


Colonel Crosthwait, whose photograph appears as  the frontispiece 
of this volume, joined the  Survey of lnd ia  in November 1897. Prom 
1897 to 1902 he was in charge of the Tidal and Levelling party, and 
from December 1902 t o  J u n e  1903 was employed with the  Chili- 
Argentine Roundat-y Comm~ssion as Assistant Commissioner. His 
services there were highly apr~reciated in the Report of t11 tn Commission. 

He  was then employed on topogt-aphical survej.s in the United 
Provinces, on the  North West  Frontier, and on forest s u ~ * v q s  in Bombay 
until 1910. Subsequently he held charge of the  Pendulum and Astro- 
nomical parties, and, in 1912, published a paper on lsostasy in lnd ia  as 
Professional Paper No. 13. 

During the Lvar his services were retained in India until 3918, 
when he was placed in charge of tlle East  Persia Survey party for a 
year, and later of tile Wazir is t in  Survey party in 1919. &'or his 
services in Wazir is t ln  he was rnade a C.1.E. 

He was Superintendent of the Trigot~ometrical Survey from 1921 
until his retirement in 1923. 

Since retirement he has become a Director of the Aircraft 
Operating Company Ltd .  of 8 New Square, Lincoln's Inn,  London 
w. C. 2.  
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INTRODUCTION AND SUMMARY 

T h e  Geodetic Branch  has  n o t  y e t  re turned t o  t h e  fu l l  no rmal  scientific 
activities of pre-war dabs .  H a p p i l y  i t  is m a k i n g  progress in t h a t  
direction. I n  t h e  p resen t  year  N o .  1 3  (La t i tude )  a n d  N o .  14 (Pendu lum)  
ilarties, hav ing  done  a long  ssuninler field seasou in tlie Kaslirnir  valley 
and Deosai plains, remaiuecl a t  head-quarters d u l . i 1 1 ~  t h e  win te r  a n d  
No. 1 5  1)arty (Tr i angu la t ion )  ~esumec l  operations wi th  a s ingle  detach- 
ment. No.  1 7  p a r t y  was  actively enll)loj.ed on both  geodetic a n d  
commercial levelling. 

A t  t h e  C a m b r i d ~ e  mee t ing  of t h e  In teruat ional  Union of Astro- 
nomy, t h e  impor tan t  In t e rna t iona l  longi tude  sclleme hat1 been fixed t o  
begiu on 1st October I926  ; a n d  i t  w a s  t h e n  decided t h a t  pre l iminary  
practice o b s e r ~ a t i o n s  s l~onl i l  conlmence a f o r t n i g h t  earl ier .  A t  I l e l ~ r a  
D i n  1)rel)arations were  in hand  t l ~ r o n ~ l ~ o n t  tlie yea r  a11d every effort 
was necessary t o  g e t  a l l  t h e  ins t>rumenta l  a.rra.ngelnents intjo first cla,ss 
order. , 4 ~ a r t ,  f rom new a l ) ~ a r a t ~ i s  oI)ta.ined frora ISngland, a consider- 
able a m o n ~ i t  of equil lment was  clesigl~etl a n d  niaclc locallj-, ~vli icl i  wil l  
be described in  d u e  course \\-hell tlie account of t h e  longi tude  work  i s  
pub!ished ; sonle meution is made  of th i s  equil lment in C 1 1 a 1 ~  1 $$ 19-23.  
r I Lllc 1)ersunnel of Conlput, ing a n d  l ' idal  l~ai't'!., Kos .  13, 1 -I. ancl 15 
parties, as \\.ell a s  officers uncler i ~ ~ s t r n c t i o n ,  were involvetl in tlle longi-  
tutle \vol,k ill v a r ~ i l ~ g  degrees. Sis oiiicers Rere  t ~ , a . i ~ ) e d  ill t ransit  o r  
ast~.olnl)e obsel.vations, a n d ,  in t l ~ e  course of Illis u,orl-, certain possible 
i n 1 l ) r o v ~ ~ c n t s  in ins t rumen t s  a l ~ d  1)rocetlure canle t o  l ight .  

I<cctnngular co-o~.dinates ,  a s  us11aI1,~ eml)lo?ed ill t11c Snr\.e!- of I n d i a  
for t~:t\.r~.r-.e purposes, I ~ a v e  bee11 based on w h a t  is ] ) r ad ica l ly  Cassini's 
projection. 'I'llis l , r o j e c t i o ~ ~  is suited t o  n s t r ip  of c o l l u t r ~ .  r u n n i n g  
nortll ant1 s o n t l ~ ,  ant1 its dist,ortions a r e  ma in ly  In t h e  e l o ~ ~ ~ a t i o n  of t h e  
011tcr ~ n e r i d i a ~ l s .  1 ' h c ~ -  amonl l t  to a l ~ o n t ,  1 in  1,000 a t  a t l i s t ' a ~ ~ c e  of 
200 nrilt-s f rom t h e  cent ra l  ~nrr ic i ian .  T l ~ r  ])~.ojccIion is not  o r t l ~ o ~ l ~ o r l ) l ~ i c .  
As n r c s t~ l t  of a (leeision of a n  Art , i l lc~,y Srlrvej- Conference allother 
l~rojcc t ic~~t  has heell introtlr~ccd fo r  ~ , ec tancn ln r  co-ort l i~tatcs.  'L'llis is the.  
Lanll)c.l.t o r t ~ h o m o ~ ~ l ) h i c  1,rojedion.  I t  11as beell atl:ll)totl t o  tile l<vel.cst 
~pllthl.oitl and  reta.ins i t s  t ~ , ~ i l ~ -  o r t , I i o m o ~ ~ l ~ l ~ i c  cl1arnctc.r. Tables  a n d  
fo1111s i'or I IFC 011 th i s  projection 11avc been preparctl ( ? * / ( / r  Clla1.1. 1 $ 5 ). 
I t  is nrccSssary to  issne a n.a.rning t that  t h e  oltl f'ornls ( 8.!4,10 T I ~ v . )  f o r  
~on1l)~ltn. t  ion of ~ . ec tangn la r  co-ordinates callnot be useel \vit 11 t l ~ i s  pro- 
jection. 

1\11 cbnc1uil.y in to  differences hctn.een spirit-lcvellccl a n d  tr iang~ilnt~ecl  
he igl~ts  is ill lwogress ( t i t l e  C l ~ a p .  I Q 7 ). 

Titlal work 11as gone on 1nucl1 as iisnal. At tent inn is d r a w n  to 
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t h e  corrections found desirable in tlie case of three  riverain ports 
( vide. Chal). I 4 13). I n  tlle case of Rangoon it appears t h a t  the  need for 
t h e  corrections is due  t o  very considerable changes in  t h e  river channel 
since the  pretlictiol~ tables were prel)ared. 

Comparative test observations for t ime were made in t h e  Walker  and 
Hunte r  observatories and jnst  outsicle t h e  former. 'I'l~e results sugyested 
refractiou uncertsintv in the  case of tlie former  observatory, the  uhe of 
which has since been dtscontinuecl ( 1.kde Chap.  I $ 18 ). 

1Iovin:-wtre tnicronieters mere fitted for  the  first t ime t o  tlie two 
transit  instrnrnents ( vide Chap. 1 $ 19 ). 

_A three-valve wireless set  was installed. ( zlitle Chap. 1 $ 22 ). 
Work has been continued steadily a t  the Delira D i n  magnetic 

observatory ( vide Cliap. 1 $$ 24-32). 
T h e  compntation of Kodaibinal  ancl Tounqoo magnetic ~bserva t~ory  

rcsalts had fallen lal-gely into arrears, when pnblication was suspcllded. 
This  was bron:ht lip to  date  this  year, and  the  results ~)nblisl~ecl in 
Geodetic Report Vol. I. 

Geotletic trianqnlation has been resumed a f t e r  an  iliterval of eiqht 
years ( vlile Chapter 11 ). 

Three t le tachment ,~ have been employecl 011 levelling of lii:l~ preci- 
sion. I n  atldition, secondary and tert,iary l e v e l l i r ~ ~  for  t h e  So t le j  Valley 
Irrigation Project was completed ( vide  Chapter  111) .  

T h e  met~liotl used for levelling across Kar;tclii harbour for high 
precision pllrl)oses is given in Chap. 111 $ 11. 

Sorne tlilficr~lties which have arisen in the  a d j u s t n i e ~ ~ t  of the  high 
precision l i n ~ .  frorn R:iniga,nj t o  Dinn.jpnr are cliscussecl in Cliap. 111 
$ 12. 

High  precision levelling was carried act-oss t . \ ~ o  consiclerablc river3 
in Rengd-.the M ; ~ I i ; i n a n d ~  an11 the  P~c l rns ,  the  la t ter  being 37 cl~ains 
wide ( vide Cliap. I11 $ 13 ). 

Bench-n~nrl;s made on livinq t,rees have been t~ntler observations at 
Dellr:~ Dun for -;om? 12 yexrs. Colonel C,)t,ter tlisc~lssus tlteir l~ossil)ilities 
in Chapter I V .  

'r11e ' l l~. iqc~~~o~nr:tt' ici~l  H a ~ ~ i l h o o k ,  printer1 in 1902, is ou t  of 1)rint; 
anrl also newls revision. I t  is to  t)c grarl~lally t.el,lacetl 1,- a, (ieo~letic 
H:~l i~lh~)oI i ,  pnl) l i+l~e~l  in seprtrate cl~:t~)tr:rs. 'Plrc: c I ~ a l ) t e ~ .  on  Lcvc~lling 
of precision written hy Mr. 14. C;. Slia\v, was I ~ ~ t ) l l s l l e d  in l9:?0. A 
srrontl etlitiot~ of t , l~is,  comprising corlsitlera1)le motlilical.ions, is now 
a t  1)ress. 'L'llc r.ltnl)te~. 011 the Ticles, b!~ AInjo: C. AI. Thonllwotl, I . . \ . ,  
\vns ~ ~ n d e l -  11nl)lirntion clurinq 1925-26, ant1 has sillce been I~nl)lisllr:rl. 

The  p ~ l - s o ~ ~ ~ l e l  of the C+eoiletic Rranclt is given on t,hc ncxt  p:i,:e. 

6. DE ( ; I ( . . \ .~FI;  H I T N T E I ~ ,  

Direc tor  o f  the Gcodetkc ~ 1 . a n 4 .  
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COMPUTING AND TIDAL PARTY 

AND 

CAPTAIN G.  BOAIFORD, R.E. 

(i) Computing Section 

1. Iqzdian trian,yulatiof~ pnn13hlets.-Triangulation data of 23 
Indian degree sheets have been compiled. Four pamphlets have been 
printed, and 5 pamphlets are in the press. Shortage of stock of triangu- 
lation which number about 1000, is being steadily made up 
by reproduction by pl~otozincography. The opportunity is being ntilised 
to make such minor additions as  will not interfere with reproduction. 
Proofs of 126 pamphlets have been examined, and 40 pamphlets have 
been photozincographed. 

2. 'Irap t~ian~~tclalio71. paj)?plllets.-The compilation of the ' I r iq  
triangulation pamphlets has been continued. These pamphlets contain 
the work of the Turco-Persian boundary colnmission of 1913-141, and 
active service surveys of 1914-1920. There will be about 27 pamphlets 
in all, of which 1 2  have so far been compiled. Many parts of the work 
started from isolated bases with assumed heights and longitudes, and 
approximate latitudes. Connection has since been made, and all have 
been reduced to terms of the astronomical latitude and longitude of 
Fno, observed in 1913. TfThere possible, heights have been redncecl to 
terms of spirit-levelling based on the F i o  tidal observations by the Royal 
Navy in 1916; but connections have not been frequent, and the lines of 
levelling are less extensive than the triangulation. \\Thenever 'lriiq 
trianqnlation has been connected nrith t ha t  of the 'l'nrco-Persian bonntlarg 
comm~ssion, the results of the former have been accepted. The discre- 
pancies found amounted a t  the worst place to 1 second in latitude, 20 
secontls in longitude and 200 feet in height. It is to be rernenlbered 
that the Turco-Persian bo~indary work was in nnmerous sections, basetl 
on ind~pencleut latitude observations a t  a variety of places : somc of these 
were in morlntainous country, where considerable deviation of the vertical 
1s l~obable .  

3. Professional .fornss.-Traverse fornls 12, 13, 131, 17, 22, and 
To110 form 1 have beell reduced t,o foolscap size. Astrolabe forms 3, (11 
& 5 Ila.ve been modilied. The following new forms have Lee11 construc- 
ted and printed :- 
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3 A  Topo.-An angle book for use with the Wild theodolite. 
27 fl'oi~~.-Theodolite resection, for rise with spherical co-ordi- 

nates. 
6 Bst.-Conlbiuation of tlie results obtained graphically 

from sets oP -h stars each. 

7 Ast.-Final deduction of latitude and its probable error. 

8 Ast.-Deduction of clock rate and probable error of a time 
observation. 

1 & 2 Art.-Described in ( 3  5). 

4 Alcxilialj  Tables.-Part I (1921) of the Auxiliary Tables, (5th 
edition) has been reprinted. I n  part  11, Table 15 Math.  has been 
arnplifieil. 

5. Ln~~tberl 's orllronzorphic projection.-As the result of a cleci- 
sion arrived at by the artillery survey conference, held a t  Akora on 
12th January 1926, two forms and a set of tables were prepared for the 
conversion of the spherical co-orclioaies to  rectangular, and vice versa, 
on Lambert's conical orthomorphic projection. This projection is also 
known as Lambert's second projection with two standard parallels. I t  
is t,ruly orthomorphic; tha t  is to say, t,he scale a t  any  point is the same 
in all ilirections. On the stanclarcl pa~al lels  (in this  case YO0 42'N. and 
36' lSIN.), the scale is correct. A t  the extreme latitudes for which the 
projection is intended to be used (29' 30' N. and 37' :30' N.), the scale 
error is I a 2 5  per 1000. Between the standard parallels, the  scale error 
does not exceed 1 a2 per 1000. The  tables will be incorporated in part 
111 of the A~rxiliary Tables, 5th edition, as 413 Sur. and 44 Sur. The 
forms have been named 1 Art .  and 2 Art .  Co-ordinates are given to the 
nearest yard. 7-figure logarithms are required. 

6. Topogr(111Aical Hattd6ooE. -The Handbook of Topography, 
Clinl)ter I V ,  "Theodolite Traversing" 192%, has been 1-evisetl. The 
l)rincipal chanqes are tlre omission of the six n1)penilices. Apl)entlices 
I nntl 11, clealiuq with theoclolite resection, are being transferretl to 
Chaljter VI I ,  "Transf~ontier  reconnaissance", ancl the tables. constitu- 
tin!; nppeutlices 111 to VI,  are being published separately in a paulphlet 
eatitlvt! " lqieltl Traverse Tables ". 

7 .  i~~ f lk r r~ t zce .~  hefroeett sl~iril-?etirlled arid ln 'a l~g~ilnfed het:qlt l 8 . -  

z \ t  th~:  time of  the retl~iction oF t,he Indin11 t r ian~ula t ion ,  the trigono- 
il~etric.nl I~ei;l~ts werc, as far  RS possible, brought into agree~nenl,  wit11 
~pirit-lcvelleil Ileiglits, hy n(l;j~~st,tnents a t  aboot 2 EO stations a t  mhicli 
cuuucction ha(l l~een rnadc. Since tllnt time a ftirt,l~er 180 st.atiotis l~ave 
been connectccl with the sljirit-lovelli~~g. h srrmmary lias been l)rel,are! 
oE the discrepancies bro~rght  to ligl1t, with tlie intention of makill: lt 

possii~lc to a l ) l~ ly  Fnrthcr correctior~s wllen necessary. The  average 
error fo1111t1 was abortt five fect ; errors 111) to LO fcet wcre i ~ o t  u u c o l n i ~ ~ o ~ ~ ,  
an(l in t,wo places errors of over 20 fcet occr~~.rccl. Tllese large diiTcl9cl1- 
VRS were fonn~l  in vcry oltl srries (Calc~rt ta  hfericlional nlitl J l : l ,n~ i r  
h,[el.itlinnal), wllicli were ohserve(1 bcl'orc! it was the c~ls tom to  co~lhne 
the rne:ts~~rt:~nent of vert.ic:~l angles to tile time of nlillirnllln rcfrac1,ion. 
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The p u c i t y  of the  da ta  ant1 the lack of apparent system among the 
discrepancies, have made i t  impossible to  apply a ~enera l i sed  correction 
to different areas, as was 11ol)ed. Insteatl, i t  is lntendetl to  assess the 
reliability of the trigonometrical heights ill different areas and to  
cstirnate the anlonnts by whicl~ they may be clonbtfnl, without a t  
~ ~ r e s e ~ i t  ex1)ressing any opinion regartling the ac t~ la l  anlolint or direction 
of their errors. T l ~ i s  work is now in hand, sue1 a further statement 
\ \ . i l l  be inclncled in a future Geodetic lieport. 

8. ~~~l ' . rce l ln~~cous . -T in~es  of sunrise ancl sunset mere computed 
for tile port of Calcutta for incl~ision in the tide-tables for 1927. 
The\- were also compntecl for other latitudes in coml)liance wit11 extra- 
depjrtmental requests. 

The following data were compilecl, and suppliecl to  Professor 
A. Crichton Mitchell, l tapl)orten~- to tile I~~ te rna t iona l  Geodetic and 
Geophysical Union :- 

( ( I )  1)aily and monthly values of declination, horizontal force, 
ant1 vertical force for Dellra Dun, llonngoo, and Kodaikiinal 
for 1020. 

( I , )  Difference between the daily maximum and minimum values 
of the above elements a t  the three observatories for the 
same period. 

A further set of aneroicl barometer observations, made by 
Sir A. Stein in Central Asia sac1 the P imi r s  in 1915, were reduced. 
Tl~ese cotlsisted of 82 stations, inclnclin$ the Itussian meteorological 
station of Kharuk, where a check nras obta~necl on his observations. 

Three hundred reqrrisitions for clat,a were received from depart- 
mental and extra-departmental officials. I11 some cases these requisitions 
were mct by the snpply of printed l)ublicatious, in others i t  1vas neces- 
sary to estract  the required information froin n l an~~sc r ip t  records. 
In :L I't:\v cases coml3lltatio1is mere made to meet the  requirements. 

(i7O trigonometrical st.ations were repail.ec1 by district officers a t  a 
cost of Its. 3,-167. 011t of 365 districts, fro111 wl~ich report,s are clue, 50 
failed to  make returns. 

(ii) Tidal Section 

! Tl'dctl ohse~.vnlor.ies.-Registrations by aut,o~iiat,ic tide-gauges 
wcrc colll inaecl a t  the f o l l o m i ~ ~ g  sta,iions :- 

i\l1011, Kariiclii, Bombay (il1~olIo Bandnr), lfatlrn's, Kit1tlcrpo1-e, 
Rall:nr,i~, 13nssein an(l 13a.sraIr. 'l'liesc opernt.ions \lrcrc contluctecl under 
tlrc ~ l i ~ ~ c b l - : l  in11 of t , l~is  tlel,artmcn to tlrc im~nctliatc control of caclr obser- 
valor!. 11cli11g rntrnst,cd to t,lrc local ofijcials of t ' l~e ports co~~cerncd .  
111 :l,(lllilion to t , l~c above, t l ~ c  act.n:~I t#imes ant1 l ~ c i ~ l ~ t s  of I~igh-  n'nd lo\v- 
\ ~ " . t c & l ,  \ \- l>~,c 01)servetl on t,i(lc-l,olcs (tlr~ring tlayliglil, o u l ~ . )  n.t (lie folloiv- 
l n  sf : ) :  iolls : - -BIi~\ lnaga~. ,  Cl~itta.gong ant1 1 : l  Tllcse n c t l ~ ~ l  
ol.)s~l*v:~l iolrs were coml,a.rctl wit,ll t11c I)rcdiclctl ~ n l u c s ,  \\.it11 a, vie\\. t,o 
srcill: \\.llrl ller the preclict.ions stfill maintai~lc(l n sr~flicient tlcgrcc of 
aCClIrary . 
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Table 1 gives a complete list of the stations at which registrations 
I ~ R V O  been carried out since 187-18, the  year in wllich regular tidal obser- 
vations were commenced in India. The  stations a t  which automatic 
tide-gauges are still working are shown in italics. Minor stations mere 
closed after a few Fears 011 the completion of requisite registrations. 

0 
7. - 
d .- 
LI 
01 

;/? 

- 
o m  bO 

Station 

~. . - 

I ' SII~*Z ... 
i 

2 i t'cbrim ... 
:' i ~ f ' ie l '  

. . . 

4 hIwkat . . . 
5 Bushirc . . . 
6 I h-arZ14i . . .  

! 
7 ; I-Innsthl ... 
A Navinrrr ... 

9 1 Okha l'oint . . .  
I 

10 1 I'orluintlnr . 
IOA I'orbnntlar ... 

I 

1 I Port Albert Victor 
(KitIiiti\vtir) 

l l :i Port Albvrt Victor 

" S  
", 0 .s 
o , E d  a 5 
;;: a %  

0- 
- 0-0 --  

1897 

1899 
1879 

1693 
1892 

( I869 
\ 1881 

1874 
1874 
1874 

[re;;;;ecI 

1893 
1898 

1881 

. . 
2 :  E m  
a z z  
* & U l  

4 2 
- -  

auto-  
u ~ n t i c  

' 

9 1  

, , 

e o a l  
nntn. 
m:ttic 

persoual 

.; 2 ,. .; 
0 - d  , 
O 

2 % 
23 0 

- - -  . 

1903 

1902 
still 

working 
1898 
1901 
I880 
still 

working 
1875 
1875 

1906 

I894 
1902 

I892 

1903 
/ ( l i i t l~ in \v i r )  

12 I:h:lvnagnr ... 
1 . 1  l ~ o ~ , ~ h ~ z y ( d p o l l o  

8 1 7  11,1nr)  
1 L !: ,~~il l , :~y (l'ri111.c.s 

1881. iasn 5 
1878 I883 6 

1884 G 
I + ( '0 i t  ill 1886 1892 6 

. . . 1889 6 

. . . 5 

.,.1 

188-4 1 890 C 
-I C'~~lol111)o 1834 1890 6 
3 3  . TI ii~con~nlcc. ... 1990 1 1896 6 
L ' i  I ' i t n b . ~ ~  I'n=s IS78 1x92 4 
'l r 
J Srrnpntnrn 1881 6 Y c ~ r s  18"J to 

1485 a re  
rlnded 

0 .  .1!11<11.(1? 

x , ;  
r o s  

Ke~narks  

k - 5  

1894 
still 

working 
1924 

I 1889 
, :: I 1878 

I 

, , , 18x8 

G 
4R 

37 

I .- 

7 

5 
47 

5 
S 

*:! 1 5R 
I ] 
' ) 1 

2 
2 

1 

4 

. .  

* S m  d l  Lido- 
gauge working 

Tide-tr.bles not 
published 

Year 1904-05 b 
excluded 

Yeara 1898, 
1899 Jr 1 908 ero 

excladed 



CHAP. I . ]  COMPUTING AND TIDAL PARTY 6 

TABLE 1 .- List of lidal stulioas-(concld.) 

10, 1nspectiows.-The t ida l  observatories at Bassein, Rangoon 
and Kidderpore mere inspected by  R4r. D. 13. L u s a ,  t h e  t idal  assistant ,  
between February  and  Rlarch 1926.  Wit11 a view t o  economy, no ins- 
pection of t h e  t idal  observatories at Aclen, Kariichi, Hornbay a n d  Madras  
was carried ou t .  Fur the r ,  i t  mas a r ranged  \\lit11 t h e  port, aatl lori t ics a t  
tliese places, anrl also wit11 those at ICidderpore, t h a t  they sliorilil in 
fntrlre inrpect a n d  mainta in  the i r  observatories t l~emselves ,  e sce ld  f o r  
file S I I I , ] ~ ~ ~  of certain stores ancl t h e  cost  of ~~el*iodical ly  overhaul ing 
the title-zauge d r iv ing  clocks. 

At the  request of tlle I )epnty  C o n ~ e r v a t o r  t o  t h e  C o m m i s s i o n c ~ . ~  of 
h e  l'ort of Cnlc,~t , tx,  t he i r  aotom'atic t ide-gauqe a t  Phultlobi was also 
inspcctc~l, wi th  t h e  ol,ject, of seeing wl l e t l~e r  these i~eqis t ra t ions  coulcl be 
lltiliqed for t h e  p repa ra t io~ l s  of tide-tables. I t  11atl l)ccn In use f o r  t h e  
past nine years. It was fouod to  be in  a ~ n t ~ i s f a c t o r y  conclition a1111 i t s  
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resl1lt.s are s~~i tablo  for harmonic analysis. The port Commissioners 
were not, however, prepared to allot tlie necessary fuucls. 

11. l ' i d ~ ~ l  operaliorrs at Hi7srtah.-'rile t,iclal registrations obtained 
from the s:~tornatict title-recorder \vl~icli urns origillally set 111) at  Ma'qil 
on the 1st April 19:!!2, and \vliicli \vas el ibseq~~ently rernovecl and re- 
el.ectei1 at  Tani i~ l ia l~  (Bnsri~li) on the 2ud No\-ember 1992, have been 
regularly receiveti from the Port l)irector, Rasml~, except, for the period 
froin 1st  to 2Ytlr J u ~ i c  1925, \I lien registration fnilcd. Tlir titlnl regis- 
trations at Snsrah f o ~  the year It125 Iiavc, Ilo\vever, n o t  been uli l~sed 
for rrn f~~r t l lc>r  I I ~ I  mooir rcdr~ctio~r, as t l ~ e  vallies or  the diurnal  tidal 
co~lstalrts ile~lr~cetl fro111 tlic colnputations of tlie past years were consi- 
dered to  be sutticicnt. 

12. Ke(luclion 01' Bris.~ein l i t ln l  obsrr~lntiows.-Ticlal observations 
were res~lmod at Hassein in November 1023. Tile tidal registratiolis 

for t ho  yoar comnicncing 1st January 192 I., have been reduced bg 
l iar~i~oilic snaljsis ant1 the ncw values of the  constants will be of use in 
t h e  computation of data for f ~ i t ~ ~ r e  Scars. Tlie constants are given in 
Table 3. 

TABLE 2.- Vnl~ces of t i e  t i d a l  co~lstnrzts .for Bossel'u 
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13. Cor1.ec.tio9tu to  p~.e/lictio~ls.-Cornparison of t h e  predictions 
for Chittagong, 13asral1 and  l i a ~ ~ g o o n  wit11 t h e  actual  t imes and  heights  
of tile tides llas sllo\vl~ tl tat  tile l)reclictioi~s l ~ u l l i , l ~ e d  in t h e  tables  require 
the f o l l o w i ~ i ~  eorrectiol~s.  'lllle,v have accorclingly been applied in t h e  
1907  ticle-tables. Coml)arison ill fu tu re  years will show whether they  
are desirable or 11ot. 

Chil1agu~rg.-Basecl on comparisons in 1925. A 2orrection of + 10 
tninutes to all tilncs of Iligh- a n d  low-water and  a correction of + 0.6 
feet to a.11 low-water l ~ e i g l ~ t s  only. 

HtrsrnA.-Based on comparisons in  1924 and 1925. A correction of 
+ 44 minutes t o  all tilncs ol' high- and  low-water. 

Knrlguot~.-l3ased on compal.isous in  1923-25. 'lille corrections a r e  
given in Table 3. 

TABLE 3.-i14otrll,ly co~rec l ions  nl  l i a ~ ~ g o o ~ ~  

I I.. Tl'( / ,~- /c l / , / ,~~ . -~~I~e t.itlc-1a.l)lra for ]!I27 for  Ua.st.al~ an11 the 
Intlian l101.t~ \vcrc ~)rcl'nt.etl arid ~u~l) l is l lcd.  I)ist ,r ibntio~~ \vns coml>let5ec1 
by 0ctvl)c.r 1 !)2r;. ,\tlv:18t~ce col)ics 0 1 '  l llc 1 !I37 titlc-tables fur  Suez, 
iltlcn, 1),11~llil.c?, l i ; l ~ ' r ; L ~ l l i ,  1101111).7.3., JIatlras, C l ~ i t t ~ i ~ g ~ ~ l g , ' ,  BIergui, Drtblat, 
(Sigxr T.;ln,ncl), I3lel)lla1rt Poitli,, I3l1;ivtlwgnr, C:ololnbo, Nnrlnajiao a n d  
'r~.i~lcomn.Icp, \verc l)rel):~rc,l n l~t l  t l c ~ ~ ~ a b c l ~ c t l  by lllc (and of Rinrch 1926 
t o  t l ~ c  l I1 . t l~ .og~~al) l~cr  to  t , l ~ e  Aclmirnlt,y for iucor1)oration in the admira1t.y 
ti(lc-t~l,,l'cs f o r  1!127. 

r i  I h c  Inoncy realisctl 1). t,lic snlc of title-tfables (111ring tllc year 
ending 30t11 Sel,tember 19:!6, :elno1111letl t o  1ts. 1~,0 b0/1/-, exclurlil~g 
commissioo cl~srgecl by agents,  aucl tlle cost of copies issued gratia. 
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16.  Comporisor~ bcln~eetl  flclunl aud predicted valt~es.-From corn- 
risons ~narle between the actual aud ~)reilict~ecl times and heights of 

and low-waters for the year 1925, the predictiot~s for 1925 were 
found to be as accurate as thobe for the preceding year, except in the case 
of Rasrah, where a great ileterioration Irad taken place both with regard 
to times and Ileights. The  average errors, predicted m i ~ ~ i i s  actual, for 
the year were as follows :- 

Time of Iiigh-wat.er -68.2 minutes 
Time of low-water -45.6 ,, 
Height of higli-water + 1.0 feet 
Height of low-water + 1-6 ,, 

The greatest difference between the predicted and actual lieights of 
low-water for 192.5 st the riverain ports was as  follows :- 
h;'dder,uot-e Pretlicted ~nr'n~ta actual +2.8 f t .  on 9th October 1925. 
Bnssein 1 9  -3.7 ,, on 5th September 1925. 
Ba~rtlA I ) + 5.1 ,, on 29th QE 30th May ,, 

Tables -1 to 15 gjve the fortnightly mean errors of the  predictions 
for all stations a t  1vt11ctl comparisons were made. 
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TABLE 4.-Mean errors El and EQ for 1925 

ADEN 
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TABLE 5.-Menn errors El and E, for 1926 

B:\SRIFI 



" i s  :\.ill, regard t,o sign : E2 is n - i t l ~ a r ~ t  rrct~rtl to  ~ ig l l .  
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TABLE ?.-Mean errors E,  and E, for 1925 
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TABLE 8 . - M e a ~  errors E; aqzd E, for 1925 

BOMBAY 

* 
1s wllh regard to  81gu : k2 is w ~ t h o n t  regard to sr,on. 
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TABLE 0.-Mean errors .El aarld E3 for 1925 
MADRAS 

E, i s  with  regard to sign : is without regard to S I ~ I I .  
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TABLE 10.-Mean el-rors E, and E2 for 1926 
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TABLE 11.-Mean errors E; and E9 for 1925 
CHITTAGONG 
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TABLE 12 . -Mew errors E,, and El for 1925 
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TABLE 13.-Mean errors E,, atrd E, for 1926 

RAN(300N 

P =OD 

1985 

Jan. 1-16 

16-31 
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0.3 

0.5 

0.3 

0.5 

0.3 

0.4 

0.3 

0.6 

0.5 

0.5 

0.6 

0.6 

0.4 

16.1 

14.6 

24.2 

16.7 

23-8 

14.7 

14.9 

10.1 

9.7 

12-0 

8.1 

12.4 

11.6 

19-1 

11.7 

17.5 

10.4 

8.0 

9 . 7  

14 .1  

0.i 

0.6 

0 . 4  

0.5 

0.3 

0.4 

0.5 

0.5 

0.5 

0.4 

0 5 

0.6 

0 . 4  

0.6 

0.4 

0.5 

0.5 

1.1 

0.5 

0.7 

0 

4 

4 

0: 

7 

1 

2 

1 

1 

I 

0 

1 

1 

3 

(i 

5 

6 

o 

1 

I 

2 

0 

0 

o 

0 

0 

0 

0 

0 

I 

0 

0 

I 

0 

1 

4 

2 

1 

2 

1 

8 

0 

12 

o 

10 

2 

3 

2 

2 

2 

0 

2 

1 

10 

2 

7 

2 

o 

1 

0 

G 

1 

3 

a 

0 

0 

2 

2 

0 

0 

3 

6 

2 

5 

2 

3 

1 

'6 

4 

6 
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TABLE 14.-Mean errors El,  and E2for 1925 



* E, 1s with  r.egat.d t,o  sip^^ : E p  is without regard to  sign. 

So~l.;-The oosel.vations \\.ere disconlinued from 1st March 1925. 
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'I'AI3L.F: 15.-Mean er~.ors El ,  n t ~ d  Eg f b ~  1925 
PORT BLAIll 

PEBIOD 

1085 

Number of 

Jan. 1-16 

16-31 

Bet). 1-15 

16-28 

crroroexrpadh, 

30 
rninutss 
of time -- 

MEAN EBBORS 

(Ptedicte3 -acted) 
@' 

"!'d 
' b ~ h '  E, 

H. W. 

TOTAU ... 1 0 0 1 15.8 11  0.01 0 8  1 3.41 6.611 0.0110 
-- 

M . A N  B . . .  I - 4.0 jl - 0.2 1 - 0 . 6  11 - 0.3 

E, 

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

mirutra 11 laof 
minutrs 11 jeer 

) 
d i 

a. w. I,. w. 
" I I ~  ,-I+. I r i m e  , H t  1 6 -- I I I I I U ~ 8 1  feet " t i n u l a  feet 

0  

0 

0  

0  

0 

0  

4 - %  

7.3 

8:0 

4.0 

+ 

3 . 4 ,  

+ -  
0.3 

0.2 

0.1 

0.2 

+ 

0'0 I 

- 
1.2 

6.4 

7 . 4  

0 

0 

0 

0 

0.3 

0.2 

0.1 

0.2 

- 
0.6 

1.7 

0 

0 

1 

0 

0.2 

0 . 3  

+ 
3 . 6  

7 . 6  

8.0 

- .  

0.3 

0.2 

0.3 

0.2 

7-21o.a 

0.3 
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(iii) Observatory Section 

16. S~~mma~.y.-The regular work of this section consists of :- 

(a) Time observations, 

(6) Magnetic observatory and absolute observations, 

(c) Seismograph arid meteorological observations. 

I n  addition to the above, extensive preparations were made for the 
International Longitude project in October and November 1926. 

17. Transit i~tstruments.-The observatory possesses 2 transit 
instruments of 36" focal length, known as Transits Nos. 1 and 2, and 
also a smaller bent transit. By January 1926, Transit No. 2 had been 
installed in the new Hunter observatory, and fitted with one of the two 
moving-mire micrometers recently received. The regular time obser- 
vations, which had been in progress mith Transit No. 1 in the Walker 
observatory, mere the11 continued with Transit No. 2. 

18. Si~nrsl ta~~eous observatio~~s in  Walker and Huuter  Observato- 
ries.-Before dismantling the Walker observatory, the transit instrument 
there mas fitted with the other moving-wire micrometer, and a series 
of nights' observations, using identical stars, was made mith both 
instruments with a view to t e s t ~ n g  their accuracy. The results are given 
in Table 16. It will be noticed that,  when Transit No. 1 was inside 
the Walker observatory, the deduced difference between the longitudes 
of the two observatories was badly in error. Better results were obtained, 
when the transit instrument was moved to an old pillar a few yards 
outside the building. It is believed tha t  the first group mas affected by 
lateral refraction, caused by the dome, situated a few feet to the east of 
the Walker observatory transit room, and that,  when the instrunlent 
was used outside, this effect was avoided. The Hunter observatory has 
been specially designed and sited to avoid lateral refraction. 

19. Moviltg-mire micro~~~eters.-The moving micrometer eye-pieces 
are intended to minimise the personal equation of the observer. They 
have been used very s~iccessfillly in America and elsewhere. The whole 
cyc-piece, inclrlrling a sinqle vertical mire, can be traversecl from side to 
s i~le 1)y mcans of two tilillcd wheels, one on either side of the eye-piece, 
which the observcr opcra(cs with both liautls. Instead of recording the 
p:kssace of a star across s fixed mire, the eye-piece is so traversed that  
the wlrc remains in apparent coincidence with tlie star. The move~nenl 
of the wire is automat,ically recordeil on tlie clironoqral~li bv a number 
of electrical contacts, mhicli rotate with tlic millet1 wheels. This device 
is o f h n  referred to as  an impersonal or self-registering mic~ometer. 
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Originally three fixed wires were left in the field of view to  indicate 
the position k t  which the  observations shoulcl be begun and ended, but  
loss of accuracy was experienced as the star passed over the fixed 
wires. They have now been replaced by pointers which do not cross 
the stars' path. - 

The c~mputa t~ ion  forms have been remodelled to suit the imper- 
sonal micrometer and named 1 to 10 Long. and a chart, designed by 
Mr. R. B. Mathur, has been constructed to  facilitate the reduction of 
the times of the several contacts to a single mean value. 

20. Riffler clock.-Efforts have been made to improve the tem- 
perature conditions in the clock cell. A double ceiling has been made 
with saw-dust insulation and the surrounding verandah has been bricked 
in. The temperature control switchboard has been overhauled and the 
temperature is now satisfactorily regulated. During part of the hot 
weather i t  was found impossible to keep the temperature as  low as the 
usual 80' F., as this figure was but  little above or even below the 
daily minimum temperature outside. The  effect of this rise of tempers- 
ture on the rate of the clock may be seen in Table 17. 

21. Clocks A 4 B.-The two clocks A & B hitherto used in the 
Walker observatory have been moved to the Hennessey observatory. 
These two clocks mere made by Frodsham about 50 years ago. They 
have mercury pendulums and no pressure control. Clock A has been 
installed in the same cell as the Riefler clock, and B i n  the annular space 
surrounding the pillar of the solar telescope. The latter has been rated 
to mean time. 

22. Wireless reception.-A three-valve wireless receiving set  by  
Siemens mas installed in June  1926, and rhythmic time signals mere 
received from Bordeaux and Saigon. Until  the end of August recep- 
tion mas found difficult during the day. 

23. I~tternational Lo~tgitzcde Project.-A large amount of work 
was done in preparation for the International Longitude Project, in part 
of which the observatory seclion was assisted by the personnel of 
Nos. 13 and 14 parties. The moving-mire micronle ter mas removed from 
Transit No. 1 and fitted to the bent transit instrument, which mas 
installed with Transit No. 2 in the Hunter observatory. The arrange- 
ments for illuminating the field of both trausits were altered and i n ~ l ~ r o v -  
ed, small electric bulbs being used instead of oil lamps. Pcrniauent 
fixtures were ~ rov ided  for the nadir mercury baths, wllich were care- 
fully levelled lest a clislevelled margin might cause n geueral clisplace- 
ment of the mercury snrface by surface tcnsion. A new bubble was 
permanently attached to Transit No. R in place of t l ~ e  stricling level 
previously used. As i t  was intended to record the level before and after  
each star, the use of the striding lcvel would hare been very iuconvenient. 
Two horizontal collimators were moantcd in the nleridiari and housecl in 
extensions from existing buildings. - 

The value of one division of the eye-piccc micrometers was do- 
termined and found to be- 

Transit No. 2 (North transit), 1 division = 0@.  0768. 
Bent transit (South transit), 1 ,, =OLO781 .  
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TABLE 17.-Rote of Riejer clock, 1925-26 

Dste I Fkmarka 
ture I ~ressure l  Te~:ra- 

1926 

Sept. 28 
Oot. 6 

,, i a 
I 20 

I 48 
N ~ V .  7 

14 
,, 20 

28 
Dec. 6 

I 13 
I 

l9 26 
1926 

JM. 3 
!I 13 

2 1 
&b. 4 

91 13 
, I  20 

26 
nh;rch 8 

P 15 
I I 25 

31 
April 10 

IB l7 
25 

M'iy 2 
PI 18 

June 2 
I 7 

I I  16 
24 

J& 1 
20 

Ang. 3 
I* 13 

Eept. 6 

9 2 6 

I I  28 

)I 30 

F 
a ... 

80.4 
83.2 
83.6 
83.0 
83.3 
83.6 
83.2 
83.8 
84.0 
83.7 
82.2 
80.6 

80.2 
78.9 
78.9 
79.4 
79.9 
79.3 
80.8 
79.9 
79.3 
79.8 
79.9 
99.9 
80.1 
81.4 
80.6 
79.7 
80.3 
82.8 
84.7 
86.3 
86.5 
86.4 
82 5 
81.1 

80.9 

80.4 

8002 

80.1 

s 

+0:24 
+0.16 
+0.22 
+0.19 
+Om24 
+0.19 
+0.26 
+0.16 
+0.22 
+Om28 
+0.29 
+0.28 

+Om21 
+Om24 
+0.24 
+0.20 
+0.26 
+Om26 
+ 0.27 
+0.26 
+0.25 
+OB26 
+0.29 
+O-23 
+Oe19 
+0.20 
+0.19 
+0.13 
-0.12 
-0.13 
-0.12 
-0.07 
-0.05 
+0.01 
+Om05 
+0.04 

... 

+0.69 

... 
+0.02 

m m  

. . . 
697 
599 
601 
599 
600 
600 
600 
602 
602 
6U2 
601 
597 

696 
695 
595 
596 
596 
595 
696 
696 
695 
695 
595 
695 
696 
597 
596 
695 
696 
597 
601 
603 
604 
604 
GOO 
596 

697 ' 

698 

598 

642 

C 
o . . . 

26.8 
28.2 
28.6 
28.1 
28-4 
28.8 
28.3 
29.1 
29.2 
28.9 
28.2 
27.4 

27.0 
26.3 
26.4 
26.7 
27.0 
26.6 
27.5 
26.8 
a6.4 
26.7 
26.8 
26.7 
26.8 
27.4 
26.8 
26. 
36.6 
28.0 
29.0 
29.8 
30.1 
30.1 
28.9 
27.1 

27'0 

Roof over cell put np be- 
tffeen 16th dr 22nd May. 

Clock stopped on 2nd 1 ~ e p t .  l t  naa reatart- 
ed the same day. 

High rate probably I due to the clock not 
settling down after re- 
starting on 2nd Sept. 

Clock set back about 
16 seconds on 28th 
Sept. and pressure 
incrc~aed to 642 mm. 
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The electric circuits necessary for the clocks, relays, chronographs, 
transit instruments, astrolabe and wireless reception were somewhat 
com~lex.  Arrangements to  vary them several times during a night's 
observations \\?ere necessary in order to determine the relatlve 1a .p  of 
chronograph pens and relays and for cloclc comparisons. A switchboard 
was made up and placed in the Hennessey observatory outside the clock 
cell, by means of which any  of the  clocks could be piit in circuit with 
any of the three principal relays, which were in turn connected with a 
plug board in the  observatory. On t,liis board pairs of plug holes were 
connected to  each relay, and to  each instrument and chronograph, and 
the circuits required for tlie various operations could be made up a t  will 
by plugging in short lengths of connecting wire. 

One of the  clrom chronographs mas converted to run a t  double its 
previous speed, t o  provitle a more open scale for t,he measurement of the 
clock comparisons and small relay lags. 

A new brezk circuit device, giving a break of great  regularity and 
of adjustable lengt l~ ,  as is required for the reception of r l i i t hn~ ic  time 
signals, was: made in the workshops ancl fit,ted to  tlie pendulums of 
A and B clocks. It is described in Brilletin GCoddsique No. 1 4  of 1927. 

An apparatus for the direct measarement of personal eqnat.ion with 
the prismatic astrolabe mas also made and put  into use. It will be 
desciibed in the Geodetic Report Vol. 111, 1926-27. 

A complete programme of s tar  observations for both transit instrn- 
ments and tlie astxolabe nras preparecl, and a considerable amount of 
advance computations for the astrolabe was also carriecl out. 

A t  tlie end of Sel~t~ember l~relimioarg ivork mas carried orit for a 
few night,s witli both transit  instru~iients and the  ast.rolabe. An 
acconnt of tlie work done in connection witli tlie longit,l~cle project rvill 
be ziven in the Geodetic Rel~or t  Vol. 111, 1926-27. 

2 1.. Dehr,~ 1iti11 Mag~t /~ t i c  Ohse)*mn/o~*y.-The observations a t  tlie 
Dclira D i n  magnetic observatory are the onlj- magnctic work now 
(lone by the Survey of Tntlia. Tliejr cornpriqe a continnons magneto- 
prnpliic recotst1 of cleclination, horizontal nncl vertical force, daily 
ohwr.vation of dip ant1 bi-weekly observation of tleclination and hori- 
z01lta1 force. TIie observatio~is madc clnring 19'25 are snmmarisetl in 
Tn1)les 18 to  26. 

Tile compilation of t11e ob;;ervntions a t  Tonngoo ant1 Kotlaikiinal in 
1922-25, ancl a t  1)ehra ] ) in  in 1!)12-2.5 I~n(l  fnllen into al-l.e:irs as a 
resnlt of the cloqinz of tllc ~naqnet ic  part!. in 1!,2:3. It nrns cornpletecl 
dnrinq the year ant1 p11I)IisIiecI in t l ~ e  Geotletic Itcport Vol. I. 

25.  Sln,opqr/r.c.- TYit,ll a, fen. escrpt ions t ) l~e n ingne tog rn l~ l~~  I~ave 
\vorlcc?tl s a t i s f a c t o ~ ~ i l ~ ~  drtt.ing t l ~ e  !.ear. The clock, WOI-king tthe tlrnm:: 

tjllc tlt?clination nncl ho~-ixont,;tl force mapnetoyral~hs, st'opped for n few 
ho111,s on f ve occasions. Some tro111,le was cnnsetl hj. t 'l~t: liylit. of the 
cleclinnt,ion n ~ a g n e t o g m ~ ~ l l  IcaliinK on to tll.> t,l.ace, t,hl-ongI~ n sm:~.ll 
c l ' a~k  in t,he frame ~ ~ I i i p I t  cat~rics t . 1 1 ~  PO,I~~$$- 

. . A 



26 G E O D E T I C  R E P O R T  [VOL. 11. 

26. S~bbsoil wuter.-Water began t o  percolate into the observa- 
tory passage on 13th August 1926. Pilmping was resorted to and the 
water disappeared gradually in about a fortnight.  

27. Mean values of' the declination arid horizontal ,force cons- 
taats.-Table 18 gives the mean monthly values of the magnetic 
collimstion, the distribution constants PI., and P,., and the accepted 

P 
of log (1 + -- ,.:! 4- P ) - ' f o r  Magnet  No. 17. 

1.I. 

TABLE 18.-Mran valices ~f the constants c?f 
M t z g ~ ~ e t  No. 17 a t  Dehra Bin 1925 

28. Menn hu.~e line ~values.-Table 19 gives the mean monthly 
observed values of the declination and horizontal force base lines : these 
monthly observed values have been accepted and nsecl to compute tile 
values of these elements for 1925, and thc moment of inertia of tile 
magnet mas assumed to be the same as cleterminecl in 1919. 

Dcclinrrtion ( 
convtnnts I 

I-I. F. Constants 
- -- 

blonths Distril~nt~ion factors h1 onn values of m LIenn 
ningnetic 

- - -- 

Jnnnrrry .. . 
February ... 

March ... 

April ... 

bIny ... 
June ... 
.Jnly . . .  
Angnst ... 
Scptembcr ... 
Octobcr ... 

November ... 
December ... 

- 6 6; 

- G 57 

- 6 64 

- G 48 

- G 68 

- G 56 

- G 57 

- G 55 

- 6  59 

- 6 3 

- 6  58 

- 6 57)  
- 6 1 7 )  

.. - - - 

6 . 0 0  

5.79 

5 .76 

6 .84  

5 .79  

5.82 

5 . 5 9  

~ . -  

5.85 

G.36 

6.43 

6.04 

6 .  44, 

6-23 

6-36 

~ - 

C, 

3 

$0 
I z 
5' 
d 

~ . ..~ .- -- 

I 806.56 

03 

,= 
I 
0 

f" 
I 
2 
5 
10 
w 
m 
Q, 

a66 

'57  

.51  

-37 

- 2 5  

.33  

- 3 9  

,41 

.43 

~ 5 2  

.64 

? 
M 

6.78 6.86 I 

5 8  

5.88 

5 .98 

6.43 1 
6 .50  

1 
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TABLE 19,-Base line v a l ~ ~ e s  of rnagneloyrap/ls 
at Dehra Dun i g z  1925 

29. ;7[ea?~ acnle I-nl1te.s nud f e~n ,ve~ .a t l~re  ~.atrge.-The mean scale 
values for 1925 for an  ordinate of 1/25 inch are :- 

Montl~s 

January ... 
February ... 
March ... 
April ... 
Nay ... 
Jllnc ... 
July ... 
August ... 
Soptclvber ... 

October ... 
Noven~l~er ... 
Deceml~er ... 

Horizont,al force 4 .32  gammas. 
Declination 1 . 0 3  minutes. 
Vertical force 9 . 6 9  t o  10 95 gammas. 

The mean temperature for the year was 26'-9 C., with maximum 
and minimum mout,hly values of 27O.3 C. auil 2G0.3 C. The temperature 
of redriction is !27°.0 C. 

I Horizontal 

30. Menu rno)tLii(y va l r~r s  mrr l  a l ~ t l r ~ a l  cl/n?l,yes.-Table 20 shows 
the i n o n t l ~ l , ~  mean values of thc magnetic ele~nellt~s for 192J  ancl 1925 
and tlie anuaal  changes for tha t  period. 

Declination 

11 ean 
value of 
base line 

o I 

0 45.4 

0 45 .4  

0 45.6 

0 4,S.G 

0 45.4 

0 45.4, 

0 45.2 

0 45.2 

0 45.4 

0 45.3 

0 45.7 

0 45.4 

, force 

Mean 
value of 
base line 

C.G.S. 

,32637 

,32638 

-32641 

a32643 

,32645 

a32645 

.3?648 

.32651 

a32646 

,32647 

,3264-1 

32631 
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TABLE 20.-dt~nucrl chnltges a t  Dcflru DUn ill 1924-25 

Horixol~tnl force 1)eclination Dip Vertical force 
.32000 C . 8 . S .  + E. l o  + N. 4 5 O  + .33000 C.G.S. + 

bIo11t.h~ 

, 
Jnunnry 

I 

Fslc~mry . 9 7  4 5  + 18 36.2:324 --3.8 15. 1)il9.2 t 3 . 3  132 315 +83 

klnrch . 4 9 1  +10 15.7j31.1 -3.6 15.619.3 +3 .7  241 322 +81 

A p r i l  ... $)-&ti 959 + 13 35.431.7 -3 .7  16.3 20.1 t 3 .9  269 346 +87 

Nay ... !IUi1961 + 1 5  .35.230.8 - 4 . 4  16.420.5 + 4 . 1  262 357 + 9 5  

.Tnrie ... 944,953 +09 .34.7:30.6 17.020.7 + 3 . 7  271 351 +80 

.I uly ... 950l930 00 d - ~ . ~ ' 3 0 . 0  - 4 . 8  17.0!21.:1 + 4 . 3  277 361 +84 

;\r~gust ... 950 949 -01 33.929.6 -4 .3  17.521.8 + 4 . 3  288 370 +83 

I S e p t e ~ ~ ~ b e r  ... 932 9 3 9  +07 83.529.4 -4 .1  16.422.7 t 4 . 3  286 377 + 91 

0ctol)cr i ... 942,941 -01 33.5129.3 -4 .2  18.321.9 t 3 . 6  295 364 +69  

November ... 9331 3-10 +O1 13.2'69.1 -4.1 lSa.1.22.9 +4.5  804 382 +8R 
I I 

Uecembcr . 972 910 -32 1sa~28.7 - 4 . 1  17.5 23.0 +5 .5  310 384 t i 4  
1 1 I 

i 
Menus 

31. .IIean v c ~ l i ~ e s  01' ! h e  rntigr~etic elrnte1~1s.-Table 21 shows the  
mean values of the  magnetic clernents a t  Dehra D i ~ n  in 1925 :- 

TABLE :! 1 . - d t ~ ~ ~ w a l  ueclns 1925 

32. Hour!//  rlnltc~v o/' Ihr  , ~ l ~ , l ) ~ c / r , ~  ~ ~ t e ) r l . ~ . - T ; ~ l ~ l ~ s  22  t o  2(i s l ~ o : ~  
t111. rla.;sific.ztiot~ at111 11:~l c.: of m:rqt~ctir ~ I I ~ ~ I I I - ~ I R , I ~ ~ ~ ~ ,  tile morli 1 1 1 , ~  I I I ~ I ~ I I S  

oE 11113  tnagnetic clement.;, ant1 their d i l ~ r ~ l a l  ineclr~alitics a t  Dehra, D i l l  

in 1!)25. 
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33. Sei~mograph ancl mcteo~.ological observntions.-The Omori 
seismograph was in operation throughout the year except during the 
latter half of September 1926,  when frequent stoppages of the clock 
necessitated its being dismantled for repairs. Table 87 shows the 
earthquakes recorded a t  Dehra Diin during 1.926-26. 

The usual daily meteorological observations were made throughout 
the year. 

TABLE 27 .- fYartlrqitakes recorrled a t  DeR1.a Dill d~lrillg 1925-26 

A 
C, 
.d 
m 
El 

C, 

FI M 

Slight 

I'  

v. 9 ,  

Moderate 

11 

11 

Slight 

11 

Modernte 

11 

, I  

Slight 

Moderate 

blight 

Moderate 

Slight 

v. 9, 

Moderate 

Slight 

1 Great 

Slight 

Great 

Slight 

Hemarke 

Pelt at 
Deh1.a D i n  

Malta Italy 

Pcrlaog 
( S I I I I I ~ ~ ~ - a )  

Fc!t at 
Dcbra l)Cn 

300 milcs8. of 
C O C ~ S  ~ s l e u d  

- - 

* From D n i l  Wnntllcr Repr,~,t .  
H.B.-I'hl'be instrnment. was not in working ortler f rom 17th to  30th September 19%. 

Dnration 

nritrrctes 

47 

103 

46 

35 

13 

1 

120 

40 

70 

15 

24 

60 

151 

45 

% 

30 

1 15 

25 

31 

21 

39 

Date 

-- 

12 - 10 - 1925 

1 3 - 1 0 - 1 9 2 5  

15 - 10 - 1925 

22 - 10 - 1925 

Ilistnnce of 
epicentre 

Dehla 
D iln 

miles 

3,000 

11,00i) 

2,000 

2,500 

200 

3000 

3,000 

500 

6,000 

500 

2,300 

2,100 

2,500 

1,600 

50 

3,000 

750 

2.450 

3 000 

300 

4,000 

/ Local 

simln* 

miles  

3,000 

4500 

. . . 
3,000 

Local 

4,000 

3,300 

250 

10,OOO 

. . . 

... 
2,500 

5,500 

8000 

. . 

2,600 

800 

2,600 

2,GOO 

... 
2,700 

2W 

4,700 

6,000 

3,000 

6,000 

2 7 -  7 -  1926 , 12 -56 

Tinie of beginning 
Indian Stnndnrd 

Time --- 

Debra Simla* 
1 ) i n  I- 

2 - 9 - 1926 

7 -  9 -1926  

10 - 9 - 1926 

12 - 9 - 1926 

16 - 9 - 1926 

12 - 6 5  I 2 

hr ti, 

11 - 35 

2 3 - 3 1  

IS - 6 

42 - 39 

hr nr 

1 1  - 35 

23 -30  

.. 
22 - 40 

0 - 5 4  

19 - 31 

17 - 63 

1 4 - 7  

20-  8 

... 

... 
3 - 41 
6 - 19 

21 - 11 

... 
19 - 44 

12 - 24 

1 - 21 

20 - 5 

... 
19 - 47 

'7-11-3926 1 0 - 5 1  

10 - 11 - 1926 19 - 31 i 
13 - 11 - 1926 17 - 5:1 
7 - l S . 1 9 ? 5  1 4 - 5  

1 0 - 1 3 - 1 3 2 5 ' 2 0 -  8 

18 - 12 - 1925 , 23 - 47 

I 

7 - 5 7 - 3 , 90 1 6,000 

1 8 -  4 1 8 -  5 42 ) 4600 

29 - 13 - 1926 

19 - 1 - 1986 

16 - 18 16 - 13 
1 21 - 22 21 21 

23 - 4.1 , 23 - 42 

21 - 54 

3 - 45 

25 - 1 - 1926 6 - 18 I 
8 - 2 - 1926 ' 21 - 52 

22 3 - 1926 ' 4 - 30 
I 

18 - 3 - 1926 1 19 - 50 

4 - 6 - 1926 1 12 - 24 

27 - 6 - 1926 1 - 24 

3 - 6 - 1926 20 - 7 

1 ' 7 - 1 3 2 6 '  4 - 2 7  
I 

1 - 7 - 1926 1 19 - 53 

84 3,400 

34 

68 

3.000 

2,000 





Beferenoe numb- and Values of "m" and "M" for all Oeodetio Berim of tb 
Indian Txhgulrtion. ( See Records of the Survey of Indii Vol. IX, p. 137). 
For 49 .%rim entarin tile Sirnulbuwru Orinding (rho\vm in itPlica below) Meen S~IIRI'O M= f 1-04 
For swk up b #a 94 ... ... . . . Mesn S q u a ~ ~  M s 1-11 







TRIANGULATION 

(No. 1 5  Party) 

1. Ge~zer.al.-The party had not been employed on triangiilation 
work since 1917-18, and was re-formed as one detachment in October 
1925, and employed on principal triangulation in Lower Burma. This 
was required, firstly, to  supply well fixed points for the topogral~hical 
programme to be carried out  in the season 1027-28 and, secondly, for the 
local governments who proposed t,o make a large-scale map of liangoon 
by means of air-photographs. The available G. T. data had been found 
insufficient for satisfactory ground control. 

Previous triangulation in this area consisted of minor work of 1875, 
which was based on G. T. intersected points, fixecl from rays about 60 
miles long. Many of the stations, so fixed, were on pagodas and had 
since disappeared. 

The party left Dehra Dhn on 24th October 1925, and established 
head-quarters a t  Tl~arrawaddy by 1st  November. The field season closed 
on 18th March 1926, wheu the party returned to recess at Dehra DGn. 

2. Reconnaissartce.-The proposed scheme of triangulation nras to 
break off southwards from the Burma Coast Series on meridian 96' E., 
from the old stations KyaingbJ~i~1gyi and Sanwingantaung. It was 
soon found to be impossible t o  extend soutl~warcls from the former, 
owing to forest obstruction. 

Mr. S .  S.  Mc A' Pee. Fielding joined the party in the middle of 
November and a fresh at tempt mas made further east. The base 
San\vingantaung-Ka~~yi~~daung was found to be suitable. From here 
the series consists of eight triangles, the western flank lying on the 
main ridge of the P e p  Yoma hills, and the eastern on low hills at the 
edge of the forest, or in the cultivated plains beyond. 

The reconnaissance and building of stations were carried out as fa r  
as Rangoon, and the observations commenced in February 192G. Ob- 
servations were talien from two stations clrlring the month, bu t  further 
work proved impossible owing to the thick haze. 

Low masonry pillars of the hill station type were always constructed, 
eve11 a t  the stations of Chanakpho and Sirianl near Rangoon, where a 
trestle or mast would have to be erected for observational purposes. Such 
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have the advantage of being cheap, and  a t  the same time more 
permanent bhan tower stations, which are difficult and costly to  maintain, 

3. Descrij~tion of' the co1int1-,y.-The Pegu Yoma district consists 
of a series of low sandstone ridges running north and south, thickly 
covered with bamboo, teak and evergreen forest. The  main watershed 
rises steeply on both sides, and good sites for stations were obtained on 
i t ;  but the summits of the lo\ver hills mere not well defined and extensive 
clearing was necessary before stations conld be chosen, making the 
reconrialssances long ant1 laborious. The remainder of the country, out. 
side the forest, mas a flat alluvial plain mith rice cultivation and thickly 
stiltlded mith trees and villages, the  only elevations being mounds 
formins the bases of old pagodas. These mounds mere avoided, as far 
as posstble, as stations on them would be liable to  be built over or 
destroyed by the local inhabiti~nts. 

Communication in the Pegu Yomas is difficult. Footpaths exist 
only as far  as the Karen villages, situated in small clearings in the 
jungle. The  Karens seldom move fa r  from their villages and conse- 
tquently they make poor guides; neither can they be depended upon for 
any supplies, as they only grow sufficient rice and vegetables for their own 
use. Water  is generally plentiful in all the main jungle streams up to 
the end of February. 

Coolies and elephants mere used for t ransport ;  the  former were 
difficult to obtain between November and January, being employecl in the 
rlce fields dnring these months. Work was held up on one occasion for 
several (lays, while coolies mere collected from surrounding villages. 
The Forest Department corlld only lend their elephants on exceptional 
occasions, as  they were all working. a t  this time of year. Five contrac- 
tor's elephants were engaged clurlng most of the  season. They mere 
small antl carried only 3 to 4 maunds each ; even so, they proved very 
useful in carrylng cement, rice antl other heavy stores. 

1. 11enllh ?/'/Jt. /inr.ly.-The health of the party as  a whole wag 
only fair. A,l1 the ~lersonnel from Dehra D i n ,  including 2 2  khalasies, 
snfferetl from malaria clul.luq the season, and there were two cases of 
t l~sentery .  On the othrr Ilantl, the health of the  specially enlisted 
Hazirtbagh khalasies was qood t l ~ r o u ~ l i o n t .  

j. Snt)?tt tn~. ,y of 9ool.L :- 

L e n ~ t , h  of t r lang~~la t ion  reconnoitred 80 miles 
No. of new s t a t~ons  built 7 
30 of .;tations oh~erverl a t  2 
Theo(lo11te nserl T. & S.  12-inch NO. 5 







LEVELLING 

(No. 17  Party)  

1. Classes of levelling.-Three classes of levelling are now carried 
out :- 

(a) Level/iwg of high precision-sometimes called primary, 
conforms to the standard laid down by the International 
Geodetic Conference of 1912. It is laid out  in the 
form of a geodetic net covering the whole of India :  
this net is separate from the first net of 1858 to 1009 
the results of \vhich were published in G.T.S.  Vols. 
X I X ,  X I X A  and X I X  B, in 1910. 

Each line is levelled twice in opposite directions with an interval of 
several months. 

(6) decontdaj*,y levelling-is precise levelling! not intended for 
the new geodetic net. I t s  quality 1s similar to that  
employed on the first net of 1858 to 1909. I t s  main 
purpose is to supplement the primary levelling in 
providing bench-marlrs for public utility, and to form 
a basis for tertiary levelling. 

TWO levellers work separately, one closely following the other. 

( c )  Tevlin,.y l e ~ e / l i ~ / ~ - i s  all o t h ~ r  levelling,. required for the 
provision of bench-marks ; i t  is specially valuable for 
irrigation and other engiueering projects. 

Methods vary according to lengths of line, and stanclard 'of acciiracy 
required. 

2. Olq,qnniznlion.-The field office opened a t  Rahimyiir K h i n  on 1st  
November 1925, and the recess office a t  Mussoorie on 9th April 1926. 

No. 1 detachn,ettt ( S u t l f j  Vnlle?/ 1IevelIi1tq g, .o lp ) under 
Mr. N. R. Mazrlmdar with field head-cluarters a t  RahimyRr Klliin, 
completed the levelling for the Sutlej Valley irrigation project, com- 
prising 1,57 1 linear nliles of secondary levelling and 29,776 linear 
miles (:3,8 b!) square miles) of tertiary levelling. I n  addition the follow- 
'% secondary levelling lines were run :- 

( i )  For the I-laveli irrigation project, 121 miles. 
(ii) Near the Panjnad weir, 68 miles. 

1%. 2 detachnelat, under Mr. A. A. S. Matlub Ahmad, executed 
levelling of higll precision as below :- 



( i )  I n  the beck direction from Barmer to  Hyderiibiid along 
line 150, 217 miles. 

(ii) I n  the  back direction from Hyderiibiid t o  Manora along 
line 101, 14.5 miles. 

No. 3 delacAtnent, under Mr .  J. L. Sahgal, executed levelling of 
high precision as below : - 

( i )  I n  the h c k  direction from Diniijpur to  Rin iganj  along 
line 151, 261 miles. 

(ii) I n  the back direction from R i n i g a n j  to  Midnapore along 
line 1 2 1  A, 114  miles. 

(iii) The  connection of 13 new standard bench-marks both in 
tho fore and back direction. 

No. -1 detnchme?rt, under Mr. L. D. Joshi, executed levelling of 
high precision as  below :- 

( i )  I n  the  fore direction from Mut t ra  t o  Cawnpore along 
line 108, 223 miles. 

(ii) I n  the  fore clirection from Cawnpore to  Benares along 
line 119, 218 miles. 

No. 5 detachareal, under Mr.  P. B. Roy, executed sin~altaneolis 
double levelling of secondary precision in Bengal, Bih i r  and Orissa, and 
the United Provinces :- 

( i )  From Bartikar t o  Allahtibid, 472 miles. 
(ii) From Mughal Sarai to  Haziribfigh Road, 214 miles. 
(iii) Branch lines, 47 miles. 

3. 81crnmary.-The levelling comprised :- 
441 miles of primary levelling in the fore clirection. 
737 miles of primary levelling in the back direction. 
902 miles of secondary levelling. 

29,776 miles (3,849 square miles) of tertiary levelling 
The  secondary and the tertiary work was done for local Govern- 

ments etc. The calculated probable errors for tjhe completed portions 
of the primary levelling net satisfy high precision requirements. 

4. Strllrj Pall?!/ ler.ellinggrowp.-Levelling was commenced with 5 
ee~t~ions.  Table 1 gives the details of each section. During the latter half 
of the season, 3 compt~ters from No. 5 section were formed into a compnt- 
in$ section a t  head-quartere, in order that  sufficient data  should be avail- 
able for a continuous supply of work to recess sections from the start. 

5.  Stctlej Tolle!y stcondnry I ~ ~ * r l l i n g  -On completion of No. 5 
section's programme, a secondary section was formed with Mr. I. K .  
Poneppa in charge and Babu Indra Singh as second leveller. This 
section did 11.' miles of secondary levelling in Sind for the Rombay 
Irrigation Department. Thep then connected some riverain pillars on 
the w e 4  hank of the Panjnad, ancl a number of r e ~ t a n ~ u l a t i o n  pillars 
recently lair1 down by No. 23 Party on the hanks of the Sutlej and the 
Panjnad, near their confluence. Accurate heights of these pillars mere 
wanted by the Executive Engineer, Pnnjnad Weir Division, for selec- 
tion of weir ancl diecharge s~ t e s .  69 miles of simultaneous double 
levelling waa done for this work. 
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The secondary section connected the  new standard beach-mark at. 
Bahimalpur Irrigation Office by high precision levelling mith a number 
of inscribed bench-marks in the city, to  obtain the height of the newly 
constructed standard bench-mark. On completion of the above, the 
section did 121 miles of secondary levelling from Abdul Hakim Railwaj 
Station to Garhmahiiriija, for the Haveli project. 

During the Panjnad weir levelling, the Panjnad was crossed with 
6-chain, and the Sutlej with $-chain, shots. I n  the Haveli levelling 
work the Chengb mas crossed mith 8-chain shots. All the crossings 
were done in the ordinary way, no target  being necessary. 

6.  Sutlej V t ~ l l e y  ter t iary  lerclli~g.-~rhe areas allotted to Nos. 1 
and 3 sections, and part of that  allotted to No. 2, were in the desert; water 
in these parts mas very scarce; there were no tobzs (small pouds) as in the 
last year's areas, and water had sometimes to  be fetched from wells 16 miles 
away, for which extra transport had to be arranged. A great part of the 
area of section 3 was full of sand-hills, sometimes over a hundred feet 
high, and the areas bordering the rivers were intersected by numbers of 
overflow channe!~ of the Panjnad. Levelling in these areas was necessarily 
very slow. I n  many detached areas, especially where there were high 
sand-hills or thick jungle, no sub-rectansulation had been done; levellers 
lost much time in such areas, as alignlng had to be done by pacing 
from pillars of adjacent lines. 

The total length of secol~dary levelling was I ,37 1 miles and of 
terti:~ry levelling 99,776 miles. The cost rates are given in 'Fable 2 .  
They include 14."/, for supervision and instruments. 

T A B L E  2.-Cos!  ate of terl iury levelliftg 

I Coat per sq. mile 1 Cost per mlle 
-- -- -- - - -- -- - -- - - -- - - - - - - 

F ~ e l d  1 Rs. Rq. 

I 34 3 
- 

1 4.4 
- -- -- -- ---- 

Recess (probable) I 4 9 7  - 1  0 64 
- - - -- - 

I 

Totals 1 39 17 
I 

1 6 0 s  

7. Eosf Indlan Roilli*n?/ ~ e r o n d u r y  lez*elling.-This levelling was 
carried out hy No. 5 detachment (Mr.  Y. B. Rov) on the svstern of 
simultaneor~s double levelling. The 1,rogramme of the detkhrnellt 
consisted of the following lines totalling 7 13 miles. 

( i ) Barikar to A l l a l l~b id .  
(ii)  Mugha1 Sarai to Hazi r ib lgh  Iioad, and 
(iii) Three branch lines between IIaztiribSgh Road and 

Gomoh. 
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The country nras partly flat and open, and partly hilly and undu- 
lating. The rivers Ajai, Kiul, Son, Karamnisg,  Tons and Phalgu were 
crossed by direct levelling over the  railway bridges. 

'rhe l~robable errors of mean resu1t.s derived from the  formula 

p.e. = y -AT-- 
feet (nlliere " d " is the  discrepancy between the 

levellers in t,lie values of two consecutive bench-marks and " M " the  
total length of line in miles) are  as follo\vs :- 
Branch line 70 K Bariikar to  Al la l~ ib ic l  - + ~ 0 0 3 1  feet (miles)-' 

Branch line 70 L Mughal  Sarai t o  f '0032 feet (miles)- 1 
Haziribftgli Road. 

In addit(iol1 t o  the  usual types of standard, t,ype A embedded, type 
B enlbedcled and illscribed benclr-marks, there were connected " pillar 
type" and " vertical type " rail\vay Lcnclr-marks. Tlie " pillar type " 
~.ail\\lay bench-marl< colisists of a stone Llocli of about 2 feet by 2 feet 
by 9 inches, f xetl on top of a pnAl.(r masonry pillar, about 3 feet high 
ancl 2 feet stlnare. Tlie " ~ e r t i c a l  lj-pe " rail\\laj. bench-marks are  stones 
fixed in  the \valls ol' rail\\lay stations, bnilclings etc. 

American binocnlar level No. 6724, Cooke's level No. 3, staves 
Nos. 01 and 03, 23 A ancl 23 B aocl staadarcl steel tape No. 10 were 
~isecl by tlre detachment. 

8 .  Brallcll I ~ n c .  7'0 K ( .sccon~largj  H1~9.Zkar l o  BIIuh6bfid.-The 
branclt line 70 K from Barriliar to  Allahibftcl ~ v ' n  Sitiriirnpt~r,  Patna, 
and MnqIia.1 Sarai follows t l ~ e  l3ast Inclian lia~l\va,v Grancl Gliorcl and 
main-litres. Tlie o ~ t - t n r a  anlotinted to  4172 miles, cluring tlre course of 
\vlricl~ Iit.iglit,s of -1G6 bencli-inat.l<s \Yere cleterrnincd. 

l)i,c~aepancies \\.it11 old work \yere found as slro\vn belolv and \\let e 
clistril~ntccl in l)roportiot~ to  clistance. 

51(/7:J 1 to231/73;= + 0 .017  f t .  
2:31/73 I ,, 20/72G= - 1 - 1845 St. 
86/72 (; ,, 22/72 Ci = f 0 .006  f t .  
2 2 l l % ( ;  ,, 23/72 (; = + 0 . 0 2 1  f t .  
2.?/7!?(; ,, S2/(i3 O =  -0 .352  f t .  
82/(iY O ,, 52/(i:3 I i  = - 0.0-1.3 f t .  
~ I ~ / G S K  ,, h8/(\3 1<= +().O3O f t .  
53/63 Ti ,, 55/63 K = + 0.007  f t .  
52/(;:JK ,, 55/(;3 (f = - 0.32.5 f t .  

T l ~ e  follo~ving oltl henclr-niarl;, \\.ere allotlet1 n t w  nnrn1)cl.s and 
l l ~ i c l i t ~  :-9/72 (+, b7/63 K ,  :)l/ti:3 I<, 5 1/63 I i ,  1 l/G:3 (+ a11(1 'I3/(j:$ ( 3 ,  
as the tl~fference bct\vecn tlic oltl n~itl  tle\v l ~ c ~ c l ~ t s  sl~o\\'ecl t l ~ a t  their 
I1ci=.l! ts l~ntl rllangctl. 

r 1  I I I ( ~  followinq LbcA-rna1.1;~ \re~.c nllon~ctl to  r ~ t a i ~ ~  their oltl I~eights,  
aq tlirj. \v111 I I P  co~~ncleted 1)). a l ~ ~ - i ~ i i n ~  I ~ n r  i n  1!1;?6-27 :-13.Als. 51, 
100, I 5S, 159, 162, 103, 45, 57, all ol' s l~ee t  (i:l (i. 

. i l f x  1rc.1, / I  I , P  7 0 1, (.rrron(?~r ,.!I) ,lr~(,~llcr/ Sarni  l o  Ha~tTt.ih,Tglr 
Roo(l.--Tlle b r a ~ r c l ~  line 70 T, f rom R411~11al Snrai to  Ha;sRrib%gh 
R ~ a t l ,  u i u  Gays, l'oIlo\\s t,hc I':R~( 111tlinn l i a ~ l \ v : ~ ~ ~  Cr~-autl ('liot~tl line. 
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The out,-turn amounted to  2l4 miles, during the  course of which heights 
of 218 secondary bench-marks were determined. 

Discrepailcies with old work were found as  follows ancl were distri. 
bat,ec\ in proportion to distance. 
Discrepancy in 9 - 6 mi1esfromB.M~. 82/63 0 to 8 9 / 6 3 0 =  -0.007ft. 

) 9 5 . 3  ,) ,) ,, 89/63 0 ,, 1 0 0 / 6 3 0 =  + 0.070ft. 
9 )  4 .3 ,, ,) ,, ll)O/GS 0 ,, 102163 0 = + 0.030 ft. 
)) 29 8 J ,  9 )  ,, 102163 O ,, 122163 O =  + O.2407ft. 
, 9 20 . 6 ,) ,) )) 122163 0 ,, 8/72 D =  + 0.140ft,  
9 )  1 4 4 . 2  ,, ,, ,, 146/72 D ,, 109172 H = + 0 * 900 ft. 
, I  1.0 ,J 2, ,, 10717% lI ,, 106/72 H = - 0.007ft. 
9 )  1 . 1  ,J ,, ,, 105/72 M ,,104/72 H =  +0.004lft. 

The  follo\ving ole1 bench-marks were allotted new numbers and 
heights :-B.11~. 83, 101, 118, all of Sheet 6 3  0 ,  their heights having 
changed. 

10. Minor branch Zi11es.-Tl~ree short branch lines were levelled 
between Haziribrigh Road and Gon~oh ,  along t,he Eas t  Inclian Railway 
Grand Chord line. The out-turn an~ounted  to  !27 nmiles, during thecourse 
of which heights of 50 secondary bench-marks were cletermlned. The 
new bench-marks have been acljnsted between the ilearest olcl ones. 

11. Line 150 ( p r i m n r j )  Ko t r i  to Brirnieg. a ~ l d  Line 101 (pvit~lnry) 
Karticlti lo Kolri.-The back levelling of these lines was colnpleted 
by No. 2 detachment rlnder AIr. A. A. S. Matlub Ahmad. The instru- 
ments used by No. i! detachment \\.ere large pattern Zeiss level No. 3342 
by Carl Zeiss of Jena, staves Nos. 2OA ant1 20B, ancl stanclarcl steel tape 
No. 3. For probable errors vitle Table 3. 

The Indus river near Giclu Bandar was crossed by direct levelling 
over the railway bridge. Duriug the le\relling operations both \vheeled 
and peclestrian traffic mere altogether stoppecl. The  level was placed 
on the railway structure just above thc piers, ancl the staves were 
placed on the sideway girclers. The bubble of t.he level nras st,ead!. 
t,hronghout. 

The following methotl was adoptetl for crossi~ig Karficl~i I-Iarbour. 
; \ t  the extreme SE. end of Kianiiri groyne, a J ) N X . X - ~  l~lat , fo~~ni  was 
bnilt for the instrument. h n  inscribed bench-mark mas cut on the 
stonc pavement atljoiniiig, and west of the east ernbwnl;~nent of 
Ilnnora Island, facing Kian~nri  qroync, 1 flirlongs SE, of the A1ilitar.v 
Pier. On this marl:, back staff NO. ?OR \\'it11 a target  was erected. A 
ri:ht, anrrled isosceles triangle was formed with the aid of' a prismatic 
coml'ass, having a r ight  n.ngle at. the instrnmellt site, thus obtaining 
a, point on the groyne for the forwa,rtl staff No. 2OR. IJortunntely at 
this point t , l~ere n-as a pnkkn stone pillar on the groyne, and an insvribecl 
bench-mark mas cut on  this 11illa,r, on wllich staff No. 2OR wit11 target 
was erected. Having t-hns sclertecl the best, f i r m  l )os i t io l l  for thc instrn- 
ment awl st,aves, t,he observations \\rere st.nrte(l, k t l e  level being crltiidis- 
tan t  from t,he staves. 

Cheat p i n s  \\.ere taken t,o cross the h a ~ . h ~ ~ ~ ~ *  a t  its narrowest part 
which, by measnring along the gro!.nc from tile instrument to staff 
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No. 20B, wae found to be 33 5 5  chains, this distance being about 2 5 
c]lains less than tha t  obtained for the crossing in 1893-94,. - 

As both the staves were on the edge of the water, the rays to the 
staves were free from racliation, and the a tmosl~l~ere  was steady 
throughout. 

12. Line 151 (primnr?j) A%nigagrj lo ninij11nr.-The observations 
lasted four clays, work beiug done both in the mornings and evenings. 
90 sets of readings were recorded. The mean value accepted for the  
crossing is - 2 .559  feet. 

The back levelling of t l ~ i s  line was carried out by No  3 detachment 
under Mr. J. L. Sahgal. The line emanated near Rln iganj  from B.M. 
39/73M of branch llne 70A (Benares to Bilrdwfin), and, after crossing 
the two secondary lines, 7714 (Herl~aml~ore to Tin~)RIifir) and 77N 
(Poridalia to Rautara),  finished on B.M. 78/78C of branch line 77B 
(Pftrbatipur to Manihfiri), which is a line of single levelling. 

Discrepncies with olcl work mere founcl as shown below ancl were 
clistributecl in proportion to distance. 

Discrepancy in 3 . 1  miles from B . 1 1 ~ .  39/75 M to 33/73 M = + 0 , 0 0 5  f t .  
)) 9 1 . 6  ,, ,, ,, 39/73 RI ,, 30/78 D = t O.4*97 ,, 
9 )  2 9 . 4  ,, ,, ,, 3017s D ,, 57/78 D = - 0 . 0 7 0  ,, 
7 )  9 9 . 9  ,, )) ,, 57/78 D ,, 127/78D = - 0 . 5 9 2  ,, 
)) 98 * 4 ,, ,, ,, 127/78 D ,, 18/78 C = - 0 . 5 3 4  ,, 

B.14.s. 30173 M, 29/73 BI and 28/73 M have received the same 
correction as B.M. 31/73 M. Branch lines, which closed on old bench- 
marks have been adjusted between tlie starting and the closing points, 
and B.Ms. 43/78 C, 44/78 C, and 46/78 C have received the same 
corrections as B.M. 42/78 C. 

The adjustment of this line pesented some clifficnlt.ies. A reference 
to tlie Record Volume ST' will show tha t  there is a t  present a 
discrepancy of nearly 2 feet in the old net line between Howrah and 
Benares, as compared wit,h the new net line. It is almost certain tha t  
the old levelling is ill error, btlt despite this i t  was clecided to adhere to 
the policy of temporarily ndjustillg t,he lien7 net to the old. The 
publisliecl 1ieight of Rs11iganj tllough a t  variance with its true value, 
has been accepted as the init,ia.] value for levelling a11d the line start's 
with one ierminsl point in error. i ihe other terminal point, Dinfijpur, 
is none too reliable, having been fixed by single levelling for the old net. 
The circuit,, iu whicI~ i t  is, has a c,losiug error of about, a foot. I n  
addition two mo(lern lines of tlollblc IevcIIing of precision cross line 161 . 
These t,\\o lines, co~~lbine( l  with other moderu levelling, show 
themselves t.o be of liigl~ accuracy. 

Unless all level val~lcs in this 1,ar.t of 13engal n,rc to be u l~ic t ,  the 
pllblishetl y,.tIues modern worl; R,S IVCII as tlie old nct values of the 
termin81 l~oin t  mllst, be accpl,ted. In  consequence tllcre arc some corrcc- 
tlons in Iiue 151, \lrl~icll are t,oo large from the point of view ~ o f  level- 
ling of high p~-ecision. 

An investigation of tile concordance of onndjustcd values shows 
that all modern work i l l  this l ~ ~ a l i t , ~  is of excclleut qr~ality, and itl is 
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regrettable t ha t  the method of adjnstment of t he  new net to the old, 
results in the new heights being affected by the  errors of the olcler obser. 
vations, but there the matter must  rest pending the con~pletioil of the 
new level net. 

The  total distance levelled including the branch line was 261 miles, 
in course of which heights of 81 primary a r ~ d  279 secondary bench- 
marks were determinetl. Ont  of these secondary bench-marks, 8 had to 
be rejected, as  they were foiincl to have either risen or sunk. About 28 
per cent of this line had to  be relevellecl, n~os t ly  in the fore direction. 
For probable errors z.in'c. 'Cable 3. 

13. Liue 121Al (pt.inlnr.y) Mohcrty~rrr (:Wit l?zapo~e) t o  RZn7ga?lj.- 
The back lev ell in^ of this line n7as carried out by No. 3 detachment 
under Mr .  J. L. Sahgal. The  total clistance levellecl, including branch 
l i ~ ~ e s ,  was 114 rniles, in course of 1vhic11 heights of 9 primary and 146 
seconclary bench-marks were determined. About 22 per cent hacl to be 
relcvelled, mostly in the fore direction. This line colild not be adjusted, 
as the line Howrah to Jaleswar from which i t  emanates, has been 
levellecl in the fore direction only. 

'I'he country was fairly f a t  at the beginning and encl, and undu. 
lating in the ~nicldle. I n  addition to  several minor rivers and water 
courses, the following important rivers were crossed :- 

( i )  The Mahanancll near Goclagcri, in two parts : first shot 
about 11 chains and the seconcl 6 chaius. For the first, 
20 direct observations and S with the t,arget were taken. 
Seven sets of direct observations were taken for the 
second shot. There was an island in the middle of 
river. For the 11 chain-shot, one staff and the instru- 
ment were placecl on the  islancl, while the other staff 
\vas on the Cfoclagcri bank of t,he river. For t,he secorld 
shot., one staff was on t.he island, and the instrument 
and the seco~id staff on tthe bank opposite to Godagiri. 
T l ~ e  soil was firm. Pegs 5 feet long were driven on 
bot,ll banks, the levels of which were checketl daily. 
Cool;e'+ (;-inch vernier thcoclolite allcl a 10-foot sltbtense 
1)ar were 11set1 for tlcterminin? the witlth of the river. 

( i i )  The  T'aclmil near Lilgol;i, cl.ossecl with the targets, was 
a b o ~ ~ t  37 chains wicle. 104 sets of observa,tions were 
taken, of which one set was rejected. 

The  sit61 selectetl was abol~t  half a furlong north of the ra i lwa ,~  station 
cabin a t  Lalgolri Ghat.  One staff \\.as kept on the west bank on a p (~kka  
pillar, and the other on a 5-foot 1,eg 011 the island opposite. T h e  ins- 
trument mas set 11p on a brick 1,latforrn on thc islantl, to raise i l  high 
enottgh t o  rear1 tile back staff. lloth the shots \\.ere mostly over water, 
so as t'o climinatc t , l~e efl 'er~(s o f  nncq11:al reFra,c.tio~l. 011c  difficnlly 10 be 
anrmo~intetl in t'llis crossing \\VRR t , l~a t  the i r ) ? l t r ~ ~ ~ ~ ~ ~ r l t ,  nncl bat.1~ staff 
being or1 an isIa.1111, were V P I . ~  low, and t,lle For\val.tl staff on tile ol)posite 
hank was on high ~ I . ~ I I I I , I .  '1'11(? west bnnl; a t  illis I,Iacc was ahorlt 20 
feet big11 in two steps, and ~ , r~c ip i t ,o r~s .  Tllc x:.l.o~ll,cl \j?a,s hart1 on the 
surface, with n~ucl underneatl~, ant1 water ooze(1 out a t  about 12 fect above 



CILIP. 111.1 LEVELLING 45 

water level. A pillar was therefore erected for the staff. Three subsi- 
diary pegs were fixed on either bank for check purposes. The width of 
the river was determined by subtense bar. 

The successful crossing of these two rivers was largely clue to the 
use of the improved pattern targets, fitted with gears easy of manipula- 
tion, and allowing of gentle movements, devised by Mr.  N. R. Mazumdar. 

In addition to the usual types of bench-marks a new type of stan- 
dard bench-mark (type M) mas cont~ectecl this season a t  Howrah, 
Rilidnapore, Bankura, Riiniganj and Berhampore. 

The instruments used by No. 3 detachment were Zeiss level No. 
3488, staves Nos. 1 6 A  and 16B and standard steel tape No. 7. For 
probable errors vide Table 3. 

14. Li~ les  108 and 119 ( p r i t ~ ~ a r y )  nfwtl~.a-Cawnpo~.e-Be~~a~~es.- 
The fore levelling of these two lines between RIattra and Cawnpore, 
and Cawnpore ancl 13enares rcspectively was done by No. 4 detachment 
under Mr. L. D. Joshi. The back levelling will be done next field 
seasoil. 

The instrunlents used were Zeiss level No. 16310, staves Nos. 19A 
and 19R, ancl the standard steel tape No. 4. 

15. Probnble et.r.o~.s qf ' l~rinzarj liut~s.--Table 3 slionrs the probable 
errors of the lines of Iiigh precision levelling completecl in 1925-26. 
The l~robable error after R I  iniles of levelling IS Je,? M + e,"l' feet. 
e, is the 1)robable accidental error in feet after 1 mile of levelling and e, 
is the corresponding sj-steinatic error. The permissible values of e, and 
e, are eOUF16 and .00106 feet respectively. 

TABLE 3.-Probable eyrors ol'prirnary lines 

I 
Line I c 7 

- 
feet  

0 .00065 
0 .  OOODS 
0.00028 
0 .OU075 

. - 

13) (I\rot,ri t,o 13n1.11ier) ... 
1111 (Knl.Sclli tc~ l i o ~  1.i) ... 
1.-11 (1;iuig;inj 1.0 T)innjlrur) ... 
I :?I A (Rlohnnp~~l .  (hlid11:11101.~) t.0 Kfilliganj) 

f w t  
0.0032 
0 .OOHS 
0.0033 
0.0036 
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TABLE 6.-Check Eevelling 
Diwrepncies between the old and new heights of bench-marks 

.a 

Bench-mukm nf the oriyinsl Irvellin~ thnt 
were connected for check lerellin~ 

height 
WBB 

-. - 

Ed 
c 0 greater 

~1 nud the 
sign; ,lm 

v 111 

Xo. Dearription 

L,ine 150 (Btrrjjrer- Kotri ) nt Barnl.er 
- - - 

0 . 0  
1 ..7 
1 . 6  
1.G 
1 . 9  

2.0 
2 . n  
2 . 1  
2 . 1  
2 . 1  
2 . 2 -  
2 .2  
2 . 3  

0-000 
+ 0.01)l 

40~00~1.1-O~004 
-0.004 
-0.023 
-0.029 
-0.009 
-0'0l8 
-0.018 

C.345+0-005 
+0'005 

5.580+0.011 
+OnOll 
-0'001 
-0.005 

0.000 
- - . .  . - 

... 1 2 . 3  
2 . 4  1 "  - 

- - -- - 

0 000 
- 41,068 
-. 40.000 
- 41'370 
- 20'4G3 

1 . 9 - 1 6 ' 2 7 3  
- 13'790 
- 13.029 
- 9.994 
- 6,350 
- 6.452 

5.691 
+ 0.387 
+ 4.703 
+ 1.444G 
- 2.912 

.- . - 

- -- - -- -. .- - - 
(Type C) n t  Bnrmcr ... 
Hailwrry rest hoose ,, ... 
Hailwny stntiou ,. ... 
Bnb post ofice ,. 
Water tnnk of He111 sartii 
Verandah of .. . 
Seth Bornmi Rim's  l~onse  
Police elation .. 
C!iril tliuyenssry ... 
Step of cnnrt l io~ise ... 
Vestil)ule of ., .. 
A .  V .  School ... 

-- 
23 1 40 0 

L i r l e  150 ( B n t t t ~ a ~ . - K o t r i )  at Hytlertibrirl nnrl Kotri 

... 

... 

X 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1H 

-- 
1921-25 

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

. 

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

A 

-- - - - - -. . 

210 U) C 1 (Type B)  nt Kotri  . . .  
21 1 1 ,. 1 KniIw~y qtntion , ,  ... 

3 l  , X K ,  e n  of i s  I 

413 Th:\knr Dis' bl~npnlow (;it111 
(9lr;l Hnntlnr , .  

. . . 
scl~onl  

I ti1 . I L B If. Byder i l~ i t l  . .  
'I4 1 I i i t  .. 
' IS5' ;  '. .. 
I , I Mrtha R i m  hnll .. ... 
4 i .. i T r n i ~ ~ i n f  c r ~ l l ~ ~ e  ,. . .. 

1 ('I'pp~ C) a t  Gnnjn Tnkknr 1 .-> 2 

0.000 
-. 4.1.067 
- 
- 41,374 
- 20.486 
- 18.302 
- 13.79!1 
- 1 3  041 
- 9.312 
- 
- 6.441 
- 
+ O e R i f i  
; 4.7112 
+ 1 ,43!l 
- 2.!)11' 

~ 

0 0 
0 . 3  

1 6  

2 . 4  

3 1 

3 . 6  

17 
6 . 1  

6 . 2  
6 . 3  

- - -  -- 

00001 1920-21 / 0 .000  0.000 
+ 6 , 5 4 2  , + 6.537 -0.005 

+ 2'7,447!(;$;:!7) 1 + 27.44!/ +0'002 
I i 

i 1920.21 
I 

+ 35081(,b,2,) 1 + 3 4 i i !  -0.031 

+ 19.5'3' 1904.06 / + 19 6631: -0.022 
'-'I l D I l I l X i  ; + , l ,4p , , , !  -0,023 

+ 4.483/(,9P0-2,) 1 
+ 31.115 190l.oli + 33.(l!lli1 - 0,092 

+ 52.8961 (1::;) 1 + 628!1n/ - 0.005 

+ 53.2741 1924.28 1 + S3-25:11-0.025 
+ 5-1. !18!4, , . + 54 9(;8 -0.021 

t 65.882 ' + 65,014 +0*032 
o 000 19i(;-21 0.00fl 0.000 

+ 2.714 , + 2.68: -0,031 

+ 4.095 ,, i + 4 . n ~  -0,032 

+ 3. 5*5,(11:;:) + 3 .  rss - 0.017 
+ 3.763 1920-21 + 3 . i23  -0.035 

1 1 hill 7 . 6  
.. 1 (T.pe B i  nt Kot1.i " '  1 u . 0  

615 ' .  I I .. I Flotilla officr .. ... 
I 3 l t  I , ,, I Z e r n  nf Kotri vnnpr ... 

39 1 ,. ! Wnoden r a t e r  gmuzr . 
213 1 .. ( Di*trirt lmngnloa. Kntri . 

n .8  

1 1 

1 . 2  

1 . 3  
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TABLE 5.- Check levelling-(contd.) 

Discrepancies between the old and new heights of bench-marks - 

Bench-~nnrke of the original levelling that 
were connected for cl~ecli levellilig 

I milea I jeer I feet I jwt 

Line 101 (Kan ich i -K l~ .d~zpu~)  at  Kavdck i  
- . . . .- -. -- ~ p~~ ~ -- - --- 

bo 
.g 

$ 8  G 

C 
u, 

No. 

109 

IOS 

3 
5 

09 
100 
In1 
103 

Dwree 
shect 

S. U.M. a t  Napier barracks 

Monu~nent  a t  Trinity church 

S . 8 . M . a t  ,, ., ... 
E. entrnnce of VrEre hall 
W. ,, ,, ... 
Queen's fitatue ... 
Step t o  Quec~l ' s  s ta tue  ... 
10 fee t  N E .  of Clifton 11,s. 
Clifton h.a ... 
lleferenco 1i.RI. of JIauor:i 

T.O. . . .  
S. U . M .  nt Knpicr bsrmcks  

l iornm Catholic c h l r c l ~  . 
(Type C) near  Rlncicipal 

rcservoirs ... 
,, a t  Towers of silencc 

35 P 

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

Difference 
(check- 

qk$nf$h 
+denotes 
thnt the 
height 

wan 
greater 
nud the 

sign- ,less 
iu 

1924-2526 
than when 
originally 
levelled 

Observed height above (+) or 
below (-) starting bcnch-mark, 

as determined by 

Description 

Line 101 ( K a t ~ i ~ h i - K h r ~ n p ~ u r )  at Tatta 

Original 
lerell"rg 

101 , .. 
1 35 1, 

100 35 1' 

1111 I , 
111 1 ., 

72 
13 
70 
78 
80 
Y1 
82 

0 , 0  1 0.000* 

I15 
8 

Datc 

0 .4  

0.G 
0 . 9  
1 . 0  
1 .0  
1 . 1  
3 . 6  
3.17 

9.3  
0 . 0  

0 . 5  

1 . 7  
3 .9  

Railway bridge No.  17 8 . 5  . I  

1909-10 1 0.000 1 0.000 

,, 
, 

Check 
levelling 
1924.26.20 

.- 9.782* 

- 8.174 
- 8.399 
-10,44G* 
-10.539. 
- 12.78:;* 
+ 59.124* 
+(i0.935* 

-2r;.773 
0.000* 

+ 5577' 

+ 5 7  521, 
+ 39.819* 
+ 11..718 

( ::Ei:gfiy) 
,, 
,- 
,, 
,. 
,, 
,, 
,, 

l 9 d - 1 0  
1R50-GO 

(I~bJ.g,i) 

. 
,, 
,, 

0.000 
-0.041 
+0.045 
+0.139 
+0.130 
+On169  
+0.178 
+0.1.10 
+0.125 
+0.107 

0.000 
+ 1 .6 i8  
-23-74.3 
-21.604 
-28.454 
-31.759 
-28.263 

- 9.789 

- 8.168 
- 8.381 
- 10.443 
- 10.579 
-12.786 
+ 59.129 
+ti0,039 

-26,789 
0.000 

+ 3.571 

+57.578 
+ 39.823 
+ 14 748 

+ 9.955 
+ 7.64.4 
- 3,351 

R1.S. 'l'nLtn X ... 
... 

9 ,  ,, 10 ... 
% 

- -- 
35 1' 1 Stcp of Travellers' Bw. ... 

- 0.007 

+O.OOfi  
+0.018 
+0 ,003  
- 0.04.0 
-0.003 
+ 0.005 
+0 .001  

- 0 . 0 1 ~  
0.000 

- 0.002 

+Oa057 
+0.004~ 
+OmO:30 

, 
,, 
, 
,, 

., 
,, 

Line 151 (R,inignt!j-Digifij2)~~,r) a,t RGn?go.njt 
- 

~ . -  .-- 

1839-90 
,, 
., 
., 
,, 
,, 
.. 

0 .0  
0 .0  
1 . 8  
5 .4  
7 .2  
8 . 2  
9 .0  

Vcrsndali ,, ,, ... 
hl ullicipnl ofic-c . 
Bridgc o r r r  I < ~ l r i n % h  , 

,, Kli:~tinnw;il~ . . .  
Bridge nenr C'liilin . 
I<hnin.iro dhnrl11siLln . . .  

1658-GO 
,, 
,, 

0.000 
+ 1.519 
-23.788 
- 21.7.4.3 
- 28.584. 
-31.918 
- 22.431 

9 .5  
1O.b 
11.4 

0.000 
-0.052 
+o-022 
+O-005 

+ 9.825 
+ 7.519 
- 3.458 

* nrf'cl.rninrd from t,he Icvellinp of 1909-10. 
t This work was done in 1925-26. 

1314-17 
. 
,, 
,, 

39 / i 3  I! 
3R ., 

84 ,, 
33 1 . 

0.000 
+ 5.793 
- 2.119 
+ 12.967 

0.0  
0.G 
2 . 8  
3 . 1  

Rock ... 
Wlieel guard s tone  . . .  
\\'ell ... 
Platform ... 

0.000 
+ 6.845 
-- 2.141 
+ 12.962 
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TABLE 5.-Check levelling- (contd.) 

Discrepancies between the old and new heights of bench-marks 

Bench-mfirks of the originnl levellink! that 
were connected for check l eve l l i~~g  

I 
Descriptiou 

i 

Observed height nbove (+) or 
*lor - ) ruirling bencl,-mnrk, 

as determined by 

Orifinn1 Check 
leveling 1 1 levelling 

1925-26 

C 
c 

ID * 
g ?  
a", 
g f! zP 
% 
5 

TAEn_ee 
original). 
The sigu 
+de,,,,ks 
that the 
height 

W P S  
greater 
uud the  

sign- ,less 
in 1925-20 
t h n ~ ~  w11e11 
orid~ullly 
levelled 

I viler I ~ m t  I I feet 1 feet 

Line 151 (Rdn iqan j -  D i n ~ ~ j p z ~ r )  at Rd,niganj - [  contd.)  

32 53 Al Uridge .. 
. . 
... 

Rock 

31 
30 
29 
ZS 
40 
42 

,, 
,, 
,, 
, 
,, 
,, 

Line 151 (R~inign)lj-Dinrijpz~r) at Qodtigciri 
-- 

127 ( 7s L) 
1 ,, 
1 ,, 
I i , 
i , 

. - - ~  

t0 . (09  
0.000 

-0,081 
-0.048 
-0,038 
t0 .013 
tO.004 

3.5 
3 . 8  
4 . 6  
4.9 
5.6 

+ 7.088 
+ 19.775 
~ 2 1 . 1 8 8  
+ 6.61e 
+ 30.078 

Pmapet 0 . 7  
Pier 1 1 . 8  

I 

1914-17 
,, 
,, 
,, 
.. 

0 . m  
-0-016 
-0'nlO 
-0.041 

Intcl.ret1 . .  1 0 .0  
Veranda11 ... / 0 . 3  
Bridge . 1 0 
Cnlvert. ... i 1.0 

. 

Lins 151 (R6n ignjij- Dintijpur) n.t Di~zsjpur. 

-42.071 
-58.86.' 

+ 7.095 
+ 10.775 
+21-057 
+ 6.570 
+30,04,0 

, 
,, 

Stcp 1 . 5  +5.321 .. j + 5 . 3 3 4  +0.013 
I -- .- 

7'. 

77  
ic; 
1 
2 
4:: 
44 
h 

-42.059 
-65.858 

0.000 
-I- 4.944 
+ 4.717 
+ 2.706 

0 0 0 "  11920-21 
+4 .960  
+4.727 
~ 2 . 7 4 7  

0.000 

Line 10S (Jltlttm-Cntunpore) nt Jf~r t tm 
~- - -~ 

., 
, 
, 

1 8  (. 1 Ilcrnorial ste , . . . 

.- _ 

, 

- -  

0.000 0 . 0  

8tnntla1.d 
, 
.. 
, 
,, 
.. 
,, 

I 

0.000 1 1899 

j 1900 
. 

Vernntlnl~ ... 
Kritlge .. 
En~hedtlcil . . . 
Hridgc ... 

. . .  
Pier . 

- - 

6 . 2  
0.4, 
0 . 7  
0 . 7  
1.4 
1 .6  
3 . 7  

- 2.893 -2.884, 1 ,, 
+ 2  331 1 .. 
- 2 . 4 3 8  i ,, 
-1.312 ) ,, 
+8.294 ,, 
t 8 203 1 ,, 
-9 .234 ,. 

O.OOO 
-0.002 
*0.002 
+O.oo1 
-0.043 
-0'o13 
-0.020 

-0'OOY 

0,000 
+ 2.033 
+ 5.6'32 
t13 .528  
+ 13,692 
+ 13.607 
+ 21.563 

+ 2.335 +OnO04 
- 2.411 1 t 0 0 2 5  
- 1.310 1 + 0.002 
+ 3.324 + 0.030 
+ 8.23: / t0 .030 
- 9.189 1 t 0.045 

I 

1905-0fi 
1912.13 

,, 
, 
,, 
,, 
, 

3.;: .;4 E ; S .B .M.  at, nrnttm . . .  0.00 0 ~ 0 0 0  
40 1 ,. 1 Sessitlns jndge.3 conrt ... 0.03 + 2.035 
31 ,, Atcnlt-ert ... 0 - 8 5  
2 0 ;  ,, A t  platform ... 1.43 
19 1 I E.B M. nt Rp. Stn. Cantt. 1 - 5 2  
42 / ,, Water trough . .  2 - 1 4  
2,' i ,, Plntfnrm i n .  Rp. Stn. . I 2 .88 

+ 6.6R0 
+ 13.527 
+ 13.736 
+ 13.520 
+ 21 .;g3 
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TABLE 5 .- Ckeck levelling-(contd.) 

Discrepancies between the old and new heights of bench-marks 

"em~. lnar~8  the bfigillnl levelling that 
were counected for check levelling 

M 

f 
U) c 

g $ 
2% 

! a -S 

8 No. 

/ miles ( foot I I feet I feet 

Line 108 (Muttra- Cawnpore) at Agra 

Degree 
sheet 

124 
125 
12G 
127 
128 
33 
123 
123 
121 
120 
119 

Diffcreuce 
(checli- 

originnl). 
 he 8ig11 
+denotes 
that the 
height 

was 
greater 
and the 

s i p -  ,less 
in 1925.26 
than when 
originally 
lcvelled 

0b8erved height above (+) or 
below (-) starting hencb-mark, 

as determilled by 

Descriptio~~ levelling oripillnl , Date 

54 I 
,, 
,. 
,. 
,. 
,, 
,, 
,. 
,. 
,, 
,, 

Check 
levelling 

1925-26 

Line 119 (Caw~zj~orc-Az~~a~agcib(id) nt Caw?z2)ore 

S.R.11. at  Agm ... 
Culvert No 4 ... 
Drain ... 
Post office ... 
Church ... 
Stone Bir ... 
Port R.S. ... 
Jamna bridge ... 

3 1  9 9  ... 
Culvert ... 
Julnna bridgc ... 

28 
162 
163 
164 
165 

It% 

0.000 
+0.097 
+0.082 
+0.085 
+0.083 
+O.OX4 
+0.103 
+Om136 
10'101 
t0.098 
+0.104 

0.00 
0.59 
1.07 
1.44 
2.04 
2.09 
0.10 
0 .59  
0-78 
0.94 
1.2s 

63 1% 
,, 
,, 
,, 
, 
,, 
,, 

Line 119 (Cazuttpore.Azs~.nngciboitl) at Allnhdbcid 

0.000 
+ 7.109 
+ 7.G57 
- 1.110 
- 1.4,31 
- 0.6(;7 
- 0.010 

51 
I60 
1 )  
1% 
162 
lER 
45 
lie 
57 
5G 

0.000 
-0.0048 
+0.002 
+O.OOX 
+0.001 
+0.013 
+0+013 

E.B.M. at  Cn~snporc ... 
Etlward memorial hall . 
Queen Victoria st,atne . . .  
Currency ofice ... 
Christ chnrch ... 
'EX. Engineer's oflice . .  
S.B.hl. Ca\vnpore . . .  

0.000 
- 6.439 
+10.683 
+ 26.100 
+2'7.213 
+25.057 
+ 3.007 
-11.535 
-11.688 
- H.4,69 
- 9.866 

0.000 
-6.536 
+19-601 
+26.015 
+27.130 
+24-973 
+ 2.904 
-11.6'71 
-11.7R9 
- 9.657 
- 9.070 

b. 

63 
, 
,, 
,, 
, 

I ,, 
,, 
,, 
, ,  
9, 

1915.16 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

0.00 
0.27 
0,:19 
0.81 
1.05 
1.55 
1.59 

0,000 
+ 7.108 
+ 7.655 
- 1 .  14m3 
- 1.435 
-0.680 
- 0.023 

0,000 
+0'091 
+0,050 
+0.047 
+O.OI;O 
+0.064 
+0.085 
+0.054 
+0.131 
+0.096 

1915-16 
,, 
, .  

,, 
,, 
., 
,, 

S.R.M. at  Allnhnbnd ... 
Cnlvert ,,. 
ICachnhri . . .  

... 
wn3br trough ... 
Kritlgo .. 
Well ... 
Port ... 

t ... 
. . . 

0.000 
- 7.6IiO 
- 4.328 
- 2.6i2 
- 28.1:11: 
-37.897 
-3'2.5(;6 
-19.2s-1, 
-1!).(;21 
- 28,972 

0.00 
3.14 
3.G5 
4.00 
218 
3.lO 
4.?4. 
.~.4,]! 
4.47 
4.52 

1920-21 
., 
,, 
,, 

0.000 
- 7.569 
- 4.2'7s 
- 5.635 

,, ,- 28.076 
,, -27.8R3 
,. 
,, 
,. 
., 

-32.48-1, 
-19.2SO 
-19.500 
-28.877 
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TABLE 5.-Check levelling-(contd.) 
Discrepancies between the old and new heights of bench-marks 

M 

5 
24 m CI 

E; 
'22 
g t? 
2 "  
% 
2 

Bcnc11-rnnrIi~ of thc oripjnal levelling thot 
wuro connected tor check levelling 

Difference 
(check- 
origiuol). 
~h~ 
+deuoteH 
that the 
height 

W a a  
greater 
and the 

sign- ,less 
in 1915.26 

than when 
arigiually 
levelled 

Observed heiqllt above ( + : or 
blur (-- ) atarl,il,g be,,clr.milr~ii 

as cleterlniued by 

I 
/ miles I f e e  I I feet I yect 

Lilte 119 (Cazu1~pore-At~rn~1y6bhd) nt Benares 

Orig i~~a l  
lerelll,lg Descrip t,ion 

89 
73 
74 
D 
95 
96 

Dat,e 

1863-65 
1914-15 
1916-17 
1863-64 

,, 
,, 

Check 
levellill? 
19'25-26 

63 6 
63 0 

(;$'G 
, 
, 

Line 70 A (Bentr ves-B?rrclzocin) nl Baj.tiknr 

0.000 
-10.255 
-15'51ti 
- 0.788 
+ 3.205 
+ 3.025 

-- 

49 

50 
52 
51 
54 

A t  well ... 
At J n .  oE roads ... 
E.B.M. a t  Be~leres  ... 
At  bridge ... 
At well ... 
S.B.M. nt Kenares .. 

0.000 
-0.028 
+O.OOi, 
-0.009 
+0.021 
-0.007 

0.00 
0 .26  
1.13 
0.19 
0.19 
1.22 

-- 

0.000 

-0.002 
-0.006 
-0.002 

-0.008 

0.000 
-10.227 
-15.521 
- 0.779 
+ 3.184 
+ 3.033 

-0.069 

~- 

-- 

0 . 0  

0 .4  
0.6 
0.7 

0.000 

- 4.513 
- 1.529 
- 7.546 

73 I 

,, 
,, 
,, 
,, 

156 , 

0 on bridgc 1.0  - 0.419 

G.T.S. 
0 on bridge ... 
B.U. 

... 
+ on stone pillar . 

E.B.51. at  U;~rikar ... 
(;.T.S. 

R.,M. 
G.'ll.S. 

,. 

Line 72 (Bi2dri1,ncrqnr-Pirpninti) cr,t Pntnn 

0 on rock +35.2(;1 1 B.M.  
-p.-p--------p.-p 

+35.192 

I 9 l 4 , - l 5  
1916-17 

,, 
,, 
,, 

~ - 

30 

2': 

23 

0.000 

- 4.515 
- 1.535 
- 7.54,s 

,, - 0.1Jm27 

-- - 

73 C; 

, 

.. 

- 
Line 70 A (Bennres- Burd7unn.) ot  Mugh,nl Snrai 

82 

81 

83 
8h 

0.000 

-0 ,012  

-0.034 

- -. 

S.B.M. at Bankiporc . .  
G.T.Y. 
0 on culvert ... 

B Y. 
G.T.S. 

0 o n  bridge ... 
B.BI. 

63 0 

., 

, 
, 

-- 

0.0  

4 . 6  

6 .7  

0.000 

+6.!)80 

+6.561. 

O.T.S. 
0 on platform .. 

B 81. 
G.'J'.S. 
0 on bridge ... 
B.M. 
1C.H.M. a1 Alinegar ... 

G.T.8. 
0 on well ... 

1-3 . M . 

0 . 0  

0 . 8  

1.8 

3.1 

~ . .  

1914-15 

, 

,, 

0.000 

- 2.071 

- 5.513 

- 0.065 

~ 

0.000 

+6.!)68 

+6.530 

0.00o 

- 8.070 

- 5,486 

- 0.073 

191G.17 19'4-15 

,. 
,, 

,. 

0.000 

+0.001 

+0.027 

-0.008 



TABLE 5.-ChecL levelling-(contd.) 

Discrepancies between the old and new heights of bench-rnarlrs 

a" 
,, 

3 
8 8 
E n  - o 

4= 
UI 

Bench.marks of the origillal levelling that 
were connected for cl~eck levelli~ig 

DilYcrcncc 
(check - 

origi~ial). 
The sign 
+denote& 
thut the 
height 

WBS 
greater 

and the 
sign - ,leas 
in 1925-26 
than when 
originally 
levelled 

No. 

Observed heigllt above I+) or 
below ( - )  atartiug bench-mlrrk, 

as detcrmiued by 

Line 7'0 (Allah~b6d-Dild6~.1ragar) at Mirz6j)ur 

Check 
lev ell in^ 

192526 

Original 
levelling 

Degree 
shcot Date I)escript,ion 

G.'I1.S. ' 

8 on gooddaplat~orrn ... 
B.M. 
.Z.T.D 

0 on culvcrt ... 
.M.a 

S.B.M. at bIil.z%pur ... 
G.T.S. 

$ on platform ... 
B.M. 

.s.'r.3 
0 ,, cl~lver t  ... 

. M . 8  
, I  t, 9 ,  ... 

52 

57 

58 
61 

53 

54 

63 K 

,, 

,, 
,, 

,, 

,, 

56 

0.0 

1.7 

1 .7  

0 . 1  

0.S 

1 1.4 
G.T.S. 

,, 0 at kachnhvi . ( 2 .0  ( -  6.927 ( ,, I R . M .  
- 

1863-G5 
1305-06 

,, 

,, 

,, 

,, 

,, 

0 ,  000 

+13.767 

+ 13.879 

- 0.571 

- 4.297 

- 5.054 

0.000 

+ 14,.(iZO 

+ 13.848 

- 0,652 

- 4.837 

- 6'0148 

Li~ie 6 7 A  (Babt6ng1ur-Allnhcilrcitl) a t  AIEah6ba,l 

0.000 

+OS853 

-0.031 

+0*019 

0.000 

-0.060 

68 

57 

45 

163 
(46)  

162 
(47! 
168 

159 
(64) 

G3 (; 

, 

,, 

,, 

,, 

,, 

,, 

0 . 0  

0 . 0  

0 . 2  

1 . 3  

1 . 9  

5.0 

4.9 

G.T. 
a t  Allah.;lh.id Fort, ... 

B. h l .  
G.T.S. 
0 a t  Fort, ... 

B.M. 
G.T.S. 
0 011 rrcli ... 
B.M. 

1886 

'::'" ,. bl.i(lga ... 
18th 

Bj ,, cntt,lc t rougl~ ... 
Q.T.S. 

0 ,, verandah ... 
H.M. 

a.!u.s. 
0 a t  knchnhvi ... 

R . M .  

0.000 

- 0.347 

-13.282 

-.18.613 

- 8 ,852  

- 

1920-21 

1898-99 

1020-21 

,, 

,, 

0.000 

- 0.273 

-13.256 

-15.5!14, 

- 8.829 

+16.612 

+Ida056 

0 . ~ 0 0  

+ 0.074 

+0.026 

+O.Oll, 

+0.023 

,, 

,, 
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TABLE 5 .-ChecB levelling- (coadd.) 

Discrepancies between the old and new heights of bench-marks 

bwh.,nnrks of the original levellin. that 
wore cour~ectcd for clreck levellirlg 

Deacriptlon 

--- - 

$ 
42 
! 3 
5.4 
Q a 
0 Q 

3 ' 
8 

I miles1 feet I I feet I feet 

Line 67 A (SzdC3 y uv-Allahdbhd) at Allal~db~id-(contd.) 

Difference 
(check- 

that the 
heighl 

was 
grater 
and the 

sign - ,less 
iu 192596 

thnn when 
originnlly 

levelled 

b,$,s$,,,, 
as dotermilred by 

Originnl 
levelling 

4 . 4  

5 0 

4 .7  

6 . 5  

@ a t  Xuir College ... 

S.S M. at Scotcl~ kirk ... 
G.T.S. 
0 ou plinth ... 

B.M. 
G.T.S. 
0 on retaining wall ... 

B.M. 

-. . - 

160 1 63 C4 
(53) 

51 
43 

41 

Litte 70 J (Bnrtiknr-Hcrztirib~gh Road) at Haaciribdgh Road 

Date 

,, 
,, 

,, 

Check 
levcllillk! 

1925-26 

t l l . 6 2 4  

+ 19.284 

+ 3.118 

+ 0.589 

On000 
-0.003 
-0.033 

-0.025 

-0.028 
-0.033 
-- 

lf,!) 

I 
107 
Illti 

I05 
104 

1910-21 

,, 

1808-99 

,, 

+ 11.673 

+ 19.261 

+ 3.160 

+ 0.455 

Bettceen Hazciribcigh Road and Gonzo?~. 
Line 70 J (Bnrtikar-Hazt~ribfigh Road) at Chichaki Railluay Station 

0.000 
102 1 ., 
101 ' .. 
99 ., ., r .  

.. 9 ,  

.. ,. 
,. 3 ,  

I ' ,' 

+0~018 

- 0-023 

+0.04!2 

-0.104 

7 3  1 IHnwny pillar at Haziiri- 
1 hlrgh Road ... 

., j C.T.s.OB.31. atS.M. oRce 
,. Ry. B. J[. n n  bridge 156 ... 

0 . 0  
0.1 
1 .1  

2.0 
., 

B. ar . 
, Rp. B.M. on bridge 163 ... -35,611 
.. / Ry. B.M. ,, ,, 150 ... -61.17, 

O.'l'.S. 
0 on bridge 16% ... 

0.000 
0.018 

- 36.438 

-21.771 

,, 
,. 

-36.639 
-61.210 

I 
1924.25 

,, 
,, 

,, 

0.000 
- 0.021 
- 36.470 

- 21.796 
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TABLE 5.-CLeck lenelling-(concld.) 
Discrepancies between the  old and new heights of bench-marks 

flellch.mnrli6 of the original levelling thnt 
werc colnlected for chcck levellilig 

- 

Z * 
2 2  
! ! 
.tie 
0 E  ; J= 
C) 

Uitference 
(check- 

TE$l; 
+denotes 
that tlrc 
licigbt 

WIIR 
greater 
xnd the 

eiyn- ,less 
in 1025-26 

thau when 
originnlly 
levelled 

Observed height above (+)  or 
below (-) startint? bench-mark, 

ae determined by 

I miles I j e t  ( I j ee t  1 feet  

Lim 7'0 J (Burtika~~-Haxiril~tigI~ R o d )  at Chowdlwiband and 
Isri  Railica y S t a t i o ~ ~ s  

Original 
levelling Description a No. Dnte 1)epree 

sheet. 

Ijy. B. Rl. at Cl~r,\vdhribaud 
H R . 

, . on I~ridge 123 .. 
,, ,, ,. ,, 121 . 
. , ,, , 117 ... 

Q.'I1.S, 
0 on bridce 114 . 
B R I .  

1tg.II.hI. ,, 113 .. 
. I S .  0 .  1 I . 
R y p i l l a r  , ,, . 
G.'l'.S, 

94 

5 
4 
3 
2 

1 
:3US 
BOY 
307 

Check 
levellinc 
1925-28 

72 11 

72 1, 
.. 
. .  
, 

., 
73 I 
, 
,, 

-15G.656 -0.0'23 
B. M. 

306 -113.5101-0.020 
- 184.469 - 0.019 

- ----p--p-p-p--.-- ~ 

L i ~ t e  70 J ( Nttrcikar- TIclz(irib(Ty11 Ronrl) crt Ni,t,~icr Qhlit am1 
Go/,/.oh Railrtqcr y Sfations 

1924-25 
,, 
., 
,, 

,, 

., 
,. 

0.000 
- ?9.590 
- 51.390 
-108.156 

- 161.341 

- 146.498 
- 136.699 
-143.436 

.. .- 

0 1 0.000 
1 .3  - 29.590 

13.000 
0.000 

-0.007 
-0.040 

-0.027 

-0.025 
-0.039 
-0.040 

2 .3  
3 .9  

4 , . G  

5 . 3  
G . 3  

~ - 

303 

no2 
101 
:3OO 
299 
1!IA 
2% 
r!lC 

- 51 .383  
- 10F.13G 

-101.314 

-146.473 
-l:i(i.GGO 

G.4 

-- - 

0.000 
- 2 .  (;92 
- lo .P6O 
-4.1.818 
- 81.249 
-$)1l,71!2 
-99.058 
- i,1,*380 

-133.305, ,, 

- ..- - 

o.oou 
0 . 0 ~ 0  

-o.oO1 
+0.(111 
+ 0.017 
+0.01$1 
+0.043 
+ (J-O.i!l 

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

73 1 1 Ily. U . N .  at lUimin (;h:lt 
I '  i 

I I s .  . 1 0 0  o o n o  
,, o 1 :  .. 0 . 1  - 3.6;9:! ~ ,, 
, 1 ~,i, U. ,. ,. 911 . ,  . ().,: - 10.95:l 
. l . 1 . .  , , 8 . 
,, I .. , . 4 3  . . 
1 7  I . I  ,, ,. 71; . . .  
,, ,, .. 51 . .  
, j ,, nt Uol l~n l l  ... 

l .Gi -41 .82J  
:!. '2 I - 81 .2(;(i 
4..:1-90.731 i ,, 
S.9 -9!I.O9Y 
7 .  (I - ; 1. .1.:3!l 

I 
,, 
,, 
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TABLE 6.-Re r:ision levelli t~g 

Discrepancies between the old and new heights of bench-marks 

sn a 

'0 h 

a i :: ,i - 0 

6 

I DiEerel~ce 
(revinion 
-onel. 

na!). The 
@W + 
denotes 
tllnt the 
height 

WOE 
greater 
und the 

~igu-sless 
in 1924-26 

: : ~ : ) ~ y  
,i,lled 

Ditference between orthometric 
heigllts. above (+) or below (-)  

the starting bench-mnrli 

I llliles I I feet I feet I f ict  
- 

Pad of Line 101 (Knrrichi-Kotri) 

Date of 
originnl 
levelling 

Dench.mnrks of tho originnl levelling thnt 
were con~iected during the rcvisionnry 

opentions 

109 

10s 

: 
5 

9!1 
I l t i  

Description 
From 

published 
lieights 

No. 

- -- 

fiopl revislo= 
1924.26 

(unad'ust 
.'I 

Decree 
sheet 

35 1' 

,, 
.. 
,, 
, 

0 '000 

- 9.788 
- 8.167 
- 8.380 
- 10.442 

1!lL , , 1 Bridge o e s r  Chili. V. ... 70.3 ,, - 3.131 - 3.936 -0.405 

# 
, , K n o  h a  . 7 2 

, , 
+ 6.056 + 5.(i(;'J -0.387 

40 1 BI. S. Tntte. 8, Jerruck 24 71.7 185H.GO +33.312 + 37.879 -0.433 

SF( .. 9 23 72.7 ,, + 3C.00C + 35,568 -0.438 

0-000 

-0.oOG 
+Oe007 
+0.019 
+0.004 

- 10.578 

-12.786 
+59.1:(2 
+Ci0.942 

- 26 5R6 
+ 3 . 5 7 5  

+57.681 

+39,824 
+14.743 

+ 27.923 

+ a 9 6 0 1  

- 10.53!-1 

-12.783 
+ 59.124 
+GOs935 

- 20.773 
+ 3.677 

+ 57.5'11 

+ 39.819 
+!4.718 

+ 29.487 

+3",206 

... 1 . 0  ,, - 0.039 

-0.002 
t0.008 
~ 0 . 0 0 7  

-0.013 
- O  002 

t 0 060 

t0.005 
+0.030 

- o 6G4 

-0.605 

0.000 

- 9.782 
- 8.174 
- 8.399 
-10.446 

S.B.M. n t  Nnpier  b n r r n c k ~ ,  
G a r i c h i  .. 

M O I I U I I I ~ ~ ~  at Tr in i ty  
c h u r c l i .  

S . U . M .  a t  ,, ... 
P. e n t r a n c e  of Ft.&re hall 
W . e n t r a n c e o f  ,, , 

1114 
1 

110 

122 
$ 1 1  1) 

11; 

1 4 1  
(7:) 

0.0 

0 . 4  
0.G 
0 .9  
1 . 0  

1 , D l n k l i  bills ~ . b n n g r l o n  62.2 ,, 
(W) 

,, Oli f to~l  11,s. . . .  
35 1, l t e fe rence  B. N .  ot' Blanorn 

1 'PO. .. 
35 E' Roman Catholic church  

1 ('l'ypc C)  n e a r  Municipal 
" j rererroira ... 
, (Type C)  nt Towers of 

I si lence ... 
,, / l ~ ~ ~ l \ v i l y b r i d g e N o . l ~  ... 

I S t e p  of Mnkli hills. Trn- 
i vcllel.s' bungnlow, T:ltt,a 

1869-60 
1893-94, 

., 
,, 
,, 
,. 

3 . 6  

9 . 3  
0 .5  

1 . 7  

3 . 9  
8.5 

6 2 . 2  

,, 

.. 
,, 

,, 

,, 
,, 

1889-90 
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T A B L E  6.-Revision l e ~ e l l i n . ~ - ( c o ~ t t c i . )  

Discrepancies between t,he old and new heights of beach-marks 

nench.lnnrks of the original levelling that 
were connected duriug the revisionary 

operat,ious 

hn 

5, 
; i 
2 i  - u 
z i 
9 
a Description No, 

I c I p e t  1 feet 

Part of Line 101 ( Knriclii- Kotri) -(aontd.) 

I Uiffcrcncs 

Degree 
sheet 

92 
(77) 
494 
(213) 

39 

495 
PI4) 
(38) 
496 

(35) 
210 

(revi~ion 
- origi- 

n51). 
s i ~ l '  + 

tlint t11e 
heiphl 

wa.r 
greater 

ILnd 

Sign-~'ess 
1P'4-26 

th"wh.hell 
originally 

1)iffel.ence between orthoiiietric 
l~eights, above ( + )  or bt,low ( - )  

the  starting bench-mnrk I 

40 D 

40 C 

,, 

" 

I'  

,, 

ed' I levelled 
~ ~- 

Jh~te of 
original 
levelling 

-- . -. - 

- 0.457 

-0,283 

- 0.264 

- 0 . 2 i 9  

-0.347 

Line 150 (Kotri-Ba,rmc~*) 

From 
published 

heights 

1858-60 

1920-21 

1!'04-06 1920-21 

1920-21 

, 

, 

+ 25.029 

+ 30.620 

+ :10.3(;2 

+ 30.952 

+ 
+ 2(;.857 

3r.S. Tat la  10, Jer ruck 22 

District. Bungalow, Iiotri  

Wooden water gauge, 
Kotri  ... 

Zeroof Iiotxi rrnuce, I(ot ,~i  
(P.W.D. B.M.) ... 

Stone near  Flotilla ollicc, 
Uotr i ( l iy .B.hl . )  ... 

(Type U) a t  Kotri  ... 

210 
211 
34 

413 
(216) 

33 

~ r o m  
revlsion 
1924-2tl 

(unadjust- 

- - - -. 

+ 24.572 

+ 30.338 

+ 30.0!rA 

+ 30.673 

2 9 . 5 7 1 c 2 9 . 2 9 3 - 0 . 2 7 9  

+ 26-610 

'73.6 

119.2 

119.4 

119.4 

l ! 9 7  

120.5 

0.000 
+ 6.643 
+ 27.447 

+ 3.508 

+ 3'1'585 

+' .I..I,S:: 
+ 33.718 

+ 53,595 

+ 5:3.27f; 

0.000 
+ 6,6:i,S; 
7 27.452 

+ 3 ,478 

t 19.5C;(; 

+ 4.462 
+ 3!i.701 

+ 5 2 .  Y!)i 

+ 5:3.260 

1920-21 
.. 

1004-0(i 
1924.4fi 

(1,120.21) 
1'JO.l,-O6 

collego + 54.099 + 54.975 -0.013 
(Type C) n b  Gnujo Tnlikn~. 

hill 

Bridge No. 3 . . .  

Stonr, 1'. W. I)., S. 11.0's 
ofFirc, Tn~l( lo  l l i h y i r  . : i l .8  1 1!121.2) + 0.200 + 0.262 + ( I  063 

I'linth of CIO. 
(11.rigati011 L3.BI.) 

IJridgo, nvcl- Gllnlll~\vhll ... 35.S 
( I r r iga t in~r  B. M.) 

,, ncar  Uot,ll Fxiz Rlol~tl. 3n.4 ,, 

40 C 
,, 
, 
,, 

, 
,, 

162 

4'20 
(27) 
234 

0.000 
-0.00-1. 
+ 0,005 

- 0.030 

-0.019 

-0,091 
-0.01i  

+ O . C O 2  

-0.018 

1!)'?0.21 
L9Ob-Oti 

1904.06 
(I!,G,2,.) 

1904-OC, 

, 

,, 

(Typo B) a t  Kotri  ... 
gy .  station ,, . 
NE. cnd  of I n t l ~ ~ s  1,ritlgc 

T l ~ n k n r  DSs' I,~ungalo\\- . .. 
Bridge No. 7 
'1'aped:Lr's trniniug sc.h,~ol, 

lG1 1 ,, 

0 . 0  
U.3 
I . C i  

2.4, 

3 . 1  

r l l  . 
s.B.11. a t  . , . 

I i t  ,, .. 

h l e t h ~  R i m  hall ., 
Clock tower of t , r ; ~ i ~ ~ i ~ ~ g  

414. 
(155) 
15G 
'j4 

233 1 ,, 

3 . 6  
4 , . 7  
C;. 1 

6 . 2  

,, 
,, 
-, 

4'7 
P3') 
450 

Jno) 

,, 

,, 
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TABLE 6.-Hevisioa levellitig - (coultl.)  

Discrepancies between the old and new heights of bench-marks 

Ik.nch-mnrka of tlre oriduinl lercllil~p t,hnt 
ware conurrted tLnrin?r tllo ri!viawn~rl-y 

olwnbtiuns 

-- 

IC 

B L 

a 8 
8 d - u 
:$ greater and the 

D?te of From revision Eiy&z 
L)t*scriptioll onpinal published 1DY4-28 

I levellil~g heights (unndjant- thanwhen 
ed) 

oriainally 
-~ - - -- 

~ - levelled 

1 111i1es I I j e t  / fee t  1 jeet 
- 

- Line 130 (Kotri-Burster)-(contd.) 

+ 0.437 + 0.447 +0,010 

- 1.036 - 0.757 +On278 

a t  i ~ s  17th mile 

(Irrigation B. 31.) 

145 - 10. 690:- 10.778'-0.088 - 10.579'- 10.669 -0.090 

, ,. Iron p ipe  nt, - 9.396 - 9.498 -0'102 
176 (Irrigation B.M. )  1 

(.i71i " Y.bV.b. ,  I. Hw.. Pithoro . 74.8 1 1922-23 - 26.845 - 26.861 -0.019 

~i~crenr? 

23 1 40 0 

1)ifference between ort i~on~etl ic  
heiglrts, nhove (+)  or below (-) 

the sturtiug bench-mnrk 

(rovinipn 
-0r1e1. 

~ 4 ) .  The 
ElYn + 

denotm 
that the 
height 
wns 

Y I ., Ry. rest house,  !, ,, . 1106 ,, t 5i2*111  + 572.626 +O-515 
( T y p e  C) at B a r m ~ r  ... 209.3 

:I / ,. 
10 I .. 
I I  .. 
19 , .. 
l:l : ,. 

+613.179 lr)21-.25 + 613.698 +0.519 

Kg. st.ation, ... 210.8 
S u h  t'oat ofice,  ,. ... 210 .9  
Wnter tank of He111 .snrrii '211 . ?  
Veran!lah .. .. (211.2 
Set11 I i h ~ i n n ~  H i n ~ .  CII:IIII ,nl 

:Y 

2 0  ,, I;nnpi-ll . \1:1l ' ,s  I ~ o n * r  ,. .., 211.1; 
21 .. 1 S+btll B71i I i i l ' ~  .. 
29 ,, 1 Finili~sh in ' s  a n ~ ~ i i  ,, , , ,  211 . T  ; ,, 

. - . -- -- - -- __ 
1'nrt.v n /  hj nrt1.h I ~ ~ I P R  ; 71W ( R P I . ~ ~ ) I I ~ o I . o -  2) inJ) ihZl . )  7'7L 

+ 5'73.179 

+ 592.716 
+ 59-1.906 

, 
.. 
,. 
, 

- .. . -. - -~ 

t 573.689 
+ 5 7 1 . R 0 8 + 6 7 1 ~ 3 1 4 - 0 ~ 4 ~ 0  

+ 693.210 
+6!)5.394 

+0~510 

t0.401 
+0*488 

(Ch~i~.~6hn-,l~~~rri11~~~~r). 
I 

1 7 q  D 
") -. . 
L 1  .. 
1:: , 

0 . m  
-0.001 
-0.03~ 

b j  .. 1 .. 

I n t ! ~ r r t ~ , l  . 
~ t t - 1 ,  . . .  
vf,r:111tl:t11 . 
St,.r, . . .  

0 . 7  

0 0  
0 . t )  
( ' 1  
o .5 ;: ; +  3.750 

1!,20-21l o.oon 
. 1 e 3 . ~ 2  
., , +  6 . 2 2 2  

+ 3.7112 j-o'O* 

o . o o  
+ :3.4'il 
+ :in1H8 

+ 2.867 + 2 . n ~ : ~  i + ~ - w R  
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TABLE 6.-Revision level l~~~,q-(con, td , )  

Discrepancies between the old and new heights of bench-marks 

Ilifference l~etween orthometric 
heights, ahove (t) or l~elow ( - )  

the s t a r t i ~ ~ g  bencll-mnrk 

~~e~~ch.rnnrlis of the original levelling tha t  
were couuected during the  revisionnry 

operntions 

Dnte 01 Froin 
original yublisbed 
levelling lleigl~ts 

2 
3 
2 z 
a 'i z 2 
C u 

F m n ~  
revision 
10Z4-26 

(utmdjuat- 
ed)  

- 

Description 

( j ~ e t  / jcet 

(revision 
-urigi- 

nnl). Tlle 
sign + 
denotes 
tbnt t , l~e 
height 

wns 
- greater 

nnd the 
aigu -,les 
in 1824.26 
thnu w h e ~  
or i~ inn l l j  

I levclled 

( feet 
-- 

Parts of branch lines 77111 ( Berhawzpore- Tiq~p~ik(ir) ant/ 77l. 
~ C l ~ ~ i k t l l i l ~ a - J a ~ r i ~ ~ t ~ r ~ r ) - ( c o ~ ~ ~ t d . )  

Bridge 
ICorb 
Stairs 
Gtcps 
Irlterred 
Step 

Pillar 
I u t e n e d  
S tep  

,* 
In ter red  
Vera~lclal i  
Cnlvert 
Veraudnh 
Interred 

I Line 105 (Mgttra.. Ca zu~z)~ore) *  

25  54 E ~ 1 t . M .  a t  l o t t r n  

42 54 I 0 at Firox5b$tl T.9. 
60 , At.  (i l~irnr 
69 ,, tio. I~riclgc 
17 54  A[ At, Si r~ghpnr  
16 .. A t M a i ~ ~ p u r i  
9 64 N At, Rnlsiin T.S. 

11 ,, A1B:lhosi 
19 ,, At.Aima11 
3'2 At I in l i~ \ -an  
4.0 d ' n  At, Jngnt l~l l r  

, A t  Bnvnsirt~hi 
61 , At, a1.s. 1:jo 
$4 -, A t l ~ r i t l g c  
tiO ,, do. 
58 . A t  culvcrt. 
69 , A t ~ m l . n p o l  

* l ' l l i ~  work was t lo~ic  in 1925-26. 
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TABLE 6.-Hevision levelling-(contd.) 

Discrepancies between the olcl and new heights of bench-marks 

ncllrb.mnrks of the oriyinnl levelling thnt 
acre ct>~~nected tlurin< the ruvisiounry 

operalions 

l)cwriptioi~ 

I i . . . . . . . . . . -- - . - 

(revision 
- origi. 

"B~).  The 
8ign + 

thnt the 
height 

wns 
pester 

the 
8ig"-~less 
in 1925.26 

when 
originnllg 
levelled 

- 

9 

1 nliles I f e d  1 feet I f re t  
. . - - . - . .- - - . - - 

Part of l ine 119 (Cawnj~o~e- Bemres) 

80 

n u  

5 
t< 

Diffel.ence between ortl~ometric 
Iieigllts, nbove ( + )  or helow ( - )  

t l ~ c  st:nrti~~# bench-mark 

0.000 
-0.032 
-0-016 
-0*011 
t0.060 
+0.067 
+0.136 
+0.108 
t0.165 
~ 0 . 2 1 1  
+0.193 
+0.185 
+0.148 
t0.149 
t 0.142 
+0.096 

0.000 
- 1.~046 

Fro!" 
nnte of Frau revis~on 
origin:~l pnblislled 1925-?G 
levelling hpights (unndjust- 

ed, 

B l . n ~ i r h  liue 70 A (Benuyes-Rz~rclwcin) 
- - - .- -. -- -- 

$ 2  63 o c:.T.s. i 
G on w:litingsberl ... 

R .  11. 
% ' ., 1,;. l.<.bl, : ~ t  Alitiarar 
S!l .. ,. 1 : i n 1 : 1 1 l i  . 9 . 6  1 ,, 1 - 1 5 . 7 a ~  -15.7.19 +v-OOT 
$ 1 ' 1  .. G. l ' .S  i 

0 nn well . . . I  1 4 . 4 1  ,, 1 - 10.272 -1(1 329 - 0.05'7 
n a[. 1 

I f i n  ., 1.: R . \ l .  at S~rirl T1:lja ... 1 1.1 . 9  ' 
I . .  I i . ' l ' S .  

0 1111 rnlrcrr  
D 11. 

I 9 2  1 ., ;(;.T.S. , , 0 .. l i r i r l~e 
R .  11. 

119, ,. i 1;:r.s, 
1 O ,. cnlrer( 1 n.11. 

! 
I 
I 

0.000 
+ 5.291 
+ 6.260 
+ 9.041 
- 4.457 
- 7.321 
- 15.298- 
- 22.055 
- 42.4,69 
- 65.4.90 
- 61.037 
- 12.154 
- 62.311 
- 24.872 
- 79.331 
- 91.778 

- 86.823 

1917-16 
,, 
, 
,, 
.. 
., 
,, 

101.;-16 
,, 
,, 
,, 
,, 
,. 
,, 
,, 
,, 

1863-65 

-- 
I 

0.000 
+ 5.259 
t 6.244, 
+ 9.030 
- 4-39? 
- 7.254 

15.162 
- 21.947 
- 4,2.304 
- 65.279 
- 60.844, 
- 11.969 
- 62.163 
- C4.529 
- 79.189 
- 01.682 

-107.080.-107.080 
- 87.@68 

0 . 0  
1 . 7  
3 . 6  
4.2 

12.1 
13.0 
27.2 
41.6 
51.1 
66.2 
76.2 
76.8 
87.5 
91.3 

100.7 
113.7 
121  . 0  
IG7.6 

I t i R  1 63 II I F. H .  hl .  Ca\\.nporc ... 
150 / .. 1 At. Naronhn's exchnnpe ... 
1\51 ,. ;\ t well ... 
162 , A t  colvert ... 
1~171 ., i do. . 
70 i .. A t  hlnhiiri jpr~r ... 
93 1 , / ~t Anng ... 
3 , ( At. Rinl~vn ... 
3 G3 C i ..it. Fatehpur ... 

62 I;:{ C; I At  Arrahpnr 
71) ' ,, .it I<:rtohnn ... 
71 .. At  hlnjllgiion T.S. ... 
80 .. 
31 I ,, 
92 8 , 

10;' j , 
2 , 

6, ., ,., 63 I< 

A t  Snini . . .  
A t  Karrn T.S. ... 
At. Kokhraj . . .  
,\t Mnlitipnrw;~ ... 
At dhirsi ... 
At Biripur T.S. ... 
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TABLE 6.-Revision levelling - (cogzcld.) 

Discrepancies between the old and new heights of bench-marks 
Difference 
(revision - orlpl- 
"~1) .  The 

Si10 + 
that  the 
height 
was 

greater 
nod t h e  

s i~n-*lesr  
in 1925-26 
t l la"whe~ 
originully 
levelled 

Beneli.mnrks of the originnl levelling thnt 
were con~iected duripg the  revisionary 

operat~ons 

M 

$, 
2 

E E 
t L - u 

g g  
~i @ 

' 
I I I miles I I feet I feet I /wct 

Bra~lch line 70 A (Bennres-Bu~.dlcciiz)-(cofztd.) 

- -  

Descript~on 

- - 

No. Degree 
sheet 

Difference between orthometric 
heights, above ( + )  nr below ( - )  

the starting bench-,nark 

121 

122 
!) 

8 

Dnte of 
original 
levelling 

63 0 

7 2 ' ~  

,, 

Branch l ine  70 K (Bardkar-AllahZbc~d) 

From 
published 
heights 

+ 21.659 
+ 102.975 
+ 217.905 

G.T.S. 
0 on well ... 

B R I .  
E.B.31. at Iiudm ... 

G.T.S. 
0 on bridge ... 

B.RI. 
Type C lit K a r w i n d i  ... 

F~~~~ 
revisio~t 
1925.28 

(onadjust. 
edJ 

::it::; 
,, 

,, 

,, 

26-522-0.341 

-0.346 

-0.4q90 

-0.4S5 

48.3 

49.0 

69-2 

69.6 

54' 13 1 

I 
I 

97 I 73 G 

+ 26.863+ 

+ 1'2.003 

+ 103-4.65 

+ 218.390 

0.000 

- 184.924 

0.000 

+1.8$2 

G.T.S. 
0 a t  bridge ... 

B.M. 
Top mark stone of Phul- 

waria T.S. ... 

0. 0o 

198.G3 

1914,-15 
1916-17 

18G3 61. 

0.000 

-1SG.796 
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TABLE ?.-Lie# of tm'nngulntion stations connected b y  
8pirit-levelling, season 1925-26 

I Emtern Sand Meridional Series 

Nwme of stalion 

I&. 98 2 6  34r72 1 
Long. 69 49 45.34 1 

I 

Hhitoln H.S. / 3 ~ 0 . 3 0 3  / ... 
I 

1 / n t  I feet ( feet / feet 

Let. 250 36 471b2 1 I 
I 

Long. 70  8 4 4 - 8 1  I 1 ~ 
I 

Ileight above mean 
aetr level 

Upper mnrk stone 

Differauce 

Trinn-Lev. ' 01'1 
s i r  1 spirit- 

levelling lerolling I 

Upper mork stout 

Remarks 
l.rin11~11- 

lation 

-- - - 

I Calcutta Meridio?ral Series 

Karichi Observ~tory S. 

[.at. 2; I< 501'26 
Long. 67 1 33.13 

I I 
l ladhal~pnr (blndnl,pur) / 113.523 i ... I 116 + 2  1 Oronnd level n d  

T.S. 1 stone 
I 

- -- 

35.423 

I ! 
htlpt in 

I 
T.F. il27.424 : ... 1 132 i + 5 

1 I I  I I 
1.3r. I 34 51 .25  1 

i , t l n~ .  93 93 3 .19  1 i 
I i 

... 35 

Gronnd lerrl mnrk 
stor?e 

0 Top snrfnce marl 
stone 
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TABLE 7.-List of triangulation stations connected b y  

spirit-levelling, season 1925-26-(coltcld.) 

TABLE 6.-Results of comparison of  staves with standard steel 

tape No. 3, Lines 160 & 101, season 1925-26 

Nn~ue of tlLutiou 

Height nhovo mean 
sea level 

"" 1 'la IT;:;:;- spirit- spirit- 
levelling levelling 

Date of comparison 

20-10-25 ... 
26-10-25 

1-11-25 
12-11-25 ... 
21-11-25 ... 
27-11-25 . . . 

4-12-25 
10-12-25 ... 
17-12-25 . 
26-12-26 . 

3- 1-26 ... 
11- 1-26 ... 
18- 1-26 ... 
23- 1-26 ,., 

3- 2-26 ... 
13- 2-26 ... 
23- 2-26 . . . 
27- 2-26 . . . 
9- 3-26 ... 

18- 3-26 . . 
30- 3-26 ... 

/ f e e  I feet / f e e t  I feet I 
-- 

Qur waui Meridiona.1 Series 

Dif fere~~ce  

Trian-Lev. 
Remarks 

-- 

Meja H.S. 

~ ~ t .  205 j IO~IG 
Long. 82 6 53.38 

Remarks 

Clear 
1. 

9 

3 1 

,1 

I 

7 

Clear Rr, cool hrceze 
C1t .n~ 

Clondy 
Cllcnr 

I . 

Lcllgth of staff-10 feet 

No. of staff 

20A 1 20n 

497.959 

' feet 
-0.0035 
-0 .0031 
- 0.0034 
-0.0034 
-0.OII4.3 
-0.0050 
-0.0051i 
-0.Or15(5 
-0.0047 
-0.0053 
-0'0054 
-0.0055 
- 0.0049 
- 0.0038 
-0.00:13 
-0.OO::G 
-0.11031 
- 0.001 3 
-0.0011; 
- 0 .  (lo( )P 
- 0.0018 

... 

feet 
-0.0032 
-0.0026 
- 0.0028 
-0.0029 
-0.00:16 
-0.0016 
-0.0050 
- 0.004s 
-0'0039 
-0.0048 
-0.0047 
-0.0048 
- 0 .0041 
-0.0036 
-0'0030 
-0.0027 
-0.0021 
- 0.0008 
- 0.0011 
- 0.000-2. 
-0.Ol:OS 

0 4.98.00 Upper mark stone 
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TABLE 8.-Results of comparison o f  staves with standard steel 
tape No. 7 ,  Lines 151 and 121A,  season 1925-26-(coatd.) 

Date of comparison No. of staff Remarks 

Light scattered clouds 
and cool breeze 

Clear and cool breezc 
Light scattered clouds 

snd cool breeze 

Clear and cool breeze 

Clear and cool brcezc 

Light scattered c l o ~ ~ d s  
and cool breexc 



TABLE 8.-Results o f  comparison o j  staves with standn~,d steel 
tape No. 4,  Lines 108 & 119,  season 1925-26-(contd.) 

Lenxth  of staff-10 fee t  

-- 

so .  of staff 

.- 

1!1A / 19B 

R c m ~ r k s  

- ~ 

... 

... 

. 

. 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

.. .  

... 

... 

... 

feet 

- 0.0000 - 0 . 0 ~ 0 3  1 CIcar & high breeze 
Light, clouds a n d  cool breez 
I.igbt se:~t.tercd clouds l coo 

breeze 
Clear 

Clear b breeze 
Clear 

Light  sci~tleretl  clouds k coc 
breczc 

Clear Pc cool brcrzc 
Scat,teretlcloudsPc cool breez 

Clear ,t very h i g l ~  w1nc1 
Light clourls & breczc 

Clcar & l ~ i p h  breezu 
Clear & breeze 

C l t w  
Clenr & high breeze 

do.  
Clear 8 breexo 

Light ~ca t t e r cc l  clouds B 
breezc 

Light  scattered clouds 
do. 

-0.0012 -0.COO9 
-0.0011 1 - 0 1 0  

-0.0011 1 -0.0010 
- O . O O l j !  
-0.0029 
-0.0008 

- 0.0010 
-0.00Z4 
- 0.0029 

- 0*0009 
-0,0014 

) -0'0010 

- OaOC04 
- 0*0013 
-0'0012 

- 0.0013 1 - 0'0010 
-0.0011 1 -0.0009 
-0.0017 
-0.0015 
-0.0017 
-0.0008 
-0.0026 
-0.0021 

-0.0038 
--0.0042 

-0.r1011. 
-O*COll 
-0.0011 
-0'0001 
-0'0024 
-0.0022 

-0.0030 
-0.0033 
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TABLE 6.-Results of comparison of staves with 10-foot standard 
steel tape No. 10 in Beynl nnd Bihdr LQ Ori.ssa, season 1925-26-(concld.) 

Date of 
co~npnrison 

- 

Lengtli of staff-10 feet 
-~ .. ~ 

S o .  OF staff 

~ .. .. - 

1lernnrIi.s 

.- -- - -- - I -- - - 
! Jeet I jkrt 2-11-28 ... i +0.0001 . +0.0016 

j e e f  j e e t  
-0.0008 
-0.0008 
- 0.0012 
-0.0011 
-0.0020 
- 0.0025 

t0 .0016  
-0.0013 
-00013  
+0.0001 
+ 0.0002 
+ (1.0013 

9-11-25 .. ! +0.0007 
17-11-25 - 0.0003 
24-11-25 " 1  -0.0001 

2-12-25 ... -0.0007 

I 
I Clem. 

(10. 
Clear&coolbrccsr 

Light clouds 
Clcnr 

Clear kcool breeze 
CIe:lr 

Scatte~.cd clouds 
Cleur 

do. 
tlo. 

S c r ~ t t e ~ . r d  clouds 
Ulcer 

11-12-26 .. 
18-12-25 .. 

28-12-25 .. 
8- 1-26 .. 

19- 1-26 ... 
31- 1-26 ... 

-0.0008 / Clear 
-0.0006 I do. 
- 0.0004 'clear &cool breeze 
-0.0011 ( Clear 

-0.0012 
- 0.0001 

-0.0013 
-0.002 I 

- 0.0001 1 -0.0004~ 

-0.0013 ; + 0 . 0 0 0 ~  , -0.one3 
-0.30US i +0.0016 -0.0008 
-0.0007 1 ~ 0 . 0 0 1 :  1 -0-0013 
-0.0014 ' + 0.0009 . -0.0038 

do. 
Scattered clouds 
Light. scatl,ered 

clouds 
-0.0016 
-0.0009 
-0.0008 
- 0.0017 

-0.0013 +0.0005 / .-0.0020 I -0.0019 
18- 2-26 - 0.0021 - 0.0014 , - 0 -0035 - 0.0026 

-0.0007 -0.0012 1 -0.0038 
11- 3-26 - .(I015 -0.0005 - 0.U023 
%0-3-16 : 1 -0-CO2S -0-0009 - 0 0 0 3 5  
30-3-26 . -0.0026 -0'0012 -0.0035 
9- 4-26 ... 1 -0.0025 ; -0.0012 ' -0'0034 

20- 4-26 . , -0.0022 ' -0'0021 - 0.0046 

-0.0030 
- 0.0025 
-O0030 
-0.0033 
-0.OJ30 
-0.093H 

I -0.0055 -0.0038 1 -0.0061 26- 4-26 .. I -0.0058 I 



TREE BENCH-MARKS 

1. Ori,yigz I?f the investigut~o~z.-The success attending the use .of 
tree bencli-marks in Canada led to  an investigation of the bellaviour of 
such bench-marks in India. It is not often t ha t  levelling is carried 
through wild or forest areas ancl, generally speaking, there are numerous 
permanent structures on which bench-marks can be inscribed, as well as 
suitable sites for the  erection ancl preservation of specially constructed 
marks. There are occasions, however, when levelling has to  be carried 
through a forest area, in crcler t o  connect up two settled areas of land. 
Such a condition will possibly be encounterecl when the Indian levelling 
net is connected with the  Burma levelling of precision, should this pro- 
jected work be undertaken. 

Al'art, however, from the above special case, i t  is desirable to know 
what reliance can be placed 011 a tree bench-mark. The  life of a tree 
bencli-mark is limited by the life of the tree, but  i t  is open to question 
whether the permanence of an inscribed bench-mark, on (say) a culvert, 
is as great as tha t  of a tree bench-mark. This i n~ re s t i~a t ion  will also ". 
help us to arrive a t  some conclusion on the question of including tree 
bench-marks among the c a t e c o y  of the regular bench-marks picked 
"1) in primary or other levelling operations. 

I n  Canada lines of levels are very freyneiitly run through forest 
areas, a n d  the conclusions arrived a t  by the Canadian Survey ilepartnlent 
are o~itlined in the appeuclis to this chapter. K O  figures are given in 
suppori of their contention t,hat lieights of the bench-marks do not 
alter, but i t  may be taken tha t  the_)- are satisfiecl t ha t  such is t he  cabe. 

2 .  Experimenfs nt Dc~hrtr Dii,~.-The follo\ving is an outline of 
the esj eriments carried out a t  Dellra Dun. 

( i ) Three types of the bench-marlts were made :- 
Class A, Zinc plate fised on heart wood of tree. 

9 )  B- 9 ,  ,, ,, on wood below bark of tree. 
, c. ,, ,, ,, 011 bark of trce. 

(li) 11 such bench-marks have survivcd the 12  years (one tree 
having been c a t  don il),  and tliese 11 bench-marks have 
been collllected a t  intervals with tho stsnclard bench-mall; 
in the Geodetic Branch Office q~.onnds. 

( i ~ i )  Heights were tletel.minct1 both 1)efore a114 aCtclr the monsoon 
as show~l  in Table 1. 
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TREE BENCH-MARKS 
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3. Res~~lts.-Plate 111 shows the class of each bench-mark and 
its j~osilion on the tree. 

Table 1 shows the difference between the mean height over the whole 
period, and each illdivicl~lal determination. This table also shows the 
j)robable error of any one heiqht value, clerived from the discordances 
between the several nleasures made during the e1)och. The bench-marks 
are here shown in order of value of these probable errors, and i t  at once 
becomes evident t ha t  class A, cut  on heart wood, is the most reliable. 
Of the first (i in order of reliability, 6 are of this class. We can thus 
at once discard classes B aud C as inferior, and confine ourselveh to a 
discussion of class A. 

From Table 1 we get  the inforn~atioll in Table 2 column dl. W e  
have allowed _+ . O O ?  f t .  as the probable error of observation, and by 
combining this with tlle l~robablc error in column 3, \ve obtain a figure 
showing us the probable acciclental el-ror clue to nlovements of the tree 
itself. The average accidental error due to tree movemellts of bench-marks 
of class A appears to be + .0041 f t .  

TABLE 2.- 1'~obal)lc r r c c i t l c ~ ~ f t r l  c8r,nl- t l tc~:  to ~ l l o v c n ~ c , , !  ts 

of' trac bo~cl i -nlcr  rks 

1 .  I,'fiIi,vntiojl, i l l  p?- i , i in~;y  I ~ J I ~ P / / ~ ' I I , ~ . - - T (  is cvi;len t that,, linvin y nkldcd 
sllrl~ n. 1:1,1.y. accitlent;al error to thc 1,t>s111 1 0 1 '  0111. ( I t 8 1  ( b 1 . 1 1 l i  u:11 iun 0 1 '  11cin:l1 l, 
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l l i ~ l l  ~lrc'rision plll.l,osrs. 'l'llr avc,l,:l,ycs I ~ ~ . o l , : i l ~ l ~ ~  o l~ ,o l  of tlet,e~*~tlination 
of Ilf:iyllt of t,he 1,~:11ch-mnrlis of rlicss i \ ,  11otr1tl in Tnl)lc 2 colnmu 3, is 
+'00; - rt. This is l)racticaIIy all nccitlc~~tal error. l'reaniuiug we wish 
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to fix the level of one reference point from the  group of these 5 bench- 
,,larks it1 Tablo 2, the probable error of the resulting height of the 

- 0 5  
reference point would be approximately + - i .e.  + ,002 f t .  This would 

2/5  
meet the reqnirements of high precision levelling, but any less number 
than 5 mould not suffice. 

It is difficult to  see, therefore, how tree bench-marks can be included 
in high lxecision lines in the ordinary way. Mathematically perhaps, 
the fore and back levelling of lines containing tree bench-marks could 
be adjusted by assigning a lower weight t o  each tree bench-mark, which 
woulcl amount practically to neglecting i t s  value in the matter of 
tliscordances between fore and back levelling. B u t  this is not a practical 
solation. The  only practical solution would be to  have groups of 5 or6 
tree bench-marks connected as small branch lines to  the  main line, so 
tha t  the error would not come into the  main line of levelling. The 
latter method might  quite possibly be of use in crossing a jungle area. 
Suppose there were rest houses or clearings of sorts every 10 or 15 
miles, and that  the leveller could not find any  kind of permanerit mark 
in the intervals, then a series of branch lines, with groups of 5 or G 
tree bench-marks on each, might  be the  only method of retaining good 
values for canal or road engineers for the future. A group of 5 or 6 
in gooil conclition would also suffice for high precision levelling opera- 
tions, as  having a value equivalent to  t ha t  of one ordinary bench-mark. 

5 .  7'tilisatioil in  secow(/a~.y and tel-tia1.y ZevelZi~~g.--For double 
levelling of precision, now termed secondary levelling, we would expect 
a single cletern~ination of height to have a probable error of +*004 ft. 
\Ye can, therefore, say tha t  a group of two tree bench-marks would 
have the same weight as one ordinary permanent bench-mark. 

For irrigation purposes, where a discrepancy between levellers of 
.007 feet per shot is allowed, we could t reat  the value of a tree bench- 
n ~ n r l i  a s  having the same weight as one ordinary permanent bench-mark. 

ti. S~ltttrtanry.-The conclusions are :- 

( L )  Tree bench-marks shoald always be placed on heart wood* 

( 1 1 )  Tree bench-marks shoulcl not be included in lines of levell- 
ing of high precision, bu t  groups of 5 or more ~iia~y be 
incluclecl in branch lines. 

( ) ! I  ) E or  I r v e l l ~ n ~  of seconclary precision a tree b e n c h - I I I : ~ ) . ~  is 
bnfficiently good, when the levelling is for 1r1 i :ation 
purposes. 
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APPENDIX 

Copy of a letter from the Burveyor General of Canada on 
the ~ubject of tree bench-marks 

Department of the Interior, 
Topographical Surveys Branch, 

Ottawa, Canuds, May 8th 1914. 

Sir, 
With reference to your letter of March 23rd, File No. 423183 Gen., 

inquiring about our experience of tree bench-marks in levelling opera- 
tions, I have the  honour to  inform you tha t  many thousands of such 
bench-marks have been established in the course of our levelling in the 
unsettled or partly settler1 parts of tlie country, biit our experience of 
them does not extend 'back over many jears.  

Tree bench-marks are not used on lines of precise levels linless for 
purposes of temporary reference. They are used dur ing  the survey of 
the itiitial rneridians and base lines, which run through the out l j ing 
portions of the  country in advance of all other surveys. During tlie 
survey of these lines, transportation is very diffjcult. On such surveTs 
it is practically out of the question to establish really pel-manent bench- 
marks, except on the rare occasions when they can be estnbllslletl on 
rock. 

Tlle objections to  tree bencll-marks are not based on q~iestions of 
constancy of elevation, bu t  on the \\.ant of permanence of the tree itself. 
The mark cannot last longer than the tree. Cond~tions governing tlie 
life of a tree are so entirely clifferent, not 01i1j. in different countries hiit 
i ~ i  different parts of the same country, that  this matter can only be 
clecicled locally. A tree's llfe is bounded, not only by its natural span, 
but by the tree's local liability to catastroph? from wind, lightning 01- 

forest fire and, further,  by the chance of its being cut clown for any of 
many possible reasons. 

There are no serious objections i11 the way of constancy of eleva- 
tion, in so far  as  regards trees in Canada, in all of wl~icll the annual 
addition of wood takes place on the outside, \vhile the inner bulk of t l ~ e  
tree does not change from year to  year. Conditioiis may be different 
with such trees as palms, wliosc method of gromtll is different. As reqartls 
trees in Canada, the following ol,inioii was obtaiuetl from the Cl~leC of 
the T ~ c e  Planting Division, Forestiy Branch, some time ago:-" 111 
reply l o  tlie enquiry as to wliether a uail driven horizontally into :s ticc 
about s feet from tlie gro~incl woaIc1 remain at the salnc elevntlon, the 
answer i s  t ha t  there woultl be no cl~ange,  no matter how long tlle tree 
lived. 'l1he spot nloultl not become any farther away from tlic ground. 
The only chance of a sIigI1t difference of elevation nonlcl, pcrllaps, he in 
the case of a very small tree becoming slightly Ilca~-ed up by fl-ost; 01. 

lf soil might be washed in and cause a very sl1;11t rise ". 
I n  regard to  the actual mark on the tree, probably this 

would he govertlecl by diffcrelit conditions i n  Tnclia and in ('an:ttla. I n  
llortll-\\cstern cana&., w]iere tree bench-marlts are being establislred, the 
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trees a re  not  large, selclom over 18 inches in diameter, and the trunk 
does not  expand as  i t  nears t h e  ground, b u t  goes almost straight down, 
In order to  hold a levelling staff on t h e  mark,  either a large piece must 
be c u t  ou t  of the  side of t h e  tree, seriously handicapping i t s  life and its 
abili ty t o  resist wincl, or else a bolt or spike m u s t  be  drlven into the side 
of t h e  t runk .  Whe12 questions of transportation allow i ts  use, the best 
bolt  is one sufficiently long t o  be driven in  firmly and  to  project enor~gl~ 
t o  hold t h e  staff, a n d  snfficiently s t r o n g  t o  withstand \vilful distur- 
bance. A bolt nine inclles long, of circular section, half an  inch diameter, 
driven so a s  t o  leave 3 Inches projecting, has  been used here. The 
c u t t i n s  eedgc is chisel-sllaped as  i t  drives more easily than  a point, and 
t h e  bolt is of a round section, as  i t  is difficult t o  drive a square section 
and lieell one side llorizontal. There  is no cliificulty in driving the bolt, 
so tha t  ~ t s  l euc th  keeps Ilorizontal. T h e  bolt is generally placed about 
3 feet above the  $round, b u t  th is  is chiefly to  facilitate fincling i t  if there 
shculd be snow on t h e  qrouncl. S o  fa r  iron bolts have been used, but 
some form of bronze wonld have advantages .  N o  hole is marlc for an 
iron bolt, i t  is simply d r ~ v e n  in,  b u t  in t h e  case of a bronze bolt, a hole 
of s l ~ g l ~ t l y  smaller diameter coulcl first be drilled in t h e  tree ancl the bolt 
be then driven in firmly. There  is no heacl on t h e  bolt ,  t h e  place where 
the  rod is t o  be held is marked with a file 011 t o p  of the bolt, after i t  has 
been driven, or better,  a horizontal s l i t  is sawn acroks the  head of tlie 
bolt  and the staff is 11eld on a chisel inserted in t h e  sli t  ancl levelled by 
a hand level. T h e  tree is identified by I av ing  a " blaze " c u t  out  of its 
harli immediatelq- above the  s]~il<e. T h e  letters " B.31. " ancl the NO. 
are c u t  on the ~voocl, where the  tree is blazed, and i ts  position is recorded 
m ~ t h  reference to  t l ~ e  nearest survey post, in adclltion t o  recordins the 
kind of tree and i t s  cliameter. T h e  reference t o  a survey marl< is easy, 
as  thc  survey line is one Ion? s t ra izht  line across country with an iron 
post establishecl every half mile. T h e  reference consists of the  exact 
distance measnrrd along t h e  line from t h e  nearest post, together with 
the  rectangular off5et to  t h e  tree. 

Where  transportation is more serions, t h e  size of t h e  spike has to 
he clin~inishecl, Lnt the  sn~a l les t  usecl is a s ix- incl~ nail, .projecting one 
inch. Tree bench-marks are establishecl every half m ~ l e  or one mile 
accordin: to  the  trees availahle. There  are  generally plenty of trees, 
h ~ l t  rorli is alwa!-s used in l,reference, if i t  occurs, forest  fires being a 
serious i l n n y ~ r  to  trees in Canada. Even if t h e  tree is only scorclletl, it 
'0011 t l o ~ v s  over. 

I n  regard t o a n y  mark left on a tree, it is, of conrse, to  be rrcollect- 
r ( l  that ,  110 ma1 ter ~ v l ~ a t  its nature ma!. be, it is liable, to  be coxcretl ~ 1 )  
1) )  the  t r ~ e ' s  crowtll I n  Callarla a tree will expand radially on every 
sitle a b o ~ i t  one inch in twelvc years between twenty  ant1 a hnnrlretl 
vcars OF ace,  and  there arc  few trees which have escaped tire so lonq a# 
to  hnvr l ~ a ~ s e d  the  s t a p  of tllrir rapid q o w t h  before t h r y  arc  wet1 as 
1)enclh-mnrlrs. A "blazc " crit on t h e  tree d0u-n to  the  wood helow 
will rcniain indefiuitely b u t  in t h e  case of some Iiinds of trees hcre it 
beco~ncs ent'irely coverecl 1113 h y  overg~.owtIi from t h e  edges in ahout 
twenty-five years. After  tlii.: occurs, the  rvoocl fo rming  over the blaze 
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will expancl outwardly, ancl only a slight discolouration of the bark will 
sllow that  the tree was ever marked. A spike will similarly gradually 
become embedded in the tree, so t h a t  it may happen tha t  a staff can no 
longer be held on it .  This, however, is of small consequence, so long as 
the tree can be identified. Even if the spike is entirely covered, i t  can 
be found by cu t t ing  and i ts  elevation taken by using a steel rule and a 
hand level in conjunction with the  staff. Of course conditions of 
gowth are different in different countries, and with different ages of 
the same tree. 

Where a tree's trunk expands greatly, as it nears the ground, a 
mark coulcl be made by driving a large copper nail vertically into a root, 
after cut t ing away the  bark, bu t  this does not appear to  have any  
advantage over a mark in t he  trunk, except that  i t  may be less liable to  
wilful disturbance. There is more chance of movement in a root, 
either from wind or if the root is forced t o  expand, as  a whole, upwards. 
This would almost certainly occur with a root some distance from the 
base of the tree. 

Tree bench-marks should be placed on healthy growing trees and 
the less interference with the tree the better. I f  i t  can be identified 
without any cut t ing of the bark, i t  is better to make no mark. A11 iron 
bolt should do no harm, though ~ o s s i b l y  other metal might be injurious 
to a small tree. Bench-marks should not be placed on stumps, 110 

mat,ter how firm they may appear. They cluickly become unstable. 
PI-ovided the tree is healthy and a little on the youthfill side of its 
prime, the larger the tree the better. - 

In  Canada, owing t o  tlie great depth to  which frost penetrates, 
with the result t ha t  no artificial mark with its foundation less than six 
feet below the  surface is really safe from slow upheaval, the question of 
an artificial mark, more permanent than a tree, for rise on the outtlying 
8urvej.g is p o b a b l y  a more difficrilt one than in India. It is this 
trouble from frost which makes recourse to  trees, even though small 
ones, necessary in these surveys. 

l\'llile our tree bench-marks are so situated tha t  there has been no 
o p ~ o r t u r i i t ~  to  test their constancj7 ~ v i t h  any permanent bench-mark of 
the class estnblislied on our precise levels, yet  there seems no reason 
to consider t ha t  their constancy is limited, except by the question of tlie 
existe~~ce of the trees then~selves.  I f  conditions are such tha t  tlie tree 
will ln\t s long time, there should be no objection to such bench-marks. 
The tlif6culty here is t ha t  the average life of a tree is comparatively 
short. 

A sketch of a tree bench-mark is enclosed. 
I have the hononr to be, 

Sir, 
Your most obedient servant., 

Sd/ E. 
Surveyor General. 
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* Part V-Miscellaneous Papers 
Geo:rrnpl~S, 13sploration, Specin] R,(!I'o~-~,P, 1Jnclns;i fie11 Pa,l,ers 
(;eotlcsy, 17ro,jcct ions, Rlal)l)iny . . . 92 - 9.11 

Profrssionsl Papcr* . . . , . .  . . . . . . !).I., 95 
1)el)al.l lncn t a1 l'apcrs . . . . . .  . . ... 95, 9(; 
Professional I"o1.m~ . . . . . .  . . . . . . 96 
List, of  niore iml,ol*t,allt con tl*ih~lt,inrls 1))- t h r  oliiccrs nf t l l p  

S ~ l ~ \ ~ c J -  of 1nrli.z to varior~s c x t ~ ~ a - t l c ~ ~ a r t m c ~ i t ~ : ~ ~  pnblir:~- 
t , i o ~ s  and rrlate(l art,icles. . . . . . .  . . . !)A - 99 

-- 

* Publications detailed in Pa& Ill. I V  and V are also obtainable from the ORicer 
in Charge, Map Record and Issue M ice ,  13, Wood Street, Calcutta. 
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Sterling Prices of P u b l i c a t i o n s . - T h e  prices to be charged 
for Survey of lndin publications i n  sterling equivalents in English 
money have been worlred o l ~ t  under the rules given in letter No. 8-401 
dnted the 17th Jnnunry 1934 from the Under Secretary to the Government 
of India. 1)epartment of I ~~dus t r i e s  r~nd Labour, llelhi, to the Secrrtnry 
to the Hiell Commissio~ier fo r  India, Genernl Department, 42 G~.osvenor 
Onrdens, London, S.W. 1. Tl~ese sterling prices are subject to fluctuatio~~ 
wit11 the e x c l l a ~ ~ ~ e  rate and will be revised from time to time. Tlie prices 
a t  the ciirre~it rate of exchn~ige are :- 

Price in 
Indian money 

liupees Al~nns  
0 2 
0 4 
0 8 
0 12 

1 0 
1 2 
1 H 
1 12 
- - -  

2 0 
2 8 
:3 0 
3 8 

4 0 
J 4 
4 8 
.5 () 

-5 8 
C; 0 
Ci 8 
7 0 
- -- 

7 H 
3 0 
h 8 
9 0 

- - -- -- 

! 1 H 
10 0 
l o  H 
12 o 

Hnglieh 
eqnivnient 

Shilling Pence, 
0 3 
0 5 
0 10 
1 I 0 

1 9 
1 11 
2 6 
3 

-- 
0 

3 Ci 
4 G 
5 3 
G 0 

ti 9 
7 8 
7 ti 
8 3 

.- - -- - 

9 0 
9 9 

1 0 6 
11 ti 

-- - - .- 

12 0 
13 (i 

14 (i 
15 0 

--- 

16 (1 
1 G (i 

1 I t  (; 

I I 9  (i 
I 



LIST OF PUBLICATIONS 

PART I.-NUMERICAL DATA 

Triangulation P a m p h l e t s - e a c h  covering one square degree, giving 
descriptions, positions, (latitude nnd longitude) and heights of triangulated 
poillts aud other data with chart, The chart shows the plan of triangulation 
with the positiou OF stations and points. Triangulation data fallir~g in 
1/M street are printed in a series of sixteen palnphlets A to P. 111 the . - 
list pamphlet of every series, a coloured map on scale 1 inch = 16 rniles 
approximately is given in addition to the chart, to illustrato the topographi- 
cal features of the area covered by the 1/M sheet. Pnniplilets hnviug this 
map are charged Re. 1-8 extra. 

- An 1ndks chart 01 the published triangillation pamphlets is given 
at page 100. 

Price Re. 1 perpamphlet. Published a t  Dehra Dun. 

Levelling P a m p h l e t s - g i v i n g  heights and descriptions of nll 
Bemlh-marks, fixed by Levelliug of Precision. Eacli palnphlet embraces 
all area of 4" x 4' and the numbering is tlie snnle as that of the corres- 
poading slreets of the 1/M map of I ~ d i n .  Each is illustrated by a lnnp 
of the nren. Published a t  Dehra Din .  
(i) Levelling of Precision in Indin nnd Burma- 

Pamphlet - 
sheet  I Dibtll~cLive nnnle of dlcst 

0 a 

61-6s 
64-68 
6 - 7 2  
3 - 7 2  
... 

GS-72 
6s--72 
72-76 

19lG 
1911 
1912 
191:3 
lYl(i 

1911 
1 
1913 
1915 
1926 

1911 
1 1  
1912 

Rs. 2-0-0 
I{s 2-0-0 
Hs. 2-0-0 
HS. 2-0-0 
l{s. 5-0-1' 

Its. 2.0-0 
Rs. 3-0-0 
Rs 2-0-0 
Its. 2-0-0 
HH 3-0-0 

Rs. 2 0-0 
Ils. 2-0-0 
Ils 2-0-0 

0 0 

28-32 
24-23 
32-36 
25- 32 
. . . 

24-28 
20-24 
32-36 

34 
35 
38 
39 

40 
41 
4:( 

lie. 1-0-0 

Its 2-0-0 
R e  1-0-0 
Ile. 1-0-0 
1 < ~  3-0-0 
It... 2-0.0 

- 

(Quettn) 
( Knriiclli) 
(k'%bul) . 
(Rlnlt,Zn) ... 
Addcilduiil lo 39 ... 

(Hydcr,Zbid, Sincl) .. 
(I(r2jliot) . 
(Srinagnr) . 

44 

18 
'19 
52 

51 

Addentlum to d 3  . . . 
(T1ahore) ... 

... I .. 
72-76 

24-28 72-76 

. . . Islnntl of R o i n l ) : ~ ~  . . .  

((30%) . 
(C'alicut) . . . 
(T,eh) . 
(Delhi) ... 
(Agra) .., 

20-24 
16-20 

. 1915 

73-76 
72-7ti 

12-16 i i > i d  1012 
S-12 72-76 I 1911 

82-36 I 56-80 / 101% 
26-32 76-\0 , 1920 
2 Q 2 ~  1 76-30 1 1921 

4.5 I (Ajmer) ... 
46 
1.7 

( R:~i.ocl:l) ... 
(Ro~nbny) . 
Adtlcndnnl to 47, 
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Levelling Pamphlets-(Continzced). 

Dcscrilitions an( l  l~eigl i ts  of  bench-mnrlis i l l  MesoI)otani i~ i l l  one 
l ~ a r ~ ~ ~ ~ l i l r t , ,  1,rll)lihllctl n t  n e l ~ r a  I )un,  1 Price Hs. 3. 

T~de-Tables - 

Since 1SS1 'I'111nl p ~ . e ~ l i r t ~ o ~ ~ . :  b;t.:cltl 011 the ohhrrvation.; ol' t l ~ c  S ~ ~ r v c y  
of I n t l ~ a  Ilnve been prihli.;hetl annnnlly hy I l ~ c  I~l t l in  Olficc, Jloi~~lon, "1) 
till tl~c. !car 192.'. 1;rom 1 !).!:', n11\\,nr,l.; tllp I)re~lic.tioll nntl I)l~l)licntioll 
have I,eell ~ ~ n d e r t a l i ~ u  at  I)c~Iira Diln I ) \ -  tile Snrvey of 111cli:t. The 
tables qive t l ~ c  times and h e i ~ l ~ t . ;  of liicIi rind low ~vatclr for every day in 
the  year for 157 port.;, ant1 are p~ll,IisIietl earlv in t,he previor~.: year. 
They arP p ~ l h l i s l i ~ d  a4 follows :- 

( i )  ..I q i n ~ l e  voll~me ~t~ lell " T l ~ e  JIi-tjor ~cries"co~nprifling 

Pamplllet 
- .--I I~at,itudo Lougitudc I I 

Tide-Tablea for the fo l lowi~~g  11o1-t~ : - 

Pob- 
lishcd 

i n  
Price 

Sheet I)~stinctivc name oE sheet 

55 
56 

S7 
58 

62 
63 
4 
65 
66 

72 

70 

74 

78 
79 
83 
84 
35 

na 
3 
9E 

- 

0 0 

20-24 
LG-20 
. . . 

12-16 
8-12 

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

21-28 
. . . 

20-24 

16-21) 

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

21-28 
1 
16-80 
19-16 

1912 
1912 
1919 
1919 
1914 

1922 
1923 
1912 
1913 
1912 

1012 
1919 
1913 
1920 
1013 

1923 
1924 
1912 
1018 
I017 

1918 
1917 

191c; 

-- --- 

(NBgpllr) . . . 
(Hydefibiid, Deccnn) ... 
Addendun1 to 56 . . . 
(Mysore) ... 
(Ootacn~nund) 

( Rliiuasarowar) ... 
(Allnlliibilrl) ... 
( ICni l)ur j . 
(Vizagapatnm) ... 
(Mndrne) 

( UBtmLndu) ... 
Addendum to  72 ... 
(Cuttack) ... 
Addelldurn to  73 . . . 
( P u r i )  . 

(Darjeeling) ... 
(C'alcottn) ... 
( D ~ b r u ~ : ~ r l i )  ... 
(Al(yitb) ... 
(Prorne) ... 

( I ~ I I R I ~ ~ ~ )  ... 
(M,lnil:~lnp) . . 
(!{nt~goo~r) 

0 0 

76-549 
76-30 

76-80 
76-80 

SO-S1 
80-84 
80-84 
80-84 
80-84 

81.-S8 
... 

84-88 

84:88 

88-92 
8s-92 
92-96 
92-96 
92-96 

96-100 
96-100 
9(;-150 
96-100 

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

Re. 1-0-0 
1Cs 2-0-0 
1Cs. 2-0.0 
Rs.2-0-0 
Its. 2-0-0 

Its. 2-0-0 
Rs.3-0-0 
lis. 2-0.0 
lis. 2-0-0 
1Cs 2-0-0 

Its. 2-0-0 
Its. 2-0-0 
1is. 2-0-0 
Its. 2-0-0 
lCs. 2-0-0 

I ~ S .  2-0-0 
lia. 2-0-0 

2-0-0 
9.3 j (Mereui) ' 
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Tide-Tables- (Continued). 

Suez, Aden, Bushire, Rntschi, Olrha Point & Bet Harbour,  Bh5v- 
Ilngar, Bombay, Cochin, Tuticorin, PtErnban Pass, Colombo, Mndrns, Vim-  
gitpatam, Dublst ,  Diamond tlnrbour, ICidderpore, C l ~ i t t a g o n ~ ,  Elephaut 
L'oi~it and Rangoon. Price Rs. 8. 

(ii) Call~billcd Pnnlpl~lets as below :- 

rOkIia Point and Bet EInrboul* (Mouth of  the  Gulf of Cutch) 4 ;orbandat, 
or t  Albert Victor (Kiitliiiiwiir) 

(Bliiivtiagnr Price Rs. 1-8. 

Martnagno 
K5rwii1, Price Rs. 1-2 

I Dublnt (SLgi~r Island) 
( c )  I)ia~nond I-Inrbour Hooglily ltivcr 

( Kidderpore (Calcutta) Price Rs. 1-8 
Amherst Moulmei~l  River i ~ o o ~ r n e i n  } Price RS 1-2. 
Tuticorio 
Piirnbii~~ Pl~ss (Island of liiimeswa~~nrn) Price Rs. 1-2. 
Cololnbo 

Trincotnnlee Price Rs. 1-8. 
Diamond Island 1 Bnssein River 
Basseitl Prire Ids. 1-2. 
Elephalit Poilit l t a t ~ g o o ~ l  River 

augooti ] price ~ s .  1-2. 

(iii) Sel)nmtc pn~rplllcts for each of the following ports : - 
Suez, Aden, Rasllah, B~lsliire, I<ar%cl~i, Bombay, Beypore, Coclliu, 

Ncg;ll':~tntn, Mndrnx, Cocnuiidi~, Vizagupntnm, I'alse Poilit, Cliittagong, 
L41rgab, R f e r p i ,  a t ~ d  Port B1:1ir. Price of each l ) ( t ~ p 7 ~ l e t  is As 12. 

PklltT 11.-G13ODE'PIC WQRKS OF REFERENCE 

Everest's Great Arc Book. 
1. AII accottnl, of t l ~ e  RIc:~s~~~-ctnct i l  of a11 Arc of the Meridin11 bc- 

tween t l ~ c  ~):~ra,lIc.Is of  18" 3 '  nllcl 3 1" 'i', by C' ;~ptnin George Everest, 
F.n.s. 'kc , East Iutlia Conll,nuy, Lolltlot~, 1S30. (Out  of priut) 

3 An ncco~lllt of tlte Rlrastit~c~ulent of t w o  Sectio~rs of the  Meridional 
Arc of India, horlt~tlutl by tile ll;u.alIels ot' 18' 3' IS", 241' 7' 11" :uld 
29" 30' 4,s ', I,? 1,t.-Coloncl (:. 14;:\.el*cst, t3.1~.s, n~lcl l ~ i s  :~ssistants, East India 
C o t n p : ~ ~ l ~ ,  l londou,  1847 ( O a t  of print). 

3 1Cngr:tving-s to i l lr~strnto tho nbovc. Lontlon, 1Sl ' i .  (Out  of print). 

G.T.8. Volumes -rlescribii~q L I I A  ol~erntions of tho Great 'I'rigono- 

nletriral Survey 
Vol. I-Tllc Stnlldnrds of  Rlcnsl~rc nl~d t l ~ c  Rsuc.Liars, 3130 an Introdtlc- 

tory i\ ccount of tho ent*lv nl)er:~tionq of' the Survey, daring the 
period of 1800.1S30. Delira Dfin, 1870. (Out  of print). 
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G.T.S. Volumes-(Continued). 

Appendix No. 1. Description of t h e  niethod of comparing, and the rp. 
paratus employed. 

Appendix No. 2. Compnrisons of t.he Lengthsof t h e  10-feet Standards 
A nnd B, nnd determinationsol t l ~ e  Difference of their 
Expnnsions. 

Appendix No. 3. Comparisons between the  10-feet Standards IB, IsnndA, 
Apperldix No. 4. Comparisons of the  6-inch Brass Scales of the Corn. 

penst~ted Microscopes. 
Appendix No 5. Determinntion oE t h e  Length of the  Inclr [7.S] on 

Cary's %foot Brass Scale. 
Appendix No. 6. Compnrisous between the  10-feet Standard Bars lg and 

A for determining t l ~ e  Expansion of A. 
Appendix No. 7. Final determination of the  Differences in Length be. 

tween the  10-feet Standurds IB, Is and A. 
Appendix No. 8. On the  Thermomelers employed with the  Standarda 

of Length. 
Appendix No. 9. Determination of the  Lengths of the Sub-divisions of 

t l ~ e  Inch  [a .b] .  
Appendix No. 10. Report on the Practical Errors of the Measurement 

of the  Cape Comorin Baso. 
Vol. 11-Hlstory nnd Genernl Description of the Reduction of the 

Principal Trinngnlation. Dehl-n D i n ,  1879. (Out  of print). 
Appendix NO. 1. Investigations applying to  t h e  Indian Geodesy. 
Appendix NO. 2. The Micrometer Microscope Theodolites. 
Appendix No. 3. On Observations of Terrestrial Refraction a t  certain 

stations situated on t h e  plains of t he  Pnnjab. 
Appendix No. 4. On the  Periodic Errors of Graduated Circles, kc. 
Appendix No. 5. On certnin Modifications of Colonel Everest's system 

of observing introduced to  meet  t he  specia1ities of 
particnlar instruments. 

Appendix No. 6. On Tidal Observations a t  Ksr ichi  in 1865. 
Appendix No. 7. An alternative blethod of ohtainjnp the  Formnl= 

in  Chapters VIII and XV employed I I I  t,he Reduction 
of 'l'riango1ation.-Additional Formulae and Demons- 
trations. 

Appendix No. 8. On the  Dispersion of Circnit Errors of ~riangulation 
after the  Angles have been corrected lor ~ igo ra l  
Conditions. 

Appendix KO. 9. Correctionfi t o  Azimuthal Observations for imperfect 
Ins t rumental  Adjnstments. 

Appenclix KO. 10. Reduction of t h c  N.W. quadr i la tera l - the~on.ci rcui~ 
Triangles and thei r  Final  Figural Adjustwents. 

Appendix No. 11, The 'l'heoretical Erl.orfi of t h e  Iriangulation of the 
Korth-West Quadrilateral. 

Appencl~x No. 12. Firnnltaneous l{eduction of t h c  N. W. qnadrilaters' 
-the Compu1.ations. 

Val. 111-North-\Yest ~ ~ ~ n d r i l a t e r n l - T \ ~ ~  Principal Trinngulntion, the 
Base-Line Figures, the ICarachi Longitudinal, N . W .  Himilaya, 
R I I ~  the  Grea t  Indus Series. I)ehr;l Dun, 1873. (Ont  of prillt). 

Val. lV-Nortl~-West (I~indrilnteral-TIIe J'rincipnl ' ~ ' r i ~ n ~ ~ l n t i o n !  the 
Great A rc-Section 24'-30°, RahCn, ( ju rh i iga rh  nnd 4~ogl-fl'ils 
nleridional Series, and the Sutlej Series. D e h r n  lliin, 1876 

P ~ i c e  Rs. 10-8- 
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G.T.S. Volumes-(Continued). 

vol. IVA-North-West Quadrilateral-The Principal Trinngulntion, the  
Jodhpur and t11eEnster11 Sind Meridionnl Series with the detnils 
of their Reduction and the Final Results. Dehra Diin, 1886.  

Price Rs. 10-8. 

Vol, V-Pendulnm Operations. detnils of, by Cnptnins J. P .  Ba~ev i  and 
W. J. Henviside, and of their l{eduction. Delirn Diin and 
Calcutta, 1870. Price Rs. 10.8. 

Appendix No. 1. Account of the Remensurement of the Length of Kater's 
Pendulum a t  the Ordnance Survey Office, Soutl~nmpton. 

Appendix No. 2 On the Relation between the Indian Pendulum Opera- 
tions. and tl~ose which hare been conducted elsewl~ere. 

Appendix No. 3. On the Theory, Use and History of the Convertible 
Pendulum. 

Appe~~dix  No. 4. On the Lengtli of the Seconds Pendulum determinable 
from Materials now existing. 

Appendix No. 6. A Bibl i~graphica~ List of Works relating to  Pendulum 
Operalions in connection wit11 (he Problem of the 
Figure O F  the Earth. 

Vol. PI-South-East Qnadrilnteral- The Principal Trinngulntion and 
Si~nnltaneous Reduction of t l ~ e  following Serieu:-Great Arc- 
Sectioll la0 to 24', the East C o a ~ t ,  the Calc~itta and the Ridar 
J,o~~gitudinal,  the Jubbulpore and the Bi l8~pur  Meridionals. 
Dehrn Diin, 1880.  (Out  of print.) 

Vol. VII-North-Enst Qundrilnternl- General Descripl ion and Simul- 
tnneoua Reduction. Also details of the follomin~ five series :- 
North-East Lon,nitudinal, the Budhon Me~*idional, the Rnngir 
lleridional, the Aiiiun Meridionnl, : ~ n d  the I<al.L~.a Meridional. 

Delira D i n ,  1882.  Price Rs. 10-8. 

Appendix No. 1. T l ~ e  D~tai l8 of I.l~e Separate Reduction of Lhe Budhon 
l l e r i d i ~ n a l  Series, or Series J of tho North-East 
Quadriloleral. 

A p p e ~ ~ d i x  No. 2. Rcdnction of the North-Enst Quadrilateral. The Non- 
circuit Triangles and their Final Figural Adjustments. 

Appendix So .  3. On the l'hcoretical Errors generated respcctivelg in 
Side, Azimuth, Latitude aud Longitude in a Chain 
of 'I'riangles. 

Appendix KO. 4. On the Disper~ion of the Residual Errors of a Simul- 
tnucous Heduction of several Chains of Triangles. 

VtJ. VIIt-North-Enst Qundrilntcml-Details of the following eleven 
series :- 
Our\vc%l~i Rferidion:~l, Gorn Riel-idionnl, Hul.iliioi~g nlel.idional, 
Chendn'rtr Me~bidioiial, No~~ t l i  PnrasllLtli Meridional, No!.tli 
Rlaliinchn Mel.idiol~nl, Cnlcutla Rloridionnl, East Calcuttn 
Longitudinnl, Bi.nhmnputra nlaridionnl, Enstern Frontier- 
Section 23'-2G0, aud Anunin Loi~gitudillnl. Dehrn Uiin, 1582. 

Price Rs. 10-8. 
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G.T.S. Volumes -(Cohtilluedl. 
Vol. I X - T e l e g r ~ p h l c  Longitudes-during t h e  years 1875-77 nnd 1880-81. 

Dehra Di iu ,  1883. Price Rs. 10.8. 

\ 
1. Dcterrninntion of t h e  Geodetic Elements of Longitude Statious. 
2. Descriptions of Points used for Longitude Stations. 

Appendioes 3. Comparison of Geodetic with Electro-Telegraphic Arcs of Longitude. 
to  Part I. 

4. Circuit Errors of Observed Arcs of Longitude. 
5.  Results of Icliometer Observations made during Season 1850-61. 

1 1. Situations of the  Longitucle Stations a t  Dombay, Aden and Suez 

A ~ ~ ~ , - J ~ ~ ~ ~  2. Survey Operatious a t  Aden. 
to, Part 11. 3. Results of the Triangulation. 

4. Right Ascensions of Clock Stars. 

Vol. X-Telegrnpllic Longitudes-during t h e  y e a r s  1882-82, 1882-83, 
a n d  1883-84.- Dehra D u u ,  1887. Price Rs. 10-8. 

i 
1. Determination of the Geodetic Elements of the Longitude Stations. 
2. Descriptions of Stations of the Connecting Triangulation and of 

those a t  which the Longitude Observations were taken. 
3. On the Errors in A L  caused by Armature-time and the Retardation t o  Part I. 

i 'of the  Electric Cnrrent. 
4. On the Rejection of some donbtful Arcs of Season 1881-82. 
6. On tlic probable Causes of the  Errors of Arc-measurements, and on 

the Xature of the Defects in theTrausit Instruments which 
might prodncc them. 

Vol. XI-Astronomicnl Lnt i tudes -dur ing  the  per iod  1805-1885. Dehrn 
D u n ,  1890. Price Rs. 10-8. 

Vol XII-Southern T r i g o n - G e n e r a l  1)escr ipt ion rind Simultnlleous lie- 
d u c t i o u .  Also de ta i l s  of t h e  fo l lowing  t\\ ,o se r ies  :-Great 
Arc-Sect ion 8'-18', and Bombay L ~ n ~ i t u d i ~ ~ a l .  D e h r a  Diin, 
1890. Price Rs. 10-8. 

Vol. X1II-Southern Tr igon-Deta i l s  of t h e  fol lowing five ser ies  :-South 
K o u k a n  Coast ,  M a n g n l o r e  M e r i d i o n a l ,  M n d r a s  M e r i d i o ~ ~ n l  
a n d  Coas t ,  S o u t h - E n s t  Coas t ,  a n d  M a d r a s  L o ~ t ~ i t u d i n a l .  
D e h r a  D u n ,  1890. Price Rs. 10-8. 

Vol Xt V-SootL-West Qandr i la tcml-Deta i l s  o f  P r i n c i p a l  7'1-iangulntion 
and Si lnu l tnneous  l t e d u c t i o n  of i t s  c o l l ~ p o l r e ~ i t  series. 
D e h r a  Diitl, 1890. P ~ ~ i c e  Rs. 10-8. 

Yol. XV-Telegrepl~ic  Longitodes-from 1885 to 1892 a n d  tlte Hevised 
R e s u l t s  of Voluules  I X  a u d  X :  a l so  the S i m u l t i ~ n e o ~ s  

a Ions. I{eductio~l nlld Fitla1 l t e s u l t s  of  the whole O p e t  t '  
D e h r n  D u n ,  1893. Price Xs. 10-8. 
Appenclix No. 1. Detcrminntion of the Geodetic Elom~111s o f  Lhe 

I~ongitucle St,ntions. 
Appendix NO. 2. On Retardnlion. (A nnmcrical mistalre W I I J  111nrlo in 

t l~ i s  tippe~~dix in (.he convcl.sion oE n forlnl~lii from 
kilo~~~etl-es  t,o rl~iles: t l ~ o  concl~isior~s tl~.a~vn c3snllot. 
tl11errfore bc ul~ l~e ld) .  

Val. SVI-Tidnl O h s c r v n t i o ~ ~ s -  f'l,olll 18'73 t o  1892 ,  and the  RTcll~orls of 
R e d u c t i o n .  T)ell~-n D u n ,  1901. P r i r r  Rs. .lo-8. 

Vnl. XVIT-Tclcgmlhic L o n g . i t t ~ d a ~ - d ~ ~ . i n ~  t h e  y e a r s  ls9a.s5-9(;. Tho 
Inr lo -European  A l ~ s  fro111 ~<a~:&chi  t o  Greenwich .  
De111.a Dun, 1901. Price Rs. 10-8. 
Appenrlix No. 1. D~sr~. i l~t ions oE Points uscd for Longitr~tlr S111lion8. 
-4p!>elldix No. 2. l ' l ~ c  Longitude of Modras. 
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G,T, S. Volumes- (Cotlcluded). 

VOI, XVIII-Astronomicnl Lntitudes-from 1885 to  1905 and the deduced 
values of Plumb-line 1)eflections. Del~ra D i n ,  1806. 

Price Rs. 10-8. 
Appendix NO. 1. On Deflections of the Ylu111b-line in India. 

Appendix No. 2. Determination of the Goode1.i~ Elements of t l ~ e  
Latitude Stations of Bnjnmara, Baliuk, Lambelach 
and Kidarknnta. 

Appendix No. 3. On (.he (N-S) Diffel-ence exllibitod by Zenith Sector 
No. 1. 

Appendix No. 4. On (.he Value or tlie Micrometer of the Zenilll 
Telescope. 

Appendix NO. 6. On the Azimul,l~ Obscrvutions of tlie Grent Trigono- 
metrical Survey of India. 

Appendix No. 6. A C a t . ~ ~ l o ~ u e  of the P~iblicalions of the Great Trigo. 
no~r~elricul Survey of Indin. 

Appendix No. 7. On the combination weights elnploycd. 

Vol. XIX-Levelling o f  Prec i s ion  i n  Indin- frozll 1858 to 1909. Dehra Dull, 
1910. Pr ice  Rs. 10-8. 
Appendix No. 1. Experiment to test the changes, due to moistnre and 

temperature, in the Length of a levelling staff. 

Appendix No. 2. On the erection of Standard Bench-marks in India 
during the gears 1904-191 0. 

Appendix No. 3. hlemoraudum on the steps taken in 1905.1910 to 
enable movement,s of the Earth's Crust to be detected. 

Appendix KO.  4. Dynamic and Orthometric corrections to the Himi- 
laynn Icrelling lillcs nod circuit;  and a consideration 
of the order of maguit,ade of possible refraction 
errors. 

Appendix KO. 5 .  The passage of rivers by t,he levelling operations. 

Appendix No. 6. The errors of thc T r i ~ ~ n ~ m c t r i c n l  ralr~es of heights 
of stations of the Principal Triaugalntion. 

Appendix No. 7 .  The effect on the s]~beroidal correction of emplop- 
iug theoretical instcad of obscrvcd values of gravity 
and a tliscnssion of different, formala: giving variation 
of gravity with latit,nde nnd hcight. 

Appendix No. 5. 011 the discrepnt~ry I)~. tn .ce~~ t,lle :L'rigonometricd and 
Spirit-lercl valucs of t,hc diffcrcuce of hoight. betnreen 
Ilehra I)iin aud hIussooric. 

Pol. XTxh-Boncl~ Mnrks  011 the Soat ,hcrn Lines of Le\~elling. Ile111*a DGn, 
1910. Price Rs. 5.  

Pol. XIXB-Bend Mnrks  o n  the h'ortl1~1'Il JJines of  Lerelling. I ) e h r ~  DGtl, 
1910. Price 12s. 5. 

PART 111.-HISTORICAL AND GENERAL REPORTS 
Memoirs. 

1. A A4emoil. o n  the Indian Survcys, by C. 1%. 1\4arliharn, India  
Office, L o n d o n ,  1871. Price Rs. 6. 

2. A Memoir o n  tlie Intlian Surveys. (Second  Edi t , ion) ,  by C. It. 
Marl~llam, c.u., I~.IL.s., IIICIIR Office, L O I ~ ~ O L I ,  1878. 

Price Rs. 5-5. 
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3. Abstract of t h e  Reports of t h e  Surveys ancl of other Geographical 
operations in India,  1869-78, by C. R. Markham and C .  E. D. 
Black, India  OEce ,  London. Published annually between 1871 
and  1879. ( O u t  of print). 

4. A Memoir on t h e  Indian Surveys, 1875-1890, by C. E. D. Black, 
Inclia Office, London, 1891.  Price Rs. 6-8. 

" Notes of the Survey of India " are  issued monthly. Price As,2. 

Annual and Special Reports. 
Heports of the Revenue Bmnch-1851-1877. (1851-67 nnd 1669.70, 

ou t  of print) .  Pr ice  Rs. 3. 
Ditto Topographicnl Branch-1860-1877, (Out  of print). 
Di t to  Trigono~netrierl  Branch- 1861 -1878. -(1861-71, out of 

print). Pr ice  22s. 2. 
In 1878 t h e  three branches were amnlgamnted, and from that dnte 

annunl reports in single volumes for the  whole department, were 
published ns folloffs : - 

out  of print) .  Prica RS. 3 per  vdlun~e. 
from 1900-1922 (1902-04 aud 1906.08, out of print). 

Pr ice  Rs. 2 per volume. 

From 1900 onwards the  Heport was issued allnually iu the form 
of a condensed statement lrnown a s  ( a )  the  "Benernl Report" supple- 
mented by fuller reports, which were called (b)  "Extrncts fro111 Nnrrntlve 
Reports" up t o  1909, nnd since then until  1921 have been styled (c) " Records 
of the Slirvey of India ". 

From 1932 the annual reports nre published in three separate volumes 
O F  octavo size. viz. ,  (a) General Report which is coufined torepol'tirlg tlieSurvey 
operations of the ordinnry field pnrties a n d  detachments with only brief nbs. 
tracts of reodetic nperations, Map Publication and Office wol.li published 
an~iually Pr i re  1922-25 Rs. 2,  j r n m  1925 Re. 1. (d) Mnp rnblicatlon 
and Office Work report which contains all the  Index Maps sllo~riog the 
Progress of Map l'ubl~cation on nll scales, with reports 011 ~)ublicntion slid 

issne. Published annnallp beginning w ~ t h  pear 1921. PI-ice HP. 1. (e) 
Cieodetic Report which includes full detnils of all scient~fic w o ~  li of the 
Geodetic Brnnch, Survey oE India exclurlil~g the  worlc of the l)elira 
D r ~ w i n z  Office and Publication Office. Vol I of this series covers it period 
of three pears 192'2-25. Price RR. 6. Sul~seqnent volumes will he I~~tblished 
nnnuallj .  'l'here w ~ l l  be in addition occasional ltecords volunles 

These fuller reporte are available as follows :- 

(b )  Extracta Volnmes. 

1900-01-Recent Improvements in Photo-Zincograplly. G. '1' Trial]. 
g111ation in Upper Burma. Latitude Operationn. Esperilnentnl Ihse Men- 
pure~nent with Jaderin Apparntus. Magnetic Surrey.  Tidal and Levell- 
ing. Topogrnphy in Upper Burma, Calcuttn, 1903 (Out  of print). 
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Annual Reports &c.-(Continued). 

1901-02-Q.T. Triangulation in Upper Burma. Latitude Operatlone. 
Magnetic Survey. Tidal and Levelling. Topography in Upper Burma. 
Tqpography in Sind. Topography in the Punjab. Calcutta, 1904. (Out of 
pnnt). 

1002-03-Principal Triangulation in Upper Burma. Topography in 
Upper Burma. 'I'opography in Shan States. Survey of Sltmbllar Lalre. Lati- 
tude Operations. Tidal nnd Levelling. Magnetic Burvey. Introduction of 
the Contract System of l'ayment in Traverse Surveys. 'l'raversing with the 
flubtense Bar. Compilation and Heproduction of Thkna Maps. Calcutta, 
1905. Price RE. 1-8. 

1003-01-Magnetic Survey. Pendulum. Tidal and Levelling. Astro- 
nomical Azimuths. Utilization of old Traverse Data for Modern Hurveys 
in t l ~ e  United Provinces. Identification of Snow Pealra in Nepil. Topo- 
graphical Surveys in Sind. Notes on town and Municipal Surveys. Notes 
on Riverain Surveys in  the Punjab. Calcutta, 1906. Price Rs. 1-8. 

1904-05-Magnetic Survey. Pendulum Operations. l'idal and Levell- 
ing. Triangulation in Baluchistln. Survey Operations with the SomLli- 
laud Field Force. Calcutta, 1907. Price Rs. 1-8. 

1905.06-Magnetic Survey. Pendulum Operations. Tidal and Levell- 
ing. Topogr.aphy in Shan States. Calcutta, 1908. Price Rs. 1-8. 

1906-07-Magnetic Survey. Pendulum Operations. 'l'idal and Levell- 
jng. Triangulation in BaluchistLn. Astronomical Latitudes. Topography 
in Slian States. Calcutta, 1909. Price Rs. 1-8. 

1907-08-Magnetic Survey. Tidal and Levelling. Astronomical Lati- 
tudes. Poudulum operations. Topography in Shan States. Calcutta, 1910. 

Price Rs. 1-8. 

1908-09-Magnetic Survey. Tidnl nnd Levelling. Pendulum Opera- 
tions. Triangulntion. Calcutta, 1911. Price Rs. 1-8. 

( c )  Rccords of the Sr~rvey of India. 
Vol. 1-1909-10-Tol~ographical Survey. Triangulation. Tidal aud Levell- 

ing Oper:\tions. Geodetic Survey (Astronomical latitudes and 
pendulum observations). Magnetic Survey. Calcutta, 1912. 

Price Rs. 4 .  
Val. 11-1910-11 -Topogl~aphical Survey. Triangulation. Tidal and 

Levelliug Operations. Geodetic Survey. Magnetic Survey. 
Calcutta, 1912. P r i c e  Rs. 4. 

Val. ITI-l911-12-Topogra~~Iiical Survey. Triangulation. Tidal and 
Levelling Operatioas. Geodetic Survey. Magnetic Survey. 
Calc~~t, ta ,  1913. Price Rs. 4. 

Val. [V-t9tl-l:l- It.rplovnfioizs oil the North-East F r o ~ ~ t i e r - N o r t h  Burnza, 
IlIi,~hn~i, Abor nnd diiri Snrvcys. Calcutta, 1914. Price Rs. 4 .  

V ( J ~ .  V--191S-1:I--Tol~ogrn1)l~ic.:ll Sur\rcy. T~,iarlg~llxtio~i. Tidal nucl Le- 
ve l l i~~g 0l)t'rations. Cieodetic Survey. Mag~~e t i c  Srrr.rey. Note on 
tho ~.eI:\i ionsl~ip of the lfimiilnyns to the Indo-Ga.ng.elic- Plain. 
Calcrlt,tn. 1914. Price Rs. 4 .  

Val. VI-1912-13-Link colrnecti~tg the T~iangulations of India antJ Bussin. 
Debra DCu, 1914, Price Rs. 4 .  
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Annual Reports k c . - ( C o n t i n u e d ) .  

Vol. ~11-l9l3-1~-To~ogm~~l~ical Survey. Triangulation. Tidal and Levell. 
ing Operations. Geodetic Survey. Magnetic Survey (Annual 
report and Government C'ommittee's report). Note on Scales 
and cost rates of Town plans. Calcutta, 1915. Price Re. 4, 

Vol. VI11- { ::::::; F::: ,: ] Ezplo7wtiolrs in Tihet and ncigdbouring region8. 

Dehra Diin, 1915. Price of each part Rs.4 
Vol. V I l I  (~) -191~-Er~lora t ions  in the Eastern Kara-koram and the Upper 

YCrka~td Vulley,  by Lt.-Colonel 1-1. Wood R.E., 

Dehrn Dun 1922. Price Re. 3. 
Vol. IX-1914-15-~Topograpllical Survey. Triangulation. Tidal and 

Levelling Operations. Magnetic Survey. Criterion of strength 
of Indian Geodetic Triiln~ulation. A traverse signal for City 
Surveys. "The  plains of Northern India and their relationship 
to  the HimLlaya Mountains" an  address by Colonel S. Q. 
Burrard, F R.S.  Report on l'urco-Persian Frontier Co~nmission. 

Citlcutta, 1916. Price Rs. 4. 
Vol X-1915-16-Topogral)hicnl Survey. Tidal and Levelling Opera- 

tions. Magnetic Survey. Mecha~iicnl Integrator for calculating 
Attractions (illustrated). Traverse Survey of the boundary 
of Imperial Delhi. Dehra Diiu, 1917. Price Rs. 4. 

Val. XI-1916-17-Topographical Survey. Triangulat.ion-use of high 
trestle for stations and 100-feet mnst signals. Tidal and 
Levelling Operations. Magnetic Survey. Note on Basevi's 
Pendulum Operations a t  MorB. Photo-Litho Office-New 
111ethod of preparing Layer plates-Developments nnd I m -  
provements in preparing Tint-1)lates. 

Del~rn. Diin, 1918. Price Rs. 4, 
Val. X1I-Notes on ~5'urce.y of Indicc Maps n71d the moderil development of 

Intlircx Cartography, by Lt.-Colonel W.  R I .  Coldstream, R.E. ,  
~uperintenclent,  Rlap Publication. Calcutta, 1919. Price Rs. 3, 

Vo1. XIII-1917-1R-To)~ogrn~~l1ical Survev. Tidal and Levelling Opera- 
tions. Magnetic Surrey. Photo-Lit110 office-the Powder Process. 
Problenl of the Hir~~F~lny:rr~ and Gangetic ~rou~h-Review 
bv Di.. A. Morley Davies. D e l ~ r : ~  Dun, 1919. Price Rs. 4, 

Vol. XTV-1918-19-Topogrnl,hic& Survey. Tidal ancl Levelling Operations. 
Levellil~g in Mesopoti1mi:t. Magnetic S111.vt~y. 

De11l.a Diin, 1920. Price RE. 4.  
Val. XV-1919-20-Tol~ogral~hical Survey. Tidal work. Levelling-pro. 

r,osed new level net.  Magnet.ic Survey. The Earth's Axes rind 
Fig~i re ,  l)v .J. tle Graitff Hunter  (a !,riper read a t  the R. A. 8. 
Geophysical M e e t i ~ ~ g ) .  I<el~ort 011 the espeditiou to I(:lmet. 
Notc on i l ~ c  Ti,l,ogral,l~y of' the 5 1 1 n  T<un Mnssif in Ladalih. 

Drhra Dun, 1991, Price 4- 
Val. xV[-19?O-21-Tol~oKra1~l~ic:ll St1 l.yey. Titla1 mnrli. T.evellill$ a'nd 

nln~nelic. S ~ ~ r v c y .  I[iqI1 ( ' l i ~ ~ l l ) ~  i l l  t l l ~  1lilnilay:r prior to the 
Rve rc~ t  Ksl~edit ion. Bit. Evcrt:~t Allrvry I)rtitchrnent I{e})ort~ 
i!I.?l. 'I1l*nvcrse S ~ ~ r v e y  oE Allnll,;Lh;Ld city. Se t , t km~n t  of 
l3011ndal.y between BIysore and Sout l~  Knnnr:~. 

Debra L)UII, 1922. Price 4- 
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Annual Reports &c.-(Concluded) 

Vol. XVII-1923-Memo t~ on Maps o f  Clrlrinese Turkisttin and Kansu 
from the Surreys made during Yir A. Stein's Exploratoin~, 
1900-01, 1906-08, 1913-15. Dehra D i n ,  1923. Price Rs. 12. 

V O ~ .  XVIII-1921-28-Topographical Survey. Tidal work. Levelling and 
M : ~ g ~ ~ e t i c  Survey. Traverse Survey of AllahabLd city. Settle- 
ment of Boundary between Mysore and Soutl~ Ranarrt. Notes 
on Revision Survey i l l  the neighbourhood of l'oona. 

Dehra Diin, 1023. Prica Rs. 4 .  

Vol. XIX-1901-20-The Magnetic Survey, by Lt.-Colonel 1l. H. Thomas, 
o.s.0 , R.E., and 1. C. J. Bond, V.D. 

Dehra Diiu, 1925. Price Re. 4. 

Vol, XY-1914-20-The War 1Eecord. Dehrn L h n ,  1925 Price Re. 3. 

Vol. XXI-1922-23-24-1, Air Survey i i z  the Irrazonddy Delta 1923-34, by 
Major C. Q. Lewis, R . E . ,  and 

11. Reconnaissance S~~rzrey in Blbutas ntzd South Tibet 
1922, by Captaiu H. 1t. C .  Meade, I.A. 

Dehra Lliin, 1925. Price Rs. 1-8. 
(e) Geodetic Reports. 

Val. I-1922-25-Computntio~ls and Research. Tidal work. 'l'ime and 
M:ignetic observations. Latitude and Pendulum observations 
i n  Bihal-, Assain and I<nsliinir. I.evelling. Lecture on " The 
height of Mount  Evcrest and other Pehlts". 

Dehra D u n ,  1928. Przce Rs. 6. 
Val. 1 I - 1925-2(; - Computations aud l<esearch. Tidal worlr. Tiuie and 

Magnetic observ:~tions. P13eparations for the International 
Lollgitucle Project T~~iangulation Levelling. Investigation 
of the behaviour of tree bench-~nnrlts in India. 

L)ellra l h i 1 1 ,  1828. Price Rs. 3. 

P A R T  1V.-CATALOGUES A N D  I N S T R U C T I O N S  

Departmental Orders. 

From 1878 to 188.5 the Surveyor General's orders were all issued 
a5 " Circular Orders ". Sillce thel1 they have been classified as follows :- 

/ 1-Uovcrnlnenb of Indin Orders (cnlled "Circular 
Ordrrfi " up to 1S08). From to lgo4 as ?-~)epl~rtmcntnl Orders (I(lo~inistratitire). 

Q-l)el~nrl n~cntnl Orders (Professionnl). 

111 1909 the various orders issuccl since 1878 were reclassified as 
follows :- 

n'rltrrbev to  date. 
1 .-Govpn~rleat of Indin Orders.- 834 
3.-C'ircttlnr Ordor~ (Adr~iaistr:~tirc).- 420 
3,--Circ11lnr Ordcrs (Profcssio~~nl).-- 196 
4.-Dcpnrtmentnl Ordcrs. (appointu~onts, promotions, transfers, etc.) 
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Departmental Orders.-(Continued). 

These are numbered serially and had reached the above numbers 
by September 1928. Govern~nenl of [nrlia Orders and Circular O r d e ~ . ~  
(Administrative) are bouilcl up in volumes from time to time, as shown 
below, while Circulnt. Orrle1.3 (P~? fe s s ionn l )  are gradually incorporated 
in the Survey Hand-books. Besides t l ~ e  above, temporary orders have 
been issued since 1910 in the form of " Circlllar Memos", These either 
lapse or become incorporated i11 some more permanent form, and are 
therefore only numbered serially for each year. Bound volumes of orders 
are available as  follows :- 

1. *Government of India Orders (Departmental) 1878-1903.- 
Calcutta, 1904. 

Ditto ditto 1904-1908,-Calcuttn, 1909. 
(Out of print). 

Ditto ditto 1909-1913.-Calcutta, 1915. 
Ditto ditto 1914-1918.-Calcutta, 1920. 

2. "Circular Orders (Administrative) 18'79-1903. -Calcutta, 1904. 
Ditto ditto 1904-1908.-Calcutta, 1909. 
Ditto ditto 1909-1913.-Calcutta, 1915. 
1)itto ditto 1914-1916.-Calcutta, 1920. 
Ditto ditto 1919-1924.-Dehra Diin, 1926. 

3. * Regulations on the subject of Language Examinations for 
Officers of the Survey of India. Calcutta, 1914. 

4.  * Map Publication O ~ d e r s  1908-1914 (Superintendent, Map 
Publication's Orders !-Calcutta, 1914. 

5. Specimens of papers set a t  Examinations for the Provinciirl 
Service.-L)eh~.a Dun, 1927. P~ice Re. 1. 

Catalogues and Lists. 
1. Cntnlogue of Xnps publisl~ed by tlie Survey of India. Corrected 

to 31st March 1928, Calcutta, 1928. Price Re. 1. 

Lists of llem mops publiulletl during each mo~itli appear in the monthly 
NOTES O F  TEIE SUIiVEY O F  1 N I ) IA .  These montllly lists are elso 
issued separatclly. 

2. catnloglle of Maps of tlre Bombay Presidency, Calcutta, 1913. 
Price r l u .  4. 

3. Catalogue of itInps of Bl~ra~n .  Calcut t:i 1925. 
Pricc AR. 8, 

4 Catalogue of Maps of Cantollrl~ei~ts nud i\lilitary stations. I)ehra 
I)iin, 1927. Price As 8, 

5. Cntnlogne of Boolts i n  tlie liendclnarters Library, ( 'alc~~ttfi ,  lg01' 
(011t n f  print). 

6 .  C'ntnloglie of YcientiGc R(>olis allrl Sll\,jertS il l  the Library of  
Trigono~netrical Survey O6ce.  1)elirn Dun, l!)Oq. P v l c r  Re. 1. 

7. Classified Cntnlog~ic of the Trigonollletricnl Survey Library. Uehm 
Dun, 1921. Qmti8. 
-- --- - 

For Departmental U80 only. 
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Catalogues and Lists . - (Continued) .  

8 Green Listu-Part I-List of officers in the Surrey of India 
(aununlly to date 1st  January), Calcutta. Yrlce As. 12. 

Part, 11-History of Services of Officer* ill the 
Survey of India (annually to  date 1st July),  Calcutta. 

Price Rs. 1-12. 
9 Rl~ic  Lists-Ministerial and Lower Subordinate Establishmeilts 

of the Sur\ley of India. 

Part I-Headquarters and Dehra Dun o5ces (pub- 
lished a~l~ iua l ly  to  date 1st  April), Calcutta. 

Price Rs. 3-8. 
Par t  11-Circles slid parties (publislred aunually to  

date 1st January), Calcutta. Price Rs. 4-4. 
10 List of the publicatioi~s of tlie Survey of Indin (published annually) 

1)ehrn Duu. Qratis. 

11. Price List of Mntl~emntical Instrnltlent Officc. Corrected up to 
1st  September 1927, Calcutta, 1928. Qratis. 

Tables and Star Charts. 
1. Auxiliary Tables-to facilitate the calculations of the Survey of 

India. Fourth Editiou, Dehra Duu, 190G. (Out of print). 
2 .  Auxiliary Tnbles-of tlie Survey of India. Fifth Edition, 

(revised and exteuded), by J. de Grsaff Hunter, M.A., SC.D., F. INST. P. 
In parts- 

Part  I-Gmticules of Maps, (reprinted). Dehra 
Dun, 1926. Price Re. 1. 

Part  11-R1atl1emntical Tables, (reprinted with addi- 
tions) Del~l-a L ) ~ I I ,  1924. Price Rs. 2. 

P , ~ r t  III-Topogmp11ic,1 Survey Tables, (reprinted 
with additiolls). Del~t-a Dull, 1928. Price Rs 3. 

3. Tables for Graticules of Alaps. Extracts for t l ~ e  use of Explorers. 
Dehra Dun, 1918. Price As. 4 .  

4. *Metric Weights and Measures nnd other tables Photo-Litlio 
Office. Calcutta, 1889. (Out  of pr111t.) 

5 .  Logarithmic Sines aud Cosines to  5 places of decilnals. Debra D i u ,  
1886 (Out of priut). 

6 .  Logarithmic Sitles, Cosiueq, 'llan:elits and Cota~~gouts  to 5 places of 
decimals, Uellra Dun,  1015. ( O u t  of print) 

7. Co~ntno~l  Logarithms to 5 places of decilnnls, 1885. (Out  of print).  
8.  Table for deterlni~iiug lIeigllts in llraversing. Dehra Dun, 1898. 

Price d s .  8. 
9.  Tables of distances in C11:tins and Lilllts corresponding to n sub- 

tense of 20 feet. L)el~ra D ~ I I ,  158!). Price As. 4. 
10. " Dttto dltto 10 feet. Calcutta, 1915. 
11. ' Ditto ditto S feet. Ditto 
12. k'leld T~.a\.erse 'l'nblcs. F I I ' P ~  Editio~l Calcutta, 1928. P~ice AS. 8. 
1 :  Stnr Charts tor I:~titride 20' N. ,  by Colonel J . l t .  Hobday, 1.s.c 

Calcutta, 1903. Pvice Rs. 1-8. 
-- -- - . - 

* For Dcpsrtmontal use only. 
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Tablea and Star Charts.-(Continued). 

141. Star Cl~ar ts  for lntitt~tle 30' N., by Lt.-Colonel S. Cf. Burrnrd, E.E., 
P.H.S. Dehra Diin, 1906. Price Rs. 1-8. 

15. (latalogue of 249 Stnrs for epoch 1s t  Jnn.  1892, from observatione 
by the Sulsvey, I h h m  Diin, 1893. Price Rs. 2. 

16 4 Il:~infall, rn:~aimu~n and ~uinirnuln te~nperatures, from 1868 to 
1927, recorded s t  the Survey Office Observatory, Dehra Din ,  1928. 

Old Manuals. 
1.  A Manual of Surveying for Indin, detniling the mode oE operations 

on the Itevenue Yur\.eys in Bengnl, nnd the North-Western Provinces. 
Compilecl by Captains 11. Smyth, and I1.L. Thuillier. Calcutta, 1851. 
(Out of p r i ~ ~ t . )  

3. Ditto Second Rclition. Loodou, 1856. (Out of print). 
3. h RIanual of Surveying for Intlin, detailing tlre mode of opernti~bns 

on the Trigo~i,~met~.ical, Topograul~icnl n11d llevenue Surveys of Indin. 
Compiled by Colonel H. L. Thiillier, c.6.1 , F.R.s., and Lt..Colonel 
It. Smyth. Third Edition, revised :ind enl:lrged. Calcutta, 1875. (Out of 
print.) 

4. Hand-Boolr, Revenue Branch. Calcutta, 1893. . Pisice Rs. 2-8. 

Survey of India Hand-Books. 
1. + Hnnd-Book of General Instructions, (ill 2 vols.) Fifth Edition. 

1927. 
2. Hand-Book, Trigononletrical Brnnch, Second Edition. Calcutta, 

1902. (Out of print). 
3. Hand.nook of Trigonon~etricnlI~~str~~ctions.-Tl~ird Edition. Pn.rts 

in pamphlet forms- 

Pnrt V-'l'he 'l'ides. Third Edition, revised, Dehl-a Diin 1926- 
Price RY. 2. 

Par t  VI-Levellinz. Third Editiou, revised, Dehra Dun, 
1928. Price Re. 1 .  

4. Hand-Book Topogrnphicnl Branch,-Third Edition. Calcuttn, 1905. 
(Out of priut.) . 

5. Hand-Book of Topogmphy.-Foul.tll Edition Cnlcutt,n, 1911. 
Chapters, in pamphlet, forms- 

('h3pter I-111trotlnctory.-reprinted with additions, 1921. 
Pqice As. 8. 

,. 1 I-Constit~~tinn and Orgnnization of a Surrey Pnrty. 
-rel)rintod wit,li additions, 1923. Price A s .  8,  

,, 111-Trinr~gulntion and its Comput:ttio~~.-rerise(l 1923. 
Price Re. 1 .  

,, 1 V-'L'l~endolit~e Traversing-Third Edition, 1927. 
Price Re. 1 .  

TT-Plnno tn1,linp.-Tlii~d Edition, 1926 P r i c ~  Re 1. 
9 

TI-Fn~r  R T n p p ~ ~ ~ g , - r e ~ ) r ~ ~ ~ t e d  wit11 additions and re- , v 

v i~cd ,  1922. Prrce RP. 1 .  
- - -- - - . - - - - 
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Burvey of India Hand-Books.-(Continued). 

Chapter VII-Trans-frontier Heconnniesance. Third Edition, 
1924. Price As. 8. 

, , ,, -Addendum, 1928. Price Be. 8. 
,, VIII-Surveys in time of wnr, 1926 Price 81. 8. 

9 , IX-Forest Survoys and Maps.-revised, 1925. 
Price As. 8. 

), X-Mnp Beproduction. Second Edition, 1919. 
Psice As. 8. 

,, XI-Geographical maps. Second Edition, 1926. 
Price As. 8. 

6. *Photo-Litho Office, Notes on Organization, Methods and Processee, 
by Major W. C. Hedley, R.E.  Third Edition Calcutta, 1924. 

7. Tl~e  Reprodnction (for the guidance of other Depnrtlnents), of Maps, 
Plans, Photographs, Dingrams, and Linc Illustrations. Calcutta, 1914. 

Price Rs. 3. 
8 Survey of India Copy Book of Lettering. Calcutta. 

Price RR. 3-8. 
Notes and Instructions. 
Drawing and paper. 

1. *Notes on Printing Papers uuitnble for Maps, and on Whatman 
Drawing Paper, by Major W. M. Coldstream, R.E.  Calcutta, 1911. 

(Out of print). 
Printing and Field Litho processes. 

2. *Report on Rubber Offset Printing for Maps, by Major W. M. 
Coldstream, R.E. Calcuttn, 1911. 

3. "Notes on the "Vandylte" or Direct Zinc Printing Process, with 
details of Apparatus and Chemicals required for a small section. Compiled 
in the Photo and Litho Office, Survey of India. Calcutta, 1913. 

(Out of print) 

4. "Report on the Working of the ~ i g h t  Field Ilitho Press (experi- 
mental) in November, and December 1910, with A ppendicee, by Lieut. 
A.A. Chase, R.E. Calcutta, 1911. 

( i )  Notes on some oE the Rletllods of Reproduction uuitable for 
the Field. 

(ii) Suggested Equipment 'l'ables for the Ligllt Field Litho Press, 
(ex perimen tal ). 

5 .  *Report on a trial of the equipment of the 1st (Prince of  wale^' 
O w n )  Snppers a.nd Miners, for reproducing map6 in the field, 
by Licut. A .  A. Cl~a,se, R.E. Calcutta, 1912 (Out of print,). 

Bast Lines and Nngnetic. 
6. "Notes on liae of the Jiiderin Base line Appnmtils Dellrat Diln 

1909. (Out of print). 

7. *Miscelln~loc~ns Pnpers relating to t l ~ e  R,leaslirement of Geodetic 
Bases by Jiiderin InVal- Appnrntilq 1)ehra 1li11i. 1!)1!2 

- -- - --- 
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Notes and Instructions.-( Continued). 

8. +Instructions for taking Magnetic Observations, by J. Ecclee, n. A. 
Dehrn Diin, 1996. (Out of print). 

9. Rectangular Co-ordinates.-On n Y implification of the Computntiooe 
relating to, by J. Eccles, m, A. Dehra Diin, 1911. Price Re. 1. 

10. "For Explorers.-Notes on the use of Thermometers, Barometers 
and Hypsometers with Tables for the Computation of Heights, by 
J. de Graaff Hunter, Y.A. Dehra Diin, 1911. (Out of print). 

11. "Amended Instructions for the Survey and Mapping of Town Guide 
Maps. August 1919. 

12  "Fiotes on boundary ribands on maps of the Survey of India, by 
Major F. Vraser Hunter, D,s.o., I.A. Calcutta, 1922, 

13 "Notes on the map of Arabia and the Persian Gulf, with a general 
index of place nntnes on the map, 1905-08, by Captain B. Fraser Hunter, 
I ,A.  Calcutta, 1910, 

PART V.-MISCELLANEOUS PAPERS 

Unclassified Papers. 
Geography. 

1. A Sketch of the Geography and Geology of the Himalaya Moun- 
tains and 'l'ibet (in four parts), by Colonel S. G. Burrard, R.E., F.E.S., Supdt., 
Trigouometrical Surveys, nud H.H. Hayden, B.A., F . G . ~ , ,  Supdt., Geological 
[Jurvey of India. Calcutta, 1907-08. 

Part I.-The High Peaks of Asia. 
,, 11.-'l'he Principal Mountain Ranges of Asia. i Price Rs. 2. 
,, 111.-'l'he Hivers of the Himalaya and Tibet. per pert 
,, 1V.-'l'l~e Geology of the Himalaya. 

2. "1Ce~ort O I I  the Identification and Nomenclature of the Himilayan 
Penks as uehu from Kltmiudu, Nepil, by Captibin H. Wood, R.E. Calcutta, 
1904. 

3. Routes in the Western-Hirnaloya, Kashmir, etc., by Lt.-Colonel 
'r. (3. Mn~~tgom.,rie, R.E., F.R.s., F . R . G . ~ .  Dehrtl D i n ,  1909. (Out of print). 

4. Routes in the We~tern-Himalaya, Kashmir, etc. with which are 
included Montgomerie's Routes. Volume I. Piinch, Kashrnir and Ladikh, 
by Major M;bson, M . c . ,  R.E., First Edition, Dehra Diiu, 1925. Price Rs. 6. 
Exploration. 

1. *Account of the Survey Operations in connection with the 
Mission to Yarltand and [Cashgar in 1873-74, by Captain Henry Trotter, R.E. 
Calcutta, 1875. (Out of print). 

2. Report on the Trans-lIimllagao Explorations during 1869. (Out of 
print). 

3. Report on the Trans-IIimilayan Explorations duriug 1870. Dohra 
Dunl 1871. (Out of print). 

4. Report on the Tr : tns-Him~ln~au Explorations during 1BT8. 
Culcutt~,  1880. (Out of print). 
-- - - - - . - -- _/ 
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Unclassified Papers.-(Continued). 

Special Reports. 
1, #lteport on tlie Mussoot-ie and Landour, Rumaun and GsrhwH1, 

RLnikhet and Kosi Valley Surveys, extended to Fesl~iwar and KLghin 
Triangulation during 1869-70, by Major '1'. G. Montgomerie, R.E. (Out  of 
print). 

2. Report on the Recent Determination of the  Longitude of l lndrns, 
by Captnin 8. G.  Burrard, R.E.  Calcutta, 1897. (Out of print). 

3. *lieport on the Observations of the Total Solar Eolipse of 6th April, 
1875 nt Cnmorta, Nicobnr Islal~ds, by Captain J. Waterhouse. Calcuttn, 
1875. (Out  of print). 

4. "The 'l'otnl Solar Eclipse, 22nd January, 1898. Dehra lliin, 1898. 

(1) lteport on the observations a t  Durnraon. 
(2)  lieport on the observatious a t  Pulg:~on. 
(3) lieport on the observatiolls a t  Snlidol. 

5. "Report on Local Attrnction in India, 1893.94, by Captain 
8. Q ,  Burrard, R.E.  Calcuttn, 1895. (Out  of print). 

6, *lieport on the  Trigoilo~netrical Resulte of the Earthqualte i l l  

Assnm, by Captuiu S, G. 13urrard, R.E. Calcutta, 1898. (Out  of print). 

7. #Notes on the 'l'opographical Survey of the 1/50,000 Sheets of 
Algeria by the  Topographical Section of the " Yervice Geo,ol~aphique 
de 1'Arm6eu, by Captain W. 11. Coldstrealn, R.E. Calcutta, 1906. 

8. *Tim Simla Estates 13oundnry Survey on the scale of 50 feet to 
1 inch, by Captnin E. A .  Tandy, R.E. Ci~lcuttn, 1906. 

9. *A note on tlie stage reached by tlie Geodetic Ope]-ations of the 
Survey of India in 1920, by Lt.-Colonel H.McC. Cowie, R.E. T l ~ e  Magnetic 
Survey of India, by Rlajor I{. H. 'l'bomas, D.s.o., R.E. nnd a note on the 
present levelling policy, by Major K. Mason, M c , R.E. Dehra Duu, 1922. 
(Out of Print).  
Qeodcsy. 

1. Notes on the Tlieo1.y of Errors of Observation, by J. Ecc le~ ,  M . A .  
Dehra D u n ,  1903 P~nice As. 8. 

2. "Note on n Cl~nlige of the Axes of tlie Terrestrial Spheroid in 
relation to  the  'l'~.iangnlation of the G.'I'. Survey of Indin, by .J. de Graaff 
Hunter, M.A. L)ehra Dun. (Out  of print), l~ow incorporated in 
Professional Pnper No. 16. 

3 ,  lieport on the Treatment, and use of Invnr in measuring fieodetic 
Baees, by Captniu H. H, Turner, R.E.  London, 1907. Price As.  8. 

Projections. 
1. On the projection used for the General Maps of India. Delit~a 

DGn, 1903. (Out  of print). 

2. *On the deformation resulting from t!le metllod of constructing 
the Illternationnl Atlns of the World 011 the scale of ono to one million, 
by Ch. Lallemnnd. 'I'rnnslnted by J. Eccles, M.A. ,  togetlier with tables for 
the projection of 1 /M Rlaps on the International system. 1)ehl-a Diiu, 
1912. (Out of print). 

V For Departmental afle only. 
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Unclassified Papers.-( Concluded). 

Mapping. 
1. *A Nnte on the  different methods by which hille can be represen. 

ted upon maps, by Colonel 9. Q. Burrard, c.s I., R.E., F.R.s., Surveyor 
General of India. Simln, 191'2, 

2. *A Note on the  representatiou of hills, by Major C. L. Rotei*tson, 
c.M.Q.,  R.E. Dehrn Diin, 1912. 

3. *A Note on the representation of hills on the  Maps of Indin, by 
Mnjor F. W. Pirrie, I .A.  Dehra Dun,  1912. 

4. *A considel.ntion of the Contour intervals, rind Colour Scales, best 
suited to  Indian 1 /M maps, by Cnptain M.O'C. 'l'nndy, n. E. Calcutta, 
1913. (Out of print). 

Professional Papers. 

No. 1-Projection-On the Projection for  a Map of India, and adja- 
cent Countries, on the scale of 1:  1,000,000, by Colonel at. GI. C. Bore, ILE. 
Second Edition. Dehrn Dun,  1903. Price Re. 1. 

No. 2 "Base Lines-Method of lneasuring Geodetic Bnses by means 
of Metallic Wires, by M. JGdelsin. (Translated from Memoires PresentGs 
par Divers. Snvnnts B 1' Academic des Sciences de 1' Institute de Frnnce). 
Dehrn Diin, 1899. (Out of print). 

No. 3-Bnse Lines-Method of measuring Geodetic Bnses by menne 
of Colby's Compensated  bar^, compiled by Lieut. H .  McC. Cowie, a. E. 
Dehra lhin,  1900. (Out  of print). - 

No. 4-Spirit levels-Notes on the Cnlibration of Levels, by 
Lieut. E. A. 'l'nndy, R. E. Dehra D i n ,  1900. (Out  of print). 

No. 5-Geodesy-The Attrnction of the HirnBlayn Mountains upon the 
Plumb-Line in India, considerations of recent data, by Major 8. G. 
Burrard, R.E. Second Edition. Dehra L)in, 1901. Price Bs. 2. 

No 6-Base Lines-Account of n Deter~ninntion of the Coefficients of 
Rxpnnsion of the Wires of the Jaderin Base Line Appnmtus, by Cnptnin 
G. P. Lenos-Conynghnm, R.E.  Dehra Dun, 1002. (Out  of print), 

No. 7-*Xiscellnneouu. Cnlcutta, 1903. 

(1) On the vnlues of Longitude employed in mnps of tile 
Survey of I n d ~ a .  

(2)  Levelling ncross the Ganges nt Dirnukdia. 

(8) Experiment to  test the increase in the length of a 
levelling stnff due to moisture and temperatule. 

(4) Description of n Sun-dial designed for  use wit11 tide gnugee, 

( 5 )  Nickel-steel nlloys and their application to Geodesy- 
(T~,anslatecl froin the French). 

(6) Theory of electric projectors. (Translated f ~ ~ o r n  the French). 

No 8-1\Zagneti~-Experiments made to determine the ternl~erature 
coefficients of Watson's Magnetogrnphs, by C ~ p t n i n  H. A .   enho holm 
Fraser, n. E. Cnlcutta, 1905. Price Re. 1. - 

* For Departmental uae only. 
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Professional Papers.-(Continued). 

No. 9--6eodesy-An Account of the  Scientific work of the Survev 
of India, nnd a Comparison of i ts  progress with tha t  of I'oreign survey;. 
Prepared for  the  use of tlie Survey Committee assembled in 1905, 
by Lt.-Colonel S. Q. Burml-d, R. E., F. R. s .  C a l c ~ ~ t t n ,  1905. Price Re. 1 

No. 10-Pendulums-The Pendululu Operations in India. 1903-1907, 
by Major G. P. Lenox-Conylighnm, R.E. I)ellrn l)iio, 1908. Price Rs 2-8. 

No. 11-Refraction-Observations of Atmospheric Befrnction, 1905-09, 
by B. Q. Shaw, Survey of India. Llehrn Dun, 1911. (Out  of print). 

No. 12-Geodesy-Ou the 0ri:in of the Hillliilaya Mounti~ins, 
by Colonel S. G. Burrard, c ,  s. I., R. E., F. R .  S. Calcutta, 1912. Price Re. 1. 

No. 13 -1s0~tnsy-Investigntion of the  Theory of I sost:~sy in India, 
by Mnjor H. L .  Crostllwait, R.E. Dehra Dun,  1912. (Out  of pritrt) 

No. 14-Refraction-Forlnuls for Atmospheric Ltsfr:~ction, and their 
application t o  Terrestrial liefractioli and Geodesy, by J, de Gr:rnff 
Hunter, M.A. Dehrn Duu, 1913. Price Rs. 2. 

No. 15-Pendulums-The Pendulum Operations in lndia  and Burma, 
1908-13, by Captain I [ .  J. Couchman, R.E. Dehrn Dun, 1915. Price Rs. 2-8. 

No. 16-Geodesy-The Eartlr's Axes and Triangulation, by J. de Graaff 
Hunter, M A. Dehra Duo ,  1918. Price Rs. 4. 

No. 17-Isosta~y-Investigatious of Isostasy in Hiuiiilayan nnd neigh- 
bouring regions by Colonel Sir S. G. Burrard, E.C.S.I., R.E., F.R.S. Dehra 
Dun, 1918. (Out  of print). 

No. 18-Isostasy-A criticism of Mr. R. D. Oldllam's memoir "'llhe 
structure of tlie Himiilayns and of the  Galigetic Plnilr", by Ilk-Colonel 
H. McC. Cowie, R.E. Dehra Dun, 1021. Price Rs. 1-8. 

No. 19-Aerial Pl~otograpl~y-Experiments in Ael.oplnne Photo Sur- 
veying, by Major C. G.  Lewis, R . R . ,  and C;~ptnin II. C*. 8:1lmond, (Late R.A.F.). 
Dehra Diin, 1920. Price Rs. 1-8. 

No. ~ ~ - H ~ c o I I ~ ~ : I ~ s s ~ ~ c ~  Sul-\fey from Aircraft, by IJt.-Colonel 
0. A .  Beazeley, D.s.o., R.E.  Deliri~ D i n ,  1927. Price Rs. 1-8. 

No. 21-Irrigatio~l nnd Settlemer~t Surveys 1926, by hlajor J. D. 
Campbell, D.s.o., R.W. Dehrn Diin 1927. Price Rs. 1-8. 

No. 22-'llhree Sources of Error  in precise levelling, by Ca,ptain 
Q. Bornford, R.E. Dehro D i n ,  1928. Price Rs 1-8. 
Departmental P a p e r s  Series.* 

No. 1-Typo-J, considoration of the most suitable forms of type 
for uee on mnpn, by Captnirl M. O'C. Tandy. R.E. Dehra [)fin, 1913. 

No. 2-Symbols-A review of the Borludary Symbols used on the lnnps 
of vnrious countries, by Cnl,tnili R4.O'C. Tauclp, n E. Dehrrt L)fin, 1913. 

No. 3-M11p~-Extract from " The New Map of Ilaly, Scale 1 : 
100,000 ", by Luiai Cfin,nnitl.npa,ni. Translated frorn the  Italinr~ by 
Mnjor W. M. Coldstrentn, JI.E. DeIrrn Dun,  19l:i. 

No. 4-Town S~lrveycl-8 report 011 the practice of  l1o\rn Srirveys in 
the United I(ingdonl nnd ite a.l)l)licntion to Indin, hy Major (I. 1 1 .  Robertson, 
c.M.a., R . E  Dehr-:I D i n ,  191.7. 

No. 5- Stereo-plotter-'Yllo Tllolnpsoil Stcrco-plotter ancl i ts  use, wit11 
notes on the field work, by Lieut. I<. Mnson, R.E.  De1ll.n L)uu, 1913. 
b- - -- - p-- ~ - - 
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Departmental Pa.pers Series."-(C~ntifl~ed). 
No. 6-Levelling-Levelling of High Preci~ion,  by Ch. Lallemand, 

Translated from the French by J. de Grnnff Hunter, M.A. Dehra Lliin, 1914. 
No. 7-Stnndnrd Bnrs-Bnr Co~npnrisons of 1907-08, by Major H. McC. 

Cowie, E.E. Dehra L.iin, 1915. 
No. 8-Helio-Zlncograpl~y-Report on ICubber Off-set Plat bed Machine 

Printing, by Captain S.  LV. Sacltville Hamilton, ILE. Calcutta, 1915. 
No. 9-Stereo-Auto-Plotting-A translation of Paul  Corbin's French 

StbrEo A utogrammStrie, by Lt.-Colonel H. McC. Cowie, R.E.  Debra 
Diin, 1922. 
Professional Forms. 

A large number of forms for the record and reduction of Survey 
Operations are stocked at  Dehra D i n .  
List of more important contributions by the Offlcers of 
the Survey of India to various extra-departmental pub- 
lications and related articles. 

1. +Indin's Colrtribut~on to Geodesy, by General J. T. Walker, RE., 
c.B., F.B.s., LL.D. (Philosophicnl Transactions, Boyal Society, Series A ,  
Volume 186, 1895). 

2. t O u  the Intensity and Direction of the Force of Gravity in Indin, 
by Lt.-Colonel S. G. Uulsrard, a.E, F.R.S .  (Philosophicnl Transactions, 
Royal Society, Series A ,  TTolurne 205, pnges 289-318, 1005). 

3. fh cljmb on Kol;~hoi, by Lieut. Kenneth Iblason, R E .  (Roynl 
Engineers Journal, November 1910). 

4. +On tlre effect of the Gaugetic Allnviu~n on the Plumb-line in 
Nort l~ern India, by It. 1) Oldhn~n, F n.s (Proceedings of the Royal Society, 
Series A ,  Volume 90, pages 32-40, 1914). 

5.  +On the origin of the Indo-Gnngetic trough, commonly called the 
H i m B l ~ y n n  Foredeep, by Colonel Sir S. G. Burmrd, K.C s.I., R.E., F.R.8. 

(Proceedlugs of the Royal Society, Series t\, \'oli~tne 91, pages 220-238,1915). 
6. $Three co~nprel~eusi\re nrticles on '* Co~npnrators for the Indian 

Qorernment" from a report by Mnjor H. McC. Cow~e, R.E.  (Engineering, 
Aug 20, Aug. 27, Sept. 3, 1915). 

7. 1(Identification of Penlts in the IJimalaya with notes, by Colonel Sir 
S. Q. Burcard, K.c.s.I., n . ~ . ,  F 11,s. (Geographical Jourl~:ll, September 1918). 

8. I/Geological interpretations of (3eodetic Hesults, by Colonel Sir 
3. Cf. Jjurrard, K.c.s.I., R.E., F I L . ~ .  (Geographical Journal, October 1918). 

9. 1 1  War Surveys in llesopotamia, by Coloilel F. W, Pirrie, C.N.G., 
I.A. (Geographical Jourllal, December 1918). 

10. IIAir I'hotography in Arch~ology,  by Lt.-Colonel G. A .  Rcazeley, 
n.s.o., R.E. (Oeogmphical Journal, May 1919). 

- - - --- 

For Departmental  use only. 
t Obtainable from hIessrs 1)nlan & Co., 37, Sollo Square, London, W., or 

bicsars. Hnrrison !i Sons, St. hlart,in'a Lane, I,ontlon, 01. t,he lloysl Societ,y o t  H~~rliugt'ou 
llonse, Lourlon. 

f O l ~ t n i n n b l e  f r o m  t l ~ e  Ioslil ul ion of Rnrnl E n g i l ~ r e ~ , ~ ,  C l ~ n ~ h n n ~ .  
f) Ol>tainnl,lt. from Cbarles Hol ,~r t  .lobnflon a t  t he  ofices of " ~n,zi~teel'ing''r 

35 nnrl 36. Bedford Street  Strand, Lo~ltlou,  W .  C:. 
(1 Ohtalnable from t h e  Roy411 Goographical Society, Kensington Qorc, Lonaonl 

P.W. 7. 
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List of more important contributions by the Officere of 
the Survey of India &c. &c.-(Continued). 

11. *Mapping from Air Photographs, by Lt.-Colonel M. N. MaaLeod, 
B.E. (Geographical Journal, June 1919). 

12. "Reminiscences of the Map of Arabia and Persian Gulf, by 
Lt,-Colonel F. F. Hunter, D.s.o., I.A. (Geographical Journal, December 
1919). 

13. "Central Kurdistan, by Major K. Masou, M.c., R.E. (Cleo- 
graphical Journal, December 1919). 

14. *Surveys in Mesopotamia during the War, by Lt.-Colonel 
(3. A. Beazeley, D.s.o., R.E. (Geographical Journal, February 1920). 

15. t A  lecture ou the Earth's Axes and Figure, by J. de Graaff 
Hunter, M.A. (l1l1e Observatory, May 1920). 

16. *A brief review of the evidence upon which the Theory of 
Isostasy has been based, by Colonel Sir 8. G. Burrard, K.c.s.I., R.E., F.B.~ 
(Geographical J o u r ~ ~ a l ,  July 1920). 

17. *A note 011 the topog~~nplly of the NunKun Massif in La&kh, 
by Major K. Mason, M.c., R.E. (Geographical Journal, August 1920). 

18. "Pc'otes on the Canal System and Ancient Sites of Babylonia in the 
time of Xenophon, by Major K. Masoa, M.c., R.E. (Geographical Journal, 
December 1 920). 

19, $An Exploration in South-East Tibet, by Major H. T. Morshead, 
D.s.o., R E .  (Royal Eugineers Journal, Jnlluary 1921). 

20, fTopographica1 Air Survey (with plates and maps), by 
Lt.-Colo~lel G. A. Beazeley, D.s.o., R.E. (Royal Engineers Journal, 
February 1921). 

21. :Projection of Maps.-.I review of some Investigations iir the 
Theory of R4sp Projections, bp A. E. Young, and Colo~~el  Sir S. Q. Burrard, 
K.c.s.I., R.E., F.H..~.  ( [togal Engineers Journal, March 1921). 

22. $Repol.t on lSxpeditio11 to Icnmet, 1920, by Major H. T. Morshead 
D.s.o., R.E, (ltoyal Eugineers Journal, April 1021). 

3 .  "l'he C'irculation of the Eirrth's Crust, by Lt.-Colonel 
E, A. Tandy, R E.  (Geographical Journel, May 192 1).  

24. §Johnson's Suppressed Asceot ou J3 6l . ,  by Major K. Mason, 
M.c. ,  ~L.E.  (Alpine Journal, Novenlber 1921). 

25. "Stereographic Survey. 'I'he A utocartng~.aph, by Lt.-Colonel 
M. N. MacLeod, D.s.o., R .E .  (Geographical Journa'l, April 1922). 

26. :The " Canadiau" photo-topographical inethod of Survey, by 
Captain and Bt. M:rjor E ,  0. Wlieeler, nr.c., I ~ . E .  (Royal Eugineers 
Journal, April 1922). 

37. §The Survey of Mr. IV.  11. Johnson in the K ' u n  Lun in 1865, 
by Major I<. RliLso~l, M . c . ,  R E. (Alpine Journal, Kore111b er 1922). 

* Ob~a inxb le  from tllc 12oy.zl CSeogrnphicxL bocioty, Kcusington Gore, London, 
S.W. 7. 

t Ohtaiunble lroln illessrs 'I't~ylor S: F r ~ n c i s ,  Rcd Lion  Court ,  Fleet Street, 
London, W.C. 

$ Obtainnble f rom the In~t~tntion of Royal Ensineern, Chalbam. 
§ Obtainal,le from Alpine Club, 23 havllo l iom,  L o n d o ~ ~ ,  W. 1. 
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List of more important contributions by the Oficers of 
the Survey of lndia kc. kc.-(Continued). 

28. *Qrnvity Survey, by J. de Graaff Hunter, M.A. ,  s c . ~ , ,  F, INeT. p. 
( A  Dictionary of  li lied Pl~ysics, Vol. 111). 

29. +Trigonomelricnl Heights and Atmospheric Refraction, by J. de 
Qrnnff Hunter, M.A., s c . ~ . ,  F. INST. P. (A Dictionary of Applied Physics, 
Vol. 111). 

30. Geodesy, by Colonel Sir (3. P. Lenox-Conpnglinm, Kt., B.E., F.R.S. 
and J. de GraatT Hunter, M.A., s c . ~ . ,  F. INBT. P. (Enc. Brit. 12th Edition, 
Vol. X I X I ,  1922). 

31. tThe  proposed Determillation of Primary Longitudes by Inter- 
national Co-operation, by Colonel Sir (3. P. Lenox-Conynghnm, Kt., R.E., 
F.n. s. (Geographical Journal, February 1923). 

32. t Recent Developments of Air Photography.-(1) 'I'he adjustment 
of Air Photographs to Survey points, by Lt.-Colo~~el M. N.  MacLeod, 
D.s.o., R.E. (Geographical Journal, June  1923). 

33. f Mount Everest, by Major H. T. Morshead, D.s.o., R.E. (Hoyrl 
Engineers Journr~l, September 1923). 

34. t Kishen Sing11 aud the Indian Explorers, by Major K. Mason 
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 Grnnff Huntel., ma., s c . ~ . ,  F. INST. P. (Journal of 
Scientific Instruments, Vol. I, So.  8, May 1924). 

36. (IQraphical methods of plotting from Air Photographs, by 
Lt.-Colonel L. N. F. I .  King, o.B.K., R.E. 

37. tThe  Dernarcation of the Turco-Porsian Boundary in 1913-14, 
by Colonel C. H. D. Ryder, R.E. (Geogrnphicnl Joul.nal? September 1925). 

38. Geodesy, by J .  de Graaff Hunter, M.A.,  BC.D.,. F. INST. P- 
(Enc.  Brit .  13th Edition, New Vol. ii, 1926). 

39. YThe De Filippi Expedition to the Eastern Kara-ltoram, by R. B. D- 
and Colonel Sir G. P. Leuox-Conyngham, Kt., R . E . ,  F.R.s., M.A. (Nature, 
13th February 1926). 

4U. t'l'he Problem of the shaksgam Valley, by Colonel Sir Francis 
Younghusbnud, K.c.s.I., K.C.I.E. (Geographical Journal, September 1926). 

41, tThe Yhaksgam Valley and Aghil Range, by Mr~jor R. Mason, 
N.c., H.E. (Geogri~~llical Journal, April 1927). 

42. A Break-Circuit for Pe~ldulum Clocks, by J ,  de Graaff Hunter, 
ar A.. s c . ~ . ,  F. INBT. P. (Bulletin GQod&sique No, 14, April, Illny, June 
1927, Paris), 

43. t i  Graphical Discussion of the Figure of the Earth. by A.B.  
Hinks, c .B .E . ,  F.R.E.  (Geographical Journal, June 1927). - 

* Ohtn~nnbhle from Messrs hlasMillnn h Co. L~mi ted . ,  S t .  Mnrtln'g Street-! 
Lqmtlon, W.C.. Hon~l,ap, Cnlr-utta, hIndras, >lelho~irrte.  

t Obtnlnnl>le from the  It ,121 Qeogrnph~cal  Soc~e ty .  Kcnqinyton Gore, London, 
s m. 7. 

1 Ol7ta1nnlde f r n m  the  Tnqt~tnt lon  of R o y l l  E ~ ~ p n c e r q ,  Clintl~nm 
5 Ohtnlonl)le from the I n s t ~ t u t e  of L1hyqlcs,90 (;runt Itusscl S t ~ c e i ,  London* 

\v C'. 1. 
I /  Ohtainal)le f rom H.31. Stat,ionnry offlce, Adnstral FIOIISO, K ~ n g s w n ~ ,  London, 

W.C. 2, 2'4, Ahin:rlon Street ,  Lonrlon. 8.\V. 
q Obtalnal~lo from t he  offlce of Xnture, St .  Martlo's Street,, London, Wac. 2. 
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List of more important contributions by the Officers of - 
the Survey of India &c. &c.-(Concluded). 

44. *Survey ou Active Service, by Captain (3. F. Heaney, R E .  (Royal 
Engineers Journal, June 1927). 

45. A Report on the Geodetic work oE the 3 urvey of India for the 
period 1924-27, by J. de Graaff Hunter, M.A., ~ c . D . ,  F. INST. P.. presented 
at  the third meeting of the Internat~onal Uniou of Geodesy and Geophy- 
sics, Prague, September 1927. 

46. +The Stereographic Survey of the Shaksgam, by Major K. 
Mason, M.c., B.E. (Geographical Journal, October 1927). 

47. t Figure of the Earth : corresponde~~ce by J. de Graaff Hunter, 
M,A., sc .~ , ,  F. INST. P. (Geographical Journal, December 1927). 

48. tFigure of the Earth : correspondence by Captain G. Bomford, 
E,E. (Geographical Journal, lleceulber 1927). 

49. +Beply to Captain G. Bornford's letter on Figure of the Earth 
(No. 48 of list), by Captain G. T. McCaw and A. X, Hinlrs, c.B.E., F.R.S. 

(Geographical Journal, December 1927). 
50. Figure of the Earth-Presidential address by J. de Graaff Huuter, 

M a,, s c . ~ . ,  F. INST. P., a t  the Section of Mathematics and Physics of the 
PiEteenth Indian Science Congress, Calcutta 1928 (Published by the Asiatic 
Society of Bengal, Calcutta). 

51. +Note on Sir lTranciu Younghusband's Urdok Glacier, by Mnjor 
Kenneth Meson, nr.c , R , E .  (Geographical Journal, Rlal.ch 1928). 

52. $Some Applications of the Geoid (discussion), by J. de Graaff 
Hunter, M.A., ~ c . D . ,  F. INST. P. (The Observatory, June 1928) 

* Obtainable from t h e  Insti tution of Itoyal Engineers, Chatham. 
t Obtainnble from t h e  Royal Geogrnpl~ical  Society, Kensingloo Gore, Londou, 

S.W. 7. 
$ Obtainable from hlessrs Taylor and  Fraucis, Red Lion Court., Fleet St ree t ,  

London, W.C. 
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