,! J. lie Grni~ff Hulltel. (a paper rrstl nt the R. A- Y. 
(-+~~,lph,vsic.:~l M e e t i ~ ~ ~ ) .  lieport 011 tile expetiition t o  Kil11let. 
Note on the Topogrnphy of tile hlln K ~ I I  M:laniF in Lndikh. 

Dehrn Dun, 1921. PI ice Rsa 4 

V~>1.Xv[-l920-.?1-'l'olrofrap1lical Sul .v~y .  Tidal worli. Levellillg and 
N:~ciletic s ~ ~ l - v e y .  IIipll rlilllhw in tile Ilirniil:~y:~ pl.ior to the 
Ev~l .est  Erlledi t ~ o n .  &It. Everest 8111*vry l)rt:~c.l~~llellt H@l)ort. 
1921. l ~ r  I of 1 l 1 l l  i t  ~e t t l e~neo t  of 

EOIIII(I;\I.J. twtween My yore :\ntl S o ~ t l l  I< 11n11ra. 
I I ,  1 Price Re. 4-  

V O ~ .  S\-I[-1P2R-iI[+~~r,r,ir o n  iMnps of P Tilrkistrir7 n ~ i d  K 0 . n ~ ~  
frorn tl~tt S ~ ~ r ~ . e p n  nl:ltle dal-ing Sit- A. Stt.ill'n ~x !~ lo l . f l~ t "~~" l  
In()()-01. 1!~06-o$, 1913- 1.;. Dvhra Di l l ,  19?:1, pr ice  la. 

Val. ~ V l l r - l ~ l - ~ - T t , I , o p r n l ~ h i l n l  SIII.vey, rJ'j(]:tl work, L ~ \ ~ e l l i n ~  nnd 
Mi~cllrtic S l ~ r \ e g .  'l'l,aversc. Slll.ve7 c r f  AllnhiiI~R~I ci ty .  settle- 
ment of R01u11d:lr~ betweell &fp~ore and >out11 li:lnnr:l. Notes 
on Revinioll S~irvey in the neighl)our-hood of Pol)n* 

Debra D h ,  1923. Pries fi- *' 



LIST OF PUBLICATIONS 161 

Annual - Reports &c.-(Concluded)  

Val. XIX-1001-20-The Mngi~etic survey, by Lt.-Colonel I < .  H. Thomas, 
D.B.O , R.E, R I I ~  H. C. J .  Bond, V.D. 

1)ehr:t D u n ,  1025. Price Re. 4 .  

Vol. XX-1014-20-Tile War  Record. Ilehr;~ L ) ~ I I ,  1925 Price RE 3. 

V(11. ~XI-19?P-S8-S4-1. Aiv S1u.ce.y in the Irralunddy Delta 1923-34, by 
l i a jor  C.  G .  Lbwis, R E., a11d 

I I .  Recol~naissnnce S I L Y I J P ~  in Bhutan and South Tibet 
19?2, by Cnptiiil~ H. 1t. C'. l leadr ,  I.A. 

Debra L)iiu, 1925. Price Rs. 1-8. 
Val. X~II - l9?G- -Ex~ lo rn t io~  of the Shnlisgurn Valley and Aghil Ranges, 

1936, by Rlajor I<. Mason, ~ I . c . ,  R.K. 
Dellra Dun, 1928. Prire Re. 3. 

(e) Geodetic Reports. 

Val. I-199LJ-2 5-Computatio~is and I<csenl*cli. T~dn l  worlr. Time and 
M:~gnetic observations. 1,ntitude anti Pel~dulum obsc*rvations 
iu 13ihkt-, Assam n11d Kashmir. J.erelling. Lectul-o on " The 
height of Rfount Evcrest and other Petilrs". 

1)ehra Uin, 1928. Prlce Be. 6 .  

VOI. 11 - lg26.2~ - Comput;itions aud Itesearcl~. Tidal work. Tiole and 
Mtigr~etic observ:~tiolis. Plwparntious for the 1ntel.natio11al 
Loncitude Project TI-innguliition Levelling. Investigation 
of the beliaviour of tree bench-111ark8 iu India 

Dcl~ra Dun, 1928. Price Rs. 3. 

Val. 111-1226-27-Tile Jllterllntio~lal Longitude Project. Co~npututions 
and P ~ b l i c ~ t i o n  of data ~bscrratories .  'l'ides. (4ravity a ~ ~ d  
deviation of the vertical. T r ~ : ~ i ~ i ~ i o ~ i .  Levelling. lie- 
search a ~ l d  Techuic;~l Notes rcenrcliug Personal E(jnation Appara- 
tus aucl the lleigbt of Mouut E \ e r e ~ t .  

Uellra L)i~n, 1929. Price RP 3. 

PART 1V.-CATALOGUES AND INSTRUCTIONS 

Department~.l 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 Order~ (called "Circrrlar 

I11 1904 the various orclers issued since 1878 were reclnssilied as 
follows :- 

,T~tttiber. f o  dnte .  

1.-(;lovern~nrnt of Indin Orders.- 834 
2.-C'irc11lnr O r d ~ r ~  ( , id l~~i~~i*trnf ivc) . -  420 
3 -Circalnr Ortlcrs (I'rofc~ssionnl).- 196 

4.-l)epnrtu~enlnl Ortlcrs. (:ipp0111tlueut~, prolnotiona, trnl~slcrs, elc.)  
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These are numbered serially and had reached the above numbers 
by September 1928. Governlnenl of India Orders and Circrilar Orrlers 
(Adrnindstt.alive) are bound up in volumes from time to time, as shown 
below, while C i ~ u l a t .  Ol$e~-a (Prr!j>asional) are gradually incorporated 
in the Survey Hand-books. Besides the above, temporary orders have 
been issued since 1910 in the  form of '' Circalar Memos". These either 
lapse or become incorporated in some more permanent form, and are 
therefore only numbered serially for each year. Bound volumes of orders 
are available as  follows :- 

1. "Governmeut of India Orders (Departmental) 1878-1903.- 
Calcutta, 1904. 

Ditto ditto 1904-1908.-Calcutta, 1909. 
(Out of print). 

Ditto ditto 1909-1913.-Calcutta, 1915. 
Ditto ditto 1914-1918.-Calcutta, 1920. 

2. "Circular Orders (Administrative) 1878-1903. -Calcutta, 1904. 
Ditto ditto 1901-1908.-Calcutta, 1909. 
Ditto ditto 1909-1913.-Calcutta, 1916. 
Llitto ditto 1914-19 18.-Calcutta, 1920. 
Ditto ditto 1919-1924.-Debra Diin, 1926. 

3. * Regulations on the subject of Language Examinations for  
Officers of the Survey of India. Calcutta, 1914. 

4. *Map Publication Orders 1908-1914 (Superintendent, Map 
Publication's Orders.)-Calcutta, 1914. 

5. Specimens of papers set a t  Examinations for the Provincinl 
Service.-Ilelira Dhn, 1927. Price Re. 1 .  

Catalogues and Lists. 
1. Cntnloglle of Mnys publislled by the Survey of India. Corrected 

to 31st Ma,rcll 1928, Calcutta, 1928. Price Re. 1. 

Lists of new maps published during each month appear in the monthly 
NOTES OF THE SURVEY OF 1NL)IA. These monthly lists are also 
isvued separately. 

2. Cntalogue of Malls of the Bombay Presideuc;g, Calcutta, 191% 
Price ds. 4. 

3. Catalogue of Maps of Burma. Calcuttn 1925. 
Price As. 8, 

4. Catnlogne of Maps of Cantonments and Military stations. 
Dim, 1927. Price A s  8- 

5 .  Catnloglle of Books in the lieadquartera L i b m q ,  Calcutta, 1801. 
( o u t  of print). 

6. Cntnlog~le of Scientific Books and Subjects in  the Libmy of 
Trigonometricnl Survey Office. Debra Dun, 1909. P,*;CP Re. 1- 

7. Clnarified Cntnlog~~c of the Trigouometrieal Sllrvey l.il,~'ilry. DpI'" 
niln. 1921. Qr(1fi~ . - 

-- - - ---- - -- - 
* For Uepartinentsl use on ly .  
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Catalogues and L i s t s . - ( C o t ~ t k t z ~ e d ) .  

8 Green Ilists-P&~-t I-Libt OF Officers in the Survey of l~iclia 
(~~ l lnu i~ l l y  to dnte 1st January), Cillcuttl~. Price As. 10. 

P;trl, 11-History of Services of Officer* ill the 
Survey of India (allnu;~lly to dnte 1 s t  J l ~ l y ) ,  Calcutta. 

Price Rs. 1-8. 
9 Bll~c Lists-Atiuiste~~i~~l nut1 IAo\ver Subvrdinitte l3stablishme1lts 

oE tlie Survey of India. 
P ; ~ r t  1-Heidquarters and L)el~r;r Dill1 offices (pub- 

lished a u ~ ~ u u l l y  to tli~te 1st A pril), Calcutta. 
Pricc Rs. 6-12. 

P ; ~ r t  I [-Circles a~icl p:~rties (publisl~ed annilally to 
tlitte 1st January),  Ca l c~~ t t a .  Price Rs. 3-6. 

10 List of t l ~ e  p~tbl icat io~~s of tlte S ~ ~ r v c y  of 111tliri (~)ublisl~eci : ~ n t ~ u n l ] ~ )  
1)ehr:r L)i~u. Qrntis, 

11, lJricc List of Nat l le~~~ntical  Instrall~cnt Officc. Correctecl "1' to 
1st; Septelilber 1'327, C;ilcutt:l, 1928. G~antis. 

Tables and Star Chazts. 
1, lluxilinry Tables-to fircilitate the cnlculitIions of the Survey of 

India. Fourth E d i t i o ~ ~ ,  Del~rn, D in ,  1906. (Out of print). 
2 .  bllsilial.y Tnb1~~-of tlie Survey of i .  Fifth Edition, 

(revised and exteudecl), by J. de ( f r~~a t t '  kI.unlur, nr.,r., sc.u., F. INST. P .  

111 ]"lrts- 
l'i~rt I-Grnticrlles of M:cps, (repriiitecl). Dellrn 

L)Uu, 1986. Plice  Re. 1 .  
l 'i~rt 11-Rlatl~e~n:~tic:~l Tableu, (rc?l)rintecl wit11 aclili- 
t iol~s).  Ilel~rn D ~ I I I ,  1924. Price Re. 2. 

Par  l I L l-'ropogr;l])liic;:.1 Survey Ti~bles, (reprin tecl 
\\.it11 a d d i t i ~ t ~ s ) .  D e l ~ r ; ~  L ) ~ I I .  192% Price R8. 3. 

3.  'l'nbles fur Gr;~ticules of i \ Inl)~.  Estr:~cts fur the use of Explorers. 
llellra Dun, 1018. Price As. 4. 

4. .;* Rletric IVeiglitv al~cl IVIei~s~res i~licl otller t,ableu. Photo-Lithe 
Ufice. Calcutta, 1889. (Out  of print.) 

5 .  Log:~r i t l~~nic  Si~les  nucl Cloviueu tu .I, places o t' decimals. Uellra Uiio, 
1YtlCi. (Out of priut). 

6.  Logaritl1rl~ic Si ~les, Cos i~les, 'I'nngellLs allil Cutiulgel~ tv Lo 2 places of 
deci~nnls. e l  I 1015. (Out  of print). 

7 .  Colni~~ou Lognritli~~is to 5 pli~ces o f  clecil~l:~ls, ltid.3. (Out of print). 
. 'll;~blc for i l e t e r ~ n i ~ ~ i t ~ g  l Ieigl l t~ in 'l'raversillg. l)elin~ Dull, 1898. 

Pvice As. 3'. 

9 .  ll:lbles oC cliat.ai~ccx in C11:~ins :i~iil Li~iIis c o r r t ! s ~ o ~ i t I i ~ ~ ~  1x1 a sub- 
teu~o of 20 feet. l l e l~ra  D611, 188!). Price As. 4. 

1.0. * Ditto (I i tl;o 10 fect. Calcutta, 1915. 
11. * Llilto ditto S feet. Ditto. 
12. yield Trn\rcrsc. 'I 'nblc~. IpirsL Et l i t io~~.  C:nlcut,ti~., 1928. I'vicc AS .  8. 
I C]lltrts t'or I;\litude 20" N.. b y  Cululiel , I .  1t. Tlol)dny, I . S . C .  

Calcutta, 190-J.. Pric-t: 11's. 1-6. 
-- .- - - . .. - . . - . - -. . -. .-. - -. -- 

* ICol. L)eparLrne~~lul  we oulg. 
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Tables and Star Charts.-(Continued) 

14. Star Cl~nrts  for latitude 30' Xu'., by Lt.-Colonel S. G. Burl-nrd, n.~., 
Y.H.S. Dehra Dun, 1906. Price Rs. 1-8. 

15. Catalogue of 249 Stnrs for epoch 1s t  Jan .  lY92, from observationa 
by the Survey, Dehra Dun, 1893. Price Rs. 2. 

16. * Bninfirll, tn:t,sim~uil and ~ninimutil teln!)er;~tures, from 18ti8 t o  
1927, recorded a t  the Survey Office Observatory, Dellm Din, 1928. 

Old Manuals. 
1 .  A RIar~ual of Surveying for India, detailing the mode oE operiitions 

on the lievenue Surveys in Bengal, and the Korth- CVestern Provinces. 
Compiled by Captains It. Siuyth, nncl [I .  L. Thuillier. Cnlcuttil, 1831. 
(Out of print.) 

2. Ditto SeconJ Eclitiou. Lo~~clon, 1855. (Out of print). 
3.  A Manual of Surveying for Indi;~, det:tiling the mode of operations 

on the Trigo~rometrical, 'llopograpl~ic;il and Lievenue Surveys of Indin. 
Compilecl by Colonel tl. L. 'llhuillier, c.s.1 , P . I ~ . s . ,  and Lt..Colonel 
R .  Ymytli. Third Edition, revised nud e111:~1*getl. Calc~lttn, 1875. (Out of 
print.) 

4. Hand-Book, Revenue Branch. Citlcutta, 1893. Price Rs. 2-8. 

Survey of India Hand-Books. 
1.  * Hnnd-Book of Glellernl Instrnctiolls, (iu 2 vuls.) Fifth Edition. 

1927. 

2. Haad-Uook, Trigoliouletrical Brnacll, Second Eclitiou. Calcutta, 
1902. (Out of print). 

3. Hnnd.Book of l1rigoro~~~etricn1I~~str~~ctio~~n.-'l'l~ird Edition, Parts 
in pamphlet f'orins- 

P;lrt V-'l'he Titles. Tl~ircl Edi tiou, revised, Ue111.n Duu 19% 
Price Ra. 2. 

h r t  VI-Levelling. 'l'llir(1 Eclitiou, rcvisctl, Dellrn D i n ,  
1928. Price Re. 1, 

4. Hand-Book, Tol)ogrnl,llicnl Brs~cl~,-Thirtl Edition. Calcutta, 19OL 
(Out of print.) 

5 .  Hand-Book of ' I ' o l , ug r r r l , l~y . -~~ t l~  Uditiou Ci~lcutta, 1011. 
C'hapteru, in pamphlet forms- 

11-Co~~stitution nud O r f i i l ~ i z ~ t i o l ~  crE ;L Survey Party- 9 1  

-repriilted wit11 aclditio~ls, 11)2:I. Price As.  8. 

1 I ~ ~ - - T r i i ~ ~ l y o l a t i o ~ ~  rllrl its ~ o m ~ ~ l ~ t ; ~ t i o ~ ~ . - r ~ ~ v i s e ~  192:i. 
Price Be. 1. 

V-Plnno-tahling.-~liI.$ Er]itioll, I!)2li Price Iif' I ,  

VI-Fair Mnppillg,-rellrinted nvitll ;~~lditians alla n. 7 9 

vised, 1022. price H f , .  1. 
-. -- - / 

" For L)epartuientel nse only. 
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Survey of India H~md-B~oks.-(Conti?~zced). 

Chapter TTII-Tmns-frontier lieconnniesnnce. Third Edit,ion, 
1924. Price As. 8. 

1 p  ,, -Addendum, 1928. Price AR. 8 .  
,, V1II-Sur\.ey~ in time of wnr, 19% Price As. 9. 

, , IX-Forest Surreys nild Maps.-revised, 1925. 
Pvice As. 8. 

, 9 - 1 :  lteproduction. Second Edition, 19 19. 
Price As. 8. 

,, XT-Geographical mnps. Secoiid Edit,ion, 1926. 
Price As. 8. 

G *I'l~ott~-Lit110 Office, Notes on Orgnl~izntion, Methods and Procewes, 
by M:~-jor TV. C .  Hedley, R . R .  'J'liit-rl Edition. Cnlcntta, 1924. 

7 The R e p r o d ~ ~ c t i o ~ ~  (for t , l~e guidnnrc! of other ncpnrtrnent,~), of Mnps, 
Plnns, Pl~otogmphs, I)ingrnmil, nnd I1ille Ill~~st,rnt,ions. Cnlc~it.tn, 1914 

Pr ice  Rs. -7. 
8 Surver of 1lidia C O I ) ~  J300li of Lettering. Cnlcntt,a. 

PT~CC Rs. ;?-8. 
Notes and Instructions. 
1)rnwitlg ttnd paper. 

1. "Notes on Printing Pal~ers  sr~itnble for Maps, and on Whatman 
Drawing L'nper, by 3ln.jo1- W. Ill. (:oldstream, R.E. Cnlcutta, 191 1.  

(Ont  of print.). 
Print,it~g nnd Ficld Lit,l~o yrorcsscs. 

2. "lieport on Itnbber Offset Printilig for nfnps, by ninjor 1;. nf. 
Coldstream, R.E. C:ilcut,tn, 101 1. 

3. *Notes on the "TTandylie" or Direct Zinc Printing Process, wit11 
detni Is of Al)p;1r,zt~~s and Clieinicals required for n s~nal l  section. Colnpiled 
in the P l ~ o t o  nnd Lit110 Ofice, Survey of India.  C~~lcu t tn ,  1913. 

(Out  of p r i l ~ t )  

4,. *Ilel)ort on t.lie \Vor1ring of the Light Field Lit110 Press (experi- 
rne11t:ll) in November, R I I ~  Decer~~ber  1910, nli th A ppeltdices, by L i e i ~ t .  
A.A. Clinse, R . E .  Cnlcuttn, 1911. 

(i) Notes on molne of the  Metllotls of lieproduction sui~able  fur 
t.he Field. 

( i i )  Suggested 13(l~lil)ll~elit. lll:ll)lrs for ~ I I P  Jligllt Field L i t l ~ o  l'ress, 
( c ~ ~ ~ ~ ~ i - i r n ~ ~ l ~ l n l ) .  

.5. *Iielx)rt on n t.1-in1 of t l ~ c  cql~ipu~chl~t oE t , l~e 1st (I'rince of Wnlcs' 
O\VII )  S : I P ~ W ~ S  nl l t l  Milicrs, for t.el)roclncii~:. I I I R ~ ) R  111 tile field, 
by L ic~ l t .  A .  11. Cllaue, R.I;. ('illct~lta, 1912 (011t .  of p r i ~ ~ t , ) .  

Rase I1illes nntl #ngltrtic. 
C;. *Notes oli use of tllc ,Jiille~-in 1::lse line Al)pnrn.liis. 1)ellra Dlin 

190%. ( O u t  of pr int) .  
7 .  "Miscellnlleclus Pnpers rplnting to the Illcssuremcnt. of Qeodel,ic 

Bases by Jiiderio Illv;lr Apparn,tus. Ilellrs L)iiu, 1912. 
A_-_ ____ . .  

* For L~ePnrtmct~t~al use only. 
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Notes and Instructions.-( Cojitivrted). 

8. A Boohlet of Inst,rnctions with full  descript,ion and tn.bles for TIle 
Hunter S l ~ o r t  Bnse, compiled by R!n.jor C. 19. Tl~ompson, I . . \ .  1)ehra Diu,  
1028. Price As. 8. 

9. #Iustruct io~\s  for talting hfagl~etic Observations, by J .  Eccles, M. A. 
Dellrn Diin. 1996. (Oot of p r i ~ ~ t ) .  

10. Rectnngulnr Co-ordin~tes.-On n Sirnp1ific:~tioll of the C ~ r n ~ ~ t n t i ~ ~ ~  
relnting to, by J. l%ccles, M.  A.  Jlehra Dilil, 1911. Price Re. 1 .  

11. *For Explorers.-Nobes on t,he use of Thermometer~, Iiaroll~eters 
and Hy psoil.rete~-s wi tll Tables for the Compr~t~ation O F  HeiYhts, by 
J. de Qraaff Hunter,  a1.A. Dehrn D i n ,  1911. ( O i ~ t  of print). 

12. "Amended Instructions for t,he Survey and Mapping of Town Ouitle 
Maps. August 1919 

13 *fiotes on boulidary ~,ibnrlds O I I  mnps of ihe Survey c~f Indill, hp 
JIajor F. 1'1-aser H u l ~ t e r ,  D.S 0.. I A. Cillcultn, 1022. 

14. *Not,es on t.lle map of Ambi i~  alid the Persia11 Gulf, a.it,ll :I galler:lI 
indes of plnce names on tlie m:lp, 1905-09, by Ci~ptain F. l 'rns~r Mnllter, 
1 , .  Calcutta, 1910. 

15. Acco~lnts Yu~rl,hlet.--Xotes or1 a c c o ~ ~ n t  for field units Dehrn. D i n  
1928. Price R e .  1. 

PART V.-RIISCELLANEOlTS PAPERS 
Unclassified Papers. 
Ueogrclpl~y. 

1. A Sketcl~ of t l ~ c  Oeogral)lry nlld Geology of the Tli~n;ll:~)a. lfoun. 
tains and Tibet (in four p r t s ) ,  by Colonel 3. Cf. Rurrnrd, R.E., F.II.S.,  Sul)dt., 
'l'rigonolnetrical Si~l*veyx n l ~ d  1-I.I-I. lInyden, i~ . , i . ,  ~ . c ; . s , ,  Soptlt., (:eologic~I 
Survey of India. Ci~lcuttn, 1907-05. 

Par t  I.-'l'l~e High Penlis of Asia. 
,, I I.-'l'he Pril~cipnl Moulitnin Ranges of Asia. I P~.ice Rs. 2. 
,, I 11.-'l'he llivers of the Himiilayn, and Til~ot .  per pnrl 
,, 1V.-T11e aeology of tlie lIi~u%lnyn. 

2 "Report O I I  the  Identific;lt io~~ : ~ n d  Pl'ornenclatat-e of the 1ii11:ilnpl 
Penks as yeell from I\'at,mLlld~~, Nel)5,l, by C:apt;~ill H. Wood, R . . E  Cnlcutt:l, 
1YUL. 

3. l<oiites ill t l ~ e  \Vestern-lli~nitlnyn, Kasl~niit., etc . by ~t.-Colollel 
T. G. Mol~tgomerie, R.E.,  F;R.s., B.R.(:.s. I)elll-i~ I)iln, 1909. (Out of prillt). 

4 .  R o u t e  in I l ~ e  JVe.qtcrn-TIim1~1a~a,, 1<:1sl1111ir, etc. wit11 wl~icll are 
inclnded Muutgomrrir's liolltes. Vol t lrne T . I ' i~ncl~,  I<i~311 11ii1. :1'11(1 La(lRhllv 
by Ma.jor M ~ I S I ) I I ,  n1.c , R K., First Edition, D<.!ll.a D ~ I I I .  l92'?. Prim H o ,  f .  

Enplorntio~~. 
1. "Accoanl. of t l ~ r  Survey Opel-ntioll~ i l l  colillectiotl wit11 tJle 

Mission to  T ; I ~ * l c a l ~ ~ l  :In11 IinsIlgn~. i l l  187:-)-$.4, I)? C;~~)t;t i l i  I ~ P I I I . ~  ' I l~~ott~l ' ,  1l.E 

C'nlcuttn. 187,;. ( 0 1 1 t  o f  !)rint).  
3. I t ~ p ~ ' ~ t  m] OIP 'J'lxnn-IIi~niiIny;~ n T;: u l ~ I o t * i ~ ~  ionu 1 1 1 1 t . i l l ~ :  l H ( ; ! J  (Ollt o f  

pri11t) 
3. Rel'ort on t,llc T~,nl~n-TIirniil:lynn Esl,lori~Iiol~s t l u~ , i~~ : :  lsic). 

I ,  7 (Out  o f  j ) r i l~t) .  
4. Report on the l 1 r ; ~ n r - H i ~ ~ ~ 5 , l n y s ~ ~  Krploratioos 11~1ring lgi8. 

Culcuttn, 1880. (011 t o f  print) - -- - 
* For Deparbmental use only. 
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Unclassified Papers.-(Continued), 

Special Reports. 
1. Jclieport on the  Muasoorie nnd Lnndour, Rumaun and QnrI~wBl, 

Ili~lilthet rind Kosi Valley S n r v e p ~ ,  extended to Fesl~L~vnr a ~ ~ c l  T<BghBn 
Triangulation during 1869-70, by Major '1'. G. Montgclme~.ie, R.E. (Out  of 
~ ~ r i ~ i t ) .  

2, l teport  on the Recent lleterlninntion of the  L o ~ ~ g i t u d e  of Madms, 
by Captain S. Q. Burrard, R.E. Calcutta, 1897. (Out  of print). 

3. "1Cepo1-t on the Observations of t l ~ e  Totnl Solar Eclipse of 6th April, 
1475 nt C n n ~ o r t ~ ,  Nicob:~r Isl;lt~ds, by C a p t n i ~ ~  J. Wnterl~ouse. Ca,lcuttn, 
1875. ( O u t  of print). 

4. "'l'he 'I'ot:d Solnr 15clipse, 221irl Jna i in~y ,  1895. Dehrn 11611, 1899. 
(1) l leport  0 1 1  the obser\~alions a t  llumrnnn. 
(2 )  lieport on the ol)ser\.atio~ls a t  P111geon. 
(3) lieport OII  the observat io~~s a t  Snhdol. 

5. *Report on Iloci-il Attl-nction in Indin, 1803-94, hy Cnptnin 
S. G .  Burrn~.d,  11.13.  Calcuttn, 1895. (O~i t ,  of  p r i ~ ~ t ) .  

G .  "lieport on the 'l'ri,nonometrical liesults of t11e E n ~ . t h q u a l i ~  i l l  

Ass:~rn, by C:lpt,:ljn S. G. 13u1~nrd, 11.~. C:~lcuttn, 199s. ( O a t  of print,). 
7. "Notes 011 tile 'I'opographicnl Survep of I l ~ a  1/50,000 Sheeta of 

Algel-in by the  Topogra])llical Sectioii of t.lle " Service G e o g r a p l ~ i q ~ ~ e  
de l'A~.rnee", by Captain T I T .  R1. Coldstre:~m, R.E. Calcutta., 1906. 

8. * T l ~ e  Sitnla Est.ntt.a I<outidnt-y Survey 011 the  scale of 50 feet to 
1 i r ~ c l ~ ,  by Cnptai~i  E. A .  T;~ndy ,  R.E. Cslcottn, 1906. 

9. * A ,  note 011 t l ~ e  stage 1-encl~ed by t , l~e Geodetic Opel.n,tio~ls of 1l1e 
Survey of India in 1920, by lit,.-Colorlel 1~t.TIlcC. Cowir, R.N. 'l'l~e hlngnetic 
Sul~vey of Ind i ;~ , ,  by Rlnjor 1C. I-I. 'l'homns, ~ ) . s . o . ,  R . K .  n ~ l d  n  rote on t l ~ e  
present l eve l l i~~g  policy, by Mn,jor I<. DInson, nz c , n.1;. Dehm Diin, 1922. 
(Out, of P r i ~ r t )  
Caodcsy. 

1. RTot,es on t , l ~ e  l ' i~eory of Errors of Obser\.ation, 1)y J. ITccles, n1.A. 
Dell 1.n l l611,  190:j. PI.;CP A S .  S. 

2. *Xoto on n Cltallge of the  Asea of t,l~c: 'l 'e~.rest~~inl Spl~e~.oid i n  
relnt,io~i to t l ~ e  'I'rinngulntion of  the G.'I'. Survey of Indin, by .J. de Gt,nnff 
I I u I I ~ , ~ I . ,  M . A .  Debra Dull. (Out  of i t )  Ilon inco~.l)ol.at,etl i l l  

L'rof'cssionnl Paper KO. 16. 
:3.  Iteport O I I  t l ~ e  Treat~neut ,  rind ucre of J l lvn~~ i l l  ~ ~ l e : ~ s u ~ - i ~ ~ g  aeodetic 

Rases, by Ca.l,t;~in I~I. TI. 'I'u~-tler-, 1~17. 'Lotltlo~~, 1!)07. P~.ire A s .  S .  

4, *lllvestigatiolls ~*egnl~tlill,n (:~.:lvit? :111tl ~ s o s l n s ~  I\'. IIe is l ia~~en 
~ T I . X I I R I R I P ~  bS Y. I'clts ~Tsq. lieviserl : L I I ( ~  co~nplrtccl I)y Rlnjor C 11. 

I I Ihon~psot~,  r A , )  1)elira 1hi11, 192q. 
~'ro,jcctions. 

i .  0 1 1  the I , lsojectio~l ~rscttl t'ots t11e Genc~.nl ITnps of lntlin.. De111.n 
])fin, 1003. ( O u t  of print.). 

2.  *()11 tile t lcfol*mntian ~ . c s , l l l i l l ~  ~ I - O I I I  t!1(? 111(.~t.l10(1 of ( ' 0 1 1 ~ ~ 1 ' 1 1 ~ t i l l ~  

tile 1 ~ ~ t , a ~ ~ n n t i ~ ~ : ~ ~ l  At,lns of t l ~ o  \Yorltl or1 I l ln  sc:11ta of OIIC to olle rnillio~l, 
by CI1. I ~ ~ l l ~ r n n ~ ~ ~ l .  'I'I.:~llslnted by .I. ISrclos, nr.,\., tojietllc~~' n.it.11 tables for 
t,he ~ l ~ o , j ~ ~ t , i ~ ~ ~  of 1/1\1 nlnl lN 011 the Intcb~.~~nt.ioiinl s j . s l f ~ ~ n .  l)el~l,n DI-Ill, 
1612. (Otit of print). 

-- . - -- . - 

+ For l)cl~nrtmentnl nse only. 
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Unclassified Papers. -(Concluded). 

Mnpping. 
1. *A Nnte nn t he  different met,lioda by which liilla can be represen. 

ted upon mnps, by Colonel S. G. Burrard, c.s.I . ,  R.E., F . R . ~ . ,  surveyor 
General of India. Simln, 191'2. 

2. + A  Note on tlie representntion of liills, by Afajor C. L. I{obertson, 
c . M . G . ,  R.E. Dehrn Dun, 1912. 

3. *A Note 011 tlie representntion of hills on the Maps of Indin, by 
Mnjor F. 7V. Pirrie, I.A. Debra Dun,  1912. 

4. +A consideration of tlie Contour interrnls, nlid Colollr Scales, best 
suited t o  Indinn 1/31 maps, by Captail1 M.O'C, 'l'nndy, n . ~ .  Cnlcutta, 
1913. (Oa t  of print). 

Professional Papers. 

No. 1-Pro,iect,ion-011 tlie Projectioll for n RTap of India, nnd adjn- 
cent Countries, on t,he scnle of 1: 1,000,000, by ('ololiel S t .  G.  C. QOI-e, ILE.  
Second Hdition. Del~rn  Dun,  1908. Price Re. 1. 

No. 2 "Bnse Lines-Metllorl of ~ n e a s i ~  ri I I , ~  Geodetic Rn~es  bp inealrs 
of Rfetnllic IVires, by RI. Jiiderin. (Tl.anslatec1 from Memoires PresentGs 
pnr Divers. Savants ii 1' Acad6mie rles Scieilce~ de I '  Inst,itute de Frilltce). 
Dehrn Dun,  1899 (Out of pri11t.l. 

No. 8-Bnse Lines-Rlethod of  mensn~-ia,a Qeoc1et.i~ Bases by lnenns 
of Colby's Compensated Bars, compiler1 by Lient.. H. McC. Co\jlie, n.E. 
1)ehrn Il i ln,  1900. (Ont  of print,). - 

No. 4-Spirit levels-Notes on the  Cali brntion of Levels, b.? 
Lieut. 15. A. 'I1:lndy, R.  E. Del~rn Dull, 1900. (Out  ot' print). 

No. 5-(;leodesy-'l'he A ttrnctioll of tlie Hilnltlnyn Rf oirntaiils upon 
Plumb-Lioe in Indin, considerations of recent dnt,n, by Afn'jor s- 
Burl-alad, n.e. Scco~rd Edition, Deh1.n Lhin, 1901. Price Bs. 2. 

No 6-Bn~e Lines-Account of n 1)eterlninntion of the Coefficients of 
JCxpansion of the Wj1-e~ of the .JacIel-in Base Line Appn~.ntu~,  by Cfiptflln 
C. P. L e n ~ s - C o n y n ~ l ~ n m ,  R.E. De11rn Dun, 1002. (011 t, of prilit8). 

Xo 7-+Iiacellnnco~~u. Cnlcnttn,1003. 

(1) On tlle rnlues of Longitude emploged ill Innl's of tll@ 
Survey of Jndin. 

(4) I~evelling ncross the Gn.ri,nr,s n t  1)iiinuiidia. 

(3 )  1Srpei-ilnent t o  test tlte illclanre in tilt? lrlIgt,ll of " 
levelling st.i\ff due to ~iioisture anrl t r ~ i i p e r n t l ~ r ~  

(4) Ihscr ipt io~l  of n s11ll-di~1 designed for  use \~it.ll t ide- .v11~~~,  

(;i) N icl{el-steel r~lloys atid t , l~eir al,pl ichntion 1 0  Geode's. 
(T~.nnslnterl fro111 tlie Frcncli). 

(6)  1'Iieor.y of elert,t.ic lrrojrctoro. ( ' l 1~1~s l a t ad  f1.0111 tllp F'wncl'). 

No R-Mngnet ic -Hnl )e l -~nt~  made t o  (1et.er1iiine 1 1 1 ~  t ~ l l l ~ e l ' ~ ~ ' ~ ~ ~  
roefficieots of W n t * o l ~ ' ~  LIag~ietograplls, by Cnptnili 11. l)cnholm 
Frnser, R. E. Cnlcutta, 1905. price Re. 1 .  -- 

* For Departmental ~lee only. 



Professional Papers.-(Continued). 

No. 9-Geo(lesy-An Accoul~t of the Scientific work of the Survey 
of Jndia, and a Comparison of i ts progress wit11 that  of Foreign Survegs. 
Prepared for the use of the Surrey Committee avsenibled in 1905, 
by Lt.-Colonel S. G .  Burral-d, n. E., F. IL. s. Calcutta, 1905. Price Re. I .  

No. l ~ - P e n t l ~ ~ l ~ ~ n ~ s - T l ~ e  Pendulutu Operations in India, 1903-1907, 
by JIiljor G. P. Lenos-Cony~~gl~am,  R, E. Delrrn Dun, 1908. Price Rs 2-8. 

No. 11-1Cefroctia11-Observations of Atmospheric 12efractiou, 1905-09, 
by H. O. Sliaw, Survey of Illdia, Debra Dun, 1911. (Out  of print). 

No. 12-Geodesy-Ou the Origin of the Hi~iliilaya &louutirins, 
by Colonel S. G. Burralad, c .  s. I., R. E.,  F. IL. s. Calcutta, 1912. Price Re. 1 .  

NO. 13-Isostasy-Investigntion of the Tlreory of Isostasy in Iiitlia, 
by Major I-I. L. CrostItwi~it, R.E. Dehra Dun, 1912. (Out of print) 

NO. l . d - R e P r n c t i o ~ ~ - ~ \ o ~ ~ ~ ~ ~ ~ l s  for Atmosplleric ltefr;rctio~l, and their 
application to  Terrestrial ltefrsction aud Geodesy, by J. de Grttnft' 
II~uiite~., M.A.  Dehra h i l l ,  1913. Price Rs. 2. 

No. 15-Pe~~dulun~s-The Peiidululn Operntions in ludia and Rut-mil, 
1908-13, by Captain 13. J. Coucl~~nan,  11.1~. Dehra Dun, 1915. Price Rs. 2-8. 

No. 16-Ge~de~y--'l'lle Eartlr's Axes and 'l'riangulation, by J. de Grnnff 
H~uiite~., nf a. Dehra Duu, 1918. P+ice Rs. 4. 

No. 17-Isost11sy-I11vesti,orttio11s of 1 sos t : r~~  iu H ~ I ~ I ~ ~ J ' R I ~  i111d iieigh- 
bouring regions by Coloilel Sir S. G. Burrard, K.c.s.I., I~.E.,  v .11 .~ .  Uelira 
Duu, 1918. (Out  of priul;). 

No. 1 8 - - I s o u t ~ ~ y - ~ ~  criticis111 of Air. It. L). 0ldll:1111's lneuioir " 'l'lle 
structure of the Iiiuliilayns nl~rl of the Gnugetic Plnill", by lit.-C'olonel 
H. McC. Cowie, n . ~ .  Dehra Dun, 1921. Price Rs. 1-8. 

No. 19-ilerinl Pl~otogral)l~y-Experiuients iu 1lerop1:uie Plloto Sur. 
veyiug, by A1,zjor C. 8. Lewis, l t . ~ . ,  nud Cicptailt 11. G. Sirlu~oud, (Late u.A.F.). 
Debra Dun, 1920. Price Rs. 1-8. 

No. 20-Air Sarvey- Hecor~ltnissance Survey from Aircraft, by 
Lt.-Colonel (3. A .  Benzelep, D.s,o., ~ L E .  Yeltrn Diiu, 10'27. Price Rs. 1-8. 

No. 21-llect,n11g11lnti011-1rri~atiou aud Se t t leu le~~t  Surveys 1026, by 
Rlnjur J. L). Campbell, u.s.o., IL.E;. Delrra Dt11 1927. Price h ) ~ ,  1-8. 

NO. 29-Level:i11g-'llhl.ec Sources of Error in precise levellinp, by 
Celltail1 G. Boiiiford, R , I C .  L)el~ra Di~i l ,  1929. Price Ks. 1.8. 

Departmental Papers SeriesnLN 
KO. 1--llyl,e-A collsit[oratiou of tlle iiiost suitable forltis o f  lype 

for use ou ulnps, by C;rpt;~iri M. O'C. 'l'audy, R.E.  Deltra L)iin, 1913. 
NO. ~-SYIII~UIS-A review of tlie Bouuc1a1.y Syurbol~ used 011 the ~ 1 : l l l b  

of various countries, by Citl)t~ilr  R1.O'C. 'll;~,udy, n .E .  Uehrn L)i~u, 1912. 
No, 3-Mq,s-Extrncl; f r o m  R;enr Mnp of Itsly, Scnle 1 :  . . 100,000 ", by IJulgl Cfinl~i1itrn~;~~lri. Tl~nilslntecl froin the 1t:Lliall by 

Rlajor mr. M. C'oltlstrcnm, I L E .  Dehrn l)ilu, 1913. 

No ,  4-Tolyll S1lrvqw-A report 011 the practice of T ~ \ v u  Surveys ill 

the United I<ingdolll and it,s apl)licntion to India, by Major ('. L. E'Lobertsoll, 
c.nr.cl., R.F. .  Dehrn 1)iiil. 1913. 

No. 5- Stcr.cn-l,lottcr-'lllle 'pllolnpsoll Stereo-l,lo(tel. ;~11d its IISC, \~ i t l l  
uotes 011 the fieltl by Licut. I(. Blnson, 12.s. L)clira L)illlt 191;;. 

I__ _- . ---.-- - 
For Departme~~lsrl  llse only. 



Departmental Pa.pers Series.*-( C ~ u t i ~ a a e d ) .  

No. 6-Levelling-Levellit% of High Preci~iou,  by Ch, ~.allernalld. 
'l'rn11~l;lted from the  French by J. de GrnnfF Hunter,  nz .1 .  L)ehrn L)iin, 1914. 

No. 7-Stnndnrd Bnrs-Bilr Compnrisons of 1907-08, by Major H. McC 
Cowie, R . E .  Dehrn Lhin,  1015. 

S o .  S-Hcl i~ -%in~~grnpl ly -Re~~ort  on ICubber Off-set I'lat bed h1rcllire 
Printing, by Ci~ptniii S.  W. Snclrville Hsrnilton, 11 E. Calcutta, 1915. 

No. 0-Stereo-Aato-Plotti11g-~4 translation of Paul L'orbin's lireiich 
St6r6o AutogrammQtrie, by Lt.-Colonel H. JlcC. Cowie, 1L.E. lle1il.a 
Dim, 1922. 

No. 10-I'rojectioa-'l'lle Lambert Conical Orthonlorphic Projection, 
by L t  -Colonel C. 11. Thonlpson, I .A.  Dehra D ~ i n  192'3. 
Professional Forms. 

A large number of forms for  the  record and reductio~i of Survey 
Oj~erations are stocked a t  Dehra Diin. 
List of more important contributions by the Officers of 
the Survey of India to various extra-departmental pub- 
lications and related articles. 

1. t ludia 's  Coutribution to  Geodesy, by Gene1.111 J. T. n7allter, X.E., 
c.n. ,  Y.S.Y., LL.I). (Phi1osophic;ll Transactions, Boyal Society, Series A ,  
Volume 186, 1895). 

2. +On the  Intelisity and Direction of the  Force of Grnvity in Indill, 
by Lt.-Colonel S. G. Uurrard, n . ~ ,  F.I(.S. (Philosophical 'l'rausnctioes, 
lioyitl Societ,y, Seriev A,  Volume 205, pnges 289-318, 1905). 

8.  $A climb ou Kolahoi, by Lielit. Keuueth &Jason, 1 1 . ~ .  (lioyol 
Eugit~eers  Journal, November 1010). 

4. +On the  effect of the Gaugetic Alluviutn 011 the Plutnb-line ill 

Nor t l~eru  ludia, by 1{.. 1). Oldhnrn, F.II.S. (Proceediugs o f  tlie Boyi~l Society, 
Series A ,  Voltune 00, pages 82-40, 1914). 

5 .  +OU the orig111 of the Iudo-Gangetic trough, corn~l~ouly called tllc 
IIiulilrtyan l'ol.edeep, by Colonel Sir 8. G. But-rard, K.c.s.I., R.Y., ~ ' . f i . Y .  

( Pl.oceedings ot' the Koyi~I Society, Series A ,  Volume 01, pages 230-2:38,1912)- 
6. SThree co~nprel~er~vive ;~rticIes 011 Cornpnrators for the ludiilll 

Uo\.eruuient" froui a report by bliijor H. 1lcC. Cowle, ILE. (~i~~il leer i l lg ,  
Aug. 2U, Bug. 27, Sept. 3, 1915). 

7. 1 :  Idsntifica~,tiou of Pealis in tlie lJim.iil i~,~:~ with notes, by ~oloilel Sir 
S. ( f .  B~ll.rnrd, K.c.Y.I., 1 1 . ~ . ,  F.II.Y. ( G e ~ ~ r i ~ p l l i ~ i ~ l  Jo11r11:\1, SelJte~~iber 1918). 

8.  / I  C;eolugical interpretatiollu of (deodetic Keslrl ts, by  lol loll el Sir 
S. Cf. Bl~rr;~rcl, ~c.c.H.I. ,  11.u., F . I L . ~ .  (($eogrnpliicul Journa,l. October 191H), 

! IIWar S~rrvegs in hlesopotaiiii;~, by colouel I?. W. Pirrie, c.fir.ci. 
I , A .  (Ueograpl~icitl .I011r11al, De~elli1)er 1918). 

10. Ili\ir l ' l ioto~rapl~y i l l  t i r c l i ~ ~ o 1 0 ~ ~ ,  by Lt.-C!olollel (j. 8 .  Eei~xelcy, 
u.s.o., 1t.p:. ((4eo~r:t,l)11i(~i1,1 .Jc)~~r~~ixl ,  May 1:) 19). 

* Icor I ) e l ~ ~ u t ~ ~ ~ e i ~ t n l  nse only.  
t Oht :~ i~ ia l , l c  I ' U O I I I  hrcssr3. U~I\ : ILI  ,t co,, :{it s ( ~ I I ~ ~ P ,  L o I I ( I o ~ ~ ~  \\',, Or 

Mc-sr?i. H n r r i m l  k Sonr:, St, hlnrtil1.s I,nlic, Lourloll, or t , l r c  l t oyn l  8ucict.g I I ~  Ullrlil1gtu1' 
I ~ I ) L I Q C ,  I.on11ot1. 

$ ( ~ l l t : ~ i ~ ~ ~ i b l c  L ' U O I I I  [ , I I C  Inst,it I I I  i o ~ i  o f  I:o.yt~l I C I I ~ ~ I I ~ ~ I  9 ,  C l ~ : ~ t l ~ n l ~ l .  . 11 

9 Ol~tx i i i a l ) l r~  Fl.r~rn Clrerles 1lol ,pl~t ,  ,Jnhn..loll a t  tllo oflice3 of " l~ ; l l~ incc f l l l .~  

3> n r l ~ l  36, Re~lforrl  Htrret Ytrnr~d, Lollrlon, W. C. 
ll Ol)te1naijle Irulll t l~c  lluytll Cfcogrnpl1ic;~l Yucioty, liet1siu;lul1 Go", Luu"ull' 

S.W.  7. 
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List of more important cont~*ibutions by the Omcers of - 
the Survey of India &c. &c.-(CotstirtuetJ), 

11. "Mapping from Air Photographs, by Lt,.-Colonel M . Pu'. MncLeod, 
R.E. (Geographical Journal, June 1919). 

12. *Hemit~iscences of the Map of Arabia alld Prl-sian (;ulf, by 
Lt.-Colonel F. F. Hunter, D s.o., I .A.  (Geographical Jour~lal,  December 
1910). 

1 "Central Tiurdistan, by hfi~jor I<. M;tsoll, n l . c . ,  R .E .  (Gee- 
graphical Journal, December 1919 ). 

14 u v e s  I A4euopotamia durit~g the War, by Lt, -Colonel 
(;. A. Beazeley, D s.o., X.E. ((feogmphical Jout.nal, February 1920). 

15. +A lecture 011 the 1Sa1.th's Axes nr~d ]'inure, by J. de Grsnff 
Hunter, M.A. (The Observa.tory, May 1920). 

16. "A brief review of the evidence up011 nhicll t,he 'Islleory of 
Isostasy has been based, by Colonel Sir S. G. Hrtr~-ard, I~.c.s.I. ,  a . ~ . ,  F.R.S. 
(Geographical Journal, July 1920). 

17. * A  nnte on the topography of the Kunl i tu~  hli~ssif in Ladskll, 
by Mnjor I<. Mason, M.c. .  R E. (Geographical Jourrlal, August 1920). 

18. "Kotes on the Canal Systeiu nud Ancient Sites of Bi~bylonia in the 
time of Xenopho~i, by Major R. bli~son, M.c., H.E. ((3eogra.pllical Journal, 
1)ecember 3 920). 

19. f A l l  Exploration in South- East Tibet, by Major 11. 'I1. Morshead, 
D.s.o., R E.  (Royal Engineers Jout.11a1, Jntiuarjr 1921). 

20. fl'opographic:ll Air Survey ( ~ ~ i t h  pla,tes ancl nlnps), by 
Lt.-Colo~lel G. A .  Bei~zeley, D.s.o., 1 1 . ~ .  (Royitl Etigi~ieers Journal, 
February 1921). 

21. :Projection of Maps.-h review of' some Inventigntions itt the 
Theot-y of Rlap Projections, by A. E. Young, nnd  Colo~~el  Sir S. G. Burrard, 
K.c.s.I., R. E., F.R.S. (Royal Engineers Journnl, Ma.rcll 1921). 

92, :Report on ISxpeditiori to  ICitmet, 1920. by Major 11. T. Morshead 
D.s.o., R.E. (Royal Engineers Jor~rnal, April 1922). 

23. *'J'he Circulation of the l<:~t.t,li's Crust, b!. Lt .  -Colonel 
E. A.  'I'n:~dy, R . E .  (0eopraphicnl Juur11111, Mi~,y 1021). 

24. §Johnson's Suppressecl A s c e ~ ~ t  o n  l3 Cil., by I\lnjor I<. Mason, 
M.c. ,  1 1 . ~  (Alpi110 Jonr~lal, Noveillber 1921). 

25. *Stereogrnpliic Sut,vey. '1'11~ ~lltocarto,ora,pl~, by T,t.-Colonel 
M. N .  MncLeoci, r).s.o., R.E.  (OeograpIlic;l,l Jollr11n,l, April 1922). 

26. fThe " Ca.naclin~~" plloto-tol~ogr:~,l,Ili~i~,I 11lrt.llod of Survey, by 
Captaill nnd Bt. hfnjor E. 0. \Vhre.ler, n r . c . ,  II.E. (ltoyal E~lgineerv 
Journal, April 1092). 

27. §The Sul.vey of n l  I - .  W .  II.  Jo l~nso~i  in ill(+ I<'1111 Loll in 1865, 
Rliljor I< R ~ ; L W O I I ,  M.c. ,  R . N .  (Alpine Jortrnul, &oreu~bcr 1>122). 

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

* Obinin;rlllc I'lom ( l lc  ltoy:ll (:cogrnlil~icnl Socic!t~, ~ \ ~ l l ~ i l I g t o l l  UOl'c. Loll(lon, 
S.W. 7 .  

+ o h t n i r l n l , l c  frorll ; \ I ~ ~ ~ ~ ~  r r I I J . ~ ~ ~  k ~ ~ I . : L I I c ~ ~ ,  Rc(l T ~ i o ~ l  Cour t .  Flcci Street, 
Lontloll, W.C. 

f ()bt ,nil lnl~le f roln  I n p l i t ~ ~ t . i o n  of Ro,r:ll Ic~l<incl~I.*, Cllfitllnllh. 

$ 0btninnl , lc  f rom Al,,il~e C)lnb. 23 S n ~ i l r  l:o\\'. T A 2 I l t l ( ~ l l ,  \V. 1. 
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List of more important contributions by the Oficers of 
the Survey of India &c. &c.-(Contiwz~ec~). 

25. *Grav~ty Survey, by J .  de Granfl Hunter, M.A., s c . ~ . ,  F. INBT. p. 
(A Dictionary of Applied Pl~ysics, Vol. 111). 

29. +Trigonometricnl Heights and L4tinospheric Refraction, by J. de 
Orn~ff Hunter, N.A., s c . ~ . ,  I?. INST. P. (A Dictionary of Applied Physics, 
Vol. 111). 

30. Geodesy, by Colonel Sir G. P. Leaox-Conpngllnm, Kt., R.E., F.R.B. 
-and J. de GrirntY Hunter, M.A., ~c .D . ,  F. INST. P. (Enc. Brit. 12th Edition, 
Vol. XYXI, 19'22). 

31. tThe  proposed Dete~. ini~~ation of Priiilary Longitudes by Inter- 
national Co-operation, by Colonel Sir G. P. Leuox-Conynghlim, Kt., R.E., 
F.R.S. (Geographical Journal, February 1923). 

32. tRecent Developinents of Air Photography.- (1) 'I'he adjustment 
-of Air Photographs to Survey points, by Lt.-Colonel b1. N.  MacLeod, 
D.s.o., R.E. (Geographical Journal, June  1923). 

33. :Mount Everast, by Major H. T. Morshead, D.s.o., R.E. (1Coyal 
Engineers Journ:~l,  Yept,ember 1923). 

34. t [ i i s !~en  Singh r t t ~ c l  the Indian Explorers, by Major K. Mnson 
M.c. ,  R.E. (Geographical Journal, December 1923). 

35. $Electrical registration of height of water a t  any time in Tidal 
Prediction, by .J. de Qraaff Hunter, M.A.. SC.D,  F. INST. P. (Journal of 
Scientific Instruments, Vol. I, No. 8, May 1924). 

36. 1 1  Graphicnl  neth hods of plotting from Air Photogrnph~, by 
Lt.-Colonel L. N .  F. I.  Kin,, o.B.B., 11.~. 

37. +The Deroarci~tioil of the Turco-Porsi:~n Boundary in 1913-14, 
by Colonel C. 1-1. D. Rycler, R . E .  (Geogrnphicnl Jourunl, September 1925). 

36. Geodesy, by J .  de Granff Hunter, M A . ,  SC.D. ,  F.  INST. P. 
(Enc. Brit.  13th Edition, New Vol. ii, 1926). 

30. YThe 1)e Filippi k;xpedition to the Enstern Kara-lroraln, by B. B. 
and Colonel Sir G. I?. Leno.u-Conytlghn~n, Kt., R E., F.IL.S., M . A .  (Nature, 
13th 1'ebrunl.y 19'26). 

4U. tThe  LJroblem of the 8haIrsgarn Valley, by Colonel Sir Fl-nncis 
Youzlgh~~ab:iod, K c.s.I., K c.1 E. (Gcograpllical Journal, September 1926). 

41, tTlie Shnksga~n Valley and Aghil Range, by Mnjor I<. Mason, 
~u.c., R.E. (Geogrirpl~icnI Journal, A.pril 1927). 

42. A Rreiilz-Circnit for Pendulum Clocks. by .J. de Cfrnnff Huntcr, 
M . A . .  sc.n. ,  F. ITST.P.  (Rnlletirl Gkodiisique No. 14, April, May, June 
1927, Paris). 

4.3. t A  Gr:~phic~lI Disc~.ls~ion of the Figure of the Knl.tl1, by A . R *  
IIinko, c.n.E., F.R.S. (G~ogr:~phic;\l .Jonrnnl, June  1927). 

- 

* Ol,tninal,le f r o n ~  Mes~rq 3lrrcblill1tn $L Co. Limited., St,. ~ l l \ l ~ , i n ' a  
London. IV.C.. Llonil~ap. Cnlcntt,a. Ifndrss, Melho~lrne.  

t Ol,tniunl~le from the 1;oyal Geographical Society,  Kenin,ct,on 
a.m. 7. 

f 0 b t a i n n l ) l ~  frt~ln the Inst,it,nt.ton of Royal en pincer^, C I I I I I I I : ~ ~ ~ ~ .  
$ Ol,tninnl,le Ertlm the Institute o f  L'bynirn, 90 C;re~bt 1tnssc.l St.1'ect,, Londonf 

W.C. 1. 
1 Ohtnina1,le from H.M. St,atinnnry of ice ,  hrlaatral Hunae, Kinp\VnY, London' 

W.C. 2. 2S, Ahinrdnn Btreet,, Lnn,lon, S .W.  
7 O1,tninnl)lc frnm the  office of  ?inture. St,. Martin's Streel .  Lolldono w.C' 
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List of more important contributions by the OfHcers of - 
the Survey of India &c. &c.-(Concluded). 

44. "Survey on Active Service, by Captain Q. F. Heaney, R.E. (Royal 
Engineers Journal, Juue  1927). 

45. A Report on the Geodetic work of the Survey of Iiidia for the 
period 1924-27, by J, de Qraaff Hunter, ma., s c . ~ . ,  F. INST. P., presented 
a t  tbe third meeting of the International Uniou of Qeodesy and Qeophy- 
sics, Prague, September 1027. 

46. +The Stereographic Survey of the Shaksgam, by Major K. 
Maeon, M.c.. R.E. (Geographical Journal, October 1927). 

47. +Figure of the Earth : correspolide~~ce by J. de Qraaff Hunter, 
M.A. ,  sc .~ . ,  F- INST. P. (Qeogr:~phical Journal, December 1927). 

48. +Figure of tlie Ear th :  correspoudeuce by Captain G. Bomford, 
n.E .  (Geographical Journal, December 1027). 

49. +Reply to Captain G.  Bornford's letter on Figure of the Earth 
(No. 48 of list), by Captain G, T. McCaw and A. R. Hiults, c.B.E., F.R.S.  

.(Geographical Journal, December 1927). 
50. Figure of the Earth-Presidential address by J. de Granff Hunter,  

ar a , s c . ~ . ,  F. INST. P., at tlie Section of Rlatliernatics and Physics of the 
Fifteenth Indian Science Congress, Calcutta 1028 (Published by the Asiatic 
Society of Bengal, Calcutta). 

51, +Note on Sir Francis Youugliusband's Urdok Glacier, by Major 
Kenneth Mason, ar.c., R . E .  (Geogrnphical J o u r ~ ~ a I ,  March 1928). 

52. $Some Applications of t l ~ e  Geoid by J. de Graaff Hunter, firer., 
s c . ~ . ,  F. INST. P. (The Observatory, June  19%). 

.-pppp--p ~ . 

* 0btaiunl)le Fro111 the Institutiou of Royal Engineers, Chntham. 
t O b t a ~ u ~ ~ b l o  f r o ~ l l  t , l ~e  lloynl Geogt.npl~ic:~l Societ,y, I<eusinglon Gorc, Londou, 

S.W. 7. 
$ Obtail~nble from hlessrs Taylor autl F1.alicis, lletl Liou Court, Vlcet Slreet ,  

IJOII~OU, 1v.C. 

Geod. Ur. P.0.-450-1929. 
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